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Figure 5

SUV32HI represses Tax transactivation of HTLY-1 LTR promoter activity. Representative results of [uciferase assays using
HEK293 and Jurkat cells (left and right panels, respectively) are shown with the mean and standard deviation of triplicate
experiments. Below the graphs, results of immunoblot analyses of whale cell lysates are shown to confirm expression of trans-
duced proteins. (2) Dose-dependent repression of Tax transactivation of HTLY-1 LTR by SUV39H 1. More than three inde-
pendent assays were done for each cell line. (b) Effects of SUV39H1 on the basal activities of HTLV-1 LTR. In the absence of
Tax, increasing amounts of SUV39H | expression plasmid was transfected with HTLV-1 Luc. Left and right panels show the
results of HEK293 and Jurkat cells, respectively. (c) Absence of repression of Tax transactivation by HMTase negative
SUV39H . Tax expression plasmid was co-transfected with the wild type or HMTase negative mutant SUV39H| along with the
reporter plasmid pHTLY LTR-Luc. Lower two panels show the results of immunoblot analyses to confirm the expression of
transduced Tax and SUV39H] proteins. Antibodies used are indicated on the left. (d) Suppressive activities of SUV39H|
mutants on Tax transactivation of HTLV-1 LTR promoter activity. Fold activation of HTLV LTR promoter activity by Tax is
shown with the mean and standard deviation of triplicated experiments. Co-transfected HA-tagged mutant SUV39H1 con-
structs are indicated below the graph and on the right of lower panels. Structures of these deletion mutants are described in

Fig. 2a, upper panel.
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Figure 6

Induction of SUV39H| expression in JPX? cells and localiza-
tion on the HTLV-1 LTR, and endogenous levels of SUV39H 1
expression in T cell lines. (a) Top figure: Expression of Tax
and SUV39H 1 in CdCl,-treated JPX9 cells. Whole cell lysates
of JPX9 cells treated by CdCl, for indicated periods were
studied by immunoblot analysis with anti-Tax and anti-
SUV39H1 monoclonal antibodies (top and middle panels).
The bottom panel shows the immunoblot by anti-tubulin
antibody. Bottom figure: Absence of SUV39H! induction in
Jurkat cells by CdCl, treatment. Whole cell lysates of Jurkat
cells treated by CdCl, for indicated periods were studied by
immunoblot analysis with anti-SUY39H1 monoclonal anti-
body (top panel). The bottom panel shows the immunoblot
by anti-tubulin antibody. (b) Results of ChiP assays. Repre-
sentative photographs of agarose gel electrophoresis of PCR
products are shown. Top panel shows results of CdCly-
treated and untreated [PX9LTR clones. The relative intensi-
ties of the band measured by NIH Image software are shown
in the second panel. The third and bottom panels show the
results of negative controls without first antibody and input
controls, respectively. (¢) SUV39H I expression in various T
cell lines. ATL-derived cell lines (MT-1 and TL-oml) show
higher levels of SUV39H 1 expression compared with HTLV-
|-uninfected cell lines (top panel). TL-om! and MT-1 are
ATL-derived and HTLV-|-infected cell lines. The bottom
panel shows the immunoblot by anti-tubulin antibody.

tional change of the chromatin through H3 K9 methyla-
tion can explain the dose-dependent repression of Tax
transactivation of LTR by SUV39H1. Taken together with
the induction of endogenous SUV39H1 expression by Tax
and the recruitment to the LTR, Tax-SUV39H1 interaction
may form a negative feedback loop that self-limits HTLV-
1 viral gene expression in infected cells

Materials and methods

Cell cultures and transfection

Jurkat, HEK293 and HEK293T cell lines were obtained
from Fujisaki Cell Biology Center (Okayama, Japan) and
the Japanese Cancer Research Resources Bank (Tokyo,
Japan). JPX9, a cell line that can be induced to express Tax
by CdCl, treatment, was a gift from Prof. Sugamura,
Tohoku University. Jurkai and HEK293T cells were cul-
tured in RPMI 1640 supplemented with 10% FCS and
antibiotics, and in DMEM supplemented with 10% FCS
and antibiotics, respectively. For the co-immunoprecipita-
tion and in vitro methyliransferase assays, transfection was
done by the standard calcium phosphate precipitation
method using 8 x 105 HEK293T cells and a total of 30 g
of expression vectors. An empty expression  vector
pME18S or pMEG was used for control transfections or to
make the total amount of transfected plasmid to be 30 ug.
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Plasmids and cDNA

Human c¢DNA for SUV39H1 was amplified by RT-PCR
from a normal human PBMC ¢DNA, and used after con-
firmation of the nucleotide sequence. The primers used
for amplification were as follows: SUV39H1-F1: 5'-
CCGCTCGAGATGGCGGAAAATTTAAAAGGCT-
GCAGCGTG-3', SUV39H1-R1: 5'-GGACTAGTCTAGAA-
GAGGTATTTGCGGCAGGACTCAGT-3'. GST-fusion
proteins of mutants of SUV39H1 that lack functional
domains were also prepared using PCR of the wild type
c¢DNA. Forward primers: 5'-AAACTCGAGATGTTC-
CACAAGGACTTAGAAAGGGAGCTG-3"  (ANB9), 5-
AAACTCGAGATGGTGTACATCAATGAGTACCGTGTT-
GGT-3' (cysSET), Reverse primers, 5'-GGACTAGTGT-
CATTGTAGGCAAACTTGTGCAGTGACGC-3" (wild type,
ANB9Y, cysSET), 5-CCCACTAGTTCACCGGAAGATGCA-
GAGGTCATATAGGAT-3'  (ASET), 5'-CCCACTAGT-
TCACAGGTAGTTGGCCAAGCITGGGTCCAG-3'
(Mchromo), 5'-CCCACTAGTTCACAGGTAGTT-
GGCCAAGCITGGGTCCAG-3' (N44). pGEX5X-3 (Amer-
sham) was used to prepare bacterially expressed GST-
fusion proteins. For the expression in mammalian cell
lines, the following expression vectors were constructed.
pMEG, a vector containing the humanized GST protein
[50,51], was used to construct pMEG-SUV39H1, which
was used for binding assays. pME-Flag-SUV39H1 was
used for transient co-transfection and co-immunoprecipi-
tation assays. For functional and immunochistochemical
analyses, an expression vector pcDNA-HA-SUV39H1 was
used. To prepare an expression vector for a kinase-nega-
tive SUV39H1, we mutated histidine codon 324 into a
leucine codon according to Lachner et al [40] using PCR
with a mutated primer. The region from nucleotide posi-
tion 961 from ATG to 1239 (end of the stop codon) was
amplified using a mutating forward primer (5-TTTGT-
CAACCTCAGTTGTGACCCCAACCTGCA-3) and a
reverse primer SUV39HI1-R1. The amplified fragment
replaced the region of the wild type cDNA in pcDNA-HA-
SUV39H1 using the Hincll restriction enzyme site. The
resultant plasmid has a mutated ¢cDNA encoding leucine
at 324 instead of histidine (H324L) and was named
pcDNA-HA-SUV39H1-H324L. GST-fusion proteins were
purified using Glutathione Sepharose 4B (Amersham),
followed by confirmation with SDS-PAGE and CBB stain-
ing. For expression of histidine-tagged Tax protein,
pET3d/Tax was prepared, and the fusion protein was puri-
fied by ProBond Resin (Invitrogen), followed by confir-
mation by SDS-PAGE and CBB staining.

in vitro transcription and translation

For in vitro translation of the wild type and mutant Tax
proteins, the cDNA was amplified by PCR and cloned into
pBluescript 11 SK (-). in vitro transcription and translation
of the indicated ¢DNA was done using TNT QuickCou-
pled Transcription/Translation Systems {Promega). The
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proteins were labeled by incorporating 33S-Methionine
(Amersham), and confirmed by autoradiography of the
SDS-PAGE of the products. The primers used are as fol-
lows: forward primer for wild type, N180 and ACBP-B, 5
TGAATTCCATATGGCCCACTTCCCAGGGTITGGA-3",
forward primer for AN108, 5'-TGAATTCCATATGCG-
CAAATACTCCCCCITCCGA-3'; reverse primer for wild
type, N180 and ACBP-B, 5'-AAACTCGAGGGATCCGACT-
TCTGTITCGCGGAAATGTTT-3', reverse primer for N180,
5'-CCCGAGCTGGCCGGGGTCGCAAAA-3'. ATax mutant
that lacks the CBP binding domain (amino acids 81 to
108) was prepared as follows. First, Spel recognition site
was introduced into the nucleotide positions of 238 to
243 and 334 to 339 by Kunkel's method, then the plasmid
was digested by Spel and the larger fragment was sepa-
rated and recovered from agarose gel, followed by self-
ligation. The oligonucleotides used for introduction of
point mutations are as follows: MS-1: 5'-CTCCCCTCCT-
TCCCCACTAGTAGAACCTCTAAGACC-3', MS-2 5%
CAGGCCATGCGCAAAACTAGTCCCITCCGAAATGGA-
3"

GST pull-down assay

Wild type and mutant GST-SUV39H1 proteins (2 pg)
bound to Glutathione-Sepharose 4B were mixed with His-
tagged Tax protein {2 pg) in cold PBS and incubated at
4°C for one hour. After centrifugation, proteins bound to
Glutathione-Sepharose 4B were separated by 10% SDS-
PAGE followed by immunoblot analysis using anti-Tax
monoclonal antibody Lt-4. Relative intensities of the
bands were determined using the NIH Image software.
Binding analyses using in vitro translated and 35S-labeled
Tax proteins were done basically as described above. The
amounts of in vitro translation products were one fourth
of the reaction mixture. Binding was detected by autoradi-
ography of the dried gel that had been fixed for 30 min in
10% acetic acid, 10% methanol, 10% glycerol followed by
treatment with Amplify Fluorographic Reagent (Amer-
sham) for 30 min. Relative intensities of signals were
determined by Autoimage Analyzer (BAS2000, Fuji Photo
Film, Tokyo).

Co-immunoprecipitation and immunoblotiing
Immunoblots were done to detect co-immunoprecipi-
tated or GST pull-down proteins, as described previously
[52]. For co-immunoprecipitation analyses, cell lysates
were prepared in TNE buffer (10 mM Tris-HCl, pH7.8, 1%
Nonidet P-40, 150 mM NaCl, 1 mM EDTA). When indi- -
cated, aliquots were removed for immunoblots of whole
cell lysates. Primary antibodies used were anti-SUV39H1
monoclonal antibody (abcam) and anti-Tax monoclonal
antibody Lt-4 [33] and alkaline phosphatase-conjugated
anti-mouse immunoglobulin sheep and anti-rabbit don-
key antibodies {(both from Promega) were used as secand-
ary antibodies.
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fmmunohistochemistry

HEK293T cells (8 x 10°) were grown on coverslips for one
day, and transfected with 10 pg of pCG-Tax and 20 ug of
pcDNA-HA-SUV39H1 by the calcium phosphate precipi-
tation method. Jurkat cells (2 = 105) were transfected with
2 pgeach of pCG-Tax and pcDNA-HA-SUV39H1 plasmids
using Lipofectamine2000 (Invitrogen). After 36 hours,
HEK293T cells were fixed with 4% paraformaldehyde for
10 min at room temperature, followed by permeabiliza-
tion with 0.1% TritonX. Jurkat cells were harvested and
fized with acetone/methanol (1:1). Both cells were incu-
bated with anti-Tax antibody Lt-4 and/or anti-HA anti-
body for one hour, followed by washing with PBS and
incubation with fluorescence labeled secondary antibod-
ies for one hour. The secondary antibodies used were
Alexa Fluor 546 (anti-mouse antibody, Invitrogen) and
Alexa Fluor 488 (anti-rabbit antibody, Invitrogen). Cells
were fixed on a slide glass using mounting medium {PBS:
glycerol, viv = 1:9) and covered with a FluoroGuard anti-
fade reagent (Bio-Rad). Fluorescence signals were detected
using confocal microscopy (Radiance 2000, Bio-Rad).

in vitre HMT assay
The assay was done basically according to the method
reported by Fuks et al. [39] with slight modifications.
Briefly, SUV39H1 expression vector pME-Flag-SUV39H1
was transfected alone or with Tax expression vector pCG-
Tax into HEK293T cells. After culturing for 40 hours, cells
were lysed in TNE buffer, followed by immunoprecipita-
tion with anti-FLAG M2 antibody. The immunoprecipi-
tates were used for in vitro methyltransferase assay using
histone octamer {Sigma) as substrates. Reaction was done
at 30°C for indicated time in a reaction buffer containing
50 mM Tris-HCl, pH8.5, 20 mM KCI, 10 mM MgCl,, 10
mM B-mercaptoethanol, and 250 mM sucrose) in the
presence of 10 uCi H-adenosylmethionine (Amersham).
The reaction mixture was analyzed by 15% SDS-PAGE.
After fixation, gels were treated with Amplify Fluoro-
graphic Reagent (Amersham) for 30 min and followed by
- fluorography. The levels of methylation were evaluated by
densitometric analyses of the bands using NIH Image soft-
ware.

Reporter Gene Assays

To study the transactivation of HTLV-1 LTR promoter by
Tax, reporter gene assays were done, using pHTLV-LTR-
Luc plasmid as a reporter and pCG-Tax as an effector in
the presence or absence of SUV39H1. pHTLV-LTR-Luc
and pCG-Tax were generous gifts from Prof. ] Fujisawa,
Kansai Medical University [53]. Briefly, a reporter plas-
mid, pHTLV-LTR-Luc, was constructed by inserting a 647-
bp HTLV-1 LTR fragment into the MCS site of the pGL3
vector {Promega}). HEK293 cells were transfected with 50
ng of pHTLV-LTR-Luc, 50 ng of pCG-Tax and 10 to 1,000
ng of pcDNA-HA-SUV39HI1 by the calcium phosphate
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precipitation method. Jurkat cells were transfected with
100 ng of pHTLV-LTR-Luc, 10 ng of pCG-Tax and 10 to
500 ng of pcDNA-HA-SUV39H1 by the DEAE method
[50]. A B-galactosidase expression plasmid driven by the
B-actin promoter (pp-act-p-gal) [54] was co-transfected to
standardize each experiment. Cells were harvested 48 h
after transfection, and Luciferase activity was measured
with Luciferase assay kit (Promega). The measured activi-
ties were standardized by the activities of B-galactosidase,
and transactivation was expressed as fold activation com-
pared with the basal activity of LTR-Luc without effectors
such as SUV39H1 or Tax. Representative results of tripli-
cate experiments that were repeated more than three times
are shown in the figures with the mean and standard devi-
ation.

Induction of Tax expression in JPX9 cells

JPX9 cells were cultured in RPMI1640 supplemented with
10% FCS and antibiotics unless stimulated with CdCl,.
Tax expression in JPX9 cells was induced by culturing 1 =
106 cells in the presence of 30 uM CdCl, for indicated
hours. Then, cells were harvested and lysed by 1 x sample
buffer (65 mM Tris-HCl pH 6.8, 3% SDS, 10% glycerol,
0.01% BPB) followed by 10 min of boiling. Samples cor-
responding to 2 x 105 cells were separated by SDS-PAGE
and transferred to PVDF membrane as described above.
After blocking with skim milk, the membranes were incu-
bated with the primary antibody at room temperature for
one hour, washed in TBST buffer and incubated with the
alkaline phosphatase-conjugated anti-mouse secondary
antibody at room temperature for one hour. The primary
antibodies used are as follows: anti-SUV39H1 mouse
monoclonal antibody (abcam), anti-Tax mouse mono-
clonal antibody Lt-4, and anti-tubulin mouse monoclonal
antibody (Santa Cruz).

Chromatin immunoprecipitation (ChlP) assays

To examine the tethering of SUV39H1 by Tax, we pre-
pared JPX9 transformants that were stably transfected
with the HTLV-1 LTR Luc plasmid and pA-puro plasmid.
After cloning by limiting dilution, isolated clones were
tested for induction of Tax expression and luciferase activ-
ities by CdCl, treatiment, and selected clones were named
JPX9LTR clones (Detailed analyses using these clones will
be reported in a separate paper). Using three JPX9 LTR
clones, ChlP assays were performed to test tethering of
SUV39H1 to the HTLV-1 LTR after Tax expression. Cells (2
x 10% per clone) were treated with or without CdCl, for 48
hours followed by cross-linking at 37°C for 10 min with
formaldehyde (1% final concentration}. Cells were pel-
leted by centrifugation and resuspended in 1 ml of ice-
cold PBS (-) with protease inhibitor cocktail {Sigma).
Cells were again pelleted by centrifugation at 4°C. The
pellet was suspended in 500 pl of the lysis buffer (1%
SDS, 10 mM EDTA, 50 mM Tris-HCl [pH8.1]) and kept on
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ice for 10 min. After sonication on ice with an Astrason
Ultrasonic Processor (Misonix) to shear DNA to lengths of
between 200 and 1,000 bp (as estimated by agarose gel
electrophoresis), lysates were cleared by centrifugation.
The supernatant was then diluted 10-fold with dilution
buffer (0.01% SDS, 1.1% Triton, 1.2 mM EDTA, 16.7 mM
Tris-HCI [pH 8.1}, 16.7 mM NaCl) with protease inhibi-
tors to a final volume of 5 ml. An aliquot (500 pl) of the
supernatant was saved to represent unfractionated chro-
matin. The diluted cell supernatant was precleared with a
50% suspension of protein G Sepharose beads (Sigma)
for 30 minutes at 4°C with agitation. Sepharose was pel-
leted by brief centrifugation and the supernatant was
transferred to a new tube. The cross-linked chromatin sus-
pension was mixed with anti-SUV39H1 antibody or PBS
as negative controls, and incubated overnight at 4°C.
Immune complexes were reacted for 1 h at 4°C with agi-
tation with a 50% suspension of protein G-Sepharose
beads equilibrated with dilution buffer. After the reaction,
the beads were collected and washed serially with the fol-
lowing buffers: buffer a [0.1% SDS, 1% Triton X-100, 2
mM EDTA, 20 mM Tris-HCI[pHS8.1], 150 mM NaCl],
buffer b [0.1% SDS, 1% Triton X-100, 2 mM EDTA, 20
mM Tris-HCl{pH8.1], 500 mM NaCl], buffer ¢ [0.25 M
LiCl, 1% NP-40, 1% Sodium Deoxycholate, 1 mM EDTA,
10 mM Tris-HCl|pH8.1], and TE. Immune complexes
were eluted twice with 250 pl of elution buffer (1% SDS,
0.1 M NaHCO,) for 15 min at room temperature and 20
ul of 5 M NaCl was added to the 500 pl eluates. Cross-
links were reversed by heating at 65°C for 4 h, followed
by addition of 10 pl 0.5 M EDTA, 20 pul 1 M Tris-HCI
[pHG6.5], and incubated at 45°C for 1 h in the presence of
40 pg/ml of proteinase K. The DNA was purified by phe-
nol/chloroform extraction followed by ethanol precipita-
tion. The recovered DNA was resuspended in 50 ptl of TE.
PCR was performed in 50 pl with Ampli Taq (Perkin-
Elmer) and for 35 cycles (annealing temperature is 55°C).
The set of primers used was as follows; forward 5'-ACA-
GAAGTCTGAGAAGGTCA -3' and reverse 5'-TGGGTGGT-
TCCCGGTGGCIT -3'. The predicted PCR product length
is 150 bp. All PCR signals stained with Ethidium Bromide
on 2.0% agarose gel were quantified with the NIH Image
software.
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Transactivation of the ICAM-1 gene by CD30 in Hodgkin’s lymphoma
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The ICAM-1/LFA-} complex mediates cell-cell interaction,
ICAM-1 is overexpressed in Hodgkin/Reed-Sternberg (H/RS)
cells, and serum levels of its soluble form are higher in Hodgkin’s
Iymphoma (HL) patients than in controls. There are ne data, how-
ever, regarding the regulation of expression of ICAM-1 in H/RS
cells. CD30 was identified in H/RS cells of HL and has attracted
muech interest as a molecular marker of HL. To analyze ICAM-1
expression in H/RS cells, we examined the expression of ICAM-1,
LFA-1, CD30 and CD30L in HL-derived cell lines. AH cell lines
expressed ICAM-1 and CD30, but not LFA-1 or CD30L, CD30
induced ICAM-1 expression. Analysis of the ICAM-1 promoter
showed the importance of NF-xB binding site for CD30-induced
ICAM-I* gene expression. Coexpression of kB, IKK, NIK and
TRAF dominani-negative constructs with CD30 inhibited CD30-
induced activation of ICAM-1 promoter, suggesting that CD3¢
induces ICAM-1 vie NF-uB signalling. The ICAM-1 promoter was
activated by the C-terminal region of CD340, which activated NF-
kB signalling. A decoy CD30 lacking the cytoplasmic region inhib-
fted ICAM-1 promoter activity in HL cell lines. Thus, in H/RS
cells, Hgand-independent activation of CD30 signalling activates
NF-kB and this leads to constitutive ICAM-1 expression, suggest-
ing a link between 2 well known phenotypic characteristics of HL,
CD39 and ICAM-1 overexpression.

T 2005 Wiley-Liss, Inc.
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Hodgkin’s lymphoma (HL) is characterized by the presence of
a few malignant Hodgkin/Reed-Sternberg (H/RS) cells surrounded
by dense non-neoplastic infiltrating cells. The non-neoplastic infil-
trate is made up of many cell types, mclucim0 Ivmphocytes,
plasma cells, granulocytes and macrophages.’ H/RS ceélls and their
neighbors interact via a complex network of cellular activation,
adhesion molecules and cytokines.” Tt has become evident that
inflammatory cells provide factors that support tumor develop-
ment and thus facilitate the stepwise evolution of a malignant
clone.” Adhesion molecules play a crucial role in the immune sys-
tem by p;omotmc cell~cell and cell-stroma interactions and lew-
koeyte afficking.? ICA\I 17 is a cell adhesion molecule ;demx-
fied as a 1 ligand of LFA-1.° and is uverexpimged by H/RS cells
Serum levels of soluble ICAM-1 are »Eewted jn HL.S and corre-
late with stage. disease activity and survival.”
it is of particular interest that several members of the TNF
receptor superfamily are highly expressed by H/RS cells. whereas
i ¥ »punézxw cognates are mainly expressed on activated T
frequently associated with H/RS cells, e, g.. CD27/CD2TL,
G/CD30L, CD40/CD40L and CDOS/CDIAL, inc ficating o orit-
%c&é z:sie for these molecules in maintaining the local tumor
2 For example. CD30 is detected Lonsmemf}' on H/RS
7 D30 was reposied initially as “'a molecule specific for
elh iimt was recognized by monoclonal antibody Ki-1 on
ce of H/RS cells. Ki-1 was Ocnemied by immuniza-
with the HL cell line L428."7 Increased serum levels
30 correlate with disease activity and thus bear prog-
ance in HL." A later study, however, showed that
expressed not only on H/RS cells but on a subset
2 non-Hodgkin's ‘mphmuas activated lymphocyfes
nfected hmpma\tes In contrast, expression of s

D3

M»
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tigand CD30L is broader, being expressed on lymphocyies, neu-
trophils and eosinophils as well as activated monocytes/macro-
phages.

The functional role of CD30 under physiological conditions is
not fully understood. At a clonal level, CD30 signals are pleio-
tropic. In lymphoma cell lines, binding of CD30L to CD30 can
induce apoptosis'™!'® or enimnce cell proliferation.'®*® CD30
mediates NF-«B activation®' and induces c}tohme production in
the presence or absence of T cell receptor signals.” Ligation of
TNF superfamily members with their receptors, such as CD30,
CD40 and THNF receptor, induces recruitment of TRAF proteins to
the cytoplasmic tail of the receptor, and transduces signals to acti-
vate IKK that phosphorylates I!\ch the result being translocation
of active NF-xB into the nucleus.” Ligand-ligated "CD30 recrujts
downstream signal-transducing molecule TRAF proteins, TRAF2
and TRAF5.2%Y O\exe,\plemon of CD30 has been recently
veported to transduce signals independent of CD30L.%

In our study, we investigated the link between 2 major charac-
teristics of H/RS cells, that is, €D30 overexpression and constitu-
tive ICAM-1 expression. We show that constitutive CD30 signal-
ling partly mediates constitutive [CAM-1 expression in HL.

Material and methods
Cell culture

HL cell lines, L428, KM-H2, HDLM-2 and L540, were cultured
in RPMI 1640 medium supplemented with 10% FBS (JRH Bio-
sciences, Lenexa, KS) and antibiotics. Human embryonic kidney
293T cells were maintained in DMEM supplemented with 10%
FBS and antibiotics. Peripheral blood mononuclear cells from
healthy volunteers were isolated by Ficoll-Paque gradient centrifu-
gation (Amersham Biosciences, Uppsala, Sweden). Mononuclear
cells were stijmulated with PHA (10 pg/ml) for 72 hr.

Plasmids and transfections

The expression plasmids human CD>0 and its mutant
(CDJ()A%) were as described elsewhere.” IxBaAN? and
IeBBAN tkindly provided by Dr. D.W. Ballard, Vanderbilt Uni-

Abbrevigtions: EMSA electrophoretic mobility shift assay: FITC. fluo-
rescein isothiony -anate; HL. Hodgkin's lymphoma: H/RS, Hedgkin/Reed-
Sternberg; ICAM-1. intercellular adhesion molecule-1; KK, 1&B kinuse:
IL-2R. interleukin-2 receptor; LEA-T. leucoeyte function-associated anti-
gen-1; NIK B-inducing kinase: PBL, p nphewl blood lymphocytes:
PE, pi‘ytf\ff.f’fﬁ&;ﬂ: PHA, ;h\iohumeﬁ!ntmm RT-PCR, reverse transcrip-
tion-PCR: TK. thymidine kinase: TNF. twmor necrosis factors TRAF,
HINIOT NECt factor receptor-associated factor,
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versity School of Medicine, Nashville, TN) are deletion mutants
of IxkBa and IxkBf lacking the N-terminal 36 amino acids and
23 amino acids, respectively. The kinase-deficient K44M IKKa,
K44A TKKB and KK429/430AA NIK mutants (kindly provided
by Dr. R. Geleziunas, Merck and Company Inc., West Point, PA)
have been described prewously Plasmids for truncated TRAR2
and TRAFS proteins_retaining on]y the TRAF domain were as
described previously. ¥ The various ICAM-1 promoter constructs
(kindly provided by Dr. C. Stratowa, Boehringer Ingelheim Aus-
tria, Vienna, Austria and Dr. T.P. Parks, Boehnnver Ingelheim
Pharmaceuticals Inc., Ridgefield, CT) described plevxouslv’ -3
were used to map CD30- 1eromxva_ regions. Approximately 5 X
10° 1.428. KM-H2 and HDLM-2 cdis were electroporated at
960 uF and 250 V. 293T cells, at 3 X 10° cells per plate were
transfected by the calcium phosphate DNA  coprecipitation
method. All transfections included appropriate reporter and
effector plasmids. To normalize transfection efficiencies, a TK
promoter-driven Renilla laciferase plasmid (phRL-TK; Promega,
Madison, WI) was cotransfected as an internal control plasmid.
After 24 hr, transfected cells were collected by centrifugation,
washed with PBS and lysed in reporter lysis buffer (Promega).
Lysates were assayed for reporter gene activity with the dual
luciferase reporter assay system (Promega). Luciferase activities
were normalized based on the Renilla luciferase activity from
phRL-TK.

RT-PCR

Total cellular RNA was extracted with Trizol (Invitrogen Corp.,
Carlsbad, CA) according to the protocol provided by the manufac-
turer. First-sirand ¢cDNA was synthesized from 1 pg total cellular
RNA using an RNA PCR kit (Takara Shuzo, Kyoto, Japan) with
random primers. Thereafter, cDNA was amplified for 35 cycles
for CD30, CD30L and ICAM-1 and 28 cycles for B-actin. The
oligonucleotide primers used were as follows: for CD30, sense, 5'-
CTGTGTCCCCTACCCAATCT-3 and antisense, 5-CTTCTT-
TCCCTTCCTCTTCCA-3™ for CD30L, sense, 5-CCCTCC-
TGGAGACACAGC-3 and antisense, 5-CCTGAAGGCCAA-
GAGAAACTG-37* for ICAM-1, sense, 5-TGACCATCTACA-
GCTTTCCGGC-3 and antisense, 5'-AGCCTGGCACATTGGAGT
CTG-3" and for B-actin, sense, 5-GTGGGGCGCCCCAGG-
CACCA 3 and antisense, 5-CTCCTTAATGTCACGCACGAT
TTC-3'. Product sizes were 860 bp for CD30, 690 bp for CD30L,
350 bp for ICAM-1 and 548 bp for B-actin. Cycling conditions
were as follows: denaturing at 94°C for 45 sec (for CD30 and
CD30L), for 60 sec (for ICAM-1) or for 30 sec (for B-actim),
annealing at 62°C for 45 sec (for CD30 and CD30L), 65°C for
120 sec (for ICAM-1), or 60°C for 30 sec (for B-actin) and exten-
sion at 72°C for 60 sec (for CD30, CD30L and [CAM-1) or for
86 sec (for Bractin). The PCR products were fractionated on 2%
agarose gels and visnalized by ethidium bromide staining.

Flow oviometry

were washed with cell WASH {Becton Dickinson Immuno-
etry Systems. San Jose, CA) and incubated for 30 min with
wfca% mouse monoclonal antibody against CD30 {(clone
y and FITC-labeled mouse monoclonal antibody against
AM 1 (CD34)y (clone 84HI) and LFA-1 o cham (CDlla)
(clone 23.3) or control mouse [gG 1. These monoclonal antibodies
and control mouse TgG1l were purchased from Coulter Immuno-
tech Co. {Marseille, France), Cells were analyzed on a FACS Cali-
ie {Becton Dickinson) after gating on forw ard and side scatier ¢
exclude debris and clumps, using Cel {Quest software,

Nuclear extracts preparation and EMSA

F-xB elements was examined by
In brief, 3 ug f‘! nuclear extracts
e preincubated in a binding buffer ¢ i
nosinic-deoxy fic dtid {Pharmacia. Piscataway
ed by addition of [ec-""Pl-labeled oligonucleotide gaxei’ex

NF-xB binding activity 10
EMSA. as described previou
FER

w

g,
&

1099

containing NF-xB elements (approximately 50,000 cpm). These
mixtures were incubated for 15 min at room temperature. The
DNA protein complexes were separated on a 4% polyacrylamide
gel and visualized by autoradiography. To examine the specificity
of the NF-xB elementi probes, we preincubated unlabeled competi-
tor oligonucleotides with nuclear extracts for 15 min before incu-
bation with probes. The probes or competitors used were prepared
by annealing the sense and antisense synthetic ohcronuc}eondes as
tollows: NE-xB site of the JCAM-I gene, 5'-tcgaTAGCTT-
GGAAATTCCGGAGC-3'; NF-kB site of the /L- 7R o chain gene,
5 “dtCCGGCAGGGGAATCTCCCTCTC 3'; and AP-1 element
OT the IL-8 gene, 5'-gatcGTGATGACTCAGGTT-3. Underlined
sequences represent the NE-xB or AP-1 binding sites. To identify
NF-xB proteins in the DNA protein complex revealed by EMSA,
we used antibodies specific for various NF-xB family proteins,
including p65, p30, c-Rel and p52 (Santa Cruz Biotechnology,
Santa Cruz, CA), to elicit a supershift DNA protein complex for-
mation. These antibodies were incubated with the nuclear extracts
for 45 min at room temperature before incubation with radio-
fabeled probes.

Results

Expression of CD30, CD30L, ICAM-1 and LFA-1 in normul
hnan lymphocyies and HL cell lines

To determine whether the expression of ICAM-1 or CD30 is
deregulated in HL cell lines, we examined mRNA levels of CD30,
CD30L and ICAM-1 in normal PBL and HL cell lines. As shown
in Figure 1aq, specific amplified CD30 and ICAM-1 products were
detected clearly in all 4 HL cell lines. Conversely, amplified bands
for CD30L were never detected in HL cell lines: Next, we exam-
ined expression of these genes in resting and activated PBL. The
detection of an amplified band specific for CD30 was restricted to
in vitro-activated PBL (PHA-blast). Low levels of ICAM-1
mRMNA were found in resting PBL by RT-PCR, and ICAM-1 ran-
scripts were upregulated after activation by PHA. CD30L wan-
scripts were also detected faintly in resting PBL. They were not
upregulated after activation by PHA.

To confirm the results of the RT-PCR analysis, we studied the
cell surface expression of CD30 and ICAM-! in normal PBL and
HL cell lines by flow cytometry. Consistent with the RT-PCR
analysis, strong ex pressmn of CD30 (L428: 99.7%: KM-H2:
99.9%: HDLM-” 99.2%; L540: 98.5%) and ICAM-1 (LA428:
97.2%; KM-H2: 98.7%; HDLM-2: 99.4%; L540: 30.1%) was
demonstrated in all HL-cell lines (Fig. 1¢). Surface CD30 was
expreSsed by activated (20.8-40.2%), but not resting PBL (0.5~
1.3%) (Fig. 10). CD30 expression was less prominent in PHA-
blast compared to HL cell lines. Low levels of surface-expressed
ICAM-1 protein (6.6-11.8%) were found in resting PBL by flow
cytomeiry. Activation by PHA resulted in the induction of surface
ICAM-1 on about 30% of activated PBL (Fig. 15). Thus, HL cell
tines displaved coordinately expressed CD30 and TCAM-1 at
mRENA and protein levels.

The surface Px;}wsamﬂ of LFA-1. the major counter-figand of
FCAM-1 in lymphoid cells,”” was also studied in pe ﬁa!iei using a
monoclonal antibody against a heavy chain unique to LFA-1
(CD1 ta). Constimtive expression of LFA-1 was defected in rest-

well as in activated PBL (Fig. 15). In the case of HL celi
. however, the expression of LFA-T was strongly depressed

CD30 tduces ICAM-1 expression

RT-PCR and flow cviometry data suggested a close relationship
between CD30 and ICAM-T expression. med ligated CD30
induces the expression of surface ICAM-17° “and %Ki‘ié‘{;ii‘abed
CQ 30 recenily seems to transduce signals independent of CD30L
To determine the molecular mechanisms of
pression in H/RS cells. we investigated whether CD30
increased the expression of /CAM-I gene. For this purpose.
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Ficure 1 - Expression of CD30,
CD30L, ICAM-1 and LFA-1 in normal
PBL and HL cell lines. (¢) Expression
of CB30, CD30L and ICAM-1 in cells
as assessed by RT-PCR. RNA was pre-
pared from the indicated cells. B-actin
expression served as the control. Flow
cviometric analysis was carried out on
surface expression of CD30, ICAM-I
and LFA-1 o chain in normal PBL (&)
and HL ceil Hines {(¢). Cells were stained
with PE- or FITC-labeled monoclonal
antibodies.
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FigURE 2 — CD30 induces transcription and surface expression of ICAM-1. (¢} Total RNA was isolated from 293T cells transfected with an
empty pME18S or CD30 expression vecior (10 pg). The expression of CD30 and ICAM-1 in the RNA extiacted at 24-72 br after transfection.
was analyzed by RT-PCR analysis. B-actin served as an internal controf in the RT-PCR procedure. (h) Flow cytometric analysis of ICAM-1
induction by CD30 in 293 T cells, At 72 hr after transfection of 2937 cells with pME18S control plasmid (left panel) or CD30 construct (right
panel) (10 1g), the viable cells were stained for expression of CD30 with PE-labeled antibody (rop panel) and for expression of ICAM-1 with

FITC-labeled antibody (bottom panel).

ICAM-1 and CD30 mRNA levels were determined by RT-PCR in
293T cells, which transiently express CD30. As shown in Figure 2a,
in the CD30-expressing cell line, ICAM-1 transcript levels were
significantly induced compared to the corresponding vector con-
trol, These results indicate that CD30 itself is capable of increas-
ing the expression of the JCAM-1 gene in 293T cells. Furthermore,
we measured the surface expression of ICAM-1 on 2937 cells
transfected with CD30 by flow cytometry. The 4 panels shown in
Figure 2b represent the histogram profiles of the CD30 staining
(top panel) and YCAM-1 staining (botrom panel) observed in the
transfected 293T cells. Approximately 70% of the cells transfected
with CD30 expression plasmid were stained with anti-CD30 anti-
body. Surface ICAM-1 was negative in vector-transfected 293T
cells (0.49%). As shown in Figure 2, the fraction of cells express-
ing ICAM-1 appeared increased (14%). Thus, consistent with the
ability of CD30 to induce transcription of the /CAM-/ gene, the
surface expression of ICAM-1 was induced by CD30.

CD30 rransactivation of the ICAM-1 promoter

To confirm that CD30-induced ICAM-1 upregulation occurred
by activating gene transcription. the ICAM-1 5'-flanking region
was analyzed with promoter/reporier gene constructs. 2937 cells
were transiently transfected with a reporter gene consiruct con-
raining the — 1353 nuclectides of the ICAM-1 upsiream regulatory
sequences (pBHluc!.3). Coexpression of CD30 caused 6-fold ele-
vation in the activity of this ICAM-1-driven reporter constiuct in
293T cells. whereas the negative-control vector, pBHlucOL1
showed only low background activity (Fig. 3¢). suggesting that
D30 activates JCAM-/ gene ot the franscriptional level.

To locate the cis-regulatory elemeni(s) presemt within the 5'-
fanking sequence of the ICAM-1 promoter that confers CD30
responsiveness. we transfected a series of pBHlucl.3 mutanis
within 53" deletions of various lengths (the largest mutant begin-
ning at bp —941 and the smallest beginning at bp —136) into
3T cells (Fig. 3« High levels of induction were observed with
the reporter construcis confaining ICAM-1 ¥-flanking sequence
stariing with position — 1333 (pBHlicl.2) to position — 353 {con-
struct D). Further deletion to —136 (construct E) resulted in 2
complete loss of CD30-induced promoter activity, It was apparent

that the ICAM-1 5-flanking sequence between —353 and —136
was required for the promoter to respond to CD30.

Sequence analysis of the CD30-responsive region between
~353 and —136 showed potential binding sites for 5 transcription
factors: AP-1 (=284 to ~278), Spl (=206 to -201), C/EBP (-199 10
-196), Ets (153 to ~150) and NF-xB (187 to -178). Hou et al®
and Ledebur and Parks™ demonstrated that TNF-c-induced
activation of the [CAM-1 promoter required the NF-xB site. To
determine the functional importance of the NF-xB site, transfec-
tions with mutant ICAM-1 promoter/luciferase reporter gene con-
structs with specific mutations in either the NF-xB (designated
pGL1.3kB-) or the Ets (designated pGL1.3Ets-) binding site™
were carried out (Fig. 3b). Mutation of the NF-xB site in the
ICAM-1 promoter reduced significantly CD30-mediated luciferase
activity in 293 T cells, whereas the Ets site mutation had no effect.
These experiments indicated that the response to CD30 stimula-
tion required an intact binding site for NF-kB.

Dominant interfering components of the NF-xB patlnvay inhibit
CD30-mediated rransactivation of ICAM-1 gene expression

CD30 signals that induce NF-xB activation have been inten-
sively investigated, > Activation of NF-xB requires phosphory-
lation of 2 conserved serine residues of IkBa (Ser-32 and Ser-36)

Y e N j P . P . . I

and T8BB (8er-19 and Ser-23) within their N-terminal domains.”
Phosphorviation leads to ubiquitination and the 265 proteasome-
mediated degradation of IkB, thereby releasing NF-xB from the
complex to translocate to the nucleus and activate genes T

The
high-motecular weight complex, IKE complex. which is com-
posed of 2 catalviic subunits, IKKe and TKKB. and a regulatory
subunit, TKKv. phosphorylates [kB.*' Recent studies indicated
that members of the mitogen-activated protein kinase kinase kin-
ase protein kinase family mediate physiologic activation of TKK.™
These kinases include NIK™® and mitogen-activated protein kin-
asefextracellular signal-regulated kinase kinase 1.7 As discussed
above, NF-xB activation by ligand-ligated CD30 is likely to be
mediated by recruitment of downstream signal-transducing mole-
cule TRAF proteins, TRAF2 and TRAFS.7 and activates the
NIE-IKK-NF-xB pathway (Fig. 4, left panely™ We therefore
examined whether CD30-mediated transactivation of ICAM-J
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for CD30 mms ed !C AM-1 promoter activity, A sevies of consiructs of ' -deletion mutants and a fusion construct linked to the luciferase gene
{ ~cnpimm¥ activity after transfection into 293? 1is. The endpoints of {ragments are indicaied relative to the wan-
Luciferase reporter consiru ywere cotransfecied with pMEIRS (-CD30) or pME-hCD30 (+CD30) (2 pgs into 293T
004 pgy was also cotransh internal control plasmid, Open and solid bars represent luciferase activity of pMEISS
E h "D30-iransfected cells, respectively. The wtmms are expressed relative to that of cells wansfected with pBHlucOL 1 and pMEISS,
:m,ch was defined as one. Data are mean = SD values of 3 independent experiments. (4) Mutation of the NF-xB site suppresses CD30-induced
ICAM-1 promoter activity. All constructs were wansfected into 2937 cells with pMEIRS and pME-hCD30. The activities are expressed relative
to that of cells transfected with pGL1.3 and pME18S, which was defined as one.

zepe expression involy ves signal immducism components in NE- ed by mutations in the kinase activation domain, are capable
¥B activation. TkBaAN™ and IkBRAN™ lacking the N-erminal  of %} cking phosphoryvlation of IKK and kB respzvcti*s'eh N

region can be ngither phosphorylated nor ubiquitinated. Because  terminal mwv ared TRAF2 and TRAFS mnmm that fack ring fin-
both mutants can still inferact with NF-«B, they are very potent  ger and zine finger domains inhibit NF-xB activa fmn because the
inhibitors of its activity by keeping it pemmncn‘ih in the cyio-  zing finger domain is required for NF-xB activation.”™ These dom-
plasm. Dominant negative forms of the NIK and IKK, which are  inant interfering mutanis of IxBe. IkBB. TRAF2 and TRAFS and
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mediated NF-kB activation.

kinase-deficient mutants of IKKe«. IKK{ and NIK were tested for
their ability to inhibit CD30-mediated activation of an ICAM-1-
driven reporter gene. Expression of these various inhibitory
mutants inhibited induction of the ICAM-1 promoter activation by
CD30 (Fig. 4). These data demonstrate that signalling compo-
nents, TRAF2, TRAFS5, NIK and IKK, involved in the activation
of NF-xB, are necessary for CD30 transactivation of the ICAM-1
promoter.

C-terminal vegion of CD30 activates ICAM-1 promoier

A region of approximately 100 amine acids from the C-terminal
region of CD30 is involved in NF-«xB activation.”™ " Mutation
analyses of this region have shown that TRAF2 recognizes D2 and
D3 subdomains of CD30. TRAFS recognizes and binds to the
D3 subdomain of CD30. The D1 subdomain is sufficient for NF-
B activation without interaction with TRAFZ or TRAFS
(Fig. 53a277% We investigated which C-terminal region of
) plays a role in induction of ICAM-1. As shown in Figure 3,
ICAM-1-driven reporter gene activity was not increased by
CD30AY3, which lacks the C-terminal region of CD30. Activation
of this reporter was observed with CD30 wild-type. The C-termi-
nal region of CD30 seems to be required for activation of the
ICAM-1 promoter. CD30A93 has been reported to inhibit recruit-
ment of TRAF proteins and abrogate downsiream activation of
NF-wB in HL cell lines.”™ We determined if ICAM-1 activation by
CD30 overexpression would be inhibited by expression of 2 CD30
mutant lacking the TRAF binding domain by reporter gene analy-
sis using the ICAM-1-driven luciferase construct, As expected, the

CD30 mutant inhibited constitutive ICAM-1 activation in an HL
cell line, L428 (Fig. 5¢, left panel). Similar results were obtained
in transfected KM-H2 and HDLM-2 (Fig. 5c¢, right panel). These
results indicate that expression of the CD30 mutant without the
C-terminal tail can inhibit recruitment of TRAF proteins,
abrogate activation of NF-kB, and inhibit downstream activation
of ICAM-1.

D30 induces binding of NF-kB family proteins to the
NF-wB elemeni of the ICAM-1 promoter

Because the mutational analyses of the ICAM-1 promoter indi-
cated that CD30 activated transcription through the NF-xB bind-
ing site, it was mnportant to identify the nuclear factors that bind
to this site, We investigated the induction and binding of nuclear
factors to NF-xB binding sequences in the ICAM-1 promoter
region by transfection with CD30. As shown in Figure 6, a com-
plex formed with the ICAM-1 NF-xB oligonucleotide probe was
induced in 2037 cells transfected with CD30. This binding activity
was reduced by the addition of cold probe and the 1L-2R ¥ chain
gene NF-xB binding site but not by an oligonuclectide containing
the AP-1 binding site (Fig. 6. lanes 2—4). We characterized the
CD¥30-induced complex identified by the ICAM-1 NF-«B probe.
This complex was supershifted or reduced by the addition of anti-
p30 or anti-ps3 antibody (Fig. 6b. lanes 3-8), suggesiing that
CD30-induced ICAM-1 NF-xB binding activity is composed of
PS50 and p63. Therefore, CD30 induces JCAM-/ gene expression.
at least in part, through the induced binding of p30 and p65 to NF-
kB site in the [CAM-1 promoter region.
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; 0.2 pg) to identify the C-terminal region

essential for its function. phRL-TK (0.004 pg) was also cotransfected as an internal control plasmid. A negative control vector pME188, a wild-
type pME-hCD30 and CD30A95 are shown as vector, CD30 and A95 on the abscissa, respectively. The results are expressed as fold induction
relative to the basal level measured in cells ransfected with pMEI8S. Data represent mean = SD of 3 separate experiments. (¢) Suppression of
constitutive ICAM-1 activity by transduction of CD30 mutant in HL cell lines. pBHluc1.3 or pBHlucOL1 was transiently transfected along with
an empty vector or mutant CD30 construct. The activities are expressed relative to that of cells transfected with pBHluc1.3 and an empty vector,
which was defined as 100. Values represent mean = SD of 3 separate experiments.

Binding of NF-uB fuinily proteins io the CD30-responsive
element within the ICAM-1 upstream regulatory sequences
in HL cell lines

Because we have shown that HL cell lines constitutively
express ICAM-1 mRNA and surface ICAM-1 protein. we sought
to determine whether HL cell lines exhibited increased NF-xB
DMA binding activity. Using the NF-xB-like zesifm derived from
the ICAM-1 promoter as probes in EMSA, we observed clear
shifted bands when these probes were in Lubau:u with nuclear
extracts from all HL cell lines (Fig. 6c. Janes 1 4.7.10). These
shified complexes were specific to the NF-xB sequence because
complex formations were reduced by the addition of excess cold
probe but not by an oligonucleotide containing the AP-1 binding
site (Fig. 6¢, funes 2.3.56.8.9.11.12). To determine the subunit
composition of NF-xB complex, we used a specific antibody to
induce a sapershift, In KM-HZ cells, anti-p30 and aniti-p65 anti-
bodies causad supershifting or reduction in the NF-xB complex
{Fig. 6c, lunes 13.14), These results indicate that the augmented
NF_xB binding activity may play a key role in the ohserved acti-
ion of /CAM-1 gene in HL ceil lines. OF note. L340 cells, in
which surface ICAM-1 is ex pressed more weakly than in other HL

cell lnes, exhibited NF-xB binding activity more weakly than
other HL cell lines did. suggesting that a direct correlation
berween the levels of surface ICAM-1 expression and NF-xB
binding activity among HL cell lines. Thus, HL cell lines express
constitutively the JCAM-/ gene, at least in part, through the
nduced binding of p30 and p65 NF-xB family members to the
NF-xB element of the ICAM-1 promoter, and this effect is at least
inn part dependent on CD30.

Discussion

ICAB-1 is the counter recepior for LFA-1.° The LFA-I/ICAM-
I pair serves as major adherence receptor required for intercetlular
interaction and communication of immune contact cells.**? It has
been reported that CD30 siimulation induces homotypic cell
aggregation of human lymphoma line.™ ¥ has been 1eparted
.r>cpie{h’ that CD30 signals strongly upregulate ICAM- i eEpres-
sion and increase ICAM-1-dependent cell clustering of lympho-
cyies in normal activated murine lymph node cells.”™ Constitu-
tively expressed ICAM-1 is a characteristic feature of H/RS cells
in lymph nede biopsy samples from parients with HL.” Tissue
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oligonucleotide (Janes 2—) were added to the reaction mixture with labeled probe. Supershift assay of NF-«xB DNA binding complex in the
same nuclear extracts was also carried out. Where indicated, appropriate antibodies were added to the reaction mixtare {/anes 5-8). (¢) Binding
of nuclear proteins from HL cell lines to the ICAM-1 NF-kB probe. Nuclear extracts were incubated with labeled probe. Competition assays
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appropriate antibodies were added to the reaction mixture (lanes 13-16).

ICAM-1 overexpression associates with increased serum levels of
soluble ICAM-1 in HL.” We examined the expression of ICAM-1
and LFA-1 in 4 HL cell Jines. In sharp contrast to an undeteciable
level of LFA-1, strong induction of ICAM-1 was seen in all HL
cell lines. Interestingly, all cell lines showed striking upregulation
of CD30 expression, but lacked expression of CD30L. It is
unlikely that the LFA-/ICAM-1 pathway mediated the homotypic
cell-cell interaction of HL-cell lines and induced ICAM-1 expres-
ston through binding of CD30L 1o CD30.

In our present study, we demonstrated that constitutive ICAM-1
expression in HL cell lines is driven by Hgand-independent NF-
#B signalling from overexprassed CD30, This conclusion is based
on the cbservations that: (/) ICAM-1 is overexpressed in 2937
cells transfected with a CD30 expression plasmid: (/7)) inhibition
of the TRAF/NF-xB pathway effectively suppresses the CD30-
mediated transactivation of ICAM -] gene expression: (iff) the NF-
B binding site in the promoter region of ICAM-1 is eritically
involved in activation of the ICAM-1 promoter by CD30; and (iv)
ion of a CD30 mutant lacking the C-terminal region,
which is required for recruitment of TRAPFZ and TRAFS, abro-
gated the ICAM-1 promoter activity, Because CD30L s not
expressed in 2937 cells (dara not shown) and HL cel] lines, auto-
crine or paracrine activation of CD30 is highly unlikely. Consis-

tent with our results, Hinz er al.* demonstrated that ICAM-1
expression in HL cell lines was regulated by NF-xB using large-
scale gene expression profiling. These observations indicate that
tigand-independent assembly of overexpressed CD30 in HL cel
fines recruits TRAFZ and TRAFS and consistently triggers down-
stream signalling. These events result in apparently constitutive,
but CD30-dependent activation of ICAM-1 through the NF-xB
pathway in HL cell lines.

In addition, deletion constructs A to D suggest that the region
between —941 and —353 may also be important for the inductive
effect of CD30. Sequence analysis showed the existence of poten-
tial binding sites for 2 transcription factors, NF-xB (—300 to
~489) and AP-3 (=374 1o —353), Further studies will be
required, including in vitro mutagenesis of proposed regulatory
elements, to analyze more precisely the location of diverse con-
rolling elements and their role in JCAM-J gene reguiation.

Constitutively activated NF-xB is the hallmark of HL cell lines
and primary cells.”® Interestingly. mutation of IxBe. producing
non-functional or unstable IxBe proteins, has been implicated in
aberrant constitutive NF-xB activation in HL cell lines”
Recent data implicate persistently activated IKK complex as the
major cause of constitutive NF-xB activity.” Our finding that
ICAM-1 activation is blocked by CD30 mutant lacking the C-ter-
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minal region in L428 and KM-H2 cells with defective IxBe, indi-
cates that irrespective of the presence or absence of mutations in
IxBo, overexpressed CD30 drives ICAM-1 activation through the
NF-xB pathway in HL cell lines. These findings demonstrate a
previously unrecognized link between 2 well known phenotypic
characteristics of HL cell lines, CD30 overexpression and constit-
utive expression of [CAM-1.

Expression of functional CD30L has been observed on lympho-

cytes and cranulocvtec that surrounded H/RS cells in HL-affected

lymph nodes.!

It is also possible that other normal tumor-infil-

trating cells, such as mast cells, can produce CD30L and thereby

‘;tlmulate the growth of H/RS cells via CD30/CD30L interaction.®  mutants.
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In summary, our data demonstrate that in addition to ligand-
dependent activation of CD30 signalling, ligand-independent sig-
nalling by overexpressed CD30 drives NF-xB activation and this
leads to constitutive ICAM-1 expression in HL.
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We have previously shown that interferon regulatory
factor-2 (IRF-2) is acetylated in a cell growth-dependent
manner, which enables it to contribute to the transeription
of cell growth-regulated promeoters. To clarify the function
of acetylation of IRF-2, we investigated the proteins that
associate with acetylated IRF-2. In 293T eells, the
transfection of p300/CBP-associated factor (PCAF)
enhanced the acetylation of IRF-2. In cells transfected
with both IRF-2 and PCAF, IRF-Z associated with
endogenous nucleolin, while in contrast, minimal associa~
tion was observed when IRF-2 was transfected with a
PCAF histone acetyl transferase (HAT) deletion mutant.
In a pull-down experiment using stable transfectants,
acetylation-defective mutant IRF-2 (IRF-ZK75R) re-
cruited nucleolin to a much lesser extent than wild-type
IRF-2, suggesting that nucleolin preferentially associates
with acetylated IRF-2. Nucleolin in the presence of PCAF
enhanced I[RF-2-dependent H{ promoter activity in
NIH3T3 cells. Nucleolin knock-down using siRMNA
reduced the IRF-2/PCAF-mediated promoter activity.
Chromatin immunoprecipitation analysis indicated that
PCAF transfection increased nucleolin binding to IRF-2
hound to the H4 promoter. We conclude that nucleolin is
recruited to acetylated IRF-2, thereby contributing to
gene regulation crucial for the control of cell growth.
Oncogene (2006) 25, 5113-5124. doi:10.1038/sj.onc.1209522;
published online 3 April 2006

Keywords: 1RF-2; nucleolin; acetylation

Introduction

Interferon regulatory factors (IRFs) have been studied
in the context of host defense and oncogenesis
{Taniguchi er al., 2061) and transcriptional regulation
(Schaffer er al.. 1997). Interferon regulatory factor-2
(IRF-2) has generally been described as a transcriptional
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repressor, and is thought to function by competing with
the transcriptional activator IRF-1. However. IRF-2
can act as a positive regulator for interferon stimulated
response element (ISRE)-like sequences such as the
promoters H4 (Vaughan e al., 1998; Xie et al., 2001),
vascular adhesion molecule-1 and gp91lphox (Luo and
Skalnik, 1996) as well as Fas ligand (Chow et «al., 2000).
Biologically, IRF-2 plays an important role in cell
growth regulation, and has been shown to be a potential
oncogene (Yamamoto et al., 1994). A recent report
indicated that IRF-2 drives megakaryocytic differentia-
tion through regulation of the thrombopoietin receptor
promoter (Stellacci ef al., 2004). It has been reported
that many transcription factors, such as MyoD, f-
catenin, p53, Tat and CTIIA regulate specific promoters
associated with the coactivators p300 and p300/CBP-
associated factor (PCAF), and that this regulation leads
to specific biological functions (Lakin and Jackson,
1999; Deng et al, 2000, Spilianakis er al., 2000;
Polwsskaya er al, 2001; Wolf ef al., 2002). Certain
IRF proteins interact with other transcription factors
such as TFIIB, and the coactivators p300 and PCAF
(Wang et al., 1996; Yoneyama et al., 1998; Masumi
ef al., 1999) and these interactions lead to transcrip-
tional activation or repression depending on the cell
types involved. To clarify the regulatory functions of
transcription factors, many investigators have studied
the coactivators, such as p300 and PCAF.

There are many reports of the histone acetyltrans-
ferases such as PCAF, p300/CBP and GCNNS acting as
co-activators (Benkirane er al., 1998; Vassilev er al.,
1998: Hamamori er al., 1999; Jiang et al., 1999; Masumi
et al.. 1999; Schiliz et al., 1999; Harrod er al., 2000; Lau
el al., 2000a.b: Li er al.. 2000; Trievel er al., 2000;
Yamauchi er al., 2000; Vo and Goodman, 2001; Lang
and Hearing, 2003: Patel er «l., 2004). A number of
transcriptional factors associate with p300/CBP, origin-
ally known as the global co-activator, and with PCAF
and GCNS. Recruitment of these histone acetylases is
thought to alter chromatin structures, and is required as
an integral part of transcriptional activation. As a result
of interaction with histone acetylases, certain transcrip-
tion factors become acetylated themselves, which often
results in enhanced transcriptional activity (Sterner and
Berger., 2000). We have previously reported that the
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transfection of PCAF-enhanced IRF-2-dependent H4
promoter activity in NIH3T3 cells, (Masumi et al,
1999) and that IRF-2 was acetylated by p300 and PCAF
in vivo and in virro (Masumi and Ozato, 2001), providing
the first example of acetylation in the IRF family. Since
then, additional IRF members IRF-3 and IRF-7, have
been shown to be acetylated by p300 and PCAF,
respectively, in vivo and in vitro (Caillaud e al., 2002;
Suhara et al., 2002). Acetylation of IRF-2 leads to
inhibition of histone acetylation by p300 i vitro,
suggesting a possible mechanism for transcriptional
repression by IRF-2 in U937 cells (Masumi and Ozato,
2001). In contrast, we demonstrated that acetylation of
IRF-2 regulates cell growth by activation of the H4
promoter (Masumi er al., 2003). In NIH3T3 cells, IRF-2
associates with endogenous p300 and becomes acetylated,
binds to an ISRE site, and activates H4 promoter activity.
Thus, we demonstrated that IRF-2 acts as repressor and
activator through its acetylation. In this paper, which
aimed to identify the protein that associates with
acetylated IRF-2, we performed pull-down assay by using
tagged a TRF-2 expression system and showed that IRF-
2, acetylated by PCAF, recruits nucleolin and activates
transcription. Nucleolin is reported to be a ubiquitously
expressed multifunctional protein involved in ribosomal
biogenesis and the regulation of nucleolar translocation of
ribosomal proteins (Ginisty er al., 1992; Srivastava and
Pollard, 1999). Our results reveal a new function for
nucleolin as an IRF-2-interacting partner and transcrip-
tional activator.

Results

Exogenous p300/CBP-associated factor acetylates
interferon regulatory factor-2 in 293T cells

We have demonstrated previously that IRF-2 acts as a
transcriptional activator upon acetylation (Masumi
et al., 2003). To investigate IRF-2 acetylation by histone
acetylases in vivo, flag-PCAF and flag-p300 were
transfected into 293T cells with flag-IRF-2. Cells were
labeled with “C-acetate 1h before harvesting and a
M2-agarose pull-down assay was performed (Figure 1).
Western blot analysis of the immunoprecipitates using
anti-flag M2 agarose indicated that these plasmid were
expressed in 293T cells (Figure Ic). Western blot
analysis of the immunoprecipitates using anti-flag M2
agarose showed that acetylation of flag-IRF-2 was
enhanced by co-transfection with PCAF. and to a
slightly lesser extent, by p300 (Figure 1a). The results
from the incorporation of "“C-acetate into p300, PCAF
and IRF-2 in M 2-agarose precipitates was in accordance
with those seen with Western blotting (Figure Ib).
The patierns of Western blotting with anti-acetyllysine
antibody and the incorporation of “C-acelate in whole
cell lysate transfected with any plasmid were almost
similar between each lane (Figure la right and b
right). To confirm that PCAFhistone acetyl transferase
(HAT) acetylates IRF-2 in 2937 cells, flag-PCAF
and Hag-PCAFAHAT were transfected into 293T
cells with flag-IRF-2. The pattern of Western blotting
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Figure 1 Interferon regulatory factor-2 (IRF-2) is acetylated by
p300/CBP-associated factor (PCAF) and p300 in 293T cells.
(a) 293T cells were transfected with flag-IRF-2 (1 pg) (lanes 1-3),
together with flag-PCAF (1 ug) (lane 2) and flag-p300 (1 pg) (lane 3)
plasmids. Of "C-acetate, 20 pCi were added 1 h before preparation
of the cell lysate. Cell lysates from 2937 cells were incubated with
M2-agarose, and then the flag-peptide elution fraction was
electrophoresed on SDS-~10% PAGE and immunoblotted using
an anti-acetyl lysine antibody (left). Whole lysate was electropho-
resed on SDS-10% PAGE and immunoblotted with anti-acetyl
lysine antibody (right) (b) Immunoblotted membranes from
M2-agarose precipitates (left) and whole lysate (right) were reused
for Image analysis using a Fuji BAS 2500 to visualize the
HC-incorporated protein. (¢) Anti-flag M2 agarose precipitates
from 293T transfected cells transfected with above plasmids were
electrophoresed on SDS-10% PAGE and immunoblotted with an
anti-flag antibody. .

for whole cell lysates did not significantly affect
the results (Figure 2b). Western blot analysis of the
immunoprecipitates using anti-flag M2 agarose indi-
cated that these protein were expressed in 293T cells
(Figure 2a bottom). An M2-agarose pull-down assay
showed that compared to the control vector. the
acetylation level of IRF-2 was increased by transfection
of full-length PCAF, but not by PCAF lacking HAT
activity (Figure 2a top). We detected PCAF autoacety-
lation as described earlier (Santos-Rosa er «l.. 2003).
These results indicate that IRF-2 acetylation is enhanced
by PCAFHAT in vivo.
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Figure 2 Western blot analysis of 2937 cells transfected with

interferon regulatory factor-2 (IRF-2) and p300/CBP-associated
factor (PCAF). (a) 293T cells were transfected with PCNX control
vector (lane 1), flag-PCAF (lane 2) and flag-PCAFAhistone acetyl
transferase (HAT) (Jane 3) with flag-IRF-2. An M2-agarose-
purified fraction from cell lysate was separated on SDS-10%
PAGE and immunebloited with an anti-acetyllysine (upper panel)
or anti-flag antibody (bottom panel). (h) Whole cell lysates from
transfected 293T cells were electrophoresed and immunoblotted
with an anti-acetyllysine antibody. Full-length PCAF was auto-
acetylated as shown in lane 2.

Interferon regulatory fuctor-2 recruits nucleolin in the
preseice of p300]{CBP-associated factor

Our previous report suggested that it is the involvement
of cellular proteins associated with acetylated IRF-2,
which results in its transcriptional regulation (Masumi
et al., 2003). To identify those proteins that associate
with acetylated IRF-2, we performed an M2-agarose
pull-down assay using 293T cells transfected with
flag-IRF-2 and flag-PCAF. An M2-agarose-purified
fraction was subjected to sodium dodecyl sulfate
(SDS)-10% polyacrylamide gel electrophoresis (PAGE)
and stained with Coomasie brilliant blue (Figure 3a). As
shown in Figure 3a. proteins of approximately 110 and
70kDa were observed in the immunoprecipitate
from cells transfected with both flag-IRF-2 and flag-
PCAF. but not in the immunoprecipitate from cells
transfected with flag-PCAF alone. To identify these
proteins. the bands were cut from the acrylamide gel.
digested by trypsin and analysed by liquid chromato-
graphy—inass spectrometry/mass spectrometry (LC~MS/
MS). Mass specirometric analysis revealed that nucleo-
lin was included in the 110-kDa band and that the
heat shock protein 70 family was included in the 70kDa
band. As the heat shock protein 70 family is also
included in the band in the PCAF-only transfected cells
(Figure 3a. lane [). we focused on nucleolin in this
study. In Figure 3b, we investigated the nucleolin
recruitment to IRF-2 using Western blotting. 2937 cells
were transfected with flag-IRF-2 in the presence or
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Figure 3 Coomasie blue staining pattern of the proteins co-
precipitated with flag-interferon regulatory factor-2 (IRF-2).
(a) 293T cells were transfected with 5 pg flag-p300/CBP-associated
factor (PCAF) (lanel} alone and 5 pg flag-IRF-2 together with 5 ug
flag-PCAF (lane 2). Whole cells were lyzed in a buffer B and
incubated with M2-agarose. and then the flag-peptide-eluted
fraction was separated on SDS~10% PAGE and the gel was
stained with Coomasie brilliant blue. The two bands indicated with
arrows were cut and trypsinized, and then liquid chromatography—
mass spectrometry/mass spectrometry (LC-MS/MS) analysis was
performed. MNucleolin was included in the upper band and the
hsp70 family was included in the lower band. (b) 293T cells were
transfected with control vector (lane 1), flag-PCAF (lane 2). flag-
IRF-2 (lane 3), and flag-IRF-2 and flag-PCAF (lane 4) as described
in (a). Cell lysates from 293T cells were incubated with M2-agarose.
and then the flag-peptide elution fraction was prepared. Whole cells
(right) and M2-agarose precipitates (left) were immunoblotted with
anti-nucleolin antibody.

absence of flag-PCAF, and then cell lysate was
incubated with anti-flag M2-agarose. The flag-peptide-
eluted fraction was immunoblotted with anti-nucleolin
antibody. Nucleolin expression level was not altered in
any plasmid-transfected 293T cells, and nucleolin was
detected most clearly in the flag-peptide-eluted fraction
from cells transfected with both flag-IRF-2 and fag-
PCAF (Figure 3b).

We investigated whether the histone acetylase activity
of PCAF was required to recruit nucleolin to IRF-2.
Flag-IRF-2 was cotransfected with flag-PCAF or flag-
PCAFAHAT into 293T cells and precipitated with M2-
agarose, then analysed for the amount of recruited
nucleolin by Western blotiing. There was no difference
of the amount of nucleolin in the lysate of 293T cells
transfected with any cDINA (Figure 4a). Nucleolin was
clearly identified in the affinity-purified complex from
IRF-2/PCAF-transfected cells, but not in the precipitates
from I1RF-2/PCAFAHAT-, IRF-2 alone-, or PCAF
alone-transfected cells (Figure 4a). consistent with the
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Figure 4 Nucleolin is involved in an interferon regulatory factor-2 (IRF-2)-binding complex. (a) Cell lysates from 293T cells
transfected with PCNX (lanes 1 and 4), flag-p300/CBP-associated factor (PCAF) (lanes 2 and 5) and flag-PCAFAhistone acetyl
transferase (HAT) (lanes 3 and 6). flag-IRF-2 (lanes 1-3) were incubated with M2-agarose and the flag-peptide-eluted fraction was
separated on a SDS-10% PAGE and immunoblotted with anti-nucleolin antibody (upper panel). Whole cell lysates from transfected
293T cells were separated on SDS-10%PAGE and immunoblotted with an anti-nucleolin antibody (bottom panel). (b) 2937 cells were
transfected with PCNX empty vector (lane 1). flag-PCAF (lane 2), flag-p300 (lane 3) and flag-GCN5 (lane 4) in the presence of flag-
IRF-2. Cell lysate was incubated with M2-agarose and the flag-peptide-eluted fraction was separated on a SDS-10% PAGE and
immunoblotted with anti-nucleolin antibody (upper left panel). Whole cell lysates from transfected 293T cells were separated on SDS-—
10%PAGE and immunoblotted with an anti-nucleolin antibody (upper right panel). Anti-flag M2-agarose precipitates from
transfected 293T cells were immunoblotied with anti-flag antibody (bottom panel). (¢) Acetylated IRF-2 preferentially recruits
nucleolin in 2937 cells. Flag-IRF-2 was transfected into 293T cells in the absence or presence of PCAF (without tag) (lanes 1 and 2) or
flag-PCAF was transfected with or without IRF-2 (without tag) (lanes 3 and 4). "C-acetate was added to the 293T culture 1h before
harvesting. Cell lysates from 293T cells were incubated with M2-agarose and the flag-peptide fraction was electrophoresed and
immunoblotted with anti-nucleolin, anti-flag, anti-acetyllysine antibodies. The membrane was reused for analysis with a BAS 2500
image analyzer to visualize "*C-labeled protein. (d) Western blot analysis of PCAF and IRF-2 for whole 293T cells transfected with

flag-IRF-2 (lanes | and 2), flag-PCAF (lanes 3 and 4), IRF-2 (lane 3) and PCAF (lane 2) was performed.

results of Figure 3b. To test whether IRF-2 recruits
nucleolin in the presence of other histone acetylases, the
same amount of p300 and GCNS5 was transfected into
293T cells with IRF-2. As shown in Figure 4b. transfec-
tion of flag-p300 and fAag-GCNS alse induced nucleolin
recruitment o flag-IRF-2, although p300 recruited
nucleolin to a much lesser extent compared to other
histone acetylases. For comparative nucleolin recruit-
ment to IRF-2, greater amounts of p300 may be required
because of its larger molecular size. Nucleolin is not
detected in the flag-peptide-eluted fraction from cell
lysate transfected with only flag-IRF-2 although IRF-2 is
acetylated at basal level in the absence of exogenous
PCAF in 293T cells (Figures 1-4). Detectable basal
acetylation level of IRF-2 does not have enough binding
affinity with nucleolin in 2937 cells.

To further investigate these results. PCAF without a
flag-tag was transfected with flag-IRF-2 into 2937 cells
and then an M2-agarose pull-down assay was per-
formed. Nucleolin was recruited more potently to
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affinity-purified precipitates of both flag-IRF-2 and
PCAF-transfected cells than that of the cells transfected
with flag-IRF-2 alone (Figure 4c). This result is similar
to that was shown in Figure 4a. In addition, we detected
an increase in IRF-2 acetylation in PCAF-transfected
cells. consistent with the results in Figure 2. In contrast,
when flag-PCAF was cotranstected with IRF-2 (without
the flag-tag) into 293T cells, nucleolin was hardly
detected in the anti-flag M2-agarose precipitates
(Figure 4c).

We investigated whether an increased amount of
PCAF transfection led to an increase in the recruitment
of nucleolin to IRF-2. Differing amounts of PCAF
was transfected into 2937 cells with flag-tag IRF-2 and
cell lysate was incubated with anti-flag M2 agarose,
and the flag-peptide-eluted fraction was then immuno-
blotted with anti-acetyllysine, anti-nucleolin anti-
bodies. Acetvlation of IRF-2 and nucleolin recruitment
increased parallel to amount of PCAF in 293T cells
(Figure 5).



