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Abstract. Disorders of female reproductive function, including infertility, premature ovarian
insufficiency, and endometrial pathology, represent a significant medical and social challenge.
Traditional therapeutic approaches, such as hormonal treatment and assisted reproductive
technologies, often fail to fully restore physiological reproductive function. In recent years,
regenerative medicine based on stem cells and exosomes has emerged as a promising strategy for
addressing these conditions.

The aim of this study is to analyze current evidence regarding the role of stem cells and
exosomes in restoring female reproductive function. Mechanisms of action are explored, including
angiogenesis, anti-apoptotic effects, immunomodulation, and regulation of the cellular
microenvironment. Particular attention is given to mesenchymal stem cells, endometrial stem cells,
and their exosomes, which contain biologically active molecules such as microRNAs.

The findings indicate that stem cells and their exosomes promote endometrial regeneration,
improve ovarian reserve, and restore folliculogenesis. In vitro activation of dormant follicles
represents a promising therapeutic approach. These results highlight the high potential of
regenerative strategies and their role in advancing personalized medicine in gynecology.
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POJIb CTBOJIOBBIX KJIETOK 1 9K30COM B BOCCTAHOBJIEHNHU
PENPOAYKTUBHOMN ®YHKIIUH Y )KEHIIIUH: COBPEMEHHBIE JOCTUXEHUS
PETEHEPATUBHOM 'MHEKOJIOT A

MamanaauneBa baxopa Xaou0y./11aeBHa
CamMapkaHACKU# TOCYJapCTBEHHBIN METUIIMHCKUN YHUBepcuTeT, Camapkany, ¥Y30eKucTan

AnHoTanus. Hapymenust penpoayKTuBHOW (DYHKLMHM Yy JKEHIIMH, BKIItoYas Oecrionue,
CHHJIPOM MHCTOLICHHS SUYHUKOB M TATOJIOTHUIO 3HJIOMETPUs, NMPEJCTAaBIAIOT COOOH 3HAYUMYIO
MEAUIMHCKYI0 U COLMalbHyI0 mpoOineMmy. TpaaulMoHHBIE METOABl JIEYEHMs, BKIIOYas
TOPMOHAJIBHYIO TEpallui0 U BCIOMOraTENIbHBIE PENPOAYKTUBHBIE TEXHOJIOTMM, HE BCeraa
o0ecneunBalOT BOCCTaHOBIEHHE (pu3nogornyecko GYHKIUU PENpoAyKTUBHOM cucTteMbl. B
IIOCJIEIHUE IO/l PEreHEepaTUBHAs MEIMILIMHA, OCHOBAHHAs HA IIPUMEHEHUU CTBOJIOBBIX KIIETOK U
9K30COM, OTKPBIBAET HOBBIE ITEPCIIEKTUBEI B JICHEHUU JAHHBIX COCTOSHUIA.

[Tenb uccnenoBanusa.AHaIN3 COBPEMEHHBIX TaHHBIX O POJIM CTBOJIOBBIX KJIETOK M 9K30COM
B BOCCTaHOBJIEHUU PEMPOTYKTUBHOM (QYHKIMHM y KEHIIMH. PaccmaTpuBaioTCcs MeXaHHU3MBbI
JeWCTBUS, BKJIIOYAsh AHTHOTCHE3, aHTHANONTOTHYeCKHE J(P(GEKTh, HUMMYHOMOIYJSALUIO U
PETyJSILIMIO  KJIETOYHOTO MHUKPOOKpYkeHus. Ocoboe BHHMAaHHE YIEIEHO ME3EHXHUMaIbHBIM
CTBOJIOBBIM KJIETKaM, JHJIOMETPUAIBHBIM CTBOJIOBBIM KJIETKAM M HUX JK30COMaM, COJEp KallluM
OMOJIOTMYECKH aKTUBHBIE MOJIEKYJIbI, Takue kak MUKpoPHK.

[Toka3aHo, YTO CTBOJIOBBIE KJIETKM M HX 3K30COMBI CIOCOOCTBYIOT pereHepanuu
SHIOMETPHSI, YIYYIICHHIO OBAPHAIBHOIO pe3epBa M BOCCTAHOBICHMIO (DOJUIMKYJIOTE€HE3a.
[lepcneKTUBHBIM ~HampaBlIeHHEM SBISETCS TEXHOJIOTHS in  Vitro axkTHBauuu (OJUIUKYIIOB.



[TonmyyeHHbIe JaHHBIE CBHIETEIBCTBYIOT O BHICOKOH 3()()eKTUBHOCTH pereHepaTHBHBIX MOIXO0/I0B
Y MX TIOTCHIIMAJIE B TICPCOHATM3UPOBAHHON MEIUITUHE.

KiroueBble cJIOBa: CTBOJIOBBIE KJIETKH, 3K30COMBI, pEreHepaTHBHAs THHEKOJIOTHS,
Oecruione,  OBapUAIBHBIA  pe3epB,  OSHAOMETPHIA,  aHTHOTEHE3,  WMMYHOMOYJISIHS,
(b OoITHKYJIOTeHE3.

AYOLLARDA REPRODUKTIV FUNKSIYANI TIKLASHDA ILDIZ HUJAYRALAR VA
EKZOSOMALARNING ROLI: REGENERATIV GINEKOLOGIYANING ZAMONAVIY
YUTUQLARI
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Annotatsiya. Ayollarda reproduktiv funksiyaning buzilishi, jumladan bepushtlik,
tuxumdonlarning erta yetishmovchiligi va endometriy patologiyalari muhim tibbiy va ijtimoiy
muammo hisoblanadi. An’anaviy davolash usullari, jumladan gormonal terapiya va yordamchi
reproduktiv texnologiyalar har doim ham reproduktiv tizimning fiziologik faoliyatini to‘liq tiklay
olmaydi. So‘nggi yillarda ildiz hujayralar va ekzosomalarga asoslangan regenerativ tibbiyot ushbu
muammolarni hal etishda istigbolli yo‘nalish sifatida rivojlanmoqda.

Tadgigot magsadi. Ildiz hujayralar va ekzosomalarning ayollarda reproduktiv funksiyani
tiklashdagi rolini o‘rganishdan iborat. Ularning ta’sir mexanizmlari, jumladan angiogenez,
antiapoptotik effektlar, immunomodulyatsiya va hujayra mikroatrofini tartibga solish tahlil gilinadi.
Aynigsa mezeximal va endometriyal ildiz hujayralar hamda ularning mikroRNK saglovchi
ekzosomalari muhim ahamiyatga ega.

Natijalar shuni ko‘rsatadiki, ushbu usullar endometriy regeneratsiyasini yaxshilaydi, tuxumdon
rezervini oshiradi va follikulogenezni tiklaydi. In vitro follikul aktivatsiyasi istigbolli yo‘nalish
hisoblanadi. Ushbu yondashuvlar individual tibbiyot rivojida muhim o‘rin tutadi.

Kalit so’zlar: ildiz hujayralar, ekzosomalari, regenerativ ginekologiya, bepushtlik,
tuxumdon rezervi, endometriy, angiogenez, immunomodulyatsiya, follikulogenez

Introduction. Female infertility remains a major global health challenge, affecting
approximately 10-15% of women of reproductive age. Among the most complex and
therapeutically resistant forms are conditions associated with impaired endometrial receptivity,
diminished ovarian reserve, and premature ovarian insufficiency [1,3]. Traditional therapeutic
strategies, including hormonal stimulation, assisted reproductive technologies (ART), and surgical
interventions, often fail to fully restore reproductive potential, particularly in cases involving
structural or functional damage to reproductive tissues. In recent years, regenerative medicine has
emerged as a transformative paradigm in gynecology, offering novel therapeutic approaches based
on cellular and molecular repair mechanisms [4,6,8,10]. Stem cell-based therapies and exosome-
mediated signaling are at the forefront of this revolution, providing innovative strategies for tissue
regeneration, immunomodulation, and restoration of physiological function. Stem cells possess
unique properties, including self-renewal, multipotency, and the ability to differentiate into various
cell lineages [2,4]. These characteristics make them particularly suitable for regenerative
applications in reproductive medicine [1,2,9]. Various types of stem cells have been investigated,
including mesenchymal stem cells (MSCs), endometrial stem/progenitor cells, bone marrow-
derived stem cells, and induced pluripotent stem cells (iPSCs). These cells can contribute to tissue
repair through direct differentiation, paracrine signaling, and modulation of the local
microenvironment. Parallel to stem cell research, exosomes have gained increasing attention as key
mediators of intercellular communication [2,5,7]. Exosomes are nano-sized extracellular vesicles
(30-150 nm) secreted by various cell types, including stem cells, and contain bioactive molecules
such as proteins, lipids, mRNA, and microRNA. They play a critical role in regulating cellular
processes, including proliferation, angiogenesis, apoptosis, and immune responses. The
pathophysiology of reproductive disorders often involves impaired angiogenesis, chronic
inflammation, fibrosis, and immune dysregulation. For instance, abnormal immune tolerance at the
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maternal—fetal interface has been implicated in implantation failure and recurrent pregnancy loss,
with regulatory T cells (Treg) playing a central role in maintaining immune homeostasis
[3,5,6,7,10]. Therefore, therapies that can simultaneously promote tissue regeneration and modulate
immune responses are of particular interest.

The aim of this study is to provide a comprehensive analysis of the role of stem cells and
exosomes in restoring female reproductive function, focusing on their mechanisms of action,
clinical applications, and future translational potential in regenerative gynecology.

Materials and Methods. This study is a narrative and analytical synthesis of current
scientific evidence combined with a conceptual modeling approach to evaluate regenerative
strategies in gynecology. The methodology is based on integrating experimental, clinical, and
translational research data related to stem cell therapy and exosome-based interventions. Data
sources include peer-reviewed studies on mesenchymal stem cells, ovarian stem cells, endometrial
regeneration, and exosome-mediated signaling pathways. Particular emphasis is placed on studies
involving human reproductive tissues and clinical outcomes. The analysis focuses on four key
domains: stem cell sources and characteristics, mechanisms of action, clinical applications, and
emerging technologies such as in vitro activation (IVA) of follicles and exosome-based therapy.
Stem cell types analyzed include bone marrow-derived mesenchymal stem cells, adipose-derived
stem cells, umbilical cord-derived stem cells, and endometrial stem/progenitor cells. Each type was
evaluated in terms of differentiation capacity, immunomodulatory properties, and regenerative
potential. Exosome analysis included characterization of cargo molecules, including microRNAs
involved in angiogenesis (miR-21, miR-126), anti-apoptotic signaling (miR-214), and immune
regulation. The role of exosomes in modulating Treg function and inflammatory pathways was also
examined [1,7,8].

To structure the analysis, we developed a conceptual framework integrating clinical, cellular,
and molecular parameters.

Table 1. Types of Stem Cells Used in Regenerative Gynecology
Stem Cell Type Source Key Properties

Clinical
Applications
Endometrial repair

Immunomodulation,
angiogenesis
ADSCs Adipose tissue High proliferation Ovarian rejuvenation
UC-MSCs Umbilical Low immunogenicity Infertility treatment
cord

SpleolnEdEIRS s Endometrium  Tissue-specific regeneration Endometrial

cells restoration

Results. The analysis demonstrates that stem cell therapy significantly enhances

reproductive tissue regeneration through multiple mechanisms. These include cellular
differentiation, secretion of growth factors, promotion of angiogenesis, and modulation of immune
responses. One of the key findings is the dominant role of paracrine signaling rather than direct
differentiation. Stem cells release a wide array of cytokines, growth factors, and extracellular
vesicles that collectively create a regenerative microenvironment. Exosomes derived from stem
cells were shown to replicate many therapeutic effects of their parent cells. They enhance
endometrial proliferation, promote vascularization, and inhibit apoptosis. In addition, exosomes
contribute to immune regulation by promoting Treg expansion and suppressing pro-inflammatory
pathways []. In ovarian tissue, stem cell therapy has been associated with increased follicular
development and improved hormonal profiles. The concept of in vitro activation (IVA) of dormant
follicles has shown promising results, particularly in patients with premature ovarian insufficiency.
Table 2. Mechanisms of Action of Stem Cells and Exosomes

Mechanism Stem Cells Exosomes

VEGF secretion miRNA-mediated
Growth factors  miR-214, miR-21

nlanlCTalelgglefe (V1 EVETo]gl Treg activation = Cytokine signaling

MSCs Bone marrow




Differentiation  Paracrine effects

Furthermore, clinical studies indicate improved pregnancy rates following stem cell therapy,
particularly in patients with thin endometrium or Asherman syndrome.

Discussion. The findings of this study highlight the transformative potential of regenerative
medicine in gynecology. Stem cells and exosomes represent a paradigm shift from symptomatic
treatment to restoration of physiological function [2,5,8,9]. One of the most important aspects is the
immunomodulatory effect of these therapies. The maternal-fetal interface requires a delicate
balance between immune tolerance and defense. Dysregulation of Treg cells has been implicated in
implantation failure and recurrent pregnancy loss [3,6,9,10]. Stem cells and their exosomes can
restore this balance by enhancing Treg function and suppressing inflammatory responses [1,4,7].
Another critical mechanism is angiogenesis. Adequate vascularization is essential for both
endometrial receptivity and placental development. Stem cells promote angiogenesis through VEGF
secretion and activation of endothelial cells [6,8]. The use of exosomes offers several advantages
over cell-based therapy, including lower immunogenicity, easier storage, and reduced risk of tumor
formation [2,3,5,9]. However, challenges remain in standardizing exosome isolation and ensuring
reproducibility. The integration of regenerative therapies with assisted reproductive technologies
may further enhance outcomes. For example, combining stem cell therapy with IVF may improve
implantation rates in patients with poor endometrial receptivity [1,2,3,4]. Despite promising results,
several limitations must be considered. These include variability in stem cell sources, lack of
standardized protocols, and limited long-term safety data.

Conclusion. Stem cells and exosomes represent a highly promising approach for restoring
female reproductive function. Their ability to promote tissue regeneration, enhance angiogenesis,
and modulate immune responses positions them as key tools in the future of reproductive medicine.
The integration of regenerative medicine with advanced technologies, including artificial
intelligence and molecular diagnostics, may further enhance treatment outcomes. Future research
should focus on large-scale clinical trials, standardization of protocols, and long-term safety
evaluation. Ultimately, regenerative gynecology has the potential to redefine the management of
infertility and significantly improve reproductive outcomes.
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