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Abstract. Contrast medium (CM) is widely used in cardiac 
catheterization; however, it may induce acute kidney injury 
or renal failure, although the underlying mechanism remains 
to be elucidated. MicroRNA-21 (miR-21) is involved in renal 
disease and has been indicated to regulate cellular apoptosis 
and fibrosis, although its role in CM‑induced renal cell injury 
is unknown. The present study examined the expression and 
potential targets of miR-21 in human renal proximal tubular 
epithelial (HK-2) cells following CM treatment. CM induced 
renal cell apoptosis and decreased miR-21 expression. The 
expression level of the apoptosis regulator protein, B-cell 
lymphoma 2 (Bcl-2) was upregulated, whereas that of the 
apoptosis regulator, Bcl-2-associated X protein (Bax) was 
downregulated upon transfection of miR-21 mimics; miR-21 
overexpression additionally directly inhibited the expression of 

programmed cell death protein 4 (PDCD4), as determined by 
a dual luciferase reporter assay, and PDCD4 silencing reduced 
the rate of HK-2 cell apoptosis. The results of the present 
study indicated that miR-21 protected renal cells against 
CM-induced apoptosis by regulating PDCD4 expression.

Introduction

Contrast-induced acute kidney injury (CI-AKI) is the third 
most common cause of hospital-acquired renal failure, and is 
associated with increased cardiovascular and renal morbidity 
and mortality (1,2). Although efforts have focused on the treat-
ment and prevention of the development of renal dysfunction, its 
incidence is increasing (3,4). Contrast medium (CM)-induced 
renal epithelial cell apoptosis is an important underlying cause 
of renal failure (5), although the mechanism remains unclear.

MicroRNAs (miRNAs/miRs) are a class of small, 
non-coding RNA molecules with a length of 18-25 nucleotides 
that serve an important role in normal biological functions, 
including cell growth, proliferation, differentiation and apop-
tosis, via post-transcriptional regulation of gene expression (6). 
Recent evidence has implicated miRNAs in ischemia-reperfu-
sion injury (IRI), in addition to cisplatin-/cyclosporine-induced 
AKI (7-10). Specifically, miR-21 was observed to regulate 
renal cell apoptosis and fibrosis (11), although these finding 
are controversial, with certain studies demonstrating miR-21 
upregulation (12,13) and others reporting a downregulation, or 
no change, in expression levels (14,15), depending on the tissue 
or disease model.

Programmed cell death protein 4 (PDCD4) is expressed in 
proliferating cells where it is known to suppress tumorigenesis 
and induce apoptosis, and is negatively regulated by miR-21 in 
various types of cancer (16). PDCD4 has been demonstrated 
to be associated with IRI (12). However, the role of PDCD4 
in CM-induced renal cell injury has yet to be fully elucidated. 
It may be hypothesized that PDCD4 may be involved in renal 
tubular epithelial cell apoptosis induced by CM exposure (5). In 
order to test this hypothesis, the present study examined miR-21 
expression levels in human renal proximal tubular epithelial 
(HK-2) cells under CM treatment and in gain- and loss-of- 
function experiments, to determine the association between 
miR-21 and PDCD4 expression and renal cell apoptosis. The 

miR‑21 attenuates contrast‑induced renal 
cell apoptosis by targeting PDCD4

KUN WANG1*,  WEI-JIE BEI1*,  YUAN-HUI LIU1*,  HUA-LONG LI1*,  SHI-QUN CHEN1,   
KAI-YANG LIN1,  ZHI-LING ZHOU1,  JI-YAN CHEN1,2,  YONG LIU1,2  and  NING TAN1,2

1Department of Cardiology, Guangdong Cardiovascular Institute, Guangdong Key Laboratory of 
Coronary Disease, Guangdong General Hospital, Guangdong Academy of Medical Sciences, Guangzhou, Guangdong 510515; 

2School of Medicine, South China University of Technology, Guangzhou, Guangdong 510100, P.R. China

Received October 17, 2016;  Accepted June 19, 2017

DOI: 10.3892/mmr.2017.7426

Correspondence to: Dr Ning Tan or Dr Yong Liu, Department of 
Cardiology, Guangdong Cardiovascular Institute, Guangdong Key 
Laboratory of Coronary Disease, Guangdong General Hospital, 
Guangdong Academy of Medical Sciences, 106 Zhongshan Second 
Road, Guangzhou, Guangdong 510515, P.R. China
E-mail: tanning100@126.com
E-mail: liuyongmd@126.com

*Contributed equally

Abbreviations: miR-21, microRNA-21; PDCD4, programmed cell 
death protein 4; Bcl-2, B-cell lymphoma 2; Bax, Bcl-2-associated 
X protein; CM, contrast medium; CI-AKI, contrast-induced acute 
kidney injury; HK-2, human renal proximal tubular epithelial; 
HEK, human embryonic kidney; IRI, ischemia reperfusion 
injury; MUT, mutant type; WT, wild type; RT-qPCR, reverse 
transcription-quantitative polymerase chain reaction; siRNA, small 
interfering RNA; TUNEL, terminal deoxynucleotidyl transferase 
dUTP nick-end labeling

Key words: microRNA-21, programmed cell death protein 4, 
contrast medium, contrast-induced acute kidney injury, HK-2 cells



WANG et al:  miR-21 ATTENUATES CONTRAST-INDUCED RENAL CELL APOPTOSIS VIA PDCD46758

results of the present study indicated that miR-21 protected 
kidney cells against CM-induced apoptosis by directly targeting 
PDCD4.

Materials and methods

Cell culture. HK-2 and human embryonic kidney 
(HEK)-293T cells were provided by the Stem Cell Bank, 
Chinese Academy of Sciences (Shanghai, China), and were 
cultured in Dulbecco's modified Eagle's medium/nutrient 
mixture F-12 (Gibco™; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) supplemented with 10% fetal bovine 
serum (Hyclone; GE Healthcare Life Sciences, Logan, UT, 
USA) at 37˚C and 5% CO2, and were subcultured when they 
reached 80-85% confluence. The cells were treated with 
150 mg iodide (mgI)/ml Ultravist CM (370 mgI/ml; Bayer AG, 
Leverkusen, Germany) for 2 h at 37˚C.

Terminal deoxynucleotidyl transferase dUTP nick‑end 
labeling (TUNEL) assay. Cells (2x106) were washed with 
PBS and fixed with 4% paraformaldehyde for 30 min at room 
temperature. Following three washes with PBS, cells were 
treated with 0.2% Triton X-100 for 5 min on ice, washed with 
PBS, and incubated with fluorescein isothiocyanate‑labeled 
dUTP and terminal deoxynucleotidyl transferase for 1 h at 
37˚C. Following a series of washes with PBS and nuclear 
staining with DAPI at room temperature away from light, cells 
were analyzed with an epifluorescence microscope in five 
different visual fields at x400 magnification.

Target gene prediction. The Targetscan (www.targetscan.
org) and microRNA.org databases (www.microrna.
org/microrna/home.do) were used to predict the potential 
target of miR-21.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) analysis. Total RNA was extracted using TRIzol 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according 
to the manufacturer's protocol. Subsequent to the addition 
of 100% chloroform followed by 100% isopropanol, washes 
with 75% ethanol, and a series of centrifugation steps, RNA 
concentration and quality were measured by spectrophotom-
etry at 260 and 280 nm. Isolated RNA was reverse-transcribed 
using M-MLV reverse transcriptase (Takara Bio, Inc., Otsu, 
Japan), and the cDNA was amplified using SYBR Premix 
Ex Taq (Takara Bio, Inc.) on a CFX96 Touch real-time PCR 
detection system (Bio-Rad Laboratories, Inc., Hercules, CA, 
USA), according to a standard protocol under the following 
conditions: 95˚C for 5 min, followed by 40 cycles of 95˚C for 
10 sec, 60˚C for 10 sec, and 72˚C for 10 sec. U6 was used as an 
internal control for miRNAs. The primer for miRNA amplifi-
cation was synthesized by Sangon Biotech Co., Ltd. (Shanghai, 
China). The comparative threshold cycle (2-ΔΔCq) method was 
used to analyze relative changes in gene expression (17). The 
primers were as follows: miR-21, forward 5'-ACG GGT AGC 
TTA TCA GAC TGA-3' and reverse 5'-CAG TGC GTG TCG 
TGG AGT-3'; PDCD4, forward 5'-AAC CCT GCA GAA AAT 
GCT GG-3' and reverse 5'-CCT TAG TCG CCT TTT TGC 
CTTG-3'; and U6, forward 5'-CTC GCT TCG GCA GCA CA-3' 
and reverse 5'-AAC GCT TCA CGA ATT TGC GT-3'.

Western blotting. Cells were lysed by incubation with 
trypsin‑EDTA solution (Invitrogen; Thermo Fisher Scientific, 
Inc.) and protein was extracted with radioimmunoprecipita-
tion assay buffer (Thermo Fisher Scientific, Inc.) containing 
protease inhibitor. Protein concentration was quantified 
using a BCA Protein Assay kit (Thermo Fisher Scientific, 
Inc.). Equal amounts of protein (20 µg) were separated by 
SDS-PAGE on a 12% gel and electrophoretically transferred 
to a polyvinylidene difluoride membrane, which was incu-
bated in blocking solution containing 5% non-fat milk in a 
Tris-buffered saline/Tween 20 solution (TBST) for 60 min 
at room temperature. Blocking was followed by overnight 
incubation at 4˚C with rabbit primary antibodies against 
the following proteins: PDCD4 (cat. no. 9535; 1:1,000), 
the apoptosis regulators, B-cell lymphoma 2 (Bcl-2; cat. 
no. 4223; 1:1,000) and Bcl-2-associated X protein (Bax; 
cat. no. 5023; 1:500) (all Cell Signaling Technology, Inc., 
Danvers, MA, USA); and β-actin (cat. no. ab8227; 1:1,000; 
Abcam, Cambridge, UK). Following washing with TBST, 
bound antibodies were detected by incubation for 60 min at 
room temperature with horseradish peroxidase-labelled goat 
anti-rabbit immunoglobulin G (cat. no. 7074; 1:5,000; Cell 
Signaling Technology, Inc.). Enhanced chemiluminescence 
(Thermo Fisher Scientific, Inc.) was used to visualize protein 
bands on X‑ray film. Protein expression levels were normal-
ized to that of β-actin. Image J v1.48 U (National Institutes 
of Health, Bethesda, MD, USA) was used for densitometric 
analysis.

Transfection of oligonucleotides and small interfering (si) 
RNA. Cells were seeded at a density of 2x105 in 6-well 
plates and grown to 60-70% confluence in DMEM-F12, 
and subsequently transfected with miR-21 mimic or miR-21 
inhibitor, scrambled control miR-21, siRNA against PDCD4 
or negative control siRNA (Shanghai GenePharma Co., Ltd., 
Shanghai, China) using Lipofectamine 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.), according to the manufac-
turer's protocol. The working concentrations were 100 nM. 
After 48 h, cells were treated with 150 mgI/ml Ultravist CM 
for 2 h at 37˚C. The efficiency of each mimic or inhibitor was 
confirmed by RT‑qPCR. Proteins were detected by western 
blotting. The fraction of apoptotic cells was determined 
with the TUNEL assay. The sequences were as follows: 
miR-21-mimics, 5'-UAG CUU AUC AGA CUG AUG UUG A-3'; 
miR-21-inhibitors, 5'-UCA ACA UCA GUC UGA UAA GCU 
A-3'; and siRNA-PDCD4, 5'-GCG GUU UGU AGA AGA AUG 
UTT-3'.

Dual luciferase reporter assay. HEK-293T (2x104) cells 
were seeded in 24-well plates 24 h prior to transfection. 
Cells were co-transfected with wild-type (WT) or mutant 
(MUT) PDCD4 untranslated region (UTR) constructs 
(pGL3-PDCD4-3'UTR-WT and pGL3-PDCD4-3'UTR-MUT, 
respectively) or the empty control vector pGL3-promoter 
pRL-TK (Promega Corporation, Madison, WI, USA) or miR-21 
mimic (Guangzhou Ribobio Co., Ltd, Guangzhou, China) 
using Lipofectamine 2000. Relative luciferase activity was 
measured 48 h after transfection on a GloMax luminometer 
(Promega Corporation) and normalized to the firefly/Renilla 
luciferase signal in HEK-293T cells.
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Statistical analysis. Data were described as mean ± standard 
deviation. The determinations were performed at least in 
triplicate. An unpaired t-test and one way-analysis of vari-
ance (Bonferroni post hoc test for equal variances assumed; 
Tambane's T2 post hoc test for equal variances not assumed) 
were used to compare the groups using GraphPad Prism 
version 5.0 software (GraphPad Software, Inc., La Jolla, CA, 
USA) and SPSS software version 22.0 (IBM Corp., Armonk, 
NY, USA). Two-tailed P<0.05 was considered to indicate a 
statistically significant difference.

Results

CM induces apoptosis and inhibits miR‑21 expression in 
HK‑2 cells. HK-2 cells were treated with 150 mgI/ml Ultravist 
(370 mgI/ml) for 2 h and subsequently harvested for analysis. 
The rate of apoptosis was increased following CM treatment, 
as determined by the TUNEL assay (Fig. 1A). Consistent with 
this observation, the expression of the pro-apoptotic factor Bax 
was increased, whereas that of the anti-apoptotic factor Bcl-2 
was decreased under these conditions (Fig. 1B). Additionally, 
compared with untreated cells, the miR-21 level was down-
regulated by treatment with CM, as determined by RT-qPCR 
analysis (Fig. 1C), suggesting a negative association between 
miR-21 expression and HK-2 cell apoptosis in the presence of 
CM.

miR‑21 overexpression inhibits CM‑induced apoptosis in 
HK‑2 cells. In order to investigate the effect of miR-21 on HK-2 
cell apoptosis under CM treatment, cells were transfected with 
miR-21 mimic or inhibitor, or a negative control miRNA. The 

miR-21 level was increased in cells transfected with mimic and 
reduced in inhibitor-treated cells, demonstrating a successful 
transfection (Fig. 2A). Western blot analysis revealed that Bax 
expression was downregulated, whereas that of Bcl-2 was 
upregulated, following transfection of the miR-21 mimic; the 
converse was observed in cells transfected with miR-21 inhib-
itor (Fig. 2B). Additionally, overexpression of miR-21 mimic 
decreased CM-induced apoptosis, whereas miR-21 inhibitor 
exerted the opposite effect, as determined by TUNEL assay 
(Fig. 2C). The results of the present study demonstrated that 
miR-21 may protect HK-2 cell against CM-induced apoptosis.

miR‑21 inhibits HK‑2 cell apoptosis by binding to the PDCD4 
3' UTR. Target gene prediction indicated that PDCD4 may be a 
potential target of miR-21, since the PDCD4 3' UTR harbored 
a miR-21 binding site (Fig. 3A). In order to test the possibility 
of a miR-21 interaction with PDCD4, PDCD4 expression 
was evaluated in HK-2 cells transfected with miR-21 under 
CM treatment, using RT-qPCR analysis and western blotting. 
PDCD4 expression was upregulated in cells in the presence 
of CM (Fig. 3B and C); however, this effect was reversed by 
overexpression of miR-21 mimic, compared with cells trans-
fected with negative control miR-21 mimic or those that were 
untransfected (Fig. 3D and E). Additionally, PDCD4 expres-
sion was increased in cells transfected with miR-21 inhibitor 
compared with the CM-only group, whereas the level was 
reduced upon transfection of miR-21 mimic (Fig. 3D and E), 
suggesting that miR-21 may attenuate apoptosis by inhibiting 
PDCD4 expression.

In order to confirm this hypothesis, constructs 
containing WT or MUT PDCD4 3' UTR were generated 

Figure 1. CM induces HK‑2 cell apoptosis and inhibits miR‑21 expression. (A) Apoptosis (green cells) was measured via the TUNEL assay. Magnification, 
x400. (B) Bcl-2 and Bax protein expression, as detected by western blotting. (C) MiR-21 expression, determined by the reverse transcription-quantitative 
polymerase chain reaction. Cells were treated with 150 mgI/ml Ultravist in the CM groups. *P<0.05, **P<0.01 vs. control group (n=3). CM, contrast medium; 
miR, microRNA; TUNEL, terminal deoxynucleotidyl transferase dUTP nick-end labeling; Bcl-2, B-cell lymphoma 2; Bax, Bcl-2-associated X protein.
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(Fig. 4A). The luciferase activity in HEK-293T cells trans-
fected with pGL3-PDCD4-3'UTR-WT was reduced by 
~50% relative to that in cells transfected with the MUT 
construct (Fig. 4B), suggesting that miR-21 may directly 
bind to the PDCD4 transcript, and thereby regulate its 
expression.

siRNA was used to knock down PDCD4 expression in 
HK-2 cells, and the effect of this on apoptosis was exam-
ined. PDCD4 mRNA and protein levels were decreased 
upon transfection of siRNA-PDCD4 (Fig. 4C and D). 
This decreased was accompanied by a downregulation 
of Bax and an upregulation of Bcl-2 compared with cells 

Figure 2. Effect of miR-21 on HK-2 cell apoptosis under CM treatment. (A) MiR-21 expression in cells transfected with miR-21 mimic, inhibitor, or negative 
control miR was detected using the reverse transcription-quantitative polymerase chain reaction. (B) Bcl-2 and Bax protein expression in cells transfected 
with miR-21 mimic, inhibitor or negative control miR was measured by western blotting. (C) Detection of apoptosis (green cells) with the TUNEL assay. 
Magnification, x400. Cells were treated with 150 mgI/ml Ultravist in the CM groups. *P<0.05, **P<0.01 vs. CM group (n=3). CM, contrast medium; miR, 
microRNA; HK-2, human renal proximal tubular epithelial; TUNEL, terminal deoxynucleotidyl transferase dUTP nick-end labeling; Bcl-2, B-cell lymphoma 
2; Bax, Bcl-2-associated X protein.
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treated with CM only (Fig. 4D). The results of the present 
study demonstrated that miR-21 may protect renal cells 
from CM-induced apoptosis by suppressing PDCD4  
expression.

Discussion

With the increasing use of CM in the diagnosis and treat-
ment of coronary disease, CI-AKI has become the third 
leading cause of hospital-acquired AKI (18). Although the 
pathogenesis of CI-AKI is not well understood, apoptosis of 
renal epithelial and glomerular cells is hypothesized to be the 
underlying cause (19,20). Bax and Bcl-2 are two important 
mediators of the mitochondrial apoptosis pathway (21); Bcl-2 
prevents Bax activation and thereby inhibits apoptosis. It was 
previously reported that Bcl-2 was downregulated in proximal 
renal tubular cells in AKI (22). As exhibited in the present 
study, Bax and Bcl-2 were increased and decreased, respec-
tively, with a corresponding increase in the rate of apoptosis 

following CM treatment, consistent with previous reports of 
CM-induced cell apoptosis.

miRNAs contr ibute to kidney homeostasis and 
disease (23). miR-21 has been implicated in apoptosis, 
fibrosis, inflammation and IRI (24,25), and is considered to 
be a biomarker of AKI (8,26). One study demonstrated that 
miR-21 was upregulated 24 h subsequent to IRI in an animal 
model (12); this was confirmed by other investigators who 
reported that miR-21 expression was increased in renal prox-
imal tubular cells 24 h following hypoxia/reoxygenation or 
treatment with CM (27,28). miR-21 levels have been observed 
to increase continuously in proliferating cells (12,25), 
starting at 24 h post injury (29). Therefore, its expression did 
not increase within 24 h reperfusion subsequent to 20 min 
of ischemia, or within 8 h of CM administration (13,30). It 
has been demonstrated that one-half of the amount of CM 
in the bloodstream may be eliminated quickly, in ~2 h (31). 
In addition, the structure of renal cells exhibited moderate 
changes 2 h after CM administration (32). Therefore, 

Figure 3. miR-21 inhibits PDCD4 expression. (A) Target gene analysis results, exhibiting the miR-21 binding sites in the 3' UTR of the human PDCD4 tran-
script. PDCD4 mRNA and protein levels in HK-2 cells treated with 150 mgI/ml Ultravist were determined by (B) reverse transcription-quantitative polymerase 
chain reaction and (C) western blotting, respectively. PDCD4 mRNA and protein expression in cells treated with 150 mgI/ml Ultravist following transfection 
with miR-21 mimic, inhibitor, or negative control miR was also measured by (D) reverse transcription-quantitative polymerase chain reaction and (E) western 
blotting, respectively. *P<0.05, **P<0.01 vs. CM group (n=3). miR, microRNA; PDCD4, programmed cell death protein 4; UTR, untranslated region; HK-2, 
human renal proximal tubular epithelial; CM, contrast medium.
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Neutrophil gelatinase-associated lipocalin, a novel biomarker 
of CI-AKI, has been demonstrated to begin to increase at 
2 h post-CM exposure (33), although the level of serum 
creatinine did not significantly alter. In order to observe the 
effect of CM on renal cells, cells were incubated with CM for 
2 h in the present study, and the expression of miR-21 was 
downregulated. Future studies are required to investigate 
alterations in miR-21 expression with respect to the degree  
of renal injury.

miR-21 was demonstrated to be renoprotective in animal 
and cellular models of IRI (27,34). However, miR-21 has 
additionally been reported to exert deleterious effects in IRI, 
diabetic nephropathy and renal fibrosis (35-37). Physiological 
differences between models and variable times of ischemia 
may account for these conflicting observations. miR-21 
was observed to regulate tumor cell proliferation, invasion, 
apoptosis and migration by targeting PDCD4 and Bcl-2 (38), 
while PDCD4 is thought to inhibit neoplastic transforma-
tion (39). As demonstrated in the present study, the levels of 
PDCD4 were reduced and enhanced upon transfection with 
a miR-21 mimic and inhibitor, respectively. In addition, the 
rate of apoptosis was decreased following PDCD4 knock-
down. The results of the present study corroborated previous 

findings and demonstrated that PDCD4 may be negatively 
regulated by miR-21; additionally, these results suggested 
that the miR-21/PDCD4 pathway serves an important role in 
preventing CM-induced renal tubular cell apoptosis. To the 
best of our knowledge, the present study is the first to analyze 
the mechanism of CM-induced renal cell apoptosis from a 
genetic perspective. Whether the miR-21/PDCD4 pathway 
exhibits this function in vivo will be investigated in future 
studies.

In conclusion, the present study demonstrated that miR-21 
protected renal cells against CM-induced apoptosis by directly 
regulating PDCD4. The results of the present study may 
provide a basis for the development of therapeutic strategies 
to treat CI-AKI.
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Figure 4. miR-21 inhibits renal cell apoptosis by directly targeting PDCD4 expression. (A) Plasmid with and without the miR-21 binding site in the 3' UTR 
sequence of PDCD4. The WT and MUT sequences were AUAAGCU and CCCCAAG, respectively (bold red letters). (B) Targeting of PDCD4 by miR-21, 
as determined with the dual-luciferase reporter assay. ***P<0.001 vs. MUT construct. (C) PDCD4 expression in HK-2 cells treated with siRNA against 
PDCD4. (D) PDCD4, Bcl-2, and Bax expression in HK-2 cells treated with siRNA against PDCD4, as determined by western blotting. *P<0.05, **P<0.01 vs. 
control group; #P<0.05, ##P<0.01 vs. CM group (n=3). miR, microRNA; PDCD4, programmed cell death protein 4; UTR, untranslated region; WT, wild-type; 
MUT, mutant; HK-2, HK-2, human renal proximal tubular epithelial; CM, contrast medium; siRNA, small interfering RNA; Bcl-2, B-cell lymphoma 2; Bax, 
Bcl-2-associated X protein; nc, negative control.
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