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SUMMARY

Plasmablastic lymphoma (PBL) was originally described in 1997 as an AIDS-
associated tumour although cases have been described in individuals not
infected with HIV. Due to the high number of people living with HIV in South
Africa, a substantial number of cases are diagnosed annually and 45 cases were
included in this study. This represented the largest cohort of PBL affecting the
oral mucosa published to date. Three main aspects of PBL were investigated:
pathological features, viral status and certain genetic characteristics.

The results from the genetic studies were the most important and interesting.
These included rearrangements of the IGH gene in 63% and MYC-
rearrangements in 62% of PBL’'s. Seven of 43 cases (16%) showed
rearrangement of both the /IGH gene alleles, a finding never described before.
New genetic findings also included increased CCND1 gene copy numbers in

17/41 (42%) and increased IGH gene copy numbers in 6/41 (15%) of cases.

The exact role of MYC-rearrangements in the development of PBL is unclear.
Many factors may be responsible for MYC deregulation but in the case of PBL of
the oral cavity the possible role of Epstein Barr Virus (EBV) infection was
considered. All but one of the patients with known HIV-status (32/45) was HIV
positive and | supported the proposal that the diagnosis of PBL should serve as a
sign of immunodeficiency, either as diagnostic thereof or as a predictor of a
progressive state of immunodeficiency in patients with known HIV/AIDS status.
The HIV-negative patient in this study was the only one that presented with an
EBV-negative PBL on in situ hybridisation. The clinico-pathological features of
the current study therefore strongly suggested an association between EBV, PBL

and HIV/AIDS although the exact nature thereof remains uncertain.

Routine genetic evaluation of tumours diagnosed as PBL should be introduced,
as this may have prognostic and eventually treatment implications in the future.
The exact panel of genes to be evaluated with a possible diagnosis of PBL
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should still be determined but examination of /IGH and MYC for rearrangements

should be included.

This study proved the histomorphological features including the degree of
plasmacytic differentiation not to have any diagnostic role although its prognostic
value should be determined. The results of the immunohistochemical
investigations performed in this study confirmed PBL always to be negative for
CD20 but proved PBL not to be a morphological or immunohistochemical

diagnosis by any means.

In conclusion, it became clear that PBL should never be diagnosed without
thorough clinical, systemic, pathological and genetic investigations, especially in
the backdrop of HIV/AIDS. No pathologist should make the diagnosis of PBL and
no clinician should accept such a diagnosis or decide on the treatment modality
for the patient involved unless all other possibilities of systemic plasma cell
disease have been excluded.

Key Words:

Lymphoma; HIV/AIDS; plasmablastic lymphoma; Epstein Barr virus (EBV); MYC

rearrangement;
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INTRODUCTION AND AIM

South Africa is the country with the highest number of people living with
human immunodeficiency virus (HIV) in the world. By mid 2006 it was
estimated that more than half a million adults in South Africa were ill with
acquired immune deficiency syndrome (AIDS)'. The majority of HIV positive
patients in South Africa present to the public health care sector only when
they reach end-stage HIV disease.

Non-Hodgkin’s lymphoma (NHL) was included as an AIDS-defining illness in
1985 and the incidence of all subtypes thereof shown to increase 60-200
times in the presence of HIV-related immunosuppression®. The vast majority
of HIV-associated lymphomas are aggressive, high-grade B-cell lymphomas
such as Burkitt's lymphoma (BL), diffuse large B-cell lymphoma (DLBCL) and
its variants, primary effusion lymphoma (PEL) and plasmablastic lymphoma
(PBL)2. Lymphomas as AIDS-defining diseases are increasing® *.

PBL as an entity was initially described in 1997 by Delecluse and co-workers
as a lymphoma affecting the oral cavity of HIV-infected individuals®. Even
though cases of PBL in immune competent individuals have been described,
the stronger association thereof with HIV infection and advanced
immunosuppression has been confirmed by many. It was recently even
suggested that immunosuppression should be suspected and excluded when
the diagnosis of PBL is made in an individual with otherwise unknown immune

status®®.

The clinico-pathological features, association with viruses and genetic
features of PBL have been described by many, both as single case reports
and case series. Although initially described as an oral tumour, substantial
evidence has proven its existence in anatomical locations outside of this
confined cavity. The oral mucosa however still seems to be the preferred site

of involvement.

PBL is currently recognised as a highly aggressive neoplasm that, with or
without treatment, has a median survival of less than 12 months. A better
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understanding of the pathogenesis and biology of this neoplasm is therefore
essential for development of more effective treatment strategies which will
enable oncologists to extend the survival of patients afflicted by this

malignancy.

The pathogenesis of PBL has not been elucidated and the normal cell
counterpart from which this lymphoma takes origin is still to be determined.
After its initial inclusion in the 2001 World Health Organisation (WHO)
classification of tumours of haematopoietic and lymphoid tissues as a subtype
of DLBCL, it was reclassified as a separate diagnostic entity in the 2008
classification®. Even after its reclassification, it remains difficult to distinguish
PBL from extra-medullary plasmacytomas or multiple myeloma (MM) with
plasmablastic morphology and the possibility that PBL may be related to

these neoplasms has been proposed'® 2.

PBL is variably associated with the Epstein Barr virus (EBV)> " 131 but the
role of this virus in the pathogenesis of PBL remains unexplained. A possible
aetiological role of the human herpesvirus-8 (HHV-8) has been proposed by
some'>? put the presence of HHV-8 is currently accepted to rule against the

diagnosis of PBL?" 22,

Evidence for the role of genetic aberrations in the pathogenesis and biological
nature of lymphomas has grown substantially since its incorporation into the
diagnostic armamentarium of the WHO classification of tumours of
haematopoietic and lymphoid tissues in 20012, Certain genetic
rearrangements have become diagnostic for some lymphomas and its role as
indicators of prognosis and long term survival as well as the influence thereof
on the choice of treatment has been demonstrated. Recently, reports on
some genetic features of PBL’s have shown the frequency of MYC gene
rearrangements, mostly with the immunoglobulin heavy chain gene (/IGH) as a
partner'® and suggested a possible role for MYC in the pathogenesis of these

tumoursﬂ, 13, 24-28

. Despite this, there is a significant shortage of genetic data
relating to this neoplasm, most likely due to its overall rarity apart from
countries with high incidences of HIV/AIDS. As a result of the high incidence

of HIV-associated pathology encountered in South Africa, a substantial
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number of PBL’s are diagnosed annually and therefore available to study
these neoplasms.

The aim of this study was to examine various aspects of the molecular
features of PBL in a South African population sample, known for its high
incidence of HIV/AIDS and to compare these with what has been published in
the literature. A thorough morphological description of the cellular features
was done in order to evaluate the validity of the morphological classifications
proposed by several groups over a period of time. Evaluation and detailed
description of the immunophenotypic features through various selected
antibodies was done in order to evaluate its diagnostic role in PBL affecting
the oral cavity. The possible role of the EBV in the pathogenesis and
pathology of PBL was evaluated in this study and compared to the variable
incidence reported in the literature. A possible role for HHV-8 in the
pathogenesis of PBL is postulated in the world literature which included work
in South Africa. It was decided to examine all the cases included in the
current study for the presence of this virus. Due to the increase in genetic
studies on PBL recently published in case reports and small series, it was also
decided to evaluate our cases for certain genetic alterations of the MYC and
IGH genes and compare the results with what has been found by others.

The results of this study may help to set the diagnostic criteria of PBL
affecting the oral cavity and explain its aggressive clinical behaviour and poor
prognosis. Knowledge of the molecular nature of PBL may eventually assist
oncologists to develop more appropriate treatment regimes for patients
afflicted by this neoplasm.
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CHAPTER |
LITERATURE REVIEW
1.1 CLASSIFICATION OF PLASMABLASTIC LYMPHOMAS

The 2001 WHO Classification of tumours of the haematopoietic and lymphoid
tissues was the first true world-wide consensus classification of
haematological malignancies®. This classification was based on the 1994
‘Revised European American Classification of Lymphoid Neoplasms’ (REAL)
classification which uses morphological, immunophenotypic and genetic
features as well as clinical features to define an entity. The importance of
each of these features varies among different lymphomas and a single “gold
standard” for diagnosis does not exist. The WHO Classification of
haematological neoplasms “groups” neoplasms mainly according to their cell
lineage after which distinct diseases within each category are further defined
using a combination of morphology, immunophenotype, genetic features and
clinical syndromes. It seems relevant to base the -classification of
lymphoproliferative neoplasms on the corresponding cell lineage in a normal
state but several entities in this group of malignancies do not have a normal
differentiation stage such as hairy cell leukemia. Some lymphoid neoplasms
also have immunophenotypic heterogeneity and the normal counterpart of the
neoplastic cell can therefore not be the sole basis for classification®®. The
2008 WHO Classification has refined the 2001 classification. More attention
is now given to genetic features, clinical information and to the
immunophenotype of neoplasms rather than being based merely on
morphology®.

The name ‘oral plasmablastic lymphoma’ was proposed by Delecluse in 1997
after describing a high grade neoplasm with a very specific immunophenotype
in the oral cavities of 16 immunosuppressed patients®. In the last decade
numerous additional cases were published which exhibited morphological and
immunophenotypic features similar to that of ‘oral plasmablastic lymphoma’.
These included both oral and extra-oral cases in both immunosuppressed and
immune competent individuals. Less than 200 cases of PBL affecting the oral

4
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cavity have been published in the literature® & 14 6. 17. 20. 25, 26, 31-71 = )5 yni|
2008° the WHO classified ‘oral plasmablastic lymphoma’ as a subtype of
DLBCL?. Since the 2001 classification®, various researchers however
proposed the term ‘oral plasmablastic lymphoma’ to be changed to
‘plasmablastic lymphoma’ (PBL). The neoplasm was subsequently
reclassified as a separate diagnostic entity, distinct from DLBCL in the 2008
WHO classification of tumours of the haematopoietic and lymphoid tissues
(Table 1)°.
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Table 1: Diffuse large B-cell lymphoma: variants, subgroups and subtypes/ entities
(Adapted from the 2008 WHO classification®)

Diffuse large B-cell ymphoma not otherwise specified (NOS)
Common morphologic variants
Centroblastic
Immunoblastic
Anaplastic
Rare morphologic variants
Molecular subgroups
Germinal centre B-cell-like
Activated B-cell-like
Immunohistochemical subgroups
CD5-positive DLBCL
Germinal centre B-cell-like

Non-germinal centre B-cell-like

Diffuse large B-cell lymphoma subtypes
T-cell/histiocyte-rich large B-cell lymphoma
Primary DLBCL of the central nervous system
Primary cutaneous DLBCL, leg type
EBV positive DLBCL of the elderly

Other lymphomas of large B-cells
Primary mediastinal (thymic) large B-cell lymphoma\DLBCL associated with chronic
inflammation
Lymphomatoid granulomatosis
ALK-positive large B-cell ymphoma
Plasmablastic lymphoma
Large B-cell ymphoma arising in HHV-8-associated muticentric Castleman disease
Primary effusion lymphoma

Borderline cases
B-cell lymphoma, unclassifiable, with features intermediate between DLBCL and
Burkitt lymphoma
B-cell-lymphoma, unclassifiable, with features intermediate between DLBCL and
classical Hodgkin lymphoma
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1.2  CLINICO-PATHOLOGIC FEATURES OF PLASMABLASTIC
LYMPHOMAS

1.2.1 Clinical features

Since its initial description in 1997, the published literature on PBL has
increased substantially over the last 13 years®. It was confirmed to be
strongly associated with immunodeficiency, particularly with HIV infection. A
recent review reported 79% of PBL cases to be HIV related and the rest to be
associated with some other form of immunosuppression® such as organ
recipients® and lengthy immunosuppressive therapy®’. In this setting, PBL is
commonly reported to be associated with advanced immunosuppression as

demonstrated by CD4+ counts of patients well below 200 cells per microliter”
8 PBL have however also been described in HIV negative individuals with

other forms of immunosuppression®® %3 61:69,

The gingiva and palatal mucosa are described as the predominant intra-oral

sites affected by this tumour and account for more than half of the reported

cases, occasionally with adjacent bone infiltration® & & 14. 20. 25. 26.35-38, 40-42, 44-47,

27 " The lesions are typically fleshy masses on the gingiva or palate with a

history of rapid growth, sometimes following dental extraction or complaints of
tooth ache representing a possible tooth abscess®.

According to the literature approximately 34% of PBL’s occur in extra-oral
locations either alone or in associaton with an oral mass®. The

gastrointestinal tract and skin were the most common extra-oral sites

reported®. Other extra-oral sites include the lung and bone marrow?* 2* 32

t53, 56, 59, 72, 76, 77 t78, 79

spleen’, upper airway trac , orbi , scapula®, lymph

25,56, 38 asophagus®!, cranium and cervix®®, female breast®, cardial

17, 49, 56, 61, 77

nodes

, spinal cord”, para-vertebral
85, 86

muscle®®, gastrointestinal tract

25, 51, 17, 59, 84

area’’, mediastinum %6 testes
17, 25, 43, 52, 55, 56, 61

, central nervous system

rectum®®, anus and skin®°.

All PBL’s display an aggressive clinical course and extremely poor prognosis®

%.37.87  Reports on the median survival of the afflicted patients vary from a
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few months to three years. In some HIV-positive individuals the neoplasms
have been described to regress when the patients received antiretroviral

38, 51

therapy™ °". Inthese cases the median and the overall survival appears to be

similar to that of previously reported AIDS-related lymphomas when the

patient is well-controlled on highly active antiretroviral therapy (HAART)®': 8

89

The median age of patients diagnosed with PBL is almost always around 39

yearSS, 8, 14, 25, 61 6, 8, 14, 90.

with a male predominance confirmed by many
Interestingly the 2008 WHO classification states that PBL occur in patients

with a median age of 50 years®.
1.2.2 Microscopic features

Microscopically the neoplastic cells of PBL are described as large blastic cells
with abundant cytoplasm, more or less eccentrically placed, slightly irregular
round to oval nuclei with little, and fine chromatin. Plasmablasts were initially
defined by Delecluse as cells that still have the blastoid features of
immunoblasts but which have otherwise already acquired the antigen profile
of plasma cells®. All tumour cells usually have prominently visible nucleoli.
Some cells have immunoblastic features with a single prominent, centrally
located nucleolus and others exhibit several peripherally located nucleoli.
Both cell types with regard to the number and location of nucleoli have been

described in the literature with the latter being more common?® 4 36 37. 41.73. 91

than the former*': %6 7273

. The cells of PBL have abundant cytoplasm with a
paranuclear hof and demonstrate a proliferation index of more than 90% as
determined by proliferation markers such as Ki-67 (MIB-1). Numerous
interspersed tingible body macrophages result in a starry sky appearance.
Necrosis and ulceration of the mucosal epithelium are common features in

PBL of the oral cavity> & '*%,

Morphological classifications based on various parameters, but especially
certain cellular features were proposed by some authors. These
classifications divided PBL’s into ‘PBL of the oral mucosa’ type, ‘PBL with
plasmacytic differentiation’ and ‘extra-medullary plasmablastic tumours

8
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secondary to plasma cell neoplasms’®® 92 %,

‘PBL of the oral mucosa type’
was defined as a monotonous proliferation of large lymphoid cells with
immunoblastic features including abundant basophilic cytoplasm with
occasional paranuclear hofs, little or no plasmacytic differentiation as well as
EBV and HIV positivity in most cases®. In contrast, ‘PBL with plasmacytoid
differentiation’ was defined as immunoblasts and plasmablasts with more
differentiation towards mature plasma cells and less EBV and HIV positivity*®.
The third group defined as ‘extra-medullary plasmablastic tumours secondary
to plasma cell neoplasms’ consisted predominantly of large immunoblasts and
plasmablasts with a variable number of smaller cells with more mature plasma
cell features intermingled with the former®®. The latter group can only be
considered when the patient has a clinical history of other plasma cell
dyscrasias such as MM. Other morphological classification systems proposed
for PBL include classifying these lesions as ‘immunoblastic’, ‘Burkitt’s-like’ and
‘plasmacytic’ PBL’s®". The latter classification did not get wide acceptance in
the literature. The classification of these neoplasms into ‘PBL of the oral
mucosa type’ and ‘PBL with plasmacytic differentiation’ received most
attention and is also utilised by the 2008 WHO classification®.

1.2.3 Immunophenotype

Immunophenotypically PBL displays a characteristic late or terminally
differentiated B-cell type, negative for B-cell antigens such as CD20 but with
variable positivity for CD79a and epithelial membrane antigen (EMA).
Variable staining patterns for CD5, CD7, CD8, CD10, CD30, CD45, and
anaplastic lymphoma kinase (ALK-1) has been reported. CD3 positivity was

reported by one group’' and CD4 expression by some others® % % th

e
meaning of which is uncertain. Variable positivity for plasma cell markers
such as CD38 and CD138 are described by many as well as cytoplasmic
immunoglobulin light chain restriction (kappa or lambda) suggestive of
clonality® 4 37:40.43.52.%6.69 " The yse of CD56 to distinguish between PBL and
extra-medullary MM is controversial. Some authors found it to be positive in
MM rather than PBL®® but others found CD56 expression in a large proportion
of their PBL cases rendering it inappropriate for differentiation between these

neoplastic entities®.
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1.2.4 The differential diagnosis of PBL: A diagnostic dilemma

Many lymphoproliferative and plasma cell neoplasias display plasmablastic
features which results in difficulty when aiming to diagnose PBL'’s using solely
morphologic criteria.  Plasmablastic features are often encountered in
aggressive B-cell ymphomas. These include several varieties of DLBCL such
as the immunoblastic variant of DLBCL not otherwise specified (NOS)%,
DLBCL associated with chronic inflammation®®, ALK-positive DLBCL®", HHV-
8-associated DLBCL associated with multicentric Castleman’s disease (also
known as HHV-8-positive PBL)%, extracavitary solid forms of PEL®, and
extra-medullary plasmablastic tumours secondary to MM or plasmacytomas®”
%2 The diagnostic dilemma was underlined by Dong and co-workers who
elaborated on how pathologists have variably diagnosed PBL’s as
‘immunoblastic lymphoma with plasmacytic features’, ‘plasmacytomas with
anaplastic features’ or even ‘unclassifiable neoplasms with features

intermediate between plasmacytoma and immunoblastic lymphoma’'”.

Of all these entities, extramedullary tumours secondary to plasma cell
neoplasias such as MM and plasmacytomas with plasmablastic morphology
are still the most difficult or even impossible and controversial to differentiate
from PBL'" %6 9. 92 These neoplasms have nearly identical
immunophenotypic profiles, histomorphological®® and very importantly, clinical
features. Some are of the opinion that pre-existing or concurrent clinical
evidence of MM as defined by the International Myeloma Working Group'®
favours the diagnosis of plasmablastic MM over that of PBL*® %, These
include the presence of serum monoclonal para-proteins, bone involvement
with radiographically evident lytic lesions and proliferation of plasma cells in
the bone marrow, peripheral blood, or extra-medullary sites. Disseminated
bone involvement with hyper-metabolic disease®' as well as bone marrow
infiltration by neoplastic plasmablasts have however been reported in cases of
PBL in the literature®* % 8% 101 102 The apsence of serum monoclonal
proteins and/ or bone marrow involvement, the presence of EBV in the tumour
cells, HIV/AIDS-related immunodeficiency, and the aggressive clinical course
with poor survival are accepted by some to favour the diagnosis of PBL above

11, 17, 92, 103

other plasma cell neoplasias . But MM has also been described in

10
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the setting of AIDS, with and without EBV involvement'®* ' and EBV-positive
MM has also been described in immunocompetent patients'®. MM in these
patients may for instance present without the monoclonal spike on serum
electrophoreses. This could either be due to non-secretory tumours or to the
common presence of polyclonal gammopathy which can obscure a small

monoclonal spike'®”.

The minimum diagnostic criteria for PBL of the oral and sinonasal regions was
recently suggested by Kane and co-workers’®. The authors made an
interesting remark that PBL with plasmacytic differentiation actually represents
a rare plasmacytoma with plasmablastic component that should be excluded
from the homogenous group of PBL. This concept was further underlined by
Taddesse-Heath et al., who reported three cases of PBL that showed clinical,
morphological, phenotypical as well as genetic features that overlapped with
MM, In their study, all patients presented with disseminated disease with
nodal as well as extra-nodal involvement such as extensive infiltration of small
bowel and colon wall. Two of the patients had monoclonal serum
immunoglobulin and lytic bone lesions without bone marrow involvement
either morphologically or by flow cytometry. The third patient had monoclonal
serum immunoglobulin, diffuse infiltration of the bone marrow but no lytic bone
lesions. None of the aforementioned patients had hepatosplenomegaly or
peripheral blood involvement''. The morphological and immunohistochemical
features in all cases were consistent with those of a plasma cell neoplasm
with plasmablastic morphology but because the patients did not have all the
criteria consistent for the diagnosis of MM'%®, the tumours were diagnosed as
PBL'". Most studies that report cases of PBL describe the tumours as
‘microscopically consistent with PBL’ even though the patients involved never

had a proper clinical workup for MM.

The concept that PBL may actually represent an aggressive form of MM or

plasmacytoma with plasmablastic morphology, has also been proposed by

11, 17, 56, 72, 90, 92, 109

others Both MM and plasmacytoma can contain plasma

cells that vary from mature plasma cells to immature plasmablasts,

109

pleomorphic or sometimes anaplastic cells A recent study proposed a

classification of plasmacytomas in mice which basically mirrors these stages

11
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of development and classify plasmacytomas in mice as anaplastic,

plasmablastic, and plasmacytic''°.

The diagnosis of plasmacytomas may
become very difficult when cells are poorly differentiated and exhibits
plasmablastic or anaplastic features'®. A biological continuum between
plasmacytomas and MM has been demonstrated by the eventual
transformation of approximately two thirds of cases of solitary plasmacytomas
to MM"'"1'3 " Extra-medullary plasmacytomas have unfortunately not been
investigated or reported extensively in the literature and data on this neoplasm
is scarce. Transformation seems to occur at a much lower rate than solitary
plasmacytomas and is reported to occur only in about 15% of all such
cases'*.  Plasmacytomas and MM with plasmablastic morphology are
reported to be immunophenotypically and genetically similar’® which

complicates matters even further.
1.2.5 Plasma cell tumours and HIV/AIDS

Non-Hodgkin’s lymphoma represents the second most common group of
neoplasms with a 60-200 fold increased risk in HIV-patients when compared

to the general population® ' 116,

Patients are usually younger than those
diagnosed in non-HIV patients and present with advanced disease and a high
tumour burden?. Involvement of extranodal sites is common, in particular the
gastrointestinal tract, central nervous system, liver and bone marrow while
tumours are wusually EBV positive, have a prominent plasmablastic

morphology and are clinically aggressive'®* 105 107, 117. 118

The lymphomas
most commonly encountered in HIV-AIDS patients include PEL'®, BL,

DLBCL, PBL and HHV-8-positive PBL associated with Castleman’s disease®
120

The reasons why HIV-infected patients have an increased risk for the
development of lymphomas, particularly of mature and terminally
differentiated B-cells/ plasma cells, appear to be multifactorial. This is
supported by the fact that Iymphomas in HIV/AIDS patients are
heterogeneous reflecting different pathogenetic mechanisms. These include

f121

the transforming properties of the retrovirus itself'=’, the high incidence of

infection with opportunistic lymphotrophic viruses such as EBV and HHV-8'%

12
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123 as well as the polyclonal B-cell activation through chronic and excessive
stimulation of a compromised immune system and cytokine dysregulation.
The idea that chronic B-cell stimulation plays a role is supported by the
presence of hypergammaglobulinemia and persistent generalised
lymphadenopathy often preceding the development of these lymphomas® '#*
as well as increased para-proteins directed against HIV-specific antigens such

as p24125, 126

. It has been confirmed that HIV-infected macrophages and other
cells up-regulate the expression of Interleukin 6 (IL-6), an important plasma
cell growth factor'?’. EBV and/or HHV-8 infection, common in HIV-infected
patients, are also associated with high serum levels of IL-62 which may further

explain the common association of plasma cell neoplasms in HIV-patients.

MM is a non-AIDS defining plasma cell neoplasm which shows an increased
incidence in HIV/AIDS patients'™ ''®.  In this setting MM and even
plasmacytomas are associated with a younger age (mean age of 38.8 years),

107, 116, 128-130

presentation in multiple and unusual extra-medullary sites and a

more aggressive clinical course with poor prognosis. The median survival for

131

patients with MM in immune competent hosts is 33 months ™' but it is reduced

97 The adverse clinical

to only a few months in HIV-positive patients
prognostic factors in HIV-positive individuals diagnosed with any lymphoma
include age over 35 years, intravenous drug usage, stage of the disease at
presentation and the CD4 count which, in itself, has been shown to be linked
with disease progression” 8. These features are similar to those described in

PBL.

The role of HIV infection in the diagnosis of PBL versus that of other plasma
cell neoplasms such as MM is uncertain. It is unknown if PBL represents a
unique entity or when it is associated with disseminated disease in an HIV-
positive patient does not rather represent a solid plasmablastic extra-
medullary plasmacytoma in the context of MM. It should also be determined
whether PBL diagnosed in an HIV-negative or immune competent patient
does not actually represent some form of extra-medullary plasmablastic
plasmacytoma.

13
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1.3 VIRUSES AND PLASMABLASTIC LYMPHOMA
1.3.1 Epstein Barr Virus (EBV)

EBV is a member of the human herpes virus family and has been associated
with the development of various B-cell lymphoproliferative diseases including

lymphoma'32134,

EBV is present in 40-50% of lymphomas including BL,
DLBCL with immunoblastic morphology, primary central nervous system
lymphoma, PEL and PBL® 8 3% The virus therefore seems to play a
definitive role in the pathogenesis of HIV/AIDS-related lymphomas, although
the incidence of EBV varies considerably with the site of presentation and the

histological type of lymphoma.

The strong association of EBV with PBL has been confirmed by various
authors with an incidence that ranges from 60-100%> & ' ™ The EBV
association is especially prominent in PBL classified as ‘PBL of the oral
mucosa type™®. Lower incidences have however been reported in ‘PBL with

plasmacytic differentiation’?? 1%.

The close association between PBL, HIV and EBV infection, although evident,
is not clearly understood. Most HIV-associated lymphoproliferative diseases
display a plasma cell phenotype and are linked to EBV infection*. It is still
speculated whether EBV infection is pathogenic or merely coincidental in PBL.

1.3.2 Human Herpes Virus-8 (HHV-8)

HHV-8 is frequently associated with certain lymphoproliferative disorders such

as PEL occurring in association with HIV infection'®” 1%

and large B-cell
lymphoma arising in HHV-8-associated multicentric Castleman’s disease, also
known as HHV-8-positive PBL. The pathogenetic role of HHV-8 in
lymphoproliferative diseases is partly explained by its role in cytokine
upregulation with increased production of IL-6 which acts as a B-cell stimulant

and results in increased incidences of B-cell lymphomas'®.

14
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Although some groups reported the presence of HHV-8 in their cases of
PBL'>'® 20 most authors, including the WHO, currently accept HHV-8 not to
play any role in the pathogenesis of PBL'* 22 2% 36.37. 41, 140-142
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1.4 GENETIC PROFILE OF PLASMABLASTIC LYMPHOMA

The genetic features form an important part of the diagnostic algorithms in the
2008 WHO classification of lymphoid tumours® and additional genetic data
continue to inform scientists on the pathogenesis of these diseases. There is
still a significant shortage of genetic studies on PBL likely due to its overall
rarity, apart from countries with high incidences of HIV/AIDS. Since its first
description by Delecluse in 1997, less than 300 cases of PBL affecting the
oral cavity have been published in the literature® & 4 16 17, 20. 25, 26, 31-47, 49-71
Knowledge on the cellular origin of this tumour is therefore still based on the

expression of some immunohistochemical markers.

1.4.1 General aspects of chromosomal abnormalities in lymphoid

malignancies

Acquired chromosome abnormalities as causal factors in the origin of cancer
have been investigated extensively over the last fifty years. The first to

4" cited in a recent review'**.

suggest such a relationship was Boveri in 191
Only when chromosomes could be visualised and studied more accurately
could this hypothesis be evaluated and ultimately proven. It has been shown
that the consequences of chromosome aberrations are what defines cancer
as ‘a genetic disease at the cellular level'®. The genetic pathogenesis of
malignant neoplasia is mainly dominated by two types of initiating events
namely the inactivation of genes or their dysregulation. The genes involved in
tumour development and therefore prone to be affected in such a manner can
be divided in three broad categories: oncogenes, tumour-suppressor genes

and stability genes or also known as caretaker genes.

Proto-oncogenes are genes that, when mutated in any way, will result in a
oncogene which is constitutively active, that is, active under conditions when
the wild type gene is not'**. Tumour suppressor genes or anti-oncogenes are
genes that encode proteins which are responsible for repressing cell
proliferation or promoting apoptosis, sometimes both. When activated,
oncogenes and tumour suppressor genes may lead to increased net growth of
the neoplastic cells. Genetic alterations of tumour suppressor genes on the

16
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other hand often inhibit normal cell-cycle arrest or apoptosis'*. Stability or
caretaker genes, a third group of cancer genes are generally responsible for
the repair of genetic alterations that happen during normal cell proliferation or
exposure to mutagens. When the function of caretaker genes are inactivated,
mutations in other genes such as proto-oncogenes and tumour suppressor

genes occur more frequently'*®.

Mutations are changes in the DNA sequence of a cell’'s genome and may be
caused by many factors including viruses, different forms of radiation,
chemicals and many more. Genetic alterations in the DNA of oncogenes,
tumour suppressor genes and DNA repair genes, amongst others, have the
potential to lead to the formation of various forms of malignant tumours.
Alterations to these genes include gains and losses of parts of or whole
chromosomes, amplifications as well as chromosomal translocations.
Mutations of oncogenes, tumour suppressor genes and caretaker genes can
occur in the germ line or, more commonly in single somatic cells which results

in sporadic tumours.

Chromosomal translocations are considered as the primary cause for many
malignancies but have been proven to be the most common class of
mutations found in haematological and lymphoproliferative malignancies'’.
Paired double strand DNA breaks on separate chromosomes with proximity of
the broken ends and then joining of the heterologous DNA ends are required
in order to result in a chromosomal translocations'®. These translocations
can have various results. Sometimes fusion of two genes can produce a
chimeric protein with oncogenic activity such as the Philadelphia chromosome
found in subtypes of acute lymphoblastic leukemia and chronic myeloid
leukemia'¥’.  Chromosomal translocations can also result in bringing
transcriptional regulatory sequences from one gene in apposition with a proto-
oncogene such as MYC, leading to its distorted expression'*.

Approximately 95% of lymphomas diagnosed in humans are of B-cell origin'*’.
B-cell ymphomas are a very heterogeneous group of malignancies and reflect
all stages of B-cell development: from early B-cells such as seen in acute
lymphoblastic leukemia to mature B-cells in DLBCL or even terminally
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differentiated B-cells (plasma cells) in MM. The position of PBL in the B-cell
repertoire has not been elucidated yet.

The high incidence of B-cell lymphomas seems surprising when one thinks
about the ratio of B- to T-cells in the normal human body. Considering the

h'4%1%1 it becomes easier to

very complex process of B-cell maturation thoug
understand why this population of cells is more prone to malignant change.
The same key factors needed for normal B-cell differentiation and survival are
also required for malignant growth of most B-cell lymphomas'’. The
programmed DNA damage that the B-cell encounters during normal B-cell
differentiation, especially during the germinal center (GC) reaction, makes
these cells very prone for somatic mutations as previously defined. For a B-
lymphocyte to acquire the capacity to secrete antibodies for normal immunity,
the cell must undergo extensive differentiation driven by changes in gene

expression, also known as genetic reprogramming, prone to mistakes.

1.4.2 Normal B-cell development

B-cells are responsible for immune surveillance against a wide variety of
pathogens. For a B-cell to be able to perform its functions, it has to go
through a complex process of maturation which has tight check points aimed
at eliminating B-cells abnormal in any way. When B-cells are mature they
produce antibodies in the form of immunoglobulins (lg) composed of two
distinct chains, a heavy and a light chain, encoded by separate chromosomes.
Both the heavy and light chains contain variable (V) regions for antigen
recognition. The heavy chains also contain constant (C) regions which
influence the fate of the encountered antigen. B-cell development takes origin
from haematopoietic stem cells in the primary lymphoid organs represented
by the fetal liver and the adult bone marrow. The earliest B-cells are
represented by the progenitor or pro-B-cells which express the B-cell antigens
CD19 and CD79a. The first Ig recombination event takes place between one
of 27 diversity (D), and one of 6 junctional (J) gene segments present on the
IGH on chromosome 14g32'°%.  Any unwanted DNA between these two
sequences is deleted (Fig.1). Once the D and J gene segments are
recombined, i.e. Dy — Ju, the pro-B-cell will differentiate into an early pre-B-
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cell. At this stage, further rearrangement in IGH with removal of unwanted V
and D gene segments result in one of the 123 available V genes to be
attached to the newly formed D-J segment giving rise to a late pre-B-cell
(Fig.1). These cells are recognised by expression of a rearranged VDJ-Cu
heavy chain or pre-B-cell receptor (pre-BCR) on their cell surface in which
[u]M provides the first crucial check-point for B-cell development'2.

Light chain rearrangement will now take place in a similar fashion except the
light chains lack a D segment. The first step of recombination for the light
chains involves the joining of a V segment (which can be either kappa (k) on
chromosome 2 or lambda (A) on chromosome 22) and J segment to give a VJ
complex before the addition of the constant chain gene during primary
transcription. Translation of the spliced mRNA for either the k or A chains
results in formation of the Ig k or Ig A light chain protein. This results in pairing
a MHC with A or k light chain and the expression of a complete IgM

molecule'®,
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Figure 1 The figure gives a simplistic overview of V(D)J recombination of immunoglobulin

heavy chains.

(Genes in heavy chain locus

W v W v DD gl gl W= =

Removal of unwanted D and J gene segment

S J

O

Recombination of D and J exons — DJ recombination
i

Removal of unwanted ¥V and D gene segment

Recombination of VV and DJ exons — WVDJ recombination

.
,‘

Antibody transcript will also include constant domain gene

V = variable genes; D = diversity genes; J — junctional genes; C = constant genes

During the process of V(D)J somatic recombination in developing B-cells of
the bone marrow, the recombination activating enzyme, RAG1/2 is
responsible for DNA breaks at the recombination signal sequences and it
catalyzes a trans-esterification reaction resulting in two DNA ends'*®. A DNA
damage response is triggered’® to repair the ‘damaged or broken DNA by the

% These cellular repair

non-homologous end-joining DNA repair machinery
pathways play a major role in the maintenance of genomic integrity and
stability. Such pathways, along with DNA-damage checkpoints, ensure that
either the damage is properly repaired or cells with damaged DNA are

eliminated completely.
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The presence of surface IgM is required to pass the second check-point,
which then allows for negative selection of abnormal B-cells to occur'®?. The
B-cell is now known as an immature B-cell which soon gives rise to a mature

B-cell that has the ability to leave the primary lymphoid tissue'*°.

Mature but still antigen naive B-cells represent approximately 60-70% of
circulating B-cells. These cells migrate to the spleen, lymph nodes, Peyer’s
patches, tonsils and mucosa associated lymphoid tissue (MALT), also referred
to as the secondary lymphoid tissues, where they form the primary B-cell
follicles. Should an antigen be encountered by the B-cells of secondary
lymphoid tissue, the cells will undergo complex processes collectively known
as the GC reaction and ultimately produce plasma cells and memory B-
149

cells
(SHM) and class-switch recombination (CSR).

The GC reaction includes clonal expansion, somatic hypermutation

The GC reaction is not the only pathway for plasma cell differentiation and it is
now well documented that two subsets of peripheral B-cells, the B1 cells
(without antigen encounter) and the marginal zone B-cells (with antigen
encounter) can proliferate and differentiate into plasma cells outside the GC
microenvironment'*®. According to this, B-cells are classified by some authors
as antigen-insensitive B1 cells and the more common antigen-sensitive B2

cells further represented by the GC B-cells and the marginal zone B-cells'*°.

Antigen activated B-cells transform into large B-blasts which will either
proliferate and differentiate into short lived plasma cells responsible for rapid
release of low-affinity antibodies or will migrate to primary B-cell follicles
where they will proliferate and differentiate into long-lived plasma cells
producing high-affinity antibodies and memory B-cells'*®. During the GC
reaction in the follicles of secondary lymphoid organs some very important
changes take place, in particular the antibody diversification processes of
centroblasts that will result in the generation of high affinity antigen-specific
antibodies. Morphologically, centroblasts are large blast-like cells with round,
vesicular nuclei, one to three prominent nucleoli and narrow rim of basophilic
cytoplasm. The antibody diversification processes involves the introduction of
point mutations, or non-templated nucleotide substitutions in the rearranged

IgV gene region that encodes for the antigen binding site. This process is
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known as SHM™> % Unlike germ line mutations, SHM affects only individual
cells, and the mutations are not transmitted to offspring. Mistakes during
somatic hypermutation are a likely mechanism in the development of B-cell
lymphomas.

Centroblasts express no Ig on their surfaces. The B-cell lymphoma-6 protein
(BCL®) is a nuclear transcription factor which is strongly up regulated in GC B-

cells™’

. Evidence confirms BCL6 as a major regulator of B-cell development,
required for GC formation'® and the persistence of the germinal center'®.
BCL6 down regulates the BCL2 and BCLX genes resulting in suppression of
apoptosis and promotion of cell proliferation. BCL6 also down regulates the
expression of B-lymphocyte induced maturation protein (BLIMP-1)'®,
necessary for plasma cell differentiation which further enhances rapid

expansion of the specific GC B-cell population'®’.

Apart from SHM the cells also undergo CSR during which DNA are deleted
between repeated sequences called switch regions located upstream of the C
region of the IGH'®2. This ultimately results in IgM and IgD to be switched to

either 1gG, IgA or IgE™" %2,

Class switching occurs after activation of a
mature B-cell via its membrane-bound antibody molecule, or B-cell receptor.
This leads to the generation of different classes of antibody, all with the same
variable domains as the original antibody generated in the immature B-cell
during V(D)J recombination, but with distinct constant domains in their heavy
chains. Thus CSR allows production of different Ig isotypes or antibody
classes which are determined by the different /GH constant region genes with
maintenance of the same variable region antigen-binding specificity. CSR
leaves the V(D)J regions unaffected but only changes the effector function of
the specific antibody molecule**.

After SHM and CSR, centroblasts differentiate into centrocytes. Centrocytes
are cells that vary in size from little larger than mature lymphocytes to a just
smaller size than centroblasts. They have deeply indented nuclei,
inconspicuous nucleoli and scant cytoplasm'™®. Centrocytes re-express Ig on
their cell surfaces, which now contains the same V(D)J rearrangements as the
naive B-cells but due to SHM have different antibody binding sites and due to

CSR have altered C regions'*. Centrocytes have the ability to bind the
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antigens in its vicinity and to present it to helper-T-cells, numerously present
in the GC. When unfavorable mutations occurred during V(D)J
recombination, SHM or CSR, the resulting centrocytes are usually unable to
bind with high affinity to antigens trapped by the presenting follicular dendritic
cells or to appropriately interact with the GC T-cells. Because of this anomaly,
the specific ‘abnormal’ centrocytes are negatively selected and do not receive
any survival signals from these cells, there is down-regulation of the anti-
apoptotic molecules BCL2 and BCLX which ultimately results in death of these

B-cells'*®.

Positively selected centrocytes however activate adjacent T-cells
to express CD40-ligand and to secrete IL-4 and IL-10 which ultimately induces
B-cell clonal proliferation. GC B-cells may undergo repeated rounds of SHM
and CSR or may differentiate into post-GC B-cells which includes plasma cells
and memory B-cells'*® '®3. The reason why some GC B-cells become plasma
cells and others memory B-cells is not yet clear. The germinal center reaches
its maximum size in about two weeks and then slowly involutes to disappear

again in a few weeks'®°.
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1.4.3 General aspects of the genetic basis of B-cell ymphoma
pathogenesis

Molecular aspects of lymphomagenesis, especially of the B-cell lineage, have
been extensively investigated. As described earlier, specific stages of B-cell
development and differentiation are characterised by the particular structure of
the B-cell receptor and expression of differentiation markers at every stage.
Malignant B-cells are the clonal expansion of B-cells that seems to be ‘frozen’
in a specific stage of B-cell development and differentiation as characterised
by its B-cell receptor structure and or differentiation markers. This concept
forms the basis for the classification of B-cell lymphomas®. It has been shown
that all B-cell NHL’s, apart from lymphoblastic and mantle cell lymphoma
display somatically mutated /gV genes indicating that almost all forms of B-cell
lymphoma are derived from B-cells either blocked within or B-cells that have

just passed through the GC'6%6°,

1.4.3.1 IGH gene rearrangements

Approximately 50% of B-cell lymphomas are characterised by recurrent
translocations involving the IGH'®® ',  The IGH locus is situated on
chromosome 14, at band 14g32.3 spanning 1,250kb. At least one partner of
almost all translocations documented in lymphoid cancers is one of the Ig
gene variable or switch regions'*®. Reciprocal translocations usually involve
one of the Ig loci and a proto-oncogene resulting in the oncogene being
deregulated by the very active Ig promoter sequences with constitutive
expression of the associated oncogene'*’. Examples include the t(14;18)
translocation that joins the /IGH promoter to the BCL2 gene at 18g21, resulting
in constitutive expression of the anti-apoptotic BCL2 protein and the t(8;14)
translocation where the IGH promoter is joined with the MYC gene at 8924

resulting in the constitutive expression of MYC.

As eluded to before, translocations involving /GH may occur as a
consequence of illegitimate V(D)J recombination during early B-cell
development or during SHM and/or CSR in the later stages of B-cell
development. SHM and CSR share an important common B-cell specific
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enzyme namely activation-induced cytidine deaminase (AID) Many

researchers have shown AID to be responsible for the lesions in the IGH and

169-172

MYC loci that eventually lead to translocations Some have even

demonstrated AID to be essential for the MYC/IGH / (8;14) translocation'”".

Aberrant joining of heterologous chromosomes after paired DNA breaks is
necessary for translocations to occur and double strand breaks in the IGH
alone would therefore be insufficient for translocations to occur'”.
Translocation partner genes must physically encounter each other in the
nucleus to undergo a translocation. Researchers have shown that interphase
chromosomes are non-randomly organized in nuclei in tissue-specific
configuration so that the chromosomal position and juxtaposition of certain
genes may result in the formation of non-random translocations'’*.
Chromosomes 12 and 15 in mice represent human chromosomes 14 and 8
respectively. They carry the frequent B-cell translocation partner IGH on
chromosomes 12 (mice) or 14 (human) and the proto-oncogene MYC on
chromosomes 15 (mice) or 8 (human). Chromosomes 12 and 15 have been
shown to be preferred neighbours in mouse spleen lymphocytes'” and MYC
and IGH are found in the same vicinity in a third of human nuclei'’®. Any
process that brings these genes together would obviously increase the risk of

a translocations between them'””.

Three types of Ig breakpoints have been identified. They can be classified
according to various stages of B-cell development: 1) breakpoint directly
adjacent to lg Jy or adjacent to Dydu joining region — likely to represent
translocations which takes place at the time of V(D)J recombination during
early B-cell development; 2) breakpoint within or adjacent to rearranged and
somatically mutated V(D)J genes — likely to represent translocations as the
by-products of double DNA strand breaks during SHM; 3) breakpoints in the
IGH constant switch regions — most probably represent breaks during CSR'’.
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1.4.3.2 Other factors thought to be involved in lymphoma

pathogenesis

The AID protein is found in GC B-cells responding to antigen in the
periphery'®.  Generally speaking, AID drives antibody diversification by
deaminating cytosine in the DNA to uracil during the processes of SHM and
CSR. During these processes AID introduces double DNA strand breaks'®.
The genome is usually protected from AlD-induced /GH translocations by the

ATM-, p53- and p19Arf-dependant pathways'”®.

Unlike the previously mentioned RAG1/2 protein, which is sequence specific,
AID, a nucleotide editing enzyme, can deaminate cytosines in nearly any

sequence context'®

which includes /g and certain oncogenes such as
MYC'®. The deregulated expression of AID in B-cells leads to chromatid
breaks and translocations involving almost every chromosome'”®. Recent
evidence shows that deregulated AID expression leads to B-cell lymphoma
when combined with deletion of p53'"2. Interestingly, AID does not however
seem to play a role in deletions or duplications observed in MYC or other

oncogenes '8,

AID-induced lesions in non-IgH genes are repaired by
different pathways and seems to be less error prone than AID-induced IGH

lesions'®2.

Technically speaking, RAG1/2-induced double strand breaks (during the initial
V(D)J rearrangements in the bone marrow) and AID breaks (during SHM and
CSR) should not coexist and should therefore not be concomitants in
chromosome translocations'*®. RAG-induced breaks can persist under at
least two circumstances: 1) if the DNA damage checkpoint ataxia
telangiectasia mutated kinase is defective for any reason, it will result in cells
with breaks at the /IGH locus which could be paired with AID breaks later'®*; 2)
loss of the non-homologous end-joining factor XRCC4 in mature B-cells'®®
with deficient p53 that will lead to B-cell lymphomas with c¢c-MYC/IGH

translocations'®®.
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Other non-lg gene targets involved in B-cell lymphoma genesis include
inactivating mutations of the genes that encode for CD95 (FAS)'®” and
BCL6180’181.

1.4.3.3 MYC gene

The MYC gene was initially described in avian retroviruses as the oncogene
that induces myelocytomatosis in birds, from there the abbreviation MYC'®.
c-MYC is the cellular homologue and represents the most widely studied
proto-oncogene. MYCN and MYCL are homologues of the gene found

amplified in neuroblastoma and small cell cancer of the lung respectively '®.

1'% and encodes two

The human ¢c-MYC is localised on chromosome 8g24.2
proteins, the p67 (MYC-1) and the p64 (MYC-2) each with biologically distinct
functions''. The MYC protein is a basic Helix-Loop-Helix Leucine Zipper
(bHLHZip) protein which heterodimerises with another small bHLHZip protein
called Max resulting in dimers having a DNA-binding ability for specific DNA

sequences'®. This dimerization is critical for all known MYC functions'®°.

MYC regulates various cellular activities such as aspects of the cell cycle, cell
growth and metabolism, cell differentiation, apoptosis but it is also involved in
transformation, genomic instability and angiogenesis'®*. In fact, c-MYC and
max are essential for survival'®. ¢-MYC deficiency results, amongst other

% In line

effects, in the accumulation of defective haematopoietic stem cells
with its biological functions, c-MYC expression is high during early
embryogenesis'® but low or undetectable in differentiated tissue, consistent
with the low to complete absence of cell proliferation in fully differentiated

cells'®,

MYC expression and activity are regulated at multiple levels through
transcriptional, post-transcriptional, translational and post-translational
mechanisms'®’. The diverse functions of MYC include both proliferation and
apoptosis and a model was brought forward that proposes MYC to promote
apoptosis as the preferred physiological response'®. In the presence of

excessive amounts of survival factors or mutations in the apoptotic pathway
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however, the cellular MYC response would instead be uncontrolled
proliferation, the so-called “dual signal model’'®® ' |t was shown that
elevated c-MYC levels accelerate the progression of cells through the G1

phase®®

. It was also soon discovered that c-MYC itself can acquire mutations
that potentiate neoplastic transformation by affecting apoptosis independently
of cell cycle progression'.

A large number of human malignancies exhibit deregulated MYC activity®®’
which include chromosomal translocations such as the MYC/IGH fusion gene
in BL?®? and increased MYC expression due to gene amplification®®® and
protein stabilisation®®. Oncogenic features of MYC also include genomic
destabilisation®”, increased vascularisation and angiogenesis®®. Due to its
diverse functions, recent data demonstrated the targeting of MYC as an

effective, efficient and tumour-specific cancer therapy?”’.

BL is a high-grade B-cell lymphoma invariably associated with chromosomal
translocations with a resultant MYC deregulation®®?. In this setting, the
chromosomal translocations always result in the juxtaposition of MYC with
enhancer sequences from immunoglobulin genes, usually the IGH. The Ig
enhancers are particularly active in mature B-cells and their juxtaposition to
MYC drives abnormally high levels of MYC mRNA and protein expression®®,
Constitutive MYC expression results in cell cycle deregulation with
uncontrolled cell proliferation®®. This contributes to the increased MYC
activity and excessive cell proliferation seen in cases of BL. In 80% of BL'’s,
the translocation partner for MYC is the IGH locus, resulting in the
t(8;14)(g24:g32) abnormality®®®. In approximately 15% of cases the partner is
the Ig light chain k locus at chromosome 2p11 [t(2;8)] and in approximately
5% the lg light chain A locus on chromosome 22q11 [t(8:22)] is involved®®
both forms known as variants Burkitt translocations. Although MYC
rearrangements are sensitive markers for BL, they are not specific and are
also seen in DLBCL where it is associated with poorer prognostic

implications®*%#'3,

A new category in the 2008 WHO Classification of
lymphoid neoplasms known as ‘B-cell lymphoma, unclassifiable, with features
intermediate between DLBCL and BL'" 2" were created in order to

accommodate ‘atypical’ cases of both BL and DLBCL.
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It has previously been shown that plasmablastic cell transformation is highly
associated with MYC translocations. This is seen in both PBL de novo as well
as in plasmablastic transformation of plasma cell neoplasms such as MM?'*
218 " The incidence of MYC abnormalities and increased MYC expression in
MM is reported to be more frequent in extra-medullary and more proliferative
intra-medullary tumours compared to less aggressive intra-medullary
tumours®’®.  In murine plasmacytoma, BL and some other B lymphocyte
tumours, dysregulation of MYC appears to be one of the earliest oncogenic
events but MYC dysregulation seems to be a late event representative of
tumour progression in MM, consistent with the higher proliferative capacity

late in the disease'’> 24263

The prevalence of MYC rearrangement in PBL of the oral cavity versus that
seen in other anatomical locations is unknown. Recent studies on PBL from
various anatomical locations have highlighted the importance of MYC gene

11, 13, 24-28

rearrangements and suggest an important role for MYC in the

pathogenesis of PBL.

1.4.4 Plasma cell differentiation: position of the plasmablast in the B-
cell repertoire

Naive and memory B-cells both have the ability to differentiate into antibody-
secreting plasmablasts and eventually plasma cells when activated, either

with or without T-cell help and with or without the presence of an antigen®'’.

The term ‘plasma cell’ is defined as either long- or short-lived, non-dividable,
immobile, antibody-secreting cells with prominently distended endoplasmic
reticulum (seen with light microscopy as the paranuclear hof) and well-
developed secretory apparatus®'’. Plasmablasts on the other hand are
mobile, migratory, activated B-cells that secrete antibodies while remaining in
cell cycle and have up regulated major histocompatibility complex (MHC)
expression®'’. These cells still have the blastoid features of immunoblasts but
have already acquired the antigen profile of plasma cells®>. The exact
developmental relationship between plasmablasts and plasma cells are
unknown but the maturation of plasmablasts into plasma cells is marked by
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loss of mobility, down regulation of its MHC-expression and no further
proliferation. Plasmablasts can either differentiate into sessile plasma cells
that reside in the tissue of origin, that is one of the secondary lymphoid
tissues, or are attracted to the bone marrow or inflamed tissue by certain
chemokines?'®. The ability of plasmablasts to migrate is crucial in order for
them to reach specialized niches that provides them with survival signals®'®.
Both the site of induction as well as the Ig isotypes expressed determines the

218 For instance, earlier studies

homing potential and final tissue distribution
have already shown the existence of differential mechanisms that target IgA

producing plasmablasts to mucosal surfaces?'®.

The molecular signals that induce a GC B-cell to differentiate into plasma cells
are still unknown. The vast majority of long-lived plasma cells are derived
from the GC, as evidenced by somatic mutations in their V genes®'’. The
importance of various transcription factors in this process however is
becoming clearer. Expression of BLIMP-1, a transcriptional repressor,
promotes plasma cell development by suppressing genes associated with the
GC program (BCL6, PAX-5, Spi-B) and induces the expression of those
essential for plasma cell development such as the X-box binding protein-1
(XBP-1)149: 152 157. 163 = xpp_1 is expressed at high levels in plasma cells,
essential for inducing their secretory phenotype'®®. More recently the
interferon regulatory factor (IRF)-4 was also identified as an additional master

gene in plasma cell differentiation®°.

In the non-GC or extra-follicular pathway of plasma cell differentiation, a
particular subset of naive B-cells in the marginal zone of the spleen can be
activated in a T-cell independent manner through contact with bacterial
polysaccharides®®'. The resultant plasma cells are mainly of the IgM type and
facilitate rapid antibody release for immediate reaction to the blood borne
antigen. This is known as the early immune response. The plasma cells
generated by the non-GC pathway survive for approximately three days only
before undergoing apoptosis. By that time the GC-generated plasma cells
which have undergone SHM and CSR are producing high-affinity antigen
specific antibodies to increase the immunity, also known as the late immune

response®®’.  The extra-follicular pathway of plasma cell development
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provides an explanation of how B-cell responses are induced at a time when

T-cell help is limited.
1.4.5 Plasma cell neoplasia
1.4.5.1 Multiple myeloma

MM is a plasma cell malignancy with clonal proliferation of genetically
transformed neoplastic plasma cells in the bone marrow and that results in
overproduction of light and heavy chain monoclonal Ig or the so-called M-

protein that refers to its monoclonal characteristics®?® 224,

The diagnosis of
MM as defined by the International Myeloma Working Group depends on the
identification of abnormal monoclonal plasma cells in the bone marrow, the
presence of M protein in the serum or urine, the evidence of end-organ
damage and a clinical picture consistent with MM'®.  The pathogenesis of
MM is poorly understood but due to the advances in molecular research
techniques such as fluorescent in situ hybridisation (FISH), some advances in

the understanding of the genetic basis of this disease have been made.

Genetic aberrations in MM include chromosomal gains and losses as well as
specific chromosomal translocations affecting the /g gene locus, most
commonly the IGH locus at 14g32.3%%° but also the light chains gene loci at
2p12 (kappa) or 22qi11 (lambda)®®. These translocations result in the
juxtaposition of Ig enhancers to various genes including cyclins D1 (CCND1),
D2 and D3, MAF family members and fibroblast growth factor receptor
(FGFR)-3 leading to deregulation of their expression®?’. Specific recurrent
translocations include the 1(11;14)(gq13;032) seen in 15-20%, the
t(4;14)(p16.3;032) seen in 15-20%, the 1(14;16)(g32;923) seen in 5-10% and
the t(6;14)(p21;932) seen in 2-3% of MM patients??® 22°,

Recurrent translocations as a whole are seen in approximately 40% of MM
cases and the remaining 60% are characterised by hyperdiploidy with

chromosomal duplications®*°.

IGH translocation and hyperdiploidy are unified
by downstream up regulation of CCND1, D2 or D3?®'. These genetic changes

are eventually followed by further instability that often includes deletions or
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monosomy of 13q142*° or p53%3? or amplifications of chromosome 8 (MYC)?*.
Primary translocations occur early in the pathogenesis of MM but secondary
translocations such as those involving the MYC gene usually indicate disease

progression?'> 234,

Only about 3% of MM cases have an IGH translocation that targets MYC?'®,
usually with a t(8;14). Translocations involving MYC and IGH are therefore
accepted as very late progression events. High risk MM signatures were
recently shown to include any of the following aberrations: translocations
t(4;14), t1(14;16) or t(14;20), deletion of 17913, deletion of 13q, presence of
high tumour burden or high proliferation index®*°. Early deaths in patients with
MM presumably always reflected advanced age, co-existent morbidity or
treatment related toxicities with evidence now demonstrating that the
presence of aggressive genetic features are the reason for the clinical
outcome of these cases®®. It was recently proposed that clinical trials should

adopt the genetic criteria to define a high-risk patient®*.

1.4.5.2 Plasmacytoma

Plasmacytomas are clonal proliferations of plasma cells, classified as solitary

when arising in bone or as extra-medullary when arising in soft tissue. The

6 and most

114, 237

latter currently represent only 3% of plasma cell neoplasms®
commonly affect the nasal cavity, paranasal sinuses and nasopharynx
Solitary plasmacytoma of bone is defined as a localised bone tumour
consisting of monoclonal plasma cells. No other lesions should be present on
skeletal radiographs, there should be no evidence of bone marrow
plasmacytosis or any other clinical features of MM® ', Plasmacytomas may
be very difficult to distinguish from lymphomas with prominent plasmacytic
differentiation but CD20 expression amongst others would always favour the
diagnosis of lymphoma'®. Like MM, plasmacytomas can contain plasma cells
that vary from mature to immature plasmablasts, pleomorphic or anaplastic

199 With increasing maturity of plasma cells in these lesions they

110

plasma cells

Patients

with plasmacytomas are typically in the fifth to seventh decade of life?*®.

may be classified as anaplastic, plasmablastic, and plasmacytic
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1.4.5.3 Plasma cell leukaemia

Lymphomas and leukaemia have always been classified separately but this

|29

distinction has been shown to be artificial®>. Plasma cell leukaemia is defined

by the WHO as MM in which the malignant plasma cells in the peripheral
blood exceeds 2X10%L or represent 20% of the leukocyte differential count'".
The neoplastic plasma cells are present in the bone marrow, peripheral blood
as well as soft tissue collections and in effusion and ascites fluid'®. This
disease may either present as primary disease in 2-5% of cases of MM or
evolve as a late feature in the course of MM, described as secondary plasma
cell leukaemia®®®. This is an aggressive disease with poor and short

survival®®.

The recurrent genetic abnormalities in 14 patients with plasma cell leukemia
were reported in 2005%*°. Chromosomal abnormalities were present in 100%
of these patients. 13g14 deletions were detected in 11 (78%) and deletions of
17p13.1 (TP53) in six (43%) cases. Translocations t(11;14), t(4;14), and
t(14;16) were found in 5 (35%), 2 (14%), and 1(7%) cases, respectively. This
study revealed recurrent genetic changes to be more frequent in plasma cell
leukemia than in MM. The genetic changes were hypothesised to be the
reason for the increased propensity for myeloma cells to migrate from the

bone marrow environment and enter the leukemic phase?®*.
1.4.54 Plasmablastic lymphoma

Due to its rarity in most parts of the world, only single reports on the molecular
features of PBL’s are found in the literature and its molecular pathogenesis
and genetic features remains poorly understood. Delecluse, whom originally
described PBL'’s could not find any rearrangement of the BCL2 gene in three
cases evaluated by polymerase chain reaction (PCR)°. In 2002, Gaidano
described a single mutation (G756C) of the BCL6 gene in one of 12 cases
using PCR®’; Vega found positive p53 expression in all of eight cases
evaluated by immunohistochemistry with loss of p16 in the same eight cases
and loss of p27 in two of four cases tested®; p16 hypermethylation was
shown in one case of PBL affecting the skin using methylation-specific PCR*;
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Hassan et al., performed FISH on two cases of PBL of the head and neck
utilising a commercial MYC (8924) break apart (BA) probe set and they found
MYC chromosomal rearrangement in one case, the first described in the
literature®’. In the same year, 1(8;14)(q24;932) was confirmed in another
patient with PBL using conventional cytogenetics on a bone marrow aspirate
of an HIV-positive hemophiliac patient with florid systemic relapse and

circulating plasmablasts?®.

The exact prevalence of MYC rearrangements in PBL of the oral cavity is
unknown. Recently, a large study of 42 PBL’'s from various anatomical
locations, has highlighted the importance of MYC gene rearrangements (49%)
mostly with the /GH gene as a partner'®. This confirms previous case reports
and small series and suggest an important role for MYC in the pathogenesis
of PBL'" ' 2% gSome of the authors even proposed conventional
cytogenetics and FISH studies to be routinely applied to characterise the
genetic features of this neoplasm as those with the MYC rearrangement
seems to occur in severely immunocompromised patients and, more
importantly have a more aggressive clinical course®. Taddesse-Heath and
co-workers found PBL and MM to be cytogenetically very similar with
rearrangements of chromosome 1, deletions of 13q and 17p as well as the
simultaneous gains of odd-numbered chromosomes postulating a common
histogenesis and possible link between the two entities'”.
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1.5 General aspects of the FISH technique in the study of lymphomas

The WHO classification of hematolymphoid malignancies includes various
parameters needed to classify a lymphoproliferative neoplasm. Cytogenetic
data represents one of these®. FISH is a technique which allows both fresh
and paraffin-embedded materials to be assessed for the presence of
cytogenetic anomalies for research, diagnostic as well as prognostic utility®*’.
This technique is used to investigate chromosomal aberration in intact cells in
any phase of the cell cycle. FISH can therefore be applied to touch smear
preparations, peripheral blood or bone marrow samples, single cell
suspensions and solid tissue. The aberrations evaluated by the FISH
technique include gains and losses of whole chromosomes, specific

chromosomal regions as well as chromosomal translocations®*?.

FISH overcome the limitations of standard cytogenetics and allows for the
detection of numerical and structural chromosomal abnormalities in both
metaphase spreads and interphase nuclei®*®. What makes it an excellent
investigative tool is the fact that one can directly analyse these aberrations on
a tissue section allowing the pathologist to carefully distinguish between
tumour cells and normal stromal or inflammatory cells. One set of FISH
probes, instead of multiple PCR primers and PCR reactions offers another

advantage®*.

To detect gene amplifications, a probe specific for the target gene of interest
is combined with a differentially labeled probe as a control probe, usually the
corresponding chromosomal centromere (centromere enumeration probes
(CEP’s). In the case of amplification of the target gene, there will be an
increased number of target gene signals but with no change in the control
probe for centromeric signals. In the case of polysomy of the entire
chromosome, both signals for the target gene and the CEP’s will be
increased. The ratio of target gene signals to CEP signals therefore allows to
distinguish true amplification from polysomy?**. Gains and losses of whole
chromosomes can be evaluated using CEP’s for the specific target
chromosomes under evaluation. The only chromosomes that can not be

uniquely identified in this way, because they can not be distinguished using
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CEP’s, are chromosomes 13 and 21 and chromosomes 14 and 22

respectively®*.

The probes used to assess cells for the presence of translocations are the
most widely used in NHL’s. For this purpose, two types of probes have been
developed: fusion probes and BA probes, previously known as colocalisation

244 The fusion probe sets utilise

assays and segregation assays respectively
two differentially labeled probes, usually one green and one orange/ red
labeled probe to mark two separate gene loci normally not in close proximity
to one another. The signal pattern in a normal cell will therefore be two green
and two red signals but in the case of a translocation between the two gene
loci, the red and green signals will be juxtaposed and result in a single yellow
fusion signal on one of the two resultant derivative chromosomes®**. There
are three kinds of fusion signal probe sets: double fusion signal if both probes
cover all possible breakpoints on both chromosome partners; single fusion
probes are designed near the breakpoints on both chromosomes and fusion
with a residual signal if one probe only covers all possible breakpoints leaving
a residual signal on one of the translocation derivatives. The sensitivity of the
probes differs on their designs. The double fusion probes are the most

sensitive of these.

The BA probes consist of two differentially labeled probes that hybridise to
opposite sides of a breaking point in the same locus. One probe will cover the
5’ part of the locus while the second will span the 3’ side. In a normal cell, two
yellow fusion signals will be seen whilst in the case of a break due to a
translocation occurring within the locus under investigation, one fusion signal
will be seen for the normal chromosome and one red and one green signal

each representing one of the two derivative chromosomes®*.
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CHAPTER Il
MATERIALS AND METHODS
2.1 Sample collection

Cases diagnosed as PBL and DLBCL were retrieved from the archives of the
Departments of Oral Pathology of the Universities of Pretoria and Limpopo,
South Africa. Only cases affecting the oral cavity were included in this series.
This was a retrospective study on archival material and patient records.
Ethics approval was received from the Research Ethics committee of the
Faculty of Health Sciences, University of Pretoria: number 104/2008.

2.2 Clinical features

The clinical features of all cases retrieved for this study were noted from the
histology request forms. When available the HIV status of the patients was
recorded. Many patients presented for the first time with an intra-oral tumour
or ulcer without any previous medical work-up. Very little medical history
accompanied the histology request forms from where we retrieved clinical
information for this study. After diagnosis of the lesions, most patients were
lost to us for further study.

2.3 Microscopic features

The microscopic features of all confirmed cases of PBL were evaluated on
thin (2um) haematoxylin and eosin (H&E) stained sections and described in
detail. Each case was classified according to its morphology as either ‘PBL of
the oral mucosa type’ or as ‘PBL with plasmacytic differentiation’ using the
criteria as described previously®® %> % and also referred to in the 2008 WHO
classification®. ‘PBL of the oral mucosa type’ was defined as a monotonous
proliferation of large lymphoid cells with immunoblastic features with little or
no plasmacytic differentiation and ‘PBL with plasmacytic differentiation’ was
defined as immunoblasts and plasmablasts with more differentiation towards
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mature plasma cells. HIV and EBV status was not taken into consideration for

the morphologic classification in our study.
2.4 Immunohistochemistry

CD45, CD20, CD79 alpha, CD138, CD38, CD3, Ki-67 (MIB-1), MUM1
PROTEIN, IMMUNOGLOBULIN LIGHT CHAINS (KAPPA AND LAMBDA)
and ALK protein

Immunohistochemical investigations were performed on three micrometer
sections cut from formalin fixed paraffin embedded (FFPE) tissue blocks.
Sections were de-paraffinized in two changes of fresh xylene for ten minutes
each, re-hydrated with two changes of absolute ethanol, followed by 90%,
70% and 50% graded alcohol solutions respectively and washed with distilled
water. Endogenous peroxidase activity was blocked by incubating the
sections to undergo heat induced epitope retrieval (HIER) in a high pH buffer
of a 3% aqueous solution of hydrogen peroxide for six minutes at 37°C.
Blocking of endogenous peroxidase activity for the sections to undergo low pH
HIER were performed after HIER. HIER in citric acid buffer, pH 6, was
performed on the sections for CD45, CD20, CD79a, CD138, CD38 and ALK
protein and HIER in ethylene diamine tetra-acetic acid disodium salt (EDTA)
buffer, pH 8.00 was performed for antibodies CD3, Ki-67, MUM1 protein and
immunoglobulin light chains (kappa and lambda). HIER was performed using
the Pascal, a pressurized heating chamber from Dako (DakoCytomation
Denmark A/S, Produktionsvey 42, DK-2600, Glostrup, Denmark). The
sections were treated at 120°C for 16 seconds according to the guidelines of
the manufacturer. When the pressure was 0 psi in the Pascal it was opened
and the sections were removed and cooled at room temperature for 20
minutes. The sections were rinsed in six changes of fresh distilled water and
incubated in phosphate buffered saline buffer (PBS) (Sigma P4417, Sigma-
Aldrich Chemie GmbH, P O 1120, 89552, Steinheim, Germany 49-7329-970)

for ten minutes at room temperature.

The sections on which low pH (citric acid) HIER was performed were

incubated with the following monoclonal mouse anti human ready to use
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(RTU) antisera from Dako (Dako Cytomation Inc. 6392 Via Real, Carpintera,
California 93013 USA) i.e. CD45 [Leucocyte Common Antigen Clone 2B11
and PD7/26 (Dako N1514)], CD20cy [clone L26 (Dako N1502)], CD79a [clone
JCB117 (Dako N1628)] and a 1:50 dilution of CD138 anti-serum [Clone MI15,
(Dako M7228)] for 20 minutes at 37°C. The sections for ALK protein [CD246
Clone ALK1 (Dako IR641)] were incubated for 60 minutes at room
temperature. A section of each case was also incubated in a 1:100 dilution of
monoclonal mouse anti human CD38 [clone SPC32, (NCL-L-CD38-290)
Novocastra Laboratories Ltd., Balliol Park West, Benton Lane, Newcastle
Upon Tyne NE12 8EW United Kingdom] for 35 minutes at 37 °C.

A section of each case, on which high pH HIER was performed, was
incubated with  RTU monoclonal mouse anti human CD3 [Clone PS1
(Novocastra RTU-CD3-PS1)] and Ki-67 [Clone MM1 (Novocastra RTU-Ki-67-
MM?1)], for 40 minutes at 37°C and in a 1:25 dilution of monoclonal mouse anti
human MUM?1 protein [clone MUM1p (Dako M7259)] for 60 minutes at room
temperature. The sections for immunohistochemical investigation of kappa
and lambda were first incubated in Protein Block Serum (Dako X0909) for ten
minutes at room temperature to quench background staining before
incubation with 1:100 monoclonal mouse Kappa light chain [Clone kp-53,
(Novocastra NCL-KAP), Leica Microsystems] and 1:200 monoclonal mouse
Lambda light chain [Clone HP-6054, (Novocastra NCL-LAM)] antibodies for

60 minutes at room temperature respectively.

All of the abovementioned sections were then incubated in Dako Envision+™
System Labelled Polymer, anti mouse, HRP [(horse radish peroxidase) Dako
K4001], for 30 minutes at room temperature and rinsed in three changes of
fresh PBS for five minutes each. The antigen complex was visualised by
incubating the sections in AEC+ substrate chromogen (Dako K3469) for four
minutes at 37°C, washed in distilled water and counterstained in Mayer’s
Haematoxylin for two minutes at room temperature. The sections were blued
in tap water, rinsed in distilled water and mounted with Dako Faramount
Aqueous Mounting Media (Dako S3025).
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Strong red-brown granular staining, either on the cell membrane (CD45, CD3,
CD20, CD38, CD138), cell nucleus (Ki-67) or in the cytoplasm of the tumour
cells (MUM, ALK, CD79a, kappa and lambda) was regarded as positive.
Photomicrographs (400X magnification) were taken of representative areas
with a Leica DMD108 digital microimaging microscope. The image is
displayed to a monitor. At least 500 tumour cells were then manually counted
and evaluated in each case. Positivity was recorded, based on the

percentage of positive staining tumour cells as follows:

e Focal: when less than 20% of cells in a given case stained positive,
e Intermediate: when 20-70% of cells stained positive

e Diffuse: when more than 70% of tumour cells stained positive.

Only tumour cells were evaluated in each case. Because the nature of the
plasmacytic cells, neoplastic or reactive, was unknown, these cells were

discarded from the evaluation of the immunohistochemical analysis.
Light chain restriction was defined as tumour cells staining for one light chain

marker only (kappa or lambda) with no positive staining in any tumour cells for

the other light chain.
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2.5 In Situ Hybridisation for HHV-8 and EBV
2.5.1 HHV-8

Three micrometer sections of FFPE tissue blocks were cut, mounted onto
Histobond” slides (Paul Marienfeld GmbH & Co. KG Am Wéllerspfad 4 97922
Lauda-Kénigshofen, Germany) and incubated at 55 °C overnight. The
sections were dewaxed in two changes of fresh Xylene, hydrated in two
changes of absolute alcohol, 70% alcohol and three rinses of distilled water
for three minutes each. HIER in citric acid buffer, pH 6, was performed using
the Pascal, a pressurized heating chamber from Dako (DakoCytomation
Denmark A/S, Produktionsvey 42, DK-2600, Glostrup, Denmark). The
sections were treated at 120°C for 14 seconds according to the guidelines of
the manufacturer. When the pressure was 0 psi in the Pascal it was opened
and the sections were removed and cooled at room temperature for twenty
minutes. The sections were rinsed in three changes of fresh distilled water for
three minutes each, incubated in 0.01% pepsin (Sigma P6887, Sigma-Aldrich-
Chemie. GmbH, P.O. 1120, 89552 Steinheim, Germany) in 0.2M hydrochloric
acid for 11 minutes at room temperature and rinsed in three changes of
distilled water for five minutes each. The slides were dehydrated in 95% and
100% alcohol for three minutes each and air dried.

Twenty microliter of Human Herpes virus (type 8) fluorescein labelled
oligonucleotide cocktail probe solution designed to hybridise with a small
transcript, designated T1.1 mRNA (Novocastra, NCL-HHV-8, Leica
Biosystems Newcastle Ltd, Balliol Business Park West, Benton Lane,
Newcastle Upon Tyne NE12 8EW, UK) was added to each slide, cover
slipped and sealed with Fixogum rubber cement (Poseidon™ RF™
Marabuwerke GmbH & Co. KG, Asperger Strabe 4, D 71732 Tamm,
Germany). Denaturing was performed at 65°C for 15 minutes to block
endogenous alkaline phosphatase activity followed by hybridisation at 37°C
for two hours using a StatSpin Thermobrite™ (Abbott Molecular, 3100

Woodcreek Dr. Downers Grove, 1L 60515 USA).
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The cover slips were drained off in Tris Buffered Saline (TBS) [50mM
Tris/HCI, 150mM NaCl pH 7.6) containing 0.1% Titron-X-100 (Bio Rad

Laboratory, 2000 Alfred Nobel Drive, Hercules CA 94547)] for three minutes.

A post hybridisation stringency wash in 1:50 dilution of ready to use Dako
stringent wash concentrate (Dako S3500) was performed at 55 degree
Celsius for twenty minutes. The slides were rinsed in TBS containing 0.1%

Titron-X-100 for three minutes.

To reduce background staining slides were placed on an incubation tray and
the sections were covered with 100 pl of normal rabbit serum (Novocastra
NCL-R-Serum) diluted 1:5 in TBS containing 3% w/v Bovine Serum Albumin
(BSA) (Sigma A7906) and 0.1% Titron-X-100 and incubated at room

temperature for ten minutes.

Detection was performed using Novocastra’s in situ hybridisation detection kit
(NCL-ISH-D). The blocking solution was tipped off and the slides incubated in
1:200 alkaline phosphatase-conjugated antibody to fluorescein isothiocyanate
(FITC) (affinity-isolated rabbit F(ab') in 100mM Tris Buffer, 50mM MgCl,, 0.1
mM ZnCl,, 4% w/v BSA, stabiliser and preservative, pH 7.5) in TBS containing
3% w/v BSA and 0.1% v/v Titron X-100 for 30 minutes at room temperature.
The slides were then washed in two rinses of TBS for three minutes each and
thereafter in alkaline phosphatase substrate buffer (AFSB) (100mM Tris/HCI,
50mM MgCl,, 100mM NaCl pH 9.0) for five minutes.

The sections were covered with 200 ul Enzyme substrate (5-bromo-4-chloro-
3-indolylphosphate  (BCIP) and  Nitroblue tetrazolium (NBT) in
dimethylformamide solution) diluted 1:100 in AFSB containing 1 pl Levamisole
inhibitor per millilitre diluted enzyme substrate and incubated in the dark
overnight.

The slides were washed in running water for five minutes, counterstained with

Mayer's Haematoxylin for ten seconds and mounted with Dako Faramount

aqueous mounting.
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Black granular nuclear staining was accepted as positive for HHV-8. A Kaposi
sarcoma section positive for HHV-8 was used as positive control and a brain
section was used as negative control. Positive and negative controls were run

with every batch of ISH for HHV-8.
2.5.2 EBV

Three micrometer sections of FFPE tissue blocks were cut, mounted onto
Histobond™ slides (Paul Marienfeld) and incubated at 55° C overnight. The
sections were dewaxed in two changes of fresh xylene, hydrated in two
changes of absolute alcohol, 70% alcohol and three rinses of distilled water
for three minutes each. The sections were placed on an incubation tray and
covered with ready to use Proteinase K (Dako S3020) for three minutes at
room temperature. The slides were then washed in two changes of distilled
water for five minutes each, followed by 95% and 100% alcohol for three

minutes each and air dried.

Twenty microliter of EBV fluorescein labelled oligonucleotide cocktail probe
solution for the detection of MRNA (Novocastra, NCL-EBV, Leica Biosystems)
sequences in EBV-encoded RNA (EBER) transcripts was added to each slide,
cover slipped and sealed with Fixogum rubber cement (Poseidon™.
Denaturing was performed at 65°C for fifteen minutes to block endogenous
alkaline phosphatase activity followed by hybridisation at 37°C for two hours
using a StatSpin Thermobrite™ (Abbott Molecular). The cover slips were
drained off in TBS containing 0.1% Titron-X-100 for three minutes and
washed in three changes of fresh TBS containing 0.1% Titron-X-100 for three

minutes each.

To reduce background staining slides were placed on an incubation tray and
the sections were covered with 100ul of normal rabbit serum (Novocastra
NCL-R-Serum, Leica Biosystems) diluted 1:5 in TBS containing 3% w/v BSA
(Sigma A7906) and 0.1% Titron-X-100 and incubated at room temperature for

ten minutes.
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Detection was performed using Novocastra’s ISH detection kit (NCL-ISH-D

Novocastra, Leica Biosystems) according to the manufacturer’s guidelines.

The blocking solution was tipped off and the slides incubated in 1:400 alkaline
phosphatase-conjugated antibody to FITC (affinity-isolated rabbit F(ab') in
100mM Tris Buffer, 50mM MgCl,, 0.1 mM ZnCl,, 4% w/v BSA, stabiliser and
preservative, pH 7.5) diluted 1:400 TBS containing 3% w/v BSA and 0.1% v/v
Titron X-100 for thirty minutes at room temperature. The slides were then
washed in two rinses of TBS for three minutes each and thereafter in AFSB

buffer for five minutes.

The sections were covered with 200ul Enzyme substrate (NBT/BCIP) diluted
1:200 in AFSB containing 1u Levamisole inhibitor per millilitre diluted enzyme

substrate and incubated in the dark overnight.

The slides were washed in running water for five minutes, counterstained with
Mayer's Haematoxylin for ten seconds and mounted with Dako Faramount

aqueous mounting media.

Black granular nuclear staining was accepted as positive for EBV. A
nasopharyngeal carcinoma section positive for EBV was used as positive
control and a brain section was used as negative control. Positive and
negative controls were stained with every batch of /SH done for EBV.
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2.6 Fluorescence in situ hybridisation
2.6.1 FISH technique

Four micron sections of FFPE tissue blocks were cut, mounted on Super Frost
plus slides (Menzel-Glaser, Gerhard Menzel GmbH, Saarbriickener Str.248 D-
38116 Braunschweig, Germany), dried overnight at 56°C and matured at
room temperature for two days. The sections were deparaffinized in two
changes of fresh xylene for 15 minutes each followed by two rinses in
absolute alcohol for five minutes each at room temperature and air dried. The
slides were incubated in 0.2 N hydrochloric acid (HCI) for 20 minutes at room
temperature, rinsed in pure water for three minutes followed by three minutes
in two times saline sodium citrate (SSC) buffer and air dried. Pre-treatment of
the slides were done in a 0.1M sodium thiocyanate (NaSCN) for 30 minutes at
80°C followed by a one minute rinse in pure water and two washes in two
times SSC buffer for five minutes each at room temperature. Digestion of the
sections was done in a pre-warmed 0.05% Pepsin (Pepsin, Roche
Diagnostics GmbH Mannheim, Germany) in 0.1N HCI at 37°C for 60-90
minutes. This was followed by two washes in two times SSC for five minutes
each at room temperature. Slides were fixed in a 1% formaldehyde solution
for ten minutes at room temperature, rinsed twice in two times SSC buffer and

dried on a slide warmer.

FISH analyses using the following probes from Vysis (Vysis Inc, Downers
Grove, lllinois, USA) were done on separate sections of each case: LS| IGH
dual colour BA rearrangement probe, LS| MYC dual colour BA rearrangement
probe, LSI BCL6 dual colour BA probe, LS| IGH/MYC CEP 8 tri-colour, dual
fusion translocation probe, LSI CCND1/IGH dual colour dual fusion
translocation probe and LS| IGH/BCLZ2 dual colour dual fusion translocation
probe. The probes were prepared according to the manufacturer’s
instructions. The sections were cover slipped with probe solution and sealed
with Marabu Fixogum Rubber cement (Marabuwerke GmbH & Co. Tamm
Germany). The sections were protected from light from hereon. Denaturation
and hybridisation was performed in a thermocycler (Thermobrite, Abbot
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Molecular lllinois, USA). Slides were denatured at 75°C for five minutes and
then hybridised overnight at 37 °C.

The rubber cement was removed and the cover slips washed off in 2 x SSC.
A post hybridisation wash was performed on the slides at 76°C for four
minutes in 0.05% Tween/2 x SSC and counterstained in 200 ng/ml 4’, 6-
Diamidino-2-phenylindole  dihydrochloride  (DAPI)  (Merck, Darmstadt,
Germany) for 15 minutes at room temperature. The sections were rinsed in
0.05% Tween/2 x SSC and cover slipped with Vectashield mounting media for
fluorescence (Vector Laboratories, Inc Burlingame, CA 94010), sealed with
fixogum rubber cement and evaluated with a Nikon Eclipse E1000 microscope

equipped with a spectrum- green, orange, aqua, DAPI and triple band filter.
2.6.2 Criteria for positive FISH results:
IGH-BA rearrangement probe (14g32.3 LSI IGH)

In a normal cell hybridised with the /IGH-BA probe, the expected signal pattern
is two yellow fusion signals per nucleus. In a cell with an /GH translocation
breakpoint, one spectrum green (LS| 5’ flanking probe), one spectrum orange
(LSl 3’ flanking probe) and one yellow fusion signal pattern should be
observed. Slides were scored based on knowledge of background levels of
BA patterns in normal lymphoid tissue using at least 100 nuclei counts and
verified by three individual analysts. The cut-off value for a positive result with
the IGH-BA probe in this study was 5%.

IGH/MYC, CEP 8 tri-colour, dual fusion translocation probe
[t(8;14)(q24;q32)]

In a normal cell hybridised with this probe, the expected pattern is two
spectrum aqua (chromosome 8 CEP), two spectrum orange (MYC-gene), and
two spectrum green (IGH-gene) signals. A cell harboring the reciprocal
t(8;14) with a 8924 breakpoint within the MYC locus is expected to produce a
pattern of one orange, one green, two orange/green fusions, and two aqua

signals. If the cell contains a breakpoint very far 5' of MYC, a fusion on the
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der(8) may not be visible or may be very weak, as little or no red probe target
would remain on the der(8). Slides were scored based on knowledge of
background levels of fusion patterns in normal lymphoid tissue using at least
100 nuclei counts, verified by three individual analysts. The cut-off value for a
positive result with the t(8;14) probe in this study was 15%.

MYC BA rearrangement probe (824 LSI MYC)

In a normal cell hybridised with the MYC-BA probe, the expected signal
pattern is two orange/green fusion signals. In a cell with a translocation
breakpoint, one green, one orange and one fusion signal pattern should be
observed. Slides were scored based on knowledge of background levels of
BA patterns in normal lymphoid tissue using at least 100 nuclei counts,
verified by three individual analysts. The cut-off value for a positive result with
the MYC-BA probe in this study was 5%.

IGH/CCND1 dual colour, dual fusion translocation probe
[t(11;14)(q13;932)]

A cell harboring a t(11;14) with breakpoints in the IGH locus on 1432 is
expected to have a signal pattern of two yellow fusions, one on each of the
translocation derivative chromosomes 11 and 14 as well as one spectrum
orange (CCND1 on chromosome 11) and one spectrum green (/GH on
chromosome 14) signal from the normal chromosomes 11 and 14. Slides
were scored based on knowledge of background levels of fusion patterns in
normal lymphoid tissue using at least 100 nuclei counts, verified by three
individual analysts. The cut-off value for a positive result with the t(11;14)

probe in this study was 15%.

IGH/BCL2 dual colour, dual fusion translocation probe
[t(14;18)(q32;921)]

A normal nucleus hybridized with the LSI IGH/BCL2 probe shows two
spectrum orange (BCL2) and two spectrum green (/GH) signals. In a nucleus
harbouring a t(14;18), the most common pattern is one orange signal, one
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green signal (representing the normal chromosome 14 homolog) and two
yellow fusion signals representing the two derivative chromosomes resulting
from the reciprocal translocation. Slides were scored based on knowledge of
background levels of fusion patterns in normal lymphoid tissue using at least
100 nuclei counts, verified by three individual analysts. The cut-off value for a

positive result with the t(14;18) probe in this study was 15%.
BCL6 BA rearrangement probe (3927)

In a normal cell hybridised with the BCL6 BA probe, the expected signal
pattern is two yellow fusion signals. In a cell with a translocation breakpoint in
the BCL6 locus, one spectrum green, one spectrum orange and one fusion
signal pattern should be observed. Slides were scored based on knowledge
of background levels of BA patterns in normal lymphoid tissue using at least
100 nuclei counts, verified by three individual analysts. The cut-off value for a
positive result with the BCL6 BA probe in this study was 5%.

Selected images were captured using the GenusTM CytoVision 3.0 software
(Applied Imaging).

2.6.3 General aspects of FISH analysis

Scoring of FISH results in FFPE slides required compensating for several
potential artifacts. My approach in this study was to evaluate the signals in
100-200 tumour cells, depending on the availability of tumour cells optimal for
evaluation and then to study them in detail in order to work out the
percentages of signal patterns encountered in every case. Although this was
very time consuming, the method resulted in optimal results which was 100%
comparable between all three analysts involved in the study.

The possibility of false positive results was considered in each case. This
depended very much on the type of probe used. The two probes of a fusion
assay may come to lie accidentally close to one another, producing a false
positive yellow-like fusion signal. This also holds true for the BA probe where
great care should be taken when interpreting the distance between the orange
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and green signals. This varies between different probes. An example of this
was the IGH/CCND1 dual colour, dual fusion translocation probe (t(11;14)).
Due to the gap between the two probes in the /IGH probe set, the normal IGH
loci may sometimes appear as two slightly separated green signals. This gap
may in some instances also cause a slight separation of the orange and green
signals on the der(11) chromosome. One way to overcome these problems is
to have well-tested cut off criteria to mark a case as either positive or negative
by doing enough negative control cases. In our study the cut-off value for a
positive result with BA probes were 5% and the cut-off value for a positive

result with the fusion probes were 15%.
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CHAPTER IlI

RESULTS

3.1 Clinical features

Forty-five cases of PBL were included in the study. The group consisted of 31
males, 12 females and 2 of unknown gender. Two patients were white males,
1 was of unknown race and the rest were black patients. The male to female
ratio was 2.6:1. The mean age of the patients was 41 years (29-58 years).
The gingiva as well as the buccal vestibule and palate were the most
commonly affected intra-oral areas. The HIV-status of 13 patients was

unknown, 31 were HIV positive and 1 was HIV negative (Table 2).
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Table 2: The table represents a summary of the clinical features of all PBL cases

included in the study

Case Age Race Sex HIV status Anatomical Location
1 47 B M + Gingiva posterior maxilla
2 48 B M + Gingiva posterior mandible & sulcus
3 34 B F + Gingiva posterior mandible
4 52 B F + Buccal sulcus
5 U B M + Gingiva unknown location
6 U B U + Gingiva maxilla
7 45 B F + Buccal mucosa
8 48 W M U Palate
9 39 B F + Gingiva posterior mandible
10 33 B F + Swelling of face
1 34 B M + Buccal mucosa & soft palate
12 36 B F + Buccal & palate mucosa
13 39 B M + Gingiva unknown location
14 43 B M + Palate, buccal vestibulum
15 28 B F + Gingiva mandible
16 50 B M + Gingiva maxilla
17 36 B F - Gingiva mandible
18 37 B M + Gingiva mandible
19 44 B M + Gingiva mandible
20 45 B M U Gingiva mandible
21 32 B F U Gingiva maxilla & palate
22 45 B M U Palate
23 35 B M U Sockets of teeth 37-38
24 29 B M U Palate
25 44 B M U Gingiva mandible
26 43 B M U Gingiva maxilla
27 45 B M U Gingiva mandible
28 58 B F U Palate
29 43 B M + Gingiva maxilla
30 35 B M U Gingiva anterior mandible
31 39 B M + Gingiva mandibular molar
32 39 B M + Buccal sulcus left
33 50 B M + Maxilla & buccal mucosa
34 U U U + Gingiva mandible & buccal mucosa
35 U B M + Gingiva maxilla
36 43 B M + Gingiva left mandible
37 U B M U Gingiva mandibular retromolar area
38 27 B M + Buccal mucosa
39 36 B M + Gingiva post maxilla & palate
40 40 B M U Gingiva maxilla
a1 32 B M + Gingiva unknown location
42 43 w M + Gingiva unknown location
43 45 B F + Gingiva maxilla
44 U B F + Gingiva mandible
45 44 B M + Gingiva maxilla

B = black; W = white; U = unknown; M = male; F = female
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3.2 Microscopic features

Morphologically, all cases showed dense infiltrates of mostly monomorphic,
large blastic cells growing in a cohesive, sheet-like pattern (Figs.2 & 3). Some
cases showed discohesion between the tumour cells (Fig.4). Tumour cells
had either a single prominent nucleolus (Fig.2) (immunoblastic appearance) or
several nucleoli (Fig.3) in round to oval eccentrically placed nuclei
(plasmablastic appearance). Binucleate and multinucleated tumour cells were
sometimes seen focally (Fig.5). In some cases, the tumour cells exhibited
prominent pleomorphism with a mixture of blastic cells and cells with large
nuclei, either slightly indented or sometimes binucleate (Fig.5). Tumour cells
always had abundant cytoplasm with occasional prominent paranuclear hof.
Numerous tingible body macrophages imparting a starry sky appearance on
microscopic examination were always present (Fig.6). Using the above
criteria, 14/45 (31%) of cases were classified as ‘PBL with plasmacytic
differentiation’ based on the presence of more mature plasmacytic cells
intermingled with the blasts (Fig.7). Thirty one cases (69%) showed more of
the features defining ‘PBL of the oral mucosa type’ consisting mostly of large
blastic cells with much fewer plasmacytic cells (Fig.2). In all cases however,
more mature-appearing plasma cells could be identified although the
percentage of these cells varied amongst cases examined.
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Figure 2: A case of PBL where almost all of the tumour cells exhibit prominent immunoblastic

morphology with a single prominent nucleolus (H&E, 2um section, original magnification: 400X).

Figure 3: A case of PBL where all of the tumour cells have a plasmablastic appearance with the

tumour cell nuclei exhibiting several nucleoli in large eccentric nuclei (H&E 2um section, original
magnification: 400X).
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Figure 4: This photo shows a case of PBL with prominent discohesion (arrows) between the tumour

cells. Erythrocytes fill the spaces between the tumour cells (H&E 2um section; Original magnification:
400X).

Figure 5: The micrograph shows a case of PBL with prominent pleomorphism demonstrated by

binucleate (thin arrow) and multinucleated (thick arrow) lymphoma cells (H&E 2um section; Original
magnification: 400X).
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Figure 6: The micrograph demonstrates the typical ‘starry sky’ appearance in a case of PBL caused

by the presence of numerous tingible body macrophages (arrows) between the tumour cells (H&E 2um
section; Original magnification: 100X).

Figure 7: The micrograph demonstrates a case of PBL with plasmacytic differentiation defined by

the presence of more mature plasmacytic cells (arrows) intermingled with the blasts in the background
(H&E 2um section; Original magnification: 400X).
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3.3 Immunohistochemistry

3.3.1 CD20 and CD3

All cases of PBL included in this study were uniformly negative for CD20
although some reactive B-cells were always present to serve as a positive
internal control (Fig.8). No tumour cells stained with CD3. All CD3-positive
cells were interpreted as reactive T-cells. Some cases showed only a few

CD83 positive T-cells (Fig.9) whilst others showed many more (Fig.10).

Figure 8: The micrograph taken from a case of PBL confirms all tumour cells to be CD20 negative

although reactive B-cells served as positive internal control (arrow) (CD20 stain; 3um; Original
magnification: 400X).
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Figure 9: The micrograph was taken from a case of PBL and confirms all the tumour cells to be CD3

negative. Reactive T-cells (arrows) served as a positive internal control for the CD3 stain (CD3 stain;
3um; Original magnification: 400X).

Figure 10: The micrograph was taken from a case of PBL again confirming the tumour cells to be

CD3 negative. More abundant reactive T-cells staining positive with CD3 (arrows) is however present
(CD3 stain; 3um; Original magnification: 400X).
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3.3.2 Ki-67

Diffuse and strong positive staining was found with Ki-67 in 34/45 (76%) of
cases (Fig.11), intermediary positivity was found in the tumour cells of 9/45
(20%) and in 2 cases (4%) (Cases 17 and 24) positive staining was only
focally present in some of the tumour cells (Fig.12).

Figure 11: The micrograph represents a PBL case with typical diffuse and strong, red-brown

positive nuclear staining for the proliferation marker, Ki-67 (Ki-67 stain; 3um; Original magnification:
100X).

Figure 12: A micrograph of case 17 showing only focal positivity for Ki-67. (Ki-67 stain; 3um;
Original magnification: 200X).
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3.3.3 Multiple Myeloma oncogene-1 (MUM1)

In the case of MUM1, 39/45 (87%) of cases showed strong and diffuse
staining of the tumour cells (Fig.13), 5/45 (11%) showed positivity in only an
intermediary number of the cells whilst one case (2%) (Case 43) showed only
focal staining with the antibody (Fig.14).

Figure 13: Strong and diffuse positive cytoplasmic staining with MUM in the tumour cells of a case
of PBL (MUM stain; 3um; Original magnification: 200X).

Figure 14: The micrograph was taken of the MUM stain of case 43. Only focal positivity was
present (MUM stain; 3um; Original magnification: 200X).
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Variable immunoreactivity was found with CD45, CD79a, CD38 and CD138.

3.3.4 CD45

Apart from one case which stained negative for CD45 (Case 42), 44/45 (98%)
of cases showed at least some form of positivity with this antibody with 17/45
(38%) showing diffuse and strong positivity (Fig.15).

Figure 15: Strong positive staining for CD45 is present on the cell membranes of most of the tumour

cells in this PBL. Some reactive B- and T-cells are also seen on this micrograph (arrows). (CD45 stain;
3um; Original magnification: 200X).

3.3.5 CD79alpha

Not a single case stained diffusely positive for CD79a. Intermediary positivity
was seen in only one case (2%) (Case 32) (Fig.16) while 27/45 (60%) of
cases showed focal staining only. No staining could be detected in 17/45
(38%) of cases, although strong positivity were present in reactive B-cells on
the section (Fig.17) which served as internal control for this
immunohistochemical stain. Overall, only 62% of cases showed some
positive staining for this B-cell marker.
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Figure 16: Red-brown granular staining for CD79a is seen in the cytoplasm of the tumour cells
(arrows) in this case of PBL (CD79a stain; 3um; Original magnification: 200X).

Figure 17: The micrograph represents a case of PBL where positive staining for CD79a is seen in

only the reactive B-cells (arrows) but not in the tumour cells (CD79a stain; 3um; Original magnification:
200X).
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3.3.6 CD38

The plasma cell marker CD38 showed no staining in 16/45 (36%) of cases
while 15/45 (33%) showed focal staining in the tumour cells, 7/45 (16%)
showed positive staining in an intermediary number of cells and 7/45 (16%)
cases showed diffuse positivity for this marker (Fig.18). Strong positivity was
always present in reactive plasma cells which served as positive internal

control for CD38 negative cases (Fig.19).

Figure 18: The micrograph shows diffuse positive CD38 staining on the cell membranes of the

tumour cells of this case of PBL. Membranous staining clearly delineates the cell membranes of some of
the tumour cells (arrows) (CD38 stain; 3um; Original magnification: 200X).
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Figure 19: Positive staining for CD38 is seen as red-brown granular staining in the reactive plasma

cells (arrows). None of the larger tumour cells stained positive for CD38 in this case of PBL (CD38
stain; 3um; Original magnification: 200X).
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3.3.7 CD138

CD138, another plasma cell marker, showed no staining in 7/45 (16%) of
cases, focal staining in 22/45 (49%), intermediary number of cells in 7/45
(16%) and diffuse staining in 9/45 (20%) of cases (Fig.20). All cases negative
for CD138 always showed strong positivity in reactive plasma cells (Fig.21) as
well as overlying squamous epithelial cells which served as positive internal

control for all cases (Fig.22).

Figure 20: Diffuse positive staining for CD138 is present on the cell membranes of most of the

tumour cells in this case of PBL. The membranous stain delineates the cytoplasmic rim of the tumour
cells (arrows) (CD138 stain; 3um; Original magnification: 200X).
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Figure 21: Positive staining for CD138 is seen only in reactive plasma cells (arrows) of this PBL

case. None of the tumour cells stained with this marker (CD138 stain; 3um; Original magnification:
200X).

Figure 22: The micrograph shows a case of PBL that was negative for CD138. Strong positive

staining for CD138 is however visible in the basal epithelial cells of the overlying covering epithelium of
the oral mucosa (left) (CD138 stain; 3um; Original magnification: 100X).
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3.3.8 ALK protein

No cytoplasmic ALK protein could be detected in any of the 43 cases of PBL
evaluated for the presence of this fusion protein. A case of ALK-positive
DLBCL were utilised as positive control and showed strong, red-brown
granular staining in the cytoplasm of the tumour cells (Fig.23).

Figure 23: The micrograph was taken from a case of diffuse large B-cell lymphoma that served as

positive control for the ALK protein stain. Red-brown granular staining is seen in the cytoplasm of the
tumour cells (ALK stain, 3um; Original magnification: 200X)

3.3.9 Immunoglobulin light chains

Twenty one of 45 (49%) cases showed light chain restriction with 17/21 (81%)
of these cases showing restriction for kappa light chain (Fig.24a) and 4/21
(19%) with lambda light chain restriction. Reactive plasma cells were always
present to confirm that negative staining was not aberrantly obtained
(Fig.24b).
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Figure 24: This case of PBL shows clear kappa light chain restriction with diffuse red-brown granular

cytoplasmic staining for the kappa light chain (a) but with no staining for the lambda light chain (b) in the
tumour cells. Reactive plasma cells served at positive internal control in all negative light chain stains
(arrow) (kappa (a) and lambda (b) stains; 3um; Original magnification 200X).

(a)

(b)
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Table 3: The table represents a summary of the immunophenotypic features of all
PBL’s included in this study. All cases stained negative for CD3, CD20 and ALK
protein (not shown in the table).

Case CD45 Ki-67 CD79a  CD38 CD138  MUM-1 K A
1 F D F F [ D - D
2 F D F F F | - D
3 F D F - F D F F
4 D D - - - D F F
5 D [ - [ D - -
6 F D F [ [ D -
7 D D - - F D F F
8 D D F - F D D -
9 [ D F - - D F F
10 D D F F F | ND ND
11 F D F [ F D F F
12 D D - [ D D D F
13 D [ F F [ D F F
14 [ D F - - D F -
15 [ D F [ F D F F
16 F D F [ D D D F
17 F F - - D D D -
18 D D F - F D - F
19 F D F F - D F F
20 F [ F F D D D F
21 F [ - F [ D F F
22 F [ F [ F D F -
23 F [ F F D D D -
24 D F - - F [ F D
25 F D - [ F D F -
26 D D F F [ D F
27 F D F - F D D -
28 [ D F F [ D F -
29 [ D F F - D F F
30 D D - - - D D -
31 F D - - F D - F
32 D [ [ - F D F -
33 F D F D [ D D F
34 F D F F F D F D
35 F D - D D D D -
36 D D - [ - D F -
37 F [ - F F D F
38 [ D - D F D F -
39 F D F D D D D F
40 F [ - D D D F F
41 D D F - F D F F
42 - D F F F D F -
43 D D - D F F F
44 D D F D D D F F
45 D D F F F D F F

- = negative; ND = not done; F = focal positive staining (<20% of cells); | = intermediate
positive staining (20-70% of cells); D = diffuse positive staining (>70% of cells)
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3.4 In Situ Hybridisation

3.4.1 Human Herpes Virus-8

Prominent positive staining was evidenced in the Kaposi sarcoma used as
positive control for HHV-8 (Fig.25). No positive staining could be found in any
of the 45 cases of PBL’s evaluated for the presence of this virus.

Figure 25: The micrograph shows positive, black nuclear staining for HHV-8 (arrows) on the Kaposi

sarcoma section hybridised with the HHV-8 probe. This served as positive control for the HHV-8 ISH
(ISH for EBV; 3um; Original magnification: 400X).

3.4.2 EBV
Forty four (98%) cases showed positive staining for EBV (Fig.26 & 27). The

brain sections used as negative controls were always negative for the virus
(Fig.28)
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Figure 26: Positive, black nuclear staining for EBV can be seen in many of the tumour cell nuclei on

the micrograph of this case of PBL (EBV ISH; 3um; Original magnification: 200X).

Figure 27: This is a close-up view to demonstrate the black nuclear staining accepted as positive for
EBV ISH (EBV ISH; 3um; Original magnification: 400X)
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Figure 28: This micrograph was taken from the brain section that served as negative control for the

EBV ISH. No nuclear staining is visible (EBV ISH; 3um; Original magnification: 400X).

The relationship of EBV and HIV status was analysed (Table 4). The HIV
status of only 32/45 (71%) patients were known. Thirty one of these patients
with known HIV status were HIV-positive and of these, all were positive for the
presence of EBV. Only one patient had a known HIV negative status (Case
17) and in this case no EBV could be demonstrated with ISH.
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Table 4: The table serves as a summary of the HIV, EBV and HHV-8 status of all
PBL cases included in this study.

Case Age Sex HIV EBV HHV-8
1 47 M + + B
2 48 M + + B
3 34 F + + B
4 52 F + + B
5 U M + + B
6 U U + + B
7 45 F + + B
8 48 M U + B
9 39 F + + B

10 33 F + + B
11 34 M + + B
12 36 F + + B
13 39 M + + B
14 43 M + + B
15 28 F + + B
16 50 M + + B
17 36 F - - B
18 37 M + + i
19 44 M + + °
20 45 M U + B
21 32 F U + .
22 45 M U + .
23 35 M U + .
24 29 M U + )
25 44 M U + .
26 43 M U + .
27 45 M U + )
28 58 F U + )
29 43 M + + .
30 35 M U + .
31 39 M + + .
32 39 M + + )
33 50 M + + )
34 U U + + )
35 U M + + )
36 43 M + + )
37 U M U + -
38 27 M + + ’
39 36 M + + .
40 40 M U + )
41 32 M + + )
42 43 M + + )
43 45 F + + .
44 U F + + )
45 44 M + + )

U = unknown; M = male; F = female; + = positive; - = negative;
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3.5 Fluorescence in situ hybridisation (FISH)

3.5.1 IGH dual colour break apart rearrangement probe
(14932.3 LSI IGH)

FISH analysis with the /IGH BA probe was performed on the formalin-fixed,
paraffin-embedded (FFPE) tissue sections of 43 of the original 45 cases.
Cases 1 and 40 did not have adequate tissue to perform FISH analysis and
were therefore excluded.

Results for the IGH-BA probe are summarised in Table 5. IGH gene
rearrangements were found in 27/43 (63%) of PBL cases screened with the
IGH-BA probe (Fig.31). Seven of these cases were also found to have
rearrangements affecting both IGH alleles, considered as double hit
rearrangements on /GH BA (Figs.32 and 33). A high degree of intra-tumour

heterogeneity and complexity were seen.

Figure 29: DAPI stained interphase nuclei of a PBL case hybridised with the LS IgH dual colour BA

rearrangement probe (Vysis®, Abbot Laboratories) showing no BA. Two yellow fusion signals are seen
per cell nucleus (yellow arrows). Spectrum orange represents the 3’ probe and spectrum green
represents the 5’ probe, which covers almost the entire variable region of the IGH gene.
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Figure 30: DAPI stained interphase nuclei of a PBL case hybridised with the LSI IgH dual colour BA

rearrangement probe (Vysis®, Abbot Laboratories). Two yellow fusion signals are present in most cell
nuclei and no break apart was present in this case. The arrow demonstrates an area of overlapping cell
nuclei which created the impression of three fusion signals in one cell. FISH analysis was therefore
always performed in single cell nuclei only.

Figure 31: DAPI stained interphase nuclei of a PBL case hybridised with the LSI IgH dual colour BA

rearrangement probe (Vysis®, Abbot Laboratories). IGH rearrangement of one allele is present in some
cell nuclei represented as one orange (3) (red arrows) and one green (5’) (green arrows) signal apart
from each other. The unaffected allele on chromosome 14 is seen as one yellow fusion signal (yellow
arrow).
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Figure 32: DAPI stained interphase nuclei of a case of PBL hybridised with the LSI IgH dual colour
BA rearrangement probe (Vysis®, Abbot Laboratories) showing IgH rearrangement of chromosomes 14.
Two to three copies of orange (3)) (red arrow) and one to four copies of green (5’) (green arrow) signals
are seen in the tumour cell nuclei and there are no normal fusion signals. There are no fusion signals;

all IHG copies have a gene rearrangement.

Figure 33: DAPI stained interphase nuclei of a case of PBL hybridised with the LS| IgH dual colour

BA rearrangement probe (Vysis®, Abbot Laboratories) showing IgH rearrangement affecting both alleles
on chromosome 14. More than three orange (3’) (red arrow) and one to three green (5°) (green arrow)
signals are seen in the tumour cell nuclei signalling additional copies of IGH. No normal fusion signals

are visible in any nucleus.
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3.5.2 IGH/MYC, CEP 8 tri-colour, dual fusion translocation probe
[t(8;14)(q24;932)]

Analysis with the IGH/MYC tri-colour, dual fusion translocation probe followed
the IGH-BA probe in order to see if the MYC gene (chromosome 8) was a
partner for the IGH gene (chromosome 14) in cases positive for IGH-BA. The
probe could also be used to evaluate chromosome 8 aneuploidy with the
centromere 8 enumeration probe. The probe was applied to the FFPE tissue
sections of the same cases of PBL analysed with the /GH-BA probe. Again
cases 1 and 40 were excluded from the analysis. The results for the
IGH/MYC probe are summarised in Table 5. Twenty-two of 43 PBL cases
(51%) were positive for the IGH/MYC translocation (Fig.35). A high degree of

intra-tumour heterogeneity and complexity were seen.

Figure 34: DAPI stained interphase nuclei of case 6 hybridised with the MYC/IGH dual colour dual

fusion translocation probe (Vysis®, Abbot Laboratories). The nuclear signals represent a normal pattern
with two spectrum aqua (chromosome 8 CEP), two spectrum orange (MYC-gene), and two spectrum
green (IGH-gene) signals per cell nucleus (arrows). No yellow fusion signals indicative of a (8;14) are
visible here.
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Figure 35: DAPI stained interphase nuclei of case 2 hybridised with the MYC/IGH dual colour dual

fusion translocation probe (Vysis®, Abbot Laboratories). Positive t(8:14) translocation is demonstrated
by the positive yellow fusion signals (yellow arrows). The presence of one fusion signal in many cells
likely reflects the loss of one translocation derivative (pink arrow). Orange signals represent the MYC
gene on chromosome 8 and the green signals represent the IGH gene on chromosome 14.

3.5.3 MYC dual colour break apart rearrangement probe
(8924 LSI MYC)

The MYC dual-colour BA probe was subsequently used to determine if the
MYC gene was rearranged in cases negative for t(8;14) as the IgH BA
positive cases would indicate a variant Burkitt translocation. Unfortunately
case 13 was negative for IGH-BA and t(8;14) but MYC-BA was not performed.
Twenty cases of PBL were screened with the MYC-BA probe. The results for
the MYC BA probe are summarised in Table 5. Four of 20 (20%) cases
(Cases 11, 16, 35 and 37) showed a positive BA signal of the MYC probes set
(Fig.36). MYC was therefore rearranged in 26/42 (62%) of PBL’s evaluated in
this study (excluding case 13). IGH was a partner in 22/42 cases (52%)
suggesting that MYC was translocated to partners other than IGH in four

cases.

Interestingly case 16 was positive for both MYC and IGH BA probes set but

were negative for t(8;14).
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Figure 36: DAPI stained interphase nuclei of case 11 hybridised with the LSI MYC dual colour BA
rearrangement probe (Vysis®, Abbot Laboratories) showing MYC rearrangement of one allele as one
spectrum orange (5°) and one spectrum green (3’) signal (arrows) apart from each other. The normal
yellow fusion signal represents the unaffected allele on chromosome 8.

3.5.4 IGH/CCND1 dual colour, dual fusion translocation probe
[t(11;14)(q13;932)]

Forty one of the PBL cases in this study were screened for t(11;14). Cases 1,
23, 40 and 44 were excluded due to inadequate tissue for analysis.

The results for the IGH/CCND1 probe are summarised in Table 5. The
CCND1 gene was found to be involved in a translocation with /GH in only one
of 41cases (case 27) (5%) (Fig.37). Increased CCND1 copy number (orange
signals) was however present in 17/41 (41%) cases screened with the
t(11;14) probe. This was defined as three or more orange signals per
nucleus. Seven cases had more than six copies (cases 4, 8, 14, 21, 29, 38 &
42) (Fig.39) with some having more than 10 signals, noted as “multiple red”.
Increased IGH copy number (green signals) was present in 6/41 (15%) cases
screened with this t(11;14) probe set (cases 4, 16, 27, 29, 33 and 38). The
high number of green IGH signals seen in those cases with /GH BA can partly

be explained by the fact that there was a split of the green probe spanning
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both the 3’ and 5’ region of IGH. In four cases however (cases 4, 16, 27 and
29), cells with more than six copies of IGH could be found (Figs. 38 & 39).
Cases with more than four signals are representative of a true increase in the

copy number of chromosome 14.

Figure 37: DAPI stained interphase nuclei of complex case 27 hybridised with the IGH/CCND1 dual

colour dual fusion translocation probe (Vysis®, Abbot Laboratories). Positive t(11;14) translocation is
demonstrated by the positive yellow fusion signals . Two fusion signals are visible in some cells (yellow
arrows). Orange signals represent the CCND1 gene on chromosome 11 and the green signals
represent the IGH gene on chromosome 14. The IGH gene was also shown to be rearranged on the
IGH BA analysis.
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Figure 38: DAPI stained interphase nuclei of case 7 hybridised with the IGH/CCND1 dual colour

dual fusion translocation probe (Vysis®, Abbot Laboratories). Three to six copies of the CCND1 gene
on chromosome 11 are represented by the spectrum orange signals (red arrows). A cell with seven
green signals, representative of three to four IGH signals on chromosome 14 (green arrow) is also

shown here. IGH was also rearranged on the IGH BA probe analysis of this case.

Figure 39: DAPI stained interphase nuclei of case 38 hybridised with the IGH/CCND1 dual colour

dual fusion translocation probe (Vysis®, Abbot Laboratories). Four to ten copies of the CCND1 gene on
chromosome 11 are represented by the orange signals (red arrows). Green signals represent the IGH
gene on chromosome 14 which also shows an increased copy number with up to 10 copies per nucleus

(green arrow). The IGH gene was also rearranged on the IGH BA probe analysis of this case.
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3.5.5 IGH/BCL2 dual colour, dual fusion translocation probe
[t(14;18)(q32;q21)]

The seven PBL with two IGH gene alleles rearranged on IGH BA probe
analysis were screened with the IGH/BCLZ2 dual fusion translocation probe in
order to evaluate the BCL2 gene as a possible translocation partner for IGH.
The results for the IGH/BCL2 probe are summarised in Table 5. Only case 45

was positive for the t(14;18) translocation.

3.5.6 Double Hit Lymphomas

Seven of the PBL cases included in the study had two /IGH gene alleles
rearranged on IGH-BA, and were therefore evaluated as possible double hit
lymphomas (Cases 4, 14, 15, 16, 27, 29 and 45) (summarised in Table 5)
(Figs. 32 and 33).

In case 27, both the MYC and CCND1 genes were partners of IGH genes and
positive for 1(8;14) and t(11;14) respectively (Fig.37), therefore a true double
hit lymphoma case.

In case 45, both MYC and BCL2 genes were discovered to be partners of the
IGH gene and positive for t(8;14) and t(14:18) respectively, therefore another
true double hit lymphoma case

Three cases (4, 15 and 27) were positive for t(8;14) with complex
rearrangements of case 4 on t(8;14) (Fig.40). One partner remained

unidentified in these three cases;

In cases 14 and 16, both /GH chromosome partners remained unknown.
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Figure 40: DAPI stained interphase nuclei of case 4 hybridised with the MYC/IGH dual colour dual
fusion translocation probe (Vysis®, Abbot Laboratories). The nuclear signals have a complex pattern
with various copy numbers of the the IGH-gene (represented by spectrum green) (green arrows) and
two to four yellow fusion signals (yellow arrows) signaling a MYC-IGH translocation. Three CEP 8

signals (represented by spectrum aqua), are seen in some cell nuclei (pink arrows)
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3.5.7 BCL6 break apart rearrangement probe (3g27)

Forty of the 45 cases were screened for breaks within the BCL6 gene loci
using Vysis LSI dual colour BA rearrangement probes for the BCL6 locus on
chromosome 3 (Abbott Molecular Inc, IL, USA) (cases 1, 4, 6 and 40 were
excluded).

The results for the BCL6 BA probe are summarised in Table 5. No
rearrangements of BCL6 were detected in any of the 40 PBL’s screened with
the BCL6 BA probe but gains with three to seven fusion signals per cell were
observed in 11 cases (28%) (Fig.41). Loss of fusion signals were seen in
three cases (cases 25, 35 and 43) defined as less than two fusion signals per
nucleus in more than 15% of cells screened with the BCL6 BA probe.

Figure 41: DAPI stained interphase nuclei of case 38 hybridised with the LS| BCL6 dual colour BA
rearrangement probe (Vysis®, Abbot Laboratories) showing no rearrangement of the BCL6 gene but
with gains of the BCL6 locus represented by three fusion signals in a significant number of the cell
nuclei (arrows). Spectrum orange represents the 5’ BCL6 probe and spectrum green represent the 3’
probe.
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Table 5: The table provides a summary of the FISH results obtained from this study.

Case IGH MYC/IGH MYC t(11;14) BCL6  1(14;18)
1 ND ND ND ND ND ND
2 R R ND - - ND
3 R R ND - - ND
4 R/DH R ND G (11 & 14) ND -
5 R - - - G ND
6 - - - ND ND
7 R R ND G (1) G ND
8 - - - G (1) - ND
9 R R ND G (1) - ND
10 R R ND - - ND
11 R - R G (1) - ND
12 R R ND - - ND
13 - - ND - - ND
14 R/DH - - G (1) G -
15 R/DH R ND - - -
16 R/DH - R G (11 & 14) G -
17 - - - G (1) - ND
18 - - - G (1) - ND
19 R R ND - ND ND
20 - - - G (1) - ND
21 R R ND G (11) G ND
22 R R ND - - ND
23 - - - ND - ND
24 - - - - - ND
25 R R ND - L ND
26 R R ND - - ND
27 R/DH R ND R/G (11 & 14) - -
28 R R ND - - ND
29 R/DH R ND G (11 & 14) G -
30 - - - - - ND
31 - - - - - ND
32 R - - - G ND
33 R R ND G (11 & 14) - ND
34 - - - - - ND
35 - - R - L ND
36 R R ND - G ND
37 - - R - - ND
38 R R ND G (11 & 14) G ND
39 - - - - G ND
40 ND ND ND ND ND ND
a1 - - - G (11) - ND
42 - - - G (11) G ND
43 R R ND - L ND
44 R R ND ND - ND
45 R/DH R ND - - .

R = positive for rearrangement; - = negative; ND = not done; DH = double hit; G = gain; G (11) = gain of
CCND1 on chromosome 11; G (11 & 14) = gain of CCND1 on chromosome 11 and of IGH on
chromosome 14; G (14) = gain of IGH on chromosome 14; L = loss
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Table 6: This table provides a summary of the detailed results presented in table 5.

IGH-BA Possible double t(8;14) t(11;14) MYC BA t(14;18)

positive hit on IGH-BA positive positive positive positive
27/43 7/43 22/43 1/41 4/20 1/7

screened screened screened screened screened Screened
(63%) (16%) (51%) (2%) (20%) (14%)
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Table 7: The table shows the EBV status of the tumour cells, HIV-status of the patient as

well as presence of MYC-rearrangement in every PBL case included in the study.

Case HIV EBV MyYc
1 + + ND
2 + + R
3 + + R
4 + + R
5 + + -
6 + +
7 + + R
8 + -
9 + + R

10 + + R
11 + + R
12 + + R
13 + + -
14 + + -
15 + + R
16 + + R
17 - -
18 + +

19 + + R
20 U + -
21 U + R
22 U + R
23 U + -
24 U + -
25 U + R
26 U + R
27 U + R
28 U + R
29 + + R
30 U + -
31 + -
32 + + -
33 + + R
34 + + -
35 + + R
36 + + R
37 U + R
38 + + R
39 + + -
40 + ND
41 + +

42 + + -
43 + + R
44 + + R
45 + + -

U = unknown; + = positive; - = negative; ND = not done; R = rearranged
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Table 8: This table represents a summary of the data presented in Table 7 showing
the correlation between the EBV statuses and MYC rearrangements in patients with
known HIV- status.

HIV EBV MYCR Total patients
+ + + 18 (58%)
+ + - 12 (39%)
1 (3%)
31

+ = positive; - = negative; MYC R = MYC rearranged
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CHAPTER IV

DISCUSSION
4.1 Clinicopathological features of plasmablastic lymphoma

The current study represents the largest series of PBL affecting the oral cavity
to date. The second largest series was published by Kane et al., in 2009 and
included 25 cases affecting mostly the gingiva’®. The results of this study
were in line with others who reported the gingiva and the palatal mucosa as
the most common anatomical locations for PBL affecting the oral cavity® 2°.
The majority of patients in this series presented with a rapidly growing mass,
some clinically reminiscent of Kaposi sarcoma, that affected mostly the
gingiva, palatal mucosa, buccal sulcus and extraction sockets (Table 2). One
patient presented with a swelling of the face due to diffuse infiltration of the

facial soft tissues.

The mean patient age was 41 years (29-58 years) with a male predominance.
This correlated with the results of previous studies which reported a median
age of 39 years®. The high median age of 50 years reported by the 2008
WHO classification is difficult to explain but may reflect a lower percentage of
HIV-positive compared to HIV-negative patients diagnosed with PBL in WHO
source data. In my study the only known HIV-negative patient was 36 years
old correlating with the median age found in the rest of the group.

The male to female ratio of 2.6:1 in this study was less than the 5.7:1 reported
previously by some authors®*®. This discrepancy might be explained in part
by the fact that females represent a larger proportion of the HIV population in
South Africa than in other parts of the world. This is likely to be due to HIV
transmission being heterosexual rather than homosexual in South Africa®*’.
The number of females affected by HIV has either being stable or increased
in certain parts of the world®. Due to the strong association of PBL with HIV
infection in our South African sample, we concurred with others who proposed
the diagnosis of PBL to suggest immunosuppression in an individual with

otherwise unknown immune status®. Recently a large study of 42 PBL’s was
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published by Valera and co-workers'®. The 42 cases included only eight
cases affecting the mucosa of the oral cavity. Twenty of their 35 patients
(57%) with known HIV status and PBL in locations other than the oral cavity
were HIV-positive but interestingly seven of the eight patients (88%) with oral
PBL were immunosuppressed due to HIV-infection. PBL of the oral cavity
therefore seem to have a stronger association with HIV-infection than those
occurring in other anatomical locations. As a result of this we proposed that
PBL should be included as a group 1 lesion in the EC-Clearinghouse and
WHO Collaborating Centre on Oral Manifestations of the Immunodeficiency
Virus classification of oral problems related to HIV infection®*® as a specific
entity. This is especially relevant to parts of the world with high incidences of

HIV infection such as sub-Saharan Africa.

A limitation of my study was the shortage of clinical information with regard to
the CD4 counts, HIV viral loads, extent of the disease beyond the oral cavity,
the possible presence of other plasma cell dyscrasias or any further follow-up
before or after treatment. Others have shown a strong association of PBL
with advanced immunosuppression as reflected by low CD4+ counts and high

viral loads®" %6 %,

The correlation between the diagnosis of PBL, state of
immunosuppression as measured by the CD4 counts of the patient and

prognosis should be confirmed in large series of PBL such as the current one.

In general, the histomorphologic features of all cases included in this study
were similar. The tumour infiltrates consisted mostly of monomorphic, large
blastic cells with abundant cytoplasm and a cohesive, sheet-like growth
pattern in an extra nodal and extra-medullary location (Fig.2 and Fig.3). In
some cases tumour cells exhibited a more discohesive appearance (Fig.4), a
feature that eventually made single cell FISH analysis easier, as will be
discussed later. This phenomenon may be explained by the inherent
character of the tumour cells, being a lymphoproliferative neoplasm, cells are
not cohesive by nature or it may be artifactual in some instances with tissue
shrinkage and artificial discohesion. An interesting finding not previously
described in the literature was the pronounced cell pleomorphism noted in a
percentage of the tumour cells of some cases with large nuclei, either slightly

indented, binucleate or even multinucleated in some instances. These were
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always intermingled with the more monomorphic plasmablasts of the tumour
bulk (Fig.5). There was no specific correlation between the presence of cell
pleomorphism and specific immunohistochemical or genetic features. Due to
the fact that all cases except one were EBV positive, the association between
pleomorphism and EBV status was difficult to exclude in this study.

All blastic tumour cells displayed eccentrically placed, slightly irregular round
to oval nuclei with little chromatin. Nucleoli were always prominently visible in
the cell nucleus. A mixture of tumour cells with a single, centrally located
nucleolus and therefore immunoblastic appearance (Fig.2) and others with
several peripherally located nucleoli (Fig.3) was always seen in all cases.
Occasionally one or the other cell type predominated but this did not have any
diagnostic implication in this study. These results suggest that PBL can be
defined as having a mixture of blastic tumour cells with either a single
prominent nucleolus or several smaller nucleoli distributed throughout the cell
nucleus. The results of this study confirmed that these features did not to

warrant separate classifications.

The degree of plasmacytic differentiation within each case was evaluated and
noted. Plasmacytic differentiation was defined as tumour cells exhibiting more
mature plasma cell morphology. This was done to evaluate the theories of
previous authors who classified PBL morphologically according to the amount
of plasmacytic differentiation. These categories included ‘PBL of the oral
mucosa type where the tumour consisted mostly of blastic cells, ‘PBL with
plasmacytic differentiation’ where the tumour consisted of a higher percentage
of mature plasma cells and ‘PBL secondary to plasma cell neoplasms’ when
the presence of another plasma cell neoplasia such as MM or plasmacytoma
was confirmed'® #4358 The |atter group poses diagnostic difficulty and imply
a thorough clinical work-up to exclude MM or plasmacytoma before a
diagnosis of PBL can be accepted. All 45 cases of PBL in this study showed
the presence of mature plasma cells in the tumour cell infiltrate (Fig.7). It was
impossible to differentiate reactive plasma cells from true plasmacytic
differentiation unless the ‘plasmacytic cells’ showed features of neoplasia
such as being much larger than reactive cells or exhibited at least some
degree of atypia or pleomorphism. Atypia and pleomorphism might be absent
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in plasma cell neoplasias such as MM and plasmablastic morphology might
be present in aggressive forms of MM as well as various other
lymphoproliferative entities. This poses a major diagnostic dilemma®*°.
Whether PBL represents a group of plasma cell neoplasias with plasmablastic
‘dedifferentiation’ or whether one should rather consider them as
plasmablastic neoplasms with some plasmacytic ‘differentiation’ should be
considered. Maybe it would be possible to evaluate these plasmablastic and
plasmacytic cells through single cell laser microdissection and subsequent
comparative genetic analysis thereof in order to determine their relationship
with one another. Until such time however, the conclusion of this study was
that morphologic classifications based on the amount of plasmacytic
differentiation currently has no diagnostic advantage. It would be interesting
to determine whether the percentage of blastic cells versus plasmacytic cells
has any prognostic implication for a patient with PBL and this should be

further investigated.

A prominent feature of PBL was the presence of numerous tingible body
macrophages with a prominent starry sky appearance on lower magnifications
(Fig.6). This was ascribed to the high proliferation index of more than 75%
confirmed in most cases using Ki-67 (MIB1) antibody. Two of the 45 cases
(Case 17 and 24) initially only showed focal Ki-67 positivity (Fig.12). The
stains were repeated in both cases but similar results were obtained the
second time. The reason for this was uncertain but likely related to poor
immunoreactivity due to the age of the stored FFPE specimen for case 24.
This ten year old paraffin block also showed lower MUM-1 positivity compared
to the other cases and negative or focal positivity with other stains. Case 17,
a 3 year old paraffin block, showed strong and diffuse reactivity for CD138,
MUM and « light chain and general low immunoreactivity was therefore an
unlikely explanation. Case 17 was the only EBV negative case in this series
of PBL’s. Whether this might aid in explaining the lower proliferation index in

this case was uncertain.

Ki-67 on cases 17 and 24 was repeated a third time using a rabbit monoclonal
antibody (RabMAbs) against Ki-67 antigen [clone SP6 (Spring Biosciences
M3060, 6920 Koll Centre Parkway, Suite 211, Pleasanton, CA 94566]. In
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both cases intermediate positivity, defined in this study as positive staining in
20 to 70% of cells, was found. This might be explained by the superior nature
of RabMAbs®°. They are known to provide the combined benefits of superior
antigen recognition of the rabbit immune system with the specificity and

25T, 252 Rabbit monoclonal antibodies

consistency of a monoclonal antibody
also have more diverse epitope recognition and bind with greater affinity to

their target antigen®2.
4.2 Immunoprofile of plasmablastic lymphomas

The diagnosis of PBL as an entity has been controversial. Many lymphoma
entities display plasmablastic features which results in difficulty when trying to
diagnose PBL’s using morphologic criteria. However, PBL can be
distinguished from most of these entities through immunohistochemical
examination with pan B-cell markers such as CD19, CD20, CD22 and CD79a.
Immunohistochemically all cases of PBL included in this study were negative
for CD20 although reactive B-cells served as positive internal control in all
cases (Fig.8). It was concluded that the absence of CD20 immunoreactivity
should be regarded as one of the main diagnostic criteria for PBL.

It was previously shown that CD56, frequently expressed in plasma cell

249. 253 'might also be expressed in PBL%. CDS56 is known to be

neoplasms
negative in reactive plasmacytosis and monoclonal gammopathy of
undetermined significance (MGUS), up-regulated substantially in MM and
down-regulated again during evolution of MM to aggressive plasmablastic,
anaplastic or extra-medullary forms of the disease®*. CD56 negative MM is
characterised by poor prognosis, plasmablastic morphology, lack of osteolysis
and extra-medullary disease®® all features of PBL. Although the presence of
CD56 positivity in PBL’s with overt plasmacytic differentiation is postulated to
be suggestive of MM with plasmablastic morphology?' it will not assist in
distinguishing between PBL or MM with plasmablastic morphology and was

therefore not performed in this study.

The CD79a molecule is present on the cell membrane of B-cells for longer
than CD20 during B-cell to plasma cell development and maturation®® and
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also during the terminal stages of plasma cells differentiation which is why this
marker is frequently used to estimate the fraction of plasma cells in the bone
marrow®®, CD79a forms a complex with CD79b to enable B-cell antigen
signal transduction®’. During the plasma cell stages however, the CD79a
molecule is found as an intracellular component and therefore visualised as a
cytoplasmic stain. CD79a also plays a significant role in B-cell development,
stabilisation and function®® and plasma cells without membranous or
cytoplasmic CD79a expression are therefore seen as abnormal B-cells. Apart
from one case that showed ontermediary positivity, focal CD79a staining was
seen in the tumour cells of 27/45 (60%) cases but not more than 20% of the
cells stained positive in any of the 27 cases (Fig.16). This was in agreement
with the aberrant loss of CD79a expression reported in various other
malignancies including MM?®, ALK-positive large B-cell lymphoma®" and
HHV-8-positive PBL associated with Castleman’s disease®"" %, The molecular
mechanism responsible for the loss of CD79a expression in neoplastic plasma
cell infiltrates is unknown. Tanaka and co-workers indicated that, when
CD79a is used in conjunction with other antibodies such as CD138 (usually
positive in plasma cells) and cyclin D1 (often over expressed in MM), it may
serve as a diagnostic tool in favour of plasma cells?®*®. The low expression of
CD79a in 60% and complete loss of this molecule in 38% of our cases of PBL
were in line with what has been described for PBL in the literature' 2> '
This was mainly ascribed to the aberration of neoplastic cells found in these
neoplasms but does not seem to reflect any lineage specificity of the tumour
cells. It was the conclusion of this study that CD79a did not play any role in
the diagnostic panel of PBL.

CD3 positivity was reported in cases of PBL by one group’’. None of our
cases showed CD3 positivity in any cells other than reactive T-cells. It is
interesting to note that aberrant T-cell expression has been reported in cases
of PEL* and DLBCL associated with chronic inflammation®, both
morphologically and immunophenotypically similar to PBL. CD3 expression in
this study varied from only a few cells (Fig.9) to dense infiltrates of reactive T-
cells. The possibility that the number of reactive T-cells amongst the tumour
cells could have represented the T-cell count of the patient should be
considered. It was postulated that PBL in patients with higher T-cell counts
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might have denser infiltrates of reactive T-cells which decreased as the CD4+
counts did, a hypothesis that should be tested in future studies.
MUM-1 plays an important role in the development of normal lymphoid cells??°
and is primarily expressed in B-cells committed to plasmacytic or memory cell

260

differentiation, plasma cells®® but also in activated T-cells®*°. This marker is

not specific for either plasmablasts or plasma cells and is expressed in a wide
variety of hematolymphoid neoplasms and even in malignant melanoma®: "
220 The 2008 WHO classification does not include MUM-1 as useful
immunohistochemical marker for PBL and also does not mention the degree
of positivity that might be expected with this marker. All but one of the PBL
cases in the current study showed MUM-1 positivity in more than 20% of the
cells (Fig.13) with 87% showing strong and diffuse positivity. This was also
reported by others'. There might be several reasons for this association of
PBL with MUM-1 expression. Firstly, MUM-1 is a strong marker of plasma

259, 261

cells and MUM-1 expression has been shown in 100% of MM cases®*

261 which further substantiate the plasma cell nature and possible biological
relationship of PBL with other plasma cell dyscrasias. Secondly, a
relationship between MUM expression and HIV-infection was demonstrated
by Carbone and co-workers in 2001'. Based on the expression of MUM1,
BCL6, and CD138 the authors separated HIV-related lymphoproliferative
neoplasms into three groups: (a) the BCL6+ /MUM1- /CD138- pattern, seen in
certain cases of AIDS-associated DLBCL; (b) the BCL6- /MUM1+ /CD138-
pattern, associated with a fraction of AIDS-immunoblastic lymphoma; and (c)
the BCL6- /MUM1+ /CD138+ pattern, associated with systemic and primary
central nervous system immunoblastic lymphoma, PEL, PBL of the oral cavity
(7 of 7), and HIV-associated Hodgkin’s lymphoma'®. BCL6 expression was
not evaluated in this study. The true relationship between MUM-1 expression
and HIV infection should be investigated in future studies. A third explanation
for the high MUM-1 expression in our cases of PBL might be related to the
presence of EBV which was found in all but one (case 43) of our cases. The
expression of EBV-encoded latent membrane protein-1 (LMP-1) has
previously been shown to be associated with the BCL6-/MUM1+/CD138+
expression pattern’. Increased MUM-1 expression was also proven to be
associated with EBV-related transformation of human B-cells in in vitro

94



=
o
ﬂ UNIVERSITEIT VAN PRETORIA
Q. UNIVERSITY OF PRETORIA
Qe YUNIBESITHI YA PRETORIA

studies. Xu and co-workers demonstrated that EBV-related LMP-1 stimulates
MUM-1 expression in B lymphocytes and suggested that MUM-1 may be a
critical factor in EBV transformation and therefore a useful target in the
therapy of EBV-mediated neoplasia®®®. This could not be confirmed by
others®®®.  The single EBV negative case (case 17) in this study displayed
diffuse MUM-1 positivity and the results of our study did also not support the
proposed hypothesis of Xu and co-workers that EBV might play some role in

MUM-1 expression.

Syndecan-1/CD138 is a transmembrane proteoglycan seen in the late stages
of B-cell maturation and this marker is generally accepted as a hallmark of
mature plasma cells?®*2%*, Apart from its use in haematopoietic neoplasms, it
should be noted that CD138 antibody also stains other forms of mature tissue
such as stratified squamous epithelium, which served as a positive internal
control in all PBL cases in the current study (Fig.22). Only 9/45 cases (20%)
of PBL’s showed diffuse positive staining for this marker (Fig.20) although
38/45 (84%) of cases showed some degree of positivity in some of the tumour
cells.

CD38 (cyclic ADP ribose hydrolase) is a multifunctional ectoenzyme essential
for cell adhesion and signalling as well as the regulation of intracellular
calcium?®®. For the purpose of this study, CD38 served as another marker of
post-germinal B-cell development usually strongly expressed in both normal
and myelomatous plasma cells?®®. CD38 proved positive in only 29/45 (65%)
of PBL’s in this study. Only 7/45 (16%) showed diffuse positivity with this
marker (Fig.18).

The exact time of CD138 and CD38 expression during B-cell development
into plasmablasts and into plasma cells is still uncertain. Recently Caraux and
co-workers reported that circulating plasma cells can be subdivided in
CD138*CD20°CD38** and CD138'CD20°CD38** cells using flow cytometry?®®.
| interpreted negative staining for either or both of these markers in two ways.
Either the plasmablasts were in an earlier stage of development and have not
yet gained the CD38 and/ or CD138 receptors on their cell surfaces®® or
alternatively, it might have been due to some form of cellular dedifferentiation
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with loss of the normal plasma cell markers. This should be clarified by future

genetic and flow-cytometric studies.

There is currently no clarity on the precise antigen expression profile of
neoplastic cells in PBL or the interpretation of immunohistochemical markers
for post-germinal B-cell development in these neoplasms. It was clear from
this study that the expression of MUM-1, CD38 and/or CD138 or the lack
thereof played a very small role in confirmation or exclusion of the diagnosis
of PBL, unless interpreted in conjunction with the expression of other cell
antigens. In other words CD20 negativity in conjunction with a positive CD38
and/ or CD138 might for instance be helpful to confirm the diagnosis of PBL.
However this combination may also be encountered in other plasma cell
neoplasias such as MM and plasmacytomas, other HIV-related lymphomas
such as PEL® and the rare ALK-positive DLBCL?’.

An interesting finding in this study was the two cases (Cases 4 and 30) which
stained negative for CD79a, CD38 and CD138 although both cases showed
diffuse and strong positivity for MUM-1. It would be very interesting to see if
the ratios of CD79a, CD38, CD138 and MUM1 positivity might be reflective of
a certain stage of maturity in the tumour cells of PBL and therefore have any
prognostic implications.

CD45, initially characterised as a leukocyte common antigen, can be found on
all hematopoietic cells except platelets and red blood cells®®’. CD45 is a key
regulator of antigen-mediated signalling and activation in B- and T-

lymphocytes®®®.

CD45 expression is seen in plasma cells in the early stages
of development but then disappears during normal maturation of plasma
cells®™®. The ratio of CD45 positive versus CD45 negative plasma cells in the
normal bone marrow seems to be stable but changes in the course of plasma
cell disease such as MM. MM was recently classified according to its CD45
expression with the evidence that loss of CD45 expression indicates disease
progression with a more immature cell morphology and a less favourable

prognosis?®®: 29

. In line with many reports in the literature, 44/45 (98%) of the
PBL cases in this study showed some degree of CD45 positivity in at least

some of the tumour cells. Seventeen of 45 cases (38%) showed diffuse CD45
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staining in more than 70% of the tumour cells (Fig.15). But, due to the
exceptionally high numbers of reactive T-cells in some cases, the percentage
of CD45 positivity was often difficult to interpret. Other PBL studies in the
literature reported CD45 positivity to be minimal or absent in all their cases**
270 Although a quantitative analysis was not done by all authors, our CD45
positivity seemed to be one of the highest ever reported. Although | tried to
evaluate only tumour cells, reactive lymphoid cells might appear bigger than
normal with false positive interpretation of the CD45 stain in at least some
cells. The laboratory techniques and antibodies used may also have played a
role in the variety of results published by various authors. Even so, CD45
immunoreactivity in PBL did not play any diagnostic role in PBL’s. Instead
CD45 positivity might be indicative of a plasma cell neoplasm with immature
morphology (plasma cells in early stages of development) in line with the low
CD38 and CD138 positivity observed in many cases in this study. CD45
negative cases could also be reflective of neoplastic plasma cells that have
lost their normal CD45 expression.

No PBL case in this study stained positive for the ALK protein which excluded
the rare ALK-positive DLBCL, also known as ALK-positive plasmablastic B-
cell lymphoma in the WHO classification®’. These rare lymphomas show
remarkable similarities to PBL. They have been described in less than 50
cases of adult males with a median age of 36 years involving the lymph nodes
as well as extra-nodal sites such as the nasopharynx®’'. The median survival
is less than 11 months and the tumour cells have the exact
immunophenotypic and cytomorphologic features as described for PBL’s, with
the exception of the ALK-positivity (Fig.23). PBL involving the oral cavity in
HIV-positive patients are listed as a very specific differential diagnosis.
Genetically, these neoplasms are most frequently associated with the t(2;17)
translocation responsible for the Clathrin-ALK fusion protein. Future studies
might have to be done on ALK-positive DLBCL’s in order to determine if they
do not possibly represent a subtype of PBL.

Immunohistochemical analysis for k and A light chains was performed in all
cases of PBL in this study. Light-chain restriction is used as a diagnostic
feature of B-cell lymphomas. Although many authors have previously
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reported evaluation of monoclonality in PBL’s by analysis of immunoglobulin
light chains through immunohistochemistry, none described how they actually
did this. Kappa: lambda ratios accepted as ‘normal’ on flow cytometric
examinations varies substantially?’?. To simplify interpretation of the results of
the immunohistochemical evaluation used in my study, | did not use ratios to
determine the presence or absence of light chain restriction. Only cases
completely negative for one of the light chains but positive for the other was
accepted and subsequently noted as having light chain restriction. Twenty
one of 45 cases (49%) showed clear light chain restriction in the current study,
a percentage that would in all probability be higher should | have used ratios
(Table 3). Seventeen of the 21 cases (81%) showed k light chain restriction
(Fig.24) and four of these 21 (19%) cases showed A light chain restriction.
The role of light chain restriction in the context of PBL is uncertain at this
stage. Although light chain restriction is one of the diagnostic features of MM
and was also confirmed as a valuable aid in the diagnostic armamentarium of

plasmacytomas®’® 27

, the lack thereof is seen in approximately 10% of extra-
medullary plasmacytomas and 15% of MM'®. This lack of light chain
restriction has tentatively been explained by acquired mutations of the Ig
genes resulting in dedifferentiation of the tumours cells to the extent that they
no longer secrete Ig?”°. The determination of k and A light chain restriction by
immunohistochemical methods proved to be very difficult with high
background staining in many cases. This was recently explained to be due to
non-specific adsorption of the antibodies by collagen, resulting in high
background staining and difficulty when interpreting the immunohistochemical

results®®

. The presence or absence of light chains in the cell cytoplasm with
or without restriction played no significant role in the diagnosis of PBL. There
were no correlations between light chain restriction and any other
morphological or immunophenotypic features of these neoplasms. The exact
incidence of light chain restriction in PBL’s should be determined with better
methods such as flow cytometry and the implications with regards to

prognosis or classification of these neoplasms should be investigated further.

The results of the immunohistochemical investigations of PBL’s in this study
supported PBL’s to either represent a unique form of B- or plasma cell

malignancy or an aggressive variant of an existing plasma cell neoplasia such
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as MM or plasmacytoma. Neither of these hypotheses has yet been
demonstrated. None of the immunohistochemical markers played a major
role in the diagnosis of PBL. The combination of immunoblastic or
plasmablastic morphology, loss of CD20 expression and simultaneous
expression of one or more plasma cell markers such as CD138, CD38 and/ or
MUM-1 may be indicative of a diagnosis of PBL. This is further supported by
a relevant clinical history such as an aggressive oral tumour in an HIV/AIDS
patient without any history of other plasma cell diseases such as MM or
plasmacytoma. This study therefore supports the WHO decision to remove
PBL as a variant of DLBCL as it was previously classified and to reclassify it
as a separate entity®®. The classification of PBL might change again as soon

as its true biological nature is unravelled through genetic studies.
4.3 Viral status of plasmablastic lymphomas

HHV-8, a gamma herpes virus is the oncogenic virus associated with Kaposi’s
sarcoma and certain lymphoproliferative diseases such as PEL®* and large B-
cell lymphoma arising in HHV-8-associated multicentric Castleman’s
disease®. Its presence is necessary for confirmation of these diagnoses.
Africa is the continent with the highest prevalence of HHV-8 which increases
with the presence of HIV-1 infection®”®. The genome of HHV-8 harbours an
analog of the /-6 gene which is responsible for B-cell and plasma cell
proliferation and may sometimes result in a lymphoproliferative disorder'.

The methods used for HHV-8 detection as well as the use of strict positive
and negative internal controls are very important when considering the results
obtained by any study. When the role of HHV-8 in the pathogenesis of a
tumour is in question, detection techniques where cell morphology remains
intact are preferred. This ensures confirmation of the intracellular presence of
the virus in the tumour cells examined. The HHV-8 virus may be harboured in
B-lymphocytes of immunocompromised patients and signals detected on PCR
may be from a source different to the tumour cells, therefore a false positive
result caused by the presence of ‘bystander’ virus contamination?””. Due to
the high HHV-8 and HIV-1 infection rates in Africa®”®, PCR is not a good
choice as detection method. Techniques for HHV-8 detection that fit the
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prerequisite of intact cell morphology include immunohistochemistry and in
situ hybridisation. The latter has been confirmed as a more sensitive method
for detection of HHV-8?° and was therefore the detection method of choice in

the current study.

The recommended guidelines from the manufacturer in the protocol of the
HHV-8 virus probe and Novocastra detection kit were not followed in this
study. Following their guidelines resulted in false positive results in the brain
section utilised as negative control (Fig.42). The protocol was adjusted to
rectify this, supported by internal control evaluations. Although digestion with
Proteinase K according to the procedural notes of the manufacturer was
sufficient for the probe to hybridise HHV-8, it was found that a combination of
HIER in citric acid buffer (pH6) and pepsin digestion gave superior results.
The latter method was in the protocol. False positivity was however seen in
the negative control section with both protocols of enzyme digestion. Various
test runs were performed to rectify this. The following steps were adjusted:
the digestion time of pepsin was decreased in increments as well as the
incubation with the probe and enzyme substrate. The incubation time of the
probe was increased and that of the enzyme substrate decreased. The
dilution of the rabbit F(ab’) anti FITC/AP and enzyme substrate was
increased. The wash times in buffer were also increased and the use of a
shaker included. The post hybridisation wash was increased from nine
minutes up to 30 minutes. The temperature was increased from room
temperature to 45°C. Only after adjusting the temperature of the post
hybridisation wash, however did the positivity in the negative control section
disappear. The stringency of the wash buffer in the protocol of the
manufacturer [Tris-buffered saline (TBS), 50mM Tris-HCI, 150mM NaCl, pH
7.6 /0.1% Tween] was found insufficient to remove the false positivity in the
negative control where after the post hybridisation wash was done using Dako
stringent wash concentrate ( [saline sodium citrate(SCC), 75mM sodium
citrate, 750mM NaCl, pH7.6] (Dako Corporation, Carpinteria, CA 93013 USA)
at a temperature of 55°C for 20 minutes. This resulted in strong positivity in
the nuclei of the vascular endothelial cells in the control Kaposi Sarcoma
section (Fig.26) whilst the cells in the negative brain control block did not stain
(Fig.43).

100



4

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
A 4

YUNIBESITHI YA PRETORIA

Figure 42: The micrograph shows an example of a false positive HHV-8 (arrows) in the brain section

utilised as negative control for HHV-8 ISH (Original magnification: 400x).

Figure 43: The micrograph shows the abscence of HHV-8 staining in all of the neural cells of this

brain section utilised as negative control for HHV-8 ISH (Original magnification: 400x).
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Several authors reported the presence of HHV-8 in their PBL cases'>?° The
presence of HHV-8 is however currently widely accepted by most, including
the WHO, not to form part of the diagnostic criteria for PBL?" 22, ISH
confirmed the absence of HHV-8 in all cases of PBL in this study. HHV-8
positivity is therefore proposed to be a contraindication for the diagnosis of
PBL and should warrant a different diagnosis such as solid extracavitary PEL.

EBV is a lymphotrophic gamma herpes virus implicated in the pathogenesis of
various B-cell lymphoproliferative diseases including HIV/AIDS associated
NHL such as DLBCL with immunoblastic morphology, primary central nervous
system lymphoma and PEL and its solid variants® '**. Two main methods can
be used to test for the presence of EBV. These include ISH with probes for
EBER’s, which represent the most widely used technique, and antibody
staining for the LMP1%. EBER’s 1 and 2 are small, non-coding RNA’s
expressed in all known forms of EBV latency, although their biological function
is only speculative at this stage®®. We used ISH with probes for EBER-1 and
-2 for EBV detection in this study and strict positive and negative internal

controls were included in the protocol to ensure optimal results.

The role of EBV in the pathogenesis of PBL is still unclear but it is reported to
be associated with 60-100% of these neoplasms® ' '3 % All but one (98%)
case of PBL (case 17) in this South African-based series was EBV positive
(Fig.27). As stated earlier, 31 of 32 patients in this study with known HIV-
status was HIV-positive (Table 2). The only patient with a known HIV-
negative status (case 17) was also EBV-negative. The reason for the high
EBV positivity in this study is uncertain but speculated to be the results of the
high incidence of HIV-infection.

EBV alone is insufficient to induce malignant change®® and its pathogenetic
role in AIDS-related lymphomas, although speculative, has been linked to
several mechanisms. LMP-1 is a transforming EBV protein that plays a
crucial role in the transformation of B-lymphocytes into immortal B-cells®'.
LMP-1 is frequently expressed in DLBCL and might play a pathogenetic role
in these lymphomas?®®. EBNA-1, a viral protein required for replication and

maintenance of latency is found at a high frequency in BL?*°. EBNA-1 has
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strong anti-apoptotic properties and therefore promote malignant
proliferation®®. A decrease of EBV EBNA1-specific memory CD4+ and CD8+
T-cell responses has been shown in HIV infection®®. The decline in specific
immunity in a deregulated and permissive immunological environment of
HIV/AIDS as well as the EBV-driven cell proliferation potentially result in the
accumulation of genetic alterations with malignant transformation of the

lymphocytes as a consequence'?.

Apart from the proliferation induced genetic aberrations, latent EBV infection
per se has been shown to promote genetic instability®®*. This further
enhances the neoplastic drive of EBV infection. Cooperation between the
EBV oncoviral proteins such as EBNA-2 and the host MYC gene was
revealed as a pathogenetic event for lymphoma development®®® 2%¢. EBNA-2,
the key EBV transactivator protein critical for B-cell activation induces MYC
expression®®’. The possibility that EBV may even protect lymphoma cells
from the normally apoptotic effects of over expressed MYC, especially
secondary to a MYC translocation such as the BL translocation t(8;14) has
been postulated'®* ?°. Further to this is the possibility that EBV may, through
various mechanisms, even re-program B-cells into becoming neoplastic cells
with an increased ability to survive oncogenic stress and genomic

instability®®°.

It is not known which of the above pathogenic mechanisms of EBV-related
lymphomagenesis is applicable to PBL and this should be investigated in the
future. The plasmacytoid differentiation seen in EBV positive lymphomas,
especially in the context of HIV infection in which case it is predominant or
almost exclusive'® ** does however emphasize the possibility of a role in the
pathogenesis of PBL. EBV negative PBL’s are occasionally reported in HIV-
negative patients in the literature but this should be evaluated carefully.
Firstly, the techniques used to demonstrate the presence of the virus should
be evaluated. This could furthermore mean that PBL’s may be subdivided
into PBL associated with HIV/AIDS and PBL not associated with HIV/AIDS,
therefore reflecting different pathogenic mechanisms. It may also imply that
PBL’s diagnosed in an HIV-positive patient may actually represent an atypical
presentation of one the plasma cell dyscrasias or that PBL’s diagnosed in an
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immunocompetent patient actually represent a novel group of malignant
lymphoproliferative neoplasms, yet to be defined more clearly. The diagnostic
criteria for MM and plasmacytomas with plasmablastic morphology, especially
in the setting of HIV/AIDS should be revisited since many neoplasms
diagnosed as PBL have clinical features overlapping with the diagnostic

criteria for MM.
4.4 Genetic features of plasmablastic lymphoma

Genetic features are an important component of the diagnostic algorithms of
lymphomas in the 2008 WHO classification of lymphoid tumours® and
additional genetic data continue to inform on the pathogenesis of lymphomas.
However, there is a significant shortage of genetic studies on PBL apart from
single case reports and small series. Recently a large study of 42 PBL’s by
Valera et al., highlighted the important frequency of gene rearrangements in
these neoplasms'®. The 42 reported cases only included eight PBL affecting
the mucosa of the oral cavity. This paper nevertheless confirmed previous
reports suggesting an important role for MYC rearrangements in the

11,13, 2428 y/glera and

pathogenesis of PBL especially with /GH as a partner
co-workers described frequent gains of MYC, IGH and other loci commonly
involved in B-cell lymphoma further suggesting an association with complex
karyotypes'®. It was decided to evaluate all of our cases of PBL by FISH

analysis for genes commonly described in lymphoma.

Advantages of FISH are that non-dividing (interphase) nuclei can be
evaluated and FISH can be done on archived FFPE specimens®*® 2%
allowing retrospective analysis of archival tissue. The technique can also be
applied to small biopsies as FISH analysis can be performed effectively on as

few as 40 cells®*,

Recurrent translocations of the IGH gene (14g32) are found in approximately

k'67:289  There is a

50% of B-cell NHL and as such recognised as a hallmar
wide diversity of possible partners for the IGH gene in lymphomas. The
incidence of /IGH rearrangements in PBL was evaluated in 43 cases of PBL in

this study using the IGH BA probe (14g32.3 LSI IGH) which is not dependent
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on a specific translocation partner. IGH rearrangement were observed in
27/43 (63%) of PBL’s in this series. The frequency of IGH rearrangement
seen in our study was in line with what was expected in a B-cell NHL and
other plasma cell neoplasia such as MM, known to have IGH rearrangements

in more than halve of non-hyperdiploid cases?®®.

Substantial evidence has accumulated recently supporting the idea that MYC

L3213 27 put also occur in

rearrangements do not only characterise B
approximately 10% of DLBCL?*? as well as in the new category of B-cell
lymphoma, unclassifiable, with features intermediate between DLBCL and
BL2' 27 follicular lymphoma, mantle cell lymphoma, T-cell lymphoma and
chronic lymphocytic leukaemia®®. In 22 of the 27 cases (81%) of PBL with
IGH rearrangement in this series, MYC was shown to be the partner of the
translocation involving the IGH gene. This was seen using the IGH/MYC
CEPS8 tri-colour, dual fusion translocation probe, 1(8;14)(g24;932). Four cases
negative for 1(8;14) also showed rearrangement of the MYC locus on the MYC
BA rearrangement probe (8g24 LS| MYC) with partners other than IGH. MYC
was therefore rearranged in 26/42 (62%) of PBL’s affecting the oral cavity in

this study.

The incidence of MYC rearrangements in PBL has received some attention
over the past four years. Reports on the median survival of patients with PBL
vary from a few months to 3 years but this seems to be reduced substantially

2426 Recent, case

when MYC rearrangements, especially t(8;14) are present
reports on MYC rearrangements in PBL include single case reports from
different study groups, only some of which were specified to be positive for
t(8;14)2**". In some of these reported cases, the patients had a CD4 count of
less than 200 cells/mm® with an associated median survival of three months,
further demonstrating the association of poor survival in PBL cases with MYC
rearrangements and HIV/AIDS disease. Recently, the largest genetic study
on PBL of various anatomical sites was reported by Valera et al. MYC gene
rearrangement was seen in 7 of 8 cases (88%) of PBL affecting the oral cavity
but this genetic alteration was shown in only 13 of 33 (39%) of their cases
affecting other anatomical locations. It was previously discussed in this

document that PBL affecting the oral cavity mucosa seems to be more
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common in the setting of HIV/AIDS than those of other anatomical sites. This
present study reinforced the idea that MYC-rearrangements seem to be more
common in PBL affecting the oral cavity than PBL affecting any other

anatomical site.

The mechanism through which MYC aberrations in lymphomas other than BL
cause clinical aggressiveness is uncertain. Smith and co-workers recently
postulated tat MYC may modulate a completely different set of target genes in
BL than in non-BL?*®. The role of MYC in tumour cell growth and survival is a
complex process as MYC regulates proliferation, apoptosis and cell

differentiation in normal as well as in tumour cells®®*

. Tumour cells, just like
normal cells, respond to the microenvironment which includes -cellular
stressors such as hypoxia. MYC dysregulation, through a variety of
mechanisms, provide tumour cells with enhanced growth abilities, even in a
microenvironment of hypoxia and other extrinsic stressors. This is achieved
by modulating several internal metabolic pathways and by promoting

angiogenesis?®® 295297,

The high incidence of MYC rearrangement in PBL affecting the oral cavity in
HIV/AIDS patients may tentatively be explained. The cooperation of EBV
oncoviral proteins such as EBNA-2 with the products of MYC gene
aberrations could be the main pathogenic event for the development of PBL
and should be investigated further®®>2%”:2%  One hypothesis is that EBV may
protect the tumour cells from the apoptotic effects of MYC over expression

driven by a translocation such as the t(8;14)"* 2%,

In the large PBL series
reported by Valera et al., the incidence of MYC rearrangement were described
as frequent among EBV-positive cases although no specific correlation was
made between the anatomical sites, EBV-positive cases and MYC
rearrangement’. Forty-four of 45 (98%) of PBL’s of the oral cavity in our
study were EBV positive on ISH. The only EBV negative case (case 17) was
also the only patient known to be negative for HIV amongst the 32 patients
with known HIV statuses in this study. MYC rearrangements were therefore
seen only in EBV-positive tumours and might play a critical role in the initiation
of PBL of the oral cavity, especially if one considers the role of the Waldeyer

ring lymphoid tissue and posterior oro-pharyngeal and naso-pharyngeal
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epithelial cells as possible EBV reservoirs?®® 3®. This HIV and EBV negative
case in the current series also showed no rearrangement of MYC or IGH but
did however have an increased gene copy number of CCND1. This
underlines the possibility that PBL outside of HIV-infection might have a
different pathogenesis.

Another new and interesting finding from the results of this study was the
increased CCND1 gene copy number discovered in 17/41 (41%) and
increased IGH gene copy numbers in 6/41 (15%) cases of PBL cases. More
than six CCND1 gene copies per cell nucleus were seen in seven of these
cases and more than six /IGH gene copies in four of them. While increased
gene copy number previously described in PBL tend to be attributed to
complex karyotypes'', cases with multiple copies suggest true amplification of
the CCND1 and less frequently the IGH genes in some oral PBL’s in our
series. CCND1 gene amplification has been described in aggressive B-cell
NHL’s*" as well as MM in which case various mechanisms seems to be
responsible for increased CCND1 amplification and over-expression®®® 3%,
Cyclin D1 is a key cell cycle regulatory protein®** and its increased gene copy
number might lead to over expression and contribute to the high proliferation
index and aggressive clinical course of PBL.

MYC gene rearrangements in non-BL lymphomas are often associated with
additional cytogenetic abnormalities which may further contribute to the
aggressive behaviour of the disease and to the poor response to therapy seen
in these patients'™ 2. Patients diagnosed with MYC rearranged DLBCL
combined with deregulation of BCL6 or BCL2, so-called double-hit

lymphomas, have an even worse prognosis®®% 2%

. Karyotypic abnormalities in
addition to MYC rearrangements are currently integrated into the 2008 WHO
classification system. Seven PBL’s cases in our series demonstrated
rearrangement of both /GH alleles demonstrating a possible ‘double hit’ for the
IGH locus (Figs 32 & 33). The MYC and CCND1 genes were both
translocation partners of IGH in one case, demonstrated by positive
IGH/CCND1 dual colour, dual fusion translocation probe, t(11:14)(q13932)
(Fig.37). Both MYC and BCL2 genes were discovered to be partners of the

IGH gene represented by positive t(8;14) and t(14:18) probes in one case
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respectively. MYC was one of the IGH translocation partners in five cases
with the other partner unidentified in three of these cases. In two additional
cases both /GH chromosome partners remained uncharacterised. Double hits
have been reported in several DLBCL and particularly in large B cell
lymphoma with intermediate features between DLBCL and BL. To the best of
our knowledge, the finding of rearrangement of both /GH alleles, although of

low frequency (16%), was a new observation in PBL.

The findings of various genetic rearrangements in both simple and complex
karyotypes may eventually all have an influence on the choice of treatment
strategy for the patient diagnosed with PBL, especially those with MYC

rearrangements®® 297,

Although we currently lack specific therapeutic
approaches for patients with MYC-associated lymphomas, it has been proven
that bortezomib down regulate MYC®’. This might explain the recent
publication by Bose and co-workers who reported dramatic and early
response to bortezomib, a proteasome inhibitor widely used in treatment of
MM, in a patient diagnose with PBL of the stomach. The authors
hypothesised the efficacy of this treatment by suggesting PBL to be related
more closely to plasma cell neoplasms than to B-cell lymphomas and
therefore the poor performance on other oncotherapy regimes such as CHOP
(cyclophophamide, doxorubicin, vincristine and prednisone) and CHOP-like

regimens.

Through the results of this study and others, it is recommended that routine
genetic analysis for MYC rearrangements and others, especially to identify
complex karyotypes, should be done and reported in order to identify these

aggressive subtypes to the managing clinician® %% %%,

The spectrum of
genetic analysis specific for PBL as well as the FISH probes used to
determine the scope of genetic rearrangements should still be evaluated by
future studies. Currently however, it is advised that a panel of FISH probes
including t(8;14), IGH BA and investigations of CCND1 be performed and if
double hit rearrangement of both alleles is found on IGH BA, BCL2 and BCL6

should also be evaluated as possible translocation partners.
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It may be important at this point to take note of a recent publication where the
authors described IGH/MYC rearrangements in three cases of high-grade
lymphoma, detectable on IGH/MYC dual-fusion FISH probes but which could
not be detected using MYC BA FISH probes®”. This highlighted certain
limitations of using MYC BA probes as a stand-alone test. Explanations why
some MYC rearrangements escape detection by MYC BA probe sets include
the position of the breakpoints which varies and sometimes include areas that
may leave the BA fusion signal intact®®. The wide variation of MYC
breakpoints are well described®®, and breakpoints several hundreds of
kilobases upstream of MYC®® or the extreme centromeric region®® have
been reported. Other explanations offered by May and co-workers is that an
insertion, rather than a translocation, occurred which makes the translocation
partner ‘invisible’ to the analyst. This may involve insertion of a small IGH
sequence into the MYC gene, which may not be large enough to physically
separate the two signals flanking the insertion breakpoints, or insertion of part
or the entire MYC probe into the /IGH locus with no disruption of the MYC
probe. Consequently the presence of MYC/IGH may be overlooked®"’.

Cytogenetic studies are expensive and not always available. Less expensive
and specialised techniques to identify these MYC-aberrations are therefore
sought after. A novel monoclonal antibody recognizing the c-MYC protein in
FFPE tissue by standard immunohistochemistry was recently described'". It
has been shown that MYC expression was exclusively in the nucleus of 88%
of BL cases and in both the cytoplasm and nucleus in the other 12% of BL. In
cases of DLBCL without MYC translocation, the staining with this antibody
was cytoplasmic. Nuclear or evenly distributed staining between the nucleus
and the cytoplasm were described in 80% of DLBCL that harboured MYC

311

rearrangements” . It is currently proposed that this monoclonal antibody may

293 which would be

be used as a screening tool for a MYC rearrangements
useful in the light of the clinical implications. It would be interesting to test this

antibody in PBL cases in a prospective clinico-pathological study.

BCL6 abnormalities are commonly described in DLBCL and are present in up
to 30% of cases'®® %2313 We found no BCL6 rearrangement in any of the 40

PBL cases screened for this abnormality. Gains in copy number seen as
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increased fusion signals per cell nucleus (Fig.41) were however seen in 11/40
(28%) cases screened with the BCL6 BA probe. Loss of one fusion signal
was seen in three cases screened with the same probe.

As discussed throughout this document, it has previously been hypothesised
by various groups that PBL may actually represent a plasmablastic form of
MM or plasmacytoma''. It was shown by this study as well as many others
that there is no specific immunophenotypic or morphological feature to
differentiate these diseases. Even clinical aspects seem to overlap to the
extent that it makes differentiation between these neoplasms impossible.
Genetic aberrations in MM include chromosomal gains and losses as well as
specific chromosomal translocations affecting the /g gene loci, most
commonly IGH at 14932.3%> 2% Translocations which result in
protooncogenes being misplaced into the /g loci results in the powerful IGH
enhancers to drive abnormal expression of translocated oncogenes including
cyclin D1, on chromosome 11q13 leading to dysregulation of its expression®?’.
Recurrent translocations are seen in approximately 40% of MM cases and
include t(11;14)(q13;932) encountered in 15-20% of MM patients®?® #2°. jgH
translocation and hyperdiploidy are unified by downstream up regulation of
cyclin D1, D2 or D3%! which are eventually followed by further instability that
often includes genetic alterations of chromosome 8 (MYC)?*®. Plasmablastic
transformation in MM and other malignancies are frequently associated with
MYC translocations and EBV-positivity''.  Several reports describe the
presence of MYC translocations in MM to be associated with tumour
progression to high-grade plasmablastic morphology and aggressive clinical

behaviour?!s: 216, 290, 314

Very little information on the genetic features of
plasmacytomas is available in the literature in order to compare with genetic
features of PBL. Bink et al recently did the largest study on cytogenetic
alterations in 38 cases of extra-medullary plasmacytomas which showed IGH
breaks in 37%, t(4;14) translocation in 16%, loss of 13q in 40% with

chromosomal gains in 82%. No t(11;14) was present in any of their cases®'>.

Only the high incidence of IGH rearrangements in this study are in line with
what is seen in MM??’. Whereas 15-20% of patients with MM exhibit the
t(11;14)?2% 22° only one of 41 (2%) of our cases evaluated was positive for this
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translocation. The t(11;14) translocation juxtaposes the CCND1 gene to the
IGH locus and is, together with the over expression of CCND1, the genetic
hallmark of mantle cell lymphomas, considered as the primary genetic event
thereof*'®. The role of the increased CCND1 and IGH gene copy numbers in
the pathogenesis of PBL’s should be investigated. The true role of key genes
in the pathogenesis and biology of PBL will be necessary before further
comparison with MM and plasmacytomas with plasmablastic morphology will
be possible. This should include evaluating rearrangements of chromosome
1, deletions of 13q and 17p together with possible gains in odd-numbered

chromosomes in a large cohort of PBL cases.

The application of FISH to FFPE tissue sections are technique sensitive®®.
Storage conditions and the age of the tissue blocks have shown to influence
the rate of successful FISH analysis on paraffin sections®'’. Some of the
archival blocks used in this study dated back to the 1990’s which could have
played a significant role in the loss of certain cases (see tables) for genetic
analysis. Tissue fixed in neutral buffered formalin, a cross-linking fixative, is
preferred for FISH on FFPE tissue®®.  Fixation of the tissue prior to
embedding it into paraffin blocks is known to play a major role in the quality of
results obtained. In some PBL cases the overlying epithelial cells as well as
those tumour cells present at the periphery of the sample were better exposed
to formalin with better fixation and therefore presented with good morphology
and sharp signals on FISH analysis. This was in contrast to tumour cells
located towards the centre of especially the larger specimens and for which
results were at times sub optimal. This was most probably due to suboptimal
fixation in the central regions of a larger tissue sample.

Thickness of the histology section for FISH analysis played a major role in the
interpretation of the results. Tissue section thickness should be determined
by the type of tissue or cells to be analysed. The ratio of cell diameter versus
thickness of the tissue section would either result in or prevent truncation
artifact, one of the biggest problems encountered in the interpretation of FISH

results®*!> 24°

. In the same regard, overlay or directly adjacent nuclei was also
problematic because two overlying cells might be regarded as a single cell

and the signals present in these two cells be interpreted as signals from a
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single cell. | discovered that the overlying mucosal epithelial cell nuclei of the
lower third of the epithelial layer were a good indication of the diameter of the
tumour cell nuclei in the PBL cases. The epithelial cells therefore served as
internal control for all cases in our study. Due to the fact that all cases of PBL
in this study affected the oral mucosa, some overlying epithelial cells were
always present on every section. Initially we performed FISH on three
micrometer sections. This resulted in truncation of tumour and epithelial cell
nuclei and subsequent loss of signals in both the epithelium and the tumour
cells. Increase of section thickness to four micrometer resulted in an
increased number of signals in both cell types and 4 micrometer sections
were therefore performed. To prevent misinterpretation of signals, analysis
should strictly be performed on the correct thickness of section determined by
the type of cells to be analysed. Analysis should also only be performed in
areas where tumour cells are single or loose-lying from other tumour cells with
no overlapping between nuclei. When dealing with a small cell neoplasm,
thinner sections should be used as too much overlapping of nuclei will be
present on thicker sections making interpretation of signal patterns
impossible. In the case of larger cells, such as is the case with PBL, a thicker
section will be needed as too much truncation artefact will result from thin

sections.

Experience in histopathology and tissue morphology in FFPE tissue sections
aided the author to distinguish between tumour cells of PBL, reactive T- and
B-cells with normal morphology, epithelial cells as well as other bystanders
such as fibroblasts. This might be a challenge to the inexperienced interpreter
which may wrongly interpret normal bystander tissue as tumour and therefore
skew the results when evaluating 100 or 200 nuclei for instance. In some
slides, arcades of skewly cut covering epithelium intermingled extensively with
the cohesive sheets of similar-sized tumour cells in the underlying lamina
propria. Due to the non-discriminating nature of the DAPI stain, it was
sometimes almost impossible to distinguish the epithelial cells from the
tumour cells.  Careful evaluation of the morphological features and
intercellular bridging seen between most of the epithelial cells were important
to ensure that the FISH analysis was performed on the tumour cells only.
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Analysis was always done on tumour cells with well defined borders and cells
with ghost-like features were excluded.

Optimal tissue fixation, a clear understanding of the principles of the technique
and probe construction as well as thorough knowledge on the morphological
features of the tumour cells dealt with in a specific assay is crucial in order

identify artefacts, aiding in the successful interpretation of the results.
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CHAPTER V
CONCLUSION AND FUTURE DIRECTIONS

This study represented the largest cohort of PBL affecting the oral mucosa
published to date. The most important findings of this study were the genetic
features, some of which confirmed the findings of others and some of which
had never been described before. This study confirmed PBL to be a
genetically complex, high-grade lymphoproliferative malignancy for which its
current position in the 2008 WHO classification as a separate entity, rather
than a subtype of DLBCL is supported.

Rearrangements of the IGH gene were found in 27/43 (63%) of cases
screened with the IGH-BA probe set whilst MYC-rearrangements were
discovered in 26/42 (62%) of PBL’s. MYC rearrangements in this study
consisted of the t(8;14) translocation which was present in 22/27 (81%) of
PBL cases with /IGH rearrangements but four other cases of PBL, negative for
IGH BA, showed BA of the MYC gene with the MYC-BA probe set.

The presence of MYC rearrangements is currently accepted as an adverse
prognostic factor in cases of DLBCL. MYC-rearrangements are more
commonly associated with complex genetic karyotypes. In this study, seven
of the 43 cases showed rearrangement of both alleles of the IGH gene, a
finding never described before (Table 5). The MYC gene was shown to be
one partner in five of these cases, all of which was t(8;14) positive, CCND1
was one of the partners in one case shown to be t(11;14) and t(8;14) positive
and BCL2 was the one partner in one case shown to be t(14;18) and t(8;14)
positive. These two lymphomas were therefore proven to be double hit
lymphomas. Both partners of IGH remained unknown in two of the seven

cases that showed rearrangement of both /GH alleles.

Increased CCND1 gene copy numbers were found in 17/41 (41%) of cases
screened with the CCND1/MYC dual fusion translocation probe. Seven cases
showed more than six copies of CCND1 per cell nucleus. Six of the cases
(15%) screened with the same probe also showed increased copy numbers of
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the IGH gene, four of which had more than six copies per cell nucleus. These
findings, associated with the high incidence of MYC-rearrangements, with or
without complex karyotypes might all play a significant role in the aggressive

clinical behaviour and poor prognosis of patients diagnosed with PBL.

Valera and co-workers recently published a large genetic study on PBL’s
affecting various anatomical locations. Only eight cases of the oral mucosa
were included in their study. Taking their study into consideration, it was
interesting that MYC gene rearrangements were more common in PBL of the
oral cavity than in PBL of different anatomical locations, especially for patients
with HIV/AIDS. Fifty-eight percent of PBL in confirmed HIV-positive patients
of my study had MYC rearrangements and all but one of the patients with
known HIV-status in this study was positive for HIV-infection. The only patient
known to be HIV-negative in our cohort of patients also showed no IGH or
MYC-rearrangements in the tumour cells although a low level increase in
CCND1 copy number was obvious in the tumour cells of this case.

The exact role of MYC-rearrangement in lymphomagenesis is unclear.
Factors responsible for the deregulation of MYC are numerous but in the case
of PBL of the oral cavity the possible role of EBV infection should be
considered. All but one of the tumours in the current study was positive for
EBV. This was the same PBL case which showed no IGH or MYC
rearrangements on FISH analysis. This supports the findings from other
studies that EBV is more commonly associated with PBL of the oral cavity
than those occurring in other anatomical locations, and again, more so in the
setting of HIV/AIDS.

The association between EBV and HIV/AIDS might be explained by several
reasons such as the reduced specific immunity against EBV oncoviral proteins
in the setting of HIV/AIDS. The Waldeyer ring lymphoid tissue and oro- and
nasopharyngeal epithelium, commonly infected by EBV in HIV/AIDS patients,
should also be considered as an explanation for the frequent association
between EBV and PBL of the oral mucosa. It is possible that these infected
cells play a significant role in the homing of plasmablasts to the oral mucosa.
This, in the background of reduced specific and general immunity, and in the
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context of EBV associated neoplastic effects on infected B-cells or
plasmablasts, might result in the preferred development of these neoplasms in

the oral cavity mucosa.

EBV and MYC deregulation, either as a consequence of the EBV infection or
as consecutive occurring are the most important pathogenetic factors for PBL
affecting the oral cavity in HIV-positive individuals. The results from my study
further concurred with previous proposals that the diagnosis of PBL should
serve as a sign of immunodeficiency, either as diagnostic thereof or as a
predictor of a progressive state of immunodeficiency in patients with known
HIV/AIDS status. | suggested PBL to be included as a group 1 lesion in the
EC Clearinghouse and WHO Collaborating Centre classification of oral
problems related to HIV infection, especially in countries with high incidences
of HIV such as South Africa.

The absence of MYC-rearrangement in some cases of oral PBL in HIV-positive
patients warranted a different explanation. This can only be examined in future
prospective studies with a wide panel of genetic probes. Through the results
gained from the genetic evaluation of PBL cases in this study, | proposed the
routine genetic evaluation of tumours diagnosed as PBL, as this may have
prognostic and treatment implications in the future. Follow-up studies in order to
confirm the clinical impact of the genetic evaluations have become mandatory.

Clinically, the gingiva and palatal mucosa was shown to be the preferred intra-
oral location for PBL. Patients in our cohort, just as in most of the published
cases, were around 40 years of age.

This study proved that PBL is not a histomorphologic or immunohistochemical
diagnosis by any means. The current histomorphologic classifications of PBL
according to the degree of plasmacytic differentiation do not have any
diagnostic value although plasmacytic features may have prognostic
significance and should be evaluated in future studies. Any
lymphoproliferative neoplasm that exhibits plasmablastic features with various
degrees of plasmacytic differentiation in an extra-medullary location should
encourage histopathologists to do a panel of immunohistochemical and
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genetic investigations, including viral studies for EBV and HHV-8. This study
supported the WHO and other authors that accept HHV-8 to be negative in all
cases of PBL. Should a neoplasm with morphological and
immunohistochemical features of PBL be HHV-8 positive, a diagnosis of
extracavitary PEL should rather be considered. The results of the
immunophenotypic investigations performed in this study supported PBL to be
negative for the CD20 receptor. Should an extra-medullary neoplasm of this
nature be CD20 positive, another diagnosis such as the immunoblastic variant
of DLBCL NOS should rather be considered. The role of plasma cell lineage
markers such as CD38, CD138 and MUM as well as light chain restriction in
the diagnosis of PBL is uncertain at this stage but proposed not to be
diagnostic as stand-alone markers or criteria. The results of
immunohistochemical investigations with these molecular markers should be
interpreted in the context of extensive clinical, pathological and genetic

investigations.

From the results of this study and intensive investigation of the literature, |
proposed that PBL, as defined by the WHO, should be a single,
extramedullary tumour that conforms to all the morphological and
immunophenotypic criteria for the diagnosis of PBL as set by the 2008 WHO
classification and described above. | proposed that the possibility should be
investigated that some of these tumours might actually represent
plasmablastic, extramedullary plasmacytomas with aggressive biological
nature and poor prognosis. This was underlined by the high percentage of
these tumours confirmed to have immunoglobulin light chain restriction.
When multiple tumours or disseminated disease with similar criteria in
association with multiple radiolytic bone lesions, bone marrow involvement by
neoplastic plasmablasts or serological changes are found during the clinical
work-up of such a patient, the diagnosis of atypical presentation of MM should
rather be considered. The diagnostic criteria of plasma cell neoplasia such as
MM should be re-evaluated and validated, especially in the setting of
HIV/AIDS. 1t is well known that HIV/AIDS may influence the clinical
presentation, immunophenotype and genetic features of plasma cell
neoplasms, pathology commonly associated with immune deficiency.
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It became clear that PBL should never be diagnosed without thorough clinical,
systemic, pathological and genetic investigations especially in the backdrop of
HIV/AIDS. No pathologist should make the diagnosis of PBL and no clinician
should accept such a diagnosis or decide on the treatment modality for the
patient involved unless all other possibilities of systemic plasma cell disease
have been excluded. The role of genetic features in the diagnosis and
management of PBL should be investigated further as it might eventually play

an important role in the choice of treatment.
Key future research areas that evolved from this study

The true relationship between HIV/AIDS, EBV infection and PBL of the oral
cavity should be considered in detailed molecular pathology, genetic and
virology studies. It should be investigated if PBL’s do not consist of two types
of neoplasms, those associated with HIV/AIDS and those not associated with
HIV-related immunosuppression, therefore reflecting different pathogenic
mechanisms. Further to this, it should be determined if PBL in an HIV-positive
patient does not represent an atypical presentation of another plasma cell
dyscrasia for which the diagnostic criteria of MM and plasmacytomas in the
setting of HIV/AIDS should be revisited.

The spectrum of genetic analysis specific for PBL as well as the FISH probes
used to determine the scope of genetic rearrangements should be evaluated.
The true role of key genes in the pathogenesis and biology of PBL will be
necessary before further comparison with MM and plasmacytomas with
plasmablastic morphology will be possible. This should include evaluating
rearrangements of chromosome 1, deletions of 13q and 17p together with

possible gains in odd-numbered chromosomes in a large cohort of PBL cases.

Future studies on large cohorts of PBL should evaluate the correlation
between the diagnosis of PBL and the clinical state of immunosuppression as
measured by the CD4 counts of the patient. From my current study it would
also be interesting to see if any correlation exists between the degree of the
T-cell infiltrate in the tumour and the CD4 count. The prognostic implications
of the CD4 counts at the time of diagnosis should at the same time also be
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evaluated through meticulous clinical follow-up of patients diagnosed with this
neoplasm. Should there be a correlation between the CD4 count and the
degree of T-cell infiltrates in the tumour and eventually between the CD4
count and the prognosis of such a patient, it could serve as a histological
prognostic marker for these patients.

The possible prognostic implications of the following microscopic,
immunohistochemical and genetic features in PBL should be investigated as
part of the prospective clinico-pathologic study of PBL.:
e Cellular pleomorphism in the tumour
e The percentage of blasts versus plasmacytic cells in the tumour
infiltrate
e Positive versus negative staining for plasma cell markers such as
CD38 and CD138
e The ratios of CD79a, CD38, CD138 and MUMA1 positivity in the tumour
cells
e The presence of specific genetic features such as aberrations of the
MYC, CCND1 and IGH genes as well as the influence of complex

versus simple karyotypes

The biological nature of PBL as either plasma cell neoplasias with
plasmablastic ‘dedifferentiation’ or as plasmablastic neoplasms with some
plasmacytic ‘differentiation’ should be evaluated through molecular pathology
techniqgues such as single cell laser microdissection and subsequent
comparative genetic analysis of the cells in order to determine their
relationship with one another.

119



4"’_
o

W UNIVERSITEIT VAN PRETORIA
Q. UNIVERSITY OF PRETORIA
Qo YUNIBESITHI YA PRETORIA

-

REFERENCES

1. Dorrington, R.E., et al., The demographic impact of HIV/AIDS in South Africa.
National and provincial indicators for 2006. 2006, Cape Town: Centre for
Actuarial Research, South African Medical Research Council, Actuarial
Society of South Africa.: Cape Town.

http://www.mrc.ac.za/bod/DemographiclmpactHIVIndicators.pdf.

2. Raphael, M., et al., Lymphomas associated with HIV infection, in WHO
Classification of tumours of haematopoietic and lymphoid tissues, S.H.
Swerdlow, et al., Editors. 2008, IARC Press: Lyon, France. 340-349.

3. Diamond, C., et al., Presentation and outcomes of systemic non-Hodgkin's
lymphoma: a comparison between patients with acquired immunodeficiency
syndrome (AIDS) treated with highly active antiretroviral therapy and patients
without AIDS. Leuk Lymphoma, 2006. 47(9): 1822-9.

4. Engels, E.A., et al., Trends in cancer risk among people with AIDS in the
United States 1980-2002. Aids, 2006. 20(12): 1645-54.
5. Delecluse, H.J., et al., Plasmablastic lymphomas of the oral cavity: a new

entity associated with the human immunodeficiency virus infection. Blood,
1997. 89(4): 1413-20.

6. Scheper, M.A,, et al., Oral plasmablastic lymphoma in an HIV-negative
patient: a case report and review of the literature. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod, 2005. 100(2): 198-206.

7. Castillo, J., L. Pantanowitz, and B.J. Dezube, HIV-associated plasmablastic
lymphoma: lessons learned from 112 published cases. Am J Hematol, 2008.
83(10): 804-9.

8. Riedel, D.J., et al., Plasmablastic lymphoma of the oral cavity: a rapidly
progressive lymphoma associated with HIV infection. Lancet Infect Dis, 2008.
8(4): 261-7.

9. Swerdlow, S.H., E. Campo, and N. Harris, WHO Classification of Tumours of
Haematopoietic and Lymphoid Tissues. 4th ed. WHO. 2008, Lyon, France:
IARC Press.

10. Boy, S.C., et al., Plasmablastic lymphomas with light chain restriction -
plasmablastic extramedullary plasmacytomas? J Oral Pathol Med, 2010.
39(5): 435-9.

11. Taddesse-Heath, L., et al., Plasmablastic lymphoma with MYC translocation:
evidence for a common pathway in the generation of plasmablastic features.
Mod Pathol, 2010. 23(7): 991-9.

120



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
Qo YUNIBESITHI YA PRETORIA

(=L

Bose, P., et al., AIDS-related plasmablastic lymphoma with dramatic, early
response to bortezomib. Eur J Haematol, 2009. 82(6): 490-2.

Valera, A., et al., IG/IMYC Rearrangements are the Main Cytogenetic
Alteration in Plasmablastic Lymphomas. Am J Surg Pathol, 2010. 34(11):
1686-94.

Ferrazzo, K.L., et al., EBV detection in HIV-related oral plasmablastic
lymphoma. Oral Dis, 2007. 13(6): 564-9.

Carbone, A., et al., Expression profile of MUM1/IRF4, BCL-6, and
CD138/syndecan-1 defines novel histogenetic subsets of human
immunodeficiency virus-related lymphomas. Blood, 2001. 97(3): 744-51.
Cioc, A.M,, et al., Oral plasmablastic lymphomas in AIDS patients are
associated with human herpesvirus 8. Am J Surg Pathol, 2004. 28(1): 41-6.
Dong, H.Y., et al., Plasmablastic lymphoma in HIV-positive patients: an
aggressive Epstein-Barr virus-associated extramedullary plasmacytic
neoplasm. Am J Surg Pathol, 2005. 29(12): 1633-41.

Goedhals, J., C.A. Beukes, and D. Hardie, HHV8 in Plasmablastic
Lymphoma. Am J Surg Pathol, 2008. 32(1): 172.

Martin, C.A., M. Narbaitz, and S. Sapia, Plasmablastic lymphomas:
immunohistochemical characteristics and in situ hybridization analysis for
EBV and HHV-8 viruses. Mod Pathol, 2003. 16: 246.

Toure, G., et al., Plasmablastic lymphoma: a case report. Quintessence Int,
2007. 38(2): 161-3.

Said, J., Diffuse aggressive B-cell ymphomas. Adv Anat Pathol, 2009. 16(4):
216-235.

Stein, H., N.L. Harris, and E. Campo, Plasmablastic lymphoma, in WHO
Classification of Tumours of Haematopoietic and Lymphoid Tissues, S.H.
Swerdlow, E. Campo, and N.L. Harris, Editors. 2008, IARC: Lyon, France.
256-257.

Jaffe, E.S., et al., Pathology and Genetics of Tumours of Haematopoietic and
lymphoid Tissues. World Health Organization Classification of Tumours, ed.
P. Kleihues and L.H. Sobin. 2001, Lyon, France: IARC Press. 352.

Chuah, K.L., et al., Plasmablastic lymphoma affecting the lung and bone
marrow with CD10 expression and t(8;14)(q24;932) translocation. Int J Surg
Pathol, 2009. 17(2): 163-6.

Bogusz, A.M.,, et al., Plasmablastic lymphomas with MYC/IgH rearrangement.
Report of three cases and review of the literature. Am J Clin Pathol, 2010.
132: 597-605.

121



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

&b
W UNIVERSITEIT VAN PRETORIA

4"’_
Q. UNIVERSITY OF PRETORIA
Qo YUNIBESITHI YA PRETORIA

Dawson, M.A,, et al., AIDS-related plasmablastic lymphoma of the oral cavity
associated with an IGH/MYC translocation--treatment with autologous stem-
cell transplantation in a patient with severe haemophilia-A. Haematologica,
2007.92(1): e11-2.

Seegmiller, A.C., et al., Simple karyotype and bcl-6 expression predict a
diagnosis of Burkitt ymphoma and better survival in IG-MYC rearranged high-
grade B-cell lymphomas. Mod Pathol, 2010. 23(7): 909-20.

Balague, O., A. Martinez, and L. Colomo, Plasmablastic lymphomas (PBL)
are genetically characterized by frequent MYC translocations [abstract]. Mod
Pathol, 2009. 22: 255A.

Jaffe, E.S., et al., Classification of lymphoid neoplasms: the microscope as a
tool for disease discovery. Blood, 2008. 112(12): 4384-99.

Hasserjian, R.P., et al., Commentary on the WHO classification of tumors of
lymphoid tissues (2008): "Gray zone" lymphomas overlapping with Burkitt
lymphoma or classical Hodgkin lymphoma. J Hematop, 2009. 2(2): 89-95.
Hassan, A., et al., Plasmablastic lymphoma of head and neck: report of two
new cases and correlation with c-myc and IgVH gene mutation status. Head
Neck Pathol, 2007. 1(2): 150-5.

Lin, Y., et al., Plasmablastic lymphoma of the lung: report of a unique case
and review of the literature. Arch Pathol Lab Med, 2001. 125(2): 282-5.
Brown, R.S., et al., Plasmablastic lymphoma: a new subcategory of human
immunodeficiency virus-related non-Hodgkin's lymphoma. Clin Oncol (R Coll
Radiol), 1998. 10(5): 327-9.

Porter, S.R., et al., Oral plasmablastic lymphoma in previously undiagnosed
HIV disease. Oral Surg Oral Med Oral Pathol Oral Radiol Endod, 1999. 87(6):
730-4.

Borrero, J.J., et al., Plasmablastic lymphoma of the oral cavity and jaws. Aids,
2002. 16(14): 1979-80.

Flaitz, C.M., et al., Plasmablastic lymphoma: an HIV-associated entity with
primary oral manifestations. Oral Oncol, 2002. 38(1): 96-102.

Gaidano, G., et al., Molecular histogenesis of plasmablastic lymphoma of the
oral cavity. Br J Haematol, 2002. 119(3): 622-8.

Lester, R., et al., Improved outcome of human immunodeficiency virus-
associated plasmablastic lymphoma of the oral cavity in the era of highly
active antiretroviral therapy: a report of two cases. Leuk Lymphoma, 2004.
45(9): 1881-5.

122



39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

&b
W UNIVERSITEIT VAN PRETORIA

4"’_
Q. UNIVERSITY OF PRETORIA
Qo YUNIBESITHI YA PRETORIA

Cattaneo, C., et al., Oral cavity lymphomas in immunocompetent and human
immunodeficiency virus infected patients. Leuk Lymphoma, 2005. 46(1): 77-
81.

Radhakrishnan, R., et al., Plasmablastic lymphoma of the oral cavity in an
HIV-positive child. Oral Surg Oral Med Oral Pathol Oral Radiol Endod, 2005.
100(6): 725-31.

Folk, G.S., et al., Plasmablastic lymphoma: a clinicopathologic correlation.
Ann Diagn Pathol, 2006. 10(1): 8-12.

Lee, O.J., KW. Kim, and G.K. Lee, Epstein-Barr virus and human
immunodeficiency virus-negative oral plasmablastic lymphoma. J Oral Pathol
Med, 2006. 35(6): 382-4.

Tavora, F., et al., Extra-oral plasmablastic lymphoma: report of a case and
review of literature. Hum Pathol, 2006. 37(9): 1233-6.

Armstrong, R., J. Bradrick, and Y.C. Liu, Spontaneous regression of an HIV-
associated plasmablastic lymphoma in the oral cavity: a case report. J Oral
Maxillofac Surg, 2007. 65(7): 1361-4.

Desai, R.S., et al., Plasmablastic lymphoma presenting as a gingival growth
in a previously undiagnosed HIV-positive patient: a case report. J Oral
Maxillofac Surg, 2007. 65(7): 1358-61.

Ortega, K.L., et al., Images in HIV/AIDS. Oral plasmablastic lymphoma. AIDS
Read, 2007. 17(9): 446-7.

Panos, G., et al., Prolonged survival of an HIV-infected patient with
plasmablastic lymphoma of the oral cavity. Am J Hematol, 2007. 82(8): 761-5.
Carbone, A., A. Gloghini, and G. Gaidano, Is plasmablastic lymphoma of the
oral cavity an HHV-8-associated disease? Am J Surg Pathol, 2004. 28(11):
1538-40; author reply 1540.

Pruneri, G., et al., Plasmablastic lymphoma of the stomach. A case report.
Haematologica, 1998. 83(1): 87-9.

Robak, T., et al., Plasmablastic lymphoma in a patient with chronic
lymphocytic leukemia heavily pretreated with cladribine (2-CdA): an unusual
variant of Richter's syndrome. Eur J Haematol, 2001. 67(5-6): 322-7.

Nasta, S.D., et al., Regression of a plasmablastic lymphoma in a patient with
HIV on highly active antiretroviral therapy. Leuk Lymphoma, 2002. 43(2): 423-
6.

Chetty, R., et al., Plasmablastic lymphoma in HIV+ patients: an expanding
spectrum. Histopathology, 2003. 42(6): 605-9.

123



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

=
o
ﬂ UNIVERSITEIT VAN PRETORIA
Q. UNIVERSITY OF PRETORIA
Qe YUNIBESITHI YA PRETORIA

Nguyen, D.D., et al., Plasmablastic lymphoma presenting in a human
immunodeficiency virus-negative patient: a case report. Ann Hematol, 2003.
82(8): 521-5.

Nicol, ., et al., Post-transplant plasmablastic lymphoma of the skin. Br J
Dermatol, 2003. 149(4): 889-91.

Ojanguren, J., et al., Epstein-Barr virus-related plasmablastic lymphomas
arising from long-standing sacrococcygeal cysts in immunosuppressed
patients. Aids, 2003. 17(10): 1582-4.

Colomo, L., et al., Diffuse large B-cell ymphomas with plasmablastic
differentiation represent a heterogeneous group of disease entities. Am J
Surg Pathol, 2004. 28(6): 736-47.

Hausermann, P., et al., Cutaneous plasmablastic lymphoma in an HIV-
positive male: an unrecognized cutaneous manifestation. Dermatology, 2004.
208(3): 287-90.

Lin, F., et al., Plasmablastic lymphoma of the cervical lymph nodes in a
human immunodeficiency virus-negative patient: a case report and review of
the literature. Arch Pathol Lab Med, 2004. 128(5): 581-4.

Schichman, S.A., et al., HIV and plasmablastic lymphoma manifesting in
sinus, testicles, and bones: a further expansion of the disease spectrum. Am
J Hematol, 2004. 77(3): 291-5.

Sharma, R., et al., Disseminated plasmablastic lymphoma. J Am Coll Surg,
2004. 199(4): 654-5.

Teruya-Feldstein, J., et al., CD20-negative large-cell lymphoma with
plasmablastic features: a clinically heterogenous spectrum in both HIV-
positive and -negative patients. Ann Oncol, 2004. 15(11): 1673-9.

Dales, J.P., et al., [Plasmablastic lymphoma in a patient with HIV infection: an
unusual case located in the skin]. Ann Pathol, 2005. 25(1): 45-9.

Jordan, L.B., A.M. Lessells, and J.R. Goodlad, Plasmablastic lymphoma
arising at a cutaneous site. Histopathology, 2005. 46(1): 113-5.

Verma, S., et al., Epstein-Barr virus- and human herpesvirus 8-associated
primary cutaneous plasmablastic lymphoma in the setting of renal
transplantation. J Cutan Pathol, 2005. 32(1): 35-9.

Goedhals, J., C.A. Beukes, and S. Cooper, The ultrastructural features of
plasmablastic lymphoma. Ultrastruct Pathol, 2006. 30(6): 427-33.

Kravetz, J.D., et al., Plasmablastic lymphoma presenting as an arm mass in
an individual negative for human immunodeficiency virus: a case report. Clin
Lymphoma Myeloma, 2006. 6(6): 493-5.

124



67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

&b
W UNIVERSITEIT VAN PRETORIA

4"’_
Q. UNIVERSITY OF PRETORIA
Qo YUNIBESITHI YA PRETORIA

Liu, W, et al., KSHV/HHV8-associated primary cutaneous plasmablastic
lymphoma in a patient with Castleman's disease and Kaposi's sarcoma. J
Cutan Pathol, 2006. 33 Suppl 2: 46-51.

Chen, Y.B., et al., AIDS-associated plasmablastic lymphoma presenting at
the insertion site of a peritoneal dialysis catheter. J Clin Oncol, 2007. 25(21):
3176-8.

Masgala, A., et al., Plasmablastic lymphoma of visceral cranium, cervix and
thorax in an HIV-negative woman. Ann Hematol, 2007. 86(8): 615-8.
Rajagopal, A.S., et al., Plasmablastic lymphoma: a case of rectal disease with
spinal cord compression. Leuk Lymphoma, 2006. 47(12): 2670-3.

Redmond, M., et al., Plasmablastic lymphoma presenting as a paravertebral
mass in a patient with Crohn's disease after immunosuppressive therapy. J
Clin Pathol, 2007. 60(1): 80-1.

Kane, S., et al., Minimum diagnostic criteria for plasmablastic lymphoma of
oral/sinonasal region encountered in a tertiary cancer hospital of a developing
country. J Oral Pathol Med, 2009. 38(1): 138-44.

Sarode, S.C., et al., Plasmablastic lymphoma of the oral cavity in an HIV-
positive patient: a case report and review of literature. Int J Oral Maxillofac
Surg, 2009.

Tzankov, A., et al., Incidental oral plasmablastic lymphoma with aberrant
expression of CD4 in an elderly HIV-negative patient: how a gingival polyp
can cause confusion. Histopathology, 2005. 46(3): 348-50.

Anup, N., et al., Splenic tumor presenting as pyrexia of unknown origin. J
Assoc Physicians India, 2007. 55: 805-7.

Assanasen, T., et al., Extranodal malignant lymphoma of the upper
aerodigestive tract: prevalence of Epstien-Barr virus (EBV) infection in King
Chulalongkorn Memorial Hospital. J Med Assoc Thai, 2005. 88 Suppl 4:
S266-73.

Deloose, S.T., et al., High incidence of Kaposi sarcoma-associated
herpesvirus infection in HIV-related solid immunoblastic/plasmablastic diffuse
large B-cell lymphoma. Leukemia, 2005. 19(5): 851-5.

Barkhuysen, R., et al., Plasmablastic lymphoma mimicking orbital cellulitis.
Oral Maxillofac Surg, 2008. 12(3): 125-8.

Valenzuela, A.A., N.J. Walker, and T.J. Sullivan, Plasmablastic lymphoma in
the orbit: case report. Orbit, 2008. 27(3): 227-9.

Bittencourt, A.L., et al., Burkitt's lymphoma of the scapula. Pediatr Pathol Mol
Med, 2003. 22(4): 271-6.

125



81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

=

&

ﬂ UNIVERSITEIT VAN PRETORIA
Qe

Mani, D., D.G. Guinee, Jr., and D.M. Aboulafia, AIDS-associated
plasmablastic lymphoma presenting as a poorly differentiated esophageal
tumor: a diagnostic dilemma. World J Gastroenterol, 2008. 14(27): 4395-9.
Wang, J., O.J. Hernandez, and F. Sen, Plasmablastic lymphoma involving
breast: a case diagnosed by fine-needle aspiration and core needle biopsy.
Diagn Cytopathol, 2008. 36(4): 257-61.

Miller, D.V., et al., Primary cardiac plasmablastic (diffuse large B-cell)
lymphoma mimicking left ventricular aneurysm with mural thrombus.
Cardiovasc Pathol, 2007. 16(2): 111-4.

Surti, K.M. and P.W. Ralls, Sonographic appearance of plasmablastic
lymphoma of the testes. J Ultfrasound Med, 2008. 27(6): 965-7.
Shuangshoti, S., et al., Primary central nervous system plasmablastic
lymphoma in AIDS. Neuropathol Appl Neurobiol, 2007.

Ustun, C., et al., Plasmablastic lymphoma: CNS involvement, coexistence of
other malignancies, possible viral etiology, and dismal outcome. Ann
Hematol, 2009. 88(4): 351-8.

Carbone, A., et al., AIDS-related plasmablastic lymphomas of the oral cavity
and jaws: a diagnostic dilemma. Ann Otol Rhinol Laryngol, 1999. 108(1): 95-
9.

Antinori, A., et al., Better response to chemotherapy and prolonged survival in
AIDS-related lymphomas responding to highly active antiretroviral therapy.
Aids, 2001. 15(12): 1483-91.

Navarro, J.T., et al., Influence of highly active anti-retroviral therapy on
response to treatment and survival in patients with acquired
immunodeficiency syndrome-related non-Hodgkin's lymphoma treated with
cyclophosphamide, hydroxydoxorubicin, vincristine and prednisone. Br J
Haematol, 2001. 112(4): 909-15.

Teruya-Feldstein, J., Diffuse large B-cell ymphomas with plasmablastic
differentiation. Curr Oncol Rep, 2005. 7(5): 357-63.

Gujral, S., T.M. Shet, and S.V. Kane, Morphological spectrum of AIDS-related
plasmablastic lymphomas. Indian J Pathol Microbiol, 2008. 51(1): 121-4.
Vega, F., et al., Plasmablastic lymphomas and plasmablastic plasma cell
myelomas have nearly identical immunophenotypic profiles. Mod Pathol,
2005. 18(6): 806-15.

Carbone, A. and A. Gloghini, Plasmablastic lymphoma: one or more entities?
Am J Hematol, 2008. 83(10): 763-4.

126



94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Pg UNIVERSITEIT VAN PRETORIA
Arbiser, J.L., et al., Presence of p16 hypermethylation and Epstein-Barr virus
infection in transplant-associated hematolymphoid neoplasm of the skin. J Am
Acad Dermatol, 2006. 55(5): 794-8.
Stein, H., et al., Diffuse large B-cell ymphoma, not otherwise specified, in
WHO Classification of Tumours of Haematopoietic and Lymphoid Tissues,
S.H. Swerdlow, et al., Editors. 2008, IARC: Lyon, France. 233-237.
Chan, J.K., K. Aozasa, and P. Gaulard, Diffuse Large B-cell Lymphoma
associated with chronic inflammation, in WHO Classification of Tumours of
Haematopoietic and Lymphoid Tissues, S.H. Swerdlow, et al., Editors. 2008,
IARC: Lyon, France.
Delsol, G., E. Campo, and R.D. Gascoyne, ALK-positive large B-cell
lymphoma, in WHO Classification of Tumours of Haematopoietic and
Lymphoid Tissues, S.H. Swerdlow, et al., Editors. 2008, IARC: Lyon, France.
254-255.
Isaacson, P.G., E. Campo, and N.L. Harris, Large B-cell lymphoma arising in
HHV8-associated multicentric Castleman disease, in WHO Classification of
Tumours of Haematopoietic and Lymphoid Tissues, S.H. Swerdlow, et al.,
Editors. 2008, IARC: Lyon, France. 258-259.
Said, J. and E. Cesarman, Primary effusion lymphoma, in WHO Classification
of Tumours of Haematopoietic and Lymphoid Tissues, S.H. Swerdlow, et al.,
Editors. 2008, IARC: Lyon, France. 260-261.
Kyle, R.A. and S.V. Rajkumar, Criteria for diagnosis, staging, risk stratification
and response assessment of multiple myeloma. Leukemia, 2009. 23(1): 3-9.
Yotsumoto, M., et al., CD20-negative CD138-positive leukemic large cell
lymphoma with plasmablastic differentiation with an IgH/MYC translocation in
an HIV-positive patient. Intern Med, 2009. 48(7): 559-62.
Simonitsch-Klupp, I., et al., Diffuse large B-cell lymphomas with
plasmablastic/plasmacytoid features are associated with TP53 deletions and
poor clinical outcome. Leukemia, 2004. 18(1): 146-55.
Hummel, M., et al., A biologic definition of Burkitt's lymphoma from
transcriptional and genomic profiling. N Engl J Med, 2006. 354(23): 2419-30.
Fiorino, A.S. and B. Atac, Paraproteinemia, plasmacytoma, myeloma and HIV
infection. Leukemia, 1997. 11(12): 2150-6.
Kumar, S., et al., Plasma cell myeloma in patients who are HIV-positive. Am J
Clin Pathol, 1994. 102(5): 633-9.
Chang, S.T., et al., Plasmablastic cytomorphologic features in plasma cell
neoplasms in immunocompetent patients are significantly associated with
EBV. Am J Clin Pathol, 2007. 128(2): 339-44.

127



107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

&b
W UNIVERSITEIT VAN PRETORIA

4"’_
Q. UNIVERSITY OF PRETORIA
Qo YUNIBESITHI YA PRETORIA

Salarieh, A., et al., Plasma cell tumors in HIV-positive patients: report of a
case and review of the literature. Leuk Lymphoma, 2005. 46(7): 1067-74.
Kyle, R.A. and S.V. Rajkumar, Multiple myeloma. Blood, 2008. 111(6): 2962-
72.

McKenna, R.W., et al., Plasma cell neoplasias, in WHO Classification of
Tumours of Haematopoietic and Lymphoid Tissues, S.H. Swerdlow, et al.,
Editors. 2008, IARC: Lyon, France. 200-213.

Qi, C.F., et al., Anaplastic, plasmablastic, and plasmacytic plasmacytomas of
mice: relationships to human plasma cell neoplasms and late-stage
differentiation of normal B cells. Cancer Res, 2007. 67(6): 2439-47.

Anon, Criteria for the classification of monoclonal gammopathies, multiple
myeloma and related disorders: a report of the International Myeloma
Working Group. Br J Haematol, 2003. 121(5): 749-57.

Delauche-Cavallier, M.C., et al., Solitary plasmacytoma of the spine. Long-
term clinical course. Cancer, 1988. 61(8): 1707-14.

Holland, J., et al., Plasmacytoma. Treatment results and conversion to
myeloma. Cancer, 1992. 69(6): 1513-7.

Alexiou, C., et al., Extramedullary plasmacytoma: tumor occurrence and
therapeutic concepts. Cancer, 1999. 85(11): 2305-14.

Goedert, J.J., et al., Spectrum of AIDS-associated malignant disorders.
Lancet, 1998. 351(9119): 1833-9.

Grulich, A.E., et al., Risk of cancer in people with AIDS. Aids, 1999. 13(7):
839-43.

Grulich, A.E., et al., Rates of non-AIDS-defining cancers in people with HIV
infection before and after AIDS diagnosis. Aids, 2002. 16(8): 1155-61.
Frisch, M., et al., Association of cancer with AIDS-related immunosuppression
in adults. JAMA, 2001. 285(13): 1736-45.

Nador, R.G., et al., Primary effusion lymphoma: a distinct clinicopathologic
entity associated with the Kaposi's sarcoma-associated herpes virus. Blood,
1996. 88(2): 645-56.

Dupin, N., et al., HHV-8 is associated with a plasmablastic variant of
Castleman disease that is linked to HHV-8-positive plasmablastic lymphoma.
Blood, 2000. 95(4): 1406-12.

Laurence, J. and S.M. Astrin, Human immunodeficiency virus induction of
malignant transformation in human B lymphocytes. Proc Natl Acad Sci U S A,
1991. 88(17): 7635-9.

Knowles, D.M., Etiology and pathogenesis of AIDS-related non-Hodgkin's
lymphoma. Hematol Oncol Clin North Am, 2003. 17(3): 785-820.

128



123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
Qe YUNIBESITHI YA PRETORIA

(=L

Grogg, K.L., R.F. Miller, and A. Dogan, HIV infection and lymphoma. J Clin
Pathol, 2007. 60(12): 1365-72.

Castella, A., et al., The bone marrow in AIDS. A histologic, hematologic, and
microbiologic study. Am J Clin Pathol, 1985. 84(4): 425-32.

Konrad, R.J., et al., Brief report: myeloma-associated paraprotein directed
against the HIV-1 p24 antigen in an HIV-1-seropositive patient. N Engl J Med,
1993. 328(25): 1817-9.

Jin, D.K., et al., Hyperviscosity syndrome secondary to a myeloma-associated
lgG(1)kappa paraprotein strongly reactive against the HIV-1 p24 gag antigen.
Am J Hematol, 2000. 64(3): 210-3.

Shacter, E. and G. Arzadon, Elevation of IL-6 in plasma cell tumorigenesis.
AIDS Res Hum Retroviruses, 1992. 8(5): 754-6.

Gold, J.E., et al., Malignant plasma cell tumors in human immunodeficiency
virus-infected patients. Cancer, 1990. 66(2): 363-8.

Nosari, A.M., et al., Multiple myeloma associated to HIV infection: report of
two patients. Eur J Haematol, 1996. 56(1-2): 98-9.

Ramadan, A., et al., Testicular plasmacytoma in a patient with the acquired
immunodeficiency syndrome. Tumori, 2000. 86(6): 480-2.

Kyle, R.A., et al., Review of 1027 patients with newly diagnosed multiple
myeloma. Mayo Clin Proc, 2003. 78(1): 21-33.

Purtilo, D.T., et al., Epstein-Barr virus-associated lymphoproliferative
disorders. Lab Invest, 1992. 67(1): 5-23.

Okano, M. and T.G. Gross, A review of Epstein-Barr virus infection in patients
with immunodeficiency disorders. Am J Med Sci, 2000. 319(6): 392-6.
Carbone, A., et al., HIV-associated lymphomas and gamma-herpesviruses.
Blood, 2009. 113(6): 1213-24.

Raphael, M., Lymphomas associated with infection by the human immune
deficiency virus (HIV), in World Health Organization classification of tumours,
pathology and genetics of haematopoietic and lymphoid tissues, E.S. Jaffe, et
al., Editors. 2001, IARC Press: Lyon, France. 260-3.

Kim, J.E., et al., Human immunodeficiency virus-negative plasmablastic
lymphoma in Korea. Leuk Lymphoma, 2009. 50(4): 582-7.

Cesarman, E. and E.A. Mesri, Kaposi sarcoma-associated herpesvirus and
other viruses in human lymphomagenesis. Curr Top Microbiol Immunol, 2007.
312: 263-87.

Oksenhendler, E., et al., High incidence of Kaposi sarcoma-associated
herpesvirus-related non-Hodgkin lymphoma in patients with HIV infection and
multicentric Castleman disease. Blood, 2002. 99(7): 2331-6.

129



139.

140.

141.

142.

143.

144.

145.

146.
147.

148.

149.

150.

151.

152.

153.

154.

155.

&b
W UNIVERSITEIT VAN PRETORIA

4"’_
Q. UNIVERSITY OF PRETORIA
Qo YUNIBESITHI YA PRETORIA

Areste, C. and D.J. Blackbourn, Modulation of the immune system by
Kaposi's sarcoma-associated herpesvirus. Trends Microbiol, 2009. 17(3):
119-29.

Carbone, A., et al., AIDS-related extranodal non-Hodgkin's lymphomas with
plasma cell differentiation. Blood, 1997. 90(3): 1337-8.

Webster-Cyriaque, J., et al., Epstein-Barr virus and human herpesvirus 8
prevalence in human immunodeficiency virus-associated oral mucosal
lesions. J Infect Dis, 1997. 175(6): 1324-32.

Brown, R.S., et al., Absence of immunohistochemical evidence for human
herpesvirus 8 (HHV8) in oral cavity plasmablastic lymphoma in an HIV-
positive man. Clin Oncol (R Coll Radiol), 2000. 12(3): 194.

Boveri, T., Zur Frage der Entstehung maligner tumoren, in Gustav Fisher
verlag. 1914.

Mitelman, F., B. Johansson, and F. Mertens, The impact of translocations and
gene fusions on cancer causation. Nat Rev Cancer, 2007. 7(4): 233-45.
Vogelstein, B. and K.W. Kinzler, Cancer genes and the pathways they
control. Nat Med, 2004. 10(8): 789-99.

Friedberg, E.C., DNA damage and repair. Nature, 2003. 421(6921): 436-40.
Kuppers, R., Mechanisms of B-cell ymphoma pathogenesis. Nat Rev Cancer,
2005. 5(4): 251-62.

Nussenzweig, A. and M.C. Nussenzweig, Origin of chromosomal
translocations in lymphoid cancer. Cell, 2010. 141(1): 27-38.

Sagaert, X., B. Sprangers, and C. De Wolf-Peeters, The dynamics of the B
follicle: understanding the normal counterpart of B-cell-derived malignancies.
Leukemia, 2007. 21(7): 1378-86.

Duchosal, M.A., B-cell development and differentiation. Semin Hematol,
1997. 34(1 Suppl 1): 2-12.

Burrows, P.D. and M.D. Cooper, B cell development and differentiation. Curr
Opin Immunol, 1997. 9(2): 239-44.

Shapiro-Shelef, M. and K. Calame, Regulation of plasma-cell development.
Nat Rev Immunol, 2005. 5(3): 230-42.

Chen, H.T., et al., Response to RAG-mediated VDJ cleavage by NBS1 and
gamma-H2AX. Science, 2000. 290(5498): 1962-5.

de Villartay, J.P., V(D)J recombination deficiencies. Adv Exp Med Biol, 2009.
650: 46-58.

Wilson, P.C., et al., Somatic hypermutation introduces insertions and
deletions into immunoglobulin V genes. J Exp Med, 1998. 187(1): 59-70.

130



156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

&b
W UNIVERSITEIT VAN PRETORIA

4"’_
Q. UNIVERSITY OF PRETORIA
Qo YUNIBESITHI YA PRETORIA

Peled, J.U., et al., The biochemistry of somatic hypermutation. Annu Rev
Immunol, 2008. 26: 481-511.

Schmidlin, H., S.A. Diehl, and B. Blom, New insights into the regulation of
human B-cell differentiation. Trends Immunol, 2009. 30(6): 277-85.

Fukuda, T., et al., Disruption of the Bcl6 gene results in an impaired germinal
center formation. J Exp Med, 1997. 186(3): 439-48.

Fairfax, K.A., et al., Plasma cell development: from B-cell subsets to long-
term survival niches. Semin Immunol, 2008. 20(1): 49-58.

Shaffer, A.L., et al., BCL-6 represses genes that function in lymphocyte
differentiation, inflammation, and cell cycle control. Immunity, 2000. 13(2):
199-212.

Ye, B.H., et al., The BCL-6 proto-oncogene controls germinal-centre
formation and Th2-type inflammation. Nat Genet, 1997. 16(2): 161-70.
Chaudhuri, J. and F.W. Alt, Class-switch recombination: interplay of
transcription, DNA deamination and DNA repair. Nat Rev Immunol, 2004.
4(7): 541-52.

Klein, U. and R. Dalla-Favera, Germinal centres: role in B-cell physiology and
malignancy. Nat Rev Immunol, 2008. 8(1): 22-33.

Kuppers, R., et al., Cellular origin of human B-cell ymphomas. N Engl J Med,
1999. 341(20): 1520-9.

Stevenson, F., et al., Insight into the origin and clonal history of B-cell tumors
as revealed by analysis of immunoglobulin variable region genes. Immunol
Rev, 1998. 162: 247-59.

Willis, T.G. and M.J. Dyer, The role of immunoglobulin translocations in the
pathogenesis of B-cell malignancies. Blood, 2000. 96(3): 808-22.

Bernicot, I., et al., Characterization of IGH rearrangements in non-Hodgkin's
B-cell ymphomas by fluorescence in situ hybridization. Anticancer Res, 2005.
25(5): 3179-82.

Arakawa, H., J. Hauschild, and J.M. Buerstedde, Requirement of the
activation-induced deaminase (AID) gene for immunoglobulin gene
conversion. Science, 2002. 295(5558): 1301-6.

Franco, S., F.W. Alt, and J.P. Manis, Pathways that suppress programmed
DNA breaks from progressing to chromosomal breaks and translocations.
DNA Repair (Amst), 2006. 5(9-10): 1030-41.

Ramiro, A.R., et al., AID is required for c-myc/IgH chromosome translocations
in vivo. Cell, 2004. 118(4): 431-8.

Robbiani, D.F., et al., AID is required for the chromosomal breaks in c-myc
that lead to c-myc/IgH translocations. Cell, 2008. 135(6): 1028-38.

131



=
o
ﬂ UNIVERSITEIT VAN PRETORIA
Q. UNIVERSITY OF PRETORIA
Qe YUNIBESITHI YA PRETORIA

172. Chesi, M., et al., AID-dependent activation of a MYC transgene induces
multiple myeloma in a conditional mouse model of post-germinal center
malignancies. Cancer Cell, 2008. 13(2): 167-80.

173. Richardson, C. and M. Jasin, Frequent chromosomal translocations induced
by DNA double-strand breaks. Nature, 2000. 405(6787): 697-700.

174. Branco, M.R. and A. Pombo, Intermingling of chromosome territories in
interphase suggests role in translocations and transcription-dependent
associations. PLoS Biol, 2006. 4(5): e138.

175. Parada, L.A., P.G. McQueen, and T. Misteli, Tissue-specific spatial
organization of genomes. Genome Biol, 2004. 5(7): R44.

176. Roix, J.J., et al., Spatial proximity of translocation-prone gene loci in human
lymphomas. Nat Genet, 2003. 34(3): 287-91.

177. Osborne, C.S., et al., Myc dynamically and preferentially relocates to a
transcription factory occupied by Igh. PLoS Biol, 2007. 5(8): e192.

178. Robbiani, D.F., et al., AID produces DNA double-strand breaks in non-Ig
genes and mature B cell lymphomas with reciprocal chromosome
translocations. Mol Cell, 2009. 36(4): 631-41.

179. Ramiro, A.R., et al., Role of genomic instability and p53 in AID-induced c-
myc-lgh translocations. Nature, 2006. 440(7080): 105-9.

180. Pasqualucci, L., et al., Hypermutation of multiple proto-oncogenes in B-cell
diffuse large-cell ymphomas. Nature, 2001. 412(6844): 341-6.

181. Pasqualucci, L., et al., BCL-6 mutations in normal germinal center B cells:
evidence of somatic hypermutation acting outside Ig loci. Proc Natl Acad Sci
US A, 1998. 95(20): 11816-21.

182. Liu, M., et al., Two levels of protection for the B cell genome during somatic
hypermutation. Nature, 2008. 451(7180): 841-5.

183. Mullighan, C.G., et al., Genome-wide analysis of genetic alterations in acute
lymphoblastic leukaemia. Nature, 2007. 446(7137): 758-64.

184. Callen, E., et al., ATM prevents the persistence and propagation of
chromosome breaks in lymphocytes. Cell, 2007. 130(1): 63-75.

185. Wang, J.H., et al., Mechanisms promoting translocations in editing and
switching peripheral B cells. Nature, 2009. 460(7252): 231-6.

186. Wang, J.H., et al., Oncogenic transformation in the absence of Xrcc4 targets
peripheral B cells that have undergone editing and switching. J Exp Med,
2008. 205(13): 3079-90.

187. Gronbaek, K., et al., Somatic Fas mutations in non-Hodgkin's lymphoma:
association with extranodal disease and autoimmunity. Blood, 1998. 92(9):
3018-24.

132



188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

&b
W UNIVERSITEIT VAN PRETORIA

4"’_
Q. UNIVERSITY OF PRETORIA
Qo YUNIBESITHI YA PRETORIA

Sheiness, D. and J.M. Bishop, DNA and RNA from uninfected vertebrate cells
contain nucleotide sequences related to the putative transforming gene of
avian myelocytomatosis virus. J Virol, 1979. 31: 514-521.

Henriksson, M. and B. Lubcher, Proteins of the Myc network: Essential
regulators of cell growth and differentiation. Adv Cancer Res, 1996. 68: 109-
182.

Dalla-Favera, R., et al., Human c-myc onc gene is located on the region of
chromosome 8 that is translocated in Burkitt lymphoma cells. Proc Natl Acad
SciU S A, 1982. 79(24): 7824-7.

Hann, S.R., et al., The alternatively initiated c-Myc proteins differentially
regulate transcription through a noncanonical DNA-binding site. Genes Dev,
1994. 8(20): 2441-52.

Albihn, A., J.I. Johnsen, and M.A. Henriksson, MYC in oncogenesis and as a
target for cancer therapies. Adv Cancer Res, 2010. 107: 163-224.

Conzen, S.D., et al., Induction of cell cycle progression and acceleration of
apoptosis are two separable functions of c-Myc: transrepression correlates
with acceleration of apoptosis. Mol Cell Biol, 2000. 20(16): 6008-18.

Meyer, N. and L.Z. Penn, Reflecting on 25 years with MYC. Nat Rev Cancer,
2008. 8(12): 976-90.

Baena, E., et al., c-Myc is essential for hematopoietic stem cell differentiation
and regulates Lin(-)Sca-1(+)c-Kit(-) cell generation through p21. Exp Hematol,
2007. 35(9): 1333-43.

Cartwright, P., et al., LIF/STAT3 controls ES cell self-renewal and
pluripotency by a Myc-dependent mechanism. Development, 2005. 132(5):
885-96.

Hann, S.R., Role of post-translational modifications in regulating c-Myc
proteolysis, transcriptional activity and biological function. Semin Cancer Biol,
2006. 16(4): 288-302.

Harrington, E.A., et al., c-Myc-induced apoptosis in fibroblasts is inhibited by
specific cytokines. Embo J, 1994. 13(14): 3286-95.

Hueber, A.O. and G.I. Evan, Traps to catch unwary oncogenes. Trends
Genet, 1998. 14(9): 364-7.

Amati, B., K. Alevizopoulos, and J. Vlach, Myc and the cell cycle. Front
Biosci, 1998. 3: d250-68.

Ponzielli, R., et al., Cancer therapeutics: targeting the dark side of Myc. Eur J
Cancer, 2005. 41(16): 2485-501.

Hecht, J.L. and J.C. Aster, Molecular biology of Burkitt's lymphoma. J Clin
Oncol, 2000. 18(21): 3707-21.

133



203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

&b
W UNIVERSITEIT VAN PRETORIA

4"’_
Q. UNIVERSITY OF PRETORIA
Qo YUNIBESITHI YA PRETORIA

Hogarty, M.D., The requirement for evasion of programmed cell death in
neuroblastomas with MYCN amplification. Cancer Lett, 2003. 197(1-2): 173-9.
Sears, R., et al., Multiple Ras-dependent phosphorylation pathways regulate
Myc protein stability. Genes Dev, 2000. 14(19): 2501-14.

Felsher, D.W. and J.M. Bishop, Transient excess of MYC activity can elicit
genomic instability and tumorigenesis. Proc Natl Acad Sci U S A, 1999. 96(7):
3940-4.

Oster, S.K., et al., The myc oncogene: MarvelouslY Complex. Adv Cancer
Res, 2002. 84: 81-154.

Soucek, L., et al., Modelling Myc inhibition as a cancer therapy. Nature, 2008.
455(7213): 679-83.

Hayday, A.C., et al., Activation of a translocated human c-myc gene by an
enhancer in the immunoglobulin heavy-chain locus. Nature, 1984. 307(5949):
334-40.

Hunt, K.E. and K.K. Reichard, Diffuse large B-cell ymphoma. Arch Pathol Lab
Med, 2008. 132(1): 118-24.

Fujisawa, S., et al., CD5+ diffuse large B-cell lymphoma with c-myc/IgH
rearrangement presenting as primary effusion lymphoma. Int J Hematol,
2005. 81(4): 315-8.

Au, W.Y., et al., The spectrum of lymphoma with 8q24 aberrations: a clinical,
pathological and cytogenetic study of 87 consecutive cases. Leuk Lymphoma,
2004. 45(3): 519-28.

Niitsu, N., et al., t(8;14)(g24;932) in two patients with CD10-negative primary
thyroid diffuse large B-cell ymphoma. Leuk Res, 2007. 31(5): 707-11.

Kluin, P.M., N.L. Harris, and H. Stein, B-cell ymphoma, unclassifiable, with
features intermediate between diffuse large B-cell ymphoma and Burkitt
lymphoma, in WHO Classification of Tumours of Haematopoietic and
Lymphoid Tissues, S.H. Swerdlow, E. Campo, and N.L. Harris, Editors. 2008,
IARC Press: Lyon, France. 265-266.

Nobuyoshi, M., et al., Increased expression of the c-myc gene may be related
to the aggressive transformation of human myeloma cells. Br J Haematol,
1991. 77(4): 523-8.

Shou, Y., et al., Diverse karyotypic abnormalities of the c-myc locus
associated with c-myc dysregulation and tumor progression in multiple
myeloma. Proc Natl Acad Sci U S A, 2000. 97(1): 228-33.

Avet-Loiseau, H., et al., Rearrangements of the c-myc oncogene are present
in 15% of primary human multiple myeloma tumors. Blood, 2001. 98(10):
3082-6.

134



217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
Qo YUNIBESITHI YA PRETORIA

(=L

Tarlinton, D., et al., Plasma cell differentiation and survival. Curr Opin
Immunol, 2008. 20(2): 162-9.

Kunkel, E.J. and E.C. Butcher, Plasma-cell homing. Nat Rev Immunol, 2003.
3(10): 822-9.

Husband, A.J. and J.L. Gowans, The origin and antigen-dependent
distribution of IgA-containing cells in the intestine. J Exp Med, 1978. 148(5):
1146-60.

Gualco, G., L.M. Weiss, and C.E. Bacchi, MUM1/IRF4: A Review. Appl
Immunohistochem Mol Morphol, 2010. 18(4): 301-10.

Sze, D.M., et al., Intrinsic constraint on plasmablast growth and extrinsic limits
of plasma cell survival. J Exp Med, 2000. 192(6): 813-21.

Baumgarth, N., A two-phase model of B-cell activation. Immunol Rev, 2000.
176: 171-80.

Alexander, D.D., et al., Multiple myeloma: a review of the epidemiologic
literature. Int J Cancer, 2007. 120 Suppl 12: 40-61.

Stewart, A.K., et al., A practical guide to defining high-risk myeloma for
clinical trials, patient counseling and choice of therapy. Leukemia, 2007.
21(3): 529-34.

Bergsagel, P.L., et al., Promiscuous translocations into immunoglobulin heavy
chain switch regions in multiple myeloma. Proc Natl Acad Sci U S A, 1996.
93(24): 13931-6.

Debes-Marun, C.S., et al., Chromosome abnormalities clustering and its
implications for pathogenesis and prognosis in myeloma. Leukemia, 2003.
17(2): 427-36.

Bergsagel, P.L. and W.M. Kuehl, Chromosome translocations in multiple
myeloma. Oncogene, 2001. 20(40): 5611-22.

Liebisch, P. and H. Dohner, Cytogenetics and molecular cytogenetics in
multiple myeloma. Eur J Cancer, 2006. 42(11): 1520-9.

Tonon, G., Molecular pathogenesis of multiple myeloma. Hematol Oncol Clin
North Am, 2007. 21(6): 985-1006, vii.

Fonseca, R., et al., Genetics and cytogenetics of multiple myeloma: a
workshop report. Cancer Res, 2004. 64(4): 1546-58.

Bergsagel, P.L., et al., Cyclin D dysregulation: an early and unifying
pathogenic event in multiple myeloma. Blood, 2005. 106(1): 296-303.
Chang, H., et al., p53 gene deletion detected by fluorescence in situ
hybridization is an adverse prognostic factor for patients with multiple
myeloma following autologous stem cell transplantation. Blood, 2005. 105(1):
358-60.

135



233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244,

245.

246.

&b
W UNIVERSITEIT VAN PRETORIA

4"’_
Q. UNIVERSITY OF PRETORIA
Qo YUNIBESITHI YA PRETORIA

Kuehl, W.M., et al., Dysregulation of c-myc in multiple myeloma. Curr Top
Microbiol Immunol, 1997. 224: 277-82.

Dib, A., et al., Characterization of MYC translocations in multiple myeloma
cell lines. J Natl Cancer Inst Monogr, 2008(39): 25-31.

Stewart, A.K. and R. Fonseca, Review of molecular diagnostics in multiple
myeloma. Expert Rev Mol Diagn, 2007. 7(4): 453-9.

Bachar, G., et al., Solitary extramedullary plasmacytoma of the head and
neck--long-term outcome analysis of 68 cases. Head Neck, 2008. 30(8):
1012-9.

Susnerwala, S.S., et al., Extramedullary plasmacytoma of the head and neck
region: clinicopathological correlation in 25 cases. Br J Cancer, 1997. 75(6):
921-7.

Grogan, T.M., et al., Plasma cell neoplasms, in Pathology & Genetics.
Tumours of haematopoietic and lymphoid tissues, E.S. Jaffe, H. Stein, and
J.W. Vardiman, Editors. 2001, IARC Publisher: Lyon, France. 142-156.
Avet-Loiseau, H., et al., Cytogenetic, interphase, and multicolor fluorescence
in situ hybridization analyses in primary plasma cell leukemia: a study of 40
patients at diagnosis, on behalf of the Intergroupe Francophone du Myelome
and the Groupe Francais de Cytogenetique Hematologique. Blood, 2001.
97(3): 822-5.

Chang, H., et al., Genomic aberrations in plasma cell leukemia shown by
interphase fluorescence in situ hybridization. Cancer Genet Cytogenet, 2005.
156(2): 150-3.

Cook, J.R., Paraffin section interphase fluorescence in situ hybridization in
the diagnosis and classification of non-hodgkin lymphomas. Diagn Mol
Pathol, 2004. 13(4): 197-206.

Tibiletti, M.G., et al., The applications of FISH in tumor pathology. Adv Clin
Path, 1999. 3(4): 111-8.

Tanas, M.R. and J.R. Goldblum, Fluorescence in situ hybridization in the
diagnosis of soft tissue neoplasms: a review. Adv Anat Pathol, 2009. 16(6):
383-91.

Tibiletti, M.G., Interphase FISH as a new tool in tumor pathology. Cytogenet
Genome Res, 2007. 118(2-4): 229-36.

Haralambieva, E., et al., Detection of three common translocation breakpoints
in non-Hodgkin's lymphomas by fluorescence in situ hybridization on routine
paraffin-embedded tissue sections. J Pathol, 2002. 198(2): 163-70.

Raviele, P., G. Pruneri, and E. Maiorano, Plasmablastic lymphoma: a review.
Oral Dis, 2008. 15(1): 38-45.

136



247.

248.

249.

250.

251.

252.

253.

254.

255.

256.

257.

258.

&b
W UNIVERSITEIT VAN PRETORIA

4"’_
Q. UNIVERSITY OF PRETORIA
Qo YUNIBESITHI YA PRETORIA

UNAIDS, Report on the global AIDS epidemic. 2008, WHO Library
Cataloguing-in-Publication Data: Geneva, Switzerland. 33.

Classification and diagnostic criteria for oral lesions in HIV infection. EC-
Clearinghouse on Oral Problems Related to HIV Infection and WHO
Collaborating Centre on Oral Manifestations of the Immunodeficiency Virus. J
Oral Pathol Med, 1993. 22(7): 289-91.

Ely, S.A. and D.M. Knowles, Expression of CD56/neural cell adhesion
molecule correlates with the presence of lytic bone lesions in multiple
myeloma and distinguishes myeloma from monoclonal gammopathy of
undetermined significance and lymphomas with plasmacytoid differentiation.
Am J Pathol, 2002. 160(4): 1293-9.

Cheang, M.C., et al., Immunohistochemical detection using the new rabbit
monoclonal antibody SP1 of estrogen receptor in breast cancer is superior to
mouse monoclonal antibody 1D5 in predicting survival. J Clin Oncol, 2006.
24(36): 5637-44.

Cheuk, W., et al., Consistent immunostaining for cyclin D1 can be achieved
on a routine basis using a newly available rabbit monoclonal antibody. Am J
Surg Pathol, 2004. 28(6): 801-7.

Groves, D.J. and B.A. Morris, Veterinary sources of nonrodent monoclonal
antibodies: interspecific and intraspecific hybridomas. Hybridoma, 2000.
19(3): 201-14.

Seegmiller, A.C., et al., Immunophenotypic differentiation between neoplastic
plasma cells in mature B-cell lymphoma vs plasma cell myeloma. Am J Clin
Pathol, 2007. 127(2): 176-81.

Dahl, .M., et al., Differential expression of CD56 and CD44 in the evolution of
extramedullary myeloma. Br J Haematol, 2002. 116(2): 273-7.

Chu, P.G. and D.A. Arber, CD79: a review. Appl Immunohistochem Mol
Morphol, 2001. 9(2): 97-1086.

Tanaka, T., et al., Frequent downregulation or loss of CD79a expression in
plasma cell myelomas: potential clue for diagnosis. Pathol Int, 2009. 59(11):
804-8.

Tseng, J., B.J. Eisfelder, and M.R. Clark, B-cell antigen receptor-induced
apoptosis requires both Ig alpha and Ig beta. Blood, 1997. 89(5): 1513-20.
Pike, K.A., et al., The cytoplasmic domain of Ig alpha is necessary and
sufficient to support efficient early B cell development. J Immunol, 2004.
172(4): 2210-8.

137



259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

=
o
ﬂ UNIVERSITEIT VAN PRETORIA
Q. UNIVERSITY OF PRETORIA
Qe YUNIBESITHI YA PRETORIA

Falini, B., et al., A monoclonal antibody (MUM1p) detects expression of the
MUM?1/IRF4 protein in a subset of germinal center B cells, plasma cells, and
activated T cells. Blood, 2000. 95(6): 2084-92.

Mittrucker, H.W., et al., Requirement for the transcription factor LSIRF/IRF4
for mature B and T lymphocyte function. Science, 1997. 275(5299): 540-3.
Natkunam, Y., et al., Analysis of MUM1/IRF4 protein expression using tissue
microarrays and immunohistochemistry. Mod Pathol, 2001. 14(7): 686-94.
Xu, D., et al., Interferon regulatory factor 4 is involved in Epstein-Barr virus-
mediated transformation of human B lymphocytes. J Virol, 2008. 82(13):
6251-8.

Caraux, A, et al., Circulating human B and plasma cells. Age-associated
changes in counts and detailed characterization of circulating normal CD138-
and CD138+ plasma cells. Haematologica, 2010. 95(6): 1016-20.

Carbone, A., et al., Differential expression of BCL-6, CD138/syndecan-1, and
Epstein-Barr virus-encoded latent membrane protein-1 identifies distinct
histogenetic subsets of acquired immunodeficiency syndrome-related non-
Hodgkin's lymphomas. Blood, 1998. 91(3): 747-55.

Malavasi, F., et al., Evolution and function of the ADP ribosyl cyclase/CD38
gene family in physiology and pathology. Physiol Rev, 2008. 88(3): 841-86.
Lima, M., et al., Immunophenotypic aberrations, DNA content, and cell cycle
analysis of plasma cells in patients with myeloma and monoclonal
gammopathies. Blood Cells Mol Dis, 2000. 26(6): 634-45.

Thomas, M.L. and L. Lefrancois, Differential expression of the leucocyte-
common antigen family. Immunol Today, 1988. 9(10): 320-6.

Trowbridge, I.S. and M.L. Thomas, CD45: an emerging role as a protein
tyrosine phosphatase required for lymphocyte activation and development.
Annu Rev Immunol, 1994. 12: 85-116.

Kumar, S., et al., CD45 expression by bone marrow plasma cells in multiple
myeloma: clinical and biological correlations. Leukemia, 2005. 19(8): 1466-
70.

Rafaniello Raviele, P., G. Pruneri, and E. Maiorano, Plasmablastic lymphoma:
a review. Oral Dis, 2009. 15(1): 38-45.

Onciu, M., et al., ALK-positive plasmablastic B-cell lymphoma with expression
of the NPM-ALK fusion transcript: report of 2 cases. Blood, 2003. 102(7):
2642-4.

Reichard, K.K., R.W. McKenna, and S.H. Kroft, Comparative analysis of light

chain expression in germinal center cells and mantle cells of reactive

138



273.

274.

275.

276.

277.

278.

279.

280.

281.

282.

283.

284.

285.

286.

4"’_
o

W UNIVERSITEIT VAN PRETORIA
Q. UNIVERSITY OF PRETORIA
Qo YUNIBESITHI YA PRETORIA

-

lymphoid tissues. A four-color flow cytometric study. Am J Clin Pathol, 2003.
119(1): 130-6.

Bayer-Garner, 1.B., V.G. Prieto, and B.R. Smoller, Detection of clonality with
kappa and lambda immunohistochemical analysis in cutaneous
plasmacytomas. Arch Pathol Lab Med, 2004. 128(6): 645-8.

Boo, K. and S. Cheng, A morphological and immunohistochemical study of
plasma cell proliferative lesions. Malays J Pathol, 1992. 14(1): 45-8.

Coriu, D., et al., A molecular basis for nonsecretory myeloma. Blood, 2004.
104(3): 829-31.

Minhas, V., et al., Early childhood infection by human herpesvirus 8 in Zambia
and the role of human immunodeficiency virus type 1 coinfection in a highly
endemic area. Am J Epidemiol, 2008. 168(3): 311-20.

Gomez-Roman, J.J., et al., Presence of human herpesvirus 8 DNA
sequences in renal transplantation-associated pleural Kaposi sarcoma. Arch
Pathol Lab Med, 1999. 123(12): 1269-73.

Dedicoat, M. and R. Newton, Review of the distribution of Kaposi's sarcoma-
associated herpesvirus (KSHV) in Africa in relation to the incidence of
Kaposi's sarcoma. Br J Cancer, 2003. 88(1): 1-3.

Chagas, C.A,, et al., Detection of herpesvirus type 8 (HHV8) in children's
tonsils and adenoids by immunohistochemistry and in situ hybridization. Int J
Pediatr Otorhinolaryngol, 2006. 70(1): 65-72.

Allday, M.J., How does Epstein-Barr virus (EBV) complement the activation of
Myc in the pathogenesis of Burkitt's lymphoma? Semin Cancer Biol, 2009.
19(6): 366-76.

Young, L.S. and A.B. Rickinson, Epstein-Barr virus: 40 years on. Nat Rev
Cancer, 2004. 4(10): 757-68.

Wong, H.H. and J. Wang, Epstein-Barr virus positive diffuse large B-cell
lymphoma of the elderly. Leuk Lymphoma, 2009. 50(3): 335-40.

Piriou, E., et al., Loss of EBNA1-specific memory CD4+ and CD8+ T cells in
HIV-infected patients progressing to AIDS-related non-Hodgkin lymphoma.
Blood, 2005. 106(9): 3166-74.

Kamranvar, S.A., et al., Epstein-Barr virus promotes genomic instability in
Burkitt's lymphoma. Oncogene, 2007. 26(35): 5115-283.

Drotar, M.E., et al., Epstein-Barr virus nuclear antigen-1 and Myc cooperate in
lymphomagenesis. Int J Cancer, 2003. 106(3): 388-95.

van den Bosch, C.A., Is endemic Burkitt's lymphoma an alliance between
three infections and a tumour promoter? Lancet Oncol, 2004. 5(12): 738-46.

139



287.

288.

289.

290.

291.

292.

293.

294.

295.

296.

297.

298.

299.

300.

=
o
ﬂ UNIVERSITEIT VAN PRETORIA
Q. UNIVERSITY OF PRETORIA
Qe YUNIBESITHI YA PRETORIA

Roughan, J.E. and D.A. Thorley-Lawson, The intersection of Epstein-Barr
virus with the germinal center. J Virol, 2009. 83(8): 3968-76.

Schurter, M.J., D.P. LeBrun, and K.J. Harrison, Improved technique for
fluorescence in situ hybridisation analysis of isolated nuclei from archival, B5
or formalin fixed, paraffin wax embedded tissue. Mol Pathol, 2002. 55(2): 121-
4,

Bernicot, I., et al., Molecular cytogenetics of IGH rearrangements in non-
Hodgkin B-cell ymphoma. Cytogenet Genome Res, 2007. 118(2-4): 345-52.
Gabrea, A., et al., Secondary genomic rearrangements involving
immunoglobulin or MYC loci show similar prevalences in hyperdiploid and
nonhyperdiploid myeloma tumors. Genes Chromosomes Cancer, 2008. 47(7):
573-90.

Boerma, E.G., et al., Translocations involving 8924 in Burkitt lymphoma and
other malignant lymphomas: a historical review of cytogenetics in the light of
todays knowledge. Leukemia, 2009. 23(2): 225-34.

Barrans, S., et al., Rearrangement of MYC is associated with poor prognosis
in patients with diffuse large B-cell lymphoma treated in the era of rituximab. J
Clin Oncol, 2010. 28(20): 3360-5.

Smith, S.M., et al., The impact of MYC expression in lymphoma biology:
Beyond Burkitt ymphoma. Blood Cells Mol Dis, 2010. 45(4): 317-283.

Eilers, M. and R.N. Eisenman, Myc's broad reach. Genes Dev, 2008. 22(20):
2755-66.

Dang, C.V., Rethinking the Warburg effect with Myc micromanaging
glutamine metabolism. Cancer Res, 2010. 70(3): 859-62.

Brandvold, K.A., P. Neiman, and A. Ruddell, Angiogenesis is an early event in
the generation of myc-induced lymphomas. Oncogene, 2000. 19(23): 2780-5.
Zhang, J., et al., Targeting angiogenesis via a c-Myc/hypoxia-inducible factor-
1alpha-dependent pathway in multiple myeloma. Cancer Res, 2009. 69(12):
5082-90.

Klapproth, K. and T. Wirth, Advances in the understanding of MYC-induced
lymphomagenesis. Br J Haematol, 2010. 149(4): 484-97.

Al Tabaa, Y., et al., Functional Epstein-Barr virus reservoir in plasma cells
derived from infected peripheral blood memory B cells. Blood, 2009. 113(3):
604-11.

Pegtel, D.M., J. Middeldorp, and D.A. Thorley-Lawson, Epstein-Barr virus
infection in ex vivo tonsil epithelial cell cultures of asymptomatic carriers. J
Virol, 2004. 78(22): 12613-24.

140



301.

302.

303.

304.

305.

306.

307.

308.

309.

310.

311.

312.

=
o
ﬂ UNIVERSITEIT VAN PRETORIA
Q. UNIVERSITY OF PRETORIA
Qe YUNIBESITHI YA PRETORIA

Wessendorf, S., et al., Hidden gene amplifications in aggressive B-cell non-
Hodgkin lymphomas detected by microarray-based comparative genomic
hybridization. Oncogene, 2003. 22(9): 1425-9.

Tinguely, M., et al., Chromosomal translocations t(4;14), t(11;14) and
proliferation rate stratify patients with mature plasma cell myelomas into
groups with different survival probabilities: a molecular epidemiologic study on
tissue microarrays. Am J Surg Pathol, 2007. 31(5): 690-6.

Specht, K., et al., Different mechanisms of cyclin D1 overexpression in
multiple myeloma revealed by fluorescence in situ hybridization and
quantitative analysis of mMRNA levels. Blood, 2004. 104(4): 1120-6.

Wang, S.S., et al., Cyclin D1 splice variant and risk for non-Hodgkin
lymphoma. Hum Genet, 2006. 120(2): 297-300.

Christie, L., et al., C-MYC translocation in t(14;18) positive follicular
lymphoma at presentation: An adverse prognostic indicator? Leuk
Lymphoma, 2008. 49(3): 470-6.

Mead, G.M., et al., A prospective clinicopathologic study of dose-modified
CODOX-M/IVAC in patients with sporadic Burkitt lymphoma defined using
cytogenetic and immunophenotypic criteria (MRC/NCRI LY10 trial). Blood,
2008. 112(6): 2248-60.

May, P.C., et al., Detection of cryptic and variant IGH-MYC rearrangements in
high-grade non-Hodgkin's lymphoma by fluorescence in situ hybridization:
implications for cytogenetic testing. Cancer Genet Cytogenet, 2010. 198(1):
71-5.

Einerson, R.R., et al., Novel FISH probes designed to detect IGK-MYC and
IGL-MYC rearrangements in B-cell lineage malignancy identify a new
breakpoint cluster region designated BVR2. Leukemia, 2006. 20(10): 1790-9.
Joos, S., et al., Variable breakpoints in Burkitt lymphoma cells with
chromosomal t(8;14) translocation separate c-myc and the IgH locus up to
several hundred kb. Hum Mol Genet, 1992. 1(8): 625-32.

Johnson, N.A., et al., Lymphomas with concurrent BCL2 and MYC
translocations: the critical factors associated with survival. Blood, 2009.
114(11): 2273-9.

Ruzinova, M.B., T. Caron, and S.J. Rodig, Altered subcellular localization of
c-Myc protein identifies aggressive B-cell lymphomas harboring a c-MYC
translocation. Am J Surg Pathol, 2010. 34(6): 882-91.

Lo Coco, F., et al., Rearrangements of the BCL6 gene in diffuse large cell
non-Hodgkin's lymphoma. Blood, 1994. 83(7): 1757-9.

141



.‘:’_
o
“ UNIVERSITEIT VAN PRETORIA
Q. UNIVERSITY OF PRETORIA
Qo YUNIBESITHI YA PRETORIA

313. Offit, K., et al., Rearrangement of the bcl-6 gene as a prognostic marker in
diffuse large-cell ymphoma. N Engl J Med, 1994. 331(2): 74-80.

314. Sawyer, J.R., et al., Multicolour spectral karyotyping identifies new
translocations and a recurring pathway for chromosome loss in multiple
myeloma. Br J Haematol, 2001. 112(1): 167-74.

315. Bink, K., et al., Primary extramedullary plasmacytoma: similarities with and
differences from multiple myeloma revealed by interphase cytogenetics.
Haematologica, 2008. 93(4): 623-6.

316. Li, J.Y,, et al., Detection of translocation t(11;14)(q13;g32) in mantle cell
lymphoma by fluorescence in situ hybridization. Am J Pathol, 1999. 154(5):
1449-52.

317. Tan, L.H., et al., Detection of ALK gene rearrangements in formalin-fixed,
paraffin-embedded tissue using a fluorescence in situ hybridization (FISH)
probe: a search for optimum conditions of tissue archiving and preparation for
FISH. Mol Diagn, 2003. 7(1): 27-33.

318. Tubbs, R.R., et al., Molecular pathology testing of tissues fixed in prefer
solution. Am J Surg Pathol, 2004. 28(3): 417-9.

142



