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The human papillomavirus (HPV) E2 protein plays an important role in viral DNA replication. Many studies
with high-risk HPVs have demonstrated that the E2 protein can also repress transcription of the E6 and E7
oncogenes. This conclusion, based on experiments carried out with cervical cancer cells bearing integrated
HPV genomes, is currently assumed to be applicable to the normal HPV life cycle, in which the viral genomes
are episomal. Here, we have tested experimentally whether this assumption is correct. We made use of a pair
of isogenic cell lines, W12 and S12. W12 cells contain episomal HPV16 genomes, whereas S12 cells, which are
derived from the W12 line, contain HPV DNA as integrated copies. When we expressed E2 in S12 cells, we
observed strong repression of E6 and E7 transcription. In contrast, no effect of E2 on the transcription of these
genes was detected in W12 cells. While integration of the viral genome into the host DNA contributes to the
difference between W12 and S12 cells, integration by itself is not sufficient to explain this difference. Instead,
the chromatin structure in the region of the E6 and E7 promoter (p97), which we show to be very different in
these two cell lines, is likely to be the cause of the different responsiveness of p97 to the E2 protein. Experiments
with the histone deacetylase inhibitor trichostatin A (TSA) indicated that the episomal HPV16 DNA is in a
relatively inaccessible state prior to TSA treatment. Our results, together with those of others, suggest that any
effect of the E2 protein on the expression of the E6 and E7 genes during the normal viral life cycle is of
secondary importance compared to the function of E2 in replication.

Cervical cancer is one of the leading causes of death from
cancer among women worldwide. The principal factor respon-
sible for this cancer is infection of the cervical epithelium by
some types of human papillomaviruses (HPVs). The HPV cap-
sid proteins enclose the viral minichromosome, which is com-
posed of approximately 8,000 bp of circular double-stranded
DNA, in the form of nucleosomes similar to those of cellular
chromatin. The HPV type 16 (HPV16) DNA encodes eight
proteins required for viral DNA replication, encapsidation,
and virus release. In addition, there is a noncoding region
called the long control region (LCR), which contains enhancer
elements and a promoter (p97 in HPV16 and p105 in HPV18)
from which the viral oncogenes E6 and E7 are transcribed. The
E7 protein binds and inactivates the pRb tumor suppressor
protein and in some instances targets its destruction (16, 20, 32,
33). This results in the release of the E2F transcription factor
and the consequent expression of many S-phase genes whose
promoters are responsive to E2F. The E6 protein exhibits
many different effects in the cell, of which destruction of the
p53 tumor suppressor protein (32, 39, 40) and the activation of
telomerase (28, 29) are two that contribute to tumorigenesis.
Overexpression of the E6 and E7 proteins is thought to be
responsible for initiating and maintaining processes that lead
to cervical cancer.

The expression of the E6 and E7 oncogenes can be influ-
enced by another virus-encoded protein, E2. The E2 protein is
primarily involved in the replication of the HPV DNA. This
42-kDa nuclear protein physically associates with the viral E1

helicase (25) and tethers the latter to the origin of replication
on the viral DNA (9, 18, 30, 42, 52). In transient reporter
assays, E2 was also shown to be able to activate or repress
transcription of the early genes (1, 3, 23, 45, 50). However,
when E2 is ectopically expressed at high levels in cells that
harbor integrated HPV genomes, the p97 promoter of HPV16
or the p105 promoter of HPV18 is very effectively repressed,
causing a sharp reduction in E6 and E7 transcription (8, 13, 21,
34). This repression is brought about by the binding of the E2
protein to the palindromic sequences ACC(N6)GGT (E2-
binding sites) located in close proximity to the promoter region
in the LCR. The binding of E2 proteins to these sites is thought
to exclude the Sp1 and TFIID transcription factors from the
p97 and p105 promoter, hence silencing it (6, 7, 10, 12, 19, 24,
48, 49).

This observation takes on greater significance when coupled
to the fact that in most cervical cancers, the HPV DNA is
integrated in the cellular genome (2, 35, 41, 53) with preser-
vation of the E6 and E7 genes and loss of the E2 open reading
frame (ORF) (31, 37, 41). These are the key observations on
which the HPV-induced tumorigenesis model is built. This
model posits that overexpression of the E6 and E7 genes ini-
tiates events that lead to cervical cancer and that E2 is able to
limit this by repressing the transcription of the oncogenes. It
follows that disruption of the E2 ORF during HPV DNA
integration would confer a growth advantage to the cell due to
augmented amounts of E6 and E7 proteins (27, 37). This will
set the cell on the journey toward tumorigenesis, a fate that is
not compatible with HPV replication. It is assumed that in the
normal life cycle of HPV, the E2 protein also represses E6 and
E7 transcription from the episomal HPV16 minichromosome.
However, the ability of E2 to repress E6 and E7 transcription
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has been demonstrated only in cells harboring integrated HPV
DNA, that is, in cells where the viral life cycle has been dis-
rupted, but not in cells containing viral episomes. While ex-
trapolation of the repressive activity of the E2 protein to the
normal life cycle of the virus seems reasonable, it is not sup-
ported by in situ hybridization analyses of episomal HPV
DNA-containing cervical lesions (4, 15, 22, 46). These analyses
did not detect any evidence of repression of E6 and E7 tran-
scription. Rather, they revealed a steady increase of E6 and E7
transcripts from the lower layers of the epithelium to the top
while E2 transcripts were readily detected. However, it re-
mains possible that the increase in E6 and E7 transcripts is due
to an increased amount of HPV DNA templates formed dur-
ing replication and a resulting increased rate of E6 and E7
transcription. It could be that, if not for E2’s repressive activity,
the increase of E6 and E7 transcripts would be even greater, to
a level detrimental to the viral life cycle.

These assumptions need to be tested experimentally. In view
of the importance of HPV and cervical cancers, we undertook
this task with the aim of verifying the model or, if necessary,
revising it based on experimental data. We tested the assump-
tion that the E2 protein represses E6 and E7 transcription
from episomal HPV16 minichromosomes, in the same way as
it does on integrated HPV DNA. We investigated this by
employing a pair of isogenic human cervical keratinocyte cell
lines in which one of the isogenic partners harbored HPV16
minichromosomes while the other partner harbored integrated
HPV16 DNA. We observed that while the E2 protein can
efficiently repress the p97 promoter of integrated HPV16
DNA, it has no effect on this promoter in episomal HPV16
genomes. Our experiments also show that this difference is not
due merely to different states of the HPV DNA (episomal or
integrated) but is more likely to be associated with the chro-
matin conformation of the p97 promoter region. We propose
that these and other recent observations call for a reassessment
of the current model of E2 function in the life cycle of HPV.

MATERIALS AND METHODS

Cell culture. W12 20863 cells were cultured with lethally irradiated Swiss 3T3
feeder cells. The cells were cultured in S12 medium, which consists of a mix of
one-quarter Dulbecco’s modified eagle’s medium (Gibco) and three-quarters
Ham F-12 medium (Gibco) containing 5% fetal calf serum, penicillin, strepto-
mycin, and supplements (all from Sigma) as follows: 8.4 ng of cholera toxin/ml,
5 �g of insulin/ml, 24.3 �g of adenine/ml, 0.5 �g of hydrocortisone/ml, and 10 ng
of epithelial growth factor per ml. Cells were split when they reached 80%
confluence. S12 cells were obtained by collecting surviving W12 cells cultured
without feeder support. S12 and HaCat cells, which are spontaneously immor-
talized human keratinocytes, are maintained in S12 medium. Both cell lines were
infected with recombinant adenovirus strains rAd5 and rAdE2 at a multiplicity of
infection (MOI) between 5 and 10. CIN612 9E cells, which derived from a
HPV31b-positive CIN I grade lesion, were grown in E medium (26, 36) and
antibiotics with lethally irradiated fibroblast feeders. W12 and CIN612 9E cells
were infected with rAd5 and rAdE2 at MOI of 5 to 10. HeLa HPV18-trans-
formed human keratinocytes, SiHa, and CasKi cell lines (HPV16-transformed
human keratinocytes) were grown in Dulbecco’s modified eagle’s medium con-
taining 10% fetal calf serum and antibiotics. HeLa, SiHa, and CasKi cells were
all infected with rAd5 and rAdE2 at MOI of 1 to 5. All cells used were grown as
monolayer cultures at 37°C with 5% CO2.

HPV16 episome extraction. After having washed the cells with phosphate-
buffered saline (PBS) and removed the feeder cells from W12 cells by washing
them with 0.1 M EDTA, cells were trypsinized and resuspended in 0.5 ml of PBS
at a concentration of 2 � 106 cells/ml. The pellet was lysed by gently adding an
equal volume of 2� Hirt buffer (2% sodium dodecyl sulfate, 2 mM EDTA) to the
cells. The tubes were left at room temperature for 10 min. NaCl (0.25 ml; 5 M)

was added, and the tubes were gently inverted three times and stored overnight
at 4°C. The next day, the genomic DNA was pelleted for 30 min at 9,000 � g at
4°C. The supernatant was gently harvested, and DNA was extracted with 1
volume of phenol-chloroform. The tubes were centrifuged 5 min at 9,000 � g at
room temperature, and the upper phase was harvested. The DNA was precipi-
tated with 2 volumes of 100% ethyl alcohol and stored overnight at �20°C. The
tubes were centrifuged at 9,000 � g at 4°C for 30 min. The DNA pellets were
washed with 1 ml of 75% ethyl alcohol. The pellets were recovered after rapid
centrifugation (5 min at 9,000 � g) at room temperature and resuspended in
Tris-EDTA (pH 8) buffer. Equivalent amounts of DNA were digested with
BamHI (Roche) and analyzed by Southern blotting.

Total DNA extraction. Cells were placed on ice and washed once with PBS.
The cell pellets were resuspended in 500 �l of PBS and lysed with 500 �l of 2�
Hirt buffer. Proteinase K (100 �g/ml) (Roche) was added to the lysate, which was
then incubated 2 h at 65°C. Genomic DNA was sheared for 45 s with a rotor-
stator homogenizer (Kinematica AG). Total cellular DNA was recovered after
two phenol-chloroform extractions followed by ethanol precipitation and resus-
pended in Tris-EDTA buffer. Equal amounts of DNA were digested with BamHI
or PstI (Roche) according to the manufacturer’s instructions or left undigested
and observed by Southern blot analysis.

Southern blot analysis. DNA samples were separated on a 1% agarose gel,
transferred to a nylon membrane (Hybond N�), and probed with a 32P-labeled
HPV16-specific probe. Hybridizing species were visualized by autoradiography.
HPV DNA quantification in W12 and S12 cells was done by exposing the nylon
membrane to an imaging plate (Fujifilm). This screen was scanned through a
fluorescent spectrophotometer (Raytest) and analyzed with the AIDA software
(Fuji).

RNA extraction and Northern blot analysis. Total cellular RNA was extracted
by using the RNeasy minikit (Qiagen) according to the manufacturer’s instruc-
tions. Equal amounts of RNA samples as determined by UV absorption were
separated on a 1% agarose formaldehyde gel and were transferred to a nylon
membrane (Hybond N�). 32P-labeled DNA probes comprising the E6-E7 se-
quence from HPV16 DNA were used for the analysis of W12 and S12 RNAs, and
the E6-E7 sequence of HPV31b was used for the analysis of CIN612 9E RNAs.
Hybridizing transcripts were visualized by autoradiography.

Nuclear extraction. Approximately 6 � 106 cells were collected by trypsiniza-
tion and washed with 2 ml of PBS. Cell pellets were gently resuspended in 300 �l
of buffer A (10 mM HEPES [pH 7.9], 10 mM KCl, 0.1 mM EDTA, 0.1 mM
EGTA, 1 mM dithiothreitol, 1/1,000 proteinase inhibitor cocktail [Calbiochem]),
after which 20 �l of 10% (vol/vol) Nonidet NP-40 (Fluka) was added and the
tube was vigorously vortexed for 10 s. The homogenate was centrifuged for 30 s,
and the supernatant containing cytoplasm was recovered. The nuclear pellet was
resuspended in 50 �l of buffer C (20 mM HEPES [pH 7.9], 0.4 M NaCl, 1 mM
EDTA, 1 mM EGTA, 1 mM dithiothreitol, and 1/1,000 proteinase inhibitor
cocktail), and the tube was vigorously rocked at 4°C for 15 min. The suspension
was centrifuged for 5 min, and the supernatant containing the nuclear extract was
collected.

Immunoblotting. Cell pellets were washed and resuspended in PBS and lysed
in reporter lysis buffer (Promega) containing the protease inhibitor cocktail.
Equal amounts of total proteins were separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis, and proteins were transferred to a nitrocel-
lulose membrane (Schleicher & Schuell) by electrophoresis. Western blot anal-
yses were performed by use of the ECL chemiluminescent detection kit
(Amersham) as recommended by the manufacturer. The p53 protein was de-
tected with the mouse monoclonal DO1 antibody (a gift from R. Iggo and E.
Saller). The pRb antibody was obtained from PharMingen, while the E2 antibody
was the mouse monoclonal TVG 261 (gift from M. H. Hibma).

Integration of the HPV16 promoter into cellular DNA. The pGl3b 822.4
plasmid contains the HPV16 LCR that controls expression of a luciferase re-
porter gene. Fifteen micrograms of the plasmid was cotransfected with the
pBabe-puro plasmid at a ratio of 1 to 10 into HaCat cells with the Dotap
transfection kit (Roche). The cells were selected with puromycin (Sigma) and
subcloned by flow cytometry (Becton Dickinson FACScan). Isolated clones were
selected for their stable luciferase expression with the luciferase assay system
(Promega). These cells were seeded at 5 � 106 cells per 10-cm-diameter plate
and were infected with rAdE2 or rAd5. Cells were harvested 48 h later, and
luciferase expression levels were again analyzed. The relative luciferase expres-
sion values given correspond to the luciferase units per microgram of protein.
The values obtained with the different clones were between 8,000 and 45,000
luciferase light units, with background values between 1 and 10 units.

Trichostatin A treatment. W12 and S12 cells were treated with the histone
deacetylase inhibitor trichostatin A (TSA) (Sigma) at a concentration of 200 or
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400 nmol in the culture medium for 4 h. Cells were harvested, and RNA was
extracted and analyzed by Northern blotting.

RESULTS

Generation of an isogenic pair of human cervical keratino-
cyte lines containing either episomal or integrated HPV16
DNA. The W12 cell line has been previously characterized as
containing multiple copies of the HPV16 genome in a mono-
meric episomal form (27, 44). This cell line was derived from a
low-grade lesion of the cervix and is normally grown in the
presence of 3T3 feeder cells in culture. By removing this feeder
support from W12 cultures, we observed that the cells grew
poorly at first but after further culture adapted to growth in the
absence of feeders and proliferated well. These cells, which we
called S12, grew faster than the W12 cells. Southern blot anal-
ysis of undigested W12 cell total DNA (Fig. 1A) confirms that
W12 cells do not contain integrated copies but only the episo-
mal form of the HPV16 DNA. To check whether HPV16
episomes are present in S12 cells, DNA was isolated from them
and from W12 cells by Hirt extraction and analyzed by elec-

trophoresis and hybridization with a 32P-labeled HPV16-spe-
cific DNA probe. HPV16 episomes were detected in extracts of
W12 cells but not in those of S12 cells (Fig. 1B). In parallel,
total DNA was also extracted from similar numbers of S12 and
W12 cells and digested with BamHI and PstI enzymes. The
digestion pattern of DNA from W12 cells correlated with the
expected pattern of HPV16 DNA in the episomal form; one
band for BamHI digestion corresponding to the linearized
DNA and a series of bands for the PstI digestion (Fig. 1C). By
comparing the digestion pattern of the HPV16 DNA of W12
cells with that of S12 cells, it is clear that they are markedly
different. After BamHI digestion, S12 cell DNA presented two
bands including one of around 8,000 bp. This and the absence
of the HPV episome in Hirt extracts suggest that the HPV16
DNA in S12 cells is integrated. By phosphorimager quantifi-
cation, the W12 cell line was estimated to contain approxi-
mately 850 episomes per cell, while the S12 cells were esti-
mated to have about 350 integrated copies of HPV DNA per
cell. Hence, W12 and S12 cells are isogenic cell lines that
contain different forms of the HPV16 genome.

It appears that during the integration process of HPV epi-
somes into the S12 cellular genome, an HPV DNA fragment
containing the E2 and E4 ORFs was disrupted. This is clearly
seen in the PstI digestion pattern of S12 cell DNA, in which a
3-kb band corresponding to the DNA fragment that contains
the E1, E2, and E4 ORFs is greatly reduced. Interestingly, the
disappearance of the E2-containing fragment observed here is
reminiscent of that reported for cell lines such as HeLa, CasKi,
or SiHa, which were derived from cervical cancers. In addition,
a 6-kb DNA band, not present in PstI digests of W12 cell DNA,
appears in the S12 sample.

The E2 protein is present in W12 cells but not in S12 cells.
To determine the consequence of the E2 ORF disruption in
S12 cells at the protein level, nuclear and cytoplasmic extracts
were prepared from W12 and S12 cells. To serve as controls,
similar types of extracts were prepared from W12 and S12 cells
that were infected with recombinant adenovirus expressing the
E2 protein (rAdE2) or recombinant adenovirus bearing just
the back-bone vector (rAd5). As seen in Fig. 2, the TVG261
anti-E2 antibody showed the E2 protein to be present in
rAdE2-infected cells, as expected. Endogenous E2 protein was
detected in the nuclear fraction of the uninfected W12 cells but
not in that of the S12 cells. Not surprisingly, little or no en-
dogenous E2 was detected in the cytoplasmic fraction, E2
being a nuclear protein. However, a fraction of the E2 protein
expressed by rAdE2 was also detected in the cytoplasmic ex-

FIG. 1. (A) Southern blot analysis of undigested HPV16 DNA
from W12 cells after total DNA extraction. W12 cell DNA was com-
pared to a supercoiled DNA marker (scDNA marker). (B) Southern
blot analysis of HPV16 episomes isolated by the Hirt extraction
method from W12 and S12 cells and digested with BamHI. (C) South-
ern blot analysis of HPV16 DNA in W12 and S12 cells. DNA was
extracted from 6 � 106 cells, and equal amounts of total DNA were
digested with BamHI or PstI and subjected to electrophoresis and
hybridization using a 32P-labeled HPV16 specific DNA probe.

FIG. 2. HPV16 E2 protein levels in W12 and S12 cells after nuclear
and cytoplasmic extraction analyzed by Western blotting. Noninfected
and rAd5-infected cell extracts were compared to rAdE2-infected cell
extracts used as positive control for the presence of the E2 protein at
48 h postinfection.
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tracts, presumably due to the high levels of E2 made in the
cells. The absence of E2 protein in S12 cells is consistent with
the disruption of the E2 ORF in these cells.

HPV16 E2 protein represses transcription of the E6 and E7
genes in S12 cells but not in W12 cells. To study the effect of
the E2 protein on the HPV16 p97 promoter in S12 and W12
cells, rAd5 and rAdE2 viruses were used to infect these cells.
Transcription of the E6 and E7 genes was monitored by North-
ern blot analyses of RNA extracted 48 h after infection (Fig.
3A). The expression of E2 in S12 cells resulted in a strong
repression of transcription of the E6 and E7 genes as previ-
ously reported for HeLa cells (8, 13, 20, 33). In contrast, no
effect on the transcription of these genes was detected in the
rAdE2-infected W12 cells. To determine if the lack of repres-
sion by E2 on the transcription of E6 and E7 is general for
episomal HPV genomes, we tested the effect of E2 on the
transcription of the E6 and E7 genes in another cell line that
harbors the HPV DNA as episomes, the CIN612 9E line. This
cell line was derived from a low-grade cervical lesion and
contains multiple episomes of the HPV31b genome (26, 36).
As shown in Fig. 3B, transcription of E6 and E7 in CIN612 9E
cells, as in W12 cells, was not significantly altered by the E2
protein.

HPV16 E2 protein increases the amount of pRb in S12 cells
but not in W12 cells; E2 does not affect the p53 protein levels
in either cell line. The E6 protein targets the p53 protein for
destruction, while the E7 protein binds the pRb protein, and in
doing so, inactivates it. In addition, in some cells E7 can also
induce the destruction of the pRb protein. Hence, it follows
that changes in the level of E6 and E7 expression would have
consequences for the p53 and possibly also the pRb proteins.
Western blot analysis in Fig. 4A shows that the E2 protein
increases the pRb protein levels in S12 cells but not in W12
cells. This is consistent with the reduction of E6 and E7 tran-
scripts caused by E2 in S12 cells but not in W12 cells. However,
p53 protein amounts did not increase as expected in S12 cells
or W12 cells. Although initially surprising, this observation is
consistent with the failure to detect potential full-length E6-
encoding transcripts in these cells (11) and the readily detect-

able levels of p53 in suggesting that the E6 protein is not
expressed in these cells. The p53 in these cells was tested and
found to be of the wild type (data not shown), supporting the
previous observation that inactivation of p53 by E6 is not a
prerequisite for cellular immortalization but maintenance of
telomere length is (14, 51). We tested W12 cells to determine
if telomerase activity was present, and we found this to be the
case (data not shown). This observation was not surprising,
since E6 protein activity is not the only way to activate telom-
erase. Importantly, the E2 protein was correctly expressed by
rAdE2 viruses and able to induce an increase of p53 protein
levels in HeLa, SiHa, and CasKi cells (Fig. 4B), all of which
contain either integrated HPV18 or HPV16 DNA. The effect
of E2 on the protein level of pRb varies in the different cell
lines. This is in keeping with the observation that in some cells,
E7 can induce the destruction of pRb. This appears to be the
case at least for CasKi cells.

Integration of the HPV DNA into the cellular genome does
not by itself affect the p97 promoter’s sensitivity to the E2
protein. It is clear that the E2 protein expressed from rAdE2
was functioning, and yet it was unable to exert an effect on the
level of E6 and E7 transcription in W12 cells, as it so efficiently
does in the isogenic S12 cells. Since the HPV16 DNA in these
two cells is in different forms, we asked whether merely by
being integrated into the cellular genome the HPV16 p97
promoter becomes responsive to the E2 protein. We generated
clones of HaCaT cells that harbor complete integrated HPV16
LCR sequences in their genome. To do so, we cotransfected
the pGL3b822.4 plasmid, which contains the complete HPV16
LCR followed by a luciferase gene, together with the pBabe-
puro plasmid, which contains the puromycin resistance gene.
Transfectants were selected with puromycin, and clones were
isolated and cultured individually. Of the 48 clones that were
analyzed for luciferase activity, 7 clones expressed luciferase.
Integration of the entire LCR was confirmed for each clone by
PCR (data not shown). These clones were infected with rAdE2

FIG. 3. Effects of expression of E2 on the E6 and E7 transcription
in S12 and W12 cells (A) and CIN612 9E cells (B). At 48 h postinfec-
tion, RNA was isolated and equal amounts were analyzed by Northern
blotting with a 32P-labeled HPV31 E6-E7-specific DNA probe.

FIG. 4. pRb and p53 proteins in rAd5- and rAdE2-infected cells
analyzed by Western blotting at 48 h postinfection.
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or rAd5, and the results were compared (Fig. 5). Four clones
of seven were refractive to E2, while the remaining three
clones exhibited a 1.5- to 2-fold increase in activation. This
experiment demonstrates that just being integrated into the
host genome does not make the p97 promoter repressible by
the E2 protein. Hence, the insensitivity to E2 of the p97 pro-
moter in W12 cells, compared with its sensitivity in the S12
cells, must be attributed to some other cause.

Chromatin structure proximal to the p97 promoter affects
its activity. We asked whether the HPV DNA in S12 cells, like
the viral DNA in HeLa, SiHa, and CasKi cells, was integrated
in chromosomal regions that were open, hence allowing not
only expression of the E6 and E7 genes but also access of the
E2 protein to the p97 promoter. If so, this would infer that in
W12 cells the chromatin structure around the p97 promoter of
the HPV16 episomes is more closed, obstructing the access of
the E2 protein. To test this, W12 cells were treated with the
histone deacetylase inhibitor TSA (Fig. 6). Within 4 h an in-
crease in the levels of E6 and E7 transcripts was observed. The
increase was proportional to the amount of TSA used. It is
noteworthy that no effect on the transcription of the L1 gene
was observed, indicating that TSA does not induce the activa-
tion of all promoters indiscriminately.

On the other hand, S12 cells treated the same way with TSA
did not show an increase of E6 and E7 transcription. Instead,
the E6 and E7 transcript level, which was initially high, was
reduced. This reduction seems unexpected but has been ob-
served previously (17). This demonstrates that the chromatin
structure in the region of the p97 promoter in the episomal
form or integrated form is indeed very different and may ex-
plain their different responsiveness to the E2 protein in W12
and S12 cells.

DISCUSSION

W12 cells were derived from a low-grade cervical lesion by
M. A. Stanley (44). The initial isolate emerged from a mixture
of several keratinocyte colonies that grew on the tissue culture
plate. Analyses of the HPV DNA in these cells showed that
they contained, on average, 100 copies of HPV16 DNA as
episomes per cell. However, continuous passaging of W12 cells
resulted in the steady reduction of the copy number of HPV16
episomes per cell. This could be due either to gradual loss of

the episomes or to the presence of a mixed population of cells,
among which only some harbored HPV16 DNA as episomes.
These cells might have a slower growth rate and subsequently
be outgrown by cells bearing integrated HPV16 DNA. The
later possibility was substantiated when Jeon et al. (27) isolated
single-cell clones from W12 and showed that some clones con-
tained up to 1,000 copies of the episome while others con-
tained only integrated copies of the viral genome. Further-
more, the HPV16 episome-containing clones maintained the
copy number of the viral genomes after at least 30 passages.

For this work, we used the W12 clone 20863, obtained from
P. Lambert, that harbors approximately 1,000 HPV16 epi-
somes and does not contain integrated HPV DNA (Fig. 1).
The growth of these cells is dependent on the presence of 3T3
feeder cells, and removal of feeder cells resulted in severe
growth retardation. However, continued passing of these cells
at high density (but never complete confluence) permitted the
maintenance of cell growth. After several passages, the cells
were clearly adapted to grow without feeder support. These
cells initially possessed episomal HPV16 DNA (data not
shown), but serial passing of the cells resulted in the gradual
loss of the episomes. Above passage 50, episomes were no
longer detected. Instead, the HPV DNA was found to be
integrated into the cellular DNA. These cells were then called
S12 cells. The integration was accompanied by the loss of the
E2 ORF-containing PstI fragment (Fig. 1C). Quantification of
HPV DNA in S12 cells showed that they contain 2.5 times
fewer HPV16 copies than do W12 cells. Although the HPV
DNA was integrated, the majority had a length that was close
to the unit length of the HPV episome observed after BamHI
digestion of S12 DNA. This pattern of integration, as revealed
by PstI and BamHI restriction digestion, suggests the HPV
DNA to have integrated predominantly in a tandem fashion.
At this stage it also became clear that the S12 cells proliferated
much faster than the parental W12 cells. The association be-
tween accelerated cell growth and loss of the E2 ORF-con-
taining fragment is not surprising, since E2 is reported to
repress expression of the viral oncogenes E6 and E7. The
consequence of the loss of the E2 ORF-containing fragment is

FIG. 5. Effects of HPV16 E2 protein on the integrated p97 pro-
moter. Different HaCat clones containing stably integrated pGl3b
822.4 plasmids were infected with rAd5 and rAdE2. Activity of the
HPV16 p97 promoter was determined by luciferase assay and normal-
ized according to the control samples infected with rAd5.

FIG. 6. E6 and E7 RNA levels in W12 and S12 cells and L1 RNA
levels in W12 cells after treatment with increasing amounts of TSA.
RNA was harvested, and equal amounts were analyzed by Northern
blotting with a 32P-labeled HPV16 E6- and E7-specific probe or a
32P-labeled HPV16 L1-specific DNA probe. A 32P-labeled �-actin
DNA sequence was used as control.
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reflected in Western blot analysis, which failed to detect E2
protein in S12 cells, while clearly detecting it in W12 cells. To
our knowledge, this is the first report of the detection of en-
dogenously expressed E2 protein in a cell line.

The availability of S12 cells, together with their isogenic
partner, W12 cells, enabled us to compare the effect of the E2
protein on the p97 promoter of HPV DNA in an integrated
state with its effect in the episomal state. This we thought to be
important, because hitherto the effect of E2 on p97 in a natural
context has been studied exclusively with cells that bore inte-
grated HPV DNA (8, 13, 21, 34). In our studies, we observed
that while E2 represses transcription of the E6 and E7 genes in
S12 cells, it does not do so in W12 cells. If the repression of the
p97 promoter by E2 is solely dependent on the levels of the E2
protein, as is currently assumed (1, 3, 22, 44, 49), then the p97
promoter in W12 cells would be expected to be more readily
repressed since these cells have been shown to contain already
a significant amount of endogenous E2 protein. According to
our results, this is clearly not the case. These results show that
while the E2 protein can indeed repress the p97 promoter in
S12 cells, the quantity of E2 in the cell is clearly not the sole
determining factor. Instead, it appears that the conformation
of the HPV chromatin itself exerts a significant influence on
whether the E2 protein can repress the p97 promoter. This is
further supported by the observation that E2 was also not able
to repress E6 and E7 transcription in CIN612 9E cells, which
contain high-risk HPV31b DNA as episomes, while being able
to do so in HeLa, SiHa, and CasKi cells, all of which harbor
integrated viral genomes. These results are unexpected in view
of the fact that earlier studies have demonstrated E2 to repress
the p97 promoter from reporter plasmids. This discrepancy is
likely to be due to the difference in DNA conformation be-
tween reporter plasmids and the HPV minichromosome.

Although the conformation of the viral genomes seems to be
the cause of the differential sensitivity of the p97 promoter to
E2’s repressive activity, integration of the HPV DNA into
cellular DNA is not, by itself, sufficient to render the p97 viral
promoter repressible by the E2 protein. This is demonstrated
in Fig. 5, which shows that the E2 protein was unable to repress
the p97 promoter in cellular clones that contain an integrated
luciferase reporter construct controlled by the p97 promoter.
While integration of the viral genome per se cannot expose the
p97 promoter to E2, the site on the host genome in which the
HPV DNA integrates may do so, if the region in question is an
open or transcriptionally active locus of the chromosome. To
analyze the conformation of the HPV16 minichromosome in
the region of the promoter, W12 cells were treated with TSA,
a drug that inhibits deacetylation of histones. The transcription
of the E6 and E7 genes was greatly augmented within 4 h,
indicating that the HPV16 minichromosomes were in a rela-
tively closed state prior to treatment with TSA. Treatment with
TSA did not influence the transcription of the L1 gene, dem-
onstrating that not all promoters are indiscriminately affected
by TSA. Significantly, this observation echoes that reported by
del Mar Pena and Laimins (5) with CIN612 9E cells. They also
showed that TSA was unable to activate late gene expression in
undifferentiated cells while it increased transcription of early
genes from episomal HPV31b DNA. In contrast, S12 cells
treated with TSA did not increase E6 and E7 transcription.
Instead, for reasons not known to us, a repression was ob-

served. This downregulation of viral E6 and E7 expression was
also detected by Finzer and colleagues (17) in HeLa cells
treated with sodium butyrate or TSA under conditions similar
to ours. Taken together these results support the hypothesis
that the region of the p97 promoter of HPV DNA in W12 cells
exists in a relatively closed conformation, while that of the S12
cells exists in a relatively open conformation. This difference
could affect the access of the E2 protein to the promoter,
resulting in the p97 promoter in S12 cells being sensitive to E2
while the same promoter in W12 cells is refractive to E2. If this
were the case, it is not clear how E2 can be involved in HPV
DNA replication in W12 cells and yet not affect transcription
of E6 and E7 from the p97 promoter. An alternative and
perhaps more likely hypothesis is therefore that access of E2 to
the E2-binding sites is not inhibited but that the promoter
region proximal to E2-binding sites is itself in a closed confor-
mation in W12 cells. This would suggest that the p97 promoter
in W12 cells is already relatively repressed (in comparison to
that in S12 cells). Hence, the binding of E2 would have a
minimal repressive effect on it, while still permitting E2-medi-
ated replication of the viral DNA.

In cells that are immortalized or transformed by natural
HPV infection, the viral genomes are frequently found to be
integrated in loci called matrix attachment regions (MARS)
(43). These regions are transcriptionally active or relatively
accessible sites on the genome. Hence, integration of the HPV
DNA in these regions would favor E6 and E7 expression and
confer a selective growth advantage to these cells as opposed
to cells in which the HPV DNA was either not integrated or
integrated in non-MARS loci. Such integration would inadver-
tently also render the HPV promoter sensitive to the E2 pro-
tein. Therefore, it follows that a possible consequence of HPV
integration in MARS is the exposure of the p97 promoter to
the E2 protein, explaining the ability of E2 to repress this
promoter in HeLa, SiHa, CasKi, and S12, but not in W12 and
CIN612 9E cells.

Taken together, our results show that the effect of E2 on the
transcription of E6 and E7 is not solely dependent on the level
of the E2 protein in the cell. Instead, the conformation of the
chromatin structure in the region of the p97 promoter is also a
significant contributing factor. Hence, the simple model of E2’s
repressive effect on the p97 promoter should be reevaluated
and be applied to situations in which the HPV DNA is inte-
grated but not to situations in which the viral genome exists
extrachromosomally.

Although these results lead us to conclude that E2 does not
affect the transcription of E6 and E7 from episomal HPV
genomes in proliferating keratinocytes (W12 and CIN612 9E),
it is conceivable that E2 might affect E6 and E7 transcription
from HPV episomes in differentiating keratinocytes or during
other phases of the viral life cycle. This possibility can be tested
by using organotypic cultures. Stubenrauch et al. (47) carried
out such experiments by using cells containing HPV31 epi-
somes coding for E2 proteins that were defective for either the
transactivation or the replication function (38). They observed
that in the absence of the replication activity of E2, the HPV
genome was rapidly integrated into the cellular genome. The
HPV DNA containing E2 defective in the transactivating func-
tion, on the other hand, was maintained as an episome and
amplified in the differentiated layers, as was observed for the
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wild-type HPV31 episome. By comparing the transcription of
the early genes in differentiated cellular layers, the authors
observed that the amount of transcripts initiated at the p97
promoter was comparable in cells harboring either wild-type
HPV31 episomes or episomes bearing a mutation in the trans-
activation region of the E2 protein. Their study demonstrates
that the transactivation ability of the E2 protein is not essential
for the expression of the early or late genes in HPVs. Collec-
tively, these results argue for a revision of the current model of
the HPV life cycle, specifically in relation to E2 function. We
propose that the major function of the E2 protein is to repli-
cate the viral genome and that any role that E2 might have in
influencing viral transcription is likely to be minor. The E2
protein can indeed repress E6 and E7 transcription, but only
from HPV DNA which has integrated into regions of the
cellular genome that permit the E2 protein to act on the p97
promoter. It will be of interest to determine the purpose of the
transcriptional regulatory functions of E2 in the life cycle of
the virus. They could be related to E2’s role in viral DNA
replication, since it is known that interaction between tran-
scription and replication factors can occur. Alternatively, E2
could have a function in deregulating cellular gene expression.
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