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Fig. 1 Lactate homeostasis and its biological roles in tumor cells
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Fig.2 Mechanisms of lactylation modification and the landscape of its regulatory network
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Hixt G nl oy A A FLRR AL AR R A LR . A IBIER (LRI Z e NS ) . MRSHUR R T AT IR b “FLER-ZLERAL” Bhlnl a4
L5 EE RPN o X BB IBRE PR A Ak R 42 S Sk B SRR A S e I o0, LR R T LR LL 42 Do 26 5K 2Ty e 08 e e
W, B STER T L FOR TR OC R, T HE N AN TR (6 DX A AN [ g 25 28 i FLAAR 0 . AARS: Z(E-t(RNA S JF (aminoacyl-
tRNA synthetase) ; ACSS: ZBEHifAS WA (acyl-CoA synthetase short chain family member) ; ALDOA: Bf45fifA (aldolase A); CCT2:
FEHZEETCP1 A2 (chaperonin containing TCP1 subunit 2); CPT2: PHAZAHBEFEFSMHE2 (carnitine palmitoyltransferase 2); EMT: | z-[f]
Jii %4k (epithelial-mesenchymal transition) ; ENO1: /i EEfLM#1 (enolase 1); FGF: JF 440 g 4 K A F (fibroblast growth factor) ;
HDAC: HEH L LWL (histone deacetylase) ; HIF-la: flK% 1% S F1a (hypoxia-inducible factor 1a) ; KAT: 1212 £ W% #5 it
(lysine acetyltransferase) ; KCNK: #2573l i W KK R (potassium two pore domain channel subfamily K member) ; MeCP2: H2CpG
ZEA A2 (methyl-CpG-binding protein 2); NBS1: NijmegenWi£E G E&E 1 (Nijmegen breakage syndrome protein 1); NLRP3: i
SEACERE R S R AR R T A S PR 1 45 2R3 (nucleotide-binding domain leucine-rich repeat and pyrin domain-containing receptor
3); PKM: NERMRIEEEM (pyruvate kinase M) ; SIRT: ViER{E BT (silence information regulator, sirtuin); TTK/BUBIB: TTKZE
A (TTK protein kinase) /< IFBkme i 2E4 I [F] P48 (BUBI mitotic checkpoint serine/threonine kinase B) ; YBX: Y& Z5i&HE I (Y-box
binding protein); YTHDF2: YTHZ5#I S 12 (YTH domain-containing family protein 2) .
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(potassium two pore domain channel subfamily K
member 6, KCNK6) 7 % M &M 45 9 & A4 vh
PICERVERT, FERIEH T DAL 8 A FLRR ik A O L
R 24 PRI N2 . BF9E KB, 7ETMEH, fRiiE
Gt FEFLIRK- Ty, #EmiaKsh 4R B FLR i,
X A P AL B 1 B 4EU0% YTHDF2 Fl KCNKG6 %
M%% 5% . [AAF, METTL3 Xf KCNK6 mRNA i#17
m6A H AL &M, FLER b 8% YTHDF2 2 1
ER m6oA “Tiieds”, FERtEiRBIITEE Gz
A, BEMIR KCNK6 mRNA [UFaENE, AT
KCNKG6 # (17K FF+ 7 . KCNKG6 i 3 1k 38 i i iF
KM% 1 FR A5 & 45 s & e J IR T 2 7))
& E A 45 #8532 1K 3 (nucleotide-binding
domain leucine-rich repeat and pyrin domain-
containing receptor 3, NLRP3) ZRAE/MA, BEHUK
HIERHE T, MBS . BRI IERE,
JEHESh AOM/DSS i SO 4E It i . NIk, FLR
1k 1& i A AL B 32 08 ¥ KCNK6 % 5%, i it
YTHDF2 /-3 s Ja ML, dst 72 40
AR RN T, WK R GRS 3 KR
Rf-FeWMEmZ (LR 1T - EAARL—
YTHDF2/Kenk6 %% 5% #7% T ; METTL3 /i 5 m6A
B 1ii—YTHDF2 P2 & Kenk6 mRNA) 3 81 %
S5 5 )2 (KCNK6 2 1 T —K A58 —>NLRP3
RAE/NARTE L5 T B — I R S B i i) 5
REEZE (G E R LR R B
fe 4 2 1 FLER T S Y THDF2/KCNKG6 4l — 3R 32 i
ERBERE)

BIH 2, RS CRC MR 2 (8l 4718
Iz HZ 2Rk 4R A FLIR i o 8 90 R0




2026; 53 (&)

Wi, %F: NRIFTEREIZRUENE. FEHENEREESREAE

+2129-

LA R N e 5%, AR A FLIR AL I E
HHCEE AR ENE . MR G SReS H Y
B, R IR IR, AR A A, Y
[HIEPNEZ o= o JEE: ) TEND R REZi kSR ]
THe, AR, FLRX CRCRZM BT K
EPEREIE , 5 EE TR e SR A U ]
B 3 AT A A DR BRI Y B

R AR, ARSCITER) “FLRREE ST
RALIEi— IR REAED, LR a A STk
Jr P B TAERCEY, i AR B o8 B Uk W 9 A 2R B
Ao AECRC MIHABMREH, FLRR KT 552
PR 2 [ A SR EL ) iz Il (HiE 2 i Ak
TAHSEAE 2 T —— RIS 5 LR A S M e 2 %
JEIERSG, JFAN R FURR A SO0 38 Sl b e 3 Pt
Ji&, Fse b, E g e T R FLIRE AR S ]
FEFLRIMK AT, X R FLR B S
JiiIeE Z TED A DRSS R M N IR . TR SCFE A A H
PRBLEI Y, R X LAR 3J60EHE I REEAS A
FLBRAL 5 i O BE S BB AOCHE | ik T 25 B/ st 1
P TR RESGUE LA B 57 R S 1 S8 A48 55 s DA SR
e, X XX TR PP A LR A AR TR
AURTAT G

gi b, FURRAEARTT LS QUG . sk A+ &
At PTM P i 22 4 IE USR8 I 45, 3 — 45 11
BT O A2 R AR LI 7R . 7E CRC 15 5t
T, NSUN2-ENOI1 (1) A 24 9% J% " F1 KCNK6-
YTHDF2 ) 4 S e A2l 7> Sy [ 3R I £ A A 441t 1
BHHEMARERUEE, R LR E R IR
— s /i s e AR O A - FLIR 2 B
() 1E S s 2 A AR IS T CRC, Xk 26 % B [ 4R 5
N OCEE N . FLRR LB TE CRC R |
ek KRy 25 BAR R AT 2A/E R, X IE 2
B4 IR RGN INEE

4 FELECRCHIIER

MAUEE R, FLRR L5 CRC 1 Z Rl 4
TEBYIAOC, AR E g fe . RUMBRG H I e
PEROABE B IAE, USRI R MRS e, H
K T IE 3 FLRR AL v] BB AF i L i Bt vy Yl B
B A
41 AERIBUECRCHFHIEA

Z Wit se R W, HE A FLER fL7E CRC #EfE
RIETEEEM (R,

Table 1 Mechanisms of histone lactylation driving colorectal cancer progression

®1 ARBIBALIKZHCRCEHERIINH

iR AL AR I /RS A5 R0 TEHE VR 2%
PR SCHk
IncRNA USP3-AS1 £ 5E USP3— #l H3K18la CDC27 WESRCRCH MG FE BE 1 5 IRIRFEAS . fAR4bsss . [77]
HHIMY CREfR— Wi T —> A% T JH-E R A1) PR SEEG . 2 A HEWT
i T B B R AR LPS— 4 il A FL H4KS8la LINC00152 B 5E CRC I ML R 22 AT #2 I PRAEA . fR4hsiie . [22]
WA R it EZ s
GPR37i#i% Hippoili #—LDHA T — H3K18la CXCLI, CXCL5 FA B b Vb A0 MR T P IR RAEAR . dkdbhast . [78]
AT B, (Ribirses R
NSUN241FENO1 m5CEi—FEE% H3K18la NSUN2 (RE330%) JERCE A SO B, IR IRRREAS . fARAbscss . [76]
filt T AT CRCHEK RIS PSR 2 AL
FLIRFR 2 —Y THDF2#4 55380 H3K18la KCNK6 8 JE 45 1 g 2 B0 2B A7 A ARARSESG . fARAbsE: [75]
%
AR LR R H3K18la RUBCNL— 5 Mg Ji 24 DUARER BT 24 . B ok IRRFEA. M4hsEge.  [79]
AAAERE PSR 2 A
p300fE1t (HDACIAr T2 310 WYL FEAS 245 . SRR IE IRIRFEAS . fRAbsis . [66]
H4K12la GCLC ! ) X
T, YRRk RSS2 S HEWT
AR R H3K18la EFHD2 SRR BT 2 IGPRFEAS fA4bsss . [80]
RIS 2 HE T
SMC4 i —HifEfE T 3R 1 H4K12la ABCHHZHEHA WIT 25 i 0 B FOIR IRRAEA . fR4hsiie . [81]

A, (EREZ I PRVSEES . 2 AT
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R AL FLERM Ui A R AN UEHE R =3

(3=t ICHk

CAFRJSALIR H4K12la ANTXRI—RhoC/ROCK1/SMADS BLybFIEATM 2. 3458140 IGPRFEA . fR4hsREs . [23]
ke PRANSERG . 22 1S HE T

GOLPH3 it % i —AMPK il #% — L H3K18la GOLPH3 BT HHT: TR R RGN IGIRFEA . fRAbsess . [82]
i) PR RN SERS . 22 HE T

KRAS 4 — ¥ B fift 1 — FL R 4 H3K18la circATXN7—NF-xBH)I#] CTLW# WS % T AU M BB T, IGARAEA. fRsbacst.  [15]
MCT1i ACTL G 1k itk UNSERNEE 27 s

METTL1 At $PKM2 m7G & Hfi—FL H3K9la METTLI ($3%) FIPKM2—CDI155 %ikifk I pRAEAS . fRghsise . [17]
[ PR SEEG . 2 A HET

TMEFLIRF 22— E R fiil H3K18la NF-kB—IL-6—STAT3 TN fEIECRCIGGE WG IRFEA . M4hszse . [83]

LA AR AR S 2 A ) B AR P S
2N

Mo BE AR AN S AN D) IRIREEA . ANseEe . [84]
fig, {EiFCRCHE R PRANSES . 2 20 A HEKT
AMPK : AMPEIGE F1# (AMP-activated protein kinase); ANTXR: #%JHEFZ 21 (anthrax toxin receptor 1); CDC27: [ ifFZHJi5r2%¢
JRI R 1127 (cell division cycle27); CTL: 40 PETHR 40 (cytotoxic T lymphocyte) ; CXCL: C-X-CH:F#afbIHFEiA (C-X-C
motif chemokine ligand) ; EFHD2: EF-handZ5f438Z %M /D2 (EF-hand domain family member D2); GCLC: 4% -1 Mea iR iE ik
W3 (glutamate-cysteine ligase catalytic subunit) ; GOLPH3: Hj/REMABEEH3 (Golgi phosphoprotein 3); GPR37: G HMBIXZ{K37 (G
protein-coupled receptor 37); IL-6: [141%-6 (interleukin-6); JAKI1/STAT3: Janusi#{fif1 (Janus kinase 1) A5 5555 K&k s H 73
(signal transducer and activator of transcription 3) ; LINC00152: & 3E A [A] 4F & FH 2@ i RNA 152 (long intergenic non-protein coding RNA
152); MYC: ‘B 8640 %8 2L K (MYC proto-oncogene) ; NSUN: NOP2/Sun RNA H 3£ 44 F2 if (NOP2/Sun RNA methyltransferase) ;
RhoC: Ras[d] i %% A 51 C  (Ras homolog family member C) ; ROCKI1: Rho J¢ Bt & 4 il B2 i 2 (1 3 fiF 1 (Rho associated coiled-coil
containing protein kinase 1) ; RUBCNL: RUN %% #4 3 Beclin-14H H./E FH & &2 M AR E A FEE I (run domain Beclin-1 interacting and
cysteine-rich containing protein-like) ; SMC4: YL iRz AEFFM 44 (structural maintenance of chromosomes 4); USP3: {2 455 A i3
(ubiquitin specific peptidase 3).

Z M HEW

BREEIA S FLER R R H3K18la METTL3—JAK1/STAT3

4.1.1 fEde byt

AR L], 48P PR kAl BB i#F CRC
R

a. 17 & FF 5 PE K B 3 (ubiquitin specific
peptidase 3, USP3) -AS1/USP3-MYCHli '/, I IR
AT R, RKAEAESS RNA USP3-AST 7E4% B
Wi Rs ks Rk, H 5 ARG IS O R i
JR R EMK . MLHRIBFTE A B, USP3-AST i i 1y i
USP3 mRNA f2E M 8 USP3 & [13ki5, USP3 i
M 2292 RAERFMYC & AR ETE, o6 bz
fil IR LR A L, FEREFLIR#E A, H3K18la /K Y
Ther, H5 CDC27 e s S B ARG . TAESKE
BT, S0 TIREE A AT 401 55 USP3-AS 1 i K3k
JIr 42 3F () CRC 40 Jif 3 58 e % % e 71, R
USP3-AS1/USP3-MYC-H3K 181a-CDC27 %] v] fE %k
AR RE

b. WHE-FLER LG ' I iE R AL )8 & CRC
(8 DLAERERRAE . BP9 R B, DRREREIL ) s 2 b
(lipopolysaccharide, LPS) HJifid 7E K FE A [a]E &

FH4@f% RNA 152 (long intergenic non-protein coding
RNA 152, LINC00152) Jah+ X5 A& H 7L
FRAb A, HIS5 5 S EI N7 YY1 R9Es 4G, i
B SRS LINC00152, 7EZfEZ T, LINC00152 3
FIk IG5 CRC A ML AR Z2 AT e )7, HLIMMIE
ZH 2 22 FBAME R S LPS £ T 5 LINC00152
AR IEADC, $8 “HRE-LPS-AE ARl ik
-LINC00152” j# ] B2 5 CRC 12 2R A AR

c. G 1 14 Bk %2 1K 37 (G protein-coupled
receptor 37, GPR37) -Hippo-LDHA il i "' .
GPR37 J&— 7l G & FIMB K Z K, 78 CRC R4t
hRBBETE, HSARBUSHIE, L8EH,
GPR37 i 12 3 Hippo {5 5 38 % I % LDHA ik,
BB B R, S SEL R AR O L 1T 4R
H3K18la 7K -, itk C-X-C ZL P fbH +
fid{& (C-X-C motif chemokine ligand, CXCL) 17l
CXCLS e sk . RN SEE s, mik GPR37 A
AR ) R RS O SR IRE , IF ST
AL IE i, /8 GPR37-LDHA- L % -H3K 18la-
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CXCLI1/5 T 84F CRC AP b R D REMEAE R

d. NSUN2-ENO1 IF 5 #F 7, NSUN2 f&—Ff
RNAmMSC LALLM, 78 CRC i ik, HLHIHF
KR T —FKZ2RIERBAE . NSUN2 5
YBX1 73 5IE R 55 &8 Ml i 4s , it ENOI
mRNA [ mSC &M, HeampEEefr G, SEELR
A, FLIR A o PO A& 48 5 b NSUN2 D) RE -
— 7 i3 o H3K18la J 7% NSUN2 SE [H 5%, 75—
5 T BL4%F5 5 NSUN2 45 11 K356 i i LR fL i
Ko L 5 RNA 455 6E 7). HILE G “ENOL
m5C B —WH I 3 9 — FLIR AR B —NSUN2 #4 5%
s K LR AL —ENOImSC B MR Ee 858 ™ 1 1F 2
IR IR iR T AR E R S W (L EE Y
Z IR B XL, b NSUN2 S F A S8 1697
PEEE T H A B AR

e. KCNK6-YTHDF2 85 ™', 78 RAEAH A2
Wiy, HEAFLIR K55 YTHDF2 X
KCNKG6 He PR (1) 5% S A5G . METTL3 % KCNK6
mRNA #17 m6A H SLAEM, 1M ZLER f A& i o
(%) YTHDF2 & 1 /F }y m6A [ 152 2% 7 2 513% 164
H4 58 KCNK6 mRNA FE 1, e 4 3 BUKCNK6
HAKV-Th R . DIRERFSE s, KCNKG6 i i fiE £
BT AN S NLRP3 RAE/IMA , BRI R KT,
TR 45 I 266 B 473 91 HE 8l AOMY/DSS 15 5 (1) 45 i 9
;1T R R KCNK6 AT 1 il i — Wk i A i 7
ZI RN T HE A FLRR B - R - 55
WIE-JAE” W2 2P EE %

IR S FRaE Y B UE SR AR T YL T
PEPLVE (chromatin immunoprecipitation, ChIP) Uy
WEFLRRA B S IE N B BARES AR R . LR
PR GEAR LI WA o FLRR L SR LR BTk
4.1.2 N FRITME

2R £, AEALRELITES 5N
CRCIRITIN 25 ) 2

a. DUERERFAPUmT G 7 o DL ARER AT 38 3 41
M A R FEBUMIE E T, (B CRC BB 55 H it
2, WIR BN, SRR T CRC 20 A e A o
PEREFLIERE R H3K 1 8la KT, H DR ER Bt
T 24 R i FLIR Ak SN KT . H3K 1 8la AT i
HE RUN 25 #4358 Beclin-1 A B AE & & 21 b 2 iR 25
FH ¥t £ FH (run domain Beclin-1 interacting and
cysteine-rich containing protein-like, RUBCNL) ¥
¥ 5%, RUBCNL il &I 5 F Wi 2% ) £ 1 Beclin-1
(beclin 1, autophagy related, BECN1) A HAER{E

PE A WEIAR R, R REESE T IR AN A AT BE
71 i) H3K181a 7] B W RUBCNL 45 Y [ Wit i
P, 5 DUACER BABTIR R 24 5 25 I R A2 v
A PRI RBOR , $ER B M) H3K 1 8la ] BE 24
BRI A R T ROV E SR . SRTT, H3K18la X}
RUBCNL (%) B 15 SR 4% ¢ 28 i ik = ChIP 45 B 4%
SEEUEDE , 1200 BRI A B DL AR BT 24 10 0 2
S AT — LRI,

b. WYLFHAMI 25, (1) HAK12la i@ ;B
PP RIEAJE CRCALIT RO LA 258, Tf 24 [n] @il 5 s .
TE CRC T4 WA, p300 ik H4K 121a 7K - Tt
i, HAK121a n] b4 220 R -2 IDE 20 R 12 e il £ AL
. #  (glutamate-cysteine ligase catalytic subunit,
GCLC) #ik. GCLC &4 Mt H 5 naiY BIR 5 i ,
H EVRESE s A0 I AAALRE ) . DRI BRAE TR REAR
VSRS . ThRe T IS WoR, $L ) p300
o, LDHA 1] [J#1f H4K 121a 7KF, 31 CRC T4 g
X LR R BUEAE 5 GCLC il BSO g fie vt
BRACT I ORI R SR, HAK12la 215 H %
44546 GCLC B[R 42 X LABK Bl HLf% 5%, 4575 ChiIP
RAr s RS RS S ik — 20k . (2) H3K18la
W fECRCHY, tsRNA-08614 1] #l m] i i &
fif 1 %% 5t A3 (aldehyde dehydrogenase 1 family
member A3, ALDHIA3) i 4sEEf% , 31 FEAR
H3K18la /K- X —7A8 Ak n] H g Fe T ik R 5 5%
T EF F M4 W E A 2 (EF-hand domain-
containing protein 2, EFHD2) 3 ik #¥% i & 1 il ;
EFHD2 n]3@ it 1 CMPK2 . 3458 2 dr (A i g ke
BV RIEBUSRME . 2 335 tsRNA-08614 HEHE 3R
VORI RBURRE TR P A 75 ) T 00 PR i R
I, & /8 tsRNA-08614-ALDHI1A3- ¥¥ [ fi
-H3K18la-EFHD2 #ll ] 62 S 24 ¥ . SR 1M, %
A BRI A TS 245 A A v %) 3 K SRk S gl Sy T 44y
1, A RrE—LEE, 3) Jetihgigsitiir 4
(structural maintenance of chromosomes 4, SMC4)
-ATP %544 (ATP-binding cassette, ABC) #%4ia7%
. SMCATER S CRCAHZURRIA T, HE
AN RALSTRIARSC . LRI, SMC4 kKA
S A b R W T S T B R R A i 1
(phosphoglycerate mutase 1, PGAMI1), ‘T2 FLM&
ARG, FLRR & R BUE A A LR ALK T
DI H4K12la iz i 2% . HdIE 54510 (cleavage
under targets and tagmentation) ol T T A N
H4K 121a {5 5 75 5 P 2H % 8 1R (o7 5 BE s ) et
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£y FEHEELEDPT (gene set enrichment analysis,
GSEA) sr#rit—46", SMC4 it/ ABC %z
MBI FRA W L, $oRizFLR BT
Aeil (R 2 AN SE R e S, B Ak T 25
AhHE, DTS B0 9 48 AT U R
SMC4 5 PGAMI [y B[] i 2 38 23 5 i) F-actin 212 ,
| BT 53 4R WO Z2 A5 AR 18, 410 4 P 3 7
I [l i B AR 2R . H AT SEEE F 20k A
20 ML R NS R RL il PR AEAS o SMC4-FL TR Ak
-ABCHiza i Uy A8 E R M TFJiE, (4) CAF-
FLRALGR . CAF &M A5 h LR iy
KRz — . WA, CAF KI5 B FL IR Al 38 o
H3K18la |- 1 & JH 7 2 % /& 1 (anthrax toxin
receptor 1, ANTXRI) [1)%% 5% ——ChIP-qPCR iiF- 5
H3K18la 7E ANTXRI JE 3l ¥ X 4, H AL 1] EP300
Al [ % H3K18la K ANTXRI1 /K ¢ . [&] W},
ANTXR1 Z& [1 7% Bt 78 K453 7 5 % A AL R L &
Mo FLER ALY ANTXRI 3 o 34 i 8 1 feos o
P Ras [Al YR FE R 5 51 € (Ras homolog family
member C, RhoC) /Rho AH ¢ 45 i 12 iE 25 FH 3l 1
(Rho-associated  coiled-coil ~ containing  protein
kinase 1, ROCK1) /SMAD Z J% it #i 5 (SMAD
family member 5, SMADS) {558 ¥, fif CRC
TR R SRR 250 . hae)= i, BHWT CAF 5
i A L T %) LB 2 AR i ) 4 8 1 LR Al Xy ] D555
ANTXRI FU#HE S I BUbyT . (E TR,
ANTXRI1 FEHILMRAC SRR, BNZEM 25
B MU ANTXRI FF9 5 siAH B AE 41 ¥ A
T T AU/ BEL T2 A6 1 1 A28 A fim DA B

c. BT IRPU B, mR AR E N3
(Golgi phosphoprotein 3, GOLPH3) 7 CRC '/
ik, Halad SMO-AMPK il i Wh e i 15 v, 5
FFLRE M LRS- 0 H3K18la [ i R i T
GOLPH3%%5%, JEIE R B . ThEeSc kLB,
i il GOLPH3 1] F& AL CRC 41 ffd 1 i T7 ik e e
1M 2218 GOLPH3 W3 s il 7 #Chi . 2R17, %3
BERAGUR IR 220k B R RS R, HAE IR AT
SEHBUREAS T B TR PR IR S S Sy O fEL, A T
WEPEAH ST — 2Tl

T AR IR, LiREtsE 2 B, fH
WL IR iz B fel FH AL s A AR MR 50 CAn e )
p300/LDHA) 53 Mg i 4= FLIR fh K-, X 2877
BAEREIR KR, (HXELISE SHBR SN, H
T 24] 29 R 1 306 5 22 70 240 L R s S R R A A Y v U

L, LRI PRI th (I R B F R, H Il R RE
ARl AN o eAh, R R AR
oAz 5 (WH3K181a 1 HAK 121a) 7ETi 24 Fh i A U]
TUk—— R H R 5 MR 25 B 7853 25— 75 S5 1
A7 RS S AR S 1 2B B
4.1.3 SRk

I H AR BB Ry 2 % 4 CRC Ui
e 5 RO AR O R ML A, A
TF 58 MAAS [] S 2 20 B 2 R A o L i) 8 7% 1 HoT
IFER =

a. CTL ZJfgdm 'S, KRAS %745 %I CRC 4 jiy
i MCT UK Rz =2 (LR NHE , I e e
CTLZMCT1BIRFLIR G, MANAEAFLIR KT
Thimr, Hr H3K18la iy EELEAi 5. ChIP-seq )
ChIP-qPCR IE5E, H3KI18la 7E circATXN7 % [H 37 15,
RSB EEE, HiZE %L MCTL )i 5
AZD3965 ks IR, FLER AL iF 4 & 1 FL IR b
T 5 EP300 5 ATXN7 Ja sl F W45 G, &0 W)
FER] 4% AZD3965 BT . H3K18la 3K 1Y circATXN7
SR P ) 5 NF-«B p6S WY BRZE A, ik HAZ E
PifE, K p6SHirEA THBE, M IMiHP ] NF-xB 4% 5%
e, A RECTL X IERIE S 4 sE T
BEOR, W 55 BT e . RN DI RESE g R T
CDS" T 40 g 18t 4% i 5% circAten7 W] 358 £ 31 46l
KRAS 278 Mg, JF G $T B P e T 32 4K 1
(programmed death-1, PD-1) J75%; L4k FEFLHT W)
circ ATXN7 {4 i 98 52 102 Pk CTL 7R B8 45 Bt i Jd 1%
Pho ZMR R A T FLRR L —H3K18la—
circATXN7—NF-«B #ill il —{if {L 175 2 () 4 il se 77
FIIEEBE, 1H H3K18la X} circATXN7 %% 5 1 B 1
PR A ZL RO S S R s K -, v
FRRASEHT o

b. METTL1-PKM2 IE & 55t 36 "', METTLI1 i
145 PKM mRNA Y m7G 16 i 184 38 H: 2 i 25 1
PKM2 [k, 1My G sa o iz g LR A= . LR
TR A i H3K9la 7K V- T 5 JF 00 METTLI % ¢
H e “METTLI—PKM2 | —#.f& T —H3KOla
—METTL1 T " MIERIBHCIR S . LAk, PKM2
TRAR R IR G TIN B A AN v O G R AT A T
CDI155 %557, 755 CRC fufis it . 4 P 5256 %
I METTLI #5557/ BREK & CD155 BHW R 247 1 6
Fo RIPBEAE MR SO I B B 1T I
H3K9la X METTLI % 5% 0 B 7 X, A 1F
RALIE
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c. B MR —IL6 {5 4l ™. TME i LY
LR AT S 4 i H3K 181, Z BRI H] T A0 BT
252Ky (retinoic acid receptor gamma, RARy) k&
K 5% . RARy 8 1Al 1 5 TRAF6 45 & BH 11
HERMMMAZ Z, NHH NF-«B 75 ;
H3K18la 530 (1) RARy N IIffERR T X —Jiil, 5%
NF-xB %% 506 P, AR A 50 440 Jif 43 6 K 2 TL-6,
IL-6 38 2 55 70 WA VE ] T I 4 i, 0% STAT3 {55
5, T E A MR e . IR T FLIR
Pl i i RARy 5598 W A A T RE RO T AL , I
RIFH A WAL AT HAESS G RARy A
BEBUME LAY . SR, H3K18lafE L2 KALRE 4R
S IR B LR G REI IR, AR E A AR
(DI REHE R S o etk — 20 W

d. B R G R 0 e Ak ™ . #E TME
H3K18la ¥ & TIM 1 METTL3 (¥ % ik F ¥ .
METTL3 i id m*A-YTHDF1 411455 JAK 1 mRNA 1}
B, BEmTS STAT3 il 1k, 121 TIMs i
SREMIThEE . A, METTL3 4¥45 45 My U fe e i
AFLRRAAE ML 1, X A IR RNA O H 2,
RN SIS, B R 450 5 M RSk METTL3 nl )8 2%
g AR K . IR e R T LR 1L B 3l m°A & i
5 TIMs H 32 300 46l D fig (R B AL, {H H3K18la X
METTL3 # st i R R, DA R AR
5 METTL3 # [ 3L #2 {6 76 1% 8 B 19 4% F 5Tk,
A REifE— 2 X 4

21 B LR AIE o L ARAIL ) hy I e fo e ik ifk 5
T (EEERE, LRI sk
RALHIZEMSS I CRC H U . KRAS RAZ (1
U E AR IR SN FLIR A B, FLIRE i H3K 18la i
circATXN7 B 4% % % CTL ¥ 1= ; METTLI-
PKM2 IF % 5% ¥ 7£ MSS ¥ 5 F il i CD155 # #i
NK/CD8 T 4 HjGE "' 1 METTL3-JAK1/STAT3
SRR TIM P Sesze il Be g Y, X Se L] L [m]
F ] MSS # CRC X G2 V37 i oy i 2 A A -2 U8
WEATT, W M FLRR L VR 45 1K A g iRy T
IPLSEIRER T 1]

42 FFHEZEEIBUAECRCHIIER

R R B N8 O | E R e = B W ) Y
CRC W Z MR Iz il . AR R
B, AE418E A FLER AL mT e o AR F R B R e
PR BEETE . SWAAE N L E AR AR, 5
5 CRC W ¥G 5 . %% . Ty ik & K ik )7 K
Pt (F£2).

4.2.1 fRIEEME R

AR 21 FLER Ak vT LU i 2 g 124 HE CRC
Ao, oa WU MR AL EEORG RE S A R 9 A
(proprotein convertase subtilisin/kexin type 9,
PCSK9) i@ %, PCSKOTEL: ALl P E ik,
5SRO OC . FEMIRE A0, PCSK9
i3 |3 Snaill %1% 5 EMT I I PI3K/AKT {5
5, RIS . T AR ZERE T R PCSKO
TR R SR NS . RO T, A
Il PCSKO W] AR FLIAR . R 11 T L B Ab 181 B 1w
41 B #2 zh # #l I ¥ (macrophage migration
inhibitory factor, MMIF) 7K, #EMipH M2 B E
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FE N KAT8 A M LR AL B 5, JF4ER T
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A R % Si R BB 3R I DU DE S, AT R 6 3
ENO1 1) m5C &40 5 W e fd , T2 UM 59K 3l i) 4]
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RS I SRR Z [ i 22 5, Tt — 204
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AT A R S . TEANBESEES Y, FLER IR R
(1) B- I 2 4 T A2 1 CRC 20 Bt 3 7 A ME bR i 9 1)
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Table 2 Mechanisms of non—histone lactylation driving colorectal cancer progression
F2 FFEZRIERWIREICRCH RHIYLH]
VL] FLER B 2 TRV /I R A2 UEHE KU 2%
SCHR
PCSKO £k~ 1 EAFARL  EMTHGEA/PBK/AKTIER JREICRCEH WGARREA . fdhses,  [85]
NS N 2 2Ei
KATS8fiE4L eEF1A2EE K408 SRGTPEHS ME—FHIR LM 1 I Mo s s O WmPRARAR . fAegbsicat.  [48]

[icdia —EARART
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BREMII AL R
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ohsese.  [76]
ohsse [14]

REAAL LD b ¢ IR % g
ME2/SIRT31E A% AR L i ME2EE K352, HIsREEiEHE>NADPH T —4% 4B AL IR JFF1T, 12 ARANSEEG . PRy st [86]
7404 RLARIFI T HECRCA 15
HDACHIHIFI AT R AL HDACLE AIK4127 HIHIRAE T, RECRC IGIRFEA. hobse.  [87]
[74e4 XK BET U RN SLEG  Z 4 S
PRMTSZE [AK2407, #MiIm6A R I RMALKBHS 5 HKHUFET:, {R#ECRC IGRFEA RIS [88]
(24 SoRESLCTALL Wb R
T2 5B A BRIR B RAICB - PD-LUE A AL BB R i —PD-L18 A {2k S ikt GPRAEA . AN sEss.  [89]

GIE{EH] (RGN D
CRCFHE B MM e E#H RIG-IALRM CRfk
— PR T R T AT 25D

METTL3# K281/
K345 11k
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gy sz, [13]
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b A

P sER:.  [84]
WIL-6+ IL-10, IXZNG MHMELG. 2 4H 24k
fepssg . [90]

it 24 (IS N 2kt o

CEACAMG6: Ji IR HT JFAH I 4 I 25 ¥t 4 F 6 (carcinoembryonic antigen related cell adhesion molecule 6) ; GTP: =11 =#§#fR (guanosine
triphosphate) ; ME2: %2 (malic enzyme 2); PRMTS: 2 RS &2 I JL44 7405 (protein arginine methyltransferase 5); PCSK9: Hij
T AL B AL #1297 (proprotein convertase subtilisin/kexin type9); PD-L1: F2)JFPEAET- ZAREAL (programmed death-ligand 1) ;
PI3K: ARILEL3 A (phosphoinositide 3-kinase); SLC7ALL: J&H#IARZETRIF111 (solute carrier family 7 member 11)
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34, AR R A AR LA REE AT 22 45 R E
CRC 404 FET-HEHT . a. HDACT 45 7). Bk
A MR B S
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EREE, A K240 1 K% fiE . PRMTS
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i CD8" TR, MiBHWT PD-1/PD-L1 {55 figts
PRI XL T AL Dhfg, $7R-SG IR IR & HEin
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PD-L1 Y B ZLRR LA 5 S L5 28 1 e e 1 1Y)
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SEIR TR = Ay R AL S (U eEF1A2 K408,
ME2 K352, NSUN2 K356) , /b % #f s (0
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Fig.3 Research progress in targeting lactylation and challenges in clinical translation
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T Ak A p Ko LAt IS W) 1 R 1 R SE v Al Y
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Abstract Colorectal cancer (CRC) is characterized by persistently high incidence and mortality. Current
therapies are limited by drug resistance and modest patient benefit, underscoring the urgent need for new
perspectives rooted in tumor biology. The unique metabolic landscape of CRC makes it an ideal model in which to
dissect the pathological roles of lactylation regulatory networks: microsatellite-stable (MSS) CRC, which
accounts for approximately 85% of cases, concurrently upregulates glycolysis and oxidative phosphorylation,
engaging in intense metabolic competition with immune cells; the intratumoral lactate pool exhibits a distinctive
“dual-source supply” feature—in addition to tumor-intrinsic glycolysis, substantial exogenous lactate is provided
by gut microbiota dysbiosis and by colonizing bacteria within liver metastases; high-frequency oncogenic
mutations and lactylation modifications establish a feed-forward circuit of “oncogene-driven lactate accumulation-
lactylation-facilitated tumor progression”. Moreover, MSS CRC displays near-complete unresponsiveness to
immune checkpoint inhibitors, a phenomenon underpinned by multiple immune evasion mechanisms mediated by
lactate and lactylation. Lactate metabolism is a hallmark of metabolic reprogramming in cancer. Lactate
homeostasis provides tumor cells with metabolic substrates, modulates redox status, and regulates fatty acid
metabolism to promote malignant progression. Notably, lactate can drive lactylation—an emerging post-
translational modification (PTM) in which lactyl groups are attached to lysine residues, dynamically governing
gene transcription and protein function and thereby establishing a bridge between metabolism and epigenetics.
Lactate and lactylation form a multidimensional, coordinated network: lactylation of key metabolic enzymes such
as LDHA reinforces a positive feedback loop that sustains lactate production; lactylation of upstream transcription
factors such as HIF-1a drives metabolic reprogramming; furthermore, lactylation engages in crosstalk with m6A
and m5C RNA modifications as well as with other PTMs such as acetylation, profoundly reshaping cellular
behavior. In CRC, histone lactylation drives malignant phenotypes by activating immunosuppressive programs,
inhibiting ferroptosis, and promoting invasion and migration; non-histone lactylation accelerates translation
elongation, stabilizes P-catenin, maintains redox homeostasis, and prevents PD-L1 degradation, thereby
facilitating tumor progression. Lactylation-related gene signatures have demonstrated potential for prognostic
stratification. Therapeutic strategies targeting the lactylation network range from upstream metabolic intervention
to modulation of the modifying enzymes and direct blockade of lactylation modifications, forming a hierarchical
interventional framework. However, current evidence derives predominantly from cell lines and xenograft models,
and a causal relationship between lactylation and malignant progression in CRC has yet to be rigorously
established. Whether inhibition of lactylation can alter CRC phenotypes independently of metabolic alterations
and acetylation fluctuations remains a central unanswered question in the field. This review systematically
examines the research progress and translational challenges surrounding lactylation regulatory networks, aiming

to provide a circumspect assessment to inform the development of novel therapeutic strategies for CRC.
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