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To the daydreamers 
(as they are reminiscent of things which escape those who only dream by night) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Before enlightenment you cut wood and you carry water, after enlightenment you cut 
wood and you carry water.  
Ancient Zen saying 



 

 

ABSTRACT 
 

TRANSCRIPTOME BASED ANALYSIS OF HODGKIN LYMPHOMA; INSIGHTS 
INTO THE MICROENVIRONMENT 

Anna Birgersdotter 
 

Department of Microbiology, Tumour and Cell biology, Karolinska Institutet 
 
This thesis is focused on the analysis of Hodgkin lymphoma (HL), in particular the 
complex interaction between the malignant cells and the abnormally behaving 
bystander cells, and this complexity of the inflammatory infiltrate in HL constantly 
challenge scientists. The common thread in this thesis is the usage of gene expression 
profiling of whole tumour tissues, laser-captured Hodgkin Reed Sternberg (H-RS) cells 
and of cell-lines.  
EBV+ and EBV- tumour were compared to germinal centre cells in order to identify 
EBV dependent genes. By overlapping the results with the gene expression profiles 
from the comparision between a normal HL derived cell-line and the same with 
introduced EBNA1+, and a set of EBV dependent genes could be identified. Among 
them CCL20. CCL20 is a chemokine that binds to CCR6, a receptor present on 
regulatory T-cells. Cell-based experiments showed that CCL20 attracted regulatory T-
cells from peripheral blood. This finding could contribute to the understanding how 
EBV infection affects the way the H-RS cell orchestrates the infiltrating tumour stroma 
towards an anergic state. 
HL is divided into subtypes and the most common ones are nodular sclerosis (NS) and 
mixed cellularity (MC). Gene expression profiling identified a set of genes that 
distinguished each the two subtypes. In NS macrophages and fibroblasts were positive 
for the “NS subtype specific genes” and in MC the macrophages and lymphocytes 
stained positive for the “MC subtype specific genes”. Only two of the studied genes 
were expressed by the H-RS cells, Cathepsin K at rare occasions and Connective tissue 
growth factor. 
Connective tissue growth factor (CTGF) had a higher expression in the NS subtype. 
Immunohistochemistry showed a subtype specific expression of the gene in fibroblasts 
and macrophages but also a subtype independent expression in the malignant cells. Due 
to CTGFs association with apoptosis and prognosis in other cancer types we evaluated 
the expression in the H-RS cells and identified three different expression patterns. A 
larger cohort is needed if one is to draw any conclusions about prognostic from the 
study. 
HL derived cell-lines have been used as a model for HL for a long time. However it is 
well known that tissue culture only approximate part of the malignancy. For example, 
the microenvironment is lacking, as well as tissue polarity. In order to improve the cell-
line model of HL, the cell-line L1236 was cultured in a three dimensional (3D) matrix 
consisting of self-organizing peptides. Gene expression profiles of the 3D cultured 
L1236 were compared to conventionally grown L1236, gene expression profiles from 
tumours, and laser captured H-RS cells. 
Key words; Hodgkin lymphoma, Epstein-Barr virus, gene expression, tissue culture, 
cell-line models 
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1 OBJECTIVE 
The aim of this study is to increase the knowledge about Hodgkin lymphoma, working 
from morphology to gene expression patterns and then back again. We generated a set 
of gene expression profiles of a panel of Hodgkin lymphoma samples, using the whole 
tumour tissue. Thus we obtained the combined expression of the malignant cell and the 
reactive infiltrate. We also analyzed the impact of three-dimensional culturing on 
Hodgkin-derived cell-lines.  
With these gene expression profiles as a base we have published –or are in the process 
of publishing- four articles. 
 

I) In the first study we wanted to analyze the impact of three-dimensional 
culturing on a Hodgkin derived cell-line. Also we analyzed whether three-
dimensional culturing improved the cell-line as a model for malignancy. 

II) In this study we investigated if the EBV status of the H-RS cell had an 
impact on the whole tumour tissue and whether this could be measured 
using microarray technology. By comparing results from cell-lines and 
tumours we saw that EBV upregulated CCL20, a chemokine that attracts 
regulatory T-cells into the tumour tissue. We could show that CCL20 
attracted regulatory T-cells from peripheral blood. 

III) In the third study we describe the differences between the two most 
common subtypes, using gene expression profiling and then 
immunohistochemistry. We could identify which cells that were responsible 
of shaping the microenvironment, and found little evidence that the 
malignant cell takes part in the tissue remodelling. 

IV) In the fourth study we explore the expression of connective tissue growth 
factor (CTGF) and its expression in different lymphomas. We show that 
fibroblasts and macrophages in Hodgkin lymphoma and Anaplastic large 
cell lymphoma expresses CTGF and that this correlates to the amount of 
fibrosis that is found in the tissue. Also, out of a panel of several different 
non-Hodgkin lymphomas, the malignant cells in Hodgkin lymphoma are the 
only cancer cells that express CTGF. 
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2 INTRODUCTION 
This part will give a general background to cancer and inflammation in order to provide 
a knowledge base for the rest of the thesis. 
 
2.1 WHAT IS CANCER? 
 
Cancer/malign neoplasm is a genetic and/or epigenetic disease, which according to 
statistics will affect every third living person1. According to WHO, 7.6 million people 
died from cancer worldwide in the year 20072. 
Cancer exhibits specific characteristics; uninhibited cell growth, disruption of tissue 
and sometimes metastasis (migration of malignant cells via the blood or lymph system 
to secondary organs). Also, most cancers form tumours but leukemia for example does 
not. There are approximately 200 different types of cancers, as many as there are cell 
types in the human body; the most common type is cancer of the epithelium.  
The risk of uncontrolled cell proliferation has been a risk for multicellular organism 
from their very beginnings. The evolution of defenses against cancer must have 
accompanied the evolution of organsimic complexity. 
 
2.1.1 A Genetic disease 
 
Tumour progression is a complex process governed by a series of arbitrarily occurring 
genetic and epigenetic alternations of DNA. Genetic changes include; point mutations, 
deletions, chromosomal translocations and amplifications. The epigenetic alterations 
include three different types of changes; i.e. DNA methylation, histone modifications 
and inhibiting RNA. 
Most of the focus has been directed on the so-called oncogenes and tumour suppressor 
genes (TSG). One can define oncogenes as mutations that will give the gene a “gain of 
function” property while mutations to a TSG will give a “loss of function” property. 
Also, oncogenes only need mutations in one allele in order to gain function while TSGs 
require genetic/epigenetic impact on both alleles in order to lose function. Oncogenes 
are thought to drive the cell proliferation while TSG to inhibit it 
 
2.1.2 Tumour progression; A Darwinian multi-step process  
 
Tumour progression is driven by a sequence of randomly occurring alterations of (and 
the usage of) DNA, affecting genes involved in controlling cell proliferation, survival 
and other traits associated with the malignant cell phenotype.  
Darwinian evolution involves expansion of organisms that have advantageous 
genotypes and thus phenotypes. A similar scheme seems to describe how tumour 
progression occurs. Cancer can be considered “a disease of the individual” as specific 
genetic alterations take place in order for cancer to progress, yet we are able to map and 
classify these steps even though we cannot fully predict in which order the events will 
happen.  
 
2.1.2.1 Which steps are necessary for tumour progression to occur? 
 
Bert Vogelstein created the first classic schoolbook example for multi-step tumour 
progression “Vogeldiagram”, a schematic model of how epithelial cells of the colon 
develops into cancer3. Vogelstein later suggested an alternative classification of genes 
involved in cancer; 
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• Gatekeepers; guardians of the cell cycle and could include both oncogenes 

and TSGs. 
• Caretakers; genes that indirectly suppresses neoplasia by maintaining 

genome stability. 
• Landscapers; enabling/supporting genes, which could target non-malignant 

cells. 
 

The landscapers class of genes would not necessary hit the malignant cells but 
bystander4. The role of bystander will be dealt with in the next section. 
Examining a wide range of highly advanced human tumours types led Weinberg and 
Hanahan to the propositions that tumours have acquired seven properties during the 
progression toward the malignant state5. Weinberg later adds the ability to evade 
elimination by the immune system to this list, which was not included when the list was 
first published6, 7. 
 

• Selfsufficiency in growth signals 
• Insensitivity to growth signals 
• Unlimited replication potetial 
• Evading apoptosis 
• Angiogenesis 
• Tissue invasiveness and metastatic ability 
• Genome instability 
• Evading the immune system 

 
Thus, when studying a fully transformed neoplasm, one usually find alterations 
affecting six-seven genes or more that are involved in the processes described above.  

 
2.1.3 Are there any innocent bystanders? 
 
For a long time cancer had been contextualized as a monoclonal cell population of 
genetically changed cells that proliferated endlessly. This reductionstic view is being 
challenged and changed toward a holistic take on tumour biology (although still 
reductionistic in a methodological sense)5. The malignant cells tend to make up 50 % of 
the tumour material- varying between different types of tumours and between 
individuals8. The other cells that are building up the tumour tissue are also behaving 
abnormally, sustaining and supporting the growth of the malignant cell in various ways. 
The delicate balance between tissue homeostasis, wound healing and tumourigenesis is 
maintained, at least in part, by the dynamic interplay between stromal cells.  
The most studied stromal impact on tumour development is angiogenesis. The current 
theory is that tumours cannot grow beyond 1-2 mm unless they are supported by a rich 
vascular supply9. The angiogenetic switch is considered to be a part of tumourgenesis 
and tumour angiogenic activity is an important prognostic factor in several tumours.  
As mentioned above, Kinzler and Vogelstein invented a new class of genes involved in 
tumourgenesis that might target nonmalignant cells; the landscapers. For example;  
patients suffering from juvenile polyposis syndromes (JPS) or ulcerative colitis (UC) 
develop hamartomas that consists of proliferating stromal cells. The epithelial cells 
associated with the polyps are more likely to undergo neoplastic transformation, as a 
result of an abnormal microenvironment.10 Another example is the protein PINCH in 
colon cancer, the abundance of PINCH in the stroma increased from normal mucosa to  
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primary tumour and metastasis, and was more intense at the margins of invasion than it 
was in the intratumoural stroma11. Thus stromal inflammation and proliferation 
eventually may lead to the development of malignant epithelial transformation because 
of an altered microenvironment.  
 
2.1.3.1 How inflammation can contribute to malignancy 
Rudolf Virchow proposed the first functional relationship between inflammation and 
cancer in 186312. He noted the presences of leukocytes in cancerous tissues. 
In 1986 Dvorak, noted the similarities between wounds and cancer by studying their 
histopathology. He proposed that tumours are wounds that do not heal12. The recruited 
reactive cells are, at least in part, attracted and activated by the plethora of cytokines 
and chemokines produced by the tumour cell itself. 
 
2.1.3.2 Tumours are “wounds that do not heal” 
Wound healing can be divided into three different phases, the inflammatory phase, the 
proliferative phase and the remodelling phase. 
The inflammatory phase lasts for approximately one week. Polymorphonuclear 
neutrophils are recruited and secreting cytokines13. Stimulated epithelial cells, 
endothelial cells and myofibroblasts produce matrixmetalloproteinases (MMP)s and 
additional cytokines and chemokines that recruit and activate neutrophils, 
macrophages, T-cells, B-cells, and eosinophils, important components of reparative 
tissues13.  
In the subsequent remodelling and maturation phase, activated myofibroblasts stimulate 
wound contraction. The macrophages and the myofibroblasts induce and support the 
epithelial cells to go through epithelial to mesenchymal transition (EMT) and thus 
regenerate the epithelium14.  
The third phase of wound healing is the maturation phase and is marked by a change in 
collagen deposition. Type III collagen, which is prevalent during proliferation, is 
gradually degraded and the stronger type I collagen is laid down in its place15.  
The similarities between the wound healing progress and epithelial cancers are 
noteworthy. The inflammatory environment found in many cancers constantly 
encourages the epithelial cells to take part in unnecessary tissue remodelling. Therefore 
one often sees EMT at the borders of cancers where the cells are in active contact with 
the microenvironment or by exposion to TGFβ14.  
 
2.1.3.3 Fibroblasts 
Hypothetically fibroblasts provide a microenvironment by producing a variety of 
immune modulators and growth factors, especially as “tissue remodelers which are 
necessary in wound healing and tissue repair”6. Both in vivo and in vitro studies have 
demonstrated that fibroblasts contribute to tumour formation and growth rates. 
Fibroblasts cultured from malignant tumours have stimulatory effects on MCF-7 cells 
(breast carcinoma cell-line), whereas fibroblasts cultured from normal tissue are 
inhibitory16, 17. The same results were seen for prostate cancer18. 
The fibroblasts have to become primed before they can promote tumour progression 
which occurs as a response to inflammation or exposure to a carcinogen. During this 
process, fibroblasts acquire some characteristics of smooth muscle 
cells/myofibroblasts19. As such they aid the EMT in cancer, phase I and II clinical trials 
are currently using an antibody called Sibrotuzumab to target fibroblast activation 
protein (FAP) in metastatic lung and colon cancer20, 21.  
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2.1.3.4 Macrophages 
Peripheral monocytes become macrophages once they have entered a tissue. They act 
as effector cells in four different contexts; inflammation, tissue repair, induction of 
immune response, and producing molecules that are toxic to bacteria and other types of 
extracellular parasites. 
Just as T-cells have been divided into different categories based on their effector 
function, macrophages are also divided into different “phenotypes” called polarizations. 
M1 polarization would theoretically be more like the Th1 response-which focuses on 
intracellular parasites and M2 polarization would go hand in hand with Th2 
characteristics and focus on extracellular parasites. Another interpretation is that M1 
polarization is the phenotype of macrophages involved in inflammation and M2 
polarization is the phenotype of macrophages that are involved in tissue remodelling 
and repair22.  
Macrophage polarization is a simplified schematic example, and already there are 
different versions of M2 polarization; M2a, M2b, M2c23. One can relate to them as two 
extremes in a whole range of macrophage activation possibilities.  
M1 and M2 macrophages differ in their cytokine production and their metabolism24, 25. 
M1 polarization occurs after stimulation with IFNγ or/and LPS or other cytokines such 
as TNFα. The M1 macrophages then produce high levels of IL-12, IL-23, high 
production of reactive oxygen intermediates (ROI) and toxic intermediates (nitric oxide 
NO)23, 26.  
M2 polarization occurs when macrophages are stimulated with glucocorticoids, 
secosteroid hormones, IL-4, IL-10, IL-13 and TGFβ23.  
In several cancers, the malignant cells express chemoattractants for monocytes; M-CSF 
or MCP1/CCL214, 27. It has been suggested that CCL2 is the most frequently found CC 
chemokine in tumours14. Most tumour cells, like gliomas, lung cancer, breast cancer 
and cervical cancer produce CCL2, the levels of expression correlate with the increased 
infiltration of macrophages23. The expression of the monocyte chemoattractans also 
correlates with prognosis28.  
Tumour associated macrophages (TAM)s theoretically orchestrate the function of other 
components of the tumour stroma. In epithelial cell cancers, TAM induces cell 
proliferation angiogenesis and ECM remodelling through secretion of fibroblast growth 
family (FGF) and TGFβ29, 30. Thus it is conceptualized that TAMs have a M2 
polarization31. These TAM characteristics are copying the part macrophages play 
during the second phase in wound healing as TAMs make space for epithelial cells and 
aid their EMT. They also accumulate in hypoxic regions of tumours and therefore 
represent an indirect pathway of amplification of angiogenesis, in concert with 
angiogenic molecules directly produced by tumour cells14. 
It has been shown that TAMs in cervical cancers have an imbalance in their NFκB 
signalling pathway25, 32. In mouse sarcoma, the TAMs showed increased 
phosphorylation of STAT1 and expression of interferon regulated factor 3 (IRF3) as 
well as increased phagocytic activity32.  
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2.1.3.5 T-cells 
Several different subsets of T-cells have been described. 

• Helper T-cells (Th-cells) are the "middlemen" of the adaptive immune system, 
and secrete cytokines that support the immune response. Depending on the 
cytokine signals received, these cells differentiate into Th1 (IFNγ and IL-12) 
and Th2 (IL-4) or one of other subsets, which secrete different cytokines33. 
CD4+ cells interact with antigen presenting cells. 

• Cytotoxic T-cells (CTLs) destroy virally infected cells, tumour cells, and are 
also implicated in transplant rejection. These cells are also known as CD8+ T-
cells. In recent years a low number of CD4+ T-cells have also been proven to 
express cytotoxic capabilities34. 

• Memory T-cells are a subset of antigen-specific T-cells that persist long-term 
after an infection has resolved and may be either CD4+ or CD8+.  

• Regulatory T-cells (Tregs), are crucial for the maintenance of immunological 
tolerance. Their major role is to shut down T-cell-mediated immunity toward 
the end of an immune reaction and to suppress auto-reactive T-cells that 
escaped the process of negative selection in the thymus. Different classes of 
CD4+ regulatory T-cells have been described; naturally occurring Tregs and the 
adaptive Tregs. Naturally occurring Tregs cells can be distinguished from other 
T-cells by the presence of an intracellular molecule called Forkhead box 3 
(FoxP3). These Tregs (also known as CD4+CD25+FoxP3+ Tregs) arise in the 
thymus and represent approximately 5-10% of peripheral CD4+ T cells in both 
mice and humans35.The adaptive Tregs cells (also known as Tr1 cells who 
produces IL-10 and Th3 cells who produces TGFβ) may originate during a 
normal immune response (however it has later een shown that induced Tregs 
can also express FOXP3)36, 37. Mutations of the FOXP3 gene can prevent 
regulatory T-cell development, causing the fatal autoimmune disease 
Immunodysregulation polyendocrinopathy enteropathy X-linked syndrome 
(IPEX)38. Other Treg markers include CTLA4, integrins like CD103, selectins 
(CD62L), CD39 and CD7339. A perhaps unexpected finding is the role of IL-2 
in the development of Tregs40. IL-2 is usually associciated with activation of 
CTL activity, however CD25 is part of the receptor complex of IL-2. IL-2 
deficient mice spontaneous develop T-cell mediated fatal lymphoproliferative 
inflammatory disesase with acute immune components. As Tregs has been 
shown to suppress T-cell specific tumour-immunity, they could theoretically 
contribute to tumour progression. In mice, Treg depletion leads to improved and 
immune tumour clearance41. The presence of Tregs in the tumour is associated 
with reduced survival in patients with ovarian carcinoma42. Tregs are also 
overrepresented in the tumour sites of B-cell Non-Hodgkin Lymphoma (NHL) 
and suppress the proliferation and cytokine production by infiltrating CTLs43. 
One interesting recent study showed a correlation between Tregs and alternative 
activation of monocytes into so called M2 macrophages44. It showed that it was 
the Tregs that were responsible for the M2 polarization by producing IL-4, IL-
10 and IL-13. 
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2.1.4 Inflammation and cancer 
Several inflammatory cytokines and chemokines meet the criteria set by Weinberg and 
Hanahan, i.e. inflammatory molecules can posses cancerous characteristics5, 45. 
Cytokine receptors confer signals through activating NFκB and/or signal transducer 
and activator of transcription (STAT) phosphorylation by means of the proteins 
belonging to the Janus tyrosine kinase family (JAK). Hodgkin lymphoma (HL), 
although a malignant disease, has many features of an inflammatory condition, and 
could thus be considered as a malign inflammation. The malignant cells are embedded 
in a reactive infiltrate consisting of T-cells, histiocytes, eosinophils, and plasma cells 
and fibrotic tissue. The malignant cell is probably orchestrating the infiltrate by 
secreting cytokines. Epstein Barr virus seems to play a role in the development of the 
disease as do NFκB signaling. 
 
2.1.4.1 NFκB signaling 
NFκB is a transcription factor complex and plays a key role in regulating the immune 
response to infection, leading to apoptosis and proliferation. Consistent with this role, 
incorrect regulation of NFκB has been linked to cancer-especially HL, inflammatory 
and autoimmune diseases, septic shock, viral infection, and improper immune 
development. It has been mostly studied in the immune system and signal downstreams 
of several cytokine receptors, Toll-like receptors, growth factors etc.  
There are five subunits; c-Rel, Rela (p65), Relb, nfkb1 (p50) and nfkb2 (p52).  
They associate in different hetero/homer-dimers in the cytoplasm (Table I shows how 
they interact), and are translocated into the nucleus once a signal has rendered their 
inhibitory binding partners (IκK family) ready for degradation46. 
NFκB signaling is often divided into the classical and the canonical pathway. The 
classical pathway tends to be associated with p50 containing heterodimers and the 
canonical pathway with p52 heterodimers. 
Chromosomal aberrations involving the human c-Rel, p65, nfkb1 and nfkb2 genes are 
found in many hematopoietic and solid tumours. The last few years have seen a virtual 
explosion in the identification of tumour cells that display constitutively high levels of 
nuclear NFκB activity due to hyperactivation of the NFκB signaling pathway or to 
inactivating mutations in the regulatory IκB subunits, ex Hodgkin lymphoma (HL) and 
Diffuse large B-cell lymphoma (DLBCL)47. 
 
 
 

Table I; NFκB subunits 
Subunit Dimerizes with 
p50 p50, p52, p65, RelB, c-Rel 
p52 p50, p52, p65, RelB, c-Rel 
p65 p50, p52, p65, c-Rel 
RelB p50, p52 
c-Rel p50, p52, p65 
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3 EPSTEIN BARR VIRUS 
 
3.1.1 Introduction 
Sir Anthony Epstein, Dr Acong and Barr first detected the Epstein Barr virus in 
cultured lymphoblast from BL tumors in 1964. It is also referred to as human herpes 
virus HHV4. EBV is a ubiquitous human lymphotropic γ-herpesvirus that establishes 
latency in B cells. Approximately 90-95% carries the virus of the world population48. 
The 172 kbp long dsDNA genome was sequenced in 198449. EBV is divided into two 
major types; I and II. Type I is more common in the western world and type II is more 
common in Africa. The sequences of these two strains are almost identical except for 
the genes that encode EBNA2, 3, 4, and 6. These differences are reflected in type-
specific and type-common epitopes for antibody and T cell response. It has been 
implicated that type two is more associated with disease than type one50.  
It has been postulated that viruses cause approximately 15% of all cancers14. EBV is 
known to cause cancers in B-cells and epithelial cells and is denoted as a cancerous 
agent by the World health organisation when considering Burkitt Lymphoma (BL), HL, 
Nasopharengyal Carcinoma (NPC), and immunosupressed lymphomas48. However, 
EBV in most cases needs cofactors for the malignant process to occur, for example 
hereditary factors, environmental factors and immunosuppression51. 
The EBV genome contains approximately 90 genes and only 9 (coding genes) of these 
are expressed in latent infection. The genome is episomal and co-replicate with the 
cellular DNA of the host cell. In the establishment of latent infection the EBV genome 
undergoes progressive methylation52.  
Depending on the background environment, i.e. the differentiation stage and cell type 
of the host and/or virus interaction with the host cell, the virus has four different latency 
phenotypes where it expresses different genes from different promoters. The latency 0 
phenotype has been described in peripheral memory B-cells53. The virus uses the Q 
promoter (Qp) to transcribe EBNA1, EBER1 and 2 and LMP2a are expressed from 
their own respective promoters, the data however is contradictory concerning the 
expression of EBNA1 and LMP2a53. The latency I phenotype is found in BL tumors, 
35% of NPC tumors and BL cell lines. Here the viruses uses the Qp to transcribe 
EBNA1 and the EBERs are, as always, transcribed from their own promoter. The 
latency II phenotype is found in 65% of NPC tumors, HL, NK-cell lymphoma and in T-
cell lymphomas in which the virus expresses EBNA1 from Qp, LMP1 and 2 and the 
EBERs. In the latency III phenotype the virus expresses all the six EBNAs from the 
Cp/Wp promoters, as well as LMP1, 2 and the EBERs are expressed from their own 
promoters. This latency phenotype is found in lymphoblastic cell-lines (LCL), 
infectious mononucleosis and AIDS related lymphomas as well as oral hairy 
leukoplakia (OHL)54, 55.  
The latency phenotypes are still being challenged by scientific data. EBV positive 
gastric cancers and NPC have latency II phenotype but also express two of the BARTs 
transcripts56,57. Latency I cell-lines and tumors have been shown to drift towards 
latency III phenotype58. Also an EBNA2+/LMP1- phenotype has been described in BL, 
where all the EBNAs were expressed except for the LMPs59. This indicates that the 
system with three distinct latency phenotypes is an oversimplification of the interaction 
between the virus, the host cell and the malignant process. 
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3.1.2 EBV latent genes 
 
3.1.2.1 EBNA1 
EBNA1 is a protein with a size over 600 aminoacids but the size of EBNA1 varies due 
to variations in the Gly-Ala repeats60-62. It has three major functions; to enhance 
expression of viral proteins, initiate DNA replication and partition the viral episomes 
during cell division as it remains associated with the chromosomes through cell 
division 63. 
As a DNA binding protein EBNA1 is activating and repressing transcription of viral 
and cellular genes, it regulates the virus lytic cycle and is involved in the latency 
switch. The model that has been proposed in our lab is that the switch between latency I 
and latency III is due to shifting levels of EBNA1 and Oct264, 65. EBNA1 has a long 
half-life above 48 hrs due to a long Gly-Ala repeat, which affect its turnover63. The 
Gly-Ala repeats confers resistance to protesomal degradation, subsequently it also 
prevents antigen presentation of EBNA1 epitopes to CD8+ CTLs66, 67. The Gly-Ala 
repeat also keeps the EBNA1 level stable over time by inhibiting translation of the 
EBNA1 mRNA in cis68. EBNA1 affect cell proliferation in BL cell-lines69, 70. Partly 
this could be explained by EBNA1’s interaction with HAUSP/USP7, a deubiquitination 
enzyme that prevents p53 degradation71. USP7 has no effect on turnover or cell surface 
presentation of the EBNA1 protein, but it causes an increase in EBNA1 replication 
activity and it cleaves ubiquitin (DUB) from EBNA1 71, 72. EBNA1 modulates the 
expression of STAT1 and thus affect the gene expression of the infected cell73. This 
could perhaps explain why EBNA1 transgenic mice develop malignancies74, 75. 
 
3.1.2.2 EBNA2 
EBNA2 is together with EBNA5 the first viral protein expressed from Wp after 
activation, and the EBNA2 expression is required for the subsequent shift from Wp to 
Cp76. Even though EBNA2 is a transcription factor of both viral and cellular genes, by 
interacting with DNA binding factor, i.e. RBP-Jκ (CBF1) in order influence the 
promoters. Under normal circumstances RBP-Jκ interacts with intracellular (IC)Notch 
to activate transcription and EBNA2 has the capacity to replace ICNotch77. EBNA2 is 
needed for transformation of B-cells and EBV driven proliferation of LCLs78.  
EBNA2 suppresses the expression of AID, which provides a molecular explanation for 
the previously observed differences in somatic hypermutation activity in EBV-
associated lymphoproliferative diseases79. This implies that there is an EBV-mediated 
regulation of genomic integrity, perhaps as a counteraction to the LMP1 upregulation 
of AID. 
 
3.1.2.3 EBNA3, 4, 5 and 6  
EBNA3 (EBNA3A), EBNA4 (EBNA3B) and EBNA6 (EBNA3C) are coded by 
tandemly arranged genes and has a similar genomic organization48. They contain short 
intron sequences that may be retained in the mRNA. The level of all three proteins is 
differently regulated by cellular factors. 
Compared to other EBNA3 family members, the function of EBNA6 is more 
comprehensively studied. EBNA6 was found in a complex with histone deacetylase 
HDAC1, HDAC2, acetyltransferase p300 and prothymosin alpha 80-82. Thus, EBNA-6 
could play a role in chromatin remodeling.  
 
3.1.2.4 LMP1 
Latent membrane protein 1 (LMP1) is localized in the cytoplasmic membrane and is 
essential for EBV-mediated growth transformation in B-cells83. Later it has been shown  
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that at least 30% of LMP1 is localized to the cytoplasmic membrane. LMP1 is 
furthermore found in intracellular compartments, where it also confers signals84. 
LMP1 mimics CD40 in a ligand independent maner, i.e. it confers a constitutive CD40 
signal85. Once it binds to its ligand, CD40L, CD40 confers a signal for transcription of 
genes involved in survival and inflammation. CD40 is necessary for germinal centre 
(GC) formation but LMP1 positive CD40 negative mice cannot form GC. Humoral 
immune responses of LMP1 transgenic mice in CD40-deficient or normal backgrounds 
revealed that LMP1 mimics CD40 signals to induce extrafollicular B-cell 
differentiation but, unlike CD40, blocks GC formation86. One study merged the 
extracellular part of CD40 with the N-terminal of LMP1 and expressed it in transgenic 
mice. The results showed that the mice had an increased risk for autoimmunity and a 
signs of B-cell hyperactivation as LMP1 not only mimic the signalling of CD40, it also 
enhances it87. Just as CD40, LMP1 has to be confined to lipid rafts in the cell 
membrane in order to signal88. 
The C-terminal of LMP1 contains two CTAR boxes. They interact with different 
TRAF molecules (number 2, 3, 5 and 6) that act as scaffolds for JAK, NIK and IKK 
molecules. Once activated, these activate downstream signalling molecules like 
STATs, NFκB and AP148. NFκB is constitutively active in LMP1 positive cells yet it 
fails to induce the regulator IκBα, thus the negative feedback loop seems to be 
malfunctioning89. 
LMP1 has been shown to both induce and prevent apoptosis in different contexts. Most 
genes that are upregulated by LMP1 are anti-apoptotic; c-FLIP, Bcl-2, cIAP1, cIAP2 
and Mcl-190, 91. LMP1 upregulate several cytokines,; IL-6, IL-10, TNFα, BAFF, 
APRIL, CCL17 and CCL22 92-95.  
Also, underlining it’s oncogenic properties, LMP1 induces the expression of several 
genes that are involved in adhesion and migration and could play a role in EMT96 97 98.  
LMP1 transgenic mice develop cancer86. LMP1 induce the expression of AID and thus 
could increase the risk of chromosomal breakings94. Interestingly LMP1 represses 
BCL6 and CD99, which denotes it as a key-player in the HL tumour progression99, 100.  
 
3.1.2.5 LMP2 
Latent membrane protein LMP2a and b are two membrane proteins transcribed from 
the same gene except for the first exon which is only included in LMP2a. Both N- and 
C-terminals are cytoplasmic, but LMP2a has a longer N-terminal due to the unique 
exon. They are transcribed from the same gene located just by the terminal repeats. 
LMP2a transcripts are also detected in most types of EBV associated tumours 
regardless of cell origin101,102.  
EBV mutants that are defective for LMP2a, induce and maintain the proliferation of B-
cells that are infected in vitro, albeit less efficiently than does wild type EBV101. 
LMP2a inhibits the BCR signalling, it sequesters BCR-associated kinases and this 
prevents unwanted antigen triggered activation of the B-cell and thus indirectly 
activation of the virus. LMP2a thus play a role as the “guardian of latency”, i.e. it’s 
expression is somehow protecting the virus from going into lytic cycle at an 
inappropriate time48.  
In vivo models using transgenic mice have indicated that LMP2a, besides the induced 
B-cell anergy, also could provide survival signals to its target cells103, 104. An analysis of 
B-cells from these mice showed that LMP2a positive B-cells, altogether lacking sIg 
was present in the periphery. The LMP2a positive cells had uncompleted V-DJ 
rearrangement and one can hypothesize that LMP2a provides a constitutive survival 
signal to the cells. The level of signal is also important for LMP2a blocking BCR  
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signalling. LMP2a positive Akata at the levels found in resting memory B-cells in vivo 
did not block BCR activation105. 
In a more recent study, the LMP2a impact on the B-cell was further investigated. As  
the BCR signalling can vary in strength and this variation is conclusive for the 
phenotype of the B-cell, and as LMP2a is known to mimic the BCR in a ligand 
independent way, LMP2a was used as the source of BCR signal106. LMP2a caused B-
cell survival as expected, but also determined mature B-cell fate depending on the 
amount expressed i.e. strength of signal. Thus LMP2a could direct the B-cells towards 
either a B1 cell pathway or a B2 cell pathway in the GC reaction (this is further 
explained in the B-cell section). There are no GC reactions in BCR negative mice but 
spontaneous GC formation occurs in the lymphnodes around the gut106. 
In a recent study, LMP2a was essential for the survival and growth transformation of 
both BCR positive and negative GC B-cells107.  
Also LMP2 has been shown to activate Notch and NFκΒ, a regulator of differentiation 
that negatively regulates the differentiation of B-cells108. 
Altogether this supports a role for LMP2a in the development of HL. 
 
3.1.3 The EBV infection 
 
3.1.3.1 EBV as an infection model in in vitro systems 
The ability to infect primary human B-cells of healthy individuals in vitro and to induce 
an unlimited proliferation of these cells (called immortalization or growth 
transformation) was discovered for EBV in 196748. This is the only way that sustained 
proliferation and eventually, immortalization can be achieved in B-cells. They become 
LCLs, characterized by markers such as CD21 and CD23 and downregulation of GC 
markers like CD38. Immortalization is associated with a dramatic change in growth 
behaviour and morphology. There is now growing evidence that EBV does not 
immortalize the B-cells by itself but other events are necessary; there is a bottleneck 
shift in the cultures selecting for the cells that survives crisis by secondary genetic 
events. Thus the culture posses a Darwinian selection on the EBV infected cells109. 
EBV also undergoes lytic replication in vitro epithelial cell-lines, thus it is hard to 
establish EBV positive epithelial cell-lines. 
The virus that has been produced by a B-cell is more infectious for epithelial cells than 
for B-cells and vice verrsa110. However partly contradicting results were showed by 
another group, the virus did not need to enter the cell but could stick on the cell 
membrane and infect other cells upon cell-cell contact59.  
 
3.1.3.2 EBV infection in vivo 
EBV-infected B-cells are rare in healthy virus carriers (1-50 per 106 B-cells). How the 
virus gets into the actual B-cell where it establishes a latent infection is still under 
debate.  
The virus is shed into and spread via the saliva, children tend to be infected at a young 
age by their parents and infection is usually asymptomatic. The first site of infection is 
controversial. Epithelial cells are permissive for EBV infection and replication in vivo 
has been shown by the occurrence of OHL lesions in AIDS patents, NPC and EBV+ 
gastric cancer.  
Analysis of tonsil epithelial cells concluded that EBV might infect them through cell-
to-cell contact, as supported by references in previous section111. Other studies have 
suggested that the virus enter the epithelial cells in immunocomplexes with IgA . 112

Should a comprehensive model of the EBV life cycle include the epithelial cells at all? 
There are studies that support the idea of a B-cell restricted EBV life cycle. A cohort of  
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B-cell ‘knockout’ humans, i.e. patients suffering from x-linked gammaglobulina 
agammaglobulinaemia (XLA) was investigated. This deficiency results from an 
inherited mutation in the Bruton’s tyrosine kinase gene, which prevents the  
development of pre-B-cells to mature and functioning B-cells. The outcome is an 
immunodeficiency with increased susceptibility to bacterial infections. The lack of 
mature B-cells capable of being infected by EBV in these patients enabled investigation 
of the respective roles of B-cells and epithelial cells in the EBV life cycle, no evidence 
of EBV infection past or present could be found113.  
Other lines of evidence of the B-cell restricted EBV life cycle exist in the literature.  
Virus shedding in the oropharynx ceased during prolonged acyclovir treatment. The 
frequency of establishment of spontaneous immortalized B-cell lines from the 
peripheral blood remained unchanged114. 
Also, analyses of EBV strains recovered from bone marrow transplant recipients 
indicates that existing latent infection can be eradicated from seropositive recipients 
during replacement of their haematopoietic cell lineages with bone marrow from 
seronegative donors114. First EBV particles, that exist in the tonsil tissue, perhaps from 
replication in epithelial cells or enter the tissue in the case of primary infection, infect 
naïve B-cells. PCR experiments and immunohistochemistry of tonsils which showed 
that IgD+ cells were the only cells that can express a latency III phenotype in vivo115. 
This naive EBV-infected B-cells proliferate and after this initial clonal expansion 
phase, some EBV infected B-cells undergo GC reaction. The pool of EBV-infected 
cells with mutated V gene rearrangements might be formed by infection of naive cells, 
which are driven into a GC reaction after infection and EBV-induced proliferation. 
These cells might then acquire somatic mutations within their V region genes and 
differentiate to memory B cells116. Sequence analysis of V region genes amplified from 
EBV+ B-cells shows that cells with unmutated as well as mutated V genes are infected. 
These likely represent naive, antigen-unexposed cells or derive from the small 
population of GC founder cells, which were not yet targeted by somatic 
hypermutation117. 
EBV positive GC B-cells have a latency II phenotype116. However, EBV infection of 
GC B-cells in vitro renders a latency III phenotype, thus EBV infection overrides 
differentiation state in vitro once the cell is taken out of it’s context118. In fact it could 
be the cytokine environment that activates the LMP1 promoter in an EBNA2 
independent manner119, 120. 
The clonal expansion of the EBV-infected B-cells in the GC reaction could be a mean 
to increase the number of EBV infected B-cells. These GC B-cells will then 
differentiate into memory B-cells, which function as the long-term reservoir of EBV. In 
theory, the expression of LMP1 and/or LMP2 would provide the B-cell with survival 
signals. 
In peripheral blood, EBV is exclusively found in memory B-cells. As memory B-cells 
are resting and long lived, EBV can persist in these cells without expressing any viral 
genes, sometimes referred to as latency zero. If the memory B-cell is activated and 
differentiate into a plasma cell, the EBV might switch to lytic cycle and produce new 
virus particle that could infect new naïve B-cells116. In this way, EBV could make use 
of normal B-cell differentiation pathways to establish a lifelong persistence in the B-
cell compartment. Studies have shown that EBV is found more often in IgA positive B-
cells121. This would reintroduce the virus to mucosal tissues were it could either reinfect 
epithelial cells or go into lytic replication.  
The infection model described above is based mostly on the theories of Thorley-
Lawson. It is supported by some studies but there are issues that require further 
research. For example, the establishment of latency might be independent of the  
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proliferation and immortalisation that follows the latency III expression122. 
Interestingly, NOD/SCID mice engrafted with human CD34(+) cells and reconstituted 
mainly with human B-cells infected with EBV presented large visible tumours in 
multiple organs, with a type II latency123. 
Also, in the cell sorting experiments the frequency of EBV positive B-cells was 
calculated to be equivalent among GC, naïve and memory B-cells, and they all show 
the same susceptibility to the virus infection in vitro124, 125. In Infectious mononucleosis 
(IM) the majority of the expanded B-cell pool has mutated V genes, which shows that 
mostly GC and/or memory B-cells are expanding126. Also these cells showed no 
intraclonal sequence diversity, excluding that the expanding clones derived from one 
infected B-cell pr. Immunohistochemistry and in situ hybridisations on tonsil sections 
showed that the main location of EBV infected B-cells is in the extrafollicular regions, 
they were rarely detected in the GCs.  
As LMP1 can downregulate BCL6, LMP1 expression might not reflect normal 
behaviour of the EBV positive B-cell, and indicates that LMP1 expressing GC B-cells 
might not be able to proceed in the B-cell differentiation. 
Taken together this implies that passage of EBV infected B-cells through a GC reaction 
is not required to establish viral persistence, even if that scenario fits with the idea of 
how HL develops.  
 
3.1.4 EBV in disease 
 
As 95% of the world’s population is infected with EBV and far from all develop EBV 
positive malignancies, it is obvious that EBV by itself rarely causes cancer. Yet EBV is 
denoted a carcinogen according to WHO48. 
Diseases associated with EBV include Burkitt lymphoma (BL), Nasopharyngeal 
carcinoma (NPC) and lymphomas in immunocompromised individuals, so called post-
transplant lymphoproliferative disease (PTLD). All of these malignancies are 
associated with other variables, such as food, genetic predisposition, 
immunosuppression and secondary infections48. 
EBV has been associated with several GC–derived B-cell lymphomas; i.e. Burkitt 
lymphoma (BL), classical Hodgkin lymphoma (cHL), and posttransplantation 
lymphoproliferative disease (PTLD). During the process of somatic hypermutation, GC 
B cells can acquire deleterious or nonsense mutations in the heavy and light Ig genes. 
Such mutations abrogate the cell surface expression of the B-cell receptor (BCR), 
which results in the elimination of these nonfunctional B cells by immediate apoptosis. 
As malignant cells in cHL and PTLD are B-cell receptor–deficient (BCR-), 3 studies in 

Blood December 2005 showed that EBV could rescue BCR-deficient GC B cells from 
apoptosis127-129. 
 
3.1.4.1 Infectious mononucleosis 
In contrast to the usually asymptomatic infection with EBV and establishment of viral 
persistence in children, primary infection by EBV in adolescence in adulthood is 
accompanied by infectious mononucleosis (IM) in half of the cases. It has been known 
since 1968 that EBV causes IM54.  
In IM approximately 1% of the B cells are infected. The normal compartmentalization 
in tonsils is destroyed due to the proliferation of B and T cells. The marked T cell 
response leads to the elimination of almost all viral infected B-cells after a few 
weeks130. 
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To study whether naïve B-cells are the main target for EBV in IM, one group tried to 
find members of clones that show extensive intraclonal V gene diversity due to somatic  
hypermutation during proliferation inside the GC. However, among 173 cells belonging 
to 27 clones, only a single clone shows some intraclonal diversity126. The pool of  
EBV+ cells with somatically mutated V region genes results from direct infection of 
memory cells and likely also of GC B-cells. Differences in the behaviour or load of the 
virus or in the strength of the EBV-specific T-cell response could be the reason for the 
different pathways of EBV dissemination in IM compared to virus persistence53. 
Thus it is unlikely that in IM the pool of EBV-carrying B-cells with mutated V region 
genes is mainly generated from EBV-infected naive B-cells but rather from memory B-
cells and GC B-cells. EBV can shut down hypermutation activity via LMP1 and LMP1 
expression blocked GC formation in a transgenic mouse85. In IM rare EBV-bearing 
cells are sometimes observed inside GCs 131. The follicular structures of tonsils are 
usually disrupted during IM. Virus antigens are presented via MHCI to CTLs in the 
presence of CD4+ Th1 cells, inducing T-cell proliferation. As H-RS cells have 
downregulated their expression MHCI, the surrounding T-cells are Th2 or Treg 
phenotypes. One could imagine that the rebuilding of the broken tissue is affected by 
the presence of an inflammatory EBV+ H-RS cell. There are strong correlations 
between IM and the development of HL132. A whole chapter will later be dedicated to 
HL. 
 
3.1.4.2 Burkitt lymphoma (BL) 
BL is considered to be the most common childhood cancer in equatorial Africa and is a 
B-cell tumour appearing in the jaw. This endemic form of BL is associated with 
malaria infetion and is EBV positive to the same extent as the population. BL is also 
associated with c-myc gene translocation and consequently its constitutive 
transcription133. The sporadic form of BL is less often associated with EBV.  
In culture, BL cell-lines express latency I, however some tend to drift toward a latency 
III phenotype134. 
 
3.1.4.3 Nasopharyngeal carcinoma (NPC) 
NPC is a malignant neoplasm of the mucosal epithelium in the nasopharynx. It is rare 
in Caucasians but has a high incidence in southeast Asia, Alaska and Greenland. There 
are three subtypes of NPC: a well-differentiated keratinizing type, a differentiated 
nonkeratinizing type, and an undifferentiated type, which typically contains large 
numbers of non-cancerous lymphocytes. The undifferentiated form is most common, 
and is most strongly associated with EBV infection, expressing either latency II (65%) 
or latency I (35%)135. It is hypothesized that EBV might affect the disease progression 
of NPC and HL in a similar fashion, as both tumour tissues contain large amounts of 
inflammatory infiltrate.  
 
3.1.4.4 Post-transplant lymphoproliferative disease (PTLD) 
B-cell post-transplant lymphoproliferative disorders (PTLD) are classified as early 
lesions. PTLD can arise from a broad range of target B cells and not only from the pool 
of antigen-selected memory cells that EBV generally colonises in immunocompetent 
individuals. Tumour development seems frequently associated with the EBV-induced 
rescue and expansion of B cells that have failed the physiological process of GC 
selection into memory136. 
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4 METHODS FOR “FISHING” IN THE 
TRANSCRIPTOME 

Gene expression refers to the process by which the DNA sequence is transcribed into 
RNA. Gene regulation gives the cell control over structure and function, and is the 
basis for cellular proliferation, differentiation and morphogenesis. It is also altered 
during disease. The transcriptional regulation is based on conglomerates of 
trascription factors and regulators that bind to DNA, but is on a global level 
epigenetical; methylation of cytosines, histones, acytelation of histones etc. 
Epigentics also include translational regulation via interfering microRNAs. Therefore 
there is not necessarily a correlation between RNA levels and amounts of its coding 
protein.  

 
4.1.1 Techniques 
There are several techniques for quantifying RNA levels. The most crude is Northern 
blot. The invention of polymerase chain reaction (PCR) revolutionized many areas in 
research including that of gene expression. The term RT-PCR is used to refer to both 
reverse transcription PCR as well as real-time PCR, which is also known as 
quantitative RT-PCR or quantitative PCR (qPCR). By the advent of RT-PCR, 
scientists could create expressed sequence tags from RNA and sequence them to learn 
their identity. An expressed sequence tag (EST) is a short sub-sequence of a 
transcribed spliced nucleotide sequence, which may be used to identify gene 
transcripts and are instrumental in gene discovery and gene sequence determination. 
The identification of ESTs has proceeded rapidly, with approximately 52 million 
ESTs now available in public databases (GenBank 2008, all species)137. Serial 
analysis of gene expression (SAGE) is a technique used to produce a snapshot of the 
mRNA population in a sample of interest, it is a sequence-based sampling technique 
resulting in more qualitative, digital values. The output of SAGE is a list of short 
sequence tags and the number of times it is observed. Using sequence databases a 
researcher can usually determine, with some confidence, the original mRNA (and 
therefore which gene) the tag was extracted from, thus the RNA does not need to be 
known before hand138. The general goal of the technique is similar to the DNA 
microarray. Microarray technology is also based on the advent of PCR. A DNA 
microarray is a high-throughput technology used in molecular biology and in 
medicine. It consists of an arrayed series of thousands of microscopic spots of DNA 
oligonucleotides, called features, each containing picomoles of a specific DNA 
sequence. The usage of this technology has shifted the bottleneck from generating 
data to data handling. One could divided microarrays into DNA arrays or 
oligonucleotide arrays, the later are the type that has been used in this thesis and are 
commercially available by Affymetrix©. They are referd to as Gene Chips by the 
company and are being produced by photolitography. qPCR is the most sensitive 
technique around, where by the use of a standard curve one can get the exact number 
of RNA copies in your sample. The technique involves the usage of a quencher and a 
dye, they are situated on the same probe and once the DNA polymerase transcribes 
the gene the probe is broken. This releases the reporter dye from the quencher and the 
machinery can now read its signal. 
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4.1.2 Transcriptome studies on lymphomas 
With the introduction of gene expression profiling and the availability of the technique, 
the numbers of studies applying it to cancer has grown exponentially. 
 
4.1.2.1 Transcriptome studies on NHLs 
These are of course just examples of microarray studies. 
Alizadeh et al published the first big “microarray” paper on lymphomas in 2000. They 
looked at Diffuse large B-cell lymphoma (DLBCL), a disease that was morphologically 
easy to detect, but the clinical outcome varied. By gene expression analysis they 
showed that DLBCL could be divided into two different groups based which B-cell 
phenotype they had and this correlated with prognosis. Activated B-cell like DLBCL 
had a worse prognosis compared to GC-like DLBCL139. Thus gene expression profiling 
defined that DLBCL are really two different types of malignancies. 
Also, the GC-like DLBCL had ongoing somatic hypermytation (SMH), and one could 
hypothesize that malignancies that developed from precursors still undergoing SMH 
are less malignant in their behaviour140. This work was further evaluated and DLBCL 
could, through gene expression profiling, be divided into three groups, each with its 
distinct prognosis impact141. These studies were based on the lymphochip developed by 
Staudt, which for a long time was the only trusted c-DNA chip, containing 18000 
genes. 
Gene expression profiling also shed light on B-cell chronic lymphocytic leukaemia (B-
CLL). The precursor for B-CLL has been hard to identify due to the mixed expression 
of naïve and memory B-cell markers CD5, CD23, CD19 and low levels of soluble 
IgM/IgD. No healthy cell expresses these markers in unison. Also 50-70% show SMH 
indicating that they have passed through a GC. Gene expression profiling showed that 
B-CLL showed a similar signature regardless of the presence or absence of Ig 
mutations, and that the malignant transformation started in memory B-cells142  
In a large study on FL, the dominant role of the microenvironment on prognosis was 
underlined, something that has not been seen in microarray analysis of mantle cell 
lymphomas or DLBCL143. Unique to this study the bystander cells e.g.; primarily T-
cells, macrophages or dendritic cells, expressed the genes that best defined the 
prognostic signatures in FL. The survival signature included T-cell markers (CD7, 
CD8B1, LEF1 and STAT4) and genes that were highly expressed in macrophages 
(ACTN1 and TNFSF13B-which also is implicated to have a role in the HL context). 
Important to mention, this result had nothing to do with the presence of the T-cells in 
the actual specimen and many of classical T-cell markers were not included in the 
“good prognosis signature”. The “bad prognosis signature” included genes associated 
with macrophages and/or dendritic cells (TLR5, FCGR1A, and C1QB)144. 
Another big gene expression profiling study worth mentioning are the BL study 
published in N Eng J of Med in 2006145. It further cleared the border between DLBCL 
and BL. In addition, the microarray method outperformed the expert pathologists: 17 % 
and 34 % of cases with the gene-expression signature of BL had been called DLBCL or 
unclassifiable high-grade B-cell lymphoma, respectively146 
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4.1.2.2 Transcriptome studies of HL 
The first study to describe gene expression profile results from whole HL tumour 
tissue was published in 2002 and used home made nylon cDNA chips with 1045 
genes. They used unsupervised clustering to identify groups with good or bad 
outcome for 21 cases. The same genes that were associated with fibrosis were 
associated with bad outcome; it contained genes involved in fibroblast activation and 
angiogenesis (Col6A1, MMP2, MMP3, TIMP1)147. A later study took a closer look at 
the gene expression profiles of whole HL tumour tissues with the aim to find 
prognostic markers. They used a commercial c-DNA chip from CNIO containing 
9348 genes. First 29 advanced NS and MC stages were arrayed, then 245 other 
tumours were analyzed for the validation. Two gene signatures were associated with 
bad outcome; mitotic checkpoints and inflammatory bystander cells (CD8B1, CD3D, 
CD26, SH2D1A) and bystander cells especially macrophages (STAT1, LYZ). Genes 
associated with favourable outcome are involved with matrix remodelling and 
fibroblast function- thus partly contradicting the earlier publication. These genes 
included TIMP4, SPON1, LAMB1, TACR1 and CCL26148. 
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5 HODGKIN LYMPHOMA 
 
5.1 WHAT IS HODKGIN LYMPHOMA 
Hodgkin lymphoma (HL), although a malignant disease, has many features of an 
inflammatory condition with symptoms such as fever, night sweats, itching and 
lymphadenopathy. HL is classified as classical HL (cHL) or nodular lymphocyte 

predominant HL (LPHL) dependent on the detection of Hodgkin and Reed-Sternberg 
(H-RS) cells or lymphocytic and histiocytic (L&H) cells embedded in a reactive 
infiltrate consisting of T-cells, histiocytes, eosinophils, and plasma cells.  
It has an annual incidence ~3 per 100000 in Europe and USA and the major incidence 
peak between 20 and 29 years and a minor peak above 60. HL has an overall higher 
incidence in male. The NS subtype is the most common subtype in young adults. 
HL is associated with high socioeconomic status in childhood (especially NS in young 
adults)132. Familial aggregations frequently reported, 99 times higher risk in identical 
twins and 6 times higher in siblings149.  
There is an association with EBV, in industrialised countries 30-50% are EBV+ and in 
developing countries 95% are EBV+48. 
Ann Arbor staging and classification has strong prognostic value and is determined by 
the number of lymph node regions involved and the presence of absence of “B” 
symptoms. B symptoms refer to systemic symptoms of fever (over 38°C), night sweats, 
and weight loss which can be associated with both HL and NHL. The presence or 
absence of B symptoms has prognostic significance149.  

• Stage I involvement of a single node region or structure 
• Stage II involvement of two or more lymph node regions on the same side of 

the diaphragm 
• Stage III involvement of lymph node regions or structures on both sides of the 

diaphragm 
• Stage IV involvement of one or more extranodal site (e.g. liver or bone marrow) 

 
5.1.1 The Family Tree 
 
HL is divided into two subgroups on the basis of histology and the immunophenotype 
of the H-RS cells; cHL and LPHL.  
Classical HL, i.e. cHL, contains three subtypes; Nodular Sclerosis (NS) who represent 
~ 65% of HL cases, Mixed cellularity (MC) that represent ~ 30% of all HL cases and 
Lymphocyte rich (LR) who represent ~ 5% of all HL cases149.  
H-RS cells express CD30 and are usually CD15+, CD138+, CD45-, BLC6- and CD20-. 
Also, as will be mentioned in the B-cell phenotype of the H-RS cell section, the H-RS 
cells does not express or partially express Oct2 and Bob1150, 151. 
LPHL displays features that are not generally encountered in cHL. It has a unimodal 
age distribution, with a single peak in the 4th decade, which contrasts with the two 
peaks of cHL, (one in the 3rd and the other in the 7th decade). The disease usually 
affects single cervical, axillary, or inguinal nodes rather than groups of nodes151 
Both the cHL and the LPHL subtypes have in common their derivation from GC B-
cells in most instances, while in few cases cHL is a T-cell-derived lymphoma. cHL and 

LPHL differ in terms of immunophenotype (absence versus presence of B-cell markers, 
respectively), mutational status of the heavy chain Ig gene (crippling mutations versus 
ongoing somatic mutations, respectively), and signalling pathways involved in 
malignant transformation (e.g., absence versus presence of BCL6 expression, 
respectively).  
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The borders between HL and ALCL are not always sharp: this had led to the creation of 
the category of ALCL-Hodgkin's like (HL). The precursor of the malignant cell is a T-
cell and the majority of the inflammatory infiltrate consists of B-cells. The malignant 
cells are positive for ALCL kinase. (ALK). 
Primary mediastinal B cell lymphoma (PMBL) cannot reliably be distinguished from 
other types DLBCL. PMBL patients tend to be young, with a median age of 30–35 at 
diagnosis in contrast to DLBCL patients who have a median age of >60 yr at 
diagnosis152, 153. Some patients with HL have been noted to develop PMBL within 1 
year after treatment, and some "grey zone" lymphomas can have histological features 
that are intermediate between HL and PMBL153. Other relationships between HL and 
PMBL are genetical, for example chromosome 9p gain and amplification of the JAK2 
gene154. Also, TARC and CD30 are expressed in PMBL. Thus one can assume that 
PMBL and HL may be pathogenetically related. Gene expression profiling supported a 
relationship between PMBL and HL. PDL2, which encodes a regulator of T-cell 
activation, was the gene that best discriminated PMBL from other DLBCLs and was 
also highly expressed in H-RS cells in tumours153.  
 
5.1.2 Treatment 
Considering that HL patients are more likely to die from acute and late treatment-
related toxicities than from HL it, the introduction of targeted, biologically based 
therapies for HL patients with palliative and eventually curative intention might be 
justified155. Prior to the middle of the last century, HL disease was fatal for the majority 
of cases. Introduction of radiotherapy and development of adriamycin, bleomycin, 
vinblastine, and dacarbazine (ABVD) in the 1970s was a major step forward149, 156. 
Results further demonstrate that the pathway can be blocked by treatment with 
pharmacologic doses of a specific protease inhibitor, pepstatin-A, even in the presence 
of a mutated NFκB inhibitor, IκBα157. 
Antibody towards CCR4 KM2760, this antibody was able to inhibit Treg infiltration in 
vitro and could target the microenvironment in HL158. IL-13 inhibition is being 
evaluated at this moment.  
 
5.2 THE MALIGNANT HODGKIN REED STERNBERG CELL 
 
5.2.1 Introduction to the B-cell 
The BCR complex is expressed once the B-cells enter the periphery (see Figure 1). 
Three major subsets of mature B-cells exist in mice and humans; B1, follicular (also 
known as B2) and marginal zone B-cells. B-cell differentiation is dependent on surface 
expression of the BCR and is the only signal that is known so far to be required for this 
differentiation is the BCR through syk. Studies in mice lacking or overexpressing 
molecules involved in BCR signalling have indicated that BCR signalling strength is a 
critical factor influencing B1 versus follicular B-cell differentiation159. 
 
5.2.1.1 The life of a B-cell, a movement through a myriad of identities 
During T-cell-dependent antibody responses to exogenous antigen, GCs are formed by 
proliferating B-cells. Naive B-cells first migrate to the T-cell-rich area (known as the T-
cell zone) of lymphoid tissues owing to their upregulation of specific chemokine 
receptors in response to their encounter with antigen presented by dendritic cells. The 
initiation of the GC response requires the interaction of co-stimulatory B-cell-surface 
receptors with ligands expressed by T-cells and/or antigen-presenting cells, of which 
the most important is that between the tumour-necrosis factor (TNF)-receptor family  



 
 
member CD40, which is expressed by all B-cells, and its ligand CD154 expressed by 
T-cells. GC-precursor B-cells move to the primary follicle, a structure made of 
recirculating IgM+IgD+ B-cells within a network of follicular dendritic cells. Here, B-
cells start to proliferate rapidly and thus the IgM+IgD+ B cells are pushed aside to form 
the mantle zone around the GC. The structure that is formed is known as the secondary 
follicle. After a few days of vigorous proliferation, the characteristic structure of the 
GC becomes apparent. The dark zone consists of densely packed centroblasts that are 
going through clonal expansion160. As the centroblasts are the only cells in the body- 
except for cancer cells- that can go through a clonal expansion they share certain 
characteristics with cancer cells. For example, the sensing of and response to DNA 
damage are specifically suppressed in centroblasts161. 
Also telomerase is expressed during clonal expansion, ensuring that the cells will not 
loose any of their replicative potential162. However, unlike cancer cells, centroblasts are 
exceptionally prone to apoptosis due to the high expression of proapoptosis molecules 
and the lack of expression of several antiapoptotic genes. The role of FAS in 
centroblast is controversial163, 164. 
This “apoptotic sensitivity” is thought to provide rapid elimination of B-cells with 
newly generated Ig mutations that produce a non-functional antibody.  
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Figure 1. The development of a B-cell is a highly ordered process. The precursor first dwells in the 
bone marrow. This is where recombination activating genes RAG1 and RAG2 are expressed who initiates 
the recomibnation events. Once the heavy and the light chains are rearranged and expressed the 
immature B-cell leaves the bone marrow. When it encounters an antigen it will move into GCs and 
interact with dendritic cells and T-cells in order to start SHM, clonal expansion and antibody selection. 
The B-cell then change their heavy chain and enter the periphery again as a memory B-cell or 
differentiate into a plasma cell. 
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During proliferation, the process of somatic hypermutation introduces base-pair 
changes into the Ig variable region (IgV) of the heavy chain and light chain.  
Centroblasts then differentiate into centrocytes and move to the light zone. The light 
zone is comprised of smaller, non-dividing centrocytes together with follicular 
dendritic cells, T-cells and macrophages. Centrocytes (CD77-, CD38+) are less  
proliferative compared to centroblasts, here B-cells that have lost the ability to bind 
antigen are eliminated. Also class switching occurs in the light zone. Class-switch 
recombination (CSR) is a process whereby the heavy chain class of the antibody 
produced by an activated B cell changes from IgM and IgD to either IgG, IgA or IgE 
and is governed by the combination of specific cytokines and co-stimulatory signals. If 
you read this sentence I will buy you a beer. The process can occur outside of  
GCs in both T-cell-dependent and T-cell-independent responses165. CSR requires the 
expression of AID whose expression tend to be associated with centrocytes and the 
light zone. Thus, SHM and CSR are spatially separated, with SHM occurring in the 
dark zone and CSR in the light zone of GCs. 
The mechanisms that guide the trafficking of B cells between the dark and light zones 
appears to be mediated by chemokines that are possibly produced by stromal cells166. 
Centroblasts express CXCR4 and migrate towards CXCL12/SDF1 gradient that 
originates in the light zone, whereas centrocytes express CXCR5, which is responsive 
to a CXCL13 gradient produced in the dark zone 
Centrocytes then terminally differentiate into memory B-cells and plasma cells. 
Memory cells are recognized by the expression of CD27 and CD148. Also, several 
transcription factors are required for plasma cell commitment. Downregulation of the 
transcriptional repressor PAX5, which is essential for maintaining the identity of 
mature B-cells, including naïve, GC and memory B-cells is crucial for terminal 
differentiation into plasma cell167. Also, the downregulation of BCL6 in centrocytes 
enables the progression to plasma cells. The combined BCR- and CD40-triggering 
extinguishes the expression of BCL-6 in centrocytes. This leads to the release of the 
repression of BLIMP1, allowing plasma-cell differentiation. IRF4 is an essential 
regulator of plasma-cell differentiation, partly because it downregulates BCL6168.  
T-cell independent antigens elicit CD40 independent class switching and antibody 
production. This process requires B-cell activating factor of the TNF family (BAFF) 
and a proliferation induced ligand (APRIL)169. These are two CD40L receptor related 
ligands, binding to three different receptors. BAFF-R, besides favouring antibody 
production, delivers survival signals that are crucial for the conservation of the 
peripheral B-cell repertoire. These receptors bind TRAFs to their intracellular tails and 
thereby activate NFκB through degradation of IκB. No combination of in vitro 
conditions has been able to create a model that mimics the differentiation of naïve B-
cells into the full GC phenotype. These conditions have failed in vitro to produce GC 
cells from naïve B-cells, for example BCL6 is not upregulated. BCL6 is a proto-
oncogene that is translocated frequently in human NHL (DLBCL) and is required for 
GC formation. IRF4 transcriptional factor, induced by the NFκB canonical pathway, 
directly downregulates BCL6 expression170.  
 
5.2.1.2 B-cell identities and their shadows; precursors and malignant counterparts 

All B-cell NHLs display somatically mutated IgV genes, indicating that they are 
derived from B cells that are blocked within or have passed through the GC- with the 
exception of the relatively rare lymphoblastic and mantle-cell lymphoma subtypes171. 
These malignant cells have chromosomal translocations and aberrant SHM (ASHM)  
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from malfunctions in the Ig gene remodeling mechanisms that together with a decrease 
of the apoptotic sensitivity have lead to the creation of a malignant clone.  
Chromosomal translocations associated with GC-derived NHLs often involve the 
immunoglobulin locus172. Thus, there seems to be a role AID in SHM and CSR 
indicates that this enzyme could contribute to NHL pathogenesis. Constitutive 
expression of AID causes mice to develop tumours of various cellular origins173. 
CMYC-Ig translocation is present in 100% of BL cases and up to 10% of DLBCL 
cases. These tumours are derived from a GC B cell, a fraction of tumours show ongoing 
IgV SHM and the tumour cells are strongly related in their gene expression profile to 
GC B cells139. 
Chromosomal translocations involving BCL6 are commonly associated with DLBC. 
Unlike HL, the tumour cells in NHL usually retain their expression of typical B-cell 
lineage markers. The malignant NHL cells show a differentiation-linked phenotype 
thus preserving the differentiation state of their normal counterparts during their tumour 
progression. 
 
5.2.1.3 The B-cell identity crisis of the H-RS cell 
The H-RS cells are unique among B-cell lymphomas, as they have gone through an 
extensive reprogramming leading to the loss of their B-cell phenotype. This section will 
investigate the molecular background for this reprogramming. 
As the H-RS cell is expressing a range of lineage markers of dendritic cells, monocytes, 
T-cells, B-cells or macrophages, it was first with the invention of PCR that the true 
precursor of the H-RS cell could be defined174. The H-RS cell is derived from GC B-
cells in more than 90% of all cases, less than 10% are derived from T-cells, shown by 
their rearranged Ig/TCR genes. 
Although derived from GC B-cells, H-RS cells do not express surface Ig or its 
associated receptors CD79a, b or B-cell marker CD20. Several studies have attempted 
to understand this observation. First crippling mutations were found within the Ig 
genes’ promoter regions175. In contrast to that study, Harald Stein found that the 
majority of H-RS cells (75%) had intact Ig genes and should be functional176.  
Ig gene expression requires an interaction between octamer sites and the transactivating 
factors Oct2 and Bob1.  
HL derived cell-lines do not express Oct2 or Bob1 at protein level, neither does H-RS 
cells in tumour tissues177. When Oct2 and/or Bob1 were reintroduced together with an 
Ig gene promoter luciferase reporter construct, it showed activity178.  
Another transcription factor that is needed for Ig gene transcription (and necessary for 
B-cell development) is Pu1. Loss of Pu1 was shown to be associated with lack of Ig 
expression in H-RS cells, but as Oct2 it was present in L&H cells179.  
The Ig genes in the H-RS cell cannot be activated by ectopic expression of Oct2 and 
Bob1. This is due to epigenetical silencing of the Ig genes, as shown by the activation 
of Ig transcription in the cell-line L1236 after treatment with 5-azacytidine. Also, 
histone modification was involved180. Harald Stein showed that in non-malignant B-
cells, there is no obvious relationship between the expression of Bob1, Oct2 and Pu1 
and the expression level of Ig mRNA and protein in normal/reactive B-cells181. Taken 
together, this shows that the inability of the H-RS cells to express Ig genes is 
multifunctional. 
Several studies applied gene expression technologies like ESTs, serial analysis of gene 
expression (SAGE) and microarray, to further investigate the B-cell phenotype of H-RS 
derived cell-lines. They showed a loss of B-cell specific genes but supported a B-cell 
lineage. The first study applied sequencing cDNA from micropipetted H-RS cells from 
two HL cases and also analyzed primary HL tissues and HL derived cell-lines. The HL  
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derived ESTs were compared with Genebank database in order to conclude a B-cell 
lineage of the H-RS cell182. A subsequent study analyzed the gene expression of HL- 
derived cell-lines together with different B-cell populations. First SAGEs were 
generated for GC centroblasts (CD77+) and the cell-line L1236 in order to identify H-
RS specific genes. B-cell associated genes were downregulated and upregulated genes 
included; lymphotoxin-β, Atf5, ferritin and thioredoxin183.  
The findings were further verified in microarray analysis of four HL derived cell-lines 
together with naïve B-cells, centroblasts, centrocytes and memory B-cells using the 
Affymetrix U95a platform. Downregulated genes included BCR associated genes 
CD79a and b, CD19, CD20 and B-cell linker protein (BLNK), Syk, Lyn, Blk and csrc. 
Other markers hat were not expressed by the H-RS cell-lines included RP105, BCMA, 
Bob1, Oct2, Cd45, SHIP and LFA1184. A third gene expression study compared the HL 
derived cell-lines with those derived from BL, DLBCL and LCLs. Unsupervised 
hierarchical clustering revealed that the HL cell lines are more similar to each other 
than to any other normal and malignant B cell subset, this included HDLM2 which has 
a rearranged TCR gene. This underline that–opposed to most other lymphomas–the cell 
of origin is not the main determinant for the phenotype of the H-RS cells, but that B-
cell derived as well as T-cell derived H-RS cells undergo transforming events resulting 
in an H-RS cell-typical gene expression signature. BL and the GC-type DLBCL are 
thought to represent transformed GC B cells, which is also supported by the finding 
that both entities show active somatic hypermutation. The HL-derived cell-lines, 
although also derived from GC B cells, do not show a GC B-cell phenotype (e.g., BCL-
6, CD10, etc)184. 
Both B-cell specific transcription factors Pax5 and E2a are expressed by the H-RS cells 
without activation of their target genes. Pax5 belongs to the paired box (PAX) family. 
PAX proteins are important regulators in early development. Pax5 encodes the B-cell 
lineage specific activator protein that is expressed at early, but not late stages of B-cell 
differentiation. This inactivation of B-cell specific genes is due to the expression of 
negative regulators Id2 and Abf1185. Id2 belongs to the inhibitor of DNA binding (Id) 
family. In B-cells, Id2 negatively regulates B-cell differentiation in the spleen and can 
inhibit E2A activity. Abf1 is a transcriptional repressor capable of binding an E-box 
element either as a homodimer or as a heterodimer with E2A. Inhibiting Abf1 in H-RS 
cell-lines led to downregualtion of several aberrantly expressed T-cell specific genes, 
but this enforced expression of E2a homodimers did not result in upregulation of 
selected B-cell specific genes. Id2 binds to and inhibit Pax5185. Notch, which promotes 
the development of T-cells from common lymphoid progenitors, can negatively 
regulate B-cell specific factors like Ebf and E2A and have been shown to be expressed 
by H-RS cells186.  
Notch regulates the expression of several transcription factors associated with non B-
cell lineage that are found in the H-RS context for example Gata2 and Gata3187.  
One group has suggested that downregulation of a single molecule is responsible for 
the H-RS’ “confused” cell identity; CD99. CD99 is a transmembrane glycoprotein 
involved in cell-cell adhesion, haematopoietic cell differentiation, apoptosis and 
transport. In HL tumours, CD99 is expressed on the infiltrating lymphocytes but not on 
the H-RS cells188. It was shown that downregulation of CD99 in B-cells (BL and LCLs) 
lead to downregulation of MHCI and to a more H-RS like phenotype. Probably the 
CD99 signal is associated with the organization of the cytoskeleton, thus cell cycle and 
cytokinesis are disrupted by reduced expression of CD99. CD99 is downregulated by 
LMP1 through NFκB.  
Taken together, the B-cell identity crisis might arise through Darwinian selection; the 
cells hide from immunological surveillance by displaying many non-GC and non-B- 
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cell lineage markers, such as CD15, CD30, perforin, syndecan, fascin, restin, and 
TARC to survive the GC passage.  
 
5.2.1.4 Evading apoptosis 
As a GC B-cell should have gone into apoptosis when it could not produce functional 
antibodies, this section will look a bit closer on the anti-apoptotic pathways at work in 
the H-RS cell. 
HL derived cell-lines are resistant to Fas mediated apoptosis, even though they express 
Fas and Fas is rarely mutated in H-RS tumours189. Fas signals through Fas-associated 
death domain protein (FADD), which in turn recruits the FADD-like Il1β-converting 
enzyme (FLICE) leading to the death-inducing signalling complex (DISC). FLIP infers 
with the formation of DISC that has a key role in the regulation of GC B-cell apoptosis. 
It was shown that H-RS cells express cellular FLICE-inhibitory protein (cFLIP), which 
inhibits the Fas signalling pathway, the gene transcript is activated by NFκB. When 
downregulated, the viability of the cell-lines decreased, as the HL derived cell-lines 
also express CD95 ligand thus enabling to commit self-inflicted cell death190. A 
majority of tumours show strong overexpression of cFLIP, as well as other members of 
the Fas-signaling machinery, yet downregulation of cFLIP was showed to be sufficient 
to induce apoptosis in these cells191. Several antiapoptotic NFκB regulated genes have 
been identified. Of these, Bclxl, a member of the Bcl2 family, had a predominant role 
in controlling the survival of the H-RS cells. Ectopic expression of this gene alone 
could restore viability to the cells that were infected with the NFκB super repressor192, 

193. The high expression of Bclxl, Bax, and Bad in H-RS cells in most HLs indicates 
that these proteins may play predominant roles in the regulation of apoptosis in HLs. 
Several studies have discovered elevated expression Bcl2 in HL. PCR provided 
evidence of the translocation (14; 18) in only 2 HL cases (6%), both of which were 
associated with a prior history of FL, but 22% had a strong Bcl2 expression in Hodgkin 
cells194. 
Inhibitor of apoptosis proteins (IAP)s are counteracted by the cell death inducer and 
cIAP2 was shown to contribute to the apoptosis resistance of H-RS cells, mainly by 
inhibiting effector caspase195.  
Defects in mitochondrial apoptotic pathways and elevated XIAP expression confer 
resistance to different apoptotic stimuli in HL cells. The resistance of HL cells against 
CTL-mediated killing via granzyme B (grzB) is because the granzyme B-induced 
mitochondrial release of proapoptotic Smac is blocked196. 
EBV could add to apoptosis evasion in several ways. LMP1 and LMP2a activate NFκB 
which regulate several of the above mentioned antiapoptotic genes. Also as previously 
mentioned, LMP2a expression has been shown to increase the survival for both BCR 
positive and negative GC B-cells.  
 
5.3 HODGKIN LYMPHOMA, A CYTOKINOMA 
As already mentioned, HL is marked by the scarcity of the malignant H-RS cell and a 
bizarre inflammation. The H-RS cell secretes huge amounts of inflammatory 
molecules, which sustain its own proliferation but also orchestrates the growth of the 
tumour by attracting numerous reactive immune cells. These cells are also adding to the 
inflammation by aiding the malignant inflammation, sustaining the proliferation of the 
H-RS cell and attracting yet other cells into the tumour tissue. Thus one can call HL for 
a cytokinoma, a malignancy where the inflammation drives the malignant process. 
In the tissues the picture is a bit more complicated as an inflammatory molecule could 
be produced by either the H-RS cells or the inflammatory infiltrate, or both.  
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In short one can try to summarize some of the findings. 
The H-RS cells in tumours express; IL-1α , 30% express IL-2, a vast majority express 
part of the IL-3 receptor complex197, 198. As IL-3 is expressed by the reactive infiltrate  
while H-RS cells express the IL-3 receptor it is one example how the infiltrate supports 
the survival of the malignant cell199.  
IL-5 is associated with eosinophils in the tumour tissue200. IL-6 induces growth in 
mature B-cells, H-RS cells express IL-6 and the expression varies dependent on EBV 
status201. IL-6R was also reported to be more common in MC cases than NS cases202. 
IL-7 induce growth of mature B-cells. IL-7 is expressed by a majority of H-RS cells203. 
IL-8 functions as a chemoattractant, and is also a potent angiogenic factor and act on 
cells like mast cells, endothelial cells and macrophages. IL-8 was present in 
approximately half of studied HL, mostly expressed by infiltrating cells204 The 
expression of IL-8 also correlated with the numbers of neutrophils205.  
IL-9, which is an inducer of proliferation in T-cells and mast cells, has been shown to 
be expressed by H-RS cells and also to be more prominent in the NS subtype and with 
infiltration of mast cells and eosinphils206. IL-10 is an anti-inflammatory protein which 
is classified as a Th2 cytokine. It inhibits T-cell growth blocks IFNγ and other 
proinflammatory molecules. IL-10 is expressed by the H-RS cells according to several 
studies, and the expression also correlates to EBV207.  
Gene expression analysis of laser capture H-RS cells showed that they expressed both 
IL-11 and the IL-11 receptor, indicating a possible autocrine loop for this cytokine208.  
The cytokine IL-12 is antagonizing the IL-10 signalling, it is expressed in a vast 
majority of HL cases in small lymphoid cells. However the H-RS cells independent of 
EBV status expresses the EBV induced homologue of IL-12 subunit p40, which 
hypothetically could counteract IL-12209. Oshima et al showed that IL-13 is expressed 
by a vast majority of the H-RS cells and Skinnider showed that in NS the H-RS cells 
have phosphorylated STAT6- the downstream signaling molecule for IL-13210-212. 
However, this was only detected in 50% of the studied MC cases which makes sense as 
IL-13 is a pro-fibrotic cytokine. Also, a decoy IL-13 receptor could reduce the growth 
of two HL cell-lines inoculated in mice213. 
IFNγ is associated with Th1 cells and early immune response, it is an antiviral that 
possess antioncogenic properties, macrophage and natural killer lymphocyte activation, 
and enhancement of MHC I and II, and thus presentation of foreign peptides to T-cells. 
It has been reported to be expressed by H-RS cells to various degrees but also to be 
more associated with MC. TNFα and LTα are both expressed by the H-RS cells197. 
TGFβ is associated with immunosuppression and fibrosis. High levels of this protein 
has been reported in HL and especially in NS cases214. In the tumour, it is expressed by 
H-RS cells and eosinophils215. CCL5 (a.k.a. Rantes) is expressed in HL tissues, both by 
H-RS cells and by infiltrating eosinophils, monocytes and lymphocytes200, 216. CCL5 
binds to several different receptors; CCR1, 3, 4 and 5, and could play a role in 
attracting various reactive cells into the tumour217. 
There is a partly overlap in receptor usage between CCL5 and CCL11 (a.k.a. Eotaxin), 
which binds to CCR2, 3 and 5, usually expressed by T-cells and eosinophils. H-RS 
cells do not produce CCL11, but can induce its expression in fibroblasts by secreting 
TNFα218.   
Several studies have reported on the expression of CCL17/TARC and MDC in the HL 
context. Both highly expressed by H-RS cells and their expression is regulated by IL-4 
and IL-13 signalling, and they bind to CCR4 and CCR8 which are expressed on Tregs, 
Th2 cells and monocytes200, 219.  
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CXCL9 expression in HL is associated with EBV status and MC220. Like CXCL10 it 
binds to CXCR3 and both are induced by IFNγ. CXCL10 is also expressed by the H-
RS cells and associated with EBV status, and the receptor CXCR3 is commonly found 
on infiltrating lymphocytes220. 
SCF was reported to be expressed by bystander cells and its receptor c-kit was reported 
on HL derived cell-lines. The expression of c-kit was later contradicted221, 222. 
Serum levels of several of the above mentioned cytokines have been analysed in 
patients. IL-10 levels are associated with EBV+ HL and poor prognosis223, 224. Elevated 
CCL17 levels are associated with poor survival225. Elevated IL-6 levels are a sign of 
poor prognosis and both IL-6 and IL-7 levels are associated with B-symptoms226. Also, 
high serum levels of IL-9 are associated with worse prognosis227. 
 
5.3.1 How inflammatory signals are conferred in the H-RS cell 
5.3.1.1 Signal stransducer and activator of transcription (STAT) and Notch 
A signalling molecule that provides survival signals are signal transducer and activator 
of transcription (STAT)s. Thus, constitutively active STATs seem to be yet another 
example for the selfsustaining ability of Hodgkin and Reed-Sternberg cells, which 
provides them with everlasting stimulatory signals. 
For example STAT1 and STAT3, are expressed in H-RS cells193. STAT5a 
overexpression is induced by NFκB228. Kube and colleagues verified that STAT3 is 
constitutively activated in Hodgkin and Reed-Sternberg cells212, 229. A recent paper 
reporting on recurrent amplification of the JAK2 genomic locus in cHL provides 
mechanistic explanation for this finding230. Conversely, STAT6 was shown to depend 
on interleukin 13 signalling. 
SOCS-1 mutations were detected in H-RS cells in less than half of the studied cases. 
SOCS-1 is an inhibitor of STAT5 signalling and a significant association between 
mutated SOCS-1 of isolated H-RS cells and nuclear phospho-STAT5 accumulation in 
HRS cells of cHL tumour tissue was found. 
Notch1 is strongly expressed on H-RS cells and its ligand jagged 1 was expressed by 
H-RS cells but also by adjacent non-malignant cells186.  
 
5.3.1.2 NFκB signalling in H-RS cells 
NFκB is regarded as a putative transforming master switch for H-RS cells in HL, 
although it becomes evident that constitutive NFκB activation is not a specific feature 
of H-RS cells but is also observed in other lymphomas. 
The strong cytokine production of H-RS cells incited a search for deregulated 
transcription factors. Cytokine signalling in normal B-cells induced activation of p50, 
p52, Relb and c-Rel, but rarely in p50p65 dimers. In 1996 the first study that focused 
on NFκB in the H-RS context was published. NFκB subunits p50p65 were shown to be 
constitutively activated in the HL context231. Using a dominant negative inhibitor of 
NFκB in a viral vector, Ad5IκB, the p50p65 dimers were shown to be a direct 
requirement for H-RS survival and proliferation (in cell-lines). When the dominant 
NFκB inhibitor Ad5IκBα was introduced into HL derived cell-lines their apoptosis 
index increased. The IκBα protein is inhibiting NFκB signalling by keeping the dimers 
in the cytoplasm. It was shown to be mutated in the two cell-lines L428 and KMH2, 
which led to C-terminal truncated proteins. Similar mutation was found in H-RS 
cells232.  
In the cell-lines L591, L1236 and HDLM2 IκB kinase (IKK) was constitutively active 
which led to an increase in nuclear p65 and c-Rel. Proteosomal inhibition led to 
accumulation of IκBα and subsequently a reduction of NFκB233. 
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Microarray analysis of the cell-lines L428 and HDLM2 identified 45 genes that were 
NFκB dependent. These included IL-13, MDC, CD44, STAT5a, GLUT5 and LSP1234. 
CD30, the H-RS specific marker, constitutively activates NFκB signalling (in both a 
ligand dependent and independent manner) as do CD40 which is also expressed235.  
Cultured H-RS cells expressed RANK, a dendritic cell marker. However, unlike 
dendritic cells, H-RS cells also expressed RANKL. Soluble RANKL activated NFκB 
and induced gene expression of IFNγ, IL-8, IL-13, IL-9, IL-15, and RANTES, in 
addition to the receptors for IL-9, IL-13, IL-15, and CCR4. RANKL increased IL-8 and 
IL-13 levels in the supernatants of H-RS cell-lines, an effect that was blocked by 
soluble RANK236.  
 
5.3.2 Bystander cells 
 
5.3.2.1 Fibroblasts 
Bands of collagen surrounding nodules and blood vessels define NS. The fibroblasts 
are believed to be responsible for these collagens deposits. The fibroblast activation and 
the following extensive fibrosis probably depend on the cytokine environment found in 
the tumour; TGFβ, TNFα, IL-4 and IL-13214, 237. Also, Fibroblast growth factor, FGF is 
expressed in several cell types in HL. Fibroblasts grown in supernatants of HL cell-
lines increased their growth in vitro. FGF1 and FGF2 and their receptors FGFR2-
FGFR4, but not FGFR1, were found to be expressed by the malignant cells in the 
majority of cases. Interestingly, only FGFR3, but none of the FGFs or the other FGFRs, 
was expressed by the HL derived cell lines238. There was no relationship between the 
production of members of the FGF family and their various receptors in regard to 
subtype, however the majority of the cases in this study were NS.  
Also, the HL-associated fibroblasts has been postulated to produce several cytokines 
that the H-RS cells rely upon for their proliferation and survival; SCF, IL-6 and IL-7221. 
This group also suggests that the fibroblasts are activated by CD40L expressing cells 
(mast cells, eosinophils and T-cells) in the HL microenvironment. 
As mentioned above, fibroblasts in HL tissues produce CCL11 that leads to higher 
infiltration of eosinophils, which is associated with NS subtype. Very recent research 
has analysed the role of lipid metabolism, which plays an important role in 
inflammation. 15-lipoxygenase-1 was found to be expressed in primary H-RS cells but 
not in other NHLs. The expression of 15-lipoxygenase-1 and the putative formation of 
eoxins by H-RS cells in vivo are likely to contribute to the inflammatory features of 
Hodgkin lymphoma, especially as it is activated by IL-13239. Also leukotrien receptors 
seems to play a role in HL240. 
 
5.3.2.2 T-cells in cHL 
It has been recognized for a long time that HL patients suffer from T-lymphocytopenia. 
Radioactively labelling of CD4+ and CD8+ T-cells was measured from serial blood 
samples of patients. CD4+ cells accumulated in the tumour tissue of untreated 
patients241. Higher CD4+/CD8+ is associated with NS242. The CD4+ influx has been 
suggested to be connected to the expression of CCL17/TARC by the H-RS cells, 
however CCL17 is not clearly associated with the NS subtype219. CCL22/MDC is also 
produced by the H-RS cells and have similar impact on T-cells as CCL17 (and is also 
localized to the same chromosomal region). The T-cells that surrounds the H-RS cells 
have a specific phenotype; CD4+, TCRαβ+ cells that are CD45R0+/CD45RA- 
indicating a memory Th2 cell subset. They also express CD69 and CD38 indicating  
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that they are activated. They are CD26 negative, which differs them from the majority 
of T-cells in the periphery243. CD26 is involved in stimulation of T-cells. 
The T-cells in the lesions also express several ligands for molecules expressed by H-RS 
cells; CD80-CD28, CD86-CTLA4, CD27-CD70, CD40-CD40L, CD95-CD95L243. In 
the peripheral blood the T-cells have donwregulated their CD3ζ244.  
The H-RS cells could hypothetically bind T-cells in an antigen dependent manner 
involving LFA3 to CD2, ICAM1 to LFA1 – adding to that the T-cell expressed CTLA4 
which is known to mediate negative signals. Taken together, data supports that T-cells 
in HL tissues are induced to be anergic, to become Th2 cells or Tregs, perhaps by 
attracting Tregs in the first place. For example, the cell-line L428 (and HL tissues) 
produces a potent TGFβ which is active at natural pH, and this molecule can directly 
suppress T-cell activation245. Also, H-RS cells produce IL-10, which renders T-cells 
anergic and induces Treg differentiation.  
During the last years the interest has turned to regulatory T-cells and their impact on the 
HL tumour tissue. Elevated levels of CCL17 was associated with worse prognosis and 
binds to CCR4 (together with CCL22) which has been shown to be expressed by 
Tregs42, 225. 
The presence of Tregs could explain the inability of CTLs to target EBV positive H-RS 
cells246. In one study they analyzed 257 cHL cases using immunohistochemistry for 
FOXP3 and TIA1 (marker for CTL) and saw that the ratio. Perhaps against what one 
would guess, the ratio with high TIA1 positive cells and low FOXP3 positive cells was 
associated with relapse and worse prognosis247. 
Marshall et al extensively studied the immunosuppressive abilities of T-cells in cHL. 
They showed that the T-cells in HL tissues are anergic to stimulation with mitogen, 
primary or recall antigen. They did not produce IL-2, IL-4 or IFNγ. Mixing these T-
cells with PBMCs showed the anergic effect was dominant and suppressed PBMC 
responses. They showed that the T-cells secreted IL-10 (thus TrI) and also the presence 
of CD4+CD25+ Tregs. Their immunosuppressive abilities were inhibited by adding IL-
10 antibodies and by blocking CTLA4248. As IL-10 is upregulated by LMP1 and has 
been shown to be secreted at higher levels in EBV+ cHL cases, the same group asked 
whether there could be a relationship between LMP1 positive H-RS cells and Tregs. 
The results were not biased toward regulation in EBV+ cHL- indicating that other 
mechanisms of Treg cell induction are at work in EBV- patients. The work also 
suggested that LMP1 epitopes could induce immunosuppressive behaviour in T-
cells249.  
One way that immunosuppressive behaviour could be accomplished is through the PD-
1 pathway. The PD-1:PD-1 ligand pathway is a new pathway within the B7:CD28 
superfamily. This pathway consists of the PD-1 receptor and its two ligands PD-L1 
(B7-H1) and PD-L2 (B7-DC). PD-L expression was demonstrated in the H-RS cells, 
and PD-1 was elevated markedly in tumour-infiltrating T cells of HL, and was high in 
the peripheral T cells of HL patients as well250.
  
5.3.2.3 Eosinophils and mast cells 
The presence of eosinophils and mast cells in the HL tumour tissue is associated with 
worse prognosis according to some studies 251, 252 and not according to others253. Both 
cell types express CD30L which in theory would sustain the life of the H-RS cell and 
thus in theory support the malignant cell and thus lead to worse prognosis254-256. 
Eosinophils also express CD40L and several inflammatory molecules that also might 
support the H-RS cell in various ways257, 258. Eosinophils are associated with and/or  
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attracted by IL-5, CCL5, IL-9, CCL28 and CCL11 expression, the first three are 
produced by the H-RS cells and CCL11 is produced by activated fibroblasts206, 238, 259.  
As activated fibroblasts characteristic of NS, so is eosinophilia. Eosinophils have been 
shown to be one of the cell types responsible for TGF-β production in HL.  
IL-9 and CCL5 expressed by the H-RS cells may also attract mast cells206, 217, 227. 
 
5.3.3 Epstein Barr virus and HL 
A full accont on Epstein Barr Virus (EBV) will follow in the next chapter, here I will 
focus on the impact of EBV on the H-RS cell. As can be gathered from the previous 
sections, EBV do have an impact on the inflammatory “secretome” of H-RS cell and 
thus the tumour stroma, the infiltration and cytokine serum levels. Also EBV seems to 
play a role in the development in EBV+ HL but not in EBV- HL, supported by statistics 
and the fact that EBV+ H-RS cells tend to have mutated Ig promoter129, 132. Jarrett and 
colleagues also reported mutations in the IκBαgene in 15 of 26 primary HL cases, 11 of 
which were EBV negative. These findings indicate that of IκBα mutations are central 
transforming events in cHL in the absence of EBV. EBV has several ways to impose a 
survival advantage and sustain the malignant transformation. For example, EBV+ H-
RS cells had higher expression of autotoxin260. Autotaxin is a secreted enzyme 
important for generating the lipid signalling molecules. EBV nuclear antigen EBNA1 
downregulated the TGFβ target gene tyrosine phosphatase receptor kappa (PTPRK) 
which increased the survival261. EBNA1 confered its effect through decreasing the half-
life of Smad2. Latency membrane protein 1, LMP1 affect the chromatin remodelling in 
H-RS cells by inducing Bmi-1 through NFκB, a polycomb protein262. Also, inserting 
LMP1 into GC B-cells, induced a H-RS like phenotype263. Another difference between 
EBV+ and EBV- H-RS cells were the level of activated tyrosine kinases.  
Considering prognosis it seems that one has to take into account not only the EBV 
status but also the age and the subtype of the patiens. Elderly with EBV have a worse 
prognosis than EBV- elderly patients and in young patients EBV might even be 
beneficial264, 265. 
 



 

30 

6 CELL CULTURE MODELS 
 
6.1 CELL-LINE MODELS OF HODKGIN LYMPHOMA 
 
The scarcity of the malignant cell in the tumour and intro från cell linje pappret 
There are approximately 14 HL derived cell-lines distributed (Volker Diehl, personal 
communication), but 12 of them are reported in the literature. 
However I will focus on the cell-lines that has been included in my studies. 
Of the above mentioned Hl-derived cell-lines only L1236 has been shown to be derived 
from the same H-RS cell that was found in the tumour266. L1236 is derived from the 
peripheral blood from a female patient suffering from MC in 1994. It shows rearranged 
Ig (IgA2) genes indicating a GC B-cell as a precursor267. The Ig promoter contains a 
mutation in the Oct binding site and also the Ig genes are silenced epigenetically268. 
L1236 is one of two cell-lines which can be inhibited to proliferate by anti IL-13 
antibodies269.  
L428 is derived from pleural effusion from a female patient suffering from NS in 
1978270. It is derived from a B-cell and has IgG4 rearrangement. and has also 
epigenetically silenced Ig. NFkB is activated through several pathways in L428, both 
IkBa and IkBe are mutated267. 
L540 is derived from the bone marrow of a young female NS patient and has a 
rearranged TCR gene271. HDLM2 has also a T-cell origin and is derived from pleural 
effusion in an old male suffering from NS in 1982272. HDLM2 is the second cell-line 
whose proliferation is decreased by inhibition of IL-13 cytokine signalling.  
KMH2 has an IgG4 rearrangement and is derived from a pleural effusion from a MC 
male in 1974273. 
L591 is the only EBV+ NS HL-derived cell-line, however it express latency III instead 
of latency II272.  
IL-3 can promote the clonogenic growth of HL-derived cells and is able to partially 
rescue them from apoptosis induced by serum deprivation. HD-derived cell lines 
express mRNA and protein of the IL-3Rαβ complex, whereas primary H-RS cells from 
all cHL cases tested can be stained by anti-IL-3Rα antibodies198.  
 
6.2 TISSUE CULTURING; MOVING FROM THE SECOND TO THE THIRD 

DIMENSION 
 
Tissue culturing outside the body was successfully accomplished during the first half of 
the last century when the necessary growth medium conditions were gradually 
established274-276. Although cell-lines are often used as substitutions for tissues, it is 
obvious that cell-lines only approximate properties of tissues and malignancies and that 
this approximation is limited to the malignant cell and does not take into account the 
impact of the tumour stroma. Also, the lack of ECM and its support structure that gives 
tissues their mechanical properties and help organize communication between cells, 
probably affect the cells in culture. Thus, as two-dimensional (2D) cell-cultures impose 
highly unnatural geometric and mechanical constraints on many types of cells. 
Most of the cell-lines used in science have been derived from tumours and metastasis. 
The cells that do grow out in in vitro culture adapted to the new microenvironment (or 
lack of thereof) by changes at genetical, transcriptional and protein levels277, 278  
Many cell-lines have been in cultures for decades, imposing a strong in vitro selection  
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on them. Transcriptional changes associated with cell-line adaptations. Colon cancer 
cell-lines upregulated several ribosomal genes when compared to colon tissues, breast 
cancer cell-lines upregulated gene associated with proliferation compared to breast 
tissues279, 280. 
Also, cell adhesion molecules and cell-to-cell contact molecules and associated singling 
pathways are downregulated in cell-lines281, 282. 
Given this lack important biological properties might be missed if they are only studied 
in 2D cell-cultures and three-dimensional (3D) culture might be a tool to bridge this 
gap.  
Reintroduction of structure and polarity in the form of 3D greatly affected the way 
fibroblasts and smooth muscle cells grow. The lack of dorsal anchorage in fibroblasts 
when grown in 2D tips the balance between spreading and retraction and creates an 
overall stimulatory environment for the organization of lamelliopodia, stress fibers and 
focal adhesions. This imbalance causes them to spread out in an extreme manner. In 3D 
cultures, the fibroblasts adopt a highly elongated morphology283. The decreased cell 
spreading leads to FAK dephosphorylation which upregulates p21 and a reduced 
proliferation rate284. The loss of polarity and increased proliferation is a hallmark of 
breast cancer cells. When transformed mammary epithelial cells were grown in 3D 
culture they regained polarity and proliferation was suppressed. It was shown that this 
was (partly) due to the PI3K pathway285.  
There are several types of 3D matrixes and new ones keeps on in becoming 
commercially available. Most of them consist of different ECMs or are mixtures of 
such like matrigel. They can be produced by cell-lines, from rat embryos or 
manufactured.  
Synthetic polymers have also been developed for 3D cultures like poly(D,L- lactide) 
(PLLA) and Poly(actic-co-(glycolic acid)) (PLGA). However, their pores are of the size 
of 5-50 μm and since cells are approximately 5-10 μm, the cells once attached might 
still exhibit a 2D topography macromolecular. Self assembly peptide scaffolds consist 
of alternating ionic hydrophilic and hydrophobic amino acids in a repetition. The one 
used in our study was called RADA (AcN-RADADARARADADA-CNH2) where R is 
arginine, D aspartic acid and A alanine. It is commercially available as Puramatrix 
(Becton-Dickinson Bioscience, Bedford, MA, USA). It has been used successfully for 
differentiating stem cells and promote tissue regeneration286, 287. The advantage of self-
assembing peptides are several; 1) designer peptides can be readily modified at the 
single amino acid level at will, 2) unlike Matrigel which contains unknown ingredients 
and quality varies from batch to batch- self-assembling peptides contain pure 
components and are well defined, 3) it provides the opportunity to include number of 
different functional motifs and their combinations to study a well defined ECM 
microenvironment.  
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7 RESULT AND DISCUSSION 
 
7.1 PAPER I 
In order to understand the impact of EBV on the H-RS cell and subsequently the HL 
tumour tissue, we paired microarray experiments from different sources. EBV+ and – 
age specified NS cases were compared in order to obtain EBV dependent genes. Also, 
the gene expression profiles of EBV+ and – cell-lines were compared, and laser 
captured H-RS cells from EBV+ NS tissues. One gene that was upregulated due to 
EBV was CCL20, a chemokine that binds to CCR6 and attract Tregs. Cell based 
experiments showed that supernatant from EBV positive HL derived cell-lines could 
attract Tregs from peripheral blood. Adding antibodies towards CCL20 could inhibit 
this. However, on the tumour level, there was no difference between EBV+ and EBV- 
regarding the number of FOXP3 positive lymphocytes, indicating that EBV- tumours 
attract Tregs through some other method. 
 
7.2 PAPER II 

In order to study the differences between the two most common subtypes NS and MC 
and to understand which cells that are responsible for their morphological differences, 
we used 44 gene expression profiles generated from NS and MC tumours.  
Comparing the two subtypes yielded 265 genes, blabla in NS and blabla in MC. In 
order to identify which cell type that was responsible for the expression, 
immunohistochemistry was performed for the “NS specific genes”; SPARC, CTSK,   
“MC specific genes” C1Q, CXCL9 
The immunohistochemistry results were organized according to cell-type expressing 
the protein and also the amount of cells that expressed it. The “NS specific genes” were 
expressed by fibroblasts and macrophages while the “MC specific genes” were 
expressed by macrophages, lymphocytes and the H-RS cells. The “NS specific genes” 
were associated with the amount of fibrosis found in the tumours. C1Q staining was 
associated with the number of macrophages found in the MC cases. Our results indicate 
that the macrophages and the fibroblasts are responsible for shaping the tumour 
microenvironment.  
 
7.3 PAPER III 

One of the genes that had a higher expression in the NS subtype compared to the MC 
subtype was connective tissue growth factor (CTGF). It is a TGFβ regulated gene that 
is involved in fibrotic tissue deposition and apoptosis and has been reported to have 
prognostic impact in various cancer types. Using immunohistochemistry, it was shown 
that CTGF was expressed by macrophages and fibroblasts in NS and in macrophages in  
MC, and it was more omninetnly expressed in the NS cases. Also, the H-RS cells 
expressed it. Three different expression patterns in the H-RS cells were detected; low 
granoulus staining, high granolous staining and omninent staining of the whole 
cytoplasm. This finding will provide the base for contined analysis on possible impact 
on prognosis. 
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7.4 PAPER IV 

The aim of this study was to investigate whether growing the HL derived cell-line 
L1236 in a 3D matrix would improve its usage as a tumour model. We generated gene 
expression profiles of 12 EBV negative HL tumours and three different cell-lines. In 
order to compare the different data set we included the gene expression profile of an 
LCL. It has no biological significance but act as an aid to compare the expression 
profiles of various sources. By comparing 3D cultured L1236 with suspension cultured 
L1236 we identified a set of genes that were affected. These were compared with the 
gene expression profiles of the tumours. The results showed that the the 3D cultured 
L1236 increased 15 genes that were present in the 12 tumours but lacking in the 
suspension cultured L1236 and decreased 7X genes that was also decreased in the 
tumours but not in the suspension culture. In short, 3D increased genes involved in 
inflammation and macromolecular metabolism and decreased genes involved in cell 
cycle progression. 
Also, the genes that differed suspension cultured L1236 and 3D cultured L1236 were 
compared with laser captured H-RS cells. Commonly expressed genes in 3D cultured 
L1236 and laser captured H-RS cells were genes involved in cytoskeleton organization. 
 
7.5 CONCLUDING REMARKS 
The work presented in this thesis brings together several questions that are currently 
under debate. One is the role of the microenvironment, the immune system and how it 
is used by or aids the growth of the tumour and the other is how we can improve the 
cell-line models. The challenge in the HL context is the lack of a good model system, 
scientists will have to rely on the cell based experiments in order to describe and build 
new hypothesis for this disease. 
The first paper focuses on the role of EBNA1 in the development of HL. EBNA1 has 
previously been described as a gene with oncogenic properties in BL cell-line 
experiments and transgenic mice. One way to continue this project is to study Tregs in 
the tumours that arise EBNA1 transgenic mice. 
There are several types of Tregs, and there is still room for more experimental data to 
analyse what happens in the HL tissue with regards to the different types of Tregs that 
exist.  
The second paper could be the base to further analyse the role of macrophages in the 
development of HL. One interesting aspect is that macrophages are important in tissue 
remodeling in wound healing, something that is lacking in elderly. The macrophages in 
our samples seemed to behave in a more MC like manner in the elderly. Could this 
macrophage aging phenotype-the inability to go through with tissue remodeling-be the 
reason why NS is rarely seen in elderly HL patients? It would also be interesting to 
correlate macrophage behaviour to other clinical and pathological parameters like EBV 
status and prognosis. Also it would be interesting to study the expression of CTGF 
more thoroughly.  
One interestingly common thread in the first three papers is the cytokine regulation. 
The cytokines that are associated with regulatory T-cells are also associated with 
fibrosis and with sustaining the life of the H-RS cell. For example IL-13 but perhaps 
also TGFβ and IL10. Anti IL-13 treatment is not only in clinical trial for HL but also 
for fibrotic diseases. Will the treatment of IL-13 treat HL or will just decrease the 
fibrotic state and drive the tumour into a more MC like tumour?  
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The invention of 3D culture can be explored in several ways to increase knowledge in 
the HL context. For example it could be helpful when trying to obtain H-RS cells from 
actual tumours, the cells would still have a sense of polarity and to help them survive 
one could add cytokine cocktails. 
Also, when clustering lasercaptured H-RS cells, GC cells and 3D cultured cells for 
genes involved in cytoskeleton organization and remodelling, there are similarities 
between the H-RS cells and the 3D cultured cell. This would be an interesting link to 
follow in the future. 
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All the people that turned up for the annual Christmas beers. My irish friend Caroline 
for inviting me to Dublin and sharing my obscure interests like strange rock clubs and 
breaking into people’s flats. 
 
I want to thank my teachers; Caroline, Ramya, Chameli, Durga and Swami 
Janakananda for teaching me how to live. My personal trainer Pierre and my naprapat 
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