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R BAmL, kb AEEFERE, £ 5REPCOSH KM AIFELE, THAPCOSH &4y F
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The mechanism of Apelin in polycystic ovary syndrome

ZHOU Jianhua, GUO Ying, XIA Yue, LIU Honglin, XIE Jiani, WANG Yili, NI Xiaorongﬂ<
(Shanghai Municipal Hospital of Traditional Chinese Medicine, Shanghai University of
Traditional Chinese Medicine, Shanghai 200071, China)

Abstract: Polycystic ovary syndrome (PCOS) is a common heterogeneous metabolic disease in women of
childbearing age with reproductive disorders as the main manifestation. Patients commonly have adipose tissue
dysfunction, which is manifested as abnormal secretion of adipokines. Abnormally secreted adipokines disrupt
the endocrine system via crosstalk with the gonadal axis, thereby impairing female reproduction. The
adipokine Apelin is differentially expressed in the blood, follicular fluid, granulosa cells and corpus luteum of
women with PCOS. It participates in regulating endocrine metabolism and follicular development of PCOS,
suggesting its potential as a promising therapeutic target for PCOS. This review summarizes the regulatory
roles and molecular mechanisms of Apelin in PCOS metabolism and ovarian function to provide ideas and
theoretical foundations for the development of PCOS drugs and further mechanism studies.
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REWI R, 22 B0 FEAE B L AEPCOS B 2 1MLy H 11
SEEET R, (EPCOSHIR A HERE Fh ¥y i & 2 Ay
B, FREEPCOSYE1E I B 2T WA 5. (HH AT
ApelinXfPCOS I ¥ AN M, vk — BRI
Apelin 5SPCOSHIIEFE X &, MM Apelinffi 25149 )
&+ PCOS/ARIAZERE T i Apelinkfl i 7T B EL1h
RESS T HEAT M gsik, LA APCOSHIIG IR 23R
PROLELIRELAL, TR

1 ApelinfyEig

1.1 Apelinfy3giE 5 4544

Apelin /& Tatemoto 2% P15 5 DL /] 24 B 2 ) 7
EAES B g o S — MO AUE R, R
BoucherE WS, A5 & —Ff i1 i i 41 4
IR o Apelinfir T~ A EX B 444 (X q25-926.1)
MEKE L, A2MNETH3AE T, BAK
APLNFE: R iy, #HFRAPLN, HmRNAKEH
3125 bp. ApelinfJcDNAZwAL 774N Ik B ik Ik 4 %
ApelinBi A H, HNAKIE &HKAER, &Y
N Ui & A 730 UWME 574 CR s & v 2 2R
BRIE, RN A E AR AP A
NHICR 2T R HE TR R HE L5 M AHIF],  H Apelinif
JEEN S KB A 82% 1 [Rl— 14, $E7RCAR i 4514
A RELEAS R Rh 2 T AR <7 (0T 48R KRB
BEVIJS . CoR I ] 2L i A [F) K B2 1 Ty e e A 44
45 Apelin-36. Apelin-17. Apelin-13. Apelin-12
2, R ApelinfFHI47 T CRu . #5581 Apelin i
PR R I B S (R AR v, AR Y
PR, ZBMmE Gt WERE
M4t [Pyrl]-Apelin-13. Pk, HAISE T Apelin-13
J[Pyrl]-Apelin-13 I8k Fe e )z,
1.2 ApelinfZ{E 254

APJJE T 19934 JL 1) —Foft A B3 ff P 52 1 A4k 11
GEHMELXZ K (G protein-coupled receptor,
GPCR)!", RAPI S M Bk & 18 ZATELE
30%~54% AT S, EASMERKE 1445,
BN — P LS2 AR, Ja kW 7e 8 K3, APIH)
WIR ML A 72 Apelin, #APJHFRApelin 52 ik
(Apelin receptor, APLNR). AZRMIAPJEAL T 4t
11q12 F, 5 KR APITA 74%F 5 AHALPEY
APIZARE H HI380 MR LR AR, A GPCREFH

M7 B K 5 B, A7 AR RS PR IR R T AR 2R
FUMEEABEER AL« KR ARE AL AR AL i A 50 3y
AE_L,  APJRTIE A i A0 FA [X 4555 N B 72 B T
T, 5 0 A SR T Ak I i T IR A, A
WX 5 B-FH T B A A EAE T, R IR 45 A
A, I T ] AR AR RO A 75 2R AT R A
B, BEMEGEGPCRAFIE S, SH5EMEE
7 THI Fr s AR B R
1.3 Apelin/APIRI 5% K Ih &k
Apelin/APJENN . HURME . Oy iy LB
B B EITAHS. R, 7E. B, 25
MRz AN, Apelinili i 45 4 APJ,
AU RS BE IR ME UL RE 3 - B/ R O WG B
(phosphoinositide 3-kinase/protein kinase B, PI3K/
Akt). IBERENLE D H B (adenosine
monophosphate-activated protein kinase, AMPK).
iM% (reactive oxygen species, ROS). #%[A-F«B
(nuclear factor-kappa B, NF-kB). c-Jun N J# i (c-
Jun N-terminal kinase, JNK). 4ii7Mz 5 1877
1/2(extracellular signal-regulated kinase 1/2, ERKI1/
)5 M S, S 5PARREM. RIER
Bi AT R E R AR KESE
R R EAEFDIRE, DU O BEIR
T+ M PR S AR U A 0 G P R A S B
ApelinfE N fixi. HAk, DR PR RIERL,
M Apelint] 562 54 FH D Re %, S5PCOSHIH
RIEH Ko

2 ApelinfEPCOSHIZERRIZRIERHAR

ApelinfEPCOS [ 35 L3 B K HR A7 7E 22 57 R
5. ZHURFINNA, Apelin & H TR (Apelin-36.
Apelin-13)7EPCOSH R A TR, H B K
Apelin 5PCOSHAA . £ BJE. PR, 2
M A0 IR 7K 7 B L A VAR SRS L AR T A 3 4
FLINA, ApelinfEPCOSH FRILFF(K, HApelin/K--
LRNIEH LR 1/50, HEMEIRINN,
Apelin5PCOSZ [ 3T R 43 HF 78 45 HL 1)
A= R SR AR KRBT, Apelin
ANFENER . PCOSA &I = i M55 K. NIRRT
ApelinfEPCOS KA K BB FLE L, 30K
MApelin'5PCOSA R RAEIEIE . IR, mHERER
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KL AR BE SE . N BT BE A5 ) I G BCHIE 9T R T
2SN
2.1 Apelin5PCOSHERE

HEJE R PCOSH WL KRR AE 2 —, B 2 9E
fEREPCOS R, HANMEMET & = BEwE AE
m, ULHIPCOS BB 17 E IR i A T el . F
TR, PCOSHEE GRS HAL AR & &3 T
ek, s LS BB KRR AR
I3 H>35%8 A HE 5 2 (body mass index, BMI)>30
fIPCOSHF, HApelin-367KFH 5152, Apelin
KFEBMIL JEE . ARm e, Al E o
oo JE WG 218 5 R WBERE DK F RIEAER, 5
A 2 B iR 2 (1 BB AR 5652, 3k — 25 i B Apelin
HPCOSHING T A ThRefetig X R %Y. sk, B
JRE 51 S AR JFF IR I 0 P R TR £ 920 P 35 45 5 BR AR
F(sex hormone-binding globulin, SHBG)#& % .
SHBGTE N R M e s B a8k, HaE
R 2 i B9 R /K F- T, AT I B PCOSHY
WER Z AL IR e DT HEAR . BFFL R, PCOS
HFISHBG/K V- 5 Apelin-36. Apelin-127KF- & 1EAH
5%, —ERE LU Apelint] 62 5 AR 2 ThAg
WA M 75 K PCOS™,

TEORIRR B IR, IR & 2 1 R K
AT DA E 51 REZH A s 2, 1T Ik 22 1 i i ) 2 B AR
PRI AR . — T T 8 A BR AR 4L 22 N 2R
JRA 2 W F R, PCOS &35 1 Uiy A7 78
JAR T H I B R TR P S e AR R A, T
BE SRR F 2. IEREPCOS B3 (1 Ui
FOSUR 21 Bl (granulosa cells, GCs)H Apelinf13R1A
BEF TR, FE5SBMIFI I 42 EA
P, XL Apelin i RETE AR QU 57 8 IR BE T,
AR S, WiERZEINE. Fik,
Apelin A BETEREFEPCOS 95 B A e iy i | B3
fta.

2.2 Apelin5PCOS-IR

PCOSH #H H#174.9%F B H IRFFAES) . IR{E
SHPCOS A B H o FR T, 2 ] i3 AR A 2=
ZRAL, NI BNz 9 5 R R . AT AR SR,
FLAE 7~ Apelin 5 [ 15 2 2 [RIAAZE XA AT AL . 76
IEH AR, Apelinfg s ib B 8% WA AR i 21 21
X R AR BB, R R MLOBEAE s I AEIRIRAS

N, Apelin U RE KM i & 22 R0 H 1 BE 7K ST 1 3 0%
HEFFRI I HERR S . Rk, ApelinfEPCOS-IR A B
WA FRAMEH .

NTEAUE X — B, BFFE X PCOS-IR &
PCOSHEIR B HE4T T AU AT S R IR IR 7T o 45
BRI, IRAEFMApelin-13. FHAEKRK FPI
BERRARU R K BE A, T SHBG/K %
%, HApelin-135FJgHEH R RS RIS
i (homeostasis model assessment-insulin
resistance, HOMA-IR). #E{LIMZLE H . H b =g
RIEFIE, XTPCOS-TRIN A 5 i 14 57 Al
R R, $OR Apelin 5PCOS-IR™ 5 1 4 43 s 2%
LA VIA S, FXFPCOS-TR FL AT #4148
SR, AR ER, ApelinfEPCOS-IR 5PCOS
JEIRE#H T LR 2 7Y S Apelin 5BMI. il
B HOMA-IRTE 35 AR G MDY, AN — 50 e Bk
SRR SRR A ARA K. & HXUIMELE
& T AR - £ Bt VR YT S, PCOSEE
Apelin/KF T [, TRFNIE B 2 B E S B 0
901 R lth, BB AIPCOSH A ™ H IR,
SRR SR BEIT6N AR, AMEIKT
B E M Apelin. HOMA-IR/KF, 3k 2 35 HE B 175
HBY, Bk, PCOSH Apelinff) FF & Al fig & WA E
RIIRMAREEVESE I, DLAATREA MK, HH &l
38 = ApelinfF Fl T PCOS-TRE 55 KL &1 1 0F 52
(S
2.3 Apelin5PCOSE &=k

T B KT R PCOS &9 1) 2 BEARAEPE R B
Z—o WEFUE R, PCOS &4 U 4 Op i A5 40
B R 2R FE (1 TOH- 27 B« it 2 2 ]
AA-TRENR . SERR) R A T BRI R
H 5 Apelin¥EIE i [+ £ 1EAH G, #78 T PCOSHE
U e e B3R R R YR T U B A A kAt
Apelin5 SR CEFF o A2, B8 Apelinf]
REAEPCOS 1 i HE 3R IURE K973 WL R % G B
M. BEWTIEL, PCOSHIE H Apelin/k -5
DRVETTE. DN RELEAR. MR EE R IEAC: GCsH
Apelin mRNAF L 5IFRFLLR 8] IEAHOS, Hifl
M I (estradiol, Ej). fie Bl AL i E (follicle-
stimulating hoemone, FSH)¥KRE 2 fAHx; APJFE
ik KAt 2 57 5 ApelinZS Y, B, SFSHE th[A
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WK E . B, S KT R R W]
FEPs T X —thFEM . BT Apelin/K 7 5 e
ZKFIEAM S, Apelin/APYHITT A i i i3 LR
KEWE M, 22 5PCOSHN £ty B LS e .
2.4 Apelin5PCOS{KE RIE
PCOSATELEARE 2 9E, RIMACKRMEH. H
4~ #%-18(interleukin-18, IL-18). IR A 1.
IL-6. FI4HMITEE. SRAZ i fh 25 - R0 S
R R 19 - 1055 22 Fh S RE /P kb,
JIi 197 D1 72 A PR AR 4 e 8 RT3 B PCOS B 8 v FL R
ST B A Ib ERL T A I SR N I, WS IR B4 41
(048 1 98 0E SR, ARk B YR W 2 A B 8
T 0 ) 0 SRR 240 e ) S GE AR, 3 A BN
150, B I SCRRIFF 7T FE e, Apelinf = 5t £
HRIEMREZYIMAE, HApelin/APTA] i@ 4%
NF-kB/INK. ERK1/2. AMPK. Akt/PI3KZ:1{5 %5
WS 5O0ME RGN HFEER. MER%
I RAETERIE G RAR 2 . IR .
IR 25 22 b RS ) S TT, $27 Apelin/ AP [ {2
SN 9% RE HR S99 KT TR S T I PR AR DS T R
7N, PCOSAZEE I Apelin. TL-187K VB &
JEPCOSA A FE, Hix —RIAEEIERPCOSA L
R O R ED (HA MR SR SR IR R S A
TEHEIN T P3N H &2 W1)5, Apelin, IL-187K°F
T, I AEEEPCOSHEIR A e P07, sk,
Apelin 7] REEPCOS I AE L FEWOE,  #ET /&
PCOSHI AR FE K J&E, 1] ESE Apelin & RIPCOS %
i S5 N PRI A M T e, A G o g B AL A7) 7
IEPCOS 98 REAH 5 (1 FE At S B HIF 78 0 LATR R B »

3 Apelin55pEI5E
3.1 AL E

GCsHh G 1E G BE4H M i [, Ry A% 38 77 )
i, PASCERINAI K E o 1M Apelin/APJfEGCsH %
EEE, BEEEMGCSHIIIRE M E k. Tk
W], Apelin/APJE N 58 R ACRUORLA M . O Fr 40
6 40 i R O BRE 40 i P a8 SRR DY, e
GCs. B VEL L2 i A B ki e v TR A7 e e o, HLC
RIEEFEEMABIPBRIHRAEEFD . XEH
Apelin/APIXF U1 B34 K B 7l e 2 R EH E
AN, D[RR FE B Apelin/h M T 7GCs 48 h,

AIEREGCs M AE,, I IN4N i (1 2 P-450 75 & (L
CYPI9A1. 4 HIAHCE AMRIE, BIKHT
H HfgCaspase 3. #[H T Foxolalf&ik, JFEmf
AR A6 P b 38 SR GCs B B N P40 S Ak, AN
7 R ApelinXf (2 T 2K FIBAX I 20 4% 57, {H 1)
A SRGCs I FIPL A RE 7T, AT O ThAE,
HAPHEHIFIML22 1561E 73X — /M, #—21
BRI, Apelinid i {i 1 3 B- 4 Ak 8 [ 1 i &L 1
(3B-hydroxysteroid dehydrogenase, 3B-HSD)#: 13
IEFBEMAPKS/1. AKtE M, B80S RXEeE K
[A-¥1(insulin-like growth factor 1, IGF1)%-$HIGCs
ST AE R, AT 52 M0 YR AR 5 F i 3 /K P8
FHERT WL, Apelin/APIZE BRI K & FIGCsTh g J7 1
A HEELMW.
Apelin/APJ5PCOSUNVE I 78 K B & VIAH K.
WAL R, SRV P 1 Apelin ] 5836 73 K IR T
GCs, FLASS 40 ibF/8 3 40 i 7 S GCs A &
H UM A GCsH H Apelin/APJ R IE #5532 B0y
R IEMIS, HIRApelini] REAE 2 LGN S Up7EE
KA p R S B VR Y. PCOSER & IR H i
Apelin¥ FE FIGCsH i Apelin. APJ mRNAF Y
BEFTARAPY, K8 Apelin/APJT] fE 5PCOS
2 BN ERAEA G, NIIEIX — BB, shsL
I 57N, Apelin/APJEPCOS KR Rk Fm; IE
WK ES AMEE Apelin13(50 pg/kg/d) 21 djs,
DL 5PCOSKEAHBIAE . JIEEE. RUEKTF
AR K s s KL, A APIFEPUFIF13A T,
PI3K/Akt/Foxo Ll 6 4% #7411l J5 . PCOSHEIRTH
P, 3 B Apelin/ AP AT i 2 5PCOS
UL R R E, SREERIE. @i EPCOS
B 5 R E N ORI 41 A 2RV 1 D RNA
(microRNA, miRNA)FIEE [ RERE, KILGHH
AN AP miRN AR &R (4 Rk R, ¥ %
BEAW . BRSO W. ML FRE. BB
TRIEMP T Y, 2 3 RIA I miRNASESE
R E S MR (2RISR B & F Apelin
55l , Wikm R RS 5Pcosk g,
I [ Apelinil 2 5PCOSINIE K & 1) 5%
KEE. L, Apelin/APIA] REAEPCOS H LA ] 44
RPEACLER I, FTRLGCsH I S TR, BE
AR E, 100 B ELE, 1] ApelinfiAN
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[F) 7.2 m] g B A R AR LA .

B M) T PlApelin ] YT GCs MG FA . I8 T2 P4
DuZ PR st R W], PCOS B Ui Apelin/
APJRIEHE NI miR-4243R1K5 N, miR-424 7] B 4%
H16] Apelin/ APJFE R [F3"'UTR X 15, 1] Apelin/APJ
KR U gH A E #A 2R (A CCND1. CCNEF R 1b
ERK 12315, [FIE{ i Caspase 33I&, M4
| GCs Y FE RN 20 B B AR, 3 1) N O S0 A 1y ik
FEWIBE . 25, miR-163d %Kik K dpelin- 135K
J5i, GCsHEFEAZEIFNH], PP T- G, Apelin-13
()3t 2235 T] LA 2030 #E miR - 1 63 2632 % GCs 1 B Al
AT, R WmiR-16 7] L [ 401 Apelin-13 />
SHIPBK/AKGER, WIEPCOSHEM, BEE IR
RNA(cireRNA)BF L%, K WcircRNA/miRNA/
mRNA M 25 X F GCs 4 K77 758 5%,
circ_0043314 7] ¢ 5 P 45 A miR-146b-3p, L i
PCOSHmiR-146b-3p#lJE Kl Apelin- 137K,  Nifi
fRBEGCsIgTE, HMs4nm T, nEPCOSHfE,
MGCsH iifcire_ 0043314554 FikmiR-146b-3pn]
feHEAn A T A, RN ER, A EE
Apelin X ML22 135 ] 3@ i #0i API Sk 2 35 >F ot e 175
SIPCOSKERHE, Apelin ™l #1# PCOS I AL S L
YU IE T, MIML221 WA 9, k25 5 3 ]
e LA AFMSGEYLH . B A WL, Apelin/APJH]
AEPCOSYR I & B 115 I IS BREHE Ao
3.2 HE{KIhgE

TR OY B B N i T BE A R AR, =
T MEZA R, AE A 4 R RO R ke e
o WK, Apelin/APJRT 8 LA H 43 W 8% 5% 7 Wk
WIS HE AR IE R AR YERe, b
PG L B AR . PCOSA KT IR EE =
53k TfEA 4 (luteal phase defect, LPD)Z]H
5, PCOSHS B 10 N5 AR 35 L T 5% 0 22 16 73 06
PRLPD, ST E W E, 5l EZAE 05 IR
BiG. W= AERGLEAE N &S L,
Apelin/APJFE B8 44 b i 1 1) 0 i T B A AR b
Wi, Apelin-13F T A4NM48 hf5, W] & F {24
B 43 W F13B-HSDFRIEPY, BT 4 1A T B .
AN, Apelin-13F1Apelin-17 AJ 71 & 4 a6 P 5]
IGF 138 INE, F1 22 4334, $2RCYP19A1. R [H BE
WE A RSV Y B A (steroido  genic acute

regulatory protein, STAR)HJE LN, i@t
PI3K/AKktidH #% Wi N IGF 12 ik 40 Mg 58 58, [ I 401 1
MAPK. ERKI1/28§/1k, &3k o) &F 4 f e B i
B ABERRAY., 9800 O BEAH M P 206 3, 348 17 FEL B
A~ G REAR B AR b S EIR SR B,  Apelin Al
TR AR KT, R ALK G 4R S5 £ BN BF 28 i
KE, AERFERD RS, OG5 5 WIS, (2
BB IRKE . Al W, Apelin/APJ{EPCOSHE
YR R R IR T A

4 B4

25 ERriR, ApelinfEPCOSH I ZERRIE SN
WENE 7 & R SR M AR PR IS R AHG, 25
TPCOS-IR. %A [ B 43 b 35 L K% O 58 1) e
(VT o WEFCUERT, Apelinifid 22 Fib i i DL 8] -
Ay AT BEGCs G, I L Rk v B
X PCOSHTGCsIA T IARENLS . SR, I &
Apelin ] i 5 AL T U RS, FTHEGCs I 5 ¥ 17 ,
RO S [ BE Ay W, SREOM R E L. AFE P
Apelin V2 5 A AHABL AT 3 58 2508, AHGS 2K [ B 43
WARET 255 o ApelinXFPCOS I AE 5 52 1 B 5 B Y
MIfE R E BRI R Re4Eds, LU
WERKE B S LN, S PCOSAEFE B hg (1)
K. HApelin 4 {7 /EPCOSHF AT LI R AR & 2 9%
PR AN E, MR ZE b TR AkE, H
JIT FH 21 i 52 R K 2 5 PCOSHH 6 HJ B AR, A
RE B W LR 0 BE A R AEH . ik 4b,
Apelin B2 Z ¥, RIET 7z, ERNLHIR S,
AR FWE . R MRS A TR A K
ARG LR Fik, KR nswA
FEAC, Z290m KRBT, BT ¥ it 75 13 = Apelin
(R R a7 Ok &R, B A ApelinAS [F] WE AU fEPCOSAS
[0S S R IR IE, FEREEPCOSHI R HIZIY)
B AR 2R DG IE 3 BE 25 £F T ApelinXf PCOS I 5%
W, g DA A NI 29 W T R B A L i A 0
F il

{EE TTBRAE R :
Fgte: BOHRSCHERY, BRI, wUB;
g RIPEEE, BN
AW XML, WHESE. FZEJ). RSUE



i, 5. Apelinft 2 £ 50 LG AL (K11 HI ML

- 659 -

il 70

(1]

(8]

(1]

[12]

[13]

[14]

TR WESIEEE, 1895 CEIFER.
SRR ASCAFAEAEfTAI R SR

SRR

Stener-Victorin E, Teede H, Norman RJ, et al. Polycystic
ovary syndrome. Nat Rev Dis Primers, 2024, 10(1): 27
Dumesic DA, Oberfield SE, Stener-Victorin E, et al.
Scientific statement on the diagnostic criteria, epidemiol-
ogy, pathophysiology, and molecular genetics of poly-
cystic ovary syndrome. Endocr Rev, 2015, 36(5): 487-525
Azziz R. Systemic chronic subclinical inflammation,
adipose tissue dysfunction, and polycystic ovary syn-
drome: three major forces intertwined. Fertil Steril, 2021,
116(4): 1147-1148

Xu Y, Zhu H, Li W, et al. Targeting adipokines in
polycystic ovary syndrome and related metabolic dis-
orders: from experimental insights to clinical studies.
Pharmacol Ther, 2022, 240: 108284

Tatemoto K, Hosoya M, Habata Y, et al. Isolation and
characterization of a novel endogenous peptide ligand for
the human APJ receptor. Biochem Biophys Res Commun,
1998, 251(2): 471-476

Boucher J, Masri B, Daviaud D, et al. Apelin, a newly
identified adipokine up-regulated by insulin and obesity.
Endocrinology, 2005, 146(4): 1764-1771

Lee DK, Cheng R, Nguyen T, et al. Characterization of
apelin, the ligand for the APJ receptor. J Neurochem,
2000, 74(1): 34-41

Pisarenko OI, Studneva IM. Apelin C-terminal fragments:
biological properties and therapeutic potential. Biochem-
istry (Mosc), 2023, 88(11): 1874-1889

Mehri K, Hamidian G, Zavvari Oskuye Z, et al. The role
of apelinergic system in metabolism and reproductive
system in normal and pathological conditions: an over-
view. Front Endocrinol (Lausanne), 2023, 14: 1193150
O’Dowd BF, Heiber M, Chan A, et al. A human gene that
shows identity with the gene encoding the angiotensin
receptor is located on chromosome 11. Gene, 1993, 136(1-
2): 355-360

Murali S, Aradhyam GK. Structure-function relationship
and physiological role of apelin and its G protein coupled
receptor. Biophys Rev, 2023, 15(1): 127-143

Chen P, Jia R, Liu Y, et al. Progress of adipokines in the
female reproductive system: a focus on polycystic ovary
syndrome. Front Endocrinol (Lausanne), 2022, 13: 881684
Wang X, Zhang L, Li P, et al. Apelin/APJ system in
inflammation. Int Immunopharmacol, 2022, 109: 108822
Kinjo T, Higashi H, Uno K, et al. Apelin/apelin receptor
system: molecular characteristics, physiological roles, and

prospects as a target for disease prevention and pharma-
cotherapy. Curr Mol Pharmacol, 2021, 14(2): 210-219

[15] Kuai D, Tang Q, Wang X, et al. Relationship between
serum Apelin, visfatin levels, and body composition in
Polycystic Ovary Syndrome patients. Eur J Obstet
Gynecol Reprod Biol, 2024, 297: 24-29

[16] Kiyak Caglayan E, Engin-Ustun Y, Sari N, et al. Is there
association between vitamin D levels, apelin 36, and
visfatin in PCOS? Gynecol Endocrinol, 2016, 32(5): 386~
389

[17] JmESE. Apelinl 378 K PCOS % A ML P RYBF5E[D].
HIH: M, 2018

[18] Kanwal S, Allahwasaya A, Anjum N, et al. Serum apelin

levels in polycystic ovary syndrome and its relationship

with adiposity profile in females. Prof Med J, 2021, 28(6):

902-906.

Kolan’ska-Dams E, Boinska J, Socha MW. Adipokine

levels and carbohydrate metabolism in patients diagnosed

[19]

de novo with polycystic ovary syndrome. Qatar Med J,
2021, 2021(2): 34

[20] Ruan X, Li M, Min M, et al. Plasma visfatin and apelin

levels in adolescents with polycystic ovary syndrome.

Gynecol Endocrinol, 2023, 39(1): 2216807

[21] Qian Y, Tong Y, Zeng Y, et al. Integrated lipid
metabolomics and proteomics analysis reveal the patho-
genesis of polycystic ovary syndrome. J Transl Med,
2024, 22(1): 364

[22] Ali SE, Khaleel FM, Ali FE. A study of apelin-36 and
GST levels with their relationship to lipid and other
biochemical parameters in the prediction of heart diseases
in PCOS women patients. Baghdad Science Journal, 2020,
17(3): 924-930

[23] Ciura D, Owczarek AJ, Franik G, et al. A cross-sectional
study of the association between circulating sex hormone-
binding globulin levels and selected adipokines in women
with polycystic ovary syndrome. Front Med (Lausanne),
2023, 10: 1183961

[24] Bongrani A, Mellouk N, Rame C, et al. Ovarian
expression of adipokines in polycystic ovary syndrome:
a role for Chemerin, Omentin, and Apelin in follicular
growth arrest and ovulatory dysfunction? Int J Mol Sci,
2019, 20(15): 3778

[25] Tosi F, Bonora E, Moghetti P. Insulin resistance in a large
cohort of women with polycystic ovary syndrome: A
comparison between euglycaemic-hyperinsulinaemic
clamp and surrogate indexes. Hum Reprod, 2017, 32
(12): 2515-2521

[26] #EE, SR 28O0 LR S IE L ML NI N T Aspro-
sin, apelin-1335i5 K SRS RO R, PEIHRIES

ek 2022, 30(04): 846-850


https://doi.org/10.1038/s41572-024-00511-3
https://doi.org/10.1210/er.2015-1018
https://doi.org/10.1016/j.fertnstert.2021.08.017
https://doi.org/10.1016/j.pharmthera.2022.108284
https://doi.org/10.1006/bbrc.1998.9489
https://doi.org/10.1210/en.2004-1427
https://doi.org/10.1046/j.1471-4159.2000.0740034.x
https://doi.org/10.1134/S0006297923110160
https://doi.org/10.1134/S0006297923110160
https://doi.org/10.3389/fendo.2023.1193150
https://doi.org/10.1016/0378-1119(93)90495-O
https://doi.org/10.1007/s12551-023-01044-x
https://doi.org/10.3389/fendo.2022.881684
https://doi.org/10.1016/j.intimp.2022.108822
https://doi.org/10.2174/1874467213666200602133032
https://doi.org/10.1016/j.ejogrb.2024.03.034
https://doi.org/10.1016/j.ejogrb.2024.03.034
https://doi.org/10.3109/09513590.2015.1124260
https://doi.org/10.5339/qmj.2021.34
https://doi.org/10.1080/09513590.2023.2216807
https://doi.org/10.1186/s12967-024-05167-x
https://doi.org/10.3389/fmed.2023.1183961
https://doi.org/10.1093/humrep/dex308

- 660 -

(ARt ) 20254E45464 1 223k

(27]

(28]

(29]

[31]

[32]

[35]

[36]

35E, M. MWETGF-pl. Apelin, CYPI9ALK-5
PCOSIN MBS T R A, AEFHBRF A%, 2022,
31(4): 463-467

Ozegowska K, Bartkowiak-Wieczorek J, Bogacz A, et al.
Relationship between adipocytokines and angiotensin
converting enzyme gene insertion/deletion polymorphism
in lean women with and without polycystic ovary
syndrome. Gynecol Endocrinol, 2020, 36(6): 496-500
Hasan MM, Abd El Hameed AA. Serum adipokine
(apelin) in lean and obese polycystic ovary syndrome
patients before and after metformin treatment. Middle East
Fertility Soc J, 2018, 23(4): 315-318

Sun X, Wu X, Zhou Y, et al. Evaluation of apelin and
insulin resistance in patients with PCOS and therapeutic
effect of drospirenone-ethinylestradiol plus metformin.
Med Sci Monit, 2015, 21: 2547-2552

M, EHRHE, AT, 55 BRI 20 iR
CERIEBE IR B, kA EBE R R, 2024,
40(7): 68-72

Bongrani A, Plotton I, Mellouk N, et al. High androgen
concentrations in follicular fluid of polycystic ovary
syndrome women. Reprod Biol Endocrinol, 2022, 20(1):
88

Rudnicka E, Suchta K, Grymowicz M, et al. Chronic low
grade inflammation in pathogenesis of PCOS. Int J] Mol
Sci, 2021, 22(7): 3789

Liu Y, Liu H, Li Z, et al. The release of peripheral
immune inflammatory cytokines promote an inflammatory
cascade in PCOS patients via altering the follicular
microenvironment. Front Immunol, 2021, 12: 685724
REE, KPR e E BRI IR IR U (—):
ApelinFIL-187E 29 U 145 B AIE 835 1L Hh Y 2Rk K
HAIHT[C. Aabk: MupRTBE 2723, 2023: 59-65
WA, WEHL, XURERE. JEHRON ARG MR AR
JBE ST 22 8 B L LE A AE JIE Jok R 3 10T Ve B R ER P
P AN T AR A 3 - 18 I P ] S AL
5¢. W E AT, 2022, 30(10): 82-85

T 5. e HEOR b5 A i 7 2T B 2 R SR ER S
TR L MIESAP . Apelin S TL-18/K-F 2. YaHh
%, 2021, 36(2): 227-229

Roche J, Rame C, Reverchon M, et al. Apelin (APLN) and
apelin receptor (APLNR) in human ovary: expression,
signaling, and regulation of steroidogenesis in primary
human luteinized granulosa cells. Biol Reprod, 2016, 95

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

(5): 104

Gupta M, Korde JP, Bahiram KB, et al. Expression and
localization of apelin and apelin receptor (APJ) in buffalo
ovarian follicles and corpus luteum and the in-vitro effect
of apelin on steroidogenesis and survival of granulosa
cells. Theriogenology, 2023, 197: 240-251

BRFE, FHLLL. siRNASEEGTER Apelink K X} 51 4L 0R:
HffiFoxolafFRik . AktEPE N A I FE Y20, B2 2y
IR, 2018, 39(04): 8-12

Shokrollahi B, Zheng HY, Ma XY, et al. The effects of
apelin on IGF1/FSH-induced steroidogenesis, prolifera-
tion, Bax expression, and total antioxidant capacity in
granulosa cells of buffalo ovarian follicles. Vet Res
Commun, 2023, 47(3): 1523-1533

Yang Y, Lang P, Zhang X, et al. Molecular characteriza-
tion of extracellular vesicles derived from follicular fluid
of women with and without PCOS: integrating analysis of
differential miRNAs and proteins reveals vital molecules
involving in PCOS. J Assist Reprod Genet, 2023, 40(3):
537-552

Du J, Lin X, Wu R, et al. miR-424 suppresses proliferation
and promotes apoptosis of human ovarian granulosa cells
by targeting Apelin and APJ expression. Am J Transl Res,
2020, 12(7): 3660-3673. Erratum in: Am J Transl Res,
2021, 13(4): 3917-3918

Wang W, Ge L, Zhang L, et al. MicroRNA-16 represses
granulosa cell proliferation in polycystic ovarian syn-
drome through inhibition of the PI3K/Akt pathway by
downregulation of Apelin 13. Hum Fertil (Camb), 2023,
26(3): 611-621

Wang W, Tan L, Ge L, et al. Circ_ 0043314 modulates
proliferation and apoptosis of ovarian granulosa cells in
polycystic ovarian syndrome via the microRNA-146b-3p/
Apelin 13 axis. Gynecol Obstet Invest, 2024, 1-12
Anima B, Gurusubramanian G, Roy VK. Apelin receptor
modulation mitigates letrozole-induced polycystic ovarian
pathogenesis in mice. Cytokine, 2024, 179: 156639
Shokrollahi B, Zheng HY, Li LY, et al. Apelin and apelin
receptor in follicular granulosa cells of buffalo ovaries:
expression and regulation of steroidogenesis. Front
Endocrinol, 2022, 13: 844360

Roche J, Ramé C, Reverchon M, et al. Apelin (APLN)
regulates progesterone secretion and oocyte maturation in
bovine ovarian cells. Reproduction, 2017, 153(5): 589-603


https://doi.org/10.1080/09513590.2019.1695248
https://doi.org/10.1016/j.mefs.2018.04.003
https://doi.org/10.1016/j.mefs.2018.04.003
https://doi.org/10.12659/MSM.894926
https://doi.org/10.1186/s12958-022-00959-6
https://doi.org/10.3390/ijms22073789
https://doi.org/10.3390/ijms22073789
https://doi.org/10.3389/fimmu.2021.685724
https://doi.org/10.1095/biolreprod.116.141754
https://doi.org/10.1016/j.theriogenology.2022.12.013
https://doi.org/10.1007/s11259-023-10107-z
https://doi.org/10.1007/s11259-023-10107-z
https://doi.org/10.1007/s10815-023-02724-z
https://doi.org/10.1080/14647273.2021.1998661
https://doi.org/10.1159/000540097
https://doi.org/10.1016/j.cyto.2024.156639
https://doi.org/10.3389/fendo.2022.844360
https://doi.org/10.3389/fendo.2022.844360
https://doi.org/10.1530/REP-16-0677

