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Abstract
Metformin increases insulin sensitivity in obese type 2 diabetic patients (T2DM) by different
mechanisms. The current study was conducted to estimate the levels of miRNA-103 and 107 in obese
non diabetic subjects as well as obese T2DM patients maintained on metformin, and to correlate
between the levels of miR 103 and 107 and the development of insulin resistance. Ninety subjects were
equally recruited into three groups; obese non diabetic control (OC), obese newly diagnosed diabetic
(ONDD) and obese type 2 diabetic treated with metformin (MetD). Serum levels of blood glucose, insulin,
lipid pro�le, glycosylated hemoglobin (HbA1c), miR103&107 expression and DICER-1 were analyzed.
Serum levels of HbA1c, FBG, HOMA-IR, T.ch, TG, LDL-C and VLDL-C were increased in ONDD (p 0.0001)
compared to OC and MetD. Signi�cant increase of HDL-C (p = 0.022) was observed in MetD compared to
OC and ONDD. Serum insulin was increased (p = 0.004) and miR 103 & 107 gene expression (p < 0.0001)
in ONDD and signi�cant down-regulation in MetD compared to OC group. DlCER-1 levels were decreased
(p < 0.0001) in ONDD group and increased in MetD group compared to OC group. Both miR 103 and 107
were positively correlated with insulin and HOMA-IR, but negatively correlated with DICER-1. Depending
on the estimated cutoff-values of area under receiver curve (AUC), miR 103 and 107 were excellent
diagnostic biomarkers for insulin resistance. Our �ndings indicated the clinical utility of miR103 and miR
107 in diagnosis and treatment of insulin resistance. Moreover, metformin can affect miR 103 and miR
107 through modulation of DICER-1 level.

Introduction
Insulin resistance is a pathological condition in which target cells unable to uptake & metabolize glucose
in response to insulin leading to increase insulin and glucose levels and the development many diseases
like type 2 diabetes mellitus (T2DM) [1].

Since the underlying molecular mechanisms leading to insulin resistance are partially understood, the
discovery of MicroRNAs (miRs) and altered its expression levels may explain the development of many
diseases like obesity, insulin resistance and T2D [2]. MicroRNAs are small (18–22) nucleotides non-
coding potent regulator of gene expression, central players in many physiological and pathological
processes. They can regulate the transcription of genes through binding to the 3′ untranslated region
(3′UTR) of mRNA of the target gene cause transcriptional inhibition or degradation [3].

Family of microRNAs 103/107 is thought to be involved in insulin resistance and T2DM. These
analogues are located within the pantothenate kinase (PANK) gene. PANK catalyzes the rate limiting step
during the generation of Coenzyme A (CoA), which is a critical cofactor of several enzymes involved in
different metabolic pathways [4, 5]. Also they can attenuate the expression levels of many miRs by
targeting DICER enzyme which split miR precursors into mature miRs. These mature miRs can control
gene expression by binding to the 3′ UTR and can inhibit the enzyme by feedback mechanism [6, 7, 8].



Page 3/16

Metformin is a biguinide derivatives and widely used as a �rst-line treatment in T2DM. It has the ability to
decrease insulin resistance and blood glucose levels through stimulating glucose uptake in peripheral
muscles, inhibition of gluconeogenesis in liver & fatty acid oxidation in adipose tissues. However, some
studies have mentioned its function in reducing insulin resistance through affecting levels of miRs [9, 10,
11].

Therefore, the present study aimed to estimate levels of miR-103 and miR-107 in obese non diabetic
subjects as well as obese type 2 diabetic patients maintained on metformin and to correlate between
levels of miR-103 and 107 and the development of insulin resistance. Also, the present study aimed to
clarify effect of metformin on level of miR 103 and miR107 in obese type 2 diabetic patients.

Materials And Methods

Subjects and Study Design
This cross sectional study was conducted after the approval was by local ethical committee of Faculty of
Pharmacy, Tanta University. The included patients were recruited from those admitted to outpatient clinic
of Diabetes and Endocrinology Unit, Internal Medicine Department, Tanta University Hospital, Egypt. The
study started from Jan. 2019 and ended in December 2020.

Patient exclusion criteria
Patients with hypertension, cancers, pancreatic diseases, kidney diseases, thyroid diseases & liver disease
and smokers, all these patients were excluded from the study.

Patient inclusion criteria
The study was conducted on ninety non-smokers subjects of both sexes are included. Their age was 30–
65 years. The study groups will be divided into obese non diabetic control group (OC, n = 30), thirty obese
newly diagnosed diabetic (ONDD, n = 30), obese diabetic treated with metformin (MetD, n = 30).

According to WHO, obese patients should have BMI ≥ 30 and diabetic patients were diagnosed when
fasting blood glucose levels above 126 mg/dL [12]. The included T2D patients treated with metformin
with a dose 1000 mg once daily for at least 3 months. Full history was taken for all patients with
particular emphasis on the duration of diabetes and any other associated diseases and medications.

Biochemical investigations
Blood samples (10 mL) were collected after overnight fasting. Whole blood (5 mL) was used for
determination of HbA1c according to method described by Hanas R and John G. [13] using commercial
kits obtained from Biosystems (Barcelona, Spain). Serum was separated and insulin levels were assayed
using ELISA kits purchased from chemux BioScience, Inc. (Catalogue Number: 10801, Germany)
according to manufacturer’s instruction, with a sensitivity of 2µIU/mL. Homeostasis model assessment
of insulin sensitivity (HOMA-IR) was estimated using equation HOMA-IR = fasting glucose level (mg/dl) ×
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fasting insulin level (µU/mL)/405 [14]. Serum DICER-1 levels were assayed using human DICER1 ELISA
kit, purchased from SunRed Hotechnology Company (Catalogue number: 201-12-9072, Shanghai).
According to the manufacturer of Dicer assay kit, the referred sensitivity was 10–12 ng/mL and assay
range was 10–2800 ng/mL.

Quantitative Real Time Polymerase Chain Reaction (qRT-PCR) of microRNA 103&107

Total RNA was isolated with miRNeasy Serum/Plasma isolation kit (Qiagen, Catalogue no 217184, USA)
using QIAZOL reagent. According to manufacturer’s instructions, the total RNA converted into cDNA using
miScripT II RT kit (Qiagen, Cat. No.21860, USA). All speci�c primers for miR expression were designed
and synthesized by (Qiagen, CA, USA), using the miScript primer assay & QuantiTect Primer Assay for
miR-103 (Hs_miR-103a 1), miR-107 (Hs_miR-107_2). The differential expression levels for miR were
validated using miScript SYBR Green Quantitative PCR kit (Qiagen, Cat.no. 218073 Foster City, CA, USA).
The levels of an endogenous control (U6) (Qiagen, CA, USA) were used to normalize the expression levels
of each miR. The fold change in miR expression was calculated using the comparative CT method as
fold change = 2−ΔΔCT, where ΔΔCT = ΔCT sample  ΔCT control [15].

Statistical analysis
Data were statistically analyzed using the Statistical Package for Social Sciences (SPSS) version 21 [16].
Qualitative data were described as numbers and percentages. χ2 test and Monte Carlo test were used for
comparison between groups. Quantitative data were described as means ± (SD) or medians, as
appropriate after testing for normality by Kolmogorov-Smirnov test. In the normally distributed variables,
one way ANOVA with LSD post-hoc multiple comparisons was used for comparison between groups,
while in the non-normally distributed variables, Kruskal-Wallis test and Mann Whitney test were used for
comparison between groups, as appropriate. Correlation between two continuous variables (either one or
both is parametric) was done using Pearson’s correlation, while non-parametric correlations were done
using Spearman’s rank correlation. Signi�cant independent variables in the correlation analysis were
entered into a linear regression model using enter method. Receiver Operating Characteristic (ROC) curve
was plotted. Area under the ROC curve (AUC) was calculated to describe the predictive accuracy of
different markers. The cutoff points were determined using Youden-Index. "P value ≤ 0.05" was
considered to be statistically signi�cant.

Results
Demographic characteristics of the studied groups including age, sex, BMI, duration of diabetes and
treatment are shown in Table (1). Non-signi�cant differences in age, gender and BMI were found between
studied groups (p>0.05).

Effect on lipid pro�le 
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Serum levels of total cholesterol (Tch), triglycerides (TG), LDL-C, HDL-C and VLDL-C in studied groups are
shown in Table (2). MetD group showed signi�cant decrease (p 0.001) in serum level of Tch, TG, LDL-C
and VLDL compared to OC and ONDD groups. However, a signi�cant increase in serum level of HDL-C
(p=0.022) was observed in MetD group compared to OC and ONDD groups.

Effect on serum levels of HbA1c, FBG, insulin and HOMA-IR
Levels HbA1c, FBG, insulin and HOMA-IR of studied groups are shown in Table (3). A signi�cant decrease
(p 0.001) was observed in HbA1c, FBG, serum insulin and HOMA-IR in MetD group compared to OC and
ONDD groups.

Effect on serum levels of miR 103, miR 107 and DICER 
Gene expression of miR 103, 107 and DICER-1 level are shown in Figures (1 & 2). Metformin treatment
signi�cantly decreased (p 0.0001) gene expression of miR 103 and 107 in MetD group compared to OC
and ONDD groups. On the contrary, metformin signi�cantly increased (p 0.0001) serum levels of DICER-1
in MetD group compared to OC and ONDD groups Figures (2).

Correlation study
As shown in Table (4) there was a signi�cant positive correlation between miR 107 and insulin levels in
OC group (p=0.008, r=0.5), ONDD group (p=0.022, r=0.4) and in MetD group (p 0.0001, r= 0.6) and
signi�cant positive correlation between miR 107 and HOMA-IR in OC group (p=0.03, r=0.4), ONDD group
(p=0.004, r=0.5) and in MetD group (p 0.0001, r= 0.4). Also, as shown in Table (5) there was signi�cant
positive correlation between miR 103 and insulin levels in OC group (p=0.03, r=0.4), in ONDD (p=0.001,
r=0.6) and MetD group (p=0.04, r=0.4) and signi�cant positive correlation between miR 103 and HOMA-IR
in OC group (p=0.03, r=0.4), ONDD group (p=0.03, r=0.4) and in MetD group (p=0.02, r=0.4). As shown in
Figure (3), there was a signi�cant negative correlations between miR 103 and 107 and DICER-1 in OC,
ONDD and MetD groups.

ROC curve analysis
The cutoffs values of ROC curves were used to calculate the diagnostic sensitivity (DSe), diagnostic
speci�city (DSp) and the area under the ROC curve (AUC) of miR103 & miR107. In ONDD group, the AUC
value of miR 103 was 0.904 (p 0.0001) and miR 107 was 0.996 (p 0.0001). In MetD group, the AUC value
of miR 103 was 0.094 (p 0.0001) and miR 107 was 0.118 (p 0.0001). The ROC-AUC, DSe, DSp and cutoff
values are presented in Tables (6 & 7) &Figure (4).

Discussion
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Insulin resistance is considered one of the greatest challenges faced by modern medicine. Recent studies
reported that miRs have profound role in several aspects like insulin resistance, obesity and T2DM [2].

In the present study, we assessed the expression levels of miR 103 and miR 107 in obese newly
diagnosed diabetic patients and obese type 2 diabetic patients treated with metformin. Also, we clarify
the effects of metformin on miR 103, miR 107 and DICER levels in type 2 diabetic obese patients.

Our results showed that levels of Total cholesterol, TG, LDL, and VLDL were reduced along with increased
HDL after treatment with metformin in MetD group compared to ONDD and OC groups. These �ndings
were in agreement with Sumanth et al [17] and Syed et al [18], who concluded the ability of metformin to
correct dyslipidemia and lipid pro�les in T2DM patients.

The present study also showed improvement in HbA1C, FBG, insulin levels and HOMA IR after treatment
with metformin in MetD group compared to ONDD and OC groups. As metformin acts through improving
the sensitivity of peripheral tissues to insulin, it leads to the reduction in circulating insulin levels. In
addition, metformin could inhibit hepatic gluconeogenesis, increases glucose uptake by peripheral
tissues and reduces fatty acid oxidation [19].

Herein, the current study showed higher expression levels of miR 103 and miR 107 in ONDD group
compared to OC group. These �ndings were in agreement with those achieved by Mao et al [20], Maryam
H et al [21] and Qian et al [6], who reported that the expression level of miR-103/107 is up-regulated in
obese mice, while silencing of miR-103/107 leads to improved glucose homeostasis and insulin
sensitivity.

MiR-103 and miR-107 affect insulin resistance and glucose metabolism by inhibiting the expression of
caveolin-1 (CAV-1). CAV-1 is essential for insulin receptor (INSR) structure stabilization for proper insulin
signaling [22, 23]. It has shown that miR-103 and miR-107 directly bind CAV-1 3UTR sequence, thus
controlling its expression. Moreover, the decreased expression levels of miR-103 and miR-107 led to an
improvement in glucose homeostasis and insulin sensitivity [24, 25].

The present results also showed a signi�cant positive correlation between miR103, miR 107 and HOMA-
IR. These �ndings were consistent with Qian et al [6], who reported that miR-103 and miR 107 may be a
potential molecular markers for insulin resistance and the onset of diabetes [4].

Another role of miR-103 and miR-107 in insulin resistance and glucose metabolism is their ability to
inhibit the endonuclease enzyme DICER, which belongs to endonucleases family 111 that are essential
for processing miR precursors to mature miRs. This raised the possibility that some mature miRs could
feed back to control DICER expression [26, 10].

Herein, the present results showed signi�cant decrease in levels of DICER-1 in OC group and ONDD group
and signi�cant increase in MetD group. Also, our results showed a signi�cant negative correlation
between levels of miR 103 and miR 107 and DICER levels in all studied groups. These �ndings were in
agreement with Taisuke et al [27], Li et al [28] and Graziano et al [8].
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The present study also showed that metformin signi�cantly down-regulated the expression levels of miR
103 and 107 in MetD group. These results were on the contrary with Ibrahim et al 2018 [9], who
investigated the expressions of miR 103 & 107 are non-signi�cantly down-regulated by metformin.

Herein, the present study showed that metformin signi�cantly increased the level of DICER1 in MetD
group. Our results were in accordance with Nicole et al. [11] and Giovani et al. [30], who showed the
treatment with metformin affects levels of DICER both in mice and human. Moreover, previous studies
showed that chronic metformin treatment in mice increased DICER levels through altering the post-
transcriptional processes that would affect the stability and/or turnover of DICER1 mRNA.

Abdelmohsen et al. [28] showed that RBP AUF1 binds DICER mRNA and negatively regulates DICER-1
protein levels by lowering the stability of DICER-1 mRNA. Treatment with metformin changes subcellular
localization of AUF, disrupting its interaction with DICER mRNA and causes stabilization of DICER-1
mRNA, allowing DICER to accumulate and so metformin enhances and increases the levels of DICER [11].

The current study showed AUC values of the ROC curve of both miR 103 and miR 107that they were an
excellent diagnostic markers for insulin resistance. These results were in agreement with Mao et al [20],
who reported the increased levels of miR 103 not only provided high sensitivity and speci�city to
differentiate the pre-diabetes population but also acted as biomarkers for predicting T2DM with high
diagnostic value.

Conclusion
Our �ndings indicated a link between the expression levels of miR 103, miR 107 and DICER in T2DM
patients maintained on metformin treatment. Additionally, the present study illustrates a proposed
molecular mechanism of metformin in improvement of insulin resistance and T2DM through modulating
DICER and down-regulation of miR 103 and 107 in obese diabetic patients. Moreover, miR 103 and miR
107 have a clinical utility in diagnosis and novel therapeutic targets for insulin resistance and T2DM.

However, the present study has some limitations; �rstly, the small sample size for each group. Secondly,
additional experiments are necessary to further de�ne the precise regulatory network of metformin on
DICER and miRs.

List Of Abbreviations
OC: obese control, ONDD: obese newly diagnosed diabetic, MetD: obese diabetic treated with metformin,
T2DM: type 2 diabetes mellitus, ELISA: Enzyme-linked immunosorbent assay, q-RT PCR: quantitative real
time polymerase chain reactions, ROC: Receiver operating characteristic, AUC: Area under the curve, DSe:
Diagnostic sensitivity, DSp: Diagnostic speci�city
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Table 1
Demographic characteristics of studied groups

Characteristic MetD
n = 30

ONDD
n = 30

OC
n = 30

Test of signi�cance
ANOVA

Age (yrs) 45.7 ± 7.9 43.4 ± 8.3 43.4 ± 9 F = 0.8, p = 0.5

Gender
Male
Female

No. (%)
23 (76.7)
7 (23.3)

No. (%)
20 (66.7)
10 (33.3)

No. (%)
15 (50.0)
15 (50.0)

χ2 = 4.8
p = 0.093

BMI (kg/m2) 31.5 ± 1.5 32.4 ± 2.1 31.6 ± 1.5 F = 2.4, p = 0.1

Drug intake
Vitamins
Statins
Analgesic
NSAIDs
Allopurinol
Glucosamine
H2 blockers

No. (%)
4 (15.4)
6 (23.1)
0 (0.0)
5 (19.2)
2 (7.7)
8 (30.8)
1 (3.8)

No. (%)
5 (29.4)
6 (35.3)
0 (0.0)
5 (29.4)
0 (0.0)
0 (0.0)
1 (5.9)

No. (%)
6 (35.3)
0 (0.0)
1 (5.9)
4 (23.5)
2 (11.8)
0 (0.0)
4 (23.5)

Monte Carlo test, p = 0.004

Z of Mann-Whitney U test Data were presented as mean ± SD (normally distributed variables).

Qualitative data were expressed as percentages and numbers. OC: obese control, ONDD: obese newly
diagnosed diabetic, MetD: obese diabetic treated with metformin

BMI; body mass index = Weight (kg)/height2 (m)
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Table 2
Lipid pro�les of studied groups

Measure MetD
n = 30

ONDD
n = 30

OC
n = 30

Test of signi�cance
ANOVA

Total Cholesterol (mg/dl) 182 ± 22.8ab 239.8 ± 46.6a 226.4 ± 44.5b *F = 17.6, p < 0.0001

TG
(mg/dL)

139.9 ± 41.3a 172.9 ± 19.8ac 150.2 ± 38.5c F = 7.1, p = 0.001

LDL-C
(mg/dL)

154.7 ± 15.7ac 181.2 ± 20.1a 171.9 ± 27.4c F = 11.6, p < 0.0001

HDL-C
(mg/dL)

51.5 ± 12.5a 43.6 ± 6.2a 46.7 ± 12.5 F = 4, p = 0.022

VLDL
(mg/dL)

25.4 ± 7.5ab 38.9 ± 10.5ac 30.8 ± 8.7bc F = 17.2, p < 0.0001

*F of ANOVA test, OC: Obese control, ONDD: Obese newly diagnosed diabetic, MetD: Obese diabetic
treated with metformin. a signi�cance of diabetic treated group vs newly diagnosed obese diabetic
group, b signi�cance of diabetic treated group vs obese control group, c signi�cance of newly
diagnosed obese diabetic group vs obese control group

 
Table 3

Blood glucose homeostasis in studied groups

Measure MetD
n = 30

ONDD
n = 30

OC
n = 30

Test of signi�cance

HbA1c % 6.1 ± 0.8a 9.2 ± 1.7ac 5.9 ± 0.5c F = 79.9, p < 0.0001

FBG
(mg/dL)

99.1 ± 11.6a 230.2 ± 55.1ac 102.4 ± 12.5c F = 151.3, p < 0.0001

Insulin(µu/mL)
median
min
max

47.8a

16.8
131.9

81.4ac

26.9
174.3

50.2c

11.2
122.7

KW test
P = 0.004

HOMA-IR
median
min
max

11.3a

3.3
37.5

43.7ac

12.5
126.5

12.4c

3.2
32.2

KW test
p < 0.0001

All measures are expressed as mean ± SD except Insulin and HOMA-IR expressed as median (range).
KW test: Kruskal-Wallis test, F of ANOVA test, OC: obese control, ONDD: obese newly diagnosed
diabetic, MetD: obese diabetic treated with metformin. a signi�cance of diabetic treated group vs
newly diagnosed obese diabetic group, b signi�cance of diabetic treated group vs obese control
group, c signi�cance of newly diagnosed obese diabetic group vs obese control group.
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Table 4

correlation of miRNA 107 with measured parameters in studied groups

miR-107

Measure MetD
n = 30

ONDD
n = 30

OC
n = 30

TG
r (p)

0.4 (0.049*) 0.1 (0.5) -0.1 (0.5)

Insulin
r (p)

0.6 (< 0.0001*) 0.4 (0.022*) 0.5 (0.008*)

HOMA-IR
r (p)

0.4 (0.018*) 0.5 (0.004*) 0.4 (0.03*)

Dicer
r (p)

-0.4 (0.039*) -0.4 (0.023*) -0.4 (0.032*)

r: correlation coe�cient, *p: test of signi�cant. OC: obese control, ONDD: obese newly diagnosed
diabetic, MetD: obese diabetic treated with metformin, OC: obese control.

 
Table 5

Correlation of miRNA 103 with measured parameters in studied groups

miR-103

Measure MetD
n = 30

ONDD
n = 30

OC
n = 30

LDL -0.5 (0.008*) 0.3 (0.1) -0.04 (0.8)

Insulin 0.4 (0.04*) 0.6 (0.001*) 0.4 (0.03*)

HOMA-IR 0.4 (0.02*) 0.4 (0.03*) 0.4 (0.03*)

Dicer -0.6 (< 0.0001*) -0.4 (0.021*) -0.5 (0.013*)

r: correlation coe�cient, *p: test of signi�cant. OC: obese control, ONDD: obese newly diagnosed
diabetic, MetD: obese diabetic treated with metformin, OC: obese control.
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Table 6
Area under the receiver operating characteristics curves (AUC) of miRNA 103 and miRNA

107 in obese diabetic metformin treated group

Marker AUC p value Cutoff Sensitivity Speci�city PPV NPV

miR-103 0.094 < 0.0001 0.4 20% 10% 16.7% 16.7%

miR-107 0.118 < 0.0001 0.3 20% 23.3% 20.7% 22.6%

 
Table 7

Area under the receiver operating characteristics curves (AUC) of miRNA 103 and miRNA
107 in obese newly diagnosed diabetic group

Marker AUC p value Cutoff Sensitivity Speci�city PPV NPV

miR-103 0.904 < 0.0001 0.973 96.7% 80% 82.9% 96%

miR-107 0.996 < 0.0001 1.05 96.7% 100% 100% 90.9%

Figures

Figure 1

(A) Serum levels of miRNA 103 and miRNA 103 (B) KW test: Kruskal-wallis test. All data are expressed as
median, P 0.0001. a: signi�cance of obese diabetic metformin treated group vs obese newly diagnosed
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diabetic group. b: signi�cance of obese diabetic metformin treated group vs obese control group c:
signi�cance of obese newly diagnosed diabetic group vs obese control group

Figure 2

DICER levels in studied groups All data are expressed as mean ±SD, F of ANOVA test. a: signi�cance of
obese diabetic metformin treated group vs obese newly diagnosed diabetic group. b: signi�cance of
obese diabetic metformin treated group vs obese control group c: signi�cance of obese newly diagnosed
diabetic group vs obese control group
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Figure 3

Correlation between miRNA 103 and DICER in obese control group (A), Correlation between miRNA 107
and DICER in obese control group (B), Correlation between miRNA 103 and DICER in obese newly
diagnosed diabetic group(C), Correlation between miRNA 107 and DICER in obese newly diagnosed
diabetic group (D), Correlation between miRNA 103 and DICER in obese diabetic metformin treated group
(E), Correlation between miRNA 107 and DICER in obese diabetic metformin treated group (F).

Figure 4

(A) ROC curve of miR-103 and miR-107 in obese diabetic metformin treated group. (B) ROC curve of miR-
103 and miR-107 in obese newly diagnosed diabetic group
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