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Repression of HPV E6-activated RSV promoter activity
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Abstract

Human papillomavirus E6 forms a complex with p53 tumor suppressor and E6-associated protein, leading to the degradation of p53 via
the ubiquitination pathway, resulting in the oncogenesis of cervical carcinomas. Several viral and cellular gene promoters were shown to
be transactivated by E6 oncogene. In this study, to understand the role of transcription activity of E6 related to cervical carcinogenesis, the
effect of cervical cancer drugs on E6 induced transcription activity has been elucidated. Several viral promoter (RSV, CMV, SV40, and
HIV)—luciferase reporter gene constructs, and eukaryotic E6 expression vector were prepared as an E6 transcription analysis system and
an exogenous E6 protein source, respectively. It was shown that the promoters of RSV, SV40, and HIV, but not CMV, were transactivated by
HPV 16 E6 in cervical cancer cell line. Several known cervical cancer drugs were investigated for their effects on transcription activity of
E6 in SiHa stably transfected with E6-responsive promoters. Cervical cancer drugs consistently reduced luciferase activity, in transfectants
with RSV-luc (SiHa/pRSV-luc, KCTC 0427BP) E6 mRNA also. Thus, in this study, we have demonstrated that the promoters of RSV,
HIV, and SV40 were transactivated by E6 in cervical cancer cells. Three cervical cancer drugs downregulated RSV-luc transcription and
E6 expression by a p53 independent pathway. RSV-luc promoter analysis system could be useful for understanding the role of transcription
activity of E6 related to cervical cancer and also for screening drugs against cervical cancers caused by HPV infection.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Human papillomaviruses (HPVs) are small DNA viruses
that have been etiologically linked to cervical cancer. HPVs
are divided into two groups: low risk HPVs (HPV 6 and
HPV 11), which cause benign squamous epithelial tumors
such as warts and papillomas, and high risk HPVs (HPV 16
and HPV 18), which associate with malignant tumors (de
Villiers, 1989; Desaintes et al., 1992; zur Hausen, 1988).
Cervical cancer tissues that harbor HPV DNAs express two
of the viral early genes, E6 and E7. Both E6 and E7 pro-

Abbreviations: HPV 16 E6, E6 of human papillomavirus type 16;
RSV-luc, Rous sarcoma virus promoter-luciferase reporter gene
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teins of high risk HPV 16 and HPV 18 have transforming
activities. The continuous expression of E6 and E7 is neces-
sary for maintaining transformed status (Baker et al., 1987).
Therefore, E6 and E7 could be targets for cervical cancer
therapy. E6 protein of HPV 16 is responsible for cellular im-
mortalization and transformation by functionally inactivat-
ing p53 tumor suppressor protein (Baker et al., 1990). The
E6 protein by itself or in cooperation with HPV 16 E7 gene
product can immortalize primary keratinocytes, fibroblasts,
and epithelial cells (Halbert et al., 1991; Hawley-Nelson
et al., 1989; Munger et al., 1989). The transcription acti-
vation of E6 is also implicated in its oncogenic functions.
The HPV 16 E6 protein transactivates heterologous viral
promoters, such as adenovirus E2 (AdE2), herpes simplex
virus thymidine kinase gene (HSV-TK), human immunode-
ficiency virus long terminal repeat (HIV), adenovirus major
late (Adml), and simian virus 40 (SV40) early promoters
(Sedman et al., 1991; Shirasawa et al., 1994; Crook et al.,
1991; Desaintes et al., 1992; Akutsu et al., 1996). In ad-
dition, E6 oncogene induced transactivation was observed
from cellular promoters such as c-fos promoter, transforming
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growth factor-� 1 promoter, c-myc promoter, and the mouse
fibronectin gene (Morosov et al., 1994; Desaintes et al.,
1992; Dey et al., 1997; Kinoshita et al., 1997; Shino et al.,
1997). The transcriptional repression activity of HPV 16
E6 has been reported for several promoters including the
moloney murine leukemia virus LTR and cytomegalovirus
immediate early promoter (Etscheid et al., 1994). However,
most of this information was obtained from non-cervical
cells giving no concrete information of a direct relationship
of transcription activity with E6 and oncogenesis. In our
study, we investigated transcription activity of several viral
promoter–reporter by HPV 16 E6 and their applications for
viral promoter–reporter gene systems could be available for
the development of potential drugs against HPV infection.

2. Materials and methods

2.1. Preparation of mammalial expression vector
for HPV 16 E6

E6 was prepared by PCR amplification from total RNA
isolated from CaSki cell lines using following primer pairs:
5′-GCG GCC GCC ACC ATG TTT CAG GAC CAC AG-3′
(sense) and 5′-CTG CGG CCG CGA TTA CAG CTG GGT
TTT CTC T-3′ (antisense). The PCR products were inserted
into pBluescript KS(+) (Stratagene, La Jolla, CA) as de-
scribed (Marchuk et al., 1990). E6 insert excised from pBlue-
script KS(+)/E6 was inserted intoNotI site of pRc/CMV
(Invitrogen, Carlsbad, CA). Then this vector was named as
pRc/CMV 16 E6.

2.2. Construction of viral promoter–reporter analysis
system

As promoter analysis systems, promoter–reporter gene
constructs of luciferase and viral promoters such as simian
virus 40 promoter, rouise sarcoma virus promoter, cy-
tomegalo virus promoter, and human immunodeficiency
virus promoter were constructed. SV40 promoter from
pGVC vector (TOYO Inc., Japan) was inserted into
XhoI–HindIII site of pGVB (TOYO Inc.). RSV promoter
from pOP13CAT (Clonetech, Palo Alto, CA) was inserted
into SmaI–BglII site of pGVB vector. CMV promoter from
pBluescript KS(+)/CMV (Invitrogen) was inserted into
SmaI–NheI site of pGVB vector. HIV promoter from pU3R
III (Clonetech) was inserted intoXhoI–HindIII site of pGVB
vector. These vectors were named pSV40-luc, pRSV-luc,
pCMV-luc and pHIV-luc.

2.3. Cervical cancer cell culture

Human cervical cancer cell lines, C-33A, CaSki and
SiHa were from American Type Culture Collection (ATCC)
(Rockville, MD). These cells were grown in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with

100 U/ml penicillin, 100�g/ml streptomycin, and 10% fetal
bovine serum (FBS) (Gibco BRL, GrandIsland, NY). The
cells were cultured at 37◦C in a humidified atmosphere of
5% CO2 and 95% air.

2.4. Transient transfection

Cells were transfected with calcium phosphate precipi-
tated DNA. Briefly, 5�g pRcCMV-16 E6 plasmid or control
salmon sperm DNA (ssDNA) (POSCOCHEM R&D Cen-
ter, South Korea) with 2�g of the�-galactosidase expres-
sion plasmids (HIV-luc, SV40-luc, RSV-luc, and CMV-luc)
were added to 250 ml of 0.25 M CaCl2 and mixed with
250 ml of HBS-buffer. The precipitate was allowed to form
for 30 min at room temperature, then 0.5 ml of precipitate
was added dropwise to each monolayer. The cells were in-
cubated for 16 h with the DNA, washed twice with 5 ml
of Dulbecco’s phosphate-buffered saline (D-PBS), and 5 ml
of culture medium was added. After incubation for 24 h,
the cells were harvested for measurement of luciferase and
�-galactosidase activity in extracts of cells using ONPG
from molecular cloning 16.66.

2.5. Establishment of stable transfectant

Stable cell lines expressing viral promoter transactivated
by HPV 16 E6 were established. Transfection was per-
formed using SuperFectTM (Qiagen, Germany) according
to the manufacturer’s instructions. Briefly, SiHa cells were
seeded in 6 cm dishes to reach 70% confluence at 24 h.
Medium was then removed, and complex of 30�l SuperFect
and 5�g DNA (pRSV-luc plasmid) was directly transferred
to the cells. After the plate was incubated for 2 h at 37◦C
and 5% CO2, medium containing the remaining complexes
was removed, and replaced with fresh cell growth medium.
Cells were allowed to incubate for 48 h followed by growing
in selective DMEM medium containing G-418 (800�g/ml)
(Gibco BRL) for 2 weeks. G-418 resistant colonies were
pooled for each cell population.

2.6. Treatment of anti-cancer agents

SiHa cells, stably transfected with viral promoter-luc ex-
pression plasmid, were treated with 10�g/ml of anti-cancer
agents such as carboplatin, mitomycinc, and cisplatin
(Sigma, USA) for 18 h. Cell extracts were prepared from
luciferase assay system according to the manufacture’s in-
struction and luciferase activity was determined (Promega,
Madison, MI) using Lumat LB 9501 (Berthoid).

2.7. Observation of cell morphology and cell
proliferation assay for cell viability

Stable transfectant SiHa/pRSV-luc cells were plated in
microtiter plates (tissue culture grade, 96 wells, flat bot-
tomed) in a final volume of 100�l/well culture medium in
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a humidified atmosphere (e.g. 37◦C, 5% CO2). The cells
were treated with 10�g/ml of anti-cancer agents such as
carboplatin, mitomycinc, and cisplatin for 18 h. Cell mor-
phology was observed using an inverted microscope (Zeiss
Axiovert 25) and cell viability was determined using cell
proliferation reagent WST-1 (Roche, Germany) according
to the manufacture’s instruction.

2.8. Northern blot analysis

Northern probe for E6 was labeled with random prim-
ing. Total cellular RNA was extracted from SiHa con-
taining pRSV-luc plasmid (SiHa/pRSV-luc, Korea Culture
Type Collection (KCTC; Yuseong, Taejon, South Korea),
stock number 0427BP) after the treatment of anti-cancer
drugs using the RNAzol B reagent (Tel-Test, Friendswood,
TX, USA) according to the manufacturer’s instruction.
RNA samples (20�g) were separated on 1.2% agarose/
formaldehyde gels and transferred to nylon membranes. The
filter was hybridized with radiolabeled E6 probe, washed
and autoradiographed at−70◦C (Sambrook et al., 1989).

2.9. Western blot analysis

The level of expressed p53 protein was determined by
SDS-polyacrylamide gel electrophoresis (PAGE; 12% acry-
lamide) and Western blot analysis. Gels were transferred
to an Immobilon-P membrane (Millipore, Bedford, MA) at
50 V for 1.5 h at room temperature and were blocked by
soaking into methanol for 5 min and drying at room temper-
ature. The membrane was probed with goat anti-p53 mon-
oclonal antibody (Santa Cruz Biotechnology, Santa Cruz,
CA) diluted 1:1000 in 3% skimmed milk, followed by an al-
kaline phosphatase-conjugated anti-goat antibody (Sigma),
and visualization was achieved with NBT/BCIP substrate kit
(Bio-Rad, Hercules, CA).

2.10. Statistical analysis

All data were expressed as mean± S.E.M.. These data
were analyzed by one-way ANOVA using SPSS/PC(+).
Post hoc comparisons were assessed using Tukey’s method
(Grafen and Hails, 2002).

3. Results

Promoter–reporter gene constructs of luciferase and viral
promoters such as pSV40-luc, pRSV-luc, pCMV-luc, and
pHIV-luc plasmid were constructed (Fig. 1A–D). SV40 pro-
moter with XhoI and HindIII site from pGVC vector was
inserted intoXhoI–HindIII site of pGVB. RSV promoter
with BstXI and BglII site from pOP13CAT was inserted
into SmaI–BglII site of pGVB vector. CMV promoter with
NsiI and NheI site from pBluescript KS(+)/CMV was in-
serted intoSmaI–NheI site of pGVB vector. HIV promoter

Fig. 1. Construction schemes for expression vectors of viral
promoter–reporter gene and HPV 16 E6. (A) RSV promoter was inserted
into SmaI–BglII site of luciferase gene expression vector, pGVB. (B)
SV40 promoter was inserted intoXhoI–HindIII site of pGVB vector. (C)
HIV promoter was inserted intoXhoI–HindIII site of pGVB vector. (D)
CMV promoter was inserted intoSmaI–NheI site of pGVB vector. (E)
Amplified 16 E6 was inserted into pBluescript KS(+). E6 excised from
pBluescript KS(+)/E6 was inserted intoNotI site of pRc/CMV.

with XhoI andHindIII site from pU3R III was inserted into
XhoI–HindIII site of pGVB vector. As shown inFig. 1E,
pRcCMV-16 E6 eukaryotic expression plasmid was con-
structed for exogenous E6 protein source.

3.1. The promoters of RSV, HIV, and SV40 but not CMV
were transactivated by E6

C-33A cells, which do not harbor HPV genome, were co-
transfected with several promoter-luciferase plasmids and
the E6 expression plasmid. Five micrograms of cell extracts
were used to monitor luciferase activity. The transcription
activity of RSV promoter was only 18% upregulated af-
ter pRc/CMV-16 E6 cotransfection compared with salmon
sperm DNA (ssDNA) cotransfection. The transcription ac-
tivity of SV40 promoter and HIV promoter increased up to
70 and 87% after E6 cotransfection compared with ssDNA
cotransfection, respectively. However, the transcription ac-
tivity of CMV promoter was not altered after E6 cotrans-
fection. These results indicated that RSV, HIV, and SV40
promoters but not CMV promoter were transactivated by E6
in cervical cancer cell line C-33A (Fig. 2).

3.2. The cell viability of SiHa/pRSV-luc cells was not
affected after treatment with anti-cancer agents

Stable SiHa cells transfected with RSV-luc plasmid were
prepared and named SiHa/pRSV-luc cells. These cells were
used to monitor E6-mediated transcription activity of RSV
promoter after treatment of anti-cancer drugs such as carbo-
platin, mitomycinc, and cisplatin. Before luciferase assay,
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Fig. 2. Transcriptional activation of several heterologous promoters by the HPV 16 E6 protein in C-33A cells. C-33A cells were grown in Dulbecco’s
modified Eagle’s medium supplemented with 10% fetal bovine serum, 100 U/ml penicillin, and 100 mg/ml streptomycin. The cells were cultured at
37◦C in a humidified atmosphere of 5% CO2 and 95% air. On day 0, cells were transfected with calcium phosphate precipitated DNA. Briefly, 6�g of
pRcCMV-16 E6 plasmid or salmon sperm DNA with control, 2�g of �-galactosidase expression plasmid (pCMV�, Clonetech), each 2�g of pHIV-luc,
pSV40-luc, pRSV-luc, and pCMV-luc were added to 250 ml of 0.25 M CaCl2 and mixed with 250 ml of HBS-buffer. The precipitate was allowed to
form for 30 min at room temperature, after which 0.5 ml was added dropwise to each monolayer. The cells were incubated for 16 h with the DNA, then
washed twice with 5 ml of (DPBS), and refilled with 5 ml of culture medium. After incubation for 24 h, the cells were harvested for measurement of
luciferase and�-galactosidase activity. The relative transcriptional activities are mean values of at least three independent experiments. At least, data
were represented as mean± S.E.M. of three independent experiments performed in duplicate;∗P < 0.05 vs. untreated control and;∗∗P < 0.005 vs.
untreated control (ANOVA followed by Tukey’s test).

the cell viability using WST-1 reagent was elucidated. As
shown inFig. 3, the morphology and the viability of cells
were not altered compared with untreated control after treat-
ment of anti-cancer drugs.

3.3. E6-activated RSV promoter was repressed in
SiHa/RSV-luc cells by anti-cancer agents

We analyzed the effect of anti-cancer drugs on lu-
ciferase gene expression in E6-activated RSV promoter in
SiHa/RSV-luc cells. As shown inFig. 4, the transcription
activity of RSV promoter was reduced to about 35, 46, and
50%, respectively, after treatment of carboplatin, mitomycin
c, and cisplatin compared to control (RLU degree of not
treated control was equilibrated as 1.00). The transcription
activities of both HIV promoter and CMV promoter were
strongly reduced by mitomycinc and cisplatin whereas
they were not affected by carboplatin compared with con-
trol (data not shown). These data indicated that putative
cervical cancer drugs such as carboplatin, mitomycinc,
and cisplatin showed different responses on the promoters
of RSV, HIV and SV40. Our results suggest that all three
anti-cancer drugs down-regulated the transcription activity
of E6-activated RSV promoter.

3.4. E6 expression was down regulated in SiHa/pRSV-luc
cells by anti-cancer agents

To investigate the effects of anti-cancer drugs on E6
expression of high-risk HPV type 16, the stable SiHa/
pRSV-luc cells were exposed to the alkylating agent mit-
omycin c, DNA cross-linking agents cisplatin and car-
boplatin and the expressed E6 mRNA was analyzed by
Northern blotting. As controls, total mRNAs were presented
(Fig. 5A). As depicted inFig. 5B, treatment with carboplatin
and cisplatin resulted in a weak reduction of E6 expression
whereas mitomycinc strongly reduced E6 transcript level
(Fig. 5B). However, p53 expression was not significantly
altered by treatment with these agents (Fig. 5C). These re-
sults indicate that repression of HPV 16 E6 expression is
not necessary for the induction of thep53 gene following
genotoxic treatment of SiHa/pRSV-luc cells.

3.5. The p53 protein level was not changed
in SiHa/pRSV-luc cells after treatment with
anti-cancer agents

As shown inFig. 5, p53 transcription levels after treat-
ment with anti-cancer agents were not affected. The p53
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Fig. 3. Cell viability of SiHa/pRSV-luc cells after treatment of anti-cancer
agents such as carboplatin, cisplatin, and mitomycinc for 18 h. (A) Cell
morphology was observed using inverted microscope (200×). (B) Cell
proliferation assay using cell proliferation reagent WST-1.

Fig. 4. Effects of anti-cancer agents on expression of luciferase gene under the E6-activated RSV promoter. Transfectant, SiHa cells containing pRSV-luc
expression plasmid, were treated with 10�g/ml of anti-cancer agents such as carboplatin, mitomycinc, and cisplatin for 18 h. Cell extracts were prepared
and luciferase activity was performed with luciferase assay system (Promega). At least, data were represented as mean± S.E.M. of three independent
experiments performed in duplicate;∗P < 0.001 vs. untreated control (ANOVA followed by Tukey’s test).

Fig. 5. Northern blot analysis of E6 mRNA expression. (A) Total mRNAs
stained with EtBr. (B) The effects of anti-cancer drugs such as carboplatin,
mitomycin c, and cisplatin on E6 mRNA expression. (C) p53 mRNA.
(D) GAPDH. Lane 1, control; lane 2, treated with carboplatin; lane 3,
treated with mitomycinc; lane 4, treated with cisplatin.

protein expression levels were detected using Western blot
analysis. As control, C-33A cells were used in which mu-
tated, but not functional p53 protein is expressed. As shown
in Fig. 6B, p53 protein expression levels in SiHa/pRSV-luc
cells were very low. However, p53 protein levels after
treatment with the anti-cancer agents were not changed
compared to untreated control cells. In these results, we
suggest that the pathway on repression of E6-activated
RSV promoter activity by anti-cancer drugs would be p53
independent.
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Fig. 6. Western blot analysis of p53 protein. The cell lysates were separated
into pellets and supernatants by centrifugation at 12,000 rpm for 30 min.
The supernatants were used for SDS-PAGE. (A) The Coomassie brilliant
blue staining. (B) Western blotting of p53 protein. M, size marker; lane
1, C-33A cells harboring mutated p53 which is expressed but is not
functional; lane 2, SiHa/pRSV-luc cells as control; lane 3, SiHa/pRSV-luc
cells after treatment of carboplatin; lane 4, SiHa/pRSV-luc cells after
treatment of mitomycinc; lane 5, SiHa/pRSV-luc cells after treatment of
cisplatin.

4. Discussion

Many oncoproteins, including Jun, Fos, and Myc, medi-
ate their growth promoting functions through transcription
activation. Although E6 does not appear to be a sequence
specific DNA-binding protein (Kanda et al., 1991; Mallon
et al., 1987; Grossman et al., 1989), several reports have
demonstrated that E6 from both high-risk HPVs and BPV-1
exhibits transcriptional activation. The low-risk viruses HPV
6 and HPV 11 E6 also have transactivation activity, indicat-
ing that transactivation by E6 is not sufficient for its onco-
genic functions (Sedman et al., 1991; Crook et al., 1991;
Morosov et al., 1994). In addition, transcriptional repression
activity has also been reported for HPV 16 E6 (Shirasawa
et al., 1994; Etscheid et al., 1994). In the present study, we
showed that HPV 16 E6 activated transcription from RSV,
HIV, and SV40 promoter, but not altered transcription from
CMV promoter (Fig. 2). It has been reported that transcrip-
tion activity of the cytomegalovirus mediates early promoter
repression by HPV 16 E6 (Etscheid et al., 1994). Conflict-
ing results exist regarding the regulation of p97 promoter
by HPV 16 E6; Desaintes et al. reported activation of this
promoter by HPV 16 E6 while Shirasawa et al. showed re-
pression (Desaintes et al., 1992; Shirasawa et al., 1994).
These differing activities appear to be due to experimental
differences. The mechanism by which E6 modulates tran-
scription is not well known. Some of these activities may
not reflect the intrinsic transcriptional activation but rather
an indirect effect. Modulation of the transcriptional activity
of p53 could certainly account for some of these activities.
Consistent with this notion, E6 from high-risk HPVs was
shown to abrogate the transcriptional inhibitory effect of p53
on various promoters (Elbel et al., 1997; Sherman et al.,
1997; Mietz et al., 1992; Hoppe-Seyler and Butz, 1993; Pim
et al., 1994; Mansur et al., 1995; Thomas et al., 1995). E6
from high-risk HPVs was also shown to abrogate transcrip-
tional activation by p53 (Kiyono et al., 1994; Mietz et al.,
1992). Modulation of p53 transcriptional activity may be a
component of the transcriptional regulatory activity of E6.

However, p53-independent E6 transcriptional functions have
been observed. In addition, several studies demonstrated
E6-mediated transcriptional activation on p53-deficient cell
lines (Akutsu et al., 1996; Kinoshita et al., 1997; Shino et al.,
1997). It has been suggested that this is promoter specific:
the AdE2 promoter was transactivated in both p53 positive
and p53 negative cell lines, while the Rous sarcoma virus
LTR was only transactivated in p53 containing cells (Akutsu
et al., 1996). E6-mediated repression was also shown to be
independent of p53 (Etscheid et al., 1994). As shown in
Fig. 2, Rous sarcoma virus promoter was transactivated by
HPV 16 E6 in C-33A cells. In this study, we suggest that
RSV promoter is transactivated by HPV 16 E6 in mutant p53
containing cells. Our data showed that E6 mediated trans-
activation of RSV promoter was repressed by anti-cancer
drugs such as carboplatin, mitomycinc, and cisplatin in
p53 independent manner (Figs. 4–6). These data confirmed
that E6-mediated repression was p53 independent (Etscheid
et al., 1994). In this study, to understand the role of tran-
scription activity of E6 related to cervical cancer oncogene-
sis and to utilize the obtained information for cancer therapy,
several viral promoter-luciferase reporter gene and eukary-
otic E6 or p53 expression plasmids were constructed and
the regulation of E6 transcription activity by cancer drugs
has been analyzed. The promoters of RSV, SV40, and HIV,
but not CMV were transactivated by HPV 16 E6 in cervi-
cal cancer cell line, C-33A, in a p53 independent manner.
Cancer drugs such as carboplatin, cisplatin and mitomycin
c were tested for their effects on E6 transcription activity
in cervical cancer cell line, SiHa, stably transfected with
E6-responsive promoter-carrying plasmids. Treatment with
three agents resulted in the repression of luciferase activ-
ity only in RSV-luc transfected cells. In this SiHa/RSV-luc
cell line, E6 down regulation by anti-cancer drugs was also
confirmed by Northern blot. This repression was also shown
to be independent of p53. The RSV-luc promoter analysis
system prepared in this study could be useful not only for
understanding the role of transcription activity of E6 related
to cervical cancer oncogenesis but also for the development
of cervical cancer drugs based on the molecular oncogenesis
studies.
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