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Association of MicroRNA-103 expression with type 2 diabetes 

mellitus 
 

Abstract 

Background: Type 2 diabetes mellitus (T2DM), the most prevalent metabolic disorder 

worldwide, has genetic, epigenetic, and environmental contributors. Among them, 

circulating microRNAs (miRNAs/miRs) have attracted considerable attention. This 

study aimed to investigate the regulatory role of miR-103 in T2DM development.  

Methods: The miR-103 expression was evaluated in 33 participants with T2DM 

compared with 38 healthy controls using quantitative real-time polymerase chain 

reaction (q-RT PCR). Fasting blood glucose (FBS), fasting insulin (Fin), hemoglobin 

A1c (HbA1c), triglycerides (TG), and cholesterol (Chol) were also determined in serum. 

Basal insulin resistance and sensitivity were determined using the homeostasis model 

assessment insulin resistance (HOMA-IR) and quantitative insulin sensitivity check 

index (QUICKI), respectively. 

Results: There was a significant decrease in miR-103 levels in patients with T2DM 

(p<0.002). Serum miR-103 expression levels showed a strong correlation with age, FBS, 

HbA1c, TG, Chol levels, and HOMA-IR and QUICKI indices. 

Conclusion: The downregulation of miR-103 in T2DM patients suggests the diagnostic 

potential of miR-103 evaluation in conjunction with other diagnostic approaches. 
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The most prevalent metabolic disease worldwide is type 2 diabetes mellitus 

(T2DM), accounting for over 90% of all diabetes cases (1). The incidence of T2DM has 

doubled in the last 30 years and is estimated to double in the next 20 years, making it a 

significant global burden (2, 3). T2DM is characterized by glucose homeostasis 

impairment and occurs due to a defect in either insulin secretion (progressive beta-cell 

dysfunction) or function, followed by impaired glucose tolerance (IGT), hyperglycemia, 

and insulin resistance (IR)  (4, 5).  

IR refers to resistance to insulin-mediated glucose uptake, whether endogenous or 

exogenous insulin caused by dysregulated insulin signaling in target tissues. The 

temporal priority of the onset of IR and beta cell dysfunction is still inconsistent in the 

literature. The majority of patients with T2DM are expected to be obese, which can lead 

to some degree of insulin resistance (1). However, this progressive condition is 

associated with organ damage, malfunction, and failure, which may ultimately lead to 

some long-term complications including retinopathy, nephropathy, and neuropathy with 

the risk of foot ulceration, hypertension, Charcot arthropathies, sexual dysfunction, 

dyslipidemia, and cardiovascular disease (1, 6-10). Despite all these significant 

complications, T2DM is usually diagnosed late because hyperglycemia is not severe 

enough in the early stages (1).  

Given the growth of the world's elderly population, changing lifestyle and dietary 

patterns, and increasing obesity, this growing global burden must be prevented by 

understanding the exact underlying mechanism followed by early diagnosis (5, 11-13).  

https://caspjim.com/article-1-3848-en.html
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The development and progression of T2DM may be 

affected by several genetic, epigenetic and environmental 

factors. Among them, some dysregulated microRNAs 

(miRs or miRNAs) dysregulations have been associated 

with glucose homeostasis, insulin sensitivity, and T2DM 

onset. These miRs are considered potential biomarkers and 

are referred to as "riboregulators of glucose homeostasis" 

(5, 11-13). MiRs are small (approximately 22 nucleotides), 

conserved, endogenous, single-strand non-coding RNAs 

that regulate the expression of multiple target genes, 

primarily through post-transcriptional gene regulation (5). 

They regulate the expression of messenger RNAs (mRNAs) 

either through transcriptional degradation or translational 

inhibition due to complementary binding, mainly to the 3′ 

untranslated region (3′UTR) of target, depending on 

complete or partial matching, respectively (11). Zhu et al. 

perform a meta-analysis reporting 151 differentially 

expressed miRNAs in cultured cells, blood, or tissue 

samples (e.g., liver, adipose tissue, pancreas, and muscle) of 

T2DM in humans and animal models, of which only 51 are 

significantly differentially expressed. They introduced 8 

miRs (miR-29a, miR-34a, miR-103, miR-107, miR-132, 

miR-142-3p, miR-144, and, miR-375) as possible T2DM 

markers (14).  

Reports suggest that circulating miRs, which exist 

outside the cells in various body fluids, including plasma, 

serum, and urine, may be more promising biomarkers for 

T2DM diagnosis because of their circulating stability and 

unique expression patterns. In addition, they can be more 

easily detected by less invasive techniques (12). Among all 

miRs, miR-103 has an interesting history; shreds of 

evidence revealed that overexpression of miR-103/107 

(which, surprisingly, differs by only one nucleotide) results 

in the downregulation of the insulin signaling pathway in 

diet-induced obese mice (15).  

Therefore, miR-103 may serve as an insulin sensitivity 

modulator and a new target for T2DM diagnosis and/or 

treatment. As the literature shows, a wide range of 

conflicting findings on whether mir-103 is up-or down-

regulated in T2DM, there was no consistent evidence to 

support the trend of mir-103 expression in this condition 

(14, 16-19). Therefore, this work was designed to 

investigate the mir-103 expression level along with some 

other biochemical markers in T2DM patients compared 

with healthy controls. 

 

 

Methods  

Participants: Serum samples were collected from 33 

patients suffering from T2DM and 38 healthy participants 

who were supposed as controls. The participants with 

T2DM were all newly diagnosed outpatients who were not 

taking any medications for their condition at the time. 

T2DM was confirmed based on WHO guidelines with 

fasting glucose levels greater than 126 mg/dl (19). 

Exclusion criteria included diabetic foot, active 

nephropathy, retinopathy, cardiovascular disease, high 

blood pressure, acute infection, chronic inflammation, and 

malignant tumors. Weight (kg)/height (m)2 was the formula 

used to determine body mass index (BMI) (20). The Ethics 

Committee of Babol University of Medical Sciences 

approved the study methodology, and all participants signed 

written informed consent forms prior to the study. 

Measurements: Ten milliliters of peripheral blood were 

collected from all participants after a 10-12 hour fast, which 

were immediately centrifuged at 3000g for 10 minutes, 

serum was separated, and stored at -80°C until further study. 

Glucose, insulin, hemoglobin A1c (HbA1c), cholesterol 

(Chol), triglyceride (TG), and miR-103 levels were 

determined in serum. Fasting insulin (Fins) was measured 

using the Monobind Insulin ELISA kit with a 0.114 μIU/mL 

sensitivity. The ion exchange chromatography column 

(Biosystems kit, Spain) was used to measure HbA1c. The 

HOMA model was utilized to determine the insulin 

resistance index, or homeostasis model assessment insulin 

resistance (HOMA-IR): (fasting insulin × fasting 

glucose)/22.5 (21). The following model was used to 

calculate the quantitative insulin sensitivity check index 

(QUICKI): 1 / (log(fasting insulin µU/mL) + log(fasting 

glucose mg/dL)) (22). 

RNA extraction and cDNA synthesis: Using Trizol 

reagent and the company's instructions, total RNA was 

extracted from serum samples (Invitrogen, Carlsbad, CA, 

USA) and a NanoDrop spectrophotometer (Thermo 

Scientific, Wilmington, USA) was used to assess its 

concentration and quality. For cDNA synthesis, specific 

primers were designed for miR-103a-3p and miR-16 (as 

endogenous control) (table 1). Briefly, a 10 µL reaction 

mixture comprising 4.5 µL RT Master Mix and 4.5 µL 

water treated with diethyl pyrocarbonate (DEPC) was filled 

with 160 ng total RNA, which is equivalent to one µL RNA. 

The mixture was then incubated in a peqSTAR 

thermocycler (PEQLAB Biotechnology GMBH, Erlangen, 

Germany) at 16, 42, and 72 ⁰C for 30, 30, and 10 minutes, 

respectively. 

Quantitative Real-time polymerase chain reaction: 

Using SYBR-Green/ROX qPCR Master mix 2X protocol 

(Qiagen Rotor-Gene Q, Germany), one µL of the generated 

cDNA was subjected to qRT-PCR to assess the differential 

expression levels of miR-103 and miR-16 as a target gene 
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and an endogenous gene, respectively. Every qPCR reaction 

was carried out in a 20 μL total volume that included one 

μL of each primer, one μL cDNA, seven μL DEPC water, 

and 10 μL of Master Mix. The qPCR temperature profile 

used for the qPCR consisted of 40 cycles of 95 and 60 ⁰C 

for 12 and 30 seconds, respectively, after 10 minutes of 

denaturation at 95˚C. The fold change ratio of miR-103 

expression was determined by 2-ΔΔCT±SEM. 

Polyacrylamide gel electrophoresis (PAGE) and melting 

curve analysis were performed as a measure of 

amplification specificity. 

Statistical analysis: SPSS Version 24.00 was used for all 

statistical analyses (SPSS Inc., Chicago, IL). For continuous 

variables, descriptive characteristics of the participants 

based on their diabetic status were reported as mean ± SD. 

For the purpose of assessing clinical and demographic 

differences across groups, the Mann-Whitney U test was 

employed. Next, a receiver operating characteristic (ROC) 

curve was plotted for the cut-off values of mir-103-fold 

change, sensitivity, specificity, positive predictive value 

(PPV), and negative predictive value (NPV). The impact of 

clinical factors (miR-103-fold change, age, triglycerides, 

cholesterol, and Fins) on diabetic status was modeled using 

binary logistic regression modeling. Next, in a multivariate 

two-way general linear model, the participant groups and 

the miRNA-103 expression were incorporated as 

independent and dependent variables, respectively. 

Multiple linear regression models with backward entry of 

independent variables were employed. Multivariable-

adjusted odds ratios (ORs) with 95% confidence intervals 

were used to present the results, and statistical significance 

was defined as p-values less than 0.05.

 

Table 1. The primer sequences for cDNA synthesis and q-RT PCR 

miRbase accession 

number 
Primer Name Sequence (5'-3') 

MIMAT0000101 

hsa-miR-103a-3p-RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCATAGC 

hsa-miR-103a-3p-

forward 
AGCAGCATTGTACAGGGCTATG 

MIMAT0000069 

hsa-miR-16-5p-RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCGCCAAT 

hsa-miR-16-5p-

forward 
GGTAGCAGCACGTAAATATTGGCG 

Universal-reverse GTGCAGGGTCCGAGGT 

 

 

Results 

Demographic and clinical characteristics: Seventy-one 

persons participated in this study, including 33 type 2 

diabetes mellitus (14 males and 19 females) and 38 healthy 

controls (20 males and 18 females). To assess the BMI 

potential impact on FBS levels, all participants were split 

into three groups (<25, 25-29.9, and ≥30 kg/m2). The result 

of chi-squared tests revealed no significant difference 

among BMI subgroups. Groups were significantly different 

for fasting blood glucose, HbA1c, HOMA-IR, QUICKI, 

triglyceride, cholesterol, and mir-103-fold change, except 

for Fins level. FBS, HbA1c, HOMA-IR, triglyceride, and 

cholesterol in T2DM patients were significantly higher, and 

QUICKI and mir-103-fold change were lower than in 

healthy controls (table 2). 

The serum expression of miR-103: Firstly, the Shapiro-

Wilk test was performed to determine if the variables 

deviated from the standard curve, and the finding indicated 

that they did. To evaluate the demographic and clinical 

differences, the Mann-Whitney U test was employed. The 

findings demonstrated that T2DM patients' expression of 

miR-103 was considerably lower than that of healthy 

individuals (1.52 ±0.81-fold change vs. 0.99±1.06, 

p<0.002) (figure 1). 

The diagnostic potential of miR-103 to discriminate 

T2DM: The accuracy, sensitivity, and specificity of serum 

miRNA expression levels were evaluated in a receiver 

operating characteristic (ROC) analysis to examine its 

potential as a predictive biomarker for T2DM. The ROC 

curves area and under the ROC curve (AUC) were utilized 

to discriminate between individuals with and without 

T2DM. The cut-off value of 1.05 miR-103-fold change 

demonstrated the optimum diagnostic accuracy to 

discriminate two groups according to the ROC analysis: 

AUC= 0.715 (95% CI= 0.591-0.839); sensitivity= 60.6%; 

specificity= 34.2%; positive predictive value (PPV)= 

49.21% and negative predictive value (NPV)= 51.35% 

(figure 2).  
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Table 2. The demographic and clinical features of the participants based on diabetic status 

Demographic Characteristics 

 Control (n=38) T2DM (n=33) P value 

Number 
Male 20 14 

0.39 
Female 18 19 

Age (yrs) 41.29±6.80 48.06±9.52 0.002 

BMI 

(kg/m2) 

<25 10 (26.3%) 5 (15.2%) 

0.373 25-29.9 17 (44.7%) 14 (42.4%) 

≥30 11 (28.9%) 14(42.4%) 

Clinical Characteristics 

FBS  (mg/dL) 86.76±11.17 209.97±70.67 < 0.001 

Fins (µIU/mL) 8.21±4.42 8.052±5.66 0.433 

HbA1c (%) 5.35±.60 8.62±2.38 < 0.001 

Chol  (mg/dL) 192.89±31.84 237.00±69.07 0.001 

TG  (mg/dL) 159.13±68.86 219.45±229.29 0.012 

HOMA-IR 1.8031±1.10045 3.8155±2.61 < 0.001 

QUICKI 0.3607±0.03424 0.3270±0.0385 < 0.001 

mir-103 Fold change 1.52 ±0.81 0.99±1.06 0.002 

BMI: Body Mass Index, FBS: Fasting Blood Sugar, Fins: Fasting Insulin, HbA1c: Hemoglobin A1c, 

Chol: cholesterol, TG: Triglyceride, HOMA-IR: homeostasis model assessment insulin resistance, and 

QUICKI: quantitative insulin sensitivity check index. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Differential serum expression of miR-103 in T2DM patients compared with healthy controls 
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Figure 2. Diagnostic accuracy of serum miR-103 expression to discriminate T2DM patients from healthy controls 

(AUC=0 .715, %95 CI: 0.591- 0.839) 

 

 

Association of miRNA levels with clinical 

manifestations: Backward multiple linear regression 

models were utilized to further analyze the impact of miR-

103-fold change, age, TG, Chol, and Fins, which were 

suspected to have a confounding effect in predicting the risk 

of T2DM. We included T2DM and control groups as 

dependent variables and miR-103-fold change, age, TG, 

Chol, and Fins as independent variables. The regression 

model indicated that although fold change alone could be a 

discriminating factor for T2DM, age, and cholesterol were 

more reliable predictors of T2DM compared to miR-103-

fold change (table 3).  

 

Table 3. Binary logistic regression analysis of factors affecting T2DM 

 P value OR 95% CI 

miR-103 Fold change 0.161 0.622 0.319-1.209 

Age 0.039 1.080 1.004-1.162 

TG 0.859 1.001 0.991-1.011 

CHOL 0.041 1.018 1.001-1.037 

Fins 0.475 0.960 0.857-1.074 

TG: Triglyceride, CHOL: Cholesterol; Fins: Fasting Insulin 

 

Discussion  

This study investigated the levels of miR-103 expression 

in patients with T2DM. According to our findings, miR-103 

expression was slightly lower in patients with T2DM than 

in healthy individuals. This finding is consistent with Q Xu 

et al.’s study which demonstrated higher miR-103/107 

serum expression in patients with T2DM compared to 

controls (23). They also discovered a noticeable association 

between miR-103/107 expression and HOMA-IR, a leading 

indicator of insulin resistance that is crucial for the onset of 

T2DM. They also have discovered a positive correlation 

between increased serum miR-103 expression and HOMA-

IR in non-alcoholic fatty liver disease patients (24). 

Similarly, we found that miR-103 serum expression levels 

were correlated with age, FBS, HbA1c, TG, Chol levels, 

and HOMA-IR and QUICKI indices, suggesting the miR-

103 involvement in glucose and lipid metabolism. In 

contrast to our findings and those of Q Xu et al., some 

studies have reported controversial findings regarding miR-

103 expression in obesity, which is closely associated with 
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T2DM. For instance, miR-103 expression was reduced in 

whole blood in both sexes of obese individuals. 

Additionally, the plasma level of miR-103 showed a 

significant association with lower pregnancy weight gain in 

gestational obese women. These reports suggest that miR-

103 may have differential roles in obesity and T2DM (25, 

26). Herrera et al. previously presented the expression 

pattern of some miRs in the insulin target tissues of three rat 

strains with different glycemic statuses. The miR-103 liver 

expression profile showed an apparent upregulation with 

increasing strain-specific glycemic phenotype (27). In 

addition, Vatandoost et al. found elevated levels of miR-103 

in peripheral blood mononuclear cells (PBMC) of T2DM as 

well as pre-diabetic rats compared to normal healthy 

controls (28). These reports suggest that miR-103 may 

function differently in various tissues and animal species. 

The miR-103/107 gene sequence is situated inside the 

pantothenate kinase (PANK) gene's introns, which is 

involved in the coenzyme A (CoA) synthesis pathway that 

regulates levels acetyl-CoA in cells. Mir-103/107 targets 

insulin receptor substrate-1 (IRS-1), which promotes 

glucose uptake and insulin signaling via the caveolae 

protein Cav-1 (15, 29). In rodents, mir-103/107 knockdown 

and subsequent upregulation of Cav-1 resulted in increased 

insulin signaling and insulin-stimulated glucose uptake. 

Mir-103/107, in contrast, indirectly reduces the IRS-1 

expression by decreasing its stability and interaction with 

Cav-1, thereby reducing the efficiency of insulin signaling. 

In other words, mir-103/107 indirectly decreases IRS-1 

expression, the main mediator in insulin signaling pathway, 

by reducing its stability and interaction with Cav-1 (12, 15).  

Furthermore, there are two isoforms in the mir-103 

family: miR-103a and miR-103b. While miR-103a 

influences insulin sensitivity and glucose homeostasis in 

obesity and T2DM, it has been reported that that platelet-

derived miR-103b may be utilized as a diagnostic marker 

for T2DM (5). It was reported that pre-DM and T2DM 

subjects had significantly higher and lower levels of 

circulating miR-103a and miR-103b, respectively. The 

negative association between reduced levels of CAV-1 and 

increased expression of miR-103a suggests that miR-103a 

may have a complementary regulatory binding site in the 

3′UTRs of CAV-1. Additionally, a negative correlation was 

found between decreased plasma miR-103b and increased 

levels of its target frizzled-related protein 4 (SFRP4) (29). 

The three paralogs of mir-103, including miR-103-1, 

miR-103-2, and miR-107, are all encoded by a sequence 

within the PANK gene, which its enzyme product 

phosphorylates the pantothenate (Vitamin B5) in the 

coenzyme A (CoA) synthesis pathway. This rate-limiting 

step regulates the cellular Acetyl-CoA levels that account 

for over a hundred reactions, including carbohydrate and 

lipid metabolism (30). 

According to H. Xie et al., the ectopic expression of 

some miRNAs in obese mice were upregulated during the 

differentiation of 3T3-L1 adipocyte cells while in the obese 

state, they tend to be downregulated. For example, mir-103 

expression showed a 9-fold increase during adipogenesis as 

measured by triglyceride accumulation. They also 

suggested that TNF-α treatment provides a chronic local 

inflammatory environment and reduces adipogenesis 

accompanied by decreased miR-103 and miR-143 

expression (31). Expression of miR-103, together with that 

of miR-143, was found to be associated with the 

upregulation of some pro-adipogenic factors in early stages, 

such as peroxisome proliferator-activated receptor 

(PPAR2), G0/G1 switch 2 (G0s2), fatty acid binding protein 

4 (FABP4), glucose transporter 4 (GLUT4) and 

adiponectin. Moreover, they introduce a long list of 

downstream effectors for these miRs that are associated 

with metabolism of acetyl-CoA and lipids, among which 

Cav-1 is remarkable (30, 31).  

Our study concludes that miR-103 expression is 

downregulated in patients with T2DM. However, 

considering our modest cross-sectional design of the assay, 

its predictive value is not sufficiently strong. Therefore, 

more extensive research is required to substantiate this 

assertion. Nevertheless, evaluating the expression of miR-

103 alongside other diagnostic methods could enhance our 

comprehension of the pathogenesis of T2DM and present 

innovative therapeutic possibilities. The findings of current 

study, when combined with those of earlier research, 

suggest that miR-103 may have varying roles in different 

tissues, species, and metabolic conditions. 
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