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Abstract  

Epstein Barr virus (EBV) has been implicated in the development of different kinds of 

cancer. To achieve full oncogenic potential, EBV positive tumor cells need to escape 

from immune responses. To test some possibly involved immune escape 

mechanisms we evaluated the expression of HLA class I, CLIP, HLA-DM and 

HLA-DO in 20 HLA class II positive preselected classical Hodgkin lymphoma (cHL) 

patients. In addition, we evaluated the expression of HLA class I, HLA class II, 

HLA-DM and HLA-DO in 11 undifferentiated nasopharyngeal carcinoma (NPC) 

patients by immunohistochemistry. Loss of HLA class I expression was observed in 

55% of cHL patients (11/20). Aberrant membranous CLIP staining in tumor cells was 

observed in 40% (8/20) of the HLA class II positive cHL patients and this was highly 

correlated with lack of HLA-DM. Expression of HLA-DO was not related to 

membranous CLIP or HLA-DM expression. In NPC, HLA class I expression was lost 

in 2 out of 11 patients and HLA class II was expressed in 6 cases and heterogeneous 

in 5 patients. The expression pattern of HLA-DM and HLA-DO was similar, with a 

positive staining in 9 patients and a mixed pattern in two patients. In conclusion, in 

cHL presentation of antigenic peptides can be disturbed by downregulation of HLA 

class II expression or the presence of CLIP on the tumor cell surface. In NPC, HLA 

class I is down regulated in a few cases and partial downregulation of HLA class II 

expression is found more often. HLA-DM and DO are both expressed, with the latter 

being a novel finding for NPC. 
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Introduction 

EBV infects more than 90% of the world’s population and remains present as a 

lifelong infection1. In the acute phase, EBV primarily infects and replicates in the 

epithelium of the oropharynx and then establishes a latent infection in the B 

lymphocytes2. After the first infection most people carry EBV without serious 

consequences. However, in some individuals, EBV has been implicated in the 

development of cancer. 

Classical Hodgkin lymphoma (cHL) is an EBV associated cancer. In Caucasians EBV 

is present in the tumor cells in 35% of cHL patients. Presence of EBV is detected 

more often in males, young children, older adults, Hispanics, the mixed cellularity 

subtype and patients from developing countries3-5.  

Undifferentiated nasopharyngeal carcinoma (NPC) is unique among head-and-neck 

epithelial cancers and is another type of EBV associated cancer. Virtually all 

undifferentiated NPC cases are EBV positive. This malignancy is common in specific 

geographical regions including southern China, southeast Asia, the Arctic, and North 

Africa6.  

Both cHL and NPC are EBV latency type 2 tumors expressing a restricted set of EBV 

proteins, consisting of EBV nuclear antigen 1 (EBNA1), latent membrane protein 

(LMP) 1 and LMP27. Antigenic peptides derived from these proteins can be presented 

on the cell surface and cause HLA class I-restricted CTL responses and HLA class 

II-restricted CD4+ T-cell responses. To reach it’s full oncogenic potential, EBV 

infected tumor cells need to escape from EBV specific anti-tumor immune responses. 

Therefore, down regulation of HLA class I and HLA class II expression might be 

implicated in the pathogenesis of EBV associated cancer.  

HLA class I molecules are expressed on all nucleated cells. HLA class II molecules 

are expressed on professional antigen presenting cells like dendritic cells and B cells 

and can be induced in epithelium and endothelium in inflammatory contexts. The 

tumor cells in cHL, the Hodgkin Reed Sternberg (HRS) cells, derive from antigen 

presenting B cells that express HLA class II naturally. The NPC tumor cells originate 
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from epithelial cells that are supposed to aberrantly express HLA class II8, since HLA 

class II is a co-receptor for EBV infection9. HLA class II molecules are synthesized 

with an invariant chain occupying the peptide binding groove. Part of these invariant 

chain bound HLA class II complexes are transported directly to the membrane, the 

rest is transported from the endoplasmic reticulum through the Golgi to the HLA class 

II compartment10, 11. In the HLA class II compartment, cathepsin S cleaves most of the 

invariant chain, leaving CLIP bound to the HLA class II peptide binding groove to 

prevent premature loading of antigenic peptides12-14. In lysosomes and endosomes 

CLIP can be released by HLA-DM, a member of the non-classical HLA class II 

molecules. Another member of the non-classical HLA class II molecules, HLA-DO, is 

mainly expressed in B cells and can suppress the activity of HLA-DM15, can act as a 

competitive inhibitor16, or plays a role in optimization of epitope selection17.  

To what extent antigen presentation in cHL and NPC is affected by expression 

differences in HLA is not known. To address this question, we evaluated HLA class I, 

HLA class II, HLA-DM, HLA-DO and CLIP expression in cHL patients from the 

Netherlands and NPC patients from China by immunohistochemistry (IHC). 

Materials and methods 

Patient and tissue samples 

Primary cHL tissues were retrieved from the Department of Pathology, University 

Medical Center Groningen, the Netherlands (n=24). Primary NPC tissue biopsies 

were retrieved from Tianjin Medical University Cancer Hospital, China (n=11). The 

study protocol was consistent with international ethical guidelines (the Declaration of 

Helsinki and the International Conference on Harmonization Guidelines for Good 

Clinical Practice). We selected primary diagnostic cHL tissue with available formalin 

fixed paraffin embedded (FFPE) and frozen tissue samples from our prior HLA class II 

prognostic study18. Twenty patients with HLA class II positive HRS cells were chosen. 

As a control we also analyzed 4 HLA class II negative cHL cases. The 11 primary 
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NPC tissues were diagnosed as undifferentiated NPC (type III) according to the WHO 

classification. 

In situ hybridization 

Detection of EBV in tumor cells of cHL and NPC was performed by in situ 

hybridization (ISH) on paraffin sections with a biotin-conjugated peptide nucleic acid 

probe specific for the EBV-encoded EBER RNAs (Dako, Glostrup, Denmark), using 

standard laboratory protocols. Appropriate positive and negative controls were 

included. 

Immunohistochemistry 

FFPE tissue specimens were cut into 4-µm sections, mounted onto polylysine-coated 

slides, deparaffinized in xylene, and rehydrated in a graded ethanol series. The 

sections were quenched for endogenous peroxidase with 0.3% hydrogen peroxide, 

and then boiled in EDTA (1mmol/L; pH 8.0) for 15 minutes in a microwave oven for 

antigen retrieval. The sections were incubated for 1 hour with the primary antibody 

HC10 (HLA class I, 1:200, kind gift of J. Neefjes), β-2-Microglobulin (β2M) (1:200, 

Dako), HLA Class II (CR3/43 1:200, Dako), HLA-DM (1:1000, BD biosciences, Breda, 

Netherlands), HLA-DO (1:1600, BD biosciences), and for 30 minutes with 

horse-radish peroxidase-labeled secondary and tertiairy antibodies (Dako). 

3,3′-diaminobenzidine (Sigma Aldrich, St Louis, MO, USA) was used as substrate and 

sections were counterstained with hematoxylin. As negative controls, tissue sections 

were processed under the same experimental conditions without primary antibody. 

CLIP staining was performed on frozen tissue of cHL patients using standard 

protocols with CerCLIP (1:200, BD Biosciences) and 3-amino-9-ethylcarbazole 

(Sigma) as a substrate. For HLA class I and II membranous staining was considered 

as positive (normal) and any other staining as negative (aberrant). HLA-DM and 

HLA-DO were evaluated for cytoplasmic staining. Positivity in more than 50% of the 

tumor cells in HL was considered positive and 20-50% partial positive. In NPC, areas 
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with different patterns were scored separately. CLIP staining was scored as 

cytoplasmic (normal), while membranous staining indicated aberrant expression 

which prevents presentation of antigenic peptides. 

Results 

In the cHL patient group we detected 10 EBV+ patients, 13 HLA class I and 12 β2M+ 

patients (Table 1). In 8 out of 20 HLA class II+ patients we observed a membranous 

CLIP staining pattern (Figure 1B). CLIP expression was consistent with lack of 

HLA-DM indicating that the HLA class II molecules do not present antigenic peptides. 

In some patients all HRS cells were CLIP+/HLA-DM-, suggesting a definite loss of 

HLA-DM. In other patients there was a spectrum of CLIP+/HLA-DM- to 

CLIP-/HLA-DM+ HRS cells. Expression of HLA-DO, the repressor of HLA-DM 

functionality, was weak in all cases and not related to CLIP or HLA-DM results (Figure 

1). Of 20 patients with HLA class II expression 9 (45%) patients co-expressed 

membranous HLA class I and 11 patients (55%) were HLA class I negative. The four 

HLA class II negative cases were all positive for HLA class I.  

All 11 NPC cases were EBV positive (Table 2). The tumor cells were negative for HLA 

class I in 2 out of 11 patients, the other 9 patients showed membranous expression of 

both HLA class I and β2M. HLA class II was positive in all patients although in some 

patients the staining pattern was heterogeneous. In 4 patients areas of tumor cells 

without HLA class II expression were also seen and in 1 patient an incomplete 

downregulation of HLA class II expression was seen in some areas. The expression of 

HLA class II correlated with expression of HLA-DM and HLA-DO. Figure 2 shows a 

representative case of NPC. Overall, HLA-DM and HLA-DO staining intensity in NPC 

was stronger than in cHL. Since no frozen NPC material was available, CLIP staining 

to determine functionality of HLA class II could not be performed.  
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Discussion 

In human neoplasms, downregulation of HLA class I and II molecules constitutes an 

important immune escape mechanism18. Cytotoxic antiviral and antitumor immune 

responses depend on the surface expression of HLA class I on the tumor cells. HLA 

class II-restricted peptides activate CD4+ T-cells to generate immune memory and 

facilitate activation of CD8+ T-cells.  

In cHL, infiltration by T cells is a well known feature. In EBV+ cHL more CD8+ cells 

and natural killer cells are seen than in EBV- cHL19. Virus specific T cell immunity is 

similar in EBV+ and EBV- cHL, and comparable to that of healthy EBV carriers20. 

Down regulation of HLA class I and II has been studied before21-24 and our results are 

consistent with these findings. We have previously reported that HRS cells lack HLA 

class I and class II expression in ~40% of the cHL patients. The cHL patients we used 

in this study are a selected group of HLA class II positive patients to assess the 

relation between the expressed HLA class II and other non-classical HLA class II 

molecules. We found membranous CLIP expression in 40% of the HLA class II 

positive patients and membranous CLIP expression was highly correlated with lack of 

HLA-DM and vice versa. These findings are consistent with a previous study that 

showed CLIP in a proportion of the HLA class II molecules on HRS cells 25.  

Loss of HLA class II is associated with an adverse failure free survival21. Within the 

favorable prognosis group of HLA class II positive cHL cases, it is possible that CLIP 

expression could determine a subset of patients with a worse prognosis, since in 

these cases HLA class II is also not functional. Studies in AML showed that CLIP 

expression by leukemic blasts is associated with poor patient prognosis26. A large cHL 

patient cohort needs to be studied to verify these findings. In cHL cases the 

expression of HLA-DO was not related to membranous CLIP or HLA-DM results, 

indicating that HLA-DO does not interfere with the function of HLA-DM in cHL. 

Despite abundant infiltrating CD4 and CD8 positive T cells in the stroma of NPC27, the 

immune responses in NPC patients seem be dampened in general and virus specific 
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T cell immunity reduced28, although NPC cells can effectively process EBV-derived 

epitopes29. The cases we studied show minimal infiltration by lymphocytes. 

We found HLA class I down-regulation in 2 out of 11 NPC patients. This is consistent 

with previous studies showing loss of HLA class I in 15-25% of the patients30, 31. This 

indicates that in NPC HLA class I down-regulation is present albeit in a low 

percentage of patients. Ogino et al suggested that the tumor cells in NPC may utilize 

dysfunction of HLA class I to escape from an effective anti-tumor immune reaction30.  

HLA class II has been shown to act as a co-receptor for EBV infection9 and in another 

study it was shown that specific EBV proteins may enhance the level of HLA class II 

expression32. NPC is characterized by an aberrant HLA class II expression8, 33. Down 

regulation of HLA class II has been shown in 37% and 33% of NPC patients31,34, in the 

first study there was down regulation of HLA class II in a substantial proportion of cells 

within the tumor mass31, while in the second study only positive or negative values 

were given without criteria34. Our results are heterogeneous with positive as well as 

negative areas in 4 of the patients, and partial downregulation in 1 patient. HLA class 

II downregulation, although heterogeneous, is found in a large percentage of patients, 

comparable to cHL.  

In NPC patients there is a correlation between expression of HLA class II and 

HLA-DM and HLA-DO, but expression of CLIP could not be analyzed. HLA-DO has 

only been reported in B cells, thymic medullary cells, trophoblasts and subpopulations 

of dendritic cells35, so expression in NPC is novel. It is possible that HLA-DO 

interferes with peptide loading by HLA-DM16, but cooperation of HLA-DO with 

HLA-DM in optimization of peptide loading is also possible17. These results are 

different from cHL. 

In conclusion, besides down regulation of HLA expression, there is a subset of HLA 

class II+ patients in cHL in which absence of HLA-DM prevents presentation of 

antigen. In NPC patients the presence of HLA-DO is novel, but the effect on the 

functionality of HLA class II is not known. 
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Table 1. HLA class II, HLA-DM and HLA-DO immunohistochemistry in cHL patients.  

patient subtype EBER HC10 β2M HLA II CLIP DM DO 

1 MC + + + + M - - 

2 NS + + + + M - - 

3 NS + - - + M - - 

4 MC + + + + M - - 

5 NS + + + + C + + 

6 NS + + + + C + - 

7 NS + - - + C + - 

8 MC + + NE + C + - 

9 MC + + + + C + - 

10 NS - - - + M - - 

11 NS - + + + M - + 

12 NS - - - + M - - 

13 NS - - - + M - + 

14 NS - + + + C + + 

15 NS - - - + C + - 

16 NS - - - + C + - 

17 NS - - - + C + + 

18 NS - - - + C + +/- 

19 NS - - - + C + - 

20 NS - - - + C + - 

21 NS + + + - C - - 

22 NS - + + - - - - 

23 NS - + + - C + - 

24 NS - + + - C - - 

 

C: cytoplasm; M: membrane; -: negative; +/-:20-50% cells positive; +: 50-100% cells positive;  

NS, nodular sclerosis subtype; MC, mixed cellularity subtype; NE: not evaluable  
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Table 2. EBER, HLA class I, HLA class II, HLA-DM and HLA-DO immunohistochemistry in 

NPC patients.  

Patient EBER HC10 β2M HLA II HLA-DM HLA-DO 

1a + + + ++ ++ + 

b    - ++ ++ 

2a + + + ++ ++ + 

b    - ++ + 

3a + + + +++ +++ +++ 

b    + +++ +++ 

4 + + + +++ ++ + 

5 + + + ++ NE + 

6 + - - ++ + + 

7 + + + +++ ++ + 

8 + + + ++ + + 

9a + + + ++ ++ ++ 

b    - - - 

10 + + + ++ ++ ++ 

11a + - NE ++ +++ ++ 

b    - - - 

 

Intensity: -: negative; +: weak staining: ++ moderate staining; +++ strong staining. NE: not 

evaluable, in patients with heterogeneous staining the staining results of 2 different areas are 

described as a and b 
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Figure 1. HLA expression in cell lines and CLIP and HLA-DM expression in patient tissue. (A) 

CLIP immunohistochemistry in frozen cHL tissue of a representative patient (patient 1) showing 

cell surface CLIP expression and (B) HLA-DM immunohistochemistry in frozen cHL tissue of the 

same patient showing absence of HLA-DM staining. (C) Patient (patient 18) without cell surface 

CLIP expression and with (D) HLA-DM expression.  

 

Figure 2. Staining examples of different HLA antibodies in NPC. Same patient (patient 8) is 

shown for staining results with (A) EBER, being positive (B) HC-10 showing weak staining on 

the membrane (C) strong β2M membrane expression (D) HLA class II moderately positive cells (E) 

weak HLA-DM positive tumor cells (F) weak HLA-DO cytoplasmic staining 

 




