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CHAPTER 6

Summary and Future Perspectives
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6.1 Summary

Hodgkin lymphoma (HL) is characterized by a minority of tumor cells
located within an abundant infiltrate consisting of various types of in-
flammatory cells. e scarce tumor cells survive this hostile environ-
ment by producing immune suppressive factors and attracting specific
non-hostile infiltrating cell populations [1]. However, it is likely that
additional mechanisms are involved. In this thesis, we investigated the
role of the HGF/c-Met signaling pathway and several other factors that
can modulate the anti-tumor immune response, i.e. expression of toll
like receptors (TLRs), functionality of HLA class II, expression of CD1
molecules and presence of invariant natural killer T (iNKT) cells.

6.1.1 HGF/c-Met signaling pathway

Aberrant expression of c-Met has been implicated in the tumorigenesis
of many cancers by regulation of cell cycle, survival, proliferation and
migration [2]. Overexpression of c-Met has been reported in HL [3],
but its function had not been studied. In chapter 2, we studied theHGF/
c-Met signaling pathway in HL. We showed that c-Met was expressed
in the tumor cells in 55% (26/47) of HL cases, while its ligand HGF was
expressed by the tumor cells in only a minority of cases. is indicates
that activation of the c-Met pathway is mostly dependent on expression
of HGF in the infiltrating cells. A variable percentage of infiltrating cells
indeed stained positive for HGF, supporting a predominant paracrine
activation route. e functionality of the HGF/c-Met signaling pathway
was studied in the c-Met high andphospho-c-Met (p-Met) positive L428
cell line using the c-Met specific kinase inhibitor SU11274. SU11274
effectively blocked the HGF/c-Met signaling pathway with or without
HGF in L428 cells. Inhibition of c-Met by SU11274 reduced cell growth
and induced G2/M cell cycle arrest. Inhibition of PI3K, MEK1/2 and
Erk1/2, three downstream targets of the HGF/c-Met signaling pathway,
also induced G2/M cell cycle arrest. Based on our data it is evident that
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the HGF/ c-Met signaling pathway plays a role in the proliferation of
L428 cells.

6.1.2 Expression and function of TLRs

TLRs are the first line of defense against microbial infection by recogni-
tion of pathogen associated molecular patterns (PAMPs), thereby initi-
ating innate immunity and modulating the adaptive immune response.
Aberrant expression of TLRs has been reported inmany cancers includ-
ing B cell lymphomas [4-5]. In chapter 3 we studied the expression and
function of TLRs in the neoplastic Hodgkin-Reed Sternberg (HRS) cells
in classical HL (cHL). TLR4, TLR7 andTLR9were expressed in cHL cell
lines but TLR2 was not expressed. TLR4 and TLR9 were positive in the
tumor cells in 47% of cHL patients; TLR7 was expressed in only a small
proportion of tumor cells in a minority of these patients. To test the
relevance of these TLRs in cHL several known downstream effects were
analyzed. Based on the induction of specific cytokines upon stimula-
tion of TLRs an association has been reported between TLRs and Treg
and 17 cells [6-7]. However, in cHL tissue no correlation was found
between the expression of TLR4, TLR7 and TLR9 and the presence of
Treg and/or 17 cells. Moreover, a correlation between expression of
HLA class I andHL class II and activation of TLR as reported previously
for lymphoma derived cell lines [4] was not detectable in cHL cases. In
the cHL cell lines, no induction of IL-1𝛽, IL-6 or IL-10 was observed by
ligation of TLR4, TLR7 and TLR9. A moderate but significant effect on
cell growth was found by ligation of TLR in some cHL cell lines with
the most pronounced effect observed for TLR7 ligation in KMH2 cells.
Studying the cellular signaling pathways showed that ligation of TLR7
in KMH2 led to activation of p-JNK1/2 and p-Erk1/2. In conclusion,
hyporesponsiveness of these TLRs in cHL might be a mechanism that
allows microbes, including EBV, to escape from an effective immune
response.
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6.1.3 HLAclass II-associated invariant chainpeptide (CLIP),
HLA-DM and HLA-DO

Absence of cellular surface expression of HLA class II in tumor cells is
an adverse prognostic factor for cHL patients [8], probably because this
impairs presentation of antigens to T cells. It is unknown whether the
expression of HLA class II on the tumor cell membrane is functional or
not, since cell surface HLA class II can express the non-immunogenic
peptide CLIP instead of antigenic peptides [9]. In chapter 4 we stud-
ied the expression of CLIP, HLA-DM and HLA-DO, proteins that reg-
ulateHLA class II processing and functionality [10]. MembranousCLIP
staining of HRS cells was observed in 48% (10/21) of HLA class II posi-
tive cHL cases. is can be explained by the lack of HLA-DM, since lack
ofHLA-DMresults in a defective removal of CLIP from theHLA class II
antigen binding groove during its natural processing [10]. Overexpres-
sion of HLA-DO, the natural repressor of HLA-DM was not involved in
the presence of membranous CLIP. Our results indicate that not only
HLA class II negative cases, but also half of HLA class II positive cases
do not present immunogenic antigenic peptides and this may be yet an-
other strategy for Hodgkin tumor cells to escape an effective immune
response.

6.1.4 CD1d and iNKT cells

CD1 restricted T cells, especially iNKT cells, play an important role in
the regulation of immune responses and have been implicated in the
pathogenesis of many diseases [11]. iNKT cells were shown to enhance
immune response in a murine B cell lymphoma model [12]. In chapter
5, we studied the expression of CD1c and CD1d in the tumor cells in
cHL patient tissues and cHL cell lines and the presence of iNKT cells
in the tumor cell environment. CD1c was consistently negative in the
tumor cells in cHL patient tissues and cHL cell lines. is was con-
sistent with the lack of CD1c in germinal center (GC) B cells. How-
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ever, CD1d was detected in cHL cell lines and in the tumor cells in 48%
(21/44) of cHL cases, in contrast with normal GC B cells that do not
express CD1d. is indicates that the tumor cells acquire CD1d expres-
sion during malignant transformation. CD1c expression was found in
tumor cells in 36% of Non-Hodgkin lymphoma patients while only 23%
expressed CD1d. Analysis of cHL cell suspensions revealed the pres-
ence of iNKT cells at a percentage similar to the percentage found in
reactive lymph nodes (RLNs). T cells in the reactive background of cHL
have been shown to be anergic [13]. erefore, it is possible that the
iNKT cells in cHL are also anergic or functionally impaired compared
to those in RLNs. Two distinct iNKT subsets have been distinguished as
1 type (CD4-iNKT) and 2 type (CD4+iNKT) in terms of cytokine
production and cytotoxic activation [14-15]. e percentage of CD4+
iNKT cells in the cHL cell suspensionswas also similar to the percentage
observed in RLNs. Given the high expression of CCL-17 (also known
as thymus and activation-regulated chemokine, TARC) in cHL tumor
cells [16] and the high expression of CCR4 (CCL-17 receptor) in CD4+
iNKT cells [17], it can be speculated that CD4+ iNKT cells reside in the
close vicinity of HRS cells.

6.1.5 New insights into tumor cell survival strategies

Combination of our data with current knowledge in the literature indi-
cates that there are some potential new players involved in tumor cell
survival and escape from anti-tumor immune responses in HL (Figure
6.1). In addition to the activation of several growth factor pathways
involving e.g. CD30, CD40, tumor necrosis factor and cytokines, aber-
rant expression of c-Metmight provide additional signals leading to sur-
vival and growth of the tumor cells. e HGF/c-Met signaling pathway
appears to regulate cell cycle progression predominantly via paracrine
mechanisms in HL. In terms of immune surveillance, three possible
mechanisms analyzed in this thesis might be involved in the survival of
the Hodgkin tumor cells. e expression of TLR4, TLR7 and TLR9 in
the tumor cells togetherwith the limited effects of ligation of these TLRs,



104 Summary and Future Perspectives

indicates that their functionality might be impaired. However, a role in
one of the early steps of the malignant transformation process cannot
be excluded. Expression of membranous CLIP in HLA class II positive
HRS cells suggests impaired antigen presentation in these cases. Ad-
ditionally, acquired expression of CD1d in HRS cells in approximately
half of the cHL cases and a substantial population of iNKT cells in the
inflammatory background, indicates that CD1d restricted iNKT cells
might modulate the immune response in a way that favors tumor cell
survival. Certainly, the function of iNKT cells in cHL needs to be fur-
ther elucidated. Interestingly, it has been shown that iNKT cells can be
activated indirectly by TLRs and this justifies further investigation of a
possible link between iNKT cells and TLRs in cHL.
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Figure 6.1: A schematic representation of newly identified tumor cell survival
strategies in cHL. See also chapter 1 figure 6.1. HGF/c-Met is an additional
growth factor that plays a role in cHL. Overexpression of c-Met in HRS cells
and HGF production by inflammatory cells and in a low percentage also by
HRS cells, provides tumor cell proliferation signals. e expression of CD1d
and TLRs in cHL has effects on the shaping of the environment. Acquired
CD1d expression by HRS cells might result in induction of IL-4 by CD1d re-
stricted iNKT cells, whereas stimulation of TLR by microbial ligands might
also trigger iNKT cell activity. e possible effects of CD1d triggering and
triggering of the TLR on the infiltrating T cells (2, 17, Treg) are still un-
known. Presence of CLIP in a large proportion of HLA class II positive cHL
patients indicates that the antigen presentation pathway is not functional and
HRS cells might escape recognition by the inflammatory background, an ad-
ditional factor in immune escape.
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6.2 Future perspectives

e HGF/c-Met signaling pathway modulates cell growth and cell cycle
progression of Hodgkin tumor cells in vitro, but its relevance in vivo re-
mains unknown. To further explore the functionality of this pathway, it
is important to determine the phosphorylation status of c-Met (p-Met)
in the tumor cells in HL tissue biopsies. Currently, there is no appropri-
ate antibody against p-Met available, precluding a direct analysis of its
activation status. Analysis of downstream signaling molecules is possi-
ble, but this does not prove a role for c-Met, since there are many other
receptor tyrosine kinases (RTKs) expressed in HL which share the same
downstream targets. Several studies showed that c-Met is a prognostic
factor in several cancer types [18-21]. In general, overexpression of c-
Met was associated with worse survival. Besides stimulation by HGF,
c-Met can also be activated by somatic mutation as has been shown
in many cancers, e.g. lung cancer [22], mesothelioma [23], melanoma
[24] and B cell malignancies [25]. Two mutated c-Met variants were in-
hibited by the c-Met specific inhibitor, whereas the other two variants
were resistant to this inhibitor [26], indicating a mutation dependent
sensitivity to the c-Met specific inhibitor. Mutation analysis of the c-
Met gene in HL has not been performed yet, but this might represent
an alternative way to activate the c-Met pathway independent from the
expression of HGF in the Hodgkin tumor cells or infiltrating cells. Be-
sides c-Met, several other RTKs are also aberrantly expressed in HL,
such as alpha-type platelet-derived growth factor receptor (PDGFRA),
discoidin domain receptor tyrosine kinase 2 (DDR2), ephrin type-B re-
ceptor 1 (EPHB1), recepteur d’Origine nantais (RON), neurotrophic ty-
rosine kinase receptor, type 1 (TRKA) and neurotrophic tyrosine kinase
receptor, type 2 (TRKB) [27]. A comprehensive analysis of the cellular
effects induced by these aberrantly expressed RTKs might shed more
light on their role in the pathogenesis of HL.

In contrast to its adverse prognostic value in other cancers, high c-Met
expression by HRS cells was significantly correlated with favorable sur-
vival in a preliminary study in 90 cHL cases (performed in collaboration
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Figure 6.2: Survival in cHL 5-years disease free survival. Kaplan-Meier analy-
sis of c-Met expression in relation to clinical outcome. Significance of c-Met in
association with patient survival was assessed by log-rank test. Expression of
c-met in 30% or more HRS cells was used as a cut off. Patient with high c-met
expression had a better 5 year failure free survival than those with negative or
low c-met expression (p=0.0232).

with P. Moller, Germany). Patients with low or no expression of c-Met
showed adverse five-year failure free survival (73% vs 88%, hazard ra-
tio 3.659, p=0.0232) and overall survival rates (at 5 years 86% vs 97%,
hazard ratio 5.462, p=0.0403) as compared to patients with high expres-
sion of c-Met (Figure 6.2). eunexpected favorable prognostic value of
high c-Met levels in HRS of cHL might be attributed to the exceptional
phenotype of cHL, which is a minority of neoplastic HRS cells located
within an extensive infiltrate of reactive cells. A similar result has been
reported for the number of Foxp3 positive T regulatory cells: in most
cancers high numbers of infiltrating Foxp3 positive cells associate with
poor survival, whereas the opposite has been observed in cHL [28-29].
Another possible explanation for this unexpected finding is based on the
relation between c-Met and TGF-𝛽. In a rat cirrhosis model, c-Met in-
duced liver fibrosis and decreased TGF-𝛽 levels [30]. Since TGF-𝛽 plays
an important role in suppression of an effective immune response in
cHL [1], the activation of c-Met in HRS cells could result in decreased
TGF-𝛽 production levels resulting in enhanced anti-tumor responses.
A third possible explanation for the favorable prognostic value of high



108 Summary and Future Perspectives

c-Met levels might be related to its pro-inflammatory properties. Ac-
tivation of c-Met induced upregulation of pro-inflammatory cytokines
in monocytes [31] and a pro-inflammatory response of the HGF/c-Met
pathway was also found in experimental autoimmune encephalomyeli-
tis [32]. Overall, it can be speculated that despite its oncogenic proper-
ties, activation of c-Met inHRS cellsmight alter the immunosuppressive
properties of the reactive cells by secretion of certain factors, thereby
shaping the microenvironment in a way that is less beneficial for HRS
cells. A more comprehensive study needs to be performed to confirm
these preliminary findings.

We investigated expression of 4 TLRs and demonstrated some func-
tional effects by ligation of the TLRs in cHL cell lines. Functional studies
in cHL cell lines may not represent a good model for the tumor cells in
vivo since in the cell lines, the tumor cells have become independent of
the reactive infiltrate. To elucidate the in vivo function of TLRs, it will
be essential to perform functional assays on sorted tumor cells or use
an animal model that can mimic the natural situation of a minority of
tumor cells surrounded by a predominant reactive infiltrate. To further
explore the effect of TLR on the pathogenesis, expression and function
of all ten TLRs should be studied in HL.

e presence of HLA class II is a favorable prognostic factor in cHL [8].
Based on our present study it is clear that in about half of the HLA class
II positive cHL cases the antigen presenting property is dysfunctional
due to presence of membranous CLIP loaded HLA class II. erefore,
it will be of interest to study whether the CLIP positive cases have a
worse prognosis than the CLIP negative cases in a larger cohort of pa-
tients. Antigen presentation by HLA class II could result in activation
of T helper cells and thereby influence cytokine induction. erefore,
it makes sense to study differences in T cell subsets and their activation
status betweenHLA class II negative and/ormembranous CLIP positive
cases as compared to cases with functional HLA class II expression.

Althoughnodifferencewas observed between theCD4+andCD4- iNKT
cell population in cHL and RLN, the location of the iNKT cells with re-
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spect to the tumor cells might influence their functionality. Immuno-
histochemical staining of iNKT cells can only be done when a specific
marker and appropriate antibodies will become available. Functional
studies of iNKT cells sorted fromHLcell suspension, including cytokine
production and response to 𝛼-GalCer stimulation will reveal the actual
relevance of these cells in cHL. 𝛼-GalCer pulsed iNKT cells can in-
duce apoptosis of CD1d positive chronic lymphocytic leukemia [33], B-
cell precursor acute lymphoblastic leukemia [34] andmultiple myeloma
[35]. To investigate the impact of iNKT cells on CD1d positive tumor
cells, cell toxicity assay could be performed with an iNKT cell clone or
with iNKT cells sorted from cHL cell suspension.
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