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Regulation of Mouse 4-1BB Expression:
Multiple Promoter Usages and a Splice Variant

Jung D. Kim', Chang H. Kim?, and Byoung S. Kwon

The expression of 4-1BB has been known to be dependent
on T cell activation. Recent studies have, however, reve-
aled that 4-1BB expression is not restricted to T cells. We
sought to determine the molecular basis for the differential
gene expression. Here we report the expression pattern of
two mouse 4-1BB transcripts, type | and type Il. Whereas
the type | transcript was specifically expressed on immune
organ as previously reported, the type Il transcript was
ubiquitously expressed in tissues and various cell lines.
However, both type | and type Il transcript were highly
induced on activated T cells. Primer extension assay of the
two 4-1BB transcripts suggested that mouse 4-1BB had
more than two transcripts. Using luciferase assay we have
identified three promoter regions (PI, Pll and PIll), which
located on upstream region of second exon 1, first exon 1,
and exon 2, respectively. In particular, the type | transcript
was preferentially induced when naive T cells are stimu-
lated by anti-CD3 monoclonal antibody (mAb) since NF-xB
specifically binds to the putative NF-xB element of Pl. We
have also shown that a splice variant, in which the trans-
membrane domain was deleted, could inhibit 4-1BB signal-
ing. The splicing variant was highly induced by TCR stimu-
lation. Our results reveal 4-1BB also has a negative regula-
tion system through soluble 4-1BB produced from a splice
variant induced under activation conditions.

INTRODUCTION

4-1BB (CD137) is a receptor belonging to the tumor necrosis
factor receptor (TNFR) superfamily (Goodwin et al., 1993; Kwon
et al., 1987; Lotz et al., 1996; Setareh et al., 1995) which is
expressed in an activation-dependent manner on T cells (Kwon
et al., 1989; Pollok et al., 1993; Schwarz et al., 1996; Shuford et
al., 1997) and constitutively on CD4*CD25" regulatory T cells
(McHugh et al., 2002). Although 4-1BB is mainly involved in
regulating activated T lymphocyte functions, expression of 4-
1BB has been noted on non-T cells such as B cells, monocytes,
macrophages, dendritic cells, eosinophils, and neutrophils (Fu-
tagawa et al., 2002; Heinisch et al., 2000; 2001; Schwarz et al.,
1995; Watts et al., 2005; Wilcox et al., 2002; Yoon et al., 2005).

In addition, the expression of 4-1BB is not restricted to immune
cells; its expression has been demonstrated on blood vessel
endothelial cells, smooth muscle cells, neurons, astrocytes, and
microglia (Boussaud et al., 1998; Broll et al., 2001; Reali et al.,
2003; Seko et al., 2004). When T cells are activated by a
variety of stimuli such as anti-CD3 mAb, concanavalin A (Con
A), phytohaemagglutinin (PHA), interleukin (IL)-2, IL-4, anti-
CD28 mADb, phorbol myristyl acetate (P), or ionomycin (I), 4-
1BB is stably upregulated (Garni-Wagner et al., 1996; Kim et al.,
2003; Kwon et al., 1989; Pollok et al., 1995). 4-1BB is induced
in human peripheral blood mononuclear cells (PBMCs) by
DNA-damaging agents such as doxorubicin, bleomycin, and y-
irradiation (Chung et al., 2002).

4-1BB binds to a 4-1BB ligand (4-1BBL) expressed by acti-
vated antigen-presenting cells (APCs), including monocytes,
macrophages, and B cells (Alderson et al., 1994; DeBenedette
et al., 1995; 1997; Langstein et al., 1998; 1999; Pollok et al.,
1994). The 4-1BB/4-1BBL interaction provides a costimulatory
signal leading to proliferation and differentiation, as well as
protection from activation-induced cell death of T cells (Hurtado
et al., 1995; 1997; Kwon et al., 2000; Saoulli et al., 1998; Taka-
hashi et al., 1999). The reverse signaling path also exists through
4-1BBL on B cells and dendritic cells resulting in the secretion
of immunoglobulins and proinflammatory cytokines, respec-
tively (Langstein et al., 1998; Pollok et al., 1994).

Previous report showed mouse 4-1BB has two different
transcripts and their expression may be regulated differently by
two putative promoter regions (Kwon et al., 1994). Alternatively
spliced mRNA encoding a soluble form of mouse 4-1BB had
also been identified (Setareh et al., 1995). Human 4-1BB has
two splice variants that produce soluble 4-1BB, which was en-
hanced in sera of rheumatoid arthritis, leukemia, and lymphoma
patients (Furtner et al., 2005; Jung et al., 2004; Michel et al.,
1998). Several members of the TNF receptor family, including
TNF receptor, NGF receptor, CD27, CD30, GITR, and CD95,
have been demonstrated to have soluble forms, which were
generated by proteolytic cleavage and alternative splicing
(Cascino et al., 1995; 1996; Cheng et al., 1994; Kohno et al.,
1990; Nocentini et al., 2000; Pizzolo et al., 1990; Zupan et al.,
1989). These soluble receptor forms antagonized the signaling
through membrane-bound receptors (Cascino et al., 1996; Cheng
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et al., 1994; Kohno et al., 1990).

In this study, we investigated the expression of the two
mouse 4-1BB transcripts showing different expression patterns
on tissues but not T cells and identified three functional pro-
moter regions (PI, Pll and PIIl). NF-xB binding site in PI region
is responsible for activation-dependent 4-1BB expression on T
cells. We also investigated the expression of splice variant tran-
script, which expressed on activated T cells to be comparable
for the normal transcript. We determined the splice variant tran-
script encodes soluble 4-1BB, which has antagonistic effect on
4-1BB signaling.

MATERIALS AND METHODS

Mice, cell lines, and reagents

Six- to eight-week-old Balb/c mice were purchased from Hyo
Chang Bioscience (Korea). HEK-293, EL4, 2PK3, A20, and
RAW264.7 cells were grown in DMEM medium supple-mented
with 10% FBS and 50 mM 2-mercaptoethanol. CTLL-R8, a
mouse cytolytic T cell line, was grown in DMEM medium sup-
plemented with 10% FBS and 50 U/ml of riL2 (R&D systems,
USA). Anti 4-1BB mAb (3E1) was provided by Dr. R. Mittler of
Emory University. Anti-CD3 mAb, anti-FcyR mAb, and isotype
control Ab were purchased from BD biosci-ences (USA). 4-
1BB-Fc protein was purified from supernatants of stable trans-
fected CHO cells by protein G sepharose (Invi-trogen, USA)
according to the manufacturer’s instructions.

Cell isolation

A single cell suspension was prepared from balb/c mouse
spleen and the red blood cells were lysed. CD4" T cells or
CD8" T cells were enriched by incubation with anti-CD4 (Miltenyi
Biotech, USA) or anti-CD8 microbeads (Miltenyi Biotech), re-
spectively. Cell purification followed using MACS columns
(Miltenyi Biotech). Column-bound cells were used as the sour-
ce of CD4* T and CD8* T cells. The purification procedure was
performed according to the standard protocol provided by
Miltenyi Biotech.

Plasmid construction

For promoter analysis, three ~1.8 kbp upstream regions at
positions -6340 to -4541 (PII), -3585 to -1795 (PI), and -1796 to
-1 (Pl of the mouse 4-1BB gene were amplified by PCR with
genomic DNA from balb/c mouse spleen, and cloned into the
pGL3-basic vector (Promega, USA). Sense and anti-sense pri-
mers for PCR amplification are as follows: Pl sense, 5'-GGG-
TACCATCGACTGGAGAGGACAG-3’; and antisense, 5'-CCT-
CGAGTCCTTGGCAGCTCGGTGA-3’; Pll sense, 5'-GGGTAC-
CTCTGAATGTGACATTCAG-3; and antisense, 5'-CCTCGA-
GCTGAATTGGTTCCACTCA-3; Plll sense, 5-GGGTACCGA-
AGCAGAACGCTCCTCG-3'; and antisense, 5-CCTCGAGGG-
CGAAATGTCACATGCA-3'. Underlines mean flanked Kpnl and
Xhol restriction enzymes sequences. NF-xB and AP-1 mutant
constructs were made by overlap extension PCR with the
sense and antisense primers of Pl region and the following
primers to incorporate a transcription factor binding site muta-
tion: NF-xB sense, 5-AGCAGCTGGCGATTTCCCAGGAGG-
3’; and antisense, 5'-CCTCCTGGG-AAATCGCCAGCTGCT-3;
AP-1 sense, 5'-GCTCAGTTGA- GTTGCAGGTCCTGT-3'; and
antisense, 5'-ACAGGACCTGCAACTCAACTGAGC-3'. The 4-
1BB ligand and 4-1BB splice variant (AE8-4-1BB) were ampli-
fied by RT-PCR with complementary DNA (cDNA) prepared
from purified CD4" T cells, and then cloned into pCDNA3.1
(Invitrogen, USA). The sense and antisense primers used as
follows and Hindlll or BamHlI restriction enzyme site included:

m4-1BB ligand sense, 5'-CAAGCTTATGGACCAG-CAACA-3’;
and antisense, 5-GGGATCCTCATTCCCATGGG-TT-3; m4-
1BB sense, 5-CAAGCTTATGGGAAACAACTGT-3'; and anti-
sense, 5-GGGATCCTCACAGCTCATAGCC-3'. RNase protec-
tion assay (RPA) probe fragments for detection of transcripts
and splice variants were amplified by PCR and cloned into a
pGEM-T Easy vector (Promega). Primer sets of the following
sequences were used for amplification of RPA probe fragments.
Type | probe sense, 5'-TTTGACCTGTGGTCTTG-TG-3'; type |l
probe sense, 5-ATGTCCATGAACTGCTGAG-3; Type |l
probe sense, 5'-AGTGTCCTGTGCATGTGACA-3'; type | and
Il probe antisense, 5-CGCCATGGGAAACAACT-3’; type llI
probe antisense, 5-GAGCTGCCCTCCAAGTACCT-3’; splice
variant sense, 5-AGGGCACTCCTTGC-AGGTC-3’; splice
variant antisense, 5-TCACAGCTCATAGCCTCCT-3'.

Flow cytometry

Cells were harvested at predetermined time points and washed
with phosphate-buffered saline containing 2% fetal bovine se-
rum (FBS). To assess 4-1BB expression on HEK 293 cells
transfected with pCDNA3.1-4-1BB, pCDNAS.1-4-1BBL, or
pCDNA3.1-AE8-4-1BB, transfectants were stained with FITC-
conjugated anti 4-1BB (3E1) mAb for 30 min at 4°C. Stained
cells were analyzed on a FACScalibur (BD biosciences).

RT-PCR

Total RNA isolated using TRIzol reagent (Invitrogen) was sub-
jected to cDNA synthesis using Olig dT and AMV reverse tran-
scriptase (Promega). Serial dilution (5- or 10-fold) of comple-
mentary DNA (cDNA) reaction mixtures was subjected to PCR
amplification using the following primers: type | sense (F1), 5'-
GACCTGTGGTCTTGTGGAGCG-3; type Il sense (F2), 5-
TCCATGAACTGCTGAGTGG-3'; type lll sense (F3), 5-GT-
CCTGTGCATGTGACATT-3’; 4-1BB antisense (R1), 5'-TCCC-
GGTCTTAAGCA CAGACCTTCCGT-3; 4-1BB full antisense
(R2) 5-TACATCACAGCTCATAGCCT-3; GAPDH sense, 5'-
TGAAGGTCGGTGTGAACGGATTTG-3; GAPDH antisense,
5'-CATGTAGGCCATGAGGTCCACCAC-3'. The conditions for
PCR amplification were first denaturation at 95°C for 5 min,
amplification for 30 cycles of 94°C for 30 s, 53°C for 30 s, and
72°C for 30 s, followed by 5 min at 72°C for type | and type llI
transcripts, while 35 cycles of the above were required for type
I transcript amplification. The GAPDH transcript was amplified
by 25 cycles of the above protocol. For PCR ampilification of 4-
1BB full transcripts, the sample was denatured at 95°C for 5
min and amplified for 30 cycles of 94°C for 1 min, 56°C for 1
min, and 72°C for 1 min, followed by 5 min at 72°C for type |
and type Il transcripts and 35 cycles of the above for type I
transcripts.

RNase protection assay (RPA)

The RNase protection assay was performed according to the
Pharmingen standard protocol using the Riboquant in vitro
Transcription and RPA kits (BD PharMingen). Briefly, 5 ng of
total RNA was hybridized ovemight with [a-*PJUTP (Amer-
sham Biosciences, USA) labeled probes at 56°C. Unhybridized
ssRNA was digested by RNase treatment, and the dsRNA was
purified by phenol/chloroform extraction and ethanol precipita-
tion. The samples were fractionated by electrophoresis on a 6%
polyacrylamide/7 M urea gel, dried, and exposed to X-ray film
(Agfa, USA) for autoradiographic analysis. The mRNA expres-
sion of the corresponding GAPDH was included to normalize
for gel loading.
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Primer extension analysis

Five micrograms of total RNA from splenocytes, EL4, and
CTLL-R8 was annealed with 2 x 10* cpm of the end-labeled
oligonucleotide (5'-GGTACTTGGAGGGCAGCTCTTGCAGA-
3) with [o-*P]dATP (Amersham Biosciences) by T4 polynu-
cleotide kinase (Promega) at 30°C overnight in a buffer contain-
ing 0.4 M NaCl, 40 mM PIPES (pH 7.0), 1.0 mM EDTA (pH 8.0),
and 80% formamide. The mixture was ethanol-precipitated and
resuspended in a buffer containing 50 mM Tris-HCI (pH 7.6), 60
mM KCI, 10 mM DTT, 1.0 mM each dATP, dGTP, dTTP, and
dCTP, 40 U/ul RNAsin (Promega), and 20 U of AMV reverse
transcriptase (Promega). The mixture was incubated at 42°C
for 1 h, extracted with phenol-chloroform, and precipitated with
ethanol. The precipitate was resuspended in 10 mM Tris-HCI
(pH 7.4) and 10 mM EDTA, then incubated with 50 pg/mi
RNAse A at 37°C for 30 min. The reaction product was ana-
lyzed by sequencing gel. The resulting gel was dried and ex-
posed to X-ray film (Agfa) for autoradiographic analysis.

Transient transfection and luciferase assay

Cells (5 x 10%) were suspended in 0.3 ml of Opti-MEM (Life
Technologies, Inc.), transferred to a 4-mm gap cuvette, and
then mixed with 10 ug of pCMVp-gal (Promega) as an internal
control and 10 pg of pGL3-basic vector (Promega) as a nega-
tive control. In all experiments, 10 ng of the pGL3-basic vector
containing different promoter fragments (PI, PIl, and PIll) or a
control pcDNA3.1 was cotransfected with pCMVp-gal. Cells
were transfected at 960 microfarads and 250 V using a Gene
Pulser electroporation apparatus (Bio-Rad, USA). For anti-CD3
stimulation, cells were harvested 12 h after transfection and
transferred to wells coated with 10 ug/ml/well of anti-CD3 mAb.
In some groups, transfected cells were stimulated with 20 ng/ml
of phorbol myristate acetate and 1 ng/ml of ionomycin (P/l) or
10 pg/ml of concanavalin A (Con A). Cells were harvested 24
hr after stimulation, washed with phosphate-buffered saline,
and lysed in 100 ul of report lysis buffer (Promega). Luciferase
activities were measured using the luciferase assay system
(Promega) according to the manufacture’s recommendation,
and normalized for transfection efficiency relative to p-galac-
tosidase activity. Reported data were represented as the mean
from three independent experiments.

Preparation of nuclear extracts and electrophoretic
mobility shift assay (EMSA)

Nuclear extracts were prepared from 2 x 107 of CD4" T cells
stimulated with anti-CD3 for 6 h according to the method de-
scribed by Dignam et al. (1983) with minor modifications. Briefly,
cells were washed with ice-cold phosphate-buffered saline,
resuspended in buffer A (20 mM HEPES, pH 7.9, 1.5 mM
MgCl,, 10 mM KCI, 0.1 mM EDTA, 0.5 mM dithiothreitol, and
0.5 mM phenylmethylsulfonyl fluoride), and left on ice for 10
min. Nuclei were pelleted by centrifugation at 5,000 rpm for 10
min at 4°C and resuspended in buffer B (20 mM HEPES, pH
7.9, 1.5 mM MgCl,, 420 mM NaCl, 0.2 mM EDTA, 20% glycerol,
and 1 mM dithiothreitol) . After incubation for 30 min at 4°C, the
mixture was centrifuged at 13,000 rpm for 15 min at 4°C. The
supernatant as nuclear extract was collected and stored at
-70°C until use. Oligonucleotides (-1897/-1874, 5'-AGCAGCT-
GGGGATTTCCCAGGAGG-3' and 5-CCTCCTGGGAAATC-
CCCAGCTGCT-3') containing putative a NFkB binding site
were synthesized (Genomine, Korea). The NF«B control probe
was purchased from Santa Cruz. Oligonucleotides were an-
nealed to make double-stranded target DNA, and then end-
labeled with [o-*P]dATP (Amersham Biosciences) by T4 poly-
nucleotide kinase (Promega). The nuclear extracts and probe

were incubated for 30 min at room temperature in the reaction
buffer containing 10 mM HEPES, pH 7.9, 50 mM NaCl, 1 mM
EDTA, 1 mM DTT, and 5% glycerol. Each reaction contained
0.02 unit of poly[dI-dC] (Sigma, USA). In some reactions, anti-
p65 (Santa Cruz Biotechnologies, USA), anti-AP-1 (Santa Cruz
Biotechnologies), or normal anti-mouse IgG was added prior to
incubation with probe. Reactions were electrophoresed on a
4% non-denaturing polyacrylamide gel in 0.5X Tris borate-
EDTA buffer at 150 V for 2 h, and then analyzed by autoradio-

graphy.

Chromatin immunoprecipitation

Purified of CD4* T cells (2 x 107) were stimulated with plates
coated with 10 pug/ml of anti-CDS3 for 6 h, and then fixed by add-
ing formaldehyde (Sigma) to the medium to a final concentra-
tion of 1%. After 15 min, cells were washed with ice-cold phos-
phate-buffered saline containing 1 mM phenylmethylsulfonyl
fluoride and then scraped. After centrifugation, cells were lysed
in buffer | (50 mM Tris, pH 8.0, 2 mM EDTA, 0.1% Nonidet P-40,
10% glycerol, and protease inhibitors) and centrifuged for 5 min
at 3,000 rpm and 4°C. After removal of supernatants, nuclei
were resuspended in buffer Il (50 mM Tris, pH 8.0, 1% SDS, 5
mM EDTA), and chromatin was sheared by sonication. After
removal of nuclear debris by centrifugation for 5 min at 13,000
rom and 4°C, lysates were diluted ten-fold with dilution buffer
(50 mM Tris, pH 8.0, 5 MM EDTA, 200 mM NaCl, 0.5% Nonidet
P-40), and then precleared for2 h using 80 ul of 50% salmon
sperm-DNA-saturated protein A-agarose beads. Immunopre-
cipitation was carried out at 4°C overnight and immune com-
plexes were collected with salmon sperm-DNA-saturated pro-
tein A-agarose beads. Antibodies utilized anti-p65 (Santa Cruz
Biotechnologies), anti-AP-1 (Santa Cruz Biotechnologies), or
anti-mouse IgG as a control for nonspecific interaction. After
washing three times with high salt WB buffer (20 mM Tris, pH
8.0, 0.1% SDS, 1% Nonidet P-40, 2 mM EDTA, and 0.5 M
NaCl) and twice with low salt TE buffer (10 mM Tris, pH 8.0,
and 1 mM EDTA), immunocomplexes were eluted with TE
containing 1% SDS. Protein-DNA cross-links were reversed by
incubating at 65°C overnight. After proteinase K digestion, DNA
was extracted with phenol-chloroform and precipitated with
ethanol using 15 pg of tRNA as a carrier. PCR was performed
(30 cycles, denaturing at 94°C for 1 min, annealing at 55°C for
30 s, and extension at 72°C for 30 s) using primers specific for
the PI region (sense, 5'-TGATAAGCGACCAAGTCT-3; an-
tisense, 5-CAGGACCTGTGACTCAACTGAGCA-3), PII region
(sense, 5-TTGGCCACCACACCATGC-3'; antisense, 5'-CAC-
AACTCCATCTGTAGC-3), and PIlI region (sense, 5-TGCA-
GTCGGGGATGGCCTTG-3'; antisense, 5'-AGCAAAGGAGA-
TTCCGAA-3). Intensity of amplified PCR products was quanti-
fied by Image J program (available at http:/rsb.info.nih.gov/ij/).

ELISA

For detection of soluble 4-1BB, supernatants were collected 24
hr after transfecting EL4 cells with pCDNA3.1-4-1BB or
pCDNA3.1-AE8-4-1BB using a Gene Pulser electroporation
apparatus according to the manufacturer's procedure. A 96-
well ELISA plate (Nunc, USA) was incubated overnight at 4°C
with 100 pl of supernatants and mouse 4-1BB-Fc fusion protein
in a standard curve. After blocking with PBS containing 4%
BSA, the plate was incubated with biotinylated 3E1 mAb for 2 h
at room temperature, washed five times with PBS containing
0.1% tween-20, and then streptavidin-HRP (BD PharMingen)
was added to each well for 1 h. The plates were then washed
five times with the same solution, developed in 100 pl of
3,5,3',5'-tetramethylbenzidine (Pierce biotechnology, USA)
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Fig. 1. 4-1BB expression in tissues, cell

B lines and T cells. (A) Organization of the

mouse 4-1BB gene. Exons are shown
as boxes; untranslational regions are
open and the protein coding regions are
grayed and indicated in Roman numer-
als. Primer regions for RT-PCR are
marked by arrows and RPA probe re-
gions are lined. Three distinct putative
promoter regions named PI, PIl, and
PIll. Translational start site is desig-
nated +1. (B, C) RT-PCR analysis. Total
RNA was extracted from tissues of
mice, cell lines, and activated T cells by
anti-CD3 (5 pg/ml) and then analyzed
for the expression level of the 4-1BB
mRNA transcripts. (D, E) RNase Pro-
tection Assay (RPA). 5 nug of toal RNA
of CD4" (D) and CD8" T cells (E) stimu-
lated by anti-CD3 subjected to RPA as
described in “Materials and Methods”.

R2

The mRNA expression of the corresponding GAPDH was included to normalize for gel loading.

substrate for 15 min, and stopped by adding 100 ul of 1N HCI.
The plates were then read at 450 nm with a Wallac Vector 1420
Multilabel Counter (EG&G Wallac).

RESULTS

Expression pattern of 4-1BB transcripts in various tissues,
cell lines, and T cells

To examine the expression pattern of two 4-1BB transcripts, we
used three different sense primers (F1, F2, and F3) and one
antisense primer (R1) for RT-PCR analysis (Fig. 1A). PCR
products amplified from each sense primer, which were de-
signed in first exon 1, second exon 1, and exon 2 regions, were
named as type Il, type |, and type lll, respectively (Fig. 1A).
Type Il PCR product represents total 4-1BB transcripts be-
cause the type | and type Il transcripts include exon 2. In a
previous study of the genomic organization of the mouse 4-1BB
gene, the first exon 1 and second exon 1 are untranslated re-
gions (UTRs), while exon 2 contains the translational start site.
Type |l did not contain the second exon 1 as was previously
reported (Kwon et al., 1994). Interestingly, type | and type ||
showed different expression patterns on tissues. While the type
I was highly expressed in thymus, spleen, and lymph node, the
type Il was ubiquitously expressed in tissues and cell lines (Fig.
1B). In particular, CTLL-R8 cells highly expressed two types
(Fig. 1B). However, two transcripts were highly induced on T
cells stimulated by anti-CD3 (Fig. 1C).

To confirm the result of RT-PCR, RPA analysis was per-
formed. Three RPA probes were designed and the type Il RPA
probe represents total 4-1BB transcripts because the type | and
type Il transcripts contain a type Ill RPA probe region (Fig. 1A).
As shown by RT-PCR, Type | and type Il transcripts were
highly induced on activated T cells (Figs. 1D and 1E). These
results suggest that the expression of type | and type Il tran-
scripts might be differentially regulated on tissue level but both
transcripts are inducible on T cells.

4-1BB has more than two transcripts
A primer extension assay was performed to demonstrate the
two different transcripts using primer designed from the exon 2

& A \rh
297 bp 3 ¢ A GCT o 9 L
BN >
8
3/
250bp9"‘:§\
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3
[
zsshpa-g/
-
181hp)<§\,_ > B
1T2bp > L > -
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Fig. 2. Primer extension analysis for determination of the 4-1BB
mRNA start site. 5 pg total RNA of splenocytes (lane 1), CTLL-R8
(lane 2), and EL4 (lane 3) was used for extension analysis. Total
mRNA was annealed with 2 x 10* cpm of the end-labeled oligonu-
cleotide using [0-PP]dATP at 30°C, overnight, in a hybridization
buffer. Synthesis of cDNA using AMV reverse transcriptase was
then performed. The mixture was extracted with phenol-chloroform,
and precipitated with ethanol. The precipitate was analyzed by gel
sequencing. The nucleotide sequence ladder of the pGEM-T easy
vector shown on the left is a size marker for the extension products.
The specific extension products for 4-1BB mRNA are indicated by
arrows with numbers.

region. A previous report showed that the transcriptional start
site of the type Il transcript was only detected by primer exten-
sion assay using a specific primer designed in the first exon 1
region, while the type | transcription start site was not detected
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Fig. 3. Promoter analysis of the upstream regions
(UTRs) of the mouse 4-1BB. (A) Upstream regions
used for report analysis are indicated as PI, PII,
and PIIl. Translational start site is designated +1.
Three distinct 1.8 kbp upstream regions of each
exon were cloned into the pGL3-basic vector. (B)
EL4 and CTLL-R8 cells were transiently trans-
fected with UTR constructs and pCMV-gal as an
internal control. PGL3-basic (Basic), promoterless
luciferase report, was used as negative control.
Cells were treated with anti-CD3 mAb (5 pg/ml),
P/l (20 ng/ml and 1 ng/ml), or Con A (10 pg/ml),
and luciferase activity was determined after 40 h.
Anti-CD3 mAb was coated on culture plates for
stimulation. (C) CTLL-R8 cells were transiently
transfected with NF-xB mutant(PI-NF-xBmu), AP-1
mutant (PI-AP-1mu), and double mutant (PIl-mu)
constructs. The transfectants were stimulated with
plate-bound anti-CD3 mAb for 40 h. Transfection
efficiencies were normalized by B-gal activity and
data are representative of three independent ex-
periments. Values are presented as means = s.e.
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by a specific primer designed in the second exon 1 region
(Kwon et al., 1994). We found more than two transcriptional
start sites (Fig. 2). The sizes of the extension products of type |
and type Il were approximately calculated to be 233 bp, and
297bp products, respectively. In addition to type | and type I
matched extension products, 181 bp and 172 bp products were
detected. These product sizes suggest the novel transcript
without first and second exon |. In particular, a 250 bp product
was detected on CTLL-R8 cells. Although it might be another
type | transcript that includes second exon |, we concluded that
this one is not normal transcript because of its unique expres-
sion in CTLL-R8 cells.

These results support that the mouse 4-1BB gene produce
more than two transcripts. It also suggests 4-1BB gene has
distinctly different promoters for differential gene expression.

Three distinct upstream regions show promoter activity

PI, PIl, and PIII upstream regions (UTRs) (Fig. 3A) were ana-
lyzed for functional activity (Fig. 3B). Promoter activity of each
upstream region was examined on EL4 and CTLL-R8 cell lines.
While the PIII region showed strong promoter activity on both
cell lines, the PI region showed promoter activity in CTLL-R8,
but not in EL4 cells. Although the PII region did not show pro-
moter activity on EL4, it showed weak promoter activity on
CTLL-R8 cells (Fig. 3B). The promoter activity of Pl region was
enhanced by stimulation such as anti-CD3 mAb, P/l or Con A
treatment on CTLL-R8 cells (Fig. 3B). In a previous report, the
NF-xB and AP-1 binding sites found in the PI region (Kwon et
al., 1994), suggesting that the PI region might be responsible
for activation-dependent expression through TCR stimulation.
To address whether the NF-xB and AP-1 binding sites are re-

quired for activation-dependent upregulation of the PI region,
we mutated the NF-xB (GGGGAC — GGCGAC) and AP-1
binding sites (TGACTCA — TGACTIG) in PI region. Mutated
construct of NF-xB site has shown significantly reduced pro-
moter activity upon T cell activation with anti-CD3 (Fig. 3C). AP-
1 site mutation also had defect on promoter response by anti-
CD3 stimulation but less than NF-xB site mutation (Fig. 3C).
These results suggest that NF-kB and AP-1 binding sites are
important for activation-dependent 4-1BB expression and 4-
1BB has at least three distinct functional promoter regions.

NF-xB specifically binds to the upstream region of the type
| transcript

In a previous report, potential regulatory elements, including
NF-xB, AP-1, and AP-2 elements, were identified in upstream
regions of the mouse 4-1BB translational start site by compari-
son with a known consensus sequences (Kwon et al., 1994). In
human 4-1BB, it was reported that 4-1BB expression is regu-
lated by NF-xB and AP-1in T cells (Kim et al., 2003). The puta-
tive NFxB element, at positions -1890 to -1880 in the mouse 4-
1BB UTR, is located on the PI region. Three putative AP-1
elements at positions -60 to -50, -1863 to -1855, and -4851 to
-4843 were identified by using TFSEARCH V1.3 software. To
investigate whether NF-xB could bind to the putative NF-xB
element, nuclear extracts were prepared from CD4* T cells
stimulated by anti-CDS3 for 6 h and then subjected to EMSA. As
shown in Fig. 4, nuclear extracts binds with a radio-labeled
putative NF-kB probe showed a band shift (Fig. 4A, lane 2) that
was competed out by a ten-fold excess of unlabeled probe (Fig.
4A, lane 4). Incubation with antibody specific for p65 showed
the supershift (Fig. 4A, lane 3). A commercial NF-xB ele-



146

A 12

Putative NF-xB
NFxB

NFxB Ab(p65) - -
Competitor - -
Nuclear extract

+ 40+ e
]
]

++
+ 04
1]

supershift—m

shift —

n.s. —=
Nn.s. —gu=

Relative Intensity

8
6
4
2
0

060

Regulation of Mouse 4-1BB Expression

Pll Pl

Fig. 4. NF-«xB binds to a putative NF-xB ele-
ment of the Pl region. (A) Nuclear extract
prepared from CD4" T cells was stimulated
with anti-CD3 for 6 h, and EMSA was per-
formed with [0-*2P] labeled probe. Cold com-
petition assay (lane 4) was performed with a
ten-fold excess of unlabelled probe. For anti-
body mediated supershift analysis, anti-p65
monoclonal antibody was used (lanes 3, 6). A
commercial NF-xB probe was used as a
positive control (lanes 5-7) (n.s., non-specific
binding). (B) CHIP assay performed by using
anti-p65, anti-AP-1, or IgG as a negative
control. Immunoprecipitated DNA was ampli-
fied by PCR with PI, PIl, and PIIl upstream-
specific primers. (C) Relative intensity of am-
plified PCR products was quantified by Image
J program and graphed. It is normalized by
the intensity of input.

06 06 (h)

ment was used as a positive control (Fig. 4A, lanes 5, 6, and 7).

A CHIP assay was performed to confirm the specificity of NF-
B binding to the PI region. After chromatin immunoprecipita-
tion using anti-p65 MAb or anti-AP-1 mAb, the PIII, PI, or PII
fragments at positions -217 to -28, -2046 to -1846, -4896 to -
4697, respectively, were amplified by PCR (Fig. 4B). Amplified
PCR products were quantified by Image J program (Fig. 4C). In
agreement with the EMSA result, NF-xB specifically bound to
the PI region but not to PIl and PIII regions. In contrast, AP-1

slightly bound to all upstream regions in non-activated condition.

While binding activity of AP-1 on the PI and PIIl regions was
enhanced by anti-CD3 stimulation, no significant change was
found in binding activity for the PII region. We demonstrated
that anti-CD3 stimulation specifically induced translocation of
NF-xB to the PI region for activation-dependent expression.

Alternative 4-1BB splice variant was induced by
stimulation

Several splice variants of human 4-1BB and one splice variant
of mouse 4-1BB were previously reported (Michel et al., 1998;
Setareh et al., 1995). The splice variant may negatively regulate
signaling through the 4-1BB receptor by inhibiting receptor-
ligand interaction because it is in soluble form. First, we investi-
gated whether splice variant expression could be induced by
stimulation using RT-PCR analysis (Fig. 5A) and RPA analysis
(Figs. 5B and 5C) on T cells. For RT-PCR, we utilized specific
sense primers of each transcript and an antisense primer (R2)
designed in exon 9 (Fig. 1A). In RPA, a probe fragment contain-
ing exon 8 and exon 9 was used to discriminate the expression
of the splice variant and normal transcript (Fig. 1A). A splice
variant was detected from all three transcripts by RT-PCR
analysis (Fig. 5A). RPA analysis confirmed that anti-CD3 stimu-
lation induced the expression of splice variants to the extent
comparable to the normal transcript containing the transmem-
brane domain (Figs. 5B and 5C). These results show that the
splice variant is also highly induced by increasing normal tran-
script expression on activated T cells.

Negative regulation of alternative 4-1BB splice variant

on 4-1BB signaling

We investigated whether splice variant could inhibit 4-1BB sig-
naling by luciferase assay using a pELAM-luc reporter plasmid

containing a NF-xB response element. For transfection experi-
ments, a splice variant was cloned into pPCDNAS3.1 (pCDNA3.1-
AE8-4-1BB). Upon NF-kB activation induced on EL4 cells
transfected with pCDNAS3.1-4-1BB and pCDNAB3.1-4-1BBL, it
was reduced in a dose-dependent manner by co-transfection
with the pCDNAS.1-AE8-4-1BB construct (Fig. 6A). After trans-
fection, surface expression of 4-1BB was determined by flow
cytometry (Fig. 6B). As we expected, no surface expression
was found on EL4 cells transfected with the pCDNAS.1-AE8-4-
1BB construct. The expression of the 4-1BB transcript was also
determined by RT-PCR (Fig. 6C) and soluble 4-1BB protein
was measured by ELISA (Fig. 6D). EL4 cells slightly express
endogenous 4-1BB transcript but not detectable on surface
without stimulation such as anti-CD3, ConA, and PMA/Ino-
mycin. Soluble 4-1BB protein was increased in a dose-
dependent manner. Thus, soluble 4-1BB induced under activa-
tion conditions is a negative regulator for activated T cells ex-
pressing membrane-bound 4-1BB.

DISCUSSION

A previous report showed that mouse 4-1BB has two types of
transcript and their expression may be regulated differently
(Kwon et al., 1994). In this study, we found that mouse 4-1BB
has more than two types of mRNA and three distinct promoter
regions (PI, PIl and PIll) that might be involved in regulating
gene expression. Differential expression patterns might be
dependent on the differential combination of transcription fac-
tors in certain conditions. Previous studies showed that mouse
Ick is regulated by two independent promoters, called the
proximal and distal promoters. The mouse Ick proximal pro-
moter was required for tissue-specific expression in the thymus
and mtp was a critical transactivator for the proximal promoter
(Reynolds et al., 1990; Yamada et al., 2001). The phenomenon
of a differential expression pattern from a single gene by alter-
native promoters is very common, and is often related to tissue-
specific expression of that gene (Christophi et al., 2004; Hai et
al., 2001; Jian et al., 2006; Tao et al., 2001; Xiao et al., 2003).
Our result showed that the type | was expressed in tissue-
specific manner and was highly induced in activated T cells.
Interestingly, the type Il transcript was ubiquitously expressed in
tissues but inducible on T cells as well. A previous study
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Fig. 5. The splice variant without exon 8 was
highly induced in activated T cells. (A) The
splice variant, which did not contain exon 8, was
amplified by PT-PCR using cDNA prepared
from activated CD4" and CD8" T cells via anti-
CD8 stimulation for the indicated time. For RT-
PCR analysis of full transcripts, each sense
primer (F1, F2, and F3) for each transcript, and
the identical full reverse primer (R2) were used
(Fig. 1A). (B, C) RNase Protection Assay (RPA).

B CcD3 C CD3 Purified CD4* (B) and CD8" T cells (C) were
0 24 48(h) 0 24 48 (h) harvested at the indicated time after stimulation
Exong/e with anti-CD3 and total RNA was extracted. 5
(316 bp) Sy ug of total RNA was hybridized with [0-2P]
- ' | == Exondio [31%an-] - labeled probes and subjected to RPA analysis
(235 bp) <& Exong/o as described in the methods section, followed
(235 bp) by autoradiography. The mRNA expression of
the corresponding GAPDH was included to
GAPDH normalize for gel loading.
(161 bp) GAPDH
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Fig. 6. Inhibition effect of a splice variant on 4-1BB signaling. (A) EL4 cells were transiently transfected with the indicated expression plasmids
of pCDNA3.1-4-1BB, pCDNA3.1-4-1BBL, or pCDNA3.1-AE8-4-1BB. pELAM-luc reporter plasmid and pCMV-B-gal were co-transfected.
Luciferase activities were measured 24 h after transfection and normalized on the basis of 3-galactosidase activity. Values are presented as
meanszts.e. Each experiment was performed in triplicate, and the data presented are representative of three different experiments. (B) The
surface expression of 4-1BB on EL4 cells transfected with pCDNA3.1, pCDNA3.1-4-1BB, or pCDNA3.1-AE8-4-1BB was determined by stain-
ing with FITC conjugated 3E1 mAb and an isotype control. (C) RT-PCR performed with identical samples. (D) Soluble 4-1BB protein was
measured by ELISA using the supernatant from transfected EL4 cells. A Wallac vector 1420 Multilabel Counter was used for measurement.
Data are representative of three independent experiments. Values are presented as means + s.e.

showed the expression of human 4-1BB is regulated by NF-«xB
and AP-1 (Kim et al., 2003). In fact, putative AP-1 binding ele-
ments were identified in three distinct upstream regions of the
mouse 4-1BB gene, and the putative NF-«xB binding element
was identified at positions -1890 to -1880, which is similarly
located to the human 4-1BB gene. In this study, we found that
NF-«B specifically binds to the PI region, but not the PIl and Pl
regions. Although binding activity of AP-1 on the PI region was
enhanced by anti-CD3 stimulation, AP-1 bound to PI, PIl, and
PIll regions in non-activated condition. Therefore, Ap-1 might

be responsible for constitutive expression of type Il transcript on
tissues. The translocation of NF-xB on the PI region is, how-
ever, an important event for the induction of 4-1BB transcripts in
CD4" and CD8* T cells activated by TCR stimulation.

Taken together, each of the two mouse 4-1BB transcripts
showed a differential expression pattern, could be regulated by
distinct promoters. The PI region is mainly responsible for the
activation-dependent expression in T cells through the NF-xB
binding.

We have also shown that expression of the 4-1BB splice
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variant lacking exon 8, which yields a soluble form of 4-1BB, is
induced on activated T cells. Previous studies showed that
soluble human 4-1BB is enhanced in the sera of patients with
rheumatoid arthritis, leukemia, and lymphoma (Furtner et al.,
2005; Jung et al., 2004; Michel et al., 1998). The soluble form of
4-1BB seems to be associated with clinical disorders. Whereas
two splice variants of human 4-1BB do not have a cytoplasmic
domain because of a translational stop codon caused by a
frame-shift, the mouse 4-1BB splice variant still has a cyto-
plasmic domain because it is in-frame. We investigated the
expression level of a splice variant in activated T cells. In Fig. 5,
the splice variant was highly induced on activated T cells to
comparable level to the normal transcript. In addition, the an-
tagonistic activity of the splice variant on 4-1BB signaling was
determined. These results suggest that the 4-1BB has a nega-
tive regulation system which may be required for preventing
hyperactivation of T cells by reducing the expression of mem-
brane-bound 4-1BB. In addition, it is possible that soluble 4-
1BB provides the reverse-signal through 4-1BBL on B cells,
APCs, and monocytes.
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