Pre prints.org

Article Not peer-reviewed version

Inflammaging: Expanding the Molecular
Palette of Cellular Immunophenotype

Dmitry O. Ivanov, Anna O. Drobintseva ' , Valeriia R. Rodichkina , Ekaterina S. Mironova , Tatiana S. Zubareva ,
Yulia S. Krylova , Svetlana N. Morozkina , Ruslan A. Nasyrov, Igor M. Kvetnoy

Posted Date: 9 April 2024
doi: 10.20944/preprints202404.0644.v1

Keywords: aging; inflammation; endometrium cells; molecular markers; molecular targets

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions.of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.




Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 April 2024 d0i:10.20944/preprints202404.0644.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Inflammaging: Expanding the Molecular Palette of
Cellular Immunophenotype

Dmitry Ivanov !, Anna Drobintseva ¥, Valeriia Rodichkina 2, Ekaterina Mironova 2,
Tatyana Zubareva ?, Yuliya Krylova 2, Svetlana Morozkina ?, Ruslan Nasyrov ! and Igor Kvetnoy 2

1 Saint-Petersburg State Pediatric Medical University, Saint Petersburg, Russia;
2 Saint-Petersburg Research Institute of Phthisiopulmonology, Saint Petersburg, Russia;
* Correspondence: anna.drobintseva@gmail,com

Abstract: Cellular aging is considered as one of the main factors leading to female infertility. The process called
“inflammaging”, which was proposed by C. Franceschi in 2014 is characterized by chronic asymptomatic
inflammation state resulting to whole body aging and age-associated diseases. In this work the inflammaging
model was developed; markers expression associated with SASP (senescence associated secretory phenotype)
and cell aging were verified in endometrial cells; the correlation analysis with the known inflammaging
markers was done; as well as the age dynamic of markers expression in the groups of young reproductive age
and late reproductive age was evaluated. For the first time, the comparative study of the expression of the key
signalling molecules involved in the mechanisms of the aging was carried out: IL-6, IL-8, IL-1a, MMP3, SIRT1,6,
TERF-1, CALR in endometrial cells in the age aspect and under the influence of the genotoxic stress. The SASP
phenotype characterizing the phenomenon of inflammaging can be significantly expanded by the including of
the studied molecules - SIRT-1, SIRT-6, TERF, CALR, that we demonstrated for the first time. These signalling
molecules may be new therapeutic targets for the age-associated female reproductive system diseases

treatment.
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1. Introduction

The main feature of cell aging is the inability of cells for the splitting even by the growth factors
stimulation. Since aging cells are usually associated with the whole-body aging and age-associated
diseases, it is assumed that cellular aging contributes to an age-related decrease of the reproductive
function. It is well-known, that cells have a limited ability to replicate - the Hayflick limit, also called
"cellular aging" [1]. As soon as a significant number of proliferating cells in a tissue reaches the limit
of cellular aging, the ability of this tissue for the regeneration decreases sharply [2]. Since the lack of
regenerative potential is a hallmark of tissue aging, the population of aging cells is directly related to
the whole-body aging and age-associated diseases [3].

In addition, cellular aging leads to pregnancy complications such as the spontaneous abortion
and the premature birth. However, cellular aging is also involved in the maintaining of normal
homeostasis during the pregnancy and fetal development, suggesting that a balance between normal
and aging cells is necessary in the early stages of the body's development [4].

Inflammaging (inflammatory aging) is an age-associated, chronic and systemic inflammatory
state caused by cells with the acquired SASP phenotype (senescence associated secretory phenotype)
[5]. This type of cell has a pronounced depression of the p16INK4a gene, which supports the viability
of aging cells by the apoptosis prevention.

Late reproductive age is associated with infertility and possible complications of the onset and
course of pregnancy. Aging cells express proinflammatory cytokines, growth factors, and matrix
metalloproteinases, which are collectively referred to as the aging-associated secretory phenotype
(SASP). Such cells are viable in vitro, unlike apoptotic cells, which undergo by the programmed cell
death. The number of immunological aging markers increases with the aging [6].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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A feature of cells with the SASP phenotype is its dynamic development over the time. Genetic
changes, such as the p53 loss or an increase in oncogenic RAS, lead to a faster acquisition of the SASP
phenotype, which suggest that SASP is a specific program triggered by the genotoxic stress. In the
culture, cells acquire full SASP during 3-5 days after the aging induction, and cell growth stops within
24 h after the damage. Not all SASP factors begin to be secreted at the same time. This gradual
phenotypic transition is a trait preserved between cell types and aging inducers [7]. According to the
data available, cell cycle arrest in the G1 phase and a decrease in the number of cells in the G2-M
phase in all cells are observed in 6 hours after the UV irradiation [8].

The lack of verified, accurate and reliable biological markers of the inflammaging is the task to
be solved for the successful treatment of age-associated diseases. The main characteristics of
biological markers of aging are as follows: (1) the marker is associated with the age; (2) the expression
of the marker does not change with the disease; (3) the marker does not change with metabolic and
nutritional states; (4) the marker is affected by the aging processes; (5) the marker does not change in
immortalized cells [9]. The expansion of the research on biological markers of aging will make it
possible to clarify the molecular mechanisms of inflammaging and determine the role of this
phenomenon in the process of the body aging.

It was revealed that the SASP cells secretome included the inflammatory factors such as IL-6, IL-
8 or MCP-1, growth modulators such as GRO and IGFBP-2, cell survival regulators such as OPG or
STNF RI, as well as secreted surface molecules such as uPAR or ICAM-1 [10].

The recent proteomic studies of the SASP cell phenotype highlighted, that amphoterin
(HMGBL), the -1 subunit of laminins (LAMB1) and tissue metallopeptidase inhibitors (TIMPs) can
be considered as the signalling molecules [11].

SASP cells are capable to secrete an extracellular vesicle - exosomes, microvesicles and apoptotic
bodies. After the secretion, these vesicles can be absorbed by recipient cells through endocytosis,
phagocytosis, macropinocytosis, or membrane fusion [12]. All types of extracellular vesicles contain
both different types of proteins and mRNAs [13]. Proteomic analysis of the vesicle contents revealed
several known SASP factors [14].

A large number of molecules and signalling pathways involved in the mechanisms of the aging
are known. However, the involvement of these factors in the inflammaging processes and their role
in the reproductive aging remains insufficiently investigated. To determine the tissue and age
expression of the aging markers, it is necessary to analyse a panel of markers characteristic for SASP:
TGEF£, IL-6, IL-8, IL-1a, NF-kB, MMP3 [15]; two classical markers of cellular aging — p16 [16] and p53
[17], as well as to conduct studies on the expression of molecules that may be involved in the
mechanisms of aging, namely Ki-67 [18], PCNA [19], Bcl-2 [20], SIRT1,6 [21], TERF-1 [22], CALR [23].

In this work, the expression of signalling molecules in mammalian endometrial cells during their
aging in vitro was studied to expand the understanding of the SASP phenotype formation and its role
in the mechanisms of the human reproductive system inflammaging.

2. Materials and Methods
2.1. The Modelling of Inflammaging

For cell cultures preparation, endometrial material (n=20) was obtained in the gynecological
department of St. Petersburg State Medical University by pipel biopsy during an examination by
gynaecologists provided by the medical services standard to identify the infertility causes. The
material was divided into 2 groups: young reproductive age (under 35 years) (n=10); older
reproductive age (after 35 years) (n=10). All patients had normal menstrual cycles. The patients did
not receive hormonal therapy. 4 groups of endometrial cell culture (CCE) were studied: 1- from
patients of young reproductive age; 2- from patients of older reproductive age; 3- the inflammaging
model for patients younger than 35 years; 4- the inflammaging model for patients older than 35 years.

The isolation of cell culture was carried out according to the standard protocol developed in our
laboratory [24].

The modelling of the inflammaging (exposure to genotoxic stress) was carried out as follows:
ultraviolet irradiation (UVA+UVB) was performed twice per day for four days at the rate of 0.05 J/cm?2
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per the treatment, as it is described in the article [25]. Under such irradiation conditions, no apparent
cell death was observed, and the decrease in its proliferation was detected. After the fourth day of the
treatment, the cells were allowed to recover and were used for further experiments.

2.2. Immunocytochemistry

The following primary monoclonal antibodies were used for immunocytochemistry: IL-1a
(1:100, Abcam), IL-6 (1:500, Abcam), IL-8 (1:2000, Abcam), MMP3 (1:250, Abcam), p16 (1:100, Abcam),
SIRT1 (1:250, Abcam), SIRT6 (1:100, Abcam), TERF-1 (1:100, Abcam). Alexa Fluor 488, Alexa Fluor 647
(1:1000, Abcam) and polyclonal antibodies to calreticulin (1:200, Abcam) conjugated with
fluorochrome were used as the secondary antibodies. The cell nuclei were stained with Hoechst
(dilution of the initial solution 1:100 in distilled water; AppliChem, USA) for 10 min. The preparations
were placed under cover glasses in the medium (fluorescent medium for applying Dako, (Dako,
USA)) and stored in the dark to protect against fluorochrome fading. Negative control, without the
primary antibodies, was used to monitor the quality of the ICR reaction.

2.3. Morphometric Analysis

To analyze the results obtained, the Olympus FluoView 1000 confocal microscope (Japan) and
the Videotest Morphology 5.2 software were used. In each case, 5 visual fields were analysed at the
400 magnification.

The expression area was calculated as the ratio of the area occupied by immunopositive cells to
the total area of cells in the field of view and expressed as a percentage. This parameter characterizes
the number of cells in which the studied marker is expressed.

2.4. Statistical Analysis

Statistical analysis was carried out in the Excel 2016 Microsoft Office 2016 program and in the
Statistica 7.0 analytical program.

Statistical analysis of all experimental data included the calculation of the arithmetic mean,
standard deviation and confidence interval for each sample. The Shapiro-Wilk criterion (W-test) was
used to analyze the distribution type.

The differences between the samples were evaluated using the parametric Student t-test (with a
normal distribution of data), the nonparametric Mann-Whitney U-test (in the absence of a normal
distribution of data).

For the samples where the variations were significant, multiple comparison procedures using
the Mann-Whitney criterion were used. The Student's t-test was used for the groups with a
nonsignificant variations. The critical confidence level of the null hypothesis (about the absence of
differences) was assumed to be 0.01.

3. Results and Discussion

SASP is initiated and maintained by the chronic DNA damage reaction (DDR) - DNA segments
with chromatin changes that enhance the aging. Initially, Notch signalling stimulates the
transformation of growth factor (3 (TGFf) secretion ("early SASP"), which acts autonomously for cells,
contributing to cell cycle arrest. The subsequent decrease in Notch signalling promotes the transition
to DDR-dependent "transient SASP", which is enhanced by the mechanistic target of rapamycin
(mTOR), while interleukin-1a (IL-1ct) bound to the cell surface binds to the interleukin-1 receptor (IL-
1R). Either this cell-autonomous IL-1a signal or the activity of mitogen-activated protein kinase p38
(p38 MAPK) is transmitted through nuclear factor kB (NF-kB), which leads to the secretion of "late
SASP", which is characterized by the expression of metalloproteinase (MMPs), IL-6, IL-8 and many
others factors (Figure 1). At this stage, IL-6 and IL-8 can also enhance cell cycle arrest. It is important
to note that many specific details of senescent cell growth retardation, cell death resistance, and SASP
have not been confirmed in vivo and are likely to show significant differences.

Based mainly on the in vitro experiments, senescent cells possess several key characteristics,
namely, the participation in the permanent arrest of the cell cycle, resistance to cell death signalling,
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and the production of a biologically active secretome known as the secretory phenotype associated
with aging (SASP). The accumulation of SASP cells in tissues contributes to an age-related functional
decrease of tissues and organs.
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Figure 1. The intracellular signalling of SASP [15].

The most widely-used model of the genotoxic stress is the UV irradiation, which triggers a DNA
damage reaction (DDR), which is considered as the induction of yH2AX not only in the cells, both in
S-, and also in G1- phases [26].

Here we present the investigation of molecular markers of SASP in the human endometrium
cells depending from the health (normal) aging and the aging under the genotoxic stress.

3.1. Interleukins Expression

The comparison of the control and under the genotoxic stress groups, the following pattern is
observed: in the control groups no significant differences were found between groups under 35 years
age and after 35 years age, in the groups under the stress the significant increase in the indicator in
the group of older reproductive age was detected (Figures 2 and 3).
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Figure 2. The IL-8 expression in the endometrial cell culture, immunofluorescence confocal
microscopy, x400, Hoechst 33258 (blue fluorescence) was used to stain the nuclei. Protein visualization
was performed using the secondary antibodies conjugated with Alexa Fluor 647 (red fluorescence): A
— control (<35 years); B — exposure to the genotoxic stress (<30 years); C — control (>35 years); D -
exposure to the genotoxic stress (>30 years).

Interleukins

w
o

Bl Control before 35 years
under the stress before 35 years
control after 35 years

N
(9]
—

under the stress after 35 years

; i

N
o

H
o
=

Relative square of the expression, %
o

o (6]
—
F

H

B

IL-1a IL-6 IL-8

Figure 3. The interleukin expression in the endometrial cell culture in the normal and under the
influence of the genotoxic stress groups.

Under the genotoxic stress, the significant increase in IL-8 levels was found in the groups of
young and older reproductive age compared with the control groups: 9 times and 13 times higher in
the groups under 30 and after 30 years, respectively.

The significant differences were recorded when comparing with the control groups of different
ages. There were no statistically significant differences in the groups under the genotoxic stress of
young and older age.

DNA damage stimulates the production of pro-inflammatory cytokines IL-1, IL-6 and IL-8,
activating the NF-kB signaling pathway, blocking the cell cycle, inducing and maintaining of the
cellular aging phenotype. Interleukins 1-a, 6 and 8 are key markers of the inflammaging [27].

IL-1a promotes the lymphocytes and macrophages activation, increased adhesion of leukocytes,
can cause a fever due to stimulation of the hypothalamus and release of acute phase proteins,
cachexia, and is also able to initiate apoptosis in many cell types [28].
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IL1a and IL1p play the role in the ovulation processes, implantation and embryogenesis. IL1a
expression is detected during the menstrual cycle and in early pregnancy, where it is localized in the
stroma, cells of the cyclic endometrium, and endometrial glands [29].

IL-6 is an interleukin that acts as a pro-inflammatory cytokine and an anti-inflammatory
myokine. In the human body, it is encoded by the IL-6 gene [30].

During the analysis of the IL-6 synthesis in the human endometrium and its relationship with
the concentrations in uterine secretions, it was shown that the expression of IL-6 receptor mRNA in
the endometrium changes throughout the menstrual cycle [31]. Low levels of expression of IL-6 and
its mRNA were recorded during the proliferative phase, an increase of the concentration was
observed in the secretory phase. The increased expression of IL-6 in endometrial epithelial cells in the
middle of the secretory phase (the presumed implantation window) and the achievement of
maximum expression levels in the late secretory phase (premenstrual period) confirm the role of IL-
6 as a multifunctional cytokine in the regulation of endometrial functions [32].

IL-8 is expressed by endometrial cells, directly stimulating the proliferation of endometrial cells
and the growth of other cell types. In addition, changes in IL-8 mRNA that depend on the menstrual
cycle have been shown along with protein expression in the endometrium [33]. An increase in IL-8
mRNA levels was observed in the late secretory and early proliferative phases of the cycle. IL-8 is an
important factor involved in inflammatory processes associated with endometriosis [34]. It can act as
a factor of autocrine growth of the endometrium and enhance the invasive properties of endometrial
cells, which can lead to a transition from the stage of acute inflammation to chronic [35].

3.2. Sirtuins Expression

In the control group, the significant decrease in the SIRT-1 expression was found in the older
reproductive age group compared to the group under 35 years of age. It has also been shown that the
relative SIRT1 expression decreases significantly in the both age groups (by 3.8 and 4.0 times,
respectively) when exposed to the genotoxic stress.

No any differences were found in the groups of under 35 and before 35 years old groups under
the genotoxic stress action (Figures 4 and 5).
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Figure 4. The SIRT6 expression in the endometrial cell culture, immunofluorescence confocal
microscopy, x400, Hoechst 33258 (blue fluorescence) was used to stain the nuclei. Protein visualization
was performed using the secondary antibodies conjugated with AlexaFluor 488 (green fluorescence):
A — control (<35 years); B — exposure to the genotoxic stress (<35 years); C — control (>35 years); D —
exposure to the genotoxic stress (>35 years).
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Figure 5. The sirtuin expression in the endometrial cell culture in the normal and under the genotoxic
stress groups.

Significant differences in the SIRT-6 expression under the genotoxic stress were revealed both in
the group of young reproductive age and older compared to the corresponding control groups. When
comparing the control groups of young and older reproductive age, there is the significant decrease
of the SIRT-6 expression with the age, a similar dynamics is also observed when comparing groups
under the genotoxic stress. Mammalian sirtuins differ in their localization in the cell. The localization
of SIRT1 varies depending from the cell type and the differentiation degree; it can be exclusively
nuclear or present in the cell cytoplasm [36]. In the nucleus, most of SIRT1 is associated with
euchromatin, while SIRT6 is associated with heterochromatin, SIRT?7 is localized in the nucleolus [37].
A representative of the sirtuin family located in the cytoplasm is SIRT2 [38]. SIRT3, SIRT4 and SIRT5
are known as mitochondrial sirtuins [39].
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SIRT1 is expressed in all organs, however, predominates in the most energy-dependent tissues
[37]. Knockout mutations in the SIRT1 gene lead to the gametogenesis disorders, as well as prenatal
and perinatal death [40]. For many years, SIRT1 has attracted the attention, since it is the protein in
mammals that has the highest homology with the yeast Sir2 gene associated with longevity.
Overexpression of Sir2 leads to an increase in life expectancy by about 30%, while Sir2 knockout
contributes to 50% reduction in life expectancy [41].

Human aging is characterized by a chronic, low level of inflammation [5], and NF-kB is the main
regulator of transcription of genes associated with inflammation [42]. SIRT1 inhibits the expression
of the NF-kB regulated gene by deacetylation of the RelA NF-kB subunit [43]. The tumor suppressor
p53 triggers apoptosis. SIRT1, deacetylating p53, suppresses its transcriptional activity, thereby
preventing apoptosis [44].

In the last decade, another protein from the sirtuin family, SIRT6, has been actively studied,
which, according to the results of numerous studies, is associated with an increase in mammalian life
expectancy. SIRT6 is a critical regulator of transcription of genome stability, telomeric integrity, DNA
repair and metabolic homeostasis [45]. Depletion of the SIRT6 pool leads to an abnormal telomere
structure and loss of terminal sequences during DNA replication, resulting in genome instability and
premature cellular aging [46].

SIRT6 also plays an important role in the regulation of DNA repair processes. SIRT6 associates
with chromatin flanking double-stranded DNA breaks (DSB), thereby stabilizing the repair proteins
of double-stranded DNA breaks when connecting non-homologous ends of DSB and contributing to
the effective repair of these breaks [47].

3.3. TERF-1 Expression

The significant difference between TERF-1 expression in the control and under the stress, both
in the group under 35 years of age and in the group of older reproductive age were detected.

There is significant decrease in the expression depending from the age: in the control group - by
1.79 times; when comparing groups under the genotoxic stress — by 7.1 times. Telomeric repeat-
binding factor 1 (TERF-1) is a DNA-binding protein that is the component of the telomere
nucleoprotein complex. The lack or absence of TERF-1 in cells leads to DNA damage and cellular
aging. It is assumed that the age-associated decrease of the TERF-1 level leads to serious defects in
the later stages of aging, such as telomere damage and chromosome dysfunction [22]. During the
replicative aging of human embryonic fibroblasts, it was shown that the transcription of TERF-1 in
cells does not change, and the expression of TERF-1 protein gradually increases at first, and then
decreases rapidly. An increase in the TERF-1 protein concentration at the beginning of aging suggests
that cells can promote TERF-1 translation in order to improve the stability of telomere DNA [48].

3.4. Calreticulin Expression

The expression of CALR protein was significantly decreased in the control group of older
reproductive age, compared to the group under 35 years of age. However, there were no statistically
significant differences between these age groups when exposed to the stress. The significant increase
of the CALR expression was revealed in the group after 35 years under the genotoxic stress (Figure
6).
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Figure 6. The expression of calreticulin, TERF-1, MMP3 and p16 in the endometrial cell culture in the
normal and under the genotoxic stress groups.

Calreticulin (CALR) also known as calregulin is the protein that in humans is encoded by the
CALR gene. Calreticulin is a multifunctional calcium-binding protein of the endoplasmic reticulum
(ER) [49].

In addition to the regulation of intracellular calcium concentration, this protein, together with
calnexin, participates in the formation of the tertiary structure of proteins, possessing chaperone
functions. Calreticulin binds to improperly folded proteins and glycoproteins and prevents their
transport from the endoplasmic reticulum (ER) to the Golgi apparatus. This chaperone attaches to
oligosaccharides of partially folded proteins, retaining them in the ER [50]. The unfolded protein
undergoes by the sequential removal (by glucosidase) and by the addition (by glucoside transferase)
of glucose. Due to this, the affinity of the protein to calnexin and calreticulin is maintained until the
folding is completed. Like other chaperones, calreticulin prevents the irreversible aggregation of the
infolded protein [51].

A decrease in calreticulin level with the age contributes to a decrease in protein quality control,
which leads to the destructive changes in the aging process [52].

3.5.MMP3. Expression

When exposed to the stress, the significant increase in the MMP3 protein expression by 2.1 times
in the group under 35 years of age; in the group of older reproductive age, the values of the indicator
also increase (by 1.9 times) (Figures 7 and 8).

MMP3 (matrix metalloproteinase-3, also known as Stromelysin-1) is the enzyme, encoded by the
MMP3 gene in humans.
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Figure 7. The MP3 expression in the endometrial cell culture, immunofluorescence confocal

microscopy, x400; Hoechst 33258 (blue fluorescence) was used to stain the nuclei. Protein visualization
was performed using the secondary antibodies conjugated with AlexaFluor 488 (green fluorescence).
A — control (<30 years); B — exposure to the genotoxic stress (<30 years); C — control (>30 years); D —
exposure to the genotoxic stress (>30 years).
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Figure 8. The MMP3 expression in the endometrial cell culture in the normal and under the genotoxic
stress groups. * - p<0.05 compared to the control group under 30 years of age. ** - p<0.05 compared to
the control group after 30 years.

The enzyme MMP3 destroys collagen of types II, IIL, IV, IX, X, proteoglycans, fibronectin, laminin
and elastin [53]. MMP-3 can also activate other MMPs such as MMP-1, MMP-7 and MMP-9, which
indicates MMP-3 as the key factor in connective tissue remodelling [54]. It is also known that this
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enzyme is involved in wound healing, atherosclerosis progression and carcinogenesis [55]. In
addition to the classical roles for MMP-3 in the extracellular space, MMP-3 can regulate the
expression of certain genes as a transcription factor [56].

Endometrial expression of MMP-3 occurs during estrogen-mediated proliferation of the
endometrial epithelium, however, it is not detected during the secretory phase, since the expression
of MMP-3 is suppressed by progesterone. Paracrine factors, including TGF- and retinoic acid, are
also crucial for the regulation of matrix metalloproteinases in the endometrium. In contrast,
inflammatory cytokines such as IL-1a can block the steroid-mediated regulation of MMP-3 in ectopic
growth sites in the endometriosis [57].

Tissue remodulation is regulated by the balance of MMP and its inhibitors. The interaction of
factors affecting the cell matrix has crucial impact on the cyclic preparation of the endometrium for
embryo implantation. A violation of the regulation of matrix remodelling leads to the invasive growth
of ectopic endometrial tissue, pathological adhesion, impaired ovulation and decreased fertility [58].

5.6.p16. Expression

The p16 expression was not detected in the control groups of both young and old age (Figures 9
and 10). The significant p16 expression was observed in the groups of under 35 and after 35 years of
age under the genotoxic stress, however statistical analysis did not confirm these differences.
Whereas, pl6 expression was very low or was not detected in young body, its expression was
increasing exponentially during the aging [59]. Both p16 and beta-galactosidase (SA-beta-gal) are

considered as biomarkers of cell aging [16].
A B
C

Figure 9. The pl6 expression in the endometrial cell culture, immunofluorescence confocal

D

microscopy, x400; Hoechst 33258 (blue fluorescence) was used to stain the nuclei. Protein visualization
was performed using the secondary antibodies conjugated with Alexa Fluor 488 (green fluorescence).
A — control (<30 years); B — exposure to the genotoxic stress (<30 years); C — control (>30 years); D —
exposure to the genotoxic stress (>30 years).
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Figure 10. The p16 expression in the endometrial cell culture in the normal and under the influence
of the genotoxic stress groups. * - p<0.05 compared to the control group under 30 years age. ** - p<0.05
compared to the control group after 30 years age.

Fast and intensive p16 activation was observed under the mice tissues damage [60]. When
reporter mice were used, pl16INK4a activation of p16INK4a promoter was detected during 2-3 days
after the tissue damage [61]. In addition to p16 expression, cells with other markers of the aging, such
as NF-kB activation and SASP cytokine expression, are found in tissue damage sites and are
apparently important for optimal healing, since the clearance of pl6-expressing cells delays the
regeneration [3]. Since no wound healing defects are found in animals with p16 deficiency, these
observations indicate about some features of pl6-expressing cells, but not about p16 itself, causing
tissue remodeling at the site of injury. SASP components are likely candidates for this effect [62].

6. Conclusion

During a woman's life and pregnancy, inflammation and cell aging are involved in physiological
processes, starting from the ovulation and menstruation and ending with the placental homeostasis
and the childbirth.

For the first time, a comparative study of the expression of key signalling molecules involved in
the mechanisms of aging in endometrium was carried out: IL-6, IL-8, IL-1a, MMP3, p16, SIRT1,6,
TERF-1, CALR in endometrial cells in the normal aging and under the genotoxic stress.

During the investigation of IL-8, SIRT1,6, and CALR levels in the endometrial cell culture, it was
found for the first time that their level decreased significantly during the transition from young to
older reproductive age. At the same time, the expression of IL-1a and TERF1 molecules increased
significantly with the age. The IL-6 and MMP3 levels in the endometrium did not depend from the
age. The expression of p16 protein in normal endometrium was insignificant in the both age groups.

For the first time, the significant increase of the expression of IL-6, IL-8, IL-1a, MMP3, p16
proteins and the decrease of the expression of SIRT1,6, TERF-1 proteins in the endometrial cell culture
of young and older reproductive age were detected under the genotoxic stress. The significant
increase in IL-1a level and the decrease in TERF-1 level in the endometrial cell culture under the
genotoxic stress was demonstrated in the group of older reproductive age compared to the group of
young reproductive age.

The SASP phenotype characterizing the phenomenon of inflammaging can be significantly
expanded by the including of the studied molecules - SIRT-1, SIRT-6, TERF, CALR, that we
demonstrated for the first time. These signalling molecules may be new therapeutic targets for the
age-associated female reproductive system diseases treatment.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 April 2024 d0i:10.20944/preprints202404.0644.v1

13

The investigation of the expression features of the molecules characteristic for the SASP
phenotype in the endometrial cell culture significantly enhances the understanding of the
mechanisms of inflammaging in the reproductive system depending from the age. Studies of a
number of molecules involved in the mechanisms of aging and inflammaging make it possible to
expand the concept of inflammatory aging and to identify new signalling molecules characterizing
this cell phenotype.

Verification of new signalling molecules characterizing the SASP phenotype (which can be
considered as potential therapeutic targets) opens new prospects for optimization and improvement
of the effectiveness of preventive and therapeutic geroprotective protocols.
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