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ABSTRACT

Human papillomavirus type 16 (HPV16) is involved in the development of
cervical carcinoma and its viral gene products E6 and E7 are believed to be
essential for the carcinogenic process. We analyzed the effect of retinoic acid
(RA) on the growth and/or HPV16 E6 and E7 gene expression in the HPV16-
containing cervical carcinoma cell lines SiHa, CaSki and QG-U and the HPV-
free cell lines C33A and EBC-1. RA (10-% M) suppressed the growth of SiHa
cells by more than 909 and of QG-U cells by about 409 ; however, the growth
of CaSki, C33A and EBC-1 cells was not affécted by RA. Semi-quantitative
reverse transcriptase-polymerase chain reaction (RT-PCR) was applied for
investigation of the relationship between RA and the level of HPV16 E6/E7
mRNA. As a result, the E6/E7 mRNA level in SiHa and QG-U was reduced by
RA by about 609% and 75%, respectively, while RA had no obvious effect on the
E6 and E7 gene expression in CaSki cells. The chloramphenicol acetyltransfer-
ase (CAT) assay showed that transcription driven by HPV16 non-coding region
(NCR) was suppressed by RA by about 75%. These results suggest that at least
a part of the growth suppression of SiHa and QG-U by RA is mediated by sup-
pression of E6 and E7 expression.
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INTRODUCTION

The HPV group comprises more than 60 different virus types that infect
epithelial cells and induce hyperproliferative lesions. Some types, such as
HPV16 and HPV1S8, present a high risk for malignant conversions. These are
believed to be involved in the pathogenesis of anogenital cancer, particularly in
cervical carcinoma. HPV DNA is found in close to 909% of .such tumors and
HPV16 is the most frequent type among genital HPVs which. are isolated from
cervical carcinomas (1). The oncogenic potential of HPV16 has been attributed
to two early genes, E6 and E7. These genes are expressed in cervical car-
cinomas and carcinoma derived cell lines containing HPV16 DNA (2,3,4). E6
and E7 genes together effectively induce immortalization of human epithelial cells
(5,6,7,8,9) ; thus, they seem to play important roles in the development of
tumors and also in the maintenance of tumor phenotypes (5,10). Transcription
of these genes is regulated by the non-coding region (NCR) that contains the
early E6 and E7 promoter and enhancer elements with binding sites for various
transcription factors (11).

Retinoids regulate the differentiation of epithelial cells and affect the prolifer-
ation and differentiation of preneoplastic and neoplastic cells (12). Retinoic acid
(RA) is one of the biologically active retinoids and has been shown to be a
potent inhibitor of the i vitro growth of various tumor cell lines (13,14). Cellu-
lar responses to RA are mediated by nuclear retinoic acid receptors (RARs),
including subtypes RARa, 8, and y (15,16,17,18) and retinoids X receptors
(RXRs) (19). RAR and RXR are transcription factors and belong to the super-
family of nuclear hormone receptors (20). The RARa gene is localized to chro-
mosome 17g21.1, which is in close proximity to the translocation breakpoint t
(15;17) (q22-q11-22) found consistently in acute promyelocytic leukemia (APL)
(21). In clinical trials, RA has led to a high frequency of complete remission in
APL patients (22).

It is reported that RA suppresses the growth of HPV18-carrying cervical
carcinoma cell line HeLa (23) and human keratinocyte cell lines immortalized by
HPV16 (24). However, it is not clear whether or not RA also inhibits the
growth of HPV 16 positive and negative cell lines derived from cervical car-
cinoma. Here, we investigated the effect of RA on the growth and/or HPV16 E6
and E7 gene expression in the HPVI16-containing cell lines SiHa, CaSki and
QG-U and the HPV-free cell lines C33A and EBC-1.

MATERIALS AND METHODS

Cell culture and DNA transfection
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Cervical carcinoma cell lines SiHa (25,26), CaSki (26,27), C33A (28) and
HeLa (29, 30) and lung squamous carcinoma cell line EBC-1 (31) were obtained
from the Japanese Cancer Research Resources Bank. Cervical carcinoma cell
line QG-U (32) was kindly provided by Dr. B. Shimizu (Chiba Univ., Chiba,
Japan). Cells were cultured in Dulbecco modified Eagle medium (DME) sup-
plemented with 5% heat-inactivated fetal bovine serum (FBS) (Bio-product,
MD, U.S.A), 30 ug/m! of penicillin G potassium (Banyu, Tokyo, Japan) and
40 pg/mi of streptomycih (Meiji Seika, Tokyo, Japan). For the assay of plat-
ing efficiency, cells were seeded at densities of 2X10° cells per 100 mm dish, cul-
tured for 24 hours and inoculated with pSV2hygro (5 xg) and either RARS plas-
mid or pGEM-3Z{(+) (Promega, MD, U.S. A.) (20 ug) by a modification of the
calcium phosphate coprecipitation procedure (33). Cells were cultured for 24
hours, trypsinized and split into four dishes. Cells were then cultured in the
media containing 150 xg/m! (SiHa) or 50 ug/m! (CaSki, QG-U, C33A and
EBC-1) of hygromycin B (Calbiochem, CA, U.S.A). Ten days after transfec-
tion, hygromycin B resistant-colonies were fixed with methanol and stained with
Giemsa so that the colonies could be scored.

Plasmids

The plasmid pSG5-RARS (Wt-RARgS), which contains human RARS cDNA
under the cytomegalovirus immediate early promoter (17), was kindly provided
by Dr. P. Chambon (Institute de Chimie Biologique, Strasbourg, France). The
pSG5-RARBdI (Mt-RARpR) is a plasmid containing an inert RARS ¢cDNA which
was constructed by removing the Kpnl fragment, sequences of DNA binding
domain of RARS cDNA, from pSG5-RARB. The NCR of HPV16 was cloned
upstream of chloramphenicol acetyltransferase (CAT) gene and the recombinant
plasmid pl6NCR-CAT was obtained. This was constructed as follows. The
Bglll-BamHI fragment of the pCAT promoter vector (Promega) which contains
SV40 promoter, CAT gene and SV40 poly (A) signal sequences was isolated and
re-cloned in the BamHI site of pHSG299 (34). The resulting plasmid was lineal-
ized with Kpul, blunted with T4 DNA polymerase, and re-digested with Pstl.
Then, the fragment containing the CAT gene and control sequences was isolated
and inserted downstream (PstI and blunt-ended Hindlll sites) of the cottontail
rabbit papillomavirus (CRPV) NCR sequences (639 base pairs [bp]) cloned in
the Xbal and Pstl sites of pUC19, thus yielding the pSCATO0. The pSNC was
constructed from pSCATO by deleting the CRPV NCR sequence; pCAT0 was
digested with PstI and Swal, and the fragment containing the CAT gene and
control sequences was blunted with T4 DNA polymerase and self-ligated. The
HPV16 NCR (Haell 7428 nucleotide position [np] to Hpall 7457 np) was iso-
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lated from pHPV16M (35), blunted with Klenow enzyme and inserted into the
Smal site of pGEM-3Zf(+) (Promega). Then, the HPV16 NCR fragment was
excized with Xbal and Sacl, and re-inserted downstream of SV40 promoter-CAT
sequence of pSNC (Xbal and Sacl sites), yielding the plasmid pl6NCR-CAT.
The pSV2hygro is a plasmid carrying a hygromycin resistant gene (36).

RNA isolation and semi-quantitative RNA analysis

Total RNA was isolated from each of the cell lines by the method using acid
guanidinium thiocyanate-phenol chloroform of Chomcyski and Sacchi (37). For
the cDNA synthesis, reverse transcription was carried out at 42°C for 30 min in
30 u/ of a reaction mixture containing 5 ug of total cellular RNA, 2 ug of oligo
dT (Boehringer Mannheim, GmbH, Germany), 55 units of RNase inhibitor (Ta-
KaRa, Kyoto, Japan), 1mM of each dNTP, 50 mM Tris-HCl (pH 8.3), 100 mM
KCl, 10 mM MgCl,, and 10 mM DTT, and 50 units of reverse transcriptase (Ta-
KaRa). PCR was performed according to the method of Saiki et @l (38) with a
slight modification (39).

Semi-quantitative analysis of mRNA by RT-PCR was performed essentially
by the method of T. Kinoshita et a/ (40). One-twentieth of the cDNA product
was amplified in 50 u/ of a reaction mixture containing 10 mM Tris-HCl (pH
8.3), 50mM KCl, 1.5mM MgCl,, 0.01% (W/V) gelatine, 0.2mM of dNTP, 1
ul of 25uM primer, 10 £Ci of «-**P-dCTP and 2.5units of Taq polymerase
(TaKaRa). Samples were overlaid with 30 g/ of mineral oil and denatured for
10 min at 94C. The reaction mixture was then subjected to 33 cycles of
amplification in a DNA thermal cycler (Cetus, CT, U.S. A). Each PCR cycle
included 1 min at 94°C, 2 min at 55°C and 2 min at 72°C. Primers used to amplify
the HPV16 E6/E7 ¢cDNA sequence were pE7-F and pE7-R (41), and primers to
amplify the g-actin cDNA sequence were BAZ and BA3 (40). -

The expected sizes of the amplified products were 356 bp for HPV16 E6/E7
and 218bp for B-actin. Amplification was started with the primers for the
HPV16 E6/E7 mRNA sequence. After the first 6 cycles, 1 u/ of BA2 and BA3
(25 uM each) was added to the reaction mixture, and 27 additional cycles of
amplification were carried out. During 19-33 cycles, 3 u/ aliquots of samples
were removed every 2 or 3 cycles. The 3 ul/ serial samples of reaction mixture
were electrophoresed in Tris-borate buffer on a 2% agarose gel. Then, gels
were dried and exposed to an imaging plate (Fuji Film, Tokyo, Japan) for 60
min, and the amplified products were evaluated with a laser image analyzer
(Fujix BAS 2000, Fuji Film) by measuring the intensity of photo-stimulated
luminescence (PSL) of the bands.

The PSL values of each band were plotted on a semilogarithmic scale
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against the sampling cycle number to draw amplification curves. The difference
in cycle number between the logarithmic phases of the amplification curves of
HPV16 E6/E7 and g-actin in each sample was defined as Acycle. The relative
amount of HPV16 E6/E7 mRNA to f-actin mRNA was determined as 28¢vcte,

CAT assay :

For the CAT assay, HelLa cells were seeded at 5X10° cells per 100 mm dish
and transfected with 8 ug of the reporter CAT plasmid pl6NCR-CAT and 8 ug of
either Wt-RARB or Mt-RARS plasmid. Cell extracts were made 48 hours after
transfection and CAT activity was measured as described (42). Briefly, the cell
extracts were incubated with 1*C-chloramphenicol and 4 mM acetyl CoA (Phar-
macia, Uppsala, Sweden) in 250 mM Tris-HCl (pH 7.8) at 37°C for 30 min.
After analysis by ascending thin layer chromatography, the conversion rates were
determined with the laser image analyzer.

RESULTS

Effect of vetinoic acid treatment on the growth of cervical carcinoma cell lines
7" The effect of RA on the growth of cervical carcinoma cell lines was deter-
“'mined by the assay of the plating efficiency of cells which acquired hygromysin B
resistancy. RA (107°M) suppressed the growth of SiHa and QG-U cells by over
90% and about 409, respectively, while the number of colonies of C33A and
CaSki cells were not affected by RA (Fig. 1, 2). The growth of EBC-1 cell line,
which is free of HPV as well as C33A, was not suppressed by RA in this assay
(data not shown). SiHa and QG-U cells contain a few copies of HPV16 DNA
per cell (26, 32), while CaSki cells, about 600 copies per cell (26). It is not pos-
sible here to say whether RAR protein is not functional in CaSki cells or is sim-
ply not present in sufficient quantity for RA to take effect. Therefore, we tested
the plating efficiency of CaSki cells after transfection of pSVZ2hygro with the
RARPS plasmid. However, the growth of CaSki cells was not suppressed by RA
in this condition (Fig. 1).

Effect of vetinoic acid treatment on the HPV16 E6/E7 mRNA level

We have addressed the question whether RA-mediated growth suppression is
associated with changes of HPV16 E6 and E7 gene expression. The influence of
RA on the expression of HPV16 E6 and E7 genes was examined. Northern blot
analysis was performed using RNA extracted from cells cultured in the presence
of RA for 0 to 48 hours. A total quantity of 20 ug of poly (A) RNA was used,
but the RNA band hybridized to a HPV16 E6/E7 probe was very faint in SiHa
cells (data not shown). Next, we performed a semi-quantitative analysis of
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Fig. 1 Plating efficiencies of drug-resistant clones of cervical carcinoma cell lines C33A, SiHa,
CaSki and QG-U. Cells were seeded at 2X10° cells per 100 mm dish and transfected
with pSV2hygro and pGEM-3Zf(+) or pSV2hygro and pSG5-RARB. Cells were cul-
tured in the DME containing 5% FBS and Hygromycin B with or without RA (10~°MD.
The number of drug-resistant colonies was scored ten days after transfection. Each
value represents the mean and SE of at least two separate experiments. The number
of colonies which was transfected with pGEM-3Zf(+) and pSV2hygro in the absence
of RA was normalized to 1009%.

viral mRNA by RT-PCR (Fig.3). c¢DNA synthesized from SiHa, QG-U and
CaSki cells were used as substrates from which HPV16 E6/E7 and g-actin
sequences were co-amplified by mixed primer pairs specific for each of them.
Aliquots of PCR solution were removed at every other cycle from the 19th on
and electrophoresed in an agarose gel and the amounts of amplified DNA were
quantified as described in Materials and Methods.: For example, as shown in
Fig. 3A and C, HPV16 E6/E7 and B-actin cDNA sequences were amplified simul-
taneously from SiHa cDNA obtained without RA. HPV16 E6/E7 cDNA was
amplified 1.5 cycles behind g-actin in the presence of RA (Fig.3B and D), in-
dicating that the molar ratio of evolved HPV16 E6/E7 mRNA to g-actin mRNA
was 2715, :

A summary of the results using SiHa, QG-U and CaSki cells is shown in Fig.
4. The level of E6/E7 mRNA was reduced by about 60% and 50% in SiHa cells
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Fig. 2 Representative dishes of cervical carcinoma cell lines transfected with pSV2hygro and
pSG5-RARB. Cells were transfected with pSV2hygro and pGEM-3Zf(+) or
pSV2hygro and pSG5-RARS, split and cultured in media containing Hygromycin B
with or without RA (10-*M). Cells were fixed by methanol and stained with Giemsa
ten days after transfection. (A) C33A, (B) SiHa (magnification: 10Xx).

and by about 60% and 75% in QG-U cells 24 and 48 hours after culture, respec-
tively, in the presence of RA. However, the decrease of E6/E7 transcript was
not observed in CaSki cells cultured in RA-containing media for 24 to 48 hours.
(Fig.4). These results suggest that the growth suppression of SiHa and QG-U
cells by RA is mediated by down-regulation of HPV16 E6/E7 mRNA.

Effect of retinoic acid treatment on transcription of HPV16 RNA

In order to study the effect of RA on transcription of HPV16 RNA, we per-
formed a CAT assay in HeLa cells (Fig.5A). When Hela cells were cotrans-
fected with reporter plasmid pl6NCR-CAT, which contains a regulatory region,
a non-coding region (NCR) of HPV16 upstream of CAT gene and Wt-RARgG
plasmid DNA, CAT activity was reduced about 75% in the presence of RA. In
case of transfection of pl6NCR-CAT along with Mt-RARpR plasmid, CAT activ-
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Fig. 3 Simultaneous amplification of HPV16 E6/E7 and pB-actin cDNA sequences prepared
from SiHa cells. (A, B) Autoradiographs showing amplification of HPV16 E6/E7 and
B-actin cDNA sequences from SiHa cells. RNA was extracted from SiHa cells cul-
tured in the media with RA (10-°*M) for 0 hours (A) and 24 hours (B). (C, D)
Amplification curves of HPV16 E6/E7 and g-actin cDNA sequences. Gels which were
used in the autoradiography (A, B) were exposed to an imaging plate, and the PSL
value of each band was measured with the laser image analyzer and plotted on a
semilogarithmic scale against cycle number.
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Fig. 4 Relative amount of HPV16 E6/E7 mRNA sequence determined by RT-PCR. RNA was
extracted from each cell line cultured in the media with RA (10-*M) for 0,24 and 48
hours. The relative amount of HPV16 E6/E7 to B-actin mRNA was estimated using
RT-PCR as described in Materials and Methods. The relative amount of HPV16 E6/
E7 mRNA in each cell line cultured in the media with RA (10-°M) for 0 hours was

normalized to 100%. Each value represented the mean and SE of at least two separate
experiments.
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Fig. 5 The effect of RA on the regulatory region (NCR) of HPV16 E6 and E7 transcription.
(A) Autoradiograph of CAT assay in HeLa cells transfected with plI6NCR-CAT and
Wt-RARS or pl6NCR-CAT and Mt-RARZ plasmids in the presence or absence of RA.
The experiment was carried out as described in Materials and Methods. (B) The
CAT activity was measured by a laser image analyzer, and the CAT value in the
absence of RA was normalized to 1009. Values were averages of double determina-
tions.

ity was reduced only about 25% (Fig.5B). This result suggests that the pro-
moter activity of HPV16 NCR is reduced by RA on condition that sufficient
RARp exists in the cell.

DISCUSSION

Here, we examined the effect of RA on the growth of cervical carcinoma cel
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lines which contained HPV16 DNA. RA suppressed the growth of SiHa and QG-
U cells and reduced the transcription of HPV16 E6 and E7 genes. However, this
growth-inhibiting effect of RA was not observed in the CaSki cell line. Northern
blot hybridization detected RAR« and 8§ mRNA in all of the cervical carcinoma
cell lines investigated, SiHa, CaSki, QG-U and C33A, without a significant
difference (data not shown). It is possible that there is not a sufficient quantity
of functional RAR protein, which acts on 600 copies of NCR, for RA to affect
the function of NCR in CaSki cells. We transfected RARS cDNA along with
pSV2hygro to test the effect of RA on the plating efficiency of CaSki cells, but
their growth was not affected. It is also possible that some of the viral copies
are integrated downstream of cellular promoters and actively transcribed in
CaSki cells independent from the HPV16 NCR.

The correlation between down-regulation of the E6/E7 mRNA level and the
suppression of cell growth varied among cell lines. The growth of SiHa cells
was suppressed by more than 909, while the level of HPV16 E6/E7 mRNA was
reduced by about 6095. The growth of QG-U cells were decreased only about
409%, though E6/E7 mRNA was down-regulated about 759 by RA. It is conceiv-
able that the degree of dependency of the growth of the cervical cell lines on the
expression of E6 and E7 genes differs between SiHa and QG-U cells. Also, it is
possible that RA suppresses the cell growth by some other mechanism in addition
to the down-regulation of HPV16 E6/E7 mRNA in these cell lines. Recently, it
was reported that RA induced the secretion of latent TGF# in normal human
keratinocytes and human keratinocytes immortalized by HPV16 (43). Since
TGFpB is a potent inhibitor of keratinocyte proliferation (44, 45, 46), induced
secretion of TGFS by RA would result in growth suppression.

E6 and E7 genes of HPV 16 are always expressed in HPV16 positive cervical
carcinomas (5). Moreover, the inhibition of E6 and E7 gene expression by
antisense RNA results in the growth suppression of cervical carcinoma cell lines
which contain HPV DNA (10, 11). This study has shown that reduction of NCR
activity by RAR can repress the growth of cancer cells containing HPV DNA.
By using CAT assay, we and others (23) showed that RA repressed the E6/E7
transcription from the HPV16 NCR. Although the mechanism of the suppression
is not well understood, it is suggested that the transcription factor AP-1 is
involved in the RA-mediated NCR suppression (23). A few other factors, NF-
IL6 (47, Oct-1 (48) and TGFB (49) have been shown to repress NCR activity
and E6/E7 transcription. We would like to continue further analysis of the
effects of RAR in cooperation with other factors on the activity of NCR and cell
growth.
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