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Here we report that the ES proteins of human papillomavirus type 11 (HPV-11) and HPV-16 suppressed the
expression of the p21WV/S4VCiPl tymor suppressor gene in NIH 3T3 cells and immortalized human kerati-
nocytes. The promoter activity of p21 was repressed by E5 of HPV-11 and -16, suggesting that p21 gene
suppression by ES was at the transcriptional level. Using an inducible system, we demonstrated that increased
induction of HPV-11 ES in NIH 3T3 cells and keratinocytes led to increased repression of p21 promoter
activity. The repression of p21 promoter activity by a series of E5 mutants was somewhat correlated with their
respective transforming activities. Previously, we and other investigators showed that the ES proteins of
HPV-11 and -16 can activate the expression of c-jun. The repression of p21 gene expression might be a
mechanism of oncogene-mediated growth promotion, since the expression of c-jun also led to a reduction of the
levels of p21 RNA and protein in keratinocytes. This is the first demonstration that ES proteins of HPV-11 and
-16 repress p21 gene expression, and this might be one of the mechanisms by which ES stimulates cell
proliferation. In addition, this is also the first report of c-jun repression of p21.

In mammalian cells, progression through the G; phase of
the cell cycle is dependent on the sequential activation and
inactivation of a series of protein kinase complexes (for a
review, see reference 24). These complexes contain a catalytic
unit, a cyclin-dependent kinase (CDK), and a regulatory sub-
unit known as a cyclin; these include CDC2, CDK2, CDK4,
and CDKS5 and cyclins A, B, D, E (13). Association of CDKs
with cyclins, as typified by cyclin D-CDK4 and cyclin E-CDK2
complexes, is required for the activation of CDKs. In addition
to positive regulation by cyclins, CDK activity is also down-
regulated by association with inhibitory proteins, such as
p21WatlSdiVEipl 553 1516, p15, and p27 (for a review, see ref-
erence 24). The protein p21 is encoded by a recently cloned
gene (Sdi) which is overexpressed in senescent fibroblast (21,
28). Another group also showed that the same p21 protein
encoded by the Cipl gene can associate with different CDK-
cyclin complexes and inhibit the kinase activity that is required
for cell cycle progression (13, 30, 31). Independent research
has shown that p53 causes induction of the Wafl gene, a gene
later found to be identical to the p21 gene (12). p21 can
mediate the cell proliferation arrest induced by p53 (11). The
p21 protein binds to and inhibits the activity of CDKs, pre-
venting phosphorylation of critical CDK substrates and block-
ing cell cycle progression (13, 30, 31). A recent report has
shown that p21 is preferentially expressed in senescent cells
and can block growing cells from entering the S phase when
transiently overexpressed (21).

The ES5 genes of human papillomavirus type 11 (HPV-11)
and HPV-16 have been shown to be transforming oncogenes
(3,4, 19, 20, 22, 26, 29). The protein ES is a highly hydrophobic
protein and is found in the membrane compartment of cells
(9). Recent reports have shown that the E5 protein of HPV-6
can bind to epidermal growth factor and erbB2 receptors (9)

* Corresponding author. Mailing address: Department of Microbiol-
ogy and Immunology, National Defense Medical Center, Taipei,
Taiwan, Republic of China. Phone: 886-2-3683465. Fax: 886-2-
3686028.

7535

and that the ES protein of HPV-16 can increase the half-life of
the epidermal growth factor receptor (25). Epidermal growth
factor receptors, along with other tyrosine kinase growth factor
receptors, initiate diverse biochemical events that ultimately
result in the transcription of a variety of proto-oncogenes,
including c-jun and c-fos. Recent reports have shown that the
expression of c-jun, junB, and c-fos is induced by the ES pro-
teins of HPV-11 and -16 (1, 3, 7), supporting ES potentiation
of the signaling pathways downstream from growth factor re-
ceptors. However, since c-jun antisense DNA treatment can
only partially suppress the transformation function of HPV-11
ES (6), we suspect the existence of other mechanisms for ES
transformation of cells.

We previously showed that HPV-11 E5 can partially com-
plement the function of a temperature-sensitive T antigen at
the nonpermissive temperature in primary human keratino-
cytes containing a temperature-sensitive simian virus 40
(SV40) T antigen (29). Repression of p2l gene expression
occurs in HPV-11 E5-transformed cells (29). There does not
appear to be any information regarding possible interactions
between ES and tumor suppressor genes. It is important to
determine whether the p21 concentration can be affected by
ES in other cell types. An even more interesting question is
whether the effect of ES on p21 protein concentration is one of
the mechanisms by which E5 promotes cell transformation. In
this work, we addressed these questions by measuring the ex-
pression of p21 in response to ES of HPV-11 and -16. We also
studied the correlation between the transformation activity and
p21 suppression effect of HPV-11 ES by using a series of ES
mutants (5).

MATERIALS AND METHODS

DNAs and plasmids. The pC11ES5 and pC16ES5 plasmids are pCEP4 (Invitro-
gen, San Diego, Calif.)-based plasmids which contain an HPV-11 E5 and an
HPV-16 ES5 open reading frame (ORF), respectively, as well as the nucleotide
sequence encoding the T7 epitope, which is cloned in frame to the 5’ end of each
ES ORF (5, 29). The T7 epitope tag is an 11-amino-acid sequence from the
natural amino-terminal end of the T7 major capsid protein, against which a
highly reactive monoclonal antibody (Novagen, Madison, Wis.) has been raised.
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The plasmid pC-jun was constructed by transferring the 2,604-bp EcoRI frag-
ment derived from JAC-1 (23) into the EcoRI site of pCEP4 (Invitrogen). The
orientation of this insert was determined by dideoxynucleotide sequencing. The
plasmids pC11E5, pC16ES, and pC-jun all carry a hygromycin resistance marker
and utilize the human cytomegalovirus immediate-early gene promoter to direct
HPV-11 ES, HPV-16 ES, or cjun gene expression.

HPV-11 ES site-specific mutants were constructed by using PCR and single-
mutant primers (2). The plasmid pC11ESaQ was made by changing cysteine at
position 73 to serine, pC11E5aC was made by changing cysteine at position 75 to
serine, and pC11E5aY was made by changing cysteines at both positions 73 and
75 to serines (5). A deletion mutant, pC11E5aT, containing only the first 34
amino acids was also constructed. All of the mutant fragments of the HPV-11 ES
gene were cloned into the eucaryotic expression vector pCEP4 (Invitrogen).

Cell culture and transfection. NIH 3T3 cells were maintained in Dulbecco
modified Eagle medium (DMEM) supplemented with 10% bovine calf serum
and antibiotics. Z134 cells, which are SV40-immortalized human epidermal
keratinocytes (kindly provided by V. Defendi), were maintained in Dulbecco
modified Eagle medium supplemented with 10% NulV serum (Collaborative
Research) and antibiotics.

Immunoblots. Cellular proteins were extracted in sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) loading buffer. After being
boiled for 10 min, about 100 pg of each crude protein lysate was separated by
SDS-PAGE, transferred to a nitrocellulose filter, reacted with mouse monoclo-
nal antibodies, and visualized with the enhanced chemiluminescence system
(Amersham) by procedures recommended by the manufacturer. An antibody
recognizing p21 was purchased from Pharmingen (San Diego, Calif.). A T7
antibody recognizing T7-tagged ES fusing protein was purchased from Novagen.

Analysis of E5 protein expression. Cell extracts were prepared by rinsing cells
twice with phosphate-buffered saline, lysing in 1 ml of radioimmunoprecipitation
assay buffer (50 mM Tris-HCI [pH 7.5], 150 mM NaCl, 5 mM EDTA, 1%
Nonidet P-40, 0.5% deoxycholate, 0.1% SDS) for 20 min on ice, and spinning out
cell debris. An antibody to T7 peptide (Novagen) was added to the extracts,
which were then incubated for 2 h at 4°C. After rotation at 4°C for 2 h, 50 wl of
a 1:1 suspension of protein A-Sepharose beads (Pharmacia) in 10 mM Tris-HCl
(pH 7.4)-165 mM NaCl-10% (wt/vol) bovine serum albumin was added, and the
mixture was rotated for 45 min at 4°C. The beads were pelleted and washed five
times with cold radioimmunoprecipitation assay buffer plus protease inhibitors
and then resuspended in 75 ul of sample buffer with B-mercaptoethanol. Samples
were heated to 100°C for 4 min and analyzed by SDS-15% PAGE. Gels were
subjected to immunoblot analysis with T7 mouse monoclonal antibodies (1:500
dilution) and visualized with the enhanced chemiluminescence system (Amer-
sham) by procedures recommended by the manufacturer.

p21 promoter activity assay. WWP-Luc is a p21 promoter luciferase reporter
construct that was kindly provided by Bert Vogelstein, Johns Hopkins School of
Medicine (12). NIH 3T3 cells or Z134 keratinocytes (10°) were transfected with
3 pg of WWP-Luc by using the calcium phosphate and Lipofectin (GIBCO)
methods, respectively. Transfected cells were cultured for 48 h and then lysed
with 100 ul of 1X CCLR (Promega) for 10 min at room temperature. After this
mixture was spun for 5 s to pellet large debris, 20 ul of supernatant was added
to 100 pl of luciferase assay reagent (Promega). As an internal control for the
variation in transfection efficiency, 2 pg of pCH110, a plasmid containing the
Escherichia coli lacZ gene that was used to monitor B-galactosidase activity, was
cotransfected with the test plasmids to normalize the luciferase assay. Light
emission was detected in a luminometer (BioOrbit, Turku, Finland).

RESULTS

p21 is repressed by both HPV-11 and HPV-16 ES genes. We
previously found that the concentration of the p21 protein was
lower in HPV-11 E5-transfected DA518/KT3 cells than that in
the parental human keratinocytes immortalized with a temper-
ature-sensitive SV40 T antigen (29). In the present study, we
investigated the effect of ES on the p21 concentration in hu-
man keratinocytes. First, we generated E5-containing kerati-
nocytes. The plasmids pC11E5 (containing the HPV-11 ES5
OREF with the T7 epitope at its amino terminus) and pC16ES
(containing the HPV-16 E5 ORF with the T7 epitope at its
amino terminus) and the pCEP4 vector were separately trans-
fected into keratinocytes (Z134, passage 67) by Lipofectin
transfection with selection for resistance to hygromycin (200
wg/ml). After 3 weeks, at least 80 hygromycin-resistant colo-
nies were pooled, and stable cell lines were generated; in
general these were analyzed within a few passages after their
derivation. Cells expressing epitope-tagged HPV-11 ES and
HPV-16 ES fusion proteins were named Z11ES and Z16ES,
respectively. Control cells containing the vector only were
named ZC. Transforming activity was characterized by anchor-
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FIG. 1. Concentrations of p21 RNA and protein in HPV-11 and HPV-16
E5-transformed human keratinocytes. (A) E5 proteins of HPV-11 and HPV-16
in immunoprecipitated cell extracts were measured with T7 antiserum (Novagen)
and then electrophoresed and immunoblotted with T7 antibody. p21 proteins
were assessed by immunoblotting with p21 antiserum (Pharmingen). (B) Analysis
of p21 RNA by Northern (RNA) blotting. RNA (20 pg) was fractionated by
agarose gel electrophoresis, blotted, and hybridized with 3?P-labeled p21 and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) cDNAs separately. A
GAPDH probe was used to ensure equal RNA loading. Z11E5, keratinocytes
containing the HPV-11 E5 gene; Z16ES, keratinocytes containing the HPV-16
ES gene; Z-Jun, kerationocytes containing the c-jun gene; ZC, keratinocytes
containing the vector alone (pCEP4).

age-independent growth. Both Z11ES and Z16ES5 cells, but not
ZC cells, exhibited anchorage-independent growth (data not
shown). We had previously shown that the T7-tagged HPV-11
ES fusion protein retains 100% of transforming activity in NIH
3T3 cells (5). Likewise, in this study, both the T7-tagged
HPV-11 ES fusion protein and the HPV-16 ES5 fusion protein
also retained their transforming activity in immortalized hu-
man epidermal keratinocytes. Figure 1 reveals that the con-
centrations of p21 RNA (Fig. 1B) and protein (Fig. 1A) were
decreased in Z11ES and Z16ES cells, which could express
HPV-11 and -16 T7-tagged E5 fusion proteins, respectively
(Fig. 1A). The decreased levels of p21 RNA and protein were
also observed in the cells containing wild-type HPV-11 ES or
HPV-16 ES5 (data not shown).

The decreased concentrations of p21 RNA and protein in
cells containing the ES gene of HPV-11 or -16 could be due to
repression of p21 promoter activity. The promoter activity of
p21 gene was therefore investigated by transient-transfection
assays. We cotransfected the p21 promoter luciferase reporter
plasmid (WWP-Luc) (3 pg) and plasmid pC11ES (containing
HPV-11 ES) (5 pg) or pC16ES (containing HPV-16 E5) (5 pg)
into NIH 3T3 cells and Z134 cells, respectively. Luciferase
reporter analysis shows that both HPV-11 E5 and HPV-16 E5
repressed p21 promoter activity in NIH 3T3 cells and kerati-
nocytes (Fig. 2).

p21 can be suppressed by HPV-11 ES in an inducible sys-
tem. We previously demonstrated that NE5al cells, which are
NIH 3T3 fibroblasts containing the HPV-11 ES gene, have a
transformed morphology, exhibit anchorage-independent
growth, and are tumorigenic in nude mice. In addition, KE5a
cells, which are Z134 keratinocytes that contain the HPV-11
ES gene, exhibit anchorage-independent growth but are not
tumorigenic in nude mice (26). NESal and KESa cells contain
the HPV-11 ES gene under the control of the mouse metallo-
thionein promoter, with which expression of the E5 gene can
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FIG. 2. p21 promoter activity is repressed by HPV-11 and -16 E5 transfection
in NIH 3T3 cells and keratinocytes. A luciferase reporter plasmid (3 pg) under
the control of the p21 promoter was transiently cotransfected with an HPV-11 E5
(pC11ES5) (5 pg) or HPV-16 E5 (pCI6ES) (5 wg) expression vector and an
internal control plasmid (pCH110) (2 wg) in NIH 3T3 cells or Z134 keratino-
cytes, respectively. Cell extracts were then prepared, and the luciferase activity
assay was performed as described in Materials and Methods. Cell extracts de-
rived from three repeats of experiments were assayed for luciferase activity.

be induced by zinc treatment (4, 7). In this system, although a
substantial level of ES gene expression was driven by the me-
tallothionein promoter in NE5al and KE5a cells, exposure of
these cells to zinc led to further augmentation of ES expression
(7). Using this zinc-inducible system, we have shown that the
induction of c-jun gene expression, which is one of the biolog-
ical effects of ES, is proportional to the concentration of ES
(7). To establish the relationship between E5 and p21 gene
expression, we also employed this inducible system and assayed
the activity of the p21 promoter. WWP-Luc DNA (3 pg) was
transfected into NE5al and KES5a cells; 40 h later, the cells
were exposed to 100 uM zinc chloride for 3 h, and p21 pro-
moter activity was then determined by the luciferase assay.
Although baseline expression of HPV-11 ES, driven by basal
metallothionein promoter activity, somewhat suppressed p21
promoter activity in NESal and KES5a cells, zinc induction of
ES5 gene expression led to further suppression of p21 promoter
activity (Fig. 3). In addition, p21 promoter activity was not
affected by zinc treatment in the control cells. These observa-
tions provide convincing evidence that the expression of ES
correlates with the repression of p21 promoter activity.

ES transforming activity is related to the repression of p21
gene expression. To further establish the repression of p21
gene expression by ES, we investigated the effects of several
HPV-11 ES mutants on p21 promoter activity by cotransfec-
tion of the HPV-11 ES mutant (5 pg) and p21 promoter con-
structs (WWP-Luc) (3 pg). As shown in Fig. 4, mutant T, an
HPV-11 ES5 deletion mutant, completely lacks transformation
activity (5) and could not repress p21 promoter activity. Point
mutants of HPV-11 ES (such as mutants Q, Y, and C) preserve
their transformation activities to different degrees (5). Co-
transfection with p21 promoter constructs reveals that the re-
pression of p21 expression by these three ES mutants appeared
to be somewhat correlated to their respective transformation
activities. This result implies that the repression of p21 pro-
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FIG. 3. Repression of p21 promoter activity by HPV-11 E5 in an inducible
system. NE5al cells and KESa keratinocytes are NIH 3T3 cells and Z134 kera-
tinocytes, respectively, containing an HPV-11 ES5 gene which is regulated by the
mouse metallothionein promoter. A luciferase reporter plasmid (3 pg) and
internal control plasmid pCH110 (2 pg) were transfected into NIH 3T3 cells,
NES5al cells, Z134 keratinocytes, or KE5a keratinocytes with or without treat-
ment with 100 pM zinc chloride. Luciferase activities from three independent
transfection experiments were measured as described for Fig. 2.

moter activity may be involved in the transformation mecha-
nism of ES.

c-jun gene expression reduces the intracellular concentra-
tion of p21. The ES genes of HPV-11 and -16 have been shown
to activate c-jun gene expression (1, 3, 7). The activation of
c-jun expression has been proposed to be involved in the cell
transformation induced by E5 (7). Since E5 was found to
repress p21 gene expression, we investigated the relationship
between c-jun and p21 gene expression. We generated cell
lines overexpressing c-jun (named Z-Jun) by transfecting Z134

12500
~
g
o 100004
b -~
& e T
- ENONSN a
£ 75001 IS
° f‘f\'\f
© A
- AR
3 50001 NN
u r\l\l‘f
E AN
g 25004 S
E o
2 0 A
V E5a T c Y Q
Transforming 3 92
activity (%) 100 4 50 4t

FIG. 4. Repression of p21 promoter activity by HPV-11 ES mutants. A lu-
ciferase reporter plasmid (3 ng) was transiently cotransfected with wild-type
HPV-11 ES or E5 mutants and internal control plasmid pCH110 (2 pg) into NIH
3T3 cells. ESa, wild-type HPV-11 ES; V, vector; T, deletion mutant containing
the first 34 amino acids of E5; Q, point mutant with a substitution of Ser for
Cys-73; C, point mutant with a substitution of Ser for Cys-75; Y, mutant with
substitutions of Ser for both Cys-73 and -75. Transforming activities of ES and
the E5 mutants are shown at the bottom. Luciferase activities were measured as
described for Fig. 2.
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FIG. 5. cjun gene expression reduces the intracellular p21 protein concen-
tration as determined by immunoblot analysis. Cellular proteins were extracted
and subjected to SDS-PAGE and Western blotting with either monoclonal anti-
p21 serum (bottom) or polyclonal anti c-Jun serum (Oncogene Science) (top).
ZC, keratinocytes containing vector only; Z-Jun, keratinocytes containing the
c-jun gene; Z11ES5, keratinocytes containing the HPV-11 ES gene; Z16ES, ke-
ratinocytes containing the HPV-16 ES gene.

cells with pC-jun plasmid DNA. After 3 weeks, at least 80
hygromycin-resistant clones were pooled and assayed for p21
protein concentration. As shown in Fig. 5, Z-Jun cells (lane b),
like Z11ES (lane c) and Z16ES5 (lane d) cells, were found to
possess significantly lower levels of p21 protein and higher
levels of c-Jun protein than the control ZC cells (lane a).
Similarly, the concentration of p21 RNA was also decreased in
Z-Jun cells (Fig. 1B). To further establish the relationship
between c-jun and p21 expression, the effect of c-jun on p21
promoter activity was assayed by cotransfecting 7134 cells with
5 pg of pC-jun plasmid DNA and 3 pg of WWP-Luc plasmid
DNA. The results indicate that c-jun expression led to a sig-
nificant reduction in p21 promoter activity (Fig. 6). These
results show that c-jun gene expression can lead to repression
of p21 gene expression, and they suggest that HPV-11 and -16
ES may repress the expression of p21 by inducing c-jun gene
expression.
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FIG. 6. Repression of p21 promoter activity by c-Jun. A luciferase reporter

plasmid (3 pg) was transiently cotransfected with a c-jun expression vector
(pC-jun) (5 pg) or a vector without an insert (pCEP4) (5 ng) into keratinocytes.
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DISCUSSION

In this work, we show that the ES proteins of HPV-11 and
-16 repressed the expression of the p21 tumor suppressor gene.
p21 gene repression by E5 appeared to be at the transcrip-
tional level, since the promoter activity of p21 was repressed by
ES (Fig. 2). Using an inducible expression system, we observed
that induction of the ES gene of HPV-11 in both NIH 3T3 cells
and immortalized keratinocytes led to further repression of
p21 promoter activity (Fig. 3). This demonstrates that the
expression of E5 correlates with the repression of the p21
promoter activity. In addition, the repression of p21 promoter
activity by HPV-11 ES was somewhat correlated with the trans-
forming effects of ES; HPV-11 ES mutant T, which lost trans-
forming activity, was unable to repress p21 promoter activity.
However, there is no significant correlation between the trans-
forming activity of ES mutant C and its repression of p21
promoter activity. This can be explained by the existence of a
transformation mechanism other than repression of the p21
gene. For example, we and other investigators previously
showed that E5 of HPV-11 and HPV-16 can constitutively
activate c-jun and c-fos gene expression (1, 3, 7), which may be
involved in transforming activity in cells expressing ES.

The biological significance of p21 gene repression by
HPV-11 and -16 ES is unclear. There are three oncogenes, ES,
E6, and E7, encoded by HPV (14, 15, 32). HPV-16 E6 and E7
can immortalize and transform primary cells, whereas E5 can
transform established cells (28). The mechanisms of immortal-
ization by HPV-16 E6 and E7 involve E6-mediated degrada-
tion of p53 and E7-mediated inactivation of the pRb protein
(15, 32). Since p21 has been identified as an effector of the
p53-mediated suppression of cell proliferation, E6, by degrad-
ing p53, may also prevent the activation and function of p21.
The Z134 cells used in this work are SV40-immortalized hu-
man epidermal keratinocytes (26), and the p53 protein should
be inactivated by the association of p53 with SV40 T antigen.
It is unlikely that the HPV ES protein regulates the expression
of p21 through the function of p53. Moreover, there is evi-
dence that p21 may be activated by a p53-independent pathway
(18). This indicates that E6 may not be able to completely
abolish p21 synthesis through the inactivation of p53 under
certain conditions. The repression of p21 gene expression by
HPV-11 and -16 ES5 that we observed suggests that ES may
augment the effect of E6 by further reducing p21 expression.

The observation of ES repressing the p21 gene also suggests
a role of ES in supplementing the function of E7 in the im-
mortalization of human genital keratinocytes. HPV-16 E7 has
been shown to bind and inactivate pRb (15), which is a nega-
tive regulator of cell division. This finding has led to the sug-
gestion that E7-pRb interaction may be important for the
immortalization of human keratinocytes. However, mutations
in E7 within the full-length genome which inhibit binding of
pRb do not abrogate the ability of the HPV-16 DNA to im-
mortalize primary human keratinocytes (17). Moreover, intra-
dermal injection of the DNA of cottontail rabbit papillomavi-
rus, which has a natural history of infection very similar to that
of HPV-16, with mutations in E7 gene sequences critical for
the binding of pRb still induces papillomas in rabbits (10).
Taken together, the repression of the p21 gene by E5 that we
observed suggests a potential role of ES in complementing the
mutation of the pRb binding activity of E7 in the above-de-
scribed situations. The repression of the p21 gene by ES may
result in more active CDK4-cyclin D complexes, which are
known to phosphorylate pRb and thereby inactivate it. Hence,
whether ES might supplement the immortalization efficiency of
E6 and E7 remains to be determined.
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Studies of clinical specimens have indicated that HPV-11
causes benign tumors, whereas HPV-16 is an etiological agent
of malignant tumors (32). We and other investigators have
shown that the ES proteins of HPV-11 and -16 act similarly to
induce the expression of the cellular oncogenes c-jun, junB,
and c-fos (1, 3, 7). In the current study, we also show that the
ES proteins of both HPV-11 and -16 repressed the expression
of the p21 tumor suppressor gene. These results provide mech-
anistic explanations for the similar in vitro transforming capa-
bilities of HPV-11 and HPV-16 ES. The difference in the
pathogeneses of HPV-16 and HPV-11 seems to depend on
factors other than HPV-11 and HPV-16 E5. For instance, it
was reported that the E6 and E7 proteins of HPV-11 have
lower binding affinities to p53 and pRb than those of HPV-16
(15).

As addressed in the introduction, E5 of HPV-11 and -16 can
promote cell growth by activating growth factor receptor sig-
naling pathways (9, 16). These pathways eventually lead to the
activation of cellular transcription factors such as c-jun and
c-fos, which may in turn activate genes that are essential for cell
growth. Interestingly, the cell proliferation and cell cycle pro-
gression of normal cells are also tightly regulated through the
activity of tumor suppressor genes. However, the interaction
between growth factor receptor signaling and tumor suppres-
sors during the course of transformation is unclear. We previ-
ously showed that the ES5 proteins of HPV-11 and -16 can
activate the expression of c-jun through growth factor receptor
signaling pathways (27). The repression of p21 by c-jun ob-
served in the present work indicates that cellular oncogenes
can also affect the expression of tumor suppressor genes. This
provides an example of the interaction between an oncogene
and a tumor suppressor gene and provides clues on how
growth factor receptors and oncogene products counteract the
function of tumor suppressor genes to control cell cycle pro-
gression.

In summary, this is the first demonstration of the repression
of the tumor suppressor gene p21 by the ES5 proteins of
HPV-11 and -16. This might be a mechanism by which E5
stimulates cell proliferation during the transformation of es-
tablished cells. In addition, this is also the first report of c-jun
repression of p21.
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