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Abstract

Metformin as the first-line treatment for type 2 diabetes mellitus has 
been discovered to exert beneficial effects on many diseases for nearly 
ten years, but its specific mechanism is still unclear. As a new class 
of gene expression regulators with pleiotropic properties, microRNAs 
(miRNAs) participate in multiple physiological processes such as cell 
differentiation, proliferation, survival, and metabolism, which drive them 
to play a regulatory role in the occurrence, development and even 
treatment of various diseases. A substantial body of research has found 
the relationship between metformin and miRNAs, in which metformin can 
alter the expression profiles of miRNAs in multiple disease states and 
on the other hand the signal pathways involving miRNAs may contribute 
to the pharmacological actions of metformin. This review summarizes 
the effects of metformin on miRNAs and their relationship in different 
diseases (like tumor, metabolic diseases, etc.), which should be of a 
great help for our better understanding of the mechanism of metformin 
for treating multiple diseases.
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1 Introduction

Metformin is the first-line drug recommended by the 2005 
IDF Global Diabetes Treatment Guidelines for the treatment 
of type 2 diabetes mellitus due to its extensive effects on 
glucose metabolism including inhibiting gluconeogenesis and 
glycogen breakdown, reducing liver glucose output, increasing 
glucose transport in peripheral tissues and improving insulin 
sensitivity[1]. Since the approval of metformin sustained-release 
tablet (Gehuazhi) for marketing in the United States in 2000, its 
indications have been gradually extended with continuous in-
depth research with discovery of many new pharmacological 
actions of metformin such as cancer suppressing, aging 
delaying, and obesity relieving effects, as well as intestinal 
flora regulating function[2]. Although the exact mechanisms 
of these actions are not yet fully understood, the ability of 
metformin to promote phosphorylation or activation of AMP-
activated protein kinase (AMPK) is considered to be the core 
of its molecular mechanism[3]. AMPK acts as a major regulator 
of energy metabolism by affecting many signaling pathways, 
including glucose and lipid metabolism, mitochondrial biogenesis, 
autophagy, cell growth, and circadian rhythm[4], which might 
explain in part the pharmacological properties of metformin.

MicroRNAs (miRNAs) are a class of endogenous non-coding 
RNAs of 18-25 nucleotides in length existing in eukaryotes. 
Primary and precursor miRNA molecules undergo nuclear and 
cytoplasmic processing by endonucleases, Drosha and Dicer1, 
respectively, to produce mature miRNAs that execute their 
cellular function[5]. MiRNAs extensively and finely regulate gene 
expression by multiple modes, including post-transcriptional 
repression or activation via pairing their seed, non-seed or full 
sequences with the 3'-UTR or 5'-UTR of target gene mRNA and 
transcriptional repression or activation via interacting with the 
transcriptional regulatory elements including promoter region, long 
non-coding RNA (lncRNA) or promoter associated RNAs (pRNAs), 
etc[6-7]. The multiplicity of miRNAs actions determines the 
diversity and complex network of their target genes, which confers 
their important roles in controlling cell growth, development, 
differentiation, death, metabolism, and even the occurrence and 
development of the diseases[8].

Considering the role of metformin in regulating multiple pathways 
and the characteristics of network regulation of miRNAs, 
researchers are curious about the relationship between miRNAs 
and metformin. Metformin has been documented to change miRNA 
expression profiles via enhancing the expression of Dicer1 in 
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patients, mouse model and cell lines[9]. Besides upregulating Dicer1 
expression[10], metformin can also disrupt the interaction between 
AU-binding factor 1 (AUF1) and Dicer1 mRNA and stabilize Dicer1 
mRNA[10], leading to accumulation of Dicer1 thereby increasing the 
overall level of miRNAs. Moreover, metformin can also upregulate 
the expression of miRNAs through activating AMPK mimicking the 
action of AICAR, an AMPK activator[11-12]. Furthermore, metformin 
can upregulate the expression of certain protein-coding genes and 
non-coding RNAs by epigenetic mechanisms, e.g. by inducing 
genome-wide DNA demethylation[13-14]. 

In the current review, we provide a comprehensive summary with 
the most updated information on the role of miRNAs in mediating the 
pharmacological effects of metformin against multiple diseases.

2 miRNAs contributes to the antitumor 
property of metformin

Tumor refers to a new organism formed by the proliferation of local 
tissue cells stimulated by various tumorigenic factors. Epithelial-
mesenchymal transition (EMT) is the process in which epithelial 
cells acquire a mesenchymal phenotype with enhanced ability 
to migrate and invade, which is accompanied by the loss of cell 
polarity and intercellular adhesion. EMT is a key step in a series 
of events leading to cancer metastasis and most cancer-related 
deaths, thereby having become a hot topic in research. Metastasis 
is a word used to describe the spread of cancer cells from the 

primary neoplasm to distant sites, and the deregulated growth of 
malignant cell is the main reason for the failure of tumor treatment 
because of the poor prognosis, treatment difficulties and frequent 
relapses[15]. Many transcriptional factors including Snail family 
transcriptional repressors 1 (Snai1) and 2 (Snai2 or Slug), zinc 
finger E-box binding homeobox 1 (Zeb1), and the twist family bHLH 
transcription factor 1 (Twist1)[16] participate in the regulation of 
EMT. Besides transcriptional factor, metabolic shifts in tumor cells 
including altered glucose, lipid, and amino acid metabolism are 
also involved in EMT progression[17]. A number of epidemiological 
studies[18] reported that metformin affords appreciable anti-cancer 
efficacy by reducing cancer incidence and mortality in diabetic 
patients, though the underlying molecular mechanisms remain 
yet to be elucidated. Several mechanisms have been proposed 
to explain the antitumor activity of metformin, such as activation 
of the LKB1/AMPK pathway, induction of cell cycle arrest and/or 
apoptosis, inhibition of protein synthesis, repression of unfolded 
protein responses, activation of the immune system, and possible 
eradication of cancer stem cells[19]. Additionally, metformin was 
demonstrated to change the expression profiles of miRNAs in a 
variety of cancer tissues and cells, suggesting that miRNAs may be 
involved in the antitumor effects of metformin. A number of miRNAs 
have been linked to the antitumor action of metformin, such as let-
7, miRNA-21, miRNA-222, miRNA-26a, miRNA-146a, miRNA-200, 
etc[20]. Of note, it appears that metformin alters the expression of 
different miRNAs in different types of cancers, which might account 
for the antitumor activity of the drug (Table 1).

Cancer Related miRNAs Metformin effects Target genes Cell line

Lung cancer miR-381 Upregulate YAP A549, H1299, Calu6, H520

miR-7 Upregulate AKT/mTOR A549

Erk, NF-κB

miR-222 Downregulate p27,p57 A549

PTEN NCI-H358

Pancreatic cancer miR-26a Upregulate HMGA1 Sw1990

Panc1

miR-200b Upregulate AsPC-1

AsPC-1-GTR

MiaPaCa-2

miR-34a Upregulate Notch, Slug Panc02

miR-150 Upregulate

Breast cancer miR-21-5p Downregulate SESN1 SUM159PT

CAB39L MCF-7, BT-474

BT-549

miR-27a Downregulate AMPKα2 MCF-7

miR-26a Upregulate PTEN MDA-MB-231

Table 1 List of miRNAs regulated by metformin with various cancers
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MCL-1 MDA-MB-468

MTDH MCF-7

EZH2

miR-155 Downregulate

miR-200c Upregulate c-Myc MDA-MB-231

AKT/Bcl-2 MCF-7

Let-7a Upregulate

miR-96

miR-181a Downregulate

miR-193b Upregulate FASN MDA-MB-231

MDA-MB-468 

BT-549

Renal cell miR-26a Upregulate Bcl-2 786-O

carcinoma Cyclin D1

miR-21 Downregulate PTEN CAKI-1

CAKI-2

Oral Cancer miR-26a Upregulate Mcl-1 KB cell

Skin cancer miR-21 Downregulate PTEN/AKT HaCaT

Colon cancer miR-21 Downregulate PTEN/AKT HuTu80

miR-1915 Upregulate Bcl-2 HuTu80

Cervical cancer miR-142-3p Upregulate HMGA2 SiHa

HeLa

Esophageal miR-497 Upregulate PELP1 ESCC

squamous cell 

carcinoma

Osteosarcom a miR-570-3p Upregulate LCMR1 143B

ATG12 U2OS

2.1 Lung cancer

Lung cancer can be divided into two categories: small cell lung 
cancer accounting for 15-20% of cases and non-small cell lung 
cancer (NSCLC) accounting for 80-85% of cases according 
to the pathological characteristics and clinical manifestations. 
Metformin has been reported to control the invasiveness 
of NSCLC by upregulating miR-381 which also has tumor 
suppressive effects in other cancer types, such as breast 
cancer[21], pancreatic cancer[22], cervical cancer[23], and 
gastric cancer[24]. Moreover, the miR-381/YAP/Snail signal axis 
has been revealed as a contributor to the regulation of EMT by 
metformin[25]. MiR-7, another miRNA upregulated by metformin, 
has a suppressive effect on EGFR-mediated incidence and 
development of lung cancer by targeting PI3KR3/AKT, Bcl-2, 

IGF-1R, and other signaling pathways. Thus, it is considered a 
new prognostic biomarker and therapeutic target in a variety of 
human cancer cells[26]. An increase of miR-7 induced by AMPK  
in metformin-treated A549 cells inhibited the AKT/mTOR, Erk, 
and NF-κB signaling pathways[27]. These findings suggest that 
the inhibitory effects of metformin on the growth, migration, and 
invasion of A549 cells are likely associated with the upregulation 
of miR-7. miR-222 has been shown to promote cell proliferation 
in a variety of tumors, including breast cancer[28], ovarian 
carcinoma[29], and hepatocellular carcinoma[30]. Metformin 
was found to downregulate miR-222 level by acting on AMPK 
signaling, which might explain the suppressive effect of 
metformin on the proliferation of lung cancer cells[31]. 
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2.2 Pancreatic cancer

It was reported that metformin increases the expression of miR-
26a, miR-192, and let-7c expression in pancreatic cancer 
(PC) cell lines Sw1990 and Panc1 cells. MiR-26a is a tumor 
suppressor, whose down-regulation has been observed in many 
cancers including hepatocellular carcinoma, lung cancer, breast 
cancer and pancreatic duct adenocarcinoma (main tumor type 
of pancreatic cancer)[32-37]. Metformin inhibits the metastasis 
of pancreatic cancer cells by upregulating miR-26a which in 
turn represses the expression of its target gene HMGA1[38]. 
MiR-200b is another miRNA with elevated levels in metformin-
treated pancreatic spheres formed by AsPC-1, AsPC-1-GTR, or 
MiaPaCa-2 cells[39]. MiR-200b belongs to the miR-200 family 
which is believed to be a tumor suppressor because of their 
inhibitory effect on EMT of various cancer types[40], and its 
upregulation might mediate the antitumor activity of metformin. 
Ji et al[41] reported that miR-34a was downregulated in PC and 
contributed to increased mortality of patients diagnosed with 
PC. The inhibitory effect of miR-34a on EMT was ascribed to the 
suppression of transforming growth factor-β (TGF-β), a major 
regulator of EMT. Restoration of miR-34a reduces the expression 
of Snail and other EMT regulators such as Notch and Slug[42]. 
Moreover, miR-34a mediates the suppressive effects of metformin 
on EMT-related targets. In addition to miR-34, miR-150 is also 
upregulated by metformin which contributes to the inhibitory effect 
of metformin on the proliferation of human pancreatic cancer cells, 
as a tumor suppressor miRNA[43]. 

2.3 Breast cancer

Like in other cancers, metformin also alter the expression profile 
of miRNAs in breast cancer (BC). MiR-21-5p, a highly expressed 
miRNA in a variety of tumors[44-47], has been reported to be 
reduced by metformin treatment in cultured human breast cancer 
cells, mouse xenografts, and serum from breast cancer patients[48]. 
Metformin-induced ablation of miR-21-5p increases the expression 
of SESN1 and CAB39L, leading to the activation of AMPK and 
inhibition of mTOR[48]. Moreover, knockdown of miR-21-5p by a 
sequence-specific antagomir mimics the effects of metformin on 
clonogenicity, migration, and invasiveness of multiple breast cancer 
cell lines[48]. MiR-27a is located on chromosome 19 and highly 
expressed as a carcinogenic miRNA in breast, gastric, pancreatic, 
and colon cancer[49]. Metformin treatment reduces the expression 
of miR-27a and upregulates the expression of AMPKα2 to elicit an 
anti-proliferative effect in MCF-7 cells[50]. In addition, metformin 
also upregulates miR-26a to repress its direct target genes BCL-
2, EZH2, and PTEN in breast cancer cells[51]. However, only 
PTEN and EZH2 expression reduction can be restored by miR-
26a inhibition, suggesting the contribution of the metformin/miR-
26a/PTEN and EZH2 axis to the antitumor activity of metformin[51]. 

Similarly, metformin targeting the c-Myc/miR-200c/AKT2/Bcl-2 axis 
has also been identified as part of the mechanisms for its antitumor 
effect on breast cancer[52]. Apart from these, downregulation of 
carcinogenic miRNAs miR-155 and miR-181a and upregulation of 
tumor suppressor miRNAs let-7a and miR-96 by metformin may 
also be related to the inhibitory effect of metformin on breast cancer 
cell proliferation and/or migration[53-54].

Triple-negative breast cancer (TNBC) accounts for 10.0% to 
20.8% of all breast cancers, with unique biological behavior and 
pathological characteristics rendering their prognosis worse than 
other types. Metformin upregulates miR-193a-3p and miR-193b 
in TNBC cells, of which, miR-193b can cause cell death and 
reduce mammosphere formation by TNBC cell lines via targeting 
FASN, one of the key regulators for the survival of TNBC[55]. 
Moreover, antagonizing miR-193 abrogates the decreasing action 
of metformin on FASN to cause cell death. 

2.4 Other cancers

The modulation of miRNAs by metformin in cancers has been well 
recognized and the interactions between metformin and miRNAs 
are not limited to lung cancer, pancreatic cancer, and breast 
cancer. In 2014, Yang et al. demonstrated that metformin up-
regulated miR-26a, which subsequently repressed the expression 
of its target genes such as Bcl-2 and Cyclin D1 and inhibited 
the growth of human renal clear cell cancer cells (786-O)[56]. In 
addition, metformin can also induce apoptosis of human oral cancer 
cells by repressing the expression of Mcl-1 via increasing miR-
26a[57]. Intriguingly, miR-21 seems to determine the differential 
sensitivities between human renal clear cell carcinoma cell lines 
CAKI-1 and CAKI-2 to metformin treatment: miR-21 enriched CAKI-
1 cells are more sensitive to metformin, whereas CAKI-2 cells 
with lower abundance of miR-21 are insensitive to metformin[58].  
Other studies demonstrated that the miR-21/PTEN/AKT signaling 
pathway contributes to the inhibitory effects of metformin on the 
viability of HaCaT cells in skin cancer[59] and HuTu80 cells in colon 
cancer[60]. In addition, metformin upregulates miR-1246 in gastric 
cancer, esophageal squamous cell carcinoma, and hepatocellular 
carcinoma cell lines, suggesting that miR-1246 may be related to 
the antitumor effects of metformin in various cancers[61].

Besides, some miRNAs are modulated by metformin only in a 
particular tumor based on the reported studies. For example, in 
colorectal cancer, miR-1915 is the most significantly up-regulated 
miRNA in HuTu80 cells treated with metformin (17 miRNAs are 
significantly up-regulated and 33 are down-regulated), which 
targets the anti-apoptotic protein Bcl-2 and regulates multidrug 
resistance[62]. In cervical cancer, metformin inhibits the migration 
and invasion of cervical cancer cells by disrupting the MALAT1/
miR-142-3p sponge-like interaction to downregulate HMGA2 
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expression[63]. In esophageal squamous cell carcinoma, 
metformin down-regulates PELP1 by up-regulating miR-497 
leading to pyroptosis, which may be an alternative way to counter 
the apoptosis-resistant cancer[64]. In metastatic osteosarcoma, 
metformin increases miR-570-3p expression through DNA 
demethylation and inhibits translation of its target genes LCMR1 
(a lung cancer metastasis-associated protein) and ATG12. Since 
high levels of autophagy is indicative of aggressiveness, low 
sensitivity to chemotherapy, and poor survival in some metastatic 
tumors, the effect of metformin on miR-570-3p/ATG12 is also 
associated with metformin-induced osteosarcoma cell metastasis 
and autophagy inhibition[65]. In hepatocellular carcinoma 
(HCC), 51 miRNAs were identified as differentially expressed 
miRNAs (33 upregulated and 18 downregulated) in HCC cell 
lines, in which the upregulated let-7 family may play a part in the 
suppression of HCC cell proliferation by metformin. Interestingly, 
the miRNAs upregulated by metformin include not only those 
that are overexpressed in HCC (such as miR-23a, miR-27a, miR-
34a, miR-21, miR-24, and miR-324-5p), but also those that are 
reduced in HCC (such as miR-7a, miR-7b and miR-7e, miR-23b, 
miR-29a, miR-26a, miR-81a, miR-142-3p, and miR-378)[66].

In conclusion, it is generally accepted that metformin can change 
the expression profiles of miRNAs in various tumor tissues and 
cells. However, these changes are not consistent: some are 
common to many tumors, and others are specific to only one type 
of tumor. This may be related to the relative abundance of miRNA 
in different tumors. Additionally, the cellular functions of a given 
miRNA that is modulated in the same direction by metformin could 
be distinct in different tumors, which might be related to the relative 
abundance of the miRNA targets in different tumors. 

3 miRNAs are involved in the function of 
metformin against glycolipid metabolic 
disease 

Glucolipid metabolic disease (GLMD) refers to a complex of 

interrelated disorders in glucose and lipid metabolism, including 
obesity, type 2 diabetes mell itus (T2DM), hypertension, 
dyslipidemia, nonalcoholic fatty liver disease, and atherosclerosis, 
whose pathogenesis is extremely intricate[67]. As the major 
sources of energy and the key component of organism, the 
homeostasis of glucose, fatty acids and cholesterol are crucial 
to maintain the normal physiological function. Since glucose and 
lipid metabolism is intertwined, hyperglycemia, hyperlipidemia, 
hypertension and atherosclerosis are often concurrent in 
clinical[68]. Several studies have revealed that miRNAs play a 
pivotal role for controlling metabolic homoeostasis. MiR-122, 
the most abundant miRNA in the liver, has been shown to be 
involved in hepatic cholesterol and lipid metabolism[69]. As a first-
line treatment for diabetes, metformin can regulate the body's 
metabolic level through a variety of mechanisms. The changes 
of miRNA expression in insulin-sensitive tissues of obese and/or 
T2DM patients have been discovered, suggesting that miRNAs 
may also play a role in mediating the effects of metformin on 
metabolic-related diseases[70] (Table 2).

Metformin was reported to alter the plasma concentrations 
of four circulating miRNAs, among which miR-140-5p and 
miR-222 are reduced and miR-142-3p and miR-192 are 
increased in T2DM[71]. Extracellular vehicles (EVs) are a 
heterogeneous group of cell-derived particles comprising 
exosomes and microvesicles that encapsulate miRNAs and 
proteins. Ghai et al. compared the miRNA profiles in whole 
plasma, EV, and EV-depleted plasma between T2DM patients 
receiving or not receiving metformin, and found that most of 
the affected miRNAs came from EV packages[72]. It has been 
reported that exosomal miR-222 secreted by the gonadal 
white adipose tissue (gWAT) promotes obesity-induced insulin 
resistance, which is the main feature of T2DM[73]. Prattichizzo 
proposed that miRNA-containing extracellular vesicles could 
be harnessed to restore a ‘physiological’ signature capable 
of preventing or delaying the harmful systemic effects of 
T2DM[74]. However, how metformin part icipates in the 

Metabolic  Disease Related  miRNA Metformin effects Target genes Cell line

T2DM miR-140-5p Downregulate

miR-222 Downregulate

miR-142-3p Upregulate

miR-192 Upregulate

miR-33b Downregulate CPT1 HepG2

CROT

miR-291-3b       Downregulate AMPKα1 NCTC1469

Table 2 List of miRNAs regulated by metformin for treating glycolipid metabolic disease
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regulation of miRNAs levels in EV to treat T2DM and other 
diseases requires further research to elucidate. 

Regulation of miRNAs by metformin has also been documented 
in vivo animal models of non-alcoholic fatty liver disease 
(NAFLD) and in vitro cell-based experiments[75]. In a study using 
methionine- and choline-deficient diet-induced non-alcoholic 
steatohepatitis model, metformin was found to downregulate 
miR-376a, miR-127, miR-34a, miR-300, and miR-342-3p and 
upregulate miR-122, miR-194, miR-101b, and miR-705[76]. 
In a high-fat diet-induced NAFLD model, two miRNAs are 
upregulated (miR-702-3p and miR-7085-3p), and two miRNAs 
are downregulated (miR-199b-5p and miR-451a) after metformin 
treatment[77]. Moreover, metformin reduces the expression of 
miR-33a and miR-33b by 70% in high glucose-treated HepG2 
cells. And overexpression of miR-33b significantly abrogates the 
metformin-induced reduction of blood lipid content by about 50% 
and the intercellular and extracellular  TG level by 50% and 20%, 
respectively. These findings indicate that metformin can attenuate 
high glucose-induced lipid accumulation in HepG2 cells by down-
regulating miR-33b expression and subsequently increasing fatty 
acid β-oxidation[78]. In addition, compounds that regulate AMPK 
can affect the biosynthesis of liver miRNAs by altering Dicer1 
expression. The expression of miR-30b and miR-30c in NAFLD is 
reduced, and palmitic acid (PA) and compound C which simulate 
lipid disruption decrease the expression of miR-30b and miR-30c 
in liver cells, while metformin, as an AMPK agonist, upregulates 
miR-30b expression. This suggests that metformin can regulate 
fatty acid metabolism and might be used for the treatment of 
NAFLD by affecting miR-30 family[79]. Furthermore, miR-291b-3p 
which is reduced by metformin promotes hepatic lipogenesis by 

suppressing AMPKα1 expression and activity[80].

Visceral  adipose t issue dysfunct ion contr ibutes to the 
pathophysiology of multiple metabolic syndromes. Metformin has 
been reported to inhibit adipogenesis in murine preadipocyte cell 
lines and induce a significant time-dependent increase of miR-
1246 and miR-3687 and decrease of miR-148b-3p, miR-378a-
3p, miR-378i, and miR-422a. Based on the functionalities of these 
miRNAs in preadipocyte, it is reasonable to speculate that they 
likely mediate the inhibitory effect of metformin on preadipocyte 
differentiation[81]. 

Collectively, accumulating evidence supports the role of metformin 
in regulating the expression of miRNAs and their downstream target 
genes in the setting of glycolipid metabolic disease. Since miRNAs 
are critical regulators of fatty acid and cholesterol metabolism, glucose 
homeostasis, insulin secretion and corresponding signaling[82-83], 
modulation of these miRNAs is likely a new mechanism by which 
metformin regulates glucose and lipid metabolism.

4 miRNAs participate in other functions of 
metformin

In addition to regulating tumorigenesis and glycolipid metabolism 
activity, metformin also has many other pharmacological effects. 
This notion is supported by numerous studies on metformin and 
miRNAs (Table 3).       
Metformin improves angiogenesis by increasing the expression 
of vascular endothelial growth factor A (VEGFA) and reducing 
angiogenesis inhibitors in CD34+ cells[84]. In T1DM, the plasma 
levels of anti-angiogenic miRNAs increase, such as miR-222, 

Disease Related miRNA Metformin effects Target genes Cell line

Anti-angioge nesis miR-21 Downregulate PTEN, HUVEC

SMAD7

miR-221/222 Upregulate p27Kip1

miR-34a Downregulate Sirtuin1 MMEC

Atheroscleros is miR-124 Downregulate P4Hα1 VSMC

Inflammation miR-34a-5p Upregulate RAW264.7

miR-125b-5p

miR-146a Upregulate

miR-99b Upregulate AKT

miR-155 Downregulate AKT

miR-206 Downregulate HDAC4/ cyclin D1

Table 3 Lists of miRNAs involved in metformin treating other diseases
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miR-195 and miR-21a, while the level of angiogenic miR-126 
decreases. The cardioprotective effect of metformin is achieved 
at least partly by acting on these angiogenesis-regulating 
miRNAs[85]. MiR-21 is known to regulate angiogenesis and 
Luo et al. discovered that metformin treatment downregulated 
the expression of miR-21 to derepress PTEN and SMAD7 
expression and enhance the PI3K/AKT pathway[86]. In another 
study involving diabetic patients with cardiovascular disease, miR-
221/222 expression levels were significantly increased, which 
resulted in repression of cyclin-dependent kinase inhibitor p27Kip1 
leading to thickening of intimal arteries after arterial injury[87]. The 
same study also unraveled that the alterations of miR-221/222 and 
p27Kip1 in diabetic subjects treated with metformin were similar 
to those in non-diabetic subjects[87]. Besides, miR-34a has an 
antiangiogenic effect in mouse microvascular endothelial cells 
(MMECs) by regulating the expression of Sirtuin1[88]. Treating 
MMEC cells with metformin inhibits the expression of miR-34a, 
which led to the recovery of angiogenic capacity in MMECs under 
high glucose conditions. Therefore, miR-34a represents both a 
target for metformin to mediate its vascular protective effect and a 
potential therapeutic target for the prevention/treatment of diabetic 
vascular disease[88]. Additionally, metformin activates AMPKα/
AP-2α/miR-124/P4Hα1 signaling in diabetic atherosclerosis, which 
plays a key role in the regulation of collagen synthesis in advanced 
atherosclerotic lesions[89]. This discovery provides an explanation 
for the observation that metformin increases the stability of 
atherosclerotic plaques in patients with diabetes[89].

To date, mounting evidence suggests that metformin has anti-
aging effects. Mice treated with metformin live longer and have a 
lower incidence of age-related chronic diseases. With aging, Dicer1 
mRNA level decreases significantly, which indicates the relationship 
between miRNAs and aging. In mice treated with metformin, the 
expression of several miRNAs related to aging, including miR-
20a, miR-34a, miR-130a, miR-106b, miR-125 and let-7c are all 
increased[11]. Chronic and low-grade inflammation is one of the 
signs of insulin resistance caused by obesity, and metformin can 
produce anti-inflammatory effects in macrophages by inducing 
Dicer1 and upregulating miR-34a-5p and miR-125b-5p[90]. 
Hypertension damages many organs including blood vessels, 
heart, kidneys, brain, eyes, and leads to sexual dysfunction, bone 
loss, sleep apnea, etc. Metformin can improve cardiac fibrosis at 
the histopathological level by regulating AMPK, ameliorate cardiac 
hypertrophy at the molecular level, and reduce cardiovascular 
and renal insufficiency caused by hypertension[91]. Studies have 
shown that in an animal model of cardiac hypertrophy caused 
by deoxycorticosterone acetate-salt-induced hypertension, miR-
146a, an anti-inflammatory miRNA, is significantly reduced, 
miR-155 that upregulates AKT is obviously increased, and miR-
99b that downregulates AKT is substantially decreased[92]. All 
these miRNAs are involved in regulating cardiac hypertrophy 

and their expression can be restored by metformin treatment, 
indicating that metformin plays a role in preventing myocardial 
hypertrophy by regulating these miRNAs[92]. Asthma is a chronic 
inflammatory airway disease characterized by overreaction and 
airway remodeling[93]. In cold areas, the body's immune function 
is declined, which can induce chronic bronchitis, asthma and other 
respiratory diseases[94]. Activation of AMPK regulates the miR-206/
HDAC4/cyclin D1 signaling pathway and has potential application 
in the prevention and treatment of asthma by reducing airway 
remodeling[95]. In addition, metformin also regulates miR-200 and 
miR-145 that directly target the major neural spine cell determinants 
Sox-1 and Sox-9[96].

With the discovery of the multiple therapeutic potentials of 
metformin and the complex characteristics of miRNA regulatory 
network, it is clear that metformin elicits multiple pharmacological 
actions by changing the expression of miRNAs, but the exact roles 
of the targeted miRNAs in mediating the therapeutic effects of 
metformin remain yet to be delineated.

5 Conclusions and perspectives

As the most widely used oral antidiabetic drug in the world, metformin 
not only lowers blood sugar, but also affords many other beneficial 
effects including antitumor and anti-aging activities. In view of the 
ability of metformin to modulate the expression of multiple miRNAs 
and the multiple functionalities of miRNAs, it is clear that miRNAs 
are one of the multiple mechanisms by which metformin produces 
its therapeutic efficacy against multiple human diseases. Here, we 
comprehensively summarize the progress in this area and discover 
that the change of miRNAs by metformin treatment is a shared 
mechanism for disease treatment. However, only a small number of 
miRNAs has been experimentally assessed and established for their 
mechanistic roles in conferring the therapeutic actions of metformin, 
and more experimental data are needed for consolidating the 
relationship between metformin and miRNAs.

It should be noted that the change of miRNAs is common and 
specific process in response to the treatment of metformin. 
Metformin can affect the expression of the same miRNAs such 
as miRNA-26a or miRNA-1246 in different diseases. In addition, 
due to the difference in the abundance of miRNAs in different 
tissues and cells, metformin can also change the expression 
of different miRNAs in the same disease. Recent studies 
have found that temperature also can affect miRNA profile. 
For example, altered ambient temperature can induce drastic 
but reversible changes in sequence length and abundance of 
both miRNA and piRNA populations in Drosophila[97]. High 
temperature stress has caused the fertility decline of many 
plants around the world, and one of causes is attributed to the 
change of miRNAs involved in almost all aspects of plant growth 
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and development[98]. The future studies should be orientated 
to investigating the effects of metformin on various diseases 
under different temperature conditions in connection with the 
involvement of miRNAs.

Since the currently available research data were primarily obtained 
through in vitro cell and in vivo animal experiments, no relevant 
clinical studies on the subject have been reported. Therefore, 
well designed clinical trials for evaluating the relationships among 
metformin, diseases and miRNAs are encouraged. In addition, the 
miRNAs relevant to metformin could also be developed as small 
nucleic acid drugs for the treatment of related diseases, which 

could be another future research direction. 
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