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Sepsis-induced ICU-acquired weakness (ICU-AW) is a major complication in critically ill patients, contributing to prolonged
mechanical ventilation, increased mortality, and long-term functional impairment. Emerging evidence highlights that epigenetic
dysregulation, particularly through DNA demethylation mediated by Ten-Eleven Translocation 2 (TET2), plays a pivotal role
in the pathogenesis of ICU-AW. TET2 catalyzes the conversion of 5-methylcytosine (5mC) to 5-hydroxymethylcytosine (5hmC),
thereby contributing to the regulation of gene expression networks involved in inflammation, metabolism, and autophagy. In the
septic microenvironment, inflammatory cytokines suppress TET2 expression via the NF-κB pathway, which may contribute to
disrupted homeostasis of the “inflammation-metabolism-autophagy” axis and is associated with muscle atrophy and dysfunction.
This review systematically outlines the basic biology of TET2, its regulation under septic conditions, and the potential mechanisms
by which it may contribute to ICU-AW through the aforementioned axis. Furthermore, we discuss the translational potential
of TET2 as a diagnostic biomarker and a target for therapeutic interventions, including small-molecule agonists, epigenetic
editing, and nutritional strategies. Although tissue-specific delivery and long-term safety remain critical hurdles, TET2-targeted
strategies may enable precision management of sepsis-induced ICU-AW.
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Introduction

Sepsis is a leading cause of ICU-acquired weakness
(ICU-AW), a syndrome characterized by symmetric mus-
cle weakness that affects 25–85% of critically ill patients
and is associated with worse clinical outcomes, including
extended ventilator dependence, higher hospital mortality,
and long-term disability [1,2]. The pathophysiology of
sepsis-induced ICU-AW involves a complex interplay of
systemic inflammation, metabolic reprogramming, and im-
paired autophagy, leading to progressive skeletal muscle
loss and dysfunction [1,2].

Epigenetic mechanisms, especially DNA methyla-
tion/demethylation dynamics, have recently been rec-
ognized as critical regulators of muscle homeostasis
[3,4,5]. Ten-Eleven Translocation 2 (TET2), a key
DNA demethylase, oxidizes 5-methylcytosine (5mC) to
5-hydroxymethylcytosine (5hmC) and further intermedi-
ates, thereby actively modulating gene expression. TET2

dysfunction has been linked to various pathological pro-
cesses, including tumor progression and tissue regenera-
tion [6,7]. In sepsis, the regulation of TET2 expression re-
mains controversial. While inflammatory mediators such
as LPS and TNF-α have been reported to suppress TET2
expression via the NF-κB pathway [8], others have ob-
served increased TET2 levels in septic models, with p53
directly binding to the TET2 promoter to promote its tran-
scription [9]. Although the role of TET2 in epigenet-
ics is well established, its specific regulatory network in
sepsis-induced ICU-AW and its clinical applicability re-
main underexplored. This review synthesizes recent ba-
sic and clinical evidence, focusing on (1) the basic biology
and regulation of TET2, (2) its modulation by the septic
microenvironment, (3) its mechanistic actions through the
“inflammation–metabolism–autophagy” axis, (4) its poten-
tial as a biomarker and therapeutic target, and (5) future
research directions. By clarifying the central position of
TET2 in sepsis-associated muscle weakness, this review
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provides a framework for developing precise diagnostic and
therapeutic strategies.

Basic Biology and Regulatory Networks of
TET2

Structure and Core Functions
The ten-eleven translocation (TET) family of proteins

comprises three family members, TET1, TET2, and TET3.
The first, TET1, was cloned from the breakpoint of chro-
mosomal translocation t(10; 11) in infant AML, and sub-
sequent homology searches have identified two additional
members, TET2 and TET3. TET proteins are key enzymes
for DNA demethylation [10]. TET2 contains a cysteine-
rich domain and a catalytic double-stranded β-helix do-
main essential for its dioxygenase activity [11]. Its pri-
mary function is to successively oxidize 5mC to 5hmC, 5-
formylcytosine (5fC), and 5-carboxylcytosine (5caC); the
latter intermediates are then excised by thymine DNA gly-
cosylase (TDG) via the base excision repair (BER) path-
way, leading to DNA demethylation [12]. Notably, 5hmC
is not merely an intermediate but also a stable epigenetic
mark that can recruit transcription factors (e.g., MyoD,
Pax7) to modulate gene expression, thereby fine-tuning
programs related to inflammation, metabolism, and au-
tophagy in skeletal muscle [13,14,15]. Through these ac-
tions, TET2 influences embryonic development, immune
responses, and stem-cell fate, and its dysfunction may pre-
dispose to sepsis-induced ICU-AW [16]. Although direct
evidence linking TET2 dysfunction to ICU-AW in humans
remains limited, studies in muscle stem cells and preclini-
cal models suggest that disrupted TET2-mediated demethy-
lation may contribute to the epigenetic dysregulation ob-
served in sepsis-induced ICU-AW.

Regulation of TET2 Activity
TET2 activity depends on co-factors α-ketoglutarate

(α-KG) and Fe2+, making it sensitive to cellular metabolic
status. Accumulation ofmetabolites such as succinate or fu-
marate can inhibit its demethylation efficiency, suggesting
that TET2 function may be compromised under metabolic
disturbances relevant to sepsis [17]. Post-translational
modifications alsomodulate TET2: AMPK-mediated phos-
phorylation enhances its stability and activity, but this path-
way is often suppressed in septic metabolism [18]; con-
versely, inflammatory signals may promote TET2 ubiqui-
tination and degradation. Non-coding RNAs contribute to
the post-transcriptional regulation of TET2, and such reg-
ulatory networks are closely involved in shaping TET2-
mediated immunomodulatory functions [19]. Addition-
ally, vitamin C acts as a co-factor that potentiates TET2-
mediated demethylation, suggesting a potential nutritional
intervention avenue [15].

TET2 Within the Epigenetic Network
TET2 operates within a broader epigenetic network by

cooperatingwith histone-modifying enzymes and transcrip-
tion factors. It can recruit histone acetyltransferase p300 to
enhancer regions to promote histone acetylation and gene
activation; in sepsis, pro-inflammatory cytokines may dis-
rupt this cooperation, leading to downregulation of protec-
tive genes. TET2 also interacts with histone deacetylases
(HDACs) to balance transcriptional activation/repression;
whether this balance is similarly perturbed in septic skele-
tal muscle warrants direct investigation. Furthermore,
TET2 promotes myogenic gene expression through DNA
demethylation [14,15], thereby driving myoblast differen-
tiation and muscle regeneration [20]—a process potentially
disrupted in sepsis-induced ICU-AW. Through these multi-
dimensional interactions, TET2 exerts precise control over
the “inflammation–metabolism–autophagy” axis in skeletal
muscle.

Regulation of TET2 in the Septic
Microenvironment and Its Pathological

Significance

Impact of the Septic Microenvironment on TET2
Expression

Sepsis creates a severely catabolic state in which
circulating LPS triggers TLR4/NF-κB inflammatory
cascades that promote skeletal muscle proteolysis. Com-
pounding this inflammatory burden, the immunometabo-
lite itaconate—which accumulates in LPS-activated
macrophages—inhibits TET2 catalytic activity by compet-
ing with α-ketoglutarate at its dioxygenase domain, thereby
attenuating TET2-dependent transcriptional responses to
LPS [21]. Given that TET2 is essential for muscle stem
cell maintenance and myogenic differentiation, and its
loss disrupts calcium homeostasis while impairing muscle
regeneration, septic inhibition of TET2 imposes a double
burden: it accelerates proteolytic muscle breakdown while
crippling the epigenetic machinery required for recovery,
positioning TET2 as a central node in the pathogenesis of
sepsis-induced muscle atrophy.

TET2 in Sepsis-Associated Immunometabolic
Dysregulation

TET2 regulates the interplay between inflamma-
tion and metabolism in sepsis. In macrophages, TET2
demethylates promoters of inflammasome-related genes
(e.g., NLRP3, IL-1β) to modulate M1/M2 polarization.
TET2 deficiency has been associated with altered inflam-
matory responses in experimental models [21,22]; extrap-
olation to septic muscle injury requires caution given the
tissue-specific context. In murine models of metabolic
stress, TET2 dysregulation has been associated with up-
regulation of muscle atrophy markers including Atrogin-1
andmuscle RING-finger protein-1 (MuRF1) andmay influ-
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ence muscle energy metabolism; its downregulation could
impair energy supply in skeletal muscle [23]. In individ-
uals with type 2 diabetes, reduced skeletal muscle TET2
expression has been associated with diminished epigenetic
plasticity and altered transcriptomic responses to metabolic
intervention, including changes in insulin signaling-related
pathways [24]. As sepsis also frequently induces systemic
insulin resistance and skeletal muscle metabolic dysfunc-
tion, analogous TET2-dependent epigenetic alterationsmay
contribute to septicmuscle energy dysregulation, though di-
rect evidence in this context remains to be established.

TET2 Deficiency and Sepsis-Related Organ Injury
TET2 deficiency exacerbates sepsis-induced injury

in multiple organs, with skeletal muscle being a pri-
mary target. In muscle stem cells (MuSCs), TET2 loss
reduces proliferation and differentiation capacities: in
a septic mouse model with TET2 deletion in muscle
stem cells, MuSC proliferation and differentiation were
markedly impaired, with concomitant reductions in mus-
cle fiber number and tissue volume [25]. Mechanistically,
TET2 deletion increases methylation of calcium-pathway
genes (e.g., calcium voltage-gated channel subunit alpha1 S
(CACNA1S)), disrupting calcium homeostasis and impair-
ing muscle regeneration [25]. In the lung, TET2 overex-
pression in septic models attenuated endothelial apoptosis
and pulmonary vascular permeability, improving lung func-
tion [26]. TET2 also demethylates the integrin subunit al-
pha 10 (ITGA10) promoter, activating the PI3K-AKT path-
way in pulmonary endothelium [26]; whether analogous
cross-organ protection extends to skeletal muscle in sepsis
remains to be determined. TET2-related epigenetic changes
may reflect multi-organ involvement in sepsis, highlighting
the potential of TET2 as a prognostic indicator.

Mechanisms of TET2 in Regulating
Sepsis-Induced ICU-AW via the

“Inflammation–Metabolism–Autophagy” Axis

Inflammatory Regulation: TET2 Inhibits
Sepsis-Induced Muscle Inflammation

TET2 may dampen muscle inflammation by epigenet-
ically regulating inflammatory gene programs. In sepsis,
reduced TET2 expression leads to hypermethylation and
downregulation of anti-inflammatory genes, coupled with
NF-κB overactivation. In murine models, TET2 upregula-
tion has been associated with reducedmuscle atrophymark-
ers and improved muscle function [23].

Metabolic Regulation: TET2 Maintains Muscle
Energy Homeostasis

TET2 may preserve energy balance in septic muscle
by demethylating genes involved in muscle development
and calcium homeostasis; conversely, sepsis-induced TET2
downregulation may further compromise muscle metabolic

homeostasis through epigenetic silencing of genes involved
in energy metabolism and mitochondrial function. Beyond
its role in metabolic regulation, TET2 is also essential for
myoblast differentiation, a key process for muscle regener-
ation that may be compromised in sepsis [20].

Autophagy Regulation: TET2 Balances Muscle
Autophagic Flux

Proper autophagic flux is essential for clearing dam-
aged proteins and organelles in septic muscle. Emerging
evidence from non-muscle cell types has begun to eluci-
date the molecular mechanisms by which TET2 regulates
autophagy. In tumor cells, TET2 suppresses mTORC1 sig-
naling to promote autophagy, and TET2 deficiency im-
pairs autophagic flux, as evidenced by reduced LC3 conver-
sion [27]. In osteoclast precursors, TET2 positively regu-
lates BECN1-dependent autophagy by inhibiting BCL2 ex-
pression, and Tet2 knockdown suppresses autophagy [28].
In endothelial cells, TET2 overexpression promotes au-
tophagy by decreasing methylation of the Beclin 1 pro-
moter, whereas TET2 knockdown impairs autophagic flux
[29]. These observations raise the possibility that TET2-
mediated epigenetic regulation may similarly contribute to
autophagic balance in skeletal muscle. Whether these reg-
ulatory axes operate in septic muscle, and whether TET2
deficiency directly impairs autophagic flux in this context,
remain to be determined.

Clinical Evidence and Subtype-Specificity of TET2 in
ICU-AW

Subgroup analyses reveal heterogeneity across ICU-
AW subtypes: in myopathic ICU-AW (dominant atro-
phy), TET2 deficiency impairs muscle stem cell (MuSC)
proliferation and differentiation, activates the ubiquitin-
proteasome system (UPS), and reduces 5hmC at promot-
ers of contractile and anabolic genes, creating a dual hit
of reduced synthesis plus enhanced degradation that cor-
relates with muscle-fiber cross-sectional area [25]; in neu-
ropathic ICU-AW (nerve injury), TET2 downregulation
destabilizes the neuromuscular junction through conver-
gent mechanisms: it disrupts calcium homeostasis, as
dysregulation of calcium-channel genes such as Cacna1s
has been implicated in sepsis-induced muscle dysfunction
[30], and may epigenetically silence postsynaptic mainte-
nance genes, thereby potentially impairing neuromuscular
transmission—a hallmark of CIP [31]. In mixed ICU-AW,
TET2 may mediate a self-amplifying muscle-nerve cross-
talk loop: TET2 deficiency in myofibers increases local in-
flammatory mediators and oxidative stress, which may ret-
rogradely damage motor neurons; conversely, denervation-
induced transcriptional repression may further reduce mus-
cle TET2 expression, propagating both myopathic and neu-
ropathic injury simultaneously. This subtype-specificity
highlights the need for tailored TET2-targeted interven-
tions. These molecular distinctions align with the elec-
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trophysiological classification of critical illness myopathy
(CIM) versus polyneuropathy (CIP), suggesting that fu-
ture trials should incorporate EMG-guided stratification to
match mechanism with intervention [31]. These distinct
mechanisms imply that therapeutic strategies may require
subtype-specific approaches: anabolic TET2 restoration
for myopathic ICU-AW, neuromuscular junction repair for
neuropathic ICU-AW, and dual-targeting for mixed ICU-
AW.

TET2 as a Dynamic Epigenetic Hub Orchestrating
the Inflammation–Metabolism–Autophagy Axis

TET2 functions as a molecular hub that simultane-
ously senses metabolic status and transduces inflamma-
tory and autophagic signals. Its dioxygenase activity de-
pends on α-KG and Fe2+, directly linking metabolic state to
demethylation capacity. In sepsis, NF-κB activation may
suppress TET2 transcription, while succinate accumulation
may competitively inhibit α-KG-dependent catalysis [17].
The resulting TET2 deficiency hypermethylates autophagy
genes (Beclin1, LC3), causing p62 accumulation [29]; ac-
cumulated p62 feeds back to activate NF-κB, amplifying
inflammation [32]. This p62-NF-κB feedback loop is pro-
posed based on established p62-NF-κB crosstalk mecha-
nisms; direct experimental validation in septic muscle is
warranted. This creates a self-reinforcing cycle—TET2
loss may drive inflammation, metabolic dysfunction, and
autophagy blockade, which further destabilize TET2. Thus,
TET2 is not merely a parallel regulator but rather the central
epigenetic switch that dynamically couples the three path-
ways (Fig. 1).

However, it should be noted that the role of TET2 in
inflammation is context-dependent. A study in microglia
has shown that TET2 can promote pro-inflammatory re-
sponses upon TLR4 stimulation, acting independently of
its catalytic activity as a transcriptional scaffold [33]. Fur-
thermore, in abdominal sepsis induced by cecal ligation and
puncture, global Tet2-deficient mice paradoxically exhib-
ited reduced mortality, possibly due to disrupted emergency
myelopoiesis and attenuation of the associated cytokine
storm [8]. These findings underscore that TET2 function
varies by cell type, tissue microenvironment, and disease
model, and that extrapolating its role in septic skeletal mus-
cle from peripheral immune cells or non-muscle tissues
requires caution. Future studies should employ muscle-
specific and cell-type-specific genetic models to clarify
whether TET2 exerts a uniformly protective or context-
dependent dual role in ICU-AW pathogenesis.

Clinical Translation Potential of TET2 in
Sepsis-Induced ICU-AW

TET2 as a Biomarker
TET2-related molecules show promise for diagnosing

and prognosticating ICU-AW. Serum/plasma 5hmC levels

reflect global TET2 activity and represent an emerging epi-
genetic biomarker concept for ICU-AW; however, defini-
tive diagnostic cut-offs, sensitivity, and specificity from
large prospective cohorts remain to be established. Exoso-
mal TET2 mRNA, detectable non-invasively, shows con-
ceptual potential as a liquid biopsy candidate for reflecting
disease severity, though robust diagnostic thresholds and
large-scale validation are currently lacking. The established
role of TET2 mutations as prognostic markers in hemato-
logic malignancies further supports its biomarker potential
in sepsis-induced ICU-AW [34].

TET2-Targeted Interventions
Several strategies aim to restore TET2 function in

sepsis-induced ICU-AW. Natural compounds such as puni-
calagin have been shown to enhance TET2 activity [23];
Vitamin C enhances TET2 expression and demethylation,
which may attenuate muscle atrophy in critical illness [15].
Interestingly, caffeine has also been reported to upregu-
late TET2 expression in skeletal muscle under LPS-induced
inflammatory conditions, accompanied by attenuation of
the catabolic state and restoration of AMPK expression
[35]. Targeted epigenetic modulation of TET2 represents
a potential future strategy, though tissue-specific deliv-
ery remains a significant challenge. While CRISPR-based
genetic screens in TET2-deficient models have identified
therapeutic vulnerabilities such as NCOA4-mediated fer-
ritinophagy [36], their applicability in the acute ICU setting
is limited by delivery complexity and the narrow therapeu-
tic window of sepsis.

Limitations of Current Evidence and Pathways to
Clinical Translation

Several methodological limitations must be acknowl-
edged. First, direct clinical evidence quantifying muscle
TET2 or 5hmC in sepsis-induced ICU-AW remains scarce;
existing studies predominantly comprise preclinical mod-
els or small observational cohorts, limiting statistical power
and generalizability. Second, ICU-AW diagnosis relies on
the Medical Research Council (MRC) sum score and mus-
cle ultrasonography, both subject to inter-rater variability
and confounded by sedation, delirium, and edema in sep-
tic patients. Third, TET2 and 5hmC assays lack standard-
ized protocols across platforms, introducing technical het-
erogeneity. Fourth, no prospective, biomarker-stratified co-
hort has validated TET2/5hmC as an independent predictor
of ICU-AW. Large-scale, multi-center, prospective studies
with standardized MRC assessment and blinded adjudica-
tion are therefore urgently required.

Translating TET2-targeted therapies faces several hur-
dles. First, tissue-specific delivery systems (e.g., muscle-
targeted liposomes, viral vectors) currently achieve only
limited targeting efficiency and lack precise controlled re-
lease, risking off-target effects in non-muscle tissues such
as the hematopoietic system. Second, TET2’s vital role in
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Fig. 1. TET2 as a dynamic epigenetic hub integrating the inflammation–metabolism–autophagy axis in sepsis-induced ICU-
acquired weakness. TET2 as a dynamic epigenetic hub integrating the inflammation–metabolism–autophagy axis in sepsis-induced
ICU-acquired weakness. In a skeletal muscle fiber, the septic microenvironment (LPS, TNF-α, IL-6, succinate, hypoxia, oxidative
stress) suppresses nuclear TET2 via NF-κB activation, reducing 5hmC levels. TET2 deficiency hypermethylates and silences anti-
inflammatory genes (IL-10, TGF-β), upregulates NF-κB-driven inflammation (IL-6, TNF-α, Atrogin-1, MuRF1), impairs metabolic
adaptability (AMPK/mTOR disorder, PPARα/PGC-1α downregulation, fatty acid oxidation decline, insulin resistance), and blocks au-
tophagic flux (Beclin1/LC3 downregulation, p62 accumulation). p62 feedback-activates NF-κB, forming a self-reinforcing cycle. Thera-
peutic interventions restore TET2 activity. Outcomes are stratified by ICU-AW subtype: critical illness myopathy (CIM), critical illness
polyneuropathy (CIP), or mixed CIM/CIP. NMJ, neuromuscular junction. The figure was created using Microsoft PowerPoint 2019
(Microsoft Corporation, Redmond, WA, USA) and Adobe Illustrator 2023 (version 27.0) (Adobe Inc., San Jose, CA, USA). TET2, Ten-
Eleven Translocation 2; LPS, lipopolysaccharide; TNF-α, Tumor Necrosis Factor-α; IL-6, Interleukin-6; NF-κB, Nuclear Factor-κB;
MuRF1, muscle RING-finger protein-1; AMPK, AMP-Activated Protein Kinase; mTOR, Mammalian Target of Rapamycin; PPARα,
Peroxisome Proliferator-Activated Receptor α; PGC-1α, Peroxisome Proliferator-Activated Receptor Gamma Coactivator 1α; ICU-AW,
ICU-acquired weakness; CIM, critical illness myopathy; CIP, critical illness polyneuropathy.

hematopoiesis necessitates careful monitoring for hemato-
logic toxicity via blood counts and bone marrow examina-
tions during interventions [10]. Beyond acute hematologic
toxicity, systemic or long-term TET2 activation carries the-
oretical oncogenic risks. TET2 is a critical guardian of
hematopoietic stem cell homeostasis, and loss-of-function
mutations drive myelodysplastic syndromes (MDS) and
clonal hematopoiesis [34]. Although TET2 generally acts
as a tumor suppressor [37], forced systemic overexpression
might induce ‘over-demethylation’ and genomic instabil-
ity in a context-dependent manner. TET2 mutations are
also implicated in hematologic malignancy prognosis [38].
Therefore, any TET2-targeted trial should adopt strict risk
mitigation: weekly complete blood counts with differen-
tial; bone marrow examination if cytopenias persist beyond
14 days; long-term post-ICU hematologic surveillance to

detect clonal abnormalities; and prioritized development
of muscle-targeted delivery systems to minimize systemic
exposure. Third, the dose-response and long-term safety
of TET2 activation are unclear. Excessive activity might
cause genomic instability through “over-demethylation”,
and the dual role of TET2 in certain inflammatory con-
texts (e.g., pro-inflammatory effects in microglia and pro-
tective effects in peripheral macrophages) suggests that sys-
temic activation could yield unpredictable, tissue-specific
outcomes. Long-term safety data therefore remain to be es-
tablished.

A stepwise translation pathway is recommended: (1)
Establish patient-derived skeletal muscle organoids that re-
tain epigenetic features of sepsis-induced ICU-AW, en-
abling preclinical optimization of TET2 interventions; (2)
Design biomarker-stratified clinical trials (e.g., using serum
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Fig. 2. Clinical translation roadmap of TET2-targeted strategies for sepsis-induced ICU-acquired weakness. Clinical translation
roadmap of TET2-targeted strategies for sepsis-induced ICU-acquired weakness. TET2 biomarkers (serum 5hmC, exosomal TET2
mRNA, tissue TET2/5hmC) enable patient stratification by TET2 activity, ICU-AW risk, and immunometabolic endotype. Near-term
interventions include vitamin C, and BCAAs; Challenges comprise tissue-specific delivery, hematologic safety (weekly CBC, bone
marrow examination if cytopenia >14 days, long-term post-ICU surveillance), and long-term over-demethylation risk. The stepwise
pipeline includes patient-derived organoids (Year 1–2), biomarker-stratified Phase I/II trials (Year 2–4), and multi-center Phase III trials
(Year 4–8). The goal is precision medicine for ICU-AW, with primary endpoint MRC-SS improvement and secondary endpoints of
ventilator-free days and 6-minute walk test. The figure was created using Microsoft PowerPoint 2019 (Microsoft Corporation, Redmond,
WA, USA) and Adobe Illustrator 2023 (version 27.0) (Adobe Inc., San Jose, CA, USA). BCAAs, Branched-Chain Amino Acids; CBC,
complete blood count.

5hmC or exosomal TET2 mRNA) to test TET2-modulating
strategies or vitamin C in “low-TET2-activity” subgroups;
(3) Conduct multicenter trials enrolling several hundred pa-
tients with formal power calculations for functional end-
points (Medical Research Council sum-score (MRC-SS), 6-
minute walk test, ventilator-free days) and safety (Fig. 2).

Future Directions

Future research should prioritize the following five
interrelated areas: (1) Single-cell multi-omics (scRNA-
seq combined with sc-methylation sequencing) to delin-
eate cell-type-specific TET2 roles in muscle stem cells, my-
ofibers, and immune cells within the septicmusclemicroen-
vironment; (2) Spatial multi-omics analysis (spatial tran-
scriptomics combined with in situ DNA hydroxymethyla-
tion mapping) on serial muscle sections from septic pa-
tients and model animals to resolve TET2 activity and cell
type-specific transcriptional programs in situ; (3) Leverage
patient-derived skeletal muscle organoids and regenerative
medicine platforms to retain donor epigenetic landscapes
and pre-screen TET2-targeted interventions, bridging the
gap between murine models and human therapeutic re-

sponse prior to clinical trials. (4) Determine the optimal in-
tervention window and long-term impact through prospec-
tive cohort studies with >1-year follow-up, employing re-
peated MRC and functional tests at 3, 6, and 12 months
to evaluate whether early TET2 restoration prevents persis-
tent ICU-AW disability. (5) Standardize ICU-AW diagnos-
tic criteria and TET2/5hmC detection protocols to reduce
inter-study heterogeneity and enable cross-cohort valida-
tion. Additionally, exploring TET2 expression across sep-
sis immunometabolic endotypes (e.g., hyperinflammatory
versus immunosuppressed) may enable biomarker-guided
patient enrichment in future trials.

Conclusion

In summary, TET2 may serve as a central epigenetic
regulator in sepsis-induced ICU-AW. Functionally, it op-
erates as a dynamic hub that couples inflammatory signal-
ing, metabolic plasticity, and autophagic flux into a sin-
gle network, rather than regulating these processes in isola-
tion. Suppression of TET2 by the septic microenvironment
via inflammatory cytokines is associated with diminished
DNA demethylation, dysregulation of the inflammation-
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metabolism-autophagy axis, and muscle atrophy and weak-
ness. TET2 and its related molecules hold promise as
diagnostic and prognostic biomarkers, while therapeutic
strategies aimed at restoring TET2 function—including
small-molecule agonists, epigenetic editing, and nutritional
support—offer novel avenues for intervention. Although
challenges in delivery and safety remain, a rational transla-
tional pathway can position TET2 as a valuable target for
precision management of sepsis-associated muscle weak-
ness, potentially improving outcomes for critically ill pa-
tients.
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