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Abstract

Background: Salivary gland carcinomas are uncommon neoplasms and the
identification of new prognostic indicators could improve their management. HOXB7 and
HOXB9 are members of the class | homeobox-containing genes important for normal
embryogenesis and that are dysregulated in several human neoplasms. This study investigated
HOXB7 and HOXB9 expression in salivary gland tumourigenesis, they correlation with
neoplastic proliferative and angiogenic features, and their importance as prognostic markers.
Methods: A hundred and fifty salivary gland tumours were organized in tissue microarray
and expression of CD105, Ki67, HOXB7 and HOXB9 were determined through
immunohistochemistry. Reactions were quantified and correlated with clinicopathological
parameters. Results: In normal glands HOXB7 was found in basal cells, whereas HOXB9
was seen in serous acinar and scattered ductal cells. Malignancies exhibited an increased
vascular density, proliferative index, HOXB7 and HOXB9 expression when compared with
pleomorphic adenoma and Warthin tumour. Significant correlation was found between
HOXB7 and CD105 (p = 0.004) in adenoid cystic carcinomas, and HOXB7 higher expression
significantly correlated with the presence of paresthesia (p = 0.02). No marker exhibited a
significant association with survival rates (p > 0.05). Conclusion: HOXB7 and HOXB9 were
expressed in normal salivary gland and were present in benign and malignant tumours derived
from these structures, and HOXB?7 significantly correlated with neoangiogenesis in AdCC.
These findings suggest that both proteins might play a role in salivary gland tumourigenesis,

but they were not significant prognostic determinants in this sample.



Introduction

Salivary gland tumours (SGT) are uncommon lesions that account for 5% of all head
and neck neoplasms (1). Due to their biological heterogeneity, SGT clinical behavior is also
highly variable and five-year survival rates of patients affected by malignant subtypes can
vary from over 90% in cases of low grade adenocarcinomas to as low as 37% in high grade
neoplasms (2,3). Hence, the identification of new biomarkers working as prognostic indicators
in SGT context would provide a better understanding of the biological basis of these lesions,
potentially leading to an improvement in their clinical management and consequent increase
of survival rates.

Homeobox-containing (HOX) genes are evolutionarily conserved family of genes that
play important roles during embryogenesis (4). HOX genes are classified in two main groups
as class I and class 11 genes (5). In mammals, class | HOX genes contain 39 members with a
shared, highly conserved 61-amino acid homeodomain motif that are organized in four
paralogous clusters (A, B, C and D) arranged in chromosomes 7, 17, 12 and 2, respectively
(4,6,7). Each cluster contains 9 to 11 genes arranged in 13 groups based on homeobox
sequence and the position within the cluster. In addition to the well known role played by
HOX genes in normal development process, an increasing number of studies have recently
demonstrated that these genes seem to be dysregulated in a variety of human cancers (4).

HOXB?7 is known to control the proliferation and survival of progenitor cells, as well
as other biological processes like DNA repair and angiogenesis (8). Its inappropriate
expression has been reported in different human malignancies, contributing to neoplastic
properties including cell invasion and metastasis (8). Moreover, HOXB7 overexpression was
shown to be a determinant of worse prognosis for patients affected by colorectal (9), oral

(8,10), pancreatic (11), esophageal (12), breast (13) and lung (14) cancers.



Expression of HOXB9 regulates cell proliferation and embryonic segmentation, also
determining normal regulation of renin transcription (15). It induces the expression of several
angiogenic factors and promotes cell motility and the acquisition of mesenchymal phenotype.
Different authors have shown HOXB9 to be dysregulated in several human neoplasms like
gliomas (15), lymphoma (5), breast (6,16), colon (17), hepatocellular (18), lung (19,20), head
and neck (21), thyroid (22) and gastric cancers (23), determining a poor prognosis in most of
these tumour types.

Despite HOXB7 and HOXB9 have been demonstrated to be prognostic determinants
in different human neoplasms, their participation in salivary gland tumourigenesis has not
been investigated. Therefore, in the current study we aimed to evaluate the biological and
clinical importance of both proteins in benign and malignant SGT, also investigating their
association with the neoplastic proliferative and neoangiogenic potentials by correlating their

expression with Ki67 and CD105 immunostaining.

Material and methods
Samples

A total of 150 SGT were used in this study. Three oral pathologists reviewed the
original haematoxylin-eosin stained slides to confirm the diagnoses of all cases following the
World Health Organization’s 2005 guidelines (24). Clinical data regarding patient’s age, sex,
tumour location, presence of pain and paresthesia, tumour stage, treatment employed, tumour
recurrence, clinical status and follow-up was retrieved from patient’s medical files. The
disease-free survival time was calculated by the time difference between the date of treatment
and the date of recurrence or last follow-up, whereas disease-specific survival time was
determined by the difference between the date of treatment and either the date of death due to

the tumour or last follow-up. Survival analyses and correlations between proteins expression



and the presence of pain, paresthesia, stage and recurrences were employed for malignant

tumours only.

Tissue microarray construction

Tissue microarray (TMA) construction was carried out as previously described and
validated (25,26). Briefly, tumour areas were selected from central and cellular regions of the
neoplasms and marked on H&E-stained sections using an objective marker (Nikon Corp,
Tokyo, Japan). The slides were overlaid on the original paraffin blocks to determine the
corresponding areas to be used. TMAs were constructed using a manual tissue arrayer (Sakura
Co., Tokyo, Japan) and 2 representative cylindrical cores of 2.0mm diameter were taken from
each tissue block and arranged sequentially into a recipient ready-to-use paraffin block
(Sakura Co., Tokyo, Japan). Two cores of normal parotid gland and one of oral squamous cell
carcinoma were inserted in the left upper corner of each recipient block for orientation. A map
specifying the exact position of each case facilitated the interpretation of the

immunohistochemical results.

Immunohistochemistry

Immunohistochemical reactions were done as described before (27). Briefly, 3um
histological sections were de-waxed with xylene and then hydrated in an ethanol series.
Endogenous peroxidase activity was blocked using 3% hydrogen peroxide in methanol and
antigen retrieval for all antibodies was performed by heating the sections in a microwave in
0.01M citrate buffer (pH 6.0) for 10 min on high power. Normal goat serum was used to
block all sections and for dilution of the primary antibodies against human CD105 (dilution
1:30; clone SN6h; Dako, Carpentia, USA), Ki67 (dilution 1:100, clone MIB-1, Dako,

Carpentia, USA), HOXB?7 (dilution 1:200, clone 4c6; Novus Biologicals, Littleton, USA) and



HOXB9 (dilution 1:200, polyclonal; Sigma-Aldrich, Gillinghan, UK). A standard horseradish
peroxidase staining procedure was followed using an appropriate biotinylated secondary
antibody (Vector Laboratories, Peterborough, UK), and the Elite avidin—biotinylated enzyme
complex (ABC) kit (Vector Laboratories). Positive reactions were detected using the
chromogen substrates 3,3’ diaminobenzidine (DAB) (Vector Laboratories). All sections were
counterstained with Harris’s haematoxylin (Sigma Aldrich, Gillingham, UK). Sections of oral
squamous cell carcinoma were used as positive control for all markers and negative controls
were achieved by omission of the primary antibody. Glass slides were then digitized using an
Aperio Scancope CS slide scanner (Aperio Technologies, Vista, USA) and, ImageJ (National
Institutes of Health, USA) and ImageScope (Aperio Technologies, Vista, USA) softwares
were used for quantification. One observer performed the analysis by counting the percentage
of positive nuclei in 1000 cells per case for HOXB7, HOXB9 and Ki67 reactions, and the
number of vessels (morphologically consistent with a vessel, no matter the presence or not of
a central lumen) per unit of area (um?) for CD105 reactions. Cases were categorized as
demonstrating high and low expression of each marker by using their median values as

reference.

Statistical analysis

One-way ANOVA with Tukey’s post-hoc test allowed differences in expression of the
proteins among histological subtypes to be assessed and Mann-Whitney test was used to
compare the immunoexpression of all markers with clinical parameters (pain, paresthesia,
tumor stage and recurrence) of malignant tumors. Spearman correlation test was carried out to
identify possible correlations among the biomarkers. Log-rank test and Cox regression model
were used to evaluate the prognostic significance of clinicopathological features and proteins

expression. Cox model construction included all variables that achieved a p value < 0.10.



Survival curves were acquired using the Kaplan-Meyer method. MedCalc software bvba
(Ostend, Belgium) was employed for data analyses and a p value < 0.05 was considered
statistically significant.

The current study was carried out in accordance with the ethical guidelines of
Piracicaba Dental School ethical committee (process number CEP/FOP 002/2013 — February

06, 2013).

Results

Sample data

This study included 50 pleomorphic adenomas (33%), 24 Warthin tumours (16%), 36
adenoid cystic carcinomas of cribriform subtype (24%) and 40 low-grade mucoepidermoid
carcinomas (27%). Detailed clinicopathological data of each tumour subtype is depicted in
Table 1. Analysis of the total sample demonstrated a slight male predominance (ratio 1.17:1.0
— 67 female and 79 males) with a mean age of 47.5 years (range of 8 to 86 years). Parotid
gland was the most affected site (73 cases — 48.7%), followed by minor glands of the oral
cavity (47 cases - 31.3%), submandibular gland (22 cases - 14.7%) and sublingual glands (3
cases — 2.0%). Pain and paresthesia were found in 21.1% (16 cases) and 7.9% (6 cases) of
malignant cases, respectively, but in no benign lesion. Stage I/Il neoplasms accounted for
31.6% (24 cases) of the malignancies, whereas stages 111/IV represented 40.8% (31 cases) of

them.

Regarding treatment approaches, all patients affected by benign tumours were treated
with surgery only, whereas 35.5% of those affected by malignant tumours received adjuvant
radiotherapy following surgical management. There was no recurrence in benign tumours
group, whereas 22.4% (17 cases) of the malignant neoplasms recurred. Follow-up data was

available for 75.0% of the patients affected by malignancies (57 cases), with a mean follow-
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Table 1. Clinicopathological data and results of CD105, Ki67, HOXB7 and HOXB9 immunoexpression in the studied

sample.
PA (n=50) WT (n=24) AdCC (n=36) MEC (n=40)
Parameter n (%) n (%) n (%) n (%)
Mean age (yrs) 38.7 (8-78) 60.9 (42 - 84) 49,5 (18 - 76) 49.0 (10 - 86)
Sex
Male 26 52.0 19 79.0 14 39.0 20 50.0
Female 24 48.0 5 21.0 21 58.0 17 425
NS 0 0.0 0 0.0 1 3.0 3 7.5
Site
Parotid 16 32.0 21 87.5 13 36.0 23 57.5
Submandibular 7 14.0 3 125 8 22.2 4 10.0
Sublingual 0 0.0 0 0.0 2 5.5 1 25
Minor glands 26 52.0 0 0.0 12 333 9 225
NS 1 2.0 0 0.0 1 3.0 3 7.5
Pain
Yes 0 0.0 0 0.0 9 25.0 7 17.5
No 50 100.0 24 100.0 20 55.5 20 50.0
NS 0 0.0 0 0.0 7 195 13 325
Paresthesia
Yes 0 0.0 0 0.0 5 13.9 1 25
No 50 100.0 24 100.0 23 63.9 26 65.0
NS 0 0.0 0 0.0 8 222 13 325
Stage
| NA NA NA NA 15 41.7 9 225
nnv NA NA NA NA 14 38.9 17 42.5
NS NA NA NA NA 7 194 14 35.0
Treatment
Surgery 50 100.0 24 100.0 16 44.4 11 275
Surg. + Rad. 0 0.0 0 0.0 14 38.9 13 325
Other 0 0.0 0 0.0 0 0.0 4 10.0
NS 0 0.0 0 0.0 6 16.7 12 30.0
Recurrence
Yes 0 0.0 0 0.0 10 27.8 7 175
No 50 100.0 24 100.0 20 55.5 20 50.0
NS 0 0.0 0 0.0 6 16.7 13 325
Follow-up
Alive NA NA NA NA 24 66.7 19 47.5
Dead NA NA NA NA 5 13.9 9 225
NS NA NA NA NA 7 194 12 30.0
CD105 (vessels/area) 0.22 (+0.5) 9.85 (x7.1) 8.93 (£14.0)
Ki67 (%) 0.86 (x0.7) 1.82 (x1.2)" 4,82 (£7.3)
HOXB7 (%)" 26.95 (£20.7) 450 (+4.3)” 29.12 (£26.2) 10.09 (+12.8)
HOXB9 (%)" 14.33 (+21.2) 0.0' 73.10 (+25.3) 36.25 (+23.7)

PA: pleomorphic adenoma; WT: Whartin tumor; AdCC: Adenoid cystic carcinoma; MEC: Mucoepidermoid carcinoma; yrs: Years; NS: not
specified; Surg.: Surgery; Rad.: Radiotherapy; NA: Not applied; * number of positive nuclei per 1000 cells counted; ** only epithelial cells
considered, in the lymphoid component the cells were negative; T only epithelial cells considered, in the lymphoid cells a mean positivity of
81.9% (+14.2) was found.

up time of 107.9 months (range from 1 to 516 months) (AdCC: 83.4 months (1 — 204 months)

and MEC: 132.4 months (2 — 516 months)). Considering only malignant tumours, by the time
8
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Figure 1. Univariate results (Hazard ratios, 95% confidence interval and P values) obtained by comparing
clinicopathological parameters and molecular markers with disease-specific survival rate.

of their last appointment, 56.6% of the patients were alive (43 cases), whereas 18.4% had died

as a result of their tumour (14 cases). No patient affected by benign tumours had died of their

neoplasia. Patients affected by malignant tumours presented 5-year and 10-year disease-

specific survivals of 77.9% and 74.0%, respectively, whereas 5-year and 10-year disease-free

survival rates were 79.8% and 69.4%, respectively. There was no significant difference in the

survival rates of those affected by AACC and MEC (p > 0.05). Results obtained with
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Figure 2. Univariate results (Hazard ratios, 95% confidence interval and P values) obtained by comparing
clinicopathological parameters and molecular markers with disease-free survival rate. Site was not included due
to data limitation.

univariate analysis (Harzard ratios, confidence interval and p values) are summarized in
Figure 1 and Figure 2. Patients with grade I11/IV tumours (p = 0.04) and with paresthesia (p
= 0.03) demonstrated a significant inferior disease-specific survival rate, whereas those with
paresthesia (p = 0.04) and those submitted only to surgery (p = 0.01) demonstrated a

significant inferior disease-free survival rate. Under multivariate analyses no
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clinicopathological variable significantly correlated with specific survival rate, but both
paresthesia (Hazard ratio: 4,48; 95% confidence interval: 1,14 — 17,61 and p-value = 0.03)
and treatment (Harzard ratio: 4,51; 95% confidence interval: 1,20 — 16,94 and p-value = 0.02)

were demonstrated to be independent determinants for disease-free survival.

CD105, Ki67, HOXB7 and HOXB9 expression

Reactions against CD105 protein evidenced newly formed blood vessels in normal
salivary gland tissues and in benign and malignant tumours. Most of the vessels were thin-
wall, small diameter structures. Vascular density was significantly higher in malignant
neoplasms than in pleomorphic adenoma (p < 0.05), but Warthin tumours presented the
highest vascular density among histologic subtypes (in their lymphoid component) (Table 1
and Figure 3). There was no significant correlation between CD105 expression and
clinicopathological parameters (p > 0.05) (Table 2); and the vascular density did not correlate
with survival rates of patients affected by malignant SGT (p > 0.05) (Figure 1 and Figure 2).

Proliferative potential of the tumours measured by Ki67 expression demonstrated a
significantly higher index in malignant tumours than in pleomorphic adenoma and Warthin
tumour (p < 0.05). Adenoid cystic carcinoma revealed the highest proliferative index,
followed by mucoepidermoid carcinoma, Warthin tumour and pleomorphic adenoma.
Warthin tumour had a low proliferative index in its epithelium lining, but a higher index in its
lymphoid component especially in germinal centers (Table 1 and Figure 4). Proliferative
index did not correlate with clinicopathological parameters (Table 2) and did not influence
survival rates in this sample (p > 0.05) (Figure 1 and Figure 2).

In normal salivary glands, HOXB7 strong nuclear and mild cytoplasmic stain was
present in basal cells of normal ducts and in scattered acinar cells. ADCC demonstrated the

highest expression, followed by pleomorphic adenoma and MEC. HOXB7 expression was
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Figure 3. CD105 expression in salivary gland tumours. (A) The number of newly formed blood vessels was
significantly higher in malignant tumours than in pleomorphic adenoma, but Warthin's tumour demonstrated the
highest density. Statistically significant difference is present when letters are different (Mean value + SD). (B)
Immunoexpression of CD1035 in pleomorphic adenoma (3,3’ diaminobenzidine - DAB; 200X), (C)
mucoepidermoid carcinoma (3,3" diaminobenzidine - DAB; 200X) and (D) adenoid cystic carcinoma (3,3’
diaminobenzidine - DAB; 200X). PA: Pleomorphic adenoma; WT: Warthin's tumour; AdCC: Adenoid cystic
carcinoma; MEC: Mucoepidermoid carcinoma.

present in neoplastic cells with both luminal and myoepithelial morphology. Warthin tumour
showed scarce positive cells only in the epithelial lining, whereas lymphoid cells revealed no
reactivity. Epithelial cells of Warthin tumor also showed a strong cytoplasmic staining, but
because of its granular feature (full of mitochondria) and the unknown function and disposal
of HOX proteins in the cellular cytoplasm this staining was not considered specific (Table 1

and Figure 5). Higher expression of HOXB?7 significantly correlated with the presence of
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Figure 4. Ki67 expression in salivary gland tumours. (A) Proliferative index was significantly higher in
malignant tumours than in benign lesions. Statistically significant difference is present when letters are different.
Ki67 was quantified in the epithelial lining of Warthin's tumour (Mean value +SD). (B) Immunoexpression of
Ki67 in pleomorphic adenoma (3,3’ diaminobenzidine - DAB; 400X), (C) mucoepidermoid carcinoma (3,3’
diaminobenzidine - DAB; 400X) and (D) adenoid cystic carcinoma (3,3’ diaminobenzidine - DAB; 400X). PA:
Pleomorphic adenoma; WT: Warthin's tumour; AdCC: Adenoid cystic carcinoma; MEC: Mucoepidermoid

carcinoma.

paresthesia (Table 2), but it did not correlate with survival rates (p > 0.05) (Figure 1 and

Figure 2).
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Figure 5. HOXB7 expression in salivary gland tumours. (A) HOXB7 expression was similar between
pleomorphic adenoma and AdCC, but much lower in the epithelial lining of Warthin's tumour (negative in its
lymphoid component) and in MEC. Statistically significant difference is present when letters are different (Mean
value £SD). (B) Immunoexpression of HOXB7 in normal salivary gland (3,3’ diaminobenzidine - DAB; 400X),
(C) pleomorphic adenoma (3,3’ diaminobenzidine - DAB; 400X), (D) in the nuclei of the epithelial lining of
Warthin's tumour (the cytoplasmic staining in the epithelium was considered unspecific and the lymphoid
component was negative) (3,3’ diaminobenzidine - DAB; 400X), (E) adenoid cystic carcinoma (3,3’
diaminobenzidine - DAB; 400X) and (F) Mucoepidermoid carcinoma (3,3’ diaminobenzidine - DAB; 400X).
PA: Pleomorphic adenoma; WT: Warthin's tumour; AdCC: Adenoid cystic carcinoma; MEC: Mucoepidermoid
carcinoma.

Table 2. Correlation of CD105, Ki67, HOXB9 and HOXB7 expression with clinicopathological parameters (pain,

paresthesia, tumor stage and recurrence) in malignant salivary gland tumors.
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CD105 Ki67 HOXB7 HOXB9
Mean (SD) p value Mean (SD) p value Mean (SD) p value Mean (SD) p value

Pain

Yes 7.20 (£6.80) 0.95 4.13 (£5.54) 0.76 20.7 (£15.2) 0.10 56.5 (£32.3) 0.46

No 9.23 (x13.4) 6.08 (£10.5) 17.3 (£25.1) 60.8 (£33.2)
Paresthesia

Yes 6.97 (£5.48) 0.80 10.69 (+22.06) 0.38 28.1 (£12.5) 0.02* 51.4 (£24.2) 0.34

No 9.18 (+12.8) 5.05 (+6.87) 16.4 (£23.4) 60.0 (£34.3)
Stage

1 9.84 (+15.6) 0.63 3.13(2.84) 0.81 19.1 (£19.9) 0.31 62.1 (£29.7) 1.00

/v 8.65 (+8.39) 7.68 (12.7) 18.0 (+24.8) 59.0 (£34.7)
Recurrence

Yes 5.98 (5.85) 0.46 9.29 (+15.39) 0.49 18.2 (£23.6) 0.90 63.5 (£34.0) 0.50

No 10.12 (£13.5) 4.54 (+6.82) 18.2 (£22.3) 56.0 (£32.2)

Mann-Whitney test. * p value was considered significant when p < 0.05. SD: Standard deviation.
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Figure 6. HOXBY expression in salivary gland tumours. (A) HOXB9 expression was significantly higher in
malignant neoplasms than in pleomorphic adenoma. *HOXB9 was negative in Warthin's tumour epithelial
lining, but strongly positive in its lymphoid component. Statistically significant difference is present when letters
are different (Mean value + SD). (B) Immunoexpression of HOXB9 in normal salivary gland (3,3’
diaminobenzidine — DAB; 400X), (C) pleomorphic adenoma (3,3’ diaminobenzidine — DAB; 400X), (D) in the
lymphoid component of Warthin's tumour (the cytoplasmic staining found in the epithelial lining was considered
unspecific) (3,3’ diaminobenzidine — DAB; 400X), (E) adenoid cystic carcinoma (3,3’ diaminobenzidine — DAB,;
400X) and (F) Mucoepidermoid carcinoma (3,3’ diaminobenzidine — DAB; 400X). PA: pleomorphic adenoma;
WT: Warthin's tumour; AdCC: Adenoid cystic carcinoma; MEC: Mucoepidermoid carcinoma.

A predominantly nuclear, but also mild cytoplasmic HOXB9 expression was evident
in acinar and occasional ductal cells of normal salivary glands. The protein presented the
same staining pattern in all tumour subtypes analyzed, but in Warthin tumour HOXB9 nuclear
expression was observed to be restricted to the lymphoid component of the lesion with no
expression in its epithelial lining (cytoplasmic staining was not considered positive because of
the granular aspect of the cells and the unknown disposal and function of HOX proteins in the
cytoplasm). It was not possible to identify HOXB9 to be restricted to either luminal or
myoepithelial cells of tumors. A strong difference was found by comparing pleomorphic
adenoma and malignant neoplasms (p < 0.05), as well as between AdCC and MEC (p < 0.05)
(Table 1 and Figure 6). HOXB9 expression did not correlate with clinical parameters (Table

2) and with survival rates (Figure 1 and Figure 2).
15



Spearman correlation test only demonstrated a significant association between CD105
and HOXB7 (p = 0.004/ rho = 0.50) in AdCC (Figure 7), whereas no other correlation

achieved statistical significance (p > 0.05).
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Figure 7. Spearman's correlation test demonstrated a significant correlation between HOXB7 and CD105 in
adenoid cystic carcinoma.

Discussion

HOX genes are known to be involved in cell proliferation and differentiation, with
critical roles during embryonic segmentation and limb patterning. HOXB7 and HOXB9 are
two members of the Class I HOX family with important roles during physiological
organogenesis (7). Because their dysregulation has been implicated in human cancer
development, the current study investigated the role of these proteins in the salivary gland

tumourigenesis context and their possible utility as prognostic determinants. However, despite
16



both markers were overexpressed in AdCC and MEC when compared to pleomorphic
adenoma and the epithelial component of Warthin tumour, the proteins failed to demonstrate a

significant prognostic potential.

Different groups have investigated the importance of HOXB7 and HOXB9 in human
oncogenesis. HOXB7 was shown to present a high expression in malignant neoplasms of
lung, breast, oral cavity, esophagus and pancreas, also increasing the metastatic and
proliferative potential of many cancer types, being implicated in neoplastic processes like
angiogenesis, epithelial-mensenchymal transition and tumour invasion (8,11,12,14).
Similarly, the over-expression of HOXB9 determined a worse survival for patients affected
by gliomas, breast, lung and colonic cancers (15-17,20), enhancing competence of lung
adenocarcinoma to promote brain and bone metastases (19), leading to a higher number of
lymph node and distant dissemination of colon cancer (17) and increasing radiation resistance
of breast cancer cell lines (28). On the other hand, Chen et al., (2008) (13) showed that
HOXBY7 dysregulation could not promote breast carcinogenesis by itself, whereas Sha et al.
(2013) (23) demonstrated that HOXB9 level decreased from well-differentiated to poorly
differentiated gastric cancer and that its downregulation was a significant and independent
indicator of a poor prognosis for patients with gastric carcinoma. Moreover, Kim et al. (2012)
(22) showed that a reduced nuclear expression of HOXB9 was more common in papillary
thyroid carcinoma cases with more advanced pathologic stage, whilst Zhan et al (2014) (29)
demonstrated that elevated HOXB9 expression was identified in well-differentiated colon
adenocarcinoma patients and was associated with a better overall survival, also inhibiting

colon adenocarcinoma cell growth, migration and invasion in vitro.

These controversial results suggest that HOXB7 and HOXB9 may play divergent roles
during cancer progression, and despite we know that these proteins work through many

cellular pathways, with different functions under different cellular environments, it is still
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difficult to explain such discrepancies in their expression significance (13,22). In contrast to
the previously described clinical relevance of HOXB7 and HOXB9 in other human cancers
(8,12,23), in the current study the expression of both proteins failed to reach a statistically
significant correlation with survival rates and the only significant clinical association was
obtained with HOXB7 higher expression and presence of paresthesia in patients affected by

malignant tumours.

HOX genes encode transcription factors that contain a characteristic homeodomain
through which they recognize the promoters of target genes and regulate their expression (7).
Consistent with this transactivation function, in the current study HOXB7 and HOXB9
proteins were predominantly localized in the nuclei of both normal and neoplastic cells;
however, a cytoplasm immunoreactivity was also frequently noted in different proportions,
(especially in the epithelial lining of Warthin tumors) what has also been described previously
in thyroid, breast, hepatocellular and gastric cancers for HOXB9 (16,18,22,23) and illustrated
in colorectal, pancreatic and esophageal malignant neoplasms for HOXB7 (9,11,12). Because
of the granular features of the epithelial cells of Warthin tumor that is more susceptible to
present unspecific immunostaining and also because literature is currently unable to explain
the biological significance of this possible cytoplasmic reactivity of HOX proteins and to
more appropriately compare our results with those previously described, we opted to consider
only the nuclear localization as positivity for both proteins.

It is known that multiple HOXB7 and HOXB9 binding sites are present in the
promoters of genes associated to normal and pathologic angiogenic and proliferative
processes including angiopoietin-like 2, IL-8, TGF-b2, VEGF, bFGF, PI3K/AKT and Ras-
MAPK (7,12,16,30). Therefore, the increased HOXB7 and HOXB9 expression has been
demonstrated to be associated with an increased vascular density and cellular proliferation in

different human neoplasias (7,12). Such observation is only partially in accordance to the
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observed in the current study that evidenced a positive correlation between HOXB7
expression and the neoangiogenic marker CD105 in AJCC, but we did not obtain a significant
association between HOX proteins and the proliferative marker Ki67, in contrast to previous
results (15,18). Interestingly, HOXB9 demonstrated a strong positivity in the normal
lymphoid component of Warthin tumour, but not in the nuclei of the epithelial lining (the
component statistically analyzed), which is in accordance to its lymphogenic and hematogenic
properties. In contrast, HOXB7 exhibited a weak staining in the epithelial cells and no
reaction in the lymphoid area of the tumour.

CD105 represents a suitable angiogenic marker, because it is preferentially associated
with recently formed blood vessels (31-34). In the current study we observed that the great
majority of stained vessels were small and thin-walled structures and the expression of this
protein was increased in malignancies than in pleomorphic adenoma. These results are similar
to the reported previously by Tadbir et al. (2015) (35), but in contrast to our findings these
authors demonstrated a higher expression of CD105 in MEC than in AdCC, what may have
been influenced by tumour microscopic subtypes since in this study only low-grade MEC and
cribriform AdCC were used. However, in contrast to the results of Cardoso et al. (2009) (36)
that correlated CD105 expression with an increased risk of metastasis in AdCC, we could not
correlate CD105 expression with clinicopathological parameters. Similarly, this study also
failed to identify any significant correlation between Ki67 expression and clinicopathological
parameters and survival rates, what is in contrast to previous reports (37,38).

Some limitations of the current investigation include the relatively small sample size
analyzed, possibly precluding the acquisition of further statistically significant results, and
despite a multicenter collaborative study allows the inclusion of a higher number of cases for
investigation, it also provides patients who have been subjected to different therapeutic

protocols, which could influence the survival rates of the studied sample.
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In conclusion, HOXB7 and HOXB9 are expressed in normal salivary gland tissue and
are strongly present in benign and malignant tumours derived from these structures, and
HOXB?7 significantly correlates with the neoangiogenic potential of AdCC. These findings
suggest that these proteins might play a role in salivary gland tumourigenesis, but in contrast
to the reported for other human cancers, they were not significant prognostic determinants in

the sample studied.
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