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Previously, we found that c-jun represses the tumor
suppressor p21 WPt (h51) gene expression. In this
study, we further investigated the mechanism of the
inhibitory effect of c-jun on p2l. After analysis of a
series of deletion and point mutants of p21 promoter,
we found that Sp1-3 site (-77 and -83) relative to the
transcription start site played an important role for
c-jun-repressing-responsive element in the p21 pro-
moter. Both Spl and Sp3 transcription factors were
the key factors for this event. However, the data from
electrophoretic mobility shift assay indicated that
c-jun did not change the Spl DNA-binding affinity,
suggesting that additional factors may be involved in
the repression of p21 by c-jun. Furthermore, c-jun
could inhibit butyrate-inducing p21 gene expression
through Sp1, indicating at least one common pathway
whereby p21 expression is affected by c-jun and bu-
tyrate in opposing actions. Moreover, the hyperphos-
phorylated retinoblastoma protein (Rb) increased in
c-jun expressing cells, indicating that phosphorylated
Rb may play a role in regulating Spl to repress p21
expression. This is the first demonstration of how
housekeeping factors and oncogene product counter-
act the function of tumor suppressor genes to control
cell cycle progression. © 2000 Academic Press
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The protein p21™2CPYsa 19217 is encoded by a re-
cently cloned gene (Sdi) and is overexpressed in senes-
cent fibroblast (1, 2). The same p21 protein was found
to associate with different cyclin dependent kinase
(CDK)-cyclin complexes and inhibits the kinase activ-
ity required for cell cycle progression (3, 4). Indepen-
dent research showed that p53 causes induction of p21
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gene and mediates the cell growth arrest induced by
p53 (5).

Recent evidence has shown that p21 expression can
be stimulated by a number of agents, including tumor
growth factor 8 (TGF-B), phorbol esters, okadaic acid,
butyrate, growth factor, interleukin 6, interferon-vy,
retinoic acid, and vitamin D3 (6—14), it is possible that
a number of elements in the p21 promoter function
together to precisely regulate the level of p21 expres-
sion. For example, p21 is a retinoic acid (RA)-
responsive target gene in U937 cell differentiation, and
a functional RA response element in p21 promoter is
through RA receptor/RA X receptor heterodimers (10).
TGF-B markedly induces p21 protein and causes G1
growth arrest, and Spl is involved in the transcrip-
tional activation of the p21 promoter in response to
TGF-B (6). Similarily, Biggs et al. (1996) have reported
that Spl is required for both the basal activity and the
full activation of the p21 promoter by phorbol esters
and okadaic acid. Also, Nakano et al. (1997) have iden-
tified Spl as the main butyrate-responsive element of
the p21 promoter. In addition, nerve growth factor
(NGF) which induces PC12 cell differentiation, acti-
vates the p21 promoter by stimulating the transacti-
vation domain of Spl (12). Such multiple signals may
be necessary to generate sufficient p21 expression for
growth inhibition, since there are evidences demon-
strating that the ratio of p21 protein to target mole-
cules, such cyclin-dependent kinases, determines cell
growth effect (7, 15, 16). These elements can be scat-
tered throughout the promoter or may overlap to create
potential combined or synergistic responses.

c-jun is an immediate early gene, whose expression
is rapidly and transiently induced by extracellular
stimuli. It acts as a nuclear messenger converting a
cytoplasmic signal into alterations in gene expression
(17-19). Previously, we had found that c-jun represses
the tumor suppressor p21 gene expression (20). The
interaction between the cellular oncogene c-jun and
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tumor suppressor p21 resulting in the regulation cell
cycle progression is intriguing. Hence, in this study we
further investigated the mechanism of the c-jun re-
pressing p21 by mutational analysis. Where we con-
structed a series of deletion and point mutants of p21
promoter to study the c-jun responsive element in p21
promoter. The results demonstrated that Spl-3 site
(-77 and -83) relative to the transcription start site
played an important role for c-jun-repressing-response
element in the p21 promoter, and Sp1 and Sp3 factors
played an important role for c-jun-repressing p21 gene
expression.

MATERIALS AND METHODS

Construction of 5’ deletion mutants of p21 promoter. A 2.456 kb
Hindlll fragment isolated from the full length p21 promoter
plasmid-WWP/luc (kindly provided by Dr. Bert Vogelstein), was
cloned into SK+ vector (Strategene) with Hindlll digestion and
alkaline phosphatase to remove 5’ end phosphate, and named pP21/
SK. The plasmid pP21/SK was sequenced by dideoxynucleotide ter-
mination method. Based on sequence analysis, the restriction en-
zyme Sau3Al map in p21 promoter was position at nucleotide -2103,
-955, -739, and -533 from the transcription start site (Fig. 2A). To
generate a series of 5’ deletion mutants, first, we partially digested
the plasmid (pP21/SK) with Sau3Al, 5’ deletion mutant fragments
were isolated and introduced into the vector TTC which is derived
from pGuP.PA.8 vector (kindly provided by Dr. Chen Jeou-Yuan)
without a 58 bp fragment of heat shock promoter. Then, their se-
quence and orientation were confirmed by dideoxynucleotide termi-
nation sequencing and named pP21-2103, pP21-955, pP21-739, and
pP21-533 respectively. The plasmid pP21-FL containing the full
length p21 promoter fragment was constructed by inserting 2.456 kb
Hindlll fragment from pP21/SK into TTC vector. The orientation of
the plasmid pP21-FL was also checked and confirmed by sequencing.

Furthermore, the plasmid-pP21-2275 was constructed by digest-
ing the plasmid pP21/SK with Sacl and Hindlll; and the plasmid-
pP21-1263 by digesting with Dral and Hindlll; the plasmid-pP21-
215 by digesting with Pstl and Hindlll (Fig. 2A). Each restriction
fragment was then separately isolated and subcloned into TTC vec-
tor. Moreover, the 215 bp regions from the transcription start site to
-215 included three Smal sites located at positions -127, -112, and
-63, from the transcription start site (Fig. 2B). Likewise, we partially
digested the plasmid pP21-215 with Smal, 5’ deletion mutant frag-
ments were isolated, introduced into the vector TTC, then confirmed
their sequence and orientation by dideoxynucleotide termination
method, generating pP21-127, pP21-112, pP21-63, pP21-54, pP21-47
and pP21-43 mutants. All 5’ end deletion mutants contained TATA
box of p21 promoter and their downstream were fused with the
luciferase reporter gene.

Northern blot hybridization. Total cytoplasmic RNA was pre-
pared from cell lines and analyzed by Northern blot hybridization.
Filters were washed to remove nonspecifically bound probe, then
air-dried, and exposed to Kodak XAR film with Dupont Lightning-
plus intensification screens.

Transfections and luciferase assay. Human embryonic epithelial
cells-293 cells (ATCC) were maintained in Dulbecco’s modified Ea-
gle’s medium (Life Technologies, Inc.) supplemented with 10% bo-
vine calf serum (Life Technologies, Inc.) and antibiotics. 293 cells
were seeded at a density of 500,000 cells per 100-mm dish 24 h prior
to transfection. Transfections were carried out by calcium phosphate
precipitation method with 5 pg of plasmid pC-jun containing c-jun
gene (20) and 5 ug of each luciferase reporter plasmid. As an internal
control for the variation in transfection efficiency, 2 ng of pCH110, a
plasmid containing the Escherichia coli lacZ that was used to mon-
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itor B-galactosidase activity was cotransfected with the test plasmids
to normalize the luciferase activity. Transfected cells were cultured
for 48 h, then lysed with 100 ul of 1 X cell culture lysis reagent
(Promega) for 10 min at room temperature. After spinning 5 s to
pellet large debris, 20 ul of supernatant was added to 100 ul of
luciferase assay reagent (Promega). Light emission was detected in a
luminometer (BioOrbit, Finland).

Immunoblots. Cellular proteins were extracted in sodium dode-
cyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) sample
buffer (50 mM Tris-HCI pH 6.8, 10% glycerol, 1% SDS, 1 mM phenyl
methylsulphonyl fluoride (PMSF), 5 pg/ml aprotinin, 5 ug/ml leu-
peptin; 600 wl buffer per 200 mm dish) on ice for 30 min. After being
boiled for 10 min, about 100 ng of each crude protein lysate was
separated by SDS-PAGE, transferred to a nitrocellulose filter, re-
acted with appropriate dilution of primary antibody to Spl (mouse
monoclonal serum, Santa Cruz Biotech, CA), Sp3 (rabbit polyclonal
serum, Santa Cruz Biotech, CA), or retinoblastoma protein (Rb,
mouse monoclonal serum, Santa Cruz Biotech, CA) and visualized by
the enhanced chemoluminacence system (Amersham) using proce-
dures recommended by the manufacturer.

Nuclear protein extraction and electrophoretic mobility shift assay
(EMSA). Nuclear protein extracts from monolayer culture of cells
were prepared as described previously (21). Sequence-specific DNA
binding activity in cell nuclear extracts was assayed by EMSA.
Assays for binding activity in nuclear extracts from cells generally
contained in a 15 ul volume, 5 pg of nuclear protein, 2 pg of poly
(d1-dC) carrier (Pharmacia Biotech), 256 mM HEPES (N-2-
hydroxyethylpiperazine-N’-2-ethanesulfonic acid, pH 7.9), 10% glyc-
erol, 50 mM KCI, 5 mM MgCl,, 2 mM spermidine, 0.1 mM EDTA, and
0.5 mM dithiothreitol. After a short preincubation on ice, the radio-
active end-labeled Sp1l DNA probe was added and incubated for 30
min on ice, then the reaction mixtures were loaded onto 5% poly-
acrylamide gel. The Spl DNA probe was performed by annealing
oligonucleotides containing Spl sequence (5'-ATTCGATCGG-
GGCGGGGCGAG-3' and 5-CTCGCCCCGCCCCGATCGAAT-3')
and labeling with [y-*P]JATP using the T4 polynucleotide kinase. In
competition experiments, the unlabeled DNA, present in 25-fold
molar excess, was added to the preincubation mixture. Competitors
were as follows, Spl is a double-stranded synthetic oligonucleotides
(5'-ATTCGATCGGGGCGGGGCGAG-3’) carrying an optimal bind-
ing site for the Sp1 homologue. The other competitors, one is a Spl
mutant competitor (5'-ATTCGATCGGTTCGGGGCGAG-3’) carrying
a destructive binding site for the Spl homologue; the other is non-
specific oligonucleotides (5'-AATCCGTCGAGCAGAGTT-3’). The re-
action mixture was further incubated at 4°C for 1 h in the presence
of anti-Sp1 or anti-Sp3 antibody. Complexes and unbound DNA were
resolved by electrophoresis at 15 to 20 mA for 5 to 6 h. Gels were
dried prior to autoradiography.

RESULTS
p21 Is Repressed by c-jun Genes

We previously found that the concentration of p21
protein was lower in c-jun transfected keratinocytes
than that in the parental keratinocytes (20). In the
present study, we investigated the effect of c-jun on p21
concentration in human embryonic epithelial cells (293
cells). Figure 1 reveals that concentration of p21 RNA
decreased in c-jun transfected cells (c-jun/293, lane 1)
as compared with the 293 cells containing vector only
(V/293, lane 2). The decreased concentration of p21
RNA by c-jun could be due to repression of p21 pro-
moter activity. The promoter activity of p21 gene was
therefore investigated by transient transfection as-
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FIG. 1. c-junrepress p21 RNA expression by Northern blot. RNA
(20 ng) was fractionated by agarose gel electrophoresis, blotted, and
hybridized with p¥*-labeled p21, c-jun, and GAPDH cDNA
(glyceraldehyde-3-phosphate dehydrogenase) separately. A GAPDH
probe was used to ensure equal RNA loading. Lane 1: c-jun/293: 293
cells containing c-jun gene; lane 2: V/293: 293 cells containing the
vector alone (pCEP4); lane 3: c-jun/293 cells treated with 1.0 mM
sodium butyrate for two days; lane 4: /293 cells treated with 1.0 mM
sodium butyrate for two days.

says. We cotransfected the p21 promoter luciferase
reporter plasmid (WWP-Luc, 5 ug) and c-jun plasmid
(5 ng) into 293 cells. Luciferase reporter analysis
shows that c-jun repressed p21 promoter activity in
293 cells (Fig. 2).

Analysis of c-jun-Responsive Elements
in the p21 Promoter

Next, we tried to determine what regions of the p21
promoter were responsive to c-jun repression. For this
purpose, a series of 5’ deletion constructs of the p21
promoter were generated as described under Materials
and Methods. Five ug of each of the 5’ deletion mu-
tants, containing 2456 bp (pP21-FL), 2275 bp (pP21-
2275), 2103 bp (pP21-2103), 1263 bp (pP21-1263), 955
bp (pP21-955), 739 bp (pP21-739), 533 bp (pP21-533),
215 bp (pP21-215), 127 bp (pP21-127), 112 bp (pP21-
112), 63 bp (pP21-63), 54 bp (pP21-54), 47 bp (pP21-47),
or 43 bp (pP21-43) of 5’ flanking sequences which were
cloned upstream of the luciferase reporter gene (Fig.
2A and 2B) and cotransfected either with 5 ug pC-jun
or 5 ug pCEP4 into 293 cells using the calcium phos-
phate precipitation method. After 48 h, the cells were
harvested and assayed for luciferase activity. The plas-
mid pC-jun is a c-jun expressing vector, and pCEP4
acts as a control plasmid vector. We included an inter-
nal control plasmid pCH110 (2 ng) in every transfec-
tion to allow normalization for transfection efficiency
in the subsequent analysis. As shown in Fig. 2A, the
repression activities of pP21-FL, pP21-2275, pP21-
2103, pP21-1263, pP21-955, pP21-739, pP21-533, and
pP21-215 by c-jun in 293 cells were 4.94, 4.70, 4.81,
3.90, 3.96, 4.01, 4.26, and 3.86 fold of those of pCEP4
vector from three independent experiments. Further-
more, Fig. 2B shows that the repression activities of
pP21-215, pP21-127, pP21-112, pP21-63, pP21-54,
pP21-47, and pP21-43 by c-jun in 293 cells were 3.86,
3.78, 3.76, 1.44, 1.26, 1.39, and 1.10 fold of those of
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pCEP4 vector from three independent experiments.
Taken together, these results indicate that Spl con-
taining region between -112 and -43 bp is responsible
for the repression of p21 promoter by c-jun, indicating
that the Sp1 site of the p21 promoter can be repressed
by the c-jun gene.

This 70-bp region between -112 and -43 bp harbors
two independent and two overlapping nearly consen-
sus binding sites for transcription factor Spl (6, 8).
Previously, they are termed Spl1-3, Spl-4, Spl-5 and
Spl-6 from the upstream. To accurately determine
whether these Spl binding sites are involved in the
repression by c-jun. A series of point mutation of p21
promoter including p21P 93-S, p21P 93-S mut#1, p21P
93-S mut#2, p21P 93-S mut#3, and p21P 93-S mut#4
were kindly provided by Dr. Xiao Fang Wang (6), and
were used to assay the luciferase activity. These plas-
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FIG. 2. Splis the c-jun responsive element in p21 promoter by a
series of 5’ deletion mutants of p21 promoter. (A) 5 ug of each 5’
deletion mutants of p21 promoter, including pP21-FL, pP21-2275,
pP21-2103, pP21-1263, pP21-955, pP21-739, pP21-533, and pP21-
215, cotransfected with either 5 ug pC-jun or 5 ug pCEP4 into 293
cells using the calcium phosphate precipitation method. After 48 h,
the cells were harvested and assayed for luciferase activity. The
plasmid pC-jun is a c-jun expressing vector, and pCEP4 acts as a
control plasmid vector. The fold repression is the ratio of luciferase
activity cotransfection experiments with the c-jun expression vectors
to the activity obtained with the control vector plasmid, and is the
average of three different experiments. (B) The same experiments
were performed as described in A; the test promoters include pP21-
215, pP21-127, pP21-112, pP21-63, pP21-54, pP21-47, and pP21-43.
Results are shown as means = S.D. from three independent exper-
iments. Significant difference of fold inhibition by c-jun between
pCEP4 and pC-jun at P < 0.05 by Student’s t test.
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FIG. 3. Sp1-3site is c-jun responsive element in the p21 promoter by point mutants of p21 promoter. 5 ug of each Spl point mutants of
p21 promoter, including p21P 93-S, p21P 93-S mut#l, p21P 93-S mut#2, p21P 93-S mut#3, and p21P 93-S mut#4 were cotransfected with
either 5 pg or pC-jun or 5 ug pCEP4 into 293 cells using the calcium phosphate precipitation method. The fold of repressing p21 gene
expression by c-jun was measured as described in Fig. 2. An asterisk indicates the position of each Spl point mutation. Results are shown
as means * SD from three independent experiments. Significant difference of fold inhibition by c-jun between pCEP4 and pC-jun at P < 0.05

by Student’s t test.

mids were also co-transfected with control vector or
vector expressing c-jun. Figure 3 presents the data
from three separate experiments and demonstrates
that Sp1-3 binding site played an important role for
repressing p21 promoter activity by c-jun.

Identification of Proteins Interacting with the Main
c-jun Responsive Element

To determine if Spl or other proteins can interact
with the main c-jun-responsive element, EMSAs were
performed using the oligonucleotides containing the
wild-type Spl site. Nuclear extracts were purified from
either c-jun-transfected (c-jun/293) or vector-trans-
fected cells (V/293). As shown in Fig. 4, two major
DNA-protein complexes were detected, which were
competed away by an excess of unlabeled homologous
Sp1l oligonucleotides (lanes 3 and 10), but not by the
Spl mutant competitor (lanes 4 and 11) both in V/293
and c-jun/293 cells, respectively. To elucidate whether
the retarded bands represent the binding of Sp1 or Sp3
(a member of Spl family), EMSA was performed with
the nuclear extracts preincubated with Spl or Sp3
antibody. In the presence of Spl antibody, the upper
complex was supershifted (lanes 6 and 13), and the
lower complex was diminished in the presence of Sp3
antibody (lanes 7 and 14) both in V/293 and c-jun/293
cells respectively. However, both the mobility pattern
and intensity were not different between V/293 and
c-jun/293 cells.

The electrophoretic mobility shift experiments con-
firmed that c-jun did not induce Spl and Sp3 to Spl

site binding affinity. We also detected and compared
the protein levels of Spl and Sp3 between V/293 cells
and c-jun/293 cells by immunoblot analysis. As shown
in Fig. 5, the results show that there was no difference
between the expression of Spl (A) and Sp3 (B) in these
two cells, indicating that there may be some pre-
existing factors modulating p21 gene expression by
c-jun.

The c-jun-Repressing p21 Gene Is the Same
Pathway but the Opposite Direction
of Butyrate-Activating p21

Previous reports demonstrated that sodium butyrate
can induce the p21 gene expression via Sp1-3 binding
site in p21 promoter; also the EMSA assay shows that
the mobility and intensity patterns of Spl and Sp3
factors are not changed in butyrate-treated cells (8).
Similarly, we find that Sp1-3 binding site of p21 pro-
moter is important for c-jun to repress p21 expression.
Hence, we investigated whether the process of c-jun
repression of p21 occurs along the same pathway as
butyrate activation of p21, but in the opposite direc-
tion. First, we performed the experiments by introduc-
ing c-jun gene and p21 promoter reporter plasmid into
293 cells; 24 h after the transfection, different dose of
sodium butyrate was added. Twenty-four hours later,
cells were harvested for luciferase activity assay. Fig-
ure 6A shows that c-jun could inhibit butyrate-induced
full-length p21 promoter activity when the concentra-
tion of butyrate was 0.3, 0.6, and 1.0 mM respectively.
Likewise, Fig. 6B demonstrates that c-jun also inhib-
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FIG. 4. Electrophoretic mobility shift assay of Spl and Sp3 in
cells. EMSAs were performed as described in Materials and Meth-
ods. Lane 1: labeled Spl containing probe without nuclear extracts;
lanes 2 to 8: labeled Spl probe was incubated with nuclear extracts
of /293 cells; lanes 9 to 15: labeled Spl probe was incubated with
nuclear extracts of c-jun/293 cells. In experiments depicted in lanes
3 and 10, 25-fold molar excess of non-radioactive synthetic oligonu-
cleotides of Sp1 were included in the incubation reaction; lanes 4 and
11, 25-fold molar excess of nonradioactive synthetic oligonucleotides
of mutant Sp1; lanes 5 and 12, 25-fold molar excess of nonradioactive
and nonrelated synthetic oligonucleotides were included in the incu-
bation reaction. In experiments depicted in lanes 6 and 13, cell
extracts were preincubated with 4 ug of anti-Sp1 antibody for 1 h at
4°C before probes were added. In experiments depicted in lanes 7
and 14, cell extracts were preincubated with 4 ug of anti-Sp3 anti-
body; lanes 8 and 15, cellular extracts were preincubated with 4 ug
of normal serum.

ited butyrate-induced promoter activity in pP21-215,
which only contains six Sp1l binding sites. Additionally,
as shown in Fig. 1, c-jun/293 and V/293 cells were
treated with 1.0 mM sodium butyrate for two days.
Comparing with V/293 cells (lane 4), c-jun in butyrate-

1 2 kDa 1 2
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FIG. 5. Immunoblot analysis of Spl and Sp3 protein. Cellular
extracts were isolated by antiphosphatase buffer treatment as de-
scribed under Materials and Methods. Spl and Sp3 proteins were
measured by immunoblot analysis with Sp1 antibody (panel A) and
Sp3 antibody (panel B). Lane 1: c-jun/293: 293 cells containing c-jun
gene; lane 2: V/293: 293 cells containing the vector alone (pCEP4).
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FIG. 6. The pathway of c-jun repressing-p21 is the same but the
opposite direction of butyrate-activating-p21. The full length p21
promoter pP21-FL (A) or pP21-215 containing six Spl binding sites
(B) was co-transfected with c-jun expression vector into 293 cells in
the presence or absence of different concentration of sodium bu-
tyrate, separately. Luciferase activities were measured from three
independent transfection experiments as described in Fig. 2. Results
are shown as means *= S.D. from three independent experiments.
Significant difference of fold inhibition by c-jun between pCEP4 and
pC-jun at P < 0.05 by Student’s t test.

treated c-jun/293 cells could decrease p21 gene expres-
sion (lane 3). Taken together, c-jun can inhibit
butyrate-inducing p21 gene expression through Spi,
indicating at least one common pathway whereby p21
expression is affected by c-jun and butyrate in opposing
actions.

c-jun Repressing p21 Gene Expression Can Affect Rb
Phosphorylation

Several groups have shown that Rb is able to regu-
late transcription of c-fos, c-myc, and TGF-B1 promot-
ers (22-24) by transient assays in either a positive or
negative manner, dependent on the cell type. The Rb
control elements (RCES) in these promoters have been
defined and find to interact with Spl (22-24), and Sp1
also plays an important role for TGF-B-activating p21
gene expression (6). In this study, we demonstrate that
Spl is involved in c-jun-repressing p21 gene expres-
sion. In order to determine the relationship between
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FIG. 7. c-jun repressing p21 gene expression affects pRb phos-
phorylation. Cellular proteins were extracted from antiphosphatase
treated cells as described under Materials and Methods. Rb protein
was measured by immunoblot analysis with mouse monoclonal
anti-Rb antibody. c-jun/293: 293 cells containing c-jun gene; V/293:
293 cells containing the vector alone (pCEP4).

Rb and p21 in c-jun expressing cells, we investigated
the level and phosphorylation status of Rb. As shown
in Fig. 7, c-jun would increase the level and phosphor-
ylation of Rb protein, indicating that hyperphosphory-
lated Rb induction by c-jun may either release E2F to
transactivate the cell growth related genes or decrease
p21 gene expression to allow cells enter cell cycle.

DISCUSSION

Using several mutant p21 promoter fragments, our
results find that Sp1-3 (-77 and -83) site relative to the
transcription start site played an important role for
c-jun-repressing-responsive element in the p21 pro-
moter. Recently, many evidences showed that p21 ex-
pression can be stimulated by a number of agents,
including butyrate, TGF-8, phorbol esters, and okadaic
acid through Spl binding sites of p21 promoter (6—8).
In the p21 promoter, there are four independent Spl
binding sites and two overlapping Spl binding sites,
and they are termed Sp1-1, Spl-2, Sp1-3, Sp1-4, Sp1-5,
and Spl-6 from the upstream. A series of mutation
analyses of the p21 promoters have revealed that the
main butyrate-responsive element is the Spl-3 site
between -83 and -77 relative to the transcription start
site. Datto et al. (1995) also identified Sp1-3 site as the
main TGF-B-responsive element of the p21 promoter.
Biggs et al. (1996) have reported that the region be-
tween -122 and -61 from the transcription start site,
including Sp1-1 to Sp1-4 sites is required for both the
basal activity and the full activation of the p21 pro-
moter by phorbol esters and okadaic acid. In sum, it is
of interest that the main butyrate, TGF-B, and c-jun
response element are in the same area of the genome
(Sp1-3).

In this study, we demonstrate that Spl and Sp3
could interact Spl binding site and played a role for
c-jun-repressing p21 gene expression. Spl is a ubiqui-
tously expressed nuclear protein that was initially
identified as a protein that binds and stimulates tran-
scription of the SV40 early promoter (25, 26). Sp3 be-
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longs to the same family of Spl related transcription
factor, and is also a ubiquitously expressed protein
(27). Previous studies indicate that Spl and Sp3 ap-
pear to bind similar, if not identical, nucleotide se-
guences with similar affinity, indicating Sp1 and Sp3
may compete for their cognate DNA-binding sites in
mammalian cells (28). Sp1 and Sp3 have shown to play
a central role in trans-activation of a multitude of
cellular promoters such as p21 promoter (6, 8). Conse-
guently Spl and Sp3 have fallen into the stereotype of
being a “house-keeping” transcription factor, whose ac-
tivities are necessary solely for the basal transcription
of many genes. In contrast to previous reports of Spl
and Sp3 being a positive role for inducing p21 gene
expression by butyrate (8) and TGF-B (6, 29-31), our
study shows that Sp1 and Sp3 negatively regulates p21
gene expression by c-jun.

Our results reveal that Spl and Sp3 could specifi-
cally interact with Spl site of p21 promoter, however,
the intensity and mobility pattern of the retarded
bands were not changed by c-jun (Fig. 4), and c-jun did
not affect the phosphorylation and level patterns of the
Spl and Sp3 proteins (Fig. 5). It implies that activation
of the p21 promoter by c-jun is not due to the increase
in the binding of Spl or Sp3. Consistent results of the
intensity and mobility patterns of Spl and Sp3 also
occur in butyrate and TGF-B inducing p21 gene expres-
sion experiments (6, 8). Therefore, there may be some
shared and pre-existing factors responsible for the in-
duction of p21 by butyrate and TGF-p or the repression
of p21 by c-jun. These factors may become phosphory-
lated or interact with proteins that are modified or
phosphorylated upon these treatments to activate or
repress transcription. Very little is presently known of
how the Spl and Sp3 modifying cellular factors affect
transcription. Thus, further studies will be required to
elucidate the mechanism of how c-jun modulates the
potent transcriptional function of Sp1l and Sp3.

In this study, we demonstrate that Spl binding site
was a target for c-jun repressing p21 expression (Fig.
3), and hyperphosphorylated Rb increased in c-jun ex-
pressing cells (Fig. 7), indicating that phosphorylated
Rb may play the role for regulating Sp1 to repress p21
expression. Previous evidences indicate that Rb can
function as a positive or negative regulator of tran-
scription and that Spl is one potential target, directly
or indirectly, for transcriptional regulation by Rb (22—
24). For example, overexpression of Rb can lead to
activation of TGF-B8 through Spl factors interacting
with Rb control element (22—24), and TGF- can cause
growth arrest by inducing p21 gene expression through
Spl (6, 29-31). Hence, it is proposed that by maintain-
ing Rb in an hypophosphorylated state, TGF-g may
exert its effects on the p21 promoter through Spl.
Induction of p21 would in turn lead to a further in-
crease in the hypophosphorylated form of Rb, thus
establishing a positive feedback. Recent evidence also
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indicates that the Sp1/Sp3 trans-activation domains
are bound by cellular proteins that may negatively
regulate their activity in vivo (28, 32, 33). The overex-
pression of Rb can superactivate Sp1/Sp3 by liberating
these factors from negative regulation. These
negatively-regulating factors have been identified, one
is a 20-kDa inhibitor of Spl (Sp1l-1) that interacts be-
tween Spl and Rb. When Rb binds and inactivates
Spl-1, leading to transcriptional activation by Sp1 (32).
The other is a 74-kDa protein that binds to the trans-
activation domain of Spl and inhibits Spl-mediated
transactivation (33). These reports suggest that there
are multiple inhibitors of Sp1, which could inhibit in-
teraction of Spl with the transcription factors. In the
future, it would be interesting to investigate how c-jun
regulates inhibitors of Sp1, and interaction between Rb
and Spl to regulate p21 gene expression.

Our results show that c-jun could inhibit butyrate-
inducing p21 gene expression through Sp1, indicating
that at least one common pathway whereby p21 ex-
pression is affected by c-jun and butyrate in opposing
actions. Previous report demonstrated that sodium bu-
tyrate can induce the p21 gene expression via Spl-3
binding site, also the EMSA assay shows that the mo-
bility and intensity patterns of Sp1l and Sp3 factors are
not changed by butyrate-treated cells (8). Similarly,
our results find that Sp1-3 binding site is important for
c-jun repressing p21 expression. Hence, we further in-
vestigated whether the pathway of repressing-p21
gene expression by c-jun was the same but the opposite
direction of activating-p21 gene expression by bu-
tyrate. Figure 6 shows that c-jun could inhibit
butyrate-inducing the p21 promoter activity in differ-
ent concentration of sodium butyrate.

In this study, we are the first demonstration that
Spl-3 site (-77 and -83) relative to the transcription
start site play an important role for c-jun-repressing-
responsive element in the p21 promoter, and both Spl
and Sp3 transcription factors are the key factors for
this event. Moreover, the hyperphosphorylated Rb in-
creased in c-jun expressing cells, indicating that phos-
phorylated Rb may play the role for regulating Sp1 to
repressing p21 expression. These provide an example
of the interaction between oncogene and tumor sup-
pressor gene and give clues how housekeeping factors
and oncogene product counteract the function of tumor
suppressor genes to control cell cycle progression.
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