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Abstract

Cell surface HLA class II expression in Hodgkin Reed-Sternberg (HRS)
cells is associated with favourable prognosis in classical Hodgkin lym-
phoma (cHL). To study the antigen presenting capacity of cell surface
HLA class II molecules we analyzed presence of the non-immunogenic
class II associated invariant chain peptide (CLIP). 10 out of 21HLA class
II+ patients showed a strong HRS cell surface CLIP staining. is could
be explained by absence of the HLA class II accessory molecule HLA-
DM that is essential for the exchange of CLIP with antigenic peptides.
e HLA-DM inhibitor HLA-DO was not involved. In contrast, there
was no cell surface expression of CLIP and low levels of HLA-DM in 5
cHL cell lines. Our results show that antigen presentation in the context
of HLA class II in cHL can be disturbed not only by lack of HLA class
II expression, but also by specific down regulation of HLA-DM.



76 Absence of HLA-DM Prevents HLA Class II Antigen Presentation

4.1 Introduction

Hodgkin-Reed Sternberg (HRS) cells, the neoplastic cells of classical
Hodgkin lymphoma (cHL) derive from germinal center B cells and are
suspended within an overwhelming T cell rich reactive infiltrate [1].
is infiltrate should accommodate anti-tumor immune responses, since
HRS cells are expected to properly present antigenic peptides. Indeed,
HRS cells have been reported to express human leukocyte antigen (HLA)
class I, transporter of antigenic peptides, HLA class II, the invariant
chain, proper costimulatory glycoproteins and adhesion molecules [2-
4]. Moreover, cHL cell lines are known to stimulate T lymphocyte pro-
liferation and cytotoxic activity in mixed lymphocyte reactions and cy-
totoxicity assays, suggesting that HRS cells can present antigenic pep-
tides in the context of both HLA class I and class II [4-6].

However, expression of antigen presenting components by HRS cells
is not universal among cHL patients. We have previously shown that
down regulation of HRS cell surface HLA class II (sHLA class II) ex-
pression occurs in ∼40% of cHL patients at primary diagnosis and is
associated with adverse failure free and relative survival [7]. Intuitively,
this prognostic effect can be explained by functional antigen presenta-
tion in patients with sHLA class II expressing HRS cells. Importantly,
HLA class II molecules can be expressed on the cell surface without pre-
senting antigenic peptides. Previously, Bosshart and Jarrett showed in
three fresh cHL affected lymph node tissue suspensions that a large pro-
portion of sHLA class II molecules on HRS cells was occupied by the
non-immunogenic class II associated invariant chain peptide (CLIP)
[8]. CLIP is a residue of the invariant chain and its presence in the anti-
gen binding groove of the HLA class II molecule prevents premature
loading of antigenic peptides. HLA-DM, a member of the non-classical
HLA class II molecules, is involved in the release of CLIP in the endoso-
mal/lysosomal compartment, while HLA-DO can suppress this activity
[9-10].

In this study we examined mRNA expression of the HLA class II anti-
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gen presenting pathway components in cHL cell lines andwe performed
immunohistochemistry (IHC) for HLA class II, CLIP, HLA-DM and
HLA-DO in both cHL cell lines and patient tissues.

4.2 Methods

4.2.1 Quantitative RT-PCR

cHL cell lines L428, L591, L1236, KMH2 and HDLM2 were cultured
under standard conditions. Fresh tonsil tissue obtained from three indi-
viduals from routine tonsillectomies were used to isolate germinal cen-
ter B cells [11]. CD20+CD77+ cells were sorted in a high speed cell
sorter (MoFlo; Cytomation) using phycoerythrin-conjugated CD20 (B-
Ly1; DAKO) and fluorescein-conjugated CD77 (5B5; BD Pharmingen).
TaqMan®Low-density arrays (Applied Biosystems) were used for quan-
titative RT-PCR analysis according to the manufacturer’s protocol us-
ing the ABI Prism 7900 Sequence Detection System (Applied Biosys-
tems). We selected 11 HLA class II genes and added the three HLA
class I genes and 𝛽2-microglobulin as a control. Complementary DNA
(cDNA) was synthesized from 500 ng of total cellular RNA using Su-
perscript II RT (Invitrogen) and random hexamers. Low-density Ar-
rays were loaded with 1ng cDNA/well according to the manufacturer’s
protocol. Assays were performed in duplicate on different arrays and
average cycle threshold (Ct) values were calculated. RNA polymerase II
showed a Ct-value of 25,14 (SD +/- 0,50) and was used to normalize the
data using the formula 2−(𝐶𝑡𝑅𝑃𝐼𝐼– Ct gene of interest).
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4.2.2 Immunohistochemistry

Primary diagnostic frozen tissue was available from 28 sHLA class II+
cHL patients from the prior sHLA class II prognosis study [7]. Seven
cases were excluded because there were not enough identifiable HRS
cells present. As a control we also analyzed four sHLA class II negative
cases. Frozen tissue sections and cytospots prepared from the cHL cell
lines were acetone fixated and subjected to CLIP (CerCLIP, 1:200 BD
Bioscience), HLA-DM (1:200, BD), HLA-DO (1:200, BD) and HC10
(HLA class I, 1:500, kindly provided by Prof. dr. J. Neees, the Nether-
lands Cancer Institute, Amsterdam) monoclonal antibodies. Primary
antibodies were detected by secondary and tertiary peroxidase conju-
gated antibodies in normal serumand subsequently stained by 3-amino-
9-ethylcarbazole. e study was approved by the medical ethics board
of the University Medical Center Groningen.

4.3 Results and discussion

mRNA expression levels of selected genes involved in antigen presenta-
tion were examined in 5 cHL cell lines and compared to tonsillar germi-
nal center B cells (Figure 4.1A). HLA class I genes were used as a control
and except for 𝛽-microglobulin in L428 did not show down regulation.
In L428, L1236, KMH2 and HDLM2 both classical antigen presenting
HLA class II and non-classical HLA class IImRNA levels were low com-
pared to germinal center B cells. In contrast, expression levels in L591
were not down regulated. L591 is the only cHL cell line harbouring la-
tent Epstein Barr virus (EBV) and the EBV derived latent membrane
protein-1 is known to induce expression of HLA [12-13]. is can ex-
plain the relatively high expression levels of HLA class I genes in L591.

AlthoughmRNA expression levels of HLA class II genes were low in the
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Figure 4.1: HLA mRNA expression in cell lines and CLIP and HLA-DM ex-
pression in patient tissue. (A) HLA gene expression levels in cHL cell lines
were compared to germinal center B (GCB) cells. Expression levels five times
higher or lower were considered significant. B2M indicates 𝛽-microglobulin;
Inv. chain, Invariant chain. (B) CLIP andHLA-DM immunohistochemistry in
frozen cHL tissue from two representative patients (see Table 4.1). In patient 1
HRS cells show cell surface CLIP staining in the absence of HLA-DM staining.
In patient 18 the HRS cells do not express cell surface CLIP, while HLA-DM is
present.
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Table 4.1: HLA class II, CLIP, HLA-DM and HLA-DO immunohistochem-
istry in cHL cell lines and patients.
Cell line subtype EBV sHLA class II % sCLIP pos % HLA-DM neg % HLA-DO pos
L591 NS + + 0 (c) 0 90 (w)
L428 NS - + 0 0 (w) 0
L1236 MC - + 0 60 0
KMH2 MC - + 0 (c) 0 0
HDLM2 NS (T) - + 0 0 0

patient
1 MC + + 100 100 0
2 NS + + 100 100 0
3 NS - + 100 100 50 (w)
4 NS - + 100 95 0
5 NS - + 80 100 0
6 NS + + 80 100 0
7 NS - + 50 95 50 (w)
8 MC + + 30 90 0
9 NS + + 10 20 0
10 NS + + 10 10 90 (w)
11 NS - + 0 (c) 0 80 (w)
12 NS - + 0 (c) 0 0
13 NS - + 0 (c) 0 70 (w)
14 NS - + 0 (c) 0 30 (w)
15 NS - + 0 (c) 0 0
16 MC + + 0 (c) 10 5 (w)
17 NS - + 0 (c) 10 20 (w)
18 NS + + 0 (c) 20 5 (w)
19 MC + + 0 (c) 20 5 (w)
20 NS - + 0 (c) 20 0
21 NS - + 0 (c) 40 0

22 NS + - (c) 0 (c) 0 0
23 NS - - (c) 0 (c) 50 0
24 NS - - (c) 0 (c) 0 0
25 NS - - 0 0 0
sHLA class II and sCLIP indicate cell surface HLA class II and CLIP expression respectively; NS,
nodular sclerosis subtype; MC, mixed cellularity subtype; (c), cytoplasmic staining; (w), weak
staining.
Cell line HDLM2 is a T cell derived cHL cell line. Representative cases are shown in Figure 4.1B.
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EBV-negative cHL cell lines, sHLA class II and cytoplasmic HLA-DM
protein were detectable by IHC (Table 4.1). Apparently, this HLA-DM
expression is functional as no sCLIP expression could be detected in
these cell lines. In L591 and KMH2 only cytoplasmic CLIP staining was
seen, indicating removal of CLIP from the HLA class II antigen binding
groove by HLA-DM before HLA class II reaches the cell surface. Our
results are consistent with those from Bosshart and Jarrett who showed
that in L428, KMH2 and HDLM2 cells CLIP expression is virtually ab-
sent by flow cytometry. ey also showed that in these cell lines sHLA
class II presents antigenic peptides, explaining the ability of cHL cell
lines to activate T cells [8].

Remarkably, the results observed in the cHL cell lines were not repre-
sentative for cHL patients. In 10 out of 21 sHLA class II+ patients sCLIP
expression was clearly present (Figure 4.1B).is expression highly cor-
relatedwith lack ofHLA-DM. In some patients all HRS cells were sCLIP
+/HLA-DM-, suggesting a definite loss of HLA-DM. In other patients
there was a spectrum of sCLIP+/HLA-DM- to sCLIP-/HLA-DM+ HRS
cells. Expression of HLA-DO, the natural repressor of HLA-DM func-
tion was not related to sCLIP or HLA-DM results, indicating that HLA-
DO is not involved in sCLIP expression in cHL. Interestingly, Röhn et
al. reported that sCLIP expression by dendritic cells antagonizes 1
polarization of naïve T cells [14]. erefore, sCLIP expression might
explain the predominant and characteristic 2-like reactive T-cell in-
filtrate in a subset of cHL patients.

We previously reported an adverse prognostic impact of lack of sHLA
class II expression by HRS cells [7]. Within the favourable prognosis
group of sHLA class II expressers, sCLIP expression could indicate a
subset of patients with a worse prognosis. However, in failure free and
overall survival analysis in this limited set of patients we did not find a
difference between sCLIP+ and sCLIP- patients (median follow up 15
years; results not shown). Unfortunately, CLIP and HLA-DM antibod-
ies can only be used on limited numbers of available frozen tissue, which
decreases power and introduces selection bias.
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In conclusion, antigen presentation by HRS cells in the context of HLA
class II is not as universal as commonly suggested. Besides down reg-
ulation of sHLA class II expression, there is a subset of sHLA class II+
cases in which absence of HLA-DM prevents presentation of antigenic
peptides.
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