Bzl SPANDIDOS
7] ,§, PUBLICATIONS

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 58: 299, 2026

Research progress on BTG2 in non-tumor diseases (Review)

SHULING LI, XIAOMEI LIU"", ZHENG ZHANG'", LING YANG!, YUXUAN LI' and QIONGDAN HU'*

1Department of Nephrology, The Affiliated Traditional Chinese Medicine Hospital, Southwest Medical University,
Luzhou, Sichuan 646000, P.R. China; 2Department of Nephrology, Hospital of Chengdu University of
Traditional Chinese Medicine, Chengdu, Sichuan 610072, P.R. China

Received May 22, 2026; Accepted August 19, 2026

DOI: 10.3892/ijmm.2026.5970

Abstract. The B-cell translocation gene 2 (BTG2), originally
identified as a tumor suppressor, has been extensively studied
in oncology research. However, its multifaceted functions in
non-tumor diseases are still being recognized but not entirely
understood. This review systematically synthesizes advances
in the pivotal, context-dependent roles of BTG2 in non-tumor
pathologies, including fibrotic, neurological, cardiovascular,
inflammatory, metabolic and other systemic diseases. BTG2 is
not merely a binary regulator but a context-sensitive molecular
hub. Specific disease microenvironments, cell types and
pathological stages contribute to its biological impact, whether
protective or pathogenic. For instance, BTG2 promotes
protective microglial activation in Alzheimer's disease while
exacerbating neuronal death in acute spinal cord injury.
Mechanistically, BTG2 influences cell fate decisions involving
apoptosis, senescence, inflammation and metabolism by inte-
grating signals from various pathways at the intersection of
major regulatory networks, such as the neuro-immune-epigen-
etic axis and the metabolic-epigenetic-fibrosis network. It has
emerged as a promising dual-purpose biomarker for disease
diagnosis and prognosis, as well as a potential therapeutic
target, owing to its dose-sensitive expression and regula-
tory position. However, because of its functional duality,
therapeutic targeting necessitates precise, context-specific
strategies. This review offers a novel, integrative perspective
on BTG2 in non-tumor biology, underscoring its implication
as a key regulatory node with extensive translational potential.
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1. Introduction

The B-cell translocation gene (BTG)/transducer of ERBB2
(TOB) protein family is a highly conserved group of regu-
latory proteins that consists of BTG1, BTG2/PC3/BTG
anti-proliferation factor 2 (Tis21), BTG3/ANA, BTG4/PC3B,
TOB1/TOB and TOB2 (1). The BTG domain, which consists
of two distinctive subregions, Box A and Box B, is a highly
conserved functional module shared by all members (2). These
subregions mediate interactions with different transcriptional
regulators and proteins involved in mRNA metabolism (3).
The highly dynamic expression profile and precise molecular
regulatory processes as an immediate early response gene
make BTG2 distinctive within the BTG family. This estab-
lishes BTG2 as an essential quantitative threshold sensor for
cellular stress responses and fate determination. Compared
with other family members, BTG2 responds rapidly to DNA
damage events, oncogene activation or growth signaling,
facilitating quick intervention in cellular processes. At the
molecular level, BTG2 only uses its conserved Box A and Box
B domains to exert its non-catalytic adapter function. Based
on upstream signal intensities, it competes stoichiometrically
with the carbon catabolite repression 4-negative on TATA-less
C-C motif chemokine receptor 4 (CCR4-NOT) deadenylation
complex and protein arginine methyltransferase 1 (PRMT]1)
methyltransferase to mediate the quantitative redistribution of
downstream mRNA stability and protein modification state.
Because of its molecular design, BTG2 can coordinate binary
destiny decisions between irreversible apoptosis and reversible
cell cycle arrest by integrating stress magnitude and environ-
mental cues in a manner comparable to an environmentally
dependent resistor. BTG2 differs from other members of the
family owing to its distinctive spatiotemporal sensitivity, signal
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integration capacity and plasticity. Within this family, BTG2
is one of the most extensively studied and functionally diverse
core members because of its impact on stress response, DNA
damage repair, signaling pathways and cell cycle regulation.
Its mechanisms of action and pathophysiological relevance
extend beyond the scope of tumor suppression (4-8).

BTG2 belongs to the BTG/TOB antiproliferative protein
family. The BTG2 gene is found on human chromosome 1q32
and encodes a protein containing 158 amino acids and a relative
molecular mass of ~20 kDa (8). Its conserved BTG domain (9),
which confers dual regulatory functions, is central to its basic
molecular activity. First, by selectively attaching to the dead-
enylase CCR4-NOT transcription complex subunit 7 (CNOT7,
also known as CAFI), a key linker protein in the mRNA
degradation complex, it drives the deadenylation and degrada-
tion of target Mrna (10) and accelerates post-transcriptional
regulation. Second, it accurately modifies the transcriptional
activity of downstream genes as a transcriptional co-regulator
by interacting with critical signaling molecules, such as p53
and Smad (11,12).

The core biological functions of BTG2 are primarily
reflected as the braking and directing of cell fate through
these processes. It triggers the cell cycle to enter G1 phase
arrest (5,13), which compels cells to stop proliferating while
initiating differentiation-related processes (14). Consequently,
BTG?2 is essential for suppressing aberrant proliferation,
promoting cell differentiation and maintaining tissue homeo-
stasis. These characteristics position BTG2 as a pivotal
molecular hub that regulates development, stress responses
and the advancement of non-neoplastic diseases while estab-
lishing it as a crucial tumor suppressor.

Research on BTG2 has traditionally focused on tumor
biology (15-18) because of its central role in cell cycle arrest,
cellular stress (19) and the DNA damage response (5,20,21),
as well as BTG2 downregulation in various cancers and its
evident tumor suppressor activity (22-25). However, the under-
standing of BTG2 is expanding. Research perspectives have
steadily expanded from cancer to non-neoplastic disorders
owing to advancements in genomics and the development of
disease models. This former cell cycle gatekeeper has demon-
strated surprising adaptability: BTG2 is expressed in organs,
such as the spleen, thymus, lungs, stomach, large intestine and
kidneys (26-28). Building upon our own previous research,
BTG2 promotes podocyte injury in focal segmental glomeru-
losclerosis (FSGS) through a Smad3-dependent mechanism,
including epithelial-mesenchymal transition (EMT) and
fibrosis. The relationship between BTG2 and renal fibrosis is
the subject of further investigation by the group. Furthermore,
BTG?2 is central to conditions such as fibrotic diseases (29),
neurological diseases and cardiovascular disorders (30).
Building on this, the present review extends its scope to explore
the association between BTG2 and other fibrotic diseases.
Non-oncological disorders are being investigated considering
the earlier focus on oncology contexts. These results compel a
reevaluation of the biological relevance of BTG2, suggesting
that it may serve as a cellular homeostasis regulator implicated
in pathophysiological events.

This review aimed to systematically summarize the
research progress on BTG2 in non-neoplastic diseases, empha-
sizing its molecular mechanisms and pathophysiological

importance in fibrotic diseases, neurological disorders and
cardiovascular diseases. This systematic literature review
further intended to explore the translational medical impact
and potential therapeutic strategies targeting the BTG2
signaling network to offer comprehensive theoretical refer-
ences and novel insights into related research fields.

2. BTG2 and fibrosis

By controlling the cell cycle, apoptosis and pathways such as
TGF-B/Smad3 and phosphoinositide-3 kinase (PI3K)/protein
kinase B (AKT), BTG2 contributes to organ fibrosis, particu-
larly in the heart, kidneys and liver (31,32). Additionally,
it influences the pathological progression of fibrosis by
regulating fibroblast proliferation and extracellular matrix
deposition (33).

Renal fibrosis. The impact of BTG2 in renal fibrosis
depends on the cell type and specific mechanisms. Through
a Smad3-dependent mechanism, BTG2 causes podocyte
damage in FSGS, including EMT and fibrosis. Selective BTG2
knockout in podocytes significantly inhibits the expression of
EMT markers (such as a-smooth muscle actin and vimentin)
and restores the epithelial marker E-cadherin, preventing
podocyte injury (34). Furthermore, single-cell sequencing
has shown that EMT and fibrosis are strongly related to
elevated BTG2 expression in proximal tubular cells in diabetic
nephropathy (DN) models. By preventing differentiation into
this phenotype, sodium glucose cotransporter 2 inhibitors
(SGLT2i) can reduce the number of fibrogenic subpopulations
and the proportion of BTG2-high-expressing cells, thereby
suppressing EMT and fibrosis advancement. Thus, SGLT2i
may improve tubular fibrosis by downregulating BTG2 and
suppressing Smad3-dependent pathways, indicating that
BTG2 may serve as both a pathogenic factor and an inter-
vention target for renal fibrosis in DN (33). However, under
high-glucose conditions, decreased BTG2 expression has
been strongly related to enhanced EMT, aggravated renal
fibrosis and increased podocyte apoptosis. Conversely, BTG2
overexpression can attenuate renal fibrosis by inhibiting
mTOR complex 1 (MTORCI) signaling, increasing autophagy
and suppressing EMT (35). Together, BTG2 is central to the
occurrence and regulation of renal fibrosis, which necessitates
further investigation into potential interventions. Renal fibrosis
is the best example of this context-dependent functionality,
which challenges any straightforward binary classification of
BTGQG?2 as either entirely protective or entirely pathogenic.

Mpyocardial fibrosis. Based on the condition, BTG2 plays varied
roles in myocardial fibrosis. BTG2 exacerbates myocardial
injury and fibrosis by triggering cardiomyocyte apoptosis and
counteracting the protective effects of microRNA (miR)-21
under ischemic and hypoxic conditions (36). Furthermore,
miR-25-5p promotes cardiac fibroblast activation and fibrosis
by suppressing BTG2 and reducing superoxide dismutase 2
levels, thereby enhancing the expression of fibrosis-related
genes (30). Collectively, BTG2 exhibits diverse biological roles
depending on the pathological context. BTG2 often functions
as a protective factor with anti-proliferative and antioxidant
properties during chronic fibrosis or oxidative stress. By



Bzl SPANDIDOS
7] .§, PUBLICATIONS

contrast, BTG2 may exert pathogenic effects by promoting
apoptosis and aggravating myocardial damage under acute
ischemic and hypoxic conditions.

Furthermore, in myocardial fibrosis, non-coding RNAs,
such as miR-21 and miR-125b-5p, exert anti-apoptotic and
anti-fibrotic effects by directly targeting and inhibiting
BTG2 (36,37). BTG2 contributes both to fibroblast activation
and to the indirect regulation of tissue repair and fibrosis
through the modulation of the immune microenvironment
(e.g., macrophage polarization) or through metabolic homeo-
stasis (38).

Oral submucous fibrosis. The transcription factor PU.1
directly targets BTG2, and PU.1 directly regulates its
expression during oral submucous fibrosis (OSF) patho-
genesis. Mechanistically, arecoline-induced metabolic
reprogramming leads to lactylation of the transcription
factor YY1 at the K183 residue. Lactylated YY1 enhances
the expression and transcriptional activity of PU.1, promotes
its binding to the BTG2 promoter and drives BTG2 upregu-
lation. Increased BTG2 expression accelerates fibrosis by
mediating fibroblast senescence and collagen accumulation.
Specifically, BTG2 overexpression induces fibroblasts to
exhibit a senescent phenotype (e.g., senescence-associated
[-gal positivity), which is linked to cellular dysfunction and
fibrosis. Additionally, BTG2 activation enhances collagen
synthesis and deposition, which is a key contributor to the
aberrant tissue structure that characterizes fibrosis. Notably,
BTG?2 expression is upregulated in the early stages of OSF,
potentially serving as a defense mechanism to prevent
excessive fibroblast activation. However, BTG2 expression
becomes dysregulated under persistent metabolic stress
and epigenetic alterations in the late stages, eventually
exacerbating uncontrolled fibrosis (29).

Other fibrotic diseases. Besides the kidneys, heart and oral
cavity, BTG2 may contribute to fibrotic diseases of other
organs. BTG2 is a molecular marker for the advancement of
liver fibrosis and has been positively correlated with disease
severity (39,40). Additionally, it can be used to monitor the
therapeutic response to agents, such as Graptopetalum para-
guayense, in liver fibrosis (39).

No studies on pulmonary fibrosis have reported a direct
correlation between BTG2 expression and disease occur-
rence or severity. The absence of functional validation studies
likely reflects inadequate research rather than a definitive lack
of biological relevance. Future studies using lung-specific
genetic models and clinical cohort analyses are warranted to
determine the functional implication of BTG2 in pulmonary
fibrotic pathology.

In summary, BTG2 serves as a bidirectional regulatory
factor that either promotes or inhibits fibrosis in different
organs, cell types and stages of the illness. Its effect is based
on upstream miRNA and transcription factor networks, as
well as the metabolic and hypoxic microenvironment (Fig. 1).
To achieve the optimal anti-fibrotic intervention effects while
avoiding potential adverse effects, therapeutic strategies
targeting BTG2 must consider the particular organs, cell
types and disease stages. Additionally, they must implement a
refined, temporally specific regulation of BTG2.
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3. Neurological diseases

BTG2 has multifaceted functions in neurological diseases, and
its functional consequences substantially depend on the cell
type, pathological stimulus and disease stages.

Neurodegenerative diseases. In neurodegenerative
diseases, BTG2 has major regulatory roles (41) and poten-
tial neuroprotective effects. BTG2 appears to contribute
to microglia-mediated amyloid clearance in Alzheimer's
disease (AD). Results from a study involving beta-secretase
1 (BACEL) deletion in 5xFAD mice suggested that BACE1
loss leads to the upregulation of several transient transcription
factors, including BTG2, which is associated with microglial
transition toward a phagocytic disease-associated microglia
stage (DAM1) phenotype. The conditional deletion of Bacel
in microglia reduced the expression of DAM2 marker genes
and decreased amyloid plaque burden, supporting the idea that
BTG2 upregulation promotes protective microglial responses.
Notably, both homeostatic microglia and DAM?2 show
low BTG2 levels; however, BTG2 is markedly upregulated
during the homeostatic-to-DAMI transition, corroborating
its role as a transitional activation marker related to reduced
amyloid pathology (42). Furthermore, the miR-16-5p/BTG2
axis influences hippocampal neuronal function, autophagy
and apoptosis (37). Thus, BTG2 may serve as a favorable
marker for the activated status of protective microglia in
AD. However, further mechanistic studies and validation
in human samples are warranted before establishing it as a
reliable diagnostic or therapeutic target. Likewise, BTG2 has
been identified as a key neuroprotective gene in Huntington's
disease and its genetic variant may affect the disease process
through the same transcriptional regulatory mechanism (43).

Neurodevelopment and neural stem cell homeostasis. BTG2 is
an important regulator of neurodevelopment and neural stem
cell homeostasis. BTG2 precisely regulates the production of
neuronal populations and the construction of neural circuits
in the early phases of neurodevelopment by preventing neural
stem cells from proliferating and promoting their differentia-
tion into neurons (44). This function is mechanistically similar
to the role of BTG2 in B-cell development, where it suppresses
the expression of non-lineage genes and maintains lineage
commitment (7). Thus, BTG2 may serve as a universal cell fate
regulator with conserved functions across tissue development.
The BTG2 gene is likely involved in regulating the typical and
pathological development of neural stem cells and progenitor
cells. Changes in BTG2 gene expression were observed in
multiple brain regions associated with neuronal differentia-
tion and projection after puberty in a study on valproic acid
exposure (45).

Apart from regulating the proliferation and differen-
tiation of neural stem cells, BTG2 influences the refining
neuronal migration, synapse formation and synaptic func-
tion. For instance, BTG2 expression changes in zebrafish
models have been associated with rhodamine B-induced
neurodevelopmental abnormalities (46,47). Further mecha-
nistic investigations suggest that BTG2 interacts with YTH
N6-methyladenosine RNA binding protein F3 and regu-
lates the mRNA stability of synapse-related genes (such as
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Figure 1. Regulatory mechanisms by which BTG2 influences various fibrotic diseases. This figure illustrates the mechanisms of action of BTG2 in four types of
fibrotic diseases: (A) Renal fibrosis: BTG2 expression is upregulated in FSGS and DN. It activates the Smad3 pathway, promoting EMT and exacerbating renal
fibrosis. However, BTG2 expression is downregulated under hyperglycemic conditions, which increases mTORCI activity and similarly drives mesenchymal
transition and the fibrotic process. (B) Myocardial fibrosis: BTG2 is upregulated during acute ischemic-hypoxic conditions and inhibits miR-21, inducing
cardiomyocyte apoptosis. MiR-25-3p targets and suppresses BTG2 expression under chronic fibrosis and oxidative stress, thereby decreasing SOD activity
and exacerbating oxidative damage. Finally, it triggers cardiomyocyte fibrosis. (C) OSF: Through metabolic reprogramming, arecine induces K183 lactylation
of the YY1 protein, thereby activating PU.1 and upregulating BTG2 promoter activity, which increases BTG2 expression. In the early stages of OSF, limited
BTG?2 activation exerts a compensatory protective effect; however, in the late stages, BTG2 dysregulation drives the transdifferentiation of oral mucosal
cells into mesenchymal cells, causing pathological fibrosis. (D) Other fibrotic diseases: In liver fibrosis, high BTG2 expression has been positively correlated
with disease progression; Graptopetalum paraguayense extracts can alleviate liver fibrosis by inhibiting BTG2 expression. In pulmonary fibrosis, no direct
evidence has correlated BTG2 with disease onset and progression; further research based on lung-specific genetic models is warranted. FSGS, focal segmental
glomerulosclerosis; DN, diabetic nephropathy; SOD, superoxide dismutase; OSF, oral submucous fibrosis; miR, microRNA; EMT, epithelial-mesenchymal
transition; mMTORCI1, mTOR complex 1; BTG2, B-cell translocation gene 2; OSF, oral submucous fibrosis.

cerebellin 1 precursor), thereby influencing synaptic structure
and cognitive function (48).

Therefore, BTG2 regulates neurodevelopment through
cell-autonomous mechanisms while influencing the estab-
lishment and maintenance of neural function through
post-transcriptional regulatory pathways. Thus, BTG2
may serve as a key integrative factor in neurodevelopment.
Dysregulated BTG2 expression or function may be strongly
associated with neurodevelopmental disorders and related
pathological processes.

Demyelinating diseases. BTG2 functions as a protective
marker in multiple sclerosis (MS). It has been defined as a
marker gene associated with microglial homeostasis and
anti-proliferation, and BTG2 expression depends on p38a
signaling. In the male experimental autoimmune encepha-
lomyelitis (EAE) model, p38a loss caused the widespread
downregulation of homeostatic genes, such as BTG2. This
makes microglia more susceptible to transitioning from a
homeostatic state to an inflammatory and disease-associated

microglia state, which is accompanied by a clinical exacerba-
tion of EAE (49). Thus, BTG2 expression must be maintained
to preserve microglial homeostasis and limit neuroinflamma-
tion, and downregulated BTG2 serves as a negative prognostic
marker of the loss of endogenous neuroprotective mechanisms.
Notably, this protective role has been primarily reported in
male EAE models, and the presence of sex-based differences
in BTG2-mediated microglial regulation warrants further
investigation.

Acute neuronal injury. In acute neuronal injury, BTG2 plays a
complex and context-based dual role. BTG2 primarily exhibits
negative effects in models of spinal cord injury and neonatal
hypoxic-ischemic brain injury: The early growth response
1 (EGR1)/BTG2 axis is activated in spinal cord injury,
and BTG2 serves as a downstream target of EGR1, which
promotes neuronal apoptosis by upregulating the pro-apop-
totic protein Bcl2-associated X protein (Bax) and enhancing
caspase-3 cleavage (50). Similarly, BTG2 exacerbates
neuronal death, cerebral infarction and neuroinflammation
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in neonatal hypoxic-ischemic conditions through Bax
pathway activation. By contrast, BTG2 inhibition improves
neurobehavioral outcomes (51). Additionally, by activating the
PI3K/AKT/NF-«xB pathway, BTG2 drives microglial polariza-
tion toward a pro-inflammatory phenotype in T-2 toxin-induced
neurotoxicity (52), which aggravates both neuroinflammation
and injury (53). Changes in BTG2 expression have been asso-
ciated with fentanyl exposure-induced neurotoxicity. Fentanyl
exposure significantly changes neuronal development and plas-
ticity in zebrafish embryos, primarily affecting the BTG2 gene.
Specifically, exposure to 1 and 5 mg/1 of fentanyl significantly
upregulates the relative expression of the BTG2 gene. BTG2
serves as an important gene that regulates neural development
in vertebrates. Therefore, upregulated BTG2 expression may
reflect the potential neurotoxic effects of fentanyl exposure on
neural development and activity (54).

However, BTG2 exerts neuroprotective effects in certain
excitotoxicity models. For instance, BTG2 is significantly
upregulated as a stress-response gene during glutamate
excitotoxicity, which probably activates cellular repair and
protective pathways to prevent damage. This highlights
BTG2's protective role in transcriptional reprogramming (55).
BTG?2 has been identified as a vital co-regulated gene in spinal
cord ischemia-reperfusion injury (SCII) and its expression has
been strongly associated with SCII repair (56). This functional
diversity suggests that the type of injury, cellular environ-
ment and the signaling pathways involved all significantly
affect BTG2's function in acute neuronal injury. Exposure
to chemicals, such as ethinyl estradiol and diethyl phthalate,
can dysregulate BTG2 gene expression, and these genes serve
as miRNA targets. Gene expression analysis showed BTG2
upregulation after exposure to certain substances (57).

In summary, BTG2 is a crucial regulatory molecule with
pathway specificity and pathological context dependency rather
than a uniformly protective or harmful factor in acute neuronal
injury. Owing to its involvement in multiple processes, such as
apoptosis, inflammation and stress responses, BTG2 is critical
to understanding injury mechanisms and developing targeted
therapy approaches. It is particularly promising for treatment
that targets the EGR1/BTG2 axis, miRNA regulation or the
modulation of microglial phenotypic switching.

Other neurological diseases. Aberrant BTG2 expression
has been strongly associated with several other neurological
disorders. BTG2 variants may play a protective role in diabetic
neuropathy (58). One of the key upregulated genes, BTG2, may
be involved in immune imbalance (59). BTG2 has been identi-
fied as a ferritin-related gene and is consistently increased in
the brains of patients with epilepsy (18). By controlling anti-
oxidant pathways, BTG2 may affect the course of amyotrophic
lateral sclerosis (60). Although its precise role in T-cell immu-
nity remains elusive (61), these strong associations underscore
the importance of BTG2 in both the physiology and pathology
of the nervous system.

Taken together, BTG2 plays a dual and context-dependent
role in neurological disorders; it serves as a molecular switch
that directs cellular responses toward either neuroprotection or
pathological progression. BTG2 exerts anti-inflammatory and
homeostatic effects in microglia, promoting protective pheno-
typic changes in conditions such as MS and AD. However, it
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can abnormally activate pro-inflammatory responses through
the PI3K/AKT/NF-«kB pathway upon exposure to specific toxic
stressors. The degree of injury determines how BTG2 functions
in neurons: Moderate stressors, such as excitotoxicity, trigger
protective transcriptional reprogramming, whereas severe
stressors, such as hypoxia-ischemia and spinal cord injury,
cause its activity to shift toward pro-apoptotic pathways, such
as the EGR1/BTG2/Bax axis. Mechanistically, the factors
that ‘switch on or off” BTG2's dual functionality operate
at multiple regulatory levels. First, the type and strength of
upstream activating signals determine the functional outcome:
Under severe genotoxic or ischemic stress, p53-dependent acti-
vation strongly upregulates BTG2 and promotes pro-apoptotic
signaling. By contrast, under sublethal stress or neurotrophic
stimulation (e.g., bone-derived neurotrophic factor), NF-kB- or
cAMP responsive element binding protein (CREB)-mediated
moderate induction favors neuroprotective transcriptional
programs. Second, post-translational modifications (PTMs) in
the BTG2 protein form a regulatory ‘PTM code’ that refines its
functional output. These modifications include the following:
ERK-dependent phosphorylation, which affects its affinity
for the CCR4-NOT deadenylase complex and its control over
mRNA stability; PRMTI1-mediated arginine methylation,
which modifies its interaction with transcriptional co-regula-
tors; and ubiquitin-proteasome-dependent degradation, which
determines the duration of its activity. Third, BTG2 lacks
intrinsic catalytic activity; therefore, its protein interaction
network composition largely affects its context-based function:
Association with PRMT1 or CCR4-NOT transcription complex
subunit 7 (CNOT7) promotes neuroprotective outcomes,
whereas excessive interaction with pro-apoptotic transcription
factors, such as p53 or Smad, increases pathological signaling.
Finally, this switch may be locked into a pathogenic state by
the chronic inflammatory, oxidative and metabolic milieu
that characterizes neurodegenerative diseases. Nonetheless,
it can be reset toward a protective mode by neuroprotective
therapies. Furthermore, machine learning approaches have
highlighted BTG2 as a potential biomarker for ischemic
stroke (62,63), further corroborating its pathological relevance.
An increase in miR-146a can alleviate postoperative cognitive
dysfunction by inhibiting BTG2 expression. Thus, BTG2 may
influence the occurrence and development of postoperative
cognitive dysfunction, and miR-146a negatively regulates its
expression (64). Furthermore, BTG2 has been listed as one of
the genes that affect learning and memory (65).

This functional duality likely results from different cellular
conditions and signaling networks that selectively activate
BTG2's downstream pathways. Future research should clarify
the upstream mechanisms that regulate the ‘switch-like’ attri-
bute of BTG2 and investigate methods to selectively improve
its protective functions in specific pathological contexts by
modulating downstream targets, such as p53, cyclin-dependent
kinase (CDK) inhibitors or microglial phenotypes. Such
studies have the potential to offer new directions for precision
treatments in neurological conditions.

In summary, BTG2 serves as a multifunctional and highly
accurate regulator in the nervous system. Cell type, patho-
logical stage and molecular environment all have a significant
impact on its contribution to disease development, protection,
injury response and disease progression (Fig. 2). Because of
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Figure 2. Dual role of BTG2 in neurological diseases. The dual role of BTG2 in the nervous system is categorized into neuroprotection and neurodegenerative
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ates pathological damage in multiple sclerosis and glutamate excitotoxicity. Right panel (degenerative effects): BTG2 promotes neuronal apoptosis, worsens
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its complexity and central position, BTG2 is a useful target for
understanding neurobiological mechanisms and developing
novel diagnostic and therapeutic approaches.

4. Cardiovascular diseases

BTG?2 contributes to pathological processes in cardiovas-
cular diseases, such as myocardial remodeling, heart failure,
atherosclerosis (AS) and cardiomyocyte senescence. It
regulates cardiomyocyte apoptosis, inflammatory responses,
cell cycle control and vascular smooth muscle cell prolifera-
tion, thus affecting cardiovascular homeostasis and disease
progression. Changes in BTG2 expression may serve as
biomarkers for the prognosis and therapeutic response in
these conditions.

Coronary artery disease (CAD) and AS. AS, which is char-
acterized by lipid deposition, inflammatory reactions and

vascular wall remodeling, is the core pathophysiological cause
of cardiovascular disorders (66). BTG?2 is central to the onset
and progression of AS.

Researchers at the Drum Tower Hospital affiliated with
Nanjing University Medical School (Nanjing, China) discov-
ered a novel signaling pathway wherein chronic angina uses a
neuro-immune-epigenetic axis to accelerate AS. Specifically,
inflammatory monocytes in the blood and plaques are activated
by chronic cardiac pain signals, which leads to elevated BTK
protein expression. The SET domain containing 2, histone
lysine methyltransferase (SETD2) protein is phosphorylated,
histone H3K36me3 modification is strengthened and the
transcription and expression of the C-X3-C motif chemokine
receptor 1 (Cx3crl) gene are upregulated. This gene medi-
ates monocyte infiltration into the vascular wall and induces
inflammation (67). BTG2 shows promise as a biomarker
in CAD and regulates vascular pathological processes. At
the cellular level, BTG2 has been associated with both the
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osteogenic-like phenotypic switching of vascular smooth
muscle cells and coronary artery calcification. In endothelial
cells, pro-inflammatory factors induce BTG2 expression. By
contrast, the von Hippel-Lindau (VHL) protein may influ-
ence endothelial inflammation by modulating BTG2 stability,
thereby contributing to AS onset.

Heart injury. BTG2 upregulation adversely affects cardiac
damage caused by myocardial infarction and chemothera-
peutic drugs (doxorubicin) by promoting cardiomyocyte
apoptosis and inflammation, which impairs cardiac func-
tion (68). Cardioprotective miRNAs (e.g., miR-322-5p, miR-21,
miR-125b-5p and miR-186-5p) directly target and inhibit
BTG2, thus alleviating myocardial damage and improving
cardiac function (30,36,37,69,70). Patients with acute myocar-
dial infarction show reduced circulating BTG2 levels (30,71),
which recover after reperfusion. Therefore, it may serve as a
prognostic indicator. Thus, BTG2 is a critical mediator in both
ischemic and toxic myocardial injuries and serves as a core
downstream target of cardioprotective miRNAs.

Cardiomyocyte proliferation and cardiac regeneration.
Beyond its function in myocardial injury, BTG2 serves as a
critical cell cycle inhibitor in cardiomyocytes that restricts
the heart's ability to regenerate. Together with other cell
cycle inhibitors, such as p21 and Meis homeobox 1 (Meisl),
the transcription factor T-box transcription factor 20 directly
represses BTG2 to promote cardiomyocyte proliferation and
post-myocardial infarction cardiac repair (72). This finding
positions BTG2 in the context of a broader network of prolif-
eration barriers that should be overcome to achieve cardiac
regeneration.

Genetic studies have demonstrated that the deletion or
knockdown of Btgl and BTG2 in neonatal hearts transiently
increases the number of mitotic cardiomyocytes without
long-term structural defects. Thus, Btgl/2 contribute to
postnatal cardiomyocyte cell cycle arrest, and their loss can
partially reactivate the proliferative capacity of cardiomyo-
cytes during a developmental window in which regenerative
potential still exists (73). Precise delivery to the myocardial
injury site can be accomplished by administering a single tail
vein injection of an AAV9 vector carrying a targeting short
hairpin RNA expression cassette driven by a cardiac-specific
promoter (such as ¢InT) and targeting BTG2 (in combination
with p21 and Meisl), its inherent myocardial affinity and the
increased local vascular permeability after myocardial infarc-
tion. BTG2-targeted inhibition, either alone or in conjunction
with other cell cycle regulators, may be a practical strategy for
promoting endogenous cardiac regeneration after injury.

Cardiomyocyte senescence. BTG2 directly regulates cardio-
myocyte senescence. The histone methyltransferase suppressor
of variegation 39 homolog 2 (SUV39H2) delays cardiomyo-
cyte senescence through the epigenetic downregulation of
BTG2. Conversely, the loss of SUV39H2 increases BTG2
levels and accelerates senescence, whereas BTG2 knockdown
can reverse this phenomenon (74). Thus, BTG2 drives the
cardiomyocyte senescence program, and targeting it may help
combat cardiac aging and associated dysfunction. Transient
efficacy and potential off-target effects limit small interfering
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RNA-based knockdown approaches; Therefore, these find-
ings should be interpreted cautiously and validated through
complementary genetic approaches, such as CRISPR-based
knockout models, in the future. BTG2 has been identified as
a novel Myc target gene, which negatively affects myocardial
hypertrophy. It inhibits myocardial hypertrophy by interacting
with the Ccr4-Not enzyme-mediated deadenylation complex
and suppresses cytoplasmic RNA levels (75).

Other cardiovascular diseases. BTG2 plays multifaceted roles
in cardiovascular diseases (Fig. 3). Because of its capacity to
control RNA metabolism in hypertrophic cardiomyopathy,
BTG2 has an anti-hypertrophic impact in cardiac hyper-
trophy by inhibiting pathological growth (76). Additionally,
clinical data highlight an association between BTG2 and the
regulation of myocardial energy metabolism and hypertrophy.
Furthermore, BTG2 is implicated in calcific aortic valve disease
and myocardial ischemia-reperfusion injury (IRI), and path-
ways, such as the long non-coding RNA ZFAS1/miR-186-5p
axis, regulate its expression (70,77). Notably, BTG2 plays a
‘dual role’ in cardiac diseases: In most injury models, BTG2
upregulation is detrimental but beneficial in preventing patho-
logical hypertrophy. Therefore, therapeutic strategies targeting
BTG?2 necessitate precise design based on the disease context.

5. Inflammatory and autoimmune diseases

BTG?2 is a crucial regulatory factor and biomarker for inflam-
matory, immune and metabolic diseases. It maintains T-cell
quiescence by promoting mRNA deadenylation (78), thereby
preventing autoimmune reactions. BTG2 expression and func-
tion depend on the disease context, and its strong correlation
with pathological conditions in organs, such as the pancreas
and bone, has established BTG2 as a core node in research on
inflammatory disease diagnosis and immune regulation.

Acute pancreatitis (AP). BTG2 is a key downstream target
of 3'-tRNA-derived fragment, threonine, anticodon AGT in
the pathophysiology of AP and substantially contributes to
pancreatic acinar intracellular trypsinogen activation medi-
ated by this tRNA-derived fragment (79). Various stressors
and physiological signals can rapidly induce BTG2 expres-
sion in pancreatic tissue. These stimuli include the following:
DNA damage and genotoxic stress from ionizing radiation
or chemotherapy, oxidative stress from reactive oxygen
species accumulation and hypoxia/ischemia, endoplasmic
reticulum stress owing to high-load synthesis of pancreatic
enzymes or insulin; pro-inflammatory cytokine stimulation
such as TNF-a and IL-1p during pancreatitis or islet inflam-
mation, excessive sugar- or free fatty acid-induced metabolic
lipotoxicity and glucotoxicity, and growth factor signaling
(e.g., EGF) or mechanical trauma during acute pancreatic
injury. Through p53-dependent or -independent signaling and
NF-«kB signaling, these stimuli quickly upregulate BTG2,
which regulates cell cycle arrest, DNA repair and apoptosis.
Specifically in AP, rapid BTG2 overexpression is driven by
premature trypsinogen activation, acinar cell injury and the
ensuing inflammatory cascade, underscoring its role as a
critical stress-response gene. BTG2 is markedly overexpressed
in pancreatic tissues during the acute phase and may regulate
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cell death through potential anti-apoptotic activity. Thus,
it serves as a crucial but poorly understood molecular link
between early protease activation and subsequent cell injury
repair. In AP, upregulated BTG2 expression aggravates tissue
injury by promoting oxidative stress, exacerbating mitochon-
drial damage and inducing pancreatic acinar cell apoptosis.
Elevated BTG2 levels have been directly correlated with
disease severity (80). Notably, the pancreas exhibits a substan-
tial upregulation of PC3/TIS21/BTG2 mRNA in response to
inflammatory stressors, such as AP. Similar overexpression
patterns are observed in the liver and kidneys. Both AP and

renal SCII entail apoptosis, and PC3/TIS21/BTG2 has inherent
anti-apoptotic activity. Therefore, it may be hypothesized that
this protein plays a critical regulatory role in apoptosis within
the pancreas, liver and kidneys (81). Collectively, BTG2 may
serve as a downstream effector within inflammatory stress
cascades, besides showing promise as a therapeutic target for
acute inflammatory conditions, including AP (80,81).

Periodontitis. BTG2 shows significantly upregulated expres-
sion in the gingival tissues of patients with periodontitis, and
its levels are positively correlated with disease severity (82).
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BTG2, a direct target of miRNA-125a-5p, forms the
miR-125a-5p/BTG2 regulatory axis, which may contribute
to inflammatory responses and necroptosis via the MAPK
pathway (83). Notably, BTG2 expression is strongly associ-
ated with immune cell infiltration (e.g., memory B cells and
macrophages) and has been validated as a high-performance
diagnostic biomarker (84) for periodontitis in multiple machine
learning models [area under the curve (AUC) >0.95] (85).
Analysis of the Gene Expression Omnibus database suggested
that BTG2 serves as a key intermediate gene that links
diabetic kidney disease (DKD) and periodontitis. BTG2 is a
differentially expressed gene in both DKD and periodontitis.
Compared with healthy conditions, patients with DKD show
low BTG2 expression. In addition, it has been associated with
proteinuria. Furthermore, decreased BTG2 expression has
been related to podocyte migration and apoptosis. It may regu-
late autophagy by inhibiting the mTORCI1 pathway, thereby
suppressing EMT and influencing the interplay between peri-
odontitis and DKD (35).

Osteoarthritis. Integrative bioinformatics and machine
learning approaches have highlighted BTG2 as a diagnostic
biomarker for osteoarthritis (86), which reflects its possible
role in inflammatory joint degeneration (62,87,88).

BTG?2 expression is markedly downregulated in the syno-
vial tissues of patients with osteoarthritis. As a core node in the
competitive endogenous RNA (ceRNA) network, it contributes
to synovial inflammatory responses by regulating immune
cell infiltration (e.g., activated dendritic cells, T cells and
macrophages). Similar to its role in periodontitis, BTG2 has
shown significant diagnostic value in osteoarthritis, where the
diagnostic models based on BTG2 demonstrated high predic-
tive accuracy (AUC values ranging from 0.902 to 0.942) (87).

In summary, BTG2 contributes to a complex regulatory
network within inflammatory responses across inflamma-
tory diseases through differential expression, participation in
regulatory pathways (e.g., miRNA-mediated gene silencing
and MAPK signaling) and modulation of the immune micro-
environment. BTG2 offers a novel molecular foundation for
disease diagnosis, prognosis evaluation and treatment target
selection as a possible biomarker for inflammatory diseases.
However, more thorough research and experimental valida-
tion are warranted to determine its mechanisms of action in
different diseases.

Fungal infection. Research on Candida infections identified
BTG2 as one of the potential hub genes (89). This finding aligns
with growing evidence that BTG2 is central to the regulation
of inflammatory processes across pathological conditions,
possibly through the modulation of pro-inflammatory cytokine
production, immune cell activation and the NF-kB pathway.
Inflammation constitutes a central mechanism underlying
host defense against Candida infections. Thus, the identifica-
tion of BTG2 as a hub gene further underscores its potential
relevance in inflammatory response during fungal pathogen-
esis. However, its specific role and mechanisms underlying
this condition require further experimental validation.

Rheumatoid arthritis (RA). BTG2 expression is markedly
elevated in the synovial tissue of patients with RA and
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correlates with the degree of inflammation. In experimental
arthritis models, mice with myeloid cell-specific BTG2 dele-
tion demonstrated more severe joint degeneration and higher
levels of inflammatory cytokines (90), indicating that BTG2
offers protection against excessive inflammatory response.

Inflammatory bowel disease (IBD). IBD is a striking example
of the pivotal role of BTG2 in immune homeostasis. BTG2 is
a crucial regulator of intestinal barrier integrity and epithelial
cell turnover, both of which are critical factors in the develop-
ment of illness. It is highly expressed in intestinal epithelial
cells. Because BTG2 regulates Wnt/B-catenin signaling, a
master route that controls intestinal stem cell function and
mucosal repair, its loss substantially increases susceptibility to
dextran sulfate sodium-induced epithelial injury and severely
compromises regenerative potential. Furthermore, BTG2
is essential for preserving T-regulatory cell (Treg) function
and serves as a critical checkpoint that restricts unwarranted
autoimmune activation by modulating Treg-mediated immu-
nosuppression (91). Taken together, these findings suggest that
BTG is a key, complex regulator of immune tolerance that
connects epithelial defense mechanisms and adaptive immune
regulation. This finding underscores BTG2's potential as a
therapeutic target for immune-mediated disorders.

6. Metabolic diseases

Type 2 diabetes (T2D), hypertension, obesity, hypercholester-
olemia and metabolic dysfunction-associated steatotic liver
disease have been identified as a global health burden over
the last 3 decades (92). Furthermore, BTG2 has been closely
associated with metabolic diseases.

Diabetes and insulin resistance. BTG2 has a multifaceted,
context-dependent and tissue-specific function in insulin
homeostasis (93,94). In T2D, upregulated BTG2 expression is
strongly associated with pancreatic -cell stress and dysfunc-
tion. It modulates the pancreatic and duodenal homeobox 1
transcription factor, thus increasing insulin gene expression
and secretion. Furthermore, it has been linked to the PI3K-AKT
pathway. However, aberrant BTG2 expression in tissues, such
as the liver, exacerbates insulin resistance and disrupts glucose
homeostasis, potentially by activating gluconeogenesis in
certain hepatic conditions. This increases blood glucose and
decreases insulin tolerance (95). Conversely, in adipose tissue,
decreased BTG2 expression has been associated with insulin
resistance in obesity. BTG2 knockdown increases lipid accu-
mulation, suggesting that it plays a protective role in preserving
insulin sensitivity (96). Notably, its rs6682221 variant has
a protective function and considerably lowers the risk of
diabetic neuropathy in patients with T2D (58). Furthermore,
BTQG?2 serves as a diagnostic biomarker for calcific aortic valve
disease in these patients (77).

Obesity, wound healing and angiogenesis. BTG2 serves as a
strong anti-obesity factor by inhibiting adipogenesis, promoting
lipolysis and preserving -cell function. In obesity, miRNAs
(such as miR-222 and miR-146b) and the Stat3 pathway
downregulate BTG2 expression in adipose tissue (96-98).
This decrease weakens its protective effects, accelerating lipid
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accumulation, adipose tissue growth and insulin resistance,
all of which promote the transition from obesity to T2D.
Critically, the islet B-cell decrease in this phase is regulated by
the miR-146b/BTG2 axis. miR-146b suppresses BTG2, which
promotes B-cell apoptosis and inhibits proliferation, whereas
BTG?2 overexpression reverses these effects (98). Restoring
BTG?2 expression with the use of Stat3 antagonists or miRNA
inhibitors is a possible therapeutic strategy for obesity manage-
ment (96). Apart from its core metabolic roles, BTG2 relieves
obesity and diabetes-associated impairments in angiogenesis
and wound healing. It promotes endothelial cell proliferation
and migration, enhances mTOR signaling and enhances blood
flow recover (99). The miR-409-3p/BTG2 axis serves as a key
regulatory pathway that can restore angiogenic capacity in
obese and diabetic models (99).

In summary, BTG2 is a crucial regulator at the nexus
of metabolic and vascular health. Its tissue-specific and
context-dependent actions, which range from [-cell protec-
tion (by preventing apoptosis and promoting proliferation)
and insulin sensitivity modulation to anti-adipogenic and
pro-angiogenic effects, highlight its dual potential as a
biomarker and a therapeutic target for T2D, obesity and asso-
ciated vascular complications.

7. Other system-specific diseases

Hepatic diseases. Apart from its function in liver fibrosis,
BTG?2 is widely expressed in the liver and contributes to
various physiological and pathological processes (100). Under
typical metabolic conditions, it influences hepatic defense
against oxidative stress by activating the NFE2 like bZIP
transcription factor 2 pathway (101). Additionally, it serves as
a key component of the growth hormone pathway, working in
tandem with YY1 and CREBH to promote hepatic gluconeo-
genesis and sustain glucose homeostasis (102,103).

However, BTG2 exerts context-dependent dual effects
in liver injury. For example, BTG2 downregulation impairs
hepatic defense in hookworm infection (40). Conversely,
its upregulation during IRI may exacerbate tissue
damage (104-106). Likewise, a study using on recombinant
AAV-based liver-targeted gene knockdown models have
demonstrated BTG2 expression in Kupffer cells, hepatocytes
and endothelial cells. BTG2 upregulation during IRI has
been associated with inflammatory responses and tissue
injury (107). Notably, the liver-specific knockdown of BTG2
reduces its mRNA and protein levels by >50% and confers
protection during injury. Similar pro-inflammatory or
pro-apoptotic effects have been observed in drug-induced liver
injury (DILI), partial hepatectomy and aging liver (108-110).
BTG?2 upregulation may cause damage by modulating the
TNF-a pathway, affecting immune cell function, participating
in DNA damage responses (111) or promoting apoptosis.
Furthermore, changes in intracellular metabolism and gene
expression, including changes in BTG2, may facilitate the
co-induction of specific DILI through incompatible bavachin
and icariin in the presence of TNF-a (109).

By contrast, elevated BTG2 expression protects
macrophages in non-alcoholic fatty liver disease, exerting
anti-inflammatory and antioxidant effects, thereby reducing
lipid accumulation and inflammation (112).

In summary, BTG2 functions as a critical regulator of
hepatic stress responses, metabolic homeostasis and injury
repair. Its protective and detrimental effects largely depend on
the pathological context.

Respiratory diseases. BTG2 exhibits differential expression
patterns and complex regulatory functions in pulmonary
diseases, which demonstrate its context-dependent function in
lung pathologies.

BTG?2 expression is upregulated in monocytes/macro-
phages in chronic obstructive pulmonary disease, which may
promote pro-inflammatory reactions and contribute to disease
progression, corroborating its potential as a biomarker (113).
By contrast, the enhancer of zeste 2 polycomb repressive
complex 2 subunit-forkhead box O3-miR-34b regulatory axis
suppresses BTG2 expression in asthma, reducing BTG2 levels
that promote inflammatory responses and disease develop-
ment (114). BTG2 serves as one of three key exosome-associated
biomarkers in obstructive sleep apnea (OSA), which has been
associated with intermittent hypoxia and metabolic dysregula-
tion. BTG2 expression is significantly decreased in patients
with OSA, which correlates with immune-metabolic imbal-
ance. Mechanistically, BTG2 regulates lipid metabolism by
suppressing the STAT3 pathway and downregulating IL-6.
Immune profiling further confirms a positive correlation
between BTG2 expression and memory B cells and a negative
correlation with CD56-bright natural killer cells. Furthermore,
low BTG2 levels are related to a high risk of OSA (115).

Collectively, these findings support a ‘hypoxia-exosome-
immune’ triad mechanism where BTG2 regulates
immune-metabolic homeostasis. In summary, BTG2 plays
a substantial but diverse role in pulmonary inflammatory
diseases, and its functional direction and regulatory networks
vary across conditions.

Renal diseases. BTG2 is strongly associated with the
pathogenesis of renal diseases. It primarily affects immune
regulation, cellular stress response and kidney development.
With a high centrality score and major regulatory roles that
are probably associated with immune pathways, BTG2 may
function as a hub gene and a pivotal gene in multi-layer regula-
tory networks in DN. BTG2 shows promise as a therapeutic
target that warrants further investigation, together with
other hub genes, such as JUN, CDK inhibitor 1B, VEGFA,
phosphatase and tensin homolog, EGFR, MYC and tumor
protein 53 (116). Apart from DN, BTG2 has diverse roles
in other renal pathologies. For instance, in patients under-
going hemodialysis, a pS3-dependent mechanism induces
BTG2 expression in skeletal muscles, which reflects cellular
responses to DNA damage and oxidative stress from the
uremic environment (117). Notably, this p53-BTG2 regulatory
axis is not exclusive to hemodialysis. It represents a wider,
evolutionarily conserved stress-response pathway that has
been implicated in various conditions, including malignan-
cies, neurodegenerative diseases, cardiovascular disorders
and metabolic disease, where p53 activation (triggered by
genotoxic, oxidative or metabolic stress) in turn induces BTG2
expression. Furthermore, BTG2 expression can be modulated
through p53-independent mechanisms, such as TGF-f/Smad
signaling, MAPK pathways and Sp1/Sp3 transcription factors,
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highlighting the multifaceted signaling network that regulates
BTG?2 expression across tissues and diseases. BTG2 down-
regulation, likely regulated by miR-146a-5p, disrupts immune
balance in idiopathic membranous nephropathy (118). In renal
SCII, BTG2 serves as an NF-«B signaling-responsive gene and
as a prognostic marker that mediates both inflammation and
cellular stress. This role is critical in transplantation-related
SCII, characterized by aberrant BTG2 activation in specific
renal cell populations. This feature connects inflammatory
signaling to cellular damage (119). Additionally, loss of BTG2
function - particularly in women - reduces nephron numbers
and impairs salt-handling capacity in salt-sensitive renal
injury, causing severe hypertension and proteinuria (120).
Collectively, these findings emphasize the role of BTG2 in the
pathophysiology of renal diseases, underscoring its potential
as both a biomarker and a therapeutic target across renal
conditions. BTG2 is among the four genes used to diagnose
lupus nephritis (LN). However, BTG2 expression is high in
the control group and significantly downregulated in the LN
group. Further gene enrichment analysis highlights the role
of BTG2 in biological processes, including phagocytosis
regulation, viral infection defense, the activating transcription
factor 6-mediated unfolded protein response, neuronal cell
homeostasis maintenance and sodium ion transmembrane
transport. Additionally, BTG2 is associated with the Toll-like
receptor pathway. It has been hypothesized that upregulating
BTG2 expression may inhibit the activation of the NLR family
pyrin domain containing 3 (NLRP3) inflammasome, thereby
delaying LN progression (121).

Reproductive system disease. BTG2 plays context-dependent
roles in the reproductive system. Elevated BTG2 expression
has been associated with diminished potential of oocyte
development during in vitro fertilization/intracytoplasmic
sperm injection in granulosa cells, particularly in women with
high antiMiillerian hormone levels (122). It serves as a cell
cycle inhibitor in ovarian cell cultures (123). Conversely, high
BTG?2 expression correlates with greater oocyte retrieval and
blastocyst formation rates in endometriosis-related infertility,
highlighting its potential as a predictive biomarker (124).
Additionally, BTG2 has been implicated in the immune
microenvironment of patients with obese polyendocrine meta-
bolic ovarian syndrome, indicating its contribution to disease
pathogenesis (125).

Musculoskeletal diseases. The BTG2 gene is central to both
intervertebral disc degeneration (IDD) and musculoskeletal
disorders. In IDD, BTG2 serves as a high-confidence biomarker
that modulates extracellular matrix metabolism and immune
responses, thus affecting degeneration (126). Hsa-miR-185-5p
regulates BTG2 expression, which is downregulated in degen-
erated disc tissues (127). Additionally, BTG2 is involved in
the ceRNA axis, such as the BTG2/hsa-miR-185-5p/SOCS3
network (126,127), thus serving as a therapeutic target. In
musculoskeletal diseases, BTG2 has been associated with
sarcopenia, skeletal muscle development, myoblast function
and muscle aging. Furthermore, it serves as a diagnostic
biomarker in sarcopenia, with elevated expression observed
in cellular models. It influences disease progression by regu-
lating muscle stem cell senescence (128). BTG2 has been
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identified as a critical gene for postnatal muscle growth in the
Tianzhu white yak during skeletal muscle development and
has functional correlations with genes, such as ankyrin repeat
domain 2 (129). BTG2 overexpression suppresses myoblast
proliferation while promoting differentiation, which is directly
targeted by miR-103-3p (130). BTG2 is a possible treatment
target in muscle aging because it induces muscle stem cell
senescence, which has been associated with cumulative DNA
damage (131). Collectively, BTG2 regulates essential cellular
processes in the musculoskeletal system, influencing both disc
integrity and muscle function. These processes include prolif-
eration, differentiation, senescence and molecular signaling
pathways. These roles underscore the potential of BTG2 as a
biomarker and a therapeutic target for musculoskeletal condi-
tions. BTG2 has been identified as one of the key genes that
regulates immunity, inflammation and the cell cycle in a model
of early-onset spinal curvature (EOS) combined with thoracic
functional insufficiency syndrome (TIS) in pigs. Compared
with the control group, the EOS + TIS model group demon-
strated significantly downregulated BTG2 expression in lung
tissue. Therefore, BTG2 may have a negative regulatory func-
tion in impaired lung development caused by EOS + TIS (132).

Other diseases. BTG2 has been strongly associated with
DNA damage (133), oxidative stress and aging pathways. In
a study on ocular disease, BTG2 is activated in the retina of
lens-induced myopic guinea pigs, where it promotes DNA
damage and apoptosis, resulting in retinal thinning. By
contrast, miR-92b-3p exerts protective effects by targeting
and suppressing BTG2 expression (134). Concurrently, BTG2
is regulated by both LINCO01136 and hypoxia-inducible
factor-1a under hypoxic conditions; it inhibits the prolifera-
tion of retinal microvascular endothelial cells, which affects
neovascularization-related pathological processes (135).
MiR-202-3p targets and regulates BTG2 in vascular calcifica-
tion, thus accelerating calcification progression (136). BTG2
serves as a cell senescence-related gene and a diagnostic
biomarker in abdominal aortic aneurysm (137). In urticaria, it
contributes to miRNA-mediated post-transcriptional dysregu-
lation and inflammatory signaling (138). In aging models,
long interspersed nuclear element-1 RNA regulates BTG2
expression, which has been associated with a disruption of
heterochromatin homeostasis (139). Thus, BTG2 is central to
non-neoplastic pathological processes, such as DNA damage,
aging and metabolic diseases, where it regulates cell cycle,
stress responses and metabolic processes (Fig. 4). These find-
ings offer novel directions for understanding the underlying
mechanisms and targeted treatment of related conditions.

8. Discussion

Originally discovered as an antiproliferative gene (8), BTG2 is
now recognized as a key regulator of cellular adaptability across
a wide spectrum of non-tumor diseases. Over the last 10 years,
BTG?2 has been identified as a context-sensitive integrator of
signals that regulate cell-cycle control, apoptosis, differen-
tiation, inflammatory activation and tissue remodeling rather
than only a downstream stress-responsive molecule (140,141).
BTG?2 deficiency affects various disease states. In the nervous
system, BTG2 deficiency impairs hippocampus-based
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learning and memory and decreases neurogenesis, indicating
its function in neurodevelopment and cognition (142). In terms
of metabolism, knockout mice have a higher body weight and
lower insulin sensitivity, whereas their fibroblasts proliferate
more rapidly and are resistant to p53-dependent cell cycle
arrest (14). Notably, podocyte-specific BTG2 deletion in the
kidneys markedly attenuates glomerulosclerosis and inhibits
EMT, suggesting its pro-fibrotic role (34). This finding is
contrary to its regulatory role in oral submucous fibrosis
reported in another study (29). Furthermore, BTG2-deficient
mouse models with inflammatory injury display unwarranted
inflammatory responses, confirming its negative regulatory
role in inflammation resolution.

In contrast to other dual-function molecules, such as p53,
NF-xB and TGF-p, BTG2 is unique because it is defined,
in the context of signal transduction, as a non-catalytic,
abundance-driven adapter node located at critical downstream
signaling convergence sites. BTG2 functions solely through
protein-protein interaction modules, whereas pleiotropic
transcription factors, such as p53, NF-«xB or TGF-f, decode
upstream signals through intrinsic enzymatic activity or
DNA-binding domains. Stoichiometric competition between
several effectors, particularly the CNOT7/CCR4-NOT dead-
enylase complex and PRMT1 methyltransferase, controls its
biological outputs by transforming graded upstream signals
into a quantitative redistribution of molecular interactions.
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Thus, to coordinate binary cell fate decisions, BTG2 serves as
a quantitative threshold sensor that combines stress intensity
and environmental inputs. The dynamic interactome equilib-
rium formed by the cellular milieu ultimately determines its
functional outcome rather than an intrinsic catalytic switch.

One important insight from this review is that a funda-
mental protective (Table I)-vs.-pathogenic (Table IT) paradigm
is insufficient to entirely understand BTG2. The possible
mechanisms underlying its context-dependent roles are
as follows. First, BTG2 consists of inherently disordered
non-coding regions, and non-coding RNAs have substantially
varied expression profiles across diseases. Second, BTG2
lacks enzymatic activity and is completely dependent on its
interacting proteins. Furthermore, BTG2's binding affinity
may be impacted by its phosphorylation and methylation,
and it might be challenging to highlight the precise sites of
differential modification during diseases. Because BTG2
lacks enzymatic activity, it is forced to delegate all functional
regulation to its non-coding regions. The complementarity
of these two aspects yields a fine-tuned context dependency.
Additionally, despite its primary localization in the nucleus,
BTG2 can undergo nucleocytoplasmic shuttling under specific
conditions. Post-translational modifications, such as phosphor-
ylation and acetylation, as well as associated proteins, such
as PRMT]1, may regulate its subcellular distribution. Notably,
BTQG2 primarily functions as a nuclear transcriptional regu-
lator, where it may regulate mRNA decay upon cytoplasmic
translocation. This localization-based functional switch likely
represents a mechanism underlying the pleiotropic roles of
BTGQG?2 across tissues and pathological contexts.

The biological consequences of BTG2 should therefore
be interpreted as a context-dependent functional outcome
(loss-of-function state) rather than as a direct reflection of
its genomic sequence. No naturally occurring damaging
BTG?2 variants have been identified in human non-cancerous
conditions. However, the knockout model demonstrated the
importance of wild-type BTG2 for typical renal development
and blood pressure regulation, and its function is strongly
modulated by the developmental stage, cell type and sex.
Therefore, the loss-of-function mutation is vital to clarify these
context-dependent mechanisms, showing that the protective
effects of BTG2 are not uniform. Instead, they vary based on
the biological environment of BTG2. These findings provide a
theoretical framework for understanding the impact of dysreg-
ulated wild-type BTG2 expression on disease susceptibility,
rather than structural mutation.

Importantly, this seeming duality should not be regarded as
a contradiction that weakens the relevance of BTG2; rather, it
clarifies a profound principle of BTG2 biology. BTG2 dysregu-
lation maintains its relevance for biomarker development and
therapeutic investigation in most non-tumor disorders because
it is functionally interpretable and directionally consistent.
Determining the prevalent pattern of BTG2 dysregulation
within a particular microenvironmental and temporal context
is still crucial for precision medicine, even in circumstances
with bidirectional effects. More generally, the potential that
BTG?2 exhibits dual-threshold or U-shaped functional activity
implies that it may serve as a dose-sensitive homeostatic
rheostat, with positive or negative outcomes arising when
expression deviates from an optimal range.
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Beyond this context dependence, this review promotes
a more comprehensive conceptualization of BTG2 as a
molecular hub located at the interface of multiple pathological
systems. The BTG2-centered neuro-immune-epigenetic
axis is a particularly compelling framework. Through the
BTK-SETD2-H3K36me3-Cx3crl cascade, chronic cardiac
nociceptive signaling activates inflammatory monocytes in
AS. By contrast, VHL-dependent regulation of BTG2 stability
modulates endothelial inflammatory responsiveness (143-145).
Downstream of p38alpha signaling, BTG2 is a marker of
microglial homeostasis in MS, and its decrease facilitates the
change from a homeostatic to a disease-associated inflam-
matory state (49). By contrast, BTG2 upregulation during
the transformation from homeostatic microglia to phagocytic
DAMLI states is associated with attenuated amyloid pathology
in AD (42). Taken together, BTG2 is not merely an immune
activation marker but also a regulatory node that facilitates the
functional coupling of neural cues, immune-state transitions
and epigenetic remodeling. Therefore, BTG2 may help deter-
mine whether neuroimmune responses continue to be adaptive
or shift toward chronic pathology.

The metabolic-epigenetic-fibrosis network is a second
conceptual axis that emerged from this review. BTG2
appears to play a similar central role in this network. In OSF,
arecoline-driven metabolic reprogramming induces YY1
lactylation at K183, which enhances PU.1 activity, promotes
BTG?2 upregulation, and drives fibroblast senescence and
collagen deposition. This pathway serves as a striking example
of how metabolic disruption can be transformed into epigenetic
instructions, which are subsequently translated into fibrotic
remodeling via BTG2. BTG2 plays a similar integrative role
in metabolic disease, where it helps maintain hepatic glucose
homeostasis by suppressing gluconeogenic enzymes through
the action of histone deacetylase (100,146). Collectively, BTG2
functions as an active mediator through which metabolic
and epigenetic disturbances yield long-lasting pathological
consequences, rather than merely as a passive responder to
metabolic stress.

Chronic sterile inflammation, extracellular matrix
remodeling and fibrosis, oxidative stress and mitochondrial
dysfunction, cellular senescence and senescence-associated
secretory phenotype, vascular dysfunction and microcir-
culatory abnormalities, and shared signaling pathways
(TGF-B, NLRP3, Wnt, Hippo and mTOR) are the possible
features among fibrotic diseases, neurological disorders and
cardiovascular diseases. These commonalities point to a
potential vicious cycle model involving ‘chronic stress-inflam-
mation-remodeling’. However, further research is warranted
to clarify the precise shared characteristics of these diseases
and the regulatory roles of BTG2. This study investigated the
bidirectional effects of BTG2 on fibrosis, the nervous system
and the cardiovascular system. Further research is necessary
to determine whether this could be attributed to the compa-
rable pathogenic mechanisms among these diseases. BTG2
expression is frequently associated with disease progression
and clinical outcome in the aforementioned conditions, under-
scoring its growing relevance as a mechanistic determinant
and a translationally meaningful biomarker.

The function of BTG2 in maintaining immune and
tissue homeostasis is a recurrent theme that unites these
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Table I. The ‘protective’ function of BTG2 in non-tumor diseases.

Disease Specific disease/  Key cell/tissue  Protection mechanism- ~ Main regulatory Biological effects

category situation types core function pathway/axis and significance

Fibrotic DN (partial model) Kidney tissue  Overexpression can mTORC1/ Reduces kidney

disease inhibit mMTORC1, autophagy fibrosis and protects
enhance autophagy pathway kidney function (35)
and suppress EMT

OSF (early stage)  Oral fibroblasts Early upregulation Initial stress Delays the progression

may limit excessive response of fibrosis (29)
fibroblast activation
Nervous Alzheimer's Microglia As a DAMI phenotypic = BACEIl Reduces amyloid
system disease  disease transition marker, deficiency- plaque burden and
promotes amyloid related pathways exerts neuroprotective
protein clearance effects (42)

Multiple sclerosis ~ Microglia Maintenance of p38a MAPK Reduces

microglial homeostasis pathway neuroinflammation
and inhibition of and slows disease
inflammatory phenotype progression (49)
transformation

Glutamate Neuron Stress-induced Stress Counters

excitotoxicity upregulation, activation ~ response and excitotoxicity and

of cellular protection transcriptional promotes neuron

and repair pathways reprogramming  survival (55)
Cardiovascular Pathological Cardiomyocyte Inhibition of Related to RNA  Prevention of
disease myocardial pathological growth, metabolism pathological

hypertrophy anti-hypertrophy regulation remodeling in heart
failure (76)

Inflammatory/ RA Myeloid cells  This deficiency leads to ~ Suppression of ~ Maintains joint
autimmune more severe joint excessive immune homeostasis
diseases damage and inflammatory and protects bone

inflammation responses tissue (90)

IBD Intestinal Maintenance of Whnt/3-catenin Reduces intestinal
epithelial cells/ intestinal barrier function pathway inflammation and
regulatory and enhancement of Treg promotes epithelial
T cells suppressive capacity repair (91)

Metabolic T2D Fat cells Maintenance of insulin Regulated by Improves insulin
disease sensitivity and miR-146b and resistance and
reduction of fat Stat3 combats obesity-
accumulation related metabolic
disorders (96-98)
Obesity/diabetes Endothelial Promotion of miR-409-3p/ Accelerates tissue
and wound healing cells angiogenesis and BTG?2 axis repair and reduces
improvement of blood complications (99)
flow
Hepatic Non-alcoholic Hepatic Anti-inflammatory and Protective Reduces fatty
disease fatty liver disease =~ macrophages antioxidant effects pathways within  accumulation and
macrophages inflammation in the

liver (112)

BTG2, B-cell translocation gene 2; miR, microRNA; mTORC1, mTOR complex 1; BACEI, beta-secretase 1; DAMI1, disease-associated
microglia 1; p38a APK, p38 a mitogen-activated protein kinase; Wnt, Wingless-related integration site; Stat3, signal transducer and activator
of transcription 3; DN, diabetic nephropathy; OSF, oral submucous fibrosis; AD, Alzheimer's disease; MS, multiple sclerosis; RA, rheumatoid
arthritis; IBD, inflammatory bowel disease; T2D, type 2 diabetes; EMT, epithelial-mesenchymal transition.
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Table II. The ‘destructive’ function of BTG2 in non-tumor diseases.
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Disease Specific disease/  Key cell/tissue  Break mechanism/core ~ Main regulatory Biological effects
category situation types functionality pathway/axis and significance
Fibrotic Focal segmental ~ Podocytes Promotion of EMT and  TGF-f/Smad3 Leading to podocyte
disease glomerulosclerosis fibrosis via a Smad3- pathway damage and loss,
dependent mechanism accelerating
glomerulosclerosis (34)
Diabetic Proximal High expression SGLT?2i- Drives
nephropathy tubule cells correlates positively downregulated tubulointerstitial
(tubules) with EMT and fibrosis =~ Smad3 pathway fibrosis and promotes
disease progression (33)
Submucosal Oral Induces cellular Arecoline — YY1 Leading to tissue
fibrosis of the fibroblasts senescence and lactylation — PU.1 stiffness, functional
oral cavity promotes excessive — BTG2 pathway impairment and an
(advanced stage) collagen deposition increased risk of
cancer (29)
Nervous Spinal cord Neurons Activation of the EGR1/BTG2/Bax  Exacerbation of neuronal
system disease injury/hypoxic- EGRI1/BTG2/Bax axis, apoptotic axis death, expansion of the
ischemic brain promoting apoptosis infarct area and
injury deterioration of
neurological
function (50)
Cardiovascular Neurotoxicity Microglia Induces pro- PI3K/AKT/NF-«B Exacerbates
disease of T-2 toxin inflammatory pathway neuroinflammation,
polarization of leading to secondary
microglia neuronal damage (53)
Regulation of Cardiomyocyte SUV39H2 epigenetically SUV39H2/BTG2  Fights heart
cardiomyocyte downregulates BTG2,  axis aging, maintains
aging delaying aging heart function (74)
Acute myocardial Cardiomyocytes Upregulated to promote Inhibited by Exacerbates myocardial
infarction/ cardiomyocyte apoptosis miR-21, miR- injury, leading to
myocardial and inflammation 125b-5p worsening cardiac
ischemia function
(30,36,37,69,70)
Inflammatory/ Acute pancreatitis Pancreatic Upregulation promotes  tRF3-Thr- Exacerbates pancreatic
autoimmune acinar cells oxidative stress, AGT/BTG2 axis tissue necrosis and is
diseases mitochondrial damage associated with disease
and apoptosis severity (79)
Chronic Monocytes/ Upregulation may Associated with Exacerbates airway
obstructive macrophages enhance pro- inflammatory inflammation and
pulmonary inflammatory responses signaling pathways promotes disease
disease progression (113)
Asthma Airway- EZH2-mediated EZH2-FOXO3- Involved in airway
associated epigenetic silencing miR-34b axis hyperresponsiveness
cells leads to downregulation and the development
of expression and of inflammation (114)
promotes inflammation
Metabolic Type 2 diabetes Hepatocytes Abnormal upregulation  Associated with Disrupts blood glucose
disease (liver) may exacerbate insulin  hepatocyte stress ~ homeostasis and
resistance and pathways exacerbates metabolic
gluconeogenesis disorders (95)
Eye diseases =~ Myopic Retinal cells Activates and promotes miR-92b-3p/BTG2 Leads to retinal thinning
retinopathy DNA damage and axis and functional

apoptosis

impairment (135)
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Table II. Continued.

Disease Specific disease/ Key cell/tissue ~ Break mechanism/core Main regulatory Biological effects
category situation types functionality pathway/axis and significance
Vascular diseases  Vascular Vascular Regulated by miR-202- miR-202-3p/BTG2 Promotes vascular
calcification smooth muscle  3p, promoting osteogenic  axis wall calcification,
cells phenotypic conversion increasing the risk of

cardiovascular
events (136)

EMT, epithelial-mesenchymal transition; TGF-f3, transforming growth factor ; SGLT2i, sodiumglucose cotransporter 2 inhibitors; BTG2,
B-cell translocation gene 2; EGR1, early growth response 1; SUV39H2, suppressor of variegation 39 homolog 2; FOXO3, forkhead box O3;
tRF3ThrAGT, 3'-tRNA-derived fragment, threonine, anticodon AGT; PI3K, phosphoinositide-3 kinase; AKT, protein kinase B; NF-xB, nuclear
factor « light chain enhancer of activated B cells; EZH2, enhancer of zeste homolog 2; Bax, Bcl2-associated X protein; miR, microRNA;
FSGS, focal segmental glomerulosclerosis; DN, diabetic nephropathy; SCI, spinal cord injury; HIE, hypoxic ischemic encephalopathy; COPD,

chronic obstructive pulmonary disease.

disease states. By controlling mRNA deadenylation via the
CCR4-NOT complex, BTG2 maintains T-cell quiescence,
thereby reducing aberrant immune activation and preventing
loss of self-tolerance (147). Through myeloid cell-specific
mechanisms, BTG2 inhibits unwarranted inflammatory
signaling in RA (90), whereas its deficiency in IBD compro-
mises epithelial resilience, increases susceptibility to injury
and impairs mucosal healing (91). Its immunological relevance
is further increased by its role in regulatory T-cell biology.
Collectively, these findings position BTG2 as a protector of
homeostatic balance, whose dysregulation may contribute
to inflammatory amplification, poor resolution and tissue
recovery failure. This homeostatic function may represent the
shared denominator underlying the seemingly heterogeneous
role of BTG2 across organ systems.

The growing relevance of BTG2 is equally notable from a
translational viewpoint. Multiple studies support its use as a
diagnostic or prognostic biomarker across diseases. However,
several concerns (including its strong context-dependent and
bidirectional effects, as well as the absence of standardized
detection protocols) must temper enthusiasm for its clinical
translation. Furthermore, BTG2 expression should be inter-
preted consistently across diseases owing to its strong context
dependence.

This concept has major ramifications for treatment timing,
dose calibration and patient stratification. BTG2 levels have
important guiding value from a therapeutic perspective. For
instance, high BTG2 expression has been significantly asso-
ciated with histological remission in IBD. Thus, monitoring
BTG2 expression after treatment may indicate mucosal
healing. In DKD, reduced BTG2 expression correlates with
proteinuria, and stratifying patients based on BTG2 levels
may facilitate early intervention to delay DKD progression.
BTG?2 is markedly downregulated in OSA and its future
integration with indicators, such as BTG3, may facilitate
molecular subtyping. The dynamic evaluation of disease
status and the accurate prediction of complication risk are
the main rationale for BTG2-based stratification analyses. To
evaluate and standardize its therapeutic applicability, more
clinical investigations are required because existing research

is still in the exploratory stage. Thus, disease-specific, ideally
cell-type-aware, interpretive frameworks are warranted for
any therapeutically relevant application.

Although intrinsically complicated, BTG2's therapeutic
implications are equally promising. Preclinical evidence indi-
cates that BTG2 can be modulated through multiple modalities,
including miRNA-based approaches, such as miR-21 (148),
miR-25-3p, miR-29a-3p, miR-322-5p and miR-409-3p.
Targeting BTG2-related pathways using physiologically adapt-
able methods is further demonstrated by exosome-mediated
delivery systems, such as IFN-gamma-primed exosomes
derived from mesenchymal stromal cells in myocardial
infarction models. In parallel, BTG2-associated signaling
systems in cardiotoxicity and renal fibrosis appear to be
influenced by clinically proven drugs, such as SGLT2i and
traditional Chinese medicine formulations (33,68). Therefore,
BTG2-centered therapies may be achievable through both
direct and indirect mechanisms. However, indiscriminate acti-
vation or suppression may pose a risk because BTG2 functions
in a context-sensitive and possibly dose-dependent manner.
Therefore, rather than relying on universal assumptions of
benefit, therapeutic research must shift toward cell-selective,
temporally controlled and pathway-informed methods.

Despite the advancements synthesized in this review,
there are several limitations. First, while rigorous validation
in human tissues and prospective clinical research is still
limited, a substantial proportion of evidence stems from bioin-
formatic analysis, cell culture and animal models. Second,
the mechanism of action of BTG2 in certain disease domains
remains incompletely understood. Third, BTG2's intrinsically
disordered C-terminus presents a major obstacle to structural
characterization and logical drug discovery, even though it
is probably essential to the protein's ability to interact with
many binding partners and coordinate several pathways. Thus,
the field is still in its early stages of mechanistic maturation,
despite the growing conceptual and translational relevance of
BTG2.

Likewise, the most crucial priorities for further research
are determined by these limitations. To advance the science,
a quantitative, spatiotemporally resolved understanding of
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BTG2 biology must replace static and binary models. The
BTQG2 interactome should be systematically mapped across
cell states, tissues and disease situations using advanced
proteomics and single-cell multi-omics, while clarifying the
upstream regulatory circuits and post-translational modi-
fications that regulate its stability and signaling capacity.
Dissecting the stage-dependent roles of BTG2 during disease
progression will require conditional and inducible genetic
systems with cell-type specificity and temporal control.

Furthermore, the identification of expression thresholds
that differentiate between adaptive and pathogenic BTG2
activity, the delineation of downstream pathway outputs
across expression states and the development of dynamic
monitoring strategies that record BT G2 trajectories rather than
depending solely on single-timepoint measurements will all
be crucial. Large-scale, multicenter validation of BTG2-based
biomarker panels is warranted to support clinical implementa-
tion. Furthermore, future research should entail combination
strategies that target BTG2 along with its upstream regulators
or downstream effectors for optimizing therapeutic efficacy
while minimizing toxicity.

In conclusion, BTG2 has conceptually evolved from a
traditional antiproliferative factor into a systems-level regu-
lator of stress adaptation, immune homeostasis and cell-fate
determination across non-tumor diseases. Its functions within
the neuro-immune-epigenetic axis and the metabolic-epigen-
etic-fibrosis network underscore its importance as an
integrative node in multisystem pathology. Despite substantial
mechanistic and translational challenges, existing evidence
strongly positions BTG2 as a biologically and clinically
important molecule. To comprehensively clarify its potential
as a biomarker and a treatment target in refractory non-tumor
diseases, a profound understanding of its context-dependent,
dose-sensitive and temporally dynamic roles is warranted.

Acknowledgements
Not applicable.
Funding

This work was supported by the National Natural Science
Foundation of China (grant no. 82205002), the Science
and Technology Research Special Project of Sichuan
Administration of Traditional Chinese Medicine (grant
no. 2024MS524), the Special project of integrated Chinese and
Western medicine, Southwest Medical University (grant nos.
2024ZXYZX02 and 2023ZYQJ04), the China Postdoctoral
Science Foundation (grant nos. 2025M783999) and the
Sichuan Provincial Medical Association Scientific Research
Projects (grant no. S20250030).

Availability of data and materials
Not applicable.
Authors' contributions

SL was involved in visualization, writing - original draft and
writing - review & editing. XL performed visualization and

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 58: 299, 2026 17

writing - review & editing. ZZ participated in visualization,
writing - review & editing, investigation and methodology. LY
was responsible for methodology, investigation, and writing
- review & editing. YL performed visualization and writing -
review & editing. QH was responsible for funding acquisition,
supervision and writing - review & editing. Data authentica-
tion is not applicable. All authors have read and approved the
final manuscript.

Ethics approval and consent to participate

Not applicable.

Patient consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.
Use of artificial intelligence (AI) tools

The authors declare that no Generative Al was used in the
creation of this manuscript.

References

1. Kim SH, Jung IR and Hwang SS: Emerging role of antipro-
liferative protein BTG1 and BTG2. BMB Rep 55: 380-388,
2022.

2. Chiang KC, Tsui KH, Chung LC, Yeh CN, Feng TH, Chen WT,
Chang PL, Chiang HY and Juang HH: Cisplatin modulates
B-cell translocation gene 2 to attenuate cell proliferation of pros-
tate carcinoma cells in both p53-dependent and p53-independent
pathways. Sci Rep 4: 5511, 2014.

3. Horiuchi M, Takeuchi K, Noda N, Muroya N, Suzuki T,
Nakamura T, Kawamura-Tsuzuku J, Takahasi K, Yamamoto T
and Inagaki F: Structural basis for the antiproliferative activity
of the Tob-hCafl complex. J Biol Chem 284: 13244-13255,
2009.

4. Cortes U, Moyret-Lalle C, Falette N, Duriez C, Ghissassi FE,
Barnas C, Morel AP, Hainaut P, Magaud JP and Puisieux A: BTG
gene expression in the pS3-dependent and -independent cellular
response to DNA damage. Mol Carcinog 27: 57-64, 2000.

5. Mao B, Zhang Z and Wang G: BTG2: A rising star of tumor
suppressors (review). Int J Oncol 46: 459-464, 2015.

6. Matsuda S, Rouault J, Magaud J and Berthet C: In search of a
function for the TIS21/PC3/BTG1/TOB family. FEBS Lett 497:
67-72,2001.

7. Yuniati L, Scheijen B, van der Meer LT and van Leeuwen FN:
Tumor suppressors BTGl and BTG2: Beyond growth control.
J Cell Physiol 234: 5379-5389, 2019.

8. Rouault JP, Falette N, Guéhenneux F, Guillot C, Rimokh R,
Wang Q, Berthet C, Moyret-Lalle C, Savatier P, Pain B, et al:
Identification of BTG2, an antiproliferative p53-dependent
component of the DNA damage cellular response pathway. Nat
Genet 14: 482-486, 1996.

9. Amine H,Ripin N, Sharma S, Stoecklin G, Allain FH, Séraphin B
and Mauxion F: A conserved motif in human BTG1 and BTG2
proteins mediates interaction with the poly(A) binding protein
PABPCI to stimulate mRNA deadenylation. RNA Biol 18:
2450-2465,2021.

10. Winkler GS: The mammalian anti-proliferative BTG/Tob protein
family. J Cell Physiol 222: 66-72, 2010.

11. Boiko AD, Porteous S, Razorenova OV, Krivokrysenko VI,
Williams BR and Gudkov AV: A systematic search for
downstream mediators of tumor suppressor function of p53
reveals a major role of BTG2 in suppression of Ras-induced
transformation. Genes Dev 20: 236-252, 2006.


https://www.spandidos-publications.com/10.3892/ijmm.2026.5970

18

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

LI et al: BTG2 IN NON-TUMOR DISEASES

Park S, Lee YJ, Lee HJ, Seki T, Hong KH, Park J, Beppu H,
Lim IK, Yoon JW, Li E, ef al: B-cell translocation gene 2 (Btg2)
regulates vertebral patterning by modulating bone morphoge-
netic protein/smad signaling. Mol Cell Biol 24: 10256-10562,
2004.

Tirone F: The gene PC3(TIS21/BTG2), prototype member of
the PC3/BTG/TOB family: regulator in control of cell growth,
differentiation, and DNA repair? J Cell Physiol 187: 155-165,
2001.

Hong AE,Ryu MS and Lim IK: Proper regulation of $-adrenergic
signal requires Btg2 gene for lipolysis and thermogenesis in
response to starvation or cold acclimation in female mice. J Nutr
Biochem 111: 109160, 2023.

Hong W, Xia C and Li G: Integrative analysis for identifica-
tion of key miRNA-mRNA regulatory axes in esophageal
cancer and preliminary validation of the regulatory role of
miR-15b-5p/BTG?2 therein. Peer] 14: e20538, 2026.

Zhu X, Zhong M, Wang Q and Zhang M: LncRNA MIR600HG
inhibits laryngeal cancer development by mediating the
miR-424-5p/BTG2 axis. Cancer Sci 116: 544-558, 2025.

He Y, Wang Y, Luo Z, Zhang X, Bai H and Wang J: SMC2
knockdown inhibits malignant progression of lung adenocar-
cinoma by upregulating BTG2 expression. Cell Signal 120:
111216, 2024.

Mundackal Sivaraman D, Shaju A, S Nair G and Balan S:
Systems biology of mesial temporal lobe epilepsy and role of
iron-related gene expression in its pathophysiology. OMICS 30:
177-190, 2026.

Yu F, Bishop E, Miazzi F, Evans R, Smart D, Breheny D and
Thorne D: Multi-endpoint in vitro toxicological assessment of
snus and tobacco-free nicotine pouch extracts. Mutat Res Genet
Toxicol Environ Mutagen 895: 503738, 2024.

Ose NJ, Campitelli P, Modi T and Ozkan SB: Second-order
allosteric control as a mechanism for compensatory mutations in
B-cell translocation gene 2. Protein Sci 34: €70270, 2025.

Wills JW, Halkes-Wellstead E, Summers HD, Rees P and
Johnson GE: Empirical comparison of genotoxic potency estima-
tions: The in vitro DNA-damage ToxTracker endpoints versus the
in vivo micronucleus assay. Mutagenesis 36: 311-320, 2021.

Qi F, Liu W, Tan B, Zhang J, Ma Y, Cao C, Ma F, Zhu B, Yang J
and Liu X: BTG2 suppresses renal cell carcinoma progression
through N6-methyladenosine. Front Oncol 12: 1049928, 2022.
Ficazzola MA, Fraiman M, Gitlin J, Woo K, Melamed J,
Rubin MA and Walden PD: Antiproliferative B cell transloca-
tion gene 2 protein is down-regulated post-transcriptionally as
an early event in prostate carcinogenesis. Carcinogenesis 22:
1271-1279, 2001.

Liang J, Cheng L, Gao H, Fu W, Zhang X, Zhang J, Li J and
Chen C: B-Cell translocation gene 2 upregulation is associated
with favorable prognosis in lung adenocarcinoma and prolonged
patient survival. J Oncol 2022: 1892459, 2022.

Kanugovi Vijayavittal A, Kumar P, Sugunan S, Joseph C,
Devaki B, Paithankar K and Amere Subbarao S: Heat shock tran-
scription factor HSF2 modulates the autophagy response through
the BTG2-SOD2 axis. Biochem Biophys Res Commun 600:
44-50,2022.

Suzuki K, Shinohara M, Uno Y, Tashiro Y, Gheni G,
Yamamoto M, Fukumori A, Shindo A, Mashimo T, Tomimoto H
and Sato N: Deletion of B-cell translocation gene 2 (BTG2) alters
the responses of glial cells in white matter to chronic cerebral
hypoperfusion. J Neuroinflammation 18: 86, 2021.

Melamed J, Kernizan S, Walden PD: Expression of B-cell trans-
location gene 2 protein in normal human tissues. Tissue Cell 34:
28-32,2002.

Chang KS, Tsui KH, Hsu SY, Sung HC, Lin YH, Hou CP,
Yang PS, Chen CL, Feng TH and Juang HH: The antitumor effect
of caffeic acid phenethyl ester by downregulating mucosa-asso-
ciated lymphoid tissue 1 via AR/p53/NF-«B signaling in prostate
carcinoma cells. Cancers (Basel) 14: 274, 2022.

Tufail M, Zhang J, He CY, Hu JJ, Liang J, Wan WD, Huang YQ,
Rao Z, Wu H, Jiang CH and Li N: YY1 lactylation promotes
fibroblast senescence by targeting the PU.1-BTG2 axis to promote
oral submucous fibrosis. Chem Biol Interact 421: 111716, 2025.
Ruan Y, Meng S, Jia R, Cao X and Jin Z: MicroRNA-322-5p
protects against myocardial infarction through targeting BTG2.
Am J Med Sci 367: 397-405, 2024.

Park J, Kim Y, Park H, Yun G and Seo SB: Anticancer agent
FTY720 upregulates cell cycle regulator BTG2 via the
SET/TAF-Ip -PP2A-SMAD3 signaling pathway and induces
G2/M arrest in leukemia. Genes Genomics 48: 549-558, 2026.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Mao QQ, Zhang ML, Zhong L, Xu XD, Wang XH, Pan DY,
Zhou FS, Huang JX, Zhao XG, Chen JJ, et al: LncRNA
SNHGS modulates cell proliferation and migration through
the miR-92a-3p/BTG2 axis in gastric cancer by the PI3K/AKT
pathway. World J Gastrointest Oncol 17: 105321, 2025.

Yan S, Luo M, Zhou R, Peng F, Zhang M, Feng Y, Zhao L,
Yang L and Cheng Y: Sodium-glucose cotransporter 2 inhibitors
alleviate renal fibrosis in diabetic kidney disease by inhibiting
Hmgcs2 and Btg?2 in proximal tubular cells. J Transl Med 23:
959, 2025.

Dan Hu Q, Wang HL, Liu J, He T, Tan RZ, Zhang Q, Su HW,
Kantawong F, Lan HY and Wang L: Btg2 promotes focal
segmental glomerulosclerosis via Smad3-dependent podocyte-
mesenchymal transition. Adv Sci (Weinh) 10: €2304360, 2023.
Pan B, Teng Y, Wang R, Chen D and Chen H: Deciphering the
molecular nexus of BTG2 in periodontitis and diabetic kidney
disease. BMC Med Genomics 17: 152,2024.

Zhang J,Lu Y,Mao Y, YuY, Wu T, Zhao W, Zhu Y, Zhao P and
Zhang F: IFN-y enhances the efficacy of mesenchymal stromal
cell-derived exosomes via miR-21 in myocardial infarction rats.
Stem Cell Res Ther 13: 333, 2022.

Luo L, Li L, Wu S, Zeng X and Fan L: Mesenchymal stem
cell exosomes alleviate ischemic myocardial injury by
miR-125b-5p/BTG2 pathway. Mol Cell Biochem 481: 1713-1725,
2026.

Kim YD, Hwang SL, Jeon HJ, Jeon YH, Nedumaran B, Kim K
and Lee SE: B-cell translocation gene 2 enhances fibroblast
growth factor 21 production by inducing Kruppel-like factor 15.
Sci Rep 9: 3730, 2019.

Su LJ, Yang CH, Huang SF, Yuo YL, Hsieh HC, Tseng TL,
Chen CH, Hsu SL and Huang CY: Evaluation of the Chinese
medicinal herb, graptopetalum paraguayense, as a therapeutic
treatment for liver damage in rat models. Evid Based Complement
Alternat Med 2012: 256561, 2012.

Villar MJ, Poveda C, Zhan B, Gonsoulin M and Jones KM:
Therapeutic potential of hookworm proteins in promoting
regulatory immune responses to modulate Trypanosoma cruzi
induced liver inflammation and oxidative stress. Mem Inst
Oswaldo Cruz 121: 250123, 2026.

Oberldnder K, Pruunsild P, Koch P, Yan J, Szafranski K and
Bading H: Inhba, Homerl and Bdnf are major targets of transcrip-
tomic dysregulation by neurodegenerative disease-associated
excitotoxic NMDA receptor signaling. Commun Biol 8: 1743,
2025.

Singh N, Benoit MR, Zhou J, Das B, Davila-Velderrain J,
Kellis M, Tsai LH, Hu X and Yan R: BACE-1 inhibition facili-
tates the transition from homeostatic microglia to DAM-1. Sci
Adv 8: eabol286, 2022.

Yildirim F, Foddis M, Blumenau S, Miiller S, Kajetan B,
Holtgrewe M, Kola V, Beule D and Sassi C: Shared and oppositely
regulated transcriptomic signatures in Huntington's disease and
brain ischemia confirm known and unveil novel potential neuro-
protective genes. Neurobiol Aging 104: 122.e1-122.e17, 2021.
Micheli L, Ceccarelli M, Farioli-Vecchioli S and Tirone F:
Control of the normal and pathological development of neural
stem and progenitor cells by the PC3/Tis21/Btg2 and Btgl genes.
J Cell Physiol 230: 2881-2890, 2015.

Ojiro R, Watanabe Y, Okano H, Takahashi Y, Takashima K,
Tang Q, Ozawa S, Saito F, Akahori Y, Jin M, et al: Gene expres-
sion profiles of multiple brain regions in rats differ between
developmental and postpubertal exposure to valproic acid.
J Appl Toxicol 42: 864-882,2022.

Reinwald H, Alvincz J, Salinas G, Schifers C, Hollert H and
Eilebrecht S: Toxicogenomic profiling after sublethal exposure
to nerve- and muscle-targeting insecticides reveals cardiac
and neuronal developmental effects in zebrafish embryos.
Chemosphere 291 (Pt 1): 132746, 2022.

Mamangam S and Brimson JM: Effects of rhodamine B on
neuronal behavior and physiological function in the F1 generation
of Danio rerio. Environ Sci Pollut Res Int 32: 23478-23493, 2025.
Lu L, Shi Y, Wei B, Li W, Yu X, Zhao Y, Yu D and Sun M:
YTHDF3 modulates the Cblnl level by recruiting BTG2 and
is implicated in the impaired cognition of prenatal hypoxia
offspring. iScience 27: 108703, 2024.

McGill MM, Richman AR, Boyd JR, Sabikunnahar B,
Lahue KG, Montgomery TL, Caldwell S, Varnum S, Frietze S
and Krementsov DN: p38 MAP kinase signaling in microglia
plays a sex-specific protective role in CNS autoimmunity and
regulates microglial transcriptional states. Front Immunol 12:
715311, 2021.



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

/B PUBLICATIONS

SPANDIDOS

Wu F, Zhang P and Zhou G: The involvement of EGR1 in neuron
apoptosis in the in vitro model of spinal cord injury via BTG2
up-regulation. Neurol Res 45: 646-654,2023.

Wen J, Jiang Q, Yang L and Cui H: transcriptomic hallmarks of
hypoxic-ischemic brain injury: Insights from an in vitro model.
J Integr Neurosci 23: 141, 2024.

Xu C, Oliveri Conti G, Tang S, Shen J and Dai C: T-2 Toxin
neurotoxicity: Molecular mechanisms and emerging chemopro-
tective strategies. Antioxidants (Basel) 15: 278, 2026.

Li X,LongJ, Yao C,Liu X,LiN,Zhou Y, Li D, Xiong G, Wang K,
Hao Y, et al: The role of BTG2/PI3K/AKT pathway-mediated
microglial activation in T-2 toxin-induced neurotoxicity. Toxicol
Lett 400: 81-92, 2024.

Wang B, Chen J, Sheng Z, Lian W, Wu Y and Liu M: Embryonic
exposure to fentanyl induces behavioral changes and neurotox-
icity in zebrafish larvae. Peer] 10: e14524,2022.
NguyenJH,Zhang X,Eby HM, Alganem K,Ryan WG,Lmami AS,
Lundh AE, Madhavaram AR, Bretz JD, Tackie-Yarboi E, et al:
Multi-omic analysis of glutamate excitotoxicity in primary
neuronal cultures. J Neurochem 169: €70110, 2025.

Yin F, Liu Z, Zhang D, Shen Z, Niu Z and Guo L: Identification
of key genes involved in neural regeneration and the repairing
effect of BDNF-overexpressed BMSCs on spinal cord isch-
emia-reperfusion injury in rats. Biomed Pharmacother 160:
114293, 2023.

Graziosi A, Corrieri C, Sita G, Ghelli L, Angelini S,
di Villa Bianca RD, Mitidieri E, Sorrentino R, Hrelia P and
Morroni F: Impact of 17-alpha ethinyl estradiol (EE2) and diethyl
phthalate (DEP) exposure on microRNAs expression and their
target genes in differentiated SH-SYS5Y cells. Sci Rep 15: 2722,
2025.

Hajdd N, Tordai DZ, Récz R, Ludvig Z, Istenes I, Békeffy M,
Vigi OE, Korei AE, Tébids B, Illés A, et al: Novel genetic vari-
ants associated with diabetic neuropathy risk in type 2 diabetes:
A whole-exome sequencing approach. Int J Mol Sci 26: 6239,
2025.

Feng S, Sun P, Qu C, Wu X, Yang L, Yang T, Wang S, Fang Y
and Chen J: Exploring the core genes of schizophrenia based on
bioinformatics analysis. Genes (Basel) 13: 967, 2022.

Suthar SK and Lee SY: The role of superoxide dismutase 1 in
amyotrophic lateral sclerosis: Identification of signaling path-
ways, regulators, molecular interaction networks, and biological
functions through bioinformatics. Brain Sci 13: 151, 2023.

Terra R, Luo H, Qiao X and Wu J: Tissue-specific expression
of B-cell translocation gene 2 (BTG2) and its function in T-cell
immune responses in a transgenic mouse model. Int Immunol 20:
317-326, 2008.

Li S, Ma L and Cui R: Identification of novel diagnostic
biomarkers and classification patterns for osteoarthritis by
analyzing a specific set of genes related to inflammation.
Inflammation 46: 2193-2208, 2023.

Huang C, Wu D, Yang G, Huang C and Li L: Identification of
novel inflammatory response-related biomarkers in patients with
ischemic stroke based on WGCNA and machine learning. Eur
J Med Res 30: 195, 2025.

Mao L, Zeng Q, Su W, Song M, Li J and Xie M: Correction
to: elevation of miR-146a Inhibits BTG2/BAX expression to
ameliorate postoperative cognitive dysfunction following probi-
otics (De Simone Formulation) treatment. Mol Neurobiol 59:
2656,2022.

Fergany A, Zong C, Ekuban FA, Wu B, Ueha S, Shichino S,
Matsushima K, Iwakura Y, Ichihara S and Ichihara G:
Transcriptome analysis of the cerebral cortex of acryl-
amide-exposed wild-type and IL-1B-knockout mice. Arch
Toxicol 98: 181-205, 2024.

Falk E: Pathogenesis of atherosclerosis. J Am Coll Cardiol 47
(8 Suppl): C7-C12, 2006.

Dong Z, Cheng S, Kang L, Zhang YM and Xu B: Chronic cardiac
pain fuels atherosclerosis by enhancing the recruitment of inflam-
matory monocytes. European Herat J 46: ehaf784.4916, 2025.
Kong L, Liu Y, Wang JH, Lv MJ, Wang YZ, Sun WP, Cao HM,
Guo RB, Zhang L, Yu Y, et al: Linggui Zhugan decoction
ameliorating mitochondrial damage of doxorubicin-induced
cardiotoxicity by modulating the AMPK-FOXO3a pathway
targeting BTG2. Phytomedicine 139: 156529, 2025.
Jafari-Nozad AM, Rostami N, Esmaeili M, Vahdati H,
Hosseini S, Farkhondeh T and Samarghandian S: A review of
the dual role of MicroRNA-21 in cardiovascular diseases: Risk
factor or a potential therapeutic target. Curr Mol Pharmacol 17:
e18761429287057, 2024.

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 58: 299, 2026

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

19

Xiang Y, Hui S, Nie H and Guo C: LncRNA ZFAS1/miR-186-5p
axis is involved in oxidative stress inhibition of myocardial
ischemia-reperfusion injury by targeting BTG2. Expert Rev Clin
Immunol 21: 227-238, 2025.

Li H, Jia X, Bai YQ, Wu P, Guo HL, Yun KM, Gao CR and
Guo XJ: Gene expression profiles at different time points after
acute myocardial infarction in mice. Fa Yi Xue Za Zhi 38:
343-349, 2022 (In Chinese, English).

Xiang FL, Guo M and Yutzey KE: Overexpression of Tbx20
in adult cardiomyocytes promotes proliferation and improves
cardiac function after myocardial infarction. Circulation 133:
1081-1092, 2016.

Velayutham N, Calderon MU, Alfieri CM, Padula SL,
van Leeuwen FN, Scheijen B and Yutzey KE: Btgl and Btg2
regulate neonatal cardiomyocyte cell cycle arrest. ] Mol Cell
Cardiol 179: 30-41, 2023.

Wang K, Zhu QZ, Ma XT and Cheng C: SUV39H2/KMT1B
Inhibits the cardiomyocyte senescence phenotype by down-regu-
lating BTG2/PC3. Aging (Albany NY) 13: 22444-22458, 2021.
Masumura Y, Higo S, Asano Y, Kato H, Yan Y, Ishino S,
Tsukamoto O, Kioka H, Hayashi T, Shintani Y, et al: Btg2 is
a negative regulator of cardiomyocyte hypertrophy through a
decrease in cytosolic RNA. Sci Rep 6: 28592, 2016.

Yamasan BE and Korkmaz S: Unveiling miRNA biomarkers for
hypertrophic cardiomyopathy through integrated bioinformatics
and machine learning analysis. Acta Cardiol 80: 1149-1162,
2025.

Shen Q, Fan L, Jiang C, Yao D, Qian X, Tong F, Fan Z, Liu Z,
Dong N, Zhang C and Shi J: Identification and validation of the
diagnostic biomarker MFAPS5 for CAVD with type 2 diabetes by
bioinformatics analysis. Front Immunol 15: 1506663, 2024.
Hwang SS, Lim J, Yu Z, Kong P, Sefik E, Xu H, Harman CCD,
Kim LK, Lee GR, Li HB and Flavell RA: mRNA destabilization
by BTG1 and BTG2 maintains T cell quiescence. Science 367:
1255-1260, 2020.

Yang H, Zhang H, Chen Z, Wang Y and Gao B: Effects of
tRNA-derived fragments and microRNAs regulatory network
on pancreatic acinar intracellular trypsinogen activation.
Bioengineered 13: 3207-3220, 2022.

Zhu Z, Dou X, Chen Q and Lu Y: Knockdown of Nr4a3 miti-
gates acute pancreatitis-induced injury by modulating Btg2 to
reduce oxidative stress, mitochondrial damage, and apoptosis. Int
Immunopharmacol 163: 115269, 2025.

Fiedler F, Mallo GV, Bodeker H, Keim V, Dagorn JC and
Iovanna JL: Overexpression of the PC3/TIS21/BTG2 mRNA is
part of the stress response induced by acute pancreatitis in rats.
Biochem Biophys Res Commun 249: 562-565, 1998.

Zhu F, Xu M, Xiao Y, Yao H, Liu F, Shi S, Huang R,
Wu Q and Deng X: Single-cell RNA-seq combined with
bulk RNA-seq analysis identifies necroptosis-related
genes as therapeutic targets for periodontitis. BMC Med
Genomics 18: 159, 2025.

Li S, Fang B and Sun Q: The expression profile and clinical
relevance of miR-125a-5p in individuals with chronic periodon-
titis. Acta Odontol Scand 85: 24-32, 2026.

Du L, Pan J, Xu N, Yan F, Tian W and Li Q: Integrative bulk
and single-cell transcriptome analyses reveal integrated stress
response-related biomarkers in periodontitis with experimental
validation. Front Immunol 16: 1705047, 2025.

Chen Y, Zhao A, Yang H, Yang X, Cheng T, Rao X and Li Z:
Role of fatty acid metabolism-related genes in periodontitis
based on machine learning and bioinformatics analysis. Hua
Xi Kou Qiang Yi Xue Za Zhi 42: 735-747, 2024 (In Chinese,
English).

Li Z, Chen Z, Wang X, Li Z, Sun H, Wei J, Zeng X, Cao X and
Wan C: Integrated analysis of miRNAs and gene expression
profiles reveals potential biomarkers for osteoarthritis. Front
Genet 13: 814645, 2022.

Du J, Zhou T, Zhang W and Peng W: Developing the new diag-
nostic model by integrating bioinformatics and machine learning
for osteoarthritis. J Orthop Surg Res 19: 832,2024.

Li S, Wang X, Li J, Wei W and Liu J: Identification and
molecular mechanisms study of genes associated with
osteoarthritis: A comprehensive bioinformatic study of
cartilage and synovium. Crit Rev Eukaryot Gene Expr 32:
25-38,2022.

Zhu GD, Xie LM, Su JW, Cao XJ, Yin X, Li YP, Gao YM and
Guo XG: Identification of differentially expressed genes and
signaling pathways with Candida infection by bioinformatics
analysis. Eur ] Med Res 27: 43,2022.


https://www.spandidos-publications.com/10.3892/ijmm.2026.5970

20 LI et al: BTG2 IN NON-TUMOR DISEASES

90.0liveira RD, Fontana V, Junta CM, Marques MM, Macedo C,
Rassi DM, Passos GA, Donadi EA and Louzada-Junior P:
Differential gene expression profiles may differentiate responder
and nonresponder patients with rheumatoid arthritis for metho-
trexate (MTX) monotherapy and MTX plus tumor necrosis
factor inhibitor combined therapy. J] Rheumatol 39: 1524-1532,
2012.

91.Fonseca-Camarillo G, Furuzawa-Carballeda J,
Priego-Ranero AA, Martinez-Benitez B, Barreto-Zifiga R
and Yamamoto-Furusho JK: Expression of TOB/BTG family
members in patients with inflammatory bowel disease. Scand
J Immunol 93: €13004, 2021.

92.Zhang H, Zhou XD, Shapiro MD, Lip GYH, Tilg H, Valenti L,
Somers VK, Byrne CD, Targher G, Yang W, et al: Global burden
of metabolic diseases, 1990-2021. Metabolism 160: 155999, 2024.

93.Zhao JH, Zhang XL, Gao LG, Guo YJ, Wang ZY, Su CC,
Zhang HY, Chen W and Huang YQ: Exogenous insulin promotes
the expression of B-cell translocation gene 1 and 2 in chicken
pectoralis. Poult Sci 101: 101875, 2022.

94.Malik MZ, Dashti M, Mohammad A, Al-Sayegh M,
Al-Onaizi M, Nizam R, Dashti KM, Abu-Farha M, Abubaker J,
Al-Mulla F and Ali H: Urinary extracellular vesicle miRNA
signature reflects pancreatic islet stress in type 2 diabetes.
J Diabetes Investig 17: 1094-1105, 2026.

95.Kulikov EI, Malakheeva LI and Komarchev AS: The role of
BTG1 and BTG2 genes and their effects on insulin in poultry.
Front Physiol 15: 1315346, 2024.

96.Kim S, Hong JW and Park KW: B cell translocation gene 2
(Btg2) is regulated by Stat3 signaling and inhibits adipocyte
differentiation. Mol Cell Biochem 413: 145-153, 2016.

97.Gan M, Shen L, Wang S, Guo Z, Zheng T, Tan Y, Fan Y, Liu L,
Chen L, Jiang A, et al: Genistein inhibits high fat diet-induced
obesity through miR-222 by targeting BTG2 and adiporl. Food
Funct 11: 2418-2426, 2020.

98.Wang W, Ma D, Chen Y, Cheng R, Zhang T, Ge Q and Li X:
miR-146b/Btg2 axis as a potential inducer of islet beta-cell
decline during the progression of obesity to T2DM. Genes
Dis 12: 101621, 2025.

99.Bestepe F, Ghanem GF, Fritsche CM, Weston J, Sahay S,
Mauro AK, Sahu P, Tas SM, Ruemmele B, Persing S, er al:
MicroRNA-409-3p/BTG2 signaling axis improves impaired
angiogenesis and wound healing in obese mice. FASEB J 38:
€23459, 2024.

100. An S,Nedumaran B, Koh H, Joo DJ, Lee H, Park CS, Harris RA,
Shin KS, Djalilian AR and Kim YD: Enhancement of the
SESN2-SHP cascade by melatonin ameliorates hepatic gluco-
neogenesis by inhibiting the CRBN-BTG2-CREBH signaling
pathway. Exp Mol Med 55: 1556-1569, 2023.

101. Karve TM and Rosen EM: B-cell translocation gene 2 (BTG2)
stimulates cellular antioxidant defenses through the antioxidant
transcription factor NFE2L2 in human mammary epithelial
cells. J Biol Chem 287: 31503-31514, 2012.

102.Jo JR, An S, Ghosh S, Nedumaran B and Kim YD: Growth
hormone promotes hepatic gluconeogenesis by enhancing
BTG2-YY1 signaling pathway. Sci Rep 11: 18999, 2021.

103. Chen X, Cao M, Yuan C,Luo Y, Wang N, Liu K, Chen T, Chen L,
Zhang B, Li C and Zhou X: Follicular fluid exosomes inhibit
expression of BTG2 and promote glucose uptake in granulosa
cells by delivering miR-21-5p. Theriogenology 218: 45-55,2024.

104.Lai W, Yu J and Wen D: Diagnosis and molecular charac-
terization of potential RNA binding protein involved in the
pathogenesis of liver ischemia reperfusion injury. J Inflamm
Res 17: 4881-4893, 2024.

105. Tan S, Lu X, Chen W, Pan B, Kong G and Wei L: Analysis
and experimental validation of IL-17 pathway and key genes
as central roles associated with inflammation in hepatic isch-
emia-reperfusion injury. Sci Rep 14: 6423, 2024.

106. Yan X, Liang J, Li X, Hu Z, Chen J, Zheng J and Li R: Identify
key genes correlated to ischemia-reperfusion injury in aging
livers. Dis Markers 2023: 4352313, 2023.

107.Zhu Y, You G, Jiang Y, Yin K, Wang R, Li C, Zhang X, Yan Z,
Ding M, Guo W and Zhang L: In-Depth optimization and system-
atic evaluation of a recombinant AAV-Based hepatic-targeted
gene knockdown murine model. FASEB J 39: 71177, 2025.

108. Wijaya LS, Trairatphisan P, Gabor A, Niemeijer M,
Keet J, Alcala Morera A, Snijders KE, Wink S, Yang H,
Schildknecht S, et al: Integration of temporal single cell cellular
stress response activity with logic-ODE modeling reveals activa-
tion of ATF4-CHOP axis as a critical predictor of drug-induced
liver injury. Biochem Pharmacol 190: 114591, 2021.

109.Li Y, Cao B,Lin M, Xu J, Qi S, Wang J, Xiao X, Li G and Li C:
An integrative lipidomics and transcriptomics study revealing
Bavachin and Icariin synergistically induce idiosyncratic liver
injury. Immunopharmacol Immunotoxicol 46: 924-934,2024.

110. Mayeux F, Buisine N, Fayol O and Uguen P: Transcriptional
activation of candidate paused genes after partial hepatectomy.
MicroPubl Biol 2024: 10.17912/micropub.biology.001160, 2024.

111. Heldring MM, Wijaya LS, Niemeijer M, Yang H, Lakhal T,
Le Dévédec SE, van de Water B and Beltman JB: Model-based
translation of DNA damage signaling dynamics across cell
types. PLoS Comput Biol 18: 1010264, 2022.

112. Sun G, Wang Y, Yang L, Zhang Z, Zhao Y, Shen Z, Han X,
Du X, Jin H, Li C, et al: Rebalancing liver-infiltrating CCR3+
and CD206+ monocytes improves diet-induced NAFLD. Cell
Rep 42: 112753, 2023.

113. Heo Y, Kim J, Hong SH and Kim W1J: Single cell transcriptomics
in blood of patients with chronic obstructive pulmonary disease.
BMC Pulm Med 25: 19, 2025.

114. Liu B, Sun H, Wang J, Liu H and Zhao C: Potential role for
EZH?2 in promotion of asthma through suppression of miR-34b
transcription by inhibition of FOXO3. Lab Invest 101: 998-1010,
2021.

115. Ye W, Yang Y, Chen F, Lin X, Wang Y, Du L, Pan J,
Liao W, Chen B, Chen R and Yao W: Decoding
the hypoxia-exosome-immune triad in OSA:
PRCP/UCHL1/BTG2-driven metabolic dysregulation revealed
by interpretable machine learning. Front Immunol 16: 1587522,
2025.

116. Hojjati F, Roointan A, Gholaminejad A, Eshraghi Y and
Gheisari Y: Identification of key genes and biological regulatory
mechanisms in diabetic nephropathy: Meta-analysis of gene
expression datasets. Nefrologia (Engl Ed) 43: 575-586, 2023.

117. Shah VO, Dominic EA, Moseley P, Pickett G, Fleet M, Ness S
and Raj DS: Hemodialysis modulates gene expression profile in
skeletal muscle. Am J Kidney Dis 48: 616-628, 2006.

118. He W, Zhang J, Yuan S, Liang M, Chen W and Jin J: Integrative
analysis of miRNA-mRNA network in idiopathic membranous
nephropathy by bioinformatics analysis. PeerJ 9: 12271, 2021.

119. Zhang D, Wang Y, Zeng S, Zhang M, Zhang X, Wang Y,
Zhang Z, Wang X and Hu X: Integrated analysis of prognostic
genes associated with ischemia-reperfusion injury in renal
transplantation. Front Immunol 12: 747020, 2021.

120.Hoffman MJ, Takizawa A, Jensen ES, Schilling R,
Grzybowski M, Geurts AM and Dwinell MR: Btg2 mutation
induces renal injury and impairs blood pressure control in
female rats. Physiol Genomics 54: 231-241, 2022.

121. Wu F, Chi B and Chang J: Development and validation of a
heme metabolism-related genes signature for diagnosis and
immunological characterization of lupus nephritis. Clin Chim
Acta 579: 120611, 2026.

122.Luo J, Wang H, Zhou L, Wang L, Wang J, Song M, Cheng Y,
Rao M, Zhao S and Tang L: B cell translocation gene 2 expres-
sion levels in human granulosa cells is negatively associated with
in vitro fertilization/intracytoplasmic sperm injection outcomes:
A pilot study. J Assist Reprod Genet 42: 909-922, 2025.

123. Synoground BF, Gowtham Y, Lindquist T, Pressley J, Scott DC,
Saski CS and Harcum SW: Transcriptomic insights into
serum-free medium adaptation and temperature reduction in
chinese hamster ovary cell cultures. Biotechnol J 20: €70055,
2025.

124.Luo J, Wang H, Zhou L, Wang J, Song M, Cheng Y, Rao M,
Zhao S and Tang L: Bioinformatics-driven identification and
validation of hub genes regulating endometriosis-related infer-
tility within human granulosa cells. Reprod Biomed Online 51:
104826, 2025.

125.Liu D, Wei C, Guan L, Ju W, Xiang S and Lian F: Combining
single-cell RNA sequencing and network pharmacology to
explore the target of cangfu daotan decoction in the treatment of
obese polycystic ovary syndrome from an immune perspective.
Front Pharmacol 15: 1451300, 2024.

126.Huang K, Shen L, Guan H, Dai L, Huang X, Zhang X, Xu X
and Liu C: Construction of a IncRNA-miRNA-mRNA network
for biomarker identification in intervertebral disc degeneration.
J Musculoskelet Neuronal Interact 25: 316-327, 2025.

127.Li X, An Y, Wang Q and Han X: The new ceRNA crosstalk
between mRNAs and miRNAs in intervertebral disc degenera-
tion. Front Cell Dev Biol 10: 1083983, 2022.

128.Li X, Wu C, Lu X and Wang L: Predictive models of sarcopenia
based on inflammation and pyroptosis-related genes. Front
Genet 15: 1491577, 2014.



LA »§3

SPANDIDOS
PUBLICATIONS

129.LiJ,ChenZ,Bai Y, Wei Y, Guo D, Liu Z, Niu Y, Shi B, Zhang X,

Cai Y, et al: Integration of ATAC-Seq and RNA-Seq analysis to
identify key genes in the longissimus dorsi muscle development
of the Tianzhu White Yak. Int J Mol Sci 25: 158, 2023.

130.He Y, Yang P, Yuan T, Zhang L, Yang G, Jin J and Yu T:

131.

132.

133.

134.

135.

136.

137.

138.

139.

miR-103-3p regulates the proliferation and differentiation of
C2C12 myoblasts by targeting BTG2. Int J Mol Sci 24: 15318,
2023.

Peng B, Chen Y, Wang Y, Fu Y, Zeng X, Zhou H, Abulaiti Z,
Wang S and Zhang H: BTG2 acts as an inducer of muscle stem
cell senescence. Biochem Biophys Res Commun 669: 113-119,
2023.

Zhang Y, Shi Z,Li W, Dai X, Li Q, Pan C, Yan R, Ma Y, Fei D
and Xie J: A porcine model of early-onset scoliosis combined
with thoracic insufficiency syndrome: Construction and tran-
scriptome analysis. Gene 858: 147202, 2023.

Burgers EJ, Sharma RP, Eugenio CJS, Heldring MM, Wijaya LS,
van de Water B and Beltman JB: Computational modelling
identifies primary mediators of crosstalk between DNA damage
and oxidative stress responses. PLoS Comput Biol 21: 1012844,
2025.

LiuJ,BaoB,Li T, Yang Z,Du Y,Zhang R, Xin J, Hao J, Wang G,
Bi H and Guo D: miR-92b-3p protects retinal tissues against
DNA damage and apoptosis by targeting BTG2 in experimental
myopia. J Transl Med 22: 511, 2024.

Zhang L and Wang X: Lowly expressed LNCO01136 fails to aid
HIF-1a to induce BTG2 expression resulting in increased prolif-
eration of retinal microvascular endothelial cells. Microvasc
Res 141: 104315, 2022.

Lin CH, Yeh HY, Jao TM, Chao CT, Chiang CK, Huang JW and
Hung KY: Temporal microRNA changes and their functional
significance during vascular calcification: An integrative trajec-
tory-based analysis. Int J Biol Macromol 343 (Pt 2): 150449,
2026.

Zhang S, Li J, Wang R, Zhao X, Mei Z and Wang X: Cellular
senescence genes as cutting-edge signatures for abdominal
aortic aneurysm diagnosis: Potential for innovative therapeutic
interventions. J Cell Mol Med 29: €70323, 2025.

Ye YM, Noh JY, Kim SH, Yoon J, Moon DH, Choi B, Park SM,
Park KW, Kim J and Woo HG: Distinct serum MicroRNA
signatures and mRNA decay pathway dysregulation in
NSAID-exacerbated chronic urticaria. Int J Mol Sci 27: 904,
2026.

Della Valle F, Reddy P, Yamamoto M, Liu P, Saera-Vila A,
Bensaddek D, Zhang H, Prieto Martinez J, Abassi L,
Celii M, et al: LINE-1 RNA causes heterochromatin erosion and
is a target for amelioration of senescent phenotypes in progeroid
syndromes. Sci Transl Med 14: eabl6057, 2022.

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 58: 299, 2026

140.

141.

142.

143.

144.

145.

21

Mauxion F, Faux C and Séraphin B: The BTG2 protein is
a general activator of mRNA deadenylation. EMBO J 27:
1039-1048, 2008.

Stupfler B, Birck C, Séraphin B and Mauxion F: BTG2
bridges PABPC1 RNA-binding domains and CAF1 dead-
enylase to control cell proliferation. Nat Commun 7: 10811,
2016.

Farioli-Vecchioli S, Saraulli D, Costanzi M, Leonardi L,
Cina I, Micheli L, Nutini M, Longone P, Oh SP, Cestari V and
Tirone F: Impaired terminal differentiation of hippocampal
granule neurons and defective contextual memory in PC3/Tis21
Knockout Mice. PLoS One 4: ¢8339, 2009.

Wang L, Hu Q, Kantawong F, Liu J and Li S: Case report and
literature review: Nephrotic syndrome induced by hookworm
infection. Integr Med Nephrol Androl 12, 2025.

Gencer S, Evans BR, van der Vorst EPC, Déring Y and Weber C:
Inflammatory chemokines in atherosclerosis. Cells 10: 226,
2021.

Roy-Chowdhury E, Brauns N, Helmke A, Nordlohne J,
Brisen JH, Schmitz J, Volkmann J, Fleig SV, Kusche-Vihrog K,
Haller H and von Vietinghoff S: Human CD16+ monocytes
promote a pro-atherosclerotic endothelial cell phenotype via
CX3CR1-CX3CL1 interaction. Cardiovasc Res 117: 1510-1522,
2021.

146.Kim YD, Kim SG, Hwang SL, Choi HS, Bae JH, Song DK

147.

148.

and Im SS: B-cell translocation gene 2 regulates hepatic
glucose homeostasis via induction of orphan nuclear
receptor Nur77 in diabetic mouse model. Diabetes 63:
1870-1880, 2014.

Wang Y, Shi C, Jiao W and Wan X: 3-Acetyldeoxynivalenol
induces pyroptosis in leydig cells via METTL3-mediated
N6-methyladenosine modification of NLRP3. Ecotoxicol
Environ Saf 290: 117549, 2025.

Cheng L, Wang Y, Yang Z, Cao J, Peng F, Lan T, Cheng R, Liu T,
XiaZ,GuanJ, et al: p53 safeguards chemical reprogramming of
human somatic cells toward pluripotency. Cell 189: 3541-3552.
el8, 2026.

Copyright © 2026 Li et al. This work is licensed under
B a Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International (CC BY-NC-ND 4.0)
License.


https://www.spandidos-publications.com/10.3892/ijmm.2026.5970

