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Scope of the thesis 

It is well accepted that the microenvironment plays an important role in 
cancer. The cross talk between background cells and tumor cells involves 
direct cell-cell contact and indirect contact of soluble proteins with 
membrane bound receptors. Hodgkin lymphoma (HL) is an extreme 
example of a tumor in which the reactive infiltrate is at the foreground, 
since the percentage of malignant cells in affected tissues is only around 
1% of the total cell content1. There is a layer of CD4+ T cells surrounding 
the tumor cells with direct cell–cell contact. In addition, a large amount 
of immune cells are distributed in the microenvironment of the tumor. 
This characteristic pattern has led to extensive investigations of the 
communications between tumor cells and the infiltrating immune cells in 
HL.  

In non-Hodgkin lymphoma (NHL) only little is known about the actual 
cross talk between the infiltrating cells and the tumor cells, and the 
functional consequences thereof. Despite this lack in knowledge on the 
cross talk, there are multiple studies showing prognostic and diagnostic 
value of various subtypes of reactive cells present in the 
microenvironment. The aim of this thesis is to investigate the interactions 
between the malignant and inflammatory cells present in the 
microenvironment of NHL and to compare these cross talk mechanisms 
to the mechanisms described in HL.  

In Chapter 2 we applied a 2D-PAGE approach to identify proteins with 
altered expression levels in diffuse large B-cell lymphoma (DLBCL) and 
follicular lymphoma (FL) derived cell lines compared to an EBV-
transformed lymphoblastoid cell line (LCL). In Chapter 3 we established 
the secretome of DLBCL and FL cell lines and compared these profiles to 
the secretome of classical (c)HL and nodular lymphocyte predominant 
(NLP) HL derived cell lines. In addition, we validated our findings by 
gene expression profiling. In Chapter 4, we analyzed the percentage of 
different T cell subsets in tonsil and reactive lymph node. These two 
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different types of normal lymphoid tissue are both being used as normal 
control samples in studies focusing on the reactive infiltrate in B cell 
lymphoma. In chapter 5 and 6, we analyzed the composition of the 
microenvironment of germinal center derived B cell lymphoma in 
comparison to normal reactive lymphoid tissue by flow cytometry. In 
chapter 5, we studied the reactive infiltrate in NHL. In addition, we 
performed gene expression profiling of CD4 and CD8 T cell subsets, to 
unravel putative functional differences based on the expression signature 
of activated and non-activated T cells isolated from NHL and normal 
lymphoid cell suspensions. Selected proteins were validated in cell lines 
and further studied in primary NHL cases. In chapter 6, we compared 
the impact of Epstein Barr virus (EBV) on the microenvironment of the 
composition in cHL. Besides this, we studied differences in the frequency 
of specific immune cell subtypes within and outside tumor cell areas. In 
Chapter 7 we summarize our findings. 
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1. B cell lymphoma 

The neoplastic cells of B cell lymphoma resemble different stages of 
normal B cell maturation. Mature B cell derived lymphoma comprise 
more than 90% of all lymphoid malignancies2,3. Among them, diffuse 
large B cell lymphoma (DLBCL) and follicular lymphoma (FL) are the 
most common subtypes. They comprise 60% of all non-Hodgkin 
lymphoma (NHL)2,4.  

 

1.1 Follicular Lymphoma 

In both the United States and Western Europe, FL represents nearly 20% 
of all the lymphoma1. FL is more common in females (63%) and the 
median age at diagnosis is 60 years2. Only 2% of FL cases present in 
pediatric patients and in this pediatric subgroup most patients are 
male5,6. FL usually presents in lymph nodes, but other localizations such 
as spleen, bone marrow, peripheral blood and Waldeyer ring are also 
observed. The tumor cells of FL include two types of B cells, i.e. 
centrocytes and centroblasts that normally reside in secondary follicles 
(also called germinal centers). In FL, the number and usually the size of 
the follicles are increased and the normal structure is disturbed.  Mantle 
zones of malignant follicles are often lost or attenuated. While in normal 
follicles zonal differences in B cell proliferation, activation and 
differentiation result in a dark zone and a light zone, in neoplastic 
follicles this organization is lost. In addition, macrophages engulfing 
apoptotic debris are missing. Neoplastic cells can also reside in 
interfollicular areas. 

The tumor cells of FL usually express surface immunoglobulin (Ig) IgM 
(+/- IgD) or IgG1,7, as well as normal germinal center B cell markers such 
as CD19, CD20, CD22 and CD79a. The tumor cells are Bcl-2+, Bcl-6+ and 
CD10+8,9,10. Besides tumor cells the neoplastic follicles also contain a large 
number of non-malignant immune cells. These immune cells include 
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CD21+CD23+ follicular dendritic cells (FDC)11, CD3+, CD4+,CD8+, 
CD57+, PD-1+ and CXCL13+ T cell subsets as well as some 
histiocytes12,13,14.  

The (14;18)(q32;q21) translocation is characteristic for FL. This 
translocation of the BCL2 gene locus to the Ig heavy chain gene locus 
results in constitutive expression of the BCL2 protein, resulting in a 
strong anti-apoptotic signal15,16. Other common chromosomal aberrations 
include loss of 1p, 6q, 10q, and 17p and gains of 1, 6p, 7, 8, 12q, 18q and 
x1,17.  

The prognosis of FL patients can be predicted based on the Follicular 
Lymphoma International Prognostic Index (FLIPI) and the histological 
grade of the tumor. FLIPI classifies patients on the basis of five 
prognostic factors: age, Ann Arbor stage, hemoglobin level, number of 
nodal areas and serum LDH level18. More recently, updated prognosis 
prediction classification, named FLIPI2, has been implemented into the 
clinic. Ann Arbor stage, number of nodal areas and serum LDH level are 
replaced by serum β2-microglobulin, longest diameter of the largest 
involved node (LoDLIN), and bone marrow involvement (BMI). The new 
index was based on progression-free survival (PFS) instead of the non-
predictable overall survival19. Selection of different treatment strategies 
for FL patients relies on stage of the lymphoma and tumor burden. 
Patients at stage I and II without or only with low-bulk disease are 
suitable for watch and wait approach20,21. Involved region radiotherapy 
has been applied successfully, in early stage FL patients with low 
malignant burden. FL patients in early stages but with high tumor 
burden and FL patients in advanced stages are treated with more 
intensive regimens. There are different treatments including Rituximab 
monotherapy, alkylating agents, purine analogues (Fludarabine), 
biologic therapy (IFN-γ), rituximab plus chemotherapy (rituximab, 
cyclophosphamide, hydroxydaunorubicin, oncovin, prednisone [R-
CHOP], or rituximab, cyclophosphamide, vincristine, prednisone [R-

1 

http://en.wikipedia.org/wiki/Cyclophosphamide
http://en.wikipedia.org/wiki/Hydroxydaunorubicin
http://en.wikipedia.org/wiki/Oncovin
http://en.wikipedia.org/wiki/Cyclophosphamide
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CVP] or bendamustine and Rituximab B-R), conjugated radiolabeled 
monoclonal antibody therapy as well as autologous stem cell 
transplantation (AutoSCT) and allogenic stem cell transplantation 
(AlloSCT)20,21. 

 

1.2 Transformed FL 

FL transforms into a DLBCL in about 28% of cases in 10 years, with an 
increase of approximately 3% per year up to 15 year. This transformation 
may already be present at initial diagnosis, but can also occur years 
later22,23,24. Patients with transformed FL present with rapid enlargement 
of lymph nodes, B-symptoms (fever, night sweats, and weight loss) and 
elevated lactate dehydrogenase levels. Transformation usually results in 
a rapid progression of the lymphoma and death of the patient21.  

A few FL biomarkers have been associated with an increased risk to 
transform to DLBCL. A high number of Foxp3 positive regulatory T cells 
(Tregs) has been associated with an increased risk to transform to 
DLBCL25. Patients with a higher percentage of CD21 positive FDCs and 
more CD69+ T cells have a shorter time to transformation as compared to 
patients with lower percentages of these cell types. Patients with higher 
numbers of intrafollicular Th1 cells also show a shorter time to 
transformation26,27. 

In 25-30% of TFL patients, p53 mutations have been found28. Bcl-6 
translocations and deletions are found in 39% of TFL cases29. In addition, 
alterations of the MYC gene as well as deletions of cyclin-dependent 
kinase 2A/B (CDKN2A/B) can induce transformation30. 

There is no standard treatment for TFL, due to the variation in 
presentation of the tumor. Treatment strategies for TFL include R-CHOP, 
radiotherapy, radioimmunotherapy31,32 and Auto and Allo SCT33. 

 

 

http://en.wikipedia.org/wiki/Fever
http://en.wikipedia.org/wiki/Night_sweat
http://en.wikipedia.org/wiki/Weight_loss
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1.3 Diffuse large B cell lymphoma 

By using multiple characteristics such as morphology, site of 
presentation and clinical behavior, DLBCL has been divided into 
different subgroups, such as T cell/histocyte-rich large B cell lymphoma, 
primary DLBCL of the central nervous system and primary cutaneous 
DLBCL leg type1. However, a large proportion of the DLBCLs cannot 
easily be classified due to their heterogeneous presentation. Therefore, 
this subgroup of DLBCL is defined as DLBCL not otherwise specified 
(NOS). In western countries, DLBCL-NOS comprise 25-30% of all adult 
NHL. Patients with DLBCL-NOS have a median age of 60 years at 
diagnosis with a slight predominance of males. Occurrence in juveniles 
and young adults is rare2,34. DLBCL-NOS can present at either nodal or 
extranodal sites. Approximately 40% of the cases start at extranodal sites1 
with the gastrointestinal tract being the most common site of 
presentation. In addition, DLBCL-NOS can also present in bone, testis, 
spleen, Waldeyer ring, salivary gland, thyroid, liver, kidney and adrenal 
gland. The percentage of cases with bone marrow involvement is 11-
27%35,36. DLBCL-NOS patients present with a quickly enlarging lump at a 
single or multiple nodal or extranodal sites2,34. The normal structure of 
lymph nodes has been partially or totally effaced by a diffuse 
proliferation of blasts1. There are three different morphologic variants 
recognized, i.e. the centroblastic, immunoblastic and anaplastic variants, 
with the centroblastic variant being the most common type1.  

The malignant cells in DLBCL-NOS usually express CD19, CD20, CD22 
and CD79a. In 50-75% of the cases expression of IgM, IgG, or IgA can be 
found in the cytoplasm or on the cell surface of the tumor cells1,37. In the 
anaplastic variant, CD30 expression can also be detected.  

DLBCL-NOS can also be subdivided into germinal center-like (GCB, 
CD10+, Bcl-6+, IRF4/MUM1-) and non-germinal center like (non-
GCB)38,39. However, this subgrouping is less robust than the original sub 
classification based on gene expression profiling40. Distinct chromosomal 

1 
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aberrations have been found in these two DLBCL subgroups. GCB-
DLBCL usually have gain of 12q12, deletion of PTEN and mutations of 
p53, while ABC-DLBCL have amplification of BCL2, deletion of INK4A-
ARF and p14ARF 41. The most common translocation observed in both GCB 
and ABC-DLBCL-NOS involves the BCL6 gene at 3q27.  

Several prognostic factors have been identified in DLBCL-NOS, such as 
age, lactate dehydrogenase (LDH), site of involvement, Ann Arbor stage, 
and the Eastern Cooperative Oncology Group (ECOG) performance 
status, these factors can be found in the International prognostic index 
(IPI)42. An improved prognosis index, the National Comprehensive 
Cancer Network International prognosis index (NCCN-IPI) was 
developed recently to predict the outcome of DLBCL patients treated 
with Rituximab43. The NCCN-IPI improved discrimination in low and 
high risk groups (5 year overall survival in IPI: 90% vs 54%; while in 
NCCN-IPI: 96% vs 33%). GCB-DLBCL has a better prognosis than ABC-
DLBCL40. Besides the prognostic factors in the indexes, the reactive 
immune cells present in the tumor microenvironment have also been 
associated with patients’ outcome. DLBCL-NOS patients presenting with 
a lymph node signature, defined by the presence of reactive stromal and 
immune cells, have a better outcome44,45. The percentage of DLBCL 
patients with loss of HLA class I expression varies from 10-60%46,47,48, 
while loss of HLA class II is found in 18%49. The variation in percentages 
of HLA loss might be due to differences in the composition of the DLBCL 
patient cohorts. Loss of HLA class II expression has been associated with 
a worse outcome50. Loss of HLA class I and II is caused by homozygous 
and hemizygous deletions of the short arm of chromosome 6 including 
the HLA genes. Mutations and deletions of the β2microglobulin (B2M) 
gene also results in loss of HLA-I expression48. Whereas, deletions and 
mutations of CIITA causes the aberrant loss of HLA class II 
expression51,52. Loss of HLA class II is less common in GCB-DLBCLs 
compared with ABC-DLBCLs53. ABC-DLBCLs have elevated levels of 
nuclear NF-κB, which is consistent with the enhanced activity of Iκκ and 
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the rapid degradation of IκBα as compared to GCB-DLBCLs. Different 
from TFL, there is a guideline for the treatment of DLBCL54,55. 
Chemotherapy (CHOP) has been the most common used approach to 
treat DLBCL-NOS patients. Since 17 years this treatment protocol has 
been improved by adding rituximab56. This R-CHOP treatment regimen 
has significantly improved treatment outcome. In DLBCL patients <60 
years, the 2-year overall survival (OS) is 85% vs 67% with R-CHOP and 
CHOP treatment respectively. In elderly DLBCL patients (≥60 years), the 
2-year OS is 73% vs 42%, and the 2-year PFS is 68% vs 44% with R-CHOP 
and CHOP treatment respectively57. Similar results have been found for 
the 10-year OS of DLBCL patients (60-80 year old) with 43.5% vs 27.6%, 
and the 10-year PFS of DLBCL patients with 36.5% vs 20%58 in R-CHOP 
versus CHOP treated patients. Treatment with rituximab, doxorubicin, 
vindesine, cyclophosphamide, bleomycin, and prednisolone (R-ACVBP) 
has also been used in DLBCL patients, albeit less commonly. Similar as 
FL and TFL, treatment of DLBCL patients also includes radiotherapy and 
SCT54,55. 

 

2. Microenvironment 

In recent years, it has become evident that the microenvironment plays a 
pivotal role in the malignant transformation and on patients’ outcome. 
The microenvironment is composed of infiltrating immune cells, 
fibroblasts, stromal cells and the extracellular matrix. If the 
microenvironment turns into an immune tolerant environment, tumor 
cells will not be targeted by the immune system. There are three main 
components which lead to immune tolerance: presence of regulatory T 
cells (Tregs), presence of immune suppressive cytokines and chemokines 
and presence of tolerogenic follicular dendritic cells (FDCs)59,60,61. 
Although the number of functional studies focusing on the mechanisms 
by which the microenvironment composition contributes to 

 

1 
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lymphomagenesis is limited, their prognostic value supports a crucial 
role for many of these factors (Table 1). 

 

2.1 Regulatory T cells 

Tregs are a key component of the immune system by maintaining 
immune homeostasis62. Tregs suppress the proliferation of conventional 
CD4+CD25- T cells and CD8+CD25- T cells. Moreover, they inhibit 
secretion of cytokines, such as IL-2, IL-4, IFN-γ, TNF-α, as well as 
production of cytotoxic granules such as perforin and granzyme B, by 
CD8+ T cells63. This inhibition is achieved  by secretion of TGF-β by the 
Tregs64. Tumor cells of B cell lymphoma can attract CC chemokine 
receptor 4 (CCR4) positive Tregs via secretion of the CC-chemokine 
ligand (CCL) 22. Consistent with this notion, it has indeed been shown 
that the percentage of Tregs is increased in FL compared with normal 
and reactive lymph nodes65. Another proposed mechanisms that might 
explain the increase in Tregs is that FL tumor cells provide signals that 
result in the conversion of conventional CD4+CD25-T cells to Tregs66.  

Several reports showed that increased numbers of Foxp3 positive Tregs 
were associated with longer OS of FL patients67,68 and DLBCL patients45 
(Table 1). However, other studies showed that high Treg numbers were 
associated with a shorter OS in FL69. Moreover, a diffuse and 
perifollicular localization of Foxp3 positive Tregs was associated with a 
better outcome, while increased numbers of Tregs in the follicles was 
associated with a poor outcome25. This implies that not only the amount 
of Tregs, but also the location of the Tregs is important for their 
prognostic effects. 

 

2.2 Cytokines and chemokines 

Interleukin (IL)-4 is an important cytokine for B cell differentiation and 
class switching and can influence signaling networks involved in 
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survival and proliferation of lymphoma cells. High levels of IL-4 were 
reported in FL and in GCB-DLBCL, while low levels were found in ABC-
DLBCL. IL-4 induces expression and activation of signal transducers and 
activators of transcription 6 (STAT6) and enhances tumor cell growth. In 
FL, IL-4 is secreted by FL-derived T follicular helper (Tfh) cells70. The 
level of IL-4 in FL was 4 folds higher in the tissue than in follicular 
hyperplasia71. In DLBCL the level of IL-4 was similar between GCB and 
ABC type and is probably produced by the infiltrating reactive cells. IL-4 
induces activation of the JAK/STAT6 signaling pathway in GCB-DLBCL 
cell lines resulting in increased proliferation. In ABC-DLBCL cell lines IL-
4 induces activation of AKT, leading to cell cycle arrest72. IL-10 is an 
inhibitor of macrophages and dendritic cells and suppresses the innate 
and cell-mediated immune response73. Elevated serum IL-10 levels have 
been reported in DLBCL and are associated with shorter overall survival 
time and progression-free survival74,75. IL-10 produced by the tumor cells 
functions as an activator of the JAK/STAT pathway76, which is favorable 
for tumor cell growth. Compared with ABC-DLBCL, GCB-DLBCL tumor 
cells secrete less IL-6 and TNF-α. In Bcl-2 positive DLBCL, the level of IL-
6 and TNF-α is higher as compared to Bcl-2 negative cases. Patients with 
low IL-6 and TNF-α serum levels have a better prognosis compared with 
those with high levels of IL-6 and TNF-α77.  

The tumor cells of DLBCL and FL express the CX chemokine receptor 4 
(CXCR4), while the stromal cells in the microenvironment produce 
stromal cell-derived factor-1 (SDF-1, CXCL12). The interaction between 
CXCR4 produced by the lymphoma cells and CXCR4 expressed on the 
stromal cells might therefore play a role in the homing/localization of 
the tumor cells. Moreover, this interaction might lead to a reduction of 
CXCR4 on the surface of lymphoma cells78. However, although fresh 
purified germinal center B cells have CXCR4 expression, they are not 
attracted by SDF-1. Monocyte chemoattractant protein-1 (MCP-1) 
produced by follicular dendritic cells might be responsible for the 
attraction of FL cells, which normally express CCR2. Expression of MCP-

1 



Chapter 1 

22 | P a g e  

1 has been shown to be induced by TNFα, which is produced by 
follicular dendritic cells present in the microenvironment79. A third 
chemokine receptor expressed on FL cells is the chemokine receptor for 
CXCL13, CXCR5. CXCL13 is secreted by stromal cells present in the 
microenvironment of FL80. Pretreatment serum levels of interferon-
induced protein-10 (IP-10 or CXCL10) are increased in DLBCL patients 
compared to levels in healthy controls. Within DLBCL patients, high 
pretreatment CXCL10 serum levels  were associated with early relapse 
and poor prognosis44. 

 

2.3 FDC meshwork 

Follicular dendritic cells (FDCs) reside in the germinal center where they 
promote B cell maturation by presenting antigenic peptides. In DLBCL, 
loss of CD21+ FDC meshworks is a common feature. Presence of such 
FDC meshworks were shown to be related with higher complete 
remission rates but shorter disease free survival time in DLBCL, 
independent of GCB and ABC subtype61 (Table 1). Presence of CD23+ 
FDCs indicated a better OS and longer event free survival (EFS) for 
DLBCL patients49. This indicates that the role of FDCs in the 
pathogenesis of NHL needs to be further clarified. 

 

2.4 Other factors and cell types 

The Human Leukocyte Antigen (HLA) is essential in the antigen 
recognition process of CD4+ and CD8+ T cells. HLA is divided into two 
main groups namely HLA class I (HLA-A, HLA-B, HLA-C) and HLA 
class II (HLA-DR, HLA-DP, HLA-DQ). HLA class I is present on the 
surface of all nucleated cells and presents cytosolic antigens to CD8+ 
cells. DLBCL patients who carry the HLA-B44 allele have a worse 5-year 
PFS and OS as compared to patients that do not carry this allele81. B2M is 
the small invariable light chain subunit of HLA class I. Loss of B2M 
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causes loss of HLA class I functionality. Higher levels of serum B2M in 
DLBCL patients are associated with shorter OS75. HLA class II is present 
only on antigen presenting cells (APC), which includes dendritic cells, B 
cells and macrophages. HLA class II presents extracellular antigens to 
CD4+ cells73. HLA class II negative cases have less CD8+ T cells in the 
microenvironment than HLA class II positive cases82.  Higher expression 
of HLA-DR in DLBCL patients indicates longer OS, longer EFS and 
PFS49,83,84.  

Higher vessel densities were found in neoplastic lymph nodes compared 
to reactive lymph nodes85. Moreover, more lymphatic vessels were 
associated with shorter OS of FL patients as well as with shorter EFS86,87. 
However, in another study a longer PFS and OS has been reported to be 
associated with increased vascularization in FL88. Therefore, the 
association of micro vessel density with prognosis in FL remains unclear. 

Macrophages play an important role in the immune response. High 
numbers of lymphoma-associated macrophages located both inside89,90,91 
or outside the follicles are related with adverse OS and EFS in FL69,92,93. 
Macrophages can be divided in to two types: classic M1 
(proinflammatory response), which are induced by IL-12 and TNF-α, and 
alternative M2 (tissue remodeling and morphogenesis), which are 
induced by IL-4, IL-10 and IL-1394. Several studies showed that high 
numbers of M2 macrophages are related to adverse prognosis in 
DLBCL95,96. 

FL patients with longer survival (≥15y) had more CD4+ T helper (Th) 
cells than patients with short survival (<5y)67. In DLBCL, patients with a 
higher number of CD4+ Th cells had longer five-year failure free survival 
(FFS) and OS97. A subset of CD4+ cells are the Tfh cells. These cells 
provide survival signals to B cells during the germinal center reaction. 
Compared with reactive lymph nodes and DLBCLs, FLs have more Tfh 
cells70. In addition to their increased numbers, Tfh cells of FL also express 
higher level of TNF, LTA, IL4 and CD40L compared with tonsil derived 

1 
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Tfh cells. These cytokines can lead to reduced apoptosis of FL (precursor) 
cells. FL derived Tfh cells secrete IL-4 and IFN-γ which might promote 
survival of malignant B cells70. A high number of PD-1 positive Tfh was 
related with longer OS in FL patients in one study68 and with shorter OS 
in another study that used a cutoff of more than 35.6 cells per high-power 
field92. 

CD8+ and Granzyme B+ T cells are increased in FL lymph node 
compared to reactive lymph nodes98. In addition, the number of CD8+ T 
cells was also higher in bone marrow as compared to lymph nodes of FL 
patients99. Patients with a low level of infiltrating CD8+ T cells have a 
shorter OS than patients with a higher number of CD8+ T cells12,68. 
Higher numbers of CD8+ T cells levels are associated with longer 
disease-specific survival (DSS) in FL93. In a cohort of 70 DLBCL patients, 
patients with more than 15% CD3+CD8+Granzyme B+ T cells had an 
unfavorable prognosis100. Similar results were reported in another 
DLBCL cohort, with a better outcome for patients with a lower number 
of TIA-1 positive cytotoxic T cells (≤ 260 cells/mm2 tumor area) as 
compared to patients with a higher number of TIA-1 positive T cells101. 
These studies show that an increased number of CD8+ T cells has 
opposite prognostic value in DLBCL as compared to FL patients. 

Several cell signaling pathways have been shown to play a critical role in 
the prognosis of lymphoma patients. Activation of the 
PI3K/AKT/mTOR pathway has an adverse prognosis and a poor 
treatment response for DLBCL patients102. Inhibition of PI3K in DLBCL 
cells suppresses the phosphorylation of AKT (p-AKT), FOXO, GSK3 and 
XIAP. DLBCL patients have p-AKT in 56% of the cases, while XIAP has 
been observed in 55% of the cases. High levels of p-AKT and XIAP are 
both related to shorter OS103.  

 

3. Proteomics 
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The term “Proteome” was first introduced in 1995 by an Australian 
scientist. Proteomics generally refers to a large-scale study on the 
structure and function of proteins. The word “proteome” includes all 
proteins expressed from the genome and refers to all proteins produced 
by an organism104. Proteins are vital components of living organisms that 
confer cellular activities such as (a) catalyzing biochemical actions; (b) 
acting as messengers; (c) acting as regulators of cell reproduction; (d) 
acting as trophic factors to control growth and development; (e) 
defending the body against diseases; and many more. The development 
of proteomics techniques enables generation of comprehensive 
overviews of individual proteins present within complex samples. In 
contrast to the large number of gene expression profiling studies, the 
number of proteomics based studies in B cell lymphoma is still quite 
limited. In transformed FL, Surface-enhanced laser 
desorption/ionization time-of-flight (SELDI-TOF) approaches revealed 
that Cyclin D3 was upregulated, while Caspase 3 was downregulated105. 
In a study applying matrix-assisted laser desorption/ionization time-of-
flight (MALDI-TOF), the proteome of mantle cell lymphoma was 
compared to that of FL. This revealed several differentially expressed 
proteins and included proteins that were involved in DNA repair, cell 
cycle control, transcription and apoptosis106. Comparing DLBCLs to 
resting normal B cells and proliferating nonmalignant cells by SELDI-
TOF revealed differential expression of proteins involved in energy 
metabolism, cell cycle, cell structure and nuclear ribonucleoproteins107. 
Using fluorescent-labeled 2 dimensional gel electrophoresis a set of B cell 
lymphomas could be successfully classified108. 
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Table 1. Summary of the currently known prognostic factors and cell 
types in FL, TFL and DLBCL 
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Mix: indicates that a variety of treatment strategies was used; BP-VACOP: 
Bleomycin, Cisplatin, Toposide, Doxorubicin, Cyclophosphamide, Vincristine 
and Prednisone; RT: Radio-Therapy; Chemo: combined chemotherapy; CHVP: 
Cyclophosphamide, Doxorubicin, Etoposide, Prednisolone, and Interferon; CVP: 
Cyclophosphamide, Vincristine, Prednisone; CVP+I: Cyclophosphamide, 
Vincristine, Prednisone, IFN-2αb;R-CHVP-I: Rituximab, Cyclophosphamide, 
Doxorubicin, Etoposide, Prednisolone, and Interferon; CHOP: 
Cyclophosphamide, Hydroxydaunorubicin or Adriamycin, Oncovin or 
Vincristine, Prednisone or Prednisolone; R-CHOP: Rituximab, 
Cyclophosphamide, Hydroxydaunorubicin or Adriamycin, Oncovin or 
Vincristine, Prednisone or Prednisolone; DFS: Disease free survival; DSS: 
Disease specific survival; EFS: Event free survival; FFS: Failure free survival; 
PFS: Progression free survival. 
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Abstract  

Follicular lymphoma and diffuse large B cell lymphomas comprise the 
main entities of adult B cell malignancies. Although multiple disease 
driving gene aberrations have been identified by gene expression and 
genomic studies, only a few studies focused at the protein level. We 
applied 2 dimensional gel electrophoresis to compare seven GC B cell 
non Hodgkin lymphoma (NHL) cell lines with a lymphoblastoid cell line 
(LCL). Averages of 130 spots were at least two folds different in intensity 
between NHL cell lines and the LCL. We selected approximately 38 
protein spots per NHL cell line and linked them to 145 unique spots 
based on the location in the gel. 34 spots that were found altered in at 
least three NHL cell lines when compared to LCL were submitted for LC-
MS/MS. This resulted in 28 unique proteins, a substantial proportion of 
these proteins were involved in cell motility and cell metabolism. Loss of 
expression of B2M, and gain of expression of PRDX1 and PPIA was 
confirmed in the cell lines and primary lymphoma tissue. Moreover, 
inhibition of PPIA with cyclosporine A blocked cell growth of the cell 
lines, the effect size was associated with the PPIA expression levels. In 
conclusion, we identified multiple differentially expressed proteins by 2-
D proteomics, and showed that some of these proteins might play a role 
in the pathogenesis of NHL. 

Keywords 

Proteomics, non-Hodgkin lymphoma, cell lines 
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Introduction 

Follicular lymphoma (FL) and diffuse large B cell lymphoma (DLBCL) 
compose 60% of non-Hodgkin lymphomas (NHLs), both are derived of 
germinal center or post germinal center B cells1. FL is usually an indolent 
lymphoma, while DLBCL is an aggressive lymphoma2,3. Transformation 
from FL to DLBCL occurs in 25-30% of the patients4. Gene expression 
profiling of DLBCL showed a distinct clustering of cases into two main 
groups, i.e. germinal center B cell like (GCB) and activated B cell like 
(ABC) DLBCL5,6.  

To study the transforming mechanisms for germinal B cell derived 
lymphomas at the protein level several proteomics based studies have 
been conducted. The follicular lymphoma derived cell line SUDHL-4 was 
used to identify secreted proteins7. In this study 209 proteins were found 
with a number of potential candidates for screening, diagnosis and 
monitoring of treatment efficiency7. Mixtures of cell lines were used to 
perform quantitative analyses by 2-D gel electrophoresis and SILAC 
approaches8,9,10. Fujii et al8,9 compared 42 cell lines including Hodgkin 
lymphoma, B, T and NK cell lymphomas to a reference sample which 
was a mixture of all cell lines by quantative proteomics. The resulting 
expression profiles of 389 proteins were used to compare between the 
different groups of cell lines. Super SILAC was used to compare cell 
lysates of 5 GCB and 5 ABC DLBCL cell lines using a heavy stable 
isotype labeled mixture of cell lines as a reference. This yielded a 
proteome consisting of 7,500 proteins and a subset of 55 proteins that 
could differentiate between GCB and ABC DLBCL10. Comparison of 
normal B cells, LPS activated B cells and transgenic Eµ-driven murine B 
cell lymphoma by 2-D gel electrophoresis revealed 48 differentially 
expressed proteins11.  

In this study we compared the 2-D proteome profiles of NHL cell lines to 
Epstein Barr virus (EBV) transformed lymphoblastoid cell lines (LCL) to 
identify differentially expressed proteins. Expression of a selection of the 

2 
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differentially expressed proteins (B2M, PRDX1 and PPIA) was validated 
in the cell lines and in primary patient material. Inhibition of PPIA with 
cyclosporine A (CsA) showed a clear effect on cell growth in all NHL cell 
lines with a correlation between PPIA expression and sensitivity to CsA 
induced cell death. 

 

Materials and Methods 

Cell lines 

DOHH2, SUDHL4 (FL), SUDHL6, SUDHL10, OCILY3, Karpas 422 and 
SUDHL5 (DLBCL) were obtained from DSMZ (Braunschweig, Germany). 
DOHH2, SUDHL4, OCILY3, Karpas 422 cells were routinely grown at 
37oC at 5% CO2 in RPMI 1640 supplemented with 10% fetal calf serum 
(FCS), ultra-glutamine, penicillin and streptomycin (100U/ml). SUDHL5, 
SUDHL6 and SUDHL10 cells were cultured with 20% FCS. Five LCLs 
were generated from peripheral blood mononuclear cells by infection 
with B95.8 virus. One LCL was used to compare in the 2-D experiments, 
the other four were used in the validation and functional studies. LCLs 
were routinely grown in RPMI 1640 with 10% FCS. For the production of 
LCLs from peripheral blood permission was granted by the Institutional 
Review board (medical ethical committee UMCG) and written informed 
consent was obtained. 

 

Patient material 

Tissue samples of 46 patients were collected from the pathology biobank 
for validation by immunohistochemistry. These 46 cases, consisted of 13 
low grade FL, 8 FL transformed to DLBCL with evidence of FL in the 
sample or earlier diagnosis of FL (TFL), and 25 nodal DLBCL. The 25 
DLBCL cases were stained for CD10, BCL6 and MUM1 and classified 
according to the Hans algorithm12 in GCB (n=14) and ABC (non-GCB, 
n=11). A second group of 137 DLBCL NOS patients, of which 12 patients 
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were also included in the first cohort, was used for the validation of B2M 
expression. The study protocol was consistent with international ethical 
and professional guidelines (the Declaration of Helsinki and the 
International Conference on Harmonization Guidelines for Good Clinical 
Practice). The use of anonymous rest material is regulated under the code 
for good clinical practice in the Netherlands. Informed consent was 
waived in accordance with Dutch regulations.  

 

Protein extraction 

Cells (5-10 x 108) were homogenized in 1 ml of the Homogenize Buffer 
Mix (BioVision, Milpitas, CA USA) in an ice-cold Dounce homogenizer. 
The homogenate was centrifuged at 700g for 10 minutes at 4oC. The 
supernatants were transferred to a new tube and centrifuged at 10,000g 
for 30 minutes at 4oC. The total cellular membrane protein pellet was 
lyzed in lysis buffer (8M urea, 4% CHAPS, 2% Pharmalyte) and kept on 
ice for 30 minutes. The supernatants were harvested by centrifuging at 
16,000g for 5 minutes at 4oC. The protein concentrations of the lysates 
were determined by Bradford assay. 

 

Two-dimensional polyacrylamide gel electrophoresis fractionation of cell extracts  

100 µg protein was admixed with rehydration buffer (8M urea, 2% 
CHAPS, 0.28% dithiothreitol and 0.5% Pharmalyte pH 3-10). 
Immobilized pH gradient strips (11 cm, pH 3-10) were rehydrated for 12-
16 hours after the protein was loaded. Isoelectric focusing (Bio-Rad, 
Shanghai, China) was performed at 20oC by the following program: a 
linear increase from 0-500V over 30 minutes, 500-1000V over 1 hour, 
1000-5000V over 4 hours, 5000-8000V 4 hour and then held at 8000V for a 
total of 64,000Vh. This was followed by a two-step equilibration; first, 
strips were put into 10 ml equilibration buffer (6M urea, 30% glycerol, 2% 
SDS, and 50mM Tris-HCl, pH 8.8), which contained 1% dithiothreitol for 

2 
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15 minutes; next, strips were put into 10 ml equilibration buffer with 
2.5% iodoacetamide for 25 minutes, and transferred to 12% SDS 
polyacrylamide gels. All proteins were visualized by silver staining of 
the gel, according to standard protocols. 

In each experiment, two gels were run in parallel, one with the LCL 
sample and the second gel with one of the lymphoma cell lines. In order 
to assure reproducibility, all samples were run at least twice. 

All gels were scanned with a GS-710 calibrated imaging densitometer 
imager. The comparative analysis of gels was performed with PD Quest 
software (Bio-Rad). The density of each spot was evaluated by 
normalizing volumes of all spots. Spots which were consistently up or 
downregulated (≥ 2-fold) or spots that appeared or disappeared and 
were showing consistent differences between LCL and NHL were 
carefully cut out. For LC-MS/MS spots with the highest density were 
selected, destained and digested overnight with 5ng/µl trypsin (freshly 
made in 20mM ammonium bicarbonate pH 8-8.5). After incubation, 
formic acid was added and gels were incubated 5 minutes on a shaker. 
They were centrifuged at 5,000rpm for 1 minute and the supernatant was 
collected for LC-MS/MS analysis with the LTQ-Orbitrap XL (Thermo 
Scientific, Bremen, Germany).  

 

Protein identification 

The peaks and sequences of peptides from selected protein spots were 
identified by ProteinPilot 3.0 (Applied Biosystems). Proteins were 
identified by using the UniprotKB/Swiss-Prot database13. Proteins with 
the correct molecular weight and the highest peptide coverage were 
considered as the correct protein. 

 

Flow cytometry 
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Cells were collected by centrifuging at 1200rpm for 5 minutes at 4oC and 
incubated with an anti-B2M antibody (1:750, Dako, Glostrup, Denmark) 
for 30 minutes on ice. Cells were washed with 1ml 1% PBS/BSA and 
FITC labeled goat anti rabbit antibody (1:10, Southern Biotech, 
Birmingham, AL USA) was added as the secondary antibody. 
Acquisition was performed on a Calibur flow cytometer (BD Biosciences, 
San Jose, CA USA) and data were analyzed with Winlist software. 

 

Quantitative RT-PCR 

Total RNA was isolated using QIAzol (Carlsbad, CA USA) and samples 
were DNAse treated (Ambion, Foster City, CA USA) according to the 
manufacturer’s protocol for cell lines. RNA concentration was quantified 
using the NanodropTM 1000 Spectrophotometer (Thermo Fisher Scientific 
Inc., Waltham, MA USA) and RNA integrity was evaluated by 1% 
agarose electrophoresis. cDNA was synthesized using 500ng input RNA, 
Superscript II and random primer according to the manufacturer’s 
protocol (Invitrogen, Bleiswijk, the Netherlands). Primers used were for 
PRDX1 forward 5’-AGCCTGTCTGACTACAAAGGAAAATAT-3’ and 
reverse 5’- GGCACACAAAGGTGAAGTCAAG-3’ and for PPIA forward 
5’- AGCTGTTTGCAGACAAGGTCC-3’ and reverse 5’-
GCAGGAACCCTTATAACCAAATCC-3’. The qPCR reaction was 
performed in triplicate in a final volume of 10µl consisting of 5µl SYBR 
Green mix (Applied Biosystems, Foster City, CA USA), 2µl of forward 
and reverse primer (300mM) and 2,5µl 1ng of cDNA. Amplification was 
performed on a Roche LightCycler® 480 Instrument (Roche, Almere, the 
Netherlands). TBP was used as a housekeeping gene and 2-ΔCp values 
were calculated. 

 

Immunohistochemistry 

 

2 
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Immunohistochemistry was performed according to standard protocols 
with appropriate positive and negative controls. Antibodies used were: 
anti-B2M (1:200, antigen retrieval with TRIS/EDTA pH9, Dako), anti-
PRDX1 (1:200, antigen retrieval with citrate buffer pH6, Abcam, 
Cambridge, UK) and anti-PPIA (1:800, antigen retrieval with citrate 
buffer pH6, Abcam). 

 

Cell cytotoxicity assay 

Cell lines were cultured in triplicate at 105 cells/ml with different 
concentrations (0-10µg/ml) of Cyclosporine A and Alamar Blue (Abd 
Serotec, Oxford, UK). Cultures were measured every 24 hours for 3 days 
at an emission of 560nm and extinction of 590nm. Experiments were 
performed 3 times. 

 

Statistical analysis 

Statistical analysis was performed with IBM SPSS Statistics 22. The 
Mann-Whitney U-test was used to compare B2M, PRDX1, and PPIA 
expression levels in NHL groups and LCLs for MFI and mRNA levels. 
Differences of B2M, PRDX1, and PPIA staining were defined by Chi-
square test for immunohistochemistry. A paired T-test was performed to 
define the difference in cell viability before and after cyclosporine A 
treatment. The correlation of PPIA expression level and cell viability was 
defined by Spearman-test. All analyses were two-tailed. P<0.05 was 
considered as significant. 

 

Results 

Proteome profiles of LCL and NHL cell lines and protein identification 

Average of 1,133 (±355) and 1,119 (±330) spots were detected in the 2-D 
gels of the LCL and NHL cell lines, respectively (Supplementary Fig. S1). 
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The paired match rate of spots on control gels to lymphoma cell line gels 
ranged from 92 to 96% indicating a good consistency. We excluded spots 
that were too weak in both gels or that were incorrectly annotated. This 
resulted in an average of 248 (±24) reliable spots per gel that could be 
used for differential expression analysis. An average of 130 (±25) spots 
were at least 2-fold up or downregulated between the paired NHL and 
LCL cell lines. We picked 38 (±4) protein spots in each pair of gels, based 
on sufficiently high expression levels to analyze and reliable separation 
on the 2-D gel. Based on the position in the 2-D gels we were able to link 
them to 145 unique protein spots. Of these 34 spots were found in at least 
three NHL cell lines. Spots that were consistently up or downregulated 
(n=22) were pooled for protein identification, whereas spots that were up 
in some and downregulated in other NHL cell lines (n= 12 spots, 
resulting in 2x 12 protein IDs) were analyzed separately. For the 34 spots 
differentially expressed in 3 or more cell lines a total of 46 analyses were 
performed. The results are summarized in Table 1. Of the 12 spots that 
were analyzed in duplicate and were upregulated in some and 
downregulated in other cell lines, 7 represented the same protein, while 5 
represented different proteins with similar molecular weights. Of those 5 
spots (10 different proteins) only 4 were found in at least 3 cell lines, the 
other 6 were removed from further analysis. Four proteins were found 
twice (PFN1, CFL1, PRDX1 and PPIA) at similar weight but at different 
iso-electric focusing points, probably due to posttranslational 
modifications such as phosphorylation, and are indicated as modified.  
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Table 1. Proteins identified by LC-MS/MS  
Spot 

number 
Protein 
name 

UniProtKB/
Swiss-Prot 

Mass 
(kDa) 

Sequence 
coverage (%) 

Excluded 
from heatmap 

1 RPSA P08865 32.854 64  
2 TUBB P07437 49.671 45  
3 PRDX1* Q06830 22.11 76  
4 PRDX3 P30048 27.693 59  
5 CALR P27797 48.142 67  
6 PRDX2 P32119 21.892 79  
7 MDH1 P40925 36.426 57  
8 ARPC5 O15511 16.32 77  
9 PFN1 P07737 15.054 74  
10 CALM1 P62158 16.838 48  
11 LYZ P61626 16.537 18  
12 RPS12 P25398 14.515 76  
13 ATIC P31939 64.616 66  
14 PCBP1 Q15365 37.498 67  
15 ENO1 P06733 47.169 47  

16A PRDX4 Q13162 30.54 10  
16B TPI1 P60174 30.791 60  
17A EEF1B2 P24534 24.764 70 × 
17B NUDT5 Q9UKK9 24.328 19 × 
18 CFL1 P23528 18.502 73  

19A LGALS1 P09382 14.716 81  
19B LGALS1 P09382 14.716 73  
20 PPIA* P62937 18.012 75  

21A PFN1* P07737 15.054 69  
21B PFN1* P07737 15.054 84  
22A ECHS1 P30084 31.387 72 × 
22B ACO2 Q99798 85.425 54 × 
23A GNB2L1 P63244 35.077 18 × 
23B MDH2 P40926 35.503 51  
24A FAHD1 Q6P587 24.843 37  
24B HSD17B10 Q99714 26.923 26 × 
25 CFL1* P23528 18.502 83  

26A PKM P14618 57.937 69  
26B PKM P14618 57.937 4  
27 B2M P61769 13.715 71  
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28A MYL6 P60660 16.961 63  
28B MYL6 P60660 16.961 26  
29 SSBP1 Q04837 17.260 27  

30A CAPZA1 P572907 32.923 57  
30B CAPZA1 P572907 32.923 26  
31A GSTP1 P09211 23.356 32  
31B GSTP1 P09211 23.356 68  
32A IDH3A P50213 39.592 27  
32B IDH3A P50213 39.592 29  
33 PRDX1 Q06830 22.110 53  
34 PPIA P62937 18.012 82  

 *: Modified protein 

 

Fourteen proteins, i.e. B2M, FAHD1, PRDX4, LYZ, CALM1, ARPC5, 
CALR, TUBB, PRDX3, RPSA, ATIC, RPS12, PFN1, and CFL1, were 
downregulated in NHL cell lines compared to LCL cell lines and 8 
proteins, i.e. CFL1 (modified), PPIA (modified), MDH2, PRDX1 
(modified), MDH1, ENO1, PRDX2 and PCBP1 were upregulated (Fig.1). 
The remaining 10 proteins, i.e. LGALS1, PFN1 (modified), MYL6, SSBP1, 
CAPZA1, GSTP1, IDH3A, PPIA, PRDX1 and PKM, were downregulated 
in some of the NHL cell lines and upregulated in others. The identified 
proteins are involved in cell motility (n=6), cell metabolism (n=5), 
chromatin modification and transcription (n=5), anti-oxidant (n=4), 
immune response (n=4), signal transduction and membrane transport 
(n=3) and drug metabolism (n=1)(Fig. 1).  

 

We selected B2M, PRDX1 and PPIA for further validation based on the 
differential expression patterns in the NHL cell lines and availability of 
suitable antibodies for immunohistochemistry. B2M plays a role in the 
immune response, PRDX1 has an anti-oxidant function, and PPIA is 
involved in signal transduction. 

Validation of B2M 
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Expression of B2M was absent or reduced in all NHL cell lines compared 
to the LCL cell line in the 2-D analysis (Fig. 2A). These 2-D results were 
validated on the cell lines by flow cytometry (Fig. 2D). Four of the NHL 
cell lines showed lower mean fluorescent intensity (MFI) as compared to 
the 4 LCLs, consistent with the 2-D analysis, whereas the other three cell 
lines showed a similar MFI. Immunohistochemistry of 46 primary cases 
revealed total loss of B2M expression in 21% of cases, i.e. 1 out of 13 FL, 2 
out of 8 TFL, 5 out of 14 GCB, and 2 out of 11 ABC. In addition, 9% of the 
patients showed cytoplasmic staining for B2M, i.e. 1 TFL , 1 GCB, 3 ABC 
(Fig. 3A-C), so in total 30% of cases showed no membrane expression of 
B2M. Since B2M loss was most common in DLBCL patients, we further 
checked loss of B2M expression in a larger cohort of 137 DLBCL patients. 
Of the 126 evaluable cases 35 (28%) were completely negative for B2M 
while 29 patients (23%) showed cytoplasmic expression of B2M, so a loss 
of membrane B2M expression was observed in a total of 51% of the 
DLBCL cases. 

 

Validation of PRDX1 

PRDX1 (modified) was upregulated in 3 NHL cell lines (SUDHL4, 
SUDHL6 and SUDHL10) compared to the LCL cell line. Expression of 
PRDX1 was upregulated in 2 NHL cell lines (SUDHL4 and SUDHL10) 
and downregulated in 1 NHL cell line (SUDHL5)(Fig. 2B). PRDX1 
mRNA expression levels were higher in SUDHL4, SUDHL10 and 
SUDHL6 (Fig. 2E) compared to the LCL cell lines, consistent with the 2-D 
results. In contrast, SUDHL5 had the highest mRNA levels, while in the 
2-D experiment PRDX1 protein levels were downregulated compared to 
the LCL cell line.  
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Figure 1. Heatmap of 2-D spots with different intensities in NHL compared 
with the LCL cell line. Proteins that were differentially expressed in at least 3 
cell lines are shown. In total, 28 different proteins have been found and 4 
proteins were also found in a modified form (*). Blue: protein spot is missing in 
NHL cell lines. Light blue: protein spot is down-regulated in NHL cell lines. 
Red: protein spot is missing in LCLs and thus increased in NHL cell lines. Light 
red: Protein spot is weaker in LCL and thus elevated in NHL cell lines. Gene 
ontology was checked to classify the proteins according to function.  
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Figure 2. Expression of B2M, PRDX1 and PPIA. (A-C) Silver stained 2 
Dimensional SDS PAGE gels. Differential expressed spots have been circled. 
Continuous circles indicate differential expression was more than 2 fold. Dotted 
circles indicate difference in expression level was less than 2 fold. Upper line 
pictures are LCL and lower lines are NHL cell lines. (A) SUDHL10, Karpas 422, 
SUDHL4, OCILY3, DOHH2, SUDHL6 and SUDHL5 are shown. Loss of B2M is 
observed in SUDHL10 and Karpas 422, decreased expression of B2M is seen in 
SUDHL4, OCILY3 and DOHH2, and moderate decreased expression of B2M is 
seen in SUDHL6 and SUDHL5 compared to LCL. (B) SUDHL4, SUDHL6, 
SUDHL10 and SUDHL5 are shown. Modified proteins are located on the left. 
Elevated expression of PRDX1 is observed in SUDHL4, SUDHL10 and decreased 
expression of PRDX1 in SUDHL5 compared to LCL. Elevated expression of 
modified PRDX1 is observed in SUDHL4, SUDHL10 and SUDHL5 compared to 
LCL. (C) SUDHL4, DOHH2, Karpas 422 and OCILY3 are shown. Modified 
proteins are located on the left. Elevated expression of PPIA is observed in 
SUDHL4, DOHH2 and decreased expression of PPIA in OCILY3 compared to 
LCL. Elevated expression of modified PPIA is observed in SUDHL4, DOHH2, 
OCILY3 and Karpas 422 compared to LCL. (D) The mean fluorescent intensity of 
B2M expression determined by flow cytometry. (E) The mRNA expression level 
of PRDX1. (F) The mRNA expression level of PPIA. Mann-Whitney U test was 
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used to compare the differences in B2M, PRDX1, and PPIA expression between 
the NHL cell line group and LCL group (**: p<0.01). 

 

Immunohistochemistry of the 46 primary NHL cases showed positive 
staining in 33 cases (72%). In FL, 5 of the 13 cases were positive with 4 
cases showing weak positive and 1 case showing strong positive staining. 
Of the TFL cases, 3 showed weak positive staining and 3 strong staining. 
In GCB DLBCL 10 cases were weak positive and 3 cases were strong 
positive. Of the ABC DLBCL cases 5 showed weak positive staining and 
4 showed strong staining (Fig. 3D-F). When comparing the staining 
pattern of PRDX1 in the NHL subtypes, a significant difference 
(p=0.0409) was found. Comparison of the staining results between the 
three lymphoma subtypes revealed a significant difference between FL 
and GCB-DLBCL (p=0.0112). 

 

Validation of PPIA 

The expression of PPIA (modified) was upregulated in 4 cell lines 
(DOHH2, SUDHL4, OCILY3 and Karpas 422) compared to LCL in the 2-
D gels. The unmodified PPIA was upregulated in 2 cell lines (DOHH2 
and SUDHL4) and downregulated in 1 cell line (SUDHL6) (Fig. 2C).  

PPIA mRNA expression levels were upregulated in all NHL cell lines 
compared to LCLs (p=0.0040, Fig. 2F). SUDHL4 mRNA levels were 
highest, fitting the 2-D pattern, while the other NHL cell lines with 
upregulated protein levels in the 2-D (DOHH2, OCILY3 and Karpas 422) 
analysis were amongst the lowest at the mRNA levels. 
Immunohistochemistry of primary cases revealed in most of the FL cases 
(8 of 13) weak positive staining, while all 8 TFL cases showed strong 
positive staining for PPIA. GCB and ABC DLBCL staining results were 
comparable with 9 and 7 strong positive cases, for ABC the remaining 
cases were weak positive, while for GCB they were partly weak and 
partly negative. The results are summarized in figure 3G-I. The pattern of 
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PPIA expression in primary patient material was significantly different 
(p=0.0418) with the significant difference between FL and TFL 
(p=0.0079). 

 

Figure 3. Immunohistochemistry staining of B2M, PRDX1 and PPIA. (A-C) 
B2M, (D-F) PRDX1, (G-I) PPIA. (A, D, G) negative cases, (B, E, H) positive cases. 
(C, F, I) Percentage of positive cases in different types of NHLs. Black bar 
indicates positive staining; grey bar indicates cytoplasmic staining for B2M and 
weak staining for PRDX1 and PPIA; white bar indicates negative staining. Chi-
square test were performed to determine the differences in the B2M, PRDX1, 
and PPIA staining between the NHL subtypes (*: p<0.05; **: p< 0.01). 

 

To further investigate the role of PPIA in NHL, we inhibited PPIA in all 
cell lines with cyclosporine A (CsA). After treating the cells for 72 hours 
with different concentrations (0, 0.5, 1, 2, 5, 10 µg/ml) of CsA the viability 
of LCL and NHL cell lines was assessed (Fig. 4 and Supplementary Fig. 
2). The NHL cell lines were significantly more sensitive to the effect of 
CsA than the LCL cell lines at each concentration. SUDHL5 and 
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SUDHL10 were most sensitive. To explore whether the expression level 
of PPIA is related to the sensitivity of CsA treatment, we correlated the 
PPIA mRNA level with the relative cell viability of 7 NHL and 4 LCL cell 
lines upon treatment with CsA. A significant negative correlation was 
observed between PPIA mRNA level and the viability of cells after CsA 
treatment, with the most significant effect in cells treated with 5 µg/ml 
CsA (p=0.0064, r2=0.6112; Fig. 4 and Supplementary Fig. S2).  

 

 

Figure 4. Sensitivity of NHL and LCL cell lines to inhibition of PPIA by 5 
µg/ml CsA. (A) The inhibition of cell viability after CsA treatment. After adding 
5 µg/ml CsA for 72 hours, the viability of NHL and LCL cell lines was evaluated 
by alamar blue assay. A paired T-test was performed to compare the cell 
viability before and after treatment. Mann-Whitney U test was used to compare 
the cell viability between the NHL cell line group and LCL group. (*: p<0.05; **: 
p<0.01; ***: p<0.001; ****: p<0.0001) (B) The correlation between PPIA expression 
level and the inhibition of cell viability after NHL cell lines treated with 5 µg/ml 
CsA for 72 hours. Statistical significance was determined by Spearman test 
(p=0.0064, r2=0.6112). There is a negative correlation between the relative PPIA 
expression and the % of viability after CsA treatment.  

 

 

Discussion 

Our 2-D gel electrophoresis approach revealed 28 differentially 
expressed proteins in lymphoma cell lines compared to LCLs. LCLs were 
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chosen since they are cell lines and have similar proliferation patterns, 
while normal B cells are in a resting stage. For LCLs the transformation 
mechanism is by EBV and its proteins, and should be different from the 
NHL cell lines. The identified proteins are involved in various processes 
relevant to the pathogenesis of B cell lymphoma including cell motility 
and metabolism.  

The proteins included in the cell motility gene ontology are ARPC5, 
TUBB, CFL1, MYL6, CAPZA1 and PFN1. With the exception of the 
modified CFL1 and PFN1, these proteins are all downregulated in NHL. 
ARPC5, CFL1, CAPZA1 and PFN1 have been shown to play roles in 
metastasis and invasion of solid tumors. Downregulation of ARPC5 
blocks metastasis14, whereas downregulation of CAPZA115 and PFN116 
enhances metastasis and invasion or motility of cells. The presence of 
phosphorylated CFL117 is associated with metastasis, and 
phosphorylated PFN118 leads to enhanced angiogenesis via the 
upregulation of HIF1α. The functional consequences of downregulation 
of this group of proteins in NHL remains unknown. The proteins 
associated with metabolism are involved in the process known as the 
Warburg effect19, which is a hallmark of cancer. PKM and ENO-1 are part 
of glycolysis, while IDH3, MDH1 and MDH2 are part of the Krebs cycle. 
Four of the five metabolism proteins are upregulated in NHL, except for 
IDH3 which was downregulated in 2 cell lines and upregulated in one. 
The PRDX proteins (anti oxidative proteins) are indirectly related to the 
Warburg effect, since reactive oxygen species levels are up as a result of 
the Warburg effect and the PRDX proteins can neutralize that effect. 
Upregulation of PRDX1 and PRDX2 fits with the upregulation of 
metabolism proteins, however, PRDX3 and PRDX4 were downregulated 
in NHL compared to LCL cell lines.  

Various proteins identified by us as differentially expressed in NHL 
compared to LCL have been identified in B cell lymphoma previously. In 
the Eµ-driven mouse model Romesser et al found differential expression 
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of ENO1, CALR, CFL1 and PPIA by comparing the proteome of activated 
B cells to B cell lymphoma11. Consistent with their results we found 
downregulation of CALR and upregulation of the modified CFL1 protein 
and PPIA in lymphoma compared to LCL cells. The unmodified CFL1 
protein was downregulated in our experiments, suggesting a shift 
towards the modified form of the CFL1 protein, which could indicate a 
more active form due to for example phosphorylation. PRDX1 expression 
was reported in a LCL cell line20 and in DLBCL21. We found upregulation 
of PRDX1 in NHL compared to LCL. PRDX4 was shown to be 
upregulated in DLBCL21, while we found downregulation in NHL 
compared to LCL. Protein levels of GSTP1 were reported to be high in 
29% of DLBCL cases and low in all FL cases22 Expression of GSTP1 has 
also been found with 2-D electrophoresis in a LCL cell line23. In our 
study, GSTP1 was downregulated in 2 cell lines and upregulated in one 
cell line. Loss of B2M has been described previously in DLBCL of testis 
and the central nervous system as well as in DLBCL NOS24,25.  B2M levels 
were decreased in all seven NHL cell lines compared to LCL. LGALS1 
expression has been reported in 7% of DLBCL26. In LCLs and EBV+ post-
transplant lymphoproliferative disorders expression of LGALS1 has been 
reported upregulated27. We found downregulation in 3 cell lines and 
upregulation in 1 cell line, comparable to the reported data. Thus 9 of 28 
proteins identified in this study have been reported in B cell lymphoma 
before and showed expression changes consistent with the literature. 

B2M, expression is downregulated or absent in all NHL cell lines 
compared to LCL cells. This observation is partially supported by flow 
cytometry and IHC staining. B2M is one of the polypeptide chains of 
human leukocyte antigen class I (HLA class I), and both chains are 
essential for membrane expression of HLA class I. Loss of HLA class I 
expression provides an immune escape mechanism for tumor cells. A 
number of studies have shown loss of HLA class I in DLBCL patients, 
especially in DLBCL presenting at immune privileged sites28. Loss of 
B2M membrane expression has been published in up to 60% of DLBCL 
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cases25. In our DLBCL cohort we found loss of B2M membrane 
expression in 51% of cases. Another differentially expressed protein we 
identified, CALR, has also been associated with antigen presentation29. 
CALR expression is decreased or lost in some NHL cell lines compared 
to LCLs. CALR is a chaperone molecule for HLA class I stability, as well 
as a chaperone for misfolded proteins29. Loss of CALR might be part of 
the immune escape mechanism or alternatively be a consequence of the 
loss of HLA class I expression. 

PRDX1 expression is elevated at protein and mRNA level in part of NHL 
cell lines compared to LCL cells. In patient samples, we observed a 
higher proportion of strong positive and positive PRDX1 expression in 
the more aggressive TFL and DLBCL as compared to the indolent FL, 
this difference is most pronounced in the comparison between GCB-
DLBCL and FL. Peroxiredoxins are thiol peroxidases, that play a role in 
maintaining the redox balance and have anti-apoptotic ability. PRDX1 is 
expressed in germinal center B cells and plasma cells and in germinal 
center derived B cell lymphomas and multiple myeloma21. The 
expression of PRDX1 in NHL could play a role in protection against 
apoptosis or be part of the Warburg effect.  

PPIA, expression was elevated in the 2-D in 3 cell lines and mRNA levels 
are consistently higher in NHL cell lines compared to LCL cells. In 
addition, PPIA protein expression is higher in aggressive TFL and 
DLBCL as compared to the indolent FL. PPIA belongs to the 
immunophilin family, which catalyzes cis-trans isomerization during 
protein folding. Elevation of PPIA expression has been observed in some 
solid cancers, such as non-small cell lung carcinoma30 and gastric 
cancer31. Knockdown of PPIA can inhibit growth of non-small cell lung 
carcinoma cells32. PPIA supports neoplastic cell proliferation, cell cycle 
progression and invasion, while protecting them from apoptosis, by 
activating signaling pathways, such as NF-κB33, and ERK1/234. PPIA can 
also be secreted into the circulation to attract monocytes and stimulates 
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monocytes to produce IL-635,36, and thereby create a pro-tumor 
microenvironment. Cyclosporin A (CsA), a widely used immune 
suppressive drug, binds to PPIA and inhibits its function. In T cells, CsA 
inhibits transcription factor NF-AT which is important in activation of T 
cells. In our study, there is a correlation between PPIA mRNA level and 
CsA induced cell death. The lymphoma cell lines showed significant 
more inhibition of cell growth than the LCLs, at all tested CsA levels. 
CsA suppressed tumor progression of squamous cell carcinoma and 
murine B cell lymphoma in a mouse model37. In mouse xenograft models 
for bladder cancer38 and breast cancer39, CsA treatment prevented tumor 
growth. The use of CsA in patients has been tested in angioblastic T cell 
lymphoma, with a response to therapy in 8 out of 12 patients40. These 
data support CsA treatment as a novel therapy in PPIA positive DLBCL. 
However, the induction of EBV+ lymphoproliferative disease is a severe 
and well known side effect of long-term immune suppression by CsA in 
the post-transplantation setting. 

In summary, we identified 28 differentially expressed proteins and 
validated the expression in primary tissue samples for three selected 
proteins. The finding of B2M and PRDX1 confirmed validity of our 
approach as it has been shown previously in NHL. Elevated PPIA 
expression in lymphoma compared with LCL cells is novel and its 
oncogenic potential is supported by the inhibition of cell growth upon 
CsA treatment. 
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 Supplementary  

 

Figure S1. Representative 2 dimensional gel of LCL and NHL cell line. Silver 
stained 2 Dimensional SDS PAGE gels with the LCL cell line on the left and the 
SUDHL10 cell line on the right. PI ranges from 3 to 10 and molecular weight 
from 10 to 200 kDa. 1,366 spots were found in the LCL cell line and 1,300 in 
SUDHL10.  
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Figure S2. Sensitivity of NHL and LCL cell lines to inhibition of PPIA by CsA 
at different concentrations. (A, B, E, F) After adding different concentrations of 
CsA for 72 hours, the viability of 7 NHL and 4 LCL cell lines was evaluated by 
alamar blue assay. Paired-T test was performed to compare the cell viability 
before and after CsA treatment. Mann-Whitney U test was used to compare the 
cell viability difference between the NHL cell line group and LCL group. (A) 
0.5µg/ml CsA, (B) 1µg/ml CsA, (E) 2µg/ml CsA, (F) 10µg/ml CsA. (C, D, G, 
H)The correlation between PPIA expression level and the inhibition of cell 
viability after NHL cell lines treated with CsA for 72 hours. Statistical 
significance was determined by Spearman test. (C)  0.5µg/ml CsA, (D) 1µg/ml 
CsA, (G) 2µg/ml CsA, (H) 10µg/ml CsA.  (*: P<0.05; **: P<0.01; ***: P<0.001; ****: 
P< 0.0001) 
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Abstract  

Soluble molecules play an important role in communication between 
cells. They can manipulate the immune response, as well as signaling 
pathways. Therefore, the investigating the secretome of cancer cells is a 
good way to unravel potential pathogenetic mechanisms involved in the 
development of malignant lymphoma. We collected the supernatants of 
follicular lymphoma (FL, n=2) as well as germinal center B cell derived 
large cell lymphoma (GCB-DLBCL, n=4) and activated B cell large cell 
lymphoma (ABC-DLBCL, n=2) cell lines and analyzed them with LC-
MS/MS. 1,317 (45%) of all proteins identified in the supernatant were 
known to be secreted and 6% of those were secreted via the classical 
pathway. Of the 1,317 secreted proteins, 51% were detected in FL, GCB-
DLBCL and ABC-DLBCL. Comparison of the 3 lymphoma subtypes 
revealed that ABC-DLBCL is different from the other two, with the 
highest percentage (19%) of unique secreted proteins. Comparison of the 
secretome profiles with those of classical Hodgkin lymphoma (cHL) and 
nodular lymphocyte predominant Hodgkin lymphoma (NLPHL), 
revealed that 7% of the secreted proteins are shared between all five 
lymphoma types. The secretome of cHL displayed the highest proportion 
of unique proteins followed by the secretome of ABC-DLBCL. Analysis 
of the transcript levels of the secreted proteins in NHL compared to 
germinal center B cells (GC-B) revealed 302 differentially expressed 
secreted proteins with change of more than two fold difference in 
expression. Of these 302 proteins, 191 (63%) were upregulated. Gene 
ontology analysis indicated functions of those proteins were including 
metabolism (31.8%), signal transduction (8%), immune response (5.6%), 
transcription (5%), cell cycle (5%), apoptosis (4%), cell motility (3%) and 
angiogenesis (1%). Among the elevated proteins involved in immune 
responses, CD70 and MIF are proteins likely to be involved in the 
crosstalk between tumor cells and the microenvironment. 
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Introduction 

Diffuse large B cell lymphoma (DLBCL) is the most common form of B 
cell lymphoma with an incidence of 25-30%. It is an aggressive non-
Hodgkin lymphoma (NHL) subtype with a five year survival of 
approximately 60%. Follicular lymphoma (FL) is an indolent NHL 
subtype1, but in approximately one third of FL patients a transformation 
to a more aggressive lymphoma subtype occurs within ten years. The 
most commonly observed transformation is into DLBCL2.  

DLBCL is a heterogeneous group of B cell lymphoma, of which a large 
proportion is referred to as DLBCL not otherwise classified (NOS). Gene 
expression profiling studies of both primary and transformed DLBCL 
revealed two distinct entities, i.e. germinal center (GCB) derived and 
non-GCB or activated B cell (ABC) derived DLBCL, of which ABC type 
DLBCL has the worst prognosis3. 

In the past decade it has become evident that the microenvironment of 
the tumor cells plays a crucial role in the disease pathogenesis. Tumor 
infiltrating cells can recognize the tumor cells and trigger an anti-tumor 
immune response4, but these infiltrating cells also can suppress the 
immune system and support growth of the neoplastic cells5,6. The cross 
talk between the tumor cells and the infiltrating cells is crucial for the 
balance between these two opposite effects and is therefore considered a 
main player in the disease.  

An attractive approach to study the tumor cell initiated interaction with 
the microenvironment is to analyze the secretome of the tumor cells. The 
secretome encompasses all secreted proteins of living cells7. These 
proteins are released in three ways: classical secretion, non-classical 
secretion and membrane shedding7. Proteins with a predicted signal 
peptide are considered secreted proteins via the classical (endoplasmic 
reticulum/golgi dependent) pathway, for non-classical secretion the 
mechanisms are only partially known, and membrane shedding occurs 
by proteolytic enzymes such as metalloproteases. The secretome 
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facilitates the intercellular communication between neoplastic cells and 
infiltrating cells and has been shown to play a role in tumor homeostasis, 
tumor invasion, tumor progression, immune response, occurrence of 
inflammation, and electrolyte and metabolite transportation7,8.  

In Hodgkin lymphoma (HL), we have previously analyzed the secretome 
of cell lines resulting in the identification of several proteins relevant to 
HL pathogenesis. The majority of the secreted immune response proteins 
were shown to be present in tumor cells of primary HL cases as well as in 
serum samples of HL patients9. So, these proteins could potentially be 
used as circulating disease biomarkers. In this study, we aimed to 
identify proteins relevant for the cross talk between tumor cells and the 
microenvironment as well as identify putative novel biomarkers. We 
established the secretome of eight NHL cells lines, including two FL, four 
GCB and two ABC-DLBCL cell lines. In addition, we performed gene 
expression profiling to determine which of the secreted proteins are also 
differentially expressed in comparison to normal germinal center B cells. 

 

Material and Methods 

Cell lines 

We used eight cell lines (purchased from DSMZ, Germany) for the 
secretome and gene expression profiling analysis: DOHH2, SUDHL4 
(both FL), Karpas422, SUDHL5, SUDHL6, SUDHL10 (all GCB-DLBCL), 
OCILY3, U2932 (both ABC-DLBCL). All cell lines were tested negative 
for mycoplasma and were free from infections. The cell lines were 
cultured in RPMI 1640 supplemented with penicillin/streptomycin and 
10% FCS (DOHH2, SUDHL4, Karpas422, OCILY3, U2932) or 20% FCS 
(SUDHL5, SUDHL6, SUDHL10). Germinal center B cells were sorted 
from fresh tonsils obtained from routine tonsillectomy as reported 
previously10. 
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Protein preparation 

Cells were washed three times with RPMI without FCS to remove serum 
proteins and seeded at 0.2 x106 cell/ml in RPMI without FCS at 37°C, 5% 
CO2. Cell culture supernatants were harvested after 48 hours by filtration 
with an 0.2µm syringe filter  and concentrated using the Vivaspin® 2 
Centrifugal Concentrator (Sartorius Stedim Biotech GmbH, Goettingen, 
Germany) from 30ml to 30µl. Samples (12.5µl) were heated in loading 
buffer for 5 minutes at 100°C and run by SDS-PAGE for 1.5 hours at 
110V. Each lane was divided into 15 pieces and washed twice in 400µl 
MilliQ for 15 minutes and twice with 50% Acetonitrile. Preparation for 
LC-MS/MS was performed according to Ma9 and the samples were 
analyzed on the Orbitrap LC-MS (Thermo Fisher Scientific, Waltham 
MA, USA) 

 

Data analysis and identification of secreted proteins 

Protein identification was done by ProID 1.1 (Applied Biosystems) as 
described by Alvarez-Llamas et al11. The Uniprot database was used to 
convert accession numbers to protein sequence to determine the amino 
acid length of the proteins12. SecretomeP was used to predict classical 
and non-classical secreted proteins13. Proteins longer than 4,000 amino 
acids (16 proteins) were analyzed with overlapping fragments in 
SecretomeP. Proteins with a NN-score >0.5 were predicted as secreted. If 
a signal peptide was predicted by SignalP the protein was classified as 
secreted via the classical pathway. If no signal peptide was predicted by 
SignalP the protein was classified as secreted via the non-classical 
pathway.  

We compared the secretome data of the three NHL subtypes using Venn 
diagram tool (HTTPS:// bioinformatics.psb.ugent.be/webtools/Venn/). 
The overlap was determined based on presence of a protein in at least 
one of the cell lines of the respective NHL subtypes, i.e. FL, GCB-DLBCL 
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and ABC-DLBCL. In addition, we compared the secretome of the NHL 
cell lines to our previously published secretome list of classical Hodgkin 
lymphoma (cHL) (L428, L1236 and KM-H2) and nodular lymphocyte 
predominant Hodgkin lymphoma (NLP HL) (DEV) cell lines9. 

 

Gene expression profiling 

All NHL cell lines and GC-B samples were labeled and hybridized 
following the manufacturer’s instructions (Agilent Technologies, Santa 
Clara, CA, USA). Briefly, 25-40ng total RNA was used for labeling with 
the dual-color Low Input Quick Amp Labeling Kit with Cyanine 3 and 5 
CTP Dye Packs (Agilent Technologies, Santa Clara, CA, USA). The 
purification of labeled cRNA was performed with the RNeasy Mini Kit 
(Qiagen), and the hybridization was done using the Gene Expression 
Hybridization Kit (Agilent Technologies). Samples were hybridized on 2 
versions of a custom designed microarray based on the Sureprint G3 
8x60K array format that both contained the same probes for all protein-
coding genes (30,094 probes) derived from AMADID #028004 (Agilent 
Technologies, Santa Clara, CA, USA). GC-B cells were hybridized on a 
previously published custom design14 and the NHL cell lines were 
hybridized using an unpublished version of a custom design. Arrays 
were scanned with the Agilent DNA Microarray Scanner using Agilent 
Feature Extraction software version 10.7.3.1. The protein coding probes 
overlapping both arrays were selected and loaded into GeneSpring GX 
12.5 software (Agilent Technologies) and quantile normalized without 
baseline transformation. Probe sets were filtered with the criterion that at 
least 60% of the samples in at least 1 out of 4 conditions have expression 
values above the background. One-way ANOVA using Welch’s 
correction was applied to determine significantly differentially expressed 
probes between GC-B cells and each of the three NHL subgroups. In 
addition, we applied a 2-fold difference criterion. The probes showing an 
at least 2-fold significant difference in gene expression level were 
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overlayed with the secretome protein list including all proteins present in 
at least one of three NHL subtype.  

 

Gene ontology assignment 

DAVID was used to determine gene ontology of the secreted proteins15,16. 
We focused on gene ontology groups linked to the microenvironment 
and cancer, i.e. immune response, angiogenesis, signaling, apoptosis, 
motility, metabolism, transcription, and cell cycle. 

  

Results 

Secretome analysis of the three non-Hodgkin lymphoma subtypes 

The number of proteins detected by LC-MS in the supernatant of the cell 
lines ranged from 1,363 in SUDHL5 to 2,221 in U2932 (Fig. 1). The total 
number of unique proteins in the 8 NHL cell lines was 2,919. SecretomeP 
analysis indicated that 1,317 of the proteins were secreted (45%), of 
which 170 were secreted via the classical pathway based on the presence 
of a signal peptide by SignalP. The percentage of proteins secreted by the 
classical and non-classical pathway was also quite consistent for the eight 
cell lines (Fig. 1). 
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Figure 1: Overview of the secretome analysis for the eight NHL cell lines. The 
lymphoma subtype is given for each of the cell lines below the graph. In the 
graph we show the total number of proteins identified per cell line. The number 
of proteins that are secreted via the classically and non-classically pathways 
according to SecretomeP and SignalP are indicated. 
 

Comparison of the three lymphoma subtypes revealed an overlap of 670 
out of the 1,317 secreted proteins (51%). The percentage of proteins that 
were only identified in one of the three NHL subtypes was 65 (8%) for 
FL, 98 (10%) for GCB-DLBCL and 200 (19%) for ABC-DLBCL (Table 1, 
Fig. 2A). This analysis shows that the secreted protein profile of ABC-
DLBCL contains more unique proteins in comparison to FL and GCB-
DLBCL. 

Table 1. Comparison of the secretome of three NHL subtypes 

Lymphoma subtype Total secreted 
proteins (N) 

Unique proteins N 
(%) 

FL 851 65 (8%) 
GCB 1017 98 (10%) 
ABC 1073 200 (19%) 

FL: follicular lymphoma 
GCB: germinal center B cell like diffuse large B cell lymphoma 
ABC: activated B cell like diffuse large B cell lymphoma 

 
We next compared the secretome of the three NHL subtypes to the 
previously reported secretome of the cHL cell lines (336 proteins) and to 
the secretome of the NLP HL cell line (168 proteins). The total number of 
secreted proteins in the 5 lymphoma subgroups was 1,432. Of these, 101 
proteins (7%) were found in all five lymphoma types (Fig. 2B). The 
number of unique proteins was 61 (7%) for FL, 91 (9%) for GCB-DLBCL, 
197 (18%) for ABC-DLBCL, 79 (24%) for cHL and 8 (7%) for NLPHL 
(Table 2). This shows that both ABC-DLBCL and cHL have a higher 
percentage of unique proteins compared to FL, GCB-DLBCL and NLP 
HL. 
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Figure 2: Venn diagram of the secreted proteins in different lymphoma 
subtypes. (A): Venn diagram of the secreted proteins in NHL showing a relative 
high number of shared proteins. The total number of unique secreted proteins 
was 1,317, with a relative low number of FL (65 out of 851) and GCB-DLBCL (98 
out of 1,017) specific proteins in comparison to ABC-DLBCL (200 out of 1,073) 
cell lines. (B): Venn diagram of the secreted proteins in NHL and HL cell lines, 
showing a limited overlap of only 101 proteins. The total number of unique 
proteins was 1,432. 
 

Table 2. Comparison of secretome of NHL with HL 
Lymphoma Total Unique (%) 

FL 851 61 (7%) 
GCB 1017 91 (9%) 
ABC 1073 197 (18%) 
cHL 336 79 (24%) 

NLPHL 168 8 (7%) 
FL: follicular lymphoma 
GCB: germinal center B cell like diffuse large B cell lymphoma 
ABC: activated B cell like diffuse large B cell lymphoma 
cHL:  classical Hodgkin lymphoma 

NLPHL:  nodular lymphocyte predominant Hodgkin lymphoma 
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Figure 3: Heatmaps of the unsupervised hierarchical clustering of the 2 fold 
differentially expressed and secreted genes for all three lymphoma subtypes. 
(A): Heatmap of FL including 217 genes, with 66% of the genes being 
upregulated (B): Heatmap of the GCB-DLBCL, 62% of the 197 genes being 
upregulated and (C): Heatmap of the ABC-DLBCL with 61% of the 234 
differentially expressed genes being upregulated. 

 

Table 3. Genes differentially expressed compared to GC B cells and the 
overlap with the secreted proteins per lymphoma subtype 

 FL GCB-
DLBCL 

ABC-
DLBCL Total 

ANOVA and 2-fold 2,417 2,138 2,583 3,520 
Overlap with secretome 217 197 234 529 

 

Gene expression profile of secreted proteins 

To determine if the NHL secreted proteins are differentially expressed in 
comparison to GC-B cells we performed a gene expression profiling 
study. This revealed a total of 3,520 differentially expressed genes 
(ANOVA and 2-fold change), of which 302 were detected also in the 
secretome (Table 3). Unsupervised hierarchical clustering of the secreted 
differentially expressed genes per subtype comparison revealed a clear 
separation for all three NHL subtypes in comparison to the normal GC-B 
cells (Fig 3 and Supplementary Table S1.). The majority of the 
differentially expressed and secreted proteins were found to be 
upregulated in comparison to normal GC-B cells, i.e. 191 out of 302 genes 
(63%), including 144 in FL, 123 in GCB-DLBCL and 144 in ABC-DLBCL. 

Gene ontology analysis of the secreted and differentially expressed proteins 

The 191 secreted proteins upregulated in at least one of the three NHL 
subgroups in comparison to GC-B cells were grouped according to gene 
ontology. Of the 191 proteins, 160 had known gene ontology in DAVID. 
The largest gene ontology group included 51 proteins related to cell 
metabolism (31.8%) (Fig. 4). The other gene ontologies comprised a low 
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number of proteins with 13 in signal transduction (8%), 9 in immune 
response (5.6%), 8 in transcription (5%), 8 in cell cycle (5%), 6 in apoptosis 
(4%), 5 in motility (3%) and 2 in angiogenesis (1%). The upregulated 
proteins involved in immune response are C1QBP, CD70, CTSC, MIF, 
PNP, RPS19, SAAL1, SBDS and Serpina1 (Table 4). C1QBP, MIF and PNP 
were upregulated in all three NHL subtypes, whereas Cathepsin C, SBDS 
and Serpina 1 showed increased levels in two of the three NHL subtypes 
as determined by gene expression profiling. In the proteomics results, 
C1QBP, MIF, PNP, RPS19, SAAL1 and SBDS were found in all subtypes, 
and CTSC was found in 2 subtypes. 

 
Figure 4: Distribution of the most commonly observed gene ontologies among 
the upregulated and secreted proteins. For 160 of the 191 upregulated proteins 
known gene ontology could be detected by DAVID: metabolism (51), immune 
response (9), transcription (8), cell cycle (8), apoptosis (6), motility (5), and 
angiogenesis (2). 
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Table 4. List of the nine secreted immune response proteins 
upregulated in NHL and presence in proteomics analysis 

Gene 
symbol Gene name 

Gene 
expression Proteomics 

FL GCB ABC FL GCB ABC 

C1QBP 

complement 
component 1, q 
subcomponent 
binding protein 

X X X X X X 

CD70 CD70 molecule, 
CD27 ligand - - X - - X 

CTSC cathepsin C X - X - X X 

MIF 
macrophage 

migration 
inhibitory factor 

X X X X X X 

PNP nucleoside 
phosphorylase X X X X X X 

RPS19 ribosomal 
protein S19 - - X X X X 

SAAL1 
Serpina 

1 

serum amyloid 
A-like 1 - X - X X X 

serpin peptidase 
inhibitor, 
member 1 

- X X X - - 

 

Discussion 

This study on the secretome of NHL cell lines revealed a substantial 
number of secreted proteins. A large number of the proteins were 
predicted to be secreted by Secretome P (45%). In our previous study on 
the secretome of HL the percentage of secreted proteins was 
approximately 30%.  

Grouping of the NHL cell lines based on lymphoma subtype, indicated a 
much higher percentage of unique proteins in ABC-DLBCL (19%). This 
might be related to the proposed post-germinal center origin of this 
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lymphoma subtype in comparison to the germinal center B cell origin of 
the 

other two lymphoma subtypes (8% and 10%). This pattern was also 
observed upon combination of the NHL secretome data to our previously 
published HL secretome data. Despite the germinal center B cell origin17, 
cHL also showed a high percentage of unique proteins (24%). This might 
be driven by the loss of B cell phenotype. In NLP HL, the percentage of 
unique proteins was low (7%) similar to FL and GCB-DLBCL (7% and 
9%). This is consistent with the B cell phenotype of the tumor cells in 
NLP HL, which is much more pronounced than that of the tumor cells in 
cHL. The consistent low percentage of unique proteins in FL, GCB-
DLBCL and NLP HL might thus reflect a common cell of origin, namely 
the germinal center B cell. As a consequence of the characteristic patterns 
of both ABC-DLBCL and cHL, only 7% of the secreted proteins were 
found to be common between all lymphoma subtypes.  

To allow a further selection of the most interesting secreted proteins, we 
performed gene expression profiling. This revealed that the majority of 
the secreted proteins were upregulated at the mRNA level in the 
lymphoma cell lines as compared to normal GC-B cells. Metabolism was  

the most common gene ontology with 51 proteins, while 9 proteins were 
related to immune response. For seven of these proteins a clear link with 
the cross talk between tumor cells and the microenvironment is not 
directly obvious. RPS19, SBDS and SAAL1 have not been linked with 
cancer and the microenvironment and their potential roles remain 
unknown. The protease CTSC was found in the secretome of cHL and its 
expression was confirmed in tumor cells in 9 out of 11 cHL tissue 
samples. CTSC has been proposed to play a role in carcinogenesis, via 
degradation of extracellular matrix components as well as adhesion 
molecules and promoting angiogenesis, however the role in NHL is not 
known yet18,19. C1QBP is a receptor of complement factor C1q and was 
found to be released from activated Raji cells20,21. In cancer cell lines 
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C1QBP is expressed and plays a role in proliferation, migration and 
protection from apoptosis22. Serpina 1 or α1-antitrypsin was reported to 
be overexpressed in ALK+ anaplastic large cell lymphoma23,24. High 
serum levels have been associated with bad prognosis in multiple 
myeloma25. In HL expression of Serpina 1 has been described in the 
tumor cells, but its role remains unclear26. Expression of PNP, purine 
nucleoside phosphorylase, is already high in B lymphocytes, whereas we 
saw a significant upregulation of this gene in comparison to GC-B cells. 
In CLL, PNP levels are lower than in normal B cells, whereas hairy cell 
leukemia have higher levels than normal B cells27. An inhibitor of PNP, 
forodesine has been tested in phase I/II studies in fludarabine resistant 
B-CLL patients, but no significant clinical responses were seen28. 

The remaining two proteins are potentially relevant for the cross talk 
between tumor cells of NHL and the microenvironment, i.e. CD70 and 
MIF. CD70 is a costimulatory molecule and the receptor for CD27, CD70 
and CD27 are part of the tumor necrosis factor receptor superfamily. 
CD70 is expressed in 30% of the FL and 70% of the DLBCL cases29. CD70 
expression on NHL B cells induces expression of FoxP3 in CD4+CD25- 
infiltrating T cells30. We found secreted CD70 in ABC-DLBCL cell line 
U2932, as well as differential expression in ABC-DLBCL compared to 
GC-B cells. So expression and secretion of CD70 by the tumor cells of 
ABC-DLBCL may induce a suppressive environment and be part of an 
active immune escape mechanism.  

MIF was also found in the secretome of HL cell lines and its expression 
was confirmed in the tumor cells of cHL in 11 of 11 cases9. Moreover, a 
significantly higher MIF plasma level was observed in HL patients 
compared to controls, and MIF levels were significantly reduced after 
completion of treatment. MIF is an inhibitor of the cytotoxic T cell (CTL) 
response and production of MIF by lymphomas can protect them from 
killing by CTLs. Since more aggressive lymphomas tend to contain more 
CD8+ T cells, enhanced MIF expression might be favorable for tumor cell 
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survival especially in the aggressive type, ABC-DLBCL. In the Eµ-Myc 
lymphoma mouse model, loss of MIF expression delayed the onset of 
lymphoma, this might potentially be caused by a more effective immune 
response which delays development of Myc-driven B cell lymphoma31. 
Based on these findings, it might be interesting to determine the MIF 
levels in primary tissue and serum samples of DLBCL cases including 
Myc translocation positive cases. We found MIF in the secretome of all 
cell lines and observed increased levels in all NHL subtypes. Thus the 
role of MIF in FL lymphoma and DLBCL deserves further investigation. 

Novel tissue or circulating biomarkers relevant for prognosis and 
evaluation of treatment response are required to optimize treatment 
decisions for DLBCL-NOS patients. Follow-up studies on the secreted 
proteins identified in this study might potentially result in identification 
of new biomarkers that can aid in an improved risk classification of this 
heterogeneous lymphoma subgroup. Two of the immune response 
associated markers, i.e. MIF and CD70, present attractive markers to 
study in more detail. 
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Supplmentary Table S1. Differentially expressed gene list of the NHL 
secretome  

GC-B vs FL 
Upregulated 

GC-B vs GCB-DLBCL 
Upregulated 

GC-B vs ABC-DLBCL 
Upregulated 

QPRT QPRT CD70 
CTH CTH ACTA1 

HMGCS1 UCK2 QPRT 
BCAT1 HEXB BCL2 
CTSZ HMGCS1 SPR 

ENDOG C20orf27 CTSC 
PSMG4 PLOD1 CTSZ 
CTSC PPIF BCAT1 
SCLY ENDOG MINA 

COCH CTSZ UCK2 
UCK2 PRDX4 TUBB4A 
NLE1 TRAP1 CTH 

GRWD1 TTLL12 TTLL12 
NOMO1 COCH TRAP1 

FAM136A BCAT1 C20orf27 
PSMB5 SLC1A5 LMAN1 
SLC1A5 MINA SCLY 
METTL1 AHCY NLE1 

PPIF SCLY AHCY 
PTGES2 SNX12 HMGCS1 
SLC7A5 SLC3A2 HEXB 
MINA PTGES2 TRIP13 
PRDX4 METTL1 ACAT1 

SRM ISOC2 LDHA 
HEXB PSMG1 C1QBP 

TTLL12 GRPEL1 SRM 
ACAT1 PGAM5 MIF 
ISOC2 HRSP12 PSMG1 
PSMG1 CECR5 GRPEL1 
SNX12 TPI1 SDHA 
PPM1F ACAT1 HEATR2 
RHEB GNPNAT1 ENO1 
MVK LDHA PRDX4 
RNF7 ENO1 PGAM5 
GSR MIF KPTN 

UNC119B GSR PPIF 
OGDH UBL4A SOD2 
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PGAM5 XPO6 C8orf33 
HIBADH RAB5C MDH2 

HSPE1 DIMT1 HRSP12 
GYG1 DDX21 SOD1 
TCP1 NPC2 PSMG3 

GRPEL1 NOP2 HIBADH 
HRSP12 SAAL1 NAE1 
C20orf27 RAP2B GPN3 
AHCY PUS1 FAM136A 

GNPNAT1 DNATC2 RCC1 
LMAN1 FBL HN1L 
UTP15 NMD3 UTP15 
GCSH FDPS SERPINA1 
C1QBP NHP2 RAE1 
PPME1 APEH APOA1BP 
SEC24A POLR1C ATP6V1F 

PNP GMDS GNS 
WDR12 BYSL TRMT61A 

FDPS LRRC20 LDHB 
CLPP MVK TPD52L2 
CCT8 PNP KEAP1 
IPO7 ACLY P4HB 

PDXK IPO7 ECI1 
CARM1 C1QBP DLAT 
GALK1 PPME1 RPS2 
NMP3 SLC7A5 BAX 
RPL36 HEATR2 PPP1R14B 
SEH1L RCC1 DIMT1 
SOD1 HSPE1 APEX1 
MT1X SOD1 CARM1 
ACLY GYG1 POLR1C 
RAP2B UTP15 OLA1 

TOMM34 PSMB5 NOSIP 
TRIP13 SBDS EIF6 
ASAH1 NLE1 FAHD24 
ATP5B TRIP13 PPIH 

ATP6V1F HIBADH NPC2 
GPN3 CCT4 GSR 

UBL4A PSMG3 METTL2B 
DDX21 UAP1 DNAJC2 

GNS HN1L TH1L 
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PUS1 GRWD1 SUMF2 
SOD2 TRMT61A RPL36 

TRMT61A RFC3 PNP 
METTL2B SRM FBL 
MAT2A WDR12 CCT4 
C21orf33 SERPINA1 TAB1 
FMNL1 NAE1 MARS 
CALM SEH1L RANBP1 
DIP2B RPL36 LRRC20 
NOP2 GPN3 CLPP 

LRRC20 LDHB ISOC2 
UAP1 RNF7 APEH 

DNAJC2 OLA1 SEH1L 
GMDS CCT8 NIF3L1 

HEATR2 PPP1R14B GNPNAT1 
RCC1 TNPO3 ASAH1 

PSMG3 MDH2 PDCD5 
ENO1 SOD2 DTYMK 

SLC3A2 TMEM189 ATP5B 
MDH2 GCSH ATP5D 

TPD52L2 TOMM34 RPS19 
LDHA GGH ACP1 
PREP NOMO1 RPL35 
IPO5 FAM136A GALK1 

LDHB TPD52L2 CSNK2A1 
DIMT1 IMPA1 GMDS 

MIF CNBP GRWD1 
HN1L PDCD5 PUS1 
SBDS RPL35 GYG1 
NHP2 ANAPC1 TMEM189 

TMEM189 MARS NOMO1 
APEH KEAP1 SCRN2 

WBSCR22 NUP155 HSPE1 
APEX1 COPS6 UBL4A 

CLNS1A APOA1BP SLC7A5 
DLAT DCTPP1 UAP1 
EIF6 GNS ARL2 

CCT4 CSNK2A1 CECR5 
ETFA TH1L PSMB5 
NAE1 CALU TOMM34 
RPS2 DHPS SLC1A5 
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ANAPC1 METTL2B SLC3A2 
PPP1RI4B CLPP UNC119B 

KEAP1 C8orf33 ACLY 
ASF1A WBSCR22 DHPS 

TBC1D9B  IPO7 
EEF1B2  RNF7 
PDCD5  MVK 

MTHFD2  PTGES2 
SSBP1  METTL1 

TNPO3  WDR12 
FAHD2A  FDPS 

OLA1  EEF1B2 
POLR2D  ANAPC1 
PPP2R1B  MTHFD2 

FBL  IPO5 
AK2  NMD3 

RPL35  MAT2A 
ATP5D  EIF2D 
RPP14  CLNS1A 

METTL16  CNBP 
TUFM  TBC1D9B 
UBFD1  RPS5 
NUP205  UBFD1 

XPO6  XPO6 
GC-B vs FL 

Downregulated 
GC-B vs GCB-DLBCL 

Downregulated 
GC-B vs ABC-DLBCL 

Downregulated 
UBE2D1 UBE2D2 UBR1 
POLR1C RP2 HEATR5B 
PFDN6 OGT NFYC 
CDC42 COL4A3BP SH3BGRL3 

C17orf49 FAM107B SH3BGRL 
AP1G2 CDC42 CFL1 
SRP19 H3F3A UBE2D1 
RHOA BRK1 CDC42 

PTP4A2 TUBB4B PGGT1B 
ARF6 TPT1 PFDN6 

NUBP1 PPP2R5C TUBB4B 
BRK1 PDXK GABARAP 
HTT MYL6 CGGBP1 

CIRBP LAMTOR3 BRK1 
ARPC4 SUMO2 ARPC3 
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OGT PFDN6 RAB4B 
LAMTOR3 ATP6V1G1 PIK3R1 

TTC9C PTP4A2 ATP6V1G1 
CNOT2 RBMX OSTF1 

TPP1 CIRBP COL4A3BP 
UGGT1 TTC9C LAMTOR3 

DNAJC10 HTT H3F3A 
PPP2R5C LNPEP FAM107B 
ARPC3 FLYWCH2 BUB3 
ACTG1 TRIM22 UBE2D2 

FAM107B SERPINA3 ATG7 
H3F3A SRP19 HMGN2 
CAPZB RBM3 SERF2 
RAB4B ARPC4 RP2 

SH3BGRL3 SH3BGRL GNA13 
HIST3H3 CAPZB TARDBP 

SERF2 RAB4B SRP9 
FOXP1 CAPN1 PTP4A2 
SUMO2 RAP1B PPP2R5C 
WDFY4 HERC4 ARFIP1 

ATP6V1G1 TPP1 RBM3 
HMGN2 LGALS3 PPP3CB 
RBMX SETD3 SETD3 
HERC4 DNAJC10 DNAJC10 
WDR26 ACTG1 LNPEP 
SYPL1 PRKAG1 CEP97 

MOB3A CNOT2 HERC4 
HLA-DPB1 FAM98B FAM98B 

CD74 GIT2 NHLRC2 
TMSB4X H2AFJ CNOT2 

SRP9 HIST1H3A CASP8 
MOB1B HIST3H3 ACTG1 

CORO1B CGGBP1 RBMX 
ANXA2 SERF2 ARPC4 

ST13 SRP9 CAPZB 
RAC2 ST6GAL1 FLYWCH2 

HIST1H3A WDFY4 CAPN1 
LGALS3 UGGT1 NUBP1 
LNPEP CD74 HIST3H3 

FAM98B MOB1B HIST1H3A 
GIT2 CBWD5 RAP1B 
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CGGBP1 ST13 SRP19 
ST6GAL1 RSU1 OGT 

ACP1 CORO1B SUMO2 
LUC7L3 PSMD10 MYL6 

HLA-DQB1 DYNLT1 TPT1 
NCK2 LUC7L3 UGGT1 

DYNLT1 HLA-DPB1 IMPA1 
HIST2H2BF KRBA2 UBE2D3 

PSMD10 GCLM RPS4X 
KRBA2 HLA-DQB1 MOB1B 
GCLM TRAF1 PLAA 
PSIP1 TMSB4X KRBA2 

BPNT1 PSIP1 GCLM 
LYSMD2 NCK2 CD74 

CBX3 HIST2H2BF TRIM22 
LTB ANXA2 HLA-DPB1 

 CBX3 GIT2 

 BPNT1 ST6GAL1 

  TTC9C 

  PSMD10 

  LUC7L3 

  TMSB4X 

  RSU1 

  ST13 

  CORO1B 

  SERPINA3 

  DYNLT1 

  PSIP1 

  HLA-DQB1 

  CBWD5 

  HIST2H2BF 

  ANXA2 

  BPNT1 

  ACY3 

  SERPINA9 
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Abstract 

The interaction between T and B cells is an essential part of B cell 
differentiation. B cells mature in germinal centers via direct contact with 
T cells and follicular dendritic cells. Positive selection allows survival of 
B cells that produce high affinity antibodies. B cell maturation during the 
germinal center reaction forms a high risk environment for the 
development of B cell lymphoma. For morphological and functional 
studies of germinal derived B cell lymphoma, both tonsils and reactive 
lymph nodes have been used as normal counterparts. In this chapter we 
determined if there are any differences between these two normal 
lymphoid organs with a focus on the T cell compartment.  

We applied flow cytometry of single cell suspension of tonsils (n=7) and 
reactive lymph nodes (RLN, n=7) to define the cellular composition by 
checking 44 different subpopulations of cells. The percentage of B cells, 
monocytes, natural killer (NK) cells and different T cell subpopulations, 
such as naïve T cells, cytotoxic T cells, effector T cells, regulatory T cells 
(Tregs), has been determined. In addition, we performed gene expression 
profiling on purified CD4+ and CD8+ T cells with and without activation 
using αCD3/CD28. 

Significantly more CD8+ cytotoxic T cells and NK cells were found in 
RLN compared to tonsil. Tonsil contained more early activated CD69+ T 
cells and T helper (Th) cells as well as more GITR+ Tregs and Th2 cells 
than RLN. RLN consists of more CD152+ Th cells and also more 
CD127low Th and Tregs than tonsil. In addition, we observed more 
CD107a+ NK cells and less CD56+ NK/T cells in tonsil as compared to 
RLN. There were no differences in gene expression between CD4 or 
CD8+ T cells of tonsil and RLN, either without or with activation. 

In conclusion, there are significant differences in the immune cell 
composition of tonsils and RLNs. Thus it is important to carefully select 
the most appropriate control for studies on germinal center derived B cell 
lymphomas. 
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Introduction 

The immune system is essential for human health and lymphoid organs 
play a pivotal role in the establishment of the immune system. The 
lymphoid organs can be clustered into two categories: the primary 
lymphoid organs and the secondary lymphoid organs. The generation of 
precursor and immature immune cells starts in the bone marrow and 
thymus, which are referred to as the primary lymphoid organs. The 
secondary lymphoid organs include mucosa-associated lymphoid tissue 
(MALT), lymph nodes and spleen1. The primary and secondary 
lymphoid organs are involved in the innate and adaptive immune 
response by providing the environment of B and T cells maturation, 
activation and proliferation. 

MALT is derived from mucosal connective tissue of respiratory, 
genitourinary tracts, tonsils and Peyer patches. Tonsils and RLN have a 
similar architecture. Tonsils are buried in the crypts of the oral cavity and 
nasopharynx, namely palatine, lingual and pharyngeal tonsils2. One side 
of the tonsil consists of stratified squamous epithelium cells and the other 
side consists of connective tissues, which results in an irregular shape. 
Tonsils do not have a cortex and afferent lymphatic vessels, but do have 
lymphoid nodules and efferent lymphatic vessels. They are part of the 
first line defense against antigens. Chronic inflammation of tonsils is 
called tonsillitis, which predominantly occurs in children2. 

Lymph nodes are localized along the lymphoid vessels. In total, a human 
body has 400-500 lymph nodes. Different from tonsils, lymph nodes have 
cortex, lymphoid nodules, afferent and efferent lymphatic vessels. They 
are covered by connective tissue, the cortex, which results in a bean-like 
structure with a smooth surface, without crypts2. Distinct from tonsil, 
they are involved in the second line defense, i.e. cell-mediated immune 
response. Inflammation of lymph nodes is called lymphoid hyperplasia3. 

Secondary lymphoid organs are crucial in the maturation of B cells and 
facilitate the introduction of somatic hyper mutations and class switch 
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recombination, two processes essential for B cell maturation. However, 
these processes may lead to accumulation of genomic aberrations and the 
development of germinal center derived B-cell lymphoma.  

To study changes in the immune cell composition that are associated 
with the development of B cell lymphoma, researchers have used both 
RLN and tonsil as normal controls. However, the function and location of 
tonsil and RLN are quite different, which can lead to differences in 
immune cell composition. It is important to evaluate the immune cell 
composition of tonsil and RLN, to establish which of these two normal 
organs is the most appropriate control to study differences associated 
with malignant transformation.  

 

Material and methods 

Tissue samples 

Seven tonsils of healthy donors were collected after regular 
tonsillectomy. Seven RLN were collected of patients with reactive 
nonmalignant disease (follicular hyperplasia). The characteristics of the 
study cohort were summarized in Table 1. Single-cell suspensions were 
made of all samples and cells were cryopreserved in fetal calf serum with 
10% DMSO in liquid nitrogen. 

 

Flow cytometry 

All samples were stained with mixtures of fluorochrome-labelled 
antibodies to identify 42 subpopulations of cells (Table 2). 0.5-1.0×106 
cells were used per test. For intracellular staining fixation and 
permeabilization were performed with the Intracellular Fixation & 
Permeabilization Buffer set following the manufacturer’s instructions 
(Ebioscience, San Diego, CA USA). Raw data were obtained using BD 
FACSCalibur flow cytometer and Calibur software (BD Biosciences, San 
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Jose, CA USA). One tube without any staining and four with a single 
staining were used to optimize the compensation for the fluorochrome 
cocktail staining. WinList software was used to analyze raw flow 
cytometry results. Statistical analysis was performed with IBM SPSS 
Statistics 22. The Mann-Whitney test (p<0.05 was considered as 
significant) was used to compare percentages in unpaired samples. All 
analyses were two-tailed. 

 

Expression profiling of purified T cell subsets 

CD4 and CD8 T cells were isolated from single cell suspensions based on 
positive selection using Dynabeads Isolation Kit (Invitrogen, Carlsbad, 
CA USA) according to the manufacturer’s instructions. The purity of the 
cells after isolation was checked using flow cytometry (BD Biosciences). 
Half of the purified CD4 and CD8 T cells were activated for six hours 
with soluble CD3 (1ng/ml) and CD28 (1µg/ml) antibodies. 

 

RNA extraction 

RNeasy Mini Kit and RNeasy Micro Kit (Qiagen, Carlsbad, CA USA) 
were used to isolate total RNA of the purified CD4 and CD8 T cells 
according to the manufacturer’s protocol. NanoDrop ND-1000 
Spectrophotometer (NanoDrop Technologies, Wilmington, DE USA) was 
used to measure the quantity of RNA. The integrity of the RNA was 
checked on a 1% agarose gel. Only those samples with good quality of 
RNA were used for further experiments. 

 

Gene expression profiling 

A customized microarray has been designed which covers all protein 
coding genes4. The manufacturer’s instructions were followed for 
labeling 25-40ng total RNA (dual-color Low Input Quick Amp Labeling 
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Kit, Cyanine 3 and 5 CTP Dye Packs Agilent Technologies, Santa Clara, 
CA USA). RNA of CD4 purified T cells were labeled with Cyanine 5 and 
RNA of CD8 purified T cells with Cyanine 3. Arrays were scanned with 
the Agilent DNA Microarray Scanner using Agilent Feature Extraction 
software version 10.7.3.1. The data were loaded into GeneSpring GX 12.5 
software (Agilent Technologies) with quantile normalization and without 
baseline transformation. Probes were included if detected in at least 50% 
of the samples. Moderate T-test followed with Benjamin Hochberg 
multiple testing correction was performed to compare tonsil with RLN. 
As a second criterion, probes with at least 2 fold differences were 
selected. Genesis software v1.7.6 (22) (Institute for Genomics and 
Bioinformatics Graz, Graz, Austria) was used to generate heatmaps. 

 

Results 

Flow cytometry 

In order to unravel the differences between the two lymphoid organs, we 
first assessed the percentages of the six main cell components, B cells, T 
cells, Th cells, CTLs, NK cells and macrophages (Fig. 1). No statistical 
significant differences were observed in the percentage of B cells, T cells, 
Th cells and macrophages. Significant differences were found in the 
percentage of CTLs and NK cells. RLN had more CTLs (median 13% vs 
7%, p=0.0145) and NK cells (median 14% vs 4%, p=0.0021). 

 

 

Table 1. The characteristics of the study cohort 

Clinical characteristic Tonsil RLN 

Gender Male (%) Unknown 4 (57%) 
Female (%) Unknwn 3 (43%) 

Age Mean (Range) 15 (1-35) 43 (17-72) 
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Figure 1. Proportion of main populations in tonsil and reactive lymph node 
(RLN). Percentages of B cells (A), T cells (B), T helper cells (C), cytotoxic T cells 
(D), NK cells (E), macrophages (F) in the total cell population. Lines indicate the 
median percentage per group. Mann-Whitney U test was performed to test for 
significant differences. (*: p<0.05; **: p<0.01) 
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Figure 2. Proportion of subpopulations in tonsil and reactive lymph node 
(RLN). Percentages of CD69 positive cells in T cell population (A), CD69 positive 
cells in Th cell population (B), CD69 positive Th cells in T cell population (C), 
CD69 positive cells in CTL population (D), CD69 positive CTLs in T cell 
population(E), CD152 positive cells in Th cell population (F), CD152 positive Th 
cells in T cell population (G), CD127low positive cells in Th cell population (H), 
CD127low positive Th cells  in T cell population (I),  CD127lowTregs in Th cell 
population (J), CD127lowTregs  in T cell population (K), GITR positive Tregs in 
Th cell population (L), GITR positive in T cell population (M), Th2 cells in Th cell 
population (N), Th2 cells  in T cell population (O), CD107a positive cells in NK 
cell population (P), CD56 positive cells in T cell population (Q). Mann-Whitney 
U test was performed to test for significant differences. (*: p<0.05; **: p<0.01) 
We next checked whether the proportion of activated and specific 
subpopulations within the Th and CTLs were different between tonsil 
and RLN. Tonsils contained significantly more early activated CD69+ 
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cells (median 62% vs 38%, p=0.0212, Fig 2A) in the CD3+ T cells. 
Percentage of CD69+ cells in CD4+ cells was also higher in tonsil than in 
RLN (median 66% vs 41%, p=0.0379, Fig. 2B). When examining the 
percentage of CD69+CD4+ in the T cell population (CD3+ cells), there 
were also more CD69+CD4+ cells (median 57% vs 36%, p=0.0379, Fig. 
2C). Besides that, more CD69+CD8+ cells were found in tonsil than in 
RLN (median 64% vs 38%, p=0.0151, Fig. 2D), but no difference was 
found in the frequency of CD69+CD8+ cells in CD3+ cells between tonsil 
and RLN (Fig. 2E). In contrast to the increased percentage of early 
activated Th cells, the percentage of Th cells positive for the suppression 
associated markers CD152 (median 5% vs 28%, p=0.0021, Fig. 2F) and 
CD127low (median 3% vs 11%, p=0.04620, Fig. 2 H) were decreased in 
tonsil. This difference remained significant only for CD152+CD4+ 
(median 4% vs 27%, P=0.0032) in the CD3+cells (Fig. 2G and I).  

Significant differences in tonsil and RLNs were found in CD127low and 
GITR+ Tregs (CD25+CD4+ cells). RLN had more CD127low Tregs 
(median 10% vs 2%, p=0.0047, Fig. 2J) and less GITR+ Tregs (median 60 
vs 83%, p=0.0348, Fig. 2L) than tonsil (Fig.2 J and L). The difference did 
not remain significant in the CD3+ T cell population (Fig. 2K and M). The 
percentage of CD45RB low and CD45RO+ cells in CD4+ cells (Th2) was 
higher in tonsil (median 58% vs 44%; p=0.034, Fig. 2N) than in RLN. A 
significant increase was also observed in the CD3+ T cells (median 48% 
vs 35%; p=0.0178, Fig. 2O). Within the NK cell population, we observed 
significantly more CD107a+ in CD56+ cells in tonsil (median 34% vs 14%; 
p=0.0379, Fig. 2P) than in RLN. The percentage of CD56+ cells in CD3+ 
cells was significantly higher in RLN (median 5.41% vs 2.56%; p=0.0023, 
Fig. 2Q) than in tonsil. 

For the other subpopulations, no significant differences were found 
(Supplementary Table 1.). 

Gene expression profiling 
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In order to examine whether there was any difference in the gene 
expression patterns of Th cells and CTLs of tonsil and RLN, we profiled 
CD4+ and CD8 T+ cells. The median purity of CD4+ cells of tonsils was 
91% (91-92%), and for RLN this was 86% (86-93%). The median purity of 
CD8+ cells for tonsil was 91% (88-94%), and for RLN it was 92% (88-
97%). A total of 22,888 and 20,490 probes was flagged present in at least 
in one of two conditions, not activated and activated CD4+ cells, 
respectively. In CD8+ cells, 16,464 and 16,959 probes were flagged 
presents in at least one out of two conditions, in not-activated and 
activated cells, respectively. There were no significantly differentially 
expressed genes between RLN and tonsil, not even without multiple 
testing corrections in any of the 4 T cell populations.  

 

Discussion 

In this study, we have compared the cellular composition of tonsil and 
RLN, two secondary lymphoid organs commonly used as normal 
controls for B cell lymphoma studies. Despite the common use of one or 
both of these tissue types, there are no studies that systematically 
compared composition of these two lymphoid tissues or the expression 
patterns of Th and CTLs of these two tissue origins. 

Analysis of the main populations revealed less CTLs and NK cells in 
tonsils compared to RLN. In the specific cell populations, tonsils had 
more early activated Th cells and CTLs, Th2 cells, GITR positive Tregs, 
CD107a positive NK cells, and less CD152 positive or CD127low 
expressing suppressor Th cells as well as CD127low Tregs. In the CD3+ T 
cell population, tonsils had more early activated T cells and Th cells, Th2 
cells, and less CD152 positive suppressor Th cells and NKT cells 
compared with RLNs. There were no differences in gene expression 
patterns of Th cells and CTLs isolated from either tonsil or RLN. Also 
upon activation the expression patterns were similar. This might be due 
to the fact that the Th and CTL populations are still a mixed population 
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with respect to subsets and activation status. Comparison of peripheral 
blood naïve Th cells with effector memory Th cells did revealed 
significant differences in gene expression levels, especially in co-
stimulatory molecules and transcription factors5.  Although we did not 
find any significant difference we cannot rule out presence of minor 
differences that we failed to detect due to low numbers of samples or due 
to the mixed nature of the CD4 and CD8 T cell subsets. 

The main differences observed between tonsil and RLNs in our study are 
differences in the activation; or suppressive status of specific T cell 
subsets. In tonsils, more activated T cells and Th2 cells were observed. 
Tonsillectomy is only applied in patients who have recurrent throat 
infections multiple times per year. These recurrent infections are caused 
by the presence of bacteria in the crypts of the tonsil2. This leads to 
increased numbers of activated T cells and decreased numbers of 
suppressor Th cells, CD152+CD4+ cells as well as CD127low CD4+ cells. 
Th2 cells play a vital role in the adaptive immunity, by producing 
cytokines involved in the protection against extracellular microbes and 
clearance from mucosa. Based on cytokine levels it was shown that 
inflammation in tonsils starts with a Th1 response that later on turns to a 
Th2 response6. So, the finding of more Th2 cells in tonsil is most likely 
due to the chronic inflammatory state of the tonsils.  

In addition, there were less CD8 CTLs, more CD69+ Th and CTL cells, 
and more NK cells in tonsils than RLNs, this fits with the enhanced 
percentage of Th2 cells since CD8 cells are usually found more in a Th1 
situation. The lack of CTLs to clear the bacteria plays a role in the 
pathogenesis of the recurrent tonsillitis. 

It is hard to speculate what is more crucial for the overall effectiveness of 
NK cells in tonsil and RLN, either the number or the functionality of NK 
cells. Tonsil have less NK cells but a higher percentage of functional 
active cells (CD107a expression), while RLN have more NK cells but they 
are less active. Therefore, the overall potential of the NK cell 
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functionality might be similar in tonsil and RLN. While there were more 
GITR positive Tregs in tonsil there were less CD127low Tregs. CD127low 
Tregs are the natural occurring Tregs that express the highest levels of 
FoxP3 and have a good suppressive function7. GITR negatively regulates 
the suppressive function of Tregs8. Ongoing inflammation might result in 
exhaustion of CD127low functional Tregs, while presence of GITR 
positive Tregs might provide signals to continue the immune response. 
The lower percentage of GITR+CD25+CD4+ Tregs in RLN compared to 
tonsil in our study is consistent with previous study9. 

The easy access to tonsils is probably the main reason why researchers 
tend to use tonsils as a normal control. Based on the observed differences 
in cell subpopulations and activation status this will influence outcome 
of such studies. Since most lymphomas develop in lymph nodes, our 
recommendation is to use RLN as a normal control for B cell lymphoma 
research. 
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Table 2. Overview of the 44 subsets studied 

 

Leukocyte subpopulation Immunophenotype Company
B cells CD20+ BD
T cells CD3+ Dako

NK cells CD56+ IQ
Macrophages CD68+ R&D

Th cells CD4+ BD
Cytotoxic T cells CD8+ BD

CD69+ in CD3+ IQ/Dako
CD69+ in CD4+ IQ/BD
CD69+ in CD8+ IQ/BD
CD25+ in CD4+ IQ/IQ
CD25+ in CD8+ IQ/BD
FoxP3+ in CD4+ BD/BD
GITR+ in CD4+ R&D/BD

CD127low in CD4+ BD/BD
CD152+ in CD4+ BD/IQ

CD45RA+ in CD4+ Own lab/BD
CD45RBhighCD45RO- in CD4+ Own lab/Own lab/BD
CD45RBhighCD45RO+ in CD4+ Own lab/Own lab/BD

CXCR3+ in CD4+ R&D/IQ
CD45RBlowCD45RO+ in CD4+ Own lab/Own lab/BD

CXCR4+ in CD4+ R&D/IQ
Truly Naïve Th cells CCR7+CD45RA+ in CD4+

Central memory Th cells CCR7+CD45RA- in CD4+
Effector memory Th cells CCR7-CD45RA- in CD4+

Terminal differentiated effector Th cells CCR7-CD45RA+ in CD4+
FoxP3+CD25+ in CD4+ IQ/BD/BD
GITR+CD25+ in CD4+ IQ/R&D/BD

CD127lowCD25+ in CD4+ IQ/BD/BD
CD152+CD25+ in CD4+ BD/IQ/IQ
Granzyme B+ in CD4+ BD in IQ

TIA-1+ in CD4+ BC in IQ
CXCR5+ICOS+ in CD4+ R&D/BD/BD

CD57+ in CD4+ BD/BD
Tfh regulatory cells CXCR5+ICOS+ in CD4+CD25+ R&D/BD/BD/IQ

Granzyme B+ in CD8+ BD/BD
TIA-1+ in CD8+ BC/BD

CXCR3+ in CD8+ R&D/BD
CXCR4+ in CD8+ R&D/BD
CD16+ in CD56+ R&D/IQ
CD69+ in CD56+ IQ/IQ

CD107a+ in CD56+ BD/IQ
NK T cells CD56+ in CD3+ IQ/BD

CD163+ R&D
CD163+ in CD68+ R&D/R&D

M2 Macrophages

Suppression of Th cells

Activation of T cells

Cytotoxic Th cells

T follicular helper cells

Naïve Th cells

Cytotoxic T cells

NK cells

Th1 cells

Th2 cells

R&D/Own lab/BD

Regulatory T cells
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BD: BD Biosciences; IQ: IQ Products, Groningen, Netherlands; R&D: R&D 
systems, Minneapolis, MN USA; Dako: Dako Products, Glostrup, Denmark; BC: 
Beckman Coulter, Woerden, Netherlands. 
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Supplementary Table S1. Statistical analysis of 44 cell populations 

 

M-W: Mann-Whitney U test; P value with bold numbers indicate 
significant differences. 
 

 
 

 

Tonsil RLN

B cells CD20+ 50 (27-72) 42 (29-60) 0.7005
T cells CD3+ 38 (24-60) 55 (35-65) 0.0835

NK cells CD56+ 4 (1-7) 14 (11-17) 0.0021
Macrophages CD68+ 4 (0-22) 8 (5-11) 0.0717

Th cells CD4+ 28 (20-54) 39 (31-53) 0.3056 0.1244
Cytotoxic T cells CD8+ 7 (4-8) 13 (6-23) 0.0145 0.0291

CD69+ in CD3+ 62 (35-73) 38 (24-50) 0.0212
CD69+ in CD4+ 66 (37-77) 41 (26-57) 0.0379 0.0379
CD69+ in CD8+ 64 (36-72) 38 (21-49) 0.0151 0.464
CD25+ in CD4+ 6 (4-46) 11 (8-31) 0.1404 0.1989
CD25+ in CD8+ 20 (15-45) 18 (6-32) 0.3056 0.7442
FoxP3+ in CD4+ 11 (4-22) 15 (11-22) 0.2212 0.7974
GITR+ in CD4+ 23 (17-52) 28 (20-74) 0.1083 0.6089

CD127low in CD4+ 3 (1-16) 11 (6-20) 0.0462 0.0952
CD152+ in CD4+ 5 (2-16) 28 (20-74) 0.0021 0.0032

CD45RA+ in CD4+ 25 (19-71) 48 (25-79) 0.0956 0.2086
CD45RBhighCD45RO- in CD4+ 13 (10-24) 21 (12-41) 0.1075 0.1576
CD45RBhighCD45RO+ in CD4+ 21 (12-28) 29 (14-35) 0.1231 0.6526

CXCR3+ in CD4+ 26 (16-38) 20 (13-61) 0.8048 0.535
CD45RBlowCD45RO+ in CD4+ 58 (49-60) 44 (27-58) 0.034 0.0178

CXCR4+ in CD4+ 7 (2-24) 10 (7-15) 0.369 0.6077
Truly Naïve Th cells CCR7+CD45RA+ in CD4+ 11 (6-23) 10 (7-150 0.6537 0.4026

Central memory Th cells CCR7+CD45RA- in CD4+ 1 (0-10) 6 (1-6) 0.1681 0.2743
Effector memory Th cells CCR7-CD45RA- in CD4+ 59 (50-69) 51 (19-69) 0.2004 0.0625

Terminal differentiated effector Th cells CCR7-CD45RA+ in CD4+ 24 (6-40) 35 (15-61) 0.1792 0.1792
CD25+FoxP3+ in CD4+ 47 (4-60) 43 (32-68) 0.4382 0.1338
CD25+GITR+ in CD4+ 83 (49-89) 60 (39-83) 0.0348 0.0825

CD25+CD127low in CD4+ 2 (1-7) 10 (5-20) 0.0047 0.6041
CD25+CD152+ in CD4+ 39 (27-56) 57 (20-75) 0.1 0.304
Granzyme B+ in CD4+ 8 (1-17) 12- (6-21) 0.2486 0.5627

TIA-1+ in CD4+ 7 (6-68) 12 (5-19) 0.6073 0.9488
CXCR5+ICOS+ in CD4+ 23 (3-55) 12 (7-30) 0.37 0.3374

CD57+ in CD4+ 17 (12-26) 21 (6-28) 0.9489 0.7009
Tfh regulatory cells CXCR5+ICOS+ in CD4+CD25+ 15 (11-33) 12 (8-17) 0.2208 0.1562

Granzyme B+ in CD8+ 13 (6-23) 13 (6-58) 0.4808 0.2862
TIA-1+ in CD8+ 44(21-54) 37 (19-75) 0.5224 0.5192

CXCR3+ in CD8+ 40 (20-44) 16 (6-51) 0.3706 1
CXCR4+ in CD8+ 10 (7-89) 8 (4-22) 0.3347 0.8981
CD16+ in CD56+ 5 (1-8) 4 (1-12) 0.9486
CD69+ in CD56+ 71 (9-92) 50 (40-74) 0.5631

CD107a+ in CD56+ 34 (16-60) 14 (7-43) 0.0379
NKT cells CD56+ in CD3+ 2.56 (1.47-3.82) 5.41 (3.43-10.4) 0.0023

CD163+ 3 (1-11) 7 (5-9) 0.0811
CD163+ in CD68+ 25 (0-53) 35 (18-43) 0.4557

Cytotoxic T cells

NK cells

Macrophages

Tfh

Th2 cells

Cytotoxic Th cells

Th1 cells

Activation of T cells

Suppression of Th cells

Naïve Th cells

Tregs

p value in CD3 
or live gate 

(M-W)
Immunophenotype

 Median (Range) p value in specific 
cell population  

(M-W)
Leukocyte subpopulation
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Abstract  

The microenvironment is an essential component of tumors and plays a 
role in malignant transformation and progression. At this moment the 
composition of the B cell lymphoma microenvironment is largely 
unknown. 

We analyzed the cellular composition of follicular lymphoma (FL), and 
diffuse large B cell lymphoma (DLBCL) to reactive lymph nodes (RLN) 
for 44 subpopulations by flow cytometry. In addition, we performed 
gene expression profiling of purified CD4+ and CD8+ T cells.  

We observed, less NK cells, macrophages and terminally differentiated 
CD4+ T cells and more TIA+CD8+ cells in lymphoma compared to RLN. 
The percentages of CD69+CD3+ T cells, CD69+CD8+ cells and T 
follicular helper (CXCR5+ICOS+) cells were higher and of CD8+ cells 
were lower in FL than in RLN. In DLBCL, higher proportions of 
CD69+CD8+, Granzyme B+CD8+ and less CD127low regulatory T cells 
(Tregs) were found compared to RLN. Comparison of activated B cell 
type (ABC-) to germinal center B cell type (GCB-) DLBCL revealed more 
CD57+CD4+, TIA-1+CD4+ and CXCR4+CD8+ cells in ABC-DLBCL and 
more CD127low Tregs in GCB-DLBCL. Gene expression profiling 
revealed low numbers of differential expressed genes. Higher expression 
of TIGIT, a marker of exhaustion, in activated CD8+ T cells was observed 
in all NHL.  

In conclusion, the microenvironment of B cell lymphomas is composed of 
a distinct set of cells that are potentially able to respond to the malignant 
cells. Some evidence of exhaustion of the CD8+ T cells is found and is 
interesting for therapeutic interventions such as with PD-1 inhibition. 

 

Keywords: microenvironment, non-Hodgkin lymphoma, T cells 

 



Composition of microenvironment in B cell lymphoma  

111 | P a g e  

Introduction 

Diffuse large B cell lymphoma (DLBCL) and follicular lymphoma (FL) 
are two main non-Hodgkin lymphoma (NHL) subtypes that originate 
from germinal center B cells. Together they compose 60% of all 
lymphomas1. 25-30% of the FL patients transform towards a more 
aggressive lymphoma subtype with transformation to DLBCL being 
most common2. FL has been considered as an indolent lymphoma, while 
DLBCL is an aggressive lymphoma3. DLBCL can be further divided into 
two subgroups based on their gene expression profile. These two 
subgroups are referred to as germinal center B cell like (GCB-)DLBCL 
and non-germinal center or activated B cell like DLBCL (ABC-DLBCL)4.  

Recent studies demonstrated a prominent role for the microenvironment 
in malignant formation and progression of NHLs5. Changes in the 
percentages of regulatory T cells (Treg)6 and follicular dendritic cells7, 
can result in immune tolerance or even provide survival signals to the 
lymphoma cells. Previous studies showed differences in percentages of T 
follicular helper cells (Tfh), Treg and cytotoxic T cells (CTL) in FL 
compared with reactive lymph nodes (RLN). Moreover, the percentages 
of specific T cell subsets are prognostic factors in FL8,9. However, the 
cellular composition of the microenvironment of NHL is not completely 
clear yet.  

In this study, we investigated differences in the cellular composition of 
the microenvironment of NHL with a specific focus on T cell subsets. We 
determined whether there were differences in the cellular composition 
between the NHL subtypes and in comparison to RLN. In addition, we 
studied whether there were significant differences between the gene 
expression profiles of CD4+ and CD8+ T cell subsets isolated from the 
NHL and RLN. 

 

Material and Methods 
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Study cohort 

Single cell suspensions of biopsies from NHL patients were collected and 
stored at -196°C from 1999 till 2012. The samples were classified 
according to the 2008 World Health Organization (WHO) criteria and the 
Hans algorithm10 was used for classification of DLBCL cases into GCB 
and ABC subtypes. We included seven patients with FL (five grade I and 
two grade I and II), six patients with transformed FL (TFL), six patients 
with GCB-DLBCL and seven patients with ABC-DLBCL. FL and DLBCL 
cases were all derived from primary tumor samples. One TFL and one 
ABC case were of splenic origin, all other tissues were from lymph 
nodes. The TFL cases were cases containing both FL and DLBCL in the 
primary case, or were DLBCL cases of patients that had FL in the past. 
We also included, as a control, seven reactive lymph nodes with 
lymphoid hyperplasia (RLN). The study protocol was consistent with 
international ethical and professional guidelines (the Declaration of 
Helsinki and the International Conference on Harmonization Guidelines 
for Good Clinical Practice). 

 

Flow cytometry 

Optimized concentrations of fluorochrome-antibody conjugates were 
applied on all samples for 44 different subpopulations of cells 
(supplementary Table 1). Intracellular stainings were performed using 
the fixation and permeabilization kit (Ebioscience) after staining for cell 
surface markers. Flow cytometry analysis was performed using BD FACS 
Calibur flow cytometer and Calibur software (BD Biosciences, San Jose, 
CA). Single stains were performed to optimize the compensation for the 
fluorochromes. Raw flow cytometry results were analyzing by WinList 
software. Statistical analysis was performed with IBM SPSS Statistics 22. 
The Kruskal-Wallis test (p<0.0125 was considered as significant, to 
correct for multiple testing) and the Mann-Whitney post-hoc test (p<0.05 
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was considered as significant) was used to compare percentages in 
unpaired samples. All analyses were two-tailed. 

 

Cell purification and activation 

CD4+ and CD8+ cells were isolated from single cell suspensions using 
positive selection with the Dynabeads CD4+ and CD8+ Isolation Kit 
(Invitrogen, Carlsbad, USA) according to the manufacturer’s instructions. 
The purities of the subsets of cells after isolation were determined by 
flow cytometry. Half of the purified CD4+ and CD8+ cells were activated 
by incubation of soluble CD3 (1ng/ml) and CD28 (100ng/ml) antibodies 
for six hours. 

 

RNA extraction 

Total RNA was isolated with the RNeasy Mini Kit or RNeasy Micro Kit 
(Qiagen, Carlsbad, CA USA) according to the manufacturer’s protocol. 
The RNA yield was measured on a NanoDrop ND-1000 
Spectrophotometer (NanoDrop Technologies, Wilmington, DE USA). 1% 
agarose gels were used to check the integrity of the RNA by inspection of 
the ribosomal bands. Only good quality RNA samples were used for 
further experiments. 

 

Gene expression profiling 

Samples were hybridized on a custom designed array that contained all 
protein-coding gene probes derived from AMADID #028004 (Agilent 
Technologies, Santa Clara, CA, USA). Sample labeling was performed 
according to the manufacturer’s instructions using 25-40ng total RNA 
and the dual-color Low Input Quick Amp Labeling Kit in combination 
with Cyanine 3 and 5 CTP Dye Packs (Agilent Technologies). RNA from 
CD4+ and CD8+ cells was labeled with Cyanine 5 and Cyanine 3, 
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respectively. Labeled cRNA was purified with the RNeasy Mini Kit 
(Qiagen) and quantified with a Nanodrop ND-1000. Scanning and 
analysis of the array was performed with the Agilent DNA Microarray 
Scanner and Agilent Feature Extraction software version 10.7.3.1. Raw 
data were loaded into GeneSpring GX 12.5 software (Agilent 
Technologies), log2 transformed and quantile normalized without 
baseline transformation. For data analysis, samples were divided into 4 
groups (CD4+ and CD8+ resting and CD4+ and CD8+ activated) that 
were analyzed separately. Per group probes were included if detected 
above the background in at least 50% of the samples in one out of four 
conditions (conditions: DLBCL, FL, TFL and RLN). Using these criteria, 
22,086 and 22,931 probes were included in CD4+ resting and activated 
cells respectively. For CD8+ resting and activated cells, 17,862 and 17,409 
probes were included. Statistical differences per group were identified by 
Welch ANOVA test using Benjamin Hochberg multiple testing correction 
and Tukey’s HSD post-hoc test. For the final selection of probes an 
additional ≥2-fold change in expression criterion was applied. Genesis 
software v1.7.6 (22) (Institute for Genomics and Bioinformatics Graz, 
Graz, Austria) was used to generate the heatmaps with Euclidean 
distance. 

 

Validation by qPCR 

60ng RNA was used as input for the cDNA synthesis using Superscript II 
and random primers according to the manufacturer’s protocol 
(Invitrogen, Bleiswijk, Netherlands). Primers used were for  

GPR133 forward 5’-GACCCCCTGCCAAGTGATG-3’ and reverse 5’-
TCCATGCGAAGGCACTCA-3’, for CASR forward 5’- 
CAGATGCCAGTGCCTGTAACA-3’ and reverse 5’-
GGAGGTGTGGTTCTCATTGGA-3’, for ADAM19 forward 5’-
TGAATGTGGCAGGAGACACC-3’ and reverse 5’-
GGATCTTCCCACACTTCGCA-3’, for FAM78B forward 5’-
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CGTGCAATCAGATGGAGTTCTTC-3’ and reverse 5’-
GGCAGTTCCCAGCTTGACAT-3’, for PRICKLE1 forward 5’-
GCATCGGATTAAACAGCTTTTGT-3’ and reverse 5’-
GACTGGCAATACCGTACCTCATT-3’, CD82 for forward 5’-
GTGGATCCTGGCCGACAA-3’ and reverse 5’-
CGAGCTGGAGGAGGTTTGC-3’, for TIGIT forward 5’-
TCCCCTCGCCTCAGGAAT-3’ and reverse 5’-
GCAGAAATGTTCCCCGTTGT-3’, for BTN3A2 forward 5’- 
TCTTCGTCCGATACCAATAAGTCA-3’ and reverse 5’-
AGGCTTGAAGAGGGCCATTT-3’, for VCAM1 forward 5’- 
AAGGCAGAGTACGCAAACACTTT-3’ and reverse 5’-
GCTGACCAAGACGGTTGTATCTC-3’ and for C5orf39 forward 5’-
CTCTCCATCCCTGGGACAGA-3’ and reverse 5’-
AAAAGGCACCCGCTGTCA-3’.  

The qPCR reaction was performed in triplicate in a final volume of 10µl 
consisting of 5µl 2x SYBR Green master mix (Applied Biosystems, Foster 
City, CA USA), 1µl of forward and 1µl of reverse primer (300mM) and 
2.5µl of cDNA (1ng). Amplification was performed on a Roche 
LightCycler® 480 Instrument (Roche, Almere, Netherlands). For 
determining relative expression levels, HPRT was used as a 
housekeeping gene and 2-ΔCp values were calculated. 

 

Results 

The main immune cell populations  

Characteristic of the study cohort were summarized in Table 1. The 
median percentages of B cells (CD20+) and T cells (CD3+) in TFL and 
DLBCL were similar to RLN. In FL, the median percentage of B cells was 
higher and the median percentage of T cells lower, but the difference 
were not significant. This is probably a reflection of the higher 
percentage of tumor cells in the cell suspensions of FL (Fig. 1A, B). 

5 



Chapter 5 

116 | P a g e  

Analysis of the main T cell populations revealed similar percentages of 
Th cells (CD4+) in RLN and the three NHL groups (Fig. 1C). In FL the 
median percentage of CTL cells (CD8+) was significantly lower (median 
6%) as compared to RLN (median 13%) (Fig. 1D). The only difference 
observed between the three lymphoma groups was a significantly higher 
percentage of CD8+ in TFL and DLBCL compared to FL. The percentages 
of NK cells (CD56+) were significantly decreased in all three NHL 
subtypes in comparison to RLN, i.e. a median of 14% in RLN and 
medians of 4%, 7% and 6% for FL, TFL and DLBCL, respectively. (Fig. 
1E). A similar pattern was observed for the number of macrophages 
(CD68+), which comprised 8% of the cells in RLN, 1% in FL, 4% in TFL 
and 3% in DLBCL (Fig. 1F).  

 

Table 1. The characteristics of the study cohort 

Clinical 
characteristic RLN FL TFL DLBCL GCB ABC 

Gender 

Male (%) 4 (57) 5 (71) 2 (33) 9 (69) 3 (50) 6 (86) 

Female 
(%) 3 (43) 2 (29) 5 (67) 4 (31) 3 (50) 1 (14) 

Age Mean 
(Range) 

43 (17-
72) 

58 
(41-
77)) 

58 
(46-
76) 

62 (14-
80) 

52 
(14-
74) 

71 
(63-
80) 

RLN: reactive lymph node 

FL: follicular lymphoma 

DLBCL: diffuse large B cell lymphoma 

GCB: germinal center B cell like diffuse large B cell lymphoma 

ABC: activated B cell like diffuse large B cell lymphoma 
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Figure 1. Proportion of main populations in reactive lymph node (RLN) and 
non-Hodgkin lymphomas (follicular lymphoma, FL; transformed follicular 
lymphoma, TFL; diffuse large B cell lymphoma, DLBCL). Percentages of 
CD20+ cells (A), CD3+ cells (B), CD4+ cells (C), CD8+ cells (D), CD56+ cells (E), 
CD68+ cells (F) in total cells. Within the DLBCL group, open triangles represent 
GCB-DLBCL cases and closed triangles indicate ABC-DLBCL. Lines indicate the 
median percentage per group. Kruskal-Wallis test was used to compare all four 
groups and Mann-Whitney U test was used to compare the difference between 
the groups. (*: p<0.05; **: p<0.01) 
 
 
 
 
Differences within specific T cell, NK cell and macrophage subsets 
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The percentage of early activated (CD69+) cells in the CD3+ T cells was 
higher in FL (median 57%) than in RLN (median 38%), while the 
percentage was not significantly different between RLN and either TFL 
or DLBCL (Fig. 2A). Significant differences were also observed between 
FL and TFL (median 24%) and between TFL and DLBCL (median 48%). 
The percentage of CD69+ cells also showed significant differences in 
CD8+ T cells, but not within the CD4+ T cells, indicating that the 
differences observed in the CD3+ population are caused by differences 
within CD8+ CTLs. The percentage of CD69+ cells in CD8+ T cells was 
higher in FL (median 63%) and DLBCL (median 51%) as compared to 
RLN (median 38%). Significant differences were also observed between 
FL and TFL (median 31%) and between TFL and DLBCL (Fig. 2B). The 
difference between CD69+CD8+ in CD3+ T cells in DLBCL and RLN 
remained significantly different, as did the differences between FL and 
TFL, and between TFL and DLBCL (Fig. 2C). 

The percentages of Tregs were studied using four different markers 
(FoxP3, GITR, CTLA-4, and CD127low). Only the frequency of the 
CD127low in the CD25+CD4+ (CD127low Tregs) showed a significant 
difference between DLBCL (median 4%) as compared to RLN (median 
10%) and TFL (median 9%) (Fig. 2D). No differences were found in the 
percentages of CD127lowCD25+CD4 in CD3+ T cells between these 
groups (Fig. 2E and Supplementary Table S2.).  

The percentage of TIA-1+ cells in CD8+ T cells was significantly 
increased in all three NHL subgroups as compared to RLN. The median 
percentage of TIA-1+ cells was 37% in RLN, 68% in FL, 76.5% in TFL and 
84% in DLBCL (Fig. 2F). Significant differences remained in TIA-1+CD8+ 
cells in CD3+ T cells for FL and DLBCL, but not for TFL (Fig. 2G).  

Analysis of Tfh cells revealed that the percentage of CXCR5+ICOS+CD4+ 
cells in the CD3+ subpopulation was significantly different between RLN 
(median 11%) and FL (median 21%) and between FL and DLBCL 
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(median 4%). The differences in CXCR5+ICOS+ cells did not reach 
significance in CD4+ T cells (Fig. 2H, I).   

Discrimination of CD4 subsets based on the differentiation markers 
CCR7 and CD45RA indicated  that the percentage of CCR7-
CD45RA+CD4+ cells (TEMRA cells) in CD3+ T cells was significant 
lower in FL (median 16%), TFL (median 5.5%) and DLBCL (median 13%) 
as compared to the median percentage in RLN (median 31%. A similar 
pattern was seen within the CD4+ T cells, but these differences were not 
significant (Fig. 2J, K). 

 

Figure 2. Proportion of subpopulations in normal lymphoid (reactive lymph 
node, RLN) and germinal center derived non-Hodgkin lymphomas (follicular 
lymphoma, FL; transformed follicular lymphoma, TFL; diffuse large B cell 
lymphoma, DLBCL). Percentages of CD69+ cells in CD3+ cells (A), CD69+ cells 
in CD8+cells (B), CD69+CD8+ cells in CD3+ cells (C), CD127low cells in 
CD25+CD4+ cells (D), CD127lowCD25+CD4+ cells in CD3+ cells (E), TIA-1+ 
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cells in CD8+ cells (F), TIA-1+ CD8+ cells in CD3+ cells (G), CXCR5+ICOS+ cells 
in CD4+ cells (Tfh cells) (H), CXCR5+ICOS+CD4+ cells in CD3+ cells (I), CCR7-
CD45RA+ cells in CD4+ cells (TEMRA cells) (J), CCR7-CD45RA+CD4+ cells in 
CD3+ cells (K), Granzyme B+ cells in CD8+ cells (L), Granzyme B+CD8+ cells in 
CD3+ cells (M). Within the DLBCL group, open triangles represent GCB-DLBCL 
cases and closed triangles represent the ABC-DLBCL cases. Lines indicate the 
median percentage per group. Kruskal-Wallis test was used to compare all four 
groups and Mann- Whitney U test was used to compare the difference between 
the groups. (*: p<0.05; **: p<0.01; ***: p<0.001) 

 

Significantly higher percentages of Granzyme B+ CD8+ cells CTLs were 
found in CD3+ T cells in DLBCL (median 12%) compared to RLN 
(median 3%), FL (median 5%), and TFL (median 7%). The median 
percentage of Granzyme B+ cells in CD8+ cells showed the highest 
frequency in DLBCL, but these differences were not significant (Fig. 2L, 
M). 

No differences were observed in the other populations studied 
(Supplementary Table S2).  

 

Differences between GCB-DLBCL and ABC-DLBCL 

To compare the percentages of the different subpopulations between 
GCB and ABC-DLBCL, we divided the TFL and DLBCL cases into GCB 
or ABC-DLBCL according to the Hans algorithm. The median percentage 
of CD57+ cells in CD4+ cells was significantly lower in GCB-DLBCL 
(median 20%) as compared with ABC-DLBCL (median 36%) (Fig. 3A). 
The percentage of CD57+CD4+ cells was not significantly different in the 
CD3+ T cells (Fig. 3B). The percentage of CD127low cells in CD25+CD4+ 
cells was significantly higher in GCB-DLBCL (median 8%) compared to 
ABC-DLBCL (median 1%)(Fig. 3C), but CD127lowCD25+CD4+ cells 
were not different in CD3+ T cells (Fig. 3D) . The percentage of TIA-1+ 
cells was significantly lower in CD4+ cells in GCB-DLBCL (median 14%) 
than in ABC-DLBCL (median 29%)(Fig. 3E). There was a similar trend of 
TIA-1+CD4+ cells in CD3+ T cells but this did not reach significance (Fig. 
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3F). The percentage of CXCR4+ cells in CD8+ cells was significantly 
higher in ABC-DLBCL (median 25%) as compared to the GCB-DLBCL 
group (median 10.5%)(Fig. 3G). This difference was also significant in 
CXCR4+CD8+ cells in CD3+ T cells with a median of 10% in ABC-
DLBCL and a median of 2.5% in GCB-DLBCL (Fig. 3H).  
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Figure 3. Proportion of subpopulations in germinal center B cell like diffuse 
large B cell lymphoma (GCB-DLBCL) and activated B cell like diffuse large B 
cell lymphoma (ABC-DLBCL). Percentages of CD57+ cells in CD4+ cells (A), 
CD57+CD4+ cells in CD3+ cells (B), CD127low cells in CD25+CD4+ cells (C), 
CD127lowCD25+CD4+ cells in CD3+ cells (D), TIA-1+ cells in CD4+ cells (E), 
TIA-1+ CD4+ cells in CD3+ cells (F), CXCR4+ cells in CD8+ cells (G), 
CXCR4+CD8+ cells in CD3+ cells (H). Lines indicate the median percentage per 
group. Mann-Whitney U test was used to compare GCB to ABC-DLBCL. (*: 
p<0.05) 
 

Gene expression studies in purified CD4 and CD8 T cell subsets 

We next applied gene expression profiling on CD4+ and CD8+ T cells to 
establish putative differences in comparison to RLN. The median purity 
of CD4+ T cells was 88% (range 86 – 98%) and for the CD8+ T cells the 
median purity was 98% (range 88 – 100%) (Supplementary Fig. S1). We 
first compared the gene expression profile of the resting cells with the 
activated cells. For CD4+ T cells, there were 5,964 probes differentially 
expressed after activation, of those the expression level of 1,753 probes 
changed at least 2-fold. For CD8+ T cells, 7,211 probes were differentially 
expressed after activation, of which 2,512 probes had a difference of at 
least 2-fold. This shows that the CD4+ and CD8+ T cells can be activated 
and are not anergic. We next examined whether there were any changes 
in gene expression levels between the NHL subgroups and RLN. After 
filtering for at least 2 fold differences in comparison to RLN, 17, 13, 2 and 
28 genes were significant in CD4+ resting, CD4+ activated, CD8+ resting 
and CD8+ activated T cells, respectively (Table 2, Fig. 4). The low 
numbers of differentially expressed genes indicates that the expression 
profiles of the lymphoma derived T cells are quite similar to those of the 
RLN derived T cells. Validation of differential expression patterns by 
qRT-PCR was performed for eight differentially expressed genes 
involved in the immune response and cell signaling in CD4+ resting cells 
(GPR133), CD4+ activated cells (ADAM19 and CASR), and CD8+ 
activated cells (CD82, TIGIT, BTN3A2, VCAM1, and ANXA2R) and for 
both genes found differentially expressed in resting CD8+ cells (FAM78B 
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(cell development) and PRICKLE1 (DNA repair)). Sixteen out of twenty-
two comparisons showed the same pattern as the array results (Table 3, 
Supplementary Fig. 2).  

 

 

Figure 4. Heatmaps for genes that are more than two-fold differentially 
expressed in purified CD4+ and CD8+ cells derived from different types of 
NHLs compared with RLN. (A-C) resting CD4+ cells in FL (A), TFL (B) and 
DLBCL (C) compared with RLN. (D-F) Activated CD4+ cells in FL (D), TFL (E) 
and DLBCL (F) compared with RLN. (G-I) resting CD8+ cells in FL (G), TFL (H) 
and DLBCL (I) compared with RLN. (J-L) Activated CD8+ cells in FL (J), TFL 
(K) and DLBCL (L) compared with RLN. Student T test was used to compare 
between RLN and NHL. 
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Table 2. Number of differentially expressed genes in (resting and 
activated) CD4+ and CD8+ cells in NHLs compared with RLN 

Statistical analysis CD4+ 
resting 

CD4+ 
activated 

CD8+ 
resting 

CD8+ 
activated 

ANOVA 
WELCH+BH 34 19 3 32 

2-fold 17 13 2 28 

Tukey’s 
HSD 
Post-

hoc test 

FL vs 
RLN 12 9 2 22 

TFL vs 
RLN 9 11 2 24 

DLBCL vs 
RLN 3 5 2 23 

BH: Benjamin Hochberg multiple testing correction  

 

Table 3. Comparison of gene expression patterns of microarray with 
qRT-PCR data 

 

 

Discussion 

The aim of this study was to determine the cellular composition of three 
B-cell derived lymphomas and identify differences with RLN at the 
composition or gene expression level. Most differences in cellular 
composition were observed between one or more of the lymphoma 

 FL TFL  DLBCL  FL  TFL  DLBCL
CD4+ resting GPR133 - - - -

CASR - -
ADAM19 - - - -
FAM78B
PRICKLE1

CD82 - -
TIGIT =

BTN3A2 - -
VCAM1
ANXA2R - - =

CD8+ activated

Cell population Gene
Microarray qRT-PCR

CD4+ activated

CD8+ resting
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groups in comparison to RLN and only a few differences were observed 
between lymphoma groups. At the gene expression level, only a limited 
number of differentially expressed genes were identified in the 
comparison between the three lymphoma subtypes and the RLN group. 

 

Comparison of NHL with RLN 

In comparison to RLN, less NK cells, macrophages and TEMRA cells as 
well as more TIA-1+CD8+ cells were observed in NHLs. In the 
comparison within the lymphoma subgroups, DLBCL had the most 
unique cellular composition. The presence of NK cells has been described 
in lymphoma, with median levels of 3% in DLBCL11. Specifically, NKT 
cell percentages were reported to be higher in DLBCL (median 12.2%) as 
compared to other NHLs, such as FL12, however comparisons with RLN 
have not been made so far. In our study, fewer CD56+ NK cells were 
found in NHL compared with RLN and no difference was found in the 
percentages of NKT cells in NHLs compared to RLN or between NHL 
subtypes. NK cells react more profound to discontinuously presented 
activating receptors as compared to continuously presented activating 
receptors13. This might indicate that NK cells are hypo-responsive to 
activating receptors expressed by tumor cells14.  

TEMRA cells are in the last stage of Th cell differentiation, so although 
effector functions are still present, they are not capable of proliferating 
any longer15, and within the TEMRA cells a large population of cells is 
senescent16. The high numbers of TEMRA cells we found in RLN are 
probably reflecting a chronic stimulation of the cells. The lower number 
of TEMRA cells in NHL could indicate that there is no active immune 
response, since the number of TEMRA cells are  increased during an 
active immune response such as for example transplantation rejection17.  

 Ai et al showed increased numbers of FoxP3+CD4+ cells in FL as 
compared to tonsil, more FoxP3+CD25+CD4+ cells in FL compared to 
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DLBCL and tonsil, and more FoxP3+CD25+CD4+ cells in FL than in 
RLN. FL tumor cells can induce conversion of Th cells to Tregs18. 
CD4+CD25+ Tregs can block the function of CD8+ cells by the 
production of TGF-β19. Although we did not find differences in FoxP3+ 
Tregs percentages in our study, we did find reduced numbers of natural 
occurring Tregs (CD127lowCD25+CD4+ cells) in DLBCL compared to 
RLN and TFL. Increase of numbers of natural occurring CD127low Tregs 
has been associated with an environment that supports escape of the 
tumor cells to immune surveillance and malignant transformation20. 
Reduced numbers of CD127low Tregs in DLBCL does not fit with these 
data and the character of DLBCL.  

The percentage of CXCR5+ICOS+ Tfh cells has been reported to be 
increased in FL compared to RLN (median 32% vs 20%)21, while these 
cells are almost non-existent in DLBCL (median 0.2%)22. Our findings on 
Tfh cells, i.e. higher percentages in FL than RLN and lower percentages 
in DLBCL compared to FL, are in line with this. In FL, Tfh have been 
described to assist the survival of malignant cells23. The loss of Tfh cells 
in DLBCL can be the cause or the result of loss of the follicular structure 
in DLBCL. In FL the follicular structure has been retained consistent with 
the higher number of Tfh cells24.  

Previous studies showed that within FL 6% of the cells are CD8+25, we 
observed a similar percentage of CD8+ cells in FL. In TFL and DLBCL the 
percentages were higher, i.e. 9% and 16%, respectively.  We showed 
increased percentages of TIA-1+CD8+ cells in all lymphoma subgroups 
compared to RLN and increased percentages of Granzyme B+ CD8+ cells 
in DLBCL compared with RLN and the other lymphoma subgroups. The 
presence of CD8+ cells would normally indicate an active anti-tumor 
immune response. Despite the higher numbers of TIA-1+ and Granzyme 
B+ CD8+ cells, DLBCL is not characterized by a better prognosis.  

 

Comparison of GCB-DLBCL with ABC-DLBCL 



Composition of microenvironment in B cell lymphoma  

127 | P a g e  

Differences between GCB and ABC-DLBCL in the microenvironment 
have not been described so far. ABC-DLBCL had more CD57+CD4+ cells, 
TIA-1+CD4+ cells and CXCR4+CD8+ cells and less CD127low Tregs 
compared with GCB-DLBCL. We previously showed that CD57+CD4+ 
cells also express PD-126, and thus represent Tfh cells. These Tfh cells, are 
probably exhausted T cells as ABC-DLBCL express more PD-1L27. 
Expression of CD57 has been associated with senescence as well as 
exhaustion28, and PD-1 is one of the hallmarks of exhaustion29. The 
increase in TIA-1+ Th cells in ABC and the loss of CD127low Tregs 
compared to GCB as we found in this study, suggests that the immune 
response in ABC-DLBCL remained active, which does not fit with the 
more aggressive behavior of ABC-DLBCL.  

Naoki et al, showed an inverse association between the expression level 
of CXCR4 and perforin in CD8+ cells30. This indicates that the higher 
percentage of CXCR4+CD8+ cells as we observed in ABC-DLBCL 
compared to GCB-DLBCL might indicate presence of less active CD8+ 
cells in ABC-DLBCL. 

 

Gene expression profiling of sorted CD4+ and CD8+ T cells 

All the findings so far indicated that, due to the high frequency of CTLs 
and low frequency of Treg cells the immune response in NHL is 
activated. To further investigate this, we applied gene expression 
profiling on CD4+ and CD8+ T cells. This revealed a limited number of 
differentially expressed genes in resting or activated CD4+ and CD8+ T 
cells of NHLs compared to RLN. This implicates that the overall nature 
of the T cells in the lymphoma samples is not different from those in 
RLN. Activation with αCD3 and αCD28 induced significant differences 
in gene expression patterns, indicating that these T cells can be activated. 
This shows that these cells are not anergic but possibly might be 
exhausted29,31. T cell exhaustion which is induced by consistent antigen 
stimulation, is an immune status in which T cells are hypo-responsive 

 

5 



Chapter 5 

128 | P a g e  

due to high expression of inhibitory receptors, and decreased secretion of 
immune regulatory cytokines29. T cell exhaustion can be converted by 
early removal of antigens, blocking  inhibitory receptors (PD-1) or 
blocking of immune suppressive cytokines (IL-10), while anergy is hard 
to convert32,33. For most of the differentially expressed genes the potential 
role in the pathogenesis of NHL is still unknown. TIGIT (T cell 
immunoglobulin and immunoreceptor tyrosine-based inhibitory motif 
domain) was upregulated in activated CD8+ cells in NHL compared to 
RLN. TIGIT is one of the hallmarks of T cell exhaustion32. Furthermore, 
Johnston et al. found that TIGIT is expressed by infiltrating cells in 
several solid tumors and that, in cancer models in mice, treatment with 
anti-TIGIT antibody enhanced the immune response by inducing IFN-γ 
production by CD8+ cells34. Therefore, the elevated expression of TIGIT 
in CD8+ T cells in NHLs can lead to the reduction of the cytotoxicity in 
clearing malignant cells. Anti-TIGIT treatment might be a future strategy 
to rebuild immune reactivity of CD8+ T cells against the B cell lymphoma 
cells.  

In conclusion, the composition of the infiltrating immune cells in NHLs 
are different from those in RLN, with especially in DLBCL all ingredients 
being present for an effective anti-tumor immune response. Since that 
immune response is not functional, we propose that the T cells are 
exhausted. Especially the CD8+ cells in ABC-DLBCL with the expression 
of CXCR4 and enhanced expression levels of TIGIT, combined with the 
increase in CD57+CD4+ cells fits with this concept.  
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Supplementary table S1. Overview of the 44 subsets studied  

 

BD: BD Biosciences; IQ: IQ Products, Groningen, Netherlands; R&D: R&D 
systems, Minneapolis, MN USA; Dako: Dako Products, Glostrup, Denmark; BC: 
Beckman Coulter, Woerden, Netherlands. 
  

Leukocyte subpopulation Immunophenotype Company
B cells CD20+ BD
T cells CD3+ Dako

NK cells CD56+ IQ
Macrophages CD68+ R&D

Th cells CD4+ BD
Cytotoxic T cells CD8+ BD

CD69+ in CD3+ IQ/Dako
CD69+ in CD4+ IQ/BD
CD69+ in CD8+ IQ/BD
CD25+ in CD4+ IQ/IQ
CD25+ in CD8+ IQ/BD
FoxP3+ in CD4+ BD/BD
GITR+ in CD4+ R&D/BD

CD127low in CD4+ BD/BD
CD152+ in CD4+ BD/IQ

CD45RA+ in CD4+ Own lab/BD
CD45RBhighCD45RO- in CD4+ Own lab/Own lab/BD
CD45RBhighCD45RO+ in CD4+ Own lab/Own lab/BD

CXCR3+ in CD4+ R&D/IQ
CD45RBlowCD45RO+ in CD4+ Own lab/Own lab/BD

CXCR4+ in CD4+ R&D/IQ
Truly Naïve Th cells CCR7+CD45RA+ in CD4+

Central memory Th cells CCR7+CD45RA- in CD4+
Effector memory Th cells CCR7-CD45RA- in CD4+

Terminal differentiated effector Th cells CCR7-CD45RA+ in CD4+
FoxP3+CD25+ in CD4+ IQ/BD/BD
GITR+CD25+ in CD4+ IQ/R&D/BD

CD127lowCD25+ in CD4+ IQ/BD/BD
CD152+CD25+ in CD4+ BD/IQ/IQ
Granzyme B+ in CD4+ BD in IQ

TIA-1+ in CD4+ BC in IQ
CXCR5+ICOS+ in CD4+ R&D/BD/BD

CD57+ in CD4+ BD/BD
Tfh regulatory cells CXCR5+ICOS+ in CD4+CD25+ R&D/BD/BD/IQ

Granzyme B+ in CD8+ BD/BD
TIA-1+ in CD8+ BC/BD

CXCR3+ in CD8+ R&D/BD
CXCR4+ in CD8+ R&D/BD
CD16+ in CD56+ R&D/IQ
CD69+ in CD56+ IQ/IQ

CD107a+ in CD56+ BD/IQ
NK T cells CD56+ in CD3+ IQ/BD

CD163+ R&D
CD163+ in CD68+ R&D/R&D

M2 Macrophages

Suppression of Th cells

Activation of T cells

Cytotoxic Th cells

T follicular helper cells

Naïve Th cells

Cytotoxic T cells

NK cells

Th1 cells

Th2 cells

R&D/Own lab/BD

Regulatory T cells
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Supplementary table S2. Statistical analysis of 44 cell 
populations 

 
K-W: Kruskal-Wallis Test; M-W: Mann-Whitney U test. P value with bold 
numbers indicate significant difference 
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Supplementary figure S1. Percentage of purity of CD4+ and CD8+ cells. (A) 
Mean±SD percentage of purity of purified CD4+ cells isolated from RLN, FL, 
TFL and DLBCL cells suspension. (B) Mean±SD percentage of purity of purified 
CD8+ cells isolated from RLN, FL, TFL and DLBCL cells suspension. 
 

 

Supplementary figure S2. Validation by qRT-PCR of differentially expressed 
genes. (A-B) Between resting CD4+ cells isolated from RLN and FL. (A) GRP133 
expression in resting CD4+ cells as detected by microarray. (B) expression level 
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of GPR133 in resting CD4+ cells detected by qRT-PCR. (C-F) Between activated 
CD4+ cells isolated from RLN, FL and TFL. (C) expression level of CASR in 
activated CD4+ cells as detected by microarray.  (D) expression level of CASR in 
activated CD4+ cells detected by qRT-PCR. (E) expression level of ADAM19 in 
activated CD4+ cells detected by microarray. (F) expression level of ADAM19 in 
CD4+ cells detected by qRT-PCR. (G-J) Between resting CD8+ cells isolated from 
RLN and NHL. (G) expression level of FAM78B in resting CD8+ cells detected 
by microarray. (H) expression level of FAM78B in resting CD8+ cells detected by 
qRT-PCR. (I) expression level of PRICKLE1 in resting CD8+ cells detected by 
microarray.(J) expression level of PRICKLE1 in resting CD8+ cells detected by 
qRT-PCR. (K-T) Between activated CD8+ cells isolated from RLN and NHL. (K) 
expression level of CD82 in activated CD8+ cells detected by microarray. (L) 
expression level of CD82 in activated CD8+ cells detected by qRT-PCR. (M) 
expression level of TIGIT in activated CD8+ cells detected by microarray. (N) 
expression level of TIGIT in CD8+ cells detected by qRT-PCR. (O) expression 
level of BTN3A2 in activated CD8+ cells detected by microarray. (P) expression 
level of BTN3A2 in CD8+ cells detected by qRT-PCR. (Q) expression level of 
VCAM1 in activated CD8+ cells detected by microarray. (R) expression level of 
VCAM1 in CD8+ cells detected by qRT-PCR. (S) expression level of ANXA2R in 
activated CD8+ cells detected by microarray. (T) expression level of ANXA2R in 
CD8+ cells detected by qRT-PCR. Lines indicate the geometric mean in 
expression level per each group. 
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Classical Hodgkin lymphoma (cHL) is characterized by a low percentage 
of malignant cells, called Hodgkin-Reed-Sternberg (HRS) cells, 
surrounded by an abundant infiltrate of immune cells. Presence of T 
helper (Th)2 and regulatory T cells (Treg) in the infiltrate was shown by 
staining of T cell type specific transcription factors in cHL tissue 
samples1. This was supported by expression of Th2 and Treg specific 
cytokines in sorted T cell subsets2. Characterization of the Th cells of cHL 
cell suspensions by flow cytometry revealed a predominant Th1 
subpopulation in the microenvironment of cHL based on expression of 
CXCR33. So far, no distinction has been made between Epstein Barr virus 
(EBV) positive and negative cHL cases. 

In this study we compared the composition of the reactive infiltrate of 
EBV+ (n=7) and EBV- cHL (n=7) with each other and with reactive 
lymph nodes for 46 specific subsets (Supplementary table S1). The 
characteristics of the study cohort have been described in Table 1. In the 
main cell populations (B cells, T cells, natural killer cells (NK) and 
macrophages) we did not find any significant differences. Analysis of 
different T cell subpopulations revealed more GITR+CD25+CD4+ and 
FoxP3+CD25+CD4+ Treg cells in EBV+ and EBV- cHL compared to 
RLNs (Fig.1 A, B). This increase in the Treg frequency in cHLs, compared 
to RLN is similar as in previous studies4,5. These cells play a role in the 
suppression of the immune response. We observed no difference for 
EBV+ and EBV- cHL in the percentage of Tregs. This suggests that the 
suppression of the immune response in cHL is important in both EBV+ 
and EBV- cHL.  

The percentage of CD56+CD16+ NK cells was significantly lower in EBV- 
cHL compared to RLN and EBV+ cHL (Fig. 1C). In addition, we observed 
significantly more CD69+CD8+, Granzyme B+ CD8+, and TIA-1+CD8+ T 
cells in EBV+ cHL compared to RLN and EBV- cHL (Fig.1 D-F). Thus 
EBV status has a positive correlation with the percentage of NK cells and 
activated CD8+ T cells. In EBV+ cHL, the presentation of antigenic 
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peptides from EBV within HLA class I molecules triggers the immune 
response and this might explain the increased number of CD8+ T cells. 
NK cell numbers can increase upon recognition of virus by Toll like 
receptors. The higher numbers of cytotoxic CD8+ T cells in EBV+ cHL 
could indicate a Th1 response, since Th1 cells stimulate a cellular 
immune response and activate CD8+ T cells. However, we did not find 
an increase in CXCR3+ CD4+ Th1 cells in EBV+ or in EBV- cHL in 
contrast to the findings of Greaves et al3. The combined presence of Tregs 
and activated CD8+ T cells raises questions on how they can co-exist in 
cHL and where they are located in respect to the tumor cells. To answer 
this question, we used CD26 to discriminate between T cells in the area of 
the HRS cells, i.e. the CD26- T cells, and the T cells that are not in close 
contact with the HRS cells, i.e. the CD26+ T cells2. The percentage of 
CD26 expression was low in all subtypes of cHLs. In Nodular Sclerosis 
(NS) and Lymphocyte-Rich (LR) type of cHL, CD26- cells were found 
around the tumor cells, while CD26+ cells were far away from the tumor. 
In Mixed Cellularity (MC) type, due to its more mixed pattern, the CD26+ 
cells were closer to the tumor cells, therefore, in the next analysis, we 
excluded MC cases from the study cohort. We found significantly more 
CD69+CD4+ cells in the CD26- T cell subset indicating that these cells are 
more abundant in the tumor cell area (Fig. 1G). CD69 is an early 
activation marker. The higher frequency of CD69+CD4+ T cells in the 
tumor cell area indicates immune reaction. Similar results were observed 
in EBV+ cHL as well as EBV- cHL. Furthermore, there were more 
FoxP3+CD4+ suppressive T cells in the tumor cell area in both EBV+ and 
EBV- cHL (Fig. 1H). These findings are consistent with increased mRNA 
levels of Treg associated genes (CTLA4, IL2RA, TNFRSF4 and CCR4) in 
CD4+CD26- T cells in cHL compared to RLN2.  So, the location of the 
Tregs is in the direct vicinity of the HRS cells and will probably inhibit an 
anti-tumor immune response. EBV status did not influence these results.  

6 
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There were less CD25+CD8+ T cells around the tumor cells than outside 
the tumor cell area in the cHL cases (Fig. 1I). So, although activated 
CD8+ T cells are present they are not found in the tumor cell areas.  

In conclusion, the main difference in the composition of the 
microenvironment between EBV+ and EBV- cHL patients is caused by 
CD8+ T cells and NK cells. High numbers of CD4+ Tregs directly 
surrounding HRS cells implies that they play an important role in the 
failure to induce an effective immune response against the HRS cells of 
cHL. 

 

Figure 1. Significantly different immune cell populations in classical Hodgkin 
lymphoma (cHL). Optimized concentrations of fluorochrome-antibody 
conjugates were applied on cell suspensions of cHL tissue. Flow cytometry 
was performed to detect expression levels of those markers on the reactive cells. 
(A-F) Significant different immune cell populations between reactive lymph 
node (RLN) and Epstein-Barr Virus positive (EBV+) and EBV- cHL. (A) 
Percentages of GITR+CD25+ in CD4+ cells; (B) FoxP3+CD25+ in CD4+ cells; (C) 
CD16+ in CD56+ cells; (D) CD69+ in CD8+ cells; (E) Granzyme B+ in CD8+ cells; 
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(F) TIA-1+ in CD8+ cells. An overview of all subsets tested and of all results has 
been given in supplementary tables S1-3. Lines indicate the median percentage 
of each group. Kruskal-Wallis test was used to test for differences in all three 
groups and a p-value of 0.0125 (to correct for multiple testing) was considered to 
be significant. Mann-Whitney U test was used as a post hoc test to identify 
significant differences in groups. (*: P<0.05; **: P<0.01). (G-I) Cell populations 
with significant differences between CD26- and CD26+ T cells in cHL overall 
and EBV-stratified subgroups. (G) Percentages of CD69+ in CD4+ cells in cHL; 
(H) FoxP3+ in CD4+ cells in cHL; (I) CD25+ in CD8+ cells in cHL. Lines indicate 
the median percentage of each group. Wilcoxon matched-pairs signed rank test 
was used to compare the two groups. 
 

Table 1. The characteristics of the study cohort  

Clinical characteristic RLN All cHL EBV+ 
cHL EBV- cHL 

Gender Male (%) 4 (57) 7 (50) 5 (71) 2 (29) 
Female (%) 3 (43) 7 (50) 2 (29) 5 (71) 

Age Mean 
(Range) 43 (17-72) 36 (12-

76) 42 (12-76) 29 (13-54) 

Histology 
subtype 

NS (%) - 8 (57) 3 (43) 5 (72) 
MC (%) - 3 (21) 3 (43) 0 
LR (%) - 2 (14) 1 (14) 1 (14) 

NOS (%) - 1 (7) 0 1 (14) 

NS: Nodular Sclerosis, LR: Lymphocyte-Rich, MC: Mixed Cellularity 
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Supplementary table S1. Overview of 46 cell subsets studied 

Leukocyte subpopulation Immunophenotype Company
B cells CD20+ BD
T cells CD3+ Dako

NK cells CD56+ IQ
Macrophages CD68+ R&D

Th cells CD4+ BD
Cytotoxic T cells CD8+ BD

CD69+ in CD4+ IQ/BD
CD69+ in CD8+ IQ /BD
CD25+ in CD4+ IQ/IQ
CD25+ in CD8+ IQ/BD

CD127low in CD4+ BD/BD
CD152+ in CD4+ IQ/BD
FoxP3+ in CD4+ BD/BD
GITR+ in CD4+ R&D/BD

Naïve Th cells CD45RA+ in CD4+ Own lab/BD
Th1 cells CXCR3+ in CD4+ R&D/IQ

CXCR4+ in CD4+ R&D/IQ
STL2 in CD4+ R&D/BD

Truly Naïve Th cells CCR7+CD45RA+ in CD4+ R&D/Own lab/ BD

Central memory Th cells CCR7+CD45RA- in CD4+ R&D/Own lab/ BD

Effector memory Th cells CCR7-CD45RA- in CD4+ R&D/Own lab/ BD

Terminal differentiated effector Th cells CCR7-CD45RA+ in CD4+ R&D/Own lab/ BD

CD45RA-CD25+ in CD4+ Own lab /IQ/BD

CD127low CD25+in CD4+ BD/IQ/BD
CD152+CD25+ in CD4+ IQ/IQ/BD
FoxP3+CD25+ in CD4+ BD/IQ/BD
GITR+CD25+ in CD4+ I Q/R&D/BD
Granzyme B+ in CD4+ IQ/BD

TIA-1+ in CD4+ IQ/BC
CXCR5+ICOS+ in CD4+ BD/R&D/BD

CD57+ in CD4+ BD/BD
PD-1+ in CD4+ Bio/BD

PD-1+CD57+ in CD4+ BD/Bio/BD
CXCR5+BCL6+ in CD4+ BD/R&D/BD
CD57+BCL6+ in CD4+ BD/BD/BD

T follicular helper regulatory cells CXCR5+ICOS+ in CD4+CD25+ R&D/BD/BD/IQ
Granzyme B+ in CD8+ BD/BD

TIA-1+ in CD8+ BC/BD
CXCR3+ in CD8+ R&D/BD
CXCR4+ in CD8+ R&D/BD

NK cells CD16+ in CD56+ R&D/IQ
Early activated NK cells CD69+ in CD56+ IQ/IQ

Degranulation activity of NK cells CD107a+ in CD56+ BD/IQ
NK T cells CD56+CD16+ in CD3+ IQ/R&D/BD

CD163+ R&D
CD163+ in CD68+ R&D/R&D

Cytotoxic T cells

M2 Macrophages

Activation of T cells

Suppression of Th cells

Th2 cells

Regulatory T cells

Cytotoxic Th cells

T follicular helper cells

6 
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BD: BD Biosciences; IQ: IQ Products, Groningen, Netherlands; R&D: R&D 
systems, Minneapolis, MN USA; Dako: Dako Products, Glostrup, Denmark; BC: 
Beckman Coulter, Woerden, Netherlands. 
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Supplementary Table S2. Statistical analysis of 46 cell populations 

 

K-W: Kruskal-Wallis Test; P values shown in bold indicate significant 
differences. 
 

 

 

RLN EBV+ EBV-
B cells CD20+ 37 (27-58) 26 (12-51) 21 (16-47) 0.0526
T cells CD3+ 57 (39-65) 60 (55-90) 64 (50-68) 0.1719

NK cells CD56+ 13 (10-18) 13 (7-16) 12 (8-21) 0.9711
Macrophages CD68+ 2 (1-2) 2 (1-3) 2 (1-3) 0.6367

Th cells CD4+ 36 (27-49) 41 (11-52) 48 (34-57) 0.1353
Cytotoxic T cells CD8+ 20 (14-38) 34 (12-79) 17 (9-22) 0.1498

CD69+ in CD4+ 42 (21-59) 60 (34-80) 52 (24-71) 0.2112
CD69+ in CD8+ 35 (14-51) 52 (42-76) 22 (19-53) 0.0125
CD25+ in CD8+ 30 (12-32) 29 (9-65) 27 (12-69) 0.7625
CD25+ in CD4+ 10 (5-21) 22 (11-27) 14 (7-39) 0.0388

CD127low in CD4+ 15 (5-31) 18 (16-39) 19 (10-44) 0.359
CD152+ in CD4+ 8 (5-17) 11 (4-20) 8 (4-27) 0.849
FoxP3+ in CD4+ 11 (7-28) 30 (16-46) 17 (7-30) 0.0193
GITR+ in CD4+ 17 (10-66) 39 (22-51) 37 (17-66) 0.2182

Naïve Th cells CD45RA+ in CD4+ 44 (28-98) 21 (19-37) 36 (17-47) 0.0196
Th1 cells CXCR3+ in CD4+ 18 (11-56) 24 (11-55) 33 (18-48) 0.5336

CXCR4+ in CD4+ 5 (3-14) 9 (3-16) 4 (3-19) 0.761
ST2L+ in CD4+ 14 (4-23) 15 (7-21) 12 (5-38) 0.5315

Truly Naïve Th cells CCR7+CD45RA+ in CD4+ 6 (3-11) 6 (2-12) 7 (2-18) 0.974
Central memory Th cells CCR7+CD45RA- in CD4+ 56 (23-70) 78 (40-82) 63 (52-84) 0.0377
Effector memory Th cells CCR7-CD45RA- in CD4+ 1 (0-2) 2 (1-3) 3 (1-4) 0.0222

Terminal differentiated effector Th cells CCR7-CD45RA+ in CD4+ 37 (18-65) 14 (10-46) 21 (13-38) 0.0561
CD25-CD45RA+ in CD4+ 4 (0-6) 12 (3-15) 8 (2-15) 0.0187

CD25+CD127low in CD4+ 2 (1-3) 6 (2-8) 3 (1-9) 0.0184
CD25+CD152+ in CD4+ 7 (3-13) 8 (3-16) 5 (3-22) 0.7697
CD25+FoxP3+ in CD4+ 4 (2-11) 13 (9-24) 12 (4-23) 0.0097
CD25+GITR+ in CD4+ 6 (2-11) 17 (9-23) 12 (5-38) 0.0105
Granzyme B+ in CD4 2 (1-5) 3 (2-11) 3 (2-6) 0.1857

TIA-1+ in CD4+ 7 (1-13) 10 (5-25) 7 (5-11) 0.2313
CXCR5+ICOS+ in CD4+ 8 (5-27) 13 (9-47) 8 (4-24) 0.2501

CD57+ in CD4+ 8 (3-22) 6 (3-20) 9 (3-17) 0.7307
PD-1+ in CD4+ 30 (9-63) 22 (8-57) 34 (9-45) 0.7726

PD-1+CD57+ in CD4+ 7 (2-21) 6 (2-18) 8 (2-16) 0.6881
 BCL6+CXCR5+ in CD4+ 12 (2-30) 9 (5-18) 9 (6-26) 0.6388
BCL6+CD57+ in CD4+ 7 (3-15) 7 (3-15) 7 (2-12) 0.9766

Tfh regulatory cells CD25+CXCR5+ICOS+ in CD4+ 31 (18-50) 44 (29-71) 46 (24-63) 0.2003
Granzyme B+ in CD8+ 6 (4-27) 30 (18-57) 11 (8-18) 0.0035

TIA-1+ in CD8+ 25 (19-49) 65 (44-92) 29 (26-44) 0.0017
CXCR3+ in CD8+ 41 (20-63) 45 (23-74) 48 (39-78) 0.49
CXCR4+ in CD8+ 21 (11-38) 28 (8-35) 25 (17-67) 0.8747
CD16+ in CD56+ 4 (1-11) 8 (2-25) 1 (1-2) 0.003
CD69+ in CD56+ 39 (23-72) 56 (13-90) 55 (32-83) 0.3225

CD107a+ in CD56+ 1 (1-1) 1 (0-3) 2 (0-2) 0.3286
NKT cells CD56+CD16+ in CD3+ 4 (2-10) 7 (2-11) 5 (1-8) 0.7655

CD163+ 2 (1-7) 5 (2-11) 3 (1-5) 0.081
CD163+ in CD68+ 17 (7-32) 34 (15-48) 32 (6-68) 0.1301

Tfh

Cytotoxic T cells

NK cells

Macrophages

Suppression of Th cells

Th2 cells

Tregs

Cytotoxic Th cells

Immunophenotype
    Median (Range) % p value   

(K-W)
Leukocyte subpopulation

Activation of T cells
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Supplementary Table S3. Statistical analysis of 10 cell populations 
outside and surrounding tumor cells 

 

W-T: Wilcoxon matched-pairs signed rank test. P value shown in bold indicate 
significant differences. 
 

 

 

 

 

CD26+ CD26- CD26+ CD26- CD26+ CD26-

CD69+ in CD4+ 13 (5-32) 38 (16-58) 0.0066 15.5 (8-20) 50.5 (17-58) 0.1250 11 (5-32) 37 (16-58) 0.0343
CD25+ in CD4+ 9 (4-19) 6 (2-19) 0.1530 10.5 (7-13) 10 (5-14) 0.8750 9 (4-19) 5 (2-19) 0.0625
FoxP3+ in CD4+ 7 (3-11) 14 (3-28) 0.0051 7 (3-11) 19.5 (9-28) 0.1250 7 (3-11) 11 (3-22) 0.0343

CD25+FoxP3+ in CD4+ 13 (3-45) 16 (2-23) 1.0000 11.5 (4-45) 16 (12-20) 0.8750 13 (3-29) 14 (2-23) 0.6115
CXCR3+ in CD4+ 11 (3-31) 16 (10-36) 0.0232 9 (6-31) 15 (10-23) 0.5807 12 (3-17) 16 (15-36) 0.0313
ST2L+ in CD4+ 6 (1-19) 4 (2-18) 0.0396 5.5 (5-8) 4.5 (2-7) 0.1975 7 (1-19) 4 (2-18) 0.1052
CD69+ in CD8+ 8 (5-36) 19 (11-46) 0.2500 24.5 (20-36) 22 (16-32) 0.8750 7 (5-8) 15 (11-46) 0.0625
CD25+ in CD8+ 25 (8-63) 3 (1-8) 0.0038 26 (22-63) 4 (1-7) 0.1250 21 (8-60) 3 (2-8) 0.0156

CD25+FoxP3+ in CD8+ 2 (0-12) 1 (0-6) 0.0905 4.5 (2-9) 3 (0-6) 0.4615 2 (0-12) 1 (0-6) 0.0890
CXCR3+ in CD8+ 25 (7-35) 27 (21-51) 0.2475 26.5 (21-35) 26.5 (22-31) 0.8750 22 (7-30) 30 (21-51) 0.1275

    Median (Range) % in 
EBV negative  cHL p value   

(W-T)
Cell population 

    Median (Range) % in 
cHL p value   

(W-T)

    Median (Range) % in 
EBV positive cHL p value   

(W-T)
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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%) 

7 
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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 
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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. 
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NEDERLANDSE SAMENVATTING 

Het B cel lymfoom is een van de meest voorkomende hematologische 
tumoren over de hele wereld. De tumorcellen van lymfomen zijn 
afkomstig van verschillende differentiatie stadia van normale B cellen. 
Lymfomen kunnen verdeeld worden in 2 categorieën: non-Hodgkin 
lymfoom (NHL) en Hodgkin lymfoom (HL). De belangrijkste subtypes 
van NHL zijn het folliculaire lymfoom (FL) en het diffuus grootcellig B 
cel lymfoom (DLBCL). Binnen HL maakt het klassieke HL (cHL) 95% van 
alle gevallen uit. Net als in andere soorten kanker spelen interacties van 
tumorcellen met hun omgeving een belangrijke rol in de groei, 
overleving en het onderdrukken en ontwijken van de immune reactie 
voor en door de tumorcellen in lymfomen. Communicatie tussen 
tumorcellen en omgeving kan worden verdeeld in direct cel-cel contact 
en indirect contact via factoren die uitgescheiden worden. 

In dit proefschrift is ons doel om de communicatie tussen immuuncellen 
en tumorcellen in NHL te onderzoeken en te vergelijken met de 
communicatie in cHL. 

In hoofdstuk 2 hebben we naar de veranderingen in membraaneiwitten 
van zeven NHL cellijnen gekeken in vergelijking met een EBV 
getransformeerde lymfoblastoide cellijn (LCL). We hebben, in totaal, 130 
eiwitspots gevonden die meer dan een factor twee verschillend waren 
tussen NHL en LCL cellijnen. Daarvan waren er 28 verschillend in 
tenminste 3 cellijnen en deze eiwitten zijn verder geïdentificeerd. De 28 
eiwitten waren vooral betrokken bij de beweging van cellen, het 
metabolisme en de immuun reactie. Voor 3 eiwitten hebben we verdere 
validatie uitgevoerd. B2M liet verlaagde expressie zien, terwijl PRDX1 en 
PPIA beide verhoogd waren in NHL cellijnen en weefsel van NHL 
patiënten. We hebben een remmer van PPIA, cyclosporine A,  gebruikt 
om te laten zien dat PPIA een rol speelt in groei van de lymfoom cellen. 
Het expressie niveau van PPIA bleek geassocieerd aan de remming van 
celgroei, en dus lijkt PPIA een oncogene functie te hebben in NHL. 

In hoofdstuk 3 hebben we vervolgens gekeken naar de eiwitten die door 
dezelfde NHL cellijnen uitgescheiden zijn met behulp van secretoom 
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profiling. We hebben 1317 eiwitten gevonden die uitgescheiden waren 
door de NHL cellijnen, waarvan 13% via klassieke secretie. Het 
geactiveerde B cel type (ABC) DLBCL liet het hoogste percentage unieke 
eiwitten zien (19%) in vergelijking met FL (8%) en kiem centrum B cel 
type (GCB) DLBCL (10%). Vervolgens hebben we het secretoom van 
NHL vergeleken met dat van HL. We vonden dat 7% van alle 
uitgescheiden eiwitten voorkwam in NHL en HL beide, daarnaast was 
het secretoom van cHL het meest verschillend van de andere types met 
een percentage van 24% unieke eiwitten, met ABC DLBCL op de tweede 
plaats (18%). Aangezien het secretoom prolife alleen aangeeft dat 
eiwitten aanwezig zijn en geen indicatie van de hoogte van secretie 
niveau, hebben we ook naar de expressie op mRNA niveau gekeken. Die 
resultaten hebben we vergeleken met de expressie van kiemcentrum B 
cellen (GC-B). Er waren 302 uitgescheiden eiwitten die tenminste een 
factor 2 verschil lieten zien in vergelijken met GC-B en 63% van die 
eiwitten was verhoogd in NHL cellijnen. Van de eiwitten die verhoogd 
tot expressie kwamen spelen de meeste een rol in de regulatie van 
metabolisme. Er waren 9 eiwitten met een functie in de immuun reactie. 
Daarvan waren cathepsine C (CTSC) en macrofaag migratie inhibitie 
factor (MIF) ook gevonden in het HL secretoom. Een ander eiwit, met een 
rol in de immuun reactie dat verhoogd was, was CD70. Deze eiwitten 
hebben mogelijk een rol in het ontwijken van de immuun reactie door de 
tumor cellen in NHL. 

In de volgende 3 hoofdstukken hebben we met behulp van 
flowcytometry naar de compositie van de omgevingscellen gekeken. Om 
te bepalen welke normale controle we het beste konden gebruiken 
hebben we in hoofdstuk 4 eerst tonsillen en reactieve lymfeklieren (RLN) 
vergeleken. Er waren in de hoofdgroepen meer cytotoxische T cellen 
(CTLs) en natural killer (NK) cellen in RLN dan in tonsil. In de 
subpopulaties van cellen waren er minder vroeg geactiveerde (CD69+) T 
cellen, CD69+ T helper (Th) cellen en CD69+ CTLs, minder GITR+ 
regulatory T cellen (Tregs), Th2 cellen en geactiveerde NK cellen in RLN 
vergeleken met tonsil. In tonsillen vonden we minder CD152+ Th cellen, 
CD127laag Tregs en minder NKT cellen in vergelijking met RLN. Dus de 
compositie van de RLN is niet hetzelfde als de tonsil. We hebben 
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vervolgens gekeken naar gesorteerde Th cellen en CTLs en genexpressie 
hoeveelheden vergeleken tussen tonsil en RLN, maar vonden daar geen 
verschillen. We kunnen concluderen dat er verschillen zijn in de immuun 
cel populaties tussen RLN en tonsil en dat de keuze voor het gebruik als 
controle weefsel goed doordacht moet gebeuren. Omdat de NHL en HL 
gevallen die we gebruikt hebben vooral in lymfeklieren gevonden zijn  
hebben we beide  vergelijkingen ten opzichte van RLN gedaan. 

We hebben eerst de compositie van de omgevingscellen in verschillende 
NHLs vergeleken met RLN en met elkaar in hoofdstuk 5. Er waren 
minder NK cellen, macrofagen en terminaal gedifferentieerde effector 
memory Th cellen en meer TIA1+ CTLs in NHL vergeleken met RLN. In 
FL vonden we meer CD69+ T cellen, CD69+ CTLs en T follicular helper 
cellen en minder CTLs dan in RLN, terwijl in DLBCL er meer CD69+ 
CTLs en Granzyme B+ CTLs waren en minder CD127laag Tregs dan in 
RLN. We hebben ook de 2 subtypes DLBCL met elkaar vergeleken GCB 
en ABC. In GCB DLBCL waren er minder CD57+ Th cellen, TIA1+ Th 
cellen en CXCR4+ CTLs en meer CD127laag Tregs  dan in ABC DLBCL. 
We hebben vervolgens het gen expressie patroon van gesorteerde Th 
cellen en CTLs van de NHL vergeleken met die van RLN, met en zonder 
activatie. Om te kijken of deze cellen geactiveerd konden worden hebben 
we eerst geactiveerde cellen met rustende cellen vergeleken. Aangezien 
een groot aantal genen significant meer dan 2 maal veranderd was 
kunnen we concluderen dat deze cellen niet anergisch zijn. We hebben 
verder gekeken naar de verschillen van NHL met RLN en vonden maar 
een klein aantal genen die differentieel tot expressie kwamen, dus zijn er 
maar weinig verschillen tussen de Th cellen en CTLs in NHL en RLN. 
Een van de genen die differentieel tot expressie kwam was TIGIT, een 
marker voor de uitputting van T cellen. TIGIT was verhoogd in NHL 
vergeleken met RLN in CTLs. Dit betekent dat de CTLs, alhoewel er 
meer zijn in NHL, mogelijk hyporeactief zijn waarschijnlijk als gevolg 
van uitputting. 

Daarnaast hebben we in hoofdstuk 6 naar de omgevingscellen van cHL 
gekeken in vergelijking met RLN en hebben we naar het effect van een 
EBV infectie op de compositie van de omgevingscellen in cHL gekeken. 
Er waren meer GITR+ en FoxP3+ Tregs in cHL, in EBV+ en EBV-, 
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vergeleken met RLN. Het percentage van CD56+CD16+ NK cellen was 
lager in EBV- cHL dan in EBV+ cHL en RLN, terwijl in EBV+ cHL er 
meer CD69+ CTLs, Granzyme B+ CTLs, en TIA-1+ CTLs waren. Dit geeft 
aan dat door de EBV infectie in cHL het aantal NK cellen en CTLs 
verhoogd waren, dit zou kunnen komen door een verhoogde Th1 
immuun reactie. We zagen echter, in plaats van een verhoging in Th1 een 
verhoging van het aantal Tregs in EBV+ cHL. We vroegen ons af wat de 
locatie van de verschillende cel subpopulaties was en hebben met behulp 
van CD26 expressie vervolgens gekeken welke cellen rondom de tumor 
cellen liggen (CD26-) en welke verder weg (CD26+). De CD69+ Th cellen 
en de FoxP3+ Th cellen bevonden zich in de tumor cel gebieden terwijl 
de CD25+ CTLs zich vooral buiten de tumor cel gebieden bevonden. We 
zagen geen effect van de EBV status op de locatie van de cellen. We 
kunnen concluderen dat de immuunsuppressieve cellen zich rondom de 
tumor cellen bevinden terwijl de immuun actieve CTLs juist buiten de 
tumorgebieden liggen. 

In conclusie, we vonden verschillen in de compositie van de infiltrerende 
immuun cellen in de omgeving van NHL en cHL vergeleken met RLN. 
Verschillende eiwitten die we differentieel gevonden hebben zoals CD70, 
MIF,  PPIA en TIGIT zijn interessante doelen voor verder onderzoek. Het 
mechanisme van immune ontsnapping dat de tumor cellen gebruiken is 
gedeeltelijk te verklaren door de hypo reactieve status van de immuun 
cellen en gedeeltelijk door de locatie. Behandeling met anti-TIGIT 
antilichamen of mogelijk het gebruik van PD-1 inhibitie kan mogelijk de 
immuun reactie tegen de tumor weer opwekken.  
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中文摘要 

B 细胞淋巴瘤是一种在全世界范围内最常见的血液肿瘤。 它们的肿瘤细胞

具备不同分化阶段正常 B 细胞的特质。 它可以被划分为两大类：霍奇金淋

巴瘤和非霍奇金淋巴瘤。非霍奇金淋巴瘤又主要由滤泡淋巴瘤和弥漫大 B

细胞淋巴瘤组成。而在霍奇金淋巴瘤中，95%由经典型组成。肿瘤微环境

与恶性细胞之间的相互作用对于这些淋巴瘤的免疫逃逸形成产生至关重要。

而这种相互作用可分为细胞与细胞直接接触或细胞之间通过分泌蛋白而间

接接触。 

在本论文中，我们的研究目的是调查非霍奇金淋巴瘤的免疫细胞和肿瘤细

胞之间的直接和间接的相互作用，并进一步与霍奇金淋巴瘤中的这种相互

作用来进行比较。 

在第二章中，我们研究了七种非霍奇金淋巴瘤细胞系的膜蛋白相较于 EB

病毒转化淋巴母细胞系（LCL）的膜蛋白变化。我们一共观察到有 130 蛋

白点的表达水平在非霍奇金淋巴瘤细胞系和 LCL 细胞系相比有至少两倍及

两倍以上的变化。此外，其中有 28 蛋白与 LCL 细胞系相比，至少三个非

霍奇金细胞系的表达水平持续性改变。我们将其送做液相质谱仪器做进一

步检测。这 28 个蛋白参与不同的细胞功能的调节过程，它们主要参与调

节细胞活动力，细胞代谢以及免疫应答过程。我们观察到在非霍奇金淋巴

瘤细胞系以及病人组织中人 β2微球蛋白（B2M）的表达，过氧化物还原

酶 1（PRDX1）和亲环蛋白（PPIA）的上调。除此之外，PPIA 的抑制剂，

环孢菌素 A 可以抑制的非霍奇金淋巴瘤细胞系的生长，相反其对于 LCL 细

胞系的生长仅有轻微的抑制作用。并且环孢素 A 诱导的细胞系生长抑制程

度与亲环蛋白在该细胞系的表达水平之间存在正相关。这表明亲环素将来

有潜力被用作疾病相关的生物标志物。综上所述，我们对于非霍奇金淋巴
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瘤细胞系的细胞与细胞的直接接触的相互作用的了解，使我们进一步好奇

细胞的间接相互作用中的变化。 

在第三章中，我们进一步通过分析非霍奇金淋巴瘤细胞株分泌蛋白组研究

了恶性细胞和其浸润的微环境中的其他细胞之间非直接的相互作用。我们

在收集的非霍奇金细胞系的培养上清液中发现了一共有 1,317 个蛋白质通

过非霍奇金细胞系自身分泌的。其中 13％的蛋白是通过经典分泌途径分泌

的。与滤泡淋巴瘤（8％）和生发中心 B 细胞型弥漫大 B 细胞淋巴瘤

（10％）相比，活化 B 细胞型弥漫大 B 细胞淋巴瘤所分泌出的特有的蛋白

质（19％）的比例最高。接下来，我们进一步地比较了非霍奇金淋巴瘤与

霍奇金淋巴瘤细胞系的分泌蛋白组学的异同。我们发现有 7％的蛋白它们

均有分泌。除此之外，我们还观察到经典型霍奇金淋巴瘤细胞系与其他淋

巴瘤细胞系差异性最大，24％的蛋白是它们特有分泌出来的。继经典型霍

奇金淋巴瘤之后，第二个最独特的细胞系是活化 B 细胞性弥漫大 B 细胞淋

巴瘤（18％）。此外，我们通过与用生发中心 B 细胞（GC-B）的比较，

分析了这些蛋白质在淋巴瘤细胞系上分泌的表达水平的变化。与生发中心

B 细胞的相比，在非霍奇金淋巴瘤细胞系中总共有 302 个分泌的蛋白的表

达水平具有至少 2 倍以上的变化。在这 302 个蛋白中的，63％的蛋白在非

霍奇金淋巴瘤细胞系中分泌增加。这些分泌增多的蛋白，其中大多数参与

调节细胞代谢。在分泌增加的蛋白质中有 9 个参与免疫应答。我们组之前

已在霍奇金细胞系分泌蛋白组分析中发现组织蛋白酶 C（CTSC）和巨噬

细胞迁移抑制因子（MIF）的异常表达。除此之外，非霍奇金淋巴瘤细胞

系也增多了 CD70 的分泌。他们可能在非霍奇金淋巴瘤的恶性细胞的免疫

逃逸中发挥了重要的作用。结合我们两部分的肿瘤细胞蛋白质组的研究，

我们发现其共同特征是调节细胞代谢相关蛋白质表达上调。肿瘤细胞蛋白
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质的变化还能对它们所在的淋巴瘤的微环境产生影响，因此，我们还研究

了非霍奇金和霍奇金淋巴瘤的肿瘤微环境的组成和功能的变化。 

根据文献报道，研究人员通常会选择了扁桃体或反应性淋巴结其中一者或

者两者作为研究中正常淋巴组织。然而，它们之间是否有差异或何者更适

合于作为正常对照组却尚未被研究过。因此，在第四章中，我们见通过比

较它们的细胞组成来确定何者为更适用的实验研究正常对照组。我们发现

在主要细胞群中，细胞毒性 T 细胞的和自然杀伤细胞在反应性淋巴节中的

比例较扁桃体更多。在 T 细胞亚群中，在反应性淋巴结中早期活化的 T 细

胞，T 辅助细胞及细胞毒性 T 细胞，GITR 阳性调节性 T 细胞，Th2 辅助

T 细胞和活化的自然杀伤细胞的比例比扁桃体少。而扁桃体相较于反应性

淋巴结具有更少的 CD152 阳性 T 辅助细胞，CD127lowT 辅助细胞，

CD127low 调节性 T 细胞和更少的自然杀伤 T 细胞。以上这些提示反应性

淋巴结和扁桃体的细胞组成并不相同。我们进一步研究扁桃体和反应性淋

巴结中的 CD4+细胞和 CD8+细胞的是否有功能差异。在基因表达的水平，

它们之间没有找到任何功能性差异。因此我们可以说扁桃体和反应性淋巴

结不能被认为是相同的正常淋巴器官，在使用它们作为实验正常对照组的

选择上应该更加地仔细进行。由于结构组成的相似性，我们使用反应性淋

巴结作为我们研究中的健康淋巴结对照组。 

我们在第 5 章中首先比较了不同种非霍奇金淋巴瘤的肿瘤微环境的细胞组

成的不同及它们与反应性淋巴结的细胞组成的差异。我们发现在非霍奇金

淋巴瘤中相较于反应性淋巴结，有较少的自然杀伤细胞，巨噬细胞和终末

分化的效应记忆性 T 细胞和较多 TIA-1 阳性 CD8 细胞。滤泡淋巴瘤比反

应性淋巴结有更多的早期活化性 T 细胞，早期活化性细胞毒性 T 细胞的和

滤泡辅助 T 细胞和较少的 CD8+细胞。弥漫大 B 细胞淋巴瘤中相较于反应

性淋巴结，它们有更多早期活化性细胞毒性 T 细胞和 Granzyme B 阳性
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CD8 细胞和少 CD127low 调节性 T 细胞。我们还研究了在两种不同亚型的

弥漫大 B 淋巴瘤的肿瘤微环境的组成差异，也即生发中心 B 细胞型

（GCB-）和活化 B 细胞型弥漫大 B 淋巴瘤（ABC-）的不同。 生发中心 B

细胞型与活化 B 细胞型 相比有较少的 CD57 阳性 CD4 细胞，TIA-1 阳性

CD4 细胞，和 CXCR4 阳性 CD8 细胞和较多的 CD127low 调节性 T 细胞。

这些表明在不同的非霍奇金淋巴瘤中免疫细胞的组成比例不同。这些免疫

细胞具有以激发免疫反应和消除恶性细胞的潜在能力。然而，淋巴瘤尚且

能形成。它使我们推测这些细胞处于低反应性的状态。因此，我们首先考

察在额外的刺激下这些免疫细胞的表现是否会有所不同。我们发现在刺激

后大量基因的表达水平发生惊人地改变。这表明这些免疫细胞并非处于无

能的状态。因此，我们比较这些细胞 CD4 和 CD8 细胞在非霍奇金淋巴瘤

和反应性淋巴结中的功能性差异。在在非霍奇金淋巴瘤和反应性淋巴结的

CD4 和 CD8 细胞中我们仅发现数量较少差异表达的基因。但是，在这些

差异表达的基因，TIGIT，T 细胞耗竭的一个的指标，在所有的非霍奇金淋

巴瘤的 CD8+细胞与反应性淋巴结相比均增加。这些观察结果表明非霍奇

金淋巴瘤的肿瘤细胞的存在影响了不仅仅改变了其微环境细胞的组成，并

且还诱发了低免疫应答状态，而该低反应状态可能是由 T 细胞耗竭导致。 

除了非霍奇金淋巴瘤之外，在第六章，我们也考察了的经典型霍奇金淋巴

瘤的肿瘤微环境细胞组成的改变，除此之外我们还研究了不同 EB 病毒感

染状态对于细胞组成变化的影响。我们发现在经典型霍奇金淋巴瘤与比反

应性淋巴结相比，无论是 EB 病毒阳性或 EB 病毒阴性的霍奇金淋巴瘤，

都有更多的 GITR 阳性 Treg 细胞和 Foxp3 阳性 Treg 细胞。此外，CD56

阳性 CD16 阳性自然杀伤细胞的百分比在 EB 病毒阴性的经典型霍奇金淋

巴瘤中也比在 EB 病毒阳性的霍奇金淋巴瘤和反应性淋巴结中都低。而在

EB 病毒阳性的经典霍奇金淋巴瘤中，含有更多的早期活化的细胞毒性 T



Chinese summary  

175 | P a g e  

细胞以及 Granzyme B 阳性 CD8 和 TIA-1 阳性 CD8 细胞。这表明经典型

霍奇金淋巴瘤中的 EB 病毒感染能上调自然杀伤细胞和细胞毒性 T 细胞在

其肿瘤微环境中的比例。这些可能由于由 Th1 细胞的抗肿瘤免疫应答的调

节所引起。然而，我们并没有观察到的经典型霍奇金淋巴瘤的微环境中

Th1 细胞比例增加，与此相反，EB 病毒阳性的霍奇金淋巴瘤的调节性 T

细胞比例上升。这种现象使我们怀疑这些免疫细胞所处的位置可能也能够

对经典型霍奇金淋巴瘤的免疫反应的有效性产生影响。因此，接下来，我

们通过使用 CD26 染色来确定的经典型霍奇金淋巴瘤的肿瘤区域来进一步

观察这些免疫细胞的位置。引人注目的是，我们发现了更多的早期活化的

CD4 细胞和 Foxp3 阳性 CD4 细胞位于肿瘤区域，相反，更多的 CD25 阳

性 CD8 细胞位于肿瘤区域之外。除此之外，我们没有看到 EBV 感染状态

在这些免疫细胞的位置有任何的影响。由此我们可以推测，免疫抑制性细

胞主要位于肿瘤细胞的周围，而具有免疫活性的细胞毒性 T 细胞因为远离

肿瘤细胞引起的经典型霍奇金淋巴瘤的免疫逃逸的发生。 

综上所述，我们观察到非霍奇金和经典型霍奇金淋巴瘤的肿瘤微环境中浸

润免疫细胞的组成与它们在反应性淋巴结中的组成是不同的。在非霍奇金

淋巴瘤和经典型霍奇金淋巴瘤中的肿瘤免疫逃逸的机制可能是由于这些免

疫细胞或处于低应答状态或由于它们所在的位置。抗 TIGIT 治疗或 PD-1

抑制剂的使用可能能够触发对于 B 细胞淋巴瘤产生有效的免疫应答。 
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ABBREVIATIONS IN THE THESIS 

ABC:                                                                                           activated B cell 

AICD:                                                                 activation-induced cell death 

AlloSCT:                                                   allogenic stem cell transplantation 

APC :                                                                            antigen presenting cells 

AutoSCT:                                               autologous stem cell transplantation 

B2M:                                                                                         β2microglobulin 

CDKN2A/B:                                                   cyclin-dependent kinase 2A/B 

CCL:                                                                                       chemokine ligand  

CCR4:                                                                               chemokine receptor 4 

cHL:                                                                    classical Hodgkin lymphoma 

CsA:                                                                                              Cyclosporin A 

CTL:                                                                                             cytotoxic T cell 

DLBCL:                                                             diffuse large B cell lymphoma 

DSS:                                                                             disease-specific survival 

EBV:                                                                                       Epstein Barr virus 

ECOG :                                               Eastern Cooperative Oncology Group 

EFS:                                                                                      event free survival 

FDC:                                                                               Follicle dendritic cells 

FDG-PET:             fluoro-2-deoxyglucose positron-emission tomography 

FLIPI:                       Follicular Lymphoma International Prognostic Index 

FL:                                                                                     follicular lymphoma 

GCB-L:                                                                    germinal center B cell like 

GC-B:                                                                              germinal center B cells 
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HL:                                                                                     Hodgkin lymphoma 

HLA:                                                                      Human Leukocyte Antigen 

IL:                                                                                                        Interleukin 

IP-10:                                                                 interferon-induced protein-10 

IPI:                                                                    International prognostic index 

Ig:                                                                                             immunoglobulin 

LCL:                                                                           lymphoblastoid cell line  

LDH:                                                                             lactate dehydrogenase  

LoDLIN:                               longest diameter of the largest involved node 

LR:                                                                                         Lymphocyte-Rich 

NOS:                                                                            not otherwise classified 

MALDI-TOF:  matrix-assisted laser desorption/ionization time-of-flight 

MC:                                                                                         Mixed Cellularity 

MCP-1:                                                  Monocyte chemoattractant protein-1 

NCCN-IPI: the National Comprehensive Cancer Network International 
prognosis index 

NHL:                                                                        non-Hodgkin lymphoma 

NK:                                                                                        natural killer cells 
NLP:                                                           odular lymphocyte predominant 

NLPHL:              nodular lymphocyte predominant Hodgkin lymphoma 

NOS:                                                                             not otherwise specified 

NS:                                                                                       Nodular Sclerosis 

PFS:                                                                            progression-free survival 
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PPIA:                                                                     Peptidylprolyl isomerase A 

R-ACVBP: rituximab, doxorubicin, vindesine, cyclophosphamide, 
bleomycin, and prednisolone 

R-CHOP: rituximab, cyclophosphamide, hydroxydaunorubicin, oncovin, 
prednisone 

R-CVP:                  rituximab, cyclophosphamide, vincristine, prednisone 

RLN:                                                                               reactive lymph nodes 

SDF-1:                                                                 stromal cell-derived factor-1 

SELDI-TOF:  Surface-enhanced laser desorption/ionization time-of-flight 

STAT6:                         signal transducers and activators of transcription 6 

TEMRA:                             Terminal differentiated effector memory T cells 

Tfh:                                                                                         T follicular helper 

TFL:                                                           Transformed follicular lymphoma 

Th cells:                                                                                          T helper cells 

TIGIT:  T cell immunoglobulin and immunoreceptor tyrosine-based 
inhibitory motif domain 

Tregs:                                                                                    regulatory T cells 

 

http://en.wikipedia.org/wiki/Cyclophosphamide
http://en.wikipedia.org/wiki/Hydroxydaunorubicin
http://en.wikipedia.org/wiki/Oncovin
http://en.wikipedia.org/wiki/Cyclophosphamide
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