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Effects of Neonatal Diethylstilbestrol Exposure on the Growth
of Mouse Vaginal Epithelial Cells in Serum-Free
Collagen Gel Culture
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ABSTRACT—Vaginal epithelial cells isolated from ovariectomized ca. 40-day-old BALB/cCrgl mice
treated with 1 zg diethylstilbestrol (DES) or with oil vehicle alone for the first 5 days after birth were
purified by Percoll density gradient centrifugation and grown as primary cultures in collagen gel matrix
(CGM) with serum-free medium. Three dimensional colonies of both control and DES-exposed vaginal
epithelial cells developed in the CGM. The initial proliferation rate of DES-exposed vaginal epithelial
cells was significantly lower than that of the controls. However, after 10 days in culture, approximately
6.3-fold and 7.6-fold increases in cell number occurred in control and DES-exposed vaginal epithelial
cells, respectively, a difference that is not significant. Deletion of bovine serum albumin, bovine insulin
or mouse epidermal growth factor (EGF) resulted in decreased growth of both control and DES-
exposed vaginal epithelial cells. Estradiol-1772 (180 fM to 18 nM) did not stimulate growth of control or
DES-exposed vaginal epithelial cells. When concentrations of EGF and insulin are increased in the
serum-free medium, a dose-related increase in growth was observed in vaginal epithelial cells from both
control and DES-exposed mice. DES-exposed vaginal epithelial cells were significantly less sensitive to
insulin at two concentrations and to EGF at one concentration than control cells. Thus, neonatal DES
exposure results in alterations in vaginal epithelial cells as indicated by decreased initial rate of

proliferation and by altered sensitivity to EGF and insulin in vitro.

INTRODUCTION

The abnermal development of the genital tract
induced by human intrauterine exposure to dieth-
yistilbestrol (DES), a synthetic estrogen, has been
studied extensively in animal model systems in
attempts to uncover the mechanism by which such
exposure results in permanent structural changes
[1-3]. Estrogens including DES induce hyperplas-
tic lesions in vagina, uterus and oviduct, cervicova-
ginal cancer and presistent vaginal cornification in
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mice when administered perinatally [4-8]. The
perinatal period is a time when the development of
the mouse reproductive tract occurs [2] and corres-
ponds to the end of the first trimester of human
fetal development [9]. DES exposure during this
critical period results in the later appearance of a
low incidence of cervicovaginal clear cell adeno-
carcinoma in humans [7, 10] and in abnormal
differentiation of the rodent genital tract [9].
Correlation of the onset of structural alterations
in the reproductive tract with puberty suggested
the direct or indirect involvement of endogenous
hormones; as a result, investigators interested in
understanding the mechanism by which DES ex-
erted its effects have focused on the ovarian ster-
oids and their receptor systems. The numbers of
cytosolic estrogen and progestin receptors in
neonatally estrogen-treated mice are altered in the
female tract [11-13] as well as in the separated
tissue compartments of the vagina [14]. Changes
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in the synthesis of major cellular proteins occur in
the uterus of transplacentally DES-exposed mice
[15] and are localized to specific tissue compart-
ments of the neonatally DES-exposed mouse vagi-
na [16]. The present study examines differences in
the proliferation and sensitivity of vaginal epithe-
lial cells from normal and neonatally DES-exposed
mice when grown in serum-free collagen gel cul-
ture.

MATERIALS AND METHODS

Materials

Dulbecco’s modified Eagle’s and Ham’s F-12
(D:H, 1vol/1vol, basal), 199, and Waymouth’s
(10X) media were purchased from Grand Island
Biological (Grand Island, NY, U.S.A.); Percoll
was from Pharmacia Fine Chemicals (Piscataway,
NJ, U.S.A.). Bovine insulin (I), 178-estradiol
(E,), DES, bovine serum albumin fraction V
(BSA), human transferrin (Tr), cholera toxin
(CT), deoxyribonuclease I, HEPES buffer, peni-
cillin and streptomycin were from Sigma Chemical
(St. Louis, MO, U.S.A.); mouse epidermal
growth factor (EGF) was from Collaborative Re-
search (Waltham, MA, U.S.A.).

Animals

Newborn female BALB/cCrgl mice were
obtained from the barrier breeding colony at the
University of California at Berkeley. Newborn
female mice received S daily subcutaneous injec-
tions of 1 xg DES dissolved in 0.02 ml sesame oil
starting within 18 hr after birth. Control animals
were injected daily with 0.02 ml sesame oil. The
mice were weaned at 3 weeks of age and housed 5
or 6 per cage in a temperature-controlled room
(22°C) with 12-hr light and 12-hr dark periods.
Animals were provided with pine shavings for
bedding, fresh water and Wayne sterilizable ro-
dent block diet ad [libitum. All animals were
ovariectomized at 30 days of age.

Cell dissociation and culture procedure

Vaginae were dissected from ca. 40-day-old
ovariectomized mice, and separated into tissue
compartments by the procedure already described

[17] with the following modifications: DES-
exposed vaginae were incubated with collagenase
(0.12%) for 1.5 hr, whereas the control vaginae
were incubated with collagenase (0.12%) for 2 hr
as described previously [16]. The keratin layers of
the DES-exposed vaginal epithelium were re-
moved with jeweler’s forceps under a dissecting
microscope. The epithelial sheets separated with
forceps were minced with a razor blade on a Teflon
block and centrifuged on preformed Percoll densi-
ty gradents in order to remove fibromuscular ele-
ments, cellular debris and proteolytic enzymes and
to avoid possible contamination with nonepithelial
cells [18]. Cells were rinsed twice with medium
199, embedded in iso-osmotic, neutralized col-
lagen gel matrix (CGM) in 24-well, tissue culture-
treated plates (Falcon, Becton-Dickinson, Cock-
eysville, MD, U.S.A.) and cultured in basal
medium (D : H medium buffered at pH 7.2 with 20
mM HEPES containing NaHCO; (1.2 g/1) with
penicillin (50 U/ml) and streptomycin (50 gg/ml),
to which I (10 gg/ml), Tr (10 xg/ml), CT (10 ng/
ml), BSA (5mg/ml) and EGF (10 ng/ml) were
added.

Media for the deletion experiments were pre-
pared by adding various combinations of 4 of the 5
supplements together to the basal medium. A
stock solution of 17p-estradiol (E;, 500 yxg/ml)
dissolved in absolute ethanol was prepared, and
various concentrations of E, were obtained by
serial dilution with basal medium. Aliquots of
these dilutions were added to the culture medium
to attain final concentrations of 180 fM-18 nM.
The final concentration of ethanol was less than
0.1% and did not influence cell growth. The
serum-free complete (SFc) medium consisted of
basal medium supplemented with all five factors
[17, 19]. Cultures were incubated at 37°C in a 95%
air/5% CO,; humidified atmosphere, and the
medium was changed every 2 days. Each experi-
ment was repeated at least three times, with tripli-
cate wells in a single culture plate used for each
point.

Cell number and DNA estimates

Both control and DES-exposed vaginal epithe-
lial cells were plated as 1.5-2.2x 10° cells per well.
At the end of the experiments, cells were reco-
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vered from gels by acetic acid dissolution and
stored for later fluorometric determinations of
DNA [20, 21]. In order to normalize the differ-
ences in the initial seeding density, data were
expressed as increases over the initial cell number.
The data were analyzed by Student’s t-test.

RESULTS

Effects of serum-free media on DES-exposed vagin-
al epithelial cell growth

The combined mitogenic potencies of the serum-
free components of SFc medium were ascertained.
Three-dimensional growth of both control and
DES-exposed vaginal epithelial cells occurred in
serum-free CGM culture, and the respective col-
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onies were of mixed morphology with duct-like,
sheet-like. or spherical organization. Histological
sections of growing colonies of vaginal epithelial
cells from control and DES-exposed mice demons-
trated an lumen surrounded by epithelial cells in
various stages of differentiation sloughing into the
lumen (Fig. 1).

After a 2-day lag period, due to reorganization
of the epithelial cell clumps in the CGM, control
vaginal epithelial cells increased to 6.3-times the
initial seeding density during the 10 days of culture
with SFc medium. DES-exposed vaginal epithelial
cells showed a 4-day lag period before entering
logarithmic phase of growth, but a 7.6-fold in-
crease in cell number was obtained after 10 days of
culture (Fig. 2). The initial proliferation rate of
DES-exposed cells was significantly lower than

Fic. 1. Histology of control (A, B) and DES-exposed vaginal epithelial cell clumps (C, D) cultured with
unsupplemented (D : H) (A, C) and serum-free complete (SFc) media (B, D) for 10 days in neutralized collagen
gel matrix (CGM). H & E.x95. Note that growth in SFc medium and three-dimensional reorganization of the
epithelial colony have occurred as indicated by the increased colony size and the formation of alumen (L) (A, B)
and presence of keratin (K) over the dispersed cells grown in D :H medium, whereas colony organization, cell
soluthing and growth with lumen (L) formation have occurred in SFc medium (C, D)
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Fig. 2. Numbers of fold increase over the initial cell

number of vaginal epithelial cells (mean+S.E., n=
3) cultured for 10 days in CGM with SFc medium.
a, P<0.05 vs Control.

that of controls, but the final increases were not
significantly different.

In order to ascertain the requirement for each
component of the SFc medium for optimum
growth, all additives (I, Tr, CT, BSA or EGF)
were individually deleted from the SFc medium, as
had been done previously before the Percoll step
was introduced [22]. The deletion of BSA, I, or
EGF from the SFc resulted in significantly less
growth of both control and DES-exposed vaginal
epithelial cells, but deletion of Tr and CT had no
significant effect after 9 days of culture (Fig. 3).
Deletion of EGF from SFc medium resulted in
only minimal growth of DES-exposed vaginal
epithelial cells regardless of the presence of other

0 Control
DES-exposed

No. of fold increase
=

-BSA -1 -Tr -EGF -CT
Deletion from SFc medium

FiG. 3. Numbers of fold increase of vaginal epithelial
cells (mean+S.E., n=3) cultured for 9 days in SFc
medium or in SFc medium with individual deletion
of bovine serum albumin (BSA), insulin (I), trans-
ferrin (Tr), epidermal growth factor (EGF) or
cholera toxin (CT). D:H, unsupplemented medi-
um.

a, P<0.05 vs Control SFc; b, P<0.05 vs DES-
exposed SFc; ¢, P<0.05 vs Control without EGF.

D:H SFc

factors. EGF dose-response studies performed in
the presence of the other 4 factors showed that
concentrations of EGF greater than 0.1 ng/ml
resulted in a dose-related proliferation of both
control (Y=2.17 log;oX+4.32, r=0.97, P<0.001,
regression analysis) and DES-exposed (Y=2.40
logoX+3.73, r=0.93, P<0.01) vaginal epithelial
cells. At 1ng/ml EGF, the increase in DES-
exposed vaginal epithelial cells was significantly
less than in the controls (Fig. 4). No significant
proliferation of either kind of vaginal epithelial cell
colonies occurred in the absence of EGF. Insulin
dose-response studies showed that there is a dose-
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Fic. 4. Numbers of fold increase of vaginal epithelial
cells (mean+S.E., n=3) cultured for 9 days in
serum-free medium supplemented with I (10 ug/
ml), Tr (10 xg/ml), CT (10 ng/ml), BSA (5 mg/ml)
and increasing concentrations of EGF (0.1-10 ng/
ml).
a, P<<0.05 vs Control.
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Fic. 5. Numbers of fold increase of vaginal epithelial
cells (mean+S.E., n=4) cultured for 9 days in
serum-free medium supplemented with Tr (10 g/
ml), CT (10 ng/ml), BSA (5 mg/ml), EGF (10 ng/
ml) and increasing concentrations of I (0.01-10 ng/
ml).
a, P<0.05 vs Control.
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related proliferation of both control (Y=0.74
log;0X+4.74, r=0.93, P<0.05) and DES-exposed
(Y=0.71 log;0X+3.55, r=0.96, P<0.01) vaginal
epithelial cells. Ten xg/ml and 50 xg/ml seem
most favorable for growth during 9 days of culture
for control and DES-exposed vaginal epithelial
cells, respectively. At 0.1-1 xg/ml I, DES-
exposed vaginal epithelial cells showed significant-
ly less growth than the controls (Fig.5). In the
complete absence of I, the serum-free medium
supported minimal growth of both populations of
epithelial cells. E, (180 fM-18 nM) in the optimal
SFc medium did not stimulate proliferation of
either control or DES-exposed vaginal epithelial
cells at any concentration tested. At higher con-
centrations, E, tended to inhibit growth only in the
control cells (Fig. 6).
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FiG. 6. Numbers of fold increase of vaginal epithelial
cells (mean+S.E., n=4) cultured in CGM for 9
days in SFc medium with various amounts of 17/3-
estradiol.

D :H, unsupplemented medium.

DISCUSSION

Histological and biochemical alterations in vagi-
na of mice treated perinatally with estrogens in-
cluding DES have been reported [2, 13, 16]. The
DES-exposed vagina shows ovary-independent
proliferation and keratinization of epithelium [3].
which expresses alkaline phosphatase activity [23].
Estrogen receptors in DES-exposed vagina are
lower than in the control [11, 12]; the same is true
in separated DES-exposed vaginal epithelium [14].
Furthermore, EGF receptors in the DES-exposed
vagina are lower than in the control [T. Iguchi, M.
Edery, P.-S. Tsai, S. Ozawa and H. A. Bern,

submitted]. Responsiveness of neonatally E,-
exposed vagina to exogenously administered E, is
lower than in the control [2]. Occurrence of major
cellular proteins in the epithelial and fibromuscular
compartments of the DES-exposed vagina differs
from that in the controls [16]. However, differ-
ences in the growth of control and DES-exposed
vaginal epithelial cells in vitro have not been
previously reported.

The lag period in growth of control vaginal
epithelial cells is 2 days; in DES-exposed cells, it is
4 days. In earlier studies, cell number decreased
between 1 and 4 days in culture [17, 22]; the
fluorometric DNA assay may not include DNA of
dead cells. The occurrence of the longer lag period
in DES-exposed vaginal epithelial cells, therefore,
may be the result of the non-proliferative nature of
the majority of cells, as only basal cells divide in
stratified vaginal epithelium [24]. In addition,
DES-exposed vaginal epithelial cells are more
sensitive than the control epithelial cells to collage-
nase [16]. The cells eventually enter logarithmic
growth indicating that the lag period is reversible
in vitro.

SFc medium has been shown to support effec-
tively the growth of normal mouse uterine [19, 26]
and vaginal epithelial cells [17, 22, 26]. This
medium also supports the logarithmic growth of
vaginal epithelial cells from neonatally DES-
exposed mice in the present study. In an earlier
study, I proved to be an absolute requirement, but
BSA and EGF were not absolute requirements for
growth of normal mouse vaginal epithelial cells
[22]. However, in the present study, EGF appears
to be an absolute requirement for growth of con-
trol and neonatally DES-exposed vaginal epithelial
cells, and I was not an absolute requirement. The
difference between the two studies may arise from
the introduction of the Precoll density gradient
step. Tr and CT are not required for optimal
growth of either control [22] or DES-exposed
vaginal epithelial cells in CGM. When EGF
concentrations are increased in serum-free
medium, a dose-related increase in growth of
vaginal epithelial cells from both control and DES-
exposed mice was observed. DES-exposed vaginal
epithelial cells were less sensitive to 1 ng/ml of
EGF and 0.1-1 gzg/ml of I than control vaginal
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epithelial cells. Tomooka et al. [27] reported that
mammary epithelial cells from mice treated neona-
tally with DES showed a lower growth response to
I and EGF than the controls. EGF receptors are
lower in DES-exposed vagina than in the controls
[Iguchi er al., submitted]; I receptors have not
been measured.

Previous studies on growth regulation of normal
mouse vaginal epithelial cells using SFc medium
demonstrated that estrogenic hormones failed to
stimulate enhanced growth of these cells in col-
lagen gel under serum-free conditions [17, 22, 26].
The possible reasons for this have been addressed
previously [17, 26], and lack of estrogen stimula-
tion has also been noted in with primary serum-
free Matrigel and collagen gel cultures of normal
mouse endometrial luminal epithelial cells [25, 28]
as well as with immature vaginal epithelial cells
[29]. In the present study, E; also failed to
stimulate growth of DES-exposed vaginal epithe-
lial cells in CGM with SFc medium. However,
when a heterotypic recombination of cultured nor-
mal vaginal epithelial cells [30, 31] or cultured
DES-exposed vaginal epithelial cells [F.-D. A.
Uchima, P. Cooke, G. Cunha and H. A. Bern,
unpublished data] and cultured normal vaginal
stroma were transplanted under the kidney capsule
of syngeneic intact female host for 28 days, both
normal and DES-exposed vaginal epithelial cells
behaved normally by cycling in response to host
ovarian hormones. Histologically, alternating
layers of keratin and sloughed off cells were
observed, indicating a degree of reversibility in the
nature of the permanently proliferated DES-
exposed vaginal epithelial cells when combined
with normal stroma. The histology of colonies of
control and DES-exposed vaginal epithelial cells
grown in CGM with SFc medium reveals keratin
layers in the lumen, indicating spontaneous ter-
minal differentiation without estrogen. These re-
sults suggest that vaginal stroma has an important
role in induction of ovary-independent prolifera-
tion and keratinization of vaginal epithelial cells of
mice exposed neonatally to DES [30].

In conclusion, neonatally DES-exposed vaginal
epithelial cells can be grown in DCM with SFc
medium; the cells show a longer time lag before
entering logarithmic growth phase and are less

sensitive to I at two concentrations and EGF at
one concentration than normal vaginal epithelial
cells in this culture system. EGF and I in SFc
medium enhance the growth of both control and
DES-exposed vaginal epithelial cells, and EGF is
essential for growth of both control and DES-
exposed cells.

ACKNOWLEDGMENTS

This investigation was supported by Grants CA05388
and CA09041, awarded by the National Institute of
Health, DHHS. We thank Dana Wong, Brian Williams,
Lisa I. Sewell, Robert Nguyen and Andrew Wong for
technical assitance in this study and John Underhill for
the photography.

REFERENCES

1 Bern, H. A., Jones, L. A., Mills, K. T., Kohrman,
A. and Mori, T. (1976) The use of the neonatal
mouse in studies of the longterm effects of early
exposure to hormones and other agents. J. Toxicol.
Environ. Health, Suppl., 1: 103-116.

2 Takasugi, N. (1976) Cytological basis for permanent
vaginal changes in mice treated neonatally with
steroid hormones. Int. Rev. Cytol., 44: 193-224.

3 Iguchi, T., Ostrander, P. L., Mills, K. T. and Bern,
H. A. (1988) Vaginal abnormalities in ovariecto-
mized BALB/cCrgl mice after neonatal exposure to
different doses of diethylstilbestrol. Cancer Lett. 43:
207-214.

4 Dunn, T. B. and Green, A. W. (1963) Cysts of the
epididymis, cancer of the cervix, granular cell myob-
lastoma, and other lesions after estrogen injection in
newborn mice. J. Natl. Cancer Inst., 31: 425-454.

5 Takasugi, N. and Bern, H. A. (1964) Tissue
changes in mice with persistent vaginal cornification
induced by early postnatal treatment with estrogen.
J. Natl. Cancer Inst., 33: 855-865.

6 Takasugi, N. (1979) Development of permanently
proliferated and cornified vaginal epithelium in mice
treated neonatally with steroid hormones and the
implication in tumorigenesis. Natl. Cancer Inst.
Monogr., 51: 57-66.

7 Herbst, A. L. and Bern, H. A. (eds.) (1981) De-
velopmental Effects of Diethylstilbestrol (DES) in
Pregnancy. Thieme-Stratton Inc., New York, 203
PP-

8 Mori, T. and Nagasawa, H. (eds.) (1988) Toxicity of
Hormones in Perinatal Life. CRC Press, Boca
Raton, Florida, 184 pp.

9 Forsberg, J.-G. (1979) Developmental mechanism
of estrogen-induced irreversible changes in the



10

11

12

13

14

15

16

17

18

19

20

DES-Exposed Vaginal Epithelial Cell Culture

mouse cervicovaginal epithelium. Natl. Cancer Inst.
Monogr., 51: 41-50.

Herbst, A. L., Ulfelder, H. and Poskanzer, D. C.
(1971) Adenocarcinoma of the vagina association of
maternal stilbestrol therapy with tumor appearances
in young women. N. Engl. J. Med., 248: 878-881.
Shyamala. G., Mori, T. and Bern, H. A. (1974)
Nuclear and cytoplasmic oestrogen receptors in
vaginal and uterine tissue of mice treated neonatally
with steroids and prolactin. J. Endocr.. 63: 275-284.
Aihara, M., Kimura, T. and Kato, J. (1980) Dyna-
mics of the estrogen receptor in the uteri of mice
treated neonatally with estrogen. Endocrinology.,
107: 224-230.

Bern, H. A., Edery, M., Mills, K. T., Kohrman, A.
F., Mori, T. and Larson, L. (1987) Long-term
alterations in histology and steroid receptor levels of
the genital tract and mammary gland following
neonatal exposure of female BALB/cCrgl mice to
various doses of diethylstilbestrol. Cancer Res., 47:
4156-4172.

Eiger, S., Mills, K. T. and Bern, H. A. (1990)
Steroid binding alterations in tissue compartments
of the vagina of control and neonatally diethyl-
stibestrol treated adult mice. J. Steroid Biochem.,
35: 617-621.

Newbold. R. R., Carter, D. B., Harris, S. E. and
McLachlan, J. A. (1984) Molecular differentiation
of the mouse genital tract: altered protein synthesis
following prenatal exposure to diethylstilbestrol.
Biol. Reprod., 30: 459-470.

Uchima, F.-D. A., Vallerga, A. K., Firestone, G.
L. and Bern, H. A. (1990) Effects of early exposure
to diethylstilbestrol on cellular protein expression by
mouse vaginal epithelium and fibromuscular wall.
Proc. Soc. Exp. Biol. Med., 195: 218-223.

Iguchi, T., Uchima, F.-D. A., Ostrander, P. L. and
Bern, H. A. (1983) Growth of normal mouse
vaginal epithelial cells in and on collagen gels. Proc.
Natl. Acad. Sci. USA, 80: 3743-3747.

Uchima, F.-D. A., Edery, M., Mills, K. T. and
Bern, H. A. (1985) Estrogen and progestin recep-
tors in mouse vaginal epithelium and fibromuscular
wall. Biochem. Biophys. Acta, 841: 135-138.
Iguchi, T., Uchima, F.-D. A., Ostrander, P. L.,
Hamamoto, S. T. and Bern, H. A. (1985) Prolifera-
tion of normal mouse uteirne luminal epithelial cells
in serum-free collagen gel culture. Proc. Japan
Acad., 61B: 292-295.

Hinegardner, R. T. (1971) An improved
fluorometric assay for DNA. Anal. Biochem., 39:
197-201.

21

)

2
N

26

27

28

29

30

31

/19

Yang. J., Richards, J., Guzman, R., Imagawa, W.
and Nandi, S. (1980) Sustained growth in primary
culture of normal mammary epithelial cells embed-
ded in collagen gels. Proc. Natl. Acad. Sci. USA,
77: 2088-2092.

Iguchi, T., Uchima, F.-D. A. and Bern, H. A.
(1987) Growth of mouse vaginal epithelial cells in
culture: effect of sera and of supplemented serum-
free media. In Vitro Cell. Devel. Biol., 23: 535-540.
Sato, T., Iguchi, T., Ohta, Y. and Takasugi, N.
(1990) Estrogen receptor (ER) and alkaline phos-
phatase (ALP) expression in female genital tracts of
mice treated neonatally with diethylstilbestrol.
Zool. Sci., 7: 1138.

Perrota, C. A. (1962) Initiation of cell proliferation
in the vaginal and uterine epithelia of the mouse.
Am. J. Anat., 111: 195-204.

Uchima, F.-D. A., Edery, M., Iguchi, T. and Bern,
H. A. (1990) Growth of mouse endometrial luminal
epithelial cells in vitro: functional integrity of the
oestrogen receptor system and failure of oestrogen
to induce proliferation. J. Endocr., 128: 115-120.
Uchima, F.-D. A., Edery, M., Iguchi, T., Larson,
L. and Bern, H. A. (1987) Growth of mouse vaginal
epithelial cells in culture: functional integrity of the
estrogen receptor system and failure of estrogen to
induce proliferation. Cancer Lett., 35: 227-235.
Tomooka, Y., Bern, H. A. and Nandi, S. (1983)
Growth of mammary epithelial cells from neonatally
sex hormone-exposed mice in serum-free collagen
gel culture. Cancer Lett., 20: 255-261.

Fukamachi, H. (1989) Factors controlling epithelial
proliferation of mouse uterine epithelial cells in
primary serum-free culture. Zool. Sci., 6: 1142.
Tsai, P.-S., Uchima, F.-D. A., Hamamoto, S. T.
and Bern, H. A. (1991) Proliferation and dif-
ferentiation of prepubertal mouse vaginal epithelial
cells in vitro and the specificity of estrogen-induced
groth retardation. In Vitro Cell. Dev. Biol., (In
press).

Cunha, G. R., Chung, L. W. K., Shannon, J. M.,
Taguchi, O. and Fujii, H. (1983) Hormone-induced
morphogenesis and growth: role of mesenchymal-
epithelial interactions. Rec. Prog. Hormone Res.,
39: 559-598.

Cooke, P. S., Uchima, F.-D. A, Fujii, D. K., Bern,
H. A. and Cunha, G. R. (1986) Restoration of
normal morphology and estrogen responsiveness in
cultured vaginal and uterine epithelia transplanted
with stroma. Proc. Natl. Acad. Sci. USA, 83: 2109
2113,



ImEE BHL

Biodiversity Heritage Library

Uchima, Francis-Dean A et al. 1991. "Effects of Neonatal Diethylstilbestrol
Exposure on the Growth of Mouse Vaginal Epithelial Cells in Serum-Free
Collagen Gel Culture(Endocrinology)." Zoological science 8, 713-719.

View This Item Online: https://www.biodiversitylibrary.org/item/125311
Permalink: https://www.biodiversitylibrary.org/partpdf/71564

Holding Institution
Smithsonian Libraries and Archives

Sponsored by
Biodiversity Heritage Library

Copyright & Reuse

Copyright Status: In Copyright. Digitized with the permission of the rights holder.
License: http://creativecommons.org/licenses/by-nc-sa/3.0/

Rights: https://www.biodiversitylibrary.org/permissions/

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at
https://www.biodiversitylibrary.org.

This file was generated 22 September 2023 at 20:14 UTC


https://www.biodiversitylibrary.org/item/125311
https://www.biodiversitylibrary.org/partpdf/71564
http://creativecommons.org/licenses/by-nc-sa/3.0/
https://www.biodiversitylibrary.org/permissions/
https://www.biodiversitylibrary.org

