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Abstract: Diabetic nephropathy (DN) is a serious complication of Diabetes mellitus. This clinical
condition is diagnosed through detection of microalbuminuria. Molecular biomarkers such as
MicroRNA-192 may play a role in early diagnosis of this condition. The objective of this study was
to assess the serum concentration of MicroRNA-192 in different stages of DN in comparison to a
group of healthy individuals. The study was a retrospective case-control study included three
groups. Group Il included patients with early DN, group Il included patients with late DN and group
III included healthy control subjects. Blood samples were obtained from each participant and
subjected to full biochemical study including creatinine, albumin and detection of MicroRNA-192 by
real time polymerase chain reaction. There was significant difference between MicroRNA-192 levels
in the three groups (P=0.001). There was significant increase in MicroRNA-192 level in group I (1.35+7
0.5) compared to group II (0.65+7 0.2, P3=0.001) and group III (0.83+7 0.3, P1=0.001). There was
significant reduction in MicroRNA-192 level in group II compared to group III (P2=0.001). The study
of diagnostic accuracy of MicroRNA-192 in the patients revealed good accuracy in the differentiation
of early DN from control subjects (sensitivity 62% and specificity 86%) and good accuracy in the
differentiation of early from late DN (sensitivity and specificity each 82%). The present study
highlights that MicroRNA-192 is a good diagnostic tool for early detection of DN. MicroRNA-192
correlates significantly with estimated glomerular filtration rate, albuminuria, and renal functions
tests. MicroRNA-192 might play role in the development of DN.
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1. Introduction

Diabetic nephropathy (DN) is a prevalent consequence of diabetes mellitus, occurring in
approximately 9% of people with either type 1 or type 2 diabetes. It has to do with protein in the
urine, the glomeruli of the kidneys getting bigger, the rate at which they filter blood slowing down,
and the formation of scar tissue in the kidneys [1].

There is a need for expeditious and noninvasive techniques to identify this advancing diabetic
nephropathy. Scientists have acknowledged the involvement of microRNAs (miRNAs) in the
pathological mechanism of DN. MiRNAs are small, endogenous, noncoding RNA molecules
composed of 19-24 nucleotides. MiRNA acts by binding to the 3' untranslated region of a target gene's
mRNA. MiRNAs control gene expression through processes that happen after transcription,
specifically by making it easier for mRNA to break down or stopping translation [2,3]. Therefore,
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miRNAs control a wide range of biological processes in cells, such as cell growth, cell specialization,
programmed cell death, apoptosis, and passive cell death.

MiR-192 is encoded by a gene located on chromosome 11. Two fully developed transcripts, miR-
192 (miR-192-5p) and miR-192* (miR-192-3p), constitute it [4]. Differentiation, proliferation,
apoptosis, epithelial-mesenchyme transition, angiogenesis, metabolism, inflammatory responses,
oxidative stress, and drug resistance are some of the physiological and pathological processes that
MiR-192 controls [5,6]. Inhibiting the miR-192-targeted genes leads to various effects, such as the
degradation of mRNA and the suppression of protein translation. A range of ailments, including
respiratory, digestive, circulatory, and urinary system disorders, link to the dysregulation of
MicroRNA-192.

The renal cortex is the primary location of MicroRNA-192 (miR-192), suggesting its potential
role in the development of DN [7].

There have been mixed results from different studies about the levels of miR-192 in blood, urine,
and kidney tissue from people with different stages of diabetic nephropathy. These data suggest that
the serum's concentration of miR-192 can serve as an early diagnostic marker for diabetic
nephropathy. A higher level of miR-192 in the later phases may indicate a deterioration of DN [7].
So, the point of this study was to compare the amount of miRNA-192 in the blood of people with
different stages of diabetic nephropathy (DN) to a group of healthy people.

2. Material and Method

This retrospective case-control study enrolled patients from the outpatient clinics of Mansoura
University Hospital in Egypt between January 2022 and March 2024. The study also used age- and
sex-matching controls. The time-non-probability sampling method, which relied on the study period
during which the recruited patients met the inclusion criteria for DN staging, determined the patient
sample size.

The patients' eligibility criteria were that they were adults aged 18 or older, had no previous
history of renal problems, and had type 2 DM. The study excluded patients with renal illnesses
caused by other factors, such as autoimmune disorders or malignancies. We categorize the patients
according to their albuminuria levels and estimated glomerular filtration rate (eGFR). Group I
consisted of diabetic patients with normal albuminuria levels below 30 mg/g and an estimated
glomerular filtration rate higher than 60 mL/min/1.73 m2. Group II, on the other hand, included
diabetic patients with late diabetic nephropathy, characterized by albuminuria levels over 30 mg/g
and an eGFR lower than 60 mL/min/1.73 m2 [8]. The control group consisted of adult individuals of
matched ages and sexes who had normal fasting blood glucose levels below 100 mg/dL, no history
of kidney diseases, and normal results on kidney function testing. Every participant underwent a
comprehensive medical history and physical assessment.

We conduct diagnostic examinations to analyze and evaluate many aspects of a subject's medical
or chemical composition.

2.1. Laboratory Study

We obtained a blood sample and urine sample from each participant using meticulous aseptic
techniques, and we also collected an early morning midstream urine sample and stored it in a sterile
container. After isolating the serum, we used it to determine the concentration of creatinine. To
separate the urine, we used centrifugation and collected the liquid that was above the sediment. Then,
we used the Cobas 5201 system (made by Roche Diagnostics, 9115 Hague Road, PO Box 50457,
Indianapolis, USA) to check the levels of albumin and creatinine in the urine. We stored the serum at
a temperature of -80 °C until we conducted our investigation on micRNA-192. The Cobas C system
employs the immunoturbidimetric technique (mg/l) for quantifying urine albumin. The g/l Cobas
201s system, manufactured by Beckman Coulter, utilizes the Jaffe method for quantifying urine
creatinine levels. We employed the Cockcroft-Gault formula, developed in 1973, to calculate the
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estimated glomerular filtration rate (¢GFR). The eGFR is determined using the formula: eGFR = {(140-
age) x weight/(72xSCr)}x 0.85 (for females). The term SCr refers to serum creatinine.

2.1.1. Investigation of MicroRNA-192

2.1.2. Purification of RNA and Reverse Transcriptase

The RNA was isolated from the serum samples using the Direct-zol RN A Miniprep Plus kit (Cat
# R2072, Zymo Research, Irvine, CA, USA).

We conducted reverse transcription on the extracted RNA from the samples using reverse
transcriptase and real-time PCR.

2.1.3. Real-Time PCR

The experiment employed real-time quantitative polymerase chain reaction (qPCR), with the
primer sequences for miR-192 being 5-GCGGCGGCTGACCTATGAATTG-3' and 5'-
ATCCAGTGCAGGGTCCGAGG-3'.  The  primer  sequences for U6  were 5-
TCCGATCGTGAAGCGTTC-3" and 5'-GTGCAGGGTCCGAGGT-3". The reaction was conducted by
subjecting it to incubation at 50°C for 2 minutes, followed by subsequent incubation at 95°C for 10
minutes. Subsequently, we performed a cyclic reaction, alternating between a temperature of 95°C
for 10 seconds and a temperature of 60°C for 60 seconds. We iterated this cycling procedure for a
cumulative total of 45 rounds. We utilized ABI Company's ABI PRISM 7900 system for the analysis.
The expression level of miR-192 was quantified using the 2 Ct methods, with U6 acting as the internal
reference [9,10].

3. Statistical Analysis

The data was analyzed by SPPS24. The numerical data was expressed as mean and standard
deviation (SD) and comparison was performed by ANOVA test. P was considered significant if below
0.,05. Receiver operator characteristics (ROC) were used to evaluate the diagnostic accuracy of
different markers in patients with diabetic nephropathy. P value was considered statistically
significant when less than 0.05.

4. Results

The study included 150 subjects classified into three groups: group I patients with early diabetic
nephropathy, group II patients with late diabetic nephropathy, and group III age- and sex-matched
healthy control subjects. There was a significant increase in blood urea nitrogen (BUN), creatinine,
fasting blood glucose, HB1c, and albumin in the urine in groups I and II compared to group III (P =
0.001). The duration of DM was significantly longer in group III (7.7+ 7 3.3 years) compared to group
IT (5.23 +72.8, P =0.001). The estimated glomerular filtration rate was significantly lower in groups I
and II compared to group III (P =0.001). Also, the albumin/creatinine ratio had significantly increased
values in groups I and II compared to group III (P =0.001). Table 1.

Table 1. Demographic and biochemical findings in the studied groups.

Group III Group I Group II
P
(n=50) (n=50) (n=50)

Sex

Male 34 29 32 0.58
Female 16 21 18

age 51.8+7.37 52.28+7 6.15 53.34+7 5.47 0.47

BUN 26.38+7 2.77 27.68+72.83 56.8+7 4.73 0.001

creatinine 0.92+70.2 1.02+70.13 4.1+70.6 0.001
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Fasting blood 90.1+7114 1504 +7404  158.2+760.4 0.001

glucose
HB1c 44+706 89+7201 85+718 0.001
duration 523+72.8 77+733 0.001
Albumin 4.04+ 7 0.45 39+702 37+7035 0.001
Albumin in urine  11.0+7 4.9 17.01+736 83.3+716.6 0.001
Urinary creatinine 1.71+0.4 1.1+70.3 0.7+70.13 0.001
Albuml:;tcizeatmme 125£77.4 16.0+7150  117.6£727.23 0.001
eGFR 902+7192  69.6+71033  17.3+74.02 0.001

There was a significant difference between MicrRNA-192 levels in the three groups (P = 0.001).
There was a significant increase in MicroRNA-192 level in group I (1.35+ 7 0.5) compared to group II
(0.65+ 7 0.2, P3=0.001) and group III (0.83+ 7 0.3, P1=0.001). There was a significant reduction in the
MicroRNA-192 level in group II compared to group III (P2 = 0.001), see Table 2.P between groups

(ANOVA test)
Post hoc test

P1 between control and early DM nephropathy

P2 between the uremic group and the control

P3 between early DM nephropathy and uremic group

Table 2. Comparison of MicroRNA-192 between studied groups.

. Group III Group I Group II
MicroRNA-192 P
1o i (n=50) (n=50) (n=50)
P=0.001
. P1=0.004
MicroRNA-192 0.83+70.3 1.35+70.5 0.65+70.2 P2=0001
P3=0.001

Table 3 summarizes the correlation between MicrRNA-192 levels and various clinical and
biochemical parameters in the studied subjects. There was a significant negative correlation between
creatinine, BUN, urinary albumin, urinary albumin/creatinine ratio, and MicroRNA-192 level (P =
0.001). There was a significant negative correlation between the duration of DM and MicroRNA-192
(P =0.001). There was a significant positive correlation between eGFR and MicroRNA-192 (P =0.001)

(Table 3).

A study that looked at how well MicroRNA-192 could tell the difference between early diabetic
nephropathy and control subjects had a sensitivity of 62% and a specificity of 86%. It also showed
that it could tell the difference between early diabetic nephropathy and late diabetic nephropathy

with an accuracy of 82% (Table 4, Figures 1 and 2).

Table 3. Correlation between different clinical and biochemical parameters and MicroRNA-192.

MicroRNA-192

Creatinine
R -.651
p 0.001
eGFR
R 0.744
p 0.001
Urinary creatinine
R 0.488
P 0.001
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R -0.302
P 0.001
Urinary albumin/creatinine ratio
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Figure 1. MicroRNA-192 in early diabetic nephropathy compared to control subjects.
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Table 4. Diagnostic accuracy of MicroRNA-192 in diabetic nephropathy.

t off
Area under curve Cuto Sensitivity Specificity
value

MicroRNA-192 at
Iv diabeti
carly diabetic 0.79 1,05 62% 86%
nephropathy versus
control subjects
MicroRNA-192 at
Iv diabeti
early diabetic 0.85 . 829
nephropathy versus 82%
late diabetic

nephropathy

91

ROC Curve
1.0 —

0.8+

o
>
1

Sensitivity

0.4+

0.2

00 T T T
00 02 04 06 08 10

1 - Specificity

Diagonal segments are produced by ties.

Figure 2. MicroRNA-192 in early diabetic nephropathy compared to late diabetic nephropathy.

5. Discussion

One frequent complication of long-term diabetes mellitus that can lead to end-stage renal failure
is diabetic nephropathy [11,12]. In diabetic nephropathy, extracellular matrix buildup and thickening
of the glomerular basement membrane make the mesangial enlargement, which leads to extracellular
deposition in the glomerulus [13]. Numerous cytokines and microRNAs are among the many
variables that contribute to these problems [14,15]. Albuminuria is the first concerning symptom of
diabetic kidney disease (DN). It progresses from microalbuminuria to macroalbuminuria, indicating
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advanced kidney disease. The development from macroalbuminuria to renal failure is irreversible
[16].

In the present study, group I had a significantly higher level of MicroRNA-192 (1.35+ 7 0.5) than
group II (0.65+ 7 0.2, P3=0.001) and group III (0.83+ 7 0.3, P1=0.001).

Researchers found that the kidney had an enrichment of microRNA-192 compared to other
organs, indicating the kidney's essential role [17].

In a previous meta-analysis study, seventy percent of clinical trials suggested that miR-192 might
increase early in the DN to play a protective role. In contrast, seventy-eight percent of experimental
studies suggested that miR-192 might have a pathogenic role in the DN. Some proteins that
microRNA-192 targets are ZEB1, ZEB2, SIP1, GLPIR, and Egrl. It also interacts with signaling
pathways like SMAD/TGEF-[3 and PTEN/PI3K/AKT. These interactions can cause DN through fibrosis,
extracellular matrix deposition, and epithelial-to-mesenchymal transition (EMT).

Early diabetic nephropathy is associated with an increase in MicroRNA-192, which raises the
possibility of using it as a biomarker for DN early identification. Additional validation research
requires larger sample sizes [18]. MicroRNA-192 could have a role in the early etiology of diabetic
nephropathy. There is typically an imbalance in the expression of several microRNAs, including miR-
192, in diabetic nephropathy. According to research, oxidative stress, inflammation, and fibrosis are
a few of the pathogenic processes that might result in diabetic nephropathy due to upregulated miR-
192 expression. It appears to support the buildup of extracellular matrix proteins in the kidney, which
causes more renal damage and ultimately results in renal fibrosis [19].

Adding more miRNA-192 may stop the TGF-31 signaling pathway and the production of Zebl
and Zeb2, which would stop the fibrosis in the kidneys. It was discovered that TGF-31-inhibited
miRNA-192 production sped up DN renal fibrosis. This miRNA-192 targeted Zeb1/2 and turned on
the TGF-B1 signaling pathway [20].

New therapeutic approaches for the prevention and treatment of diabetic nephropathy may
result from our growing understanding of the function played by miR-192 and other microRNAs in
this condition.

MicroRNA-192 is still important in the latter stages of diabetic nephropathy, particularly in the
uremic stage. Although studies on miR-192 in the late uremic stage are less numerous than those on
the early phases, it is still possible that miR-192 plays a role in the development of diabetic
nephropathy.

In contrast to control patients and early diabetic nephropathy, the current investigation revealed
a significant decrease in MicroRNA-192 levels in late diabetic nephropathy. In the lab, scientists did
tests and discovered that renal tubular cells grown with lots of glucose and TGF-31 had low levels of
miR-192. On the other hand, renal biopsy samples from people who already had DN had high levels
of miR-192. Researchers connected this to tubulointerstitial fibrosis and a drop in eGFR [20].
MicroRNA-192 may be involved in pathways that control the unique features of late diabetic
nephropathy, renal fibrosis, and hypertrophy. Some diabetic patients' dysregulation may contribute
to the continuation of these degenerative processes, which in turn may result in end-stage renal
disease (ESRD) [21].

More research is required to fully comprehend the unique role that miR-192 plays in the late
uremic stage of diabetic nephropathy, as well as its potential as a therapeutic target for this advanced
stage of the disease.

So, while research has linked MicroRNA-192 to higher levels in the early stages of diabetic
nephropathy;, its role may change as the disease gets worse, especially in end-stage renal disease. The
expression of miR-192 may decline in more severe forms of diabetic nephropathy, such as end-stage
renal disease (ESRD). The drop in MicroRNA-192 in late-stage diabetic nephropathy could be due to
several things, such as severe fibrosis, loss of renal function, and damage to kidney cells. [21]
MicroRNA-192 and eGFR exhibited a strong positive connection (P = 0.001). Furthermore, the length
of DM and MicroRNA-192 exhibited a strong inverse relationship. A previous study found a
correlation between renal fibrosis acceleration, DN GFR reduction, and a decrease in MicroRNA-192
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levels. Additionally, the longer the period, the lower the expression of miR-192 [21]. In a separate
study, Wang et al. [22] found that TGF-f1 decreased the amount of miR-192 in human podocytes,
mesangial cells, and rat proximal tubular cells. The biopsy results from diabetes patients showed a
decrease in miR-192 levels.

MicroRNA-192 may mediate senescence and oxidative stress, two important pathogenic
processes in DN development. Diabetes degree and duration impact microRNA-192 levels,
potentially serving as early indicators for DN [23].

MicroRNA-192 showed a negative correlation with both renal function and albuminuria in the
current investigation. These results show that changes in the amount of miR-192 in the blood could
be useful biomarkers for finding kidney damage and the risk of diabetic kidney disease early [18].
The current study demonstrated the potential utility of MicroRNA-192 as a DN early biomarker. ROC
analysis suggests that MicroRNA-192 can distinguish patients with early diabetic nephropathy from
healthy individuals and those with late nephropathy. We discovered this result online in conjunction
with a prior study [18]. One study that looked at miRNA-192 biomarkers in kidney disease found
that miR-192 in urine extracellular vesicles can help find people who are just starting to develop
diabetic kidney disease (DN) [24]. The microRNA-192 (miR-192) ROC curve demonstrates that miR-
192 levels can indicate differences between different cell groups. This suggests that miR-192 may be
a useful biomarker for finding people who have early-stage diabetic nephropathy. It also shows good
performance in differentiating early diabetic nephropathy from control subjects. As a result,
MicroRNA-192 may be able to show early changes in certain biological processes in the kidney. It
may also be useful as a biomarker for microvascular problems in diabetes [25]. The present study
highlights that MicroRNA-192 is a good diagnostic tool for the early detection of diabetic
nephropathy. MicroRNA-192 correlates significantly with the estimated glomerular filtration rate,
albuminuria, and renal function tests. MicroRNA-192 may contribute to the development of diabetic
nephropathy.
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