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The prevalence of type-2 diabetes as a progressive metabolic disorder is rapidly increasing 
worldwide. Diagnosing this disease in the early stages (pre-diabetes) plays an important role in 
reducing deaths related to this disease. Studies have shown that micro RNAs play an important 
role in the pathogenesis of type-2 diabetes. Due to the stability of these regulatory molecules in 
body fluids and the availability of sensitive technology for their measurement, they can be used 
as genetic biomarkers in the early diagnosis of type-2 diabetes. We made a new diagnosis of 
disease.
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Introduction
Diabetes mellitus is a group of complex and diverse metabolic 
disorders related to age [1,2]. This disease is characterized 
by insufficient secretion of insulin from the beta cells of the 
pancreas, which prevents normal blood glucose homeostasis. 
Type-1 diabetes is caused by a lack of production of the 
insulin hormone from the beta cells of the pancreas, while 
type-2 diabetes is caused by an ineffective insulin response. 
Diabetes type 1 and diabetes type 2 are different diseases 
in terms of pathogenesis and treatment [3]. Examples of 
secondary complications of diabetes include neuropathy, 
retinopathy, nephropathy, atherosclerotic disease, ischemia 
of the heart, cerebral vessels, etc. Diabetes and its secondary 
complications are the main cause of disability, reduced quality 
of life and early death [4,5]. The current treatments available 
for this disease are not completely effective, that is why there is 
a need to better understand this disease and find new treatment 
methods and new markers to identify this disease, knowing 
the molecular mechanisms underlying diabetes can be used as 
new markers and the new therapeutic goals of this disease [6].

miRNAs are small non-coding single-stranded molecules 
with a length of about 22 nucleotides [7]. These molecules 
regulate gene expression after transcription by binding to the 
3' untranslated region of messenger RNA, thus preventing 
translation or mRNA degradation. miRNAs play a key role in 
regulating cellular functions such as apoptosis, differentiation, 
proliferation, carcinogenesis, glucose homeostasis, 
inflammation, and other biological processes [8-11]. Since 
miRNAs play a key role in physiological processes and 
can modulate pathophysiological disease states, there is an 
urgent need to identify miRNAs and their targets in relation 
to diabetes complications, as it provides a new opportunity 

to identify new biomarkers and therapeutic targets. He does. 
While several studies have shown that miRNAs may play a 
role in diabetes itself and vascular complications not related 
to diabetes [12-16]. In recent years, studies have shown that 
circulating miRNAs are related to various diseases, including 
diabetes, for this reason, the knowledge of circulating 
miRNAs may reflect the dynamic changes of cells in response 
to the disease, and because of this, their potential as markers. 
Biological methods for diagnosing and predicting diabetes 
have been increasingly considered [17]. For this reason, in this 
review, we will examine the role of miRNAs in diabetes and 
examine them as biomarkers for this disease.

Check method
To carry out this study, 63 sources of original articles, meta-
analysis and review articles related to diabetes mellitus and its 
biomarkers, including miRNA, were reviewed. It was searched 
in the databases of Google Scholar, Elsevier, PubMed, and...

Examining the function of miRNAs in diabetes disease
miRNA biogenesis: microRNAs are short non-coding 
RNAs, which are produced endogenously and are about 20 
to 22 nucleotides in length, which play an important role in 
modulating mammalian genes and regulate several cellular 
functions [18-23]. Found in plants, animals, viruses, human 
tissues and blood, more than 2000 different miRNAs have been 
found in the human genome. Even though most of the mature 
miRNAs are approximately 22 nucleotides in length, they are 
first transcribed into long precursor molecules called primary 
miRNAs (pri-miRNAs) by RNA polymerase II enzyme. 
Then with the help of nuclear microprocessor complex 
consisting of RNase III enzyme Drosha, the pri-miRNAs are 
further transformed into smaller hairpin-shaped precursor 
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miRNAs (pre-miRNAs) and transported from nucleus into 
the cytoplasm. In the cytoplasm, the pre-miRNAs are cleaved 
by RNase III-type endonuclease Dicer, and then are further 
processed into single stranded mature miRNAs. However, the 
miRNAs alone are not functional until they are incorporated 
into the miRNA-induced silencing complex (miRISC).

With the recruitment of a group of RNA Binding Proteins 
(RBPs), miRISCs are delivered to their mRNA targets in order 
to regulate the expression of these genes (Figure 1) [24, 25].

Studies have shown that microRNAs play an important role 
in the pathogenesis of diabetes, due to the stability of these 
regulatory molecules in body fluids and their availability 
and measurement technology, they can be used as genetic 
biomarkers in early diagnosis of diabetes they used it.

miRNA role in diabetes mellitus: Pancreatic β-cells and 
other insulin-targeted tissues express a well-defined set of 
miRNAs that are widely distributed in human tissues. It has 
been proven that the expression of miRNAs in beta cells and 
insulin target tissues is changed in patients with T1D and 
T2D, which is probably due to the defective function of these 
tissues under the disease conditions. A notable exception is 
miR 375, a pancreatic islet-enriched miRNA that regulates the 
expression of genes involved in hormone secretion and β-cell 
mass expansion in response to insulin resistance [26, 27]. 
The miRNA expression profile of β-cells and insulin target 
tissues is altered in patients with T1D and T2D, which likely 
contributes to the dysfunction of these tissues in the disease 
state. In a study conducted on healthy and diseased mice, 

the cells of the islets of Langerhans of diabetic mice contain 
increased levels of several miRNAs, including miR 21, miR 
34a, miR 29, and miR 146a, which have detrimental effects 
on β-cell function. Changes in the miRNA profile related to 
diabetes in human tissues have also been reported (Table 1) 
[28].

Functional role of miRNAs in diabetes disease: In addition 
to regulating gene expression inside the producing cells, 
several miRNAs are found in blood and other body fluids 
in association with proteins, microvesicles or lipoprotein 
complexes. In vitro studies show that miRNAs delivered by 
exosomes or high-density lipoprotein (HDL) can be actively 
transferred to recipient cells [36-40]. These observations 
increase the possibility of the involvement of miRNAs in 
connection with cellular processes.

Extracellular miRNAs (circulating in the blood) are highly 
stable and resistant to treatment with ribonucleases, freeze/
thaw cycles, and other severe experimental conditions [41-
44].

Extracellular miRNAs have several additional advantages as 
potential biomarkers: they are readily available not only in 
blood but also in other biological fluids (such as urine, saliva, 
amniotic fluid, and breast milk). They can be detected by 
highly sensitive and specific quantitative real-time PCR, and 
most of them are evolutionarily conserved [45-48].

Application of miRNAs as biomarkers of diabetes
The idea of using miRNAs in blood as biomarkers is relatively 

Type of miRNA Expression rate Gene targeted Ref.
miR-15a increase VEGFA [29]
miR-200 Incresase Fog2 [30,31]
miR-126 Decrease ADAM-9 [32]
miR-222 Increase CAV-1 [33,34]

miR-375 Increase
Glucose expression

[35]
regulation

Table 1. The most important miRNAs that can be used as biomarkers of diabetes mellitus type- 2.

Figure 1. The schematic diagram shows the formation of miRNA from pre-miRNA by RNA polymerase 2 and other factors related to it.
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new and was first proposed to diagnose different types of cancer 
and autoimmune disease [49, 50]. Currently, by analyzing the 
studies conducted on the profile of miRNAs in serum and 
plasma or blood cells, new approaches have been developed 
to predict the progression of diabetes mellitus. Zampetaki and 
colleagues were the first to identify the expression profile of 
blood miRNAs related to T2D [51].

In their study, they analyzed the blood samples of more than 
800 people randomly selected from the population of Bronc 
(province of Bolzano, Italy) and a subset of five miRNAs 
including miR-15a, miR-28-3p, miR -29b identified miR-223 
and miR-126, which showed dysregulation in 80 participants 
with pre-T2D or T2D. The serum miRNA content of patients 
with prediabetes or people newly diagnosed with T2D has 
also been analyzed by other groups. Kong and colleagues 
found increased expression of seven diabetes-related miRNAs 
(miR 9, miR 29a, miR 30d, miR 34a, miR 124a, miR 146a 
and miR 375) in patients with T2D compared to patients 
who had prediabetes or were prone to diabetes diagnosed 
with T2D [52]. However, no differences were observed 
between subjects with normal glucose tolerance and subjects 
with prediabetes, indicating that the serum levels of these 
miRNAs are not suitable for predicting susceptibility to 
T2D. In a study published in 2012, measured miRNAs in 
the blood and exosomes of 265 patients with various health 
conditions associated with metabolic syndrome [53]. They 
detected the upregulation of miR 27a, miR 150, miR 192, 
miR 320a and miR 375 in patients with T2D and observed 
a strong correlation between increased fasting glucose 
levels and increased miR 27a and miR-320a levels. These 
pioneering studies demonstrate the potential of miRNAs as 
biomarkers for T2D. This groundbreaking search shows the 
future of miRNAs as commercial markers for T2D. After 
that, various studies have suggested different commercial 
markers for T2D. After that, various studies have suggested 
different miRNAs including miR-375, miR-126 and miR-23a 
as potential commercial markers for the recognition of T2D in 
the general population [54-56]. In a study conducted in 2014 
on miRNA profiles in the blood of diabetics, they found that 
these miRNAs, mir-222 and mir-126, showed increased and 
decreased expression, respectively. Treatment of individuals 
with metformin caused a significant decrease in mir-222 [57]. 
In 2014, investigated miR-126 expression in 320 diabetic, 
pre-diabetic and healthy subjects. The expression level of 
this miRNA in the blood of diabetic people was significantly 
reduced compared to pre-diabetic people. In these people, after 
dietary control and exercise, the expression of this miRNA 
had increased significantly. Also, by examining the biomarker 
power of this miRNA, they found out that it distinguishes 
diabetic and healthy people with a power of 82% [58]. In a 
study conducted [59] on 380 diabetic and healthy subjects, 
they found that the expression of miR-126 and miR-21 was 
lower in diabetic subjects than in healthy subjects. Also, by 
examining the expression of these two genes in people with 
secondary complications of diabetes such as retinopathy and 
nephropathy, it was found that the expression of the mentioned 
genes in these people is reduced compared to diabetic people 
without complications. Also, in a study conducted [60] in 2019 

on blood lymphocyte cells of diabetic people in Iran, they 
found that mir-15a and mir-126 decreased. On the other hand, 
the target genes of these miRNAs, namely PRKCB and SP1, 
were associated with increased expression, which causes an 
increase in DNA instability and double-strand breaks. These 
researchers concluded that the reduction of the expression 
of the mentioned miRNAs plays an important role in the 
development and progression of diabetes by contributing 
to the development of double strand breaks. By examining 
miRNA profiles in prediabetic and diabetic subjects, found 
that mir-222 and mir-148 were decreased in diabetic subjects 
and were directly related to HBA1C levels [61]. In 2019, by 
examining the miR-181b gene expression level in patients with 
type 2 diabetes in the population of Yazd, showed that there 
is a significant difference in the expression level of this gene 
in the healthy and patient groups under study (fold change 
for healthy people=0.38±0.05 and for prediabetic people fold 
change=0.12±0.34 [62]. The reduced expression of mir-181-b 
in people with type 2 diabetes and prediabetes compared to 
the healthy control group indicates that that mir-181b has 
the potential to be used as a biomarker in type-2 diabetes. 
[63] studied the effect of miR-222 and miR-15a expression 
in pre-diabetic (per- T2D), diabetic and healthy groups. For 
this purpose, ninety People were selected from Yazd Diabetes 
Center, which included healthy, pre-T2D and T2D people 
equally. The level of miRNA expression in plasma samples 
of the target population was determined by Real-time PCR 
method. The expression of miR-222 in pre-T2D samples was 
the significance was increased compared to the control group 
(P<0.001), while no significant difference was observed in 
pre-T2D subjects compared to the T2D group (P<0.05). The 
expression of miR-15a was statistically significant in pre-T2D 
groups. T2D and T2D had a down-regulation (P>0.05) [63].

Conclusion
Diabetes mellitus is a metabolic disorder, and the number 
of people suffering from this syndrome is rapidly increasing 
worldwide, leading to adverse health and socio-economic 
consequences.

Hence, the discovery of new biomarkers to identify people 
at risk and thus its proper management is highly needed. The 
latest trend in biomarker discovery is the search for sensitive 
biomarkers that can be applied to distinguish diseased 
individuals from their healthy counterparts and to identify 
different stages of the disease. Another effective advantage of 
biomarkers is their availability, so they can be easily obtained 
from body fluids such as saliva, urine, or blood.

Countless studies have proven that miRNAs are expressed 
in various tissues and cell types. Furthermore, the role of 
miRNAs in the regulation of metabolic pathways important for 
adipose differentiation, energy homeostasis, lipid metabolism, 
insulin secretion and glucose-induced inflammation has 
been demonstrated. Therefore, dysregulation of miRNAs 
expression affects a variety of important cellular functions, 
including cell cycle regulation, apoptosis, and differentiation, 
and has a significant effect on health and disease development. 
The findings described in these papers confirm that miRNAs 
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are novel biomarkers for diabetes. The identification of new 
biomarkers can help to better understand the pathogenesis 
events involved in diabetes and also be effective for the 
diagnosis of T2D in the early stages. Indeed, changes in the 
level of a subset of these small RNA molecules in body fluids 
promise new clues for early identification of individuals at 
risk of developing diabetes and its related complications.

Therefore, their effectiveness in predicting the occurrence 
of diabetes or its complications should be systematically 
compared with existing biomarkers. Based on current data, 
extracellular miRNAs may be able to replace or complement 
other routine measurements in the future.
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