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Research Paper
Circulating miR20a5p and miR1495p as 
Inflammatory Biomarkers for Early Detection of 
Type 2 Diabetes Mellitus and PreDiabetes

Background: Chronic low‑grade inflammation plays a central role in the development and 
progression of type 2 diabetes mellitus (T2DM). MicroRNAs (miRNAs) have emerged as 
promising regulators of inflammatory pathways and potential non‑invasive biomarkers for 
early disease detection. This study aimed to investigate the expression levels of miR‑20a‑5p and 
miR‑149‑5p and their association with pro‑inflammatory cytokines in individuals with T2DM, 
pre‑diabetes, and non-diabetics.  

Methods: A total of 90 participants were enrolled and divided into three groups: non-diabetic 
(n=30), pre‑diabetic (n=30), and T2DM (n=30), according to the American Diabetes Association 
(ADA)’s criteria. Serum levels of miR‑20a‑5p and miR‑149‑5p were quantified using real‑time 
polymerase chain reaction (PCR). The expression levels and protein concentrations of 
inflammatory cytokines (IL‑6, IL‑1β, TGF‑β, and IFN‑γ) were assessed by real‑time PCR and 
enzyme-linked immunosorbent assay (ELISA), respectively. The receiver operating characteristic 
(ROC) curve analysis was performed to evaluate the diagnostic power of the selected miRNAs.

Results: The expression of miR‑20a‑5p was significantly upregulated in both pre‑diabetic 
and T2DM groups, whereas the expression of miR‑149‑5p was significantly downregulated 
in the T2DM group. ROC analysis revealed excellent diagnostic power of miR‑20a‑5p for 
distinguishing T2DM (AUC=0.985) and pre‑diabetics (AUC=0.895) from non-diabetic 
controls. Elevated expression and serum levels of IL‑6, IL‑1β, TGF‑β, and IFN‑γ were observed 
in pre‑diabetic and T2DM groups. miR‑20a‑5p showed a significant positive correlation with 
pro‑inflammatory cytokines (P<0.001). while miR‑149‑5p demonstrated a significant negative 
correlation (P<0.001).

Conclusion: The dysregulated expression of miR‑20a‑5p and miR‑149‑5p is closely 
associated with inflammatory responses in T2DM and pre‑diabetes. miR‑20a‑5p has higher 
diagnostic accuracy and may serve as a promising circulating biomarker for early detection of 
diabetes‑related metabolic and inflammatory alterations. 
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Introduction

y 2030, it is anticipated that there will be 
438 million cases of diabetes worldwide, 
putting an economic burden (490 billion 
USD per year) on society. Some tests can 
be used to diagnose diabetes, including the 

oral glucose tolerance test (OGTT), fasting blood glu‑
cose (FBG), hemoglobin A1c (HbA1c), and the homeo‑
static model assessment of insulin resistance (HOMA-
IR). However, these tests are only useful in predicting 
the development of type 2 diabetes mellitus (T2DM) 
in people who have previously undergone metabolic 
changes. As a result, understanding the molecular mech‑
anisms involved in the development and progression of 
T2DM is important for early diagnosis and therapeutic 
strategies [1, 2]. 

According to studies, microRNAs (miRNAs), a form 
of short non-coding RNAs (ncRNAs), are becoming 
increasingly crucial in the regulation of gene expres‑
sion networks [1-4]. They can degrade target mes‑
senger RNAs (mRNAs) or trigger post-transcriptional 
repression by attaching to their 3’ untranslated regions 
(3’UTRs), which allows them to function as translational 
repressors [2, 5]. It has been found that, in addition to 
physiological functions, miRNAs have critical roles in 
the etiology of numerous diseases including cancer, dia‑
betes, and cardiovascular disorders [6-9]. 

Chronic inflammation plays an important role in the 
pathogenesis of T2DM and its relevant complications 
[10-12]. It has been demonstrated that inflammatory 
cytokines, including interleukin-6 (IL-6), interleukin-1β 
(IL-1β), transforming growth factor- β (TGF- β), and 
interferon-γ (IFN-γ), are enhanced in individuals with 
T2DM and contribute to insulin resistance and beta-cell 
dysfunction [13, 14]. Therefore, the identification of mo‑
lecular markers to show the state of inflammation and 
the pathogenesis of T2DM is of great importance. It has 
been reported in several studies that miR-20a-5p and 
miR-149-5p may contribute to the regulation of inflam‑
matory processes and may be regarded as potential bio‑
markers in various diseases [15-17]. Thus, we hypoth‑
esize that dysregulated expression of miR-149-5p and 
miR-20a-5p contributes to the inflammation observed in 
individuals with pre-diabetes and T2DM. To address this 
hypothesis, in the present study, we assessed the expres‑
sion levels of miR-149-5p and miR-20a-5p as potential 
biomarkers for the early identification of patients with 
T2DM and pre-diabetes. We also aimed to investigate 
the association between the aforementioned miRNAs 
and inflammatory factors such as IL-6, IL-1β, TGF-β, 
and IFN-γ in participants. 

B

Highlights 

● MicroRNAs are promising regulators of inflammatory pathways and potential non‑invasive biomarkers for early 
disease detection

● Dysregulated expression of miR‑20a‑5p and miR‑149‑5p is closely associated with inflammatory responses in 
T2DM and pre‑diabetes.

● This study revealed the excellent power of miR‑20a‑5p and miR‑149‑5p in distinguishing T2DM and prediabetes 
from non-diabetic controls. 

Plain Language Summary 

MicroRNAs (miRNAs) are becoming increasingly crucial in regulating gene expression networks. This study 
assessed the associations between the expression levels of miR-149-5p and miR-20a-5p and inflammatory factors 
to investigate their potential as biomarkers for the early identification of patients with T2DM and prediabetes. 
Dysregulated expression of miR‑20a‑5p and miR‑149‑5p, and elevated expression and serum levels of IL‑6, IL‑1β, 
TGF‑β, and IFN‑γ were observed in pre‑diabetic and T2DM groups. miR‑20a‑5p had higher diagnostic accuracy than 
miR‑149‑5p and may serve as a promising circulating biomarker for early detection of diabetes‑related metabolic and 
inflammatory alterations.
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Materials and Methods

Participants

The participants were Iranian people who visited spe‑
cialized diabetes clinics in Tehran for medical attention 
and clinical evaluation. They were aged 20-60 years old, 
had no microvascular or macrovascular issues, no infec‑
tion or coronary artery disease, nonsmokers, with a body 
mass index ranging from 25 to 35 kg/m2. The inclusion 
criteria were based on the American Diabetes Associa‑
tion (ADA) recommendations. The participants were di‑
vided into three groups of 30: (a) Normoglycemic group, 
who had fasting plasma glucose (FPG) levels <100 mg/
dL (5.6 mmol/L) and HbA1c values <5.7% (39 mmol/
mol) and were not taking medication; (b) pre-diabetic 
group, who had FPG values between 100 and 125 mg/
dL (5.6 to 6.9 mmol/L) and/or HbA1c levels between 5.7 
and 6.4% (39 to 47 mmol/mol); and (c) T2DM group, 
who had FPG levels >126 mg/dL (7.0 mmol/L) and/or 
HbA1c values >6.5% (48 mmol/mol).

Blood sampling and serum preparation 

Fasting venous blood samples of 8 mL per participant 
were rigorously collected in accordance with strict stan‑
dards. We used 4 mL of ethylenediaminetetraacetic acid 
(EDTA) tubes for RNA extraction. Among these, 2 mL 
were placed in a full blood count (CBC) tube contain‑
ing EDTA, which is required for the determination of 
HbA1c. Simultaneously, 4 mL of blood was taken in a 
dedicated test tube containing a clot activator to aid in 
the separation of serum components [18]. To achieve 
optimal serum separation, the collected samples were 
incubated at room temperature (RT) for 1 hour, followed 
by centrifugation at 2,000 RCF (relative centrifugal 
force) for 5 minutes. To ensure that any remnant debris 
was completely removed, the serum samples were cen‑
trifuged at 12,000 RCF for 15 minutes. The serum was 
carefully transferred into a 1.5 mL microtube and stored 
at -80 °C for further tests. 

Biochemical tests

Serum concentrations of FBG and HbA1c were mea‑
sured using an ELISA kit (MyBioSource, USA), and 
lipid profiles were measured using a direct lipid profile 
Kit (Pishtaz Teb Zaman, Iran). Fasting insulin levels 
were determined using the Human INS (Insulin) Elisa 
kit (Elabscience, USA) according to the manufacturer′s 
instructions [19].

Real-time polymerase chain reaction

Primers for the genes IL-1β, IFN-γ, TGF-β, IL-6, miR-
149-5P, and miR-20a-5P were designed using Primer3 
plus Software. Total RNA was extracted using TRIzol 
reagent (CA:15596018; Thermo Fisher, USA) in ac‑
cordance with the manufacturer′s instructions. Briefly, 1 
mL of triazole was added to 250 µL of blood, followed 
by adding 200 µL of chloroform to separate the mac‑
romolecules. After centrifugation, the aqueous phase 
containing RNA was carefully removed and the RNA 
was precipitated with isopropanol and washed with 70% 
ethanol. Finally, the dried RNA precipitate was dissolved 
in diethylpyrocarbonate-treated water [20]. Purity and 
concentration of the extracted RNA were determined by 
analyzing the A260/A280 ratio using NanoDrop spec‑
trophotometry (Bio-Rad 550, USA). The RNA integrity 
was assessed using electrophoresis on a 1% agarose gel.

cDNA synthesis was carried out using the SMOBIO 
kit (Hsinchu, Taiwan) according to the manufacturer’s 
instructions [21]. Briefly, the amount of 500 nanograms 
of RNA from each sample was subjected to cDNA syn‑
thesis using oligo(dt) and random hexamer primers. 
Subsequently, the target genes were amplified by real-
time polymerase chain reaction (PCR) using the specific 
primers (Table 1) and SYBR Green Master mix (Am‑
plicon, Denmark). The ΔΔCT (cycle threshold) method 
was used to quantify miRNA expression differences 
between groups. The Equation 1 was used to calculate 
the fold changes of miRNA expression as well as inflam‑
matory genes within each sample, including both T2DM 
and pre-diabetic groups, in comparison with the healthy 
control group:

1. Fold change=2(-∆∆Ct)

ΔΔCT: (CTgene or miRNA- CT reference or SNORD) T2DM or pre-
diabetes - (CTgene or miRNA- CT reference or SNORD) controls.

To investigate the expression of cytokine genes, the 
GAPDH gene was used as a reference gene. To as‑
sess each miRNA’s sensitivity, specificity, and predic‑
tion power for both T2DM and pre-diabetes, we used 
the receiver operating characteristic (ROC) curve for 
each group and then calculated the area under the ROC 
curve (AUC). The AUC is a number between 0 and 1. 
The closer this number is to 1, the higher the diagnos‑
tic power. In addition, we investigated the correlation of 
the levels of inflammatory genes and microRNAs in the 
T2DM group.

Babahoseinpour E, et al. miR-149-5p and miR-20a-5p are Associated With Inflammation in Diabetes. JTRM. 2026; 1:E1011.
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Bioinformatics analysis

Bioinformatic databases such as miRDB and Tar‑
getScan were used to identify putative mRNA targets of 
miRNA-20a and miRNA-149. Only the genes involved 
in insulin control and inflammation were selected from 
the target gene results, and their role and applications 
were evaluated. 

Enzyme-linked immunosorbent assay (ELISA) 
assay

All serum samples were subjected to cytokine assay 
using the ELISA Flex human IFN-γ horseradish peroxi‑
dase (HRP), human IL-1β HRP, human IL-6 HRP, and 
human TGF-β HRP (Mabtech, Sweden) according to 
the manufacturer’s protocol [22]. Briefly, to quantify the 
concentration of cytokines IL-1β, IFN-γ, TGF-β, and IL-
6, 100 µL of each diluted serum sample and standards 
were added to each well of a 96-well plate in triplicate 
and incubated for 2 hours at RT. Then, the wells were 

washed, and 100 µL of biotin-conjugated mAb antibody 
was added to each well and incubated for 2 hours at room 
temperature (RT), followed by washing and adding 100 
µL of HRP-conjugated streptavidin to each well. After 
extensive washing, TMB (3,3′,5,5′-Tetramethylbenzi‑
dine) substrate was added to each well, and the reaction 
was stopped after 15 minutes. The optical density was 
measured by an ELISA reader (BioTek 800 TS, USA) 
at a wavelength of 450 nm. Finally, the concentration of 
the mentioned cytokines was obtained from the standard 
curves.

Statistical analyses 

GraphPad Prism software, version 9 (San Diego, CA) 
was used for statistical analysis. The data were reported 
as Mean±SD and were analyzed using one-way analysis 
of variance (ANOVA). Significant differences between 
groups were determined using Tukey’s test. P<0.05 was 
considered statistically significant. 

Table 1. List of primer sequences designed for amplifying their respective gene targets 

Gene Name Accession Number Primer Sequence 5′  3′

IL-1β NM_000576.3
ATTCTCTTCAGCCAATCTTC

AACAAGTCATCCTCATTGC

IFN-γ NM_000619.3
GGCATTTTGAAGAATTGGAAAG

CTTGATGGTCTCCACACTC

TGF-β NM_000660.7
TACCTGAACCCGTGTTGCTC

GTGACATCAAAAGATAACCACTCT

IL-6 NM_000600.5
CAACCTGAACCTTCCAAA

GTATACCTCAAACTCCAAAAG

GAPDH NM_002046.7
CACCACACTGAATCTCCCCT

TGGTTGAGCACAGGGTACTT

miR-149-5P miRBase: MIMAT0000450
NR_029702.1

AGCTCTGGCTCCGTGTCTTCACTCCC

GCGAGCACAGAATTAATACGACTC

miR-20-5P miRBase :MIMAT0000075
NR_029492.1

CGCTAAAGTGCTTATAGTGCAGGTAG

GCGAGCACAGAATTAATACGACTC

U6 NR_004394.1
MIM:180692

CGCAAGGATGACACGCAAATTC

GCGAGCACAGAATTAATACGACTC

Babahoseinpour E, et al. miR-149-5p and miR-20a-5p are Associated With Inflammation in Diabetes. JTRM. 2026; 1:E1011.
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Results

Biochemical analyses 

Considering the importance of lipid parameters in enhanc‑
ing the risk of pre-diabetes and T2DM, the relationship be‑
tween the lipid profile and diabetes was examined. Accord‑
ing to the findings, the mean HDL levels were determined 
for each group as follows: Control=39.4±15.58 mg/dL, 
pre-diabetes=35.65±9.09 mg/dL, and T2DM=34.42±9.39 
mg/dL. Also, the average triglyceride levels for each 
group were as follows: Control=167±28.14 mg/dL, pre-
diabetes=175.4±45.88 mg/dL, and T2DM=186±60.10 
mg/dL. Moreover, the mean cholesterol levels for each 
were as follows: Control=167.7±43.13 mg/dL, pre-dia‑
betes=180.3±52.6 mg/dL, and T2DM=191.2±58.38 mg/
dL. As shown in Figure 1A, there were no statistically 
significant differences in the concentrations of Triglycer‑

ides (P=0.287), cholesterol (P=0.144), and HDL (P=0.342) 
among the three groups. 

Hematological analyses 

Measuring FBG and fasting insulin levels is the main 
indicator in the diagnosis of T2DM. Insulin resistance 
(HOMA-IR results) plays an important role in the de‑
velopment of T2DM. Also, HbA1c indicates the average 
level of blood sugar during 2-3 months, which helps in 
the diagnosis of T2DM [23, 24]. Our findings showed 
that the average fasting insulin in the control, pre-dia‑
betic, and T2DM groups were 10.3±0.63, 11.41±0.94, 
and 12.87±0.6, respectively. The mean FBG levels in 
the three groups were 87.42±4.746, 118.4±3.628, and 
139.8±3.204 mg/dL, respectively. The mean HOMA-IR 
value in the three groups was 2.222±0.17, 3.336±0.3, 
and 4.1±0.25, respectively. Finally, the average HbA1c 

Babahoseinpour E, et al. miR-149-5p and miR-20a-5p are Associated With Inflammation in Diabetes. JTRM. 2026; 1:E1011.

Figure 1. Determination of the lipid profiles, glucose-related indices, and expression of the miRNAs in the study groups

A) Lipid profiles, including the levels of HDL, triglycerides, and cholesterol; B) Glucose-related indices, including fasting 
insulin, FBG, and HbA1c, measured in serum samples of all subjects; C) Comparison of fold changes in the expression of miR-
20a-5p and miR-149-5p in serum samples of three groups, measured by real-time PCR using the ΔΔCt method

Ns: No significant difference between groups.

*P<0.05; ****P<0.001. 

Note: Homeostatic model assessment for insulin resistance (HOMA-IR) was calculated via the following formula: Fasting 
insulin (μlU/mL) × fasting glucose (mg/dL)/405) [35]. Data are presented as Mean±SD. 
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in the three groups was 4.521±0.1122, 5.834±0.091, 
and 7.61±0.55 %, respectively (Figure 1B). Notably, a 
statistically significant increase in fasting insulin, FBG, 
HOMA-IR, and HbA1c levels was detected in both 
T2DM and pre-diabetic groups compared to the control 
group (P<0.001).

Real-time PCR

The expression level of miR-20a in the T2DM group 
was 3.09-fold higher than that of the control group 
(P<0.001) as shown in Figure 1C. The expression level 
of miR-20a-5p in the pre-diabetic group increased 1.93-
fold compared to the control group (P<0.001). Further‑
more, there was a significant difference in the expression 
of miR-20a-5p between T2DM and pre-diabetic groups 
(P=0.016). On the other hand, the expression of miR-149 
in the T2DM group was 1.6-fold lower than that of the 
control group (P<0.001). In contrast, there was no signif‑
icant decrease in the expression of miR-149 compared to 
the control group (P=0.069). Furthermore, a significant 
difference in the expression of miR-149 was observed 
between T2DM and pre-diabetic groups (Figure 1C).

The ROC curve analysis was used to determine the ef‑
ficacy of miRNAs as diagnostic biomarkers for T2DM 
and pre-diabetes. As can be seen in Figure 2A, an AUC 
of 0.9856 for miR-20a-5p (95% CI, 0.9573%, 1%) was 
observed in the T2DM group compared to the control 
group. The ideal sensitivity and specificity were deter‑
mined to be 100% and 97%, respectively, with a cut‑
off value of 2.48 (Figure 2A). Furthermore, the AUC 
for miR-149-5P in the T2DM group was found to be 
0.9356 (95% CI, 0.8739%, 0.9973%), with a cutoff 
value of 0.03486, yielding 78% and 100% sensitivity 
and specificity, respectively (Figure 2C). The AUC for 
miR-20a-5p in the pre-diabetic group compared to the 
control group was determined to be 0.8956 (95% CI, 
0.8153%, 0.976%). The ideal sensitivity and specific‑
ity were 92.5% and 82.5%, respectively, with a cutoff 
value of 1.571 (Figure 2B). For miR-149-5P, the AUC 
was 0.54 (95% CI, 0.3988%, 0.6812%), with a cutoff 
value of 0.9883, yielding ideal sensitivity and specificity 
of 80% and 52.5%, respectively (Figure 2D). 

Figure 2. The analysis of ROC curves for each miRNA (miR-20a-5p or miR149) in the T2DM group (A and C) and the pre-
diabetic group (B, D) in GraphPad Prism 9, to assess the sensitivity and specificity of each miRNA

P<0.05 indicates that microRNAs can be introduced as biomarkers.

Babahoseinpour E, et al. miR-149-5p and miR-20a-5p are Associated With Inflammation in Diabetes. JTRM. 2026; 1:E1011.
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These findings highlight the potential of serum miR-20a-
5p as a useful biomarker for identifying T2DM and pre-
diabetes. However, it is prudent to explore using this bio‑
marker along with other diagnostic approaches for higher 
accuracy in screening and diagnosis of pre-diabetes.

Gene expression levels of pro-inflammatory cyto-
kines

As shown in Figure 3A, the expression levels of IL-6 
in the T2DM group were significantly higher than 
those of the control group (fold change=5.33±0.36 vs 
1.36±1.26; P<0.001). Similarly, the T2DM group had 
significantly greater levels of IL-1Β expression com‑
pared to the control group (fold change=2.96±0.8 vs 
1.06±0.35; P<0.001). The levels of expression of TGF-β 
in the T2DM patients were also significantly higher than 

those of the control group (fold change=4.07±1.17 vs 
1.26±0.69; P<0.001). Furthermore, IFN-γ expression 
levels in the T2DM group were considerably greater 
than in the control group (fold change=3.63±1.14 vs 
1.05±0.34; P<0.001). 

Cytokine ELISA

According to the data in Figure 3B, the levels of IL-6 
protein in the T2DM (230.56±13.45 pg/mL) and pre-
diabetic (69.70±7.86 pg/mL) groups were significantly 
higher than those in the control group (45.03±1.4 pg/mL); 
P<0.001. The expression levels of IL-1Β protein in the 
T2DM (14.95±1.73 pg/mL) and pre-diabetic (6.04±0.7 
pg/mL) groups also significantly increased compared 
to the control group (5.23±0.33 pg/mL); P<0.0001 and 
P=0.004, respectively. The expression levels of TGF-Β 

Babahoseinpour E, et al. miR-149-5p and miR-20a-5p are Associated With Inflammation in Diabetes. JTRM. 2026; 1:E1011.

Figure 3. The fold changes in the expression (A) and the concentrations (B) of the circulating pro-inflammatory cytokines in 
serum samples of three groups. 

Note: Data are shown as Mean±SD. Since P<0.05, the differences between groups were significant.

https://www.jregmed.com/


8

2026. Volume 1

in serum of the T2DM group (4796.94±724.78 pg/mL) 
were significantly higher than those in the control group 
(2060.8±41.71 pg/mL); P<0.001. The expression levels 
of IFN-γ in the T2DM (10.21±0.24 pg/mL) and pre-
diabetic (3.71±0.24 pg/mL) groups were significantly 
higher than in the control group (2.43±0.57 pg/mL); 
P<0.001. Overall, the expression levels of all selected 
pro-inflammatory cytokines in individuals with T2DM 
and prediabetes were significantly higher than in healthy 
individuals. 

Correlation between miRNAs and cytokine levels

To assess the correlation between the miRNAs and cyto‑
kines in the T2DM group, fold changes in the expression 
of miRNA-20a and miRNA-149 were compared to those 
of the cytokines. As shown in Figure 4A, the expression 
of miR-20a-5p had a positive relationship with levels 
of cytokines IL-6 (r=0.646), IL-1Β (r=0.802), TGFΒ 
(r=0.853), and IFN-γ (r=0.774). However, as indicated in 
Figure 4B, there was a negative association between the 
miR-149-5p expression and the expression of cytokines 
IL-6 (r=-0.614), IL-1β (r=-0.811), TGF-β (r=-0.769), 
and IFN-γ (r=-0.695). The heat map was used further to 
demonstrate the relationship between the miRNAs and 
cytokines. As shown in Figure 4C, there was a complete 
agreement between the expression of miR-20a-5p and all 

selected cytokines, while an adverse colour was observed 
for miR-149-5p, which indicates a notable decrease in its 
expression compared to miR-20a-5p. 

Identification of key target genes

Our findings suggest that miRNA-149 may target the 
genes IFN-γ, IL-6, IL-1α, and TGFB2. In contrast, no 
miRNA-20a binding sites were found within the inflam‑
mation-related genes. Additional significant targets were 
descried in supplementary Table 1.

Discussion 

In the present study, we assessed the differential ex‑
pression of miRNAs, including miR-20a-5p and miR-
149-5p, and their association with inflammatory cy‑
tokines in individuals with T2DM, pre-diabetics, and 
healthy people as controls. The findings showed that the 
expression of miR-20a-5p was significantly higher in 
patients with T2DM and pre-diabetics, while the expres‑
sion of miR-149-5p was significantly lower. Consistent 
with these findings, some studies have reported that the 
expression of miR-20a-5p was significantly higher in 
patients with diabetic kidney disease, T2DM, and type 1 
diabetes compared to healthy people [25-28]. The results 
of this study showed that miR-20a-5p and miR-149-5p 

Figure 4. The scatter plot of fold changes in the expression of miR-20a, miR-149, and inflammatory cytokines in the T2DM 
group (A, B): P<0.05 indicates a significant correlation between miRNA expression and cytokine levels; C) The heat map 
diagram of fold changes in the expression of miR-20a, miR-149, and inflammatory cytokines in the T2DM group: A red hue 
indicates decreased gene expression, while a green hue indicates increased gene expression.
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could be used as potential molecular biomarkers for the 
diagnosis of T2DM and pre-diabetes. The ROC analysis 
was used to examine this capacity. Our findings showed 
that miR-20a-5p had an AUC of 0.9856, sensitivity of 
100%, and specificity of 97% in discriminating T2DM 
individuals from non-diabetic individuals, whereas 
miR-149-5p had an AUC of 0.9356, sensitivity of 78%, 
and specificity of 100%. These results show that miR-
20a-5p may be a better candidate for the diagnosis of 
T2DM than miR-149-5p. Consistent with these data, a 
prior study reported a remarkable increase in the expres‑
sion level of miR-20a-5p and miR-20b in patients with 
T2DM and in individuals with T2DM plus non-alcohol‑
ic fatty liver disease [15]. More studies are required to 
validate this outcome. 

Several studies have explored the role of chronic in‑
flammation in the pathogenesis of diabetes and its com‑
plications [29, 30]. In this regard, it has been reported 
that miRNAs play an important role in the development 
of chronic inflammation, pancreatic dysfunction, insulin 
resistance, and diabetic complications [31, 32]. Accord‑
ing to our results, there was a significant increase in the 
expression levels of mRNAs encoding cytokines IL-6, 
IL-1β, TGF-β, and IFN-γ, as well as their protein lev‑
els in serum samples of patients with T2DM compared 
to controls. Furthermore, there was a positive correla‑
tion between the expression levels of miR-20a-5p and 
inflammatory cytokines IL-6, IL-1β, TGF-β, and IFN-γ. 
On the contrary, there was a negative relationship be‑
tween the expression of miR-149-5p and the mentioned 
cytokines. These findings propose that miR-20a-5p 
and miR-149-5p may play a role in the development of 
T2DM and pre-diabetes through induction of pro-in‑
flammatory responses. In agreement with these results, 
some studies have reported that miR-20a-5p modulates 
the pro-inflammatory cytokines IL-6, IL-1β, and TNF-α 
through regulating ASK1, a key component of the toll-
like receptor 4 (TLR-4) pathway [15, 16]. In contrast to 
our findings, a study showed that an overexpression of 
miR-20a-5p could inhibit the T-cell receptor-mediated 
signaling in CD+ T-cells and production of the inflam‑
matory cytokines [17]. Thus, miR-20a-5p can be a po‑
tential target to control the inflammatory responses in 
autoimmune diseases and diabetes [17]. However, more 
studies are required to identify the molecular targets of 
miR-20a-5p and explore its mechanisms of action using 
in vitro experiments as well as in vivo models. 

According to our knowledge, there are no reports on the 
association between the expression level of miR-149-5p 
and the induction of chronic inflammation in diabetes. 
However, in the present study, there was a notable de‑

crease in both mRNA and protein levels of miR-149-5p 
in people with T2DM compared to controls. Consistent 
with these results, Palmieri et al reported a reduction in 
miR-149-5P levels in HUVEC cells as a result of TNF-α 
down-modulation, and transfection with miR-149-5P 
mimic successfully blocked the TNF-α-induced expres‑
sion of IL-6, iNOS, and MMP-9 [33]. It has also been 
demonstrated that miR-149-5P may regulate inflamma‑
tion elicited by IL-1β, and that TAK1 and the NF-Kb sig‑
naling pathway play crucial roles in this regulation [34].  

One limitation of this study was that it only determined 
the relationship between the expression of miRNAs 
and inflammatory cytokines, but it could not prove the 
causality. Furthermore, it could be more informative to 
follow up on the results. Therefore, more evidence is 
needed to accurately predict the influence of miR-20a-
5p and miR-149-5p on the development and progression 
of T2DM and prediabetes. 

Conclusion 

The expression level of miR-20a-5p is higher, and that 
of miR-149-5p is lower, in patients with T2DM com‑
pared with non-diabetic individuals. There is a positive 
relationship between the expression level of miR-20a-5p 
and inflammatory cytokines, while they have a negative 
association with miR-149-5p. More studies are recom‑
mended to investigate the relationship between miR-
20a-5p and miR-149-5p expression and the development 
and progression of T2DM and pre-diabetes. Further‑
more, more work is needed to clarify the mechanisms 
by which the inflammatory biomarkers are regulated by 
miRNAs such as miR-20a-5p and miR-149-5p. These 
data can be used to develop more effective treatments 
for T2DM and pre-diabetes. 
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