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E1A Physically Interacts With RUNX3 and Inhibits Its
Transactivation Activity
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ABSTRACT

The adenoviral gene, termed early region 1A (E1A), is crucial for transformation and has been used very effectively as a tool to determine the
molecular mechanisms that underlie the basis of cellular transformation. pRb, p107, p130, p300/CBP, p400, TRRAP, and CtBP were identified
to be E1A-binding proteins and their roles in cellular transformation have been established. Although the major function of E1A is considered
to be the regulation of gene expression that is critical for differentiation and cell cycle exit, one of the most significant questions relating to
E1A transformation is how E1A mediates this regulation. RUNX3 is a transcription factor that was first described as a gastric cancer tumor
suppressor but is now known to be involved in many different cancers. Exogenous expression of RUNX3 strongly inhibits the growth of cells.
Here, we show that the adenovirus oncoprotein E1A interacts with RUNX3 in vitro and in vivo. RUNX3 interacts with the N-terminus (amino
acids 2-29) of E1A, which is known to interact with p300/CBP, p400, and TRRAP. E1A interacts directly with the Runt domain of RUNX3 but
does not interfere with CBFB-RUNX3 interactions. In addition, E1A inhibits the transactivation activity of RUNX3 on the p21"*F 1/CIPI
promoter. Consistent with these observations, the growth inhibition induced by RUNX3 is reduced by E1A. These results demonstrate that E1A
specifically binds to RUNX3 and inactivates its transactivation activity. We propose that one of the mechanisms for the oncogenic activity of

E1A is the inhibition of RUNX3, similar to that of RB and p300/CBP. J. Cell. Biochem. 105: 236-244, 2008. © 2008 Wiley-Liss, Inc.
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A nalyses of the molecular mechanisms regulating the

oncogenic activities of DNA tumor viruses have contributed
enormously to our current understanding of the biology of cancer.
Studies on the adenoviral gene, termed early region 1A (E1A), are
one example of this. E1A is crucial for transformation [Avvakumov
et al., 2002]. The prototype of the E1A gene (HAdV-5 E1A) encodes
two major proteins of 289 (E1A13s) and 243 (E1A12s) residues,
which arise from alternative splicing of the same transcript and
differ only by a 46 amino acid internal sequence. Sequence
alignments of the largest E1A proteins from several adenovirus
serotypes highlighted four regions of conservation, designated
conserved regions (CR) 1-4 [Avvakumov et al., 2002], which are
important for many of E1A’s biological activities. A number of E1A-
binding proteins including pRb, p107, p130, p300/CBP, p400,

TRRAP, and CtBP were identified and their roles in cellular
transformation have been established [Turnell and Mymryk, 2006].

The function of E1A can be considered to be largely, if not
completely, at the transcriptional level. E1A is responsible for
activating viral gene transcription and reprogramming host cell
gene expression by forcing quiescent cells to re-enter the cell cycle
thereby blocking cell differentiation [Frisch and Mymryk, 2002].
One of the most significant questions relating to E1A transformation
is how E1A contributes to S phase entry. Indeed, S-phase entry has
been studied intensely with respect to the E1A-binding proteins pRb
and p300/CBP because of their implications in oncogenesis.

pRb, the product of the retinoblastoma susceptibility (RB) gene,
was the first E1A-binding protein to be identified [Whyte et al.,
1988]. pRb negatively regulates the G1-S boundary of the cell cycle
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and this property is considered to be the basis of the tumor
suppressor activity of pRb. By binding to pRb, E1A dissociates
pRb-E2F complexes which stimulate E2F-dependent transcription
of a number of S-phase-specific genes. This displacement of the Rb
protein from E2Fs provides a partial explanation for how E1A
drives Gy cells into S phase [Frisch and Mymryk, 2002; Berk, 2005].

p300 was first identified as the E1A binding protein [Stein et al.,
1990]. It was later found that E1A also binds the highly related CBP
(cyclic AMP response element-binding protein) [Arany et al., 1995].
p300 and CBP contain histone acetylatransferase activity [Bannister
and Kouzarides, 1996; Ogryzko et al., 1996] and are though to
function primarily as transcription coactivators for a number of
nuclear proteins. These include known oncoproteins (such as myb,
jun, fos) and tumor suppressor proteins (such as p53, Rb, SMADs,
RUNXs and BRCA1) [Iyer et al., 2004]. Sequestration of p300/CBP by
E1A has the general effect of repressing transcription by any factor
that utilizes these coactivators [Gallimore and Turnell, 2001].

TGEF-B prevents the E2F-mediated activation of S-phase specific
gene expression by inducing the cyclin-dependent cell cycle
inhibitors, p15™%4B and pZIWAFI/CIPI, and keeping Rb hypopho-
sphorylated. It has been demonstrated that E1A inhibits TGF-
B-dependent induction of the cyclin-dependent cell cycle inhibitors
and thereby overcomes the growth-inhibitory effect of TGF-@ [Datto
et al., 1997]. This activity is independent of Rb binding but appears
to be associated with p300 binding with since the N-terminal region
of E1A (aa 2-36) is required for the effect.

The RUNX family of transcription factors plays critical roles in
cell specification during development and in neoplastic transforma-
tion. In mammals, the RUNX gene family consists of RUNX1/
AMLI, RUNX2, and RUNX3 (see van Wijnen et al., 2004, for details
regarding the nomenclature). All RUNX family members form a
heterodimer with a shared partner, CBFB, and that the well-
conserved Runt domain in RUNX family members is important for
the heterodimerization and sequence-specific DNA binding [Ogawa
etal., 1993; Wang et al., 1993; Ito, 2004]. There are three isoforms of
CBFB (CBFB1, CBFB2, and CBFR3) that result from alternative
splicing. Of these, CBFB2 is known to be the major isoform [Ogawa
et al., 1993]. RUNX1 and RUNX2 are required for hematopoiesis and
osteogenesis, respectively, and are genetically altered in leukemia
[Look, 1997] and bone disease [Lee et al., 1997; Mundlos et al.,
1997]. RUNX3 is required for the development of CD8-lineage T cells
[Taniuchi et al., 2002] and TrkC-dependent dorsal root ganglion
neurons [Inoue et al., 2002; Levanon et al., 2002] and function as a
tumor suppressor in gastric cancer [Li et al., 2002]. Inactivation of
RUNX3 is also associated with various cancers including lung,
colon, pancreas, liver, prostate, bile duct, breast, larynx, esophagus,
endometrium, uterine cervix, testicular yolk sac and bladder [Kim
et al., 2005]. Recently, RUNX3 was identified as one of the five most
informative genes for the CpG island methylator phenotype of
colorectal cancer [Weisenberger et al., 2006].

The tumor suppressor activity of RUNX3 is associated with TGF-3
signaling since primary gastric epithelial cells isolated from Runx3-
deficient (Runx3~/") mice were less sensitive to the growth
inhibitory effect and apoptosis-inducing activity of TGF-B [Li
et al., 2002]. SMADs, the downstream mediators of TGF-f signaling,
have been shown to physically interact with the RUNX proteins

[Hanai et al., 1999]. The interaction between RUNX3 and SMADs is
required for TGF-B-induced transcriptional up-regulation of p21
during growth arrest [Chi et al., 2005] and Bim [Yano et al., 2006]
during apoptosis.

In this study we show that E1A binds directly to RUNX3 and
inactivates its function. This is another example of E1A-mediated
inactivation of a tumor suppressor and suggests that inactivation of
RUNX3 contributes to the oncogenic activity of E1A by deregulating
cell cycle control and perhaps by inhibiting the proapoptotic activity
of RUNX3.

PLASMIDS

The E1A expression plasmid (pLPCX-E1A12s) was a kind gift from S.
W. Lowe (Cold Spring Harbor, NY). E1A12s (AAW65494) and its
deletion mutants were engineered by PCR and cloned into the pCS4-
HA vector as EcoRI/Xhol fragments. RUNX3 and its deletion mutants
were engineered by PCR and cloned into the pCS4-Myc vector as
EcoRI/Xhol fragments. The pQE11-E1A12s, pACYC-RD (amino acids
64-190) and pET28a-CBFB2 bacterial expression plasmids were
constructed by subcloning c¢DNAs encoding E1A12s, the Runt
domain of RUNX3 and the full-length human CBFB2 into 6xHis
tagging vectors, respectively. The reporter plasmids, pGL3-p21-
2300 and pGL3-p21-2300-mut abcde were described by Chi et al.
[2005].

CELL CULTURE AND TRANSFECTION

All cell lines (293T, BOSC, MCF-7, and HeLa) were maintained in
Dulbecco’s modified Eagle’s medium supplemented with 10% fetal
bovine serum (GIBCO) and 100 units/ml penicillin-streptomysin.
Transient transfections were carried out using the Lipofectamine
Plus reagent (Invitrogen).

ESTABLISHMENT OF STABLE CELL LINES AND

CELL NUMBER COUNTING

Control and E1A12s stable cell lines were generated by transfecting
MCF7 cells with the pLPCX empty vector or the pLPCX-E1A12s
plasmid using the Lipofectamine Plus reagent (Invitrogen). Stably
transfected MCF7 cell lines were obtained by puromycin selection
(0.4 pg/ml). E1A expression was confirmed by Western blot. MCF7
stable cell lines expressing adenoviral E1A12s (MCF7-E1A-cl1 and
cl2) or the empty vector (MCF7-puro) were transiently transfected
with the pCS4-Myc-RUNX3 plasmid or empty vector. After 20 h, the
cells were plated in triplicate into 24-well plates (2 x 10* cells/well).
Viable cells were stained with Trypan blue and counted 72 h after
transfection using a Hemacytometer.

IMMUNOPRECIPITATION AND IMMUNOBLOTTING

Cells were transfected using Lipofectamine, and 12 pg of protein
extract from each transfection was subjected to SDS-PAGE,
followed by immunoblot analysis using the appropriate anti-
bodies. For immunoprecipitation experiments, BOSC cells were
transfected using Lipofectamine and 400 p.g of protein extract was
incubated with an anti-HA (12CA5) antibody and precipitated with
protein G beads as described previously [Chi et al., 2005]. The
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Fig. 1. Invivo interaction between RUNX3 and E1A. A: E1A immunoprecipitation. To examine the physical interaction between endogenous E1A and RUNX3, cell lysates were
prepared from HEK293 cells and immunoprecipitated with an anti-E1A antibody or IgG as a control. The immunoprecipitates were analyzed by Western blotting with anti-RUNX3
(5G4) antibody or anti-E1A antibody. B: GST pull down assay. E1A12s fused to glutathione S-transferase (GST). Myc-tagged RUNX3 was obtained from transfected BOSC cells.
RUNX3 was subjected to in vitro pull-down assays with full length E1A12s fused to GST. The bound complexes were analyzed by Western blotting using a 5G4 antibody. C:
Schematic representation of the Myc-RUNX3 constructs used for the immunoprecipitation studies. Runt indicates the Runt domain. D: Schematic representation of the ETA
constructs used for immunoprecipitation studies. E: BOSC cells were transfected with a Myc-RUNX3 construct and HA-E1A12s as indicated. Interactions between the RUNX3
deletion mutants and E1A were examined by immunoprecipitation with an anti-HA antibody followed by immunoblotting with anti-Myc and anti-E1A antibodies. E1A-RUNX3
interactions were detected for all RUNX3 constructs except for the one lacking the Runt domain (ARunt). F: BOSC cells were transfected with Myc-tagged full-length RUNX3 and
the HA-E1A12s constructs shown in (D) as indicated. Interactions were examined by immunoprecipitation with an anti-HA antibody followed by immunoblotting with an anti-
Myc antibody. E1A-RUNX3 interactions were detected for all E1A constructs except for the A2-29 mutant.
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immunoprecipitates were then separated by SDS-PAGE, transferred with protein G Sepharose beads, the precipitates were eluted by
onto a membrane and probed with an appropriate antibody. boiling in SDS-sample buffer and the proteins were resolved by
For endogenous protein immunoprecipitation analysis, 1.5 mg SDS-PAGE. Immunoprecipitates were analyzed by Western blotting
of protein extract from HEK293 cell was used. After precipitation using anti-RUNX3 antibody (5G4).
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Fig. 2. Protein interactions between the Runt domain, CBF3 and E1A in vitro. The elution profiles of mixtures containing (A) the Runt domain and CBF32 (B) the Runt domain
and E1A12s (C) CBFB2 and E1A12s and (D) CBFB2, E1A12s, and Runt. Below each elution profile, the immunoblot results of the relevant fractions are shown. Equal amounts of
protein from each fraction were separated by SDS-PAGE, followed by immunoblotting with an anti-His or anti-E1A antibody. The numbers above the lanes indicate the relevant
fraction number.
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GST PULL DOWN ASSAY

GST fusion protein was expressed in Escherichia coli strain BL21
(DE3) and purified by the standard method. Glutathione-Sepharose
beads loaded with the GST-E1A protein were incubated with lysates
of Myc-Runx3 transfected BOCS cells for 4 h at 4°C. The cell lysate
(1.5 mg) was used for the pull down assay. The beads were washed
with lysis buffer and then eluted and analyzed by Western blotting
using the anti-Myc antibody (9E10).

REPORTER ASSAYS

HCT116 or 293 cells were transiently transfected with the pGL3-
p21-promoter-luciferase or 6xOSE-luciferase reporter plasmid
[Chi et al., 2005] and plasmids that expressed RUNX3, E1A12s,
or E1A deletion mutants. The pCMV-B-gal plasmid (Promega) was
used as an internal control. Luciferase activity was measured after
42 hours using the Luciferase Reporter Assay Kit (Promega) with a
Centro microplate luminometer LB 960 (Berthold Technologies,
Bad Wildbad, Germany). Luciferase activity was normalized to the
activity of B-galactosidase from pCMV-3-gal. Results were obtained
from at least two independent experiments, each run was in
triplicate.

GEL FILTRATION CHROMATOGRAPHY

The Runt domains of RUNX3, E1A-243R (E1A12s), and CBFR2 were
all purified from IPTG induced BL21 (DE3) strains that were
transformed with the pACYC-Runt domain (amino acids 64-190)
(Q13761), pQE11-E1A (AAW65494), and pET28a-CBFR2 (Q13951),
respectively. Proteins were further purified by gel filtration
chromatography on a Superdex 200 column (FPLC system,
Amersharm Pharmacia Biotech). After the purification of each
protein, equal molar concentrations of the Runt domain, CBFB2, and
E1A were mixed in various combinations to test whether stable
complexes were generated. After incubation for 1 h at 4°C, the
protein mixtures were loaded onto a HiLoad Superdex 200 column
pre-equilibrated with equilibration buffer (50 mM Tris-HCl, pH 7.4,
150 mM NaCl) at a flow rate of 1.0 ml/min. Proteins in the
peak fractions were pooled and analyzed by SDS-PAGE and
immunoblotting.

PHYSICAL INTERACTION BETWEEN RUNX PROTEINS

AND E1A IN VIVO AND IN VITRO

To examine the physical interaction between RUNX3 and E1A in
vivo, whole cell lysates were prepared from HEK293 cells and E1A
protein was immunoprecipitated with anti-E1A monoclonal anti-
body. The HEK293 cell line is an immortalized cell line of primary
human embryonic kidney cells transformed by human Adenovirus
type 5 (Ad5) DNA and endogenously expresses EI1A [Louis et al.,
1997]. As shown in Figure 1A, the RUNX3 protein was detected in
anti-E1A antibody precipitates. This result indicates that endogen-
ous RUNX3 physically interacts with endogenous E1A in vivo.

To determine whether RUNX3 and E1A interact in vitro, we
generated a glutathione S-transferase (GST)-E1A12s fusion protein.
The GST-pull down analysis showed that RUNX3 directly associated
with E1A12s in vitro (Fig. 1B).

To define the region of RUNX3 that is required for its interaction
with E1A, coimmunoprecipitation experiments were performed
with BOSC cells co-expressing E1A12s and full-length or deletion
derivatives of RUNX3. Schematic representations of the RUNX3
deletion constructs and E1A deletion constructions are shown in
Figure 1C,D. We found that the Runt domain of RUNX3 was
sufficient for interaction with E1A12s (Fig. 1E, lane Myc-Runt).
Additionally, deletion of this domain abolished the interaction
(Fig. 1E, lane Myc-ARunt). The region of E1A responsible for its
interaction with RUNX3 was also mapped in similar experiments by
co-transfecting the cells with RUNX3 and E1A deletion constructs.
We determined that the N-terminal domain of E1A (amino acids 2-
29) is required for its interaction with RUNX3 (Fig. 1F, lane A2-29).

THE RUNT DOMAIN, CBFf AND E1A INTERACT IN VITRO

In order to examine the interactions between the Runt domain,
CBFB2 and E1A12s in vitro, equal molar concentrations of each of
the bacterially expressed proteins were mixed in various combina-
tions and analyzed by gel filtration. The Runt domain (RD) alone
eluted primarily in fractions 17-18 and CBFB2 eluted in fraction
16 (data not shown). When a mixture containing the Runt domain
and CBFB2 was applied to the column, the two proteins co-eluted in
fraction 16 (Fig. 2A). This result confirms previous work which
showed that the Runt domain complexes with CBFf2. Next, we
mixed the Runt-domain (RD) with E1A12s and injected it into the
column. E1A12s eluted in fractions 9-13 and the majority of the
Runt domain co-eluted in the same fractions (Fig. 2B). This result
indicates that the Runt domain directly interacts with E1A in vitro.
When a mixture of E1A12s and CBFP32 were applied to the column,
the elution profile of each protein was completely separate,

Myc-CBFp - - - + +
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o Flag-RUNX3
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Fig. 3. In vivo interaction of RUNX3, CBF3 and E1A. BOSC cells were
transfected with Flag-RUNX3, HA-E1A12s and Myc-CBFf32 as indicated
and analyzed by immunoprecipitation with an anti-HA antibody. Cell extracts
were also immunoblotted with an anti-Flag or anti-Myc antibody. The level of
tubulin is shown as a loading control.
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suggesting that E1A12s does not complex directly with CBF@2 large portion of CBFf2 did not elute with E1A12s, it is noteworthy

(Fig. 2Q). that under these conditions the elution profile of CBFR2 shifted to
When the Runt domain, E1A12s and CBFB32 were combined and the left (from 16 to 15-16) and that free CBF2 protein now eluted in
applied to the column, all three proteins eluted in fractions 9-12, fraction 15. From these results, we interpret that these three proteins
indicating that these proteins form a ternary complex. Although a make a ternary complex but this complex is not stable in vitro.
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Fig. 4. E1A represses the transactivation activity of RUNX3. HCT116 cells were transfected with a p27-promoter reporter (pGL3-p21-2300-luciferase) or its Runt domain
binding site mutant (pGL3-p21-2300-mut abcde) construct and various expression plasmids. Luciferase reporter activity was measured and normalized to that of the pCMV-§3-
gal control. Variable amounts of (A) RUNX3 and E1A12s, (B) RUNX3, E1A12s and CBFB2, and (C) RUNX3, E1A12s, SMAD3 and SMAD4 were expressed as indicated. D: The
reporter was replaced by a 6xOSE-promoter reporter plasmid (pGL3-6xOSE-luciferase). E: pCMV-B-gal was cotransfected with RUNX3 or ETA12s expression plasmids (0.4 j.g)
and B-gal activity was measured by ELISA. The data are representative of at least two independent series of triplicate experiments.
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THE RUNT DOMAIN, CBFp2 AND E1A12S INTERACT IN VIVO

In order to examine whether the Runt domain, CBF@ and E1A, form
a ternary complex in vivo, constructs encoding Flag-RUNX3,
HA-E1A12s, and Myc-CBFB2 were expressed in BOSC cells. Protein
interactions were determined by immunoprecipitation with an
anti-HA antibody followed by Western blotting with an anti-Flag
or anti-Myc antibody. Our results revealed that CBFB2 did
not coimmunoprecipitate with E1A12s in the absence of RUNX3
(Fig. 3, lane 6); however, it did coimmunoprecipitate with E1A in the
presence of RUNX3 (Fig. 3, lane 4). These results demonstrate that
E1A interacts with CBFB2 through RUNX3 and suggests that
RUNX3, CBFB2 and E1A12s form a ternary complex in vivo.

E1A REPRESSES THE TRANSACTIVATION ACTIVITY OF RUNX3

E1A has been shown to abrogate many TGF-B-mediated gene
responses and TGF-B-induced growth inhibition [Pietenpol et al.,
1990]. We have shown previously that RUNX3 is required for TGFB-
dependent p21 induction in gastric epithelium [Chi et al., 2005]. We
therefore investigated whether E1A influenced the transactivation
activity of RUNX3 on the p21 promoter in HCT116 cells which are
deficient of p300. Interestingly, we found that RUNX3-dependent p21
promoter transactivation was strongly inhibited by E1A12s (Fig. 4A). A
previous study has reported that CBF and Smads enhance the
transactivation activity of RUNX3 [Chi et al., 2005]. Our results show
that E1A12s effectively inhibits RUNX3-mediated transactivation
of the p21 promoter even in the presence of an excess amount of
CBFpB2 (Fig. 4B) or SMAD3/4 (Fig. 4C). To rule out the possibility that
E1A inhibits p21-reporter activity by inactivating unknown factors, we
performed similar reporter assays using the pGL3-6x0OSE-luciferase
reporter plasmid which contains 6 tandem repeats of the RUNX
binding sequence. The result revealed that RUNX3-mediated 6x OSE-
luciferase reporter activity was also inhibited by E1A12s (Fig. 4D).
However, CMV promoter-driven gene expression was not affected by
RUNX3 or E1A (Figs. 1E and 4E). Therefore, E1A specifically inhibits
RUNX3-mediated transactivation activity and the inhibition is p300
independent.

THE CR1 AND CR2 DOMAINS OF E1A ARE REQUIRED TO INHIBIT
THE TRANSACTIVATION ACTIVITY OF RUNX3

A schematic representation of the EIA constructs is shown in
Figure 1D. Constructs containing the N-terminus and CR1 domain
still effectively inhibited the transactivation activity of RUNX3 on
the p21 reporter. The N-terminal deletion mutant (A2-29), which
does not interact with RUNX3, inhibited RUNX3 activity, but only
weakly (Fig. 5A). Although E1A constructs lacking either CR1 or
CR2 could still inhibit RUNX3 activity, the deletion of both CR1 and
CR2 abolished the inhibitory effect of E1A (Fig. 5B).

E1A INHIBITS RUNX3 ACTIVITY

Overexpression of RUNX3 results in cell growth inhibition [Chi
et al., 2005] and apoptosis [Yano et al., 2006]; therefore, we
examined whether E1A expression could overcome these effect of
RUNX3. For this purpose, we first tried to establish a stable MCF7
cell line that overexpressed RUNX3. Unfortunately, we did not
obtain any positive clones which expressed detectable levels of

exogenous RUNX3. This technical difficulty may due to the growth
inhibitory and apoptosis inducing effect of RUNX3. We therefore
established MCF7 stable cell lines that expressed E1A (MCF7-E1A-
cll and MCF7-E1A-cl2) by transfecting an E1A12s expression
plasmid (Fig. 6A). These cells were transiently transfected with a
RUNX3 expression plasmid or empty vector and cell viability was
measured. The growth of MCF7-puro cells was inhibited by 43%
after the transfection of RUNX3. In contrast, the growth of EIA
expressing cells was only inhibited by 13-21% (depending on the
cell line) following RUNX3 transfection (Fig. 6B). The transfection
efficiency of these cell lines was about 40-50% (Fig. 6C). These
results suggest that the overexpression of RUNX3 in MCF7 cells can
strongly inhibit cell proliferation; however, E1A expression reduced
the activity of RUNX3.

E1A has been shown to interact with various cellular regulators that
play important roles in controlling cell growth in both normal and
cancerous cells. In this study, we found that the N-terminal domain
of E1A interacts with the Runt domain of RUNX3. Interestingly,
the interaction of E1A with RUNX3 strongly repressed RUNX3-
mediated transcription of the p21 promoter construct. The addition
of CBFB or SMADs, which are known inducers of RUNX3 acti-
vity, could not restore its activity. E1A constructs which lack the
N-terminus failed to inhibit RUNX3-mediated transcription.

E1A has been shown to inhibit p53-mediated transcription of
p21 through its interaction with p300/CBP, a coactivator for p53
signaling [Steegenga et al., 1996]. The N-terminal region of E1A
binds to p300/CBP which inhibits p53-mediated transcription [Lill
et al.,, 1997]. RUNX3 as well as p53 are upstream regulators of p21
and they both require p300 as a co-activator; therefore, the
inactivation of p300 by E1A might inhibit the transactivation
activity of RUNX3 indirectly. It has been demonstrated that E1A also
inhibits TGF-B-dependent induction of p21 [Datto et al., 1997]. This
inhibition is mediated by the N-terminal region of E1A which is
required for the interaction with p300. It is worth noting that TGF-
can induce p21 through a p53-independent pathway [Datto et al.,
1995]. These results suggest the presence of an unidentified
mechanism for E1A-mediated p21 down-regulation.

We tested whether the interaction between E1A and RUNX3
directly inhibited RUNX3-mediated transcription. Reporter assays
using a p300 deficient cell line showed that E1A could directly
inhibit RUNX3-mediated p21 transcription. This result revealed
a new mechanism for the E1A-mediated down-regulation of p21
whereby E1A inhibits p21 transcription by direct interacting with
RUNX3, an upstream activator of TGF--dependent p21 expression.

Given that the E1A protein directly binds to cellular regulators
that play important roles in controlling cell growth, E1A has been
instrumental in the identification of key cellular regulatory proteins
that are involved in transformation. In this study, we show that
E1A interacts directly with RUNX3 and reduces RUNX3-mediated
activation of p21. Our findings demonstrate that RUNX3 is a target
of E1A and suggest that RUNX3 is an important regulator of cell
growth which must be inhibited for transformation by E1A.
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