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1.1 HEEERROK T
SIEHEAENM N, EM A& AM Ji kk Hopiiz
fiff O HE T 1) AR KT 1 3 T i o K AR Ry M T e b
i I A b ] 20 A IR b A B o- W R A A M L T
LDH B P I R 30 S A LI, 3 A O e PR 3ok
() 5 TS AR B T AR S AR D BT . B
P, WG 2 (hexokinase, HK2) 7t EMYiklr
1 mRNA %3k #8000 B 20 7+, LDHA 8 17K F
B PP ARG AR B T ORI
PETE R FLIR A HER 1 0 A Ao R AR A Ak
JAEAERL, RSOk R A A KA T4
MITEEREE 0 (HASER IR, 6-BEIR NS -2- A/
OB -2, 6- — W% IR B (6-phosphofructo-2-kinase/
fructose-2,6-bisphosphatase, PFKFB) 37 AM H1fY
Fesr vk m Rk Y, 3 o U o~ IR R BE U 1
(6-phosphofructo kinase-1, PFK1) ¥, 4&#ER
WE-6-BEIR 0] 1,6- B BER 1L, X—Ei S F
BN E B EEASC, TR RS &
RN EREAEALE 2 (K 1a) . SR, BUABF
5 i A B WIS [|) ) 28 Rl B B LA i 1Y) 2R 35 30
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EmEEA]
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SR o
o
- ‘ BN
/ PFK1 f
TAC ) LRI ABEA
! g
PFKFB3
A7
% e ATP

B, XA RE AR R E T ]
1.2 ZRRKINBEPRRT R tERE AR LI

LR OXPHOS B il J& EM 5 AM ACIHRHIE
(1)) — AW 7. BRI, EM ALl
495 H 1 (optic atrophy protein-1, OPAl) 3
KT, mah hEAMIEA 1 (dynamin-related
protein 1, DRP1) IGPEHIIR, X RAT BRI
TR A LB 3G o B BB e 5 TR B 15 1 SRR A A S
WAL E AL OXPHOS ThRE, S 2O/ il &
B U, SEEEAYR, B AR BT AR
(reactive oxygen species, ROS) F¥A: R34 N nl 38 1o
FHFREE S AT 1o (hypoxia-inducible factor-1a,
HIF-1a) JE BGIE OB 5, 5 22 58 fb W 19 fif 0%
PEUY (K1), HEERSE, XM E ]
AeEAT A A R . — TR AR RO Y
T8I RNE 7 T S I WA 0 ek A A
FAR P e AR PR IS . X PRI 2% Y R 4R I 2%
N, PRl ) W TR T R E DL OIS JELAR TR T AR
R, TRLEEH IEEAARTIRERIIRE .

(b) 5 P B R L AE B P

HERERIEEAL

S CEmEs 1 P,
§ PFKFB3 :..k*ﬁ
N v > HEBEEA
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TAC _»@ f}g‘gﬁ =] f Sm— %‘
X e E lf HIF-1o T%
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Fig.1 Characterization of membrane glycolytic hyperactivity in endometriosis
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(a) IEF T E PNIRBER R

A2 GLUTIHEAZINE, 4HK2, PFKURILDHAMAL I W A= iR J5 ZEMCT42N 4 4h, [Wi PFKFB314

FEPFKIAY A, RN SRR AT = RIRIGEA (TAC), SRR REF. (b) TB WIS ALAE B R i kb v BB R A G SR HK 2 |
LDHAR LI W, FEFLRMER . OPAIZA T IAMIDRP G MEN R, GBI A HL I SO 07 TR, TACSZ EHIH] . HIF-10t
1 4 S o b B R AR 05 Mk . PFK: 6- B B2 SR BB 1 (6-phosphofructo kinase-1) ; PFKFB3: 6- i i S 0¥ -2- ik fifd/ SR b -2, 6- — Wl 2 i 3
(6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase 3; MCT4: HRR %12 F 14 (monocarboxylate transporter 4); PDH: TR R A2 il & il &2
&%) (pyruvate dehydrogenase complex); TAC: —HRRIGIF (tricarboxylic acid cycle); ATP: =fizfi#1F (adenosine triphosphate); DRPI:
B IEAMIKEEMT (dynamin-related protein 1); OPAl: PAIZZE4iE 11 (optic atrophy protein-1); HIF-la: fXA5E S Fla (hypoxia-

inducible factor-1a) o
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1.3 WBEEBEETHNRRE

AL LI A ST A T EM 5 AM (AR B 7T
PR S CPERRAE © Y FEEMARARH, 2 15% 40
JiL ST 2 PR W I AR 5 (HK2. LDHA) 5
OXPHOS # &3 [ (COX411 . NDUFA4) #y3t#%
AR, SRR AR P] BRI > 4 i 2 A5
N R/ S RO R I RE s M EEZ TR, AMUE L
TR Z B0 2 I O B — R A 8, HRR R
PR FRIB HK2 MIEHK, XM Sl 6 S T W
JIES L FS 2B 5 I 10 AL 28 D AH DG T L X b
R R R, EM 5 AM AT g8 T B A RC
UHERIE A AR o Y Ak, EMRAEAGAC I ER
BLIA RIS 25 1) 2 (0] S ok o DR SR AU EM 23R
MR LRLAR S 2%k (OPA1/DRP1ZRIH), TR
S = 3 Rk T AR #t PEKEB3 47 5 1) B 8% i 7T
b3 RN > S B~ 5i¥ b5 o o7 N 297 N i ¢
AR R OL T B SR, Eanfarks
LB LR AT ST K IUFE Ak R I PR AT HR AR BT 64
AT 2 224 i T I %) FE R AR

2 EEMITHS FEEMS . AILHRE
I =RFd =R

FE NS PR W BRI L LG T R
—ERITE, M2 2290 N PRI B
MR ZRG . IR SR M 2% i 2 HAE R,
AU BT B W5 A R Sy oy HLl, BEA T
AR IR YT R S TR R
21 REFES: BEHEBINIZOIRSIN

B R B 2 NS kA Qi i i A2 )
FEERHE, i 2 mLH AL g R fE . S
HIF- 1o A2 il S G0 2 158 IR S T i 3 3% 1o A% o J 42
A7 BFFE R, HIF-1a AU B 4245 6 M
fif AR B IE R I B IX, B BRI E Y,
W] 5 A S ROS R R il & i #% N sy 1B 7 el R
FH B1 (high-mobility group protein B1, HMGBI1) /
Toll B 3Z 4K 4 (Toll-like receptor 4, TLR4) /#% AT
kB (nuclear factor-«B, NF-xB) {Z5 1 il 1E & Gk
PR X — A I 4% AT A S A i s B
(glucose transporter, GLUT) Wik " 22 (&
2a) o WHFEHUESS, BRAZEAF T GLUTI Ml GLUT3
TE EM ikt ih 363k 1 8 by, R WA A A5
()R Ak T R R AR K SR I A L B i e 1) o
A (EAREERE, Hse70 AHEAE &M

(Hsc70-interacting protein, CHIP) i# i [% fi#
HMGB1 RHIrX —l 2 2, R IR E L]
AFTE. SR, H RS T A5 S e AL 2 2L rh ok
BIHETRE A () 42 I 2 DL AT B = RGERESE . 4D,
Q] S 3 HIF- Lo (4R 5 P A0 1 1T AS 52 1) 1 5 A= 2
RE, WA AR I T B I )

22 HEBREXNL . BEERIL SRR

VTAESRRIESE AL, Bt L R A A M e
DA S S R MR A Il 4 T R P4 DGR E .
/N BRI U 98 908 BE 4 AN AU 2 (proviral
integration site for moloney murine leukemia virus 2,
PIM2) WYVEFIL M, il 2 kiR s i
I ) 5T 4 T 3 % . — T TRl TR AT R 03 Tl
M2 (pyruvate kinase M2, PKM2) F 454 /i 72 ik
(Thr454) ik HAZFG A MFLRR AR >, 5 —H
1617 SGE SRR L HK2 19 473 7 53 %R (Thrd73) 14
S L P 2T R I T PFKFB4 1Y Thrl40 {37
SR e e Y XA 2 R R
PIM2 A REAL T HH I R P 28 RO A% L B, sh)
S5 A IE S ] PIM2 7T 458 28 45 /N S 6 kAR
FEARFLRRR S >,

(HARE R, NI M (pyruvate
dehydrogenase kinase, PDK) 1//5 i fig fii & filf
(pyruvate dehydrogenase, PDH) %ili & % Ji& B T 4
BEfR 5 = RERIEIA (tricarboxylic acid cycle, TAC)
Z IR AR L] . PDK 138 i3 B2 k. PDH #16
FOEE, PHIBTNERAR#EA TAC B, 11 PDK 4 il 57
) SRR U B E T 33— 300 A P B S o P
G B AR Py S E B (KI2b),

eG4 A (aurora kinase A, AURKA) &5
— P22 BRI ARG . (EINELEM ', AURKA
5 M 2 P 24K (estrogen receptor B, ER-B) %%
4, ER-B-AURKA & &%) I8 GLUT1 il LDHA %
ik, R E AR Y L B ) ] AURKA AT B fIG
ER-B RN, ekt iR 2208 N IE B, 18
N TR SR Z R 2 SOE, X R
R/ I AT BB B PN B S S AR R ) 22
Bl

gr b, VRO N 2% i 2 )2 IR R A B i e
EM U 4 FE vh A4 G IXRAVE ] o BEXix S SC 5
VG P L 1), AR AT XS PIM2 . PDKI 25 4%
oI SRS T RN, TREN EM TR YT S
A R
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2.3 RUPBEERIFE KM 5 (autophagy related gene5, ATGS) mRNA

AR R B, RWBAL B ME EMBERERAC e e, 78 EM rh a3 e gF 17 PKIM2 446 e b 1
RS s A A IR R ARG i Y X IR UEE R T RNA LB
(fat-mass and obesity-associated protein, FTO) #E Eﬁiﬁfﬁéﬁﬁﬂ@%% s SRR RIS AL 45 ] REE
Hym6A KW ARG, HRB RGBSR A A b5 Bl BRI T Ae = .

I ‘- /.1\ F

\ e'e HIF-lu [ () PRS2 PFKFB4 PDH
’r & ® [
Thr473 Thrd54 Thr140
$ — TLR4 l l l l
O
26
%ﬁ%%ﬁg gq:;g;%?@ﬁ L DR PR 2 PFKFB4 PDH
" ‘ | Thrd73 d Thrd54 3 Thr140 | ®

amew |

@

©)
o ;
© — / H3KI8la
— | LEBLEREEA T _ 0 g0
HEREIEEAL

LR T l
i 250
- — agrs — PR “ Rast b
——» PFKFB3
< HSF1 _

T - PI3K/AKT/HIF-1a T
Fig. 2 Molecular regulatory networks of hyperglycolysis
E2 MEEMEITHNS FREN%

(a) HIF-1o0] EEEE GBI OCHEREE R R 2 71X, 35 LIRHEA, MR MEREA G ROSTUERHMGB fil %38 1 TLR4I%- {2 2
Forilbe (b) PIM2iE Gt BERR (LPKM21 Thra SAPEE HARHEAL, HIRFLIRA A, PIM2[RIR BERRALHK 21 Thrd73, HYSRHK2IE M, (a4 bt
THFERIS N . HiEPFKFB4 Thrl140fv &5, DS EEfm &, 53 1D 0 R 08 S MRt 1 i ol i i AL DN R R M0t S B PDHAM ) FE0E 1, BHIT DY
Rk ATAC, FEFM B, (c) URKASMIEEPZIAL S, ER-B-AURKAK 44 LIHGLUTURILDHAR &, e ibREEEf%; FTO FiHiE
T REARATGS Ime A I I HIATGS mRNAMES &M, SR HEPKM2 RS ST A . AR TE IR 1 T3 3 1 A PR FB3 S SR TR it /K F-
(d) H3K18laid 2 £ 5 2 3R 5 M 2 1139 SRR H I BRI 1 09 5254, IS PIBKVAKT/HIF-1a % . HMGBI: @i #% 35 8 11 B1
(high-mobility group protein B1); TLR4: Tollf:3Z /&4 (Toll-like receptor 4); IL-6: [141%-6 (interleukin-6); PIM2: /IR B HiTd 74
A G5 B4 B2 (proviral integration site for moloney murine leukemia virus 2) ; PFKFB4: 6- B fiR St Ml 2- 30 MR B -2, 6- XU Bk iR i 4
(6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 4) ; PDK1: PR Z A1 (pyruvate dehydrogenase kinase 1); PDH: P2 i &
fitf (pyruvate dehydrogenase); AURKA: H¢)GifffA (aurora kinase A); ER-B: MEF{ZBZIA (estrogen receptor B); FTO: fig /& AALHEAH
Je4E 9 (fat-mass and obesity-associated protein) ; AGTS: HWEMI &4 15 (autophagy related gene 5) ; HSF1: #R 50 [H F1 (heat shock
factor 1); H3KI8IA: FLWAEFII41EE MH3E 180 %2 (histone H3 lactation of lysine at position 18) .

w1

T:{Ei& T:Jt% —_—

FRMEA TR E, FLBRIE T E A H3 % H3K18la) FLERLAE %) & B0 R B fd A St =4 5 3%
18 i #i & R (histone H3 lysine 18 lactylation, NI AL AR B AE RS TR/ . X R R 2 &



2025; 52 (1D

MR, & FERNESMCEERRPROEERTE: NS FUHEEETR

<2721

P 7L R A A8 3 o R e 2 R R e AR T 39 S
PR HM R s 1 9259, 0 PI3K/AKT/HIF-1a
W, BT AR SRR Y X —
K IAALSAERE T ] EM g kb v LR KRR 2E Tt
e, ARG CIZ 0 oA AL T2 %

oAb, AR FE A F 1 (heat shock factor 1,
HSF1) 7EMEI EM B35 h iy & #eik S H X PFKFB3
) EIRVERT B, fas 1 RSO 5 R I A O 2
[ IR & o HSF1 M55 KRIBB11 (i [ 4
YR 5 AW E R W5 BE (Korea Research
Institute of Bioscience and Biotechnology, KRIBB)
FER) Je—FhEEXF HSF1 B/l 5, iz il
FIPRAITRCR , S UESE T X — 8 AR i g
R, SRS ) U NPT RE ISR IR YT
Jrm T (El2e, d)o

PRIt FEMs A5 P45 A EM A R it v e 21
HZEWMAER . A RNA H L4031 21 25 (84
PSRN A 0 S, X S ) 9 i
TR AR B AR

3 RE-REEEERNEERIRLE

31 BEHRERRITHSE R RERIMNERE

i Je AP A5 e T A P IR S AR DGR (A
LDHA. HK2, ® M H wh M ¥ B 1
(phosphoglycerate kinasel, PGKI1). PKM2) #Jit
R FEGURK R, ) B
PRI RE, TE SRR SR * . 7EEM
T R AU A, FEEM P, TR R
SELIE] Bl (endometriosis stromal cells, ESCs)
SRR A O AR O FLIR , AR A 1 24
Y, EENGES TS5 REHEE, W
Mettl3/Trib1/ERK/STAT3 {5 5l 1%, 155 E V4 it
0] M2 RIUIG AL, A AT ) T A7 1 0 B i 52
Wb B3 — R 5 i £ A Ak U E 1Y
IGF2BP1-TLR4 4 5 11 [ W 24 i A% £ AL ) AH 2 B
HE 7, RN AP AT RE S 2R A S e 1A
P4
32 REHRESEERBREMEIIGESRE

S AN B SRS 1 5 [T RE 2 5 0 it
&, WEFER L, EM ) M2 EL A i 2 2R Al
OB U UERAIE, 3 LDHA | HK2 ik K
LR OXPHOS KF-REAR 47 o i M AR 2 24 i
A A M2 AR A RIARAE , SR AE RS H AR e ]
THREREER . (S HPERE A5 2-DG T A5, M2

PRASH I, GBI RPN AL B, AR
RS TR A A 1 0 D R 42 v A i A6
TERGBIZEAE S, ok EWR A (9 M2 15 W0 2 BT
R fe e 4fbiA 7, FFlad - IL-6 . 1L-8 SF4H i
PR JRy B A Sy B #, FE IAI- ie f4
PEPRR . Ah, T 40 po AR R W AE A Ok T .
EM i kb 7 CD8+ T 20 Jitd 22 B 4 198 A 2k 9 e ik 1
VA T A AL DR R AL SZ M R RRAIE 4, S A aA 2 i
ARE RN N RESZ AR, JOHEARGH BRSO I
i
3.3 Ri-BEEEERNIEREX

BAHEIE 7R T EM H AR S AR BLAE T B0
ACEALH - e A0 A U A (A
FUR) TR, miteredni B S pofCi
2 AR U G XA A A B ST o X RAHEL A
PR BRI ] BRI DLt AU SCHE . AT XX
—HERL, JFR L A SCHE Y A (W1 LDHA
HK2) Fpeks e sl iBeainy ok, Hhg balll
7] N T A A o i P R SR B ) P 2R, mTRE L
B ARAT R ARBIFEN A EARFN A S
2R AR A AR IE B A h i Bh 721,
R R ANA TR ARSI .

4 MEEETIESTEANESMAERRNE
SHINREFRRS

4.1 EBMEEREXEIRAEEER

TEIEF AR AR, AR S A P X A 5 A
DN ZOCH B, 7 PN R o 240 e oo A S B T A
WP LR A LIRS, S 5 IG-RE AT
X AR R . PR R, HIRE O AR
3 U FLIR FT 5 R B 1 H3 A 18 i 2
TR L2 1 (H3K18 lactylation, H3K18la) ZH 7 [
FLERACAEM, FH-am A TS HIF 1o 4 A S 1 oA 6
o E LR R AR S I UM TR Oy e R AR
PR RGBS G PR AL T OGS R . WAL
TR, O IR A T T 0 R ol B 2 AR P
S —TJ5 T Ay ) T S S AR ATP BB RS RE, U —
7 T 7 A 0 2L A e R LS N R AR R
(vascular endothelial growth factor, VEGF) fi#F Ifil
AN (AR, R AR N SR 4T
IR, Ea A “FLRR-HIF-1o-BEEM " 1RSI0
W, DT X HAK 121a 7K, X —HL T
e E WA R A EZEH Y X
fa TG TE A BT 7R b RS A R D 285
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42 EEMBITHXFENERMEEIRORE
=1

TE BB, S8 IR T T
XTI R A Z R B RS . BFSE I, R
o7 95 k38 o K 4% JE 4 6% RNA - (long non-coding
RNA, IncRNA) H19 5 His bEEEff L, 5%
A H H3K 1 8la MM, i RS2 AN 5 (o7 A
YRR ZERE ST, A R IR A A B 0
ATEDRE L I RIESE W, EM AR DN
PDK3 it £ 5 #l & B Jit & 8§ 6 (alcohol
dehydrogenase 6, ADH6) &2zl 5 HEFL,
TR A ZE L8 A 41 ) S R A SR A Bl T £ D 440
MIBCBCE R, TR PR AR 8 oo

T B NS 52 1 B IE AR R VR IG BB B TR 1Y DG
FREIATT, R OB TR AR AT R B R . ST
R, TEMGH AR O (DS), 58S ropEmE
ffpam g (U5 mmol/L ZLFR 2 #% 7 h) W eSS 1A
I 77 P R LR o0 5 By A R ) o 4 A vy H 28 )
AR R G 2 R BT e s BRG]
RGOS R R AN ARG N oy T3k, IR IR
B A7 R 7 20 s ORI AN 2 U IR
i3, BN, 7ER AR A SRS W5 AR
WL5E B HIF-1o I8 BEAG . OB IBE A 35 12 T B3 10 45
fiE 0, SR, 2ok BE HL KRRk AR A DT R S 3
TENBEAZE TR, HALE S TP o5 5 &
SR BRI 9 R AR R R kb = A
KON R, R TR R A -
oS AR ITE T8 NS 52 Ve i v R 800
TEAM S EM R, St = A i ok o LIRS Rl
SPPI" I Afi (EA I Z MR IS TAM LR35 T 52
IR EWEAIME, PR TIE A R () T 7
bR, TERL BRI TR SO0 BPEEER Y
X —af 8 T U AR A P AR S —— BB
X &k 4 % H 2 (bone morphogenetic protein 2,
BMP2) . & I & A10 % (homeobox A10,
HOXA10) FiE T, HESEMRIGEIR =
43 KRBT ERITRE

RS A R NS MR AR DA 2
PEHL TR AL AR o BT W A OC B (n
PDK3) AY#E ] T, Bk i 15 2L R /K el o
RO, AT RR R i Al TS BV FE RN . (7]
i, &R - e 4% 2 24, TFRERATE
AR A T BE N ZR-5 R T T 58 AT RE S EL AT 5.
KM FE N A FEIRERA [FIBE Fr B CIHRRE 9 42 £k

AL, AR SR B .

5 LmEEMEAHEE (GMR) RS
R

51 TFTHEEBRCEENLELRAY

BT B0 o) BE B A ACO EE 9 (glycolytic
metabolism remodeling, GMR) VAR PR A X B il 1Y)
BB BT eI AN BN IR T LR . e SETIE IR
(meclizine) i i | I HK2 F1 PFKFB3 3 5 15 [N
PSR GEAE S SR ORI, R {2t
M S A EA ), HMR 2 A TE T2 A S T
MEBZGE S 1, ONTERIRIT AN 32 AR T
HikE, b #HILZ N, S MR (dichloroacetate,
DCA) il #01 PDK, &K PDH G, FEAGHLE
R A BRI A AR B GBS 21 o PR R 1Y)
WEIEME , RINGI 0 A0S A AR ke ), AR
A W) £ B3 2 EM (1] 5 44 B A R I A ok B
EAEER I, BEAH IncRNA H19 FI41 8 HZL
FRAL BT HUR W, LA SIS 51 -5 2ok A S AL
PIRFIN AR T DR ) 2 s Ry T Y
B s A, T EMV/AM AU R
(R0 B 2 () S P 1 22 S AR )R 7 L S A0
R S scse RN, BRI R PFKFB3 )
i 7% (PFK-015) /g "™, 1 EM F1 AM 73 51 X
HK2 F1 LDHA #1504t 3 0, Sl 7™
RIB0 S -259)7 WORGTEVCAC
52 AEEBBASHMXALED

KR W R 280 SR P R AP 2 e
Mo E . RAHEERE  (cinnamic acid) 38 1 NF-«B-
PKM2 %l 410 b 12 f% >, i JR R (sappan wood)
(Caesalpinia sappan L.) F1 X ki ¥ (Prunella
vulgaris) W Ji& B 4 X5 53 67 P S8 44 L 1) 32 486 Pk
PE BT SR LR S R RE IR T AR S I A
E A 22 5. FREAR RN, & &R/ NEE
2% (protoberberine-rich, BBR) L& ok 815 4%
A e/ ) W LU R S I RE R AR 2S5 AR IR R X
PR Y, R T AT IS S A R B IR
ROV
53 HHAEFNREIMERNET

rh 2452 07 TEA I I 28 3 4 vp Jre I IR P 34
FEASCIR 5 J 8 3 4ok [ s 552 M W TR A 24 P> ) RN e A A
KA FB1 (transforming growth factor-B1, TGF-B1)
G553 =, i N KA RO iR 27 G
HIF- 1o A5 505 B e OPR BE 1, ik BEAIF 5 Ay PR
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2l “ZRr-Z RN -ZaE T VR TR
WL . EA R, A BARME AR SR
A, (HRZHRSEIL 1 s A syl s imgs
JAE AT R R A T I EE AN
54 WAEBRERTOhERTT

FIHEAATT (atorvastatin, ATV) 5 287 i
(resveratrol, RESV) MK RIEARIL T WU FH
W™ AR LR [RGB s AR R TR
Heas ik, IR HEIBORN 7= P S HE PR A 815 B[] 1
T, X PR NS T BE LR — R T IR A A, H
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Abstract Endometriosis (EM) and adenomyosis (AM) are chronic, estrogen-dependent gynecological disorders
that significantly impair the quality of life and reproductive health of millions of women worldwide. Clinically,
both conditions are characterized by dysmenorrhea, abnormal uterine bleeding, infertility, and high recurrence
rates. Despite decades of research, their pathogenesis remains incompletely understood, and current therapeutic
options are limited in both efficacy and long-term safety. Emerging studies have identified glycolytic metabolic
reprogramming (GMR)—a shift from mitochondrial oxidative phosphorylation (OXPHOS) to aerobic glycolysis
—as a unifying and critical feature in the development and progression of EM and AM. In ectopic lesions,
enhanced glycolysis supports cellular proliferation, survival, and adaptation to hypoxic microenvironments. Key
glycolytic enzymes, including hexokinase 2 (HK2), phosphofructokinase-1 (PFK1), pyruvate dehydrogenase
kinase (PDK), and lactate dehydrogenase A (LDHA), are markedly upregulated, whereas oxidative metabolism is
suppressed, reflecting a Warburg-like metabolic phenotype. Notably, single-cell and spatial transcriptomic
analyses reveal significant heterogeneity between EM and AM lesions. EM lesions often contain cell clusters
co-expressing glycolytic and OXPHOS-related genes, suggesting metabolic flexibility. In contrast, AM tissues
exhibit a more uniform, glycolysis-dominant profile, with preferential HK2 expression over HK1—potentially
linked to defective repair of the endometrial basal layer. Multiple regulatory layers contribute to this glycolytic
shift. Hypoxia-inducible factors (HIFs) act as upstream transcriptional activators in response to oxygen
deprivation. Kinase cascades, such as those involving PIM2 and AURKA, enhance glycolytic enzyme activity via
phosphorylation. Epigenetic mechanisms—including N6-methyladenosine (m6A) RNA modification and histone
H3K18 lactylation—further stabilize glycolytic gene expression and reinforce metabolic reprogramming. These
alterations form an integrated regulatory network that sustains high glycolytic flux in ectopic cells. Importantly,
GMR profoundly affects the immune microenvironment. Lactate produced by glycolytic stromal cells promotes
M2 macrophage polarization and impairs the function of cytotoxic T cells and dendritic cells, leading to immune
evasion and chronic inflammation. Meanwhile, immune cells themselves undergo metabolic reprogramming,
exhibiting increased dependence on glycolysis and diminished oxidative capacity. This bidirectional metabolic-
immune feedback loop facilitates lesion persistence and disease progression. GMR is also closely linked to
infertility in EM and AM. In the ovarian microenvironment, glycolytic imbalance leads to lactate accumulation in
follicular fluid, negatively affecting oocyte quality and embryo development. In the endometrium, excessive
glycolysis disrupts decidualization, angiogenesis, and immune tolerance—processes essential for implantation and
pregnancy. Targeting glycolysis offers promising therapeutic potential. Small-molecule inhibitors such as
dichloroacetate and meclozine target PDK and HK2, respectively. Natural compounds like cinnamic acid and
protoberberine derivatives exhibit both anti-glycolytic and anti-inflammatory effects. Traditional Chinese
medicine formulations, including Guizhi Fuling Wan, have shown efficacy in modulating metabolism, vascular
remodeling, and fibrosis. Combination therapies, such as atorvastatin with resveratrol, may provide synergistic
benefits by inhibiting both glucose uptake and lactate export. In conclusion, glycolytic metabolic reprogramming
is a central mechanism linking inflammation, immune dysfunction, lesion progression, and reproductive failure in
endometriotic diseases. Future research should focus on identifying metabolic subtypes, developing combined
metabolic-immune therapies, and evaluating the safety of these treatments in reproductive-age women. These

insights may pave the way toward personalized, mechanism-driven interventions for EM and AM.
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