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Expression of apelin-13 and its negative correlation with
TGF-p1 in patients with diabetic kidney disease
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Abstract. Diabetic kidney disease (DKD) is a severe micro-
vascular complication of diabetes, one key feature of which
includes renal fibrosis. As apelin is an adipokine closely related
todiabetes, the present study aimed to evaluate apelin-13 expres-
sion levels and the relationship between apelin-13 and disease
indicators in patients with diabetic kidney disease (DKD). The
present case-control study enrolled 70 patients with diabetes,
including 31 with diabetic kidney disease (DKD group),
39 without DKD (non-DKD group) and 30 healthy controls.
The levels of serum apelin-13 and TGF-p1, the key driver of
renal fibrosis, were determined by ELISA. Additionally, age,
mean disease duration, weight, blood pressure, fasting blood
glucose, triglyceride, low-density lipoprotein cholesterol,
high-density lipoprotein, cholesterol, urea nitrogen, blood
creatinine and 24-hour urinary total protein (24-h UTP) were
recorded. The results demonstrated that apelin-13 and TGF-f1
expression levels, age, blood pressure, fasting blood glucose,
cholesterol and blood urea nitrogen levels were significantly
higher in patients with diabetes compared with the healthy
controls (P<0.05). Moreover, apelin-13 and TGF-p1 expression
levels, mean disease duration, systolic pressure, blood creati-
nine, blood urea nitrogen and 24-h UTP were significantly
higher in the DKD group compared with the non-DKD group
(P<0.05). The estimated glomerular filtration rate (¢GFR) was
significantly reduced in the DKD group compared with the
non-DKD group (P<0.05). Correlation analysis demonstrated
a negative correlation between apelin-13 and eGFR expression
and a positive correlation between apelin-13 expression and
24-h UTP in both the DKD and non-DKD groups (P<0.05).
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A negative correlation was also demonstrated between
apelin-13 and TGF-f1 expression levels in the DKD group
and non-DKD groups (both P<0.05). In conclusion, apelin-13
and TGF-f1 expression levels were significantly higher in
the DKD group compared with those in the non-DKD group.
Additionally, apelin-13 expression was negatively correlated
with TGF-f1 expression in the DKD and non-DKD groups.
Therefore, apelin-13 could potentially be used in the future
as an indicator of renal fibrosis or destruction in patients
with DKD. The present trial was retrospectively registered
in the Chinese Clinical Trial Registry (trial registration
no. ChiCTR2200060945) on 14.06.2022.

Introduction

Diabetic kidney disease (DKD) is a serious microvascular
complication that can progress to severe end-stage renal
failure (1). A previous epidemiological survey between 2015
and 2017 reported that there are a large number of individuals
with diabetes, with a prevalence of 11.2% among individuals
aged =18 years (2). Of the total number of patients with diabetes,
~33.6% develop DKD, which can seriously affect their quality
of life (3). However, its pathogenesis is still unclear. Clinically,
DKD can be quantitatively diagnosed based on urinary
microalbumin levels. However, the severity and prognosis of
the disease cannot be accurately assessed based on the degree
of proteinuria (4). Therefore, attention should be paid to the
importance of pathological changes observed in patients with
DKD. Renal fibrosis is the main pathological feature closely
associated with DKD progression (5). Therefore, determining
the occurrence and progression of renal fibrosis is important.
Tubular epithelial-mesenchymal transition (EMT) is widely
regarded as the underlying mechanism of renal fibrosis (6).
One of the important profibrotic cytokines that induces EMT
is TGF-P1 (7). In children with type 1 diabetes, the level of
serum TGF-f1 was significantly higher compared with that in
healthy children (8). Qiao ef al (9) reported that serum and
urinary TGF-B1 levels were significantly increased in patients
with type 2 diabetes mellitus (T2DM) and DKD. A number
of previous studies reported that TGF-31 levels increased in
streptozotocin-induced diabetic mouse models and inhibition


https://www.spandidos-publications.com/10.3892/etm.2024.12398

2 WANG et al: APELIN-13 IN PATIENTS WITH DIABETIC KIDNEY DISEASE

of TGF-B1 ameliorated renal fibrosis in DKD (10-12). The
TGF-f1 pathway is also closely related to tubulointerstitial
fibrosis in rats with DKD (13). The aforementioned reports
suggest that TGF-f1 could be a potential target for the
treatment of renal fibrosis in DKD.

Apelin, an adipokine secreted by adipocytes, is an endog-
enous peptide that was first isolated from the bovine stomach
in 1998 (14). Apelin stimulates glucose use, enhances the
sensitivity of target cells to insulin and serves a role in the
pathogenesis and complications of diabetes (15). A previous
study reported that circulating apelin levels increased in
patients with T2DM (16), while another study reported that
serum apelin levels decreased in patients with T2DM (17).
The aforementioned study also reported that apelin might
be a biomarker for early detection of diabetic nephropathy
in patients with T2DM. However, serum apelin levels were
not correlated with the urine protein to creatinine ratio (17).
Therefore, the expression of apelin in DKD is yet to be fully
elucidated. Fibrosis represents the final step of DKD and
TGF-p1 has been established as the main mediator of renal
fibrosis (18). However, the relationship between serum apelin
levels and renal fibrosis in patients with DKD is not currently
understood. Additionally, to the best of our knowledge, the
relationship between serum apelin and TGF-$1 expression
levels has not yet been reported.

The apelin gene encodes a 77 amino acid prepropeptide and
can be cleaved into different active forms including apelin-12,
-13, -15, -16, -17, -19, -28, -31 and -36 (19). All isoforms of
apelin can bind to the G protein-coupled receptor, APJ (14).
Apelin-13, the shorter isomer of apelin, exhibits the strongest
biological activity of all the apelin isoforms (14). Apelin-13
is widely expressed in many tissues and organs including the
cardiovascular, respiratory, digestive endocrine and neuro-
logical systems and it is particularly abundant in blood (20).
Therefore, in the present study, serum apelin-13 and TGF-p1
levels were measured and their relationship in diabetic patients
with and without DKD was analyzed.

Materials and methods

Participants. PASS 2021 software (NCSS LLC) was used to
calculate the number of patients included in the present study.
Based on the pre-experimental data, the sample size required
for each group was =25 cases by taking 1-$=0.9 and 0=0.05.
In the present study, 70 patients with T2DM with or without
DKD, who were admitted to The Jinan Fifth People's Hospital
(Jinan, China) between February 18,2021 and April 30, 2022,
were enrolled. Additionally, 30 age- and sex-matched healthy
controls from the examination center of The Jinan Fifth
People's Hospital between March 1, 2021 and July 31, 2021
were selected for the study.

Ethics approval and patient consent. The present study was
designed according to The Strengthening the Reporting of
Observational Studies in Epidemiology guidelines (21). The
present study was registered in the Chinese Clinical Trial
Registry (https://www.chictr.org.cn/bin/userProject; trial
registration no. ChiCTR2200060945) and was approved by
the Ethics Committee of The Fifth People's Hospital of Jinan
(Jinan, China; approval no. 20-ke-01). A total of 100 subjects

including patients in the DKD, non-DKD and healthy control
groups were included in the present study. Written informed
consent was obtained from all participants.

Inclusion and exclusion criteria. The clinical diagnostic
criteria for DKD were as follows: A 24-h urinary total protein
level =30 mg/24 h and/or a prolonged decrease in eGFR
<60 ml/min (1.73 m?)" without other types of kidney disease,
based on The Kidney Disease Improving Global Outcomes
2020 Clinical Practice Guideline (22). The inclusion criteria
of patients were as follows: i) Female or male patients who
were hyperglycemic and being treated with glucose-lowering
drugs; ii) aged 28-75 years; iii) majority ~55 years old; iv) a
history of diabetes for =6 months; v) negative insulin auto-
antibodies, islet cell antibodies and glutamate decarboxylase
antibodies; vi) fasting blood glucose (FBQG) levels after
treatment <7.0 mmol/l; and vii) postprandial 2-hour plasma
glucose levels after treatment <10.0 mmol/l. Patients with
type 1 diabetes, gestational diabetes, serious cardiovascular
diseases, cerebrovascular diseases, respiratory disease, diges-
tive disease, inflammatory diseases, malignant tumors, urinary
tract infections, other kidney diseases, recent nephrotoxic
drug exposure and proteinuria caused by other factors were
excluded. The inclusion criteria of the controls were as follows:
i) Healthy males and females; ii) aged 30-65 years; and iii) no
history of diabetes. Exclusion criteria of the controls were any
history of hypertension, tumors and a variety of serious acute
and chronic diseases including brain, heart, lung, liver and
kidney disease.

Control of bias. The methods to control confounding factors in
the present study were as follows: i) Limiting the inclusion and
exclusion conditions of subjects during the study design; and
ii) taking some characteristics that interfere with the results
as matching factors, which was a limiting method to maintain
the same matching factors between the cases and controls.
The confounding factors, such as BMI, FBG, cholesterol,
triglyceride (TG), low-density lipoprotein cholesterol (LDL-c)
and high-density lipoprotein cholesterol (HDL-c) levels
were matched in the DKD group and the non-DKD group,
which may potentially have resulted in selection bias due to
the necessity to discard patients that did not have matching
confounding factors. In order to reduce selection bias, random
sampling was performed. By the strict selection of representa-
tive subjects, the cases and controls were balanced. Moreover,
the criteria for inclusion and exclusion were strictly limited.
When analyzing the final results, the blind method and
objective statistical indicators such as FBG, blood pressure
and serum lipids were applied. Good patient compliance and
preventing loss in follow-up of patients also served a role in
bias reduction.

Measurements of indicators. Sex, age, systolic blood pressure,
diastolic blood pressure, mean disease duration, weight and
BMI were recorded at the time of patient enrollment. The
levels of FBG, serum TG, LDL-c, HDL-c, total cholesterol,
blood urea nitrogen (BUN) and creatinine were detected using
the TBA-FX8 automatic biochemical analyzer (Shenzhen
Mindray Bio-Medical Electronics Co., Ltd.). The 24 h urinary
total protein (24-h UTP) was measured using the BS-2000M



: o PUBUCE{%%%% EXPERIMENTAL AND THERAPEUTIC MEDICINE 27: 110, 2024 3

Table I. Characteristics of patients with diabetes compared with healthy controls.
Healthy control group Patients with diabetes

Patient characteristic (n=30) (n=70) P-value
Sex, n (%) 0.335

Male 14 (25.9) 40 (74.1)

Female 16 (34.8) 30 (65.2)
Proteinuria, n (%) <0.001

Yes 0(0.0) 25 (100.0)

No 30 (40.0) 45 (60.0)
Age, years 48.20+4.59 57.91+£8.42 <0.001
Weight, kg 67.19+11.96 68.34+12.26 0.666
BMI, kg/m2 24.31+3.83 24.85+3.84 0.517
Systolic blood pressure, mmHg 122.60+13.68 141.39+21.26 <0.001
Diastolic blood pressure, mmHg 77.00+12.89 84.31+10.82 0.004
Fasting blood glucose, mmol/l 5.06+0.53 8.46+2.56 <0.001
Serum low-density lipoprotein 2.86+0.67 301+1.13 0.406
cholesterol, mmol/l
Serum high-density lipoprotein 1.23 (1.06/1.48) 1.17 (0.99/1.31) 0.112
cholesterol, mmol/l
Serum triglyceride, mmol/l 1.13 (0.79/1.49) 1.34(0.93/2.06) 0.093
Cholesterol, mmol/l 4.70+0.74 5.14+1.43 0.046
Creatinine, gmol/l 63.00 (52.75/69.25) 62.50 (54.00/109.50) 0.250
Blood urea nitrogen, mmol/l 4.55 (3.90/5 .40) 6.05 (5.08/8.75) <0.001
Estimated glomerular filtration 122.02 (104.55/131.94) 116.31 (58.18/146 .43) 0.339
rate, ml/min (1.73 m?)’!
Apelin-13, pg/ml 14415.16 (10,285.52/18,011.01) 29,716.03 (17,278.46/49,354 44) <0.001
TGF-p1, ng/ml 79.32 (48.20/103.00) 103.02 (64.45/150.92) 0.003

Data were presented as percentages of frequency for qualitative variables and the mean + standard deviation or median (25th/75th percentiles)

for continuous variables.

automatic biochemical analyzer (Shenzhen Mindray
Bio-Medical Electronics Co., Ltd.). Glycosylated hemoglobin
Alc (HbAlc) levels were analyzed using the Tosoh Automated
Glycohemoglobin Analyzer HLC-723G11 (Tosoh Bioscience
Co., Ltd.). Fasting C-peptide (FCP) levels were measured
using a MAGLUMI X8 automatic chemiluminescence immu-
noanalyzer (Shenzhen New Industry Biomedical Engineering
Co., Ltd.).

Serum samples were collected, centrifuged at 1,000 x g at
room temperature for 20 min and stored at -80°C until analysis.
Serum apelin-13 concentration was measured using an ELISA
kit (cat. no. E-EL-H0458c; Wuhan Elabscience Biotechnology
Co., Ltd.). Serum TGF-p1 concentration was measured
using an ELISA kit (cat. no. CSB-E04725h; Wuhan Huamei
Biological Engineering Co., Ltd.). The standards and samples
were added to the coated assay plates. After incubation at
37°C for 1 h (apelin ELISA kit) or 2 h (TGF-f1 ELISA Kkit),
horseradish peroxidase-avidin was added to biotin-labeled
antibodies (1:100). Then, the assay plate containing apelin-13
was incubated at 37°C for 30 min and the assay plate containing
TGF-p1 was incubated at 37°C for 1 h . After 5'-tetramethyl-
benzidine substrate incubation for 15 min at 37°C, stop solution
was injected into each well and the absorbance of each sample
was measured at 450 nm.

Statistical analysis. Statistical analyses were performed using
SPSS (version 22.0; IBM Corp.). The Shapiro-Wilk test was
used to determine the normal distribution of the quantitative
parametric data. An unpaired t-test was used to analyze the
quantitative parametric data which were presented as the
mean =+ standard deviation. Variables with non-normal distri-
butions were evaluated using the Mann-Whitney U test and
were presented as the median with the 25th and 75th percen-
tiles. The % test was used to analyze qualitative variables
and the data were presented as percentages of frequency.
Pearson's correlation was used to calculate the correlation
between continuous data. Spearman's correlation analysis
was used to evaluate potential correlations between rank
variables. P<0.05 was considered to indicate a statistically
significant difference.

Results

Comparison of indicators between the diabetic groups
and the controls. The groups of patients with diabetes
consisted of 40 males and 30 females, with an average age
of 57.91+8.42 years. The control group consisted of 14 males
and 16 females, with an average age of 48.20+4.59 years.
There were no significant differences observed in sex, weight,
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Table II. Characteristics of patients in the DKD and non-DKD groups.

Patient characteristic DKD group (n=31) Non-DKD group (n=39) P-value
Sex, n (%) 0.728
Male 17 (42.5) 23 (57.5)
Female 14 (46.7) 16 (53.3)
Proteinuria, n (%) <0.001
Yes 25 (100.00) 0 (0.00)
No 6 (13.33) 39 (86.67)
Age, years 59.74+10.08 56.46+6.60 0.106
Duration of disease, years 15.00 (10.00/20.00) 4.00 (1.00/10.00) <0.001
Weight, kg 68.27+12.43 68.38+12.29 0.970
BMI, kg/m? 25.00+4.03 24.73+3.73 0.769
Systolic blood pressure, mmHg 151.52+24 .46 133.33+14.08 0.001
Diastolic blood pressure, mmHg 86.74+12.26 82.38+9.24 0.106
Fasting blood glucose, mmol/l 8.32+2.74 8.58+2.44 0.670
Glycosylated hemoglobin Alc, % 9.00+1.88 8.87+2.25 0.800
Fasting C peptide, ng/ml 2.13(1.31/3.59) 1.85 (1.40/2.50) 0.226
Serum low-density lipoprotein 3.09+1.38 2.95+0.90 0.650
cholesterol, mmol/l
Serum high-density lipoprotein 1.15(0.97/1.28) 1.18 (0.99/1.37) 0.603
cholesterol, mmol/l
Serum triglyceride, mmol/l 1.62 (1.05/2.39) 1.27 (0.85/1.84) 0.170
Cholesterol, mmol/l 5.22+1.78 5.08+1.09 0.695
Creatinine, gmol/l 111.00 (67.00/175.00) 56.00 (48.00/64.00) <0.001
Blood urea nitrogen, mmol/l 8.30 (5.80/15.40) 5.30 (4.40/6.80) <0.001
24 h urinary total protein, mg/24 h 681.90 (332.00-3,603.60) 58.88 (36.45-100.20) <0.001
Estimated glomerular filtration rate, 66.91+42 .82 138.57+39.62 <0.001

ml/min (1.73 m?)’!
Apelin-13, pg/ml
TGF-p1, ng/ml

50,720.36 (26,954.76/78,880.05)
141.37£71.93

20,490.58 (16,008.67/33,997.97) <0.001
96.47+43.81 0.004

Data were presented as percentages of frequency for qualitative variables and the mean + standard deviation or median (25th/75th percentiles)

for continuous variables. DKD, diabetic kidney disease.

BMI, LDL-c, HDL-c, TG, blood creatinine and the estimated
glomerular filtration rate (¢GFR) of patients with diabetes and
the control group (P>0.05). Serum apelin and TGF-§1 levels,
age, systolic and diastolic pressure, FBG, total cholesterol and
BUN were significantly higher in the diabetic group compared
with the controls (P<0.05; Table I).

Comparison of indicators between the DKD group and
the non-DKD groups of patients. Subgroup analysis was
performed for diabetic groups with and without DKD. Age,
sex, weight, BMI, diastolic pressure, FBG, HbAlc, FCP,
LDL-c, HDL-c, TG and total cholesterol levels were evaluated
and no significant differences were demonstrated between the
DKD and non-DKD groups of patients. However, the mean
disease duration was significantly longer in the DKD group
compared with the non-DKD group (P<0.05). Additionally,
a statistically significant increase was demonstrated in
serum apelin-13 and TGF-f1 levels, systolic pressure, blood
creatinine, BUN and 24-h UTP in the DKD group compared
with the non-DKD group (P<0.05). By contrast, eGFR was

significantly decreased in the DKD group compared with the
non-DKD group of patients (P<0.05; Table II).

Correlation analysis of apelin-13 and parameters in the DKD
and non-DKD groups. The Pearson and Spearman's correla-
tion analyses demonstrated a significant negative correlation
between serum apelin-13 and TGF-f31 levels in the DKD and
non-DKD groups (P<0.05); however, no significant correla-
tion was demonstrated in the control group (Fig. 1). Serum
apelin-13 levels were associated with FCP, blood creatinine,
BUN and 24-h UTP in the DKD group (Table III; P<0.05).
A significant positive correlation was demonstrated between
apelkin-13 and 24-h UTP levels in both the DKD and
non-DKD groups (P<0.05; Fig. 2). In addition, apelin-13 levels
were significantly negatively correlated with eGFR in the
DKD group (P<0.05; Fig. 3) and a marked negative correla-
tion was demonstrated between eGFR and apelin-13 levels in
the non-DKD group (P>0.05; Fig. 3). No significant correla-
tion was observed between serum apelin-13 levels and age,
disease duration, weight, BMI, blood pressure, FBG, HbAlc,
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Table III. Correlation between apelin-13 expression levels and characteristics of patients in the DKD and non-DKD groups.
DKD group Non-DKD group
Patient characteristic r P-value r P-value
Age, years -0.149 0423 0.032 0.847
Disease duration, years 0.082 0.663 -0.076 0.645
Weight, kg -0.122 0.513 -0.004 0.980
BMI, kg/m? -0.108 0.565 0.029 0.862
Systolic blood pressure, mmHg 0.088 0.636 0.176 0.283
Diastolic blood pressure, mmHg 0.195 0.293 0.246 0.131
Fasting blood glucose, mmol/l -0.284 0.122 -0.108 0513
Glycosylated hemoglobin Alc, % -0.201 0.279 -0.008 0.960
Fasting C peptide, ng/ml 0.405 0.024 0.225 0.168
Serum low-density lipoprotein cholesterol, mmol/l -0.029 0.876 0.094 0.568
High-density lipoprotein cholesterol, mmol/I -0.029 0.878 -0.038 0.817
Serum triglyceride, mmol/l -0.005 0.980 -0.023 0.889
Cholesterol, mmol/l -0.017 0.927 0.081 0.622
Creatinine, gmol/l 0.848 <0.001 0.152 0.354
Blood urea nitrogen, mmol/l 0.810 <0.001 0.023 0.891
DKD, diabetic kidney disease.
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Figure 1. A significant negative correlation was demonstrated between serum apelin-13 and TGF-f1 expression levels in the DKD and non-DKD groups,
whereas no correlation was observed in the control group. DKD, diabetic kidney disease.
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Figure 3. A significant negative correlation was demonstrated between serum apelin-13 levels and eGFR in the DKD group, whereas a marked negative correla-
tion was observed in the non-DKD group. eGFR, estimated glomerular filtration rate; DKD, diabetic kidney disease.

LDL-c, HDL-c, TG or total cholesterol levels in the DKD and
non-DKD groups (P>0.05; Table III).

Discussion

With a worldwide increase in the incidence of DKD in recent
decades, DKD has become one of the most serious complica-
tions of diabetes. Hyperglycemia is an important factor in the
development of DKD (23). The potential mechanism by which
this occurs may involve an increase in angiotensin II, growth
factors and advanced glycation end products causing hyper-
filtration, which leads to an increase in capillary pressure.
Subsequently, the basement membrane thickens, the mesan-
gium expands and the extracellular matrix thickens, which
triggers fibrosis (24). In the present study, FPG was higher
in patients with diabetes compared with the controls, which
supported the previously published finding that hyperglycemia
ultimately damages the kidney (24).

Reduced eGFR and increased albuminuria are indicators of
DKD diagnosis and progression. In the present study, eGFR was
lower and 24-h UTP was higher in the DKD group compared
with the non-DKD patients. Moreover, serum eGFR and
apelin-13 levels were negatively correlated and 24-h UTP was
positively correlated with apelin-13 levels in the DKD group,

which is in accordance with a previous study that reported that
apelin-13 caused a significant increase in the ratio of microal-
buminuria in diabetic mice (25). Another study reported that
pyr-apelin-13 had the opposite effect on albuminuria, showing
a tendency to reduce renal swelling and inflammation (26).
These results indicate that the effects of apelin on albuminuria
in the kidneys may be related to the morphology of apelin or its
differential pathophysiological states.

Apelin is an endogenous peptide that may serve as an impor-
tant biomarker for the detection of DKD (17). The results of the
present study demonstrated that the serum levels of apelin-13
in patients in the DKD and non-DKD groups were significantly
higher compared with those in the controls. This finding was
consistent with a previous study that reported that circulating
apelin concentration was significantly elevated in patients with
diabetes compared to those in the control group (27). However,
there are conflicting reports on decreased apelin levels in
T2DM (17), possibly because different stages of DKD develop-
ment may initiate different signaling pathways to regulate the
expression of apelin, thus affecting serum apelin levels.

TGF-f1 is a recognized fibrogenic factor and may be
considered a driver of renal fibrosis, which is an important
pathological feature of DKD, as a previous study reported
that TGF-f1 signaling pathways were key regulators of
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renal fibrosis (28). In the present study, TGF-B1 expression
levels in the serum of patients with DKD were increased,
which was consistent with the previous study conducted by
Sawires et al (8) that reported higher serum levels of TGF-31
in children with DKD. The grouping was similar in the
two studies, but the present study focused on the relation-
ship between apelin-13 and disease indicators in T2DM
nephropathy, while the previously published study reported
the relationship between TGF-B1 and other related indicators
in type 1 diabetic nephropathy in children.

Apelin has previously been reported to serve a crucial role
in heart, liver and kidney fibrosis (29). Therefore, a relation-
ship may exist between apelin and TGF-B1 expression levels
under specific physiological and pathological conditions. In
a previous study by Kocer er al (30), apelin was negatively
correlated to TGF-f in patients with polycystic kidney disease.
Animal and cell studies have also reported that apelin treat-
ment served an inhibitory role on TGF-1, prevented acute cell
damage and improved the outcome of ischemia/reperfusion
injury to the kidneys (31). Although it was observed that both
apelin-13 and TGF-B1 expression levels increased in the DKD
and non-DKD groups of patients, the increase was not the
same in the present study as the values previously reported.
The present study demonstrated that an increase in apelin-13
levels inhibited serum TGF-B1 levels. This phenomenon has
also been reported by Lu et al (32), who suggested a nega-
tive correlation of axial length and peak distance in myopia,
emmetropia, and hyperopic groups, although both axial length
and peak distance increased in myopia group than emmetropia
and hyperopia groups. Therefore, the results of the present
study demonstrated that serum apelin-13 level were negatively
associated with TGF-B1, which suggested there may be an
inverse association between apelin-13 and renal fibrosis.

In the present study, apelin-13 was positively correlated
with 24-h UTP and negatively correlated with eGFR, which
served a detrimental role in DKD. However, apelin-13 was also
negatively correlated with the fibrotic factor TGF-B1, which
served a favorable role in DKD. This has been reported in
several animal studies which showed that apelin-13 caused a
significant increase in the ratio of microalbuminuria in diabetic
KK-Ay mice (25) and inhibited autophagy in podocytes, which
led to podocyte apoptosis and massive proteinuria in diabetic
KK-Ay mice (33). Apelin-13 may be positively correlated
with urinary protein and promote the progress of DKD by
increasing fat mass, promoting angiogenesis in glomeruli to
form abnormal vessels, increasing permeability or inducing
podocyte apoptosis (18). However, it has also been reported
that apelin inhibited the process of EMT in podocytes in
diabetic KK-Ay mice (34), decreased the levels of TGF-$ and
suppressed kidney tissue fibrosis in Sprague Dawley rats with
diabetic nephropathy (35). Therefore, apelin-13 may be relevant
to increased fat mass, increased glomerular permeability and
induced podocyte apoptosis during the early stages of DKD,
while it may inhibit renal fibrosis in the advanced stage of DKD.

Confounding factors may interfere with the results in
the present study. A number of studies reported that apelin
may be associated with BMI, FBG, cholesterol, TG, LDL
and HDL. Zaki M et al. concluded that serum apelin levels
were positively correlated with BMI (36). FBG, cholesterol,
TG, LDL and HDL are indicators of glycolipid metabolism
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and Bertrand et al (37) reported that apelin improved hepatic
lipid metabolism in obese and insulin-resistant mice. This
is in accordance with a previous study that reported that
apelin-13 treatment resulted in the significant decreases in the
FBG levels and the serum levels of cholesterol, TG and LDL
in mice with gestational diabetes mellitus (38). Therefore,
case-control matching is helpful for known confounders. BMI,
FBG, LDL-c, HDL-c, TG and cholesterol were not statisti-
cally significant between the DKD group and the non-DKD
group in the present study. On this basis, the expression and
correlation of apelin-13 in DKD were studied.

In conclusion, the present study demonstrated that a signifi-
cant negative relationship between apelin-13 and TGF-1 in both
DKD and non-DKD groups was observed. This phenomenon
has laid a foundation for the future study of the roles of apelin
and fibrosis in DKD. Apelin-13 may potentially be a negative
indicator of renal fibrosis in patients with DKD. More studies are
required to assess the association and the mechanism between
apelin-13 and the fibrosis in renal disease from both cellular and
animal experiments. Future studies will use high-glucose-treated
human renal tubular epithelial cells with different dosages of
apelin-13 treatment to observe the morphological changes of
the cells and detect the levels of fibrosis-related markers such
as E-cadherin, vimentin and o-SMA. Furthermore, rat models
of DKD may be constructed by streptozocin injection. Upon
injecting apelin-13 into diabetic rats, the weight, blood glucose
levels, urinary protein content, levels of serum apelin-13 and
TGF-BI could be detected. Staining of renal tissues and analysis
of RNA and protein expression levels of E-cadherin, vimentin
and a-SMA should be performed. Performing these studies
would aid in the understanding of how apelin-13 may potentially
serve as a useful marker for renal fibrosis.
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