
[CANCER RESEARCH 5.1. 44.12-W.1fi. September 15. I

Glucocorticoid Requirement for Growth of Human Papillomavirus 16-transformed

Primary Rat Kidney Epithelial Cells: Correlation of Development of Hormone
Resistance with Viral RNA Expression and Processing1

Alan Pater, Narasimhaswamy S. Belaguli, and Mary M. Pater2

Basic Medical Sciences, Faculty Â¡ifMedicine, Memorial University i>fNewfoundland, St. John's, Newfoundland, Canada AI B 3VÃ±

ABSTRACT

The establishment uf transformation of primary baby rat kidney epi
thelial cells by human papillomavirus type 16 DNA requires glucocorticoid
hormones (Pater et al.. Nature (Lond.), 335: 832-835, 1988). In this report

we provide evidence that growth of transformed baby rat kidney cells in
culture also requires glucocorticoids. However, transformed cells for
which growth does not require hormone readily arise after a brief period
of crisis, if cultured without added hormone. No reduction of glucocorti
coid receptor was evident in non-hormone-requiring cells. The expression

of human papillomavirus 16 RNA in these cells was analyzed by Northern
blot, primer extension, and RNase protection analysis. Cells that do not
require hormone had greatly reduced levels of transcripts initiated from
the viral P97 promoter. However, there is evidence for compensating
alterations to allow more efficient expression of E7 mRNA, since the
growth of these cells is correlated with altered patterns of viral RNA
expression and processing.

INTRODUCTION

Squamous cell carcinoma of the uterine cervix is the fifth most
frequent human cancer and the second most common cancer in fe
males in the world (1). HPV1 types 16, 18, and 33 are found in 90%

of cervical tumors and tumor cell lines (2, 3). In addition, HPV types
16 and 18 RNA transcripts are detected in both cervical tumors and
tumor cell lines (4, 5). In a model system to study HPV oncogenesis
in vitro, studies of rodent cells demonstrated HPV-dependent trans

formation (6). Maintenance of HPV 16 expression was also required
(7). Both HPV 16 and HPV 18 can also immortalize primary human
foreskin and cervical cells in vitro (8, 9).

Although controversial, hormones have been epidemiologically im
plicated as cofactors in the etiology of cervical neoplasia (10). Studies
have indicated a higher risk of cervical neoplasia in oral contraceptive
users (11, 12) and increased prevalence of HPV in the lower genital
tract of women during pregnancy (13). Moreover, both the target site
of infection by HPVs that are oncogenic and the location of most
HPV-containing premalignant lesions is the transformation zone of the

cervix (14). This zone is also a hormone target tissue (15). The
mechanism of activation of expression, infection, and oncogenesis
most probably directly involve the three glucocorticoid-responsive
elements in the noncoding region of HPV 16 DNA(16-18). Moreover,

studies have shown that oncogenic transformation by HPV type 16
DNA is glucocorticoid hormone dependent (19, 20). However, it is not
known whether the continued growth of the transformed BRK cells in
culture also requires hormones. In the present study, we provide
evidence that the continued growth of the transformed BRK cells
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requires glucocorticoids, but transformed cells that grow without
added hormones can be readily selected. Interestingly, the growth of
these cells that do not require hormone is correlated with pronounced
differences in viral RNA expression and processing.

MATERIALS AND METHODS

Cell Culture and Transformation. HPV 16-transformed Fischer BRK
cells were grown in Joklik's medium with or without 10~" Mdexamethasone,

BKV-transformcd cells were grown in Dulbecco's modified Eagle's medium,

and both media contained 10% fetal calf serum. For transformation assays
primary BRK cells were cotransfected with 10 (xg of the viral DNA and 10 /ig
of the activated form of human Ha-raj-1 oncogene (19). The cells were then
incubated in Dulbecco's modified Eagle's medium containing 2% fetal calf
serum and. for HPV 16 DNA, 10~6 M dexamethasone. Medium was changed

twice each week. Colonies were detected after 3â€”1weeks of incubation.

Preparation of Cellular DNA and RNA and Blot Hybridization. High
molecular weight DNA preparation and Southern blot hybridization was es
sentially as described (21). Total RNA was isolated as described (22) and run
by electrophoresis using formaldehyde gels (23) and probed with HPV 16
DNA. DNA preparations used to produce probes were consistently shown to
have specificity in blots in which RNA from untransformed cells was also
examined (19).

Primer Extension Analysis. Primer extension used 5 ^.g total RNA, 20
base oligonucleotides complementary to part of the 5' end of E6 (nucleotides

155 to 136) of HPV 16, and 14 units of reverse transcriptase (Life Sciences, St.
Petersburg, FA) as described (22). Products were resolved on 8% sequencing
gels.

RNase Protection Assays. The methods of Krcig and Melton (24) were
used with 20 /xg of total or 20 /j.g of polysomal RNA as described previously
(25). Quantitative analysis of the protected bands was determined by laser
densitometry of triplicate assays and RNA from two experiments.

RESULTS

Requirement of Glucocorticoids for Growth of the Transformed
Cells. In addition to the requirements for ras and El oncogenes,
efficient initiation of transformation of primary BRK cells by HPV 16
also requires glucocorticoid hormones (19, 20). To determine the role
of glucocorticoids in the continued growth of such transformed cells,
we examined five cell lines derived from randomly selected colonies
for growth in the presence and absence of hormone. As can be seen by
the data in Table 1, cells of all the transformed clones except clone 1
grew much more rapidly in the presence of dexamethasone. Hormone-

requirement for growth has also been observed for an additional three
HPV 16-transformed colonies (26). Therefore, only one of all the

colonies that were examined failed to maintain a requirement for
hormone. Note that the requirement for glucocorticoids for growth
was specific for HPV 16 plus activated ras-transformed cells, whereas
the growth of BK virus (another human papovavirus) plus /-OS-trans

formed cells was inhibited by the presence of this hormone (Table 1).
DNA and RNA Analysis of Hormone-requiring Cells. Next, we

studied in detail the five cell lines transformed by HPV 16 DNA in the
presence of dexamethasone to learn more of the hormone dependence
for clones 2 to 5 and the absence of hormone requirement for clone 1.
High molecular weight DNA from the 5 cell lines was isolated and
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Table l. Ratio of growth rate's of transformai RRK cells in the presence anil absence

of dexamethasone
Bam HI
234

BamHI and Pstl
5 M11 2 3 4 5 16

Transformed cell line I 5 BK + EJ 3i 4i

( + DeX/-DCX) growth" 0.6 2.4 5.3 5.8 7.4 lux 0.8 0.4
" Cells were grown with and without ( + and -) 10~f>Mdexamethasone (Dex). passaged

every second day for o days, and maintained at the same density with each passage. The
cumulative growth was determined by counting of duplicate plates al each passage for a
total of 3 passages. The ratio of <+Dex/-Dex) was determined as the total number of cells
grown in the presence of dexamethasone over the 6-day divided by the total number of

cells grown in the absence of dexamethasone for the same period. As a control, cells
transformed by a combination of BK virus DNA plus ras oncogene (BK + EJ; RÃ©f.40)
were grown in the same manner. The cell lines are as in Fig. 1.

examined by Southern blotting. The larger than full-length HPV 16

DNA for Xhal enzyme that does not cleave HPV 16 revealed integra
tion. The major product for BamH\, which cleaves once, was the
full-length viral DNA. This indicates tandemly repeated DNA rather

than a single copy that would be disrupted by integration. The ÃŸÂ«wHI
and Psil results affirm that the tandemly repeated full length DNA is
not internally rearranged. These results were found in all the trans
formed cell lines (Fig. IA). Northern blot analysis of total cellular
RNA revealed that viral RNA was expressed in all the transformed cell
lines (Fig. 2). However, the amount of viral RNA was significantly
lower for clone 1. In addition to the lower level, the patterns of these
mRNAs appeared to be somewhat different for clone 1 and more
different for the CaSki human cervical carcinoma cell line (2). The
difference in the size of viral RNA of the transformed cells as com
pared to CaSki could be species specific. Primer extension analysis
was used to determine whether viral RNA transcripts for the HPV 16
early promoter were initiated from the expected P97 site, as in CaSki
(5). The results (Fig. 3) show that the sites of initiation of viral RNA
transcripts are identical to those expected for clones 2-5. However, no

major primer extension product could be detected for clone 1.
Growth and Cellular Properties of Non-Hormone-requiring

Cells. As mentioned above, growth for one of the transformed colo
nies, clone 1, did not require hormone (Table 1). Interestingly, the
Northern blot and primer extension analyses also revealed differences
in transcription of viral RNA for this clone (Figs. 2 and 3). To examine
whether there were similar correlations of changes in growth pheno-

type and in transcription of viral RNA for cell lines that had been
initially hormone requiring, clone 3 and 4 cells were maintained in
medium without the hormone. After an initial approximate 15-day

period of crisis during which most of the cells did not survive, viable
cells were observed and these grew at normal rates after passage 12
following hormone withdrawal. These cells, designated 3i and 4i.
were then propagated without hormone for 23 additional passages. We
next examined the effects of dexamethasone on the growth of these
cells. As can be seen (Table 1), dexamethasone inhibited rather than
stimulated the growth of these cells, similar to control BK + EJ and
clone 1 cells.

We compared the anchorage-independent growth of all the cell lines

to examine whether changes in hormone requirement of these cells
also affects biological properties. For each line 10s cells were assayed

for growth in soft agar. Growth in soft agar was seen for all cell lines
and no significant difference was observed on the basis of requirement
of hormone for growth in liquid medium. We also compared the
ability of these clones to induce tumors in syngeneic rats. Injection s.c.
of 5 X 10'' cells for each cell line into each of two rats resulted in the

appearance of tumors for all the cell lines. All tumors grew rapidly
such that the rats had to be sacrificed before 8 weeks postinjection.
Additionally, injection of as few as 100 cells into each of at least two
rats elicited tumors in some rats. However, as for the growth in soft
agar, no significant difference due to hormone requirement was ob
served.

B

Fig. 1. Southern blot analysis of DNA from transformed BRK cells. High molecular
weight DNA (10 jig) was cleaved with single cleavage site (ÃŸumHI),multiple cleavage
site (ÃŸumlll and Pstl) or noncleavage site (Xhal) restriction enzymes. HPV Ih marker
DNA(KK) pg) was cleaved with Â«Â«mill.flÂ«mlll//'vil. and Â¡ium\\\IXha\. A. DNA from cell
lines I to 5 grown in the presence of 10 '' Mdexamelhasone. lÃ¬.DNA from 3i and 4i cells

that do not require hormone and are derived from lines 3 and 4.

To determine whether loss of hormone requirement of the trans
formed cells could be due to the loss of a functional hormone receptor,
we examined the activity of chloramphenicol acetyltransferase under
the control of mouse mammary tumor virus regulatory elements that
require glucocorticoid hormone and its receptor for expression (27).
As can be seen (Table 2), the activity for cells not requiring the
hormone and their hormone-requiring parental cells is 2â€”50-fold

higher when the transfccted cells are grown in the presence of dexa
methasone. Therefore, these experiments suggest that the hormone
receptor is functional in both types of cells.

Viral DNA and RNA in Non-Hnrmone-requiring Cells. To de
termine whether viral DNA status had been significantly modified in
cells that have no hormone requirement, the cellular DNA was ana
lyzed by Southern blot. As shown in Fig. IÃŸ.intact, integrated viral
DNA for both colonies was not apparently altered. Moreover, no
obvious changes in the viral DNA integration could be seen in com
parison with the DNA from hormone-requiring parental cells (Fig. 1,

A and B). However, it could be that because both types of colonies
contain tandemly repeated multiple copies of HPV 16 DNA, minor
changes in a single cellular DNA-proximal copy of actively transcrib-
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15

I 2 3 4 5 3i 4i

B

Fig. 2. Northern hint analysis of RNA from transformed cells. Lanes: numbers as in
Fig. 1 for 5 fig RNA. A, Numbers on the right, positions and sizes in kilohases for 2 Â¿ig
CaSki (2) marker mRNAs. Note that the size and the number of the viral RNA transcripts
in the BRK-transformed cells arc not the same as those in the human cervical carcinoma
cell line CaSki, as expected for expression of viral RNA in cells from different species. B.
cthidium bromide-stained minigels (23) with I /Â¿gof the transformed cell line RNA used

in A.

RNase protection assays were used to further examine quantitative
and qualitative alterations in RNA transcripts associated with changes
in hormone requirement (Fig. 4). The levels of RNA in the hormone
requiring cells was 14- and 26-fold higher for clones 3 and 4 than for

3i and 4i cells, respectively, as determined densitometrically. Signifi
cantly, in the non-hormone-requiring cells 5-6-fold more of the RNA

was spliced, as determined from the unspliced fragments and the

Table 2. Test for functional glucocorticoid receptor in BRK-transformcil cells that
require hormone and cells that do not require hormone"

Hormone
assay

Cell line

Dexamethasone
CAT activity (%) 0.03 0.07 0.01 0.36 0.02 0.16 0.05 2.81

a Cells were plated in medium without dexamethasone 24 h prior to transfection. They

were then transfected with 10 jig of the pMAMneo-CAT plasmid (Clontech) and incu
bated for 48 h with or without ( + or -) dexamethasone. Chloramphenicol acetyltransfer-
ase (CAT) activity was then assayed as described (41). Control background value was
subtracted. The low CAT activities were in the linear range. Very similar results were
obtained by a second independent experiment. No detectable amount of CAT activity was
found for clone 1 in the presence or absence of dexamethasone, possibly due to low
transfection efficiency.

57(i97226^xx'X--I29-1AUK4091

â€”¿�553144-

Ft Ã„" I 3 31 4 4itRNA

Fig. 3. Primer extension analysis of RNA from transformed cells. CaSki and untrans-
formed cell (BRK) RNA are positive and negative controls, respectively. Lanes: numbers
as in Fig. 1. Longest product, 97 bases.

ing viral DNA were not readily detectable. Viral RNA is also ex
pressed in both colonies, as revealed by Northern blot hybridization of
total cell RNA (Fig. 2). However, the amount of viral RNA is much
lower in the cells that do not require hormone. To determine whether
lower level of viral RNA in these cells is correlated with changes in
initiation of transcription of viral RNA, primer extension analysis was
undertaken. The results failed to detect any primer extension products
when total RNA from these cells was used (Fig. 3).

456-

144-

129-

f - -

ÃŽ
Fig. 4. RNase protection assays. Top, diagram of the probe and RNase assay products.

Above the lines, HPV 16 nucleotide numbers; upper solid line, probe; upper dashed lines,
intron; lower dashed lines, spliced fragments; lower solid line, unspliced fragment; num
bers below lop line, product sizes in bases. Boi toni, assay results. Â¡Danes',cell lines RNA,

numbered as in Fig. 2; Pr., undigested probe; tRNA, Escherichia coli tRNA. Numbers on
the left, length in bases of RNA fragments, as in the diagram and as determined from size
markers. Arrowhead, lower mobility unspliced fragment.
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144-hase, spliced fragment (hat is proximal to the E7 open reading
frame. Additionally, there was specifically less of the P97-proximal.
129-base, spliced fragment for clone 1 and 4i cells, relative to CaSki
and clone 4 cells, respectively. Compared with the 144-hase fragment,
there was 23- and 4-fold less 129-base fragment for clone 1 and 4i

cells, respectively.

DISCUSSION

We have shown that growth of HPV 16-transformed BRK cells in

culture requires glucocorticoids (Table 1). This study, together with
our previous reports (19, 26), provides evidence for the important role
of glucocorticoids in the establishment and growth of the transformed
BRK cells by HPV 16 DNA. However, cells which do not require
hormone were readily obtained from multiple cell lines. Whether
genetic and/or physiological changes are occurring after hormone
withdrawal and in the period of crisis is difficult to assess. Changes
occur rapidly; immediately following withdrawal of hormone, most
cells stop growing and detach from the plates, and there are apparently
viable cells after 3 to 6 days. During the first 4 to 6 weeks following
hormone withdrawal the proportion of non-hormone-requiring cells

steadily increases. In addition to these rapid changes following hor
mone withdrawal, we have observed that hormone dependence of the
transformed cells could be lost in much later passages in cells main
tained in medium with hormone and in low passage number cells that
had been frozen. In total, these results may indicate that cells that lose
hormone requirement have a selective advantage for growth. Gluco
corticoids clearly affect growth, both positively and negatively for
different cells (Table 1).

We investigated potential mechanisms for loss of hormone require
ment. Alterations in the function and level of the glucocorticoid re
ceptor have been reported for the mechanism of hormone resistance
for some cells (28, 29), but the functional level of the receptor was not
involved (Table 2). Low transcription levels (Fig. 4) make unlikely
mechanisms in which transcription factors act independently of glu
cocorticoid receptor or in a positively or negatively cooperating fash
ion with the receptor (30). A likely mechanism is seen in the results of
Figs. 2 and 4. These indicate that there are quantitative changes at the
transcriptional level and the RNase protection assays in Fig. 4 indicate
changes at the posttranscriptional level. Clone 1, which demonstrated
spontaneous early passage growth without hormone requirement
(Table 1), had no detectable primer extension products from P97 (Fig.
3) and had very low levels of RNase-protected P97-initiated E7 RNA
(Fig. 4: 129-base, spliced fragment and 456-base. unspliced frag

ment). There was a moderately abundant signal for the E7 open
reading frame-proximal 144-base fragment. Similar to that for clone 1,

the RNase protection assay for 4i RNA displayed significantly less
129-base fragment (Fig. 4). Also, both 3i and 4i cells, as well as clone

1 cells, displayed dramatically reduced amounts of E7 RNA, suggest
ing noninduced levels. However, compared with parental clones they
had a 5- to 6-fold greater proportion of spliced transcripts, as deter
mined dcnsitometrically. Splicing has been associated with polyade-

nylation and cytoplasmic transport of transcripts, and all three of these
factors are thought to be important for efficient transcript utilization
(31, 32). Another item of note is that the electrophoretic migration of
the major unspliced E7 transcript from all the transformed clones, as
compared with that of CaSki cells, had reduced mobility (Fig. 4). This
may be due to factors such as 5 end processing. The nature of this
major unspliced transcript may also be one of the factors involved in
or resulting from dexamethasone-induced posttranscriptional events.

Primer extension analysis failed to identify signals for clone 1 and
3i and 4i cell RNA (Fig. 3). This result may have been due to the lower
sensitivity of this assay as compared with RNase protection. Another

possible mechanism is that the early region transcripts in clones 1, 3i,
and 4i originated from an internal promoter located within the E6/E7
open reading frames. Recent studies have suggested the presence of a
promoter within this region (33). With the primer used in our primer
extension analysis and the probe used in RNase mapping, we would
not be able to detect such transcripts. The results could also be due to
the greatly reduced level of viral transcripts initiated from p97.

Antihormone chemotherapy of cancers arising in steroid target or
gans often fails due to the progression of steroid-dependent cancer
cells to a steroid-independent state (34). Since the effects of these

hormones are mediated by specific receptors, it has been shown for
some tumor cells that the loss of response to the hormones can be due
to the modification or low levels of their respective receptors (28, 29).
However, there are many examples of tumor cells which have func
tional receptors but do not respond to hormones or anti-hormone
therapy (35, 36). Hormone-insensitive but receptor-positive cancer

cells for glucocorticoid/lymphoma (37), estrogen/mammary gland
(38), and androgen and glucocorticoid/mammary tumor cells (39)
have been reported. However, no information is available on the
molecular mechanism by which hormone-insensitive cancer cells with
functional receptors arise from hormone-sensitive parental cells. The
observations for clone 1 and for clones 3i and 4i for BRK-transformed

cells in this report present a novel mechanism for development and
progression to hormone insensitivity. Therefore, the HPV 16-trans

formed BRK cells might represent a good in vitro model system to
study the molecular mechanism of hormone resistance.
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