
 

 

 University of Groningen

Tumor cell survival strategies in Hodgkin lymphoma
Xu, Chuanhui

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2010

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Xu, C. (2010). Tumor cell survival strategies in Hodgkin lymphoma. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/107de11d-31ca-4216-b243-58f7c2f31b18


CHAPTER 1

Introduction and the Scope ofesis
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1.1 Hodgkin lymphoma

Hodgkin lymphoma (HL) is named aer omas Hodgkin who first
described some cases of what is now known as HL in his paper “On
some morbid appearances of the absorbent glands and spleen” in 1832
[1]. e presence of the characteristic large binucleated tumor cells
was described by Dorothy Reed (1902) and Carl Sternberg (1898) (RS
cells) and is still considered the main diagnostic criterion for HL. e
mononuclear variants of these RS cells are calledHodgkin cells, and col-
lectively the tumor cells are namedHodgkin and Reed-Sternberg (HRS)
cells. HL is characterized by the fact that there is generally only a mi-
nority of neoplastic HRS cells (generally less than 1%) located within an
extensive infiltrate of reactive cells.

1.1.1 Hodgkin lymphoma subtypes

According to the most recent classification of tumors of Haematopoi-
etic and Lymphoid Tissues of the world health organization (WHO),
HL can be divided into classical Hodgkin lymphoma (cHL) and nodular
lymphocyte predominant Hodgkin lymphoma (NLPHL) [2]. cHL com-
prises approximately 95% of all HL cases, whereas NLPHL accounts for
5% of all HL cases. Based on differences in morphology of HRS cells
and composition of the cellular infiltrate, cHL can be subdivided into 4
different subtypes – i.e. nodular sclerosis (NS), mixed cellularity (MC),
lymphocyte depleted (LD), and lymphocyte rich (LR). eNS variant is
the most common subtype, accounting for approximately 70% of cases
in the Western world [2]. e tumor cells of NLPHL have a different
phenotype as compared toHRS cells, and are called popcorn or lympho-
cyte predominant (LP) cells, formerly called lymphocytic and histocytic
(L&H) cells [2].
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1.1.2 Clinical and epidemiological features

HLaccounts for approximately 30%of all diagnosed lymphomas inWest-
ern countries [2]. A characteristic feature of the epidemiology of HL is
its bimodal age-incidence, with an early peak in the 3𝑟𝑑 decade and a late
peak in the 6𝑡ℎ and 7𝑡ℎ decades [3]. e most common symptom is lym-
phadenopathy, initially affecting a single lymph node in most patients.
In addition, HL patients may present with systemic symptoms, such as
fever, night sweats and weight loss [4]. 80-90% of all HL patients can be
cured with current therapy consisting of chemotherapy (usually ABVD
or BEACOPP), sometimes combined with radiotherapy [5]. Despite the
high survival rate, current treatment is not optimal, since many patients
suffer from toxic side effects in the long term, such as secondary ma-
lignancies, cardiovascular disease, lung disease and loss of fertility [6].
To achieve a more efficient treatment with less long term side effects,
multiple novel therapeutic options are being explored in HL including
antibody therapy and small inhibitory molecules [7].

1.1.3 Epstein - Barr virus (EBV)

More than 90% of the human population worldwide is infected by EBV
and EBVusually acts as a harmless passenger residing in B cells [8]. Epi-
demiological studies showed that 30-50% of all HL cases are EBV pos-
itive in Western populations, while 60-90% of the HL cases in Asian,
African and Latin American countries are EBV positive [9-11]. In gen-
eral, EBV positivity is most common in the MC subtype of cHL with a
frequency ranging from 57-100% [9-11]. In these cases, EBV is present
in each and every tumor cell. EBV is not found in LP cells in NLPHL
cases [12]. In EBV positive cases, viral genomes are found in mono-
clonal form in the tumor cells and EBVpersists throughout the course of
cHL indicating that infection with EBV was most likely an early step in
themalignant transformation [13-14]. ree EBV-encoded proteins are
expressed in cHL, i.e. EBV nuclear antigen 1 (EBNA1), the latent mem-
brane protein 1 (LMP1), and the latent membrane protein 2A (LMP2A)
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[15]. ese EBV proteins probably play an important role in the patho-
genesis of cHL. LMP2A mimics B cell receptor (BCR) signaling and
thereby rescuesHRS precursor cells from apoptosis in the germinal cen-
ter (GC) reaction [16-18]. LMP1 signaling mimics the co-stimulatory
signal normally provided by CD40 ligation and is constitutively active.
A recent study showed that LMP1 can reprogram GC B cells towards a
HRS cell like phenotype by downregulating some B cell specific genes,
such as CD79A, CD79B, CD19, CD20, CD22 and B-cell linker protein
(BLNK) [19]. Both LMP1 and LMP2A result in activation of transcrip-
tion factor nuclear factor-𝜅B (NF-𝜅B) and thereby stimulate the pro-
liferation of B cells [20]. For the EBV negative cases the transforming
event is still unknown and there is no convincing evidence to support
a ‘hit and run’ theory in cHL [21]. Recently, inactivating mutations in
tumor necrosis factor 𝛼-induced protein 3 (TNFAIP3) were identified
significantlymore frequent in EBVnegative cHL cases than in EBV pos-
itive cHL cases. e TNFAIP3 gene encodes the A20 protein which is
a negative regulator of NF-𝜅B activity. Lack of A20 might provide the
EBV negative HRS cells with an alternative mechanism to escape from
apoptosis [22].

1.1.4 Characteristics ofHodgkin tumor cells (HRS and LP
cells)

e neoplastic cells of HL have been proven to be derived from B cells
based on the detection of clonal immunoglobulin (Ig) gene rearrange-
ments. In HRS cells of cHL, crippling mutations were observed with-
out signs of ongoing mutations, indicating that these cells are derived
from pre-apoptotic GC B cells [23]. In LP cells of NLPHL, mutations
were observed in the Ig genes, but unlike cHL no crippling mutations
were observed [24-25]. is indicates that LP cells are derived from
transformed GC B cells [24-25]. In some rare cases HRS cells have been
shown to be derived from T cells [26].

HRS cells of cHL have an unusual immunophenotype, showing expres-



6 Introduction and the Scope of esis

sion of several hematological lineage markers, but lacking most com-
mon B cell markers, i.e. CD19, CD20, CD22 and CD79 [27-28]. In
contrast to HRS cells of cHL, LP cells of NLPHL express most B cell
markers, including CD20, CD22, CD79, CD45, Pax-5, Oct2, BOB.1 [27,
29], BCL-6 and activation-induced cytidine deaminase (AID) [30-31].

1.1.5 Infiltrating cells

e reactive infiltrate in cHL consists of T cells, B cells, plasma cells,
stromal cells, eosinophils and macrophages [27]. ese reactive cells
support survival of Hodgkin tumor cells andHodgkin tumor cells mod-
ulate the infiltrate by secreting specific cytokines and chemokines [32].
T cells represent the predominant cell type in the reactive infiltrate. e
CD4+ T cells surrounding the neoplastic cells in both cHL and NLPHL
are CD45RO+/CD45RA-/CD45RB𝑑𝑖𝑚, suggesting a memory T helper
(T𝐻)- 2 phenotype [33]. Furthermore, the cytokines and chemokines
produced by HRS cells supports a T𝐻-2 response [34]. In general, no
CD8+ or natural killer (NK) cells are found in the immediate vicinity of
HRS cells [35].

Immunosuppressive regulatory T (Treg) cells are abundantly present
in the reactive infiltrate of cHL. ese Treg cells are most likely at-
tracted by cytokines and chemokines. For example, chemokine (C-C
motif) ligand (CCL)-17 (also known as thymus and activation-regulated
chemokine, TARC) and CCL22 (also known as macrophage-derived
chemokine, MDC) are highly expressed by HRS cells of cHL [36-38].
ese two chemokines are thought to contribute to the influx of Treg
cells into cHL tissues [39] by binding to the C-C chemokine receptor
type 4 (CCR4). Additionally, high Treg numbers might also result from
differentiation from naïve CD4+ T cells [40-42]. Unlike in other can-
cers [43-44], high numbers of Treg cells in cHL has been linked to a
good prognosis. is might indicate that Treg cells possibly suppress
production of cytokines that support HRS cell survival and/or prolifer-
ation [45-46]. Recently, higher interleukin (IL)-17 mRNA levels were
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found in T cells isolated from cHL cell suspensions as compared to T
cells in reactive lymph nodes, indicating presence of T𝐻-17 cells in cHL
[47].

In contrast to cHL, the inflammatory background in NLPHL comprises
small lymphocytes with numerous CD4+/CD57+ T cells, B cells and
a follicular dendritic cell (DC) meshwork [2]. e numbers of CD4+/
CD57+ T cells are much higher in NLPHL tissue than in tonsillar and
cHL tissues. Furthermore, IL-2 and IL-4 mRNAs were consistently ab-
sent from the CD4+/CD57+ T cells of NLPHL which are different from
CD4+/CD57+ T cells from tonsil [48]. Even aer stimulation, no IL4
mRNA enhancement was found in the CD4+/CD57+ T cells of NLPHL
[48]. erefore, elevated levels of CD4+/CD57+ T cells are characteris-
tic of NLPHL and these T cells display a distinct cytokinemRNAprofile.

Another subset of T cells, invariant natural killer T (iNKT) cells, has re-
cently gained interest because of its regulatory role in immune responses
involved in the pathogenesis of many cancers [49]. Its role in HL is cur-
rently unknown.

1.1.6 Tumor cell survival strategies in HL

Given the minority of Hodgkin tumor cells and the majority of inflam-
matory cells in HL, it has been unclear for decades how the tumor cells
can survive. Some recent findings provide insight into this mystery. By
attracting Treg and T𝐻-2 cells and producing transforming growth fac-
tor (TGF)-𝛽 and IL-10, the tumor cells can suppress an effective im-
mune response [32]. Additionally, downregulation of human leukocyte
antigen (HLA) class I and II expression may also help the tumor cells
to escape from immune surveillance [50-51]. Multiple aberrant growth
signals provided by ligation of TNF receptor (TNFR) family members
CD30, CD40 and receptor activator of NF-𝜅B (RANK) [52] also con-
tribute to tumor cell survival in HL (Figure 1.1).
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Figure 1.1: Schematic overview of tumor cell survival strategies in HL. Ho-
dgkin tumor cells attract specific cell subsets by chemokines, are dependent
on growth factors and use mechanisms of immune modulation, i.e. shaping
the environment, immune suppression, and immune escape. Arrows indicate
stimulating effects; the other lines indicate inhibitory effects.

Several strategies that have been implicated in tumor cell survival in
other types of cancer have so far been poorly studied in HL. ese
potential strategies include aberrant expression of receptor tyrosine ki-
nases (RTKs) (Box 1), expression of toll like receptors (TLRs) (Box 2),
deficiency of HLA class-II and involvement of CD1 and iNKT cells (Box
3).
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Box 1: Receptor tyrosine kinase
RTKs are transmembrane proteins that catalyze the transfer of the γ-phosphate
group of ATP to the hydroxyl groups of tyrosines on their target proteins, i.e.
their substrates. Upon binding with their ligands RTKs dimerize and initi-
ate various signaling cascades, including the Ras/mitogen-activated protein
(MAP) kinase signaling cascade, phosphatidylinositol 3 –kinase (PI3K)/Akt
signaling pathway, and nuclear translocation of signal transducers and activa-
tor of transcription proteins (STATs)(Figure 1.2). Since many proteins are reg-
ulated byRTKs, they can orchestrate the activity of almost all cellular processes,
such as proliferation, survival, cell cycle, differentiation and cell motility [53].
In normal cells the expression and activity of RTKs is tightly regulated. Aber-
rant expression of RTKs in cancer can be caused by various genetic alterations
and also by epigenetic modulation. Aberrant expression of RTKs is frequently
associated with malignant transformation by changing fundamental cellular
processes [54]. To date, more and more tyrosine kinase inhibitors turn out to
be highly effective for the treatment of patients with tumors showing aberrantly
activated tyrosine kinases, e.g. Imatinib targeting c-KIT and platelet derived
growth factor receptor A (PDGFRA) in gastrointestinal stromal tumors, Gefi-
tinib targeting epithelial growth factor receptor (EGFR) in colorectal cancer
and non small cell lung cancer, and Semaxanib targeting vascular endothelial
growth factor receptor-2 (VEGFR2) in colorectal cancer [55].
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1.1.6.1 Receptor Tyrosine Kinase (RTK)

Given the important role of aberrant RTKs in tumorigenesis and the
promising therapeutic effects of small molecules targeting RTKs in the
treatment of cancer, several groups studied expression and activation of
RTKs inHL. Most of these studies are restricted to the detection ofRTKs
on HRS cells. Renne et al. showed expression of PDGFRA, discoidin
domain receptor tyrosine kinase 2 (DDR2), ephrin type-B receptor 1
(EPHB1), recepteur d’Origine nantais (RON), neurotrophic tyrosine ki-
nase receptor, type 1 (TRKA) and neurotrophic tyrosine kinase recep-
tor, type 2 (TRKB) in HRS cells in 30% to 75% of cHL tissue samples
and in four HL cell lines, including L428, L1236, KMH2 and HDLM2
[56]. Co-expression of multiple RTKs was most pronounced in the NS
subtype, with at least one RTK expressed in all 18 cHL patients and on
average nearly four RTKs per patient [56]. An inverse correlation was
found between co-expression of RTKs and EBV status, indicating that
RTK signaling might represent an alternative mechanism for the sur-
vival of HRS cells in EBV negative cases of cHL [57].

Staining for RTK ligands indicated that DDR2 and TRKA are proba-
bly activated in a paracrine fashion, whereas PDGFRA and EPHB1 are
activated by autocrine mechanisms [56]. Furthermore, staining with
phosphotyrosine-specific antibodies revealed activated PDGFRA and
TRKA/B in 6/25 and 6/21 cHL cases respectively [56]. C-Met was de-
tected in HRS cells in all cHL cases (n=57) independent of EBV status
[58]. e c-Met ligand, hepatocyte growth factor (HGF) was expressed
in dendritic cells present in the cHL infiltrate indicating paracrine ac-
tivation in the HGF/c-Met signaling pathway in cHL [58]. Khnykin et
al. found that tumor cells in most HL patients express fibroblast growth
factor (FGF) 1 (30/39) and FGF2 (33/39) and their receptors FGFR2
(27/39), FGFR3 (39/39), and FGFR4 (39/39), but not FGFR1. However,
only FGFR3, was detected in cHL cell lines [59]. VEGF was detected
in tumor cells in 41 out of 58 cases of cHL, in one out of three NLPHL
cases, and in cHL cell lines L428 and KMH2. Moreover, VEGFR1 was
detected in HRS cells in 3/10 cHL cases, while VEGFR2 was positive in
10/10 cHL cases [60-61].
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Functional studies onRTKs inHLhave only been reported for PDGFRA
and TRKA. Inhibition of the PDGFRA and TRKA signaling pathway
resulted in suppression of cell growth in HL cell lines [56, 62]. e un-
derlying mechanisms have not been studied.

Two important downstream substrates of RTKs, the PI3K/Akt pathway
and the Mitogen-activated protein kinase (MAPK) cascade (Figure 1.2)
have been studied in cHL patients and HL cell lines [63-64]. Phospho-
rylated Akt (p-Akt) was found in HL cell lines and in HRS cells in 27
out of 42 cHL cases, indicating constitutive activation of the PI3K/Akt
pathway. Inhibition of PI3K or Akt demonstrates an anti-proliferative
effect in HL cell lines HD-MyZ, HDLM2, L428 and KMH2. Moreover,
inhibition of PI3Kwith LY294002 induced apoptosis andG1/S cell cycle
arrest, whereas inhibition of Akt specifically induced apoptosis in the T
cell derived HL cell line HDLM2 [63]. P-Erk1/2 was found in HL cell
lines and in HRS cells in all 13 cHL cases tested. Inhibition of MEK,
using the kinase inhibitor UO126, resulted in G2/M cell cycle arrest in
HD-MyZ, L428 and KMH2, and apoptosis in HDLM2 and KMH2 [64].
Collectively, these studies show constitutive activation of the PI3K/Akt
pathway and the MAPK cascade, regulating cell cycle progression and
survival in HL.

1.1.6.2 Toll like receptor (TLR)

Human B cells are characterized by high expression of TLR1, 6, 7, 9,
and 10, low expression of TLR2 and TLR4, and no expression of TLR3,
5 and 8 [71] (Table 1.1). e role of TLRs has been investigated in sev-
eral B cell malignancies [72-75]. In multiple myeloma (MM) TLR1, 2,
3, 4, 7, 8, and 9 were detected in primary tumor cells and cell lines [72,
74]. InMM triggering of TLR9 by CpG oligos induced proliferation and
this effect was mediated by IL-6 induction [72, 74]. In chronic lympho-
cytic leukemia (CLL) expression of TLRs is restricted to TLR7, 8, and
9 [73, 75]. TLR9 was found to be widely expressed in non-Hodgkin
lymphoma (NHL) cells, i.e. small lymphocytic lymphoma and CLL,



12 Introduction and the Scope of esis

Box 2: Toll like receptor
TLRs are transmembrane proteins that are expressed mainly on antigen pre-
sentig cells (APCs) such as DCs or macrophages. TLR family members are
characterized by the presence of leucine rich repeat (LRR) domain in their ex-
tracellular domain and a Toll/ IL-1R (TIR) domain in their intracellular do-
main. To date, 10 members of the TLR family are identified, TLR1-TLR10.
TLRs respond to infection of microorganism by pathogen associated molecu-
lar pattern (PAMP) recognition [65]. Besides recognition of the components
of microorganisms by TLRs, some endogenous products could also be ligands
for TLRs [65].
Activation of the TLR signaling pathway initiates innate immunity and can reg-
ulate antigen-specific acquired immunity [65]. As important players in innate
immunity, activation of TLRs regulates the direct killing of microbes. is
process is mediated by nitric oxide, secretion of defensins and other mecha-
nisms. For acquired immunity, it has been shown that T𝐻-17 differentiation
is dependent on TLR2, TLR4, TLR7 and TLR8 activation of DCs by inducing
production of cytokines, such as IL-6 and TGF-β [66-67]. Activation of TLR4
and TLR9 on DC induced IL-6 production and blocked the suppressive func-
tion of CD4+CD25+ Treg cells [68]. On the other hand, there is also evidence
that stimulation of TLRs on Treg cells can enhance its suppressive function
through enhancing its differentiation, expansion, and activation [69-70].
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Figure 1.2: Receptor tyrosine kinase signaling pathway. e downstream
components are activated Upon stimulation of RTK signaling pathway, such
as the PI3K/Akt pathway, the RAS/MAPK pathway, and the STAT pathway.
By regulating expression of a variety of genes, the RTK signaling pathway is
involved in fundamental biologic processes, i.e. cell survival, cell cycle and cell
migration.

follicular lymphoma, marginal zone lymphoma, mantle cell lymphoma
and large cell lymphoma [73]. Challenged with CpG oligos, these NHL
cells responded by increased expression of costimulatory and antigen-
presenting molecules CD40, CD54, CD80, CD86, HLA class I and HLA
class II, by upregulation of CD20 and by enhanced proliferation [73].
So far, no expression studies have been performed in HL.
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Table 1.1: Toll-like receptors, their ligands and their expression in dif-
ferent stage of B cells [65,71].
TLR Ligands (origin) naive GC memory

B cell B cell cell

TLR1 Tri-acyl lipopeptides (bacteria, mycobacteria) low positive positive
Soluble factors (Neisseria meningitides)

TLR2 Lipoprotein/lipopeptides (a variety of pathogens) low positive low
Peptidoglycan (Gram-positive bacteria)
Lipoteichoic acid (Gram-positive bacteria)
Lipoarabinomannan (mycobacteria)
A phenol-soluble modulin (Staphylococcus epidermidis)
Glycoinositolphospholipids (Trypanosoma Cruzi)
Glycolipids (Treponema maltophilum)
Porins (Neisseria)
Zymosan (fungi)
Atypical LPS (Leptospira interrogans)
Atypical LPS (Porphyromonas gingivalis)
HSP70 (host)

TLR3 Double-stranded RNA (virus) negative negative negative
TLR4 LPS (Gram-negative bacteria) negative low negative

Taxol (plant)
Fusion protein (RSV)
Envelope proteins (MMTV)
HSP60 (Chlamydia pneumoniae)
HSP60 (host)
HSP70 (host)
Type III repeat extra domain A of fibronectin (host)
Oligosaccharides of hyaluronic acid (host)
Polysaccharide fragments of heparan sulfate (host)
Fibrinogen (host)

TLR5 Flagellin (bacteria) low positive positive
TLR6 Di-acyl lipopeptides (mycoplasma) low positive positive
TLR7 Imidazoquinoline (synthetic compounds) low positive positive

Loxoribine (synthetic compounds)
Bropirimine (synthetic compounds)

TLR8 Imidazoquinoline (synthetic compounds) negative negative negative
TLR9 CpG DNA (bacteria) low positive positive
TLR10 ? low positive positive

1.1.6.3 Human Leukocyte antigen (HLA)

e HLA system plays a key role in immune surveillance in human ma-
lignancies. Both HLA class I and II expression are frequently downreg-
ulated in the HRS cells [50-51]. Remarkably, downregulation of HLA
class I expression occurs more frequently in EBV negative cases and is
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less common in EBV positive cases [76]. Downregulation of HLA class
I allows escape from CD8-mediated cytotoxicity, but this might result
in recognition by NK cells. Expression of HLA-G has been observed in
HRS cells, especially in HLA class I negative cases, allowing escape from
NK cells that normally recognize HLA class I-negative cells [77].

A strong genetic association between HLA-A and EBV positive cHL
has been reported. e HLA-A*01 allele is more common in EBV+
cHL patients, whereas the HLA-A*02 allele is underrepresented [78]. A
functional explanation for this association is provided by previous stud-
ies that showed a good presentation of LMP1 and LMP2 derived pep-
tides byHLA-A*02 and very poor or no presentation byHLA-A*01 [79].
us, individuals with one or two HLA-A*01 alleles are more suscepti-
ble for acquiring EBV positive cHL, presumably because their immune
system does not recognize LMP1 and LMP2 very well.

Another immune escape mechanism might be aberrant expression of
the HLA class II-associated invariant chain peptide (CLIP). Physiolog-
ically, this protein occupies the groove of HLA class II in the endoplas-
mic reticulum (ER), thereby preventing peptide binding to HLA class II
within the ER. In the endosomal/lysosomal compartment, CLIP is ex-
changed with an antigenic peptide by the accessory protein HLA-DM
[80]. e function of HLA-DM is modulated by HLA-DO, but the pre-
cise mechanism is still unclear [80]. is system ensures that in prin-
ciple only endocytosed antigenic peptides are presented by HLA class
II. If CLIP is not exchanged by an antigenic peptide, the HLA class II
– CLIP complex can still be expressed on the cell surface, but will not
induce immune responses. Previously, HRS cell surface HLA class II
occupied by CLIP was identified in a subset of cHL cases [81].

1.1.6.4 CD1 molecules and iNKT cells

CD1c expression has been detected in tumor cells in 41% (11/27) of CLL
cases and 32% (15/46) of NHL cases [82]. CD1d has been detected in all
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Box 3: CD1 and invariant natural killer T (iNKT) cells
CD1 molecules (i.e. CD1a, CD1b, CD1c, CD1d, and CD1e) are non-classical
HLA class I-like molecules. e CD1 molecules can be subdivided into three
groups, group 1 comprises CD1a, CD1b and CD1c; group 2 comprises CD1d
and group 3 comprises CD1e. Group 1 CD1 molecules mainly present lipid
antigens to clonally diverse T cells that mediate adaptive immunity to the vast
range of microbial lipid antigens. CD1d molecule present lipid antigens to
iNKT cells. iNKT cells are characterized by expression of T cell receptor (TCR)
consisting of a semi-invariant Vα24Jα18 chain plus a limited set of β chains
[89]. Little is known about the CD1e restricted T cells. CD1 molecules are
widely expressed on DC and other APCs. Expression of CD1a, b and c is char-
acteristic of human DC. Of the five CD1 isoforms expressed in human tissue,
only CD1c and CD1d are detected in B cells [90].
iNKT cells play an important role in the immune response and can be seg-
regated into CD4+ and CD4-CD8- double-negative (DN) subsets. Using 𝛼-
Galactosylceramide (𝛼-GalCer)-loaded CD1d tetramers, two functional sub-
sets of iNKT cells have been distinguished that differ in terms of cytokine pro-
duction and the expression of cytotoxic molecules. e CD4+ subset rapidly
secretes both T𝐻-1 and T𝐻-2 cytokines in response to (𝛼-GalCer) or phor-
bol 3-myristyl 4-acetate (PMA) and ionomycin, whereas the DN subset selec-
tively produces the TH-1 cytokines interferon (IFN)-γ and tumor necrosis fac-
tor (TNF) and upregulates production of perforin in response to IL-2 or IL-12
[91-92].
So far, there are two mechanisms shown for activation of iNKT cells. In the
direct pathway, iNKT cells are activated by recognition of microbial antigens
presented by CD1d. Another proposed mechanism is the indirect pathway
that depends on a weak response to self antigens and APC derived cytokines.
Duringmicrobial infection, engagement of TLRswithmicrobial products leads
to activation of APCs and secretion of cytokines that can activate iNKT cells
[93].
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CLL cases (38/38) [83] and 15% (12/80) of B-cell precursor acute lym-
phoblastic leukemia (BCP-ALL) [84]. CD1d expression has been shown
to correlate with poor prognosis in BCP-ALL [84], while loss of CD1d
expression was associated with tumor cell survival and progression of
MM [85]. CD1d restricted iNKT cells have an important immunoregu-
latory role in these B cellmalignancies. In the presence of the potent gly-
colipid ligand, 𝛼-GalCer, CD1d+ tumor cells are able to activate iNKT
cells resulting in induction of apoptosis in CLL [83], BCP-ALL [84] and
MM [86] cells. Furthermore, iNKT cells were shown to induce effective
anti-lymphoma responses and were essential for the survival of mice in
murine lymphomamodels [87-88]. It is unknown if thesemolecules are
expressed on HRS cells and if they play a role in HL pathogenesis.
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1.2 The scope of this thesis

Tumor cell survival strategies have been an intriguing subject for many
decades. In HL tumor survival strategies are even more relevant be-
cause there is only a minority of tumor cells within an overwhelming
reactive infiltrate. Despite this extensive inflammatory background the
HRS survive and even obtain growth stimulatory signals from their en-
vironment. Several mechanisms have been linked to survival strategies
in HL, e.g. deregulated tumor cell signaling pathways and transcrip-
tion factor networks, EBV infection, downregulation of HLA class I and
HLA class II and modulation of the reactive infiltrate (Figure 1.1).

e aim of this thesis is to further investigate survival strategies of Ho-
dgkin tumor cells, focusing on two aspects: (a) the HGF/c-Met signal-
ing pathway and (b) factors that can modulate immune surveillance, i.e.
TLR, functionality of HLA class II expression, CD1 and iNKT cells.

Aberrant expression of RTKs, such as c-Met, has been implicated in sur-
vival and cell cycle progression in many cancers. Aberrant RTK expres-
sion was also detected inHL, but their pathogenetic role is poorly inves-
tigated. In Chapter 2 we studied the role of c-Met in HL pathogenesis
in terms of cell proliferation and cell cycle progression using a specific
c-Met kinase inhibitor SU11274.

e second part of the thesis is focused on strategies that HRS cells may
apply to escape effective immune surveillance. Firstly, we determined
the expression of TLRs in HL tissues and HL cell lines, and further in-
vestigated their functionality inHL (Chapter 3). Secondly, the function-
ality of HLA class-II membrane expression was determined by staining
for CLIP, HLA-DM and HLA-DO (chapter 4). irdly, expression of
the non-classicalMHC I-like CD1molecules and presence of iNKT cells
were studied in HL cases and HL cell lines (chapter 5).
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