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Abstract. Long non‑coding (lnc)RNAs are notable partici‑
pants in gene regulation, and maternally expressed gene 3 
(MEG3) has been implicated in the development and progres‑
sion of several types of cancer, underscoring its potential as 
a key player in oncogenesis. The present review aimed to 
explore the functional role of MEG3 in gastric cancer (GC) 
and elucidate the underlying molecular mechanisms, as well 
as to summarize the expression changes of MEG3 in GC, its 
influence on tumor cell biological behaviors and the potential 
signaling pathways involved. Ultimately, the present synthesis 
of current knowledge seeks to provide novel insights for the 
diagnosis and treatment of GC, highlighting MEG3 as a 
promising target for future therapeutic strategies.
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1. Introduction

Gastric cancer (GC) ranks among the most prevalent malig‑
nancies worldwide, with a notable clinical burden. According 
to GLOBOCAN 2022, GC accounts for ~1 million new cases 
annually, and remains the fourth leading cause of cancer‑
related mortality, characterized by a poor 5‑year survival rate 
of <30% in advanced stages (1). For patients with GC with an 
adequate performance status and organ function, those who 
receive combination chemotherapy have a median overall 
survival (OS) of ~1  year, compared with 3‑4  months for 
those treated solely with supportive care (2). In recent years, 
immunotherapy has markedly expanded treatment options 
for solid tumors, and chemo‑immunotherapy holds particular 
promise for advanced GC; however, GC prognosis remains poor. 
Over half of patients are diagnosed with advanced/metastatic 
stage disease, with a median OS of ~1 year (3).

The pathogenesis of GC involves multifactorial etiolo‑
gies, including a genetic predisposition, Helicobacter pylori 
(H. pylori) infection, inflammatory stimulation and environ‑
mental factors (4‑7). Early diagnosis of GC is challenging 
due to nonspecific symptoms, leading to delayed therapeutic 
interventions and poor prognosis (8). In addition, chemore‑
sistance notably undermines treatment efficacy, as standard 
regimens often fail to achieve durable responses (9,10). This 
resistance is attributed to dynamic molecular adaptations in 
tumor cells, such as drug efflux mechanisms and apoptosis 
evasion (11). Furthermore, GC progression is driven by an 
intricate regulatory network involving aberrant signaling 
pathways, epigenetic modifications and tumor microenvi‑
ronment (TME) interactions  (12‑15). Despite advances in 
understanding GC biology, key gaps persist (16). The molec‑
ular mechanisms underlying tumorigenesis, metastasis and 
chemoresistance remain incompletely elucidated, particularly 
regarding context‑dependent roles of non‑coding RNAs (17). 
Addressing these knowledge gaps is critical for developing 
targeted therapies and improving clinical outcomes.
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Previous studies have increasingly focused on the role 
of long non‑coding (lnc)RNA in the progression of several 
cancers, including GC. Among them, maternally expressed 
gene 3 (MEG3) has emerged as a critical player in tumor 
suppression. MEG3 is known for its ability to regulate 
several cellular processes such as proliferation, apoptosis and 
migration, which are essential for cancer progression (18‑20). 
Therefore, understanding the role of MEG3 in GC could 
provide novel insights into its pathogenesis and open new 
avenues for early diagnosis and targeted therapies.

Studies have repor ted that MEG3 is frequently 
downregulated in GC tissues, compared with in normal 
gastric tissues, suggesting its potential role as a tumor 
suppressor (21‑23). Moreover, in vitro studies have reported 
that reintroducing MEG3 into GC cell lines leads to 
increased apoptosis and decreased cell viability, migration 
and invasion (24,25). This is achieved through the modu‑
lation of epithelial‑to‑mesenchymal transition (EMT), a 
process critical for cancer metastasis (26). MEG3 has been 
reported to enhance the expression of epithelial markers 
such as E‑cadherin, whilst suppressing mesenchymal 
markers such as vimentin and fibronectin, effectively inhib‑
iting the EMT process (27). Furthermore, the interaction 
between MEG3 and numerous signaling pathways has been 
a focus of research. MEG3 has been reported to interact 
with microRNAs (miRNAs/miRs), particularly miR‑21, 
which is known to promote tumorigenesis in several types 
of cancer. By acting as a competing endogenous (ce)RNA, 
MEG3 can sequester miR‑21, thereby reducing its oncogenic 
effects (28). This regulatory axis highlights the intricate 
network of interactions among non‑coding RNAs in cancer 
biology and reinforces the importance of lncRNAs such as 
MEG3 in modulating tumor behavior.

In addition to its role in cellular processes, MEG3 
expression has been associated with the presence of H. pylori, 
a notable risk factor for GC. Studies have reported that 
H. pylori infection is associated with altered expression levels 
of MEG3 and other lncRNAs, suggesting that microbial 
factors may influence the lncRNA landscape in GC (29,30). 
Understanding how H. pylori and other environmental factors 
interact with lncRNAs such as MEG3 could provide valuable 
insights into the multifactorial nature of GC development. 
Furthermore, the therapeutic implications of targeting MEG3 
in GC are profound. Given its role in inhibiting tumor growth 
and metastasis, strategies aimed at restoring MEG3 expression 
or mimicking its function could serve as potential therapeutic 
approaches. For instance, the use of small molecules or gene 
editing technologies to enhance MEG3 levels in GC cells 
may reverse the malignant phenotype and sensitize tumors to 
conventional therapies (31).

Therefore, the role of lncRNA MEG3 in GC is a burgeoning 
area of research that holds promise for both understanding the 
mechanisms of the disease and developing novel therapeutic 
strategies. The evidence supporting the tumor‑suppressive 
functions of MEG3, its interactions with key signaling pathways 
and its potential as a biomarker underscore the importance of 
further investigations into this lncRNA. As research continues 
to unravel the complexities of GC biology, MEG3 may emerge 
as a pivotal target for innovative treatment modalities aimed at 
combating this formidable malignancy.

2. MEG3 structure and function

MEG3 gene structure. MEG3 is a lncRNA located within the 
imprinted δ‑like non‑canonical Notch ligand 1‑MEG3 locus 
on chromosome 14q32.3 (32). This gene spans ~35 kb and 
consists of 10 exons, which are crucial for its functional integ‑
rity (33). The MEG3 gene is characterized by its imprinted 
expression, meaning it is expressed from the maternal allele, 
whilst the paternal allele is silenced (34). This unique genetic 
regulation is notable, as it contributes to the functional diversity 
of lncRNAs in several biological processes. The transcription 
of MEG3 results in a 1.6 kb lncRNA that does not code for 
proteins but serves essential roles in regulating gene expres‑
sion through numerous mechanisms, including through its 
interaction with miRNAs and proteins (35,36). Notably, MEG3 
has been reported to form secondary structures, including 
pseudoknots, which are vital for its interaction with the p53 
pathway, further emphasizing the importance of its structural 
features in mediating biological functions (37).

Major biological functions of MEG3. MEG3 has emerged as 
a critical player in several biological processes, particularly in 
tumor suppression. Its primary functions include regulating 
cell proliferation, apoptosis and migration, particularly in the 
context of cancer (38). MEG3 exerts its tumor‑suppressive 
effects by modulating key signaling pathways, such as the p53 
pathway, where it enhances p53 activity, leading to increased 
apoptosis in cancer cells (39). In addition, MEG3 functions as 
a molecular sponge for multiple oncogenic miRNAs, including 
miR‑21, which is known to promote oncogenesis  (40). By 
sequestering miR‑21, MEG3 indirectly upregulates tumor 
suppressor genes and inhibits pathways that contribute to 
cancer progression (41). Studies have reported that MEG3 
downregulation is associated with poor prognosis in several 
types of cancer, including hepatocellular carcinoma, GC 
and colorectal cancer, indicating its potential as a diagnostic 
and therapeutic target  (42‑44). In addition, beyond its role 
in cancer, MEG3 has been implicated in other physiological 
processes, such as fibrosis and metabolic regulation. It has 
been reported to influence the expression of genes involved in 
EMT, a critical process in cancer metastasis, and to regulate 
insulin signaling pathways, highlighting its multifaceted role 
in both cancer biology and metabolic diseases (45,46).

Expression characteristics of MEG3 in cells. MEG3 exhibits 
distinct expression patterns across numerous tissues and cell 
types, reflecting its functional diversity. In healthy tissues, 
MEG3 is generally expressed at higher levels, particularly in 
the brain, liver and skeletal muscle (47). However, its expres‑
sion is often markedly reduced in several cancer types, where 
it is associated with tumor progression and metastasis (48,49). 
This downregulation is frequently attributed to epigenetic 
modifications, such as the hypermethylation of the MEG3 
promoter. Specifically, the downregulation of MEG3 is driven 
by abnormal CpG methylation in its promoter region. Among 
these CpG sites, linear changes in MEG3 expression show a 
negative correlation with the methylation levels of two specific 
CpG sites: MEG3_4_CpG_9 and MEG3_5_CpG_2 (50,51). 
The methylation process of MEG3 promoters is mainly 
mediated by DNA methyltransferases (DNMTs) including 
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three major DNMTs: DNMT1, DNMT3a and DNMT3b in 
mammals. In addition, MEG3 expression is influenced by 
several physiological conditions (52,53). For instance, studies 
have reported that MEG3 levels can be modulated in response 
to inflammatory stimuli and metabolic changes, indicating its 
potential role as a biomarker for disease states (54,55). In the 
context of obesity and insulin resistance, MEG3 expression 
has been reported to be negatively associated with the severity 
of these conditions, suggesting its involvement in metabolic 
regulation (56). Furthermore, the dynamic association between 
MEG3 and nuclear speckles, and its transient expression in 
response to transcriptional activity, highlight its regulatory role 
in gene expression within the cellular context, suggesting that 
MEG3 may serve as a sensor for cellular stress and a regulator 
of gene expression in response to environmental cues (57).

3. MEG3 expression changes in GC

Comparison of expression in normal and cancerous tissues. 
The expression levels of the lncRNA MEG3 have been 
reported to markedly differ between normal gastric and 
GC tissues (58). In normal gastric cells, MEG3 is typically 
expressed at higher levels, functioning as a tumor suppressor 
that regulates several cellular processes, including apoptosis 
and cell proliferation (59). However, studies have consistently 
reported that MEG3 expression is markedly decreased in GC 
cells, as compared with their normal counterparts (25,60) For 
instance, a study indicated that MEG3 transfection in GC cells 
led to an increased expression of E‑cadherin, a key epithelial 
marker, whilst simultaneously inhibiting the expression of 
mesenchymal markers, such as vimentin and fibronectin. 
This suggests that MEG3 serves a crucial role in suppressing 
EMT (24). Furthermore, the differential expression of MEG3 
has been reported to be associated with several clinical param‑
eters in patients with GC. Lower levels of MEG3 have been 
associated with advanced disease stages and worse prognostic 
outcomes, indicating its potential as a biomarker for disease 
progression (60). The downregulation of MEG3 in cancerous 
tissues not only highlights its role in GC pathogenesis but also 
underscores its potential as a therapeutic target (61).

Association between MEG3 expression and clinical patholog-
ical features. The association between MEG3 expression and 
clinical pathological features in GC has been a focal point in 
recent studies (62,63). Numerous studies have reported that the 
expression levels of MEG3 are notably associated with several 
clinicopathological characteristics, including tumor size, 
lymph node metastasis and overall patient survival (61,64). 
For instance, lower MEG3 expression levels have been associ‑
ated with larger tumor sizes and a higher incidence of lymph 
node metastasis, suggesting that MEG3 may serve a critical 
role in tumor aggressiveness (65). These findings indicate that 
MEG3 could serve as a valuable prognostic marker in GC, 
aiding in the stratification of patients based on their risk of 
disease progression. Furthermore, the expression of MEG3 
has been associated with the OS rates of patients with GC. 
Studies have reported that patients with higher levels of 
MEG3 expression tend to have improved survival outcomes, 
as compared with those with lower expression levels (66). This 
association suggests that MEG3 may not only be involved in 

the tumorigenic processes, but it also serves as a potential 
therapeutic target.

4. Impact of MEG3 on the biological behavior of GC cells

Cell proliferation. lncRNA MEG3 has emerged as a critical 
regulator of cell proliferation in several types of cancer, 
including GC (67). Studies have reported that MEG3 functions 
as a tumor suppressor, with its downregulation associated with 
increased cell proliferation and malignancy  (68,69). This 
reduction in MEG3 has been associated with the activation of 
oncogenic pathways that promote cell cycle progression and 
proliferation (70). For instance, MEG3 has been reported to 
inhibit the expression of cyclin D1 and other cell cycle regula‑
tors, thereby slowing down the transition from the G1 phase to 
the S phase of the cell cycle (71). In addition, the overexpres‑
sion of MEG3 in GC cell lines has been reported to markedly 
reduce cell growth and proliferation rates, suggesting that 
MEG3 acts to restrain the proliferative capacity of these 
cells (72). Furthermore, the interaction between MEG3 and 
several miRNAs has been implicated in its regulatory role, as 
MEG3 can act as a sponge for miRNAs that promote prolifera‑
tion, thus further inhibiting cancer cell growth (73).

Cell apoptosis. The role of MEG3 in promoting apoptosis in 
GC cells has been extensively investigated, and it has been 
established that it is critically involved in the regulation of 
programmed cell death  (58). MEG3 has been reported to 
enhance the sensitivity of GC cells to apoptotic stimuli, effec‑
tively increasing the rate of apoptosis in these cells (74). This is 
particularly important given that numerous types of GC exhibit 
resistance to apoptosis, contributing to tumor progression and 
treatment failure (75,76). Mechanistically, MEG3 facilitates 
apoptosis through several pathways. It has been reported to 
upregulate pro‑apoptotic proteins such as Bax and downregulate 
anti‑apoptotic proteins such as Bcl‑2, thereby tipping the balance 
in favor of cell death (77,78). In addition, MEG3 can activate the 
caspase cascade, a series of proteolytic enzymes critical for the 
execution of apoptosis. For instance, the increased expression 
of MEG3 has been associated with the enhanced activation of 
caspase‑3 and caspase‑9, leading to the induction of apoptosis 
in GC cells (79,80). Beyond direct protein regulation, MEG3 
further potentiates its pro‑apoptotic effects by interacting 
with miRNAs. Studies have indicated that MEG3 can interact 
with miRNAs that regulate apoptosis, further enhancing its 
pro‑apoptotic effects. For example, MEG3 has been reported 
to sequester miR‑21, a known anti‑apoptotic miRNA, thereby 
promoting apoptosis in GC cells (21). The ability of MEG3 to 
induce apoptosis not only highlights its potential as a tumor 
suppressor, but also suggests that therapeutic strategies aimed 
at increasing MEG3 expression or mimicking its function could 
enhance the efficacy of existing treatments for GC.

Cell migration and invasion. MEG3 also serves a central regu‑
latory role in regulating the migration and invasion of GC cells, 
processes that are decisive for metastasis. The downregulation 
of MEG3 has been associated with increased migration and 
invasion rates of GC cells, which is a hallmark of aggressive 
tumor behavior  (72). Moreover, studies have reported that 
MEG3 overexpression is associated with a marked reduction 
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in the migration and invasion rates of GC cells, indicating its 
function as a suppressor of these malignant behaviors (21,24). 
The mechanisms through which MEG3 exerts its effects on 
cell migration and invasion involve the modulation of EMT, a 
process that is critical for cancer cell dissemination (81). MEG3 
has been reported to inhibit EMT by promoting the expression 
of epithelial markers, such as E‑cadherin, whilst suppressing 
mesenchymal markers such as N‑cadherin and vimentin (82). 
This shift in cellular phenotype is crucial for maintaining the 
adhesive properties of cancer cells and reducing their inva‑
sive potential (83). Furthermore, MEG3 has been reported 
to interact with several signaling pathways that regulate cell 
motility, including the Rho GTPase family, which is known 
to control cytoskeletal dynamics and cell movement  (84). 
By affecting these pathways, MEG3 can alter the migratory 
behavior of GC cells, thereby reducing their ability to invade 
surrounding tissues and cause distant metastasis (72). Given 
the importance of migration and invasion in the progression of 
GC, targeting MEG3 or its regulatory networks may provide 
a novel therapeutic strategy to inhibit metastasis and improve 
patient prognosis.

5. MEG3 signaling pathways and mechanisms

Relationship between MEG3 and the p53 signaling pathway. 
The p53 signaling pathway is a crucial regulator of the cell 
cycle, apoptosis and genomic stability, often referred to as the 
‘guardian of the genome’. MEG3 has been reported to interact 
with this pathway in multiple cancer types and research has 
indicated that MEG3 can enhance the expression of p53, 
thereby promoting apoptosis in cancer cells (85). For instance, 
in neuroblastoma, MEG3 overexpression led to increased 
p53 levels, which in turn activated pro‑apoptotic factors and 
inhibited cell proliferation (86). This interaction suggests that 
MEG3 may function as a tumor suppressor by stabilizing p53 
and enhancing its tumor‑suppressive activities (87). In addition 
to directly regulating p53 expression, MEG3 also indirectly 
influences p53 activity through interactions with miRNAs. 
MEG3 has been identified as a ceRNA that can sponge 
several miRNAs, including miR‑21, which is known to inhibit 
p53 expression. By sequestering miR‑21, MEG3 indirectly 
promotes p53 activity, leading to enhanced apoptosis and 
reduced tumor growth (88). This regulatory mechanism high‑
lights the potential of MEG3 in modulating the p53 pathway 
and its implications for cancer therapy, particularly in tumors 
where p53 is often mutated or dysfunctional. In addition to its 
role in apoptosis, the interaction between MEG3 and p53 also 
extends to cellular senescence and DNA damage response. 
Studies have reported that MEG3 can influence the expression 
of genes involved in these processes, thereby contributing to 
the maintenance of genomic integrity (89,90). The ability of 
MEG3 to modulate p53 activity positions it as a critical player 
in cancer progression and treatment resistance, making it a 
promising target for therapeutic intervention (Fig. 1).

Role of MEG3 in miRNA regulation. MEG3 serves a pivotal 
role in the regulation of miRNAs, which are small non‑coding 
RNAs that post‑transcriptionally regulate gene expression. By 
acting as a ceRNA, MEG3 can bind to specific miRNAs, thereby 
preventing them from interacting with their target mRNAs. This 

function has been particularly noted with miR‑21, which is often 
overexpressed in several types of cancer and is associated with 
poor prognosis (91). The ability of MEG3 to sponge miR‑21 
results in the downregulation of its target genes, including those 
involved in apoptosis and cell cycle regulation (92). In GC, 
for example, MEG3 has been reported to inhibit the expres‑
sion of miR‑21, leading to the upregulation of pro‑apoptotic 
proteins and the downregulation of anti‑apoptotic factors, thus 
promoting apoptosis in cancer cells (21). This regulatory axis 
underscores the importance of MEG3 in maintaining cellular 
homeostasis and preventing tumorigenesis. Furthermore, the 
interaction of MEG3 with other miRNAs, such as miR‑548d‑3p 
and miR‑376a, has been documented, indicating its broader 
role in modulating several signaling pathways associated with 
cancer progression  (93,94). By regulating these miRNAs, 
MEG3 can influence key cellular processes, including prolifera‑
tion, migration and invasion, thereby contributing to the overall 
TME and its dynamics. The therapeutic potential of targeting 
the MEG3‑miRNA axis is notable, as restoring MEG3 levels 
in tumors with low expression could enhance the efficacy of 
existing therapies by re‑establishing normal apoptotic signaling 
and inhibiting oncogenic pathways (95).

Impact of MEG3 on the TME. The TME exerts a pivotal influ‑
ence on cancer progression and metastasis, influencing tumor 
behavior and response to therapy. Emerging evidence demon‑
strates that MEG3 markedly impacts the TME by modulating 
the behavior of several cell types within it, including immune 
cells, fibroblasts and endothelial cells. For instance, MEG3 
can promote the polarization of macrophages towards the 
M1 phenotype, which is associated with antitumor immunity, 
whilst inhibiting the M2 phenotype that supports tumor growth 
and metastasis (96). In addition, MEG3 has been reported to 
inhibit M2 macrophage polarization, thereby reducing tumor 
growth and metastasis (97). This effect is mediated through its 
interaction with miR‑145‑5p, which regulates the expression 
of disabled‑2, a protein involved in macrophage polarization. 
By modulating macrophage phenotypes, MEG3 can alter 
the inflammatory landscape of the TME, potentially leading 
to improved therapeutic outcomes. Furthermore, the role of 
MEG3 in regulating angiogenesis is notable. For example, 
MEG3 has been reported to inhibit angiogenesis by reducing 
the levels of miR‑421, which promotes endothelial cell migra‑
tion and tube formation (98). These findings imply that MEG3 
not only influences immune cell behavior, but also impacts 
the vascular components of the TME, further underscoring its 
multifaceted role in cancer biology. The ability of MEG3 to 
shape the TME underscores its promising potential as a thera‑
peutic target. By restoring or enhancing MEG3 expression, 
it may be possible to reprogram the TME to favor antitumor 
responses, and lead to an improved drug delivery and enhanced 
efficacy of existing therapies (21). This comprehensive under‑
standing of the signaling pathways and mechanisms of MEG3 
provides valuable insights into its potential as a therapeutic 
target in cancer treatment (Fig. 2).

6. MEG3 as a potential biomarker for GC

Diagnostic value of MEG3. The lncRNA MEG3 has been 
established as a promising biomarker in the diagnosis and 
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prognosis of GC. Numerous studies have reported that MEG3 
is downregulated in GC tissues and cell lines compared with 
normal gastric tissues and cell lines, indicating its potential 
as a diagnostic biomarker (25,54,55). For instance, research 
has shown that the expression of the lncRNA MEG3 was 

markedly lower in GC cells than in normal gastric cells, and 
its transfection led to an increased expression of E‑cadherin, 
a marker associated with epithelial cells, whilst inhibiting the 
expression of mesenchymal markers, such as vimentin and 
fibronectin (24). This suggests that MEG3 serves a crucial 

Figure 1. Relationship between MEG3 and the p53 signaling pathway. MEG3, maternally expressed gene 3; p53, protein 53; lncRNA, long non‑coding RNA; 
GSK‑3β, glycogen synthase kinase‑3; Akt, protein kinase B; PTEN, phosphatase and tensin homologue deleted on chromosome ten; Ctnn‑β, catenin beta; 
Caspase, cysteinyl aspartate specific proteinase; Bcl‑2, B‑cell lymphoma‑2; Bax, Bcl‑2 associated X; TSP1,thrombin sensitive protein 1; BAI1, brain‑specific 
angiogenesis inhibitor 1.

Figure 2. Impact of MEG3 on the tumor microenvironment. MEG3, maternally expressed gene 3; lncRNA, long non‑coding RNA; miR, microRNA; DAB2, 
disabled homolog 2; HS2ST1, heparan sulfate‑2‑O‑sulfotransferase 1; VEGF, vascular endothelial growth factor; M1, classically activated macrophage; M2, 
alternatively activated macrophage.
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role in EMT, a process that is pivotal in cancer progression 
and metastasis. Furthermore, a previous study demonstrated 
the diagnostic utility of MEG3 using receiver operating char‑
acteristic curve analyses, which indicated that MEG3 levels 
could effectively discriminate between tumor and non‑tumor 
tissues. The area under the curve of MEG3 was 0.8736, and 
using the cut‑off value of 0.0014, the sensitivity and specificity 
of MEG3 were 79 and 86%, respectively, indicating the strong 
diagnostic performance of GC (32). In addition, another study 
reported that the A allele at the rs7158663 19 loci of MEG3 
was a risk factor for GC (odds ratio, 1.41; 95% confidence 
interval, 1.14‑1.74; P=0.002)  (99). This association under‑
scores the potential of MEG3 not only as a diagnostic marker 
but also as a prognostic indicator for patient outcomes. The 
role of MEG3 in GC is further supported by its involvement 
in several molecular pathways that regulate cell proliferation, 
apoptosis and migration. Studies have reported that MEG3 
can inhibit tumor growth by modulating the expression of key 
oncogenic pathways, such as the PI3K/Akt and Wnt/β‑catenin 
signaling pathways (21). The downregulation of MEG3 has 
been associated with the increased expression of oncogenic 
microRNAs, such as miR‑21, which promotes tumor growth 
and metastasis (28). Thus, the restoration of MEG3 expression 
in GC cells has been proposed as a therapeutic strategy that 
could reverse the malignant phenotype and improve patient 
prognosis  (72). Furthermore, the potential of MEG3 as a 
biomarker extends beyond tissue expression levels. Its presence 
in the serum has been investigated, with studies suggesting that 
circulating MEG3 could serve as a non‑invasive biomarker 
for GC diagnosis (100,101). The ability to detect MEG3 in 
serum samples adds a layer of practicality to its application in 
clinical settings, allowing for early detection and monitoring 
of disease progression. This is particularly important given the 
asymptomatic nature of early‑stage GC, which can lead to late 
diagnosis and poor outcomes. The diagnostic value of MEG3 
in GC is supported by its downregulation in tumor tissues, 
association with clinical parameters, involvement in critical 
signaling pathways, and potential as a circulating biomarker. 
These findings collectively highlight the potential of MEG3 
as a valuable tool for the early detection and management 
of GC, warranting further exploration in clinical trials and 
translational research.

Feasibility of MEG3 as a therapeutic target. The feasibility 
of targeting MEG3 for therapeutic interventions in GC is 
increasingly supported by research that underscores its role as 
a tumor suppressor. MEG3 has been reported to exert notable 
antitumor effects through several mechanisms, making it 
an attractive candidate for targeted therapies. For instance, 
studies have indicated that MEG3 can inhibit cell proliferation, 
migration and invasion in GC cells by modulating the expres‑
sion of several key genes involved in these processes (24,60). 
Specifically, MEG3 has been reported to inhibit the expression 
of anti‑apoptotic proteins, such as Bcl‑2, whilst promoting 
pro‑apoptotic proteins, such as caspase‑3 and caspase‑9, 
thereby enhancing apoptosis in GC cells (24). The therapeutic 
potential of MEG3 is further highlighted by its ability to 
regulate the EMT process, which is crucial for cancer metas‑
tasis (102). By inhibiting EMT, MEG3 can potentially reduce 
the invasive capabilities of GC cells, thereby limiting the spread 

of the disease (103). This regulatory function aligns with the 
growing interest in targeting EMT as a therapeutic strategy for 
several types of cancer, including GC. Furthermore, the resto‑
ration of MEG3 expression in cancer cells has been reported to 
reverse EMT and restore the epithelial phenotype, suggesting 
that MEG3 could serve as a therapeutic target to inhibit cancer 
progression (104). In addition to its direct effects on tumor 
cells, the interactions of MEG3 with other non‑coding RNAs 
and signaling pathways further enhance its therapeutic feasi‑
bility. For example, MEG3 has been identified as a ceRNA 
that can sponge miRNAs, such as miR‑21, which are known 
to promote oncogenic processes (29). By sequestering these 
miRNAs, MEG3 can counteract their effects, providing a novel 
mechanism through which MEG3 exerts its tumor‑suppressive 
functions (105). This interplay between MEG3 and miRNAs 
presents an opportunity for developing RNA‑based therapies 
that could enhance the expression of MEG3 or mimic its func‑
tion in GC cells. Furthermore, the potential for using MEG3 as 
a therapeutic target is supported by its association with patient 
outcomes (106‑108). Studies have reported that patients with 
low MEG3 expression levels tend to have worse prognoses, 
reinforcing the notion that MEG3 serves a critical role in 
tumor suppression (102,103,109). This association suggests 
that therapies aimed at restoring or enhancing MEG3 function 
could improve patient survival and quality of life. Furthermore, 
the feasibility of targeting MEG3 as a therapeutic intervention 
in GC is supported by its role as a tumor suppressor, its ability 
to inhibit critical cancer processes, such as EMT, and its 
interactions with other regulatory RNAs. The development of 
strategies to enhance MEG3 expression or mimic its function 
holds promise for improving therapeutic outcomes in patients 
with GC. Further research into the mechanisms underlying 
the effects of MEG3 and its potential applications in clinical 
settings is warranted to fully realize its therapeutic potential.

7. Conclusions and limitations

The exploration of lncRNAs has notably expanded the under‑
standing of the molecular mechanisms underlying numerous 
types of cancer, particularly GC. Among these lncRNAs, 
MEG3 has emerged as a critical player, demonstrating a 
complex relationship with the biological characteristics of GC. 
The present review highlights the multifaceted roles of MEG3 
in the initiation and progression of GC, suggesting that its 
expression levels are intricately associated with the behavior 
of the tumor and patient outcomes.

The development of research surrounding MEG3 under‑
scores the need for a balanced approach when interpreting 
diverse findings across studies. As the understanding deepens, 
it is crucial to integrate data from molecular biology, clinical 
observations and bioinformatics to construct a comprehensive 
picture of the function of MEG3. However, the dual nature of 
MEG3 as both a tumor suppressor and a potential contributor 
to tumorigenesis presents a challenge: Whilst certain studies 
have elucidated its role in inhibiting GC cell proliferation 
and promoting apoptosis, others have pointed to contexts 
where MEG3 may be involved in facilitating tumor growth. 
This dichotomy emphasizes the necessity of contextualizing 
research findings within specific biological and environmental 
frameworks.
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Furthermore, the impact of MEG3 on GC not only pertains 
to its mechanistic insights but also extends to its potential as a 
biomarker for early diagnosis and a target for therapeutic inter‑
ventions. The association between MEG3 expression and several 
clinicopathological features of GC suggests that it could serve as a 
prognostic indicator, aiding in risk stratification and personalized 
treatment plans. However, for MEG3 to transition from bench to 
bedside, future research must rigorously validate its clinical utility 
across diverse patient populations and genetic backgrounds.

Additionally, when considering the clinical application of 
MEG3, it is essential to address the challenges and limitations 
inherent in translating basic research into therapeutic strate‑
gies. The heterogeneity of GC, characterized by its diverse 
molecular subtypes and varying responses to treatment, neces‑
sitates a nuanced understanding of how MEG3 interacts with 
other molecular pathways. Collaborative efforts that bring 
together oncologists, molecular biologists and bioinformati‑
cians are critical to deciphering these complex interactions 
and refining the potential therapeutic applications of MEG3.

Moreover, the evolving landscape of cancer treatment, 
particularly with the advent of precision medicine, provides a 
fertile ground for investigating the role of MEG3 in targeted 
therapies. As the intricate networks in which MEG3 is involved 
continue to be elucidated, there lies an opportunity to develop 
innovative approaches that leverage the properties of this 
lncRNA to enhance treatment efficacy and minimize adverse 
effects. The integration of MEG3 modulation into existing 
treatment regimens, such as chemotherapy or immunotherapy, 
could yield notable benefits, warranting further exploration.

In conclusion, whilst MEG3 presents promising avenues 
for both research and clinical application in GC, a concerted 
effort is needed to harmonize the diverse findings and 
perspectives within the field. Future studies should strive 
for a multidisciplinary approach, focusing on elucidating the 
precise roles of MEG3 in GC biology and its implications for 
patient management. By fostering collaboration and innova‑
tion, MEG3 could become a cornerstone in the future of GC 
diagnosis and therapy, ultimately improving outcomes for 
patients affected by this challenging disease.

Despite the comprehensive synthesis of current knowledge 
on MEG3 in GC, this review had several limitations that should 
be acknowledged. Most included studies relied on in vitro cell 
line models and animal xenograft experiments, with relatively 
few well‑powered clinical trials or prospective cohort studies. 
This discrepancy limited the direct translation of findings to 
human GC patients, as cell lines and animal models may not 
fully recapitulate the complex TME and genetic heterogeneity 
of clinical tumors. In addition, the molecular mechanisms 
underlying MEG3's regulatory role remain partially elusive. 
While key signaling pathways, such as p53 and PI3K/Akt 
are discussed in existing literature, the crosstalk between 
MEG3 and other non‑coding RNAs or epigenetic modifiers 
is insufficiently explored, leaving gaps in understanding its 
multifaceted functions. These limitations highlight the need 
for more uniform, large‑scale clinical and mechanistic studies 
to advance MEG3‑related research in GC.
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