
 

 

 University of Groningen

Tumor cell survival and immune escape mechanisms in classical Hodgkin lymphoma
Liang, Zheng

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

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

Publication date:
2015

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Liang, Z. (2015). Tumor cell survival and immune escape mechanisms in classical Hodgkin lymphoma.
[Thesis fully internal (DIV), University of Groningen]. [S.n.].

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

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

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

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

Download date: 24-05-2023

https://research.rug.nl/en/publications/028a1e1a-d68c-4c3d-a2aa-b2fe18992edf


 

 

 

 

 

 

 

 

 

CHAPTER 5 

 
Expression of Toll like Receptors in classical 

Hodgkin Lymphoma 

 

Zheng Liang, Chuanhui Xu, Bea Rutgers, Arjan Diepstra, Anke Van den Berg, Lydia Visser. 

 

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

Groningen, Groningen, the Netherlands. 

 

In preparation 



Chapter 5 

92 

Abstract  

Constitutive activation of NF-κB is one of the hallmarks of the Hodgkin 

Reed-Sternberg (HRS) cells of classical Hodgkin lymphoma (cHL). Stimulation of 

Toll-like receptors (TLRs) by microbial pathogen associated ligands results in the 

activation of NF-κB and genetic polymorphisms in TLRs are associated with cHL 

susceptibility. In this study, we determined expression of TLR1 to TLR10 in 8 cHL cell 

lines at the mRNA level and of TLR2, TLR4, TLR7 and TLR9 in cHL patient tissues at 

the protein level. TLR1, TLR2, TLR6, TLR7, TLR9 and TLR10 mRNA was detected at 

different levels in all cell lines, with the most abundant expression levels observed for 

TLR10. TLR2 protein was undetectable in the HRS cells in eight cHL frozen tissue 

sections. TLR4 stained positive in the majority of the HRS cells in 9 of 19 cHL cases 

and in a minority of the HRS cells in two cHL cases. TLR7 was expressed in some 

HRS cells in four cHL cases. TLR9 stained positive in the majority of HRS cells in 9 

cHL cases and in some HRS cells in three cases. Upon TLR7 triggering, cell growth 

analysis showed a slightly enhanced proliferation in L1236 cells and a more 

pronounced induction of proliferation in KMH2 cells. Triggering of TLR9 showed a 

slight suppression of cell growth in L428 and U-HO1. These results show that TLRs 

are expressed in a proportion of the cHL cases and that triggering of at least some of 

the TLRs affects proliferation of HL cell lines. Based on these findings we can 

speculate that TLRs and microbial pathogens may be involved in the pathogenesis of 

cHL. 
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Introduction 

Classical Hodgkin lymphoma (cHL) is characterized by a minority of neoplastic cells, 

the Hodgkin and Reed Sternberg (HRS) cells, which are surrounded by an extensive 

infiltrate of reactive cells. The HRS cells are derived from pre-apoptotic germinal 

center (GC) B-cells that acquired crippling immunoglobulin gene mutations and/or lost 

their capacity to express a high affinity B-cell receptor (BCR)1. Constitutive activation 

of nuclear factor (NF-)κB  is one of the hall marks of HL and it contributes to the 

survival of the HRS cells. Toll-like receptors (TLRs) are transmembrane proteins that 

trigger innate immunity by recognition of conserved structures of microbial pathogen 

associated molecular patterns (PAMPs), like LPS and single stranded (ss)RNA. 

Stimulation of TLR results in activation of myeloid differentiation primary response 

protein 88 (MYD88) and subsequent activation of NF-κB and mitogen-activated 

protein kinase (MAPK). TLRs and MYD88 gene polymorphisms have been implicated 

in cHL susceptibility by altering immunoregulatory and inflammatory responses2. 

Together this indicates that triggering of TLRs might contribute to the activation of NF- 

κB in HRS cells. 

Normal blood derived human B cells are characterized by high expression of TLR1, 

TLR6, TLR7, TLR9, and TLR10, low expression of TLR2 and TLR4, and no 

expression of TLR3, TLR5 and TLR83. The expression of TLRs in the B-cell derived 

HRS cells of cHL has not been systematically investigated. Here we report that HRS 

cells in cHL show a distinct TLR expression profile, which includes in particular high 

levels of TLR4, TLR9 and TLR10. In addition, we show that ligation of TLR7 and TLR9 

in cHL cell lines affects cell growth.   

Materials and methods 

Cell lines and patient samples 

The cHL cell lines L428, KMH2, L1236, L591, U-HO1, L540 and DEV were cultured in 
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RPMI-1640 medium and SUPHD1 in McCoy’s medium (Lonza Walkersville, 

Walkersville, MD USA) supplemented with ultraglutamine-1, 100 U/ml 

penicillin/streptomycin, 10% fetal calf serum (FCS) (5% for L428, 20% for DEV) (Lonza 

Walkersville). Peripheral blood mononuclear cells (PBMCs) were isolated from three 

healthy donors by Ficoll–Isopaque density gradient centrifugation.  

Eight frozen and 19 formalin fixed paraffin embedded tissue samples of cHL patients 

were obtained from the files of the department of Pathology and Medical Biology, 

University Medical Centre Groningen, the Netherlands. The frozen cHL samples were 

of the nodular sclerosis (NS) subtype. The paraffin embedded samples consisted of 15 

NS, two mixed cellularity (MC), one lymphocyte rich (LR) and one classical, not 

otherwise specified (NOS) subtype.  

RNA extraction and quantitative RT-PCR 

Quantitative RT-PCR (qRT-PCR) was performed to determine the expression of TLR1 

to TLR10 in 8 HL cell lines. qRT-PCR was performed with SYBR Green Mastermix 

(Life Technologies, Bleiswijk, the Netherlands) and samples were assayed in triplicate. 

Primers for human TLRs have been designed using Primer Express 2.0 Software 

(Table 1).   

RPII was selected as a housekeeping gene for normalization of the data. The relative 

gene expression levels were quantified by calculating the difference in threshold cycle 

(Ct) value of the TLRs from the Ct value of RPII (∆Ct). Results were expressed as 

2−∆Ct to indicate the relative mRNA level in each cell subset. Only Ct values below 35 

were considered positive. PBMCs were used as positive controls for the expression of 

TLRs3 .  

Immunohistochemistry 

Antibodies suitable for immunostaining of the TLRs were available only for TLR2 

(frozen), TLR4, TLR7 and TLR9 (paraffin embedded). Immunostainings were 

performed with a monoclonal antibody against TLR2 (CD282, Hycult Biotechnology, 
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Uden, The Netherlands) (1:50) on frozen cHL tissue sections, and polyclonal 

antibodies against TLR4 (Abcam, Cambridge, UK) (1:20), TLR7 (Abcam) (1:20) and 

TLR9 (26C593, Acris, Herford, Germany) (1:100) on paraffin embedded cHL tissue 

sections. Positive staining was visualized using an HRP-labeled second step and 

3-amino-9-ethylcarbazole (AEC) for frozen cHL tissue sections and cytospins, and 3, 

3’-diaminobenzidine (DAB) for paraffin embedded cHL tissue sections. Cases were 

defined as positive when more than 50% of the HRS cells showed a clear staining.  

Proliferation assay 

cHL cell lines (1 X 106 cells/ml) were cultured with R837 (TLR7 ligand) (Invivogen, San 

Diego, USA) (5µg/ml), ODN2006 (TLR9 ligand) (Invivogen) (1µM) and ODN2006 

control (TLR9 ligand control) (Invivogen) (1µM). Alamar blue (Invitrogen, Breda, The 

Netherlands) was added to the cells following the protocol provided by the 

manufacturer. Fluorescence was measured every 24 hours at 560/590 nm. 

Results 

Toll-like receptor expression in Hodgkin lymphoma cell lines   

We analysed the mRNA expression levels of TLR1 to TLR10 in 8 HL cell lines (Table 

2). TLR1, TLR2, TLR6, TLR7, and TLR10 mRNA transcripts were detected at variable 

levels in all cell lines. Overall, TLR1 levels were high in two, TLR6 in four, TLR7 in one 

HL cell lines. TLR10 was expressed at marked levels in all cell lines. For the 

remaining TLRs expression was in general low and expression was observed in part 

of the cell lines. TLR3 was expressed in 4 out of 8 cell lines, TLR4 in three, TLR5 in 

two and TLR9 in six of the HL cell lines with a high expression in U-HO1. No mRNA 

expression of TLR8 was detected in any of the HL cell line. Thus, TLRs are expressed 

in HL cell lines albeit at variable levels. 
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TLR protein expression in HL tissue samples 

TLR2 was undetectable in the HRS cells of eight cHL frozen tissue sections. Dendritic 

cells present in the reactive infiltrate showed a strong staining for TLR2 in all cHL 

cases. For TLR4, positive staining was observed in the majority of the HRS cells in 

nine out of 19 cHL cases and in a minority of the HRS cells (i.e. in 5% and 30%) in two 

cases (Table 3). TLR7 expression was observed in 5-20% of the HRS cells in four cHL 

cases. TLR9 stained positive in more than 50% of the HRS cells in nine out of the 19 

cHL cases and in approximately 10% of the HRS cells in 3 cases. TLR4, TLR7 and 

TLR9 stained positive in (part of) the reactive background cells in all cHL cases. 

Representative staining results of TLR2, TLR4, TLR7 and TLR9 are shown in Figure 1. 

Although the number of cases used in this study is low, there appears to be no 

difference between EBV+ and EBV- cHL cases. 

Functional effects of TLR ligation in cHL cell lines 

Cell growth analysis after three days of TLR ligation in cHL cell lines revealed a 

slightly enhanced proliferation in L1236 and a more pronounced induction of 

proliferation in KMH2 upon TLR7 activation (Figure 2A). Triggering of TLR9 showed a 

slight suppression of cell growth in L428 and U-HO1 (Figure 2B). 

Discussion 

Constitutive activation of NF-κB is one of the hallmarks of HL. This activation is at 

least in part explained by mutations or gene amplification of members of the NF-κB 

pathway1  or presence of EBV. Since ligation of TLRs also induces activation of the 

NF-κB pathway we studied expression of TLRs in HL cell lines and primary tissue, and 

tested the effect of TLR ligation in some of the cell lines. 

We showed mRNA expression of TLR1, TLR2, TLR6, TLR7, TLR9 and TLR10 at 

variable levels in 8 HL cell lines. Although naive B cell have low expression of TLRs, B 

cell receptor stimulation induces expression of TLR6, TLR7, TLR9 and TLR10 4. 
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Moreover, TLR 9 and TLR10 are upregulated as B cells differentiate to mature B cells 

5. This indicates that expression of TLR6, TLR7, TLR9 and TLR10 might be expected 

in HRS cells as these cells are derived from activated germinal center B cells. 

Expression of TLR1 and TLR2 as observed at low levels in all HL cell lines, is unusual 

for B cells and might be related to the malignant transformation process.  

Of the four TLRs that could be tested by immunostaining in HL tissue samples, 

expression in HRS cells was observed for TLR4, TLR7 and TLR9 and not for TLR2. 

TLR4 expression has been observed in mucosa-associated lymphoid tissue 

lymphoma, but not in chronic lymphocytic leukemia (CLL) and mantle cell lymphoma 

(MCL)6. Although TLR4 was low/absent in the cell lines, TLR4 was detected in more 

than 50% of the HRS cells in approximately half of the cHL cases. In GCB cells, a low 

expression of TLR4 has been observed. These findings might indicate that HRS cells 

have acquired expression of TLR4 during the malignant transformation process. The 

fact that only a few cell lines express very low TLR4 levels might be explained by the 

lack of interactions with the microenvironment. Besides LPS, also some endogenous 

ligands that are released in the context of tissue damage, cellular stress, or cell death 

are thought to bind to TLR4 7. HSP60, one of the endogenous ligands for TLR4 is 

abundantly expressed in HRS cells 8 and this may result in activation of the TLR4 

signaling pathway.  

TLR7 expression is found in B cell acute lymphocytic leukemia, CLL and multiple 

myeloma (MM)7. Unlike the high expression of TLR7 in GCB cells3, TLR7 was only 

detected in a low percentage (5-20%) of HRS cells in a minority of the cHL patients. 

TLR7 was present in 7 out of 8 HL cell lines albeit at low levels, which is consistent 

with the low percentage of positive HRS cells in a minority of the cases. For TLR7+ 

HRS cells stimulation of TLR7 might be advantageous, since triggering of TLR7 

caused increased proliferation in cHL cell lines. The downregulation of TLR7 in HRS 

cells may be associated with immune suppression in cHL, since stimulation of TLR7 

can both activate the T cells in the background and increase the immunogenicity of 

the tumor cells, resulting in an effective antitumor immunity9.  

TLR9 expression was detected in CLL, MCL, follicular lymphoma, diffuse large B cell 
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lymphoma, marginal zone lymphoma and MM 7. In cHL, expression of TLR9 was 

observed in more than 50% of the HRS cells in half of the cHL cases. In contrast, the 

mRNA expression levels of TLR9 were very low in seven cell lines and high for U-HO1. 

In normal B cells, expression of TLR9 was found especially on memory and GCB cells. 

Viral and bacterial derived unmethylated CpG DNA ligates with TLR9 and initiates 

production of pro-inflammatory cytokines. Three out of five EBV+ cases showed 

positive staining for TLR9, which was quite similar to the proportion of TLR9 positive 

cases in the EBV- group (9 out of 14). Ligation of TLR9 had a negative effect on cell 

growth in the cHL cell lines, which appears contradictory with the relatively high 

number of HL cases that do show expression of TLR9. However, TLR9 triggering of B 

cells can increase the production of IL-10 which will have a suppressive effect on the 

microenvironment, by suppressing Th1 and Th17 cells10 . So it is possible that TLR9 

expression is advantageous for the HRS cells. 

In summary, we show variable mRNA expression of multiple TLRs in HL cell lines. 

Immunohistochemical staining of primary tissues showed that TLR4 and TLR9 are 

expressed by HRS cells in cHL, whereas TLR7 is only occasionally expressed and 

TLR2 is not expressed. The responsiveness to ligation of TLR7 and TLR9 is limited 

with only a slight effect on cell growth in cHL cell lines.  
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Figure 1. Immunohistochemical staining of TLRs in cHL tissue sections. TLR2 (A) is positive in the 

reactive cells but not in the HRS cells in cHL tissues, whereas positive staining of TLR4 (B), TLR7 

(C) and TLR9 (D) is observed in the HRS cells in cHL tissues. HRS cells are indicated with arrows. 

 

 

Figure 2. Effect of TLR7 and TLR9 ligation on cell growth of cHL cell lines. TLR7 (A) promoted cell 

growth in KMH2 and L1236 cells, whereas TLR9 (B) suppressed cell growth in L428 and U-HO1 

cells. 
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Table 1. PCR primer pairs for the amplification of human TLR1 to10 mRNA 

TLR Forward primer (5’- 3’) Reverse primer (5’- 3’) 
Amplico

n (bp) 

TLR1 ACTCCCGGAGGCAATGCTGCT ACGAGGAAGAGGGCCTGGTA 92 

TLR2 AAGCACTGGACAATGCCACAT ATTCTTCCTTGGAGAGGCTGATG 76 

TLR3 TGTCTGGATTTGGACTAAAG TAGATACAAGGCAAAGTCTG 81 

TLR4 TCCTGCGTGAGACCAGAAAG GGAGGTTGTCGGGGATTTTG 103 

TLR5 CACCAAACCAGGGATGCTATAC GGAAAGCTGGGCAACTATAAGG 80 

TLR6 TGTGAGTTTCAGGCATTTAG GTGATAAGTTGCCAAATTCC 80 

TLR7 CTCTTCAACCAGACCTCTAC CTCTTCAGTGTCCACATTGG 74 

TLR8 ACCTCCTGCATAGAGGGTA GCATTGACGACTGAAGGAAC 101 

TLR9 GTGTCCTTTGCCCACCTGTC CGAGTGAGCGGAAGAAGATG 94 

TLR10 TATGACAGCAGAGGGTGATG TGCGGGAACCTTTCTTAGAG 91 

 

Table 2. Relative mRNA expression levels of TLRs in HL cell lines 

Cell line TLR1 TLR2 TLR3 TLR4 TLR5 TLR6 TLR7 TLR8 TLR9 TLR10 

L428 0.015 0.026 0.006 neg 0.020 0.009 0.005 neg 0.004 0.677 

KMH2 0.364 0.005 0.010 neg neg 0.096 0.259 neg 0.004 0.165 

L1236 0.040 0.010 0.014 neg 0.049 0.003 0.031 neg neg 0.260 

UHO1 0.027 0.009 neg 0.058 neg 0.115 0.049 neg 0.492 0.421 

SupHD1 0.023 0.005 neg neg neg 0.094 0.009 neg neg 0.659 

L591 0.114 0.020 neg 0.006 neg 0.471 0.039 neg 0.013 2.192 

L540 0.014 0.016 0.005 neg neg 0.005 0.053 neg 0.012 2.788 

DEV 0.018 0.005 neg 0.005 neg 0.063 0.017 neg 0.036 1.038 
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Table 3. Immunohistochemistry results of TLR4, TLR7 and TLR9 in cHL tissue samples 

Patient EBV subtype TLR4 TLR7 TLR9 

1 + NS + -/+ + 

2 - LR + -/+ + 

3 - NS + - + 

4 - NOS + - + 

5 - NS + NE + 

6 + NS + - -/+ 

7 - NS + - -/+ 

8 + NS + - - 

9 + NS + - - 

10 - NS -/+ -/+ + 

11 - NS -/+ - + 

12 + MC - -/+ + 

13 - NS - - + 

14 - NS - - -/+ 

15 - NS - - - 

16 - NS - - - 

17 - NS - - - 

18 - NS - - - 

19 - MC - - - 

 “+” indicates more than 50% positive HRS cells; “-/+” indicates the presence 

 of positive HRS cells but less than 50%; “-” indicates no positive tumor cell 

 observed. NE: not evaluable.  




