EXPERIMENTAL AND THERAPEUTIC MEDICINE 20: 86, 2020

Diagnostic value of VDBP and miR-155-5p in diabetic
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Abstract. This study explored the diagnostic and therapeutic
significance of vitamin D binding protein (VDBP) and
miR-155-5p for diabetic nephropathy and the correlation with
urinary microalbumin. A total of 145 patients with type 2
diabetes who attended the Hwamei hospital were selected as
research objects and assigned to diabetic nephropathy group
(DN group) and diabetes group according to whether they
suffered from diabetic nephropathy (DN). The expression
levels of urine VDBP and serum miR-155-5p in the two groups
were detected, and the correlation between urinary microal-
bumin (mAlb), serum cystatin C (Cys C) and 24-h urinary
protein was analyzed. The predictive value of single and joint
detection of urinary VDBP and serum miR-155-5p for DN
onset and poor prognosis was analyzed. In DN patients, urine
VDBP and serum miR-155-5p were highly expressed, and
urine VDBP, serum miR-155-5p and mAlb, Cys C and 24-h
urine protein were positively correlated (P<0.05). Moreover,
the joint detection of urine VDBP and serum miR-155-5p was
more valuable in diagnosis and poor prognosis prediction of
DN patients than its single detection. Urine VDBP and serum
miR-155-5p have good diagnostic value for DN, but their joint
diagnostic value is higher, and their expression levels are all
related to mAlb of DN patients, which may be used as new
biological indicators for diagnosis and disease assessment.

Introduction

Diabetic nephropathy (DN) is one of the main complications
of diabetic microangiopathy and one of the main causes
of uremia. The morbidity and mortality of DN in diabetic
patients are both high, which is a serious threat to their quality
of life and health (1,2). Clinically, the early symptoms of DN
onset are not obvious, and the indicator changes are usually
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not obvious in routine detection, therefore difficult to detect.
However, in the late stage, the disease progresses very quickly,
and the liver and kidney functions also decline rapidly, which
will also lead to poor prognosis due to lack of timely treat-
ment (3,4). Therefore, for DN patients, early diagnosis and
timely treatment have important clinical significance.

Vitamin D binding protein (VDBP) belongs to the binding
protein albumin family. It is mainly synthesized by liver and
then reabsorbed by proximal tubular epithelial cells after
glomerular filtration (5). Previous studies confirmed that urine
VDBP was a new biomarker of tubulointerstitial injury inde-
pendent of proteinuria, and it mainly appeared in the early stage
of inflammatory reaction and tubulointerstitial fibrosis and had
high sensitivity to renal inflammation (6). Inflammation played
a vital role in the pathogenesis of DN (7). In addition, previous
studies found that abundant miRNA expression could be seen
in kidney tissues of DN patients, and reported that its expres-
sion could reflect the condition of patients to a certain extent,
and that miRNA and DN were closely related (8). miR-155-5p
is a miRNA that plays an important regulatory role in the
development and progression of tumors, and its diagnostic
and prognostic value in tumors has also been confirmed (9).
Previous study also discovered that miR-155-5p was highly
expressed in DN, and it was considered that its expression was
tied to the severity of DN patients (10).

However, there is relatively scarce research on the diag-
nostic value of VDBP and miR-155-5p in DN at present, so
we explored the diagnostic value of VDBP and miR-155-5p in
DN, and analyzed the correlation between VDBP and urinary
microalbumin (mAlb) (11), which is the main basis indicator
for DN diagnosis to provide more reference schemes.

Patients and methods

General information. From April 2015 to January 2017,
145 patients with type 2 diabetes were selected as research
targets, including 75 male patients and 70 female patients.
Their average age was (68.02+5.33) years, including 71 DN
patients (DN group) and 74 non-DN patients (diabetes group).
Inclusion criteria were as follows: Patients who met the diag-
nostic criteria for type 2 diabetes of the American Diabetes
Association (12). Patients diagnosed as DN by patholog-
ical (biopsy) diagnosis were included in DN group. Exclusion
criteria were as follows: patients with primary renal diseases,
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Table I. General data.

Factor DN group (n=71) Diabetes group (n=74) t/y? value P-value
Sex 0.008 0.927
Male 37 (52.11) 38 (51.35)
Female 34 (47.89) 36 (48.65)
Age, years) 0.003 0.959
<68 31 (43.66) 32 (43.24)
>68 40 (56.34) 42 (56.76)
BMI, kg/m? 0.007 0.932
<23 36 (50.70) 37 (50.00)
>23 35 (49.30) 37 (50.00)
Educational level 0.011 0916
Below junior high school 32 (45.07) 34 (45.95)
Junior high school and above 39 (54.93) 40 (54.05)
Place of residence 0.000 0.987
Countryside 45 (63.38) 47 (63.51)
City or town 26 (36.62) 27 (36.49)
Fasting blood glucose (mmol/l) 8.35+1.58 8.47+1.53 0.465 0.643
HbAlc (mmol/l) 8.32+1.65 841+1.74 0.319 0.750
SCr (xmol/1) 93.21+£21.66 48.26+9.52 16.29 <0.001
UREA (mmol/l) 8.67+1.18 5.13+0.42 24.26 <0.001

HbA1c, hemoglobin Alc; SCr, serum creatinine; UREA, blood urea; DN, diabetic nephropathy.

other diabetic complications, ketoacidosis or other metabolic
diseases; patients who had used immunosuppressive agents
or nephrotoxic drugs in the recent past; patients with malig-
nant tumors, severe infectious diseases, other severe diabetic
complications; patients who refused to participate in the study.

The study was approved by the Ethics Committee of HwaMei
Hospital (Ningbo, China). All patients and their families agreed
to participate in the study and signed informed consents were
obtained from the patients and/or their guardians.

Indicator detection

RT-PCR detection of miR-155-5p expression. Venous blood
(3 ml) of all patients was drawn on an empty stomach, and
then centrifuged for 10 min at 8,000 x g at 4°C. Serum was
taken for detection, and total RNA in serum was extracted
with TRIzol reagent (15596018; Thermo Fisher Scientific).
The purity and concentration of RNA were detected with
ultraviolet spectrophotometer, and then 5 pg of total RNA
was taken, respectively, and reverse transcription cDNA was
performed following the instructions of the reverse tran-
scription kit (AQ202-01; TransGen Biotech). The reaction
parameters were as follows: 37°C for 10 min, 45°C for 30 min,
72°C for 4 min. miR-155-5p amplification system (PCR Kkit;
AQ201-01; TransGen Biotech): cDNA 1 ul, upstream and
downstream primers 0.4 ul each, 2X TransTaq® Tip Green
qPCR SuperMix 10 pl, Passive Reference Dye (50X) 0.4 ul,
ddH,O supplemented to 20 ul. Amplification conditions:
PCR reaction conditions were as follows: Pre-denaturation at
94°C for 45 sec, denaturation at 94°C for 10 sec, annealing

extension at 60°C for 45 sec, a total of 40 cycles. Each sample
was provided with 3 repeated wells, and the experiment was
carried out 3 times. U6 was used as the internal reference and
2-A4¢ was used to analyze the data.

Detection of VDBP, mAlb and other biochemical indica-
tors. Urine VDBP (ml023696; Shanghai Enzyme Linked
Biotechnology Co., Ltd.) was detected by ELISA and mAlb
was detected by immunoturbidimetry. Fasting venous blood
(5 ml) of patients was drawn, and then centrifuged for 10 min
at 8,000 x g at 4°C. Serum was taken and the serum glycosyl-
ated hemoglobin Alc (HbAlc), serum creatinine (SCr), blood
urea (UREA) and cystatin C (Cys C) were detected by auto-
matic biochemical analyzer, and 24-h urine protein of patients
was detected.

Statistical analysis. In this study, the experimental data were
statistically analyzed via SPSS 19.0 software, the counting data
were checked through Chi-square test, and the measurement
data were assessed via mean # standard deviation. Moreover,
t-test was employed for comparison between the two groups,
GraphPad Prism 6 software was employed for drawing the
experimental illustrations, and Pearson's was employed for
correlation analysis. ROC results were analyzed via STATA
software. SPSS was used to analyze data of the two groups,
binary logistic analysis was used to calculate the predictive
factors, and then ROC curve analysis was carried out to calcu-
late the diagnostic sensitivity and specificity. Difference of
P<0.05 was considered to be statistically significant.



EXPERIMENTAL AND THERAPEUTIC MEDICINE 20: 86, 2020 3

Table II. Expression of serum miR-155-5p and urine VDBP.

Factor DN group (n=71) Diabetes group (n=74) t value P-value
miR-155-5p 3.25+1.53 1.82+0.93 6.832 <0.001
Urine VDBP (ng/ml) 61.98+31.85 22.51+9.16 10.23 <0.001
VDBP, vitamin D binding protein; DN, diabetic nephropathy.
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Figure 1. Detection of other relevant indicators of DN. (A) Urine mAlb level of patients in the two groups. (B) Serum Cys C level of patients in the two groups.
(C) 24-h urine protein level of patients in the two groups. ‘P<0.05. DN, diabetic nephropathy; mAlb, microalbumin; Cys C, cystatin C.

Results

General data. There was no significant difference in sex,
age and BMI between the two groups (P>0.05), as shown
in Table I.

Expression levels of serum miR-155-5p and urine VDBP. The
expression levels of serum miR-155-5p and urine VDBP in the
DN group were significantly higher than those in the diabetes
group, with statistically significant difference (P<0.05), as
shown in Table II.

Detection of other relevant indicators. In order to further
compare differences between DN patients and non-DN
patients, we further compared the expression levels of mAlb,
Cys C and 24-h urine protein of patients in the two groups. The
results showed that mAlb, Cys C and 24-h urine protein in the
DN group were significantly higher than those in the diabetes
group, with statistically significant differences (P<0.05), as
shown in Fig. 1.

Correlation analysis of serum miR-155-5p, urine VDBP and
mAlb, Cys C and 24-h urine protein in DN patients. Serum
miR-155-5p and mAlb, Cys C and 24-h urine protein in DN
patients were positively correlated (P<0.05), while urine
VDBP and mAlb, Cys C and 24-h urine protein were posi-
tively correlated (P<0.05), as shown in Table IIT and Fig. 2.

Diagnostic value of single and joint detection of serum
miR-155-5p and urine VDBP in DN. The diagnostic sensitivity
of miR-155-5p to DN was 75.68%, specificity was 64.79%, AUC
was 0.746, 95% CI was 0.664-0.828, and cut-off value was 2.6;
the diagnostic sensitivity of urine VDBP to DN was 85.14%,
specificity was 83.10%, AUC was 0.859,95% CI was 0.787-0.931,
and cut-off value was 31.24 ng/ml; the diagnostic sensitivity

of joint diagnosis of serum miR-155-5p and urine VDBP was
93.24%, specificity was 76.06%, AUC was 0.904, and 95% CI
was 0.851-0.958. Although serum miR-155-5p and urine VDBP
had certain diagnostic value for DN, the sensitivity and AUC of
joint diagnosis were higher than that of single diagnosis, and the
former had higher diagnostic value, as shown in Fig. 3.

Prognostic value of serum miR-155-5p and urine VDBP in
poor prognosis of patients with DN. All DN patients were
followed up for 2 years, among them 32 patients entered
end-stage renal disease (ESRD) during the follow-up period.
The serum miR-155-5p and urine VDBP of ESRD patients
were significantly higher than those of ESRD patients without
ESRD, with statistically significant difference (P<0.05).
ROC curve showed that the sensitivity, specificity, AUC,
95% CI and cut-off value of serum miR-155-5p were 74.36,
65.63%, 0.744, 0.628-0.861, 3.409, 82.05 and 71.88%, respec-
tively, for predicting poor prognosis of DN patients. AUC
was 0.849, 95% CI was 0.759-0.939, and the cut-off value
was 62.06 ng/ml. The sensitivity of joint detection of serum
miR-155-5p and urine VDBP to predict poor prognosis of DN
patients was 89.74%, specificity was 65.63%, AUC was 0.886,
95% CI was 0.810-0.963, and the joint detection had higher
prediction value for poor prognosis of DN patients, as shown
in Table IV and Fig. 4.

Discussion

Clinically, pathogenesis of DN has a relatively complicated
mechanism, and its occurrence is also a common cause of
renal failure. However, if diagnosis and treatment can be
carried out as soon as possible, the progression of patients can
be delayed or even reversed (13,14). Therefore, it is of great
clinical significance to find a diagnosis method with high
sensitivity and specificity for DN patients.
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Table III. Correlation analysis of serum miR-155-5p, urine VDBP and mAlb, Cys C and 24-h urine protein in DN patients.

Serum miR-155-5p Urine VDBP
Indicators r value P-value r value P-value
mAlb 0.676 <0.001 0.807 <0.001
Cys C 0.649 <0.001 0.772 <0.001
24-h urine protein 0.700 <0.001 0.823 <0.001

VDBP, vitamin D binding protein; mAlb, microalbumin; Cys C, cystatin C; DN, diabetic nephropathy.
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Figure 2. Correlation analysis of serum miR-155-5p, urine VDBP, mAlb, Cys C and 24-h urine protein in DN patients. (A) miR-155-5p and mAlb were
positively correlated. (B) miR-155-5p and Cys C were positively correlated. (C) miR-155-5p was positively correlated with 24-h urine protein. (D) Urine VDBP
and mAIb were positively correlated. (E) Urine VDBP was positively correlated with Cys C. (F) There was a positive correlation between urine VDBP and
24-h urine protein. VDBP, vitamin D binding protein; mAlb, microalbumin; Cys C, cystatin C; DN, diabetic nephropathy.
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Figure 3. Diagnostic value of single and joint detection of serum miR-155-5p and urine VDBP in DN. (A) The diagnostic sensitivity of serum miR-155-5p to
DN was 75.68%, specificity was 64.79%, AUC was 0.746, 95% CI was 0.664-0.828, and cut-off value was 2.6. (B) The diagnostic sensitivity of urine VDBP to
DN was 85.14%, specificity was 83.10%, AUC was 0.859, 95% CI was 0.787-0.931, and the cut-off value was 31.24 ng/ml. (C) The diagnostic sensitivity of joint
diagnosis of serum miR-155-5p and urine VDBP for DN was 93.24%, specificity was 76.06%, AUC was 0.904, and 95% CI was 0.851-0.958. VDBP, vitamin D
binding protein; DN, diabetic nephropathy.

In the present study, it was first found that urine VDBP and ~ As a glycosylated a-globulin, VDBP is mainly synthesized
serum miR-155-5p in DN patients were higher than those in by liver and filtered by glomerulus. In addition to binding
diabetic patients, which suggested that both urine VDBP and  and transporting vitamin D and its metabolic products, it can
serum miR-155-5p might be tied to the pathogenesis of DN. also be converted into an activating factor of macrophages to
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Table I'V. Expression of serum miR-155-5p and urine VDBP in DN patients with different prognosis.

Factor ESRD group (n=32) Non-ESRD group (n=39) t value P-value
miR-155-5p 4.06x1.09 2.82+0.88 5.305 <0.001
Urine VDBP (ng/ml) 73.82+24 .25 43.58+18.93 5.706 <0.001
VDBP, vitamin D binding protein; DN, diabetic nephropathy; ESRD, end-stage renal disease.
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Figure 4. Predictive value of serum miR-155-5p and urine VDBP for poor prognosis of DN patients. (A) The predictive sensitivity of serum miR-155-5p
to the occurrence of ESRD was 74.36%, specificity was 65.63%, AUC was 0.744, 95% CI was 0.628-0.861, and cut-off value was 3.409. (B) The predictive
sensitivity of urine VDBP to the occurrence of ESRD was 782.05%, specificity was 71.88%, AUC was 0.849, 95% CI was 0.759-0.939, and the cut-off value
was 62.06 ng/ml. (C) The predictive sensitivity of joint detection of serum miR-155-5p and urine VDBP for the occurrence of ESRD was 89.74%, specificity
was 65.63%, AUC was 0.886, and 95% CI was 0.810-0.963. VDBP, vitamin D binding protein; DN, diabetic nephropathy; ESRD, end-stage renal disease.

promote polarization of macrophages (15,16). The increase
of VDBP is bound with the injury degree of tubulointersti-
tium and inflammatory reaction (17). However, miR, as a
non-coding microRNA, was revealed previously to exert a
crucial influence on the development and progression of DN
by regulating various mechanisms, which suggested that
it might be a target for diagnosis and treatment of DN (18).
These studies also confirmed our conclusion. Subsequently, in
order to further explore the clinical value of urine VDBP and
serum miR-155-5p on DN, other DN-related indicators were
also detected, mAlb, Cys C and 24-h urine protein, and the
correlation between them and urine VDBP as well as serum
miR-155-5p were analyzed; the results showed that mAlb,
Cys C and 24-h urine protein in DN patients were signifi-
cantly higher than those in normal diabetic patients. mAlb
is a sensitive and reliable indicator for DN kidney injury, and
was proven previously to be a vital reference indicator for DN
diagnosis (19). Cys C, as an endogenous indicator, can freely
filter through glomerulus and be reabsorbed and degraded in
proximal convoluted tubules. Cys C is very sensitive to the
early function of glomerulus and is also a sensitive indicator
reflecting glomerular filtration function (20). However, 24-h
proteinuria is one of the important indicators for judging
glomerular function. When 24-h proteinuria increases, it
indicates further aggravation of metabolic disorder and kidney
injury in vivo (21). Through correlation analysis of urine
VDBP, serum miR-155-5p and the nephrotic sensitive indica-
tors, it was discovered that urine VDBP, serum miR-155-5p
and mAlb, Cys C and 24-h urine protein were positively corre-
lated, which further indicated that the occurrence of urine
VDBP, serum miR-155-5p and DN were relevant.
Subsequently, ROC analysis was carried out in order
to study the diagnostic value of urine VDBP and serum

miR-155-5p for DN. ROC is currently a common method
for evaluating the medical diagnostic efficiency. And the
results demonstrated that although urine VDBP and serum
miR-155-5p had good diagnostic value, the AUC of their
joint detection for DN diagnosis was as high as 0.904, which
indicated that urine VDBP and serum miR-155-5p might be
used as a new diagnostic mode for DN diagnosis. Previous
studies (22) reported that miR-155-5p was highly expressed
in renal tissues of DN patients, and its expression gradually
increased with the progression of the disease, which revealed
that it might also be tied to disease progression. Once entering
stage ESRD, DN patients become more difficult to treat, and
their condition will be almost impossibile to reverse, which
also indicates poor prognosis (23). Therefore, patients were
divided into ESRD group and non-ESRD group according
to the follow-up situation, and the predictive value of urine
VDBP and serum miR-155-5p was analyzed for poor prog-
nosis of DN patients; the results showed that urine VDBP
had higher sensitivity to poor prognosis of DN patients than
serum miR-155-5p, but the sensitivity was the highest when
joint detection was performed, and the diagnostic AUC could
be as high as 0.886, which indicated that the joint detection of
urine VDBP and serum miR-155-5p also had higher predictive
value for their poor prognosis. This was also the first time that
the joint detection of urine VDBP and serum miR-155-5p was
found to have good predictive value for the onset and prog-
nosis of DN.

In conclusion, urine VDBP and serum miR-155-5p have
good diagnostic value for DN, but their joint diagnostic value
is higher, and their expression levels are all linked to mAlb
of DN patients, which may be used as new biological indica-
tors for diagnosis and disease assessment. However, we did
not further analyze the risk factors for poor prognosis of DN
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patients, nor did we conduct relevant basic experiments to
clarify the effects of VDBP and miR-155-5p on the kidneys.
Therefore, further study with expanded sample numbers is still
required.
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