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Summary and discussion  

B cell lymphomas comprise 4% of all newly diagnosed cancer each year. 
Follicular lymphoma (FL) and diffuse large B cell lymphoma (DLBCL) 
together encompass most of the B cell lymphomas. FL is an indolent 
lymphoma subtype, while DLBCL is an aggressive subtype. In ten years’ 
time approximately one-third of FL patients will transform to a more 
aggressive lymphoma subtype, of which DLBCL is the most common 
type. These lymphomas are referred to as transformed FL (TFL). FL, 
DLBCL and TFL belong to the non-Hodgkin lymphoma (NHL) cluster, 
while another essential cluster of B cell lymphoma is Hodgkin lymphoma 
(HL). HL is characterized by a low number of malignant B cells with an 
abundant background of immune cells. The aim of this PhD thesis was to 
investigate these lymphoma subtypes with a focus on tumor cell specific 
proteins and the interaction of tumor cells with reactive cells in the 
microenvironment. 

 

Proteomics studies on FL and DLBCL cell lines 

In the first part of the thesis (Chapters 2 and 3), we investigated the 
proteomic profile of three NHL subtypes. In Chapter 2, we identified 
proteins differential expressed between seven NHL cell lines and an 
Epstein Bar virus (EBV) transformed lymphoblastoid cell line (LCL) by 2-
dimensional gel electrophoresis. The intensities of 34 unique protein 
spots corresponding to 28 unique proteins were changed in at least three 
NHL cell lines in comparison to the LCL cell line. The two largest gene 
ontology clusters of differentially expressed proteins in our study were 
motility (six out of twenty eight) and metabolism (five out of twenty 
eight). Four of the proteins involved in motility (ARPC5, TUBB, MYL6, 
and CAPZA1) showed a decreased expression in NHL cell lines 
compared with LCLs, while expression of CFL1 and PFN1 was enhanced. 
Dysregulation of these proteins has been linked to metastasis and 
invasion in various cancer types1,2,3. The metabolism proteins (PKM, 
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IDH3, MDH1, MDH2, ENO1) were mainly upregulated in NHL cell lines 
compared to LCL and were involved in glycolysis and the Krebs cycle. 
This upregulation probably contributes to the Warburg effect that is a 
common anaerobic metabolic switch in cancer4. 

Expression levels of B2M, PRDX1 and PPIA were validated on the cell 
lines and on patient samples. Partial loss of B2M and increased levels of 
PRDX1 were confirmed at the mRNA level in cell lines and at the protein 
level in FL, TFL and DLBCL tissue samples. For PPIA a significant 
elevation was observed at both mRNA and protein levels in NHL 
compared with LCL. Treatment of NHL cells with the PPIA inhibitor 
Cyclosporine A (CsA) induced a dose dependent decline in the viability 
of malignant cells. Besides this, there was a negative correlation between 
PPIA expression level and the sensitivity of CsA treatment. These data 
suggested that upregulation of PPIA in NHLs plays a role in the 
malignant transformation of B cells. PPIA supports proliferation, cell 
cycle progression and invasion of tumors through triggering signaling 
pathways, such as NFAT, NF-κB, ERK1/2 and JAK/STAT5,6. Which of 
these signaling pathways is the most relevant for the CsA treatment 
induced anti-tumor effects needs to be further clarified. 

In chapter three, we investigated the secretome of FL, germinal center B 
cell type (GCB) DLBCL and activated B cell type (ABC) DLBCL cell lines. 
In total, we identified 1,317 secreted proteins in the cell culture 
supernatants. Among them, 170 proteins (13%) were secreted through 
the classical secretion pathway and the others (n=1,147) were secreted via 
the non-classical pathway. Comparison of the three NHL subtypes 
revealed that FL and GCB-DLBCL shared more proteins as compared to 
the ABC-DLBCL group, consistent with the shared germinal center (GC) 
B cell origin. Next, we also included our previously generated secretome 
data of classical HL (cHL) and nodular lymphocyte predominant (NLP) 
HL. A small proportion of the proteins (101 proteins, i.e. 7%) were 
observed in the two HL and the three NHL subtypes. Both cHL (24%) 
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and ABC-DLBCL (18%) showed a relatively high percentage of unique 
proteins, whereas NLP HL had a low percentage of unique proteins 
similar to FL and GCB-DLBCL. The higher percentage of unique proteins 
in cHL might be related to the general loss of B cell phenotype previously 
reported in cHL7,8.  

Combination of the proteomics data with gene expression profiling data 
of NHL and germinal center B cells (GC-B) indicated an overlap of the 
secretome with differential expression patterns for 302 proteins. Most of 
those secreted and differentially expressed proteins (63%) were 
upregulated in NHLs. Gene ontology analysis of the upregulated 
secretome indicated that a high proportion of these proteins were 
involved in cell metabolism. This gene ontology was also observed as 
one of the main gene ontologies in chapter 2.  

In summary, the two proteomics studies indicated several candidates 
that might be relevant for the pathogenesis of NHL and might be 
involved in the cross-talk between the tumor cells and the 
microenvironment. The overlap between the two studies is limited 
(upregulated ENO1, MDH2 in all NHLs; dowregulated MYL6 in 
DLBCLs), but this might have been caused by the differences in 
approach; in chapter 2 the focus was on membrane proteins and in 
chapter 3 we focused on secreted proteins. Nevertheless, we did see 
proteins related to metabolism in both studies. These findings support a 
role of the Warburg effect in NHL, an effect which is actually used for 
monitoring the tumor load in NHL patients by 2-[18F]fluoro-2-
deoxyglucose positron-emission tomography (FDG-PET)9. Additional 
studies are required to further explore the potential roles of the 
differentially expressed secreted proteins in the cross-talk with the 
microenvironment and in the pathogenesis of NHLs. Moreover, it will be 
of interest to study if some of these proteins can be used as candidate 
novel biomarker for NHL diagnosis, response to treatment evaluation or 
as prognostic markers.  
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The microenvironment of NHL 

In current studies, both reactive lymph node (RLN) and tonsil tissue 
samples have been used as normal controls for studies focusing on the 
microenvironment of NHL. As it is well known that there are several 
structural differences, and the reason for removal is different, we first 
studied these two tissue subtypes in chapter 4. We compared the 
difference in composition of tonsil and RLN by flow cytometry. In 
addition, we identified differentially expressed genes in CD4+ and CD8+ 
T cells.  

We observed more activated T cells and Th cells, Th2 cells, and less 
suppressed Th cells, CTLs and NK cells in tonsils compared with RLN. In 
addition, we observed a lower percentage of CD127low Treg and higher 
percentage of GITR+ Tregs in tonsil than in RLN. Since CD127low Tregs 
have strong inhibitory function10 and GITR+ Tregs convert the function 
of other Tregs11, this indicates a decrease in the suppressive status of Th 
cells in tonsils. The tonsils have been removed because of recurrent 
bacterial infections, while RLN were mainly removed for differential 
diagnosis of lymphoma and may be more affected by (sub-) acute viral 
infections. Consistent with ongoing antigenic stimulation, we observed a 
higher frequency of activated T cells and Th2 cells in tonsils. Chronic 
activation of CTLs and NK cells, eventually leads to activation-induced 
cell death (AICD)12. Moreover, the increase in Th2 cells results in a 
decreased frequency of CTLs due to production Th2 type cytokines and 
lack of help to CTLs. These processes might thus explain the lower 
frequencies of CTLs and NK cells in tonsil compared with RLN. 

At the gene expression level, no significant differences were observed 
between non-activated and activated CD4+ and CD8+ T cells between 
tonsil and RLN. This shows that despite several significant differences in 
the cellular composition, the functionality of the T cells is similar in both 
tissue types.  
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In summary, we found several differences between tonsil and RLN. 
These differences are probably related to structural differences between 
tonsil and RLN. Based on these findings and the common lymph node 
localization of lymphomas, we concluded that RLN is the preferred 
normal counterpart for studying the cellular composition of the 
microenvironment.  

In chapter 5, we investigated the composition of the microenvironment of 
FL, TFL and DLBCL. We observed that there were less natural killer (NK) 
cells, macrophages in NHLs than RLN. This indicates a diminished 
capability to clear tumor antigens. The chronic stimulation of the 
immune cells by the malignant cells further leads to a suppressive 
phenotype of the NK cells 13,14.  

To exclude the impact of variations in the percentage of tumor cells, we 
examined differences in the composition of Th and CTL subpopulations 
only in the T cell population. Differences in Treg populations were 
determined by flow analysis of four Treg hallmark proteins, i.e. FoxP3, 
GITR, CTLA4, CD127. Differences were observed only for the proportion 
of CD127low Tregs, which was lower in DLBCL than in RLN. These 
naturally occurring Tregs have a strong suppressive function15, 
indicating that the immune response status in DLBCL was less 
suppressive compared to RLN. Notably, the proportion of TIA-1+ CTLs 
was elevated in NHLs compared with RLN, together this suggests that 
the CTLs might not function properly. 

The percentage of terminal differentiated effector T cells (TEMRA) in the 
microenvironment of NHLs was lower than in RLNs. TEMRA cells are in 
the final stage of T cell differentiation and these cells retain only part of 
their effector function, while their proliferative potential has been lost16. 
In addition, TEMRA is a hallmark for cell senescence17. This indicates 
that the immune response is still active in NHL. 

Comparison of the three different NHL subtypes to each other revealed 
more T follicular helper (Tfh) cells and less CD8+ CTLs, TIA-1+ CTLs 



Summary, discussion and future perspective  

153 | P a g e  

and Granzyme B+ CTLs in FL than DLBCL. The decreased percentage of 
Tfh cells in DLBCL is the effect or the cause of the loss of the normal 
germinal center structure in DLBCL. The increased proportion of CTLs in 
DLBCL did not prevent lymphomagenesis. This might be caused by 
diminished effectivity of the CTLs, or by the loss of HLA class I 
expression on the malignant cells. We showed functional loss of HLA 
class I/B2M in DLBCL cell lines and patient samples (Chapter 2), 
consistent with previous studies. Furthermore, a correlation has been 
reported between the number of CTLs and loss of HLA class I in DLBCL. 
This is consistent with the high expression of MIF in the secretome of 
NHL (Chapter 3), which can contribute to the inhibition of the 
cytotoxicity of CTLs. 

The TFL subgroup is a heterogeneous group containing patients during 
transformation and patients after transformation. In the flow cytometry 
results we checked if this grouping could be seen, but saw no division 
based on the transformation status. The only differences between FL and 
TFL were the decreased numbers of activated CD3+ cells and CTLs in 
TFL. This suggests that the differences in the frequency of activated T 
cells were mainly caused by the decrease of activated CTLs and not by 
decrease of Th cells. The differences between TFL and DLBCL were 
increased numbers of activated T cells, activated CTLs, Granzyme B+ 
CTLs and decreased numbers of CD127low Tregs in DLBCL than in TFL. 
This might indicate that the immune response status in TFL is more 
suppressed than in DLBCL.  

Comparison of GCB-DLBCL with ABC-DLBCL, revealed less CD57+ 
CD4+ cells, TIA-1+ CD4+ cells and CXCR4+ CD8+ and more CD127low 
Tregs in GCB-DLBCL. The higher frequency of CD57+ CD4+ cells and 
lower frequency of CD127low Tregs in ABC-DLBCL might also have an 
impact on the CD4+ cell mediated immune response. The lower 
frequency of TIA-1+ CD4+ cells indicates that the antigen stimulation 
level in GCB-DLBCL is lower than in ABC-DLBCL. Naoki et al, found 
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that the expression level of CXCR4 on CTLs had a negative correlation 
with perforin expression on CTLs18. This indicates that higher percentage 
of CXCR4+ CD8+ in ABC-DLBCL than GCB-DLBCL is associated with 
an enhanced suppression of the cytotoxic nature of CTLs in ABC-DLBCL. 

In order to solve the questions whether the Th and CTLs cells in the 
microenvironment of NHLs are functionally different from those in 
normal lymphoid tissue we performed gene expression profiling. We 
activated half of the T cells by adding αCD3 and αCD28 because chronic 
antigen stimulation can induce T cell anergy and exhaustion19,20. We 
observed marked changes in expression level before and after 
stimulation, showing that the CD4+ and CD8+ can be further stimulated 
and are not anergic, but exhausted19. Exhaustion of T cells is defined as a 
hypo-functional status with decreased secretion of cytokines against 
antigens and loss of cytotoxicity21. In contrast, we only observed minor 
differences between NHL and RLN. This might in part be due to the low 
number of samples included in our study. Our main finding in CD8 
activated T cells is increased expression of T cell immunoglobulin and 
immunoreceptor tyrosine-based inhibitory motif domain (TIGIT) in all 
NHLs compared to RLN. TIGIT is a co-inhibitory molecule that inhibits 
the cytotoxicity of CTLs. Moreover, high expression of TIGIT on T cells is 
a strong indication of T cell exhaustion20, since the hallmark of exhausted 
T cells is elevated expression of inhibitory receptors22. Blocking of TIGIT 
can re-establish the cytotoxic function of CTLs23. This suggests that 
although we observed a high frequency of CTLs in the 
microenvironment of NHLs, these cells might be hypo-responsive to 
malignant cells and that a novel treatment, aiming to regain cytotoxic 
function of CTLs by adding blocking TIGIT antibody, might have 
potential.  

To exclude bias in our flow analysis data based on the decision to use 
RLN as the normal control tissue, we re-analyzed the flow data using 
tonsil as the normal counterpart (Table 1). Five out of eleven cell 
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subpopulations with significant differences in the comparisons between 
NHL and RLN were also significantly different in the comparison 
between NHL and tonsil and six differences were lost. The only novel 
difference specific for tonsil was the increase of CD8+Granzyme B+ cells 
in NHL compared to tonsil. This indicates that the choice between the 
use of RLN and tonsil for the comparison to NHL is essential for the 
outcome of the study. These two normal tissue samples should not be 
considered as being the same when investigating the composition of the 
reactive infiltrate of B cell lymphomas. At the gene expression level, no 
difference was found between tonsils and RLN. Overall, we conclude 
that RLN is a more appropriate normal tissue control.  

 

The microenvironment of cHL 

In chapter 6, we compared the differences in the composition of the 
microenvironment of cHL and RLN. The frequency of GITR positive 
Tregs as well as FoxP3 positive Tregs were elevated in both EBV+ and 
EBV-cHL. This observation indicates that the tumor cells of cHL induce 
an immune suppressive environment irrespective of the EBV status. In a 
direct comparison of EBV- and EBV+ cHL, we observed more NK cells 
and CTLs in EBV+ cHL. This suggests that the presence of EBV antigens 
triggered the cytotoxic immune response. This is consistent with the 
much more common retention of HLA class I in EBV+ compared to EBV- 
cHL24. However, co-existence of immune cells associated with a 
suppressive and an activating immune response in the 
microenvironment of cHL, warrants further studies including the 
location within the tissue samples and the distance with respect to the 
tumor cells. To study this, we used CD26 to discriminate between cells in 
the close vicinity of the tumor cells, which are CD26 negative, and cells 
outside the tumor cell area, which are generally CD26 positive25. We 
observed more early activated Th cells and more FoxP3+ Th cells 
surrounding HRS cells compared to those cells located outside the tumor 
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cell area, independent of the EBV infection status. This indicates that the 
immune response against cHL was triggered successfully. The 
percentage of CTLs located outside the tumor area was much higher than 
surrounding the tumor cells. This implies that although CTLs were 
present, they cannot effectively attack the tumor cells. Instead, tumor 
cells in cHL were surrounded by Tregs, which are normally induced by 
Th2 cells. Although we did not see an increase of Th2 cells in chapter 6, 
this has been reported by our group26 and others using a different 
approach27. Together our results indicate that Tregs play a main role in 
the modulation of the immune response against the tumor cells of cHL. 

There are some similarities in the composition of microenvironment of 
cHL (chapter 6) and NHLs (chapter 5). The frequency of Tregs and CTLs 
in the microenvironment of both cHL and NHLs were higher than in 
RLN. In addition, the cytotoxic nature of the CTLs was suppressed, 
either by Tregs or by proteins secreted by the neoplastic cells. Thus, 
suppressive components in the microenvironment of both cHL and 
NHLs rescue the neoplastic cells from an effective anti-tumor response 
by the CTLs.  
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Table 1. Comparison of cell composition of tonsil with NHLs and RLN 
with NHLs 

Cell subpopulation Tonsil vs lymphoma RLN vs lymphoma 
CD8+ + + 

CD56+ - + 
CD68+ - + 

CD3+CD69+ - + 
CD8+CD69+ + + 

CD4+CD25+CD127low - + 
CD8+TIA-1+ + + 

CD8+Grazyme B+ + - 
CD8+TIA-1+ in CD3+ + + 

Tfh in CD3+ - + 
TTD in CD3+ - + 

CD8+Granzyme B+ in CD3 + + 
 
+: significant difference; -: no significant difference  
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Future perspective 

Communications between tumor cells and immune cells can be divided 
into two ways: direct cell-cell contact and indirect contact by secretion of 
soluble factors by tumor cells to inhibit anti-tumor responses. 
Immunotherapy can be introduced into the treatment of B cell lymphoma 
to enhance the cell-cell contact between immune infiltrating cells and 
neoplastic cells.  

It has become clear in recent years that new drugs targeting the 
microenvironment or influencing the cross-talk have a strong potential in 
the treatment of multiple cancer types. The PD-1 pathway is able to 
inhibit the activation of T cells through TCR pathways, block the 
inhibition of co-stimulators and multiple signal pathways such as 
PI3K/Akt, Ras-ERK1/2 in immune cells. Besides these mechanisms PD-1 
is also capable to shorten the T cell-APC contact time, which will 
decrease the effectiveness of the immune response against neoplastic 
cells. Therefore, the usage of anti-PD1 drugs, Nivolumab as well as 
Pembrolizumab can potentially re-establish T cell and NK cell anti-tumor 
function2829. In addition to anti-PD1 drugs, combination treatment with 
other immune regulators can further enhance the immune response. 
Examples of potentially interesting drugs are anti-CTLA4 drug, 
ipilimumab30; Bruton tyrosine kinase inhibitor, Ibrutinib30; T cell co-
stimulator and NK cell receptor stimulator, urelummab, lirilumab31; 
Indoleamine2,3-dioxygenase inhibitor, INCB02436030. For CD70 (SGN-
75) clinical trials are just starting and this might also be potentially 
interesting for NHL. TIGIT could be another potential target, but no 
commercial drug is available yet. The main challenge is to enhance the 
cytotoxic potential of CTLs and NK cells resulting in enhanced anti-
tumor responses and at the same time reduce the potential of the tumor 
cells to secrete inhibitory molecules.  

Besides cell-cell contact mediated direct communication, secreted 
proteins also play an essential role in the regulation of cell signaling 
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pathways and cell migration. Combination of the membrane proteome 
and secretome of NHL cell lines will allow us to predict which proteins 
are involved in direct and indirect cross-talk between tumor cells and 
their microenvironment. To fully explore our data, it is important to 
perform additional experiments on primary NHL tumor cells. Preferably, 
proteomics should be performed on sorted neoplastic cells from primary 
cases by for example Super-SILAC to not only identify, but also quantify 
the proteome of NHL tumor cells32. In order to generate a full interaction 
picture, it is necessary to also define the membrane proteins of sorted T 
cell subsets obtained from NHL cell suspensions. To complete this with 
the T cell secretome will be challenging since it is hard to get sufficient 
cells.  As an alternative, gene expression profiling data of the CD4 and 
CD8 sorted T cells can be used. In addition, the proteome of other 
immune cell subtypes, such as the macrophages and the follicular 
dendritic cells, is still missing. When these data will become available a 
comprehensive picture of the interactions can be drawn. This will help to 
understand the pathogenesis of NHL and this might yield to the 
identification of new targets for treatment. 

An example of a potential new therapeutic target is the finding of PPIA 
expression in NHLs. As a start PPIA expression should be studied on 
large cohorts of NHL patients and treatment with CsA could be further 
explored in mouse models. The expression level of PPIA on other B cell 
lymphomas is interesting to evaluate as well. Since, increased levels of 
PPIA plays a role in the consistent activation of NF-κB, PI3K and NF-AT 
pathways in other tumor cells and T cells 5,6,33 , it would be good to check 
which pathway is involved in B cells and NHL cells. The high 
responsiveness of NHL cell lines and the lack of response of 
lymphoblastoid cell lines to Cyclosporin A (CsA) treatment in our study 
supports a potential role of CsA treatment.  CsA is generally applied to 
patients after transplantation to block a T cell response against the graft, 
CsA will also block an anti-tumor response by T cells and sometimes 
causes EBV+ post-transplantation lymphoproliferative disorders. The 
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treatment strategy for these tumors is to decrease the dose of CsA  and 
add Rituximab to the treatment34. The risk of CsA treatment of NHL 
patients, is potential unfavorable effect on the anti-tumor response. 
Based on the exhaustion of T cells in the microenvironment of NHL 
(Chapter 5), it is possible that there is not really an anti-tumor response 
present.  Maybe an additional beneficial effect of CsA will be the 
inhibition of T cells that provide the tumor cells with survival signals, or 
the blocking of immune suppressive cells as Tregs. What the overall 
effect of CsA in the treatment in NHL will be on the T cells, needs to be 
checked thoroughly before clinical use can commence.  

The results of the secretome of the NHL cell lines should be further 
validated on NHL patient tissue and blood samples. This will indicate 
their potential value as disease biomarkers. Coupling with clinical data 
may identify which of these markers can improve prediction of patients’ 
prognosis and treatment response, and their value to monitor disease 
progression during and after treatment.  

Our proteomics data suggest the importance of genes involved 
metabolism in NHL. Thus, it might be worthwhile to perform a 
metabolomics study to investigate the changes in levels of metabolites as 
the end products of cellular processes. Metabolomics is a summary of 
changes in genome, transcriptome, and proteome. It can reflect changes 
in the tracts of cell activity, which have potential impacts on oncogenesis. 
Therefore, investigation of metabolomics of NHLs can give us not only a 
bio-signature of the diseases, but also can help the identification of novel 
biomarkers for diagnosis and prognosis, the responsiveness to the 
treatment as well as recurrence of disease. 



Summary, discussion and future perspective  

161 | P a g e  

References 
1. Kinoshita T, Nohata N, Watanabe-Takano H, et al. Actin-related protein 

2/3 complex subunit 5 (ARPC5) contributes to cell migration and 
invasion and is directly regulated by tumor-suppressive microRNA-133a 
in head and neck squamous cell carcinoma. Int. J. Oncol. 2012;40(6):1770–
1778.  

2. Lee Y-J, Jeong S-H, Hong S-C, et al. Prognostic value of CAPZA1 
overexpression in gastric cancer. Int. J. Oncol. 2013;42(5):1569–1577.  

3. Bae YH, Ding Z, Zou L, et al. Loss of profilin-1 expression enhances 
breast cancer cell motility by Ena/VASP proteins. J. Cell. Physiol. 
2009;219(2):354–64.  

4. Hamanaka RB, Chandel NS. Cell biology. Warburg effect and redox 
balance. Science. 2011;334(6060):1219–20.  

5. Sun S, Guo M, Zhang JB, et al. Cyclophilin A (CypA) interacts with NF-
κB subunit, p65/RelA, and contributes to NF-κB activation signaling. 
PLoS One. 2014;9(8):e96211.  

6. Yang H, Chen J, Yang J, et al. Cyclophilin A is upregulated in small cell 
lung cancer and activates ERK1/2 signal. Biochem. Biophys. Res. Commun. 
2007;361(3):763–7.  

7. Schmid C, Pan L, Diss T, Isaacson PG. Expression of B-cell antigens by 
Hodgkin’s and Reed-Sternberg cells. Am. J. Pathol. 1991;139(4):701–7.  

8. Swerdlow S.H., Campo E., Harris N.L., Jaffe E.S., Pileri S.A., Stein H., 
Thiele J. JWV. WHO Classification of Tumours of Haematopoietic and 
Lymphoid Tissues. IARC:Lyon. 2008;  

9. Specht L. 2-[18F]fluoro-2-deoxyglucose positron-emission tomography in 
staging, response evaluation, and treatment planning of lymphomas. 
Semin. Radiat. Oncol. 2007;17(3):190–7.  

10. Yu N, Li X, Song W, et al. CD4(+)CD25 (+)CD127 (low/-) T cells: a more 
specific Treg population in human peripheral blood. Inflammation. 
2012;35(6):1773–80.  

11. Sun J, Yu N, Li X, et al. Aberrant GITR expression on different T cell 
subsets and the regulation by glucocorticoid in systemic lupus 
erythematosus. Int. J. Rheum. Dis. 2014;  

12. Kearney ER, Pape KA, Loh DY, Jenkins MK. Visualization of peptide-
specific T cell immunity and peripheral tolerance induction in vivo. 

7 



Chapter 7 

162 | P a g e  

Immunity. 1994;1(4):327–339.  
13. Pradeu T, Jaeger S, Vivier E. The speed of change: towards a 

discontinuity theory of immunity? Nat. Rev. Immunol. 2013;13(10):764–9.  
14. Vitale M, Cantoni C, Pietra G, Mingari MC, Moretta L. Effect of tumor 

cells and tumor microenvironment on NK-cell function. Eur. J. Immunol. 
2014;44(6):1582–92.  

15. Beyer M, Classen S, Endl E, et al. Comparative approach to define 
increased regulatory T cells in different cancer subtypes by combined 
assessment of CD127 and FOXP3. Clin. Dev. Immunol. 2011;2011:734036.  

16. Fasth AER, Cao D, van Vollenhoven R, Trollmo C, Malmström V. 
CD28nullCD4+ T cells--characterization of an effector memory T-cell 
population in patients with rheumatoid arthritis. Scand. J. Immunol. 60(1-
2):199–208.  

17. Sathaliyawala T, Kubota M, Yudanin N, et al. Distribution and 
compartmentalization of human circulating and tissue-resident memory 
T cell subsets. Immunity. 2013;38(1):187–97.  

18. Kobayashi N, Takata H, Yokota S, Takiguchi M. Down-regulation of 
CXCR4 expression on human CD8+ T cells during peripheral 
differentiation. Eur. J. Immunol. 2004;34(12):3370–8.  

19. Schwartz RH. T cell anergy. Annu. Rev. Immunol. 2003;21:305–34.  
20. Jiang Y, Li Y, Zhu B. T-cell exhaustion in the tumor microenvironment. 

Cell Death Dis. 2015;6:e1792.  
21. Wherry EJ. T cell exhaustion. Nat. Immunol. 2011;12(6):492–9.  
22. Kahan SM, Wherry EJ, Zajac AJ. T cell exhaustion during persistent viral 

infections. Virology. 2015;479:180–193.  
23. Johnston RJ, Comps-Agrar L, Hackney J, et al. The immunoreceptor 

TIGIT regulates antitumor and antiviral CD8(+) T cell effector function. 
Cancer Cell. 2014;26(6):923–37.  

24. Oudejans JJ, Jiwa NM, Kummer JA, et al. Analysis of major 
histocompatibility complex class I expression on Reed-Sternberg cells in 
relation to the cytotoxic T-cell response in Epstein-Barr virus-positive and 
-negative Hodgkin’s disease. Blood. 1996;87(9):3844–51.  

25. Ma Y, Visser L, Blokzijl T, et al. The CD4+CD26- T-cell population in 
classical Hodgkin’s lymphoma displays a distinctive regulatory T-cell 
profile. Lab. Invest. 2008;88(5):482–90.  



Summary, discussion and future perspective  

163 | P a g e  

26. Poppema S, Potters M, Emmens R, Visser L, van den Berg A. Immune 
reactions in classical Hodgkin’s lymphoma. Semin. Hematol. 
1999;36(3):253–9.  

27. Schreck S, Friebel D, Buettner M, et al. Prognostic impact of tumour-
infiltrating Th2 and regulatory T cells in classical Hodgkin lymphoma. 
Hematol. Oncol. 2009;27(1):31–39.  

28. Berger R, Rotem-Yehudar R, Slama G, et al. Phase I safety and 
pharmacokinetic study of CT-011, a humanized antibody interacting with 
PD-1, in patients with advanced hematologic malignancies. Clin. Cancer 
Res. 2008;14(10):3044–51.  

29. Ansell SM, Lesokhin AM, Borrello I, et al. PD-1 Blockade with 
Nivolumab in Relapsed or Refractory Hodgkin’s Lymphoma. N. Engl. J. 
Med. 2014;372(4):141206100011003.  

30. Postow MA, Chesney J, Pavlick AC, et al. Nivolumab and Ipilimumab 
versus Ipilimumab in Untreated Melanoma. N. Engl. J. Med. 
2015;372(21):2006–17.  

31. Xia Y, Jeffrey Medeiros L, Young KH. Signaling pathway and 
dysregulation of PD1 and its ligands in lymphoid malignancies. Biochim. 
Biophys. Acta. 2015;  

32. Neubert TA, Tempst P. Super-SILAC for tumors and tissues. Nat. 
Methods. 2010;7(5):361–2.  

33. Lee J. Role of cyclophilin a during oncogenesis. Arch. Pharm. Res. 
2010;33(2):181–7.  

34. Ganne V, Siddiqi N, Kamaplath B, et al. Humanized anti-CD20 
monoclonal antibody (Rituximab) treatment for post-transplant 
lymphoproliferative disorder. Clin. Transplant. 2003;17(5):417–22.  

 
 

7 



 

 

 

 

 


