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Introduction
Diabetes mellitus (DM) is a metabolic disorder characterised by impaired insulin production or 
function, caused by both genetic and environmental factors, and ultimately affecting glucose 
metabolism.1 In 2021, approximately 24 million people in Africa were living with diabetes. 
This figure is projected to rise to 55 million by 2045.2 Between 2010 and 2019, the incidence of 
diabetes in South Africa rose from 4.5% to 12.7%. In 2019, an estimated 4.58 million South 
Africans aged 20 years to 79 years had diabetes, with 52.4% remaining undiagnosed.3 Current 
diabetes treatments are associated with adverse effects, such as weight gain, hypoglycaemia, 
gastrointestinal discomfort and contraindications that may limit their clinical application.4,5 
Early identification and effective treatment of diabetes are crucial for improving patient 
outcomes. 

Emerging evidence indicates that circulating micro ribonucleic acids (miRNAs) play a pivotal role 
in the onset and progression of diabetes. Micro ribonucleic acids are endogenous noncoding 
ribonucleic acids (RNAs) that regulate gene expression post-transcriptionally. They function by 
promoting messenger RNA (mRNA) degradation or inhibiting mRNA translation into proteins.6,7 
Many studies8,9 have focused on miRNAs specific to African populations. A study by Weale et al. 
demonstrated that dysregulation of specific miRNAs, including miR-30a-5p, miR-126-3p and 

Background: Disruption in the normal functioning of specific micro ribonucleic acids 
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and advancement of type 2 diabetes mellitus (T2DM). 

Aim: This study examined the effect of high glucose (HG) on the expression of selected 
miRNAs and their target genes in HepG2 cells and assessed the modulatory effects of 
resveratrol (RES), a polyphenol with known anti-diabetic properties.
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Research Unit at the CPUT Bellville campus, Cape Town, South Africa.
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and high resveratrol [HR] 50 µM) for 48 h and 72 h. The expression levels of miR-30a-5p, 
miR-126-3p and miR-182-5p, and their target genes (Sprouty-related EVH1 domain containing 
1 [SPRED1], Forkhead box O1 [FOXO1], Glucose-6-phosphatase [G6Pase], and Neuronal 
differentiation 1 [Neurod1]) were quantified using quantitative polymerase chain reaction 
(qPCR). Sirtuin 1 (SIRT1) messenger ribonucleic acid (mRNA) levels were also assessed, and 
the protein expression was measured using enzyme-linked immunosorbent assay (ELISA).

Results: Exposure to HG for 48 h and 72 h decreased the expression of miR-126-3p and 
miR-182-5p, while increasing the expression level of its target genes SPRED1, FOXO1 and 
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SIRT1 expression.

Conclusion: Our results suggest that RES may influence metabolic regulation and miRNA–
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Contribution: This study provides preliminary insights into mechanisms relevant to glucose-
induced metabolic dysregulation.
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miR-182-5p, is associated with the development and 
progression of type 2 diabetes mellitus (T2DM) in the South 
African population residing in the Western Cape.8,9 These 
miRNAs were found to be overexpressed in individuals with 
prediabetes or T2DM, indicating their potential as biomarkers 
for early detection of prediabetes or T2DM in patients.

Such findings provided a foundational framework for the 
current study. Dysregulation of these miRNAs has been 
associated with diabetes-related pathways. For instance, 
studies have shown that miR-182 influences glucose 
metabolism, mainly by targeting Forkhead box protein O1 
(FOXO1).10,11 Reduced miR-182 levels can lead to 
hyperglycaemia by allowing FOXO1 to enhance G6Pase 
transcription, thereby increasing gluconeogenesis.12 In 
addition, miR-126 is essential for regulating vascular 
development and stability by targeting specific mRNAs, 
including CXCL12, VCAM-1, SPRED1 and PIK3R2. These 
targets are implicated in the endothelial dysfunction 
associated with diabetes and its complications.13,14

Furthermore, previous research shows that miR-30a-5p is 
upregulated in a glucotoxic environment. The elevated 
expression of miR-30a-5p leads to beta-cell dysfunction by 
directly inhibiting Beta2/NeuroD, a transcription factor 
important for the development of the endocrine pancreas.15 
The inhibition of Beta2/NeuroD results in reduced insulin 
levels and impaired glucose responsiveness, worsening 
hyperglycaemia. Moreover, miR-30a-5p belongs to the miR-
30 family, which is implicated in the pathogenesis of T2DM, 
including insulin activation and platelet activation.16 Natural 
products have been recognised for their therapeutic 
properties for a long time.17 Resveratrol (RES), a polyphenol 
phytoalexin also known as trans-3,4,5-trihydroxystilbene, is 
present in various plants, including grapes, peanuts and 
berries.17 Numerous studies have examined the role of 
RES in the management of diabetes and its related 
complications.18,19,21 Several studies have demonstrated that 
RES can reduce blood glucose levels.22,23,24,25,26 Resveratrol 
may exert its anti-hyperglycaemic effects through the 
activation of sirtuin 1 (SIRT1), an NAD+-dependent 
deacetylase that serves as a regulator of parameters 
influencing T2DM.27,28,29,30 Various studies report a reduction 
in SIRT1 activity and expression in both in vitro and in vivo 
experimental models of diabetes.31,32 Moreover, SIRT1 is an 
important regulator of cellular activities and has been shown 
to interact with miRNAs.33 miR-182-5p, miR-30a-5p and 
miR-126-3p have been found to be involved in glucose 
metabolism, insulin signalling and inflammation,8,34,35 
processes in which SIRT1 is recognised to exert a regulatory 
influence.36,37 

Given the link between SIRT1 and miRNA-mediated 
metabolic pathways, investigating the impact of RES on 
these miRNAs could provide significant insight into its 
potential therapeutic advantages. Therefore, this study 
sought to evaluate the expression levels of miR-30a-5p, miR-
126-3p and miR-182-5p in HepG2 cells exposed to high 
glucose (HG) concentrations and to observe the effects of 

RES on these miRNAs under HG and control conditions. In 
addition, the study aimed to examine the impact of glucose-
induced miRNA dysregulation on specific genes (mRNA 
expression) involved in glucose metabolism and 
hyperglycaemia. 

Research methods and design
Cell culture
The cells were categorised into six groups according to our prior 
research.38,39,40 Donated HepG2 cells were cultivated in a 
monolayer in 25 cm3 flasks, at a density of 106 cells per flask. 
Eagle’s minimum essential medium (EMEM) was supplemented 
with 10% foetal bovine serum (FBS), 100 U/mL penicillin, 100 
µg/mL streptomycin, 0.25 µg/mL amphotericin B and 4 mM 
L-glutamine. Cultures were maintained in a 37 °C humidified 
incubator with 5% carbon dioxide (CO2). Cells were rinsed with 
0.1 M phosphate-buffered saline (PBS). Upon reaching 70% – 
80% confluence, cells were treated with two concentrations of 
resveratrol (low resveratrol [LR] 25 µM, high resveratrol [HR] 50 
µM) and HG (40 mM) for 48 h and 72 h, respectively.38,39,40 Cells 
were then harvested and assessed using the trypan blue 
exclusion technique.38 Total cell counts and viability were 
determined according to established protocols.38,40 

Resveratrol treatments
Resveratrol stock solutions (20 mM) were prepared in 100% 
dimethyl sulphoxide (DMSO). Treatment concentrations of 
RES were selected based on the 50% inhibitory concentration 
(IC50) reported in previous studies.41,42,43 Untreated control cells 
and the HG group did not receive the vehicle (DMSO). Previous 
investigations of RES’s metabolic effects in HepG2 cells 
included a vehicle control, in which cells were treated with 
DMSO only, to account for potential solvent effects.44 

Micro ribonucleic acids isolation
Micro ribonucleic acids were extracted using the miRNeasy 
Tissue/Cells Advanced Minikit (Qiagen) in accordance 
with the manufacturer’s instructions. The concentration of 
isolated miRNA was determined with a NanoDrop™ 
spectrophotometer (NanoDrop™ OneC, Thermo Fisher 
Scientific, Wilmington, DE, United States). Complementary 
deoxyribonucleic acid (cDNA) synthesis was performed 
using the miRCURY LNA RT kit (Qiagen) according to the 
manufacturer’s protocol. Following cDNA synthesis, 
samples were stored at −20 °C until required for quantitative 
polymerase chain reaction (qPCR) assays.

Micro ribonucleic acids analysis
Micro ribonucleic acids expression analysis was conducted 
using the miRCURY® LNA® miRNA SYBR® Green PCR kit 
(Qiagen) according to the manufacturer’s protocol and 
quantified with the Applied BiosystemsTM QuantStudioTM 7 
Flex system (Thermo Fisher Scientific). Target miRNAs were 
synthesised using pre-designed, miRNA-specific primers. 
The primers included hsa-miR-182-5p (Catalogue [CAT] no: 
YP00206070), hsa-miR-30a-5p (CAT no: YP00205695) and 
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hsa-miR-126-3p (CAT no: YP00204227) (Qiagen). Cycle 
threshold (Ct) values were collected and normalised to the 
endogenous control (U6  snRNA, CAT: YP02119464). Micro 
ribonucleic acids expression levels in each sample were 
quantified using the 2−ΔCt method, and the 2−ΔΔCt value was 
used to compare miRNA expression levels in each sample 
with the control.45

Ribonucleic acids extraction and gene 
expression analysis
Total RNA isolation was conducted using QIAzol® extraction 
reagent (Qiagen) following established protocols.38 Ribonucleic 
acid quantification was performed using NanoDrop™ 
spectrometry (NanoDrop™ OneC). The iScript cDNA 
synthesis kit (Bio-Rad) was used to synthesise cDNA following 
the manufacturer’s instructions. After cDNA conversion, 
mRNA amplification was performed using the  Applied 
BiosystemsTM QuantStudioTM 7 Flex system. The  reaction 
mixture was prepared following the methodology established 
in our previous studies,38,39,40 utilising SsoAdvanced™ 
Universal SYBR® Green Supermix (Bio-Rad). Primers utilised 
in this study (Table 1) were sourced from Inqaba Biotechnical 
Industries.39,40 Beta-actin served as the housekeeping gene in 
the experiment. The mRNA expression level in each sample 
was quantified using Livak’s method.45

Enzyme-linked immunosorbent assay
The culture supernatant collected after 48 h and 72 h of 
treatment was used to detect human SIRT1 (CAT: EH427RB, 
Invitrogen, Thermo Fisher Scientific) according to the 
manufacturer’s protocol. An ELISA plate reader was used 
to measure the absorbance at 450 nm.

Statistical analysis
Data analyses were performed using GraphPad Prism 
version 8.0.0 (GraphPad Software, San Diego, California, 
United States). Student’s t-test and one-way analysis of 
variance (ANOVA) were used to compare means between 
the treatment groups. The data were presented as means ± 
standard deviation (s.d.). All experiments were performed in 
triplicate technical replicates, and p-values < 0.05 were 
considered statistically significant.

Ethical considerations
Ethical clearance to conduct this study was obtained from the 
Health and Wellness Sciences Research Ethics Committee 
(HWS-REC) of Cape Peninsula University of Technology 
(No. CPUT/HWS-REC 2021/H6).

Results
Expression levels of miR-126-3p and SPRED1 in 
HepG2 cells treated with high glucose and 
resveratrol
miR-126-3p levels decreased significantly compared with the 
control group following exposure to HG for 48 h and 72 h  
(p < 0.0001; Figure 1). No significant differences in miR-126-
3p were observed after exposure to LR (25 µM) over 48 h and 
72 h compared to controls. However, miR-126-3p was 
significantly decreased after exposure to HR (50 µM) for 48 h 
and 72 h (p  <  0.001 and p = 0.0015; Figure 1). Because HG 
exposure reduced miR-126-3p expression, we aimed to 
determine whether RES could mitigate HG-induced 
downregulation of this miRNA. The cells were treated with 
HG + LR and HG + HR for 48 h and 72 h (Figure 1). A 
significant increase in miR-126-3p levels was observed after 
exposure to HG + LR and HG + HR for 48 h (p < 0.001; Figure 
1) and 72 h (p = 0.0001 and p = 0.0008; Figure 1) compared to 
HG alone.

Micro ribonucleic acids are widely recognised for repressing 
the expression of specific target genes. According to the 
miRDB-microRNA target prediction database, miR-126-3p 
targets SPRED1 (http://www.mirdb.org/). Therefore, 
SPRED1 mRNA expression was examined. SPRED1 showed 
a statistically significant increase following treatment with 
HG for 48 h and 72 h (p < 0.0001; Figure 1) compared to 
controls. After cells were subjected to LR and HR treatments 
for 48 h, SPRED1 mRNA expression decreased significantly 
(p = 0.002 and p = 0.0019). When cells were treated with LR 
and HR for 72 h, no noticeable SPRED1 expression was 
observed. However, cells treated with HR exhibited a 
significant reduction (p < 0.0001) compared to controls. 
Interestingly, SPRED1 expression was reduced by 48 h and 72 
h of exposure to HG + LR and HG + HR (p < 0.0001; Figure 1), 
compared to HG alone.

Expression of miR-182-5p and its target gene 
(FOXO1) in HepG2 cells
Exposure of cells to HG resulted in a significant reduction in 
miR-182-5p expression (p < 0.0001) and an increase in FOXO1 
expression at both 48 h and 72 h (p = 0.0141 and p < 0.0001, 
respectively; Figure 2) compared to controls. Treatment with 
LR did not significantly affect miR-182-5p expression, 
whereas HR treatment significantly decreased miR-182-5p 
expression (p < 0.0001) compared to the control. Treatment 
with LR and HR alone for 72 h resulted in a significant 
decrease in miR-182-5p expression levels (p = 0.0003 and  
p < 0.0001, respectively; Figure 2). Additionally, FOXO1 
expression was significantly reduced following LR and HR 
treatment at both 48 h and 72 h (p < 0.0001; Figure 2) relative 
to the control. The expression of miR-126-3p significantly 
increased following exposure to HG + LR and HG + HR over 
48 h and 72 h (p < 0.0001; Figure 2), compared to the HG 
group alone. Forkhead box protein O1 levels were also elevated 
in response to HG + LR and HG + HR treatments at both 48 h 
(p = 0.0475 and p = 0.0002, respectively) and 72 h (p < 0.0001), 

TABLE 1: Primers used in this study.
Gene name Forward Reverse 

Beta-actin 5´ TGACGGGTCACCCACACTGT 
GCCCAT 3´

5´CTAGAAGCATTTGCGGTGG 
ACGATGGAGGG 3´

Neurdod1 5´ CTCCGGGGTTATGAGATCGT 
CAC 3´

5´ GCCTTCATGCGCCTTAATTT 3´

FOXO1 5´ AAGCTCCCAAGTGACTTGGA 
TG 3´

5´ CTGCTCACTAACCCTC 
AGCCTGA 3´

G6P 5´ TTTCCCCACCAGGTCGTGGCT 3´ 5´ CCCATTCTGGCCGCTCACAC 3´
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relative to HG alone (Figure 2). Increased miR-182-5p 
expression was associated with reduced FOXO1 expression 
(Figure 2).

Increased expression of FOXO1 mRNA 
accompanied by increased expression of G6Pase 
in HepG2 cells 
Our results showed a substantial increase in FOXO1 mRNA at 
48 h and 72 h of treatment with HG (p < 0.0001; Figure 3). 
Treatment of cells with LR and HR alone for 48 h and 72 h 
resulted in a significant reduction compared to the control 
group (p < 0.0001). Additionally, exposure to HG + LR and HG 
+ HR for 48 h and 72 h led to a substantial decrease in G6Pase 
expression relative to the HG group (p < 0.001; Figure 3). 

Expression of miR-30a-5p and Neurod1 in 
HepG2 cells
The miRDB-microRNA target prediction database indicated 
that miR-30a-5p targets Neurod1 (http://www.mirdb.org/). 

Cells treated with HG showed a significant decrease in miR-
30a-5p at 48 h and 72 h (p < 0.0001; Figure 4) compared to 
controls. In contrast, Neurod1 expression was significantly 
increased after 72 h of HG treatment (p < 0.0001). Nevertheless, 
no statistically significant result was observed after 48 h of 
treatment (Figure 4). Following 48 h of LR and HR treatment, 
the LR group showed no statistical change in miR-30a-5p 
expression, whereas HR treatment resulted in a significant 
reduction in miR-30a-5p expression compared to controls (p = 
0.0002; Figure 4). After 72 h of LR and HR treatment, miR-30a-
5p expression levels were significantly decreased compared to 
controls (p < 0.0001; Figure 4). Neurod1 expression was 
significantly reduced in cells exposed to LR and HR alone for 
both 48 h and 72 h (p < 0.0001; Figure 4) compared to controls. 
In contrast, miR-30a-5p levels were significantly increased 
following HG + LR and HG + HR treatment for 48 h and 72 h 
(p < 0.0001; Figure 4) compared to HG treatment alone. Cells 
treated with HG + LR and HG + HR also exhibited a significant 
decrease in Neurod1 mRNA after 48 h and 72 h (p < 0.0001) 
compared to cells treated with HG alone.

h, hours; HG, high glucose; HR, high resveratrol; LR, low resveratrol; SPRED1, sprouty-related EVH1 domain containing 1.
*, p < 0.05; **, p < 0.01; ***, p < 0.001; ****, p < 0.0001 versus controls and #, p < 0.05; ##, p < 0.01; ###, p < 0.001; ####, p < 0.0001 versus HG.

FIGURE 1: Expression of miR-126-3p (a and b) and SPRED1 messenger RNA (c and d) in HepG2 cells treated with high glucose (40 mM) and resveratrol (25 µM and 50 µM) 
over 48 h and 72 h.
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FOXO1, Forkhead box 1, h, hours, HG, high glucose, HR, high resveratrol, LR, low resveratrol1; SPRED1, sprouty-related EVH1 domain containing 1.
*, p < 0.05; **, p < 0.01; ***, p < 0.001; ****, p < 0.0001 versus controls and #, p < 0.05; ##, p < 0.01; ###, p < 0.001; ####, p < 0.0001 versus HG.

FIGURE 2: Expression of miR-182-5p (a and b) and FOXO1 messenger RNA (c and d) in HepG2 cells treated with high glucose (40 mM) and resveratrol (25 µM and 50 µM) 
over 48 h and 72 h. 
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G6Pase, Glucose-6-phosphatase, h, hours, HG, high glucose, HR, high resveratrol, LR, low resveratrol.
*, p < 0.05; **, p < 0.01; ***, p < 0.001; ****, p < 0.0001 versus controls and #, p < 0.05; ##, p < 0.01; ###, p < 0.001; ####, p < 0.0001 versus HG. 

FIGURE 3: The messenger ribonucleic acid expression of G6Pase in HepG2 cells treated with high glucose (40 mM) and resveratrol (25 µM and 50 µM) over 48 h (a) and 72 h (b).
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The messenger RNA and protein expression of 
Sirtuin 1
The mRNA expression levels of SIRT1 were significantly 
decreased following exposure to HG for 72 h (p = 0.0003; 
Figure 5). In contrast, no statistically significant difference 
was observed after 48 h of HG exposure (Figure 5).39 
Consistently, ELISA results demonstrated that SIRT1 
concentration was significantly reduced in HepG2 cells 
after 48 h and 72 h of HG exposure (Figure 5, p = 0.001 and 
p = 0.0023, respectively). When HepG2 cells were cultured 
with LR and HR for 48 h, the mRNA expression of SIRT1 
was significantly increased (p = 0.0004 and p < 0.0001, 
respectively; Figure 5). When cells were exposed to LR and 
HR for 72 h, HR significantly increased the mRNA 
expression of SIRT1 (p  = 0.002); however, no statistical 
difference was observed when exposed to LR (Figure 5).39 
Enzyme-linked immunosorbent assay results indicated no 
statistical difference in SIRT1 concentration when HepG2 
cells were cultured with LR and HR for 48 h (Figure 5). 
However, a statistically significant difference was 

observed after 72 h of incubation (p = 0.0470 and p = 0.0176; 
Figure 5). Exposure of HepG2 cells to LR and HR in the 
presence of HG for both 48 h and 72 h resulted in a 
significant increase in SIRT1 mRNA expression compared 
to HG alone (p < 0.0001; Figure 5).39 Enzyme-linked 
immunosorbent assay analysis showed no statistical 
difference in SIRT1 concentration when HepG2 cells were 
treated with LR + HG for 48 and 72 h. In contrast, exposure 
to HR + HG for 48 h and 72 h significantly increased SIRT1 
concentration (p = 0.0240 and p = 0.0067, respectively, 
Figure 5).

Discussion
Our findings demonstrated that exposure of HepG2 cells to 
HG for 48 h and 72 h resulted in significant decreases in 
miR-126-3p, miR-182-5p and miR-30a-5p. MiR-126-3p is 
recognised as a key regulator of vascular development and 
homeostasis, and its reduced expression is linked to 
endothelial dysfunction in diabetes.9,46 MiR-182-5p has been 
linked with the development of T2DM.9 However, our 

Neurod1, neuronal differentiation 1; LR, low resveratrol; HR, high resveratrol; HG, high glucose; RES, resveratrol; FOXO1, Forkhead box 1; SPRED1, sprouty-related EVH1 domain containing 1.
*, p < 0.05; **, p < 0.01; ***, p < 0.001; ****, p < 0.0001 versus controls and #, p<0.05; ##, p < 0.01, ###, p < 0.001; ####, p < 0.0001 versus HG. 

FIGURE 4: Expression of miR-30a-5p (a and b) and Neurod1 messenger RNA (c and d) in HepG2 cells treated with high glucose (40 mM) and resveratrol (25 µM and 
50 µM) over 48 h and 72 h.
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investigations revealed that miR-30a-5p downregulation 
has not been widely studied in association with diabetes-
related mechanisms. Further investigation into this gene 
will assist in elucidating its role in the onset and progression 
of diabetes. 

Resveratrol has been extensively researched for its potential 
therapeutic benefits in obesity and diabetes.47 One key 
mechanism underlying its anti-diabetic effects is the 
activation of SIRT1, a protein that regulates various biological 
processes, including metabolism, inflammation, ageing and 
stress tolerance, through the deacetylation of transcription 
factors and histones.48 Previous research has demonstrated 
that SIRT1 activity and expression were markedly diminished 
in both in vitro and in vivo experimental models of DM.31,32 
Nonetheless, treatment with RES was shown to activate the 
expression of SIRT1.49,50 In line with these findings, our 
study revealed that HG reduced SIRT1 mRNA and 
protein expression, whereas RES treatment increased their 
expression. Notably, RES treatment restored the HG-induced 

downregulation of miR-126-3p, miR-182-5p and miR-30a-5p, 
suggesting it may protect against miRNA dysregulation 
associated with hyperglycaemia. 

While our findings highlight a potential role for miRNA 
modulation, it is important to note that RES is a pleiotropic 
compound. Resveratrol is known to exert its anti-diabetic 
effects through various signalling pathways beyond miRNA 
regulation, including AMP-activated protein kinase (AMPK), 
nuclear factor-kB (NF-kB) and peroxisome proliferator-
activated receptor gamma coactivator 1-alpha (PGC-1α), 
which are implicated in oxidative stress response, 
mitochondria biogenesis and apoptosis.29,51,52,53 These 
pathways may function collaboratively with or independently 
of miRNA regulation to affect the cellular metabolism under 
hyperglycaemic conditions. Therefore, the modulation of 
these specific miRNAs likely represents one of several 
concurrent mechanisms through which RES may protect 
against hyperglycaemia-induced cellular dysfunction, rather 
than the sole pathway.

h, hours, HG, high glucose, HR, high resveratrol, LR, low resveratrol, SIRT1, Sirtuin 1; FOXO1, Forkhead box 1; SPRED1, sprouty-related EVH1 domain containing 1.
*, p < 0.05; **, p < 0.01; ***, p < 0.001; ****, p < 0.0001 versus controls and #, p < 0.05; ##, p < 0.01, ###, p < 0.001, ####, p < 0.0001 versus HG.

FIGURE 5: SIRT1 mRNA expression (a and b) and protein expression of SIRT1 (c and d) after exposure to high glucose (40 mM) and resveratrol (25 µM and 50 µM) over 
48 h and 72 h. 
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Furthermore, the dysregulation of miRNAs observed in the 
current study may itself be a consequence of these broader 
signalling changes. A key mechanistic link is the well-
documented activation of the pro-inflammatory NF-kB 
pathway under HG conditions. For example, HG has been 
shown to activate NF-κB in HepG2 cells.54 Given that NF-kB 
is a known transcriptional regulator of numerous miRNAs, 
it is a plausible upstream mechanism responsible for the HG-
induced downregulation of miR-126-3p, miR-182-5p and 
miR-30a-5p. Consequently, the ability of RES to restore 
normal miRNA levels could be directly linked to its well-
characterised role as an inhibitor of NF-kB signalling.39,40,55 
Zeinali et al.35 reported a correlation between the expression 
of miR-126-3p and inflammation in individuals with 
prediabetes and T2DM. Their studies demonstrated a notable 
decrease in this miRNA’s level in patients with prediabetes 
or T2DM compared with healthy individuals. Zampetaki 
et al.56 reported reduced plasma miR-126 in individuals with 
diabetes, suggesting that endothelial dysfunction and 
inflammation may contribute to this alteration. 

MiR-126 regulates angiogenesis signalling and has been 
shown to target SPRED1.35 Suppression of miR-126 in patients 
with diabetes may increase SPRED1 expression, which, in 
turn, stimulates Interleukin 6 (IL-6), tumour necrosis factor 
alpha (TNF-α) and reactive oxygen species (ROS) expression, 
leading to endothelial dysfunction.57 Elevated glucose levels 
have been shown to increase SPRED1 mRNA expression, 
whereas RES treatment reduces it. These findings are 
consistent with previous research, which indicates that 
reduced miR-126 expression is associated with increased 
SPRED1 expression.57 Additionally, augmented miR-126-3p 
expression was concurrent with significantly lower SPRED1 
expression.

The findings of the current study indicate that elevated levels 
of miR-126-3p expression induced by RES may represent a 
mechanism underlying its beneficial effects in diabetes. 
Resveratrol has been recognised for its anti-inflammatory 
properties and its ability to modulate miRNA expression. 
Previous research by Mahjabeen et al. showed a substantial 
increase in miR-126 expression in individuals with T2DM 
following RES supplementation.47 Consequently, RES-
induced upregulation of miR-126-3p may contribute to its 
anti-inflammatory effects and improvements in endothelial 
function in patients with diabetes.

The regulatory function of miR-182-5p in maintaining 
glucose homeostasis likely operates through FOXO1, a gene 
that plays a key role in gluconeogenesis.34 Our results 
indicated that reduced miR-182-5p expression was associated 
with elevated FOXO1 and G6Pase mRNA levels, suggesting 
enhanced gluconeogenesis. Furthermore, the current study 
demonstrated that RES treatment markedly upregulated 
miR-182-5p expression. This increase was associated with 
reduced FOXO1 mRNA expression and subsequently, lower 
G6Pase mRNA levels, which align with a potential decrease 
in gluconeogenesis. These findings indicate that RES may 

influence glucose homeostasis by modulating miR-182-5p, 
which is inversely correlated with its predicted gene, FOXO1. 
The observed elevation of miR-182-5p by RES aligns with 
previous findings by Zuo et al.,58 who showed that miR-182-
5p directly suppresses FOXO1 expression, resulting in 
reduced hepatic lipid accumulation associated with alcohol-
related liver disease (ALD). These results suggest that RES 
may modulate miR-182-5p and its downstream targets to 
enhance glucose metabolism and maintain homeostasis in 
patients with diabetes. 

The upregulation of miR-30a-5p by RES presents an 
interesting contrast to existing literature. A study in a rodent 
model has shown that glucotoxicity-induced upregulation 
of miR-30a-5p contributes to beta-cell dysfunction.15 This 
discrepancy may suggest the potential for cell line-specific 
functions of miR-30a-5p, where its functional outcome is 
likely determined by the upstream stimulus and the 
downstream target repertoire available in a given cellular 
environment. In support of a potential functional 
relationship in our model, RES treatment increased miR-
30a-5p expression while decreasing Neurod1 mRNA 
expression in HepG2 cells. It is plausible that the RES-
mediated reduction in Neurod1 is facilitated by miR-30a-5p; 
however, our data are correlative, and based on a prediction 
database, this causal relationship remains to be 
experimentally confirmed. Therefore, the implications of 
miR-30a-5p upregulation by RES require further 
investigations to determine if it contributes to its beneficial 
effects on glucose homeostasis or represents a compensatory 
mechanism. Overall, the results indicate that RES may 
effectively modulate the dysregulation of miR-126-3p, miR-
182-5p and miR-30a-5p in diabetes. By counteracting HG-
induced downregulation and potentially restoring their 
expression levels, RES may facilitate their normalisation 
and highlight them as a potential target for managing 
hyperglycaemia. Furthermore, RES treatment reversed the 
HG-induced alterations in miRNA levels and the mRNA 
expression of their predicted target genes. 

Importantly, our study showed that RES increased SIRT1 
expression, a key regulator of cellular processes. Previous 
studies have established that SIRT1 interacts with miRNAs in 
a bidirectional manner. Wang et al. revealed that miR-182 
mediates SIRT1-induced diabetic corneal nerve regeneration. 
The overexpression of SIRT1 in trigeminal neurons was 
shown to elevate miR-182 expression.59 Furthermore, Li et al. 
showed that miR-126 mitigates oxidative injury via the 
SIRT1/Nrf2 pathway.60 In our study, RES concurrently 
increases miR-30a-5p, miR-126-3p and SIRT1. While miR-
126-3p and miR-182-5p have been linked directly to SIRT1 in 
prior work,60,61 the role of miR-30a-5p in this context remains 
unclear. Although previous studies have reported miR-30a-
5p as a negative regulator of SIRT1,60 our findings show that 
RES increased both miR-30a-5p and SIRT1 levels, 
contradicting previous results and suggesting a more 
complex relationship. Therefore, more studies are needed 
regarding this. 
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Study limitations
This study has several limitations. Firstly, all experiments 
were conducted in vitro, which may not fully capture the 
complexity of miRNA regulation in the pathophysiology of 
diabetes. Additionally, the statistical power of our findings is 
constrained by the number of independent biological 
replicates (n). Therefore, interpretation of ‘no significant 
difference’ should be made with caution, as it may reflect 
the limitation of the sample size rather than the true absence 
of a biological effect. 

Secondly, we examined only the gene expressions of SPRED1, 
FOXO1, G6Pase and Neurod1. Future investigations should 
assess functional protein expression to determine potential 
correlation with gene expression. Thirdly, the functional 
relationships between miRNAs and their predicted target 
genes were inferred from a bioinformatic prediction tool and 
observed correlative expression changes. Direct validation 
methods, such as luciferase reporter assay or miRNA 
knockdown or overexpression assay, should be employed in 
future research. 

Lastly, our study did not include vehicle control groups. 
Previous research indicated that DMSO can influence 
cellular metabolism in HepG2 cells.62 Although our 
observed effects are likely driven primarily by RES, the 
possibility of confounding or synergistic effects from 
DMSO cannot be excluded; therefore, future studies 
should incorporate vehicle controls to account for potential 
solvent effects.

Conclusion
Our in vitro research provides evidence supporting the 
potential involvement of specific miRNAs in glucoregulatory 
pathways. Furthermore, the findings indicate that miR-126-3p, 
miR-182-5p and miR-30a-5p may regulate the expression of 
SPRED1, FOXO1 and Neurod1, respectively. These results 
suggest that dysregulation of miRNA induced by HG  
levels may constitute a mechanism underlying metabolic 
disruption in cellular models. The reversal of this 
dysregulation by RES in the present model suggests a 
potential protective role of RES at the molecular level. 
Additional research in animal models and clinical studies is 
necessary to confirm these mechanisms and their 
significance in human T2DM.
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