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ABSTRACT

Introduction and aim. This study explores the proliferative growth of cervical mucosal epithelial cells during the postmeno-
pausal period, offering new insights on age-related changes in cervical tissues, a topic previously under-examined in post-
menopausal health research. By employing histologic analysis, immunostaining techniques, and Ki-67 mitotic index assess-
ment, this research provides novel data on the alterations in cervical epithelial cells during and after menopause. The findings
enhance our understanding of the biological processes affecting cervical health in the postmenopausal phase, which is increas-
ingly significant as the global population ages and emphasizes the need for tailored healthcare approaches. The primary goal
was to investigate the proliferative growth of cervical mucosal epithelial cells in postmenopausal women by assessment of Ki-
67 gene activity in progesterone-positive cells in normal and pathological postmenopausal periods (PMPs) in the presence or
absence of autonomic symptoms, manifested by mood instability, headaches and dizziness.

Material and methods. This research involved analyzing tissue samples from 149 postmenopausal women with suspicion of
malignancy using histologic and immunostaining methods to evaluate epithelial cell proliferation markers, with the Ki-67 mi-
totic index as a key measure. The average activity of the Ki-67 gene was evaluated using the global scoring method, with Ki-67
percentages below 2.5% considered low. Statistical analysis included both parametric and non-parametric methods, specifi-
cally Student’s t and Wilcoxon'’s tests.

Results. The study found a reduction in the proliferative activity of cervical mucosal epithelial cells during the normal post-
menopausal period, indicated by a significant decrease in Ki-67 expression in the exocervical zone and during the first year in
the transformation zone and the endocervix (p<0.01).

Conclusion. Understanding the proliferative growth of cervical mucosal epithelial cells during the postmenopausal period
helps to understand the dynamics of age-related cervical tissue. These results can lead to better prevention and monitoring
strategies for cervical health in postmenopausal women.
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Introduction

According to the global scientific literature, it is known

that the outside of the cervix is covered with a pink-col-

ored multilayer squamous epithelium.'? Four main

layers of keratinocytes have been identified in the mul-

tilayer epithelium:

- the first layer - basal cells (characterized by large
nuclei and high nuclear-cytoplasmic ratios),

- the second layer parabasal cells,

- the third layer -intermediate cells,

- the fourth layer - superficial cells with low nuclear-

-cytoplasmic ratios, containing glycogen.

At the external cervix, the squamous epithelium,
which consists of multiple layers, interfaces with cylin-
drical epithelial cells.** Occasionally, cylindrical epithe-
lium can extend to the cervix’s outer surface and around
the external os, a phenomenon known as ectopia. This
is a common occurrence in newborn girls, where the
cylindrical epithelium gradually transitions into mul-
tilayered squamous epithelium as they age. This trans-
formation is facilitated by reserve cells located between
cylindrical epithelial cells, which give rise to patches of
multilayered squamous epithelium.®’

Ectopia may also result from the body’s response
to hormonal contraceptives or pregnancy and can oc-
cur due to hormonal treatments during the postmeno-
pausal period to extend menopause and prevent rapid
involution of the genitourinary organs.*® In women of
reproductive age, the boundary between the squamous
and cylindrical epithelium is typically aligned with the
external os, while in younger women, it is located on
the endocervix and in older women, it is found within
the cervical canal. This boundary, known as the trans-
formation zone, is crucial and warrants meticulous ex-
amination by specialists.'®'?
a complex multilayered system that interacts intricately
both internally and with the adjoining cylindrical epi-
thelium.

Menopause significantly impacts various physiolog-
ical processes, including the structure and function of
cervical tissues. The postmenopausal period is charac-
terized by a decline in estrogen levels, leading to thin-
ning of the cervical epithelium and a reduction in its
regenerative capacity. This hormonal change contrib-
utes to a decreased proliferative activity of cervical mu-
cosal (CM) epithelial cells, as indicated by lower Ki-67
expression, and a diminished ability to respond to envi-
ronmental and physiological challenges. Furthermore,
menopause is associated with changes in the microen-

The cervical epithelium is

vironment of the cervix, such as altered immune re-
sponses and increased susceptibility to infections and
neoplastic transformations."” The impact of menopause
on cervical health is further complicated by infections
by human papillomavirus (HPV). HPV, particularly
high-risk strains like HPV-16 and HPV-18, disrupt nor-

mal cellular processes by inactivating tumor suppressor
proteins p53 and Rb via its oncoproteins E6 and E7. This
leads to uncontrolled cell proliferation, impaired apop-
tosis, and genomic instability. HPV-induced chang-
es can transform normal endocervical epithelium into
precancerous lesions, increasing the risk of cervical can-
cer.'*® Therefore, understanding the combined effects
of menopause and HPV infection is crucial for devel-
oping tailored medical approaches to manage cervical
health in postmenopausal women.

The cervix has three distinct sections characterized
by unique morphological features and varying immu-
nological activities. The physiological regeneration of
these different epithelial layers involves cambium-like
cells and follows diverse signaling pathways for dif-
ferentiation and specialization. This process necessi-
tates an understanding of not just cellular plasticity but
also the patterns of neurohormone systems, known as
keilons.** The intermediate area, known as the transfor-
mation zone, is a critical site for microbial contamina-
tion and the localization of cells prone to malignancy."”
Research has yet to fully explore the phenotypes of in-
nate and adaptive immune cells and their interactions
under conditions of papillomavirus infection. Studies by
the authors have revealed that the quantitative and qual-
itative characteristics of the differon system, including
local mucosal immunity, differ significantly from those
in more proximal regions.

Aim

The research aim is to investigate the proliferative
growth of cervical mucosal epitheliocytes by assessment
of Ki-67 gene activity in progesterone-positive cells
during normal and pathological postmenopausal peri-
ods (PMPs).

Material and methods

The main aim of this research was to explore the pro-
liferative growth of cervical mucosal epithelial cells in
patients from the Primorsky Region across various age
groups. The study involved analyzing 149 cervical mu-
cosa biopsy specimens prepared at the Medical complex
of Far Eastern University that were collected from pa-
tients with clinical indications for malignancy in accor-
dance with the Declaration of Helsinki (2000, 2013) and
approved by the Local Ethics Committee of Far Eastern
Federal University, Vladivostok (protocol No. 6 dated
April 19, 2023).

The study compared the clinical material of wom-
en (in equal proportions, 74 and 75, respectively) with
the normal and pathological course of the postmeno-
pausal period (depending on the presence or absence of
persistent symptoms in the form of vegetative-vascular
manifestations with emotional instability, headaches and
dizziness). Observed samples were obtained from differ-
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ent patients for 5 years. During the first year of study bi-
opsies of 25 patients were analyzed, the second year 30
patient samples were analyzed, the third year 42 patient
samples were analyzed, the fourth year 33 patient sam-
ples were analyzed, and the 5" year 29 patient samples
were analyzed. Patients did not have high HPV activi-
ty, surgical interventions, or hormonal medications in
the past 10 years before visiting a gynecologist. The nor-
mal postmenopausal period occurred in women without
signs of cellular atypia and malignancy (those women in
whom immunohistochemistry (IHC) did not confirm
the presence of factors predisposing to tumor growth). In
the pathological postmenopausal period, signs of cellular
atypia with high Ki-67 activity were found.

Progesterone-positive cells were identified in rou-
tine IHC diagnosis. As a marker, a monoclonal antibody
clone of the progesterone receptor (PgR 636), specifical-
ly targets the progesterone receptor (PR), was applied.
This antibody binds to the PR protein in formalin-fixed
paraffin-embedded tissue sections, allowing the detec-
tion of PR-expressing cells. Following primary antibody
binding, a secondary antibody conjugated with an en-
zyme or fluorescent marker was applied, enabling vi-
sualization under a microscope, typically as a brown
chromogenic signal.

General morphological characteristics were identi-
fied using hematoxylin and eosin staining, while pro-
liferative activity in the epithelial lamina was assessed
by the Ki-67 marker, counting mitoses per 100 cells.
Progesterone-positive cells were quantified by IHC as-
sessment of level protein expression over a 4 mm” area,
with 213 positive cells distinguishing normal course
from pathological course of the postmenopausal pe-
riod. Average Ki-67 gene activity was evaluated using
the global scoring method, with Ki-67 percentages be-
low 2,5% considered low. Statistical analysis employed
both parametric and non-parametric methods, includ-
ing Student’s and Wilcoxon’s tests, facilitated by stan-
dard software packages like LYSYS IT (“Becton Dikinson
Immunocytometry system”). Visual documentation was
captured using a digital camera with DPx25 software.

Results

Analysis of proliferative activity at different stages of a
the postmenopausal period showed differences in vari-
ous sections of the cervical mucosa (Figs. 1 and 2).

Thus, we observed that in postmenopausal women
there is an increase in progesterone receptors, a decrease
in estrogen levels is associated with a decrease in estro-
gen receptors and a sharp decrease in proliferative activ-
ity in the epithelial lamina of the CM (Fig. 3).

The number of Ki67-positive cells in the pathologic
course during the postmenopausal period increases to
a greater extent in the exocervical CM compared to the
norm, which can be attributed to pathogen contamina-

tion and adaptive sloughing of the epithelium on the ep-
ithelial surface, these data for norm and pathology are
presented in Tables 1 and 2.

Microscopic examination
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Fig. 1. Scheme of the cervical epithelium, SSE stratified
squamous epithelium of the exocervix, CE TZ columnar
epithelium of the transformation zone, SLCE single-layered
cylindrical epithelium of the endocervix
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Fig. 2. 63-year-old woman, localization of Ki67 gene
protein with low expression (dim brown markers in
image) in the structures of the cervical mucosa in normal
postmenopausal period (Immunohistochemistry with
hematoxylin, 400x)

Fig. 3. Localization of the Ki67 gene protein with high
expression (bright brown markers in image) in the
structures of the cervical mucosa in the presence of polyps
in the cervical mucosa (Immunohistochemistry, 200x)
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When statistical analysis was performed to compare
the average using Student’s test and the difference in the
distribution of the data using the Wilcoxon test, it was
determined that there were statistically significant dif-
ferences in the exocervix in any period (average over
the next 5 years after the onset of expression at 2.34%
at normal vs. 2.78% at pathology), and in the transfor-
mation zone (2.4% at normal vs. 3.2% at pathology) and
endocervix (1.8% at normal vs. 2.5% at pathology) in
the first year of postmenopause as a function of PMP
normality (p-value < 0.01) and increased mean Ki-67
expression level at pathology; no statistically significant
differences were observed in the transformation zone
and endocervix in subsequent years after the onset of
postmenopause with respect to the progression of PMP.

Table 1. Evaluation of the location and quantification of
Ki-67-positive cell activity in the CM of patients*

Average Ki-67 gene activity in normal postmenopausal

(M structures period (number of mitoses per 100 cells in %)
control lyear 2year 3year 4year 5year Total average for
PMP  PMP PMP PMP PMP 5 years
Exocervix 3.2 24 2 29 1.2 234
Transformation zone 24 24 21 26 1.1 212
Endocervix 18 24 1.9 1.5 11 1.74

*CM - cervical mucosa, PMP - postmenopausal period

Table 2. Evaluation of location and quantitative
characterization of Ki-67 - positive cells activity in CM of
patients with pathological course of postmenopausal
period*

Average activity of the Ki-67 gene

(M structures in the pathological course of the postmenopausal period
in the observation (number of mitoses per 100 cells in %)
group lyear 2year 3year 4year 5year Total average
PMP  PMP  PMP  PMP PMP for 5 years
Exocervix 4.2 2.9 25 2.6 1.7 2.78
Transformation zone 3.2 25 22 1.8 13 22
Endocervix 2.5 24 1.9 1.6 0.8 1.84

*CM - cervical mucosa, PMP - postmenopausal period

Discussion

The observed variations in the activity of the Ki-67 gene
in different sections of the CM reveal complex patterns
of regenerative potential during the postmenopausal pe-
riod. Our findings contribute novel insights into the dy-
namic nature of cervical tissue regeneration, expanding
the existing literature.®’

A particularly notable result is the significantly
higher activity of the Ki-67 gene observed in the exo-
cervix, corroborating and extending previous research
that reported elevated regenerative potential in this out-

ermost cervical layer.%” This robust regenerative activi-
ty, marked by increased cell proliferation, highlights the
exocervix’s essential role as a protective barrier against
environmental challenges, suggesting that constant ex-
posure to external factors requires active tissue renewal
and repair. In contrast, other studies have indicated no
significant decrease in Ki-67 gene activity in the trans-
formation zone compared to the exocervix.'

This discrepancy could arise from differences in
study populations, methodologies, or age group defi-
nitions. Our findings suggest a nuanced transition in
the balance between cell proliferation and turnover as
the cervical mucosa progresses from the exocervix to
the transformation zone. More research on hormonal
signaling, microenvironmental factors, and molecular
mechanisms specific to this region is needed to clarify
these differences.

Our findings regarding the endocervix, which ex-
hibited the lowest Ki-67 gene activity, align with previ-
ous data indicating a reduced regenerative potential in
this innermost cervical layer.'® This diminished prolif-
erative activity offers valuable insights into the cellular
mechanisms associated with age-related changes in cer-
vical tissues. Investigating the molecular pathways that
regulate the endocervix’s regenerative potential could
reveal novel therapeutic targets for age-related cervical
health issues, underscoring the importance of our study
in advancing a broader scientific understanding of post-
menopausal cervical dynamics.

HPYV infection, particularly with high-risk strains
such as HPV-16 and HPV-18, significantly affects the
regenerative and transformation mechanisms of the en-
docervix by disrupting normal cellular processes. The
viral oncoproteins E6 and E7 inactivate tumor suppres-
sor proteins p53 and Rb, respectively, leading to un-
controlled cell proliferation and impaired apoptosis.
This interference alters the regenerative potential of en-
docervical cells, initially increasing proliferation but
eventually causing genomic instability. Furthermore,
HPV-induced changes can promote the transformation
of normal squamous epithelium into precancerous le-
sions, increasing the risk of cervical cancer. Studies have
shown that HPV infection can also result in chronic in-
flammation, further exacerbating cellular damage and
dysregulation.'" Additionally, the integration of HPV
DNA into the host genome can disrupt key regulato-
ry regions and contribute to the carcinogenic process."
The persistent infection and the resulting cell changes
highlight the critical need for monitoring and manag-
ing HPV infections to mitigate their impact on cervi-
cal health.

The comparative analysis with existing research of-
fering new perspectives on the regenerative potential
of various cervical mucosal sections during the post-
menopausal period. These insights contribute to a more
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comprehensive understanding of age-related changes
in cervical tissues and establish a foundation for poten-
tial therapeutic interventions. Notably, the ectocervix’s
low Ki-67 gene activity suggests a relatively diminished
regenerative capacity, likely due to natural aging, hor-
monal changes, or other postmenopausal physiological
factors. This observation highlights the cellular mech-
anisms behind age-related changes in cervical tissues.
Further exploration of the molecular pathways involved
could lead to novel therapeutic approaches for manag-
ing age-related cervical health issues.

Conclusion

In this study, we elucidated the regenerative potential of
distinct sections of the CM by examining Ki-67 gene ac-
tivity across PMP age groups. The findings reveal a nu-
anced age-related dynamic in the proliferative activity
of cervical mucosal epithelial cells, aligning with the re-
search objectives.

Our investigation demonstrated significantly high-
er Ki-67 gene activity in the exocervix, indicating ro-
bust regenerative potential and active tissue renewal
and repair mechanisms. This emphasizes the exocervix’s
crucial role in maintaining a healthy cervical barrier, es-
pecially against environmental challenges.

Conversely, the transformation zone showed a no-
table decrease in Ki-67 gene activity compared to the
exocervix, suggesting a shift in the balance between cell
proliferation and turnover as the mucosa transitions
from the exocervix to the transformation zone. This dy-
namic may be influenced by hormonal signaling, micro-
environmental factors, or other molecular mechanisms
specific to this region.

Additionally, the study revealed the endocervix’s
lowest Ki-67 gene activity values, indicating a relative-
ly diminished regenerative potential in this innermost
layer. This observation provides critical insights into the
cellular mechanisms underlying age-related changes in
cervical tissues, aligning with our objective to explore
the postmenopausal period’s impact comprehensively.

The practical significance of these findings lies in
their potential to inform tailored medical approaches
for postmenopausal women, enabling improved preven-
tion and monitoring strategies for cervical conditions.
Understanding the regenerative dynamics of different
cervical sections contributes to the broader landscape of
women’s health, guiding healthcare professionals in ad-
dressing age-specific concerns. However, this study has
limitations, since it was performed in a single medical
institution, and there was no more complete informa-
tion about the patients’ medical history and their fur-
ther treatment.

Looking forward, future research endeavors should
delve deeper into the molecular pathways governing the
regenerative potential of each cervical section. Investi-

gating specific factors influencing Ki67 gene activity and
exploring potential therapeutic interventions based on
these insights could enhance our ability to address age-re-
lated cervical health issues more effectively. Additionally,
expanding the study to include a broader demographic
and considering longitudinal assessments could provide
a more comprehensive understanding of the age-related
dynamics in cervical mucosal epitheliocytes.

In conclusion, our study advances the understand-
ing of age-related changes in cervical tissues, providing
valuable insights into the regenerative potential of dif-
ferent cervical mucosal sections. These findings con-
tribute to the evolving field of women’s health, with
implications for personalized medical approaches and
avenues for further in-depth exploration.
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