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ABSTRACT

In cervical carcinomas and cell lines derived from these tumors the
DNA of specific types of human papilloma viruses (HPVs) is integrated
into the host cell genome. The two viral open reading frames E6 and E7
are consistently transcribed in tumors and cell lines, and the respective
proteins were detected in cells cultured in vitro.

As shown here, modulation of HPV 18 E6 and E7 gene expression in
C4-1 cervical carcinoma cells is accompanied by an altered cell growth.

HPV 18 E6 and E7 expression can be enhanced by glucocorticoid
treatment of C4-1 cells, and an increased cell proliferation is observed.

In contrast, after introduction of complementary RNA to the HPV 18 E6
and E7 open reading frames, their expression is inhibited, and decreased
cell growth is observed. These results support the hypothesis that expres
sion of HPV E6 and E7 open reading frames is directly involved in
growth regulation of cervical carcinoma cells.

INTRODUCTION

In the vast majority of cervical cancer biopsies and in many
cell lines derived from these tumors, the DNA of specific types
of human papilloma viruses (HPV 16, 18, 31, 33, 35) can be
detected (1). Northern blot analysis revealed that, in all HPV3-

positive cell lines and most primary biopsies investigated so far,
the ORFs E6 and E7 are consistently transcribed into mRNA
(2-5) and the E6 and E7 protein was identified in virus-positive
cell lines (3, 6-8).

Since some of the cervical carcinoma cell lines have been in
culture for decades and the HPV transcription pattern is very
similar compared to primary tumor biopsies, it was speculated
that proteins derived from the E6 and E7 ORFs are continu
ously involved in growth regulation of these malignant epithe
lial cells (2). In experiments reported here, it is demonstrated
that modulation of the HPV 18 early gene expression in C4-1
cervical carcinoma cells is directly associated with an altered
growth pattern.

MATERIALS AND METHODS

Plasmid Construction. Expression vectors were constructed by stand
ard recombinant DNA techniques. To express HPV 18 E6/E7 ORFs
constitutively either in sense or antisense orientation, HPV 18 se
quences derived from a cDNA clone were cloned 3' to the strong

human CMV P-E (9). RNA processing signals were derived from SV40
early genes. As a dominant marker gene, the neo transcription unit
derived from the pSV2neo plasmid (10) was cloned into the same
plasmid. The constructions are referred to as pMlneo for the vector
expressing HPV 18 E6/E7 sequences in sense orientation and pM2neo

Received 11/17/87; revised 3/31/88; accepted 4/4/88.
The costs of publication of this article were defrayed in part by the payment

of page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

' This work was supported by the Deutsche Forschungsgemeinschaft (SdÃ¬Â».
250/2-1).

1To whom requests for reprints should be addressed.
3The abbreviations used are: HPV, human papilloma virus; ORF, open reading

frame; cDNA, complementary DNA, CMV P-E, cytomegalovirus immediate early
promoter and enhancer element; SV40, simian virus 40; CMV, cytomegalovirus;
MMTV-LTR, mouse mammary tumor virus long terminal repeat; PBS, phos
phate-buffered saline; CIA, chloroform isoamylalcohol; TBS, Tris buffered saline;
ATG, translation start codon.

for the plasmid expressing HPV 18 E6/E7 sequences in antisense
orientation (Fig. 1).

To receive inducible vector systems the CMV promotor and enhancer
element of the pM2neo plasmid was replaced by the central Haelll
fragment of the MMTV-LTR (11) (kindly provided by R. Miksicek).
The respective vector was named pMoneo (Fig. 2).

For in vitro synthesis of strand-specific RNA (12), the E6/E7 se
quences were cloned into the pGEMl vector (Promega Biotec, Geneva,
Switzerland). Sense RNA probes were synthesized after linearization
using the T7 polymerase (Promega Biotec), while antisense transcripts
were formed in vitro by the SP6 polymerase (Promega Biotec).

Cell Culture and Transfection Procedure. C4-1 cells and C127 cells
were grown in Dulbecco's modified Eagle's medium supplemented with

10% fetal calf serum, 40 IU of penicillin, and SO Mgof streptomycin
per ml.

For transfection, cells were trypsinized and exposed to calcium
phosphate-precipitated DNA ( 13) for 8 h, followed by a glycerol shock
(14). Plasmid DNA was linearized at the Seal site in the amp gene and
ligated to oligomeres before transfection. Transfected cells were selected
in medium containing 800 Â¿tgof G418 per ml. Single colonies were
detectable 2 to 4 wk after transfection, isolated with cloning rings, and
subsequently cultured in medium with 800 /Â¿gof G418 per ml. When
dexamethasone was used, it was added to the culture medium at a
concentration of 1 Â¿iM.

Nucleic Acid Analysis. Total cellular DNA was extracted by standard
procedures. Cells were trypsinized, washed in PBS, and lysed in 1%
Sarkosyl-0.025 M Tris-HCl (pH 8)-0.01 M EDTA, and incubated with
100 Â¿igof proteinase K per ml at 37Â°Cfor 1 h. The lysate was extracted

twice with phenol, once with phenol-CIA, and once with CIA. The
DNA was precipitated and stored in 10 mM Tris-HCl (pH 7.5)-l HIM
EDTA.

For Southern blot analysis, DNA was digested with the appropriate
restriction endonuclease, separated in a 1% agarose gel, and transferred
to a Gene Screen Plus membrane (NEN, Boston, MA). The filter was
hybridized under standard conditions (melting temperature, -18Â°C)
with a nick-translated 32P-labeled genomic HPV 18 probe.

Cytoplasmic RNA was extracted as described (15). Briefly, cells were
trypsinized, washed in PBS, and lysed in 0.6% Nonidet P 40-0.15 M
NaCl-10 mM Tris (pH 7.4)-1 mM EDTA for 5 min on ice. Nuclei were
pelleted, and the supernatant was incubated with 100 mi of proteinase
K per ml in 1% sodium dodecyl sulfate at 50Â°Cfor 30 min and extracted

twice with phenol-CIA and once with CIA. The RNA was precipitated
in ethanol and stored at -20Â°C. For Northern blot and RNA slot blot

analysis, about 10 ^g of cytoplasmic RNA were either separated on
denaturing 1% formaldehyde agarose gel by electrophoresis and trans
ferred onto Gene Screen Plus filters or loaded directly onto nitrocellu
lose filters using a slot blot device (Schleicher and Sentili. Dassel,
Federal Republic of Germany). The filters were subsequently hybridized
with strand-specific, in v/fw-transcribed, 32P-labeled RNA probes under
standard conditions (12) or with nick-translated 32P-labeled DNA

probes (16).
HPV 18 E7 Protein Analysis. Cells were grown in either the presence

or absence of 1 MMdexamethasone for 1 wk. After trypsination cells
were washed once in PBS, lysed in 200 n\ of hypotonie buffer [10 mM
Tris (pH 7.4)-10 mM KC1-5 mM MgClj] on ice for 20 min, and sonicated
for a few seconds. The lysate was centrifugea at 15,000 x g for 10 min.
The protein concentration of the supernatant was determined using a
commercially available protein assay (Biorad, MÃ¼nchen,Federal Re
public of Germany). Bovine serum albumin dilutions were used to
obtain a standard curve. Equal amounts of each protein extract were
bound to nitrocellulose filters using a slot blot device (Minifold II;
Schleicher und SchÃ¼ll).To confirm that comparable amounts of each
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E6

Fig. 1. Construction of constitutive expres
sion vectors. HPV 18 E6 and E7 sequences , E6
were derived from the cDNA clone 7-23 iso- ATG
lated from the HPV 18-positive cervical car
cinoma cell line SW 756. This clone contains
all HPV 18 E6 and E7 sequences in an un
spliced form and 40 base pairs of the S'-non-

translated region upstream of the E6 ATG
start codon (26). Cellular flanking sequences
were removed at the /'rail site near the 3' end

of the E7 ORF. The HPV 18 E6 and E7
sequences were cloned in both orientations
into the Smal site of the pUC19-derived po-
Klinker of an expression vector, which con
tains the human CMV P-E (9) (Footnote 4)
and the pSV2neo-derived SV40 early splice
and polyadenylation (pA) signals (10). An
Accl-BamHl fragment of the pSV2neo pÃas
mid harboring the neomycin phosphotransfer-
ase gene was inserted into the //indi 11site by
blunt end ligation. The resulting vectors are
referred to as pMlneo for the sense plasmili
and pM2neo for the antisense plasmici. dNTPs,
desoxyribonucleotide-triphosphates; amp, am
pici Iline resistance gene; ATG, translation start
codon in sense orientation; GTA, translation Bgi i
start codon in antisense orientation.

Pvu II

E7 cellular sequences

II X Eco RI + 4 dNTPs

JL x Pvu II + Klenow Pol

HPV18 c-DNA

E 7

SV40 splice-pA

Sea I

R I

Fig. 2. Construction of inducible expres
sion vectors. The central HaelU fragment of
the MMTV-LTR (II) (kindly provided by R.
Miksicek) was cloned into the Â£coRIsite ofthe pi '('19 polylinker. A Kpnl-SaR fragment

of the pM2neo construct (see Fig. 1) with the
HPV 18 E6 and E7 sequences and the SV40
RNA processing signals was inserted into the
same polylinker, and the neo gene was cloned
into the ///mil 11site as outlined in Fig. 1. The
resulting construction is referred to as pMoneo
for the inducible antisense plasmid. See Fig. 1
legend for definition of terms.

E6

Pvu II R I
p -, cellular sequences

HPV13 C-DNA

! Eco RI +4 dNTPs

: Pvu II + Klenow Pol

SV<10 splice-pA

B jl I

Sea I

protein had bound in each slot, control filters were stained with Coo
tnassie brilliant blue. Nitrocellulose filters were blocked in TBS with
10% skim milk powder for 2 h, then incubated with anti-HPV 18-E7
protein antibody (6) diluted 1:500 for 16 h at 4Â°C,washed 5 times in
TBS containing 0.05% Tween 20, then incubated with '"I-labeled

Protein A (Amersham/Buchler, Braunschweig, Federal Republic of
Germany) for l h at room temperature and, after a final washing step,
exposed to X-ray film at -70Â°Cwith an intensifying screen.

|'II) I hymidini- Incorporation Studies. (merA>'/-'H)Thymidine (25 Ci/

inmol) was purchased from Amersham International, Amersham, Buck
inghamshire, United Kingdom. A routine assay for [3H]thymidine in
corporation has been described (17). Briefly 2 x IO2cells were plated

in a total volume of 0.2 ml per well in microtiter plates and cultured
either with or without 1 fiM dexamethasone for 10 days. Cells were
then pulsed for 48 h with 0.2 /Â¿Ciof [3H]thymidine per well. Cells were

lysed by three cycles of freezing and thawing and harvested onto glass
fibers using a Skatron multiple cell culture harvester (Skatron, Lier-

byen, Norway). The filters were counted in a Packard scintillation
counter in 2 ml of Rothiszint (Roth, Karlsruhe, Federal Republic of
Germany). For each clone eight values were determined under the

4 M. Pawlita, personal communication.

respective conditions, and the average incorporation rate was calcu
lated.

Cell Growth in Soft Agar. To determine the growth properties of
cells in soft agar, IO3cells were seeded in 3 ml of 0.25% low melting

agarose (Seakam) dissolved in the normal culture medium either with
or without dexamethasone. This suspension was layered on a 0.5% low
melting agarose medium basal layer in 6 cm dishes (Nunc) and incu
bated for 10 days at 37Â°C.

RESULTS

Constitutive Expression of HPV 18 Antisense RNA. Trans
lation of several prokaryotic and eukaryotic genes was shown
to be inhibited by expressing complementary (antisense) RNA
sequences in either in vitro systems or living cells (18-25).
Although the exact mechanism of this inhibition is not yet
clarified, it is speculated that RNA-RNA hybrid formation is
an important prerequisite. The inhibition was shown to be
specifically restricted to the respective gene.

In a first set of experiments recombinant DNA constructs
that constitutively express HPV 18 E6/E7 RNA either in sense
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(pMlneo) or in antisense direction (pM2neo) under the control
of the strong human CMV immediate early promotor and
enhancer element (9) (Fig. 1) were transfected by the calcium
phosphate technique into C4-1 cells. The HPV 18 sequences
were derived from a cDNA clone of the HPV 18-positive cell
line SW 756. This clone was used because it contains all HPV
18 E6/E7 sequences in an unspliced form and covers 40 base
pairs of the nontranslated 5' region upstream of the E6 ATG

(26). Hybrid formation of the mRNA with a complementary
RNA strand in the untranslated 5' region was shown to be most

effective for translation inhibition in other systems (20). To
avoid interactions with other cellular transcripts the 3' cellular
flanking sequences were removed using the Pvull site at the 3'

end of the E7 ORF (Fig. 1). In addition the pSV2neo gene (10)
was inserted into the vectors. Before transfection the vector
DNA was linearized at the Seal site and ligated to oligomeres
to increase the number of transferred transcription units. Trans
fected cells were selected by G418 treatment. After 4 wk cells
were fixed and stained in the culture dishes. The number of
G418-resistant colonies was determined. Cells transfected with
20 fig of the pM 1neo sense construct gave rise to twice as many
G418-resistant colonies compared to cells that were transfected
with the same amount of the pM2neo antisense construct (Table
1). The average size of clones transfected with the pM2neo
antisense vector was smaller compared to clones transfected
with the pMlneo sense construct.

To control for unspecific toxic effects of the pM2neo plasmid,
HPV DNA-negative C127 cells were transfected following the
same protocol. C127 cells gave rise to the same number of
colonies when transfected with either the pMlneo sense or the
pM2neo antisense construct (Table 1). In this case outgrowing
colonies had the same average size transfected with either the
sense or antisense vector. These results suggest that expression
of HPV 18 E6/E7 antisense RNA has an inhibitory effect on
growth properties of HPV 18-positive C4-1 cells. This effect is
not observed in HPV-negative C127 cells.

Transfection of Inducible HPV 18 E6/E7 Vector Systems. To
analyze the effect of HPV 18 E6/E7 antisense RNA on growth
properties of C4-1 cells in defined cell clones in detail, an
inducible vector system had to be used. The central Haelll
fragment of the glucocorticoid-responsive MMTV-LTR (11)
was chosen for this purpose. This promotor and enhancer
element has a very low basal activity and can be induced very
effectively by glucocorticoid hormones. Glucocorticoids are not
toxic for C4-1 cells and can therefore be used for biological
long-term experiments. The MMTV-LTR proved to be useful
in experiments using inducible antisense RNA to analyze the
biological role of cellular oncogenes in cell transformation (23-
25). Other inducible elements, such as the heat-shock or metal-

Table 1 The number ofG418-resistanl cell clones in culture dishes 4 wk after
transfection of constitutive expression vectors

In three independent experiments, 20 ^g of oligomerized pM 1neo sense or
pM2neo antisense plasmid DNA were transfected into 2.5 x 10' HPV 18-positive
C4-1 cells or 2.5 x 10' HPV 18-negative C127 cells. Transfected cells were
selected over a 4-wk period in medium supplemented with 800 ng of G418 per
ml. Following fixation and staining the cells within the culture dishes, the number
ut G4IX resistant colonies was determined.

C4-1cellsCl

27 cellspMlneo

sense155124142385408396pM2neoantisense787064405472392

lothionein promotor, appeared to be less favorable in long-term
experiments due to a toxic effect of the inducing stimulus. The
CMV promotor of the pM2neo antisense vector was replaced
by the MMTV-LTR, and the respective vector is referred to as

pM6neo (Fig. 2).
Several G418-resistant colonies of C4-1 cells transfected with

the pM6neo antisense construct were raised to cell lines. Three
of them, clones Kl, K2, and K3, were analyzed in detail.
Southern blot analysis revealed that these clones contained the
HPV 18 E6/E7 antisense RNA transcription unit without
major rearrangements (Fig. 3).

Influence of Dexamethasone on C4-1 Cells and on C4-1 Cells
Harboring the Dexamethasone-inducible pMoneo Antisense
Construct. To determine the influence of dexamethasone treat
ment on the clones Kl, K2, and K3, the size and morphology
of cell colonies arising from single cells were observed. There
fore cells were seeded at a low density (IO3 cells) in 6-cm culture

dishes and incubated for 10 days with or without 1 n\Â¡dexa
methasone. Cells were then fixed and stained within the dishes.
Normal C4-1 cells and C4-1 cells haboring the pSV2neo plas
mid (C4-lneo) served as controls. They were seeded and cul
tured following the same protocol.

As shown in Fig. 4, dexamethasone treatment led to increased
colony growth in normal C4-1 cells and C4-1 cells harboring

only the neo gene. In contrast, cell clones transfected with the
pMoneo antisense plasmid showed a different degree of growth
inhibition upon dexamethasone treatment. Clones Kl, K2, and
K3 formed smaller colonies within 10 days of dexamethasone
treatment compared to untreated controls. The morphology of
cells containing the HPV 18 E6/E7 antisense RNA transcrip
tion unit changed upon dexamethasone treatment (Fig. 4). In
all three clones, cells were rounded up, and the average cell size

bed f

23

9,4

6,6

4,4

2,3
2,0

Fig. 3. Southern blot analysis of the cell clones transfected with the pMoneo
antisense vector. Total cellular DNA was digested with BgK.and Sail restriction
endonucleases (see Fig. 2) and transferred to a Gene Screen Plus filter after
electrophoretic separation in a 1% agarose gel. The filter was hybridized with a
"P-labeled nick-translated genomic HPV 18 probe. Lane a, C4-1 DNA; Lane b,
C4-1 DNA plus 100 pg of linearized pMoneo plasmid DNA representing about
ten genome copies of the pMoneo vector per cell; Lane c, C4-lneo DNA (this
clone does not contain additional HPV 18 sequences); Lanes d, e, andf, DNA of
the three clones Kl, K2, and K3 transfected with the pM6neo antisense construc
tion. Like in the control (Lane b), a fragment of about 2.8 kilobases was identified
in clones Kl, K2, and K3 with the HPV 18 probe representing the E6/E7
antisense RNA transcription unit.
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C4-1 C4-1neo K1 K2 K3

0 dex.

+ dex.

C4-1 C4-1 neo K 1 K2 K3

C4-1 + dex. C4-1neo +dex. K1 +dex. K2 + dex. K3 +dex.
Fig. 4. Growth properties of the cell clones with or without dexamethasone. Top, 10] cells seeded in 6-cm dishes and cultured for 10 days in either the presence or

the absence of 1 /<Mdexamethasone. Cells were fixed in 3% formalin and stained in 0.2% crystal violet in the dishes. Bottom, morphology of the cells cultured under
the respective conditions. Before the dishes were fixed (top) photographs of representative cell colonies in each plate were taken (bottom).

was smaller after dexamethasone treatment, which may con
tribute to the smaller size of colonies in dexamethasone-treated
dishes. This effect was most prominent in clone K2.

Growth in soft agar revealed similar differences. Cells (IO3)
were seeded in soft agar as outlined in "Materials and Methods"

and cultured in either the presence or absence of 1 AIMdexa
methasone for 10 days. In the presence of dexamethasone, C4-
1 and C4-lneo cells formed significantly larger colonies than
clones Kl, K2, and K3 containing the antisense construct.

['II|Ihymidine Uptake Difference in C4-1 Cells and Clones

Transfected with the Dexamethasone-inducible HPV 18 E6/E7

Antisense Construct upon Dexamethasone Treatment. As a more
precise parameter for cell growth, the [3H]thymidine uptake of

the respective cells was determined. Cells were seeded in a
microtiter plate and cultured either with or without 1 Â¿Â¿M
dexamethasone for 10 days. The cells were then pulsed and
harvested as outlined in "Materials and Methods." The high-

molecular-weight radioactivity was determined. The results of
this experiment are summarized in Fig. 5.

C4-1 cells and C4-lneo cells incorporated about 5-fold as
much [3H]thymidine upon dexamethasone treatment compared

to cells cultured without dexamethasone. The three clones
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LJ without dexamethasone

â€¢ 1 uM dexamethasone

Fig. 5. ' 11incorporation assay for cells treated with or without dexamethasone.
Cells (2 x IO2per well) were seeded in ink-rot iter plates, incubated either with or
without dexamethasone for 10 days, and then pulsed with 0.2 >/<'i of ['II]-

thymidine for 48 h. Each value was determined 8-fold under the respective
conditions (see "Materials and Methods"), and the average values were deter
mined. This figure shows the relative increase or decrease of high-molecular-
weight radioactivity upon dexamethasone treatment of the cells.

C4-1
0 +

C4-1neo K1
9 + 0 â€¢+

K2 K3
0 +

either treated or not with dexamethasone or in cells of clones
K l, K2, and K3 cultured without the steroid hormone.

In order to analyze the effect of this antisense RNA on the
endogenous HPV 18 E6/E7 transcripts, RNA slot blots of
cytoplasmic RNA from cells cultured either without or with 1
/IM dexamethasone for 1 wk were hybridized with a strand-
specific in v/'/ro-transcribed E6/E7 RNA probe. In C4-1 and

C4-lneo cells an increase of HPV 18 E6/E7 transcripts in the
cytoplasm was observed upon dexamethasone treatment for 1
wk. In all three clones (Kl, K2, and K3) transfected with the
pM6neo antisense construct, this increase was not observed
upon dexamethasone treatment (Fig. 7). In C4-1 cells with or
without the antisense construct the rf-actin niRNA is induced
by dexamethasone (data not shown). Thus it is very unlikely
that the effect on the endogenous HPV 18 mRNA in the clones
Kl, K2, and K3 treated with dexamethasone is due to compe
tition for glucocorticoid-dependent transcription factors.

Analysis of the E7 Protein Production in C4-1 and (4-1 neo
Cells and Clones Kl, K2, and K3 Treated with and without
Dexamethasone. As a marker for HPV 18 early gene expression,
the amount of E7 protein in cells grown under the respective
conditions was determined. The HPV 18 E7 protein was iden
tified in extracts from several HPV 18-positive cervical carci
noma cell lines using a polyclonal rabbit antiserum raised
against a MS 2 polymerase E7 fusion protein expressed in
bacteria (6). By Western blot analysis this serum was shown to

28 SÂ».

18 SÂ»-
HPV 18

E6-E7

rRNA

Fig. 6. Northern blot analysis of HPV 18 E6/E7 antisense RNA transcripts.
Ten *igof cytoplasmic RNA of cells grown either with or without dexamethasone
were transferred onto Gene Screen Plus filters after electrophoresis in a denaturing
1% formaldehyde agarose gel. HPV 18 E6/E7 antisense RNA was detected by
hybridizing the filter with a strand-specific, 32P-labeled, in v/rro-transcribed RNA

probe.

transfected with the pM6neo antisense plasmid reacted differ
ently. Cells of clone Kl and K2 incorporated slightly less
radioactivity after dexamethasone treatment compared to un
treated cells, while cells of clone K3 incorporated slightly more
[3H]thymidine after incubation with dexamethasone. However,

this was still substantially lower than the amount of radioactiv
ity incorporated in C4-1 or C4-lneo cells treated with dexa
methasone.

Transcription Analysis of C4-1 Cells and Clones Transfected
with the pMoneo Antisense Vector Treated with and without
Dexamethasone. Hybridization of Northern blots with an in
vi/ro-transcribed RNA probe specific for HPV 18 E6/E7 anti-
sense transcripts revealed that, in clones Kl, K2, and K3, the
antisense RNA complementary to the E6/E7 mRNA is strongly
induced by dexamethasone treatment. This complementary
RNA has the predicted size of 0.9 kilobases (Fig. 6). As expected
this RNA species is not observed in C4-1 or C4-lneo cells
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C4-1

C4-1 +dex.

C 4- 1 neo

C 4- 1 neo +dex.

K 1

K 1 + dex.

K 2

K 2 + dex.

K 3

K 3 + dex.

Fig. 7. RNA slot blot analysis of HPV 18 E6/E7 sense mRNA. Ten tig of
cytoplasmic RNA were bound to nitrocellulose filters using a slot blot device
(Schleicher und SchÃ¼ll,Dassel, Federal Republic of Germany). Filters were
hybridized with an in vi/ro-transcribed, 32P-labeled RNA probe specific for the

endogenous sense mRNA. To document that in all slots comparable amounts of
RNA were bound, filters were hybridized with a nick-translated probe specific for
ribosomal RNA. dex., dexamethasone.
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react specifically with a M, 12,000 protein (6) (data not shown).
To determine the amount of the E7 protein in the respective
cell clones, a protein slot blot assay (27) was performed which
allowed a better estimation of the amount of the E7 protein.
Cells were lysed in a hypotonie buffer, and the total amount of
soluble cytoplasmic proteins was determined. This protein frac
tion of each clone treated either with or without dexamethasone
for 1 wk was loaded on a nitrocellulose filter and incubated
with the rabbit anti-E7 serum and subsequently with ' "I-labeled

Protein A.
Production of the E7 protein is enhanced in C4-1 and C4-

Ineo cells treated with 1 ;<M dexamethasone compared to
controls. In dexamethasone-treated cells of clones Kl and K3,
the amount of the E7 protein was at the same level as in
untreated cells. In clone K2 which is inhibited in growth most
prominently by dexamethasone (Fig. 5), the amount of the E7
protein was reduced upon dexamethasone treatment (Fig. 8).

DISCUSSION

In cervical carcinoma biopsies as well as in established cell
lines kept for many years in tissue culture, the E6 and E7 ORFs
of human papilloma virus types 16 and 18, respectively, are
transcribed. Proteins derived from these ORFs have been iden
tified in cervical carcinoma cell lines (2, 3, 6, 8, 24, 28, 29).

D

C4-1

C 4- 1 +dex

C 4- 1 neo

Â«-Â» C 4- 1 neo +dex.

K1

K 1 + dex.

K2

K2 + dex.

K3

K 3 -t-dex.

Â«Â» E7

Fig. 8. HPV 18 E7 protein expression in the respective cell clones in the
presence or absence of dexamethasone (dex.). Nitrocellulose-bound protein ex
tracts of dexamethasone-treated and untreated cells were exposed to an anti-HPV
18 E7 serum as outlined in "Materials and Methods." Lane A shows a Coomassie

brilliant blue staining of a nitrocellulose filter with 20 Â«nof protein per slot to
control that indeed comparable amounts of protein were loaded in each slot.
Lanes B to D show an X-ray exposure of filters with 40 Mg(Lane B). 20 ng (Lane
<'), and 10 ji|j (Lane D) of soluble cellular protein incubated with the anti-E7
antiserum and '"I-labeled Protein A. Different amounts of protein were used to

show that antibody binding was linear in this concentration range. As a quanti
tative standard. 2, 4. and 8 ng of bacterially expressed E7-fusion protein (6) were
loaded on the same filter.

To analyze the biological significance of proteins derived
from the HPV E6 and E7 early ORFs in cervical carcinoma
cells, the rate of their expression was modulated.

Dexamethasone treatment of C4-1 cells or C4-1 cells trans-
fected with only the neo dominant marker gene led to a strong
increase of HPV 18 E6/E7 gene transcription and translation.
Most interestingly, this was accompanied by a substantially
enhanced cell growth.

In contrast, induction of HPV 18 E6 and E7 antisense RNA
in C4-1 cells led to a relative reduction of the growth rate in
vitro. The altered cellular morphology may in part be due to
intrinsic effects of dexamethasone on C4-1 cells expressing
HPV 18 E6/E7 antisense RNA. In these cells HPV 18 early
genes were expressed at a reduced rate compared to C4-1 cells
without HPV 18 antisense RNA but cultured otherwise under
the same conditions. Reduction of the HPV 18 early gene
expression was most prominent in clone K2, the one that grew
most poorly upon antisense RNA induction. The effect ap
peared to be restricted to HPV 18 early gene expression, since
other dexamethasone-regulated genes (e.g., 0-actin) were not
modified in their expression rate by the HPV 18 antisense
RNA. This suggests that HPV 18 complementary RNA se
quences specifically inhibit the E6/E7 gene expression in these
clones. However, it has not been evaluated whether this inhi
bition is indeed due to RNA hybrid formation or to other modes
of interference.

Thus, in several independent clones derived from the C4-1
cervical carcinoma cell line, a direct correlation of HPV 18 E6/
E7 gene expression with the cellular growth rate was observed.
These findings strongly support the hypothesis that the contin
ued expression of HPV E6/E7 ORFs in human cervical cancer
cells is directly involved in growth control of the malignant
cells and further underline the oncogenic function of papilloma
viruses in human cervical cancer.

These data find further support by a different experimental
approach performed by F. Rosi, M. Durst, and H. zur Hausen
in our laboratory (30). They found that treatment of certain
hybrid cells between the HPV 18-positive cervical cancer cell
line I loi .a and normal fibroblasts with the demethylating agent
5-azacytidine results in cessation of HPV 18 E6 and E7 tran
scription and is accompanied by mitotic arrest of the hybrid
cells.

The finding that the HPV 18 E6 and E7 gene expression is
strongly enhanced by dexamethasone in these cervical carci
noma cells is in good correlation with the presence of sequence
elements with a large degree of homology to the consensus
sequence of glucocorticoid-responsive elements in the HPV 18
genome.5 A similar sequence has been identified in the noncod-
ing region of HPV 16, and its function as a glucocorticoid-
responsive, c/s-acting element was shown (31).

Experiments presented here provide evidence for a direct
correlation of HPV E6/E7 gene expression and the growth rate
of human cervical cancer cells. The cell lines described here, in
which HPV E6/E7 gene expression can be specifically modified
upon induction of E6/E7 antisense RNA, provide a valuable
tool for further investigations on the role of papilloma viruses
in human cancer.
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