DOI: 10.11844/cjcb.2025.06.0023
i E A AE ) 2424 3] Chinese Journal of Cell Biology 2025, 47(6): 1464—1476 CSTR: 32200.14.¢jcb.2025.06.0023

BN RGBT RIER

FAWE KR I EF KE BeBT

(CEMIRZEEE R B, 2 M 730030)

WE LB A — A3 3L 09 RVLIR A4, 2045 AR I AL R G 78 49 Rt & A2
R I A B 5 A 2 2%, 4L@v&z\ i H A 1R SLBLAR B2 A (lactyl-CoA)N-F- FLER L1541
ZATARAE A BT %aa FE AR AUE, B SRR A B M R B AR S, AR E G 5EAEE
MRS, #tm ’3%.%&1\4}?&\ MG A RAZ 254 Fo R 2k 3R BAG ST T 25 ) R B A X
ZXRGERT LRI TR AL AT B, LA ME. HFRFHLRAGME T
& A F i Aels R E X, BRI T fe@ SLBR A FLB AL 6906 77 ok, L dedrH JLBRastd s, F1
FUBRAUASAR A B IR A6 JT 093 1. Ref SLBRAL 89 o T ALk BF 70 B 32 ) 2 M T & & s Bl X, {2 2
VA B LG REGAR CEIVE T B RT%, AR GG e AF A5 I7 Fadiudt 2506 57 32 4%
T A EI,

XA ARG FLRRAAEE; WAL R GRS E A G AL L PR IO
FYRIT

The Research Progress of Lactylation in Gastrointestinal Tumors

LI Yongzhao, MI Chen, WANG Dongdong, WANG Wei, ZHANG Yan, YANG Hanteng*
(Lanzhou University Second Hospital, Lanzhou 730030, China)

Abstract Lactylation, an emerging epigenetic modification, has recently been found to have significant ef-
fects on the metabolic reprogramming of gastrointestinal tumors and the regulation of the tumor microenvironment.
Lactate mediates lactylation modification via its metabolic intermediate lactyl-CoA. This novel post-translational mod-
ification mechanism regulates the conformation and functionality of both histones and non-histone proteins through
the specific conjugation of lactate moieties to lysine residues, thereby demonstrating critical associations with gene
expression regulation, tumor progression (including growth, invasion, metastasis), immune evasion, and chemoresis-
tance.This review systematically summarizes the molecular mechanisms of lactate metabolism and lactylation, as well
as their biological functions and clinical significance in gastrointestinal cancers such as gastric cancer, colorectal can-
cer, and liver cancer. The article also discusses therapeutic strategies targeting lactate and lactylation, including inhibi-
tion of lactate metabolism pathways, intervention in lactylation modifications, and novel directions for combination
therapy. Despite the challenges in studying the molecular mechanisms of lactylation and developing targeted drugs,
research on lactylation as a potential therapeutic target shows great promise and provides new insights into the precise
diagnosis, treatment, and overcoming chemotherapy resistance in gastrointestinal tumors.
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1.1 JHURG B MEME R TR FEHE

TH b R G R 2 — R AR L TE
MR EHRERY, BEaEE. 5. 48
o FFanpE . Bl . I3 SE . HILR S
A SR o A BRI A R B 1) 25% VA b,
FEAHBET M 35% Mo FE A, 44k 38 % 1 Ji Rg
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RAMIREZ —, ZHH VI, HERE.
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A, VBRI A SR T AT . B R
MR A5y v R F FLIR A B AN AR 4L 2 B LR AL
Bifi. Ha AR B 2R A AR A R
MRy b, HABMACT 130 AR RENS R HE 1 72 2
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Fg2ma o WL, SN TR ORNE B AR R RE A FR AT, TaMp R 2 SR TR oA FLER P2, X — &
M o 240 M 45 k5 BE T RE 5, TR IR G 2 7 L R I & S ASE 75544 £ SRR PR B T A7) e ik B IR SR —
fiff A(lactate dehydrogenase A, LDHA)HIEALAEH T, M ReE, DAAERFAN A A JE AU A Zh RE (B 1)
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i GLS/GLS2
Glutamine ..._.—,Glutamine —— Glutamine —ﬁ'

FURR R TR 1850, g P UL R FE AL I, T AT S DRI A, AT el i AT R S R (GLUT) BEN A i o, 3B e AL A
WAL, i J5 T AR I St N o A, 75 TR R I i S5 ) PR AL R TR I S BB A, IR B AJE I =R BRI (TCAY B — P B i, B8 A —
SEALTRAN K o BRI, 24 40 T s o S AR AR LIS, D 1 AR A, AN T DA 20 B 300 2 (P i B, AT I R A 7L 1R U B A(LDHLA ) A 72 20
B A RRELIR . S A, HENAHI T RO R B 7 B e N EIR . AR, A B AE A R I R SR A A 1 e A Dy o T TR,
FHHENTCATEM o« AEIXANJE b, U5 B A S B A B IR, SRV Fe A SRR 2k . B S, SRR TE AN H o s e o
NADPHA A B2, 74 A% FfELDHA R/ N B8 SISO FLIR . SRS Bk 3 2L 7L AR I LB B(LDHB) FLIR FUL A s A AR, B8 )5 72 74 B 2
B RER AL TR Z AR A, IS AETCATIR IR — 8Bk ATFEROERER . 53— PIB RS AR S o IR R B LA b Ao B e 2, SLIR
AL TR, S8E R MR rh i — A, B e ftat . FLIR L 2HE I MCT Vi AN 40 A, 38 MCT4 A ot FLIR . B4 20
i LDHA A FLIR, S8 J5 B MCTABORE OB AN M M IRI R . B8, 2 4AUIE 40 Ml i MC T 1 AL, I id i LDHBA F e AL A P ER IR, AT
"EATP. LDH: FLIRM A PDH: ERHRE I U GLS: 7 2B AS; GLUD: %R I AM; o-KG: a-BilIk —#2; GLUT: HI%& i i 1&; MCT: #
Rz EA.

Lactate production, clearance, and transport. When there is an adequate supply of oxygen in the cell, glucose undergoes glycolysis, where glucose first
enters the cytoplasm through the GLUT (glucose transporter) and is gradually converted into pyruvate, which then enters the mitochondria and is cata-
lysed by pyruvate dehydrogenase to form acetyl coenzyme A. Acetyl coenzyme A is further oxidised and broken down through the TCA (tricarboxylic
acid cycle), ultimately producing carbon dioxide and water. However, when cells are faced with hypoxic or low oxygen conditions, in order to maintain
glycolysis and thus provide the cells with the necessary energy, pyruvate is catalysed by LDHA (lactate dehydrogenase A) to produce lactate in the cy-
toplasm. In addition, glutamine that enters the cytoplasm is converted to glutamate by glutaminase. Glutamate is then converted to alpha-ketoglutarate
by enzymes such as glutamate dehydrogenase and enters the TCA cycle. During this cycle, carbon derived from glutamine is converted to oxaloacetate,
which is then converted to malate and exits the mitochondria. Subsequently, malate is converted in the cytoplasm to NADPH and pyruvate, which is
then reduced to lactate in the presence of LDHA. Lactate is cleared primarily through the oxidation of lactate to pyruvate by LDHB (lactate dehydroge-
nase B), followed by the formation of acetyl coenzyme A catalysed by pyruvate dehydrogenase, which is then used to form carbon dioxide, water, and
provide energy in the TCA. Another clearance pathway involves the activation of gluconeogenesis in the liver and skeletal muscle cells, where lactate
is converted to glucose, which is then released into the bloodstream and further metabolised to provide energy for the body. Lactate is mainly imported
into cells via MCT1 and exported from cells via MCT4. Hypoxic cancer cells produce lactate via LDHA, which is then released into the extracellular
space via MCT4. Subsequently, oxygenated normal cells take up lactate via MCT1 and convert it to pyruvate via LDHB to produce ATP. LDH: lactate
dehydrogenase; PDH: pyruvate dehydrogenase; GLS: glutaminase; GLUD: glutamate dehydrogenase; a-KG: alpha-ketoglutarate; GLUT: glucose trans-
porter; MCT: monocarboxylic acid transporter protein.
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Fig.1 Lactate production, clearance, and transport (this image was created via bioRender)



K AR FLRR AL T AL R GUMR B Tedt g

1467

B T MR IS AR A LR AL, A 2 i 5 i ik
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i lactyl-CoAfE Ak, T 3F ELE A FH i 2 FLIR 7
5 s AR 2 R FH 2 R B TRNA S % 1/2(ami-
noacyl-tRNA synthetases 1/2, AARS1/2), iX L&fiff B
A ILRRALBERE I, BRAEILIR S ATPA: ilactyl-
AMP, 2R J5 4 FUIR L F 7 3 IR 2 B b R R ik
£ b, SEABRBHE Y, AARSIEZ E AL T4
JRJSE 1, T AARS2TE LRI A A E D) BE ™. (AT
TERHIE, SRS AR RE 40 N J LT o245 2 lactyl-
CoA HHIR B 4N - 2T 4T A(acetyl-CoA)

1/1 000, %48 £ 37 7 1 (1 p300) 7L B A 1 44 3%
RZ R D EMRE . Ik, AARS1/2W] fgifid LA R HL
1] B A I8 4 L R A A i ) SRR P A (1) RS
PEVUN FLER AT R ()44, S43d lactyl-CoA M (1) PR
IR (2) I FOMURE 6 45 M35 (0 AARS 1) i 45
P SE B s AU R S 4 50 SR, H R IX
IR SN Bl 112 S50 (W keat/Km) 7 2% PREE
S R FLAE bR A [ M 40 P [X =5 PR R T RE A A AT
Z ARGV U(E2).

1
1
GLO1 La |
----- » MGO 7 LGSH —> :
1
Glutathione 1

1

S e S e S e S |

In the cell nucleus

\

/
/

Lactate —— Laclyl-CoA Laclyl-CoA
O HATS(p300/
[ T ) CBP)

t

\ ¢
N,

=
In the mitochondrion ~ /AARS? La
Lactate Lactyl- AMP —>
&
e e T
In the cytoplasm AAi{SI La

Lactate —— > Lactyl-lAMP —>

FLIRAG T 23 AR AR R (2 P AL, B FLIR (b S FE R R IR AE . 35 —Fhs s, & WAL [ 4% B i(histone acetyltransferases, HATS)
RIS inp300/CBPR T FL I HHT A (lactyl-CoA), HEAL FLIHESEHE % %2 21 21 1A (WH3K 18, HAKI12) Mt s BBk 2k, X — i FRAK A LDHA: it
lactyl-CoAfE My fEAd, 17 35 B H2 ] FH Ui 25 FLIR; 5 — Fh g 12 42 ) i 20 S 9 JE TRN A & i 1/2(aminoacyl-tRNA synthetases 1/2, AARS1/2), iX £Eiff
HA FIRAL BB, B GEALFLER 5 ATP/E [ilactyl-AMP, 285 1 FLERBE Fe 16 B R R 1 LB IR 2E b, SRALRILiZ 1. AARSIE: %
SERLT AL, T AARS2AELNL AR A AE DhRE . ARREIC FLRR b 1 EEAERERAIR R 4 Y 2 2, 1% (methylglyoxal, MGO) 5 4R it H K7 HIE 2, 1
filt 2 1(GLO D IIAE A R BFLIBE AL 45 e T IR(LGSH), LGSHAE AR AT AL IR LB 1 .

Enzymatic lactonisation consists of two distinct pathways. In the first pathway, intranuclear HATs (histone acetyltransferases) whose key enzymes such
as p300/CBP recognise lactyl-CoA (lactyl-coenzyme A) catalyse the transfer of lactoyl groups to lysine residues of histones (e.g., H3K 18, H4K12), a
process that relies on LDH-generated lactyl-CoA as a donor rather than directly using free lactate; the second pathway uses AARS1/2 (aminoacyl-tRNA
synthetases 1/2), which have lactate-transferring enzyme activity, to directly catalyse the generation of lactyl-AMP from lactate and ATP, and then
transfer the lactate group to lysine residues on substrate proteins, resulting in lactation modifications. Non-enzymatic lactylation is mainly carried out
through the formation of LGSH (lactylated glutathione) as a substrate for lactylation modification by the glycolytic by-product MGO (methylglyoxal)
and glutathione in the presence of methylglyoxal detoxifying enzyme GLO1.

E2 FLERMLAIHLEI(t Eli@idbioRenderHI{F)

Fig.2 Mechanisms of lactation (this image was created via bioRender)
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1(glyoxalase 1,GLO1)MIEH T ¥ B L BE A4 DE T
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il - G 2 P PR 4 B AR LR , I p300/CBPAK
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box-1 protein, HMGB 1) FLIR L . [FI}, ‘& i@t Hip-
po/YAP& 2 i 2 £ Wi AL B SIRT1, il i B-arrestin2
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BRFES, SR, HDACs 27 H B 28 R 47 B 1)
BRI LT, — 25 HDACHI I OBk & B0 AT e 3 i A2
RAH M H3K 18 ZLTEAL , TR B 1) [e] — o7 A F 7L
B2k B, HDACLIE i RNA TP 52 18 i HAK 57 £
HIFLER /KT, T HDAC2 T AN 1% A 551 (I FLIR
1, X HEZRHDACTEAT A7 s e 5 PR A FH R,

FLIRAIE H 5 LAY B, P A % e

JFOT TBCARAS FIFE R 2RI

4 FLERKRFBIEENRGMIE AL
HIFN1ER
4.1 FLERTEHURGER TR

EA R B H ARG Mg T, LR K F
X BB T Warburg U, FLER AR R
e IR A R A SR K — MR B . H AT — 285
HERAR AT DL 5E W Ak 2 45 g v LR B IR FE, G
Jot TR AR S  — A AR R AR AR B, T
P T I0E A PY R FUTR UK BE A0V SN I 00 i e
AR A Al BT A i — it B B BOR (liquid
chromatography-tandem mass spectrometry, LC-MS)
DA e R B0RE R v R S R e e o 8 2L 23 L v
FEA P R FLIRAKCF R,

WHRRW], 5IEWHIUHEL, WL R G HE
FRAKF R E T E . EEERALH, LDHAK
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PR 722 4 Jr R L PRI 75 5K, SRR IR H) 4 5
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Lactation modification establishes a molecular bridge between cellular metabolic reprogramming and gene expression regulation by reconfiguring the

epigenetic landscape of histones and non-histone proteins, with important implications for tumorigenesis, invasion and metastasis, and immune evasion.
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Fig.3 Advances in lactation in tumours of the digestive system (this image was created via bioRender)
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