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Abstract
Endometriosis is defined as the presence of endometrium-like tissue outside the uterus, which af-
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fects mostly women of childbearing age. Because of complex pathogenesis and heterogeneous
clinical manifestations, there are many difficulties in early diagnosis and treatment. At present,
most of the treatment methods are hormonal drugs and surgeries, which have certain side effects
and limitations. The adverse reactions and safety problems caused by long-term application of drugs
should not be ignored. Drugs with more specific therapeutic effects, fewer side effects and good
safety profile need to be discovered. Metformin, an insulin sensitizer, has been shown to shrink en-
dometriosis lesions and improve patients’ pain symptoms and endometrial tolerance, enhancing
fertility in endometriosis patients in clinical studies, vivo and vitro experiments, by exerting an-
ti-inflammatory, anti-vascular proliferation, inhibiting adhesion and invasion, regulating intercellu-
lar communication, proliferation and differentiation, etc. In addition, metformin can affect the ab-
normal self-renewal ability of ectopic endometrial mesenchymal stem cells and regulate the abnor-
mal proliferation from the stem cell level. Therefore, metformin may be a potential therapeutic
option for the clinical treatment of endometriosis.
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1. 3]

T E W ALIE (Endometriosis, Ems) % SR T B EAMAAE T B WA 4 5 R AR Al K,
HEZHOE R X, BFRONE . Pl RREERE 1], Ems 2 A8 R,  BERE MR 1 SO PR
Wi, ARYESE E T X Ems B SRR RTIEYER S Gt T (08, B0 B A S B 7 AR A R R
JrA SR 2 RPN . TP RUR SIS MRS AR SS9 RN, X BTk 1 EOR A E 2], AR
FNLE] H BTSSR, (HA LR 2 332 M5, 22 Ui e DAORE L A A PR R I S RO RFALE
H AR S T 2 A i S P e . IR TAREAN + IR ISW R ErniE, b T Hwm E A FHLHI )
SR KA W T WG Z, Ems A7 7E RIS WiK) 1) @, 3R EHhR & SRR 1 5 I R 2
Writ B B, RIS WO Tz g B WU SE G R B T R . AN, BRI
E5RIE T 2WIAE Ems K B AP OHLAL, 5 B ORBRBE AR 5RO T R . H T TR B HEY: Bms 1677
2595y N AE k2T 7% 25 (Non-steroidal Anti-inflammatory Drugs, NSAIDs). Z¥ 2. &7 L HREE 4224
(compound oral contraceptive, COC). &1 Iz B0 R 13/ 71 (Gonadotropin releasing hormone agonist,
GnRH-a) & 25 TK2K (3]0 SRT H AR L2590 o TR A BLHI B0 R BRIk, ANWT38E St 227 A4 — LE RIAE
WNZAPMER P SRR L. ARERIIN: T COC AIMHIHEDE, Jovki 24 B LIRS . 890 40
% LA B AR TE O, B GnRH-a ISR A RIS EOIRES, o BB BLRA 2 MZ SIS A Rk
Bio FrbL, ATHZHRRENEEDN, 85 BANG T RETLAL, W LU A B HE 245 .

BIR T IPRUIUE — A EE N T 2 BRI 254, (ERIEaEk, 2T IER 1 HAE Ems 69T
PRGEAENE . XA IR PULE LRI, 7TEGi/ Ems RO NH IR, e
REENEE M PR 53— 7T, — FOSUNCRT A5 A ) 78 o 40 M /KT T 5 S A A i 5. 74k
Jor i AR 28 M . AN, — BN 538 Ems 858 15 WA 2, BIRA AR EMKTF4] [5],
ARSI AR B IR 0. RIHAR IR iz Je ™ ERIME M, — FXUIMLT- 2677 Ems 1A 254,
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DOI: 10.12677/acm.2023.1381807 12895 Il R 125 23k i


https://doi.org/10.12677/acm.2023.1381807
http://creativecommons.org/licenses/by/4.0/

oY

B

48

AT BE AR TT X ARSI 10— P ROE SO BT IR T 25005 K —FhAh7e, NI SE A3t it &
HAERE, RIS EENEE . W Ems g i EORET 74H

2. ZHNALGETT FEREREFAEAHLE
2.1. XHEAER B ARG

Ems BEGQIERGKAELA, CFE R WA IR 2 40 ML DN /K F Th a4 B e A . R
T B e SORE IS AT ARt e O 2K e R ARG, 4t FLE T HOSUIICRT RAIE I 22 MopyL il 4100 1) 48 i Je
o FHIRBNY SIS 2 B HXUICAT RIS AR ZR 40 (oL S 0T HRIE 98 DR 7K T 1) 268 i 36 B P30T
T HORUIGE AT R e AR, R Y A I A OGRS R 7% R F 1B (nuclear factor kappa-B, NF-«B)
I FHE ARG T T, D RIETEN I ORGSR 0, o5 RIS [6]. Sapmaz 55 AAE B 5L R 15
Ems K GRS Ak B FROSUICAT I U B B A DR 7 R 7K, RIS b 3 T 2R PR ) 2R3 [ 7] Jamali 55
NFEREFIH Ems K BRBLAY, 2B = FEXUNTANG Rz 25 416 o] FRAR LS IR A PR R -0 7K (8], 2 FROPER
ZR- Gk (polycystic ovarian syndrome, PCOS) & % 1 5 P JIE 2 M4 M (Kl /K V- b s, = FEOSUNICRT DA
R T Toll K524k 4 (toll-like receptor 4, TLR4)/F-# 2 45 [ F--7 (interferon regulatory factor-7, IRF-7)/
NF«B {5 5163, AT 5 WIERIED].

2.2. XMEE AR

M4 A BPE Ems AWML RS EAE . fE L MEAEGETE Y, A AR 2 BT A IR 4%, X0 T —
S A P T R G O s A S P T A KRN B B O E AR A o U AR OAT B 2 M A R R TS
Horp i 8 P A K R F-A (vascular endothelial growth factor-A, VEGF-A){E A= FE A5 B2 M 1 85 A il F
W RIEEEA/ER[10]. Ems B3 MRS IS+ VEGF AKFTHE[11], 75 H &8 VEGF-A WA L,
H VEGF 7/K~F5 Ems (1™ 572 5 B &5 2 1EAH G, [, BT VEGF/VEGF 5244 1 (VEGF receptor-1, VEGFR1)
RS DL B 45N T e I LHL 2R RN . A L A2 B[ 12]. Cheng 28 AN KB — XU T B ERIL T T2 A
JE AT AP VEGF IZIE, B R4 1 & B A A A K (4]

2.3. MFERNREFERT AR

HRARFANMER e, T P MR 76 55 -0 M ) 4 P SR A S8 Brms RRBRLZ — . 5 BRI 75 40
RS O . ST IR AR, AR, T SET B IREH /AL R R .
SUNGE T 815 2 LA miRNA 936k, A1TE T 785 P BN 78 50 T-ANMURER 1 1 3 0740 A,
NiGYT Ems A RT&E I ZMI[13].

2.4. SEMAERZENF I

Chen %5 AFIHAYE B2 H AT AL Ems B8 R 5 IES 75 A IRH SRR RIL 7% 7, KIZE R
ek B R EE AR T A MRS P SF A G W BE Al, Hallmark 3% 12 & 46 70 A ¥ b - () 78 i % b
(epithelial-mesenchymal transition, EMT)#ffi i€y Ems £ B2 [Fi 1% . EMT /240 S 2, v S 354
e EARMIE] e, EASN b A SRAS (R R S AR R, TR RZBIMRE TGN, TN E N
JE AL AR AR NI AE R BIE A R 26 PR 14]. A BEFEUE B — FOSUIAE AR Sb S50 b 4] Ishikawa (15
IS RiR e 11 2R ) HH M — B (estradiol, E2) 75 21 EMT, 7E PCOS H, — HXUANAT I B2 5 S 10T 5 WK EMT
FHREHRIE[15]. H AT I = HXUION T Ems 83815 W EMT FLEIZ0T AT, 257 Ems A7
FERALIHLAN T EMT AHSCEER A i — 5l
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T 5 NG ) BAPEAR MG S A A 2R, P i )i B A 2R R B 4R B G L 2L
NI E R FENE AR R . SERIERE. Mk Rl %% B2 (tight junctions, TJs). TIS 545 b R 40 34 5
BERRIE . FITES R AR S FE S F@AA L. Tls AWM TIs (bicellular tight junction, bTJs)#
=402 TJs (tricellular tight junction, tTIs)2H, EIEH T —Mik#E ! 5Ef&. Angulin-1/Lipolysis-Stimulated
Lipoprotein Receptor (LSR)& —F 387 KB E A7 T tTIs e3R8 [, EAE M AE & 11 tTIs B Thae 7
TR 5 BB o 78 22 Rl & J8 7, Angulin-1/LSR R VAL 1 98 40 M (8 S P AR 28 1k, n e e «
e S, £ Ems I E WY, LSR WHRZE, EFENEEELTFEF Angulin-1/LSR
Pk, HRUIGE I 22 24 AL B I (mitogen-activated protein kinase, MAPK). WfEMENIEE 3-1 M
(PI3K)FI P [T #1 B (janus  kinase-2, JAK2)/ME 5% T 1 FlI 5% 50T 1 (signal transducer and activator of
transcription, STAT). Hippo/YAP (yes associated protein, YAP)i&4% i Angulin-1/LSR FJ3i%, BHIE LSR
T AT AR 2R 16]

2.5. AT

W AN T PR A ELAE L, W O T/ N ) e WV P R AR A [ 1 7] = RUIICRT 3
Ik AN [ T B R A B R T . S IR NEAREL, Ems B AL N RGN B D, X2
R Ay S 6r L 23 IR L 3h 0 75 hF A7 2 2R (mammalian target of rapamycin, mTOR) {35 V£ 2 2 18 i, mTOR
R EVER EEARER . HEXITA PAIH] mTOR B, HnEME[18], s HgmmET. —
WE TR — H XA ZE f23EJE 0 538 mTOR &4k 1 (mTOR complex 1, mTORC1)/ H W/ T F Al
mTORC2/ B W/ T b RIVE A, Pl s B e (e R A 1, el 2 B 00 SR GRE 1) 1 5 P B AR
AR[19]0 HeAh, ZFIXUICEAR A ARSI FE b, ok 2 Ml e, anop Sl 15 P4 15 45 FL AT 4] o g
HNIG T FE 7% A TR I [20] [217 = HOBUN I -85 B1 (liver kinase B1, LKB1)-AMPK-mTOR,
PI3K-4 H M B (protein kinase B, AKT)FIiE & 2 #£24E K K7 1 (insulin-like growth factor 1, IGF-1)AH%15
SR, DR N R A R R A S A 21

2.6. —RANAI R RER .. 2HFRTAFM

Zh RIS 2 0 R [ I 2%, 1 VG e (DR X i 4 1 2 TR T N AR AN H 48 A v AR
tho TEIEHE T E W, WEZERAIEE, 4TS PEIRSE, MR A A,
3 WA T 53 WA () 22 5 2 AR a2 A T Rt B A, FE BURESSCER N SIS AR AR - SR, AE R AL A R A
XFHBNAS AT TR, M Z2BER AN B IME SR ER A T R EUIRES, 32 BRI R ORI 2 K T,
M R 2R A B A SR AN SR I E KSR 2R, ZA R AU P R 5 SR A0 AR AR KR A A 2
NF%. £ Ems 1, P450 75 & MERIA L, RE B2 AKCFTFE . — BOOUIC AT 0 155 Py R IR 5 40 i 55
FAEEEYE, (07 B EEYE R TR, )R SRR 00 AR [22] 0 [RIIHOBEEE) — FOSUICRT 1
P e P A7 TR B A R KB [23 ]

2.7. ZRATUARSS AF4E 4L B9S2

T FOWACAT BEFRAIS Ems BB AR AEACRERE . — FOSUITE 4 UF B AT LId i S0 AMPK PR35 4 32 1T s e
A A KA F B (transforming growth factor-f, TGF-p){E 5 #% . AU AE A RIFEEENLE], £ 2 Fhas &
HORFEPUASAAER . TE48 B 4L R AT b, — B O AIE B T LA SRy T TR i 5 S
FEIRALCG IR A AEA[24]. fE LA RS, AR FTREE = FOUNCA] k2> 51 55 CD8+T 4 i i A1
FEAIC CD206+/CD68+4HMILL 2, RS EAFAH I I SLLT AL, AT BRI 508 10 00 ARG (25 5 474k
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YK TGF-B 16 Ems HERIA. TGF-p Bl 4% 1-B5R2H1 Z % (Sphingosine 1-phosphate, S1P)
HIAEP) 05 T S FLAZ AR (S1PR) RIS AE F - 78 N 511~ 5 P B 5% A7 (Ovarian endometriosis/endometrioma,
OMA)FFIRH Y T 5 N 7 AL 5E (deep infiltrating endometriosis, DIE)H, TGF-g i€ S1PR A< IF B fY
BwI, LIRS A4EAAHREI AT S1P3, {23 Ems £F4E10[26]. - XUICHEE BH AT BRI B S £ 3 1
i S1P 7K [27]. AH AR A B 7T A — F AUNUZ 5 7] 8200 Ems 83 S1P /K°F, Tt TGF-B NS4 4E
..

R ERTIR, “HUME AT MK SRR T N 2 2R A0 M 1R) 0 6 P2 2%, DA AR 4B T
KA R AL R EMECR 7 A AR 2B AU Ty T R VR o = FORUNICRT ek 1 2 A B 4
JiE, YD ALY ML AR, FTRETETT EMT AHOCEE 1, M90S r P R4 B 0k, (R BEPE T, JFR2m 5
A Ak TR K P RO 2R 1 e S, T L AT BRSNS S RN O AR AR e, LK 1
AL, —HOWUIAE Ems & AR R R i 2 B -IALEI V6 97 A [FRFAE ) Ems 3248 7 — Mo 70 L%

Mechanism of metformin in the treatment of endometriosis

Reducing inflammation
Reduce inflammatory factors

Inhibit inflammatory pathways

Reducing fibrosis in ectopic lesions Inhibiting blood vessel formation

Inhibit fibrosis factors such as TGF-3 \ T / Decrease VEGF levels

- —> Regulating stem cell differentiation

Downregulate EMT-related proteins

Adjusting abnormal cells communication <—
Enhancing the inhibitory effect of

stromal cells on epithelial cells / l \
Regulating estrogen and progesterone R e Inhibiting adhesion and invasion
Inhibit estrogen production Suppress the mTOR pathway Enhance cellular junctions
Overcome progesterone resistance Promoting apopto. SIS

Figure 1. Mechanism of metformin in the treatment of endometriosis

E 1. ZBWALET TS RRRALERLE

3. ZBRNFERRFAAERTT SR XS
3.1. ZHBNAHHRAFERBREANIEK, BEEEFATKFE

% T B W) S B AN AR ST 58 3 2 W] — W SUIIONS 1 5 A IR S AL RN A ISR AR, X P Re 2 BT
R OOUNCRT SR B A S A 2 P B I FH R o S A A L R AN T2OKSF . 4 Cheng A
Jamali 3338314 27 Ems K RAEAY, A3 H OISR & i B 22 W sl S LR A D AR AR, 3 5 e fr
PR A A E AR S F mTOR HIFEFRRIE K, fF A RCYFRIA L. mTOR Riff[4] [6]. Oner 5
N L B RONIRN 577 A Bt A0 1) 75100k ot KBRS BV Ems FREMR), 45 R B 388 18 PN B e 6
PR PTHIR R A 2 [28]. LK, Sapmaz 55 NI HOWUI, ke W ARH BT 6 A AR 7T 560 K B A s i 75 3
() 91 SRR 5 A B e S RE 2 S AN T g2, DL 28 RONFI, 697 4RI R I, 25%0iay7 3 oR
Ki67 & PG, (2T 2 Bax BB R ZHN, Hrid TR Bel-2 ik 2% P,

Yari 55 NARAME TR N Sl e N AR+ 5 4 IS 5T 40 il (human normal endometrial stromal
cells, ESCs)F12K H Ems 38 WILEAL T 5 A IR EE 57 20 B A e o7+ 5 Y IS R 4B BRghAT 1 — Tt o5, AN
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WRPER) —HIXUIES 7% ESCs JRAREE 72 h,  DAVEAL = HIXUNON AHMIE Jo . HE5E . TR s, 45 R —
FEOSUIC LA RST8] AR AR A 4077 20zl 1 A e 7 A PAY S R 36 o 4 T 4 [ 29

3.2. ZBRANAY FE R ERACAEE 7T R T AmpERRIE

Mashayekhi JFJ& 7 —IGURF 75— FEOSUIO 1E 8 F0 A7 - 55 PA 7] 7 Jo 440 L 256 K1 R 58 2 i) 1140 £33 HEE
AT, BT IR T 3 ZARRRIE LM Ems {04 15 N RS IR) 70 0 T4, &5 SRR, — FE U] AR
T2 3 AR 5% R R R4/ RNA (microRNA, miRNAs)Zik, 24 1E 507 8] 78 J5 20 B i 57 1 B 3%
R A rIEES[13],

3.3. ZENALAT RALFE R RE R4 LR 4MmE S EiEiR

Zhang SEANWFTT T AT B A BRI AN S 15 P L R A0 2 TR TR, RS H T HOSUICRT
L R I RS > T RAEE . 1B W R AL TR M O 25 7T T IR B AR AR AR S
J1e PRICAALT B A B AR S I 75 R AR B P RIA I R, R R AR AA AN 2 A Y
Wnt2 FEANE, AR W2 w5 T IR R SR A TS Wnt2 ST 575 5 4 i 2% 1 4 77
B T OEE T R L RN A R S HORUICRT BRI Wint2 £ S B S 41 R R R IE A i
20 FOBUNCTUAR B P S5 35 57 4 L Y 2 A1 55 R 2 2 28 10 7 IR ' AL B R A B R A 4 (301

34. —HARAMEMFERNEE TN

Ems SS00 7B IR 2, SO S ARZM G, —SRF 7 38 0 — W WU AT 3 07 5 A s 7 32 1
3% Ems WA G RET . Cheng S5 ARl 15 A IR 32 Meds &4 E L5 30 K] (leukemia inhibitory
factor, LIF)F1 HOXA 10 FPE A2 /K I3k, 25 o Z HXUINEE B T Ems K75 AR K LIF
I HOXA10 #ik[4]. Huang 5 A0 55 10 L@ @GR S 2H B ARE T 5 NERAENASZAE
LTI AR, IR S ADRE R BRI AT SR3600E . B o RGN aEIR T 4L, R
SR 2 N A, 2 A R AT B AT s A A5, SRR XIS, 6 Fil
TENREZEMRNEAFREE B, FaX 45 RMER 1 B A MEh et itir. iXesss fx
B, HOOUICRT R b 7 5 A IS S AR B R IA SR G 42 % Ems SB35 107 5 A 21 (5]

3.5. ZBANANHE R T ERERTBEE B RN~E

ORI S 1S 1 P I S o ZH 2 e A A ] R 1 AR T AR - Xu ZE IER] T — FRXUICA]
it AMPK 1554151 CREB-CRTC2(cAMP-regulated transcriptional coactivators, cAMP i 71 3% 5% 3L %
) E S WY B PR ] 5 P B S A o A 3 T A PR A S D B S 1 T T 2R 1 (steroidogenic
acute regulatory protein, StAR)IIFIE[31], 574 nl il i (i 2k IH [ B [a) SRR N R 1M O B2 ()& R it
kL

Zhou 55 N KL FOSUIGE S 3805 AMPK {5 5 38 01 Ems 55 53 40 i b AT 51 iR 2 B2 (PGE2) 5 31
LR PASO 75 A AL R 2R R I I8 S TE 1, T4 38 P450 75 T AL Bl 2 AR N A SOE TR 2R 11 S B R 1ok iy
[22].

3.6. ZEANAREE Ems R RARTHTHEN

Huang 5% N XL PGE2 {5 54515 WA AE R LT 4EL Rl fE . BE%E Bms PARMIREE, PGE2 15
o WL FEIR IR S A NIFHOIRAS R R A LT AR P B iR FRUR B Ems (/N P e — HOXUIIR 7 AT A
PGE2 {55198, BRI, BSOS JF 928 o ULBET 4k 40 i Sas A2 4EL T R 32] -

2k
Ae
2k
He
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T HOSGR AR TS Ems /)N ) PGE2 {5 5 T T B KR AL 2T 44k, D4 o

H AN — HOWUIAYT Ems (AT TT 2 s SEiR AR SMIE 7T, 16 A RIS D - — FOSUIAT %
RSB NE Ems KBRS S (o ek v i A8 A e DRl Afie 6 PR 73Rk, AR NPIHIR s AR w4 B
WK, R HEARMIR T DR AORE s FFOBUNIGE T Sz S 6 2L A A 5 b R AR A AR R, DR
S0 3 R AR X b B AR I SR M BE 05 MO AR Sk, O TR RS AORE B A T
TSI EAIE W 5 5 AMPK T AL ] StAR T EALEE AR, A kR MR A D
SUVRITSE R I — FRORUIC AT DA i 72 A JR L R rh B 55 (1 PEG2 {55, IR AL kR LT 4E AR E
S P o

4. ZBAARXF 5 AR RO I BE B 2 E M fE
4.1. ZHRNAIERTHRGTAMZNEE

O OSUCRT $ AL B StAR 5 A ACEEE TR, SIHIERCR I A, TS EERAME M, B
FORAWIME, WERANSCRIVER, U T AN 2B, BCE AR > R R 2 it J8 5 mT AR
N RS . AT FURI] OIS i 22 BRI A LA, 38— A 253R 7 ROR A, TS A b IR A
MEFE AT, HAEBRBEIG, I RO SEA RRON  AR A R B, CA125 SEMIR AR S /KTt T B
WA N FH A e 24 W T AT PR LA (K PR LAl AT VEGF KF, BGR BE I TE W E . Frbl—
FXUIRAT ELE N 28R T AN S, A TR AN RRORE, 2277 T 50 j s RO, 3R T A%(33].

4.2. —RENAMERTFUEBATEFERNEE

CTHXUICEAYIR . PULEERIER, WS R A A YIEIR, HAARERE, SeEE
JHIIAE R, X1 DL S 2 BERE R I £ 2 1T DL RN — HOBUIR . 2012 4F4HX Ems 82 HEAT 10— TG R
RIERE, NMAHZHII0EIT 3~6 MG, BHENBERAREAHESEMRE, 3 MHERERRS
T LU 25.7% %% 16.1%, 6 NHIEFEE 7.69%, FAH 51.4%F % 32.2%, 6 NHJEHE 23%,
PEAT R M FRE IRt T 20% % % 16.1%, 6 NHFEE 7.7% [34]. HULAT UL FE XN Ems B3 ZORAEIR
HRENZAL, W UWERN ZFBEST Ems [ —FE ROE .

43. —BEVALERTAZ, LREFZEHEHNEE

ZHATCARH HE AR, BRI RE I T e AR A2, B AT . N T AR E AR
Ao, A ORUNTRT U S R R 25 R R BB, SN2 2Rl 2y FROBUIAE Dy — il e & 20
BGR], AT AR AR EE[35]. BT R T OO HEON 1 2 B O SR ER S AR A ZUAE S, ORISR BE AT LA
B IR YRAANE =2, 0 JEREIA 2 97 SO B R [36]. W3 Ems 7RIS A W37,
WUICRT BEAE ZZ AL Ems (5 R0 AL 3 TG N ISR R UL OR R, PR 2 2i 4t

Ems 2 — RS OB ML SO VEROR, B ATIR YT 259 5 ZLE RIHLHRZ 3 A PR v e R A
EGHRAR I BERE . SR TS AR BRI AR FIUKCF, B 2o R S Z RIER],
WA CEEAL . Bk, TOHFRAESE, H 13 BRI 2. K. B RERERR
w2 ZEE SRS NV Z RS R R . IRESIESE, Ems (5716 2% 508 b 618 P50
M. WX — Mot 18 W), PR Rshsci b, $RoR R A AR, 5
BEWERVEASL, SCEPORAAGE, R EWEREZNE, Eas a4 A arat. (ARBRZ A X AR
R HA M A 18 B0 R TX 8 R BE RO ML S RICR . AROR T B2 58 2 (I PRAE FU R A — HORUICEE XS Ems () 5% 2
EE o
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