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gEMR R AARS1/2: ZME-tRNAZG R EF1/2 (aminoacyl-tRNA synthetase 1/2); ACSL4: KAEJRMHEAIETA S MBS KER 14 (acyl-
CoA synthetase long chain family member 4) ; AGP: %M (andrographolide) ; AKRIBI10: B 34 i il 5 Ji% 1 5L 51 B10
(Aldo-keto reductase family 1 member B10) ; AKT: #E [ #4 fitf B (protein kinase B) ; ALDOA: [ 4 fitf A (aldolase A) ;
ALKBH3: AIkBJF]JE#3 (AIkB homolog 3); AMO/DSS: LAl A H bi/#i R BEHiEREN (azoxymethane/dextran sulfate sodium) ;
ANLN: lsh#EH45E5 %8 (Anillin, actin binding protein) ; aSMA: o-FHEUILsh&H (alpha-smooth muscle actin); APL: &t
PR LR 40 11 (acute promyelocytic leukemia) ; ATF4: #0544 54K T4 (activating transcription factor 4); BCa: fE/btiE
(bladder cancer); Bel-x: B4HJIitk I -extra-largefE [ (B-cell lymphoma-extra-large); BECN1: H AL Beclin 1 (Beclin 1)
BHD: #MHiAH % (Buyang Huanwu decoction); Brgl: Brahmatfi5&2£[H1 (Brahma-related gene 1); BUBIB: BUBI1Z5HRE{AK:
A 5 22 J R/ R BB (BUBI mitotic checkpoint serine/threonine kinase B) ; CACNA2D1 ;i AR5 4 18 12 4 B WV k0281
(calcium voltage-gated channel auxiliary subunit alpha2delta 1); CBP: CREBZ5#& 4 (CREB-binding protein); CCT2: 5 TCP1
W2/ 1B HE 1 (chaperonin containing TCP1 subunit 2) ; CDK2: 4 fitg & 3 25 (AR M08 2  (cyclin-dependent kinase 2) ;
CPT2: ABAEAEEEE5 FE M2 (carnitine palmitoyltransferase 2) ; CXCL1: C-X-CH:F#afbFFHEA1 (C-X-C motif chemokine
ligand 1); c-Myc: MYCJEJEFEFE H (MYC proto-oncogene protein) ; cGAS: PR 41 -2 M4+ A i (cyclic GMP-
AMP synthase) ; DKD: BRI 'E A (diabetic kidney disease); DML: ZHFERIAEE (demethylzeylasteral) ; ECT2: |- 74y
A7 512 (epithelial cell transforming sequence 2) ; EGFR: # 74 K [HF3Z{K (epidermal growth factor receptor) ; EMT: |-
J% - 18] ¢ i 7% fk  (epithelial-mesenchymal transition) ; ENO2: i BE{LEE2 (enolase 2) ; ESMI1: N J% 41 g 4% 55 ¥ 4> F 1
(endothelial cell-specific molecule 1); EZR: 251 (Ezrin); FGS: HRFZE (fargesin); FN1: £F3#%E 1 (fibronectin 1);

FTO: JRNifEAINEEAIJCEE 1 (fat mass and obesity-associated protein) ; GDM: 4RI RH% (gestational diabetes mellitus) ;
GLUT3: 7#ij%jkli%%i2 7 113 (glucose transporter 3) ; GNAT: GCNSHIKEN-Z BE¥% F5 i (GCNS-related N-acetyltransferase) ;
GPX4: Mt HIkE Ak ¥fiti4 (glutathione peroxidase 4); GQD: H#E4i%7 (Gegen Qinlian decoction); GRh2: 20(S)-AZ
HEAFRh2(20(S )-ginsenoside Rh2); GSAP: y-/HMBEHEIGF 1 (gamma-secretase activating protein) ; GTPSCS: GTPH:5 BRI
Mt A& BB (GTP-specific succinyl-CoA synthetase) ; HCC: HFZHJfUfE (hepatocellular carcinoma); HDAC: 417K 2= Lk
{LHE (histone deacetylase) ; HIF-lo: #4015 S [HF1a (hypoxia-inducible factor 1-alpha) ; HK2: CAf#i#E§2 (hexokinase 2);
HMGBI: EiEF i EBI (high mobility group box 1); HTG: {kitiEl5Ei4: (Huazhuo Tiaozhi granule); IDH3G: Ffy#s
R A3 (NAD+) yili% (isocitrate dehydrogenase 3 (NAD+) gamma); IL-6: [H4rZ-6 (interleukin-6); KAT: #i% k2
Pk 5% F% it} (lysine acetyltransferase) ; KCNKI: 4 58 F XFL 25 A4 3038 18 W ¢ K AL 511 (potassium two pore domain channel
subfamily K member 1); Kla: & RFLIRIL (lysine lactylation); LDHA: FLERHXSHHA (lactate dehydrogenase A); LKBI: AT
#4EEB1 (liver kinase B1); LPS: JEZHE (lipopolysaccharide); MDM4: FRXU#/44 (mouse double minute 4); METTL3: FJk
R REFE3 (methyltransferase like 3); MYST: ZHIE [ LA EEMYST (MOZ, Ybf2/Sas3, Sas2 and Tip60); mTOR: "HF.3h
YIRMMAEZAENH (mammalian target of rapamycin) ; NF-kB: %[ F-«kB (nuclear factor-kB); NLRP3: NLRZJ% % pyrin&hi#
B H3 (NLR family pyrin domain containing 3) ; NR4A3: 2K W K iE4AH 1 513 (nuclear receptor subfamily 4 group A
member 3); NSCLC: JE/NYIAfATiJE (non-small cell lung cancer) ; Notchl: R4 25 Notch[R]JR & 11 (neurogenic locus
notch homolog protein 1); PA: JfifE7 & (proanthocyanidins); PDGFRP: [fil/IMRATA 4K K T2 4B (platelet-derived growth
factor receptor beta) ; PDH: [ i iR il & B (pyruvate dehydrogenase) ; PDHAL: P F iz it & A E1 W 3 al (pyruvate
dehydrogenase E1 subunit alpha 1) ; PDHX: P [l i )it & i &2 & %) X 41 5> (pyruvate dehydrogenase complex component X) ;
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PDK3: A /% I S0 Bl 34 At 7] T3 (pyruvate dehydrogenase kinase isoform 3); PD-L1: F2JFYESET-ZAKRAA]1 (programmed
death ligand 1) ; PDLSCs: 7 JE| T4 i (periodontal ligament stem cells) ; PERK: & [ 4B RAE N 5t W #4BF  (PRKR-like
endoplasmic reticulum kinase) ; PFKFB3: 6-#f iR S Ml -2- 34 B/2R M -2, 6- W 2 [ 3 (6-phosphofructo-2-kinase/fructose-2, 6-
biphosphatase 3); PFKL: AFRIGER A (phosphofructokinase, liver type); PGC-la: 148 (b BEIAIE S M1 05 52 Ay 3ifk
1% A Fla (peroxisome proliferator-activated receptor gamma coactivator 1-alpha); PKM: HEAFRELEEMI/2 (pyruvate kinase M1/2)
RARy: #EFRZ{Ky (retinoic acid receptor gamma); RJA: ¥ T3 (royal jelly acid); RUBCNL: Rubiconff: [ Wi i [K 1
(Rubicon like autophagy enhancer) ; RhoA: Ras[AlJEZ %M b1 A (Ras homolog family member A); Runx2: Runt#f] 54 5% K52
(Runt-related transcription factor 2); SERPINE1: 224 R4 (1 BH I ZEER 511 (serpin family E member 1); SIRT3: JLEKIH
&3 (Sirtuin 3); SMEK1: MEKI14Ii|HF (suppressor of Mekl); SOX9: SRY &% F9 (SRY-box transcription factor 9) ;
SP1. 455 A1 (specificity protein 1); STATS: {5555 S M4 55475 H 75 (signal transducer and activator of transcription
5); Sal B: FIHFAB (salvianolic acid B); TAM: MJRIAHCE MENAE (tumor-associated macrophage) ; TCM: HiZ4 (traditional
Chinese medicine) ; TERT: i i fitii5i %% 5t fff (telomerase reverse transcriptase) ; TGF-p: b4 K [HFp (transforming growth
factor beta); TIM: HEHRIHEE R 4IM (tumor-infiltrating myeloid) ; TME: MJEf#3 5% (tumor microenvironment); TPI1: iR
B EE]L (triosephosphate isomerase 1) ; TRAF6: i YRAE A FZ A1 5K F6 (TNF receptor-associated factor 6) ; TTK:
TTKZE H i (TTK protein kinase) ; UC: Wt PEZ5 % (ulcerative colitis) ; USP39: 72 RAFFPEE FH39 (ubiquitin-specific
protease 39) ; VCAMI: [ 40 i %5 4T 1 (vascular cell adhesion molecule 1) ; VEGFA: M5 N 4K K FA (vascular
endothelial growth factor A); YAP: Yes#iJCZE [ (Yes-associated protein) ; YBX1: Y&&5A&HE 1 (Y-box binding protein 1) ;
YTHDF2: YTH N6-H1 3L i 1F RNA % 4 % [1F2  (YTH N6-methyladenosine RNA binding protein F2) ; YiaC: YiaC Z k% # i
(YiaC acetyltransferase); ZWINT: ZWI10MHEAEHEE (ZW10 interacting protein) .
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Fig.1 The molecular mechanisms of histone lactylation

and the key regulatory enzymes involved
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Table 1 Effects of different histone lactylation sites on diseases
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Fig. 2 The process by which histone lactylation induces tumor progression, invasion, immunosuppression, and drug
resistance
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Fig.3 The role and mechanism of histone lactylation in non—tumor diseases
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Fig. 4 The role of histone lactylation pathways regulated by traditional Chinese medicine in the process of diseases
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Table 2 Research on traditional Chinese medicine regulating histone lactylation in disease treatment
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Abstract Histone lactylation is a recently identified post-translational modification, wherein lactate mediates
the enzymatic addition of lactyl groups to lysine residues on histones. Since its discovery, extensive research has
demonstrated that histone lactylation is widely present in human tissues and plays a pivotal role in regulating the
transcription of specific genes. Subsequent studies have further established this modification as a widespread
epigenetic mark with significant physiological implications. With advancing research, accumulating evidence
confirms that lactylation at distinct histone sites elicits diverse biological effects—such as promoting cell
proliferation, driving inflammatory responses, and enhancing fibrosis—all of which profoundly influence disease
progression and serve as key drivers of disease onset and development. Conversely, inhibiting histone lactylation
can alter disease outcomes, positioning histone lactylation as a promising therapeutic target. Moreover, studies
have revealed crosstalk between histone lactylation and other post-translational modifications, such as acetylation
and methylation, which collectively regulate disease progression. Notably, lactylation occurs not only on histones
but also on non-histone proteins. Histone lactylation activates specific gene transcription and reshapes metabolic
epigenetics, while non-histone lactylation directly modulates enzyme activity, signal transduction, and protein

stability. These two facets form a synergistic network through shared lactate pools, common modifying enzyme
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systems, and pathway crosstalk, thereby constructing a multi-dimensional regulatory framework—mnamely, the
“histone lactylation-metabolism hub-non-histone lactylation” axis. This architecture bridges metabolism and
epigenetics, and deciphering its topological structure may provide novel targets for precise intervention in
diseases driven by lactate-mediated signaling hijacking. Traditional Chinese medicine (TCM), grounded in
clinical practice, has been shown to regulate histone lactylation by modulating lactate metabolism and lactylation-
related enzymes, thereby influencing disease progression. Moreover, certain TCM formulations exhibit potential
as alternative therapies for drug-resistant diseases, underscoring the significance of further exploring TCM-
mediated regulation of histone lactylation in future therapeutic strategies. This review aims to elucidate the
mechanisms underlying histone lactylation, systematically delineate the associations between site-specific histone
lactylation and various diseases, present a comprehensive landscape of the “lactate-histone lactylation and
functional protein lactylation” axis, and summarize the mechanistic basis and research advances in TCM-
mediated regulation of histone lactylation for disease treatment. Additionally, we discuss current challenges in
histone lactylation research and propose future directions, ultimately aiming to deepen understanding and broaden

perspectives on the roles and therapeutic potential of histone lactylation in disease.

Key words histone lactylation, metabolism-epigenetics regulation, landscape of lactylation, traditional Chinese
medicine
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