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ABSTRACT
Objective: Diabetic nephropathy (DN) is one of the most serious microvascular complications 
of Diabetes Mellitus, the prevalence and mortality of which are increasing. Recently, 
microRNAs (miRNAs) used in the pathogenesis and diagnosis of many diseases have been 
identified.  In this study investigate the relationship between albuminuria and miRNA levels 
in patients with type 2 diabetes mellitus (T2DM) treated with dapagliflozin, and to elucidate 
the potential nephroprotective effects of dapagliflozin through miRNA modulation.
Methods: This retrospective study included 47 T2DM patients (25 male, 22 female) with 
diabetic nephropathy (DN) treated with dapagliflozin. Blood samples were collected at baseline 
(day 0) and after approximately 60 days of treatment. Levels of miRNA-21, miRNA-141, 
and miRNA-377 were analyzed using real-time PCR. Clinical and laboratory parameters, 
including glucose, HbA1c, urine albumin and protein levels, were also assessed. Statistical 
analysis included the Wilcoxon signed-rank test and Spearman’s rank correlation test.
Results: Significant decreases were observed in glucose, HbA1c, urinary protein, and albumin 
levels after dapagliflozin treatment (p<0.01). miRNA-21, miRNA-141, and miRNA-377 levels 
also decreased significantly following treatment (p<0.01). A positive correlation was found 
between day 0 miRNA-377 levels and day 0 serum glucose levels. A negative correlation 
was observed between day 0 miRNA-21 levels and day 60 HbA1c levels. No significant 
correlations were found between miRNA levels and urine albumin or protein levels.
Conclusion: Dapagliflozin treatment in T2DM patients with DN was associated with 
significant reductions in miRNA-21, miRNA-141, and miRNA-377 levels, alongside 
improvements in glycemic control and renal function markers. These findings suggest that 
dapagliflozin may exert its nephroprotective effects partly through modulation of DN-
associated miRNAs. Dapagliflozin may be a therapeutic option to treat DN and may be an 
effective strategy to prevent kidney damage. Further research is warranted to elucidate the 
mechanisms underlying these effects and to explore the potential of miRNAs as biomarkers 
or therapeutic targets in DN management.
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Main Points

DN represents one of the most severe microvascular 
complications of DM. 
miRNAs are potent regulators of the genome. 
Dapagliflozin, an SGLT-2 inhibitor, demonstrates efficacy 
in modulating DN-associated miRNAs and exhibits 
potential renoprotective properties.

INTRODUCTION
Diabetes mellitus (DM) is a metabolic disorder characterized 
by hyperglycemia resulting from inadequate insulin secretion, 
diminished insulin action in peripheral tissues, or a combination 
of both. Chronic hyperglycemia causes functional and structural 
deterioration. It causes deterioration and irreversible damage 
to organs such as the retina, neurons, vascular structures and 
kidneys [1]. DN represents one of the most severe complications 
of DM and constitutes a significant cause of chronic kidney 
disease and end-stage renal failure [2].

Urinary albumin excretion serves as a critical parameter in the 
diagnosis of DN. Supportive diagnostic markers include cystatin 
C and creatinine. However, recent years have witnessed a quest 
for novel biomarkers capable of detecting early renal damage [3]. 
Contemporary research has focused on the association between 
miRNAs and chronic diseases, metabolic disorders, oncological 
conditions, and cardiovascular diseases [4]. Numerous miRNAs 
have been identified in relation to apoptosis and cellular 
differentiation, with clinical studies revealing data associated 
with alterations in miRNA expression [5].

Glucose reabsorption from the glomerular filtrate occurs in the 
proximal tubules via sodium-glucose cotransporters (SGLT-1 and 
SGLT-2). In healthy individuals, nearly all glucose is reclaimed 
into circulation, effectively clearing urine of glucose. Multiple 
therapeutic approaches are employed in DM management to 
maintain blood glucose levels within normal parameters. One 
such approach involves SGLT-2 inhibitors (SGLT-2i), which 
exert their antidiabetic effect by inhibiting glucose reabsorption 
in the proximal convoluted tubules. Beyond their plasma 
glycemic effects, SGLT-2i exhibit numerous systemic effects. 
They reduce blood pressure and body weight by augmenting 
fluid excretion through osmotic diuresis and natriuresis. 
Moreover, they are known to confer beneficial effects on cardiac 
and renal outcomes through various physiological mechanisms 

[6, 7]. SGLT2i's regulate renal glucose reabsorption by blocking 
SGLT2 cotransporters located in the proximal tubules, causing 
glycosuria and a decrease in intraglomerular pressure [8, 9]. 
The reduction in systemic blood pressure leads to decreased 
intraglomerular pressure. By modestly reducing the glomerular 
filtration rate, they also attenuate albuminuria. These renal 
protective effects, including the reduction of intraglomerular 
pressure and albuminuria, are independent of their glycemic 
effects. Another renal protective mechanism involves preventing 
glucose reabsorption in the tubules, thereby mitigating 
glucotoxicity and effectively preventing diabetic nephropathy [6, 
7].

miRNAs are small non-coding RNA molecules, approximately 
22 nucleotides in length, involved in the regulation of post-
translational gene expression [10]. Recent studies have 
elucidated that this novel class of non-coding RNAs participates 
in all biological processes, including cellular proliferation, 
apoptosis, and differentiation [11]. MiRNAs orchestrate the 
functioning of half of the human genome [12]. Recent years have 
witnessed a surge in studies investigating miRNAs associated 
with various pathological conditions [4]. Several investigations 
have explored miRNAs as potential biomarkers for DM [13-
16]. Diabetes mellitus causes microvascular complications 
such as nephropathy, retinopathy and neuropathy. It has been 
reported that miRNAs affect angiogenesis, inflammation and 
apoptosis in the kidney, retina and peripheral neurons and play 
a very important role in the pathogenesis of microvascular 
complications. The role of miRNAs in the pathogenesis of 
diabetic microvascular complications has been investigated. 
According to the study results, miR-126, miR-29b and miR-
125a appear to play a role in diabetes-related microvascular 
complications, while miR-146a has been shown to be linked to 
all these complications. On the other hand, it has been reported 
that vascular endothelial growth factors are the most affected 
miRNAs in diabetic microvascular problems [17] It has been 
shown that the miRNA profile is significantly altered in patients 
with diabetic nephropathy [18]. Dapagliflozin limits podocyte 
damage and protects against renal failure in DM [19]. There is no 
study on how miRNA 21, miRNA-141, and miRNA-377 levels 
change in patients diagnosed with DN and using dapagliflozin. In 
this context, our research is a first.

In this study, we evaluated the levels of miRNA-21, miRNA-141, 
and miRNA-377, as well as glucose, HbA1c values, urine 
albumin and protein levels in 47 patients diagnosed with DN and 
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treated with dapagliflozin. The objective of this investigation is 
to elucidate whether dapagliflozin exerts its nephroprotective 
effects through modulation of miRNA expression.

MATERIALS AND METHODS
Study Population
435 patients diagnosed with type 2 DM and followed at the 
Department of General Internal Medicine, Gaziantep University 
Faculty of Medicine, was evaluated for this study. Subjects 
receiving dapagliflozin therapy were selected from individuals 
adhering to routine DM management without comorbidities. 
This retrospective study designated the initiation of dapagliflozin 
treatment as day 0. Blood samples were obtained from 47 
diabetic patients with DN (25 male, 22 female) during follow-
up visits at approximately day 60 of dapagliflozin therapy. The 
collected specimens underwent appropriate processing, and the 
resultant plasma samples were preserved at -80°C. Patients aged 
15-65 years were included in the study. Diabetic individuals with 
persistent albuminuria for at least three months were classified as 
having DN. The study compared data from day 0 and day 60 as two 
distinct groups. Patient demographics, biochemical parameters, 
complete blood count, hemoglobin A1c levels, urinalysis results, 
urine protein, urinary creatinine, and urine albumin levels were 
retrospectively extracted from medical records.

miRNA Isolation
miRNA extraction was performed using the PureLink® RNA 
Mini Kit. The purity and concentration of total miRNA obtained 
from each serum sample were determined using a NanoDrop 
2000 Spectrophotometer.

cDNA Synthesis
Complementary DNA (cDNA) was synthesized from the 
extracted miRNA using components of the ID3EAL cDNA 
Synthesis kit according to the manufacturer's protocol. The 
resulting cDNA samples were stored at -20°C.

Real-Time PCR Analysis of miRNA
The synthesized cDNA was diluted 1:10. Amplification and 
detection of reference genes and target regions were accomplished 
using the ID3EAL miRNA qPCR System kit, following the 
manufacturer's instructions. miRNA expression levels were 
subsequently determined.

Statistical Analysis
The Kolmogorov-Smirnov test was employed to assess the 
normality of variable distributions. For non-normally distributed 
variables, comparisons between the two time points were 
conducted using the Wilcoxon signed-rank test. Correlations 
between numerical variables were analyzed using Spearman's 
rank correlation test. Statistical analyses were performed 
using SPSS for Windows version 22, with p<0.05 considered 
statistically significant.

RESULTS
The data obtained from the study are presented in the following 
tables.

Of the 47 patients included in the study, 25 (53.2%) were male 
and 22 (46.8%) were female. The mean age of these 47 patients is 
54.09±8.48. The average body mass index of the participants was 
25.74±0.40, the average systolic blood pressure was 124.38±2.56, 
and the average diastolic blood pressure was 75.11±2.71. The 
mean HOMA index of the study population was 3.81±0.9 and the 
mean diabetes disease duration was 2.60±1.01 (Table 1).

As presented in Table 2, analysis of laboratory findings in patients 
receiving dapagliflozin therapy revealed significant changes in 
glucose, creatinine, HbA1c (p<0.01), urinary protein, and urine 
albumin (p<0.001) levels.

Table 3 presents correlations between miRNA levels and glycemic 
parameters before and after dapagliflozin therapy. The data 
indicate a negative correlation between day 0 miRNA-21 levels 
and day 60 HbA1c levels. Conversely, a positive correlation was 
observed between day 0 miRNA-377 levels and day 0 serum 
glucose levels.

Table 4 illustrates the correlations between the examined 
miRNAs and urine albumin and protein levels.

As shown in Table 5, significant decreases in miRNA-21, 
miRNA-141, and miRNA-377 levels were observed on day 60 of 
dapagliflozin therapy (p<0.01).
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Table 1. Averages of general and demographic characteristics

Introductory Features n (%) (Mean±SD)

Gender
Male 25 (%53.2)

Female 22 (%46.8)

Age 54.09±8.48

Body mass index (kg/m2) 25.74±0.40

Systolic blood pressure (mmHg) 124.38±2.56

Diastolic blood pressure (mmHg) 75.11±2.71

Homa index 3.81±0.9

Duration of DM (year) 2.60±1.01

Table 2. Laboratory findings observed on days 0 and 60 of dapagliflozin therapy.

Day 0 
(Mean±SD)

Day 60 
(Mean±SD)

p-value

Glucose (mg/dL) 224.42±105.63 151.34±40.94 <0.01

Creatinine (mg/dL) 0.67±0.15 0.75±0.14 <0.01

Sodium (mmol/L) 137.8±4.05 138.63±2.51 0.041

Potassium (mmol/L) 4.46±0.33 4.44±0.45 0.546

HbA1c (%) 9.85±1.83 7.84±1.37 <0.01

HDL (mg/dL) 47.70±9.02 49.32±7.72 0.843

Total cholesterol (mg/dL) 211.54±43.41 201.55±40.54 0.325

LDL (mg/dL) 141.34±33.36 129.17±27.50 0.007

Triglycerides (mg/dL) 207±100.2 191.42±83.53 0.143

Urinary creatinine (mg/dL) 110.64±50.13 86.53±41.62 0.033

Urinary protein (mg/dL) 23.73±29.27 14.69±22.97 <0.001

Urine albumin (mg/dL) 2.95±5.96 1.36±2.27 <0.001

Table 3. Correlations between miRNA levels and glycemic parameters on days 0 and 60 of dapagliflozin therapy.

Glucose
(Day 0)

Glucose
(Day 60)

HbA1c
(Day 0)

HbA1c
(Day 60)

miRNA-21 (Day 0) p-value 0.842 0.912 0.912 0.007

miRNA-21 (Day 60) p-value 0.225 0.993 0.729 0.222

miRNA-141 (Day 0) p-value 0.768 0.700 0.407 0.467

miRNA-141 (Day 60) p-value 0.095 0.980 0.476 0.604

miRNA-377 (Day 0) p-value 0.001 0.346 0.113 0.327

miRNA-377 (Day 60) p-value 0.261 0.517 0.118 0.442
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DISCUSSION
Previous studies have shown that the levels of miRNA 21, 
miRNA 141, and miRNA 377 are altered in DN cases. In this 
study, we examined the effect of dapagliflozin on miRNAs 
associated with DN and found that there was a statistical decrease 
in miRNA 21, miRNA 141 and miRNA 377 levels on the 60th 
day after treatment. The pathogenesis of DN involves metabolic, 
hemodynamic, proinflammatory, and profibrotic factors. These 
factors can adversely affect the glomerular, tubular, interstitial, 
and arteriolar structures of nephrons. In the presence of various 
molecules, receptors, enzymes, and transcription factors, 
compensatory hypertrophy, extracellular matrix expansion, 
glomerulosclerosis, vascular hyalinosis, interstitial fibrosis, 
and tubular atrophy occur. Consequently, the deterioration of 
glomerular functions accelerates the progression to end-stage 
renal disease [20].

Studies conducted on patients diagnosed with type 2 DM have 
demonstrated that SGLT-2 inhibitors reduce glucose reabsorption 
from the proximal tubule, increase glucosuria, and significantly 
lower both HbA1c and serum glucose levels. It has also been 
observed that diabetic patients using these molecules experience 
a reduction in mortality associated with heart failure and 
chronic kidney disease [21, 22]. Subgroup analyses in scientific 
studies have shown that these agents reduce mortality in both 
diabetic and non-diabetic patients with heart failure. These 

findings support the hypothesis that the cardio-renal protective 
effect is mediated through mechanisms beyond renal glucose 
reabsorption. Okovityy et al. [23] reported that empagliflozin, an 
SGLT-2i, is a potential cardionephroprotector. Zhang et al. [19] 
showed that dapagliflozin significantly ameliorated dyslipidemia 
injury by suppressing renal podocyte pyroptosis both in vitro and 
in vivo. Dapagliflozin treatment has been reported to inhibit cell 
apoptosis, oxidative stress, and renal fibrosis [24].

Recent studies have revealed that numerous pathways are 
activated during the development of DN. miRNAs play a crucial 
role in regulating these pathways. In this study, we investigated 
the renal protective efficacy of dapagliflozin treatment and its 
relationship with miRNAs in patients with DN, a significant and 
potentially fatal complication of diabetes. Given that SGLT-2 
inhibitors are known to positively influence the course of renal-
related mortality and end-stage renal disease, we utilized serum 
samples from DN patients whose data were accessible in our 
clinic and whose blood samples were appropriately preserved.

miRNAs are single-stranded, non-coding RNA molecules 
consisting of approximately 22 nucleotides [10]. Recent data 
have shown that miRNAs are either up-regulated or down-
regulated in various metabolic conditions and diseases [25, 26]. 
In this study, we examined changes in the levels of miRNA-21, 
miRNA-141, and miRNA-377, which have been found to be 

Table 4. Correlations between miRNAs and urine albumin and protein levels.

Urine albumin
(Day 0)

Urine albumin
(Day 60)

Urine protein
(Day 0)

Urine protein
(Day 60)

miRNA-21 (Day 0) p-value 0.58 0.26 0.91 0.365
miRNA-21 (Day 60) p-value 0.618 0.956 0.983 0.409
miRNA-141 (Day 0) p-value 0.789 0.724 0.988 0.696
miRNA-141 (Day 60) p-value 0.006 0.097 0.217 0.345
miRNA-377 (Day 0) p-value 0.788 0.538 0.329 0.788
miRNA-377 (Day 60) p-value 0.208 0.579 0.378 0.491

Table 5. Changes in miRNA levels observed on days 0 and 60 of dapagliflozin therapy.

Day 0
(Mean±SD)

Day 60
(Mean±SD)

p-value

miRNA-21 1.27±2.27 0.88±0.23 <0.01

miRNA-141 1.09±0.6 0.31±0.30 <0.01

miRNA-377 1.25±0.71 0.89±0.47 <0.01
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elevated in experimental DN models. Our results revealed a 
statistically significant decrease in miRNA levels following 
dapagliflozin treatment. A positive correlation was observed 
between day 0 miRNA-377 levels and day 0 serum glucose levels. 
Our data demonstrated that both serum glucose and miRNA-377 
levels were elevated prior to dapagliflozin treatment (day 0). 
Wang et al. [27] reported that high glucose concentrations led 
to up-regulation of miRNA-377 in cultured human and mouse 
mesangial cells. Another study found higher levels of certain 
miRNAs (miR-661, miR-571, miR-770-5p, miR-892b, and miR-
1303) in patients with type 2 DM [28]. Wu et al. [29] discovered 
that exposure to high glucose levels increased miRNA-27a 
expression in glomerular mesangial cell cultures of diabetic 
rats. Conversely, some studies have reported decreased levels 
of miRNA-130b [30] and miRNA-137 [31] under high glucose 
conditions.

miRNA-21 is a miRNA associated with renal fibrosis. Animal 
model experimental studies show that miRNA-21 inhibitors 
support renal function [24]. Our results indicated a negative 
correlation between day 0 miRNA-21 levels and day 60 HbA1c 
levels. We observed that while both miRNA-21 and HbA1c levels 
were high before dapagliflozin treatment (day 0), they decreased 
significantly after treatment. A previous study demonstrated 
elevated levels of both miRNA-21 and HbA1c in patients with 
type 1 DM [32]. In a study in rats, dapagliflozin treatment caused 
a significant decrease in the expression of both miR-192 and 
miR-21 [24].  This study is the first to examine the effects of 
dapagliflozin on miRNA-21, miRNA-141, and miRNA-377 
levels in humans.

Animal and in vitro studies have reported up-regulation of 
miRNA-21, miRNA-34a-5p, miRNA-141, miRNA-370, 
miRNA-503, miRNA-184, and miRNA-377 in DN cases [33]. 
miRNA-21 is a frequently studied multipotent miRNA. An in 
vitro and in vivo study demonstrated that over-expression of 
miR-21 inhibited proliferation of mesangial cells under high 
glucose conditions in DN mice. Additionally, it reduced the 24-
hour urinary albumin excretion rate in diabetic mice and played a 
protective role in glomerular hypertrophy [34]. Kölling et al. [35] 
reported that miRNA-21 was among the most highly expressed 
miRNAs in the kidneys of mice with diabetes-induced kidney 
disease. They also found that in vitro and in vivo inhibition of 
miRNA-21 decreased mesangial expansion, interstitial fibrosis, 
macrophage infiltration, podocyte loss, albuminuria, and fibrotic 
and inflammatory gene expression. Another study demonstrated 

a correlation between miRNA-21 levels and the degree of 
glomerular fibrosis during kidney injury development. Over-
expression of miRNA-21 enhanced TGF-β1-induced epithelial-
mesenchymal transition. miRNA-21 inhibitors prevented the 
progression of epithelial-mesenchymal transition and renal 
fibrosis. Furthermore, they were reported to improve kidney 
structure and function in DN [35-37]. Numerous data support 
the role of miRNA-21 in DN cases. In this study, we observed 
a decrease in miRNA-21 levels after dapagliflozin treatment, 
suggesting that dapagliflozin may influence DN development 
and prognosis through miRNA-21.

miRNA-141 has been associated with cancer cell development 
and apoptosis. Following the identification of its relationship 
with apoptosis, the association between miRNA-141 and renal 
damage development in DN has been investigated. Study results 
support the relationship between increased miRNA-141 levels 
and renal pathological damage [38]. Li et al. [39] reported that 
miRNA-141 was up-regulated in the peripheral blood of DN 
patients, and this up-regulation significantly increased apoptosis 
and TNF-α and IL-6 expression. Additionally, miRNA-141 has 
been reported to be under-expressed in kidney tissue in DN 
models, and down-regulation of miRNA-141 has been shown to 
promote TGF-β1-induced renal scar formation [40, 41]. Wang 
et al. [40] reported that miRNA-141 could ameliorate renal 
fibrogenesis. Scientific data suggest that miRNA-141 may be 
effective in preventing DN-associated renal fibrosis. In this study, 
miRNA-141 levels decreased significantly after dapagliflozin 
treatment. Our data indicate that dapagliflozin may be effective 
in preventing DN progression.

The imbalance between oxidants and antioxidants in the body 
leads to oxidative stress, which causes inflammation and tissue 
damage. Fibronectin is a key matrix protein accumulated in 
excess in DN. Wang et al. [27] detected the presence of oxidative 
stress and inflammation in a DN study. miRNA-377 was found 
to be up-regulated in DN. miRNA-377 was reported to cause 
decreased expression of superoxide dismutase-1, superoxide 
dismutase-2, and PAK1, while over-expression of miR-377 alone 
increased oxidative stress and led to fibronectin accumulation in 
mesangial cells. Therefore, inhibition of miRNA-377 expression 
appears to be potentially effective in DN treatment. Studies have 
reported increased miRNA-377 levels in the urine [42] and body 
fluids [43] of diabetic kidney patients. Additionally, a significant 
positive correlation has been reported between miRNA-377 
levels and HbA1c, ACR, and carotid intima-media thickness 
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[42]. Our study results revealed a decrease in miRNA-377 levels 
after dapagliflozin treatment. As miRNA-377 appears to play a 
role in DN, dapagliflozin has the potential to be an agent that 
could be used in DN treatment. We believe further studies are 
necessary in this context.

Limitations
The brevity of the study duration, limited patient cohort, and 
inability to measure oxidative stress markers constitute the 
primary limitations of this investigation. We posit that more 
comprehensive, randomized controlled trials comparing 
outcomes with a placebo group are necessary to corroborate the 
findings of the present study. Additionally, it would be beneficial 
to conduct prospective studies with different demographic 
characteristics or comorbid populations.

CONCLUSION
This study evaluated venous blood samples from 47 patients 
diagnosed with DN who had exhibited albuminuria for a minimum 
of three months. Blood samples were collected from patients 
receiving dapagliflozin treatment on day 0 (initiation of therapy) 
and day 60 post-treatment. Subsequent analyses compared pre-
treatment levels of miRNA-21, miRNA-141, and miRNA-377 
with post-treatment levels. A statistically significant reduction 
in the examined miRNA levels was observed in serum samples 
following treatment. Our findings suggest that dapagliflozin, an 
SGLT-2 inhibitor, possesses potential as a renoprotective agent, 
and that miRNA-21, miRNA-141, and miRNA-377 may play a 
role in modulating DN. In this context, Dapagliflozin may provide 
clinical benefits. miRNAs can be used both as biomarkers and 
potentially actionable targets in DN.
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