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A B S T R A C T  

Retinoids are potent regulators of epithelial cell growth and differen- 
tiation. Recently, they have been demonstrated to be effective in the treat- 
ment of preneoplastic cervical lesions in which human papillomavirns 
(HPV) is expressed. To better understand the mechanism of the antineo- 
plastic effect of retinoic acid on HPV-positive cells, the effects of retinoic 
acid on both normal and HPV-immortalized human ectocervical epithelial 
cell growth, epidermal growth factor (EGF) receptor level, and EGF re- 
ceptor function were investigated. Both HPV-immortalized cells 
(ECE16-1) and normal ectocervical cells (ECE cells) are growth stimu- 
lated by EGF. ECE16-1 but not normal ectocervical epithelial cells are 
growth inhibited by trans-retinoic acid which attenuates the stimulatory 
effect of EGF on ECE16-1 cell growth. Retinoic acid reduces both EGF 
binding and EGF receptor protein levels in ECE16-1 cells but not in 
normal ectocervical cells. 

The reduction in EGF receptor binding and receptor protein levels in 
ECE16-1 cells is not associated with the induced secretion of a soluble 
EGF receptor ligand, altered EGF receptor affinity, receptor internaliza- 
tion, or decreased receptor stability. Interestingly, the level of EGF recep- 
tors is consistently elevated in the ECE16-1 cell line as compared to 
normal ectocervical epithelial cells. 

Investigation of a second HPV-immortalized cell line (ECE16.D1) and 
two other HPV-positive cervical carcinoma cell lines revealed similar el- 
evated EGF-binding capacity and regulation by retinoic acid. In contrast, 
two HPV-negative cervical carcinoma cell lines demonstrated various 
EGF-binding levels but demonstrated no significant loss of EGF binding 
following retinoic acid treatment. Other normal cells and an SV40 large 
T-antigen-immortalized foreskin keratinocyte cell line, KER.1, had EGF 
receptor levels similar to the normal ectocervical epithelial cells, and no 
regulation by retinoic acid was observed. These data indicate that HPV 
immortalization may increase EGF receptor levels in eetocervical cells, 
elevating their sensitivity to growth stimulation by EGF, and that retinoic 
acid can possibly attenuate this increased responsiveness to EGF. 

I N T R O D U C T I O N  

The cervix is a specialized area of the uterus and is composed of 
two regions, the endocervix which adjoins the main body of the 
uterus and the ectocervix which adjoins the vagina. The epithelial 
lining of the cervix normally undergoes proliferation and differentia- 
tion during the menstrual cycle due to the influence of the sex ste- 
roid hormones (1). HPV 3 infection of the cervical epithelium is 
thought to be causally associated with development of cervical car- 
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cinoma. Little is known about the mechanisms involved in the trans- 
formation and progression of normal cervical cells to cervical cancer. 
The presence of high-risk papillomavirus (HPV 16, 18, and 33) 
DNA in intraepithelial neoplasias and carcinomas of the cervix 
strongly suggests an important role of this virus in the development 
of cervical cancer (2-5). Transfection of normal human keratinocytes 
and cervical cells with either HPV 16 or 18 results in the establish- 
ment of immortalized cell lines (6, 7). The immortalization by HPV 
is accomplished by a specific integration process in which the ex- 
pression of the E6 and E 7  genes is selectively maintained (8-12). 
The HPV viral proteins, E6 and E7, interact with and disrupt the 
normal functioning of the protein products of two important tumor 
suppressor genes, the p53 and retinoblastoma (RB) genes (13, 14). 
Although the interaction of E6 and E 7  with these two cellular onco- 
genes seems to be essential for in vitro cellular transformation (15), 
other HPV alterations in normal cervical cell processes such as HPV- 
induced changes of cervical cell responsiveness to endogenous 
growth factors could be important in this process. EGF receptors are 
found in many cell types and abnormal expression or function of the 
EGF receptor may be involved in the initiation and progression of 
several malignant cancers (16-18). Increased EGF receptor expres- 
sion was detected in 100% of the lung, vulval, and cervical carcino- 
mas examined (19, 20). Although no direct evidence presently exists, 
elevated EGF receptor expression may be an important factor in the 
genesis of these epithelial cancers, including cervical cancer. 

Retinoids are known to be important regulators of epithelial cell 
growth and differentiation in vitro and in vivo (21-26). Vitamin A 
deprivation in vivo results in the conversion of the normal mucus- 
producing endocervical epithelium to a squamous-like metaplastic 
epithelium which is readily reversed by replacement therapy (27, 
28). Retinoids have also been shown to have an antineoplastic effect 
on many virally and chemically induced neoplasias (29-33). Re- 
cently, retinoic acid has been found to reverse some preneoplastic 
cervical lesions and dysplasias (34-38), demonstrating that retinoic 
acid may be effective in preventing and treating cervical cancers. It 
has been suggested that retinoids maintain normal ectocervical epi- 
thelium function while inhibiting the proliferation of HPV- 
transformed cells (7). Although retinoic acid is an important antineo- 
plastic drug, there is limited knowledge of the molecular 
mechanisms responsible for the effect. Since retinoic acid has also 
been shown to modulate the level of receptors for EGF (39), we ex- 
amined the effect of trans-retinoic acid on cell growth and EGF re- 
ceptor expression and activity in both normal cells and an HPV 16- 
immortalized cervical cell line, ECE16-1 (6). 

M A T E R I A L S  AND M E T H O D S  

Cysteine-free RPMI-1640, Dulbecco's modified Eagle's medium, Ham's 
F12 medium, and fetal bovine serum were purchased from Gibco (Gaithers- 
burg, MD). Tissue culture plastic was obtained from Falcon (Lincoln Park, NJ). 
The anti-phosphotyrosine antibody PY-20 and human recombinant EGF used 
in cell cultures were obtained from UBI (Lake Placid, NY). [35S]Cysteine and 
carrier-free NalZSI were obtained from Amersham (Arlington Heights, IL). 
trans-Retinoic acid was obtained from Sigma (St. Louis, MO). Goat anti- 
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mouse secondary antibody was obtained from NEN (Wilmington, DE). Anti- 
serum for the EGF receptor, EGF-R1 originally described by Waterfield et al. 

(40), was purchased from Amersham. 
Cell Culture. Normal human ECE cells were grown using 6~ 

3T3 feeder cell layers by the method of Rhienwald and Green (41) as previ- 
ously described, and all experiments were performed on fourth-passage cells 
from several patient samples. The ECE16-1 cells (6), normal ECE cells (42), 
ECE16-D1 cells (42), normal foreskin keratinocytes (41), and KER-1 cells (43) 
were cultured as described previously. The CaSki cells were grown in the same 
medium as the normal ECE cells, except for the omission of EGE A431 and 
ME180 ceils were grown in DMEM/F12 (3:1) containing nonessential amino 
acids, penicillin (100 units/ml), L-glutamine (2 mM), streptomycin (100 txg/ml), 
and adenine (1.8 x 10-'* M). In addition, the A431 cell medium contained 0.5% 
FCS and 1.5% N-(2-hydroxyethyl)piperazineoN'-2-ethanesulfonic acid, and 
the ME180 cell medium contained 10% FCS. HT3 and C33A cells were grown 
in DMEM/F12 (3:1 ratio) containing 10% FCS, antibiotics, and nonessential 
amino acids. HeLa cells were grown in DMEM medium containing 10% FCS, 
antibiotics, and nonessential amino acids, trans-Retinoic acid was prepared as 
1000-fold stocks in DMSO. For experiments, all cultures were shifted to 
ECE16-1 medium lacking EGF containing only 0.4% DLFCS. Delipidation 
removes endogenous retinoids from the serum. 

Growth Experiments. Ectocervical cells were plated in 24-well plates at a 
density of 1 • 104 cells/well in normal growth medium. Two days after the 
cells were plated, they were switched to 0.4% DLFCS-containing medium with 
the indicated concentrations of human recombinant EGF and/or trans-retinoic 

acid. Control cultures were treated with vehicle alone. Fresh growth factor 
and/or hormone-containing medium were added on alternative days. Duplicate 
wells were harvested with trypsin after a 7-day treatment and counted using a 
Coulter cell counter (model ZBI). 

Metabolic Labeling and Immunoprecipitation of the EGF Receptor. 
Cultures (70% confluent) were treated with either vehicle or the specified 
concentration of trans-retinoic acid in 0.4% DLFCS medium containing l0 
ng/ml EGE After a 2-day treatment, cells were labeled for 2 h in cysteine-free 
RPMI-1640 containing 100/zCi/ml [35S]cysteine. Cell number was quantified 
in replicate dishes not containing isotope. Cell extracts and EGF receptor 
immunoprecipitation were preformed as previously described (44). The im- 
mune complexes were precipitated by protein A, electrophoresed in a 7.5% 
SDS-PAGE gel, dried using a Bio-Rad gel dryer, and then exposed on film at 
-70~ Gels were loaded on the basis of cell number. The relative density of 
the bands was determined on a Sci-Scan 5000 densitometer. 

EGF Binding Assays. Purified human EGF (Collaborative Research) was 
labeled with 125I by the chloramine-T method of Aharonov et al. (45). To 
measure EGF binding, 12SI-labeled EGF was added to 0.5 ml of 0.4% DLFCS 
medium. After a 3-h incubation at 4~ the cells were washed extensively with 

Hank's balanced salt solution and solubilized in 0.2 N NaOH, and the cell- 
associated radioactivity was counted in a gamma counter. Nonspecific binding, 
determined by adding a 1000-fold excess of unlabeled EGF, was 3-6% of the 
total binding and has been subtracted from all points. The average differences 
between duplicate and triplicate wells was <10%. Surface bound and inter- 
nalized EGF were distinguished as previously described (46): ceils that have 
been incubated with 125I-labeled EGF are washed extensively to remove un- 
bound radioactivity; surface bound EGF is eluted with 0.2 M acetic acid-0.5 M 
NaC1, and the internalized EGF is collected in 0.2 N NaOH. 

Immunoblotting. To measure autophosphorylation of the EGF receptor, 
70% confluent cells were treated with 0.4% DLFCS medium-containing ve- 
hicle or the specified concentration of trans-retinoic acid. After 2 days, the 
cells were pulsed for 5 min with 150 ng/ml EGF and immediately solubilized 
in 1-fold Laemmli buffer (47), electrophoresed in a 7.5% SDS-PAGE gel, and 
transferred onto nitrocellulose membranes. The EGF receptor protein was 
detected with the PY-20 anti-phosphotyrosine antibody followed by incubation 
with ~25I-goat anti-mouse secondary antibody and visualized on film. Cell 
number was determined in replicate wells. The level of autophosphorylation 
was normalized to EGF binding in replicate wells (relative autophosphoryla- 
tion unit/fmol EGF bound/cell). 

R E S U L T S  

Effect of  EGF and RA on Cell  G r o w t h .  EGF and RA are impor- 

tant regulators of  cervical cell growth and squamous differentiation. 

Responsiveness  to retinoic acid is heightened by HPV immortal izat ion 

o f  human kerat inocytes  and cervical cells (6, 7). In order  to determine 

whether  HPV immortal izat ion alters ectocervical  cell responsiveness 

to EGF and whether  retinoic acid is able to modulate  this responsive- 

ness, normal  ECE and ECE16-1  cells were  plated at a low density, 

and the effect of  increasing concentrat ions of  EGF, RA, or EGF + RA 

on cell proliferation was determined fol lowing a 7-day treatment (Fig. 

1). EGF was found to stimulate cell proliferation in both cell types, but 

the ECE16-1  cells were  responsive to higher doses of  EGF (Fig. 1.4). 

The m a x i m u m  response dose for the normal  ECE cells was approxi- 

mately 20 ng/ml, whereas  ECE16-1  cells were  further growth stimu- 

lated by 50 ng/rnl E G E  

Retinoic acid caused a dose-dependent  decrease in ECE16-1  but 

not normal  ECE cell growth with a m a x i m u m  reduction of  40 -50% in 

ECE16-1  cell number  after a 7-day treatment (Fig. 1B). Retinoic acid 

t reatment  of  ECE16-1  cells attenuated EGF-st imulated growth even at 

concentrat ions as high as 100 ng/ml EGF, with greater  attenuation 

Fig. 1. Effect of EGF and RA on normal ECE and 
ECE16-1 cell growth. Normal ECE (ll) and ECE 16- 
1(O) cells were plated in 24-well plates at a density of 
1 • 10 4 cells/well. Two days after plating, cell were 
shifted to medium containing 0.4% DLFCS and were 
treated with indicated concentrations of EGF (A), RA 
(B), or EGF + RA (C and D: EGF alone, solid symbols; 
EGF + 10 -7 M RA, open symbols). Fresh growth factor 
and/or retinoid-containing medium was added every 48 
h. The cells were harvested with trypsin, and cell num- 
ber was determined on a Coulter Counter after 7 days. 
This experiment is representative of three separate de- 
terminations. The SE bars are smaller than the symbol 
sizes. 
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occurring at lower EGF concentrations (Fig. 1C). In contrast, retinoic 
acid treatment had no effect on the responsiveness of normal ECE 
cells to EGF (Fig. 1D). 

Regulation of EGF Receptor Protein Levels and EGF Peptide 
Binding by Retinoic Acid. Since EGF-stimulated growth was modu- 
lated by RA in ECE16-1 cells and not in normal ECE cells, the effect 
of retinoic acid on EGF receptor protein levels and EGF binding in 
both normal ECE and ECE16-1 cells was examined. As shown in Fig. 
2, retinoic acid reduces immunoprecipitable EGF receptor protein 
levels by 50-60% in ECE16-1 cells but not in normal ECE cells. This 
reduction in EGF receptor protein levels is associated with a 40-50% 
reduction in EGF binding in ECE16-1 cells following RA treatment. 
Retinoic acid treatment had no effect on EGF binding in normal ECE 
cells (Fig. 2). 

EGF binding was significantly decreased in a dose-dependent man- 
ner only in the ECE16-1 cells, in which half-maximal reduction in 
EGF binding was observed at approximately 10  - 1 ~  M RA (Fig. 3). The 
same treatment resulted in no detectable change in EGF binding in 
normal ECE cells (data not shown). 
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Fig. 2. Regulation of EGF receptor protein levels and EGF peptide binding in normal 
ECE and ECE16-1 cells by RA. Preconfluent cells were treated for 2 days with DMSO 
(open columns) or 10 -7 M RA (hatched columns) in medium containing 0.4% DLFCS. For 
EGF binding, the treated cells were incubated with 12SI-EGF ___ 1000-fold excess unla- 
beled EGF for 3 h at 4~ and specific EGF binding was determined as described in 
"Materials and Methods." For immunoprecipitation, cells were prelabeled with [$35] - 
cysteine followed by solubilization, immunoprecipitation, electrophoresis, and autoradi- 
ography as described in "Materials and Methods." The immunoprecipitates are shown 
above their corresponding EGF-binding data. This experiment is representative of at least 
two separate determinations. Column (bar), mean ( -SE) .  
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Fig. 3. EGF-binding dose response to RA in ECE16--1 cells. Preconfluent ECE16-1 
cells were treated for 2 days with vehicle (DMSO) or specified concentration of RA for 
2 days. EGF-binding assays were preformed as described in Fig. 2. This experiment is 
representative of at least three separate determinations. Column (bar), mean (-+SE). 

Saturation analysis, performed in both cell types after a 2-day 
treatment with vehicle o r  10 -7 M retinoic acid revealed that the affinity 
of the EGF receptor was not significantly altered following retinoic 
acid treatment in either the ECE16-1 cells (Fig. 4) or the normal ECE 
cells (Fig. 5). A slight increase in the number of EGF-binding sites in 
normal ECE cells was detected in this analysis; however, this slight 
increase was not detected in two other normal ECE cell strains ana- 
lyzed. The number of EGF-binding sites of four normal ECE cell 
strains tested ranged from 0.13-0.63 • 105 sites/cell. The analysis of 
the ECE16-1 ceils, however, did confirm the 40-50% reduction in the 
number of EGF-binding sites from 3.71 • 105 sites/cell in control 
cells to 1.92 • 105 sites/cell following a 2-day treatment with 10  - 7  M 

retinoic acid (Fig. 4). 
Possible explanations for a reduction in EGF binding other than 

decreased synthesis of the EGF receptor protein could be that RA- 
induced secretion of a ligand for the EGF receptor, altered internal- 
ization, or stability of the EGF receptor. Therefore, the effects of RA 
on these processes was investigated. Retinoic acid induction of a 
secreted EGF receptor ligand was tested using RA-conditioned me- 
dium from ECE16-1 cells for an EGF-binding assay. EGF binding, in 
the presence of RA-conditioned medium, decreased only in the RA- 
treated ECE16-1 cells (Fig. 6). To check for altered internalization, 
EGF receptor internalization was measured in control and RA-treated 
cells. EGF-binding sites were saturated at 4~ and external v e r s u s  

internalized lzSI-EGF was measured over time at 37~ The internal- 
ization of the EGF receptor was not affected by RA treatment as 
shown in Fig. 7. The half-time for internalization of the EGF receptor 
is approximately 18 min for both the control and RA-treated cells. 

The half-life of the EGF receptor protein in the absence of EGF is 
17-20 h (48). To examine the possibility that the reduction in EGF 
binding was due to altered EGF receptor stability, pulse-chase experi- 
ments were conducted. Control and RA-treated ECE16-1 and normal 
ECE cells were pulsed with [35S]cysteine for 1 h and chased for 15 h 
with nonisotopic cysteine. Immunoprecipitations were preformed at 
the beginning of the chase and at the end of the 15-h period. The 
immunoprecipitates were electrophoresed on SDS-PAGE gels which 
were dried and autoradiographed, and the relative absorbance was 
measured by densitometry. No changes in stability following retinoic 
acid treatment were detected in the normal ECE cells (Table 1). The 
stability of the EGF receptor in the RA-treated ECE16-1 cells was not 
diminished but actually increased over that of the control cells (Table 
1). The results of this experiment indicate that the observed decrease 
in EGF receptor number following retinoic acid treatment is not due 
to decreased stability of the receptor. 

Effect of Retinoic Acid on EGF Receptor Autophosphorylation. 
In order to determine whether RA altered EGF receptor activity as 
well as number, the effect of retinoic acid on EGF receptor autophos- 
phorylation was determined. After the 2-day treatment, both control 
and RA-treated cells were pulsed with a saturating dose of EGF (150 
ng/ml) for 5 min to fully activate tyrosine autophosphorylation. 
Western blotting using PY20, an antibody specific for phosphotyro- 
sine residues, revealed a 170-kDa band which was absent in extracts 
not stimulated with EGE This band was found to be significantly de- 
creased in the RA-treated cells; this decrease paralleled the RA- 
induced decrease of 125I-EGF binding. When the autophosphoryla- 
tion data were corrected on the basis of EGF-binding sites (which 
correlates directly to loss of EGF receptor protein), there was no sig- 
nificant change in the autophosphorlyation capacity of the EGF 
receptor (Fig. 8). 

These experiments demonstrate that (a) HPV-immortalized 
ECE16--1 cells express 2- to 6-fold higher levels of EGF receptors 
than the normal ECE cells, (b) retinoic acid treatment lowers the 
ECE16-1 cell EGF receptor number to levels similar to the normal 

4513 

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/19/4511/2452065/crs0530194511.pdf by guest on 19 M

ay 2023



UJ 
UJ 

Fig. 4. Saturation analysis of EGF binding in lVl " 
control (O) and RA-treated (A) ECE16-1 cells. II 
The EGF-binding assay was preformed as de- 
scribed in Fig. 2, and data were analyzed by the 1'~ 
method of Scatchard. The Kd was similar for con- Z 
trol and RA-treated cells: 5.46 nM with 3.71 X 105 
sites/cell for control cells (correlation coefficient, O 
0.8732) and 5.01 nM with 1.92 X 105 sites/ceU for 
RA-treated cells (correlation coefficient, 0.8780). 
The number of binding sites was decreased by ap- 
proximately 50% in the RA-treated cells as com- 
pared to the control cells. This experiment is rep- 
resentative of at least two separate determinations. 
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ECE cells, and (c)  normal  ECE cell EGF receptor  levels are not 

regulatable by retinoic acid (Fig. 2). These data are consistent with 

reports o f  elevated EGF receptor levels in certain cancers including 

cervical cancer  and suggest  that HPV may  be able to elevate EGF 

receptor  levels in infected ectocervical  cells. To test this hypothesis,  

we  decided to screen other known HPV-positive cell lines, along with 

other normal  and virus- immortal ized cell lines, to determine whether  

this phenomenon  is associated with HPV presence.  

Screening of Retinoic Acid Effects on EGF Binding in O t h e r  

Virus Immortalized, Normal, and Cervical Carcinoma Cell Lines. 
The effect of  retinoic acid on EGF binding was measured  in a second 

HPV-immortal ized cell line called ECE16-D1.  Also measured  were  

several cell types not containing HPV DNA,  including normal human 

foreskin keratinocytes,  KER-1, an SV40 large T-antigen-immortal ized 

human  kerat inocyte  cell line (43), A431,  an squamous  carc inoma of  

the vulva, and two HPV-negative cervical carc inoma cell lines, HT3 

and C33A. Several HPV-positive cervical carc inoma cell lines includ- 

ing the CaSki, HeLa,  and ME180 cell lines were  also included in the 

study for comparison to the HPV-immortal ized cell lines. Cells were  

treated with vehicle and 10 -7 M retinoic acid for 2 days, and EGF- 

binding assays were  performed.  

The second HPV-immortal ized cell line, ECE16-D1,  demonstra ted 

elevated EGF-binding levels and demonstrated significantly altered 

RA regulation as compared  to the normal  ECE cells (Table 2). Normal  

human foreskin kerat inocytes  and the SV40 large T-ant igen-immor-  

talized KER-1 cell line were  chosen because they represent an analo- 

gous sys tem of  virus immortal izat ion to that of  the normal  ECE and 

HPV 16-immortal ized ECE16-1  cells. Both the normal  and the im- 

Fig. 5. Saturation analysis of EGF binding in 
control (0) and R.A-treated (A) normal ECE cells. 
The EGF-binding assay was preformed as de- 
scribed in Fig. 2, and data were analyzed by the 
method of Scatchard. The Kd of control and RA- 
treated cells were not significantly different: 4.54 
nM with 0.616 • 105 sites/cell for control cell (cor- 
relation coefficient, 0.9166) and 4.82 nM with 0.787 
• 105 sites/cell for R_A-treated cells (correlation 
coefficient, 0.8601). This experiment is representa- 
tive of at least two separate determinations. 
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mortalized kerat inocytes had similar EGF-binding  levels which were  

slightly elevated relative to normal ECE cells, and no significant 

change in EGF binding was  detected fol lowing retinoic acid treatment 

(Table 2). A431 cells were  found to have elevated levels of  EGF  

receptors,  even 2- to 3-fold higher than that o f  the HPV-posi t ive  

cervical cell lines, but  the level o f  E G F  receptor  was  not regulated by 

retinoic acid (Table 2). This result was  not unexpected  since the E G F  

receptor  gene is highly amplif ied in this cell line (49). Al though the 

two HPV-negat ive  cervical carCinoma cell lines, HT3 and C33A, 

exhibited various levels of  E C F  binding, neither demonstra ted sig- 

nificant loss o f  EGF  binding fol lowing retinoic acid treatment. Of  the 

three HPV-posi t ive  cell lines tested, two, Caski (HPV16)  and ME180  

(HPV18-re la ted  H P V  type), were  found to have elevated levels o f  

EGF  binding and similar retinoic acid regulation as observed  for 

E C E 1 6 - 1  cells (Table 2). Al though the EGF-binding  levels of  the 

Table 1 Pulse-chase immunoprecipitations of the EGF receptor in control and 
RA-treated normal ECE and ECE16-1 cells 

Preconfluent cell were treated with DMSO (vehicle) and 10 -7 M RA for 2 days. The 
cells were then metabolically labeled with [35S]cysteine for 1 h, followed by a 15-h chase 
with nonisotopic cysteine. Immunoprecipitations were preformed at the beginning and the 
end of the chase period as described in "Materials and Methods." The immunoprecipitates 
were electrophoresised on a SDS-PAGE gel which was subsequently dried and autora- 
diographed. The intensity of the 170-kDa bands were measured by densitometry. The data 
are presented as the absorbance of a 15-hour band divided by the absorbance of the 
corresponding 0-hour band. This experiment is representative of at least two separate 
determinations. 

Relative absorbance units 

Control Retinoic acid 

Cell type 0 h 15 h %15/0 h 0 h 15 h %15/0 h 

ECE16-1 22.83 12.17 53.31 12.57 9.91 78.83 
Normal ECE 15.44 12.41 80.38 14.57 11.11 76.25 
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Fig. 6. Effect of RA-conditioned medium on EGF binding in control (0) and RA- 
treated (A) ECE16-1 cells. Preconfluent cells were treated for 2 days with DMSO (@) or 
the indicated concentrations of RA (A)). An EGF-binding assay was preformed on the 
treated cell monolayers as described in Fig. 2 except that medium from ECE16--1 cells that 
had been treated with the indicated concentration of RA for 2 days was used as the binding 
medium for each EGF-binding determination. This experiment is re 1. -esentative of at least 
three separate determinations. 
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Fig. 7. Distribution of ECE16-1 cell-associated ~25I-EGF over time in control (O) and 
RA-treated (A) cells. Preconfluent ECE16-1 cells were treated with vehicle (DMSO) or 
10 -7 M RA for 2 days. The cells were incubated with aeSI-EGF + 1000-fold excess 
unlabeled EGF for 3 h at 4~ Cell were washed extensively with Hank's balanced salt 
solution to remove unbound lz5I-EGE Fresh binding medium at 37~ was added to the 
wells. Following the indicated incubations at 37~ the medium was remove and counted 
in a gamma counter. The 125I-EGF binding only to surface receptors was measured by 
acid-salt washes (solid symbols), and then NaOH was used to solubilize the cells to 
measure 125I-EGF that was resistant to acid-salt washes (open symbols). This experiment 
is representative of at least two separate determinations. 

TREA TALENT 

CONTROL I 10-~ RA 

l ...... 
RELATIVE OD UNitS 

17.30 8.97 

AUTOPHO$ UNIT$/FMOL EGF BOUND/ I OaCELL$ 

0.77 0.71 

Fig. 8. Autophosphorylation of the EGF receptor in control and RA-treated ECE16-1 
cells. Preconfluent ECE16-1 cells were treated for 2 days with either control o r  10 -7 M 
RA. The cells were then pulsed with 150 ng/ml EGF for 5 min, followed by solubilization, 
electrophoresis, and Western blotting as described in "Materials and Methods." The EGF 
receptor autophosphorylation was detected with PY20 antibody and visualized by a 
125I-labeled secondary antibody and subsequent autoradiography. Densitometric measur- 
ing of the bands was used to determine relative units of EGF receptor autophosphoryla- 
tion. The level of autophosphorylation was normalized to EGF binding in replicate wells. 
The EGF binding was determined as described in Fig. 2. This experiment is representative 
of at least two separate determinations. 

ME180  and the Caski cell lines were  not as dramatical ly decreased at 

10 -7 M R A  as were  the ECE16--1 cells, EGF  binding decreased by 70 

and 45%, respectively,  fo l lowing treatment with 10 -5 M R A  (Table 2). 

None  of  the other cell lines in Table 2 responded further to 10 -5 r~ R A  

treatment. HeLa  cells (HPV18)  were  found to have lower  EGF-bind-  

ing levels than the other HPV-posi t ive  cell lines, and significant al- 

teration of  EGF-binding  levels by  retinoic acid was  not detected 

(Table 2). The variation be tween  the H e L a  cells and the other HPV- 

posit ive cell lines may  be due to the origin o f  the t ransformed cell 

lines or may  indicate different progression pa thways  toward malig- 

nancy. 

D I S C U S S I O N  

Results  o f  this investigation indicate that H P V  type 16 immortal-  

ization of  human ectocervical  epithelial cells may  cause a specific 

increase in the level o f  E G F  receptors  as compared  to normal  ecto- 

cervical cells, poss ib ly  increasing their sensit ivity to growth stimula- 

tion by  E G E  While  having no significant effects on normal ECE cells, 

retinoic acid was  found to decrease E C E 1 6 - 1  cell growth in a dose-  

dependent  manner  and to attenuate EGF-s t imula ted  growth. Ret inoic 

acid was  subsequent ly  found to reduce lz~I-EGF binding as wel l  as the 

level o f  immunoprecipi table  E G F  receptor  protein in the E C E 1 6 - 1  
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Table 2 Effect of RA on 1251-EGF binding in other normal, virus-immortalized, and 
cervical carcinoma cell lines 

The 12~I-EGF binding was determined as described in "Materials and Methods," 
following treatment with either vehicle or 10 -7 M RA for 2 days. 

EGF binding (fmol bound/106 cells) 

RA/control 
Cell type Control Retinoic acid • 100 

ECE16-1  223.8 _ 13.2 a 126.7 ___ 0.68 a 56.6 
Normal ECE 22.9 • 0.96 23.2 _ 1.10 101.3 
ECE16-D1 127.5 • 4.65 90.9 __. 2.20 71.3 
KER-1 78.8 _ 3.40 70.4 • 3.60 89.3 
Human foreskin 

keratinocytes 38.7 --_ 2.10 34.7 +-- 0.42 89.7 
A431 422.0 - 2.15 449.8 --- 1.89 106.6 
H' I3  108.8 ~ 2.70 107.65 • 1.30 98.9 
C33A 2.2 +_ 0.30 3.8 --- 0.20 177.2 
CaSki b 212.5 - 8.80 144.4 __. 2.99 68.0 
ME180 b 225.8 • 10.1 175.8 • 10.9 77.8 
HeLa 54.2 • 2.35 50.1 +- 1.76 92.4 

a Each value is the mean ___ SD of three determinations. 
b Further EGF-binding decrease following treatment with 10 -5 u RA (Caski, 45% 

decrease; ME180, 70% decrease in EGF binding. 

cells. The susceptibility of the ECE16-1 cells to growth inhibition by 
retinoic acid was not unexpected because the initial characterization of 
the ECE16-1 cells revealed heightened sensitivity to retinoids (7). 
These results are consistent with previous reports concerning growth 
regulation by retinoic acid in HPV-positive cell lines (7, 50). In these 
studies, however, growth inhibition was associated with a transient 
decrease in E6 and E7 expression. In ECE16-1 cells, appreciable 
retinoic acid suppression of E6 and E7 transcription has not been 
detected. 4 This discrepancy may be attributed to the differences in cell 
type or the HPV DNA unit integrated in the genome. This does not 
rule out the possibility of E6, E7, and/or other HPV proteins being 
involved in the altered regulation by retinoids. It has been suggested 
that retinoic acid can induce secretion of latent TGF-/3 or a block in 
the cell cycle (25, 26). We previously demonstrated that TGF-13 causes 
a profound decrease of ECE16-1 cell growth with a dramatic en- 
hancement differentiation and a coinciding increase in the levels of 
EGF receptor (51). Other data, which show opposing effects of reti- 
noic acid and TGF-/3 on ECE16-1 cell differentiation, transglutamin- 
ase activity, cornified envelope formation, and keratin profiles, sug- 
gest to us that TGF-/3 ia not an active intermediate following retinoic 
acid treatment in ECE16-1 cells (6, 51). 

Previous studies of retinoic acid regulation of EGF receptor expres- 
sion have yielded heterologous results depending on cell type and 
culture conditions (52-55). However, it has been shown that the EGF 
receptor promoter contains a thyroid hormone response element to 
which the receptor for retinoic acid is able to bind and regulate 
transcription, both alone and in concert with thyroid hormone receptor 
(56). Modulation of the level of EGF receptors could subsequently 
increase or decrease the sensitivity of the cell to EGF, which could be 
an important factor in growth regulation. In ECE16-1 cells, retinoic 
acid was found to decrease the level of EGF receptor protein and EGF 
binding in a dose-dependent manner but not in normal ECE cells. 
Scatchard analysis confirmed these results and indicated no change in 
the affinity of the receptor after retinoic acid treatment. The number of 
EGF-binding sites per cell found in the normal cells are comparable to 
those found for epidermal keratinocytes (57). The number of EGF- 
binding sites in the immortalized ECE16--1 cells is about 6-fold higher 
than the normal ECE cells but approximately 4-fold less than reported 
for A431 cells, to which normal concentrations of EGF are toxic (57). 
Retinoic acid treatment of ECE16-1 cells caused no change in EGF 
receptor autophosphorylation or internalization but an increase in EGF 
receptor stability. The binding of a ligand to the EGF receptor would 

4 R. L. Eckert, personal communication. 

decrease the stability of the receptor. Under control conditions, the 
ECE16--1 cells might be producing a ligand for the EGF receptor, 
causing rapid turnover of the receptor. The increased stability with 
retinoic acid treatment may indicate that not only can RA reduce EGF 
receptor number but also may interfere with the production of this 
putative ligand, but further studies (in progress) are necessary to 
clarify this observation. Retinoic acid treatment did not induce the 
secretion of soluble ligand for the EGF receptor; although membrane- 
bound EGF receptor ligands have not been excluded, it is unlikely 
based on the stability data. Therefore, we postulate that retinoic acid 
is directly regulating the level of EGF receptor protein expression. 
Further investigations, such as mRNA studies, will be necessary to 
confirm or disprove this hypothesis. 

In a previous study, retinoic acid decreased EGF receptor levels in 
ME180 cells (56), an HPV-positive cervical carcinoma cell. This 
decrease in EGF receptor protein levels was found to be caused by 
decreased transcription of the EGF receptor gene (58). Our screening 
of other HPV-positive cell lines revealed that ME180 ceils as well as 
CaSki cells had elevated EGF-binding capacity similar to ECE16-1 
cells and that binding decreased similarly with retinoic acid treatment. 
A second HPV 16-immortalized cell line, ECE16-D1, also demon- 
strated elevated EGF-binding levels and altered RA regulation as 
compared to the normal ECE cells. Other normal cells (human fore- 
skin keratinocytes) and an SV40 large T-antigen-immortalized ker- 
atinocyte (KER-1) screened revealed 2- to 4-fold less EGF-binding 
capacity than the two HPV-positive cells, and no dramatic regulation 
by retinoic acid was detected. Although both the SV40 large T-antigen 
and the immortalizing HPV E6 and E7 proteins interact with p53 and 
retinoblastoma, they do so in a different manner. For example, SV40 
large T-antigen binds to p53 and increases the stability and half-life of 
p53 in cells (59). In contrast, HPV E6 interacts with p53 and in vitro 

causes p53 to be degraded, possibly depleting the cell of p53 (59). 
Therefore, it is not surprising that the HPV 16- and SV40-immortal- 
ized cell lines behave differently. Also, the two HPV-negative cell 
lines which had various levels of EGF binding did not demonstrate 
significant loss of EGF binding following retinoic acid treatment. 

Since retinoic acid is able to reverse some cervical lesions and has 
been used clinically to treat cervical cancers of which a large percent- 
age are HPV positive (2-5), understanding the effects of retinoic acid 
on normal and HPV-immortalized cervical epithelial cells is of great 
importance. The observation that the HPV-immortalized ECE16--1 
cells have higher levels of EGF receptors than their normal counter- 
parts and that retinoic acid is able to decrease this elevated level of 
EGF receptor and inhibit their growth may in part explain why reti- 
noids are effective agents in treating HPV-positive cervical lesions. 
Also, the EGF receptor levels and retinoid regulation observed in a 
second HPV-immortalized cell line and two HPV-positive cervical 
carcinoma lines indicate that the EGF receptor levels and retinoid 
regulation of these levels in these cells are similar to those of the 
ECE16--1 cells. These data indicate that the elevation of EGF receptor 
levels in the HPV type 16-immortalized cell line ECE16--1 as com- 
pared to normal ectocervical cells and the altered regulation of EGF 
receptor levels by retinoic acid in ECE16-1 cells could be of biologi- 
cal importance, and further studies are necessary to discern the exact 
mechanisms responsible for this regulation. 

ACKNOWLEDGMENTS 

We are grateful to Dr. Cathy Carlin, Dr. Richard L. Eckert, and Dr. Paul C. 
Howard for providing us with many helpful suggestions and critically review- 
ing the manuscript. Also, we are thank_ful to C. K. Choo and Dr. Richard L. 
Eckert for providing us with the ECE16-D1 cell line. 

4516 

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/19/4511/2452065/crs0530194511.pdf by guest on 19 M

ay 2023



RA EFFECTS ON NORMAL AND HPV-IMMORTALIZED ECE CELLS 

REFERENCES 

1. Reagan, J. W., and Fu, Y. S. The uterine cervix. In: S. G. Silverberg (ed.), Principles 
and Practice of Surgical Pathology, Vol. 2, pp. 1219-1263. New York: Wiley and 
Sons, 1983. 

2. zur Hausen, H. Papillomaviruses in human cancers. Mol. Carcinogen., 1: 147-150, 
1988. 

3. Boshart, M., Gissmann, L., Ikenberg, H., Klienheinz, A., Scheurlen, W., and zur 
Hausen, H. A new type of papillomavirus DNA, its presence in genital cancer biopsies 
and in cell lines derived from cervical cancer. EMBO J., 3: 1151-1157, 1984. 

4. Durst, M., Gissmann, L., Ikenberg, H., and zur Hausen, H. A papillomavirus DNA 
from a cervical carcinoma and its prevalence in cancer biopsy samples from different 
geographic regions. Proc. Natl. Acad. Sci. USA, 80: 3812-3815, 1983 

5. Lorincz, A. T., Lancaster, W. D., and Temple, G. E Cloning and characterization of 
the DNA of a new human papillomavirus from a women with dysplasia of the uterine 
cervix. J. Virol., 58: 225-229, 1986. 

6. Agarwal, C., Rorke, E. A., Irwin, J. C., and Eckert, R. L. Immortalization by human 
papillomavirus type 16 alters retinoid regulation of human ectocervical epithelial cell 
differentiation. Cancer Res., 51: 3982-3989, 1991. 

7. Pirisi, L., Batova, A., Jenkins, G. R., Hodam, J. R., and Creek, K. E. Increased 
sensitivity of human keratinocytes immortalized by human papillomavirus type 16 
DNA to growth control by retinoids. Cancer Res., 52: 187-193, 1992. 

8. Cripe, T. P., Haugen, T. H., Turk, J. P., Tabatabai, T. E, Schmid, P. G., III, Durst, M., 
Gissmann, L., Roman. A., and Turk, L. P. Transcriptional regulation of human 
papillomavirus type 16 E6-E7 promoter by a keratinocyte-dependent enhancer, and by 
viral E2 transactivator and repressor gene products: implications for cervical carci- 
nogenesis. EMBO J., 6: 3745-3753, 1987. 

9. Schwarz, E., Freese, U. K., Gissmann, L., Mayer, W., Roggenbuck, B., Stremlau, A., 
and zur Hausen, H. Structure and transcription of human papillomavirus sequences in 
cervical carcinoma cells. Nature (Lond.), 314: 111-114, 1985. 

10. Schnieder-Gadicke, A., and Schwarz, E. Different human cervical carcinoma cell lines 
show similar transcription patterns of human papillomavirus type 18 early genes. 
EMBO J., 5: 2285-2292, 1986. 

11. Shirasawa, H., Tomita, Y., Sekiya, S., Takamizawa, H., and Simizu, B. Integration and 
transcription of human papillomavirus type 16 and 18 sequences in cell lines derived 
from cervical carcinomas. J. Gen. Virol., 68: 583-591, 1987. 

12. Baker, C. C., Phelps, W. C., Lindgren, V., Braun, M. J., Gonda, M. A., and Howley, 
P. M. Structural and transcriptional analysis of human papillomavirus type 16 se- 
quences in cervical carcinoma cell lines. J. Virol., 61: 962-971, 1987. 

13. Dyson, N., Howley, P. M., Munger, K., and Harlow, E. The human papillomavirus-16 
E7 oncoprotein is able to bind the retinoblastoma gene product. Science (Washington 
DC), 243: 934-937, 1989. 

14. Werness, B. A., Levine, A. J., and Howley, P. M. Association of human papillomavirus 
types 16 and 18 E6 proteins with p53. Science (Washington DC), 248: 76--79, 1990. 

15. Munger, K., Phelps, W. C., Bubb, V., Howley, P. M., and Schleegel, R. The E6 and 
E7 genes of the human papillomavirus type 16 together are necessary and sufficient 
for transformation of primary human keratinocytes. J. Virol., 63: 4417-4421, 1989. 

16. Stoscheck, L. M., and King, L. E. Functional and structural characteristics of EGF and 
it's receptor and their relationship to transforming proteins. J. Cell. Biochem., 31: 
135-152, 1986. 

17. Downward, J., Yarden, Y., Scrace, G., Totty, N., Stochwell, P., Ullrich, A., Schess- 
inger, J., and Waterfield, M. D. Close similarity of the epidermal growth factor 
receptor and v-erb-B oncogene protein sequence. Nature (Lond.), 307: 521-527, 
1984. 

18. Ullrich, A., Coussens, L., Hayrick, J. S., Sull, T. J., Gray, A., Tam, A. W., Lee, J., 
Yarden, Y., Liebermann, T. A., Schlessinger, J., and Seeburg, P. H. Human epidermal 
growth factor receptor cDNA sequence and aberrant expression of the amplified gene 
in A431 epidermoid carcinoma cells. Nature (Lond.), 309: 418-425, 1984. 

19. Ozanne, B., Richards, C. S., Hendler, F., Burns, D., and Gustercon, B. Growth factors 
in relation to epithelial neoplasias. J. Pathol., 146: 289, 1985. 

20. Gullick, W. J., Marsden, J. J., Whittle, N., Ward, B., Bobrow, L., and Waterfield, M. 
D. Expression of EGF receptor on human cervical ovarian and vulval carcinomas. 
Cancer Res., 46: 285-292, 1986. 

21. Roberts, A. B., and Sporn, M. B. Cellular biology and biochemistry of the retinoids. 
In: M. B. Sporn, A. B. Roberts, and D. S. Goodman (eds.), The Retinoids, Vol. 2, pp. 
209-287. New York: Academic Press, 1984. 

22. Elias, P. M., and Williams, M. L. Retinoids, cancer, and the skin. Arch. Dermatol., 
117: 160-180, 1981. 

23. Wolf, G. Multiple functions of vitamin A. Physiol. Rev., 64: 873-937, 1984. 
24. Sporn, M. B., and Roberts, A. B. Role of retinoids in differentiation and carcinogen- 

esis. Cancer Res., 43: 3034-3040, 1983. 
25. Choi, Y., and Fuchs, E. TGF-/3 and retinoic acid: regulators of growth and modifiers 

of differentiation in human epidermal cells. Cell Regul., 1: 791--809, 1990. 
26. Batova, A., Pirisi, L., and Creek, K. E. Retinoic acid induces the secretion of latent 

transforming growth factor beta in normal and human papillomavirus type 16 im- 
mortalized human keratinocyte. Proc. Am. Assoc. Cancer Res., 31: 56, 1990. 

27. Wolbach, S. B., and Howe, P. R. Tissue changes following deprivation of fat soluble 
vitamin A. J. Exp. Med., 42: 753-778, 1925. 

28. Wolbach, S. B., and Howe, P. R. Epithelial repair in recovery from vitamin A 
deficiency. J. Exp. Ivied., 57: 511-526, 1933. 

29. McMicheal, H. Inhibition of growth of Shope rabbit papilloma by hypervitaminosis 
A. Cancer Res., 25: 947-955, 1965. 

30. Athar, M., Agarwal, R., Wang, Z. Y., Lloyd, J. R., Bickers, D. R., and Mukhtar, H. 
All-trans retinoic acid protects against conversion of chemically induced and ultra- 
violet B radiation-induced skin papillomas to carcinomas. Carcinogenesis (Lond.), 
12: 2325-2329, 1991. 

4517 

31. Peck, G. L. Chemoprevention of cancer with retinoids. Gynecol. Oncol., 12 (Suppl.): 
s331-s340, 1981. 

32. Hill, D. L., and Grubbs, C. L. Retinoids as chemopreventative and anticancer agents 
in intact animals (review). Anticancer Res., 2: 111-124, 1982. 

33. Verma, A. K., Shapas, B. G., Rice, H. M., and Boutwell, R. K. Correlation of 
inhibition by retinoids of tumor promoter-induced mouse epidermal ornithine decar- 
boxylase activity and of skin tumor promotion. Cancer Res., 39: 419-425, 1979. 

34. Rornney, S. L., Palan, P. R., Duttagupta, C., Wassertheil-Smoller, S., and Lucido, D. 
Retinoids and the prevention of cervical dysplasias. Am. J. Obstet. Gynecol., 141: 
890-894, 1981. 

35. Meyskens, E L., and Surwit, E. S. Clinical experience with topical tretinoin in the 
treatment of cervical dysplasia. J. Am. Acad. Dermatol., 15: 826--829, 1986. 

36. Meyskens, F. L., Graham, V., Chvapil, M., Dorr, R. T., Alberts, D. S., and Surwit, E. 
A. A phase I trial of /3-all-trans-retinoic acid delivered via collagen sponge and 
cervical cap for mild or moderate intraepithelial cervical neoplasia. J. Natl. Cancer 
Inst., 71: 921-925, 1983. 

37. Weiner, S. A., Surwit, E. A., Graham, V. E., and Meyskens, E L A phase I trial of 
topically applied trans-retinoic acid in cervical dysplasia-clinical efficacy. Invest. 
New Drugs, 4: 241-244, 1986. 

38. Graham, V., Surwit, E. S., Weiner, S., and Meyskens, F. L. Phase II trial of/3-all- 
trans-retinoic acid for cervical intraepithelial neoplasia delivered via collagen sponge 
and cervical cap. West. J. Med., 145: 192-195, 1986. 

39. Thompson, K. L., and Rosen, M. R. Regulation of epidermal growth factor receptor 
gene expression by retinoic acid and epidermal growth factor. J. Biol. Chem., 264: 
3230-3234, 1989. 

40. Waterfield, M. D., Mayes, E. L. V., Stroobant, P., Bennet, P. L. P., Young, S., 
Goodfellow, P. N., Banting, G. S., and Ozanne, B. A monoclonal antibody to the 
human epidermal growth factor receptor. J. Cell. Biochem., 20: 149-161, 1982. 

41. Rhienwald, J. G., and Green, H. Serial cultivation of strains of human epidermal 
keratinocytes: the formation of keratinizing colonies from single cells. Cell, 6: 331- 
341, 1975. 

42. Gorodeski, G. I., Eckert, R. L., Utain, W. H., and Rorke, E. A. Maintenance of in 
vivo-like keratin expression, sex steroid responsiveness, and estrogen receptor ex- 
pression in cultured human ectocervical epithelial cells. Endocrinology, 126: 399- 
406, 1989. 

43. Agarwal, C., and Eckert, R. L. Immortalization of human keratinocytes by simian 
virus large T-antigen alters keratin gene response to retinoids. Cancer Res., 50: 
5947-5953, 1990. 

44. Carlin, C. R., and Knoles, B. B. Biosynthesis of epidermal growth factor receptors in 
human epidermoid carcinoma derived A431 cells. J. Biol. Chem., 259: 7902-7908, 
1984. 

45. Aharonov, A., Pruss, R. M., and Herschman, H. R. Epidermal growth factor: rela- 
tionship between receptor regulation and mitogenesis in 3T3 cells. J. Biol. Chem., 
253: 3970-3977, 1978. 

46. Haigler, H. T., Maxfield, E R., Willingham, M. C., and Patan, I. Dansylcadaverine 
inhibits internalization of 125I-EGF in BALB 3T3 cells. J. Biol. Chem., 255: 1239-- 
1241, 1980. 

47. Laemmli, U. K. Cleavage of structural proteins during the assembly of the head of the 
bacteriophage T4. Nature (Lond.), 227: 680-685, 1970. 

48. Rechstainer, M., Rogers, S., and Rote, K. Protein structure and intracellular stability. 
Trends Biochem. Sci., 12: 390-394, 1987. 

49. Merlino, G. T., Xu, Y-H., Ishii, S., Clark, A. J. L., Semsa, K., Toyoshima, K., 
Yamamoto, T., and Pastan, I. Amplification and enhanced expression of the epidermal 
growth factor receptor gene in A431 human carcinoma cells. Science (Washington 
DC), 224: 417-419, 1984. 

50, Bartsch, D., Boye, B., Baust, C., zur Hausen, H., and Schwarz, E. Retinoic acid- 
mediated repression of human papillomavirus 18 transcription and different ligand 
regulation of the retinoic acid receptor/3 gene in non-tumorigenic and tumorigenic 
Hela hybrid cells. EMBO J., 11: 2283-2291, 1992. 

51. Kasturi, L., and Rorke, E. A. Role of transforming growth factor-beta in human 
cervical cell proliferation and differentiation (Abstract 980). Presented at the 74th 
Annual Meeting of the Endocrine Society, 1992. 

52. Jetton, A. M. Retinoids specifically enhance the number of epidermal growth factor 
receptors. Nature (Lond.), 284: 626--629, 1980. 

53. Chen, J. K., Li, L., and Mioh, H. Differential responsiveness of normal and simian 
virus 40-transformed BALB/c 3T3 cell to retinoic acid: rapid enhancement of epi- 
dermal growth factor receptor binding in a simian virus 40-3T3 variant. Cancer Res., 
47: 4995-4999, 1987. 

54. Roberts, A. B., Anzano, M. A., Lamb, L. C., Smith, J. M., and Sporn, M. B. 
Antagonistic actions of retinoic acid and dexamethasone on anchorage independent 
growth and epidermal growth factor binding of normal rat kidney cells. Cancer Res., 
44: 1635-1641, 1984. 

55. Zheng, Z. S., and Goldsmith, L. A. Modulation of epidermal growth factor receptors 
by retinoic acid in ME180 cells. Cancer Res., 50: 1201-1205, 1990. 

56. Hudson, L. G., Santon, J. B., Glass, C. K., and Gill, G. N. Ligand-activated thyroid 
hormone and retinoic acid receptors inhibit growth factor receptor promoter expres- 
sion. Cell, 62: 1165-1175, 1990. 

57. Kamata, N., Chida, K., Rikimaru, K., Horikoshi, M., Enomoto, S., and Kuroki, T. 
Growth inhibitory effects of epidermal growth factor and over expression of its 
receptors on squamous cell carcinomas in culture. Cancer Res., 46: 1648-1653, 1986. 

58. Zheng, Z. S., Polakowska, R., and Goldsmith, L. A. Retinoid suppression of EGF 
receptor gene transcription in ME180 cells. J. Invest. Dermatol., 92: 548, 1989. 

59. Levine, A. J., Momand, J., and Finlay, C. A. Review: the p53 tumor suppressor gene. 
Nature (Lond.), 351: 453---456, 1991. 

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/19/4511/2452065/crs0530194511.pdf by guest on 19 M

ay 2023


