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pRB activates transcription by a poorly understood mechanism that
involves relieving negative regulation of the promoter specificity
factor Sp1. We show here that MDM2 inhibits Sp1-mediated
transcription, that MDM2 binds directly to Sp1 in vitro as well as in
vivo, and that MDM2 inhibits the DNA-binding activity of Sp1.
Forced expression of pRB relieves MDM2-mediated repression, and
interaction of pRB with the MDM2-Sp1 complex releases Sp1 and
restores DNA binding. These results suggest a model in which the
opposing activities of MDM2 and pRB regulate Sp1 DNA-binding
and transcriptional activity.

The oncogenic properties of MDM2 have been postulated to
result from direct interaction with several cell cycle regula-

tory proteins. MDM2 interacts directly with the tumor-
suppressor protein p53 (1) and blocks p53-mediated transacti-
vation (2–7). In addition, MDM2 has been shown to target p53
for rapid degradation (8, 9). These observations have suggested
a model in which MDM2 plays a critical role in controlling the
extent and duration of the p53 response (10, 11). MDM2 also
interacts with a second tumor suppressor protein, the retino-
blastoma-associated protein pRB. This MDM2–pRB interaction
results in inhibition of pRB growth-regulatory function (12, 13).
Furthermore, MDM2 interacts with the activation domains of
the S-phase-promoting transcription factors E2F1 and DP1,
resulting in stimulation of E2F1yDP1 transcriptional activity
(14). Taken together, these observations suggest that MDM2 not
only relieves the proliferative block mediated by either p53 or
pRB, but also promotes proliferation by stimulating the S phase
inducing transcriptional activity of E2F1yDP1.

pRB can modulate transcriptional activation as well as tran-
scriptional repression. One example of transcriptional activation
mediated by pRB occurs through a poorly understood mecha-
nism that involves promoter elements called retinoblastoma
control elements. Retinoblastoma control elements are bound
by Sp1 in vitro and are stimulated by Sp1 in vivo (15–17).
Furthermore, coexpression of Sp1 and pRB results in ‘‘super-
activation’’ of Sp1-mediated transcription (17). The mechanism
by which pRB increases Sp1 activity is not yet clear. However,
pRB has been shown to stimulate Sp1 activity by liberating Sp1
from an uncloned negative regulator called Sp1-I (18). In this
report, we show that MDM2 inhibits transcriptional activation of
Sp1 by binding to its C-terminal domain. Furthermore, pRB can
counteract this inhibition by displacing Sp1 from MDM2, re-
sulting in free Sp1, thus restoring Sp1 transcriptional activity.

Materials and Methods
Transfections and Chloramphenicol Acetyltransferase (CAT) Assay.
NIH 3T3 and the microcell hybrid 3T3(R1811)-7 (MDM21)
were transfected with Lipofectamine (GIBCOyBRL) according
to the manufacture’s protocol. CAT activity was measured by
using a phase extraction procedure, as described (19). Values
represent the average of duplicate dishes, and duplicate dishes
showed ,20% difference.

Gel Mobility-Shift Assay. A probe containing three binding sites for
Sp1 was labeled with 32P. Sp1 antibody (PEP2) was obtained

from Santa Cruz Biotechnology as was the mutant oligonucle-
otide (AAT CGA TCG GTT CGC GGC GAG). Binding assays
were performed with 10,000-cpm-labeled DNA fragment, 13
Shift buffer (20 mM Hepes, pH 7.6y50 mM KCly1 mM EDTAy3
mM MgCly1 mM DTTy10% glycerol), 0.1 mg of poly[d(IC)],
0.5% Nonidet P-40, plus designated amounts of in vitro-
translated proteins. Components were allowed to bind for 20 min
at room temperature before loading onto a 4% nondenaturing
[13 TBE (90 mM Trisy64.6 mM boric acidy2.5 mM EDTA, pH
8.3)] acrylamide gel. Five microliters of in vitro-translated Sp1
was used in all lanes. Increasing amounts (3, 6, and 18 ml) of in
vitro-translated MDM2 were added to the binding assay.

Pulldown Assays. Glutathione S-transferase (GST) fusion pro-
teins were prepared from bacteria by sonication in PBS con-
taining 0.1% Triton X-100, 1 mM EDTA, 14 mM 2-mercapto-
ethanol, and protease inhibitors. Extracts were affinity purified
by using glutathione-agarose beads (Sigma) and incubated with
in vitro-translated and radiolabeled proteins in NETT buffer (20
mM Tris, pH 8.0y100 mM NaCly1 mM EDTAy0.2% Triton-X-
100). MDM2-maltose-binding protein (MBP) fusion proteins
were prepared from bacteria by sonication in PBS containing
0.1% Triton X-100, 1 mM EDTA, 1 mM PMSF, 14 mM
2-mercaptoethanol, and protease inhibitors. Extracts were af-
finity purified by using amylose resin (New England Biolabs)
according to the manufacturer’s directions. 35S-labeled in vitro-
translated proteins (TNT, Promega) were incubated with the
fusion proteins in NETT at 4°C for 2 h with constant agitation.
After extensive washes with NETT buffer, bound proteins were
eluted by boiling and resolved by SDSyPAGE.

In vitro-translated MDM2 and in vitro-translated and 35S-
labeled Sp1 were mixed and preincubated with an antibody
against the N-terminal of MDM2 (Santa Cruz Biotechnology,
N-20), and complexes were isolated by using protein AyG
Sepharose (Santa Cruz Biotechnology). Binding and washing
were performed using NETT. Purified complexes were incu-
bated with GST coupled to pRB (GST-RB) or GST at 37°C for
20 min. Proteins bound to the beads were removed by centrif-
ugation, and free proteins released into the supernatant were
analyzed by PAGE. GST-RB, GST-RBDC, and GST were
generated by elution of glutathione beads with 5 mM reduced
glutathione in 50 mM Tris, pH 8.0. Gels were enhanced by using
NEN Entensify solutions and exposed to Kodak XAR-5 film or
quantitated by using a PhosphorImager (Molecular Dynamics).

Immunoprecipitation and Western Analysis. Mouse embryo fibro-
blasts were prepared from MDM22y2; p532y2 (MDM22y2)
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or MDM21y1; p532y2 (MDM21y1) embryos, and whole cell
lysates were prepared by lysis in nuclear extraction buffer (50
mM Tris, pH 8.0y150 mM NaCly1.0% Nonidet P-40 plus
protease inhibitors). Cell extracts were incubated with the
indicated MDM2 mAbs for 4 h at 4°C. Immune complexes were
isolated with protein AyG agarose (Santa Cruz Biotechnology)
and washed four times with lysis buffer. Bound proteins were
analyzed by PAGE followed by Western blotting. For Western
blot analysis, total cell lysate was prepared by detergent lysis of
cells in TENN buffer (50 mM Tris, pH 8.0y5 mM EDTAy150
mM NaCly0.5% Nonidet P-40) with protease inhibitors. Pro-
teins were quantitated with the protein assay kit (Bio-Rad).
Thirty micrograms of protein was resolved on an SDSy8.5%
polyacrylamide gel, transferred to Immobilon membrane (Mil-
lipore), and detected with a polyclonal Sp1 antibody (Santa Cruz
Biotechnology). The primary antibody was detected by using a
horseradish peroxidase-conjugated secondary antibody and an
enhanced chemiluminescent system (ECL-Renaissance, NEN).

Results
Overexpression of MDM2 Interferes with Sp1-Mediated Transactiva-
tion. We previously identified a derivative rhabdomyosarcoma
chromosome capable of inhibiting overt muscle differentiation
when introduced, via microcell-mediated chromosome transfer,
into the mouse myoblast cell line C2C12 (19). This derivative
chromosome contains a region of amplified DNA originating
from chromosome 12q13–14. Testing the amplified genes for the
ability to inhibit muscle-specific gene expression indicated that
over-expression of MDM2 interferes with MyoD function and
consequently inhibits muscle differentiation. During character-
ization of microcell hybrids containing this derivative rhabdo-
myosarcoma chromosome (19), we observed a significantly
lower level of transcriptional activity from Sp1-dependent pro-
moter constructs when compared to parental cells. Fig. 1A shows
a representative experiment with control NIH 3T3 cells and a
hybrid with amplified MDM2 (MDM21) transfected with the
synthetic Sp1-dependent reporter construct (Sp1)3BCAT. The
(Sp1)3BCAT reporter construct contains three copies of an Sp1
consensus site (GC box) and a TATA element (20). This lower
level of basal activity from this reporter construct was not due
to transfection differences between the cells because transfec-
tion of RSVCAT resulted in similar levels of CAT activity in both
cell lines. Furthermore, forced expression of Sp1 resulted in a
dose-dependent increase in activity from the Sp1-dependent
promoter in control NIH 3T3 cells but only minimal induction
in cells with amplified MDM2. However, at higher levels of
transfected Sp1 we do observe a significant increase in
(Sp1)3BCAT activity in cells with amplified MDM2, suggesting
that the inhibitory activity in these cells can be overcome with
higher levels of Sp1 (unpublished observations). Western blot
analysis indicates that NIH 3T3 cells and the hybrid with
amplified MDM2 express similar levels of Sp1 protein (Fig. 1B),
indicating that amplification of MDM2 does not alter the
expression of Sp1. These results suggested that MDM2 may be
negatively regulating Sp1 activity. However, because most cells
contain many different GC box-binding transcription factors
(21) and the derivative chromosome contains several amplified
genes in addition to MDM2 (19) that could potentially interfere
with the activity of this promoter, we next tested directly whether
MDM2 could interfere with transcriptional activation mediated
by Sp1. Cotransfection of NIH 3T3 cells with an Sp1 expression
vector, the synthetic Sp1-dependent reporter, and increasing
amounts of an MDM2 expression vector indicates that forced
expression of MDM2 interferes with Sp1-activated transcription
(Fig. 1C). Furthermore, forced expression of MDM2 also inter-
feres with Sp1-mediated activation of the minimal HSVTK
promoter, indicating that MDM2 inhibits Sp1-mediated trans-
activation of naturally occurring Sp1-activated promoters (22).

In addition, forced expression of the MDM2 related protein
MDMX also inhibits Sp1-activated transcription on both the
synthetic Sp1 reporter and on the HSVTK reporter, indicating
that this activity is conserved between MDM2 and MDMX. To
control for nonspecific inhibition, we assayed a fusion protein
(GAL-N), generated by fusing the activation domain of MyoD
to the DNA-binding domain of GAL4, for activity on the
GAL4-dependent reporter GALCAT. We chose the activation
domain of MyoD because it does not interact with MDM2 (T.J.P.
and M.J.T., unpublished observations), pRB (23), nor Sp1 (24).
Forced expression of either MDM2 or MDMX does not result
in a significant reduction in CAT activity from the GALCAT
reporter activated by GAL-N (Fig. 1C), indicating that the
inhibition of Sp1 activity by either MDM2 or MDMX is specific
to promoters activated by Sp1.

MDM2 Binds to the Zinc Plus D Domain of Sp1. MDM2 has been
shown to interfere with transcriptional activation through a
direct interaction with the p53 activation domain (1–7). There-
fore, we determined whether MDM2 could interact directly with

Fig. 1. Inhibition of Sp1 activity by MDM2. (A) Transcriptional activity of
endogenous Sp1 in cells with amplified MDM2. NIH 3T3 cells and a hybrid with
amplified MDM2 (MDM21) were transfected with the synthetic Sp1-
dependent promoter construct (Sp1)3BCAT (20) and increasing amounts of an
Sp1-dependent expression vector cytomegalovirus (CMV)-Sp1. RSVCAT was
used to control for transfection efficiency between cell lines. CAT activity is
expressed as cpm above background. Values represent the average of dupli-
cate dishes, with ,20% difference between duplicate dishes. (B) Expression of
endogenous Sp1 is not affected by MDM2 amplification. Western blot anal-
ysis, using an antibody against Sp1, on cell extracts from NIH 3T3 cells and a
hybrid with amplified MDM2 (MDM21). (C) Inhibition of Sp1 activity by
MDM2 and MDMX. NIH 3T3 cells were transfected with the Sp1-dependent
reporter (Sp1)3BCAT, HSVTKCAT (TKCAT), or GALCAT. Cells were cotrans-
fected with either an Sp1 expression vector or an GAL-N expression vector in
the presence of increasing amounts of an MDM2 or MDMX expression vector.
CAT activity was measured as in A above and is expressed as percentage of
activated levels.
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Fig. 3. Functional interaction between MDM2 and pRB. (A) pRB restores Sp1 activity in cells with amplified MDM2. NIH 3T3 cells and a hybrid with amplified
MDM2 (MDM21) were transfected with the synthetic Sp1-dependent promoter construct (Sp1)3BCAT and increasing amounts of CMV-RB. CAT activity is
expressed as cpm above background. Values represent the average of duplicate dishes, with ,20% difference between duplicates. (B) MDM2 inhibits Sp1 activity
in the absence of pRB. SAOS2 cells were transfected with the Sp1-dependent promoter construct (Sp1)3BCAT, the Sp1 expression vector CMVSp1, and increasing
amounts of either CMV-MDM2 or CMV-MDMX. CAT activity was measured as in Fig. 1 and is expressed as percentage of activated levels. (C) In vitro-translated
MDM2 binds to GST-RB and GST-Sp1. Radiolabeled, full-length MDM2 and the two MDM2 deletion mutants 1–294 and 1–220 were incubated with GST-Sp1 (zinc
1 D domain) or GST-RB (pRB amino acids 379–928) and subjected to a GST-pulldown assay. (D) Schematic representation of additional MDM2 deletion mutants
were analyzed using the GST pulldown assay. (E) In vitro-translated MDMX binds to GST-RB and to GST-Sp1. Radiolabeled MDMX was incubated with GST-RB
and GST-Sp1 and subjected to a GST-pulldown assay.

Fig. 2. Physical association between MDM2 and Sp1 in vitro and in vivo. (A) In vitro-translated Sp1 binds to MBP-MDM2. Radiolabeled Sp1 was incubated with
MBP-MDM2 alone, and visualized after PAGE. (B) In vitro-translated MDM2 binds to GST-Sp1. Radiolabedled MDM2 was incubated with different GST-Sp1 constructs
and subjected to a GST-puldown assay. GST-A, -B, and -C domain fusion proteins, as well as the GST-zinc 1 D domain were described previously (34). (C) Schematic
representation of the Sp1 deletion constructs used in the MBP or GST pulldown assays. (D) Coimmunoprecipitation of Sp1 with two different MDM2 antibodies. Cell
extracts from MDM21y1 or MDM2y2 cells were subjected to immunoprecipitation with the MDM2 antibodies 2A10 and 4B11 (5); bound proteins were subjected
to immunoblot analysis with an antibody against Sp1. Sp1 immunoreactivity is detected only in cells that contain an intact MDM2 gene. (E) Expression of endogenous
Sp1 is similar in MDM21y1 and MDM22y2 cells. Western blot hybridization, using an antibody against Sp1, on the cell extracts used in D above.
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Sp1. Fig. 2A shows that in vitro synthesized Sp1 binds to a
MBP-MDM2 fusion protein but not to MBP alone. In addition,
using glutathione-S-transferase-Sp1 (GST-Sp1) fusion proteins,
we show that in vitro synthesized MDM2 binds to the zinc finger
plus D domain of Sp1 (Fig. 2B). This is a specific interaction
because MDM2 does not bind to the A, B, or C domains of Sp1
or to GST alone. A schematic representation of these and
additional Sp1 deletion mutants is shown in Fig. 2C. To deter-
mine whether MDM2-Sp1 complexes could be detected in vivo,
we used coimmunoprecipitation from MDM21y1 or
MDM22y2 mouse embryo fibroblasts. Fig. 2D shows that Sp1
protein can be immunoprecipitated with two different MDM2
antibodies from the MDM21y1 cells and not from the
MDM22y2 cells, indicating that the presence of wild-type
MDM2 is necessary for coimmunoprecipitation of Sp1 with the
MDM2 antibodies. Furthermore, the MDM21y1 and
MDM22y2 cells express similar levels of Sp1 protein (Fig. 2E),
indicating that mutation of MDM2 does not alter expression of

Sp1. We conclude that MDM2-Sp1 complexes can be detected
in vivo.

pRB Restores Sp1 Activity in Cells with Amplified MDM2. Because
pRB has been shown to stimulate Sp1 transcriptional activity in
transfected cells and because it interacts with MDM2 in vivo (12,
13), we next tested whether forced expression of pRB could
restore Sp1 activity in cells overexpressing MDM2. NIH 3T3
cells and a hybrid with amplified MDM2 were transfected with
the Sp1-dependent reporter construct and increasing amounts of
an pRB expression vector. Fig. 3A shows that forced expression
of pRB induces expression of the Sp1-dependent reporter in the
cells with amplified MDM2 to levels comparable to NIH 3T3
cells. This result suggests that pRB can counteract the negative
regulation of Sp1 activity mediated by MDM2 resulting in
superactivation of the Sp1-dependent promoter. However, be-
cause MDM2 has been shown to interact directly with pRB, and
pRB has been shown to positively regulate Sp1 activity, we

Fig. 4. MDM2 inhibits the DNA-binding activity of Sp1, and pRB releases Sp1 from MDM2. (A) Gel mobility-shift assay showing that in vitro-translated MDM2
inhibits the DNA-binding activity of in vitro-translated Sp1. Control lanes show that adding an Sp1-specific antibody (AB) to the reaction results in a supershift
of the Sp1-dependent band, and that wild-type (WT) but not mutant oligonucleotide (oligo) interferes with the same Sp1-dependent band. (B) Gel mobility shift
assay showing that 5- (53) and 20- (203) fold excess of the N-terminal mutant (1–220) of MDM2 does not interfere with the DNA-binding activity of in
vitro-translated Sp1. Control lanes show that adding an Sp1-specific antibody (AB) to the reaction results in a supershift of the Sp1-dependent band. The amount
of Sp1, full-length MDM2, and the N-terminal mutant of MDM2 (1–220) was determined by 35S incorporation. (C) pRB releases Sp1 from MDM2. In vitro-translated
and radiolabeled Sp1 was immunoprecipitated with in vitro-translated MDM2 (MDM2 IP). The MDM2-Sp1 immunoprecipitate was incubated with increasing
amounts of either GST-RB or GST alone and re-immunoprecipitated, and proteins in the supernatant were separated by gel electrophoresis. (D) The C terminus
of pRB is required for Sp1 release. In vitro-translated and radiolabeled Sp1 was immunoprecipitated with in vitro-translated MDM2, as in C above. The MDM2-Sp1
immunoprecipitate was incubated with increasing amounts (25, 125, and 500 ng) of either GST-RB (379–928) or GSTRBDC (379–824) and re-immunoprecipitated.
Released Sp1 was quantitated by using a PhosphorImager after SDSyPAGE. Values represent the amount of Sp1 released, expressed as the percentage of Sp1
immunoprecipitated by MDM2. (E) Released Sp1 can bind DNA. In vitro-translated Sp1 was incubated with in vitro-translated MDM2 and immunoprecipitated
and released as in C above, except that the released Sp1 was subjected to gel mobility shift analysis. A control lane shows a supershift of the Sp1 band with the
Sp1-specific antibody.
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determined whether MDM2 could interfere with Sp1 activity in
the absence of pRB. For this analysis we transfected SAOS2
human osteosarcoma (pRB2y2) cells with the Sp1-dependent
promoter and increasing amounts of either MDM2 or MDMX
expression vectors. Fig. 3B indicates that both MDM2 and
MDMX inhibit Sp1-mediated transcription of the Sp1-
dependent promoter, indicating that MDM2 and MDMX can
inhibit Sp1 activity in the absence of pRB.

Previous studies have demonstrated that MDM2 binds to pRB
in vitro as well as in vivo (12, 13). Therefore, to identify the region
of MDM2 responsible for interaction with Sp1 and pRB, we
generated a series of MDM2 deletion mutants and tested them
for binding to GST-Sp1 and GST-RB. Fig. 3C shows that full
length MDM2, and the deletion mutant 1–294, binds to both
GST-Sp1 and to GST-RB, while the mutant 1–220 does not bind
to either. Analysis of additional deletion mutants indicates that
the central region of MDM2, containing amino acids 221 to 294,
is both necessary and sufficient for binding to both Sp1 and pRB
(Fig. 3D). This observation is consistent with a previous report
that showed that pRB binds to MDM2 in a region between amino
acids 273 and 321 (13). Furthermore, MDMX binds to both Sp1

and pRB by using the GST pulldown assay (Fig. 3E), indicating
that this activity is conserved between MDM2 and MDMX.

MDM2 and pRB Regulate the Sequence-Specific DNA-Binding Activity
of Sp1. Because MDM2 binds to Sp1 in the region that contains
the zinc finger domain, one potential mechanism by which
MDM2 could inhibit Sp1 activity is through inhibition of DNA
binding. To test this possibility, we measured Sp1 DNA-binding
activity in the presence of MDM2 using a gel mobility shift assay.
Fig. 4A shows that adding increasing amounts of in vitro-
translated MDM2 inhibits DNA binding of in vitro-translated
Sp1. In control lanes, we show that the Sp1-dependent band can
be supershifted with an Sp1 antibody, and that the Sp1-
dependent band can be competed away by excess wild-type but
not mutant oligonucleotide. In addition, an MDM2 deletion
mutant that does not interact with Sp1 does not interfere with
the Sp1-DNA complex (Fig. 4B). Furthermore, this is a specific
inhibition of Sp1 DNA binding, because in vitro-translated
MDM2 does not inhibit the DNA-binding activity of either
MyoD or CREB (unpublished observations). These results
suggest that MDM2 interferes with Sp1-activated transcription
by inhibiting Sp1 DNA binding.

Because pRB and Sp1 bind to MDM2 in the same central
region (Fig 3D), it is possible that pRB reverses MDM2 inhibi-
tion by displacing Sp1 from MDM2. To test this possibility, we
coimmunoprecipitated in vitro-translated Sp1 with in vitro-
translated MDM2 and tested whether pRB could release Sp1
from the complex. Fig. 4C shows that incubation of the MDM2-
Sp1 coimmunoprecipitate with increasing amounts of GST-RB
(amino acids 379–928) releases Sp1 into the supernatant. This is
a specific effect of the C terminus of pRB, because incubation
of the MDM2-Sp1 complex with a C-terminal truncation of pRB
that does not interact with MDM2, GSTRBDC (amino acids
379–864), did not release Sp1 (Fig. 4D). Furthermore, the Sp1
that is released from the MDM2 coimmunoprecipitate is now
able to bind DNA (Fig. 4E). These results suggest that Sp1 and
pRB compete for binding to MDM2, and that the DNA-binding
activity of Sp1 is regulated by the competing activities of MDM2
and pRB.

Discussion
Sp1 was one of the first mammalian transcription factors to be
characterized (25). Sp1 is a member of a family of proteins with
highly related zinc-finger domains that bind to GC or GT boxes
in the regulatory regions of many housekeeping as well as
tissue-specific genes (21, 26). Gene knockout of the mouse Sp1
locus indicates that Sp1-null embryos are severely retarded in
growth, die early in embryogenesis, and show a broad range of
phenotypic abnormalities (27). Surprisingly, the expression of
many putative target genes, including cell cycle-regulated genes,
is not affected in the Sp12y2 embryos. Because Sp1 is a member
of a large family of zinc finger transcription factors that bind to
similar DNA sequences (21), the continued expression of these
putative Sp1 targets may be due to functional redundancy within
the Sp1 family. It will be of interest to determine if other Sp1
family members are regulated by MDM2 and pRB.

It is well established that transcriptional regulation can result
from physical interaction between diverse transcription factors.
Previous reports have indicated that pRB positively regulates
Sp1 activity (15–17). However, the mechanism by which pRB
regulates Sp1 activity is poorly understood and may involve an
uncharacterized pRB-binding protein called Sp1-I (18). In ad-
dition, a cathepsin-like protease has been shown to be involved
in the rapid degradation of both Sp1 and pRB (28, 29). Whether
MDM2 is involved in regulating this activity is currently not
known. However, we have not observed a significant difference
in the levels of Sp1 protein either in cells with amplified MDM2
or in cells with deleted MDM2, suggesting that MDM2 does not

Fig. 5. Model for regulation of Sp1-mediated transcription by the compet-
ing activities of MDM2 and pRB. During normal growth of wild-type cells, the
level of transcriptionally active Sp1 is established by the levels of MDM2 and
pRB. However, in cells where MDM2 has been amplified, pRB becomes limiting
and as a consequence more Sp1 is bound to MDM2 and thus lowering gene
expression from Sp1-dependent promoters.
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regulate the levels of Sp1 protein. In addition, pRB has been
shown to regulate Sp1 activity indirectly by interacting with
TAFII250, which interacts with TAFII110, which in turn interacts
with Sp1 to stimulate transcription (30). The interaction between
TAFII110 and Sp1 occurs in one of the glutamine rich transac-
tivation domains (domain B) located in the N-terminal half of
Sp1. Because MDM2 interacts with the zinc plus D domain of
Sp1, these observations suggest that pRB regulates Sp1 activity
by at least two distinct mechanisms. The first involves facilitation
of the TBP–Sp1 interaction via a glutamine rich activation
domain of Sp1 via TAFII250 and TAFII110. The second involves
negative regulation of Sp1 transcriptional activity by MDM2 and
reversal of this inhibition by pRB. Our results suggest a model
in which Sp1 transcriptional activity is regulated by physical
interaction with MDM2, and that this interaction inhibits DNA
binding (Fig. 5). Furthermore, pRB can reverse the inhibitory
effects of MDM2 by physically interacting with the MDM2-Sp1
complex and releasing free Sp1, thus restoring DNA binding and

transcriptional activation. Amplification and overexpression of
MDM2 occurs in approximately 30% of human sarcomas (1).
Our model predicts that in cells with amplified MDM2, pRB
becomes limiting and as a consequence, transcription from genes
dependent on Sp1 activity is reduced. Because Sp1 has been
implicated in the expression of genes involved in both terminal
differentiation, e.g., human cardiac actin (31), as well as S-phase,
e.g., dihydrofolate reductase (32) and thymidine kinase (33), it
will be interesting to determine whether the opposing activities
of pRB and MDM2 mediate the switch from active proliferation
to cell cycle arrest during terminal differentiation by modulating
Sp1 activity.
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