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PIRHLEIRAE T HA . CE RGBT 5 EMS 5 EEHLH] I RZR I TC 12 W 23 3150 B s PRYA T 7 R0 A [ R 25 AH DR IR
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Advances in metabolomics research on endometriosis
LIU Feiran, MAO Yundong, DIAO Feiyang’
Reproductive Medicine Center,the First Affiliated Hospital of Nanjing Medical University s Nanjing 210029, China

[Abstract] Endometriosis (EMS), a chronic estrogen-dependent inflammatory disorder, affects 0.7%—8.6% of women in the general
population and 9.0%-68.0% of those with subfertility, making it a leading cause of secondary infertility. The etiology of EMS is
complex, and its clinical manifestations are diverse. EMS remains challenging to diagnose early in a noninvasive manner through
conventional methods, with diagnostic delay averaging 8.6 years. Advances in detection technologies and bioinformatics have enabled
metabolomics to serve as a powerful tool for biomarker discovery and mechanistic investigation of disease pathogenesis. Metabolomics
analyses have identified multiple metabolic abnormalities in EMS patients, including dysregulation of carbohydrate, lipid, and amino
acid metabolism, providing novel insights into disease mechanisms. This review comprehensively examines recent metabolomics
research related to EMS pathophysiology, clinical features, noninvasive diagnostics, staging, therapeutic strategies, and risk factors,
while critically evaluating methodological limitations. We highlight the clinical translational potential of metabolomics technology and
multi-omics integration approaches; offering new perspectives to advance mechanistic understanding of EMS; facilitate development of
early noninvasive diagnostic methods, and identify novel therapeutic targets.

[Key words] metabolomics; endometriosis; non-invasive diagnosis; biomarker
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5 B A AE Cendometriosis s EMS) A& — Fj i AR W LN F 8 R I L0 B Ak E R # (body mass
LT 1 MR OB E 0, HARFIE 9 T B NIERE index, BMD BUILZE K R W] i 5 EMS 11 K A2 XU AH
HLEKTFENBRLLS. AT RN, ¥) R AR 35 49 72 BHER 2Bt (American College of
[(Z££WBE] KE AR R (2022YFC2702505) Obstetricians & Gynecologists, ACOG)2026 4F &t #7112
S 15 /£ % (Corresponding author) » E - mail: phenix_y@163.com BT » EMS 1E— BT I 209 0.7%~8.6%
(ORCID: 0000-0003-0118-3382) TEANZ# R N 9.0%~68.0% , TG 1 23 Jias i £ 3 o
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15.4%~T1.4%, R RNEAZH) TR 22—,
EMS (8 F 38 KR TR 7T 128 20 2 e A
HG PR Z i 6] v 4E 3R 8.6 451 AT S Wil i FE
WA bn e I s B A, B IR AE, S80S MIE
AR IR S WA 2 PR I T T 7E %
TR S B A ) 2 AR B o T S PR TR
e 21 i A B 1 SN A i P 22 [
RO 702 RG AW B A Ry, B AR
it 7 e B AR A AR A N g AR Y AT
AT, AT S AT LA £ 45 5 A P i BEDIR S TR A4
RRAER . FH PR DR 2H 2 A 1 4 2, ARG A 2 T 4
IR ALKV, BEWS B A 5T N 0 6 78 B JR) BT vk
N R R IR DS S A ol 0 i e )
L 5 JiT 1 (mass spectrometry, MS) « 1% fik 3 ¥R

(nuclear magnetic resonance, NMR) Fl 4 2 J; 1%,

JoT Bl 57 AL FE A 43 - 5T 3 (gas chromatography -
mass spectrometry, GC-MS) 5 i #H €8 3% - i i (liquid
chromatography-mass spectrometry, LC-MS) . A~ [F]~F
B 1E A 75 30 B R g HE A A U T
FAAEZE S LC-MS B O s Yo Bl ) 3
AT AR 2 b O OL S5 (B8 22 5% K, 7
Az FL B A 28N s GC-MS € B HER B A 1k, {H A]
AT AR T A PR . NMRA20E i 5 €
BHREERY . S22 AA IR P
SO (B AR 5 0 BL 9 3 IS R S R T
RHET 5 75 BOR TR o

FHRBT TR 7R, EMS B e A BE A0 =
R AR % AL S S5 T A AE AN [ P F S 3
XA UHRFAE A PR R I PP A e PR R 7 2
CARIT R I QA 7 iR o 7 IR Ze R . AR, L
A TS RAERE AU BIE T Bevt o A 7 58 07
TIPS A7 A — 5 22 57 » Bl PR AT 2 R A AR AL A {F
it — Pl . BT, SCE S S A EMS
BIFFE R BRI BEFE 5 23 i) MR BRBTL A i AR I 7391
IR T RIS W IR TT T i S SE R R 2R A U5 T AT 4%
R, B RSS2 AT T BRI R R R, DAY
N JEARRIERBT A RR R R 2%

1 RifEF 5 EMS FIEHLE

AR AL 5 EMS 8 BEAL 1 AR SR WF FE 8 K £ 4
PR S IE  HI 2R T M — 1 S 1 240
FETE S R B R AR AT AR S SO L G e IR 1 R A e e
e Rt E A AT . AR S TR R T EMS
B B R G AP ST A 38, SX S A R 7T R

TSI B R 5 SRR, AT REE 302 B PE
MU B e RERIE R . SR ENAT B 90K 22 BON I AW
SEVE SR T T AT 7T, AN AT FEREAT (A A MR IS,
AU EAE 5 EMS R BT R R R 3 A A B A
L1 ARG 5 At A

EMS [ ¥ 7 15 1 2 3 &) A Ui de . ik
TR I, EMS f5 3 ] BE A7 7L 1 &1 B A A AL S R
fige 22 T B8 SR AT 5 JFL B 90 V0 A e KT B 2 BRI
FURR /KT B S T vy, R T e 5 2R Ak AL T JR 2
RE S 5 HH 5%, 20 PR AR PR i b I 5 BBOAL R 1 2
AR M SRACETZE 2200 7 M AL EMS 583 i
KAV SR T B B AL SN Y 5% B )
2 55 4 TA) 38 R, KPR S b 6 2 B 500 55 B
Tt TR EMS SR LRk AR 5

Z WA A H 22T T 587, EMS 40 i 15 3t 52
L Warburg R, Warburg %M 52 6 40 A R f# 75
ST AR BT S AT D0 S 3 e e A o A A A
BIREIF AR, SRR R B AT SR
EMS 835 I35 P AR 5 2 A B TR KT, R
R ERIEIA (ricarboxylic acid cycle, TCA) I A [A]
PR RRIR B R R I LR T S A
TR TR 96l 20 T R 1] 5 S Ik 37 6 3 ek v b A 28Uk
TR A 3 420 52 A1 ) AR R 3 A 1 5 ) A AR 5K
EAFE R, 120 F PR AR 0 2-F2 5 TR L 3- R
TRV TH 5, S /B3 w] REE T I6 i e B- A AL
AL BERE , 5 R 40 N 7E Warburg 2N T 4T3 fR 15
F oy MR AT P R A 7 AR AL o P AR B v i
JEE LR P E  R A MBE M AR B5% , R S 5 = R
la Chypoxia-inducible factor- 1o, HIF-1a) - IfL 5 4 7
A K Bl F (vascular endothelial growth factor, VEGF)
F T AL LA A B JF 5 AT S A TR AL S 4T 4
A REAH G, AT AR E 9 Ak A 4R 2 AR M B AT
o AR A 23 AT RE AL i EMS g B 4 ) 2
FACU LA, (E BARHL ] S FAE B R AR R T
TERIFRIRAIRR -
1.2 fA B A

FFERRACH 7 AE EMS B s A7 AE, W R
REBE AN R 5T A B S N S P A 2 A
JETS A IR R, EMS B R LR 2
PEANE LT 5 5 J S S AR T A I SRR A 2

FE A A I 2 T, EMS i3 A7 AR 2 5 R AR
flptiore o Forp, SOE SR R I A R T e e Ik
TCA E¥H T RERRAT , SR i 6 1) RE AU 5 W
AP IEG TE , F 7> 0 FOE KB L R TR 2R 5%
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AR EAR BER R AR 2R = R
BEARS , B2 70 O VL O 8 S R PR AR R L . X
RAEER ] Ae il PR AL R 22 58 R A A TCA 1
IR, FLVH ARG I mT e B e o LR 0 = AR R SR
AN B R A 5 T 52 06 BRI E 5 O RESHE LT
Bo 5 FIRFF AN, SOHTHE A SR AT ZH 2 R
FOR I, R AT 2R I H S BRIR B 5 T, 22
AR AR EERY RN B EE S, 727U
FEE R A RIS A SR O U 7L
FAAEZE AT RE R B B AN ], B8 )y BN ], 324
A AR HE N 7 1 B AR LIS H LA [

FEHZAZ T, EMS B35 7EAL P IR 2 Y 20
SRR EIR RN R R /KT 225 R %, 1AM A 1
FH N S TR T i, R L 4V 1 sty . otk
b, it 2 IR AE 4 AN rh 25 FAIC, W) R 5 484k
W 5w it AR G
1.3 A&

AR 25802 EMS R A5 R & v oo 7 4R 341
S5 W X A (phospholipid, PL) < JHY TR i 7 R
SR Z P IR R I I e i AR A

PL A Sy 44 5 1) DG 8 445 ) B 0 RN A A 5
S4 T, HARMIR A E EMS B K 42 R R h iy 5 &
T . W FUEE AR OY Y P, B IR TR UL R
(phosphatidylinositol, PD 16:0/182 %35 JH i, 1M 7 IfiL
1k HE T UEE (ysophosphatidylinositol, LP1)18:2.20:2,
18:1.20:3.18:3 MIBFAIK, 3 e fife Jlig A W4 i 2K At m]
Rt RS A G RE A i 5 i D A P

%o % s Bt IH B (lysophosphatidylcholine,
LysoPCOYE N PLZKf# = A= IR, 2 58 A0 R
YA T AR T AR . REAR AT FE IR EMS i
10 G R S IR YRR I 3% LysoPC 1 ¥ 52 1L 0 3%
Fa AR R SR 8 3 (i M R R IO
Z 1% 3l 7] (gonadotropin - releasing hormone agonist,
GnRH-o) B AT B 77 SRR HE IR ¥ EMS &35 51
TP 67 LysoPC S 441, 5 iR (18:2) Vg fli
P& (18100 Al — i = I 2 (20:3) ] LysoPC 2 3 I
W, T E AR (160D JH R (181 1) FIAE Az DU I iR
(20:4) [ LysoPC 3% F il 52 AR, Wei Pk
AL GnRH-o K J7 S HE G (1) EMS £ P
1 8 Ff LysoPC, B4 LysoPC(18:0) ) .35 N . I
R JE 4 ] BV T U SR HE O T R E
AR S O SR R A K AN SRR A s L AT
FEEAR RN, KAV &, 2R g A2k
YO AR AE 22 50> o TR A S e S N e

JRi B AR BE , EMS 8 NN BRI SRR A
LysoPC (18:0) /K-35 .25 EiA™, nl a2 5 4L +F
JIG 18 P 98 FRAS P22, E R R AR PR 2 AR
A Tk Z A PEAN AT S A, A0 2 vl KRE
A, R GE— B HESR 7 5 B AG I G 3 — PRI
1E G Y6 J5URE 4 i )2 T, BF 72 R B0 EMS £ 1 O
F 40 i Ccumulus cell, CCO 1 GP Y 0RE 41 B (mural
granulosa cell, MGCOTE IR AR FAZTEA R ez
CC AR R T v 1.79 £ - —+ BRI IR T 5
1.84 1% , 1 8% Ag (sphingomyelin, SM) [#1K & 45%,
[ IS T J77 TR 5 SR S Bl T v« Tk 3 B B - MGG
S B T I 2 36%, B IR A S R L R 4
1 R 1V 2 =i S 75 1B U 7 e 0 N AT N N =
S AR B2 5 1 WA DG BT R B AR 1 SR G, 1)
B T AR S 5 O R4 5T & B ) 7 L
JiE AR 25 BB AE EMS IR AH 24 2 I Ak e
Ao BB AT SR, A EETE AL B, S Y
FH L 5 % 1 5% HE B, (phosphatidylcholine, PC) «SM Al
T R IE 2B % (phosphatidylethanolamine, PE) % 15
AR AR 0 2 T v, 32 Z 4 PC 3211.PC 38:6,
PC 38:7.SM 34: 1 fIPE 0-20:0, J B A A 1
M52 2 PC AU 5 1 Wojtyta 557 I Hh B Joe 5 -
Fi 3L PC Cae C30:2.ae C42:5) T+, Loy 252U %% B
PC(34:3) Tk, #rn A A PC VAT HE 52 2 A A AR
TR . AL PR T B IR BRI AN R R
FTAEYIE I 0% B AE 5 I B, (e 4 A 5 4]
TR T G R LB A SR AT S, R R fE .
o, B2 - 1-B R (sphingosine- 1 -phosphate, S1P) {2
T 20 o 169 B A L8R AR s PC T s B B IR g A2
(phospholipase A2, PLA2)JEA, AE B 28 B3 7372
FAE IR N EMS 838 138 R W2 R
Jig B AR A B Ak A . AR TR AT T AT a1
FEAR I I 2% 1 42 PC(40:8)7KF, 15 EMS JR ¥ 29 T
A OG> EMS 587 i T8 TR R 2T 4 K W% e ) 2 45 )
RE- S50 B MR T R /K P S 3 BRI
AL RIS EMS 83 O i A 7 B
FRIE. WFFFR B IR h oL B 4R R AL
i Qo RN N ERAENVAMEHT AL T M AR S5
KV PR Y S 2 AT, T i o o A =i —
% (malondialdehyde, MDA  DNA S AL 354 1 b &4
8-F£ 3 -2 it 45 & FF (8-hydroxy-2’-deoxyguanosine ,
8-OH-dG) S b LR 3547 0 1 5k i I o
F b, v RE S AR R S Y B R A k. I
T A TS 0 B — 2 B, R I A T A S
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{7 E (deep infiltrating endometriosis, DIE) £ 35 75 H¥
PR IR 4D 3-F2 2 T MR T TR A N PR
1L 2 AR A B i 400, H /KPS SR AR R K
B8 55 5 TR T v B e A MORE I8 A 2 1 gy PR
S B AR SR, A T T v T 41 1) A 2 PR T
e, 2 5 R Aokt ki,

EAER A, 5 U A 5 BRAR M 7 ¥ A7 AE
HEORHE, o B Fer A s R i B, Bk PC
S5 240 it 5 198 T 5 3 BUIR B ol SR A B A R T )
MDA 25, I sl A 15497, fi A BRAE T2 0Bk, in i it
PR R A 3 R 5 [ A 7 v ) B0 R Ak R P8 R g o it
AL IS DR BEAR R S5 A B LR BN, T RES S
EMS R R R A

FERBH B AU 75 T, WF 78 & B, DIE & L3S o
12-0-FRFACIL T R 5 3F 12-a- 2 AL A IR LU AR 2
FEIb@E e & AR R RAE N1 T 0 T A
5 e AR AR, 30 ] Rl i i 18 2 5 i Rf A1
B HLI5 J2¥) (persistent organic pollutant, POP) [
AR R

It 2 PR BB A'F D i U 1 B 48 1 R TR 7 4, LA
EMS 88 3 15 KT 2 35 T 5, a7 A It sk ik
T AR PAJ 2 5 T A 5 G B T e PR, e I L
PR Ty e A AN T 7 R S AL RS RTINS, = P Jf2-N-
FACKF R R R 40 i 208 TR 9 M B E AR
AR,

AR E B AR 5 2 EMS (A% O AC U EE
fiE, H A 2 VERIAE Z A2 10, I LysoPC 45
PLTFE A BES S YRR JORAS , IR 48 AL 711
Wee AV T 2L IS b A5 P T v A - v AR 5 PR ik
HERAW] BE S 55 LA i T BR E AL B G 45, 15 EMS &
& ORI B S AR O, BARAE R BIL AT 75
BE—BRE
1.4 AR AR

EMS 8 #0 RZ I A RAE 7% .
7~ EMS 83 A1 i I o iR A ) = B 2 T 2
7N Z R iR FF (adenosine triphosphate, ATP) 43 fif 4
ARANZH L RE BB =5 T EMS B IR 5-
LR -4 HY I A M A T R UK S X 2 1 %, W] eI
o PG Y PR IR V% A B 1 B 1 R ] )
iz A RIT R, 35U &) B 0 SO 451 B0 REA
A AR R s

2 RiHEZS5EMSIEKRZRIN

EMS ) 2 Fift i PR 2 I 4 225 Jls s« AN 22 i T

RAE L) AR 7 A R
2.1 &REIE

EMS AH 5% 2 Ji 08 B A 2 22 B BT T 4 o T
Z AR Y 5 AR AE S B G . B L3R K
GRS VAR T 4 2 R B, EMS & PC AR /K 7
T X ATRE S PLA2 3 EBGE A5G, PLA2 fie it 18
A VURRIRRE T, BE T BT 1 IR 2 A H =5 BUR
Jii, 25 EMS BE A ANG M BRI K 4R

A S5 PR FE B4k fE EMS A i) 5 Bk .
B FLRTR, £ 36% ) EMS & AR5 1R AE Rr itk
SRR, B s ST e [ AR TE R
£=(revised American Fertility Society/revised American
Society for Reproductive Medicine, rAFS/rASRM) 73 #
TR RBR, FER ARG PR AT BESISL T b
HAREE . A 2 A R, AR AT SR i
i R A D 7K T 55 P IR S 25 A 5, Y I 168 I
It 2. B f% (lysophosphatidylethanolamine, LysoPE)
C16:0- C18:3 KV Fh e 3 3l i 7 AU 389 T 7.55
15.3 4% , TR v 7K T2 B M 5 22 0 e I R 3 )
T3l T B A1 889% 1 85% A PATRAIS:o IX LR BLAA
J PRI R FIEIRT AR A B Ak A e AR i b 40
Pyt — L IRAIE
22 RF

20%~30% I AN 4k B AT EMS . L A B A=
B2 N EMS 8 i R 3 B AT LI
PETN LI ] BERS NG IR K B B S 2 A
AT AR

WHFUR 7R, EMS B2 O i A 3 8L 5 dEgR4s
SR YIR D% . — T Bh A B R Lok BRI EE 1)
AU 22 5T A, AR LG T 55 PR R AT Bh 22 (1 I
W, EMS B 5T 2 R A @ i AR
YIvr oy 225 T i, 0P AR O e I R
HOM e o7 PR R R %, R B IR AR
PN FLAEIR S R HAT BB

ANFIRE ST EMS 82 320 MG R & 5 1
AL AT AN R I o R S 4 L 82 31K F A
AT Z AR HE I EMS i ML OP SRR 51 52 K
(in vitro fertilization, IVF) 2 $5) g & "~ [, 1X 7] fg &
YRR H LysoPC E Y F) 57 5 A8 A e A8 1 i T
3o IR BN AR S, 5 P 2 SR T T
L5 E AR DG T Wei S I EMS
B R IEN  HZ IVE J5 m R IE G 2 8 35 1
%, H 9PV A LysoPC 36: 3. i AR H 5L MG
R, PUrANAIBL R ST G % 2 2 3%
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EMISE. YuZEDUHF 58 R B, EMS i3 UR i 2 [
W3 A G R AR A 3 35 a2 T B T 2 AR
W HE 0 R AE 5 BRI R B % (follicle development
rate, FDR) PR AR ¢, S840 BLIORT 58 AE AH AR T4
3- - L- T 2 B A 8-S JR ML B 1 5 5 FDR 2 W 3%
BRI, 16 B AR T B ok 15 P S E B R AR
Y& BOSAR T4 3 OV R B AT SZ 1A EMS B8 3% 4F
ORGSR -

DA B NEEAHR i b , AN ERHE P 7 5 I 2 H
75 2R AR R AR TE 45 5 IR RS i AT REAFAE 2 57
TR EZ Pl  KFEA R G — (R HE 00 7 RIS
75 O RTBE MR 7T, AR S EMS B8 QW 5
R S NG R B B 1 ORI o
23 ik

2 25%1) EMS 835 & IF W 2 gk -6k 55 T Re
PE T 5 I R 2 309 HE A8 S 0 R RS, SRR 72 H
ZWNEY . S B AT R EMS 5
PERE P B I 72 AU 2 THAE CE 8 FEAR AN, 3R LA
18 PR BE 28 o BIF 9 K T 7 oo 09 A7 7 AH UL )
AU Z AL, Wi A5 25 6L v] B S EATP/IR
ST 5] A SIS 18 1 98 0 5 I R AR U SR Al
T T T AR DU I R - 11 4 i 2 RO AR RAS 5 5 2R
FRAF R R AU S 1 99 B A A e 70 5 W 3 o B
et XU AN, i E AR AR S B R T T RE
BRI B0 EMS A G 1 T8 RE R (98 75 J7 725, WA 78 )%
T B AR IR B AR ) 4- $2 55 15] W (4-hydroxyindole
4HD . TR RS

3 RiftAEZ5 EMS REA A2 B

T H AT EMS f2 Wr e pr e OB s 5, 5
PREUR R TE RIS FR S T R S
WS oy JRIC N S8 . BT IR s BEATL 1 BT 3 0 A
AT AL A AL S HE AT R, AR A ]
PRIBURE A o 1R 2 S 1k 52 AR AR T 3k EMIS B8 1
BEZ WIS

LI EMS F8 35 2% D RE S A R e A
Ho O 1/ I BB AR N RAT AT AL 2 0 i R B
PRI S 25 9/, TR B MRS LR 2R  L-Fis s B A5 A
/e b iibune ARy Al i1 T ke
BLE PRER I VERS F LysoPE 1% 3 AN GERAR Y, X

L/ EMS BA RAFHIZ KL RE , 0T s b 54
FEHUE 125 Ccarbohydrate antigen 125, CA-125)7,

EMSHEREIR T HEYZE 2098 4, FtE D

RN B L2 W B B R R . — XY

190 91 13~21 % 22 1 Jis B2 1 12 1) EMS £ 1) if 4R
W AT TT ORI, T /0 A B L PR R T DT R —
TR =R T TR AR T R AE B R A
W B 2 B 1 (ceramide, Cer) T 57 5 #H 2 [ 28
TFE, B YR AE RGN RN EAL
REFCIRAS s 2 R PR A, 3275 I DD RE  MES R X
K% i 3 B R A DG S 1 2R ELSY . BB Hr
81 451 B 1) T AR 5 oo LA 3 A o, RS R R
JIig I T MR PR AR AT BT el 35, 1 Cer FER 5
P T s 6T Cer 50 M T H & %%
PRI B O1 5L g8 SEAG ML KUK AR G, HRp 4L 7 1
Al BE RN EMS 18 P2 2 2 1 AE VAR 54 . i AT 72
LB IVE 535 SRR B, EMS & I i
D-H SRl D-2 FURE R R A1 3- 5 L- 1% IR i A
AR EA 8 ST 8 AL AR AR TR B AT A 2K X g
EMS 5 oA 5 RN R s

FER R B4 T8 Rl 77 v 75, H &
I A Dy B4 B Wk B P9 IR R PR AR SR A BB A
Sl ICVE . SCHR R IE EMS B 1 H 2 A0 i
JIg Ccardiolipin, CL) (16:0/18:0/22:5/22:6) /KT &,
Z T, 4 e IR 15t £ 1% 12 (plasmenyl- phosphatidy -
lethanolamine, PEP) (16:0/18 1 1D 7K F F#{IK“.  CL ¢
T Y F b A S e P L Y SR R R AL A AR R
S A T B AT SRR R 8 R e 3 B i
D Re R fg , I I8 7 A 4 B PR 7 A 4 4 (reactive
oxygen species, ROS) K 77 9 E i N ; 4 B8 1 5 mT
DA TS 280 s B2 % B % A0 B DI e  FF OR4P 48 i 4. 52
AAbIT . KX PR BTN NS IR, R IA
819, R 7 [ N 85%, UESE I 22 ML IR i 2 2 4E EMS fi
A b B R

FEAFREAR L AT 5 ZORFE  BAMR AR S5 1, 1
BN EMS TE B2 W A ST 4R 5. Talwar S5 8 45 3%
AW S R GEREA, % e 12 F B A2
T 1A, B FE 4L 0 I R L RS A A5 il 2
N HIFR Carea under the curve, AUC)>0.8, 0] F T IX 45
EMS #3554 FE AN . HH4HI 5 Faecalibacterium-
Lachnospiraceae %5 17 J& ) £ FEAH 5%, 3 — 2 ) 24X
WHPER S 2 B F] B SR THS WA, $os (AR
VIR EE 1ENAER A TEEMS 2 W T B FI# J1. 4
1M, %5 O W TR A A R, (AR 2 2 1 i
IRFEACMEAT T 2 ot B BRAG  B5°F 5 B3 E -

PRIBAE N —Fh 5 T 3RAH) Jo BUREAS, ZEAQ 20
R B EEANE . SR, T RE X EMS &
&R PRIBAR S A2 B FE AT AR /b o B 3 Jo 3 4
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ARIGANWT K Je 5 38 2 o3 B 7 925 9 PRABUAR B 7
KRBT o — ol 2 T g i 20 8 A0 L S ) R
WA 2 W1 6, 45 & 7L 2 S 5%, T8 2% 32
e I F) R 5 R 57 £E EMS JE 2 W L
RIS,

gr BRTIR, M3 H 2 S0 RSS2 Pl R
QI AEVFEA AR SV BE X 70 EMS &3 5 g
RN B D, Hor S AU 22 5 R A P 2 i
ERERE S e BRI .

4 RiFEFS5EMSHESHEA

R H FE AR 7R T AR EMS I R 75 B A0 7
HA R R S AR , D EMS [RRE 1 43 24 43 B it
2 AR -
4.1 MR H

R A 993 725 (1 At 5 o RIR VR BE , EMS 1] 432
R NEE T (peritoneal endometriosis, PE)DIE. B $

Elevated levels of fucose

and lipoproteins 3OX
Phospholipids: =
s Elevated levels of SM and PC; ésl:%

= elevated levels of LysoPE
associated with postoperative
persistent pelvic pain

Decreased levels of glycocholic
) acid, taurocholic acid; and other
conjugated bile acids

Elevated levels of
valine, lysine, and
arginine;

g elevated B-
hydroxybutyrate
and proline,
but decreased
alanine and valine in Blood
severe EMS
patients
Elevated levels of
lauroylcarnitine,
oleoylcarnitine,
myristoylcarnitine,
and other long-

4 (ovarian endometriosis, OE) Fl 7 i 4 784 4 F41 37 72,
IX 6P R ] B A LA
4.1.1 PE5OE#RMt4Fits £ 5

FENE R, PE RR 35 1 IR AR 47 2% 7 2 1 -
F e R W T v, o gl 37 B A £ A a) 4K
HF I, 75 IR R BAT 5L 12 W Be 7, JE W]
FEMLE P IR . 5 — 85 OE B H M+ 5
PN B V3R AT IR o 28 2 0 B B, O ZH 4 R0 — 1 ik
H i (diacylglycerol, DAG) Al 41 F1 = Bk & H i
(triacylglycerol, TAG) 7K - B} 8 2H {2 25 A1, 177 36
KB Z A AT TAG T+t

IS AE 2H 22 S48 7~ PE A OE 775 B & 1A%
WER . PEHOEIR A% R ER A &
Z T SR S WOE 5 E ARG SR . T OF
HEIANT PE S HEZH 2 [A] 1y A [a) e 2, $7R HAR
5 R A X R, IX — 22 5 A RE YR T AR R
P 5 ¥ 2 JI B e R A R T AR B - ML Y 5 1 R

Significant differences in LysoPC levels: decreased
levels of certain PC species

Altered concentrations of phospholipids and
micrometabolites; increased levels of
phospholipids, fatty acids, and acyl derivatives;
decreased AICAR levels

Elevated lactate levels

Elevated levels of 8-OH-dG, nitrite and
nitrate

Altered lipid
metabolism:
) significantly
Follicular elevated levels of
fluid LysoPC and PE-
derived lipids

=
(Fe*) lron nverlqad
" accumulation of
Peritoneal iron, ferritin, and
fluid free heme

Elevated levels of
guanidinosuccinate,

chain Urine creatinine, taurine,
acylcarnitines Endometriosis valine, and 2-
hydroxyisovalerate
Endometrial
tissue
Feces Decreased levels of
% Decreased levels of key amino lysine

acids: alanine, leucine, lysine, and
phenylalanine;
elevated L-arginine, L-tyrosine, and
hydroxyproline
=, Elevated levels of lipid molecules: PC,
/ phosphatidylethanolamine (PE) , and
phosphatidylserine (PS)

Elevated levels of hypoxanthine
Decreased levels of polyunsaturated
fatty acid(PUFA): eicosatrienoic
acid, linolenic acid, and linoleic acid
Non-Lactobacillus-dominated
microbiota profile

Decreased levels

of 4HI

Elevated levels of
circulating estrogen

N _ Decreased levels of short-chain fatty
===0  acid(SCFA) including butyrate and

propionate
.‘;;;'ﬁJi Elevated secondary bile acids including
LA S lithocholic acid and deoxycholic acid

1 EMS#H R AR RERIFEE AR BGEF AN R — 5T

Figure 1 Overview of metabolomics detection advances in different biologically-sourced samples from EMS research
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NV 24 5 111 5 5 5 ik Dy P 5 JFG P IR T 28 I
W BR TR 5 MLV A PR, 8] 0 I 375 A 34 22 A AH
X /NS
4.1.2 DIE # R 442

DIE 1E 24 EMS w5 207 AL, HARUTRHIE 5 844
EMS NFEAFAE W] S8 22 7, JU A 2 FE R AX T 1t
R R B A ST BV ] DIE 62 I 3 o
i IR /K P S 25 T e, T P R TR A R U
BEARE . TR N IR R 2R G R R,
AKF T i AT BE 5 BRI LR 4R L AR A5G, IX 5 DIE
Tz WA 1 0 AR AR — B, W e B0m [ 14 % 9
FAZAEY 5 OF 5835 L35 B 4R 7+ & il A o A
[, DIE £ 1075 il 25 g 107 R T v« A AR AR O A
$E7 R 107 B- AR AN 58 4, T s o Avfr 0 2 ) 2 7Y
e e VEARS 24
42 &R

ARG = A ] TN EMS %95 7 H . B &
o WIEE R, WA A SR R 2 . AR
A 2 R B, A RS =R L (proline/
glutamine ratio, PQR) 5 EMS ™ 5 & 5 1FEAH ¢, {6
XRG4, T/ 5 T/IV 3 &5 1) PQR 2 46 J5E Tt
m e UG A B AR B R R ALY
rAFS TE 73 S 9RIEA G, Z A8 M/IV 383 A i
o T R SR K T a5 e 2 S e v
SEAH I TR 5 1E 7> S Uk o0, HAEM I - b T
B F] e AL IR A O A P RV REHE A5G

JI I B0 35 B R /K F R B St R4
TR . ST LR A L 22 0T 7T R B, BRI
FRTE EMS B3 fE B b B 25 18 0, H LIRS 5 rAFS
oy W IEAE G, 7R T/IV A B35 TR R R /K T B
BT T/, ek, BEHIRR K T8 5 &I AL 3
1 B 3R (visual analog scale, VAS) -3 Fl2E & fig
8 % (endometriosis fertility index, EFD) % 1] fH 5,
BLH I 702 B, S A6 kb o 3% B R AR i 52 BHL T AR
B, BRI IR @ 1 32 R O e HE M1 B [ 4 i A
Ao 88 5 AT PN IR BT A 1R 2 R0 R B RE
775 FEAR B G RECRG 1 T B, AT 0 Ja) 5 0 2 Je 1
iwad A g i i i AL AW SR B, CL(16:0/1820/22:
5/22:6) K5 4 B R 2 IR AH O, A O BE AR
(oxidized cardiolipin, OxCL) 1 % {t. # JI§ 1% IH %
(oxidized phosphatidylcholine, OxPC) tH & 75 5 73 #
S IEAHGEHT . X R WA 4 0 E 5 i
Jig , B AR N SR A T e B b L A0 LR I o

TR T

T OE 1X — 73 1, R 5 AU P 7K1 AT e S Bk
AN [E) AR 32 995 BRATL AR, 2R A TG B P Al Rl 2 7 2 42
R TR, R ARS, FERES.B-NE
T v g AR AH S AR A 5 OF B8 38 9 i 1= S A2
FEMIF, 5 rAFS P77 5 5 2 B A 9%, Al A R Ik
R,

BRI, 28565 3 BRI 23 SR AR 68 2 A R 9 EMS 1
TERR AR L BT 2 AR

5 RiBEF5EMSIRKRIETT

W 757~ EMS 1) 2 MOgia o7 SEms i R ML &
W T TR 4 B8 A B D7 SR 0T g i ] IE AR
S H PP R MO B R R
5.1 RARAAY G KM F BN BT

KA PIAE EMS ¥ 9T 2o 8 78 B
(EREATEI RS /ISE ol X N T BLuR: el
U R IEIBIT AR, AR K B EMS #5528 o i i 1 i)
Wi e R A ML 12 B A RIA , BRSP4
(0 T At i JEE 0 LR 2 3, 00 T 1) 1 3 2 PR 400
PS5, A9 kE RS B AT R R R PR
BEATLT IR S R HLAE EMS BB w7 2, Hosid
H & R BN HE LUK B3R 97 &, 0 75 3 — 5
oo HAMREZWEARITIE T, Lin F7E KR
EMS #8 H R B, H 25 24 495 1 ol 20 A5 24 oyl aot 1 1
L- 0% 18\ L- 2R A & R 5 JR IR « LysoPC. LysoPE 55
TAS KA Wbr £, 22 58 A1) 557 0 A 1) 8 4
TN A K o

AR I 7836 97 B 96 AIE J7 T8 » Dai 2554 % B 3%
7R DUk MR A 5 JREZAE OF 4 I b B 3%
FEAR, DK B O A58 AL 5 3% B, b 78X 3 Fi R 4 m]
LR U A R A R A SRS, B
O] S5 57 PAY SR b %) 200 L 84 7 9% o R L A
e 5 T AR 2L 5 (P ORG vHE b 78 SR IS T RE N EMS B
ERALH IR IT B
5.2 i ph A AR e e s T

% T B A2 ) B FLAR U P2 0 EMS VR IT S it T
HRRE S SR AU 2 2 W A R B i 1 4 7 R
PRI AHLAE EMS i A I8 325 FEAIG, 7T B8 1R A O Al
S8 g E R BBEAT R IUE . SIYSEi R 4%
B 7 4HLHT EMSEH : 5 H H IR 15 mg/kg 4HI 7]
2 25 ek /D T T O AR AR R RN = R O R
AR . 7R VRS ANES AR, AHTVR YT R
HENE EMS J A3 18 s 7R AR 78 I 250 mol /L
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B, 4HLIE N B 5 R FEAE K AT 1 Gnsulin-
like growth factor 1, IGF-1)#% K ¥ kB (nuclear factor-
kB, NF-kB) \ # {4 4E K K ¥ -B1 (transforming growth
factor- B1, TGF - B1) Fl GATA 45 & & H 3 (GATA
binding protein 3, GATA3) %5 & [ &K ik , #1fil] A J&
EMS bz 20 o 39 58, 2 ie o T HBEA AL & 4 )
et g — B RN SR B, 4HLIE I T I M1 A
Wk 4 R U (2 2 R 0 6 PR B Von
Frey 1 578 4HT 25035 EMS /)N B CIH LR BUEE, 31
ANHATRE R A BURAER, (H/N BB 5 EMS B #57%
SN T REAAAE 22 57, Ttk — P IRIE

i 38 A ) R AR D T R 2 R R EMS 1T AE
10T 77 2 AH AR SRS A7) 75 i3k — B T 9T
53 HBIAFAHK

FHRAMBE AR TN EMS & I AR B
B B2 T B o AN [EE RGP 07 22 78 U0 i A B
RUFP KT EAFAEZ 7 B, KA GnRH 3
BN TT 1 EMS 52 G0 8-OH-dG WK FE
TG EMS [P0 HEZH 2 S 3 s SR S PR 7 %
NI 8-OH-dG K BEHTE EMS 1% fE 4 3%
BEAER s o 22 U 3R O S0 OTT 5 OF I VR IR 2B
i 2 B AN 75 2 IR 5 s R /K P 3L GnRH BB 77K T
FAERET & B RE ARG T Xt
BN LA PR 85T L OF RS A 5T & K S gR &5 JR) ) 5
HHENEMS B FERFEE G R HEIN T %, 5 =l
B AR T LI 3R

6 REF5SEMS B EZERTR

EMS 1) e [ R 28 G048 S K 1 1 30 A 1 PH 26 Wy
FE W5 L 28 H 5 BMI AR AR B 2%, AR
A TR, o fa e R R S AR K i 25 DI AE G

IR H &8 AR AR B 3L R 2 B
ME R BRGNS 8 I S NF-kB
55 I U A RR TR A A L R R R AR
W, A B R P 3 BT A 85 R A, L R
ARG S by R AT

BMI il /& EMS [ f& [ 5 25, 1H AR 1T 4 2% T
Fe R PG A 5 11 AF BMI AR B 7 2 4k (i 5 28
AEFREGAR . BT R B EMS BB B 2R BMI AR, (E RS
IE W f BMI 5 , I 2R 7% 4 85 1% i§ (sphingomyelin
hydroxide, SMOH) (16 1) Fll PC MV 28 LU AR [ Hh % b 25 -
fi 3£ PC (diacyl-PC, PCaa) C36: 2/4f - Fig PC (ether-
PC, PCae) C34: 2 J2H B I XU AE Wb 5 ) 41 6 55 AU )
EMS 112 W1 7 85U 3% 90.0% , e 5 75 4 84.3% , 127

BMI 2 387k i 5 3R, B i EMS 8 R BR AR 7
AN BMIPY . — ThUHE 5 [H 4 [F i R 5 8 FR 1
(NHANES) ) i I F 7038t — 20 A HUAL 1E BMI S5 A
= Ja B i & R 779 (ipid accumulation product, LAP)
55 EMS Bop AU 057 TEAH O, UE S EMS 1) & [ A
Forb, IRAR 5 1 3F BMI i 1K 2 55 1E 1 37 95 21
FHIES

M R AT S A 2 5 EMS R AR
J& o MBAR U AL 45 R AR B 5y POP 15 EMS XU
RIEMR, TAE L EAR L S E S g ke £
AHCIR PCB114 REDY, E— 10 21 AU 4L 220
TR 2- 27 TR AR AR R £ 2
% 5 DIE JXUR: 0 ¢ B o R) A ™ ) , i 0 2 4>
¥ 2 AR 0 75 & J& %2 4K Caryl hydrocarbon receptor,
AhR) | M ¥ & 52 /K /B (estrogen receptor o/, ERa/
B) S 2t X %2 A (pregnane X receptor, PXR), 5 54
RLAR IR A ROS 7 A4 5 e 2 AU e e, (e fii g
AU Mol R A J 1) 3 7 g, ) I 3085 PR Bl A
TR TR B- A AE N B AR RE VR & A%, BE T AT He A
SRNG5S 5 EMS RS SR,

A 2H 27 45 75 1) 8 B M4 58 (KL 3K D9 EMS 1By 42
BE TR B RE  ROR T R8I I T TR, 1
2 AN EAIR IR S RN , B Fe PR 1 5 Yo 5 U7 A d
i) Ji 7 1 AR S i R BT AL BE ) g e AR
R, LTI BAE LR EMS [ R AR Rk et

7 REEFARBERFIRKREE

U EF AN EMS KIS W 23 B 1R
7R AR AN UG PR SR TR TR GR D, B
F AU B AR A 2 2R 8, AR 4 24T
FLIHITE EMS 297 1 2 AN J7 M 3R A3 98k . 76 51
W7 TH, A EE R I R RN R R = TS B AR
b B, SR PR R, X 2
EMS B3 (1) ¥l 5 BA 31 8 58 3G SRR AL 1 4
AN BIVEAS R A I R 20 J2 58 ks v, 7 B 1l e
AMAEAGIE ST SRS s A A B R T AT, MR
SR e R T G 10T B 2 W PR R AR s T T
AR 2 2 1 T 55 R0 i T I DA L e 5 0 4l B
AR T R, O B AT R R AR A R .
X SR R — 2D IR EMS R WL R ER AR, N
BF RIS HE R = 2T T & . (BHIRIRES
AR AT THI I 15 22 PR . AR BER R 2 4 42 I ok
W6, T ARk L B — AR B IHIED 7, 2 41 2 R 4R
121 EMS 12 WS 1 B (1 OG5 7 1) 7
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