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The composition and response of the retinoid signaling pathway
in a human cell line (CC-1), representative of a low grade cervical
carcinoma, were evaluated. Reverse-transcriptase polymerase
chain reaction (RT-PCR) analysis demonstrated expression of cy-
toplasmic retinol binding protein, CRBPI, cytoplasmic retinoic
acid binding protein, CRABPII, and nuclear retinoic acid recep-
tors, RARa, RARYy, RXRa, and RXRg, but not CRABPI or
RARS. This pattern is similar to that of the ectocervix. Activation
of endogenous nuclear receptors was evaluated in a reporter sub-
line of CC-1, called CC-B, containing a reporter gene controlled by
a retinoic acid responsive element (RARE) and thymidine kinase
promoter. Retinoid treatment of CC-B resulted in dose-dependent
increases in reporter gene expression. Retinoids inhibited growth
at concentrations greater than 100 nM. 9-cis retinoic acid (1 nM)
significantly stimulated growth. Immunohistochemical analysis of
CC-B organotypic cultures demonstrated a high level of epidermal
growth factor receptor (EGF-R) expression that was decreased by
retinoids. The degree of RARE transactivation induced by reti-
noids significantly correlated with the degree of inhibition of
growth (R = 70.96) and EGF-R expression (R = ~0.92). The dose-
dependent and retinoid-specific responses of CC-1 at the molecular
and biological levels demonstrate the utility of this reporter cell
line for evaluation of retinoid activities. © 1997 Academic Press

INTRODUCTION

Retinoids are a class of drugs, modeled after retinoic acid,
that have demonstrated promise as chemotherapeutic agents
for the prevention and treatment of several types of cancer
including cancer of the cervix [1-7]. World-wide, cervix
cancer is the number one cause of cancer death in women,
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but in the United States, Canada, and Western Europe early
detection of precursor lesions with Papincolaou (PAP) smear
screening programs has greatly decreased the mortality of
this disease [8]. The human papillomavirus (HPV) has been
identified in the vast majority of cervical tumors and is be-
lieved to be an etiologic agent in the development of this
disease. HPV types 16, 18, 31, and 33 are most frequently
found in advanced cancer and are considered to be of the
high risk type [9].

Transfection of type 16 or 18 HPV DNA into normal
epithelial cells induces immortalization (unlimited growth
potential) and increased epidermal growth factor receptor
(EGF-R) expression [10—12]. In normal epithelium, EGF-
Risexpressed in the proliferating basal cellsand is decreased
or not expressed with increasing differentiation of cells to-
ward the mucosal surface[13, 14]. Anincrease in the number
of cells expressing EGF-R is observed in sqguamous intraepi-
thelial lesions (SIL) of the cervix [13, 14]. The higher grade
of SILs exhibit a greater percentage of proliferating cells
and a corresponding increase in the numbers of EGF-R-
expressing cells. This results in a positive correlation be-
tween grade of tumor and EGF-R expression. In invasive
sguamous cervical carcinoma, overexpression of EGF-R has
been associated with biological aggressiveness of the tumor
in some studies [15, 16], but not in others [17, 18].

Retinoic acid either decreases or increases EGF-stimu-
lated growth and EGF-R expression depending on the cell
line and culture conditions [19—-23]. HPV-containing cell
lines overexpress EGF-R and are more sensitive to retinoids
than normal cells [24—27]. In human ectocervical epithelial
(ECE) cells immortalized with HPV 16 (ECE-16), retinoids
inhibit growth and decrease EGF-R numbersto levelssimilar
to that observed in normal ECE cells[24]. Increased sensitiv-
ity of HPV-containing cells may explain the reversal of pre-
malignant lesions and dysplasias of the cervix by topical
retinoic acid [3—7] as well as the regression of cervical
tumors in patients treated with a combination of systemic
retinoic acid and interferon [1, 2]. The clinical effectiveness
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of retinoic acid however is hindered by significant toxicity
[28]. Attempts to improve the therapeutic index of retinoid
treatment have been made by developing selective retinoids
that specifically activate individual retinoic acid receptors.
The effectiveness of this approach can be improved by in-
creasing our understanding of the receptors expressed in
cervical tumor cells and their response to retinoid treatment.

The cellular molecules which bind retinoids consist of
cytoplasmic retinol and retinoic acid binding proteins, CRBP
and CRABP, respectively, as well as two kinds of nuclear
retinoic acid receptors, RAR and RXR [29, 30]. Both RARs
and RXRs have three subtypes, «, £, and vy, that are encoded
by separate genes. The natural ligands which bind to these
receptors are al-trans retinoic acid, which binds to all three
RARs but not the RXRs, and 9-cis retinoic acid, which binds
to both the RARs and the RXRs [31, 32]. RARs function as
heterodimers with RXRs, while RXRs can form homodimers
with other RXR molecules and heterodimers not only with
RARs [29, 30, 33], but also with other homologous nuclear
ligand receptors including the thyroid hormone receptors
(TRa and TRp) [29], the vitamin D receptor (VDR) [29],
the peroxisome proliferator-activated receptor « [34], and
several orphan receptors [35, 36].

Theretinoic acid receptor dimers regulate gene expression
by binding to specific DNA sequence elements found in
retinoid-responsive gene promoters. Each retinoic acid re-
ceptor appears to regulate a different subset of genes [37,
38]. Retinoids modulate the activity of the receptors and
thereby the expression of genes containing the specific DNA
sequence elements termed retinoic acid responsive elements
(RARES). The RARES consist of direct repeats of the con-
sensus sequence purine GG(T/A)CA separated by 1 to five
base pairs [29, 30]. Severa natural cis-acting DNA elements
which confer responsiveness to retinoic acid have been iden-
tified in mammalian genes [29, 30, 39].

The objective of this study was to determine if cultured
cells representative of alow grade cervical carcinoma, CC-
1, can display biologicaly relevant responses to retinoids
that correlate with receptor activity [40].

MATERIALS AND METHODS

Cell Culture and Retinoid Treatment

CC-1 cultures were maintained in Eagle’s minimal essen-
tia media (MEM) containing Earle's salts and L-glutamine
(Cellgro, Mediatech, Herndon, VA) supplemented with
nonessential amino acids, sodium pyruvate, and 10% fetal
bovine serum. Only lots of fetal bovine serum that contain
undetectable concentrations (less than 1078 M) of retinoic
acid as determined by high-performance liquid chromatogra-
phy (HPLC) were used.

All-trans and 13-cis retinoic acid (both from Sigma, St.
Louis, MO) were dissolved in ethanol, and 9-cis retinoic
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acid was dissolved in dimethyl sulfoxide (DM SO). Retinoids
were added to the media from 1000x stocks. Control cul-
tures were treated with the same volume of the appropriate
solvent. The final concentration of solvent in al cultures
was 0.1%, which is not cytotoxic. Media and retinoids were
replenished every 2 days.

Reverse-Transcriptase Polymerase Chain Reaction
(RT-PCR)

RNA was isolated using the Chomczynski/Sacchi method
[41] and cDNA was synthesized with SuperScript reverse
transcriptase (GibcoBRL, Gaithersburg, MD) according to
manufacturer’s instructions. Except for the annealing tem-
peratures and primers listed in Fig. 1, al PCR were per-
formed under the same conditions in a 50-ul reaction con-
taining 5 ul cDNA from reverse transcription, 1.25 U of
Taq DNA polymerase, and the buffer provided. Initial dena-
turation was performed at 94°C for 5 min; followed by 35
cycles of 45 sec at 94°C, 45 sec at the indicated annealing
temperature, and 1 min at 72°C; and ending with one 5-min
cycleat 72°C. The primer sequences were manually selected
to amplify contiguous regions of the genes separated by
introns. Except for the retinoid X receptor a (RXRa) prim-
ers, all sense primers anneal to the C (DNA binding) domain
and al anti-sense primers anneal to the D (hinge) domain.
The reaction conditions that eliminated amplification of non-
specific receptor sequences were determined by varying the
annealing temperatures in reactions containing 5 ng of
cDNA clones. Several RXRa primers designed in this man-
ner exhibited nonspecific amplification of other receptor se-
quences, therefore, a different strategy was used to design
specific primers for this gene. The primer set for RXRa was
designed to amplify a 400-base pair unigue region spanning
from the initiation codon to the C domain; this is a region
which is not homologous with other receptor genes. The
amplified product was tested for specificity by digestion of
the PCR product with the Pvull restriction enzyme which
cuts the specific band at one unique site resulting in two
bands of 142 and 258 base pairs. All experiments were
repeated at least twice and the same results were obtained.
The primers and reaction conditions for specific amplifica
tion of the cytoplasmic proteins previously described were
used [42].

Establishment of CC-B Reporter Cell Line and Southern
Analysis

CC-1 cells were cotransfected with 10 ug of a reporter
plasmid containing the coding sequence of the chloramphen-
icol acetyl transferase (CAT) gene driven by the RARE from
the RARS gene and the thymidine kinase (tk) promoter (5
RARE-tk-CAT) plasmid along with 1 ug of a plasmid con-
taining the neomycin resistance gene pXT1 (Stratagene, La
Jolla, CA). Resistant clones were selected in 400 pg/ml
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G418 and isolated. Genomic DNA isolated from G418 resis-
tant clones was digested with restriction enzymes at Kpnl
and Sphl sequences that flank the 1850-bp region containing
the CAT gene, tk promoter, and RARE. Digested DNA and
known concentrations of parent CAT plasmid also digested
with Kpnl and Sphl were electrophoresed through a 1% aga-
rose gel and transferred to anylon membrane. The membrane
was crosslinked with ultraviolet light, prehybridized, and
subsequently hybridized with a P-labeled CAT coding se-
guence. The blot was washed and autoradiographed.

Transactivation Assay

The CC-B céll line, at a concentration of 4 x 10° cells
per well, was used to inoculated six-well tissue culture
dishes. The cells were alowed to attach and then treated
with retinoic acid or solvent the next day. After 48 hr of
treatment, cell extracts were prepared and CAT activity was
assayed as previously described [43] with the exception that
[®H]acetyl CoA was used. Protein concentrations of the ex-
tracts were determined using the Bio-Rad protein assay
(Bio-Rad, Richmond, CA). In each experiment, the protein
concentrations varied by less than 10% between extracts.
Relative CAT activities were derived by dividing the CAT
activity by the protein concentration. Fold induction was
derived by dividing the relative CAT activity of the treated
culture by that of the control culture. The results presented
are the averages of three independent experiments.

Growth Assay

Six-well tissue culture dishes were inoculated with a con-
centration of 2 X 10* CC-1 or CC-B cells per well. Twenty-
four hours after plating, the media were replenished and
treatment was initiated. After 7 days, the number of cells
per well in the treated and control cultures was determined
using a particle counter (Coulter ZM, Miami, FL). At this
time, neither the cells in the treated nor those in control
cultures had reached saturation density. Percentage growth
was determined by dividing the number of cellsinthe treated
cultures by that in the control cultures and multiplying by
100. Theresults presented are the averages of three indepen-
dent experiments. Proliferation of retinoic acid-treated cul-
tures compared to control cultureswas statistically evaluated
with a one-way analysis of variance using SPSS version 6.1
software.

Organotypic Cultures

A modification to the previously published procedure for
preparing organotypic cultures was made to lessen the tech-
nical difficulty associated with manipulating the collagen
gels [40]. Instead of transferring the gels from six-well
plates onto metal grids, they were alowed to form in 25-
mm Falcon cell culture inserts containing filters that have
0.80-um pores (Becton—Dickinson, Franklin Lakes, NJ).
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When wet, these filters are sufficiently transparent to allow
visualization of the cultures with light microscopy. Inserts
containing the collagen gels were placed in individual wells
of six-well tissue culture dishes containing media. The gels
then remained in the inserts throughout the culturing, fixing,
and dehydrating procedures and were removed from the
inserts prior to paraffin embedding. All procedures were
performed by hand to avoid damage to the cultures which
often occurs with automated procedures. Media and drugs
were replenished every 2 days and processed after 7 days
of treatment. All experiments were repeated twice and eval-
uated using immunohistochemistry as described below with
similar results.

I mmunohistochemistry

Sections (5 pm) of the paraffin-embedded organotypic
culture blocks were stained with a commercially available
anti-EGF-R kit (Biopath, Oklahoma City, OK) according to
manufacturer’ s instructions. Tissue sections from an EGF-R
positive undifferentiated adenocarcinomaof the breast which
showed membrane staining were used as positive control.
The negative control consisted of the same breast carcinoma
incubated with normal mouse |gG and no primary antibody.

Image Analysis

Quantification of EGF-R immunostaining was performed
with the CAS 200 Image Anaysis System (Cell Analysis
Systems, Inc., Elmhurst, IL), equipped with a Quantitative
DNA Analysis software module [44]. The software was cali-
brated using the quantitative EGF-R assay (Oncogene Sci-
ence, Uniondale, NY). The intensity of staining was mea-
sured in two solid-state image-sensing channels, one set to
identify nuclel stained with hematoxylin and the other set
for EGF-R stained with fast red. For each dlide, 10 separate
visual fields were analyzed and the results presented as aver-
ages of picograms of EGF-R protein per cell. All of the
specimens were evaluated in one session with the same cali-
bration settings. The repeat experiment was evaluated sepa-
rately and similar results were obtained. All determinations
were performed in a blinded fashion.

RESULTS

Expression of Nuclear Receptors and Cytoplasmic Binding
Proteins

The specificity of the primers and reaction conditions used
to amplify each nuclear receptor sequence are demonstrated
in Fig. 1. These reaction conditions were used in RT-PCR
analysis of RNA isolated from CC-1 cells cultured in the
presence or absence of 1 uM al-trans retinoic acid (Fig.
2A) or 9-cis retinoic acid (data not shown). RNA isolated
from another cervical tumor cell line, SiHa, which is repre-
sentative of a high grade tumor [40], was also evaluated
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(Fig. 2). Expression of RARa, RARy, RXRa, and RXRS
was observed in the presence and absence of 9-cis or al-
trans retinoic acid in both cell lines. Expression of RARy
was low in CC-1 in comparison to SiHa. Expression of
RARg was not detected (data not shown).

Expression of CRBPI and CRABPII was observed in both
CC-1 and SiHa cells in the presence and absence of 9-cis
or dl-trans retinoic acid (Fig. 2B). Expression of CRBPI
was not detected (data not shown). Expression of CRBPII
could not be evaluated because this gene has not yet been
cloned from human DNA.

Establishment of a Reporter Cell Line

The RARE found in the RAR 3 gene was chosen for this
study because it is transactivated by all-trans retinoic acid
in the presence of RAR homodimers, RAR/RXR heterodim-
ers, and the RXR homodimer [33, 39]. Our first attempts to
evaluate retinoid activation of endogenous receptors using
the SRARE-tk-CAT reporter plasmid in transient transfec-
tion assays resulted in low levels of CAT induction. These
levels did not provide adequate sensitivity to evaluate differ-
ences in transactivation efficiency between retinoids. Since
only a small fraction of cellsin transient assays take up the
transfected DNA [45], it was hypothesized that a subline of

A

12345678910

S 52 TACCACTATGGGGTCAGC 3’
A 5 TCGGTCGTTTCTCACAGAC 3
Annealing at 63°C

RARa

S 5 TACCACTATGGGGTCAGC 3’
A 5 CCTGTCATTCCTGACAGAT 3’
Annealing at 62°C

RARB

S 5 TACCACTATGGGGTCAGC 3
A 5 CCGGTCATTTCGCACAGCT 3
Annealing at 56°C

RARy

S 5 GGCTGGCAAACGGCTA ¥
A 5 TGGCCAGGCACTTCTG ¥
Annealing at 50°C

RXRB

1234

S 5 GGACACCAAACATTTCCTGCC 3
A 5 GATGTGCTTGGTGAAGGAAGCC ¥
Annealing at 64°C

RXRa

FIG. 1. Specificity test of PCR primers. The sense (S) and antisense
(A) primers and annealing temperatures used are listed to the right of each
picture. (A) PCR products obtained with cDNA clones were el ectrophoresed
through 1.5% agarose gels containing ethidium bromide and photographed.
The expected size of the specific bands is approximately 200 bps. Lane 1,
molecular weight markers (1-kb DNA ladder, GibcoBRL, Gaithersburg,
MD; the top band corresponds to 505 bps followed by 396, 344, 288, 220,
201, 154, 134, and 75); lane 2, no DNA negative control; lane 3, RARq;
lane 4, RARS; lane 5, RARYy; lane 6, RXRe; lane 7, RXRgS; lane 8, RXRy;
lane 9, VDR; lane 10, TRa. (B) Lane 1, molecular weight markers; lane
2, no RNA control; lane 3, specific RXRa band amplified from CC-1
cDNA; lane 4, specific RXRa band amplified from CC-1 cDNA digested
with Pwull.
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FIG. 2. Expression of retinoid nuclear receptors and binding proteins
in CC-1 and SiHacell lines. RT-PCR products obtained with cellular cONA
were electrophoresed through 1.5% agarose gels containing ethidium bro-
mide and photographed. Specific primers that amplify nuclear receptors (A)
and cytoplasmic binding proteins (B) were used. In both panels the lanes
are designated as follows: lane 1, 1-kb DNA ladder; lane 2, no RNA
negative control; lane 3, untreated CC-1; lane 4, CC-1 treated with 1 uM
all-trans retinoic acid; lane 5, untreated SiHa; lane 6, SiHa treated with 1
M al-trans retinoic acid.

CC-1 permanently transfected with the reporter gene would
provide a more sensitive assay because 100% of the cells
would contain the transfected DNA. In addition, use of a
reporter cell line would eliminate the variability dueto cellu-
lar trauma resulting from the transfection procedure. There-
fore, the SRARE-tk-CAT plasmid was permanently trans-
fected into CC-1 cells and the presence of the CAT reporter
gene in two of five established clones was demonstrated
with Southern analysis (Fig. 3). Clone 2 (caled CC-B) was
arbitrarily chosen for this study and monitored out to passage
35 with no significant increases or decreases in growth rate
or basal level CAT expression observed (data not shown).

Retinoid treatment of the CC-B cell line resulted in a
dose-dependent induction of CAT reporter activity (Fig. 4).
The degree of induction depended on the isomer and concen-
tration used. At concentrations lower than 10~° M, there was
no significant induction by any of the isomers. The 9-cis
isomer was the most potent of the three retinoids at concen-
trations greater than 10°° M and less than 10 ° M. At the
10°° M concentration, the activities of the 9-cis and all-
trans isomers were similar. The 13-cis isomer exhibited the
weakest activity at all concentrations tested.

Regulation of Growth

The growth rate of CC-1 monolayer cultures treated with
al-trans, 9-cis, or 13-cis retinoic acid was dependent on the
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FIG. 3. Presence of the reporter plasmid in isolated transfectant clones
of CC-1 as demonstrated by Southern analysis. The SRARE-tk-CAT re-
porter plasmid was used as positive control at 10 ng (lane 1), 1 ng (lane
2), and 0.1 ng (lane 3). Genomic DNA was loaded at a concentration of
10 pg from parental CC-1 cultures (lane 4) and from G418 resistant clones
clone 1 (lane 5), clone 2 (lane 6), clone 3 (lane 7), clone 4 (lane 8), and
clone 5 (lane 9). The arrow indicates the location of the 1850-bp band
expected. The upper band is nonspecific.

concentration used (Fig. 5). At 10°° M, the 9-cis isomer
significantly stimulated growth (P < 0.05). At concentra-
tions greater than 10~" M, growth was significantly inhibited
by all three isomers (P < 0.05). CC-B monolayer cultures
exhibited the same growth rate and response to retinoic acid
as the parent CC-1 line (data not shown).

The concentration of 10~° M was chosen for further analy-
Sis because it exhibited the greatest differential in RARE
transactivation by individua retinoids and was significantly
growth inhibitory. To test the efficacy of these assays in
differentiating between retinoids, the activity of 107 M syn-

Fold Induction

BENBROOK ET AL.

140

120

100

£ W All-trans RA
; 80 *
5] | « O 13-cis RA
O 60 & 2 .
H ‘ I 9-cis RA
o 7

40 - J‘ ‘

20 }‘

107 10°°
Molar Retinoic Acid Concentration

FIG. 5. Regulation of CC-1 growth by retinoids. Cultures were treated
with a range of retinoid concentrations or a solvent control. After 6 days
the number of cells per milliliter was counted and percentage growth of
treated in comparison to control cultures determined. (* Growth is statisti-
caly different than the growth of untreated cultures. P < 0.05.)

thetic retinoid [46] in the growth and RARE transactivation
assays was compared to the activities observed for the three
retinoic acid isomers at this concentration. A scatter graph
of retinoid effects on growth versus RARE transactivation
for each retinoid demonstrated a significant correlation of the
two activities with a correlation coefficient of ~0.96 (Fig. 6).
Inhibition of EGF-R Expression in Organotypic Cultures

CC-B organotypic cultures were grown in the presence
or absence of 107° M all-trans, 13-cis, or 9-cis retinoic acid

all trans RA
&— 18 cis RA

—©O— 9 cis RA

10-'* 10'® 10° 108

107

10% 10

Molar Retinoic Acid Concentration

FIG. 4. Transactivation of RARE reporter by endogenous receptors in CC-B cultures treated with retinoic acids. Cultures were treated with a range
of retinoid concentrations or solvent control for 48 hr. Cell lysates were then assayed for CAT activity and the fold induction was determined by dividing

the CAT activity in the treated cultures by that in the control cultures.
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FIG. 6. Correlation of retinoid activities in the RARE transactivation
assay with effects on growth and EGF-R expression. Scatter graphs of
the percentage growth or EGF-R expression versus RARE transactivation
exhibited by cultures treated with each retinoid were drawn and the equa-
tions and correlation coefficients derived using Harvard Graphics 3.0.

or the synthetic retinoid. Expression of EGF-R protein was
measured in these cultures with immunohistochemical and
CAS analysis. Retinoid treatment decreased EGF-R expres-
sion in these cultures to different extents depending on the
retinoid used. A scatter graph of retinoid effects on EGF-
R expression versus RARE transactivation demonstrated a
statistically significant correlation of the two activities with
acorrelation coefficient of ~0.92 (Fig. 6). Retinoid activities
in growth and EGF-R assays also correlated although with
a lower, less significant correlation coefficient of 0.83.

DISCUSSION

In this study, we demonstrate the biologically relevant
composition and response of the retinoid signaling pathway
in the CC-1 cervical tumor cell line. In normal cervica
epithelia, CRBPI is expressed throughout all cell layers, and
CRABPI expression is inversely correlated with differentia-
tion [47, 48]. Although CRABPII expression has not been
evaluated in cervical epithelia, its expression in skin equiva-
lent was observed to be enhanced with differentiation [49].
Therefore, CRBPI and CRABPII expression, but lack of
CRABPI expression in CC-1 is consistent with what would
be expected of a cell line capable of differentiation [40].

The expression patterns of nuclear retinoic acid receptors
in agiven cell type will dictate its specific response to reti-
noid treatment. Alterations in the expression pattern could
result in deregulation of growth and differentiation which
would contribute to tumorigenic progression. In agreement
with this, loss or decreased expression of RARS has been
observed in tumors of the lung, oral cavity, and mammary
gland [50-53]. In normal ectocervical epithelium, however,
RARS is not expressed, while other receptors, RAR«,
RXRa, and RXRg, and to a lesser extent RARy are ex-
pressed [54]. The expression profile of nuclear retinoic acid

119

receptors that we observed in CC-1 cells is the same as that
observed in normal ectocervix [54]. Thissimilarity to normal
cervix and to another cervical tumor cell line, SiHa, demon-
strates that CC-1 exhibits a biologically relevant pattern of
receptor expression.

Activation of the nuclear receptors was demonstrated by
a retinoid-specific and dose-dependent transactivation of a
RARE in a stable transfectant of CC-1. The use of areporter
cell line represents a more biologically relevant assay for
receptor activation than transient transfection assays. In the
reporter line, both the receptors and the DNA encoding the
RARE arein amore natural state, because promoters located
in chromatin and endogenous receptors are evaluated. On
the other hand, in transient transfection assays the receptors
are overexpressed from cDNA clones and the promoters are
located in naked DNA.

The concentrati on-dependent stimulation versus inhibition
of growth observed with 9-cis retinoic acid echoes previous
reports. This growth pattern was aso observed for anchor-
age-independent growth of norma human keratinocytes
treated with retinoic acid [26]. A biphasic concentration-
dependent effect of retinoic acid on growth was aso ob-
served in monolayer cultures of prostate carcinoma cell lines
[55]. Therefore, the dose of retinoids given may be critical
for clinical use of these agents. The in vitro data suggest
that the traditional strategy of Phase | trias, to determine
the maximally tolerated dose, may not be appropriate for
optimizing retinoid chemotherapies.

The opposite effects of low and high concentrations of
retinoic acid on CC-1 growth rate may be due to differing
levels of RARE transactivation and AP1 transrepression.
The ability of retinoids to inhibit transactivation of APL
sequencesis a potential mechanism for retinoid growth regu-
lation. This inhibition occurs through a retinoid-dependent
physical interaction of the retinoid receptors with the tran-
scription factors that transactivate AP1 sequences, cJun and
cFos [56]. Synthetic retinoids which retain AP1 transrepres-
sion activity but lack the RARE transactivation activity (dis-
sociating retinoids) inhibit anchorage-independent growth of
Ki-ras-transformed 3T3 cells [57]. This demonstrates that
the anti-APL activity of retinoids contributes to the mecha-
nism of growth inhibition. It does not, however, eliminate
the possibility of a contribution by the RARE transactivation
activity of retinoids to the mechanism of growth inhibition.

EGF-Risapotential candidate for the mediator of retinoid
and HPV regulation of growthin cervical cells. Thishasbeen
evaluated in the C4-1 cervical carcinoma cell line which
expresses high levels of EGF-R [58]. The rapid growth rate
of thisline is dependent upon expression of the viral E6 and
E7 genes [59]. EGF-R expression levels in C4-1 have been
shown to correlate with the growth rate but not with expres-
sion of E6 and E7 [58]. Therefore, the high levels of EGF-
R expression observed in HPV-infected cells may be a con-
seguence of increased proliferation and not directly caused
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by HPV. This is reminiscent of the correlation of EGF-R
expression and proliferation in higher grades of SIL of the
cervix [14, 15]. The CC-1 cell line expresses high levels of
EGF-R that are decreased by treatment with 107 M retinoic
acid. This demonstrates a biologically relevant response of
CC-1 and indicates clinical potential for the use of retinoic
acid to inhibit tumor growth.

In conclusion, the complex interplay of factors involved
in growth regulation by retinoids needs to be evaluated in
the target cells for which these drugs are being developed.
The CC-1 cell line provides a representation of a low-grade
cervical carcinoma that exhibits biologically relevant re-
sponses to retinoids. The degree of these biological re-
sponses correlates in a statistically significant manner with
activities of the retinoids at a molecular level. Future studies
utilizing this cell line will provide further insight into the
mechanism of tumor cell growth inhibition by retinoic acid.
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