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Overexpression of CD30 is the hallmark of Hodgkin
and Reed-Sternberg (H-RS) cells and drives constitu-
tive nuclear factor-�B activation that is the molecular
basis for the pathophysiology of Hodgkin’s lym-
phoma. Transcription of the CD30 gene is controlled
by the core promoter that is driven by Sp-1 and the
microsatellite sequences (MSs) that represses core
promoter activity. To understand the mechanism(s)
of CD30 overexpression in H-RS cells, we structurally
and functionally characterized the CD30 MSs. Al-
though the CD30 MS of H-RS cell lines was polymor-
phic, it was not truncated compared with that of
control cells. A strong core promoter activity and
constitutive Sp-1 binding were revealed in all cell
lines examined irrespective of the levels of CD30 ex-
pression. In transient reporter gene assays, all MS
clones derived from H-RS cell lines repressed the core
promoter activity in unrelated cell lines, but not in
the H-RS cell lines. An AP-1-binding site was found in
the MS at nucleotide position of �377 to �371, the
presence of which was found to relieve repression of
the core promoter in H-RS cell lines but not in other
tumor cell lines. H-RS cell lines showed constitutive
and strong AP-1-binding activity, but other cell lines
did not. The AP-1 complex contained JunB, whose
overexpression activated reporter constructs driven
by the CD30 promoter including the MSs, and was
dependent on the AP-1 site. JunB expression was de-
tected in H-RS cells in vitro and in vivo , but not in
reactive cells or tumor cells of non-Hodgkin’s lym-
phoma of diffuse large B-cell type. Transduction of

JunB small interfering RNAs suppressed CD30 pro-
moter activity in L428 cells but not in control cells.
Taken together, overexpression and binding of JunB
to the AP-1 site appear to relieve the repression of the
core promoter by the CD30 MS in H-RS cells, which
provide one basis for the constitutive overexpression
of CD30 in Hodgkin’s lymphoma. (Am J Pathol 2003,
163:633–641)

Hodgkin’s lymphoma (HL), which accounts for approxi-
mately one-third of all malignant lymphomas, is character-
ized by the presence of only a small fraction of malignant
cells. Neoplastic cells represented as mononucleated
Hodgkin and multinucleated Reed-Sternberg (H-RS) cells
are embedded in a varying infiltrate of reactive cells includ-
ing B and T lymphocytes, eosinophils, plasma cells, and
fibroblasts.1 In most cases, H-RS cells carry clonal immu-
noglobulin (Ig) gene rearrangements and thus derive from
germinal center B cells.2–6

H-RS cells are characterized by constitutive expres-
sion of CD30, which is a member of the tumor necrosis
factor receptor superfamily.7–10 CD30 was originally dis-
covered as a marker protein overexpressed on the sur-
face of H-RS cells.11 Other investigators and our group
have shown that CD30 signals leading to nuclear fac-
tor-�B activation are mediated by interactions with tumor
necrosis factor receptor-associated factor (TRAF) 2 and
TRAF5.12–15

Recently, it was found that constitutively activated nu-
clear factor-�B (p50/p65) is the hallmark of H-RS cells
and is considered to be a molecular basis for aberrant
growth and cytokine gene expression. This, in turn, pro-
vides an explanation for the clinical and histological char-
acteristics of HL.16–21

We recently reported that overexpression of CD30 re-
sults in ligand-independent constitutive signaling that ac-
tivates nuclear factor-�B.22 Overexpression of CD30 in
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H-RS cells leads to self-aggregation and recruitment of
TRAF2 and TRAF5, the result being constitutive nuclear
factor-�B activation. Thus, constitutive CD30 signaling is
the basis for the growth of H-RS cells as well as for
characteristic clinical and histological features of HL.22,23

Consequently, understanding of the mechanisms for con-
stitutive overexpression of CD30 has pivotal importance
in delineating the pathogenesis of HL.

Recent cloning and characterization of the promoter
region of the CD30 gene enabled us to understand the
regulation of CD30 expression.24,25 The CD30 promoter is
composed of three regions: a microsatellite sequence (MS)
containing CCAT repeats, a core promoter with Sp-1-bind-
ing sites, and a downstream promoter element (DPE), which
is essential for start site selection. The core CD30 promoter
contains three Sp-1-binding sites (�43 to �38, �96 to �91,
and �206 to �201) and two ETS binding sites (�238 to
�233 and �158 to �153). The Sp-1 site at �43 to �38 is
responsible for maximum promoter activity.25 Sp-1 and
ETS family transcription factors can induce CD30 tran-
scription.26 On the other hand, the CCAT motif repeated
in CD30 MS represses the core CD30 promoter activity.
Because the MS is highly polymorphic in length, it has
been hypothesized that polymorphic changes truncating
the length of CD30 MS may lead to relief of transcriptional
repression, resulting in the overexpression of CD30 in
H-RS cells of HL.25,27

To examine the above hypothesis and better under-
stand the mechanism(s) underlying CD30 overexpres-
sion in H-RS cells, we cloned the CD30 MS from H-RS
cells and characterized their structure and function. The
results suggest that the AP-1 site in the MS mediates
relief of suppression of the CD30 promoter through inter-
action with JunB, which appears to be one mechanism
for the constitutive and strong expression of CD30 in
H-RS cells.

Materials and Methods

Cell Cultures and DNA Extraction

Jurkat, K562, and HEK293 cell lines were obtained from
the Japanese Cancer Research Resources Bank (Tokyo,
Japan) and Fujisaki Cell Biology Center (Okayama, Ja-
pan). HDLM-2, KMH-2, L428, and L540 cell lines were
purchased from the German Collection of Microorgan-
isms and Cell Cultures (Braunschweig, Germany).
Nonadherent cell lines were cultured in RPMI 1640 and
adherent cells in Dulbecco’s modified Eagle’s medium
with supplementation of recommended concentrations of
fetal calf serum and antibiotics. Peripheral blood mono-
nuclear cells (PBMCs) were separated from peripheral
blood samples obtained from normal volunteers by Lym-
phoprep (Nycomed Pharma AS, Oslo, Norway) accord-
ing to manufacturer’s instructions. High-molecular
genomic DNA samples were prepared from cell lines and
control PBMCs using the standard method as de-
scribed.28

Cloning of the CD30 MS

The region containing the CD30 MS was amplified from
genomic DNA samples by polymerase chain reaction
(PCR). The reactions contained 1.5 mmol/L MgCl2 1�
PCR buffer, 0.2 mmol/L dNTPs, and 2.5 U TaqDNA poly-
merase (Takara, Kyoto, Japan) and 25 pmol each of for-
ward and reverse primers in 50 �l of cocktail. The nucleo-
tide sequences of the primers flanking the CD30 MS were
as follows: the forward primer, 30MSF 5�-ACCCATTTAC-
CCACTCACCTGC-3� and the reverse primer, 30MSR 5�-
CAACTGGCCTAGGGAGACTGC-3�. The reaction condi-
tion was as follows: initial denature at 94°C for 30 seconds,
30 cycles of 95°C for 30 seconds, 60°C for 30 seconds,
72°C for 1 minute, and the final extension at 72°C for 7
minutes. PCR-amplified products were cloned using
pGEM-T easy vector (Promega, Madison, WI) for sequenc-
ing. DNA sequences were determined by an ABI Prism 377
DNA sequencer and the dye terminator cycle-sequencing
kit (Perkin Elmer Corp., Foster City, CA). The Genetix Mac
ver. 10 program (Software Development, Co., Ltd., Tokyo,
Japan) was used for nucleotide sequence analysis.

Northern Blotting

Northern blot analysis was done essentially as de-
scribed.29 Briefly, 2 �g per lane of poly(A)-selected RNA
was size-fractionated on 1% formalin agarose gel elec-
trophoresis and subsequently blotted onto nylon mem-
branes (Micron Separations, Inc., Westborough, MA). Fil-
ters were hybridized in 4� standard saline citrate, 1�
Denhardts, 0.5% sodium dodecyl sulfate, 0.1 mol/L
NaPO4 (pH7.0), 10% dextran Na at 65°C with 1.0 � 106

cpm/ml of random prime-labeled probes. After washings
to a final stringency of 0.2� standard saline citrate and
0.1% sodium dodecyl sulfate at 65°C, filters were ex-
posed to XAR-5 films (Eastman Kodak, Rochester, NY) at
�80°C. Reverse transcriptase-PCR-amplified fragments
of human CD30 and human GAPDH were used as
probes.

Reporter Gene Assays

The CD30 core promoter region from �295 to �198 was
amplified from the control PBMC DNA by PCR using a
primer pair having a HindIII site at the end. The fragment
was cloned into pGL3 basic plasmid (Promega). The
resultant plasmid was named pGL-CD30c. MS regions
were obtained by PCR from H-RS cell lines and control
PBMCs and inserted into the SmaI site upstream of the
CD30 core promoter and resultant constructs were
named pGL-CD30cMS. To prepare an MS region having
a mutant AP-1 site, a reverse primer having a mutated
AP-1 sequence was used to amplify the cloned MS frag-
ment (KMH-2, no. 2 in Figure 2). The sequences of the
primers used are as follows: 30MSF 5�-CATTTGCTGTA-
AAACAAATCAGTGAG-3� and the reverse primer,
30MSR 5�-CATTTGCTGTAAATGAATCAGTGAG-3�. The
amplified fragment was inserted at the SmaI site up-
stream of the CD30 core promoter sequence of the pGL-
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CD30c and the resultant plasmid was named pGL-
CD30cMSmA. Activities of the CD30 core promoter with
or without MS were studied by transient reporter gene
assays. Renilla luciferase expression vector driven by the
herpes simplex virus thymidine kinase promoter, pRL-TK
(Promega), was co-transfected to standardize the trans-
fection efficiency in each experiment. Luciferase activi-
ties were measured by the Dual Luciferase assay kit
(Promega). Transfection was done using Lipofectamine
2000 Reagent (Invitrogen, Tokyo, Japan) according to
the manufacturer’s instructions.

Electrophoretic Mobility Shift Analysis (EMSA)

EMSA was done as described previously.22,30 Double-
stranded oligonucleotides containing the Sp-1 and AP-1
consensus sites (5�-ATTCGATCGGGGCGGGGCGAGC-3�
and 5�-CGCTTGATGAGTCAGCCGGAA-3�, respectively)
were purchased from Promega. The sequence of the
CD30 MS AP-1 site probe is as follows: 5�-CACTCACT-
GATTCATTTTACA-3� (nucleotide position �384 to
�364). Nuclear extracts were prepared basically accord-
ing to the method reported by Andrews and Faller.31

Briefly, cells were washed in cold phosphate-buffered
saline, and suspended in buffer A [10 mmol/L HEPES-
KOH (pH 7.9 at 48°C), 1.5 mmol/L MgCl2, 10 mmol/L KCl,
0.5 mmol/L dithiothreitol, 0.2 mmol/L phenylmethyl sulfo-
nyl fluoride]. After brief vortexing, samples were centri-
fuged and the pellet was resuspended in 50 �l of cold
buffer C [20 mmol/L HEPES-KOH (pH 7.9 at 48°C), 25%
glycerol, 420 mmol/L NaCl, 1.5 mmol/L MgCl2, 0.2
mmol/L ethylenediaminetetraacetic acid, 0.5 mmol/L di-
thiothreitol, 0.2 mmol/L phenylmethyl sulfonyl fluoride]
and incubated for 20 minutes for high-salt extraction.
Cellular debris was removed by centrifugation and the
supernatant fraction was used as the nuclear extract. For
binding assays, samples of 2-�g nuclear extract were
incubated with �20,000 cpm of �-32P end-labeled probe
at room temperature for 30 minutes in a buffer containing
20 mmol/L HEPES-KOH (pH 7.9), 50 mmol/L KCl, 0.5
mmol/L ethylenediaminetetraacetic acid, 5% glycerol, 1
mmol/L dithiothreitol, 0.1% Nonidet P-40, 0.5 mmol/L
phenylmethyl sulfonyl fluoride, 1 mg/ml bovine serum
albumin, 2 �g Poly (dI-dC). DNA-protein complexes were
resolved on 5% polyacrylamide gels in 0.5� Tris-borate-
ethylenediaminetetraacetic acid buffer. The gels were
then dried and autoradiographed. For competition as-
says, 2 �g of nuclear extracts were incubated for 30
minutes with the unlabeled probe before addition of �-32P
end-labeled probe. Antibody used for supershift assays
were as follows: anti-Sp-1 rabbit polyclonal antibody (Up-
state Biotechnology, Lake Placid, NY), rabbit polyclonal
antibodies against c-Fos (H-125), c-Jun (H-79), JunD
(329), Fos B (C-11), Fra-1 (R-20), Fra-2 (L-15), CREB-1
(C-21), and mouse monoclonal antibodies against JunB
(C-11) and ATF2 (F2BR-1) (all from Santa Cruz Biotech-
nology, Inc. Santa Cruz, CA).

Immunoblot Analysis

Immunoblotting experiments were done, as described
previously.22,23 A JunB expression vector pME-JunB was
prepared using the cDNA amplified from L540 mRNA by
reverse transcriptase-PCR and the pME vector. The en-
tire coding region of JunB cDNA was amplified using
primers that have a restriction enzyme site. The nucleotide
sequence of the primers are as follows: forward primer,
5�-TATACGCGTCGCCTGGGCCGCCCGGATG-3�, reverse
primer, 5�-ATAGCGGCCGCTTATCAGAAGGCGTGTCCC-
TTGACC-3�. pME-JunB was co-transfected into K562 cells
with a reporter construct such as pGL-CD30cMS or pGL-
CD30cMSmA for reporter gene assays. For immunoblot
analysis, cell lysates were prepared from a part of the
transfected cells (2 � 106 cells) in a lysis buffer (10 mmol/L
Tris-HCl, pH 7.4, 1% sodium dodecyl sulfate, 1 mmol/L
sodium orthovanadate, 0.1 mmol/L sodium molybdate, 1
mmol/L phenylmethyl sulfonyl fluoride). Twenty mg of cell
lysates were separated by 10% sodium dodecyl sulfate-
polyacrylamide gel, and transferred to the polyvinylidene
difluoride membrane (Bio-Rad Laboratories Hercules, CA).
Blocking of the membrane was done with 1% albumin frac-
tion V in Tris-buffered saline at 4°C for 12 hours. After
washing with Tris-buffered saline with 0.05% Tween 20,
membranes were incubated with 2 �g/ml of the JunB anti-
body for 1 hour at room temperature. Alkaline phosphatase-
conjugated anti-mouse antibody was used to detect immu-
noreactive proteins by Western blue stabilized substrate for
alkaline phosphatase (Promega).

Immunohistochemistry

Immunostaining of JunB was performed on paraffin-em-
bedded specimens of H-RS cell lines and control cell
lines as well as lymph nodes affected with HL or diffuse
large B-cell non-Hodgkin’s lymphoma (NHL). Before in-
cubation of the anti-JunB monoclonal antibody C-11
(Santa Cruz), a heat-induced antigen retrieval was per-
formed. Immunodetection was done with biotinylated
goat anti-mouse IgG, followed by peroxidase-labeled
streptavidin (DAKO Japan, Kyoto, Japan). A Histofine kit
(Nichirei, Tokyo, Japan) was used to detect the color
reaction for peroxidase, according to the manufacturer’s
instructions.

Inhibition of JunB Expression by siRNA

Target sequences of siRNA32 for JunB were selected
as follows: JunB1 5�-AATGGAACAGCCCTTCTACCA-3�;
JunB2 5�-AAGATGAACCACGTGACACCC-3�; JunB3 5�-
AAACAGAAGGTCATGACCCAC-3�. siRNAs were de-
signed and synthesized by Silencer siRNA construction kit
(Ambion Inc., Austin, TX) according to the manufacture’s
instruction manual. The resultant siRNAs were named as
JunB siRNA1, JunB siRNA2 and JunB siRNA3, respectively.
Twenty pmol of siRNAs were transduced into 2 � 105 of
L428 and 1 � 105 of HEK 293 cells by Lipofectamine 2000
(Invitrogen) according to the manufacturer’s instruction.
Cells were plated and maintained in appropriate conditions.
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Among above three JunB siRNAs, JunB siRNA1 was most
effective at silencing JunB expression, and used in the
following experiments. The scrambled oligonucleotide 5�-
CATGCTTAAATGGGCCCATGA-3� served as a control.

Results

Expression of CD30 mRNA and the CD30
MS Length

Earlier reports demonstrated a suppressive activity of the
CD30 MS that contains a CCAT repeat on the core pro-
moter activity of CD30.24–26,33 To understand the roles of
CD30 MS in overexpression of CD30 in H-RS cells, we
first studied the correlation between the length of CD30
MS and levels of CD30 expression. Using H-RS cell lines,
L428, KMH-2, L540, and HDLM-2, that abundantly ex-
press CD30 transcripts (Figure 1, top), we analyzed the
size of the PCR-amplified MS of the CD30 promoter (Fig-
ure 1, bottom). Sizes of the amplified fragments of H-RS
cells were generally not decreased compared to those of
the control PBMCs. These results suggested that CD30
overexpression does not result simply from a reduction in
the number of repressive CCAT repeats in the CD30 MS.

Structure of the CD30 MS in H-RS Cell Lines

Next we determined the nucleotide sequences of the
amplified CD30 MS. In addition to four H-RS cell lines,
two samples of PBMCs were included as controls. At
least four clones of the PCR product from each cell line or
PBMC sample were analyzed. The amplified clones
showed different sizes except for those amplified from
L-428 that had exactly the same sequences. In KMH-2
and L540 H-RS cell lines, amplified clones included two
kinds of clones, whereas HDLM-2 had one major clone
and two other minor ones. These results indicate that the

sizes of the CD30 MS in these H-RS cell lines are mostly
heterozygous (Figure 2). As indicated in the figure, the
number of the repeats in the CD30 MS were as follows:
L428, all four clones had 42 repeats; KMH-2, five clones
with 43 repeats and four clones with 46 repeats; L540,
seven clones with 43 repeats and two clones with 42
repeats; HDLM-2, four clones with 46 repeats and one
clone each with 40, 47, and 49 repeats. All four clones
from one PBMC sample had 40 repeats, and the other
PBMC sample had two kinds of clones with 39 and 41
repeats. Thus, the numbers of CCAT repeats of H-RS
cells are greater than those of PBMC samples (Figure 2,
right column).

The results obtained for the PBMC controls suggest
that the PCR was amplifying the genomic copies without
error. However, the HDLM-2 cell line in particular pro-
duced multiple PCR products indicating heterogeneity in
target MSs that may be explained by hyperploidy as often
seen in cancer cells lines including HDLM-2.

Suppression of the CD30 Core Promoter
Activity by the CD30 MS

Sequence analysis suggested that CD30 MS of H-RS cell
lines were also polymorphic as was previously report-
ed.25,33 Repressive effects of the CCAT repeat on the
core promoter have been documented.25 On the other
hand, the H-RS cells that overexpress CD30 have larger
MS regions33 as we confirmed above. Thus, the role of
the CCAT repeat unit in the overexpression of CD30
remains to be clarified. Therefore, we next examined the
regulatory effects of cloned CD30 MS fragments against
the CD30 core promoter using H-RS cell lines and unre-
lated cell lines such as K562 and HEK293 by transient
reporter gene assays. A schematic representation of the
CD30 promoter region is shown in Figure 3A. When the
reporter plasmid driven by the core promoter was used,

Figure 1. CD30 mRNA expression and the length of MSs. Poly(A)-selected
RNA (2 �g/lane) was analyzed by Northern blotting using cDNA probes of
CD30 (top) and GAPDH (middle). Arrowheads indicate positions for two
sizes of CD30 transcripts and GAPDH. PCR-amplified fragments of the CD30
MS were analyzed by agarose gel electrophoresis and ethidium bromide
staining (bottom). The position for the PCR products of the MS is indicated
by an arrowhead on the right. DNA size markers (M) are shown on the left.

Figure 2. Schematic representation of the structure of the CD30 MS. Nucle-
otide sequences of more than four clones from each cell line or a PBMC
sample were determined. The CCAT repeat in the MS is indicated by a filled
circle and the 5�-CCACTTATGCAT-3� and 5�-CCACCTATGCAT-3� motifs are
indicated by hatched squares. The number of the CCAT repeats in each
clone is indicated on the right.
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the results showed high-basal promoter activity in all cell
lines irrespective of CD30 expression levels (Figure 3B,
black bars). In contrast, a significant difference was ob-
served in the suppressive activity of the MS sequence on
the core promoter between H-RS cell lines and unrelated
cell lines. The MS sequence significantly suppressed the
core promoter activity in K562 and HEK293, whereas the
suppression was less evident or absent in H-RS cell lines
(Figure 3B, open bars). K562 cells express CD30 at a low
level and HEK293 cells do not. Various CD30 MS frag-
ments cloned from H-RS cell lines as well as PBMCs
showed basically the same effects on the core promoter
activity (Figure 3B). These results suggest that regulatory
effects of the CD30 MS on the core promoter are inde-
pendent of the structure of each MS and may represent
differences in the conditions of transcriptional and/or sig-
naling controls between H-RS cell lines and unrelated cell
lines.

AP-1-Binding Sequence within the CD30
MS Is Involved in the Regulation of the Core
Promoter Activity

Sequence analysis of the CD30 MS region searching for
putative transcription binding sites revealed an AP-1-
binding site located at nucleotide position of �377 to
�371 (5�-TGATTCA-3�) (Figure 3A). To examine the func-
tional roles of this site, activities of the CD30 promoter
with or without a mutation in the AP-1-binding site were
studied by transient transfection assays. Introduction of
the MS sequence with a wild-type AP-1 site resulted in
enhancement of the core promoter activity in L540 cells,
whereas it showed a marked suppression of the core
promoter activity in K562 cells as was reported previous-
ly.25 A mutation in the putative AP-1 site (5�-TGATTCA-3�
to 5�-TGATTTG-3�) of the MS abolished the enhancing
effect in L540 cells, although it did not result in a marked
suppression of the core promoter activity as observed in
K562 and HEK293 cells. The mutation did not show any
effects on the core promoter activities in K562 cells (Fig-
ure 3C).

These results were basically reproduced when we used
other H-RS cell lines and HEK293 cells, although the levels
were different (data not shown). These results clearly dem-
onstrated differences in the regulatory function of the MS
sequence depending on the cell lines used. Furthermore,
they indicated that the enhancement of the core promoter
activity by the MS sequence observed in H-RS cell lines is
mediated by the putative AP-1 site.

Constitutive AP-1-Binding Activity in H-RS Cells
Involves JunB

Because the above results suggested regulatory roles of
the putative AP-1 site in the MS sequence, we examined
binding of nuclear factors to this site by EMSA using a
probe prepared from the sequence containing this AP-1
site and nuclear extracts of various cell lines. Results
revealed strong binding activities of nuclear factors from
H-RS cell lines but not those from other cell lines, except
for weak binding observed in K562 nuclear extracts (Fig-
ure 4A, top). In contrast, Sp-1-binding activity was ubiq-
uitously observed in all cell lines (Figure 4A, bottom),
which is in accordance with the constitutive core pro-
moter activities observed in all cell lines tested (Figure
3A). The specificity of the binding was confirmed by
competition assays using unlabeled oligomers of the
consensus AP-1 probe and an oligonucleotide containing
the putative AP-1-binding site (Figure 4B, left). To clarify
the components of the AP-1-binding activity, super shift
analysis was done using the L540 nuclear extract and
antibodies against AP-1 family transcription factors. The
results demonstrated a complete shift when the anti-JunB
antibody was used. However, no band shift was ob-
served with antibodies reactive to the other members of
the AP-1 family such as FosB, Fra1, Fra2, as well as those
of the CREB/ATF family such as CREB-1, CREM1, ATF1,
and ATF2 because the antibody against CREB-1 recog-

Figure 3. Regulation of the CD30 promoter by the MS. A: Schematic repre-
sentation of the CD30 promoter. Binding sites for transcription factors are
indicated above the line. An asterisk indicates the position of the AP-1 site
in the MS. Positions of the primers used to amplify the MS are shown below
the line. B: Effects of the CD30 MS on the core promoter activity in various
cell lines. Luciferase reporter constructs driven by the CD30 core promoter
(�295 to � 198), with or without the CD30 MS, were transiently transfected
with Renilla luciferase vector (pRL-TK). The promoter activities among dif-
ferent cell lines were compared with the results of parallel experiments with
a firefly luciferase construct driven by the SV40 promoter and enhancer
(pSV-Luc) and pRL-TK. The relative luciferase activities are expressed as
percentages of those of pSV-Luc. C, a construct driven by the core promoter
from PBMCs; C�MS, a construct driven by the core promoter with CD30 MS.
The fragments used are as follows: clone number 1 of L428, number 2 of
KMH-2, number 2 of L540, number 2 of HDLM-2, and number 1 of the control
PBMCs in Figure 2. The numbers 1 to 5 indicate luciferase constructs con-
taining a CD30 core promoter with MS fragment derived from L428, KMH-2,
L540, HDLM-2, and the control PBMCs, respectively. C: Effects of a mutation
in the AP-1 site on the core promoter activities. Luciferase constructs having
the CD30 core promoter alone (C) or with an MS fragment with a mutation
in the AP-1 (C�MS, m) or without a mutation in the AP-1 (C�MS, w) were
transfected into a H-RS cell line L540 and an unrelated cell line, K562.
Luciferase activities were standardized using an SV40-driven luciferase con-
struct as described above and expressed as a percentage. C, a core promoter-
driven luciferase construct; C�MS, a construct driven by the core promoter
with CD30 MS; w, the MS without a mutation; m, the MS with a mutation.
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nizes CREM1 and ATF1 as well as CREB-1 (Figure 4B,
right).

The specificity of Sp-1-binding activities was con-
firmed by the competition analysis using an unlabeled
consensus Sp-1 probe (Figure 4C). Components of the
Sp-1-binding activity of the L540 nuclear extracts were
examined by the supershift assay using an antibody
against Sp-1. Most of the binding activities were super-
shifted by pretreatment of the nuclear extracts with the
antibody (Figure 4C), indicating the constitutive Sp-1 ac-
tivity in L540 cells. These results clearly indicate that the

AP-1-binding complex of L540 nuclear extracts contains
JunB. Thus, it was suggested that the suppression of the
Sp-1-driven core promoter activity by the CD30 MS se-
quence might be counteracted by the AP-1 activity in
H-RS cell lines.

To test the possibility that JunB drives the CD30 pro-
moter through binding to the AP-1 site in the MS and
opposes the suppressive activity of the MS on the core
promoter, transient transfection assays were done using
K562 cells and a JunB expression vector. The luciferase
activity driven by the CD30 promoter having the MS with
a wild-type AP-1 site was enhanced approximately two-
fold by transduction of JunB, whereas that driven by the
promoter with a mutated AP-1 site was not enhanced
significantly (Figure 4D). Transduction of JunB siRNAs
into L428 cells resulted in suppression of CD30 promoter
activity to approximately two-thirds of the control. This
suppressive effect was not observed in HEK293 cells
(Figure 4E), or when we used CD30 promoter with mu-
tated AP-1 site within the MS (data not shown). The
repression of endogenous JunB by transduction of JunB
siRNAs indicated that the AP-1 site in the MS of L428
Hodgkin’s cells is functionally responsive to JunB and
plays a role in the relief of suppression by the MS se-
quence.

Constitutive Expression of JunB in H-RS Cells
in Vitro and in Vivo

The above results suggested that binding of JunB to the
AP-1 site in the MS counteracts the suppressive activity
of the MS in H-RS cells, which explain the constitutive
overexpression of CD30. To test this hypothesis, we next
examined expression of JunB in H-RS cell lines and H-RS
cells in the lymph node of the patients with classical HL.
Immunoblot analysis revealed expression of JunB in
H-RS cell lines, but not in other tumor cell lines (Figure
5A), suggesting that JunB expression may be a common
and unique characteristic of H-RS cells. To examine this
possibility, we next studied expression of JunB in H-RS
cell lines and that in the biopsied lymph nodes of patients
with classical HL and diffuse large B-cell NHL. Eight
samples of classical HL and five diffuse large B-cell NHL
samples were studied by immunohistochemistry using an
anti-JunB antibody. JunB expression was clearly de-
tected in the H-RS cell lines and H-RS cells, but not
reactive cells in the lymph nodes from HL patients but not
in Jurkat cells, K562 cells, or in lymph nodes from pa-
tients with diffuse large B-cell NHL (Figure 5B). The re-
sults clearly demonstrated specific expression of JunB in
H-RS cells but not in any other cells including reactive
cells in HL lymph nodes and not in tumor cells of diffuse
large B-cell NHL. Thus, we have shown that constitutive
expression of JunB may be a unique and common char-
acteristic of H-RS cells that is involved in the constitutive
overexpression of CD30, counteracting the suppressive
CD30 MS activity against the CD30 core promoter.

Figure 4. AP-1 activities in H-RS cells. A: AP-1- and Sp-1-binding activities.
Nuclear extracts of H-RS cell lines and unrelated ones were studied by EMSA.
Probes used are indicated on the left. B: Competition and supershift analyses
of AP-1. Competition assays were done using a 50-fold molar excess of the
unlabeled consensus Ap-1 probe or the unlabeled oligomer containing
the AP-1 site in the CD30 MS at 50- to 150-fold molar excess (left). Comp.,
the consensus AP-1 oligomer; MS comp., oligomer containing the AP-1 site
in the CD30 MS. AP-1 supershift assays were done using L-540 nuclear
extracts (right). Antibodies used are indicated above the lanes. C: Compe-
tition and supershift analyses of Sp-1-binding complex using L540 nuclear
extract. Comp., competition assay using 50-fold molar excess of the unla-
beled consensus Sp-1 oligomer; Abs, supershift assay with anti-Sp-1 anti-
body. D: Responses to transduced JunB. Luciferase constructs driven by the
CD30 promoter with or without a mutation in AP-1 site (pGL-CD30cMS and
pGL-CD30cMSmA, respectively) was co-transfected with a JunB expression
plasmid (pME-JunB) into K562 cells. pRL-TK was co-transfected to standard-
ize transfection efficiency. AP-1, pGL-CD30cMS; mAP-1, pGL-CD30cMSmA.
E: Effects of siRNA-mediated repression of endogenous JunB in H-RS cells on
CD30 promoter activity. Twenty pmol of siRNA for JunB, 0.5 �g of reporter
construct containing CD30 promoter (pGL-CD30cMS), and 0.2 �g of pRL-TK
vector were transfected with 2.5 �l of Lipofectamine (Invitrogen). CD30
promoter activities were measured by Dual Luciferase assay kit (Promega)
after 24 hours. Bottom, immunoblot analysis of JunB and tubulin expression.
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Discussion

In this study we structurally characterized the CD30 MS
of H-RS cell lines and found that, although they are poly-
morphic, the average length of the MS is not shorter than
that of control PBMCs. We identified an AP-1-binding site
in the CD30 MS, by which suppressive activity of the MS
against the CD30 core promoter was counteracted in the
H-RS cell lines but not in other tumor cell lines. The AP-1
site was found to be a distinct complex that includes
JunB as determined by EMSA when we used nuclear
extracts of H-RS cell lines but not those of other cell lines.
The AP-1 site was responsive to transduced JunB in
transient reporter gene assays. We further demonstrated
constitutive overexpression of JunB in H-RS cells in vitro
and in vivo. These results suggest that constitutively ac-
tive JunB causes overexpression of CD30 in H-RS cells
through acting on the AP-1 site of the CD30 MS and
relieving its suppressive activity on the Sp-1-derived core
promoter.

Overexpression of CD30 mRNA in H-RS cells is well
documented. However, recent reports demonstrated that
the high activity of the SP-1 driven core promoter is
repressed by CCAT elements in the CD30 MS.25 Thus, it
has been hypothesized that the size of the CD30 MS may
be shortened in H-RS cells, possibly because of the
microsatellite instability that has been reported in various
kinds of hematopoietic malignancies including HL.34–37

However, we demonstrated here that the number of
CCAT repressive elements in H-RS cells was generally
not decreased compared to normal cells. Furthermore,

the CD30 MS from H-RS cells showed a strong repressive
activity on the core promoter in transient reporter gene
assays in control cells (Figure 3B). These results provide
strong evidence against the hypothesis and indicate that
differences in the promoter activity are independent of
the repeat number of the CCAT-repressive element. Our
results suggest that not the structural changes but tran-
scriptional regulations are responsible for the high activ-
ity of the CD30 promoter in H-RS cell lines.

We demonstrated that the CD30 MS repressive activity
is not evident in H-RS cells compared to that in other
tumor cell lines (Figure 3B). In some experiments, addi-
tion of the CD30 MS resulted in enhancement of the core
promoter activity. Searching for putative binding sites of
transcription factors in the MS, we identified an AP-1 site
in the CD30 MS at nucleotide position of �377 to �371
(5�-TGATTCA-3�). This AP-1 site counteracted repression
by the MS in H-RS cells through binding to JunB, whose
constitutive expression in H-RS cells was demonstrated
in the present study. Taken together, these results indi-
cate that the AP-1 site can counteract the repressive
activity of the CCAT repeat in the CD30 promoter MS of
H-RS cells but not in other cell lines, and in H-RS cells
specific relief of repression can be explained by consti-
tutive expression of JunB in that it binds to the AP-1 site
at �377 to �371 (5�-TGATTCA-3�).

Little is known about roles of the AP-1 in the biology of
H-RS cells or HL. Previous reports suggested that c-Fos/
c-Jun expression is involved in the differentiation of H-RS
cells.38 Constitutive expression of c-fos and c-jun in H-RS

Figure 5. Constitutive expression of JunB in H-RS cells in vitro and in vivo. A: Immunoblot analysis of Jun B. Whole cell lysates of four H-RS cell lines and three
unrelated cell lines were examined. Positions of JunB are indicated on the right. B: Immunohistochemistry of JunB. Results of H-RS cell lines and control ones,
and representative results of biopsied samples of classical HL and diffuse large B-cell NHL.
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cell lines (KMH2 and HDLM2) was also reported.39 An-
other report showed that the JNK pathway is critically
involved in the formation of RS cell morphology.40 Ex-
pression of JunB and JunD in an H-RS cell line was
documented previously.2 Very recently, aberrant expres-
sion of JunB as well as c-Jun was reported to be a
characteristic of H-RS cells and tumor cells of anaplastic
large-cell lymphoma and contributes to the proliferation
of H-RS cells.41 In the present study, we showed involve-
ment of JunB in the relief of suppressive activity of the
CD30 MS through binding to the AP-1 site. The result
provides clear evidence for another important biological
function of JunB in H-RS cells. The relevance of our
findings in primary H-RS cells will be confirmed by anal-
ysis of MS sequences derived from primary H-RS cells by
laser microdissection and micromanipulation. We are
currently investigating involvement of JunB in regulation
of the CD30 promoter in anaplastic large-cell lymphoma
cells.

JNK represents one subgroup of MAP kinases that is
activated by cytokines and exposure to environmental
stress. A major target of the JNK signaling pathway is
activation of the AP-1 transcriptional factor that is medi-
ated in part by the phosphorylation of c-Jun and related
molecules.42 The AP-1 family of transcription factors that
are activated by the JNK pathway is involved in cellular
proliferation and differentiation.43 However, a previous
report suggested that JNK is not involved in the activation
of JunB.44 This is in accordance with our observation that
expression of JNK-1 did not further enhance relief of
suppressive CD30 MS activity by JunB (data not shown).
Although c-Jun and JunB were considered to have an-
tagonistic functions in biological processes such as on-
cogenic transformation and cell proliferation, a recent
report suggested a potential of JunB to substitute for
c-Jun. Deregulated JunB expression could rescue the
expression of target genes of Jun.45 Involvement of JunB
in activation of the AP-1-driven promoter was also report-
ed.46 The CD30 promoter appears to be another example
of JunB target genes, because the promoter was acti-
vated by JunB in reporter gene assays. Furthermore, we
have shown that the AP-1 complex of H-RS cells includes
activated JunB and repression of endogenous JunB ex-
pression by siRNAs leads to down-regulation of CD30
promoter activity.

In the present study, an MS fragment with a mutated
AP-1 site did not completely abrogate the relief of sup-
pression in H-RS cell lines (Figure 3C). This implies that
as yet unknown transcription factors and/or mechanisms
are likely involved in the constitutive overexpression of
CD30. Thus, studies of transcription factor(s) that may
interact with the suppressive CCAT element in the CD30
MS will provide clues to understanding the high promoter
activity in H-RS cells.

In summary, the high activity of the CD30 promoter in
H-RS cells appears to be determined by the balance
among 1) Sp-1-driven core promoter activity, 2) suppres-
sive activity mediated by the CCAT motif in the CD30 MS,
and 3) AP-1 site-mediated relief of the MS suppressive
activity. Because there appears to be no significant dif-
ferences in Sp-1-driven core promoter activity among cell

lines with or without CD30 expression, relief of the MS
suppression by the JunB-binding AP-1 site appears to
play a key role in the high CD30 promoter activity of H-RS
cells.
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