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Abstract

Introduction: The objective was to observe the expression of miR-23a-3p in the serum of patients with type 2 diabetic nephropathy (T2DN)
and to explore its clinical significance.

Materials and methods: 112 patients with type 2 diabetes were divided into a simple diabetes mellitus (NON) group, T2DN microalbu-
minuria (MIC) group, and T2DN macroalbuminuria (MAC) group, according to the urinary protein-creatinine ratio (uACR). Clinical data
were collected, miR-23a-3p levels in serum were measured by quantitative reverse transcription polymerase chain reaction (GQRT-PCR),
and clinical parameters were measured by an automatic biochemical analyser; the influencing factors of diabetic kidney disease (DKD)
and the correlation between miR-23a-3p expression and clinical parameters were analysed.

Results: The expression of miR-23a-3p in the serum of the DKD group was lower than that of the normal control (CON) and NON groups.
Correlation analysis showed that miR-23a-3p was positively correlated with urinary albumin (Albuy), glycosylated haemoglobin (HbA, ),
total cholesterol (CHOL), glycated albumin (GA-L), serum creatinine (Scr), fasting blood glucose (GLU), and uric acid (UA), negatively
correlated with uACR and high-density lipoprotein cholesterol (HDL-C), but not correlated with urinary creatinine (CREA). The area
under the receiver operating characteristic (ROC) curve (AUC) of miR-23a-3p for the diagnosis of DKD was 0.686 [95% confidence interval
(CI): 0.599-0.773], with a sensitivity of 64.5% and a specificity of 71.2%; the AUC for differentiating NON from DKD was 0.700 (95% CI:
0.598-0.802), with a sensitivity of 61.8% and a specificity of 77.8%. Multivariate logistic regression analysis showed that serum miR-23a-3p
levels were not associated with the development of DKD after adjusting for other levels of influence and were not significant for the dif-
ferentiation of NON and DKD.

Conclusion: Serum miR-23a-3p levels are decreased in T2DN patients, and this change becomes more significant with the severity of

the disease, which may be a marker for the early diagnosis and progression of T2DN.
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Introduction

Diabetic kidney disease (DKD) is the most serious
and common microvascular complication of diabetes,
and approximately 20-30% of patients with diabetes mel-
litus (DM) develop diabetic nephropathy, which leads to
end-stage renal disease (ESRD) [1]. Modern medicine
controls the progression of DKD mainly by controlling
blood glucose, lowering blood lipid, and the application
of angiotensin converting enzyme inhibitors and an-
giotensin receptor blockers, but some patients still fail
to respond to the above treatment and progress to
chronic renal failure or death. Because of the complexity
of its aetiology, the molecular mechanisms involved in
the pathogenesis of DKD remain poorly understood. At
present, the early diagnosis of DKD and the judgment
of disease progression still rely mainly on the excretion
rate of urinary microalbumin and the detection of tissue
biopsy. Proteinuria is a major marker of DKD and an in-
dependent risk factor for diabetic nephropathy and dia-

betic cardiovascular disease. Controlling the excretion
of proteinuria has been found to be strongly associ-
ated with renal prognosis [2—4]. Proteinuria is not only
a monitoring indicator of diabetic nephropathy, but also
an important indicator of early intervention. However,
the mechanism of proteinuria is not yet fully understood.
Therefore, the prevention and treatment of proteinuria in
the early stage of DKD is a key to the treatment of DKD. It
is great of theoretical and practical significance to further
reveal the pathogenesis of proteinuria in DKD and dis-
cover new targets for its effective intervention. Finding
a new early diagnostic index of DKD and exploring its
possible role in the occurrence and development of DKD
are of great significance to deepen our understanding of
the molecular mechanism of DKD treatment and better
guide its early diagnosis and treatment. Therefore, it is
imperative to find a specific and trustworthy marker of
podocyte injury in DKD.

MicroRNAs (miRNAs) are novel small RNAs
that regulate human genomics, and their abnormal
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expression is closely related to inflammatory re-
sponse and glucose and lipid metabolism disorders,
which may be involved in the development of DN [5,
6]. Some studies suggest that miR-23a-3p is abnormally
expressed in patients with DKD, which is involved in
the development of DKD by regulating a variety of sig-
nalling pathways and may provide a new field of view
for the early diagnosis and targeted therapy of DKD.
However, there are few reports at home and abroad on
the expression of miR-23a-3p in the serum of patients
with early type 2 diabetic nephropathy and its rela-
tionship with clinical parameters, and whether the ex-
pression of miR-23a-3p can be used as a biomarker for
the early diagnosis of type 2 diabetic nephropathy
and an indicator of disease progression.

In this study, we detected the changes of se-
rum miR-23a-3p expression in patients with type 2
diabetes at different stages of the disease, and analysed
its risk factors associated with the occurrence of DKD
and its value in the diagnosis of DKD, so as to pro-
vide new ideas and new targets for the pathogenesis
and early diagnosis and treatment of type 2 diabetic
nephropathy.

Material and methods

Sample inclusion criteria

A total of 160 patients with type 2 diabetes and type 2 diabetic
nephropathy (T2DN) hospitalized in the Nephrology Depart-
ment and Endocrinology Department of Yantai Yuhuangding
Hospital from December 2019 to August 2022 were selected, all of
whom met the 2007 edition of the American Diabetes Association
diagnostic criteria for diabetes. The research project was approved
by the Medical Ethics Committee of Yantai Yuhuangding Hospital
in accordance with the Declaration of Helsinki. The inclusion crite-
ria were as follows: (1) age more than 18 years; (2) duration of type
2 diabetes mellitus (T2DM) more than 10 years; and (3) patients’
consent and signed informed consent. Patients were excluded
according to the following criteria: (1) patients with type 1 dia-
betes; (2) with malignant tumours; (3) with other chronic kidney
diseases except diabetic nephropathy, such as glomerulonephritis
and IgA nephropathy; (4) patients who had developed diabetic
ketoacidosis (DKA) and other acute complications within the past
3 months; (5) patients with diabetic ketoacidosis; (6) abnormal liver
function, primary hyperuricemia, thyroid dysfunction, fever, or
urinary tract infection; (7) those who had recently used drugs af-
fecting renal function; (8) those with immunodeficiency, suffering
from systemic autoimmune diseases, such as organ transplanta-
tion history or acquired immunodeficiency syndrome (AIDS)
diagnosis; (9) a history of major cardiovascular disease within
3 months: myocardial infarction, heart failure, left ventricular
ejection fraction < 40%, coronary angioplasty or bypass surgery,
unstable angina, transient ischaemic attack, or cerebrovascular ac-
cident; and (10) pregnancy or lactation; poor compliance or blood
glucose difficult to control. In addition, 30 healthy subjects from
the physical examination centre of our hospital were selected as
the normal control (CON) group. Inclusion criteria: Not taking
any drugs recently, matched with diabetes group for age and sex.
Exclusion criteria: Family history of diabetes and hypertension
were excluded, except for diabetes, severe cardiopulmonary liver
and kidney disease and benign (malignant) tumours, trauma,

and surgery. All included patients were informed about the ben-
efits and risks of this pathway. Informed consent was obtained
prior to enrolment.

Enrolled patients were divided into a simple diabetes group
[NON, urinary protein-creatinine ratio (uACR) < 30 mg/g],
aT2DM microalbuminuria group (MIC, 30 mg/g < UAER < 300mg/g),
and a T2DN macroalbuminuria group (MAC, UAER > 300 mg/g or
24-hour urinary protein quantification > 0.5 g) according to the stag-
ing criteria of Mogensen T2DN.

Blood collection and processing

Six millilitres of venous blood were collected from all subjects under
fasting state before 9 a.m., and the serum was collected immediately
by centrifugation at 3000 rpm for 5 min at 4°C and cryopreserved
at —80°C for the detection of subsequent parameters.

Biochemical indicators

Fasting blood glucose (GLU), serum creatinine (Scr), uric acid (UA),
urea (UREA), triglyceride (TG), total cholesterol (CHOL), low-den-
sity lipoprotein (LDL-C), high-density lipoprotein (HDL-C), lipo-
protein a (Lpa), and other biochemical indicators were measured by
automatic biochemical analyser and supporting reagents. Glycosyl-
ated haemoglobin (HbA, ) was measured by high-pressure liquid
chromatography. Urinary albumin (Albu) was measured using
a Hitachi 7170A biochemical analyser and turbidimetry, urinary
creatinine (CREA) was measured by rate method, and uACR was
then calculated.

Total RNA extraction and real-time fluorescence

quantification

Serum was collected from the previous cryopreserved samples.
AG RNAex Pro (Hunan Aikorui Biological) was used to extract
total RNA from samples, and total RNA was isolated and puri-
fied according to the manufacturer’s protocol. Single-stranded
DNA was obtained by reverse transcription using HiScript III
1%t Strand cDNA Synthesis Kit (+ gDNAwiper) (Vazyme Biotech
Co., Ltd, Nanjing, China), referring to the following steps: 2
uL of 5 X gDNAwiper Mix, 1 ug of total RNA, and RNase-free
double-distilled water were added to 10 uL in a 200 uL centrifuge
tube, mixed by pipette aspiration, and reacted at 42°C for 2 minutes
after transient centrifugation; 2 uL of 10 X RT Mix, 2 uL of HiScript
III Enzyme Mix, 1 uL of Oligo (dT) 20VN, 1 uL of Random hers,
and 4 pL of RNase-free double-distilled water were continued
in a centrifuge tube, mixed by pipette aspiration, and reacted
at 37°C for 15 minutes and at 85°C for 5 seconds. qRT-PCR ex-
periments were performed according to ChamQ Universal SYBR
qPCR Master Mix (Vazyme Biotech Co., Ltd, Nanjing, China)
with the following systems: 2 X Mix 10 uL, Primer-F (10 uM) 0.5
uL, Primer-R (10 uM) 0.5 uL, cDNA 1 uL, and ddH,O 8 uL. qPCR
reaction conditions were as follows: pre-denaturation at 95°C
for 30 sec; 40 cycles of reaction at 95°C for 10 sec, 60°C for 30 sec;
melting curve at 95°C for 15 sec, 60°C for 60 sec, and 95°C for 15
sec. U6 was used as an internal reference. The primer sequences
used in this study are detailed in Table 1.

Bioinformatics analysis

To better understand the functional involvement of miR-23a-3p in
DKD, it was submitted to bioinformatics analysis to investigate its
putative target genes and find possible biological pathways under
its regulation. Using miRDB (Fig. http://mirdb.org/), Targetscan
(Fig. http://www.targetscan.org/vert_72/), and microRNA.org
(http://www.microrna.org/microrna/home.do), the database pre-
dicts target genes for differentially expressed miRNAs. Target genes
appearing simultaneously in all 3 databases are given by http://bio-
informatics.psb.ugent.be/webtools/Venn/, and at the DAVID web-
site (Fig. https://david.ncifcrf.gov/home.jsp), and intersections were
analysed for enrichment pathway analysis.



Endokrynologia Polska

Table 1. Primers used in this study

Primer name Sequence

RT-U6 GTCGTATGCAGAGCAGGGTCCGAGGTATTCGCACTGCATACGACAAAATATGG
U6-F AAGGATGACACGCAAATTC

U6-R GAGCAGGGTCCGAGGT

RT-miR-23a-3p GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGGAAAT
miR-23a-3p-F GCGATCACATTGCCAGGG

miR-23a-3p-R AGTGCAGGGTCCGAGGTATT

Data analysis

GraphPad 9.5 statistical software was used for analysis, mea-
surement data were expressed as mean = standard deviation
(x % s), one-way analysis of variance was used for comparison
between multiple groups, and Tukey test was used for further
pairwise comparison. Enumeration data were compared using
the x? test. Multivariate logistic regression was applied to analyse
the risk factors affecting the occurrence of DKD. Pearson correlation
analysis was used to determine the relationship between various
indicators. Receiver operating characteristic (ROC) curves were
plotted to analyse the value of miR-23a-3p levels in the diagnosis
of DKD. P < 0.05 was considered statistically significant.

Results

General data of enrolled patients

Clinical information was collected from each enrolled
patient for one-way statistical analysis of variance,
and the results are shown in Table 2. The levels of GLU,
GA-L, Scr, UA, HbA, , and CHOL in the NON, MIC,

Table 2. General data of enrolled patients

and MAC groups were significantly higher than those
in the CON group (P < 0.05).

Comparison of serum miR-23a-3p levels

Serum miR-23a-3p levels were gradually decreased in
the CON, NON, MIC, and MAC groups (p = 0.0002)
(Fig. 1). This suggests that the expression levels of se-
rum miR-23a-3p in T2DN patients at different stages are
associated with T2DN disease progression and provide
new targets for T2DN treatment.

Correlation analysis between serum miR-23a-3p
levels and clinical parameters of patients
Spearman correlation analysis showed that se-
rum miR-23a-3p was positively correlated with Albu
(r = 0.951,p<0.001), HbA _(r = 0.331, p < 0.001), CHOL
(r = 0.243, p = 0.004), GA-L (r = 0.398, p < 0.001), Scr
(r = 215,p = 0.010), GLU (r = 0.399, p < 0.001), and UA

CON (n = 30) NON (n = 36) Dkp F p
MIC (n = 41) MAC (n = 35)

Age 63.83 + 12.82 60.17 + 12.43 59.44 + 11.37 55.43 + 15.89 2.23 0.0875
Gender, M/F 14/16 19/17 24/17 18/17

BMI [kg/m?] 22.92 + 3.01 24.81 + 4.41 25.38 + 3.51 24.25 + 4.68 2.383 0.0721
SBP [mmHg] 131.73 + 7.90 134.72 + 12.81 136.44 + 13.09 138.66 = 10.42 2.114 0.1012
DBP [mmHg] 79.37 + 6.87 80.64 = 8.12 82.44 + 9.15 83.20 = 8.98 1415 0.2411
GLU [mmol/L] 5.24 + 0.70% 10.47 + 3.56% 11.10 + 4.69° 13.71 + 6.99% 18.47 < 0.0001
GA-L [%] 13.93 + 1.98v 25.04 + 5.77% 26.22 + 8.36 30.79 + 9.24¢ 32.06 < 0.0001
UREA [mmol/L] 5.95 + 1.43 5.61 = 1.71 6.49 + 2.29 6.30 = 2.44 1.36 0.2576
Scr [mol/L] 58.00 = 11.15 58.28 + 16.88° 70.34 = 24.51° 66.49 = 21.99 3.50 0.0173
UREA:Scr 0.11 + 0.03 0.10 + 0.03 0.10 + 0.03 0.10 + 0.03 0.4546 0.7145
UA [umol/L] 281.77 = 53.97 34833 + 11452  394.49 + 132.54°  388.43 = 108.72° 7.387 0.0001
LDH [U/L] 206.61 + 35.38 193.61 + 38.44 208.05 = 57.05 224.60 + 95.42 1.495 0.2187
HbA. , (%) 5.07 = 0.58% 9.24 + 1.82 9.21 + 1.86 9.84 + 1.72 57.36 < 0.0001
CHOL [mmol/L] 4.75 + 0.91° 5.08 + 1.66 5.57 + 1.75 6.14 = 2.47° 3.753 0.0125
TG [mmol/L] 5.92 + 24.76 3.05 + 4.94 3.12 + 4.01 7.82 + 24.15 0.6854 0.5624
HDL-C [mmol/L] 1.49 = 0.34% 1.18 + 0.30° 1.23 + 0.34° 1.14 + 0.35° 6.971 0.0002

—
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Table 2. General data of enrolled patients

DKD

CON (n = 30) NON (n = 36) F p
MIC (n = 41) MAC (n = 35)
LDL-C [mmol/L] 2.71 = 0.60 2.86 + 1.06 3.09 =134 3.44 £ 1.73 2.087 0.1047
Lpa [mg/L] 151.08 + 91.22 197.06 + 217.28 157.73 + 131.06 191.67 = 170.86 0.7289 0.5364
Albu [mg/L] 11.77 = 7.54¢ 5.49 + 6.24¢ 82.46 = 75.55¢ 496.68 = 317.55%° 71.87 < 0.0001
CREA [mmol/L] 9.82 + 3.85° 5.76 + 4.73° 7.15 £ 4.13 6.62 + 3.34 3.741 0.0127
uACR [mg/g] 11.91 = 7.69¢ 8.17 = 6.51¢ 109.70 + 85.66¢ 836.13 = 773.18¢%° 36.92 < 0.0001

Note: Data are presented as mean (SD) unless otherwise stated. CON — control group; NON — diabetes mellitus group; MIC — type 2 diabetic

nephropathy microalbuminuria group; MAC — type 2 diabetic nephropathy macroalbuminuria group; DKD — diabetic kidney disease; BMI — body mass index;

SBP — systolic blood pressure; DBP — diastolic blood pressure; GLU — fasting blood glucose; GA-L — glycated albumin; UREA — serum urea; Scr — serum
creatinine; UREA:Scr — serum urea-creatinine ratio; UA — serum uric acid; HbA, — glycated haemoglobin; CHOL — total cholesterol; TG — triglycerides;

LDH — lactate dehydrogenase; HDL-C — high-density lipoprotein; LDL-C — low-density lipoprotein; Lpa — lipoprotein; Albu — urinary microalbumin; CREA — urinary
creatinine; uUACR — urine protein-to-creatinine ratio. Compared with CON group, ®p < 0.05; compared with NON group, ®p < 0.05; compared with MIC group,

°p < 0.05; compared with MAC group, %p < 0.05

<0.0001

0.2249 |
—
0.0018

| 0.0305 0.8226 | 0.6776

15

i
N s

CON NON MIC MAC

Relative mRNA level

Figure 1. Comparison of serum miR-23a-3p levels (x + SD).
CON — control group; NON — diabetes mellitus group;
MIC — type 2 diabetic nephropathy microalbuminuria group;
MAC — type 2 diabetic nephropathy macroalbuminuria group

(r = 0.277, p < 0.001), and negatively correlated with
uACR (r = —0.624, p < 0.001) and HDL-C (r = —0.188,
p = 0.025), but not with CREA (r = —0.105, p = 0.215).

Diagnostic value of miR-23a-3p in patients

with DKD

ROC analysis showed that the area under the curve
(AUC) of miR-23a-3p was 0.686 [95% confidence
interval (CI): 0.599-0.773] among all enrolled mem-
bers, indicating that miR-23a-3p was able to better
distinguish healthy, diabetic DKD patients. Thus, we
demonstrated that quantification of miR-23a-3p in
serum can be used as a primary or at least auxiliary
criterion for the diagnosis of DKD. Similarly, using se-
rum miR-23a-3p as a diagnostic reference index, the sen-
sitivity of diagnosing DKD in diabetes was 61.842%,
the specificity was 77.778 %, and the area under the ROC
curve was 0.700 (95% CI: 0.598-0.802), and the results
indicated that miR-23a-3p had some accuracy in pre-
dicting whether patients had diabetic nephropathy,
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Figure 2. Diagnostic value of miR-23a-3p in patients with diabetic kidney disease (DKD). A. Diagnostic value of miR-23a-3p
for DKD in the human population; B. Diagnostic value of miR-23a-3p for DKD in diabetes. TPR — true positive rate;
FPR — false positive rate; AUC — area under the curve; uACR — urine protein-to-creatinine ratio
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Table 3. Receiver operating characteristic (ROC) results for diabetic kidney disease (DKD) versus miR-23a-3p and urinary

protein-creatinine ratio (WACR)

Predicted Predictor variables AUC cl Cut-off value Sensitivity Specificity Accuracy
outcome
CON miR-23a-3p 0.686 0.599-0.773 0.96737 0.64474 0.71212 0.67606
uACR 0.982 0.963-1.000 29.97 0.93421 1 0.96479
NON vs. DKD
miR-23a-3p +uACR  0.987 0.972-1.000 0.56489 0.94737 1 0.97183
miR-23a-3p 0.700 0.598-0.802 0.94716 0.61842 0.77778 0.66964
NON vs. DKD uACR 0.987 0.970-1.000 29.947 0.93421 1 0.95536
miR-23a-3p +uACR  0.993 0.983-1.000 0.80397 0.94737 1 0.96429

AUC — area under the curve; Cl — confidence interval; CON — control group; NON — diabetes mellitus group

while miR-23a-3p combined with uACR had high ac-
curacy in detecting diabetic nephropathy.

Logistic regression analysis showed that low se-
rum miR-23a-3p levels were associated with the oc-
currence of DKD [odds ratio (OR) = 0.837, p < 0.001]
using CON as the reference category, and decreased
serum miR-23a-3p levels could also distinguish simple
diabetes from diabetic nephropathy (OR = 0.841,
p = 0.019) using the NON group as the reference
category. In the multivariate model, in addition to
serum miR-23a-3p, annual GLU, GA-L, Scr, UA, HbA ,
CHOL, HDL-C, Albu, CREA, and uACR were also in-
cluded, and the results showed that serum miR-23a-3p
levels were not associated with the occurrence of
DKD after adjusting for GLU, GA-L, Scr, UA, HbA ,
CHOL, HDL-C, Albu, CREA, and uACR effects
(OR = 0.000, p = 0.998), and the differentiation between

CON and DKD remained statistically insignificant
(OR = 0.000, p = 0.963).

Target gene prediction and enrichment pathway
analysis of miR-23a-3p

Predicting the genes and pathways that may be regu-
lated by miR-23a-3p by bioinformatics provides a direc-
tion for the further search for the pathogenesis of DKD.
We predicted the target genes of miR-23a-3p in 3 data-
bases: miRWalk, TargetScan, and miRDB, respectively,
and analysed the intersections for enrichment pathway
analysis on the DAVID website. The results showed that
the intersection involved 291 mRNAs (Fig. 3). Assuming
these 291 screened genes are target genes of miR-23a-3p,
we performed GO and KEGG analysis to search for
potential biological processes or pathways. The re-
sults showed that the enrichment pathway included
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Table 4. Multivariate logistic regression analysis of the diagnostic value of serum miR-23a-3p levels for diabetic kidney

disease (DKD)
Univariate analysis Multivariate analysis
%12 OR x2 OR (95%Cl) p
Model 1 11.089 0.837 0.001 0.000 0.000 0.998
Model 2 5.502 0.841 0.019 0.002 0.000 0.963

OR — odds ration; Cl — confidence interval; CON — control group; NON — diabetes mellitus group

Note: In Model 1, non-independent variables were dichotomous variables of the “DKD and CON groups”, with the “CON group” as the reference category;

in Model 2, non-independent variables were dichotomous variables of the “NON and DKD groups”, with the “NON group” as the reference category; univariate
analysis, independent variables were serum miR-23a-3p; multivariate analysis, independent variables were serum miR-23a-3p and GLU (fasting blood glucose), GA-L
(glycated albumin), Scr (serum creatinine), UA (serum uric acid), HbA, (glycated haemoglobin), CHOL (total cholesterol), HDL-C (high-density lipoprotein), Albu
(urinary microalbumin), CREA (urinary creatinine), and uACR (urine protein-to-creatinine ratio)

9 pathways: renal cell carcinoma, glycosaminoglycan
biosynthesis-heparin sulphate/heparin, citrate cycle
(TCA cycle), proteoglycans in cancer, FOXO signalling
pathway, inositol phosphate metabolism, 2-oxocarbox-
ylicacid metabolism, steroid biosynthesis, and mannose
type O-glycan biosynthesis. According to our above
findings, it is believed that miR-23a-3p may aggravate
renal injury by activating FOXO-mediated oxidative
stress pathway.

Discussion

DKD is the most serious and common microvascu-
lar complication of diabetes, and DKD has become
the second leading cause of end-stage renal disease.
However, due to the complexity of the aetiology of
diabetic nephropathy, multiple factors are involved,
and the molecular mechanisms involved in its patho-
genesis remain not well understood. The develop-
ment of DKD is related to immune inflammatory
response, oxidative stress, metabolic abnormalities
and epigenetics, and the pathogenesis of epigenetics in
DKD is currently the focus of research. With the rapid
development of miRNA detection and quantitative
technology, including gene chip, quantitative PCR,
and high-throughput sequencing, the development
of miRNAs as potential biomarkers and therapeutic tar-
gets for human diseases has become a research hotspot.
miRNAs are stably present in human plasma and urine,
and miRNAs present in blood are sensitive biomark-
ers of cancer, tissue damage, and heart failure [7, 8].
As a class of non-coding small RNAs, miRNAs affect
various life activities of organisms by participating in
the regulation of cellular gene expression, and they play
an important role in the development of DKD and are
expected to be potential markers for the diagnosis of
DKD as well as new targets for drug therapy [9].
Previous studies have shown that miRNAs are
involved in the pathogenesis of DKD by affecting
the expression of multiple signalling molecules in mul-

tiple signalling pathways and are associated with renal
impairment, interstitial fibrosis, and podocyte apop-
tosis in DKD patients, which may provide new ideas
for understanding the pathogenesis of DKD [10, 11].
TAYEL et al. found that miR-126 and miR-192 expres-
sion was down-regulated in DKD patients compared
with healthy controls, and further analysis revealed
that miR-126 and miR-192 expression was negatively
correlated with creatinine levels and urinary albumin
creatinine ratio (ACR) [12]. In DKD mouse kidney,
miR-21 is one of the more expressed miRNAs, and inhi-
bition of this miRNA in vitro and in vivo reduces mesan-
gial matrix expansion, interstitial fibrosis, macrophage
infiltration, podocyte loss, proteinuria, and expression
of inflammatory and fibrotic molecules. miR-21 antago-
nist can improve the structure and function of kidney
in DKD mice and is an effective drug for the treatment
of diabetic complications [13]. CIVANTOS et al. found
that sitagliptin, as a dipeptidyl peptidase-4 (DPP-4) in-
hibitor, alleviated miRNA-mediated oxidative stress in
DKD rats by downregulating the miR-200a/Keap-1/Nrf2
signalling pathway [14]. The above findings sug-
gest that miRNAs can be used as molecular markers
and therapeutic targets for DKD.

In this study, we showed that serum miR-23a-3p
levels significantly decreased in the CON, NON, MIC,
and MAC groups, suggesting that low miR-23a-3p ex-
pression may be involved in the development of DKD.
MA et al. showed that miRNAs regulate a variety of
biological cell functions, and altered expression of miR-
NAs is closely related to DKD development and may
be an independent factor predicting the development
of DKD [15]. YU et al. suggested that miRNAs may be
involved in the development and progression of DKD
by promoting renal fibrosis and neovascularization
and can be used as noninvasive biological indicators
for the diagnosis of DKD [16]. In this study, we showed
that miR-23a-3p is an important risk factor affecting
the development of DKD in patients with type 2 diabe-
tes. These results suggest that serum miR-23a-3p levels
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are decreased in patients with type 2 diabetes, and their
risk of developing DKD is high. Urinary microalbumin
to creatinine ratio uACR is an effective indicator for
the diagnosis of glomerular microangiopathy, and el-
evated uACR levels can promote the development of
DKD and are risk factors for predicting the develop-
ment of DKD.

In this study, ROC curve analysis showed
that miR-23a-3p combined with uACR had the larg-
est area under the curve for the diagnosis of DKD,
indicating that the combined detection of miR-23a-3p
and uACR had a better efficacy for the diagnosis
of DKD, and miR-23a-3p is expected to be a novel
biomarker for the diagnosis of DKD. In addition to
serum miR-23a-3p, annual GLU, GA-L, Scr, UA, HbA ,
CHOL, HDL-C, Albu, CREA, and uACR were also
included in the logistic regression multivariate model,
and the results showed that serum miR-23a-3p levels
were not associated with the occurrence of DKD after
adjusting for the effects of other parameters, and the dif-
ferentiation between CON and DKD remained statis-
tically insignificant. In summary, serum miR-23a-3p
levels were significantly lower in DN patients, which
is a risk factor for DKD in type 2 diabetic patients, but
not an independent risk factor, and its combination with
uACR has good value in the diagnosis of DKD.

In summary, serum miR-23a-3p levels in T2DN
patients gradually decrease with the progression of
the disease, and serum miR-23a-3p is closely related
to blood glucose, lipid metabolism, and proteinuria in
T2DN patients and plays an important role in the pro-
gression of T2DN, which may become a new marker for
the diagnosis of T2DN and indicate the progression of
the disease, as well as providing new ideas for the treat-
ment of T2DN proteinuria. However, the comparison of
serum miR-23a-3p with microalbuminuria parameters
and its specific pathophysiological mechanism during
the development of DKD still need to be studied in
depth. Given the limited number of cases in this study,
further sample size expansion, prospective studies,
and clinical follow-up are still needed to revalidate
and determine the clinical value of serum miR-23a-3p
in patients with DKD.
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