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4.1            Microenvironment 

4.1.1     Hodgkin Lymphoma Subtypes 

 When discussing the microenvironment in 
Hodgkin lymphoma (HL), it is important to rec-
ognize the different HL subtypes described by the 
WHO classifi cation [ 1 ,  2 ]. The classical HL (cHL) 
subtypes are defi ned in large part by the composi-
tion of the reactive infi ltrate (Table  4.1 ). The most 
prevalent subtype is the nodular sclerosis type 
that consists of a nodular background with thick 
fi brotic bands, usually with a thickened lymph 
node capsule. In addition to the lacunar type of 
Hodgkin/Reed–Sternberg (HRS) cells, there is a 
microenvironment consisting of T cells, eosino-
phils, and histiocytes, with a variable admix-
ture of neutrophils, plasma cells, fi broblasts, and 
mast cells. The second most common subtype is 
mixed cellularity, which is defi ned by the presence 
of typical HRS cells and a diffuse infi ltrate of T 
cells, eosinophils, histiocytes, and plasma cells, 
sometimes with the formation of granuloma-like 
clusters or granulomas (Fig.  4.1 ). Lymphocyte-
rich cHL also comprises typical HRS cells in a 
nodular or diffuse microenvironment and small 
B and/or T lymphocytes dominating the back-
ground, sometimes with admixture of histiocytes. 
Granulocytes are not a component in this subtype. 
The rare lymphocyte-depleted subtype harbors 
a high percentage of HRS cells in a background 
consisting of fi broblasts and a low number of T 
cells. Nodular lymphocyte predominance (NLP) 

        L.   Visser    PhD     •    A.   Diepstra ,  MD, PhD      (*) 
   A.   van den   Berg,   PhD      •    S.   Poppema,     MD, PhD     
  Department of Pathology and Medical Biology , 
 University of Groningen, University Medical 
Center Groningen ,   P.O. Box 30 001 ,  9700 RB , 
 Groningen ,  The Netherlands   
 e-mail: l.visser@path.umcg.nl, l.visser@umcg.nl; 
a.van.den.berg@path.umcg.nl, 
a.van.den.berg01@umcg.nl; s.poppema@rug.nl    

  4      Microenvironment, Crosstalk, 
and Immune Escape Mechanisms 

           Lydia     Visser     ,     Anke     van den     Berg     , 
    Sibrand     Poppema      , and     Arjan     Diepstra     

Contents

4.1  Microenvironment  . . . . . . . . . . . . . . . . . . .  65
4.1.1  Hodgkin Lymphoma Subtypes. . . . . . . . . . .  65
4.1.2  Epstein–Barr Virus. . . . . . . . . . . . . . . . . . . .  66
4.1.3  Human Immunodefi ciency Virus . . . . . . . . .  66
4.1.4  T Cell Subsets in cHL  . . . . . . . . . . . . . . . . .  67
4.1.5  T Cell Subsets in LPHL . . . . . . . . . . . . . . . .  68
4.1.6  Fibrosis and Sclerosis  . . . . . . . . . . . . . . . . .  69
4.1.7  Eosinophils, Plasma Cells, 

Mast Cells, and B cells. . . . . . . . . . . . . . . . .  69

4.2  Crosstalk Between HRS Cells 
and Microenvironment  . . . . . . . . . . . . . . .  70

4.2.1  Factors Supporting Tumor Growth  . . . . . . .  70
4.2.2  Shaping the Environment. . . . . . . . . . . . . . .  72
4.2.3  Immune Suppression  . . . . . . . . . . . . . . . . . .  72

4.3  Immune Escape Mechanisms  . . . . . . . . . .  73
4.3.1  Antigen Presentation  . . . . . . . . . . . . . . . . . .  73
4.3.2  HLA Expression. . . . . . . . . . . . . . . . . . . . . .  74

4.4  Prognostic Impact 
of the Microenvironment . . . . . . . . . . . . . .  75

Conclusion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75

mailto: l.visser@path.umcg.nl
mailto: l.visser@umcg.nl
mailto: 
a.van.den.berg@path.umcg.nl
mailto: 
a.van.den.berg@path.umcg.nl
mailto: 
a.van.den.berg01@umcg.nl
mailto: 
a.van.den.berg01@umcg.nl
mailto: s.poppema@rug.nl 


66

HL is considered a separate entity. The morphol-
ogy may closely resemble that of the nodular vari-
ant of the classical lymphocyte- rich subtype, both 
involving follicular areas with many small B cells. 
However, the nature of the tumor cells and the T 
cells is different. In the cHL subtypes, the HRS 
cells are transformed post germinal center B cells 
with a loss of B cell phenotype, while in LPHL the 
lymphocyte- predominant (LP) cells have a germi-
nal center B cell phenotype. The T cells in cHL 
have features of paracortical T cells, while those in 
LPHL are similar to germinal center T cells [ 3 ,  4 ].

4.1.2         Epstein–Barr Virus 

 The presence of latent Epstein–Barr virus (EBV) 
genomes in HRS cells appears to infl uence the 

composition of the microenvironment. Positive 
EBV status is strongly associated with the 
mixed cellularity subtype (~75 % EBV+) and by 
 defi nition is absent in LPHL. Depending on the 
geographic locale, EBV is present in the HRS 
cells in 10–40 % in nodular sclerosis cases. The 
percentage of EBV+ classical lymphocyte-rich 
cases is not very clear but is probably between 
40 and 80 %. EBV infects more than 90 % of the 
world population and establishes a lifelong latent 
infection in B cells in its host. Potent cytotoxic 
immune responses keep the number of EBV- 
infected B cells at approximately 1/100,000 B 
cells and usually prevent EBV-driven malignant 
transformation in immunocompetent individu-
als. Accordingly, EBV-associated cHL cases 
contain slightly more CD8+ cytotoxic T cells in 
the reactive background compared to non-EBV- 
associated cHL cases [ 5 ].  

4.1.3     Human Immunodefi ciency Virus  

 In patients with an impaired immune response, 
cHL occurs more frequently. After solid organ 
transplantation, there is a small increase in the 
incidence of cHL that can largely be attributed 
to EBV-positive cHL. Human immunodefi-
ciency virus (HIV)-infected individuals have 
an approximate 10 times increased risk of 
developing cHL [ 6 ]. In comparison to non-
HIV-associated cHL, these tumors are more 
often EBV-associated, mixed cellularity, and 
lymphocyte depletion subtypes and usually 
contain more tumor cells. This indicates a 

   Table 4.1    Composition of the microenvironment in different Hodgkin lymphoma (HL) subtypes   

 Subtype  EBV (%)  Background  T cells  Other cells 

 Nodular sclerosis  10–40  Nodular+fi brosis  CD4 > CD8, 
Th2, Treg > Th1 

 Eosinophils, histiocytes, fi broblasts, 
B cells, mast cells (neutrophils) 

 Mixed cellularity  75  Diffuse  CD4 > CD8, 
Th2, Treg > Th1 

 Eosinophils, histiocytes, plasma 
cells, B cells 

 Lymphocyte rich  40–80  Nodular or diffuse  CD4 > CD8  Histiocytes 
 Lymphocyte depleted 
(including HIV+) 

 80–100  Diffuse  –  Fibroblasts 

 Nodular lymphocyte 
predominant 

 0  Nodular (+diffuse)  Th2, CD57+ Treg, 
CD4+/8+ 

 Histiocytes, B cells 

  Fig. 4.1    The microenvironment in mixed cellularity clas-
sical Hodgkin lymphoma.  T  tumor cell,  L  (T–) lympho-
cyte,  H  histiocyte,  E  eosinophil,  N  neutrophil,  P  plasma 
cell. Hematoxylin and eosin staining       
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functional defect in the immune response, in 
particular to EBV, presumably caused by the 
impairment of CD4+ T cells by HIV. On the 
other hand, the importance of CD4+ T cells 
for supporting the growth of HRS cells is also 
illustrated in HIV-positive patients, because an 
increase in HIV-associated cHL incidence has 
been observed after the introduction of highly 
active antiretroviral therapy (HAART) [ 7 ] 
(Fig.  4.4 ).  

4.1.4     T Cell Subsets in cHL 

 A unifying feature of the reactive infi ltrate in vir-
tually all cHL subtypes is the presence of large 
amounts of CD4+ T cells. Besides being widely 
distributed in the background, these CD4+ T 

cells form a tight rosette around the tumor cells. 
T cells within these rosettes often have a distinct 
phenotype, different from the phenotype of the T 
cells that are located further away from the cHL 
tumor cells (Fig.  4.2 ).  

 In general, CD4+ T cells can be divided into 
naive (CD45RA+) and memory (CD45RO+) sub-
sets depending on whether they have previously 
been stimulated by antigen. A large subset of CD4+ 
T cells consists of the so-called helper T (Th) cells; 
these cells play an important role in helping other 
cells to induce an effective immune response. Th 
cells can be further divided into Th0 (naive), Th1 
(cellular response), Th2 (humoral response), Th17 
(IL-17 producing), and Treg (regulating other 
responses) cells. The Treg cells can be further 
divided into Th3 (transforming growth factor-β 
(TGF-β)-producing), Tr1 (IL-10- producing), and 

  Fig. 4.2    Shaping the microenvironment in classical 
Hodgkin lymphoma (HL). Immunohistochemistry of 
classical HL cases. In the  upper panel ,  left , strong and 
specifi c staining of Hodgkin/Reed–Sternberg (HRS) cells 
for chemokine CCL17 (TARC). This chemokine attracts 

CCR4+ lymphocytes ( upper panel ,  right ). A large propor-
tion of reactive T cells are Treg cells, as shown by positive 
staining for transcription factor FoxP3 ( lower panel ,  left ) 
and activation marker CD25 ( lower panel ,  right )       

 

4 Microenvironment, Crosstalk, and Immune Escape Mechanisms



68

CD4+CD25+ Treg (originating from the thymus) 
subpopulations. Some, but not all, Treg cells 
express the transcription factor FoxP3. 

 The T cells in cHL consist mainly of CD4+ T 
cells that have a memory phenotype (CD45RO+) 
and express several activation markers including 
CD28, CD38, CD69, CD71, CD25, and HLA-DR, 
as well as markers like CD28, CTLA-4, and 
CD40L. However, these T cells lack expression 
of CD26 [ 8 ]. This lack of CD26 expression is 
most striking in the areas surrounding the tumor 
cells. CD26, dipeptidyl peptidase IV, regulates 
proteolytic processing of several chemokines, 
e.g., CCL5 (   RANTES), CCL11 (eotaxin), and 
CCL22 (MDC) [ 9 ]. CD26 is also associated with 
adenosine deaminase (ADA) and with CD45RO 
and, when interacting with anti-CD26 antibodies, 
leads to enhancement of T cell activation through 
the T cell receptor [ 10 ]. CD26 is preferentially 
expressed on CD4+CD45RO+ cells and is nor-
mally upregulated after activation. However, 
CD26 cannot be upregulated on the CD26- 
negative cells from cHL lesions. In general, a 
high CD26 expression level correlates with a Th1 
subtype of cells. 

 The transcription factor expression pattern 
indicates that the CD4+ T cells in cHL are 
 predominantly Th2 (c-Maf) and Treg (FoxP3) [ 3 , 
 11 ]. The CD4+CD26− T cell subset in cHL has 
reduced mRNA levels of Th1- and Th2-associated 
cytokines in comparison to the CD4+CD26+ T 
cells from cHL and CD4+ T cells (both CD26− 
and CD26+) in reactive lymph nodes [ 12 ]. Based 
on much higher mRNA expression levels of 
IL-2RA (CD25), CCR4, FoxP3, CTLA4, 
TNFRSF4 (OX-40), and TNFRSF18 (GITR) 
observed in the CD4+CD26− T cells from cHL, it 
has been postulated that these cells have a Treg 
phenotype (Fig.  4.2 ). In addition, mildly enhanced 
IL-17 levels can be observed both in CD4+CD26− 
and CD4+CD26+ T cells from cHL in compari-
son to the T cells from the tonsil. Upon stimulation, 
the CD4+CD26− T cells fail to induce expression 
of cytokines, suggesting that the T cell population 
rosetting around the HRS cells or located in the 
direct vicinity of the HRS cells have an anergic 
phenotype [ 12 ]. Immunohistochemistry for sev-
eral Treg- associated molecules demonstrates that 

the rosetting T cells in cHL express GITR, CCR4, 
and CD25, but not FoxP3. Scattered FoxP3-
positive cells are present in the infi ltrate but only 
rarely in the direct vicinity of the HRS cells, and 
CTLA-4 shows a more diffuse presence [ 12 ]. 
Likewise, a small number of scattered IL-17-
positive cells can be found in the reactive infi l-
trate. Anergy in T cells is normally induced by 
lack of costimulation through CD80/CD86, acti-
vation by superantigens, or the effect of cytokines 
like TGF-β and IL-10. The anergic state in cHL is 
probably not caused by the lack of costimulatory 
molecules since CD80 and CD86 as well as sev-
eral other costimulatory molecules are highly 
expressed on the HRS cells [ 13 ,  14 ]. However, 
besides CD28, the surrounding lymphocytes 
express CTLA-4, and HRS cells frequently pro-
duce TGF-β and IL-10 which can cause anergy of 
the surrounding T cells. Although the vast major-
ity of studies indicate that the CD4+ T cells in 
cHL are (anergic) Th2 cells and Treg cells, a sin-
gle recent study by fl ow cytometry of whole 
lymph nodes showed a predominant Th1-type 
pattern. In this study there were high numbers of 
T-bet (Th1- type)-positive cells in tissue by immu-
nohistochemistry, with increased levels in EBV+ 
cHL [ 15 ].  

4.1.5     T Cell Subsets in LPHL 

 The CD4+ T cells in LPHL resemble the CD4+ T 
cells in cHL, regarding the expression of 
CD45RO, CD69, CTLA4, and CD28 and lack of 
CD26. However, these T cells do not express 
CD40L, and a signifi cant proportion of the cells 
that immediately surround the LP cells express 
CD57 and PD-1 [ 16 ]. Similar to the Th2 cells in 
cHL, the rosetting cells in LPHL strongly express 
the Th2-associated transcription factor c-Maf 
(Fig.  4.3 ; [ 3 ]).  

 Characterization of the CD4+CD57+ T cell 
subset shows lack of IL-2 and IL-4 mRNA but 
elevated interferon-γ (IFN-γ) mRNA levels in 
comparison to CD57+ T cells from the tonsil. 
Stimulation of these cells fails to induce upregu-
lation of IL-2 and IL-4 mRNA levels [ 17 ], which 
is similar to the lack of cytokine induction upon 
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stimulation of the CD26− T cells in cHL. The 
normal counterpart of CD4+CD57+ T cells is 
found almost exclusively in the light zone of 
reactive germinal centers. These CD57+ T cells 
also lack CD40L expression. CD57 is known as 
an activation marker, but it has also been 
 demonstrated to be a marker for senescent cells. 
Senescence is the phenomenon by which normal 
diploid cells lose the ability to divide, normally 
after about 50 cell divisions. 

 In LPHL, a population of CD4+CD8+ T cells 
has been reported in more than 50 % of patients. 
The function of these cells in LPHL is currently 
unknown, but in other settings these cells have 
immunoregulatory properties [ 18 ].  

4.1.6     Fibrosis and Sclerosis 

 The presence of bands of collagen surrounding 
nodules and blood vessels is typical of the nodu-
lar sclerosis subtype. Several factors can induce 
the activation of fi broblasts and the subsequent 
deposition of extracellular matrix proteins. The 
Th2 cells in cHL might provide a profi brogenic 
microenvironment by the production of the Th2 
cytokine IL-13. IL-13 is expressed at a higher 
level in nodular sclerosis than in mixed cellular-
ity cHL. Moreover, the percentage of IL-13 
receptor-positive fi broblasts is increased in nodu-
lar sclerosis cHL cases [ 19 ]. IL-13 stimulates 

collagen synthesis in vitro and also stimulates the 
production of TGF-β, another potent stimulator 
of fi brosis. TGF-β can interact with basic fi bro-
blast growth factor (bFGF) to cause fi brosis in 
cHL. In a mouse model for fi brosis, the simulta-
neous application of TGF-β and bFGF causes 
persistent fi brosis [ 20 ]. Both TGF-β and bFGF 
are produced by the HRS cells as well as the reac-
tive background [ 21 ,  22 ]. TGF-β and bFGF are 
both produced more prominently in nodular scle-
rosis than in mixed cellularity cHL [ 23 ], which is 
consistent with this concept. The third factor that 
stimulates fi broblasts in cHL is the engagement 
of CD40. CD40, a member of the tumor necrosis 
factor receptor (TNFR) superfamily, can be 
upregulated on fi broblasts by IFN-γ, and its 
ligand CD40L is present on activated T cells, 
mast cells, and eosinophils present in the cHL 
microenvironment.  

4.1.7     Eosinophils, Plasma Cells, 
Mast Cells, and B cells 

 The presence of eosinophils in the reactive infi l-
trate can be promoted by both IL-5, produced by 
Th2 cells, and by IL-9. In cHL patients with 
eosinophilia in the peripheral blood, IL-5 and 
IL-9 have been reported to be expressed by the 
HRS cells [ 24 ]. In addition, eosinophils are 
attracted to cHL tissues by the production of the 

  Fig. 4.3    T cells in nodular lymphocyte-predominant 
Hodgkin lymphoma (LPHL). Immunohistochemistry of a 
case of LPHL. A variable but usually high amount of reac-
tive T cells express CD57, and as in this case these cells 

can encircle the tumor cells ( panel ,  left ). The CD57+ T 
cells also express transcription factor c-Maf, indicating a 
Th2-type nature ( panel ,  right )       
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chemokine CCL11, especially in nodular sclero-
sis cHL. CCL11 levels can be enhanced by the 
production of tumor necrosis factor-α (TNF-α) 
by the HRS cells, which in turn can induce 
CCL11 production in fi broblasts. This process is 
specifi c for cHL since other lymphomas with 
 tissue eosinophilia show no expression of CCL11 
[ 25 ]. HRS cells also produce CCL28 (MEC), and 
expression of CCL28 correlates with the pres-
ence of eosinophils and plasma cells in 
cHL. CCL28 attracts eosinophils by signaling 
through the chemokine receptor CCR3 and 
attracts plasma cells through CCR10 [ 26 ]. CCL5 
is produced at high levels by the reactive infi ltrate 
in cHL and can attract eosinophils as well as mast 
cells. CCL5 and IL-9 may both contribute to the 
attraction of mast cells in cHL [ 27 ]. The stimula-
tion and recruitment of eosinophils in cHL can be 
illustrated in bone marrow biopsies that often 

show reactive enhancement of granulopoiesis 
with many eosinophils in the absence of bone 
marrow HRS cells. IL-6 has been shown to be 
produced by HRS cells in some cases of cHL, 
and this may explain the presence of variable 
amounts of plasma cells [ 28 ]. B cells that express 
CD20, CD21, IgM, and bcl-6 can be found in 
cHL [ 29 ]. It is possible that these cells are rem-
nants of the original lymph node B cell areas.   

4.2     Crosstalk Between HRS Cells 
and Microenvironment (Fig.  4.4 ) 

4.2.1        Factors Supporting Tumor 
Growth 

 It is likely that HL tumor cells originate from 
a precursor B cell that has become addicted to 
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activating and growth-supporting stimuli during 
a deregulated immune response. Many additional 
events are needed to account for the highly dereg-
ulated malignant phenotype of HRS and LP cells. 
Although the tumor cells attain multiple alterna-
tive mechanisms to circumvent the dependence 
on growth-stimulating signals from the reactive 
infi ltrate, they usually are not self-suffi cient at 
the time of diagnosis. This is refl ected by the 
inability to grow cell lines from primary HL cell 
suspensions. 

 IL-3 can function as a growth factor for B 
cells and is produced by activated Th2 cells, mast 
cells, and eosinophils. Its functions include pro-
tection against apoptosis and stimulation of pro-
liferation. Most HRS cells in cHL cases express 
the IL-3 receptor, and exogenous IL-3 promotes 
cell growth in cHL cell lines. Costimulation of 
IL-3 with IL-9 results in further enhancement of 
cell growth [ 30 ]. There is no evidence for the pro-
duction of IL-3 by HRS cells themselves, so this 
signaling pathway depends on the reactive infi l-
trate. IL-7 is most likely an autocrine as well as a 
paracrine growth factor for HRS cells, since HRS 
cells express both the IL-7 receptor and produce 
IL-7 [ 31 ]. Moreover, fi broblasts isolated from 
cHL tissue are able to produce IL-7 [ 32 ]. cHL 
cell lines produce very little IL-7 themselves, but 
anti-IL-7 has some effect on cell growth. Addition 
of IL-7 results in an increase in proliferation and 
protection against apoptosis. Other growth fac-
tors important for HRS cells are IL-9, IL-13, and, 
possibly, IL-6. IL-9 is expressed by the tumor 
cells and not in the infi ltrate, and the IL-9 recep-
tor is expressed on the tumor cells and mast cells. 
IL-9 supports tumor growth in cell lines and is an 
autocrine factor in cHL tissue [ 27 ]. IL-13 pro-
duced by HRS cells as well as the surrounding T 
cells drives proliferation and is mostly autocrine 
[ 33 ]. IL-6 is mainly produced by the HRS cells 
and occasionally by the infi ltrating cells [ 28 ]. In 
general, IL-6 is found at higher levels in EBV+ 
cases [ 34 ]. IL-6 might have an autocrine effect 
although neutralizing antibodies have no effect 
on the growth of cHL cell lines. 

 HRS cells express several members of the 
TNFR superfamily including CD30, which has 
been used as a marker for cHL since the early 

1980s. The CD30 ligand (CD30L) is expressed 
on eosinophils [ 35 ] and mast cells [ 36 ] that are 
present in the cHL infi ltrate. Circulating eosino-
phils in cHL patients also have increased expres-
sion levels of CD30L [ 35 ]. Binding    of CD30L to 
CD30 causes enhanced secretion of IL-6, TNFα, 
and lymphotoxin-α; increased expression of 
ICAM-1 and B7; and, possibly, increased clono-
genic growth and protection against apoptosis 
[ 37 ]. Another TNFR expressed on HRS cells is 
CD40. CD40 is generally found on B cells, and B 
cells can be activated through CD40. In vitro 
rosetting of activated CD4+ lymphocytes around 
HRS cells is mediated through the CD40L adhe-
sion pathway [ 38 ]. Engagement of CD40 is 
important for the prevention of apoptosis. Similar 
to stimulation of CD30, stimulation of HRS cell 
lines with CD40L causes enhanced secretion of 
several cytokines and upregulation of costimula-
tory molecules [ 37 ]. 

 Several receptor tyrosine kinases (RTKs) are 
expressed by HRS cells and can have a role in 
cell growth. Their ligands are expressed in the 
microenvironment or by the HRS cells them-
selves. PDGFRA has a role in cell growth, since 
inhibition of PDGFRA signaling by imatinib 
blocks proliferation. Its ligand, PDGFA is also 
produced by the HRS cells [ 39 ]. DDR1 [ 40 ] and 
DDR2 [ 39 ] can protect HRS cells from cell death 
by binding to collagen, which is present in the 
immediate surroundings of the HRS cells. 
Knockdown of DDR1 decreases survival of the 
L428 cHL cell line [ 40 ]. TRKA is the receptor 
for NGF which is expressed by granulocytes 
[ 39 ], and TRK inhibition can decrease survival of 
cHL cell lines [ 41 ]. EPHB1 and its ligand ephrin-
 B1 are both expressed by the HRS cells [ 39 ]. 
HGF receptor c-Met is expressed on HRS cells, 
and inhibition causes G2/M cell cycle arrest. 
HGF is produced by the tumor cells in a small 
group of patients and by dendritic reticulum cells 
[ 42 ]. PDGFRA, DDR2, EPHB1, RON, TRKA, 
and TRKB are found especially in EBV– HL 
[ 43 ], while DDR1 is upregulated by LMP1 [ 40 ]. 

 Another receptor, Notch1 is an upstream regu-
lator of NFκB [ 44 ]. It is strongly expressed by 
HRS cells, and stimulation via Jagged1 induces 
proliferation and survival of cHL cells [ 45 ].  
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4.2.2     Shaping the Environment 

 In addition to the production of several growth 
factors, HRS cells also produce large amounts of 
chemokines to attract specifi c benefi cial or non-
reacting cells. The lack of CD26 on the T cells 
surrounding the HRS cells may result in an inca-
pability to cleave the chemokines and thereby 
modulate the chemotaxic effects exerted by the 
HRS cells. The attraction of a specifi c population 
of cells is an important immune escape mecha-
nism exerted by the tumor cells. 

 The most abundant and cHL-specifi c chemo-
kine is CCL17 (TARC); it binds to CCR4 on Th2 
cells, Treg cells, basophils, and monocytes. 
CCL17 is highly expressed by HRS cells in the 
vast majority of cHL patients and not in LPHL or 
non-Hodgkin lymphomas [ 46 ,  47 ]. CCL17 levels 
can be measured in serum and are a sensitive and 
specifi c marker refl ecting cHL tumor burden 
[ 48 – 51 ]. High expression levels of CCL17 might 
explain the infl ux of lymphocytes with a Th2- 
and Treg-like phenotype, and CCL17- positive 
cases are indeed associated with a higher per-
centage of CCR4-positive cells (Fig.  4.2 ; [ 47 , 
 52 ]). In turn, Th2-type cytokines (IL-4, IL-13) 
can induce the production of CCL17 by HRS 
cells. CCR4-positive lymphocytes are found 
especially in the rosettes immediately surround-
ing the HRS cells [ 12 ,  53 ]. CCL22 is another 
chemokine that has a similar function as CCL17. 
High CCL22 protein expression levels were 
found in the cytoplasm of HRS cells in 90–100 % 
of cHL patients and also in tumor cells in the 
majority of LPHL and non-HL patients [ 54 – 57 ]. 
CCL22 production can also be stimulated by Th2 
cytokines, IL-4 and IL-13, and may serve to rein-
force the attraction of Th2 and Treg lymphocytes, 
initiated by CCL17. Stimulation of the IL-21 
receptor on HRS by IL-21 activates STAT3, 
which can induce CCL20 (MIP3α) production. 
CCL20 in turn attracts memory T cells and Treg 
cells [ 58 ]. HRS cells express both IL-21 and the 
IL-21 receptors, indicating the presence of an 
autocrine signaling loop. The expression of some 
chemokines is more pronounced in EBV+ cHL 
(i.e., CXCL9 and CXCL10), and perhaps as a 
result the composition of the reactive background 

is somewhat different from that in EBV– cHL, 
with a slightly higher proportion of CD8+ T cells 
in EBV+ cases. 

 In addition to attracting specifi c cell subsets 
by chemotaxis, HRS cells also shape their envi-
ronment by inducing differentiation of specifi c T 
cell subsets that are favorable for HRS cell sur-
vival and growth. The expression of IL-13 by the 
HRS cells stimulates differentiation of naïve T 
cells to Th2 cells [ 33 ]. The production of IL-7 by 
HRS cells and fi broblasts can induce  proliferation 
of Tregs [ 32 ]. Also, cHL cell lines with antigen- 
presenting functions like KMH2 and L428 have 
been shown to promote the differentiation of 
Treg-like cells in vitro (expressing CD4, CD25, 
FoxP3, CTLA4, and GITR and producing large 
amounts of IL-10). Interestingly, these cell lines 
can also induce the formation of CD4+ cytotoxic 
cells (expressing granzyme B and TIA- 1) that 
can kill tumor cells directly, suggesting that 
CD4+ CTLs have the potential to attack tumor 
cells in vivo [ 59 ].  

4.2.3     Immune Suppression 

 Because normal B cells are professional antigen- 
presenting cells, HRS cells are expected to pres-
ent antigens to the immune system, at least early 
in disease pathogenesis. Indeed, most compo-
nents of the HLA class I and HLA class II 
antigen- presenting pathways have been detected 
in the HRS cells at the time of diagnosis. 
However, Th1 cells are not actively attracted by 
the HRS cells, and CD8+ CTLs are relatively 
scarce. Moreover, HRS cells have gained the 
capacity to prevent CTLs from attacking by pro-
ducing high amounts of the strongly immunosup-
pressive cytokines TGF-β and IL-10. TGF-β is 
produced by HRS cells in nodular sclerosis cHL 
[ 21 ,  22 ], whereas IL-10 is more frequently found 
in EBV+ (mixed cellularity) cHL [ 60 ,  61 ]. In 
normal cells, TGF-β is produced in an inactive 
form, which can be activated by acidifi cation. 
TGF-β produced by cHL cell line L428 is active 
at a physiological pH and has a high molecular 
weight [ 62 ]. The same high molecular weight 
form of TGF-β can also be found in the urine of 
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cHL patients [ 63 ] indicating that in patients HRS 
cells are able to produce the active TGF-β form. 

 The Tregs that are present in the microenvi-
ronment of cHL are highly immunosuppressive 
and contain Tr1 (IL-10 producing Tregs) as well 
as CD4+CD25+ Tregs. IL-10, cell–cell contact, 
and CTLA4 play a main role in executing their 
immunosuppressive function [ 64 ]. In    addition, 
HRS cells express galectin-1, an animal lectin, 
which can cause apoptosis in activated T cells 
and contributes to the elimination of an effective 
antitumor response in cHL [ 65 ]. HRS cells also 
express FAS and the FAS ligand. There are some 
mechanisms protecting the HRS cells from apop-
tosis induction, such as FAS mutations in a small 
proportion of cases and c-FLIP overexpression in 
all cases [ 66 ]. Presumably, activated Th1 and 
CD8 cells expressing FAS are driven into apopto-
sis by the FAS ligand expression on the HRS 
cells. Also, HRS cells were found to express 
PD-1 ligand, induced by a selective amplifi cation 
of 9p24.1 [ 67 ], AP-1 activation, the presence of 
LMP-1 [ 68 ], or chromosomal translocations 
involving the CIITA locus [ 69 ]. The rosetting 
lymphocytes are rarely PD-1 positive, and their 
numbers are signifi cantly lower in cases with 
PD-1 ligand gain [ 70 ]. In LPHL, the rosetting 
lymphocytes express PD-1 [ 16 ], but LP cells do 
not express PD-1 ligand. In EBV+ cHL, the Th1- 
inducing cytokine IL-12 is expressed in T cells 
surrounding the HRS cells, and its presence sug-
gests that these T cells have the potential to 
induce antitumor activity [ 71 ]. However, an 
EBV-induced IL-12-related cytokine called EBI3 
can block this Th1 response and is produced by 
HRS cells [ 72 ].   

4.3     Immune Escape Mechanisms 
(Fig.  4.4 ) 

4.3.1     Antigen Presentation 

 The importance of antigen presentation in the 
pathogenesis of cHL has been suggested by the 
association of specifi c HLA subtypes with 
increased cHL incidence. cHL is more common 
in Caucasians as compared to Asians, and about 

4.5 % of cHL cases occur in families [ 73 ,  74 ]. A 
three- to sevenfold increased risk has been 
observed in fi rst-degree relatives and siblings. In 
monozygotic twins, the cotwin has an approxi-
mate 100-fold increased risk of developing cHL 
compared to dizygotic twins [ 75 ]. From the 
1970s, a number of serological HLA types have 
been associated with the occurrence of cHL. More 
recently, a genetic screen of the entire HLA 
region showed a strong association between the 
 HLA - A  gene and EBV+ cHL and the HLA class 
II region with EBV– cHL [ 76 ,  77 ]. At present, 
three independent genomewide association stud-
ies have confi rmed that the HLA region is the 
strongest genetic susceptibility locus in cHL [ 78 –
 80 ]. In EBV+ cHL, it can be hypothesized that 
this association is related to insuffi cient presenta-
tion of EBV antigenic peptides. These antigenic 
peptides most likely are derived from the latency 
type II genes that are expressed in cHL, i.e., 
LMP1, LMP2, and EBV-related nuclear antigen 
1 (EBNA1). EBV partially escapes cytotoxic 
immune responses by downregulating immuno-
dominant latent genes ( EBNA2  and  EBNA3 ). In 
addition, the glycine–alanine repeat in EBNA1 
largely prevents its presentation by HLA class I 
by blocking its degradation into antigenic pep-
tides through the proteasome [ 81 ]. However, sub-
dominant immune responses to LMP2 and to a 
lesser extent LMP1 are present in the healthy 
EBV-infected population [ 82 ]. In fact, adoptive 
immunotherapy in relapsed EBV-associated cHL 
has been used in some small studies with success, 
although limited. In these studies, peripheral 
blood from cHL patients was used to create EBV- 
specifi c cytotoxic T cell lines in vitro, and these 
were reinfused. Some objective responses were 
observed (3/11 and 5/6), with better responses if 
the CTLs were specifi cally targeted to LMP2 [ 83 , 
 84 ] (Fig.  4.4 ). 

 Interestingly, the genetic association of the 
 HLA - A  gene with EBV+ cHL is attributed to the 
presence of the HLA-A*01 type and absence of 
the HLA-A*02 type [ 85 ]. HLA-A*01 is known 
to have a low affi nity for LMP2- and LMP1- 
derived antigenic peptides, while HLA-A*02 can 
present these peptides very well. This suggests 
that EBV+ cHL is more likely to occur after 
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 primary EBV infection if an individual’s set of 
HLA class I molecules cannot properly present 
LMP2 and LMP1 to the immune system.  

4.3.2     HLA Expression 

 Paradoxically, HLA class I and class II expres-
sion by HRS cells is usually retained in EBV+ 
cHL patients, whereas in EBV– cHL patients 
these molecules are frequently downregulated. 
Defects in the antigen-presenting pathways are 
very common in solid malignancies (HLA class I), 
as well as in many B cell lymphomas (HLA class 
I and class II), and are an obvious mechanism to 
escape from antitumor immune responses. 
Especially downregulation of HLA class I is a 
common immune escape mechanism in EBV– 
cHL, with less than 20 % of cases still expressing 
cell surface HLA class I on the HRS cells at the 
time of diagnosis [ 86 ]. Different mechanisms are 
involved in this downregulation because immu-
nohistochemistry has shown complete absence of 
HLA class I or retention of HLA class I heavy 
chains within the cytoplasm. This retention in the 
cytoplasm is usually accompanied by an absence 
of β2-microglobulin expression, which is neces-
sary for HLA class I assembly and transport to 
the cell surface. The different mechanisms may 
indicate that downregulation of HLA class I is 
based on clonal selection by continuous cyto-
toxic immune responses. This may be related to 
the presence of antigenic peptides that are associ-
ated    to malignant transformation or disease 
 progression. However, downregulation of HLA 
class I generally induces activation of natural 
killer (NK) cells. These cells contain HLA class 
I–specifi c inhibitory receptors and are sparse in 
the reactive infi ltrate of cHL. The inhibitory 
receptors can also be engaged by a nonclassical 
HLA class I–like molecule known as HLA-G. In 
about two thirds of HLA class I–negative cHL 
cases, the HRS cells indeed express HLA-G [ 87 ]. 
Besides NK cell inhibition, HLA-G might also 
induce Treg cells and inhibit cytotoxic T cell 
responses. Another immune escape mechanism 
consists of the proteolytic cleavage of MHC class 
I–related chain-A (MIC-A) by ERp5 and 

ADAM10, which are both expressed by HRS 
cells. MIC-A is a membranous ligand for the acti-
vating NKG2D receptor present on cytotoxic T 
cells. In addition, the NKG2D receptor expres-
sion by these cytotoxic T cells is reduced in the 
presence of TGF-β [ 88 ]. 

4.3.2.1     HLA Class I Expression 
 In contrast to EBV– cHL, 70–80 % of EBV+ 
cHL patients show cell surface expression of 
HLA class I and β2-microglobulin at the time of 
diagnosis. This expression is usually particularly 
strong in mixed cellularity subtype cases [ 5 ,  86 ]. 
Upregulation of HLA class I has been attributed 
to LMP1, but the function of this upregulation is 
enigmatic, since it should make latent EBV- 
infected B cells more susceptible to immune rec-
ognition. In fact, in primary lytic EBV infection, 
the HLA class I antigen-presenting pathway is 
strongly inhibited by EBV proteins [ 89 ]. When 
the virus goes into latent infection, this immune 
escape mechanism is no longer available. As the 
lytic gene products are switched off, the expres-
sion and function of HLA class I and class II are 
restored. Importantly, the cHL-associated EBV 
latent gene products LMP1, LMP2, and EBNA1 
are necessary for EBV-infected B cells to go 
through the germinal center reaction. At that time 
HLA class I and class II antigen-presenting func-
tions might also be essential for B cell survival. It 
is generally accepted that HRS cells derive from 
germinal center B cells, and in EBV+ cHL it is 
likely that the tumor cell precursor expresses 
LMP1, LMP2, EBNA1, HLA class I, and HLA 
class II.  

4.3.2.2     HLA Class II Expression 
 HLA class II cell surface expression on HRS 
cells is lost in approximately 40 % of all cHL 
patients [ 86 ]. In addition, translocations involv-
ing CIITA have been found in 15 % of cHL 
patients and may result in subtotal downregula-
tion of HLA class II expression [ 69 ]. The absence 
of HLA class II is weakly related to extranodal 
disease, EBV-negative status, and absence of 
HLA class I cell surface expression. Lack of 
HLA class II expression has been associated with 
adverse failure–free survival and relative survival 
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and is independent of other prognostic factors 
[ 86 ]. It can be hypothesized that antigen presen-
tation in the context of HLA class II is involved 
in recruitment and activation of CD4+ T cells 
early in cHL pathogenesis. Under the infl uence 
of immunomodulating mechanisms, these T cells 
are important in providing trophic factors for 
HRS cells and also have a role in inhibiting Th1 
responses. In the initial stages of cHL pathogen-
esis, HRS cells are probably highly dependent on 
the reactive infi ltrate and expression of HLA 
class II, but as the lymphoma develops this 
dependency may weaken because of alternative 
trophic and immunosuppressive strategies. Thus, 
downregulation of HLA class II without loss of 
viability of HRS cells might occur when the HRS 
cells have grown less dependent on the reactive 
infi ltrate. This is supported by the association of 
downregulation of HLA class II with extranodal 
disease [ 86 ].    

4.4     Prognostic Impact 
of the Microenvironment 

 Several research groups studied the cHL reactive 
infi ltrate in relation to prognosis. Gene expres-
sion profi ling of whole tissue and subsequent 
validation by immunohistochemistry showed that 
high numbers of CD68-positive cells are related 
to adverse outcome [ 90 ]. These CD68-positive 
cells refl ect tumor-associated macrophages and 
probably also other cell types in the microenvi-
ronment. Patients with a higher degree of mast 
cell infi ltration or with tissue eosinophilia have 
an adverse failure–free survival, probably 
because the CD30L expression by these cell 
types is advantageous to the HRS cells [ 35 ,  36 ]. 

 Large numbers of Th2 cells in the microenvi-
ronment, as determined by c-Maf expression, 
correlate with improved disease-free survival [ 9 ]. 
Also, increased numbers of infi ltrating Treg cells 
seem to correlate with improved survival as this 
effect was observed in two out of three studies 
[ 11 ,  91 ,  92 ]. Accordingly, a high percentage of 
activated CTLs (CD8+/granzyme B+ T cells) is a 
strong indicator of unfavorable clinical outcome 
[ 93 ]. A high ratio of FoxP3 to CTL markers, 

granzyme B [ 92 ] or Tia-1 [ 91 ], gives the best pre-
dictive value for a good prognosis. These results 
are unexpected since in other malignancies the 
presence of Tregs and the absence of CTLs are 
associated with adverse prognosis. One explana-
tion might be that HRS cells are expected to 
behave more aggressively as they develop a 
stronger independency from the reactive infi l-
trate. In this situation a hostile microenvironment 
is allowed because the HRS cells have acquired 
alternative immunoevasive strategies. This  theory 
fi ts with the adverse prognostic impact of the 
absence of HLA class II expression.  

    Conclusion 

 The microenvironment is a fundamental com-
ponent of the tumor mass and an essential 
pathogenetic factor in cHL and LPHL. It sup-
plies the tumor cells with growth factors and 
inhibits antitumor immune responses. In fact, 
it could be stated that “the infi ltrate consists 
not of ‘innocent bystanders’ but of guilty 
opportunists”    [ 27 ]. As the tumor cells and the 
reactive infi ltrate grow up together, there is an 
extensive crosstalk between these two compo-
nents. The tumor cells actively attract and 
shape their environment for their own benefi t 
and make use of a number of mechanisms to 
fend off antitumor immune responses.     

   References 

    1.    Poppema S, Delsol G, Pileri SA et al (2008) Nodular 
lymphocyte predominant Hodgkin lymphoma. In: 
Swerdlow SH, Campo E, Harris NL et al (eds) WHO 
classifi cation of tumours of haematopoietic and lym-
phoid tissues. IARC, Lyon  

    2.    Stein H, Delsol G, Pileri SA et al (2008) Classical 
Hodgkin lymphoma, introduction. In: Swerdlow SH, 
Campo E, Harris NL et al (eds) WHO classifi cation of 
tumours of haematopoietic and lymphoid tissues. 
IARC, Lyon  

      3.    Atayar C, van den Berg A, Blokzijl T et al (2007) 
Hodgkin lymphoma associated T-cells exhibit a tran-
scription factor profi le consistent with distinct lym-
phoid compartments. J Clin Pathol 60:1092–1097  

    4.    Carbone A, Gloghini A, Cabras A et al (2009) 
Differentiating germinal center-derived lymphomas 
through their cellular microenvironment. Am J 
Hematol 84:435  

4 Microenvironment, Crosstalk, and Immune Escape Mechanisms



76

     5.    Oudejans JJ, Jiwa NM, Kummer JA et al (1996) 
Analysis of major histocompatibility complex class I 
expression on Reed-Sternberg cells in relation to the 
cytotoxic T-cell response in Epstein-Barr virus- positive 
and -negative Hodgkin’s disease. Blood 87:3844–3851  

    6.    Goedert JJ, Cote TR, Virgo P et al (1998) Spectrum of 
AIDS-associated malignant disorders. Lancet 
351:1833–1839  

    7.    Biggar RJ, Jaffe ES, Goedert JJ et al (2006) Hodgkin 
lymphoma and immunodefi ciency in persons with 
HIV/AIDS. Blood 108:3786–3791  

    8.    Poppema S (1996) Immunology of Hodgkin’s dis-
ease. Ballieres Clin Haematol 9:447–457  

     9.    Wolf M, Albrecht S, Marki C (2008) Proteolytic pro-
cessing of chemokines: implications in physiological 
and pathological conditions. Int J Biochem Cell Biol 
40:1185–1198  

    10.    Von Bonin A, Huhn J, Fleischer B (1998) Dipeptidyl- 
peptidase IV/CD26 on T cells: analysis of an alternative 
T-cell activation pathway. Immunol Rev 161:43–53  

     11.    Schreck S, Friebel D, Buettner M et al (2009) 
Prognostic impact of tumour-infi ltrating Th2 and reg-
ulatory cells in classical Hodgkin lymphoma. Hematol 
Oncol 27:31–39  

       12.    Ma Y, Visser L, Blokzijl T et al (2008) The 
CD4+CD26- T-cell population in classical Hodgkin’s 
lymphoma displays a distinctive regulatory T-cell pro-
fi le. Lab Invest 88:482–490  

    13.    Munro JM, Freedman AS, Aster JC et al (1994) In 
vivo expression of the B7 costimulatory molecule by 
subsets of antigen-presenting cells and the malignant 
cells of Hodgkin’s disease. Blood 83:793–798  

    14.    Delabie J, Chan WC, Weisenburger DD et al (1995) 
The antigen-presenting cell function of Reed–
Sternberg cells. Leuk Lymphoma 18:35–40  

    15.    Greaves P, Clear A, Owen A et al (2013) Defi ning 
characteristics of classical Hodgkin lymphoma micro-
environment T helper cells. Blood 122:2856–2863  

     16.    Nam-Cha SH, Roncador G, Sanchez-Verde L et al 
(2008) PD-1, a follicular T-cell marker useful for rec-
ognizing nodular lymphocyte-predominant Hodgkin 
lymphoma. Am J Surg Pathol 32:1252–1257  

    17.    Atayar C, Poppema S, Visser L et al (2006) Cytokine 
gene expression profi le distinguishes CD4+/CD57+ 
T-cells of nodular lymphocyte predominance type of 
Hodgkin lymphoma from their tonsillar counterparts. 
J Pathol 208:423–430  

    18.    Rahemtullah A, Harris NL, Dorn ME et al (2008) 
Beyond the lymphocyte predominant cell: CD4+CD8+ 
T-cells in nodular lymphocyte predominant Hodgkin 
lymphoma. Leuk Lymphoma 49:1870–1878  

    19.    Ohshima K, Akaiwa M, Umeshita R et al (2001) 
Interleukin-13 and interleukin-13 receptor in 
Hodgkin’s disease: possible autocrine mechanism and 
involvement in fi brosis. Histopathology 38:368–375  

    20.    Shinozaki M, Kawara S, Hayashi N et al (1997) 
Induction of subcutaneous tissue fi brosis in newborn 
mice by transforming growth factor-b – simultaneous 
application with basic growth factor causes persistent 
fi brosis. Biochem Biophys Res Commun 237:292–296  

     21.    Kadin M, Butmarc J, Elovic A et al (1993) Eosinophils 
are the major source of transforming growth factor- 

beta 1 in nodular sclerosing Hodgkin’s disease. Am J 
Pathol 142:11–16  

     22.    Newcom SR, Gu L (1995) Transforming growth fac-
tor beta 1 messenger RNA in Reed–Sternberg cells in 
nodular sclerosing Hodgkin’s disease. J Clin Pathol 
48:160–163  

    23.    Ohshima K, Sugihara M, Suzumiya J et al (1999) 
Basic fi broblast growth factor and fi brosis in 
Hodgkin’s disease. Pathol Res Pract 195:149–155  

    24.    Samoszuk M, Nansen L (1990) Detection of inter-
leukin- 5 messenger RNA in Reed-Sternberg cells of 
Hodgkin’s disease with eosinophilia. Blood 75:13–16  

    25.    Jundt F, Anagnostopoulos I, Bommert K et al (1999) 
Hodgkin/Reed–Sternberg cells induce fi broblasts to 
secrete eotaxin, a potent chemoattractant for T cells 
and eosinophils. Blood 94:2065–2071  

    26.    Hanamoto H, Nakayama T, Miyazato H (2004) 
Expression of CCL28 by Reed–Sternberg cells 
defi nes a major subtype of classical Hodgkin’s disease 
with frequent infi ltration of eosinophils and/or plasma 
cells. Am J Pathol 164:997–1006  

      27.    Glimelius I, Edstrom A, Amini RM et al (2006) IL-9 
expression contributes to the cellular composition in 
Hodgkin lymphoma. Eur J Haematol 76:278–283  

     28.    Jucker M, Abts H, Li W et al (1991) Expression of 
interleukin-6 and interleukin-6 receptor in Hodgkin’s 
disease. Blood 77:2413–2418  

    29.    Tudor CS, Distel LV, Eckhardt J et al (2013) B cells in 
classical Hodgkin lymphoma are important actors 
rather than bystanders in the local immune reaction. 
Hum Pathol 44:2475–2486  

    30.    Aldinucci D, Poletto D, Nanni P et al (2002) 
Expression of functional interleukin-3 receptors on 
Hodgkin and Reed– Sternberg cells. Am J Pathol 
160:585–596  

    31.    Foss HD, Hummel M, Gottstein S et al (1995) Frequent 
expression of IL-7 gene transcripts in tumor cells of 
classical Hodgkin’s disease. Am J Pathol 146:33–39  

     32.    Cattaruzza L, Gloghini A, Olivo K et al (2009) 
Functional coexpression of interleukin (IL)-7 and its 
receptor (IL-7R) on Hodgkin and Reed–Sternberg 
cells: involvement of IL-7 in tumor cell growth and 
microenvironmental interactions of Hodgkin’s lym-
phoma. Int J Cancer 125:1092–1101  

     33.    Kapp U, Yeh WC, Patterson B et al (1999) Interleukin 
13 is secreted by and stimulates the growth of Hodgkin 
and Reed–Sternberg cells. J Exp Med 189:1939–1946  

    34.    Herbst H, Samol J, Foss HD et al (1997) Modulation 
of interleukin-6 expression in Hodgkin and Reed–
Sternberg cells by Epstein–Barr virus. J Pathol 
182:299–306  

      35.    Pinto A, Aldinucci D, Gloghini A et al (1996) Human 
eosinophils express functional CD30 ligand and stim-
ulate proliferation of a Hodgkin’s disease cell line. 
Blood 88:3299–3305  

     36.    Molin D, Edstrom A, Glimelius I et al (2002) Mast 
cell infi ltration correlates with poor prognosis in 
Hodgkin’s lymphoma. Br J Haematol 119:122–124  

     37.    Grüss HJ, Ulrich D, Braddy S et al (1995) 
Recombinant CD30 ligand and CD40 ligand share 
common biological activities on Hodgkin and Reed–
Sternberg cells. Eur J Immunol 25:2083–2089  

L. Visser et al.



77

    38.    Carbone A, Gloghini A, Gattei V et al (1995) 
Expression of functional CD40 antigen on Reed–
Sternberg cells and Hodgkin’s disease cell lines. 
Blood 85:780–789  

       39.    Renné C, Willenbrock K, Küppers R et al (2005) 
Autocrine- and paracrine-activated receptor tyrosine 
kinases in classic Hodgkin lymphoma. Blood 105:
4051–4059  

      40.    Cader FZ, Vockerodt M, Bose S et al (2013) The EBV 
oncogene LMP1 protects lymphoma cells form cell 
death through the collagen-mediated activation of 
DDR1. Blood. doi:  10.1182/blood-2013-04-499004      

    41.    Renné C, Minner S, Küppers R et al (2008) Autocrine 
NGFβ/TRKA signaling is an important survival factor 
for Hodgkin lymphoma derived cell lines. Leuk Res 
32:163–167  

    42.    Xu C, Plattel W, van den Berg A et al (2012) 
Expression of the c-Met oncogene by tumor cells pre-
dicts a favorable outcome in classical Hodgkin’s lym-
phoma. Heamatologica 97:572–578  

    43.    Renné C, Hinsch N, Willenbrock K et al (2007) The 
aberrant coexpression of several receptor tyrosine 
kinases is largely restricted to EBV-negative cases of 
classical Hodgkin’s lymphoma. Int J Cancer 
120:2504–2509  

    44.    Schwarzer R, Dörken B, Jundt F (2012) Notch is an 
essential upstream regulator of NF-κB and is relevant 
for the survival of Hodgkin and Reed-Sternberg cells. 
Leukemia 26:806–813  

    45.    Jundt F, Anagnostopoulos I, Förster R et al (2002) 
Activated Notch1 signaling promotes tumor cell pro-
liferation and survival in Hodgkin and anaplastic large 
cell lymphoma. Blood 99:3398–3403  

    46.    Peh SC, Kim LH, Poppema S (2001) TARC, a CC che-
mokine, is frequently expressed in classic Hodgkin 
lymphoma but not in NLP Hodgkin lymphoma, T-cell-
rich B-cell lymphoma, and most cases of anaplastic 
large cell lymphoma. Am J Surg Pathol 25:925–929  

     47.    Van Den Berg A, Visser L, Poppema S (1999) High 
expression of the CC chemokine TARC in Reed–
Sternberg cells. A possible explanation for the charac-
teristic T-cell infi ltrate in Hodgkin’s lymphoma. Am J 
Pathol 154:1685–1691  

    48.    Niens M, Visser L, Nolte IM et al (2008) Serum che-
mokine levels in Hodgkin lymphoma patients: highly 
increased levels of CCL17 and CCL22. Br J Haematol 
140:527–536  

   49.    Weihrauch MR, Manzke O, Beyer M et al (2005) 
Elevated levels of CC thymus and activation-related 
chemokine (TARC) in primary Hodgkin’s disease: 
potential for a prognostic factor. Cancer Res 65:
5516–5519  

   50.    Plattel WJ, van den Berg A, Visser L et al (2012) 
Plasma thymus and activation-regulated chemokine 
as an early response marker in classical Hodgkin’s 
lymphoma. Haematologica 97:410–415  

    51.    Sauer M, Plütschow A, Jachimowicz RD et al (2013) 
Baseline serum TARC levels predict therapy outcome 
in patients with Hodgkin lymphoma. Am J Hematol 
88:113–115  

    52.    Ohshima K, Tutiya T, Yamaguchi T et al (2002) 
Infi ltration of Th1 and Th2 lymphocytes around 

Hodgkin and Reed-Sternberg (H&RS) cells in 
Hodgkin disease: relation with expression of CXC 
and CC chemokines on H&RS cells. Int J Cancer 
98:567–572  

    53.    Ishida T, Ishii T, Inagaki et al (2006) Specifi c recruit-
ment of CC chemokine receptor 4-positive regulatory 
T cells in Hodgkin lymphoma fosters immune privi-
lege. Cancer Res 66:5716–5722  

    54.    Andrew DP, Chang MS, McNinch J et al (1998) 
STPC-1 (MDC) CC chemokine acts specifi cally on 
chronically activated Th2 lymphocytes and is pro-
duced by monocytes on stimulation with Th2 cyto-
kines IL-4 and IL-13. J Immunol 16:5027–5038  

   55.    Hedvat CV, Jaffe ES, Qin J et al (2001) Macrophage- 
derived chemokine expression in classical Hodgkin’s 
lymphoma: application of tissue microarrays. Mod 
Pathol 14:1270–1276  

   56.    Imai T, Chantry D, Raport CJ et al (1998) Macrophage- 
derived chemokine is a functional ligand for the CC 
chemokine receptor 4. J Biol Chem 273:1764–1768  

    57.    Maggio E, van den Berg A, Visser L et al (2002) 
Common and differential chemokine expression patterns 
in RS cells of NLP, EBV positive and negative classical 
Hodgkin lymphomas. Int J Cancer 99:665–672  

    58.    Lamprecht B, Kreher S, Anagnostopoulos I et al 
(2008) Aberrant expression of the Th2 cytokine 
IL-21 in Hodgkin lymphoma cells regulates STAT3 
signaling and attracts Treg cells via regulation of 
MIP-3alpha. Blood 112:3339–3347  

    59.    Tanijiri T, Shimizu T, Uehira K et al (2007) Hodgkin’s 
Reed-Sternberg cell line (KM-H2) promotes a bidi-
rectional differentiation of CD4+CD25+Foxp3+ T 
cells and CD4+ cytotoxic T lymphocytes from CD4+ 
naive T cells. J Leukoc Biol 82:576–584  

    60.    Dukers DF, Jaspars LH, Vos W et al (2000) Quantitative 
immunohistochemical analysis of cytokine profi les in 
Epstein-Barr virus-positive and -negative cases of 
Hodgkin’s disease. J Pathol 190:143–149  

    61.    Herbst H, Foss HD, Samol J et al (1996) Frequent 
expression of interleukin-10 by Epstein–Barr virus- 
harboring tumor cells of Hodgkin’s disease. Blood 
87:2918–2929  

    62.    Newcom SR, Kadin ME, Ansari AA et al (1988) 
L-428 nodular sclerosing Hodgkin’s cell secretes a 
unique transforming growth factor-beta active at 
physiologic pH. J Clin Invest 82:1915–1921  

    63.    Newcom SR, Tagra KK (1992) High molecular 
weight transforming growth factor b is excreted in the 
urine in active nodular sclerosing Hodgkin’s disease. 
Cancer Res 52:6768–6773  

    64.    Marshall NA, Christie LE, Munro LR et al (2004) 
Immunosuppressive regulatory T cells are abundant in 
the reactive lymphocytes of Hodgkin lymphoma. 
Blood 103:1755–1762  

    65.    Juszczynski P, Ouyang J, Monti S et al (2007) The 
AP1-dependent secretion of galectin-1 by Reed–
Sternberg cells fosters immune privilege in classical 
Hodgkin lymphoma. Proc Natl Acad Sci U S A 
104:13134–13139  

    66.    Maggio EM, van den Berg A, de Jong D et al (2003) 
Low frequency of FAS mutations in Reed–Sternberg 
cells of Hodgkin’s lymphoma. Am J Pathol 162:29–35  

4 Microenvironment, Crosstalk, and Immune Escape Mechanisms

http://dx.doi.org/10.1182/blood-2013-04-499004


78

    67.    Green MR, Rodig S, Juszczynski P et al (2012) 
Constitutive AP-1 activity and EBV infection induce 
PD-L1 in Hodgkin lymphomas and posttransplant 
lymphoproliferative disorders; implications for tar-
geted therapy. Clin Cancer Res 18:1611–1618  

    68.    Green MR, Monti S, Rodig SJ et al (2010) Integrative 
analysis reveals selective 9p24.1 amplifi cation, 
increased PD-1 ligand expression, and further induc-
tion via JAK2 in nodular sclerosing Hodgkin lym-
phoma and primary mediastinal large B-cell. Blood 
116:3268–3277  

     69.    Steidl C, Shah SP, Woolcock BW et al (2011) MHC 
class II transactivator CIITA is a recurrent gene fusion 
partner in lymphoid cancers. Nature 471:377–383  

    70.    Muenst S, Hoeller S, Dirnhofer S et al (2009) 
Increased programmed death-1+ tumor-infi ltrating 
lymphocytes in classical Hodgkin lymphoma substan-
tiate reduced overall survival. Hum Pathol 40:
1715–1722  

    71.    Schwaller J, Tobler A, Niklaus G et al (1995) 
Interleukin-12 expression in human lymphomas and 
nonneoplastic lymphoid disorders. Blood 85:
2182–2188  

    72.    Niedobitek G, Pazolt D, Teichmann M et al (2002) 
Frequent expression of the Epstein-Barr virus (EBV)-
induced gene, EBI3, an IL-12 p40-related cytokine, in 
Hodgkin and Reed-Sternberg cells. J Pathol 198:310–316  

    73.    Ferraris AM, Racchi O, Rapezzi D et al (1997) 
Familial Hodgkin’s disease: a disease of young adult-
hood? Ann Hematol 74:131–134  

    74.    Glaser SL, Hsu JL (2002) Hodgkin’s disease in 
Asians: incidence patterns and risk factors in 
population- based data. Leuk Res 26:261–269  

    75.    Mack TM, Cozen W, Shibata DK et al (1995) 
Concordance for Hodgkin’s disease in identical twins 
suggesting genetic susceptibility to the young-adult 
form of the disease. N Engl J Med 332:413–418  

    76.    Diepstra A, Niens M, Vellenga E et al (2005) Association 
with HLA class I in Epstein–Barr-virus- positive and 
with HLA class III in Epstein-Barr-virus- negative 
Hodgkin’s lymphoma. Lancet 365:2216–2224  

    77.    Niens M, van den Berg A, Diepstra A et al (2006) The 
human leukocyte antigen class I region is associated 
with EBV-positive Hodgkin’s lymphoma: HLA-A and 
HLA complex group 9 are putative candidate genes. 
Cancer Epidemiol Biomarkers Prev 15:2280–2284  

    78.    Enciso-Mora V, Broderick PMY et al (2010) A 
genome-wide association study of Hodgkin’s lym-
phoma identifi es new susceptibility loci at 2p16.1 
(REL), 8q24.21 and 10p14 (GATA3). Nat Genet 
42:1126–1130  

   79.    Urayama KY, Jarrett RF, Hjalgrim H et al (2012) 
Genome-wide association study of classical Hodgkin 
lymphoma and Epstein-Barr virus status-defi ned sub-
groups. J Natl Cancer Inst 104:240–253  

    80.    Cozen W, Li D, Best T et al (2012) A genome-wide 
meta-analysis of nodular sclerosing Hodgkin lym-
phoma identifi es risk loci at 6p21.32. Blood 119:
469–475  

    81.    Levitskaya J, Coram M, Levitsky V et al (1995) 
Inhibition of antigen processing by the internal repeat 
region of the Epstein–Barr virus nuclear antigen-1. 
Nature 375:685–688  

    82.    Meij P, Leen A, Rickinson AB et al (2002) 
Identifi cation and prevalence of CD8(+) T-cell 
responses directed against Epstein–Barr virus- 
encoded latent membrane protein 1 and latent mem-
brane protein 2. Int J Cancer 99:93–99  

    83.    Bollard CM, Aguilar L, Straathof KC et al (2004) 
Cytotoxic T lymphocyte therapy for Epstein-Barr 
virus+ Hodgkin’s disease. J Exp Med 200:1623–1633  

    84.    Lucas KG, Salzman D, Garcia A et al (2004) Adoptive 
immunotherapy with allogeneic Epstein–Barr virus 
(EBV)-specifi c cytotoxic T-lymphocytes for recurrent 
EBV-positive Hodgkin disease. Cancer 100:1892–1901  

    85.    Niens M, Jarrett RF, Hepkema B et al (2007) HLA- 
A*02 is associated with a reduced risk and HLA- 
A*01 with an increased risk of developing EBV+ 
Hodgkin lymphoma. Blood 110:3310–3315  

        86.    Diepstra A, van Imhoff GW, Karim-Kos HE et al (2007) 
HLA class II expression by Hodgkin Reed–Sternberg 
cells is an independent prognostic factor in classical 
Hodgkin’s lymphoma. J Clin Oncol 25:3101–3108  

    87.    Diepstra A, Poppema S, Boot M et al (2008) HLA-G 
protein expression as a potential immune escape 
mechanism in classical Hodgkin’s lymphoma. Tissue 
Antigens 71:219–226  

    88.    Zocchi MR, Catellani S, Canevali P et al (2012) High 
ERp5/ADAM10 expression in lymph node microen-
vironment and impaired NKG2D ligands recognition 
in Hodgkin lymphomas. Blood 119:1479–1489  

    89.    Ressing ME, Horst D, Griffi n BD et al (2008) Epstein- 
Barr virus evasion of CD8+ and CD4+ T cell immu-
nity via concerted actions of multiple gene products. 
Semin Cancer Biol 18:397–408  

    90.    Steidl C, Lee T, Shah SP et al (2010) Tumor-associated 
macrophages and survival in classical Hodgkin’s lym-
phoma. N Engl J Med 362:875–885  

     91.    Alvaro T, Lejeune M, Salvado MT et al (2005) 
Outcome in Hodgkin’s lymphoma can be predicted 
from the presence of accompanying cytotoxic and 
regulatory T cells. Clin Cancer Res 11:1467–1473  

     92.    Kelley TW, Pohlman B, Elson P et al (2007) The ratio 
of Foxp3+ regulatory T cells to Granzyme B+ cyto-
toxic T/NK cells predicts prognosis in classical 
Hodgkin lymphoma and is independent of bcl-2 and 
MAL expression. Am J Clin Pathol 128:958–965  

    93.    Oudejans JJ, Jiwa NM, Kummer JA et al (1997) 
Activated cytotoxic T cells as prognostic marker in 
Hodgkin’s disease. Blood 89:1376–1382      

L. Visser et al.


	4: Microenvironment, Crosstalk, and Immune Escape Mechanisms
	4.1	 Microenvironment
	4.1.1	 Hodgkin Lymphoma Subtypes
	4.1.2	 Epstein–Barr Virus
	4.1.3	 Human Immunodeficiency Virus
	4.1.4	 T Cell Subsets in cHL
	4.1.5	 T Cell Subsets in LPHL
	4.1.6	 Fibrosis and Sclerosis
	4.1.7	 Eosinophils, Plasma Cells, Mast Cells, and B cells

	4.2	 Crosstalk Between HRS Cells and Microenvironment (Fig. 4.4)
	4.2.1	 Factors Supporting Tumor Growth
	4.2.2	 Shaping the Environment
	4.2.3	 Immune Suppression

	4.3	 Immune Escape Mechanisms (Fig. 4.4)
	4.3.1	 Antigen Presentation
	4.3.2	 HLA Expression
	4.3.2.1	 HLA Class I Expression
	4.3.2.2	 HLA Class II Expression


	4.4	 Prognostic Impact of the Microenvironment
	 Conclusion
	References


