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Abstract
Ovarian diseases, including polycystic ovary syndrome (PCOS), ovarian endometriosis (OEM), and
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ovarian cancer (0C), affect patients’ reproductive function and endocrine homeostasis through
mechanisms mediated by inflammatory factors such as TNF-a. As a core regulatory factor of the in-
flammatory response, TNF-«a plays a significant role in the progression of ovarian diseases by acti-
vating NF-xB, MAPK, and apoptotic signaling pathways. In the pathological process of PCOS, TNF-a
isinvolved in and exacerbates insulin resistance and chronic inflammation, which in turn promotes
hyperandrogenemia. These factors collectively may ultimately have an adverse effect on ovarian
reserve (OR). In the progression of diseases such as OEM and OC, the increase of TNF-« alters the
ovarian microenvironment, damaging follicles and leading to diminished ovarian reserve (DOR).
Ovarian diseases damage long-term health and fertility in women, significantly reducing their qual-
ity of life, and have gained considerable attention in recent years. Based on this, TNF-a inhibitors
and medications related to this pathway could be used to treat ovarian diseases; however, these
medications fall under off-label use, and there is currently limited research on them. The long-term
effects of such drugs on ovarian reserve (OR), fertility, and potential mother-infant safety remain
unclear. This article will review the role of TNF-« in the pathogenesis of ovarian diseases and the
efficacy of current medications targeting this pathway, providing new insights for clinical treatment
and ovarian function preservation.
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1. 5l8

Jif 8 R BE A F-oc (Tumor necrosis factor alpha, TNF-a) /& H 157 /NSRBI R R = A&k H, HE
BTG AL I B4 i (Macrophage, M), T ik EL4H B (T-lymphocyte cell, Tc) LA H 28 5445 2 i (Natural Killer
cell, NKe) Fir s 7= A2 [1] o AE A —Fiont 2 R i 28 780 e 0 22 28501 RO A 2 Al IR -1~ TINF-o 78 J0E 1) R A= il
RGP RAEE AR, FHAE 2 Bl op 5500 1R AENLH BT B . AR 2 R 0P LR A
(Polycystic ovary syndrome, PCOS). BN+ 5 A i {7 iF (Ovarian Endometriosis, OEM) /& 5! #Ji (Ovarian
Cancer, OC)fE AR TR G, AN R FLAE I PR S BEAL M B0 e R0 5 e 5 5%, SHR TNF-a 1B
LRI RBE ROREAT BT, FEIX =R IRAE . R Iy EE LM 0, FEX T Re O D) Reit U . S
FILM TNF-o PLE A F SR PR R B R, I 5 238 [F) S B0 S 4% Dh A8 IR (Diminished
Ovarian Reserve, DOR), MBI INRE. Rk, AW TNF-a 75X 85005 b AR FIALE], AIUCE BT
PR FLIL A (s BRI, o) O SRR CRA B B R K R LRI R S HANME -

2. TNF-a {5 =18

TNF-a LLAT % %4 (Soluble TNF-a, STNF-a) & 5 i< 7 (Transmembrane TNF-a, tnTNF-a)f7-7£, A sTNF-
o H1 tMTNF-a £33 TNF-a-# 4k (TNF-a-converting enzyme, TACE) B 1B i[2]. F:ThAE - EH@ it g R
BEIR 73244 1 (Tumor necrosis factor receptor 1, TNFRL) A1 {83 4 FE K -1~ 52 44 2 (Tumor necrosis factor receptor
2, TNFR2) P Fl 2 A A

TNFRL J"ZRIETHAAL, 5 TNF-a 456 /50085 TNFRL U T 45 #4040 55 5 9 (TNFR1-
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associated death domain, TRADD). KA H/EH & A 1 (Receptor-interacting serine/threonine-protein
kinase 1, RIPK1). 42T #0%1 2 1 1/2 (Cellular inhibitor of apoptosis protein 1/2, clAP1/2) }z £k 1472 &4k
4% 5 & 1& (Linear ubiquitin chain assembly complex, LUBAC)JE & &4 | (Complex 1) [3]-[5].

AR | B PSR Ll i & JORE[S] [6]: (1) LUBAC A T2 R AL BIE A% M 7 «B (Nuclear
factor-«B, NF-xB){5 5@, %S0 & A1/ 2-6 (Interleukin-6, IL-6)7E N FIME 4 K FF1 FLICE FE ]
# FI(FLICE-like inhibitory protein, FLIP)Z5470 i T- 8 FH K iA; (2) FAAE KB -4 WuEHE 1 (Transforming
growth factor-g-activated kinase 1, TAK1)-TAK1 %4 £ [ (TAK1-binding protein, TAB) & & & id 22 4 J7 3%
16 A I (Mitogen-activated protein kinases, MAPKSs)if# (U1 c-Jun 2 FE K i i, INK; p38 %4551k
A, p38)it— TR KIEE T -

YA PR AL AR RIPKL fif 55 T8 BOK 5 52644 11 (Complex 1), fili &k = SRIET- 27 [6]:
(1) T (Apoptosis): KRR - K& E L & -8 (Caspase-8)iiiE il AN. Caspase-3/7, i3z FLIP
0 (2) IFEMETE T (Necroptosis): RIPK1-RIPK3-Ji2& £ G X 185k 2 [ (Mixed lineage kinase region-like
protein, MLKL) & b MLKL, 3 35 2H A At 24 B 5453 47 #H 96 7315 X (Damage-associated molecular pat-
terns, DAMPs); (3) £:T:(Pyroptosis): Caspase-8 V]| Gasdermin D/E FE ML, B A4/ %-18 (In-
terleukin-1 beta, IL-18)254E 4 /)5

TNFR2 R IBAN SR T e 40 Mo Fn > e e i i, AdE ) e 4m i O WL BR AR B 4 A [ 7] Hod
IAEZE B NF-«B @ % 5 TNFRL Phla] 4% 2 HOASE[6]. BI[7], tmTNF-a Xf TNFR 2 305 55 TRAF
2-CIAP 12 E &Ik, M P TNFR LA SIANIET (55, SRR RRERML Y.

TNF-o {5 58 H = K& SRE6]: (1) IKKREES: EEEE 1 H, IKKap 5 TBKLIKKe @it
BRI RIPKL [¥) S25 {7 sl JLmva vk, FELWT RIPKL (R T IR FEME IR 145 5 (1 4% 38 [8]-[ 10]:
(2) NF-xB fa#x ri: sk L] FLIP, 5 Caspase-8 st PE4E A 5 A1 Na, F| s 4 R Mo A7 7% [11]
[12]; (3) Caspase-8 &£ s5i: {54k Caspase-8 ifid V)#| RIPK1 A i & AR T ThRE, I RIPK1-
RIPK3-MLKL AFEPER T2 AR AE[13] [14]. =Rk E ptil i i 2 Re S 1 1 2% RIPKL 3& 1, A 4E
FFAE S A A T I B 2117 o

ZE LA, TNF-o 382 58 28 RIS FIFE T DAMPs BB B IR IXA) K AE . FIH] TNF-a 724
AIYES SRS, TR TNF-a (R0 WA T A S AEMIBE T o IR EXET TNF-a B30 B0 3 R0 111 5 o

3. TNF-a 59 &%
3.1. TNF-a 5§ PCOS

PCOS 2R} W AETE . A ih ARIVESE, DAFFORBRAG . kI aR e 2 00 55 2 R 0o Rk
e, WGRRIAAZARE. 25, B, IR RS ZHPT(Insulin resistance, 1R). 43K & W 2ot
PCOS IR IR %214 15% [15].

PCOS & AFEAR AR EE RAE[16]o TNF-a A9 SO S N %0 BT, HKFTHsfE PCOS 2 2%
RIS © Sk EHERER AT S NF-«B {5 50, (R RI40 0 TNF-a [17]; @ Wil w it
KV FEAAN AR ZHER N, FIAE TS NF-«B @, {23k 20 & TNF-a 72 4:[18] [19]. FHEiH] TNF-o 18
HLURHLEIZ S PCOS Wil fE: O 5 EK-FiiE 4 (Reactive oxygen species, ROS)I:[FEIVEA, s
NF-xB i, JERE BRI, 33— DR TNF-a 00 NSO 2 0E [ i [20] [21]: @ #0& c-dun
FIE AR 1 (C-Jun N-terminal kinase 1, INK-1)#U# & % 5218 JiE4-1 (Insulin receptor substrate-1, IRS-1)
20 IRWEIRAG[18] . 1L NF-xB p65 @ ~ Vi #i £ b %12 85 11 4 (Glucose transporter 4, GLUT-4)%14([22]
PARAMBIREERZR IS PE[23], JEFIAF IR, INE PCOS Rt 7# . ZhEAIE TR, 7 4 Ik ¥ (Cordyceps
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sinensis extract) 7] i JP S NF-«xB p65 ik, 534 F&Mk PCOS BAL/NEIMIE TNF-a /K-, FFE i #
BERVRAN RAE[24] o I PRBEHLO RIS R I,  FA PSRRI 420 5T it 5 2 B9t % (Oleoylethanolamide,
OEA) [25]|FI¥E 16 B [26] AE 2 2 PRIk PCOS H& IfLiE TNF-a /K1, e b M CIRAS . SE LRSI, — D%t
X PCOS ANZ i e A HEBR g [l it 43 W A B, A A TNF-o0 IR AR B T HR AL, BT e (e e AR R FH &
B/ AR B fd R I TR SR, BB VR iR F R I R S YR 2 3 2 T 27

25 LRk, TNF-a /SRS IR 2 PCOS KAE K eI EZIA T . HHFRKIM, PCOS B il F R
Y #5  §E A4 (premature ovarian insufficiency, POI), Bl 40 % 2 i & ZE /) DOR ) X & 18 =51 28], {H ELAAHL
B AR B, TNF-a W REFELLIE R RIEEZAER . B, #E1A 1 TNF-a 15 58— =4 . fH
T EL i Ao P R S 1 4 ) — S ONIR T PCOS BB kS, JUHAESGE SRS R 5. ohE
4% ThfE(Ovarian Reserve, OR) & AEFa 45 /5 05 T BEA WAAE 18 .

3.2. TNF-a 5 OEM

T8 IR A E (Endometriosis, EM) A2 1815 AR R IR A4 AN 8] 5T H B0AE 8 T LAMRIER AL, 51 %
N AL ATTEE IR KRR IN[29]. BN 55 N A0AE (Ovarian Endometriosis, OEM) & — FRe ik 1)
EM, A SRETIAEE o] 200N S Th REFEAT MR, & DOR MK . 23K 2%~10%(1 & e #A 2
PEEA EM,  TEAZ2 2ot A B0 26 738 50% [30].

EM FEAEMSYEJORERAS , 4 1) 5095 240 i (2 5 W 40 ) B TS B4 TNIF-o 75 Y IR A1 L IR 1~ R Ak R
FERE KN K AG[31]. 4E OEM ™, X PR SERMFR IR . OEM SRk Z AL, AUk 58 oA B 24T
R AR, N A TNF-a 22 N IR R K7 F1 ROS 53 47 #3413 BN 5L B Joa A Gy p R B v
B RN [32], S5k DOR. [BIFPERT 7L [33] & Bl OEM M BN M. MR, M3 TNF-a K&
s, H5 EM 8NNV #3)TER, $R8 TNF-a F 2RSS R 2 /E o AR SN FE [34]0F
52, N NF-xB #1770 MAPKs 0175 7] BT TNF-o 5 5/ OEM £ 41 IL-6 RiA, WEIRE. Al
WA 90 [35] & I AR 3 UV TNF-o T i (5 75 UKL 41 i (Granulosa Cells, GCs) IKKB 1xBa iR 1L 1 5,
PE NF-cB g, I 35 00\ b 00 4% s i (human telomerase reverse transcriptase, hTERT) &5 [ #14 f
Uit AL S 1% (Telomerase Activity, TA). TA FEAK-5 3RO A0S SO0 B0k /> B3 M58, WIhREE HE R T
TNF-a 3B 49151 GCs bl il Dy e 5 i UF BF 40 M e, R HNi%E DOR 1 B AAIE 2% o

OR J& — il 5 0 4% UP BE4T B A5 AN 5T &= AU FEAR[36]. DOR A2 45 U R4 M B s /b AN (5R) i & B4
FEBEAEE 71T R, FERI NP )& BER (Antimullerian Hormone, AMH)ZK-FF#4iX. 325776 (Antral Follicle
Count, AFC)Ja2b K& FE i 5 ¥ 13 & (Base Follicle Stimulating Hormone, bFSH)/KF-7F=[37]. 7E DOR k4
R, TNF-o /3 SOREOA ST 2 EL IR FE v 7 OCB f €. I S0 I BRIV A OV 1) TNF-a 7K
R E TS PHEESF K — TR T A 7 K B DOR 3% 5 0 REZHAH EE L i TNF-o 4 2.3 2 5%[38]. Huang
[39]%5 Nkl 46 5] DOR A1 56 51 1E 7 Ul &./i% %5 (Normal Ovarian Reserve, NOR) & # B3 i (Follicular
Fluid, FF) & 5E4EAR, K3 DOR 2H TNF-o ¥ 52 025 =T NOR ZH. Li [40158 A 5T i85 Al DOR 4H.(42
)1 NOR ZH(73 i) [) FF o TNF-o 35, 153 1 R EE R o IX$27R TNF-o 2 5 B BRI Gl 18 25 47
Jiao [41)% NWF gLt — D4R 7R LG TNF-a 7KF5 BRYE R (Follicle Stimulating Hormone, FSH) 2 &3 I
FHIK; TNF-a Wr[E] IFN-y B4 SRR M T, 858, I 55 &1L CYP19AL 3% ks
BWEE W TNF-a ff p65 BERRALIE I, ¥ NF-xB 18 B 01 45 45 44 23 4 K A -F (Connective Tissue Growth
Factor, CTGF)#ik, /T BURLAHMI DI RefsfG . XEemFas LW, TNF-a KPR T Eniid B e 3 Mk
AN RE (PRI T ) 1 58 5 IR A ) A R BV R 358, L [R) nsk O S D R 3B .

25 I, OEM ikt RIF 1) TNF-o 3 /1 38 1% J0E JOB0E NF-xB {5 Sk, AN B 5= O
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P00, AT 5| RORL 20 0 S B R AN Zh e RRRG, JLFI (et DOR MYk A S K . LA T 1 TNF-o 51
HNF NF-B {5 538 8% 7T BE BN 22 il U0 S E GO . SEZE DOR HEF (1 7 AE SR, ELEL I PR B A7 H
AT i T B P TP S — 2P B

3.3. TNF-¢« 5 0C

2020 A BRERE oR[42], OC KJw FAEARHMIR 556 =6r; SETmEIAcse —. E&RE, OC KR
RAEERVEE AL FEE = A, P2 E B R A dr e . OB B 2 FE, A e LA b R PR
J¥ (Epithelial Ovarian Cancer, EOC), %I/ OC /] 80%. {HfF1E&MISE, OC 7 & 1l ft S Eop H A L5 F1
ThEERER, HEM 51 K BUNE DOR, ™5 S0 B3 1 AR B 45 )7 A T P9 20 T e

EOC ' TNF-ao mRNA i 3Rk, Z41EH U412 1000 £5[43]. mi7KFH TNF-a AT e LR AL
125 EOC Fiidh &g, J FIFErTAE i DOR HdkfeE: © it [ 50wk J 55 b 45 A 1 B 8% Mo 4 ik
[ TNFRL 324K, 0% NF-«B 555 Si@ R, BRI R 4n Mg GE[44]: @ R840 B 4 W6 1L-6 55
TR AT, =9 b8 40 % SO 8% (Tumor Immune Microenvironment, TIME), 7] 506 G 2 0h fg[45]; @ i
i A B g B p38 MAPK Al SAPK/INK 3 415 5 Ephrin Al FiAMEHEM A A= pl, 2078 5 0 i At A SR 35
[46]; @ iEid TNFa-#:40 K F-F-a (transforming growth factor-alpha, TGFa)-2 i 4= K [K] 1 32 14 (epidermal
growth factor receptor, EGFR){2 it OVCA FIIEIREL 2 [47]; ORI 41 B AL BT 40 i 2 MMPs, - % fifg
YU AN, (R G © S AT T 40 (Treg)d 3 sl il b S8 40 i R 2, 11095 S s WE A [ 48] 5
@ FHFRIEHAL A FH SR — AR A B (inducible nitric oxide synthase, iINOS) 1 & % — 44k & (nitric ox-
ide, NO)5: 2 DNA #5117 3411l DNA &5 8 1[49]. X LEHLHI AL EOC #EfE, HAFIRRSE IR
A GP BRI R R e 3L [F] ik DOR & 2E .

BT LA MU, BB AT I AR R T 23897 7. Brown E R 25 A [50] &KL TNF-a #5917 98 K F)
H B (infliximab) 7E 69T BRI E R — €7 AL, FfJ5 Charles K A [511% NI FCAESEH infliximab jA
ST OC B R RIIEITJG 1 h 12 24 h JG (IS J /K TNF-o IR EE R T . AR IL, btk
TNFR2 il il fa e 2R [ ] 54k, P NF-xB @5, O J0 ] 1 S5 40 B 38 58 K IR AR 2% Treg 37
B, EL RO SE Treg B4R FH[48], FHnTaeimid Fm 40 Treg &A1 SHEAIRALT:, &
RGP B R I AETT VA [52] -

4. BESRE

TNF-o AE R IRER AR 98 R, 75 2 Fh N S50 005 1) 3 B A FE R 4 A O M €. 72 PCOS H1, TNF-
a MUBEHEREK IR, IINEIEA N, 25 SifEE E(Hyperandrogenemia, HA)E B, -5 18 BT %
VA EAE, JLEHEShER K. £ OEM IR H, milkEE TNF-o I 0% NF-«B {5 5 10 B 1 il ik
B I, 0 N R M = SOV . TIAE OC /1, FEMMRROAEF, TNF-o 7] GEi I #0E NF-xB &5
I PR AR IR A BB BE  1R 22 B . THE ) TNF-a KT IE A 5 RORE B, 2255 BB i AR 355 2R 447
I URL 40 i Th B JE 401 5 5P BEAH AR BT &,  nid 7 DOR.

BT HAZOIERPEIEA, #E A TNF-o 82 CBONTEERG YT KNS, JLHAE EM A EOC & A Y]
SBHRE, {HAE PCOS Al DOR 677 1AL FECUAB B o H A1 20 Ho e R Ak (1) S5 in) BV FE 900 7 R 1k
(1 PCOS £, OC 73173 BYXT RIS« AT 24 22 4 1k DL R AN [R) N o g XU, - 3R i vl o Rk
AL EE T TNF-a JH RO 431 (a0 IL-6) I AE bR S A, T 09 SL9505 RS 73 )2 S TNF-o $10
FUITRCTNIM s BT x4 WAL (U 2 E R A PCOS BRI EM)F) 2 HBENLG BEREE, BIRfIRIE
REL (RO | k4 /B OR 4845 0503), JERGVHANIR GG SAEF 4R WAIRE TNF-o il
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55 ML AR R AU G R A O B R 1 R PR (Crosstalk),  PRAS & HE A0 i6 T (M0 TNF-oc 0I5 K &
P AR P 240 sk e 3R A SR [ 98 0 B i RS FH T 5t I HLIRIER AL 5 I PR B AL I 25 R SEms, A
HNSEHL TNF-o SB[ RS EN SR BE TSN, O S5GE B0 S0 S8 AR S KR R )=

SE
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