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Abstract 

Metformin, a widely used oral hypoglycemic drug, has emerged as a potential therapeutic agent for cancer treatment. 
While initially known for its role in managing diabetes, accumulating evidence suggests that metformin exhibits anti-
cancer properties through various mechanisms. Several cellular or animal experiments have attempted to elucidate 
the role of non-coding RNA molecules, including microRNAs and long non-coding RNAs, in mediating the anticancer 
effects of metformin. The present review summarized the current understanding of the mechanisms by which non-
coding RNAs modulate the response to metformin in cancer cells. The regulatory roles of non-coding RNAs, particu-
larly miRNAs, in key cellular processes such as cell proliferation, cell death, angiogenesis, metabolism and epigenetics, 
and how metformin affects these processes are discussed. This review also highlights the role of lncRNAs in cancer 
types such as lung adenocarcinoma, breast cancer, and renal cancer, and points out the need for further exploration 
of the mechanisms by which metformin regulates lncRNAs. In addition, the present review explores the potential 
advantages of metformin-based therapies over direct delivery of ncRNAs, and this review highlights the mechanisms 
of non-coding RNA regulation when metformin is combined with other therapies. Overall, the present review pro-
vides insights into the molecular mechanisms underlying the anticancer effects of metformin mediated by non-cod-
ing RNAs, offering novel opportunities for the development of personalized treatment strategies in cancer patients.

Keywords  Metformin, Non-coding RNA, Long non-coding RNA, Circular RNA microRNA, Cancer

Introduction
In recent years, the number of cancer cases and deaths 
has remained high. It is estimated that there will be 
1,958,310 new cancer cases and 609,820 cancer deaths in 
the U.S [1]. Compared with those in 2022, both figures 

have increased [2]. These findings indicate that cancer 
has emerged as a significant menace to human health, 
necessitating the immediate development of targeted and 
efficacious treatments.

Despite substantial progress in novel therapies, such 
as targeted therapy and immunotherapy for tumors 
over the past few decades, there continue to be numer-
ous constraints in the precise diagnosis and treatment 
of tumors. Factors such as tumor heterogeneity and 
dynamics present formidable challenges for tumor 
treatment [3]. At the same time, the interactions and 
dynamics between the tumor and the tumor microenvi-
ronment make the treatment of tumors more complex 
and difficult [4]. In recent decades, numerous scientists 
have unearthed a multitude of novel applications for 
the age-old drug known as metformin, potentially her-
alding a new era in cancer treatment. Metformin, with 
the chemical formula C4H11N5, is a naturally occurring 
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compound derived from the leguminous perennial herb 
goat’s rue (Galega officinalis L.) [5]. Metformin inhibits 
hepatic gluconeogenesis and reduces insulin resistance 
and has long been widely used as an oral hypoglycemic 
agent and the first-line drug for the treatment of type 2 
diabetes mellitus because of its safety, efficacy and tol-
erability [6]. As research continues, different new uses 
for metformin are being discovered, including its role 
in cancer treatment.

In 2005, Evans et  al. [7] reported for the first time in 
a case–control study that metformin reduced the risk of 
cancer in diabetic patients and that this effect was posi-
tively correlated with the dose of metformin. Since then, 
there have been an increasing number of studies on the 
role of metformin in the treatment of various types of 
cancer.

Metformin has been shown to have a positive effect 
on the treatment of malignancies such as liver [8], oste-
osarcoma [9], colorectal [10], melanoma [11], pancre-
atic [12], bladder [13] and prostate [14] cancers. In the 
case of hepatocellular carcinoma (HCC), a retrospective 
cohort study revealed that metformin use reduced the 
risk of HCC by 21% compared with no treatment [15]; 
a meta-analysis of 11 studies by Ma et  al. [16] revealed 
that metformin use was associated with a significant 
41% reduction in mortality among 3452 patients with 
HCC. In addition, in another retrospective multicenter 
cohort study [17], 1566 patients with unresectable HCC 
treated with sorafenib at nine tertiary centers in South 
Korea were included. The patients were mostly male 
(83.8%), had chronic hepatitis B (77.3%) and were classi-
fied as Barcelona Clinical Liver Cancer stage C (BCLC-
C) (78.3%) [17]. The results revealed improved long-term 
survival in patients treated with metformin [adjusted 
hazard ratio (aHR) = 3.464; P < 0.001], thus highlighting 
the important synergistic effect of metformin in combi-
nation with sorafenib [17].

With further research, it has been found that non-
coding (nc)RNAs play important roles in metformin 
antitumor therapy. A number of ncRNAs involved in 
metformin antitumor therapy have been identified, but a 
number of mechanisms still need to be further elucidated 
as a basis for the individualized use of metformin and 
multimorbidity combination therapy [18, 19]. Therefore, 
the present review provides a detailed summary of the 
ncRNAs that play a role in the treatment of cancer with 
metformin and explores the ncRNAs that are regulated 
when metformin is combined with other therapeutic reg-
imens (Fig. 1).

ncRNAs
ncRNAs are functional RNA molecules that are not 
translated into proteins and mainly include transfer 
RNAs, ribosomal RNAs, small RNAs and long non-cod-
ing (lnc)RNAs. Among them, microRNAs and lncRNAs 
are currently the most widely and intensively studied 
[20]. The present review also focused on the production 
process and mechanism of action of small interfering (si)
RNA and circular (circ)RNA (Fig. 2).

micro(mi)RNA
miRNAs are a class of short endogenous ncRNAs that are 
extensively involved in the post-transcriptional regula-
tory activities of genes. miRNA genes are transcribed by 
RNA polymerase II to produce primary transcripts (pri-
miRNAs) that are approximately several thousand bases 
in length. Subsequently, miRNA dimers are formed by 
the successive action of the protein complexes Drosha-
DGCR8, Ran-GTP-Exportin-5 transporter protein, and 
Dicer-TRBP (Fig. 2). One strand is then rapidly degraded, 
and the other is translocated into the Argonaute 2 (Ago2) 
protein to form a miRNA-induced silencing complex 
(miRISC) [21–23]. RNA-induced silencing complexes 
(RISCs) bind to complementary target mRNAs and 
inhibit their translation, but studies have found that 
miRNAs can reversely amplify translation and bind to 
DNA under certain conditions, thereby controlling gene 
expression at the transcriptional level [24, 25].

lncRNA
In addition to miRNAs, the role of lncRNAs in met-
formin antitumor therapy has also gained attention. 
Many studies have shown that the mechanism of action 
of lncRNAs can be classified into two main categories: 
(i) Regulation of gene expression. First, guide lncRNAs 
activate or repress gene expression through repositioning 
of regulatory factors. Second, scaffolding lncRNAs con-
tribute to the formation of ribonucleoprotein complexes. 
Third, decoy lncRNAs remove regulatory factors bound 
to the genome, thereby terminating their regulation. (ii) 
Regulation of protein activity and cell function. First, 
binding to specific proteins can regulate the activity of 
corresponding proteins, change the localization of pro-
teins in the cell, or act as a structural component to form 
nucleic acid-protein complexes. Second, the complemen-
tary double stranded RNA formed by lncRNA binding 
to miRNA can generate endogenous siRNA under the 
action of Dicer enzyme. Third, it is a precursor molecule 
of other small molecule RNAs (such as miRNAs and 
Piwi-interacting RNAs) [26–30].
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circRNA
circRNAs are circular lncRNAs. The roles of circRNAs 
are very rich and include two main aspects: (i) Regula-
tion of gene expression. First, circRNAs act as miRNA 
sponges to regulate gene expression by binding to their 
downstream target genes and releasing miRNAs [31, 
32]. Second, they interact with RNA-binding proteins 
and regulate gene expression, such as the repression of 
PABPN1 translation by circPABPN1 [33]. Third, they 
regulate the process of variable shearing [34]. Fourth, 
they are associated with epigenetic inheritance and can 
regulate DNA methylation and histone modification [35]. 
(ii) It is capable of being translated into proteins, such as 
circ-ZNF609 [36], circ-SHPRH [37], circ-FBXW7 [38] 
and circMbl [39].

siRNA
siRNA is a common double-stranded ncRNA that is simi-
lar in length to miRNA and is usually 20–24 nucleotides 
in length [40]. The enzyme that catalyzes the generation 
of endogenous siRNA is Dicer enzyme, which cleaves 

dsRNA or short hairpin RNA to generate siRNA. SiR-
NAs bind to proteins such as Ago2 in the cytoplasm to 
form RISCs [41]. Single-stranded siRNAs in RISCs can 
bind complementary miRNAs and cleave them for gene 
silencing [42].

Metformin in cancer
Metformin achieves antitumor effects mainly through 
direct and indirect pathways (Fig. 3).

Direct pathways
AMP‑activated protein kinase (AMPK) pathway
Metformin inhibits mitochondrial complexI and 
increases intracellular AMP levels, thereby activating 
AMPK [43]. Activation of AMPK by metformin inhib-
its the PI3K/AKT/mTOR signaling pathway, thereby 
inhibiting mRNA translation and lipid synthesis. There-
fore, metformin can suppress tumor growth. It can also 
activate AMPK by activating hepatic kinase B1 [44]. In 
addition, presenilin enhancer 2 can also act as a target of 
metformin by binding to metformin and then forming a 

Fig. 1  Graphical abstract. Metformin can affect a wide range of cancer cell functions by modulating ncRNA. Metformin has been found 
to affect cancer progression by affecting AMPK, ROS, glycolysis, cell death, and other indirect pathways. Recently, ncRNAs have also been 
found to be involved in multiple pathways such as angiogenesis, cell metabolism, cell death, cell cycle and epigenetics in the treatment 
of cancer with metformin and can also be involved in the regulation of ncRNAs in combination with chemotherapy, radiotherapy and other 
therapeutic regimens, and can be used as predictive molecular markers of therapeutic efficacy. ncRNA: non-coding RNA; AMPK: adenosine 
monophosphate-activated protein kinase; ROS: reactive oxygen species; circRNA: circular RNA; siRNA: small interfering RNA; miRNA: microRNA; 
lncRNA: long non-coding RNA
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complex with ATP6AP1, a subunit of v-ATPase, which 
in turn inhibits v-ATPase and activates AMPK without 
affecting the intracellular AMP levels [45, 46]. The acti-
vation of AMPK by metformin inhibits the PI3K/AKT/
mTOR signaling pathway, thereby inhibiting mRNA 
translation and lipid synthesis. Therefore, metformin 
can suppress tumor growth [47]. In addition, AMPK can 
induce the activation of the tumor suppressor protein 
p53, which inhibits tumor proliferation [48].

Reactive oxygen species (ROS)
ROS contain unpaired electrons, which are highly 
chemically reactive and can easily cause DNA damage, 
leading to cancer [49]. Metformin inhibits NAD(P)H 
oxidase activity, thereby reducing ROS production [50, 
51]. Another review revealed that in normal cells with 
MnSOD, metformin increases the intracellular MnSOD 
expression level, thereby decreasing the ROS levels. By 
contrast, in AsPC-1 cancer cells without MnSOD, ROS 

Fig. 2  Generation process and function of ncRNAs. The diagram illustrates the generation and main mechanism of action of miRNAs, lncRNAs, 
siRNAs and circRNAs. (1) miRNA: The miRNA gene is transcribed by RNA polymerase II to produce pri-miRNA. Pri-miRNA is processed into pre-miRNA 
with a stem-loop structure by Drosha-DGCR8. Pre-miRNA is transported into the cytoplasm with the assistance of the Ran-GTP-Exportin-5 
transporter protein. Dicer-TRBP recognizes pre-miRNA and forms miRNA dimers by shearing and modifying stem-loop structures. Then, one 
strand is rapidly degraded and the other strand is translocated to AGO2 protein to form miRISC, which then exerts its function. (2) lncRNA: (A) 
Guide lncRNAs activate or repress gene expression through repositioning of regulatory factors. (B) Scaffold lncRNAs contribute to the formation 
of ribonucleoprotein complexes. (C) Decoy lncRNAs can remove regulatory factors that bind to the genome, thereby terminating their regulation. 
(D) They bind to miRNAs to form complementary double strands, which, in the presence of the enzyme Dicer, can produce endogenous siRNA. (E) 
siRNA and be used as precursor molecules for miRNAs and piRNAs. (3) siRNA: Dicer enzyme cleaves dsRNA or short hairpin RNA to generate siRNA. 
siRNA binds to proteins in the cytoplasm, such as Ago2, to form a RISC. Single-stranded siRNA in the RISC binds to and cleaves complementary 
miRNAs to achieve gene silencing. (4) circRNA: (A) Acts as a miRNA sponge and regulates gene expression by binding to its downstream target 
genes and releasing miRNAs; (B) interacts with RNA-binding proteins to regulate gene expression; (C) regulates variable shearing processes; (D) can 
be translated into proteins and (E) is associated with epigenetic inheritance and can regulate DNA methylation and histone modification. ncRNA, 
non-coding RNA; miRNA, microRNA; lncRNA, long non-coding RNA; siRNA, small interfering RNA; circRNA, circular RNA; pri-miRNA, primary miRNAs; 
pre-miRNA; precursor miRNA; dsRNA; double-stranded RNA; Ago2, Argonaute 2; RISC, RNA-induced silencing complex; RBP, RNA-binding protein
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levels are elevated, which triggers tumor cell apoptosis 
[52].

Glycolysis and oxidative phosphorylation
It has been demonstrated that tumor cells can adapt to 
a more difficult metabolic environment by alternating 
between glycolysis and oxidative phosphorylation [53]. 
Metformin, an oxidative phosphorylation inhibitor, can 
be combined with intermittent fasting to inhibit tumor 
growth via the protein phosphatase 2A (PP2A)/glycogen 
synthase kinase-3 β (GSK3β)/myeloid cell leukemia-1 
axis and does not cause weight loss or toxicity [54, 55]. 

In addition, treatments combining metformin and short-
term starvation significantly affect glycolysis and oxi-
dative phosphorylation, inducing significant cytotoxic 
effects and leading to a significant reduction in tumor 
growth in vivo [56].

Cell death
Apoptosis is a form of programmed cell death that is 
mediated by genes. There are a number of studies on 
metformin-mediated apoptosis in tumor cells. JNK can 
initiate apoptosis through an extrinsic pathway initiated 
by death receptors and an intrinsic pathway initiated 

Fig. 3  The role of metformin in cancer. The direct pathway mainly includes two pathways. In the AMPK-dependent pathway, metformin can 
activate AMPK by activating LKB1, or by inhibiting mitochondrial complexI and increasing AMP levels. The activation of AMPK can inhibit the PI3K/
AKT/mTOR pathway and activate p53, thus inhibiting tumor growth. In the AMPK-independent pathway, metformin reduces ROS level in normal 
cells and increases it in cancer cells, triggering apoptosis in tumor cells. Metformin can be combined with intermittent fasting to inhibit tumor 
growth via the PP2A/GSK3β/MCL-1 axis, or be combined with short-term starvation to induce a cytotoxic effect in vivo. Metformin also induces 
apoptosis in tumor cells through activation of the ROS/JNK pathway, or through downregulation of cell cycle protein D1 and upregulation 
of p53 expression via an AMPK-α-independent mechanism, or through activation of cysteine asparaginase. Metformin also binds to clusterin, 
which blocks fatty acid synthesis. Metformin also inhibits TRIB3 expression, enhancing the binding of SQSTM1 to LC3 and ubiquitinated proteins, 
resulting in anti-tumor effects. The indirect pathway consists mainly of combating oxygen free radicals by improving the glutathione redox 
status of normal cells. Indirectly combating tumors through ketone body-immune cell approaches such as promoting the expansion of CD8+ T 
cells. Maintaining secondary lymphoid organ T cell activation and adaptation by inhibiting IFN-γ induction of PD-L1 and CD86. Inhibition 
of the hypoxia-inducible factor pathway by reducing the expression of IGF-1R, thereby inhibiting the tumor growth. In addition, without glucose 
or glutamine, ketone bodies alone cannot sustain tumor cell proliferation. Finally, glucose deprivation induces disulfidptosis in cancer cells. 
AMPK: adenosine monophosphate-activated protein kinase; LKB1: hepatic kinase B1; PP2A: protein phosphatase 2A; GSK3β: glycogen synthase 
kinase-3 β; MCL-1: myeloid cell leukemia-1; EMP: Embedn-Meyerhof-Parnas pathway; TRIB3: Tribbles homolog 3; SQSTM1: sequestosome 1; LC3: 
Microtubule-associated proteins 1 light chain 3; CD: cluster of differentiation; PD-L1: programmed death-ligand 1; IGF-1R: insulin-like growth factor 1
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by mitochondrial events. Metformin can activate the 
NK/c-Jun signaling pathway by inducing ROS produc-
tion in human osteosarcoma cells, thereby inducing their 
apoptosis [57]. The cell cycle protein d1 is essential for 
the G1/S transition of the cell cycle [58]. Metformin can 
induce apoptosis in breast and cervical cancer cells by 
downregulating the cell cycle protein D1 and upregulat-
ing p53 expression through an AMPK-α-independent 
mechanism [59, 60]. In addition, it can selectively induce 
apoptosis in pancreatic cancer cells by activating cysteine 
asparaginase [61].

Other mechanisms
In addition, Apo J (clusterin) is also a target of metformin. 
When metformin binds to clusterin, SREBP-1c and its 
downstream target FASN can be inactivated, thus block-
ing fatty acid synthesis and inhibiting tumor growth. 
Previous studies have indicated that sequestosome 1 
(SQSTM1) binds directly to microtubule-associated pro-
tein 1A/1B-light chain 3 (MAP1LC3/LC3) and promotes 
the autophagic degradation of ubiquitinated protein 
aggregates [5, 62]. Studies have found that the enhanced 
pseudokinase Tribbles homolog 3 (TRIB3) blocks the 
binding of SQSTM1 to LC3 and ubiquitinated proteins, 
leading to the accumulation of SQSTM1 and the inhibi-
tion of the clearance of ubiquitinated proteins, which in 
turn inhibits autophagic flux and the ubiquitin–proteas-
ome system and promotes tumor growth and metastasis. 
Metformin inhibits SMAD3 phosphorylation and hin-
ders the KAT5-SMAD3 interaction, thereby attenuating 
KAT5-mediated K3 acetylation of SMAD333 to inhibit 
SMAD3 transcriptional activity and TRIB3 expression, 
resulting in antitumor effects [63, 64]. Notably, the anti-
proliferative effect of metformin in prostate cancer is not 
mediated by AMPK but through the p53/REDD1 axis, 
which provides a new direction for the study of AMPK-
independent pathways [65].

Indirect pathways
In addition to its direct action, metformin also has antitu-
mor effects through indirect action. Metformin, a widely 
used oral hypoglycemic agent, causes a decrease in glu-
cose levels accompanied by an increase in ketone body 
levels, which improves mitochondrial respiration and 
glutathione redox status in normal cells [66]. Glutathione 
can fight against oxygen free radicals, thus preventing 
cells and tissues from becoming cancerous due to dam-
age [67]. Ketone bodies also promote the expansion of 
CD8 + T cells due to immune checkpoint blockade while 
suppressing the expression of activation/depletion mark-
ers such as CTLA-4 in the spleen [68, 69]. Moreover, 
3-hydroxybutyrate inhibits the induction of programmed 
death-ligand 1 (PD-L1) and cluster of differentiation 

(CD)86 by IFN-γ, decreasing the negative feedback sign-
aling resulting from T-cell receptor (TCR) involvement. 
Low expression of ligands for PD-1 and CTLA-4 may 
maintain secondary lymphoid organ T-cell activation and 
adaptation [68, 70]. Thus, metformin can fight tumors 
indirectly through a ketone body-immune cell approach. 
In addition, Seyfried and Shelton [71] noted that for cells 
to use ketone bodies effectively, they must have intact 
normal mitochondrial respiration. Thus, in the absence 
of glucose or glutamine, ketone bodies alone cannot 
sustain tumor cell growth and proliferation. The same 
results were observed in human glioma cells [72]. Along-
side this, Seyfried and Shelton [71] proposed that ketone 
bodies also protect normal cells from damage induced by 
aggressive tumor growth through various neuroprotec-
tive mechanisms [71]. Insulin-like growth factor 1 (IGF-
1) is a cell surface receptor associated with rapid tumor 
growth. The reduction in blood glucose levels induced by 
the hypoglycemic effect of metformin reduces the expres-
sion of IGF-1R and inhibits the hypoxia-inducible factor 
signaling pathway, thereby suppressing tumor cell growth 
[73]. In conclusion, by lowering glucose levels and ele-
vating blood ketone body levels, metformin also has an 
indirect positive effect on antitumor therapy, as well as 
protecting and nourishing normal cells. Additionally, 
studies have also revealed that glucose deprivation can 
induce cancer cell death characterized by high SLC7A11 
expression, i.e., disulfidptosis [74, 75]. This may inspire 
new research ideas for metformin anticancer therapy.

miRNA in metformin treatment of cancer
Metformin can inhibit cell growth, survival, clonogenic-
ity, wound healing ability and sphere formation and 
enhance the chemosensitivity of tumor cells (Fig. 4) [76, 
77]. On this basis, metformin can not only directly regu-
late miRNA-mediated inhibition of tumor activity [78, 
79] but also indirectly affect downstream genes in meta-
bolic or precancerous pathways [76, 80]. The underlying 
mechanisms may be as follows (Table 1) [81].

Tumor angiogenesis
Metformin-mediated miRNA can also affect tumor angi-
ogenesis [82]. Angiogenesis is an important target for 
chemotherapy intervention in tumors with poor prog-
nosis. Increasing evidence has shown that miRNAs are 
closely related to the normal function of the cardiovascu-
lar system and angiogenesis, represented by miR-21 [83], 
which affects the proliferation and migration of vascular 
cells and inhibits endothelial cells while also regulating 
angiogenesis-related genes [84, 85]. Metformin can affect 
the occurrence and development of tumors by regulat-
ing miRNA-mediated angiogenesis and cell proliferation. 
This may be because miRNAs can regulate the expression 
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of a variety of vascular-related genes, thereby regulating 
the proliferation, migration, differentiation and apop-
tosis of vascular cells [82]. For example, the upregula-
tion of miR-26a inhibits angiogenesis in human HCC by 
affecting the hepatocyte growth factor-cMet pathway, 
while the upregulation of miR-221 increases p27 expres-
sion to play a role in the inhibitory effect of metformin 
on endothelial progenitor cell angiogenesis [86, 87]. In 
addition, metformin reverses the inhibitory effect of met-
formin on angiogenesis by downregulating miR-21 and 
negatively regulating the expression of phosphatase and 
tensin homolog and SMAD7, revealing a potential miR-
21-dependent regulatory mechanism [88]. Notably, the 
development and angiogenesis of xenogeneic SiHa grafts 
in nude mice were significantly reduced after the admin-
istration of metformin. Metformin significantly attenu-
ated the development and angiogenesis of xenografts 

in nude mice. This implies that metformin can reduce 
tumor blood supply by interfering with tumor blood ves-
sel formation, thereby limiting tumor growth and spread 
[88]. Metformin has antitumor effects on cervical cancer 
cell migration, invasion and graft growth in nude mice 
by inhibiting the MALAT1/miR-142-3p interaction and 
reducing high mobility group AT-hook 2 expression, 
which reveals a new antitumor mechanism of metformin 
[88]. In the case of vascular endothelial cells, metformin 
inhibits the angiogenic capacity of endothelial progenitor 
cells by activating the AMPK-mediated autophagy path-
way and increasing miR-221-mediated p27 expression 
[87].

Glucose also affects miRNAs that affect tumor angio-
genesis. Hyperglycemia induces the upregulation of miR-
34a, regulates the expression of sirtuin 1 and ultimately 
affects angiogenesis in vascular endothelial cells [89]. 

Fig. 4  miRNAs in metformin-treated cancer. Metformin can play an anti-tumor role by inhibiting tumor angiogenesis, regulating signal 
transduction, affecting cell metabolism, regulating oncogene expression, promoting tumor cell death, affecting epigenetics and cell cycle. 
More and more studies have found that miRNAs play a crucial role in this process. As shown in the figure, metformin achieved anti-tumor effect 
by downregulating miR-21, miR-143, miR-145, miR-15b-5p and upregulating miR-221, miR-26a, miR-451 to inhibit tumor angiogenesis. Metformin 
has anti-tumor effects by downregulating miR-21a, miR-107 and miR-361-5p to regulate downstream signal transduction. Metformin exerted 
anti-tumor effects by downregulating miR-155, miR-1p-3a, miR-27a, miR-27b and upregulating let-7, miR-210-5p, miR-101, miR-26a. Metformin 
can affect the occurrence and development of tumors by downregulating tumor promoting genes and upregulating tumor suppressor genes. 
Metformin can downregulate miR-152, miR-148, miR-181c and upregulate miR-2a-26p to affect epigenetics. Metformin has anti-tumor effects 
by upregulating miR-302, miR-1246, miR-34a and downregulating miR-21 to affect cell cycle. Metformin exerted anti-tumor effects by upregulating 
miR-34, miR-3127-5p, miR-200c, miR-570-3p, miR-324-3p and downregulating miR-26a to affect tumor cell death. miRNA: microRNA; PTEN: 
phosphatase and tensin homolog; HIF-1α: hypoxia-inducible factor 1 α; AMPK: activated protein kinase
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Table 1  Metformin regulates cancer through microRNAs

Author, year miRNA Expression Cancer Target Pathway Result Model (Refs.)

Jin D, 2020 miR-381 ↑ NSCLC YAP YAP-snail Proliferation↓, reverse 
EMT phenotype 
and migration 
and invasion↓

A549, H1299 [99]

Lee BB, 2023 miR-148/-152 ↑ NSCLC DNMTs DNA methyla-
tion

Methylation↓, overall 
survival ↑

A549, H1650 [129]

Meng J, 2023 miR-9 ↓ HCC – Twist1-YY1-
p300/miR-9

The expression 
of oncogenes↓; 
malignant progres-
sion↓

PLC-PRF-5, Hep3B, 
HepG2

[130]

Cabello P, 2016 miR-26a ↑ BC PTEN, EZH2 – Proliferation, migra-
tion and invasion↓

MDA-MB-231 
and MDA-MB-468 
(both TNBC) 
and MCF-7 (intra-
cavity)

[95]

Pulito C, 2017 miR-21-5p ↓ BC CAB39L & 
Sestrin-1

– Proliferation 
and metastasis↓

SUM159PT, 
MCF-7, BT-474, 
and BT-549

[78]

Zhang J,2017 miR-200c ↑ BC AKT2 & Bcl-2 – Growth, migra-
tion and invasion↓ 
and apoptosis↑

MCF-7, T-47-D, 
MDA-MB-231, 
BT549

[115]

Fujimori T, 2015 miR-302 ↑ ICC Rb, cyclin D1& 
Cdk4

– Invasion↓ TFK-1 and HuCCT-
1

[120]

Wang Y, 2018 miR-34a ↓ CRC​ SNAIL1 p53-miR-34a-
Sirtuin

Proliferation, migra-
tion and invasion↓

SW480 
and HCT116

[121]

Feng YH, 2012 miR-21 ↓ CRC​ Spry2 MAPK/ERK Proliferation 
and migration↓, 
apoptosis↑

HCT116 [123]

Dong J, 2020 miR-7 ↑ NSCLC AMPK AKT/mTOR, 
MAPK/Erk, 
and NF-κB

growth, migration 
and invasion↓

A549 [79]

Zhang Z, 2020 miR-107 ↓ NSCLC Eomes AMPK-miR-
8-Eomes-
PD-107

Cytotoxicity, PDCD1 
transcription 
in CD8+ T↑ and tumor 
growth↓

A459 and H460 [81]

Yan L, 2015 let-7 ↑ OV c-Myc,
HMGA2 & Imp3

H7/let-19, Lin7/
let-28

migration and inva-
sion↓

A2780, Tara R127, 
ARK2, and HEK293

[104]

Yu Z, 2022 miR-3127-5p ↑ OV LC3-I &
LC3-II &
Beclin 1

SNHG7/miR-
3127-5p

Cell viability, 
migration, invasion 
and autophagy↓ 
and apoptosis↑

SKOV3, A2780 [108]

Ma M, 2020 miR-210-5p ↑ PCPG PFKFB2 Glycolytic 
pathway

Proliferation 
and activity↓ 
and apoptosis↑

,PANC-1 [105]

Tanaka R, 2015 miR-221 ↓ PCPG P27 p2/CDK143/
mTOR, PTEN, 
AKT

Growth↓ and apop-
tosis↑

MIAPaCa-2, 
PANC-1 and AsPC-
1

[93]

Kalogirou C, 
2016

miR-21 ↓ RCC​ PTEN PTEN/Akt Growth and repro-
duction↓ and apop-
tosis↑

CAKI-1 and CAKI-2 [83]

Deng Y, 2018; 
Melnik BC, 
2020

miR-21 ↓ SKCM PTEN PTEN/Akt Cell proliferation, 
migration and angio-
genesis↓

HaCaT [91, 92]

Hong XL, 2023 miR-361-5p ↓ CRC​ SHH MYC/miR-
361-5p/sonic 
hedgehog

Reverse dryness 
and eliminate 
chemical resistance 
triggered by Fusarium 
nuclear

HT-29, HCT 116 [77]
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miRNA: microRNA; NSCLC: non-small cell lung cancer; YAP: Yes-associated protein; EMT: epithelial-mesenchymal transition; DNMTs: DNA methyltransferases; HCC: 
hepatocellular carcinoma; BC: breast cancer; PTEN: phosphatase and tensin homolog; EZH2: Enhancer of zeste homolog 2; CAB39L: calcium-binding protein 39-like; 
AKT2: protein kinase B; Bcl-2: B-cell lymphoma-2; ICC: cholangiocarcinoma; AMPK: activated protein kinase; PDCD1: programmed cell death protein 1; OV: Ovarian 
serous cystadenocarcinoma; HMGA2: high mobility group AT-hook 2; CD: cluster of differentiation; LC3: Microtubule-associated proteins 1A/1B light chain 3B; PFKFB2: 
6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase 2; PCPG: Pheochromocytoma and Paraganglioma; RCC: Renal carcinoma; SKCM: skin cutaneous melanoma; 
SHH: sonic hedgehog; SPINK5: Serine Peptidase Inhibitor Kazal Type 5; LKB1: hepatic kinase B1; PCa: prostatic cancer; TR4: Testicular receptor 4; ESCA: Esophagus 
cancer; PELP1: Proline-, glutamic acid-, and leucine-rich protein 1; TRAIL: TNF-related apoptosis-inducing ligand; Glo1: glyoxalase 1; Mcl-1: myeloid cell leukemia-1; 
ENPP1: ectonucleotide pyrophosphatase/phosphodiesterase 1

Table 1  (continued)

Author, year miRNA Expression Cancer Target Pathway Result Model (Refs.)

Suwei D, 2022 miR-5100 ↓ Melanoma STAT3 SPINK5/STAT3 Epithelial-mesen-
chymal transition↑ 
and metastasis↓

A2058, G361, 
B16-F10

[11]

Borzi C, 2021 miR-17 ↑ NSCLC LKB1 LKB1/AMPK Modulating apoptosis H1299, H358, 
and PC9

[114]

Kong Y, 2020 miR-2a-26p ↑ PCa EZH2 AR and EZH2 Treat androgen 
refractory prostate 
cancer cells, growth 
and gene transcrip-
tion↓

LNCaP, 22Rv1, 
PC3-Neo, 
and PC3-AR

[131]

Chen D, 2020 miR-141-3p ↑ PCa TR4 QKI/circZEB1/
miR-141-3p/
ZEB1

Progression↓ 
and alters radiation 
sensitivity

C4-2, PC3, LNCaP, 
and Du145

[163]

Tan W, 2019 miR-708 ↓ BC CD47 CD47 Sphere formation, 
CD44/CD24 ratio, 
and tumor initiation↓ 
and chemosensitivity 
of BCSCs↑

MDA-MB-231 
and MCF-7

[125]

Wang L, 2019 miR-497 ↑ ESCA PELP1 PELP1 Pyrodeath↑, cancer 
progression↓ 
and affect patient 
prognosis

– [111]

Bao X, 2018 miR-570-3p ↑ OS LCMR570& 
ATG3

– Metastasis 
and autophagy↓, 
which facilitates 
the invasion of osteo-
sarcoma cells

MG63, U2OS, 
143B, KHOS, 
MNNG and SAOS2

[110]

Do MT, 2014 miR-34a ↑ wild-type p53 
cancer

TRAIL Sirt1/Pgc-1α/
Nrf2

Sensitivity to oxida-
tive stress and apop-
tosis↑

MCF-7, A549, 
SKOV3, HCT 116

[113]

Antognelli C, 
2018

miR-101 ↑ PCa Glo1 MG-H1-AP 
and TGF-β1/
Smad

It controls EMT, 
metastasis and inva-
sion↓

DU145, PC3 [106]

Xie W, 2017 miR-34a ↑ RCC​ Cyclin 
D1&p27KIP1

– Growth ↓ and cell 
cycle arrest↑

ACHN, 769-P, 
and A498

[122]

Zhao W, 2016 miR-27a ↓ BC AMPKα2 – Growth ↓in a dose—
and time-dependent 
manner

MCF-7 [102]

Wang F, 2016 miR-26a ↑ Oral cancer Mcl-1 – Apoptosis and anti-
proliferation↑

KB human oral 
cancer cell

[94]

Li W, 2012 miR-26a ↑ PAAD HMGA1 – Proliferation, migra-
tion and invasion ↓ 
and apoptosis↑

Sw1990 and Panc-
1

[109]

Takahashi RU, 
2015

miR-27b ↓ BC ENPP1 – Acquisition of CSC 
characteristics (e.g. 
drug resistance 
and tumor seeding 
ability)

MCF7, ZR75-1 
and MDA-MB-231

[103]

Hou Y, 2021 miR-324-3p ↑ BC GPX4 miR-324-3p/
GPX4

Ferroptosis↑ MDA-MB-231 
and MCF-7

[112]
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Hypoglycemia may activate platelets to release miRNA, 
so it can be used as a potential biomarker for platelets 
in the hypoglycemic state [90]. In addition, metformin 
achieves an anti-tumor effect by downregulating miR-21 
[91, 92], miR-143, miR-145 and miR-15b-5p and upregu-
lating miR-221 [93], miR-26a [94, 95] and miR-451 [82] 
to inhibit tumors. However, much remains to be elu-
cidated. Further studies are needed to explore the in-
depth interactions and regulatory mechanisms between 
angiogenesis-related signaling pathways and miRNAs. 
In the future, miRNAs may be considered to predict or 
evaluate the efficacy or safety of metformin in regulating 
angiogenesis or to develop novel targeted drug delivery 
systems on the basis of these findings.

Tumor metabolism
Metformin has also been shown to inhibit tumors by 
affecting tumor metabolism. Metformin provides an 
important mechanism for the regulation of cancer 
metabolism and may represent a novel therapeutic tar-
get by regulating cancer cell metabolism, including 
reprogramming of cancer stem cells and drug resistance, 
involving the functional interactions of selective modula-
tion of miRNAs [96]. Research has shown that metformin 
affects the proliferation and metabolism of colorectal 
cancer (CRC) cells by inhibiting oxidative phosphoryla-
tion and affecting metabolic pathways, especially gly-
colysis and respiration. This effect can be achieved by 
regulating the functional interactions of specific miR-
NAs, providing a new direction for potential therapeu-
tic strategies [97]. In addition, a reduction in miR-155 
can increase the sensitivity of MCF7-LTED cells to met-
formin treatment and reduce motility [96]. AMPK acts as 
a guardian of metabolism and mitochondrial homeosta-
sis. It regulates miRNA expression in part by activating 
AMPK [98]. It specifically inhibits miR-1a-3p expression 
by activating the C/EBPβ/miR-1a-3p signaling pathway. 
At the same time, it also phosphorylates AUF1, thereby 
weakening the inhibitory effect of AUF1 on Dicer1 and 
eventually leading to changes in the expression of a series 
of miRNAs [97]. Notably, metformin also blocks the 
epithelial-mesenchymal transition (EMT) of non-small 
cell lung cancer and slows tumor growth and metastasis 
by inducing the upregulation of miR-381 and inhibiting 
Yes-associated protein and Snail [99]. In terms of tumor 
stemness, metformin reduces the development of can-
cer stem cell properties in breast cancer cells, including 
drug resistance and tumor vaccination ability, by inhibit-
ing miR-27b-regulated exonucleotide pyrophosphatase/
phosphodiester family member 1 [99]. Metformin 
treatment is able to reduce the metabolic differences 
between resistant and sensitive subgroups of breast 

cancer, revealing the potential of metformin for meta-
bolic remodeling that may affect cancer chemoresistance 
[98].

In terms of gene expression, metformin can directly 
regulate the activity of S-adenosine homocysteine hydro-
lase (SAHH) to promote genome-wide changes in DNA 
methylation. In other words, the use of metformin in 
the treatment of tumors can not only downregulate the 
hypermethylation of oncogenes but also directly inhibit 
the proliferation of tumor cells [100]. Metformin can 
promote the expression of the tumor suppressor gene 
IGFBP7, thereby inhibiting the growth, proliferation, 
metastasis and invasion of cervical cancer [101]. In addi-
tion, metformin exerts anti-tumor effects by down-regu-
lating miR-155, miR-1p-3a, miR-27a [94, 102], miR-27b 
[103] and upregulating let-7 [104], miR-210-5p [105], 
miR-101 [106] and miR-26a [94]. Specifically, metformin 
mainly directly regulates the insulin signaling pathway 
and indirectly interferes with cell proliferation and apop-
tosis [107].

Cell death
Metformin can inhibit the proliferation and migration 
of breast cancer cells, regulate the antioxidant system 
and mitochondrial pathway and may affect the expres-
sion levels of superoxide dismutase, Bax, Bcl-2, MMP-
2, MMP-9, miR-21 and miR-155, which provides a new 
theoretical basis for the treatment and management of 
breast cancer [96]. Research has also shown that met-
formin promotes autophagy in ovarian cancer cells by 
altering SNHG7/miR-3127-5p. It can not only inhibit 
tumors but also improve the response of ovarian cancer 
to paclitaxel [108]. Metformin plays an important role 
in regulating miR-26a. As a cancer suppressor, miR-26a 
overexpression significantly inhibits cell proliferation, 
invasion, and migration and increases cell apoptosis, 
while downregulation of miR-26a has the opposite effect 
[109]. In addition, metformin targets LCMR1 and ATG12 
by upregulating miR-570-3p [110]. It not only inhibits the 
metastasis of osteosarcoma but also reduces autophagy, 
which promotes tumor progression [110].

In terms of pyroptosis, studies have shown that pro-
line-, glutamic acid- and leucine-rich protein-1 (PELP1), 
as a cancer-promoting factor, is closely related to the 
occurrence and development of late esophageal squa-
mous-cell carcinoma (ESCC). Metformin or other apop-
tosis-inducing agents can affect the miR-497/PELP1 axis 
to inhibit the progression of ESCC [111].

Metformin induced ferroptosis in breast cancer cells by 
upregulating miR-324-3p and targeting GPX4, thereby 
showing a potential anticancer effect [112]. Notably, 
a study employing a xenograft model of mouse breast 
cancer demonstrated that metformin has the ability 
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to increase the expression of miR-324-3p [112]. This 
miRNA directly targets and suppresses the expression 
of GPX4, thereby leading to the initiation of ferroptosis 
[112]. This discovery not only highlights the potential 
of metformin as a potent inducer of ferroptosis but also 
suggests its ability to regulate other cell death pathways, 
including cuproptosis or disulfidptosis. In addition, met-
formin exerts anti-tumor effects by upregulating miR-34 
[113], miR-17 [114], miR-497[111], miR-3127-5p [108], 
miR-200c [115], miR-570-3p [110], miR-324-3p and 
downregulating miR-26a [94] to affect tumor cell death.

Cell cycle
In terms of the cell cycle, to block the G0 to G1 cell 
cycle transition, metformin regulates the expression of 
miR-675-5p and significantly reduces the protein levels 
of cyclin D1 and cyclin-dependent kinase (Cdk) 4 and 
the phosphorylation level of the retinoblastoma protein 
[116]. Furthermore, metformin inhibits the proliferation 
of cholangiocarcinoma cell lines. Among them, met-
formin promotes the expression of the miR-302 cluster in 
tumors. The miR-302 cluster has been shown to inhibit 
the growth and proliferation of endometrial cancer by 
downregulating the expression of cyclin D1 and CDK1 
[117]. miR-1246 is a target of the p53 family, and met-
formin may inhibit the metastasis and proliferation of 
human tumor cells by regulating miRNAs to inhibit cell 
cycle-related molecules [118]. For example, metformin 
has been found to promote the expression of miR-1246 in 
esophageal adenocarcinoma, ESCC and HCC cell lines, 
thereby exerting anticancer effects [119]. In addition, 
metformin has anti-tumor effects by upregulating miR-
302 [120], miR-1246, miR-34a [121, 122] and downregu-
lating miR-21 [123] to affect the cell cycle.

Epigenetics
In terms of epigenetics, metformin directly acts on epi-
genetic enzymes to change histone acetylation, histone 
and DNA methylation, and gene expression in tumor 
cells [124]. Specifically, metformin affects epigenomics 
and miRNA levels by activating AMPK and affecting 
the activity of various epigenetic modifying enzymes, 
such as histone acetyltransferases (HATs), histone 
deacetylases (HDACs) and DNA methyltransferases 
(DNMTs) [100]. It may play a role in the treatment of 
diabetes and the prevention of other diseases [124]. In 
addition, a study has also found that metformin inhibits 
the expression of DNMT in non-small cell lung cancer 
cells by upregulating the expression of miR-148/-152 
family members, which may play a role in reducing 
the methylation level [19]. In terms of drug resistance, 
as one of the promoting regulators of mTOR and Akt 
transfection, miR-181c promotes Akt/AP-1 signaling 

and upregulates Raptor expression, which makes tumor 
cells more resistant to mTOR inhibitors and metformin 
[104].

Metformin can affect the occurrence and devel-
opment of tumors by regulating miRNA-mediated 
angiogenesis, autophagy, the cell cycle, epigenetic 
inheritance, cell metabolism [125] and other cell activi-
ties [11]. The results of in vitro and in vivo experiments 
demonstrate that in addition to inducing tryptophan 
metabolic reprogramming [126], metformin can also 
directly enhance the activity of CD8+ T cells in a 
hypoxic environment, thereby increasing immuno-
therapeutic efficacy [127]. However, whether and what 
ncRNAs play a role in this process may be an area for 
further investigation. For example, existing research 
has found that a number of cells in the tumor micro-
environment may exert regulatory effects on non-cod-
ing RNAs by releasing exosomes [128]. In addition, 
metformin can downregulate miR-152, miR-148 [129, 
130] and miR-181c and upregulate miR-2a-26p [131] to 
affect epigenetics.

Finally, unlike the use and dosage of type 2 diabe-
tes medications, the clinical use of tumor treatments, 
such as the determination of dose and the choice of 
treatment timing, has yet to be determined. In addi-
tion, how to combine metformin with other treat-
ments to improve the effectiveness of treatment is also 
a challenge. Results of studies in xenograft models 
of breast cancer have shown that doses equivalent to 
1500–2250  mg/day are required to inhibit tumorigen-
esis [132–134]. Nevertheless, most trials have based 
their studies on antidiabetic therapeutic doses of met-
formin, resulting in different treatment regimens and 
doses ranging from 1500 mg/day to 2250 mg/day. As a 
result, we do not really know whether these doses reach 
the concentrations required for antitumor effects. Also, 
the number of available clinical trials, which were con-
ducted on different cancers at different times and in 
small numbers, makes it difficult to convince the public 
of the results. Furthermore, combining metformin with 
other treatments to enhance its efficacy is challenging. 
As an oral medication, metformin still presents certain 
challenges in terms of distribution and targeting within 
the body. For example, the chemosensitization/resen-
sitization effects of metformin on various chemothera-
peutic agents, which have different targeting effects on 
breast cancer cell carcinomas, are key drivers of intrin-
sic and acquired resistance [135–137].

lncRNA in metformin treatment of cancer
lncRNAs regulate vascular complications of diabetes and 
serve as biomarkers for cardiovascular disease and can-
cer [138], all of which are within the scope of metformin’s 
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action (Fig.  5). Increasing evidence indirectly suggests 
that lncRNAs are closely related to the function of met-
formin [138–141]. Among them, the role of lncRNAs 
in the prevention of cancer by metformin has received 
increasing attention (Table  2). For example, lncRNAs 
have been implicated in the development of pancre-
atic cancer. Among them, urothelial cancer associated 
1 (UCA1), LINC00976, TP73-AS1, XIST, LINC01559, 
HOXA-AS2, LINC00152, SNHG12, LUCAT1, 
LINC00462 and MACC1-AS1 have all been found to 
promote the occurrence and development of pancre-
atic cancer [119, 142]. By contrast, GAS5, LINC00261, 
LINC01111, DGCR5, MEG3 and LINC01963 inhibit the 

occurrence and development of pancreatic cancer [142]. 
Subsequently, a number of studies have explored the spe-
cific mechanism of metformin-mediated lncRNA [143–
145]. H19 lncRNA promotes tumor cell migration and 
invasion by inhibiting let-7, a tumor suppressor miRNA 
[146]. Metformin downregulates H19 through DNA 
methylation and inhibits tumor cell migration and inva-
sion, revealing a new mechanism of metastasis regulation 
[143, 144]. The expression of lncRNA taurine upregulated 
gene 1 (TUG1) is significantly increased following the use 
of metformin [144]. In bladder cancer, drug sensitivity 
tests and in vitro drug experiments have shown that the 
expression level of AC006160.1 is closely related to the 

Fig. 5  lncRNA in metformin-treated cancer. More and more studies have shown that metformin can inhibit tumors by regulating lncRNA. Among 
them, metformin eventually affects the occurrence and development of LUAD, HCC, CxCa, UCEC, RCC, BC, GC, BLCA and CRC by mediating single 
or multiple lncRNAs. The specific mechanism is shown in the figure above and described in detail below. Metformin downregulates AFAP1-AS1 
to regulate the miR-3163/SPP1/PI3K/Akt/mTOR axis to play a role in LUAD. In HCC, metformin downregulates AF085935 to downregulate cyclin 
D, glypican-3, caspase3 and survivinSNHG7 and downregulates HULC to regulate the p18/miR-200a/ZEB1 axis. In CxCa, metformin upregulates 
MALAT1 to regulate the PI3K/Akt axis. Metformin upregulates H19 to affect the expression of SAHH in UCEC. In RCC, metformin upregulates 
TASR to regulate the TR4/lncTASR/AXL axis. In BC, metformin upregulates MALAT1 to affect the phosphorylation of c-Myc, downregulates 
GAS5 to regulate the expression of mTOR and downregulates HOTAlR to affect vimentin and B-catenin. Metformin upregulates Loc100506691 
to regulate the miR-26a-5p/miR-330-5p-CHAC1 axis and downregulates H19 to affect the expression of AMPK and MMP9 in GC. In BLCA, metformin 
downregulates AC006160.1 to inhibit tumor proliferation, migration and invasion. Metformin downregulates UCA1 to affect the amount of PI3K/
AKT and ERK in CRC. lncRNA long non-coding RNA; LUAD: adenocarcinoma of lung; HCC: hepatocellular carcinoma; CxCa: cervical cancer; UCEC: 
uterine corpus endometrial carcinoma; RCC: renal carcinoma; BC: breast cancer; GC: Gastric cancer; BLCA: bladder cancer; CRC: colorectal cancer; 
HULC: highly upregulated in liver cancer; TASR TR4: testicular receptor 4; CHAC1: ChaC glutathione specific gamma-glutamylcyclotransferase 1; 
UCA1: urothelial cancer associated 1
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body’s sensitivity to metformin; the higher the expression 
level, the greater the sensitivity. Ac006160.1 is a tumor 
suppressor in the occurrence and development of blad-
der cancer [145]. For example, by promoting or inhibit-
ing invasion and migration, DANCR, H19, HOTAIR, 
LINC00152, LINC00461, NEAT1 and LINC01857 are 
facilitating factors. GAS5, MT1JP, NEF, NKILA, LET, 
TFAP2A-AS1, and LncKLHDC7B are inhibited [147]. In 

addition, metformin inhibits the expression of specific 
protein (Sp) transcription factors in pancreatic cancer 
to exert anticancer effects, such as downregulating the 
expression of the lncRNA HULC. The same downregula-
tion is also found in HCC cell lines [148, 149].

In lung adenocarcinoma, metformin suppresses tumor 
growth by downregulating AFAP1-AS1 and upregulat-
ing miR-3163 to regulate the secreted phosphoprotein 

Table 2  Metformin affects the growth and division of cancer cells by regulating the expression of LncRNAs (long-chain non-coding 
RNAs), thereby inhibiting tumor development

lncRNA: long non-coding RNA; miRNA: microRNA; p-: phosphorylated; AMPK: activated protein kinase; PTEN: phosphatase and tensin homolog; BC: breast cancer; GC: 
gastric cancer; CHAC1: ChaC glutathione specific gamma-glutamylcyclotransferase 1; BECN1: beclin1; VDAC1: voltage-dependent anion-selective channel 1; LC3-II, 
microtubule-associated protein 1 light chain 3; CxCa: cervical cancer; IGFBP7: insulin-like growth factor binding protein 7; TR4: testicular solitary nuclear receptor 
4; AXL: tyrosine protein kinase receptor; SAH: S-Adenosylhomocysteine; HDNMT1: human DNA methyltransferase1; RCC: renal carcinoma; HCC: hepatocellular 
carcinoma; HPC: hypopharyngeal cancer; UCEC: uterine corpus endometrial carcinoma; LUAD: adenocarcinoma of lung; HULC: highly upregulated in liver cancer; 
ZEB1: zinc finger E-box binding homeobox 1

Author, year lncRNA Expression Cancer Target Pathway Effect on Cancer Model Refs.

Jiang Y, 2022 GAS5 ↓ BC mTOR, p-AMPK2
PTEN, p-mTOR 
and p-P6S7K

mTOR Growth↓, apop-
tosis↑

MCF-7 [151]

Tseng HH, 2021 Loc100506691 ↑ GC CHAC1 miR-26a-5p/miR-
330-5p-CHAC1

Growth, prolif-
eration and move-
ment↓

AGS, AZ-521, HR, 
NCI-N87, SNU-1 
and TSHG

[152]

Huang Y, 2021 MALAT1 ↑ BC BECN1, VDAC1, 
LC3-II, CHOP 
and Bip

Phosphorylation 
of c-MYc

Proliferation↓,
apoptosis↑
and cell cycle 
arrest↑

MCF7 [126]

Xia C, 2020;
Xia C, 2018

MALAT1 ↑ CxCa IGFBP7 PI3K/Akt The spongy effect 
and proliferation↓

Human cervical 
cancer SiHa

[88, 107]

Shi H, 2020 TASR ↑ RCC​ TR4 and AXL TR4/lncTASR/AXL Progression↓ OSRC-2 
and SW839

[155]

Wu P, 2019 SNHG7 ↓ HCC SAH and HDNMT1 – Overcoming drug 
resistance and pre-
venting recurrence 
of HPC

HPC cell line, FaDu [149]

Li P, 2019 H19 ↓ GC AMPK and MMP9 – Reduce metastasis 
and invasion

AGS, SGC7901 [153]

Zhong T, 2017 H19 ↑ UCEC SAHH&H19 H19/SAHH DNA methylation↑ 
and proliferation↓

ARK2 and MCF-7 [100]

Qiu C, 2022 AFAP1-AS1 ↓ LUAD SPP1 miR-3163/SPP1/
PI3K/Akt/mTOR

Proliferation, 
migration 
and invasion ↓

A549 and H3122 [150]

Golshan M, 2021 HOTAIR ↓ BC Vimentin, 
β-catenin

– Invasion, metas-
tasis, migration↓, 
control EMT

MDA‐MB‐231 [154]

Liu J, 2022 AC006160.1 ↓ BLCA – – Proliferation, 
migration 
and invasion ↓

SV-HUC-1 (CL-
0222), BIU-87 
(CL-0035), HT-1376 
(CL-0672), T24 
(CL-0227), RT4 (CL-
0431), RT-112 (CL-
0682), 5637 (CL-
0002), and UMUC3 
(CL-0463)

[128]

Sabry D, 2019 AF085935 ↓ HCC Cyclin D 1, glypi-
can-3, caspase3 
and survivin

– Proliferation↓, 
apoptosis↑

HepG2 [156]

Jiang Z, 2018 HULC ↓ HCC miR-200a-3p HULC/p18/miR-
200a/ZEB1

Proliferation↓, 
apoptosis↑

LO2, HepG2 
and HCCML3

[157]
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1/PI3K/Akt/mTOR axis [150]. In breast cancer, met-
formin can prevent over-activation of the mTOR sign-
aling pathway by up-regulating lncRNA GAS5 to 
eventually suppress tumors [151]. Metformin inhibits 
the proliferation of gastric cancer (GC) cells by inhibit-
ing the Loc100506691-miR-26a-5p/miR-330-5p-ChaC 
glutathione-specific gamma-glutamylcyclotransferase 1 
axis [152]. In addition, metformin can downregulate H19, 
upregulate AMPK activation and downregulate MMP9 
to inhibit the development of gastric cancer [153]. In 
breast cancer, metformin upregulates lncRNA MALAT1, 
HOTAIR, DICER1-AS1, LINC01121 and TUG1, thereby 
affecting the decrease of c-Myc phosphorylation to 
inhibit proliferation [126]. Another study showed that 
metformin can regulate the expression of the oncogene 
lncRNA HOTAIR and affect tumor growth [154]. Met-
formin can affect the sponge effect of lncRNA MALAT1/
miR-142-3p to inhibit the proliferation of cervical can-
cer [88, 107]. In renal carcinoma, metformin can reduce 
sunitinib resistance by targeting the testicular recep-
tor 4 (TR4) nuclear receptor and subsequently affecting 
the lncTASR/ tyrosine protein kinase receptor signaling 
axis. This is beneficial for inhibiting the occurrence and 
development of tumors [155]. In hypopharyngeal car-
cinoma, metformin downregulates SNHG7 expression 
by upregulating SAHH, thereby decreasing the resist-
ance of hypopharyngeal cancer cells to paclitaxel and 
irradiation [149]. In EECs, metformin suppresses tumor 
growth by regulating the H19/SAHH axis and affect-
ing genome-wide DNA methylation [100]. In bladder 
cancer, the overexpression of AC006160.1 significantly 
inhibits the proliferation and invasion of tumor cells and 
increases their sensitivity to metformin [128]. Metformin 
significantly reduces cyclin D1, lncRNA-AF085935 and 
glypican-3 to promote tumor apoptosis in HCC [156]. In 
addition, another study found that metformin regulated 
the HULC/p18/Zinc finger E-box binding homeobox  1 
(ZEB1) signaling axis by inhibiting HBx-induced HULC 
overexpression, thereby suppressing HBV-induced HCC 
tumorigenesis [157].

Metformin regulates lncRNA expression and ulti-
mately inhibits cancer through multiple mechanisms. 
The specific mechanism by which metformin mediates 
the suppression of tumorigenesis by lncRNAs is not fully 
understood. Although some studies have shown that 
metformin can inhibit the growth and invasion ability 
of tumor cells by activating the AMPK signaling path-
way (the specific regulatory mechanism needs to be 
further studied) [100, 124]. A study has applied lncR-
NAs to establish a tumor prognosis model, and survival 
analysis results show that the model is well differentiated 
and that the best sensitive drugs can be selected based 
on this model [156]. This provides a new way to analyze 

the relationship between lncRNAs and cancer. Also, the 
model still needs to determine the most appropriate test 
standards and there is still a distance from the clinic.

Other ncRNAs in the treatment of cancer 
with metformin
In addition, some other ncRNAs, such as siRNAs and 
circRNAs, have also been reported in some studies. 
For example, Zhao et  al. [141] developed a polycationic 
biguanide composed of metformin for in  vivo siRNA 
delivery, which can systematically deliver RNAi thera-
pies to cancerous tissues. Additionally, the combination 
of metformin and ornithine decarboxylase (ODC) siRNA 
has been reported to inhibit the proliferation and metas-
tasis of human melanoma [158]. There are few studies on 
the role of circRNAs in metformin antitumor therapy. 
Some studies show that circRNAs can bind to miRNAs 
via sponge RNA-binding proteins, thereby affecting 
transcription, mRNA turnover and translation of cod-
ing genes and thus regulating gene expression [39, 159–
162]. Some studies have indicated that metformin alters 
circRNA expression [143, 163]. For example, circZEB1 
sponges miR-141-3p during radiation therapy in com-
bination with metformin for prostate cancer treatment, 
ultimately enhancing radiosensitivity, as mentioned in 
detail in the combination therapy section below.

Mechanisms of ncRNAs in metformin combination 
therapy
ncRNAs also play important roles in metformin combi-
nation therapy (Table 3). miRNA in metformin and rapa-
mycin combination therapy. Metformin can be combined 
with the mTOR inhibitor, rapamycin, to enhance the 
anticancer effect. Rapamycin reduces mTOR-regulated 
growth and survival signaling, including enhancing the 
expression of let-7b and miR-34a [144]. miR-34a expres-
sion is significantly reduced in a mouse model, as dem-
onstrated by the tumor sphere test and luciferase assay 
associated with the mTOR pathway [144]. In addition, 
cell cycle analysis shows a significant decrease in miR-
34a expression, inhibition of the mTOR pathway, and a 
decrease in the levels of its direct targets Notch, SNAI2 
and Snail. Consequently, these factors lead to a reduction 
in the size of pancreatic cancer tumors and a decrease in 
the number of cancer cells [151]. MiR-221, which plays 
a role in pancreatic cancer treatment, is upregulated by 
metformin in p27 in PANC-1 and AsPC-1 cell models. 
This upregulation results in a decrease in p27 content, 
causing G1 phase arrest and increasing the sensitiv-
ity of pancreatic cancer cells to TNF-related apoptosis-
inducing ligand-induced apoptosis [143]. These findings 
contribute to the potential treatment of pancreatic 
cancer. These experiments provide the possibility of a 
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combination strategy for pancreatic cancer treatment 
[145].

miRNA in metformin and fluvastatin combination therapy
Metformin modifies resistance to fluvastatin in can-
cer cells by modulating the miRNA pathway [147]. In a 
model of fluvastatin-resistant preneoplastic cells, com-
bination therapy with metformin and aspirin was shown 
to activate isomiR-140-3p. This activation resulted in 
a reduction in cellular resistance to fluvastatin [145]. 
Furthermore, the activation of AMPK by aspirin and 

metformin effectively inhibits the statin-induced abnor-
mal upregulation of HMG-CoA reductase (HMGR), 
a key enzyme in the cholesterol biosynthesis pathway 
[147]. During the transition from normal to preneo-
plastic lesions, dysregulation of the 5’ isomiRNA and its 
direct gene targets HMGR and HMGCS1 is observed in 
normal subjects. By activating AMPK, aspirin and met-
formin disrupt the cholesterol feedback pathway, leading 
to the inhibition of statin-induced abnormal upregulation 
of the HMGR. This sensitizes resistant cells to fluvastatin. 
In this pathway, the reduction of miR-140-3p-1 regulates 

Table 3  Combination therapy of metformin via RNA for the treatment of cancer

ncRNA: non-coding RNA; siRNA: short interfering RNA; OHT: 4-hydroxytamoxifen; RT: radiation therapy; TRAIL: TNF-related apoptosis-inducing ligand; EGCG: 
epigallocatechin gallate; circ: circular RNA; PC: prostate cancer or pancreatic cancer; CRC: colorectal cancer; BC: breast cancer; GBM: glioblastoma; TNBC: triple-
negative breast cancer; HC: hepatocellular carcinoma; HPC: hypopharyngeal cancer; NSCLC: non-small cell lung cancer; AMPK: activated protein kinase; DNMTs: 
methyltransferases

Author, year Combined 
treatment

ncRNA Expression Cancer Model Pathway Result Refs.

Cifarelli, 2015 Metformin 
and rapamycin

miR-34a ↓ PC Panc02 pancreatic 
tumor cell trans-
plant model

mTOR, Notch, 
Slug, Snail

Pancreatic tumor 
growth in obese, 
prediabetic 
mice↓; Glucose 
and insulin↓

[144]

Salgado-García, 
2021

Metformin, doxo-
rubicin and sodium 
oxamate

miR-106a ↓ CRC​ CRC-derived 
HCT116 
and SW480 
colorectal cancer 
cells

Autophagy; 
HCT116/SW480/
ULK1

ULK1 and LC3↑, 
Autophagy ↑

[147]

Jiang, Y.,2022 Metformin 
and OHT(4-hydrox-
ytamoxifen)

lncRNA GAS5 ↑ BC tamoxifen-resist-
ant MCF-7R cells

mTOR mTOR↓; apop-
tosis↑

[151]

Zhan, Q,2022 cPLA2 siRNA 
and metformin

cPLA2- siRNA – GBM PDX GBM The mitochon-
drial energy 
metabolism

anticancer 
effects↑

[165]

Chen, D, 2020 RT with metformin circZEB1 and miR-
141-3p

↑ PC mouse TR4-mediated 
QKI/circZEB1/
miR-141-3p/ZEB1

the progression 
of PCa↓

[163]

Coronel-Hernán-
dez, J.,2021

Metformin, Sodium 
oxamate and Doxo-
rubicin

mir-26a ↓ CRC​ CRC-derived 
HCT116 cells 
(ATCC CCL-247)

mTOR/AKT Apoptosis 
and Autophagy↑

[148]

Tanaka, R.,2015 Metformin 
and TRAIL

miR-221 ↓ PC PANC-1 
and AsPC-1 cells

TRAIL-DR5 TRAIL-induced 
apoptosis↑

[93]

Bhardwaj, A.,2018 Aspirin, metformin 
and fluvastatin

isomiR-140-3p ↓ TNBC resistant to flusa-
tatin preneoplas-
tic cells

AMPK Resistant level 
of cells to fluvas-
tatin↓

[145]

Sabry, D.,2019 EGCG and met-
formin

lncRNA-AF085935 ↓ HC HepG2 cells glypican-3 Proliferation↓ 
and apoptosis↑ 
of HepG2 cells

[156]

Wu, P.,2019 Metformin 
and paclitaxel 
or irradiation

lncRNA SNHG7 ↓ HPC FaDu cells DNA methylation HPC resistance↓; 
Recurrence↓

[149]

Lee, B.B.,2023 metformin and cis-
platin

miR-148/-152 
family members

↓ NSCLC A549 lung cancer 
cell

DNMTs DNMTs level↓, 
NSCLC Survival↓

[129]

Huang, Y.,2021 metformin 
and MALAT1 
knockdown

lncRNA MALAT1, 
HOTAIR, DICER1-
AS1, LINC01121 
and TUG1

↓ BC The human breast 
cancer
cells MCF7

phosphorylation 
of c-Myc

cell proliferation↓; 
Apoptosis↑

[126]
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its target gene HMGR and its corresponding proteins. It 
is noteworthy that miR-140-3p-1 acts mainly during the 
transition from normal to pretumorigenic cells and has a 
lesser effect on the later development of the disease [154].

miRNA in combination therapy with metformin 
and chemotherapy drugs
Metformin enhances the efficacy of chemotherapeu-
tic agents, such as cisplatin and doxorubicin [129, 130, 
164]. In A549 cells, the combination of metformin and 
cisplatin synergistically upregulates the expression of 
miR-148/-152 family members and downregulates the 
posttranscriptional levels of DNMTs (DNMT1, DNMT3a 
and DNMT3b) [148]. miRNAs are susceptible to meth-
ylation-related silencing, which is regulated by the feed-
back loop of DNMT1, and miRNA expression can be 
affected by copy number alterations [129, 130]. Further-
more, in a CRC cell model (SW480), the combination 
of metformin, doxorubicin and sodium oxalate induces 
autophagy through the hyperlipidemic effects of ULK1 
and LC3 [149]. In another CRC cell model (HCT116), the 
combination of metformin, doxorubicin and sodium oxa-
late significantly inhibited CRC cell proliferation through 
inhibition of the mTOR/AKT pathway, downregulation 
of hypoxia-inducible factor (HIF)-1α, reduction in the 
expression of miR-26a and the subsequent upregulation 
of ULK1, which led to apoptosis and autophagy [156]. 
These studies provide insights into the mechanisms 
underlying the cellular autophagy induced by combina-
tion therapy and highlight the roles of the miRNA-106a/
ULK1 and HIF-1α/mTOR/AKT pathways in CRC [147]. 
Overall, these studies contribute to the understanding of 
metformin combination therapy as a potential approach 
to overcome drug resistance in CRC.

Other ncRNAs in metformin combination therapy
lncRNAs, circRNAs and siRNAs regulate the combi-
nation of metformin and other drugs. In the MCF7 
model of human breast cancer cells, metformin upreg-
ulates lncRNAs, including HOTAIR, DICER1-AS1, 
LINC01121 and TUG1. Phosphorylation of c-Myc was 
further reduced in cells co-treated with metformin 
and MALAT1 knockout compared with those treated 
with metformin alone, further reducing breast cancer 
cell proliferation and increasing apoptosis. Specifically, 
MALAT1 knockdown increases the Bax/Bcl2 ratio and 
increases p21 expression while decreasing the expres-
sion of the cell cycle protein B1 [127]. Analysis of the 
combined effects of metformin with paclitaxel or irra-
diation by CCK-8 and membrane-associated protein-V/
PI double staining revealed that downregulation of the 
lncRNA SNHG7 and enhancement of DNA methyla-
tion led to a reduction in hypopharyngeal cancer (HPC) 

resistance and relapse in the FaDu model [165]. Met-
formin upregulates DNMT1 expression through the acti-
vation of SAHH activity, leading to hypermethylation 
of the lncRNA SNHG7 promoter. As a result, reduced 
expression of the lncRNA SNHG7 sensitizes FaDu cells 
to paclitaxel and irradiation. This combination of met-
formin and paclitaxel represents a promising therapeu-
tic strategy to overcome drug resistance and prevent the 
recurrence of HPC. It also sheds new light on the anti-
cancer effects of EGCG and metformin, specifically their 
effects on glypican-3 and lncRNA-AF085935 in HCC. 
In the PDX glioblastoma (GBM) model, dual inhibition 
of phospholipid and mitochondrial metabolism through 
cytoplasmic phospholipase A2 (cPLA2)-siRNA knock-
down and metformin treatment emerged as a potential 
therapeutic strategy [130]. This approach targets cPLA2 
and demonstrates the potential of metformin in GBM 
treatment. Furthermore, combining radiation therapy 
with metformin induces TR4 nuclear receptor-mediated 
QKI/circZEB1/miR-141-3p/ZEB1 signaling, which pro-
motes radiosensitivity to inhibit prostate cancer progres-
sion [163]. Consequently, prostate cancer cells exhibit 
increased radiosensitivity, thereby improving the efficacy 
of radiation therapy for prostate cancer.

Clinical trials related to ncRNA in metformin for cancer 
treatment
Current clinical trials are still only at the stage of meas-
uring differences in ncRNA expression in metformin-
treated cancers. The present review accessed all currently 
registered clinical studies related to non-coding RNA, 
metformin, and cancer through the ClinicalTrials.gov 
(https://​class​ic.​clini​caltr​ials.​gov/) and found four stud-
ies that used metformin for cancer treatment in which 
microRNAs were measured and analyzed (Table 4).

One study [166] investigated cancer chemopreven-
tion of potentially malignant lesions in the oral cavity by 
measuring the effect of systemic metformin hydrochlo-
ride on the change in millimeters of maximum diam-
eter of potentially malignant lesions in the oral cavity 
(trial NCT03685409) and also measured the differential 
expression of miR-21 and miR-200 by three methods, 
namely, immunohistochemical analysis, miRNA analysis 
(PCR) as well as saliva miRNA analysis, which showed 
in the differential expression of miR-21 and miR-200 and 
then investigated the effect of metformin hydrochloride 
on the prevention of oral cancer through miR-21 and 
miR-200. A total of 62 men and women between the ages 
of 20–70 were enrolled in the Phase III clinical trial of 
metformin hydrochloride 500 mg orally in the test group 
and a placebo oral tablet in the control group.

Another oral cancer-based study [167] is investigating 
the preventive effect of metformin hydrochloride on oral 

https://classic.clinicaltrials.gov/
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cancer (trial NCT03684707), in which the trial combines 
measurements of salivary microRNAs (measuring sali-
vary markers 31 and 210 in saliva and tissue biopsies) and 
measurements of immunohistochemical markers (meas-
uring cytosolic protein A2 markers in tissues) over the 
course of a year, linking oral cancer to miRNAs. A total 
of 30 men and women between the ages of 20–60 were 
selected for the trial, with 500 mg of metformin hydro-
chloride and 500 mg of glucophage once daily in the test 
group and oral starch tablets in the control group for the 
phase IV clinical trial.

The third trial [168] explored the evaluation of met-
formin effect on the fertility of women treated with 131I 
for thyroid cancer (trial NCT05468554), with the pri-
mary outcome measure being changes in AMH, inhi-
bin B and FSH levels and the primary endpoints were to 
assess the effect of metformin on serum AMH, inhibin B 
and FSH concentrations and differences in sinus follicle 
counts in a study group consisting of women with pap-
illary thyroid cancer treated with 131I and to assess the 
effect of metformin on the recovery of the ovarian repro-
ductive system in patients with thyroid cancer. This trial 
will assess the effect of metformin on oxidative stress 
parameters and differences in serum concentrations of 
selected parameters of apoptosis and assess differences in 
the expression of selected miRNAs.

A feasibility study to assess the maintenance role of 
intermittent androgen deprivation therapy in patients 
with biochemically progressive castration-sensitive 
prostate cancer [169] will assess the inhibitory effect of 
metformin and curcumin as a nutritional regimen for 
the maintenance treatment of prostate cancer, primar-
ily through the assessment of time to prostate cancer 
recurrence by iADT nutritional intervention. The effect 
of metformin on miRNA, a tumor influencing factor, 
was explored by measuring the expression levels of bio-
markers (including EMT and miRNAs) in blood samples 
with the expression levels of cancer dormant biomarkers 
(miR-200, TGF-β, BMP, immune and inflammatory fac-
tors) in blood samples, and observing the effects of met-
formin on the changes of the content of miRNAs. A total 
of 30 male prostate cancer patients with a history of prior 
treatment, aged 18–60 years, were selected for the trial, 
which was conducted as a single-group OPEN LABEL 
intervention, where subjects would start metformin 
and curcumin within 14 days. The trial takes the objec-
tive evaluation criteria of the serological tests described 
above as a supplement, somewhat compensating for the 
adverse effects of the Hawthorne effect associated with 
unmasked trials [170].

At present, the clinical research on ncRNA in met-
formin treatment of cancer has not been fully per-
formed and all of the above trials have not yet published 

the results. In the future, a wider range of experiments 
is needed, and lncRNAs and circRNAs also need to be 
included in the scope of the study.

A metformin‑based therapeutic approach 
compared to the direct delivery of ncRNAs
In comparison to the direct administration of lncRNA 
for the treatment of cancer, the modulation of lncRNA by 
metformin presents several advantages for this purpose.

Superior safety profile. Metformin is a widely utilized 
pharmaceutical agent with a well-established safety 
record. By contrast, the long-term safety of direct deliv-
ery of lncRNA, a relatively novel therapeutic approach, 
has yet to be fully substantiated. The potential risks to 
the patient’s body, when metformin is used to modulate 
ncRNA for cancer treatment, are relatively minimal. The 
side effects of metformin are typically mild and predict-
able, predominantly gastrointestinal discomfort. This 
can be mitigated by adjusting the dosage or administer-
ing appropriate treatment. In contrast, direct delivery 
of ncRNA may elicit unforeseen immune responses, 
cytotoxicity, and other adverse effects. For example, a 
clinical study using MRX3, a synthetic miR-34a mimic, 
for the treatment of tumors (ClinicalTrials.gov identi-
fier NCT01829971), including a variety of solid tumors 
and hematologic malignancies, was terminated prema-
turely due to severe immune-related adverse effects that 
resulted in the death of four patients [171, 172].

The convenience and low risk of administration are 
additional benefits of metformin. It is typically admin-
istered orally, which is highly compliant with patient 
preferences. It does not necessitate intricate injec-
tions or other sophisticated administration techniques, 
and its dosage range is precise. The direct delivery of 
lncRNA typically requires a more intricate administra-
tion method, including injection, the use of nanoparti-
cle carriers, and other techniques. While the utilization 
of vectors permits in vivo cellular targeting and effective 
uptake of ncRNA therapeutics, it also has the potential 
for incompatibility and immunogenicity of disparate vec-
tor materials and advanced materials with ncRNA. Viral 
transduction and expression vector construction carry 
the risk of genomic integration.

The drug has multiple mechanisms of action. Met-
formin has been demonstrated to inhibit cancerous 
growth in several ways. First, it can regulate the expres-
sion of ncRNA, which in turn affects the metabolism, 
proliferation and survival of cancer cells. Second, it acti-
vates the AMPK pathway [43]and the ROS pathway [50, 
51], both of which play a role in the direct inhibition of 
cancer cells. Third, it activates the glycolysis-oxidative 
phosphorylation pathway through an indirect mecha-
nism [53].
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To avoid off-target effects, it is essential to consider 
that a single ncRNA has the capacity to direct the entire 
cellular pathway by interacting with a vast number of 
target genes. However, the multitude of cellular effects 
of ncRNAs renders off-target effects virtually inevitable. 
The critical role of miRNAs in regulating the pleiotropic 
effects within the network represents a significant chal-
lenge for miRNA-based therapeutic approaches [173].

The potential for off-target effects can be mitigated by 
selecting an appropriate dose of metformin, which will 
achieve the desired benefits through the activation of 
endogenous ncRNAs.

Conclusion
Metformin plays a pivotal role in cancer treatment 
through the regulation of ncRNAs. In promoting the 
routine clinical application of therapeutic ncRNAs, it 
is essential to address several key issues, including the 
assurance of proper targeting, the reduction of immu-
nogenic responses, and the determination of the opti-
mal dosage required to achieve the desired effect while 
minimizing side effects. Metformin mediates endog-
enous ncRNA sequences through different mechanisms 
to ensure physiological adaptations and tissue-specific 
expression levels. These findings provide a strong theo-
retical basis and clinical rationale for the clinical use of 
ncRNAs in ncRNA therapy. In the future, these ncRNAs 
may play a variety of potential roles in cancer therapy 
through approaches such as prognostic prediction and 
RNA vaccine-drug combinations. Metformin is currently 
being studied in a wide range of clinical trials, which will 
lay the groundwork for its future use as a therapeutic or 
adjuvant treatment and for cancer prevention. Nonethe-
less, current investigations have certain limitations. First, 
although some studies have demonstrated the capacity 
of metformin to regulate ncRNAs for cancer treatment, 
the specific regulatory mechanisms involved remain 
largely unknown. Second, despite some studies explor-
ing the regulatory influence of ncRNAs in metformin-
based combination therapy, these investigations remain 
relatively scarce. Third, owing to the large number of 
ncRNAs and the relative complexity of experimental 
design, more studies are needed to validate these regu-
latory mechanisms and to further elucidate the interac-
tion of ncRNAs in metformin combination therapy with 
other drugs. Moreover, while ncRNAs hold significant 
potential in cancer therapy, most studies remain con-
fined to laboratory settings and lack powerful clinical 
validation. Hence, increased emphasis on clinical stud-
ies is imperative to evaluate the practical applicability of 
ncRNAs in cancer treatment. As an oral drug, metformin 
still has some challenges in terms of its distribution and 
targeting in  vivo. How to increase the concentration of 

metformin in tumor tissues and how to accurately deliver 
it into tumor cells are problems that need to be solved. 
Studies suggest that long-term use of metformin may 
cause tumor cells to become resistant to it. Therefore, 
how to overcome the resistance to metformin and how 
to improve its antitumor effect are further research direc-
tions. In the future, by further studying the regulatory 
effect of metformin on miRNA, it is possible to improve 
the understanding of its mechanism in tumor preven-
tion and treatment and provide a theoretical basis for the 
development of new treatment strategies.
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