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Chapter 3
High expression of dendritic cell related 

genes in classical Hodgkin lymphoma

In preparation

Joost Kluiver, Renata Rust, Tjasso Blokzijl, Geert Harms, Sibrand Poppema, 
Lydia Visser and Anke van den Berg



Abstract

Though Hodgkin and Reed-Sternberg (HRS) cells are of B cell origin, they are known 
to display a loss of B cell phenotype. However, several markers more commonly ex-

pressed by other cell types like myeloid cells, T cells and dendritic cells (DC) are expressed 
by HRS cells. Especially several DC associated markers like FSCN1, CD83, CCL17 and 
CCL22 have been described to be expressed by HRS cells. In this study we examined more 
broadly the similarities in gene expression between DC and HRS cells. From a previously 
constructed DC SAGE library we selected 17 highly expressed genes for qRT-PCR analysis 
in classical Hodgkin lymphoma (cHL) cell lines, DC and centroblasts (CB). In addition, 
we analyzed several cases of cHL, DC associated malignancy Langerhans cell histiocyto-
sis (LCH) and anaplastic large cell lymphoma (ALCL). Indeed 13/17 of the DC expressed 
genes were also highly expressed in cHL cell lines while their expression was lowered or 
absent in CB. Analysis of cHL, LCH and ALCL tissues revealed for 11/13 genes a sig-
nificant higher expression in cHL and LCH compared to ALCL. Especially several genes 
directly or indirectly involved in actin modulation showed a high expression in DC and 
cHL. CFL1 and GSN, both involved in actin modulation, were also recently reported to 
play a role in apoptosis. CFL1 is thought to inhibit the pro-apoptotic function of cleaved 
GSN. We show that CFL1 is highly expressed in cHL while GSN expression is low or ab-
sent. High expression of CFL1 in combination with low levels or absence of GSN may thus 
indicate a new route for HRS cells to escape apoptosis. In conclusion, we show that HRS 
cells have many similarities in gene expression to DC that are not always shared with the 
postulated counterparts CB. 
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Introduction

Classical Hodgin lymphoma (cHL) is characterized by the presence of a minority of 
tumor cells called Hodgkin and Reed-Sternberg (HRS) surrounded by a majority of 

reactive cells. The abnormal immunophenotype and the rarity of HRS cells have made the 
origin of these large often multinucleated cells uncertain for a long time. The detection of 
clonal immunoglobulin (Ig) gene rearrangements in single microdissected HRS cells has 
shown that the HRS cells of nearly all cHL cases are of B cell origin12,13,15. The high fre-
quency of somatic mutations in Ig genes resulting in crippling/non-functional Ig expres-
sion in about 25% of cases indicated that HRS cells are derived from (pre-apoptotic) ger-
minal center B cells12,18.

Despite the B cell origin, the immunophenotype of HRS cells does not resemble that of 
regular germinal center B cells. Genome-wide gene expression and immunohistochemical 
studies have shown that HRS cells frequently lack common B cell markers, transcription 
factors and signal transduction molecules like CD20, Ig, CD79a, CD79b, Oct-2, Bob-1, 
PU.1, Syk, BLNK and PLC-γ2100,111,112,148. In contrast, markers of other lineages are ex-
pressed by HRS cells, for instance myeloid markers (CD15), T cell markers (Notch-1, 
GATA-3, T-bet) and several dendritic cell (DC) markers (CCL17, CCL22, CD21, FSCN1, 
CD83, Restin, IL3R and RANK)18,19,96,136,149-155. Due to many immunophenotypic over-
laps with DC, including genes related to antigen-presentation156, it has even been suggest-
ed that a so-called lymphoid dendritic cell of B cell origin might be the normal counter-
part of HRS cells153.

Since the immunophenotype of HRS cells does not resemble their normal counterparts but 
does share several phenotypic overlaps with DC, we examined more broadly the mRNA 
levels of DC expressed genes in HRS cells. This may result in the identification of new 
phenotypic markers for cHL and may give new insights into the pathogenesis of cHL. We 
previously generated a genome wide expression profile of DC using the serial analysis of 
gene expression (SAGE) technique118,157. From the 150 most abundantly expressed genes, 
17 were selected for qRT-PCR analysis on a cHL cell line panel in comparison to DC and 
germinal center centroblasts (CB). Interestingly, 13 of the selected genes were expressed at 
similar levels in cHL cell lines and DC. Transcript levels of those genes were further stud-
ied on a tissue panel containing cases of cHL, DC associated malignancy Langerhans cell 
histiocytosis (LCH) and anaplastic large cell lymphoma (ALCL). Our results show that 
several DC (specific) genes are highly expressed in cHL. 
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Material & Methods

Cell lines/tissues
DC were purchased from MatTek (MatTek Corporation, Ashland, MA, USA) and cultured 
according to the manufacturer’s protocol. Cytospins were made to confirm DC morphol-
ogy and to verify expression of DC specific genes expression157. CB were isolated from fro-
zen tonsil cell suspensions that were taken from patients during routine tonsillectomy. CB 
were double stained with CD20-PE (clone B-Ly1, DAKO) and CD77-FITC (clone 5B5, 
BD Pharmingen) and sorted by fluorescence activated cell sorting (FACS). By reanalysis, 
each sample showed a purity of more than 90%. cHL cell lines (L591, L428, HDLM-2, 
KM-H2 and L1236) were cultured in RPMI-1640 medium (Cambrex Biosciences, Walk-
ersville, MD) supplemented with ultraglutamine 1 (Cambrex Biosciences), 100 U/ml peni-
cillin/streptomycin, 10% FCS (Cambrex Biosciences) at 37ºC in an atmosphere containing 
5% CO2. The final FCS concentration for L428 was 5%. Frozen tissue specimens from 5 
LCH, 5 cHL and 5 ALCL (3 ALK+, 2 ALK-) were obtained from the Tissue Bank of the 
Department of Pathology from the University Medical Center Groningen. All protocols 
for obtaining and studying human tissues and cells were approved by the institution’s re-
view board for human subject research. 

Generation of DC SAGE library
The SAGE library for DC was generated using the I-SAGE kit (Invitrogen, Carlsbad, CA) 
according to the manufacturer’s protocol157. The resulting clones were sequenced and ana-
lyzed with the SAGE2000 (version 4.12) software that was kindly provided by Dr. K. W. 
Kinzler (John Hopkins Oncology Center, Baltimore, MD)118. Linker tags and duplicate 
dimers were excluded. The SAGE tags were linked to the CGAP best gene for a tag map 
(http://cgap.nci.nih.gov/SAGE) to identify the corresponding genes127. 

qRT-PCR
Total RNA from cell lines and tissue sections was isolated using the absolutely RNA mini-
prep kit which includes a DNase treatment step (Stratagene, La Jolla, CA). The integrity 
of the RNA was routinely checked using a 1% agarose gel. All RNA samples were checked 
for DNA contamination with primer sets that specifically amplify genomic DNA. The first-
strand cDNA synthesis, primed with random primers, was performed using the protocol 
provided by the manufacturer (Life Technologies Inc., Gaithersburg, MD). Quantitative 
PCR was performed for highly expressed genes, using primers and probes listed in table 1. 
RNA polymerase II (RPII) was used as a positive control and for normalization. Real-time 
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PCR reactions were performed in a 20µl reaction volume containing 1 × SYBRgreen mix 
(Applied Biosystems), 600nM primers, and 2ng cDNA. For CCL17 (Hs00171074_m1), 
CCL22 (Hs00171090_m1) and ALK (Hs00608289_m1) Taqman® Gene Expression Assays 
(Applied Biosystems, Foster City, CA) were used. For these genes, PCR reactions were per-
formed in a 20µl reaction volume with 1x qPCR master mix (Eurogentec, Liege, Belgium), 
1x Taqman® Gene Expression Assay mix (Applied Biosystems) and 2ng cDNA. All reactions 
were performed on an ABI7900HT Sequence Detection System device (PE Applied Biosys-
tems) using the standard program (10 min at 95°C followed by 40 cycles of 15 sec at 95°C, 
and 60 sec at 60°C). All PCR reactions were performed in triplicate, positive and negative 
controls were included in each run. Fluorescence was quantified with the sequence detec-
tion system software (SDS, version 2.1, Applied Biosystems). Mean cycle threshold values 
(Ct) and standard deviations (SD) were calculated for all genes. The amount of target gene 
was normalized relative to the amount of RPII (ΔCt=ΔCtgene−ΔCtRPII) and the SD of the 
ΔCt (SD(ΔCt)) was calculated using  the formula SD(ΔCt)=√((SDgene)2+(SDRPII)2). Relative 
expression levels were expressed as 2-ΔCt. Significant differences in relative gene expression 
levels between two groups of affected tissues were determined using the Mann-Whitney 
U Test (two tailed, P<0.05).

Table 1. Primers used for qRT-PCR

Gene Forward primer Reverse primer Amplicon 
length (nt) Exon

CFL1 GCGCCCCTTAAGAGCAAAAT TGCTTGCAATTCATGCTTGATC 87 2-3

SIAT6 GCTGCTGCCGGAATCACT TCCCCCCTACCCAAATTCAC 70 13

FSCN1 CGTCCAATGGCAAGTTTGTG GCTCTGAGTCCCCTGCTGTCT 78 3-3/4

GSN TGAGGTCCAGGGCTTCGA ATCCTGATGCCACACCTCCTT 86 3-4

LGALS1 CATCCTCCTGGACTCAATCATG TCGGACTCGAAGGCACTCT 82 1-2

BAK1 CACGGCAGAGAATGCCTATGA CCCAATTGATGCCACTCTCA 71 4-5

MMP12 GGCCCGTATGGAGGAAACAT GTCAACATCCTCACGGTTCATG 77 2-3

ZNF216 CATGTGCAGAAAGAAAGTTGGTCTT AACGGTGAAGTCCACAAAACAAAT 74 6-7

CST3 ACAACTGCCCCTTCCATGAC GCACAGCGTAGATCTGGAAAGA 72 2-3

RAB5C TCTGCGGTAGGCAAATCCA GGCAGACAGTCTGTGTGAGGAA 106 2-3

ZYX TGACCAAGAATGATCCTTTCAAAG GGTACTGGACTTGGAACTGGATGG 89 4-5

S100A10 AGGAGTTCCCTGGATTTTTGG TACACTGGTCCAGGTCCTTCATTA 78 2-3

RAP1B CCTAGTGCGGCAAATTAACAGA GAATTGGGCAACAGTTCTTCAGA 130 7-8

CDC42 GCCTCCAGAACCGAAGAAGA GACACCAGCTGTGCAGAAAGG 79 5

RGS10 AAGAACCGCACCCTCTGATG GCGGCTGTAGCTGTCGTACTT 77 4-5

RAC1 TGACCAATACTGACCCTCTTTACCT CATCAATAGGCAAAGCGACTACA 71 6

TRA1 GCTCTATGTGCGCCGTGTATT CCACACCCTTGACAAAATTGAG 80 9-11

CD30 CTGTGTCCCCTACCCAATCTGT GGTGGCGCCTCAAAGGT 87 8-9

CD1A GACCTGTCCTGTCGGGTGAA GAAGCCCACGGAACTGTGAT 84 4-5

CD207 GTGGATGACACGCCATTCAA TTGTTGGGCTCACCTGGAA 65 5-6

RPII* CGTACGCACCACGTCCAAT CAAGAGAGCCAAGTGTCGGTAA 139 16-17

 For RPII the following taqman probe was used: TACCACGTCATCTCCTTTGATGGCTCCTAT
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Immunohistochemistry
Immunohistochemistry was applied using standard laboratory procedures. Antibodies 
against CFL1 (1:100, clone GS-2C4, Abcam, Cambridge, UK) and GSN (1:800, Cyto-
skeleton, Denver, CO) were used. In each run, positive control sections and negative con-
trols were included routinely.

Results

Generation of DC SAGE library and tag to gene identification
The SAGE profile of DC consisted of 10299 tags representing 4805 unique tags that were 
obtained by sequencing 559 clones. The 150 tags with the highest abundance ranging from 
554 to 5 were used for further analysis. Tags not corresponding to any gene or tags cor-
responding to ESTs, hypothetical proteins, ribosomal proteins, housekeeping, MHC or 
HLA genes were excluded leaving 87 tags. This list contained several genes known to be 
expressed in DC like CD207 and CD1a, lysozyme and the CC chemokines CCL17/TARC 
and CCL22/MDC known to be expressed in both DC and cHL.

qRT-PCR analysis
Of the remaining genes, 17 were selected for qRT-PCR analysis (Table 2) on a cHL cell 
line panel, 2 DC and 2 CB populations. This approach was used to select genes that are 
expressed in DC and cHL. 14 of selected genes were expressed in DC at comparable or 
higher levels as the housekeeping gene RPII confirming their high expression according 
to the SAGE data. 13 genes showed similar or higher expression levels in at least 4/5 cHL 
cell lines compared to DC. The 4 remaining genes (GSN, MMP12, CST3 and S100A10) 
showed a high expression level in DC and low or no expression in cHL and CB. For CFL1, 
FSCN1, LGALS1 ZNF216, RAC1 and TRA1 the high expression in DC and cHL cell 
lines was accompanied with a lower expression in CB (Fig. 1).  

Expression of the 13 genes with similar mRNA levels in DC and the majority of cHL cell 
lines was also examined in a tissue panel containing 5 cases of cHL, 5 cases of LCH and 5 
cases of ALCL. As a control we analyzed expression levels for cHL expressed chemokines 
CCL17 and CCL22, cHL and ALCL marker CD30, LCH markers CD1a and CD207 
and ALK+ ALCL marker ALK. As expected, CCL17 and CCL22 were indeed mainly 
expressed in cHL, CD30 was most prominently expressed in HL and ALCL, CD1a and 
CD207 were exclusively expressed in LCH, and ALK was expressed only in ALK+ ALCL 
(3 ALK+ ALCL cases) (Fig. 2A).
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Analysis of the 13 genes co-expressed in cHL cell lines and DC revealed for 11 a signifi-
cant higher expression in tissues of cHL and LCH compared to ALCL. SIAT6 and ZYX 
were only differentially expressed between LCH and ALCL. In cHL the expression levels 
of these genes were in between the levels observed in LCH and ALCL. All genes showed 
the highest expression in LCH compared to ALCL. RAP1B, RGS10 and RAC1 were also 
higher expressed in LCH compared to cHL (Fig. 2B).  

Immunohistochemistry
HDLM2, the only cHL cell line with substantial GSN mRNA levels (Fig. 1) demonstrated 
detectable GSN staining (Fig. 3). The other four cHL cell lines showed no GSN staining 
in concordance with the absence of GSN transcripts. CFL1 protein could be detected in 
all cell lines in agreement with qRT-PCR results (Fig. 3).

Table 2. Genes selected from top 150 most abundant tags in DC

Tag DC DC vs CB
DC=cHL for

≥4 cHL cell lines
Gene

1 GAAGCAGGAC 57 > Y CFL1*
2 ATAGTAGCTT 46 > Y FSCN1*
3 GAAGCAATAA 33 = Y SIAT6
4 TCACCGGTCA 21 > N GSN
5 GCCCCCAATA 19 > Y LGALS1
6 CTCCTCACCT 16 = Y BAK1
7 CTCTGTAAGT 16 > N MMP12
8 TACAGAGGGA 15 > Y ZNF216
9 TGCCTGCACC 13 > N CST3

10 TAACCAATCA 12 = Y RAB5C
11 CTGCCAAGTT 12 = Y ZYX
12 AGCAGATCAG 11 > N S100A10
13 CAAGGGCTTG 8 = Y RAP1B
14 TCTCAATTCT 7 = Y CDC42
15 ATGGCTAAGC 7 = Y RGS10
16 TATGACTTAA 7 > Y RAC1
17 TGTATAAAAA 5 > Y TRA1

*gene was represented by two different tags, tag counts were combined
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Figure 1. Many DC expressed genes are also expressed in HRS cells. Quantitative RT-PCR analysis for 17 genes in 
two centroblast populations (CB1 and CB2), two dendritic cell populations (DC1 and DC2) and 5 cHL cell lines 
(L428, L1236, KM-H2, L591 and HDLM2). The expression of GSN, MMP12, CST3 and S100A10 is more or 
less restricted to DC. Expression of the remaining 13 genes was observed both in DC and the majority of cHL cell 
lines, 6 of those (CFL1, FSCN1, LGALS1, ZNF216, RAC1 and TRA1) showed a lower expression in the postu-
lated counterparts CB.
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Discussion

In this paper we analyzed the expression of DC genes in cHL. DC specific genes were select-
ed from a previously generated SAGE library. The top150 most abundantly expressed tran-
scripts included several genes known to be expressed in DC, like CD207 and CD1a. Some 
of the genes in the top150 list were already known to be high expressed in cHL and DC, 
for instance lysozyme158 and the CC chemokines CCL17/TARC and CCL22/MDC159,160. 
Presence of these genes already demonstrates the similarities between cHL and DC. Of 
the 17 selected genes, 14 showed relative expression levels in DC similar or above that of 
the housekeeping gene RPII that is set at 1 confirming that these genes indeed are highly 
expressed in DC. 13 genes were expressed at equal or higher levels in the majority of cHL 
cell lines. The expression of the other 4 genes, GSN, MMP12, CST3 and S100A10 was 
more restricted to DC. Especially FSCN1 (fascin) showed high levels of expression in DC 
and 4/5 cHL cell lines. FSCN1 was not expressed in CB and T cell derived cHL cell line 
HDLM-2. Besides FSCN1, mRNA levels of CFL1, LGALS1, ZNF216, RAC1 and TRA1 
were also elevated in DC and cHL cell lines compared to CB showing that for several genes 
HRS cells more closely resemble DC than CB. Of the genes with high expression in DC 
and cHL several are known to be involved in actin modulation and cell migration. These 
included two Rho GTPases RAC1 and CDC42 that are known to coordinate changes in 
the actin cytoskeleton via several other proteins161. Interestingly, among those modulating 
proteins were CFL1, FSCN1 and ZYX that we also show to be highly expressed in DC 
and cHL. It has been shown that RAC1 and CDC42 can influence the activity of CFL1 
via LIM kinase162. CFL1 was reported to control sites of actin polymerization and protru-
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Figure 2. High mRNA levels of genes highly expressed in DC, in cases of cHL and LCH. (A) As a control, the ex-
pression levels of several genes known to be expressed in cHL (CCL17 and CCL22), cHL and ALCL (CD30), ALK+ 
ALCL (ALK, 3 ALK+ and 2 ALK- ALCL cases) and LCH (CD1a and CD207) are shown. (B) For 13 genes with 
high expression in DC and the majority of cHL cell lines (Fig. 1), expression levels in cHL, LCH and ALCL were 
determined. 11/13 genes were expressed significantly higher in cHL and LCH compared to ALCL tissues.
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sion163. Finally, it has been reported that CDC42 induced actin-based protrusions result 
in the recruitment of amongst others the cytoskeletal protein zyxin164. Another critical 
component downstream of RAC1 and CDC42 necessary for actin cytoskeletal organiza-
tion and cell migration is FSCN1137. An interesting role for FSCN1, besides its role in ac-
tin modulation, is that its expression is reported to be critical for the ability of mature DC 
to function as antigen presenting cells (APC) 165. In cHL, high expression of FSCN1 by 
HRS cells136 may contribute to their APC like capability and thereby contribute to the T 
cell rich background formation. More recently it was shown that FSCN1 downregulation 
in carcinoma suppresses cell proliferation and invasion138.

GSN has paradoxically been shown to be both an inhibitor and effector of apoptosis166-170. 
A recent report implicated both CFL1 and GSN to play a role in apoptosis169. It is thought 
that during apoptosis DNase 1 is transported to the nucleus due to destabilization of the 
actin-DNase 1 complex by cleaved GSN. CFL1 can stabilize the actin-DNase 1 complex 
by binding to actin in such a way that it prevents cleaved GSN induced release of DNase1 
from actin. Both proteins are expressed in DC but only CFL1 is expressed at high levels in 
the cHL cell lines both at the mRNA and protein level (Fig. 1 and Fig. 3). GSN was ab-
sent in 4/5 cHL cell lines, only T cell derived cell line HDLM-2 was GSN positive both 
at the mRNA and protein level. High expression of CFL1 and low expression/absence of 

Figure 3. HRS cells express CFL1 but not GSN. Immunohistochemical staining for GSN and CFL1 on cHL cell 
lines L428, L1236 and HDLM-2. GSN was not expressed in cHL cell lines L428, L1236, L591 and KM-H2 
(L591 and KM-H2 not shown), only HDLM-2 was positive. In contrast, CFL1 is expressed in all cHL cell lines 
Original magnifications: x400. (Color version on page 116)
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GSN in cHL may be a novel mechanism for HRS cells to escape apoptosis. 

qRT-PCR analysis on the tissue panel confirmed for 11 of the 13 genes a higher expression 
in the dendritic cell associated neoplasm LCH and cHL compared to ALCL. This further 
supports the idea that HRS cells may resemble DC more closely than previously thought. 
LCH was reported to be associated with cHL in several cases171-173. In a literature survey of 
91 LCH cases associated with malignant neoplasms, 39 patients presented with malignant 
lymphoma. Of those, no less than 25 patients presented with cHL before (9), concurrent 
with (12 + 3 subtype unknown), or after (1) LCH diagnosis174. Our finding that several 
genes highly expressed in cHL are also highly expressed in LCH may relate to the striking 
association between these two malignancies.  

Our results show that the HRS cells of cHL have several similarities in gene expression pro-
file to DC that are not always shared with the postulated counterparts CB. This indicates 
once more that HRS cells, though of B cell origin, have many phenotypic similarities to 
DC. We report that especially several genes involved in actin modulating and apoptosis are 
highly expressed in cHL and DC. The potential functional importance of these genes in 
the pathogenesis of cHL warrants further studies elucidating the relevance of these genes. 
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