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Estrogen modulates epithelial progenitor cells in 
rat vagina
Ho Seok Chung , Hyun-Suk Lee , Kwangsung Park
Department of Urology, Chonnam National University Medical School, Gwangju, Korea

Purpose: The expression of epithelial progenitor cells (EPCs) in rat vagina was recently reported. The aims were to investigate the 
effects of estrogen on vaginal EPCs in the oophorectomized female rat model.
Materials and Methods: Female Sprague-Dawley rats (230–240 g, n=30) were divided into 3 groups: control (n=10), bilateral 
oophorectomy (OVX, n=10), and bilateral OVX followed by subcutaneous injections of 17β-estradiol (50 μg/kg/day, n=10). After 4 
weeks, the expression of EPC-specific markers (CD44, estrogen receptor alpha [ERα], and progesterone receptor) were evaluated by 
immunohistochemistry and Western blot. 
Results: The CD44/ERα double-labeled cells were mainly expressed in basal cell layers and suprabasal layers as shown by confocal 
immunofluorescence. Confocal microscopy revealed that the number of CD44+/ERα+ cells decreased in the OVX group compared 
with the controls but was similar to control levels in rats receiving estrogen replacements. The protein expression of CD44 and ERα 
decreased after OVX and was restored to control levels after estrogen supplementation. 
Conclusions: Markers of EPCs were expressed in the vagina, and the expression of resident EPCs was regulated by estrogen. These 
findings imply that resident EPCs may have an important role in the regeneration of vaginal mucosa by estrogen replacement.
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INTRODUCTION

Female sexual dysfunction is not unusual and can have 
a significant negative impact on the quality of life of af-
fected female and their partners [1]. Vaginal lubrication is 
an indicator of female genital sexual arousal and is a com-
plex physiologic process that is not clearly understood [2]. 
Vaginal mucosal epithelial cells have been reported to have 
an important role in the mechanism of vaginal lubrication 
[3]. Also, several studies have reported that vaginal epithelial 
cells may act as a physical barrier to prevent both external 
damage and infiltration of pathogens [4,5].

Recently, some studies have investigated epithelial pro-
genitor cells (EPCs) in the female reproductive tract [6,7]. 
The vagina, similar to the endometrium, undergoes regular 
cycles in the number of layers of epithelium over the normal 
menstrual cycle [8]. Vaginal EPCs are likely involved in this 
change and might be essential for maintaining and restor-
ing normal vaginal function. Recently, we demonstrated the 
existence of mucosal EPCs in the epithelial layer of the rat 
vagina [9]. However, there is still insufficient understanding 
about the role of EPCs in the vagina.

The growth and differentiation of vaginal epithelial cells 
are regulated by sex steroid hormones. Estrogen is required 
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to maintain the proper structural integrity of the vagina 
and immune response, both of which are necessary to protect 
the vagina against physical damage and to restore the vagi-
nal environment [10]. Therefore, we hypothesized that muco-
sal EPCs in the vagina might also be influenced by hormone 
insufficiency and replacement. On the basis of our previous 
study of the existence of vaginal EPCs, we investigated the 
effect of estrogen on vaginal EPCs in the oophorectomized 
female rat model.

MATERIALS AND METHODS

1. Animals
In this study, we used female Sprague-Dawley rats 

(230–240 g, n=30) and harvested vaginal tissue for biochemi-
cal analyses. Female Sprague-Dawley rats were divided into 
3 groups: a control group (CON, n=10), a group that under-
went bilateral oophorectomy (OVX, n=10), and a group that 
underwent bilateral OVX followed by subcutaneous injec-
tions of 17β-estradiol (OVX+17β-estradiol treatment [EST], 
n=10). The CON group underwent a sham operation, and the 
OVX group was treated with an oil vehicle. The OVX+EST 
group underwent bilateral OVX followed by treatment with 
subcutaneous estradiol daily for 7 days after OVX (50 ug/
kg/day). After 4 weeks, the expression of EPC-specific mark-
ers (CD44, estrogen receptor alpha [ERα], and progesterone 
receptor [PR]) were evaluated by immunohistochemistry and 
Western blot. The procedures used and the care of animals 
were approved by the Institutional Animal Care and Use 
Committee (IACUC) at Chonnam National University (ap-
proval number: CNUIACUC-H-2015-48).

2. Tissue harvesting and immunofluorescence 
staining
The rat vagina was carefully removed and dissected 

away from the urethra and surrounding connective tissue 
under optical magnification. The vaginal tissue specimens 
were immediately fixed by 4% paraformaldehyde in phos-
phate-buffered saline (PBS) and cryo-embedded. The embed-
ded tissues were vertically sectioned, and the samples were 
subjected to immunohistochemical detection of CD44, ERα, 
and PR. For detection of CD44, ERα, and PR, tissue sections 
were washed by PBS-T (0.1% tween in PBS). After several 
washes with PBS, the sections were then incubated with 
anti-CD44, anti-ERα, and anti-PR primary antibodies (Santa 
Cruz Biotechnology, Santa Cruz, CA, USA) overnight at 4°C. 
After being washed in PBS-T, sections were incubated for 2 
hours with fluorescence-conjugated antibodies (Invitrogen, 
Carlsbad, CA, USA) for confocal microscopy analysis. Im-

munostained tissue sections were mounted with an aqueous 
permanent mounting medium with DAPI and were exam-
ined by light microscopy and LSM510 confocal microscopy 
(Carl Zeiss, Jena, Germany). 

3. Western blot
The tissue homogenates (50 μg of protein) were separated 

by 10% sodium dodecyl-sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE) and transferred to a PVDF membrane 
(Amersham Pharmacia Biotech, Little Chalfont, UK). The 
blots were then washed with Tris-buffered saline Tween-20 
(10 mM Tris-HCl, pH 7.6, 150 mM NaCl, 0.05% Tween-20). 
The membrane was blocked with 5% skim milk for 1 hour 
and incubated with the appropriate primary antibody. Anti-
CD44, anti-ERα (Santa Cruz Biotechnology) (1:4,000), and a 
monoclonal rabbit antibody against GAPDH (cell signaling) 
were used. The membrane was then washed and detected 
with goat anti-rabbit-IgG conjugated to horseradish peroxi-
dase. Antibody incubations were performed in a 4ºC incuba-
tor. The bands were visualized by using enhanced chemilu-
minescence (Amersham Pharmacia Biotech). GAPDH was 
used as an internal CON. Densitometry analysis was per-
formed with a studio Star Scanner (Agfa-Gevaert, Morstel, 
Belgium) by using Multigauge 3.0 software (Fuji photo film 
Co., Ltd., Tokyo, Japan).

4. Assay of serum 17β-estradiol
Blood samples were drawn by direct needle insertion into 

the heart. Estradiol concentrations (pg/mL) were measured 
by using an enzyme-linked immunosorbent assay (ELISA), 
following the manufacturer’s instructions (R&D System, Inc., 
Minneapolis, MN, USA).

5. Statistics
All results are expressed as mean±standard error of the 

indicated number of experiments. Statistical significance 
was estimated by using t-tests, and the differences were 
compared with regard to statistical significance by one-way 
ANOVA, followed by Bonferroni’s post hoc test. Differences 
were considered statistically significant at a value of p<0.05.

RESULTS

1. Serum estradiol concentrations
All the animals survived for 4 weeks after surgery. 

After 4 weeks of bilateral OVX, serum estradiol concentra-
tions were significantly lower in the OVX group (11±1.2 pg/
mL) than in the CON group (25±1.8 pg/mL). However, in the 
OVX+EST group, the estradiol concentrations significantly 
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increased (46±1.97 pg/mL) after EST (p<0.05). 

2. Effect of 17β-estradiol on epithelial progenitor 
cells in the rat vagina
CD44/ERα double-labeled cells were mainly expressed in 

the basal cell layers and suprabasal layers as shown by con-
focal immunofluorescence. PR expression was not confined 
to basal cells but extended to the intermediate layer of epi-
thelial cells. Confocal microscopy revealed that the expres-
sion of CD44+/ERα+ and ERα+/PR- cells decreased in the 

OVX group compared with the CON group but was similar 
to CON levels in the OVX+EST group receiving 17β-estradiol 
replacement (Figs. 1A, 2). The protein expression of CD44 
and ERα decreased in the OVX group but was similar in the 
OVX+EST group as in the CON group (p<0.05) (Fig. 1B).

DISCUSSION

In the present study, we identified the altered expression 
of resident EPCs after OVX and a restoration of expression 
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Fig. 1. Effect of 17β-estradiol on epithelial progenitor cells in the rat vagina. (A) Double immunofluorescence detection of CD44 (green) and estro-
gen receptor alpha (ERα) (red) in animals of the control (CON), oophorectomy (OVX), and OXV followed by 17β-estradiol treatment (EST) groups. (B) 
Immunoblotting of CD44 and ERα in the rat vagina. *p<0.05 versus CON. **p<0.05 versus OVX. 
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Fig. 2. Double immunofluorescence 
detection of progesterone receptor (PR; 
green) and estrogen receptor alpha 
(ERα; red) in animals of the control 
(CON), oophorectomy (OVX), and OXV 
followed by 17β-estradiol treatment 
(EST) groups.
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following estrogen replacement in the vagina. This implies 
that mucosal EPCs exist in the epithelial cell layers even 
after OVX and can be restored after estrogen replacement. 
Our findings also suggest that resident EPCs may have an 
important role in the regeneration of vaginal mucosa by es-
trogen replacement in the postmenopausal state.

Female sexual dysfunction is a common problem in fe-
male, and 43% of female experience sexual problems that 
negatively affect their quality of life [1]. Vaginal lubrication 
and clitoral engorgement are indicators of genital sexual 
arousal in female. However, insufficient vaginal lubrication 
or vaginal dryness in female can cause dyspareunia and 
other sexual problems. Therefore, lubricants have commonly 
been used to ameliorate vaginal dryness and increase sexual 
pleasure [11]. The vaginal mucosa includes a complex net-
work of small capillaries just beneath the vaginal epithelium 
that may account for vaginal fluid secretion and lubrication 
[12]. Our previous study showed an important role of muco-
sal epithelial cells in vaginal lubrication by demonstrating 
the expression of the aquaporins in rat vagina [3] and also 
suggested the possible relationship between aquaporin 3 and 
all-trans-retinoic acid in the mechanism of vaginal lubrica-
tion [13]. Vaginal epithelial cells may also act as a physical 
barrier to prevent both external damage and infiltration of 
pathogens [5,10]. Vaginal epithelial intercellular junctions 
maintain the integrity and organization of the epithelia by 
regulating molecular and cellular traffic and by providing a 
physical barrier to pathogen invasion [4].

Several studies have investigated EPCs and their role 
at different sites, including the urogenital tract and female 
reproductive tract [6,7,14]. During menstrual cycles, the basal 
component of the endometrial glands remains in the basalis 
layer and epithelial cells re-epithelialize the exposed surface 
and then proliferate to regenerate the new functional layer 
under the influence of  rising estrogen levels [15]. It was 
hypothesized that the remaining glands of the basalis con-
tained the EPC population [16]. A recent study reported that 
the stem-like long-term label-retaining cells from the distal 
oviduct give rise to progenitor cells (positive for CD44 and 
ERα, negative for PR, PAEP) for the epithelial lining of the 
proximal oviduct [7]. In our previous study, we confirmed the 
existence and localization of EPCs in the female rat vagina 
[9]. 

Since the growth and differentiation of vaginal epithe-
lial cells are known to be regulated by sex steroid hormones 
[10], we further investigated the effects of 17β-estradiol on 
vaginal EPCs in the oophorectomized female rat model. To 
our knowledge, the present study is the first report to show 
the effect of estrogen on vaginal EPCs in the oophorecto-

mized female rat model. According to our study, the expres-
sion of  CD44+/ERα+ and ERα+/PR- cells decreased after 
bilateral OVX but was similar to CON levels in the group 
that received 17β-estradiol replacement. Also, the protein 
expression of CD44 and ERα decreased after bilateral OVX 
but was similar to CON levels in the group that received 
17β-estradiol replacement. These results strongly suggest that 
the resident EPCs may have an important role in the regen-
eration of vaginal mucosa by estrogen replacement. 

Similar to the present study, our recent study with the 
castrated male rat model confirmed that endothelial progen-
itor cell markers are expressed in the cavernosal sinusoidal 
endothelial space, and the numbers of resident endothelial 
progenitor cells are regulated by testosterone [17,18]. These 
findings indicated that testosterone replacement therapy 
may improve erectile function by modulating endothelial 
progenitor cells in patients with hypogonadism. These re-
sults have potential implications for future therapeutic op-
tions for the treatment of sexual dysfunction.

Vaginal mucosal regeneration is essential to maintain fe-
male sexual function, and various mechanisms may contrib-
ute to the regeneration of vaginal mucosa. New treatment 
strategies are needed to repair the damaged mucosal epithe-
lial cells in human vaginal tissue. In this study, we investi-
gated the effect of estrogen on the vaginal EPCs. We found 
the existence of vaginal EPCs in the vagina even after OVX 
and that EPCs could be restored after estrogen replacement. 
Further studies are needed to explore the associated factors 
and various functional activities of vaginal EPCs without 
hormonal influences. 

CONCLUSIONS

This study showed the existence of mucosal EPCs in the 
rat vagina. The expression of resident EPCs was regulated 
by estrogen in the epithelial layer of the rat vagina. These 
findings imply that resident EPCs may have an important 
role in the regeneration of vaginal mucosa. Further studies 
are needed to modulate resident EPCs without hormonal in-
fluences.
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