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Stellingen behorende bij het proefschrift 

Classical Hodgkin lymphoma: population based studies on HLA and EBV 

I. Classical Hodgkin lymphoma (cHL) is a heterogeneous disease. 

2. Immune mechanisms, including antigen presentation, are intricately involved in 
the pathogenesis of cHL. 

3. Functional studies in cHL are hampered by the scarcity of neoplastic cells, the lack 
of animal models and the limited representativity of cHL cell lines. 

4. The Epstein Barr virus (EBV) is a versatile disease causing agent and can only be 
controlled by the human immune system. 

5. Classical association analysis and the Haplotype Sharing Statistic can extract 
different information from a set of genotyping data. 

6. Genotyping studies in complex diseases are more likely to identify pathogenetic 
pathways than to identify genetic mutations or polymorphisms relevant to general 
health care. 

7. In individuals carrying the HLA-A *0 I allele the increased susceptibility for 
developing cHL is virtually negligible. 

8. Immunohistochemical analyses alone are not sufficient to study the function of the 
antigen presenting pathways. 

9. Het belang dat over het algemeen aan de auteursvolgorde wordt gehecht, 
beinvloedt de animo voor het opzetten van multidisciplinaire en intemationale 
studies in negatieve zin. 

10. Waar hard gewerkt wordt kan het niet (altijd) netjes zijn. 

11. Spaak verkenning is I zee gen. 

12. Met een fietscomputer en een MP3-spelertje kan de reistijd Paterswolde-UMCG 
met precies 5 minuten en 21 seconden verkort worden; dit kost we! ongeveer I 0 
minuten uitpuffen. 

Arjan Diepstra, 7 november 2007 
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Introduction 

and scope of this thesis 

Adapted from: 
Immune dysfunction in classical Hodgkin's lymphoma. 

A. Diepstra, E.M. Maggio, A. van den Berg and S. Poppema 

Department of Pathology, University Medical Center Groningen, University ofGroningen, 
Groningen, the Netherlands 

In: Cancer immunotherapy at the crossroads: how tumors evade 
immunity and what can be done. Totowa: Humana Press; 2004; 315-34. 
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Introduction 

1.1 General introduction 

Hodgkin's lymphoma (HL) is a malignant disease that originates in a single lymph node. 
Both genetic and environmental factors have been implicated in its pathogenesis. An 
inherited susceptibility is supported by aggregation of 4.5% of HL patients in families. 1 

Also in accordance with genetic predisposition, there is ethnic variation in the incidence of 
HL.2•3 In the Netherlands there are about 400 new HL patients per year with a male to 
female ratio of approximately 1.6: 1. About 50% of HL patients are diagnosed in the age 
group of 15 to 34 years, but the disease can occur at any age. The clinical features of HL 
differ from those of the so-called non-Hodgkin lymphomas (NHL), and HL usually has a 
better prognosis. Approximately 85% of HL patients are cured by risk adapted 
chemotherapy with or without radiotherapy.4 

Immunological mechanisms play a major role in the pathogenesis of HL, which in terms 
of the multitude of interactions between different cell types is probably the most complex 
of all neoplasms. HL is distinct from almost all other malignant tumors because of its 
unique cellular composition: a minority of neoplastic cells in an abundant inflammatory 
background. This background consists of varying amounts ofT and B lymphocytes, plasma 
cells, eosinophilic granulocytes and histiocytes and usually comprises more than 99% of 
the tumor mass. 

The formation of this infiltrate is not a simple anti-tumor cell response of the immune 
system. The Hodgkin and Reed-Sternberg (HRS) cells, the neoplastic cells in HL, actively 
influence their microenvironment through production of cytokines and chemokines 
(chemoattractant cytokines) and by communication through cell surface receptors. HRS 
cells make use of mechanisms to evade the immune response, as do tumor cells in most 
other neoplasms. However, HRS cells also seem to require the presence of the reactive 
infiltrate to survive. This chapter explores these seemingly contradictory phenomena. 

1.2 Characteristics of Hodgkin Reed-Sternberg cells 

The classical Reed-Sternberg cell is a very large cell with a moderate amount of 
amphophilic cytoplasm, and it contains two nuclei or nuclear lobes each with a large 
nucleolus. This cell type, named after Dorothy Reed and Carl Sternberg is considered to be 
the hallmark of HL. Mononuclear variants and so-called lacunar cells are members of the 
same neoplastic population. The Reed-Sternberg cells, together with the variants, are 
known as HRS cells. These cells are typical for the classical HL (cHL) subtypes: nodular 
sclerosis (NS), mixed cellularity (MC), lymphocyte depletion (LO) and lymphocyte rich 
(LR; Table 1).5 

There is a non-classical HL subtype, the nodular lymphocyte predominant (NLP) type, 
which has a strikingly different immunophenotype of the neoplastic cells and lymphocytes 
in the inflammatory background and a more indolent clinical course compared to the cHL 
subtypes. For these reasons, the nodular lymphocyte predominant subtype is considered to 
be a different entity.6 This chapter will only address the classical subtypes of HL that 
account for approximately 95% of HL cases worldwide. 
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Chapter 1 

Table 1. WHO histological classification of Hodgkin's lymphoma 

Nodular lymphocyte predominant Hodgkin's lymphoma 
Classical Hodgkin's Lymphoma 

Nodular sclerosis classical Hodgkin's lymphoma 
Mixed cellularity classical Hodgkin's lymphoma 
Lymphocyte-rich classical Hodgkin's lymphoma 
Lymphocyte-depleted classical Hodgkin's lymphoma 
Classical Hodgkin's lymphoma not othe,wise specified 

The cellular origin of HRS cells has long been debated. Immunohistochemical studies 
showed inconsistent and variable expression of B cell and/or T cell antigens with additional 
expression of markers typical for dendritic cells or other cell lineages.7 The problem was 
resolved by single-cell polymerase chain reaction based approaches for immunoglobulin 
gene rearrangement analysis using laser-guided micromanipulation of HRS cells from 
frozen sections of primary cHL biopsies. In the vast majority of cases the HRS cells were 
found to have monoclonal immunoglobulin gene rearrangement and a high load of somatic 
hypermutations, indicating that they are derived from a germinal center B lymphocyte.8 

Occurrence of somatic hypermutations in the germinal center reaction is an important 
mechanism that results in increased affinity of the B cell receptor to the antigen presented 
by follicular dendritic cells. Since the mutations occur at random, they can also result in 
lower affinity or truncation of immunoglobulin, and in these instances the B cell undergoes 
apoptosis within the germinal center. Positively selected high-affinity immunoglobulin
bearing B cells are rescued from apoptosis by induction of bcl-2 expression. The somatic 
hypermutations found in HRS cells are non-productive ('crippling') in a proportion of 
cases, and prevent antibody expression. 

Absence of surface immunoglobulin can also be explained by a lack of expression of 
the immunoglobulin transcription factors Bob- I and/or Oct-2, both in cases with and 
without crippling somatic hypermutations. Aside from Bob- I and Oct-2, low expression of 
B cell transcription factor Pax-5 and absence of PU. I also may account for the loss of the B 
cell phenotype of HRS cells.9-12 Because the HRS cell and its precursor do not express 
immunoglobulin, these cells require an alternative mechanism to escape apoptosis during 
the germinal center reaction. 

This alternative mechanism is believed to involve the transcription factor NF-KB 
(RelA/p50). In its inactivated state, NF-KB is present in the cytoplasm and is repressed by 
IKB that prevents transport of NF-KB into the nucleus. Activation of NF-KB can be initiated 
by signalling through cell surface receptors of the tumor necrosis factor (TNF) receptor 
family. The signal is transduced by TNF receptor associated factor (TRAF) which, together 
with other proteins in the signalling cascade, recruits and activates IKB kinase complex 
(IKK). Active IKK phosphorylates IKB and induces ubiquitinization and subsequent 
degradation of this inhibitor. The activated NF-KB dimer then translocates to the nucleus, 
where it activates transcription of a variety of genes. These genes encode cytokines, cell 
adhesion molecules, acute phase response proteins and anti-apoptotic proteins that are 
involved in survival, proliferation and inflammation. Nuclear localization of active NF-KB 
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Introduction 

can be detected in the majority of HRS cells in all cHL patients and cell lines, but not in 
cases ofNHL. 13 

A few mechanisms may induce constitutive activation of NF-KB. First, HRS cells 
express several TNF receptor family receptors, including CD30. This receptor is present on 
the HRS cells in virtually all cases of cHL and CD30 is even used as an immunohisto
chemical marker to confirm the diagnosis. Other TNF receptors such as CD40, receptor 
activator of NF-KB (RANK), TNFRI (TNF receptor I) and TNFRII each are expressed in a 
proportion of cases. 14 Moreover, the signal transducing molecules TRAF I and TRAF2 are 
commonly expressed in HRS cells. 15• 16 

Another mechanism that results in constitutive activation of NF-KB involves inactiva
tion of the IKB gene by somatic mutations, resulting in absence or dysfunction of this 
inhibitor. IKB mutations have been shown in only a few cHL cases and are usually 
monoallelic.17

-
19 A third proposed mechanism involves aberrant and persistent activation of 

IKK complex, resulting in continuous degradation oflKB.20 

In a considerable proportion of cHL cases, the Epstein-Barr virus (EBY) is involved. 
The EBY viral genome persists as multiple circular episomes that generally do not integrate 
into the host genome. The presence of these episomes is representative for latent EBY 
infection. In EBY involved cases each and every HRS cell harbors multiple copies of a 
monoclonal EBY genome, strongly suggesting that EBY infection of the HRS cell 
precursor must have been an early step in transformation. The expression of EBY latent 
genes in cHL resembles that of nasopharyngeal carcinoma but differs from the expression 
pattern of EBY related Burkitt lymphoma and lymphomas arising in immune compromised 
individuals. Only EBY nuclear antigen I (EBNAI ), latent membrane protein! (LMPI )  and 
LMP2 are expressed at the mRNA and protein level. This expression pattern is referred to 
as latency type 11.21 The EBNAI protein binds to viral DNA and allows the EBY genome to 
be maintained in the B cell as a circular DNA episome.22 A pathogenetic role for the 
abundantly expressed EBY encoded small RNAs (EBERs) I and 2 is not apparent. 

Cell surface expression of the LMP 1 protein alone can mediate B lymphocyte transfor
mation. This potent oncogenic product mimics a constitutively activated CD40 molecule 
and can protect B cells from apoptosis by activation of NF-KB.23 The LMP2 gene encodes 
two distinct proteins: LMP2A and LMP2B. The LMP2A protein contains two immuno
receptor tyrosine based activation motifs (ITAMs). LMP2B is similar to LMP2A but lacks 
the IT AMs. LMP2A is essential for blocking B cell receptor mediated signal transduction 
by negatively regulating protein tyrosine kinase activity.24 The latter prevents reactivation 
of EBY from latently infected cells.25 However, it has been suggested that in the absence of 
B cell receptor signalling, LMP2A can drive the proliferation and survival ofB cells.26 

Although EBY infection of the HRS precursor cell most likely acts as a transforming 
event, this probably is not the only mechanism of transformation. In the western world 
more than 50% of cHL cases are EBY negative, and it is possible that transforming events 
unrelated to viral infection are involved. Alternatively, it has been proposed that in some 
cases EBY negativity may be caused by a possible "hit and run" behavior of the virus, 
meaning that it leaves the host cell after it has transformed it. More likely, another viral 
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agent is involved and this has been the subject of many investigations. However, no 
alternative viral candidate has consistently been detected to date.2 1•27 

1.3 Characteristics of the inflammatory infiltrate 

The cell population surrounding the HRS cells is variable, especially in the most common 
subtypes NS and MC. CD4 positive T-lymphocytes are invariably present in considerable 
to large numbers. However, irregular nodules of small 8-lymphocytes are also common. In 
addition, varying amounts of plasma cells, eosinophilic granulocytes and histiocytes are 
typically involved, and in some cases large numbers of neutrophilic granulocytes are 
prominent. Macrophages and mast cells can also be found in the infiltrate. The general 
architecture of cHL affected lymph nodes in the NS subtype is nodular with sclerotic bands 
separating individual nodules. In the MC subtype the background is diffuse and devoid of 
sclerotic bands. 

Interestingly, the polyclonal CD4 positive T lymphocytes have a peculiar mode of 
activation. They express early activation markers CD38 and CD69 and are CD45RO+/ 
CD45Rbdim, consistent with a Th2 population. Upon restimulation in vitro these lympho
cytes produce IL-4, IL-5, and IFN-y but not lL-2. Except for the IFN-y production, this 
cytokine profile also suggests a Th2 like phenotype. However, activation marker and 
costimulatory molecule CD26 is absent in the CD4 positive lymphocytes and this might be 
an indication for anergy.28"30 In addition, at least a proportion of T lymphocytes were shown 
to have features of regulatory T cells.3 1

•
32 CD8 positive T lymphocytes and Natural Killer 

(NK) cells are scarce in the reactive infiltrate. 

Figure 1
. 

Chemokines and cytoki11es i11 cHL. Some of the major comm11nicatio11s between the HRS cells a11d cells 
in the reactive infiltrate are depicted. Chemotaxis is mediated by chemokines (gradie/11 tria11gles). Cytoki11es 
induce proliferation a11d activation (black arrows) as well as inhibition of activatio11 (white arrows). 
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1.4 Communication between HRS cells and the other cell types 

The HRS cells consistently produce and express a variety of cytokines, chemokines 
(cytokines with chemoattracting properties) and cell surface markers. Expression levels of 
the cytokines and chemokines are much higher than in reactive lymph nodes and tonsils 
(Figure I ). This is presumably a result of the constitutive activation of NF-KB in the HRS 
cells. The expression of cell surface molecules is restricted and many lymphoid markers 
that are normally expressed on B cells are missing. For several of the molecules that are 
present on HRS cells an important role in tumor biology has been proposed (Figure 2). 

1.4.1 Chemokines 

HRS cells produce a multitude of chemokines that are likely to be involved in recruitment 
of the reactive cells (Table 2). Using serial analysis of gene expression (SAGE) and 
immunohistochemistry, it has been shown that the CC-chemokine CCLI 7, also named 
thymus and activation related chemokine (T ARC), is strongly expressed in the neoplastic 
cells of cHL. It is not detected in NLP-HL or NHL.33 TARC binds specifically to the CC
chemokine receptor CCR4 that has the highest level of expression in activated Th2 cells 
and is also expressed in regulatory T cells.34 The influx of lymphocytes with a Th2 or 
regulatory like phenotype may thus be explained by the production of T ARC by HRS 
cells.35 

CCL22, also named macrophage derived chemokine (MDC), is a chemokine that maps 
to the same genomic region as TARC on 1 6ql3. Like TARC it binds the CCR4 receptor on 
Th2 and T regulatory lymphocytes; however, unlike T ARC it is also variably expressed in 
NLP-HL and NHL cases. MDC production is stimulated by Th2 cytokines IL-4 and IL- 13  
and may serve to reinforce the attraction of Th2 and regulatory T lymphocytes, initiated by 
TARC.36

.
38 The EBY derived LMP I has been reported to induce expression of TARC and 

MDC.39 

There are also a number of chemokines produced by HRS cells that can attract Th I 
lymphocytes and NK cells, for example IP- I O  (CXCLI O), MIP-l a  (CCL3) and RANTES 
(CCLS). These chemokines are expressed more consistently and at higher levels in EBY 
positive cHL than in EBY negative cHL.36

•
40 

The source of some of the chemokines that may play an important role in cHL is outside 
the HRS cell. Eotaxin (CCL 1 1 ) is produced by fibroblasts in the reactive infiltrate in 
response to TNF-a secreted by HRS cells and is involved in eosinophil recruitment.4 1  IL-8 
(CXCL8) attracts neutrophils and is produced by macrophages and neutrophils, but not by 
HRS cells.42 

Several chemokines, including MDC, RANTES, IP- I O  and eotaxin, may be natural 
substrates of CD26. This glycoprotein has intrinsic dipeptidyl-peptidase IV activity and can 
truncate its substrates, resulting in products with reduced chemotactic activity. Since the T 
lymphocytes surrounding the HRS cells lack CD26 expression they are incapable of 
modulating the chemotaxis exerted by the HRS cells, in contrast to CD26 positive cells, 
such as Th I cells and cytotoxic cells that are thus less sensitive to these chemokines. 36 
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Table 2. Chemokines involved in classical Hodgkin 's lymphoma 

Chemokine 

TARC (CCL 17) 
MDC (CCL22) 
IP-10 (CXCL 10) 
MIP-1a (CCL3) 
RANTES (CCL5) 
Eotaxin (CCL 1 1 )  
IL-8 (CXCL8) 

Source in cHL 

HRS cells 
HRS cells 
(EBV+) HRS cells 
(EBV+) HRS cells 
T lymphocytes 
Fibroblasts 
Monocytes and neutrophils 

1.4.2 Cytokines 

Receptor(s) Main target cells 

CCR4 Th2 cells 
CCR4 Th2, NK and dendritic cells 
CXCR3 Stimulated T and NK cells 
CCR5 T and NK cells 
CCR1,3,5 Monocytes, T cells, eosinophils 
CCR3 Eosinophils and Th2 cells 
CXCR1 ,2 Neutrophils 

HRS cells produce a spectrum of cytokines that have a profound effect on the composition 
and state of activation of surrounding cells in the reactive infiltrate (Table 3). Two major 
immunosuppressive cytokines involved are IL- I O  and transforming growth factor-P (TGF
p). IL- 1 0  is a growth and differentiation factor for B cells, but more importantly, it inhibits 
Th I responses by blocking IFN-y and IL-2 production by Th I lymphocytes. This cytokine 
is expressed more frequently and in higher amounts in EBY positive cHL. The EBY 
BCRF I protein shares 70% of its amino acid sequence with human IL- IO and exerts the 
same effects. However, this viral protein is not expressed in latent EBY infection and the 
higher IL- I O  level observed in EBY positive cHL is of human origin. Expression of human 
IL- 10  is presumably stimulated by LMP- 1 signalling and subsequent NF-KB activation.43 

IL- I O  expression by the surrounding lymphocytes is also higher in EBY positive cases.44 

TGF-P is a cytokine with strong immunosuppressive potency. It inhibits IL-2 dependent 
T cell proliferation and blocks upregulation of the IL-2 receptor (CD25). Moreover, TGF-P 
inhibits the cytolytic activity of NK cells and suppresses proliferation and immunoglobulin 
secretion by B cells. TGF-P secreted by HRS cells may in tum induce TGF-P production by 
lymphocytes, resulting in an autocrine suppressed state of these lymphocytes.45 Eosinophils 
in the reactive infiltrate are another source of TGF-p.46 

In addition to being strongly immunosuppressive, TGF-P also induces fibroblast 
proliferation and synthesis of collagen. High TGF-P levels are especially found in NS HL 
and are thought to be responsible for the formation of the collagen bands in this subtype.47 

Other factors that are involved in tissue fibrosis are IL- 1 3  and basic fibroblast growth factor 
(bFGF). The latter, like TGF-P, is expressed at higher levels in NS-HL than in MC-HL.48 

HRS cells also secrete a number of cytokines that are not immunosuppressive, but do 
influence other cell types in the inflammatory infiltrate. IL-5 is essential for the growth and 
differentiation of eosinophilic granulocytes and its expression correlates with tissue 
eosinophilia in cHL.49 IL-5 can also act as a B cell growth factor for some B cells. IL-6 is 
produced by HRS cells in EBY negative cases and in higher amounts in EBY positive 
cases. It is also occasionally expressed by lymphocytes in the reactive infiltrate and induces 
the maturation of B cells into plasma cells. 50 IL-7 may act as a growth factor for T cells. 
This cytokine may increase reactivity of surrounding cells to the HRS cells.5 1 
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Finally, HRS cells produce cytokines that act as autocrine growth factors. IL-9, IL-1 3, 
IL- 1 7, their respective receptors and corresponding signal transducer and activator of 
transcription (ST AT) signalling molecules are expressed in HRS cells. 52 These cytokines 
have been shown to stimulate growth in various cHL cell lines. IL-13  has multiple effects, 
and as already mentioned, also stimulates synthesis of MDC and tissue fibrosis. 14  

Other cytokines that can be produced by cells in the reactive infiltrate are IL- 12 and 
IFN-y, which are both Thl type cytokines. IL- 1 2  can promote a Thl type immune response 
and induce IFN-y secretion, but its effects are inhibited by IL-4 and IL- 1 0. IL- 12  is 
especially expressed in EBY positive cHL with highly variable expression levels.53 IFN-y 
enhances the ability of macrophages to phagocytose and kill microorganisms and stimulates 
secretion of TNF-a, TGF-P and IL- 1 .  TNF-a can bind to the TNFRI and TNFRII receptors 
on HRS cells and can activate NF-KB. 

Table 3. Cytokines involved in classical Hodgkin 's lymphoma 

Cytokine Source in cHL Target cell Biological activity 

IL-1 HRS cells and cells in T-lymphocytes Activation 
reactive infiltrate Fibroblasts Proliferation, 

Induction acute phase proteins 
IL-5 HRS cells Eosinophils Growth and differentiation 
IL-6 (EBV+) HRS cells and B lymphocytes Plasma cell differentiation, 

surrounding lymphocytes Production IL- 1 ,  TNF-a and acute 
phase proteins 

IL-7 HRS cells T lymphocytes Growth and survival 
IL-9 HRS cells HRS cells Autocrine growth 
IL-10 (EBV+) HRS cells and Th1 lymphocytes Blocks IFN-y and IL-2 production 

surrounding lymphocytes B lymphocytes Growth and differentiation 
IL-1 2 Reactive cells, mainly in Th1 lymphocytes Differentiation 

EBV+ cases 
IL-13 HRS cells HRS cells Autocrine growth, MDC production 

Fibroblasts Tissue fibrosis 
IL-17 HRS cells HRS cells Autocrine growth 
TGF-13 HRS cells, lymphocytes T lymphocytes Inhibits activation 

and eosinophils NK cells Inhibits cytolytic activity 
B lymphocytes Inhibits proliferation 
Fibroblasts Tissue fibrosis 

IFN-y Reactive cells and HRS Macrophages Activates phagocytosis and pro-
cells, more in EBV+ cases duction of TNF-a, TGF-13 and IL-1 

TNF-a HRS cells and cells in HRS cells NF-KB activation 
reactive infiltrate Fibroblasts Eotaxin production 

LT-a HRS cells HRS cells NKFB activation 
bFGF HRS cells and reactive Fibroblasts Tissue fibrosis 

cells in NS cHL 
M-CSF HRS cells Macrophages Growth and differentiation 
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1.4.3 Cell surface receptors 

HRS cells are activated cells as is shown by expression of activation markers CD25 (the IL-
2 receptor) and CD7 I (the transferrin receptor). The latter is necessary for internalizing iron 
and its high expression in HRS cells correlates with the high iron demand of proliferating 
cells. 

In a large proportion of cases the HRS cells express CDl 5 . Although this is a useful 
marker for immunohistochemical diagnosis of cHL, its pathogenetic relevance is unclear. 
CD 1 5  is usually present in the non-sialylated form on HRS cells and in this form has no 
known ligand. However, when CD 1 5  is sialylated it is able to bind to selectins. Sialylated 
CDl 5  on granulocytes is important in leukocyte rolling and subsequent diapedesis through 
endothelial cells. Sialylation of CD 1 5  may confer the capacity to metastasize on the HRS 
cells, most notably to the bone marrow.54 

HRS cells express a large number of TNF receptor family glycoproteins, such as CD30, 
CD40, RANK, TNFRI and TNFRII. Cells in the surrounding infiltrate express cell surface 
bound ligands for these receptors; reactive T cells express CD40L, and eosinophils and 
mast cells express CD30L. RANK positive HRS cells co-express RANK ligand. The 
TNFRI and TNFRII ligands TNF-a and lymphotoxin-a (LT-a) both are secreted by HRS 
cells. TNF-u is also produced by the surrounding lymphocytes and macrophages (table 4). 14  

As mentioned previously, EBY positive cases additionally express LMP I  that mimics a 
constitutively activated CD40 receptor. 

CD95L (FASL) is expressed on the HRS cell surface. Any cell that expresses CD95 
(FAS) and that is in contact with a HRS cell is threatened to die from FAS mediated 
apoptosis. Because activated Th I cells and CTLs are more sensitive to this mechanism than 
Th2 cells, FAS mediated apoptosis is yet another way for the HRS cells to shape the 
immune response in the reactive infiltrate.55 HRS cells also express CD95 themselves but 
they appear to be resistant to FAS mediated apoptosis. This resistance is caused by FAS 
mutations in a minority of cases. Overexpression of cellular FLICE inhibitory protein (c
FLIP) that can block the downstream FAS signalling pathway is probably the major 
mechanism. 56•57 

HRS cells usually show expression of the human leukocyte antigen (HLA) class II. 
HLA is almost synonymous to the murine major histocompatibility complex (MHC). In 
addition, HRS cells express a number of costimulatory and adhesion molecules, most 
notably CD40, CD70, CD80, CD86, !CAM-I (CD54) and LFA-3 (CD58).58 Transfection of 
LMP I in an EBY negative B cell line even increases the mRNA expression of HLA class 
I I .59 HRS cells thus have characteristics of professional antigen presenting cells.60 It is 
remarkable that the HRS cells generally have lost the majority of B cell markers (CD 1 9, 
CD20, CD22 and CD79a), but consistently express antigen presentation and costimulatory 
molecules. This suggests that antigen presentation plays an important role in the 
pathogenesis of cHL. 

The HLA class I molecules are expressed less frequently than HLA class II. In fact, in 
most EBY negative cases it is entirely absent (-80% of cases) and this may help the HRS 
cells to escape cytotoxic T lymphocyte (CTL) responses. However, lack of HLA class I 
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molecules on tumor cells generally leads to recognition and subsequent lysis by NK cells. 
In contrast to EBV negative cHL, EBV positive HRS cells do express HLA class I in more 
than 75% of cases.6 1 "63 LMPI can induce expression of HLA class I and enhance antigen 
presentation.64 It has been shown that EBV antigenic peptides actually are presented, at 
least in cHL cell lines.6 1 The antigens presented can evoke EBV specific CTL responses in 
cHL patients.65 

Table 4. Cell swface receptors and ligands in classical Hodgkin 's Lymphoma 

Receptor on HRS cell Ligand Cells in cHL expressing ligand 

TNF receptor family 
TNFRlfrNFRI I  TNF-a HRS cells, reactive infiltrate 

LT-a HRS cells 
C030 C030L Eosinophils, mast cells 
C040 C040L Surrounding T lymphocytes 
RANK RANKL HRS cells 

Adhesion 
LFA-3 (C058) CO2 T lymphocytes 
ICAM-1 (CD54) LFA-1 (C011a/18) T lymphocytes, granulocytes, macrophages 

C043 All cells in reactive infiltrate 
Antigen presentation 

HLA class I TCR/C03 complex + CDS Occasional T lymphocytes 
HLA class I I  TCR/C03 complex + CD4 Majority of T lymphocytes 

Costimulation 
CD70 CO2? T lymphocytes 
CD80/CD86 C028 T lymphocytes 

CTLA-4 Activated T lymphocytes 
Other 

C095 CD95L HRS cells, occasional lymphocytes 
C095L CD95 HRS cells, occasional lymphocytes 

1.5 Evasion of immune responses 

HRS cells employ a multitude of strategies to evade anti-tumor immune responses. First of 
all, HRS cells influence their microenvironment in order to shield themselves from CTLs 
and NK cells. They establish a Th2 / T regulatory like reactive infiltrate by secretion of 
chemokines T ARC and MDC. This infiltrate suppresses Th I responses and hinders inter
actions of Th I lymphocytes, CTLs and NK cells with the HRS cells. 

In addition, the HRS cells also suppress Th I activation directly by producing IL-I 0, 
especially in EBV positive cases. Moreover, when an activated Th I lymphocyte or CTL 
reaches a HRS cell, it can be killed by FAS mediated apoptosis. In EBV negative HRS cells 
downregulation of HLA class I provides escape from anti-tumor immune responses. In 
EBV positive cHL, EBV specific CTL responses are largely evaded by not presenting the 

1 9  



Chapter 1 

immunodominant EBNA3 antigenic peptides or, in a smaller number of cases, through the 
absence of the HLA class I molecules. LMP I and LMP2 however, are subdominant targets 
for EBY specific CTL responses and are restricted to common HLA haplotypes.66•67 Thus, 
less common HLA haplotypes in cHL patients may contribute to ineffectiveness of recog
nizing HRS cells. 

Finally, the T lymphocytes in the reactive infiltrate are influenced in such a way that 
they cannot become fully activated. Attenuation of activation is caused by TGF-� and there 
may be another contributing mechanism. This other mechanism requires that HRS cells do 
present a still unidentified HLA class II restricted antigen. Signals that are transduced 
through the T cell receptor need a costimulatory signal to induce full activation. This 
costimulation can be provided through CD80 and CD86 present on HRS cells. Usually T 
cells are positively costimulated through CD28. However, when the T cell expresses 
CTLA-4 instead of CD28, costimulation leads to inhibition of the T cell receptor signalling 
cascade. CTLA-4 is indeed expressed on CD4 positive lymphocytes in the reactive 
infiltrate in cHL.68

'69 It has also been shown that lymphocytes from peripheral blood in cHL 
express more CTLA-4 upon stimulation than controls.7° CTLA-4 is also a marker of 
regulatory T cells.71 

Figure 2. Cell swface receptors and ligands in both EBV negative and EBV positive cHL. TNF receptors CD30, 
CD40, TNFRI, TNFRII and RANK as well as the EBV protein LMPI transduce signals to activate transcription 
factor NF-KB. Most EBV positive HRS cells express the HLA class I molecule, yet EBV negative HRS cells usually 
do not. Supposing that HLA molecules present antigens the HRS cells should be able to trigger CD4 and CD8 T 
lymphocyte responses. Costimulato,y molecules on the T lymphocytes can either reinforce (CD27 and CD28) or 
dampen (CTLA-4) T cell receptor (TCR) transduced signals. LFA-3 and /CAM-I are major cell adhesion 
molecules that mediate contact behveen the HRS cells and potentially all cell types in the reactive infiltrate. Fas 
and Fas ligand molecules are 1101 shown. 
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1.6 Reverse immune surveillance 

Although evasion of immune responses is clearly important for the survival of HRS cells, a 
trophic effect of the immune response is probably as critical in the pathogenesis of cHL. 
The concept of reverse immune surveillance implies that recognition of tumor cell antigens 
and a response by the host immune system constitute a requirement for tumor growth. 72 

A practical observation underscoring the importance of reverse immune surveillance in 
cHL is the difficulty to establish HRS cell lines. When trying to culture a primary cHL 
affected lymph node cell suspension, neoplastic cells can be maintained for only a limited 
number of weeks. As soon as the lymphocyte numbers in the culture drop to a critical level, 
the HRS cells die. Many attempts in the past only resulted in establishment of Iympho
blastoid cell lines from EBY transformed bystander 8-lymphocytes that are unrelated to the 
HRS cells. Indeed, the 1 5  cHL cell lines that have been established to date, all originated 
from advanced stage and vigorously treated cHL patients, mostly from pleural effusions or 
from peripheral blood.73 The HRS cells obtained from these sites are likely to have 
progressed to grow independent of reactive cells. 

One essential characteristic of HRS cells is the constitutive activation of NF-KB. In fact, 
chemical inhibition of NF-KB or transfection of a dominant negative IKB in cHL cell l ines 
results in apoptosis. 74 TNF receptor signalling is likely to be responsible for NF-KB 
activation in the majority of cases. Assuming that constitutive activation of NF-KB is 
crucial for the survival of the HRS cells, constitutive TNF receptor engagement is then a 
prerequisite. Cells in the reactive infiltrate ( e.g. CD40L on lymphocytes) provide cell 
surface bound ligands for the TNF receptor as well as soluble ligands (TNF-a by lympho
cytes and macrophages). Although HRS cells also produce TNF receptor ligands them
selves, this is often insufficient for continuous stimulation. Consequently, HRS cells really 
are critically dependent on the reactive infiltrate. 
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1.7 Scope of this thesis 

Classical HL is a hematological malignancy in which immunological interactions are 
crucially involved. The neoplastic HRS cells use a variety of strategies to evade immune 
reactions, but also shape the immune response to their own benefit. Antigen presentation 
may be involved in both of these mechanisms. The significance of antigen presentation is 
supported by an inherited susceptibility to cHL that has been associated with HLA class I 
and HLA class II alleles and haplotypes (the sequence of alleles on one chromosome; 
chapter 2). Because antigenic peptides derived from latent EBY proteins elicit EBY specific 
immune responses in most individuals, differences in the function of antigen presentation 
can be expected when comparing EBY positive with EBY negative cHL patients. 

In this thesis aspects of antigen presentation in cHL are explored with an emphasis on 
HLA associated genetic susceptibility, HLA protein expression and EBY. The studies were 
performed in a population based approach, including 4 1 8  cHL patients diagnosed between 
1987 and 2000 in the northern region of the Netherlands. In chapter three the clinico
pathologic characteristics of this population are described as well as the impact of tumour 
EBY status on prognosis. Chapter four describes a genotyping study in which the entire 
HLA region of 200 cHL patients was screened with microsatellite markers. One association 
was found in the HLA class I region and this association was specific for EBY positive 
cHL patients. Subsequent genetic fine-screening of the associated HLA class I region with 
single nucleotide polymorphisms (SNPs) was performed to identify susceptibility loci for 
EBY positive cHL. This indicated a possible involvement of the HLA-A gene. In chapter 
five the HLA-A gene was examined for polymorphisms that might affect the presentation of 
EBY derived antigenic peptides. Chapter six describes expression of HLA class I proteins 
on HRS cells in diagnostic lymph node biopsies. Cells that lack cell surface HLA class I 
proteins are threatened by cytotoxic NK cell responses. Cytotoxic NK and CTL responses 
can be inhibited by a HLA class I related molecule, called HLA-G. Therefore, protein 
expression of HLA-G by HRS cells was investigated. In chapter seven the expression of 
HLA class II protein on HRS cells was related to genotyping data and clinical outcome. 
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Abstract 

Based on the presence of an abundant inflammatory infiltrate, expression of a broad 
spectrum of cytokines and the professional antigen presenting phenotype of Hodgkin Reed
Sternberg (HRS) cells it can be anticipated that immunological mechanisms play a major 
role in the pathogenesis of Hodgkin's lymphoma (HL). Genetic susceptibility to HL 
probably relates to functionality of the immune system and the large number of associations 
with the Human Leukocyte Antigen (HLA) region in family and population based studies 
supports this relation. In Epstein-Barr virus (EBY) positive HL cases, which usually 
demonstrate HLA class I expression, HRS cells should be able to present EBY derived 
antigenic peptides to the immune system and trigger the immune system. This process 
depends on the affinity of the HLA binding groove for binding immunogenic peptides and 
thus on the HLA alleles. It can be anticipated that certain combinations of alleles predispose 
to or protect from the development of EBY positive HL. In EBY negative HL cases other 
antigenic peptides, related to malignant transformation in combination with other HLA 
alleles may be involved. In addition, differential attraction and activation of inflammatory 
cells may influence HL subtype. In this article possible roles of HLA in HL pathogenesis 
are explored and genetic associations of HLA with HL are reviewed and commented on. 
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Introduction 

Primary Hodgkin's lymphoma (HL) affected lymph nodes contain scarce neoplastic 
Hodgkin Reed-Sternberg (HRS) cells suspended in an abundant inflammatory infiltrate, 
suggesting that immunological mechanisms contribute to HL pathogenesis. The inflamma
tory infiltrate consists of varying amounts of T (CD4+ and CD8+) and B lymphocytes, 
plasma cells, eosinophilic granulocytes, histiocytes, neutrophilic granulocytes and mast 
cells and usually comprises more than 99% of the tumor mass. A number of observations 
indicate that HL cannot develop without this infiltrate. Tumor necrosis factor receptor 
(TNFR) family glycoproteins on the HRS cells transduce signals to activate nuclear 
transcription factor kappa-B (NF-KB) that induces transcription of genes involved in cell 
survival, proliferation and inflammation. The well known constitutive activation of NF-KB 
in HRS cells probably depends on the presence of reactive inflammatory cells that provide 
ligands for the TNFRs. This is supported by the inability to obtain HL cell lines from 
primary HL affected lymph nodes.75 Moreover, HRS cells secrete chemokines TARC, 
MDC, IP- I O  and MIP-1 a and actively attract T lymphocytes, preferentially Th2 lympho
cytes. 76-78 In addition, HRS cells secrete a number of immunomodulatory cytokines like 
TGF-� and IL-1 0.14 

In Epstein Barr virus (EBV) positive HL, latent infection of a germinal center B 
lymphocyte by the virus is accepted to be an early transforming event. As EBV latent 
infection of B lymphocytes is very common, usually occurs early in life and is extremely 
persistent it can be speculated that immune responses are capable of repressing early or 
precursor stages of HL. Indeed, immunodeficiency syndromes are associated with increased 
HL incidence. HIV seropositive individuals are 7.6 times more likely to develop HL, in 
particular EBV positive HL.79 Infectious mononucleosis (IM) is associated with an 
increased risk of developing EBV positive HL, but also of developing EBV negative HL.80 

Therefore, deregulated immune responses in IM may be more important in HL suscepti
bility than late exposure to EBV. 

Genetic predisposition observed in HL seems at least partially related to immune system 
function as a large number of Human Leukocyte Antigen (HLA) associations with HL have 
been reported. However, there is little consensus on the role of specific HLA alleles and 
haplotypes. In this article a possible role of HLA in HL pathogenesis is explored and 
genetic associations of HLA are reviewed. 
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The Human Leukocyte Antigen 

Normal expression and function 

HLA genes are located in the HLA region ( 1 .8  Mb) on the short arm of chromosome 6 
(6p2 l .3). This region is subdivided into class I, class II and class Ill subregions. Class I 
HLA genes lie at the telomeric end and code for the a polypeptide chain of the HLA class I 
molecule; the p chain of this molecule is encoded by a gene on chromosome 1 5, the /J2 
microglobulin gene. There are some 20 class I genes including the so-called classic HLA-A, 
HLA-B and HLA-C genes. 

The class II genes are situated at the centromeric end of the HLA region and code for 
the a and p polypeptide chains of the class II molecules. The HLA class II genes are 
designated by three letters: the first (D) indicates the class, the second (M, 0, P, Q or R) the 
family and the third (A or B) the chain (o. or p respectively). Some genes are duplicated, so 
HLA-DPB2 is the second gene that codes for the p chain of the P family of a class II 
molecule. HLA genes generally have a large number of allelic variants that are given 4 digit 
numbers preceded by an asterisk (e.g. HLA-DPB2*040 1 ). Within the HLA class II region 
there are also a number of genes involved in antigen processing (e.g. transporter of 
antigenic peptide genes TAP 1 and TAP2 and genes coding for proteasome components).8 1  

The region located between the class I and class II  subregions is called the HLA class 
III region. Although no HLA genes map to this region several other genes related to 
immune system function, e.g. complement factors, heat shock proteins and tumor necrosis 
factor o. and p, are located here. The entire HLA region contains approximately 220 genes 
including 1 5% HLA genes and approximately 30% non-HLA genes with functions related 
to the immune system.82 

HLA class I genes are expressed by all nucleated cells, while class II molecules can 
only be found on the surface of professional antigen presenting cells like B lymphocytes, 
dendritic cells and macrophages. The function of both class I and class II molecules is the 
presentation of short, pathogen-derived peptides to T cells, a process that initiates the 
adaptive immune response. Essentially, HLA class I presents endogenous peptides that can 
be modified by malignant transformation and viral peptides to CD8 positive (cytotoxic) T 
lymphocytes. HLA class II presents extracellular self or foreign (e.g. microbial) peptides 
that have been endocytosed to CD4 positive T (helper) lymphocytes. 

Peptides are bound to the HLA molecule in the HLA binding groove. In class I this 
groove is located in the o. chain, while in class II the o. and p chains both contribute to the 
antigen binding groove. In each cell there is a huge amount of different antigenic peptides 
that can be loaded onto the HLA molecule. Selection of antigenic peptides is based on the 
affinity of the HLA binding groove for certain amino acid residues (so-called anchor 
residues). This affinity is encoded in small genetic segments (hypervariable regions (HVR)) 
defined by the individual alleles of the HLA genes. The product of a particular allele is 
capable of binding any of a large number (usually thousands) of peptides. In general an 
individual cell expresses roughly 200,000 antigenic peptide containing HLA class II and/or 
class I molecules. As the HLA system is codominant, all class I alleles are expressed and in 
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professional antigen presenting cells also all class II alleles. Because of the enormous 
diversity in the HLA system, each individual has an almost unique set of HLA alleles, 
which has consequences for the repertoire of antigenic peptides presented to the immune 
system.81 

Expression in Hodgkin's lymphoma 

It is remarkable that HRS cells have generally lost the majority of B cell markers 
(CD1 9, CD20, CD22 and CD79a), but consistently express molecules involved in antigen 
presentation (HLA, CD74, TAP ! and TAP2), costimulation (CD40, CD70, CD80 and 
CD86) and cell adhesion (ICAM- 1 and LFA-3).55•

61 -63•
83•

84 Despite the consistent deregu
lated B cell phenotype, HRS cells maintain their professional antigen presenting phenotype. 

Antigenic peptides that potentially can be presented by HRS cells may be derived from 
proteins that are altered by malignant transformation. In addition, in EBY positive HL 
antigenic peptides may be derived from latent membrane protein 1 (LMP 1 ), LMP2 and 
EBY nuclear antigen I (ESNA I ) . Presentation of these antigenic peptides is not strictly 
HLA class I dependent as transformation related antigenic peptides in general and EBNA I 
antigenic peptides in particular are at least partially HLA class II restricted.85•86 

Two different mechanisms may explain HLA associations in HL. The first one involves 
antigen presentation by HLA class II to CD4+ T helper lymphocytes in the surrounding 
infiltrate. Lymphocytes in the inflammatory component are essential in HL pathogenesis 
and it is possible that presentation of antigenic peptides by HLA is important in (the early) 
attraction and activation of these lymphocytes. Reasonably, HRS cells in addition need 
immunomodulatory properties to overcome the induction of an effective immune response. 
Because HLA class II is expressed in virtually all cases of HL 87 this mechanism may be 
important in overall HL pathogenesis. In addition, presentation of different antigenic 
peptides may induce different inflammatory reactions leading to the observed spectrum of 
HL subtypes. 

The second mechanism involves HLA class I restricted antigen presentation to CD8+ 
cytotoxic T lymphocytes. HRS cells in a high percentage of EBY negative HL do not 
express HLA class I, whereas HRS cells in most EBY positive cases do show HLA class I 
cell surface expression.63 In the latter group HRS cells should be able to present EBY 
derived antigenic peptides leading to the induction of EBY specific cytotoxic responses.88 

Since it is known that subdominant immunogenic targets LMP I and LMP2 are restricted to 
common HLA haplotypes,67 it can be hypothesized that less common HLA class I 
haplotypes prohibit efficient immune responses and thereby predispose to the development 
of EBY positive HL. 
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HLA associations in Hodgkin 's lymphoma 

Genetic predisposition 

An inherited susceptibility to HL is suggested by various observations including variation 
in incidence among ethnicity groups, occurrence of HL in families and increased risk in 
relatives. East Asians consistently have much lower incidence rates of HL in Asia and in 
the United States as compared to Caucasians.2 Similarly, the proportion and incidence of 
EBV positive HL cases is much higher in Hispanics than in other ethnic groups.89 

Genetic susceptibility is also supported by the occurrence of HL in families with an 
estimated frequency of 4,5%. 1 •90-92 A three to sevenfold increased risk has been observed in 
first degree relatives and siblings.93

-
95 Mack et al. confirmed genetic susceptibility to the 

development of young adult HL in 1 79 monozygotic twins with an approximately 100 fold 
increased risk for the cotwin to develop HL compared to 187 dizygotic twins.96 

HL is one of the first diseases for which an association with HLA has been described 
and the HLA genes are the most extensively studied genetic susceptibility targets in the past 
30 to 40 years. Genetic associations have been studied by segregation analysis in families 
as well as in population based association approaches. The following is an overview of 
reported associations that is not exhaustive, but addresses the most significant findings. 

Family based approaches: HLA class I 

Marshall et al. ( 1 977) studied HLA types and haplotypes in seven cases of HL within one 
family. Although no specific HLA haplotype was associated with the development of HL, 
comparison of antigen frequencies in 600 individuals in the immediate population 
demonstrated a progressive increase of HLA-81 8  incidence from 0.08 to 0.4 in successive 
groups of individuals each more closely related to the seven HL affected individuals.97 In a 
study comprising 13  families, Greene et al. ( 1 979) demonstrated an excess of HLA antigens 
Bw35 and Bw37. By serology the 8 18  and Bw35 antigens are very similar, possibly 
indicating a common mechanism.98 Conte et al. (1 983) confirmed a possible association of 
the B 1 8  antigen with HL susceptibility in a study of four families.99 In 1983 Hors and 
Dausset reviewed a large number of studies and re-evaluated a possible association with 
HLA class I alleles using a shared or non-shared approach on pairs of sibs. A significant 
difference was observed in sharing of HLA alleles compared to the expected frequencies 
based on Mendelian inheritance. This association was confirmed by analysis of affected 
parent / offspring pairs and cousin pairs. There was no obvious deviation of frequencies of 
specific HLA class I alleles from the population frequencies, indicating that the previous 
reported association with B 1 8  was not present using this approach. Analysis at the 
haplotype level revealed ten HLA class I haplotypes that occurred at least twice and might 
thus contain a susceptibility locus. 1 00 Linkage studies also demonstrated a distortion of 
segregation of HLA haplotypes. 10 1 • 102 After 1 983 interest in associations of HLA class I 
genes with HL subsided and shifted towards HLA class II. 
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Family based approaches: HLA class II 

Chakravarti ( 1 986) demonstrated an increased concordance between histological subtypes 
in affected relatives from 41 families. Overall this concordance seemed to be independent 
of HLA sharing and could be related to environmental factors. 103 Torres et al. ( 1 980) 
reported a family with 3 affected children all suffering from mixed cellularity subtype of 
HL with identical HLA types. Whether the concordance of histological subtype in these 
three children was related to shared HLA type cannot be concluded. Based on the very 
short time frame of diagnoses of these three cases it can be speculated that environmental 
factors are related to the identical histological subtypes. 104 In contrast, Robertson et al. 
suggested that genetic factors are more important in the occurrence of HL as HLA-DR5 
was present in four out of four HL affected sibs in the family they studied. 105 A more solid 
base for an association of specific HLA alleles with histological subtypes is provided by 
Harty et al. (2002) who screened HLA class II loci and TAP I and 2 genes in I 00 members 
of 1 6  families with at least 2 confirmed HL cases. They identified associations ofhaplotype 
DRB 1 * 1 50 1 -DQAl *01 02-DQB I *0602, the TAPl allele encoding amino acid Isoleucine at 
residue 333 and allele DRB5*0 10 1  in particular with nodular sclerosis (NSHL) cases. 106 

Family based approaches: combination of HLA and non-HLA 
susceptibility loci 

Berberich et al. ( 1 983) performed genotype analysis of the HLA region in four HL families 
and demonstrated that the observed genotype concordance among patients was much 
greater than expected. Reanalysis of 1 2  previous reported HL families confirmed the 
association with HL. The authors concluded that presence of a susceptibility gene in or near 
the HLA region in combination with an etiological agent or additional genetic susceptibility 
leads to induction of HL. 107 Chakravarti et al. ( 1 986) studied 41 families and demonstrated 
that approximately 60% of the cases in multiplex families were related to an HLA-linked 
susceptibility locus. The data strongly suggested a recessive mode of inheritance for 
susceptibility to HL. 1 03 Shugart et al. (2000) confirmed these results using 59 HLA 
haplotyped families from the literature and demonstrated that a two locus additive model 
gave the best overall fit. They concluded that HL is associated with a major HLA 
associated gene and that in addition non-HLA genetic factors and/or environmental factors 
are involved. 108 

Population based approaches: HLA class I 

Several reports demonstrated an increased frequency of HL class I alleles HLA-B5 109• 1 10
, 

HLA-B8 109
•

1 1
\ HLA-81 8  97. 1

1 2 ,  and HLA-AI 1 1 3
• 1 14 in HL patients in the 1 970s and 1 980s. 

According to Hafez et al. ( 1 985) individuals carrying the HLA-Al antigen have a 6-fold 
increased risk of developing HL. 1 14 
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Hors and Dausset ( 1 983) reviewed case control studies using retrospective and 
prospective samples and clearly demonstrated an increased frequency of the HLA-antigens 
A 1 ,  85, 88 and B 1 8  in HL patients. But in spite of well-known A 1 ,  88 linkage 
disequilibrium, 88 does not always follow the Al increase. 100 

In a group of 40 patients Hommark-Stenstam et al ( 1 978) observed an increased 
frequency of HLA-A28 among the 1 0  patients with a very long disease free survival. 1 1 2 

Similarly, a significantly poorer survival was observed in patients with positive Aw1 9  
serology. The greatest prognostic value of Awl 9 appeared to be in patients over 40 years of 
age, stage ( I I I  and IV), or with the HL subtypes lymphocyte depleted or mixed 
cellularity. 1 1 5 Also, reduced 5 year overall survival was observed in patients with the 85 
antigen. 1 1 6 

Population based approaches: HLA class II 

Bodmer et al. ( 1 989), demonstrated an association of the HLA-DPB 1 *030 1 allele with 
susceptibility to HL and an association of the DPB I *020 I al lele with a resistance to HL. 1 1 7  

I n  a large study of 74 1 patients and 686 controls including white, African black and Asian 
populations an increased risk was observed for HLA-DPB I *030 I in white patients 
confirming the results of Bodmer et al. In addition, a significant reduced risk was observed 
for the HLA-DPB I *040 I allele in combined oriental populations compared to local 
controls. 1 1 8• 1 1 9 More recently, Alexander et al. (200 I )  found an increase in HLA
D PB I *030 I allele frequency in patients with EBY positive HL, but this was not 
statistically significant (p=0.07). 1 20 

Several studies revealed association of the HLA-DPB I *030 1  allele specifically with 
NSHL. 1 1 7• 1 2 1 • 1 22 Taylor et al. ( I  999) classified patients both by gender and HL subtype and 
demonstrated a slight increase in relative risk specifically in females with the HLA
DPB 1 *0301  allele. In addition, a slightly reduced risk was observed with HLA
DPB 1 *020 I in females with NSHL. 1 23 An association between the NS subtype and HLA 
class I I  loci is confirmed in a study of 1 96 patients and 266 controls demonstrating an 
increased susceptibility to NSHL in individuals with the DRB I *  1 50 1 -DQAI *0 1 02-
DQB 1 *0602 haplotype and with the DRB 1 * 1 1 04-DQA1 *050 1 -DQB l *030 1  haplotype. 1 2 1 

The first haplotype was also demonstrated to be associated with increased risk of NSHL in 
family based studies. 1 06 These three loci are in strong linkage disequilibrium and probably 
do not represent independent susceptibility loci. Indeed, Begovich et al. ( 1 992) confirmed 
the low frequency of recombinations in this region by analyzing the HLA class II region in 
39 families. In this population only 33 distinct haplotypes were identified for the DRB 1 -
DQA 1 -DQB I region. 124 

It has been speculated that susceptibility to HL is determined at the level of the HVRs 
of the HLA genes, rather than at the level of HLA alleles. Each allele has multiple HVRs 
and alleles can have identical residues at certain HVRs (but not at others). Taylor et al. 
( 1 996 and 1 999) compared the HVRs of HLA-DPB I in patients versus controls and 
demonstrated that the DPB I HVR amino-acid motifs Leucine at position 35, Alanine at 
positions 55 and 56 and Valine at position 84 were associated with susceptibility to mixed 
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cellularity HL, while Glutamic acid at 69 was associated with resistance to this subtype. 
Based on the functions of these amino-acid motifs, i.e. formation of a salt bridge between 
the a and � subunits for positions 55 and 56 and anchoring the immunogenic peptides 
required for the signaling of T cells for positions 69 and 84 a physiological role can be 
attributed to these variations with respect to ability of peptide presentation of specific HLA 
molecules. 122• 123 

From this overview it seems that there is a wide variety of HLA associations with HL 
(figure I ). However, many associations have not consistently been reproduced probably 
because of their weakness. The detection of weak associations is very sensitive to study 
design, size and ethnic background of the study population and statistical analysis. 
Moreover, older reports depend on serology for HLA typing and this cannot discriminate 
between all different HLA alleles. Conversely, by PCR most alleles can be amplified, 
although this does not detect distribution of HYR residues. On theoretical grounds, HLA 
associations may differ between EBY positive and EBV negative patients and most studies 
(at least the ones before the establishment of EBV as a causal agent) do not take EBY status 
into account. Another important concept is that reported associations may depend on 
linkage disequilibrium which in general is very strong in the HLA region. In other words, 
an observed allele may be linked to a nearby disease susceptibility locus without being 
causative itself. It is possible that all reported associations are in linkage disequilibrium 
with one ore more putative genes, which may be non-HLA genes. 

Population based approach: screening of the entire HLA region 

We recently performed a population based genotyping study in the Caucasian population of 
the Northern Netherlands (chapter four). We screened the entire HLA region by using 
microsatellite markers in 200 patients and 348 family-based controls. In this group, HL was 
associated with an allele of 1 26 bp for microsatellite marker D6S265 and an allele of 284 
bp for D6S5 IO (p=0.0003 1 ). These markers are located in the HLA class I subregion. 
Homozygosity for the 1 26 allele was observed in 34.4% of the EBV positive patient group 
compared to 5.2% of controls (odds ratio (OR) = 8.3). The OR for heterozygosity was 2.9. 

In addition, the Haplotype Sharing Statistic (HSS) was used to search for differences in 
haplotype sharing between patients and family controls. This method assumes that 
haplotype segments of patients from a founder population are conserved in the region 
spanning a disease locus. The HSS analysis showed strongest haplotype sharing around 
marker D6S273 in patients compared to controls (p<0.000 1 ). The sharing was less evident 
in the EBY positive subgroup (27% of cases) compared to the EBV negative subgroup, 
possibly due to low power. D6S273 is located at the telomeric end of the HLA class I I I  
region nearby TNF-a., TNF-/J and heat shock protein genes (figure I ). 125 
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Figure I .  The HLA region on chromosome 6p21.3 consists of  HLA class I, class Ill and class II subregions 
respectively. Gene loci that have been associated with HL are indicated by an asterisk (*). DQA I, DQBI and 
DRBI are in strong linkage disequilibrium. Arrows indicate the position of the microsatellite markers with the 
highest association in our HLA screening study. 

Conclusions 

A large number of associations of HLA with HL have been reported and may partially 
account for the observed genetic susceptibility to HL. As EBV antigenic peptides can be 
presented to the immune system by HLA class I and selection of these peptides depends on 
HLA alleles, HLA class I associations are expected to be important in EBV positive HL. 
This expectation is supported by our recent HLA screening study. On the other hand, HLA 
class II associations may be related to attraction and activation of inflammatory cells and 
may influence HL subtype. In addition, non-HLA genes located in the HLA class III region 
and dispersed between the HLA genes in the class I and II subregions may be involved in 
overall HL pathogenesis. Genetic associations of all three HLA subregions with HL 
susceptibility have been reported, however these associations may not pinpoint causative 
genetic variations because of the strong linkage disequilibrium within the HLA region. 
Further genetic screening is necessary to identify the exact HL susceptibility loci and to 
determine whether antigen presentation is important in the pathogenesis ofHL. 
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Abstract 

EBY genomes are present in the neoplastic cells of classical Hodgkin's lymphoma (cHL) in 
about one third of cases in western countries and latent EBY infection is considered to be 
the transforming event in these cases. The impact of EBY status on clinical outcome is 
controversial and may be influenced by age. We assessed failure free survival (FFS) and 
relative survival (RS) in 4 1 2  cHL patients and age defined subgroups in a population based 
study in the northern Netherlands. EBY status was positive in 34% of cases by EBER in 
situ hybridization. Median age at diagnosis was 35 years (range 7-9 1 ); 63% had Ann Arbor 
stage 1-11, 24% stage III, and 1 2% stage IV disease. The median follow up time was 7. 1 
years. Factors influencing FFS in univariate analysis were: age, stage, extranodal disease, 
histology and HLA class II expression status. Five-years FFS was 76% for EBY positive 
cases compared to 80% for EBY negative cases (p=0.43). EBY status had prognostic 
significance only in the age group of 50-74 years (5 yrs FFS 60% in EBY positive vs. 85% 
in EBY negative cases; p=0.0 I ). In multivariate analysis this effect remained significant 
with a hazard ratio of 3. 1 1  (95% CI 1 .28-7.53; p=0.01 ). RS was influenced by age, 
extranodal disease, B symptoms and histology in univariate analysis. Five-years RS was 
84% for EBY positive cases compared to 86% for EBY negative cases (p=0. 1 1  ). Again, 
EBY status showed prognostic impact only in the age group of 50-74 years (5 yrs RS 69% 
in EBY positive vs. 82% in EBY negative cases; p=0.03). However, this effect was not 
significant in multivariate analysis. In conclusion, in this population based study EBY 
positive status of neoplastic cells was associated with treatment failure in cHL patients aged 
50 to 74 years. 
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Introduction 

Classical Hodgkin' s  lymphoma (cHL) is characterized by sparse B-cell derived neoplastic 
Hodgkin Reed-Sternberg (HRS) cells, scattered within an abundant inflammatory infiltrate. 
The HRS cells harbor monoclonal Epstein Barr virus (EBY) genomes in a proportion of 
cases, indicating clonal expansion of a single EBY infected B-cell. 126 The virus has 
transforming potential and latent infection is accepted as a causal event in EBY positive 
cHL.so 

EBY positive cHL cannot readily be distinguished from EBY negative cHL by clinical 
or histological characteristics. Its detection relies on in situ hybridization (ISH) for EBY 
encoded small RNAs (EBER) or immunohistochemistry for the virally encoded latent 
membrane protein- I (LMP- 1 ). EBY positivity varies with age, sex and histological subtype 
and the percentage of EBY involved cases differs throughout the world, ranging from 20% 
in some industrialized countries to more than 90% in less developed countries.80•89• 1 27 In 
HRS cells the virus only expresses LMP- 1 ,  latent membrane protein-2 (LMP-2), EBNA- 1 
and EBER. LMP- 1 acts as a constitutive active TNF receptor, driving activation of the 
transcription factor NFKB and LMP-2 is an anti-apoptotic factor.23•26 These proteins are 
considered to be essential for EBY driven malignant transformation. Compared with EBY 
negative cHL, HRS cells in EBY positive cHL more often express HLA class I and HLA 
class II and probably are able to present EBY derived antigenic peptides to the immune 
system.61 •62• 1 28• 129 Accordingly, in EBY positive cHL the reactive infiltrate usually contains 
more cytotoxic T cells compared to EBY negative cases. 1 30 

The effect of EBY status on outcome in cHL is controversial and different studies have 
shown no, a favorable, or an unfavorable impact on overall, disease specific, disease free 
and failure free survival (Table I ). These different outcomes may be related to varying 
demographics, case selection, power and type of statistical analysis. Age has emerged as an 
important confounding factor. Some studies have shown that positive EBY status is related 
to adverse prognosis in patients older than 45 to 50 years. 1 3 1 " 1 34 In addition, some reports 
indicate that in children, adolescent and young adult patients (35 years or younger) EBY 
positivity may be associated with a favorable prognosis. 1 3 1 , 135· 1 38 We recently showed that 
absence of HLA class II protein expression on the cell surface of HRS cells is an 
independent adverse prognostic factor in a population based study in the northern parts of 
the Netherlands. 129 In the same population we now present data on the effect of EBY status 
on failure free and relative survival in all patients and in age-defined subgroups. 

Patients and Methods 

All 562 Hodgkin 's lymphoma patients who were diagnosed from January 1 989 through 
December 2000 were selected from the regional cancer registry of the Comprehensive 
Cancer Centre North Netherlands (CCCN). The histology of the diagnostic lymph node 
biopsies was reclassified according to the WHO classification by two hematopathologists 
and presence of EBY in HRS cells was detected by EBER ISH. 1 39 Data on membranous 
HLA class II protein expression on HRS cells of these cases were published before and are 
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C0 Table 1. Studies on the effect of EB V status on clinical outcome in Hodgkin 's lymphoma (continued on next page) 

First author 

Diepstra 
Kwon135 

2006 
Herling144 

2006 
Keegan132 

2005 
Claviez1 56 

2005 
Jarrett131 

2005 
Holzner145 

2004 
Herling150 

2003 
Krugmann 161 

2003 
Flavell136 

2003 
Amini146 

2002 
Stark134 

2002 
Glavina137 

2001 

Location 

Netherlands 
South 
Korea 
USA, Italy, 
Greece 

USA 

Europe 

United 
Kingdom 

Austria 

USA, Italy, 
Greece 

Austria 

United 
Kingdom 

Sweden 

United 
Kingdom 

Croatia 

Study No. of Patients 
aroue eatients 
population 8-94 yrs 41 1 (56 1 )  

n.s. 6-77 yrs 56 (60) 

multi- adults 575 
center ( 1 686) 

population 0-96 yrs 922 
(1576) 

two trials 2-20 yrs 842 

population 1 6-74 yrs 437 (531 )  

single adults 88 (218) center 
multi- adultsi 303 
center (1686) 
single 14-83 yrs 1 1 9  ( 1 32) center 

two trials >14 yrs 273 (959) 

population 10-83 yrs, 81 (247) relapsed 

population >59 yrs 70 (521 )  

two 1 3-84 yrs 1 00 ( 143) centers 

NLPHL % EBV Median 
included eositive# follow-ue (mo! 

no 35%E 85 

no 41 %EL 65 

no 21 %L 1 22 

no 27%EL 97 

yes 3 1%L 59 

no 33%E 93 

n.s 23%L 128 

no 21%L 65 

no 26%EL 1 22 

yes 29%E 60 

yes 44%EL 1 1 3  

yes 34%L 63 

yes 26%L 60 

Multiv. 
anal�is 

yes 

no 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

no 

yes 

Prognostic significance 
ce-vaIue s o.o5l 
Adverse (FFS 50-74 yrs) 
Favorable (PFS < 25 yrs, 
EBER, n = 1 3), None (OS) 

None (FFS, OS) 

Adverse (OS and DSS > 45 
yrs in nodular sclerosis ) 

Adverse (OS), None (FFS) 

Adverse (OS and DSS univ., 
OS multiv. > 49 yrs) 

None (DFS, CR) 

None (FFS, OS) 

Favorable (FFS univ.), None 
(FFS multiv., OS) 
Favorable (FFS, males 1 5-34 
yrs), None (OS) 

None(OS) 

Adverse (DSS) 

Favorable (DFS < 35 yrs early 
staaes no Bl, None (OS! 

NLPHL, nodular lymphocyte predomina/11 Hodgkin lymphoma; E, EBER in sill/ hybridi=ation; L, LMP-1 immunohistochemist,y; n.s., not stated; FFS, failure free 
survival; RS, relative survival; PFS, progression free survival; OS, overall survival; DFS, disease free sur,•ival; CR, complete remission; DSS, disease specific 
survival; multiv., mull/variate analysis; univ., univariate analysis; 'Number of assessable patients with number of patients within the sllldy group between 
brackets; 'When both EBER in sill/ hybridization and LMP-1 immunohistochemistlJ' were used, EBER results are given. 1Only patients who received 
chemotherapy (with or witholll radiotherapy) were selected. 
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Table 1. Continued 

First author 

Vassallo155 

2001 
Clarke133 

2001 
Naresh 153 

2000 
Engel138 

2000 
Montalban 151 

2000 
Murray162 

1999 
Axdorph147 

1 999 
Enblad149 

1 999 
Morente152 

1997 
Enblad148 

1997 
Armstrong 141 

1 994 

Location 

Brazil 

USA 

India 

South Africa 

Spain 

United 
Kingdom 

Sweden 

Sweden 

Spain 

Sweden 
United 
Kin dom 

Study Patients No. of 
group eatients 
single 1 5-75 yrs 78 center 

population 1 9-79 yrs , 31 1 (395) female 
single 4-61 yrs 1 1 0  center 
two <15 yrs 36 (47} centers 
1 1  centers 5-83 yrst 1 1 0  (21 0} 

single trial age n.s. t 190 (280} 

single 14-77 yrs 92 (95} center 
population 1 1 -87 yrs 1 1 7 (1 60} 

1 1  centers 5-83 yrs 140 (210} 

single 6-87 yrs 107 center 

n.s. age n.s. 59 

NLPHL % EBV Median 
included positive# follow-up (mol 

no 64%EL n.s. 

yes 17%EL 73 

no 78%EL 57 

no 67%EL n.s. 

yes 54%L 54 

yes 27%EL 86 

no 33%EL 145 

yes 27%EL 130 

yes 51%L >24 

yes 25%EL 95 

yes 36%EL >48 

Multiv. 
anal�is 

no 

yes 

yes 

no 

yes 

no 

no 

yes 

yes 

yes 

no 

Prognostic significance 
(e-value s 0.05l 
Favorable (OS >10% LMP-1 
positive} 

Adverse (OS > 44 yrs) 

Favorable (OS, DFS} 

Favorable (OS}, None (DFS} 

Favorable (FFS, OS, CR} 
Favorable (2-yr FFS}, None 
(OS} 

None (OS, DSS) 

None (OS, DSS, DFS} 

Favorable (OS}, None (CR} 

None (DSS, DFS} 

None (OS, DFS} 

NLPHL, nodular lympl,ocyte predominant Hodgkin lympl,oma; E, EBER in situ hybridization; L, LMP-1 immunohistocl,emis/lJ1; 11.s., 1101 stated; FFS, failure free 
survival; RS, relative survival; PFS, progression free survival; OS, overall survival; DFS, disease free survival; CR, complete remission; DSS, disease specific 
survival; mu/riv., nwltivariate ana(vsis; univ., univariate analysis; "Number of assessable patients with number of patients witl,in tl,e study group between brackets; 
'When bot/, EBER in sill/ l,ybridization and LMP-1 immunohistochemis/lJ' were used, EBER results are given. 1Only patients who received chemotherapy (with or 
without radiotherapy} were selected. 
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Table 2. EBV status and c/inicopathologic characteristics (continued on next page) 

All cases EBV positive EBV negative p-value 
n (%l n (%l n (%l 

Total 412 (1 00) 141 ( 1 00) 271 (1 00) 

Age in years 
median (range) 35 (7-91) 41  (7-88) 32 (8-9 1 )  <0.001* 

Age subgroups 0.030# 

7-14 18 (4.4) 6 (4.3) 1 2  (4.4) 
1 5-34 192 (46.6) 53 (37.6) 1 39 (51 .3) 
35-49 86 (20.9) 29 (20.6) 57 (21 .0) 
50-74 98 (23.7) 44 (31 .2) 54 (19.9) 
�75 18 (4.4) 9 (6.4) 9 (3.3) 

Sex 0.001# 

male 240 (58.3) 98 (69.5) 142 (52.4) 
female 172 (41 .7) 43 (30.5) 1 29 (47.6) 

Ann-Arbor Stage 0.002# 

I 69 (1 6.8) 34 (24. 1 )  35 (1 2.9) 
I I  193 (46.8) 50 (35.5) 143 (52.8) 
Ill 100 (24.3) 40 (28.4) 60 (22. 1 )  
IV 50 ( 12 . 1 )  1 7  (12 . 1 )  33 (12.2) 

B symptoms 0.330# 

present 168 (40.8) 64 (45.4) 1 04 (38.4) 
absent 234 (56.8) 73 (51 .8) 161 (59.4) 
unknown 10 (2.4) 4 (2.8) 6 (2.2) 

Bulky disease 0.1 56# 

present 1 1 1  (26.9) 30 (21 .3) 81 (29.9) 
absent 288 (69.9) 1 07 (75.9) 1 81 (66.8) 
unknown 13 (3.2) 4 (2.8) 9 (3.3) 

Location 0.567# 

nodal only 340 (82.5) 1 20 (85.1 )  220 (81 .2) 
extranodal 60 (14.6) 1 7  (12.1 ) 43 (1 5.8) 
unknown 12 (2.9l 4 (2.8l 8 (3.0l 

·K111skal-Wal/is test; 'i test/or independence in EBV positive compared to EBV negative patients. 
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Table 2. Continued 

All cases EBV positive EBV negative p-value 

n (%l n (%l n {%l 
HLA class II expression 0.017" 
positive 1 70 (41 .3) 67 (47.5) 1 03 (38.0) 
negative 121 (29.4) 29 (20.6) 92 (34.0) 
unknown 121 (29.4) 45 (31 .9) 76 (28.0) 

Type of chemotherapy 0.703# 

MOPP/ABV 215  (52.2) 68 (48.2) 147 (54.2) 
ABVD 33 (8.0) 1 1  (7.8) 22 (8.1 )  
EBVP 26 (6.3) 7 (5.0) 19  (7.0) 
MOPP 1 7  (4. 1 )  8 (5.7) 9 (3.3) 
LOPP 7 (1 .7) 3 (2. 1 )  4 (1 .5) 
other chemotherapy 30 (7.3) 1 0  (7. 1 )  20 (7.4) 
unknown 1 3  (3.2) 6 (4.3) 7 (2.6) 
not applicable 71 (1 7.2) 28 (1 9.9) 43 (15.9) 

Type of treatment 0.471# 

chemotherapy only 1 33 (32.3) 47 (33.3) 86 (31 .7) 
chemotherapy and RT 208 (50.5) 66 (46.8) 142 (52.4) 
RT only 71 (1 7.2) 28 (1 9.9) 43 (15.9) 

Subtype <0.001 t 

nodular sclerosis 339 (82.3) 90 (63.8) 249 (91 .9) 
mixed cellularity 47 (1 1 .4) 36 (25.5) 1 1  (4. 1 )  
lymphocyte rich 9 (2.2) 3 (2. 1 )  6 (2.2) 
lymphocyte depleted 6 (1 .4) 4 (2.8) 2 (0.7) 
not otherwise specified 1 1  (2.7l 8 (5.7l 3 p.1i 

MOPPIABV. mechlorethamine, vincristine, procarbazine, prednisone, doxonibicin, bleomycin and vinblastine; 
ABVD, doxonibicin, bleomycin, vinblastine and dacarbazine; LOPP, chlorambucil, vincristine, procarbazine and 
prednisone; EBVP, epin1bicin, bleomycin, procarbazine and prednisone; RT. radiotherapy; #J test for 
independence in EBV positive compared to EBV negative patients, 'Fisher exact test for independence in EBV 
positive compared to EBV negative patients. 

included in the analysis. 1 29 Eighty-two cases were excluded because there was not enough 
material for reclassification or EBER ISH. Reclassified cases were excluded for the 
following reasons: equivocal histologic diagnosis (n=6), diagnosis at autopsy (n=8), 
presence of a second malignancy (hematological n=6; other n=3), no curative treatment 
initiated (n=6; 4/6 older than 75 years), or no follow up data (n=l 6). Nodular lymphocyte 
predominant Hodgkin lymphoma cases (n=23) were excluded, because this subtype is 
considered to be a different entity than cHL, and is not associated with EBV. 140 
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In total, 4 1 2  cases were eligible for our study. Patients had been staged at initial 
diagnosis according to the Ann Arbor staging system with Cotswolds modification. 
Additional clinical data collected were: age, sex, presence or absence of B symptoms, bulky 
disease (> 1 0  cm, or any mediastinal mass greater than one third of chest diameter on PA 
X-ray), extranodal disease, year of diagnosis and type and intensity of treatment. Patients 
were treated in accordance with CCCN guidelines. Dates of treatment failure and death 
were recorded until January 2005. The study was approved by the medical ethics board of 
the University Medical Center Groningen. 

S11rvival analysis 
Clinical outcome was determined in all patients. In addition, patients were divided into age 
subgroups according to the four disease model as proposed by the Scotland and Newcastle 
Epidemiology of Hodgkin disease study group (0- 1 4  years; 1 5-34 years; 35-49 years; 50-74 
years and 75 years or older).80

• 141 

Failure free survival (FFS) was measured from date of diagnosis to date of recurrence, 
date of progression or date of death with active cHL, whichever came first. Patients were 
censored when alive and free of cHL disease at last follow up or after five years of follow 
up. Follow up time for relative survival (RS) was measured from date of diagnosis to date 
of last follow up or date of death. 142 Expected survival probabilities of the general Dutch 
population per year, age and sex were provided by the Dutch central statistics office, 
Statistics Netherlands (Yoorburg, the Netherlands). Prognostic factors associated with 
survival endpoints in univariate analysis at level of significance of 0. 1 were subsequently 
tested in multivariate models. A Cox proportional hazards model was used to assess the 
association of EBY status with FFS, while adjusting for relevant co-factors. A Poisson 
regression model was used to model the association of EBY status with RS. 1 43 P values � 
0.05 (two-sided) were considered to be significant. The statistical analyses were done using 
ST AT A 8.0 (ST AT A Corp, College Station, TX) and SPSS 1 1 .5 software (SPSS, Chicago, 
IL) .  

Results 

Patient characteristics 
Clinicopathologic characteristics are shown in Table 2. In the majority of patients first-line 
treatment consisted of chemotherapy combined with radiotherapy or chemotherapy only 
(83%). A small number of patients diagnosed between 1 989 and 1 992 with pathologic stage 
I or stage II disease were treated with radiotherapy only. 

Epstein Barr virus status 
EBER ISH staining results were unequivocal and showed that 34% of patients had EBY 
positive cHL. Young adult patients ( 1 5-34 years) were more likely to have EBY negative 
cHL, while EBY positive status was more frequent in patients aged 50 years or older. EBY 
positive cHL was more common in male patients. In comparison to patients with Ann 
Arbor stage I I ,  patients with stage I disease were more likely to have EBY associated cHL. 

42 



EBV and prognosis in cHL 

There was however no significant difference between stage I and II combined compared to 
stage III and IV combined. The mixed cellularity histological subtype showed the strongest 
association with EBV positive status (Table 2). This was the only association that was also 
significant in the 50-74 year age group (Table 3). 

Fail11re free s11rviva/ 
In univariate analysis age ::: 50 years, stage, extranodal disease, infrequent histological 
subtype and absence of HLA class II protein expression were associated with adverse FFS. 
There was no effect of EBV status in patients of all ages. However, in patients aged 50-74 
years, positive EBV status was significantly associated with a worse FFS. Five years FFS 
for EBV positive patients was 60% compared with 85% for EBV negative patients 
(p=0.0 I 0;Table 4; Figure I ,  left side). This effect proved to be independent of extranodal 
disease, histology and HLA class II expression status in multivariate analysis, with a hazard 
ratio of3. l I (95% CI 1 .28-7.53; Table 6). 

Relative s11rvival 
RS was defined as excess mortality over and above the mortality of the general Dutch 
population per calendar year, accounting for age and sex. Univariate analysis showed that 
age, B symptoms, extranodal disease and histology were associated with unfavorable RS. 
There was no effect of EBV status in patients of all ages. However, EBV positive status 
was significantly associated with adverse RS in patients aged 50 to 74 years. Five years RS 
was 69% for EBV positive patients compared with 82% for EBV negative patients 
(p=0.033;Table 5; Figure 1 ,  right side). However, this effect was not significant in 
multivariate analysis (Table 6). 

Discussion 

In this retrospective population-based study we show that presence of EBV in HRS cells is 
an independent adverse prognostic factor in cHL patients aged 50 to 74 years. In this age 
group, positive EBV status was associated with treatment failure. In univariate analysis 
there was also a negative effect of EBV involvement on relative survival, however this 
effect did not remain significant in multivariate analysis. In addition, in young adult 
patients with EBV positive cHL there was a non-significant trend towards favorable 
outcome. Because of differential effects of EBV status in different age defined patient 
groups, EBV status did not correlate with prognosis in the entire population. 

Associations of latent EBV infection of HRS cells with age, male sex and mixed 
cellularity subtype have been previously established and are present in our data.89 In 
addition, we found that among patients with early stage disease, EBV positive cHL patients 
were more likely to have stage I disease than EBV negative cHL patients. This association 
had previously been demonstrated in young adult cHL patients in the United Kingdom by 
Jarrett et al. , but there is no obvious biologic explanation for this. 1 3 1  

In fact, the population based study of Jarrett et  al. shows many similarities to ours. 
Homogeneity of ethnic background, sample size and follow-up time are comparable and 
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Table 3. EBV status and c/inicopathologic characteristics in patients aged 50-74 

All cases EBV positive EBV negative p-value 

n \%l n \%l n \%l 
Total 98 (100) 44 (100) 54 (1 00) 

Sex 0.561. 
male 61 (62.2} 26 (59.1 } 35 (64.8} 
female 37 (37.8) 1 8  (40.9) 1 9  (35.2) 

Ann-Arbor Stage 0.493. 
I 23 (23.5} 1 1  (25.0} 1 2  (22.2} 
I I  32 (32.7} 1 1  (25.0} 21  (38.9} 
I l l  22 (22.5) 1 2  (27.3) 1 0  (18.5} 
IV 21 (21.4) 1 0  (22.7} 1 1  (20.4} 

B symptoms 0.067# 

present 53 (54. 1 )  28 (61 .4} 25 (46.3} 
absent 44 (44.9) 1 5  (36.4) 29 (53.7} 
unknown (1 .0) 1 (2.3} 0 (0.0) 

Bulky disease 0.298# 

present 1 8  (18.4) 6 (1 3.6) 1 2  (22.2} 
absent 79 (80.6) 37 (84.1 } 42 (77.8} 
unknown (1 .0) 1 (2.3} 0 (0.0) 

Location 0.631# 

nodal only 73 (74.5) 33 (75.0} 40 (74.1 } 
extra nodal 24 (24.5) 1 0  (22.7} 1 4  (25.9} 
unknown (1 .0) 1 (2.3) 0 (0.0) 

HLA class II expression 0.304. 
positive 38 (38.8} 20 (45.5} 1 8  (33.3} 
negative 27 (27.6) 9 (20.5} 1 8  (33.3) 
unknown 33 (33.7) 15 (34. 1 }  1 8  (33.3) 

Type of treatment 0.094• 
chemotherapy only 38 (38.0} 22 (47.8} 1 6  (51 .9} 
chemotherapy and RT 46 (46.0} 1 8  (39.1}  28 (29.6} 
RT onl;t 1 4  (14.0l 4 (8.7l 1 0  p8.5l 

RT. radiotherapy; "i test for independence in EBV positive compared to EBV negative patients, 'Fisher exact test 
for independence in EB V positive compared to EB V negative patients. 
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Table 3. Continued 

All cases EBV positive EBV negative p-value 
n (%1 n (%1 n (%1 

Type of chemotherapy 0.701 # 

MOPP/ABV 54 (55.1 )  25 (56.8) 29 (53.7) 
ABVD 1 0  (1 0.2) 4 (9. 1 )  6 (1 1 . 1 )  
EBVP 1 (1 .0) (2.3) 0 (0.0) 
MOPP 6 (6. 1 )  4 (9. 1 )  2 (3.7) 
LOPP 4 (4. 1 )  2 (4.6) 2 (3.7) 
other chemotherapy 3 (3. 1 )  2 (4.6) 1 (1 .9) 
unknown 6 (6. 1 )  2 (4.6) 4 (7.4) 
not applicable 14 (14.3) 4 (9. 1 )  1 0  (1 8.5) 

Subtype 0.002# 

nodular sclerosis 73 (74.5) 27 (61 .4) 46 (85.2) 
mixed cellularity 1 3  (13.3) 9 (20.5) 4 (7.4) 
lymphocyte rich 3 (3. 1 )  0 (0.0) 3 (5.6) 
lymphocyte depleted 3 (3. 1 )  3 (6.8) 0 (0.0) 
not otherwise seecified 6 (6.11 5 p 1 .41 p,91 

MOPPIABV, mechlorethamine, vincristine, procarbazine, prednisone, doxorubicin, bleomycin and vinblastine; 
ABVD, doxon1bicin, bleomycin, vinblastine and dacarbazine; LOPP, chloramb11cil, vincrisline, procarbazine and 
prednisone; EB VP, epirubicin, bleomycin. procarbazine and prednisone; 'i test for independence in EB V positive 
compared lo EBV negative patients, 'Fisher exact test for independence in EBV positive compared to EBV 
negative patients. 

subgroup analyses were performed in the same age groups. In both studies, EBY status was 
determined using EBER in situ hybridization and nodular lymphocyte predominant (NLP) 
cases were excluded. In the patient group of 50-74 years, Jarrett et al. found adverse overall 
survival (OS) for EBY positive cHL patients. In addition, another population based study 
from the same group in the United Kingdom showed adverse disease specific survival 
(DSS) in EBY positive cHL patients of 60 years and older. 1 34 Finally, a large population 
based study in the United States by Keegan et al. (that included the patients previously 
studied by Clarke et al.) showed an association of EBY positive cHL with adverse OS and 
DSS in patients older than 45 years. 1 32

•
1 33 

These studies have been criticized for using OS and DSS as clinical end points. OS is 
affected by salvage management after relapse and the occurrence of disease unrelated 
deaths. Because the frequency of disease unrelated deaths is relatively high in the elderly, 
these deaths may obscure disease effects in older adult patients. DSS is also affected by 
treatment after relapse and in the elderly it may be difficult to distinguish between cHL 
related and cHL unrelated causes of death. It has been suggested that FFS would be a more 
optimal end point because it is related to the biologic aggressiveness of the disease. 144 In 
our study we show that the adverse effect of EBY positive status in older adult cHL patients 
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Table 4. Univariate analysis of failure free survival (continued on next page) 

Number 5-yr FFS% HR 95% CI p-value 

Age <0.001 
7-14 1 8  78 1 .57 0.50-4.88 
1 5-34 1 92 80 1 .51 0.79-2.98 
35-49 86 86 1 .00 ref 
50-74 98 74 1 .95 0.97-3.91 
�75 1 8  48 6.85 2.87-16.29 

Sex 0.629 
male 241 80 1 .00 ref 
female 171 77 1 . 1 1  0.72-1 .69 

Stage 0.047 
I 69 78 1 .06 0.57-1 .96 
I I  1 93 81 1 .00 ref 
Ill 1 00 80 1 . 1 1  0.64-1 .92 
IV 50 65 2.22 1 .24-3.94 

B symptoms 0.099 
absent 234 82 1 .00 ref 
present 1 68 75 1 .43 0.93-2.20 
unknown 1 0  60 

Bulky disease 0.21 3  
absent 288 78 1 .00 ref 
present 1 1 1  83 0.72 0.43-1 .21 
unknown 1 3  59 

Location 0.007 
nodal only 340 81  1 .00 ref 
extra nodal 60 65 2 . 15  1 .30-3.56 
unknown 1 2  64 

Hodgkin subtype 0.030 
nodular sclerosis 339 79 1 .00 ref 
mixed cellularity 47 85 0.68 0.31 -1 .48 
other 26 62 2 . 15  1 . 1 1-4. 18  

Failure Free Survival (FFS) censored a t  5th year of fol/ow-11p; HR, Hazard ratio; 95% CJ, 95% confidence 
interval; 'I test/or independence. 
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Table 4. Continued 

HLA class II expression 

positive 
negative 
unknown 

EBV all patients 

negative 
positive 

EBV age 1 5-34 

negative 
positive 

EBV age 50-74 

negative 
eositive 

Number 

170 
121 
121  

271 
141 

139 
53 

54 
44 

5-yr FFS% 

85 
68 
79 

80 
76 

78 
85 

85 
60 

EBV and prognosis in cHL 

HR 95% CI p-value 

0.004 
1 .00 ref 
2.31 1 .39-3.84 
1 .51 0.87-2.62 

0.429 
1 .00 ref 
1 . 1 9  0.77-1 .84 

0.262 
1 .00 ref 
0.64 0.29-1 .40 

0.01 0 
1 .00 ref 
2.90 1 .24-6.79 

Failure Free Survival (FFS) censored at 5th year of follow-up; HR, Hazard ratio; 95% Cl, 95% co11jide11ce 
interval; "I test for i11depe11de11ce. 

as described in terms of OS and DSS by Jarrett et al., Keegan et al. and Stark et al. is also 
found with FFS. 

In addition, we used RS as a clinical end point. RS is an estimation of DSS. It is defined 
as the absolute survival rate among patients corrected for the expected survival rate from 
the general population with the same sex and age structure (background mortality). As a 
consequence, RS includes treatment related late toxic deaths even if it is difficult to assign 
precise causes of death. 1 42 Therefore, RS may be more informative than OS and DSS in 
older adult cHL patients. 

Although our results are in line with those of Keegan et al., Jarrett et al. and Stark et al., 
other reports describing clinical outcome in relation to EBY status are conflicting (Table I ). 
Many studies did not show an effect of EBY status on prognosis but usually, less than 1 20 
patients were studied. 1 4 1 • 145- 1 49 The multicenter study of Herling et al. is an exception as 
they found no prognostic impact of EBY status in 575 patients. 1 44 However, this study may 
be biased because patients were selected from a total of 1 686 patients based on availability 
of archival biopsy material. 1 50 Some other studies with a relatively small sample size 
concluded that EBY positive status is associated with a favorable clinical outcome in 
multivariate analysis. Interestingly, in most of these studies the percentage of EBY 
associated cases was higher than 50%, consistent with the geographical locale (Spain, 
South Africa and India). 1 38• 1 5 1 -1 53 Apparently, the prognostic impact of EBY status is 
influenced by demographics. 

47 



Chapter 3 

Table 5. Univariate analysis of relative survival (continued on next page) 

Number 5-yr RS% RER 95% CI p-value 

Age <0.001 
7-14 1 8  89 0.65 0.14-2.98 
1 5-34 1 92 91 0.78 0.38-1 .58 
35-49 86 89 1 .00 ref 
50-74 98 76 2.90 1 .47-5.72 
2:75 1 8  44 8.75 3.41-22.41 

Sex 0.1 64 
male 241 88 1 .00 ref 
female 171  81 1 .39 0.87-2.23 

Stage 0.073 
I 69 87 1 .44 0.72-2.85 
II 1 93 90 1 .00 ref 
Ill 1 00 82 1 .59 0.88-2.85 
IV 50 70 2.41 1 .23-4.69 

B symptoms 0.003 
absent 234 90 1 .00 ref 
present 1 68 81 2. 1 1  1 .28-3.46 
unknown 1 0  64 

Bulky disease 0.460 
absent 288 85 1 .00 ref 
present 1 1 1  88 0.81 0.45-1 .43 
unknown 1 3  66 

Location 0.027 
nodal only 340 88 1 .00 ref 
extra nodal 60 71 1 .91 1 .07-3.38 
unknown 1 2  7 1  

Hodgkin subtype 0.010 
nodular sclerosis 339 86 1 .00 ref 
mixed cellularity 47 91 0.89 0.39-2.03 
other 26 60 2.74 1 .40-5.34 

RS, Relative Survival; RER, relative excess risk of death; 95% CI, 95% confidence interval; *i test for 
independence. 
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Table 5. Continued 

Number 5-yr RS% RER 95% CI p-value 

HLA class II expression 0. 1 14 
positive 170 89 1 .00 ref 
negative 121 78 1 .80 1 .01-3.20 
unknown 121 87 1 .63 0.89-2.96 

EBV all patients 0. 106 
negative 271 86 1 .00 ref 
positive 141 84 1 .47 0.92-2.38 

EBV age 1 5-34 0. 164 
negative 1 39 88 1 .00 ref 
positive 53 97 0.42 0.12-1 .43 

EBV age 50-74 0.033 
negative 54 82 1 .00 ref 
eositive 44 69 2.47 1 .07-5.66 

RS, Relative Sun•ival; RER, relative excess risk of death; 95% CJ, 95% confidence interval; •-,! test for 
independence. 

Table 6. Multivariate analysis of failure free and relative survival 

Failure free survival* Relative survival# 

EBV status Number HR 95% CI e-value RER 95% CI e-value 
All ages negative 271 1 .00 ref 0.690 1 .00 ref 0.671 

positive 141 1 . 1 0  0.68-1 .78 1 . 1 5  0.64-2.03 
Age 1 5-34 negative 139 1 .00 ref 1 .00 ref 

0.267 0.745 
positive 53 0.88 0.39-1 .96 0.49 0 .13-1 .75 

Age 50-74 negative 54 1 .00 ref 
0.012 

1 .00 ref 
0.095 

eositive 44 3.1 1 1 .28-7.53 1 .88 0.87-5.20 

HR, hazard ratio; RER, relative excess risk of death; 95% Cl, 95% confidence interval. *Cox proportional 
hazards model for failure free survival by EBV status, adjusted for age, presence of extranodal locations, 
histology and HLA class II expression for all ages and adjusted for extranodal locations, histology and HLA class 
II expression within age-groups. Failure free survival censored at 5th year of follow-up. #Poisson regression model 
for relative survival by EBV status, adjusted/or age, presence ofextranodal locations, B symptoms, histology and 
HLA class II expression/or all ages and adjusted/or extranodal locations, histology and HLA class II expression 
within age-groups. 
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Patient selection at other levels may also account for conflicting results. Some study 
groups used LMP- 1 immunohistochemistry to determine EBY status; however EBER ISH 
generally yielded more positive cases. Although EBER ISH is considered the most robust 
method of determining EBY status 1 54, some study groups argue that LMP- I ,  as a major 
effector of malignant transformation, should associate more strongly with clinical outcome. 
Indeed, Vassallo et al. showed a significant study outcome for LMP-1 positive cases but 
not for EBER positive cases, however this effect was favorable. 1 55 Another confounding 
factor may be the inclusion of the non-cHL subtype NLP. This subtype is considered to be 
a different disease entity than the cHL subtypes and the current consensus is that it is not 
associated with EBV. 140 However, in many studies the NLP subtype has been included and 
it is surprising that both Keegan et al. and Claviez et al. report EBY positive status in 1 0% 
and 6% of NLP cases respectively. 1 32• 156 Because of its superior prognosis, inclusion of the 
NLP subtype would improve outcome for EBY negative patients in these studies. 

Histological subtype may influence the prognostic impact of EBY status. Keegan et al. 

showed in their study that adverse prognosis observed in EBY positive cHL patients aged 
45 years or older was restricted to the nodular sclerosis subtype. 1 32 In the older adult patient 
group in our study, 75% of patients had the nodular sclerosis subtype accounting for 63% 
of EBY positive cases. Subtype may also affect the prognostic impact of EBY status in 
children, adolescents and young adults. Most studies that found a favorable effect of EBY 
positive status on prognosis had a high percentage of children and/or young adults with 
mixed cellularity disease. 135• 1 37• 1 38• 1 5 1

- 1 53 • 1 57 Sizeable population based studies like ours all 
found a (non-significant) trend of favorable prognosis in these age groups. 1 3 1 • 1 32 In contrast, 
the study of Claviez et al. showed adverse impact of LMP- 1 positive status in children and 
adolescent patients, but only for patients with nodular sclerosis (Bennett grade II) 
subtype. 1 56 

In the population described in this paper, we previously found that cell surface 
expression of HLA class II on HRS cells is an independent prognostic factor. Absence of 
membranous HLA class II protein expression was associated with adverse FFS and RS. 1 29 

Downregulation of HLA class II expression occurs somewhat more frequently in EBY 
negative cHL compared with EBY positive cHL (47.4 % vs. 30.2 %). HLA class II 
expression status may influence the prognostic effect of EBY, but its inclusion as a co
factor in the multivariate analysis for FFS did not change the independency of the EBY 
effect. 

Adverse prognostic impact of EBY positivity in older adult cHL patients may be 
explained by immunosenescence. Immunosenescence is defined as functional impairment 
of the immune system that accompanies ageing. 1 58 It is associated with decreased cytotoxic 
T cell effector responses and may impair control of latent EBY infection. 1 59 Thus, in the 
elderly the number of latently infected B cells may increase, leading to an increased risk of 
developing EBY positive cHL. Indeed, EBY positive cHL cases have a higher number of 
circulating latently infected B cells than EBY negative cHL cases at the time of 
diagnosis. 1 60 Because immunosenescence is expected to associate with general ill health, 
EBY positive cHL in the elderly may occur preferentially in persons with a relatively short 
life expectancy. Accordingly, Jarrett et al. found a higher proportion of cHL unrelated 
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deaths in EBY positive patients compared to EBY negative patients. 1 3
1 Our univariate 

analysis of RS also indicated that older adult cHL patients may have a shorter life 
expectancy, however this effect was absent in the multivariate analysis. 

Our FFS analyses suggest that EBY positive cHL may be more aggressive than EBY 
negative cHL. This is supported by the expression of LMP-1 and LMP-2 proteins in EBY 
positive HRS cells that confer activation, proliferation and anti-apoptotic signals.23•26 In 
children, adolescents and young adult patients a more aggressive behavior of EBY positive 
HRS cells is probably counteracted by EBY specific immune responses. In conclusion, this 
study demonstrates that latent EBY infection of HRS cells is associated with adverse failure 
free survival in cHL patients older than 50 years. 
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Summary 

Background 
Associations of Hodgkin's lymphoma with HLA have been reported for many years. In 20-
40% of patients with this disorder, Epstein-Barr virus (EBY) is present in the neoplastic 
cells. Because presentation of EBY antigenic peptides can elicit vigorous immune 
responses, we investigated associations of the HLA region with EBY-positive and EBY
negative Hodgkin' s  lymphoma. 

Methods 
In a retrospective, population-based study, patients with Hodgkin's lymphoma were 
reclassified according to the WHO classification, and EBY status was assessed by in-situ 
hybridisation of EBY-encoded small RNAs. Germline DNA was isolated from 200 patients 
diagnosed between 1 987 and 2000 and from their first degree relatives. Genotyping was 
done with 33 microsatellite markers spanning the entire HLA region and two single
nucleotide polymorphisms in the genes for tumour necrosis factor a and p. Classic 
association analysis and the haplotype sharing statistic were used to compare patients with 
controls. 

Findings 
Classic association analysis (but not the haplotype sharing statistic) showed an association 
of consecutive markers D6S265 and D6S5 1 0  (p=0.0002 and 0.0003), located in the HLA 
class I region, with EBY-positive lymphomas. The haplotype sharing statistic (but not 
classic association analysis) showed a significant difference in mean haplotype sharing 
between patients and controls surrounding marker D6S273 (p-=0.00003), located in HLA 
class III. 

Interpretation 
Areas within the HLA class I and class III regions are associated with susceptibility to 
Hodgkin's lymphoma, the association with class I being specific for EBY-positive disease. 
This finding strongly suggests that antigenic presentation of EBY-derived peptides is 
involved in the pathogenesis of EBY-involved Hodgkin' s  lymphoma. 

Relevance to practice 
Polymorphisms in the HLA region could explain ethnic variation in the incidence of 
Hodgkin's lymphoma. The association of EBY-positive Hodgkin's lymphoma with HLA 
class I suggests that this polymorphism might affect the proper presentation of EBY 
antigens to cytotoxic T lymphocytes. 
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Introduction 

Both genetic and environmental factors have been implicated in the pathogenesis of 
Hodgkin's lymphoma. An inherited susceptibility to the disorder is supported by 
aggregation of about 4.5% of patients in families.1 63 Familial predisposition is particularly 
evident in monozygotic twins; the risk that a co-twin will develop Hodgkin's lymphoma in 
young adulthood is 99 times higher than that in dizygotic twins. 1 64 Also in accordance with 
genetic predisposition, there is ethnic variation in the incidence. Asians are less commonly 
affected than white people, irrespective of country of residence. In the USA, Hodgkin's 
lymphoma is more common among Jews than among other ethnic groups even when 
differences in social class are accounted for. 1 65• 166 

HLA antigens have been associated with both sporadic and familial Hodgkin 's 
lymphoma for over 30 years. For example, HLA class I alleles A 1, B5, and B 18 seem to 
occur at high frequency in both sporadic and familial cases. 1 67 HLA class I I  alleles ( e.g., 
DPBl *0301) in female patients and combinations of HLA class I I  alleles (haplotypes), 
such as ORB 1 * 150 I ,  DQA 1*O102, and DQB 1 *0602 in the nodular-sclerosis subtype, have 
been implicated more recently. Alleles and haplotypes protecting against Hodgkin 's 
lymphoma have also been reported. 1 06• 1 23 

The most important environmental factor in the pathogenesis of Hodgkin 's lymphoma is 
Epstein-Barr virus (EBY), a transforming agent that is involved in 20-40% of patients in 
more developed countries. The neoplastic cells of Hodgkin's lymphoma, the Hodgkin
Reed-Stemberg cells, contain clonal EBY genomes that do not integrate into the host DNA. 
The only viral genes expressed are those for EBY nuclear antigen 1, latent membrane 
proteins 1 and 2, and EBY-encoded small RNAs. Antigenic presentation of latent 
membrane proteins 1 and 2 in the presence of certain HLA class I alleles induces cytotoxic 
T-cell responses in healthy individuals. 1 68 EBY nuclear antigen 1 also initiates HLA class I I  
restricted T-helper-1 responses. 1 69 Certain HLA alleles might be associated with a low 
affinity for EBY-derived immunogenic peptides. Because HLA expression is codominant, 
HLA haplotypes with only low-affinity alleles might be expected to predispose to the 
development of EBY-positive Hodgkin's lymphoma. 

There is, however, no consensus on the role of specific HLA alleles and haplotypes 
involved in Hodgkin's lymphoma. Owing to linkage disequilibrium in the HLA region, 
observed allele or haplotype associations might not be causative. For example, some HLA 
class II haplotypes show strong linkage disequilibrium with alleles at the class I loci. 1 70 

Moreover, the HLA region includes many non-HLA genes, and linkage disequilibrium 
might extend beyond its boundaries. In theory, all reported HLA associations in Hodgkin's 
lymphoma could be caused by linkage disequilibrium with a non-HLA gene. 

The HLA region is located on the short arm of chromosome 6 (6p21.3) and, from 
centromere to telomere, is divided into the class II ( I . I  Mb), class III (0.7 Mb), and class I 
(1.8 Mb) regions. The whole region includes about 220 genes, including 10% HLA genes 
and about 30% non-HLA genes with immune system function.82 Genes encoding tumour 
necrosis factors (TNF) a and p belong to the latter group and could be important in the 
pathogenesis of Hodgkin's lymphoma. These cytokines are involved in the constitutive 
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activation of the transcription factor nuclear factor tcB, one of the characteristic features of 
Hodgkin-Reed-Sternberg cells. 1 7 1 Single-nucleotide polymorphisms in regulatory regions 
of the TNF a and p genes could lead to low-secretion and high-secretion phenotypes. 1 72• 1 73 

To screen the HLA region for involvement in the pathogenesis of Hodgkin's lymphoma, 
we genotyped 33 microsatellite markers covering the entire HLA region and two single
nucleotide polymorphisms in a large population-based study of patients with the disorder 
and family-based controls. Patients were stratified according to EBY status, as shown by 
the presence of EBY-encoded small RNAs in the Hodgkin-Reed-Sternberg cells. The data 
were analysed by classic association analysis with allele and genotype association methods. 
In addition, the haplotype sharing statistic was used, because this test extracts additional 
information from allelic phase compared with classic association analysis. 1 74• 1 75 

Methods 

Tissues and classification 
Archived samples of paraffin-embedded affected lymph-node tissue from patients with 
primary Hodgkin's lymphoma were retrieved from all six pathology departments in the 
northern region of the Netherlands (University Medical Centre, Groningen; Martini 
hospital, Groningen; Sazinon Hospital, Winschoten; Bethesda Hospital, Hoogeveen; 
Laboratory of Public Health Friesland, Leeuwarden; and lsala Hospital, Zwolle). Patients 
diagnosed between 1 987 and 2000 were included. Tissue sections were cut and subjected to 
standard haematoxylin and eosin staining. Two haematopathologists reclassified patients 
according to the WHO classification of Hodgkin's lymphoma. 1 76 To resolve problems of 
differential diagnosis and in patients with presumed nodular lymphocyte predominance, 
immunohistochemistry was used (CD1 5, CD20, CD30, CD57, CD3, and anaplastic 
lymphoma kinase). EBY status was assessed by in-situ hybridisation for EBY-encoded 
small RNAs. 1 77 

Patients and controls 
Reclassified patients with Hodgkin's lymphoma for whom EBY status was obtained were 
related to the cancer-registry database of the Comprehensive Cancer Centre North
Netherlands. Patients who were still alive were invited to take part in our study in a letter 
sent by the researchers in collaboration with the treating physician. All but one of the I 5 
hospitals in the region took part in the study (University Medical Centre, Groningen; 
Martini Hospital, Groningen; Medical Centre, Leeuwarden; Isala Hospital, Zwolle; St 
Lucas Hospital, Winschoten; Refaja Hospital, Stadskanaal; Delfzicht Hospital, Delfzijl; 
Wilhelmina Hospital, Assen; Scheper Hospital, Emmen; Bethesda Hospital, Hoogeveen; 
Hospital Coevorden, Hardenberg; Antonius Hospital, Sneek; Diaconessenhuis Hospital, 
Meppel; and Tjongerschans Hospital, Heerenveen). Patients asked members of their 
families (preferably parents or children and spouse) to take part, to enable derivation of 
haplotype phase and collection of control data. All participants (patients and controls) gave 
written informed consent. The protocol was approved by the medical ethics board of the 
University Hospital, Groningen. 
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Figure 1. Map of markers and genes in the HLA region const111cted from US National Center for Biotechnology 
Information and Ce/era maps. Major genes are indicated below the bar in italics. The markers used for analysis 
are positioned above the bar. 'p<0.05 for Hardy-Weinberg equilibrium. This marker was excluded from /itrther 
analyses. 

Genotyping 
Germline DNA was extracted from leucocytes in 20 mL blood collected into tubes 
containing edetic acid by standard procedures and was stored at -80 °C. The HLA region at 
6p2 l .3 was genotyped by use of 33 polymorphic microsatellite markers and two single 
nucleotide polymorphism markers (figure 1 ,  table I ). A previously described set of 24 
microsatellite markers was expanded with known and newly identified microsatellite loci 
by use of sequence data from the US National Center for Biotechnology Information 
map.178 Primer sets to amplify the marker loci were selected by means of Primer 3 software. 

For microsatellite markers, PCR was done in a volume of 1 0  µL containing about 25 ng 
DNA and 0.5 U Taq DNA polymerase (Amersham Pharmacia Biotech, Uppsala, Sweden). 
Reaction mixtures contained 0.2 mmol/L dNTP (Roche Diagnostics, Mannheim, Germany), 
2.5 mmol/L magnesium chloride, 1 0  mmol/L Tris-HCI (pH 9.0), 50 mmol/L potassium 
chloride (Amersham Pharmacia Biotech), and 0.25 µmol/L of each primer. For each primer 
pair, one primer was 5' -labelled with fluorochrome 6- (fluorescein-5-carboxamido) 
hexanoate (6-FAM) or 6-hexachloro-fluorescein (HEX; Sigma, Malden, Netherlands). 
Cycling was done on a primus HT thermal cycler (MWG Biotech, Ebersberg, Germany). 
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Table 1. Data on microsatellite and single-nucleotide-polymorphism markers 

Marker Heterozygosity Forward primer (5' to 3') Reverse primer (5' to 3') 

6SL001 0.92 CCTCACCCGATACATAGACATAGG AGAAATACCGAAATAAGGCCTCC 

6SL002 0.65 CTCTCGCTACTGTGGTACATGC CAAACTGTAAGTCATGACCATGC 

DNRNGCA 0.81 AGGAATCTAGTGCTCTCTCC CTCTAGCAAAAGGAAGAGCC 

RING3CA 0.75 TGCTTATAGGGAGACTACCG GATGGGAAGTTTCCAGAGTG 

D6S2658 0.60 AGAGAATGGATGCTGCATGAGG TGTATAACCCGAAAGTCCAGCTCTC 

680001 0.66 AGGGAATTCGGAACTCAlTTTT GTAAACTGGGCTGAGATGTACCA 

Tap1 0.63 AGAACCAGACAGGTTTCTCCTG GGACAATATTTTGCTCCTGAGGTA 

D6S2444 0.69 GAGCCAAGAACCCAGCATTC GGAAGGATTCTAAATAGGGGAG 

G51 1525 0.74 GGTAAAATTCCTGACTGGCC GACAGCTCTTCTTAACCTGC 

D6S1666 0.87 CTTGAGGACTGAGTCTGAGTTGG GAATCCAGCATTTTGGAGTTGT 

D6S2665 0.84 TGAAAAAACGCATGTCCTCACC GCCTAATTCTCCTCCTTCAACACACAG 

D6S2670 0.86 CCACCCACTTCCTCCACTAGAATC GTGAATTGTGACTGTGCCAGTACAC 

D68273 0.74 GCAACTTTTCTGTCAATCCA GACCAAACTTCAAATTTTCGG 

D6S2671 0.78 GCTCCCTTCACTTTATCATTTAGG GGATAACAGAACGAGACCCTGT 

TNFa SNP 0.27 GAAATGGAGGCAATAGGTTTTGAG GGCCACTGACTGATTTGTGTGTAG 

TNFl3 SNPt 0.42 CAGTCTCATTGTCTCTGTCACACATT ACAGAGAGAGACAGGAAGGGAACA 

TNFa 0.83 CCTCTAGATTTCATCCAGCCACA GCCTCTCTCCCCTGCAACACACA 

D6S2672 0.86 CAAACCAATCAGGGTGGCTA GAAGCAGTATACAGGGGCTTCAG 

MICA 0.69 GCCTTTTTTTCAGGGAAAGTGC CCTTACCATCTCCAGAAACTGC 

D6S2673 0.88 TTCTGCGTTTTCAGCCTGCTAG GAACCACTCTTCGTACCACAGTCTC 

D6S2678 0.91 TTGCAGTGAGCCAAGATCGC CCCCACAAAAAACCCCTGTTTATC 

D6S2694 0.92 TCTCTTTCCCAGTGTCCTTCTAAC GCAATACAGCAAGACCCTGTC 

D6S2699 0.64 CGACTCCACCTATGACGGACATAC CCTCTTCTCAGCTCTTCCATCTCAC 

D6S2700 0.72 CAGTTTCGCAACCTGTTTGCC GCATCAGCAGTCATTAGGGAAATGC 

HL002 0.66 TACCAGGTTGTAAGGCTCAACAT GGCTGAGATGAGAGAATCACTTC 

D6S2701 0.87 GAGGTCTGTGGTCATAACTTTGG TGTGGTTTCATTTCCTTCTAGTCA 

O6S2702 0.89 ATAAAATCCAGGTCATGGTGGA GGCCTAAATGCTTCCTTGGATA 

HL003 0.74 TTGAAAAACAGGTCATTTTTAGGTT GGGCAACAAGATCAAAACTCTG 

D6S2704 0.82 CCTTCTCTCCCCAAAGATAAACA GTAATTTTTGCCACTCTGGAGGA 

O6S2705t 0.81 GCCTTCAGGACATGTTTGTGTGTA TTCAACTCTTTTAGCTGTTTTGG 

D68265 0.77 ACGTTCGTACCCATTAACCT ATCGAGGTAAACAGCAGAAA 

O6S510 0.78 AATGTTCCTGCTTTCATTTCTTT GTCAAAACTGCAATGGGCTACTA 

D68478 0.82 CCTCCATAATTGTGTGAGCC GCCAATCTTCTAACCCAAGCA 

D6S2707 0.86 CAGTTTCGCAACCTGTTTGCC GCATCAGCAGTCATTAGGGAAATGC 

O6S1683 0.69 CTGCACATGTATCCGAGAA GTTTNAAGTAGAGACAGGATTTCTTG 

SNP, single-nucleotide po/ymo1phism; 
0

TNFa probe varianl allele = VIC-CCGTCCICATGCC-MGBNFQ; TNFa 
probe wild-type allele - 6FAM-CCGTCCf:.CATGCC-MGBNFQ; ;TNF/3 probe varia/11 allele = 6FAM-
CCATGQTTCCTCTC-MGBNFQ; TNF/3 probe wild-type allele � VIC-CTGCCATGtl_TTCC-MGBNFQ; 1p<0.05 
for Hardy-Weinberg equilibrium. This marker was excludedfi'omfurther analysis. 

58 



Genetic screening of the HLA region 

Post-PCR multiplexing was done by combining 2-1 0  µL (according to signal strength) of 
the PCR products. A 2.3 µL sample of the pooled fragments was mixed with 2.5 µL MilliQ 
and 0.2 µL ET-400R size standard (Amersham Pharmacia Biotech). Fragment length was 
analysed on a MegaBACE I 000 capillary sequencer (Amersham Pharmacia Biotech) 
according to the manufacturer's protocols. Results were analysed with Genetic Profiler, 
version 2.0 (Amersham Pharmacia biotech). Samples were coded and alleles were scored 
without knowledge of family structure, presence of disease, or EBY status. In addition, two 
single-nucleotide polymorphisms were analysed, one in the promoter region of TNFa. 
(TNFA, -308) and one in intron I of TNF/J (TNFB, NcoI restriction-fragment length 
polymorphism). 1 78 

Statistical analysis 
After genotyping all patients and their family members for the 35 markers, we first tested 
the quality of the markers by means of a Monte Carlo procedure. Significant deviation from 
Hardy-Weinberg equilibrium was defined as a p value below 0.05. Next, the set of 
haplotypes present in patients and the control haplotype set were identified. The non
transmitted haplotypes of the parents (n= 192, of which 28 from a single parent) or the 
haplotypes of the spouse of the patient (n=70) served as control haplotypes. For missing 
data, all available family members (parents, siblings, or children of the patients) were used 
in an attempt to reconstruct the haplotype; this procedure yielded 30 additional control 
haplotypes. 

Differences between the patients' and controls' haplotype sets were analysed by use of 
the haplotype sharing statistic, which analyses the length of haplotype similarity. The 
validity of this method has been shown previously in both simulation studies and on 
empirical data. 1 74• 1 75• 1 78• 1 79 The statistic assumes that haplotype segments of patients from a 
founder population are conserved in the region spanning a disease locus. By contrast, 
control individuals are not expected to have conserved haplotypes centred at a particular 
locus. 

To assess conservation of haplotypes, we measured similarity of sharing between a pair 
of haplotypes by counting, from a marker locus in both telomeric and centromeric 
directions, the number of consecutive markers that had identical alleles on both haplotypes. 
The haplotype sharing was calculated for each marker locus. This produced highly 
correlated values because sharing of haplotypes extends over many marker loci. Haplotype 
sharing was calculated for all pairs of haplotypes, separately for those of patients and 
controls. When there is a susceptibility locus, the haplotype sharing statistic is expected to 
reveal an excess of haplotype sharing in patients compared with controls, with maximum 
sharing difference at the marker loci closest to the disease-susceptibility locus. 

To prove the presence of conserved haplotypes, consecutive markers need to be in 
linkage disequilibrium. As a test of linkage disequilibrium, the D' for multiallelic markers 
was used, separately for the patients' and the controls' haplotypes. 1 8° For each locus 
independently, the observed alleles were permuted over the haplotypes to simulate linkage 
equilibrium. The significance of the observed D' value was assessed from the fraction of 
I 000 randomised sets that revealed a larger value than the observed one. 
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In addition to haplotype sharing statistic, we used classic association analysis. The 
frequencies of the different alleles and genotypes were compared between patients and 
controls by use of x2 tests. When there was a significant difference, we assessed which 
allele or genotype caused this difference. Odds ratios and their 95% CI were calculated by 
logistic regression with adjustment for sex. 

For allele and genotype associations, all patients were included. For the haplotype 
sharing statistic, for which phase must be derived, only patients with at least one family 
member were included. In all analyses of classic association and haplotype sharing statistic, 
patients were stratified according to EBY status and compared with each other and with 
controls. 

Results 

200 patients and 348 family controls of the white population of the northern Netherlands 
took part in this study. The proportion of patients with EBY-positive lymphomas was 27%. 
Table 2 shows distributions by subtype of Hodgkin's lymphoma, age, and sex. One 
microsatellite marker (D6S2705) was found not to be in Hardy-Weinberg equilibrium and 
was excluded from the analyses. The proportion of unknown alleles (including inheritance 
errors) was 6.9% for all 34 markers combined. Strong linkage disequilibrium, a prerequisite 
for both classic association analysis and analysis with the haplotype sharing statistic, was 
observed in the sample of patients as well as in the sample of controls over the whole 
region studied for all pairs of consecutive markers (p=0.00 I ), except among patients for 
6SL002 DNRNGCA (p=0.0 148), D6S2658-6BO00I (p=0.0035), and TAP I D6S2444 
(p=0.0585). 

Table 2. Characteristics of the study population 

Total (n=200) EBV-positive (n=54) EBV-negative (n=146) 
M/F 1 08 (54%) / 92 (46%) 41 (76%) / 13 (24%) 67 (45%) / 79 (55%) 
Median (range) age, years 31 (12-75) 32 (1 6-70) 31 (12-75) 
HL subtype 

Nodular sclerosis 1 57 (79%) 33 1 24 
Mixed cellularity 1 8  (9%) 14 4 
Lymphocyte rich 7 (3%) 3 4 
Lymphocyte depleted 0 0 0 
Not otherwise specified 5 (2%) 4 1 
Nodular l�meh eredominant 13 (7%l 0 1 3  

The ERV-positive lymphomas made u p  2 1% of nodular sclerosis. 78% of mixed ce/111/arity. 43% of lymphocyte 
rich. and 80% of not othenvise specified subtypes. 
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Figure 2. Significance of differences in allele ji·equency distriblllion between patients (all, EB V-positive, or EB V
negative) and controls for all marker loci by classic association analysis. Markers D6S265 and D6S510 show 
significance (p<0.001). 

The significance of differences in allele frequency distribution by classic assoc1at1on 
analysis for all patients and for the EBY-positive and EBY-negative subgroups compared 
with controls is shown in figure 2. Consecutive microsatellite markers D6S265 and D6S5 10 
had p values of less than 0.00 1 (0.0002 and 0.0003, respectively), only in  the EBY-positive 
subgroup. Allele frequencies differed significantly between EBY-positive patients and 
controls or EBY-negative patients (table 3) for markers D6S270 1 ,  D6S2702, HL003, 
D6S2704, D6S265, and D6S5 1 0; the significance was greatest for allele 1 26 of marker 
D6S265 and allele 284 of marker D6S5 1 0. Individuals homozygous for these alleles had 
odds ratios for development of EBY-positive Hodgkin's lymphoma of 8.25 (95% CI 2.49-
27.4) and 7. 14  (1 .94-26.3), respectively. The corresponding odds ratios for heterozygotes 
were 2.93 (1 .26-6.84) and 3.01  (1 .34-6.77), suggesting a codominant effect (table 4). The 
significance of mean haplotype sharing differences between controls, all patients, and the 
EBY-positive and EBY-negative subgroups are shown in figure 3. Marker D6S273 showed 
a significant association for all patients (p=0.00003) and for EBY- negative patients 
(p=0.000 1 8). 
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Table 3. Allele frequencies of I I consecutive markers in ERV-positive and ERV-negative 
subgroups 

Locus Allele or Frequency (%) i_n EBV-positive (n=1 08)* EBV negative (n=286) 
haplotype controls(n=292) Frequency (%) pt Frequency (%) pt 

D6S2700 151 42.7 46.6 0.51 38.6 0.34 
HL002 196 47.0 56.6 0.091 57.0 0.01 7 
D6S2701 168 13.0 26.9 0.0035 14.0 0.74 
D6S2702 1 1 7  9.7 26.5 0.00038 12 .4 0.31 
HL003 128 21 .3 36.0 0.0084 23.5 0.55 
D6S2704 225 20.2 35.9 0.0038 23.1 0.41 
D68265 126 26.1 49.5 0.000061 28.3 0.56 
D68510 284 26.0 45.9 0.00051 28.9 0.46 
D68478 290 32.4 40.8 0.13 30.3 0.61 
D6S2707 162 1 8.8 28.9 0.052 25.0 0.80 
D6S1683 1 92 1 5.4 23.0 0.1 1 15.1  0.92 

0

N11111ber of alleles taken into account in the ana(l'ses; 1 Not corrected for multiple testing. 

Table 4. Sex-adjusted odds ratios for risk locus in EB V-positive patients 

Locus and Genotype Controls EBV positive patients Odds ratio (95% Cl) 
D65256 

othert 57 1 1  
126 heterozygotes 40 24 2.93 (1 .26-6.84) 
126 homozygotes 7 1 1  8.25 (2.49-27.4) 
D65510 

othert 60 12  
284 heterozygotes 45 28 3.01 (1 .34-6.77) 
284 homozygotes 6 8 7.14(1 .94-26.3) 

Data are numbers of participants. 
0

95% Cl not corrected for multiple testing; 'Reference catego1y 

Table 5. Frequencies (%) ofTNFa and TNFP single-nucleotide polymorphisms 

Controls All patients EBV- positive EBV- negative 
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TNFa variant 
TNF� variant 

1 5.7 
33.3 

17.1  
29.2 

1 9.3 
29.4 

1 6.5 
29.6 
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Markers D6S2701 to D6S510, those associated with EBY-positive patients in classic 
association analysis, also showed substantial differences between EBY-positive and EBY
negative patients in the haplotype sharing statistic. However, these differences were not 
significant. A colour transformed graphical representation of haplotypes clustered around 
D6S273 of all patients and corresponding family-based controls is shown in figure 4. One 
haplotype is over-represented in patients compared with controls (the red cluster). The core 
of this haplotype is formed by markers D6S2670, D6S273, and O6S2671, with allele 
combination 220, 140, and 157, respectively. Another preserved haplotype (the blue 
cluster) showed the same frequency among patients and controls. 

For the single-nucleotide polymorphisms in TNFa and TNFP, the proportions of 
unknown alleles were I .  I%  and I .  7%, respectively, neither showing inheritance errors. 
Allele frequencies in patients did not differ from those in controls (table 5). 
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Figure 3. Significance of differences in mean haplotype sharing between palienls (all, EBV-posilive, or EBV
negalive) and con/rols for all marker loci by haplotype sharing s/alislic. Marker D6S273 shows significance 
{p<0.001). 
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Discussion 

In this genotyping study, we screened the entire HLA region in germline DNA for evidence 
of inherited susceptibility to Hodgkin's lymphoma. Microsatellite markers were used to 
reveal associations of HLA subregions with EBY-positive and EBY-negative cases of the 
disorder. Several markers located in the HLA class I subregion were significantly 
associated with Hodgkin's lymphoma in EBY-positive patients. The strongest effect was 
shown for allele 1 26 of microsatellite marker D6S265 and allele 284 of marker D6S51 0. 
Both alleles were present in nearly 50% of the haplotypes of patients with EBY-positive 
Hodgkin's lymphoma (equal in nodular-sclerosis and mixed cellularity subtypes) compared 
with about 27% of the haplotypes in patients with EBY-negative Hodgkin's lymphoma and 
controls. 

The association with HLA class I markers suggests a role for the immune system in the 
control of EBY-positive Hodgkin's lymphoma. This possibility is supported by the 
observation that Hodgkin-Reed-Sternberg cells consistently express proteins involved in 
antigen presentation and co-stimulation even though they do not express most common B
cell markers including the B-cell receptor. 1 8 1 • 1 82 In a sample of our study population, 
immunohistochemistry revealed that 1 1  (85%) of 1 3  EBY-positive patients and 15  (31%) of 
38 EBY-negative patients showed cell surface expression by Hodgkin-Reed-Sternberg cells 
of HLA class I, in accordance with results of Oudejans and colleagues. 1 83 Hodgkin- Reed
Sternberg cells and their precursors originate from transformed germinal centre B cells and 
are surrounded by an abundant lymphocytic reactive infiltrate. Because markers D6S265 
and D6S51 0  are close to the HLA-A gene, a class I gene known to present viral antigenic 
peptides, it is tempting to conclude that there is a relation between this gene and the 
occurrence of EBY-positive Hodgkin's lymphoma. However, we cannot rule out the 
possibility that another, neighbouring gene is involved or that several genes work in 
concert. 

The haplotype sharing statistic was used because this method extracts information from 
haplotypes spanning the HLA region and is therefore quite independent of classic 
association analysis. The haplotype sharing statistic is valuable in genetic studies when one 
or more disease alleles entered the population fairly recently. After introduction, the 
disease-founder haplotype including the disease allele shortens from generation to 
generation by crossing-over recombination during meiosis. Because the common ancestors 
of controls in general are expected to be older than the disease founder, crossing-over 
recombination will have affected their haplotypes more. Therefore, the mean haplotype 
sharing length among patients will be larger than that among controls. Within the putative 
haplotype, the marker showing the highest conservation (sharing) is expected to be near a 
disease susceptibility locus. 1 74' 1 75' 1 78' 1 79 

In our study population, the haplotype sharing statistic identified a haplotype with 
significantly larger sharing length in the Hodgkin's lymphoma patients than in the controls. 
The most conserved marker within this haplotype was D6S273, located in the HLA class III 
subregion. This association was present in all patients and in those with EBY-negative 
Hodgkin's lymphoma. However, we cannot conclude that there is definitely a difference 
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between EBY-negative and EBY-positive patients, because the number of haplotypes from 
EBY-positive patients was probably too small for significance to be reached (n-86, EBY
negative n=228). 

We did not correct for multiple testing because there is strong linkage disequilibrium 
over the whole region under study, so tests at consecutive markers are not independent. 
However, even when Bonferroni's correction was applied, the associations with D6S273 
(p=0.00 1 2  for all patients; p=0.0062 for EBY-negative patients), D6S265 (p-0.0074), and 
D6S5 1 0  (p=0.0 1 1 5) remained highly significant. 

The haplotype sharing statistic and classic association analysis allowed the detection of 
different associations in this study. The HLA class I I I  microsatellite marker D6S273 is 
probably located near one or more recently introduced disease alleles. In this situation, the 
haplotype sharing statistic would be expected to show more power than classic association 
analysis. For the HLA class I association, the detection by means of classic association 
analysis of significant differences from controls and EBY-negative patients with as few as 
54 EBY-positive patients is remarkable. The same region also showed a trend in haplotype 
sharing statistic analysis, although it was not significant. These results clearly show that 
application of both classic association analysis and the haplotype sharing statistic is useful, 
because the two methods extract different information from a set of genotyping data. 

We found no clear association of HLA class II with Hodgkin's lymphoma, in contrast to 
several previous reports. ' 1 8•1 2 1 - 123 Those association studies were directed solely at HLA 
class II alleles and haplotypes; however, we used screening based on microsatellites 
covering the entire region, aiming to find the most significant associations. Our approach 
might not allow the detection of small frequency differences of HLA class II gene alleles 
between patients and controls, because that depends on linkage disequilibrium between 
microsatellite markers and the HLA class II alleles. Of note, some of the microsatellite 
markers in the HLA class II region in our study showed suboptimum linkage disequilibrium 
among patients. In addition, differences in association could reflect the nature of the 
population studied. 1 1 8  

HLA class Ill microsatellite marker D6S273 is located close to the TNFa and TNF/J 
genes, the heatshock protein HSP70 gene, mismatch repair gene MSH5, and several genes 
with ill-defined function. We genotyped variants in the sequences that regulate the amount 
of expression of cytokines TN Fa and TNF�. The frequencies of these variants did not differ 
between patients and controls. This finding accords with those of several other research 
groups who analysed these variants in smaller numbers of patients with Hodgkin's 
lymphoma. 1 84- 1 86 Moreover, there was no difference between EBY-positive and EBY
negative patients. 

In conclusion, our results indicate that part of the HLA class I and part of the HLA class 
Ill region are associated with susceptibility to Hodgkin's lymphoma. The HLA class I 
association is specific for EBY-positive disease, suggesting that antigenic presentation of 
EBY derived peptides is involved in the pathogenesis of EBY-involved Hodgkin's 
lymphoma. 
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Abstract 

Previous studies showed that the HLA class I region is associated with Epstein-Barr virus 
(EBY) positive Hodgkin lymphoma (HL) and that HLA-A is the most likely candidate gene 
in this region. This suggests that antigenic presentation of EBY-derived peptides in the 
context of HLA-A is involved in the pathogenesis of EBY+ HL by precluding efficient 
immune responses. We genotyped exons 2 and 3, encoding the peptide-binding groove of 
HLA-A, for 32 single nucleotide polymorphisms in 70 EBY' and 31 EBY- HL patients and 
59 control participants. HLA-A*01 was significantly overrepresented and HLA-A*02 was 
significantly underrepresented in EBv+ HL patients versus controls and EBY- HL patients. 
In addition, HLA-A *02 status was determined by immunohistochemistry or HLA-A*02 
specific polymerase chain reaction (PCR) on 1 52 patients with EBY• HL and 322 patients 
with EBY- HL. The percentage of HLA-A *02 positive patients in the EBY+ HL group 
(35.5%) was significantly lower than in 6 107 general control participants (53.0%) and the 
EBY" HL group (50.9%). Our results indicate that individuals carrying the HLA-A*02 allele 
have a reduced risk of developing EBV• HL, while individuals carrying the HLA-A*01 
allele have an increased risk. It is known that HLA-A *02 can present EBY-derived peptides 
and can evoke an effective immune response, which may explain the protective phenotype. 
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Introduction 

It is now well established that approximately 30 to 40% of patients with Hodgkin 
lymphoma (HL) in the Western world and a far higher proportion in some developing 
regions carry the Epstein Barr Virus (EBY) in the malignant Hodgkin Reed Sternberg 
(HRS) cells. 1 87- 1 89 EBY infection is an early event in the development of HL as the viral 
genomes are found in a monoclonal form indicating that infection of tumour cells has 
occurred before their clonal expansion. 1 90 

Genetic predisposition studies in patients with sporadic and familial HL include a large 
number of significant associations with the Human Leukocyte Antigen (HLA) 
region.98• 100• 1 1 7• 1 23• 1 9 1  I t  can be speculated that HLA associations may differ between EBY+ 

and EBY- HL patients based on presentation of EBY-derived peptides. However, the vast 
majority of these association studies have not stratified HL  patients to EBY status. We have 
recently analyzed DNA samples obtained from more than 200 HL  patients and family
based control participants with a set of microsatellite markers covering the entire HLA 
region. 139 This genotyping study revealed an association with markers mapping in part of 
the HLA class I region for patients with EBY+ HL and not with patients with EBY- HL. No 
associations were identified upon stratification of the patients based on histological 
subtype. Fine screening of the associated region with single nucleotide polymorphism 
(SNP) markers using two different H L  populations (Dutch and British) demonstrated that 
HLA-A was the most likely functional candidate gene in this region. 192 This indicates that 
antigenic presentation of EBY-derived peptides in the context of HLA-A may be involved 
in the pathogenesis of EBv+ HL. 

A limited set of viral latent proteins is expressed in EBYT 

HRS cells, which differs from 
normal EBY-transformed 8 cells. This so called latency type I I  pattern includes ESNA I ,  
LMP I and LMP2, and two small EBY encoded RNAs (EBER) I and 2 .  The 
immunodominant EBNA3 is not expressed by HRS cells. 1 91 HRS cells in most patients 
with EBY

+ HL show expression of HLA class I 63 and the proteasome components as well 
as TAP I /TAP2, indicating functional HLA-A peptide presentation. Given the ability of 
CDS+ T cells to target LMP2 - and a minority of LMP I - derived peptides in healthy donors 
65•67• 1 94- 1 97, an effective cytotoxic T lymphocyte (CTL) response against EBY+ HRS cells 
can be expected. Based on our genetic screening results and the fact that certain HLA-A 
allele(s) prohibit efficient immune responses it can be hypothesized that certain HLA-A 
alleles predispose to the development of EBv+ HL. 

In this study we genotyped the exons 2 and 3 of the HLA-A gene for 32 SNPs in 70 
EBY+, 3 1  EBY- HL patients and 59 control participants. The genotyping results were 
confirmed by immunohistochemistry (IHC) using an HLA-A *02 specific antibody and a 
HLA-A*02 specific PCR on a much larger group ( 1 52 patients with EBY' HL and 322 
patients with EBY- HL). The genotyping approach is based on comparing the total number 
of alleles, taking into account the fact that homozygous genotypes have two identical alleles 
and heterozygous genotypes have two different alleles. Whereas, the HLA-A *02 specific 
IHC and PCR approaches can not discriminate between HLA-A*02 homozygous and 
heterozygous samples. Therefore, the genotyping approach has more power to detect 
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significant differences on smaller populations compared to IHC and HLA-A allele specific 
PCR approaches. 

Patients, materials, and methods 

Patients and controls 
The Dutch study population consisted of 70 EBY+ and 31 EBY- HL patients, diagnosed 
between 1 987 and 2000, and 59 family-based healthy controls, recruited from the 
Caucasian population of the Northern Netherlands and has been described previously.139 

All these samples were genotyped and 30 EBV and 29 EBY- HL patients for whom frozen 
tissue sections were available were also used for HLA-A *02 status determination by IHC. 
The frequency of HLA-A*02 positivity in 6 1 07 blood bank donors from the Northern and 
Eastern part of the Netherlands was used as a control. The HLA-A*02 frequency in the UK 
population is about 50% 198 and is comparable to the Dutch population. HLA-A*02 status 
was also determined in a UK study population recruited from Scotland and the Northern 
region of England. The UK series consisted of 4 I 5 patients of which 122 were EBV
associated, 2 19  were male, 243 were in the age range 15-34 years and 98 were aged 50 
years or over. There were 80 patients with mixed cellularity HL (MCHL) and 307 patients 
with nodular sclerosis HL (NSHL). A total of 297 of these patients were derived from the 
population-based Scotland and Newcastle epidemiological study of Hodgkin disease 
(SNEHD) study 187; the distribution of patients by age group, sex, EBY status and 
histological subtype was similar in the SNEHD patients and the overall UK patient group. 
The Dutch and U.K. population used are both relatively stable with no or less ethnic 
variation. All subjects (patients and control participants) had given written informed 
consent. The protocol was approved by both local and multi-centre research ethics 
committees in the UK and the medical ethics board of the University Medical Center 
Groningen. HLA-A*02 status was determined by IHC or HLA-A*02 specific PCR on 152 
patients with EBY+ HL and 322 patients with EBY- HL. 

HLA-A and genotype 
Exons 2 and 3, encoding the peptide binding groove of the HLA-A gene, were sequenced 
using two different methods. Seventy samples (39 patients with EBY+ HL and 31 control 
participants) were sequenced by amplification of the HLA-A gene using primer sets 
described previously. 199 PCR reactions were carried out in a final volume of 50 µI, 
containing approximately 125 ng DNA and 5 units Taq DNA polymerase (Amersham 
Pharmacia Biotech, Uppsala, Sweden), I O  mM Tris-HCI (pH 9.0), 50 mM KCI, 2.5 mM 
MgCl2, 0.2 mM dNTPs (Roche diagnostics, Mannheim, Germany), and 0.25 µM of each 
primer (Sigma, Malden, the Netherlands). Thermal cycling was performed on a PTC-225 
Thermal cycler (MJ research, Waltham, MA, USA). Step-down PCR started with 
incubation for 5 min at 95°C followed by 20 cycles of 45 sec at 94°C, 45 sec at 68°C and 4 
min at 72°C, 5 of the same cycles at an annealing temp of 67°C, and 5 cycles at 65°C. The 
final cycle ended with 20 min at 72°C. The quality and the length of the PCR products were 
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Table 1. Genotyped SNPs in HLA-A exons 2 and 3 

SNP position IMGT Amino-acid Residue 
SNP HLA database residue eosition Potential contact eosition # 

exon 2 rs1 1 36657 78 Ser 26 
rs12721675 144 Ala 48 Peptide 
rs70791 0  203 Lys/Arg 68 
rs31 73427 240 Gly 80 
rs31791 80 256 Arg/Gly 86 TCR/peptide 
rs3200132 257 Arg/Gln/Lue 86 TCR/peptide 
rs31 73426 270 Asn/Lys 90 TCR/peptide 
rs707909 271 MeWal 91 TCR/peptide 
rs12721 692 292 Asp/His 98 peptide 
rs3129019  299 Ala/GluNal 1 00 TCR 
rs32001 56 301 Asn/Asp 101 peptide 

exon 3 rs1071743 355 lle/LueNal 1 1 9  peptide 
rs3180267 362 lle/Arg 121 peptide 
rs1 1 36695 363 l ie/Met 121 peptide 
rs1 136700 385 Pro/Ser 129 
rs3179191 391 Gly/Trp 131 
rs31 73420 413  Arg/Gln 138 peptide 
rs12721717 414 Arg 1 38 peptide 
rs317341 9 418  Asp/Tyr 140 peptide 
rs1059509 453 Asn/Lys 15 1  
rs1059514 489 Ala 163 
rs1059516  497 lle/Thr 166 
rs1 059520 506 Arg/His 169 TCR 
rs92601 54 521 Val/ Ala 1 74 TCR 
rs9256983 527 AlaNal/Glu 1 76 TCR/peptide 
rs9260155 538 Lue 1 80 peptide 
rs9260156 539 Lue/Ter/Trp 1 80 peptide 
rs92601 57 545 Val/Ala 182 TCR 
rs3129018  559 Pro/Thr 1 87 TCR/peptide 
rs92601 59 560 Arg/Thr 187 TCR/peptide 
rs9260160 570 Asp/Glu 1 90 TCR 
rs309801 9  571 Gl�me 191  TCR/eeetide 

• Based on the SNP allele; # Potential con/act positions fi·om Reche 2003 and Bjorkman 1990 :oo.ini 

checked on 1 % agarose gels and products were then purified with an agarose gel extraction 
kit (Qiagen, Venlo, Netherlands). PCR products were sequenced using forward and reverse 
primers for exon 2 (F 5' CAGACGCCGAGGA TGGCC 3 ', R 5' CTCGGACCCGGAGAC-
TGT 3') and exon 3 (F 5' ACAGTCTCCGGGTCCGAG 3', R 5' GGATTCCTCTCCCT-
CAGGAC 3 ') following the standard protocol recommended for the MegaBace 1000 
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capillary sequencer (Amersham Pharmacia Biotech). Sequences were analyzed usmg 
Seqman (DNA star, Inc., Madison, USA). 

The remaining samples (3 I patients with EBY• HL, 3 I patients with EBY HL and 28 
control participants) were amplified with an HLA-A PCR/Sequencing kit according to the 
manufacturer's instructions (Atria Genetics Inc. San Francisco, USA). Exons 2 and 3 were 
sequenced following the instructions recommended for the ABI Prism 3 1 30 genetic 
analyzer (Applied Biosystems, Warrington, UK). Sequences were analyzed using the SBT 
engine program version 1 .22. 1 . 1 .425 and the IMGT/HLA database version 2. 1 2  (Genome 
Diagnostics BY, Utrecht, The Netherlands). 

Determination of HLA-A hap/otypes 
Based on HLA sequence data from the IMGT/HLA database of the international 
ImMunoGeneTics project, 1 1  SNPs in exon 2 and 2 1  SNPs in exon 3 showing different 
alleles between the three most common HLA-A types (*0 1 ,  *02 and *03) were selected 
(http://www.edi.ac.uk/imgt/hla/; table I ) . The most of these SNPs (26/32) result in non
synonymous amino acid residues. According to Reche and Reinherz (2003) and Bjorkman 
and Parham ( 1 990), 24 SNPs have potential peptide and/or T cell receptor (TCR) contact 
positions.200•20 1 Genotypes of the selected 32 SNPs discriminating between the HLA-A*0 I ,  
*02 and *03 types were determined for all samples of the Dutch study population (70 
EBY•, 3 I EBY- HL patients and 59 family-based healthy control participants). Haplotypes 
were generated based on these 32 SNPs using the 2SNP program.202 Haplotype association 
analysis was performed by comparison of the frequencies of the different haplotypes 
between patients with EBY• HL, patients with EBY- HL and control participants using the 
Fisher's exact test to assess the significance of the difference in distribution. Differences in 
frequencies per haplotype and genotype were calculated by x.2 or Fisher's exact tests. HLA
A alleles of the most frequent haplotypes on a level of two digits were determined using the 
program SCORE (version 2. I 3). This program can distinguish between all different HLA-A 
alleles and indicates if a given sequence is specific for only one HLA-A allele or not. Using 
the 32 selected SNPs we can reliably discriminate between HLA-A*0 I ,  *02 and *03 alleles. 

HLA-A *02 positivity 
HLA-A *02 status was determined by IHC or HLA-A*02 specific PCR on 1 52 patients with 
EBY+ HL and 322 patients with EBY- HL. IHC using the clone 887.2 (AbB Serotec, 
Oxford, UK) was performed on frozen tissue sections of 30 patients with EBY• HL and 29 
patients with EBY- HL from the North-Netherlands population, which identifies HLA
A *02 and the much les abundant HLA-A *28.203 HLA-A*02 PCR is specific for this specific 
HLA-A type and does not yield PCR products for other HLA-A alleles. This PCR was 
performed on 1 22 EBY+ and 293 EBV HL DNA samples from the UK. Primers, 5' labeled 
with [(2,5-Dioxo- l -pyrrolidinyl) oxo]carbonyl] -2- (6-hydroxy -3- oxo- 3H -xanthen -9- yl) 
benxoic acid (FAM), were specific for exon 2 and 3 of the HLA-A*02 gene and resulted in 
an amplicon of 8 1 3  bp.203 Primers, 5' labeled with 4, 7, 2', 4', 5', 7'-hexachloro-6-
carboxyfluorescein (HEX), specific to the p2 microglobulin gene and amplifying a 330 bp 
fragment were also included in each assay. DNA from the JY cell line, which is 
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homozygous for HLA-A*0201, was used as a positive control in each assay; a negative 
control consisting of water was included after two samples. Reactions were performed in a 
50 µI volume containing 1 x HotStarTaq Mastermix (Qiagen, Crawley, UK) and 1 .0 µM 
primers. Thermal cycling was performed using an Applied Biosystems GeneAmp PCR 
System 9700 as follows: initial denaturation at 95°C for 1 5  min; 5 cycles of 95°C for 1 min, 
65°C for 1 min, 72°C for 2 min; 25 cycles of 95°C for 1 min, 55°C for 1 min, 72°C for 2 
min; followed by a final polymerization step at 72°C for 7 min. PCR products were 
analyzed on a 3 100 Genetic Analyzer with the GS 1000 ROX marker using GeneScan 
Analysis software v3.7 (Applied Biosystems). The frequency of HLA-A*02 positivity was 
compared between patients with EBY+ HL, patients with EBY- HL and with the 6 107 
control participants using x2 tests to assess significant differences. 

Results 

HLA-A haplotypes 
Genotypes of the selected 32 SNPs discriminating between the HLA-A*01, *02 and *03 
types were determined for all sequenced samples and hap1otypes were reconstructed. The 
three most common (>5%) haplotypes explained -70% of the observed haplotype variation 
over the 32 SNP loci (table 2). The patients with EBY+ HL showed a significantly different 
haplotype frequency distribution compared to control participants and patients with EBY
HL (p-value < 0.00 1 ). One haplotype was overrepresented in the EBY1 HL patients 
(37. 1%) versus control participants (1 5.3%; p < 0.00 1 )  and EBY- HL patients ( 1 9.4%; 
p=0.0 12). The HLA-A type corresponding to this haplotype was HLA-A*0 I .  Another 
haplotype was underrepresented in the EBv+ HL patients (1 5.0%) versus control 
participants (42.4%; p < 0.00 1 )  and EBY- HL patients (30.6%; p=0.0 1 ). The HLA-A type 
corresponding to this haplotype was HLA-A*02. The third hap1otype was equally present in 
EBY+ HL patients ( 12. 1 %), control participants (9.3%) and EBY- HL patients (8. 1 %) and 
corresponded to HLA-A type HLA-A*03. Other less common haplotypes showed no 
different frequencies between patients with EBY+ HL, patients with EBY- HL and control 
participants. 

Patients with EBY+ HL were significantly more often homozygous for HLA-A*01 
compared to control participants (1 8.6% versus 1 .7%, p=0.0003 1 )  (table 3) and more often 
heterozygous for HLA-A*01 (3 1 .4% versus 1 8.6%), although this latter difference was not 
significant (p=0.097). In contrast, patients with EBV• HL were significantly less often 
homozygous for HLA-A*02 compared with control participants (I .4% versus 20.3%, 
p=0.00055) and less often heterozygous for HLA-A*02 (2 1 .4% versus 35.6%), although this 
latter difference was also not significant (p=0.074) (table 3). 
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Table 2. HLA-A haplotype frequencies 

EBV. HL Controls 
Haplotype n = 140; % n = 1 1 8; % 
HLA-A*01 37.1 1 5.3 
HLA-A*02 1 5.0 42.4 
HLA-A*03 12 . 1  9.3 

n, number of haplotypes; 11.s., no/ significant. 

EBV HL 
n = 62; % 

1 9.4 
30.6 
8.1  

p-value EBV+ HL versus 
controls EBV HL 
8.8 1 0·5 0.012 
9.4 1 0"7 0.010 

n.s. n.s. 

Table 3. Genotype frequencies in EB V HL patients and control participants 

EBV. HL Controls P-value EBV° HL 
Genotype n = 70 n = 59 versus controls t 
HLA-A*01/*01 1 8.6% (13) 1 .7 % (1 )  0.00031 
HLA-A*02/*02 1 .4 % (1 )  20.3 % ( 12) 0.00055 
HLA-A*01/*02 5.7 % (4) 8.5 % (5) 0.73 
HLA-A*01I*# 31 .4 % (22) 1 8.6 % (1 1 )  0.097 
HLA-A*02I*# 2 1 .4 % ( 15) 35.6 % (21 ) 0.074 
HLA-A*#I*# 2 1 .4 % (1 5) 1 2.9 % (9) 0.37 

#, allele other than •01 and *02; 11, 1111mber ofindivid11als; 'compared lo all other genotypes. 

HLA-A *02 positivity 
Determination of the HLA-A *02 status by IHC or HLA-A *02 specific PCR showed that 
35.5% of the patients with EBY+ HL (n= l 52) and 50.9% of the patients with EBY- HL 
(n=322) were HLA-A *02 positive (p=0.0013). The percentage of HLA-A*02 positive 
samples in the 6107 control samples was 53.0%, which is significantly different from the 
percentage in EBY+ HL patients (p < =0.00 I ;  table 4). 

Thirty patients with EBY+ HL and 29 patients with EBY- HL were analyzed with both 
IHC and SNP genotyping. All samples positive for HLA-A *02 by IHC were either 
homozygous or heterozygous for HLA-A*02 by genotyping and all HLA-A *02 negative 
IHC samples carried no HLA-A*02 haplotype. This indicates that results obtained using the 
two methods are consistent. 

Table 4. HLA-A *02 status 

EBV° HL Controls EBV HL 
p-value EBV+ HL versus 

controls EBV HL 

IHC and HLA- n 152 6107 322 
A*02 specific HLA-A*02 PCR 

positive 35.5 %  53.0 % 50.9 % 8.6 10.(j 0.0013 

11, number of individuals. 

76 



HLA-A type and EBV involved cHL 

Discussion 

In a previous study a genetic association was found with the HLA class I region, including 
the HLA-A gene, and EBY+ HL. 1 39• 192 In this study the HLA-A gene was analyzed for 
association with EBY ... HL. The results confirmed an association; HLA-A*02 was 
underrepresented in EBY+ HL patients ( 1 5%) and HLA-A*0I was overrepresented in EBY+ 

HL patients (37. 1 %). HLA-A*03 and other HLA-A alleles occurred at similar frequencies in 
patients with EBY" HL, patients with EBY- HL and control participants. 

HLA-A *02 can present various immunogenic EBY-derived peptides of the latency type 
II antigens 65•66• 1 95- 1 97•204 and can mediate a cellular immune response.205 A possible 
protective effect of HLA-A *02 was proposed many years ago by Poppema et al. 206 and 
Bryden et al 203 Poppema et al. used IHC and studied a relatively small group of EBY ... HL 
patients. They found no difference in the number of HLA-A *02 positive samples between 
EBY" HL patients ( 1 0  of 1 9) and EBY- HL patients (25 of 53). Bryden et al. used flow 
cytometry and HLA-A*02 specific PCR and showed that patients with EBY+ HL were less 
likely to be HLA-A*02 positive ( 1 4  [40%] of 35) compared with patients with EBY- HL 
(52 [54%] of 97), but this difference was not significant. Nevertheless, on the basis of our 
genotyping data the HLA-A*02 allele frequency is significantly different between EBY" HL 
patients ( 1 5.0%), control participants (42.4%) and EBY- HL patients (30.6%). In addition to 
genotyping, we analyzed HLA-A*02 positivity by use of IHC and HLA-A*02 specific PCR 
on a much larger group ( 1 22 patients with EBY+ HL and 293 patients with EBY- H L). The 
percentage of HLA-A*02 positive samples was significantly decreased in patients with 
EBY+ HL (35.5%) compared to patients with EBY- HL (50.9%), which confirmed our 
genotyping results. This suggests that the sample groups studied by Poppema et al. and 
Bryden et al. were probably too small to reveal a significant difference. Moreover, this 
study demonstrates that the genotyping approach has more power to detect significant 
differences on small populations (70 EBY\ 3 1  EBY- HL patients and 59 control 
participants) compared to IHC and HLA-A*02 specific PCR approaches. In particular, the 
genotyping data showed a significantly decreased number of individuals homozygous for 
HLA-A*02 in the EBY+ HL group compared to the control group, while IHC and HLA
A*02 specific PCR approaches can not discriminate between HLA-A*02 homozygous and 
heterozygous samples. 

According to our genotyping results, the HLA-A*0l allele frequency is significantly 
higher in the EBY+ HL patient group and these patients are more often homozygous for 
HLA-A*0l compared to control participants ( 1 8.6% versus 1 .7%). However, we have to be 
aware that the population used for genotyping is relatively small, though, our previous 
study showing a haplotype association (based on SNPs nearby the HLA-A gene) with EBY+ 

HL also revealed a significantly different frequency of homozygous genotypes comparing 
EBY" HL patients and control participants 192, supporting our current data. Moreover, 
individuals homozygous for HLA-A*0 I are also homozygous for the risk alleles of the two 
SNPs flanking the associated haplotype (rs2530388 and rs64571 1 0) as observed in our 
previous study. Together these data confirm the results of this study that patients with 
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EBY• HL are significantly more often homozygous for HLA-A*0l and less often 
homozygous for HLA-A*02 compared to control participants. 

Many years ago Hafez et al. ( 1 985) reported a significantly higher frequency of HLA
A *0 1 in HL patients (53 .8%) compared to normal control participants ( 1 6.2%) in the 
Egyptian population. 1 1 4 The relative risk showed that persons carrying HLA-A *0 1 were six 
times more susceptible than those lacking it. These data were supported by Falk and Osoba 
( 1 97 1 )  who also reported an increased incidence of HLA-A*0 I in Canadian HL patients.207 

Unfortunately, the EBY status of the HL patients in the above studies is not known. 
However, Falk and Osoba reported significantly more HLA-A*0I in patients with MCHL 
(57.6%) compared with those with NSHL (29.3%), which might indicate that EBY is 
involved since MCHL cases are more likely to be EBY• than NSHL cases.89 These studies 
support a potential general character for the genetic association with HLA-A as observed in 
our study, but this needs to be confirmed in other ethnic populations. 

H LA-A *0 I and HLA-A *02 show different amino acids at most of the positions 
corresponding to the 32 SNPs that were analyzed. According to studies of Bjorkman and 
Parham ( 1 990) and Reche and Reinherz (2003 ), 1 9  of these 32 SNPs are located at potential 
peptide binding positions and 1 3  SNPs are positioned at potential TCR binding sites. 200•201 

Binding of EBY-derived peptides to the HLA-A molecule is based on the amino acid 
residues at the binding positions, which are different for HLA-A *0 1 and HLA-A *02. It is 
known that HLA-A *02 can present EBY-derived peptides of the EBY latency type I I  
genes. However, reports on HLA-A *0 1 are rare 208, which might suggest that EBY specific 
immune responses by HLA-A *0 I are not commonly observed. In addition, to identify and 
compare potential HLA-A *02 and HLA-A *0 I restricted epitopes within latency type II 
EBY-antigens, we analyzed the amino acid sequences by a computer program designed to 
predict HLA-binding peptides, based on an estimation of the half-time dissociation of the 
HLA-peptide complex (SIMAS, http://bimas.dcrt.nih.gov/molbio/hla _ bind/index.html). 
This analysis revealed that HLA-A *02 binds peptides with high half-time dissociation 
scores (Highest 1 0  results varied between 44 1 and 25,7 1 4) and HLA-A*0l binds peptides 
with very low half-time dissociation scores (Highest 1 0  results varied between 0.9 and 2.5). 
These data support the idea that the HLA-A*0l allele can not present high immunogenic 
EBY-derived peptides. Since the HLA system is codominant (both alleles are expressed), 
we suggest that individuals carrying HLA-A*02 are able to present immunogenic EBY
derived peptides, while individuals carrying only HLA-A*0l are either not able to present 
immunogenic peptides or only present EBY-derived peptides of low immunogenicity. 
Consequently, HLA-A*0l positive individuals can most likely not evoke an efficient CTL 
response. Based on our genotyping data we can conclude that HLA-A*0I positive 
individuals are more susceptible to EBY+ HL, whereas HLA-A*02 positive individuals have 
a diminished risk of developing EBY+ HL. 

In most patients with EBY+ HL, the HRS cells show expression of HLA class I in the 
diagnostic lymph node biopsy.6 1 -63 This is confirmed in our HL population, in which 7 1 % 
of the patients with EBY+ HL showed membranous HLA class I expression compared to 
1 4% in patients with EBY- HL. Diepstra et al. analyzed the SNPs nearby the HLA-A gene 1 92 

for association with membranous HLA class I expression in HRS cells and observed similar 
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allele frequencies in patients with EBY+ HL with and without HLA class I expression. This 
indicates that the genetic association with EBY is stronger than the genetic association with 
positive membranous HLA class I staining on the HRS cells (Diepstra et al, manuscript in 
preparation). Apparently, antigen presentation (of EBY antigenic peptides) in the context of 
HLA-A is important especially in early disease pathogenesis. At a later stage in the 
development of EBY+ HL, HLA class I expression may be lost. Malignant transformation 
and tumor progression are frequently reported to be associated with loss of HLA class I 
expression in different tumor types.209 

Another possibility is that HLA-A*0I alleles predispose to increased frequency of non
neoplastic EBY-infected B cells due to impaired immune surveillance. A high level of 
EBY-infected peripheral blood cells may increase the change of developing EBY+ HL. 
Gallagher et al. reported that EBY-DNA was more frequently detected in serum from 
patients with EBY+ HL than patients with EBY- HL.2 1° Furthermore, Khan et al. showed an 
increased frequency of EBY-infected circulating memory B cells in pre-treatment samples 
of patients with EBY+ HL versus patients with EBY- HL. They argued that elevated levels 
of EBY-infected B cells within the peripheral blood is a risk factor for developing EBY+ 

HL. 160 
Based on the functional link of HLA-A alleles in the context of presentation of EBY 

derived peptides this gene represents the most likely causal association with EBY+ HL. 
However, the associated HLA class I region also includes 9 pseudogenes and the protein 
coding HCG9 gene. 1 92 It can not be excluded that other disease-influencing variations are 
present in the associated HLA class I region. In conclusion, individuals carrying HLA-A*02 
have a diminished risk of developing EBY' HL, while in particular individuals carrying the 
HLA-A*0I haplotype homozygously are more susceptible to developing EBY+ HL. 
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Abstract 

Classical Hodgkin lymphoma (cHL) is characterized by the presence of an abundant 
reactive infiltrate, lacking effective cytotoxic responses. Especially in Epstein Barr virus 
(EBY) negative cHL, the neoplastic Hodgkin Reed-Sternberg (HRS) cells have lost protein 
expression of HLA class I, enabling escape from cytotoxic T cell (CTL) responses. 
However, downregulation of HLA class I generally induces NK cell activation. The paucity 
of NK cells in the reactive infiltrate of cHL and the systemic NK cell deficiency observed 
in cHL patients led us to investigate expression of HLA-G, which is known to inhibit NK 
cell and CTL mediated cytotoxicity. By immunohistochemistry, HLA-G protein was 
expressed by HRS cells in 54% (95/1 75) of cHL cases. This expression was associated with 
absence of HLA class I (P<0.00 1 )  and EBY negative status (P<0.001). We also observed 
frequent presence of HLA-G in primary mediastinal B cell lymphoma (8/9) and diffuse 
large B cell lymphoma ( 12/ 1 8). Previously, genetic markers located in the proximity of the 
HLA-A and HLA-G gene had been shown to associate with susceptibility to EBY positive 
cHL. In the present study, these markers associated with HLA class I protein expression, 
but not with presence of HLA-G. Our results suggest that induction of HLA-G protein 
expression in HRS cells contributes to the modulation of immune responses observed in 
cHL. 
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Introduction 

Classical Hodgkin lymphoma (cHL) is characterized by typical Hodgkin Reed-Sternberg 
(HRS) cells surrounded by an abundant T lymphocyte rich inflammatory infiltrate. HRS 
cells originate from transformed B-cells and harbor monoclonal Epstein Barr virus (EBY) 
genomes in a substantial number of cases. 1 26 In these cases EBY is considered to be a 
transforming agent. At the time of diagnosis, HRS cells have virtually lost their B cell 
identity since they show no or strongly reduced expression of many common B-cell 
markers (slg, CD I 9, CD20, CD22, CD79a) and B-cell transcription factors (Bob-I ,  Oct-2, 
PU. I ,  PAX-5).9•2 1 1 However, protein expression of HLA and co-stimulatory molecules is 
retained in many cases and HRS cells should be able to function as antigen presenting 
cells.87•2 1 1 HLA restricted presentation of antigenic peptides related to malignant 
transformation, including EBY derived antigenic peptides, potentially subjects HRS cells to 
cytotoxic killing.63 In particular, EBY specific cytotoxic T lymphocyte (CTL) precursors 
are present in the peripheral blood of patients with EBY positive cHL.65•2 1 2•2 1 3  

One immune evasion strategy that is employed by the HRS cells is to downregulate 
protein expression of the classical HLA class I proteins HLA-A, B and C (referred to as 
HLA Ia).2 1 4 This strategy is employed in both EBY positive and EBY negative cHL in 
about 20% and 80% of primary cases respectively.6 1 -63 However, downregulation of HLA 
la generally leads to activation of natural killer (NK) cells because communication through 
HLA la specific inhibitory receptors on the NK cells is lacking.2 15  Remarkably, NK cells 
are conspicuously scarce in the reactive infiltrate of cHL and are usually not detected in the 
near vicinity of HRS cells, suggesting that they are locally inhibited.63•2 1 6  In addition, in the 
peripheral blood of cHL patients there is an NK cell deficiency both in number and 
function. 2 1 7·2 1 9 

Expression of HLA-G has been implicated as a way of evading NK cell and CTL 
mediated cytotoxic responses.220·222 HLA-G is a non-classical HLA class I gene (referred to 
as HLA lb) that is highly homologous to the classical HLA la genes, but has some unique 
characteristics. Its expression is tightly regulated and physiologically occurs in thymic 
medullary epithelium, extravillous trophoblast, amniochorion, amniotic fluid, oocytes and 
the preimplantation embryo in human.223 It is involved in the establishment of maternal
fetal tolerance.224-226 HLA-G is a ligand for inhibitory receptors IL T2 and ILT4 that are 
present on NK cells and subsets of T lymphocytes, dendritic cells, monocytes and 
macrophages.227 In addition, HLA-G can stabilize the cell surface expression of another 
HLA lb molecule, HLA-E, that reacts with inhibitory receptor CD94/NKG2A on NK cells 
and a subset of CD8 positive T lymphocytes.228-230 Another HLA-G receptor is the killer lg
like receptor KIR2DL4 (p49) that is present on all NK cells.23 1  Alternative splicing of 
primary HLA-G transcripts generates either membrane bound or soluble isoforms.232 It has 
been shown that antigen presenting cells expressing membranous HLA-G can induce 
regulatory T cells in freshly isolated peripheral blood mononuclear cells in vitro.233 In  
addition, soluble HLA-G induces regulatory T cells in an antigen nonspecific fashion.234 

Regulatory T cells can inhibit CTL responses and are present in large numbers in the 
reactive infiltrate ofcHL.3 1 •32 
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Because of its immunomodulatory properties, HLA-G expression has been studied in a 
large number of solid and some haematopoietic malignancies.235"238 By immunohisto
chemistry and tlowcytometry, expression of HLA-G protein has been shown for cutaneous 
lymphomas, chronic lymphocytic leukaemia and diffuse large B-cell lymphoma.239-242 In 
addition, plasma levels of soluble HLA-G are increased in chronic lymphocytic leukemia 
and some B and T-cell Non-Hodgkin lymphomas and leukemias. 240•24 1 •243•244 

The HLA-G gene is located in the HLA class I region on the short arm of chromosome 
6. Of interest, a large number of genetic associations of the HLA class I region with the 
occurrence of Hodgkin lymphoma have been reported.191 I n  a retrospective population 
based genotyping study we previously found that part of the HLA class I region is 
associated specifically with EBV positive cHL. 1 39 The associated region contains the HLA
A gene, whereas the HLA-G gene is located fairly close, at approximately I 15kb. 

The aim of this study is to determine immunohistochemical expression of HLA-G in 
primary Hodgkin lymphoma and to relate this protein expression to EBV status and 
presence of HLA Ia. In addition, the genetic association of part of the HLA class I region 
that is associated with EBY positive cHL, is related to expression of HLA Ia and HLA-G 
proteins. 
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Figure 1. Genetic markers in part of the HLA class I region. The HLA class I region is located on 6p21.3 and its 
telomeric end coll/ains the HLA-A, HLA-G and HLA-F genes. The genetic markers used in this study consisted of 
microsatellite markers (beginning with D6S) and single nucleotide po�l'/no,phisms (beginning with rs). The 
asterisk (*) indicates markers that are associated specifically with EBV positive cHL. 139·191 

Methods 

Patients and tissue 
I 75 cHL patients diagnosed between 1 987 and 2000 in the northern Netherlands, who 
participated in a prior retrospective population based genotyping study, were included. 1 39 

The male to female ratio was 1 . 19: 1  and the median age was 31  years (1 2-75). Paraffin
embedded primary Hodgkin lymphoma affected lymph node tissue was retrieved from all 
six pathology departments in the northern region of the Netherlands (University Medical 
Center, Groningen; Martini Hospital, Groningen; Sazinon Hospital, Winschoten; Bethesda 
Hospital, Hoogeveen; Laboratory of Public Health Friesland, Leeuwarden and lsala 
Hospital, Zwolle). Hodgkin lymphoma subtype was determined according to the WHO 
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classification and consisted of classical subtypes nodular sclerosis (85%), mixed cellularity 
(1 0%), lymphocyte rich (3%) and not otherwise specified (2%). The lymphocyte depleted 
subtype was not represented. Ten cases of the non-classical, nodular lymphocyte predomi
nant subtype were analyzed separately. In addition, we tested various Non Hodgkin 
lymphomas. Placental membranes and placental parenchyma were used as positive controls 
for immunohistochemical analysis. The study was approved by the medical ethics board of 
the University Medical Center Groningen and was in accordance with Dutch medical 
ethical guidelines. 

lmmunohistochemistry 
Formalin-fixed paraffin-embedded 4 µm thick tissue sections were deparaffinized with 
xylene and rehydrated in a graded ethanol series. Microwave antigen retrieval was 
performed in 10 mM Tris (tris(hydroxymethyl)aminomethane) I 1 mM EDTA 
(ethylenediaminetetraacetic acid) at pH 9.0. Endogenous peroxidase was blocked before 
incubation with the primary antibody in I% bovine serum albumin (BSA)/phosphate 
buffered saline (PBS). MEM-G/1 monoclonal antibody (mAb, Abeam Limited, Cambridge, 
UK) was used to detect all denatured free heavy chains of HLA-G isoforms in paraffin
embedded sections and was diluted 1 : 100.245•246 To visualize HLA la expression HCI 0  
mAb specifically recognizing HLA-B and HLA-C (kindly provided by Dr. J. Neefjes, the 
Netherlands Cancer Institute, Amsterdam) was used (I :500). In addition, we used a rabbit 
anti human polyclonal antibody to /3rmicroglobulin (DAKO, Glostrup, Denmark; I :200). 
HCI0  and /3rmicroglobulin antibodies were detected by secondary and tertiary peroxidase 
conjugated antibodies in normal serum and subsequently stained by diaminobenzidine 
(DAB). The alkaline phosphatase-anti alkaline phosphatase technique (APAAP) with Fast 
Red substrate (DAKO) was used for MEM-G/1 .247 

Sections stained for HLA la and /3rmicroglobulin were only scored when the internal 
positive control (lymphocytes) showed consistent staining and when at least 50 HRS cells 
were present for evaluation. Membranous staining of HRS cells was scored positive if there 
was accentuation relative to the surrounding lymphocytes or when present in between 
adjacent HRS cells. Lack of membranous staining between adjacent HRS cells was denoted 
as negative. In cases with both negative and positive staining, the predominant staining 
pattern (>50%) determined the score. HLA-G staining was scored positive when at least 
50% of neoplastic cells showed staining stronger than occasional positive bystander cells. 
EBY status was assessed by in situ hybridization for EBY encoded small RNAs 
(EBERs).248 

Genotypes 
We studied allele frequencies of four microsatellite markers (D6S265, D6S5 I 0, D6S478 
and D6S2707) and three single nucleotide polymorphisms (SNPs rs4 7 I 3276, rs2523972 
and rs6457 1 I 0) mapping in a small part of the HLA class I region that is associated with 
EBY positive cHL (Figure I ). D6S265 and D6S5 10  were identified amongst 35 
microsatellite markers in a screening analysis of the entire HLA region in cHL patients. 139 

The three SNPs were selected from the subsequent fine screening analysis of the associated 
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region, showing a slightly stronger association with EBY pos1t1ve cHL than the two 
microsatellite markers. 1 92 In this paper, these five markers will collectively be referred to as 
the "susceptibility" markers. All of the susceptibility alleles are located on the same 
haplotype, with allele A of SNP rs2523972 showing the strongest association. 192 The allele 
frequencies of two microsatellite markers flanking the HLA-G gene (D6S478 and 
D6S2707) were also compared between HLA-G positive and HLA-G negative cases. HLA 
Ia and HLA-G immunohistochemistry results were related to the frequencies of these 
susceptibility alleles. Controls (n=348) consisted mainly of first degree family members 
(parents or spouse and child). 

Statistical analyses 
Statistical analysis was performed by Pearson x2 test or Fisher's exact test when 
appropriate. Odds ratios and their 95% CI were calculated by logistic regression with 
adjustment for age and sex. P values less than 0.05 were considered to be significant. SPSS 
statistical software version 1 1 .0 (SPSS Inc., Chicago, IL) was used. 

Table 1 .  HLA-G immzmoreactivity in Hodgkin ly111pho111a and control tissues 

Tissue 

Classical Hodgkin lymphoma 
Nodular sclerosis 
Mixed cellularity 
Lymphocyte rich 
Classical not otheiwise specified 

Non-classical Hodgkin lymphoma (NLP) 
Follicular lymphoma grade 1-11 (n=5) and grade I l l  
Diffuse large B-cell lymphoma, nodal 
Diffuse large B-cell lymphoma, extranodal 
Primary mediastinal B-cell lymphoma 
T-cell rich B-cell lymphoma 
Mantle cell lymphoma 
Burkitt lymphoma 
Primary cutaneous anaplastic large cell lymphoma 
Systemic anaplastic large cell lymphoma ALK
Systemic anaplastic large cell lymphoma ALK+ 

HLA-G positive 

9511 75 
881149 

4118 
215 
113 

1 1 10  
0112 
6112 
616 
819 
012 
015 
013 
212 
012 
1 11 

NLP. nodular lymphocyte predominant s11b�1pe; • HLA la expression in I of9 cases (this CG\'e was also HLA-G 
positive). 
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Results 

HLA-G immunohistochemistry 
Overall, HLA-G immunoreactivity was shown in HRS cells in 54% (95/175) of cHL cases 
(Figure 2). The staining was diffusely cytoplasmic, without clear accentuation of the HRS 
cell membrane. In some cases with HLA-G positive HRS cells, there was occasional very 
weak staining in nearby histiocytes and lymphocytes. The rest of the tissue (including 
eosinophils, plasma cells, stromal components and vascular structures) did not show HLA
G immunoreactivity. In the non-classical nodular lymphocyte predominant subtype, 
neoplastic cells showed HLA-G protein expression in I of I O  cases. HLA-G staining results 
in Non Hodgkin lymphomas are shown in Table I .  HLA-G protein expression was present 
in primary mediastinal B cell lymphoma, diffuse large B cell lymphoma and anaplastic 
large cell lymphoma. We did not detect HLA-G in a small number of follicular lymphomas, 
mantle cell lymphomas, T eel rich B cell lymphomas and Burkitt lymphomas. 

HLA-G in relation to HLA Ia and EBV 
Nuclear EBER positivity was present in 30% (52/175) of cHL cases. HC I O  and Pr 

microglobulin staining results were concordant in all but three cHL cases (Figure 2). In 
these cases strong membranous Prmicroglobulin staining was present in the absence of cell 
surface HC J O  immunoreactivity. Since the HC I O  mAb does not detect HLA-A, these cases 
were considered to be HLA la  positive. The intensity of HLA Ia and Prmicroglobulin 
membranous staining was particularly prominent in EBV positive cases. In 27 cases HLA 
la  status could not be determined because of lack of material. Membranous HLA Ia 
expression was 71 % for EBV positive and 14% for EBV negative cHL patients. H LA-G 
protein expression was compared to absence of HLA Ia expression and absence of EBV 
(Table 2).There was a strong association between positive HLA-G status and absence of 
HLA la (70/105; p<0.001) and between positive HLA-G status and absence of EBV 
(80/123; p<0.00 I ). HLA-G protein expression was most common in the nodular sclerosis 
subtype (59%) and infrequent in the mixed cellularity subtype (22%). 

In the I 05 cases without membranous HLA Ia or Prmicroglobulin staining we scored 
cytoplasmic staining of these proteins in HRS cells. There were 55 cases without any 
staining at all (52%), 40 cases with only Prmicroglobulin (38%), nine cases with only 
HLA Ia (9%) and one case with both HLA la and Prmicroglobulin cytoplasmic 
immunoreactivity ( I %). 
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Table 2. Correlations between HLA-G and EB V, HLA la and subtype in cHL 

HLA-G 
positive negative p-value 

EBV 

positive 1 5  (9%) 37 (21 %) 
negative 80 (46%) 43 (24%) 

<0.001 

HLA la 
positive 1 5  ( 10%) 28 (1 9%) 
negative 70 (47%) 35 (24%) 

<0.001 

unknown 1 0  1 7  
Subtype 

nodular sclerosis 88 (50%) 61 (35%) 
mixed cellularity 4 (2%) 14 (8%) 
lymphocyte rich 2 ( 1%) 3 (2%) 

I o.005t 

o.009t 

classical NOS 1 (1 %) 2 (1%) 

HLA-G expression is most strongly associated with absence of cell surface HLA la. NOS, not otherwise specified; 
'x

l test for independence; 1Fisher's exact test for independence. 

Table 3. Frequencies of susceptibility allele A of SNP rs2523972 in subgroups 

haplotypes allele p OR heterozygotet OR homozygotet 

(n) fre9uenc� value 
controls 297 50.0 % 

EBV 161  74.8 % positive 2.8 1 0·7 4.56 (1 .62-12.86) 9.50 (3.39-26.62) 
EBV 

negative 254 49.4 % 

HLA la 1 1 8  70.3 % positive 7.8 1 04 2.59 (0.93-7. 1 9) 4.68 (1 .70-12.87) HLA la 
negative 206 51 .2 % 

HLA la 87 76.4 % 
EBV positive 0.74 positive HLA la 34 73.5 % negative 

HLA-G 1 72 57.3 % positive 0.48 HLA-G 1 50 53.3 % negative 

Differences in allele ji-equencies were similar in D6S265, D6S510 and the two other SNPs (rs4713276 and 
rs6457 I 10). ·1 test for independence, 'age and sex adjusted odds ratio wit/, 95% confidence interval. The odds 
ratio indicates the likelihood that a patient having the susceptibility allele (heterozygous or homozygous) has EBV 
positive or HLA la positive disease and is compared to patients without the susceptibility allele. 
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Figure 2. HLA-G, HLA Ia and /32-microglobulin immunoreactivity. Immunohistochemis/lJ' results on formalin
fixed paraffin-embedded tissue sections of prima,y cHL cases. HRS cells are scallered within a (vmphocyte rich 
infiltrate and can be recognized as large cells with one or two nuclei, each with a large nucleolus. 
(A) HLA-G (MEM-G/1) in placental extravillous cytotroplwblast as a positive control. (8) HLA-G (MEM-GII) 
protein expression in the HRS cells. There is ve1J• weak staining a/some (vmphocytes. (C and E) Positive HLA Ia 
and /32-microglobulin immunoreactivi(v. Note accentuation of the HRS cell s111face relative to the surrounding 
lymphocytes and membranous staining ill between adjacent HRS cells. (D and F) lack of HLA Ia and /32-
microglobulin protein expression in HRS cells. Original magnifications x 630. 
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Genotypes i11 re/atio11 to EBV, HLA Ia and HLA-G 
The frequencies of susceptibility alleles of the two microsatellite markers and the three 
SNPs were studied in relation to different subgroups based on EBY, HLA Ia and HLA-G 
status. Differences in susceptibility allele frequencies were comparable between the 
different markers, since they are located on the same disease susceptibility haplotype. 
Therefore, only the results of susceptibility allele A of SNP rs2523972 are shown here 
(Table 3). This allele is most strongly associated with EBY positive HL (p-2.8 I 0-7) and to 
a lesser extent with HLA Ia positive HL (p=7.8 I 0-4). Sex and age adjusted odds ratios were 
higher for homozygotes compared to heterozygotes, suggesting a codominant effect. In the 
EBY positive subgroup there was no difference in allele frequency between HLA Ia 
positive versus negative patients, indicating that the genetic susceptibility is also present in 
EBY positive, HLA Ia negative cases. Allele frequencies of all tested microsatellite 
markers and SNPs, including the markers flanking the HLA-G gene, were comparable 
between HLA-G positive and HLA-G negative cases. 

Discussion 

In this population based study we show that protein expression of HLA-G by HRS cells of 
cHL is common at primary diagnosis. This expression is associated with lack of EBY and 
absence of cell surface expression of HLA la on HRS cells. In addition, we show that 
disease susceptibility alleles in the HLA class I region are more strongly related to EBY 
status than to HLA la protein expression. These alleles are not associated with expression 
of HLA-G protein. 

We detected physiological expression of HLA-G protein in extravillous cytotrophoblast 
and amniochorion. Ectopic protein expression was confirmed in cutaneous anaplastic large 
cell lymphoma and diffuse large B-cell lymphoma.239•24 1 Here we report for the first time 
expression of HLA-G protein by the HRS cells in diagnostic lymph node specimens in 54% 
of cHL cases and in 8 out of 9 primary mediastinal B cell lymphomas (PMBL). 
Interestingly, PMBL shows some remarkable similarities to cHL, especially to the nodular 
sclerosis (NSHL) subtype. Like PMBL, NSHL is often EBY negative, frequently involves 
the mediastinum and shows a predilection for young adult females. Moreover, gene 
expression profiling of PMBL differs from that of other diffuse large B cell lymphomas and 
shares features with cHL.249•250 Indeed, some mediastinal tumours show intermediate 
histology between PMBL and NSHL. The frequent downregulation of HLA Ia251  and 
protein expression of HLA-G in cHL as well as in PMBL also supports the concept that 
both entities are closely related. 

In contrast to cHL, in nodular lymphocyte predominant HL only I out of 1 0  cases 
showed HLA-G immunoreactivity. This non-classical subtype is considered to be a 
different disease entity as the neoplastic cells show a different immunophenotype, no 
association with EBY and a more indolent clinical course compared to cHL.252 We did not 
find HLA-G protein expressing cases in the B-cell derived lymphoma entities follicular 
lymphoma, mantle cell lymphoma, Burkitt lymphoma and T-cell rich B-cell lymphoma; 
however the number of studied cases was too small to draw firm conclusions. 

90 



HLA-G in cHL 

In our cHL cases cell surface expression of HLA Ia was 71  % for EBV positive and 1 4% 
for EBV negative cHL patients, comparable to the results of Oudejans et al. (92% vs. 13%), 
Lee et al. (75% vs. 29%) and Murray et al. (76% vs. 19%).6 1 -63 We used both J3r 
microglobulin and HCI0  mAbs to determine HLA Ia expression, since HCI 0  does not 
detect HLA-A. The staining results were highly concordant and only three cases strongly 
expressed cell surface 132-microglobulin without HC IO  immunoreactivity. Accordingly, 
HLA-A is usually expressed simultaneously with HLA-B and HLA-C and these genes have 
similar regulatory promotor elements.253 It should be noted that HLA-G also associates with 
J3rmicroglobulin and we did notice some weak staining in HLA-G positive HLA Ia  
negative cases. Of the three cases with strong cell surface lh-microglobulin expression in 
the absence of HCJ 0  immunoreactivity, only one case expressed HLA-G protein. We 
considered these three cases HLA Ia positive. 

We related the protein expression of HLA-G with susceptibility alleles in the HLA la 
region that are associated with EBV positive cHL. 1 92 Although these alleles are located 
close to the HLA-G gene, we did not find an association with expression of HLA-G protein. 
The microsatellite markers flanking the HLA-G gene did not show an association with the 
protein expression of HLA-G either. However, we did find an association between the 
susceptibility alleles and expression of HLA Ia protein. We propose that these alleles are 
associated with polymorphisms in the HLA-A gene that determine the specificity of its 
antigen binding groove and the quality of antigen presentation. 1 92 This would explain 
selective downregulation of cell surface expression of HLA-A and the other HLA Ia 
proteins driven by cytotoxic immune responses. The mechanisms involved in this down
regulation are diverse as some cases in our study had no HLA Ia and J3z-microglobulin 
protein expression at all, while other cases showed only cytoplasmic staining of HLA Ia, 
J3rmicroglobulin or both. 

Importantly, the association of susceptibility alleles with expression of HLA Ia protein 
was weaker than the association with EBV status. Apparently, antigen presentation ( of 
EBV antigenic peptides) in the context of HLA-A is important especially in early disease 
pathogenesis. At a later stage in the development of EBV positive cHL, HLA la expression 
may be lost, presumably driven by continuous EBV specific cytotoxic responses or the 
occurrence of antigenic peptides related to malignant transformation.6 1 •63•65•2 1 2-2 14  Accor
dingly, within the group of EBV positive cHL cases, both surface HLA Ia positive and 
negative cases were associated with the susceptibility alleles in our study. 

We observed cytoplasmic HLA-G staining of tumor cells in cHL and non Hodgkin 
lymphomas. The MEM-G/ 1 mAb only detects free HLA-G heavy chains that have not 
associated with J3z-microglobulin yet, thus localization of staining in the cytoplasm does not 
preclude presence of membrane bound HLA-G. The properties of soluble and membrane 
bound HLA-G proteins are different, but in general both are regarded as being 
immunosuppressive. It should be noted that recently the effect of soluble HLA-G on NK 
cells has met some controversy. It has been reported that ligation of soluble HLA-G to one 
of its receptors KIR2DL4 triggers endocytosis and activation ofNK cell responses; whereas 
membrane bound HLA-G does not have this effect.254•255 However, functional studies 
showed that soluble HLA-G can induce apoptosis in NK cells and can inhibit NK cell 
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cytotoxicity.212.256 Because HRS cells in most cases in our study were HLA Ia negative and 
HLA-G positive, a role ofHLA-G in inhibiting NK cell function is supported. 

However, we also observed cases that were positive for both HLA Ia and HLA-G. In 
these cases HLA-G may inhibit CTLs and CD4 lymphocyte mediated antitumor responses 
as has been shown in an HLA Ia positive glioma cell line.237 HRS cells secrete the 
immunosuppressive cytokine ILI 0, with the highest amounts in EBY positive cases.43 ILIO 
induces expression of HLA-G and because EBY positive HRS cells usually express HLA 
Ia, this may lead to co-expression of HLA Ia and HLA-G.239 ILI 0  may also account for the 
occasional weak HLA-G staining of histiocytes and lymphocytes surrounding HRS cells 
that we observed. Alternatively, HLA-G expression in HLA la positive HRS cells may be 
related to nutrient deficiency or hypoxia.257•258 In conclusion, expression of HLA-G protein 
by HRS cells is common and is a potential immune escape mechanism in subsets of EBY 
positive and EBY negative cHL. 
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Abstract 

Purpose 
The neoplastic Hodgkin Reed-Sternberg (HRS) cells in classical Hodgkin's lymphoma 
(cHL) are derived from B cells. The frequency of HLA class I I  downregulation and its 
effect on prognosis are unknown. 

Patients and Methods 
Immunohistochemistry results for HLA class I I  were evaluated in 292 primary cHL patients 
in a population based approach. Patients were diagnosed between 1989 and 2000 in the 
northern part of the Netherlands. Median age at diagnosis was 38 years (range, 8 to 88 
years); 63% had Ann Arbor stage I or I I, 24% stage Ill , and 13% stage IV disease. Median 
follow-up was 7. 1 years. For 1 68 patients, HLA genotype data were available. 

Results 
Lack of HLA class II cell surface expression on HRS cells was observed in 4 1 .4% and was 
more common in patients with extranodal disease, patients with Epstein Barr virus negative 
disease and patients with HLA class I negative HRS cells. Alleles of three microsatellite 
markers in the HLA class II region were associated with presence or absence of protein 
expression. In univariate analyses, lack of HLA class I I  expression coincided with adverse 
outcome (5-years failure free survival (FFS), 67% v 85%; P =.00 I ;  5-years age and sex 
matched relative survival (RS), 80% v 90%; P - .027). This effect remained in multivariate 
analyses for FFS with a hazard ratio of 2.40 (95% CJ, 1 .45 to 3.98) and RS with a relative 
excess risk of death of2.55 (95% CI, 1 .22 to 5.3 I ) . 

Conclusion 
Lack of membranous HLA class II expression by HRS cells in diagnostic lymph node 
specimens is an independent adverse prognostic factor in cHL. 
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Introduction 

Patients with classical Hodgkin's lymphoma (cHL) can be assigned to early stage and 
advanced stage of disease on the basis of the Ann Arbor staging system with Cotswolds 
modification. Most cHL trial groups subclassify their early-stage patients in favorable and 
unfavorable (intermediate) groups, based on additional risk factors, such as bulky media
stinal disease, age, erythrocyte sedimentation rate, and number of involved nodal sites.259 In  
addition, the international prognostic score (IPS), which incorporates age, stage, sex, and a 
number of laboratory values, is of prognostic significance especially in advanced 
disease.260

•
261 With current treatment protocols adapted to cHL stage and risk group, the 

expected freedom from treatment failure after 5 years ranges from more than 90% for 
patients with early-stage favorable disease, to 55% for those with advanced-stage disease 
and JPS scores of 3 or higher.260 Thus, some cHL patients still experience relapse or have 
primary refractory disease and these patients might benefit from more intensive first-line 
therapy. In contrast, there is also a need to diminish treatment-related late toxic effects. 
Cardiovascular diseases, solid malignancies, and secondary leukemias amount to an annual 
rate of more than 1 % of deaths due to cHL unrelated causes even 20 years after 
treatment.262 To further improve outcome in cHL patients, and to minimize late toxic 
adverse effects, improvement of risk stratification at the time of diagnosis is sti l l  needed. 
Biologic features of cHL may add prognostic information to the current clinical staging 
systems. 263 

The neoplastic Hodgkin-Reed Sternberg (HRS) cells of cHL are derived from germinal 
center B cells that express the HLA class II antigen-presenting family of glycoproteins. As 
has been proposed for B-cell non-Hodgkin's lymphoma, downregulation of HLA class I I  
by HRS cells may help these cells to escape immune responses.264-269 Occurrence of cHL 
(and non-Hodgkin's lymphoma) has been associated with a number of HLA class II alleles 
and serotypes. 1 9 1 •270 These associations may reflect differential binding affinity of the HLA 
class II molecule with immunogenic antigenic peptides. The purpose of this study is to 
relate HLA class II expression by HRS cells with HLA class II genotypes and prognosis in 
a large population of cHL patients. 

Patients and methods 

All 562 Hodgkin's lymphoma patients who were diagnosed from January 1 989 through 
December 2000 and registered in the regional cancer registry of the Comprehensive Cancer 
Centre North Netherlands were selected. The histology of the diagnostic lymph node 
biopsies was reclassified according to the WHO classification by two hematopathologists 
and presence of Epstein-Barr virus (EBY) in HRS cells was detected by in situ 
hybridization for EBY-encoded small RNAs. 1 39 Eighty-two patients were excluded because 
there was not enough material for reclassification. Another 39 patients were excluded 
because there was another malignancy at the time of diagnosis (n==l 5), diagnosis was 
established at autopsy (n=8), or because clinical data were lacking (n= l 6). Cases of the 
nonclassical nodular lymphocyte predominant HL subtype (n=23) were excluded from the 
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analyses. Thus, 418 patients were eligible for our study. Patients were classified at initial 
diagnosis according to the Ann Arbor staging system with Cotswolds modification. 
Additional clinical data collected were age, sex, presence or absence of 8 symptoms, bulky 
disease, extranodal disease, year of diagnosis, and type and intensity of treatment. Dates of 
treatment failure and death were recorded until January 2005. Microsatellite marker profiles 
of the HLA region were available from 168 patients and first-degree relatives from a 
previous genotyping study .1 3

9 The study was approved by the medical ethics board of the 
University Medical Center Groningen. 

Immunohistochemistry 
Paraffin embedded 4-µm thick tissue sections were deparaffinized with xylene and 
rehydrated in a graded ethanol series. Microwave antigen retrieval was performed in I 0 
mmol/L Tris / I mmol/L EDTA at pH 9.0. Endogenous peroxidase was blocked before 
incubation with the primary antibody in I %  bovine serum albumin in phosphate buffered 
saline. CR3/43 monoclonal antibody (DAKO, Glostrup, Denmark) that binds to a specific 
monomorphic epitope in the beta chain of HLA-DP, HLA-DQ, and HLA-DR (the complete 
set of HLA class II presenting proteins) was used.27 1  Secondary and tertiary peroxidase 
conjugated antibodies were visualized by diaminobenzidine staining reaction. 

Sections stained for HLA class II were only scored when the internal positive control 
(lymphocytes and sometimes vascular structures) showed consistent staining and when at 
least 50 HRS cells were present for evaluation. Membranous staining of HRS cells was 
scored positive if there was accentuation relative to the surrounding lymphocytes or when 
present in between adjacent HRS cells. Lack of membranous staining between adjacent 
HRS cells was denoted as negative. In cases with both negative and positive staining, the 
predominant staining pattern (> 50%) determined the score. Differences between HLA 
class I I-positive and -negative patients in subgroups were analyzed using a x,2 test or 
Fisher's exact test when appropriate. 

Figure I. HLA class II imm1111ohistocl1emislly on paraffin sections showing (A) a patient with HLA class I/
positive HRS cells, (B) a patient with cytoplasmic and Go/gi staining of HRS cells, witholll 111embra11011s staining, 
and (C) a patient with HLA class 1/-negative HRS cells. 
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Genetic associations 
Allele frequencies of 32 microsatellite markers and two single nucleotide polymorphisms 
dispersed throughout the entire HLA region on chromosome 6p2 l .3 were compared 
between HLA class II-positive and -negative patients by use of x_2 tests. Odds ratios and 
their 95% Cis for heterozygotes and homozygotes of significant alleles (P :S .05) were 
calculated by logistic regression with adjustment for age and sex. 

Survival analysis 
Failure-free survival (FFS) was measured from date of diagnosis to date of recurrence, date 
of progression, or date of death, whichever came first. At last follow-up, patients were 
censored when alive and free of cHL disease. Follow up time for relative survival (RS) was 
measured from date of diagnosis to date of last follow-up or date of death.142 Expected 
survival probabilities of the general Dutch population per year, age, and sex were provided 
by the Dutch central statistics office, Statistics Netherlands (Voorburg, the Netherlands). 
The Cox proportional hazards model was used to assess multiple factors simultaneously in 
FFS and RS multivariate analysis. The statistical analyses were done using ST AT A 8.0 
(ST AT A Corp, College Station, TX) and SPSS, version 1 1  (SPSS, Chicago, IL). 

Results 

Patient characteristics 
Clinicopathologic characteristics are summarized in Table I .  HLA class II expression could 
be determined in lymph node tissue of 292 (70%) of the 4 1 8  patients and this group was 
comparable with the patients that could not be evaluated. Most patients with extranodal 
disease had widespread disease and were classified as Ann Arbor stage IV (38 of 43). Five 
patients had localized extranodal growth in contiguity with a nodal localization (IIE, n=3; 
IIIE, n=2). In the majority of patients, first-line treatment consisted of chemotherapy 
combined with radiotherapy or chemotherapy only (82%). A small number of patients 
diagnosed between 1 989 and 1 992 with pathologic stage I or stage II disease were treated 
with radiotherapy only. 

HLA class II protein expression 
Cell surface expression of HLA class II on HRS cells was lacking in 4 1 .4% of patients. 
(Fig. I )  Lack of membranous HLA class II was more frequent in nodal biopsies in patients 
with extranodal disease (Ann Arbor stage IV), patients with EBY-negative cHL, and 
patients with HLA class I-negative HRS cells. cHL patients with the mixed cellularity 
subtype were most often HLA class II positive (Table 2). In the absence of HLA class II 
cell surface expression, the HRS cells showed cytoplasmic staining in 37.2% of patients 
(I 5.4% of all patients), varying from predominant Golgi area staining to diffuse staining of 
the cytoplasm. 
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Table 1. Clinicopathologic characteristics 

HLA class II expression determined HLA class II not determined 

N=292 % N=126 % p valuet 

Age, years . 14  
median 34 39 
range 8-88 1 2-94 

. 12  
8-14 1 3  4.5 5 4.0 
1 5-34 142 48.6 50 39.7 
35-44 42 14.4 1 9  1 5.1 
45-64 59 20.2 24 1 9.0 
65-94 36 1 2.3 28 22.2 

Sex .84 
male 1 70 58.2 72 57.1 
female 122 41 .8 54 42.9 

Ann Arbor Stage .84 
I 50 1 7.1 20 1 5.9 
I I  1 34 45.9 60 47.6 
Ill 70 24.0 33 26.2 
IV 38 13.0 1 3  1 0.3 

Extranodal disease .77 
present 43 1 4.7 1 9  1 5. 1  
absent 238 8 1 .5 1 04 82.5 
unknown 1 1  3.8 3 2.4 

B symptoms .57 
present 122 41 .8 48 38.1 
absent 163 55.8 73 57.9 
unknown 7 2.4 5 4.0 

Bulky disease .92 
present 80 27.4 33 26.2 
absent 201 68.8 89 70.6 
unknown 1 1  3.8 4 3.2 

Subtype . 18  
Nodular sclerosis 246 84.3 97 77.0 
Mixed cellularity 31 1 0.6 1 8  14.3 
Other* 1 5  5.1 1 1  8.7 

Epstein Barr virus .27 
present 97 33.2 49 38.9 
absent 195 66.8 77 6 1 . 1  

' not enough tissue available (n-72), n o  positive internal control or less than 50 HRS cells (n�54); ti test for 
independence; 1 classical Hodgkin 's lymphoma subtypes lymphocyte rich, lymphocyte depleted and not othenvise 
specified. 
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Table 2. HLA class II immunohistochemistry and clinicopatho/ogic characteristics 

HLA class II immunohistochemistry 
negative positive 

N=121 % N=171 % e value 
Age, years .85 

median 34 32 
range 8-88 8-88 

.96 
8-14 5 4.1 8 4.7 
1 5-34 58 47.9 84 49.1 
35-44 17  14.1 25 14.6 
45-64 27 22.3 32 1 8.7 
65-88 14 1 1 .6 22 1 2.9 

Sex .89 
male 71 58.7 99 57.9 
female 50 41 .3 72 42.1 

Ann Arbor Stage .03 
I 1 7  14.1  33 1 9.3 
I I 52 43.0 82 48.0 
I l l  28 23.1 42 24.6 
IV 24 1 9.8 14 8.2 

Extranodal disease .01 
present 27 22.3 1 6  9.4 
absent 90 74.4 148 86.6 
unknown 4 3.3 7 4.1 

B symptoms . 1 2  
present 59 48.8 63 36.8 
absent 59 48.8 1 04 60.8 
unknown 3 2.5 4 2.3 

Bulky disease .30 
present 39 32.2 41 24.0 
absent 78 64.5 123 71 .9 
unknown 4 3.3 7 4.1 

Treatment .oa
t 

chemotherapy only 48 39.6 51 29.8 
chemotherapy and RT 58 48.0 82 48.0 
RT only 1 5  1 2.4 37 2 1 .6 
observation o o 0.6 

RT. radiotherapy; • i test for independence; 1 Fisher 's exact probability test. 
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Table 2. Continued 

HLA class I I  immunohistochemistry 
negative positive 

N:::121 % N:::1 7 1  % p value· 
Treatment 

Type of chemotherapy 
MOPP/ABV 71  68.3 90 68.7 
ABVD 7 6.7 1 2  9.2 
EBVP 7 6.7 7 5.3 
LOPP 1 .0 3 2.3 
other chemotherapy 1 8  17.3 1 9  14.5 

Subtype <.001 
Nodular sclerosis 103 85. 1 143 83.6 
Mixed cellularity 6 5.0 25 14.6 
other 1 2  9.9 3 1 .8 

Epstein Barr virus .005 
present 29 24.0 68 39.8 
absent 92 76.0 1 03 60.2 

HLA class I .007 
negative 89 73.6 101 59.1 
positive 30 24.8 69 40.3 
unknown 2 1 .6 0.6 

MOPPIABV, mechlorethamine, vincristine, procarbazine, prednisone, doxorubicin, bleomycin and vinb/astine; 
ABVD, doxorubicin, bleomycin, vinb/astine and dacarbazine; LOPP, chlorambucil, vincristine, procarbazine and 
prednisone; EBVP, epi111bicin, bleomycin, procarbazine and prednisone; • i test for independence; t Fisher 's 
exact probability test: 1 classical Hodgkin 's lymphoma subtypes lymphocyte rich. lymphocyte depleted and 1101 

othenl'ise specified. 

Ge11otypes and HLA class II protein expressio11 
Association analysis showed that alleles of three out of four consecutive microsatellite 
markers had significantly different frequencies in patients with HRS cells that expressed 
HLA class II on the cell surface compared with patients with HRS cells that did not. These 
markers were D6S2444, D6S 1 666 and D6S2665, all located in the HLA class II region. 
Some alleles were associated with HLA class II- positive cHL, while others were associated 
with HLA class II-negative cHL. Sex and age adjusted odds ratios were significant for 
heterozygotes (P :5 .05), but could not be detennined or were non-significant for 
homozygotes, because the number of homozygotes were too small (Table 3). 

FFS and RS 
The median follow-up time was 7 . 1  years. One patient did not receive treatment and was 
excluded from the FFS analysis. Another patient was excluded from the analyses because 
follow-up data were missing. Factors influencing FFS in univariate analysis were age, Ann 
Arbor stage, extranodal disease, and HLA class II-expression status. Year of diagnosis, sex, 
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B symptoms, bulky disease, subtype and EBY status were nonsignificant factors. Five-year 
FFS was 67% for HLA class II-negative patients compared with 85% for HLA class II
positive patients (P = .00 1 ;  Table 4; Figure 2). In multivariate analysis, the effect of lack of 
membranous HLA class II was independent of age and extranodal (stage JV) disease with a 
hazard ratio of 2.40 (95% CI, I .40 to 4. 1 1 ; P = .00 I ). 
RS was defined as excess mortality over and above the mortality of the general Dutch 
population per calendar year, accounting for age and sex. In univariate analysis, RS was 
influenced by extranodal disease, age, and HLA class II expression, but not stage (P < . 1  ), 
sex (P < . 1  ), year of diagnosis, 8 symptoms, bulky disease, subtype, or EBY status (Table 
5). HLA class II-negative patients had a 5-year RS of 80%, compared to 90% in HLA class 
II-positive patients (P = .027). Multivariate analysis showed that HLA class II was a 
prognostic factor independent of age, sex, and extranodal (stage IV) disease with a relative 
excess risk of death of 2.55 (95% CI, 1 .22 to 5.3 I ;  P = .0 1 3) for patients with HLA class II
negative HRS cells. 

Table 3. Allele frequencies and odds ratios of microsatellite alleles in the HLA class II 
region in relation to HLA class II expression 

HLA class II (%) heterozygotes homozygotes 
Control (%) eositive neaative p OR 95% CI OR 95% CI 

D6S2444 
allele 144 7.3 2.1  9.8 .01 1 0.24 0.06 - 0.99 

D6S1666 
allele 144 1 6.6 2 1 .3 9.0 .004 2.85 1 .05 - 7.78 6 .19 0.73-52.45 

D6S2665 
allele 247 1 8.6 27.3 16.7 .035 2.53 1 . 1 7  - 5.48 2.28 0.37-1 3.94 
allele 256 1 0.0 6. 1 16.7 .009 0.30 0. 1 2  - 0.72 
allele 263 14.9 1 7.0 7.6 .017 2.56 1 .03 - 6.35 

No11-tra11smit1ed alleles and alleles of spouses served as colllrols. The number of haplotypes that could be 
evaluated in controls was 292, in HLA class II positive patients 1 72 and in HLA class II negative patients I 12. 
OR, age and sex adjusted odds ratios; ·no homozygotes. 
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Table 4. Univariate and multivariate analyses of failure free survival 

Univariate analysis Multivariate analysis 

5-�r FFS% HR 95% CI p· HR 95% CI p· 
Age <,001 .002 

0-14 76.2 1 . 1 1  0.34 - 3.66 0.50 0.07 - 3.64 
1 5-34 79.7 1 .00 ref 1 .00 ref 

35-44 82.9 0.82 0.36 - 1 .88 0.98 0.42 - 2.26 
45-64 84.0 0.79 0.37 - 1 .67 0.75 0.35 - 1 .59 
� 65 53.3 3.20 1 .73 - 5.93 3.14 1 .66 - 5.95 

Extranodal disease <.001 .025 
absent 81 .9  1 .00 ref 1 .00 ref 

present 58.1 2.88 1 .64 - 5.06 1 .98 1 .09 - 3.58 
unknown 60.0 

HLA class II .001 .001 
positive 84.9 1 .00 ref 1 .00 ref 

negative 67.5 2.40 1 .45 - 3.98 2.40 1 .40 - 4. 1 1  
Ann Arbor stage .035 

I 80.7 0.88 0.41 - 1 .87 
I I  79.3 1 .00 ref 

I l l  80.9 0.96 0.50 - 1 .87 
IV 60.6 2.34 1 .23 - 4.47 

Factors in univariate analysis with P < . l were fitted in the multivariate model. Bold font indicates statistical 
significance. HR, hazard ratio; • I test for independence: 1 not fitted in the multivariate model since stage and 
extranodal disease are strongly related; 1 classical Hodgkin 's lymphoma subtypes lymphocyte rich, lymphocyte 
depleted and not othenvise specified. 

Discussion 

In this population-based study, we show that lack of membranous expression of HLA class 
II by HRS cells of cHL is common at primary diagnosis. This lack of membranous 
expression is associated with extranodal disease, lack of EBY in HRS cells, absence of 
HLA class I expression by HRS cells, and a number of specific alleles of microsatellite 
markers located in the HLA class II locus in patients. In our study, lack of HLA class II 
expression associated with adverse FFS and RS, independent of other prognostic factors. 

Evaluation of immunohistochemical expression of HLA class II by HRS cells is not 
difficult and can easily be done in a routine setting. The cells surrounding the HRS cells are 
usually HLA class II-negative T lymphocytes that do not obscure (lack of) membranous 
staining in the HRS cells and B lymphocytes in the reactive infiltrate are a useful positive 
control. In our study, cell surface expression of HLA class II on HRS cells was absent in 
4 1  % of cHL patients. Since HRS cells derive from germinal center B cells, lack of HLA 
class II expression reflects downregulation. The mechanisms involved are diverse since we 
observed different staining patterns including no cytoplasmic staining at all, diffuse 
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Table 5. Univariate and multivariate analyses of relative survival 

Age 

0-14 
1 5-34 
35-44 
45-64 
;,: 65 

Extranodal disease 

absent 
present 
unknown 

Sex 

male 
female 

HLA class II 

positive 
negative 

Ann Arbor stage 

I 
I I  
I l l  
IV 

5-�r RS% 

84.0 
90.9 
9 1 . 1  
85.6 
58.2 

88.7 
73.1 
73.2 

89.3 
80.9 

90. 1  
79.8 

89.6 
88.9 
83.5 
74.1 

Univariate analysis Multivariate analysis 

RER 95% CI p" RER 95% CI p' 
<.001 <.001 

1 . 1 7  0.38 - 7.69 NA 

1 .00 ref 1 .00 ref 
0.98 0.30 - 3.26 1 . 1 6  0.35 - 3.83 
1 .66 0.65 - 4.24 1 .31  0.50 - 3.48 
6.95 3.06 - 1 5.79 6.47 2.81 - 14.90 

.006 . 1 89 
1 .00 ref 1 .00 ref 
2.90 1 .35 - 6.21 1 .70 0.77 - 3.76 

.081 .247 
1 .00 ref 1 .00 ref 
1 .83 0.93 -3.61 1 .51 0.75 - 3.01 

.027 .013 
1 .00 ref 1 .00 ref 
2 . 18  1 .09 - 4.34 2.55 1 .22 - 5.31 

.084 
0.90 0.30 - 2.72 
1 .00 ref 
1 .55 0.66 - 3.64 
2.89 1 .20 - 6.96 

Factors in univariate analysis with P < . I were fitted in the multivariate model. Bold font indicates statistical 
significance. RER, relative excess risk of death; NA, not available (due to small numbers); • I test for 
independence; t not fitted in the multivariate model; 1 classical Hodgkin 's lymphoma subtypes lymphocyte rich, 
lymphocyte depleted and not othenvise specified. 

cytoplasmic staining, and predominant Golgi area staining. Downregulation of HLA class 
II probably occurs as a late event in the natural course of the disease, as the proportion of 
HLA class II downregulated patients in our study increased with advanced (stage IV) 
disease. We found that expression of HLA class II by HRS cells is retained more often in 
EBY-associated cHL, in the mixed cellularity subtype, and in HLA class I-positive HRS 
cells. This is consistent with the observations that EBY-involved cHL is associated with the 
mixed cellularity subtype and shows expression of HLA class I in about 80% of patients 
compared with approximately 20% in EBY-negative patients (in our study 73% in EBY 
positive and 20% in EBY negative; manuscript in preparation).6 1•63 

Several observations suggest that antigen presentation is involved in the pathobiology of 
cHL. In cHL cell lines, HRS cells stimulate T cell proliferation in mixed lymphocyte 
reactions and induce cytotoxic activity in cytotoxicity assays.61 •

272 In situ, HRS cells have 
lost the majority of B-cell surface markers and transcription factors at the time of diagnosis, 
but they usually retain expression of molecules involved in antigen presentation, including 
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adhesion molecules and co-stimulatory glycoproteins.58
•
83

•
84

•
2 1 1 •273 In addition, there are 

many candidate cells to which antigen could be presented since HRS cells are suspended 
within an abundant reactive infiltrate, rich in polyclonal populations of CD4 positive T 
cells, and, to a lesser extent, also CD8 positive T cells.55

•
274 

A possible explanation for the prognostic impact of HLA class II expression status 
might be that HLA class II directly activates T-helper I (Th I )  cells, thereby inducing and 
maintaining cytotoxic anti tumor immune responses. However, there is no evidence for a 
predominant Thi immune response in cHL. On the contrary, the reactive infiltrate is 
reported to consist mainly of anergic and T-helper 2 (Th2)-like cells 1 4•55

, and recently at 
least a proportion of these cells were shown to have features of regulatory T cells (Treg).3 1  

Both Th2 and Treg cells can inhibit Th i responses.275 Thus, although the precise 
composition of different CD4 positive T cell subgroups in cHL is difficult to establish, it is 
likely that the reactive infiltrate contributes to inhibition of cytotoxic responses. 14•29 

Accordingly, we hypothesize that lack of HLA class II expression results in diminished 
activation of Th2 and/or Treg cells. 
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Figure 2. Failure free survival curves for HLA class II-positive and HLA class II-negative classical Hodgkin 's 
lymphoma patients. Absence of HLA class II on the membrane of HRS cells was significantly associated with an 
adverse failure free survival. 
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How might diminished activation of Th2 and/or Treg cells explain adverse prognosis in 
patients who have downregulated HLA class II? To address this question, it is important to 
realize that HRS cells depend on trophic factors present in the reactive infiltrate. The 
constitutive activation of nuclear factor kappa B observed in HRS cells is essential for 
tumor cell survival and depends on activation of tumor necrosis factor receptors by ligands 
provided by T cells in the reactive infiltrate. 14•276 However, HRS cells can also produce 
tumor necrosis factor-receptor ligands themselves and stimulate in an autocrine fashion.75 

In addition, HRS cells do not exclusively depend on the reactive infiltrate for inhibition of 
cytotoxic responses as they secrete immunosuppressive cytokines interleukin- I O  and 
transforming growth factor p and express death-inducing Fas ligand. 14•277 We speculate that 
HRS cells initially are highly dependent on the reactive infiltrate, but as the disease 
progresses this dependency may weaken because of alternative trophic and immuno
suppressive strategies. Thus, downregulation of HLA class II without loss of viability of 
HRS cells might occur when the HRS cells have grown less dependent on the reactive 
infiltrate. A number of studies have indeed shown that a decrease in regulatory T cells and 
an increase in activated cytotoxic T cells is associated with adverse prognosis in 
cHL. 1 30,2 1 6,21s,219 

We found that three microsatellite markers mapping in the HLA class II locus were 
associated with the HLA class II-expression status. Although genetic fine-screening is 
needed to pinpoint the precise polymorphism(s), it can be anticipated that these markers 
associate with one or more HLA class II gene(s). We speculate that some HLA class II 
alleles may be less efficient in inducing T-cell responses that aid HRS cell survival. This 
would provide a stronger selection pressure on HRS cells to develop alternative trophic and 
immunosuppressive strategies. These HLA class II alleles would then be associated with 
early independency, HLA class II downregulation and adverse prognosis. Interestingly, 
Yoo et al. have shown that certain HLA class II allotypes that present EBY-derived EBNA-
1 antigenic peptides, preferentially activate Treg cells instead of Th cells.280 In agreement 
with our hypothesis, this may explain why expression of HLA class II by HRS cells is 
retained more often in EBY associated cHL. 

Because genotyping was done on blood samples from patients who were alive, it was 
not possible to study the effect of risk haplotypes on survival. We did not find an effect of 
risk haplotypes on FFS (n = 1 22), but the number of events (1 2%) was too low to draw a 
firm conclusion (results not shown). We expect that HLA class II alleles may modify the 
chance of HLA class II being downregulated, but are less strong predictors of adverse 
prognosis than HLA class II protein expression. 

The components of the Ann Arbor staging system with Cotswolds modification and the 
IPS reflect crude measures of tumor burden, tumor activity, and patient factors. 28 1  Most of 
these factors were incorporated in the FFS and RS analyses in this study but unfortunately, 
we did not have sufficient data for determining the IPS (serum albumin, hemoglobin, WBC 
count, and lymphocyte count) in all patients. However, it is unlikely that these factors are 
related to expression of HLA class II by HRS cells and vice versa. 
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Stage and IPS provide prognostic information at the time of diagnosis in cHL. In 
addition, [ 18F]fluorodeoxyglucose positron emission tomography scanning is very useful in 
detecting viable tumor and has been shown to have prognostic impact during and after 
therapy.282"284 Combined, these important tools determine current treatment strategies. In 
addition, a number of tumor biologic markers have been studied to predict treatment 
outcome in cHL. Serum levels of soluble CD30 and the chemokine T ARC, both highly 
expressed by HRS cells, reflect tumor burden or presence of residual disease.33•285-287 High 
expression of activated caspase 3, a central component of the apoptosis pathway in HRS 
cells, is associated with chemosensitivity and improved outcome.288 Expression of the anti
apoptotic protein bcl-2 by HRS cells is reported to have adverse prognostic value.289

•
290 

Unfortunately, these factors have not yet been validated in prospective studies. 
We have addressed the significance of antigen presentation in  cHL and have shown that 
membranous expression of HLA class II by HRS cells is an independent prognostic factor. 
HLA class II-expression status may be a promising addition to current prognostic scores in 
cHL and merits validation in a large prospective study. 
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Classical Hodgkin lymphoma (cHL) is a malignant disease cons1stmg of neoplastic 
Hodgkin-Reed Sternberg (HRS) cells that are derived from a single germinal center B cell. 
In more developed countries latent Epstein Barr virus (EBY) infection of the B cell is 
involved in malignant transformation in 20 to 40% of cHL cases. In non-EBY involved 
cases a consistent transforming event or agent has not (yet) been detected. Aside from 
transforming events, immunological mechanisms are a major factor in the pathogenesis and 
natural course of cHL. The HRS cells are usually suspended within an abundant reactive 
inflammatory background and communications between HRS cells and the reactive 
infiltrate are extensive. 75 On the one side, HRS cells critically depend on trophic factors 
from the reactive infiltrate. On the other hand, the complex phenotype of HRS cells should 
induce extensive antigen specific anti tumor responses. These responses depend on 
presentation of antigenic peptides by the family of Human Leukocyte Antigens (HLA class 
I and class II). Because HRS cell precursors (B cells) are professional antigen presenting 
cells that express both HLA class I and HLA class II, immunogenic anti tumor responses 
are expected to be present even in the earliest stages of cHL pathogenesis. At the time of 
diagnosis, the antigen presenting phenotype of HRS cells is often maintained. Antigenic 
peptides derived from latent EBY proteins (LMP I, LMP2 and EBNA I )  can elicit EBY 
specific immune responses.88•29 1 Therefore, differences in antigen presentation can be 
expected when comparing EBV positive with EBV negative cHL patients. In the past, 
genetic associations of the HLA region with susceptibility to cHL have been reported, 
reinforcing the importance of antigen presentation in the pathogenesis of cHL.191 The aim 
of this thesis was to identify candidate genes or polymorphisms in the HLA region 
associated with susceptibility to cHL and to relate these to protein expression of various 
HLA molecules. 

The studies were performed in a population based approach. The study population 
consisted of 4 1 8  cHL patients diagnosed within a 1 3  year time frame in the northern part of 
the Netherlands. Primary affected lymph node biopsies were available for histological 
reclassification, determination of EBY status and immunohistochemical analysis of HLA 
class I, HLA class II and HLA-G. The Comprehensive Cancer Centre North Netherlands 
provided clinical data from the cancer registry database. DNA samples were collected from 
more than 200 cHL patients and from family based controls. 

The impact of EBY status on prognosis was studied in the entire population. There was 
no effect on failure free and relative survival in patients of all ages. Only in the age group 
of 50 to 74 years there was a small adverse effect of EBY positive status on failure free 
survival, but not on relative survival. This may indicate that EBY positive cHL is somewhat 
more aggressive than EBV negative cHL. An effect of EBY status may only be seen in 
older patients, because the effectiveness of T cell responses declines in the elderly. 1 58 In 
younger age groups a more aggressive behaviour would be counteracted by more efficient 
EBY specific immune responses. This is the first study to show an adverse effect of 
positive EBY status on failure free survival, probably because in many other studies the 
older age group was not analyzed separately. 

A detailed screening analysis of the literature indicated that there is a genetic 
predisposition to the development of cHL that is partially related to immune system 
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function. 1 9 1  Both segregation analysis in families and population based assoc1at1on 
approaches showed genetic associations of HLA class I and HLA class II genes with cHL. 
However, there was little consensus on the role of specific HLA alleles and haplotypes. 
Many associations have not consistently been reproduced, probably because of their 
weakness. The detection of weak associations is very sensitive to study design, size and 
ethnic background of the study population. The HLA region consists of approximately 220 
genes with only about 1 0% HLA genes, but most studies did not screen the entire HLA 
region. They only determined HLA alleles, which may be linked to a nearby disease 
susceptibility locus without being causative themselves. This so-called linkage disequili
brium is very strong in the HLA region and the putative gene might in fact be a non-HLA 
gene. 

A genotyping study was designed to screen the entire HLA region with a set of 33 
microsatellite markers. This region includes the HLA class I I I  region that is located 
between the HLA class I and HLA class I I  subregions and that only contains non-HLA 
genes of which most are related to immune function. Genotyping results were compared 
between EBY positive patients, EBY negative patients and controls. In addition, genoty
ping results were related to expression status of HLA class I, HLA class II and HLA-G. 
Two genetic associations with susceptibility to cHL were found (HLA class I and HLA 
class III) as well as one genetic association with HRS cell phenotype (HLA class II). 

HLA class I 

Consecutive microsatellite markers D6S265 and D6S510  showed a strong association with 
occurrence of EBY positive cHL but not with EBY negative cHL, using classical 
association analysis. 139 The susceptibility alleles of these markers were present in approx. 
50% of the haplotypes of EBY positive patients compared with about 27% in EBY negative 
patients and controls. The association of (part of) the HLA class I region specifically with 
EBY positive cHL is interesting, because HLA class I is involved in the presentation of 
(EBY) viral antigens to the immune system. Fine-mapping of the associated region with 
single nucleotide polymorphisms (SNPs) was performed to zoom in on the causative gene / 
polymorphism. This reduced the associated region to about 80 kb, which included the HLA 
complex group 9 gene and the HLA-A gene. Importantly, the same associated region was 
found in a cHL cohort from the UK (n c: 34 1 ;  results not presented in this thesis; 1 92). 

Subsequently, the exons 2 and 3 of the HLA-A gene that encode its peptide binding groove 
were genotyped with 32 SNPs.292 The HLA-A*0 I haplotype was significantly overrepre
sented in EBY positive cHL patients compared with EBY negative cHL patients and 
controls. Conversely, the HLA-A *02 haplotype was less common in EBY positive cHL 
patients. These results were confirmed by HLA-A *02 immunohistochemistry in the Dutch 
and HLA-A*02 specific PCR in the UK study population. From the literature, HLA-A *02 
should be able to present LMPI and LMP2 derived antigenic peptides to the immune 
system and induce cytotoxic responses, while HLA-A *0 1 restricted immune responses 
have not been found.65•204•208 In addition, a computer model predicts that unlike HLA-A *02, 
HLA-A *0 1 is not very efficient in binding LMP I and LMP2 antigenic peptides. Thus, 
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(most) individuals with one or two HLA-A*02 alleles are protected from the development 
of EBY positive cHL. In contrast, individuals with one or two HLA-A*Ol alleles have an 
increased risk for developing EBY positive Hodgkin lymphoma, probably because they are 
unable to induce effective cytotoxic responses to LMPI and LMP2. It is likely that the 
HLA-A gene is the causative gene in the association of the HLA class I region with EBY 
positive cHL. However, because of the strong linkage disequilibrium in the HLA region, 
other genes can still be involved. 

At the time of diagnosis, HRS cells in 7 1  % of EBY positive cases showed cell surface 
expression of HLA class I. The frequency of the HLA class I susceptibility haplotype was 
comparable between HLA class I positive and HLA class I negative EBY positive cases. 
This suggests that antigen presentation in the context of HLA-A is important especially 
early in disease pathogenesis, when the protein expression of HLA class I is still present. At 
a later stage in the development of EBY positive cHL, expression of HLA class I may be 
lost. Different mechanisms are involved in this downregulation because immunohisto
chemistry results showed complete absence of HLA class I or retention of HLA class I 
within the cytoplasm. This retention in the cytoplasm was usually accompanied by an 
absence of P2-microglobulin, which is necessary for HLA class I assembly and transport to 
the cell surface. The different mechanisms may indicate that downregulation of HLA class I 
is based on clonal selection by continuous cytotoxic immune responses. This may be 
related to the occurrence of antigenic peptides that are related to malignant transformation 
or disease progression. 

Downregulation of HLA class I protein expression occurs more often in EBY negative 
cHL patients compared with EBY positive cHL patients. In our study population only 14% 
of EBY negative cHL patients still expressed HLA class I on the cell surface of HRS cells 
at the time of diagnosis. Downregulation of HLA class I generally induces activation of 
Natural Killer (NK) cells. These cells contain HLA class I specific inhibitory receptors and 
are sparse in the reactive infiltrate of cHL. The inhibitory receptors can also be engaged by 
a non-classical HLA class I molecule known as HLA-G. In addition, HLA-G can induce 
regulatory T cells and can inhibit cytotoxic T cell responses, consistent with features of 
cHL. In our study, HRS cells in 54% of cHL patients showed protein expression of HLA-G 
with 67% in HLA class I negative cases and 35% in HLA class I positive cases. This 
suggests that HLA-G may be involved in the inhibition of NK cell responses, especially in 
EBY negative cHL cases. The HLA-G gene is located close to the HLA-A gene. However, 
expression of HLA-G protein was not related to the susceptibility haplotype. It can be 
concluded that expression of HLA-G protein is induced secondary to loss of HLA class I 
expression in most patients. 

The HLA-A association described in this thesis may have some important implications 
for experimental research on adoptive EBY specific T cell transfer as treatment for relapsed 
or advanced cHL. These immunotherapeutic approaches are directed against HLA-A *02 
restricted EBY epitopes.293 Information about the HLA-A type as well as the HLA class I 
cell surface expression in individual patients may be useful in these studies. 
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HLA class II 

There was no association of microsatellite markers in the HLA class II region with 
susceptibility to cHL, in contrast to several previous reports. 1 18

•
1 2 1

-
1 23 Those studies were 

directed solely at HLA class II alleles and haplotypes. Our screening approach might not 
have allowed the detection of small frequency differences in HLA class II alleles, because 
that depends on linkage disequilibrium between the microsatellite markers and the HLA 
class II alleles. 

We investigated HLA class II protein expression by immunohistochemistry. HLA class 
II cell surface expression on HRS cells was absent in 4 1  % of patients. 1 29 This absence was 
related to absence of HLA class I, EBV negative status and extranodal disease. Moreover, 
lack of HLA class II was associated with adverse failure free survival (hazard ratio 2.40; 
95% CI 1 .45 to 3.98) and relative survival (relative excess risk of death 2.55; 95% CI 1 .22 
to 5 .3 1 )  in a population of 292 cHL patients. 

We hypothesize that lack of HLA class II expression results in diminished activation of 
Th2 and T regulatory cells. These cells are essential in providing trophic factors for HRS 
cells and probably also have a role in inhibiting Th 1 responses. Initially, HRS cells are 
probably highly dependent on the reactive infiltrate, but as the disease progresses this 
dependency may weaken because of alternative trophic and immunosuppressive strategies. 
Thus, downregulation of HLA class II without loss of viability of HRS cells might occur 
when the HRS cells have grown less dependent on the reactive infiltrate. This is supported 
by the association of downregulation of HLA class II with extranodal disease. In addition, it 
has been reported that a decrease in T regulatory cells and an increase in activated cytotoxic 
T cells are associated with adverse prognosis in cHL.278 

Three microsatellite markers mapping in the HLA class II locus (D6S2444, D6S 1 666 
and D6S2665) were associated with the HLA class II expression status. Although genetic 
fine-screening, in addition to studies into functional effects of SNP alleles, is needed to 
pinpoint the causal polymorphism(s), it can be anticipated that variations in these markers 
associate with alleles of one or more HLA class II gene(s). We speculate that some HLA 
class II alleles may be less efficient in inducing T-cell responses that aid HRS cell survival. 
This would provide a stronger selection pressure on HRS cells to develop alternative 
trophic and immunosuppressive strategies. These HLA class II alleles would then be 
associated with early independency, HLA class II downregulation, and adverse prognosis. 

HLA class III 

The haplotype sharing statistic identified a haplotype with significantly larger sharing 
length in the cHL patients than in the controls. 1 39 The most conserved marker within this 
haplotype was D6S273, located in the HLA class III subregion. The haplotype sharing 
statistic is valuable in genetic studies of founder populations when one or more disease 
alleles mutated or entered the population fairly recently. After introduction, the haplotype 
of the disease founder including the disease allele shortens from generation to generation by 
recombination during meiosis. Because the common ancestors of controls in general are 
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expected to be older (in terms of number of generations), recombination will have affected 
their haplotypes more. Therefore, the mean haplotype sharing length among patients will be 
larger than that among controls. Within the putative haplotype, the marker showing the 
highest sharing is expected to be nearest to a disease susceptibility locus. The haplotype 
sharing statistic is quite independent of classical association analysis. This explains why the 
HLA class I association could be found only with classical association analysis and the 
HLA class I II  association only with the haplotype sharing statistic. Ultimately, a haplotype 
sharing difference needs to be confirmed by identification of one or more associated 
(causative) allele( s ). 

HLA class I I I  is located close to the TNF a and TNF fJ genes. Two SNPs that might 
regulate the amount of expression of these genes showed no association. Other interesting 
genes close to marker D6S273 are heat shock protein HSP70 and mismatch repair gene 
MSH5. However, the central part of the HLA class I II  susceptibility haplotype shows 
extended sharing and the candidate region is at least 800 kb. 

HLA and prognosis 

In our study population, an adverse clinical outcome was associated with lack ofHLA class 
II expression by HRS cells and positive EBY status in patients aged 50 to 74 years. HLA 
class I protein expression on HRS cells in the entire study population had no prognostic 
impact. The HLA class I susceptibility haplotype and the HLA class II alleles associated 
with expression of HLA class II proteins also did not show an effect on clinical outcome. 
There was however a substantial selection bias, because DNA samples were collected from 
consenting cHL patients who were alive. Likewise, HLA-G protein expression status was 
only determined for genotyped patients and did not have an effect on prognosis. 

In conclusion, genetic associations of the HLA region in cHL patients and HLA protein 
expression by HRS cells indicate that antigen presentation is involved in the pathogenesis 
of cHL. The HLA-A polymorphisms affect the efficiency of EBY specific cytotoxic 
immune responses, while HLA class II may be involved in the activation of infiltrating T 
cells that are essential for HRS cell survival. 
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Future perspectives 

In the studies described in this thesis, genetic associations of HLA subregions with cHL 
were found by using a set ofmicrosatellite markers. Subsequent fine screening analysis was 
performed with selected SNPs only for the associated HLA class I subregion. The recent 
development of high density SNP arrays and the identification of tagging SNPs in the HLA 
region (the HapMap project), now make it possible to fine screen the entire HLA region 
with SNPs. This approach may identify additional genetic associations and may be used to 
confirm and limit the associated regions in the HLA class I I  and HLA class III regions. 

The genetic association of HLA-A with EBY positive cHL strongly suggests that the 
effectiveness of antigenic presentation of EBY derived peptides is an important factor in the 
pathogenesis of EBY involved cHL. In our studies, individuals with one or two HLA-A *0 I 
alleles were clearly overrepresented in the group of EBY positive cHL patients, supposedly 
because HLA-A *0 1 cannot effectively bind LMPI and LMP2 derived antigenic peptides. 
However, other HLA class I gene products may still be able to present EBY antigenic 
peptides in these patients. It is known that multiple alleles of the HLA-B gene can 
effectively present LMPI or LMP2 antigenic peptides. HLA-B (and HLA-C) typing in our 
study population should be performed to determine whether specific alleles are in linkage 
disequilibrium with the HLA-A*0I allele. In addition, HLA class I I  typing may be 
informative, because cytotoxic immune responses are initiated and maintained by antigen 
specific T helper cells, that are activated by HLA class II restricted antigenic peptides. 

The protective effect of the HLA-A *02 type in cHL may depend on a more effective 
control of latent EBY infection. It would be interesting to compare the HLA-A type and the 
number of latently infected B cells in healthy EBY infected individuals. These experiments 
could be extended to individuals with infectious mononucleosis, who have a three times 
increased risk of developing EBY positive cHL.294 In addition, the protective effect of the 
HLA-A*02 allele may relate to immune responses that act against HRS cells in a later stage 
of disease pathogenesis. A few patients with EBY positive cHL had the HLA-A*02 allele 
and HRS cells of these patients did express HLA class I on the cell surface. Mutations in 
the HLA-A gene might abolish the protective effect of the HLA-A*02 allele and mutation 
analysis in laser microdissected HRS cells of these patients could be attE-mpted. 

It is hypothesized that antigen presentation in the context of HLA class II may be 
involved in the HRS cell promoting activation of the reactive infiltrate. However, like the 
genetic association in the HLA class I region, the association in the HLA class II region 
should be confirmed by genetic fine screening and testing in other populations. 
Interestingly, antigenic peptides from the EBY derived latent protein EBNA I can be 
presented by HLA class II and can evoke multiple clonotypic CD4 positive T cell 
responses.295•296 In an attempt to identify EBNA I specific T cells in the reactive infiltrate of 
EBY positive cHL, flow cytometry of lymph node cell suspensions with HLA-peptide 
tetramers or pentamers could be used in future research. 

The candidate region in the HLA class III region is at least 800 kb. A high density SNP 
array is needed to fine screen this region. However, because of strong linkage 
disequilibrium, it may be necessary to include (many) more patients. Screening of the entire 
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HLA region with microsatellites and a haplotype sharing stat1st1cs approach in other 
populations may be informative, but the HLA class III association found in our study could 
also be population specific. Interesting candidate genes in the HLA class III region are TNF 
a and TNF /3. These cytokines are produced by HRS cells and cells in the reactive infiltrate 
and are involved in the constitutive activation of NF-KB in HRS cells. In the screening 
analysis of the entire HLA region, two SNPs close to these two cytokine genes were 
included, but showed no association with cHL. One SNP per gene may not be sufficient to 
find a genetic association and an extended number of SNPs is necessary to analyse the TNF 
a and TNF /3 genes. 
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Het Hodgkin lymfoom (HL) is een soort lymfklierkanker die nogal eens bij jonge 
volwassenen optreedt. De diagnose wordt gesteld door histologisch onderzoek (weefsel
onderzoek onder de microscoop) van een vergrote lymfklier. HL verschilt van de groep van 
de zogenaamde Non-Hodgkin lymfomen, o.a. doordat er meestal slechts een relatief klein 
aantal tumorcellen aanwezig is, de zogenaamde Hodgkin Reed-Sternberg (HRS) cellen. 
Deze tumorcellen worden omgeven door een grote hoeveelheid ontstekingscellen. Normaal 
gesproken kan een ontstekingsreactie erop gericht zijn om tumorcellen te vernietigen, maar 
HRS cellen zijn in staat om hieraan te ontkomen. Het is zelfs zo dat de HRS cellen juist 
athankel ijk kunnen zijn van het ontstekingsinfiltraat om te groeien en te overleven. 

Via uitgescheiden factoren en signaleringsmoleculen op het celoppervlak is er 
uitgebreide communicatie tussen de HRS cellen en cellen in het ontstekingsinfiltraat. Een 
van de signaleringsmoleculen op het celoppervlak die belangrijk is voor het activeren van 
het immuunsysteem en het opwekken van ontstekingsreacties is het HLA. Het HLA kan 
stukjes (zogenaamde antigene peptiden) van een virus of van een defect eiwit dat zich in de 
eel bevindt, presenteren aan het immuunsysteem. Het immuunsysteem kan deze l ichaams
vreemde antigene peptiden herkennen en kan daarmee detecteren of een eel maligne 
ontaard is of een virus bevat. Als dat het geval is dan zal het immuunsysteem deze eel 
onschadelijk maken door hem te vemietigen. 

HRS cellen zouden in staat moeten zijn om antigene peptiden te presenteren aan het 
immuunsysteem, omdat zij ontstaan zijn uit een eel die alle HLA componenten tot 
expressie brengt. Bovendien bevatten de HRS cellen in een deel van de HL patienten een 
virus, dat ook via het HLA aan het immuunsysteem gepresenteerd zou moeten kunnen 
worden. 

Het gaat hierbij om het Epstein Barr virus (EBV), een virus dat 95% van de bevolking 
wereldwijd met zich meedraagt. Besmetting vindt meestal op de kinderleeftijd plaats en 
geeft geen of weinig symptomen. In de puberteit is besmetting met EBY soms aanleiding 
voor de ziekte van Pfeiffer. Het virus blijft levenslang aanwezig in een klein aantal cellen 
(B lymfocyten) en wordt in toom gehouden door het immuunsysteem. HLA speelt hierin 
een belangrijke rol. In de Westerse wereld bevatten de HRS cellen, die ontstaan uit een B 
lymfocyt, het EBY in 20 tot 40% van de HL patienten. Er wordt aangenomen dat in deze 
patienten een EBY geYnfecteerde B lymfocyt aan het immuunsysteem is ontsnapt en dat het 
EBV heeft bijgedragen aan het ontstaan van HL. In patienten waar de HRS cellen geen 
EBV bevatten zijn geen andere virussen aangetoond. Ook in deze gevallen zijn de HRS 
cellen ontsnapt aan het immuunsysteem. 

Het HLA bestaat uit verschillende componenten (onderverdeeld in de families HLA 
klasse I en HLA klasse II). Elke component (HLA molecuul) wordt gecodeerd door een 
apart gen en kent vele genetisch bepaalde variaties. Hierdoor kunnen verschillende 
individuen verschillende antigene peptiden presenteren. Bepaalde HLA variaties zijn 
minder goed in staat om bepaalde antigene peptiden (bv. specifieke EBV gerelateerde 
antigene peptiden) aan het immuunsysteem te presenteren, terwijl zij andere specifieke 
antigene peptiden weer beter kunnen presenteren. Daarnaast zouden tumorcellen het 
mechanisme van presentatie van antigene peptiden kunnen verstoren, o.a. door de expressie 
van de HLA moleculen te blokkeren. 
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Het doe) van <lit proefschrift is om genetische variatie op te sporen die geassocieerd is 
met EBY positieve en/of EBY negatieve HL. Een tweede doe) is het bepalen of de 
verschillende HLA componenten ten tijde van de diagnose nog aanwezig zijn op de HRS 
cellen of <lat hun expressie verstoord is. 

Een erfelijke aanleg voor het krijgen van HL wordt gesuggereerd door clustering in 
families, incidentieverschillen op basis van etnische achtergrond en een groot aantal studies 
waarin associaties met HLA genen zijn aangetoond (samengevat in hoofdstuk 2). Echter, 
deze studies rapporteerden nogal eens tegengestelde resultaten, die meestal ook niet 
reproduceerbaar bleken te zijn. Het betrof zwakke associaties die erg gevoelig zijn voor 
studie-opzet, patientenaantal, en homogeniteit van de etnische achtergrond. Bovendien 
werd er geen rekening gehouden met de EBY status van de HRS cellen. De belangrijkste 
kritiek op deze studies is <lat er meestal slechts een of maar een klein aantal genen 
bestudeerd werden. Het gebied op chromosoom 6 waarin de HLA genen liggen (het HLA 
gebied) kan onderverdeeld worden in drie kleinere gebieden, opeenvolgend het HLA klasse 
II, HLA klasse II I  en HLA klasse I gebied. Alleen het HLA klasse I en HLA klasse I I  
gebied bevatten echte (antigeen presenterende) HLA genen, maar ook nog een groot aantal 
andere genen. In totaal bestaat het gehele HLA gebied uit ongeveer 220 genen, waarvan 
slechts 1 0% echte HLA genen zijn. In het HLA gebied zijn vele genen afhankelijk van 
elkaar, dat wil zeggen <lat een bepaalde variatie van een gen vaak samen overgeerfd wordt 
met een bepaalde variatie van een of meerdere andere gen( en). Deze afhankelijkheid wordt 
wel "linkage disequilibrium" genoemd. Als er maar een klein aantal genen onderzocht 
wordt, dan is de kans groot <lat een gen in "linkage disequilibrium" gevonden wordt, maar 
niet het ziekte veroorzakende gen. Een betere aanpak is om het hele HLA gebied te 
screenen. Daar waar de sterkste associatie gevonden wordt, daar kan een ziekte
veroorzakend gen verwacht worden. 

Hoofdstuk drie beschrijft een prognostische studie waarin het effect van EBY status op 
prognose werd onderzocht. Alleen in de Ieeftijdsgroep van 50 tot 74 jaar werd aangetoond 
<lat EBY positieve patienten iets minder goed reageren op de behandeling. Een verklaring 
hiervoor kan zijn <lat EBY positieve HRS cellen iets agressiever zijn dan EBY negatieve 
HRS cellen. Op oudere leeftijd neemt de functie van het immuunsysteem af en <lit zou de 
reden kunnen zijn waarom <lit effect alleen in oudere patienten werd waargenomen. 

In hoofdstuk vier wordt een genetisch screeningsonderzoek van het HLA gebied 
beschreven. Meer dan 200 HL patienten die gediagnosticeerd werden in de periode van 
1 987 tot en met 2000 in de vier noordelijke provincies van Nederland deden mee aan deze 
studie, die bekend stond als de HORIZON-studie (Hodgkin Onderzoek naar Relatie met 
InfectieZiekten en Overerving in Noord-Nederland). Zij stonden DNA af, evenals hun 
familieleden die als controle dienden. Van de HL patienten werd de EBY status van de 
HRS cellen bepaald. Het gehele HLA gebied werd gescreend met 35 verspreid gelegen 
DNA merkers. De verschillen tussen de DNA merkers werden bepaald tussen EBY 
positieve patienten, EBY negatieve patienten en controles. Er werd een associatie gevonden 
van het HLA klasse II I  gebied met het ontstaan van HL. Verder onderzoek van <lit gebied is 
nodig om het ziekte-veroorzakend gen / variant te vinden, maar het betreft waarschijnlijk 
geen HLA gen. 
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Een tweede, sterke associatie werd gevonden tussen het HLA klasse I gebied en EBV
positieve HL. Deze associatie is interessant, omdat vooral HLA klasse I betrokken is bij het 
presenteren van antigene peptiden van het EBV. Om te bepalen welk ziekte-veroorzakende 
gen / variant verantwoordelijk is voor deze associatie werden aanvullende, dichter opeen
gelegen DNA merkers in het HLA klasse I gebied gebruikt. De grootte van het geasso
cieerde gebied werd hiermee ingeperkt tot een klein gebied waarin het HLA-A gen en het 
HCG9 gen aanwezig zijn. De betrouwbaarheid van dit resultaat werd vergroot door deze 
associatie ook in een Engelse populatie van HL patienten aan te tonen. Aangezien het HLA
A gen codeert voor een HLA klasse I molecuul dat inderdaad in staat is EBV antigene 
peptiden te presenteren, werd dit gen nader onderzocht. 

Hoofdstuk vijf beschrijft de analyse van het HLA-A gen. Dit keer werden DNA merkers 
gebruikt die zeer dicht op elkaar liggen. Deze merkers zijn gelegen in het dee) van het gen 
dat bepaald welke antigene peptiden er geselecteerd kunnen worden door het HLA 
molecuuL Met deze merkers kon een onderscheid gemaakt worden tussen het zogenaamde 
HLA-A*0l type, het HLA-A*02 type en andere HLA-A typen, waarbij de eerstgenoemde 
twee normaalgesproken het vaakst voorkomen. Hieruit bleek dat HLA-A*Ol significant 
vaker en HLA-A*02 significant minder vaak voorkomt bij EBV positieve HL patienten. De 
HLA-A*02 resultaten werden bevestigd in een grotere groep HL patienten (Nederland en 
Engeland) door middel van aanvullende technieken (immuunhistochemie en PCR). 

Van het HLA-A*02 type is bekend dat het goed antigene peptiden van het EBV kan 
presenteren aan het immuunsysteem. Dit kan verklaren waarom er relatief weinig dragers 
van dit type zijn in EBV positieve HL patienten. Immers, HLA-A *02 en EBV positieve 
HRS cellen zouden door het immuunsysteem herkend en vemietigd moeten worden. Het 
HLA-A *0 I type kan waarschijnlijk veel minder goed EBV antigene peptiden presenteren, 
waardoor EBV positieve HRS cellen beter aan het immuunsysteem kunnen ontsnappen. 
Gezonde individuen met het HLA-A*0l type hebben eigenlijk geen verhoogde kans op het 
krijgen van HL, omdat ook vele andere, grotendeels nog onbekende factoren een rol spelen. 
De gevonden genetische associatie kan ons dus vooral iets vertellen over de ontstaanswijze 
van het EBV positieve HL. 

In hoofdstuk zes wordt een studie beschreven waarin de expressie van het HLA klasse I 
molecuul door HRS cellen werd onderzocht. Om antigene peptiden te kunnen presenteren, 
moet het HLA molecuul zich aan het celoppervlak bevinden. Het molecuul kan 
gedetecteerd worden met behulp van een specifiek label (antilichaam), die een kleurreactie 
bewerkstelligd (immuunhistochemie). Deze kleurreactie is te zien onder de microscoop. In 
EBV positieve HL gevallen kon het HLA klasse I molecuul in 29% van de gevallen niet 
worden aangetoond. Dit betekent dat de HRS cellen in deze gevallen de normale expressie 
geblokkeerd hebben, waarschijnlijk om herkenning door bet immuunsysteem te omzeilen. 
Omdat de eerder genoemde genetiscbe associatie met HLA klasse I ook in deze gevallen 
aanwezig was, is het waarschijnlijk dat de HRS cellen in een vroeg stadium van het 
ziekteproces het HLA klasse I molecuul wel normaal tot expressie bracbten. 

In EBV negatieve HL patienten is de expressie van bet HLA klasse I door de HRS 
cellen nog veel vaker geblokkeerd, namelijk in 86% van de bestudeerde patienten. Cellen 
zonder HLA klasse I worden normaal gesproken door bet immuunsysteem berkend en 
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vernietigd. Het HLA-G molecuul (een apart HLA klasse I molecuul met geringe variatie) 
kan voorkomen dat het immuunsysteem het verlies van HLA klasse I detecteert. HLA-G 
kan echter zelf geen antigeen specifieke immuunreactie opwekken. Met immuunhisto
chemie werd aangetoond dat in 54% van de HL patienten de HRS cellen HLA-G tot 
expressie brachten, vooral als HLA klasse I afwezig was. 

Hoofdstuk zeven beschrijft een studie waarin de expressie van HLA klasse II op het 
celoppervlak van HRS cellen bepaald werd. Met behulp van immuunhistochemie bleek dat 
in 4 I%  van de HL patienten de expressie van HLA klasse II afwezig was. Deze afwezig
heid ging samen met een iets slechtere prognose, zowel wat betreft respons op behandeling 
als wat betreft uiteindelijke overleving. Yerder werd er een derde genetische associatie 
gevonden, namelijk tussen het HLA klasse II gebied en de afwezigheid van HLA klasse II 
expressie. Op basis van deze bevindingen kan een theorie geponeerd worden, waarbij HLA 
klasse II vroeg in het ontstaan van HL betrokken is bij het opwekken van de 
ontstekingsreactie. Dit is belangrijk voor de HRS cellen, omdat zij afhankelijk zijn van 
deze reactie voor groei en overleving. Later in het ziektebeloop zouden de HRS cellen 
minder afhankelijk kunnen worden van de ontstekingsreactie, doordat zij andere groei- en 
overlevingsmechanismen ontwikkelen. Deze verminderde afhankelijkheid zou zich dan 
kunnen uiten in het blokkeren van de HLA klasse II expressie en een minder goede 
prognose. 

Samengevat toont dit proefschrift aan dat antigene presentatie in de context van HLA 
belangrijk is in het ontstaan en het beloop van HL, waarbij er verschillen zijn tussen EBY 
positieve en EBY negatieve HL. 
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Hodgkin Onderzoek naar 
Relatie met I nfectieZiekten en 
Overerving in Noord-Nederland 

Het logo van de HORIZON-studie. 
De tweede O van HORIZON is een representatie van een Hodgkin lllmorce/ zoals die gezien kan warden onder de 
microscoop. Deze specifieke verschijningsvorm met de "twee uilenogen " wordt een k/assieke Reed-Stembergcel 
genoemd De invloed die deze eel op zijn omgeving uitoefent, onder andere via het Epstein barr virus en het HLA, 
is weergegeven als een grijze gradient (in de Z en de NJ. De linker pool van de H is het chromosoom 6. Op de 
korte arm van dit chromosoom ligt het gebied waar de HLA genen zich bevinden (het k/eine grijze stukje net onder 
de dwarse streep van de HJ. De strakke streep onder de tekst staat symboo/ voor het noorden van Nederland met 
/war weidse uitzichten. Door voortgaand wetenschappelijk onderzoek krijgen we meer inzicht in het ontstaan van 
het Hodgkin lymfoom en zullen de mysteries van de Reed-Stembergcel (verderJ haven de horizon uitkomen. 
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