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Introduction

Abstract

Introduction: To investigate the effects of dapagliflozin on micro-ribonucleic acid (miRNA) expression profiles in diabetic nephropathy
patients and evaluate potential correlations between miRNA levels and microalbuminuria.

Materials and Methods: This retrospective study examined 52 patients with diabetic nephropathy receiving dapagliflozin therapy. Serum
samples were collected at baseline and day 60 of treatment. miRNA-lethal-7a, miRNA-25 and miRNA-130b expression levels were
analyzed using real-time polymerase chain reaction. Clinical parameters, including glucose, lipid profile, and microalbuminuria, were
evaluated.

Results: Dapagliflozin treatment significantly reduced glucose, hemoglobin Alc, triglycerides, and urinary microalbumin levels. Significant
increases were observed in miRNA-lethal-7a and miRNA-130b expression levels, while miRNA-25 showed moderate elevation. However,
no significant correlation was found between changes in miRNA levels and microalbuminuria reduction.

Conclusion: Dapagliflozin therapy significantly modulates specific miRNA expression profiles while improving glycemic control and
reducing microalbuminuria in diabetic nephropathy patients. The observed elevations in miRNA -lethal-7a, miRNA-25, and miRNA-130b
levels suggest their potential utility. While these findings provide novel insights into dapagliflozin's molecular effects beyond sodium-
glucose cotransporter-2 inhibition larger longitudinal studies are needed to establish definitive relationships between miRNA alterations
and clinical outcomes in diabetic nephropathy management.
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need for reliable biomarkers and alternative

Type 2 diabetes mellitus (T2DM) is a chronic
metabolic disorder characterized by
hyperglycemia, inadequate insulin secretion from
pancreatic beta cells, and insulin resistance. The
disease affects carbohydrate, lipid, and protein
metabolism—fundamental building blocks of the
body—Ileading to microvascular and
macrovascular complications. Patients with T2DM
may develop microvascular complications such as
neuropathy, nephropathy, and retinopathy (1).
Diabetic  nephropathy  (DN), a  chronic
microvascular complication of diabetes mellitus, is
a condition that affects the glomeruli of the
kidneys, resulting in edema, proteinuria,
hypertension, and renal failure (2). DN is
diagnosed through microalbuminuria assessment

and  estimated glomerular filtration  rate
measurements. While the major mechanisms
underlying T2DM-associated microvascular

complications remain unclear, there is a pressing

therapeutic strategies for the detection of long-
term microvascular complications. Recent studies
have emphasized that sodium-glucose
cotransporter-2 inhibitors (SGLT-2i) represent an
appropriate therapeutic approach for glycemic
control. SGLT-2i (glucoretics) reduce glucose
reabsorption in the kidneys by suppressing SGLT-
2 in the proximal renal tubules, thereby increasing
urinary glucose excretion. This mechanism
prevents excessive glucose accumulation in the

tubules, reduces glucotoxicity, and prevents
diabetic nephropathy (3). Beyond glycemic
control, these agents demonstrate beneficial

effects on renal and cardiac function. SGLT-2i can
be utilized to slow nephropathy progression and
improve cardiac function. These agents are
particularly  preferred in the presence of
proteinuria. SGLT-2i are the preferred medical
treatment for patients at risk for cardiovascular
diseases, those with cardiac conditions such as
coronary artery disease and heart failure, and
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individuals with renal failure (4). Recent
investigations have identified micro-ribonucleic
acids (miRNAs) as crucial regulators in various
biological processes and disease progression.
Circulating miRNAs are considered novel
biomarkers for T2DM. miRNAs are post-
transcriptionally regulated, non-coding RNA gene
products that have been found to play roles in cell
proliferation, development, differentiation, and
apoptosis, as well as in the invasion and
progression of malignancies. They facilitate gene
expression by either inhibiting messenger RNA
translation (5) or promoting messenger RNA
degradation (6). Furthermore, they play critical
roles in glucose homeostasis and T2DM
pathogenesis (1). These gene products are thought
to be instrumental in pancreatic beta cell
differentiation, insulin production, and secretion
(7). Traditional markers such as hemoglobin Alc
(HbATc), fasting blood glucose, and postprandial
blood glucose have proven insufficient in
predicting and explaining diabetic complications
(8). Research has demonstrated that T2DM
patients may  exhibit  differential miRNA
expression  patterns. The  observation of
alterations in serum miRNA levels suggests these
molecules could serve as potential markers for
diabetes prognosis and treatment. This study
investigated the effects of dapagliflozin on specific
miRNA levels and their potential associations with
microalbuminuria, an established biomarker of
DN. It hypothesized that significant
differences in examined miRNA levels could
indicate their potential utility as non-invasive
biomarkers for DN and therapeutic targets. This
investigation  represents the first research
conducted in this context.

Material and Methods

was

Study population: The medical records of 427
patients with T2DM under follow-up care at the
Department of General Internal Medicine,
Gaziantep University Faculty of Medicine, were
examined. The study cohort comprised 52
patients: 16 (30%) male and 36 (69.2%) female.
The  baseline  demographic  and  clinical
characteristics demonstrate that the study cohort
represented a middle-aged population with
relatively recent diabetes diagnosis, controlled
blood pressure parameters, and evidence of
insulin resistance as indicated by the HOMA index
(Table 1). Inclusion criteria stipulated the absence
of systemic and metabolic diseases other than
T2DM, no concurrent use of medications that

could affect glycemic parameters such as

glucocorticoids, and

Table 1: General descriptive statistics
Characteristics Descriptive

Statistics (n=52)
Mean £ SD

Age (years) 54.17 £ 8.1
Body Mass Index (kg/m?) 25.75 + 0.39
Systolic Blood Pressure 124.23 + 2.50
(mmHg) 75.86 % 3.49
Diastolic Blood Pressure 3.82 £ 0.10
(mmHg) 2.56 % 0.99
HOMA Index

DM Duration (years)

no use of medications that could inhibit urinary
albumin excretion, such as angiotensin-converting
enzyme inhibitors or angiotensin receptor
blockers. Patients with a urinary albumin-to-
creatinine ratio (UACR) >30 mg/day persisting
for at least three months were classified as having
DN. Individuals receiving dapagliflozin therapy
who adhered to their routine medical treatment
and had no comorbidities were included in the
study. This retrospective investigation, conducted
on 52 patients, analyzed venous blood samples
collected on day O (initiation of dapagliflozin
therapy) and day 60 of treatment (as patients are
called for routine check-up on the 60th day).
Following appropriate authorization, serum was
extracted from collected blood samples and
preserved at -80°C. Patient age, sex, biochemical
parameters, complete blood count, HbAlc levels,
complete urinalysis, urinary creatinine levels, and
microalbuminuria levels were obtained through
retrospective review of patient records.

miRNA isolation: miRNA extraction was
performed using the PureLink® RNA Mini Kit
according to the manufacturet's isolation protocol.
Total miRNA concentration and purity from
serum samples were measured using the
NanoDrop 2000 Spectrophotometer.

cDNA synthesis: Previously isolated miRNA was
utilized for cDNA synthesis. The procedure was
performed using the ID3EAL c¢DNA Synthesis
kit. Subsequently, cDNA was generated in a
thermal cycler following the prescribed thermal
protocol.

Real-time polymerase chain peaction (PCR)
miRNA analysis: cDNA samples were diluted in
a 1:10 ratio. The ID3EAL miRNA gqPCR System
kit was prepared according to the manufacturer's
protocol, enabling the determination of miRNA
expression levels.
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Creatinine (mg/dL)
Sodium (mmol/L)

Potassium (mmol/L)

HbAlc (%)
HDL (mg/dL)

Total cholesterol (mg/dL)

LDL (mg/dL)

Triglycerides (mg/dL)
Urinary creatinine (mg/dL)

Urinary MTP (micro total protein)

(mg/dL)

Glucose (mg/dL)

231.20£109.78

Table 2: Laboratory findings at day 0 and day 60 of dapagliflozin therapy

153.75£42.73

0.67£0.14 0.75£0.16 >0.05
137.65%£3.92 138.54%2.49 >0.05
4.47£0.35 4.44%0.48 >0.05
9.941+1.88 7.92%+1.37 <0.05
49.15+8.91 49.5617.4 >0.05
212.54142.35 201.56£39.11 >0.05
142.11£32.66 129.79%26.66 >0.05
204.97£97.42 189.21£79.84 <0.05
108+48.80 86.62£40.07 >0.05
23.51£28.14 14.61£21.88 >0.05
3.15£5.89 1.72£2.77 <0.05

Utinary microalbumin (mg/dL)

Table 3: Correlations between miRNA levels and microalbuminuria

miRNA-let-7a (Day 0)
miRNA-let-7a (Day 60)
miRNA-25 (Day 0)
miRNA-25 (Day 60)
miRNA-130b (Day 0)
miRNA-130b (Day 60)

0.542 0.947
0.632 0.668
0.542 0.947
0.406 0.949
0.275 0.336
0.247 0.312

Ethical Approval: This study was approved by
the Clinical Research FEthics Committee of
Gaziantep ~ University  (Approval  number:
2022/319).

Statistical Analysis: The Kolmogorov-Smirnov
test was employed to assess the normality of
variable distribution. The Wilcoxon test was
utilized for comparing variables that did not
conform to normal distribution. Relationships
between numerical variables were evaluated using
the Spearman rank correlation test. Analyses were
performed using SPSS for Windows 22. A p-value
<0.05 was considered statistically significant.

Results

The therapeutic impact of dapagliflozin was
evaluated through comprehensive laboratory
analyses conducted at baseline and after 60 days of
treatment. The findings revealed significant
improvements in glycemic control parameters, as
evidenced by marked reductions in both fasting

plasma glucose and HbAlc levels (p<0.05). The
lipid profile showed selective improvement, with a
significant decrease in triglyceride levels, while
other lipid parameters remained stable. Of
particular clinical relevance was the significant
reduction in urinary microalbumin levels (p<0.05),
suggesting potential renoprotective effects. Other
metabolic parameters, including renal function
markers and electrolytes, demonstrated stability
throughout the treatment period (Table 2). The
potential relationship between miRNA expression
and microalbuminuria was extensively analyzed.
Correlation analyses revealed no significant
associations between any of the examined
miRNAs and microalbuminuria levels at either
baseline or day 60 of treatment. This finding
suggests that these specific miRNAs may operate
through pathways independent of albuminuria in
the context of diabetic nephropathy (Table 3).
However, the investigation of miRNA expression
profiles following dapagliflozin therapy yielded
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Both  miRNA-lethal-7a
ribonucleic acid-130b

results.
and

noteworthy
(miRNA-let7a)

(miRNA-130b) demonstrated highly significant
increases in expression levels (p<0.01), while

Table 4: Changes in miRNA levels at day 0 and day 60 of dapagliflozin therapy

miRNA Day 0 Day 60 p-value
Mean*SD Mean*SD
miRNA-let7a 1.16£0.78 1.51£0.68 <0.01
miRNA-25 1.17£0.78 1.27£0.64 <0.05
miRNA-130b 1.02£0.55 1.23£0.53 <0.01
miRNA-25 (miRNA-25) showed a moderate but involving T2DM patients have documented

significant elevation (p<0.05). These molecular
findings suggest that dapagliflozin therapy may
modulate specific miRNA expression patterns,
potentially contributing to its therapeutic effects
through epigenetic regulation. This observation
provides novel insights into the molecular
mechanisms undetlying dapagliflozin's therapeutic
actions and opens new avenues for understanding
the drug's effects beyond its primary sodium-
glucose cotransporter-2 inhibition (Table 4).

Discussion
DN represents one of the most prevalent
complications of DM and manifests as a

progressive renal disease in patients with DM,
constituting the primary cause of end-stage renal
failure (9). Multiple factors contribute significantly
to nephropathy development, including glucose

metabolism  disorders, renal hemodynamic
alterations, genetic predisposition, oxidative stress,
and elevated cytokine levels (10). DN is

characterized by distinct pathological alterations,
predominantly involving aberrant mesangial cell
proliferation, which leads to mesangial region

expansion and abnormal extracellular matrix
accumulation.  These  progressive  changes
ultimately result in glomerular sclerosis and

tubulointerstitial fibrosis, culminating in chronic
renal failure that significantly impairs patient
quality of life (11). Currently, microalbuminuria
represents the gold standard diagnostic criterion
for DN. Patients typically present with elevated
blood pressure and impaired renal function.
Moreover, these individuals face an increased
cardiovascular disease risk, which further escalates
with deteriorating renal function (12). SGLT-2i
represent a therapeutic approach for maintaining
normoglycemia in DM patients. These antidiabetic
agents inhibit glucose reabsorption in the
proximal renal tubules. Large-scale studies

SGLT-2i's efficacy in reducing HbAlc levels while
conferring beneficial cardiovascular and renal
effects (13). Beyond glycemic effects, SGLT-2i
induce osmotic diuresis and natriuresis, reducing
blood pressure and body weight through enhanced
fluid excretion. They decrease glomerular filtration
rate, thereby reducing microalbuminuria. The
SGLT-2i-mediated reduction in intraglomerular
pressure and microalbuminuria, independent of
glycemic effects, constitutes their renoprotective
properties (3). A study of T2DM patients with
kidney disease demonstrated that canagliflozin
therapy reduced the risk of renal failure and
cardiovascular events (14). Heerspink et al. (15)
reported that dapagliflozin therapy resulted in
250% reduction in glomerular filtration rate and
decreased renal and cardiovascular mortality rates.
While the wunderlying mechanisms remain
incompletely understood, these beneficial effects
may stem from reduced intraglomerular pressure
resulting from natriuresis and glucose-related
osmotic diuresis, independent of glycemic effects.
In our study, dapagliflozin administration resulted
in significant reductions in serum glucose, HbAlc,
triglycerides, and urinary albumin levels. SGLT-2i
are known to reduce blood glucose and HbAlc
levels (13) and decrease microalbuminuria (3). Our
findings align with existing literature. Previous
studies have demonstrated dapagliflozin's efficacy
in reducing blood glucose (16), HbAlc (16), (17)
triglycerides (17) and urinary albumin levels (18).

miRNAs function as crucial regulators in various
biological processes and disease progression,
capable of modulating protein synthesis. Recent
studies have demonstrated miRNAs' involvement
in proliferation, differentiation, apoptosis, and
various metabolic pathways, suggesting their
potential as diagnostic biomarkers (19). Research
has revealed miRNAs' significant role in diabetes
pathogenesis and diabetes-associated
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complications, including DN. Specific miRNAs
can modulate DN pathophysiology by influencing
inflammatory processes, oxidative stress, immune
response, and cellular functions through various
signaling  pathways. Studies have reported
alterations in DN-associated miRNA levels, with
miRNA-let7 levels decreasing in DN patients
while increasing with good glycemic control.
Decreased levels of miRNA-let7a, miRNA-25,
miRNA-29, miRNA-93, miRNA-126, miRNA-130,
miRNA-146a, and miRNA-424 have been
reported in DN patients (20). The dramatic
reductions in miRNA-let7a (21), miRNA-25 (22),
and miRNA-130b (23) suggest their potential
utility as biomarkers. Overexpression of miRNA-
let7 in mice has been associated with impaired
glucose tolerance and decreased insulin secretion.
miRNA-let7 has been identified as a regulator of
glucose metabolism, with the let-7 family
proposed as a potential therapeutic target for
T2DM (24). Wang et al. (25) reported significantly
lower plasma let7a-5p levels in diabetic patients
with microalbuminuria compared to those with
normoalbuminuria and healthy controls, with
decreased plasma levels occurring in early-stage
DN. In our study, we demonstrated significant
increases in evaluated miRNA levels following
dapagliflozin therapy in DN patients. No previous
studies have examined SGLT-2i effects on
miRNA-let7a levels. This pioneering
investigation's observation of elevated miRNA-
let7a levels at day 60 in dapagliflozin-treated
patients suggests its potential as a biomarker for
DN and indicates dapagliflozin's therapeutic
efficacy. Despite DN's multifactorial pathogenesis,
clinical and animal model studies have
demonstrated oxidative stress's crucial role.
Literature data has shown lower miRNA-25 (22)
and miRNA-130b (26) levels in high glucose
conditions. Additionally, miRNA-25 demonstrates
positive correlation with glycemic control (27).
High glucose conditions down-regulate miRNA-
25, reducing its silencing effect on NADPH
oxidase 4 (Nox4) gene in mesangial cells, leading
to increased ROS production. miRNA-25
significantly contributes to regulating NADPH
oxidase 4 expression and function in DN (28).
Previous studies have demonstrated miRNA-25
upregulation's potent anti-apoptotic effects across
various  diseases  (29), (30). miRNA-25
overexpression can ameliorate high glucose-
induced oxidative stress and apoptosis in renal
tubular epithelial cells through PTEN/AKT
pathway activation, demonstrating anti-apoptotic
and antioxidant effects. In normal mice, miRNA-
25 downregulation induces hypertension and

severe kidney disease, while its upregulation in
db/db mice reverses DN changes. miRNA-25
agomir injection reduces proteinuria, reverses
glomerular fibrosis, and ameliorates glomerular
basement membrane thickening. By reducing
oxidative stress and apoptosis, miRNA-25 can
potentially  reverse  T2DM's  microvascular
complications, suggesting its utility as a
therapeutic target through antioxidant properties
(22).  These findings indicate miRNA-25's
potential in protecting kidneys from oxidative
stress. No previous studies have investigated
SGLT-2i effects on miRNA-25 levels. Our study
demonstrated significant increases in miRNA-25
levels following dapagliflozin therapy in DN
patients, suggesting its potential as both a
biomarker and dapagliflozin as a therapeutic
agent. Lower miR-130b levels have been observed
in T2DM patients compared to those with normal
controls  (26). Serum miRNA-130b  shows
significant reduction in both normoalbuminuric
and microalbuminuric T2DM patients compatred
to healthy controls, with greater reduction in

microalbuminuric patients (23). Research has
demonstrated  positive  correlation  between
miRNA-130b  downregulation and increased

tubulointerstitial fibrosis in DN cases (26). Our
study observed increased miRNA-130b levels
following dapagliflozin treatment, suggesting its
potential as a DN biomarker. In our study, we
observed statistically significant increases in serum
miRNA-let7a, miRNA-25, and miRNA-130b levels
in DN patients receiving dapagliflozin. Despite
previous literature reporting negative correlations
between serum miRNA-25 (22) and miRNA-130b
(26) levels and proteinuria in DN patients, we
found no correlation between  significant
microalbuminuria reduction and miRNA level
increases following dapagliflozin therapy. This
discrepancy may be attributed to limited patient
numbers, short treatment duration, and use of
non-parametric tests due to non-normal data
distribution. Longer-term, large-scale randomized
controlled trials are needed to definitively
establish relationships between miRNA levels and
microalbuminuria. In this study, the follow-up
period for the patients was 60 days. This period is
sufficient to observe hemodynamic changes in the
treated patients. However, this period may be
considered short to fully assess improvement in
nephropathy at the molecular level. Unfortunately,
the short follow-up period is among the
limitations of our study. It would be beneficial to
conduct longer-term studies to observe the
molecular changes that may occur in nephropathy.
Additionally, in this study, we did not have the
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opportunity to evaluate a healthy control group or
diabetic patients who did not use SGLT-2i
(because the blood samples of these groups were
not previously stored). This is due to the
limitations of this retrospective study. That's why
us can ecvaluate the outcomes of only patients
receiving dapagliflozin. Although we interpreted
the data obtained as the effects of dapagliflozin,
we suggest that these effects may be due to overall
improvement in glycemic control, time-dependent
changes, or other reasons too. To determine this
more clearly, randomized controlled studies with
longer treatment periods and larger sample sizes
are needed.

Study Limitations: Several important limitations
of this study warrant consideration:

1. The retrospective design precluded inclusion
of a treatment-naive control group.

2. Blood samples were evaluated only at 60
days post-initiation of dapagliflozin therapy,
limiting assessment of long-term treatment
effects.

3. Extended  treatment  monitoring  for
correlation analysis between miRNA levels
and  microalbuminuria could not be
conducted.

4. Pathological changes could not be evaluated
due to the inability to microscopically assess
dapagliflozin's effects on renal tissue.

5. Further experimental studies are required to
elucidate  the  underlying  modulatory
mechanisms.

Conclusions

The present study demonstrates that dapagliflozin
therapy significantly modulates specific miRNA

expression profiles in DN patients while
concurrently improving glycemic control and
reducing microalbuminuria. Following
dapagliflozin administration, miRNA-let7a,

miRNA-25, and miRNA-130b levels increased,
and no significant correlation was found between
changes in miRNA levels and microalbuminuria
reduction. The upregulation of these miRNAs
coincided with improvements in  clinical
parameters, including significant reductions in
glucose, HbAlc, triglycerides, and urinary albumin
levels. While our findings provide novel insights
into dapagliflozin's molecular effects beyond its
primary SGLT-2 inhibition, the lack of correlation
between miRNA alterations and microalbuminuria
reduction warrants further investigation. The
observed changes in miRNA expression patterns
may represent previously unrecognized
mechanisms through which dapagliflozin exerts its
renoprotective  effects, potentially involving

modulation of oxidative stress, inflammatory
pathways, and fibrotic processes.
More comprehensive, long-term studies with

larger patient cohorts are warranted to elucidate
the precise relationship between dapagliflozin's
beneficial effects on miRNA alterations and
clinical outcomes in DN.
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