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ABSTRACT E6 and E7 oncoproteins from high risk hu-
man papillomaviruses (HPVs) transform cells in tissue cul-
ture and induce tumors in vivo. Both E6, which inhibits p53
functions, and E7, which inhibits pRb, can also abrogate
growth arrest induced by DNA-damaging agents in cultured
cells. In this study, we have used transgenic mice that express
HPV-16 E6 or E7 in the epidermis to determine how these two
proteins modulate DNA damage responses in vivo. Our results
demonstrate that both E6 and E7 abrogate the inhibition of
DNA synthesis in the epidermis after treatment with ionizing
radiation. Increases in the levels of p53 and p21 proteins after
irradiation were suppressed by E6 but not by E7. Through the
study of p53-null mice, we found that radiation-induced
growth arrest in the epidermis is mediated through both
p53-dependent and p53-independent pathways. The abroga-
tion of radiation responses in both E6 and E7 transgenic mice
was more complete than was seen in the p53-null epidermis.
We conclude that E6 and E7 each have the capacity to
modulate p53-dependent as well as p53-independent cellular
responses to radiation. Additionally, we found that the con-
served region (CR) 1 and CR2 domains in E7 protein, which
are involved in the inactivation of pRb function and required
for E7’s transforming function, were also required for E7 to
modulate DNA damage responses in vivo. Thus pRb andyor
pRb-like proteins likely mediate both p53-dependent and
p53-independent responses to radiation.

Human papillomaviruses (HPVs) are the causative agents of
warts. A subset of HPVs, referred to as high risk HPVs, are
associated with human anogenital cancers such as cervical
cancers in women and penile cancers in men (1). Two genes of
these high risk HPVs, E6 and E7, are expressed in the cells
derived from HPV-associated cancers (2, 3). E6 and E7
cooperate with each other (4, 5) and with other oncogenes
(6–9) in the immortalization or transformation of cells. The
transforming activities of E6 and E7 correlate, at least in part,
with their inactivation of two cellular tumor suppressor gene
products, p53 and pRb, which regulate the processes of
division, differentiation, andyor death in cells (10–12). E6
binds to p53 (13) and mediates degradation of p53 through the
ubiquitin–proteasomal degradation pathway (14). E7 binds to
pRb (15), inhibits pRb’s function (16), and promotes degra-
dation of pRb (17, 18). In vivo experiments using mice
transgenic for E6 and E7 have shown that E6 and E7 together
can induce tumors in the targeted tissues (19–21). Our labo-
ratory has generated transgenic mice in which the expression
of HPV-16 E6 (S.S. and P.F.L. unpublished work) or E7 (22)
singly was directed to mouse squamous epithelial cells by the
human keratin 14 (K14) promoter. These mice develop pap-

illomas and carcinomas in the late stage of their life, indicating
that E6 and E7 each is sufficient to induce tumors. Because of
the long latent period of tumor induction, it is proposed that
other genetic changes must contribute to the carcinogenesis
induced by E6 or E7.

One property of E6 and E7 that may contribute to genetic
changes is their modulation of cellular responses to DNA
damage. Cells often respond to DNA damage by undergoing
growth arrest in either G1 or G2; this response is thought to give
cells time to repair their damaged DNA. Cell cycle arrest in G1
can be mediated by p53, which is increased after DNA damage
(23). In cell culture experiments, high risk E6, which inactivates
p53, abrogates DNA damage-induced cell cycle arrest (24).
Transition from G1 to S phase is regulated by pRb, which is a
distal target of p53 through its induction of p21, an inhibitor
of cyclin-dependent kinases (CDKs) that phosphorylate and
thereby inactivate pRb. It is not surprising, therefore, that high
risk E7 protein which binds to and inactivates pRb, has been
shown to abrogate DNA damage responses in tissue culture
(25, 26).

To determine whether E6 and E7 can affect DNA damage
responses in vivo, we tested the cellular responses to ionizing
radiation in the epidermis of K14HPV16E6 and K14HPV16E7
transgenic mice, in which HPV-16 E6 or E7 is expressed,
respectively, in epidermis. We found that both E6 and E7 can
modulate responses to DNA damage in vivo. Of particular
note, we found that E6 and E7 each abrogated DNA synthesis
inhibition in the epidermis more completely than does the loss
of p53 function. This result indicates radiation-induced growth
arrest in the epidermis is mediated through both p53-
dependent and p53-independent pathways, and E6 and E7
must inactivate both pathways. Furthermore, we found that
both the conserved region CR1 and CR2 domains of E7
protein, which are each required for cellular transformation,
were also required for E7 to modulate DNA damage re-
sponses.

MATERIALS AND METHODS

Mice. K14HPV16E7 mice transgenic for the wild-type
HPV-16 E7 gene or mutant HPV-16 E7 genes E7DPTHLE and
E7DDLYC were described previously (22, 27). K14HPV16E6
mice transgenic for wild-type HPV16 E6 were generated
similarly (S.S. and P.F.L., unpublished work). In all cases, the
viral genes were placed under the control of the human keratin
14 (K14) promoter, which directs transgene expression to the
undifferentiated compartment of stratified squamous epithelia
such as the epidermis. Expression of E6 (S.S. and P.F.L.,
unpublished results) or E7 (22, 27) in the epidermis was
confirmed by in situ hybridization. All transgenes were main-
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tained in the inbred FVByN mouse strain in the American
Association for the Accreditation of Laboratory Animal Care
(AAALAC)-approved McArdle Laboratory Animal Care Fa-
cility. FVByN mice carrying the p53-knock-out allele gener-
ated by Tyler Jacks (28) were obtained from Anne Griep
(University of Wisconsin). These mice were backcrossed to
FVByN more than 10 generations, making their genetic back-
ground congenic to the FVByN HPV transgenic mice. P53-null
(p532/2) mice were produced by interbreeding p531/2 mice,
and genotyped by PCR.

Treatment of Mice with Ionizing Radiation. Eight-day-old
mice were irradiated with g rays from a 137cesium (137Cs)
source at a dose rate of 3.1 gray (Gy)ymin. A total dose of 5
Gy was delivered to the whole body of each mouse individually.
The mice were sacrificed at 4, 24, or 48 hr after irradiation.
Groups of unirradiated mice were used as controls. One hour
prior to sacrifice, mice were injected with 5-bromo-29-
deoxyuridine (BrdUrd; Sigma, catalog no. B-5002) at a dose of
100 mgyg of body weight, to measure DNA synthesis in tissues.
Skin samples were obtained from the dorsal area and fixed in
10% buffered formalin. Skin sections 5 mm in thickness were
cut from paraffin-embedded samples.

Immunohistochemistry for BrdUrd. Skin sections were
deparaffinized in xylenes and rehydrated in graded alcohol and
PBS. Endogenous peroxidase was quenched by treatment of
skin sections with 3% hydrogen peroxide for 15 min. BrdUrd
was detected by using the protocol provided with the BrdUrd
staining kit (Calbiochem catalog no. HCS24). Briefly, the
tissue sections were digested with trypsin and treated with a

denaturing solution. After incubation with biotinylated mouse
anti-BrdUrd antibody (3 hr) and streptavidin-peroxidase, the
slides were exposed to the peroxidase substrate (diaminoben-
zidine) mixture for 5 min and counterstained with hematox-
ylin. To arrive at the percentage of BrdUrd-positive cells, the
total numbers of cells and the number of BrdUrd-positive cells
in the epidermis were counted in 30 randomly selected mi-
croscopic fields (3400 magnification) of skin sections from
three to six mice for each time point. The statistical signifi-
cance of the reduction in the percentage of BrdUrd-positive
cells was calculated by using the normal approximation for the
binomial models (29).

Immunohistochemistry for p53 and p21. The tissue slides
were deparaffinized, rehydrated, and quenched the same way
as for BrdUrd staining. The slides were incubated in a boiling
0.01 M citrate buffer (pH 6.0) in a microwave oven for 20 min
to unmask antigens. Tissue sections were blocked with 5%
nonfat dry milkyPBS and 5% normal goat serum for 30 min.
After blocking, rabbit anti-mouse p53 antibody (CM5, catalog
no. NCL-p53-CM5p, Novocastra Laboratories, Newcastle
upon Tyne, U.K.), diluted 1:500, or anti-mouse p21 antibody
(M-19, catalog no. sc-471, Santa Cruz Biotechnology), diluted
1:100 (1 mgyml), was added, and the slides were incubated for
3 hr at room temperature in a humid chamber. After incuba-
tion with secondary antibody (30 min), then with Vectastain
ABC reagents (30 min), the slides were exposed to diamino-
benzidine substrate. p53- and p21-positive cells were exam-
ined, photographed, and counted.

FIG. 1. Comparison of levels of DNA synthesis in nontransgenic, E6-transgenic, p53-null, and E7 transgenic epidermis after treatment with
radiation. Shown are high-power magnification (3400) images of cross sections of skin from nontransgenic, K14HPV16E6 transgenic, p532/2,
K14HPV16E7, K14HPVE7DPTHLE, and K14HPV16E7DDLYC transgenic mice stained immunohistochemically for BrdUrd. Mice were either not
treated (a, c, e, g, i, and k) or treated with 5 Gy of ionizing radiation 24 hr prior to sacrifice (b, d, f, h, j, and l). Arrows indicate examples of
BrdUrd-positive (brown-stained nuclei) cells in the epidermis.
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RESULTS

HPV16 E6 Abrogates Radiation-Induced Inhibition of DNA
Synthesis in Vivo. We compared levels of DNA synthesis in
nontransgenic and E6-transgenic (K14HPV16E6) mouse epi-
dermis after treatment with 5 Gy of ionizing radiation. In the
nontransgenic mice, 4.5% of the epidermal cells in control
(unirradiated) mice were labeled with BrdUrd (Table 1); all of
these cells were in the stratum basale (Fig. 1). These cells
represent the fraction of cells that were going through S phase
during the 1-hr BrdUrd labeling period just prior to sacrifice
of the mice. After irradiation, the number of BrdUrd-positive
cells was greatly reduced, with maximal reduction at 24 hr after
radiation (Fig. 2, Table 1). This reduction indicates that there
was an arrest in the cell cycle within this normally proliferative
tissue. By 48 hr, a partial recovery of DNA synthesis was
observed (Fig. 2), indicating that cells were being released
from this growth arrest. In contrast to nontransgenic mice,
there was no significant change (P 5 0.26) in the number of
BrdUrd-positive cells in the epidermis of E6 transgenic mice
after irradiation (Figs. 1 and 2; Table 1), at any time points up
to 48 hr. These results demonstrate that E6 efficiently abro-
gates the inhibition of DNA synthesis induced by ionizing
radiation in vivo, correlative with findings made in tissue
culture (25).

HPV-16 E6 Abrogates Radiation-Induced Inhibition of DNA
Synthesis More Efficiently Than Does Loss of p53. Because
E6’s effects are predicted to be through its inactivation of p53,
we compared the radiation responses of epidermis of E6-
transgenic mice and p53-null mice. There was still a significant
reduction in number of BrdUrd-positive cells in the epidermis
of p53-null mice after irradiation (P , 0.001, Fig. 1 and Table
1), but less severe than in p53-sufficient mice. The percentage
of BrdUrd-positive cells in p53-null epidermis at 24 hr after
irradiation was reduced less than 2-fold, whereas the reduction
was 10-fold in p53-sufficient mice (Table 1, Fig. 3). The partial
inhibition of DNA synthesis in p53-null mice indicates that
ionizing radiation affects DNA synthesis through p53-
independent as well as p53-dependent pathways. In compar-
ison with p53-null epidermis, however, there was a complete
abrogation in the DNA damage-induced inhibition of DNA
synthesis in E6-transgenic epidermis (Fig. 3). Thus, E6 must
possess p53-independent activities that modulate DNA dam-
age responses.

HPV-16 E7 Abrogates DNA Synthesis Inhibition After Ra-
diation in Vivo. To understand the in vivo effects of E7 on DNA
damage responses, we carried out experiments on our E7-
transgenic (K14HPV16E7) mice with the same protocol de-
scribed above for the E6-transgenic mice. E7 abrogated radi-
ation-induced cell growth arrest (Fig. 1). At 24 hr after
radiation, there was no significant decrease in the number of
BrdUrd-positive cells (P 5 0.91, Table 1; Fig. 2). In compar-
ison to p53-null epidermis, there was a more complete abro-
gation of radiation-induced growth arrest in E7 transgenic
epidermis, suggesting that, like E6, E7 must affect both
p53-dependent as well as p53-independent pathways.

Both CR1 and CR2 Domains Are Required for E7 to
Modulate DNA Damage Responses. The CR1 and CR2 do-
mains in E7 protein are important for transformation of cells
in culture. We have shown in transgenic mice that mutations
in either the CR1 (E7DPTHLE) or the CR2 (E7DDLYC) domain
abolish E7’s ability to induce epidermal hyperplasia and skin
tumors (27). To test whether these mutations in the CR1 and
CR2 domains also affect E7’s ability to modulate DNA
damage responses in vivo, K14HPV16E7DP T HLE and
K14HPV16E7DDLYC transgenic mice, respectively, were irra-
diated. The percentage of BrdUrd-positive cells in the unir-
radiated epidermis of the mutant E7 mice was not statistically

FIG. 2. Time course of changes of BrdUrd-positive cells in the
epidermis of nontransgenic and E6- and E7-transgenic epidermis
treatment with radiation (5 Gy). Graphed are the average percentage
of epidermal cells positively stained for BrdUrd at different times after
treatment. Error bars indicate standard deviation (SD) among samples
from three different mice.

FIG. 3. Comparison of decreases in the number of BrdUrd-positive
cells in the epidermis of nontransgenic, E6-transgenic, p53-null, E7-
and mutant E7-transgenic (E7DPTLHE and E7DDLYC) epidermis at 24
hr after irradiation. Graphed are the mean percentage of epidermal
cells positively stained for BrdUrd.

Table 1. Decreases in the levels of DNA synthesis after ionizing
radiation in mouse epidermis

Mouse strain

BrdUrd-positive cells,* %

P valueUnirradiated Irradiated

Nontransgenic 4.52 6 1.69 0.39 6 0.59 ,0.001
E6-transgenic 5.64 6 1.84 5.05 6 1.83 .0.05
p53-null 4.37 6 2.05 2.86 6 2.21 ,0.001
E7-transgenic 9.42 6 3.21 8.40 6 2.63 .0.05
E7DPTLHE-transgenic 4.25 6 2.29 0.40 6 0.75 ,0.001
E7DDLYC-transgenic 5.50 6 2.57 0.45 6 0.66 ,0.001

*Shown are the average percentage of BrdUrd-positive epidermal cells
in unirradiated and irradiated mice (24 hr after irradiation). Data
were obtained from analysis of paraffin-embedded skin sections
stained for BrdUrd.
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different than that seen in the unirradiated nontransgenic mice
(Figs. 1 and 3), consistent with the prior observation (27) that
these E7 mutants are defective in inducing epithelial hyper-
plasia. After irradiation, the number of BrdUrd-positive cells
in the epidermis of the CR1 and CR2 E7 mutant transgenic
mice was significantly (P , 0.001) reduced (Table 1). This
reduction was comparable to that seen in the epidermis of
irradiated nontransgenic mice (Fig. 3). This result demon-
strates that both the CR1 and CR2 domains are required for
E7 to modulate DNA damage responses in vivo.

Radiation Induces an Increase of p53 and p21 Levels in E7
but Not in E6 Transgenic Epidermis. To understand how p53
responds to ionizing radiation in E6- and E7-transgenic mice,
we monitored the level of p53 after irradiation by immuno-
histochemical staining. A significant increase in the number of
p53-positive cells was seen 4 hr after irradiation in nontrans-
genic mice and E7-transgenic mice (Figs. 4 and 5), indicating
that E7 does not affect p53 accumulation. In the nontransgenic
epidermis, levels of p53 decreased by 48 hr (Fig. 5), when
recovery from growth arrest was observed (Fig. 2). In the
E7-transgenic epidermis, high levels of p53 protein persisted

until 48 hr after irradiation (Fig. 5), indicating that mecha-
nisms involved in reestablishing normal steady state of p53 in
E7-expressing cells are affected. In E6-transgenic epidermis,
no p53-positive cells were observed before or up to 48 hr after
radiation (Figs. 4 and 5), presumably because E6 had led to
efficient degradation of p53 protein in this tissue.

p21 protein levels f luctuate with cellular differentiation as
well as with cellular responses to DNA damage. P53 contrib-
utes to an increase of p21 following some forms of DNA
damage (30). We monitored p21 protein levels by immuno-
histochemical staining (Fig. 6). In nontransgenic epidermis,
radiation-induced increases in the number of p21-positive cells
were seen by 4 hr, reached a maximum by 24 hr, and were
sustained at that level up to 48 hr after irradiation (Fig. 7). The
cells that accumulated p21 after irradiation were in suprabasal
layers as well as in the stratum basale. Increases in p21-positive
cells after irradiation were also seen in E7-transgenic mice but
to lesser of a degree in p53-null or E6-transgenic mice (Fig. 7).
Thus p21 induction after irradiation is at least partially de-
pendent on p53, and this induction is strongly inhibited by E6
but not by E7.

In our experiments, we also found that the p21 levels in
unirradiated epidermis of E7-transgenic mice (average 4.82%
positive) were significantly higher than in the epidermis of
unirradiated nontransgenic (average 0.88% positive) and E6-
transgenic mice (average 0.60% positive) (Figs. 6 and 7). The
mechanisms for the increased level of p21 in E7 transgenic
epidermis is not known. One mechanism may be the increased
expression of p21 induced by p53. Prior to radiation, we
observed some, though not many, p53-positive cells in E7-
transgenic epidermis (0.41% of cells in epidermis were p53-
positive; see Fig. 6), but not in nontransgenic or E6-transgenic
epidermis.

DISCUSSION

In this study, we monitored the responses to radiation in the
mouse epidermis and the influence on that response by p53
status and the HPV-16 oncogenes E6 and E7. Exposure of
nontransgenic FVByN mice to ionizing radiation led to a
nearly complete inhibition of DNA synthesis in the epidermis
24 hr after treatment, with a partial recovery of DNA synthesis
by 48 hr. Inhibition of DNA synthesis after irradiation was only
partially abrogated in the epidermis of p53-null mice. Thus the
inhibition of DNA synthesis in the epidermis induced by
radiation occurs through both p53-dependent and p53-
independent pathways. In contrast, both HPV-16 oncogenes,

FIG. 4. Levels of p53 in the skin of nontransgenic, E6- and E7-transgenic, and p53-null mice after treatment with radiation. Shown are high
power magnifications (3400) of cross sections of skin from nontransgenic, K14HPV16E6 transgenic, and K14HPV16E7 transgenic mice stained
immunohistochemically for p53. Mice were either not treated (a, c, e, and g) or treated with 5 Gy of ionizing radiation 24 hr prior to sacrifice (b,
d, f, and h). Examples of p53-positive cells are indicated by arrows.

FIG. 5. Quantification of p53-positive cells in the epidermis of
nontransgenic (r), E6-transgenic (m), E7-transgenic (Œ), and p53-null
(3) epidermis after treatment with radiation. Graphed are the mean
percentage of epidermal cells positively stained for p53 at different
times after treatment of mice with 5 Gy of radiation. Error bars
indicate SD among samples from different mice.
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E6 and E7, were found to abrogate completely the inhibition
of DNA synthesis after irradiation. We interpret these findings
to indicate that E6 and E7 each can modulate DNA damage
responses mediated through both p53-dependent and p53-
independent pathways.

Role of p53 in Mediating Radiation-Induced Responses in
the Epidermis. After irradiation there was an induction in p53
protein levels, maximal at 4 hr (Fig. 5), followed by an increase
in levels of p21, a p53-responsive protein (Fig. 7). High levels
of p21 were reached at 24 hr after irradiation, and this
correlated with the timing of maximal inhibition of DNA
synthesis (Figs. 2 and 7). The temporal order of the induction
of p53, and the subsequent induction of p21 and coincident
reduction in DNA synthesis, suggests a cause and effect
relationship between p53 protein and radiation-induced inhi-
bition of DNA synthesis. This relationship was substantiated by
the finding that p53-null mice were impaired in their ability to
respond to radiation (Fig. 3; Table 1). p53, however, can
mediate only part of the cellular response, because the epi-
dermis of p53-null mice still display a partial inhibition of DNA
synthesis after irradiation. Therefore, there must be a p53-
independent pathways that mediate in part the growth arrest
in response to this form of DNA damage in this cell type.

Mechanism of Action of E6 and E7 in Modulating Radiation
Responses in the Epidermis. E6 and E7 both could abrogate
radiation-induced inhibition of DNA synthesis more com-
pletely than was seen in p53-null mice (Table 1; Fig. 3). These
findings indicate that both oncogenes modulate p53-
independent as well as p53-dependent response pathways.
That E6 inhibits p53-dependent processes is predictable, given
its capacity to bind and target for degradation p53. Not
surprisingly, we observed that the induction in p53 protein
levels and the subsequent induction of p21 after irradiation are
suppressed in the K14HPV16E6 mice (Figs. 4–7). Consistent
with our results, E6 was recently found to abrogate radiation-
induced G2 arrest in cultured cells more efficiently than
p53-dominant negative mutants (31). Thus, like the inhibition
of apoptosis (32), the inhibition of growth arrest induced by
radiation represents another biological activity of E6 mediated
through p53-dependent as well as p53-independent response
pathways. E6’s transforming or transactivating activities may
also require p53-independent activities (5, 33). The fact the E6
affects multiple pathways, not exclusively the p53-dependent
pathway, should be taken into consideration when E6 is
employed to inhibit p53 function.

E7 is likely to modulate p53-dependent responses to DNA
damage through its direct interaction with pRb and pRb-like
proteins, andyor its modulation of p21 activity. pRb, a critical
regulator of the G1-to-S transition, is phosphorylated and
inactivated by cyclin-dependent kinases, which in turn are
inhibited by p21, a p53-responsive protein. Therefore, p53,
p21, and pRb are proposed to be interconnected in DNA
damage response pathways (25, 26), with pRb acting down-
stream of p53 and p21. Any factors that can inhibit the function
of pRb may override the inhibitory signals from upstream p53
and p21. We found E7’s ability to modulate DNA damage
responses depended on the integrity of its CR1 and CR2
domains (Figs. 1 and 3). Cell culture experiments have dem-
onstrated that E7’s abrogation of cell cycle arrest after treat-
ment with actinomycin D also requires the CR1 and CR2
domains (34). Both the CR1 and CR2 domains of E7 have been
implicated in its modulation of pRb protein; the CR2 domain
is required for E7’s binding to pRb (35), whereas the CR1 and
CR2 domains are both required for E7 to induce the degra-
dation of pRb protein (17). Therefore, our data are consistent
with the hypothesis (25, 34) that E7 abrogates p53-dependent
responses to radiation through its binding and inactivation of
pRb. E7 is also known to bind and inactivate p21 (36, 37).
However, p21 appears to be functional in the cells expressing
E7, because kinase activity associated with cyclins is reduced
after DNA damage in E7-expressing cells (38, 39). Also, E7’s

FIG. 6. Levels of p21 protein in the epidermal cells of nontransgenic, E6- and E7-transgenic, and p53-null mice after radiation. Shown are high
power magnifications (3400) of cross sections of skin from nontransgenic, K14HPV16E6, and K14HPV16E7 transgenic mice that were stained
immunohistochemically for p21. Mice were either not treated (a, b, c, and g) or were treated with 5 Gy of ionizing radiation 24 hr prior to sacrifice
(d, e, f, and h). Examples of p21-positive cells are indicated by arrows.

FIG. 7. Quantification of p21-positive cells in the epidermis of
nontransgenic (r), E6-transgenic (m), E7-transgenic (Œ), and p53-null
(3) epidermis after treatment with radiation. Graphed are the per-
centage of epidermal cells positively stained for p21 at different times
after treatment of mice with 5 Gy of radiation.
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capacity to bind p21 maps to the CR2 but not the CR1 domain
(36). Thus, the lack of DNA synthesis inhibition in E7 trans-
genic epidermis after irradiation correlates with E7’s interac-
tion with pRb, not p21.

Given that E7 can abrogate nearly completely the inhibition
of DNA synthesis induced by radiation, we deduce that E7
suppresses cellular responses to radiation that are mediated
through both p53-dependent and p53-independent pathways.
While current knowledge of p53-induced growth arrest points
to pRb and p21 as likely downstream targets, little is known
about p53-independent pathways. As indicated above, our
genetic analysis of E7 is consistent with E7 abrogating cellular
responses to radiation through its inactivation of pRb. There-
fore we propose that the p53-independent response pathway
may converge on the same downstream targets of the p53-
dependent pathway targeted by E7, e.g., pRb.

E7 Alters p53 and p21 Levels in the Epidermis. Levels of p53
and p21 in the epidermis of the K14HPV16E7-transgenic mice
were aberrant (Figs. 4 and 6). p53-positive cells were observed
in the unirradiated epidermis of E7-transgenic mice, whereas
they were not seen in the epidermis of unirradiated nontrans-
genic mice. Consistent with our observations, others have
found recently that E7 mediates the destabilization of pRb and
this is coupled with stabilization of p53 (42). The increase in
p53-positive cells in the K14HPV16E7-transgenic epidermis
may explain why we observed increased numbers of p21-
positive cells in the same tissue. This increased p21 appears not
to inhibit the proliferative status of the E7 epidermis, which is
hyperplastic. This disparity may be explained by reports that
E7 disrupts the formation of complexes of p21 and cycliny
cyclin-dependent kinases (CDKs) andyor abrogates p21-
mediated inhibition of CDKs (36, 37), or, as mentioned above,
by E7’s inhibition of pRb. The majority of p21-positive cells in
the unirradiated E7-transgenic epidermis were suprabasal
(Fig. 6). This finding suggests that signals leading to the
increase in p21 protein are related to those that normally drive
cell differentiation. After treatment of the K14HPV16E7-
transgenic mice, we noted an induction in the levels of p53 in
the epidermis that was commensurate, in timing and levels,
with its induction seen in nontransgenic epidermis (Fig. 5).
Also there was an induction of p21 in the irradiated E7-
transgenic epidermis (Fig. 7). These results are consistent with
ones in tissue culture studies (38, 39). However, whereas the
number of p53-positive cells in the nontransgenic epidermis
returned to pretreatment levels by 48 hr after treatment, the
number of p53-positive cells remained high in the
K14HPV16E7-transgenic epidermis (Fig. 5). Thus E7 appears
to block or retard normal cellular processes that lead to
reestablishing normal p53 steady-state levels after radiation.
Recently, the mdm2 protein has been identified to modulate
the stability of p53 protein (40, 41). It is interesting to speculate
that E7 may alter the function or levels of mdm2 and thereby
cause this dysregulation of p53 protein levels.
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