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Nuclear Factor-kB2 Represses Sp1-Mediated
Transcription at the CD99 Promoter

Eun Kyung Lee'?, Ji Hye Chae"?, and Myung-Soo Kang

Downregulation of the CD99 antigen on the surface of
Hodgkin’s lymphoma (HL) cells via EBV LMP1-mediated
NF-kB suppression of Sp1 transcriptional activity is known
to be associated with the appearance of pathogenic Reed-
Sternberg cells. Here, we show that in addition, EBV LMP1
heterologous NF-xB activators such as CD30 and CD40
repress the CD99 promoter, which contains multiple Sp1-
binding sites but no NF-xB binding sites. In addition, NF-
kB-inducing kinase (NIK) repressed the CD99 promoter
while NIK kinase mutants and JNK inhibitory protein failed
to do so. Of the NF-xB subunits, NF-xkB2 (p52) alone or in
combination with other Rel subunits consistently inhibited
the CD99, while NF-kB1 (p50) showed a marginal repres-
sive effect. Furthermore, while transfection of LMP1 re-
pressed the CD99 promoter in wild-type or NF-xB1 defi-
cient MEFs, the same repression was not observed in NF-
kB2 (p52)-deficient MEFs, indicating that NF-xB2 (p52) is
required for LMP1-mediated repression of the CD99 pro-
moter. Consistently, basal activity of the CD99 promoter
was significantly higher in IKKa™ and IKKB” MEFs, but not
in IKKy" MEFs compared to the wild-type control MEFs.
Sp1-binding sites were directly used in the repression,
because a synthetic Sp1 reporter with 10 Sp1-binding sites
from the CD99 promoter was repressed by LMP1 or p52
transfection. These data indicate that LMP1-mediated NF-
kB2 exhibits the major inhibitory role in the transcription at
the CD99 promoter.

INTRODUCTION

Hodgkin’s lymphoma Reed-Sternberg cells (HLRSCs) have
been intensively studied since they were first described (Hodg-
kin, 1832), and it is believed that HLRSCs are derived from B
lymphocytes (Kuppers and Rajewsky, 1998; Marafioti et al.,
1999; Staudt, 2000; Watanabe et al., 2000). In lymphoid cells,
where rearrangement and somatic mutations in the antigen
receptor are the most lineage-specific events, analysis of the
immunoglobulin heavy chain locus in HLRSCs clearly impli-
cated germinal center B cells as the HLRSC origin (Braeunin-
ger et al., 1997; 1999; Kuppers et al., 1998; Ohno et al., 1997).
The neoplastic Reed-Stermnberg cells in Hodgkin’s lymphoma

1,2,%

(HL) are characterized by constitutively activated NF-xB (Bours
et al., 1992), due to over-expression of potent NF-xB-activating
TNF receptor family proteins (CD40, CD30, or EBV LMP1) (Ca-
bannes et al., 1999; Sylla et al., 1998) or mutation in the inhibi-
tor of the NF-xBo. gene (IxBo) (Emmerich et al., 1999; Krappmann
etal.,, 1999). However, the pathogenesis of HL remains unclear.

Complete lack of expression of a cellular surface antigen
called CD99 was observed in lymph nodes from HL patients.
Similarly, enforced downregulation of CD99 resulted in the
generation of HLRSCs cells, a hallmark of HL, along with upre-
gulation of CD30 and CD15, downregulation of MHC Class |
and CD45RB, and deregulation of cytokine secretion. Moreover,
the phenotype was reversible by addition of CD99 (Kim et al.,
1998; 2000; Lee et al., 2001). CD99, a 32-kDa glycoprotein
also known as a Mic2 antigen, is implicated in lymphocyte dif-
ferentiation, including T cell activation and cell-cell adhesion
(Bernard et al., 1995; Hahn et al., 1997), as well as in apoptosis
of T cells and Ewing sarcoma cells when engaged (Bernard et
al., 1997; Pettersen et al., 2001; Sohn et al., 1998). It is ex-
pressed in most lymphocytes, with particularly high levels of
expression in most T cell lineages, including the activated/
memory T and B cells, while it is expressed at very low or
undetectable levels in malignant myeloid cells, B-cell leukemia,
and Epstein Barr virus (EBV)-transformed B lymphoblastoid cell
lines (Gelin et al., 1989; Levy et al., 1979; Park et al., 1999).
The EBV is a transforming herpes virus, causing latent infec-
tions of human primary B lymphocytes, and is associated with
Hodgkin’s lymphoma and other malignancies (Kieff and Rickin-
son, 2001; Rickinson and Kieff, 2001; Shin et al., 2011).

The EBV is present in up to 80% of HL cases, with an aver-
age incidence of 50%,; its episomes are monoclonal, and EBV-
encoded latent membrane protein 1 (LMP1) is exclusively ex-
pressed in HLRSCs, suggesting that LMP1 is closely linked to
pathogenesis and viral infection that occur before the neoplastic
tumor clone expands.

LMP1 is expressed in all EBV-positive HLRSCs. Moreover,
LMP1 has transforming activity in cultured rodent fibroblast cells
and LMP1 transgenic mice, and is essential for B cell transfor-
mation. LMP1 activates NF-xB and Jun kinase, and affects
many cellular events including cell adhesion and apoptosis, and
regulation of cellular genes such as CD23, CD40, Bcl2, and
A20. LMP1 has a TRAF-binding domain, by which it recruits
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TRAFs and activates NF-kB, and is believed to be a ligand-
independent, functional homologue of CD40.

The nuclear factor-kappa B (NF-«xB) family consists of homo-
or heterodimers of NF-kB (p50), NF-xB2 (p52), RelA (p65),
RelB, and c-Rel (Ghosh et al., 1998). The NF-xB complex is
constitutively activated in HLRSCs (Bours et al., 1992). The
mechanisms underlying high NF-xB activity in HLRSCs include
mutation of kB, modification of NF-kBs, constitutive IKKj ex-
pression, and EBV infection (Cabannes et al., 1999; Emmerich
et al., 1999; Jundt et al., 1999; Krappmann et al., 1999; Wood
et al., 1998). NF-kB1 (p50) and NF-kB2 (p52) are closely re-
lated NF-xB family members. Although p50 is highly ubiquitous
and usually quite abundant, p52 is expressed at low levels and
primarily in hematopoietic cells. Both proteins are generated
from precursors by proteolytic processing: p50 is derived from
p105, and p52 from p100. Processing of p105 and p100 is
regulated by TPL-2 and NIK, respectively. Both precursors
behave similarly to the inhibitory protein kB, although they
themselves are not IkBo proteins, owing to the presence of

ankyrin repeats, which are characteristic of kB family members.

During processing, these inhibitory ankyrin repeats are phos-
phorylated and degraded, and the resulting p50 and p52 form
homo- or heterodimers with c-Rel, RelA, or RelB.

Expression of the tumor necrosis factor-receptor family pro-
teins (CD30, CD40 and LMP1) has the potential to activate NF-
kB (Cabannes et al., 1999; Sylla et al., 1998). Given that HLRSCs
are derived from B lymphocytes and that LMP1 is expressed
exclusively in EBV-positive HLRSCs, as well as that CD99
repression by LMP1 is associated with Reed-Sternberg cell
morphology, it is important to determine how LMP1 is involved
in the pathogenesis of HL (Boiocchi et al., 1992; Herbst et al.,
1990; 1992a; 1992b).

Here, we report that (1) in addition to EBV LMP1, heterolo-
gous TNFR and CD30- and CD40-propagated NF-kB signals
repress the Sp1 site-rich CD99 promoter; (2) LMP1 directly
uses Sp1 sites for repression; (3) NF-xB2 (p52) activity plays a
central inhibitory role in the repression of the Sp1 site-rich
CD99 promoter.

MATERIALS AND METHODS

Plasmids and antibodies

The pcDNA-SP1 construct was provided by T. Collins at the
Brigham’s Women’s Hospital. RSVp50, RSVP65, RSVp52, and
RSVp100 were provided by Dr. Garry Nabel at the University of
Michigan Medical Center through the NIH AIDS Research &
Reference Reagent Program. The pCDNA/c-Rel construct was
from Dr. T.D. Gilmore at Boston University and the pcDNARelB
construct was from Dr. T. Wirth at the University of Uim. Dr. E.
Kieff at Brigham and Women’s Hospital provided the expression
vectors pCMV-FLAG-LMP1, pcDNAFLMP1CD30, pcDNAFNIK,
and NIKKM. The pCMV-FLAG-LMP1 construct encodes Flag-
tagged latent membrane protein 1 from the Epstein Barr virus.
LMP1 aa 1-231 harbors the Transformation Effector Site (TES1
domain (aa 187-231) but not the TES2 domain (aa 232-386).
The LMP1 AA construct contains 2 mutations in the region
204PQQATs, resulting in the generation of the sequence
20aPAAAT g in the TES1 domain, while the LMP1 ID mutant
has an v385 mutation in the TES2 domain (Luftig et al., 2004).
The pcDNAFLMP1CD30 construct encodes the LMP1 trans-
membrane domain fused to the cytoplasmic CD30 signaling
domain. Both pcDNAFNIK and NIKKM encode Flag-tagged
proteins, NF-kB-inducing kinase and its mutant at k429,x430a
that has defective kinase function, respectively. Previously de-
scribed constructs used in this study were a constitutive NF-xB

inhibitor (IlkBaSS32/36AA mutant), JUN kinase dominant nega-
tive mutant (JNKDN), JNK inhibitory protein (JIP), and pcDNA-
FLMP1CD40 encoding a Flag-tagged transmembrane domain
(aa 1-187) of LMP1 fused to the cytoplasmic CD40 domain
mimicking ligand-independent CD40 (Hatzivassiliou et al., 1998).
CD99 reporters have also been previously described (Lee et al.,
2001). The synthetic SP1 reporter harboring 10 Sp1 sites from
the CD99 promoter was constructed using the following primer
pairs: SP1N1S (5'-gggcggeege cceecgeecgg gtgggggggc gggge
ccege cc-3') and SP1N1AS (5'-gcccegecce ceccacceggg €gggg
gcgge cgeccGTAC-3'), SP1CS (5'-ttccegeccee ttggggeggg gcgg
gegeee cgecceccace cAGCT-3) and SP1CAS (5'-gggtgggggc
ggggegeecg ccccgeccca  aggggeggga  agggeggg-3). The 2
subcloned fragments were mixed and directionally ligated to the
Kpnl/Sacl-digested promoter-less pGL2 basic plasmid (Pro-
mega, USA). The culture supernatant of hybridoma S12 cells
was used to for the LMP1 monoclonal antibody. Anti-Flag M2
antibody was purchased from Sigma, while monoclonal anti-
p52 (C-5), polyclonal anti-Sp1 (Sc-59), anti-p50, anti-RelA (p65)
(A-G), anti-RelB, and anti-c-Rel antibodies were purchased
from Santa Cruz Biotechnology.

Transfection and reporter assay

Human embryonic kidney 293T cells and mouse embryonic
fibroblasts (MEFs) were used in this study. One day before
transfection, 3 x 10° 293T cells were seeded in each well of 6-
well plates, and then the cells were transfected the following
day with 1 pg of CD99 promoter luciferase reporters, 0.25 pg
pGKp-galactosidase, and various amounts of effector plasmids,
as indicated in the appropriate figures. Twenty hours after
transfection, cells were harvested, washed with PBS, and lysed
in the 1x lysis buffer for luciferase. They were incubated on ice
for 30 min followed by centrifugation for 15 min at 4°C, and then
subjected to reporter assays and western blotting, using 20 pg
of protein extract per well.

Analysis of p100 processing and immunoprecipitation
293T cells or mouse embryonic fibroblasts were transfected
with LMP1. Two or two-and-a-half days after transfection, cells
were lysed in 2x SDS sample buffer. The lysates were sepa-
rated on a 10% denaturing gel, transferred to a nitrocellulose
membrane, and then probed with anti-p52 monoclonal antibody
(C-5) purchased from Santa Cruz Biotechnology.

RESULTS

Heterologous NF-kB activators, but not JNK activity,
repress the Sp1 site-rich CD99 promoter

Non-EBV-infected HL cells constitutively express CD30 or
CDA40, strong activators of NF-kB. Instead of using the native
form of CD40 or CD30 that requires a ligand, we used chimeric
proteins consisting of the LMP1 transmembrane domain (aa 1-
187) fused to the cytoplasmic tail of CD40 or CD30, so as to
convey a ligand-independent, constitutive NF-xB signals. Both
LMP1-CD40 and LMP1-CD30 efficiently repressed the CD99
-1643~+123-Luc reporter in a dose-dependent manner (Fig.
1A). We also tested NF-kB-Inducing Kinase (NIK) for repres-
sion of the CD99 promoter. Transfection of NIK inhibited the
CD99 promoter, whereas the NF-kB-defective NIK kinase do-
main mutant (NIK-KM) did not (Fig. 1B).

As previously known (Lee et al., 2001), LMP1 inhibited the
-1643~+123-Luc CD99 promoter in a dose-dependent manner
(Supplementary Figs. 1A and 2A). We investigated which of the
LMP1-propagated signals, NF-xB or JNK activity is responsible
for the repression. Transfection of the LMP1 TES1 domain
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Fig. 1. NF«B inhibits the Sp1 binding site-rich CD99 promoter
(-1643~+123-Luc). (A) Heterologous NF-kB activators, LMP1-CD40
and LMP1-CD30, inhibit the CD99 promoter. (B) Transfection of
NIK but not NIK-KM, a kinase mutant defective in kinase activity,
represses the CD99 promoter. In (A, B), 293T cells were trans-
fected with the indicated amount of effector, CD99 promoter (-1643
~+123-Luciferase), and pGKp-galactosidase, and subjected to
reporter assays and Western blotting 24 h after transfection, using
equal amounts of protein extracts.

(denoted as 1-231), the mutated TES1 domain (AA) or the
TES2 domain (ID) cripple NF-xB activity by approximately 70%,
40% and 70%, respectively, compared to transfection of wild
type LMP1. While transfection of the wild-type LMP1 represses
CD99, transfection of each of the TES constructs significantly
rescued CD99 repression, and the repression of the CD99
promoter inversely correlated with the NF-xB activity that each
LMP1 mutant retained (Supplementary Fig. 1B). A constitutive
NF-kB-specific inhibitor was tested, IkBaAA, in which the ser-
ine residues at positions 32 and 36 were mutated to alanine
residues. As a result, [kBaAA alone activated CD99 promoter
activity in a dose-dependent manner (Supplementary Fig. 1C).
Co-transfection of IkBaAA relieved the LMP1-mediated repress-
sion of the CD99 promoter, further demonstrating that NF-xB
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Fig. 2. LMP1 represses the CD99 promoter via Sp1 sites. (A) 293T
cells were co-transfected with LMP1 and a CD99 promoter that has
a deletion of Sp1 sites (denoted as black squares). LMP1 and NF-
kB2 (p52) repressed any promoter that contained one or more Sp1
site(s). (B) LMP1 represses a synthetic Sp1 reporter (CD99SP 1 x
10Luc), which includes the 10 Sp1 sites collected from the CD99
promoter. (C) In the control, pPCDNA3-Sp1 activates the CD99SP 1
x 10Luc reporter, whereas p52 contransfection with the Sp1 re-
presses the same reporter to the basal level 72 h after transient
transfection in 293T cells. (D) In B lymphocytes-derived Burkitt's
lymphoma BJAB cells, pcDNA3-Sp1 activates the same CD99SP 1
x 10Luc and -1643~+123-Luc reporter (not shown), while p52 trans-
fection represses the same reporter activity significantly to lower
than that of the Sp1 or vector control 24 h after transfection.

activity is the central player in repression of the CD99 promoter
(Kim et al., 2000; Lee et al., 2001) (Supplementary Fig. 1D).

Jun kinase (JNK) is one of the signaling molecules activated
by LMP1. We next investigated whether JNK is the inhibitory
signaling molecule in LMP1-mediated CD99 promoter repres-
sion. The JNK dominant negative inhibitor (JNKDN) alone did
not affect activity of the CD99 promoter (Supplementary Fig.
2A). In addition, neither JNKDN nor JNK interacting inhibitory
protein (JIP) relieved LMP1-mediated repression (Supplemen-
tary Figs. 2B and 2C). These results indicate that LMP1-
mediated activation of JNK does not likely affect the activity of
the CD99 promoter.

NF-kB exerts its inhibitory role through Sp1 sites in the
CD99 promoter

The nucleotide sequence between bases -1643 and +123 of
the CD99 promoter has no NF-kB binding sites. Instead, it has
10 copies of a Sp1-binding site. A series of CD99 promoter
deletion mutants were used to locate a cis DNA sequence(s)
on the CD99 promoter that mediates LMP1-dependent repres-
sion. Neither deletion of the 1 through 5™ Sp1 sites from the 5’
end (del1-5sp) nor internal deletions in the 5" (del5sp) nor 8"
Sp1 site (del8sp) abolished LMP1 and NF-kB2 (p52)-mediated
promoter repression. These results suggest that the repressive
effect of LMP1 or p52 on the promoter is likely mediated
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Fig. 3. NF-kB2 (P52) exhibits major inhibitory activity on the CD99
promoter. (A) p52 alone or in combination with RelA, c-Rel, RelB,
and p65/c-Rel was transfected into 293T cells for the repression
assay. (B) Mouse embryonic fibroblasts from wild-type control mice,
and NF-kB2 precursor (p100/p52) - or NF-kB1 precursor (p105/
p50)-deficient mice were transfected with LMP1. (C) MEFs from
wild-type control, IKKo”, IKKB™, and IKKy" mice were transiently
transfected. In (A-C), cells were transiently co-transfected with the
-1643~+123-Luc CD99 promoter and pGKp-galactosidase control
reporter, and subjected to reporter assays and Western blotting 20
h (A) or 48 h after transfection, using equal amounts of protein
extracts (B). The p52 heteromeric complexes with all other subunits
exhibited significant repressive activity in a dose-dependent manner,
whereas the p50 heteromeric complexes had no or a much lesser
inhibitory effect (Supplementary Fig. 3). (D) LMP1 stimulates p100
processing to p52. Approximately 10° 293T cells were transfected
with increasing amounts (0, 0.03, 0.1, 0.3, and 1 pg) of pCDNA-
LMP1, RSV-p52 (0.1 pg), or NIK (0.1 pg) as controls. At post-
transfection day 2, cell lysates were separated and transferred to
nitrocellulose before being probed with the anti-p52 mouse mono-
clonal antibody (C-5, Santa Cruz). The processing of p100 by LMP1
results in 3 major bands, likely terminating at aa 445 (not fully proc-
essed, upper band) or aa 405 (lower band, p52).

through redundant Sp1-binding sequences. In other words,
LMP1 and NF-kB2 (p52) might be able to repress any promoter
that has Sp1 site(s), such as the CD99 promoter (Fig. 2A).
Since Sp1 is a constitutively active transcription factor, the ef-
fect of Sp1 on promoter activity was tested. As expected, Sp1
strongly augmented activity of the -1643~+123-Luc promoter in
a dose-dependent manner (Supplementary Fig. 1E). Next, to
determine if the Sp1 sites are directly used by LMP1 for the
repression, a synthetic Sp1 reporter consisting of all 10 Sp1
sites from the CD99 promoter was tested. LMP1 strongly re-
pressed activity of the synthetic Sp1 reporter (Fig. 2B). In a
control experiment, pPCDNA3-Sp1 transfection activated the co-
transfected synthetic Sp1 reporter in dose-dependent manner
72 h after transfection. This Sp1-activated luciferase was re-
pressed to the level of p52 alone by co-transfection of p52 (Fig.
2C). Whether or not p52 represses the same CD99 promoter in

B lineage cells was addressed using B lymphocytes-derived
Burkitt's lymphoma BJAB cells (Fig. 2D). In a control experi-
ment, pcDNA3-Sp1 also activated the same CD99SP1x10Luc
reporter, while p52 transfection significantly repressed the
same reporter to the level of lower than that of the Sp1 alone or
vector control 24 h after transfection (Fig. 2D). These results
suggest that Sp1 sites are used by LMP1 and P52 for repres-
sion of the CD99 promoter.

NF-kB2 (p52) inhibits the CD99 promoter

We further investigated which NF-kB subunit(s) is primarily
responsible for the repression, among NF-xB1 (p50), NF-kB2
(p52), RelA (P65), RelB and c-Rel. These subunits were tran-
siently transfected alone or in various combinations into 293T
cells. Transfection of NF-xB1 (p50) or c-Rel had only a margin-
ally inhibitory effect on the CD99 promoter, while RelA or RelB
slightly induced the promoter (Supplementary Fig. 3A). Interest-
ingly, NF-xB2 (p52) alone or in combination with RelA, c-Rel or
RelB strongly inhibited the CD99 promoter (Fig. 3A). In contrast,
NF-xB1 (p50)/RelA did not repress the promoter, and in fact
even slightly augmented it, while p50/c-Rel or p50/RelB and
RelA/c-Rel repressed it at a low dose but activated it at a high
dose, leaving the role of other NF-xB subunits ambiguous
(Supplementary Fig. 3B).

NF-kB2 (p52) is required for LMP1-mediated CD99
promoter repression

To further investigate the roles of the p50 hetero complex or the
p52 heterocomplex on NF-xB activity, we next transfected
LMP1 into mouse embryonic fibroblast cells derived from wild-
type, NF-xB1 (p105/p50)", or NF-kB2 (p100/p52)" mouse
embryos. Consistent with the results above, the CD99 promoter
was repressed in wild-type and NF-«B1 (p105/p50)” MEFs, but
not in NF-«xB2 (p100/p52)" MEFs, indicating that LMP1 re-
presses the CD99 promoter primarily through activation of NF-
B2 (Fig. 3B). We next compared the basal level of uninduced
CD99 promoter activity in MEFs derived from wild-type control,
IKKa”, IKKB™, and IKKy” embryos. These cells were transiently
transfected with the -1643~+123-Luc CD99 promoter and the
pGKpB galactosidase control reporter without LMP1. While the
transfection efficiency did vary by no more than 2-fold, defi-
ciency in IKKa or IKKB strongly augmented CD99 promoter
activity by 6-fold and 11-fold, respectively, whereas deficiency
in IKKa did not affect promoter activity, indicating that IKKy or
IKKB- mediates LMP1-dependent repression of the CD99 pro-
moter (Fig. 3C). These data indicate that the NF-xB2 (p52)
homodimer or heterodimer is the major inhibitory molecule,
regardless of the NF-kB binding partner, whereas NF-kB1
(p50) likely only has a minor inhibitory effect.

To link LMP1 to p52 (NF-kB2) in the cell, we confirmed that
LMP1 induces the processing of p100 to form p52. LMP1 trans-
fection in 293T cells consistently induced the appearance of
p52 in a dose-dependent manner (Fig. 3D). The appearance of
p52 upon LMP1 introduction was verified by transfection of
control p52 and NIK, a positive control effector that is known to
induce processing of p100 to form p52 in the same 293T cells
(Fig. 3D). The induction of P52 from P100 by LMP1 is consis-
tent with those results that LMP1-mediated P52 is the major
inhibitory player in the repression of the CD99 promoter (shown
in Figs. 3A and 3B).

DISCUSSION

Given that (1) HLRSCs express very low or undetectable levels
of CD99 (Kim et al., 1998), (2) HLRSCs constitutively express
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NF-kB-activating TNFR-1 family proteins (CD30, CD40 or LMP1)
(Gruss et al., 1997; Pallesen et al., 1991; Schwab et al., 1982;
Young et al., 1991), and (3) biochemical or genetic alterations
that affect NF-xB activation frequently occur in HLRSCs (Ca-
bannes et al., 1999; Emmerich et al., 1999; Wood et al., 1998),
the results in this study demonstrating that NF-xB2 represses
CD99 expression are relevant, and it is very likely to play an
important role in the pathogenesis of HL. On average, over
50% of HL cases are associated with latent infections with the
Epstein Barr virus, and that those EBV-infected HL cells in-
variably express EBV LMP1.

Ligand engagement of CD99 results in the upregulation of
MHC class | and MHC class I, apoptosis, and cell-cell adhe-
sion. Decreased surface expression of CD99 in HLRSCs has
been associated with the downregulation of MHC-I or MHC-II,
which is possibly why these cells are better able to avoid cyto-
toxic T lymphocytes (CTL) attack or resist apoptosis. Therefore,
constitutive lack of CD99 surface expression in HLRSCs may
provide the cells with a favorable environment for survival.

Compared to mature germinal center B cells, which express
high-affinity B cell receptor (BCR), HL cells usually express low-
affinity B cell receptor, making them highly vulnerable to cell
death unless survival signals are provided. Despite having low-
affinity BCRs, HL cells can be resistant to signal-induced apop-
tosis due to constitutively active NF-xB survival signals (Bours
etal., 1992).

In this study, NF-xB appeared to inhibit the CD99 promoter
through Sp1 sites, because (1) the CD99 promoter contains no
NF-xB sites but multiple Sp1 sites, (2) LMP1 sufficiently re-
pressed a synthetic Sp1 reporter (Fig. 3B), (3) LMP1 induces
p52 production (Fig. 3D), and (4) the p52 subunit efficiently
represses the promoter in vivo (Fig. 3B). All these findings sug-
gest that LMP1-induced p52 plays the inhibitory roles in the
repression of the promoter.

It is known that Sp1 interacts with many cellular factors in vi-
tro or in vivo, including RelA, v-Rel, NF-xB1, and NF-xB2 (Per-
kins et al., 1994; Sif and Gilmore, 1994). Interaction of Sp1 with
p52 is likely to inhibit Sp1 protein binding to Sp1 sites in the
promoter, in a similar manner to what has been reported (Lin et
al., 2009). Similar to the current study, the physical interaction
of Sp1 with the NF-xB subunit RelA did activate an HIV pro-
moter, in which Sp1 sites are adjacent to NF-«B sites (Perkins
et al., 1994). On the other hand, it was recently shown that Sp1
interaction with NF-xB represses the Hepatitis B Virus (HBV)
CP promoter, in which multiple Sp1 sites but no NF-xB sites
are present (Lin et al., 2009). A zinc finger DNA-binding domain
of Sp1 interacts with the N-terminal 43 amino acids of the DNA-
binding domain of RelA (p65) in cells (Lin et al., 2009). The Sp1
co-transfection with p52 may decrease Sp1 binding to Sp1-
binding sites in vivo, although this was not the case in an in
vitro gel shift assay (data not shown). It is equally possible that
Sp1 may interact with p52, resulting in the recruitment of tran-
scriptional repressors, without affecting Sp1 DNA-binding activi-
ties, which ultimately leads to the repression. Whether or not
Sp1 interacts physically with NF-xB2 subunit needs to be fur-
ther studied.

Note: Supplementary information is available on the Molecules
and Cells website (www.molcells.org).
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