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The Warburg effect, which describes the tendency of tumor
cells to generate energy through aerobic glycolysis even under
well-oxygenated conditions, is considered a key metabolic
feature of tumors [1-3]. This metabolic reprogramming
enhances the production of lactate, which can be converted
into lactyl-coenzyme A (lactyl-CoA), the donor molecule for
both enzymatic and non-enzymatic protein lactylation [4]. His-
tone H3 can be lactylated at lysines 14 (K14) and 18 (K18),
leading to homeostatic gene transcription [4]. However, lac-
tyl-CoA synthetases responsible for generating lactyl-CoA
have not yet been identified.

A recent seminal finding by Zhu et al. demonstrates for the
first time that acetyl-CoA synthetase 2 (ACSS2) is a bona fide
lactyl-CoA synthetase, forming a complex with lactate dehy-
drogenase A (LDHA) and the acetyltransferase KAT2A to coor-
dinately promote KAT2A-mediated histone H3 lactylation and
gene expression for tumor growth and immune evasion [4].
In response to hypoxia, lactate stimulation, KRAS G12C
mutation, and activation of epidermal growth factor receptor
(EGFR), platelet-derived growth factor receptor (PDGFR),
and fibroblast growth factor receptor (FGFR), glioblastoma
(GBM) cells — unlike normal astrocytes — exhibited markedly
increased lactylation of histone H3 at lysines 14 (K14) and
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Abstract — Histone lactylation is critically involved in the regulation of gene expression and the modulation of diverse
cellular processes in both normal and tumor cells. A recent study by Zhu et al. [Cell Metab. 37, 361-376] demonstrated
that ACSS2 functions as a bona fide lactyl-CoA synthetase, converting lactate into lactyl-CoA. In response to elevated
aerobic glycolysis and EGFR activation, ERK-mediated phosphorylation drives the nuclear translocation of ACSS2,
promoting the formation of the ACSS2-KAT2A complex. KAT2A utilizes ACSS2-derived lactyl-CoA and acts as a
lactyltransferase to promote histone lactylation, gene expression, tumor growth, and immune evasion.

18 (K18). However, incubation of purified histone H3 with
1-100 nM lactyl-CoA, a range corresponding to nuclear
concentrations observed in EGF-treated primary GBM cells,
did not induce H3 lactylation, suggesting the requirement of
a histone lactyltransferase [4].

To identify the responsible lactyltransferase, known histone
acyltransferases — including P300, CREB-binding protein
(CBP), and KAT2A [5, 6] — were individually depleted. Only
KAT2A depletion led to a significant reduction in EGF-induced
H3 lactylation. Consistently, in vitro assays showed that
purified wild-type (WT) KAT2A catalyzed lactylation of
histone H3 at K14 and K18, while an enzymatically inactive
KAT2A mutant lacked this activity [4]. A co-crystal structure
of KAT2A bound to lactyl-CoA (Video 1) reveals that the side
chain of R533 extends laterally to form a hydrogen bond with
the hydroxyl group of the lactyl moiety. The R533A mutation
impaired both the binding and catalytic activity of KAT2A
toward lactyl-CoA, without affecting its activity toward
other acyl-CoAs. Furthermore, this lactyltransferase-deficient
KAT2A mutant significantly reduced EGF-induced H3
K14/K18 lactylation in GBM cells [3]. Collectively, these find-
ings identify KAT2A as a bona fide histone lactyltransferase.

To identify the enzyme responsible for lactyl-CoA synthe-
sis, KAT2A was immunoprecipitated from EGF-treated GBM
cells and analyzed by mass spectrometry. Moreover, molecular
docking revealed that ACSS2 interacts with KAT2A via
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Video 1. The structure of KAT2A in complex with lactyl-CoA. The
indicated structure (PDB ID: 8E60) represents the domain crystal
structure of the human histone acetyltransferase KAT2A. It contains
eight chains (shown in different colors), derived from Homo sapiens,
and was solved by X-ray diffraction at 2.37 A resolution. The
structure includes a bound ligand, lactyl-CoA (highlighted in purple
in the video), which occupies a deep cleft within KAT2A. The lactyl
moiety of lactyl-CoA extends toward the terminus of flexible loop 3,
illustrating its specific positioning within the catalytic pocket. https://
vem.edpsciences.org/10.1051/vem/2025016/0lm

residues E299 and E301 of ACSS2. Inhibition of EGFR
downstream signaling pathways identified ERK1/2 as a key
regulator of this interaction. Specifically, ERK1/2 was found
to interact with ACSS2 at residues 1432 and V434 and to phos-
phorylate ACSS?2 at serine 267 (S267) [4]. The phosphorylated
S267-P268 motif undergoes cis—trans isomerization by the
peptidyl-prolyl isomerase PIN1 (Protein Interacting with Never
in Mitosis A-1) [4, 7, 8]. This conformational change exposes
the nuclear localization signal (NLS) of ACSS2 (R664/R665),
facilitating its recognition by importin o5 and promoting
nuclear translocation [4].

Although ACSS2 is conventionally known to convert
acetate into acetyl-CoA [4], in vitro assays demonstrated its
ability to bind lactate. Notably, purified ACSS2 was shown to
catalyze the conversion of lactate and CoA into lactyl-CoA,
as confirmed by mass spectrometry [4]. Furthermore, incuba-
tion of purified KAT2A and ACSS2 in lactate-containing con-
ditions led to ACSS2-dependent histone H3 KI14/K18
lactylation, supporting a functional role for ACSS2-coupled
KAT2A in histone lactylation. Importantly, EGF treatment
induced the formation of a nuclear complex comprising LDHA,
ACSS2, and KAT2A in GBM cells [4]. These findings suggest
that this complex facilitates the use of LDHA-generated nuclear
lactate by ACSS2 for lactyl-CoA production, enabling KAT2A-
mediated histone lactylation. These results reveal that ACSS?2 is
a bona fide lactyl-CoA synthetase.

To evaluate the impact of ACSS2/KAT2A-mediated
histone lactylation on gene expression, chromatin immunopre-
cipitation sequencing (ChIP-seq) was performed in GBM cells.
H3K18 lactylation and KAT2A binding co-occurred at 2,028
annotated gene promoter regions. Additionally, approximately
52.5% of H3K18 lactylation sites overlapped with ACSS2-
binding regions. These modifications and protein associations
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were enriched in genes involved in the Wnt, NF-xB, PD-L1,
and glycolysis pathways, promoting the expression of WNT2,
RELA, and CD274 [4].

Blocking the nuclear translocation of ACSS2 or the binding
of KAT2A to lactyl-CoA or ACSS2 inhibited brain tumor growth
and prolonged mouse survival. These interventions also
enhanced CD8" T-cell infiltration and granzyme B expression
in tumor tissues while reducing the expression of Wnt-2, p65,
and PD-L1. Notably, treatment with a peptide that disrupts
the ACSS2-KAT2A interaction significantly reduced tumor
volume, extended survival, and synergized with anti-PD-1
antibody therapy to enhance anti-tumor effects [4]. Analysis
of human GBM specimens revealed a positive correlation
between ACSS2 S267 phosphorylation and H3K18 lactylation
levels, both of which were associated with elevated PD-L1
expression, reduced CD8" T-cell infiltration, and poor patient
prognosis [4]. Collectively, these findings demonstrate that
the ACSS2/KAT2A-axis-dependent histone H3 lactylation
facilitates tumor immune evasion and promotes brain tumor
progression. Thus, disrupting this pathway suppresses tumor
growth and enhances the efficacy of immune checkpoint block-
ade therapy.

This study demonstrates for the first time that ACSS2
functions as a bona fide lactyl-CoA synthetase. A recent study
reports that nuclear GTP-specific succinyl-CoA synthetase
(GTPSCS) acts as a lactyl-CoA synthetase that promotes his-
tone lactylation and gliomagenesis [9], suggesting that histone
lactylation can be regulated by distinct lactyl-CoA synthetases
across different tumor types and in response to diverse onco-
genic signaling pathways. KAT2A is frequently overexpressed
rather than mutated in tumors [10, 11]. KAT2A acts as a histone
lactyltransferase when in complex with ACSS2 and LDHA,
thereby regulating tumor immune evasion and promoting tumor
growth. These findings suggest that KAT2A promotes tumori-
genesis through diverse mechanisms dictated by its binding
partners. The discovery that the Warburg effect can directly
influence chromatin structure and modulate immune escape
mechanisms highlights a non-metabolic role of aerobic glycol-
ysis in tumor progression via histone lactylation [12, 13]. Thus,
this study supports a therapeutic strategy targeting histone lacty-
lation to suppress tumor development and enhance the efficacy
of immune checkpoint blockade therapy.
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