
 

 

 University of Groningen

The microenvironment of Hodgkin lymphoma
Sattarzadeh, Ahmad

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

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

Publication date:
2016

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Sattarzadeh, A. (2016). The microenvironment of Hodgkin lymphoma: Composition and interaction. [Thesis
fully internal (DIV), University of Groningen]. University of Groningen.

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

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

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

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

Download date: 24-05-2023

https://research.rug.nl/en/publications/dd691782-aed6-4d42-858d-e270202f7349


The Microenvironment of Hodgkin Lymphoma

Composition and interaction 

Ahmad Sattarzadeh



The Microenvironment of Hodgkin Lymphoma: Composition and Interaction

Ahmad Sattarzadeh
PhD thesis
University of Groningen, The Netherlands

Layout Design: Davood Abbaszadeh

ISBN: 978-90-367-8982-0 (print)
ISBN: 978-90-367-8981-3 (digital)

The research described in this thesis was financially supported by:
Graduate School of Medical Sciences, University Medical Center Groningen
Printing of this thesis was financially supported by:
Graduate School of Medical Sciences, University Medical Center Groningen



The Microenvironment of Hodgkin Lymphoma

Composition and Interaction

PhD thesis

to obtain the degree of PhD at the
University of Groningen

on the authority of
Rector Magnificus, Prof. E. Sterken,

and in accordance with
the decision by the college of Deans.

This Thesis will be defended in public on

Monday 12 September 2016 at 12.45 hours

by

Ahmad Sattarzadeh

born on 27 december 1979
in Oroumieh, Iran



Promotor

Prof. A. van den Berg

Co-promotors

Dr. L. Visser
Dr. A. Diepstra

Assessment Committee

Prof. R. Jarrett
Prof. E. S. J. M. de Bont
Prof. W. Timens



Paranymphs: Ali Saber

Hataitip Tasena





My beloved mother and father:
Your kindness and generosity will light up the world.

I hereby dedicate this work to:
Dear Hesam from whom life has ascertained some meaning.





CONTENTS

1 Introduction and scope of the thesis 1
1 General Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.1 The immune system
1.2 Lymphoma

2 Hodgkin lymphoma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.1 Classical Hodgkin Lymphoma
2.2 Nodular lymphocyte predominant Hodgkin Lymphoma

3 Scope of the thesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

2 The microenvironment in classical Hodgkin lymphoma: An actively shaped
and essential tumor component 13
1 General background on classical Hodgkin lymphoma . . . . . . . . . . . . 15
2 Tumor cell driving mechanisms . . . . . . . . . . . . . . . . . . . . . . . . . 17

2.1 Tumor necrosis factor receptor superfamily
2.2 Tyrosine kinase family members
2.3 Notch 1
2.4 Cytokine receptors

3 Shaping the microenvironment . . . . . . . . . . . . . . . . . . . . . . . . . 21
3.1 Chemokines produced by the HRS cells
3.2 Chemokines produced by the microenvironment
3.3 Cytokines

4 Immune escape mechanisms . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
4.1 HLA molecules
4.2 NKG2D ligands
4.3 Tumor necrosis factor receptor superfamily
4.4 PD-1 and PD-1-ligand
4.5 Galectin-1
4.6 Cytokines

5 Concluding remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

ix



3 The microenvironment of classical Hodgkin lymphoma: Heterogeneity by
Epstein Barr virus presence and location within the tumor 41

4 Characterization of the microenvironment of nodular lymphocyte predomi-
nant Hodgkin lymphoma 51
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
2 Material and Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

2.1 Patients
2.2 Flowcytometry
2.3 Immunohistochemistry
2.4 Statistics

3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
3.1 Comparison of total cell populations between NLPHL and RLN
3.2 Comparison of subpopulations between NLPHL and RLN
3.3 Comparison of subpopulations of cells within CD26- and CD26+

of NLPHL
3.4 Immunohistochemistry staining of NLPHL

4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

5 CD57+ T-cells are a subpopulation of T-follicular helper cells in nodular lym-
phocyte predominant Hodgkin lymphoma 71
1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
2 Materials and methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

3.1 Immunohistochemistry and immunofluorescence results
3.2 Flowcytometry results

4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78

6 Summary and discussion 81
1 Microenvironment of cHL . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
2 Microenvironment of NLPHL . . . . . . . . . . . . . . . . . . . . . . . . . . 84
3 The comparison of the microenvironments of cHL and NLPHL . . . . . . 86
4 Future perspectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90

Samenvatting 97

Acknowledgements 99







CHAPTER
ONE

INTRODUCTION AND SCOPE OF THE THESIS

1 General Introduction

1.1 The immune system

The human immune system consists of a wide variety of different types of cells and
organs. Immune responses start upon recognition and end in eradication or limitation
of a pathogen. Immune responses are not limited to pathogens, but also include im-
mune responses towards antigenic peptides derived from infected, defective, premalig-
nant and malignant cells. The immune system includes several layers, starting from a
physical barrier such as the epithelial barrier, to innate and adaptive immunity. Innate
immunity provides the first immune response against pathogens that pass the physical
barriers. Macrophages, neutrophils, eosinophils and natural killer (NK) cells1 together
with the complement system and inflammatory cytokines provide an initial general re-
sponse against such pathogens. NK cells play a critical role in the initial innate immune
responses by the induction of apoptosis of virally infected cells. The innate immune sys-
tem excites the adaptive immune response. The adaptive immunity is divided into two
types of immune responses, i.e. humoral and cell mediated immunity. In contrast to
the general response induced by the innate immunity, the adaptive immunity induces
an antigen specific immune response. Humoral immunity is based on production of
specific antibodies directed against a specific epitope or protein of a microbial agent,

1



Chapter 1

while cell mediated immunity mainly targets intracellular antigens. These two forms of
adaptive immunity are mediated by B-cells and T-cells2.

B-cells mature in the bone marrow and express a specific B-cell receptor (BCR), i.e. a
specific immunoglobulin (Ig) molecule. After emerging from the bone marrow B-cells
enter the circulation and the secondary lymphoid organs such as lymph nodes and
spleen. When B-cells encounter foreign antigens in the lymph nodes or spleen, pre-
sented by follicular dendritic cells a germinal center (GC) reaction is initiated. During
this process, B-cells proliferate and undergo somatic hypermutation (SHM) of Ig heavy
and light genes, to produce high affinity antibodies against the antigens. This is fol-
lowed by Ig class switch recombination (CSR) resulting in conversion of IgM+ B-cells to
other isotypes such as IgG3. B-cells that produce high affinity antibodies are positively
selected and mature to plasma cells or memory B-cells. Plasma cells are professional
producers of a specific antibody in high amounts. Memory B-cells mediate secondary
immune responses upon re-infection of the same pathogen. The majority of the GC B-
cells fail to produce high affinity antibodies and will undergo apoptosis2.

T-cells mature in the thymus and express a specific T-cell receptor. Based on expres-
sion of CD4 and CD8, T-cells are further subdivided into T-helper (Th) cells and cyto-
toxic T-cells (CTLs), respectively. Th cells provide assistance to B-cells and macrophages,
while CTLs recognize and eradicate damaged cells through binding to HLA class I. Th
cells are further subdivided into T-helper 1 (Th1), T-helper 2 (Th2)4, T follicular helper
(TFH) cells5, regulatory T (Treg)6 and natural killer T (NKT) cells7(Table 1). TFH cells
reside in secondary lymphoid tissues and play a critical role in the maturation of B-cells
during the GC reaction. Selection of high affinity antibody producing B-cells and their
conversion to memory B-cells or plasma cells is mediated by TFH cells.

Both Th and CTLs can be subdivided in naı̈ve and memory T-cells. There are three
subpopulations of memory cells that can be distinguished by expression of CCR7 and
CD45RA: central memory cells (TCM) CD45RA-CCR7+, effector memory cells (TEM)
CD45RA-CCR7-, and terminally differentiated effector cells (TEMRA) CD45RA+CCR7-
8. TCM cells mainly reside in the secondary lymphoid organs and upon re-infection,
proliferate and differentiate into effector cells. TEM cells immigrate into inflamed tissues
and have a direct effector function against antigens9. TEMRA cells arise late during
the immune response and, although they are still functional, have limited proliferative
capacity10.
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Table 1.1: Different sub-types of T-cells

 

Type of Cell Th1 Th2 TFH Treg CTL

Main Function
Activation of 
macrophages and 
CTLs

Help B cells and 
switch antibody 
isotype production

Maturation 
of B cells

Regulation 
of immune 
responses

Kill virus-
infected cells, 
tumor cells

Membrane 
Markers

CD4, CXCR3 CD4, ST2L, CCR4
CD4, PD-1 
ICOS, CXCR5

CD4, CD25 CD8

Cytokines IFN-γ, LT-α, TNF IL-4, IL-5, IL-6, IL-13 IL-21 TGF-β, IL-10 IFN-γ, TNF, LT-α

 Eomes, T-bet, 
Id2, BATF

Transcription 
Factors

T-bet, Stat1, Stat6 GATA3, Stat5, Stat6 Bcl-6, c-MAF FoxP3, Stat5

1.2 Lymphoma

Lymphomas originate from malignant transformation of lymphocytes, usually B-cells.
T-cell and NK cell derived lymphomas are less common. The first lymphoma type that
was recognized is Hodgkin lymphoma(HL). All the other lymphoma types have been
collectively called non-Hodgkin lymphomas (NHL) and comprise various subtypes (like
diffuse large B-cell lymphoma, follicular lymphoma and small lymphocytic lymphoma)
as well as various T-cell lymphomas11.

2 Hodgkin lymphoma

HL was originally described by Thomas Hodgkin in 183212. It is a unique type of lym-
phoma with a low number of neoplastic cells that comprise less than 1% of the total
cell population. Neoplastic cells are found in a background of immune cells that con-
sists of T-cells, eosinophils, neutrophils, plasma cells, fibroblasts and histiocytes. De-
spite their abundance, these immune cells are not able to induce an effective anti-tumor
response. Instead the microenvironment protects neoplastic cells from anti-tumor im-
mune responses and provides survival signals for the neoplastic cells13,14. Based on dif-
ferences in histopathology, morphology, epidemiology and phenotype of the neoplastic
cells, HL is divided into classical HL (cHL) and nodular lymphocyte predominant HL
(NLPHL)11.
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2.1 Classical Hodgkin Lymphoma

CHL accounts for 95% of all HL cases. It often presents with painless enlarged lymph
nodes in the cervical region or the mediastinum along with fever. Over time the disease
can gradually spread to other lymph nodes15. The incidence of cHL is 3 per 100,000 per
year, with ∼ 30% Epstein Barr virus (EBV) positive cases in western countries. The age
incidence curve is bimodal with one peak in young adults around the age of 25 years
and a second peak in people above 55 years16. EBV+ HL is found especially in patients
below 10 years of age and patients older than 60 years17.

CHL is divided into four subtypes based on differences in histopathology: nodular
sclerosis (NS), mixed cellularity (MC), lymphocyte depleted (LD) and lymphocyte rich
(LR). The NS type accounts for two third of all cHL cases and these cases are charac-
terized by nodules separated by fibrotic bands. The microenvironment is composed of
lymphocytes, eosinophils and neutrophils. Approximately 14% of NS cases are EBV pos-
itive18. MC is the second most common type of cHL with 10-20% of all cases in western
countries. The microenvironment of MC is characterized by a heterogeneous mixture of
small lymphocytes, neutrophils, histiocytes and plasma cells. The MC subtype has the
highest frequency of presence of EBV with ∼ 70%18. LD is a rare form of cHL, which
along with an obvious depletion of lymphocytes, shows reticular and/or diffuse fibrosis.
LR is also rare, and is distinguishable from the other types by low numbers of HRS cells
in a background of small mature lymphocytes. In some cases of LR cHL, small GC with
HRS cells in the mantle zones have been found11.

CHL patients are treated with chemotherapy alone or in combination with radiother-
apy19. The 5- and 10-year overall survival rates of cHL patients are quite good with
81% and 74%. Disease-specific survival rates at 5, 10, and 15 years were 86%, 82% and
80%. Younger patients and early stage patients are more likely to respond to treatment
as compared to older and late stage (III, IV) patients20.

Several lines of evidence indicate a strong genetic risk component in the develop-
ment of cHL. Siblings of HL patients have an increased risk of development of cHL21,
with a much higher risk in monozygotic as compared to heterozygotic twins22. Specific
HLA-A alleles have been associated with susceptibility of Epstein Barr virus (EBV) pos-
itive cHL, whereas several HLA class II alleles have been associated with susceptibility
of cHL and EBV-negative cHL23,24. In addition, GWAS studies in cHL indicated that
besides multiple associations with variants at the HLA locus, there are associations with
specific non-HLA variants, i.e. rs1432295 (REL), rs2019960 (PVT1), rs501764 (GATA3)
and rs1860661 (TCF3)25.
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The neoplastic cells of cHL are large cells with one or more nuclei originating from
crippled GC B-cells26. The mononucleated cells are called Hodgkin cells and the multin-
ucleated cells are called Reed-Sternberg cells. These Hodgkin and Reed-Sternberg (HRS)
cells have lost expression of common B-cell markers, such as CD20 and BCR27. Instead,
HRS cells express non B-cell markers such as CD30 and CD1526,28.

Constitutive activation of NF-κB is a hallmark of HRS cells29. In addition, these cells
frequently show amplification of the tyrosine kinase gene JAK230. HRS cells in EBV+
cHL are characterized by expression of EBNA1, LMP1 and LMP231. LMP1 contributes
to survival and proliferation of HRS cells by mimicking the active CD40 receptor32.
LMP2 mimics the BCR and is critical for survival of GC B-cells that lack expression of
the BCR33.

Microenvironment of cHL

HRS cells are well known for the ability to shape their microenvironment by production
of specific chemokines and cytokines34. The cells in the microenvironment can provide
survival signals for the HRS cells through production of cytokines35 and/or through
expression of specific membrane ligands36. The T-cells that are in the close vicinity of
the HRS cells are mainly CD4+CD26- with an anergic phenotype or a suppressive func-
tion37. The T-cells in direct contact with the HRS cells, i.e. the so-called rosetting T-cells,
are anergic cells and provide a physical barrier for active immune cells. The other cells
of the microenvironment such as Treg cells protect HRS cells from immune responses
through suppression of the immune system38.

2.2 Nodular lymphocyte predominant Hodgkin Lymphoma

NLPHL is a rare type of HL comprising approximately 5% of all cases. NLPHL starts
with enlargement of lymph nodes in the upper part of the body, which gradually extends
to other secondary lymphoid organs. NLPHL occurs at all ages with a peak incidence at
the age of 30-40 years11. The 5- and 10-years OS rates are 91% and 83%. Disease-specific
survival rates are 95%, 93%, and 88% at 5, 10, and 15 years respectively. Younger age
and early stage patients show a better response to treatment20.

The neoplastic cells of NLPHL are called lymphocyte-predominant (LP) cells. These
cells originate from GC B-cells and express known markers of B-cells such as CD20 and
BCR30. LP cells, also known as popcorn cells, have a broad cytoplasm and a lobulated
appearance of the nuclei. Constitutive activation of the NF-KB pathway is a common
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feature in LP cells and it contributes to their survival39. About 3% of all NLPHL cases
transform into diffuse large B-cell lymphomas40.

NLPHL has two classic morphologic patterns: nodular and diffuse41. In the nodu-
lar pattern LP cells settle in a small B-cell rich microenvironment, while in the diffuse
pattern LP cells reside in a T-cell rich environment41.

Microenvironment of NLPHL

The microenvironment of LP cells consists mainly of B-cells and CD4+ T-cells which are
present around LP cells. LP rosetting cells probably play a critical role in the microenvi-
ronment. These cells show expression of CD57 and transcription factors c-Maf42, BCL643

and MUM144. These CD57+CD4+ rosetting cells have increased expression of INFγ and
lack expression of IL-2 and IL-442. In addition, CD4+ T-cells present in the microenvi-
ronment are characterized by expression of CD45RO and low expression of CD45RB,
which indicates a memory T-cell phenotype45. The other cells population present in the
microenvironment of NLPHL in high levels, are CD4+CD8+ double positive T-cells46.

3 Scope of the thesis

Although several studies on immune cells of the microenvironment in HL have been
reported, the overall picture is not yet complete. A main knowledge gap in our current
understanding of the role of the microenvironment is the functional capacity of the cells
observed in the microenvironment. The rosetting cells located within the tumor cell area
might be regarded as survivors of the suppressive nature of the tumor cells and might
very well behave different from the non-rosetting cells outside the tumor cell area.

In this thesis we focused on the characterization of the composition of the microen-
vironment of cHL and NLPHL. In chapter 2, we reviewed the literature and present an
overview of the currently known interactions of cells in the microenvironment with the
HRS cells in cHL. In chapter 3 we studied the composition of the microenvironment of
both EBV+ and EBV- cHL by flowcytometry. We focused on the main immune cell types
and on specific T-cell subpopulations, such as Th1, Th2, Treg, TFH, cytotoxic CD4+ cells
and CD8+ cells, along with NK cells and macrophages. In addition, we studied expres-
sion of specific activation and differentiation markers. To allow distinction of T-cells in
and outside the tumor cell areas, we used co-expression of CD26.

In chapter 4 we studied the composition of the microenvironment of NLPHL us-
ing the same approach as indicated for cHL. In chapter 5, we specifically studied the
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CD4+PD-1+CD57+/- rosetting cells in the microenvironment of NLPHL. Our aim was
to define if these cells are TFH cells using a combination of markers by flow and by
immunohistochemistry and immunofluorescent staining. In chapter 6 in addition to a
general summary and discussion, the microenvironment of cHL and NLPHL are com-
pared to each other.

7



Chapter 1

References

[1] Kiessling R, Klein E, Pross H, Wigzell H: ”Natural” killer cells in the mouse. II.
Cytotoxic cells with specificity for mouse Moloney leukemia cells. Characteristics
of the killer cell. Eur J Immunol 1975, 5:117-121.

[2] Abbas A: Cellular and Molecular immunology. 2010, edition 6.

[3] Stavnezer J, Amemiya CT: Evolution of isotype switching. Semin Immunol 2004,
16:257-275.

[4] Mosmann TR, Coffman RL: TH1 and TH2 cells: different patterns of lymphokine
secretion lead to different functional properties. Annu Rev Immunol 1989, 7:145-
173.

[5] Schaerli P, Willimann K, Lang AB, Lipp M, Loetscher P, Moser B: CXC chemokine
receptor 5 expression defines follicular homing T-cells with B-cell helper function. J
Exp Med 2000, 192:1553-1562.

[6] Fontenot JD, Gavin MA, Rudensky AY: Foxp3 programs the development and func-
tion of CD4+CD25+ regulatory T-cells. Nat Immunol 2003, 4:330-336.

[7] Makino Y, Kanno R, Ito T, Higashino K, Taniguchi M: Predominant expression of
invariant V alpha 14+ TCR alpha chain in NK1.1+ T-cell populations. Int Immunol
1995, 7:1157-1161.

[8] Sallusto F, Geginat J, Lanzavecchia A: Central memory and effector memory T-cell
subsets: function, generation, and maintenance. Annu Rev Immunol 2004, 22:745-
763.

[9] Lanzavecchia A, Sallusto F: Dynamics of T lymphocyte responses: intermediates,
effectors, and memory cells. Science 2000, 290:92-97.

[10] Rufer N, Zippelius A, Batard P, Pittet MJ, Kurth I, Corthesy P, Cerottini JC, Leyvraz
S, Roosnek E, Nabholz M, Romero P: Ex vivo characterization of human CD8+ T
subsets with distinct replicative history and partial effector functions. Blood 2003,
102:1779-1787.

[11] ’Swerdlow SH’: WHO Classification of Tumours of Haematopoietic and Lymphoid
Tissues. 4th ed. Geneva, Switzerland: World Health Organization. pp 323b•“325
2008.

8



References Chapter 1

[12] Hodgkin: On some Morbid Appearances of the Absorbent Glands and Spleen. Med
Chir Trans 1832, 17:68-114.

[13] Poppema S: The nature of the lymphocytes surrounding Reed-Sternberg cells in
nodular lymphocyte predominance and in other types of Hodgkin’s disease. Am J
Pathol 1989, 135:351-357.

[14] Aldinucci D, Celegato M, Casagrande N: Microenvironmental interactions in classi-
cal Hodgkin lymphoma and their role in promoting tumor growth, immune escape
and drug resistance. Cancer Lett 2015.

[15] Harris NL: Hodgkin’s disease: classification and differential diagnosis. Mod Pathol
1999, 12:159-175.

[16] Hjalgrim H, Engels EA: Infectious aetiology of Hodgkin and non-Hodgkin lym-
phomas: a review of the epidemiological evidence. J Intern Med 2008, 264:537-548.

[17] Glaser SL, Lin RJ, Stewart SL, Ambinder RF, Jarrett RF, Brousset P, Pallesen G, Gul-
ley ML, Khan G, O’Grady J, Hummel M, Preciado MV, Knecht H, Chan JK, Claviez
A: Epstein-Barr virus-associated Hodgkin’s disease: epidemiologic characteristics
in international data. Int J Cancer 1997, 70:375-382.

[18] Pinkus GS, Lones M, Shintaku IP, Said JW: Immunohistochemical detection of
Epstein-Barr virus-encoded latent membrane protein in Reed-Sternberg cells and
variants of Hodgkin’s disease. Mod Pathol 1994, 7:454-461.

[19] Connors JM: State-of-the-art therapeutics: Hodgkin’s lymphoma. J Clin Oncol 2005,
23:6400-6408.

[20] Gerber NK, Atoria CL, Elkin EB, Yahalom J: Characteristics and outcomes of pa-
tients with nodular lymphocyte-predominant Hodgkin lymphoma versus those
with classical Hodgkin lymphoma: a population-based analysis. Int J Radiat On-
col Biol Phys 2015, 92:76-83.

[21] Grufferman S, Cole P, Smith PG, Lukes RJ: Hodgkin’s disease in siblings. N Engl J
Med 1977, 296:248-250.

[22] Mack TM, Cozen W, Shibata DK, Weiss LM, Nathwani BN, Hernandez AM, Taylor
CR, Hamilton AS, Deapen DM, Rappaport EB: Concordance for Hodgkin’s disease
in identical twins suggesting genetic susceptibility to the young-adult form of the
disease. N Engl J Med 1995, 332:413-418.

9



Chapter 1

[23] Huang X, Kushekhar K, Nolte I, Kooistra W, Visser L, Bouwman I, Kouprie N, Veen-
stra R, van Imhoff G, Olver B, Houlston RS, Poppema S, Diepstra A, Hepkema B,
van den Berg A: HLA associations in classical Hodgkin lymphoma: EBV status
matters. PLoS One 2012, 7:e39986.

[24] Niens M, Jarrett RF, Hepkema B, Nolte IM, Diepstra A, Platteel M, Kouprie N,
Delury CP, Gallagher A, Visser L, Poppema S, te Meerman GJ, van den Berg A:
HLA-A*02 is associated with a reduced risk and HLA-A*01 with an increased risk
of developing EBV+ Hodgkin lymphoma. Blood 2007, 110:3310-3315.

[25] Cozen W, Timofeeva MN, Li D, Diepstra A, Hazelett D, Delahaye-Sourdeix M, Ed-
lund CK, Franke L, Rostgaard K, Van Den Berg DJ, Cortessis VK, Smedby KE,
Glaser SL, Westra HJ, Robison LL, Mack TM, Ghesquieres H, Hwang AE, Nieters A,
de Sanjose S, Lightfoot T, Becker N, Maynadie M, Foretova L, Roman E, Benavente
Y, Rand KA, Nathwani BN, Glimelius B, Staines A, Boffetta P, Link BK, Kiemeney L,
Ansell SM, Bhatia S, Strong LC, Galan P, Vatten L, Habermann TM, Duell EJ, Lake
A, Veenstra RN, Visser L, Liu Y, Urayama KY, Montgomery D, Gaborieau V, Weiss
LM, Byrnes G, Lathrop M, Cocco P, Best T, Skol AD, Adami HO, Melbye M, Cer-
han JR, Gallagher A, Taylor GM, Slager SL, Brennan P, Coetzee GA, Conti DV, Onel
K, Jarrett RF, Hjalgrim H, van den Berg A, McKay JD: A meta-analysis of Hodgkin
lymphoma reveals 19p13.3 TCF3 as a novel susceptibility locus. Nat Commun 2014,
5:3856.

[26] Kuppers R, Rajewsky K, Zhao M, Simons G, Laumann R, Fischer R, Hansmann
ML: Hodgkin disease: Hodgkin and Reed-Sternberg cells picked from histological
sections show clonal immunoglobulin gene rearrangements and appear to be de-
rived from B-cells at various stages of development. Proc Natl Acad Sci U S A 1994,
91:10962-10966.

[27] Hertel CB, Zhou XG, Hamilton-Dutoit SJ, Junker S: Loss of B-cell identity correlates
with loss of B-cell-specific transcription factors in Hodgkin/Reed-Sternberg cells of
classical Hodgkin lymphoma. Oncogene 2002, 21:4908-4920.

[28] Bargou RC, Leng C, Krappmann D, Emmerich F, Mapara MY, Bommert K, Royer
HD, Scheidereit C, Dorken B: High-level nuclear NF-κB and Oct-2 is a common
feature of cultured Hodgkin/Reed-Sternberg cells. Blood 1996, 87:4340-4347.

[29] Bargou RC, Emmerich F, Krappmann D, Bommert K, Mapara MY, Arnold W, Royer
HD, Grinstein E, Greiner A, Scheidereit C, Dorken B: Constitutive nuclear factor-

10



References Chapter 1

kappaB-RelA activation is required for proliferation and survival of Hodgkin’s dis-
ease tumor cells. J Clin Invest 1997, 100:2961-2969.

[30] Joos S, Kupper M, Ohl S, von Bonin F, Mechtersheimer G, Bentz M, Marynen P,
Moller P, Pfreundschuh M, Trumper L, Lichter P: Genomic imbalances including
amplification of the tyrosine kinase gene JAK2 in CD30+ Hodgkin cells. Cancer Res
2000, 60:549-552.

[31] Weiss LM, Strickler JG, Warnke RA, Purtilo DT, Sklar J: Epstein-Barr viral DNA in
tissues of Hodgkin’s disease. Am J Pathol 1987, 129:86-91.

[32] Kilger E, Kieser A, Baumann M, Hammerschmidt W: Epstein-Barr virus-mediated
B-cell proliferation is dependent upon latent membrane protein 1, which simulates
an activated CD40 receptor. EMBO J 1998, 17:1700-1709.

[33] Mancao C, Hammerschmidt W: Epstein-Barr virus latent membrane protein 2A is a
B-cell receptor mimic and essential for B-cell survival. Blood 2007, 110:3715-3721.

[34] van den Berg A, Visser L, Poppema S: High expression of the CC chemokine TARC
in Reed-Sternberg cells. A possible explanation for the characteristic T-cell infil-
tratein Hodgkin’s lymphoma. Am J Pathol 1999, 154:1685-1691.

[35] Aldinucci D, Gattei V: The role of interleukin-3 and stem cell factor in classical
Hodgkin disease. Blood 2003, 101:376-377.

[36] Molin D, Fischer M, Xiang Z, Larsson U, Harvima I, Venge P, Nilsson K, Sund-
strom C, Enblad G, Nilsson G: Mast cells express functional CD30 ligand and are
the predominant CD30L-positive cells in Hodgkin’s disease. Br J Haematol 2001,
114:616-623.

[37] Ma Y, Visser L, Blokzijl T, Harms G, Atayar C, Poppema S, van den Berg A: The
CD4+CD26- T-cell population in classical Hodgkin’s lymphoma displays a distinc-
tive regulatory T-cell profile. Lab Invest 2008, 88:482-490.

[38] Marshall NA, Christie LE, Munro LR, Culligan DJ, Johnston PW, Barker RN, Vickers
MA: Immunosuppressive regulatory T-cells are abundant in the reactive lympho-
cytes of Hodgkin lymphoma. Blood 2004, 103:1755-1762.

[39] Brune V, Tiacci E, Pfeil I, Doring C, Eckerle S, van Noesel CJ, Klapper W, Falini
B, von Heydebreck A, Metzler D, Brauninger A, Hansmann ML, Kuppers R: Ori-

11



Chapter 1

gin and pathogenesis of nodular lymphocyte-predominant Hodgkin lymphoma as
revealed by global gene expression analysis. J Exp Med 2008, 205:2251-2268.

[40] Hansmann ML, Stein H, Fellbaum C, Hui PK, Parwaresch MR, Lennert K: Nodu-
lar paragranuloma can transform into high-grade malignant lymphoma of B type.
Hum Pathol 1989, 20:1169-1175.

[41] Lukes RJ, Butler JJ: The pathology and nomenclature of Hodgkin’s disease. Cancer
Res 1966, 26:1063-1083.

[42] Atayar C, van den Berg A, Blokzijl T, Boot M, Gascoyne RD, Visser L, Poppema S:
Hodgkin’s lymphoma associated T-cells exhibit a transcription factor profile con-
sistent with distinct lymphoid compartments. J Clin Pathol 2007, 60:1092-1097.

[43] Falini B, Bigerna B, Pasqualucci L, Fizzotti M, Martelli MF, Pileri S, Pinto A, Car-
bone A, Venturi S, Pacini R, Cattoretti G, Pescarmona E, Lo Coco F, Pelicci PG,
Anagnastopoulos I, Dalla-Favera R, Flenghi L: Distinctive expression pattern of
the BCL-6 protein in nodular lymphocyte predominance Hodgkin’s disease. Blood
1996, 87:465-471.

[44] Carbone A, Gloghini A, Aldinucci D, Gattei V, Dalla-Favera R, Gaidano G: Expres-
sion pattern of MUM1/IRF4 in the spectrum of pathology of Hodgkin’s disease. Br
J Haematol 2002, 117:366-372.

[45] Poppema S: Immunology of Hodgkin’s disease. Baillieres Clin Haematol 1996,
9:447-457.

[46] Rahemtullah A, Harris NL, Dorn ME, Preffer FI, Hasserjian RP: Beyond the lym-
phocyte predominant cell: CD4+CD8+ T-cells in nodular lymphocyte predominant
Hodgkin lymphoma. Leuk Lymphoma 2008, 49:1870-1878.

12



CHAPTER
TWO

THE MICROENVIRONMENT IN CLASSICAL
HODGKIN LYMPHOMA: AN ACTIVELY SHAPED AND
ESSENTIAL TUMOR COMPONENT

Ahmad Sattarzadeh, Yuxuan Liu, Arjan Diepstra, Lydia Visser and Anke van den Berg
Seminars in Cancer Biology 24 (2014) 15-22.

Department of Pathology and Medical Biology, University of Groningen, University
Medical Center Groningen, Groningen, the Netherlands

13



Chapter 2

Classical Hodgkin lymphoma (cHL) is characterized by a minority of tumor cells de-
rived from germinal center B-cells and a vast majority of non-malignant reactive cells.
The tumor cells show a loss of B-cell phenotype including lack of the B-cell receptor,
which makes the tumor cells vulnerable to apoptosis. To overcome this threat, tumor
cells and their precursors depend on anti-apoptotic and growth stimulating factors that
are obtained via triggering of multiple membrane receptors. In addition, tumor cells
shape the environment by producing a wide variety of chemokines and cytokines. These
factors alter the composition of the microenvironment and modulate the nature and
effectiveness of the infiltrating cells. The attracted cells enhance the pro-survival and
growth stimulating signals for the tumor cells. To escape from an effective anti-tumor
response tumor cells avoid recognition by T and NK cells, by downregulation of HLA
molecules and modulating NK and T-cell receptors. In addition, the tumor cells pro-
duce immune suppressive cytokines that inhibit cytotoxic responses. In this review the
relevance of the microenvironment in the pathogenesis of cHL will be discussed.
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1 General background on classical Hodgkin lymphoma

Hodgkin lymphoma (HL) is a distinctive disease with a characteristic clinical presenta-
tion and it was the first lymphocyte malignancy to be described1. It has an incidence
rate of 3 per 100,000 person years and is among the most common cancers in adolescents
and younger adults. About 50% of the HL patients are diagnosed between ages 15 and
35 years and a second incidence peak can be observed in the elderly2. HL primarily in-
volves lymph nodes and has a unique histomorphological presentation with a minority
of neoplastic cells, which generally comprise less than 1% of the total cell population,
and a large majority of non-malignant reactive immune cells (Figure 2.1). HL has been
divided into classical HL (cHL), which accounts for 95% of all cases, and the less com-
mon nodular lymphocyte predominant HL form, which is considered to be a different
disease entity.

The tumor cells in cHL are named Hodgkin and Reed-Sternberg (HRS) cells and they
express diagnostic markers CD30 and usually CD15. The HRS cells are characterized
by a very large (sometimes lobated) nucleus with little DNA condensation, one or more
very large nucleoli, a large Golgi apparatus and much cytoplasm. This typical morphol-
ogy indicates that the HRS cells are strongly activated and produce a large amount of
proteins.

The origin of the HRS cells has been controversial for a longtime because the im-
munophenotype of these cells is strikingly different from other hematopoietic cells. De-
tection of somatically mutated monoclonal immunoglobulin gene rearrangements indi-
cated a germinal center B-cell origin in the majority of the cases3,4. However, at the
time of diagnosis, HRS cells have virtually lost their B-cell identity as they show no ex-
pression of the B-cell receptor (BCR), and no or strongly reduced expression of many
common B-cell markers and B-cell transcription factors5,6. Remarkably, they have often
retained their professional antigen presenting cell phenotype including expression of the
molecules necessary for antigen presentation, co-stimulation and cell adhesion7.

In 20-40% of cHL cases in the western world, monoclonal infection with Epstein Barr
virus (EBV) is present in HRS cells and this is considered to be a tumor-initiating factor.
EBV+cHL patients show a latency type II infection pattern that is restricted to expres-
sion of latent membrane protein 1 (LMP1), LMP2 and EBV-related nuclear antigen 1
(EBNA1). LMP1 and LMP2 are oncogenes that mimic CD40 activation and BCR signal-
ing respectively8,9.

Based on growth pattern, morphology of the HRS cells and the composition of the
background infiltrate, cHL is divided into four histological subtypes, of which nodular
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sclerosis (~80%) and mixed cellularity (~15%) are the most common subtypes. Lym-
phocyte depleted and lymphocyte rich subtypes are relatively uncommon. A nodular
growth pattern, sclerotic bands and large HRS cells define the nodular sclerosis subtype.
In mixed cellularity HL the growth pattern is diffuse, without sclerosis and somewhat
smaller, often binucleated HRS cells. In virtually all cases the microenvironment contains
numerous small T-cells with variable numbers of eosinophils, histiocytes/macrophages,
B-cells, plasma cells and sometimes neutrophils (Figure 2.1). In mixed cellularity this
microenvironment tends to be more mixed, usually with loose or granulomatous collec-
tions of histiocytes. Regardless of subtype, the tumor cells are usually in intimate contact
with small CD4+ T-cells. This can be seen in tissue sections as a layer of lymphocytes
directly surrounding single tumor cells (so-called rosettes)10.

cHL can be considered an extreme model of how the tumor microenvironment im-
pacts cancer pathogenesis. Much research has been focused on the cross talk between
HRS cells and the microenvironment and its (potential) functional relevance. However,
there are no cHL animal models in which cross talk between HRS cells and the microen-
vironment can be studied. In addition, primary tissue derived HRS cells usually do not
survive in culture. This hampers the possibilities to do functional studies that closely
mimic the in vivo situation. Functional studies are usually done in cHL cell lines and/or
specific subsets of the reactive infiltrate. Caution should be taken in interpreting puta-
tive autocrine effects especially for membrane bound factors, as tumor cell-tumor cell
contact is very infrequent in cHL tissue. Relevant markers are tested for expression in
cHL tissue samples to support these experimental findings. In general, this is the closest
approximation possible.

This review focuses on the microenvironment of cHL to show that the reactive in-
filtrating cells are not innocent bystander cells but an essential component of the tumor.
The most accepted mechanisms with respect to enabling tumor cell driving mechanisms,
shaping of the microenvironment and disabling anti-tumor immune responses will be
discussed.
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Figure 2.1: Hematoxylin and eosin staining of a cHL case showing the typical tumor cells and the
cellular infiltrate seen in cHL. Indicated in the image are typical mononuclear Hodgkin (H) cells
and a binucleated Reed-Sternberg (RS) cell. The reactive infiltrate consists of a vast majority of
small lymphocytes, usually T-cells (T), eosinophils (E),plasma cells (P) and histiocytes (Hi).

2 Tumor cell driving mechanisms

Due to the lack of a functional BCR, HRS cells and their precursors are dependent on
anti-apoptotic and pro-survival signals from the microenvironment. This dependence
most likely already exists at the initiation of the malignant transformation. Constitutive
activation of the NF-κB pathway is one of the hallmarks of the HRS cells and provides
the tumor cells with a strong pro-survival signal. Activation of NF-κB is achieved via
multiple mechanisms, i.e. mutations of the NF-κB and JAK/STAT pathways11 and sig-
naling via the tumor necrosis factor receptor superfamily (TNFRSF), tyrosine kinases
(TK) and cytokine receptors (Figure 2.2).
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Figure 2.2: A schematic representation of the tumor cell driving mechanisms in cHL. The picture
is focused on the tumor cell driving factors that have been validated in cHL. The TNFRSF family
members, RTKs and cytokine receptors and their intracellular signaling pathways are shown. Pu-
tative paracrine and/or autocrine activation mechanisms of these signaling pathways as well as
the cells that provide the activating signals are depicted.

2.1 Tumor necrosis factor receptor superfamily

CD30, a member of the TNFRSF (TNFRSF5), is abundantly expressed on HRS in virtu-
ally all cHL patients and on cHL cell lines12. CD30L is expressed on eosinophils and
mast cells13,14 and these cells can enhance proliferation of cHL cell lines14. CD30 over
expression as observed in HRS cells can induce NF-κB activation by itself, independent
of CD30L15,16. CD40, another member of the TNFRSF (TNFRSF8), is also highly ex-
pressed on HRS cells and cHL cell lines17,18. Triggering of CD40 results in activation
of the NF-κB pathway in HL via proteolysis of TRAF319. The CD40 ligand (CD40L)
is mainly expressed on CD4+ T-cells that are present in the close vicinity of the HRS
cells18. CD40 stimulation enhances colony formation of cHL cell lines and this effect is
enhanced by IL-9 in some cHL cell lines20. In EBV+ cHL cases the EBV derived LMP1
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acts as a constitutively activated CD40 receptor21.

Tumor-promoting effects of cells that are present in the reactive infiltrate can be en-
hanced by certain cytokines. CD30L expression by eosinophils increases in response to
IL-5 and GM-CSF produced by the HRS cells13. Stimulation with CD30L and CD40L
induces secretion of several cytokines, including IL-6, IL-8 (only with CD40L), TNF and
LT-a and it also induces expression of ICAM-1 (CD54)17,22. IL-10 derived from tumor
cells and T-cells enhances membrane expression of CD40L on T-cells20. Thus IL- 10
enhances the pro-survival CD40-CD40L signaling pathway in HL. In addition to CD30
and CD40, the HRS cells also express several other members of the TNFRSF family, i.e.
receptor activator of NF-κB (RANK, TNFRSF11A), CD27 (TNRSF7), FAS (CD95, TN-
FRSF6), CD120a and CD120b (TNFR type I and II, TNFRSF1A and 1B), CD137 (4-1BB,
TNFRSF9)23,27. However, the functional relevance of these receptors for survival of HRS
cells has not been studied in detail.

2.2 Tyrosine kinase family members

TKs and receptor tyrosine kinases (RTKs) are important regulators of inter- and intra-
cellular signaling and regulate cellular processes such as proliferation, differentiation
and survival. CHL cell lines aberrantly express certain RTKs as compared to normal B-
cells and B-cell non-Hodgkin lymphoma. HRS cells express PDGFRA in HRS cells in
75% of the patients, whereas DDR2, EPHB1, RON, TRKB and TRKA are expressed in
HRS cells in at least 30% of the patients28. These RTKs are activated in HRS cells and
can be detected as phosphorylated forms in cHL tissue. RTK activation is probably in-
duced by binding of ligands, since there are no activating mutations in the RTKs in cHL
cell lines. Collagen type 1 (ligand of DDR2) and Nerve growth factor (NGF; ligand of
TRKA) are expressed by infiltrating reactive cells indicating a possible paracrine acti-
vation, whereas PDGFA (ligand of PDGFRA) is expressed by the tumor cells indicating
a possible autocrine activation28. EphrinB1 (ligand of EPHB) is also expressed by the
HRS cells, but autocrine signaling is unlikely since the receptor and its ligand are both
membrane bound. The receptor for hepatocyte growth factor (HGF), c-Met, is a RTK
that is expressed by HRS cells in the majority of the cHL patients29,30. Expression of
HGF by CD21+ dendritic reticulum cells and in 20% of the patients also by the HRS cells
indicates both paracrine and autocrine activation of c-Met+ HRS cells29,30. Inhibition
of c-Met suppresses cell growth by blocking the cells in the G2/M phase. Thus, c-Met
acts as an oncogene, providing growth advantage for the HRS cells29,30. Activation of
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RTKs results in activation of signal transduction pathways, such as the MAPK pathway
resulting in pro-survival signals for the HRS cells.

2.3 Notch 1

In contrast to several other B-cell non-Hodgkin lymphomas, HRS cells show a strong
expression of Notch131. Inhibition of Notch1 activity reduces cell viability and enhances
apoptosis in cHL cell lines via downregulation of the NF-κB transcriptional activity32.
Stimulation of Notch1 via Jagged1, has a strong proliferative effect on cHL cells and
reduces the number of apoptotic cells. Jagged1 expression is present on HRS cells and
on smooth muscle cells and epithelial cells, two cell types that are not common in the
cHL microenvironment31.

2.4 Cytokine receptors

Another signaling pathway frequently activated in cHL is the JAK/STAT pathway. This
pathway can be activated via somatic mutations of SOCS111 and via stimulation of the
cytokine receptors expressed on HRS cells. The IL-3R is highly expressed on HRS cells
in the vast majority of cHL patients and cell lines33. Exogenous IL-3 promotes growth
of cHL cells in a dose-dependent manner, and also rescues cells from apoptosis. Co-
stimulation with IL-9 can further enhance the proliferative effect of IL-333. Multiple cells
present in the microenvironment of cHL produce IL-3 and as such presents a paracrine
growth factor for the HRS cells. IL-9 is produced by HRS cells, which also express the
receptor IL-9R34. Addition of IL-9 increases cell growth in the KM-H2 HL cell line that
produces low amounts of endogenous IL-9. Inhibition of IL-9 function or production
reduces growth in HDLM-2 cells that produce large amounts of endogenous IL-9. So,
IL-9 can act as an autocrine growth factor in HL34. IL-13 and IL-13R are both expressed
in HRS cells and in cHL cell lines35,36. Treatment of cHL cells with a neutralizing anti-
body to IL-13 results in a dose-dependent inhibition of proliferation indicating that IL-13
acts as an autocrine growth factor in cHL36. Co-expression of IL-7 and its receptor IL-7R
is found on HRS cells in a high proportion of the cHL cases37,38. Inhibition of IL-7 in-
hibits clonogenic growth while addition of IL-7 increases clonogenic growth in HL cell
lines38. IL-7 is thus another potential autocrine growth factor in HL. HRS cells express
the CC-chemokine receptor 5 (CCR5), which is one of the receptors of CC-chemokine
ligand 5 (CCL5, Rantes)39. Treatment of cHL cells with neutralizing anti-CCL5 antibody
inhibits proliferation, whereas treatment with recombinant CCL5 increases their clono-
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genic growth39. T-cells present in the microenvironment of HRS cells produce CCL5,
indicating a paracrine activation mechanism40.

In conclusion, both autocrine and paracrine signaling are proposed in HRS cell acti-
vation, survival and proliferation. However, it has to be kept in mind that many of these
tumor cell driving mechanisms rely on the use of cHL cell lines, which may introduce a
bias toward autocrine stimulation mechanisms as opposed to the more likely paracrine
and thus microenvironment dependent mechanisms.

3 Shaping the microenvironment

cHL arises in lymph nodes, but at the time of diagnosis the lymph node architecture and
the microenvironment of the HRS cells has altered completely. The vast majority of reac-
tive cells are CD4+ memory T-cells. These cells express a range of activation markers41,
have a transcription factor profile that fits Th2 and Treg cells42 and express cytokines
that match to anergic Th2 and Treg cells43. To create this specific environment HRS cells
apply multiple mechanisms that can be divided into those that alter the composition of
the reactive infiltrate and those that modulate the nature or effectiveness of the cells that
are present (Figure 2.3).

3.1 Chemokines produced by the HRS cells

HRS cells aberrantly express several chemokines44 and these chemokines represent a
mechanism to shape the environment. CCL17 (TARC) is expressed at extremely high
levels by HRS cells in a high percentage of patients (85-91%)45,47. CCL17 attracts Th2
cells and Treg cells by binding to their CCR4 receptor and is the main driver in the for-
mation of the intensive reactive infiltrate. CCL22 (MDC), the other chemokine that at-
tracts CCR4 positive cells, is also expressed by HRS cells48, but at lower levels and with
less specificity as it is also found in NLPHL and other B-cell non-Hodgkin lymphomas49.
Consistent with the known function of CCL17 and CCL22, cHL cell lines and their cul-
ture supernatants are able to attract CCR4 positive T-cells including CD25+/FoxP3+ Treg
cells. These cells have immunosuppressive potential as they can suppress the activation
of effector CD4+ T-cells50. CCL20 (MIP-3a) expressed by HRS cells also recruits Tregs
and its expression can be induced by EBNA-1 and IL-2151,52. Gene expression profil-
ing confirms higher CCL20 mRNA levels in EBV+ primary HRS cells in comparison to
EBV-HRS cells51. Nevertheless, there is no difference in Treg cell numbers in EBV+ as
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Figure 2.3: A schematic representation of the factors that determine the composition of the cHL
microenvironment. The picture includes chemokines produced by HRS cells and the infiltrating
cells that contribute to the composition of the microenvironment. In addition, factors known to
modulate the nature or the effectiveness of the infiltrate are depicted. Gal-1, Galectin-1; CTL,
cytotoxic T-cell; NK, natural killer cell.

compared to EBV- cHL cases, due to high CCL17 and CCL22 levels in all cHL cases irre-
spective of EBV status53,54. CHL cell lines and HRS cells also produce chemokines, such
as CXC chemokine ligand 9 (CXCL9, MIG) and CXCL10 (IP10)49,55,56, that can attract
CXCR3+ activated T-cells and NK cells52,57,58. CXCL9 and CXCL10 are IFN-γ inducible
chemokines, and production of IFN-γ by T-cells present in the cHL microenvironment
can potentially enhance their production. CXCL9 and CXCL10 expression is associated
with EBV+ cHL58 and more CD8+ T-cells and NK cells are indeed detected in EBV+
cHL59. Although CXCL9 and CXCL10 supposedly support an anti-tumor immune re-
sponse, this may be counteracted by the concomitant expression of multiple chemokines
that attract high numbers of Th2 and Treg cells. CCL28 (MEC) is weakly expressed by
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HRS cells and leads to recruitment of eosinophils, T-cells and plasma cells into cHL af-
fected lymph nodes60.

3.2 Chemokines produced by the microenvironment

In addition to the chemokines produced by HRS cells, chemokines produced by the mi-
croenvironment may also contribute to the composition of the infiltrate. CCL5 expressed
in T-cells surrounding the tumor cells40 is a chemoattractant for monocytes, T lympho-
cytes, eosinophils, basophils and mast cells. CCL5 producing cHL cell lines indeed at-
tract mast cells, CD4+ T-cells and eosinophils39,61,62. Fibroblasts co-cultured with cHL
cell lines are stimulated by tumor cell derived TNF-a to produce CCL11 (Eotaxin), which
results in the attraction of CCR3+ Th2 cells63 and eosinophils64. CXCL8 (IL-8) is mainly
produced by macrophages, neutrophils, and mesenchymal cells in the cHL microenvi-
ronment, especially in the nodular sclerosis subtype and attracts neutrophils65. An im-
portant feature of the infiltrating Th2 cells that directly surround the HRS cells, is their
lack of CD26 expression41, an enzyme that can proteolytically process and inactivate
several chemokines like CCL5, CCL11 and CCL2266.

3.3 Cytokines

A second group of molecules that contribute to shaping of the environment is the cy-
tokine family. M2 macrophages dominate the macrophage population in the cHL mi-
croenvironment67 and these cells are induced by macrophage migration inhibitory fac-
tor (MIF) produced by the HRS cells68,69. In mice MIF can increase the generation of Treg
cells from unstimulated T-cells by downmodulation of IL-2 production70. IL-10 secret-
ing Treg cells (Tr-1 cells) are induced by both LMP1 and Galectin-1 produced by the HRS
cells54,71. Consistent with these findings, co-culture of an irradiated cHL cell line with
naı̈ve CD4+ T-cells results in differentiation toward IL-10 producing CD25+FoxP3+ Treg
cells and to a lesser extent CD4+ cytotoxic T-cells72. Moreover, IL-7 production by HRS
cells induces proliferation of Treg cells38. Thus, HRS cells apply multiple mechanisms
to induce and enhance the number of Tr-1 and Treg cells in the microenvironment. A
Th2 cell differentiation can be induced via IL-13, which is secreted by HRS cells35 and
by T-cells. Eosinophils are attracted to the HL microenvironment by IL-5 and IL-9 pro-
duced by the HRS cells73,74. IL-9 also contributes to the proliferation and survival of
eosinophils and is involved in mast cell differentiation74. Mast cells promote growth of
HRS cells by the production of pro-angiogenic factors and they also induce fibrosis75.
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In conclusion, HRS cells modulate their microenvironment by actively attracting certain
cell types and influencing the differentiation of other cells in such a way that it is favor-
able for HRS cell survival.

4 Immune escape mechanisms

Despite actively shaping the environment, HRS cells intuitively also need to apply mech-
anisms to escape from both antigen-dependent and innate immune responses (Figure
2.4). Escape from effective anti-tumor responses seems important especially in EBV+
cHL cases. The latency type II infection pattern observed in EBV+ cases, includes ex-
pression of LMP1, LMP2 and EBNA-1. LMP1 and LMP2 derived antigenic peptides can
induce CTL responses in healthy individuals, albeit at much lower frequencies than the
more immune-dominant peptides derived from EBNA-3A, EBNA-3B, EBNA-3C and the
lytic proteins that are not expressed in HRS cells76. In cHL, EBV-specific CTL can be
detected in blood and biopsy samples of both EBV- and EBV+ cHL patients77. In EBV-
cHL, expression of the tumor-specific protein MAGE-A4 is expressed in a proportion of
the cases78. Moreover, cytotoxic T-cell responses recognizing MAGE-A4 expressed by
HRS cells can be induced79.

4.1 HLA molecules

Loss of HLA class I and II expression is frequently observed in cHL and presents a way
to avoid recognition by the immune system. This loss of HLA is most prominent in EBV-
cHL patients80. The tumor cells in EBV+ cHL generally have normal or even elevated
HLA class I expression levels. Besides being positive for HLA, EBV+ cases also have
increased numbers of cytotoxic CD8+ and Granzyme B positive T-cells. These cells are
usually not observed in close vicinity of the HRS cells, limiting their potential effective-
ness59. It remains enigmatic why HLA loss is most prominent in EBV- cHL patients and
less pronounced in EBV+ cHL. This suggests that EBV derived antigenic peptides are
not effectively presented, whereas other antigenic peptides present in EBV- cHL are ef-
fectively presented and require HLA downregulation. Around 15% of the cHL patients
have translocations involving the MHC class II transactivator (CIITA) gene locus and as
a consequence of these translocations HLA class II expression is downregulated81, but
probably not absent. The mechanism of complete HLA loss has not been studied in cHL,
but most likely includes both genetic and epigenetic mechanisms.
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Figure 2.4: A schematic representation of immune escape mechanisms applied by HRS cells to
evade from an effective anti-tumor immune response. Factors shown include those that avoid
recognition by CD8+ T-cells and NK cells and factors that inhibit effective T/NK cell responses.

The risk of getting EBV+ cHL is associated with genetic variants in the HLA class I
region82. More specifically, HLA-A*01 is a risk and HLA-A*02 a protective HLA-A type
for the development of EBV+ cHL83,84. It has been shown that HLA-A*01 has a low
affinity and HLA-A*02 has a high affinity for LMP1 and LMP2 derived antigenic pep-
tides85. Together, these data indicate that lack of HLA-A*02 contributes to the immune
escape of EBV+ HRS cells despite normal or even elevated HLA class I expression levels.

A potential threat for HLA class I negative HRS cells is recognition and killing by
NK or CTL mediated responses. Expression of both HLA-G and HLA-E can protect
HLA class I negative cells from NK and CTL cell mediated cytotoxicity via binding to
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inhibitory receptors expressed by NK and CTL cells86,87. HLA-G is expressed on HRS
cells in more than 50% of the patients, and is associated with lack of HLA class I ex-
pression and EBV- tumor cell status88. HLA-E is expressed on the vast majority of HRS
cells in more than 50% of the cHL patients, but it is unclear if HLA-E expression is re-
lated to presence of EBV or downregulation of the expression of the classical HLA class
I genes89. Expression of both HLA-E and HLA-G might thus contribute to the escape of
an anti-tumor response that is a potential threat for HLA class I negative HRS cells.

4.2 NKG2D ligands

Low levels of the membranous NKG2D-ligands, i.e. MHC class I related chain-A (MIC-
A) and UL16 binding protein 3 (ULBP3), on the HRS cells presents another way to escape
from cytotoxic T-cell responses90. These low levels are the result of proteolytic cleavage
of the NKG2D-ligands by ERp5 and ADAM10 produced by HRS cells and mesenchymal
stromal cells. In addition, T-cells in cHL tissue have lower NKG2D receptor expression
levels as compared to T-cells in normal lymph nodes. This is caused by TGF- β produced
by the mesenchymal stromal and HRS cells, which blocks the IL-15-induced expression
of NKG2D receptor on cytotoxic T-cells90. Thus, the anti-tumor activity of CD8+ T-cells
is blocked by lack of membrane NKG2D-ligands, release of soluble NKG2D-ligands and
by reduced NKG2D receptor levels on effector T-cells90.

4.3 Tumor necrosis factor receptor superfamily

Two of the TNFRSF members expressed on HRS cells, have a potential function in im-
mune suppression by targeting T-cells. FAS and its ligand FASL are expressed in a high
percentage of cHL cases26. Expression of FAS could make the HRS cells sensitive to
apoptosis, but HRS cells escape from this apoptosis pathway via expression of FLICE
inhibitory protein (cFLIP)91,93. On the other hand, FASL expressed on the HRS cells
can drive activated Th1 and CD8+ T-cells in apoptosis. CD137 (4-1BB, TNFRSF9) and
CD137L expression are observed on the tumor cells in the majority of the cHL cases27.
Co-culture of HRS cells with pre-activated T-cells reduces production of IFN-γ. This ef-
fect is most pronounced in CD137low and CD137Lhigh HRS cells. Inhibition of CD137
resulted in a significant upregulation of CD137L indicating a direct regulatory effect
by CD137. Moreover, co-culture of wild type HRS cells treated with neutralizing anti-
CD137 antibodies with pre-activated T-cells, enhances the CD137L levels on HRS cells
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and induces higher IFN-γ production by the T-cells. Thus low CD137L levels promote
escape from immune surveillance by reducing T-cell co-stimulation.

4.4 PD-1 and PD-1-ligand

Another mechanism to escape effective anti-tumor responses is achieved by T-cell ex-
haustion via continuous stimulation of the programmed death-1 (PD-1) receptor ex-
pressed on T-cells by PD- 1 ligand (PD-1L) expressed on HRS cells94. Functionality of
this pathway has been demonstrated by increased IFN-γ production upon inhibition of
the PD-1L signaling pathway95. Amplification of the 9p24 locus, containing the PD-1L 1
and 2 gene loci, is common in nodular sclerosis cHL and HRS cells in this cHL subtype
show a higher PD-1L expression level96. The translocation partner of the CIITA chro-
mosomal translocations is the PD-1L gene locus in some cases and these translocations
also result in enhanced PD-L1 and PD-L2 expression81. The number of PD-1 positive
T-cells in cHL tissue samples is low in nodular sclerosis subtype and 9p24 amplification
positive cases94. Together these studies indicate that enhanced expression of PD-1L is
a potential immune escape mechanism in cHL. The low numbers of PD-1 positive cells
observed in nodular sclerosis cHL characterized by high PD-1L levels, might indicate an
effective apoptosis induction.

4.5 Galectin-1

Galectin-1 is highly expressed in HRS cells in more than 50% of the cHL patients97 and
also in cHL derived cell lines. High expression of Galectin-1 in HRS cells is correlated
with a low number of CD8+ T-cells in cHL tissues and with impaired LMP1 and LMP2
specific T-cell responses97. T-cells co-cultured with Galectin-1 positive cHL cell lines
are skewed toward a Th2 phenotype. Upon downmodulation of Galectin-1, co-culture
experiments show a restoration of the Th1/Th2 balance71.

4.6 Cytokines

The Th1-polarizing cytokine IL-12 is produced by T-cells surrounding the neoplastic
cells in EBV+ cHL98. However, its functionality is hampered due to expression of an
EBV-induced cytokine called EBI3 by the HRS cells that can antagonize IL-12 effects and
thereby block the development of an effective Th1 immune response99.

By producing large amounts of immune suppressive cytokines, such as IL-10 and
TGF-β, HRS cells protect themselves from being attacked by cytotoxic T-cells. TGF-
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β mRNA was found predominantly in HRS cells of the nodular sclerosis subtype of
cHL100,101. The L428 cell line produces a high molecular weight active form of TGF-
β

102 and this same active form is also found in the urine of patients with active nodular
sclerosis cHL103. CD4+ T-cells in cHL indeed show a genomic TGF-β fingerprint, com-
parable to a fingerprint established in vitro in which T-cells treated with TGF-β show
inhibition of proliferation and IFN- γ production104. Both the percentage of IL-10 posi-
tive cases and the percentage of IL-10 positive HRS cells are higher in EBV+ cHL patients
as compared to EBV- cHL patients105. Moreover, also the percentage of IL-10 producing
lymphocytes is higher in EBV+ cases106. Immunosuppressive regulatory T-cells, both
Treg and IL-10 producing Tr-1 cells, are abundant in the reactive infiltrate and contribute
to the immune suppressive environment107. Together these studies support a role of
both IL-10 and TGF-β in suppressing cytotoxic anti-tumor cell responses. In addition to
the production of immunosuppressive cytokines, HRS cells also actively attract Th2 and
Treg cells. These cells form a physical layer between the HRS cells and cytotoxic cells in
the microenvironment and thereby prevent targeting of the HRS cells.

In conclusion, the immune escape and immune suppressive mechanisms that the
HRS cells employ are complex and multifaceted and seem to be redundant in providing
immune escape strategies for the HRS cells.

5 Concluding remarks

cHL is a malignancy at the crossroads of oncology and immunology. The characteristic
tumor cells have gone a long way from small B-cell to the very large atypical and deregu-
lated HRS cells. Because HL arises in a lymph node, the tumor cells and their precursors
have to orchestrate the nature and effectivity of the immune cells constantly. This is not
only by escaping from anti-tumor immune responses, but also via their critical depen-
dence on the microenvironment for survival. In the development of cHL the tumor cells
and the environment have to develop simultaneously and probably the tumor cells ac-
quire tumor-promoting mechanisms in a step-wise manner. It is therefore not surprising
that the cross talk between the tumor cells and the reactive infiltrate is very complex and
that multiple mechanisms exist. Many of these mechanisms are redundant and therefore
specific mechanisms can usually only be found in a subset of cases, making cHL a very
heterogeneous disease. Based on current knowledge it is evident that the microenviron-
ment in cHL is actively shaped and an essential component of the tumor. There is still
much to learn about the importance of the microenvironment in malignancies in gen-
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eral and cHL stresses the possible extent of this importance by its highly characteristic
phenotype with less than 1% of tumor cells.
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Classical Hodgkin lymphoma (cHL) is characterized by a low number 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 infil-
trate was shown by staining of T-cell subtype specific transcription factors in cHL tissue
samples1 and by expression of Th2 and Treg specific cytokines in sorted T-cell subsets2.
However, one study revealed a predominant Th1 subpopulation in the microenviron-
ment of cHL based on expression of CXCR3 by flow cytometry3. Differences between
these studies may potentially be explained by heterogeneity between Epstein Barr virus
(EBV) positive and negative cHL cases and by differences in cell composition in relation
to proximity of tumor cells.

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 (RLN) for 46 spe-
cific cell types (Supplementary table S1). In addition, we made a distinction between
cells that are located in the close vicinity of tumor cells and cells that are further away.
The characteristics of the study cohort have been described in Table 3.1. The gender dis-
tribution and age range of the cHL patients are comparable with the RLN cohort. There
is no significant difference in ages between the EBV+ and EBV- patients. The majority
of the cHL patients have nodular sclerosis (NS) histology, with in the EBV+ cHL group
relatively more mixed cellularity (MC) cases.

Table 3.1: Characteristics of the study cohorts.

We did not find any significant differences between cHL and RLN in the main cell
populations (B cells, T-cells, natural killer cells (NK) and macrophages)(Supplementary

42



The microenvironment of cHL: heterogeneity by EBV presence

Table S2). In contrast to a previous study using immunohistochemistry (range 3-57%)4,
we observed relatively low percentages of macrophages. This might be caused by a less
optimal isolation of macrophages from fresh tissues, resulting in an underrepresentation
of these cells in our flow analysis.

Analysis of different T-cell subpopulations revealed significantly more GITR+CD25+
and FoxP3+CD25+ Treg cells in the CD4+ T-cell subset in both EBV+ and EBV- cHL com-
pared to RLNs (Figure 3.1 A, B). This increase in Treg cells is consistent with a previously
published study5. We observed no significant difference for EBV+ and EBV- cHL in the
percentage of Tregs, suggesting that suppression of the immune response is important
in both EBV+ and EBV- cHL. FoxP3+CD25+CD4+ Tregs were upregulated in EBV+ cHL
cases by immunohistochemistry6. Moreover, upregulation of mRNA levels for Treg as-
sociated markers and cytokines has also been described in EBV+ cHL compared to RLN
and EBV- cHL, especially for T regulatory 1 cells, that produce IL-107. Together these
findings indicate that Tregs are important in all cHL cases, albeit more pronounced in
the microenvironment of EBV+ cHL.

The percentage of CD56+CD16+ NK cells was significantly lower in EBV- cHL com-
pared to RLN and EBV+ cHL (Figure 3.1 C). In addition, we observed significantly more
CD69+, Granzyme B+ and TIA-1+ cells in the CD8+ T-cell subset in EBV+ cHL compared
to RLN and EBV- cHL (Figure 3.1 D-F). Thus, EBV status has a positive correlation with
the percentage of NK cells and activated CD8+ T-cells. This suggests that the presenta-
tion of EBV-derived antigenic peptides within HLA class I molecules triggers anti-viral
immune responses. The number of NK cells can increase upon recognition of virus by
Toll like receptors. The higher numbers of cytotoxic CD8+ T-cells in EBV+ cHL indicates
a Th1 response, since Th1 cells stimulate a cellular immune response and activate CD8+
T-cells. In contrast to the findings of Greaves et al3, we did not find significant increases
in the percentage of CXCR3+ Th1 cells within the CD4+ cells in either EBV+ or in EBV-
cHL.

The combined presence of Tregs and activated CD8+ T-cells raises the questions on
how they can co-exist in cHL and where they are located in respect to the tumor cells. To
answer these questions, 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. To confirm the relevance of using CD26 as a marker, we
first stained CD26 in the cHL tissue sections. In NS and Lymphocyte-Rich (LR) subtypes
of cHL, CD26- cells were indeed located in the close vicinity of tumor cells, while CD26+
cells were not observed in the tumor cell areas. In MC, the CD26+ cells were much more
dispersed and were also found close to the tumor cells. Based on these staining results,
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we excluded the MC cases from the subsequent analyses.
We found significantly more CD69+ Th cells in the CD26- T-cell subset indicating that

these cells are more abundant in the tumor cell area (Figure 3.1 G). This suggests trig-
gering of an immune reaction in these cells, because CD69 is an early activation marker.
A similar pattern was observed in EBV+ as well as EBV- cHL. Furthermore, we also
observed more FoxP3+ suppressive Th cells in the tumor cell area in both EBV+ and
EBV- cHL (Figure 3.1 H). 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 Tregs reside in the direct vicinity of the HRS cells and
might inhibit an effective anti-tumor immune response. There were less CD25+ CTLs
around the tumor cells than outside the tumor cell area (Figure 3.1 I). So, although ac-
tivated CTLs are present in the microenvironment of cHL, these cells are not present in
the tumor cell rich areas and thus not effective.

In conclusion, we showed that the main difference in the composition of the microen-
vironment between EBV+ and EBV- cHL patients is caused by increased numbers of both
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.
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Figure 3.1: Significantly different immune cell populations in classical Hodgkin lymphoma
(cHL). Optimized concentrations of fluorochrome-antibody conjugates were applied on cell sus-
pensions of cHL tissue. Flow cytometry was performed to detect expression levels of those mark-
ers on the reactive cells. (A-F) Significant different immune cell populations between normal lym-
phoid (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; (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 for each group. For statistical analysis, Kruskal-Wallis test was
used to compare the difference in all three groups and after multiple testing correction a p-value
of 0.0125 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 sub-
groups. (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 for each group. For statistical
analysis, Wilcoxon matched-pairs signed rank test was used to compare the difference between
the two groups.
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Supplementary Table S1: Leukocyte subpopulations and antibodies used
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BD: BD Biosciences; IQ: IQ Products, Groningen, Netherlands; R&D: R&D systems, Min-
neapolis, 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

 
Leukocyte subpopulation 

 
Immunophenotype 

Median (Range) %  p value 

(K-W) 
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 
 

Activation of T cells 

 
 

 
Suppression of Th cells 

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 
 

Th2 cells 
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 

Tregs 
 
 
 

Cytotoxic Th cells 

 
 

 
TFH 

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 
 

Cytotoxic T cells 
 
 
 

NK cells 

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 
 

Macrophages 
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 

K-W: Kruskal-Wallis Test; P values shown in bold indicate significant differences.
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Chapter 4

Nodular lymphocyte predominant Hodgkin lymphoma (NLPHL) is characterized by
a low percentage of neoplastic lymphocyte predominant (LP) cells in a background of
lymphocytes. The goal of this study is to characterize this microenvironment and define
the cell types that contribute to survival of LP cells.

To achieve this goal we analyzed ten NLPHL and as a control seven reactive lymph
nodes (RLN) by flowcytometry. Besides the main immune cell populations, i.e. B-cells,
natural killer cells, macrophages and T-cells, we also analyzed multiple subpopulations
and activation markers. To discriminate between cells in- or outside the tumor cell area
we included staining with CD26. Results were validated by immunohistochemistry.

We observed significantly lower levels of CD20+ B cells and CD56+ NK cells cells
and significantly higher levels of CD4+ T-cells in NLPHL in comparison to RLN. In the
subpopulations we observed increased numbers of PD-1+CD4+ T follicular helper cells
(TFH), CD69+CD4+ and CD69+CD8+ T-cells and CCR7-CD45RA-CD4+ effector mem-
ory T-cells (TEM), while FoxP3+CD4+ T-cells and CCR7-CD45RA+ terminally differ-
entiated CD4+ T-cells were decreased in NLPHL compared to RLN. CD69+ cells were
increased in the tumor cell area in CD4+ and CD8+ T-cells, while FoxP3+CD25+CD4+ T
regulatory cells and CD25+CD8+ T-cells were significantly increased outside the tumor
area. Differences in distribution of these cell types in and outside the tumor cell areas
was confirmed by immunohistochemistry.

Thus, we show a markedly altered microenviroment in NLPHL, with lower numbers
of NK cells and Tregs, PD-1+CD4+ and CD69+CD4+ cells with a TEM phenotype in the
tumor cell areas and Tregs and CD25+CD8+ cells outside the tumor cell area.
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1 Introduction

Hodgkin Lymphoma (HL) is a unique type of B cell lymphoma characterized by pres-
ence of a minority of neoplastic cells (less than 1%) in a background of infiltrating reac-
tive cells1. It has been suggested that the microenvironment is shaped by the neoplastic
cells and provides survival signals for the neoplastic cells and protection against anti-
tumor immune responses2.

Based on differences in histopathology and neoplastic cells HL is classified in two
subgroups: classical (c)HL and nodular lymphocyte predominant Hodgkin lymphoma
(NLPHL). CHL accounts for 95% of all HL cases, whereas NLPHL accounts for only 5%
of all cases 1. Both the neoplastic cells of NLPHL, i.e. the lymphocyte predominant (LP)
cells, and the composition of the cells present in the microenvironment of NLPHL are
different from cHL. Increased numbers of CD4+CD57+3, CD4+PD-1+4, CD4+CD57+PD-
1+5, and CD4+CD8+6 T-cells have been specifically reported in the microenvironment
of NLPHL. In cHL increased numbers of Treg cells7,8, and an increased number of Th23

or Th19 cells has been reported.
The infiltrating cells located in the close vicinity of the LP cells might be the most

important cells for providing survival signals and for protection against anti-tumor re-
sponses. These cells have lost expression of CD2610 and this characteristic can be used
to distinguish them from cells that are not in the close vicinity of the LP cells in a flowcy-
tometry analysis. A comprehensive characterization of the microenvironment, including
changes in T helper (Th) cell populations such as Th1, Th2, Treg and TFH cells might help
to shed a light on the putative interactions between the microenvironment and LP cells
that play a role in the pathogenesis of NLPHL.

In this study we analyzed 47 immune cell subpopulations to determine differences
in NLPHL compared to reactive lymph node (RLN). Within NLPHL, changes in cell
populations were also determined between CD26- and CD26+ cells, as a marker for cells
within the tumor cell area and outside of the tumor cell area. Immunohistochemistry
was performed to verify the flowcytometry results.

2 Material and Methods

2.1 Patients

Cell suspensions of RLN (n=7) (same as used in chapter 3) and NLPHL (n=10) were ob-
tained from fresh tissue and stored in liquid nitrogen. The age of the patients was not
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significantly different between RLN (mean 43, range 17-72) and NLPHL (mean 36, range
6-75), neither was the gender (RLN 4 males (56%) and NLPHL 7 males (70%)). The study
protocol was consistent with Dutch and international ethical and professional guidelines
(the Declaration of Helsinki and the International Conference on Harmonization Guide-
lines for Good Clinical Practice).

2.2 Flowcytometry

For flowcytometry cell suspension of 7 samples from RLN and 10 samples of NLPHL
were used. 0.5 × 106 cells were incubated with different mixes of fluorescent labeled an-
tibodies (Supplementary Table 4.1) for 30 min in the dark at 4 °C. For intracellular stain-
ing cells were treated with fixation/permeabilization buffer (E-biosciences, San Diego,
USA) for 30 minutes, followed by incubation with permeabilization buffer containing
5% human serum for 15 minutes, before incubation with the primary antibodies. Fixa-
tion of the cells was done with 2% paraformaldehyde in PBS. Unstained samples were
used to set gating for membrane markers and isotype controls were used for intracellu-
lar labeling. All samples were analyzed on the BD FACSCalibur (BD, New Jersey, USA)
and the Winlist software package (Verity Software House, Topsham ME, USA) was used
for data analysis.

2.3 Immunohistochemistry

Frozen tissue sections of 4 RLN and lymph nodes of 10 NLPHL patients were used for
immunostaining of selected markers. After fixation with acetone, CD4 (1:10), CD8 (1:10),
CD25 (1:20)(IQ Products, Groningen, Netherlands), CD69 (1:100), Foxp3 (1:100) (Abcam,
Cambridge, UK) and CD26 (undiluted, our lab) antibodies were incubated for 60 min-
utes. Secondary (polyclonal rabbit anti mouse immunoglobulin horseradish peroxidase
labeled, 1:100) and tertiary (polyclonal goat anti rabbit immunoglobulin horseradish per-
oxidase labeled, 1:100)(Dako, Glostrup, Denmark) antibody incubation steps in PBS with
1% human serum were performed for one hour. Visualization was done using 3-Amino-
9-ethylcarbazole as a substrate for peroxidase. Slides were counterstained with Mayer’s
hematoxylin. Slides were scored for the positive staining in- and outside the tumor area.

2.4 Statistics

The SPSS software package (version 22, IBM) was used for statistical analysis. Differ-
ences in age and gender between RLN and NLPHL patient groups were determined by
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Mann-Whitney test and Fisher exact test respectively. Flowcytometry results were an-
alyzed by Mann-Whitney test to assess significant differences between the two groups.
To correct for multiple testing of subpopulations, which were at least in part dependent,
we considered p<0.01 as being statistically significant.

3 Results

3.1 Comparison of total cell populations between NLPHL and RLN

In the main cell populations a significantly lower level of CD20+ B-cells was observed in
NLPHL (median 25%) in comparison to RLN (median 37%)(Figure 4.1 A). The percent-
age of CD4+ T-cells was significantly higher in NLPHL than in RLN (median 62% and
36%)(Figure 4.1 B). The number of CD56+ NK cells was significantly lower in NLPHL
compared to RLN (4% to 13%)(Figure 4.1 C). The percentages of CD3+, CD8+ and CD68+
cells were not significantly different between RLN and NLPHL (Table 4.1).

3.2 Comparison of subpopulations between NLPHL and RLN

Within CD4+ cells, the levels of CCR7-CD45RA- T effector memory (TEM) were signifi-
cantly increased in NLPHL compared to RLN (median 56% vs 78%)(Figure 4.1 D), while
the percentage of CD45RA+CCR7- terminally differentiated T-cells (TEMRA) was sig-
nificantly lower in NLPHL compared to RLN (median 37% vs 18%)(Figure 4.1 E). More-
over, significantly increased percentages of CD69+ cells (median 68% vs 42%)(Figure 4.1
F), decreased Foxp3+ cells (median 11% vs 4.5%)(Figure 4.1 G) and increased PD-1+ cells
(median 71% vs 30%)(Figure 4.1 H) were observed in CD4+ cells of NLPHL compared to
RLN. In CD8+ cells, a significantly increased percentage was observed of CD69+ cells in
NLPHL compared to RLN (median 53% vs 35%)(Figure 4.1 I). The other subpopulations
did not show significant differences between NLPHL and RLN (Table 4.1).
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Table 4.1: Median percentages of cell populations analyzed in NLPHL and RLN

 

CD20+ in live 37  [27-58] 25    [10-34] 0.007
CD3+ in live 57  [39-65] 76  [46-89] 0.017

CD4+ in live 36   [29-51] 62  [41-71] 0.002
CD8+ in live 22   [15-40] 20   [13-27] 0.1
CD56+ in Live 13  [16-9] 4  [2-8] 0.00005

CD68+ in live 2      [1-2] 1.5     [1-3] 1
CD4+CD8+ in Live 3     [ 2-9] 8   [3-17 ] 0.016

Na ve CCR7+CD45RA+ in CD4+ 6      [3-11] 2.5     [1-7] 0.016

Central memory T cells CCR7+CD45RA- in CD4+ 1      [0-2] 2       [1-8 ] 0.08

Effector memory Th cells CCR7-CD45RA- in CD4+ 56   [23-70] 78   [59-91] 0.002

Terminal differentiated effector Th cells CCR7-CD45RA+ in CD4+ 37   [18-65] 18   [6-30] 0.007

CD69+ in CD4+ 42    [21-59] 68   [37-94] 0.003

CD25+ in CD4+ 10       [5-21] 11      [4-18] 0.5

TH1 CXCR3+ in CD4+ 18   [11-56] 15    [8-33] 0.3

ST2L+ in CD4+ 14    [4-23] 9      [4-18] 0.3

CXCR4+ in CD4+ 5     [3-14] 6     [3-9] 1

GITR+ in CD4+ 17  [10-66] 33   [15-43] 0.3

GITR+CD25+ in CD4+ 6     [2-11] 8.5    [5-17] 0.2

CD127low in CD4+ 15     [5-31] 24  [19-56] 0.02

CD127low CD25+ in CD4+ 2     [1-3] 1     [1-4] 0.8
CD152+ in CD4+ 8 [5-17] 6.5 [3-9] 0.3

CD152+CD25+ in CD4+ 7 [3-13] 4.5    [2-6] 0.4

FoxP3+ in CD4+ 11     [7-28] 4.5      [1-9] 0.001

CD25+FOXP3 + in CD4+ 4       [2-11] 2.5      [1-5] 0.1

CD25+CD45RA- in CD4+ 4       [0-6] 4    [0-11] 0.1

CD57+ in CD4+ 8 [3-22] 21 [3-39] 0.1

PD-1+ in CD4+ 30    [9-63] 71   [27-86] 0.009

PD-1+CD57+ in CD4+ 7     [2-21] 20     [2-38] 0.2
CXCR5+ICOS+ in CD4+ 8     [5-27] 5      [1-15] 0.017

CXCR5+ICOS+in CD25+CD4+ 31    [18-50] 26.5  [11-36] 0.4

BCl6+ in CD4+ 15    [3-35] 25    [4-40] 0.2
CXCR5+BCL6+ in CD4+ 12    [2-30] 13.5   [1-30] 0.7

BCL6+CD57+ in CD4+ 7     [3-15] 11    [3-15] 0.1

TIA-1+ in CD4+ 7     [1-13] 15  [3-32] 0.012

Granzyme-B+ in CD4+ 2     [1-5] 3      [1-4] 0.8
Cytotoxic CD4+

RLN   NLPHL  

median%  [range]
P-ValuePopulation

Total cell population

Treg

TFH

Cell type

Activation

TH2
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CD25+ in CD8+ 30     [12-32] 27    [14-51] 0.6

CD69+ in CD8+ 35      [14-51] 53    [35-79] 0.005
CXCR4+ in CD8+ 30    [21-44] 33.5  [10-78] 0.8

CXCR3+ in CD8+ 41     [20-63] 33   [21-44] 0.2

TIA-1+ in CD8+ 25   [19-49 ] 40.5  [28-72] 0.03

GRN B+ in CD8+ 6    [4-27 ] 11     [4-21 ] 0.04

CD56+ in CD3- 17   [15-26] 4     [1-22] 0.8
CD16+ in CD3- 13     [6-24] 8.5    [3-21] 0.2

CD57+ in CD3- 4      [1-8] 5      [3-16] 0.1

CD56+CD16+ in CD3- 4     [1-11] 1.5      [1-6] 0.1

CD56+CD107a+ in CD3- 1        [1-1] 1    [0-2] 0.2
CD56+CD16+ in CD3+ 4    [2-10] 2      [ 1-5] 0.04

Macrophage CD163+ in CD68+ 17  [7-32] 19  [12-36] 0.1

NK/NKT

CD8+

Activation

TH1: T helper 1; TH2: T helper 2; Treg: T regulatory; TFH: T follicular helper;
NK/NKT: natural killer/natural killer T; TCM: central memory T; TEM: effector memory
T; TEMRA: terminally differentiated
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Figure 4.1: Comparison of cell populations in RLN and NLPHL. Median percentage of each group
and significant changes according to Mann-Whitney statistical test (∗ : P<0.01, ∗∗ : P< 0.001)
are indicated in each graph. Main cell populations of (A) CD20+, (B) CD4+ and (C) CD56+ cells.
Subpopulations (D) CCR7-CD45RA- in CD4+ cells, (E) CCR7-CD45RA+ in CD4+ cells, (F) CD69+
in CD4+ cells, (G) FoxP3+ in CD4+ cells, (H) PD-1+ in CD4+ cells, (I) CD69+ in CD8+ cells.

58



Characterization of the microenvironment of NLPHL

3.3 Comparison of subpopulations of cells within CD26- and CD26+
of NLPHL

To discriminate between T-cells inside (CD26-) and outside (CD26+) the tumor cell area
in NLPHL we co-stained T-cell subsets with CD26. The percentage of CD4+CD69+ cells
in CD26- cells (median 60%) was significantly higher compared to the percentage of
CD4+CD69+ cells in CD26+ cells (median 8%)(Figure 4.2 A). In CD4+ cells a signifi-
cant lower percentage of Foxp3+CD25+ cells was observed in CD26- cells compared
to CD26+ cells (median 2% vs 5%)(Figure 4.2 B). In CD8+ cells significant higher per-
centages of CD69+ cells were found in CD26- compared to CD26+ cells (median 34% vs
15%)(Figure 4.2 C). Significant lower percentages of CD25+ were detected in CD26- com-
pared to CD26+CD8+ cells (median 5% vs 20%)(Figure 4.2 D). The other subpopulations
did not show any significant differences (Table 2).

3.4 Immunohistochemistry staining of NLPHL

Immunohistochemical staining with CD26 revealed rare CD26+ cells in the nodules that
contain the tumor cells, while the number of CD26+ cells was high outside the tumor
cell areas (Figure 4.3 A). CD4+ cells were scattered in high numbers all over the tissue
both in and outside the tumor cell area (Figure 4.3 B). CD8 cells showed a similar dis-
tribution pattern as CD4+ cells albeit at lower numbers (Figure 4.3 C). A low number
of Foxp3+ cells was observed out of the tumor cell area (Figure 4.3 D), while no FoxP3+
cells were detected in the tumor cell area. CD69+ cells were present at higher numbers
in the tumor cell areas as compared to their numbers outside the tumor cell areas (Figure
4.3 E). A few CD25+ cells were present both in and out the tumor cell areas (Figure 4.3 F).
The immunohistochemistry results were consistent with the findings by flowcytometry
using CD26 to discriminate between cells within and outside the tumor cell areas.
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Figure 4.2: Comparison of cell populations in CD26+ and CD26- cells in NLPHL cases. Median
percentage of each group and significant changes according to Mann-Whitney statistical test (∗ :
P<0.01, ∗∗ : P< 0.001) are indicated in each graph. (A) CD69+ in CD4+ cells, (B) Foxp3+CD25+ in
CD4+ cells CD4+ , (C) CD69+ in CD8+ cells. (D) CD25+ in CD8+ cells.
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Table 4.2: Comparison of median percentages of CD26+ and CD26- cell populations in NLPHL.
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Figure 4.3: Immunohistochemistry of a representative NLPHL case. All figures show the same
area of the tumor with magnification of 10x. The line discriminates between the tumor cell rich
area, i.e. top right area above line, from the tumor cell depleted area. Positive staining is visualized
in red, counterstaining of the nucleus with hematoxylin is blue. (A) CD26+ cells are found mainly
outside the tumor area. (B) CD4+ cells are scattered all over the tissue. (C) CD8+ cells are scattered
all over the tissue. (D) No Foxp3+ cells in tumor area, few Foxp3+ cells are present out of tumor
area. (E) Aggregation of CD69 cells in the tumor area. (F) Few CD25+ cells in the tumor area and
out of the tumor area.

62



Characterization of the microenvironment of NLPHL

4 Discussion

The composition of the microenvironment of NLPHL and its role in the survival of LP
cells are less well studied than the composition and relevance of the cells in the microen-
vironment of cHL. The goal of this study was to generate a comprehensive overview of
the microenvironment of NLPHL. We detected a decrease in the number of B cells and an
increase in CD4+ T-cells compared to RLN, which has been reported previously11. The
number of NK cells are decreased in NLPHL. NK cells along with macrophages form the
innate immune response against tumor cells. A reduced number of NK cells might thus
also contribute to the failure of the immune system to eradicate the LP cells.

The lower number of NK cells in NLPHL compared to RLN has not been reported
previously. Double positive CD4+CD8+ T-cells have been reported to be increased in
NLPHL6, however the observed increase in our data was not significant.

The subpopulation that is strongly increased in NLPHL compared to RLN is PD-
1+CD4+ T-cells, these cells have been reported to surround the LP cells4. We have pre-
viously described the phenotype of these TFH cells, which are dominant in the tumor
cell area and directly surround LP cells5. Since the IL21R is upregulated in LP cells12,
IL-21 produced by TFH cells might be beneficial for survival of LP cells. The decreased
number of FoxP3+ Tregs in the tumor cell area might be responsible for the increased
numbers of TFH cells, as Tregs control the number of TFH cells13. Of the different
marker combinations we used to analyze the percentages of TFH cells, we observed a
significant increase only in PD-1+CD4+ cells (30 to 70%) and no significant change in
the percentages of CXCR5+ICOS+CD4+ (8 to 5%) and CXCR5+BCL6+CD4+ (12 to 13%)
cells in NLPHL. LP rosetting cells have been reported to be negative for the inducible
T-cell co-stimulator (ICOS) by IHC14. Expression of ICOS in TFH cells is important for
maintaining expression of CXCR5 and BCL6 and for maintaining their location in the
germinal center15,16. Thus our data suggest that loss of ICOS expression in TFH cells of
NLPHL might explain the difference in expression. How these TFH cells loose ICOS ex-
pression and whether LP cells play a role in this phenomenon is not known. On the other
hand, PD-1 also is a marker of T-cell exhaustion, and it is possible that PD-1+ cells are
not TFH cells but exhausted CD4+ T-cells. Treatment with anti-PD-1 has shown promis-
ing effects in several tumors, including cHL17 and might possibly also be effective in
NLPHL, although PD-L1 is not expressed in LP cells18.

We found an increase in the population of CCR7-CD45RA-CD4+ TEM cells in NLPHL
compared to RLN. TEM cells are present in peripheral blood and, upon infection, home
to peripheral tissues to initiate an inflammatory response19,20. The high level of both
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TEM and TFH cells in NLPHL, suggests that at least a part of the TEM cells overlaps
with TFH cells. Our flowcytometry and IHC results indicate a significant increase in
CD69+CD4+ cells in the tumor cell areas. In addition to being an early activation marker,
CD69 expression also inhibits the egress of CD4+ T-cells from lymphoid organs, and is
expressed on tissue remaining memory cells (TRM)21. The increased percentages of TEM
cells and PD-1+ TFH cells in NLPHL, combined with the increased numbers of CD69+
cells in the tumor cell area, suggests that egress of these cells from the tumor cell area
is inhibited. Thus, these putative CD69/PD-1 double positive cells might in fact repre-
sent TRM cells rather than exhausted cells. This is consistent with the fact that CD69
expression has not been reported in exhausted T-cells. CD69+ cells have been proposed
to downregulate autoimmunity by producing TGF-β22. Vice versa, loss of CD69+ cells
and thus loss of TGF-β production can result in enhanced anti-tumor responses23. These
data suggest that the presence of CD69+ T-cells in the tumor cell area of NLPHL has an
immune suppressive effect by producing TGF-β. TGF-β was indeed present in NLPHL
derived CD4+CD57+, CD4+CD57- and CD4-CD57- cells at the mRNA level, but the lev-
els were not different from tonsil derived T-cells, in which the number of CD69+ cells are
lower3. As fibrosis, normally caused by TGF-β, is not seen in NLPHL, further studies to
elucidate the actual role of these cells in NLPHL are required.

The number of Foxp3+CD25+ cells in CD4+ cells is significantly lower within the
tumor cell area as compared to the number outside the tumor cell area. This is different
from cHL where an increased number of Tregs was found within the tumor cell area24.
This suggests different anti-tumor escape mechanisms in both HL subtypes.

CD69+CD8+ cells are present in the tumor cell area, whereas outside the tumor area
CD8+ T-cells are mainly CD25+ and therefore late-activated. Presence of early-activated
CD8+ T-cells that lack expression of the late-activation marker CD25 in the tumor cell
areas of NLPHL might explain why CD8+ T-cells are not able to eradicate the neoplastic
cells. On the other hand late activated CD25+CD8+ cells which might have the ability to
react against LP cells, are found especially outside the tumor cell area where Tregs are
present in somewhat higher numbers to downregulate putative immune responses.

In conclusion, Tregs and NK cells are decreased in NLPHL compared to RLN. LP
cells in NLPHL are surrounded by PD-1+CD4+ and CD69+CD4+ cells with a TEM phe-
notype, while levels of Tregs and CD25+CD8+ cells are increased outside the tumor cell
area.
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Supplementary Table S1: Leukocyte subpopulations and antibodies used
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BD: BD Biosciences; IQ: IQ Products, Groningen, Netherlands; R&D: R&D systems, Min-
neapolis, MN USA; Dako: Dako Products, Glostrup, Denmark; BC: Beckman Coulter,
Woerden, Netherlands.
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Background: Nodular lymphocyte predominant Hodgkin lymphoma (NLPHL) is
characterized by lymphocyte-predominant (LP) cells in a background of CD4+CD57+
T-cells. These cells are normally present in the germinal center of lymphoid tissues. The
cells rosetting LP cells are described to be PD-1 and BCL-6 positive, which are markers of
T-follicular helper cells. This study was designed to address the question: are the CD57+
T-cells in germinal centers of tonsil and NLPHL TFH cells?

Methods: Immunohistochemistry was performed on tonsil and NLPHL. For tonsil,
cells per germinal center and for NLPHL, the area around LP cells was counted. Cells
rosetting LP cells were also determined. In addition, flowcytometry was performed on
cell suspensions.

Results: Part of the cells directly rosetting LP cells are positive for CD57 and/or for
two markers of T-follicular helper (TFH) cells, PD-1 and BCL-6. We show that in both
tonsil and NLPHL more than 90% of CD57+ T-cells are also positive for PD-1, whereas
roughly half of the PD-1+ T-cells are CD57+. CD57+ T-cells co-express BCL-6 in tonsil
and in the rosetting cells of NLPHL.

Conclusions: We conclude that CD57+ T-cells are TFH cells and form a subpopula-
tion of TFH cells in tonsils and NLPHL.
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1 Background

Nodular lymphocyte predominant Hodgkin lymphoma (NLPHL) accounts for 5% of all
Hodgkin lymphoma cases. Lymphocyte-predominant (LP) cells, the neoplastic cells of
NLPHL, compose only 1% of the total cell population and reside in a background of
lymphoid cells. One of the prominent cell types in NLPHL are the CD4+CD57+ T-cells.
These CD57+ T-cells are normally present in the germinal centers of tonsil and form
about 5-8% of all cells. In NLPHL, CD4+CD57+ T-cells form 20-40% of the total cell pop-
ulation and they are present mostly around the LP cells1. Another CD4+ T-cell subpop-
ulation in the germinal centers of tonsils are the T-follicular helper (TFH) cells. TFH cells
are critical cells for B-cell maturation2. They can be distinguished from other T helper
subpopulations by co-expression of the TFH cell associated transcription factors c-Maf
and BCL-6 in addition to expression of PD-1, CXCR5, CXCL13 and ICOS3. In NLPHL,
BCL-6+CD57+ T-cells4 and c-Maf+CD57+ T-cells5 rosetting the LP cells have been re-
ported. Expression of known TFH cells markers such as PD-1 has also been observed on
rosetting cells in NLPHL and PD-1 outperforms CD57 as an additional diagnostic tool
in the diagnosis of NLPHL6,7. This study was designed to determine whether CD57+
T-cells in NLPHL are TFH cells and if they are similar to the TFH cells in normal tonsil
tissue.

2 Materials and methods

Paraffin blocks of 6 tonsils (chronic tonsillitis in young patients) and lymph nodes of
8 NLPHL patients were used for staining. For flowcytometry, cell suspensions stored
in liquid nitrogen of 7 tonsils and the same 8 NLPHL lymph nodes were used. 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).

For immunohistochemistry and immunofluorescence stainings of PD-1 (1:100, Acris,
Herford, Germany) in combination with CD57 (1:50, Monosan, Uden, The Netherlands)
antigen retrieval was performed with 0.1 M TRIS/HCl pH9 in a microwave. For BCL-6
(1:20, BD biosciences, San José, CA, USA) in combination with CD57 and CD20 (1:200,
Dako, Glostrup, Denmark) antigen retrieval in a high pressure cooker in 1 mM EDTA
pH8 was performed. In order to count the CD57+ and PD-1+ cells in tonsils, all PD-1+,
CD57+ and double positive cells in at least five germinal centers were counted in each
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sample. In NLPHL, cells present around LP cells in 10 areas with a magnification of
200× were counted for CD57+, PD-1+ and double positive cells. In addition, in each
case the rosetting cells of at least 17 LP cells were counted with a magnification of 400×.
Standard laboratory procedures were followed for all stainings, including appropriate
positive and negative controls.

For flowcytometry 0.5×106 cells were incubated with anti-CD4, anti-PD-1, and anti-
CD57 (BD biosciences). Cells were acquired on a Calibur (BD biosciences) and analyzed
with Winlist software.

A Mann-Whitney test was applied to determine significant differences between
groups.

3 Results

3.1 Immunohistochemistry and immunofluorescence results

Immunofluorescence staining of PD-1 in combination with CD57 showed that almost all
CD57+ cells in the germinal centers were also PD-1 positive, while part of the PD-1+ cells
were negative for CD57 (Figure 5.1a, b). Counting of all available (5-10) germinal centers
in each tonsil and 10 LP cell rich areas in NLPHL for PD-1 and CD57 positivity indicated
that 94 and 92% of the CD57+ T-cells expressed PD-1 in both tonsil and NLPHL (Figure
5.1c). Of the PD-1+ T-cells, 48 and 39% were CD57+ in tonsil and NLPHL, respectively
(Figure 5.1d, e).

We next counted the cells immediately rosetting LP cells for PD-1 and CD57 expres-
sion (17-45 LP cells per case). We observed two populations of cells, single PD-1 express-
ing cells and cells expressing both PD-1 and CD57 (Figure 5.1f ). Virtually all rosetting
cells were PD-1 positive, while the percentage of PD-1+ CD57+ varied between 0 and
58% (Figure 5.1g).

Immunohistochemical staining for BCL-6, CD57 and CD20 indicated that almost all
CD57+ T-cells in the germinal center of tonsils were BCL-6 positive (Figure 5.1h). In ad-
dition, we observed multiple BCL-6 single positive T-cells. In NLPHL we saw a similar
pattern, with all CD57+ T-cells within the area around the LP cells as well as the LP roset-
ting cells being BCL-6 positive (Figure 5.1i). In addition, we also observed a substantial
number of single BCL-6+ T-cells in the areas of the LP cells as well as directly rosetting
around the LP cells.
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Figure 5.1: Immunohistochemistry results of tonsil and NLPHL. a PD-1 (red) and b CD57 (green)
fluorescent staining of tonsil. Shown is exactly the same area of a germinal center (×400) with
different filters. Arrows indicate some of the PD-1+ cells which are CD57-. c Percentage of PD-1+
cells in the CD57+ T-cell population in tonsil and NLPHL; 94 and 92% of the CD57+ cells express
PD-1 in tonsil and NLPHL, respectively. d Percentage of CD57+ cells in the PD-1+ population
in tonsil; an average of 48% of PD-1+ cells are CD57+. e Percentage of CD57+ cells in PD-1+
population in NLPHL, an average of 39% of PD-1+ cells are CD57+. f PD-1(red) and CD57 (green)
staining of NLPHL (×800). The nucleus is counter stained with DAPI (blue). In the center an
LP cell surrounded by PD-1+ cells, three of which are also positive for CD57 (green yellow) is
shown. g Percentage of CD57+ cells in PD-1+ rosetting cells in NLPHL, the range of PD-1+ LP
rosetting cells that are CD57+ varies from 0 to 58%. h CD57 (dark red rim), BCL-6 (brown nucleus),
CD20 (blue) staining in tonsil (×400). CD57+ cells are also BCL-6+. Some of the CD20+ cells also
express BCL-6. Part of the cells are single positive for BCL-6. i CD57 (dark red rim), BCL-6 (brown
nucleus), CD20 (blue) staining in NLPHL: (×600). An LP cell (CD20+ and BCL-6+) is surrounded
with two types of cells: BCL-6 and CD57 double positive cells and BCL-6 single positive cells.
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3.2 Flowcytometry results

In both tonsil and NLPHL suspensions we gated on the CD4+ T-cells and we determined
the percentages of PD-1 and CD57 positive cells in the whole cell suspension. The per-
centage of CD57+ cells was 5% on average in tonsil, and 25% on average in NLPHL, and
was the only significant difference (p = .042) (Figure 5.2a). A higher percentage of PD-1+
cells was observed in NLPHL compared to tonsil, 60 vs 33% (Figure 5.2b). Almost all
CD57+ T-cells were positive for PD-1, i.e. 96% in tonsil and 94% in NLPHL (Figure 5.2c).
In contrast, only part of the PD-1+ T-cells were positive for CD57, i.e. 17% in tonsil and
38% in NLPHL.

Figure 5.2: Flowcytometry results for tonsil and NLPHL cell suspensions. a Percentage of CD57+
T-cells in CD4+ T-cells in tonsil and NLPHL, the average was 5 and 25%, respectively (∗ : P < 0.05).
b Percentage of PD-1+ cells in CD4+ T-cells in tonsil and NLPHL, the average was 33 and 60%,
respectively. c PD-1+ cells in the CD57+ T-cell population in tonsil and NLPHL was 96 and 94%,
respectively. d Percentage of CD57+ cells in the PD-1+ T-cell population in tonsil and in NLPHL
was 17 and 38%, respectively.
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4 Discussion

To establish whether CD57+ T-cells in NLPHL are TFH cells, we analyzed co-expression
with PD-1 and BCL-6. We showed that more than 90% of CD57+ cells in the germinal
center of tonsil and the tumor areas in NLPHL are PD-1 positive. These CD57+ cells
are a subpopulation of the PD-1+ population as they represent an average of 48% of the
PD-1+ cells in germinal centers in tonsil and 39% in the tumor areas in NLPHL. There is
a large variation in the percentages of CD57+ cells in the PD-1 subpopulation in NLPHL,
this could be due to the differences in morphological patterns of the cases. It has been
described that in diffuse areas of the tumor less PD-1 and CD57 positivity is seen7. Of the
8 cases tested 6 (cases 1-6) were classic nodular, case 7 was a case with T-cell rich nodules
and case 8 was a case with prominent extra nodular LP cells that were CD57 negative.
The large variation in percentage within the individual cases cannot be explained by
differences in diffuse and nodular areas. The lymphocytes rosetting the LP cells are PD-1
positive as reported earlier6 and CD57+ cells form a subpopulation of the rosetting cells
in most patients. Flowcytometry confirmed that in both tonsil and NLPHL more than
90% of CD57+ T-cells express PD-1. In NLPHL, the percentage of CD57+ cells in the PD-
1 population is comparable with staining results (39 and 38%). In tonsil, the percentage
of CD57+ cells in the PD-1 population is much lower as determined by flowcytometry
(48 vs 17%). The explanation for this discrepancy might be that PD-1+ T-cells are also
present outside the germinal centers in tonsil8, while CD57+ T-cells are only found in the
germinal centers9. For the immunostaining we specifically counted the germinal centers
in tonsils, which has resulted in higher percentages.

CD57+ T-cells in tonsil as well as in the areas around the tumor cells and the LP
rosetting cells express BCL-6 in concurrence with previous studies about the presence of
BCL-6+ LP rosetting T-cells4,10. A significant increase was observed by flowcytometry in
terms of CD57 percentages in NLPHL cases compared to tonsil, which has been reported
previously in flowcytometry1. Co-expression of PD-1 as a known marker of TFH cells
with the TFH cell associated transcription factor BCL-6 suggests that these CD57+ T-cells
most likely are TFH cells. This is also supported by the common expression of c-Maf,
which is another transcription factor of TFH cells, in LP rosetting cells5.

Although TFH cells are important in providing help to B-cells especially in the area
of antibody responses2, CD57+ CD4 cells have been described as cells that are not able
to proliferate due to chronic antigen exposure11. These cells produce interferon-γ but
are not able to produce interleukin-210,12 and have the ability to suppress activation of
conventional CD4 cells12. Their function in NLPHL is not clear, but CD57+ TFH cells
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could play a role in immune suppression of the microenvironment. The presence of
PD-1+ cells has recently gained interest as a potential therapeutic target in cancer. In
classical Hodgkin lymphoma blocking of PD-1 by nivolumab was very successful13. The
presence of PD-1+ T-cells seems less predictive of the success of blocking PD-1/PD-L1
as the expression of PD-L1 by tumor cells. PD-L1 expression is found in few NLPHL
cases14.

5 Conclusion

In conclusion, we show that LP cells are rosetted by PD-1+BCL-6+ double and PD-
1+CD57+BCL-6+ triple positive T-cells. In addition, we show a remarkable increase in
the population of CD4+PD-1+ and CD4+PD-1+CD57+ T-cells in NLPHL. CD57+CD4+
cells are a subpopulation of TFH cells with a potential role in the pathogenesis of
NLPHL.
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The most intriguing characteristic of Hodgkin lymphoma (HL) is the very low num-
ber of tumor cells in an extensive background of immune cells. This feature is present in
both classical HL (cHL) and Nodular Lymphocyte Predominant HL (NLPHL). The neo-
plastic cells influence the nature and functionality of the cells in the microenvironment
to create a favorable environment1. Characterization of the microenvironment will thus
provide insight in the pathogenesis of HL.

This PhD thesis is dedicated to studying the microenvironment of both cHL and
NLPHL. We specifically aimed to determine the nature of the infiltrating immune cells
present in the microenvironment of HL in comparison to reactive lymph nodes. To
achieve this goal we determined the abundance of the main and specific subpopula-
tions of immune cells relevant for the interaction with the tumor cells. We focused on
cells located in the tumor cell rich areas as compared to cells located outside the tumor
cell areas.
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1 Microenvironment of cHL

In chapter 2 we reviewed current knowledge about the microenvironment of cHL with
the aim to characterize the currently known interactions of the microenvironment and
HRS cells. In the first part we describe the role of survival pathways activated via signals
of the immune cells in the microenvironment. Activation of pathways such as NF-κB
and JAK/STAT are mediated by interactions of ligands, receptors and cytokines. Lig-
ands such as CD30L, expressed by eosinophils and mast cells and CD40L, expressed by
T-cells, interact with CD30 and CD40 receptors on the membrane of HRS cells resulting
in activation of the NF-κB pathway. Secretion of interleukins such as IL-3 by Th2 cells,
eosinophils and mast cells, and IL-7 by HRS cells, results in activation of the JAK/STAT
pathway through IL-3R and IL-7R. Activation of these pathways along with some other
pathways results in induction of survival and proliferation of HRS cells. Next, we de-
scribe how HRS cells shape the microenvironment. One main mechanism used by HRS
cells is attraction of immune cells via production of chemokines. For instance CCL17 and
CCL22, two chemokines expressed by HRS cells, attract Treg and Th2 cells. In addition,
also cells in the microenvironment secrete chemokines that lead to attraction of other
cells. For example CCL5, expressed by T-cells, recruits mast cells and macrophages. In
the final part we discuss the interactions that contribute to the escape from an effective
anti-tumor immune response. Examples of such interactions are PD-L1 and FASL, both
expressed by HRS cells. PD-L1 stimulates the PD-1 receptor on T-cells and results in
exhaustion of activated T-cells. FASL induces apoptosis in Th1 and CD8+ cells. More-
over, HRS cells have often lost HLA class I and/or II expression, which results in lack of
antigen presentation to immune cells and consequently avoidance of adaptive immune
responses. In addition, Treg cells present in the microenvironment of cHL as well as pro-
duction of IL-10 by the HRS cells results in an immunosuppressive environment, which
favors escape from effective anti-tumor immune responses.

Together, it is evident that interactions between the cells of the microenvironment
and HRS cells are an essential component of HL. In other words, in the pathogenesis of
cHL not only the HRS cells, but also the microenvironment plays an essential role.

Recently it has been suggested that Th1 cells are the dominant cells of the microenvi-
ronment of cHL based on expression of T-bet and chemokines receptors such as CXCR3
and cytokines such as IL-211. Others suggested Th2 cells to be the major component of
the microenvironment of cHL2,3. Therefore the subtype of involved CD4+ cells is still a
matter of debate. In chapter 3 we focused on the composition of the microenvironment
in cHL as compared to reactive lymph node (RLN). We focused on putative differences
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between EBV+ and EBV- cHL and also analyzed potential differences in the composition
of the microenvironment in and outside the tumor cell area. Analysis of the main popu-
lations of RLN and cHL revealed no significant differences in the percentages of B-cells,
T-cells, NK, NKT-cells and macrophages. The percentages of Th1, Th2 and TFH cells
are similar in cHL cases compared to RLN. The percentages of CD25+Foxp3+CD4+ and
CD25+GITR+CD4+ Treg cells, and cytotoxic CD8+ cells, including GranzymeB+CD8+
and TIA+CD8+cells are all increased in cHL cases.

The percentages of NK cells and CTLs were lower in EBV- as compared to EBV+ cHL.
The lower percentage of CTLs is interesting as there are only very few ’foreign proteins’
known in HRS cells of EBV- cHL, while in EBV+ cHL antigenic peptides of LMP1, LMP2
and EBNA viral proteins can be presented. Moreover, loss of HLA class I expression is
uncommon in EBV+ cHL and quite common in EBV- cHL4. The increased number of
CTLs in EBV+ cHL suggests effective triggering of the immune response, which might
not be effective due to production of cytokines like IL-10, which is more pronounced in
EBV+ cHL cases5. In addition, in EBV+ cHL cases, CCL20 is expressed by HRS cells and
is involved in migration of Treg cells into the tumor cell area6, which might protect the
HRS cells against an anti-tumor immune response.

In order to discriminate between the cells around the HRS cells from the cells that
are not in the tumor cell rich areas, we included CD26 as a marker in our flow analysis.
CD26 is expressed predominantly by the cells outside of the tumor cell area, while it is
absent on the cells in close vicinity to the HRS cells. This CD26 pattern is observed for
all cHL subtypes, with the exception of mixed cellularity subtype of cHL. Therefore, we
excluded the mixed cellularity from these analyses. CD4+ T-cells expressing the early
activation marker CD69 and regulatory CD4+ T-cells are observed predominantly in
the tumor cell area, whereas CD8+ T-cells expressing the late activation marker CD25
are present predominantly outside the tumor cell area. Presence of a higher level of
early activated CD4+ T-cells and Treg cells in the tumor cell area suggests a model in
which Treg cells prevent complete activation of CD4+ T-cells. The high numbers of late
activated CD8+ T-cells located outside the tumor cell area have no access to HRS cells
and also fail to evoke an effective anti-tumor immune response.

2 Microenvironment of NLPHL

In chapter 4 we studied the composition of the microenvironment of NLPHL. Analysis
of the main cell populations revealed decreased levels of B-cells and NK cells, and a
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higher level of CD4+ T-cells. TFH cells and CCR7-CD45RA-CD4+ effector memory T
(TEM) cells are increased in the microenvironment of NLPHL, whereas the percentages
of Treg cells and activated NK cells are decreased compared to RLN.

Similar to our study in cHL, we also used expression of CD26 to discriminate the
cells around the LP cells from those that are not in the tumor cell areas. We, show that
the percentages of early-activated CD4+ and CD8+ T-cells are increased in the tumor
cell area compared to the percentages out of the tumor cell areas. On the other hand
CD25+ Treg cells and late activated CD25+CD8+ T-cells are increased outside the tumor
cell area. The early activation marker CD69 also is a marker for tissue-resident memory
T-cells7. These tissue resident memory T-cells play a role in immune suppression8. The
absence of Foxp3+ Treg cells, which are regulators of the germinal center reaction, results
in enlargement of germinal centers. Consistent with this, we indeed found increased
numbers of PD1+ TFH cells in the tumor cell areas. TFH cells play a critical role in
the maturation of B-cells during the GC reaction. Selection of high affinity antibody
producing B-cells and their conversion to memory B-cells or plasma cells is mediated
by TFH cells9. Absence of NK cells and presence of late activated CD8+ T-cells outside
of the LP cell area along with increased Treg cell percentages will attenuate immune
responses. The flow results were partly validated by immunohistochemistry (IHC) of
NLPHL and RLN tissue sections. This revealed presence of CD8+ cells to be equal inside
and outside the tumor area, while expression of CD26 and CD25 is mainly outside the
tumor. Foxp3+ Treg cells are totally absent in the tumor area. These data indicate lack of
late activation or cytotoxic cells in close vicinity to LP cells.

In chapter 5 we further studied the location and the type of TFH cells in NLPHL
using IHC. We also included the CD57 marker in these analyses as CD4+CD57+ T-cells
have been reported to form rosettes around the LP cells10. In addition, these rosetting
T-cells also express PD-1 and BCL611,12. Our study revealed a high number of CD4+PD-
1+Bcl6+ cells in the LP cell rich area, with expression of CD57 in part of these cells. These
cells specifically form rosettes around LP cells. These data suggest a microenvironment
with increased levels of TFH cells, especially as LP rosetting cells. Therefore we con-
cluded that TFH cells have a crucial role in the microenvironment of NLPHL.

Overall, TFH cells and tissue-resident memory cells are both involved in the protec-
tion of LP cells by forming a protective layer precluding direct cell-cell contact of the LP
cells with CTLs, and by downregulation of the immune responses. As a consequence
reduced numbers of NK cells and CTLs residing in the tumor cell areas that only express
early and not late activation markers are found.
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3 The comparison of the microenvironments of cHL and
NLPHL

The findings as indicated above, show several differences between the microenviron-
ment of cHL and NLPHL. To gain a more complete picture we performed a direct
comparison between these two entities. In total we found significant differences in
eight cell populations, including naı̈ve CD4+ cells, Foxp3+CD4+, PD-1+CD57+/- TFH,
CXCR5+ICOS+CD4+TFH, CD25+CD4+, CXCR3+CD8+ and CD56+CD3- NK cell sub-
sets (Figure 6.1). In cHL we found more CD45RA+CCR7-CD4+ cells, naı̈ve CD4 cells
than in NLPHL. There are more Foxp3+CD4+ and CD25+CD4+ cells in cHL than in
NLPHL. These cells control the anti-tumor immune response. The microenvironment of
NLPHL is full of PD-1+CD4+ and PD-1+CD57+CD4+ TFH cells. TFH cells are known
for providing survival signals for germinal center B-cells. Their presence as LP rosetting
cells suggest that they provide survival signals for LP cells. This might be achieved by
production of IL-21, since LP cells have been shown to have increased expression of the
IL-21 receptor13. In cHL, the percentage of ICOS+CXCR5+CD4+ TFH cells is increased,
this seems contra-intuitive since germinal center structures in cHL are completely lost.
Moreover, HRS cells themselves produce IL-2114,15, so they are not depended on TFH
cells for IL-21 production. Maybe because the environment contains IL-21 there are more
TFH cells formed9. In NLPHL, the TFH cell population appears to have lost ICOS and
only PD-1+CD4+ TFH cells are present. ICOS is necessary for the expression of CXCR5
and BCL6 and plays a role in T-cell activation and IL-4 production.

CHL also contains more CXCR3+CD8+ cells and CD56+CD3-cells. CXCR3+CD8+
show enhanced immunity to cancer after stimulation with IL-1516 and presence of these
cells correlates with improved survival in melanoma patients17. CD56+CD3- NK cells
were found increased in EBV+ cHL, suggesting that the presence of EBV antigens trig-
gers NK cells.

For the analysis including the CD26 marker (see chapters 3 and 4), we observed
higher level of CD25+ Treg cells outside the tumor cell area in NLPHL while Treg num-
bers in cHL are higher inside the tumor cell area. In NLPHL, especially the percentage
of Foxp3+CD25+CD4+ are very low in the tumor cell area. It has been shown that in
the absence of Treg cells germinal centers are enlarged18, which is associated with an
increased number of TFH cells. Early activated CD8+ T-cells are higher in the LP cell
area in NLPHL, but show no difference in cHL.
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Some populations show a similar pattern in cHL and NLPHL. For example the pres-
ence of CD69+CD4+ cells is higher in the tumor area of both HL subtypes. In general,
CD69+ CD4 T-cells are able to downregulate immune responses8. CD69+CD4+CD25-
cells suppress CD4+ T-cell proliferation in a cell-cell contact dependent manner and in
addition support growth of the tumor in mice models of melanoma, liver and lung can-
cer19. CD69+CD4+ cells might play a similar role in cHL and NLPHL cases. Another
similarity is the high number of late activated CD25+CD8+ cells outside the tumor cell
area in both types of HL. Expression of CD25, part of the IL-2 receptor, results in pro-
liferation and differentiation of CD8+ T-cells into effector cells which have cytotoxic ac-
tivity20,21. Since the late-activated CD25+CD8+ T-cells do not have access to the tumor
cells, no CTL-mediated immune responses will be directed against the tumor cells. Pres-
ence of early-activated CD69+CD8+ T-cells in tumor cell areas implies that these cells are
not able to convert to the late-activated form and therefore are not able to evoke cytotoxic
activity against neoplastic cells.

Together, these data suggest that there are both differences and similarities in the
mechanisms by which cHL and NLPHL tumor cells manage to escape from an effective
anti-tumor response (Figure 6.2). In cHL TH1 and/or TH2 along with Treg cells and
early activated cells and CCR7-CD45RA-CD4+ TEM cells form the main population of
cells in the HRS cell area. While in NLPHL, CD57+/CD57- TFH cells are the dominant
cells around LP cells along with early-activated CD69+CD4+, CD69+ CD8+ cells and
CCR7-CD45RA-CD4+ TEM cells. Out of the tumor cell area of cHL, the cells are mainly
late-activated CD8+, Treg cells, CCR7-CD45RA-CD4+TEM cells and NK cells. In NLPHL
the cells which are located out of the tumor area are mainly Treg cells, late activated
CD8+ cells and CCR7-CD45RA-CD4+ TEM cells.
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4 Future perspectives

The interaction between neoplastic cells and the cells in the microenvironment is me-
diated by two main mechanisms: direct cell-cell contact and interactions via soluble
proteins secreted by either neoplastic cells or cells of the microenvironment. Studying
these mechanisms in HL could provide novel insights in its biology. A comparative
model including both normal and HL involved tissue may provide insight on how the
microenvironment is shaped and/or controlled by neoplastic cells.

To gain further insight into the interactions relevant for the pathogenesis of NLPHL,
we suggest to further characterize TFH cells in NLPHL, with a specific focus on the
functionality of these cells. Studying subsets of PD-1+ TFH subsets based on presence
of CD57 and/or ICOS could help to understand how these cells contribute to the sur-
vival of LP cells. As a first step we could sort TFH cells of NLPHL, cHL and RLN tissue
cell suspensions and generate gene expression profiles. In a follow-up experiment, we
could specifically sort CD26+ and CD26- TFH cells. After determining the differentially
expressed genes, a validation might be done at the protein level using IHC or WB tech-
niques. A similar approach could be followed for the Treg cell subsets sorted from cHL
cell suspensions. Treg cells might be sorted based on expression of known markers of
Treg cells such as FOXP3, GITR and CTLA4. Regarding the low number of Treg cells
in total cell population, studying the gene expression of these cells before and after ac-
tivation might be a proper suggestion for determining the probable differences in these
cells compared to control cells from RLN Treg cells. Using the list of differentially ex-
pressed genes, we can identify alterations in specific pathways or gene ontologies in
NLPHL or cHL as compared to each other or in comparison to RLN. Possible follow-up
experiments might include IHC of ligands, receptors or cytokines related to the identi-
fied pathways/gene ontologies. This type of experiments will yield further insight on
the nature of the interactions between the microenvironment and the neoplastic cells in
HL.

To gain further insight in the functionality of TFH cells, a co-culture experiment with
germinal center B-cells or neoplastic cells might yield information on survival and pro-
liferation effects on the neoplastic cells. These experiments will indicate whether the
main normal function of TFH cells is still intact. In case TFH cells of NLPHL are not
or less functional as compared to RLN derived TFH cells, this might indicate that the
LP cells have modulated their effectivity. To determine if these changes are reversible
we can activate the TFH cells of NLPHL and RLN with anti-CD3 antibodies and then
co-culture them with germinal center B-cells. In case activated TFH cells indeed show

90



Summary and discussion

higher effectivity as compared to the non-activated TFH cells, we can try to identify the
responsible genes by gene expression profiling.

Another cell type of interest to study in more detail in NLPHL are the CTLs. The
fact that the CTLs are located in an area consisting of TFH cells, suggests that these cells
might have been influenced by the TFH cells. Therefore it would be worthwhile to study
the interaction of TFH cell and CTLs. Co-culturing of CTLs of NLPHL with TFH cells
from the same case or from RLN, will reveal the putative TFH cell-induced effects on the
activation of CTLs and vice versa the putative effects of the CTLs on the TFH cells.

Progressively transformed germinal centers (PTGC), as often present in NLP in-
volved lymph nodes. PTGCs sometimes precede the diagnosis of NLPHL in prior
lymph node biopsies. PTGC is a benign disorder of RLN and is associated with en-
largement of germinal centers with small B-cells and CD4+CD57+ cells22,23. Presence
of CD4+CD57+ TFH cells in combination with enlarged germinal centers, and the asso-
ciation with NLPHL suggest PTGC as a pre-stage of NLPHL. This suggests that there
might be similarities in functionality and nature of the TFH cells and germinal center
B-cells in NLPHL and PTGC. In order to determine the probable similarities between
PTGC and NLPHL, TFH cells, Treg cells and germinal center B-cells might be sorted
from NLPHL, PTGC and RLN. Then as first step the gene expression profile of the cells
from NLPHL and PTGC might be compared with RLN and later on with each other.
Similarities in gene expression of germinal center B-cells from PTGC and LP cells from
NLPHL might indicate that under some circumstances germinal center B-cells of PTGC
might convert into LP cells. In addition, differences might also suggest some candidate
genes that might act as drivers for LP precursor cells as neoplastic cells. Studying the
gene expression of TFH cells would also provide valuable information about the role of
TFH cells in NLPHL. Since TFH cells have specific T-cell receptors and recognize anti-
gen in the context of HLA24, it would be interesting to analyze if specific T-cell clones are
present in NLPHL. This might provide an explanation for the enlargement of germinal
center and appearance of high numbers of TFH cells. Gene expression profiling of Treg
cells might explain inability of Treg cells in performing their role in controlling germinal
center reaction.

One of the candidate cell types that might be considered for functional follow-up
studies in cHL are the Treg cells. Several studies have shown that the percentage of
Tregs is different compared to RLN3,22 . This implies that these cells are specifically
attracted by the neoplastic cells in cHL, by production of certain chemokines and cy-
tokines such as CCL17 and IL-2114,23. The main functionality of Treg cells is to suppress
immune responses. To study functional differences, it might be of interest to determine
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their capacity to suppress the activation of CD4+ and CD8+ T-cells upon co-culture ex-
periments. Changes in activation levels of CD4+ and CD8+ cells might be measured
by checking relevant membrane markers such as CD25, CD69, CD154 and CD137, in
addition to production of cytokines such as IFN-gamma, IL-2 and TNF-alpha.

Since there are controversial results about the nature of the CD4+ T-cells in the mi-
croenvironment of cHL1,2, it might be of interesting to further characterize these cells
by extending the number of variables in flowcytometry from 4 to 10 to gain more infor-
mation of different markers. In addition, co-culture of RLN derived naı̈ve CD4+ T-cells
with HRS cells followed by gene expression profiling, might provide insight into the
mechanism HRS cells apply to shape the nature of the CD4+ T-cells.

To further characterize the cHL microenvironment future studies should also in-
clude the different histological subtypes, i.e. nodular sclerosing (NSHL), mixed cellu-
larity (MCHL), lymphocyte rich (LRHL) and, lymphocyte depleted LDHL25. As EBV
is present in a proportion of the NS and MC subtypes, it would be advisable to further
separate these two entities. This will be challenging especially for the non-NS subtypes
as the number of cases are limited. Therefore we should explore collaborative studies
to get sufficient cases in each of the subgroups. In case we can include sufficient patient
numbers, we can also try to determine if increases or decreases of specific cell popula-
tions is associated with disease outcome. Another potential interesting aspect that might
be studied in more detail is the composition of the blood cells of HL patients with ac-
tive disease. For some diseases changes in the blood composition has been linked with
response to treatment26. The level of TEM cells, one of the cell populations increased in
NLPHL, is increased in the blood of patients with gastric cancer26. These or other cell
types may be altered and possibly associated to prognosis in HL.
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SAMENVATTING

Het erg lage aantal tumor cellen in een omgeving van immuun cellen is misschien wel
het meest intrigerende kenmerk van het Hodgkin lymfoom (HL). Dit fenomeen wordt
gevonden in beide subtypes: klassiek HL (cHL) en nodulair lymfocyt predominant HL
(NLPHL). De tumorcellen spelen zelf een belangrijke rol in de samenstelling en function-
aliteit van hun omgeving, om een voor hunzelf zo gunstig mogelijk milieu te creëren. De
karakterisering van de omgeving zal meer inzicht geven in de pathogenese van HL. Dit
proefschrift is toegewijd aan de studie van de omgeving in cHL en NLPHL. We hebben
eerst een vergelijking gemaakt van de aparte subtypes met reactieve lymfeklier, voor
zoveel mogelijk verschillende T-cel subpopulaties. Vervolgens hebben we de cellen in
de directe omgeving van de tumorcellen vergeleken met de cellen die verder weg la-
gen. In hoofdstuk 2 hebben we een review uitgevoerd van de huidige kennis op het
gebied van de omgeving in HL gericht op de interacties tussen de omgeving en de tu-
morcellen. We hebben de overleving signalen beschreven zoals NF-κB en JAK/STAT
geactiveerd door signalen van de immuun cellen in de omgeving via liganden zoals
CD30L en CD40L en interleukines zoals IL-3 en IL-7. Activatie van deze signalen helpt
bij de overleving en celdeling van HRS cellen. Vervolgens beschrijven we hoe HRS cellen
hun omgeving samenstellen door het aantrekken van immuun cellen via de productie
van chemokines zoals CCL17, CCL22 en CCL5, die T-cellen, mestcellen en macrofagen
aantrekken. In het laatste deel bespreken we de interacties die bijdragen aan het ontsnap-
pen aan de immuun reactie. Voorbeelden van dergelijke interacties zijn PD-L1 en FASL
die de HRS cellen tot expressie brengen en die zorgen voor apoptose en uitputting van
T-cellen. Verder hebben HRS cellen vaak expressie van HLA klasse I en/of II verloren,
waardoor er geen antigeen presentatie naar immuun cellen plaats kan vinden. Daar-
naast zorgt de aanwezigheid van regulatoire T-cellen (Treg) voor het onderdrukken van
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de immuun reactie. In zijn geheel leggen we in dit hoofdstuk uit hoe de interacties
tussen de omgeving en de HRS cellen een belangrijke component zijn in het karakter
van cHL en daarom van belang zijn in de pathogenese van cHL. In hoofdstuk 3 hebben
we gekeken naar de samenstelling van de omgeving in cHL. We hebben gezocht naar
de verschillen tussen EBV- en EBV+ cHL en ook de verschillen tussen de cellen in en
buiten de tumor cel gebieden geanalyseerd. We vonden meer CD25+FoxP3+CD4+ en
CD25+GITR+CD4+ Tregs en GranzymeB+CD8+ en TIA+CD8+ cellen in cHL vergeleken
met reactieve lymfklier (RLN). De percentages van NK cellen en CTLs waren lager in
EBV- als in EBV+ cHL. We gebruikten de expressie van CD26 om cellen te kunnen
verdelen in het gebied waar de tumor cellen liggen (CD26-) en het gebied daarbuiten
(CD26+). CD69+CD4+ T-cellen en Tregs vonden we vooral in de tumor cel gebieden,
terwijl CD25+CD8+ cellen voornamelijk buiten de tumor cel gebieden werden gevon-
den. De Tregs spelen waarschijnlijk een rol bij het onderdrukken van de immuun reactie
tegen de tumor cellen, terwijl de geactiveerde CD8+ cellen te ver van de tumor cellen
afzitten om een reactie te kunnen starten. In hoofdstuk 4 hebben we de samenstelling
van de omgeving in NLPHL bestudeerd, zoals we dat ook in het vorige hoofdstuk voor
cHL gedaan hebben. We vonden minder B-cellen en NK cellen, en meer CD4+ T-cellen
in NLPHL als in RLN. TFH cellen en CCR7-CD45RA-CD4+ effector memory T-cellen
zijn verhoogd in aantallen in NLPHL vergeleken met RLN. We hebben opnieuw CD26
gebruikt om naar de cellen binnen het tumor cel gebied te kijken. We laten zien dat de
percentages CD69+CD4+ en CD69+CD8+ T-cellen verhoogd zijn binnen de tumor cel
gebieden, terwijl CD25+Tregs en CD25+CD8+ T-cellen verhoogd zijn buiten de tumor
cel gebieden. De flowcytometrie resultaten zijn gedeeltelijk gecontroleerd met immuno-
histochemie. Hiermee laten we zien dat CD4+ en CD8+ gelijk verdeeld zijn in en buiten
de tumor cel gebieden, CD69+ cellen vooral in het tumor gebied liggen, en CD25+ en
CD26+ buiten de tumor cel gebieden liggen. In hoofdstuk 5 hebben we nog wat beter
gekeken naar de locatie en het type van TFH cellen in NLPHL in weefsel, om te laten zien
wat voor cellen CD57+ cellen zijn. Onze studie liet hoge aantallen PD-1+BCL6+ cellen in
de gebieden rondom de LP cellen zien, die gedeeltelijk CD57 tot expressie brachten. Met
name de cellen die de tumor cellen direct omringen zijn TFH cellen, en deze cellen spelen
mogelijk een belangrijke rol in de bescherming of overleving in NLPHL. We kunnen con-
cluderen dat de verschillen tussen cHL en NLPHL vooral zitten in de Tregs rondom de
tumor cellen in cHL en de TFH cellen in NLPHL, terwijl de overeenkomsten zijn de aan-
wezigheid van CD69+ T-cellen in de omgeving van de tumor cellen en de CD25+CD8+
cellen buiten de tumor cel gebieden.
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funds, and grants; the ones who are full of questions, not limited to any certain field
of their expertise, but on life itself. They search for the answers and they increase their
knowledge with perseverance and persistence; the true knowledge that help them to
taste the joy of truth. These people will not exchange such a joy with anything like
articles, grants or positions, the people who are born free, live free and die free. And
there is no fear for them but losing their freedom.

And the last, but certainly not the least, I should offer my sincere gratitude to diligent
people of the Netherlands, where smells with the ethereal fragrance of freedom and
wisdom. I thank you for opening the door of your land to me and assisting me to move
towards my goals. I owe you my ”honesty” more than anything else.
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