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Abstract. The family of silent information regulators
(sirtuins) constitutes a highly conserved protein family
that exhibits two primary enzymatic activities in vitro:
NAD*-dependent protein deacetylase activity and adenosine
diphosphate-ribose transferase activity. Sirtuin 3 (SIRT3),
a member of the sirtuin family, is widely expressed in
mitochondria-rich tissues such as the brain, heart, liver
and kidney, and functions primarily as a deacetylase. The
deacetylations regulated by SIRT3 modulate various meta-
bolic substances and processes within the mitochondrial
matrix, playing a crucial role in maintaining normal diges-
tive system function. Therefore, this review focuses on the
role of SIRT3 in digestive system diseases to elucidate its
function in pathogenic signaling pathways and explore the
development of drug targets targeting SIRT3 and related
disease pathways, offering new directions for improving the
treatment of digestive system-related diseases.
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1. Introduction

Digestive system diseases are complex and extensive (1).
Digestive cancers include gastric, hepatocellular, pancreatic
and colorectal cancers (CRC). Among these, hepatocellular
carcinoma (HCC) is among the most prevalent cancers world-
wide. While existing drug therapies extend patient survival,
they have significant side effects (2). Pancreatic cancer, which
is difficult to detect early, has low five-year survival rates
and remains a highly lethal gastrointestinal malignancy (3).
Globally, the incidence of pancreatic cancer is projected to
increase to 18.6 cases per 100,000 individuals by 2050, with
an annual growth rate of 1.1%, thereby resembling a significant
public health burden (4). Given the high prevalence of digestive
system diseases, their chronic progression and the substantial
burden on patients' quality of life, identifying novel therapeutic
strategies for these conditions remains a formidable and urgent
challenge.

Mitochondria, which serve as the ‘powerhouses’ of cells,
play crucial roles in cellular energy metabolism, intracellular
and extracellular signaling, reactive oxygen species (ROS)
production and apoptosis signaling regulation. Within the
digestive system-an organ characterized by high turnover
rates and metabolic activity-cells demand an exceptional
energy supply and precise regulatory control. Consequently,
mitochondrial dysfunction can trigger or exacerbate diges-
tive disorders through multiple mechanisms (5,6). The
sirtuin family comprises seven members: SIRT1, SIRT6
and SIRT7, which reside in the nucleus; SIRT2, which is
localized to the cytoplasm; and SIRT3-5, which are found
within mitochondria (7,8). Among these, SIRT3 functions as
an NAD*-dependent deacetylase. Within the mitochondrial
matrix, it regulates energy balance and redox status by modi-
fying enzymes involved in metabolic pathways, including the
tricarboxylic acid (TCA) cycle, the urea cycle, amino acid
metabolism, fatty acid oxidation (FAO) and glucose metabo-
lism (9). In addition to regulating material metabolism, SIRT3
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acetylation also modulates numerous mitochondrial proteins
involved in metabolic homeostasis, oxidative stress and cell
survival. SIRT3 has been demonstrated to control mitochon-
drial DNA repair, participate in maintaining mitochondrial
integrity and regulate apoptosis. Of note, SIRT3 is the only
sirtuin reported to influence human lifespan (10). Studies
have indicated that SIRT3 also regulates multiple processes
critical for mitochondrial structural integrity and function,
including oxidative phosphorylation (OXPHOS), mitochon-
drial dynamics, the mitochondrial unfolded protein response
and mitochondrial autophagy (7,9,11). Thus, SIRT3 plays a
vital role in maintaining mitochondrial function and homeo-
stasis. Concurrently, SIRT3 is highly expressed in the brain,
heart, kidneys, brown adipose tissue and liver-an organ with
high oxidative capacity-in which its core enzyme undergoes
lysine acetylation (12). In the absence of SIRT3, many of these
proteins undergo hyperacetylation. Acetylated proteins induce
significant conformational changes in substrate proteins,
potentially altering the function and impairing the catalytic
activity of most mitochondrial enzymes (13). This disrup-
tion may trigger a series of digestive system disorders (14).
Therefore, this review describes the role of SIRT3 in digestive
system diseases and its potential therapeutic targets, providing
new strategies for the diagnosis and treatment of digestive
system diseases.

2. Structure and function of SIRT3

Structure of SIRT3. The human SIRT3 protein exists in two
forms: A long isoform and a short isoform. Both forms of SIRT3
exhibit NAD*-dependent deacetylase activity (15). SIRT3 is
transcribed in the 11p15.5 chromosomal region of the cell
nucleus. The fully transcribed, 399-residue full-length SIRT3
(FLSIRT?3) constitutes the long isoform. The mitochondrial
targeting sequence located between N-terminal residues 1-25
is crucial for subsequent mitochondrial localization and
proteolytic processing. Residues 101, 103, 105, 114, 117 and
118 can prevent substrates from prematurely binding to the
SIRT3 active site before mitochondrial transfer (9,12). Upon
localization to mitochondria via its mitochondrial targeting
sequence, FLSIRT3 is cleaved at residue 142 by mitochon-
drial proline protease in the mitochondrial matrix, yielding a
short isoform with ~28 kDa of class III histone deacetylase
activity (16). The conserved catalytic core domain positions
SIRT3 as one of the most critical deacetylases, featuring a
large Rossmann fold domain that binds NAD* and a small
domain composed of a helical bundle and zinc-binding motif,
formed by two loops extending from the larger domain (8). The
remainder of the enzyme core comprises the binding site for
SIRTS3 substrates (9) (Fig. 1). Each structural feature of SIRT3
directly governs its biological function: The cleft between
the Rossmann fold domain and the zinc finger domain forms
the substrate binding pocket. Its size and chemical properties
determine the ability of SIRT3 to recognize and bind specific
acetylated lysine residues; for instance, leucyl-tRNA synthe-
tase 2 specifically binds to SIRT3, and NADH-ubiquinone
oxidoreductase subunit V3 specifically binds to SIRTS (17).
The mitochondrial targeting sequence ensures its localiza-
tion to the mitochondrial matrix, while SIRT3 exclusively
deacetylates substrates within mitochondria, guaranteeing its

role in regulating mitochondrial activity. The zinc ion-binding
domain not only maintains the overall structural stability of
the SIRT3 protein but also determines the specific structures
of various Sirtuins (18). The highly conserved Rossmann fold
domain within SIRT3 perfectly complements NAD*, initiating
the deacetylase reaction by hydrolyzing the cofactor NAD*.
This hydrolysis yields two molecules, nicotinamide and
ADP-ribose. The acetylated lysine residue on the substrate
protein transfers its acetyl group to ADP-ribose. At this point,
the C1'-alkylamide intermediate is converted into a bicyclic
intermediate with the assistance of the conserved His 224
residue. This induces a nucleophilic attack by the 2'-OH
group of ribose on the amine carbon of the o-alkylamide
intermediate. The intermediate is then cleaved by an activated
water molecule, ultimately forming 20-acetyl-ADP-ribose to
complete deacetylation (8,9). NAD", as a cofactor of SIRT3,
directly regulates its activity (19). Consequently, SIRT3
expression and activity are modulated by the NAD*:NADH
ratio. Elevated ratios-such as those during starvation, exercise
or stress-increase SIRT3 activity and expression, whereas low
ratios or aging decrease SIRT3 levels (11,12). Thus, the struc-
ture of SIRT3 plays a crucial role in linking cellular metabolic
states to mitochondrial functional adaptation. Alterations in
SIRT3 structure lead to reduced enzyme activity, causing
cellular metabolic reprogramming and increased genomic
instability, thereby promoting tumorigenesis (20). Similarly,
reduced SIRT3 activity diminishes mitochondrial capacity to
adapt to metabolic stress, increasing susceptibility to hepatic
steatosis, insulin resistance and oxidative damage. This
significantly increases the risk and severity of non-alcoholic
fatty liver disease (NAFLD) (21,22).

Functions of SIRT3. SIRT3 performs deacetylation func-
tions because of its conserved enzyme core. Deacetylation by
SIRT3 is the most common posttranslational modification of
mitochondrial proteins, altering the structure and functional
activity of substrate proteins via histone/lysine acetyltransfer-
ases (13). Peterson et al (23) reported that SIRT3 deacetylates
626 sites across 242 proteins, including 32 sites in 12 FAO
proteins, 27 sites in 14 proteins involved in the TCA cycle,
18 sites in 11 proteins involved in the electron transport
chain (ETC), 18 sites in 9 proteins involved in protein quality
control, and 9 sites in 6 proteins involved in ROS detoxifica-
tion. In SIRT3 knockout (SIRT3-KO) cells, acetylation levels
at mitochondrial protein sites increase twofold (24). These
proteins are involved in various pathways, such as the TCA
cycle, amino acid metabolism, FAO, ETC/OXPHOS and
mitochondrial dynamics. Consequently, they regulate oxida-
tive stress, apoptosis, energy metabolism, inflammation, DNA
damage and aging.

Studies reported 283 SIRT3-specific targets among 136
mitochondrial proteins in a SIRT3-KO mouse liver model,
particularly within fatty acid metabolism pathways. These
include acetyl-CoA synthase 2, long-chain acyl-CoA dehydro-
genase (LCAD), and 3-hydroxy-3-methylglutaryl-coenzyme A
synthase 2, as well as the stress-responsive enzymes isocitrate
dehydrogenase 2, superoxide dismutase 2 (SOD2) and manga-
nese superoxide dismutase (MnSOD) (15,25). When SIRT3
is absent or its activity is reduced, the ability of the liver to
oxidize fatty acids decreases. Large amounts of free fatty acids
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Figure 1. Localization and structure of SIRT3. SIRT3 is transcribed in the chromosome 11p15.5 region in the nucleus, and the mitochondrial targeting
sequence between N-terminal residues 1-25 is localized for the next step to enter the mitochondria, and the six serine phosphorylation sites, 101, 103, 105, 114,
117 and 118, prevent the substrate from binding to the active site of SIRT3 in advance prior to transferring to the mitochondria, and are localized to enter the
mitochondria according to the mitochondrial localization sequence between residues 1-25 at its N-terminus and its NH,-terminal 142 residues are hydrolyti-
cally cleaved in the mitochondrial matrix by MPP to become the active form of the 28 kDa class III histone deacetylase, whose core region consists of a large
Rossmann-folded structural domain that binds to NAD+, and a small structural domain consisting of a helix bundle and zinc-binding motifs. SIRT3, sirtuin 3;

MPP, matrix-processing peptidase.

(FFAs) are esterified into triglycerides (TGs) and deposited
within hepatocytes, leading to hepatic steatosis. Simultaneously,
SOD?2 inactivation leads to massive ROS accumulation, trig-
gering oxidative stress that causes hepatocyte injury, ballooning
degeneration and cell death. In digestive system cancers,
SIRT3 suppresses Bax-mediated mitochondrial apoptosis
pathways by deacetylating and activating Ku70, enabling its
binding to the pro-apoptotic protein Bax (26). Previous studies
revealed that SIRT3 deficiency increases ROS levels, activating
hypoxia-inducible factor (HIF)-la. In mice, this leads to
HIF-1a-dependent tumor growth patterns, indicating that SIRT3
suppresses the carcinogenic effects of HIF-1a by regulating
ROS, thereby inhibiting tumor growth (27). SIRT3 deacety-
lation activates pyruvate dehydrogenase, promoting pyruvate
entry into the TCA cycle and inhibiting the characteristics of
aerobic glycolysis in cancer cells (28).

Increasing evidence has indicated that SIRT3 regulates
proteins extensively involved in mitochondrial reactions,
including energy production, signaling and apoptosis. When
SIRT3 is absent, numerous mitochondrial proteins involved
in metabolism and stress undergo hyperacetylation, directly
contributing to the onset and progression of various digestive
system diseases (11,28,29).

3. SIRT3 and liver disease

SIRT3 and NAFLD.NAFLD encompasses simple steatosis (SS)
and non-alcoholic steatohepatitis (NASH) and is characterized

by inflammation and ballooning degeneration with or without
fibrosis. NASH-associated cirrhosis features the formation of
cirrhotic nodules due to fibrotic septa, potentially progressing
to HCC (29,30).

Globally, the prevalence of NAFLD and NASH has
increased in tandem with that of obesity and metabolic
syndrome, indicating that these conditions are becoming serious
health threats (31). In NAFLD pathogenesis, hepatocytes
exhibit adipocyte-like functions and maintain the balance of
lipid metabolism by regulating the production, oxidation, and
transport of TGs, FFAs, cholesterol and bile acids (32). When
the capacity of hepatocytes is exceeded, lipid metabolism
disorders lead to hepatic fat accumulation. Cells exposed to
a high-fat environment experience lipotoxicity, which impairs
mitochondrial function by activating mitochondrial defects,
endoplasmic reticulum (ER) stress and oxidative stress.
Concurrently, mitochondria can reduce cellular f-oxidation
levels through multiple pathways, including cell division,
oxidative stress, autophagy and mitochondrial quality control,
thereby promoting hepatic fat accumulation and injury, accel-
erating NAFLD progression and ultimately causing a rapid
decline in liver function (33). Furthermore, disruption of mito-
chondrial dysfunction-mediated lipid metabolism in patients
with NAFLD leads to excessive TG accumulation (>5%) and
hepatic steatosis in hepatocytes (34). When obesity remains
uncontrolled during the SS stage, innate immune cells within
the liver-including Kupffer cells, dendritic cells and hepatic
stellate cells-become activated, leading to progressive immune
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cell infiltration of the liver (35). In the liver, these immune cells
release cytokines that exacerbate the inflammatory process,
propelling hepatocytes from the SS stage into the NASH
stage and ultimately triggering fibrosis (36). Liver biopsy
tissues from patients with NAFLD showed hypermethylation
of NADH dehydrogenase-6, which correlated with disease
severity (37). These changes in hypermethylation were asso-
ciated with loss of the inner mitochondrial membrane, deep
crista folding and loss of mitochondrial granules, indicating
that mitochondrial structural stability is critical for normal
hepatic physiological activity. Previous studies revealed
reduced SIRT3 expression in animals fed a high-fat diet
(HFD). When SIRT3-knockout mice were fed an HFD, hepatic
steatosis worsened (25). These findings suggest that SIRT3
plays a role in the pathogenesis of NAFLD. A further study
revealed that SIRT3 upregulates 3-oxidation and ATP produc-
tion, suppresses ROS and enhances mitochondrial biogenesis
through the activation of peroxisome proliferator-activated
receptor (PPAR) gamma coactivator 1 alpha (PGC-1a) (38).
Conversely, SIRT3 deficiency leads to excessive acetylation at
the K24 site of the mitochondrial metabolic enzyme LCAD.
When an acetyl group is covalently modified at this site, the
LCAD conformation changes, impairing enzyme activity and
obstructing FAO. This results in abnormal lipid metabolism,
manifested as massive accumulation of lipid droplets in the
liver (25). Furthermore, it affects transcription coactivators
involved in FAO, such as PPARa and several target genes
involved in FAO, leading to reduced DNA-binding activity and
increased acetylation of several hepatic proteins involved in
lipid uptake, ultimately resulting in NAFLD development (39).
Additionally, SIRT3 promotes [-oxidation by driving LCAD
activity and enhancing ketone body production by promoting
the deacetylation of 3-hydroxy-3-methylglutaryl-CoA
synthase. In SIRT3-deficient mice, hyperacetylation of mito-
chondrial FAO-related enzymes and reduced enzyme activity
lead to increased FFA levels and hepatic steatosis (40). In
SIRT3-deficient mice fed an HFD, hepatic steatosis is exac-
erbated by the activation of oxidative stress-induced nuclear
factor erythroid 2-related factor (Nrf)2, which increases
the expression and protein levels of genes involved in lipid
uptake (very low-density lipoprotein receptor and CD36) in
the liver (41). Concurrently, it reduces the activity of respira-
tory complexes III and IV, exacerbating oxidative stress (42).
The administration of adenovirus expressing SIRT3 to mice
alleviated obesity, insulin resistance, hyperlipidemia, hepatic
steatosis and inflammation in SIRT3-deficient mice (43).
Currently, NAFLD treatment relies primarily on lifestyle
modifications such as weight reduction, increased exercise and
dietary control; however, the adherence to and efficacy of these
measures remain suboptimal. Identifying isoenzyme-specific
SIRT activators and their target signaling pathways to
enhance hepatic mitochondrial function may represent a
novel therapeutic strategy for NAFLD. A study revealed that
Polygonum cuspidatum glycoside (PD), a natural resveratrol
precursor isolated from Polygonum cuspidatum, activates
SIRT3, which in turn activates the deacetylase-activated tran-
scription factor forkhead box (FOX)O3a. FOXO3a induces
the interaction between BCL2 and the B19kDa protein-inter-
acting protein 3 (BNIP3), which promotes mitochondrial
autophagy (44). This herbal compound, PD, improves NAFLD

liver function, histopathology and mitochondrial function
through the aforementioned SIRT3-FOXO3-BNIP3 signaling
axis and PINK1/parikin (PRKN)-dependent mitochondrial
autophagy regulatory mechanism, PINK1 detects mitochon-
drial damage and recruits PRKN to the mitochondrial surface,
thereby mediating ubiquitin-tagging and ultimately initiating
the autophagy pathway for the clearance of damaged mitochon-
dria. demonstrating therapeutic efficacy against NAFLD (45).
PD has demonstrated broad potential in preclinical studies, but
its practical application in clinical settings still faces several
challenges (46-48). Although the vitamin D analogue pari-
calcitol is well-established in clinical treatment for secondary
hyperparathyroidism caused by chronic kidney disease, its
application in addressing liver inflammation remains in the
preclinical stage. The vitamin D analog paricalcitol reduced
the acetylation of the transcription factors FOXO3a and
NF-«B in the rat liver by increasing SIRT1 and SIRT3 expres-
sion, thereby alleviating hepatic inflammation and oxidative
stress activation (49).

SIRT3 and HCC. Primary liver cancer includes HCC
(accounting for 75-85% of cases) and intrahepatic cholan-
giocarcinoma (10-15%), along with other rare types (50).
During the past decade, most patients were diagnosed at an
advanced stage when surgery and local treatments were no
longer feasible (51). Although clinical chemotherapy and
immunotherapy have demonstrated efficacy in treating HCC,
its incidence and prevalence continue to increase (52,53).
Research has indicated that HCC progression and
metastasis are associated with altered mitochondrial metabo-
lism (50). Mitochondrial dysfunction, stress responses and
protein aberrations in cancer cells lead to mitochondrial
defects. In damaged hepatocytes, ROS production, meta-
bolic reprogramming and mitochondrial hormone responses
within mitochondria drive tumor growth and metastasis.
Previous studies have indicated that when cells lack SIRT?3,
the inability to deacetylate MnSOD leads to increased ROS
levels, readily causing mitochondrial metabolic abnormalities.
Under specific intracellular conditions, this triggers genetic
instability mutations, ultimately resulting in dedifferentiation
and carcinogenesis (54). Compared with that in normal liver
cells, SIRT3 expression is downregulated in HCC cells, and
this downregulation is associated with tumor size and grade.
These findings indicate that SIRT3 plays a tumor-suppressing
role in humans and suggest that it can serve as a reliable
prognostic indicator (55,56). Cancer cells primarily rely on
aerobic glycolysis for energy production, a process that also
creates favorable conditions for their survival in the microen-
vironment-known as the Warburg effect (57). SIRT3 acts as a
tumor suppressor gene by promoting oxidative phosphoryla-
tion, thereby inhibiting glycolysis and regulating metabolism
to suppress the Warburg effect. The most extensively studied
mechanism involves the inhibition of HIF-1a by SIRT3.
Since many cancer cells extensively consume glucose to
produce lactate via lactate dehydrogenase A (LDHA), which
is encoded by c-Myc target genes and HIF-1a, HIF1a has been
identified as a key factor that activates glycolytic pathways
in tumors. SIRT3 modulates HIFla activity by deacetylating
prolyl hydroxylase (PHD). Activated PHDs hydroxylate
the substrate HIF-1a, affecting its stability and preventing
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Figure 2. Signaling pathways regulated by SIRT3 in digestive diseases. (A) SIRT3 deacetylates PHD, and activated PHD hydroxylates the substrate HIF-1a to
inhibit activity, leading to a decrease in LDHA preventing tumors from undergoing aerobic glycolysis. (B) SIRT3 acts as an oncogenic factor that enhances
enzyme activity as well as cellular bioenergetics by deacetylating lactate dehydrogenase A, resulting in rapid tumor cell growth. (C) PROX1 recruits EZH2 to
the SIRT3 promoter region in colorectal cancer cells to inhibit SIRT3 transcription and translation, cell proliferation in CRC. (D) Profilin-1 and SIRT3 interact
to inhibit HIFla, and as a result, GLUT1 and LDHA expression is significantly suppressed, affecting glycolysis in pancreatic cancer progression. LDHA,
lactate dehydrogenase A; SIRT3, sirtuin 3; HIF, hypoxia-inducible factor; CRC, colorectal cancer; PROX1, proco-related homeobox 1; EZH2, enhancer of
zeste homolog 2; PHD, prolyl hydroxylase; AC, acetylation; GLUTI, glucose transporter 1.

aerobic glycolysis in tumors (58,59). Additionally, pyruvate
dehydrogenase complexes (PDCs) serve as SIRT3 substrates
linked to glycolysis. As an upstream deacetylase of PDCs,
SIRT3 deacetylates and activates these substrates, thereby
inhibiting tumor cell glycolysis and promoting apoptosis (60)
(Fig. 2). SIRT3/SIRT4 reduces the high expression of cyclo-
oxygenase-2 (COX-2) in tumor tissues. Since COX-2 impedes
PINK1/PRKN-mediated mitochondrial autophagy, its reduc-
tion enhances mitochondrial autophagy, contributing to the
early prevention of HCC (61). As HCC is a chemoresistant
cancer and its multidrug resistance characteristics contribute to
high recurrence and metastasis rates (62). Consequently, drugs
that enhance anticancer activity are urgently needed. Given the
critical role of SIRT3 in tumors, researchers are now focusing
on the function of SIRT3 modulators in HCC. Among these,
the small molecule 7-hydroxy-3-(4'-methoxyphenyl)coumarin,
a SIRT3 activator, binds to SIRT3 to specifically increase
MnSOD deacetylation and activity (63). It also increases
sensitivity to HCC treatments such as sorafenib (55,64).
Furthermore, the SIRT3 activator resveratrol enables SIRT3
to deacetylate mitochondrial cyclooxygenase-2 (mito-COX-2),
thereby inhibiting mito-COX-2/dintenin-1-driven mitochon-
drial fission, inducing cancer apoptosis and increasing the
sensitivity of HCC cells to cisplatin chemotherapy (63). Both
of these activators are currently in preclinical trials. Although
several effective SIRT3 activators have been identified, further
research is still needed to discover and develop specific and
potent SIRT3 activators.

4. SIRT3 and intestinal diseases

Inflammatory bowel disease (IBD). The gut serves as a barrier
against harmful external substances and pathogenic infec-
tions, interacting with the gut microbiome and food antigens.
Consequently, the intestinal immune system responds to both
internal and external environments to maintain homeostasis.
Disruption of this equilibrium can lead to IBD (65). IBD is
a chronic, recurrent disease that encompasses ulcerative
colitis (UC) and Crohn's disease. Its etiology remains unclear,
although it is widely considered an autoimmune disorder
in which key pathogenic factors involve the dysregulation
of T-cell subsets (66). Compared with healthy individuals,
patients with IBD exhibit increased levels of helper T cells
(Th17) and the corresponding transcription factor retinoic
acid-related orphan receptor gamma-t (RORyt). Additionally,
both SIRT3 gene transcription and protein expression are
downregulated in the colonic tissue of patients with UC (67).
RORyt is a key transcription factor for Th17 cell development.
Its signaling is regulated by signal transducer and activator of
transcription 3 (STAT3), which directly activates RORyt by
modulating STAT3, thereby inducing Thl17 cells (68). Thus,
STATS3 plays a crucial role in regulating the Th17/T-regulatory
cell (Treg) balance and the release of inflammation-related
cytokines (69). Increased STAT3 promotes Th17-cell differ-
entiation, disrupting the Th17/Treg balance and triggering
inflammatory events (70). Honokiol (HKL), an activator
of SIRT3, was used to treat an inflammatory cell model
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and a dextran sulfate sodium-induced mouse colitis model.
Compared with untreated mice, HKL-treated mice exhibited
reduced inflammatory cell infiltration, significantly less struc-
tural damage and relatively lower edema levels. As a SIRT3
activator, HKL inhibits STAT3-induced RORyt activity,
reduces the Th17 ratio and does not affect Th-cell differentia-
tion, thereby regulating the Th17-cell mechanism to alleviate
colitis symptoms (67). Dysregulation of intestinal macro-
phages also plays a crucial role in the pathogenesis of IBD.
Macrophage NAD* synthesis exerts immunoregulatory effects
by enhancing oxidative phosphorylation (71). This maintains
intestinal immune homeostasis by clearing infections while
preventing chronic inflammation and inducing tissue repair.
During this process, macrophages polarize into classically
activated macrophages (M1) and alternatively activated
macrophages (M2) (72). SIRT3 deacetylates glutamate dehy-
drogenase 1 to promote a-ketoglutarate (a-KG) production.
0-KG accumulation not only enhances OXPHOS metabolism
but also reduces histone H3 K27 trimethylation in the nucleus,
leading to the upregulation of genes associated with M2 polar-
ization (73). Given that IBD is a chronic, recurrent disease
imposing a significant health burden, the discovery of the role
of SIRT3 in IBD potentially reveals a pharmacological target.

The enteric nervous system (ENS). The ENS is a vast,
complex and autonomous system distinct from the central
nervous system. Neurons within the ENS regulate critical
functions such as digestion, nutrient absorption and intestinal
motility. The ENS, intestinal epithelium, gut microbiota and
immune cells work in concert to ensure the maintenance of
normal intestinal function (74). ENS-related neurodegenera-
tion is particularly pronounced in individuals with aging and
neurodegenerative diseases. Stress from antibiotic treatment
also affects ENS function by altering the gut microbiota (75).
ENS dysfunction can lead to numerous disorders associ-
ated with motility alterations and inflammation, including
primary achalasia (76,77) and irritable bowel syndrome (78).
Owing to high energy demands, neurotransmitter autooxida-
tion and limited replication capacity, ENS neurons are highly
susceptible to oxidative damage from free radicals. Oxidative
stress has also been demonstrated to alter electrophysi-
ological properties, damage neuronal membranes and trigger
neuronal death (79). Currently, the known mechanisms
of oxidative stress in enteric neurons can be categorized
into those associated with endogenous nitrosative damage,
mitochondrial dysfunction or inflammation (79). Studies
have revealed that SIRT3 protects cortical and dopaminergic
neurons from oxidative stress by regulating mitochondrial
homeostasis (80). The SIRT3 activator hexafluoromagnol
activates SIRT3 and its downstream target PGC-la to coun-
teract stress-induced ROS production (81). Concurrently,
PGC-1la directly enhances SIRT3 transcription to mitigate
oxidative damage, thereby promoting intestinal neuronal
survival and differentiation (82). Furthermore, SIRT3 signifi-
cantly increased the density of neural networks and axons
in intestinal neurons while increasing neuronal nitric oxide
synthase and choline acetyltransferase mRNA levels. SIRT3
exerts neuroprotective effects by inhibiting superoxide
release, thereby suppressing palmitate and lipopolysaccha-
ride-induced neuronal pyroptosis, which play crucial roles

in promoting intestinal neuronal survival and differentia-
tion (83,84). Beyond regulating host energy balance, the gut
microbiota modulates numerous metabolic processes by
participating in the complex bidirectional communication
system known as gut-brain crosstalk, which is mediated by
signaling molecules such as short-chain fatty acids produced
by the microbiota (85). Short-chain fatty acids generated by
gut bacteria regulate NAD* metabolism to influence SIRT3
activity (86). In summary, SIRT3 plays a crucial role in
maintaining normal ENS function. Investigating the role of
SIRT3 in the ENS provides direction for disease prevention
and treatment.

CRC. CRC is a malignant tumor arising from the mucosal
epithelium and glands of the large intestine. Its incidence is
increasing annually and the 5-year survival rate significantly
decreases once tumor cells infiltrate the submucosal layer.
Prognosis worsens and survival decreases upon metastasis
to extraintestinal organs (87). In CRC, SIRT3 functions as
a tumor suppressor to inhibit cancer progression. Compared
with those in adjacent normal colorectal epithelium, the
expression levels of proco-related homeobox 1 (PROX1)
are significantly greater in colorectal tumor cells. As a
homologous transcription factor, PROX1 regulates cellular
differentiation and development during embryonic growth
and is positively correlated with tumor glucose metabo-
lism (88). The mechanism involves the recruitment of the
enhancer of zeste homolog 2 (EZH?2) to the SIRT3 promoter
region in CRC cells by PROX1, thereby inhibiting SIRT3
transcription. This increases glucose metabolism in cancer
cells to sustain proliferation (89). When PROXI1 is highly
expressed, it binds to the SIRT3 promoter region, inhib-
iting SIRT3 transcription and translation and ultimately
leading to low SIRT3 expression. Knocking down PROX1
expression increases SIRT3 expression and reverses the
malignant characteristics of CRC (90) (Fig. 2). SIRT3 regu-
lates the expression of PGCla and NRF1. Reduced SIRT3
expression impairs mitochondrial dynamics and affects the
malignancy of CRC cells (91). Of note, SIRT3 may also
promote cancer cell growth. Metabolic reprogramming is a
hallmark of cancer and is closely linked to cancer progres-
sion and metastasis. To enable rapid cell division, cancer
cells exhibit abnormal glycolysis, glutamine catabolism
and lipid synthesis (92). Previous studies revealed disrupted
serine-to-glycine ratios in CRC, where serine/glycine
synthesis influences the tumor status by regulating cellular
antioxidant capacity (93). The expression of serine hydroxy-
methyltransferase 2 (SHMT2), a key serine/glycine
interconverting enzyme, is significantly elevated in patients
with CRC and is correlated with poor survival outcomes.
Further study revealed acetylation at the K95 site of SHMT?2.
Acetylated K95 disrupts the SHMT?2 tetrameric conforma-
tion to inhibit its enzymatic activity and promotes SHMT?2
degradation via the K63-ubiquitin-lysosomal pathway.
This leads to reduced serine consumption and decreased
NADPH levels, thereby suppressing tumor growth and cell
proliferation (94). In the aforementioned SHMT?2-K95-Ac
pathway, SIRT3 acts as a deacetylase for SHMT?2, deacety-
lating K95. Deacetylation of K95 fails to inhibit SHMT2
activity, leading to SHMT?2 overexpression, which promotes
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colorectal tumorigenesis. These tumors are highly invasive
and have poor prognosis (95). SIRT3 also deacetylates
methylenetetrahydrofolate reductase 2, increasing its activity
and promoting cell proliferation and cancer progression (96).
These studies indicate that SIRT3 influences cancer cell
proliferation by controlling whether endogenous regulatory
factors undergo deacetylation. In recent years, researchers
have been exploring novel therapeutic and preventive
strategies against cancer. It should not be overlooked that
dietary prevention can reduce the risk of CRC. Apigenin, a
natural antioxidant found in fruits and vegetables, reduces
the expression of SHMT2, SIRT3 and their upstream long
intergenic noncoding RNA LINCO01234 when CRC cells
are treated. This activity inhibits metabolic reprogramming
by regulating the LINC01234/SIRT3/SHMT?2 axis (97).
Ergothioneine, a dietary betaine, exerts anti-CRC effects by
activating SIRT3 (98). Clinically, SGLT2 inhibitors such as
canagliflozin, dapagliflozin, tolvogliflozin and empagliflozin
are commonly used as hypoglycemic agents. A recent
study revealed their novel anticancer activity by reducing
glucose uptake and severely impairing cancer-specific
cellular metabolism (99). In CRC, canagliflozin can be
repurposed to specifically inhibit CRC cell proliferation
and induce S-phase arrest through mechanisms of regu-
lating metabolism, mitochondrial function and ER stress
via the SGLT2/SIRT3/dipeptidyl peptidase-4 axis (100). It
should be noted that the aforementioned drugs remain in the
preclinical exploration phase. The findings from preclinical
studies provide crucial theoretical foundations and prelimi-
nary scientific hypotheses for future formal clinical trials.
Radiation therapy is among the primary treatments for
cancer patients. However, prolonged radiotherapy can induce
radiation resistance in cancer cells, often leading to treatment
failure and poor prognosis in patients receiving radio-
therapy (101). Research has indicated that SIRT3 promotes
radiation resistance in tumor cells by enhancing DNA
damage repair through excessive activation of mitochondrial
autophagy, which is mediated by PINK1/PRKN (102). In
addition to promoting radiation resistance during radio-
therapy, SIRT3 modulates chemotherapy resistance in
CRC cells via the regulation of SOD2 and PGC-la during
chemotherapy. SIRT3 serves as an independent prognostic
factor for colorectal cancer (99). Undoubtedly, the role of
SIRT3 in colon cancer is a double-edged sword. Whether its
ultimate effect is tumor suppression or promotion depends
on a complex decision-making network. Different colon
cancer subtypes, tumor microenvironments and tumor stages
influence whether SIRT3 promotes or inhibits tumorigenesis
in CRC. Therefore, further understanding of the underlying
molecular mechanisms is warranted for the future clinical
development of SIRT3-targeted therapeutic agents.

5. SIRT3 and pancreatic diseases

Acute pancreatitis (AP). AP is a localized inflammatory
response in pancreatic tissue caused by the activation of
pancreatic enzymes due to various etiologies. The activation
of pancreatic enzymes is a prerequisite for local inflammation
in pancreatitis (100). When pancreatic cells undergo necrosis
and vascular permeability increases, the pancreas experiences
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edema, necrosis and hemorrhage. Concurrently, impaired
pancreatic function affects other organs, such as through gut
microbiota dysbiosis, increased intestinal barrier permeability
and bacterial translocation (103). Unlike conventional treat-
ments that primarily reduce disease severity by alleviating
pancreatic burden, fecal microbiota transplantation (FMT)
achieves similar effects by mitigating tissue damage and
inflammation through the reversal of dysbiosis (104). Research
has indicated that FMT modulates the intestinal microbiota
to concentrate nicotinamide mononucleotide in the pancreas,
thereby increasing pancreatic NAD* levels and reducing
disease severity. This process requires an NAD*-dependent
enzyme for conversion. SIRT3, an NAD*-dependent deacety-
lase, mitigates AP-induced oxidative stress and inflammation
by reducing the acetylation of the mitochondrial protein
peroxiredoxin-5 (PRDXS) in acinar cells and increasing the
expression of PRDX5 (105). These findings indicate that
SIRT3 exerts an inhibitory effect on AP and that its expression
levels in patients may serve as a therapeutic biomarker.

Pancreatic cancer. Pancreatic cancer, particularly pancreatic
ductal adenocarcinoma (PDAC), is characterized by late
symptom onset,early metastasis and rapid progression, resulting
in low patient survival rates. Therefore, identifying potential
biomarkers for patients with pancreatic cancer is critically
important (106). Studies of sirtuin protein expression profiles
in PDAC have revealed that in the absence of chemotherapy
intervention, low SIRT3 expression in the tumor cytoplasm is
associated with high-grade, poorly differentiated tumors. Low
SIRT3 expression is associated with high invasiveness, high
recurrence rates and poor prognosis (107). These findings indi-
cate that SIRT3 functions as a tumor suppressor in pancreatic
cancer. As an enzyme that regulates macronutrient metabo-
lism, SIRT3 redirects cellular glycolysis toward oxidative
phosphorylation and the TCA cycle, suppressing the Warburg
effect in tumor cells and reducing proliferation (108). Research
has revealed that Profilinl (Pfnl) expression is downregulated
in pancreatic cancer. Pfnl fails to increase HIF1-a stability
by upregulating SIRT3, thereby exerting a growth-inhibitory
function in pancreatic cancer. HIFla promotes metabolic
reprogramming and plays a crucial role in maintaining
glycolysis in pancreatic cancer (109,110) (Fig. 2). SIRT3 also
regulates iron metabolism in PDAC by modulating the activity
of iron regulatory protein 1 (IRP1), a key regulator of cellular
iron levels that control genes containing iron response elements
(IREs) (111). SIRT3 reduces the binding affinity of IRPI1 for
IREs, leading to decreased expression of iron-related genes
such as transferrin receptor and thereby inhibiting pancreatic
cancer cell proliferation (112). Furthermore, ZMAT1 belongs
to a 5-member family (ZMAT]1-5) in humans, in which all
encoded proteins contain zinc finger domains, functions as
tumor suppressors by triggering cell cycle arrest and apop-
tosis. ZMATI expression is downregulated in PDAC and is
associated with tumor differentiation, tumor stage and patient
survival. ZMAT1 promotes SIRT3 transcription by binding
to three sites on its promoter, subsequently upregulating p53
expression and inhibiting cancer cell proliferation (113). SIRT3
also participates in regulating the ETC in pancreatic cancer,
specifically by modulating mitochondrial complex II (CII)
activity. Dysfunction of SIRT3 leads to decreased CII activity,
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causing mitochondrial dysfunction and promoting tumor
progression. Recent research has identified a pharmacological
agent, poplar nanocapsules, that targets the ubiquinone site to
restore CII activity and SIRT3 expression, thereby inducing
apoptosis and reducing pancreatic cancer cell survival (114).
Given that pancreatic cancer is characterized by rapid growth
and high resistance to chemoradiotherapy, developing novel
effective treatments targeting its pathogenesis is critically
important (115). Identifying SIRT3-regulated pathways
that drive PDAC initiation and progression is important for
identifying potential therapeutic targets. Reconstructing
SIRT3 activity or activating upstream components of
SIRT3-associated oncogenic signaling suppression path-
ways offers a novel, multifaceted strategy to promote cancer
progression and improve patient prognosis.

6. Other digestive system cancers and SIRT3

Gastric cancer ranks fourth among cancer types. Although
its global incidence has shown an overall downward trend,
long-term trends in incidence and mortality vary significantly
across countries (116). Increasing experimental evidence
has demonstrated that SIRT3 deficiency leads to increased
ROS production and oxidative stress in the body, potentially
causing cellular dedifferentiation or carcinogenesis. SIRT3
plays a crucial role in protecting cells and preventing cancer
progression during carcinogenesis and tumor development.
For instance, SIRT3 regulates MnSOD activity to reduce
ROS levels in gastric cancer cells, thereby shielding them
from oxidative stress-induced damage (117-119). However, in
SIRT3-positive gastric tumor cells, SIRT3 acts as an oncogenic
factor. By deacetylating LDHA, it enhances enzyme activity.
Increased LDHA activity increases glucose uptake and lactic
acid production, reducing mitochondrial oxygen consump-
tion while increasing the mitochondrial membrane potential.
This increases overall ATP production and aerobic glycolysis
in cancer cells, accelerating tumor growth. Concurrently,
the expression of glycolysis-related genes is upregulated
in SIRT3-overexpressing gastric tumor cells (119) (Fig. 2).
Although the incidence and mortality rates of gastric cancer
have generally declined, it remains among the leading causes
of death worldwide (120). Decreasing gastric cancer mortality
may be achieved by developing drugs through studying the
regulatory mechanisms of SIRT3 in gastric cancer.
Gallbladder cancer (GBC) is a common malignant tumor
of the biliary tract. Early stages show no specific symptoms,
but when significant weight loss, jaundice, abdominal pain
and diarrhea occur, the disease has already progressed and is
often missing the optimal treatment window. Radical chole-
cystectomy is the preferred treatment, but owing to its high
degree of invasiveness and susceptibility to peritoneal and
intrahepatic metastasis, early prevention and treatment are
particularly crucial (121). SIRT3 plays a role in the pathogen-
esis of GBC. Studies have revealed that SIRT3 expression is
significantly lower in GBC cells than in adjacent nontumor
tissue, and patients with low SIRT3 expression exhibit
poorer overall survival than those with high SIRT3 expres-
sion (122). As a mitochondrial deacetylase, SIRT3 enhances
ferroptosis by inhibiting AKT to increase acyl-CoA synthetase
long-chain family member 4 expression (123). When SIRT3

expression is reduced, inhibition of AKT-dependent ferrop-
tosis protects cancer cells from ferroptosis. Simultaneously,
activating AKT in GBC cells induces the upregulation of
epithelial-mesenchymal transition (EMT) markers, enhancing
tumor cell invasion activity and migration capacity (124).
Reduced SIRT3 expression promotes tumor cell respiration,
ATP production and ROS reduction (122,125). Thus, in GBC
pathogenesis, SIRT3 induces Akt-mediated ferroptosis while
inhibiting EMT, thereby suppressing tumor progression.

7. Prospects for SIRT3 activator applications

As early as 2003, studies reported an association between
SIRT3 expression and lifespan (126). It protects vital human
tissues such as the heart, liver, brain and kidneys from disease
through the deacetylation of substrates. SIRT3 also partici-
pates in the overall progression of cancer. Current research
on sirtuin targets has made significant progress. Studies on
these targets can be extended to identify sirtuin-activating
compounds (STACs) or inhibitory compounds (8). Most
STAC:s belong to the natural product polyphenol family, with
resveratrol being the first compound discovered to increase
SIRT1 activity nearly 10-fold (127). Compounds such as
SRT1720, SRT2183 and SRT3025 have been developed to
increase sirtuin enzymatic activity, and these drugs have
been shown to limit kidney damage (128). Currently, most
SIRT3 activators are natural products. These compounds can
deacetylate SIRT3 or regulate its expression levels through
various mechanisms. HKL, a SIRT3 activator, is a natural
compound that increases SIRT3 expression and deacety-
lase activity. In mice with cardiac hypertrophy, it inhibits
cardiac hypertrophy by regulating the AKT and ERK1/2
pathways (82). HKL exhibits anti-inflammatory effects
in mice with enterotoxin-induced diarrhea by promoting
intestinal barrier function and regulating intestinal epithelial
apoptosis. It can also cross the blood-brain barrier to directly
act on neuronal cells in the central nervous system (84). The
novel fluorinated synthetic HKL analog hexafluoro-HKL
exhibits protective effects against melanoma and enhances
SIRT3 expression (129). Dihydromyricetin, which is struc-
turally similar to resveratrol, enhances SIRT3 expression
through SIRT3-mediated cell protection and inflammation
resistance, thereby treating osteoarthritis (130). In a mouse
model of sulfur mustard-induced liver injury, this natural
product was shown to exert its hepatoprotective effects via
SIRT3 (131). Another natural product, pyrroloquinoline
quinone, improves hepatic metabolic disorders by increasing
SIRT3 expression (132). In the treatment of HCC, sorafenib
is a clinically used drug for treating HCC. Sorafenib has been
shown to reduce SIRT3 expression, thereby decreasing drug
sensitivity, while upregulating SIRT3 can restore HCC sensi-
tivity to sorafenib therapy (82). These findings indicate that
SIRT3 is a promising therapeutic target for liver diseases.
However, the dual role of SIRT3 in cancer poses risks to its
use as a cancer treatment target (9). In addition to natural
compounds, SIRT3 activators can be developed through
high-throughput screening and structural optimization.
Recent discoveries have identified 2-APQC, a structurally
selected SIRT3-targeted small-molecule activator. By acti-
vating SIRT3, it modulates the AKT-mTOR and TGFf-Smad3
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Table I. Activating or inhibitory compounds of SIRT3 and their mechanisms of action.

A, SIRT3-activating compounds

Compound Effects and diseases (Refs.)
Honokiol Increasing the expression of SIRT3 inhibits myocardial hypertrophy by (82)
regulating AKT and ERK1/2
Promoting intestinal barrier regulation and intestinal epithelial cell apoptosis (84)
Hexafluoro Enhancing the expression of SIRT3 has a protective effect on melanoma (129)
honokiol
Dihydromyricetin Enhancing the expression of SIRT3 for the treatment of osteoarthritis (130)
Pyrroloquinoline Improving metabolic diseases in the liver (132)
quinone
B, SIRT3 inhibitors
Tenovin-6 SIRT3 non-competitive inhibitor (135)
LC-0296 NAD+ competitive inhibitors, (136)

Inhibition of proliferation and promotion of cell apoptosis in head and neck

squamous cell carcinoma

SIRT?3, sirtuin 3.

signaling pathways, thereby inhibiting myocardial hyper-
trophy and alleviating myocardial fibrosis (133). Unlike
traditional ‘inhibitory’ or ‘blocking’ drugs, SIRT3 activators
aim to ‘restore and optimize’ cellular physiological functions,
offering broad and profound application prospects. However,
further development through preclinical and clinical studies
is needed to address their pleiotropic effects and enhance their
specificity. Furthermore, achieving tissue-specific targeting
remains challenging, as other members of the sirtuin family
are widely expressed in the digestive system and regulate
both tumor-promoting and tumor-suppressing processes.
Currently, allosteric activators are gaining attention in the
design of SIRT-targeting activators (e.g., SIRT1 and -6).
Further elucidation of the structure and biological functions
of SIRT3 will facilitate the development of small-molecule
activators targeting SIRT3 (9).

Compared with the development of SIRT3 activators, the
development of inhibitors within the dynamic deacetylation
process is somewhat simpler. By leveraging the peptide-binding
region within the SIRT3 crystal structure, a structure-based
approach can be used to identify novel isoform-specific inhibi-
tors (134). With respect to deacetylation substrates, competitive
inhibition of SIRT3 deacetylation activity can be achieved by
synthesizing structural analogs of endogenous acetylated
substrates. Alternatively, NAD* coenzyme competitive inhibi-
tors accelerate the reverse reaction of deacetylation, thereby
inhibiting the deacetylation process. Tenovin-6 is a bioactive
P53 activator that was later identified as a SIRT3 inhibitor with
antitumor activity. Its mechanism of SIRT3 inhibition remains
elusive, but it has been demonstrated to act as a noncompetitive
inhibitor (135). LC-0296 is a synthetic SIRT3 inhibitor whose
mechanism of action is currently unknown. On the basis of
its structure, LC-0296 may act as a competitive inhibitor of

NAD*. It exhibits potent antiproliferative and proapoptotic
activity against head and neck squamous cell carcinoma (136).
As summarized in Table I, an increasing number of natural
and synthetic compounds have been identified as SIRT3 activa-
tors or inhibitors, providing a critical resource for developing
targeted therapeutic strategies (Table I). Research on SIRT3
activators is promising, yet their practical clinical application
remains challenging. For instance, precisely delivering drugs
to specific diseased organs while minimizing effects on other
tissues is crucial for enhancing efficacy and reducing side effects.
This precise targeting becomes particularly vital when SIRT3
expression levels exhibit either pro- or antitumor effects across
different cancers. Careful monitoring of future research is essen-
tial, especially in preclinical and clinical settings, to explore
SIRT3-modulating therapies for digestive system diseases.

8. Conclusion

As a member of the sirtuin family, SIRT3 influences mitochon-
drial energy balance, redox homeostasis and mitochondrial
DNA repair by regulating the acetylation status of mitochon-
drial proteins. The functional integrity of mitochondria is vital
for maintaining the health of digestive organs. Dysfunction of
SIRT3 leads to mitochondrial disruption and serves as acommon
pathway linking multiple pathophysiological processes. This
review summarizes the structure and deacetylase function of
SIRTS3, highlighting its vital role in digestive system diseases.
In such diseases, loss of SIRT3 activity leads to metabolic
disorders, oxidative stress-induced accumulation of energy and
substances, cellular damage and mutations, and genomic insta-
bility. Ultimately, this leads to tissue carcinogenesis. Notably,
however, SIRT3 expression exhibits duality in certain digestive
system tumors, such as CRC, and influences chemoresistance
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in CRC cells. Therefore, when SIRT3 activators are designed,
combining SIRT3 modulators with chemotherapeutic agents
or metabolic inhibitors could significantly improve clinically
observed chemoresistance. Although a series of SIRT3-targeting
small molecules have demonstrated efficacy, the vast majority of
SIRT3 activators remain in preclinical stages. SIRT3 remains a
largely unexplored therapeutic target, and future research should
focus on optimizing SIRT3-targeted therapies by enhancing
their specificity and improving their efficacy when combined
with conventional treatments. Despite these existing challenges,
this approach offers novel therapeutic strategies for digestive
system diseases.
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