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Abstract. Obstructive renal injury is a common disease that 
leads to progressive glomerulosclerosis, tubulointerstitial 
fibrosis and loss of renal function. MicroRNAs (miRNAs/miRs) 
are small non‑coding molecules that may be involved in the 
progression of many renal diseases. The aim of the present 
study was to investigate the roles of miRNAs, including 
miR‑125b, miR‑326 and miR‑324p, in obstructive renal injury. 
Blood samples were collected from 91 patients with ureteral 
obstruction and 76 controls to examine renal function. In addi-
tion, the levels of miR‑125b, miR‑326 and miR‑324p in patients 
with ureteral obstruction and controls were determined by the 
reverse transcription‑quantitative polymerase chain reaction. 
Furthermore, the relationship between miRNA levels and 
renal function was evaluated by the Mann‑Whitney U test. 
Upregulated levels of serum creatinine (SCr) in patients with 
ureteral obstruction were observed, identifying the injury of 
renal function. Although the expression levels of miR‑324‑5p 
[1.003 (0.391‑2.279) vs. 0.934 (0.579‑1.539), P=0.300] and 
miR‑326 [0.840 (0.180‑2.020) vs. 0.949 (0.507‑1.702), P=0.050] 
presented no significant difference, the levels of miR‑125b‑5p 
[0.755 (0.210‑2.110) vs.  0.960 (0.390‑1.770), P=0.002] in 
patients with ureteral obstruction were significantly lower than 
those in controls. These results indicated that there is a stronger 
correlation of miR‑125b‑5p with the occurrence of ureteral 
obstruction, especially for the female (P=0.0171) and elderly 
(P=0.0142). Furthermore, the levels of miR‑125b‑5p (r=‑0.175, 
P=0.038) were closely associated with the serum levels of SCr, 
suggesting a key role of miR‑125b‑5p in renal dysfunction. 
Thus, these findings suggested that miR‑125b‑5p in patients 

with ureteral obstruction correlated with renal function, and 
may be a potential biomarker for obstructive renal injury.

Introduction

Ureteral obstruction is a disease that may result from a 
diversity of congenital or acquired conditions, ranging from 
calculi to strictures and to inflammatory processes and 
malignancies (1). The treatment for choice of urinary tract 
obstruction is to relieve the obstruction. However, sustained 
ureteral obstruction can eventually lead to progressive 
glomerulosclerosis, tubulointerstitial fibrosis and the loss of 
renal function (2‑4). Therefore, rapid diagnosis and initiation 
of the treatment are vital to preserve function and/or to slow 
down obstructive renal injury.

MicroR NAs (m iR NAs /m iRs)  a re  endogenous 
single‑stranded small noncoding RNAs of 21‑25 nucleotides 
that regulate gene expression at the posttranscriptional 
level (5). miRNAs are involved in various cellular biological 
functions, including apoptosis, proliferation, differentiation 
and metabolism. The abnormal expression of miRNAs has 
been reported to be associated with the development of many 
human diseases  (6‑8). For example, miR‑29a, miR‑101‑3p 
and miR‑127a are highly expressed in the kidney, where it 
acts against fibrosis by suppressing collagen expression in 
tubular cells (9‑11). Downregulated serum levels of miR‑29a, 
miR‑101‑3p and miR‑127a have been indicated to predict 
the degree of acute kidney injury (AKI) in ICU patients (9). 
Thus, miRNAs may serve important roles in various kidney 
diseases, and some of them even can be used as biomarkers 
in early diagnosis and detecting disease development (12,13).

Previous studies of the authors have demonstrated that 
the activation of the hedgehog signaling pathway contributes 
to renal injury and fibrogenesis via epithelial‑mesenchymal 
transitions (EMT) in obstructive renal injury (14,15). Inhibiting 
the activation of hedgehog signaling or the induction of EMT 
can attenuate even reverse obstruction‑induced fibrosis (16). 
Thus, miRNAs concerning the regulation of hedgehog 
signaling or EMT may be potential targets for obstructive 
renal injury. A previous study by Ferretti et al (17) reported 
that miR‑125b, miR‑324‑5p and miR‑326 serve important 
roles in cerebellar neuronal progenitor and tumor cells 
through targeting the hedgehog signaling (Smo and Gli1). 
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Other studies have identified that miR‑125b and miR‑326 
regulate in several cells through suppressing the EMT process 
(18‑20). In addition, miR‑125b is critical for cardiac fibrosis, 
and miR‑326 regulates profibrotic functions of tumor growth 
factor (TGF)‑β1 in pulmonary fibrosis (20,21). Furthermore, 
miR‑324‑5p inhibits the induction of EMT and metastasis of 
cancer cells (22). Therefore, the authors hypothesized that 
miR‑125b‑5p, miR‑324‑5p and miR‑326 may be correlated 
with obstructive renal injury, and as potential biomarkers for 
disease diagnosis or prognosis monitoring.

Patients and methods

Subjects. Consecutive peripheral blood specimens were 
collected between January 2015 and July 2015 from 76 controls 
and 91 patients with ureteral obstruction in the First Affiliated 
Hospital of Wenzhou Medical University (Wenzhou, China), 
and extra details about the participants are listed in Table I. All 
patients with ureteral obstruction were confirmed by B‑scan 
ultrasonography, and the serum levels of creatinine (SCr), 
blood urea nitrogen (BUN), cholesterol (CHE), triglyceride 
(TG), high‑density lipoprotein (HDL) and low density lipo-
protein (LDL) in serum were examined by using an AU5800 
automatic biochemistry analyzers (Beckman Coulter, Inc., 
Brea, CA, USA).

All subjects were informed about the contents of the study 
and gave their informed consent. This study was approved by 
the Ethics Committee of Wenzhou Medical University.

Sample preparation and miRNA extraction. Whole blood 
specimens were collected by venipuncture in EDTA K2‑treated 
collection tubes and processed immediately or stored at 
4˚C overnight. A total of 0.7 ml EDTA‑treated whole blood 
and 2.1 ml red blood cell lysis solution (R1010‑500; Beijing 
Solarbio Science & Technology Co., Ltd., Beijing, China) were 
pipetted into a tube and vortex gently for 20 sec. Then the tubes 
were put on ice for 15 min, and gently homogenized mixing 
twice between blending. The white blood cells were collected 
by centrifugation at 450 x g for 10 min at 4˚C. Red blood cell 
lysis solution (1.4 ml) was added into the tube, and a suspen-
sion of white blood cells was made. The cells were collected 
by centrifugation at 450 x g for 10 min at 4˚C. TRIzol reagent 
(1 ml; P/N: 15596‑026; Ambion; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) were added into the collected cells 
and total RNA was extracted according to the manufacturer's 
instructions.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). RT was performed using the RevertAid First 
Strand cDNA Synthesis kit (Thermo Fisher Scientific, Inc.). 
The 10 µl RT reaction mixture contained the following: 1 µl 
treated RNA (0.1 ng‑5 mg), 1 µl RT stem‑loop primer (5 µM) 
and 1 µl U6 RT primer (5 µM), 1 µl dNTP Mix (10 mM), 2 µl 
5X reaction buffer (cat no. K1622), 0.5 µl Ribolock RNase 
inhibitor (20 U/ml; all Thermo Fisher Scientific, Inc.), and 0.5 µl 
RevertAid M‑MuLV reverse transcriptase (200 U/ml; Thermo 
Fisher Scientific, Inc.). The mixture was incubated at 25˚C for 
5 min, and then incubation was continued at 42˚C for 60 min. 
The reaction was inactivated by heating at 70˚C for 5 min. The 
RT reaction was performed in triplicate to remove RT outliers. 

RT‑qPCR was performed using SYBR‑Green fluorescence 
quantitative PCR reagent kit (cat. no. QPS‑201T; Toyobo Co., 
Ltd., Osaka, Japan) on a 7500 real‑time quantitative PCR 
instrument (Applied Biosystems; Thermo Fisher Scientific, 
Inc.), and each sample was analyzed in triplicate. The 10 µl PCR 
volume included 1 µl RT product, 5 µl SYBR‑Green real‑time 
PCR Master Mix (Roche Diagnostics, Basel, Switzerland), and 
1 µl primer (1 µM). The reactions were incubated at 95˚C for 
3 min, followed by 40 cycles of 95˚C for 5 sec, 58˚C for 35 sec. 
The expression levels of miRNAs (miR‑125b‑5p, miR‑324 and 
miR‑326) were analyzed by calculating the equation 2‑∆∆Cq 

and normalized to U6 expression  (23,24). All primers are 
presented in Table II.

Statistical analysis. Statistical analysis was performed using 
SPSS software (version 19.0; IBM SPSS, Armonk, NY, USA). 
All data were presented as mean ± standard deviation with 
normal distribution, and median (lower and upper quartiles) 
for the others. A binary logistic regression analysis was 
conducted to adjust the influence of age and gender. Data were 
compared by the Mann‑Whitney U test and Spearman's rank 
order correlations as appropriate. P<0.05 was considered to 
indicated a statistically significant difference. All probabilities 
were two‑tailed.

Results

Risk assessment of obstructive renal injury. The demographic 
and baseline clinical data of the study subjects are summa-
rized in Table I. The serum levels of SCr (P<0.001) and BUN 
(P=0.01) in patients with ureteral obstruction were signifi-
cantly higher than those in controls, indicating that ureteral 
obstruction induced renal injury and function decline, though 
the extent of renal injury did not reach the diagnosis standard 
of nephropathy (97 µmol/l). In addition, the serum levels of 
HDL in patients with ureteral obstruction are significantly 
lower than those in controls (P<0.001), suggesting that patients 
with ureteral obstruction have a higher risk of hyperlipidemia.

Levels of miRNAs in controls and patients with obstructive 
renal injury. As presented in Table  III, there were strong 
internal correlations in levels among these three miRNAs 
(P<0.001). Data were compared by Spearman's rank order 
correlations.

The expression levels of miR‑125b‑5p, miR‑324‑5p and 
miR‑326 are summarized in patients with ureteral obstruc-
tion and controls (Fig. 1). The results demonstrated that the 
expression of miR‑324‑5p [1.003 (0.391‑2.279) vs.  0.934 
(0.579‑1.539), P=0.300] and miR‑326 [0.840 (0.180‑2.020) 
vs. 0.949 (0.507‑1.702), P=0.050] did not suggest any signifi-
cant difference (Figs. 1A and B). However, the expression 
of miR‑125b‑5p [0.755 (0.210‑2.110) vs. 0.960 (0.390‑1.770), 
P=0.002] in patients with ureteral obstruction was significantly 
lower than those in controls, indicating that miR‑125b‑5p may 
be potential protective biomarkers in patients with obstructive 
renal injury (Fig. 1C). Interestingly, the authors identified that 
the protective effect of miR‑125b‑5p has a significant correla-
tion with gender and age. In patients with ureteral obstruction, 
the levels of miR‑125b‑5p in male were lower than those in 
female [0.965 (0.833‑1.097) vs. 1.222 (1.055‑1.389), P=0.0171; 
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Fig. 2A]. Moreover, the levels of miR‑125b‑5p in the older 
patients (≥50 years) were lower than those in the younger 
patients [<50 years, 0.966 (0.801‑1.131) vs. 1.359 (1.066‑1.652), 
P=0.0142; Fig. 2B]. Thus, higher levels of miR‑125b‑5p in 
younger and female patients may be an important protective 
biomarker against obstructive renal injury.

Association between miR‑125b‑5p levels and renal function. 
Given that miR‑125b‑5p can exert its protective effects on 

obstructive renal injury, the authors investigated whether the 
effects of miR‑125b‑5p correlated with renal function. As 
demonstrated in Fig. 3, the levels of miR‑125b‑5p (r=‑0.175, 
P=0.038) in patients with ureteral obstruction were signifi-
cantly negatively correlated to the serum levels of SCr, though 
not correlated to the levels of BUN (P>0.05). These results 
confirmed again to some extent that the protective roles of 
miR‑125b‑5p in obstructive renal injury may be associated 
with downregulated SCr levels. There were no significant 

Table I. Demographic and baseline clinical data.

Characteristics	 Control (n=76)	 Patients with ureteral obstruction (n=91)	 Odds ratio (95% CI)	 P‑value

Gender				  
  Male	 41 (53.9%)	 53 (58.2%)	 1.19 (0.64‑2.20)	   0.577b

  Female	 35 (46.1%)	 38 (41.8%)		
Age (year)	 42.20±12.79	 53.75±12.40		  <0.001a

  <50	 12 (14.8%)	 29 (31.9%)	 2.50 (1.17‑5.32)	   0.016b

  ≥ 50	 64 (84.2%)	 62 (68.1%)		
Urinary tract obstruction				  
  Unilateral (left)	 0	 49 (53.8%)		
  Unilateral (right)	 0	 31 (34.1%)		
  Bilateral	 0	 9 (9.9%)		
Renal function				  
  SCr (µmol/l)	 64.76±12.55	 84.32±34.88		  <0.001a

  BUN (mmol/l)	 5.09±1.16	 7.03±8.01		  0.01a

Serum lipid levels				  
  CHE (mmol/l)	 5.21±1.00	 4.87±0.96		  0.04a

  TG (mmol/l)	 1.90±1.43	 1.79±1.14		  0.93a

  HDL (mmol/l)	 1.32±0.50	 1.08±0.31		  <0.001a

  LDL (mmol/l)	 3.10±0.74	 2.87±0.80		  0.12a

aData are expressed as mean  ±  standard deviation. P‑values are calculated using unpaired t‑test. bBased on Chi‑squared test. SCr, serum 
creatinine; BUN, blood urea nitrogen; CHE, cholesterol; TG, triglyceride; HDL, high‑density lipoprotein; LDL, low‑density lipoprotein; CI, 
confidence interval.

Table II. The primers of RT‑quantitative polymerase chain reaction.

Primer	 RT stem‑loop primer sequence (5'‑3')	 Forward primer sequence (5'‑3')	 Reverse primer sequence (5'‑3')

miR‑125b‑5p	 GAAAGAAGGCGAGGAGCAGATCG	 CGCTCCCTGA	 CGAGGAAGAA
	 AGGAAGAAGACGGAAGAATGTGC	 GACCCTAACT	 GACGGAAGAAT
	 GTCTCGCCTTCTTTCTCACAAGT		
miR‑324‑5p	 GAAAGAAGGCGAGGAGCAGATCG	 CGCATCCCC	 CGAGGAAGAA
	 AGGAAGAAGACGGAAGAATGT	 TAGGGCAT	 GACGGAAGAAT
	 GCGTCTCGCCTTCTTTCACACCAAT		
miR‑326	 GAAAGAAGGCGAGGAGCAGATCG	 GCCTCTGG	 CGAGGAAGAA
	 AGGAAGAAGACGGAAGAATGTGCG	 GCCCTTCC	 GACGGAAGAAT
	 TCTCGCCTTCTTTCCTGGAGGA		
U6	 CGCTTCACGAATTTGCGTGTCAB	 GCTTCGGCAGCACA	 CGCTTCACGAA
		  TATACTAAAAT	 TTTGCGTGTCAT

miR, microRNA; RT, reverse transcription.
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internal correlation between miRNA levels and serum lipid 
levels (P>0.05; Table IV).

Discussion

Obstruction of the ureter resulted in renal dysfunction with 
marked increases in BUN and SCr (2,25). In the current study, 
the authors demonstrated that the levels of SCr in patients 
with ureteral obstruction were significant higher than those in 
controls. Upregulated levels of SCr following ureteral obstruc-
tion indicated that the kidney was injured, but the extent of 
injury did not reach the diagnosis standard of nephropathy, and 
thereby did not cause marked renal dysfunction. A previous 
study has indicated that HDL can reduce renal ischemia/reper-
fusion injury and mortality via modulation of the expression of 
adhesion molecules and pro‑inflammatory enzymes (26). HDL 
levels in patients with ureteral obstruction were significantly 
lower (P<0.001), when compared with control samples, iden-
tifying the protective role of HDL in obstructive renal injury.

A number of studies have demonstrated that miRNAs were 
involved in the development and progression of obstructive 
renal injury and fibrosis (27,28). Smad3‑mediated upregula-
tion of miR‑21 promotes fibrosis in established obstructive 
renal injury  (27). TGF‑β/Smad3 signaling promotes renal 

fibrosis by inhibiting miR‑29  (28). miR‑192 mediates 
TGF‑beta/Smad3‑driven renal fibrosis  (29). In the current 
study, levels of miR‑125b‑5p in patients with ureteral obstruc-
tion were significantly lower than those in controls, though 
miR‑324‑5p levels did not present any significant difference. 
Moreover, compared with the younger or female patients, 
the levels of miR‑125b‑5p in male or elder patients were 
lower. Further examination revealed that miR‑125b‑5p levels 
were negatively correlated with SCr levels, suggesting that 
miR‑125b‑5p may be a protective biomarker for obstructive 
renal injury. However, the levels of miR‑125b‑5p were not 
associated with serum lipid levels, indicating that the effects of 

Table III. Internal correlation among the miRNAs.

Level	 miR‑125b‑5p	 miR‑324‑5p

miR‑324‑5p		
  r	   0.764	 ‑
  P	 <0.001	 ‑
miR‑326		
  r	   0.858	   0.842
  P	 <0.001	 <0.001

miR/miRNA, microRNA.

Figure 1. miRNA levels determined by reverse transcription‑quantitative 
polymerase chain reaction in controls and patients with ureteral obstruc-
tion. (A) There was no significant difference in miR‑324‑5p levels between 
patients with ureteral obstruction [1.003 (0.391‑2.279)] and controls [0.934 
(0.579‑1.539), P=0.300]. (B) There was no significant difference in miR‑326 
levels between in patients with ureteral obstruction [0.840 (0.180‑2.020)] and 
controls [0.949 (0.507‑1.702), P=0.050]. (C) The expression of miR‑125b‑5p 
in patients with ureteral obstruction [0.755 (0.210‑2.110)] was significantly 
lower than those in controls [0.960 (0.390‑1.770), P=0.002]. ***P<0.001 
vs. control. miRNA, microRNA.

Table IV. Internal correlation between miRNA levels and 
serum lipid levels.

Level	 CHE	 TG	 HDL	 LDL

miR-125b-5p				  
  r	- 0.014	 0.059	- 0.027	- 0.022
  P	  0.869	 0.485	  0.748	  0.794
miR-324-5p				  
  r	- 0.112	- 0.045	- 0.152	- 0.046
  P	  0.182	  0.595	  0.067	  0.580
miR-326				  
  r	- 0.057	- 0.042	- 0.026	 0.001
  P	  0.496	  0.614	  0.750	 0.988

CHE, cholesterol; TG, triglyceride; HDL, high-density lipoprotein; 
LDL, low-density lipoprotein; miRNA/miR, microRNA.
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miR‑125b‑5p and serum lipid on renal injury are independent 
of each other.

Currently, the roles and functions of miR‑125b‑5p in 
obstructive renal injury remain unknown. A previous study 
of the authors indicated that injury‑induced activation of the 
hedgehog signaling pathway stimulated TGF‑β1 expression 
and promoted the induction of EMT, resulted in excessive 
ECM component synthesis and deposition in the cortical 
interstitium of kidneys (16). In vivo and in vitro, the activity 
of hedgehog signaling may be regulated by miR‑125b, which 
serves an important role in cell proliferation and differentiation 
and tissue regeneration (17,30). miR‑125b exerts its inhibitory 
effects on EMT and EMT‑associated traits in tumorigenesis 
by antagonizing TGF‑β1/Smad signaling pathway (19). Taken 
together, these findings provide some suggestive evidence of 
the protective biomarkers of miR‑125b‑5p for obstructive renal 
injury. Further studies should be performed to investigate the 
functions of these two miRNAs involved in the regulation of 
the hedgehog and TGF‑β1/Smad signaling pathway in various 
experimental models.

However, it should be noted that there are some other 
limitations in the present study. The sample size was too 
small to evaluate the stage of renal injury in patients with 
ureteral obstruction due to the lack of pathological evidence. 
Additionally, these results revealed that there were strong 
correlations in levels among three miRNAs, but we did not 
know how to interact with each other. Furthermore, whether 
these miRNAs can be used as biomarkers in early diagnosis 
and detecting disease development, and whether to have high 
sensitivity and specificity should be further studied.

In conclusion, these findings indicated that the expression 
levels of miR‑125b‑5p and miR‑326 were decreased in patients 
with ureteral obstruction, and correlated with the loss of renal 
function. Thus, miR‑125b‑5p may be a potential protective 
biomarker for obstructive renal injury.
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