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Objective: Growing epidemics of type-2 diabetes mellitus (T2DM) and obesity have become a serious health concern. Since miRNAs
and vitamin levels affect the development and progression of numerous pathogenic diseases, including diabetes, the present study
aimed to evaluate miRNA-143 and miRNA-145 expression and vitamin-D status among obese and non-obese T2DM patients.
Methods: The study included 100 clinically confirmed newly diagnosed obese and non-obese T2DM cases and 100 healthy subjects.
Total RNA was extracted from collected blood samples and 100 ng of RNA was used for cDNA synthesis, then TagMan assay was
performed to evaluate the miRNA-143 and miRNA-145 relative expression.

Results: T2DM cases with hypertension (4.08 fold, p=0.01; 5.36 fold, p=0.009), fatigue (5.07 fold, p=0.04; 5.32 fold, p=0.03) and
blurred vision (5.15 fold, p=0.01) showed higher miRNA-143 and miRNA-145 relative expression compared with their counterparts,
respectively. A positive correlation was observed between miRNA-143 and miRNA-145 expression and decreased vitamin-D status in
T2DM had significant association with impaired blood glucose fasting (p=0.001) and HDL level (p<0.0001). Obese T2DM cases
showed higher miRNA-143 and miRNA-145 expression compared with their counterparts. Vitamin-D deficient T2DM cases had
higher miRNA-143 and miRNA-145 expression (5.69 fold, 5.91 fold) compared with insufficient (4.27 fold, p=0.03; 4.61 fold,
p=0.03) and sufficient (4.08 fold, p=0.002; 4.29 fold, p=0.003). ROC curve for miRNA-143 and miRNA-145 between obese T2DM vs
non-obese T2DM cases, at best possible cutoff value of 4.39 fold, 4.0 fold showed increased miRNA-143 and miRNA-145 expression,
the sensitivity and specificity were 85%, 88% and 61%, 53% respectively (AUC=0.83, p<0.0001; AUC=0.81, p<0.0001).
Conclusion: Higher miRNA-143 and miRNA-145 expression could be a predictive indicator for obese T2DM cases, decreased status
of vitamin-D was also significantly associated with impaired fasting blood sugar and HDL level, therefore it is important to evaluate
the vitamin-D status among T2DM cases for better clinical outcome during the intervention.

Keywords: type 2 diabetes, obesity, vitamin-D, miRNA, expression, prognostic marker

Introduction

A disturbance in normal cell metabolism, the manner of transforming food to energy at cell level, is linked to metabolic
disorders. T2DM and obesity have been linked to changes in cell metabolism' and obesity and type-2 diabetes are the
two most serious public health issues.” T2DM and obesity have a strong link® and this accounts for a significant portion
of the health costs associated with obesity, and T2DM and their complications have a socioeconomic burden on society.'
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Particularly, it is an unavoidably progressive disease that leads to the worsening function of multiple organs and systems,
and it is an independent risk factor for coronary artery disease.*

Decreased beta cell insulin secretion or reduced insulin sensitivity mediated glucose uptake are the symptoms of type-
2 diabetes.” Pancreatic beta cells usually adapt to changes in metabolic load, beta cell failure can be inherited, and
acquired loss of beta cell mass, primarily due to beta cell apoptosis in diabetes is observed.®

MiRNAs regulate insulin resistance in liver and hepatocytes, a study by Jordan et al of livers of diabetic rats observed
impaired glucose metabolism with increased miRNA-143.” Microarray investigation of metabolic syndrome patients
compared with healthy control group (serum and urine sample) showed higher circulating miRNA-143 expression.®

A previous study has demonstrated that miR-145-5p is enriched in diabetic patients, and may represent a novel
candidate biomarker.’

However, a growing number of studies on miRNAs and human diseases have revealed that these molecules play an
important role in regulating cellular pathways. It is reasonable to conclude that miRNAs play a critical role in human diseases. '
Vitamin-D primarily affects the musculoskeletal system and helps maintain calcium homeostasis and deficiency has been
linked with a number of chronic diseases, including diabetes.'' Evidence from both human and animal studies has revealed how
the connection between low vitamin-D levels affects insulin sensitivity and glucose homeostasis'? and vitamin-D deficiency
has been commonly observed in diabetic subjects.'* With a multiethnic population, Saudi Arabia has a high prevalence of
T2DM and widespread concerns about vitamin-D deficiency.'* Therefore, we aimed to evaluate the expression and prognostic
efficacy of miR143 and miR-145 and their association with vitamin-D status among obese and non-obese T2DM cases.

Methodology

Subject Recruitment, Blood Collection, and Total RNA Extraction

A total of 100 T2DM cases (obese and non-obese) and 100 healthy participants were included in the present case—control study
from Saudi Arabia. Patient inclusion criteria were newly diagnosed T2DM patients, obese and non-obese T2DM, hypertensive,
non-hypertensive T2DM and the exclusion criteria included any malignancy, and any kidney or cardiac-related disorder. Fasting
and post-prandial samples were collected in fluoride vials from all 100 T2DM subjects, and 1 mL of blood was collected in EDTA
vials to measure HbAlc. T2DM was diagnosed by measuring fasting blood glucose (glucose level over 126 mg/dL) and
postprandial blood glucose (2-hour blood glucose over 200 mg/dL). All study participants had a total of 2 mL of peripheral
blood collected in EDTA vials for the Expression study. Whole blood was subjected to RBCs lysis, after that WBCs were used to
collect total RNA by using Trizol® reagent (Thermo Scientific, USA) following manufacturer’s instructions using chloroform,
isoamyl alcohol and further nuclease-free water was used to elute the sample and stored at —80°C. The A260/280 ratio was used to
determine the purity and integrity of the total RNA, which was then stored at —80°C for further processing. This research study
was ethically approved by the research ethics committee, Ministry of Health, Saudi Arabia, Approval No/reg. no: 607-43-1478.
Written informed consent was obtained from all the participants.

Polyadenylation and cDNA Synthesis

Using the TagMan Advance microRNA reverse transcription kit, 100 ng of total extracted RNA from each participant was
polyadenylated using the enzyme Poly-A Polymerase, according to the manufacturer’s protocol (TagMan, Thermo Scientific,
USA). To switch poly (A) tailed miRNAs into cDNA using a reverse transcriptase enzyme and other essential reagents
provided with the manufacturer kit, a universal RT primer and other essential reagents were added for cDNA synthesis.

Quantitative Real-Time PCR for miR-143 and miR-145 Expression

MiRNA-143 and miRNA-145 expression were quantified by quantitative real-time PCR (qRT-PCR) using cDNA as
template. Expression calculation was done by using the TagMan probes for miRNA-143 (Assay ID: 478713 mir),
TagMan probes for miRNA-145 (Assay ID: 477916 _mir) for quantification, and U6 (001973) as an internal control along
with TagMan advanced master mix (4444556). The expression of miR-143 and miR-145 was studied using a 40-cycle
protocol that included a first denaturation step at 94°C for 50 seconds, annealing at 60°C for 50 seconds, and extension at
72°C for 50 seconds, with the final reaction volume kept at 20 L and the final step in the extension process completed at
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72°C for 10 minutes. For target amplification, a melting curve analysis was performed between the temperatures of 35°C
and 90°C, and all processes were duplicated to avoid errors with U6 as the in-house control.

Statistical Analysis

SPSS 21.0 and GraphPad Prism software version 6.05 were used for statistical analysis. To examine the significant
differences between the groups, the Mann—Whitney U-test (2 groups) and the Kruskal-Wallis test (>2 groups) were used.
The relative cycle threshold (Ct) method was used to show the expression level of miR-143 and miR-145. All values
were normalized relative to the control values, which were depicted as a value of 1 and expression was defined as up or
down-regulated as a result of more than or less than one. The p<0.05 was considered significant.

Results

Demographics of the Participants

All the demographic characteristics of 100 cases of T2DM and 100 healthy controls is depicted in Table 1. In brief, 72%
of T2DM cases were males and 28% were females while in healthy controls 70% were males and 30% were females.
Age of diagnosis of T2DM were categorized into 2 groups, < 45 years were 40% and > 45 were 60% while among the
healthy control < 45 years were 38% and > 45 were 62%. Details are given in Table 1.

Association of miRNA-143 Expression with Different Characteristics

Relative quantification method was used to calculate the miRNA-143 expression and compared with healthy controls
overall 5.23 fold increased miRNA-143 expression was observed among the T2DM cases (Table 2). It was observed that
T2DM cases with hypertension, fatigue, blurred vision showed 4.08 fold (p=0.01), 5.07 fold (p=0.04) and 5.15 fold
(p=0.01) miRNA-143 expression compared with T2DM cases without hypertension, fatigue, blurred vision who showed
significantly lower expression. No significant association of miRNA-143 expression was observed with age, gender,
increased urination, weight loss, loss of appetite, or smoking status.

Association of miRNA-145 Expression with Different Characteristics

Relative miRNA-143 expression was analyzed compared with healthy controls and overall 6.55 fold relative expression
was observed among the T2DM cases (Table 3). It was observed that the miRNA-154 expression was higher in T2DM
cases with hypertension (5.36 fold, p=0.009) and fatigue (5.32 fold, p=0.03) compared with its contrast.

Correlation of miRNA-143, and miRNA-145 Among T2DM Cases

A correlation analysis was performed to analyze the association between miRNA-143 and miRNA-145 expression
among the T2DM cases (Figure 1). A significant positive correlation (r=0.63, p<0.0001) was observed between miRNA-
143 and miRNA-145 expression suggesting that increase in expression of miRNA-143 would lead to increase in
expression of miRNA-145 and vice versa among T2DM cases.

Correlation of miRNA-143, and miRNA-145 with Biochemical Parameters Among

T2DM Cases

In the correlation analysis of miRNA-143 and miRNA-145 with biochemical parameters (Table 4), we observed miRNA-143
showed negative correlation with HDL (r =—0.26, p=0.008) and miRNA-145 showed positive correlation with TG (r =—0.23,
p=0.01).

Biochemical Parameters and Vitamin-D Status Among T2DM Cases

T2DM with different vitamin-D status (deficiency, insufficiency and sufficiency) was used to compare the biochemical
parameters (blood glucose fasting, blood glucose post-prandial, HbAlc, HDL, LDL, TG, cholesterol, VLDL) (Table 5). It
was observed that vitamin-D status of the T2DM cases had a significant association with blood glucose fasting and HDL
level. T2DM cases with vitamin deficiency had 252.21 mg/dl blood glucose fasting, T2DM cases with vitamin
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Table | Demographic Characteristics of Type 2 Diabetes Mellitus Cases and
Healthy Controls

Variables T2DM Cases (%) Control Subjects (%)
Total no. 100 (100) 100 (100)

Gender

Males 72 (72) 70 (70)

Females 28 (28) 30 (30)

Age at diagnosis (Years)

<45 40 (40) 38 (38)

> 45 60 (60) 62 (62)

Hypertension

Yes 37 (37)

No 63 (63)

Increased urination

Yes 45 (45)
No 55 (55)
Weight loss

Yes 38 (38)
No 62 (62)
Fatigue

Yes 43 (43)
No 57 (57)

Blurred vision

Yes 34 (34)

No 66 (66)

Loss of appetite

Yes 43 (43)

No 57 (57)

Smoking status

Yes 45 (45)
No 55 (55)
Obesity

Yes 34 (34)
No 66 (66)

insufficiency had 232.22 mg/dl while sufficient cases showed 226.0mg/dl (p=0.001). It was also observed that the T2DM
cases with vitamin-D deficiency had 36.08mg/dl, T2DM cases with vitamin insufficiency had 46.50 mg/dl while
sufficient cases showed 49.80 mg/dl (p<0.0001).
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Table 2 Relative Expression of miRNA-143 Among Type 2
Diabetic Cases Compared with Healthy Controls

Variables miRNA-143 Expression p-value
(MeantSD)

Overall expression | 5.23+2.07 -

Age (in years)

< 40 years 4.81%1.90 0.33
> 40 years 4.59%1.96

Gender

Male 4.94x1.81 0.19
Female 4.58+1.97

Hypertension

Yes 5.03+2.05 0.01

No 4.08+1.53

Increased urination

Yes 4.87+1.92 0.36
No 4.52+1.94

Weight loss

Yes 4.62+1.91 0.80
No 4.71£1.95

Fatigue

Yes 5.07x1.99 0.04
No 4.38+1.84

Blurred vision

Yes 5.15%1.81 0.01

No 4.43+1.95

Loss of appetite

Yes 4.66+1.69 0.78

No 4.69+2.10

Smoking status

Yes 5.05+2.20 0.18

No 4.37+1.63

MiRNA-143 and miRNA-145 Among Obese and Non-Obese T2DM Cases
Comparison of miRNA-143 and miRNA-145 expression was done between obese T2DM and non-obese T2DM cases

(Figure 2A and B). It was observed that the obese T2DM cases had 6.19 fold relative expression of miRNA-143 while
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Table 3 Relative Expression of miRNA-145 Among Type 2

Diabetic Cases Compared with Healthy Controls

Variables miRNA-145 Expression p-value
(MeantSD)

Overall expression | 6.55+3.94 -

Age (in years)

< 40 years 5.29+2.99 0.48

> 40 years 4.68+2.11

Gender

Male 4.7612.25 0.58

Female 5.34+3.08

Hypertension

Yes 5.36+2.63 0.009

No 4.18%2.10

Urination

Yes 4.96+2.34 0.80

No 4.90+2.65

Weight loss

Yes 4.45%1.60 0.44

No 5.22+2.90

Fatigue

Yes 5.32+2.31 0.03

No 4.63£2.62

Blurred vision

Yes 5.27£2.70 0.52

No 4.75+2.40

Loss of appetite

Yes 5.02+2.49 0.42

No 4.80+2.55

Smoking status

Yes 5.00£2.19 0.42

No 4.85+2.76

non-obese T2DM cases had 3.90 fold relative expression of miRNA-143 (p<0.0001). The relative expression of miRNA-
145 among the obese T2DM cases was 6.81 fold while non-obese T2DM cases had 3.96 fold relative expression, this
showed a statistically significant difference (p<0.0001).
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Table 4 Correlation Analysis and Coefficient of miRNA-143 and miRNA-145 with Biochemical Parameters Among T2DM

Parameters BGP (mg/dl) | BGPP (mg/dl) | HbAlc | HDL LDL | TG Cholesterol | VLDL

miRNA-143 | Correlation coefficient | 0.0l —0.07 —0.04 —0.26 0.08 0.16 —0.03 —0.09
p value 0.88 0.47 0.68 0.008 0.37 | 0.1l 0.75 0.36

miRNA-145 | Correlation coefficient | 0.035 0.061 —0.036 | —0.135 | 0.023 | 0.239 | —0.042 —0.072
p value 0.728 0.550 0.720 0.182 0.819 | 0.017 | 0.677 0.476

Abbreviations: BGP, Blood glucose fasting; BGPP, Blood glucose post-prandial; HbA I ¢, Glycated hemoglobin; HDL, High density lipoprotein; LDL, Low density lipoprotein;
TG, Triglycerides; VLDL, Very low density lipoprotein.

MiRNA-143 and miRNA-145 Expression with Vitamin Status Among Obese and

Non-Obese T2DM Cases

MiRNA143 and miRNA 145 was evaluated with regard to vitamin-D status among the T2DM cases (Figure 3A and B). It
was observed that the vitamin-D deficient T2DM cases had higher miRNA-143 expression (5.69 fold) compared with
insufficient (4.27 fold, p=0.03) and sufficient (4.08 fold, p=0.002). It was also observed that the vitamin-D deficient
T2DM cases had higher miRNA-145 expression (5.91 fold) compared with insufficient (4.61 fold, p=0.03) and sufficient
(4.29 fold, p=0.003).

Prognostic Importance of miRNA-143 and miRNA-145 Expression with regard to
Obese and Non-Obese T2DM Cases

T2DM cases were divided into two groups based on obesity (obese and non-obese T2DM cases) and ROC curves were
analyzed to see if miRNA-143 and miRNA-145 could be used as a predictive/prognostic biomarker for T2DM cases
(Figure 4A and B, Table 6). When a ROC curve was plotted for miRNA-143 between obese T2DM cases and non-obese
T2DM cases, the sensitivity and specificity were 85% and 61%, respectively, at the best possible cutoff value of 4.39 fold
increased miRNA-143 expression (AUC=0.83, p<0.0001). The sensitivity and specificity for miRNA-145 in obese
T2DM cases vs non-obese T2DM cases were 88% and 53%, respectively, at the best possible cutoff value of 4.0 fold
increased miRNA-145 expression (AUC=0.81, p<0.0001).

Discussion
Lifestyle changes have been shown to be very effective in prevention of T2DM,'> workout intervention programs are
cost-effective and have other health benefits'® and better insulin sensitivity is linked with physical activity.'” Exercise can
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Figure | Correlation between miRNA-143 and miRNA-145 expression among the T2DM cases.
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Table 5 Comparison of Biochemical Parameters with Vitamin-D Status Among the T2DM Cases

Biochemical Parameters Vitamin-D P value
Deficiency Insufficiency Sufficiency
Blood glucose fasting (mg/dl) 252.21%35 232.22+29.67 226.90+26.59 0.001
Blood glucose post-prandial (mg/dl) 370.29+51.29 384.27+67.00 369.08+45.81 0.75
HbAlc (%) 7.32+0.65 7.25+0.68 7.27+0.92 0.68
HDL (mg/dl) 36.08+6.93 46.50+16.43 49.80+12.34 <0.0001
LDL (mg/dl) 199.59+16.33 200.96+22.13 201.92+26.02 0.90
TG (mg/dl) 443.76+90.57 402.23+101.80 411.88+91.89 0.16
Cholesterol (mg/dl) 246.26+12.36 249.53+13.23 253.22+20.23 0.57
VLDL (mg/dl) 36.29+5.86 35.19+6.43 35.57+4.72 0.74

help to delay or prevent the onset of T2DM and minimize the medication use'® and intensity; style of exercise has an
impact on the individual’s better outcome.'® It has been observed that miRNA-143 has been linked to the development of
type 2 diabetes'® and obesity increases the miRNA-143 expression and inhibits insulin-mediated AKT phosphorylation in
obese mice’s liver and adipose tissue.”” TGF-induced miRNA-143 and miRNA-145 stimulate the switch of vascular
smooth muscle cells to a dysfunctional phenotype particular to T2DM.?' Overexpression of miRNA-143 in mice
damages insulin-stimulated AKT activation, and it is upregulated in the liver of genetic and dietary obese mouse models.”

Present research work also observed increased miRNA-143 expression, and found it to be associated with hyperten-
sion, fatigue and blurred vision among the T2DM cases. MiRNA-143 has also been linked to an increase in body weight,
as well as glucose homeostasis and impaired insulin-stimulated AKT activation.”? Jordan et al found that in a diet-
induced obese mouse model, the expression of miRNA-143 and miRNA-145 is upregulated.” Xie et al reported that the
TNF-treatment in adipose tissue regulates the intensity of adipose-related miRNAs such as miR-143.%* In the same way
higher miRNA-145 expression was observed to be associated with hypertension and fatigue among the T2DM cases.
A positive correlation was observed between miRNA-143 and miRNA-145 expression suggesting increase or decrease in
miRNA-143 expression would lead increase or decrease miRNA-145 expression. Changes in the expression of
miRNA143 and miRNA-145 was observed among T2DM cases with and without obesity, obese T2DM cases showed

107 A . p<0.0001 . 129 B
' 114 L
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p<0.0001

1 ]
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Relative miRNA-143 expression
Relative miRNA-145 expression
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Figure 2 MiRNA expression among obese and non-obese T2DM cases. (A) miRNA-143, (B) miRNA-145.
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Figure 4 ROC curve analysis for prognostic importance between non-obese and obese T2DM cases. (A) AUC for miRNA-143, (B) AUC for miRNA-145.

higher miRNA-143 and miRNA-145 expression compared with non-obese T2DM cases. It suggested that obesity
influences the upregulation of miRNA-143 and miRNA-145 expression.

ROC curve analysis showed that miRNA-143 and miRNA-145 upregulation had high sensitivity suggesting this to be
a prognostic marker for obesity prediction among the T2DM cases. In the same way Esau et al confirmed that miR-143 usually
triggers adipocyte differentiation and is overexpressed in obesity.* Takanabe et al also reported that obese mice had a 3.3 fold
higher expression of miRNA-143 in adipose tissue.”> The HFD-induced overexpression of miRNA-143 in the adipose tissue
done by RT-PCR.* In the context of T2DM macrovascular complications, these are linked with aberrant miRNA-145
expression to saphenous vein smooth muscle cell senescence.”® Both miRNA-143 and miRNA-145 promote the transition of
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Table 6 AUC, Sensitivity, Specificity and Cutoff for miRNA-143 and miRNA-145 Between Obese and
Non-Obese T2DM Cases

Gene AUC (95% CI) Cut-off Sensitivity Specificity p-value
miRNA-143 0.83 (0.75-0.91) 4.39 fold 85% 61% <0.0001
miRNA-145 0.81 (0.71-0.90) 4.0 fold 88% 53% <0.0001

vascular smooth muscle cells to a dysfunctional phenotype associated with T2DM.?! Obesity increases miRNA-143 expres-
sion, which inhibits insulin-stimulated AKT phosphorylation in the liver and adipose tissue of obese mice and suggests that
miRNA-143 is involved in the development of T2DM.?° Studies have shown that T2DM cases or impaired glucose tolerance
had significantly poorer vitamin-D levels (25(OH)D).?’® Lack of vitamin-D has been associated with impaired insulin
response and excretion can occur in T2DM.?*2° A study observed the poor vitamin-D status was linked with obesity and
diabetes.’' Studies have examined the link between vitamin-D status and the risk of developing T2DM, and found that
vitamin-D deficiency is a risk factor for the development of T2DM.**** Research revealed that poor vitamin-D status
contributes to diabetes-related complications such as retinopathy, nephropathy, and peripheral neuropathy.** Vitamin-
D deficiency is prevalent in type 2 diabetes® and higher blood glucose levels had been linked with low vitamin-D among
T2DM cases.*®*>” It has been suggested that vitamin-D deficiency among T2DM has a strong connection with control of
glycemia and it has been suggested that reduced risk of developing T2DM is linked with sufficient serum vitamin-D levels.*® It
has been also observed that the vitamin-D deficiency linked with T2DM cases had higher miRNA-143 and miRNA-145
expression. Present study also observed vitamin-D deficiency linked with higher FBG, higher miRNA-143 and miRNA-145
expression and lower HDL level among the T2DM cases.

Conclusion

Obese T2DM cases had higher miRNA-143 and miRNA-145 expression and ROC curve analysis showed that miRNA-143 and
miRNA-145 expression could be a predictive marker for obese T2DM cases. Decreased vitamin-D status may cause the
increased FBG, higher miRNA-143 and miRNA-145 expression and decreased HDL level. Therefore, it is important to evaluate
the vitamin-D status among the T2DM cases and vitamin-D intervention could be made for better T2DM management.
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