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Summarry

We isolated a morphologically transformed cell line from immortalized mouse C3H/10

T1/2 cells which were transfected with the plasmid containing one copy of human papi-

llomavirus type 16 (HPV16) whole genome DNA cloned in pUCI19.

The transformants

could grow in a soft agar medium only when 12-o-tetradecanoylphorbol-13-acetate (TPA),

dexamethasone, or a combination of estradiol and progesterone was added to the medium.

The transformant expressed virus-specific mRNAs similar to those found in premalignant

tissues, accompanied by the over expression of the c-Ha.ras gene.
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Abbreviation: HPV: Human Papillomavirus, TPA :

12-o-tetradecanoy! phorbol-13-

acetate, ORF : Open Reading Frame

I. Introduction

QOur understanding of the oncogenic properties
of the human papillomavirus (HPV) genome has
[ been significantly advanced by the finding of evi-
dence that human papillomavirus type 16(HPV16)
genome DNA is able to transform rodent cells in
vitro. 'The transforming activity of HPV16 was
first demonstrated by transfecting molecularly clon-
ed viral whole genome DNA or cellular DNA of
cervical cancer containing HPV16 DNA into NIH-
3T3 cellsv?. The E6 and E7 open reading ira-
mes (ORFs) of HPV16 genome DNA are const-
antly retained intact and expressed in the cell lines
derived from cervical carcinomas®*?, and the E7
ORF is demonstrated to encode a transforming gene

for rodent cells!®. In human fibroblasts and kerati-

nocytes, HPV16 genome can extend their life
span, but cannot transform these cells in cultu-
rels,1?  These findings suggest that HPV16 DNA
is involved in a crucial step of multi-step carcino-
genesis, and requires additional co-factors to trans-
form cells completely.

It has been demonstrated that HPV 16 DNA can
cooperate with activated-ras in trnsforming primary
rodent cells'®. As other factors, glucocorticoids
are reported to enhance colony formation of pri-
mary rat kidney cells which were transfected with
a combination of HPV16 DNA and activated
Ha-ras oncogene!®.

We roport here the isolation and characteri-
zation of morphological transformed cell lines from
mouse C 3H/10 T 1/2 cells transfected with HPV16
DNA. The transformants require additional fac-
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tors to form colonies in soft agar, suggesting that
scme co-factors are involved in a sequential process
leading to malignant transformation by HPV ge-

noeme.

II. Materials and Methods

Cells and culture :

We selected mouse C3H/10T 1/2 cells!® for
our transformation studies because these cells are
well characterized, immortalized, and non tumori-
genic, and have been used frequently in experi-
ments on transformation by radiation, carcinogens,
and oncogenes!'6!®, The cells were cultured in
Eagle’s basal medium supplemented with 2.59%
fetal calf serum.

Recombinant HPVI6DNA and transfection

The C3H/10T 1/2 cells were transfected with
plasmid pHPV16 DNA, which contains one copy
of HPV16 whole genome DNA'" cloned at the
BamHI site in pUCI19, by the calcium phosphate

d

coprecipitation method2?.

DNA and RNA analysis:

Cellular DNA. was extracted and digested with
restriction endonucleases, X0l and BamHI. The
digested DNA was separated on a 0.5 9% agarose
gel, and analyzed by Southern blotting as described
previously?2!,22),

RNA from the transformed cells was analyzed
by Northern blotting, as described previously?®.
The probes were the 1.35 Kbp EcoRI/Pstl frag-
ment (nt. 7453-875) containing the noncoding re-
gion and E6 and E7 ORFs, and the 1.1kbp PstI
fragment (nt. 3692-4755) containing the early poly
A signal of HPV16 DNA. The expression of c-
Ha-ras proto-oncogenes in XPW16 cells was exa-
mined by Northern blot analysis using mouse c-Ha-
ras DNA probe?®.

Colony formation in soft agar :

Cells were plated in 0.35 % soft agar containing

10 % fetal calf serum with or without addition of

b

Fig. 1. Morphological appearance of C3H/10T1/2 cells transfected with pUC19 DNA
(a) and HPV16 DNA-induced transformant XPW16 cells (b). These photo-
graphs were taken under a phase contrast microscope at X 200 magnification.
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Table 1. Growth properties and anchorage-independent growth of C3H/10T 1/2 and XPW 16 cells

Growth in low
concentrated FCS
(2.5%) medium

Colony formation in 0.35% agar
medium with 10% FCSe

cell line '
gopgll_a\tlon Saturation Plain TPA dexametha- estradiol Proge estradiol &
oubling density® al sone sterone progesterone
time®
(h.) (X 10)

C3H/10T1/2 68 3.3 0 0 0 0 0 0
XPW16 25 15.2 0 582 57 0 0 68
GT1 NT® NT 0 609 54 0 0 73

a

Population doubling times of cells were calculated over a 100 h period corresponding to the

logarithmic phase of growth (assayed in duplicate).

cultures (assayed in duplicate).

Saturation densities represent the maximum cell densities obtained from confluent 35 mm dish

¢ Triplicated 60-mm dishes were seeded with 1X10% cells in a 0.35% agar medium without or
with 100ng/ml TPA, 1pg/ml dexamethasone, 1pg/ml estradiol, 1xg/ml progesterone, and a
combination of 1pg/ml progesterone and lpg/ml estradiol, respectively.

4 GT1 cells were isolated from a colony formed in soft agar with TPA.

¢ NT; not tested.

100 ng/ml of 12-o-tetradecanoylophorbol-13-acetate
(TPA), 1 pg/ml of dexamethasone,
bination of 1 pxg/ml estradiol and 1 pg/ml estradiol

and a com-

and 1 pg/ml progesterone, respectively.

II1. Results

Transformation of C3H/10T 1/2 cells by HPV
16 DNA :

Morphologically transformed foci appeared in
C3H/10T 1/2 cells at 5 to 6 weeks after trans-
fection with pHPV16 DNA. No focus was de-
veloped in cells transfected with pUC19 DNA
(Fig. 1).

they were morphologically identical.

Five foci were picked up with rings and
Orne of them,
named XPW16 cell line, which was a typical spin-
dle shaped transformant, was used for this study.
The cells grew 2 to 3 times faster than did C3H
/10 T 1/2 cells and their saturation density was 3
to 4 times higher than that of C3H 10T 1/2 cells
(Table 1).

Detection of HPV16 DNA and mRNAs in
XPW16 cells :

Southern blot analysis reveals the presence of
HPV16 DNA in the XPW16 cells. The results
of undigestion of cellular DNA show that HPV16
DNA is present in a high molecular weight DNA

band without any bands corresponding to forms I,

II, and III, indicating integration into cellular
DNA (Fig. 2a). This was also supported by di-
gestion of Xhol, which does not cleave pHPV16
DNA. The results of digestion with BammHI show
the presence of full-length 7.9 kbp HPV16 DNA
in these cells, indicating the intact viral genome.
The 7.9 kbp band was confirmed to contain approx-
imately 30 copies of HPV16 whole genome DNA.

To analyze transcripts of the integrated viral ge-
nomes, RNA from XPW16 cells was analyzed by
Northern blotting. As shown in Fig. 2b, the
RNA transcripts detected were 4.2, 3.2, 2.2, 1.6,
and 1.4kb. The 1.4kb transcript was most in-
tensely detected with the 1.1kb PstI probe. The
3.2 kb transcript was detected more weakly using
the Pstl probe compared with the case of the
EcoR1/Pst]l probe. These results indicate that
the E6 and E7 ORFs of HPV16 DNA are
expressed XPW 16 cells and virus-specific mRNAs
should terminate at the virus’ own polyA site.
Furthermore, the sizes and hybridization ﬁpatte'rns of
transcripts were very similar to those in dysplasias
as reported previously?.

Expression of c-Ha-ras proto-oncogenes in XPW
16 cells:

The expression of c-Ha-ras proto-oncogenes was

examined by Northern blot analysis as shown in
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Fig. 2.

Detection of HPV16 DNA, and expression of virus specific mRNA and
c-Ha-ras in XPW16 cells. (a) Cellular DNA (5 xg) was hybridized to HPV
16 whole genome. lane 1, undigest; lane 2, digested with Xhol; lane 3,
digested with BamHI. (b) Total cellular RNA (12 zg) of XPW16 cells
was hybridized to the 1.35 kbp EcoR1/Pstl fragment (lane 1) and the
1.1 kbp Pstl fragment (lane 2) of HPV16 DNA. (c¢) Total cellular RNA
(12 1g) of normal C3H/10T1/2 cells (lane 1) and the transformant XPW16
cells (lane 2) was hybridized to mouse c-Ha-ras DNA probe. An arrowhead
indicates beta-actin RNA. Bars indicate the positions of fragments of lam-
bda phage DNA digested with EcoT141 {(a), and the transcripts hybridised

to the probes (b and c¢). The accompanying numbers represent the sizes of

transcripts in kilobases.

Fig. 2c. A major 1.2kb band and a faint 4.5kb
band were detected in XPW 16 cells as reported?®
and apparently enhanced compared with those in
wild C3H/10T 1/2 cells.

Anchorage independent growth of XPW16
cells :

When C3H/10 T 1/2 cells transfected with pUC
19 DNA and transformed XPW 16 cells were plated
in 0.35 % soft agar, any colonies were not observed
(Table 1). However, small colonies (about 100 to
200 cells) were detected at approximately 6 % when
100 ng/ml of 12-o-tetradecanoylphorbol-13-acetate
(TPA) was added to the medium. Addition of
dexamethasone and a combination of estradiol and
progesterone was also slightly effective (Fig. 3).

Colonies appeared after about 4 days, continued

to grow slowly during 4 to 6 weeks, and became
small ones which contained about 32 to 64 cells.
The reversibility of TPA.induced anchorage-inde-
pendence was tested by isolating a colony (GT 1)
grown in soft agar with TPA. The GT 1 cells
could not grow in soft agar, but could grow in
soft agar with TPA. These results reveal that the
morphologically transformed XPW 16 cells require

a certain co-factor to grow in soft agar.
IV. Discussion

In this study, we found that HPV16 DNA sti-
mulates immoratlized mouse C3H/10T 1/2 cells
to grow beyond their saturation densities in mono-
layer cultures with apparent morphological changes

after a relative long latent period. However, the
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Fig. 3. Anchorage-independent growth of XPW16 cells. The photographs were taken 6 weeks
after seeding XPW16 cellsin a 0.35% agar medium addition of no agent (a), 100
ng/ml TPA (b), 1.0 zg/ml dexamethasone (c), 1.0 ug/ml estradiol (d), 1.0 zg/ml pro-
gesterone (e), and a combination of 1.0 #g/ml estradiol and 1.0 #g/ml progesterone (f).

transformed cells were incapable of forming any
colonies in soft agar. The transforming activity
of HPV16 DNA was not so efficient for C3H/
10T 1/2 cells as for other immortalized rodent
cellst:®. These results suggest that morphological
changes and anchorage independent growth should
be different events in a multi-step transforming
process, and that the HPV16 gene and host cell
interaction is required for transformation.

It is very likely that the ras gene is involved
in the action of the oncogenic HPV16 gene in
the transformed cells. Matlashewski ez al® re-
ported that the transforming gene of HPV16 and
activated ras gene cooperate to establish and main-
tain the transformed state in primary rat cells.
Involvement of the activated 7as gene in progession
of cervical tumours is also reported?®.

Anchorage-independent growth of HPV16 trans-
formed cells has been accompanied by morphologi-
cal alterations; therefore it is difficult to know

whether each event occurs independently in an early

stage of transformation!®, The morphologically
transformed C3H/10T 1/2 cells could form colo-
nies in soft agar when co-factors were added.
Therefore, the morphological alterations and
anchorage-independent growth of the transformant
should be different steps in a transforming process.
We could elucidate co-factors responsible for an-
chorage-independent growth of the XPW 16 trans-
formant and they enhanced the expression of HPV
16 specific RNAs. TPA may exert its effect on the
transformed phenotype by altering the expression
of cellular genes. In bovine papillomavirus type 1
(BPV-1) transformed mouse C 127 cells, no signifi-
cant change in the level of BPV-1 specific
mRNA was found, although addition of TPA to
soft agar resulted in an increase in colony-forming
efficiency, as reported in our previous paper2®,
Matlashewski et al.!® have reported the cooperation
of HPV16 DNA with activated-ras in transforming
primary rodent cells. These reports suggested that

co-factors may act through cellular genes, while
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some reports have suggested that co-factors may also
act through virus genome. Gius and Laiminis??
reported that the noncoding region of HPV18 con-
tains a TPA-responsive element, and we detected
by computer analysis that the noncoding region
of HPV16 also contains five sequences of element
(nt. 7179-7186, nt. 7312-7319, nt. 7512-7519, nt.
7639-7646, nt. 7656-7663) very similar to the con-
sensus TPA-responsive element which was re-
ported by Angel et al.2®, Itis known that HPV16
contains sequences very similar to the consensus
glucocorticoid-responsive element sequence??14 and
that the glucocorticoid-responsive element in HPV
16 also mediates progesterone responsiveness®,
Recently, Mitrani-Rosenbaum et al.3 have re-
vealed that the sequences similar to the consensus
estrogen-responsive element are present in HPV
16 DNA, and that estradiol enhances the viral trans-
criptions,

Whether these co-factors acted through HPV16
genome or cellular genes have not yet been elu-
cidated. However, these co-farors and their coope-
ration were needed for the HPV16 induced-pre-
malignant ransformant to acquire more advanced

phenotypes.
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