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Ctatbs aBTopoB [Monuyeson A.A., OraHecsH 3.A.,
ApywkuHoit N.C., MapTbiHeHko A.C., KopmyxuHoii E.3.,
Tanmosoi 4.0., MyctadmHon A.P., Kum B.B., Banuto-
Boi A.A., CyneiimanoBa H.P., lanbapsH K.A., Papxa6o-
Ba M.3., baiimyxam6eToBoii A.E. n PazymoBoii A.3. «Ponb
CCOUHTONMMNUEHOr0 MeTabonn3ma B PasBuUTN HapYLLEHNIA
PEenpoayKTUBHOIO 340p0BbA XeHWuH» [1] 6bina noga-
Ha B XXypHan 07.10.2025 n nocne fopaboTku no utoram
peueHsmposaHug 20.11.2025 ony6nukoBaHa Ha caiite
XypHana «AkyLuepctso, [nHekonorus v Penpogykuus»
B pasaene «MpuHaTo K nevatn / Online First».

01.01.2026 ot aBTOpOB CcTaThi «Sphingolipids as key
mediators in folliculogenesis and female fertility» [2],

0Nny6JsIMKOBAHHOI HA aHINNIACKOM A3blKe B XypHane Life
Sciences B mae 2025 r., 6bI710 NOY4EHO NUCbMO, B KO-
TOPOM OHM BbipaXanu 06eCNOKOEHHOCTb HECAHKLINOHN-
POBaHHbLIM NMEPeBOAOM UX Ny6NMKaLUN HA PYCCKNIA A3bIK.

B xofe pasbopa [aHHOrO cliydas pefakuns xypHana
«AKyLLepcTBO, MHeKonorna u Penpofykuus» BbINOMHU-
na cpaBHeHMe (PPArMeHTOB TEKCTa [JaHHbIX Ny6nmMKaLni.
CpaBHeHwe NoTHOro TeKCTa He NPOBOAMIOCH, MOCKOSbKY
MOJIHbINA TEKCT CTaTby [2] OTCYTCTBYET B OTKPLITOM A0-
ctyne. OmHako, n conocTaBneHne TekcTa ctatbu [1] ¢ go-
CTYNMHbIMU (DparMeHTaMu TeKcTa cTaTbm [2] noATBEPANIO
06€CMNOKOEHHOCTb B OTHOLLIEHMN HECAHKLMOHUPOBAHHOIO
nepesoja (taén.1).
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Introduction

In mammals, ovarian follicles serve as the fundamental
functional units of the ovary, housing the oocyte and supporting
its maturation through intricate cellular interactions. The
follicular microenvironment consists of granulosa cells, which
facilitate direct communication with the oocyte, and thecal cells,
which contribute to follicular development through paracrine
signaling [1]. Follicular growth and maturation are highly
dynamic, with primordial follicles undergoing one of three fates:
remaining in a dormant state, undergoing programmed cell death
(apoptosis), or initiating growth and maturation [2]. The
progression of follicular development is mediated by continuous
bidirectional signaling between the oocyte and granulosa cells,
which is essential for ensuring follicular viability and function [3].

Beepnenue / Introduction

Y mnekonuTarLwmx qonukyn an4HUKa ABASETCS 0CHOBHOM CTPYKTYPHO-
(hyHKLMOHANTBLHON efnHNLEN, 06eCreYnBaroLLel PoCT U CO3peBaHmne
00LMTA 3a CYET CNIOXHbIX MEXKIIETOYHbIX B3AUMOLENCTBUIA.
®onnukynapHoe MIUKPOOKPYXXeHe 06pa3oBaHO KNeTKamu rpaHynessbl,
KOTOPbIE HAXOASATCA B MPSMOM KOHTAKTE C 00LMTOM, W1 TeKalTbHbIMU
KneTkamu, (popMUPYOLLMMIA NAPAKPUHHYIO NOALEPXKKY
thonnukynspHoro pocrta [1]. ®onnukynoreHes npecrasnser co60i
JVHAMUYHBIA NPOLECC, NP1 KOTOPOM NPUMOPANaTbHbIE DONMMKYIIbI
MOTYT JJINTENbHO COXPAHATLCA B COCTOSHUM MOKOS, NOABEPraThCs
anonTo3y Uin UHNLMMPOBATL POCT U pa3BuTue [2]. Kio4eBoe 3Ha4YeHne
MeeT ABYHaNpaB/ieHHas nepefaya CUrHaIoB MeXy 00LMTOM W
KNneTKamu rpaHynesbl, NoAAEPXNBAKOLLAS XN3HECTIOCOOHOCTb 1
(PYHKLMOHANbHYIO NOIHOLEHHOCTb (hOMNKYNOoB [3].

S1P has been identified as a key regulator of follicular growth, as
it actively promotes granulosa cell proliferation, differentiation,
and survival. Its role as a cytoprotective agent has been
demonstrated in studies involving ovarian tissue preservation
during cryopreservation and cancer therapies, further
highlighting its significance in maintaining ovarian function [4].

CchuHrosuH-1-gpocdpar (aHrn. sphingosine-1-phosphate, S1P)

B NOCNEAHWE rofjbl PACCMaTPUBAETCA KaK OAWNH U3 BeLyLLX PErynsaTopos
thonnukynoreHesa. Mokasaro, 410 STP ctumynupyet nponndepaumio,
A depeHLMPOBKY 1 BbKUBAHWE KIETOK FpaHynesbl, a ero
LMTONPOTEKTOPHbIE CBOMCTBA MOATBEPXKAEHBI B UCCIEL0BAHMSAX MO
COXPaHEHMIO TKaHW ANYHUKOB NPU KPUOKOHCEPBALIMM 11 XMMINOTEPANUMK,
YTO NMOJYEPKMBAET €r0 3Ha4eHMe 415 NOAJEPKaHNS 0BapuaibHON
yHKLMM [4].

Initially classified as structural lipids within cellular membranes,
sphingolipids are now recognized as crucial signaling molecules
that modulate various cellular functions [5]. One of the most
important regulatory mechanisms involving sphingolipids is the
ceramide/S1P rheostat, which governs cell fate by balancing
pro-apoptotic and pro-survival signals [6]. Ceramide and
sphingosine serve as inhibitors of cell proliferation and activators
of apoptosis, whereas S1P plays a protective role by promoting
cellular survival, migration, proliferation, and vascularization. The
equilibrium between ceramide and S1P levels is critical in
determining the outcome of follicular cells, influencing overall
ovarian homeostasis [4].

CchuHronunuabl NepBOHa4aIbHO PAcCMaTpUBANNCh Kak CTPYKTYPHbIE
KOMMOHEHTbI KNIETOYHbIX MEMOPAH, 0HAKO B HACTOSLLEe BPeMS
NPU3HaHbI BOXXHBIMI CUTHANBHBIMI MOMEKYNaMK, PEFYANPYIOLIMM
LUMPOKMIA CNEKTP KNeTO4HbIX oyHKLMIA [5]. OOHNM 13 KNHOYEBbIX
MEXaHU3MOB WX [ENCTBUS ABNAETCA TaK Ha3blBAEMbIA COUHIONUNUAHBINA
peocTar (aHrn. ceramide/S1P rheostat), onpeaenstolnii cyaboy KneTku
32 CYeT 6anaHca Mexzay npo- 1 aHTManonToTUYECKUMM curHanamu [6].
Liepamug (aurn. ceramide, CER) u cchuHrosu (aHrn. sphingosine, SPH)
TOPMO3AT KNETOYHYK Nponncepaunio 1 NHAYLMPYIOT anonTos, Toraa
kak S1P o6nagaet LMTO3aLWMTHLIMM CBONCTBAMM, CTUMYNMPYA
BbDKWUBaHWE, MUTrpaumio, nponudepaumio 1 aHruoreHes. Moaaepxaxue
onTUManbHoro cooTHowlenns GER n S1P Kputunyecku BaxxHo ans
roMeocTasa KIJIeToK rpaHynesbl 1 ucxoma passutus qosimkynos [4].

In ovarian physiology, S1P and ceramide collectively contribute
to maintaining follicular stability. Enzymatic regulation of these
bioactive lipids ensures an optimal balance between cell survival
and apoptosis, which is essential for fertility and reproductive
success. Additionally, ceramide-1-phosphate (C1P), another
sphingolipid metabolite, has been shown to exert protective
effects against follicular atresia, particularly in the context of
chemotherapy-induced ovarian damage. The dynamic
composition of glycosphingolipid species fluctuates throughout
the menstrual cycle, although their precise functions in ovarian
physiology remain to be fully elucidated [5].

B HopmanbHoW hr3nonorny SUYHUKOB 3TV BUOAKTUBHbBIE NUNUAbI
COBMECTHO 06eCrneynBat0T CTabunbHOCTb (DONNKYNOB.
DepmeHTaTUBHAR PEryNSUMs UX CUHTE3a U Jerpajauni noAaepXmBaet
6anaHc Mexay BbDKNBAHWEM KNETOK 11 anonTO30M, HTO UMEET KITH04eB0e
3Ha4eHne Ans coxpaHeHus epTunbHocTi. 0co60e BHUMAHNE
npusnekaet uepamma-1-cpocdpar (aHrn. ceramide-1-phosphate, C1P),
06nafatoLLii NPOTEKTUBHBLIM INCTBMEM NPOTMB aTpe3nun ONNKYoB,
0CO6€EHHO MPY NOBPEXAEHNSX ANYHUKOB, BbI3BAHHBIX LIUTOTOKCUYECKOIA
Tepanuen. [lokazaHo TakXe, 4T0 COCTaB MIMKOCMUHIOAUNUA0B
JVHAMUYECKI N3MEHSETCS Ha NPOTSHKEHUM MEHCTPYaNbHOMO LKA, XOTS
UX OYHKLMM NOKA M3YHeHbl HEJOCTATOYHO [5].

Increasing evidence highlights the involvement of sphingolipids,
particularly S1P, in reproductive functions. In ovarian cells, S1P
synthesis correlates with follicular health, corpus luteum
development, and sex steroid synthesis. Deleting S1P receptors,
such as S1PR2/S1PR3, leads to reduced fertility [4].

COBOKYMHOCTb AaHHbIX CBUAETENbCTBYET O MHOr006Pa3HO PO
cthuHronunnaos, npexnae Bcero S1P, B perynauum penpoayKTUBHOIA
yHKUmMKM. CnHTe3 S1P B KNeTKax sU4HNUKOB KOPPeNnupyeT

¢ MOPhOYHKLIMOHANBHON COXPAHHOCTbO PONNNKYNOB, (HOPMUPOBAHIEM
)KENTOro Tena u CUHTE30M MOJI0BbIX CTEPOUAOB; YAANEHUE OTAESbHbIX
peuentopoB S1P, Hanpumep, STPR2 n S1PR3 (aHrn. sphingosine-1-
phosphate receptor 2/3) conpoBOXAaeTCs CHKEHUEM (DEPTUNLHOCTY [4].
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Estrogen (E2) engages with various growth factor signaling
pathways to facilitate cellular proliferation, particularly in the
context of hormone-sensitive cancers such as breast cancer.
Among the key players in these pathways are members of the
epidermal growth factor receptor (EGFR) family, which are
well-documented for their roles in tumor progression and
reproductive tissue development. Notably, E2 stimulates
sphingosine kinase-1 (SphK1), an essential enzyme responsible
for generating S1P, thereby activating the SphK1-S1P axis. This
activation contributes to E2's rapid, nongenomic effects,
including elevations in intracellular calcium levels and activation
of the ERK1/2 pathway [7].

JcTpagmon (aHrn. estradiol, E2) B3auMoeACTBYET C CUrHaNbHbIMU
nyTsaMKU haKTOPOB POCTa, yCUNuBas NPoAUepaLmnto KneTok; 0C06eHHO
9T0 MOKA3aHO NpY rOPMOHO3ABUCUMbIX OMYX0NsAX, BKII0YAA pak
MON04HOM Xxenesbl (PMXK). 3Ha4umas ponb B 3TUX NPOLeccax
NPUHAANEXMT peLienTopam anuaepManbHOro haktopa pocta (aHr.
epidermal growth factor receptor, EGFR), perynupytoLwwimum kak
penpoayKTUBHbIE TKAHW, TaK W Nporpeccuto onyxonen. NMpumeyarensHo,
yTo E2 akTMBMpPYET COOMHro3nHKNHa3y-1 (aHrn. sphingosine kinase 1,
SPHK1), chepMeHT, 0TBETCTBEHHbI 32 06pa3oBaHue S1P, TeM cambiM
ctumynupys ocb SPHK1-S1P n peanuays 6bICTpble HErEHOMHbIE

3D (eKTbI, BKNIOYAS MOBbILLIEHNE BHYTPUKIETOYHOIO KanbLms

1 aKTMBaLmIo curHanbHoro nytu ERK1/2 (anrn. extracellular signal-
regulated kinase 1/2; KuHa3bl, perynnpyemble BHEKIIETOYHbIMM
curHanamu 1/2) [71].

During folliculogenesis, the transition from primordial to growing
follicles is governed by multiple factors, including estrogen and
various growth factors. One central pathway in granulosa cells
(GCs) during this phase is the PI3K/Akt cascade, in which the
p1108 catalytic subunit of PI3K plays a vital role in mediating the
effects of both FSH and E2 on follicular growth. While GCs may
express low levels of estrogen receptor alpha (ER-a), E2
influences follicular development indirectly by upregulating
telomerase reverse transcriptase (TERT), enhancing telomerase
activity, preserving telomere integrity, promoting mitotic kinase
signaling, and activating PI3K pathway components—all of
which are critical for proper follicle maturation [8].

Ha panHux atanax onnmkynoreHesa, npu nepexofe ot nepBUYHbIX

K pacTyLLmm honnnkynam 3afeicTBoBaH LUMPOKNIA CNEKTP (DaKTOPOB,
BKJTH04as 9CTPOreHbI 11 hakTopbl pocTa. LieHTpanbHoe MecTo B KneTkax
rpaHynesbl 3aHUMaeT PocdaTUaNIMHO3UTON-3-KMHA3a/NPOTENHKIHA3A
B (anrn. phosphatidylinositol-3-kinase/protein kinase B, PI3K/Akt),

B KOTOPOW Katanutnyeckas cyobeauHuua PI3K p1100 urpaet Kio4esyto
ponb B peanu3aumm 3 MeKTOB Kak oIuKynoCTUMYnpYoLLEro
ropmoHa (®Cl), Tak n acTpaamona. HecMoTps Ha OTHOCUTENBHO HUSKYHO
3KCMpeccuto a-peLenTopa acTporeHa (aurn. estrogen receptor alpha,
ER-a) B kneTkax rpaHynesbl, E2 onocpeoBaHHOo Cnoco6CTBYET
Pas3BUTUIO (HOSIINKYNOB, CTUMYNIUPYS aKTUBHOCTb TENOMEPA3HON
06paTHo TpaHcKpunTasbl (aHr. telomerase reverse transcriptase,
TERT), noagepxusas LeN0CTHOCTb TENOMEp, aKTUBMPYS MUTOTUYECKME
KNHa3bl 1 3neMeHTbl PI3K-curHanmHra — npoLecchl, KpUTUYECKM BaXKHbIE
[N NOJTHOLIEHHOT0 CO3peBaHns honnnkynos [8].

Ceramides (CERs) act as pro-apoptotic signaling molecules
in oocytes and ovarian tumors, potentially suppressing
metastasis [9].

Llepamunzbl BbINOMHAT (OYHKLMIO NPOANONTOTUYECKNX CUTHATTbHBIX
MOJIEKYIT B 00LMTAX 1 OMYX0NEBbIX KNETKAX ANYHUKA, Y4TO NOTEHLMANBHO
MOXET OrpaHn41BaTb MeTacTaTu4eckuii notexyman [9].

This review provides an overview of folliculogenesis, bioactive
sphingolipids, and their metabolism, followed by a discussion on
the effects of sphingolipids on folliculogenesis and female
fertility disorders.

HacToswwmit 0630p NOCBALLEH COBPEMEHHbIM NPEACTaBIIEHNAM

0 thonnukynoreHese, 6MOAKTUBHBIX COUHrONUNMAAX U UX MeTabonn3me,
a TaKXKe aHanuay ponu aTUX MOJIEKYN B PErynsauun qosinkynapHoro
Pa3BUTUA N HAPYLLIEHUSAX XEHCKON (DePTUIbHOCTH.

Sphingolipid metabolism

Sphingolipids are a set of structurally diverse lipids originally
named after the sphinx in the 1870s, due to their enigmatic
structure. Holding both hydrophobic and hydrophilic properties,
sphingolipids are important residents of the plasma membrane
of almost all vertebrate cells and contribute to a number

of different cellular functions. Specifically, processes such

as cell-cell interaction, cell adhesion, cell proliferation and
migration, and cell death are in part regulated by sphingolipids...

MeTa6onu3am cchunronunupos / Sphingolipid metabolism
CdomHronunuabl NpeLcTaBAAOT CO60i 06LIMPHbIA Knace NUNUL0B

C pa3Ho06pa3HON CTPYKTYPON, BrepBble OnucaHHbIn B 1870-x rogax

11 Ha3BaHHbIN B 4ecTb ChrHKCA M3-32 3araf04HOCTY 3TUX MOJIEKYT.
06nanas 04HOBPEMEHHO rMAPOGOOHBIMM 1 FUAPOMUABLHBIMY
CBOICTBAMU, COUHrONUMNABI ABIAOTCA BAXKHENLLNMMN KOMMNOHEHTaMU
Nn1a3MaTn4eckoii MemOpaHbl MPaKTUYECKM BCEX KNETOK MO3BOHOYHbIX
11 Y4aCTBYIOT BO MHOXECTBE KIIETO4HbIX MPOLECCOB. B YacTHOCTH,
MEXKJIETOYHbIE B3aNMOLENCTBISA, aareans, nponudepauns n Murpauns
KNeToK, a TaKkXe NPorpaMMIpoBaHHas rnbenb KNeTok 4acTuiHo
perynupytTcs cuHronunupamm [6].
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Sphingolipids in mitochondria

Oocyte mitochondrial activity is shaped by maternal and
environmental factors, with stressors like poor nutrition, aging,
toxins, and inflammation reducing developmental competence
[15]. As oocytes undergo folliculogenesis, they become
vulnerable to these influences, affecting maturation, fertilization,
and embryo viability.

Sphingolipids regulate mitochondrial dynamics, bioenergetics,
oxidative stress, and apoptosis. They localize to mitochondrial
membranes, interacting with key proteins to...

Cchunronunupbl B mutoxoHapuax / Sphingolipids in mitochondria
DyHKLMOHANbHAS AKTUBHOCTb MUTOXOHAPWIA 00LMTOB OMPEAENSeTcs Kak
MaTepPUHCKNMIU, TaK U BHELIHECPEAO0BLIMU (DAKTOpPaMU.
He6naronpuaTHble BO3LENCTBUSA — HEPALNOHANIbHOE NUTaHWE,
BO3PACTHblE U3MEHEHUS, TOKCUYECKIE areHTbl, BOCMANEHNE CHIDKAKOT
MUTOXOHAPUANbHBIN MOTEHLMAN U CNoCO6HOCTb 00LMTA K JalbHEnLLemy
passuTnio [15]. B xome dhonnukynoreHesa 00UMTbI CTAHOBATCS
0CO6EHHO YA3BUMbIMI K 3TUM (DAKTOPaM, 4TO OTPAXKAETCS Ha UX
CO3pEBaHUM, OMIOLOTBOPEHNN U XN3HECTOCOOHOCTI 3MOPUOHOB.
CchuHronunuzsl perynupyroT AUHaAMUKy MATOXOHAPUIA, UX
61103HePreTIKy, yPOBEHb OKUCITUTENLHOMO CTPEcca 1 anonTo3. It
NMNNbI NOKAIU3YIOTCA HA MUTOXOHAPUANbHBIX MEMOPaHAX,
B3aUMOAECTBYIOT C KITH04EBbIMU BENKAMU 1. ..

Follicular development and sphingolipid signaling

Follicular development is a multifaceted process that involves the
selection of a follicle capable of responding to hormonal signals,
primarily follicle-stimulating hormone (FSH) and luteinizing
hormone (LH). These hormones stimulate the proliferation and
survival of follicular cells, eventually leading to ovulation.
However, in the absence of these stimuli, such as a decrease in
FSH and LH or alterations in their receptors, follicular cells
receive death signals, initiating a process called...

®donnukynoreses u curianbHble nytu cpunronunupaos / Folliculogenesis
and sphingolipid signaling pathways

@onnnKynoreHes NpeAcTasser Co60M No3TanHbIin U TOHKO
perynupyemblil MPOLECE, B X0Ae KOTOPOro 13 nyna npumopanabHbIX
honnNuKynoB 0TOUPAKOTCA CTPYKTYPbI, CMIOCOOHbIE aeKBATHO OTBEYATH
Ha rOPMOHarbHbIe CUrHanbl. Knto4eByto posib B 3TOM NPOLECCE UrpatoT
OCT n nioTenHu3npytoLwnin ropmoH (J11). Mog nx BAAHNEM YCUIMBAKOTCS
nponudepaums n LuddepeHLnpoBKa KNETOK rpaHynesbl U TeKanbHbIX
KNeToK, 06ecneynBas pocT 1 co3pesaHne honmkyna o craguu
oBynauuu. Mpun cHKeHUM KoHUeHTpauuin OCT n JIT nnm HapyLeHnn
YYBCTBUTENLHOCTY PELENTOPOB K HUM (DOSIUKYNSPHbIE KNETKM NOAyYatoT
MpoanonToOTUYECKINE CUTHATTbI, 3aMyCKAIOLLME aTPE3UIO.

Sphingolipid pathways in folliculogenesis

The synthesis of S1P begins with the phosphorylation of
sphingosine by sphingosine kinases (SKs). This process is
triggered by a variety of growth factors, including platelet-
derived growth factor (PDGF), tumor necrosis factor a (TNF-a),
epidermal growth factor (EGF), nerve growth factor, basic
fibroblast growth factor (bFGF), vascular endothelial growth
factor, estradiol, and even S1P itself [27]. Once synthesized,
intracellular S1P is transported into the extracellular space by
specific. ..

Cchunronunugubie nytu B honnukynorenese / Sphingolipid signaling
pathways in folliculogenesis

CuHTe3 S1P HaymHaeTcs ¢ hoctopunnpoBaHns COUHro3nHa nog
aeictenem cuHrosnHkmuHas (SPHK). Aktusauuo SPHK nHayumpytot
TpomboLMTapPHbIA hakTop pocTa (aHrn. platelet-derived growth factor,
PDGF), chakTop Hekpo3a onyxonu-a (aHm. tumor necrosis factor alpha,
TNF-a), anngepmanbHblii (haktop pocta (aHri. epidermal growth factor,
EGF), chaktop pocrta HepBoB (aHrn. nerve growth factor, NGF), ocHoBHoW
thakTop pocTa chmbpobnactos (aHrn. basic fibroblast growth factor,
bFGF), chakTop pocTa aHgoTenus cocymos (aHm. vascular endothelial
growth factor, VEGF), actpagnon n cam S1P [27]. BHyTpUKNeTo04HO
06pa3oBaHHbIn S1P aKcnopTupyeTcs BO BHEKNETOUHYIO Cpeay
cnewyunanm3npoBaHHbIMU. ..

Effect of changes in sphingolipid enzymes on folliculogenesis

Ceramidases regulate the balance between ceramide
(pro-apoptotic) and S1P (pro-survival), influencing oocyte fate.
High acid ceramidase (AC) activity improves oocyte quality,
fertilization, and IVF outcomes by preventing apoptosis and
supporting cumulus cell function via estradiol secretion. AC
depletion leads to infertility, marked by increased Bax/PARP
and reduced BCL-2/AMH levels [[40], [41], [42]]. Ceramide,
produced via sphingomyelin hydrolysis, promotes oocyte
apoptosis. In mice, loss of...

Bnusine n3meHeHuii B CHUHrONUNNAHbLIX (DEPMEHTAX Ha
thonnukynorexes / The effect of changes in sphingolipid enzymes

on folliculogenesis

DepMeHTbI CRUHTONMNMAHOr0 MeTabonn3ma NoLAePKMBAKT 6aaHC
MeXAy NpoanonToTMYecKkumu Lepamiuaami n S1P, onpepenss cynb6y
00UMTOB. KNto4eByIo pofib UrparT Liepaminfiasbl: NOBbILIEHHAS aKTUBHOCTb
Kucnoil Lepammaasbl (aHrn. acid ceramidase, AC) accouumpyeTcs ¢
NYHLINM Ka4eCTBOM 00LMTOB, 60J1e€ BbICOKOI YaCTOTOIN ONI0A0TBOPEHUS
11 YCMELWHOCTY NPOrpaMm 3KCTPakopnopansHoro oniogoTsopenus (3K0)
32 CYEeT NPOPUNAKTMKM anonTo3a 1 NoAAepKaHus PYHKLNN KNETOK
KYMyntoca Yepes CTUMYNALMI0 Cekpeunn acTpagnona. [leuumt surammHa
A conpoBoxpaetcs 6ecnioAnem U cABUroM anonToTU4ecKoro Npogouns:
poct BAX (aHrn. Bel-2-associated X protein; Bcl-2-accounmnpoBarHbiii
X-6enok) u PARP (aHrn. poly(ADP-ribose) polymerase; nonn(AQ®-
pn6o3o)nonumepasa), cHxeHue BCL-2 (aHrn. B-cell lymphoma 2;
B-kneto4Has numdoma 2) n aHtumtonneposa ropmoHa (AMH) [40-42].
Llepamua, 06pasytoLmincs npy ruaposiude COUHrOMUeNNHa, yCUnmBaet
anonTo3 00UWTOB. Y MblLLei yTparTa...
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Tabnuua 1 (okoH4aHue). CpaBHeHNe hparMeHTOB TeKcTa 0630pHbIX cTaTeit [1, 2].

Table 1 (ending). Comparison of text fragments of review articles [1,

2],

Tabasi R., Ghasemian F., Tavana S. Sphingolipids as key
mediators in folliculogenesis and female fertility. Life Sci.
2025;374:123697. https://doi.org/10.1016/j.1fs.2025.123697.

Monunyesa A.A., OranecsH J.A., fipywkuna U.C., MapTbiHenko A.C.,
Kopmyxuna E.3., Taumosa 4.0., Mycrachuna A.P., Kum B.B., Banutosa AA.,
Cyneiimanos H.P., lai6apsax K.A., Papxa6os M.J., baiimyxambeTtoBa A.E.,

Pa3ymoBa A.J. Ponb chuHronunupHoro Metabonusma B pasButuu
HapyLIeHNA PenpofYKTUBHOIO 30P0BbSA XEHIWNH. AKyWwepcTBo,
Tuxekonorns n Penpogyxyns. 2025;[npuHaTas pykonucb].
https://doi.org/10.17749/2313-7347/0h.gyn.rep.2025.691.

Sphingolipids and female fertility disorders

Research has highlighted the importance of sphingolipid-based
signaling in cellular development and apoptosis within female
gonads of fetal and postnatal. These findings open new avenues
for both basic biological research and clinical applications,
especially given the significant developmental cell death
occurring in the female germ line during gametogenesis and

the pivotal role of oocyte apoptosis in female gonadal failure due
to pathological conditions [46].

Sphingolipids, including ceramides...

CdhmHronunuab! B naToreHe3e HapyLweHui XXEHCKoH penpoayKTUBHON
thynkuum / Sphingolipids in the pathogenesis of female reproductive
disorders

CoBpemeHHbIe uccnefoBaHns NOAYEPKNBAIOT 3HAYNMOCTb
CCOMHroNUNNA-3aBUCUMON NEPeSain CUrHanoB B NpoLeccax
nponndepawmny, AMQPHOEPEHLPOBKM 1 anonTo3a KIETOK XEHCKMX
MOJIOBbIX XeNe3 Kak B aMOPUOHANIbHOM, TaK 11 B MOCTHATaNbHOM
nepuoae. AT AaHHbIe OTKPbIBAIOT HOBbIE MEPCMEKTUBLI KaK Ans
(oyHAamMeHTanbHON 61MONOrnN, TaK U Ans KNUHUYECKOW NPaKTUKM,
NOCKOMbKY anonTo3 00LMTOB ABNAETCA KIKYEBbIM MEXaHU3MOM

He TONbKO (YU3N0N0rN4eckoro 06HOBNEHUS 0BApUaNbHOTO Pe3epBa,
HO 1 ero paspyLIeHns Npyu natonornyeckux cocTosHusX [46].
CchuHronunnapl, Npexae BCero Lepamugel. ..

Clinical applications of sphingosine-1-phosphate and ceramide

Manipulation of ceramide and S1P concentrations using
pharmacological agents represents a promising frontier in
clinical research. These sphingolipids play contrasting roles in
regulating cell fate: ceramide tends to promote apoptosis, while
S1P supports cell survival and proliferation. A thorough
understanding of how these pathways function in specific tissues
will be crucial for advancing targeted therapeutic strategies [77].
One significant clinical implication involves fertility...

Knuinyeckoe npumeHexne cuHro3nt-1-cpocpara u uepamupa /
Clinical application of sphingosine-1-phosphate and ceramide
Mogynsums yposHeit CER n S1P ¢ nomoLbto thapmMakonormyeckmx
CPEeACTB NpeLCcTaBNAeT OO0/ NepcneKTUBHOE HanpaBneHue
penpoAyKTUBHON MeANLNHBI. 3TN 6UOAKTUBHBIE NMNNAbI BbINOMHSIOT
(PYHKLMOHANTbHO NPOTUBONOM0XHbIE ponu: CER nHuummpyeT anonto3
1 CTPECCOBbIE peakumm, Toraa Kak S1P noaaepXxnBaeT BbDKMBAHME,
nponudepaLmio 1 aHrnoreHes KIetok. [1y60Kk0e noHMMaHue
TKaHecneunmuKky aTux nyTei KPUTUYECKI BOXXHO Ans pa3paboTkm
a[lpeCHbIX TepaneBTUYECKIX CTpaTernii [77].

Oco6yto 3Ha4UMOCTb 3TN MEXaHWU3Mbl TPUOBPETAOT NPU COXPaHEHNN
bepTuIbHOCTH. ...

Conclusions

This review underscores the critical role of sphingolipid
metabolism in maintaining ovarian function and its dysregulation
in conditions such as ovarian cancer and POF. Key sphingolipid
mediators—including ceramides, S1P, and C1P-modulate cellular
processes such as proliferation, apoptosis, angiogenesis, and
inflammation within ovarian tissue. Emerging evidence suggests
that manipulating sphingolipid-related targets, such as SphK1/2,
CerS, acid and neutral sphingomyelinases (SMPD1/2), and
CERT,..

3akntoyenue / Conclusion

lpeacTaBneHHble B 0630pe AaHHbIE AEMOHCTPUPYIOT KIHOYEBYIO POSb
CCOUHTONNNUAHOr0 06MEHa B Perynauum manonornyecknx u
naTonornyeckux NpOLIECCOB B AMYHMKAX. banaHc Mexay Lepamuaamu,
S1P u C1P onpegensiet cyab6y KNeTok rpaHynessl i 00LUTOB, PEryampys
nponudepawmio, anonTo3, aHrMoreHes u BocnaneHne. HapyLeHns aTux
nyTen y4acTBytoT B natoreHese PA, CIMK4, 3Ha0MeTpro3a, 0XXupeHus,
BO3PACTHOr0 CHUXXEHUS 0BapuanbHoro pesepsa u MMHA.

HakonneHHble AaHHble CBMAETENbCTBYHOT O TOM, YTO TapreTHas
MOAYNALUNA PEPMEHTOB 11 TPAHCMOPTHbIX 6EIKOB CCOMHIOAMNNAHOTO
o6meHa (SPHK1/2, CERS, SMPD1/2, CERT)...

TIpumeYanme: xenTeiM YBETOM MOMEYEHbI COBNAJAOLLNE (DPArMEHTbI TEKCTA.
Note: matching text fragments are marked in yellow.

13 aHanm3a BUAHO, YTO UMEKOT MECTO COBNajeHus co-
JepXaHus, CTPYKTYPbI, UHTEPNPeTaLmMn 1 BO MHOMUX pas-
Jenax — TO4HOe COBMazieHne TeKCTa C OCHOBHBIM OTINYN-
eM, 3aK/N0YaoLLIMMCS B TOM, YTO CTaTbA [2] — HA aHTMUIA-
CKOM, a cTaTbsl [1] — Ha pyCCKOM fA3bIKe.

Penakuus obpartunach 3a pa3bsaCHEHUAMU K aBTOPamM
cratou [1]. KoppecnoHAvpytoLLmii aBTop coobLyusa no-
3ULMI0 aBTOPCKOMO KOMJIeKTUBA. ABTOPCKUIA KOJINEKTUB
CYMTAET, 4TO UX CTaTbA ABMSETCSH CAMOCTOATENbHO
0630pHON paboTOM, NOArOTOBIIEHHON HA OCHOBAHUN
aHanusa WnpoKoro Kpyra UCTOYHWKOB, MOCBALLEHHbIX
ponu COUHTONMNUAHOrO MeTabonuama B ONNKyno-

reHese N HapyLeHUAX XXEHCKON PenpoayKTUBHOM (PYyHK-
umun. Mpy ee HaNMCaHUM NCNONb30Banach 06LLENPUHS-
Tas Ans JaHHOW Hay4yHOW 0651aCTy JIOTMKa CTPYKTYpK-
poBaHMsi 0630PHbIX Ny6NMKaLWA. ABTOPbI NPU3Hanu,
4TO B psAfe PasfesnoB CTeneHb TeKCTyanbHOM 6n1130cTu
1 cxoacTBa POPMYNUPOBOK C Ny6nmkaumein [2] okasa-

nacb U30bITOYHOWM W HE B MOMHON Mepe COOTBETCTBYET

BbICOKMM CTaHgapTam pefakuMOHHON 1 nybnukaum-
OHHOW 3TUKW. YKa3aHHble (DparMeHTbl He OTpaxkarwT
HaMepeHns NPUCBOEHUS YYXKUX HAY4YHbIX Pe3yNbTaTos,
O[IHaKO TPe6YT nepepaboTKu C Lefblo YCTPaHeHUs
N3NULLHEro cXoAcTBa U 605ee YeTKOr0 aBTOPCKOro
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YBELIOMJTEHME OB OT3bIBE CTATbI: Ponb ccpuHronmnuaHoro metabonnama B pasBuTun HapyLLeHUA penpoayKTUBHOMO

3[0P0BbA XEHLLNH

AxyuiepcTBo, I'mHekoAorusa u Penipoaykiima [PUAXEE Y@l

N3N0XEHNA. ABTOPbI MOAYEPKHYIN, YTO PYKOMUCH B Lie-
NOM He ABNIAETCA NepeBoLoM UMK NOSTHON KOMNUAALM-
e/l YKa3aHHOM CTaTbl N COLEPXMUT CaMOCTOATENbHbI
aHanus, pacllunMpeHne KIIMHUYECKMX acrnekToB, NHTEep-
MPetaumnio AaHHbIX U 06CYKAEHUE, OPUEHTUPOBAHHbIE
Ha NpPouUIIb 1 ayAUTOPUIO XXypHana «AKyLIepCTBo, [u1-
Hekonorus v Penpoaykuus». B Lensax KOHCTPYKTUBHOIO
pa3peLLleHmns CUTyaLmny aBTOPCKWUIA KONNEKTUB BbIpasius
FOTOBHOCTb K MOJIHOMY COTPYAHUYECTBY C pefakuuei
U K MPUHATUIO PELLEHNs pefakLummu no utoram paccmo-
TPEHWs JAHHOro BOMpoca.

OpHako, Korga pefakuus nonpocunia asTopos npe-
LOCTaBUTb MOJIHbIA TEKCT CTaTby [2] 4nS NPOBEPKU
YTBEPXXJEHMSA aBTOPOB 0 TOM, 4TO pyKonucs [1] B Liesiom
He ABNIAETCA NEPEBOLOM MW NOSTHON KOMNUNALNEN CTa-
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1. Tonuyesa A.A., OranecsH 3.A., SipywkuHa W.C., MapTbiHeHko A.C.,
KopmyxuHa E.3., Taumosa 4.0., Myctadpuna A.P., Kum B.B.,
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