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INTRODUCTION 


The author graduated as a dentist (BChD) from the University of Pretoria 

in 1981 where after he completed his two-year compulsory national 

military service as a dental officer with the rank of lieutenant. He was 

stationed at the Maphuta-L-Malatji hospital, a rural hospital in the vicinity 

of Phalaborwa in the Limpopo province. It was during this period that his 

interest in Oral Pathology was stimulated. He was exposed to a wide 

spectrum of tumours and conditions of the head and neck and was 

fortunate to assist in many surgical procedures. After an eighteen-month 

period in general private practice in London , UK, he was appointed as 

registrar in Oral Pathology at the University of Pretoria. This four-year 

specialization course had laid the foundation for his future academic 

career. His training in Anatomical Pathology was under the expert 

guidance of Profs Ian Simson and Leonora Dreyer who were responsible 

for installing a foundation and passion for histopathology. The author 

completed his Oral Pathology training under the auspices of Prof At 

Ligthelm, the then head of Department of Oral Pathology and Oral Biology. 

He was also fortunate to be exposed to the Oral Pathology training 

programme at the University of the Witwatersrand under the supervision of 

Prof Mario Altini. The author completed his MChD degree (cum laude) in 

1988 and was appointed as specialist/senior lecturer in the Department of 

Oral Pathology at the Medical University of Southern Africa (Medunsa) . He 

worked at Medunsa with Prof Erich Raubenheimer for 8 years where after 

he was appointed as head of the Department of Oral Pathology and Oral 
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Biology, at his Alma Mater, The University of Pretoria. He obtained his 

PhD degree in 1998. 

Oral pathology is the speciality of dentistry and pathology that deals with 

the nature, identification, and management of diseases affecting the oral 

and maxillofacial regions. It is a science that investigates the causes, 

processes and effects of these diseases. The practice of oral pathology 

includes research, diagnosis of diseases using clinical, radiographic, 

microscopic, biochemical or other examinations, and management of 

patients. Oral pathology is one the six specialities officially recognised by 

the Health Professions Council of South Africa. 

Diagnostic histopathology is based on morphological features of the 

tissues examined . These entail the categorization of cells in the tissue, 

their morphology as well as their growth pattern . Apart from the standard 

haematoxylin and eosin staining, the use of histochemical and 

immunohistochemical techniques are widely used and are still the 

cornerstones of the diagnostic histopathological process. The rapid 

advancement in science and technology, especially in the field of 

molecular techniques, has contributed significantly to our understanding of 

the disease processes. The use of non-isotopic in situ hybridisation (NISH) 

to detect the presence of possible infective agents, the availability of high 

resolution DNA flow cytometry for ploidy analyses as well as the numerous 

applications of the polymerase chain reaction (PCR) are all accessible 
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techniques that have been used. These developments are reflected in the 

research profile of the author. 

Participation in multi-disciplinary research programmes involving national 

or international collaboration is an important evaluation criterion in the 

allocation of research grants. This and the complexity of advanced 

techniques are reflected in the well-established fact that most research 

papers nowadays have multiple authors. Joint authorship from one 

department is also commonplace when such a department has more than 

one research interest. 

The author was fortunate to be associated with outstanding researchers 

throughout his career. The enthusiasm and guidance received from Prof 

Erich Raubenheimer have played a valuable role in developing and 

stimulating his research interest. Their close collaboration is reflected in 

the number of co-authored publications. Similar collaborations with world 

authorities in specific fields have also lead to the successful completion of 

multidisciplinary research projects. The roles of Prof Joerg Hemmer, head 

of the division of Tumour Biology at the University of Ulm, Germany, with 

regard to high-resolution flow cytometry and Prof Estrelita van Rensburg, 

head of the Department of Medical Virology, University of Stellenbosch, 

with regard to molecular and viral associated research, need to be 

mentioned. 
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The papers are grouped into three sections. The first section deals with 

several studies on squamous cell carcinoma of the head and neck. It 

includes studies on the clinical presentation of oral cancer, the role of 

viruses in the development of oral squamous cell carcinoma, the potential 

of DNA flow cytometry in the management of this disease and the role of 

certain tumour suppressor genes in the oral carcinogenesis process. 

Section 2 includes several studies on tooth composition as well as the 

presentation of selected tumours and cysts of the jaws. Section 3 consists 

of studies on saliva and salivary gland neoplasms. 
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SUMMARY 


This presentation consists of 52 selected publications that have appeared 

in national and international peer reviewed journals over the last 14 years 

(1989 - 2003). The presentation consists of the following headings: 

Studies on squamous cell carcinoma of the head and neck; dental hard 

tissues, tumours and cysts of the jaws and saliva and salivary gland 

neoplasms. 

Squamous cell carcinoma of the head and neck 

Twenty-three publications are presented in this section. The clinical and 

histological diagnostic criteria of oral cancer and premalignant lesions, 

especially aimed at the general practitioner, are discussed. Studies on the 

role of the Epstein-Barr and human papillomavirus in the pathogenesis of 

various squamous cell carcinomas of the head and neck region and 

different patient groups are included. The importance of DNA ploidy in oral 

carcinoma obtained with high-resolution flow cytometry is described. 

Valuable information can be obtained with this technique even when using 

archival paraffin-embedded tissues. Molecular studies, including gene 

sequencing and protein expression of the p53 suppressor gene as well as 

the FHIT gene, a candidate suppressor gene, were reported. This includes . 

the evaluation of novel antibodies used for Fhit protein expression in oral 

squamous cell carcinomas. 
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Dental hard tissues and tumours and cysts of the jaws 

In this section, 19 publications are presented. Two publications described 

the inorganic composition of dentine. The suitability of the sealing ability of 

a tri-cure glass ionomer material as a retrograde root filling material is 

illustrated. A unique case of permanent tooth germ injury is reported. A 

unusual case of amelogenesis imperfecta with multiple impactions 

associated with tumourous fibrous proliferations is described while a case 

of papillomavirus infection in an ameloblastoma is documented. The 

remaining publications include newly described entities as well as 

exceptional presentations of jaw tumours and cysts. The majority of these 

publications documented tumours and cysts in a Black African population 

and described the features seen in neglected and late presentation of 

these tumours. 

Saliva and salivary gland neoplasms 

Ten publications are presented in this section that include a study of 

immunoglobulin concentrations in saliva of multiple myeloma patients as 

well as the role of salivary glands in vertebrates. The remaining 

publications describe several aspects of salivary gland neoplasms. These 

include epidemiological data, diagnostic criteria, the role of DNA flow 

cytometry and unusual case presentations. 
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STUDIES ON SQUAMOUS CELL CARCINOMA OF THE HEAD AND 


NECK 
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Abstract 

The early detection of premalignant and early intraoral squamous cell 

carcinoma lesions are important to reduce the mortality and morbidity of 

oral squamous cell carcinoma (OSee) . This is especially relevant in South 

Africa where osee is one of the most common malignancies. The 

purpose of study (1) was to describe the clinical and histological diagnostic 

criteria necessary for the early diagnosis of premalignant lesions and 
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OSCC. role of stomatoscopy, toluidine blue and exfoliative 

cytology were discussed: It was however concluded that histological 

examination was still the of choice to assess the of OSCC 

and precursors. purpose of study (2) was to give an overview on 

epidemiology, aetiology and clinical presentation of and 

premalignant lesions and conditions in South Africa. This study was aimed 

towards the general medical practitioner. Study (3) focussed on role of 

the general practitioner in the prevention and early diagnosis of 

OSCC. It discussed identification of high-risk patients, recognition and 

diagnostic criteria of premalignant and conditions as as the 

management principles relevant to the dental practitioner. 

Human papillomavirus (HPV) infection is implicated in squamous cell 

carcinogenesis. The possible role of HPV in head and neck squamous 

carcinogenesis was topic of studies. Oesophageal carcinoma 

is the most common malignancy in Black in South Study (4) 

was a review about the of HPV Langerhans (LCs) in 

development and behaviour of oesophageal and laryngeal carcinomas. 

Oesophageal carcinoma shows a remarkable geographical distribution 

with a high incidence in African males. Conflicting results on 

HPV infection a role for other environmental factors e.g. fungal 

infestation of corn, alcohol tobacco and/or vitamin and element 

A common +,..,,,,.+,,,. for all highin the carcinogenesis 

risk areas is a low socio-economic status of population. 

DNA, HPV 16, in laryngeal carcinomas, 
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especially verrucous carcinomas. Patients with a marked infiltration of LCs 

in both oesophageal and laryngeal carcinoma have a better survival rate 

than those with a low density of LCs. 

The presence of HPV DNA in OSCC was determined in study (5). In situ 

hybridisation with radiolabelled probes for HPV-6, 11, 16 and 18 along 

with immunohistochemistry for HPV common viral antigen was used on 

paraffin blocks from 66 cases of OSCC. It was the largest series of OSCC 

to be investigated for HPV DNA to that date. Radiolabelled, instead of 

biotinylated probes were used because of their reported superior 

sensitivity. HPV-18 DNA was detected by in situ hybridisation in only one 

case. This low prevalence was most likely due to the method not being 

sensitive enough to detect low viral copy numbers. Alternatively, the 

possibility that the transformed tumour cells contained altered viral DNA 

not detectable by the probes used or that other HPV types might have 

been involved, could also explain the low prevalence. 

Study (6) was a follow-up of the previous study- in order to utilise the 

sensitive polymerase chain reaction (PCR) technique to detect HPV DNA 

in OSCC. One hundred and forty six cases of OSCC were included in this 

study. It was the largest study of its kind to that date. A segment of the E6 

region of HPV 6, 11, 16 and 18 was amplified using type specific primers. 

Southern blotting was used to confirm the PCR results. The case selection 

included OSCC in young patients as well as OSCC containing normal 

epithelium. Only two cases showed HPV DNA (HPV 11 and 16 
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respectively). The sensitivity of the technique was such that one copy of 

control plasmid DNA could be detected. The suitability of the specimens 

for DNA amplification was evaluated with human p-globin primers in all 

cases. It was concluded that the HPV types investigated were probably 

not important in the development of OSCC in the population sample 

studied. It however subsequently came to light that DNA extraction from 

formalin-fixed paraffin-embedded tissue for HPV DNA detection was in all 

likelihood responsible for the low positivity rate in the sample studied. 

Cancer of the cervix is the most common malignancy of Black, Coloured 

and Asian women in South Africa. Infection with oncogenic HPV types is 

the most important risk factor in its aetiology. An epidemiological study (7) 

was undertaken to determine if a correlation could be found between the 

incidence of cervical SCC and OSCC in females and OSCC in males in 

South Africa. The raw data for the ten-year period 1986 to 1995 were 

obtained from the National Cancer Institute. The study demonstrated 

several strong correlations between the incidences of cervical SSC and 

OSCC in the Black and Coloured populations, supporting the concept of 

systemic susceptibility and infection through a common agent, such as 

HPV, to be involved in the carcinogenesis process. 

Epstein-Barr virus (EBV) is a double stranded virus and causes 

widespread infection. It is closely associated with Burkitt's lymphoma, 

nasopharyngeal carcinoma and a link to other epithelial tumours has been 

suggested. Study (8) was undertaken to determine the presence of EBV 
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DNA in OSCC using the PCR technique with primers for the Bam HI W

fragment of the EBV genome. The presence of EBV DNA in the OSCC 

groups was not dependant on the presence of histologically normal 

adjacent epithelium and its presence in the OSCC groups was lower 

compared to the control group. Over 90% of the adult population 

worldwide is infected with EBV implying the presence of viral DNA. EBV 

was considered to be merely a passenger when neoplastic change occurs 

in a latently infected epithelial cell. 

Study (9) was a follow-up of the previous study to determine the presence 

of EBV DNA in OSCC in patients from two age categories and to evaluate 

the possible role of EBV as an aetiological agent in carcinogenesis in 

young patients. EBV DNA was demonstrated in 24% of the OSCCs in both 

the group younger than 40 years and in the older patient group suggesting 

that the prevalence of EBV in OSCC was not influenced by the age of the 

patient. 

No data was available on the prevalence and incidence of nasopharyngeal 

carcinoma (NPC) or its association with EBV in South Africa . The purpose 

of study (10) was to determine the prevalence of EBV in the different types 

of NPCs. In situ hybridisation using probes to detect expression of the 

smaller nuclear RNAs (EBER-1 and EBER-2) was used. Use of the more 

sensitive PCR technique was not applicable due to the close association 

of the tumour cells with surrounding lymphoid tissue. All the non

keratinising NPCs, both the differentiated and undifferentiated groups 

6 

 
 
 



yielded EBV signals in the tumour cells indicating an important role in its 

pathogenesis while none of the squamous cell NPCs showed any 

positivity. No positive signals were detected in the dysplastic epithelium 

found adjacent to positive primary tumours, suggesting a late role for EBV 

in the carcinogenesis process of NPCs. 

Study (11) was a follow-up on the previous study to determine the subtype 

distribution of EBV DNA in South African NPCs. This was done by 

amplifying and sequencing the EBNA-2A and EBER regions of the EBV 

genome. The results demonstrated that the consensus genotype was AlB. 

Type A virus strains dominated with the EBNA-2 analysis while the EBER 

region showed a distinct combination of mutations belonging to type B, 

indicating that the EBV strains had arisen by recombination between viral 

types A and B. The impact of the HIV epidemic on EBV strain evolution 

and recombination should be investigated. This was the first study to type 

EBV strains from Southern Africa. 

The search for the ultimate grading system for OSCC is an ongoing 

process. The different histopathological grading systems are based on 

phenotypical features of tumour cells and associated cell populations. Any 

biological data of tumour cells should ideally be incorporated into a 

grading system. Study (12) was performed to determine the inter-observer 

reproducibility of the invasive cell grading method on OSCC and to 

correlate this with the DNA ploidy status of the tumours. This grading 

method was reproducible but no correlation was found between the 
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grading results and ploidy status. The energy source of the flow cytometer 

used for ploidy analysis was an Argon ion laser and therefore propidium 

iodide had to be used to stain the nuclei. This did not allow for high 

resolution DNA flow cytometry and could have been responsible to 

possible "false diploid" classification of tumours. 

Study (13) was an extension of the previous study to investigate a 

possible correlation between the DNA ploidy status, Le population in the 

tumour and adjacent epithelium and invasive cell grading method . No such 

a correlation could be demonstrated. 

The advantages of high-resolution flow cytometry were demonstrated in 

the following studies (14-17). The flow cytometer used was equipped with 

a high-pressure mercury lamp allowing the use of more sensitive DNA 

staining with DAPI (4'6 diamidino 2 phenylindole) or ethidium bromide. 

This improved sensitivity was reflected by the low coefficient of variation 

(cv) of the measurements compared to those obtained from standard flow 

cytometers. This allows for the detection of tumour cells with small DNA 

abnormalities. Study (14), done on 386 consecutive patients with osee 

showed that DNA flow cytometry could be used to screen primary biopsies 

of osee to determine the relative risk of metastases. Lymph node 

metastases at admission were present in 18% of patients with diploid 

primary tumours compared to 52% of those with aneuploid tumours. A 

delay between aneuploidy formation and expression of the metastatic 

phenotype was postulated to explain the lack of cervical lymph node 
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involvement in all the aneuploid carcinomas. The 5-year survival rate of 

90% in the diploid NO group suggested that tumour progression could be 

prevented by local surgery alone if treated before the emergence of 

aneuploid cell lines. In contrast, a 5-year survival rate of only 52% was 

found in the aneuploid NO patients. 

A follow-up study (15) on 348 patients with OSCC who underwent radical 

surgery established a definite correlation between DNA ploidy of the 

primary tumour and the risk of local recurrence development. Recurrences 

were found in 9% of patients with diploid tumours compared to 46% of 

those with aneuploid primary tumours over the same period. Clinical 

staging and histological grading of the primary tumour did not have an 

effect on this finding. This study provided support that cytogenetic events 

responsible for aneuploidy formation from diploid progenitor cells are 

linked to the development of tumour cell populations with the potential to 

metastasise. 

Study (16) evaluated the ploidy status of 93 primary OSCC and their 

subsequent recurrences. Thirteen of the primary tumours were diploid of 

which five recurred with aneuploid cell lines. All the recurrences of the 80 

aneuploid tumours had aneuploid DNA content with a different DNA 

content aberration observed in 21 cases. The 5-year overall survival rate 

of patients who underwent radical surgery of diploid recurrent tumour was 

87% while three of the 5 patients who developed aneuploid recurrences 

from diploid primary tumours died of cancer within 22 months. Only 31 % of 
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those with aneuploid recurrence were 5-year survivors. This study 

confirmed the importance of a complete resection during initial treatment 

and the treatment of local recurrences before the emergence of aneuploid 

cell lines. 

In a retrospective study (17) using archival material, DNA flow cytometry 

was the only parameter that could be used to predict the presence of 

regional metastases. This was possible regardless of the shortcomings of 

using paraffin-embedded blocks instead of fresh tissue. DNA flow 

cytometry is not used by clinicians to its full potential due to the conflicting 

results that have been reported in numerous studies regarding the role of 

ploidy in osee. By far the majority of studies on DNA content in osee 

were performed using flow cytometers not dedicated for DNA analysis. 

This has resulted in relative high cv's with resultant false diploid 

classification in many cases. The flow cytometer in the Department of Oral 

Pathology an Oral Biology is the only dedicated DNA unit in South Africa. 

The p53 mutation profile of osee from a Black population sample in 

South Africa was determined in study (18). Exons 5-9 of the p53 gene 

were amplified. Mutations were identified in 23.6% (13/55) of the tumours. 

The majority were single base pair substitutions and 2 were deletions. Two 

novel mutations were identified. The hot spot region at codons 238-248 for 

p53 mutations was not prominent in this study, but rather the region 

between codons 272 to 292. There also appeared to be a geographical 
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distribution in the exons affected. The importance of the p53 gene in oral 

carcinogenesis in a local population sample was established. 

Study (19) is a follow up on the previous study. The p53 mutation profile 

was compared with p53 protein and PCNA expression. No association 

between p53 protein expression and p53 gene mutation could be 

established. Overexpressed p53 cannot be described as mutated protein 

and no conclusions can be made on the presence of p53 gene mutations 

based on the immunohistochemical evaluation of the p53 protein alone. A 

possible difference between PCNA and p53 expression was suggested 

but the difference was not statistically significant. 

Special circumstances occasionally necessitate the utilisation of a rapid 

processing technique. These circumstances usually involve malignancies. 

Study (20) was undertaken to evaluate the rapid acetone processing 

technique used in the department pertaining to histotechnical quality and 

reliability of histochemical and immunohistochemical staining techniques. 

The staining intensity of the rapidly processed sections was similar or 

superior to that of routine processed sections showing that it can be used 

with confidence in histopathology laboratories. It is unfortunately a labour 

intensive method and therefore not suitable as a routine procedure. 

The expression of the fragile histidine triad (Fhit) protein in OSCC and 

adjacent dysplastic and normal epithelium was evaluated in study (21). 

This was the first study to evaluate Fhit expression using 
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immunohistochemistry. Normal epithelium showed a strong expression of 

Fhit protein while a reduction or loss of expression was found in 66% of 

the OSCC. Loss of expression was also present in the atypical cells in 

epithelial dysplasia. This study suggested that FHIT gene inactivation 

plays a role in oral carcinogenesis. 

Study (22) was done to correlate the pattern of Fhit protein expression in 

OSCC with detectable abnormalities of the FHIT gene. RT-PCR was used 

because the FHIT genomic locus is very large while the coding region is 

small. Immunohistochemistry for the Fhit protein was negative in all cases 

of abnormal RT-PCR results. The FHIT gene is inactivated by deletion 

rather than mutation. The complexity of these alterations in studies has 

suggested that protein detection through immunohistochemistry may be 

the best method to assess the involvement of Fhit in malignancies. 

Study (23) was a follow-up to compare the different antisera against Fhit 

protein and to evaluate the staining pattern in different epithelial disease 

states. Two of the antisera used were commercially available. This study 

showed that all three antisera could be used for evaluation of Fhit 

expression in OSCC although different staining characteristics were 

observed in non-neoplastic epithelial states. 
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STUDIES ON DENTAL HARD TISSUES AND TUMOURS AND CYSTS 


OF THE JAWS 

Declaration 

Nineteen articles are submitted in this section. Study (1) was initiated by 
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by Pretorius. I took part in the study design, did the histological, 

morphometrical and statistical analyses and participated in preparation of 

the manuscript. Studies (5 and 6) were initiated by Raubenheimer. I took 
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and 11) were initiated by Raubenheimer. I took part in reviewing the 

histopathology of all cases and in the preparation of both manuscripts. I 

initiated studies (12 and 13), took part in the histological evaluation of the 

cases and were responsible for preparation of the manuscripts. Studies 
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reviewing of the cystic lesions and participated in preparation of the 

manuscripts. I initiated studies (17 and 18), participated in the histological 

interpretation of the cases and was responsible for preparation of the 

manuscripts. I initiated study (19), participated in the study design and 

preparation of the manuscript. 

Abstract 

Study (1) reported an unusual case of injury to a permanent incisor tooth 

following trauma to the deciduous predecessor. The patient presented with 

a soft tissue tag extending from the gingiva, entering the pulp chamber in 

the middle third of the crown of a maxillary incisor. The possible chain of 

events leading to this unique presentation was discussed. 

Study (2) presented the clinicopathological features of two patients with 

rough hypoplastic amelogenesis imperfecta presenting with multiple 

impacted teeth. The impactions were associated with pericoronal 

odontogenic fibromas of the WHO type. These fibromas were considered 

to be the main reason for the impactions in both cases and were regarded 

as hamartomatous growths from follicular origin. 

Study (3) reported a case of regional odontodysplasia associated with a 

soft tissue tumour. Histological examination of the teeth showed 

hypoplastic dentine with a prominent predentine layer and numerous 

interglobular masses. The associated tumour had a hamartomatous 
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appearance consisting of odontogenic epithelial islands associated with 

amorphous calcifications in a cellular fibrous stroma. 

Study (4) was performed to evaluate the sealing ability of a tricure glass 

ionomer material (Vitremer) as an apical sealant after apicectomy and to 

compare it with amalgam. Micro leakage was determined according to the 

extent of dye penetration measured by an image analyses system on 

ground sections of prepared teeth. The extent of dye penetration was 

significantly less in the glass ionomer group compared to the amalgam 

group. These results were obtained with "bulk" placement of the glass 

ionomer to make the study more clinically relevant. It was concluded that 

Vitremer could be recommended for routine clinical use as an apical 

sealant. 

The amino acid composition of dentine in permanent human teeth was 

determined using ion-exchange chromatography in study (5) in order to 

compare the results with previously published data obtained from different 

analytical methods. Nineteen arnino acids were detected, including small 

quantities of asparagine and 1-methylhistidine which have not previously 

been documented in human dentine. This finding and other quantifiable 

differences with previous reports might have been the result of different 

analytical methods, but might also reflect dietary and other regional factors 

that might influence dentinogenesis. 
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Study (6) is a follow-up of the previous study to compare the inorganic 

contents of opaque and translucent dentine. A significant difference in the 

fluoride, magnesium and zinc contents were found . 

The clinicopathological features of eight cases of giant ossifying fibromas 

were reported in study (7). All cases had a prominent fibrous component. 

The resorption of mineralised tissue is indicative of altered cellular 

differentiation and proliferative activities in large ossifying fibromas. Focal 

areas of aneurysmal bone cyst formation were identified in the majority of 

cases. 

Study (8) reported two cases of adenomatoid odontogenic tumour, both 

measuring in excess of 7 cm. The progressive growth and cortical 

perforation in these two cases SUbstantiated the view that it is a benign 

neoplasm rather than a hamartoma. 

Three cases of diffuse peripheral odontogenic fibromas were described in 

study (9). The diffuse involvement of the gingiva in all three cases 

supported the likelihood that the peripheral odontogenic fibromas have a 

hamartomatous origin rather than being a true neoplastiC lesion. The one 

case, which was associated with ocular and skin lesions, could be part of 

a yet undescribed syndrome. 

A rare case of a peripheral dentinogenic ghost cell tumour was reported in 

study (10). The lesion was present on the mandibular right alveolar ridge 
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and presented as a broad based polypoid lesion. The lesion was excised 

and no recurrence was detected after a six-year follow-up period. 

The clinicopathologic diversity of ameloblastomas was described in a 

study (11) of 108 such tumours. An association with ameloblastic fibroma, 

adenomatoid odontogenic tumour and aneurysmal bone cyst formation in 

some cases was illustrated. Ameloblastomas with melanocytes and 

mucous metaplasia were also found . These changes emphasized the 

differentiation potential of neoplastic odontogenic epithelium. 

A peculiar presentation of an intrabony ameloblastoma was reported in 

study (12). Histological examination of a multicystic mandibular 

ameloblastoma revealed a papillomatous lesion resembling a verruca 

vulgaris in one cyst. HPV type 18 DNA was identified in this lesion using 

radiolabelled in situ hybridisation. The absence of HPV DNA in other 

epithelial areas of the ameloblastoma was suggestive of a secondary 

infection although the mode of infection could not be established. 

The clinicopathological features of unicystic ameloblastomas were 

reported in study (13). Most lesions were located in the mandible and were 

frequently associated with impacted teeth, root resorption and tooth 

displacement. The value of thorough histological evaluation of the cyst 

wall to determine the appropriate sub-classification was emphasised. 
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An extensive review of cystic jaw lesions in a German population sample 

was reported in study (14). Although a large percentage of the patients 

were military personnel with a bias towards young males, unicystic 

ameloblastomas presented one and a half decades later than is generally 

reported. Radicular and residual cysts were as expected the most 

common cystic lesion. 

Recent new developments in the classification of odontogenic cysts of the 

jaws were described in study (15). The significance of a correct diagnosis 

as well as the importance of communication between the clinician and 

histopathologist in the diagnostic process was emphasised. 

In study (16), the clinical and radiographic features of a series of unilocular 

lesions resembling dentigerous cysts were correlated with the microscopic 

diagnosis. A significant number was found to be unicystic ameloblastomas 

or odontogenic keratocysts. The importance of histological evaluation of all 

pericoronal cystic lesions was underlined. 

The clinicopathological features of two cases of glandular odontogenic 

cysts were reported in study (17). The electron microscopy characteristics 

were the first to be reported in these types of cysts. It demonstrated a 

process comparable to apoptosis in the superficial eosinophilic cuboidal 

cells of the epithelial lining. 
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Study (18) reported the largest pigmented neuroectodermal tumour of 

infancy yet. These tumours are usually 1-3 cm in size but the excised 

tumour in this case measured 18 cm in diameter. The tumour had a 

normal histological appearance and no malignant change could be 

detected. No recurrence was found. 

The prevalence of Epstein-Barr virus in Burkitt's lymphoma in a South 

African population sample was investigated in study (19). This was the first 

study involving a South African sarnple of its kind. In situ hybridisation for 

EBERs found EBV DNA to be present in 50% of the BLs. No difference 

was observed in the positivity and proliferation index between the oral

maxillofacial and the non-facial group of BL supporting the view that EBV 

is no longer thought to be the sole cause of BL, but is still accepted as a 

co-factor in the pathogenesis of this neoplasm. 
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STUDIES ON SALIVA AND SALIVARY GLAND NEOPLASMS 


Declaration 

Ten publications are submitted in this section. Study (1) was initiated by 
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material and participated in preparation of the manuscript. Study (2) was 

initiated by Raubenheimer while I performed the statistical analysis and 

participated in preparation of the manuscript. I initiated study (3) , took part 

in reviewing the material and participated in preparation of the manuscript. 

I initiated studies (4 and 5), was responsible for the study design and 

participated in the interpretation of data and manuscript preparation. 

Raubenheimer initiated study (6) while I participated in preparation of the 

manuscript. Study (7) was initiated by Hemmer while I took part in 

preparation of the manuscript. I initiated study (8), was responsible for the 

study design, interpretation of the histological slides and manuscript 

preparation. I initiated study (9), participated in the case selections and 

reviews and was responsible for the manuscript preparation. Study (10) 

was initiated by Raubenheimer; I participated in the manuscript 

preparation. 

Abstract 
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The function of saliva and the role of salivary glands in a variety of 

vertebrates were discussed in study (1) . The adaptation of salivary glands 

to suit the range of environments of the different vertebrates was 

emphasised. 

Multiple myeloma (MM) is typed according to the circulating monoclonal 

immunoglobulin and or light chain type produced by the neoplastic plasma 

cells. Immune suppression due to a decrease of circulating normal 

immunoglobulins is a serious complication of MM. Study (2) demonstrated 

that the patients with MM had significantly increased concentrations of the 

specific immunoglobulin related to the type of IVIM in their saliva compared 

to the control group. It further showed that the salivary IgA concentration in 

non-lgA MM and salivary IgG concentration in non-lgG MM patients were 

within normal range despite a significant decrease in circulating normal 

immunoglobulins in these patients. This lack of suppression of normal 

salivary immunoglobulin concentrations in patients suffering MM was 

supported by the lack of clinical evidence of an opportunistic infection in 

the oral cavities in any of the MM patients. 

The purpose of study (3) was to determine the relative frequency and 

distribution of intraoral salivary gland neoplasms in a black African 

population taking newly described entities into account. The majority of 

tumours (52%) were malignant. Polymorphous low-grade adenocarcinoma 

was found to be the most common intraoral malignancy in contrast to 

mucoepidermoid carcinoma reported in the majority of other studies. It was 
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suggested that these differences were probably related to criteria used for 

diagnosis of polymorphous low-grade adenocarcinoma. The malignant 

tumours were also found to occur at a significantly older age than benign 

tumours. 

The diagnosis of salivary gland neoplasms can be problematic, especially 

when small biopsy specimens are submitted for histopathologic 

interpretation. The evaluation of the nucleolar organizer region associated 

proteins (AgNOR) staining technique as an additional microscopic criterion 

to benefit the diagnostic process was evaluated in study (4). Although the 

difference between the mean AgNOR count per nucleus between benign 

and malignant tumours and between polymorphous low-grade 

adenocarcinoma and adenoid cystic adenocarcinoma were highly 

significant, the presence overlapping AgNOR count between various 

tumours prohibited the use of this technique as an absolute criterion in 

establishing a final diagnosis. It could however be used as a diagnostic aid 

in differentiating between salivary gland neoplasms. 

Study (5) was a follow-up on the previous study to correlate the AgNOR 

counts in salivary gland tumours with the proliferation index and DNA 

ploidy status as determined by a standard flow cytometer. Although a 

positive correlation between the AgNOR count and proliferation index was 

found, it was not statistically significant. Only three tumours (3/33) showed 

aneuploid DNA content. The low number of aneuploidy tumours was most 
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likely the result of paraffin-embedded blocks for obtaining a cell 

suspension to use on a non-dedicated DNA flow cytometer. 

The role of DNA ploidy analyses, histochemistry and 

immunohistochemistry in the diagnosis of epithelial salivary gland 

neoplasms was reviewed in study (6) . The utilisation of fine needle 

aspiration and frozen sections for the establishment of a diagnosis were 

discouraged . It was concluded that although special investigations may 

contribute, the diagnosis still relied mainly on the growth pattern and 

cytological features of a tumour. 

Cytogenetic studies have proposed that three groups of epithelial cells 

with different karyotypic patterns exist in Warthin's tumour of salivary 

glands, suggesting the existence of etiologically different subsets of this 

tumour. Study (7) was undertaken to evaluate the role of high-resolution 

DNA flow cytometry to the cytogenetic analysis of Warthin's tumour. All 28 

cases of Warthin's tumour consisted of flow cytometrically diploid cells. 

The mean cv was 1.31 % indicating the sensitivity of the DNA analyses. 

This study did not support the hypothesis of existence of cytogenetically 

distinctive subgroups of Warthin's tumour. 

The histogenesis of Warthin's tumour is controversial. The heterotopic 

theory suggests entrapped salivary gland epithelium in associated lymph 

nodes while the immune theory postulates a lymphocytic response to 

epithelial changes. Study (8) was a follow-up on the previous study to 
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evaluate a proposed role of EBV in the pathogenesis of Warthin's tumour. 

Using in situ hybridisation, no signals using EBER1/2 probes could be 

detected in the epithelium of 20 cases of Warthin's tumour or adjacent 

normal salivary gland tissue. Individual positive lymphocytes were present 

in 7 cases. Although this study did not prove any theory regarding the 

histogenesis of Warthin's tumour to be correct, it demonstrated that EBV 

was not involved in the pathogenesis of Warthin's tumour as had been 

suggested by other studies. 

Study (9) reported 5 cases of intraoral salivary duct carcinoma (SOC), a 

high-grade malignancy usually encountered in the parotid gland. This was 

the largest series of these tumours reported to date. The histological 

features were similar to those SOC originating from the major salivary 

glands. The immunohistochemical profile confirmed a ductal origin while 

four tumours displayed DNA aneuploidy suggesting aggressive behaviour 

and poor prognosis. Due to the rarity of intraoral SOC, the diagnostic 

criteria and differential diagnoses were discussed in detail. 

Several publications had regarded the presence of tyrosine-rich 

crystalloids as a unique microscopic feature of pleomorphic adenomas. 

Study (10) reported the presence of tyrosine-rich crystalloids in a well

documented case of polymorphous low-grade adenocarcinoma with 

obvious important diagnostic implications. It was speculated that the 

presence of tyrosine-rich crystalloids in polymorphous low-grade 

adenocarcinomas might imply a level of differentiation closer to that of 
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pleomorphic adenomas than more malignant tumours of salivary gland 

origin. 
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Diagnosis of oral precancer and cancer 

A. J. LlGTHELM, A. WEBER, P. J. VAN NIEKERK, W. F. P. VAN HEERDEN 

Summary 

The early diagnosis of oral cancer and precancer is important 
because oral cancer is usually well advanced at the time 01 
diagnosis, having spread to regional lymph nodes in a sub
stantial percentage 01 cases. The earlier the diagnosis is 
made, the better the prognosis. 

Several diagnostic methods that are used, such as stomato
scopy, toluidine blue staining, oral exfoliative cytology, histo
pathological examination and other more advanc d diagnostic 
procedures, are discussed. 

Oral squamous cell carcinoma (oral cancer) is usually well 
advanced at the time of diagnosi s, I having spre to regional 

. b . 1 f 2 )lymph nodes In a su stantla percentage 0 cases. 
It must be realised, however, that apart fr m the . easy 

access ibility of the oral cavity, oral squamous cell carcinoma is 
readily discernible in its early symptomatic stage: , long before 
ulceration, bleeding, induration and lymphad, nopathy are 
present. I Since oral squamous cell carcinoma or ginates from 
the oral mucous membrane, superficial or surfa. e changes in 
colour and texture are always detectable in the precursor or 
precancerous stages. 

Clinical diagnosis 

A fundamental principle in early diagnosis is tha any changes 
observed in the oral m.lCOUS membrane should I e considered 
suspicious, especially those in high-risk sites (late al borders of 
the tongue and floor of the mouth) and in high risk patients 
(smokers and consumers of alcohol, especially 0' er the age of 
40 years). 

All dental patients should receive a thoroug evaluation, 
including a complete medical and dental histo y as well as 
physical examination of the mouth and neck.4 

If a lesion with clinical features described elsewhere in this 
supplement is detected, the following steps sho Id be taken: 
(i) remove all possible sources of irritation, .g. ill-fittIng 
dentures, sharp-cusped teeth, smoking or other . abits; (iii re
evaluate the lesion after 8 - 10 days of sy ptomatic or 
conservative treatment; (iii) if the lesion has n( t resolved or 
improved during this period, biopsy and hi s ~olo~ ical examina
tion must be performed; and (iv ) when a patient presents with 
a lesion which has been clinically diagnosed as advanced 
carcinoma a biopsy specimen should be taken irrmediately.4 

Other ~eans of clinical screening should be onsidered in 
high-risk patients in whom initial oral examina ion doe~ not 
reveal clinically detectable surface changes. Th se additional 
diagnostic procedures can also be applied to support the 
clinical diagnosis5 with or without surgery.. he methods 
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include stomatoscopy, toluidine blue staining and oral ex
foliative cytology. 

Stomatoscopy 
This diagnostic aid comprises direct observation of the oral 

mucosa using a special optical system whereby morphological 
changes of the oral mucosa are magnified and thus more 
readily evaluated . Although this method might be of some 
value in the early diagnosis of oral squamous cell carcinoma, it 
is not widely used. 5 

Toluidine blue staining 
Toluidine blue is a topical agent which is widely used in 

medicine . It is also used to identify rrialignant changes of the 
oral mucosa, which it stains more intensely than the sur
rounding normal areas because of its affinity for DNA and 
RNA, levels of which are increased in malignant cells, enablIng 
the clinician to detect a potentially malignant lesion at an early 
stage. It can be used as a mouth rinse or applied to a localised 
lesion. 

If a lesion is found using the rinse technique, all possible 
aetiological factors should be eliminated and the area stained 
again after 2 weeks by topical application . A biopsy is 
mandatory if the lesion is still present . 

Benign ulcers can cause false-positive dye uptake, but display 
a well-defined marginal uptake in contrast to the diffuse 
marginal patterns seen in dllsplastic or malignant lesions .6 

In a study of 235 persistent mucosal lesions, Mashberg7 

found 6,7% of results to be false negative and 8,5% to be false 
positive. Despite these results, the toluidine blue method has 
been shown to have good results if used in association with 
exfoliative cytology and histopathological examination. High
risk patients form the target population that may benefit most 
from toluidine blue staining, since the minimal mucosal altera
tions of early cancer may be del ineated by this method.8 

Toluidine blue staining may also be used to select a biopsy 
site in order to obtain the most representative tissue for 
examination. 

If general medical and dental practitioners would use this 
simple technique routinely in high-risk patients, many more 
cases of cancer would be diagnosed in the early stages. ThIS 
would not only increase survival but would reduce post
treatment morbidity. 

Exfoliative cytology 
This technique is widely used for detecting malignant lesions 

in both the oral cavity and the uterine cervix. The morpho
logical characteristics of exfoliated superficial cells are examined 
when the cells are stained according to the method of 
Papanicolaou and Traut. 9 · . . . 

The practical value of exfoliative cytol?gy In dlagnosll~g 
malignant lesions is widely accepted (FIg. 1). Its use In 
diagnosing malignant transformation in leucoplakias is limited, 
however, since the superficial keratinised cells impede the 
emergence of the deeper dysplastic celJs. 

False-negative results in hyperkeratotic lesions were observed 
in 62% of cases in the study of Dabelsteen et at.'oExfoliative 
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2. Local anaesthetic should be infiltrated around the periphery 

of the le sion rather than directly into it. Direct penetration of 
a needle into the tumour may also cause seeding of tumour 
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Fig. 1. Cytological smear of an oral lesion displaying variation in 
size and shape 01 the epithelial cells, nuclear hyperchromatism 
and pleomorphism, which are suggestive of malignancy (H and E 
x 126). 

cytology is much more efficient in erosive erythroplakias and 
other lesions than in leucoplakias. 

Folsom el al. 11 stated that exfoliative cytology is a useful 
diagnostic adjunct in the evaluation of visible oral lesions 
when used in conjunction with other diagnostic methods. Its 
limitations should be recognised but its value should never be 
under-estimated, especially in high-risk patients. 

Radiography and computed tomography 
Plain radiography is of limited value in the early diagnosis 

or investigation of oral cancer. Radiographic change is apparent 
only after at least SO% of the calcified component of bone is 
lost .12 

In patients with radiographic evidence of squamous cell 
carcinoma the general radiographic appearance is that of a 
radiolucent lesion with indistinct margins, displaying no sclero
tic reaction. 13 

Computed tomography is of great benefit in the investigation 
of head and neck tumours, but its value for intra-oral tumours 
is limited. ' 2 

Histological diagnosis 

Clinical identification of epithelial dysplasia and early squamous 
cell carcinoma is virtually impossible owing to the varied 
appearance of these lesions and confusion with benign lesions 
of similar appearance .6 

The exact nature of the histopathological changes in lesions 
detected during clinical evaluation can only be confirmed by 
histological examination of biopsy material. These changes can 
range from dysplasia to carcinoma in situ, squamous cell 
carcinoma or verrucous carcinoma. 

Biopsy procedures' 
When a biopsy is performed, certain principles and tech

niques should always be followed to establish a reliable diag
nosis . 

I. Drugs should not be applied to the lesion before biopsy, 
since they can alter the staining characteristics of the tissue 
and complicate the diagnosis. 

cells along the needle tract. 4 

3. The tissue specimen should be removed in such a way• 
that both normal and abnormal tissue are included for histo
logical examination . The specimen must be deep enough to 
determine the degree of invasion of the tumour in the sub
mucosa. In order to enhance healing of the biopsy site the 
incision line should, if possible, be parallel with the blood 
vessels and major nerves as well as the lines of stress in the 
tissue. 4 

• 

4. Excessive handling of the tissue during its removal may 
cause distortion and surgical trauma that can complicate the 
examination and diagnosis. A suture should be placed into the 
normal surrounding tissue to' be removed and not into the 
lesion itself. The biopsy specimen can then 'be lifted out by 
traction on the suture. 

S. After the specimen is freed from the underlying tissue, it 
• 	 must immediately be placed into a borrle containing enough 

10% buffered formalin to cover it. 
6. Biopsy specimens of the oral mucosa are often thin and it 

is therefore recommended that they be laid flat on a piece of 
card or filter paper before placing in the fixative. This avoids 
curling and distortion of the specimen. 

7. Once a specimen is removed and placed in a fixative, it 
must be sent to an oral pathologist without delay. 

8. A good clinical history is as important as the biopsy 
specimen itself. The following information must be included: 
(I) age, race and sex of the patient; (il) duration of the oral 
lesion/ s; (iiI) tempo of growth; (iv) symptoms; (v) previous 
treatment; (VI) other oral lesions; (viI) palpable lymph nodes; 
and (viiI) aetiological factors such as smoking, use of alcohol 
and exposure to sun. 

9. The lesion must always be described in detail. This plays 
an important role in its final evaluation. The following infor
mation should be included: (I) position of the lesion; (il) si.ze; 
(iiI) colour; (iv) configuration; (v) consistency; and (VI) mobility 
or fixation of the lesion in relation to the surrounding tissue. 

10. X-ray plates, where applicable, should always by 
included. 

II. A lesion smaller than I cm in diameter should be excised 
in its entirety for histological examination. An incisional biopsy 
is performed on lesions larger than I cm and the specimen 
should be taken from the area that is clinically the most 
suspicious. Necrotic areas should be avoided because they 
tend to complicate the diagnosis. 

12. Punch and aspiration biopsies can also be carried out in 
the oral cavity. Punch biopsies are not reliable because only a 
small specimen is obtained, which may not be typical of the 
lesion as a whole. Aspiration biopsies are performed by 
aspirating the tissue through a large-gauge needle. Only a 
limited amount of tissue can be obtained and more often than 
not it is badly distorted, making a definite diagnosis extremely 
difficult. Under certain circumstances, however, this is the 
only means of obtaining a biopsy specimen. 

Histopathological examination 

Epithelial dysplasia and carcinoma in situ 
Epithelial dysplasia denotes changes of the epithelium which 

suggest a possible development of malignancy, whereas carci
noma in situ indicates definite development of malignancy.14 

In the past, the terms 'epithelial dysplasia', 'epithelial atypia' 
and 'dyskeratosis ' have oflen been used synonymously. 
However, the individual cellular changes should be referred to 
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as 'atypia' and the general disturbance in the epithelium as 
'dysplasia'. The World Health Organisation Collaborating 
Reference Centre for Oral Precancerous Lesions 15 mentions 
the following changes as possibly occurring in epithelial dys
plasia: (I) loss of polarity of the basal cells; (il) the presence of 
more than one layer of cells with a basaloid appearance; (iii) an 
increased nuclear/cytoplasmic ratio; (iv) drop-shaped rete 
processes; (v) irregular epithelial stratification; (VI) an increased 
number of normal mitotic figures - a few abnormal mitoses 
may also be present; (viz) the presence of mitotic figures in the 
superficial half of the epithelium; (viii) cellular pleomorphism; 
(ix) nuclear hyperchromatism; (x) enlarged nucleoli; (XI) reduc
tion of cellular cohesion; and (xii) keratinisation of single cells 
or groups of cells in the spinous cell layer. 

Not all of these changes will necessarily be present in the 
epithelium. The histological diagnosis of dysplasia is established 
when two or more of the changes are present together. 14 

According to the number/ratio of changes in dysplasia is 
classified as mild, moderate or severe (Figs 2, 3 and 4) . 
Dysplasia in the precancerous uterine cervix is described as 
cervical intra-epithelial neoplasia (CIN I, CIN II and CIN 
III). These changes are similar to the dysplastic changes seen 

Fig. 2. Slight epithelial dysplasia. Drop-shaped rete ridges, 
irregular epithelial stratification and hyperkeratosis are illustrated 
(H and E x 200). 

Fig. 3. Moderate epithelial dysplasia, characterised by an in
cfeased nuclear cytoplasmic ratio, drop -shaped re!e ridges, 
cellular pleomorphism and nuclear hyperchromatism (H and E x 
80). . 

Fig. 4. Carcinoma in situ (severe epithelial dysplasia). The epi
thelial cells exhibit all the features of malignant celis, without 
infiltration into the underlying connective tissue (H and Ex 80). 

in mild, moderate and severe dysplasia, respectively, in the 
oral mucosa. 

Severe grades of epithelial dysplasia may merge into the 
lesion known as carcinoma in siw (Fig. 4), in which the whole 
thickness of the epithelium is involved. 15 Carcinoma in siw is 
considered a histopathological rather than a ·clinical entity, 
since a number of clinical diseases may display the character
istics of carcinoma in Silu. 16 Whether· the histological distinc
tion between severe dysplasia and carcinoma in situ is of 
practical value in the case of oral mucosa remains unresolved. 15 

The degree of dysplasia, as in the case of the uterine cervix, 
is linked to the degree of probability of the development of 
malignancy and therefore has definite therapeutic and prognos
tic implications. 

The prevalence of epithelial dysplasia has been found to be 
between 3,7% and 28,8% in oral leucoplakia. 5 Between 3,2% 
and 8, I % of clinical leucoplakia was found to be squamous cell 
carcinoma on examination of a first biopsy specimen .i7 Shafer 
and Waldron l8 found squamous cell carcinoma in 51% of 
erythroplakias and carcinoma in situ in 40%. 

Squamous cell carcinoma 
Squamous cell carcinoma is characterised by atypical neo

plastic cells which are located throughout the epithelium as 
well as beyond the basement membrane in the submucosa.4 

According to the histopathological appearance, squamous 
cell carcinoma may be classified as well differentiated, poorly 
differentiated or anaplastic. The degree of differentiation will 
determine the nature of the total treatment plan and will 
influence prognosis. 

Well-differentiated squamous cell carcinoma displays in
vasion into the ~nderlying connective tissue and is usually 
localised. The cells are easily discernible as epithelial cells, 
while abnormal cell forms are rarely seen (Fig. 5). Large 
amounts of keratin are formed within the tumour. A chronic 
inflammatory reaction is always present in the submucosa and 
is restricted to the base of the tumour (Fig. 6). The tumour 
rarely infiltrates bone . 
. Poorly differentiated squamous cell carcinoma displays ex

tensive cellular pleomorphism, together with a marked absence 
of keratin. An extensive inflammatory infiltration appears in 
the submucosa underlying the tumour. Bone infiltration may 
be present. 
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Fig. 5. Well-diHerentiated squamous cell carcinoma. Invasion of 
the submucosa and abundant keratinisation are present (H and E 
x 126). 

Fig. 6. Well-diHerentiated squamous cell carcinoma. There is 
localised invasion into the underlying submucosa. A chronic 
inflammatory reaction is present at the base of the tumour (H and 
Ex 126). 

In highly anaplastic squamous cell carcinoma, where the 
epithelial origin of the tumour cells is not readily apparent, 
spindle cells can be present. Bone infiltration is common and 
distant metastases occur. 

Histological grading 
Broders l9 originally used grades 1-4 as a means of indicating 

the percentage of normal differentiation of the tumour cells. 
Although the WH020 agreed that any system of histological 
grading is to some extent subjective, they suggested an arbitrary 
subdivision into three grades . The guiding features are those 
indicative of proliferation and differentiation. Shklar21 also 
used a grading system with emphasis on the importance of 
proliferation and differentiation of the tumour. 

Histological grading of malignancy in squamous cell car
cinoma of the oral cavity is one of the variables which may be 
used to predict prognosis. Treatment modalities can therefore 
be b·:::ttcr selected ~ccording to the hjologic~l h("h~viour of the 
tumour. 22 

Advanced diagnostic procedures 

The histological diagnosis of oral squamous cell carcinoma 
does not usually present a major problem. 23 However, carci
nomas differ in biological behaviour, resulting in different 
clinical manifestations and subjective histological grading. 
Advanced methods for the evaluation of oral precancerous 
lesions and carcinoma could contribute to the better under
standing and management of these lesions. Several techniques 
have recently been implemented in order to find a reliable 
indicator of the biological potential of precancerous lesions 
and carcinomas.23 These methods are based on morphological 
or on functional evaluation of the lesions. The morphological 
methods include histochemical and immunohistochemical pro
cedures, in situ hybridisation and electron microscopy. Methods 
such as cellular proliferation studies, DNA histograms and 
analysis of the immune status of the patient are included in the 
group of functional methods. 23 

Although the above methods have promlsmg aspects, at 
present there is no alternative to histological examination in 
assessing the nature of oral squamous cell carcinoma and its 
precursors.23 

The authors thank Mr J. Nell for the production of the photo
graphs and Mrs H. Pienaar for typing the manuscript. 
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Oral cancer 
W F P van Heerden and T JP Swart 

Oral cancer, strictly speaking, includes all 
malignancies of the oral cavity. For the 
purpose of this article, however, it refers to 
squamous cell carcinoma of the oral mu
cosa. 

The prevalence of oral cancer varies great

ly among the different geographical re
gions worldwide. In the United States it 
accounts for about 4% of all cancers diag
nosed, while the figure is 50 to 70% for the 
Indian subcontinent. The incidence gener
ally appears to have stabilised in devel
oped countries while there is growing evi
dence that the incidence of oral cancer is 
increasing in developing countries. 1 

During the period 1990 to 1992 , an average 
of 1336 new cases of intraoral cancers per 
year has been reported in South Africa. 
Oral cancer ranked fifth behind cancer of 
the prostate, oesophagus, lung and colon in 
males in South Africa. Together with can
cers of the pharynx, these malignancies 
were the fourth most common in white 
South African males and the second nlost 
common in black males. In both black and 
coloured males, oral cancer represents 6 to 
7% of all cancers and ranked fourth and 
fifth in their respective population groups , 
whereas it constitutes 2,3% (eighth posi
tion) of all cancers in white males and 
3,4% (tenth position) in Asian males. 
These figures, obtained from the National 
Cancer Registry of South Africa,2 include 
only histologically and cytologically diag
nosed cancers and thus underreport true 
prevalence of oral cancer, as a significant 
number of these are diagnosed clinically. 
Despite recent advances in treatment 
modalities like surgery, chemotherapy and 

radiotherapy, no improvement in the mor
tality and morbidity rates of oral cancer 
has been reported over the last 50 years. 
Oral cancer has a five-year survival rate of 
about 54%, one of the worst of all major 
cancers) 

Clinical features and diagnostic 
considerations 

Because oral cancer is usually not diag
nosed in its early stages, less than half of 
all cancer patients are cured. This is an 
alarmlng state of affairs since the majori
ty of oral cancers can be prevented by eli
minating the well-documented, most im
portant aetiological factors, i.e. tobacco 
and alcohol. Furthermore, no specialised 
techniques are required to examine the 
oral cavity for the presence of premalig
nant lesions or early oral cancers. Preven
tion and early detection of oral cancer 
can be achieved by identifying high-risk 
patients, recognising premalignant le
sions and the early detection of cancer
ous lesions. 

High risk patients 

About 90% of all oral cancers are found in 
persons older than 40 years with an aver
age age at the time of diagnosis of about 
60. The ageing process influences proto
oncogenes and suppressor genes, causing 
cellular dystegulation through alterations 
in the cell growth and suppressor proteins. 
The primary aetiological agents of oral 
cancer are tobacco products and the heavy 
use of alcohol, especially in combination. 
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More than 90% of oral cancer patients 
have a history of tobacco use. N-nitrosa
mines are the compounds thought to be 
the major carcinogenic agents in tobacco . 
Analytical studies have shown that all 
forms of tobacco use increase the risk of 
oral cancer. Tobacco chewing together 
with betel nuts , [with or without other 
additives) frequently practised in the Indi
an subcontinent, is responsible for the 
high incidence rate of oral cancers in that 
region. 
After stopping smoking for ten or more 
years , no excess risk is found and this pro
vides great opportunities for the preven
tion and control of oral cancer. 
Other aetiological factors are also impli
cated in oral cancer. Iron metabolism is 
important in maintaining the health of the 
mucosa and many disease states are asso
ciated with iron deficiency. There is strong 
evidence that chronic sideropaenia is 
linked to an increase in oral cancer devel
opment. 
Infections may also contribute to oral car
cinogenesis. Chronic candidiasis is associ
ated with some premalignant lesions 
while human papillomavirus DNA has 
been found in oral cancer cells. 4 

Premalignant lesions and 
conditions 
White and red lesions of the oral mucosa 
are' the most common premalignant clini
cal lesions. A premalignant lesiori is de
fined as a morphologically altered tissue 
in which cancer is more likel y to occur 
than in its apparently normal counter
part. s Although premalignant lesions do 
not precede all oral cancers, the presence 
of these lesions presents an opportunity 
for preventive action. The most common 
lesion is termed leukoplakia. [This term 
must not be confused with the recently 
described entity of oral haiIy leukoplakia, 

which has no premalignant potential , is 
caused by the Epstein-Barr virus and is 
found in immunocompromised patients.) 
Leukoplakia is defined as 'a whitish patch 
or plaque tha t cannot be charac terised cli
nicall y as any other disease and which is 
not associated with any physical or chem
ical causative agent except the use of 
tobacco '.s This is a clinical term which 
carries no histological connotation (see 
Fig. 1). Elythroplakia, the other important 
premalignant lesion , has a s imilar defini
tion except that it is described as a red 
lesion [see Fig. 2). 

Leukoplakias may vary in appearance 
from homogeneous to nodular and to a 

Fig. 1. Leukoplakia lesion in the floor of 
mouth. Histologic examination showed a 
severe epithelial dysplasia. 

Fig. 2. Erythroplakia on the soft palate in 
a 55 year-old patient with a long history 
of tobacco use. The histological diagnosis 
was a moderately differentiated 
squamous cell carcinoma. 
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combination with erythroplakia. Although 
tobacco use increases the risk for oral can
cer, it has been found that patients with 
oral leukoplakia who are non-smokers, 
have a higher risk of malignant change. 
This is difficult to explain, but it is specu
lated that in the absence of tobacco as a 
causative agent, more dangerous initiating 
or potentiating factors may be present. 
The majority of pre-malignant conditions 
are associated with atrophy of the oral 
epithelium. These include sideropaenic 
dysphagia, oral submucous fibrosis and 
the still controversial erosive oral lichen 
planus. 

Early detection of cancerous 
lesions 

Although easily detected and often cured 
in its early stages, most oral cancers are 
advanced at the time of diagnosis. Early 
cancer lesions are usually painless and 
may appear as small apparently harmless 
areas of induration, erosion or keratosis, 
often deceiving the unsuspecting clinician 
into a false sense of security. It may also 
present with the clinical features of a pre
malignant lesion (leukoplakia or erythro
plakia). Patients usually seek,consultation 
after developing persistent pain, most 
commonly from a non-specific ulcer or 
irritation in the mouth. 
Advanced orai cancer lesions usually pre
sent as painless ulcers with indurated roll
ed margins (see Fig. ,3) . Fixation to under
lying tissues is present and regional lym
phadenopathy may be seen. 

Management principles 

The clinical Significance of these prema
lignant lesions is that all must be biopsied 
to determine the possible presence of ma
lignant change. The malignant transforma
tion rate of homogeneous leukoplakia is 

Fig. 3. Squamous cell carcinoma on the 
lateral border of the tongue. Note the 
rolled indurated margins. 

about 6%, while the rate for proliferative 
leukoplakia is reported to be as high as 
70%. The histologic diagnosis of erythro
plakia is usually either a severe epithelial 
dysplasia or already being a squamous cell 
carcinoma. This higher risk associated 
with red lesions implies that with combi
nation lesions (erythroleukoplakia), the 
red areas should always be included in the 
biopsy site. The toluidine blue staining 
method can be used in patients with ex
tensive leukoplakia without red areas to 
select sites for biopsy.6 This technique 
consists of painting the lesion with a 1% 
aqueous solution of toluidine blue and 
then, after ten seconds, decolourising it 
with 1% acetic acid solution. The sites 
that retain the dye are then included in the 
biopsy. 
These premalignant lesions are usually 
painless and the majority of patients are 
unaware of their presence. It is therefore es
sential to perform regular examinations of 
tl1e oral cavity in especially high-risk pa
tients. Screening can be made more effi
cient by inspecting the high-risk sites 
where 90% of all oral cancers arise: the 
floor of the mouth, the ventrolateral aspect 
of the tongue and the soft pa:late complex. It 
has been shown that high-risk individuals 
visit their physicians more frequently than 
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they visit their dentists. An examination of 
the oral cavity should be part of every exa
mination at the physician's office. 

Pharmacological agents available 
for treatment 

The role of pharmacological agents in the 
prevention and treatment of premalignant 
lesions is still under investigation. Prima
ry treatmen t of oral leukoplakia and pre
vention of secondary primary lesions in 
patients wi th treated oral cancer have been 
studied in several randomised, placebo
controlled chemoprevention trials with 
high-dose isotretinoin.7 Variable reduc
tions in the occurrence of oral leukoplakia 
and dysplasia have also been demonstrat
ed in trials using beta-carotene. 

Avoiding treatment errors 

Any suspicious oral mucosal lesion, in
cluding any ulcer not healing within two 
weeks, must be biopsied. The biopsy 
should be sufficiently large to include 
enough abnormal and clinically normal 
tissue to give the pathologist a chance to 
make a diagnosis without requesting addi
tional material. An lxc isional biopsy 
should be avoided unless the les ion is 

Oncological diseases 

very small since it is unlikely that the mar
gin would have been wide enough if the 
lesion was found to be malignant. It may 
further destroy clinical evidence of the site 
and charac ter of the lesion, which are 
important facts for the surgeon or radio
therapist. 
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W FP van Heerden, K-W Biitow 

The role of the dentist in the prevention and early 
. diagnosis of oral cancer 


Clinical relevance 
Oral cancer is a life-threatening problem in 
most countries, especially in developing 
countries. The severity of oral cancer in 
South Africa is demonstrated by the fact 
that it is one of the most common malig
nancies in South African males.' This fact 
is not often appreciated. One of the rea
sons may be that oral cancer is not regis
tered as a single entity in the local cancer 
registry, but separated into cancers origi
nating from the mouth, tongue or gums.' 

Early detection of oral cancer allows for a 
five-year survival rate of 900/0. However, 
most oral cancers are diagnosed at an 
advanced stage with a flve-year survival 
rate of about 200/0, which is one of the 
worst prognoses of all major cancers. This 
is a tragic situation because no specialised 
techniques are required to examine the 
oral cavity for the presence of premalig
nant lesions or early oral cancers. 
Prevention and early diagnosis are there
fore of the utmost importance. 

Identifying high -· risk patients, recognising 
premalignant lesions and the early detec
tion of cancerous lesions is the prime 
responsibility of the dentist. 

High risk patients 
The most common factor contributing to 
the development of oral cancer is age. 
About 90% of all oral cancers are found in 
persons older than 40 years, averaging 60 
years at the time of diagnosis. The ageing 
process influences proto-oncogenes and 
suppressor genes, resulting in cellular dys
regulation through alterations in the cell 
growth and suppressor proteins. The pri-

WFP van Heerden, BChD, MChD(Oral 
Path), PhD 

Department of Oral Pathology and Oral Biology 
School of Dentistry, University of Pre coria 

K-W Biitow, BSc, BChD, MChD(MFO Surg), 
DrMedDen~ PhD, DSc(Odont) 
Department of Maxiffa-Facial and Oral Surgery 
School of Dentistry, University of Preroria 

Address for correspondence: ProfWFP van 
Heerden, Department of Oral Pathology and Oral 
Biology, School of Dentistry, University of Pretoria 
PO Box 1266, PreCOria, 000 I, South Africa, 
tel: +27 12319 2320,fax:+27 123212225, 
e-mail: wvheerd@medic.up.ac.za 

mary aetiological agents of oral cancer are 
tobacco products, heavy use of alcohol, 
and especially the combination of tobacco 
and heavy alcohol use.' More than 900/0 of 
oral cancer patients give a history of 
tobacco use. Tobacco contai ns nicotine 
and other alkaloids. N-nitrosamines are the 
compounds that are considered to be the 
major carcinogenic agents in tobacco. All 
forms of tobacco use are implicated, 
including sm okeless tobacco (chewing 
tobacco and snuff dipping).) Tobacco 
chewing, together with betel nuts, (with or 
without other additives) frequently prac
tised on the Indian subcontinent, is 
responsible for the high incidence rate of 
oral cancers in that region . 

The risk of oral cancer among non-alcohol 
drinkers increases with the amount of 
tobacco smoked, while the risk among 
non-smokers increases with the level of 
alcohol intake.' Among those who both 
smoke and drink alcohol, the risk seems to 
increase in multiplicative fashion. The sub
stantial fall in the incidence of precancer
o-us lesions and reduced risk for the devel
opment of oral cancer after cessation of 
tobacco use is well documented and pro
vides great opportunities for the preven
tion and control of oral cancer.' 

Other aetiological factors are also implicat
ed in oral cancer. lron metabolism is 
important in ma in taining the health of the 
mucosa and many disease states are asso
ciated with iron deflciency. There is strong 
evidence to suggest that chronic siderope
nia is linked to an increase in oral cancer 
development. Infections, especially viruses, 
may also be a contributing factor in oral 
carCinogenesis. Human papillomavirus 
DNA has been found in oral cancer cells.' 
The possible implications thereof are cur
rently under investigation by a number of 
centres. -

Premalignant lesions and 
conditions 
White and red lesions of the oral mucosa 
are the most common premalignant clini
cal leSions. A premalignanl lesiun is 
deflned as a morphologically altered tissue 
in which cancer is more likely to occur 
than in its apparently normal counterpart. 

Although premalignant lesions don't pre
cede all oral cancers, the presence of these 
lesions presents an opportunity for pre
ventive action. The most common lesion is 
termed leukoplakia. (This term must not 
be confused with the recently described 
entity of oral hairy leukoplakia , which 
has no premalignant potential, is caused 
by the Epstein-Barr virus and found in 
immunocompromised patients). 
Leukoplakia (Fig. 1) is defined as a whitish 
patch or plaque that cannot be charac
terised clinically as any other disease and 
which is not associated with any physical 
or chemical causative agent apart from the 
use of tobacco: This is a clinical term that 
carries no histological connotation. 
Erythroplakia, the other important prema
lignant lesion, has a similar definition, 
although it is described as a red lesion 
(Fig. 2). 

Fig. I. Leukoplakjo on the floor of 
mouth. 

Fig. 2. E.rythroplakja on the soft palate. 

Leukoplakias may vary in appearance from 
homogeneous to nodular (Fig. 3), or may 
be found in vari ous combinations with 
erythroplakia. Although tobacco use 
increases the risk for oral cancer, it has 
been found that patients with oral leuko
plakia who are non-smokers, have a higher 
;lsI: o ~ maligr.:r. t chcngc. This is difficult 
to explain, but it is speculated that it may 
be associa ted with an inherited genetic ~ 
susceptibility. 
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characteristic appearance, which may serve as a diagnostic aid' 
(Fig. 5). It is fixed to underlying tissues and regional lym
phadenopathy may be seen. 

fig. 3. Irregular/nodular leukoplakia on the ventral aspect of 
the tongue. 

Th<'se premalignant lesions are usually painless and the majority 
of patients are unaware of their presence. It is therefore of the 
utmost importance to perform regular examinations of the oral 
cavity in especially high-risk patients. Screening can be made more 
efficient by inspecting the high-risk sites where 900/0 of all oral 
cancers arise: the floor of mouth, the ventrolateral aspect of the 
tongue and the soft palate complex. 

Premalignant conditions are defined as generalised states associat
ed with a significantly incr<'ased risk of cancer. 1lle majority of 
these conditions are associated with atrophy of the oral epitheli
um. These include sideropenic dysphagia, oral submucous fibrosis 
and the still-controversial erosive oral lichen planus. 

Early detection of cancerous lesions 
Early cancerou i lesions are usually painless and may <lppear as 
small, apparently harmless, areas of induration, erosion or kerato
sis, often deceiving the unsuspecting clinician into a false sense of 
security (Fig. 4). It may also present with the clinical features of a 
premalignant lesion (leukoplakia or erythroplakia). Pati<:nts usually 
seek consultation only after developing persistent pain, most com
monly from a non-specific ulcer or irritation in the mouth. 

The advanced oral cancerous lesion usually consists of a painless 
ulcer with indurated rolled margins. In most cases the ulcer has a 

Fig. 4. Small/eukop/akia on the floor of mouth. Biopsy (site 
indicated by arrow) showed an early invasive squamous cell 
carcinoma. 

fig. 5. An advanced oral squamous cell carcinoma with 
indurated rolled margins. 

Management principles 
The clinical Significance of premalignant lesions is that all must be 
biopsied to determine the possible presence of m(llignallt change. 
The malignant transforlllation rate of homogeneous leukoplakia is 
auout 60/0, wllile the rate for proliferative verrucous leukoplakia is 
reported to be as high as 700/0' The histological diagnosis of ery
throplakia is usually either a severe epithelial dysplasia or already a 
squamous cell carcinoma. This higher risk as)ociated with the red 
lesions implies that in the case of a combination lesio n (ery
throleukoplakia), the red areas should always be incluckd in the 
biopsy site (Fig. 6). 

fig. 6. Erythroleukoplakia on the buccal mucosa. The biopsy 
should always include a red area. 

Any suspicious-looking oral mucosal lesion, in cluding any ulcer 
not healing within two weeks after conservative treatment, must 
be biopsied. The biopsy should be su fficiently large to include 
enough abnormal and clinically normal tissu e, enabling the 
pathologist to make a diagnosis without requesting additional 
material. The applicable biopsy techniques include an excision 
uivp'>y, illCisiull uior;>j or cylolo~ilJI CUldlJ9l. 
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Excision biopsy 
The excision biopsy is used to remove the entire lesion, together 
with normal tissue (fig. 7). This procedure must be devised in such 
a way that it becomes a curative intervention. The lesion must 
therefore be eliminated in its entirety, i.e. with its incised borders 
and normal tissue. Where there is a possibilitY of the presence of a 
malignant neoplasm, an additional border of at least 2 - 3 mm 
healthy tissue also 2 - 3 mm deep, must be removed for histologi
cal examination. Excision biopsies are mostly used where the clini
cal diagnosis suspects the presence of benign conditions. It should 
only be used when the lesion is very small, since it is unlikely that 
the additional margin removed, will be wide enough if the lesion is 
found to be malignant. It may also destroy clinical evidence of the 
site and character of the lesion, which are important facts for the 
surgeon or radiotherapist. 

Fig. 7. Schematic drawing of an excision biopsy. 

Incision biopsy 
With this biopsy technique, only a small portion of the lesion, 
together with a portion of the surrounding normal tissue, is 
removed (Fig. 8). This part should be incised in such a way that 
approximately half of the biopsy material is situated in tumour tis
sue and the other half in normal tissue. The incision biopsy is used 
for most larger benign, as well as malignant conditions. 

The surgical technique 
• 	 Anaesthetise without injecting directly into the lesion. 

• 	 Select a representative specimen of all the tissues that appear 
to be pathological, and also the parts that appear to be nor
mal. However, be aware of surrounding anatomical structures. 

• 	 Disinfect the region thoroughly with minimum disturbance of 
the lesion; avoid disinfecting materials with colouring agents. 

• 	 Avoid areas where excessive bleeding and possible necrosis 
might occur. 

• 	 When performing a skin biopsy, always incise according to the 
Langer lines. 

Cytological curettage 
The SI1"fH"ct("d ("pithf'lil1m 8nd!or l1lrf'r m\1~t hf' rl1rf'tt("rl hy 5C'r8p
ing the area and placing the material received on a glass slide. The 
curetted cells must be fixed and then sent for histopathologic 
examination. It must also be remembered that there is a possibility 

Fig. 8. Schematic drawing of an incision biopsy. 

that a false negative result could be reported . This method is only 
used for erythroplakias or ulcerated tumours where taking a biopsy 
is complicated or contra-indicated. 11 should never be used on 
leukoplakias. 

Conclusion 
We as dentists should not be seen as only caretakers of teeth and 
periodontal tissues in need of preservation or repair, but as true 
health care professionals, caring for the total health of our 
patients. A first important step will be to fulfil our responsibility 
towards the prevention and early diagnosis of oral cancer. We can 
begin this task by the meticulous examination of the oral mucosa 
for the existence of premalignant lesions or early carcinomas, par
ticularly of most vulnerable areas (floor of mouth, ventrolateral 
aspect of the tongue and soft palate complex) in especially high
risk patients (all over the age of 40 and all smokers). 
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Abstract. Human papi/lomavirus (HPV) infection is impli
cated in squamous cell carcinogenesis. Oesophageal carcino
ma has a high incidence in certain geographical regions and, 
using different methods of detection, HPVs have been found in 
these tumours. HPV 6 and 11 are frequently detected in 
laryngeal papillomas, benign lesions which rarely become 
malignant. HPVs have been detected in squamous carcinoma 
of the larynx but more frequently, especially HPV 16, in 
verrucous carcinomas a distinct variant of squamous carcino
ma. An increased density of Langerhans cells, important in 
immunosurveillance in squamous epithelium, has been associ
ated with a more favourable patient prognosis in laryngeal and 
other carcinomas. 

Langerhans cells (LCs) are bone marrow derived dendritic 
cells (1) located in stratified squamous epithelium, dermal 
connective tissue, dermal lymphatic channels and lymph 
nodes (2). LCs and their immature precursor cells are also 
defined as T-zone histiocytes (3) but differ from the mono
cyte-macrophage series by their lack of nonspecific cross
reacting antigen and lysozyme. Fl}nctionally LCs are antigen 
presenting cells (4) and are ideally located in squamous 
epithelium for a role in immunosurveillance. 

Epidermal carcinomas (basal cell and squamous cell 
types), in contrast to other malignancies, generally have a 
limited tendency to metastasise and early diagnosis and 
treatment results in a good prognosis. This less aggressive 
behaviour raises the question as to whether local mechanisms 
such as LCs and lymphocytes play a protective role in 
inhibiting the spread of neoplastic cells. It has been demons
trated that an increase in the number of LCs can be corre-
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Virology, University of Stellenbosch, P.O .Box 19063, Tyger
berg, 7505, South Africa. 

Key Words: Langerhans cells, human papillomavirus, 
oesophageal carcinoma, laryngeal carcinoma. 

lated with a more favourable prognosis in cancers of the 
nasopharynx (5), oral cavity (6), stomach (7), lung (8), 
thyroid (9) and in T-cell lymphomas (10). 

Various risk factors have been identified which may be 
important in the development of head and neck squamous 
carcinomas ego smoking, alcohol intake (11,12), multiple 
micronutrient deficiencies (13), poor oral hygiene (14) and 
infection with human papillomaviruses (HPVs) (15). HPVs 
have a predilection for squamous epithelium where they 
induce benign proliferative lesions such as warts on the skin, 
and papillomas and condylomas on mucosal surfaces (16). 
HPV infection, especially HPV 16, 18 and 33, has been 
implicated in squamous cell carcinogenesis because of its 
ability to immortalise human epithelial cells after transfection 
(17, 18). In tumours viral DNA is frequently integrated into 
the cellular genome. This integration interrupts certain open 
reading frames (ORFs) of the viral genome with a loss of 
DNA sequences. Two ORFs, E6 and E7, however, are 
consistently retained and expressed in tumours and tumour 
cell lines and are considered to be important in the develop
ment and maintenance of the malignant phenotype (19). 
Viral integration can either activate or inactivate cellular 
genes, resulting in a failure of host-cell control of persisting 
viral genes (20). HPV 16 and 18 have been found integrated 
in the vicinity of c-myc resulting in elevated levels of c-myc 
RN A (21), but the viral integration sites vary considerably so 
that c-myc activation cannot be regarded as a consistent 
mechanism. 

HPV 16 is tbe type most frequently detected in anogenital 
carcinomas. HPV DNA is present in up to 90% of cervical 
carcinomas (22) and has also been found in cervical metasta
tic lymph node lesions (23). Several cervical carcinoma cell 
lines harbour integrated HPV sequences, e.g. Hela, SiHa, 
CaSki, C-41, MS 751, and ME 180 (24-28). HPV 5, and less 
frequently HPV 8, 14, 17, 20 and 47 can be found in skin 
carcinomas on sun exposed areas in patients with 
epidermodysplasia verruciformis (EV), a rare genetic dis
order (29-31). In immunosuppressed patients there is a 
significant increase in cutaneous and mucosal malignancies . 
HPV 5 or HPV 5-related HPVs were characterised in skin 
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carcinomas of immunosuppressed patients (32), while HPV 
16/18 DNA is more frequently detected in cervical in
traepithelial neoplasia in women with renal allografts than in 
controls (33) . HPVs have also been detected in carcinomas of 
the tongue (34) and lung (35-37). 

Oesophageal carcinoma shows a striking geograpical dis
tribution with a remarkably high incidence in certain regions 
of China , (14) Iran (38) and South Africa (39). Oesophageal 
cancer also occurs three times more often in blacks than in 
whites in the USA . The incidence and mortality from this 
tumour has increased rapidly over the past 25 years (40), a 
trend also observed in South Africa (29). A well described 
animal model exists for the development of oesophageal 
carcinoma . In cattle bovine papillomavirus causes alimentary 
papillomas, which undergo malignant change when the anim
als feed on bracken fern (Pteridium aquilinum) (41). Various 
studies aimed at establishing the importance of HPV infec
tion in human oesophageal carcinoma have been performed. 
Two investigations carried out iIi South Africa described 
HPV epithelial changes adjacent to carcinomas in 30% (42) 
and 65% (43) of cases respectively. HPV antigen could be 
demonstrated in Japanese and Chinese patients using im
munocytochemistry in carcinomatous (13%; 19%) as well as 
in adjacent uninvolved epithelium (13 %;23%) (44). HPV 
sequences were detected in 22/51 (43,1 %) oesophageal 
squamous carcinomas from China using in situ hybridisation 
(45). In a South African study , polymerase chain reaction 
(PCR) was used on 14 carcinomas with a 71 % positivity rate 
for HPV DNA (46). The latter study also included a control 
group where HPV was detected in 6/41 (15%) normal 
oesophageal mucosal specimens. In an investigation involving 
more control groups (47) , 5112 oesophageal carcinoma pa
tients had HPV infection while none of 17 controls exposed to 
alcohol and tobacco , and only one out of seven non-exposed 
controls had HPV oesophageal infection. Negative results 
were obtained by Loke et al on 37 oesophageal carcinomas 
from Hong Kong applying DNA slot blot analysis and in situ 
hybridisation (48) . Using PCR, Kijabu et al (49) evaluated 13 
carcinomas from California but no HPV could be detected. 

The extraordinary variation in the geographical localisa
tion of oesophageal squamous carcinoma and HPV infection 
suggests that other environmental factors are important, e.g. 
fungal infestation of corn, ingested opium residues , alcohol 
and tobacco, vitamin and trace element deficiencies (13 ,14). 
One factor all high-risk areas have in common is the low 
socio-economic status of the population. This provides a basis 
for different carcinogens possibly involved in the multi-step 
process of tumour development. Morris and Pierce post
ulated that the primary pathway to oesophageal carcinoma 
consists of an aberration in the relationship between LCs and 
the keratinocytes secondary to a persistent HPV infection 
(50). This may then lead to neoplastic transformation when 
the mucosa is exposed to one or more co-carcinogenic factors 
(50). 

The prognosis of patients with oesophageal cancer is poor 

230 

and is dependent on the size of the tumour, histologic type, 
depth of penetration, lymph node involvement, intraepithe
lial spread, DNA distribution pattern (51,52) and LC infiltra
tion (53) . Patients with a marked infiltration of LCs survived 
longer than those where infiltration was slight (53). The 
density of LCs can therefore serve as an indication of host 
defence against the carcinoma. 

Laryngeal carcinoma was traditionally a disease which pre
dominantly affected men in the sixth and seventh decades of 
life and who also had a history of excessive smoking and 
alcohol abuse (54). However, in the past decade laryngeal 
carcinoma appears to have increased in younger patients and 
WOmen (55). 

HPV 6 and 11 DNA is regularly found in juvenile and 
adult onset laryngeal papillomas (56,57) . These tumours 
rarely convert into malignant neoplasms, except when associ
ated with irradiation treatment (58) or in severe papillomato
sis of long standing duration with signs of spread throughout 
the respiratory tract (59 ,60). Attempts to evaluate the role of 
HPV in laryngeal squamous {;arcinogenesis led to the cloning 
and characterization of HPV 30 from an invasive laryngeal 
carcinoma (61). HPV 16 or 16-related sequences have been 
detected in all verrucous laryngeal carcinomas investigated to 
date (62-64) and Scheurlen et al found integrated and episom
al HPV 16 genome in one of 36laryngea1.carcinomas (65). In 
a series of 116 laryngeal squamous carcinomas from Finland, 
analysed by in situ hybridisation, 13% were found to be 

. . oJ 
positive for HPV DNA (66) . In a South African study we 
detected HPV 7 in one of 10 laryngeal carcinoma,s using in 
situ hybridisation (67). Results from PCR studies varies frOm' 
75% (16 tumours) (68) to 90% (30 tumourS) (69kw.bil~ 
Dickens et al (70) could not detect DNA in 16 nasophary
ngeal carcinomas from Hong Kong. Bradford et al (71) 
evaluated 22 cell lines from head and neck squamous carcino
mas using Southern blot hybridisation and detected HPV
specific signals in two of 22 cell lines. One was HPV 31 
positive and the other hybridised with both HPV type 18 and 
31. Five tumour cell lines were further tested with PCR, of 
which two were positive : One for HPV 16 and the other for 
HPV 52. A much lower PCR positivity was reported by 
Ogura et al (72). In one of 11 pharyngeal carcinomas (9%) 
and three of 28 laryngeal carcinomas (11 %), both HPV 16 
and 18 were detected . 

Prognostic studies have been done involving LCs. Intratu
moral and peri tumoral infiltration of LC was investigated in 
88 patients with laryngeal squamous carcinoma (73). Patients 
with high or intermediate density of LC had a better survival 
rate than those with a low density of LCs. Another study 
evaluating 49 specimens of nasopharyngeal carcinoma also 
showed an increased survival rate for patients with dense 
infiltration of T-zone histiocytes compared to those without 
such infiltration (5). 

A study done on cervical intra-epithelial neoplasia to 
investigate the relation between HPV subtypes and . LCs 
revealed an apparent decrease of LCs with moderate to high 
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copy numbers of HPV 16. The reduction was even more 
significant for HPV 18 even at low copy numbers (74). The 
depletion of LCs may be a function of both HPV subtypes 
and copy number. It may be possible that a progressive 
immunological failure on the afferent limb of the T cell 
response results from the increased presence of a particular 
HPV subtype. Alternatively, a local immunodeficiency may 
precede HPV infection, facilitating the infection and subse
quent cell transformation by viral gene products. 

Unfortunately, no studies have so far been conducted on 
the presence of specific HPV subtypes and numbers of LCs in 
oesophageal and laryngeal carcinomas. In one investigation 
of LC counts in a few laryngeal and oesophageal carcinomas, 
no significant differences between HPV positive and negative 
specimens were revealed (van Rensburg, unpublished re
sults) . 

LCs have also been shown to decrease in the uterine cervix 
of smokers, possibly indicating reduced immuno-surveillance 
and increased risk of malignant change (75). A study compar
ing LCs numbers in lingual epithelium of heavy smokers 
found a significantly higher count than in moderate and 
non-smokers. No differences in LC numbers were noted in 
relation to alcohol consumption, age and sex (76). The 
mechanisms of local immune regulation in oral and cervical 
epithelium appear to be different since it has been hypothe
sised that tobacco compromises the local immune defences in 
female smokers causing a reduction in number of local LCs. 
Smoking, however, is associated with an increased incidence 
of squamous cell carcinoma at both anatomical locations. 

Both HPV and LCs appear to be implicated in the 
development and behaviour of oesophageal and laryngeal 
carcinomas. The possibility of an interdependent relationship 
between HPV and LCs in carcinogenesis needs to be investi
gated further. 
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Detection of human 
papillomavirus DNA with in 
situ hybridisation in oral . . 
squamous carcinoma In a 
rural black population 
Estrelita Janse Van Rensburg, Willem F. P. van 

Heerden, Estelle H. Venter, Erich J. Raubenheimer 

Intra-oral carcinoma is the third most common malignancy 

among men in developing countries, and carries a high 

mortality rate, particularly in Africa, where patients often 

present initially with lesions at an advanced stage. The 

present study was undertaken to determine the prevalence 

of human papillomavirus (HPV) DNA in oral squamous 

carcinoma in the west of the Northern Transvaal, an area 

where a large number of new cases has been diagnosed 

over the past few years. Paraffin blocks from 66 cases (51 

men, 15 women; mean age 58,7 years) of oral squamous 

carcinoma were randomly selected. Blocks contained 

samples of both tumour and adjacent normal epithelium. 

The presence of HPV antigen was established by means 

of immunocytochemistry and HPV DNA by in situ 

hybridisation with radiolabelled probes for HPV-6, 11, 16 

and 18. Immunocytochemistry for viral antigen was 

negative in all the specimens. HPV-18 was detected in 

normal epithelium adjacent to the tumour in one case only. 

It appears from our study that HPV is of limited 

importance in oral squamous cell carcinogenesis in the 

population studied. 

S Atr Med J 1995 ; 85: 894-896 . 

Human papillomaviruses (HPVs) have a predilection for 
squamous epithelium where they induce benign proliferative 
lesions such as warts on the skin, and papillomas and 
condylomas on mucosal surfaces.' Certain types, especially 
HPV-16, 18 and 33, have been implicated in squamous cell 
carcinogenesis because of their ability to immortalise human 
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epithelial cells after transfection .'-3 HPV-16 and 18 are 
strongly associated with high-grade premalignant lesions 
and anogenital carcinomas.' Oral HPV infections have not 
been studied to the same degree as those of the genital 
tract, but are known to be associated with a variety of oral 
lesions in man, including papillomas, focal epithelial 
hyperplasia, hyperkeratotic lesions, lichen planus and 
leukoplakia.' In view of the obvious oncogenic potential of 
some HPVs and the close similarity between the oral and 
genital mucosa, the possibility that certain HPV types may 
playa causative role in oral cancer does not seem too 
remote. Certain HPV types have been detected in benign 
oral lesions, as well as in oral squamous carcinoma.6 

Studies originating from different geographical areas show 
a variation in HPV positivity ranging from 0% to 76,4%"" 
This difference in positivity is due to different populations 
studied and different methods used in HPV DNA detection. 

According to the Federation Dentaire International, intra
oral cancer, of which squamous cell carcinoma accounts for 
the majority of cases, is the third most common malignant 
disease among men in developing countries. 12 The mortality 
rate remains unacceptably high, particularly in Africa, where 
advanced lesions are common on presentation. Although 
oral squamous carcinoma rarely occurs before the age of 50 
years, Fleming et al. 13 found a significant difference in age 
distribution between black and white South African men : 
33,4% of the blacks were below the age of 50 years, as 
opposed to 15,6% of white men. The authors suggest that 
the black group may have been exposed to carcinogenic 
agents at an earlier age than the white group. 

Our study was undertaken to determine the prevalence of 
HPV DNA in oral squamous carcinoma at Ga-Rankuwa 
Hospital, a referral centre for the western Northern 
Transvaal, an area in which a high number of new cases has 
been diagnosed over the past few years. 

Material and methods 
Formalin-fi xed paraffin embedded blocks from 66 patients 
(51 men, 15 women, mean age 58,7 years) with oral 
squamous carcinoma were randomly selected from the 
archives of the Department of Oral Pathology at MEDUNSA. 
These blocks contained samples of both tumour and 
adjacent normal epithelium. Sections 5 IJm thick were cut 
and used for light microscopy and in situ hybridisation. All 
sections were evaluated for epithelial changes consistent 
with HPV infection. These include verrucous hyperplasia 
with hyperparakeratosis and the presence of koilocytes. 

Immunocytochemistry 

All sections were examined for the presence of HPV 
structural proteins (group-specific papillomavirus capsid 
antigens) with an ABC immunoperoxidase kit (Lipshaw 
Corporation, Detroit). 

HPV DNA in situ hybridisation (ISH) 

All sections were mounted on 3-aminopropyltriethoxysilane
coated slides," deparaffinised and rehydrated by sequential 
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immersion into xylene and ethanol and digested with 
proteinase K (0,05 mg/ml) to expose the fixed target DNA. 
After post-fixation in 4% paraformaldehyde, slides were 
prehybridised for 30 minutes at 52°C, prior to the application 
of the denatured probe solution. DNA probes for HPV-6, 11, 
16 and 18, cloned in pBR322, were used . These were kindly 
provided by Dr E.-M. de Villiers of the Human 
Papillomavirus Reference Center, DKFZ, Heidelberg, 
Germany. The probes were labelled with "p dCTP according 
to the multiprime DNA labelling system (Amersham, UK). 
Hybridisation was allowed to take place at 52°C for 16 hours 
in a humidified chamber. There were two post-hybridisation 
washes in a 2 x SSPE/50% formamide solution and one in 
50% formamide, 0,1 % SDS, 2 x SSC; each wash lasted 
1 hour at 3rC. Slides were dehydrated through graded 
ethanol containing 0,3M NH acetate and then dipped in 
LM-1 emulsion (Amersham, UK). After a 4-day exposure 
time at 4°C, slides were developed (liford, Ciba Geigy), 
rinsed briefly in water and fixed for 5 minutes in Hypam 
fixative (liford). Sections were counterstained with 
haematoxylin and eosin before mounting. 

Assay sensitivity was confirmed with two known positive 
control slides (one of cervical intra-epithelial neoplasia and 
the second, a carcinoma of the vulva positive for HPV-6 and 
16 respectively). Assay specificity was confirmed by 
hybridisation of plasmid vector pBR322 on all sections 
investigated. 

Results 
In none of the biopsies were HPV-associated morphological 
changes found in the normal epithelium adjacent to the 
carcinoma. HPV-antigen expression could also not be 
demonstrated by means of the ABC immunoperoxidase 
technique in any of the tumour sections or in the adjacent 
normal epithelium. 

HPV-18 DNA was detected by in situ hybridisation in the 
normal epithelium adjacent to the carcinoma in a single case 
(Fig. 1). 

Fig. 1. Micrograph showing the presence of HPV-18 DNA as 
condensations of black-silver grains superimposed on the nucleus 
(x 200), with inset of high-power detail of positive cell (x 400). 

ARTICLES 

Discussion 
The oral mucosa is continuously exposed to minor trauma, 
micro-organisms and chemical factors such as tobacco and 
alcohol, which may act synergistically with HPV, leading to 
the development of carcinoma. " .,6 

This study determined the prevalence of HPV infection in 
tumours and adjacent normal epithelium in cases of oral 
squamous carcinoma. The detection system used was 
selected because in situ hybridisation is useful for 
retrospective biopsy screening, as it permits detection, 
typing and localisation of HPV DNA in paraffin-embedded 
tissues that are readily available in a department of 
pathology. Radiolabelled probes, instead of biotinylated 
ones, were used because of their superior sensitivity.' 

Viral antigens were not demonstrated in any of our cases 
by immunocytochemistry. The use of immunocytochemical 
methods is seriously limited by the fact that HPV antigens 
are only expressed in productive infections. Therefore, false
negative results may be obtained in infections where viral 
structural proteins are not likely to be expressed, as in 
cancers, because viral expression is inversely related to the 
degree of neoplasia. 17 

HPV-18 DNA was found in the normal oral mucosa 
adjacent to the tumour in only 1 of the 66 cases 
investigated. Other studies of oral carcinoma found a 
different pattern with HPV positivity within the tumour but a 
lower detection rate in the adjacent normal mucosa. " ...... 

HPV detection in oral carcinoma in studies from different 
geographical regions show a great variation. An American 
study evaluating 10 squamous carcinomas detected HPV in 
a single case with ISH and polymerase chain reaction 
(PCR),' while two other American studies could not detect 
HPV in any of their specimens with ISH alone·' Tsuchiya et 
al. 'o from Japan detected three positives from 30 samples 
using ISH while 76,4% of oral carcinomas in a Taiwan study 
were positive for HPV-16 according to the Southern blot 
technique." In the last study mentioned, a high incidence of 
betel quid chewing and smoking was found in the patients 
studied. 

The low prevalence of HPV in our collection can be 
explained in several ways: (I) the lesions studied may not 
have a viral aetiology; (iI) the possibility in the lesions studied 
of the occurrence of HPV genomic sequences other than the 
ones used by us as probes, cannot be ruled out; (iii) 
transformed cells may contain altered viral DNA not 
detectable by the probes used; and (iv) the method is not 
sensitive enough to detect low viral copy numbers. The ISH 
technique is highly sensitive in cases where individual nuclei 
contain a high copy number of the target DNA but often fails 
to detect cases in which subgenomic fragments of the viral 
DNA have been incorporated into the host genome.'·'o The 
extremely sensitive PCR may demonstrate a higher positivity 
rate than ISH. In a study by Watts et al. ," ISH detected HPV 
in 60% of the oral squamous carcinoma cases examined 
while PCR could detect it in 90% . The same degree of 
increased sensitivity was not found in two other studies 
where results show a high degree of correlation between the 
two methods used."" Although we did not use PCR in the 
present study, we feel that the outcome would not have 
been significantly different, given that only 1 case was found 
positive by means of ISH. 
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The present study, in which 66 cases of oral squamous 
cell carcinoma were reviewed retrospectively, is the largest 
series to have been investigated so far. It appears that in 
these cases of squamous cell carcinoma, HPV-associated 
oral infection occurs only rarely in the black population of 
the western Northern Transvaal. 

The authors wish to thank Mrs H. van der Walt for secretarial 
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Assessment of quality of 
life by clinicians 
experience of a practical 
method in lung cancer 
patients 
Raymond Abratt, Gary Viljoen 

Objective. To evaluate a practical method (brief scale) of 

assessing the quality of life in patients with lung cancer. 

Design. To compare the scores obtained by means of 

the brief scale with those obtained on formal tests. The 

brief scale consists of an Outlook score (measuring 

psychological status) and a Support score (measuring 

psychosocial support). The formal tests were the Hospital 

Anxiety and Depression Scale (HADS) for psychological 

status, and the Rotterdam Symptom Checklist (RSCL) and 

Spitzer OL-Index for quality-of-life assessment. 

Setting. Lung cancer follOW-Up clinic, Groote Schuur 

Hospital. 

Participants. A total of 40 patients selected by random 

sample. 

Main outcome measures. The correlation between the 

brief scale and standard formal tests. 

Results. The HADS indicated that psychological 

morbidity was present in 30% of patients. Both the RSCL 

and the Spitzer OL-Index indicated a significantly poor 

quality of life in 25% of patients. The Outlook score 

correlated with both psychological status and quality of 

life. The Support score correlated with psychological 

status but not with the assessment of quality of life. It did, 

however, correlate with the independent evaluation of 

social support in the Spitzer OL-Index. 

Conclusions. The brief scale is a cost-effective and 

useful tool for quality of life assessment in the clinical 

management of patients with lung and other cancers. 

S Air Med J 1995; 85: 896-898. 

The practice of medicine is concerned not only with 
prolongation of the survival of patients, but also with their 
quality of life. However, although subjective assessment of 
the factors affecting quality of life may form part of the 
clinician's management of a patient with lung cancer, it may 
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Human Papillomavirus DNA in Oral Squamous Cell Carcinomas 
from an Mrican Population Sample . 

E.J. VAN RENSBURG1
, S. ENGELBRECHT!, W.F.P. VAN HEERDEN2

, E.J. RAUBENNHEIMER2 and B.D. SCHOUB3 

1Depmtment ofMedical Virology, University ofStellenbosch and Tygerberg Hospital, Tygerberg; 

2Department ofOral Pathology, Medical University ofSouth Africa, Medunsa; 


. 3 National Institute for Virology, Sandingham, South Africa 


Abstract. Background. The incidence of oral squamous cell 
carcinoma (OSCC) is on the increase in developing countries. 
Materials and Methods. FOimalin fixed paraffin embedded 
blocks of OSCCs from a Black South Aftican population sample 
ofpeli-urban and rural origin were selected as follows: Group 1 
57 OSCCs with a mean age of59 years; Group 2 - 43 OSCCs all 
cases younger than 40 years; Group 3 - 46 OSCCs with blocks 
containing only tumour tissue without any normal epithelium 
and Group 4, a control group of 38 non-neoplastic epithelial 
lesions. Type specific plimers were used in a standard PCR to 
amplify a segment of the £6 region of HPV 6, 11, 16 and 18. 
Results. HPV 11 and 16 DNA were found in one sample each 
from groups 1 and 2 respectively. Conclusion. HPV is not an 
etiologic factor in the development of OSCC in the population 
studied. 

The incidence of oral squamous cell carcinoma (OSCe), the 
most common malignancy of the oral cavity, is on the increase 
globally, especially in developing countries (1). osee varies 
from a low prevalence of 1-2% of all cancers in Japan and 
Western Europe to more than 45% in parts of Asia, implying 
major geographical differences in risk factors (1). The age 
standardised incidence rates per 100 000 for osee in the 
Black population in South Africa are 8.84 for males and 1.91 
for females as obtained from the National Cancer Registry of 
1989 (2). osee is the fourth most common malignancy 
among black males (2). osee of the oral cavity has 

COlTespondence to: Prof. E.J. van Rensburg, Department 
Medical Virology, POBox 19063, Tygerberg, 7505, South 
Africa. Tel: (+2721) 938-9353, Fax: (+2721) 931-7810. 

Key Words: Human papillomavirus, DNA, PCR, oral squamous 
cell carcinomas. 
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traditionally been attributed to use of tobacco and alcohol 
(3), but recent work suggests that viral factors such as the 
human papillomaviruses (HPVs) may contribute to the 
etiology of these malignant neoplasms (4). 

The association of HPV infection with the development of 
anogenital squamous carcinomas has been firmly established 
(5). Although the role of HPV in the etiology of osee 
remains speCUlative, most of the major criteria necessary for it 
to be considered oncogenic, are met for example; the 
integration of the viral genome into the cellular genome; the 
in vitro transformation and immortalisation of cells by HPV 
and the detection of RNA transcripts of the principal 
transforming genes E6 and E7 in ' some squamous cell 
neoplasms (6). In view of the evidence for HPV association in 
malignant neoplasia of squamous epithelial origin, we 
investigated the possibility that these viruses might also 
contribute etiologically to oral squamous cell carcinogenesis 
in a group of Black Africans from a rural and peri-urban 
origin from the North Western part of South Africa. 

Materials and Methods 

Patients. Formalin fixed paraffin embedded blocks of osee were 
retrieved from the files of the Department of Oral Pathology, Medical 
University of Southern Africa, (Medunsa). The sections were screened 
to confirm the diagnoses, whereafter 146 blocks were selected and 
divided into 3 groups. Group 1: Fifty-seven blocks containing osee with 
a fragment of normal appearing overlying or adjacent epithelium. The 
mean age of this group was 58.8 ± 15.4 years. Forty-six were male. 
Group 2: Forty-three blocks containing osee tissue with a fragment of 
normal appearing overlying or adjacent epithelium from patients 40 
years of age or younger. The mean age of the group was 32.4 ± 8.7 years. 
Thirty-two were male. Group 3: Forty-six blocks containing osee tissue 
only with no normal appearing epithelium in the block. The mean age of 
this group was 55.2 ± 7.1 years and consisted of 36 males. Group 4: A 
control group consisting of 38 non-neoplastic in traoral les ions were 
included. These were non-viral associated lesions, the majority being 
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fibrous epuli and fibro-epithelial polyps. The epithelium in these cases 
was normal. 

Preparation of celllysates. Two 10 ~lm sections were cut from each block, 
using a new disposable blade after each block. To evaluate the possibility 
of contamination at this stage. 10 !J.m sections of a block containing 
normal brain tissue were cut after eve!}' five tumour blocks and also 
included fo r evaluation. All sections were placed in separate microfuge 
tubes. Cell Iysates were prepared as follows: sections were dewaxed, 
washed with ethanol and digested with 400 !J.I of lysis buffer containing 
proteinase K (7). The samples were then heated to inactivate the 
proteinase K. centrifuged to pellet the debris and stored at -20 'C until 
use. Ten III of the supernatants were analysed by polymerase chain 
reaction (PCR) . 

PCR. Type specific primers were used to amplify a segment of the E6 
open reading frame (ORF) of HPY 6, 11, 16 and 18 (8). The primers 
amplified 134-239 base pair regions of the E6 ORFs (Table I). Thermal 
cycling was carried out using a Techne PHC-2 water cooled machine. 
The hot start method was done before adding enzyme (9). Forty 
amplification cycles were used: denaturing of DNA (94 ' C; 1,5 minutes), 
annealing of primers (45'C, 1,5 minutes) and extension of the annealed 
primers (n'c, 3 minutes). Reaction mixtures for the amplification 
contained: 10 !J.I of cell lysate; 200 !J.M of each nucleotide; 0,4 !J.M of each 
primer; 1,5 mM MgCi2; 1 U of Taq DNA polymerase (Promega 
Corporation, Madison WI. USA); 10 III of Promega 10 x buffer and 
made up to a final volume of 100 !J.1. Each reaction mixture was covered 
with two drops of mineral oil. 

Reagent controls contained sterile water instead of template DNA 
To standardise our PCR reactions, plasm ids containing HPY 6b, 11, 16 
and 18 genomes (kindly supplied by E-M de Yilliers, Deutsches 
Krebsforschungzentrum, Heidelberg) were used as positive controls. To 
obtain a quantit ative estimate of the sensitivity of our PCR method, we 
made lO-fold serial dilutions of the fou r plasmids in 0,3 !J.g/!J.I salmon 
sperm DNA Dilutions containing 1, 10. 100 and a 1000 copies of 
plasm id/!J.l were included in each run. After the last round of 
amplification 10 !J.I of the reaction was electrophoresed on ethidium 
bromide stained agarose gels and evaluated under ultraviolet light. 
Before HPY amplifications were done, all the specimens were subjected 
to amplification using human f)-globin primers (10) to evaluate their 
suitability for DNA amplification. 

Southem blot hybridisation. Southern blotting was used to confirm the 
PCR results. Type specific oligoprobes as listed in Table I were used and 
labelled using the DIG DNA labelling kit (Boehringer Mannheim, 
Mannheim. Germany). Hybridisation was carried out at 55'C overnight 
for HPY 6, 11 and 16 and at 4S'C for HPY 18 in 6 x SSC, S x 
Denhardt's solution, 0,2% SDS and 100 ~lg/ml salmon sperm DNA The 
blots were washed at high stringency using 2 x SSC plus 0,1 % SDS for 5 
minutes at 55'C, then twice with 0,2 x SSC and 0,1 % SDS at 5S ' C first 
for 5 and then for 15 minutes. The hybridisation signal was detected with 
the DIG DNA detection kit (Boellringer Mannheim. Mannheim, 
Germany). ii-globin PCR results were hybridised using the dot blot 
method (10). 

Results 

All the samples were amplified with the !3-globin primers 
(results not shown). All the brain samples, placed randomly 
between the study samples as well as the reagent controls, 
were negative on PCR. The sensitivity of each type specific 
PCR was such that one copy of plasmid DNA could be 
detected in each reaction (Figure 1). HPV 6 and 18 were not 
demonstrated in any of the samples tested, HPV 11 DNA was 
found in one sample from group 1 (1.8%) and HPV 16 DNA 
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Table I. Oligonucleotide plimels alld probes for PCR with HPVs. 

Amplimer length 
Nucleotide sequence (base pair) 

HPY 6-1 

HPY 6-2 

HPY 11-1 

HPY 11-2 

HPY 16-1 

HPY 16-2 

HPY 18-1 

HPY 18-2 

HPY6 

HPY 11 

HPY 16 

HPY 18 

Primer 

CACCTAAAGGTCCTGTTTCG 

CGGTTTGTGACACAGGTAGC 183 

GTTGCTTAGAACTGCAAGGG 

CGGCTTGTGACACAGGTAAC 134 

ACAGTTACTGCGACGTGAGG 

TTTGTTCAGGACACAGTGGC 239 

TATACCGCATGCTGCATGCC 

ACGGTTTCTGGCACCGCAGG 157 

Probe 

AGGCGGCTATCCATATGCAG 

GCTGCATATGCACCTACAGT 

GAGATGGGAATCCATATGCT 

TTCAGACTCTGTGTATGGAG 

Note. PCR, polymerase chain reaction; HPY, human papillomavirus. 

in one sample from group 2 (2.3%). Thus a total of 2 samples 
out of 146 cases (groups A-C) tested positive (1.4%). Figures 
1 and 2 show the gel electrophoresis and dot blot 
hybridisation results respectively. No HPV DNA could be 
detected in any of the control group samples. 

Discussion 

The mucosal epithelium of the oral cavity is histologically and 
embryologically similar to that of the genital tract and is 
continuously exposed to various environmental factors such 
as irritants and micro-organisms. Thus it is likely that there 
are parallels in the oral cavity with respect to the capacity of 
HPV to participate in malignant transformation. 

A prevalence of 1.4% was found in our study when we 
added up the positives of all three groups that we 
investigated. This is the most extensive study to date, but also 
the PCR study with the lowest prevalence rate so far. Other 
studies evaluating OSCC using PCR, reported a HPV DNA 
prevalence from 8 to 90% (Table II) . The inconsistencies in 
the results of the different studies make it difficult to 
interpret the relevance of HPV in the development of oral 
squamous carcinomas. The differences might be attributed to 
several factors: (i) Various groups used PCR primers 
designed to amplify different regions of the HPV genome. (ii) 
Certain authors used only one block of tumour tissue for each 
patient, whereas at least two blocks of tissue were studied by 
Woods el al (18) in the majority of their patients, and they 
achieved a 78% positivety. (iii) In our study we could detect 
one copy of control plasmid DNA but the sensitivity of the 
PCRs used in other studies were not quantified by their 
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Figure 1. Gel electrophoresis. Numbers 1-7 represent seven patients selected from groups 1-3. Patients 3 and 6 originated from groups 1 and 2 respectively. 
The negative reagent control included for each HPV type and the plasmid controls containing 1, la, 100 and 1000 copies are indicated. The sizes of the PCR 
fragments are indicated on the light hand side. 
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Figure 2. Dot blot hybridisation. Numbers 1-7 represel1l the patients selected, as in figure 1. Negative controls, positive call trois and PCRfragment sizes are 
shown. 

authors. (iv) Geographic locations have influenced the Flemming et al (22) however found a significant age 
prevalence among different regions tested (13, 15, 16,20,21). distribution between Black and White male patients. They 
Ethnic differences among population groups are essentially found that 33,4% of Black male patients with osee were 
contained within geographical areas. This is the first study below the age of 50 years, compared to 15,6% of White 
conducted on a mainly rural and peri-urban African males. This dif(erence may be attributed to exposure to a 
population and may be an important contributing factor to . carcinogenic agent at a young age, We arbitrarily defined 
the low prevalence rate. patients younger than 40 years as "young" and our group 2 

This study also investigated whether age had a significant would therefore fall into this category. The results of study 
bearing on the prevalence of HPV DNA. osee occurs over a showed that age was not an important factor in our 
wide age range with a peak in the sixth and seventh decades. population sample. 

.HPV 11 134 bp 

HPV 16 - -·.Ii-.. ..... .....,.. 239 bp 

HPV 18 157 bp 
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Table II. SummaJY of studies detecting HPV DNA in oral squamous cell 
carcinomas using peR. 

Reference Year of HPV positive / HPVType 
study Number tested (%) Detected 

Kiyabu et al (11) 

Maitland et al (12) 

Palefsky et al (13) 

1989 

1989 

1991 

5/15 (33) 

?J?(50) 

8/25 (32) 

0/10 (0)' 

16118 

16 

6/16J? 

Shroyer and Greer (14) 

Watts et al (15) 

Yeudall & Campo (16) 

1991 

1991 

1991 

1/10 (10) 

27/30 (90) 

3/39 (8) 

0/25 (0)

16 

16/18 

4/16/18 

Holladay and Gerald (17) 1993 7/39 (18) 

1/6 (17)' 

11 /16/18 

Woods et al (18) 1993 14/18 (78) 

6/9/ (67)

6/11 /16/18 

Ostwald et al (19) 1994 16/26 (62) 

1/97 (I)' 

16118 

Present study 1995 2/146 (1.4) 

0/38 (0)' 

11 /16 

, Indicate normal oral mucosa. 

The prevalence of HPV DNA in normal oral mucosa also 
varied between 0-67% in the peR studies listed. Three of the 
six studies listed (including our own) did not detect HPV 
DNA in normal tissue. In the other three studies (17-19), the 
prevalence in normal mucosa was always lower than in the 
carcinoma groups. Differences may be explained by 
indications that HPVs do not have a predilection for a 
specific intraoral anatomical site, but that focal infection may 
occur at any place in the mouth (23, 24). Thus, a higher HPV 
detection rate may be possible if material is collected from 
different regions of the mouth. 

To conclude, only HPV 6, 11, 16 and 18 were evaluated, 
because they are the most common types selected for 
detection by other investigators. HPV 16 and 18 specifically, 
have been implicated in squamous cell carcinogenesis. Our 
study shows that these HPV types were not important in the 
development of osee in the population sample studied. 
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Abstract. Background: Oncogenic HPV-types are the most important risk factor in cervical 

SSC and have also been implicated in the aetiology of OSse. This evidence of infection at 

different anatomical sites suggests systemic susceptibility that implies that different 

expressions ofdisease should more or less correlate over long periods of time. Materials and 

Methods: This was undertaken to establish whether any correlation could be found between 

the incidence ofcervical SCC and OSCC in females and OSSC in males in South Africa, over 

a ten-year period, 1986 to 1995. Results: Several moderate to strong correlations, which 

ranged from significant (p <O.05) to highly significant (p<O.01), between the incidence of 

cervical SSC and OSSC in the Black and Coloured populations, and OSSC in the White male 

population, were found. Conclusion: These results support the idea ofsystemic susceptibility, 

and infection through a common agent such as HPV, contributing to the cause ofsse. 
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Squamous cell carcinoma (SCC) is the most common malignancy of the oral cavity, and its 

incidence is on the increase globally, especially in developing countries(1). The prevalence 

of this malignancy varies from 1-2% of all cancers in Japan and Western Countries to more 

than 45% in parts of Asia, implying major geographical differences in risk factors( I). Oral 

cancer is also a problem in South Africa and is one of the most common malignancies in 

males(2). Although the role of tobacco and alcohol consumption in the pathogenesis of oral 

squamous cell carcinoma (OSCC) is well established, several studies have evaluated the 

prevalence of human papillomavirus (HPV) DNA in SCC of the head and neck . The reported 

prevalences have varied from less than 10% to 100%, depending on the detection methods 

and the types of tissue examined(3-7). Using meta-analysis, Miller and Johnstone concluded 

that HPV is an important risk factor for OSCC(8). There is furthermore evidence that women 

with HPV associated SCC of the head and neck region have a 13-fold greater than average 

incidence of cervical atypia(9). This evidence of HPV infection at different anatomic sites 

suggests a systemic susceptibility to HPV infection(9). 

Cancer of the cervix is the most common malignancy III women III developing 

countries. This is also true for South Africa where cervical cancer is the most common 

malignancy of Black, Coloured and Asian women. Infection with oncogenic HPV types is the 

most important risk factor in its aetiology. The important HPV types linked to cervical 

carcinoma world-wide are HPV-16, HPV-18, HPV-45, HPV-31 and HPV-33(10). 

Systemic susceptibility, leading to infection at different anatomical sites of similar 

nature by agents with similar traits, implies that the different expressions of disease should 

more or less correlate over long periods of time, provided that host factors and environmental 

factors do not have radical inhibiting or exacerbating influences. This study was therefore 

undertaken to establish whether any correlation could be found between the incidence of 

cervical SCC and OSCC in females and males in South Africa, over a ten-year period, 1986 

to 1995. 
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Material and Methods 

In South Africa, pathological laboratories from both the private- and public sector report 

histologically verified cancers to the National Cancer Registry (NCR), which serves as central 

source for cancer data(2). The NCR, firstly, classifies cancers by organ site, utilising the 

Systematic Nomenclature of Medicine's (SNOMED), two-digit topographic code-system, and 

secondly, classifies the morphological tumour utilising the ICD-O-1 , five-digit code

system(11). The NCR also provides demographic variables such as age, population group 

and gender. 

Raw data for the period 1986 to 1995 were obtained from the NCR. The SNOMED

codes: mouth="51", tongue="53" and gum="54", were used to identify cancer in the oral 

cavity. Cancer of the cervix was expressed utilising the SNOMED-code "63". ICD-O-1 codes 

utilised to identify squamous cell carcinoma are exhibited in Table 1(11). Statistics South 

Africa recommends that the population data obtained from Census 1996(12) be used as 

baseline for population counts, and subsequently provided formulas to make projections to 

determine mid-year populations(13). 

To determine whether an epidemiological relation exists between cervical SCC and 

OSCC, the incidence of cervical and OSCC, expressed in age standardised incidence rates 

(ASIRs), registered during the ten-year period (1986-1995), were correlated using the Pearson 

correlation test. A probability of <0.05 was considered to be significant, and p~O.O 1 as highly 

significant. 

Results 

The ASIR of OSCC and cervical SCC in the different groups is shown in Table II. Several 

significant correlations were detected (Table III). 

The incidence of OSSC in Back females correlated moderately, and highly 

significantly, with cervical SSC in Black and Coloured females over the ten-year period. 
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Furthermore, the incidence of OSSC in black females correlated moderately, but significantly, 

with the incidence of OSSC in Coloured females, and highly significantly with Black and 

Coloured males. Similar trends were found for the incidence of OSSC in Coloured females , 

however, significant correlation with the incidence of OSSC in White and an Asian male was 

illustrated over and above. 

Moderate to strong correlations, which were highly significant, were also found 

between the incidence of cervical SSC in Black females and the incidence of OSSC in 

Coloured females, Black, Coloured and White males. The incidence of cervical SSC in Black 

females also correlated moderately and highly significantly with cervical SSC in Coloured 

females. Similar trends were found for the incidence of cervical SSC in Coloured females. 

Finally, the incidence of OSSC in Black, White and Coloured males correlated 

moderately, and highly significantly with each other, while OSSC and cervical SSC in White 

and Asian females did not show any significant correlations. 

Discussion 

Data obtained from the NRC have limitations. Not all cancers are histologically verified, and 

therefore a degree of under-reporting exists(2). Furthermore, the demographic data is 

sometimes incomplete and inaccurate. For example, frequent under-reporting of variables 

such as population group and gender necessitates alternative measures to improve data 

quality. Surnames are often used to determine or update population group, which builds in a 

degree of measurement bias, especially amongst the White and Coloured populations groups 

of South Africa. The NCR also uses a computer algorithm to change unknown and wrongly 

reported sexes where it is definitely known that the cancer can only occur in one particular 

sex, for example cervix carcinoma. Inevitably, this is not possible with all types of cancers. 

Multiple population-based cancer registries (PBCR) are considered of more value compared 

with centralised cancer registries such as the NCR(2). Despite these limitations the data may 

still be useful to establish trends in the incidence of different cancers in South Africa. 
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Furthennore, the methods provided by Statistics South Africa, to project demographic 

counts are more or less accurate for periods of five years into the past or future, which in this 

case allows an accurate estimation of population counts as far back as 1991 (13). As no 

alternative was available, previously utilised population counts of 1987 were utilised to 

project the 1988 to 1990 Black population counts, as well as the Black population counts for 

1986(14). However the 1987 population counts for Whites, Coloured and Asians seemed to 

be overestimates, and therefore unrealistic. The above-mentioned methods(13) were therefore 

used to make projections back to 1986, which most probably lead to under-estimations in 

population counts. However, slight to moderate adjustments in the population growth rates 

did not alter age standardised incidence rates significantly. 

Bearing in mind these limitations, the results of this study showed that the incidence 

of OSSC and cervical SSC in Blacks and Coloureds, and OSSC in White males correlated 

significantly over the ten-year period 1986 to 1995, possibly indicating a common cause. 

HPV ' s have frequently been implicated as the major role-player in the aetiology of cervical 

cancer(1 0,15,16). In contrast, smoking and alcohol-use have strongly been implicated in the 

aetiology of OSSc. However, OSSC also occurs in the absence of these traditional risk 

factors, indicating a role for other factors(17) . Therefore, a possibility exist that HPV may be 

a commonality in the aetiology of OSSC and cervical SSC in Blacks and Coloureds, and 

OSSC in White males in South Africa. 

The higher socio-economic status of White females, and their subsequent better 

access to healthcare and prevention programmes, in the form of exfoliative smears, could 

explain the fact that the incidence of cervical SSC in White females did not show any 

significant correlation(18). In comparison, Asian females are known for their traditional 

habits such as betel use, which might have exacerbated the incidence of OSSC(19). However, 

the fact that the incidence of SSC in White females and Asians did not correlate with SSC in 

other population groups may also indicate different genetic predisposition. 

In conclusion, this study supports the view of the possibility of systemic infection by 

an agent such as HPV, especially in Blacks, Coloureds and White males. However, further 
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research is required to verify the commonality in aetiology between OSSC and cervical SSC, 

probably in the form of identification ofHPV in the oral mucosa or OSCC. 
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Table 1. ICD-O-J codes used to identify squamous cell carcinoma 

Code Neoplasm Morphology 

80103 Carcinoma NOS Epithelial tumour, malignant 

80113 Epithelioma, malignant Epithelioma, NOS 

80203 Undifferentiated carcinoma NOS 

80213 Anaplastic carcinoma, NOS 

80323 Spindle cell carcinoma 

80413 Small cell carcinoma, NOS Round cell carcinoma 

80513 Verrucous carcinoma 

80523 Papillary squamous cell carcinoma 

80702 Squamous cell carcinoma in situ NOS etc. 

80703 Squamous cell carcinoma NOS etc. 

80713 Squamous cell carcinoma, keratinizing NOS 

80743 Squamous cell carcinoma, spindle cell 

80753 Squamous cell carcinoma, adenoid type 

80763 Squamous cell carcinoma, microinvasive 
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Table II. ASIRs ofosee and cervical see in the different population groups (1986-1995). 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

Black Black Coloured 

Female Female Female 

OSSC CSSC ossc 

1.78 33.44 1.96 

1.86 30.74 1.81 

2.16 42.08 2.97 

233 51.01 5.19 

1.76 45.00 3.92 

1.76 36.77 3.88 

1.51 33 .00 2.59 

1.34 33.17 2.56 

0.74 21.63 1.36 

1.21 18.64 198 

Coloured 


Female 


cssc 

24.75 

19.56 

2632 

30.00 

20.44 

31.17 

24.76 

19.52 

8.41 

10.63 

White 


Female 


ossc 

4.31 

3.12 

3.48 

5.48 

4.60 

4.20 

3.68 

1.86 

3.92 

436 

White 


Female 


cssc 

9.61 

9. 17 

12.27 

11.46 

15.78 

1332 

17.89 

13.71 

13.02 

14.22 

Asian 


Female 


ossc 

3.51 

433 

6.09 

934 

6.80 

6.79 

3.91 

12.71 

601 

8.05 

Asian 


Female 


cssc 

12.81 

606 

16.18 

14.01 

16.82 

29.60 

14.27 

1331 

14.77 

12.63 

Black 


Male 


ossc 

1001 

10.77 

13 .50 

13.76 

13.60 

11.01 

11.14 

10.75 

6.15 

5.76 

Coloured 


Male 


ossc 

12.98 

9.86 

18.61 

23.76 

14.70 

14.59 

17.78 

11.52 

6. 11 

834 

White Asian 

Male Male 

ossc OSSC 

9.49 2.54 

832 2.47 

12.42 3.92 

11.44 8.56 

11.52 3.71 

11.83 6.59 

10.73 2.28 

11.32 337 

8.44 5.90 

735 3.81 
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Table III. Significant correlations between the ASIRs ofthe different groups (1986 -1995). 

Black Black Coloured Coloured White White Asian Asian Black Coloured White Asian 
Female Female Female Female Female Female Female Female Male Male Male Male 
OSSC CSSC ossc cssc ossc cssc ossc cssc OSSC OSSC OSSC OSSC 

Black 

Female 

OSSC 


Black 

Female 

CSSC 


Coloured 

Female 

OSSC 


Coloured 

Female 

CSSC 


White 

Female 


OSSC 

While 


Female 

CSSC 


Asian 

Female 

OSSC 


Asian 

Female 

CSSC 


Black 

Male 


OSSC 


Coloured 

Male 

OSSC 


While 

Male 


OSSC 


Asian 

Male 


OSSC 


r-O.84 r=0.69 1"'0.83 1"'0.85 
p<O.OI p<0.05 p<O.OI p<O.OI 

1"'0.87 1"'0.79 1"'0.95 
p=O.OOI p<O.OI p<O.OOI 

r=0.71 1"'0.74 
p<0.05 p=O.OI 

1"'0.80 
p<O.OI 

1"'0.82 
p<O.OI 

r-O.87 
p<O.OOI 

1"'0.82 
1'<0.01 

1"'0.83 
p<O.OI 

1"'83 
p<O.OI 

1"'0.82 
1'<0.01 

r=0.72 
p<0.05 

r-O.76 
p=O.OI 

1"'84 
p<O.OI 

r-O.75 
p=O.OI 

r=0.63 
p<0.05 
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Detection ofEBV DNA in Oral Squamous Cell Carcinomas in a 

Black African Population Sample 
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1Department Medical Virology, University ofStellenbosch and Tygerberg Hospital, Tygerberg; 

2Department Oral Pathology, Medical University of Southern Africa, Medunsa,' 


3National Institute for Virology, Sandringham, South Africa 


Abstract. The pUlpose of this study was to determine the pres
ence of Epstein-Ba" virus (EBV) DNA in oral squamous cell 
carcinoma (OSee) patients from a Black African population. 
Formalin fixed paraffin embedded blocks of osee of two ran
domly selected groups were investigated. Group 1 consisting of 57 
blocks containing osee with a fragment of normal appearing 
adjacent/overlying epithelium. Group 2 consisted of 48 blocks 
containing only osee tissue without any normal appearing 
epithelium. The control group consisted of 38 non-malignant, 
non-viral associated lesions. A standard polymerase chain reac
tion (peR) was used to amplify the Bam HI W-fragment using a 
nested primer set. EBV DNA was demonstrated in 14/57 (25 %) 
blocks from Group I, in 13/48 (27 %) blocks from Group 2 and 
in 16/38 (42 %) blocks from the control group. No evidence for a 
direct role of EBV in the process of malignant transformation of 
intraoral epithelial cells was found in this study. 

Squamous cell carcinoma is the most common malignancy of 
the oral cavity. Despite the relative easy accessibility of the 
oral mucosa to detect premalignant lesions, recent studies sug
gest a global increase in the incidence of oral squamous cell 
carcinoma (OSCe) (1). The age standardised incidence rate 
for OSCC in the Black population in South Africa is 8.25 for 
males and 2.3 for females as obtained from the National Can
cer Registry of 1988 (2). OSCC in South Africa is the fourth 
most prevalent malignancy among black males and eleventh 
for females. 

Epstein Barr virus is a double stranded DNA virus. It causes 
widespread infection and was found to be the aetiologic agent 
of infectious mononucleosis (3) as well as being closely associ
ated with Burkitt's lymphoma (4), nasopharyngeal carcinoma 

Correspondence to: Prof. E.1. van Rensburg, Department Medical 
Virology, P.O. Box 19063, Tygerberg, 7505, South Africa. Tel: 
(+2721) 938-9353. Fax: (+2721) 931 -7810. 

Key Words: EBV, peR, oral squamous cell carcinoma. 

(5) and EBV-induced disorders in immunodeficient patients 
(6). An association of other epithelial tumours with EBV has 
been suggested recently on the basis of molecular biological 
techniques. The presence of EBV DNA in tonsillar carcino
mas (7), gastric carcinomas (8, 9) epithelial thymic carcinoma 
(10), undifferentiated salivary gland carcinoma (11-13) and 
lung carcinoma (14, 1 5) has been reported. 

This study was undertaken to determine the presence of 
EBV DNA in OSCC patients from a subgroup of Black 
Africans from the North Western Transvaal and to evaluate 
the possible role of EBV as an aetiologic agent in the carcino
genesis process. PCR was chosen for evaluating our samples 
because it is the most sensitive diagnostic tool available. The 
sensitivity was optimised by adjusting the reaction to detect 1 
gene copy per reaction mix. 

Materials and Methods 

Patients. Formalin fixed paraffin embedded blocks of OSCC were 
retrieved from the files of the Department of Oral Pathology, Medical 
University of Southern Africa, (MEDUNSA). The sections were random
ly screened to confirm the diagnoses and two groups were selected. 
Group 1: Fifty-seven blocks containing OSCC with a fragment of normal 
appearing/overlying epithelium. The mean age of this group was 55.8:!: 
15.4 years. Forty-six were male. Group 2: Forty-eight blocks containing 
OSCC tissue without any normal appearing epithelium. The mean age of 
this group was 55.2 :!: 7.1 years. Thirty-six were male. Group 3: A control 
group consisting of 38 non-neoplastic intraoral lesions were included. 
These were non-viral associated lesions, the majority being fibrous epuli 
and fibro-epithelial polyps. 

Preparation of celilysates. Two 10 11m sections were cut from each block, 
using a new disposable blade after each block. To evaluate the possibility 
of contamination at this stage, 10 11m sections of a block containing nor
mal brain tissue were cut after every five tumor blocks and also included 
for evaluation. All sections were placed in separate microfuge tubes. Cell 
lysates were prepared as follows: sections were dewaxed, washed with 
ethanol and digested with 400 III of lysis buffer containing proteinase K 
(16). The samples were then heated to inactivate the proteinase K, cen
trifuged to pellet the debris and stored at -20°C until use. Ten III of the 
supernatants were analysed by polymerase chain reaction (PCR). 

peR. Oligonucleotide primers (Figure 1) corresponded to sequences in 
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335 bp 

OLIGONUCLEOTIDE SEQUENCES 
1 CTTTAAAACTCTAAAAATCAAAACTTTAGA 
2 ACCAGAAATAGCTGCAGGACCACTTTATAC 
3 AATGGGCGCCATTTTGT 
4 TCCCTAGAACTGACAATT 

Figure 1. Sequences and positions of oligonucleotide primers (1-4) for Bam 
HI W-fragment of EBVgenome with positions of terminal repeats (TR) and 
internal repeat 1 (IR1) indicated. 

the internal repeat fragment (Bam HI W-fragment) of the EBV genome. 
This fragment is reiterated ten times per genome (17). These primers 
were selected because the reiterated structure of the target sequence 
would theoretically enhance the sensitivity of detection (18). Thermal 
cycling was carried out using a Techne PHC-2 water cooled machine. All 
specimens were subjected to two rounds of PCR amplification, first with 
the outer and subsequently with the inner primer sets. The hot start 
method was done before adding enzyme (19). Forty amplification cycles 
were used as follows: denaturing of DNA (94°C; 1.5 minutes), annealing 
of primers (60°C; 1.5 minutes) and extension of the annealed primers 
(72°C; 3 minutes). Reaction mixtures for the amplification contained: 10 
III of cell lysate; 200 IlM of each nucleotide; OAIlM of each primer; 1 U of 
Taq DNA polymerase (Promega Corporation, Madison WI, USA); 10 III 
of Promega 10 x buffer and made up to a final volume of 100 Ill. Each 
reaction mixture was covered with two drops of mineral oil. Template 
DNA for the second amplification round consisted of 10 [ll of reaction 
product from the first round. All other reagents for the second round of 
amplification were used in the same concentrations as the first round. 

Reagent controls contained sterile water instead of template DNA. To 
standardise our PCR reactions, the EBV Bam HI W-fragment cloned in 
the pACYC 184 plasmid (courtesy of D. Neumann-Haefelin, Freiburg, 
Germany) was used as the positive control. To obtain a quantitative esti
mate of the sensitivity of our PCR method, we made 10-fold serial dilu
tions of the plasmid in l[lg/[ll salmon spenn DNA. The dilutions contain
ing 1, 10,100 and a 1 000 copies of plasmid/[ll were included in each run. 
After the last round of amplification , 10 [ll of the reaction product was 
electrophoresed on ethidium bromide stained agarose gels and evaluated 
under ultraviolet light. 

Southern blot hybJidisation. Southern blotting was used to confirm the 
PCR results. The Bam HI W-fragment was used as a probe and labelled 
using the DIG DNA labeling kit (Boehringer Mannheim, Mannheim, 
Germany). Hybridisation was carried out at 55°C overnight in 6 x SSC, 5 
x Denhardt's solution, 0.2% SDS and 1001lg/ml salmon sperm DNA. The 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 

a 

b 

16 17 18 19 20 21 22 23 24 25 26 27 28 


a 


b 

... ... ... 

31 32 33 34 35 3637 38 39 40 41424344 45 


a 


b 

... ... 

47 48 49 50 5146 

a 

b 

... 

a 

b 

... 

Figure 2. Carcinomas with normal epithelium. Numbers (10, 11) and (47, 
68) were patients tested in duplicate; (71): negative control; (72, 73, 74, 75) 
represent 1, 10, 100 and 1000 genome copies respectively; (a): gel elec
trophoresis; (b): hybridization; (4): brain samples. 

blots were washed at high stringency using 2 x SSC plus 0.1 % SDS for 5 
minutes at 65 °C, then twice with 0.2 x SSC and 0.1% SDS at 65°C first 
for 5 and then for 15 minutes. The hybridisation signal was detected with 
the DIG DNA detection kit (Boehringer Mannheim, Mannheim, Ger
many) . 

Results 

All the brain samples, placed randomly between the study 
samples were negative on peR. The sensitivity was such that 1 
copy of plasmid DNA could be detected in each reaction. 
EBV DNA was demonstrated in 14/57 (25%) blocks contain
ing carcinoma and epithelium (Figure 2) , in 13/48 (27%) con
taining only carcinoma (Figure 3), and in 16(38 (42%) blocks 
from the control group (Figure 4). 
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Ii•• '-, . . - ~ 
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a 
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Figure 3. Carcinomas without normal epithelium. Numbers (28, 32) and 
(58, 59) were patients tested in duplicate; (64): negative control; (65, 66, 1, 
2) represent 1, 10, 100 and 1000 genome copies respectively; (a): gel elec
trophoresis; (b): hybridization; (.ItI.): brain samples. 

Discussion 

Over 90% of the adult population worldwide is infected with 
EBV implicating the presence of viral DNA in all of them. 
Evidence exists that EBV persistence occurs in B lymphocytes, 
but the importance of epithelial cell infection is uncertain 
(20). Persistent, low-grade replication and spreading of virus 
has been demonstrated in squamous epithelial cells of the 
oropharynx (21), uterine cervix (22) and male genital tract 
(23). Talacko et al (24) using in situ hybridisation, suggested 
that the EBV genome is not present in normal oral stratified 
squamous epithelium of immunocompetent individuals. Mao 
et al (25) was the first to demonstrate EBV DNA in the oral 
epithelium of healthy individuals. They showed a 25% positivi-

Figure 4. Control group. (45, 46, 47, 48) represent 1, 10, 100 and 1 000 
genome copies respectively; (a): gel electrophoresis; (b): hyblidization; (.ItI.): 
brain samples. 

ty using peR. Although Madinier et at (26) could not detect 
EBV DNA in extraperidontal mucosal specimens, 4/10 gingi
val biopsies were found positive by Southern blotting. EBV 
DNA could be demonstrated by means of peR in 70% of 
nasopharyngeal tissue obtained from healthy individuals (27). 

The 42% EBV DNA found in our control group was 
between that of other studies mentioned here. The difference 
may be due to several factors: (i) The selection of specific 
primer pairs for the peR may influence the outcome, egothe 
Bam HI W region is reiterated more than 10 times and this 
should provide a more readily detected sequence than a single 
copy viral gene. (ii) The anatomical site from where the biop
sies were taken. A higher positivety was found in the 
nasopharynx (27) than at other anatomical sites (eg. gingiva) 
(26). (iii) The geographical area from where the patients origi
nate. All the patients in our study were blacks from rural 
areas, which may be a contributing factor. 

The demonstration of EBV DNA in the two carcinoma 
groups with and without epithelium was almost the same (25% 
vs 27%), implying that the presence of normal overlying/adja
cent epithelium did not influence the number of positives in 
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these two groups. This may be due to several factors: (i) the 
first carcinoma group consisted mainly of tumor cells with only 
a small fragment of normal epithelium compared with that of 
the control group; (ii) latent EBV DNA is not present in all 
oral epithelial cells and, (iii) only 1/40 of the cell lysate was 
used for the peR, thus minimising the contribution of normal 
epithelial cells. 

The EBV DNA positivity was lower in the two carcinoma 
groups compared with that of the control group. It therefore 
seems more likely that EBV is merely a passenger when neo
plastic change occurs in a latently infected epithelial cell, 
although a possible role for EBV in the multistep process of 
squamous cell carcinogenesis cannot be excluded. 
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The Suitability of Paraffin-embedded Material to Predict 
Metastatic Potential of Oral Squamous CellCarcinonla 
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Abstract. Background: The presence of regional metastasis in 
oral squamous cell carcinoma (OSCC) is an important 

'prognostic factor. This study was undertaken to identify 
histological features and biological markers from parafftn
embedded primary OSCC that may predict the presence of 
regional metastases. Materials and Methods: Fifty-three en-bloc 
primary OSCC resections were divided into two groups, 26 with 
lymph node metastases and 27 without metastases. The pattern 
of infiltration, presence of vascular or perineural infiltration and 
tumour necrosis were evaluated while expression ofp53, p21 and 
Rb were assessed in the two groups. DNA ploidy status was also 
detennined with a flow cytometer. Results: The presence ofDNA 
aneuploidy was found to be the only statistically significant 
predictor of regional metastases. Seventy-seven per cent of the 
primary OSCC with lymph node metastases showed DNA 
aneuploidy. Conclusion: DNA flow cytometry obtained from 
archival material could be used as a parameter to predict 
regional metastases. 

The TNM staging system for patients with oral squamous cell 
carcinoma (OSCC) is widely used to facilitate treatment 
planning and to predict behaviour and prognosis. Patients 
with advanced disease have the worst prognosis while the 
presence of regional nodal metastasis is considered to be the 
most important prognostic factor (1, 2). Although T3-4 
OSCC's of the tongue and floor of mouth have a higher 
incidence of nodal metastasis than do Tl-2 carcinomas (2, 3), 
the ability of OSCC to metastasise is not always related to 
clinical staging (4). Evaluation of the primary tumour for 
features to predict metastatic potential is important because 
regional metastases are only detected with an accuracy of 
around 70% using clinical examination (5). Although modern 
imaging techniques may improve the detection of overt 
metastases, even the most sophisticated methods may not 
disclose occult metastases (6). 

Correspondence to: Prof W.F.P. van Heerden, Department of 
Oral Pathology and Oral Biology, University of Pretoria, P.O. 
Box 1266, Pretoria 0001, South Africa. 

Key Words: Metastases, oral squamous cell carcinoma, oral 
cancer, flow cytometry, paraffin-embedded material, ploidy. 

Conflicting results have been reported when using 
histological grading and expression of a variety of biological . 
markers to predict lymph node metastasis of head and neck 
squamous ceJl carcinomas (4, 7-9). The significance of flow 
cytometric DNA content in OSCe is well documented. 
Aneuploidy has been correlated with metastatic spread (10, 
11) and shown to be an independent prognostic factor (12, 
13). Significant differen~es are found between flow cytometric 
data obtained from analyses of paraffin-embedded material 
versus fresh tissue (14) and therefore the source of the 
material should always be taken into account when comparing ' 
results. 

The concept of tumour cell heterogeneity with regard to 
the metastatic potential is widely accepted (15). It is at 
present not possible to divide the cells in a primary tumour 
into those with metastatic potential and those without this 
potential, although completion of the human genome 
sequence would facilitate studies on possible genetic 
alterations (16). This retrospective study was undertaken to 
identify biological markers in paraffin-embedded primary 
OSCC that might predict the presence of regional metastases. 

Materials and Methods 

En-bloc tumour and lymph Dode resections of primary OSCC from the 
tongue or floor of mouth were retrieved from the files of the 
departments of Anatomical Pathology and Oral Pathology, University of 
Pretoria. Fifty-three cases were selected and divided into two groups 
based on the presence or absence of metastatic tumour in the regional 
lymph nodes. Twenty'six cases had metastatic tumour in one or more 
lymph nodes while no metastases could histologicalJy be demonstrated in 
27 cases. 

All the H&E sections of the primary tumour were reviewed and 
certain· grading features were assessed. These included: the presence of 
vascular invasion, presence of neural or perineural infiltration, presence 
of eosinophils in the surrounding inflammatory infiltrate, presence of 
tumour necrosis and presence of individual tumour cell infiltration in the 
deep invading margins. 

Tumour sections and positive lymph nodes were also evaluated for 
immunohistochemical expression of p53 (DO-7ifAKO Corporation, 
Carpinteria, CA 93013 USA; prediluted), p21W l/c.p J (Clone SX1l8, 
DAKO Corporation, Produktionsvey 42, DK-2600 Glostrup, Denmark; 
1:50 dilution) and retinoblastoma tumour-suppressor gene (Rb) (DAKO 
Corporation, Produktionsvey 42, DK-2600 Glostrup, Denmark; 1:25 
dilution). The staining techniques were performed according to the 
manufacturer's instructions. Antigen retrieval was performed with a 
microwave pressure cooker in citric acid buffer (pH 7.6) in all cases. For 
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Table 1. Histomorphological features used 10 access metastatic potential of 
osee. 

Grading features Tumours with Tumours without 
metastases (n=26) metastases (n = 27) 

individual cell infiltration 24 21 

presence of eosinophils 17 16 

tumour necrosis 7 7 

vascular invasion 2 

neural/perineural spread 7 6 

aU antibodies, only nuclear staining was regarded as positive. The 
following scoring system was used for the immunohistochemistry 
staining: negative - no positive cells; (+) - scattered positive ceIls; + 
less than 10% positive cells; + + - between 10 and 50% positive cells; 
+ + + - more than 50% positive cells. 

Sections from the same tumour block used for immunohistochemical 
analyses were used for DNA ploidy analysis. The sections were prepared 
according to the modified Hedley method (17). In short, four to six 40 
Ilm sections were cut, wrapped in 50 Ilm nylon mesh, placed in a 
histocasssette and manually dewaxed and hydrated to distilled water. 
The sections were left in distiIled water overnight where after they were 
digested in subtilisin Carlsberg solution at 37"C for 120 minutes. The 
cell suspension was then stained with DAPI (4'6 diamidino 2 phenyl
indole) (Research Organics, Cleveland, OH, USA). Flow cytometry was 
carried out using a PAS II flow cytometer equipped with a high-pressure 
100W me rcury lamp (Partee, Munster, Germany). DNA histograms of at 
least 10,000 ceIls were plotted. The diploid ceIl population was used as 
an internal reference standard for the identification of aneuploid clones. 

All the primary tumours were evaluated without knowing the 
metastatic status of the tumours. The factors evaluated were related to 
the nodal status in 2X2 contingency tables. The Chi square with Yates 
correction and Fischer's exact tests were used for the analysis of the 
categorical data. Correlations with a p <0.05 were considered 
statistically significant. 

Results 

The grading features of the primary tumours are reflected in 
Table 1. These differences were not statistically significant. 
No correlation was found between the expression or lack of 
expression of p53 (p=0.87), Rb (p= 1) and p21 (p=0.80) in 
the primary tumour and the presence of lymph node 
metastases. Neither was a correlation apparent for any of 
these markers if the cases were divided in two groups: one 
group with more than 10% positive staining cells (+ + and 
+ + +) and the other group with less than 10% positive 
staining cells. The immunohistochemical results are 
summarised in Table II. Virtually the same expression of the 
three antibodies used was also found when the primary 
tumours cells were compared to its metastatic tumour cells. 

Twenty of the primary tumours with metastases were 

Table II. Immunohistochemical detection ofprotein expression in osee. 

Antibody Tumours with Tumours without 
metastases (n =26) metastases (n=27) 

6 9 

p53 (+) 3 } 38% 1 } 44% 

+ 1 2 

++ 

+++ 
5} 

11 
62% : } 56% 

2 2 

Rb (+) } 19% 2 } 18% 

+ 2 

++ 

+++ 

12 
9 

} 
81 % 

17 

5 
} 82 % 

2 7 

p21 (+) 6}77% 3 } 77% 

+ 12 11 

++ 

+++ 
~ } 23% ~ } 23% 

Table III. Flow cytomerric analysis of DNA ploidy status of osee. 

Ploidy status Tumours with Tumours without 
metastases (n= 26) metastases (n=27) 

Aneuploid 20 (77%) 12 (44%) 


Diploid 6 (23%) 15 (56%) 


aneuploid while the majority of the group without metastases 
were diploid (Table III) . These differences were highly 
significant (p=0 .033). The coefficient of variation (CV) 
ranged between 2.8% and 6% with a mean of 4.4% (SD = 
0.7). 

Discussion 

Grading features are often considered to be unreliable due to 
interobserver and intraobserver variability although this can 
be minimised when using well-defined criteria (18, 19). A 
relation between growth pattern and regional metastases has 
been described (20, 21) but could not be confirmed in the 
present study or by others (7). Contradictory results regarding 
the prognostic value of an eosinophilic infiltrate adjacent to 
the infiltrating tumour islands have also been reported. 
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Although a few studies link a favourable prognosis to an 
eosinophilic infiltrate (22, 23), a correlation between lymph 
node metastases and stromal eosinophylia could not be 
demonstrated in previous studies (23, 24) and this study. 
Vascular and perineural infiltration are well-documented to 
be important predictors of metastases in osee (25-27) but 
this could not be confirmed in our study. 

The overexpression of p53 in head and neck carcinomas is 
well-established. p53 protein alteration is considered an early 
event that is maintained during tumour progression and 
metastases (28). p53 has been widely used as a marker to 
predict metastatic potential with conflicting results. 
Expression of p53 has been reported to be associated with 
lymph node metastases (29) while others, including the 
present study, found no association (30). 

p21 arrest the cell eycle in G1-orS-phase by forming a 
complex with eyclin A (or B or D or E), cdk2 (cyclin
dependent kinase) and PCNA (31). This complex inhibits the 
kinase activity of the cdk's and for that reason plays a role in 
keeping cells in a non-mitotic state. There is evidence that 
p53 regulates p21 expression clirectly, although recent studies 
have suggested that p53 independent pathways may also lead 
to p21 expression (32). Although no difference . in p21 
expression could be detected in the two groups in the present 
study, the expression also appears to be lower than reported 
in the literature (32-34) Comparison with published reports 
was difficult due the different criteria used to define 
positivity. No significant relationship could be demonstrated 
in our study between p53 and p21 expression supporting the 
co-existence of p53-independent pathways. 

The meaning of expressed Rb is unclear. It could present 
functional protein, mutated protein or a combination of both. 
Phosphorylation of pRb during the G1-phase of the cell cycle 
allows for the transition from G1-to S-phase (35). pRb also 
has a possible role in the regulation of apoptosis. Using a 
panel of immunohistochemical markers in laryngeal 
carcinomas to predict nodal metastases, Rb was the only 
nuclear factor that showed a positive correlation with nodal 
metastases (7), although this could not be confirmed by 
others (36) or the current ,Study. 

Inconsistency in results based on immunohistochemistry 
exists. The scoring categories for immunohistochemical 
analysis were chosen subjectively without any biological 
criteria. It is well-known that most tumours express 
heterogeneity in markers or chromosomal aberrations in 
different areas due to clonal variation (37). A small subclone 
may therefore develop alterations reflected in the 
immunohistochemical profile that lead to metastasis without 
affecting the scoring of the primary tumour as a whole. In this 
case, it would be expected that metastatic tumour cells would 
show a similar staining pattern with the subclone responsible 
for the metastasis. The fact that expression of the three 
antibodies in the primary tumour and its metastases were 
similar, suggested that these alterations were early events in 
carcinogenesis. Reliable and reproducible results and 

interpretations of immunohistochemical markers are essential 
before it can be used on a large scale as a prognostic marker. 
The need expressed for collaboration to standardize the use 
of immunohistochemical markers for specific applications 
(38) are supported. 

DNA aneuploidy in the primary tumour was found to be 
the only statistically significant marker of regional metastases 
in this study. Although the occasional presence of metastatic 
disease in diploid osee cannot be excluded and should be 
accepted, it is likely that the majority of the diploid tumours 
in the positive nodal group were false diploid due to the 
inability to detect tumour cell populations with only small 
deviations of their DNA content from normal diploid cells 
(39). This inability to detect tumour cell populations with 
small DNA abnormalities is further compromised because of 
the use of formalin-fixed paraffin-embedded blocks (14). This 
is most likely a major contributing factor in the conflicting 
findings reported about the prognostic value of DNA flow 
cytometry in osee. Numerous studies on DNA flow 
cytometry in osec do not reveal the CVs of the 
measurements and were predominantly done on paraffin
embedded material (40-42). The quality of DNA flow 
cytometric analyses is measured by its ev. A mean ev of 
4.4% was obtained in the present study while most studies 
described evs higher than 5% when using archival material 
(11, 43). The ability to use the more sensitive DAPI staining 
procedure (12) had contributed towards the relatively lower 
CV obtained for paraffin-embedded material. 

It is well-documented that the development of aneuploid 
clones contributes to the metastatic development of osee 
(10). It was possible that aneuploid clones in the 12 aneuploid 
tumours without metastases had not yet disseminated to the 
regional lymph nodes at the time of surgery or that the 
metastatic lesions were too small to be detected by routine 
histological examination (6). 

Tumour metastases is a highly intricate and dynamic 
process consisting of a number of chronological steps based 
on several interactions between tumour cells and host tissue 
(44). High-resolution flow cytometry using fresh tumour 
tissue has been shown to be an independent prognostic factor 
in osee (12). The results of this study indicated that the 
metastatic potential of osee could largely be predicted with 
the use of DNA flow cytometry, even with the shortcomings 
of using paraffin-embedded blocks instead of fresh tissue. 
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Mutations in the p53 gene have been reported in head and neck carcinomas. We determined the p53 
mutation profile in 55 oral squamous cell carcinomas (OSCCs) froma black African population sample. 
DNA from all the patients were investigated using PCR amplification of the p53 gene (exons 5-9), 
followed by heteroduplex single-stranded conformational polymorphism (HEX-SSCP) analysis on the 
PCR products. Direct sequencing was performed on cases where mutations were identified. The results 
showed mutations in 13 of 55 (23.6%) tumours. Eleven of 13 (85%) were single base pair substitutions 
(9 transitions and 2 transversions), and 2 were deletions. Two novel mutations were identified: a large 
63-base pair deletion, and a single base pair substitution. The mutations in our study occurred outside 
the head and neck tumour hot spot region (codons 238-248). Hum Mutat 11:39-44, 1998. © 1998 

Wiley-Liss, lnc. 

KEY WORDS: p53; mutations; oral carcinoma; African 

INTRODUCTION: DETERMINING P53 male patients were below the age of 50 years com
MUTATION PROFILE pared to 15.6% of white males (Flemming et aI., 

1982). This difference may be the result of exposure Approximately 3% of all malignancies arise in the 
to carcinogenic agents at a young age. Conflicting oral cavity (Silverman and Orosky, 1990). Recent 
findings regarding tobacco use, a well-documented studies suggest a global increase in the incidence of 
carcinogenic agent, have been reported in young oral squamous cell carcinoma (OSCC), especially in 
OSCC patients . Lower tobacco use among young developing countries where it is the third most com
cancer patients was present to site-matched andmon malignant disease among men Gohnson, 1991). 
stage-matched older patients (Cusamo and Persky, The age standardised incidence rate of oral and pha
1988; Schantz et aI., 1988), whereas Lipkin et aI.,ryngeal cancer in the black population of South Af
(1985) found a high exposure to tobacco and alcorica is 14.2 for males and 2.6 for females, as obtained 
hol in their young head and neck cancer patients. from the National Cancer Registry of 1990/1 (Sitas 

The p53 protein was first discovered in assoet aI., 1996). Historically, there was a strong predi
ciation with the SV40 large Tantigen (Lane andlection for the occurrence of OSCC in men, but to
Crawford, 1979; Linzer and Levine, 1979). Theday, in most parts of the world, the male: female ratio 
p53 suppressor gene, located on the short arm ofis 2: 1 (Silverman and Grosky, 1990). OSCC in South 
chromosome 17, is 20 kilobases long and encodesAfrica is the fourth most prevalent malignancy among 

black males and the eleventh for females. 
OSCC occurs over a wide age range, with a peak 

Received 25 October 1996; accepted 14 February 1997. incidence in the sixth and seventh decades. A sig
'Correspondence to: Professor E. J. van Rensburg , Departmentnificant different age distribution was found between of Medical Virology, Faculty of Medicine, PO Box 19063, Tygerberg, 

black and white male patients, where 33.4% of black 7505 South Africa . 

© 1998 WILEY-L1SS, INC. 
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for a 53-kd phosphoprotein consisting of 393 
amino acids (Lamb and Crawford, 1986; Malkin, 
1993). The gene consists of 11 exons, interrupted 
by 10 introns , of which the first comprises approxi
mately half the gene in the human genome (Levine 
and Momand, 1990; Soussi et aI., 1990). It was 
initially thought to be an oncogene, but later 
evidence demonstrated that p53 is a tumour-sup
pressor gene. About 60% of cancers in humans 
have mutations in the p53 gene, which takes the 
form of a missense mutation plus a selection for a 
reduction to homozygosity and a complete loss of 
the wild-type alleles (Levine et aI., 1991). 

Epidermal cells with mutations in one copy of 
the p53 gene are slightly resistant to death by 
apoptosis (Ziegler et aI., 1994). In addition to an 
inability to suppress cell division, many mutants 
express a gain of function that actively promotes 
the tumorgenic potential of cells lacking endog
enous p53 protein. Missense mutations can gen
erate mutant p53 protein, which is more stable 
than wild -type p53 protein and can sequester nor
mal protein into inactive oligomeric complexes 
rendering the normal p53 inactive (Vogelstein and 
Kinzler, 1992; Zambetti and Levine, 1993). Mu
tant p53 protein can act as an oncogene and can 
transform rodent cells in cooperation with the ras 
gene (Eliyahu et aI., 1984; Jenkins et aI., 1985) . 

Muta tions in the p53 gene, or increased expres
sion of the p53 protein have also been reported in 
head and neck carcinomas (Hollstein et aI. , 1990; 
Sakai et aI. , 1992; Somers et aI., 1992; Boyle et 
aI., 1993; Caamano et aI., 1993; Shinet aI., 1994) . 
The objective of our study was to determine the 
p53 mutation profile in 55 OSCCs from a black 
African population sample from the North West
ern Transvaal. 

MATERIALS AND METHODS 
Patients 

Formalin-fixed, paraffin-embedded blocks ofOSCCs 
were retrieved from the files of the Department ofOral 
Pathology, Medical University of Southern Africa 
(MEDUNSA). Fifty-five blocks containingOSCCwere 
selected. The mean age of the group was 50.8 ± 15.9 
years; 45 were male and 10 were female. 

Preparation of Cell Lysates 

Celllysates were prepared according to the method 
described by van Rensburg et a1. (1996). All speci
mens were subjected to amplification using human 
~-globin primers (Saiki et aI., 1986) to evaluate their 
suitability for DNA amplification. 

Nested PCR Amplification of the p53 Gene 
(exons 5-9) 

The genomic region containing p53 coding exon 
5 to exon 9, together with flanking intron sequences, 
were amplified in three separate fragments, adapted 
from manufacturers' instructions (p53 genomic DNA 
screening module Catalog # 1610, Ambion, Austin, 
TX): fragment # 1, exons 5-6; fragment # 2, exon 
7, and fragment # 3, exons 8-9. A list of the nucle
otide sequences of each primer and the sizes of the 
amplified PCR prod ucts are shown in Table 1. Briefly, 
thermal cycling was carried out using a Perkin-Elmer 
(Norwalk, CT) GeneAmp® PCR system 9600 cy
cler. Forty amplification cycles were used: denatur
ing of DNA (94°C; 1 min); annealing of primers 
(55°C; 1 min) , and extension of the annealed prim
ers (72°C; 1.5 min). PCR was performed using the 
following reagents: 5).11 of cell lysate; 200).1M ofeach 
nucleotide; 250 nM of each primer (Ambion); 1 U 
ofTaq DNA polymerase (Promega, Madison, WI); 5 
).11 of Promega lOx buffer and 1.5 mM MgCh made 
up in a final volume of 50 ).11. 

Template DNA for the nested amplification round 
of each exon consisted of 3-7 ).11 of reaction product 
from the first round. Each exon 5-9 was amplified 
separately using primers previously described (Eeles 
et aI., 1993). Briefly, thermal cycling was carried out 
using a Perkin-Elmer GeneAmp® PCR system 9600 
cycler. Forty amplification cycles were used: dena
turing of DNA (94°C; 1 min); annealing of primers 
(55°C; 1 min), and extension of the annealed prim
ers (72°C, 1.5 min). PCR was performed using the 
following reagents: either 5 ).11 of first round PCR 

TABLE 1. Sequences of p53 Genomic Primers With 

Expected Sizes of the PCR Products 


Size of 
PRC 

Primer p53 sequence product 

#l-S CCTGAGGTGTAGACGCCAACTCTCT" 659 bp 
#l-AS ACTITGCACATCTCATGGGGTTAT" 
#2-S GGCCTCCCCTGCTTGCCA' 405 bp 
#2-AS CTCCAGCTCCAGGAGGTG' 
#3-S AAGGGTGGTTGGGAGTAGA • 464 bp 
#3-AS ACGGCATTTTGAGTGTTAGAC' 
exon 5a ATCTGTTCACTTGTGCCCTGb 

exon 5b ATCAGTGAGGAATCAGAGGGb 
308 bp 

exon 6a GCCTCTGATTCCTCACTGATb 202 bp 
exon 6b GGAGGGCCACTGACAACCAb 

exon 7a CTTGCCACAGGTCTCCCCAAb 236 bp 
exon 7b AGGGGTCAGCGGCAAGCAGAb 

exon 8a TTCCTTACTGCCTCTTGCTTb 238 bp 
exon 8b TGAATCTGAGGCATAACTGCb 

exon 9a GCAGTTATGCCTCAGATTCAb 

exon 9b ACTTTCCACTTGATAAGAGGb 
161 bp 

"Ambion, Austin, TX 
bEeles et aI., 1993. 
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products (fragment #1 to amplify exons 5 and 6), or 
3 III of first round PCR products (fragment #2, to 
amplify exon 7), or 7 III of first round PCR products 
(fragment # 3, to amplify exons 8 and 9); 200 11M of 
each nucleotide; 0.4 11M of each primer; 1 U of Taq 
DNA polymerase (Promega) ; 10 III of Prom ega lOx 
buffer and 1.5 mM MgClz made up in a final volume 
of 100 Ill. Two units ofTaq polymerase were used in 
reactions to amplify exons 8 and 9. Reagent controls 
contained sterile water instead of sample DNA. 

Aliquots of 8111 of the amplification reaction prod
ucts were analysed by electrophoresis through 3% LE 
agarose gels (FMC Products, Rockland ME), stained 
with ethidium bromide and evaluated by UV transil
lumination as described above. 

Hl!tl!wduplex Single-stranded Conformational 
Polymorphism (SSCP) Analysis 

DNA fragments of exons 5-9 were amplified as 
described above. Heteroduplex-SSCP analysis of 
these fragments were done to observe mutations, es
sentially as described with a few modifications (Kotze 
et al., 1995). Briefly, 10 III of each PCR product was 
mixed with an equal volume of gel loading buffer 
(95% formamide, 20 mM EDTA, 0.05% bromophe
nol blue, 0.05% xylene cyanol) containing 0.5 X TBE 
or 1.5 X TBE for either glycerol or urea containing 
gels, denatured at 95°C for 2-5 min and immediately 
placed on ice. The samples were loaded on a 24 cm 
vertical 1.5 mm thick (Hoefer Scientific Instruments, 
San Francisco, CA) 10% polyacrylamide gels with 
1 % cross-linking and run overnight at both room tem
perature and 12°C at 180 to 250 V (Bio-Rad Labora
tories, Richmond, CA) depending on the size of the 
DNA fragments. Gels were supplemented with 7.5% 
and 5% urea and glycerol, respectively, stained for 
10 min in a solution of 0.6 X TBE containing 1llg/ml 
of ethidium bromide, and destained for 10 min in 
water before being evaluated by UV transillumina
tion as described before. 
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and annealed to the sequencing primer using a heat
ing step (99°C for 3 min) and a snap-cooling proce
dure on ice at O°e. This is followed by using normal 
sequencing protocols including a labelling and ter
mination step. Chain-termination sequencing is 
achieved with this kit using Sequenase ™ Version 2.0 
DNA polymerase. Manganese is added to improve 
the band uniformity and the ability to read sequences 
close to the priming site. Standard denaturing gel 
electrophoresis was done (Sambrook et aI., 1989) 
using a glycerol tolerant gel buffer containing tau
rine (Amersham). 

Sequence Analysis 

Sequences were visualised by autoradiography, 
read from both nirf'rtinns, 8ud analysis was done with 
the Genepro V5.0 software program (Riverside Sci
entific Enterprises, Bainbridge Island, W A). 

RESULTS 

Using a combination ofSSCP and direct genomic 
sequencing, we examined exons 5-9 of the p53 gene 
in 55 OSCCs. DNA fragments showing an electro
phoretic mobility shift were identified as positive for 
p53 gene mutations. They were subsequently selected 
for DNA sequencing to confirm the SSCP results and 
to characterise the types and locations of mutations. 
We scanned the GenBank (Bilofsky and Burks, 1988) 
data bank for sequence similarities, using GenBank 
accession number X54156. Mutations of the gene 
were identified in 13 of 55 (23.6%) tumours (Table 
2). One of the 13 mutations was a two nucleotide 
deletion, the second was a large, novel deletion of 63 
base pairs (Fig. 1), and the other 11 (85%) were single 
base pair substitutions (9 transitions and 2 transver
sions). One of the single base pair substitutions was 

TABLE 2. p53 mutation summary in 13 OSCCs 

Nucleotide Codon 
Patient no. Exon change change 

Direct Sequencing 	 B14 

A70Sequencing of PCR products was performed for 
C2exons 5-9 to confirm the presence of mutations that 
C33had been detected by heteroduplex-SSCP' The prim
C34ers used for sequencing was the same as for the nested 
A67PCR (Eeles et al., 1993), and the Sequenase PCR 
A48product sequencing kit (USB Catalog US70170, sup
B43plied by Amersham, Buckinghamshire, UK, life sci
C28ence) was used. The enzymes shrimp alkaline 
B34phosphatase and exonuclease 1 were used to remove 
C59unwanted materials from the PCR products and in
B5activated each at 80°C for 15 min after a 15-min in
B4cubation step at 3re. The template was denatured 

5 C454--.T 

5 C459--.T 

5 G507--.A 

5 G527--. T 

6 T584--.C 

6 de1625-626 

6 A659--.G 

7 C689--.T 

8 C817--.T 

8 C832--.T 

8 A874--. T 

8 C916--.T 

8 de1814-876 

Prol52--.Ser 

Silent (153) 

Metl69--.11e 

Cys176--.Phe 

lle195--. Thr 

Frameshift 

Tyr220--.Cys 

Thr230--.11e 

Arg273--.Cys 

Pro278--.Ser 

Lys292--.Stop 

Arg306--.Stop 

deI272-292 
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63 bp -............. 
deletion~ 

GATC GATC 

mutant 

-
...- - --'iii ::- -:::-=

0::::-- --=- -- -- --.-------- .. -

normal 

FIGURE 1. Sequence analysis of a part of the p53 exon 8 gene 
from patient B4, showing the 63bp deletion. 

also a novel mutation when compared to the p53 
Database (De Vries et aI., 1996; Hollstein et aI., 
1996). It was an A to T transversion at nucleotide 
874. Of the previously described single base pair 
mutations, one was a silent mutation, two resulted 
in premature stop codon formation, and the other 8 
in amino acid changes. Six of the 9 transitions were 
C to T changes, one was a G to A change, and one 
each was T to C, and A to G, respectively. The trans
versions were G to T, and A to T in one tumour each, 
respectively. All the mutations in this study occurred 

2n·2:92 

Amino acids 

FIGURE 2. Frequency of p53 mutations found in head and 
neck tumours (bottom) compared to mutations found in our 
study (top) . The p53 molecule is schematically represented 
showing the DNA binding region and relative positions of the 
amino acid codons. Hot spot areas are evident at amino acid 
sites 248 and 273. 

in different codons, except in the region of the large 
deletion, where three other mutations occurred as 
well. In total, four mutations occurred in exon 5, three 
in exon 6, one in exon 7, five in exon 8, and none in 
exon 9. In Figure 2, the mutations found in our study 
are compared to the frequency of p53 mutations in 
other head and neck tumours (Hollstein et al., 1996). 

DISCUSSION 

Approximately 45% of invasive head and neck 
squamous cell carcinomas have a mutated p53 gene 
(Koch et aI., 1994) . Most of the mutations in the 
p53 gene in general are missense mutations, causing 
a change in an amino acid, and a probable increase 
in stability of the protein (Harris, 1993). In a recent 
review, where 115 head and neck cancer samples 
were studied, 47% of the mutations were found to be 
transitions, 37% transversions, and 16% frameshifts, 
the majority of these being small insertions or dele
tions of 1-20 base pairs (Brachman, 1994). In our 
study, 69% were transitions, 15% were transversions, 
and 15% frameshifts. Two were novel mutations. 

Two mutations, at codons 292 and 306, were non
sense mutations, and one mutation at codon 153 was 
a silent mutation. Of the missense mutations, seven 
were transitions, and one was a transversion. The 
most common transition was C to T in six of the nine 
(67%) cases. There seems to be distinct differences 
in the mutations reported from different geographi
cal regions, as 50% of p53 mutations in Japan had G 
to T transitions (Sakai and Tsuchida, 1992), whereas 
63% of head and neck cancers in the United States 
showed G to T transversions (Somers et aI., 1992). 
Two of our tumours (14%) had deletions; one of them 
was also a frame shift mutation. This is in keeping 
with other studies, where frame shift mutations are 
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less commonly seen (Cotran et aI., 1989). The novel 
deletion occurred at codons 272 to 292, which con
stitutes a 21 amino acid (63 base pair) deletion in 
the DNA binding region of the p53 protein, which is 
situated between amino acid 91 and 309 (Bargonetti 
et al., 1993). The large deletion in this area may cause 
the mutant p53 protein to loose its DNA binding 
capacity, with the cells expressing the mutation show
ing a selective growth advantage. 

The p53 mutations in head and neck tumours 
seem to have a hot spot region at codons 238-248 as 
summarized by Hollstein et a1. (1996). This region 
was not prominent in our study, but rather the re
gion between 272 to 292 where the large deletion 
occurred and where three other point mutations oc
curred, i.e., condons 273,278, and 292. There also 
appear to be a geographic distribution in the exons 
affected. In our study, as well as in a Japanese study 
(Sakai and Tsuchida, 1992), the majority of muta
tions were found in exons 5 and 8; exon 4 was the 
most frequent location for mutations in the United 
Kingdom (Field et aI., 1993) and exon 7 in the United 
States (Somers et al., 1992). 

To conclude, the number of OSCCs in our study 
with p53 mutations confirmed the importance of this 
gene in oral carcinogenesis. The unique distribution 
of the mutatons in the population sample studied 
suggested a different response to etiological agents. 
This may be linked to genetic factors that alter the 
molecular steps leading to cancer. 
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Abstract. Background: The prevalence of oral squamous cell 
carcinoma (OSCC) among the Black community in South 
Africa is unacceptably high. The association between p53 
protein, and PCNA overexpression and the presence ofp53 gene 
mutations was evaluated. MaterWls and Methods: One hundred 
and ten formalin-fixed, paraffin-embedded blocks of OSCC were 
selected for immunohistochemical studies for p53 protein and 
PCNA expression using the DO-7 and PClO monoclonal 
antibodies, respectively. DNA was extracted from fifty-five blocks 
and exans 5 to 9 of the p53 gene were amplified with nested 
primers, thereafter sequencing was performed to confirm the 
presence of mutations detected by single stranded 
conformational polymorphism. Results: Fifty-six cases (51%) 
showed p53 expression, while fourteen mutations (25%) were 
detected. A significant difference was found between the PCNA 
index in p53 positive and p53 negative tumors while the mean 

. PCNA index for the tumors with p53 mutations was not 
significantly different from the tumors without mutations. 
Conclusions: No association between p53 protein overexpression 
and p53 gene mutations could be demonstrated. 

Squamous cell carcinoma is the most common malignancy of 
the oral cavity. Despite the relatively easy accessibility of the 
oral mucosa to detect premalignant lesions, recent studies 
suggest a global increase in the incidence of oral squamous 
cell carcinoma. This increase is especially evident in 
developing countries (1). The prevalence of oral squamous 
cell carcinoma (OSCC) in the Black community in South 
Africa is high. In the period 1990-1991, an average of 1363 
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new intraoral cancers per year were reported in South Africa, 
resulting in an average incidence of 3.4% of all diagnosed 
cancers, excluding basal cell carcinomas and squamous cell 
carcinomas of the skin (2). In combination with cancers of the 
pharynx, these malignancies were the 4th most common in 
South African males and the 2nd most common in South 
African Black males. 

. In an attempt to contribute towards the understanding of 
OSCC in the Black community, p53 gene mutations and their 
correlation with p53 protein and PCNA expression were 
evaluated. 

Materials and Methods 

Patients. Formalin fixed paraffin embedded blocks of Black patients 
diagnosed with OSCC were retrieved from the files of the Department 
of Oral Pathology, Medical University of Southern Africa, MEDUNSA. 
These consisted of material from resection specimens as well as biopsies. 
The sections were screened to confirm the diagnosis. 

Immunohistochemistry. One hundred and ten cases were selected for 
immunohistochemical analyses. The mean age of the patients was 50.1 :!: 

16.6 years. Seventy-three patients were male and 27 female. A 4 f.lm 
section of each block was cut and picked up using amino-alkyl saline
coated glass slides. Sections were deparaffinised, hydrated with graded 
alcohol and brought to distilled water. The sections were placed in a jar 
filled with 10 roM citrate buffer, pH 6.0. For p53 antibody labeling, the 
samples were treated in a microwave oven for 2 X 5 minutes. The PCNA 
slides were immediately incubated at 37'C with 3% H202 and washed 
with PBS for 5 minutes as were the p53 slides following microwave 
antigen retrieval. The sections were then incubated at 37' C for 15 
minutes with a p53 protein-specific DO-7 monoclonal antibody (Dako, 
Southern Cross, Cape Town, South Africa) and a PCNA protein-specific 
PCI0 antibody (Dako, Southern Cross, Cape Town, South Africa). A 
working dilution of 1:100 with PBS was used for both antibodies. The 
sections were incubated In the Link antibody from 1he Steptavidin ABC 
Complex kit (Dako, Southern Cross, Cape Town, South Africa) for 10 
minutes and washed in PBS for 5 minutes. The sections were incubated 
in Streptavidin for 10 minutes, washed again in PBS for 5 minutes and 
were then incubated for 20 minutes in a substrate solution at 37' C. The 
slides were counterstained in Mayers haemotoxylin for 1 minute, and 
bl ued for 5 minu tes in running water. 
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Negative controls consisted of the replacement of the primary 
antibody with normal mouse serum while positive controls cODsisted of 
known positive tumors. 

Only nuclear p53 and peNA staining was regarded as positive. 
Tumors were defined as p53 positive when more than 30% of the nuclei 
showed 00-7 labeling. When in doubt, 1000 tumor cells were evaluated 
at 400 x magnification with the aid of an eyepiece graticule. 

peNA activity was quantified by assessing the staining in 1000 cells in 
areas within each section showing maximum reactivity for peNA. All 
nuclei found to exhibit fine to coarse granular staining at x400 
magnification were rated as positive for peNA. The number of positive 
cells was expressed as a percentage of the total number counted to give a 
peNA index. An eyepiece graticule was used to ensure that all cells were 
evaluated once only. The Student's t-Test for uncorrelated data was used 
to compare the means of the peNA index between the p53 positive and 
negative tumon; 

p53 gene analysis. Only fLfty-five blocks of the cases used for 
immunohistochemistry were selected for analysis of exons 5 to 9 of the 
p53 gene. This was done to reduce costs. eases were included for 
mutation analysis if all the exons could be amplified. Mutations were 
identified by heteroduplex single-stranded conformational poly
morphism and confirmed by direct sequencing. The detailed 
methodology followed has been reported previously (3). The correlation 
between the presence of DNA mutations in any of the exons and the 
presence of p53 overexpression was determined using the l-Test with 
Yates correction, while the significance of the mean peNA counts 
between the tumors with mutations and those without was determined 
using the student£s t-Test. 

Results. 

The p53 protein expression was observed as a granular 
nuclear stain. Some tumor cells also expressed cytoplasmic 
p53 protein labeling. Cytoplasmic staining in this study was 
present in the minority of cases, and then in all instances 
associated with nuclear staining. The pattern of p53-positive 
nuclei in tumor sections varied from diffuse positive, to focal 
positive areas, to individual cell positivity. PCNA expression 
was also confined to the nuclei. The PCNA labeling index of 
p53-positive tumors was significantly higher (Student'S t-Test, 
p=0.OOO8) than in the p53-negative group (Table I). 

Mutations of the p53 gene were identified in 14 of 55 
(25,5%) tumors (Table II). Two of the mutations resulted in 
premature stop codon formation. One of these showed no 
protein overexpression while the other was positive for p53 
protein. Details of the mutation profile recorded in this study 
have been reported elsewhere (3). Only nine of 31 tumors 
exhibiting p53 protein overexpression showed mutations of 
the p53 gene. Five of 24 p53-negative tumors had mutations 
of the corresponding p53 gene. There was no statistically 
significant correlation between p53 protein expression and 
p53 mutation (X2=0.45, p=0.50). 

Discussion 

Only nuclear stamlllg was considered as a positive 
immunoreaction for p53 in this study. The cytoplasmic 
staining found has several explanations. Mutated p53 protein 
may have accumulated in the cytoplasm because transport to 

Table 1. p53 protein expression and PCNA labeling indices for p53-positive 
and -negative OSCC patients. 

n peNA index 

p53+ 56 (51%) 65.8 ± 14 

p53 54(49%) 55.8 ± 16 

Total 61.1 ± 16 

the nucleus was defective due to the altered amino acid 
sequences. Mutated p53 may also have formed stabilized 
complexes with wild-type p53 which kept it in the cytoplasm 
(4). Cross reactivity between the p53 antibodies and 
cytoplasmic cytokeratins has also been described (5) 

The p53-negative tumors presumably contained wild-type 
p53 at levels too low to detect immunohistochemically. The 
negativity might also reflect the loss of both p53 alleles or the 
presence of non sense mutations leading to termination of 
protein synthesis. 

PCNA immunoreactivity does not always correlate with 
other indices of proliferation (6). This is due to the long half
life of PCNA resulting in persistent staining in cells that have 
recently left the cell cycle (7). PCNA may also be expressed in 
association with DNA repair rather than proliferation (8). 
Quantitative studies of cell proliferation in solid tumors have 
disadvantages in that only a static moment in the cycle of 
cellular kinetics is evaluated (9). Techniques to determine 
cellular kinetics are available, such as the assessment of S
phase fractions using DNA flow cytometry (10). This was 
modified by estimating bromodeoxyuridine incorporation in 
DNA synthesis, assessed simultaneously with the S-phase 
fraction through bivarate flow cytometry (11). 

The PCNA count was statistically higher in the tumors 
expressing p53 protein compared to the p53-negative tumors. 
Immunohistochemical detection of p53 protein may be due to 
a mutated p53 gene with intervention in its growth-inhibitory 
capacity resulting in increased tumor cell proliferation. The 
altered form of the mutated protein can interact directly or . 
indirectly with growth related genes activating their 
expression (12). It is postulated that the conformational 
change associated with the mutated p53 protein can affect its 
binding to the PCNA promoter, releasing its repressor effect 
and inducing PCNA transcription (12). It may also be due to 
accumulation of wild-type p53 induced by DNA damage or 
specific viral protein binding. These observations are 
compatible with the functions of p53 as an inducer of DNA 
repair and of PCNA as a DNA repair protein. Tumors 
without detectable p53, with a high PCNA index, can also 
contain cells with a non sense mutation in the p53 gene. No 
definite conclusions can therefore be drawn on p53 and 
tumor cell proiiferation based the on immunohistochemical 
data only. 

Numerous studies on the relationship between p53 and 
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Table II. p53 mutations (3) with p53 protein overexpression profile ofthe osee. 

Exon Base Nucleotide Type of Codon Amino acid p53 protein 
change position mutation position change expression 

5 C>T 459 transition 153 silent positive 

5 C>T 454 transition 152 Pro>Ser negative 

5 G>A 507 transition 169 Met>lle negative 

5 G>A 514 transition 172 Val>lle negative 

5 G>T 527 transversion 176 Cys>Phe positive 

6 A>G 659 transition 220 Tyr>Cys positive 

6 del2 625-6 frameshift 212 Pbe del negative 

6 T>C 584 transition 195 lle>Phe positive 

7 C>T 689 transition 230 Thr>lle positive 

8 C>T 916 transition 306 Arg>stop positive 

8 del 63 814-876 frameshift 272-292 del positive 

8 C>T 832 transition 278 Pro>Ser positive 

8 C>T 817 trarfsition 273 Arg>Cys positive 

8 A>T 874 transversion 292 Lys>stop negative 

PCNA expression have been conducted. Most of the authors 
found a positive correlation between p53 and PCNA 
expression (13, 14, 15). A major disadvantage of immuno
histochemical techniques is that comparisons between 
different proteins cannot be drawn on a cell to cell basis. 
Double staining techniques are a possibility, but not when a 
different technique, e.g. antigen retrieval, is necessary for one 
of the antibodies used. Direct comparisons between cells 
expressing p53 and PCNA were therefore not possible. 

Only 9 (64%) of the 14 tumors with p53 mutations showed 
p53 protein overexpression. Two of the mutations resulted in 
premature stop codon formation, one of which showed no 
protein overexpression with immunohistochemistry. The 
other tumor with a nonsense mutation was positive for p53 
protein. The overexpression seen in this patient might have 
been because only one allele was affected by the mutation and 
that the wild-type protein was stabilized by protein to protein 
or protein to gene interaction (16). The other tumors with 
overexpressed p53 without detectable mutations were 
probably_the_result of stahilized protein. It may, howeyer,. als.o 
be possible that mutations were present in other exons not 
examined or in the introns. 

Tumors with nonsense mutations can be expected to be 
p53-negative with immunohistochemistry, if p53 protein 
complex formation is not considered. Only two of the 

detected mutations in this study were nonsense in nature. The 
tumors with missense mutations without p53 overexpression 
could be samples where the mutation resulted in an 
ephemeral protein or changes in the epitope recognized by 
the antibody. 

The PCNA gene is regulated in a complex manner and its 
overexpression may be a result of increased PCNA mRNA 
stability induced by growth factors, regardless of the p53 
status (17). This study suggested a possible association 
between p53 and PCNA based on the immunohistochemical 
findings. The difference between the PCNA index in tumors 
with p53 mutations and those without was statistically not 
significant. This would suggest that over expressed p53 may 
influence the PCNA status and not the mutation of the p53 
gene alone. The fact that p53 overexpression is not necessarily 
the result of a mutated gene has been discussed previously. 

In conclusion, no association between p53 protein 
overexpression and p53 gene mutation could be demonstrated 
in this study. Overexpressed p53 can therefore not be 
described as a mutated protein, and no conclusions can be 
made on the presence of p53 gene mutations based on 
immunohistochemical evaluation of the p53 protein alone. 
Although an association between p53 protein overexpression 
and the PCNA expression was demonstrated, it could not be 
demonstrated with p53 gene analysis. As a result of the 
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limitations of immunohistochemistry techniques, the 
unknown factors involved made the results regarding an 
association between the two protein expressions inconclusive. 
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Abstract 
This report describes the use of acetone for the rapid processing of 
small biopsy specimens . Two tissue blocks of approximately equal size 
and thickness were prepared from a palatine tonsil, submandibular 
salivary gland and squamous cell carcinoma (SCC) of the tongue. Three 
blocks, one from each tissue, were routinely processed while the other 
three blocks were acetone processed and impregnated with paraffin 
wax. Four (m sections were subjected to different histochemical and 
immunohisto~hemical stains. All the stains were performed according 
to prescribed procedures and evaluated light microscopically by two 
oral pathologists who were blinded to the labelling of the sections 
from the rapid processed tissue as well as the staining intensity of all 
the routine and immunohistochemical stains applied compared equal 
or superior to the sections of the routine processed tissue. 

Introduction 
Special circumstances necessitate the availability of a rapid processing 
technique in a histopathology laboratory. Large throughput diagnostic 
laboratories are concerned with the speed of fixation and processing 
as well as the costs. Various rapid processing techniques, such as frozen 
sections and heat and vacuum processing are available that yield 
histotechnical results that are comparable to routinely processed tissue. 
An increasingly important aspect of fixation and processing is the 
preservation of tissue antigens. 

In the past few years there have been several advances in rapid 
fIXation and processing methods by microwave (MW) irradiation'-4 
MWirradiation however, yields artifacts such as lysis of red blood cells 
due to irradiation of fresh , unfixed tissue'. Furthermore, 
overexposure to MW's results in smudging and pyknosis of nuclei and 
intense cytoplasmic eosinophilia, whereas underexposed tissues fail 
to take up stains adequately'. Most of the published results of MW 
procedures and current usage relate to adapted domestic ovens, 
probably due to the high cost of laboratory dedicated MW's. 

Acetone is a known dehydrate in processing techniques , but 
prolonged exposure causes hardening of tissue'. It has, however been 
shown that fIXation in cold-acetone may be preferable to formalin 
fixation for immunohistochemical detection of certain antigens6. 

This study evaluated rapid acetone processing pertaining to 
histotechnical quality of sections , preservation of cellular and nuclear 
morphology, staining intensiry and reliabiliry of immunohistochemical 
analyses. 

Material and Methods 
Two tissue blocks of approximately equal size and thickness were 
prepared from each of a palatine tonsil, submandibular salivary gland 
and squamous cell carcinoma (SCC) of the tongue. Three blocks, one 
from each tissue, were routinely processed and the other three blocks 
were acetone processed by dehydration in two changes of fresh acetone 
for 30 minutes each. As over-dehydration with acetone leads to tissue 
brittleness, tissue processing was monitored by gentle squeezing with 
apair of forceps in order to detect tissue firmness that indicates 
adequate dehydration. The blocks were then directly impregnated with 
paraffin wax for 30 minutes and 45 minutes respectively. Impregnation 
in the second paraffin wax bath was aided with a vacuum unit of the 
Shandon Citadel processor (Labotec, Midrand, SA). No clearing agent 
was used with the rapid acetone processing technique. 

The routine overnight processing consisted of dehydration with 50%, 
70%,90%,96% and absolute alcohol. Clearing was done in two 
changes of xylene followed by impregnation with twO changes of 
paraffin wax. Four (m sections from the six blocks were secretly labelled 
in order to differentiate the two processing techniques, and subjected 
to the histological stains listed (Table 1). Sections for 
immunohistochemical staining were mounted on 
3-aminopropyltriethoxysilane coated slides. A standard Haeinatoxylin 
& Eosin (H&E) stain, a variety of special staining and 
immunohistochemical techniques were performed on the sections that 
were incubated at 54' C. All the investigations were done on both the 
routine and rapid processed tissue for comparison. 

The special stains included a Periodic Acid Schiff (PAS), PAS
diastase and Southgate's mucicarmine on sections ftom the 
submandibular salivary gland, while the Masson trichrome technique 
of Bancroft & Stevens' was performed on the tongue SCc. 

TABLE 1 
Histological stains used with staining intensiry and tissue brittleness 

evaluation 

Stain Staining intensity Tissue brittleness 

Routine 
processing 

Acetone 
processIng 

Routine 
processIng 

Acetone 
processIng 

Palatine tonsil 

H&E strong strong absent mild 

Anti-LCA srrong strong absent absent 

Anti-B-cell (C020) strong strong. absent absent 

Anti-Ki-67 weak strong absent absent 

Salivary l!;land 

H&E strong strong absent absent 

PAS strong strong absent absent 

PAS-d strong strong absent absent 

Southgate's 
mUCicarmIne strong strong absent absent 

Anti-SMA antigen moderate strong absent absent 

Anti-Sl00 antigen moderate strong absent absent 

Tongue with Sec 

H & E moderate strong absent absent 

Masson-trichrome stronK. strong absent mild 

Anti-Cytokeratin 
antigen strong strong absent mild 

The immunohistochemical stains evaluated were an anti-cytokeratin 
antigen (HMW, 34BE12) on the tongue SCC, anti-leukocyte common 
antigen (LCA) (2B 11 & P07 / 26), the proliferation marker Ki-67 and 
a B-cell marker (C020) on the palatine tonsil, and anti-alpha smooth 
muscle actin (SMA)(lA4) and anti-Sl00 alpha specific protein on the 
submandibular salivary gland sections. Oako (DAKO CORPORA
TION, Carpenteria CA) prediluted antibodies were used for the 
investigations. 

In all the immunohistochemistry procedures, except with SMA 
antigens, unmasking of the antigens were done in a domestic 
microwave oven using a pressure cooker. All the sections, including 
the SMA were treated with 5% hydrogen peroxide at 3 rc for 5 min. 
to quench endogenous peroxidase activity. Slides were incubated with 
the primary antibodies for 20 min at 37 ' C. OAKO LSAB 2 Peroxidase 
kit (OAKO CORPORATION, Carpenteria CA) was used to detect 
the antibodies. S 100 antibodies were detected using the Immunotech 
Uni'!e[sal immunostaining kit (Coulter Co. BPl77·13276 Marseille 
Cedex 9-France). ABC subsuate was the chromogen of choice. Sections 
were counterstained with Haematoxylin and mounted with Oako 
Faramount aqueous mounting media. 

The tissue sections were evaluated light microscopically for intensity 
of staining and tissue brittleness . Staining intensity was subjectively 
recorded as weak, moderate and strong. Tissue brittleness was 
subjectively recorded as absent, mild, moderate or severe. Two oral 
pathologists who' were blinded to the labelling of the sections 
performed all evaluations independently and on consensus basis . 

Results 
Routine ptocessing was completed after 12 hours compared to 2' / , 
hours of acetone processing. Minimal shrinkage of the tissue was 
observed with both the routine and acetone processed tissue blocks. 
Four (m sections of good histochemical quality were easily obtained 
from the acetone processed tissue blocks and the cellular and nuclear 
morphology were well preserved (Figs 1,2). The tissue antigens were 
also well preserved with rapid a!'etone processing and heat induced 
epitope retrieval (HIER) was successfully carried out on these tissue 
sections. No false positive or false negative staining was observed. 
Acetone processing yielded improved (stronger) anti-Ki-67 staining 
of the tonsil, anti-SMA and anti-S 100 staining of the salivary gland 
and H&E of the tongue with SCc. The other stains yielded staining 
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Figure 1: H&E staining ofa routinely processed submandibular gland section showing striated ducts, sen'ous acini and;mall vascular vessels (ong,inal 
magnification x 125) . 

Figure 2: H&E staining ofan acetone rapidly processed submandibular gland section showing excellent morphological detad of the glandular 
structures (ong,inal magnification x 125). 
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intensity similar to the routine processed tissue . Mild tissue brittleness 
was observed in the H&E section of the palatine tonsil, the Masson 
trichrome and cytokeratin stained sections of the SCC (Table 1). 

Discussion 
The use of MW ovens for rapid fIXation and tissue processing has 
increased over the past few years . The standard domestic MW oven 
is not ideal for this purpose and cenain adjustments need to be 
incorporated in the oven to render it more suitable. Leong suggests 
that a "stirrer" in the roof of a domestic MW oven should be present 
to prevent uneven heating and that a large outpUt MW oven (1000 W) 
is preferable in order to provide a more even field of irradiation' This 
however has financial implications. When a standard domestic MW 
oven is the only available option in a laboratory. rapid tissue processing 
with acetone is an economical alternative to adjusting the oven. 

No clearing agent was used with the rapid processing technique 
because the paraffin wax could impregnate the tissue blocks completely 
without having to remove the acetone with a clearing agent . This saved 
considerable time . 

Tissue processing with acetone has to be monitored manually as 
processing time may vary according to tissue thickness and tissue type. 
This requires some practice and is somewhat labour intensive. especially 
if large numbers of blocks are processed simultaneously. As one 
becomes more familiar with the technique and tissue types this problem 
will be eliminated . When single cases are rapid processed the 
abovementioned yields no problem as the blocks are easily monitored . 

The mild tissue brittleness that was observed in three of the cwelve 
rapid processed sections could be due to mild over-dehydration as these 
sections were probably prepared from the surfaces of the tissue blocks 
which had been exposed to acetone for a longer period. compared 
to sections from deeper in the blocks. Minor reductions in the 
dehydration time of acetone rapid processing should therefore eliminate 
tissue brittleness. Funher investigation is required to prove these 
statements . 

Biopsy specimens are ideal to rapid process because of their size. 
Routine-size tissue blocks of 10 x 10 x 2mm can also be successfully 
rapid processed with acetone. as long as the tissue block thickness does 
not exceed 2mm. Incomplete processing of tissue blocks resulted in 
the dispersion of sections on the water bath. This can be rectified in 
the same way as incomplete routinely processed blocks. Acetone 
processed sections are more likely to wash off the slides when antigen 

DISCREPANCIES IN HUMAN SERUM ALBUMIN 
CONCENTRATIONS AS DETERMINED BY COLORIMETRIC. 
ELECTROPHORETIC AND NEPHELOMETRIC METHODS 
(Continued from page 319) 

Materials and Methods 
1. Colonmetnc methods - Albumin concentrations in serum samples 
utilising BCG and BCP dye were estimated with a Beckman Synchron 
CX7 Clinical System. (Beckman Coulter Inc ., Brea, California). 
2. Electrophoretic methods - Cellulose Acetate electrophoresis was 
performed on a Helena Laboratories (HE) System. (Helena labora
tories. Beaumont, Texas) . CZE was performed using a Paragon CZE 
2000 System. (Beckman Coulter Inc.) . The albumin concentrations 
in the serum samples were calculated as a percentage of the total protein 
:oncentratIon . 
5. Nephelometric methods - Serum albumin concentrations were 
:letermined with a Beckman Array 360 System (ARRAY). (Beckman 
:::oulter Inc.) and a Behring Nephelometer-Analyzer (BNA) (Behring 
Werke AG Diagnostica. Marburg). 

R.esults 
,erum albumin concentrations in ten patients. as determined by the 
lifferent methods. are listed in Table 1. (A/G - Albumin: Globulin 
'atio for the cwo electtophoretic methods respectively). 

)iscussion 
;rom this study it is clear that the BCG dye binding method is not 
pecific for albumin but also binds globulins although with less 
ntensity compared to albumin. The cellulose acetate electrophoretic 
nethod in which the proteins are stained (Helena Laboratories) also 
Iverestimates albumin . The BCP dye binding method is in line with 
he CZE electrophoretic and the nephelometric methods . 

:onclusion 
Uthough significant differences in human serum albumin 
oncentrations becween these methods may. exist, the colorimetric 

retrieval for immunohistochemistry is performed in a MW. When 
ample tissue is available this problem can be overcome by rapid 
processing of half of the tissue and routine processing of the other 
half, This will ensure that one can obtain sections from the routine 
processed block that will not wash off the slides during the HIER step. 
In this srudy, however, no ptoblem was encountered with washing 
off of sections. 

In our laboratoty. acetone processing has been successfully employed 
as the only rapid processing method for urgent biopsy specimens since 
1998. This technique yields thin sections with good cellular and nuclear 
morphology . There is no difference in the shrinkage of tissue blocks 
compared to the routine processed tissue blocks. The artifacts 
encountered with MW irradiation as previously discussed were absent . 
No signs of smudging or pyknosis of cell nuclei were observed. The 
staining intensity of the sections was similar or superior to that of the 
routine processed sections, but as it is a labour intestive method , it 
is not suitable for a routine procedure . Rapid acetone processing is 
a simple, rapid and economical technique that can be used with 
confidence in histopathology laboratories. 
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method utilising bromcresol purple (BCP) dye is today the most 
suitable and practical method for routine applications . The capillary 
zone (CZE) electrophoretic method is superior to cellulose acetate 
electrophoresis which requires staining of proteins to quantitate 
albumin . In general . nephelometry is the most specific method for 
human serum albumin quantitation and is suitable for quantification 
of albumin in solutions with a low protein concentration. However, 
nephelometry is expensive to use and not ideal for routine applications. 
It is therefore not surprising that the BCG reagent has become obsolete 
as the BCP reagent has now become the method of choice for routine 
applications . 
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The expression of Fhit (fragile histidine triad) protein in oral squamous cell carci
noma (OSCC) and adjacent oral epithelium was evaluated by immunohisto
chemistry on formalin-fixed paraffin-embedded blocks of 32 cases of OSCe. Rab
bit polyclonal anti-GST-Fhit antiserum at 1:600 was used, after antigen en
hancement in a microwave pressure cooker, in a saturated lead thiocyanate 
solution, This antiserum has been shown specifically to detect human Fhit by 
immunohistochemistry at dilutions up to 1:10,000, The Fhit protein expression 
was evaluated using both the intensity and extent of staining, Normal stratified 
squamous epithelium showed strong positivity, especially in the stratum spinosum 
and areas of keratinisation. Basal and parabasal cells were negative or expressed 
low levels of Fhit relative to the squamous epithelium. Mild and moderate epithe
lial dysplasia showed Fhit expression in the superficial layers, while Fhit expression 
was absent from severely dysplastic lesions. A reduction or loss of Fhit expression 
was found in 21 (66%) of the OSCe. The alterations in Fhit protein expression 
in OSCC, and not in normal tissues, are consistent with the proposal that Fhit 
inactivation plays a role in oral carcinogenesis. 

The incidence of oral squamous cell car
cinoma (OSCC) appears to be on the 
increase in developing countries (l). 
During the period 1990-1992, an 
average of 1336 new intraoral cancers 
per year was reported in South Africa, 
resulting in a frequency of 3.4% of all 
diagnosed cancers, excluding basal cell 
carcinomas and squamous cell carcino
mas of the skin (2, 3). Oral cancer ranked 
fifth behind cancer of the prostate, oe
sophagus, lung and colon in males in 
South Africa , In combination with can
cers of the pharynx, these malignancies 
were the fourth most common in South 
African males and the second most com
mon in Black males (2, 3). 

The FHIT (fragile histidine triad) 
gene was isolated from chromosome 
band 3p14.2 (4), The gene is encoded by 
10 exons in a l.I-kb transcript encom
passing at least I Mb of genomic DNA 

(5), The protein has 147 amino acids 
and shows homology to diadenosine 
5' ,5'" _pI ,p4-tetraphosphate (Ap4A) 
hydrolase from the yeast Schizosacchar
omyces pombe (6), The FHIT gene con
tains the FRA3B fragile site and is the 
target of homozygous deletions in many 
human cancer cell lines (4); FRA3B is 
also the most common fragile site in 
humans (7), The 3p region is one of sev
eral regions of frequent loss of hetero
zygosity (LOH) that have been iden
tified in head and neck squamous cell 
carcinomas (HNSCC) (8). The others 
include 9p, llq, 13q and 17p (9), 

FHIT allele alterations were detected 
in 55% of HNSCC cell lines using a re
verse transcription-polymerase chain 
reaction (RT-PCR), Southern blot anal
ysis and interphase fluorescence in situ 
hybridisation (FISH) (10). Abnormal 
transcription of the FHIT gene in 
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HNSCC was assessed by RT-PCR am
plification by MAO et at. (11), who sug
gested that loss of FHIT function might 
be important in the development of 
HNSCC and proposed it as a potential 
tumour suppressor gene for HNSCC 
(11). 

In a more comprehensive study of 
nine HNSCC cell lines and 32 primary 
HNSCCs, KISIELEWSKI et al. (12) exam
ined the FHIT gene for alterations at 
the DNA, RNA and protein levels. The 
HNSCC cell lines were examined for 
FHIT transcription by Northern blot 
analysis and FHIT transcript was not 
detected in the seven HNSCC cell lines, 
suggesting little or no FHIT transcript. 
RT-PCR amplification of FHIT RNA 
from these cell lines showed complete 
absence of a normal-sized FHIT tran
script in two of the cell lines; the others 
showed a full-size RT-PCR product, 
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Fig. 1. Normal stratified squamous epithelium showing prominent 
Fhit staining in the stratum spinosum and stratum superficiale. Note 
the scarcity of staining in the basal and parabasal cells (X60). 

Fig. 2. Higher magnification than in Fig. I shows the cytoplasmic 
staining of the more superficial epithelial cells (X 125). 

Fig. 4. Moderate epithelial dysplasia showing staining in the superfi
cial cells but no staining in the basal and parabasal dysplastic cells 
(X250). 

-' 
Fig. 5. Severe epithelial dysplasia with lack of Fhit protein expression 
in all cell layers (X250). 

Fig. 3. Cytoplasmic staining in a prominent nerve bundle (X 125). 	 Fig. 6. Area of transition from normal appearing oral epithelium to 
carcinoma. No Fhit expression was detected in the carcinoma cells 
(x 125). 

demonstrating a low level of FHIT detection of Fhit to determine the actu Abnormalities of the FHIT gene and 

transcript, undetectable by Northern allevel of Fhit expressed in the primary its expression have been reported in di

analysis. Six of the nine cell lines (66%) cells. It is important to resolve this gestive tract (4), cervix (16), lung (15, 

showed no Fhit protein or trace question because evidence is accumulat 17), and kidney (18, 19) carcinomas. 

amounts. All of the primary tumours ing in other tumour systems that Fhit The Fhit protein has dinucleoside 

expressed very little Fhit, which could can be inactivated in a large fraction of 5' ,5'" _pi ,p3-triphosphate hydrolase ac

be due to contaminating non-tumour a number of tumour types (13,14) and tivity in vitro (6) but its cellular function 

cells (12). This question would need to at a very early stage in some, such as is thus far unknown (13). 

be pursued by immunohistochemical lung carcinomas (15). To evaluate the possible role of Fhit 
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Fig. 7. A poorly differentiated osee without Fhit protein expression Fig. 8. Positive staining in the carcinoma cells. Note the prominent 
(X300). 

protein in oral squamous cell carcino
mas, we have studied its expression in 
normal and carcinoma tissues. The 
pattern of expression of Fhit protein in 
oral squamous epithelium, adjacent epi
thelial dysplastic lesions (when present) 
and squamous cell carcinoma was eval
uated by immunohistochemistry using 
Fhit-specific antiserum (6, 20). 

Material and methods 

Intraoral squamous cell carcinomas 
were retrieved from the archives of the 
Departments of Oral Pathology and 
Anatomical Pathology, University of 
Pretoria. Blocks containing squamous 
cell carcinoma with adjacent epithelium 
were selected. Thirty-two cases were in
cluded in this study. 

These formalin-fixed, paraffin-em
bedded tissue blocks were sectioned at 3 
11m onto 3-aminopropyl-triethoxysilane 
coated slides. (SIGMA A3648), dried 
overnight at 37°C and then deparaffin
ised in two changes of fresh xylene for 5 
min each. Sections were hydrated into 
dH20 through a series of graded alco
hols. Antigen enhancement was per
formed by microwave heating of the sec
tions in a saturated lead thiocyanate so
lution in a microwave pressure cooker. 
Slides were subsequently cooled for 20 
min. Slides were washed three times in 
phosphate buffer and then treated with 
hydrogen peroxide for 5 min at 37°C to 
reduce endogenous peroxidase activity. 
Following additional phosphate buffer 
washes the slides were incubated with 
PBA (Coulter 0599 Universal Immuno
staining kit) for 5 min at 37°C. Slides 
were then incubated overnight at 25°C 
with primary rabbit polyclonal anti
GST-FHIT antiserum at 1:600 (17, 19, 

. staining in the better-differentiated areas (X250). 

20) . This antiserum is against the full 
length Fhit protein fused at the N-termi
nus to GST. Subsequent staining was 
performed with the Coulter 0599 Uni
versal Immunostaining kit. Slides were 
then washed three times and incubated 
with secondary biotinylated antibody 
for 10 min at 37°C. After washing the 
slides three times in phosphate buffer 
they were incubated with the streptavi
din-peroxidase reagent for 10 min at 
37°C. Antibody localisation was effected 
by a 4-min incubation at 37°C with the 
chromogen, AEC. Finally, slides were 
washed in dH20, lightly counterstained 
with haematoxylin, washed and then 
coverslipped using Faramount (Dako 
S3025) aqueous mounting medium. 
Negative controls were done by substi
tuting the primary antibody with PBS 
buffer. 

The intensity of Fhit protein expres
sion was evaluated using criteria sug
gested by GREENSPAN et al. (17). The in
tensity of staining was recorded as: ab
sent/weak, 1; moderate, 2; and strong, 
3. The extent of immunostaining was 
scored based on the percentage of posi
tive cells: < 10%, 1; 10-50%, 2; and 
> 50%, 3. The two scores were then 
multiplied to give a composite score (1
9) for each tumour. Composite scores 
of 1-3 were defined as marked reduc
tion or absence of Fhit protein expres
sion. The areas of the squamous cell 
carcinoma showing the poorest differ
entiation were used for evaluation of 
Fhit protein expression. 

The sections were evaluated and 
scored independently by two oral pa
thologists. Those cases where the com
posite scores were not in concordance 
« 3 versus> 3) were reviewed and 
scored on consensus opinion. 

Results 

The normal stratified squamous epithe
lium showed strong staining for the 
Fhit protein. This staining was more 
prominent in the stratum spinosum and 
in areas of keratin differentiation, with 
almost no staining in the basal and 
parabasal cells (Figs. 1 & 2). The stain
ing was seen as a granular cytoplasmic 
chromogen. Staining was also seen in 
the excretory ducts of the underlying 
minor salivary glands and in nerve 
bundles (Fig. 3). 

The intensity of staining in the nor
mal appearing epithelium could be clas
sified as strong in the majority of cases. 
Three cases showed only a moderate in
tensity of staining in the normal epithe
lium. A decrease in staining intensity 
was seen where the normal epithelium 
was associated with a dense chronic in
flammatory cell infiltrate in the upper 
lamina propria and with exocytosis of 
lymphocytes into the epithelium. 

Mild and moderate dysplastic 
changes did not appear to influence the 
Fhit expression of the epithelium (Fig. 
4). Severe dysplastic changes, though, 
consistently showed absence of Fhit ex
pression (Fig. 5). Most cases, however, 
showed a sudden transition from nor
mal appearing epithelium to carcinoma, 
resulting in dysplastic lesions being 
present in only a few cases (Fig. 6). 

Twenty-one (66%) of the squamous 
cell carcinomas had scores of three or 
less, indicating a distinct reduction or 
loss of Fhit protein expression (Fig. 7). 
Agreement with regard to the extent of 
staining for the two types of Fhit ex
pression (53 and > 3) was reached by 
the two oral pathologists in all the 
cases. A heterogeneous staining pattern 
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was observed in some of the tumours. 
When carcinoma cells were positive, the 
staining was found to be more promi
nent in the better-differentiated areas, 
especially the areas of keratinisation. 
(Fig. 8). Tumour grading, however, did 
not influence Fhit expression. Moder
ately to well-differentiated tumours 
were found to be negative, while some 
poorly differententiated tumours ex
pressed Fhit protein. 

Discussion 

Fhit expression in tumours may be eval
uated by quantification of FHIT 
mRNA expression. This may be imped
ed by lack of enough RNA, poor RNA 
quality and contaminating non-neo
plastic cells in the tumour specimen 
(17). Immunohistochemical techniques 
directed against the protein product are 
also suitable to evaluate Fhit expression 
in different tumours (15, 17, 19). 

The presence of Fhit protein in adja
cent normal appearing epithelium 
served as a positive internal control for 
the immunohistochemical technique in 
this study. The extent of Fhit protein 
expression in various tissues has been 
assessed in various studies by analysis 
of RNA and protein levels. Epithelia of 
all major organs tested express Fhit 
protein strongly (breast, stomach, distal 
colon, kidney, cervix, liver) to moder
ately (lung, pancreas); lymphoid and 
brain tissue express Fhit protein less 
strongly and only in subsets of cells (13, 
15-19, 21). The moderate staining ob
served in the normal epithelium in three 
of our OSCC cases may be either fixa
tion or processing related. 

The lack of influence of mild and 
moderate dysplastic changes on Fhit 
protein expression was to be expected. 
Marked Fhit protein expression in oral 
epithelium was consistently observed in 
the stratum spinosum and superficial 
epithelial areas. The basal and paraba
sal cells, which are phenotypically al
tered in mild and moderate epithelial 
dysplasia, were uniformly negative. Fhit 
protein expression in mild and moder
ate epithelial dysplasias would therefore 
be expected to be negative. Severe epi
thelial dysplasia, with atypical cells 
through the full thickness of the epithe
lium, including stratum spinosum and 
superficial layers, showed no Fhit 
protein expression. The absence of Fhit 
protein expression in the severe dysplas
tic lesions suggested that FHIT inacti
vation might occur at an early phase of 
oral squamous cell carcinogenesis. The 

number of carcinomas with adjacent 
dysplastic epithelium was unfortunately 
too small to correlate the staining 
pattern of the dysplasia with the carci
noma. Absence of Fhit protein expres
sion was also found in dysplastic lesions 
of the lung (15). 

The prominent positivity of the 
better differentiated squamous cell car
cinoma cells may be linked to the ex
pression pattern of the overlying epithe
lium, where strong positivity was absent 
from the basal and parabasal cells. The 
negative basal and parabasal cells in 
normal epithelium might be an indica
tion that Fhit protein was not expressed 
in large enough quantities to be 
detected with immunohistochemistry. 
These negative cells had no correlation 
with Fhit-negative tumours, since no 
Fhit protein was expressed in the basal 
and parabasal epithelium cells of Fhit
positive tumours. This is in contrast to 
squamous cell carcinomas from the 
lung where SOZZI et al. (15) observed a 
prominent basal pattern of expression 
in lung squamous cell carcinomas. No 
staining was detected in the differentiat
ed tumour cells in their study. 

It has been suggested that FHIT gene 
involvement in a variety of malignan
cies is a consequence of its location in a 
genetically unstable region (22). All the 
sections in this study included normal 
epithelium as well as neoplastic cells. 
Absent or reduced Fhit protein expres
sion was observed only in the malignant 
cells and in severe dysplastic lesions 
compared to the normal squamous epi
thelium. This would suggest the inacti
vation of both FHIT alleles. 

The loss of Fhit protein may affect 
oral carcinogenesis by causing genetic 
instability, perhaps through loss of 
DNA replication control via its Ap4A 
hydrolase function . Alteration of the 
normal Ap4A levels in cells may com
promise their ability to respond to envi
ronmental stresses caused by carcino
genic agents. A common feature of the 
different tumours presenting with ab
normal FHIT is that they are carcino
mas from areas directly exposed to en
vironmental carcinogens (4). 

The alterations in Fhit protein ex
pression in many oral squamous cell 
carcinomas, but not in normal tissues, 
suggest that FHIT gene alterations may 
playa role in oral carcinogenesis. These 
results confirm and complement the 
study by KISIELEWSKI et al. (12), who 
showed that 6 of 9 (66%) HNSCC cell 
lines expressed no Fhit protein or only 
trace amounts. This fraction of Fhit

negative HNSCC cell lines is the same 
as our fraction of 32 Fhit- negativelre
duced primary OSCCs. The former re
port also investigated protein expres
sion in 32 primary HNSCCs by West
ern blot analysis and found that aU 
tumours expressed low levels of Fhit. 
These authors discuss the fact that the 
low level of Fhit protein in primary tu
mours, and indeed the light RT-PCR 
bands from RNA templates of primary 
tumours, may indicate that FHIT RNA 
and protein expression are actually ab
sent and that they are detecting expres
sion from normal infiltrating stromal 
cells. Immunoblotting results cannot re
solve this issue. Our immunohistochem
istry study confirms that the majority 
of OSCCs have lost Fhit protein expres
sion. Since by now hundreds of tumour 
cell lines and primary tumours of vari
ous types have been shown to harbour 
independent FHIT deletions in both al
leles (13, 14), it is likely that the majori
ty of OSCCs carry FHIT alleles that 
have been damaged directly by expo
sure to carcinogenic agents. 
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Abstract. Background: To investigate the possible role of FHIT, 
a possible tumour suppressor gene, in oral carcinogenesis, we 
examined 17 oral squamous cell carcinomas (OSCCs) for 
genetic alterations. Materials and Methods: Fresh tissue was 
obtained during surgery, snap-frozen in liquid nitrogen and 
stored at -70°C. Nested PCR amplification to examine the 
integrity of FHIT mRNA was performed on the reverse 
transcribed complementary DNA obtained from the frozen 
normal and tumour tissue. Immunohistochemistly was done on 
formal in-fixed paraffin-embedded tissue protein from the same 
cases using a polyclonal antiserum against the full length Fhit. 
Results: Twelve out 17 (71%) OSCCs showed reduced or absent 
Fhit protein and half of the cases with reduced Fhit protein 
exhibited aberrant RT-PCR products. Conclusion: Immuno
histochemical detection of Fhit protein expression in OSCCs is 
the more sensitive method to determine the status of Fhit in these 
tumours, in agreement with previous studies of other tumour 
types. 

Oral squamous cell carcinoma (OseC) is the most common 
malignancy of the oral cavity and appears to be on the 
increase in developing countries (1). Oral cancer rank 6th 

behind cancer of the prostate, lung, oesophagus, bladder and 
colon in males in South Africa. In combination with cancers 
of the pharynx, these malignancjes are the 4th most common 
in South African males (2). 

Previous cytogenetic and molecular studies of oral cancer 
have indicated that malignant transformation in the 
carcinogenic pathway results from progressive accumulation 
of genetic changes, including inactivation of tumour
suppressor genes, amplification or over-expression of 
oncogenes or both, and specific chromosomal abnormalities 

Correspondence to: Prof W.F.P. van Heerden, Department of 
Oral Pathology and Oral Biology, University of Pretoria, P.O. 
Box 1266, Pretoria 0001, South Africa. 

Key Words: Oral cancer, oral squamous cell carcinoma, FH1T 
gene, Fhit expression. 

(3). Tobacco and alcohol have been implicated as the most 
important aetiological agents in the majority of head and neck 
malignancies (4). Exposure to tobacco carcinogens may also 
lead to characteristic mutational events in head and neck 
malignancies, as have been observed with the p53 gene (5). 
Particular genetic alterations have also been demonstrated in 
other tobacco- related malignancies such as lung cancer, 
where alterations involving the FHIT gene are significantly 
increased in smokers compared to non-smokers (6). It has 
also been shown that differences in genetic changes of 
squamous cell carcinoma from different sites in the head and 
neck region do exist, suggesting intrinsic tumour properties 
regardless of a common aetiological agent (7). 

The FHIT gene at 3p\14.2 covers the renal carcinoma
associated chromosome t(3;8) translocation breakpoint and 
the FRA3B fragile site (8). This gene encodes a protein that 
shows homology to diadenosine 5',5'" -PI. p3-triphosphate 
(ApJA) hydlVlCI~tl [rum the yea~t Schizosaccharomyces 
pombe (9) and is itself a diadenosine polyphosphate 
hydrolase. Support for the tumour suppressor function of the 
FHIT gene is based on homozygous deletions within the gene 
in numerous tumour cell lines (8, 13), the presence of 
aberrant FHIT transcripts in different tumours (10-12), a 
high incidence of allelic imbalance at 3p14.2 (13, 14) and loss 
of Fhit protein expression in cancers. 

Abnormalities of the FHIT gene and its protein expression 
have been reported inter alia in digestive tract (8), lung (15, 
16), cervical (17, 18) and kidney (19, 20) carcinomas. A 
reduction or loss of Fhit protein expression was also found in 
66% of oral squamous cell carcinomas (OseC) (21) . The aim 

. of this study was to evaluate the pattern of Fhit protein 
expression in osee and to compare its protein expression 
status with detectable genetic abnormalities. 

Materials and Methods 

Tissues. Seventeen fresh OSCC tumour samples were obtained from 
resection specimens, snap-frozen in liquid nitrogen and stored at -70·C 
to be used for isolation of RNA followed by RT-PCR analysis. The 
remainder of the material was fixed in 10% buffered formalin and used 
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for routine histological examination, followed by immunohistochemical 
analysis. 

RT-PCR. RNA was prepared from frozen oral tissue using the RNeasy 
protocol for the isolation of total RNA from animal tissues (Qiagen 
GmbH, Germany). RT-PCR was carried out using the Access RT-PCR 
system (Promega Corporation, Madison WI, USA). The reaction 

mixture contained 5!-l1 RNA, 200 !-lM of each nucleotide, 0.4 !-lm of each 
primer 5U2 (5'-CATCCTGGAAGCITIGAAGCTC) and 3D2 (5'-
CCTGTATTCTCAACCAGTGA), IU of Taq DNA polymerase 
(Promega Corporation), 10 !-ll of Promega lOx buffer! and 1.5 M of 
MgCIz made up in a final volume of 100 !-ll. Amplification cycles were 
carried out using a Perkin-Elmer PCR 9600 machine as follows: 48'C for 
45 minutes; 94'C for 2 minutes; 40 cycles denaturing at 94'C for 1 
minute, annealing at 50'C for I minute, and extension at 68'C for 
1.5 minutes and one cycle extension at 68 ' C for 7 minutes. A 
nested PCR was performed using 2 !-lM of RT- PCR product and 
primers SUI (S '-TTCCGTAGTGCTATCTACAT) and 3D1 (5 '-
CAAGAGGAACTGAATCAGCATG). PCR amplification was as 
follows: one cycle of denaturing at 94 'c for 2 minutes forty-five cycles 
denaturing at 94 'c for 1.5 minutes annealing of primers 50'C for 1.5 
minutes; and extension of the annealed primers at 72'C for 3 minutes 
and one cycle extension at 72'C for 7 minutes. The 700 base pair (bp) 
PCR products were visualised with ultraviolet light after electrophoresis 
through 2% agarose gels and ethidium bromide staining. 

Sequencing. The PCR products of four samples yielded more than one 
band on agarose gel electrophoresis, namely samples 2, 8, 12 and 15. 
They were run on a 20% polyacrylamide gel and the bands were cut out. 
The DNA was extracted using the Qiaex II Gel Extraction kit (Qiagen 
GmbH, Germany) and the PCR was repeated using the nested primer 
pair. The nested PCR products were directly sequenced on the 373 DNA 
Sequencer (Perkin Elmer, California, USA) using the ABI Prism Dye 
Terminator Cycle sequencing kit (Perkin Elmer, California, USA). 5UI 
and 3DI were used as sequencing primers. The sequences were 
translated into amino acids using the DNAMAN computer program 
(Lynnon Biosoft, Canada, 1994). Alignment of the amino acid sequences 
was conducted using the CLUSTAL V software program. 

Immunohistochemistry (IHC). Formalin-fixed paraffin-embedded tissue 
blocks of the same OSCCs were used for immunohistochemical 
evaluation of Fhit protein expression. These formalin-fixed, paraffin
embedded tissue blocks were sectioned at 3 !-lm and mounted onto 3
aminopropyltriethoxysilane-coated slides (SIGMA A3648), de
paralfinized in xylene and rehydrated in graded alcohol. Antigen 
enhancement was performed by microwave heating of the sections in a 
microwave pressure cooker in citric acid buffer (pH 6). The slides were 
subsequently cooled for 20 minutes and then washed three times in 
phosphate buffer and treated with hydrogen peroxide for 5 minutes at 
37 ' C to reduce endogenous peroxidase activity. Immunohistochemical 
detection of Fhit protein was carried out using a polyclonal antibody 
(ZR44) that detects the full length Fhit protein (Zymed Laboratories, 
South .San Francisco, CA, USA). The tissue sections were treated with 
the non-immune blocking serum of the Zymed HistostainTM_ Plus 
detection kit (85-9043) for 10 minutes at room temperature. The 
sections were then incubated with the antibody for 60 minutes at room 
temperature. Detection of the antibody reactivity was done with the 
above mentioned Zymed detection kit according to the manufacturer's 
instructions. AEC was the chromogen of choice. Finally, the slides were 
washed in distilled water, lihtly counterstained with haematoxylin, 
washed and then coverslipped using Faramount (Dako S3025) aqueous 
mounting medium. Negative controls were performed by substituting the 
primary antibody with PBS buffer. Both the extent and intensity of Fhit 
protein expression was evaluated. The intensity of staining was recorded 
as: absent/weak, 1; moderate, 2; and strong, 3. The extent of 
immunostaining was scored based on the percentage of positive cells: 
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Table I. RT-PCR results compared with immunohistochemislly findings. 
Concordant findings were observed in ten cases' and discordant finding.s in 
six cases. Simple could not be sequenced. 

Sample Fhi t protein Interpretation of RT-PCR results 

number composite score 

1 (neg) Normal 

2' 3 (neg) Deletion within one FHIT allele 

3 I (neg) Normal 

4* 6 (pos) Normal 

5 2 (neg) Normal 

6 3 (neg) Normal 

7 4 (pos) Not evaluable 

8' 3 (neg) Deletion within one FHIT allele 

9* 6 (pos) Normal 

10 3 (neg) Normal 

11* 1 (neg) Deletion within one FHIT allele 

12' 1 (neg) Deletion within one FHIT allele 

13' 3 (neg) Deletion within one FHIT allele 

14* 6 (pos) Normal 

IS' 1 (neg) Deletion within one FHIT allele 

16' 6 (pos) Normal 

17 1 (neg) Normal 

19 (positive control) Normal 

20 (positive control) Normal 

< 10%,1; 10-50%, 2; and >50%,3. The two scores were then multiplied 
to give a composite score (1-9) for each tumour. Composite scores of 1-3 
were defined as marked reduction or absence of Fhit protein expression 
while scores >3 were considered positive for Fhit. The tumour cells at 
the invasive tumour front were used for evaluation of Fhit protein 
expression. 

Results 

Heterogeneity or a mixed pattern of protein expression, with 
co-existing posotive and negative tumour cells occurred in 
most of the tumours. Staining was also seen in nerve bundles, 
skeletal muscles, inflammatory cells and promInent in the 
excretory ducts of minor salivary glands when present. Fhit 
protein expression at the invasive front was detected in 
30%(5/17) of the tumours . 
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Figure 1. Ethidium bromide-stained agarose gel of nested PCR products. 
All specimens 1- 'b demonstrated a normal band except 7, where no band 
was found. Specimens 2 and 8 also demonstrated abenant RT-PCR 
products. 

The agarose gels of the nested RT-PCR products are 
pictured in Figures 1 and 2. Aberrant transcripts were 
observed in 6 (35%) of the cases. All RT-PCR amplifications 
were repeated 3 times with similar results. All the samples 
had an 11 bp deletion representing an alternative splice form, 
when compared with the FHIT consensus sequence. Samples 
2, 8, and 11 had a 296 bp deletion within the cDNA, while a 
458 bp cDNA deletion was observed in samples 12 and 15. A 
summary of the RT-PCR amplification results and the 
corresponding immunohistochemistry analysis of FHIT 
protein expression are shown in Table 1. 

Discussion 

RNA was used for genetic analysis because the FHIT genomic 
locus is very large (more than a 1000 kilobases) while the 
coding region (mRNA) is small (about 1 kilobase in size). 
Perfect correlation between the RT-PCR and immun
ohistochemistry results was observed in 10 cases. Immun
ohistochemistry for the Fhit protein was negative in all the 
cases where RT-PCR results were abnormal. Six cases showed 
normal RT-PCR results with no detection of Fhit protein 
expression. Several explanations were possible: it might have 
been that very low levels of the RNA were expressed in these 
cases, too low for immunohistochemical detection of the Fhit 

. protein, thereby reflecting the difference in sensitivity of the 
two methods. It might also be possible that Fhit protein was 
absent in tumours and that the RT-PCR products detected 
derived from amplification of FHIT messages from normal 
stromal and inflammatory cells. The Fhit epitopes recognised 
by the antibody might also have been altered by processing or 
fixation (22), although this seems an unlikely explanation 
since all samples were treated similarly. 

The FHIT gene is inactivated by deletion rather than 
mutation (8,23,24). The complexity of DNA lesions observed 

Figure 2. RT-PCR products from OSCCs. Cases 11 and 13 showed only 
abe/rani-sized RT-PCR lei products, suggesting deletion within both FHIT 
alleles, cases 12 and 15 exhibited both normal IQd and abenant-sized 
amplification products, suggesting a mixed population oj cells with intact 
and deleted FHIT alleles. Cases 14, 16 and 17 showed only Ihe normal 
sized FHIT RT-PCR product. 

in FHIT gene studies may point towards protein detection as 
the best method to assess the level of involvement of Fhit in 
various human cancers. More sensitive Western blots could 
be used, although only immunohistochemistry can evaluate 
the fraction of cells expressing and their level of protein 
expression. Five of the cases (30%) showed Fhit protein 
expression by immunohistochemistry. The method of 
evaluating Fhit expression by immunohistochemistry is very 
important. The invasive tumour front was used as the 
preferred site to evaluate Fhit expression. This site was 
selected because of its appropriateness in predicting 
prognosis in OSCC (25). This evaluation of selected sites in a 
tumour overlooked the presence of heterogeneity of Fhit 
expression results and should be considered when comparing 
immunohistochemical results from different studies. 

Abnormal RT-PCR products were amplified in 6/17 (35%) 
cases. Four of the six cases showing aberrant transcripts on 
RT-PCR had normal transcripts as well. This may reflect the 
presence of different clones in the tumour, some of which 
may have homozygous deletions, or contamination with 
normal stromal cells as the source of normal transcripts. The 
frequency of aberrant sized FHIT products in our study was 
higher than that reported for head and neck squamous cell 
carcinomas (HNSCC) in several studies. Kisielewski et al (26) 
found aberrant products in 2/9 HNSCC-derived cell lines and 
4/42 primary HNSCC (three of which failed to give amplified 
fragments), similar to the 4/16 from Mao et at (12) and the 1/8 
HNSCC-derived cell lines and 1/11 primary OSCC from the 
study by Pateromichelakis et al (27). Virgilio et al (23) 
observed aberrant transcripts in 15/25 (55 %) in their 
HNSCC-derived cell lines. These differences could be 
attributed to different RT-PCR methods used or different cell 
culture conditions. 
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These results indicated that FHIT aberrations were 
frequently found in osee in the population sample studied. 
Loss of Fhit expression at the invasive tumour front was also 
common but may not necessarily correlate with detectable 
gene alterations. 
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Fhit Protein Expression in Oral Epithelium: Immunohistochemical 

Evaluation of Three Antisera 
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1Department of Oral Pathology and Oral Biology, University ofPretoria, P.o. Box 1266, Pretoria, 0001, South Africa; and 
2Kimmel Cancer Center, Jefferson Medical College, Philadelphia, U.SA. 

Abstract. Background: A number of studies have shown that 
the Fhit tumour suppressor protein is abundantly expressed in 
normal epithelial cells of human organs and that this 
expression is lost or reduced in the majority of cancers arising 
in these epithelial tissues. A variety of antiFhit sera have been 
used but a systematic comparison of the different antisera has 
not yet been reported. Materials and Methods: We compared 
the Fhit expression pattern in the epithelium of fibrous epuli, 
oral lichen planus, oral epithelial dysplasia and oral squamous 
cell carcinomas (OSCC) using three different Fhit antisera. 
Results: The antigstFhit sera from two sources gave very 
similar results for all types of oral lesions except for lichen 
planus and showed that about 60% of OSCCs have lost Fhit 
expression. Conclusion: Although different staining patterns 
were found for the three antisera, all three could be used for 
evaluation ofFhit expression in OSCe. 

The FHIT (fragile histidine triad) gene, a candidate tumour 
suppressor gene, has been mapped to 3p14.2 and covers the 
renal carcinoma-associated chromosome t(3;8) transloca
tion .breakpoint, the FRA3B fragile site and homozygous 
deletions in many human cancer cell lines (1). This gene 
encodes a protein that shows homology to diadenosine 
5',5"'-P\P -triphosphate (Ap3A) hydrolase from the yeast 
S. pombe (2) and the human and murine Fhit proteins are 
diadenosine polyphosphate hydrolases. Support for the 
tumour suppressor function of the FHIT gene is based on 
the presence of aberrant FHIT transcripts in different 
tumours (1, 3-5), homozygous deletions in the cDNA of 
many tumour cell lines (1 , 6) , a high incidence of allelic 
imbalance at 3p14.2 (1 , 6, 7) and functional studies showi.ng 
suppression of tumourigenicity after exogenous expression 
of Fhit in cancer cells (8-10). 

Co"espondence to: Prof W.F.P. van Heerden, Department of 
Oral Pathology and Ora) Biology, University of Pretoria, P.O. 
Box 1266, Pretoria 0001, South Africa. 

Key Words: Fhit protein, immunohistochemistry, oral mucosa, 
oraJcancer. 

The evaluation of Fhit protein expression using immuno
histochemistry has been reported inter alia in lung (11-13), 
cervical (14-16), breast (17), kidney (18) and oral squamous 
carcinomas (19). Fhit protein is also expressed in the 
normal epithelia of all major organs tested (12, 13, 15, 19
21). 

Although most immunohistochemical studies have 
reported a large fraction of cancers with reduced or absent 
Fhit protein relative to Fhit-positivity in corresponding 
normal tissues, there have been variations in the 
percentages of negative tumours of specific types, for 
example lung cancer (12, 13). Since different antibodies 
against Fhit protein have been used in the reported studies 
(16, 18, 19), differences in affinity, avidity or other variables 
could contribute to these discrepancies. To evaluate the 
staining patterns of Fhit protein in oral epithelium in 
different disease states and, at the same time, to compare 
different antisera against Fhit, we studied its expression 
using three different Fhit antisera. 

Materials and Methods 

Tissues. Formalin-fixed paraffin-embedded blocks of fibrous epuli, oral 
lichen planus, epithelial dysplasia and oral squamous cell carcinoma 
(OSCC) were retrieved from the files of the Department of Oral 
Pathology, University of Pretoria, South Africa. Fibrous epuli are 
reactive connective tissue lesions of the gingiva covered by normal 
stratified squamous epitheliulD. No sub-epithelium inflammatory cell 
infiltrate was present in the fibrous epuli included in this study. These 
served as the normal epithelium control. Lichen planus is an immune
mediated skin disease characterised by a dense sub-epithelial 
lymphocytic infiltrate and was included to evaluate the possible influence 
of an inflammatory cell infiltrate on the staining properties of the 
overlying epithelium. Ten blocks each of the fibrous epuli and lichen 
planus and twenty blocks each of epithelial dysplasia (varying from mild 
to severe) and OSCC were selected. 

Immunohistochemistry. Immunohistochemical detection of Fhit protein 
was carried out using three different antibodies recognising human Fhit 
protein. Two Zymed polyclonal rabbit anti-Fhit sera (Zymed 
Laboratories, South San Francisco, CA, USA) were used. One of these 
sera (ZPS4) was raised against a synthetic peptide derived from a 
sequence near the C-terminus of the human Fhit protein and detects 
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Table I. Composite staining scores for Fhit expression in oral epithelium. The loss or reduction ofFhit expression ill OSCC is expressed as a percentage. 

Fibrous epulis Lichen planus Epithelial dysplasia OSCC %OSCC with 
Antisera (n=10) (n=10) (n=20) (n=20) loss/reduction 

Zymed: 

GST-Fhit 5.4 ± 2.9 2.7 ± 1.3 6.l ± 2.3 3.6 ± 2.2 66 

Zymed: 

Fhit C-terminus 2.0 ± 1.1 0.7 ± 0.6 1.7 ± 2.2 4.1 ± 2.9 60 

KCC: 

GST-Fhit 4.6 ± 2.4 6.2 ± 1.9 6.2 ± 2.7 4.9 ± 2.7 60 

full-length Fhit protein in Western blots. The other Zymed antiserum 
(ZR44) also detects fuil-Iength Fhit protein and the full-length human 
Fbit fusion protein with glutathione amino S-transferase (GST) was used 
as immunogen. The other serum was received from the Kimmel 
Cancer Center (KCC) and consisted of a rabbit polyclonal anti-GST
F.hit fusion protein. Three sections (3 mm each) of each paraffin
embedded tissue block were cut and mounted onto 
aminopropyltriethoxysilane coated slides (SIGMA A3648), de
paraffinized in xylene and rehydrated in graded alcohol. Antigen 
enhancement of all sections was ' performed in a microwave using a 
pressure cooker and citric acid buffer (pH 6). Endogenous peroxidase 
activity was blocked by treatment with 3% hydrogen peroxide in 
distilled water for 5 minutes at 3TC. The two sections of each case on 
which the two Zymed antisera were tested were treated with the non
immune blocking serum of the Zyroed HistostainTM-Plus detection 
kit (85-9043) for 10 minutes at room temperature. The sections were 
then incubated with the two antisera (ZP54 at 1~g!ml dilution and 
ZR44 at 1:50) for 60 min at room temperature. Detection of the 
antibody rea.ctivity was done with the above-mentioned Zymed 
detection kit; a.:cording to the manufacturer's instructions. AEC was 
the chromogen of choice. The remaining section on which the 
antiserum'from KCC was tested was treated with non-immune serum 
of the Vettastain Universal Elite ABC detection kit (PK-6200) for 20 
minutes at room temperature. The sections were incubated overnight 
at 25"C with the antiserum (1:600) (19). Detection of the 
immunostaining was carried out by the Vectastain Universal Elite 
ABC detection kit according to the manufacturer's instruction. AEC 
was the chromogen of choice (lmmunotech 0599 A Coulter Company, 
BP 177-13276 Marseille Cedex 9- France). All the sections were 
counterstained with haematoxylin, washed in tap water and mounted 
with Dako Faramount aqueous mounting medium. Both the extent 
and intensity of Fhit protei~ Jexpression were evaluated. The intensity 
of staining was recorded as:'absent/weak, 1; moderate, 2; and strong, 
3. The extent of immunostaining was scored based on the percentage 
of positive cells: <10%, 1; 10-50%, 2 and >50%, 3. The two scores 
were then multiplied to give a composite score (1-9) for each lesion. 
Composite scores of 1-3 were defined as marked reduction or absence 
of Fhit protein expression. The full epithelial thickness was used for 
evaluation of Fhit expression in the fibrous epuli, lichen planus and 
dysplastic lesions, while the invasive areas of the squamous cell 
carcinoma showing the poorest differentiation were used. The same 
areas on the different sections were used when evaluating the staining 
of different antisera. 

The one-way repeated measures analysis of variance (Anova) was 
used to evaluate the staining properties of the four different 
antibodies. Pairwise multiple comparison procedures were used to 
isolate the antisera that differed from the others. The Tukey Test was 
used for normally distributed data while the Student-Newman-Keuls 
method was used where normality failed . 

Results 

The staining properties of the three antisera in the four 
different lesions are reflected in Table I. The extent and 
intensity of staining with the Zymed C-terminus antibody 
were significantly lower than that of the other two antisera in 
the cases of fibrous epuli and oral epithelial dysplasia. The 
degree of epithelial dysplasia did not affect the staining 
scores. The staining properties of both Zymed antisera were 
significantly lower than the KCC antiserum in the case of 
lichen planus. The difference between the two Zymed 
antibodies for lichen planus was also statistically significant. 
The differences in staining scores in the OSCC group among 
the three antisera was not statistically significant (Figures 1, 
2). A more intense staining in the better-differentiated areas 
of the OSCC was observed with the KCC antiGST-Fhit 
(Figures 3, 4). 

Subtle staining differences between the antisera were 
noted. The Zymed antiGST-Fhit serum demonstrated strong 
staining of all the inflammatory cells as well as strong staining 

Figure 1. Invasive tumour front of OSCC with a combined staining score of 
6 (Zymed antiGST-Fhit). 

Figure 2. Example of a combined staining score of 9 in OSCC (KCC 
antiGST-Fhit). 

Figure 3. Prominent staining of the better-differentiated area in OSCC with 
KCC antiGST-Fhit. 

Figure 4. Same area as in Figure 3 with poor staining in the better
differentiated area with Zymed antiGST-Fhit. 

Figure 5. Zymed antiGST-Fhit demonstrated strong staining in the 
inflammatory cells of lichen planus. The epithelial staining is more 
prominent in the basal cell region (total staining score of6). 

Figure 6. KCC antiGST-Fhit in the same case of lichen planus (Figure 5) 
showed a more prominent staining of the superficial epithelial cells and no 
staining in the inflammatory cells (total staining score of 9). 

Figure 7. Strong staining in the excretory ducts ofminor salivary glands with 
Zymed antiFhit C-terminus. 
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of the basal and parabasal cells in contrast to the KCC 
antiGST-Fhit that showed stronger staining in the superficial 
layers of the epithelium. The presence of subepithelial 
inflammatory cells had no influence on the staining of the 
epithelial cells (Figures 5, 6). Although the Zymed Fhit C
terminus antiserum showed relatively poor staining of the oral 
epithelium, strong staining was detected in minor salivary 
glands with this (Figure 7), as well as the other two antisera. 

Discussion 

Immunohistochemistry is the best method to evaluate protein 
expression in a primary tumour because the proportion of 
cells expressing the protein, as well as their level of 
expression, can be determined. This is in contrast to Western 
blots where some positivity from non-tumour cells is often 
found, even if the tumour is negative. ImmunOhistochemistry 
is also a suitable method to determine FHIT inactivation in 
tumour cells because FHIT is inactivated by deletion rather 
than mutation. 

The stronger staining of the basal and parabasal epithelium 
using the Zymed GST-Fhit antiserum, in contrast to the KCC 
GST-Fhit antiserum, is important when comparing results from 
studies using different antisera. Although the KCC GST-Fhit 
antiserum appeared to be related to keratin differentiation in 
normal epithelium, all three antisera showed strong staining in 
the better-differentiated areas of the OSCe. 

The reason for the relatively weak epithelial staining of 
lichen planus using both Zymed Fhit antisera compared to 
the KCC antiGST-Fhit is difficult to explain. It may be 
related to the closely associated lymphocyte component, 
although strong epithelial staining was observed with the 
Zymed antiGST-Fhit in dysplastic epithelium when associated 
with a subepithelial inflammatory cell component. The nature 
of the infiltrate in lichen planus, consisting predominantly of 
T-Iymphocytes with an imbalance between T-helper and T
suppressor activity (22), compared to the mixed infiltrate 
associated with oral epithelial dysplasia might have influenced 
the staining abilities of the Zymed antiGST-Fhit. The 
presence of inflammatory cells in the oral dysplasia group did 
not influence the staining of the antisera. 

The staining score for the three Fhit antisera was slightly 
higher in the dysplastic epithelium compared to the normal 
epithelium in the fibrous epuli. The composite staining score 
of the OSCC for the antisera except the Zymed antiFhit C
terminus, was lower than the staining score in normal oral 
epithelium and dysplastic oral epithelium. This difference was 
statistically significant for the Zymed and KCC full-length 
antisera. The invasive tumour front area of the OSCC was 
used for Fhit evaluation and generally showed less intense 
and less extensive expression of Fhit than the rest of the 
tumour. The reduction or loss of Fhit protein expression in 
about 60% of OSCC in our study was similar to previous 
reports of osce (19, 23) but differed from results reported 
by Gbtte et al (24). 

Tissue manipulation, including excessive fixation and 
antigen retrieval, has a considerable influence on the outcome 
of IHC studies (25). Since all the material was retrieved from 
the archives of a diagnostic histopathology laboratory, most of 
the specimens were fixed in 10% buffered formalin for less 
than 12 hours and similar heat-mediated antigen retrieval 
performed on all cases. It is therefore unlikely that the 
absence of immunoreactivity when evaluating certain antisera 
reflects the destruction or masking of that specific target 
epitope. The fact that significant differences were observed 
among the four antisera in the non-neoplastic lesions but not 
in the OSCC group can therefore not be attributed to tissue 
manipulation. 

Both the qualitative and quantitative staining patterns of 
the different antibodies were evaluated. This was done to 
include more than one parameter for the antibody com
parison. It may not necessarily be important to determine 
both aspects when evaluating Fhit expression in all tissues. 
This is especially relevant to OSCC, where new tumour cell 
clones with different behavioural characteristics and 
arguably different staining patterns may arise. This 
necessitates the use of a well-defined area when evaluating 
IHC staining in solid tumours. The invasive tumour front of 
OSCC is an appropriate site because it has been suggested 
that molecular and morphological characteristics at this site 
reflect tumour prognosis better than other parts of the 
tumour (26). 

In conclusion, comparison of the three Fhit antisera 
showed that all three could be used for evaluation of Fhit 
expression in OSCe. The Zymed C-terminus antibody 
showed weaker staining characteristics in non-neoplastic oral 
epithelium than the other antibodies evaluated. It would 
appear that loss of Fhit expression might be important in the 
behaviour rather than in the initiation of OSCe. 
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Prevalence of EBV in Oral Squamous Cell Carcinomas in Young 

Patients 
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Abstract. Background: Recent studies reported a difference in 
the age distribution of oral squamous cell carcinoma (OSCC) 
between Black and White South Africans with OSCC more 
prevalent in Black patients under the age of 50 compared to 
Whites. Materials and Methods: Paraffin embedded blocks of 
OSCC were divided into two groups: one with a mean age of 
56.2 years and the second group all younger than 40 years ofage. 
A control group of 30 non-neoplastic intraoral lesions were 
selected. A standard PCR reaction was used to amplify the BAM 
H1 W-fragment of the EBV Results: EBV DNA was 
demonstrated in 11/45 (24%) cases from the first group and in 
11/45 (24%) cases from the second group. EBV DNA was 
present in 11/30 (37%) cases from the control group. 
Conclusions: This study showed that the prevalence of EBV in 
OSCC was not influenced by the age of the patient. 

Squamous cell carcinoma is the most common malignancy of 
the oral cavity. Despite the relative easy accessibility of the 
oral mucosa to detect premalignant lesions, recent studies 
suggest a global increase in the incidence of oral squamous 
cell carcinoma (OseC) .This increase is especially evident in 
developing countries (1). The age standardised incidence rate 
per 100,000 for osee in the Black population in South 
Africa is 8.25 for males and 2.3 for females as obtained from 
the National Cancer Registry of 1988 (2). This register was 
the most recent and the first not to combine osee with 
squamous cell carcinoma of the naso- and oropharynx. These 

Con'espondence to: Prof. W.F.P. van Heerden, Department of 
Oral Pathology, Box D 24, Medical University of Southern 
Arica, P. O. Medunsa 0204, South Africa. 

Key Words: Epstein-Barr virus; peR, oral cancer, young 
patients. 

incidence rates are higher than findings in previous studies 
investigating the epidemiology of osee among the Black 
population in South Africa (3,4,5). osee is the 4th most 
common malignancy among Black males and 11 th for females 
(2). 

osee occurs over a wide age range with a peak in the sixth 
and seventh decades and found predominantly in men. 
Flemming et al (6) found a significantly different age 
distribution between Black and White male patients. They 
found that 33.4% of the Black male patients was below the 
age of 50 years compared to 15.6% of White males. This 
difference may be the result of exposure to carcinogenic 
agents at a young age. 

'Young' in patients with osee is arbitrary defined in the 
literature as younger than 40 years of age. The reported 
incidences of squamous cell carcinoma in patients under 40 
years of age vary between 0.4% to 3.6% of all cases (7). 
Several factors have been implicated as possible causes of 
squamous cell carcinoma in young patients. Advanced 
squamous cell carcinomas have been described in young 
patients who were regular marijuana users (8). This possible 
etiologic role of marijuana as a risk factor in the development 
of osee is supported by Almadori et al (9). Studies of 
osee in young patients report conflicting findings regarding 
tobacco use, a well documented carcinogenic agent. Lower 
tobacco use among young cancer patients was present 
compared to site-matched and stage-matched older patients 
(7,10), while Lipkin and co-workers (11). found a high 
exposure to tobacco and alcohol in their young head and neck 
cancer patients. 

Epstein-Barr virus (EBV) is a double stranded DNA virus 
that is a member of the human herpes virus group. EBV 
DNA has been demonstrated in normal oral epithelium as 
well as in oral squamous cell carcinoma (12). Sufficient 
evidence exists to support a possible role for EBY in 
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carcinogenesis. EBV latent membrane protein inhibits 
epithelial cell differentiation (13) and induces hyperplasia 
and aberrant expression of keratin 6 in the skin of transgenic 
mice (14). EBV is a common viral infection with more than 
90% of the population already infected late in adolescence or 
early adulthood (15). 

This study was undertaken to determine the presence of 
EBV DNA in OSCC in patients from two age categories in a 
Black African population sample from the North Western 
Transvaal and to evaluate the possible role of EBV as an 
etiologic agent in carcinogenesis in young patients. 

Materials and Methods 

Patients. Fonnalin fixed paraffin embedded blocks of intraoral squamous 
cell carcinoma were retrieved from the files of the Department of Oral 
Pathology at Medunsa. The sections were screened to confirm the 
diagnosis and divided into 2 groups. 

Group 1: Forty five blocks containing OSCC without any normal 
appearing adjacent or overlying epithelium. The mean age of this group 
was 56.2 years ± 9.2. Thirty-five were male and 10 female. 

Group 2: Forty five blocks containing only tumor tissue without 
nonnal epithelium. Nl these patients were 40 years of age or younger 
with a mean age of 32.4 ± 8.7. Thirty-two were male and 13 were 
female. 

Group 3: A control group consisting of 30 non-neoplastic intraoral 
lesions were included. These were non-viral associated lesions, all being 
fibrous epuli and fibroepithelial polyps. 

Two 10 11m sections were cut from each block, using a new disposable 
blade after each block. To evaluate the possibility of contamination at 
this stage, 10 11m sections of a block containing normal brain tissue were 
cut after every five tumor blocks and also included for evaluation. Nl 
sections were placed in separate Eppendorf tubes. 

DNA extraction from the sections. Cell Iysates were prepared as follows: 
sections were dew axed, washed with ethanol and digested with 400 III of 
lysis buffer containing proteinase K. The samples were then heated to 
inactivate the proteinase K, centrifuged to pellet the debris and 10 III of 
the supernatants analysed by polymerase chain reaction (PCR). 

peR. Oligonucleotide primers corresponding to sequences in the 
internal repeat fragment (BAM HI W-fragment) of the EBV genome 
were used. These primers were selected because the reiterated structure 
of the target sequence would theoretically enhance the sensitivity of 
detection. Thermal cycling was carried out using a Techne PHC-2 water 
cooled machine at a reaction volume of 100 Ill. All specimens were 
subjected to two rounds of PCR amplification, first with the outer and 
subsequently with the inner primer sets. The sequences for the outer 
primer set were: 5'- CITfAAAACTCTAAAAATCAAAACTITAGA 
(+) and 5'-ACCAGAAATAGCTGCAGGACCACTITATAC (-) and 
for the inner primer set: 5' -AA TGGGCGCCATITIGT (+) and 5'
TCCCTAGAACTGAC-AATI (-). 

The hot start method was done before adding enzyme. Forty 
amplification cycles were used as follows: denaturing of DNA (94 ·C; 1,5 
minutes), annealing of primers (60'C; 1,5 minutes) and extension of the 
annealed primers (n·c; 3 minutes). Reaction mixtures for the 
amplification contained: 10 III of DNA; 200 11M of each nucleotide; 0,4 
f,lM of each primer; 1 U of Taq DNA polymerase (Promega); 10 f,ll of 
Promega 10 x buffer and made up to a final volume of 100 f,ll. Each 
reaction mixture was covered with two drops of mineral oil. Template 
DNA for the second amplification round consisted of 10 f,ll of reaction 
product from the first round. Nl other reagents for the second round of 
amplification were in the same concentrations used for the first round. 

2 3 4 56 7 8 9 10 11 12 13 14 15 

a ... ~ ...... 
b 

... ... ... 
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41 42 43 44 45 

a 
b ...... ... 

a 

b 

62 53 54 56 66 67 68 69 80 

Figure 1. Oral squamous cell carcinomas ofgroup 1. Numbers 58, 59 and 
60 represent 1, 10 and 100 genome copies respectively; number 57 designate 
the negative control. (a)-gel electrophoreses; (b) -hybridisation; (A)-brain 
samples. 

Negative controls contained sterile water in place of template DNA 
To standardise our PCR reactions the EBV Bam HI W-fragment cloned 
in the pACYC 184 plasmid (courtesy of D. Neumann-Haefelin, 
Freiburg, Germany) was used as the positive control. To obtain a 
quantitative estimate of the sensitivity of our PCR method we made 10 
fold serial dilutions of the plasmid in 1 f,lglJ,d salmon sperm DNA Tilt 
dilutions containing 1, 10, 100 and 1 000 copies of plasmid/f,l l were 
included in each run. After the last round of amplification, 10 f,ll of the 
reaction product was electrophoresed on ethidium bromide stained 
agarose gels and evaluated under ultraviolet light. The B globin gene 
was used as control and only 40 amplifications were performed. This was 
done to determine that the DNA was amplifiable after which a more 
sensitive PCR was used to amplify any EBV DNA present. 

Southern blot hybridisation. Southern transfer blotting was used to 
confirm the PCR results. The Bam H1 W fragment was used as probe 
and labeUed using the multiprime system (Boehringer Mannheim). 
Hybridisation was carried out at 55'C overnight in 6 x SSC, 5 x 
Denhardt's SOlution, 0,2% SDS and 100 f,lglml salmon sperm DNA The 
blots were washed at high stringency using 2x SSC plus 0,1 % SDS for 5 
minutes at 65'C, then 0,2 x SSC and SDS at 65·C for 5 minutes, 
followed by 15 minutes at 65'C, 

Results 

All the brain samples placed randomly between the study 
samples were negative on peR. The sensitivity was such that 
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Figure 2. Squamous cell carcinomas of patients 40 years and younger. 
Numbers 57, 58, 59 and 60 represent 1, 10, 100 and 1000 genome copies 
respectively, while number 56 designate the negative contra/. (a)-gel 
electrophoreses; (b)-hybridisation; (.IIt.)-brain samples. 

1 copy of plasmid DNA could be detected in each reaction. 
EEV DNA was demonstrated in 11/45 blocks - 24% of the 
first group (Figure 1), in 11/45 blocks - 24% of the carcinomas 
in the patients younger than 40 years (Figure 2 )and in 11/30 
blocks - 37% in the control group (Figure 3). 

Discussion 

PCR was chosen for evaluating our samples, because it is the 
most sensitive diagnostic tool available. Further, the Bam W 
region was chosen as the specific genome region for 
amplification as this DNA segment is reiterated more than 10 
times and this should provide a more readily detectable 
sequence than a single copy viral gene (16). Amplification of 
a second region within the EBV genome was not performed 
to confirm the presence of viral DNA. We plan however, as 
an extension of this study, to do EBV subtyping on all the 
positive cases. The sensitivity was optimised by adjusting the 
reaction to detect 1 gene copy per reaction mix. 

EBV was found to be the etiologic agent of infectious 
mononucleosis (17) as well as being closely associated with 
Burkitt's lymphoma (18), undifferentiated nasopharyngeal 
carcinoma (19) and oral hairy leukoplakia in 
immunodeficient patients (20) . An association of some other 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 
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Figure 3. Contol group. Numbers 38, 39, 40 and 41 represent 1, 10, 100, 
and 1000 genome copies respectively and number 37 the negative contra/. 
(a )-gel electrophoreses; (b)-hybridisation; (.IIt.)-brain samples. 

epithelial tumors with EBV has been suggested recently on 
the basis of molecular biological techniques_ The presence of 
EBV DNA in tonsilar carcinomas (21), epithelial thymic 
carcinomas (22), and undifferentiated salivary gland 
carcinomas (23) has been reported. EBV DNA has been 
demonstrated in 43% squamous cell carcinomas of the 
uterine cervix and 8% of CIN II and CIN III lesions while no 
EBV DNA could be demonstrated in normal cervical 
epithelium (24). 

EBV DNA was demonstrated in carcinomas in both age 
groups to the same extent (24%). This implies that EBV did 
not playa more important role, if any, in the carcinogenesis 
process of the young patients compared to the older age 
group. The 37% positivity of the control group consisting of 
normal oral epithelium was higher than previously found in 
normal oral mucosa with PCR (12). The possibility of 
contamination of saliva containing EBV or latently infected B 
lymphocytes in tissue blocks may result in a higher positive 
rate. Contamination by saliva is a dilemma when smears are 
used to evaluate epithelial cells for the presence of EBV 
DNA, while the imbedding process and sectioning of tissue 
blocks exclude this possibility when archival material is being 
investigated. B lymphocytes are present to various degrees in 
almost all squamous cell carcinomas adjacent to the 
infiltrating tumor islands. The magnitude of lymphocytic 
infiltration in the two carcinoma groups was the same and was 
found to a lesser extent in the fibroepithelial polyps and 
fibrous epuli, the lesions used in the control group. 
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Lymphocytic infitration could therefore not be responsible for 
the differential sensitivity between the carcinoma groups and 
the control group. Niedobitek and Young (25) argue that B 
lymphocytes alone are responsible for lifelong persistence of 
the virus in seropositive persons. This point of view is 
challenged by Nicholson and Crawford (26) who reason that 
the persistent low-grade replication and shedding of EBY in 
the epithelial cells of the oropharynx (27), uterine cervix (28) 
and male genital tract (29) cannot be explained by EBY 
persistence in B lymphocytes only. This argument will bring 
EBY in line with other herpes viruses such as cytomegalovirus 
that is also secreted into body fluids by replicating in the 
lining epithelial cells (26). 

The positivity rate of EBY DNA in normal oral epithelium 
is consistent with the concept that oral epithelium may act as 
a reservoir of viruses in clinically healthy patients. The 
anatomical site as well as the use of sensitive techniques 
seems to influence the detection of EBY DNA in normal 
epithelium. EBY DNA was demonstrated in 70% of 
nasopharyngeal tissue obtained from asymptomatic 
seropositive individuals (30). It is also possible that the 
geographical area may influence the presence of EBY DNA 
in normal oral epithelium. All the patients in our study are of 
a rural Black origin, which may be a contributing factor. 

Heterogeneity in the PCR product size was observed. The 
weaker PCR reactions appeared to be slightly smaller in size 
than the strong positive reactions. The smaller size fragments 
were formed after the second round of amplification and the 
larger after the first round of amplification. The small size 
fragments were weak implying that only a small amount of 
EBY DNA was present in the original tissue. This indicated 
that the PCR method used can achieved different levels of 
sensitivity. This exquisitely sensitive PCR technique may 
detect viral genomes from small numbers of latently infected 
lymphocytes infiltrating the neoplasms. 

One has to be circumspect in drawing conclusions from 
PCR analysis, especially when studying ubiquitos viruses such 
as EBY. Corrobotive evidence from other molecular 
techniques such as in situ hybridization is necessary before 
substantiating an aetiologic role for EBY (31). A possible role 
of EBY in the multistep process of squamous cell 
carcinogenesis can not be excluded although it would appear 
not to influence the age distribution of this disease. It is 
possible that the EBY DNA detected in the tumor cells was 
merely passengers stemming from neoplastic change of 
latently infected oral epithelial cells. 
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Prevalence of Epstein-Barr virus in nasopharyngeal 

carcinoma in a SouthAfrican population sample 


AE van der Hoven, EJ van Rensburg, S Engelbrecht, WFP van Heerden, TJP Swart 

This study was undertaken to determine the presence and localisation ofEpstein-Barr virus (EB V) in 
squamous cell nasoplJaryngeal carcinoma (SCNPC) and non-keratinising nasoplJaryngeal 
carcinoma (NKNPC) ofa South Africall populatioll sample and to evaluate tlte possible role ofEB V 
as an aetiological agent in the carcinogenesis of these tUlI/ours. Forty-five cases of NPC were 
selected from the archives ofthe Departments ofOral Pathology at the Medical University ofSouth 
Africa and the University of Pretoria as well as the Department ofAnatomical Pathology at the 
University ofPretoria. Viral expressioll of the smaller Iluclear RNAs (EBER-l and EBER-2) was 
detected by in situ hybridisatiofl (ISH) ,vith fluorescein-conjugated oligonucleotide probes. All the 
specimens of NKNPC produced positive ISH signals with the EBER-l/ EBER-2 antisense probe 
mixture, whereas the SCNPC specimens produced negative ISH signals. In 14 of the 45 cases 
epithelial dysplasia was detected in adjacent epitheliul/l, none of which produced positive ISH 
signals. EB V is present in (III the undifferentiated NPCs evaluated, which illdicates an important role 
in its pathogenesis in this country. EB V probably enters the pathogenetic process at a later stage as 
110 positive ISH signals were produced by in situ lesions. Larger studies including a higher number 
of SCNPC cases should be conducted to further investigate the possible role of EB V and other 
a etiologicalfactors in the pathogenesis ofthis subgroup oftumollrs. 

Introduction 

The World Health Organization (WHO) (1991) separated 
nasopharyngeal carcinoma (NPC) into two groups: 
squamoll s cell nasopharyngeal carcinomas (SCN PC) and 
non-keratinising nasopharyngeal carcinomas (NKNPC) with 
the latter subdivided into differentiated and undifferentiated 
care I noma, and Iym phoep i thel iomas inc I uded under 
NKNPC. '2 

NPC is an epithelial tumour that occurs worldwide, the 
incidence of which differs markedly in geographical arcas 
and population groupsJ NPC is rare among Europeans and 
North American Caucasi ans, with an age-adjusted incidence 
of less than 11100000. It has a high incidence in southern 
China and South East Asia, where it represents 25% of all 
eaneers.4 In southern China the age-adjusted incidence is 
approximately 25/100 000 for males. This tumour is also 
common in other Chinese populations and in Alaskan 
Eskimos and occurs with intermediate incidence in 
Mediterranean Africans 5 NPC is found ata decreas ing rate in 
succeed ing generations of Chinese in Hawaii and in 
California.6 

The frequen cy ofNPC cases reported in a study conducted in 
the Sudan at two different treatment centres was 5.8% and 
7.2%, the highest frequency reported outside the Chinese 
popUlation lip to 1983.7 [n this study 12.1% to 14% ofNPC 
occurs in children 14 years and younger, which makes it the 
most common childhood malignancy in the Sudan. North 
African NPC is closely associated with Epstein-Barr virus 
(EBV) and most patients have high antibody titers to EBV 
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antigens 8 

EBV is an ubiquitous \'irus infecting more than 90% or the 
world adult population and it is associated with an incrc<lsing 
number of neoplastic condition s including Burkitt' .') 
lymphoma, other B- and T -ccll non-I-Iodgk in's lymphom 'ls, 
Hodgk in 's di sease as well as cpithel ial neoplasms occuring in 
the nasopharynx and elsewhere9 

Studies on EBV gene ex pressIO n 111 latently infectcd 8
lymphocytes ill vitro have ident ified six nuclear proteins 
(called EBV nuclear antigens) and three membranc protein s 
(called laten t membrane prote ins) which are likely to mecii ate 
EBV-induced effects on ccll proliferationH)1I The mosl 

abundantly exprcssed viral transcripts, though, are the non
polyadenyl ated polymcrase III transc ripts , called ERV 
encoded small nuclear RNA (EBER) 1 and 2.'~ Despite their 
abundance the EBERs do not code for protein and the 
function of these RNAs is unknown. It has been proposed 
that they may be active during lytic replication. EB ERs arc 
expressed early after infection and can be dctectcd 
predominantly in the nucleus. 13. 

14 

The precise mechanism of EBV In carcinogenesis is st ill 
unclear. EBV produces the latent membrane protein-I 
(LMP-l), which may induce dedifferentiation in non
malignant keratinocyte cell lines. IS The EBV -encoded 
protein is also invol ved in the induction of bcl-2 , thel'eby 
preventing EBV -in fect ed cells from und ergoing programillcd 
cell death. ' 6 lnterl eukin-IO (rL-IO) expression by EBV
infected NPC cells, with its local immunosuppressive action , 
may also play a role in tumour de velopment. '7 

The question as to the association of SCNPCs with EB V has 
been subj ect to controversy. SCN PCs from di ffnent 
geographical regions vary in their EB V association. SCN pes 
from Hong Kong, a country with a high NPC incidence, wCl"e 
invariably EBV-posi tive, but only a few cases from China, 
which has an intermediate incidence of NPC and thc United 
Kin gdom, which is a low-risk area for NPC, were EBV
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EBY in nasopharyngeal carcinoma 

associated. IX 

Currently there are little data available on the association 
between EBY and NPC in South Africa. The aim of this study 
was to determine the prevalence of EBY in NPC in a South 
African population sample using in situ hybridisation (ISH), 
and to evaluate the possible role of EBY as an aetiological 
agent in carcinogenesis in this sample group. 

J\ 1aterials and methods 

Patients 

Formalin-fixed paraffin-embedded tissue blocks and 
histological sections of all cases of nasopharyngeal 
carcinoma were retrieved from the archives of the 
Departments of Oral Pathology at the Medical University of 
South Africa (MEDUNSA) and the University of Pretoria, as 
\1';[[ as the Department of Anatomica[ Pathology at the 
L ili versity of Pretoria . The blocks included biopsy as we[1 as 
excision specimens. The material represented NPCs 
diagnosed over a period of II years from J 985 to 1996 
inclusive. A 4 ~m section from each block was stained with 
haematoxylin and eosin and screened to confinn the diagnosis 
ofNPC with use of the WHO (1991) criteria. I The diagnosis 
was made independently as well as on a consensus basis by 
the authors. 

in situ hybritiisatiol1 (ISH) 

To detect eXfJl'css ion of the smal[cr nuclear RNAs (EBER-I 
and EBER-2), ISH with fluorescein-conjugated o[igonu
cleotide probes was used. The probes were obtained 
commercial [y and consisted of a mixture of EBER-I and 
EBER-2 (Hybaid, Dako Corp). Probes were labelled with 
fluorescein isothiocyanate (FITC). Hybridised probes were 
detected with rabbit F(ab') anti-FJTC conjugated to alkaline 
phosphatase. 5-Bromo-4-chloro-3-indolyl and nitroblue 
L.'!'rClzolium chloride were applied as chromogen. The EBY
il~i'ccted cel[ line P3HR-1 servcd as a positive control, while a 
block of human brain served as a negative control. ISH was 
performed using the OmniSlide System (Hybaid, Teddington, 
Middlesex, United Kingdom). All glassware was treated 
with di-ethyl pyrocarbonate to prevcnt RNA-ase activity. 
The slides were examined under a Nikon Alphaphot YS light 
microscope. Intensity and loca[isation of staining were 
noted. Positive signals were regarded as dark brown to black 
staining in the nuclear area of the tumour cells with nucleolar 
s:. ~:ril1g. 

Results 

EBER-JSH 

Forty-five cases of NPC were retrieved from the archival 
material and included 24 differentiated NPCs, 17 
undifferentiated NPCs and four SCNPCs. Hybridised signals 
Were observed in the tumour cells of all differentiated and 
u llifl'erentiated NPCs while the SCNPCs yielded no signals. 
The signals were restricted to nuclei of malignant epithelial 
cells with relative nucleolar sparing. No tumour-infiltrating 
lymphocytes that hybridised with the EBER probes could be 
detected (Figure I). Signal intensity varied between 
specimens and ranged from dark brown to black stains. 
Discrete tumour ee[1 islands could be seen in most cases, 

South Afr J Epidemiollnfcct 2000; Vol 15 (2) 

Figure /.. 	 EBER in situ hybridisation of undifferentiated 
i\Pc. Hyhridisation signals are restricted to 
tumour cells with no staining of surrounding 
lymphoid stroma. (Original magnification 
\75) 

Figure 1.' 	 EBER iTl sitll hybridisation of undifferentiated 
NPC. Sheet of positive staining malignant cells 
with normal overlaying epithelium (arrows). 
(Original magnil1cation x50) 

whilc some s[Jccimens demunstrated sheets of positive 
sta ining malignant cel[s (Figlll'e 2). Of the 45 cases, 14 
shovved features or dysr[asia in adjacent epithelium. none of 
which rruduced [lositi ve hybridisa tion sign<lliing. No 
b,lckgrollnd swining could he seen on <lily 01' the slides. The 
P311R-1 ce[[ [inc st<lin Cll intense ly positi ve while the brain 
block demon strated no hybridisation signal. 
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Discussion 

The main advantage of using ISH above the polymerase chain 
reaction (PCR) is the fact that tissue morphology is 
conserved, allowing localisation of th e hybridised probe to 
certain cells or even subcellular regions. This phenomenon 
was used before to localise EBER-I and EBER-2 in human B 
lymphocytes, in an attempt to elucidate the function of 
EBERs in EBY infection. 14 Because EBERs are expressed in 
high copy numbers, they are eas ily detected by ISH using 
probes and therefore serve as a sensitive marker for latent 
EBY infection. PCR can be applied to viral detection in 
formalin-fixed specimens, but the high sensitivity ofPCR and 
the inability to identify the particular cells infected, render the 
technique somewhat problematic in its application to tumours 
arising from mucosal surfaces from which EBY is regularly 
shed, even in persons without malignancy. ISH has the virtue 
ofidenti fying infected cells rather than free virus. 

In all forms ofNPC, the same set of specific EBY genes are 
expressed with an apparent decrease in EBER abundance in 
areas of differentiation. The demonstration of clonal EBY 
genes supports earlier reports suggesting that regardless of the 
state of differentiation, NPC is a clonal expansion of EBY
infected cells. 5

.
19 The monoclonal itl' of resident EBY 

genome has been interpreted as evidence that the vira l 
infection occurred before the expansion of the malignant 
clone, therefore highlighting an essentia l role of EBY in the 
oncogenic process. In this study ofNKNPCs the prevalence 
of EBY particles in thc form of EBER-I and EBER-2 
correlated with the findings repo rted in other studies. 

A charncteristic morphological featurc of undifferentiated 
NKN PCs is the presence of an intense lymphoid strom a. I It 
has been suggested that the presence of a lymphoid stroma 
might be a requi rement for undifferentiated NPC growth at 
least in certain stages of tumour deveiopment 20 It was also 
reported that NPC cells do not express the EBY receptor, but 
that a secretory component (SC) protein is being expressed on 
all NPC cells but not in untransformed metaplastic epithelial 
cells. From this was concluded that EBY could not infect 
untransformed nasopharyngeal squamo us metaplastic 
epithelia, but could enter NPC cells thrOLigh IgA-mediated 
endocytosis 2 1 In another study the expression of EBER-l in 
NPC tissue of 140 primary and II metastatic tumours to 
lymph nodes was investigated. The authors reported that the 
EBER-I signal could be detected in 135 out of 140 primary 
NPCs of all histological types and 10 out of II metastatic 
tumours. The authors suggested that EBER- J-ISH be 
performed on routinely processed specimens whenever NPC 
is suspectedY 

No data are available on the prevalence and incidence ofNPC 
in South Africa. Data extracted from the National Cancer 
Registry database suggest that the coloured male population 
may be at moderate ri sk ofdeveloping NPC. From the results 
of this study it is clear that EBY is present in a large number of 
cases, ifnot all, ofNKNPCs in the South African population 
and it can therefore be concluded that EBY plays an important 
role in the carcinogenesis of the tumour in this country. 
NKNPC is therefore potentially a prcventable disease if 
vaccination programmes are implemented in population 
groups at risk . 

This study included only four cases of SCNPCs, none of 

which yielded a positive signal with ISH. The study has to be 
extended to include a larger numb er of cases before any 
meaningful conclusions could be derived from this fact. It 
does however suggest that the pathogenesis of SCNPC is 
more heterogeneous than that of NKNPC. Factors that can 
substitute for EBY infection in the pathogenesis of EBY
negative SCNPC need to be identified. Such factors ha ve 
recently been suggested. HPY-ll- and HPY -16-DNA were 
detected in some EBY-negative SCNPCs 2 

) A strong 
association was found between SCNPC and a history of 
smoking and alcohol consLimption 24 

Of the 45 cases 14 showed features of epithelial dysplasia in 
ep ithelium adjacent to the primary tumour. None of these 
lesions produced ISH signals, which suggests that EBY 
probably enters the pathogenetic process at a relatively late 
stage. 
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Abstract. Epstein-Barr virus (EBV) has been implicated in 
various diseases, among others, nasopharyngeal carcinoma 
(NPC). In this study we investigated the frequency and subtype 
distribution of EBV in 39 NPCs. The presence of EBV was 
detected by using a nested PCR to amplify the Bam HI W
fragment of the genome. Two regions were targeted for subtype 
analysis, namely the EBNA-2A and EBER regions. PCR was 
used to amplify these regions, and the EBER region was 
sequenced to detect subtype specificity. The results showed that 
EBV could be detected in 82% (31/38) of the tumours. In 15 of 
these, EBNA subtypes could be identified of which 14 were 
subtype A and one tumour had both subtypes A and B present. 
The EBER region was amplified in 21 samples. The majority of 
cases(18/2I) demonstrated a mutation profile which consisted of 
5 type B and one type A mutations. The consensus type is 
therefore type B. In conclusion: a strong association was found 
between EBV and NPCs in our group of patients and their 
"consensus" genotype was A/B based on the two genome areas 
investigated. 

Epstein-Barr virus (EBV) belongs to the human gamma
herpesvirus subfamily, is the etiologic agent of infectious 
mononucleosis (1), has a clearly established association with 
endemic Burkitt's lymphoma (2), nasopharyngeal carcinoma 
(NPC)(3) and secondary B-ceU proliferation in immuno
suppressed individuals (4). Based on the organisation of the 
Bam HI WYH gene region that encodes for the EBV nuclear 
antigen 2 (EBNA-2), two distinct types of EBV (type A and 
B) have been identified (5-7). These type-specific differences 
were also demonstrated by RFLP analysis and DNA 
sequencing of the two small RNA-encoding regions (EBERs) 
of EBV (8-9) . . 

In addition to the genetic variation, biological differences 
between type A and B strains have been noted. Cell lines 
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containing a type B virus display a lower growth rate than 
those containing a type A virus, which has been attributed to 
a reduced transformation capacity of type B viruses (10). 
Markedly different frequencies of the two types are also 
found in different geographical locations (11). Type A 
predominates in Western and Chinese communities, whilst 
type B has been found mainly in Central Africa and New 
Guinea (12-13). Co-infection with the two types is often 
found in immunosuppressed individuals (14). 

The purpose of this study was to detect the frequency and 
subtype distribution of EBV DNA in South African naso
pharyngeal carcinomas (NPC), by specifically investigating 
the EBNA-2A and the 190 bp EBER fragments. 

Materials and Methods 

Patien ts. Formalin-fixed paraffin-embedded blocks of NPCs were 
retrieved from the archives of the Departments of Oral Pathology and 
Anatomical Pathology (University of Pretoria) as well as the 
Department of Oral Pathology (MEDUNSA). Thirty eight blocks were 
selected which represented biopsies from 24 Black males and 14 Black 
females. Haematoxilin and eosin stained sections from all the blocks 
were used to classify the NPCs according to the World Health 
Organisation classification. 

Preparation of ceillysates. Two 10 ",m sections were cut from each block, 
using a new disposable blade each time. To evaluate the possibility of 
contamination at this stage, 10 iJ.m sections of a block containing normal 
brain tissue were cut after every nine tumour blocks and also included 
for evaluation. All sections were placed in separate microfuge tubes. Cell 
Iysates were prepared as follows: sections were dewaxed, washed with 
ethanol and digested with 400 iJ.I of lysis buffer containing proteinase K 
(15). The samples were then heated to inactivate the proteinase K, 
centrifuged to pellet the debris and stored at -20 ' C until use. Ten iJ.l of 
the supernatants were analysed by polymerase chain reaction (PCR). 

peR. EBV was detected in the samples by using a nested PCR reaction 
targeting the internal repeat fragment (Bam HI W-fragment) of the 
ge nome. This fragment is reiterated ten times per genome, which would 
theoretically enhance the sensitivity of the detection (16). Thermal 
cycling was carried out using a Perkin Elmer GeneAmp 9600 PCR 
system. All specimens were subjected to two rounds of PCR 
amplification, first with the outer (EBV-l and -2) and subsequently with 
the inner primer (EBV-3 and 4) sets (Table I). Preceding the 
amplification, the reaction mixture was heated to 94'C for two minutes. 
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Fourty amplification cycles were done as follows: denaturing of DNA 
(94·C; 1.5 minutes), annealing of primers (55·C; 1.5 minutes) and 
extension of the annealed primers (n·c; 3 minutes) . The final 
elongation step was extended for 10 minutes. Reaction mixtures for the 
amplification contained: 10 fll of cell lysate; 200 flM of each nucleotide; 
0.4 flM of each primer; 1.5 mM MgClz; 1 U of Taq DNA polymerase 
(Promega Corporation, Madison WI, USA); 10 fll of Promega 10 x 
buffer and made up to a final volume of 100 fll. Template DNA for the 
second amplification round consisted of 10 fll of reaction product from 
the first round. All other reagents for the second round of amplification 
were used in the same concentrations as the first round. 

Reagent controls contained sterile water instead of template DNA. 
To standardise our PCR reactions, the EBY Bam HI W-fragment cloned 
in the pACYC 184 plasmid (courtesy of D. Neumann-Haefelin, 
Freiburg, Germany) was used as the positive control. To obtain a 
quantitative estimate of the sensitivity of our PCR method, we made 10
fold serial dilutions of the plasmid in 0.2 flg/fll salmon sperm DNA. The 
dilutions containing 1, 10, 100 and a 1 000 copies of plasmid/1O fll were 
included in each run. 

EBY subtyping was carried out by determining divergence of the 
EBNA-2 region using the PCR method by Borisch et al. (17). The 
primers (Gen1, Gen2) were used as outer primers, while EBNA2 A-I , 
A-2 and EBNA2 B-1 , B-2 were used as nested primers to determine 
subtype A and B specificity. The PCR was done as described above using 
the generic outer primers. After the first PCR reaction, 10 fll of PCR 
products were mixed with EBNA2-A or EBNA2-B specific primers. 
Annealing for the nested reactions were done at 5S·C and 48·C for the 
A and B subtypes respectively, and aU reaction times for the cycles were 
shortened to one minute each. 

EBER amplification was carried out by using the EBER primers PI 
arid P3 as a prenested reaction, followed by PI and P2 in a heminested 
reaction as described (9) . The mixtures were subjected to 40 cycles of 
amplification (one minute at 94 ·C, one minute at 40·C (PI & P3) or 
SS'C (PI & P2), and 1.5 minutes at n·c. 

Spot blot hybridisation. The final amplification products were spot blotted 
onto Hybond-N paper (Amersham Pharmacia Biotech, Buckin
ghamshire, England) and the sheets were hybridised with the corre
sponding 31-end labeled oligo probes. The hybridisation signals were 
detected with the DIG DNA detection kit (Boehringer Mannheim, 

Mannheim, Germany). 

Sequencing. All samples that gave a positive result with the heminested 
EBER primers (PlIP2), were sequenced to identify type specific 
mutations (8), using cycle sequencing and the dye terminator method on 
an automated ABI DNA Sequencer model 373 (Perkin Elmer). 

Results 

The nested Bam HI W-fragment of EBV could be detected in 
31/38 (82%) of tumour samples. Fourteen (45%) of the 
tumours carried an EBNA type A virus while both EBNA A 
and B types could be identified in one tumour (patient 29) 
(Table II) . Sixteen (52%) of the tumours could not be typed 
with the EBNA primers. 

The EBER primers were able to amplify DNA in a larger 
percentage (21/31 :68%) of tumour samples (Figure 1). These 
fragments were further analysed by sequencing for either type 
1 or 2 specific, mutations at nucleotide positions 6806, 6884, 
6886, 6911, 6927 and 6944 (9) (Table II) . According to 
Sample et al (18), type 1 and 2 donate type A and B 
respectively. The majority of cases (18121: 86%) demonstra
ted a similar mutation profile which consisted of 5 type 2(B) 
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Table I. List ofplimers and probes used in this study. 

Primer/Probe name Sequence 

EBY-l CTTTAMACTCTAAAAATCAAAACTTTAGA 

EBY-2 ACCAGAAATAGCTGCAGGACCACTTTATAC 

EBY-3 MTGGGCGCCATTTTGT 

EBY-4 TCCCTAGMCTGACMTT 

PROBE-5 TATCTTTAGAGGGGAAAAGAGGMTMG 

EBNA2 Genl AGGGATGCCTGGACACMG 

EBNA2 Gen2 GTGCTGGTGCTGCTGGTGG 

EBNA2 A-I TCTTGATAGGGATCCGCTAGGATA 

EBNA2 A-2 ACCGTGGTTCTGGACTATCTGGATC 

PROBE A CTCTGTCACMCCGAGGCTTACC 

EBNA2 B-1 CATGGTAGCCTTAGGACATA 

EBNA2 B-2 AGACTTAGTTGATGCCCTAG 

PROBE B AGGCCTACTCTTCCTCMCCCAG 

EBER PI GTGGTCCGCATGTTTTGATC 

EBER P2 GCMCGGCTGTCCTGTTTGA 

EBER P3 GTGTCTACCTGMCTMGAC 

CCTAGTGGTTTCGGACACACEBER P4 

MCGGGGCTTMCGTTGCATPROBE P5 

mutations (positions 6808, 6884, 6886, 6911 and 6944) and 
only one type 1 (A) mutation (position 6927). EBV strains 
from two tumours showed an additional type 1 mutation at 
position 6944 (patients 29 and 35), while a third strain, 
(patient 20) had three type 1 and three type 2 mutations. 
Therefore the "consensus" EBER type in the majority of 
cases is that of type 2(B), while one tumour can be classified 
as a 1/2(A/B) hybrid strain. Patient 6 demonstrated two 
additional mutations at positions 6806 (T to G transversion) 
and 6939 (G to A transversion). 

In 15 patients both the EBNA-2 and EBER regions could 
be amplified, but in none of these did the types correspond, as 
most of the EBNA's were type A, while the consensus type 
for the majority of the EBER's were type B. 

Discussion 

Our study shows a strong association (82%) between EBV 
positivity and NPCs. As in other studies, this association is 
found in non-keratinising and undifferentiated NPCs (19,20). 
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Table II. EBVsubtype and sequence analysis of the study population. 

Substitution at positions' 

Patient or Age/Sex Histology Bam W EBNA-A EBNA-B EBER 6806 6808 6866 6884 6886 6908 6911 6927 6939 6944 

251M undif pos neg neg neg 

2 21/F nonker pos pos neg pos B B B B A B 

3 31/F nonker pos neg neg neg 

4 29/F undif pos neg neg neg 

5 171M nonker pos neg neg neg 

6 67IM nonker pos neg neg pos T-G B B B B A G-A B 

7 251M nonker pos pos neg pos B B B B A B 

8 43/F nonker pos neg neg pos B B B B A B 

9 28/F undif neg neg neg neg 

10 231M nonker pos neg neg neg 

11 44IM nonker pos neg neg neg 

12 66/F nonker pos neg neg pes B B B B A B 

13 ?IM undif pos pos neg pes B B B B A B 

14 ?IM undif pos pos neg pos B B B B A B 

15 191M undif pos pos neg pos B B B B A B 

16 171M nonker pos pos neg pos B B B B A B 

17 381M undif pos pos neg pos B B B B A B 

18 70IM nonker pos neg neg neg 

19 21/F undif pos neg neg neg 

20 46/F undif pos pos neg pos B A A B A B 

21 60IM nonker ne,q neg neg neg 

22 171M undif pos neg neg pos B B B B A B 

23 231M nonker pos pos neg pos B B B B A B 

24 52IM undif neg neg neg neg 

25 121M nonker pos neg neg neg 

26 171M undif pos pes neg pos B B B B A B 

27 60/F undif pes pes neg pos B B B B A B 

28 54/F undif pes pes neg pos B B B B A B 

29 61/F nonker pes pes pos pos B B B B A A 

30 171M undif pes pes neg pos B B B B A B 

31 391M undif pos ne,q neg pos B B B B A B 

32 23/F undif pos pos neg pos B B B B A B 

33 251M undif pos neg neg neg 

34 66IM nonker neg neg neg neg 

35 331M nonker pos neg neg pos B B B B A A 

36 53/F sqcell neg neg neg neg 

37 41/F undif neg neg neg neg 

38 44IM sqcell neg neg neg neg 

Undif- undifferentiated; Nonker - nonkeratinising; Sqcell- squamous ceJl carcinoma 
'The letters A or B specify the base found in either B95-8 (A) or AG876 (B) prototype. According to Sample et al. (1990), type 1 and 2 donate type A 
and B respectively. 
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Except for 2 cases, all the carcinomas were histologically 
characterised as either non-keratinising or undifferentiated. It 
is 	 possible that a higher positivety could be found if fresh 
tissue were investigated, because parafffin embedded tissue 
usually yield less sensitive PCR results. 

According to our knowledge, this is the first study to type 
EBV strains from Southern Africa. As in other studies, no 
type-specific correlation was found between the two genome 
regions targeted for analysis (21,22). Type A virus strains 
predominated with the EBNA-2 analysis. Fifty two percent of 
our strains could not be typed using these primers. The 
imibility to amplify the EBNA-2 region was also found in a 
significant number of cases in another study (23). One 
explanation for this is that clinical isolates are more 
heterogenous than the laboratory prototype strains used for 
designing the prime pairs. Type A is commonly found in 
Western Countries as well as in sero-positive individuals from 
Japan (24). Type A is also the predominant subtype found in 
Asian NPC (25-27). The finding of type A variants in NPC is 
in keeping with their better transforming ability in cell culture 
(10). 

Analysis of the EBER region showed a distinct combi
nation of type 1 and 2 mutations with the majority of the 
mutations belonging to type 2 (B). Type B is the traditional 
type found in African Burkitt's lymphoma and cases from 
New Guinea (8). More recent studies have found dual 
carriage especially in HIV-1 carriers (28-31 ) Sculley el al. 
(32) also showed that type B infection in HIV-positive 
subjects was six- fold higher than in the general population. 

These results indicate that the EBV strains analysed here 
has arisen by recombination between viral types A and B. 
Due to the type A conformation of their EBNA gene, these 
subtypes may show the biologic behaviour of the type A EBV 
prototype, but is genetically distinct. They contain "hybrid" 
sequences of A and B types in their EBER gene, and thus the 
"consensus" genotype is NB. A breakdown in the patient's 
immunological barriers has been proposed for the presence of 
several EBV variants in the same patients due to supe
rinfection. This in turn may lead to the generation of new 
variants by recombination between endogenous and supe
rinfecting viral genomes (29, 33). 

The EBV strains in the carcinomas that were investigated 
all seemed to harbour an identical strain (with minor point 
mutations) in their EBER region and can be interpreted as 
follows: It could be: (1 ) a more "oncogenic" strain which lead 
to carcinogenesis in a subgroup of the general population; (2) 
a strain that commonly circulate in Southern-Africa (geo
graphic location) or (3) the predominant strain circulating in 
Black South Africans (ethnically linked). To find answers to 
these questions, EBV strains from patients without NPCs as 
well as from other ethnic groups in South Africa should be 
analysed. It will also be interesting to evaluate the impact of 
the HIV epidemic in the country, which is considered to be 
the fastest growing epidemic worldwide (34), on EBV strain 
evolution and recombination. 

1 2 3 4 5 6 7 8 9 10 


Figure 1. Hybridisation results on EBER PCR results. Row Al-9 correspond 
to patient samples 1-9; Bl-9 to samples 10-18; Cl-9 to samples 19-27; Dl-9 
to samples 28-36; El-2 to samples 37 an 38; E3 is a negative reagent 
control; E4, 5, 6 and 7 correspond to 1, 10, 100 and a 1000 plasmid 
copiesl/l-l and A10, B10, C10 and D10 were negative controls from nonnal 
brain tissue. 
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DNA content and histologic grading of oral squamous cell carcinoma 

W.F.P. VAN HEERDENa, E.]. RAUBENHElMERa
, R. LE Rouxb, E.]. VAN RENSBURCc 

Abstract Background. Grading of oral squamous 
cell carcinomas was initiated by Broders. His system 
is based on the proportion of highly differentiated 
cells within the entire tumor. This grading has not 
been generally accepted for clinical use due to poor 
prognostic value and reproducibility. This study 
was undertaken to determine the inter-observer re
producibility of the invasive cell grading method on 
oral squamous cell carcinomas and to correlate this 
with the DNA ploidy status . 

Methods. Fifty formalin-fixed paraffin-embedded 
blocks that contained both tumor and adjacent nor
mal epithelium were randomly selected. This grad
ing was performed independently by two Oral Pa-

Introduction 

Various methods for the histopathologic grading of 
squamous cell carcinoma of the oral cavity exist. 
Broders, in 1920, proposed a method based on the 
percentage of highly differentiated cells throughout 
the tumorl. J acobsson et aU introduced a multifacto
rial grading system evaluating the most invasive 
parts of the biopsies. This grading method was mod
ified by Anneroth et a1.3 to evaluate three morpho
logic features in the less differentiated parts of the 
tumor as well as three histologic features evaluating 
the relationship between the tumor cells and under
lying connective tissue. These six features are: de
gree of keratinization, nuclear polymorphism, num
ber of mitoses, pattern of invasion, stage of invasion 
and leukocyte infiltration. A modification of this 
method was described by Bryne et a1.4 where only 
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thologists and the inter-observer agreement calcu
lated. The DNA ploidy analysis was performed on a 
flow cytometer. 

Results. Thirty-two tumors were graded as poor
ly differentiated and 18/50 as moderately. Thirteen 
of 25 poorly differentiated tumors had an aneuploid 
DNA content compared with 9/18 of the moderately 
differentiated group. The inter-observer correlation 
of the total malignancy score and individual mor
phologic features was highly significant. 

Conclusions. This study showed that the invasive 
cell grading method is reproducible but no correla
tion was found between the grading results and 
ploidy status. (Eur ] Lab Med 1995;1:117-120). 

the most anaplastic areas in the most invasive sites 
are evaluated. This modified system of Bryne and 

sco-workers proved to be of high prognostic value4
• . 

DNA content analysis of solid tumors has been 
studied by flow cytometry, but this technology has 
only been in widespread use since the recent devel
opment of reliable preparation techniques and data 
analysis programmes. DNA analysis of oral squa
mous cell carcinoma has been investigated as a 
possible indicator of prognosis or to predict tumor 
behavior6.7. The frequency of aneuploid tumors in
creases with a decreasing degree of histologic diffe
rentiation6, while patients with aneuploid primary 
tumors are also found to have a significantly higher 
incidence of lymph node metastases when com
pared to patients with diploid tumors8. 

This study was undertaken to determine the in
ter-observer reproducibility of the invasive cell 
grading method modified by Bryne et a1. 4 on oral 
squamous cell carcinomas and to correlate this with 
the DNA ploidy status. 

Materials and Methods 

Formalin fixed paraffin-embedded biopsy speci
mens of tumors diagnosed as intraoral squamous 
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cell carcinoma were retrieved from the files of the 
Department of Oral Pathology, Medical University 
of Southern Africa. These cases were randomly 
screened to confirm the diagnosis and for the pres
ence of normal oral epithelium overlying or adja
cent to the carcinoma. The first 50 cases in the 
screening process containing tumor tissue with nor
mal overlying or adjacent epithelium were included 
in this study. 

These tumors were graded in the most anaplastic 
areas of the deep invasive margins according to five 
morphologic features described by Bryne et al. 4

; de
gree of keratinization, nuclear polymorphism, num
ber of mitoses, mode of invasion and plasma-lym
phocytic infiltration. Each of these features was 
scored from 1 to 4 according to the criteria proposed 
by Anneroth et aL3. The scores were added to obtain 
a total malignancy score for each tumor. The grad
ings were performed independently by two authors 
(WF.P. v.H. and E.JR). The values for each of the 
parameters, as well as the total ma1ig~ancy scor~ of 
each tumor were subjected to correlatIOn evaluatIOn 
using Pearson's product moment correlation coeffi
cient. The'average total score of each tumor from the 
two investigators was used to separate the cases into 
3 groups; a well differentiated group (score 5-8); a 
moderately differentiated group (score 9-12) and a 
poorly differentiated group (score 13-20). These 
groups were so selected because patients with the~e 
scores had shown a significantly different prognosIs 
in a previous studys. The average score evaluating 
the plasma-lymphocytic cell infiltrate was also de
termined to separate the tumors into two groups: one 
with an average score of 3 and more and another 
with an average score of less than 3. 

Two 100 f1.m sections from each paraffin embed
ded block including both the normal epithelium 
and tumor tissue were cut and prepared for flow cy
tometry analysis according to the Heiden method9

• 

The nuclei were stained with propidium iodide us
ing a Coulter DNA prep system instead of DAPI
phosphate. The cells were then analyzed o~ an ~p
ics Elite flow cytometer (Coulter Electromcs, HIa
leah, Fl) which had been calibrated with chicken 
red blood cells and DNA check beads. The Elite 
was operated at 15 mWand emitted an Argon ion 
laser at 488 nm. The data rate varied between 20
200 eventslsecond and 10000-20000 events were 
collected on a single parameter histogram. Cell data 
were collected in list-mode fashion and the DNA 
histograms were analyzed using a mu~ticycle DNA 
analysis software programme (Ph oem x Flow Sys
tems, San Diego, CA). By convention, when uSI.ng 
paraffin embedded tissue, the first peak was consId
ered to be the normal DNA diploid peak represent
ing the COICl phase of the cell cycle. DNA aneu
ploidy was reported when at least 2 separate COICI 
peaks were demonstrated. The coefficient of varia
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Table 1. Inter-observer correlation of tne total malignancy score 
and individual morpnologic features. 

Inter-observer Significancecorrelation coefficient 

Total Score 0.55 <0.001 
Degree of keratinization 0.52 <0.001 
Nuclear polymorphism 0.31 =0.018 
Number of mitosis 0.38 =0.0037 
Pattern of invasion 0.63 <0.001 
Lymphoplasmacytic infiltration 0.61 <0.001 

tion (CV) was calculated using the width of the peak 
(number of channels) at 61% of the maximum peak 
height divided by the peak height channel number, 
multiplied by a factor of 2. 

Results 

The interobserver correlation and the statistical 
analysis of the total grading score and the indi vidu
al morphologic features are given in Table 1. All.the 
tumors were grouped into either poorly differentIat
ed or moderately differentiated categories. No tu
mor had a total score lower than 9. The distribution 
of aneuploidy within these two categories of tumors 
was almost equal (Table II): DNA ploidy a~alysis 
was only possible in 25 of the 32 tumors In the 
poorly differentiated group (Figures 1 and 2). The 
mean CV obtained was 6.6% ± 4.1. 

Discussion 

Most malignant neoplasms are polyclonal, imply
ing the presence of heterogeneous cell populatio~s 
with different biologic characteristics. MorphologIc 
identification of specific tumor cells with a meta
static potential is not possible although poorly dif
ferentiated cell populations are often associated 
with an increased metastatic potential3

• The most 
anaplastic areas in the most invasive sites were 
evaluated in this study because it has been shown 
that poorly differentiated areas in the superficial as
pect of a tumor do not necessarily reflect an aggres-

Table II. Differentiation and ploidy distribution. 

Total malignancy score 

5-8 9 - 12 13 - 20 Total 

Number of cases 0 18 (36%) 32 (64%) 50 
Diploid DNA content 9 (50%) 12/25 (48%)* 21 
Aneuploid DNA content - 9 (50%) 13/25 (52%)* 22 

* Ploidy analysis was only possible on 25 of the 32 poorly diffe
rentiated tumors. 
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Figure 1. DNA histogram of a diploid oral squamous cell carcino
ma. Peak 1 represents the diploid CoIC l cells while peak 2 repre
sents the tetraploid Cz and mitosis cells. 

sive behavior and grading thereof may not give an 
accurate assessment of the prognosis. Increased la
belling of bromodeoxyuridinelo as well as Ki-67 11 

and H-ras mRNN2 expression in the cells of the in
vasive margin suggest that these cells may predict 
tumor behavior more accurately than evaluating of 
the total tumor cell population. The deep invasive 
cells also generally appeared histologically less dif
ferentiated than the cells in the superficial areas. 
Biopsy specimens were used in this study as this is 
usually the only non-clinical parameter available to 
predict tumor behavior. The question remains 
whether a biopsy could be regarded as representa
tive of the different tumor cell populations. Grading 
of excision specimens results in a higher malignan
cy score than biopsies, although the biopsies could 
still be used to predict the behavior and prognosis 
significantlt. The most invasive margins in a biop
sy can only be verified if a fragment of the overlying 
oral epithelium is included. Biopsies consisting 
only of tumor tissue cannot be evaluated by this 
grading method. 

The inter observer correlation coefficient regard
ing the total malignancy score was highly signifi
cant. The worst correlation, although still signifi
cant, was found when evaluating the number of mi
totic figures and the nuclear polymorphism. The 
evaluation of the mitotic count was omitted in an
other study which used the same grading methods. 
This omission resulted in an improved inter-observ
er reproducibility without influencing the prognos
tic value of the total malignancy scoreS. Less sub
jective methods of determining the proliferative ac
tivity of tumors exist, e.g. in vitro bromodeoxyuri
dine l3 and PCNAlI labelling. These techniques 
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Figure 2. DNA histogram of an aneuploid oral squamous cell car
cinoma. The two CoIC l peaks (1 and 2) are clearly visible. 

should be incorporated if the proliferative activity 
of tumors are to form part of any grading method. A 
better correlation in the evaluation of nuclear poly
morphism should be possible with proper training 
and standardization of observers. 

It was unfortunately not possible to separate the 
patients in the present study into groups according 
to their prognosis and tumor behavior because a 
high percentage of patients were lost to follow-up. 
The total malignancy score was, however, divided 
into 3 groups based on other studies which used 
this grading methods. These groups h;:td significant 
differences in behavior and prognosis. Almost two 
thirds of the patients in the present study were cat
egorized into the poorly differentiated group. The 
vast majority of the patients at our hospital present 
with advanced tumors of more than 4 cm in largest 
diameter. This may be the reason why no tumor was 
grouped into the well differentiated category as 
aneuploidy has been shown to be an ultimate event 
of oral squamous cell carcinoma progression8

• 

Aneuploidy has also been linked to a decrease in 
histologic differentiation of oral squamous cell car
cinoma6

• 

The distribution of aneuploidy between the two 
groups of tumors in the present study was almost 
equal. Most studies evaluating these two parameters 
found an increased number of aneuploid tumors in 
poorly differentiated carcinomas6 7

•
1
\ however the•

grading method in these studies evaluated the 
whole tumor section and not the most anaplastic 
area in the most invasive site. Comparison with oth
er studies is therefore only possible where similar 
grading methods had been used. Since only the 
most anaplastic areas in the most invasive sites 
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were evaluated, it was possible that a small number 
of cells which might influence the grading score 
were not detected with flow cytometry using paraf
fin blocks. Cusick et al. I4 demonstrated that the 
identification of closely associated aneuploid stem
lines is directly related to the CV as well as the per
centage of aneuploid nuclei present. It is possible 
that with a mean CV of 6.6% as found in the 
present study, tumors classified as diploid may con
tain undetectable peri-diploid and small aneuploid 
cell populations. DNA differences less than 15% 
cannot be detected with flow cytometry where the 
CV, an indication of the sensitivity, is more than 
7%15. The CVs of paraffin-embedded tissues are of
ten higher than those obtained using fresh material 
from the same tissue l6

• Although acceptable CVs 
are possible with paraffin-embedded tissues9

, it is 
recommended that fresh tissue be used as far as 
possible to improve the sensitivity of the measure
ments . 

This study found that the invasive cell grading 
method is reproducible but no correlation was 
found betwe~n the grading results and the ploidy 
status. 
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This study was undertaken to determine the inter-observer reproducibility of the 
invasive cell grading method on oral squamous cell carcinomas and to correlate 
this with the DNA ploidy status and Langerhans cell (LC) population. Fifty 
formalin-fixed paraffin-embedded blocks that contained both tumor and adja
cent normal epithelium were randomly selected. DNA ploidy analysis was per
formed on a flow cytometer and the LC population was determined using an im
munohistochemical technique with anti-SIOO and anti-HLADR primary antibod
ies. The inter-observer correlation of the total malignancy score and individual 
morphologic features was highly significant. Thirty-two of the 50 tumors were 
graded as poorly differentiated and IS/50 as moderately differentiated. Thirteen of 
25 poorly differentiated tumors had an aneuploid DNA content compared with 
9/1S of the moderately differentiated group. No statistical differences in the LC 
counts between the poorly and moderately differentiated and aneuploid and dip
loid carcinomas were found. This study showed that the invasive cell grading meth
od is reproducible but no correlation was found between the grading results and 
the ploidy status or LC count. 

The prognosis of patients with oral 
squamous cell carcinoma is determined 
mainly by morphologic characteristics 
and extent of the tumor, as well as by 
the host response. DNA content anal
ysis of solid tumors has been studied by 
flow cytometry, but this technology has 
only been in widespread use since the 
recent development of reliable prepara
tion techniques and data analysis pro
grammes. DNA analysis of oral 
squamous cell carcinoma has been in
vestigated as a possible indicator of 
prognosis or to predict tumor behav
iour (1, 2). Patients with aneuploid pri
mary tumors have a significantly higher 
incidence of lymph node metastases 
when compared with patients with dip
loid tumors (3). The frequency of aneu
ploid tumors also increased with 
decreasing degree of histologic differen
tiation (I). 

Various grading systems for oral 

squamous cell carcinoma exist. BRoD
ERS' method is based on the percentage 
of highly differentiated cells present 
throughout the tumor (4). This system 
has limited clinical use due to a poor 
prognostic value (5). ANNEROTH et al. 
(6) recommended a method evaluating 
six morphologic features in the most 
poorly differentiated parts of the tu
mor. A modification of this method was 
described by BRYNE et al., where only 
the most anaplastic areas in the most 
invasive sites are evaluated; this modi
fied system proved to be of high prog
nostic value (5, 7). 

Langerhans cells (LCs) are bone 
marrow-derived dendritic cells (S) 
which form an integral part of all stra
tified squamous epithelia. LCs express 
the major histo-compatibility complex 
(MHC) class II antigens and are there
fore capable of antigen presentation (9). 
It has been postulated that a depletion 
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in LC numbers, resulting in an impair
ment of the local immune response, 
may predispose involved tissue to neo
plastic change (10). The presence of a 
high number of LC was found to be a 
favourable prognostic factor in a vari
ety of malignancies (11-14). Conflicting 
results were obtained when the number 
of LCs was correlated with the histolog
ical grading of tumors (11, 15). 

This study was undertaken to deter
mine the inter-observer reproducibility 
of the invasive cell grading method on 
oral squamous cell carcinomas and to 
correlate this with the DNA ploidy 
status and LC population. 

Material and methods 

Formalin-fixed-paraffin-embedded 
biopsy specimens of tumors diagnosed 
as intraoral squamous cell carcinoma 
were retrieved from the files of the De
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partment of Oral Pathology, Medical 
University of Southern Africa . These 
cases were randomly screened for the 
presence of normal oral epithelium 
overlying or adjacent to the carcinoma. 
The first 50 cases in the screening pro
cess were included in this study. 

These tumors were graded in the 
most anaplastic areas of the deep inva
sive margins according to five morpho
logic features described by BRYNE et af. 
(5): degree of keratinization, nuclear 
polymorphism, number of mitoses, 
mode of invasion and plasma-lympho
cytic infiltration. Each of these features 
was scored from I to 4 according to the 
criteria proposed by ANNERbTH et al. 
(6). The scores were added into a total 
malignancy score for each tumor. The 
gradings were performed independently 
by two authors (WF.P. v Hand E.J. R). 
The values for each of the parameters, 
as well as the total malignancy score of 
each tumor, were subjected to correla
tion evaluation using Pearson's product 
momen t correlation coefficien t. The 
average total score of each tumor from 
the two investigators was used to sepa
rate the cases into 3 groups: a well dif
ferentiated group (score 5-8); a moder
ately differentiated group (score 9-12) 
and a poorly differentiated group (score 
13-20). These groups were so selected 
because they had shown a significantly 
different prognosis in a previous study 
(7). The average score evaluating the 
Iymphoplasmacytic cell infiltrate was 
also determined to separate the tumors 
into two groups: one with an average 
score of 3 and more and another with a 
score of less than 3. 

Two 100 11m sections from each par
affin-embedded block were cut and pre
pared for flow cytometry analysis ac
cording to the HEIDEN method (16). The 
nuclei were stained with propidium io

peak was considered to be the normal 
DNA diploid peak representing the GOI 
G I phase of the cell cycle. DNA aneu
ploidy was reported when at least two 
separate GOIG I peaks were demon
strated. The coefficient of variation 
(CV) was calculated using the width of 
the peak (number of channels) at 61% 
of the maximum peak height divided by 
the peak height channel number, 
multiplied by a factor of 2. 

The LCs were demonstrated using an 
ABC immunoperoxidase technique 
with monoclonal antibodies diluted at 
I : 50 against HLA-DR (Dakopatts, 
Denmark) and polyclonal antibodies 
against S-IOO proteins (lmmunon, Lips
haw) on 5 J.Im sections. S-IOO-positive 
cells were considered to be LCs and not 
melanocytes when: I) they were located 
in the suprabasal layers of the epitheli
um; 2) the whole cell body was visible; 
and 3) at least one dendritic process was 
present (17). Only HLA-DR positive 
cells with at least one associated den
dritic process were counted as LCs. The 
LCs were counted along the entire 
length of the normal epithelium using 
high power (X400) magnification. The 
LCs were expressed per mm basement 
membrane length (BML) and epithelial 
surface length (ESL) as measured on a 

vrDS II Image Analysis System (Ana
lytical Measuring Systems Ltd, Essex). 
The LCs in the carcinoma tissue were 
expressed as LCs per mm2 tumor tissue. 
The Mann-Whitney U Test was used to 
compare LC density in the various tu
mor groups because the data was not 
normally distributed, while the correla
tion analysis was evaluated using 
the Spearman correlation coefficient 
method. 

Results 

The inter-observer correlation and the 
statistical analysis of the total grading 
score and the individual morphologic 
features are given in Table I. All the tu
mors were grouped in either poorly dif
ferentiated or moderately differentiated 
categories. No tumor had a total score 
lower than 9. The distribution of aneu
ploidy between these two categories of 
tumors was almost equal (Table 2). 
DNA ploidy analysis was only possible 
in 25 of the 32 tumors in the poorly dif
ferentiated group (Figs. I & 2). The 
mean CV obtained was 6.6%::'::4.1. 

The LC population counts in the 
tumors (Fig. 3) and adjacent normal 
epithelium are given in Table 3. The 
correlation between the LC counts in 

Table I. Inter-observer correlation of the total malignancy score and individual morphologic 
features 

Inter-obser ver correlation coerticient Significance 

Total score 0.55 <0.1)01 
Degree of keratinization 0.52 <0.001 
Nuclear polymorphism 0.31 =0.0 18 
Number of mitoses 0.38 =0.0037 
Pattern of invasion 0.63 <0.001 
Lymphoplasmacytic infiltration 0.61 <0.001 

Table 2. Differentiation and ploidy distribution 

dide using a Coulter DNA prep system 
instead of DAPI-phosphate. The cells 

Total malignancy score 

were then analysed on an Epics Elite 5-8 9-12 13-20 Total 

flow cytometer (Coulter Electronics, 
Hialeah, FI) which had been calibrated 

Number of cases 
Diploid DNA content 

o 18 (36%) 
9 (50%) 

32 (64%) 
12/25 (48%) 

50 
21 

with chicken red blood cells and DNA Aneuploid DNA content 9 (50%) 13/25 (52%) 22 
check beads. The Elite was operated at 
15 mW and emitted an Argon ion lazer 

*Ploidy analysis was only possible on 25 of the 32 poorly differentiated tumors. 

at 488 nm. The data rate varied between 
20-200 eventslsecond and 10,000
20,000 events were collected on a single 

Table 3. Mean LCs count in the carcinomas and adjacent epithelium 

parameter histogram. Cell data was col S-IOO HLADR 

lected in list-mode fashion and the 
DNA histograms were analysed using 
the Multicycle DNA analysis software 
programme (Phoenix Flow Systems, 

Tumor 

Epithelium BML 

ESL 

12.3:::23.7/mm2 

1.8:::2.6/mm 

3.9:!::5.l /mm 

1.67:!::6.0/rnrn2 

0.2:!::0 .4/mm 

0.5:!:: 1.0/mm 

San Diego, CA). By convention, when BML: basement membrane length. 
using paraffin-embedded tissue, the first ESL: epithelial surface length. 
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Fig. 1. DNA histogram of a diploid oral squamous cell carcinoma. 
Peak I represents the diploid GoIG I cells, while peak 2 represents the 
tetraploid G 2 and mitosis cells. Cells in S-phase with intermediate 
DNA content are displayed between the two peaks. 

the epithelium and tumor tissue as 
demonstrated by S-IOO was · statis
tically significant but not those dem
onstrated by antibodies against BLA
DR. The mean LC count in the aneu
ploid and diploid, and the poorly dif
ferentiated and moderately differenti
ated, carcinomas are shown in Table 
4. The differences in LCs between the 
aneuploid and diploid group, as well 
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as between the poorly differentiated 
and moderately differentiated tumors, 
when evaluating both methods of de
tection, were statistically not signi
ficant. The mean LC counts obtained 
from both detection methods· .. were 
higher in the tumors associated with a 
more prominent lymphoplasmacytic 
cell infiltrate adjacent to the infiltrat
ing tumor margins than in those carci

.... .... 
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() 

" ....::... 
." 0."" .. 
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Fig. 2. DNA histogram of an aneuploid oral squamous cell carcino
ma. The two GoIG I peaks (I and 2) are clearly visible. 

nomas with an average lymphopJas
macytic score of 3 and 4 (Table 5). 
These differences however, were statis
tically not significant. 

Discussion 

Most malignant neoplasms are poly
clonal, implying the presence of hetero
geneous cell populations with different 
biologic characteristics. · Morphologic 
identification of specific tumor cells 
with a metastatic potential is not pos
sible, although poorly differentiated cell 
populations are often associated with 
an increased metastatic potential (6). 
The most anaplastic areas in the most 
invasive sites were evaluated in this 
study because it has been shown that 
poorly differentiated areas in the super
ficial aspect of a tumor do not necessar
ily reflect an aggressive behaviour and 
grading thereof may not give an accu
rate assessment of the prognosis. 
Increased labelling of bromodeoxyuri
dine (18) as well as Ki-67 (19) and B
ras mRNA (20) expression in the cells 
of the invasive margin suggest that 
these cells may predict tumor behaviour 
more accurately than evaluating the 
total tumor cell population. The deep 
invasive cells also generally . appeared 
histologically less differentiated than 
the cells in the superficial areas. The 
question remains whether a biopsy 
could be regarded as representative of 
the different tumor cell populations. Fig. 3. S-IOO protein-positive cells in a squamous carcinoma (arrows) X200). 
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Table 4. Langerhans cell distribution between aneuploid, diploid, poorly differentiated and 
 as possible to improve the sensitivity of 
moderately differentiated tumors . the measurements. 

S-IOO (/00002 tumor) HLA DR (/mm2 tumor) 

Aneuploid carcinomas 16.9:!:30.1 O. 8:!:2.6 
Diploid carcinomas 5.7:!:8.6 2.1 :!: 8.0 
Poorly differentiated 11.8:':25.9 O.7:!:2.2 
Moderately differentia ted 13.8:!:22.5 3.0:!:8.7 

Table 5. Mean LC counts in tumors according to the Iymphoplasmacytic cell infiltration 

SIOO HLA DR 

Lymphoplasmacytic score 3+4 9.2:!: 19.8 O.52:!: 1.5 

Lymphoplasmacytic score 1+2 15.3:!:26.9 2.67:!: 8.0 


Grading of excision specimens results in 
a higher malignancy score than 
biopsies, although the biopsies could 
still be used to predict the behaviour 
and prognosis significantly (15). The 
most invasive margins in a biopsy can 
only be verified if a fragment of the 
overlying oral epithelium is included. 
Biopsies consisting only of tumor tissue 
cannot be evaluated by this grading 
method. 

The inter-observer correlation coef
ficient regarding the total malignancy 
score was highly significant. The worst 
correlation, although still significant, 
was found when evaluating the number 
of mitotic figures and the nuclear poly
morphism. The evaluation of the mitot
ic count was omitted in another study 
which used the same grading method 
(7). This omission resulted in an im
proved inter-observer reproducibility 
without influencing the prognostic val
ue of the total malignancy score (7). 
Less subjective methods of determining 
the proliferative activity of tumors ex
ist, e.g. in vitro bromodeoxyuridine (21) 
and PCNA (19) labelling. These tech
niques should be incorporated if the 
proliferative activity of tumors is to 
form part of any grading method. A 
better correlation in the evaluation of 
nuclear polymorphism should be pos
sible with proper training and standard
ization of observers. 

It was unfortunately not possible to 
separate the patients in the present 
study into groups according to their 
prognosis and tumor behaviour because 
a high percentage of patients were lost 
to follow-up. The total malignancy 
score was, however, divided into 3 
groups based on other studies which 
used this grading method (7). These 
groups had significant differences in be
haviour and prognosis. Almost two

thirds of the patients in the present 
study were categorized in the poorly 
differentiated group. The vast majority 
of the patients at our hospital present 
with advanced tumors of more than 4 
cm in largest diameter. This may be the 
reason why no tumor was grouped in 
the well-differentiated category, as an
euploidy has been shown to be an ulti
mate event of oral squamous cell carci
noma progression (3). Aneuploidy has 
also been linked to a decrease in histo
logic differentiation of oral squamous 
cell carcinoma (1). 

The distribution of aneuploidy be
tween the two groups of tumors in the 
present study was almost equal. Most 
studies evaluating these two parameters 
found an increased number of aneu
ploid tumors in poorly differentiated 
carcinomas (1, 2, 22). Since only the 
most anaplastic areas in the most inva
sive sites were evaluated, it is possible 
that a small number of cells which 
might influence the grading score were 
not detected with flow cytometry using 
paraffin blocks. CUSICH et at. demon
strated that the identification of closely 
associated aneuploid stemlines is di
rectly related to the CV as well as the 
percentage of aneuploid nuclei present 
(23). It is possible that with a mean CV 
of 6.6% as found in the present study, 
tumors classified as diploid may contain 
undetectable peri-diploid and small an
euploid cell populations. DNA differ
ences less than 15% cannot be detected 
with flow cytometry where the Cv, an 
indication of the sensitivity, is more 
than 7% (24). The CVs of paraffin-em
bedded tissues are often higher than 
those obtained using fresh material 
from the same tissue (25). Although ac
ceptable CVs are possible with paraffin
embedded tissues (16), it is recom
mended that fresh tissue be used as far 

Differences between the mean LC 
counts in both the epithelium and carci
noma tissue existed between the two an
tibodies used for immunohistochem
istry. More LCs were detected with anti
bodies against S-IOO protein than with 
those directed against HLA-DR. It is 
possible that melanocytes were not dis
tinguished in the normal epithelium 
even though they are seldom found su
prabasally (17). Not all LCs express 
HLA-DR antigens. WALSH and co
workers postulated that LCs acquire 
T6, then HLA-DR, and subsequently 
HLA-DQ, in their differentiation pro
cess (26) . 

The LC count in normal epithelium 
in the present study differed from other 
published reports (27 , 28). This could 
be because of the processed nature of 
the tissue used in our study. Higher 
counts are found when evaluating 
HLA-DR on frozen sections than par
affin-embedded blocks (29). 

More LCs were generally counted in 
the moderately differentiated tumors 
than in the poorly differentiated group, 
using both detection methods, but this 
difference was not statistically signi
ficant due to high standard deviations. 
A statistically significant difference was 
not present in the mean LC counts be
tween aneuploid and diploid tumors. 
The immune functions of LCs due to 
their expression of MHC class II anti
gens are closely related to the presence 
of T-lymphocytes (30). More LCs/mm2 
were found in the tumor tissue in those 
carcinomas associated with a dense 
lymphoplasmacytic cell infiltrate (scores 
1 and 2) than in those with a scanty cell 
infiltrate (scores 3 and 4). This correla
tion, although positive, was not signi
ficant. The correlation between the 
number of LCs in the tumor tissue and 
in the adjacenUoverlying epithelium 
was statistically significant when evalu
ating both detection methods. It would 
appear that factors influencing the LC 
numbers were affecting both the nor
mal epithelium and tumor tissue. 

This study found that the invasive 
cell grading method is reproducible but 
no correlation was found between the 
grading results and the ploidy status or 
LC count. 
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Abstract. This prospective DNA flow cytometric study on 
386 primary squamous cell carcinomas of the oral cavity 
showed that only 18% of the patients with diploid primary 
tumors had lymph node metastasis on admission compared to 
52% of those with aneuploid carcinomas. The aneuploid 
group without evidence of lymph node involvement at the 
time of primary tumor treatment carried a 3-fold increased 
risk for developing late metastasis (23%) compared with the 
diploid group (8%). The clinical manifestation of occult 
metastasis in patients with diploid carcinomas was delayed 
by about two years compared to the aneuploid group. These 
ploidy-specific differences of the metastatic behaviour held 
true even if stratified with respect to tumor stage, histological 
grade and tumor localization . These results provide 
substantial evidence that cells with gross DNA content 
aberrations have a significantly higher probability of 
successfully producing a metastatic colony than flow 
cytometrically diploid tumor cells. An excellent 5-year 
survival rate of 90% in the diploid NO group in contrast to 
52% in aneuploid NO cases and an even worse survival rate 
of 21 % in patients with lymph node involvement at 
presentation underline the clinical importance of these 
findings. 

Introduction 

DNA flow cytometry is a time-saving method to directly and 
reproducibly identify gross karyotypic (earrangements 
provided that it results in a measurable deviation from the 
DNA content of normal diploid values. We have suggested 
that aneuploid tumor cell lines develop from flow 
cytometrically diploid progenitor cells in squamous cell 

Correspondence to: Professor Jorg Hemmer, University of UIm, 
Division of Tumor Biology, P.O. Box 1220, D-89070 Ulm, 
Germany 

Key words: head and neck carcinomas, DNA flow cytometry, 
metastasis, prognosis 

carcinoma of the oral cavity (1,2). Although structural 
chromosome rearrangements have frequently also been 
detected in diploid tumor cells (3), aneuploid transformation 
does actually reflect a dramatic reorganization of the tumor 
cell genome in which gains and losses of chromosomes 
substantially contribute to the expression of an altered DNA 
content (4). 

Whatever aneuploidy means in cytogenetic terms, a close 
association with an increased biological malignancy seems to 
be evident. Patients with diploid oral carcinomas have an 
excellent 5-year survival rate of about 90% independent of 
whether initially treated by surgery alone or with 
preoperative induction chemotherapy while only about 40% 
of the patient with aneuploid primary tumors, treated 
similarly, are long-term survivors (2,5,6). These results 
suggest a pronounced capability of aneuploid tumor cells to 
evade local control. This hypothesis is supported by studies 
reporting the incidence of lymph node metastasis to be 
between 56% and 82% in patients with aneuploid primary 
oral carcinomas and only 19% to 24% in the diploid group 
(7-10). 

Since conflicting results have also been reported (11-13), 
the present prospective study of 386 cases was conducted to 
determine if aneuploid transformation in the primary tumor is 
associated with a higher frequency of lymphatic metastasis in 
patients with oral cancer. Special attention has been directed , 
firstly, to unequivocally assessing lymph node invasion by 
thorough histopathological examination , secondly, to 
predicting occult lymph node involvement by monitoring of 
delayed metastasis and, thirdly, to evaluating the influence of 
the sensitivity of the flow cytometrical measurements on the 
interpretation of the results. 

Materials and methods 

Patients. A total number of 386 consecutive patients with 
primary and previously untreated squamous cell carcinomas 
of the oral cavity were the cohort in this prospective study. 
The carcinomas were localized as follows: upper and lower 
lip (19), tongue (76), floor of the mouth (142), hard and soft 
palate (33), buccal mucosa (20), spread over two or more 
anatomical regions (83) and other sites (13). The majority 
(279 cases) were treated by surgery alone. Fourty patients 
underwent intra-arterial regional induction chemotherapy 
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Table 1. Flow cytometrical DNA ploidy status of the primary tumor, cervical lymph node involvement and type of initial 
lymph node treatment in 386 patients with oral squamous cell carcinoma. 

diploid aneuploid 
NO NO total 

ipsilateral radical neck dissection 9 7 55 95 166 

bilateral radical neck dissection 1 4 5 

ipsilat. radical neck diss. + contralat. 

submandibular triangle dissection 6 2 11 29 48 

ipsilat. submand. triangle diss. 12 2 25 4 43 

bilateral submand. triangle diss. 5 11 2 18 

clinically positive nodes, no surgery' 28 29 

clinically negative nodes , no surgery 28 49 77 

total 60 13 151 162 386 

"palliative treatment or treatment refused 

with 5-fluorouracil and cisplatin while 23 received epirubicin 
and cisplatin preoperatively. Fourty-one were submitted for 
radiation therapy . Three patients refused treatment. The 
therapeutic modalities employed in cases with positive 
cervical lymph nodes are listed in Table 1. The follow-up 
ranged between 1 and 103 months (mean: 20A months; SD: 
19.7). 

Sample preparation. Tumor samples were taken by incisional 
biopsy or were removed postoperatively from the resected 
tumor. After addition of 1 ml 0.9% sodium chloride (NaCl), 
the tissue pieces were immediately homogenized by 
thoroughly mincing with surgical scalpels. The nuclei were 
extracted by incubation in acid pepsin solution (0.5 g pepsin 
dissolved in 100 ml of 0.05 N HCI) at room temperature with 
careful stirring for 5 minutes. Remaining tissue fragments 
were removed by a 50-micron nylon mesh . The nuclei 
suspension was centrifuged (500 x g, 10 minutes), fixed with 
70% ethanol, and stored at -20°C. 

DNA specific staining. The ethanol was removed by 
centrifugation (500 x g, 10 minutes). After 3 minutes 
additional pepsination, the cells were resuspended in a 
solution containing 10 mg ethidium bromide (Serva; 
Heidelberg, Gennany), 4 mg mithramycin (Serva), 500 mg 
magnesium chloride (MgCI2) dissolved in 1,000 ml Tris 
buffer (pH 7 .5). The minimum incubation time was 30 
minutes. 

DNA flow cytOmetry. Flow cytometry was carried out using a 
PAS II flow cytometer equipped with a high-pressure 100 W 
mercury lamp (Partec; Munster, Germany). The filter 
combination used was a BG 12 excitation filter, a dichroic 
mirror TK 500 and a RG 590 barrier filter (Partec). A flow 
rate of about 100 counts per second was maintained by 
vacuum adjustment. The presence of cells with diploid DNA 
content could be verified in all tumor samples by addition of 

human lymphocytes or normal tissue cells in a control 
measurement. 

Histogram analysis. DNA histograms of at least 10,000 
counts were plotted. The diploid cell popUlation was used as 
an internal reference standard for the calcuation of the DNA 
index of the aneuploid clone. The DNA index was expressed 
by the quotient of the respective modal peak values and 
reflected the discrepancy between the aneuploid DNA 
content and the nonnal diploid DNA value (DNA index = 
1.0). The sensitivity of ~he flow cytometric measurements, 
which was reflected by the coefficient of variation of the 
mean, ranged between 0.9% and 5.3% with a mean value of 
2.3% (SD: 0.9). 

Statistical methods. The chi-square probability test was used 
to determine distribution differences in stratified subgroups. 
Survival curves were calculated by the product limit method 
of Kaplan and Meier and a log rank test was used for 
comparison between the curves. No corrections were made 
for deaths unrelated to cancer. In order to avoid influences of 
different treatment strategies, only patients who were treated 
by surgery alone were taken into account for the survival 
analysis. The Kaplan-Meier approach was also applied to 
calculate the time-adjusted risk of late metastasis 
development using the intervals defined by the actual time 
between the primary intervention and the first diagnosis of 
delayed lymph node involvement by histology. Patients who 
developed local recurrences before or simultaneously with 
delayed appearence of lymph node metastasis were excluded 
as well as ca ~ps where a histological examination of the 
lymph node status were not available. 

Results 

Histopathological examination provided confirmation of 
lymph node metastasis in 146 patients with oral squamous 
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Figure l. Representative DNA histograms of oral carcinomas. Diploid 
tumors (left) are characterized by a prominent peak representing the cells in 
the G !lGO-phase of the cell cycle. The much smaller peak with exactly 
double the DNA content of the first one contains cells in G2-phase and 
mito:oi:o. Tht;> ('o,mt< piottp.cl hetween both peaks reflect cells in S-phase 
characterized by intermediate DNA values. Aneuploid tumors show 
additional cell lines with abnormal DNA contents. The cell cycle phase 
distributions of the diploid and aneuploid cell populations are more or less 
overlapping depending on the respective DNA indices of the aberrant 
clones. A D~A histogram of a tumor with an aneuploid cell line with a 
DNA index of 1.46 (middle) and a biclonal DNA histogram with two 
aneuploid cell lines expressing DNA indices of 1.71 and 1.93 (right) are 
shown. 

cell carcinoma (Table I). The lymph nodes of 134 patients 
who underwent a radical or modified neck dissection 
contained no metastatic deposits. Histopathological findings 
were not available from 29 patients with clinical evidence of 
metastatic disease who refused any treatment or were 
referred directly for palliative radiation therapy as well as 
from 77 patients who remained untreated due to lack of 
clinical evidence of lymph node involvement. 

Seventy-three of the 386 primary tumors (19%) consisted 
exclusively of flow cytometrically diploid cells. A single cell 
population characterized by an abnormal DNA content was 
detected in 273 cases (71 %) and 40 tumors (10%) expressed 
two or mOl e aneuploid cell lines (Fig. 1). Clinical or 
histopathological evidence of lymph node involvement was 
found in only 18% of the patients with diploid primary 
tumors, but in 52% of the aneuploid group (P<O.OOI). Even if 
only the cases in which histopathological findings were 
available (n=280) were considered, lymph node metastasis 
were detected in 27% of the diploid and 57% of the 
aneuploid group (P<O.OOl). 

The negative influence of cervical lymph node 
involvement at admission on the outcome of the disease in 
patients who were initially treated by surgery alone was 
substantiated by the 5-year overall survival rate of only 21 % 
in the aneuploid N+ group and a comparably poor prognosis 
also of the few diploid N+ cases (Fig. 2). The prognosis of the 
aneuploid NO group, with a 5-year survival rate of 52%, 
turned out to be significantly more favourable (P<O.OOl). 
Ploidy-specific differences in the follow-up may be 
suggested by the excellent 5-year survival rate of 90% of the 
diploid NO group (P<O.OOI). 

Late metastasis were observed in 9 of the 77 NO patients 
02%) who had undergone neck dissection at primary tumor 
surgery (compare Table I). Also in 18 of the 134 patients 
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Figure 2. Overall survival of 279 oral carcinoma patients who underwent 
initial treatment by radical primary tumor surgery accompanied with a neck 
dissection if indicated with respect to lymph node involvement at 
presentation and DNA ploidy status of the primary tumor. 
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Figure 3. Time-adjusted delayed metastasis rate in patients without clinical 
or histological evidence of lymph node involvement at primary tumor 
surgery with respect to the ONA ploidy status of the primary tumor. Patients 
who showed lymph node involvement after or simultaneously with the 
development of a second primary tumor have not been taken into account. 

(13%) who were treated by radical or modified neck 
dissection, but turned out to be free of lymph node 
involvement by histology in the respective resection field, 
lymph node metastasis appeared later in initially untreated 
neck areas. Although late metastasis has been proven in only 
5% of the diploid NO group and 16% of the aneuploid NO 
group (P<0.05), the three-year accumulated risk of delayed 
metastasis was estimated to be 8% in patients with diploid 
carcinomas and 23% in the aneuploid group (P<O.OI) if 
corrected for losses during follow-up as well as for the 
influence of death before clinical manifestation of lymph 
node disease (Fig. 3). Moreover, occult metastasis in patients 
who suffered from diploid primary tumors reached a 
clinically detectable size about two years later than those 
with aneuploid tumors. 

The close association between the DNA ploidy status of 
the primary tumor and metastatic behaviour remained 
significant even if stratified with respect to tumor size or 
with degree of histological differentiation (Table II). The 
higher incidence of metastasis in diploid carcinomas of the 
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Table II. Correlation between lymph node status, DNA ploidy 
of the primary tumor with tumor stage and histological grade. 
The number of N+ cases at primary tumor surgery as well as the 
actually observed cases with delayed metastasis were considered. 

NO 
d a d a sum p-value 

T1 
T2 
T3 

28 
24 

5 

32 
81 
14 

2 
11 
3 

11 
104 
71 

73 
220 

93 

0.05 
0.01 
0.01 

Gl 
G2 
G3 

19 
34 
4 

15 
87 
25 

2 
13 

10 
115 
61 

46 
249 

91 

0.025 
0.001 
0.025 

sum 57 127 16 186 386 0.01 

Table III. Correlation between lymph node involvement at 
presentation and the DNA ploidy status of the primary tumor 
at different anatomical sites of the oral cavity. 

diploid aneuploid 

n %N+ ' n %N+ 


lips 12 8 7 14 

tongue 19 11 57 49 

floor of the mouth 23 23 120 48 

palate 8 13 25 56 

buccal mucosa 6 33 14 36 

% 

10 

o 
1.0 1.5 2.0 

DNA index 

Figure 4. DNA index frequency distribution pattern of all monoclonal oral 
carcinoma cases. 

buccal mucosa was statistically not significant while the low 
metastatic potential of lip carcinomas was confirmed 
(Table III). Although the DNA indices of the monoclonal 
aneuploid cases varied in a wide range from 0.9 to 2.2 (Fig. 4), 
and inspite of the presence of two or more aneuploid cell 
lines in some tumors, the proportion of cases with lymph 
node metastasis was nearly identical in all subgroups 
(Table IV). Only in tetraploid cases, lymph node involvement 
appeared to occur significantly more frequently than in all 
other aneuploid tumors (P<0.05). Cases classified as diploid, 
but measured with a relatively low sensitivity (CV>4%), 
developed lymph node metastasis at nearly the same 
frequency as the aneuploid group. 

Discussion 

An incidence of lymph node metastasis at the time of 
primary tumor treatment of only 18% as well as a 3-year 

20 

-

-
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Table IV. Correlation between lymph node metastasis and DNA ploidy profile of the primary tumor. 

NO N+ at presentation N+ delayed N+ (%) 

diploid 57 13 3 21.9 
CV<4% 52 6 2 13.3 
CV>4% 5 7 I 61.5 

aneuploid 127 162 24 59.4 

multi clonal aneuploid 21 17 2 47.5 

monoclonal aneuploid 106 145 22 59.4 
Dl<1.25 11 16 60.7 
Dl<1.45 2 5 0 71.4 
Dl<1.55 8 12 0 60.0 
DI<I.65 13 18 3 61.8 
Dl<1.75 19 28 3 62.0 
Dl<1.85 23 23 6 55.8 
DI<1.95 21 20 5 54.3 
D1<2.05 6 19 4 79.3 
DI>2.05 3 4 0 57.1 
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delayed metastasis rate of only 8% in patients with primary 
carcinomas consisting exclusively of flow cytometrically 
diploid cells was found compared to 52% and 23% 
respectively in those with aneuploid tumors. ihis provide 
substantial evidence fora close association between 
aneuploidy formation and the expression of the metastatic 
behaviour in squamous cell carcinoma of the oral cavity. The 
existence of cell lines with almost identical DNA contents in 
both primary tumors and their synchronous metastasis in 
spite of a wide range of individual DNA quantities, may 
largely exclude the possibility of dissemination of diploid 
tumor cells with a subsequent evolution of cell strains with 
identical aneuploidy profiles in the corresponding lesions (8). 

Metastatic Spread from true-diploid carcinomas must be 
considered to be less frequent than could be determined. This 
is suggested by a significantly lower proportion of metastasis 
in diploid oral carino mas measured with a CV<4% (13%) 
compared to the diploid group where a sensitivity threshold 
of 4% was exceeded (62%). A certain number of the latter 
cases has obviously been falsely classified as diploid, most 
likely due to the inability of discriminating tumor cell 
popUlations with only small deviations of their DNA contents 
from normal diploid cells. However, occasional dissemination 
from flow cytometrically diploid oral carcinomas cannot 
completely be excluded and should be accepted. 

An excellent survival rate of 90% in the diploid NO group 
provides striking evidence that malignancy progression can 
completely be interrupted by local surgery alone in the vast 
majority of cases if treated before aneuploid cell lines have 
emerged. A 5-year overall survival rate of only 52% in the 
aneuploid NO group conftrmed the deteriorating influence of 
late metastasis as well as of local recurrence developmertt, a 
complication which has also been monitored predominantly 
in aneuploid oral carcinomas (14). Cervicl111ymph node 
involvement at presentation resulted in a poor 5-year survival 
rate of only 18%. 

It has been suggested that aneuploid tumor cell lines 
originate from diploid progenitor cells as a result of abnormal 
mitosis (2,15). Convincingly, the contribution of numerical 
chromosome aberrations is required to substantiate the 
development of extensive DNA content abnormalities, art 
assumption that has been confirmed by comparisons with 
karyotype analyses (3,4,16-18). Although an increasing 
emergence of gene-dose effects should be expected, this type 
of gene expression alone does not explain the induction of 
the metastatic phenotype because even great karyotypic 
differences, as reflected by the wide range of DNA content 
aberrations, did not result in a significant change of the 
metastatic behaviour, perhaps with some reservation of 
tetraploid DNA amounts. 

The existence of additional cytogenetic changes were 
suggested from absence of nodal involvement in 
approximately every third aneuploid oral carcinoma. This 
implies a certain delay between aneuploidy formation and the 
definite expression of the metastatic phenotype, a period 
which can be used for successful local intervention. The 
development of metastasis from diploid tumors provides 
further evidence that metastasis-associated genes are 
occasionally activated even in absence of gross karyotypic 
changes. The extensive reorganization of the genome by 

aneuploid transformation whether due to simultaneous 
accumulation of mutations or as a result of gene-dose effects 
contribute to an acceleration of the expression of metastatic 
behaviour. This is underlined by the high incidence of 
metastasis in patients with aneuploid tumors and can also be 
concluded from the observation that late clinical appearence 
of metastasis from diploid primary tumors is delayed by two 
years in comparison to the aneuploid group. 

In conclusion, the present study demonstrate the 
advantages of DNA flow cytometry to easily and reliably 
screen biopsies from the primary oral carcinoma to determine 
the relative risk of metastasis spread. Advances in unveiling 
the concrete cytogenetic nature of altered DNA contents and 
the role the underlying karyotypic changes may play in the 
induction of metastatic growth, may translate into further 
improvements in patient care. 
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Abstract. This prospective study on 348 patients with oral 
squamous cell carcinoma who underwent radical surgery 
established a close association between the DNA ploidy 
status of the primary tumor and the risk of local recurrence 
development. Nine percent of patients with flow cytometrically 
diploid tumors developed a recurrence compared to 46% of 
those with aneuploid tumors. This correlation held true even 
if evaluated with respect to tumor stage or histological grade. 
Thirteen percent of the diploid and 59% of the aneuploid 
group showed lymph node metastasis . These results provide 
substantial evidence that cytogenetic events that underlie 
aneuploidy formation from initially diploid progenitor cells 
are functionally linked to the development of tumor cell 
populations that have the capability to establish independently 
growing colonies in foreign tissues. 

Introduction 

DNA flow cytometric studies on squamous cell carcinoma of 
the oral cavity have shown that early tumor stages consist 
predominantly of diploid cells while cell lines with aberrant 
DNA content are frequently expressed in advanced lesions 
(1 -5). This implies that aneuploid cell strains develop from 
diploid progenitor cells, usually after the tumors have advanced 
towards a clinical detectable size. A close correlation between 
the degree of DNA content aberration and the respective 
chromosome number suggests an abnormal mitosis as the 
underlying cytogenetic event responsible for the 
development of tumor cell clones with altered DNA content 
(6,7). Although flow cytometrically diploid tumor cells 
frequently possess structural chromosome aberrations (8), it 
appears that a change of the nuclear DNA content reflects a 
fundamental reorganization of the tumor cell genome. 
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There is evidence indicating that the cytogenetic changes 
that are associated with aneuploid transformation contribute 
to the behavior of oral cancer. Patients with aneuploid 
tumors, when compared to patients with diploid carcinomas 
of the same stage and histological grade, have approximately 
a 3-fold increased risk to develop cervical lymph node 
metastasis (3,9,10). These results, which are in agreement 
with data presented by others (4,11,12), indicate that the 
development of cell populations with aberrant DNA content 
is associated with an increased potential of successfully 
producing distant colonies. 

Since 1986, DNA flow cytometry has been a regular part 
of our diagnostic procedures in cases of oral cancer. This 
study was done to evaluate the implications of the DNA 
ploidy status of primary oral squamous cell carcinomas on 
the development of local recurrences. 

Materials and methods 

Three hundred and forty-eight consecutive patients, all of 
whom had undergone radical primary tumor surgery 
accompanied by radical neck dissection if indicated, were 
included in this study. Pa tients who were selected for 
adjuvant treatment protocols were excluded as well as those 
who were treated palliatively. Tumor staging and histological 
grading were done according to conventional criteria. The 
surgical margins were examined by frozen sections and the 
resection was adjusted if indicated. 

The methods used for sample preparation and DNA flow 
cytometry have recently been described in detail (2,9,10). In 
short, tumor samples were immediately homogenized by 
thoroughly mincing with a surgical scalpel. The nuclei were 
extracted by incubation in acid pepsin solution (0.5 g pepsin 
dissolved in 100 ml of 0,05 N HCI) at room temperature with 
careful stirring for 5 min. Remaining tissue fragments were 
removed by a SO-micron nylon mesh. The nuclei in suspension 
were fixed with 70% ethanol and stored at -20·C. For DNA 
specific staining, the cells were pepsinated for 3 min and 
resuspended in a solution containing 10 mg ethidium bromide 
(Serva, Heidelberg, Germany), 4 mg mithramycin (Serva), 
500 mg magnesium chloride (MgCI2) dissolved in (1 I) Tris 

buffer (pH 7.5). The minimum incubation time was 30 min. 
Flow cytometry was carried out using a PAS II or a PAS III 
flow cytometer equipped with a high-pressure 100 W 
mercury lamp (Partec, Munster, Germany). 
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Figure I. Recurrence development with respect to the DNA ploidy status of 
the primary tumor. 

In order to exclude influences due to loss during follow
up or other causes of death, the cumulative risk of recurrence 
development was expressed in a percentage at a particular 
time period according to the Kaplan-Meier method. A log 
rank test was used to compare the differences between the 
life-table probabilities of the respective cohorts. 

Results 

Seventy-two oral carcinomas consisted exclusively of flow 
cytometrically diploid cells (21 %). An additional cell 
population with aneuploid DNA content was expressed in 
276 cases (79%). The risk to develop juxtaprimary 
recurrences during the first two-year interval after primary 
tumor surgery was only 9% in patients with diploid primary 
tumors while 46% of the aneuploid group relapsed during the 
same period (P<O.OOI; Fig. 1). This correlation held true 
(P<O.OI) even if evaluated with respect to tumor stage or 
degree of histological differentiation (Fig. 2). The recurrence 
rates of the diploid cases ranged between 0% and 11 % if 
stratified with respect to stage or histological grade without 
showing statistically significant differences between these 
subgroups. Aneuploid Tl tumors (37%) and low grade (01) 
lesions (28%) relapsed less frequent than advanced aneuploid 
carcinomas (P<O.OI) . The recurrence rates were nearly 
identical in aneuploid T2 (52%) and T3 cases (45%) as well 
as in intermediate grade (02) (50%) and high grade (03) 
cases (48%). 

Although the local recurrence rates were significantly 
lower (P<O.OO 1) in patien ts wi th carcinomas of the T 1 
category (26%) or with well differentiated tumors (14%) 
compared to patients with advanced tumors of the T2 (43%) 
and T3 category (40%) or of the 02 (42%) and 03 group 
(48%) (Fig. 3), these differences were obviously influenced 
predominantly by the composition of diploid and aneuploid 
cases in the respective subgroups. The proportion of diploid 
cases actually decreased with staging from 41 % in the Tl 
group to 16% in T2 carcinomas and 12% in the T3 category. 
The percentage of diploid cases also decrease in the various 
tumor grades from 50% in well differentiated lesions to 21 % 
in moderately differentiated tumors and 6% in poorly 
differentiated carcinomas (Table I). 
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Figure 2. Recurrence development with respect to the DNA ploidy status of 
the primary tumor as well as with respect to tumor stage and histological 
grade. 

Table 1. Clinical and histopathological features related to the 
DNA ploidy status of the primary tumor. 

Diploid Aneuploid Total 

Stage 
Tl 31 45 76 
T2 33 172 205 
T3 8 59 67 

Histological differentiation 
well 19 19 38 
moderate 48 184 232 
poor 5 73 78 

Lymph node metastasis 
absent 63 113 176 
present 9 163 172 
total 72 276 348 

Only 13% of the patients with diploid primary tumors had 
histologically verified lymph node metastasis at the time of 
primary tumor surgery in contrast to 59% of the aneuploid 
group (P<O.OOI, chi square probability test). The two-year 
cumulated risk of recurrence development was 36% in the 
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Figure 3. Recurrence development with respect to tumor stage and histological grade. 
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Figure 4. Recurrence development with respect to the DNA ploidy status of 
the primary tumor as well as with respect to lymph node involvement at primary 
tumor surgery. 

aneuploid NO group and 61 % in the aneuploid N+ group 
(P<O.OOl) while only 8% of the diploid NO cases relapsed 
(P<O.OOI; Fig . 4). The low number of diploid cases with 
lymph node metastasis did not warrant an evaluation of the 
time-adjusted risk of recurrence development in this group. A 
remarkable difference between the diploid N+ and the diploid 
NO group was obvious because only one out of 9 patients 
with lymph node involvement was actually afflicted with 
recurrent disease. 

Discussion 

This study confinned previous results of a striking ploidy
specific difference in the metastatic behavior in oral 
squamous carcinoma (3,9,10). As we have recently reported, 
lymph node involvement, which is almost exclusively found 
in the aneuploid group, is an important contributing factor to 
the poor 36% 5-year survival rate in these patients (2). In 
contrast, 88% of the diploid group were long-tenn survivors. 
In our previous report on the same patient sample (10), we 
found a dramatical difference in the outcome between 
patients with diploid tumors who were not afflicted with 
lymph node metastasis on admission (90%) and the 
aneuploid NO group (52%). Although a delayed metastasis 
rate of only 9% in diploid NO cases has been found and 

which was consistent with their excellent prognosis, the fatal 
outcome in half of the aneuploid NO group could not solely 
be explained by their delayed metastasis rate of 23% (10). 

This study provided striking evidence that the progression 
of oral squamous cell carcinoma could be interrupted by 
local surgery alone if executed before the establishment of 
aneuploid cell lines and confirmed a close association 
between DNA ploidy status and the risk of local recurrence 
development. Although only 9% of the patients with diploid 
carcinomas relapsed, 46% of those with aneuploid tumors 
developed recurrent tumor over the same period. An even 
more pronounced difference, namely 4% in case of diploidy 
and 71% in case of aneuploidy, has been reported in a study 
on 76 patients who had undergone resection with curative 
intent (4). In line with these results, we previously found a 
complete lack of recurrence in patients with diploid tumors 
and a 38% relapse rate in the aneuploid group in 53 oral 
carcinoma patients who were treated by intra-arterial 
induction chemotherapy prior to radical surgery (13). The 
5-year survival rates of these patients were 90% in the 
diploid and 18% in the aneuploid group (13,14), very similar 
to those in this study and who underwent surgery alone. 

As the number of diploid cases markedly decreased with 
progression of the disease, one could propose that the close 
correlation between the DNA ploidy status of the primary 
tumor and the risk of recurrence development simply reflects 
stage-specific differences in therapeutic success. This is 
obviously not the case in our study. The recurrence rate 
remained negligibly low in advanced diploid tumors while 
even small and well-differentiated aneuploid lesions , which 
had been managed with a comparable radicality to diploid 
tumors of the same stage, showed a dramatically higher risk 
of recurrent disease. These observations suggested that 
malignant regrowth emanating from the primary tumor 
continuum represented a less important source for the 
evasion of local control during recurrence development 
compared to the intrinsic property of aneuploid tumor cells. 

Tumor invasion is certainly a prerequisite for tumor 
regrowth in cases of 'complete' surgical removal. No 
attempts have been made, however, to histologically examine 
the tumor-host interface. One reason is the well-known 
problem to definitely diagnose malignant invasion beyond 
the resection margins (15,16). There is also mounting 
evidence from histological studies that recurrent disease does 
not always occur if invaded host tissue has been left behind 
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(17 ). It can therefore not be excluded that flow 

cytometricaIIy diploid tumor cells are capable of invasion. 

The conclusion that diploid cells possess a largely reduced 
colony forming potential is rather convincing as not only the 

risk of recurrence development but also the metastasis rate 

was very low in patients with these tumors. 

To explain the lack of cervical lymph node involvement 
in 	a third of patients with aneuploid carcinomas, we have 

already postulated a certain delay between aneuploidy 

formation and the definite expression of the metastatic 

phenotype (IO). The capacity to generate juxtaprimary tumor 

regrowth is not necessarily simultaneously induced with 

aneuploid transformation as may be concluded from a 

relapse-free follow-up period experienced in roughly half of 

the aneuploid group that had undergone surgery. Such a 

delay that was probably due to the requirement of further 

cytogenetic changes, would potentially allow successful local 
intervention. It was hQw,,",vp.r, rliffic.lIlt to rliscriminate 
between patients that have been treated curatively because of 
the inability of the tumors to relapse and those who could be 
cured in spite of the potential of tumor regrowth. Since as 

many as 61 % of the aneuploid cases with lymph node 
metastasis upon admission developed local recurrences, it 
appears to be conclusive that when clones that share the 

capability to survive and grow in foreign tissues have 

emerged, the tumor can indeed only occasionally be brought 
under local control. Although there was a trend towards 
improved surgical success during the complete removal of 

small and well differentiated aneuploid lesions, the 

recurrence rates in more advanced cases were completely 
identical irrespecti ve of the tumor stage or grade. This partly 
meets the expectation that treatment failure is closely linked 

with the accessibility and extension of the lesion. The actual 

surgical s uccess is however mainly due to the fact that a 
certain number of aneuploid tumors at the time of 
intervention, have not yet generated cellular phenotypes with 

the capacity to establish independently growing colonies. 

These considerations are certainly of profound clinical 
importance. We can firmly propose an excellent success rate 
for standard local surgical intervention in patients with flow 

cytometrically diploid oral carcinomas. Surgery alone is not 

recommended for the aneuploid N+ group. Whether more 
radical surgical procedures may improve the cure rate in the 
aneuploid NO cases is speculative as the need for wide 

uninvolved margins always competes with the prerequisite to 

preserve the vital anatomical structures of the head and neck 
region. It therefore seems desirable to distinguish patients of 

the aneuploid group who can successfully be treated by 

standard surgery alone from those in whom adjuvant 
therapeutic strategies should be taken into consideration. 

The observation that two of three patients with metastatic 

oral carcinoma suffer from local recurrences supports the 

idea that cells that share the capability to establish secondary 

malignant colonies have in the majority of cases acquired this 
characteristic at the primary tumor site and not after having 
detached from it. In order to select patients at high-risk for 

metastasis and recurrence development, the only information 

required is cytometric data on that which is easily accessible: 

the primary tumor. This should stimulate our ambition to 

explore the cytogenetic and phenotypic changes involved in 

dissemination of neoplastic cells. 
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BACKGROUND. DNA flow cytometry studies of squamous cell carcinoma of the head 


and neck have shown that .""'lth diploid tumors have favorable prognoses, 

whereas the outcomes of those \o\1th tumors are poor. This study was 

conducted to examine the importance of DNA ploidy in patients \\'lth locally recur


rent oral carcinoma. 


METHODS. DNA flow cytometry was on 93 primary oral carcinomas and 

their ~lHn"'4u,,,, 

tumor and the recUf

rl"'J""'''~.rllymph node metastasis. The 5-year overall survival rate of 

this group was 87%. For 80 aneuploid carcinomas, recurrences developed 
that were also aneuplOid. Only 31% of these patients were 5-year survivors (P < 
0.00l). Lymph node metastasis at 
whereas 13% of initially lymph node npc,,,tj·,,,, presented with 

disease at second surgery. Five of 13 diploid primary tumors recurred 'with aneu
eel! lines. Three of these five patients died, two with metastasis. The 

5-year survival rate of patients vl/ith recurrences who were never afflicted 

vvith lymph node involvement (41 %) was better (P < 0.05) than the 5-year survival 

rate of those \o\1th metastasis at presentation or at second surgery (26%). 
CONCLUSIONS. The excellent prognosis with diploid primary tumors can 

local recurrences with radical surgery, if the surgery is 

<U."~Uf"V"V cell lines have It appears that aneuploid 

tumor cell lines unique that make them of invasion 
and metastasis. Cancer 1997;79:2309-13. © 1997 American Cancer Society. 

KEYWORDS: head and neck carCinoma, oral carCinoma, DNA flow cytometry, aneu
ploidy, recurrence, metastasis, prognosis. 

DNA flow studies substantial evidence that the 
development of aneuploid tumor cell from diploid 

cells contribute significantly to the behavior of oral carci
noma. 1,2 With radical surgery, a survival rate of nearly 90% was 
achieved for patients with diploid primary squamous cell carcinoma, 
in contrast to a rate of approximately 30% for with aneuploid 

tumors. This that prognosis can be by 
local intervention alone before the development of aneuplOid tumor 
cell lines. I 

-
3 In the risk of recurrence at the site has 

been to range between 46% and 71% for surgically resected 
aneuploid oral Vilith between 4% and 9% for 
diploid tumors.4

•
5 This study involved a homogenous series of patients 
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TABLE 1 
Clinical and Histopathologic Characteristics of 13 Diploid and 80 
Aneuploid Primary Oral Carcinomas 

Characteristic Aneuploid Diploid 

Localization 
Mobile tongue 15 
Base of the tongue 34 4 
Floor of the mouth 16 3 
Palate II 
Buccal mucosa 

T-classification 
TI 10 5 
T2 49 
T3 16 
T4 

Histologic differentiation 
High 
Moderate 48 IJ 
Poor 27 2 

who were treated with surgery of both the primary and 
secondary tumors with curative intent.The DNA ploidy 
status of subsequent lesions was compared with that 
of primary lesions and used to analyze the predictive 
importance of DNA flow cytometry in patients with 
locally recurrent oral carcinoma. 

MATERIALS AND METHODS 
Ninety-three consecutive patients with squamous cell 
carcinoma of the oral cavity, all of whom underwent 
surgery of locally recurrent tumor subsequent to radi
cal primary tumor dissection between March 1986 and 
December 1995, composed the cohort of this prospec
tive study. Only cases in which the second surgery had 
been undertaken with curative intent were considered. 
Surgical revisions made earlier than 2 months after 
primary treatment were excluded. Initial and second 
intervention were accompanied by a radical or modi
fied neck dissection in cases of suspect lymph nodes, 
as evidenced by palpation, ultrasound, or computed 
tomography. 

Tumor staging and histopathologic grading was 
done according to conventional criteria. Only cases in 
which microscopic findings were available were de
fined as lymph node positive (N +) without further strat
ification with respect to site or size of the involved 
lymph nodes. Patients who did not undergo neck treat
ment were defined as NO, as were those without micro
scopic evidence of lymph node involvement. The clini
cal and histopathologic characteristics of the patients 
at initial treatment are summarized in Table l. 

DNA flow cytometry was performed in both the 
primary tumor and the corresponding secondary tu

-,
I - 
, I 99 

mor. Tumor samples were collected by incisional bi
opsy or were removed postoperatively from the re
sected tumor. The tissue pieces were immediately ho
mogenized by thorough mincing with surgical 
scalpels. The nuclei were extracted by incubation in 
acid pepsin solution containing 0.5 g pepsin dissolved 
in 100 mL of 0.05 N hydrochloric acid (HC!) at room 
temperature, with careful stirring for 5 minutes. Re
maining tissue fragments were removed with a 50-J-tm 
nylon mesh. The nuclei in suspension were spun down 
(500 X g, 10 minutes), fixed in 70% ethanol, and stored 
at -20°C. 

For DNA flow cytometric analysis, the nuclei were 
pelleted (500 X g, 10 minutes) and resuspended in 
0.2 mL acid pepsin solution at room temperature to 
dissociate aggregates. After 3 minutes incubation, 4.8 
mL of DNA specific staining solution was added, which 
contained 10 mg ethidium bromide (Serva, Heidel
berg, Germany), 4 mg mithramycin (Serva), and 500 
mg magnesium chloride (MgCI2) dissolved in 1 liter 
Tris buffer (pH 7.5). For samples analyzed after 1991, 
a DNA staining solution containing 0.2 mg 4' ,6-dia
midino-2-phenylindole (DAPI; Serva) and 11.8 g citric 
acid trisodium salt dihydrate (Serva) dissolved in 100 
mL distilled water (pH 8.0) was used. The minimum 
incubation time at room temperature was 30 minutes 
for ethidium bromide/mithramycin and 10 minutes 
for DAPI, respectively. 

Flow cytometry was carried out using a PAS II or 
a PAS III flow cytometer equipped with a high-pres
sure 100 W mercury lamp (Partec, MUnster, Germany). 
The filter combination used for ethidium bromidel 
mithramycin was BG-12 for excitation, a dichroic mir
ror TK-500, and a RG-590 barrier filter. For DAPI, a 
UG-1 excitation filter, a dichroic mirror TK-420, and a 
GG-435 barrier filter were used (all filters were pur
chased from Partec). DNA histograms of at least 10,000 
cells were plotted. The diploid cell population was 
used as an internal reference standard for the identi
fication of aneuploid clones. In cases in which the 
diploid cell population could not unambiguously be 
identified, human lymphocytes were added in a con
trol measurement. The DNA index was expressed by 
the quotient of the respective modal peak values and 
reflected the discrepancy between the aneuploid DNA 
content and the normal diplOid DNA value (DNA index 
== 1.0). The coefficient of variation (CV) of the ethidium 
bromide/mithramycin measurements ranged between 
1.1 % and 5.4%, with a mean value of 2.4% (standard 
deviation [SD] = 1.1). For DAPI, the CV ranged be
tween 0.8% and 2.7%, with a mean value of 1.6% (SD 
= 0.8). 

Survival curves were calculated by the Kaplan
Meier product limit method, and a log rank test was 
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FIGURE 1. DNA histograms of primary oral carcinomas and their subse

quent recurrences are shown. Adiploid primary tumor (A) is shown, which 
developed a local recurrence characte rized by an aneuploid tumor cell line 

with a DNA index of 1.85 (8). The lower panels demonstrate a primary 

tumor (C) and its subsequent local recurrence (D), both of which exp ressed 
an aneuploid cell line (DNA index = 1.08) with identical DNA contents. 

used to compare the differences between the life-table 
probabilities of the respective cohorts. The chi-square 
probability test was used to determine distribution dif
ferences between stratified subgroups. 

RESULTS 
Thirteen primary tumors consisted exclusively of flow 
cytometrically diploid cells. Aneuploid cells were ex
pressed in 80 carcinomas. There were no significant 
distribution differences with respect to localization 
and histologic grade between diploid and aneuploid 
cases (Table 1). The relative number of diploid lesions 
decreased with T classification, but this difference was 
not statistically significant (P > 0.1) . Five of 13 diploid 
primary carcinomas recurred with aneuploid cell lines 
(Fig. 1), whereas 8 secondary tumors consisted of dip
loid cells. All the recurrences of the 80 aneuploid tu-
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TABLE 2 
Lymph Node Involvement and Flow Cytometric DNA Ploidy in 
Primary Oral Carcinomas and Their Corresponding Recurrences 

Lymph node status' 
DNA ploidy 

Initial Second 
Primary tumor Recurrence treatment surgery 

NO Nt NO Nt 
Diploid Diploid 8 0 8 0 
DiplOid Aneuploid 4 3 
Aneuploid Aneuploid 36 44 26 54 

•Only-cases in which microscopic findings were available were defined as Nt . Patients who did not 
undergo neck neannent and those without microscopic evidence of lymph node involvement were 
defined as NO. 

mors had aneuploid DNA content. Fifty-nine (74%) of 
these expressed an identical DNA content aberration 
(Fig. 1), whereas a change in the DNA profile was ob
served in 21 cases. 

Six of 8 diploid (75%) and 58 of 85 aneuplOid re
currences (68%) had a maximum diameter of 2 cm. 
Six aneuploid second tumors (7%) were highly differ
entiated, 45 (53%) were moderately differentiated, and 
34 (40%) were poorly differentiated. In the diploid 
group, 5 (63%) were moderately differentiated and 
three (37%) were poorly differentiated. These differ
ences were not statistically significant. 

Only 1 of 13 patients (8%) with diplOid primary 
tumors had lymph node metastasis on admission (Ta
ble 2) . No lymph node involvement was found in pa
tients with diploid primary and secondary tumors. In 
contrast, 44 of 80 patients (55%) '''lith aneuploid pri
mary tumors presented with lymph node metastasis 
at initial surgery, whereas 10 initially lymph node neg
ative patients (13%) developed regional disease during 
recurrence growth. Three of the five patients who de
veloped aneuploid recurrences from diploid primary 
tumors had lymph node metastasis at second surgery. 
Thus, no patient who presented with diplOid recurrent 
tumor developed regional disease, whereas only 26 of 
80 aneuploid cases (33%) never developed lymph node 
metastasis. 

The 5-year overall survival rate of patients who 
underwent radical surgery of diplOid recurrent tumor 
was 87% (Fig. 2). Only 31% of those with aneuploid 
recurrence were long term survivors (P < 0.001) . Three 
of the 5 patients who developed aneuploid recurrences 
from diploid primary tumors died of cancer after 7, 
15, and 22 months, respectively. 

The 5-year survival rate for patients with aneu
ploid recurrences who were never afflicted with lymph 
node metastasis (41 %) appeared to be more favorable 
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FIGURE 2. Overall survival rates of patients with diploid and aneuploid 

locally recurrent oral carcinomas are shown. All patients of the diploid 

group were lymph node negative. The aneuploid lymph node negative 

group (NO) had no evidence of lymph node involvement at initial surgery 

or at second surgery. The aneuploid lymph node positive group (N+) had 

lymph node metastasis either at presentation or at second surgery. 

(P < 0.05) than the rate for patients who had a history 
with lymph node involvement (26%). In the latter 
group, the issue of whether regional metastasis had 
developed at presentation or at second surgery was 
not statistically significant (data not shown). 

DISCUSSION 
In a prospective study of 348 patients who had under
gone surgical resection of their primary oral squa
mous cell carcinomas, we found constantly low re
currence rates of less than 10%, independent of tu
mor stage or histologic grade, in those with flow 
cytometrically diploid tumors, compared with an in
crease in the local relapse rate of approximately five
fold among those with aneuploid tumors belonging to 
respective subgroups.4 Thus, different stage specific 
recurrence rates 6,7 appear to reflect decreasing pro
portions of aneuploid cases with tumor progressionl.8 

rather than difficulties in achieving a complete resec
tion of advanced lesions. These findings indicate a 
pronounced capability of aneuploid tumor cells to 
evade local control. 

The current study provides further evidence of 
this hypothesis. Although the number of patients with 
diplOid recurrence was low, a favorable 87% 5-year 
survival rate indicated that the already excellent out
come of radical primary tumor surgeryl-3 could 
largely be reestablished by a second local interven
tion, provided that aneuploid tumor cell populations 
had not emerged during recurrence development, 

Thus, there was no evidence of a significantly differ
ent pattern of host tissue invasion in diploid tumors 
that recurred compared with those that did not. A 
restrained propensity of flow cytometrically diploid 
tumor cells to establish independently growing colo
nies was also emphasized by a regional metastasis 
rate of only 9% among patients with diplOid primary 
oral carcinoma, an observation that is in agreement 
with results from larger series.2,5,9,10 Beyond that, pa
tients with diploid recurrent tumors never developed 
metastatic disease, 
Aneuploid tumor cells have a pronounced potential 
of invasive growth and metastatic spread. In support 
of previous results,2,11 about half of the aneuploid car
cinomas in this study were associated with lymph 
node metastasis at presentation. Another one-fourth 
of the aneuploid lymph node negative group pre
sented with involved lymph nodes at second surgery. 
In addition, two of the five patients with aneuploid 
recurrences derived from diplOid primary tumors de
veloped regional disease. A fivefold increase in the 
local recurrence rate was observed among the group 
with aneuploid primary carcinomas as compared 
with the group with diploid tumors; 4 in accordance 
with this, aneuploid second tumors were found at a 
lO-fold frequency than diploid local recurrences, The 
difference was due to initially diploid primary tu
mors, which recurred with aneuploid tumor cell lines. 

A high degree of concordance between the DNA 
profiles of primary tumors and those of their corre
sponding recurrences indicated a definite cytogenetic 
stability of initially established aneuploid clones, in 
spite of a great variability of individual DNA contents,l 
This observation has also been made with respect to 
synchronous lymph node metastases. 11 This was in 
spite of changes in the DNA contents of approximately 
one of three cases, and may reflect a selection of aneu
ploid subclones with secondary cytogenetic alterations 
that have made advantageous phenotypic adaptations 
to the therapeutically modified microenvironment. 
However, the development of second primary tumors, 
although their incidence is assumed to be less frequent 
than the proportion of second local tumors with 
changed DNA contents,12 cannot be ruled out either. 
The 5-year survival rate of 31% observed among pa
tients with aneuploid recurrent oral carcinomas im
plied that only a minority of patients can be cured by 
local intervention if aneuploid tumor cells have devel
oped. However, there was evidence of improved thera
peutic success in patients who were never afflicted 
with lymph node metastasis. Although the outcome of 
surgery is excellent in diploid primary as well as in 
diploid recurrent oral carCinoma, the poor prognosis 
of those patients whose initially diploid tumors recur 
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with aneuploid tumor cell populations emphasizes the 
importance of a complete resection during initial 
treatment. 

In conclusion, DNA flow cytometry is a useful tool 
for selecting oral carcinoma patients who are at high 
risk of lymph node involvement and therefore should 

. be considered for neck dissection, and it is also useful 
for identifying those who have a promising outcome 
even if treated by local intervention alone. As the prog
nosis of patients with recurrent head and neck tumors 
is poor and meaningful prognostic factors are largely 
lacking,13 the application of DNA flow cytometry may 
contribute to an improved outcome in locally recur
rent disease. 
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SUMMARY 

Trauma to the underlying permanent tooth germ follow
ing mechanical trauma to the deciduous predecessor may 
cause several enamel and dentine abnormalities which 
may present as local or diffuse defects on the tooth-crown 
after eruption ofthe tooth. A case oflocalized enamel and 
dentine hypoplasia is presented together with a very un
usual pulpo-gingival soft tissue tag on the labial surface of 
the permanent tooth. 

OPSOMMING 

Die tandkiem van 'n sekondere tand mag sodanig deur 
meganiese trouma aan die oorliggende primere voor
ganger beskadig word dat verskeie afwykings van glasuur 
en dentien later in die sekondere tand voorkom. Hierdie 
afwykings mag gelokaliseerd of verspreid op die tandk
roan sigbaar wees na erupsie. 'n Geval van gelokaliseerde 
glasuur- en dentien-hipoplasie word beskryf, tesame met 
'n baie ongewone pulpo-gingivale sagte weefsel aanhang
sel wat op die labiale oppervlakte van die kroon van die 
sekondere tand voorgekom het. 

INTRODUCTION 

Trauma to the deciduous dentition occurs predomi
nantly in children from 1 V2 to 2 lj2 years of age . Without 
differentiating between upper and lower anterior teeth , 
van Gool (1973) reported that the deciduous central in
cisors were involved four times more frequently than the 
lateral incisors. 

The germs of the permanent incisors are initially situ
ated lingual to the apices of the deciduous teeth. During 
their further development the tooth germs are gradually 
positioned more closely to the resorbing roots of the de
ciduous teeth. A predominantly axially directed force 
may be transmitted via the apex of the displaced decidu
ous tooth to the uncalcified permanent tooth germ. If 
the ameloblasts are injured, enamel hypoplasia may 
arise and in the case of concurrent injury to the odonto
blasts , would extend into the dentine. The developmen
tal defects in the crown will be dependant on the severity 
and direction of the traumatic insult and the stage to 
which the process of amelogenesis has progresses. These 
developmental injuries may be simple or complex , and 
extensive or local (Torneck, 1982). 

The most common clinical manifestation of injury to the 
crown of a developing permanent tooth is an area of 
whitish discoloration caused by an insufficient degree of 
calcification (Andreasen & Ravn , 1973). It may appear 
as a small dot or a large area in the enamel that does not 
change after scaling or prophylaxis. Other possible de
fects included partial crown or root duplication (Wil
liamson , 1961), interruption or cessation of root comple
tion (Pindborg, 1970), and occurence of an odontoma
like structure (Rodda, 1960). All the above authors 
mentioned dilaceration and disturbance of enamel for

mation as possible defects . No reference was made to 
the disturbance of dentine formation or soft tissue reac
tion. 

The present report is concerned with mechanical trauma 
as the cause of the observed enamel and dentine defects . 

CASE REPORT 

A white boy, aged 9, presented with an unusual pulpo
gingival soft tissue tag on the labial aspect of the left 
maxillary central incisor. A history of trauma to the pri
mary maxillary incisor, occuring at 2 years of age, was 
given by the mother. The patient's main complaint was 
sensitivity and discomfort on brushing the tooth. 

Clinically , a tag of soft tissue , arising from the labial gin
giva extended as far as the middle third of the labial as
pect of the tooth where it entered the tooth substance 
(Fig. 1) . The colour of the soft tissue tag was slightly 

Fig. 1.' Soft tissue tag extending from the gingiva to the middle third of 
the crown of the left maxillary incisor, entering the pulp chamber in 
that area. 

Journal of the D.A .S.A. - September 1988 

411 

 
 
 



135 

A. Weber, W.F.P. van Heerden & P.M. van der Meulen 

Fig. 2: Radiolucency, representing the area of penetration ofthe soft tis
sue tag (arrow). An accessory canal is also visible in the apical third of 
the root (broad arrow). 

more red than the gingival soft tissue. Hypoplasia was 
evident in the enamel surrounding the entrance of the 
tag into the tooth substance. The tooth-mobility was 
normal and the tooth reacted positively to electrical sen
sitivity tests. 

Radiographically the point of penetration was visible as 
a radiolucent area mesial to the pulpal chamber of the 
tooth. Root formation appeared to be complete. An ac
cessory canal was also evident in the apical third of the 
root (Fig. 2). 

Prior to root canal treatment an access cavity was pre
pared palatally in the tooth when it was established that 
the soft tissue tag was continuous with the pulp. 

The soft tissue tag was then surgically removed from its 
pulpal connection and from the gingiva. On histological 
examination it was established that the soft tissue tag 
was completely covered by nonkeratinized epithelium 
and that the central core was made up of connective tis
sue which contained prominent blood vessels (Fig. 3). 
On completion of the root treatment, light cured resto
rative material was used to restore the hypoplastic defect 
on the labial surface of the tooth. 

DISCUSSION 

The reported case is unique in that both enamel and den
tine defects appeared together with the very unusual soft 
tissue connection between the pulp and gingiva. 

Fig. 3: Histological appearance of the soft tissue tag. The covering epi
thelium (arrows) and prominent blood vessels within the central con
nective tissue of the tag are visible (H&E, x250). 

Fig. 4: Schematic illustration of the soft tissue tag extending between the 
pulp and gingiva. 
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Enamel matrix is laid down in a modified lamellar pat
tern and calcification normally takes place along the 
long axis of the tooth, proceeding from the incisal edge 
cervically. The position of the lesion on the tooth corre
sponded with the area of the tooth that had been forming 
and calcifying when the child was 2 years old (Wheeler, 
1968). Severe insults either greatly disturb enamel pro
duction or produce death of the ameloblasts (Ten Cate, 
1985). Odontoblasts are just as sensitive to insult 
(Linde, 1984). A s a result of trauma to both the amelo
blasts and odontoblasts that were actively forming 
enamel-and-dentine matrix at that time, subsequent ne
crosis and loss of the cells in that particular area of the 
forming tooth must have taken place. During the healing 
process , a fibrovascular connection was established 
between the dental papilla and the surrounding tooth 
follicle in the same location . In the final stage of the 
emergence of the tooth into the oral cavity the epithe
lium of the oral mucous membrance could have prolife
rated in an apical direction and merged with the epithe
lia l cells of the reduced enamel epithelium in the 
affected area (Ten Cate, 1985) thus forming the attach
ment of the tag to the gingiva (Fig. 4). 

CONCLUSION 

This case clearly illustrates that trauma to the deciduous 
teeth may cause both enamel and dentine defects of the 

Injury to tooth germ 
permanent successors, while abnormalities in the soft 
tissue configuration may also occur. 
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SUMMARY 

Three types ofamelogenesis imperfecta (AI) are recognised, 
namely hypoplastic, hypomature and hypocalcijied vari
eties. We report on two cases ofhypoplastic AI, the type 
which occurs mostfrequently. Both patients presented with 
mUltiple impacted permanent teeth. Odontogenicjibromas 
of the WHO type were found to be associated with the 
crownsofall the impacted teeth andare considered to have 
preventednormaleruption. Dentinal dysplasiafound only 
in thefurcation area ofthe multirooted impacted teeth was 
evident. The macroscopic, microscopic andradiological ap
pearance ofthe affected teeth, pericoronal lesions and in
terradicular dentinal dysplasia are described, and the most 
likely origins ofthe odontogenicjibromas andcalcifications 
observed, are discussed. 

OPSOMMING 

Drie tipes amelogenese imperfekta (AI) word aangetref 
namlik hipoplasties, hipovolwasseen hipogekalsifiseerde 
tipes. Hierdie artikel beskryftwee gevalle van hipoplastiese 
AI, diemees algemene tipe. Altweepasiente het veelvuldige 
geimpakteerde tan de gehad. Odontogenefibrome, WGO 
tipe, is aangrensend tot die geimpakteerde tandkrone ge
vind en het moontlikerupsie vertraag. Dentinale displasie 
isslegs in diefurkasiegebied van die geimpakteerde molaar
tan de gevind. Die makroskopiese, mikroskopiese en radi
ologiese beelde van die betrokke tan de, perikoronale let
sels en dentinale displasie word beskryfen die moontlike 
oorsprong van die odontogenefibromeen kalsifikasies wat 
waargeneem is, word bespreek. 

INTRODUCTION 

Amelogenesis imperfecta (AI) is an inherited, congenital 
defect that primarily affects enamel formation and which 
is not accompanied by morphologic or metabolic defects 
in other body systems except abnormal tooth form or erup
tion (Witkop, 1989). The recent classification of Witkop 
(1989) describes different types of AI according to the 
predominant clinical and histological characteristics as well 
as the mode of Mendelian inheritance. The enamel abnor
mality can be either hypoplastic, hypomature, hypocalci
fied or a combination of these with autosomal dominant, 
autosomal recessive, sex-linked dominant or sex-linked 
recessive modes of inheritance (Table I). The hypoplastic 
type is characterised by thin, hard enamel ofnormal radio
graphic translucency. This type is the result of insufficient 
matrix fonnation with normal mineralisation. Hypomature 
enamel is a result of a defect in the formation ofcrystalline 
apatite in various parts of the enamel rods and sheaths. The 
enamel is of normal thickness with a mottled appearance, 
is slightly softer than nonnal and chips off the dentine. Radi
ographically it has approximately the same density as den
tine. Hypocalcified enamel develops to a normal thickness 
but is lost soon after eruption. It is the result of defective 
mineralisation of the formed matrix and radiographically 
the enamel is less radiodense than dentine (Witkop and 
Sauk, 1976). 

The combined prevalence ofall types of AI has been report
ed to be 1: 14 000 in the United States (Witkop and Sauk, 
1976); 1:8 000 in Israel (Chosack et ai, 1979) and 1:4 000 
in Sweden (Sundell and Valentin, 1986). The most common 

type of Al is the hypoplastic variety with a reported preva
lence that varies from 1:8 800 (Chosack et ai, 1979) to 
1:6 700 (Sundell and Valentin, 1986). Impacted teeth are 
often associated with the smooth hypoplastic type and, less 
frequently, with the rough hypoplastic type (Witkop and 
Sauk, 1976). 

The purpose of this paper is to report two cases of rough 
hypoplastic amelogenesis imperfecta associated with im
pacted teeth and pericoronal odontogenic fibromas of the 
WHO type. 

CASE 1 

A 14-year-old girl presented for treatment with the main 
complaint of delayed eruption of her teeth. The child had 
no systemic abnormalities. Intraoral examination revealed 
thin, hard enamel on all the erupted teeth. Theenamel sur
face varied from smooth to rough and had a yellow-white 
colour. The teeth failed to meet at the interproximal con
tact points. The patient had 5 sisters of whom 3 had AI with 
the same enamel appearance. The mother had normal teeth 
but the father was edentulous. His teeth had been extract
ed at a young age. This mode ofinheritance was suggestive 
of an autosomal dominant inheritance pattern. 

Radiographic examination revealed the normal number of 
teeth, ofwhich 13 were unerupted, including the4 develop
ing third molars. Dilated follicles or cyst-like lesions were 
apparent as well demarcated radiolucencies with sclerotic 
margins associated with the crowns of the unerupted teeth 
(Fig 1). No well developed enamel could be seen. The roots 
of the molar teeth showed gross disfigurement with struc
tures suggestive of pulpal calcifications. 
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Table I: Classification of amelogenesis imperfecta according to Witkop (1989) 

T~ I 
. IA 

IB 
Ie 
ID 
IE 
IF 
IG 

Type II 
IIA 
liB 
liD 

Type III 
IlIA 
IIIB 

Type IV 
IVA 

IVB 

- Hypoplastic 
- hypoplastic. pitted autosomal dominant 
- hypoplastic. local autosomal dominant 
- hypoplas tic. local autosomal recessive 
- hypoplastic. smooth autosomal dominant 
- hypoplastic. smooth X-linked dominant 
- hypoplastic . rough autosomal dominant 
- enamel agenesis. autosomal recessive 

- Hypomaturation 
- hypomaturation. pigmented autosomal recessive 
- hypomaturation. X-linked recessive 
- snow capped teeth. autosomal dominant 

- Hypocalcified 
- autosomal dominant 
- autosomal recessive 

- Hypomaturation-hypoplastic with taurodontism 
- Hypomaturation-hypoplastic with taurodontism. 
dominant 
- Hypoplastic-hypomaturation with taurodontism. 
dominant 

autosomal 

autosomal 

Fig. 2: Ground section of an unerupted molar tooth with irregwarenamel and globu
lar calcifications (bold arrows). Note the straigbt denlinoenamel 
junction (fine arrows) x 100. 

Fig. I : Case L Pantomograpb sbowing unerupted teetb with pericoronal radiolucen
cies (small arrows). No evidence ofenamelis present and tbe unerupted molar 
teetb sbow gross root disfigurement Oarge arrows). 

All the unerupted teeth with the associated pericoronal tis
sue were removed surgically under general anaesthesia. The 
bone was found to be normal in texture and no excessivehae
morrhage was encountered. Post-operative healing was 
uneventful. 

Light microscopy of ground sections of the molar teeth 
showed irregular hypoplastic enamel with globular calcifi
cations . The dentinoenamel junction lacked the normal 
scalloping (Fig 2). The dentine of the crowns and roots 
showed no abnormalities. An irregular mass ofdentine was 
present in the interradicular area at the level of root bifur
cation in all the molar teeth. Hypercementosis, consisting 
ofcellular cementum extending into the interradicular space 
of the roots, was present. 

Calcified globules with an onion-like appearance were 
present in the cementum in close association with the irregu
lar dentine (Fig 3). False pulpal stones, not associated with 
the dentinal wall , were observed. 

Scanning electron microscopy (SEM) of the outer enamel 
surface showed irregular globular and linear masses in 
association with depressions (Fig 4). SEM of the fractured 
surface confirmed the straight dentinoenamel junction and 
showed normal dentine. The enamel had voids and loss of 
structure with a resulting honeycomb appearance through
out its full thickness (Fig 5). 

Fig. 3: Interradicular dentine dysplasia (bold arrows) associated witb bypercemen
tosis (c) and globular calcifications (fine arrows). Ground section, unstained 
x 10. Inset: Calcified globules witb an onion-like appearance. Ground sec
tion. unstained x 200. 

The pericoronal tissue consisted of fibrous tissue that varied 
in cellularity. No evidence of a cystic lining was found. 
Odontogenic epithelial cell rests were scattered in the con
nective tissue. These epithelial cells appeared to be inactive 
with no peripheral pallisading of ameloblast like cells. Some 
of the epithelial cells had a vacuolated appearance. Two 
types of calcifications were present in the fibrous tissue. The 
most common type consisted of psammomatous lamellar 
bodies with an eosinophilic centre and a more basophilic 
peripheral zone. The second type consisted 0 f eosinophilic 
material with a fibrillar matrix and peri pheral tufts resem
bling Sharpey's fibres. Both types were closely associated 
with the odontogenic epithelial cell rests (Fig 6). The lesions 
were considered to be odontogenic fibromas, WHO type. 

eASE 2 

A 26-year-old black female reported to the hospital, re
questing that she be fitted with full upper and lower den
tures. The patient was clinically edentulous and had marked 
vertical enlargement of the entire alveolar ridge in all four 
quadrants. No abnormalities were found on systemic 
examination. 

Radiological examination confirmed the enlargement ofall 
four quadrants with both maxillary tuberosities markedly 
overdeveloped. There was evidence of recent tooth extrac
tions in the mandible in the form of healing sockets and 13 
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Fig. 4: The outer enamel surface showing.g1obular (fine arrows) and Iioear (bold 
arrows) masses associated witb depressions X 2 000. 
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Fig. 6: Odontogenic epithelium (arrows) associated with psammomatous calcifica
tions io a fibrous stroma. Hand E X 100. Inset: Fibrillar calcification with 
peripheral tufts. Hand E x 200. 

Fig . 5: SEM ofthe fractured surface confirmed thestraight dentinoenameljunction 
(bold arrows) and a honeycomb appearance in theenamel (fine arrows) X72. 

Fig. 7: Case2. Pantomograph showing impacted teetb with pericoronal radiolucen
cies (arrows). 

impacted teeth could be observed within the four quadrants. 
The enamel of the crowns of all teeth appeared markedly 
hypoplastic, with abnormally shaped pulp chambers which. 
were smaller than normal. The roots of the teeth were mal
formed, shorter than normal, with occasional dilaceration. 
The crowns of the impacted teeth were surrounded by what 
looked like hyperplastic follicles. The follicular spaces were 
less radiolucent than normal (Fig 7). Radiological exami
nation of the skeleton showed no abnormalities. 

Macroscopic examination of an impacted molar tooth re
vealed thin, hard enamel with a granular appearance. The 
enamel could easily be chipped off. Microscopic examina-
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tion of a 50 Itm ground section showed normal dentine with 
an almost flat dentinoenamel junction. The enamel was 
thinner than normal and short curling enamel rods were 
seen. These were covered by irregular globular calcified 
masses (Fig 8). These features were consistent with rough 
hypoplastic amelogenesis imperfecta. The mode of in
heritance could not be established. The pericoronal lesions 
had the same microscopic appearance as in case I (Fig 9). 

DISCUSSION 

Calcifications associated with odontogenic epithelial rem
nants have been reported in odontodysplasia, impacted 
dens in dente, congenitally absent teeth in which there is an 
attempt at tooth formation and several types of AI (Wit
kop and Sauk, 1976). Odontogenic epithelium was present 
in 60 cases and calcifications in 54 cases of the 130 cases of 
opercula of impacted third molars (Cutright, 1976). Gard
ner and Sapp (1973) described two types of calcifications 
designated types A and B associated with the soft tissue and 
a periapioal area of an involved tooth u[ a patient With 
regional odontodysplasia. The type A and B calcifications 
are similar in appearance to the two types that were found 
in our cases. Calcifications are also frequently found in the 
excised gingivae covering unerupted teeth in patients with 
AI (Nakata, Kimura and Bixler, 1985; Bab et a11985, Ooya, 
Nalbandian and Noikura, 1988). 

Our radiological differential diagnosis ofpericoronal radi
olucent lesions was dilated dental follicles, hyperplastic 
dental follicles, follicular cysts or odontogenic fibromas. 
Normally some teeth have dilated follicles in the pre
eruptive phase but according to Shear (1983) it does not sig
nify a cyst unless the pericoronal width is at least 3-4 mm 
as measured on a radiograph. The hyperplastic follicle 
presents macroscopically as asolid rather than cystic lesion 
and no signs of a cyst can be seen microscopically. The histo
logical appearance of hyperplastic follicles and odontogenic 
fibromas are similar. According to Gardner (1980) the dis
tinction is based on the size and location of the lesion. The 
follicles are invariably associated with the crowns of 
unerupted teeth whereas it is not necessarily true for odon
togenic fibromas. Sandler et al (1988) reported a case of a 
16-year -old boy with 13 unerupted teeth, each one associat
ed with hyperplastic pericoronal tissue that had histologi
cal features suggestive of the WHO type of odontogenic 
fibroma. The eru pted as well as removed impacted teeth in 
their case were macroscopically normal. Gardner (1980) 
considers the WHO type of odontogenic fibroma to be a 
fibroblastic neoplasm. The pericoronal location of the 
tumours in our two patients suggested a follicular origin. 
The association of this fibroma-like tissue with impacted 
and unerupted teeth in AI suggested a hamartomatous le
sion rather than a neoplasm. It is possible that the WHO 
type of odontogenic fibromas associated with impacted 
teeth, asinour cases, have a different histogenesis than the 
tumours described by Doyle, Lamster and Baden (1985), 
as none of their 6 cases was in a pericoronal location. Dun
lap and Barker (1984) consider the central odontogenic 
fibroma of the WHO type to be the morphologic and 
histogenetic counterpart of the peripheral odontogenic 
fibroma. The authors postulated an ectomesenchymal
epithelial interaction in the histogenesis of this tumour. The 
close association ofcalcifications with odontogenic epitheli
um in both our cases supported their theory. 

Fig. 8: Tbin abnormal enamel covered by irregUlar globular calcifications (bold 
arrows). Unstained x 100. 

Fig. 9: Odontogenicepitbelium (bold arrows) closely associated with psammoma
tous calcifications (fine arrows) in a cellular fibrous tissue (Fl . Hand E x ISO. 

AI associated with interradicular dentinal dysplasia has 
been reported by Nakata et al (1985). They suggested 3 pos
sible mechanisms for the presence of dysplastic dentine: 
resorption oftheinterradicular area followed by secondary 
calcification; gene influence on matrix formation in this 
area; and secondary calcification for some unknown rea
son. Nosign ofresorption of roots or crowns oftheimpact
ed teeth in our cases was found. No abnormalities in the 
roots of single rooted teeth were seen on radiological and 
microscopic examination. This is an indication that the un
derlying cause is likely to be associated with the process of 
root branching. A genetic influence responsible for the ab
normal interradicular dentine is unlikely since the abnormal 
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dentine present in our first patient did not occur in her 3 sis
ters who had Af. They had no other dental abnormalities 
or impacted teeth. The erupted molar teeth of the first pa
tient showed no radiological evidence of root abnormali
ties. The association between the interradicular abnormal
ities and impactions was unclear. No abnormalities apart 
from AI could be seen on the impacted single rooted teeth. 
It is unlikely that a disturbance affecting the eruption oc
curred first and then caused a secondary abnormality of the 
interradicular area of the impacted teeth as suggested by 
Nakata et al (1985). It has been shown that eruption pro
ceeds normally in the absence of root formation (Cahill and 
Marks, 1980). Both erupted and impacted molars in theAI 
patient reported by Nakata et al had interradicular denti
nal dysplasia. The odontogenic fibromas WHO type as
sociated with the pericoronal areas were probably the main 
reason for the impaction ofteeth in both our cases. The sug
gested follicular origin of the odontogenic fibromas as a 
hamartomatous growth under the influence of the follicu
lar epithelium supported this statement as Cahill and Marks 
(1980) have shown that a dental follicle is required for the 
eruption of a tooth. 
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Odontodysplasia is an uncommon developmental anomal
Iy with an unknown cause affecting both dentin and 
enamel of a group of adjacent teeth. The maxilla is in
volved twice as often as the mandible1. The condition is 
more common in the anterior than in the posterior regions 
and affects women more frequently than men 
(ratio 1.4:1)1. 

This condition has been reported under a variety of names, 
such as odontogenic dysplasia2

, localised arrested tooth 
development3 and ghost teeth4

• Regional odon
todysplasia however, has become the accepted ter
minology, because the condition tends to affect several 
adjacent teeth within a particular segment or region of the 
jaw. Radiographically, the affected teeth demonstrate a 
ghost-like appearance with little demarcation between 
enamel and dentin, wide pulpal chambers and open 
apices. Clinically, the teeth appear discoloured, hypocal
cified and hypoplastic. Delayed eruption of affected teeth 
IS common. 

The purpose of this article is to report a case of regional 
odontodysplasia associated with a soft tissue tumour. 

CASE REPORT 

A healthy 8-year-old female presented at the clinic com
plaining of a painless tumour in the anterior mandible. 
She first noticed the lesion 4 months previously and it 
progressively increased in size over this period. 

Examination revealed a round, bony hard tumour of 2 cm 
in size on the alveolus between the 41 and fust 84 (Fig. 1). 
The tip of a tooth had erupted through the posterior 
aspect of the tumour. The mucosa was slightly 
erythematous in one area and pigmented in another, 
without any ulceration being present. 

Radiographs revealed a mixed dentition, with the develop
ing canines and premolar teeth, and 31 and 32 appearing 
normal. The 84, 85 and 46 were in their normal positions. 
The tooth of which the tip alone was visible was found to 
be the 83. The 41 and 42 were totally embedded in the 
tumour and of decreased radiodensity while their roots 

were hypoplastic (Fig. 2). The tumour itself was well 
circumscribed and had a ground-glass appearance. 

Under general anaesthesia the mucosa was relfected from 
the lingual and buccal aspects of the tumour. It shelled 
out easily from a bony cavity in the alveolus, with the 
malformed 41 and 42 completely enclosed. The wound 
was sutured primarily and healing was un eventful. 

The surgical specimen consisted of 2 teeth embedded in a 
fum fibrous tumour. The teeth showed variable degrees 
of surface hypoplasia and were decalcified for histological 
examination. 

Microscopic examination of the teeth and associated soft 
tissue showed hypoplastic dentin with a prominent 
predentine layer and numerous interglobular masses. The 
pulpal horns were high and pulp stones were present. The 
reduced enamel epithelium around the unerupted teeth 
showed numerous calcifications (Fig. 3). The adjacent 
tumour consisted of cellular fibrous tissue with numerous 
islands of small round amorphous calcifications dis
tributed throughout the fibrous tissue. Odontogenic 
epithelium islands were noted in areas, the majority how
ever, were associated with the calcifications. this fibrous 
tissue mass was well demarcated from the cortical and 
medullary bone. The diagnosis of regional odon
todysplasia was confIrmed. 

Fig. 1 
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Fig. 2 

DISCUSSION 

This case is unusual in that the patient complained about 
a soft tissue tumour and was unaware about the associated 
"dental problem". Regional odontodysplasia has been 
reported in association with ipsilateral hypoplasia of the 
faces, epidermal nevus syndrome6 and hydrocephalus7. 
In a recent review of the world literature, 109 cases of 
regional odontodysplasia were described and it was found 
that none were associated with a soft tissue tumour l

. 

Neupert & Wright however, later described a case of 
regional odontodysplasia in the maxilla associated with a 
soft tissue swelling with similar histologic features as the 

8present case . 
The majority of cases reported in the literature were 
treated by extraction of the affected teeth. These teeth are 

frequently painful and associated with abcess formation 
due to the inability of the aberrant enamel and dentine to 
resist bacterial invasion. Crawford and Aldred are of the 
opinion that noninfected affected teeth be saved wherever 
possible l

. However, facial cellulitis appear to be a com
plication if these teeth are retained8

. 
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SUMMARY 

The adaptation and sealing ability of a tricure 
glass ionomer material (Vitremer), used in a retro
grade cavity was assessed and compared with 
amalgam. Fifty single-rooted, extracted teeth were 
prepared and filled endodontically. All teeth under
vent root resection and retrograde cavities were 

prepared. The teeth were divided into two groups. 
One group of 10 teeth received a layer of varnish 
and an amalgam filling in a retrograde cavity, while 
the other group of 40 teeth received a layer of 
primer and a glass ionomer filling. All the teeth 
were placed in an aqueous solution of Procion 
Brilliant Blue for 7 days whereafter ground sec
tions were prepared. Micro leakage was deter
mined according to the extent of dye penetration 
using an image analysis system. The results showed 
that significantly less dye penetration was ob
served in teeth filled with the glass ionomer ce
ment than in those with the amalgam. 

OPSOMMING 

Die adaptasie en seelvermoe van 'n drieledige
kuuraksie glasionomeer materiaal (Vitremer) wat 
in 'n retrograde kawiteit gebruik is, is ondersoek 
en met amalgaam vergelyk. Vyftig enkelwortel 
verwyderde tande is endodonties gevul en in twee 
groepe verdeel. Een groep, bestaande uit 10 tande, 
het 'n laag vernis en amalgaamvulsel in 'n retro
grade kawiteit ontvang, terwyl die groep van 40 
tande een laag "primer" en glasionomeer vulsel 
ontvang het. AI die tande is in 'n oplossing van 
Pro cion Brilliant Blue in water vir 7 dae geplaas 
waarna slypsels voorberei is . Mikrolekkasie is 
bepaal na gelang van die mate van kleurstof
penetrasie soos vasgestel deur 'n beeld analise 
sisteem. Die resultate het getoon dat kleurstof

.. penetrasie betekenisvol minder was met die 
glasionomer sement in vergelyking met amalgaam. 

INTRODUCTION 

An ideal material for retrograde apical seal has yet 
to be found. Studies have shown that amalgam 

oes not provide an effective apical seal (Abdal, 
Retief and Jamison, 1982; Stabholtz et al., 1985; 
Szeremeta-Browar, van Cura and Zaki, 1985). 
Further investigation into seeking an alternative 
retrograde root filling material would improve en
dodontic treatment. Vitremer light-curing glass 
ionomer cement may prove to be an effective 
sealant that can be used in the moist environment 
found in root resection. This material exhibits 
almost no water sensitivity after 20 seconds of 
irradiation and is the only restorative material that 
forms a strong bond to dentine in a moist environ
ment (Katsuyama, Tatsuya & Benji, 1993) . The 
material has been shown to be biocompatible by 
both cell toxicity and biological testing (Zetterquist, 
Anneroth and Nordenram, 1987) 

Article received : 27/9/1994; accepted ·for publication: 7/3/ 1995 
S Pretorius, BChD (Pret), MChD (aMP) (Stell), FFD (SA) (OMP), is 
a Principal Specialist in the Department of Periodontology and Oral 
Medicine at the Medical University of Southern Africa. 
WFP van Heerden, BChD (Pret), MChD (Oral Path) (Pret). 

Previous studies (Chong, Pitt Ford and Watson, 
1991; 1993) using a light-cured glass ionomer ce
ment as a retrograde filling material showed that 
good adaptation was achieved to one cavity wall, 
but gaps were observed on the opposing wall. 

We postulate that it is important to prepare a 
retrograde cavity when using glass ionomer mate
rial because at present it is still questionable 
whether the marginal seal will be maintained sat
isfactorily over a long period of time. This uncer
tainty is due to dimensional changes, such asfrom 
shrinkage at the time of setting, dissolution and 
exposure to various harmful factors such as exter
nal forces (Katsuyama et al., 1993). 

The purpose of this study was to assess the 
sealing ability of a tricure glass ionomer material 
(Vitremer) when used as a retrograde root cavity 
filling material. 

MATERIALS AND METHODS 

Fifty extracted single rooted human teeth consist
ing of incisors, canines and premolars were col
lected from the Department of Maxillofacial and 
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Oral Surgery at Medunsa and stored in de-ionized 
water at 3JOC. An access cavity was prepared 
through the crown into the pulp space of each 
tooth . The root canals of all the teeth were pre
pared and filled with laterally condensed Gutta
Percha and Roth Root Canal Sealer (Roth Interna
tional , Chicago, IL) . The access cavity was sealed 
with IRM temporary filling material (L.D. Chaulk 
Co , Milford , DE) . The external surfaces were coated 
with a layer of nail varnish. The teeth were then 
stored in de-ionized water at 3JOC for 7 days . All 
teeth were subsequently resected with an ISO 
size 009 plain cut tungsten carbide bur (H23L) 
(Komet , Brassier, Lengo , Germany) at high speed 
(300 OOOrpm) with water coolant. Approximately 
3mm of the root apex was removed and the root 
surface was bevelled labially at approximately 45 0 

to the long axis of the root. All the resected root 
surfaces were of approximately similar dimen
sion. The teeth were then divided into two groups : 
Group 1: 10 teeth for conventional amalgam fill

ings 
Group 2: 40 teeth for tricure glass ionomer fillings 

In both groups a single surface retrograde cavity 
was prepared in each tooth with an ISO size 016 
round diamond bur (801 )(Komet) at high speed 
with water coolant to a depth of between 2 and 
3mm, measured from the labial margin of the 
cavity. The cavity was circular in cross-section , 
with a diameter of approximately 1,6mm. All the 
teeth were rinsed with water and dried with air 
from a three -in-one syringe before placement of 
the test materials. 

Group 1: 
The retrograde preparations received one appli
cation of cavity varnish (Copalite; H.J. Bosworth 
Co, Skokie, IL USA) applied with a paper point and 
blown dry to evaporate solvent, followed by a retro 
filling of high copper dispersed phase amalgam 
alloy (Dispersalloy ; Johnson& Johnson, East Wind
sor, N.J. USA) mixed according to the manufactur
er's instructions. The amalgam was carried to the 
retrograde cavities with an amalgam carrier and 
the condensation was done manually. 

Group 2: 
The primer was applied and air dried immediately. 
The Vitremer tricure glass ionomer material (3M 
Dental Products , St Paul, Minnesota, USA, Batch 
no: 19930116) was mixed and placed in bulk, 
according to the manufacturer 's instructions . The 
glass ionomer cement was cured for 10 seconds 
using a light-curing unit (Chaulk Max; Caulk, 
Dentsply, Milford , DE, USA). 

After material placement , all teeth from both groups 
were stored in an aqueous solution of Procion 
Brilliant Crestal Blue (Merck; Fedlife Park, Midrand , 
RSA) at 3JOC for 7 days . The pH of the solution 

was 7 ,59. Vitremer tricure glass ionomer material 
sets by means of exposure to visible light. It also 
has two self-curing mechanisms to provide a rela
tively rapid set where light does not penetrate and 
thus allows for bulk placement. It also shows 
much less contraction shrinkage than the previous 
light-cured glass ionomers (3M Dental Products, 
St. Paul, Minnesota, USA; VitremerTechnical Prod
uct Profile , 1992, 0.8) 

After the storage period of 7 days the teeth from 
both groups were embedded in resin and sec
tioned longitudinally in a buccal-lingual plane with 
a low speed diamond saw (Low Speed Isomet 
Saw; Beuhler, Lake Bluff, IL, USA) . A one millime
tre section was cut off each tooth and then ground 
on carborundum paper to approximately 30~m 
thickness . The sectionswere subsequently mounted 
onto microscope glass slides with mounting me
dia. The amount of leakage was scored accordin r 
to the extent of dye penetration along the cavity 
walls . The extent of dye penetration was meas
ured using an image analysis system (FIPS; Wirsam, 
Auckland Park, RSA) connected to a Nikon Opthiphot 
microscope (IMP ; Pretoria, RSA) . Forevery tooth , 
two measurements were obtained from both sides 
of the retrograde cavity walls and expressed in 
micrometer penetration . Dye penetration beyond 
the prepared cavity was not measured. An aver
age measurement was then calculated for each 
tooth. 

The results from the dye leakage study . were 
analysed using the Student's t-test for uncorrelated 
data . 

RESULTS 

Three of the 40 teeth filled with Vitremer and one 
tooth filled with amalgam could not be used for dye 
penetration analysis, as they fractured during thl 
cutting and grinding process. The dye penetration 
was present as a well defined blue line on the 
resected root surface and along the cavity walls. 
The mean distance of dye penetration in the group 
with amalgam fillings was 1774~m ± 94 7~m. These 
measurements ranged from 816~m to 3137~m 
(Fig. 1) . The mean distance of dye penetration in 
the group with tricure glass ionomer fillings was 
83,8~m ±185~m. The measurements ranged from 
14 , 9~m to 823 , 5~m (Figs . 2 and 3) . The mean 
difference of dye penetration between these two 
groups was statistically highly significant(p <0,001) . 

DISCUSSION 

Bacterial invasion of the pulp space through dentinal 
tubules have been described in previous studies 
(Hoshino et al. , 1992; Kiryu, Hoshino and Iwaku, 
1994) . The development and maintenance of a 
hermet ic seal is considered to be a major prereq
uisite for success in root canal treatment. The 
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Fig 2: Photomicrograph of a ground section showing the glass 
ionomer retrogade filling (I) and Gutta Percha (P). Dentine = D. 
(Original magnification x10). 

Fig 1. Photomicrograph of a ground section showing the amalgam 
retrograde filling (A) and Gutta Percha (GP ). Dye leakage was 
observed extending the full length of the amalgam filling (1 to 2) . 
Dentine =D. (Original magnification: x5). 

evaluation of the quality of the root canal filling 
using leakage tests is therefore still relevant (Wu 
and Wesselink, 1993). Glass ionomer materials, 
including cements, are technique sensitive (Bowen 
and Marjenhoff, 1992). The necessity to have a 
'Jean, dry dentinal surface on which to place 

these materials, remains the major problem to the 
clinician . Special instruments are available to fa
cilitate debridement and obturation of the root 
canal space from a retrograde direction (Flath 
and Hicks, 1987), whilst root end isolation tech
niques for ret rograde fillings in order to obtain and 
maintain a sterile , dry environment , have been 
described (Guerra, 1992). 

Contrary to the findings of Chong et al. , (1993) 
using a light-cured glass ionomer material, the 
tricure glass ionomer material in this study was 
observed to be well adapted to both the cavity 
walls in all specimens. This finding is in line with 
the statement of the manufacturers that this mate
rial undergoes less polymerizat ion contraction than 
previous glass ionomers and can be placed in 
bulk. The suggestion by Watson (1990) that a 
light-cured glass ionomer material should only be 
used in thin layers, is therefore not applicable to 
this specific material according to our results. 

Fig 3: Photomicrograph of a ground section showing the extent of 
dye penetration (from 1 to 2) with a glass ionomer filling (I) . Dentine 
= D. (Original magnification x100). 

JOURNAL of the O.A .S.A. -August 1995 
369 

 
 
 



• • 

• 

• 
• 

• 

• • 

147 

In this study the glass ionomer material was placed 
in bulk and cured for only 10 seconds (i .e., 50 per 
cent of the time recommended by the manufactur
ers) before being immersed in the dye. This was 
done in an attempt to make the study clinically 
more relevant since it is often difficult to isolate 
the apex of a tooth and keep it dry for any length 
of time. 

Measurement of dye penetration by using an im
age analysing system linked to a light microscope 
is the method of choice. It measures the actual 
dye penetration in scientific units and is therefore 
reproducible and allows for meaningful statistical 
analysis. The dye penetration results in this study 
indicated that a 3mm retrograde amalgam filling 
with one layer of varnish did not give a predictable 
seal, implying that communication between the 
periapical area and the pulp chamber was there
fore still possible. This is demonstrated by the 
mean depth of dye penetration around amalgam 
(1774~m) which means that in most cases the dye 
leakage reached the base of the cavity (2000
3000~m deep) . The results also demonstrated 
that it was possible to seal the canal orifice of a 
retrograde preparation to prevent the dye from 
reaching the pulp chamber by the bulk placement 
of a tricure glass ionomer material in vitro. This is 
demonstrated by the mean depth of dye penetra
tion $.round Vitremer (185~m) which indicates that 
dye denetration never extended to the cavity floor. 
In vNo studies are necessary to determine the 
clinical relevance of these observations. The chang
ing of formulae, as well as the addition of new 
chemicals to dental products, can serve as poten
tial irritants and sensitizing agents. It is therefore 
important to do biological testing before clinical 
application of any new material. 

CONCLUSION 

A 3mm retrograde amalgam filling with one layer 
of varnish did not give predictable seal in vitro. 
Communication between the pulp chamber and 

S PretoriU5 and WFP van Heerden 

the periapical tissue may therefore still be possi
ble immediately post operatively. Bulk placement 
of a 3mm tricure glass ionomer material filling 
gave a predictable seal in vitro. In vivo studies are 
necessary before this glass ionomer material can 
be recommended for routine clinical use. 
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SHORT COMMUNICATION 

AMINO ACID COMPOSITION OF DENTINE IN 

PERMANENT HUMAN TEETH 
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Summary-Dentine of permanent mandibular incisors from nine individuals was hydrolysed and the 
amino acid composition determined by ion-exchange chromatography against a standard calibrant of 41 
amino acids. Nineteen amino acids were detected, including small quantities of I-methylhistidine and 
asparagine, two amino acids whose existence had apparently not been recorded before in human dentine. 
The total content of hydroxylysine plus lysine varied between 2.6 and 3.3 residues per 100 (SD, 0.74) in 
different teeth, which therefore did not support previous studies that had proposed a constant total value. 
This and other quantifiable differences between present and previous findings may be the result of the 
different methods and the influence of dietary and other regional factors on dentinogenesis. 

Key words: human dentine, amino acids. 

Dentine is the major component of teeth, responsible 
for most of the weight, volume and overall shape 
(Butler, Munksgaard and Richardson, 1979). Ninety 
per cent of the organic matrix of human dentine 
consists of collagenous proteins (Jones and Leaver, 
1974) and the remaining 10% is made up of non
collagenous proteins, proteoglycans, glycoproteins 
and lipids (Avery, 1987). Various analytical methods, 
some of which are historic, have been used for 
determination of amino acids in dentine, namely: 
microbiological assay (Hess, Lee and Neidig, 1952), 
quantitative paper chromatography (Battistone and 
Burnett, 1956) and ion-exchange chromatography 
(Eastoe, 1963). 

Our objective now was to determine the amino acid 
composition of human dentinal matrix with a modern 
technique and to compare it with previously pub
lished data. 

Permanent mandibular incisors were extracted 
from nine bodies of known age and sex in the 
Forensic Medicine mortuary of Ga-Rankuwa Hospi
tal, situated 32 km north of Pretoria. Before process
ing, the crowns and cementum were removed with a 
dental bur, and the pulp with an endodontic file. 
Pieces of radicular dentine of approx. 0.20 g were 
washed, dried and hydrolysed in 6 M hydrochloric 
acid (Hel) for 24 h at 110°C. The hydrolysates were 
neutralized with neutralizer (Spitz, 1973) and citrate 
buffers in the ratio I: 2: 2, filtered (Millex-GS 
0.22 tlm) and then diluted further I: I with the citrate 
buffer. Calibrants containing 41 amino acids were 
prepared and diluted as above. The amino acids of 
dentine and the calibrants were separated in duplicate 
by ion exchange on a Beckman 6300 amino acid 
analyser which incorporates a 25-cm lithium column 
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and a four-buffer system. Chromatograms thus 
obtained were integrated and quantitated with a 
Hewlett-Packard 3390A integrator and the results 
expressed as a per cent residues detected. The results 
were tabled as the average of the total number of 
residues per 100 and the SD for each amino acid was 
calculated. 

Nineteen amino acids were detected (Table I). 
Asparagine and I-methylhistidine, which have not 
previously been identified in human dentine, were 
present in small quantities. Asparagine was present in 
all our hydrolysates. In a serial study of hydrolysis, 
asparagine was detected only after 16 h and remained 
present in all acid hydrolysates for 24 h. In hy
drolysates stored at 4°C,asparagine could be detected 
over as long as 12 months. No explanation for this 
phenomenon could be found. Acid hydrolysis of a 
pure mixture of aspartic acid, asparagine, glutamic 
acid and glutamine showed complete hydrolysis of 
asparagine and glutamine within 30 min. The concen
tration of aspartic acid and glutamic acid increased 
and high levels were detected under these conditions. 
It is suggested that asparagine in dentine may be 
'protected' against complete hydrolysis. Further
more, our monitoring system may have been more 
sensitive and with improved resolution as larger 
quantities of aspartic acid, glutamic acid, arginine, 
leucine, iso-leucine and valine were found than pre
viously reported (Table I). 

Linde (1984) reported that the total content of 
hydroxylysine plus lysine in dentine is constant at 3.5 
residues per 100. In our study, we found a variation 
between 2.6 and 3.3 residues per 100 (SD, 0.74), 
supporting Eastoe's (1963) finding of a variation in 
the total content of hydroxylysine and lysine over a 
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Table I. Comparison of our findings (average of nine cases, with SD) with those of previous investigations (expressed as 
residues per 100) 

Battistone Present study (1992) 
Human dentine Hess el al. and Burnett Eastoe Linde 
amino acids (1952) (1956) (1963) (1984) X SD 

Aspartic acid 4.4 5.4 5.5 4.5 5.9 0.06 
Hydroxyproline 10.3 I\.6 10.1 9.6 10.4 0.24 
Threonine 2.7 2.0 1.9 \.8 2.1 0.11 
Serine 3.4 3.0 3.8 4.1 4.0 0.28 
Asparagine 0.3 0.08 
Glutamic acid 7.4 7.6 7.3 7.2 8.8 0.15 
Proline 14.5 9.7 1\.5 I\.9 1\.8 0.28 
Glycine 30.9 31.3 3 \.9 33.4 30.1 0.30 
Alanine 9.8 I \,2 1\,2 10.2 8.6 0.31 
Valine 2.6 2.5 2.5 2.3 3.0 0.15 
Methionine 
Iso-leucine 
Leucine 
Phenylalanine 

0.35 
1.0 
2.8 
1.2 

0.46 
• 
•
• 

0.52 
1.0 
2.6 
1.4 

0.7 
1.0 
2.4 
1.4 

0.5 
I.3 
3.0 
1.5 

0.05 
0.00 
0.04 
0.05 

Hydroxylysine 0.64 0.71 0.84 1.5 1.1 0.11 
Lysine 2.4 2.2 2.3 2.0 2.1 0.17 
I-Methylhistidine 0.3 0.Q7 
Histidine 0.54 0.43 0.53 0.4 0.3 0.19 
Arginine 4.4 5.0 4.7 5.2 5.6 0.17 

·Total of leucine, iso-leucine and phenylalanine is 6.4. 

comparatively narrow range (2.91-3.35 residues per 
100). The presence of two amino acids that have not 
hitherto been reported in dentine as welI as other 
differences between our study and earlier ones may, 
amongst other factors, be the result of different 
methods. The more efficient buffer system and the 
modern lithium columns that we used facilitate the 
separation of isomers and increase the resolution of 
the various amino acids. The reported differences in 
the amino acid content of human dentine may also 
reflect dietary and other regional factors that may 
influence the formation of dental hard tissues. 
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The Effect of Modern Dentine Bonding Systems on Human Dentine. 1 0 I Evaluattoc of the Effoct19'CJ\C11s of an. O:ra..l Hea.lth Prevont:atlve9 
PI"o;grtuDfl. S.Db.ansar-. R. Lalloo, A. Bo.wa. M.H. IIIoola. UniversityF A DE WET* and M R FERREIRA, Faculty of Dentistry, University of 

L-~o~r_~==~We~.~~~rn~~~~_____________________________________IPretoria Pretoria South Africa. 

Mos t modern dentine bonding systems contain primers or cleansers which are 
used to retr.ove or alter the smear layer or dentine before resin application. 
The purpose of this study was to assess the effect of four modern dentine 
bonding systems lOBS), three with primers/cleansers and one without, on the 
appearance of human dentine. 

Dentheslve Bond 10, Kulzer), Pertac Universal Bond (P, E.S.P.E.), Prlsma 
Universal Bond 3 (PUB3, Dentsply) and Syntac (S, Vivadent) were included In 
the st udy. The crowns of 80 sound, human, /TOlar teeth were imbedded in rings. 
leaving the occlusal surfaces projecting. These surfaces where ground wet on 
220 gri t SiC paper to expose superfiCial dentine. FI fteen dentine surfaces 
were then treated with each of the four DBS. Cylinders of matching composites 
were thereafter bonded to these surfaces, using a rubber split mould. After 
24 hours storage In water the specilnens were stressed to fai lure using a shear 
load In . an Instron. Fracture sites were evaluated In a SEM. Five abraded 
dentine surfaces were treated with the respective primer/cleanser of each of 3 
PBS. Dentln~ treated with the D and S cleanser/primer, and debonded specimens 
of D and S. displayed open dentinal tubules. Subsequent application of an 
adt1esive close-d dlmost all the tubules. Pieces of fractured dentine were 
attached to- some composi te stubs, showing resin tags clearly penetrating deep 
into, and even through the aentine frag""nts. It can be concluded that only 2 
of the 4 PBS tested ODenea the dentinal tubuli. 

1 1 IFilm Thickness Evaluation -Implementing the BENCOR MUlTl-T SYlum_ C.H_ DRIESSEN-. 
F.A . OE WET and W .J .C. COETZEE. Faculty of Dentlstrv. Unlver&ItY of Pretori.a. South 
Africa. 

Various techniQues have bun described for tM determiniltion of film thickne..as of denul cementa. The 
purpose of mi. study was to assess the effectivity of the BENCOR MUlTI-T system. and to explore the 
aftaCt of load variation on the film thickneu data_ Four luting cem«lts were included in this study i.e. X-fl 
IONOMER tX). a glan ionomBr; Mirsge-FLC IMI, a dual curo ~in; UNITY (UI. a SGH curing relin; and 
POLY-F P1us (Pl. a polycarooxytale. The BENCOR MUlTI-T device (DrieSUf1. 1990) wu used for testing_ 
The system is basad upon direct force application derived from any calibntable $(Xjfce through i1'5 ective 
rod onto the specimon mat.rial placed betweeo two 22mmO glass di5C3_ The latter la covered with tenon 
dis.c.s for the purpose of: (1) simulating oral temper4iture. (2) transfecing visible light (if nMdedI for the 
curing of a VlC material and (3) protecting the 160Joffl gta" di.sCJ; hom dir8C1 mlHal im~ct. Measuring 
of the spe6mens was done by el&ctronlc digital calipers """'ttl control by rene x mlaoscope data and SEM 
image oburvation. Ten umples of each product 'Hem tMted using IOKg end 15Kg 'O('C'U In order to 
as.se$S the effect of different load! on ttle film thickness. All data were stsdaticany anaty.ud. tt was found 
that the t6cniQue enabled operators to measure film dlickness of dental cementa accurately, easily, fut 
and with only small variatJons. StatistJcilll analyses shOwed II signifICant dlHafence (p<O.OSI between 
application of 10Kg and 15Kg load of (X)(2S.76:19.60pml and (U){28.60:14.20pml but not for 
(M)[31.14 :30,80vml and (PIl38.00:J4 .00JllTlJ. It can be concluded that me BENCOR MULII-T Sy,Jtem 
is abl<t to easjly usess the fjlm thickness of dental cements and thai a 15Ka loiid reduces film thjcknM3 
Com oared to the 10Kg load 

1 3 I Effect of Respiratory Aci<:Josis on Faecal Fluoride Excretion In Rats. 
S.D. JANSE VAN RENSSURG· and C.A. VAN DER MERWE: University of Pretoria, and 
Medical Ruurch Council. Pretorie. Soudl Africa. 

RMPiratory acidosis is charact1lrised by a primarity inCfoaud peol with ~ compen.uled Increased tHeO;! 
which may eHect the pH of blood . A5 the perm~tion of fluoride (F) through epithelia is dependent on 
the pH, as well os F concentration. rnpiratory acidoS-is could have an eHoC1 on faecal F ucretMln. and 
Therefore on me F balance 01 the body. Sixteen young adutt female SpraQue--Dewley rats were used in 
thLs study. They were divided into .II control group (Group A: receiving e oormal atmospheric gu 
miX11Jre) and an .xPorimemlil group (Group 0; iub;acred to an atmo$pheric COz content of 7%1 . All the 
rats W1)(e fed a low F dlat 1< 1ppmll'lnd received watar with. Ruorid8 content (lFli of 20ppm MJ lib for 
7 w~\(s . W.Jter and food consumption wale monitored dalty_ F Intake/rat/day via water and food was 

I 	 calcul.;ted trom the data. AnE)t sodation. blood was collected enaeroi1icalty In hepllrinised syringes from 
&.0 de.scending aorta_ FaOC1).3 wer" collectoo from the laroe intastine. The [F) of ttl~ f8ecu: wu 
determined potenriomeuically ahe..- HMOS diffusion. Blood gss ene1vsis werf! done using the ABl ;"oad 
gas analYSe! . The data wero subjected to the Mann--lNhitnoy procedure to detect difterence.s between 
the groups.. and to mui"tiple t1'Igreuion analysis to explain ttle variation in tflelFl of the faccOi. AltflouQh 
the F intake via the wlter diffe-red lignific8ntty (p<O,05) between the group..s, there WiWI no signi1ic8m 
difference between the F intako vi. food {p",O.1971 or tho total F intak.e (p-O.071). There W8J a 
significant difference (p <0.05110 the (FI of the faeces (A:x = 148.33 ppm; B:~ => 2 t3.20 ppm) betwHn 
the groups. Taking the IFJ of faeces as ttle dependent variable, 68,89% of the variation in the fFl ot 
faeces in the 'uperimental group could be explained bv the combination of the indep8ndent variabl", 
H}CO, 01 peOl and total F InUka . A 46.92~ association between the ....ariables W'u found in the control 
group_ Respf@tory .icldosls enhanced ta~on of fluoride In rats The higher If] of tho faeets 
In tho exoorimental grOIlO could possibly be due 10 net secquion of fluoride Into the gUf !um,n Thia 
projoct was pa"ially SUPPOfl8d by a grant from Afrox ?tv Ltd. 

1 5 ~Enam.el Surface Roughness aru:r CO, Laser Radiation, in vitro Assessment. 
S.H. PAN", C. BAKER, J. DE VRIES, p.r. BECKER and S.S. MASHElE. 
Dept. ~ative Dentistry, Fa.culry of Dentistly,..MEI1UN"S"A..-">S..t'A'--____ _ 

Recently. a CO; I~er has been used ,"c"",fulIy 10 enhance dental bonding. Knowledge of 
surfa« roughness" essentiai to reduce bond failures. The objectives were to: 1) 
determine the surface rougbne!iS after con....entional drilling with/without laser radiation and 
with/without acid etching using the Bendix Profilomeu:r. 2) =mine under Scanning 
EleclIoD Microscope (SEM) the ultrastructure of the enamel surface after CO, laser 
radiation. TItirty·two human maxillary cenlIa! incisor teeth were selected and stored in 10% 
buffered formalin. Convenl ional driJliJ1g and combined treatment with laser radiatioD were 
randomised on the labial enamel surface in the vertical dimension of 3 x 5mm. la>er 
radiatioo was set at a repeat pulse energy intensity of below 3W for a period of 10 seconds. 
Acid etching was performed on half of the specimens and the surface roughness was 
measured with the Bendix ProfiJometer. The SEM assessment was also noted. The 
experiment was designed as a randomised block but test results showed that roughness 
ca';'ed by laser p~oduced the maximum measurable roughness of 10 micron for each sample 
poUll The. analySls then focuscd on conventional high/low speed drilling and no significant 
difference was found between acid etching techniques. (p = 0,4270) or between drilling 
speeds (p = 0,7355). Compared to laser the roughoes, after conventional drilling was 
clinically less. . . . 
An improved understanding of rouehoess caused by CO2 laser radiation on enamel surfaces 
may lead to POssible clinical BQplicatiQo in aesthetic restorative dentisny 

This study VAS designed to measure the effectiveness of an oral 
health preventative programme based in a school population in the 
Cape Peninsula . The objective of the Btudy was to measure the 
difference between schOOlchildren who were exposed to the 
programme and chi ldren who vere not. 

Three experimental (programme) and two control schools vere 
selected for the study. A total of 110 children in the 
experimental group and 102 in the control group were examined 
(Total = 212) in the age qroup 11-12 years. The examiners were 
calibrated for reproducibility using WHO (1966) criteriA for 
dental caries. The results of the study showed a mean DMF(S) of 
7.8 (i3.1) for the experimental schools and 24.5 (t8) for the 
control schools. 84\ of the experimental group and 60' of 
control group were caries free . 98' of the experimental group 
and 65t of experimental group had an M component of 0.42' of the 
control group; 8' of experimental group had at least one 1st 
molar tooth decayed. These results clearly showed that the 
programme is Buccessful in A community based school dental 
service. 
This project is supported by an MRC grant. 

1 2 I Cros~inrection Risks Associated with High-speed Dental Handpieces. C.H.J. 
HAUMAN.· Depanment of Orsl Pathology, Faculty of DentislIY. University of 
StsUenbosch, Tyge,berg. South Africa 

Dent.. , handpieces are particularly prone to contamination with patient materIal. which can then be 
cransmlned to the n,l(( patient. The common .pproach of disinfecting handplece.s by extGrnal chemical 
N'lplng In combinatkln with nu.!lihing may po.ae uneccepubly high riskl to tt10158 Individuals tteat&d 5Qon 
)her infcctOd patients. 
The aim of this srudy was to evaluate ttle efficacy of chemical dlslnfectton of high-speed h.ndpieces. 
A.utoclaved higM-speed hendpioCM were contaminated wim ,n overnight C\llrure of Staphylococcus 
,ureU$ and dried In .. hot air oven tor 90 minutes. The outer surt.cea of &<Iual numbers of these 
Ilandpi~ were wiped with 70% alcohol. alcohol-in-hibiune and Aaep.ys (iodophor) . The hont. back 
and sides of the heads of thoso t\andpiecu ~re pte-ned onto the surface of blood agar plat4$. In 
addition. conlaminated handpieces were atUchf!d to the denial unrtand w.-tor was flushed through dle 
llandpi8Ce onto the surface of blood eglr plates for 2 lIconds. Handplecu uled in the Tygerbaro 
Dental Hospital were te&ted In a simila( way after rouline lubrlcatJon and alcohol aWlbbing . Resid .....:;; ! 
con lamination of handpiec8i .ftor flw.l1ing for specific periods of dme were also tested. At-.. .· 
overnight incubatioo, growth was recorded . Ahhough the numDef'5 wer. reduced. S _ IwrfjU$ could st.il 
be cuttured from the outer lurflces of artificially contamlnatod handp\oc.e..s after wiping with all threE) 
disinf8ctanls. Handpiece! used in the clinic yielded virtually no gro.......m from the el((&mal surface5 aner 
routine cleansing, Confluent ot 2 ... growth waa obtained with samples from the IntlWior surfaces of 
bOth artIficially conlaminatod h.andpW!rcu and t1sndpiecea from the clinic. S_ -VOWS was still present 
on (he internal surface.s....of arfrf)cially contaminated handpieces after flushing for 5 minU{M. 
Sto(ilisation of both tho jot"nal lad OX1nrnal $udacos of hAodo;,qu is necQSaacv to excludo me d~l 
cross-infectiqn in the dental 'yfolfY 

1 4- 1 1norganiC Contctts of Opaquo aod Tramluc:= Ra<1icular Dentine. F.S . NKHUMELENI", 
EJ. RAUUENHEIMER. W.F.P. VAN HEERDEN. M.L. TIJRNER and MJ. DREYER. 
!>eots. Oral Patho/oov and CbcmicaJ 1'a1ho10l<Y. MEDUNSA. P 0 Mcdunsa. 

This study was undertaken 10 compan: the alcium, nugncsiurn. phosphorus. zinc &nd Duoride 

oontents of opaque and truulucent ruiirular dentine. Twelve mandibular incisor. were utiliz<d. 

The crowns &ltd cemencum were ranoved using • dent.>! bur. The specimens were then 

bydroly>ed individuaDy in 1M perchloric acid. Calcium, zinc and magnesium were determined 

utilising the ammonium phosphomolybdate colorimetric method and fluoride by ion selective 

electrode method. The mean values (mg/g) of opaque and trutslucent dentine respectively were : 


Calcium (Ca) 244 .65 (SO ± 3.60) and 244.17 (SD ±4. 10); 

Magnesium (Mg) 8.25 (SD ± 0.42) IUld 6.91 (SD ± 0.69); 

Fluoride (F) 0.22 (SD ± 0.01) and 0.27 (SD ± 0.02); 

Phosphorus (P) 12770 (SD ± 2.43) and 125 .00 (SD ± 233); 

Zinc (In) 0.14 (SO±O.OI) and 0.20 (SD±0.03). 

The Mann Whitney test showed that there wtU a oignificant dilfercnce between the Mg. F ond Zn 

cootenlS oropaque and translucent dentine (p<lJ.05). Our findings do nol 'upoon tho,. of 

Mgore Md LeAver (1974) who found that only Calcium values were significantly lower in 


!lW!l=i.mIint: 

1 6 IRelation Between Blood, Moler, Cortical Bone and Trabecu!ar Bone Leed 
levels of Rats. R.J. ROSSOUW" and S.R. GROBLER. Faculty of 
Dentistry, University Of SteJJenbosch, Tygerberg, South Africa 

Bone j. the majof reservoir of body lead stOfes. Loosely and deeply bound lead 
compartments in bone provide short- and long-lived sources of this toxic element to 
blood and soh tissues. 

Several groups of inbred Bo-IX rats were continuously exposed to nebulized aerosolS 
of lead for different time periods. Furthefmore. the affect of different post.exposed 
periods on the lead concentrations were also Investigated. The lead concentratior.s 
were determined In blood , molars, tail vertebra and lIisC8 crest of the rat. Thu 
graphite furnace atomic absorption spectrophotometer was used_ 

The blood. molar, tail and iliaca Cfast lead levels differed significantly (p < 0.05) 
IItnOng the exposed groups. However. only the blood and iliac a crest lead 
concentrations differed slgnlflcently (p<O.051 in the post·exposufe periods. 

It js conclyded thaI lead is absorbed In the apaUu, crystal of djHerent kinds of bOQe ~ 
Eunhermo'te, conical bone Is identjfied 8S Ipng t9(m storage reservoirs of lead in the 
b.!!l1¥.. 
Thi. study was supponed by the MRC. 
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Giant ossifying fibroma: a 
clinicopathologic study of 8 
tumors 
van Heerden WFP, Raubenheimer EJ, Weir RG, Kreidler J: Giant ossifying 
fibroma : a clinicopathologic study of 8 tumors . J. Oral Pathol Med 1989; 18: 
506-509. 

Clinical, radiographic and microscopic features of 8 ossifying fibromas 
diagnosed in 7 patients and measuring more than 8 cm in greatest diameter, 
were reviewed. The tumors occured in both juvenile and middle aged patients 
and all lesions in women involved the maxilla. The abundance of fibrous 
connective tissue and resorption of mineralized deposits are indicative of altered 
cellular differentiation and proliferative activities in large ossifying fibromas. 
Focal areas of aneurysmal bone cyst formation were identified in the majority 
of lesions. 
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Ossifying fibromas are generally re
garded as slow growing and well cir
cumscribed jaw tumors which contain 
foci of trabecular and spherical calcifi
cations resembling bone and cementum 
respectively (1) . They are reported to 
be more common in blacks, occur fre
quently in women and the majority of 
lesions involve the mandible (1, 2). 

Although no convincing definition of 
giant ossifying fibromas are to be found 
in the literature , these neoplasms were 
reported by various authors as large tu

. morous fibro-cemento-osseous prolif
erations (3-7). Unfortunately, many of 
the reported cases are not documented 
satisfactorily. HAMNER et al. (1968) 
however, arbitrarly defined giant le
sions as those exceeding 2 x 2 cm in 
size or involving the space occupied by 
two or more teeth . 

There is no published series of giant 
ossifying fibromas in the literature. 
Therefore, this study was undertaken 
to determine the clinical and radio
graphic appearances and the micro
scopic features of the large ossifying 
fibromas diagnosed by the Department 
of Oral Pathology at the Medical Uni
versity of Southern Africa (Medunsa) 
over a 6-yr period. 

Material and methods 

All the cases diagnosed as ossifying fi
broma over the last 6 yr were retrieved 
from the files of the Department of 

Oral Pathology, Medunsa , Most pa
tients seen at the hospitals served by 
the department are black and of rural 
origin . The pathology reports were re
viewed and all lesions with a longitudi
nal diameter of 8 cm or more as mea
sured on the excision specimen, were 
included in this study. Radiographs 
were available in all the selected cases . 
Histologic evaluation was done by 
means of light microscopy. Three speci
mens (Cases 1, 3, 4) were bivalved in 
the longitudinal diameter, and a 5 mm 
slice of the entire cut surface was ob
tained by means of a band-saw. The 
slice was then radiographed and 
blocked into mUltiple squares, each of 
which was numbered on a scheme cor
responding to the radiograph and proc
essed for routine light microscopy. 
Representative histologic sections were 
avialable in the remaining cases. 

Results 

Seven patients from a total of 30 cases 
of ossifying fibroma were found to have 
tumors larger than 8 cm in greatest di
ameter (Fig. 1). The age, sex , site and 
size of the tumors are indicated in Table 
1. Case 5 presented with a mandibular 
and a maxillary tumor, both exceeding 
8 cm. Signs and symptoms varied, the 
most common of which was swelling. 
At the age of 2 yr , Case 1 presented 
with a mandibular tumor 4 cm in diam
eter. Biopsy showed a benign fibro 
osseous proliferation and due to par

enteral refusal the lesion was followed 
over a period of 7 yr during which it 
became less radiopaque and tripled in 
diameter. The duration of the other le
sions could not be determined reliably. 
Although the post-operative follow-up 
is in some cases as short as one year, 
none of the lesions have recurred . 

All tumors involved the tooth-bear
ing areas of the jaws and were well 
demarcated with scattered foci of ra
diopacities (Fig . 2). Root resorption 
were present in three cases . 

Case 1 was treated with hemimandi
bulectomy. Enucleation of the tumor 
was done in the other cases. No cortical 
perforation was present, only expan
sion in all directions. On cut surface , 
the tumors had a gray-white color with 
a gritty consistency . Cystic spaces rep
resenting aneurysmal bone cyst chang
es and measuring up to 1 cm in diame
ter could be seen focally in six tumors. 

The histologic features correlated 
with the radiographic appearance of 
the corresponding area. The inconspic
uous radiodense areas consisted of 
woven trabecular bone , although a few 
lamellar bony trabeculae and psammo
matous calcifications were also found . 
Active resorption of the trabeculae 
with accumulation of osteoclast type gi
ant cells were evident in all tumors 
(Fig . 3). Vascularity was more promi
nent in the areas of resorption and the 
fibrous component adjacent to these 
areas were cellular. 

The radiolucent zones consisted 
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Fig. 1. A, clinical appearance of Case 3. B, clinical appearance of Case 4. 

mainly of fibrous tissue. The stroma 
varied from mature collagen to tissue 
with a cellular storifonn pattern (Fig. 
4). Small amounts of mineralized tis
sue, mainly of a psammomatous ce
mentum-like nature were present in the 
fibrous tissue. The aneurysmal bone 
cyst changes were found in areas where 
the fibrous tissue had a loose, edema
tous structure. 

Discussion 

The sizes of the eight tumors described 
surpass that of all giant ossifying fibro-

Table 1. Clinical data of the seven patients. 

Case Age Gen- Site Size 
No der 

1 9 M Mandible 12 cm 
2 7 W Maxilla 8 em 
3 13 W Maxilla 13 cm 
4 46 W Maxilla 15 cm 
5 40 M Mandible 8 em 

Maxilla !Oem 
6 49 M Mandible !O em 
7 57 W Maxilla 10 em 

33 Or.1 18:9. 1989 

mas reported in the literature. HAMNER 

et at. (3), defining 'giant' lesions as 
those exceeding 2 x 2 cm in diameter, 
found 17% of their cases of cemento
ossifying fibromas to have reached 
these dimensions. Seven (or 23%) of 
our collection of ossifying fibromas had 
a diameter of more than 8 cm. If the 
criteria of Hamner et al. (3) had to be 
applied to our collection of ossifying 
fibromas, almost all of the 30 cases di
agnosed in our department over the last 
6 yr will be regarded as 'giant'. The 
large dimensions of our tumors is re
lated to the rural character of the pop
ulations served where proper diagnosis 
and treatment is often delayed through 
tribal customs. 

The age range of our patients was 
7-57 yr with an age peak in the first and 
fifth decades, a distribution corre
sponding to that generally reported for 
ossifying fibromas (1) . The occurrence 
of large ossifying fibromas in young 
children is of particular interest as it is 
believed that these tumors require 
many years of growth to attain large 
dimensions (2). One of our cases, diag
nosed at 2 yr of age, showed an in

crease of 8 cm in diameter over a fol
low-up period of 7 yr. As far as we can 
ascertain, this represents the youngest 
age at which an ossifying fibroma had 
been diagnosed. Five of the eight tu
mors and all lesions in women involved 
the maxilla . This is in contrast to the 
generally held view that ossifying fibro
mas occur more frequently in the man
dible (2). 

Radiographically, the large ossifying 
fibromas in our study contain relatively 
less mineralized tissue than smaller le
sions. This finding is substantiated by 
the microscopic appearance of the giant 
lesions where the balance of cellular 
activity favor fibrous tissue formation 
and bone resorption at the expense of 
new bone formation. Although the ma
jority of our lesions showed foci of 
aneurysmal bone cyst formation, 
STRUTHERS & SHEAR (8) found this 
change to occur in only 4% of their 
ossifying fibromas and Eversole et al . 
(9) noted aneurysmal bone cyst fea
tures in three of their 64 cases. The 
high prevalence of aneurysmal bone 
cyst formation in our lesions is prob
ably due to the prominent fibrous com
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ponent which contains more loose ede
matous areas than is found in smaller 
ossifying fibromas . This feature is not 
responsible for the giant dimensions, as 
the foci of aneurysmal bone cyst change 
are limited and the cystic spaces are of 
relative small size. 

HAMNER et at. (3) stated that ossify
ing fibromas containing cvmentum are 
larger and more aggressive than pure 
ossifying or cementifying lesions. HALL 

et at. (10) consider mixed cementifying 
and ossifying fibromas as a potentially 
aggresive variant of ossifying fibroma. 
WALDRON & GIANSANTI (11) however 
stated that a separation into cementify
ing and ossifying types is artificial as 
they could find no difference in the be
haviour of tumors with these histologic 
designations. Cementum-like as well as 
osseous deposits were present in all tu
mors in our series and we believe that if 
representative tissues of ossifying fibro
mas are taken for microscopic exam
ination, most tumors will be found to 
be of a mixed nature . 

Our study furthermore suggests that 
ossifying fibromas with a gigantiform 
growth potential are characterized by 
the appearance of large fibrous areas 
which are represented radiographically 
by less radiodense areas. This is in con
trast to the normal progression of these 
lesions where the islands of mineral
izations are reported to increase in size 
and coalesce resulting in a more radio
paque lesion (2). 

The microscopic appearance of the 
giant lesions does not resemble that of 
juvenile aggressive ossifying fibromas. 
The criteria defined by WALDRON (12) 
for the diagnosis of juvenile aggressive 
ossifying fibroma include a cellular vas
cular stroma with varying amounts of 
giant cells and little collagen produc
tion . Osteoid lined by osteoblasts are 
usually present. These lesions further
more appear most often in young pa
tients - predominantly younger than 20 
yr and almost always below 40 yr of age 
(13). None of the lesions in the three 
young patients in our series can be clas
sified as the aggressive variant because 
of the prominent fibrous tissue and col
lagen component and the scarcity of 
osteoid formation. This however does 
not exclude the possibility that at some 
earlier stage our lesions may have had 
the microscopic features of juvenile ag
gressive ossifying fibromas. 

This study suggests that the shift in 
cellular activity from osteoblastic in 
small ossifying fibromas to fibroblastic 
in the giant lesions represents a phe·· 

Fig . 2. A, radiograph of Case 3 shows a well demarcated lesion with smokescreen appear
ance and irregular radiolucent areas. B, Prominent lytic areas are present in Case 1 (arrows). 

nomenon associated with gigantiform Miss L. I. HOPE, Audio Visual Department 
tumor enlargement. of the Medical University of Southern 
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Fig. 3. Interface between dense fibrous zone and area of bone resorption . Note bony 
trabeculae (asterisks) and osteoclasts (arrows) in loose fibrous tissue. H&E, x 40. 

Fig. 4. Cellular storiform growth pattern. H&E, x 100. Inset: mature collagen. H&E, x 150. 
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Adenomatoid odontogenic tumours with a diameter of more than 4cm are uncommon. Two 
cases, both measuring in excess of 7 cm, are described and the differential diagnosis discussed. 
The progressive growth and cortical perforation in these two cases support the view that it is a 
benign neoplasm rather than a hamartoma. 

KeYlvords: Odontogenic tumours; maxilla 

The adenomatoid odontogenic tumour (AOT) is a rare, 
benign odontogenic tumour of which approximately 
170 verifiable cases have been reported in the English 
literature. It occurs most often in young females and 
commonly involves the anterior maxilla. Although 
many AOTs are detected during routine radiographic 
examination, patients may present with a gradually" 
enlarging, painless swelling which can lead to facial 
asymmetry. Radiographs generally show a clearly 
demarcated, radiolucent lesion surrounding an 
unerupted tooth, usually a maxillary canine 1.2. 

Radiopaque foci frequently occur in the tumour. The 
size of an AOT varies between 1.5 and 3.0 cm but some 
as large as 9.0cm have been reported}. It is usually 
diagnosed radiographically as a follicular, lateral 

Speriodontal 1 , residual 4 or 'globulo-maxillary ' cyst 2 . If 
calcification is present , the differential diagnosis should 
also include calcifying odontogenic cyst , central ossify
ing fibroma, calcifying epithelial odontogenic tumour 
and ameloblastic fibro-odontome. Microscopically, 
AOTs are characterized by a well-defined fibrous 
capsule surrounding sheets, strands and nodular masses 
of epithelial cells which form tube-like structures and 
rosettes t. The purpose of this paper is to report two 
large AOTs with diameters of more than 7 cm. 

Case reports 

Case J 

A 12-year-old black female presented complaining of a 
maxillary swelling obstructing her nose ; the duration of 
the swelling was unknown . On examination , a maxil 
lary tumour, extending from the lower border of the 
right eye and crossing the midline of the face, was 
present. The size of the lesion interfered with lip 
closure. The nose was deviated, the nasal passage 
obstructed and on palpation the bony cortex was 
perforated, resulting in fluctuation. The skin overlying 
the lesion had three parallel scars (each 4cm long). 
Intra-oral examination showed mobile and displaced 
maxillary permanent incisors and a primary canine , and 
bulging of the right palatal shelf and buccal plate 

© 1991 Butterworth-Heinemann for IADMFR 
0250- 832 x 91 /010043-03 

(Figure 1). Radiographs revealed a well-circumscribed 
unilocular radiolucency containing the crown of the 
unerupted permanent canine (Figures 2, 3). A clinical 
diagnosis of follicular cyst was made and the lesion was 
enucleated through an intra-oral approach. The speci
men submitted for pathological examination con sisted 
of a cystic lesion measuring 12x lO x JOcm which 
contained a normal maxillary canine. The lining of the 
cyst contained multiple nodules measuring up to 5 mm 
in diameter. Microscopic examination showed an 
epithelial lining containing nodular masses of odonto
genic epithelial cells forming rosettes and pseudoglan
dular spaces. A diagnoses of AOT was made. 

Case 2 

A 9-year-old black female presented with a complaint 
of swelling in the right maxilla obstructing her nose . 
The lesion was painless and had been present for 3 
years. On examination, there was a 9 x 8 cm swelling in 
the right maxilla, which had elevated the right ala 
(Figure 4). The maxillary permanent central incisors, 

Figure J Case 1. Intraoral view of the tumour 

Dentomaxillofac. Radiol. , 1991, Vol. 20, February 43 
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Figure 2 Case I. Late ral cephalometric radiograph . Note the 
oispi:1cement of the permanent n18xillar y canine (arrow) 

primary canines and molars were erupted and the 
palatal shelf and buccal plate were expanded by a firm 
swelling. Radiographically, there was a well
circumscribed radiolucent lesion, surrounding the 
crown and neck of an unerupted maxillary canine; the 
developing maxillary premolars were dilacerated and 
the second incisor displaced and impacted (Figure 5). 
In the absence of calcification in the wall of the lesion, a 
clinical diagnosis of a follicular cyst was made. The 
lesion was enucleated and an opened cyst, 8 cm in 
diameter, surrounding the crown and neck of an 
unerupted maxillary canine and containing mural 
granules, was submitted for pathological examination. 
Microscopically, the cyst wall consisted of abundant 
connective tissue lined by thin and inactive odontogenic 
epithelium which surrounded nodular masses of epithe
lial cells exhibiting rosettes and pseudogl a ndular 
structures. A diagnosis of AOT was made. 

Discussion 

As far as can be ascertained, Case 1 represents the 
largest AOT reported in the English literature. 

Figure 4 Case 2 . Frontal photograph 

Another large tumour had a diameter of 9 cm and 
formed ~art of a series of 13 cases occurring in Nigerian 
patients ' . The la rge size of our two cases could be 
related to their more rapid growth in younger patients, 
certainly, the average age is higher in previous reports. 
However, the size may also result from a delay in 
seeking proper dental treatment. This view is sup
ported by the presence of linear scars on the skin 
overlying the tumour in Case 1, an indication of regular 
visits to tribal medicine men before seeking hospital 
treatment. 

The histogenesis of the AOT is unknown but the 
possibilities range from the dental lamina to reduced 
enamel epithelium6-8. One investigator" suggested that 
the epithelial rests of Malassez at the apex of deciduous 
teeth is the progenitor tissue. His argument is based, in 

Figure 3 Case \. Panoramic radiograph . Note the well circum~cribed, 


expansile lesion in the right maxilla with displace ment of the roots of Figure 5 Case 2. Panoramic radiograph. Note the dilacerate d first and 

involved teeth as well as the canine second permanent maxillary premolars (arrows). 


44 Dentomaxillofac. Radiol., 1991, Vol. 20, February 

 
 
 



L' 15 7 
Adenomatoid odontogenic tumour: E.J. Raubenheimer et al. 

part, on the fact that AOTs have never occurred in 
association with impacted deciduous teeth nor in areas 
not preceded by deciduous teeth. The existence of 
those lesions not associated with an unerupted tooth 
and therefore not arising from the reduced enamel 
epithelium, may be explained on this basis. 

Courtney and Kerr 10 from a study of 20 AOTs, as 
well as others 11-13, believe the lesion to be an 
hamartoma rather than a benign neoplasm. However, 
hamartomas have a limited growth potential and 
progressively differentiate into more mature tissue with 
ageing 14. Our cases do not support a limited growth 
potential as postulated by Saito el al 4 nor did they 
exhibit maturation into more differentiated dental 
tissues. We therefore believe the lesion to be a benign 
neoplasm. The growth potential of AOTs is supported 
by Ajagbe el al. and others IS. If> and earlier detection is 
likely to be the reason for the small size of most cases 
reported in the literature. 

Radiographically both of our cases resembled a 
follicular cyst, the most common lesion to consider in 
the differential diagnosis of AOT. The well demarcated 
radiolucency associated with an AOT is reported to 
extend more apically on the root of the associated' 
unerupted tooth than in the case of a follicular cyst 17. 

Another feature that could be helpful in distinguishing 
between these two lesions is the virtual absence of root 
resorption in AOTs 18. The dilaceration of the perma
nent premolars in Case 2 is most likely the result of 
pressure exerted by the enlarging tumour on the roots 
of the developing teeth. 

Nasal obstruction is a common complaint in patients 
with maxillary AOTs measuring 5 cm or more in 

19diameter 3 
. . Furthermore, erosion of bone has been 

reported in a large AOT a nd actual perforation has led 
to it being described as a 'fluctuant mass' 19. Our Case 1 
also exhibited this feature but we do not agree with 
Poulson and Greer 20 that its presence warrants the 
exclusion of an AOT and the consideration of a more 
aggressive tumour in the differential diagnosis. 
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Diffuse peripheral odontogenic 
fibroma: report of 3cases 

Weber A, van Heerden WFP, Ligthelm AJ, Raubenheimer EJ: Diffuse peripheral 
odontogenic fibroma: report of 3 cases. J Oral Pathol Med 1992; 21: 82-4. 

Since peripheral odontogenic fibroma (POF) is characteristically described as a 
solitary lesion and no diffuse POF had been reported in the literature, our cases 
should be considered as extremely unusual. Three diffuse cases of POF are 
described of which one case was seen in association with ocular and skin lesions. 
The question arises whether POF should be considered as a true odontogenic 
tumor rather than a diffuse hamartomatous lesion caused by uncontrolled 
induction of the gingiva. It is also possible that such lesions could be part of a 
yet undescribed syndrome. 

The odontogenic fibroma is defined by 
the World Health Organization as a be
nign odontogenic neoplasm of fibro
blastic origin characterized by relatively 
mature collagenous fibrous tissue and 
varying amounts of odontogenic epithe
lium, with the potential to occur in ei
ther a central or extraosseous location . 
The extraosseous counterpart is desig
nated peripheral odontogenic fibroma 
(POF) (1). 

All the POF's described in the litera
ture presented as single, exophytic tu
mors which frequently prompted a clin
ical diagnosis of localized gingival hy
perplasia. Diffuse involvement of the 
gingiva has not yet been reported . Three 
cases with the histologic appearance of 
POF with diffuse involvement of the 
gingiva, of which one case was associ
ated with dermatological and ocular ab
normalities, are presented. 

Material and methods 
Case 1 

An 8-yr-old Black girl presented with 
diffusely enlarged gingiva in both jaws, 
causing delayed eruption of the perma
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Fig. 1. Clinical photograph of Case I showing 
diffusely enlarged gingivae in both jaws. 
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Fig. 6. Histologic appearance of tumor in Case 3 showing islands and strands of odontogenic 
epithelium (arrows) scattered in connective tissue.IOO. 

Fig. 7. Overlyirg epithelium in Case 3 showing downward proliferation into the connective 
tissue (arrows).200. 

Fig. 4. piffuse nodular gingival hyperplasia 
(arrows) in Case 3. 

nent incisors. Nodules were present in 
the gingival masses which were firm in 
consistency (Fig. I). The durat ion of the 
lesions could not be determined and no 
evidence of a family history was found. 
Radiographic examination showed no 
bone involvement or disturbance in 
tooth development. Gingivectomy of 
the hyperplastic tissue was done and the 
tissue sent for histologic examination. 

Microscopically, the lesion consisted 
of cellular fibrous tissue with myxoma
tous areas. The odontogenic epithelium 
appeared inactive and was arranged in 
cell nests and strands (Fig. 2). No hard 
tissue formation was seen. The overly
ing epithelium was hyperplastic without 
evidence of downward proliferation of 
the rete ridges. 

Case 2 

A 56-yr-old black woman presented 
with diffuse gingival hyperplasia of both 
jaws resulting in enlarged alveolar 
ridges. The duration of the lesions was 
not known. The mandibular canines 
were displaced. All teeth were severely 
afflicted by plaque and calculus de
posits. A biopsy of the lesion was per
formed and oral hygiene procedures im
plemented. 

Fig. 5. Clinical photograph of Case 3 showing 
xanthogranuloma on skin (arrows). 

Microscopically the gingival enlarge
ment resulted from a proliferation of 
loose cellular connective tissue with 
scattered islands of inactive odontogen
ic epithelium. Hyalinization and calcifi
cations were present in relation to the 
odontogenic epithelial rests. Budding of 
the overlying oral epithelium (Fig . 3) 
and focal areas of chronic inflammation 
were seen . 

Case 3 

A 3-yr-old white boy presented with dif
fuse nodular maxillary and mandibular 
gingival hyperplasia which became evi
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dent soon after birth (Fig. 4). The nor
mal eruption pattern was disturbed but 
no other abnormalities were found ra
diogra phically. The pa tien t a Iso had 
small nodular skin lesions diagnosed as 
xanthogranulomas (Fig. 5) , as well as 
corneal opacities. Corneal transplants 
were done in the eye lesions which could 
not be diagnosed as any specific patho
logical entity as yet. The oral lesions 
were clinically diagnosed as gingival hy
perplasia and a biopsy performed. 

Microscopically the lesion was com
posed of cellular fibrous tissue with is
lands and strands of odontogenic epi
thelium scattered in the connective 
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tissue (Fig. 6). No mineralized matrix 
formation was evident and the surface 
epithelium exhibited mild hyperplasia 
with downward proliferation (Fig. 7). A 
diagnosis of POF was suggested and 
gingivectomy of the hyperplastic tissue 
was performed. All the tissue submitted 
exhibited similar microscopic features. 

Discussion 

Notone of the accepted cases of PO F in 
the literature were described as a diffuse 
gingival lesion. Furthermore, POF was 
never before described in relation to any 
other lesions as was seen in Case 3. 

The question arises as to whether 

POF is a true neoplasm or whether it 
should be regarded as an hamartoma
tous developmental anomaly. The dif
fuse involvement of the gingiva in our 
three cases supports the possibility that 
POF does have an hamartomatous 
origin rather than being a true benign 
neoplastic lesion. We agree however, 
that the distinction between an hamar
toma and a benign neoplasm is at best 
difficult and is differently interpreted. 

The authors are of the opinion that 
POF should be considered as solitary 
or diffuse hamartomatous lesions which 
are caused by uncontrolled induction in 
the gingiva in a local or diffuse manner. 
Furthermore, the possibility that POF is 
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an hamartomatous growth, which could 
be part of a yet undescribed syndrome, 
cannot be excluded, and should be in
vestigated. 
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Peripheral dentinogenic ghost cell 
tumor 

Raubenheimer EJ , van Heerden WFP, Sitzman F, Heymer B: Peripheral dentino
genic ghost cell tumor. J Oral Pathol Med 1992; 21: 93- 5. 

A case of dentinogenic ghost cell tumor, that has originated peripherally in the 
jaw, is presented and the literature reviewed with particular reference to the origin 
of the tumor. The total number of central and peripheral cases reported in the 
English literature is 10 and although mucosal infiltration is common, peripheral 
origin of the neoplusm could be verificd in only 3 cases. 
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The calcifying odontogenic cyst is a 
unique jaw lesion described as a distinct 
entity in 1962 by GORLIN el af. (I). In a 
study of 16 cases by PRAETORIUS el al. 
(2), it became evident that this group of 
lesions contains two entities, a cyst 
(Type I) and a neoplasm (Type II), and 
for the latter the term 'dentinogenic 
ghost cell tumour' was proposed. The 
neoplasm occurs predominantly in later 
life and consists microscopically of 
ameloblastoma-like odontogenic epi
thelial proliferations infiltrating the 
bone and connective tissue. Ghost-cells 
are present as well as varying amounts 
of dentinoid the latter being closely as
sociated with odontogenic epithelium. 

The purpose of this paper is to pres
ent an unique case of a dentinogenic 
ghost cell tumour originating in an ex
traosseous location. 

Case report 

An 82-yr-old man presented in the De
partment of Dental Surgery and Radiol
ogy, University of Ulm, complaining of 
a slow growing nodule on the mandib
ular right alveolar ridge. The lesion 
started 6 yr ago after extraction of the 
mandibular right canine. On examina
tion the patient was found to be edentu
lous. A 6 mm broad based polypoid 
lesion was located on the mandibular 
right alveolar ridge. Radiographic ex
amination revealed no underlying bone 
involvement (Fig. I) and a clinical diag
nosis of a peripheral giant cell granulo
ma was made. During surgical removal, 
the lesion was found to be located with
in the alveolar mucosa and the alveolar 
bone was not involved. 

The surgical specimen measured 6 x 
6 x 4 mm and had it firm consistency 
with foci of calcifications. Microscopic 
examination revealed hyperplasia of 
overlying epithelium and a solid tumor, 
composed of odontogenic epithelium 
associated with calcifications in the sub
epithelial connective tissue (Fig. 2). The 
neoplastic epithelium showed a well de
fined cuboidal to cylindrical basal cell 
layer closely associated eosinophilic 
cells with abrupt keratinization, resem
bling ghost cells (Fig. 3). Although the 
epithelial cells displayed nuclear pleo
morphism, no mitotic figures I','ere pres
ent. In focal areas , stellate reticulum
like differentiation as well as the forma
tion of dental lamina-like structures 
were observed. Masses of acellular calci
fied material , resembling dentinoid, 

were evident in close association with 
the epithelium (Fig. 3). The surrounding 
connective tissue contained strands of 
inactive epithelium associated with 
small globular dentinoid deposits. Slight 
inOammation with vasodilatation and 
edema was present and a diagnosis of 
peripheral dentinogenic ghost cell tu
mor was made. Si x year follow-up after 
removal failed to reveal a recurrence. 

Discussion 

Peripheral occurence of the cystic types 
of calcifying odontogenic cysts (Type I) 
is well documented in the English litera
ture (1,3). This may result from cortical 
bone perforation by a central lesion or 
more rarely, true peripheral origin from 
gingival epithelial remnants (4). 

Fig. 1. Panoramic radiographic view showing lack of bony involvement of the mandibular 
right alveolar ridge. 
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Fig. 2. Well encapsulated tumor with ghost cell form ation (arrows) and dentinoid deposits 
(asterisks). H&E stain, x 30. 

Conflicting data on the origin of the 
solid type calcifying odontogenic cyst 
(Type II) or dentinogenic ghost cell tu
mor are present in the literature. A re
cent review article summarizes the clin
ico-pathological features of 10 cases 
published in the ' English literature . In 
this article gingival swelling is consid
ered to be the most frequent clinical 
feature. Radiographically all cases pre
se nted as lucencies with poorly defined 
margins (5). An earlier paper, reviewing 
5 cases, proposed that dentinogenic 
ghost cell tumors usually occur periph
erally and on the gingiva (6). Analysis 
of the original publicat io ns, mostly case 
reports, proves the discrepancy to lie in 
thc iiltcrprctation of the clinical dcscrip · 
tions. Both cases reported by PRAETORI

us (2) are described as being 'extraos
seous', despite radiographic signs of 
bony and dental involvement. Although 
peripheral involvement is probably im
plied by the authors, true peripheral 
origin of these lesions need to be ques
tioned. The first of two cases reported 
by FEJERSKOV & KROGH (7) is described 
as an exophytic palatal mass. Unfortu
nately roentgenograms were not avail
able and central origin of this case can 
therefore not be excluded. Central den
tinogenic ghost cell tumors were also 
reported by GUNHAN & SENGUN (8) -
I case, - TAm'IA (9) - I case '- and 
COLMENERO el at. (5) - I case -, bringing 
the total number of central dentinogenic 
ghost cell tumors in thc litera ture to 7, 
The 'peripheral odontogenic tumor with 

ghost-cell keratinization' reported by 
VULET[ ;\ et at. (10) contained no dentin
oid deposits and exhibited odontogenic 
epithelium surrounded by cellular fibro
blastic tissue, resembling and primitive 
dental pulp. On microscopical grounds, 
this lesion can not be classified as a 
dentinogenic ghost cell tumor since 
ghost cells are found in many other 
odontogenic neoplasms (2), 

Peripheral presentation of dentino
genic ghost cell tumors is related to their 
infiltrative behaviour and although this 
feature appears to be common, true pe
ripheral origin is not as- frequently re
ported. ABRAHAMS & HOWELL (11) de
scribe a dentinogenic ghost cell tumor 
located entirely extraosseous and pala
tal to a maxil.la ry cllspid. Peripheral 
dentinogenic ghost cell tumors involv
ing only the gingiva or alveolar mucosa , 
with radiographic support, were also re
ported in the lingual mandibular left 
premolar region (6) and the anterior 
part of the maxilla (12). This brings the 
number of true peripheral tumors to 
four, including our case, 

The average age reported in the liter
ature is 50, the oldest being 72 and the 
youngest 17 (5). Our patient, with an 
age of 82 yr, represents the most ad
vanced age at which a dentinogenic 
ghost cell tumour has been diagnosed. 
Although the central tumors have a 
high rate of recurrence after removal 
(5), long term follow-up of our case and 
lack of proof of recurrence of any of 
the other peripheral dentinogenic ghost 
cell tumors suggests a favourable course 
for the peripheral type. 

Acknowledgments - We are indebted to Ms 
C. S. BEGEMANN for secretarial assistance. 

References 

I. 	GORLIN RJ, PINDBORG JJ, CLAUSEN FP, 
VICKERS RA. The calcifying odontogenic 
cyst - a possible analogue of the cutane
ous calcifying epithelioma of Malherbe. 
Oral S lirg Oral ivIed Oral Pa/hol 1962: 
IS: 1235-43. 

2. 	 PRAETORIUS F, HJORTI NG -HANSEN E, 
GORLIN RJ, VICKERS RA. Calcifying 
odontogenic cyst. Range, variations and 
neoplastic potential. Ac/a Odontol Scand 
1981: 39: 227- 40. 

3. 	 ALT1 Nl M, FARMA NN AG. The calcifying 
odontogenic cyst. Eight new cases and a 
review of the literature. Oral Surg Oral 
M ed Oral Pa/hol 1975: 40: 751-9. 

4, 	 BHASHAR CS. The gingival cyst and the 
j.. ~raliliiz ill g amcioblaslolila. Owl Sur!; 
Oral Med Oral Po/hal 1965: 19: 796-8 . 

. . 

 
 
 



lG J 


Fig. 3. Cuboidal peripheral basal cell layer (arrows) and adjacent cells exhibiting abrupt 
keratinization with ghost-cell form ation. H&E stain , x 150. 
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ameloblastomas 
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One hundred and eight ameloblastomas diagnosed in a rural black Africa popu

lation were analysed for clinicopathologic findings other than those classically de

scribed. One patient had a polycystic ameloblastoma adjacent to an ameloblastic 

fibroma. Two other polycystic ameloblastomas showed aneurysmal bone cyst for

mation and one mandibular tumour was diagnosed as a keratoameloblastoma. 

Microscopic changes resembling an adenomatoid odontogenic tumour were 

present in association with two unicystic ameloblastomas and a HPY 18-positive 

verrucous lesion occurred in the lining of a cystic space of a polycystic ameloblasto

ma. Two ameloblastomas contained eosinophilic granules in all tumor cells and 

melanocytes were diffusely present in another. One case exhibited a focus of mu

cous cell metaplasia. Two polycystic ameloblastomas showed diffuse interstitial 

ossification. One mandibular tumor was diagnosed as a desmoplastic amel

oblastoma and another as an odontoameloblastoma. This study demonstrated 

that although ameloblastomas are regarded as a fairly homogeneous group of 

neoplasms, detailed investigations prove clinicopathologic diversity in a signi

ficant number of lesions. 
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Ameloblastoma is the most common 
neoplasm affecting the jaws. It is de
rived from odontogenic epithelium and 
although located primarily intraos
seously, peripherally occuring amel
oblastomas involving soft tissue only 
have occasionally been reported. Two 
clinicopathologic variants of intraos
seous ameloblastomas are commonly 
recognised. Polycystic ameloblastomas 
occur mainly in the body and ascending 
ramus of the mandible and most pa
tients with this type present in the 4th 
decade of life (I). Unicystic ameloblas
tomas present on average a decade 
earlier (2) and are generally associated 
with a lower post-operative recurrence 
rate then the polycystic types. They can 
be divided microscopically into Groups 
I, 2 or 3 depending on either the pres
ence of a non-proliferating lining, intra
luminal proliferations or mural invasion 
respectively (2). Ameloblastomas may 
occur more frequently in black Africans 
than in other racial groups (3). 

Several recently published large series 
on ameloblastomas make no mention of 
coincidental and infrequent clinicopath
ologic findings (2-5) and most informa
tion about these is obtained through 
individual case reports. The secretion of 
interleukin-I and a parathyroid hor
mone-like substance by an ameloblasto
ma was alleged to be the cause of hyper
calcemia in one patient (6). A multilocu
lar lytic mandibular lesion in a patient 
with hyperparathyroidism was proven 
microscopically to represent an amel
oblastoma associated with a brown tu
mor of hyperparathyroidism (7). The oc
currence of an ameloblastoma in a pa
tient with the basal cell nevus syndrome 
(8) appears to be a sporadic rather than 
a regular feature. Other tumors that have 
been reported to be associated with 
ameloblastomas include the calcifying 
odontogenic cyst (9) , acinic cell carcino
ma and adenolymphoma of salivary 
gland origin (10), osteogenic sarcoma 
(11), traumatic neuroma (12) and aneu

rysmal bone cyst (13). HPY capsid anti 
gen was proven positive with the im
munoperoxidase staining technique in 3 
out of 10 ameloblastomas in children 
(14) and mucormycosis infection was re
ported to have been superimposed on an 
ameloblastoma in an elderly diabetic 
woman (15). Stromal desmoplasia in a 
significant number of ameloblastomas 
has led to the use of the term 'desmoplas
tic ameloblastoma' (16) and extensive 
interstitial bone formation in ameloblas
tomas has recently been reported in two 
Japanese patients (17, 18). A case of pap
illiferous keratoameloblastoma was re
ported by AL TlNI el al. (19) and other mi
croscopic rarities include melanocytes 
between (20), and granular cell change in 
all tumor cells (21). 

The purpose of this study was to de
termine the spectrum of uncommon 
clinical and pathological findings in a 
large sample of ameloblastomas diag
nosed in a rural black African popula
tion. 
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Material and methods 

Clinical records, radiographs and hema
toxylin and eosin-stained microscopic 
slides of biopsies and surgical resections 
of 108 primary intraosseous ameloblas
tomas were scrutinized for extraordi
nary and coincidental pathologic fea
tures. At least four wax blocks were 
available in most cases. The following 
special staining techniques were em
ployed on sekcted cases: Mucicarmine 
for epithelial mucins, Masson-Fontana 
for melanin, Perl's Prussian blue for he
mosiderin pigment and the in silu hy
bridization technique for the presence of 
HPY antigen. All cases were diagnosed 
and treated in the Medunsa Dental Hos
pital which serves a black and mainly ru
ral African community. 

Results 

The sample consisted of 108 ameloblas
tomas of which 75 were polycystic and 
33 unicystic. All cases originated in
traosseoLisly. The sex and age distribu
tions are shown in Table I. All polycys
tic and 29 of the unicys tic ameloblasto
mas occurred in the mandible and four 
unicystic ameloblastomas presented as 
maxillary swellings. The left mandible 
was involved in 65 cases, right mandible 
in 26 and symphysis area in 13 cases. 
Twelve polycystic and 4 unicystic amel
oblastomas perfora ted the bony cortex 
and caused soft tissue ulceration. A 
mandibular ameloblastic fibroma in a 
19-year-old wo man was adjacent to and 
continuous with a polycystic ameloblas
toma (Fig. I). Aneurysmal bone cyst 
changes were identified in the latter 
patient as well as in another poly
cystic ameloblastoma in a 20-year-old 
woman. A polycystic ameloblastoma 
which invol ved the anterior mandible of 
a 13-year-old girl was associated with a 
compound odontome (Fig. 2). 

Microscopically, 47 polycystic amel
oblastomas were follicular, 23 plexi
form and 5 were of mixed follicular and 

Table I. Sex and age distribution 

Sex Average 
age (range 

N M F in years) 

Total sample 108 50 58 29.3 
(8-84) 

Polycystic 75 33 ~2 35 . ~ 
(13-84) 

Unicystic 33 17 16 16.5 
(8-37) 

Fig. I. A resected specimen showing a polycystic ameloblastoma associated with an amelo
blastic fibroma (arrows). 

non-infiltrative epithelium. In 9 of the 
latter group, less than 3 blocks were 
ava ilable for microscopic examination. 
Microscopic changes resembling an ad
enomatoid odontogenic tumor were 
presention the walls of two unicystic 
ameloblastomas (Fig. 4). HPY type 18 
was identified in a verrucous lesion 
which occurred in a polycystic amel
oblastoma and in one case melanocytes 
were uniformly present between the 
neoplastic epithelial cells. In two pa
tients aged 15 and 26 yea rs respect ively, 
ameloblastic epithelium contained eo
sinophilic granules in all tumor cells 
(fig. 5). iiclllooiJcrili piglllclll was 
identified in the cytoplasm of neoplastic 
odontogenic epithelial cells next to an 
area of hemorrhage. A desmoplastic re-

Fig. 2. Panoramic radiograph of the odontoameloblastoma. 

plexiform patterns. The stella te reticu
lum showed no differentiation in 35 
cases, 22 cases presented with acantho
matous differentiation , 9 cases wit h 
granular cell differentiation, 6 cases 
with both granular cell and acantho
matous differentiation, and basa l cell 
differentiation was seen in one case. A 
follicul ar ameloblastoma showed acan
thomatous differentiation and foci of 
mucous cell metaplasia (F ig. 3). One tu
mor, which occurred in the mandible of 
a 57-year-old woman, showed extensive 
keratini sa tion and was diagnosed as a 
keratoameloblastoma. The unicys tic 
aUleJobJasloma" siloweJ lllu rai invasioll 
in 15 cases and intraluminal prolifera
tion in one case. The remaining 17 uni
cystic ameloblastomas were lined by 
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Fig. 3. Mucous-cell metaplasia (arrows) in an ameloblastoma (H&E, X240). 

Infrequen t findings in ameloblastoma 229 

action was a common feature in the ex
traosseous component of ameloblasto
mas which perforated the bony cortex. 
Desmoplasia of the intrabony part of 
ameloblastomas was variable both be
tween tumors and within the same tu
mor and depended upon the degree of 
inflammation . Only one case was diag
nosed as a desmoplastic ameloblastoma 
on the basis of a uniform and mature 
connective tissue proliferation in the ab
sence of inflammation and which im 
pinged upon the neoplastic epithelial 
component (Fig. 6). Two polycystic 
ameloblastomas were associated with 
diffuse interstitial bony deposits which 
led to radiographic diagnoses of fibro
osseous les ions. 

Discussion 

Large series published on ameloblasto
mas often make no mention of features 
other than those class ically desc ribed 
and most infrequent findings a re re-

Fig. 4. A unicystic ameloblastoma (right side of low power view and top ri gh t inse rt) which exhi.bited adenomatoid odontogenic tumour 
differentiation (l eft side low power view and top left insert). (H&E, X40, X120, X200) . 
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Fig, 6, Desmoplastic amelobl astoma characterized by compressed epithelial strands in a ma
ture connective tissue stroma , Typical features of ameloblas toma were not present (H&E, 
x 180), 

ported as case studies. This has led to a 
generally accepted view that ameloblas
tom as are fairly homogeneous in their 
clinical and pathologic presentation. 
This review was undertaken to establish 
the spectrum of extraordinary and co
incidental clinical and pathologic 
findings in a large collection of amel
oblastomas diagnosed in a rural Afri
can population. 

In the total sample, the left mandible 
was affected 2.5 times more commonly 

than the right. Although there appears 
to be no apparent explanation for left 
mandibular predominance in our study, 
this finding is supported by a large Ja
panese series in which only 40% oc
curred on the right hand side (4). 

The subclassification of unicystic 
ameloblastomas according to the mi
croscopic appearance of the lining (2) 
was found to be impractical. Although 
areas of intraluminal proliferation or 
mural invasion positively confirmed un

icystic ameloblasto mas in Groups 2 and 
3 respectively, the subdivision into 
Group I lesions was found to be of 
limited value unless the whole tumor 
was processed for microscopic examina
tion. In the case of large unicystic amel
oblastomas. this was either impractical 
or even impossible, making the micro
scopic identification of foci of mural in
vasion in larger lesions unlikel y. This di
lemma is clearly illustrated in our study 
where fewer than three wax blocks were 
available for microscopic examination 
in 9 cases ultimately subclassified as 
Group I unicystic ameloblastomas. 

Tumors which occur within bone 
generally predispose to pathologic frac
ture and aneurysmal bone cys t forma
tion (22), Both these findings are, how
ever, infrequently reported in asso
ciation with ameloblastomas. The pre
senting symptom in only three of our 
patients was directly associated with 
pathologic frac ture of the mandible. 
Aneurysmal bone cysts are reported to 
be rare in the jaws, occur mainly in 
young patients, and approximately one
third are found in association with 
other pa thologies (23). A microscopic 
study of 42 ameloblastomas found hall
marks of aneurysmal bone cysts in 7 
(13) . Although the frequencey of aneu
rysmal bone cyst change in our study 
was not as high, both our cases oc
curred in young patients, The coexist
ence of aneurysmal bone cys t with 
ameloblastoma is significant because of 
the excessive bleeding which may be en
coutered during surgery, 

The associa tion of an ameloblast ic 
fibroma with ameloblastoma has not 
previously been reported. The example 
described here could be regarded as co
incidental, as the patient was at an age 
when ameloblastic fibroma occurs most 
frequently. Simultaneous occurrence of 
ameloblastoma and odontoma is rare 
(24), These tumors, which have been 
designated as odontoameloblastomas, 
consists of epithelial proliferations typi
cal of ameloblastomas associated with 
highly differentiated dental tissues ei
ther scattered throughout the tumor or, 
as in our case, as a single radiopaq ue 
mass (I) . Squamous metaplasia is a 
well described and variable feature in 
ameloblastoma . Extensive sq uamous 
change, where follicles consist entirely 
of squamous epithelium with only traits 
of the original ameloblastomatous 
structure. is less frequent (23), One 
tumor in our series, which occurred in 
an elderly woman patient, exhibited this 
change and was diagnosed as a kera
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toameloblastoma. Although adeno
matoid odontogenic tumor-like differ
entiation has been reported in a dentig
erous cyst (25), this change in a 
unicystic ameloblastoma has not yet 
been described. Both our examples oc
curred in the anterior mandible and 
this, together with the hitherto unde
scribed phenomenon of mucous cell 
metaplasia, illustrates the differentia
tion protential of ameloblastic epithe-
Ii urn. . 

The presence of an HPV-induced 
verucca in the epithelial lining of a po
lycystic ameloblastoma adds an inter
esting parameter to the study of papil
lomavirus-induced epithelial prolifera
tions. These lesions occur commonly on 
the skin and lining mucosa, to our 
knowledge this case, which was pub
lished recently (26), represents the first 
description of a verucca in a cystic epi
thelial tumor, the lining of which was 
within bone and not in contact with the 
oral mucosa. The origin of the melano
cytes in odontogenic tumors and cysts 
is speculative. The cells of the neural 
crest interact in the development of 
teeth and it is not surprising that mela
nocytes can occur in odontogenic 
tissues. Although it is believed that mel
anotic odontogenic tumors occur more 
frequently in black patients (25) , the 
number of cases reported is too low to 
draw conclusions. Our one melanotic 
ameloblastoma in the 108 cases studied 
places the frequency of this phenome
non below 1% in a black African sam
ple and thus can hardly be regarded as 
common. The presence of hemosiderin 
in the neoplastic epithelium adjacent to 
an area of hemorrhage emphasizes the 
phagocytic capacity of neoplastic odon
togenic epithelium. Varying amounts of 
granular cells are seen in the stellate re
ticulum of granular cell ameloblasto
mas. However, the presence of granules 
in all cells, including the peripheral 
layer, is rare. We believe this feature , 
which was present in two of our cases, 
represents full expression of granular 
cell differentiation. The plexiform gran
ular cell odon togenic tumor reported by 
ALTINI el al. (1986) (27) is probably an 
example of this variant. 

Quantification of stromal desmoplas
ia was found to be difficult as it varied 
between tumors and within the same tu
mor. Generally, ameloblastomas which 
infiltrate soft tissue and those which are 
inflamed exhibit more desmoplasia than 
others. Terminology such as "des
moplastic ameloblastoma' (16) should 
be used with great circumspection as 

the intensity of the desmoplasia is vari
able and forms part of a continuous 
spectrum of stromal fibroplastic reac
tion in ameloblas tomas. We suggest 
that certain criteria must be applied be
fore the diagnosis of a desmoplastic 
ameloblastoma is made. These should 
include the absence of inflammatory 
changes and cortical bone perforation 
as well as the uniform presence of a ma
ture, diffuse collagenous stromal tissue 
compressing the neoplastic epithelial 
component into strands. The two tu
mors which contained extensive inter
stitial bony deposits resemble the Ja
panese cases published recently (17,18) 
and their clinical and radiographic dif
ferentiation from benign fibro-osseous 
proliferations is a pitfall to be avoided. 
The prominent bone formation ap
peared to be reactive in nature, prob
ably linked to a process of interstitial 
connective tiss ue metaplasia rather than 
a result of induction , as the bony de
posits were generally separated from the 
neoplastic epithelium by a broad band 
of inactive connective tissue. Unlike a 
recently published paper (28), we be
lieve the desmoplastic and osteoplastic 
ameloblastomas are not distinct clinico
pathologic entities but rather variants 
of the microscopic spectrum of stromal 
reactions in ameloblastomas. 

This study demonstrates that 
although ameloblastomas are generally 
regarded as a homogeneous group of 
neoplasms, detailed investigations prove 
clinicopathologic diversity in a signi
ficant number of tumors. Many of these 

. changes emphasize the differentiation 
potential of neoplastic odontogenic epi
thelium and add interesting parameters 
to the study of tissue reactions associ
ated with this common odontogenic 
tumor. 
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Detection of human 
papillomavirus DNA in an 
ameloblastoma using the in situ 
hybridization technique 
Van Heerden WFP, van Rensburg EJ , Raubenheimer EJ, Venter EH: Detection 
of human papillomavirus DNA in an ameloblastoma using the in situ hybridization . 
technique . 

HPV type 18 DNA was identified in an intrabony ameloblastoma using radio
labelled in situ hybridization. The viral DNA was found in a verrucous lesion in 
a cystic area of the tumor. The absence of HPV DNA in other epithelial areas 
of the ameloblastoma is suggestive of a secondary infection. HPV is not consid
ered to be an etiological factor in the pathogenesis of this ameloblastoma. 

Human papillomaviruses (HPVs) are 
DNA viruses that infect only squamous 
epithelium at selected locations in the 
skin and mucosa. The virus usually in
fects the basal cell layers and viral DNA 
are observed in low copy numbers in 
these cells. An increase in copy numbers 
of replicating viral DNA are found in 
the more differentiated epithelial cells 
while production of viral particles is re
stricted to the fully differentiated super
ficial epithelial cel.ls (I). Since this state 
of differentiation has not yet been 
achieved in culture, it has not been pos
sible to reproduce HPV in the laborato
ry to study their natural life cycle (2). 
These viruses induce papillomatous, hy
perplastic or verrucous lesions depend
ing on the site of infection and the HPV 
type implicated. HPV involvement in 
upper respiratory and digestive tract 
lesions like focal epithelial hyperplasia, 
squamous cell papillomas, laryngeal 
papillomas, leukoplakia and squamous 
cell carcinoma has been demonstrated 
by means of immunohistochemical, 
DNA hybridization and polymerase 
chain reaction studies (2-6). More than 
60 types of HPV have been isolated to 
date, of which types 1,2,4, 6, 7, II, 13, 
16, 18, 32 and 57 were found in the 
different oral lesions (7). 

The association between HPV and 
odontogenic tumours and cysts has not 

been studied to a great extent. HPV 16 
DNA has been demonstrated in an 
odontogenic keratocyst using Southern 
blot hybridization (8), while KHAN 

found HPV capsid antigen in 3 out of 
10 ameloblastomas in young persons 
(9). The purpose of this study was to 
investigate an ameloblastoma with typi
cal HPV histologic changes for HPV 
DNA using the in situ hybridization 
technique. This is a sensitive technique 
and has the advantage of localizing viral 
DNA in tissue sections to the extent of 
detecting them at the resolution of 
single cells. 

Material and methods 

A 25-yr-old man reported to the Max
illofacial and Oral Surgery clinic com
plaining of a painless, bony hard swell
ing in the anterior mandible . Examina
tion showed a tumor extending from the 
right mandibular angle to the contralat
eral first molar region . Expansion of the 
lingual and buccal cortices was evident 
with thinning and erosion of the buccal 
cortex in the right premolar area. Ra
diographs showed a well-circumscribed, 
multilocular lesion with root resorption 
of the associated teeth . No signs of 
mucosal ulceration were present. 

After an incisional biopsy, a diagno
sis of a follicular aneloblastoma was 
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made and the tumor was resected 
through an intraoral approach. The 
specimen was fixed in 10% buffered for
malin for pathologic examination. 

Macroscopic examination showed a 
gray-white solid tumor with cystic areas 
of varying size. A papillomatous lesion 
presenting as a luminal growth was 
present in one cyst. Microscopy re
vealed a follicular ameloblastoma with 
acanthomatous as well as granular cell 
differentiation (Fig. I). The papilloma
tous lesion showed verrucous hyperpla
sia with hyperparakeratosis, elongation 
of the rete-ridges and groups of koilo
cytes lying in the upper part of the epi
thelium. These features resembled those 
of a verruca vulgaris (Fig. 2). 

The biopsy material containing the 
papillomatous lesion, as well as blocks 
exhibiting the characteristic ameloblas
tomato us epithelium and including 
areas of granular cell and acanthoma
tous differentiation, were examined for 
the presence of HPV antigen using an 
ABC immunoperoxidase kit for the 
HPV group specific antigen (Lipshaw 
Corporation, Detroit) as well as in situ 
hybridization. 

For HPV typing, the specific DNA 
probes of HPV 2, 6, 7, II, 13, 16, I~ 

and 30 cloned in either pBR322 or 
pUC19 were used (kindly provided by 
Dr E-M de Villiers, Human Papillomav
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irus Reference Centre, DKFZ, Heidel
berg, Germany) . The probes were 
labelled with !lp dCTP using the multi
prime DNA labelling sys tem (Amers
ham, U.K .). The labelled probes had a 
specific activity of 2-5 x lOs countsl 
min / ~lg of DNA. For in situ hybridiza
tion 5-10 ng of each probe was used on 
individual sections. 

pBR322 and pUC 19 vectors served 
as negati ve control probes. Two paraffin 
embedded tissue sections (a cervical 
intraepithelial neoplasia and vulvar car
cinoma positive for HPV 6 and 16 re
spectively) were used as positive control 
slides. 

The tissue sections were incubated at 
60 'C overnight using 3-aminopropyl
triethoxysilane coated slides (10). Slides 
were deparaffinised and rehydrated by 

sequential immersion into xylene (3 x 10 
min) and ethanol. They were then incu
bated in 0.2 N (--let for 20 min at room 
temperature and transferred to 2 x SSC 
at 70 ' C for 10 min. The tissue sections 
were digested with a 2 x SSC, 0.1% SDS 
buffer solution containing Proteinase K 
(Boehringer, Mannheim, Germany) at a 
concentration of 0.01 ~lg / ml at 37"C for 
30 min. Sections were post-fixed for 5 
min in 4'Yu para form aldehyde, 2 x SSC 
and 5 mM MgCIl; 5 min in 50% for
mamide, 2 x SSPE and acetylated (2 x 5 
min). The slides were prehydridised 
(50% formamide , 10'% dextran sulfate, 
2 x SSPE, 100 mM glycin, 0.1% SDS, 
2% 50 x Denhardts, 10 mM Tris pH 7.4 
and 200 Ilg / ml salmon sperm DNA) for 
30 min at 52 "C prior to the application 
of the probe solution. Heat-denatured 

Fig. I. Follicular ameloblastoma with central 
acanthomatous differentiation. HE x 200. In
set. Areas of granular cell differentiation. 
HE x 200. 

probe solution (either HPV 2, 6, 7, II, 
13, 16, 18 or 30) was added to each 
section and slides were incubated for 16 
hours at 52 °C in a humidified chamber. 

Following hybridisation , the slides 
were washed twice in a 2 x SSPEI 50% 
formamide solution and once in 50% 
fomamide, 0.1 % SDS, 2 x SSC, each 
wash for one hour at 37°C. Slides were 
dehydrated through graded ethanols 
containing OJ M NH4 acetate. Slides 
were dipped in LM-I emulsion (Amers
ham, UK), following instructions of the 
manufacturer. After exposure, slides 
were developed , fixed and counter
stained with hematoxylin-eosin . The 
presence of HPV DNA sequences in the 
lesions was indicated by the condensa
tions of black silver grains superim
posed on the nuclei of cells. 
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F(~. 2. Micrograph of the papillomatous 
les ion showing parakeratosis, epithelial pap
illary processes and elongation of rete-ridges. 
HE x 100. Inse!. High power detail of koilo
cytes showing enlarged cells with slightly 
irregular nuclei surrounded by a halo. 
HE x 250. 

Results 

Immunohistochemical examination of 
both the papillomatous lesion and typi
cal ameloblastoma areas was negative. 
The in situ hybridization technique re
vealed HPY DNA type 18 in the papil
lomatous lesion (Fig. 3). The blocks 
containing the typical ameloblastoma 
features, including foci of granular cell 
and acanthomatous differentiation, 
were negative for the HPY DNA types 
examined. 

Discussion 

Radiolabelled HPY DNA in situ hy
bridization was used instead of the more 
commonly used biotinylated DNA in 
situ hybridization because it is a more 

sensitive method to detect HPY DNA 
(II). The sensitivity of the radiolabelled 
HPV DNA probe is 20- 100 genome 
copies per cell compared to the 100-800 
genome copies per cell of the biotin
labelled HPY DNA probe (I). The neg
ative immunohistochemical staining in 
our study may be due to the fact that 
this technique identifies only the prod
ucti ve phase of the viral infection. 
Furthermore , as this method is based on 
an an tigen-antibody reaction, the target 
antigenic determinants may be distorted 
by heating in paraffin, fixation in for
malin or di gestion by trypsin (12). 

The presence of HPV type 18 DNA 
in a primary intrabony tumor of 
odontogenic epithelial origin is diffi
cult to explain. Con tact between the 
tumor epithelium and the oral mucosa 

HPV type 18 DNA in ameloblastoma 111 

may have facilitated cross-infection be
tween oral epithelium and the amel
oblastoma. Although no ulceration of 
the oral mucosa or skin was noted in 
this patient, expansion of the buccal 
and lingual cortices with erosion of 
the buccal cortex in the right premolar 
area were present. This area corre
sponded with the location of the papil
lomatous lesion in the ameloblastoma. 
The specimen was thoroughly exam
ined for the presence of similar lesions 
without success, supporting the link 
between the HPY-associated lesion 
and the eroded bone cortex. Direct 
contact between tumor epithelium and 
surface epithelium could not he oem
onstrated. 

Cox e! a/. demonstrated HPY 16 
DNA in an odontogenic keratocyst 

- --.--.------- ----- - .. . --- - - ----_ . . - _.... 
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lacking the typical histologic features of 
an HPV infection (8). This HPV was 
implicated In the pathogenesis of the 
odontogenic keratocyst because the ker
atin-producing lining of the cyst pro
vided squamous epithelium for viral 
persistence as well as completion of the 
virus life cycle. HPV 18 has an even 
higher oncogenic potential than HPV 
16 (13), and has also been detected in 
oral epithelial dysplasias and oral squa
mous cell carcinomas (14). In our case 
HPV DNA was detected only In the 
solitary papillomatous lesion and not in 
the other epithelial regions permissive 
for viral infections, i.e. the acanthoma
to us and granular cell areas. We feel 
that the restriction of HPV DNA positi 
vity to the verrucous lesion represents a 
secondary infection and is therefore not 
an etiological factor in the pathogenesis 
of this ameloblastoma. 
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Clinico-pathological study of 30 unicystic ameloblastomas 
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SUMMARY 

The clinico-pathological records of 30 unicystic 
ameloblastomas collected over a period of 10 
years were studied. The mean age at diagnosis 
was 18,0 years (SO ±8,1), most lesions were 
located in the mandible and were frequently asso
ciated with impacted teeth, root resorption and 
tooth displacement. The unicystic ameloblastomas 
in 11 patients (4 females and 7 males) exhibited 
invasion of the fibrous wall, 4 cases (1 female and 
3 males) showed intra-luminal proliferation and 
the remaining 15 specimens (9 females and 6 
males) were lined by non-proliferating ameloblastic 
epithelium. Two cases recurred 3 and 7 years after 
initial surgical removal. This study reveals the 
potential aggressive behaviour of unicystic 
ameloblastomas and underlines the importance of 
a thorough microscopic examination for 
sub-classifica tion . 

OPSOMMING 

Die klinies-patologiese rekords van 30 unisistiese 
ameloblastome, wat oor 'n tydperk van 10 jaar 
versamel is, is bestudeer. Die gemiddelde ouderdom 
by diagnose was 18,0 jaar (SO ±8, 1). Die meeste 
letsels was in die mandibula en was met 
gei'mpakteerde tande, wortelresorbsie en tand
verplasing geassosieer. In 11 pasiente (4 vroulik, 
7 manlik) het die unisistiese ameloblastome die 
fibreuse wand binnegedring, in 4 gevalle (1 vroulik, 
3 manlik) was intraluminale proliferasie teenwoordig 
en in die oorblywende 15 geva/le (9 vroulik, 6 
manlik) was die sist deur 'n nie-prolifererende 
ameloblastiese epiteel. In twee geva/le het herhaling 
onderskeidelik 3 en 7 jaar na die aanvanklike 
chirurgiese verwydering voorgekom. Hierdie studie 
bevestig die potensiele aggressiewe gedrag van 
unisistiese ameloblastome en beklemtoon die 
noodsaaklikheid van deeglike mikroskopiese 
ondersoek vir subklassifikasie. 

INTRODUCTION 

The unicystic ameloblastoma is a unilocular, cystic 
epithelial odontogenic tumour initially described 
by Robinson and Martinez in 1977. Males and 
females are affected approximately equally. The 
lesions usually occur in the mandible and espe
cially in the molar-ramus area, while the maxilla is 
only occasionally affected (Ackerman, Altini and 
Shear, 1988). They usually occur in the second to 
fourth decades and the mean age at the time of 
diagnosis is reported to be 23,8 years. The lesions 
appear radiologically as a well defined unilocular 
radiolucency of varying size (Ackermann et al., 
1988). When associated with an unerupted tooth, 
the appearance closely resembles a dentigerous 
cyst. Involvement of the roots of teeth may give it 
a radicular cyst-like appearance (L.ucas, 1984) 
and in many cases can only be distinguished from 
odontogenic keratocysts by microscopic examina
tion. Unicystic ameloblastomas are divided into 
three groups . Group 1 include the simple cystic 
lesions lined by an epithelium that does not infil-
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trate into the fibrous cyst wall. Lesions in Group 2 
show intra-luminal epithelial proliferation and the 
epithelium in Group 3 lesions invade the fibrous 
cyst wall. Group 1 and 2 lesions may be treated by 
enucleation, whereas Group 3 lesions should be 
treated more radically to prevent recurrences 
(Ackermann et al., 1988). 

As a rule unicystic ameloblastomas behave more 
aggressively than other odontogenic cysts. It is 
important therefore to recognise the clinical fea
tures which may facilitate an accurate diagnosis 
of the condition. This study was undertaken to 
determine the clinico-pathological features of 
unicystic ameloblastomas in a rural black popula
tion. 

MATERIALS AND METHODS 

Microscopic sections of all unicystic lesions that 
were biopsied between 1982 and 1992 at Medunsa 
were retrieved and re-evaluated. The unicystic 
ameloblastomas were subdivided into three groups 
using the criteria of Ackermann et al., 1988. Clini
ca1 d'ata and radiographs were obtained from pa
tient files. The site of occurrence was designated 
as molar-ramus, premolar or incisor according to 
the centre of the radiolucent lesion on a pano
ramic radiograph . 
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RESULTS 

Thirty cases were diagnosed as unicystic amelob
lastoma, 16 were males and 14 females. The 
mean age of the patients was 18,0 years (SD 
=±8,1) (range 8-43 years) and 63,3 per cent oc
curred in the second decade (Fig. 1). Twenty 
seven of the lesions were present in the mandible 
and only 3 in the maxilla (Fig. 2). The lesions 
varied in size from 2,5-12 cm mesio-distally and 
22 of the lesions were more than 5 cm in diameter 
on the panoramic radiographs. One mandibular 
tumour was associated with a pathological frac
ture. 

Radiologically, 11 of the lesions were associated 
with impacted teeth (Fig. 3),13 with root resorption, 
15 with tooth displacement and 8 with tooth dis
placement and root resorption. The impacted teeth 
associated with the lesions were mainly the man
dibular third molars (n=7), followed by mandibular 
second molars (n=3) and mandibular canines (n=2). 
Two of the 3 maxillary lesions presented in the 
"globulo-maxillary" area. Of the 14 lesions in fe
males, 9 were classified as Group I (Fig. 4), 1 as 
Group II (Fig. 5) and 4 as Group III. There were 6 
Group I lesions and 7 Group II I lesions amongst 
the 16 males, the remaining 3 were Group II 
lesions (Fig. 6). 

In 7 unicystic ameloblastomas , 50 per cent or 
more of the lining was a nondescript type of epi
thelium (Fig . 7). Three out of 4 Group III lesions 
had a plexiform intra-luminal proliferation, the other 
had multiple mural nodules projecting into the 
lumen (Fig. 8). Inflammation in 3 lesions was 
associated with extensive epithelial arcading and 
4 showed sub-epithelial hyalinization. Two cases 
recurred as polycystic ameloblastomas 3 and 7 
years after surgical treatment respectively. The 
first was originally classified as Group III (Fig . 9), 
whereas the other case was a Group I unicystic 
ameloblastoma. 

DISCUSSION 

Since the original description of unicystic amelob
lastoma (Robinson and Matinez, 1977) various 
reports on the aggressive behaviour of this cystic 
lesion have appeared (Ackermann et al., 1988; 
Gardner, Morton and Worsham, 1987; Kahn, 1989; 
Keszler and Dominques, 1986; Punnia-Moorthy, 
1989). Two patients in our study, which extends 
over a period of 10 years, presented 3 and 7 years 
after initial surgery with recurrences . Both recur
rences exhibited the growth pattern of a polycystic 
ameloblastoma. Although Ackermann et al., (1988) 
propose a more radical form of treatment for Group 
III lesions, a Group I lesion recurred in our study 
and this emphasizes the potentially aggressive 
behaviour of all unicy'stic ameloblastomas and 
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Fig. 2: The site distribution of 30 unicystic ameloblasto mas. 
Mand=mandibular, Max=maxilla , M=molar ramus area , 
P=premolar area, I=incisor area. 

Fig . 3: Panoramic radiograph of an unicystic ameloblastoma asso
ciated with an impacted mandibular third molar. 

Fig. 4: Section through a resected mandible with a microscopicallY 
confirmed Group I lesion. Note the simple unicystlc cavity. 
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Unicystic ameloblastomas 

Fig . 5: Cross section 
through a microscopically 
confirmed mandibular 
Group II lesion. Note the 
intra-luminal proliferation 
(arrow). 
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Fig . 6: The histogram of the different groups for females and males . 

Fig. 7. Photomicrograph of a Group I lesion . Note the nondescript 
epithelium (left) and the s harp transition (arrow) to typical ameloblastic 
epithelium. (HE, X300). 

highlights the importance of complete surgical 
removal. This recurrence may, on the other hand, 
:eflect an inherent weakness in the proposed sub
grouping of unicystic ameloblastomas. If the whole 
cyst wall is not examined microscopically, an ex
ercise which is highly impractical if not impossible 
in larger examples, mural invasion cannot be ex
cluded categorically. The diagnosis of an unicystic 
ameloblastoma on a small biopsy specimen is not 

Fig . 8: The lining of a . Group II lesion shOWing an intra -luminal 
nodular proliferation (HE , Xl00). 

Fig. 9. The lining of the Group III lesion that recurred. Note the 
islands of ameloblastic epithelium in the connective tissue wall 
(arrows). (HE , X1BO). 

recommended . Moreover, the frequent occurrence 
of nondescript epithelium and inflammation may 
mask the typical characteristics of the ameloblastic 
epithelial lining. This mic roscopic sub-classifica
tion of unicystic ameloblastomas should therefore 
not be attempted on anything less than a thorough 
microscopic examination of the whole cyst wall . 
After such an examination the number of lesions 
placed in Group III would probably increase . 

Our study supports the finding that there is an 
equal sex distribution for the unicystic ameloblas
toma as well as a tendency for it to occur in young 
patients. Our cases however, presented on aver
age 6 years earlier than those of Ackermann et al., 
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(1989), probably because patients were seeking 
treatment sooner and had easier access to the 
hospital in the years 1981-1991. Most tumours 
occurred in the mandible and maxillary involve
ment was less common. A large number of man
dibular lesions could be easily mistaken for denti
gerous cysts , because of their association with 
impacted molars and canines. This is related fur
ther to the frequent occurrence of root resorption, 
a feature often found in dentigerous cysts (Shear, 
1992). In order to establish a correct diagnosis , 
microscopic examination of all cystic jaw lesions 
is mandatory. 

Group I lesions predominated in our study and 
then followed Group III and lastly Group II unicystic 
ameloblastomas. This is in contrast to Ackermann's 
1988 study in which Group III lesions were most 
frequent. The ratio between female and male in 
Group I lesions was 1,5 :1 and in Group III lesions 
1:1,75. The significance of this finding is not known . 

It is important to note that all unicystic 
ameloblastomas, irrespective of grouping, are 
neoplastic in nature and will recur if incompletely 
removed. 
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Although limited evidence is available on recur
rences of unicystic ameloblastomas, it appears as 
if the latter may present either as a regrowth of the 
original unicystic lesion or as a multicystic amel
oblastoma . 
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Serving Dentistry ISO TC1 06 


The 30th meeting of the International Standards Organisation's Technical Committee took place in 
Ottawa , Canada from 10-15 October 1994. 

The countries represented were Australia, Brazil, Canada,~China, France, Germany, Hong Kong, Italy, 
Japan, Netherlands, Norway, South Africa, Switzerland, Sweden, Thailand, United Kingdom and USA. 
The new South African flag was given a place of honour at the centre of the display seen in our 
photograph, which was taken at the conclusion of the opening ceremony. Dr John Stanford, Chairman 
of the Committee since 1991 is seen in the front of the picture with his predecessor, Prof Pierre Laplaud 
(1982-1990) , the South African Bureau of Standards is a Participating Member of the Committee and Dr 
Heydt was their representative at the meeting. A detailed report on the work of the Committee will appear 
in a forthcoming issue of the JOURNAL. 
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A retrospective analysis of 367 cystic lesions of the jan·-the Vim 
experience 
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seA/MARY. Out of 846 cyst-like lesions of the jaws, 367 cases were retrieH~d from the files of the Department 
of Oral and Maxillofacial Surgery at the Unhersity of Urn and classified according to the new "orld Health 
Organization's classification for odontogenic tumours and cysts. Radicular and residual cysts comprised 56.9 %, 
dentigerous cysts 21.3 %, odontogenic keratocysts 10.6 %, unicystic ameloblastomas 4.1 %, nasopalatine duct cysts 
2.7 %, glandular odontogenic cysts 1.6 % and paradental cysts, traumatic bone cyst, calcifying odontogenic cyst and 
lateral periodontal cyst each less than I % of the sample. Nearly one third of the specimens were obtained from 
military patients; despite an expected bias towards young males, unicystic ameloblastomas presented one and a half 
decades later than is generally reported. 

Il'\TRO D t:eTl0 ~ 

Before the recent adoption of the revised World 
Health Organization's classification of odonotogenic 
tumours and cysts (l\fillller et aI., 1992), epidemiologi
cal studies on cystic jaw lesions were difficult to 
interpret due to the omission of recently described 
entities. which had not been taken up in any 
classification system. Examples of these are the 
paradental cyst which arises from odontogenic ep i
thelial residues stimulated into activity by inflam
mation (emig, 1976) and the aggressive glandular 
odontogenic cyst. the exact origin of which is less clear 
(Shear . 1992). The calcifying odontogenic cyst. which 
is now classified as an odontogenic tumour, occurs 
both in neoplastic a nd cystic SUbtypes (Hol1g et a i.. 
199!). U nicystic ameloblastomas are divided into 
three subtypes. a division which is based on the 
hi stological nature of its epithelial linll1g. Type I 
unicystic ameloblastomas exhibit a simple amelo
blastic epithelial lining whereas Type II shows 
intraluminal pro liferation a nd Type III mural in
vasion. The latter type is reported to be associated 
with a higher recurrence rate (Ackermalill et a!.. 1988). 

The purpose of this study was to revise and 
reclassify cystic lesions of the jaws diagnosed and 
treated in the Department of Oral an d Ma xillo facial 
Surgery. Universit y of Ulm, over the last 5 years. 

i\IATERIAL AND METHODS 

The clinical examination forms and radiographs of all 
cystic lesions affecting the jaws were retrieved from 
the tiles ot the Department of Oral and Maxiiiofaciai 
Surgery at the University of Ulm. Germany. 367 out 
of 846 microscopic sections were supplied for re
examination by the Department of Pathology at the 

Bundes\\ehrkrankenhaus Ulm as well as from the 
University Department. Only cases on \\hich clinical 
information. a radiograph and representative micro
scopic sections \vhere available. were included in the 
study. Each case was re-evaluated and classified 
independently according to the criteria set in the 
second edition of the World Health Organisations 
classification of ja\\' cysts and tumours (KrulI/er et al.. 
1992) by two oral pathologists. 

RESULTS 

367 cases were included in the study a nd 22 excluded 
due to a lack of rad iog raph s and/or unrepresentative 
microscopic sections. Nearly one third of the ca ses 
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recorded were military patients treated in the Bundes
wehrkrankenhaus. The distribution of cystic jaw 
lesions in this study is reflected in Figure I. 

Radicular (n = 194) and residual cysts (n = 15) 
comprised 56.9 % of lesions diagnosed. The mean age 
at presentation of radicular and residual cysts was 
34.4 years (SO = 14.2) and 52.7 years (SO = 13.2) 
respectively. Radicular cysts occurred most commonly 
in the maxillary incisor region (Fig. 2). 

Dentigerous cysts (n = 78) comprised 21.3 % of th~ 
sample and presented at a mean age of 37.1 yectrs (SO 
= 15.3 years). The mandibular third molars were 
most frequently involved (Fig. 3). 

Three patients out of a total of 39 with odontogenic 
ker(ltocvsts . the l<llter comprising 10.6% of t!-:c 
sample. suffered from the basal cell naevus syndrome. 
The mean age at presentation of odontogenic kerato
cysts was 40.3 years (SO = 19.5 years) and the 
majority of cases (n = 21) involved the mandibular 

molar area. In 10 of those cysts. X-r<ly examination 
showed teeth or rudiments inside the cavity which led 
to a pril11uy misdiagnosis of dentigerous cyst. 

Unicystic ameloblastomas (n = 15) comprised 
4.1 % of the sample and presented at a mean age of 
40.7 years (SO = 18.8 years). The youngest patient 
was in the second decade of life whereas 2 cases 
presented in the eighth decade (Fig. 4) 8 unicystic 
ameloblastomas occurred in the mandibular mobr 
area. 6 of which appeared radiographically as denti
gerous-like cysts. and 4 lesions afrected the maxilla. 13 
unicystic ameloblastomas were lined by non-invasive 
odontogenic epithelium (Type I) and 2 cases exhibited 
foci of mural invasion (Type III). 

The mean ages at presentation of nasopalatine duct 
cysts (n = 10, 2.7% of the sample) and glandular 
odontogenic cysts (n = 6, 1.6% of the sample) were 
44.9 years (SO = l3.5 years) and 46 years (SO = 14.3 
years) respectively. The paradental cyst (n = 3), 
traumatic bone cyst (n = 3), calcifying odontogenic 
cyst (n = 2) and lateral periodontal cyst (n = 2) each 
contributed to less than I % of the sample. No 
examples of gingival cysts of infants and adults , 
eruption cysts and nasolabial cysts were found in this 
study. 

DISCUSSION 

Accurate diagnosis of cystic lesions of the jaw is 
crucial as various types are aggressive and may lead to 
local recurrence if incorrectly diagnosed and inappro
priately treated. Many cystic lesions of the JaW share 
clinical and radiographic features and microscopic 
examination forms an important part of the diagnostic 
process. For this purpose, an in-depth knowledge of 
an internationally accepted classification system, such 
as that proposed by the World Health Organization 
(Kralller et aI., 1992) is essential. 

The description of new cyst entities in combination 
\-vith the new WHO-classification on the one side and 
improbable lack of diagnosed ameloblastomas on the 
other prompted this retrospective investigation. It 
shows the incapability of a general pathologist to 
make a correct and specific diagnose of ja w cysts and 
necessitates cooperation with an experienced oral 
pathologist. . 

Due to their association with the ghost cell 
odontogenic tumour, the calcifying odontogenic cyst 
is no longer grouped amongst cysts in this classifi
cation but is classified as a benign tumour originating 
from the odontogenic apparatus. This cystic tumour. 
as well as the odontogenic keratocyst (Broill/, 1970: 
Niemercr et aI., 1985), unicystic ameloblastoma 
(Ackermann et a!., 1988) and glandular odontogenic 
cyst (Parron et a!.. 1991), are notorious for their 
aggressi ve beha viour and high recurrence ra tes (Mach
lells et aI., 1972). This implies that in the present 
study, 17 % or Ll,c lulal S<lllllill: ur cyslic jaw lesions, 
required more than simple enucleation as a curative 
surgical procedure. Type III unicystic ameloblasto
mas, of which 2 cases were diagnosed in this study, 
exhibit infiltrative features and should be treated 

 
 
 



180 

similarly to the pol ycystic types. with wide exci sion or 
even resection of the involved jaw segment (Acker
lIIanll et al.. 1988). These results have induced (\ recall 
of those patients with diagnosed aggressive cvsts or 
ameloblastomas in order to prove ~the necessit y for 
further treatment. 

A large percentage of patients in this study \\'ere 
military personnel and our data is probably biased 
towards young males. The high mea n age of 40. 7 years 
for unicystic ameloblastomas was therefore surprising 
as these cystic tumours are reported to occur most 
frequently in the first half of the third decade 
(RubinsuJI and Martin !!: , 1977: Gardner. 1981: Ack",.
liIann el a l. . 1988) . As no literature is available on 
unicystic ameloblastomas in the German population. 
this finding may point towards an older age incidence 
for unicystic ameloblastomas in Germany . Unicystic 
ameloblastomas frequently involved the mandibular 
molar area where impaction of a mandibular third 
molar in the cyst wall was common. Unless these 
lesions are examined microscopically, they will be 
misdiagnosed as dentigerous cysts. 

The frequency of the different cyst types encoun
tered in thi s study. as well as the sites of in volvement 
of radicul ar, residual. dentigerous and odontogenic 
keratocysts and unicystic amelobla stomas. are in 
agreement with the recent literature (Shear. 1992). 
The lack of examples of gingival cysts of infants and 
adults and eruption cysts. as well as the infrequent 
occurrence of paradental cysts is the result of exclusion 
of all cases without a microscopic diagnosis. Most of 
these lesions either go unnoticeu or are not submitted 
for microscopic examination after removal and are 
probably more common than is reAected in a stud y of 
this nature. 
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Classification of Odontogenic Cysts 

of the Jaws 


E.J. Raubenheimer, J. Kreidler, W.F.P. van Heerden 

Recent developments in the classi
fication and diagnosis of cysts of the 
jaws necessitate a revision of the 
topic. This paper discusses the 
revised World Health Organisation 
classification of odontogenic cysts 
and illustrates short descriptions of 
cyst types with appropriate 
examples. 

INTRODUCTION 
Cysts are pathological, fluid filled 
cavities lined by epithelium. They are 
more common in the jaws than in any 
other bone because of the epithelial 
rests remaining in the tissue after den
tal development. Cysts of odontogenic 
origin are the most common cause of 
chronic swelling of the jaws and have 
been recognised as diagnostic 
problems for a long time. During the 
past few years, numerous articles have 
appeared regarding the pathogenesis, 
behaviour, diagnosis and treatment of 
the different types of jaw cysts and 
various new concepts have since 
emerged. In order to standardize the 
diagnoses of jaw cysts, utilization of 
uniform diagnostic criteria is essential. 
The purpose of this article is to present 
the revised World Health 
Organisation's classification of odon
togenic cysts of the jaws and to il
lustrate the typical features with 
appropriate examples obtained from 
the files of the Department of Oral 
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Pathology, Medical University of 
Southern Africa. 

CLASSIFICATION 
The classification of the odontogenic 
cysts of the jaws is based on that 
recommended in the World Health 
Organization's (WHO) publication 
HislOlogical Typing of Odontogenic 
Tumours! and a recently published 

Table 7. 

1. Developmental 
1.1 Gingival cyst of infants 
1.2 Odontogenic keratocysts 
1.3 Dentigerous (follicular) cyst 
1..4 Eruption cyst 
1.5 Lateral periodontal cyst 
1.6 Gingival cyst of adults 
1.7 Botryo id odontogen ic cyst 
1.8 Glandular odontogenic cyst 

2. Inflammatory 
2.1 Rad icular cyst (apical and latera/) 

2.2 Residual cyst 

2.3 Paradental cyst 
2.4 Inflammatory collateral cyst 

textbook on oral cysts2 (Table I). The 
histogenetic division into 'Develop
mental' and 'Inflammatory' groups 
r~milin I.Jn('h;JnE't~rl . 

This classification excludes the cal
cifying odontogenic cyst (which is 
now categorized as an odontogenic 
tumour) as well as other cystic tumours 
like the unicystic ameloblastoma. It is 
furthermore noteworthy that the con
cept of cysts developing in the closure 
lines of embryologic processes (such 
as median palatine cyst, median man
dibular cyst and globulo-maxillary 
cyst) which were previously classified 
as of non odontogenic origin, has been 
rejected after detailed c1inicaPA and 
embryologica)5·6 studies. 

DEVELOPMENT AL 
Gingival cysts of infants 
Gingival cysts of infants, also referred 
to as Bohn's nodules, occur commonly 
on the alveolar processes of newborn 
infants (Figure 1) . They soon disappear 
through involution and are seldom 
seen after three months of age. These 
cysts arise from the dental lamina and 
although rarely biopsied, are lined by 
keratinizing squamous epithelium.2 

Figure 1. Gingival 
cyst of the infant 
on the left man
dibular alveolus. 
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Odontogenic keratocysts 
The tenn 'primordial cyst', which was 
Orlen used sYllollolllousiy wilh OUOII
togenic keratocyst, has fallen in disuse 
because no convincing evidence for 
development from a tooth primordium 
has yet been forwarded. There is how
ever, evidence supporting origin from 
primordial odontogenic epithelium, 
that is, dental lamina or its remnants7.8• 

Although other odontogenic cysts may 
exhibit foci of squamous metaplasia, 
odontogenic keratocysts are primarily 
recognised by their stretched and 
keratinized epithelial lining with a well 
defined, often palisaded basal cell 
layer. Basal cell budding, as well as 
daughter cyst fonnation are found in 
odontogenic keratocysts and are espe
cially pronounced in patients with the 
naevoid basal cell carcinoma syn
drome in which multiple keratocysts 
occur. These phenomena as well as the 
fragility of the cyst wall are the 
primary causes for incomplete surgical 
removal and the high recurrance rate. 
Odontogenic keratocysts .nay occur in 
the place of a tooth (replacement 
variety), around the crown of an im
pacted tooth (envelopmental variety) 
in the ramus of the mandible (ex
traneous variety) or between the roots 
of adjacent teeth (collateral variety)9. 
Although the majority present as 
unilocular radiolucencies (Figure 2), 
scalloped margins may be 
misinterpreted as multilocularity lead
ing to an erroneous diagnosis of 
ameloblastoma2• The envelopmental 
variety is often indistinguishable 
radiologically from a dentigerous cyst 
and the collateral variety from a lateral 
periodontal or lateral placed radicu lar 
cyst. 

Dentigerous (follicu lar) cysts 
A dentigerous cyst is one which 
encloses the crown of an unerupted 
tooth by expansion of its follicle, and 
is attached to its neck2 (Figure 3). It 
probably developes by accumulation 
of fluid between the reduced enamel 
epithelium and the enamel after for
maton of the crown has been com
pleted. The diagnosis of dentigerous 

cyst should not be made on 
radiographic evidence only, otherwise 
keratocysts of the envelopmental 
variety and unilocular ameloblastomas 
involving adjacent unerupted teeth, 'are 
liable to be misdiagnosed. The wall of 
a dentigerous cyst is lined by thin 
epithelium of two to three layers of un
differentiated cells derived from 
reduced enamel epithelium. 

Eruption cyst 
An eruption cyst is in effect a den
tigerous cyst which occurs in the soft 
tissues. There is usually no 
radiographic evidence of bone involve
ment. The cyst is exposed to mas
ticatory trauma and many eruption 
cysts burst spontaneously with only 
few requiring surgical exposure of the 
involved tooth. 

lateral periodontal cyst 
The designation 'lateral periodontal 
cyst' is confined to those cysts which 
occur in the lateral periodontal position 
and in which an inflammatory aetiol
ogy and a diagnosis of collateral 
keratocyst have been excluded on 
clinical and histological grounds. 1o 

Radiographs show a round or oval, 
well circumscribed, radiolucent area 
somewhere between the apex and cer-

Figure 2. Odontogenic 
keratocyst in the an
terior mandible. Note 
the sclerotic margin sur
rounding the cyst. 

Figure 3. Panoramic 
view of a dentigerous 
cyst surrounding the 
crown of an im
pacted maxillary central 
canine. Note the dis
placement of the per
manent lateral incisor 
and canine. 

vical margin of a vital tooth (Figure 4). 
Various theories on the histogenesis of 
this cyst type were forwarded, of 
which the proposal that it arises initial
ly as a dentigerous cyst developing by 
expansion of the follicle along the 
lateral surface of the erupting tooth is 
an attractive one! I. Most commonly, 
the lateral periodontal cyst is lined by a 
thin, non keratinized layer of 
squamous or cuboidal epithelium with 
small inconspicuous nucleii and con
voluted epithelial plaques, which 
develop as a result of localized 
proliferation of cells 2• 

The botryoid odontogenic cyst is a 
multilocular variant of the lateral 
periodontal cyst. This rare cyst has a 

Figure 4. Periapical radiograph showing 
a lateral periodontal cyst in the alveolus 
between teeth 35 and 36. 
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lining similar to the lateral periodontal 
cyst with thin connective tissue septae 
separating distinct cystic cavities (Fig
ure 5). 

Gingival cyst of adults 
The gingival cysts of adults is located 
in the gingival soft tissue and presents 
as a gingival swelling without any 
radiographic signs of bone destruction. 
Although many theories have been 
proposed on its histogenesis, the most 
favoured is derivation from gingival 
odontogenic epithelial cell nests2 or 
reduced .enamel epithelium after the 
eruption of a tooth. 12 .13 If the latter 
theory is accepted, gingival cysts in 
adults may represent the soft tissue 
counterpart of lateral periodontal cysts. 

Figure 5. Multicystic ap
pearance of a botryoid 
odontogenic cyst (H&E 

. stain X40). 

This is supported by the numerous 
similarities both clinically and his
tologically between these two cyst 
types. 

Glandular odontogenic cyst 
A cyst with fairly typical histological 
features and which has some charac
teristics In common with lateral 
periodontal cyst has recently been 
reported I4 •15• Radiographically, some 
cases exhibit a unilocular radiolucency 
with either smooth or scalloped mar
gins (Figure 6), while others are dis
tinctly multilocular. The cyst may be 
lined in parts by a non-keratinized 
stratified squamous epithelium. The 
superficial layer of the epithelial lining 
consists of columnar or cubiodal cells 

with occasional cilia and the 
epithelium has a glandular or pseudo 
glandular structure, with intra
epithelial crypts lined by cells similar 
to those on the surface. 

INflAMMATORY 
Radicular cyst 
A radicular cyst is one which arises 
from epithelial residues in the 
periodontal ligament as a result of in
flammation 2• The inflammation usually 
follows necrosis of the dental pulp and 
the identification of a non vital tooth 
associated with the cyst is an important 
diagnostic parameter. Although these 
cysts are usually located around the 
apex of a tooth (Figure 7), they may 
also be found on the lateral surfaces of 
a root in association with the opening 
of an accessory pulpal canal. 
Radiographically these cysts are char
acterized by round or ovoid radio
lucencies surrounded by a narrow 
radio-opaque margin which extends 
from the lamina dura of the involved 
tooth. The size of the lesion is not reli
able in distinguishing it from a periapi
cal granuloma, unless it is larger than 
2 cm in diameter in which case the 
lesion is most likely a radic:llar cYSt. 16 

Almost all radicular cysts are lined 

Figure 6. Glandular odontogenic cyst presenting as 
an unilocular cyst in the maxilla. Note the displace Figure 7. Radiograph of a radicular cyst surrounding the apex of a max
ment of the adjacent teeth. illary incisor. 

j 
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wholly or In part by stratified 
squamous epithelium. The epithelial 
lining may proliferate and exhibits ar
cading and a considerable degree of 
spongiosis with an intense inflam
matory infiltrate. 

Residual cyst 
A residual cyst can be described as a 
radicular cyst of which the associated 
tooth has been extracted. All the 
radiographic and histological features 
of radicular cysts except for the as
sociation with a non-vital tooth there
fore apply to residual cysts. 

Paradental cyst 
Craig (J976) wrote the first detailed 
account of a cyst of inflammatory 
origin which occured on the lateral 
aspect of the roots of partially erupted 
mandibular third molars where there 
was an associated history of peri
coronitis. In these cases the teeth are 
vital and radiographic examination 
shows a well demarcated radiolucency 
distally to a partially erupted tooth: 
Ackermc1n, Cohen and Altini l7 like 
Craig l8 favour origin from reduced 
enamel epithelium but suggested that 
cyst formation occurs as a result of 
unilateral expansion of the dental fol
licle secondary to inflammatory 
destruction of the periodontium and al
veolar bone. This is different from the 
histogenesis of dentigerous cysts 
where expansion occurs primarily with 
consequent bone destruction. 
Paradental cysts are microscopically 

indi stinguishable from radicular cysts 
and a proper clinical history and 
radiograph must accompany the biopsy 
in order to facilitate a correct diag
nosis. 

Inflammatory collateral cyst 
This rare cyst type occurs as a result of 
inflammatory process in the periodon
tal pocket2. The associated tooth is 
vital and the cyst is microscopically in
distinguishable from radicular cysts. 
Microscopic diagnosis relies heavily 
on adequate clinical information. This 
cyst appears to favour developing buc
cally to the lower first or second 
molars. 

CONCLUSION 
Accurate diagnosis of cysts of odon
togenic origin is important as various 
cyst types like odontogenic keratocysts 
and glandular odontogenic cysts are 
aggressive lesions and tend to recurr 
after incomplete removal. It is impor
tant that clinicians are aware of the un
reliability of radiographic inter
pretations. On the other hand, a micro
scopic diagnosis of biopsies taken 
from densely inflamed cyst walls is 
often difficult, if not impossible, to in
terpret without clinical information and 
radiographs. A high degree of diagnos
tic accuracy, when dealing with jaw 
cysts, can only be achieved through 
communication between the clinician 
and resident pathologist. 
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Differential diagnosis of dentigerous cyst-like lesions: 
Clinico-pathologic features of 63 cases ! . 

'. 
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SUMMARY 

A series of unilocular pathological conditions re
sembling dentigerous cysts was analyzed and the 
clinical and radiographic features correlated with 
the microscopic diagnosis. The most common 
lesions were found to be true dentigerous cysts 
followed by unicystic ameloblastomas and odon
togenic keratocysts. Unicystic ameloblastomas 
with a dentigerous cyst-like appearance occurred 
most frequently in the mandibular third molar re
gion and commonly caused expansion of the man
dible. The adjacent teeth in these cases showed 
a high occurrence rate of root resorption. Unlike 
the site distribution of true dentigerous cysts re
ported in other series, 50 per cent of our cases 
occurred in the maxillary anterior and premolar 
regions. Our study emphasizes the importance of 
microscopic examination of all pericoronal cystic 
lesions. 

OPSOMMING 

Die kliniese- en radiologiese beeld van 63 gevalle 
van unilokuh'jre patologiese toestande wat 
tandhoudende siste naboots, is vergelyk met die 
mikroskopiese diagnose. Die mees algemene 
toestand wat voorgekom het, was tandhoudende 
siste, gevolg deur unisistiese ameloblastoom en 
odontogene keratosiste. Unisistiese ameloblastome 
met die radiologiese beeld van 'n tandhoudende 
sist, het mees algemeen in die mandibulere derde 
molaar area presenteer en het dikwels beenek
spansie veroorsaak. Die aangrensende tande het 
'n hoe frekwensie van eksterne wortelresorpsie 
getoon. Anders as in ander reekse, het 50 persent 
van tandhoudende siste in die maksillere anterior 
en premolaar areas voorgekorn. Hierdie studie 
beklemtoon die belang van mikroskopiese ondersoek 
van aile perikoronale sisteuse letsels. 

INTRODUCTION 

A dentigerous cyst is defined as a unicystic cavity 
which encloses the crown of an unerupted tooth by 
expansion of its follicle and is attached to the neck 
of the tooth (Shear, 1992). In a radiographic 
context, a radiolucent area surrounding the crown 
of an unerupted tooth may be seen with odon
togenic keratocysts of the envelopmental or follic
ular variety as well as unicystic ameloblastomas 
involving adjacent unerupted teeth, and these may 
be misinterpreted as dentigerous cysts. This could 
have prognostic consequences as the recurrence 
rates of the various pathologic lesions that envel
op the crown of a tooth vary significantly. Simple 
enucleation is an adequate form of treatment for 
dentigerous cysts but more extensive surgery is 
required for unicystic ameloblastomas and odon
togenic keratocysts. Even with adequate treat
ment, the recurrence rates of unicystic ameloblas
tomas and keratocysts are reported to be high 

Article 	received: 18/1/93 
approved for publication : 24/3/93 

KS Hauk, Or Med, Or Med.Dent , was a visting lecturer from Ulm Univer· 
sity, Germany, at the time of compiling this article. 
EJ Raubenheimer, MChD 
WFP van Heerden , MChD 
B Buch, BSc Hons ., MSc Dent. 
AF Dreyer, M Dent 

(Vedtofte and Praetorius, 1979; Ueno et al., 
1986). Accurate diagnosis of jaw cysts is therefore 
essential for adequate treatment planning. 

The purpose of this study was to appraise the 
clinico-pathologic features of pericoronal radiolu
cencies resembling dentigerous cysts. 

MATERIAL AND METHODS 

Sixty three lesions with Cl radiologic appearance of 
a dentigerous cyst were retrieved from the files of 
the department of Maxillo-Facial and Oral Surgery 
at the Medical University of Southern Africa. This 
hospital is a reference centre for the Northern 
Transvaal region and all patients in the study are 
Black and mostly of rural origin. The radiologic 
appearance with special reference to the size 
(longest axis measured on panoramic radiograph) 
and location of the lesion, the presence or ab
sence of root resorption of adjacent teeth , expan
sion of cortical plates and displacement of the 
associated tooth, was compared with the age, sex 
and microscopic diagnosis of the lesion. 

RESULTS 

Sixty-three unilocular paracoronal cystic lesions 
resembled dentigerous cysts radiologically. The 
histological diagnosis of these lesions are listed in 
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Fig. 1: Unicystic ameloblastoma with root resorption of the associ
ated teeth. 

Fig. 2 : Adenomatoid odontogenic tumour causing tooth displace
ment and root resorption. 

Fig . 3 : Unicystic ameloblastoma of the left mandible showing en
largement in all dimensions . 

Fig . 4 : Dentigerous cyst of the mandible showing enlargement 
along the medullary space. 

Fig. 5: Calcifying odontogenic cyst of the mandible associated with 
an impacted canine and exhibiting mural calcifications (arrows). 

Table I. Three of the calcifying odontogenic cysts 
with a dentigerous cyst-like appearance were sub
classified according to Praetorius et al., (1981) as 
type lA, and one each as type 16 and Ie respec
tively. The sex distribution, mean age at presen
tation, average size of the cyst as measured on a 

Fig. 6. Multiple keratocysts involving the left and right mandibular 
ramus and right globulomaxillary area in a patient with the naevoid 
basal cell carcinoma syndrome. 

panoramic radiograph and the presence of root 
resorption and tooth displacement are shown in 
Table I. 

Unicystic ameloblastomas showed an equal sex 
distribution, while dentigerous cysts , odontogenic 
keratocysts and calcifying odontogenic cysts were 
more common in males. Adenomatoid odontogen
ic tumours were found in females only. The mean 
age at presentation of the six cyst types were not 
found to differ significantly. The mean size of the 
unicystic ameloblastomas were significantly larg
er than the odontogenic keratocysts and dentiger
ous cysts (p<0,005) while odontogenic keratocysts' 
mean size were significantly larger than that of 
dentigerous cysts (p <0,05). Root resorption was 
most frequently observed in unicystic ameloblas
tomas (64 per cent of cases) (Fig. 1) and calcify
ing odontogenic cysts (60 per cent of cases). 
Displacement of non-involved teeth was a con
stant finding in cystic adenomatoid odontogenic 
tumours (Fig. 2) . The enlargement of unicystic 
ameloblastomas occurred in all dimensions and 
frequently caused bony expansion (Fig. 3). En
largement of follicular and odontogenic keratocysts 
in the mandible appeared to follow the medullary 
space initially (Fig.4) with bony expansion seen 
only in the largest examples. 

All paradental cysts were associated with partially 
erupted third molars. Six cystic adenomatoid odon
togenic tumours occurred in the maxilla and one in 
the mandible. One very large lesion of the latter 
type extended across the maxillary midline . Three 
calcifying odontogenic cysts presented in the maxilla 
and two in the mandible. One cyst in each jaw 
showed radiographic evidence of calcifications 
(Fig.5). 

Thirteen dentigerous cysts were located in the 
maxilla, the majority of which were associated 
with impacted central incisors (4 cysts) , canines 
(2 cysts) and premolars (4 cysts). In the mandi
ble, only 3 dentigerous cysts involved third mo
lars; one, a second molar, while two involved 
canines:- One dentigerous cyst was associated 
with a primary maxillary canine . Eight odontogen
ic keratocysts were located in the mandibular (7 

. cases) or maxillary (one case) third molar areas 
and 5 presented in the canine region (3 maxillary 
and 2 mandibular). Two patients presenting with 
the basal cell nevus syndrome had multiple cysts 
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Dentigerous cyst-like lesi ons 

Table I: Clinical data. 18 7 
n Sex Mean Mean Root Tooth 

Male Female Age (SO) Size in Resorption Displacement 
mm (SD) 

Unicystic Amelobl astoma 14 7 7 15,5 ±6,3 80 ±22,? 9 5 
Dentigerous Cys t 21 16 5 16 ±1 6,2 35 ±11 ,5 4 5 
Odontogenic 
Keratocyst 13 10 3 15 ±12,5 45 ±20 ,1 3 
Adenomatoid OdontogenicTumour 7 0 7 12 ±3 ,9 45 ±15,? 7 
Calcifying Odontogenic Cyst 5 4 23 ±7 ,O 40 ±6,5 2 3 
Paradental Cyst 3 2 21 ±2,0 10 ±12,7 0 0 

4 maxillary odontogenic keratocysts presented in 
association with impacted teet h . The frequent as
sociation of odontogenic keratocysts with impact
ed teeth have led Altini and Cohen (1980) to 
introduce the term "follicular primord ial cyst" for 
this group of lesions. They postulated that this 
associat ion may arise following eruption of a tooth 
into a pre- existing cystic cav ity in the same way as 
a tooth erupts into the ora l cavity. Although we 
have no mi croscop ic evidence, we believe that this 
hypotheSiS may be extended to all cysts in our series, 
except for the follicular and paradental cysts , in both of 
wh ich types their association with an impacted tooth 
have been satisfactorily explained (Shear, 1992) . 

Although certain specific features seen on radio
graphs , such as the size of lesion , it s location , the 
presence or absence of root re sorption or tooth 
displacement and other factors such as ag e and 
sex of the patient may influence the clinical differ
entia l diagnosis, a thorough histologi cal examina
tion is essential in establishing an accurate diagnosis . 
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(Fig . 6). The unicysti c ameloblastomas showed a 
predel iction for the mandibular third molar region 
(11 cysts) followed by the mandibular canine re
gion (3 cysts). No unicystic ameloblastomas with 
a dentigerous cyst-like appearance occurred in 
the maxilla. 

DISCUSSION 

The importance of an accurate diagnosis of a 
lesion with a dentigerous cyst -like appearance, 
especially in a Black population sample in which 
dentigerous cysts are less common than in Whites 
(Shear, 1992) , cannot be over emphasized. By 
the same token the presence of unicystic amelob
las tomas must not be underestimated, being the 
second most common cystic lesion found in our 
patients. Outstanding characteristics of this po
tentially aggressive neoplasm is its large size 
when compared to the other cysts , its tendency to 
expand more symmetrically than other cystic le
sion in the mand ible as well as its common asso
ciation with root re sorption of adjacent teeth . 
Adenomatoid odontogeni c tumours were found in 
fem ales only but although the majority seem to 
affe ct the anterior maxilla , it also occurred in the 
mandible in one instan ce . Tooth d isplacement 
was more frequently observed in adenomatoid 
odontogenic tumours than in any of the other 
cy stic lesions. Dentigerous cysts were more fre
quently encountered in the anterior maxilla and 
their most frequent association with impacted 
mandibular third molars (Shear, 1992) was not 
found in our study. The lower frequency of impact
ed third molars in Blacks (Brown et al., 1982) may 
account for this observation in ou r exclusively 
Bl ack sample. The attachment of th e cyst wall to 
the impacted tooth is reported to extend more 
apically in ameloblastomas than den tJ gerous cysts 
(Ikeshima et al., 1990) . In large examples of den
tigerou s cysts the associated tooth is often rotat
ed , ma king this measurement difficult to interpret 
on panoramic 	radiographs. 

Our study does not support the report that there is 
a frequent occurrence of root resorpt ion in associ
ation with dentigerous cysts (Struthers and Shear, 
1976). The site distribution of odontogenic 
keratocysts in our study conform to that of another 
series (Shear, 1992). Forssell (198C) observed a 
rel ation ship between the cyst and th e c rown of a 
tooth in 41 per cent Of a seri es O ~ 135 cases . 
Mcivor (1972) however, demonstrated this rela
t ionship exclusively in the mandible . In our study, 
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GLANDULAR ODONTOGENIC CYST 

Willem F.P. van Heerden, MChD, Erich J. Raubenheimer, MChD, and 
Martin L. Turner. DipTech(Med) 

Two cases of glandular odontogenic cysts are reported. The 
unique histological features, eg, the intraepithelial glandular 
structure, papillary processes, and eosinophilic cuboidal and 
larger granular superficial cells are sufficient to warrant glandu
lar odontogenic cyst as a distinct entity. Electron microscopic 
examination of the superficial eosinophilic cuboidal cells are 
suggestive of a process similar to apoptosis. Eroded cortical 
plates suggest an aggressive behavior. 
HEAD & NECK 14:316-320 

The glandular odontogenic cyst (GOC) is a rare 
cystic lesion that is not incorporated in classifi
cations of jaw cysts. Only a few examples of this 
lesion have been described in the literature. 
Gardner et all collected eight cases of GOC . 
Padayachee and van Wyk2 reported two cases, 
which they described as "sialo-odontogenic cysts." 

The GOC has an equal sex distribution and oc
curs in both the mandible and maxilla of adults .I,2 
These lesions, which can attain a large size, ap
pear on radiographs as uni- or multilocular lytic 
lesions. The histologic features described by 
Gardner et all include a cyst lining consisting of 
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stratified squamous epithelium of varying thick
ness that contains pools of mucicarmine-positive 
material. The superficial layer consists of eosino
philic cubiodal and occasionally mucous- and cil
iated cells. Spherical structures produced by 
swirling epithelium and lack of cell polarization 
are focally present in the epithelium lining. Ir
regular-shaped calcifications are occasionally 
found in the subepithelial connective tissue . 

This report describes the clinical, histopatho
logic, and ultrastructural features of two cysts. 

CASE 1 

A 27-year-old woman reported to the clinic com
plaining of a painless swelling in the anterior 
mandible of three years' duration. Intraoral ex
amination revealed a 6 x 3 cm sized swelling ex
tending from the left first mandibular molar to 
the right second premolar with buccal as well as 
lingual bone expansion. The mucosa was intact, 
but the bone was eroded in areas causing the 
swelling to fluctuate on palpation (Figure 1). No 
sensory nerve fallout was found. Radiography re
vealed a well-defined unilocular radiolucent le
sion with a scalloped border. Displacement of the 
anterior teeth was present (Figure 2). During bi
opsy, a unicystic cavity containing yellow serous 
fluid was found. Differential diagnoses included 
a unicystic ameloblastoma and odontogenic kera
tocyst. 

Histologic examination of the incisional bi
opsy revealed a cyst lining consisting of a 
nonkeratinized epithelium. The epithelium var
ied in thickness from double-layer cuboidal to 
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FIGURE 1. Mandibular lesion showing buccal and lingual ex
pansion associated with tooth displacement. 

FIGURE 3. Papillary processes associated with epithelial 
spheres (bold arrows) and superlicial mucous cells (fine ar
rows). Hematoxylin & eosin; original magnification, x 200. Inset: 
The cyst lining is partly composed of a double layer cuboidal ep
ithelium. Hematoxylin & eosin; original magnification x 200. 

FIGURE 2. Pantomograph exhibiting an unilocular radiolucency 
(arrows) of the anterior mandible. 

FIGURE 4. Superlicial cell layer conSisting of small cuboidal 
cells with hyperchromatic nucleii and eosinophilic cytoplasms 
(arrows). Note the papillary processes. Hematoxylin & eosin; 
original magnification, x 200. . 

FIGURE 5. Glandular structure lined partly with granular cells 
(bold arrow) . Note the granular superlicial cells (fine arrows). 
Hematoxylin & eosin; original magnification, X200. 
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FIGURE 6. Inflammatory induced changes in lining of case 1. A 
glandular structure is visible (arrow) . Hematoxylin & eosin ; orig
inal magnification, x 200. Inset: Epithelial arcading associated 
with lymphocy1es. Hematoxylin & eosin ; original magnification 
x 100. 

FIGURE 8. Electron micrograph of the lining of case 1 repre
senting the superficial eosinophilic cuboidal cells. Note the 
smaller, denser nucleoli in the more superficial cells (bold ar
rows) and the absence of nuclear material in the remainder of 
the superficial celis (fine arrows). Original magnification, x 3300. 
Inset: Microvilli on the luminal aspect of the superficial cells. 
Original magnification, x 10,000. 

stratified squamous. Papillary epithelial pro
cesses into the lumen were noted, especially 
where epithelial thickenings were present. Epi
thelial spheres consisting of swirled epithelial 
cells were found occasionally (Figure 3). The su
perficial cell layer consisted mainly of small 
cuboidal cells with scanty eosinophilic cytoplasm 
and hyperchromatic nuclei (Figure 4). Larger 
cells with an eosinophilic granular cytoplasm 
and a round nucleus, which was oriented away 
from the surface, as well as scattered mucous 
cells were also present in the superficial layer. 
Ciliated cells were focally seen. 

318 Glandular Odontogenic Cyst 

FIGURE 7. Transmission electron micrograph of the inflammed 
lining revealed widened intercellular spaces containing finger
like protrusions (arrows) . Original magnification, x 2600. Inset: 
Well-formed desmosomes were present between the protru
sions. Original magnification, x 8300. 

FIGURE 9. Occlusal radiograph revealed a well-circumscribed 
radiolucency causing root divergence of the lateral and incisor 
teeth . 

Intra-epithelial glandular structures, filled 
with an eosinophilic, mucicarmine-positive ma
terial were present, the majority located in the 
superficial half of the epithelium (Figure 5). 
These glandular spaces were lined mainly by 
granular cells, although mucous cells were fo
cally present. No mitotic figures were noted. Pal
isading of the basal cells were focally seen, and 
no maturation changes of the epithelial cells 
were noted. Cleaving between the epithelium 
and connective tissue was focally observed. 
The underlying connective tissue consisted of 
dense fibrous tissue with a few vascular spaces. 
No epithelial islands nor calcifications were 
noted. 

A diagnosis of a glandular odontogenic cyst 
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was made, and the cyst lining was enucleated 
under general anesthesia . The wound was closed 
primarily and healing was uneventful. Small 
fragments of the lining were fixed separately in 
3% gluteraldehyde for electron microscopic ex
amination. Light microscopic examination of the 
enucleated material revealed a dense, chronic in
flammatory cell infiltrate consisting mainly of 
lymphocytes in the subepithelial connective tis
sue and neutrophils in the epithelium. The epi
thelial lining had lost most of the features de
scribed in the incisional biopsy material. 
Epithelial hyperplasia and proliferation into the 
underlying connective tissue with an arcading 
effect were present. The eosinophilic cuboidal su
perficial cell layer as well as glandular struc
tures in the epithelium were focally present (Fig
ure 6). 

Electron microscopic examination revealed 
widened intercellular spaces with numerous 
fingerlike protrusions that attached adjoining 
epithelial cells by well-formed desmosomes (Fig
ure 7). As the biopsies taken for electron micros
copy were not representative of all epithelial 
types as seen in the sections of the incision bi
opsy, a small fragment was then removed from 
the wax block of the noninflammed biopsy speci
men and processed for electron microscopy. This 
epithelial lining consisted of tightly aggregated 
cells with well-formed desmosomes. Microvilli
like projections were present on the luminal as
pect of the superficial cells, the majority of which 
contained no nucleii. Their cell volume seemed 
to be decreased, resulting in a closer association 
of the desmosomes (Figure 8). The cells immedi
ately underneath the superficial cells contained 
a denser nucleus, and signs of nuclear fragmen
tation were present. 

CASE2 

A 14-year-old boy presented with swelling of 
the right upper lip. Oral examination revealed 
a firm buccal and palatal swelling involving 
the right maxillary canine area. Radiographs 
showed a well circumscribed, unilocular lytic 
lesion in the globulo-maxillary area causing 
root divergence of the lateral and incisor teeth 
(Figure 9). A biopsy was taken, and microscop
ic examination showed a cyst lining with sim
ilar features as described in case 1 (Figure 10). 
A diagnosis of a glandular odontogenic cyst 
was made . The patient did not return for treat
ment . 

FIGURE 10. Glandular structures were present in the lining epi
thelium (short arrows). The superficial cells had a granular ap
pearance (long arrows). Hematoxylin & eosin ; original magnifi
cations, x 400. 

DISCUSSION 

There are sufficient criteria to regard GOC as a 
distinct entity and not a variant of any other 
cyst. The unique features include the presence of 
eosinophilic cuboidal and larger granular super
ficial cells, intraepithelial glandular structures 
lined by granular and mucous cells, and papil
lary processes protruding into the lumen. Epi
thelial spheres are also found in both lateral pe
riodontal cysts and dentigerous cysts. 3 The 
presence of numerous mucous cells alone does 
not warrant the diagnosis of GOC. Browne has 
shown that mucous metaplasia is fairly common 
in dentigerous cysts, and can be found in the ma
jority of jaw cysts. 4 

The widened interepithelial cell spaces and 
the finger-like protrusions found in inflammed 
GOC tissue on electron microscopic examination 
are also present in inflammed as well as nonin
flammed radicular and follicular cysts.5 The 
spinous cells of odontogenic keratocysts, how
ever, show a close intercellular relationship with 
desmosomes rarely detected.5 The tissue frag
ment removed from the wax block for electron 
microscopy study contained superficial eosino
philic cuboidal cells. It is tempting to speculate 
that the superficial cells undergo a process simi
lar to apoptosis. This will explain the eosino
philic light microscopic appearance of the super
ficial cells with hyperchromatic nucleii, although 
the microvilli-like projections seen on electron 
microscopy are too small to represent apoptotic 
bodies.6 

The prevalence of GOC is low. The two cases 
reported in this ~ tu dy are the only GOes in our 
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collection of 152 jaw cysts that were diagnosed 
during an 8-year period. A contributory factor to 
this low prevalence may be the difficulty in iden
tifying the characteristic features of a GOC in 
inflammed tissue, especially if only material 
from an incisional biopsy is available. The 
changes brought about by an inflammatory pro
cess were evident in the excised tissue in case l. 

Glandular odontogenic cysts are considered to 
be aggressive. One of the cases reported by Paday
achee and van Wyk2 recurred, and recurrences 
were present in two of the eight cases described by 
Gardner et al. l Although no recurrence was 
present in case 1, after 2 years, the eroded cortical 
plates suggested aggressive behavior. 
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PIGMEN1'ED NEUROECTODERMAL 

TUMOUR·OF INFANCY 


W F Pvan Heerden & EJ RapbenlIeimer 

Keywords: pigmented neuroectodermal tumour 

Pigmented neuroectodermal tumour of infancy (PNTI) is 
an uncommon neoplasm occurring primarily in young 
children, 82% are 6 months or less in age while 92% are 
under 12 monthsl . The tumour has a predilection for the 
anterior maxilla but has also been reported in the man
dible1 , epididymis2, mediastinum and brain1

. Clinically, 
PNTI presents as a soft tissue mass, 1-3 cm in size with a 
fum consistency. It is frequently associated with rapid 
growth and a stretched, non ulcerated overlying mucosa 
or skin. Radiographic features include an ill-defined 
radiolucent lesion causing local destruction and displace
ment of the developing teeth. Despite the tumour's rapid 
growth and tendency to invade bone the majority of cases 
are successfully treated with conservative therapy (local 
excision and curettage of underlying bone). Recurrences 
develop in about 15% of patients1 while metastases and 
cellular malignant change have been documented in a few 

3 cases . 

The purpose of this article is to present a case of PNTI 
with exceptional clinical features . 

MATERIALS AND METHODS 

A 7-month old female patient was referred to the 
Garankuwa Hospital with a large soft tissue of the right 
maxilla present since birth (Fig.l). The tumour had grown 
rapidly since then and caused severe disfigurement. Two 
areas of ulceration was present on the skin. An incisional 
biopsy was performed and diagnosed as a PNT!. 

The tumour was excised and the post operative healing 
uneventful. The excised tumour measured 18 cm in the 
longest diameter. The consistency was fum and fibrous 
and the specimen had a blue-black colour on cut surface 
(Fig.2). It appeared to be well demarcated. Microscopi
cally, it was composed of non encapsulated dense 
fibrovascular tissue with large epithelial-like melanin 
producing cells arranged either in strands or clusters and 

often forming the lining of small cleft-like and alveolar 
spaces. Smaller non pigmented cells resembling 
neuroblasts were present in the alveolar spaces or as 
isolated nests in the stroma (Fig.3). No mitotic figures 
were present. Immunohistochemical examinations using 
paraffin embedded tissue revealed focal positivity for 
neuron specific enolase (NSE) in both the pigmented and 
small cells. Vimentin was focally expressed in the pig
mented cells. Both cell types were negative for S100
protein and cytokeratin. 

DISCUSSION 

This PNTI was the largest tumour of its kind described in 
the literature up to date. PNTI was first described in 1918 
by Krompecher under the term congenital melanocar
cinoma4

. Difficulty in deciding the cellular origin has led 
to a variety of terms describing this lesion such as 
melanotic ameloblastoma, melanotic prognoma, retinal 
anlage tumour and pigmented epulis of infancy. The 
concept of a congenital melanoma failed to explain the 
presence of the primitive neuroblast-Like cells as well as 
the benign clinical course. The odontogenic theory was 
prompted by the predilection of this tumour for the max
illa but does not take into consideration the extragnatic 
sites where there are no odontogenic rests. The tumour 
cells also bear no resemblance to any cell involve in 
odontogenesis. The association between PNTl and the 
developing retina is highly unlikely because the retina is 
well developed in the embryo before the anlage of the 
maxilla and mandibles develops6. Electron microscopy 
and histochemical studies however have establish the 
neural crest as the most likely origin 7. This will explain the 
presence of melanin and neuroblast cells, the distribution 
of the lesions as well as the few tumours associated with 
increased levels of vanillylmandeLic acid6. 
The immunohistochemical findings in the present case 
was in large in agreement with similar studies in the 
literature8

. Cytokeratin however is positive in the pig-
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mented cells in other studies. The absence of cytokeratin 
in our case was probably the result of different types of 
cytokeratin used as the primary antibody. 

There was no evidence of the tumour recurring in the 6 
months of follow-up examinations. It was found that in
complete surgical removal of this tumour is not necessari
ly associated with recurrences9. The debulking effect as 
well as the removal of stimulatory cells irifluencing the 
invading peripheral tumour cells are possible explana
tions. 

Few other lesions would present in this age group and in 
the typical location. PNTI must be differentiated from 
congenital epulis as well as malignancies of early 
childhood such as neuroblastomas and rhabdomyosar
comas. 
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Fig. 2 

Fig.2. Cross section of the tumour showed a firm black 
fibrous tumour. 

Fig.3. Microscopic examination showed cleft-like spaces 
lined by pigmented cells (thin arrows) as well as smaller 
cells resembling neuroblasts (bold arrows). (H & E x2(0). 

Fig. 3 
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Abstract 

The Epstein-Barr virus (EBV) is no longer thought to be the sole cause of Burkitt's 

lymphoma (BL) but is still accepted as a cofactor in the pathogenesis of this neoplasm. 

According to the National Cancer Registry of South Africa, BL represented less than 0,04% 

of all malignancies reported for the period of 1993-1995. No data is available on the 

association of EBV with BL in South Africa and it was decided to perform a pilot study in the 

Gauteng province of this country. Twenty-four cases ofBL were retrieved from the archives 

of the Departments of Oral Pathology and Anatomical Pathology of Medunsa and the 

Universities of Pretoria and Witwatersrand. All cases were divided into two groups according 

to the primary site ofthe tumour: the Oral-Maxillo-Facial (OMF) group (14 cases) and the 

Non-Facial (NF) group (10 cases). In situ hybridisation for EBV encoded RNAs (EBERs) 

was performed on paraffin sections and the proliferation index (PI) of each case was 

determined by Ki-67. Fifty percent of the BL cases in this study were positive for the virus. 

The site of the primary tumour did not significantly influence the EBV status of the tumour 

(p=0,88). The mean PI was 87,5% and the EBV positive cases had a close to statistically 

significant higher PI than the negative ones (p=0,05). Larger studies should be conducted to 

evaluate the cytogenetics and possible role ofHIV in this disease in South Africa. 
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Introduction 

The role of viruses in oncogenesis has been a major research field during the last few decades, 

and it is now estimated that viruses cause approximately 15% of all human tumours I, The 

Epstein-Barr virus (EBV), a DNA virus, was first discovered in a line of explanted 

lymphoblasts from Burkitt's lymphoma in an Ugandian child2
, becoming the first virus to be 

related to human neoplasia, The virus appears to have at least two natural target cells, B

lymphocytes and epithelial cells3
, EBV infection ofB-lymphocytes results in the proliferation 

and transformation of some B-lymphocytes into immortal Iymphoblastoid cells each carrying 

multiple copies of the EBV genome4
, Once infected, individuals become life-long virus 

carrierss, The EBV genome encodes for more than a hundred genes, but only a restricted set 

of gene products, the six Epstein-Barr nuclear antigens (EBNA-l, -2, -3A, and -3B, -3C, and 

-LP), two latent membrane-associated oncoproteins (LMP-l and -2) and two small non

polyadenylated nuclear RNA's, EBER-l and EBER-2, are associated with latent infection6 

Burkitt's lymphoma (BL) includes endemic BL (eBL) and sporadic BL (sBL( Of all the B

cell lymphomas EBV is most strongly associated with eBL in equatorial Africa8
, This form of 

BL is recognised as the most common malignancy amongst children in tropical Africa9
, 10, 

The clinical hallmark of eBL is a rapidly growing jaw tumour in a child II , The sporadic form 

of this disease has identical histological features to eBL 12, occurs worldwide, but is 

characteristically more prevalent in Europe and the USA 13 
, Sporadic BL most commonly 

presents with a rapidly growing abdominal mass (70-90%), frequently involving the terminal 

ileum l4 
, The occurrence of head and neck tumours is low in sBLIS, with jaw lesions reported 

in less than 9% of cases14, 

Although controversial16
, a third form ofBL, Burkitt-like lymphoma, is described in the 

context of the acquired immunodeficiency syndrome (AlDS)J7, Burkitt-like lymphoma 

involves peripheral lymph nodes, the central nervous system and bone marrow
l8 

, with less 

frequent extranodal, gastrointestinal tract or jaw involvement l 
?, Although these three types of 

3 

 
 
 



199 


BL are morphologically indistinguishable from each other, there is sufficient clinical, 

immunophenotypic, genotypic and virological differences to consider them as distinct 

clinicopathological entitiesl9
. The most distinct differences are seen between eBL in 

equatorial Africa and sBL in the United States. Other geographic-regions are described to 

exhibit clinical and virological features intermediate between those of eBL and sBL20. 

The association ofEBV with BL varies greatly in different parts ofthe world. Classic eBL is 

associated with EBV in more than 95% of cases8 while sBL is less often associated with this 

virus, ranging from 5-15% in cases in Europe and the United States of America, 50-80% in 

the Middle East, South America and India, 13% in Japan and 28% in Hong Kong21 . 

Interestingly, approximately 85% of tumours in North Africa contain EBV DNA, although 

the clinical characteristics of BL in this area are mo~e in keeping with those of sBL7. The 

reasons for this are uncertain but might reflect the early EBV seroconversion in developing 

countries22
. Despite the fact that most patients with AIDS carry a large burden ofEBV, the 

EBV genome is detected in only 30-50% of lymphomas in patients with AIDS23. Although 

EBV is no longer thought to be the sole cause ofBL, it is still accepted as a cofactor in the 

tumour pathogenesis by stimulating B-Iymphocyte proliferation, which increases the 

likelihood of a selection of cells with mutation ofthe c-myc gene24 , an essential component of 

the pathogenesis of BL25. 

According to the National Cancer Registry of South Africa, forty cases of BL were reported 

during the period of 1993-1995, representing less than 0,04% of all malignancies26. Only one 

study on the possible nature or type of BL seen in South Africa could be found in the 

literature. In 1989, Hesseling27 reported the clinical features, incidence, and seasonal 

occurrence of BL for the period 1977 to 1986, as consistent with typical eBL. The authors 

determined the serological EBV status in only two ofthe twenty-two patients in their study, 

but did not examine any of the tumours for the presence of the EBV-genome. Other than this 

study, which is not considered a true South African sample because it also included cases 
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from Namibia, no data is available on BL or its association with EBY in South African 

patients. Macdougall reported early EBY seroconversion in black South African children28
, 

results similar to those reported for other developing countries where eBL is strongly 

associated with EBy22. 

A pilot study was done in the Gauteng Province of South Africa in order to evaluate the 

prevalence ofEBY in BL cases in a South African population sample. The possible effect of 

EBY on the proliferation index (PI) of the tumour cells and whether the anatomical site ofthe 

lymphoma influenced the presence of EBY was investigated. 

Materials and Methods 

Case selection 

A retrospective study was done on BL cases diagnosed at the Departments of Oral Pathology 

and Anatomical Pathology of Medunsa, and the Universities of Pretoria and Witwatersrand, 

1972 to 1998 inclusive. Criteria for inclusion in this study were a confirmed histological 

diagnosis ofBL according to the criteria of the World Health Organisation29
, available 

clinical information including the site of the primary tumour as well as available paraffin

embedded tissue blocks for analysis by immunohistochemistry and RNA in situ hybridization. 

In order to determine ifthe anatomical site of the lymphoma influenced the presence ofEBY, 

cases retrieved were arbitrarily divided into two groups according to the primary site of the 

tumour. The Oral-Maxillo-Facial (OMF) group included BL of the jawbones, Waldeyer's 

ring, supra-clavicular neck lymph nodes and oral soft tissues, and a Non-Facial (NF) group 

involving any infra-clavicular site. Patients with tumours at both sites were excluded from 

this study, as it was not possible to determine the primary site of the tumour as opposed to 

disease dissemination. 
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Immunohistochemistry 

The immunophenotype of all tumours was confirmed by demonstration ofB-lineage using a 

standard immunoperoxidase technique with L26, a pan-B-cell antigen (CD20, DAKO, 

Carpinteria, CA). The PI of each tumour was determined using prediluted antibody (DAKO) 

directed towards the Ki-67 nuclear antigen. Antigen enhancement was performed in a 

microwave using a pressure cooker and citric acid buffer. The lymphoid follicles in a normal 

reactive palatine tonsil were used as a positive control for the B-cell marker and the 

proliferation index of each tumour was determined by counting the number of positively 

stained nuclei per thousand tumour cells using a calibrated eyepiece. The number of Ki-67 

positive nuclei was expressed as a percentage. Any degree of dark brown to black nuclear 

staining was considered positive for the Ki-67 antigen but whenever nuclear staining was 

doubtful, it was noted as negative. 

In situ hybridisation (ISH). 

To detect expression of the EBV-encoded small nuclear RNA's (EBER-l and EBER-2), ISH 

with fluorescein-conjugated oligonucleotide probes was used. The probes were obtained 

commercially and consisted of a mixture of both EBER-l and EBER-2 (Novocastra, 

Newcastle upon Tyne, UK). Probes were labeled with fluorescein isothiocyanate (FITC). 

Detection ofhybridised probes was done with rabbit F(ab') anti-FITC conjugated to alkaline 

phosphatase. All glassware was treated with DEPC (di-ethyl pyrocarbonate) to prevent 

endogenous RNase activity. The ISH was done using the OmniSlide System (Hybaid, 

Teddington, Middlesex, United Kingdom). Sections of the EBV-infected cell line P3HR-l 

processed to paraffin wax, was used as positive control and a section of human brain served 

as negative control. A dark brown to black granular stain within the nucleus ofthe cells was 

regarded a positive signal. 

6 


 
 
 



20 2 


Statistical Analysis 

Stringent testing of normality was determined by the chi2-test To determine the differences 

between the mean values ofKi-67 positivity the Student's t-test was used if the data was 

normally distributed, and the Mann-Whitney Test, if the data was not normally distributed. 

The differences between EBY positivity of the various groups were determined by the chi2


test. 

Results 

Twenty-four cases complied with the inclusion criteria for this study. Table 1 demonstrates 

the number of patients, the EBY -positive cases and mean PI in each group. 

Fifty percent of all BL cases in this study were EBY -positive and the mean PI of all twenty

four cases was 87,5%. When comparing the PI ofEBY-positive cases with those ofEBY

negative cases in both groups, a close to statistical significantly higher PI was found in the 

EBY -positive cases (p = 0.055). The primary site ofthe tumour, as arbitrary divided into the 

OMF and the NF groups, was also correlated with the EBY -status ofthe tumour tissue. The 

results showed that the site of the primary tumour did not significantly influence the EBY 

status (p=0,88) of such a tumour. Because ofthe retrospective nature of the study with some 

of the cases dating back to the early seventies, the HIV -status of only seventeen of the twenty

four cases was known. One of the patients in the OMF group was HIV-positive, ten were 

negative and four of the patients in this group had an unknown HIV-status. Two of the 

patients in the NF group were illY-positive, four were negative and the illY-status of six was 

unknown. The HIV -status did not significantly influence the EBY -status of the tumours in 

these groups. 
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Discussion 

The three types of BL differ in their clinical presentations and EBV association, with the most 

distinct differences seen between eBL in Africa, and sBL in the United States of America, 

South Africa differs from equatorial Africa, both ethnically and environmentally, It has a 

divergent socio-economic status as well as several culturally different population groups 

living in geographical regions in which both eBL and sBL could occur. Burkitt's lymphoma 

accounted for approximately 0,04% of all malignancies in South Africa reported for the 

period 1993-199526
, Although EBV is no longer thought to be the sole cause of BL, the 

association ofthe virus with BL is still widely recognized , It was decided to perform a 

clinico-pathological study on a true South African population sample to determine the 

association of EBV with BL in this region, 

To associate EBV with any tumour, identification of EBV genomes or gene products in the 

tissue is essential. Several monoclonal antibodies specific for EBNA-1, EBNA-2, LMP-l and 

LMP-2A have become available for detection of latent EBV gene expression 30, With the 

exception ofEBNA-l, however, these viral proteins are not invariably expressed, EBER-l 

and EBER-2 are consistently expressed in large numbers in all forms of EBV latency31 and 

are ideal targets for ISH 32, This method allows for the detection of viral nucleic acids in 

formalin-fixed paraffin-embedded tissue sections 3 and has become the most frequently used 

33technique, accepted as the standard approach for diagnostic purposes , Fifty percent of the 

BL's in our study showed nuclear staining as described in the literature34,35, This degree of 

EBV positivity is at an intermediate level between the more than 95% EBV association in 

21 eBL cases in Africa 8, and 5-15% EBV association reported for sBL in the United States , 

BL is one of the most rapidly growing tumours known, and will, when labeled with an 

appropriate proliferation marker, give a PI of close to 100%16, The Ki-67 protein is a nuclear 

36
protein required for DNA synthesis and is expressed in all phases of the cell cycle , The 
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mean PI of tumour cells in this study was slightly lower than usually reported (87,5% vs. 

almost 100%). This can be ascribed to the probable sub-optimal tissue processing of the older 

tissue blocks with resultant poor antigen retrieval. The proliferation indices ofEBV-positive 

tumours were compared with those ofEBV-negative tumours and interestingly, the EBV

positive cases had a close to statistical significant higher proliferation index than the negative 

ones (p=0,055). This is in contradiction with other studies3
?, 38 and it might be of value to 

investigate this phenomenon in larger study groups ofBL. 

The results from this study indicated that EBV still played an important role in the 

pathogenesis ofBL in developing countries like South Africa. Our results also contradicted 

those of Hesseling et al who reported BL in South Africa and Namibia to be consistent with 

typical eBL27. Future research on the possible type ofBL in South Africa should include 

cytogenetic studies as well as evaluation of the influence of HlV on the incidence, clinical 

features, EBV-status and molecular rearrangements of this lymphoma. 
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Table I 

OMF Group NF Group 

Number of patients 14 10 


EBV-positive cases 6 6 


Mean PI (%) 88,6 86,1 
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A salivary gland is defined as any organ that discharges a 
secretion (or saliva) into the upper part of the cligestive 
tract. They are found not only in most vertebrates, but 
also in many invertebrates such as the Annelida (seg
mented worms), some Mollusca (snails) and Arthropoda 
(insects, crustacea, arachnids and related forms). In 
humans, salivary glands are grouped into a major (large) 
and minor (small) category. Three paired major salivary 
glands in man and are located in the neck and floor of 
mouth and produce 600-1500 ml saliva per day. 
Numerous small ( or minor) salivary glands are present in 
the palate, tongue and lips. 

In general terms, salivary glands in vertebrates can be 
considered as subserving many functions and are general
ly adapted to the environment of the animal. First and 
perhaps most important, saliva provide lubrication for the 
swallowing of food. The solution of food particles is 
important for the proper functioning of the taste recep
tors which are located in the lining of the oral cavity. The 
washing action of saliva as well as its antibacterial proper
ties are essential for the maintenance of oral and dental 
health. In humans, lubrication evidently facilitates 
speech. In animals where ingested food are dry, the 
salivary glands are adapted to secrete large quantities of 
watery, sodium free and subsequently hypotonic saliva. 
The hypotonicity prevents dehydration of cells lining the 
digestive tract and increases the moisturising capacity of 
saliva, as both factors are dependant on osmotic 
principles. The paired parotid salivary glands of the 
African elephant is probably the largest in the animal 
kingdom with a combined mass of 15 kg and produce 50 
liters saliva per hour during feeding. A normal feeding 
cycle, which extends over the greatest part of 24 hours, is 
characterized by the production of a large volume of 
saliva which moisturises and lubricates the daily diet of 
200-300 kg leaves, bark and grass. Hippopotomi general
ly ingest lush vegetation on the banks of rivers and their 
salivary glands are subsequently smaller and the volume 
saliva produced significantly less than when compared to 

that of the elephant. Among aquatic animals, where 
lubrication of food is not necessary, salivary glands may 
be absent as in most Cetacea (dolphins and whales). 

By secreting enzymes, salivary glands are capable of play
ing a role in digestion. Most animals and humans have 
relatively high concentrations of amylase (a starch digest
ing enzyme) in their saliva. The levels of this enzyme is 
however rather low in the saliva of the domestic cat and 
dog and absent from the saliva of the elephant. The 
significance of these findings are speculative. The high 
urea concentration in the saliva of the elephant is probab
ly indicative of a recycling mechanism similar to that 
found in cattle where hindgut commensal protozoa, which 
aid in digestion, are dependant on a constant supply of 
urea for metabolic processes. Certain newborn animals, 
such as the suckling rat, produce large amounts of salivary 
lipase, a fat digesting enzyme which is partially respon
sible for the digestion of milk fats. 

In fur-bearing animals such as the cat and rat, saliva plays 
an important role in the regulation of body temperature. 
By wetting their fur with saliva in response to heat, they 
obtain the same cooling capacity available to man by 
sweating. 

Other less common functions of saliva is that of defence, 
paralysing or kilJing of prey. The only mammalian saliva 
known to be toxic is that of the Americans short-tailed 
shrew, Blar.ina brevicauda. The venom glands of snakes 
are modified salivary type glands which produce one of 
the most complex and highly evolved poisons known. 
Contraction of muscles surrounding the gland ejects the 
venom through openings on two or more teeth or fangs. 
In one group of sea snakes, Hydrophiidae, a large salivary 
type gland fulfills the functions of a salt excreting gland 
and pl31Ys an important role in maintaining the salt 
bahlnce of the animal, making life possible in its saline 
environment. 
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Salivary Imn1.unoglobulin Related Proteins in 
24 Patients with Multiple Myeloma 

Erich Raubenheimer, Willie van Heerden, Joseph Dauth 
and Tracy van der Walt 

Mixed saliva and blood of24 cases of multiple myeloma (MM) were collected and the immunoglobulin 
and light chain concentrations compared with that found in the saliva and blood of 16 age matched 
control patients. The concentrations of salivary IgA, IgG and lambda light chains were significantly 
increased in IgA-, IgG- and lambda light chain producing MM respectively. Salivary IgA concentration 
in non-IgA i\>1M and salivary IgG concentration in non-IgG M.M. were within nonnal ranges. Despite 
a significant decrease in circulating nonnal immunoglobulins, this study fails to support suppression 
of nonnal salivary immunoglobulin concentrations in patients suffering MM. 
Oral Oneal, Eur J Cancer, Vol. 29B, No.4, pp. 295-297, 1993. 

INTRODUCTION 
IN THE majority of patients with multiple myeloma (MM) 
serum protein electrophoresis will disclose the presence of a 
monoclonal paraprotein which may present as an increase in 
one of the immunoglobulin classes and/or immunoglobulin
related light chains (Bence-Jones proteins). MM are immuno
chemically typed according to the circulating monoclonal 
immunoglobulin and/or light chain type produced by the dis
seminated neoplastic plasma cells. This typing is helpful in 
predicting complications and prognosis of patients suffering 
MM [IJ. The decrease in the concentrations of circulating 
normal immunoglobulins predispose to opportunistic infec
tions, a serious and often terminal complication in MM [2J. 

Reports on the presence of abnormal immunoglobulin
related proteins in secretions of MNl patients are infrequent 
in the literature. Analysis of saliva of 10 patients with MM 
[3], identified monoclonal IgA in 5 out of 7 patients with IgA 
MM and monoclonal IgG in both patients with IgG MM. No 
free light chains were detected in the saliva of the 1 patient 
with light chain producing MM. An increased concentration 
of IgG was present in the saliva of 1 case of IgG MM studied 
by Brandtzaeg [4J. 

The purpose of this study was to determine the concentra
tions of immunoglobulins and light chains in saliva and serum 
of 24 patients with MM and to compare the values obtained 
with that found in age matched, systemically healthy patients. 

PATIENTS AND METHODS 
Whole saliva and blood of 24 patients with MM and 16 age 

matched systemically healthy control patients were collected 
after a thorough clinical oral examination. The saliva was 
expressed with the aid of a sterile syringe from a cononwool 
swab after it had been chewed for 3 min. Patients with overt 
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signs of gingivitis or periodontitis were excluded from the 
control group of the study. Quantitation of IgA, IgG and IgM 
levels in serum were done with rate nephelometry (Auto ICS, 
Beckman Instruments Inc. Fullerton, U.S.A.). Immuno
chemical typing of the light chains in serum was carried out 
with immunofixation electrophoresis (ParagonT,"I IFE gels, 
Beckman Instruments Inc.). 

Salivary immunoglobulins and light chains were quantitated 
with low concentration radial immunodiffusion plates (LC
Partigen@ and M-Partigen®, Behringwerke AG, Marburg, 
West Germany). The concentrations were expressed in grams 
per litre (g/l), compared with the respective circulating con
centrations and the findings were subjected to statistical ana
lysis using Student's [-test for uncorrelated data. 

RESULTS 
Clinical examination of the MM patients revealed no signs 

of oral mucosal infections. 17 patients had IgG MM, 4 IgA 
MM and 3 light chain producing MM (two kappa- and one 
lambda MM). The mean concentrations and standard devia
tions of the major immunoglobulin classes in MM patients 
and the control group are expressed in Table 1 and the 
immunoglobulin light chain concentrations in Table 2. The 
circulating residual immunoglobulin concentrations in MM 
patients were generally below the normal ranges (Table 3) 
and that of the control group (Table I). No significant differ
ences were found between salivary IgA concentrations in non
IgA MM and the control group (P> 0.05) and salivary IgG 
levels in non-IgG MM and the control group (P> 0.8). In 
IgA MM, salivary IgA concentrations were found to be sig
nificantly higher than in the control group (P< 0.0 I). A sig
nificant increase in salivary IgG in IgG MlV1 (P<O.OI was 
also present. The concentration of lambda light chains in the 
saliva of lambda-producing MM was significantly higher than 
the control group (P< 0.01). Although salivary kappa light 
chain concentrations in kappa-producing MM showed great 
v8ri8tions, with single vidues far ilhove those of control 
patients, statistical analysis failed to prove a significantly 
higher concentration of kappa light chains in kappa-producing 
MM when compared to the control group (P> 0.05). 
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Table I . Concemrations of major immunoglobulin lypes in A1Nl- and C011lrol paliems 


Saliva gi l Serum gi l 

IgG IgA IgG IgA IgM 

IgA MM 
(2 x IgA I( 'S 2 x IgA A'S) 
IgG J\1Jvt 
(12 x IgG K, 5 x IgG ),) 
Lambda MM 

0.04 ± 003 

0.22±0.16 

1.1±0.9 

0.05 ± 0.05 

5.85 ± 4.4 

75.9 ± 32.4 

41.5±25 .3 

0.63 ± 0.6 

2.0±3.5 

0.57 ± 0.42 

(n = I) 

Kappa MM 
(n =2) 
Control 

0 

0.7 ±0.01 

0.14 

0.04 

5.5 

13 .1 ± 1.5 

0.3 

0.65 ± 0.07 

0.2 

0.25 ± 0.07 

(n= 16 0.047±0 .03 0.081 ±0.03 20.0 ± 6.6 3.28 ± 1.3 2. 16± 1.7 

Table 2. Lighl chain concemratiol1S in NINl- al1d colllrol paliellls 

Saliva gi l Serum gi l 

I( A K A 

I(-producing MM 
(11= 16) 0.44± 1.0 0.006±0.01 43 .5 ± 24.5 2.2 ± 1.8 

A-producing MM 
(n= 8) 0.03 ± 0.06 0.16±0.12 4.4±2.9 55.1±37.0 

Control 
(n = 16) 0.03 ± 0 .03 0.02±0.01 13.4±5.3 7.04±1.5 

Table 3. Normal ranges 

Serum 
IgG 14.4-22.7 gi l 
IgA 1.9-4.7 gi l 
IgM 0 .7-2.6 gi l 

K 5.66-13.0 gi l 
A 3.04-7.35 gil 

Saliva 

IgA 0.05-0 .48 (mean 0.137) gj l* 
IgG 0.007-0.037 (mean 0.016) gi l 

K N / A 
A N / A 

*Grbnblad 1981 [5]. 

DISCUSSION 
This study represents the largest series in which the concen

trations of immunoglobulin related proteins in saliva of 
patients with multiple myeloma were determined. Although 
changes in the circulating immunoglobulin concentrations are 
well documented [2], little is known of alterations in salivary 
immunoglobulins and immunoglobulin related proteins in this 
disease. 

A study using immunoelectrophoresis to determine the 
presence of salivary immunoglobulins in 10 patients suffering 
MM [3] failed to express the concentrations and the findings 
can therefore not be compared directly to ours. These authors 
conclude that although the concentration of monoclonal 
immunoglobulin is low in saliva, its presence is adequate proof 
that circulating immunoglobulins can find their way into 
external secretions. The technique employed in our study is 
more sensitive and made accurate quantitation of the different 
immunoglobulin-related proteins possible . All our cases of 
19A MM had significantly increased concentrations of IgA in 
saliva when compared to the salivary IgA concentrations 
found in the control group. The same applies to salivary IgG 

in IgG MM and lambda light chain concentrations In the 
saliva of lambda producing MM. Despite a few kappa produc
ing MM that had high salivary kappa concentrations, statist
ical analysis failed to suppon a significant increase in salivary 
kappa concentrations in kappa producing MM when com
pared to control values. Although transmission of circulating 
immunoglobulin related proteins to saliva appears to be 
enhanced by elevated serum concentrations, no direct correla
tion could be found between these values. 

The occurrence of systemic immune suppression in MM is 
well documented. This study suppons the findings of Coelho 
et al. [3] which failed to identify salivary immunoglobulin 
impairment in J\Il.M. No statistical evidence of a decrease in 
the concentration of normal salivary IgA in non-IgA MM 
patients could be found in our study. This was confirmed in 
that no clinical evidence of an opponunistic infection was 
seen in the oral cavities of our MM patients. The mechanism 
by which normal immunoglobulin production is suppressed 
in MM, is not clearly understood [6]. It has been postulated 
that neoplastic plasma cells secrete a factor capable of activat
ing suppressor macrophages which in tum inhibit normal B 
cell function [7]. The observation that salivary gland associ
ated immunoglobulin production is not altered in MM, adds 
an interesting parameter to the debate on MM-induced 
immunoparesis. 
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Intraoral salivary gland neoplasms: A 
retrospective study of seventy cases in an 
African population 
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Intraoral salivary gland neoplasms diagnOSed in the Department of Oral Pathology, Medical University of 

Southern Africa, Medunsa, were reassessed and revised with regard to histologic diagnosis. New entities 

and subclassifications that have been described in recent years were taken into account. Seventy cases 

were diagnosed during an 8'year period, and the sample consisted of black patients only . Benign mixed 

tumor was the most common entity and accounted for 48% of all tumors. Polymorphous low·grade 

adenocarcinoma comprised 15.7% of the sample and was the most frequent malignant tumor. The mean 

age of patients with benign and malignant tumors were 36.5 and 49.8 years, respectively (p < 0.05), and 

the palate was the most common site involved. Geographic differences do exist in the pattern and 

pathology of intraoral salivary gland neoplasms when compared with findings in other studies . 
(ORAL SURG ORAL MED ORAL PATHOL 1991;71:579-82) 

T he distribution and frequency of intraoral salivary 
gland neoplasms has been discussed in several pub
lished series,I-5 in the majority of which the World 
Health Organization (WHO) classification6 was used. 
However, various new entities and subclassifications 
that are not included in these articles have been de
scribed in recent years. 7. 8 This study was undertaken 
to determine the relative frequency and distribution of 
intraoral salivary gland neoplasms in a predominantly 
rural black African population and to provide data for 
comparison with findings in other geographic loca
tions. 

MATERIAL AND METHODS 

All the intraoral salivary gland neoplasms diag
nosed during the last 8 years were retrieved from the 

'Senior Lecturer, Depar tment of Oral Pathology and Oral Biology. 
bprofessor, Department of Oral Pathology and Oral Biology. 
7/14/ 25498 

files of the Department of Oral Pathology, Medical 
University of Southern Africa, Medunsa. Most pa
tients seen at the hospitals served by the department 
are black and of rural southern African origin. Rep
resentative slides stained with hematoxylin and eosin 
were available for review, and, where necessary, ap
propriate special stains were used to establish a diag
nosis. All cases were reassessed and revised with re
gard to histologic classification. Diagnosis was made 
with the WHO classification6 as' the basis. New enti
ties such as polymorphous low-grade adenocarcino
ma, and subclassifications that have been described in 
recent years, were taken into account. This includes 
the subclassification of mixed salivary gland tumors 
into types I to IV according to the proportion of the 
stroma in the tumor mass. 8 The polymorphous low
grade adenocarcinomas were divided into the termi
nal duct type and the papillary type according to the 
criteria of Slootweg and Miiller. 9 The working clas
sification used in this study is shown in Table I. Age, 
sex, and site were noted from the clinical records. 
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Table I. Working classification 

Benign 
Mixed tumor 


Type I (stroma 30%-50%) 

Type II (stroma >80%) 

Type III (stroma <20%) 

Type IV (myoepithelioma) 


Monomorphic adenoma 
Malignant 

Mucoepidermoid carcinoma 

Low grade 

Intermedia te grade 

High grade 


Adenoid cystic carcinoma 

Cribriform 

Tubular j trabecular 

Solid 


Polymorphous low-grad e adenocarcinoma 
Terminal duct 
Papillary 

Acinic cell carcinoma 

Carcinoma ex mixed tumor 

Epidermoid carcinoma 

Adenocarcinoma 

Epithelial-myoepithelial carcinoma 

Undifferentiated carcinoma 


RESULTS 

The sample consisted of a total of 70 cases of 
intraoral salivary gland neoplasms. Forty-three (62%) 
of the patients were female and 27 (38%) were male, 
yielding a female/male ratio of 1.6:1. The patients 
ranged in age from 10 to 85 years. Thirty-four cases 
(48%) were classified as benign; all these were mixed 
tumors in patients ranging in age from 10 to 64 years, 
with a mean age (±SD) of 36.5 ± 14.7 years . The 
female/male ratio was 2.4:1, with the mean age for 
females 34.9 ± 14.9 years and 40.3 ± 13.1 years for 
males. The palate was most commonly affected, 
accounting for 31 tumors (91 %). The remaining 
mixed tumors were found on the upper lip. The loca
tion and su bclassification of mixed tumors according 
to the criteria of Seifert et al. 8 are shown in Table II. 

Thirty-six cases (52%) were classified as malig
nant. The patients ranged in age from 22 to 85 years, 
with a mean age of 49.8 ± 16.3 years. The difference 
in the mean age of patients with benign tumors and 
that of those with malignant tumors was statistically 
significant (p < 0.05). The female/male ratio was 
1.1: 1 for patients with malignant neoplasms . The dis
tribution and location of the malignant tumors are 
shown in Table III. 

Eleven tumors were diagnosed as polymorphous 
low-grade adenocarcinoma, accounting for 30% of the 
malignant neoplasms and 15.7% of all neoplasms. The 
patients' ages were between 32 and 70 years, with a 
mean age of 53 ± 12.6 years, and the female/male 
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Table II. Location and subclassification of 34 mixed 
tumors 

Type . . palar~-' -I Upper lip TOlal (%) 

25 26 (76) 

II 2 (6) 
III 5 6 (18) 
IV o 

Total (%) 3T (91) '3 (9) 34 (100) 

ra tio was 1.2: 1. Nine lesions (82%) occurred on the 
palate, and one each in the buccal mucosa and upper 
lip, respectively. Two tumors had a papillary-type 
growth pa ttern, and nine were either lobular or tubu
lar in appearance. Nerve infiltration was present in 
one papillary-type and in two terminal duct-type tu
mors. 

Nine cases of adenoid cystic carcinoma accounted 
for 12.8% of all tumors and 25% of the malignant tu
mors. The patients had a age range of 33 to 85 years 
with a mean of 54 ± 15.5 years, and the male/female 
ra tio was 1.2: 1. Seven patients had lesions on the pal
a te, and one lesion each was loca ted in the floor of the 
mouth and on the upper lip. Five tumors had a pre
dominantly cribriform growth pattern, and two each 
had solid and tubular or trabecular growth, respec
tively. 

Six patients with mucoepidermoid carcinoma ac
counted for 8.6% of all tumors and 16.7% of malig
nant tumors. The youngest patient was 22 years and 
the oldest 52 years of age, and the mean age at time 
of consultation was 39.8 ± 10.1 years. Sex distribu
tion was equal, and the most common site of occur
rence was the palate, with four tumors. One tumor 
was located on the buccal mucosa and mandibular 
gingiva, respectively. One mucoepidermoid carci
noma was classified microscopically as low grade, 
three as intermediate grade, and two as high grade. 

Five carcinomas ex mixed tumor were diagnosed. 
Three of the patients were women and two were men; 
they ranged in age from 31 to 70 years, with a mean 
age of 48.2 ± 19.3 years. Four tumors occurred on 
the palate, and one in the retromolar area. The car
cinomatous component in all five was classified as un
differentiated. 

Three cases were diagnosed as adenocarcinomas, 
not otherwise specified. Two tumors were located in 
the buccal mucosa and one on the pala teo Two cases 
occurred in females, and the mean age of this group 
was 57.3 ± 13 .2 years. One tumor that occurred on 
the palate of a 49-year-old woman was diagnosed as 
an undifferentiated carcinoma. 

One patient, a 65-year-old woman, had a epithelial
myoepithelial carcinoma of the palate. No case of 
monomorphic adenoma, acinic cell carcinoma, or 

. .~ . 
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Table III. Distribution and location of malignant tumors 

Mandibular % of 
Tumor Retromolar gingiva malignant 

PLA 9 11 15.7 30 
ACC 7 9 12.8 25 
Mucoepidermoid CA 4 6 8.6 16.7 
CA ex mixed tumor 4 5 7.1 14 
Adenocarcinoma 2 3 4.3 8.3 
Undifferentiated CA 1.4 2.8 
E-M CA .-l .-l 1.4 2.8 

Total (%) 27 (75) 2 (5.5) 4 (11) 1 (2.8) I (2.8) I (2.8) 36 

ACe. Adcnoid cystic adenocarcinoma: CA, carcinoma; £-M. Epithelial-myoepithelial: FLA. polymorphous low-grade adenocarcinoma. 

epidermoid carcinoma of the minor salivary glands 
occurred in this series. 

DISCUSSION 

In most studies benign mixed tumors constitute the 
majority of minor salivary gland neoplasms. l -s The 
frequency of benign mixed tumors is reported as 43% 
in the study of Eveson and Cawson,4 41 % by Waldron 
et a\.,1 and 54% by Chau and Radden. s In Isacsson 
and Shear's series2 70% of the tumors were classified 
as benign mixed tumors. They postulated that the 
high frequency in their series was the result of the 
relative higher number of black than white patients, 
although 60% of their white patients had mixed 
tumors diagnosed. Schulenburg I 0 repor!ed that in
traoral benign mixed tumors in his South African 
sample were 3.5 times more common in black than in 
white patients. In the present series, where the sam
ple consisted of black patients only, 34 (48%) of the 
tumors were classified as benign mixed tumors, a fre
quency comparable to that reported in population 
samples in the United States and Europe. l , 4 

The majority of tumors (52%) in the present study 
were malignant, a finding that does not support the 
ratio of benign to malignant tumors in recent reports. 
The proportion of benign tumors varied from 53%11 
to 72%2 in recent studies. However, 80% of the cases 
reported by Spiro et a\.12 were classified as malignant. 
This high percentage of malignant tumors can be ex
plained by the fact that their institution is a major 
cancer referring center. 

The palate was the most common site of involve
ment of both malignant and benign tumors. The pro
portion of benign tumors occurring on the palate was 
larger than in the malignant group, although the dif
ference is not statistically significant. Eighty-one per
cent of benign mixed tumors reported by Isacsson and 
Shear2occurred on the palate. This high frequency of 
palatal involvement might be due to the presence of 
black patients in both samples. The distribution of 
palatal tumors from several large series compared 
with our findings is reflected in Table IV . 

Table IV. Reported frequency of intraoral salivary 
gland tumors of palate 

Frequency (%) 

Mixed Malignant 
Author tumor tumor 

Present study 91 75 
Thomas et al. 14 65 63 
Isacsson and Shear2 81 60 
Eveson and Cawson 4 60 55 
Waldron et aLI 54 42 
Regezi et al J 55 49 
Cha u and Radden s 70 54 
Chaudhry et aLII 65 35 

The benign mixed tumors occurred at a signifi
cantly younger age than did the malignant tumors 
(p < 0.05), and a high percentage of the benign 
tumors affected female patients. These observations 
support the proposal by Isacsson and Shear2that in an 
African population a salivary gland tumor of the pal
ate occurring in a relatively young patient is more 
likely to be benign than malignant. This appears to be 
especially true in women. 

Seifert et al. 8 divided benign mixed tumors into 
four types according to the volume and properties of 
the stroma and the differentiation of the epithelial 
cells. Although types III and IV constituted 35% of 
minor salivary gland mixed tumors in their series, al
most 50% of the carcinomas ex mixed tumor arose 
from tumors with these growth patterns.8 We are un
able to comment on the rate of malignant transfor
mation of types III and IV because only small frag
ments of benign mixed tumor were present in the car
cinomas ex mixed tumor in our series. The finding of 
Seifert et al. 8 could be related to the more common 
occurrence of mitotic activity in the solid areas. The 
majority of benign mixed tumors in the present series 
were classified as type I. Although mitotic activity, 
when present, was usually restricted to the solid parts 
of the tumor, the subclassification depended on the 

.. 


. .• 
• 4 

_ • - ;- t ('_ :: ' '." • .. .. • , \, 

 
 
 



582 van Heerden and Raubenheimer 

amount of sections taken, because the growth pattern 
va ried through the tumor. 

The absence of monomorphic adenomas in the 
present study may be due to the fact that our sample 
consisted of black patients only. Isacsson and Shear2 

found three monomorphic adenomas (2.2%) in their 
sample of 136 black patients. Davies et aL,!3 in a study 
of salivary gland tumors in Uganda, found no mono
morphic adenomas in 33 intraoral tumors. Thomas et 
al.,14 who analyzed salivary gland tumors in Malawi, 
found one monomorphic adenoma (2%) in their total 
of 57 minor tumors. These frequencies are in contrast 
with the 10.7% reported by Waldron et aL,1 11% by 
Evenson and Cawson,4 and 10% by Regezi et aJ.3 

Polymorphous low-grade adenocarcinoma was the 
most common malignant tumor in the present series. 
Comparison of the frequency of polymorphous low
grade adenocarcinoma with that reported in other 
studies is difficult because the majority employed the 
WHO classification,6 which does not recognize poly
morphous low-grade adenocarcinomas as a separate 
entity. Polymorphous low-grade adenocarcinoma con
stituted 30% of the malignant tumors in the present 
study. Freedman and Lumerman 15 found polymor
phous low-grade adenocarcinoma to constitute 7% of 
the 150 malignant intraoral tumors they examined. 
Aberle et aL 16 reviewed 109 cases of adenocarcinoma 
not otherwise specified, malignant mixed tumor, and 
adenoid cystic carcinoma, and found that 17% of their 
cases met the criteria of polymorphous low-grade 
adenocarcinoma. In the study of Waldron et aLl 26% 
of the malignant tumors were diagnosed as polymor
phous low-grade adenocarcinoma. The differences 
among these findings are probably related to the cri
teria used for diagnosis of polymorphous low-grade 
adenocarcinoma, because overlapping histologic fea
tures with adenoid cystic carcinoma do exist. 

The frequency of adenoid cystic carcinoma (12.8%) 
in our series is similar to that reported in the litera
ture, for example, 13 .1 % by Eveson and Cawson,4 
10.9% by Regezi et aL,3 and 10.4% by Isacsson and 
Shear. 2Adenoid cystic carcinoma accounted for 25% 
of the malignant tumors in our series, a figure lower 
than the 38% reported by Isacsson and Shear2 and the 
31 % of Regezi et al. 3 Polymorphous low-grade ade
nocarcinoma was not classified as a separate entity in 
the previously mentioned series, and the reported fre
quencies of adenoid cystic carcinoma are proba bly too 
high. 

In the majority of studies mucoepidermoid carci
noma was the most frequent type of malignant tumor, 
accounting for 15%1 to 34%11 of all intraoral salivary 
gland tumors. Mucoepidermoid carcinoma accounted 
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for 8.6% of all tumors in the present series. This figure 
C0mpdles wilh Lhe 6.5% reported by Isacsson and 
Shear,2 also in a South African population. This cor
roborates the suggestion by Everson and Cawson 17 

that a geographic variation in the frequency of muco
epidermoid carcinoma exists. 

We thank Mrs. C. S. Begemann for secretarial assistance 
in preparing the manuscript. 
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Evaluation of the nucleolar 
organizer region associated 
proteins in minor salivary gland 
tumors 
Van Heerden WFP, Raubenheimer EJ: Evaluation of the nucleolar organizer 
region associated proteins in minor salivary gland tumors. J Oral Pathol Med 1991; 
20: 291-5. 

Forty-three intraoral salivary gland tumors were studied to determine the value 
of the AgNOR technique in the assessment of these neoplasms. Well defined 
black dots were visible in the nucleii of all the specimens studied. The mean 
AgNOR count per nucleus for each tumor was calculated as follows: pleomorphic 
adenoma (n = \5) 1.52; Polymorphous low-grade adenocarcinoma (n = 12) 1.90; 
adenoid cystic carcinoma (n = 6) 2.92; mucoepidermoid carcinoma (n = 4) 1.93; 
carcinoma ex mixed tumor (n =4) 2.05; undifferentiated carcinoma (n = J) 3.13 
and epi thelia I-myoepithelial carcinoma (n = I) 2.23. The difference between the 
means of benign and malignant tumors (P < 0.0 1) and polymorphous low-grade 
adenocarcinoma and adenoid cystic carcinoma (P < 0.0 I) were highly signifi
cant. The overlapping of the AgNOR count betwen various tumors prohibited 
the use of this technique as an absolu te criterion in establishing a final diagnosis. 
It could however be used as a diagnostic aid in differentiating between salivary 
gland neoplasms. 

Nucleolar organizer regions (NORs) are 
loops of ribosomal DNA tha t transcribe 
to ribosomal RNA and thus ultimately 
to protein (J). NORs have been utilized 
by cytogeneticists for the evaluation of 
certain genetic disorders, notably triso
mies and are located on the short arms 
of the five acrosentric chromosomes 13 , 
14, 15,21, and 22 (2). The NORs can 
be demonstrated by means of a silver 
staining technique (AgNORs) that is 
performed at room temperature on par
affin embedded tissues (3). This tech
nique is based on the argyrophylia of 
the NOR-associated proteins. The 
known NOR associated proteins are 
RNA polymerase I, C23 (nucleolin), 
B23, lOOK and SOK protein (I). Their 
function is uncertain although a role in 
rDNA transcription is postulated (I). 

AgNOR counts appear to relate to 
cell ploidy (4) as well as the rate of 
cellular proliferation of individual cells 
(5). Quantification of NORs by means 
of the AgNOR technique has been used 
to distinguish between high and low 
)3fC'de !;'f':phof':?s (5) Clnct bet'.\'ee~ he
nign and malignant counterparts of var
ious origins (6-9). 

Small biopsy specimens from salivary 

gland tumors is often difficult to inter
pret and additionCiI microscopic criteria 
can only benefit the diagnostic process. 
MORGAN el al. (10) and MATSUMURA el 

al. (II) have found a statistically signifi
cant difference between the numbers of 
AgNORs in the nuclei of benign versus 
malignant salivary gland neoplasms. For 
this technique to have an application in 
diagnostic histopathology, it 's ease of in
terpretation and reproducibility between 
laboratories is important. This study was 
undertaken to evaluate the AgNOR 
staining techniq ue as a diagnostic aid for 
salivary gland neoplasms. 

Material and methods 

Forty-three intraoral salivary gland tu
mors were retrieved from the files of the 
Department of Oral Pathology, Medical 
University of Southern Africa. Fifteen 
were diagnosed as pleomorphic adeno
mas (PA) twelve as polymorphous low
grade adenocarcinomas (PLA), six as 
adenoid cystic carcinomas (ACe), four 
c8frir.om as e~ rle0!'norrh~(' ?cteno!11~) 

four as mucoepidermoid carcinomas 
(MEC), one as an undifferentiated car
cinoma and one as an epithelial-myoepi-
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thelial carcinoma. The tissue samples 
had all been fixed in 10% formalin and 
processed to paraffin wax. Two 3 11m 
parafftn sections of each specimen were 
cut. One was stained with hematoxy lin
eosin and the other with the AgNOR 
method as described by PLOTON e! at. 
(3). The H&E sections were all reas
sessed and revised with regards to histo
logic classification. The AgNOR stained 
sections were examined under a 100X 
oil immersion lens by the two authors 
and intranuclear dots were counted in 
200 randomly selected nuclei using an 
eyepiece graticule to prevent recount
ing. Nuclei of overlapping tumor cells 
were not included. Nucleolar clusters 
were counted as a single AgNOR and 
no attempt was made to resolve the clus
ters into their discernible number of dis
crete dots. The mean number of Ag
NOR dots per nucleus was determined 
for each specimen. The resulting data 
were analyzed by means of student's t
test for uncorrelated data. 

Results 

The NOR associCited proteins were visi
ble as well deftned black dots inside and 
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Table I. Mean number of AgNORs in the nuclei of salivary gland neoplasms 

Specimen PA (Type) PLA ACC (Growth Pattern) MEC (Grade) (Ca ex PAl Undiff ca EPr 

I 1.11 (I) 1.30 306 (T) 1.19 (IG) 2J7 3.13 2.23 
2 1.37 (I) 1.96 2.00 (T) 1.80 (IG) 1.40 
3 1.23 ([II) 1.53 3.0 I (T) 2.34 (HG) 2.63 
4 1.75 (I) 1.84 4.29 (e) 2.36 (HG) 1.79 
5 1.73 (I) 1.86 2.84 (C) 
6 1.7 J (I) 1.88 1.78 (C) 
7 0.98 (I) 2.02 
8 1.52 (II) 1.93 
9 1.93 (I) 2.47 

10 1.41 (I) 2.09 
II 1.60 (0 2.24 
12 1.48 (I) 1. 64 
13 1.30 (I) 
14 2.25 (I) 
15 1.37 ([II) 

Mean 1.52 1.90 2.83 1.93 2.05 3.13 
SD 0.32 OJI 089 0.55 0.55 

PA = pleomorphic ademona; PLA = polymorphous low-grade adenocarcinoma; ACC=adenoid cystic carcinoma; MEC = mucoepidermoid 
carcinoma; CA ex PA =carcinoma ex pleomorphic adenoma; Undiff Ca = Undifferentiated carcinoma; EPI = epithelial-myoepithelia l carcino
ma; T = tubular/trabecular; S =solid; C =cribriform; IG = intermedia te grade; HG = high grade 

outside of the nucleolus of the tumor 
cells studied. Careful focussing was 
essential to clearly identify all the dots. 
The results were summarized in Table 
I. The lowest mean of AgNOR dots per 
nucleus was found in PA (Fig. I) and 
the highest in an ACC (Fig. 2). The 
dots in the malignant neoplasms had 
a greater variability in size and shape 
compared to those in the P A. The differ
ence in the mean number of dots per 

nucleus between PA and PLA (Fig. 3) 
and between PLA and ACC were sta
tistically highly significant (P < 0.0 I). 
The correlation coefficient between the 
two observers was 0.97. 

Discussion 

The reason for the varying quantities of 
AgNORs in nuclei of differerit tumors 
is uncertain. The NORs are located on 

the 5 acrocentric chromosomes result
ing in 10 NOR bearing chromosomes 
during metaphase. These individual 
NORs are usually not discernible be
cause they are tightly aggregated in the 
one or two nucleoli normally present in 
a cell (12). Active cell prolifera tion may 
be accompanied by nucleolar dissocia
tion, resulting in dispersed AgNORs 
throughout the nucleus. This as well as 
an increase In transcriptional activity 

Fig . 1. Pleomorphic adenoma with plasmacytoid tumor cells. x 200. Inset: most cells contained one AgNOR dot per nucleus. x 400. 

2.23 
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Fig . 2. Adenoid cystic carcinoma with cribriform growth pattern. x 200. Inset: multiple small AgNOR dots were present in nuclei . x 1000. 


Fig. 3. Polymorphous low-grade adenocarcinollla. x 200. Inset: nuclei cOlllained Oile or lWO large AgNOR dols. x WOO. 
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Table 2. Reported mean AgNOR counts in salivary gland neoplasms pected, since the absolute numbers of 

Neoplasm Present study MORGAN el al.( I0) MATSUMURA el al. (11) 

PA 1.52 1.47 1.62-1.68' 
ACC 2.83 3.92 2.78 
MEC 1.93 4.25 2.59 

PA = pleomorphic adenoma; ACC = adenoid cystic carcinoma; MEC = mucoepidermoid carci
noma; '= different cell types in the same tumor were separately counted 

will result in an increase in the mean 
AgNOR count of a cell population. In 
malignancy, the AgNORs tend to be
come more dispersed through the nucle
us and thus more readibly discernable 
(12). HALL el af. (13) have shown that 
there is a significant correlation between 
the AgNOR count and presence of posi
tive Ki-67 immunostaining in cells. Ki
67 is a monoclonal antibody that recog
nizes a nuclear antigen present only in 
proliferating cells (14). The possibility 
that the AgNOR count is related to cel
lular activity is also suggested by PLO
TON el af. (3). SURESH el af. (4) have 
shown that AgNOR counts in non neo
plastic trophoblastic tissue are a reflec
tion of ploidy rather than cell prolifera
tion. They suggested that the relation
ship between cell ploidy and AgNOR 
counts can be obscured in neoplastic 
lesions because of excessive proliferative 
activity of tumor cells. 

Both ACC and PLA have an infiltra
tive growth pattern with an affinity for 
perineural spread. Cribriform, tubular 
and solid tumor cell arrangements can 
be found in ACC and PLA (15). Histo
logically, ACC differs from PLA in that 
the tumor cells have very little cyto
plasm and contains hyperchromatic nu
cleii. Mitotic activity can be found in 
both tumors, although none of the PLA 
in our collection had a mitotic index of 
more than 5 mitotic figures per 10 high 
power fields (x 400). Pleomorphism is 
absent in PLA whereas polymorphism 
is seldom seen in ACe. Despite these 
differences, it can be very difficult to 
distinguish between PLA and ACC, es
pecially when only a small tissue frag
ment is submitted for histologic exami
nation. ACC and PLA are thought to 
develop from the same precursor cell 
line (16) with the result that special 
staining techniques used as diagnostic 
procedures must be able to distinguish 
between cellular differentiation or activ
ity of the two lesions. Various immuno
histochemical techniques have shown 
potential with regards to the pathogene
sis and differentiation of salivary gland 
tumors, although their reliability and 
Jiagnoslic value is oflen unclear (10). A 

statistically significant difference be
tween the mean AgNOR count in PLA 
and ACC was found in the present 
study. The higher count in ACC could 
probably be related to the more aggres
sive behaviour of this neoplasm when 
compared to PLA. The mean count in 
ACC did not correlate with the histolog
ic growth pattern, a prognostic factor 
for tumor behavior in ACe. The highest 
count was present in a tumor with a 
predominantly cribriform growth 
pattern. In a study to evaluate the prog
nostic factors for ACC, HAMPER el af. 
(17) inter alia assessed DNA contents of 
the tumor cells using single cell scanning 
cytophotometry. They concluded that 
the shortest survival time was found in 
patients with tumors showing atypical 
histograms of nuclear contents of which 
42% had a cribriform gro\\!th pattern. 
Previous studies (10, 11) evaluating the 
AgNOR technique in salivary gland 
neoplasms did not identify PLA as a 
separate entity, making comparison 
with the present study regarding PLA 
i-mpossible. The overlapping of the Ag
NOR count between PLA and ACC 
prohibited the use of this technique as 
an absolute criterion to establish a final 
diagnosis but it could be used as a diag
nostic aid to differentiate between these 
two neoplasms. 

The mean value for MEC in the pres
ent study was lower than the value de
termined by MORGAN el af. (10) and 
MATSUMURA el af. (II) (Table 2). They 
do not specity the histologic grade of 
MEC included in their study. Although 
only four MEC's were examined in the 
present study, a substantial higher Ag
NOR count was found in the two high 
grade MEe. No significant difference 
in the AgNOR counts was found be
tween the different types of BMT as 
classified using the criteria of SEIFERT el 
af. (IS). This is supported by the 
findings of CHAU & RADDEN, (19) that 
there is no difference in the recurrence 
rate and frequency of capsular infiltra
tion between the different subtypes of 
BMT. 

The overlap between the AgNOR 
rallges ill JifferenL lUlllors call be; ex-

AgNORs in nucleii are not counted in 
311m sections. Some AgNORs may have 
been missed in the 3 11m sections, espe
cially in the malignant and high grade 
tumors where the nuclei were large and 
multiple small AgNORs were present. 

The argyrophilic staining of AgNOR 
is not a method for demonstrating the 
nucleolus, but rather a technique to de
monstrate its substructures in such a 
way as to allow study of their shape 
and number. Although the evaluation of 
AgNOR stains are time consuming, it 
appears to be of value in differentiating 
between salivary gland neoplasms. 

Acknowledgments - The authors wish to 
thank Mrs. C. S. BEGEMANN for secretarial 
services, Mrs. R. VORSTER for technical assis
tance and Miss 1. 1. HOPE, Audio Visual 
Department of the Medical Univeristy of 
Southern Africa for photographic services. 

References 

I. 	CROCKER J. Nucleolar organiser regions. 
In: UNDERWOOD J C E, ed. Currel1llopics 
ill pa/hology. New York: Springer-Verlag, 
1990: 92-143. 

2. 	 A'IO~YMOUS. NORs - a new method for 
the pathologist. Lancel 1987; 1: 1413-4. 

3. 	 PLOTON D, MENAGER M, JEANNESSON P, 
HIMBERG G, PIGEON f, ADNET J J. Im
provement in the staining and in the visu
alization of the argyrophilic proteins of 
the nucleolar organizer region at the op
tical ievel. Hislochem J 1986; 18: 5-14. 

4. 	 SURESH U R, CHAWNER J, BUCKLEY C H, 
fox H. Do Agnor counts renect cellular 
ploidy or cellular proliferation? A Study 
of trophoblastic tissue. J Fa/hal 1990; 
160: 213-5. 

5. 	 CROCKER J, NAR P. Nucleolar organizer 
regions in lymphomas. J Fa/hoi 1987; 
151: 111-8. 

6. 	 MACKIE R M, WHlTE S I, SEYWRIGHT M 
M, YOUNG H. An assessment of the value 
of AgNOR staining in the identification 
of dysplastic and other borderline mela
nocytic naevi. Br J DermalOl 1989; )20: 
511-6. 

7. 	 SMITH R, CROCKER J. Evaluation of nu
cleola r orga nizer region-associated 
proteins in breast malignancy. HislOpa
lhology 1988; 12: 221-3. 

8. 	 ROSA J, MEHTA A, fILlPE M I. Nucleolar 
organizer regions in gastric carcinoma 
and its precursor stages. Hislopalhologr 
1990; 16: 265-9. 

9. 	 CROCKER J, SKILBECK N. Nucleolar orga
nizer region associated proteins in cuta
neous melanotic lesions: a quantitive 
study. J Clin Falhol 1987; 40: 885-9. 

10. 	 MORGAN D W, CROCKER J, WATTS A, 
SHEr,OI P M. Salivary gland tumours 
studied by means of the AgNOR tech
Iliyue. HISlUpuliwiugy 1965, 13: 553-9. 

 
 
 



222 
AgNORs in salivary gland fumors 295 

II. 	MATSUMURA K, SASA KI K, TSUJI T, SHi
I\OZAKI F. The nucleolar organizer re
gions associated protein (Ag<"ORs) in 
sal ivary gland tumors. 111 1 J Orollvlaxil
lafae Surg 1989; 18: 76-8. 

12 . UI\DE RWOO DJ C R, GIRl D D. Nucleo lar 
orga nizer regions as diagnostic discrimi
nan ts for malignancy. J Palho/1988; 155 
95-6. 

13 . HALL P A, CROCKER J, WATTS A, STA,\S 
FIELD A G. A comparison of nucleolar 
organizer region staining and Ki-67 im
munostaining in non-Hodgkin's lympho
ma. HislOpoLl1OIogy 1988; 12: 373-81. 

14. 	 GERDES J. SCHWAB U , LEMKE H, STEIl' 
H. Production of a m0use monoclonal 
ant ibody rea ~t i ve with a human nuclea r 
antigen associated with cdl proliferation. 
111 1 J Cancer 1983; 31: 13- 20. 

IS. 	 E VA"S H L. BATSA KIS J G. Pol ymor
phous low-grade adenoca rcinoma of mi
nor sa li va ry glands. Cancer 1984; 53: 
935--4~. 

16. ABERLE A M, ABRAMS A M, BOWE R, 
MELROSE R J, HA .... DLERS J P. Lobular 
(polymorphous low-grade) carcinoma of 
minor salivary glands. Oral Surg Oral 
ivIed Oral Pa/hal 1985; 60: 387-94 . 

17. HAMPER K, LAZARF, DIETELM el u!. Prog
nostic factors for ad enoid cystic carcino
ma of the head and neck : a retrospective 
evaluation of 96 cases. J Oral Pathol 
ivIed 1990; 19 101-7. 

18 . SEtFERT G, MIEHLKE A, HALIlKICH J, 
CHILLA R, eds. Diseases uf (/II! salimr." 
glands. Stuttgart: Geo rg Thieme Verlag, 
1986 182-94. 

19. 	 CHAL M NY, RADDE" B G. A clinico
pathological study of 53 int ra-ora l pleo
morphic adenomas. In! J Oral Ma.\il/o
fitC Surg 1989; 18 158-62. 

 
 
 



The relationship between Nucleolar 223 
Organiser Regions and DNA content ln Salivary 
Gland Neoplasms 

W.F.P. VAN HEERDEN 1
, E.]. RAUBENHEIMERI, R. LE ROUX2 


IDepartments of Oral Pathology and Oral Biology, and 2Anatomical Pathology, Medunsa . 


.J 

Abstract 
Thirty·three intraoral salivary gland neoplasms were 
evaluated to determine the proliferative index ( + G 2M 
fraction) and ploidy status and to correlate these findings 
with the nucleolar organiser regions (NOR) counts. Formalin 
fixed , paraffin-embedded tissue was used in all the cases. 
The mean proliferative index for each tumour was calculated 
as follows: pleomorphic adenoma (n = 11) 4 .1; polymor· 
phous low grade adenocarcinoma (n = 8) 6.8 ; adenoid cystic 
carcinoma (n = 3) 6,7; mucoepidermoid (~r,(i nom:l (n = 4) 
7.3; carcinoma ex pleomorphic adenoma (n = 3) 5. 1; undif
ferentiated carcinoma (n = 1) 4.5 and epithelial-myoepithe
lial carcinoma (n = 1) 8.2. Three tumours, rwo adenoid cystic 
carcinomas and one carcinoma ex pleomorphic adenoma 
showed aneuploid stemlines. 

Although a positive correlation between the AgNOR 
count and proliferative index of the salivary gland neoplasms 
was found, it was statistically not significant. 

Introduction 
Nucleolar organiser regions (NORs) are collections of nucleo
lar proteins associated with ribosomal genes that can be 
demonstrated in histologic sections using a silver staining 
technique (AgNOR)'1). This technique is based on the 
argyrophylia of the NOR-associated proteins(2) . NORs are 
located on the short arms of the five acrocentric chromo
somes 13, 14, 15,21 and 22. The known NOl(s are RNA 
polymerase I, nucleolin, B23, lOOK and 80K protein(l). 
Their function is uncertain but a role in rDNA transcription 
is postulated. The quantification of AgNORs in histologic 
sections has been used as a diagnostic aid in distinguishing 
between benign and malignant tumours of various 
origins() - 6) 

DNA content can be determined by flow cytometry by 
using fluorescent dyes that bind stoichiometrically to 
DNA(7), The fluorescence intensity emitted by each 
nucleus through laser excitation is directly proportional to 

the DNA content of the cell(7). The cell cycle is divided 
according to the amount of DNA in the nucleus at a particu
lar time . Nuclei of cycling cells in the pre synthesis or G 1 
phase has a diploid or 2N amount of DNA. When the cells 
start to duplicate their DNA they have an intermediate 
amount of DNA berween 2N and 4N. This phase is referred 
to as the synthesis phase (S-phase) and is of variable 
duration. After completion of the S-phase the cells enter 
the POSt synthesis phase (G2 phase) in which they have a 
4N amount of DNA. The cells finally enter the mitOtic 
phase (M-phase) and divide, whereafter they return to the 
G 1 phase or enter a resting (GO phase) . In flow cytOmetry, 
cells in the Go and G 1 phases cannot be distinguished ftom 
each other, as they all have 2N DNA content. The same 
implies to cells in the G2 and M phases with a 4N DNA 
content (Figure 1). 

The association between aneuploidy and· aggressive 
tumour behaviour has been established for neoplasms from 
various sites(8 - 10). The proliferation rate as defined by the 
S-phase fraction has also been used as a prognostic factor 
in adenoid cystic carcinomas of the head and neck(ll), 
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Figure 1: Schematic representation of the relationship 
between DNA changes during the cell cycle andDNA histo
gram by flow cytometry. GO represents the resting cells not 
taking part in the cell cycle. 

The reason for different quantities of AgNORs in nuclei 
is uncertain. The relationship between the AgNOR count 
and cellular activity has been demonstrated by Crocker and 
Nar(3). Suresh et al however, have shown that AgNOR 
countS in non-neoplastic trophoblastic tissue are a reflection 
of ploidy rather than cell ptoliferation(l2). Tht purpose of 
this study was to determine the proliferative index and the 
ploidy status of minor salivary gland neoplasms and to 
correlate these findings with the AgNOR COUntS previously 
evaluated in the same tumours. 

Materials and Method 
Formalin fixed, paraffin embedded tissue from thirty-three 
intraoral salivary gland neoplasms, all included in a previous 
study where the AgNOR countS were evaluated(IJ) were 
retrieved . The tissue samples had all been fixed in 10% 
formalin and processed to paraffin wax . Sections were cu t 
at 3cm thickness and dewaxed . The AgNOR solution com
prised 2 % gelatin in 1 % formic acid that was mixed in a 
proportion of 1:2 volumes with 50% aqueous silver nitrate . 
This was immediately poured over the tissue sections and 
left for 30 min at room temperature. Counter staining was 
not performed. The AgNOR stained sections were examined 
under a IOOx oil immersion lens and intranucleur dots were 
counted in 200 randomly selected nuclei using an eyepiece 
graticule to prevent recounting. Nuclei of overlapping 
tumour cells were not included. Nucleolar clusters were 
counted as a single AgNOR and no attempt was made to 

resolve the clusters into their discernible number of descrete 
dots . The mean number of AgNOR dots per nucleus was 
determined for each specimen. Eleven were diagnosed as 
pleC'morph i( adenomas (PA) , ('ight as po.lym()rpholls low 
grade adenocarcinomas (PLA), five as adenoid cystic carci
nomas (ACC), four as mucoepidermoid carcinomas (MEC), 
three as carcinoma ex pleomorphic adenoma, one as an 
undifferentiated carcinoma and one as an epithelial 
myoepithelial carcinoma. Four 50J.lfI1 sections from each 
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paraffin embedded block were cut and prepared for flow 
cytometry according to the Hedley method using a 0,5% 
pepsin solution(J4). The final cell suspension was passed 
through a 35nm mesh and the cell concentration established 
by means of a Coulter counter (Model FZ, Coulter Elec
tronics , H.ialeah , F1) . The cell concentration was adjusted 
to ± 2.0x106 cellslml. The nuclei were stained with 
Propidium Iodide using a Coulter DNA Prep system, 
according to the manufacturers instructions . The cells were 
then analysed on an Epics Elite flow cytometer (Coulter 
Electronics, Hialeah, F1) which had been calibrated with 
chicken red blood cells and DNA check beads. The Elite 
was operated at 15 mWand emitted an Argon ion laser at 
488nm. The date rate varied between 20 - 200 events I 
second and 10 000 - 20 000 events were collected on a single 
parameter histogram. All data was collected in listmode 
fashion and the DNA histograms were analysed using Multi
cycle DNA analysis software program (Phoenix Flow 
Systems, San Diego, CA). 

By convention, when using paraffin embedded tissue, the 
first peak w~s considered to be the normal DNA diploid 
peak representing the GOG1 phase of the cycle. DNA 
aneuploidy was reponed when at least 2 separate GO/GI 
peaks could be demonsuated. The coefficient of variation 
(CV) was calculated using the width of the peak (number 
of channels) at 61 % of the maximum peak height divided 
by the peak height channel number, multiplied by a factor 
of 2. 

The proliferative index (PI) was defined as the percentage 
of cells in the S + G2M phases combined. The correlation 
between rhe AgNOR count and PI were analysed using the 
Pearson's method while the Mann-Whitney Test was used 
to compare the PI between benign and malignant salivary 
gland neoplasms . 

Results 
Three tumours had aneuploid stemlines. Two were adenoid 
cystic carcinomas and the other was a carcinoma ex 
pleomorphic adenoma (Figure 2). The predominant growth 
pattern in the ACC were cribriform and tubular/trabecular 
respectively. Their AgNOR counts were 4.29 and 3.01 
(Figure 3). The AgNOR count for the carcinoma ex PA was 
2.37. Diploid stemlines were present in the remaining 30 
neoplasms (Figure 4). The mean CV of the flow cytometry 

;j / 
~ 
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~esults were 3.96 ± 3.1 (SO). The proliferative index and 
AgNOR countS of the diploid tumours are summarised in 
Table 1. 

A positive correlation between the mean PI and mean 
AgNOR counts in the various neoplasms were found. This 
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Figure 2: DNA histogram ofan adenoid cystic carcinoma 
showing aneuploidy . o 
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Figure 4: Diplozd DNA histogram from a pleomorphic 
adenoma. 

Figure 3: AgNOR stain of a 
cn'bnform adenoid cystic carci
noma with an aneuploid DNA .. 
content. Onginal magnifica
tion, x 400. 
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'. 	 TABLE I: cell cycle can be determined with flow cyromerry and
The Pl and AgNOR (OUn( of (he' diploid salivary sltlnd nC'opl:t.~m~ 

PA PLA ACe MEC (2 ex PA UndilT Ca EPI immunohisrochemical techniques using anribodies against 
PI 4.1: 1.\ G.8 : ) . .! G.7:l.)j 7.J: I.J '>.1 ~ S.<l 4. j proliferating cell nuclear antigen (PCNA) as well as Ki-67,R.2
AgNOR 1.48 ! O.J 1.8) :O.J 2.28:0.7 1.9J! 0 ) I.GO! 0.3 J.13 2.23

II 8 3 2 I a monoclonal anribody that recognises a nuclear antigen I• 
P." - plc-omorphi, :tJen(lmJ . PtA ..." FX'lIYr1lorphou. low grlde :adc(1ucm inom:1: 

,'\CC ~ adenoids c~mi( C'lIl innma: MEC ::: Inll('oc-pidn ll1o id (;II( iool11:1. 

CJ C')I; Po\ =' (:1fcinoma ex pl("ornorrhi c :l.dcnoln:l: Uzulifr (3 '" undirTt'fCnlialnl CJ.(Ci IlOIlU: 


EPI : cpllhC'!i:1I.mY(II:pi lhdi ::l1 curi numa : PI ::: , prolifc:t.llil'(" indo 


correlation however, was statistically not significant 
(P = 0.45). The difference between the mean PI of the 
benign salivary gland neoplasms and the diploid malignant 
salivary gland neoplasms was also not significanr. 

Discussion 
The cell cycle distribution as determined by flow cyrometry 
is usually calculated using commercially available mathe
matical software programs . Corrections are made ro subrract 
background debri which intervene with the various phases 
of tbe cell cycle. Creation of debri by means of tissue 
preparation is a problem especially when using paraffin 
embedded tissue for flow cyromerric analysis. Although 
these corrections have shown ro enhance the prognostic value 
of parricularly the S-phase(II), it must always be borne in 
mind that neoplastic cells might be eliminated as debri. 
Expression of exacr percentages of cells in the various stages 
of cell is rherefore proliferation, a questionable practice. It 
is much more reliable ro use the PI as a rough indicator of 
proliferative activity, especially when evaluating paraffin 
em bedded tissues. 

The number of aneuploid rumours (n = 3) in the present 
srudy was tOO small ro make definite commenrs regarding 
its correlation with the AgNOR COunts. It is inreresting ro 
note however, that the two AgNOR counts of the aneuploid 
ACC were the first and third highest count among the 
salivary gland neoplasms. In a study ro evaluate the 
prognostic facrors for ACC, Hamper et al concluded that 
the shorrest survival time was found in patients with rumours 
showing aneuploid DNA contenrs(IG) Forry-two percenr of 
cnese rumours had a predominant cribriform growth 
pattern. This fact correlates with our finding that the mean 
AgNOR counr in ACC did not correspond with the 
histologic growth pattern, a prognostic facror for rumour 
behaviour in ACe. The highest count was presenr in a 
tumour wirh a predominanr cribriform growth pattern. The 
same applied for the flow cyromerric analysis. The two 
aneuploid ACC had more favourable cribriform and rubular 
growth patterns respectively. Luna et al however , found that 
aneuploidy is more frequently presenr in the solid 
pattern(IJ) . This is an indication that the growtb pattern in 
ACC alone is not solely responsible for rumour behaviour. 

The fact rhat only 3 tumours of the sample that included 
22 malignanr neoplasms were aneuploid is probably related 
ro the phenomenon that malignanr salivary gland neoplasms 
generally have a less aggressive behaviour compared ro other 
malignancies. 

A high AgNOR count in neoplasms may be related ro 
an increase in cell ploidy due ro a real increase in the number 
of chromosomes. Since the NORs are presenr only on the 
5 acrocentric chromosomes, it may be possible that these 
chromosomes are not affected in a neoplastic rransformation 
that is accompanied wirh hyperploidy. The NORs are usually 
tightly aggregated in one or twO nueleol) in aceU(18). Proli 
ferative activity may be associated witb nucleolar dissocation 
resulting in spreading of AgNORs through the nucleus . 
This, together with the transcriptional activity may result 
in an increase in the mean AgNOR counr(\8). 

A variety of techniques are available ro determine cellular 
proliferation in hisrological material. Visualisation of the 
NORs by means of a silver staining technique is frequently 
used. The percentage of cells in the S +G2M phases of the 

presenr only in proliferating cells, are some of the more 
advanced methods used. 

This srudy failed ro show a significant relationship 
between the mean PI and mean AgNOR counr of the 
various neoplasms although they were positively correlated. 
Crocker et al found a significant linear correlation between 
the mean AgNOR counr and S-phase fraction of high and 
low grade non Hodgkin's lymphomas, but not between the 
AgNOR COUnt and ploidy status(19). The difference 
between rhe mean PI of the benign and malignant rumours ' 
was not significanr . This is in conrrast ro the highly signi
ficanr difference between the same rumOU(-5 when evaluating 
the mean AgNOR counrs(lJ). From this study it would 
appear that the AgNOR technique, which is fast and in
expensive , may be more suitable ro accurately determine 
the proliferative activity when using paraffin embedded 
[Issues 
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A review of recent developments In the diagnosis of epithelial 

neoplasms of salivary gland origin 

E. J. R\UBEi\HWfF.:R", 'V.F.P. VAN H F.:EfWE:\" 

Abstract The adoption by the World Health 01'
gani1.ation o[ a revised classifica tion for salivary 
gland neoplasms has intl:oducecl a new chapter ill 
the diagnos is of these diverse growths. Ullivel'sal ac
ceptance of this proposa l will contribute significant
ly to diagnostic uniformity. The introduction of an 
outline [01' the grading of malignant sa liYary gland 
neoplasms b enefit preoperatiYe prognostication and 

Introduction 

Although salivary glands share s imilar cellular 
phenotypes wi th sweat glands, mammary glands 
a'ld the exocrine pancreas, neoplastic proliferat ions 
in the former are infinitely more complex and, from 
a cellu lar viewpoint, represent the mos t heteroge
nous group of proliferations in the human body. De
spi te recent develop ments in the understanding of 
the histogenesis of salivary gland neoplasms, the di
agnostic process still relies mainly upon growth 
charac teri s tics and cellular morphology. Special la
bora tory investigations like electron microscopy 
and cellular markers form a minor part of the diag
nostic process and often only sub tle microscopic 
differences distinguish neoplasms with diverse 
clinical outcomes. The subjectivity involved in the 
diagnosis of sahvary gland neoplasms is hi ghlighted 
in a recent study where 101 salivary gland neo
plasms were reevaluated by a panel of sen ior pa
thologists . In a third there were minor di sagree
me nts, mostl y related to subclass ifi cat ion, whereas 
major diagreem en ts relating to benign versus malig
nant occurred in 7.9% of cases l

• 
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rationalize thel'apeutic regimes. The utilization of 
fine needle aspiration and frozen section for the es
tablishment of a diagnosis are discollraged. Despite 
rE"cen t developmen ts in his tochemistl·y, illlmllno his
tochemis try and DNA content analyses of salivary 
gland neoplasms, the diagnosis still relies mainly on 
the growth pattern and cytologic features of a tu
mor. (Ellr ] Lab Med 1995;1:107-112). 

The purpose of thi s paper is to give an overview 
of recent developm ents in the diagnosis of salivary 
gland neoplasms . 

Class ifica tion 

For universal acceptance, a classification of 
pathologic proliferations should be based on pat
terns of differentiation that refle c t the cell types of 
the parental tissue ancl simultaneously group neo
plasms in prognostic ca tegories. The most likable 
class ifi cation of salivary gland neoplasms is the 
morphologic working classification initially pro
posed by the Armed Forces Institute of Pathology2 

(Table I) and lat er adopted by the World Health 
Organization's Committee on salivary gland tumors. 
Although the patterns of differentiation of salival), 
gland neoplasms is not addressed systemati cally in 
this classification, malignant growths are now for 
th e first time prognostically grouped. The diagnos
tic refinement introduced by this new approach is 
clearly evident in a stud y which revised salivary 
gland neopl asms originally diagnosed according to 
the 1972 World Health Organizations classifica
tion'. In 29 cases the original diagnosis was 
changed and in 7 it resulted in a change from be
nign to malignant or vice versa'!, Although the new 
approach to the classification has valuable clinical 
implicati0'l s, ;t i~ hy no mpans C'f)rnrlPfP. Entities 
like the salivary gland anlage tumors, sialoblas to
rna"; and hyalizing clear cell carcinoma8 lack suffi-
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T8hle I. AFlP classification of primary epithelial neoplasms of 
salivary gland origin 

Benign 

Mixed tumor (pleomorphic adenoma) 

Papillary cystadenoma Iymphomatosum (Warthin's tumor) 

Oncocytoma 

Cystadenoma 

Basal cell adenoma 

Ductal papillomas 
- Sial adenoma papilliferum 
- Inverted ductal papilloma 
- Intraductal papilloma 

Myoepithelioma 

Sebaceous adenomas 
- sebaceous adenoma 
- sebaceous lymphadenoma 

Adenoma NOS 

Malignant 

Low-Grade 

Mucoepidermoid carcinoma (low grade) 


Acinic cell adenocarcinoma 


Polymorphous low grade adenocarcinoma 


Basal cell adenocarcinoma 


Adenocarcinoma (NOS) low grade 


Metastasizing mixed tumor 


Intermediate-Grade 

Mucoepidermoid carcinoma (intermediate grade) 


Adenoid cystic carcinoma (cribriform-tubular types) 


Epithelial-myoepithelial carcinoma 


Adenocarcinoma NOS (intermediate grade) 


Clear cell carcinoma 


Cystadenocarcinoma 

- papillary 

- non papillary 


Sebaceous carcinomas 

- sebaceous carcinoma 

- sebaceous lymph adenocarcinoma 


Mucinous adenocarcinoma 

High-Grade 

Mucoepidermoid carcinoma (high grade) 


Adenoid cystic carcinoma (solid) 

Malignant mixed tumor 


- carcinoma ex mixed tumor 

- carcinosarcoma 


Adenocarcinoma NOS (high grade) 


Squamous cell carcinoma 


Undifferentiated carcinoma 


Oncocytic carcinoma 


Adenosquamous carcinoma 


Salivary duct carcinoma 


Myoepithelial carcinoma 


Lienl llUillL -.: l;; [0r ilt~ ~slaLlislllllelll (j[ Lelldviural 
patterns and may only find their way into future re
appraisals of this classification. 
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Terminology 

Arguments on the preferentiability of the des ig
nation "mixed tumor" or the term " pleomorphic 
adenoma" are unproductive and both are now ac
cepted. "Adenolymphoma" as a synonym for papil
lary cystadenoma lymphomatosum should fall in 
disuse because any implication that this benign tu
mor is linked to lymphoma is misleading. Oxyphil 
cell adenoma and oncocy toma are used interchan
gebly. The ambiguous term "monomorphic adeno
ma" has fallen into disuse and all unclassifiable 
adenomas are now proposed to be designated as 
"adenoma, not othen~ise specified". Although 
myoepithelioma is classified as a separate entity, no 
counter argument exists that this neoplasm is in fact 
an extreme diffe rentiation on the diYerse spectrum 
of pleomorphic adenoma. Separate categorization of 
myoepithelioma may however, prevent confusion 
with benign mesenchymal neoplasms, many of 
which resemble myoepitheliomas microscopically. 

The term malignant mixed tumor (or malignant 
pleomorphic adenoma) should not be used as a spe
cific diagnosis as it includes three different entities: 
carcinoma ex mixed tumor (or a carcinoma arising 
in a mixed tumor) , carcinosarcoma (true malignant 
mixed tumor) and metastasizing mixed tumor. The 
suffix-tumor is now replaced by "carcinoma" in two 
neoplasms which are now known to be malignant: 
acinic cell carcinoma and · mucoepicl ennoid carci
noma. A:o refin ements in cln:os ificatio lls pl·()c eed , 
lhe u lilizdt ion of terms like "acienocarcinoma not 
otherwise specified" decrease. Although new clini
co-pathological entities such as salivary duct carci
1I0ma, terminal duct carcinoma and epithelial
myoepithelial carcinoma reduce the frequency by· 
which this calegory is used, there still remain those 
adenocarcinomas which cannot be accommodated 
in other categories. 

Frozen sections and fine needle aspirations 

Frozen sections (FS) and fine needle aspirations 
(FNA) are increasingly accepted as cost effective 
and time saving techniques for the diagnosis of ab
normal body masses. The cellular divers ity which 
may be experienced within a salivary gland neo
plasm dec reases the potential accuracy of all tech
niques which s uffer the disadvantage of not repre
senting all cell types in a neoplastic proliferation. 
The status of invasion is one of the most important 
parameters in predicting the biologic behavior of 
salivary gland neoplasms2

• The small sample ob
tained through FNA precludes the disclosure of this 
illlpuildlll Valdilieler. Sluuies invesligalillg the sell
sitivity and specificity of FNA frequently compare 
its diagnostic accuracy with histological diagnoses 
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based on dated classification systems, most of 
which do not recognize modern r~fineme nl'; in the 
diagnosi s of sali vary gland neoplasms, Fl\A ap
pears to ha ve a hi gh success rate in distingui shi ng 
between benign and malignant salivary gland neo
plasms'}-" . The distinction between benign and ma
lignant in a diagnosis 0 11 which the therapeu ti c ap
proach is decided, is probably equally importan t to 
the grad ing of a spec ifi c malignant growth . In this 
respec t, th e limited sa mple obtained through FNA 
is often inadequate and its results cannot be com 
pared with those obtained through incision biopsy. 
The cy tological atypia frequently present in benign 
salivary gland neoplasms01211 and potential confu
"ion with non-epithelial stromal neoplasms' ! are 
further pitfalls in the interpretation of FNA. Al
though th ere a re unquestionable clinical indica 
tions for FNA, none merit its inclusion as part of th e 
systematic evaluat ion on which the therapeuti c ap
proach is based"'. 

In a series of 310 patients subjected to FS, the 
correct type of malignancy was diagnosed in onl y 
SlO/C of cases and in four patients, a false positive 
diagnosis of malignancy was made. The authors of 
thi s study conclude th at FS is no more accurate in 
the evaluation of sal ivary gland tumors than FNA"'. 
Although there C1re no indica tions against the util
ization of FS for determining clear margins during 
excision , a primary diagnosis should not be es tab
lished on FS alone. 

Grading of sa liva r y gland malignancies 

This aspec t of the diagnosis of malignant neo
plasms is important particularly in the case of mu
coepidenlloicl carci nomas, adenoid cystic carci no
ma and adenocarcinoma whi ch may be class ifi ed in 
more than one grade of malignant behavior. The mi
croscopic criteri a applied for grading are controver
sial and often highly subj ec tive. Auclair, Goode and 
Ellis '; proposed a point scoring system for the ob
jective grading of muco-epidermoicl carcinomas. 
The histopathologic features that indicate high 
grade behavior are an intracys ti c com ponent of less 
than 20%, four or more mitoses per 10 high-power 
field s, neural invasion, necrosis and cellular ana
plasia. Most differences of opinion involve the dis
tinction between lo\\' ancl intermediate gracles and 
their proposed point system may provide a basis for 
an objective solution . Factors that indicate a poor 
prognosis in adenoid cystic carcinomas encompass 
failure of local disease control at the initial surgical 
procedure, a solid pattern histologically, recurrent 
disease and distant metastases". Despite the de
scription of ne',,' clini(,0p~l th o logical pntities likp th p 
salivary duct carc inoma and epithelial myoepithe
lial carcinoma wh ich were formerly grouped in the 

adenocarcinoma "not oth envise specified" category, 
there still remain a group of adenoca rcinomas that 
cannot be accommodated in conventi onal classifi
cations. These malignancies are di vided into low-, 
int ermediate- and high grade ca tegories on growth 
pa tterns and cytologic features". Although his to
pathologic grading of ac inic cell adenocarcinomas 
is possible, the influence of the different grades on 
the prognosis is debateable 'HY ). The limited malig
nant potential and excellent survival of patients 
wi th polymorphous low-grade adenocarcinoma is 
little affected by patterns of differentiation"". 

Histochemistry and immunohistochemistry 

Although hi stochemical and immunohistochemi
ca l tec hniques ha ve played an important role in in
ves tiga ti ons of the hi stogenesis of salivary gland 
neoplasms, their di agnos tic appli ca ti ons are limit
eel. This is mainl y clu e to the \,-ide spec trum of dif
ferentiation ,,-hich may occur within a single sali
vary gland neoplasm, with each gmwth pattern ex
hibiting its own immunohistoc hemical characteris
tics"'-n. Salivary gland neoplasms furthermore often 
share immunohistochemical staining characteris
ti cs with other neoplasms. Positive staining for 
pros tate-specific antigen and prostate-specific acid 
phosphatase are frequently found in benign and 
malignant salivary neoplasms"" a pitfall in the mi
croscopic distinction between sali vary gland carci
nomas and metastatic deposits of prostat ic carcino
ma. Alpha I-antitrypsin is a usefu l marker of base
ment membran e-like materiaP -' and can be helpful 
in dis tingui shing thi s product from myxoid intersti
ti al deposi ts. A potential distraction to the diagnosis 
of myoepithelial tumors of sa livary glands (i.e. 
myoepithelioma and myoepithelial carci noma) is 
confusion with spindle cell mesenchymal prolifera
tions. Demonstration of myoep ithelia l differentia
tion requires careful evaluation of immunohis to
chemical stains. The identificat ion of S100 protein, 
actin and keratin either focally or diffusely, is help
ful in confirming myoepi theli al differentiation26 

• 

Microscopically, myoepitheliomas differentiate 
into three dis tinct cellular patterns: a spindle cell-, 
plasmacytoid- or a combination of plasmacytoid 
and spindle shaped cellular patterns2

• If immuno
histochemical criteria had to be app li ed rigorously, 
it is debateable whether the plasmacytoid variety, 
which is reported to stain negative for muscle spe
cific ac tin, does represent true myoepithelial diffe
rentiation";. 

Confusion between the microscopic appearances 
of polymorphous low grade adenocarcinoma and be
nign pl eomorphic ndenOlY1:l mcl), bp alfo ided hy Pr!l

ploying s tains for glial fibrillary acid ic protein 
(GFAP). The former does not stain for thi s antigen 
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whereas its positivity I S common 10 pleomorphic 
adenomas2B 

• A greater diagnostic dilemma is the 
di stinction between polymorphous low grade adeno
carcinoma and adenoid cystic carcinoma. The irn
munochemical reactions of these two tumors are not 
sufficiently dissimilar to be of any practical valuez'I 
and differences are mainlv cvtological and to a less 
er extent morphological i~ ~atur~. The presence of 
both sex steroids and the receptor for proges teron e 
in adenoid cystic carcino1l!as'" suggests a good pos
sibility that some tumors in thi s group may respond 
to endocrine therapy. 

Various reports propose a useful place for the 
counting of nucleolar organizer regions (NOR's) in 
order to predict the proliferative activity and prog
nosis of malignant salivary gland neoplasrns\! ':u 
and distinguish hetween henign and malignant 
growths '!. Our experience with this technique'; as 
well as those of other researchers 'r, were less re 
warding and we believe this technique provides 
nothing but redundant information. 

Research into the use of cellular markers to pre
dict the behavior of salivary gland tumors is in its in
fan cy. An association is reported between the expres
sion of erbb2 oncoprotei n and aggressiveness of ma
lignant salivary gland tumour5 '~"" . Loss of cellular 
differentiation appears to be linked with under 
expression of the c-fos oncogene'') and evaluation of 
Ki-67 expression"". immunoreactivity for PCl A" and 
c-myc , ras p21 and p53 expression"Z may beco me 
important determinants for malignant behavior. 

DNA content analysis 

The posi ti ve correlation between prognosis and 
ploidy status of malignant neoplas ms is well estab
li shed. Despite the presence of atypical cells in be
nign pleomorphic adenomas, all benign salivary 
gland tumours have diploid DNA contents and the 
malignant ones frequently display an aneuploid 
pat tern"; ". A statistically significan t correlation was 
found between DNA content and tumor size, hi sto
logi cal grade, lymph node metastasis and lethality 
of 55 salivary gland carcinomasH Flow cytometry • 

was however, unable to predict the development of 
metastasis in cases of proven metastasizing mixed 
tumor'6. DNA ploidy was shown to correlate with 
the prognosis of epithelial-myoepithelial carcino
rnal~ myoepithelioma4

!< and muco-epidermoid carci
noma" ). The value of this technique in prognosti cat
ing adenoid cystic carcinomas is debateable i

"" 

whereas no prognostic correlation could be found 
between DNA ploidy and the course of acinic cell 
adenocarcinomasi 2,n . Larger series will shed more 
.light on thp m;pflllnp<;<; of nN A rontent (1'lAly"j" in 
the prediction of the behavior of salivary gland tu
mors. 
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High-resolution DNA flow 
cytometry in papillary 
cystadenoma 
Iymphomatosum 
(Warthin's tumour) 
Hemmer J. van Heerden WFP, Polackova J, Kraft K: High-resolution DNA flow 
cytometry in papillary cystadenoma lymphomatosum (Warthin's tumour). J Oral 
Pathol Med 1998; 27: 405-6. © Munksgaard, 1998. 

Twenty-eight examples of papillary cystadenoma Iymphomatosum (Warthin's tu
mour) of the parotid gland were analysed by high-resolution DNA flow cyto
metry. The mean coefficient of variation was found to be 1.19% (SO: 0.41). All 
tumours were DNA diploid. These results did not correspond with expected 'devia
tions based on published chromosomal studies. Also, the homogeneously low S
phase fractions (mean: 4.8%; so: 2.7) found did not support the hypothesis of 
etiologically distinctive subgroups in these tumours. 

Papillary cystadenoma lymphoma to
sum (PCL) is a benign neoplastic tu
mour involving mainly the parotid 
gland of elderly patients. The lesion is 
characterised by a combination of 
lymphoid tissue with double-layered ep
ithelial cells consisting of outer colum
nar cells with an eosinophilic cytoplasm 
and a more cuboidal inner layer, lining 
the cystic spaces (I). The pathogenesis 
of PCL is controversial concerning the 
origin of both the lymphoid tissue and 
epithelium (I). 

Cytogenetic studies on PCLs have 
identified three groups of epithelial cells 
with different karyotypic patterns: 
namely, one without any changes, a sec
ond group characterised by gains and 
losses of chromosomes, and a third 
showing structural chromosomal aber
rations (2-4). These results suggest the 
existence of etiologically different sub
groups of PCL. This study was under
taken to evaluate the contribution of 
high-resolution DNA flow cytometry to 
the cytogenetic analysis of PCL. 

Material and methods 

Fresh surgical samples of 28 PCLs were 
immediately processed for DNA flow 
cytometry. The tumour samples were 
homogenised in 0.9% NaCl. The nuclei 
were extracted by incubation in acid 
pepsin solution (0.5 g pepsin dissolved 
in 100 ml of 0.05 N HCl) at room tem
perature with careful stirring for 5 min. 
Remaining tissue fragments were re
moved using a 50 ~m nylon mesh. The 
nuclei were fixed with 70% ethanol and 
stored at -20°e. For DNA-specific 
staining, the pelleted nuclei were re
suspended in 0.5 ml acid pepsin solu
tion. After 10 min incubation at room 
temperature, 4.5 ml of 5 ~lM DAPI so
lution (4 ' ,6-diamidino-phenylindole) 
containing 0.2 M trisodium citrate di
hydrate was added. DNA flow cyto
metry was carried out using a PAS III 
flow cytometer equipped with a high
pressure 100 W mercury lamp (Partec; 
Muenster, Germany). The filter combi
nation used was a UG 1 excitation fil-
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ter, a TK 420 dichroic mirror and a GG 
435 barrier filter. Human lymphocytes 
were added in a control measurement to 
confirm the DNA ploidy status of the 
sample cells. The cell cycle phase distri
bution was analysed using the Multi
Cycle software package (Phoenix Flow 
Systems, San Diego, CA, USA). 

Results 

Twelve patients were men and sixteen 
were women; their ages ranged between 
34 and 89 years , with a median of 67 
years. All 28 PCLs were localised uni
laterally. High-resolution DNA flow 
cytometry showed that all cases of PCL 
in this study consisted exclusively of 
flow cytometrically diploid cells (Fig. 
I). The coefficient of variation, a mea
sure of the sensitivity of DNA measure
ments, varied between 0.72% and 
2.14%, with a mean value of 1.31 % (SO: 
0.42). The S-phase fractions ranged be
tween 0.2% and 8.7%, with a mean val
ue of 4.8% (SO: 2.7). 
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relative DNA content 
Fig. 1. Representative DNA histogram of a 
PCL. The diploid G I and GO celJs are re
flected by the first peak. The second peak 
with just double the Gl-GO DNA content 
contains the cells in the G2 phase and mito
sis . Cei' s in the S phase characterised by in
termediate DNA values are displayed be
tween both peaks. 

Discussion 

DNA flow cytometry allows rapid and 
reliable identil1cation of tumour cell 
lines with karyotype aberrations, pro
vided the cytogenetic abnormalities re
sult in a measurable change of the 
nuclea r DNA content. A 3% difference 
in DNA content as reflected by the 
discrimination of x- and y-chromo
some-bearing sperm cells is attainable 
with high-resolution flow cytometry (5). 
The sensitivity achieved through this 
technique in the present series of peLs 
allows for the detection of tumour cell 
lines with karyotype abemitions re
sulting in a 2--4% deviation of the clonal 

DNA content from the normal diploid 
DNA value. Thus, even the gain or loss 
of a single chromosome 5, as was re
cently reported for a number of pels 
(2,4) , should be detectable by high-res
olution flow cytometry. 

No evidence of aneuploid tumour 
cell populations that correspond to ex
pected deviations based on published 
chromosomal studies was found in the 
present series. This result agrees with 
two other studies on five and four 
peLs, respectively (6, 7). DNA content 
heterogeneity could not be demon
strated by flow cytometry of multiple 
samples collected from 4 peLs (7). Re
ports on numerical chromosome 
changes in PCl may therefore reflect 
the well-known problem of karyotypic 
changes due to cell culture artefacts 
rather than the. existence of gross 
karyotype aberrations in peL in l'ivo 

(8). 
Even if translocations have success

full y been identified by high-resolution 
DNA flow cytometry (9), structural 
chromosome rearrangements that have 
been reported in a significant number 
of peLs (2-4, 10) remain unproved in 
the present flow cytometric study. 
Although highly specific rearrange
ments involving a few chromosomal 
regions have been reported in pleo
morphic adenomas (3, 11), the limited 
cytogenetic data available on peLs is 
not supportive enough for such events 
in these tumours. However, a homoge
neously low proliferative activity as as
sessed in the present series, reduced 
p53 protein expression reported for 
five cases (12), and lack of c-erbB-2 
oncoprotein expression in 31 other tu
mours (13) do not support the hypo
thesis of the existence of cytogenetical
ly distinctive subgroups of peL. 
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Abstract. Background: The histogenesis of Warthin '5 

tumour (WT) is controversial. A possible role for Epstein- . 
Barr virus (EBV) has been suggested. Materials and 
Methods: Twenty formaldehyde-fixed, paraffin-embedded 
blocks of WT from the parotid gland were examined for the 
presence of EBV. in situ hybridisation was pelformed using 
EBV encoded small nuclear RNAs (EBERi/2) probes 
labelled with fluorescein isothiocyanate. An EBV-positive 
P3HR-I cell line processed to paraffin wax was used as a 
positive control and a brain section as negative contro/. 
Results: EBER1I2 could not be found in the neoplastic 
epithelial cells in any of the lUmours nor in th e adjacent 
normal parotid tissues. individual positive lymphocytes were 
present in 7 tumours. Conclusions: These results indicated 
that EBV is not involved in the pathogenesis of WT. 

Warthin's tumour (WT) is a benign epithelial neoplasm of 
major salivary glands with a characteristically male 
preponderance. WTs are almost exclusively located in the 
parotid glands and may present as single, bilateral or 
multiple lesions (1). Histologically, WT consists of a 
double layer oncocytic epithelium with papillary structures 
lining cystic spaces, associated with a lymphoid stroma . 
The ratio of lymphoid stroma to epithelium varies widely 
and has been used by Seifert et al (2) to cl assify these 
tumours into subtypes. 

The histogenesis of WT is controversial. The 
heterotopic theory suggests that the epithelial component 
of these tumours represents entrapped salivary gland 
epithelium in salivary gland associated lymph nodes (3). 
According to the immune theory, the lymphoid cells 

COlTespondence to: Prof W.F.P. van Heerden, Department of 
Oral Pathology and Oral Biology, University of Pretoria, P.O. 
Box 1266, Pretoria 000 1, South Africa. 

Key Words: Warthin 's tumour, Epstein-Barr virus, salivary gland 
neop lasms. 

represent a secondary lymphocytic response to epithelial 
changes or stimuli (4). Epstein-Barr virus (EBV) has been 
implicated in the pathogenesis of WT, especially the 
lymphoid component (5). It has been suggested that 
release of EBV gene products or cytokines, particularly 
interferon-gamma, by infected cells. may activate 
lymphoid tissue to result in a polyclonal B-cell response 
(6). 

Epstein Barr virus (EBV) is a double stranded DNA 
virus. It causes widespread infection and was found to be 
the aetiologic agent of infectious mononucleosis (7), 
endemic Burkitt 's lymphoma (8) , undifferentiated 
nasopharyngeal carcinoma (9) and EBV-induced disorders 
in immunodeficient patients (10) . An association of other 
epithelial tumours with EBV has recently been suggested 
on the basis of molecular biological techniques. The 
presence of EBV DNA in tonsilar carcinomas (11). gastric 
carcinomas (12) epithelial thymic carcinomas (13) and 
undifferentiated salivary gland carcinomas (14) has been 
reported. 

In the present study, biopsy specimens of 20 patients 
with solitary WT were screened for the presence of EBV 
using RNA in situ hybridisation (ISH). 

Materials and Methods 

Twenty cases diagnosed as WT were retrieved from the file s of the 
Department of Pathol ogy, Milit ary Hospit a l of Ulm, Germany. 
Sections were cut from these formaldehyde-fixed , paraffin
embedded blocks and reviewed to subclassify the tumours in the 
different groups defined by Seifert er al (2): predominanty epithelial 
« 30% lymphoid component): predominantly lymphoid (> 70% 
lymphoid component): typica l (50% lymphoid component) and 
metaplastic (extensive squamous metaplasia). 

To detect expression of th e EBV-encoded small nuclear RNAs 
(EBER-I and EBER-2), lSH with fluorescein-conjugated 
oligonucleotide probes was used. The probes were obtained 
commercially and consisted of a mixture of both EBER-l and 
EBER-2 (Novocostra, Newcast le upon Tyne, UK). Probes were 
labelled with fluorescein iso thiocvanate (FITC). Detection of 
hyb ridi sed probe was done with rabbit F(ab') anti-FITC conjugated 
to alkaline phos phatase. All glassware was treated with DE PC (di
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ethyl pyrocarbonnte) to prevent RNAase ac ti vi ty. The ISH was done 
using the OmniSlide System (Hyba id , Teddington, Middlesex, 
United Kingdom ). 

Formaldehyde-fixed tissue sec tions were cut 4!lm thick and twice 
dewaxed in xy le ne fo r 3 min . The sectio ns were dehydrated in 99 % 
a lcohol for 2 min followed by dehydration in 9S% alcohol for 2 min 
whereafter they were twice immersed in pure water for 3 min and air 
dried. Slides were th en placed on an incubation tray and covered 
with Proteinase K (Dako Corporation, Glostrup, Denmark). Eighty 
ml Proteinase K was diluted with 2ml O.OSM Tris-HCI pH 7.S to 7.7 
and digestion was performed for 6min at room temperature , Sections 
were washed in distill ed H20, followed by DEPC treated water and 
th en dehydrated in graded alcoho ls. The sections were put in the 
Omnislide slide rack and a ir ·dried. Twenty [II of probe hybridisa tion 
solution was added to the sections on the slides a nd the sec tions 
covered wi th cove rslips. The slides were then incubated at 37"C for 
two hours, The coverslips were removed in a O.I O/C Triton X·IOO 
solution and the slides we re then immersed in post hybri disa ti on 
so lution for 10 min. The post hybr idisation solution was tipped off 
and sections in cubated with suffic ient anti·FlTC AP detection 
so lution for 30 min at room tempera ture in the dark. 

Slides were then washed twice in TBS buffer for 3 min each and 
followed by a Smin wash in alka line phosphate substrate buffer. Th e 
slides were again placed in an incubation tray and th e alkali'ne 
phosphates activity was demonstrated by covering the sections with 
100ml of substrate solution. The sections were coverslipped and 
incubated overnight at room temperatu re in the dark. Slides were 
then washed in running tap wate r for 5 min , counterstained with 
Mayer's heamat oxyli n for I min , blued in tap water for 5 min and 
mounted in an aqueous mountant (Dako Corporation, Glostrup, 
Denmark) 

Sections of an EBY-positi ve P3HR-I cell line processed to 
paraffin wax were used as positive con trol. A brain section served as 
negative control. Positive signals were regarded as dark brown to 
black staining concentrated in the nuclear area of the tumour cells 
with nucleolar sparing. 

Results 

All the tumours were in the parotid gland, Eighteen 
patients were male and the mean age of all the patients 
were 61.2 years (± 11.2) . Based on the classification of 
Seifert et af (2), there were 11 cases (55%) classified as 
typical, 5 (25 %) as predominantly epithelial and 4 (20 %) 
as predominantly lymphoid. 

The EBY-positive P3HR-1 cell line that was used as 
positive control stained intensely positive in all cases. 
Brain blocks used as a negative control demonstrated no 
hybridisation signal. EBER1/2 could not be found in the 
neoplastic epithelial cells in any of the tumours, Adjacent 
normal parotid tissues were also negative in all the cases, 
Individual positive lymphocy tes were present in 7 tumours, 
No background staining could be seen on any slide. 

Discussion 

EBY DNA sequences have been detected by Santucci and 
co-workers in almost all epithelial tumour cells in 13115 
(86,7%) multiple or bilateral and in 1/6 (16,7%) solitary 
\VT's (15). The sat1l~ detection methods were used by 

Wolvius el af (16) who found similar signals, but suggested 
that the positive cytoplasmic staining may be the result of 
non-specific binding of the labelled probe, because by 
using irrelevant probes, similar staining results were 
found, Similar to the present study, Wolvius et af (16) 
were also unable to demonstrate any positive EBER-1/2 
epithelial cells in their 10 cases of WT studied. Ogata et al 
(17), likewise, found neoplastic epithelial cells of WT 
negative for EBERl probes using ISH. Similar to the 
present study, isolated stromal lymphocytes were positive 
in some of their tumours. 

EBY DNA has been demonstrated in both the epithelial 
and lymphoid component of WT, Demonstration of EBY 
DNA on its own is, however , not sufficient to distinguish 
between latent and lytic viral infection, Demonstration of 
EBY DNA in WT using polymerase chain reaction (PCR) 
cannot be used as an indication of viral infection because 
circulating, EBY-carrying lymphocytes are found in non 
neoplastic lymphoid tissues (18), Furthermore, the source 
of viral DNA detected with PCR cannot be determined 
unequivocally, because DNA extracts from heterogenous 
cell populations are analysed. 

In situ hybridisation is the method of choice to evalu ate 
EBY involvement in WT, because the distribution and 
nature of positive cells can be determined, This is 
important, especially in tumours consisting of different 
cell types, 

EBERs are the most ab undantly expressed viral 
transcripts found in EBY infected cells and may be 
present at 107 copies per ce ll (19), Despi'e their 
abundance , they do not code for protein and their 
function is unknown, although it has been proposed that 
they may be active during lytic replication, EBERs are 
expressed early after infection and reach substantial levels 
70 hr after infection, (20). EBER transcripts are 
appropriate targets for ISH . Firstly, they exist as 
ribonucleoproteins complexed with the cellular protein La 
with extensive intramolecular base pairing and stable 
secondary structure (21, 22), As such, they may be more 
resistant to nuclease degradation than other transcripts 
and thus may especially useful in the investigation of 
routinely prepared formalin-fixed paraffin-embedded 
clinical specimens (23), Secondly, their abundance in 
latently infected cells suggests that their high copy number 
might compensate for any loss of sensitivity because of 
their small size, 

Based on morphometric analysis evaluating the 
lymphoid component and cystic spaces together with the 
clinicopathologic data, Aguirre and co-workers (24) 
suggested a model of progression based on the subtypes of 
WT used by Seifert et af (2), According to their model , 
most cases of WT originate as a consequence of an 
unknown stimulus within the parotid lymph nodes 
resulting in a predominantly epithelial component as 
in itial prcscnt:ltion. They further sugges t th~t gro\\'th of 
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WI's occur because of lymphoid proliferation with 
subsequent development of the classical subtype to the 
predominantly lymphoid subtype. Tobacco or viruses have 
been suggested as potential initial stimuli (24). 

Although this study did not prove any theory regarding 
the histogenesis of WT to be correct, it has demonstrated 
that EBV is not involved in the pathogenenesis of WT in 
the population sample studied. Other authors using the 
same methodology reached similar conclusions (16,17). 
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Intraoral Salivary Duct Carcinoma: 
A Report of 5 Cases 
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Salivary duct carcinoma (SOC) is a high-grade ma
lignant epithelial tumor of salivary glands first de
scribed by Kleinsasser et al.I It has also been 
termed cribriform salivary carcinoma of excretory 
ducts,2 infiltrating salivary duct carcinoma,3 and 
intraductal carcinoma. 4 SOC has a poor progno
sis ,2,5,6 although patients with prolonged disease
free survival have been reported, 2,5 low-grade vari
ants of SOC have also been described7 ,8 

The peak incidence of SDCs is in the sL'(th and 
seventh decades of life, and it has a male predomi
nance. 6,9 This neoplasm has a striking resemblance to 
ductal breast carcinoma and is characterized by the 
presence of intraductal, circumscribed tumor islands 
with a papillary, cribriform, or solid growth pattern 
associated with an infiltrative component. Comedo
necrosis is frequently present. 

SDCs occur almost exclusively in the major salivary 
glands with the parotid gland predominantly af
fected. lo Only isolated cases involving minor salivary 
glands have been reported.1,8, 11-18 In this study, we 
report the clinicopathologic and immunohistochemi
cal features of 5 cases of intraoral SOc. The DNA 
ploidy status of these tumors was also studied. 
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Materials and Methods 

Malignant intraoral salivary gland tumors diagnosed 
at the Departments of Oral Pathology at the University 
of Pretoria and Medical University of Southern Africa 
were reviewed. Four cases of SOC were incll\ded 
while an additional case was reclassified as an SOC 
according to the criteria of the World Health Organi
zation.19 Clinical and follow-up information was ob
tained from the patients' files and supplemented by 
communication with the referring practitioners or 
clinics and immediate family members. All the speci
mens were fixed in 10% buffered formalin , and the 
histologic features were evaluated by reviewing all 
the sections stained with hematoxylin and eosin. Ad
ditional slides of paraffin blocks were prepared for 
immunohistochemical analysis using the standard avi
din-biotin peroxidase method . A panel of commer
cially available antibodies with appropriate controls 
w"s used (fable 1). The extent of immunohistochem
ical staining was evaluated and scored as + 0 % to 9% 
of tumor cells), + + 00% to 50% of tumor cells) , and 
+ + + (> 50% of tumor cells). Staining intensity was 
not evaluated. 

Flow cytometry was performed on 50 /-Lm sec
tions of the formalin-fixed paraffin-embedded tumor 
blocks. Tissue was processed according to the modi
fied method described by Heiden et al. 20 The sections 
were enfolded with 50-/-Lm nylon mesh and deparaf
finized in xylene, hydrated in graded alcohols, and 
digested with Carlsberg solution. The nuclei were 
stained with OAPI solution (4' ,6-diamidino-phenylin
dole) containing 0 .2 M trisodium citrate dihydrate, 
and at least 10,000 events from each case were ana
lyzed using a PAS III flow cytometer equipped with a 
high-pressure 100-W mercury lamp (partec , Mi.inster, 
Germany). 

Results 

The patients ranged in age from 47 to 71 years 
(mean age, 58.2 years). Two were female and 3 were 
male. All of the tumors were located in the palate and 
ranged in size from 5 to 14 cm. The tumors presented 
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Table 1. SPECIFICATIONS OF ANTIBODIES USED 

Antibody Source Dilution Antigen Retrieval Detection 

High-molecular-weight cytokeratin DAKO (34BE12) Prediluted DAKO LSAB2 
a-Smooth muscle actin DAKO (lA4) Prediluted None DAKO LSAB2 
Vimentin DAKO (V9) Prediluted None DAKO LSAB2 
Anti-S-lOOA DAKO Prediluted DAKO LSA132 

'Microwave pressure cooker in citric buffer. pH 6.0. 

as painful masses (Figs 1 through 3). No association 
with the parotid gland could be shown in any case 
using computed tomography investigation (Fig 4). 
The possibility of metastasis from an intraductal 
breast carcinoma was also excluded. Clinical evi
dence of regional lymph node metastasis was present 
in 2 cases. Three patients refused any form of treat
ment and were subsequently lost to follow-up. No 
information could be obtained from the referring clin
ics. One patient was treated with radical resection 
and is currently receiving postoperative radiotherapy. 
The clinicopathologic findings are summarized in Ta
ble 2. 

Microscopically, all tumors consisted of an intra
ductal component with a predominantly cribriform 
pattern and central comedonecrosis (Fig 5). Infiltrat
ing tumor islands, in a trabecular and cribriform pat
tern, in a stroma that varied from cellular Co regions of 
hyalinization were also present in all 4 cases (Fig 6). 
The tumor cells had well-defined cell borders with 
eosinophilic cytoplasm and vesicular nuclei. Mitotic 
activity varied from moderate to high (Fig 7). The 
immunohistochemical results are shown in Table 3. 

Flow cytometry analysis showed 4 tumors to be 
aneuploid (Fig 8) and one diploid (case 2) (Fig 9) . The 
coefficient of variance (CV) of all the measurements 
was less than 3%. 

Discussion 

The possibility of metastases should be eliminated 
before a final diagnosis of SDC is made. Metastatic 
ductal carcinoma from the breast could be excluded 
with careful clinical examination and mammography. 
The histologic features of these tumors are very sim
ilar, although the presence of estrogen receptor pro
tein and absence of carcinoembryonic antigen in 
breast carcinomas have been used to differentiate 
between SDC and ductal carcinoma of the breast21 

Metastatic prostatic carcinoma can in the majority of 
cases be excluded by the absence of both prostate
specific antigen and prostate-specific acid phospha
tase in the tumor cells. 

The histologic differential diagnosis of SDC in
cludes high-grade mucoepidermoid carCinoma, 
undifferentiated carCinoma, adenocarcinoma (not 
otherwise specified), dedifferentiated acinic cell car
cinoma, and adenoid cystic carcinoma. High-grade 
mucoepidermoid carcinomas have epidermoid and 
intermediate basaloid cells as well as cells with muci
carmine demonstrable intracellular mucin, whereas 
only luminal mucin is found in SDC. Cribriform and 
papillary-cystic growth patterns are not found in mu
coepidermoid carcinomas. Undifferentiated carci
noma lacks the eosinophilic cytoplasm of SDC and 
does not form glandular structures. Adenocarcinoma, 

FIGURE 1. Intraoral view o f ca se 1 showing a massive tumor de
stroying the right maxilla. extending across the midline. 

FIGURE 2. A tumor located in the leN maxilla w ith buccal and palatal 
expansion from case 2. 
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FIGURE 3. Case 3 presenting w ith an ulcerated tumar in the right 
pala te involving the a lveolar ridge. 

". 

not otherwise specified , shows glandular and ductal 
differentiation but lacks the distinctive features of 
SDC and is basically a diagnosis of exclusion. \0 Dedi
fferentiated acinic cell carcinoma may present as a 
poorly differentiated adenocarcinoma or undifferenti
ated adenocarcinoma but always in association with a 
usual-type low-grade acinic cell carcinoman Adenoid 
cystic carcinoma cells usually contain little cytoplasm 
and have angulated , basophilic nuclei. Comedonecro
sis is also not a feature of adenoid cystic carcinoma. 

The diagnOSiS of primary intraoral SDC necessitates 
exclusion of direct spread from one of the major with the parotid or any other major salivary gland. 
salivary glands, especially the parotid, where most This is especially true when SDC of the cheek is 
SDC arise . Computed tomography scans and other diagnosed, which is not a common site for minor 
imaging techniques should not show any association salivary gland tumors. 23 

Table 2. CUNICOPATHOGIC FEATURES OF SPATIENTS WITH INTRAORAL SOCs 

Age Tumor 
Patient (yr) Gender Site Clinical Presentation Size (cm) Treatment Fo llow-Up 

FIGURE 4. Computed tomography -scan of pa tien t described in case 
2 s~owi ng a tumor in the left maxilla and pa late w ith no parotid 
involvement. 

53 F Right palate and Fungating mass; ±14 Biopsy Patient refused 
right alveo lar difficulty in treatment , 
ridge breathing and lost to 

eating; follow-up 
lymphadenopathy 

2 71 M Left palate and Pain , nerve fa llo llt of ±5 Biopsy Patient refused 
buccal sulcus II , III , Vb' and VlI ; treatment , 

lymphadenopathy lost to 
follow-up 

3 57 M Right palate Ulcerated tumor ±6 Biopsy Patient refused 
treatment, 
lost to 
follow-up 

4 63 F Left palate Painful , ulcerated ±7 Maxillectomy, No 
tumor left neck recurrences 

dissection, after 10 
postoperative months 
radiotherapy 

5 47 M Left palate Fungating, ±5 Biopsy Patient still 
llOll UlcuJ lc:J cumiJ c: ring 
tumor surgical 

treatment 
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FIGURE 5. Photomicrograph of on SDC showing introductal growth 
pallern with 0 cribriform appearance ond comedonecrosls In the 
lorger tumor islands [hematoxylin-eosin stoln, original magnification X 
25) 

Carcinoma ex pleomorphic adenoma is not uncom
mon in minor salivary glands23 and SDC have been 
reponed as the malignant component of these malig
nancies. 6 ,15.24 None of our cases had any histologic 
evidence of it preexisting pleomorphic adenoma, nor 
did a longstanding history suggest such an associa
tion. SDC has also been reported as a hybrid carci
noma of the minor salivary glands combined with an 

r d W h" 0 13adenoid cystic carcinoma-) an art ill sturn r. 
SDC of the major salivary glands is an aggressive, 

high-grade malignancy. Comparison of the behavioral 
quality of SDC originating from minor salivary glands 
with that of the major glands is difficult, as only 
isolated cases of SDC have been reported. The clinical 
characteristics of our cases are similar to other studies 
reported for SDC of the major glands in that predom
inantly older male patients were involved. It was not 
possible to determine the clinical behavior of our 5 

FIGURE 6. Infiltrating tumor islonds in 0 cellulor stromo Ihematoxylin
eosin stain, original magnification xl 00). 

FIGURE 7. The tumor cells had vesicular nuclei with prominent 
nucleoli. Mitotic figures were prominentlhematoxylin-eosin stain, orig
inal magnificotion x200) 

cases due to lack of follow-up information. However, 
the clinical appearance (large size and ulceration) of 
these tumors together with detectable peripheral neu
ropathy (ie, paresthesia, paralysis) and presence of 
fixed lymph nodes suggesting metastatic spread was 
supportive of an aggressive clinical behavior. The size 
of primary SDC was found to correlate with malignant 
potential. Hui et a[26 reported that tumors smaller 
than 3 cm correlate with a lower malignant potential, 
whereas Delgado et aP5 found a simil"r correlation 
with tumors smaller than 2 cm. 

Immunohistochemical evaluation of some interme
diate filaments in the tumor cells indicated that SDC is 
composed of predominantly ductal cells with little or 
no myoepithelial cell involvement. The strong expres
sion of cytokeratin in the tumor cells is supported by 
the majority of studies on SDCS2,6,15.27 The tumor 
cells were negative for vimentin and smooth muscle 
actin, whereas positive staining with S-100 antibody 
was found in less than 10% of tumor cells in all 5 
cases. Diffuse positive staining of S-100 was found by 
Brandwein et a[2 in 7 of 9 cases as well as in a single 
case of SDC reported in the palate 25 Most studies, 
however, reported no immunoreactivity with S-100 

Table 3. IMMUNOHISTOCHEMICAL FINDINGS IN 

THE 5 INTRAORAL SDCs 


Patient 

Antibody 2 3 4 

Keratin +++ ++ +++ ++ 
a-Smooth muscle actin 
Vimt'nrin 
5100 + + + + 

NOTE. -, Negative; +, 1% to 9% of tumor celis; + +, 10% to 50% 
of tumor ceUs; + + +, more than 50% of tumor cells. 
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antibody.15,17,27 The isolated (1% to 10%) posItive 
staining of S-100 in our 4 cases may be due to the 
presence of Langerhans cells between the tumor 
cells, although tumor cells with a ductal differentia
tion may express S-100 protein.28 Ultrastructurally, 
SOCs are composed of cubOidal to polygonal cells 
with interdigltations and cells forming ductlike struc
tures with microvilli and apical vesicles; myoepithe
lial cells are absent. These findings support the ductal 
origin of SOc.29 

Four of the SOCs in the present study displayed 
DNA aneuplOidy, Several studies have measured the 
DNA content of SOC using flow cytometry with var
ied results. The majority found no correlation be
tween the ploidy status and prognosis,6,24,30 whereas 
Maninez-Barba et aP7 found a pOSitive correlation 
between aneuploidy and the presence of distant me
tastases and fatal clinical outcome. Nuclear suspen
sions for flow cytometry analyses were obtained from 
paraffin-embedded sections in all of the above-men
tioned studies, but none of these studies mentioned 
the CV obtained for the flow cytometry measure
ments. The CV of DNA measurements using paraffin
embedded tissue will invariably be higher than when 
using fresh tissue from the same tumor. It is possibJe 
that the reported diploid cases were in fact false 
diploid as tumor cells with a near diploid peak, im
plying small deviations of their DNA content from 
normal diploid cells, could not be distingl!ished due 
to the relatively high CV. 

SOC is a distinct tumor that can originate from 
minor salivary glands. The histologic features are sim
ilar to those of tumors originating in the major salivary 
glands. The palate appeared to be the most common 
intraoral site for SOc. Although clinical features were 
suggestive of an aggreSSive behavior, more reported 
cases are required to determine the behavior in SOCs 
of minor salivary glands. 
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FIGURE 8. DNA hislogrom of cose 1 shOWing Ihe no rmal diplo id 
peak 0 1 channell 00. Hypodiploid and hyperdiploid lumor cells were 
presenl. 
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FIGURE 9. Diploid DNA hislogram wilh diploid cells 01 channell 00 
and the small peak a t channel 200 representing the cells 01 G2M 
phose. 
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Tyrosine-rich crystalloids in a polymorphous 
low-grade adenocarcinoma 
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A polymorphous low-grade adenocarcinoma with tyrosine-rich crystalloid deposits is reported. The literature 

is reviewed, and diagnostic and histogenetic implications of this finding are discussed. 


(ORAL SURG ORAL MED OR~L PATHOL 1990;70:480-2) 


Tyrosine-rich crystalloids occur mainly in salivary 
gland mixed tumors where they are reported in 
between 1.5% and 21 % of cases. l -4 The incidence of 
these deposits appears higher in mixed tumors involv
ing black patients than white patients. 2. 5 Salivary 
gland carcinomas that have been reported to contain 
tyrosine-rich crystalloids include one terminal duct 
adenocarcinoma,6 an adenoid cystic carcinoma,? and 
a malignant mixed tumor. 8 

The origin of tyrosine-rich crystalloids in salivary 
gland neoplasms is speculative. The principal tumor 
cell associated with these deposits is the modified 
neoplastic myoepithelial cell,6 which is also believed 
to be the source of the stromal matrix deposits in 
mixed tumors.9 

CASE REPORT 

A 36-year-old black female patient had a 3 X 2 cm, firm 
midline swelling at the junction of the hard and soft palate. 
No ulceration was present. A clinical diagnosis of benign 
mixed tumor was made and an incisional biopsy taken. Al
though tyrosine crystals were observed, perineural invasion 
prompted a provisional diagnosis of a polymorphous low
grade adenocarcinoma and wide excision was recommended. 
Microscopic examination of the surgical specimen showed 
an infiltrative neoplastic growth with a lobular architecture. 
Solid masses of epithelial cells, areas exhibiting ductlike 
differentiation, and cells arranged in long, single-layered 
strands were observed. The neoplasm was further charac
terized by a low mitotic activity, histologic diversity with 
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cylindric, clear cell, and mucus cell differentiation, and a 
lack of pleomorphism. Evidence of perineural invasion was 
present (Fig. 1). Extensive crystalloid deposits were present 
in the connective tissue stroma and between the cells in the 
solid epithelial masses (Fig. 2). These crystals showed dis
tinct brown staining with the Millon reaction and were 
nonbirefringent under polarized light. A diagnosis of poly
morphous low-grade adenocarcinoma of minor salivary 
gland origin with tyrosine-rich crystalloid deposits was 
made. 

DISCUSSION 

Polymorphous low-grade adenocarcinoma, also re
ferred to as terminal duct adenocarcinoma or lobular 
carcinoma ofminor salivary gland origin,9. 10 is a re
cently described entity occurring most commonly in 
the palate and is characterized by a favorable prog
nosis. Histologically, the lesion is distinguished from 
other malignant tumors of salivary gland origin by its 
frequent lobular growth pattern, low mitotic rate, and 
cytologic uniformity. Although extensive nerve inva
sion and a cribriform growth pattern may resemble 
adenoid cystic carcinoma, polymorphous low-grade 
adenocarcinomas are characterized by histologic di
versity, with cells exhibiting cuboidal to low columnar 
differentiation and an eosinophilic cytoplasm. The 
stroma, furthermore, often exhibits mucohyaline 
change in contrast to the bland basement membrane
like deposits of adenoid cystic carcinoma. 10- 12 If these 
criteria are to be applied, it appears as if the adenoid 
cystic carcinoma containing tyrosine-rich crystalloids 
reported by Gould and coworkers7 might possibly 
have been a polymorphous low-grade adenocarcino
ma . If this case were to be accepted as a polymorphous 
low-grade adenocarcinoma, it would bring the total . 
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Fig. 1. Distinctly lobular arrangement and infiltrative growth of tumor (left) with perineural infiltration 
(right). (Hema toxylin·eosin stain; original magnifica tion , X40.) 
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Fig. 2. Stromal and interepitheJial (inset) deposits of tyrosine-rich crystalloids. (Hematoxylin-eosin stain ; 
original magnification, x200.) 

number with tyrosine-rich crystalloids to three, in speculated that the formation of tyrosine-rich crys
cluding the case described by Harris and Shipkey6 as talloids in polymorphous low-grade adenocarcinomas 
a "terminal duct adenocarcinoma," may place these lesions on a level of cytodifferentia

The identification of tyrosine-rich crystalloids in a tion closer to that of benign mixed tumors than to the 
neoplasm other than benign mixed tumor has impor other more malignant tumors of salivary gland origin, 
tant diagnostic implications, as many recent publica
tions regard these crystalloids as a unique microscopic We thank Mrs. C. S, Begemann [or secreta rial assista nce 
feature of salivary gland mixed tumors. I3•IS It is in preparing the manuscript. 
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