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Chapter 5 

Abstract 

 

Normal B cells express HLA class II molecules and are regarded as professional 

antigen presenting cells. The classical HLA class II molecules HLA-DR, HLA-DP 

and HLA-DQ present antigens at the cell surface, while the non-classical HLA class 

II molecules HLA-DM and HLA-DO are necessary for proper loading of antigen 

inside the cell. Hodgkin Reed Sternberg (HRS) cells in classical Hodgkin lymphoma 

(cHL) are derived from germinal center B cells, but have frequently lost classical 

HLA class II expression. Promyelocytic leukemia protein (PML), an essential 

component of nuclear bodies (NBs), has been shown to regulate HLA class II 

expression in cervical cancer cell lines and lung fibroblasts by upregulating the HLA 

class II transactivator (CIITA). SATB1 was shown te regulate HLA class I in Jurkat 

cells, and both PML and SATB1 were associated with HLA class I expression in 

EBV+ cHL. In this study we investigated the association of PML, SATB1 and HLA 

class II in six cHL cell lines at the mRNA level and in cHL tumor tissue at the protein 

level. In cHL cell lines a significant positive correlation was found between PML-V 

and HLA-DMA. PML-V also showed a borderline significant positive association 

with HLA-DPB1 and the class II transactivator CIITA. PML-IV was borderline 

significantly associated with HLA-DOB. Suggestive, though not significant, 

correlations were observed between various PML isoforms, SATB1 and several 

HLA genes. The limited number of cell lines precluded more definitive conclusions 

for the other comparisons. We next analyzed classical HLA class II expression in 

HRS cells in 77 primary cHL cases and correlated these data to the number 

of PML-NBs. The number of PML-NBs, SATB1, patient characteristics and 

tumor cell EBV status were not correlated with the overall classical HLA 

class II expression in cHL cases or EBV-status defined subgroups. In 

conclusion, the mRNA levels of specific PML isoforms are significantly 

associated with the mRNA levels of non-classical HLA class II genes and 

suggestively associated with the mRNA levels of classical HLA class II 

genes, at least in cHL cell lines. 
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Introduction 

Hodgkin Reed-Sternberg (HRS) cells, the tumor cells in classical Hodgkin 

lymphoma (cHL), are derived from germinal center B cells. Despite the loss of B cell 

phenotype, HRS cells usually retain their professional antigen presentation 

capability by constitutively expressing molecules involved in antigen presentation  

including the HLA class I and II genes [1]. The classical HLA class II molecules 

including HLA-DR, DP and DQ are expressed on the cell surface and can present 

antigenic peptides to CD4+ T cells. HLA-DM is a non-classical HLA class II 

molecule and is needed for exchange of the CLIP peptide for antigenic peptides at 

the peptide binding groove of the classical HLA class II genes [2]. HLA-DO, the 

other non-classical HLA class II molecule inhibits HLA-DM [3]. Each HLA molecule 

consists of one alpha and one beta chain that are transcribed from their respective 

genes (e.g. HLA-DPA1 and HLA-DPB1). Complete loss of classical HLA class II 

expression has been observed in 48% of EBV- cases and 30% of EBV+ cases and 

is an adverse prognostic factor [4]. Approximately 15% of the cHL cases have a 

translocation involving the MHC class II transactivator (CIITA) gene locus, which is 

the master regulator of HLA class II expression [5]. This translocation disrupts the 

CIITA gene and thereby induces a HLA class II downregulation [6]. Enhanced HLA 

class II staining (HLA-DR) was observed in 5 out of 25 EBV+ cases and 3 out of 38 

EBV- cases [7]. Expression of HLA class I and II should make the HRS cells 

susceptible to adaptive immune responses, especially in the EBV+ cHL cases, 

since HLA class I restricted CD8+ cytotoxic T cells (CTLs) are known to kill EBV 

infected B cells [7, 8], whereas HLA class II restricted CD4+ cells control the EBV 

infection and malignant transformation in vitro [9].  

 

Promyelocytic leukemia protein (PML) has been shown to regulate HLA class I and 

II expression in various cell types. PML is the main component of nuclear bodies 

(NBs) and PML-NBs organize the HLA locus into distinct chromatin loops [10-12]. 

The PML transcript can be processed into seven different splice variant resulting in 

protein isoforms that have variable C-termini [13]. These isoforms have partly 

different functions in gene expression regulation. Knockdown of all PML isoforms by 

shRNA inhibited the IFN-γ-induced HLA class II and CIITA expression in a cervix 

carcinoma cell line and in lung fibroblasts [14]. PML-II forms a complex with CIITA 

which stabilizes CIITA at PML bodies. PML-NBs may act as co-regulators of 
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IFN-γ-induced HLA class II expression via a functional interaction of PML-II and 

CIITA [15]. Furthermore, PML isoform IV interacts with H3K4-methyltransferase 

complex in HeLa cells upon IFN-γ treatment and co-activates the transcription of 

HLA-DRA [16]. 

 

Most of the chromatin within the interphase nucleus is believed to be held on a 

scaffold structure with loops that can vary in size. The loop structure is essential for 

transcription regulation and chromosomal packaging. Chromatin loops are 

anchored to the nuclear matrix by short DNA sequences of about 100-2000bp 

called matrix attachment regions (MARs) [17, 18]. Special AT-rich region binding 

protein 1 (SATB1) regulates HLA class I genes by binding to MARs [12]. SATB1 

partially resides in PML-NBs. Silencing of SATB1 in Jurkat resulted in the 

upregulation of HLA-A (classical HLA class I gene). To date, there are no studies 

that link SATB1 to the regulation of HLA class II expression.  

 

Our previous study showed that the level of HLA class I expression in HRS cells is 

positively associated with the number of PML-NBs and negatively associated with 

the percentage of SATB1 positive HRS cells (Liu et al. in press). HLA class II 

expression in HRS cells shows a similar pattern as the HLA class I expression 

pattern with negative, normal and strong staining intensity [7] (Liu et al. in press). In 

this study, we investigated the association between PML-NBs, SATB1 and HLA 

class II expression in the tumor cells of cHL.  

 

Materials and Methods 

Cell lines 

The cHL cell lines L428 (nodular sclerosis) [19], L1236 (mixed cellularity) [20], 

KMH2 (mixed cellularity) [21], L591 (nodular sclerosis, EBV+) and L540 (nodular 

sclerosis, T cell derived) [22] were  cultured in RPMI 1640 medium (Lonza 

Walkersville, Walkersville, MD) supplemented with 5% (L428), 20% (DEV) and 10% 

(other cell lines) fetal calf serum, 100U/ml penicillin/streptomycin and ultraglutamine 

(Lonza Walkersville) in a 5% CO2 atmosphere at 37 . The cHL cell line SUPHD1 ℃

(lymphocyte depleted subtype) was cultured in McCoy 5A medium.  
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Patients 

To study the relation between the number of PML-NBs, SATB1 expression and HLA 

class II staining, we used the same patient cohort as used for the HLA class I, PML 

and SATB1 study (Chapter 4, Liu et al. in press). This cohort included 54 EBV+ cHL 

cases and 27 EBV- cases. All cases were diagnosed between 1987 and 2009. The 

age at diagnosis ranged from 7 to 94 years. Tissues were retrieved from the tissue 

bank of the Pathology Department, UMCG. HL subtypes were determined by an 

experienced hematopathologist (Table 1). All diagnoses were established according 

to the classification guidelines of the World Health Organization. The protocol was 

in accordance with the Declaration of Helsinki and was approved by the medical 

ethics board of the UMCG. The number of PML-NBs (using 10 NBs as a cut-off for 

low and high), the percentage and staining intensity of SATB1+ HRS cells and 

membrane staining of HLA class I were already scored in the previous study. The 

patient characteristicand PML-NB, SATB1 and HLA class I staining results are 

shown in Supplementary Table 1. The cohort was enriched for EBV+ cHL cases. 

 

Quantitative RT-PCR 

Total RNA was isolated using Trizol (Invitrogen, Carlsbad, USA) and DNase treated 

(Ambion, Foster City, CA) according to the manufacturer’s protocol. The RNA 

concentration was measured with a NanodropTM 1000 Spectrophotometer (Thermo 

Fisher Scientific Inc., Waltham, USA) and RNA integrity was evaluated by 1% 

agarose electrophoresis. cDNA was synthesized using 500ng input RNA, 

Superscript II and random primers according to the manufacturer’s protocol 

(Invitrogen). The qPCR reaction was performed with SYBRgreen mix (Applied 

Biosystems, Foster City, USA), 300mM primers, and 1ng of cDNA in a total volume 

of 10μl. Primers were designed using the Primer Express software package for 

Real-time PCR design (Applied Biosystems). The primer sequences are given in 

Supplementary Table 2. No primers for HLA-DMB, HLA-DRB3 and HLA-DQB1. A 

schematic representation showing the position of the primer sets for the specific 

PML splice variants is given in Supplementary Figure 1. qPCR reactions were 

performed in triplicate on a Roche LightCycler® 480 Instrument using the provided 

UPL dual probe assay settings. The crossing-point (Cp) values for each 

amplification curve were calculated using the LightCycler® 480 Relative 
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Quantification software. Genes with a Cp value >35 were considered to be 

undetectable. Relative expression levels of genes compared to 18S were calculated 

as 2-∆Cp.  

 

Flow cytometry 

Cells were harvested, washed with PBS containing 1% BSA and incubated with the 

primary antibody against HLA class II (recognizing HLA-DP/DQ/DR) (1:200, CR3/43, 

Dako, Glostrup, Denmark) for 30 min on ice. After washing with 1% BSA/PBS, cells 

were incubated with goat anti-mouse IgG (H+L)-R-phycoerythrin (R-PE) for 30 min 

on ice. For the staining of HLA-DO and DM, an intracellular staining antigen kit 

(eBioscience, San Diego, CA, USA) was used. After fixation and permeabilization, 

cells were stained with HLA-DO or HLA-DM (1:200, BD Biosciences) for 30 min on 

ice, washed with Permeabilization Buffer (eBioscience) and incubated with 

anti-mouse IgG (H+L)-R-phycoerythrin (R-PE) for 30 min on ice. Cells were fixed in 

1% paraformaldehyde/PBS and analyzed by flow cytometry (BD FACSCalibur, BD 

Biosciences). Background corrections were performed on cells incubated with 

isotype control antibodies. FlowJo 7.6.5 was used for data analysis. 

 

Immunohistochemical staining and scoring of HLA class II  

4-µm thick paraffin sections were deparaffinized by xylene and rehydrated through 

a graded ethanol series. Tissue sections were incubated with 0.3% hydrogen 

peroxide for 30 min to block endogenous peroxidase and heated in 1mM Tris/EDTA 

solution (pH 9.0) for antigen retrieval in a microwave oven for 15 min. The slides 

were washed with PBS, and incubated with the primary antibody against HLA class 

II (CR3/43, Dako, Glostrup, Denmark) which recognizes an epitope in the beta 

chain of the three classical HLA class II proteins HLA-DP, HLA-DQ and HLA-DR for 

1 hour at room temperature. The surrounding infiltrating B and T cells served as 

positive control cells, while PBS without primary antibody served as negative control. 

Positive cells were visualized by a 3,3’Di-Amino-Benzidine (DAB) staining after 

incubation with secondary and tertiary antibodies. Sections were counterstained 

with hematoxylin. Membranous staining of HRS cells was scored when the 

lymphocytes and vascular structures showed a consistent positive staining pattern. 

The staining intensity was scored as normal i.e. similar to reactive lymphocytes, or 
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strong, i.e. stronger than reactive lymphocytes. Lack of membrane staining in HRS 

cells was scored as negative.  

Statistical analysis 

Differences between subgroups were evaluated by Kruskal-Wallis test (age in 

median and the percentage of SATB1+ HRS cells), Chi-square test (gender, EBV 

status and number of PML-NBs) or Fisher’s exact test (age in years, clinical stage, 

HL subtype, HLA class I and SATB1 staining intensity). Correlation between the 

percentage of SATB1 positive HRS cells and the HLA class II membrane staining 

intensity was evaluated by Kruskal-Wallis test in EBV+ cHL cases. P values less 

than 0.05 were considered to be significant. SPSS 20.0 was used for the analysis. 

 Results 

Expression of PML isoforms, SATB1 and HLA class II genes in HL cell 

lines 

We analyzed mRNA levels of specific PML isoforms, SATB1 and HLA class II 

genes by qRT-PCR. All primer sets for PML were specific for one isoform, with the 

exception of the primer set for isoform IV, which also detects PML-I. PML-I and II 

were relatively dominant isoforms expressed at high levels in all cHL cell lines, 

whereas PML-III, IV V, VI and VII had lower expression levels (Figure 1A). SATB1 

expression was variable in the cHL cell lines, with the highest levels observed in 

SUPHD1 and L540, moderate levels in L591 and L1236 and very low expression 

levels in KMH2 and L428 (Figure 1B). CIITA and HLA class II genes were detected 

in all cHL cell lines at extremely variable levels (Figure 1C). HLA-DQA1, HLA-DRA 

and HLA-DPA1 were most abundant in all cell lines, whereas the levels of 

HLA-DOA and HLA-DOB were low. HLA-DMA, HLA-DPB1 and CIITA showed 

moderate levels. At the protein level, membranous expression of HLA-DP/DQ/DR 

was high in all cHL cell lines. Staining for HLA-DM was variable with no expression 

in L1236 and weak to moderate staining in the other 5 cell lines. HLA-DO was 

consistently expressed in all cHL cell lines (Figure 2). 
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Figure 1. mRNA expression 

of PML isoforms, SATB1, 

CIITA and HLA class II genes 

in HL cell lines. A) mRNA 

expression of PML isoforms. 

PML-I and II are expressed at 

high levels in all cHL cell lines, 

whereas PML-III, IV, V, VI and 

VII have lower expression 

levels. B) mRNA expression of 

SATB1 in the cHL cell lines. 

SATB1 was highly expressed in 

SUPHD1 and L540, moderately 

expressed in L591 and L1236, 

and low in KMH2 and L428. C) 

mRNA expression of CIITA and 

HLA class II genes in cHL cell 

lines. CIITA and HLA class II 

genes were variably expressed. 

Overall, HLA-DQA1, HLA-DRA, 

HLA-DPA1 were most 

abundant in all cell lines, 

whereas the levels of HLA-DOA, 

HLA-DOB were low. HLA-DMA 

and HLA-DPB1 expressed 

moderately among different cell 

lines. 
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Figure 2. Flow cytometry showing HLA class II (DP/DQ/DR, DO and DM) protein expression 

in HL cell lines. Blue line: isotype control; Red line: samples incubated with specific antibodies.   

 

We next checked if the mRNA levels of SATB1 and individual PML isoforms 
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correlated with expression levels of HLA class II genes. Despite the low number of 

available cell lines, we did find a significant positive correlation between PML-V and 

HLA-DMA and a borderline significant correlation between PML-V and HLA-DPB1 

(Figure 3A and B). In addition, we observed suggestive correlations between 

PML-IV and HLA-DOB and between PML-V and CIITA that did not reach 

significance in this relative low number of cHL cell lines (Figure 3C, D). These 

results show that the levels of expression of specific PML isoforms are correlated 

with the levels of expression of specific HLA class II genes. Suggestive, though not 

significant, negative correlations were observed between SATB1 and several HLA 

genes. The limited number of cell lines, precluded more definitive conclusions for 

the other comparisons (data not shown). 
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Figure 3. Positive correlations of mRNA expression level of PML isoforms with HLA class II 

genes in cHL cell lines. A) HLA-DMA is significant positively correlated with PML-V. B) 

HLA-DPB1 is borderline significant positively correlated with PML-V. C) HLA-DOB is borderline 

significant positively correlated with PML-IV. D) CIITA is borderline significant positively correlated 

with PML-V. 

HLA class I, PML-NBs and SATB1 in relation to HLA class II 

(HLA-DP/DQ/DR) expression in primary cHL tissue 
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Representative cases with negative, normal or strongly positive HLA class II 

staining in HRS cells are shown in Figure 4. 29 cases (38%) showed no HLA class II 

staining, 43 (56%) showed normal staining and 5 (6%) showed a strong staining 

intensity. Seven of the cases with a normal expression level of HLA class II had a 

predominant staining in the Golgi area. Four cases could not be scored for HLA 

class II because of insufficient quality of the tissue slides (Supplementary Table 2). 

Age, gender, clinical stage and EBV status were not correlated with HLA class II 

staining intensity (Table 1). We next analyzed the correlation between HLA class II 

staining and HLA class I, PML-NB and SATB1 staining results. HLA class I was 

correlated with HLA class II expression which was consistent with previous results 

(P=0.05, Table 1). The percentage of cases with >10 PML-NBs showed no 

statistical difference between subgroups with a negative, normal or strong HLA 

class II staining intensity (Figure 5). There was a positive trend, but this did not 

reach significance, probably because the number of HLA class II strongly positive 

cases was too low. In EBV+ cases, the same positive trend of PML-NBs in relation 

to HLA class II was observed as in the total population, whereas there was no trend 

in the EBV- cases (data not shown). For SATB1 neither the percentage of positive 

cells nor the staining intensity had a significant correlation with HLA class II staining 

intensity.  

 

 
Figure 4. Representative immunostaining results of HLA class II. Arrows indicate the 

HRS cells. A) HLA class II negative case that lack membranous staining in HRS cells. B) HLA 

class II normal positive case. The HRS cells and lymphocytes are stained with the same 

intensity. C) HLA class II strongly positive case. The membrane staining on the HRS cells is 

clearly stronger than the staining in the reactive lymphocytes.  
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Figure 5. PML staining result in relation to HLA class II in cHL (n=77). The percentage of 

cHL cases with >10 PML-NBs shows no statistical difference between HLA class II negative 

(n=29), normal (n=43) and strong (n=5) groups. There was no significant difference between 

the three groups. 

 

Discussion 

In this study, we observed that in about one third of the cHL cases, the HRS cells 

were negative for classical HLA class II, in half of the cases they were positive and 

in a low number of cases they showed a strong expression. We showed that 

classical HLA class II expression is correlated with HLA class I expression, but not 

with the number of PML-NBs or SATB1. Nevertheless, we did find a significant 

positive correlation of PML-V mRNA level with non-classical HLA-DMA mRNA level 

in cHL cell lines and several borderline significant correlations of PML-IV with 

HLA-DOB and PML-V with HLA-DPB1 and CIITA. 

 

The statistical power of our expression study in cHL cell lines was limited by the 

availability of just 6 cHL cell lines. Although most correlations between specific PML 

isoforms and specific HLA constituents were not significant, they showed a trend for 

a positive correlation of PML-III, IV and V with the vast majority of the HLA genes. 

For SATB1 there were no statistically significant associations, but there was a 

negative trend in most of the comparisons (results not shown).  

 

Notably, we observed a significant positive correlation between PML-V and 

HLA-DMA at the mRNA level. From our experience, expression of HLA-DM and 
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HLA-DO by immunohistochemistry cannot be reliably quantified in cHL cases 

(unpublished results), which precluded a further analysis. On the other hand the 

(suggestive) differences we found between mRNA expression levels of specific 

PML isoforms and specific HLA class II genes might not be pronounced enough in 

HRS cells in primary cHL tissue to be detected by immunohistochemistry. In 

addition, we found borderline significant effects of PML-IV correlating with 

HLA-DOB and PML-V correlating with HLA-DPB1 and CIITA. Ulbricht et al. showed 

that inhibition of PML diminished IFN-γ-induced HLA-DMB and HLA-DRA 

upregulation in a lung fibroblast cell line [15]. The dynamic character of the 

underlying interactions or the heterogeneous nature of various PML isoforms may 

result in different correlations between PML and the HLA genes. We speculate that 

specific PML isoforms play a role in regulating HLA class II antigen presentation by 

affecting gene expression levels or the repertoire of presented peptides in cHL.  

 

Classical HLA class II expression was observed in all cell lines by FACS consistent 

with the qRT-PCR. The expression of HLA-DMA at the mRNA level is consistent 

with the intracellular expression of HLA-DM at the protein level in most of the cell 

lines, except for L1236, in which HLA-DM was positive at the mRNA level and only 

very weakly positive at the protein level. All the cell lines consistently expressed 

HLA-DO both at the mRNA and protein level.  

 

Lack of HLA class II expression has been reported to be more common in EBV- cHL 

cases [4]. In this study we observed a similar trend with loss in 10 of 25 EBV- cases 

and in 9 of 42 EBV+ cases, but the difference did not reach significance. In contrast 

to the associations found for HLA class I, we did not find a correlation between 

patient characteristics, PML-NBs, SATB1 and HLA class II expression. An 

explanation for the lack of a significant correlation between the number of PML-NBs, 

SATB1 and HLA class II expression is probably caused by the low number of cases 

with strong HLA class II expression as compared to HLA class I. In addition, the use 

of a pan-PML antibody and a pan-classical HLA class II antibody might have 

masked potential effects of specific PML isoforms on specific HLA class II proteins. 

As specific PML isoforms interact with different protein complexes that regulate the 

transcription of HLA class II genes in different cell types [10-12, 15, 16], further 

studies are needed to confirm if specific PML isoforms indeed play a role in 

regulating HLA class II gene expression in cHL. 
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In conclusion, significant positive correlations of PML-V with HLA-DMA and 

borderline significant correlations of PML-IV with HLA-DOB and PML-V with 

HLA-DPB1 and CIITA are present within cHL cell lines. Based on the 

immunostaining results, no associations were observed between HLA class II and 

PML-NBs or SATB1 in cHL. 
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Table 1. Correlation of clinical characteristics, tumor subtypes, SATB1 and 

PML-NBs with HLA class II staining patterns in cHL (n=77) 

 
 HLA class II staining  

 
negative  
(n=29) 

normal  
(n=43) 

strong  
(n=5) 

 n % n % n % 

p value 

Age, median        
median 37 30 43 0.52a 

(min-max) (7-88) (8-90) (28-57)  
Age, year        

0-14 5 38.5 8 61.5 0 0.0  
15-44 13 36.1 20 55.6 3 8.3 0.69b 

45-64 4 26.7 9 60.0 2 13.3  
>=65 7 58.3 5 41.7 0 0.0  

Gender        
male 13 30.2 26 60.5 4 9.3 0.27b 

female 16 47.1 17 50.0 1 2.9  
Clinical stage        

I 5 29.5 9 52.9 3 17.6 
II 11 39.3 17 60.7 0 0.0 
III 7 38.8 10 55.6 1 5.6 
IV 1 50.0 1 50.0 0 0.0 

0.61b 

unknown 5 41.7 6 50.0 1 8.3  
Hodgkin subtype        

NS 21 36.8 32 56.1 4 7.1 
MC 3 30.0 6 60.0 1 10.0 

0.88b 

LR/LD/NOS 5 50.0 5 50.0 0 0.0  
EBV status        

negative 10 40.0 14 56.0 1 4.0 1.00b 

positive 19 36.5 29 55.8 4 7.7  
HLA class I staining intensity        

negative 12 36.4 20 60.6 1 3.0  
normal 13 56.5 8 34.8 2 8.7 0.05b 

strong 4 19.1 15 71.4 2 9.5  
Number of PML-NBs        

0-10 PML-NBs 23 41.8 30 54.5 2 3.7 0.17b 

>10 PML-NBs 6 27.3 13 59.1 3 13.6  
% of SATB1+ HRS cellsd        

Median 70 80 0 0.29a 

(min-max) (0-100) (0-100) (0-90)  
SATB1 staining intensity        

negative 12 38.7 16 51.6 3 9.7 0.58b 

positive 17 36.9 27 62.8 2 4.3  
a p value in Kruskal-Wallis test; b Fisher’s exact test; c p value between MC and NS cHL in Fisher’s 
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exact test. MC, mixed cellularity. NS, nodular sclerosis. LR, lymphocyte rich. LD, lymphocyte 

deleted. NOS, not otherwise specified; d p in Chi-square test 

 

 
Supplementary Figure 1. Primers designed for PML isoforms. There are 9 exons in PML gene. 

Exon 5 to 9 can be alternatively spliced. The PML transcript can be processed into seven different 

isoforms (PML-I to PML-VII) resulting in protein isoforms that have variable C-termini. The arrows 

show the locations of the specific primer sets for each PML isoforms, except for the primer set of 

PML-IV, which also detects PML-I.  
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Supplementary Table 1. Clinical and pathologic characteristics and HLA class I, 

HLA class II, SATB1 and PML staining results for all cHL patients  

Case 

number 

age at 

diagnosis
sex

EBV 

status
subtype stage

HLA class 

I intensity

HLA class 

II intensity
SATB1%

SATB1 

intensity 

PML 

NBs 

1 60 F + NS 3 - - 0 - ≤10 

2 22 M + NS 3 - - 30 - ≤10 

3 45 F + NS 3 - - 40 - ≤10 

4 13 F + NS 2 - - 100 + ≤10 

5 22 M + NS 2 - - 100 - ≤10 

6 17 F + NS 2 - - 100 + ≤10 

7 8 M + NS 2 - + 40 - ≤10 

8 31 F + NS 2 - + 40 - ≤10 

9 13 M + NS 3 - + 60 - ≤10 

10 72 F + NS 3 - + 70 + ≤10 

11 17 F + NS 2 - + 90 + ≤10 

12 25 M + NS 3 - + 100 + >10 

13 59 F + NS 1 - + 100 + ≤10 

14 23 M + NS 2 - NS 0 - ≤10 

15 37 F + NS 3 + - 0 - ≤10 

16 8 M + NS 1 + - 50 + ≤10 

17 50 F + MC 4 + - 90 + ≤10 

18 13 F + NS 2 + - 100 + >10 

19 83 F + NS 1 + - 100 + >10 

20 42 M + MC 1 + - 100 + ≤10 

21 77 F + LD ? + - 100 + ≤10 

22 88 M + LD ? + - 100 + ≤10 

23 60 M + NOS 1 + - 100 + ≤10 

127



Chapter 5 

24 13 M + MC 2 + + 0 - ≤10 

25 49 M + LR 2 + + 0 - ≤10 

26 42 M + NS 2 + + 80 + ≤10 

27 67 F + NOS 3 + + 90 + ≤10 

28 77 F + NOS ? + + 100 + ≤10 

29 46 M + NS ? + + 100 + ≤10 

30 27 M + MC 3 + + 100 + ≤10 

31 43 M + NS 1 + ++ 0 - ≤10 

32 49 M + MC ? + ++ 80 + >10 

33 53 M + NS 2 + NS 100 + ≤10 

34 70 M + NS ? ++ - 0 - ≤10 

35 67 F + MC 3 ++ - 0 - ≤10 

36 7 F + NOS 3 ++ - 30 + >10 

37 74 M + NS 2 ++ - 70 + ≤10 

38 N.D F + MC 1 ++ + 0 - >10 

39 20 M + NS 1 ++ + 0 - >10 

40 15 M + NS 1 ++ + 0 - ≤10 

41 60 M + NS 1 ++ + 0 - ≤10 

42 62 M + NS ? ++ + 0 - ≤10 

43 69 M + NS 3 ++ + 40 + >10 

44 8 M + NS 2 ++ + 60 + >10 

45 63 F + NOS 2 ++ + 70 - >10 

46 53 F + NS ? ++ + 70 - >10 

47 36 M + NS 2 ++ + 80 - >10 

48 56 M + NOS 2 ++ + 80 + >10 

49 71 M + MC ? ++ + 100 + >10 

50 45 M + MC 3 ++ + 100 + >10 
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51 8 M + MC 1 ++ + 100 + ≤10 

52 27 M + NS 1 ++ + 100 + ≤10 

53 57 M + NS 1 ++ ++ 0 - >10 

54 32 F + NS 1 ++ ++ 0 - ≤10 

55 34 M - NS 1 - - 10 - ≤10 

56 13 F - NS 2 - - 20 - >10 

57 22 F - NS 2 - - 70 - ≤10 

58 31 M - NS 2 - - 80 + ≤10 

59 30 F - NS 2 - - 100 + ≤10 

60 40 F - NS 2 - - 100 + >10 

61 43 M - NS ? - + 0 - ≤10 

62 17 M - NS 2 - + 0 - ≤10 

63 18 F - NS 2 - + 10 - ≤10 

64 37 F - NS 2 - + 40 + >10 

65 30 M - NS 3 - + 70 + ≤10 

66 13 F - NS 3 - + 70 + >10 

67 19 F - NS 2 - + 80 + ≤10 

68 20 F - NS 2 - + 90 + ≤10 

69 20 F - NS 3 - + 90 + ≤10 

70 14 F - NS 1 - + 90 + ≤10 

71 18 M - NS 2 - + 100 + ≤10 

72 25 M - NS 4 - + 100 + ≤10 

73 9 M - NS 2 - + 100 + ≤10 

74 28 M - NS 3 - ++ 90 + >10 

75 32 F - NS ? - NS 0 - ≤10 

76 14 F - NS 2 - NS 90 + ≤10 

77 36 M - NS 2 + - 0 - ≤10 
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78 42 M - NS ? + - 10 - >10 

79 19 F - NS 3 + - 30 + ≤10 

80 88 M - LR ? + - 80 + ≤10 

81 40 F - NS 1 + + 90 + ≤10 

 

N.D undetermined; N.S not scorable. 

HLA class I intensity: -, negative; +, normal; ++, strong. 

HLA class II intensity: -, negative; +, normal; ++, strong  

SATB1 intensity: -, negative; +, positive 
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Supplemental Table 2. Primers involved in this study 
Gene  Primer Sequence PCR location total 

forward CCTGCCCCCCTCATCAG 

SATB1 reverse TTCTCTGGTTTCCCATTCCTT 89 8--9 11 

forward TGACCGCTACACAGCAATTG 

HLA-DMA reverse GCACATTCTCCAGCAGATCTG 73 3--4 5 

forward GTGTCCAGTGTCCCCAGGTAAT 

HLA-DOA reverse CAGCGGGATGCACTTAAAGG 122 4--5 5 

forward CCTACTTGGGCTAATCTTCCTTCTG

HLA-DOB reverse CTGCGTCCTCACATATCCTTTCT 76 4--5 6 

forward TTCTGGCCATGACCCCC 

HLA-DPA1 reverse GGAGTTTGTAGGGCAGCTGG 115 4--5 6 

forward CACCTGCCAAGTGGAGCAC 

HLA-DPB1 reverse TGCTCCTCCTGTGCATGAAG 158 3--4 6 

forward CATCTTCATCATCAAGGGATTGC 

HLA-DRA reverse CTCTAAGAAACACCATCACCTCCAT 91 4--5 5 

forward CAGACACCAAGGGCCATTGT 

HLA-DQA reverse TCCATTCTTCTGCTCCTGTAGATG 75 4--5 5 

forward CCTCAAGATTGACAATGAAACCC 

PML-I reverse CGGAACTTGCTTTCCCGGTT 69 8--9 9 

forward AGGCAGAGGAACGCGTTGT 

PML-II reverse GGCTCCATGCACGAGTTTTC 70 7--8 8 

forward GTGATCAGCAGCTCGGAAGACT 

PML-III reverse CAGACTGAGGGCTGGAAGAGA 61 6--7 8 

forward TCTTCCTGCCCAACAGCAAC 

PML-IV reverse ACTGGACTCACTGCTGCTGTCA 140 6--8 8 

forward AACAGCAACCACGTGGCC 

PML-V reverse AGGAGTCCTGGGCTGAACTTCT 123 6--8 8 

forward GCAGGTAGGGAGAGGAACGC 

PML-VI reverse TCCATGCACGAGTTTTCGG 73 6/7--8 8 

forward GGCTTCGACGAGTTCAAGGT 

PML-VII reverse GGAGGCAGCAGGTCAACGT 140 3--4/5 5 

 

131



Chapter 5 

References 

[1] Delabie J, Chan WC, Weisenburger DD, De Wolf-Peeters C. The antigen-presenting cell 

function of Reed-Sternberg cells. Leuk Lymphoma. 1995;18:35-40. 

[2] Denzin LK, Cresswell P. HLA-DM induces CLIP dissociation from MHC class II alpha beta 

dimers and facilitates peptide loading. Cell. 1995;82:155-65. 

[3] Denzin LK, Sant'Angelo DB, Hammond C, Surman MJ, Cresswell P. Negative regulation 

by HLA-DO of MHC class II-restricted antigen processing. Science. 1997;278:106-9. 

[4] Diepstra A, van Imhoff GW, Karim-Kos HE, van den Berg A, te Meerman GJ, Niens M, et 

al. HLA class II expression by Hodgkin Reed-Sternberg cells is an independent prognostic 

factor in classical Hodgkin's lymphoma. J Clin Oncol. 2007;25:3101-8. 

[5] Reith W, LeibundGut-Landmann S, Waldburger JM. Regulation of MHC class II gene 

expression by the class II transactivator. Nat Rev Immunol. 2005;5:793-806. 

[6] Steidl C, Shah SP, Woolcock BW, Rui L, Kawahara M, Farinha P, et al. MHC class II 

transactivator CIITA is a recurrent gene fusion partner in lymphoid cancers. Nature. 

2011;471:377-81. 

[7] Oudejans JJ, Jiwa NM, Kummer JA, Horstman A, Vos W, Baak JP, et al. 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. 1996;87:3844-51. 

[8] Alvaro T, Lejeune M, Garcia JF, Salvado MT, Lopez C, Bosch R, et al. Tumor-infiltrated 

immune response correlates with alterations in the apoptotic and cell cycle pathways in 

Hodgkin and Reed-Sternberg cells. Clin Cancer Res. 2008;14:685-91. 

[9] Omiya R, Buteau C, Kobayashi H, Paya CV, Celis E. Inhibition of EBV-induced 

lymphoproliferation by CD4(+) T cells specific for an MHC class II promiscuous epitope. J 

Immunol. 2002;169:2172-9. 

[10] Shiels C, Islam SA, Vatcheva R, Sasieni P, Sternberg MJ, Freemont PS, et al. PML 

bodies associate specifically with the MHC gene cluster in interphase nuclei. J Cell Sci. 

2001;114:3705-16. 

[11] Wang J, Shiels C, Sasieni P, Wu PJ, Islam SA, Freemont PS, et al. Promyelocytic 

leukemia nuclear bodies associate with transcriptionally active genomic regions. J Cell Biol. 

2004;164:515-26. 

[12] Kumar PP, Bischof O, Purbey PK, Notani D, Urlaub H, Dejean A, et al. Functional 

interaction between PML and SATB1 regulates chromatin-loop architecture and transcription 

of the MHC class I locus. Nat Cell Biol. 2007;9:45-56. 

[13] Condemine W, Takahashi Y, Zhu J, Puvion-Dutilleul F, Guegan S, Janin A, et al. 

Characterization of endogenous human promyelocytic leukemia isoforms. Cancer Res. 

2006;66:6192-8. 

[14] Ulbricht T, Alzrigat M, Horch A, Reuter N, von Mikecz A, Steimle V, et al. PML promotes 

MHC class II gene expression by stabilizing the class II transactivator. J Cell Biol.199:49-63. 

132



PML-NBs, SATB1 and HLA class II in cHL 

[15] Ulbricht T, Alzrigat M, Horch A, Reuter N, von Mikecz A, Steimle V, et al. PML promotes 

MHC class II gene expression by stabilizing the class II transactivator. J Cell Biol. 

2012;199:49-63. 

[16] Gialitakis M, Arampatzi P, Makatounakis T, Papamatheakis J. Gamma 

interferon-dependent transcriptional memory via relocalization of a gene locus to PML 

nuclear bodies. Mol Cell Biol. 2010;30:2046-56. 

[17] Berezney R, Mortillaro MJ, Ma H, Wei X, Samarabandu J. The nuclear matrix: a 

structural milieu for genomic function. Int Rev Cytol. 1995;162A:1-65. 

[18] Singh GB, Kramer JA, Krawetz SA. Mathematical model to predict regions of chromatin 

attachment to the nuclear matrix. Nucleic Acids Res. 1997;25:1419-25. 

[19] Carbone A, Gloghini A, Gattei V, Degan M, Improta S, Aldinucci D, et al. Reed-Sternberg 

cells of classical Hodgkin's disease react with the plasma cell-specific monoclonal antibody 

B-B4 and express human syndecan-1. Blood. 1997;89:3787-94. 

[20] Kanzler H, Hansmann ML, Kapp U, Wolf J, Diehl V, Rajewsky K, et al. Molecular single 

cell analysis demonstrates the derivation of a peripheral blood-derived cell line (L1236) from 

the Hodgkin/Reed-Sternberg cells of a Hodgkin's lymphoma patient. Blood. 

1996;87:3429-36. 

[21] Drexler HG. Recent results on the biology of Hodgkin and Reed-Sternberg cells. II. 

Continuous cell lines. Leuk Lymphoma. 1993;9:1-25. 

[22] Falk MH, Tesch H, Stein H, Diehl V, Jones DB, Fonatsch C, et al. Phenotype versus 

immunoglobulin and T-cell receptor genotype of Hodgkin-derived cell lines: activation of 

immature lymphoid cells in Hodgkin's disease. Int J Cancer. 1987;40:262-9.   

 

133



Chapter 5 

 

134




