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β-Catenin immunocytochemical reactivity  
in cervicovaginal smears during regular 
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Abstract

Background: b-Catenin mediates cellular adhesion and the Wnt/b-catenin signaling mechanism, thereby controlling 
cell proliferation and differentiation. Studies of endometrial tissue suggest that there are differences in b-catenin 
expression during the course of regular menstrual cycles. However, differences in expression in squamous epithelial 
cells between the proliferative and secretory phases have hitherto remained unknown.
Objectives: To localize b-catenin in squamous epithelial cells in cervicovaginal smears during the course of regular 
menstrual cycles.
Methods: In this observational study, smears were taken from women (n = 102) with various gynecological 
complaints. Squamous epithelial cells were stained using a Papanicolaou method to evaluate their cytology and any 
infection. An anti-b-catenin antibody was used to localize immunoreactivity in the cell membrane, cytoplasm, and/or  
nucleus.
Results: Women with a regular menstrual cycle (n = 62) were divided into 2 groups: those in a proliferative phase  
(26/62, 42%) and those in a secretory phase (36/62, 58%). Cytoplasmic and nuclear b-catenin immunoreactivity 
was observed prominently in the proliferative phase (19/26, 73%), whereas low-level b-catenin immunoreactivity 
was seen in the secretory phase (9/36, 25%). Compared with the secretory phase, the mean H-scores for b-catenin 
immunoreactivity in the proliferative phase were significantly increased in the membrane (P = 0.039), the cytoplasm 
(P < 0.001), and the nucleus (P = 0.033). By contrast, b-catenin immunoreactivity was reduced from parabasal to 
superficial cells in both the proliferative and secretory phases.
Conclusions: Cytoplasmic and/or nuclear b-catenin immunoreactivity may indicate that the activity of the Wnt/ 
b-catenin signaling pathway is cycle dependent.
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b-Catenin is defined primarily as an adhesion protein on the 
cell membrane. It is bound to the cytosolic tail of E-cadherin 
to mediate the zonula adherens junction by forming a 
link between cadherins and actin filaments. This junction 
provides an interface between two neighboring epithelial 
cells and participates in maintaining the epithelial cell 

layers, proliferation, and cell movement [1]. In addition to 
its adhesive role, b-catenin is also considered to play a key 
role in the Wnt/b-catenin signaling mechanism controlling 
cell proliferation, differentiation, and tissue homeostasis [2]. 
Aberrant activation of this signaling has been found associated 
with various cancers, such as colorectal, breast, and thyroid 
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cancer, as well as with Alzheimer’s disease, preeclampsia, and 
tetra amelia [3].

Subcellular localization of b-catenin has been used as 
a prognostic marker in several cancers including colorectal, 
thyroid, breast, and cervical cancer [3–5]. The expression of 
b-catenin in cells infected with human papillomavirus (HPV) 
is predominantly localized in the cytoplasm and in the nucleus; 
however, membranous positivity is more prominent in HPV-
negative cells. Even though HPV is accepted as a major factor 
in the development of cervical cancer, abnormal activation of 
the Wnt/b-catenin signaling pathway has also been suggested 
[6, 7]. Decreased levels of b-catenin on the cell membrane 
may be related to cell migration and metastatic properties of 
cancerous cells and it is associated with poor prognosis for 
esophageal cancer [5]. Nuclear accumulation of b-catenin is 
also associated with worse survival outcomes and chemo-/
radioresistance in cervical cancer [4].

The cervix is lined by nonkeratinized stratified squamous 
epithelium, which is affected by the levels of estrogen and 
progesterone [8]. The stratified squamous epithelium is 
separated from the lamina propria by the basement membrane. 
The cells that form the basal layer immediately above the 
basement membrane have a high mitotic activity and divide 
asymmetrically to form the parabasal cells. These cells also 
have limited mitotic activity. Further maturation of parabasal 
cells results in intermediate/navicular cell layers that contain 
high levels of glycogen. After maturation, superficial cell 
layers have flattened cells with small pyknotic nuclei. Thus, 
the nucleo–cytoplasmic ratio reduces from the basal to the 
superficial layers of the squamous epithelial tissue [9].

The maturation process of squamous epithelium of the 
cervix has not been fully understood. Only a few studies 
have been reported [10, 11]. These studies revealed that cell 
layers thicken as a result of hormonal status. The proliferation 
and differentiation of epithelial tissue is directly under the 
control of the hormones estrogen and progesterone [12, 13]. 
Stimulated by gradually increasing the amounts of estrogen 
in the follicular or proliferative phases of the menstrual cycle, 
epithelial cells proliferate and cornify. In the secretory/luteal 
phase, under the influence of progesterone, intermediate cells 
become more prominent [8]. The vaginal epithelium becomes 
atrophic in estrogen receptor 1 knock-out (Esr1KO) mice [12] 
and low-dose estradiol vaginal tablets have been used in the 
treatment of atrophic vaginitis [14]. These studies demonstrate 
that estrogen is especially important in the maturation of the 
epithelial tissue by regulating cell proliferation.

Estrogen and progesterone interact with their specific 
hormone receptors in the cytoplasm of epithelial cells to form 
a complex. This complex translocates to the nucleus and 
activates transcription of target genes that play essential roles 

in cell proliferation and differentiation [15, 16]. The role of 
b-catenin in the maturation process of the stratified squamous 
epithelium has not yet been fully elucidated.

b-Catenin has a dual-function in mediating cellular 
adhesion and in the Wnt/b-catenin signaling pathway. 
Within cells, b-catenin is localized in 3 different regions, 
namely, the membrane, the cytoplasm, and the nucleus [17]. 
Membranous b-catenin is a critical member of the adherens 
junction by forming the connections between E-cadherin and 
actin-filaments.

There are some studies of b-catenin expression during 
the menstrual cycle and all were performed on endometrial 
tissue. These studies found that b-Catenin displays a similar 
pattern of expression in both the proliferative and secretory 
phases of the menstrual cycle and there was no difference in 
the activity of Wnt/b-catenin signaling [18, 19]. Conversely, 
the expression of b-catenin was found to be prominent in the 
proliferative phase when compared with the secretory phase 
[20]. This apparent discrepancy remains contentious.

The present study aimed to determine the difference 
between proliferation and secretion phases of the menstrual 
cycle in terms of the Wnt/b-catenin signaling pathway activity 
in squamous epithelial cells by investigating b-catenin 
immunocytochemical reactivity in cervicovaginal smears 
during the course of regular menstrual cycles. This study infers 
the presence of cycle-dependent changes on the Wnt/b-catenin 
signaling pathway, which suggests a role for this pathway in the 
maturation of stratified squamous epithelium. Determining the 
normal pattern of the b-catenin expression during the various 
phases of the menstrual cycle is also important for biomarker 
studies of precancerous and cancerous cases because of the 
possible role of b-catenin in cancer progression.

Methods

Patient selection

This study was approved by the Hacettepe University ethics 
committee for clinical research (approval No. G18/915-34) 
and was conducted following the principles of the Declaration 
of Helsinki and its contemporary amendments. In this 
observational study, cervical smears were taken from 102 
women who had presented to the Department of Obstetrics and 
Gynecology, Hacettepe University Hospital for various types 
of gynecological complaints (November 2018–April 2019). 
Written informed consent was obtained from all individual 
patient participants included in this study. All necessary data  
were obtained from the electronic registry of our institution. 
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A questionnaire containing information on the age, 
menstruation date, time of the menstrual cycle, the regularity 
of menstruation, gravida, and clinical symptoms was 
administered. Women with atypical changes, infections, and 
irregular menstrual cycles, in menopause or in a postpartum 
period were excluded from the present study (n = 40). Only 
smears from women with a regular menstrual cycle were 
evaluated (n = 62) for the present study. Proliferative and 
secretory phases were distinguished further by cytology using 
Karyopyknotic Index estimations [21].

Papanicolaou staining

Cervicovaginal samples were obtained from women and stained 
using the Papanicolaou method with minor modifications [22]. 
Then, stained slides were evaluated under a light microscope 
(Leica, DM 4000B) with regard to the cytological changes, 
such as infections or abnormal epithelial cells.

Immunocytochemistry

The streptavidin–biotin method by using a Vectastain Elite 
Universal ABC kit (Vector Laboratories) was used for 
immunocytochemical staining [23]. Nonspecific binding sites 
in ethanol-fixed samples were quenched with 0.03% H2O2, 
normal horse serum, and using an Avidin D–Biotin blocking 
kit (Vector Laboratories). Subsequently, rabbit monoclonal XP 
b-catenin (1:100 dilution, Cell Signaling Technology; Clone 
ID: D10A8, cat. No. 8480S; Research Resource Identifier 
(RRID): AB_11127855) was used as the primary antibody. 
3,3′-Diaminobenzidine (Vector Laboratories) was the 
chromogen and the samples were counterstained with Harris’ 
hematoxylin (Merck). Positive (HeLa cells; Figure 1A) and 
negative controls (without using primary antibody; Figure 1B)  
were used.

A blinded evaluation (without the knowledge of the 
case) was conducted using a procedure described previously 
[23]. H-score was used to quantify the immunocytochemical 
staining results [24]. Staining intensity was also evaluated for 
each cell type, namely superficial, intermediate, and parabasal 
cells. Next, H-scores were calculated using a formula described 
in the literature [23, 24].

Statistical analyses

IBM Statistics for Windows (version 23) was used to analyze 
data. The primary outcome of this study was to understand 

whether or not there is a difference between proliferation and 
secretion phases of the menstrual cycle in terms of the Wnt/ 
b-catenin signaling pathway activity. To compare the signaling 
activity between menstrual cycle periods (proliferation and 
secretion), a Yates c2 test was used. A Shapiro–Wilk test was 
conducted to analyze the normality of H-scores. To compare 
the means of H-scores, a nonparametric Mann–Whitney U test 
was used, because the H-scores were not normally distributed 
(P < 0.001). A sample size of 62 patient participants as 
used in the present study has a theoretical 88.2% power 
to compare menstrual phases (proliferative and section 

Figure 1. Immunocytochemical staining for b-catenin. A. Positive 
control, HeLa cells. Immunoreactivity for β-catenin is indicated by the 
dark-brown staining from oxidized diaminobenzidine chromogen 
used in the streptavidin–biotin method. The counterstain is Harris’ 
hematoxylin (magnification ×200, scale bar 200 mm, Olympus IX70 
inverted microscope equipped with an Olympus DP71 digital camera). 
B. Negative control, cervicovaginal smear, without primary antibody. 
Only the Harris’ hematoxylin counterstain is seen (magnification ×400, 
scale bar 50 mm, Leica DM 4000B microscope equipped with a Leica 
DFC 370 digital camera).
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Figure 2. Wnt/β-catenin signaling pathway activity is suggested by 
immunoreactivity for β-catenin is indicated by the dark-brown staining 
from oxidized diaminobenzidine chromogen used in the streptavidin–
biotin method. Harris’ hematoxylin counterstaining. A. Membranous 
and cytoplasmic immunoreactivity for b-catenin is depicted in the 
proliferative phase with the superficial cells being more prominent 
than intermediate cells. Activated Wnt/b-catenin signaling pathway is 
also seen in one superficial cell (arrow), which displays strong (+++) 
cytoplasmic immunoreactivity. B. Membranous and cytoplasmic 
immunoreactivity for b-catenin as seen in the secretory phase with 
the intermediate cells being more prominent than superficial cells. An 
activated Wnt/b-catenin signaling pathway is also observed in almost 
all intermediate cells (magnification ×400, scale bars 50 mm, Leica DM 
4000B microscope equipped with a Leica DFC 370 digital camera).

phases) in terms of the activity of Wnt/b-catenin signaling 
pathway (G*Power version 3.1.9.2). P < 0.05 was considered  
significant.

Results

The median age of the patients ranged between 19 and 70 years 
(41.3 ± 11.27 y). No participants had missing data for any 
variable of interest. Women in menopause, postpartum phase, 
or having irregular menstrual cycles were excluded from the 
present study (n = 18). Another 22 women with abnormal 
epithelial cells or various infections, such as bacterial 
vaginosis or fungal infections, were also excluded. Only 
women with regular menstrual cycles were included in the 
present study (n = 62). The women included were divided into 
2 groups, namely those in the proliferative phase (26/62, 42%)  
and those in the secretory phase (36/62, 58%).

The expression of b-catenin was assessed immunocyto-
chemically using 2 different approaches. (1) Expression of 
membranous, cytoplasmic, and nuclear b-catenin immuno-
reactivity in all epithelial cells was evaluated to demonstrate 
the effects of cyclic changes on the activity of Wnt/b-catenin 
signaling. (2) The presence of b-catenin immunoreactivity 
was assessed in superficial, intermediate, and parabasal cells 
sequentially, in an effort to understand better the effects of 
cyclic changes in b-catenin expression from basal to superficial 
layers (Figures 2A, B and 3A–D).

Immunoreactivity H-scores were examined using 
a Shapiro–Wilk normality test. The mean H-scores of 
membranous, cytoplasmic, and nuclear b-catenin were not 
distributed normally (P < 0.001 for all).

Compared with the secretory phase, the mean H-scores 
for b-catenin in the proliferative phase were significantly 
increased in the membrane (P = 0.039), the cytoplasm 
(P < 0.001), and the nucleus (P = 0.033; Figure 4 and Table 1).  
By contrast, b-catenin expression was reduced in cells from 
parabasal to superficial layers.

Cytoplasmic and/or nuclear expression of b-catenin 
immunoreactivity indicates the activity of Wnt/b-catenin 
signaling. There was a significant (P < 0.001) increase in 
signaling activity in the proliferative phase (19/26, 73%) 
compared with the secretory phase (9/36, 25%; Table 1).

Discussion

The mean H-scores of membranous b-catenin (including all 
squamous epithelial cells) were found to be significantly higher 
in the proliferative phase than in the secretory phase (Table 1). 

To our knowledge, there are no previous reports to clarify this 
occurrence in the human cervix or vagina; however, it has been 
reported that 17b-estradiol (E2) disrupts the adherens junctions 
in endothelial cells to increase the cellular permeability 
in uterine human microvascular endothelial cells [25]. By 
contrast, E2 also induces maturation and the thickening of the 
vaginal epithelium and decrease in the levels of E2 is associated 
with a reduction in the epithelial cell generation in the mouse 



 β-Catenin during the menstrual cycle  191Asian Biomed (Res Rev News) 2020; 14(5):187–194

vagina [13]. Thus, E2 associated cellular proliferation and 
maturation induces the adherens junction to keep cells together 
to maintain epithelial tissue integrity.

We have demonstrated that b-catenin expression was 
reduced from parabasal layers to superficial layers both in 
proliferative and secretory phases. This result can be interpreted 
in various ways. First, we believe that a gradual decrease 
in membranous b-catenin immunoreactivity throughout the 
epithelial cell layers indicates the weakening of the adherens 
junction. This weakening may cause epithelial cells to separate 
more easily from each other in the upper part of the epithelial 
tissue and cause the shedding of superficial cells from the 
epithelial surface becomes easy. Second, cytoplasmic and 
nuclear b-catenin immunoreactivity decreased reflecting the 
expression of the protein from parabasal cells to superficial cells 

(Figure 4). Parabasal cells have limited mitotic activity and 
the Wnt/b-catenin signaling activation is recognized as being 
directly related to cell proliferation [25]. The proliferative role 
of this signaling would explain the stronger immunoreactivity in 
the parabasal cells and weaker b-catenin immunoreactivity in the 
superficial cells. Similar to our observation, b-catenin positivity 
was found to be reduced from the basal to superficial cell layers 
in cervical biopsy samples and oral mucosa [26, 27]. Finally, we 
hypothesize that the increasing level of b-catenin in parabasal 
cells compared with superficial cells could be related to activity 
of the Wnt/b-catenin signaling pathway. The mechanism is 
not yet fully understood. According to Cox et al., b-catenin 
accumulates in the cytoplasm postsaturation of the binding of 
E-cadherin to b-catenin. Then, after reaching a certain level in 
the cytoplasm, b-catenin translocates to the nucleus [28]. By 

Figure 3. Comparison of immunocytochemical staining patterns between superficial, intermediate, and parabasal cells. Immunoreactivity for 
β-catenin is indicated by the dark-brown staining from oxidized diaminobenzidine chromogen used in the streptavidin–biotin method. Harris’ 
hematoxylin counterstaining. A. One of the two neighboring superficial cells show cytoplasmic immunoreactivity (arrow) and that Wnt/b-catenin 
signaling pathway is activated; however, the other cell is entirely unreactive. B. Membranous immunoreactivity is stronger in the intermediate 
cells than in the superficial cells. C. Strong cytoplasmic positivity and activated signaling are seen in an intermediate cell. D. Parabasal cells show 
stronger membranous and cytoplasmic immunoreactivity than superficial and intermediate cells (magnification ×1000), (scale bars 20 mm, Leica 
DM 4000B microscope equipped with a Leica DFC 370 digital camera).
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contrast, Chen et al. stated that Wnt/b-catenin signaling activity 
would not affect the membranous b-catenin [29].

Previous studies showed that the cytoplasmic and/
or nuclear stabilization of b-catenin correlates with the 
transcription of the genes downstream in the Wnt/b-catenin 
signaling pathway [30]. Consistent with these reports, 
cytoplasmic and/or nuclear immunoreactivity of b-catenin 
to analyze the activation of Wnt/b-catenin signaling was 

evaluated. Wnt/b-catenin signaling was active in 19 of 26 (73%) 
cases in the proliferative phase and our data demonstrates a 
significant association between the proliferative phase and 
activity of the Wnt/b-catenin signaling pathway.

In the present study, nuclear staining was lower than all 
other compartments probably because we examined only 
benign epithelial cells (Table 1). b-Catenin staining was 
detected prominently in the membrane and the cytoplasm 

Table 1. Comparing parameters in the menstrual cycle proliferative and secretory periods

Wnt/β-catenin signaling activity§ Proliferative period n (%) Secretory period n (%) P

Active (n = 28) 19 (73) 9 (25) <0.001*†

Inactive (n = 34) 7 (27) 27 (75)

Total (n = 62) 26 (100) 36 (100)

Cellular localization of immunoreactivity Mean ± SD|| Mean ± SD||

Membranous b-catenin 32.29 ± 34.4 18.89 ± 29.7 0.039*‡

Cytoplasmic b-catenin 9.33 ± 12.75 2.62 ± 7.31 <0.001**‡

Nuclear b-catenin 1.07 ± 3.68 0.13 ± 0.80 0.033*‡

†Yates continuity correction.
‡Mann–Whitney U test.
§b-Catenin immunoreactivity.
||Mean H-scores for squamous epithelial cells including superficial, intermediate, and parabasal cells together.
*P < 0.05. **P < 0.001.
SD, standard deviation.

Figure 4. b-Catenin expression was reduced from parabasal to superficial layers in both the proliferative and secretory phases. H-scores were not 
normally distributed in all groups; thus, standard deviation (SD) was high (error bars indicate SD).
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of the basal layer and suprabasal layer in the benign uterine 
cervix. However, increased nuclear expression of b-catenin 
has been used as a prognostic marker for the early stage 
of cervical cancer, poor prognosis, well or moderately 
differentiated tumors, and lymph node metastasis as well as 
chemo-/radioresistance [4, 5, 7, 24]. Although cytoplasmic 
accumulation of b-catenin indicates activity of the Wnt/b-
catenin signaling pathway, increased nuclear b-catenin should 
be taken into consideration for potential prognostic value. 
Thus, determining the normal behavior of Wnt/b-catenin 
activity during the different phases of the menstrual cycle 
might give us information about the cutoff level for further 
quantitative investigations in abnormal epithelial cells.

Effects of cyclical changes on the activity of the Wnt/b-
catenin signaling pathway have been studied especially in 
endometrial biopsies. Tulac et al. could not find any significant 
difference between the proliferative and secretory phases in 
terms of signaling activity [18]. However, similar to our present 
findings, Nei et al. showed that 12 of 15 (80%) patients in the 
proliferative phase had activated Wnt/b-catenin signaling in 
the endometrium [31]. Our present study suggested that the 
cyclic changes of estrogen affect the activity of the signaling 
pathway in stratified squamous epithelial cells in the cervix.

Effects of estrogen and progesterone on the activity of 
Wnt/b-catenin signaling have been reported. The first direct 
evidence of the cross-talk between Wnt and estrogen signaling 
pathways was found in Drosophila melanogaster where there 
was an interaction between b-catenin and estrogen receptor-a 
[32]. To our knowledge, there is no previous evidence for this in 
the human cervix or vagina. However, Liedert et al. reported that 
activation of estrogen signaling and Wnt/b-catenin signaling 
was independent; nevertheless, these signaling pathways work 
in concert to regulate cellular proliferation in the endometrium 
[33]. Along with estrogen, progesterone inhibits the activity 
of Wnt/b-catenin signaling by inducing negative regulators 
of signaling in the endometrium [19]. These findings suggest 
that estrogen, progesterone, and the Wnt/b-catenin signaling 
pathways are closely engaged in controlling cell proliferation 
and differentiation in epithelial tissue.

To our knowledge, this is the first study to evaluate 
the effect of menstrual cyclic changes on the cytochemical 
expression of b-catenin in human cervicovaginal smears. The 
relatively small number of cases and the lack of serum level 
data are major limitations of the present study. Nevertheless, 
because of the importance of the Wnt/b-catenin signaling 
pathway in cancer prognosis and progression, we believe that 
the present study determining the normal behavior of Wnt/ 
b-catenin activity during the different phases of the menstrual 
cycle will yield valuable insights for biomarker studies in 
precancerous/cancerous cases.

Conclusion

Cytoplasmic and/or nuclear b-catenin immunoreactivity may 
indicate activity of Wnt/b-catenin signaling and was found 
to be cycle-dependent. The presence of menstrual cycle-
dependent changes in the Wnt/b-catenin signaling activity 
suggests a role for this signaling in maturation of stratified 
squamous epithelium.

Author contributions. HGD contributed to the conception 
and design of the study, generated, curated, and analyzed 
the data. HGD wrote the original draft and revised the 
manuscript, approved the final version submitted for 
publication and takes responsibility for the statements made 
in the published article.

Acknowledgments. The author thanks Prof. Dr. Mehmet 
Sinan Beksaç for collecting gynecological samples and 
critical reading of this manuscript. The author also thanks the 
Hacettepe University Technology Transfer Center (HT-TTM) 
for initial English language editing. The author did not receive 
any specific grant for this research from any funding agency in 
the public, commercial, or not-for-profit sectors.

Conflict of interest statement. The author has completed 
and submitted an International Committee of Medical Journal 
Editors Uniform Disclosure Form for Potential Conflicts of 
Interest. Hanife Guler Donmez has nothing to disclose as a 
potential conflict of interest.

Data sharing statement. The data sets generated or analyzed 
during the present study are available from the corresponding 
author on reasonable request.

References

[1] Ozawa M, Baribault H, Kemler R. The cytoplasmic domain of 
the cell adhesion molecule uvomorulin associates with three 
independent proteins structurally related in different species. 
EMBO J. 1989; 8:1711–7.

[2] Siegfried E, Perrimon N. Drosophila wingless: a paradigm for 
the function and mechanism of Wnt signaling. Bioessays. 1994; 
16:395–404.

[3] Nusse R, Clevers H. Wnt/β-catenin signaling, disease, and emerging 
therapeutic modalities. Cell. 2017; 169:985–99.

[4] Zhang Y, Liu B, Zhao Q, Hou T, Huang X. Nuclear localizaiton of 
β-catenin is associated with poor survival and chemo-/radiore-
sistance in human cervical squamous cell cancer. Int J Clin Exp 
Pathol. 2014; 7:3908–17.

[5] Hsu P-K, Li A-F, Wang Y-C, Hsieh C-C, Huang M-H, Hsu W-H, 
Hsu H-S. Reduced membranous β-catenin protein expression is 



194  Donmez

associated with metastasis and poor prognosis in squamous cell 
carcinoma of the esophagus. J Thorac Cardiovasc Surg. 2008; 
135:1029–35.

[6] Tuncer ZS, Başaran M, Ustaçelebi S, Mocan-Kuzey G. High-risk 
human papilloma virus (HPV) infection determined by Hybrid 
Capture II assay in a Turkish university hospital outpatient clinic. 
Gynecol Obstet Reprod Med. 2006; 12:129–34.

[7] Uren A, Fallen S, Yuan H, Usubütün A, Küçükali T, Schlegel R, 
Toretsky JA. Activation of the canonical Wnt pathway during 
genital keratinocyte transformation: a model for cervical cancer 
progression. Cancer Res. 2005; 65:6199–206.

[8] Wira CR, Fahey J V, Ghosh M, Patel MV, Hickey DK, Ochiel DO.  
Sex hormone regulation of innate immunity in the female 
reproductive tract: the role of epithelial cells in balancing 
reproductive potential with protection against sexually transmitted 
pathogens. Am J Reprod Immunol. 2010; 63:544–65.

[9] Hwang LY, Ma Y, Benningfield SM, Clayton L, Hanson EN, Jay J, 
et al. Factors that influence the rate of epithelial maturation in the 
cervix in healthy young women. J Adolesc Health. 2009; 44: 
103–10.

[10] Singer A. The uterine cervix from adolescence to the menopause.  
Br J Obstet Gynaecol. 1975; 82:81–99.

[11] Moscicki A-B, Singer A. The cervical epithelium during puberty and 
adolescence. In: Jordan J, Singer A, Jones H, Shafi M, editors. The 
cervix. 2nd ed. Oxford: Blackwell Publishing; 2006; p. 81–101.

[12] Miyagawa S, Iguchi T. Epithelial estrogen receptor 1 intrinsically 
mediates squamous differentiation in the mouse vagina. Proc Natl 
Acad Sci U S A. 2015; 112:12986–91.

[13] Li S, Herrera GG, Tam KK, Lizarraga JS, Beedle M-T, 
Winuthayanon W. Estrogen action in the epithelial cells of the 
mouse vagina regulates neutrophil infiltration and vaginal tissue 
integrity. Sci Rep. 2018; 8:11247. doi: 10.1038/s41598-018-29423-5

[14] Bachmann G, Lobo RA, Gut R, Nachtigall L, Notelovitz M. Efficacy 
of low-dose estradiol vaginal tablets in the treatment of atrophic 
vaginitis. Obstet Gynecol. 2008; 111:67–76.
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