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Abstract. The aim of the present study was to investigate 
the role of microRNA (miR)‑222‑3p in renal cell carcinoma 
(RCC). The expression level of miR‑222‑3p was detected in 
RCC tissues and cell lines (ACHN, 786‑O, Caki‑1 and 769‑P) 
and was identified to be significantly upregulated compared 
with the level in adjacent normal renal tissues and HK‑2 
cells. Further in  vitro experiments demonstrated that the 
overexpression of miR‑222‑3p promoted the migration and 
invasion, and attenuated the apoptosis of 786‑O cells, whereas 
the knockdown of miR‑222‑3p suppressed the migration and 
invasion and induced the apoptosis of 786‑O cells. Similar 
results were observed in the ACHN cell line in terms of migra-
tion, invasion and apoptosis. Furthermore, the expression level 
of miR‑222‑3p was measured in 42 RCC formaldehyde‑fixed 
paraffin‑embedded samples, and the association between 
the expression of miR‑222‑3p and the pathological charac-
teristics and overall survival rate of patients with RCC was 
analyzed. The results demonstrated that patients with a higher 
expression of miR‑222‑3p had a significantly lower overall 
survival rate, compared with those with a lower expression of 
miR‑222‑3p [hazard ratio (HR)=5.120; P=0.036]. Multivariate 
analysis identified that patients with a higher expression of 

miR‑222‑3p retained the statistically significant decrease 
in overall survival rate compared with patients with a lower 
expression of miR‑222‑3p (HR=5.636; P=0.030). Furthermore, 
Kaplan‑Meier survival curves indicated that patients with 
higher miR‑222‑3p had significantly lower overall survival 
rates compared with patients with lower miR‑222‑3p (P=0.020). 
Taken together, these results suggested that miR‑222‑3p serves 
as an onco‑miR in RCC and may be a potential prognostic 
biomarker and therapeutic target in patients with RCC.

Introduction

Renal cell carcinoma (RCC) is the most common malignancy 
of the kidney and it is estimated that ~65,340 novel cases 
and 14,970 cases of mortality are likely to occur in the USA 
in 2018  (1). Clear cell RCC is the most common subtype, 
accounting for ~70% all RCC cases (2). In total, >25% patients 
have developed metastatic disease on presentation, and reliable 
biomarkers for screening RCC have not been established (3). 
RCC is resistant to conventional chemoradiotherapy, and 
surgery remains the primary form of curative treatment for 
localized RCC (4). Despite advances in diagnosis and treat-
ment, the 5‑year overall survival rate of RCC is <50% (4). 
Therefore, novel diagnostic approaches and therapeutic strate-
gies for RCC are urgently required.

MicroRNAs (miRs) are a class of small non‑coding RNAs 
that suppress gene expression by binding to the 3'‑untrans-
lated region of mRNA at the post‑transcriptional level  (5). 
Accumulating evidence suggested that miRs may be impor-
tant in the development of malignancies (6). Previous studies 
demonstrated that miRs are involved in a number of cancer 
cell biological processes, including metastasis (7), invasion (8), 
angiogenesis (9), proliferation, apoptosis (10), differentiation (11), 
metabolism (12) and drug resistance (13). The dysregulation of 
miRs is observed in the majority of types of cancer, including 
RCC  (14). In previous studies, numerous miRs have been 
demonstrated to be involved in RCC, including miR‑720 (15), 
miR‑203 (16), miR‑204‑3p (17) and miR‑32‑5p (18). miR‑222 is 
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associated with tumorigenesis in gastric cancer (19), glioma (20) 
and lung cancer (21), among others; however, the role of miR‑222 
in RCC remains to be fully elucidated. 

In the present study, the expression of miR‑222‑3p was 
investigated in clinical RCC samples and cell lines in order 
to determine its effects on the migration, invasion and apop-
tosis of RCC cells and to analyze its association with overall 
survival rates. The aim of the present study was to determine 
whether miR‑222‑3p may serve as a non‑invasive prognostic 
biomarker and therapeutic target for patients with RCC.

Materials and methods

Clinical samples. Patients who were initially treated, without 
previous surgery, radiotherapy, chemotherapy and other adju-
vant therapy were included in the present study. Patients who 
had been diagnosed with tumors other than renal cell carci-
noma were excluded. Tumor tissues and corresponding normal 
renal tissues were obtained from 28 patients with RCC at the 
Department of Urology, Peking University Shenzhen Hospital 
(Shenzhen, China) from January 2013 to January 2016. The 
clinicopathological parameters are summarized in Table I. In 
addition, 42 formaldehyde‑fixed paraffin‑embedded (FFPE) 
RCC samples were obtained from the Department of Pathology, 
Peking University Shenzhen Hospital. The clinical and patho-
logical characteristics are listed in Table II. Follow‑up data 
was obtained for the 42 FFPE specimens; however, not for 
the 28 patients, as no the follow‑up data were available for the 
28 patients, which is a limitation of the study. The present study 
was approved by the Ethics Committee of Peking University 
Shenzhen Hospital, and informed consent was obtained from 
all the patients.

RNA isolation and reverse transcription (RT). Total RNA 
was isolated from the tissues and cells using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) and purified using an RNeasy Maxi kit (Qiagen GmbH, 
Hilden, Germany) according to the manufacturer's protocol. 
The miRs of the FFPE samples were separated using the 
miRNeasy FFPE kit (Qiagen GmbH) according to the 
manufacturer's protocol. Subsequently, the concentration and 
quality of RNAs were measured using NanoDrop 2000/2000c 
(Thermo Fisher Scientific, Inc.). In total, ~1 µg RNA was used 
to synthesize cDNA using the miScript II RT kit (Qiagen 
GmbH) and the reaction conditions were as follows: 37˚C for 
60 min, 95˚C for 5 min and 4˚C until completion.

RT‑quantitative polymerase chain reaction (qPCR) analysis. 
The RT‑qPCR analysis was performed with the miScript 
SYBR® Green PCR kit (Qiagen GmbH). U6 served as an 
internal control. The reaction contained 0.5 µl primer, 1 µl 
cDNA, 5 µl 2x QuantiTect SYBR Green PCR Master Mix and 
3 µl RNase‑free water. The reaction was performed in the Roche 
Lightcycler 480 Real‑Time PCR system (Roche Diagnostics, 
Basel, Switzerland) and the reaction conditions were as follows: 
95˚C for 2 min, followed by 40 cycles of 95˚C for 10 sec, 55˚C 
for 30 sec and 72˚C for 30 sec. The primers used in the experi-
ment are summarized in Table III. The reference gene was U6. 
The relative expression of miR‑222‑3p was evaluated using the 
comparative Cq and analyzed using the 2‑ΔΔCq method (22,23).

Cell culture and transfection. The 786‑O, ACHN, 769‑P and 
Caki‑1 RCC cell lines and the HK‑2 normal human renal 
tubular epithelial cell line were purchased from the American 
Type Culture Collection (Manassas, VA, USA). According to 
Cellosaurus (https://web.expasy.org/cellosaurus), the ACHN, 
769P, 786‑O and Caki‑1 cell lines appear to be papillary renal 
cell carcinoma, renal cell carcinoma, renal cell carcinoma and 
clear cell renal cell carcinoma, respectively. The HK‑2 cells 
were cultured in keratinocyte serum‑free medium (ScienCell 
Research Laboratories, Inc., Carlsbad, CA, USA) supplemented 
with 1% keratinocyte growth supplement (ScienCell Research 
Laboratories, Inc.), with 100 µl/ml penicillin and 100 mg/ml 
streptomycin sulfate in a humidified incubator with a 5% CO2 
atmosphere at 37˚C. The ACHN and Caki‑1 cells were cultured 
in Dulbecco's modified Eagle's medium (Gibco; Thermo 
Fisher Scientific, Inc.) and McCoy's 5A (Gibco; Thermo Fisher 
Scientific, Inc.) respectively, and supplemented with 10% 
fetal bovine serum (FBS, Gibco; Thermo Fisher Scientific, 
Inc.) and 1% antibiotics (100 µl/ml penicillin and 100 mg/ml 
streptomycin sulfate). The 769‑P and 786‑O cells were cultured 
in the same manner in RPMI‑1640 medium (Gibco; Thermo 
Fisher Scientific, Inc.). A quick cell mycoplasma rapid test kit 
(Shanghai Life iLAB Bio Technology Co., Ltd., Shanghai, 
China) was used to detect whether the cells were contaminated 
with mycoplasma, according to the manufacturer's protocol. 
The miR‑222‑3p (miRbase; http://www.mirbase.org/; acces-
sion no. MIMAT0000279) mimics, negative control (NC), 
miR‑222‑3p inhibitor and inhibitor negative control (NC; 
GenePharma Co., Ltd., Shanghai, China) were transfected into 
cells at a concentration of 50 nM using Lipofectamine® 3000 
(Invitrogen; Thermo Fisher Scientific, Inc.). The sequences of 
miRNAs are listed in Table III.

Table I. Clinicopathological features in patients with renal cell 
carcinoma.

Characteristic	C ases, n

Mean age, years (range)	 45 (24‑87)
Sex	
  Male	 17
  Female	 11
Tumor stage	
  T1	 17
  T2	 4
  T3 + T4	 7
Fuhrman grade	
  I	 12
  II	 8
  III	 7
  IV	 1
AJCC clinical stage	
  I	 15
  II	 3
  III+IV	 10

AJCC, American Joint Committee on Cancer.
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Wound healing assay. The RCC cells (ACHN and 786‑O) 
were seeded into 6‑well plates (3x105 cells/well) and incubated 
in a humidified chamber supplemented with 5% CO2. The cells 
were transfected with miR‑222‑3p mimics, inhibitor and corre-
sponding NC when they reached ~90% confluence. Following 
6 h transfection, a wound was created using a sterile 200‑µl 
pipette tip, followed by washing with PBS three times. Images 
were captured using a digital light microscope (magnification, 
x100) at 0 and 24 h following introduction of the wound.

Cell migration and invasion assays. The cell migration and 
invasion capacities were evaluated using a Transwell assay. 
Chambers coated with Matrigel (BD Biosciences, Franklin 
Lakes, NJ, USA) were used for the invasion assay, whereas 
Matrigel was omitted for the migration assay. Following 24 h 
transfection, ~100 µl serum‑free medium containing 3x104 cells 

was added to the upper chambers, and 500 µl medium supple-
mented with 10% FBS was added to the lower chambers. The 
migration and invasion duration was 24 and 36 h, respectively. 
Subsequently, the cells were fixed in 4% formaldehyde for 
15 min at room temperature and stained with 0.1% crystal 
violet solution for 25 min at room temperature. Images of 
those cells that had migrated or invaded to the opposite side of 
the membrane were captured using a light microscope (Leica 
Microsystems GmbH, Wetzlar, Germany; magnification, x100).

Apoptosis assay. Flow cytometry was performed to deter-
mine the effect of miR‑222‑3p on cell apoptosis in vitro. The 
cells (~3x105) were added to 6‑well plates and cultured in an 
incubator for 24 h; subsequently, the cells were treated with 
miR‑222‑3p mimics, miR‑222‑3p inhibitor or corresponding 
NC. Another group of cells (blank group) was treated with 

Table II. Association between miR‑222‑3p status and clinicopathologic variables in formaldehyde‑fixed‑paraffin‑embedded 
renal cell carcinoma tissue samples.

	 miR‑222‑3p status 
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 Total, n	 High, n	 Low, n	 P‑value

Sex				    0.525a

  Male	 26	 14	 12	
  Female	 16	   7	   9	
Age, years				    1.000b

  ≤60	 33	 16	 17	
  >60	   9	   5	   4	
Tumor size, cm				    0.116a

  ≤4.0	 17	   6	 11	
  >4.0	 25	 15	 10	
Tumor stage				    0.747a

  I+II	 27	 13	 14	
  III+IV	 15	   8	   7	

miR‑222‑3p status cut‑off point: median. aCalculated with Pearson's χ2 test. bCalculated with Fisher's exact test. miR, microRNA.

Table III. Sequences of primers and miRs.

Primer/miR	 Sequence

miR‑222‑3p	 Forward: 5'‑AGCTACATCTGGCTACTGGGT‑3'
	 Reverse: Universal primers (miScript SYBR Green PCR kit)
U6	 Forward: 5'‑CTCGCTTCGGCAGCACA‑3'
	 Reverse: 5'‑ACGCTTCACGAATTTGCGT‑3'
miR‑222‑3p mimic	 Forward: 5'‑AGCUACAUCUGGCUACUGGGU‑3'
	 Reverse: 5'‑CCAGUAGCCAGAUGUAGCUUU‑3'
miR‑222‑3p inhibitor	 5'‑ACCCAGUAGCCAGAUGUAGCU‑3'
NC	 Forward: 5'‑UUCUCCGAACGUGUCACGUTT‑3'
	 Reverse: 5'‑ACGUGACACGUUCGGAGAATT‑3'
Inhibitor NC 	 5'‑CAGUACUUUUGUGUAGUACAA‑3'

miR, microRNA; NC, negative control; PCR, polymerase chain reaction. 
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Lipofectamine® 3000 but without mimics, inhibitor or corre-
sponding NC. Following 48 h transfection, the cells were 
collected and washed twice with cold PBS, followed by staining 
with Annexin V‑fluorescein isothiocyanate/propidium iodide 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. The apoptotic rate was detected using 
a flow cytometer (EPICS, Xl‑4; Beckman Coulter, Inc., Brea, 
CA, USA) and analyzed using Kaluza Analysis 1.5a (Beckman 
Coulter, Inc.).

Clinical validation via the cancer genome atlas (TCGA) 
dataset. The correlation between the expression of miR‑222‑3p 
and the prognosis of patients with RCC was analyzed using 
a TCGA dataset in OncoLnc (www.oncolnc.org). OncoLnc 
is a tool website that links TCGA survival data to miRNA 
expression levels. In OncoLnc, the input term used was 
‘hsa‑miR‑222‑3p’ and the lower and upper percentile were set 
to 50. Subsequently, the correlation between the expression of 
miR‑222‑3p and the overall survival rate of the patients who 
provided the FFPE samples was analyzed and Kaplan‑Meier 
curves were constructed.

Bioinformatics and target prediction analysis. Target 
prediction was performed for miR‑222‑3p with starBase 
v2.0 (http://starbase.sysu.edu.cn/browseIntersectTargetSite.
php), PicTar (https://pictar.mdc‑berlin.de), TargetScanHuman 
(www.targetscan.org) and PITA (https://genie.weizmann.
ac.il/pubs/mir07/mir07_prediction.html). Only predictions by 
at least three programs were included in the analysis.

Statistical analysis. The results of the experiments were 
analyzed using SPSS 19.0 (IBM Corp., Armonk, NY, USA) 
and are presented as the mean ± standard deviation or median. 
Differences between normal renal tissues and RCC tissues were 
statistically analyzed using non‑parametric tests and presented 
as median values. The differences in the expression level of 
miR‑222‑3p among cell lines was statistically analyzed by 
one‑way analysis of variance and Dunnett's post hoc test. Setting 
the median as a cutoff point, the expression level of miR‑222‑3p 
was classified into higher and lower groups. The association 
between the expression of miR‑222‑3p and clinical charac-
teristics was evaluated by Pearson's χ2 test and Fisher's exact 
test. Kaplan‑Meier overall survival curves were constructed to 
evaluate the effect of miR‑222‑3p on the prognosis of patients 
with x RCC. Differences between the curves were analyzed by 
the log‑rank test. Univariate and multivariate Cox regression 
analyses were also performed. The overall survival was defined 
as the time between the first surgery for RCC and the patient 
succumbing to mortality from any cause. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

miR‑222‑3p dysregulation in RCC. RT‑qPCR analysis was 
performed to detect the expression levels of miR‑222‑3p in 
the RCC tissues and cell lines. As presented in Fig. 1, in the 
28 paired tissues, miR‑222‑3p was significantly upregulated in 
the RCC tissues compared with the adjacent normal renal tissues 
(Fig. 1A and B). In addition, miR‑222‑3p was upregulated in 

Figure 1. miR‑222‑3p is upregulated in RCC tissues and RCC cell lines. (A) Expression of miR‑222‑3p in 28 paired RCC tissues and adjacent normal renal 
tissues. (B) miR‑222‑3p was upregulated in RCC tissues compared with normal renal tissues. **P<0.01. (C) miR‑222‑3p was upregulated in RCC cell lines 
compared with HK‑2 cells. *P<0.05, **P<0.01 and ***P<0.001 vs. HK2 cells. (D) ACHN and 786‑O cells were treated with miR‑222‑3p mimics, NC, miR‑222‑3p 
inhibitor or inhibitor NC for 24 h and effects of these treatments were assessed in vitro. miR, microRNA; RCC, renal cell carcinoma; NC, negative control.
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the RCC cell lines compared with the HK‑2 cells (Fig. 1C). 
Therefore, the results suggested that miR‑222‑3p may serve as 
an onco‑miR in RCC.

The 786‑O and ACHN cell lines were selected for use in 
the subsequent experiments. The 786‑O cells are RCC cells 
and ACHN cells are papillary RCC cells. By transfecting with 
miR‑222‑3p mimics, miR‑222‑3p inhibitor and corresponding 
NC, miR‑222‑3p was overexpressed or knocked down. The 
24‑h transfection efficiency was detected by RT‑qPCR analysis 
(Fig. 1D).

miR‑222‑3p accelerates cell mobility. Wound healing and 
Transwell assays were performed to evaluate the effect of 
miR‑222‑3p on cell mobility. The results demonstrated that 
the overexpression of miR‑222‑3p promoted cell migration. 
As presented in Fig. 2, cells transfected with miR‑222‑3p 
mimics migrated faster compared with those transfected with 

NC; by contrast, cells transfected with miR‑222‑3p inhibitor 
migrated more slowly compared with those transfected with 
inhibitor NC. The results of the Transwell assay demonstrated 
that the migration ability of the two cell lines transfected with 
miR‑222‑3p mimics was enhanced compared with those trans-
fected with NC, and the inhibition of miR‑222‑3p repressed 
cell migration ability compared with the inhibitor control 
group. In addition, the results of the Transwell assay demon-
strated that the overexpression of miR‑222‑3p facilitated the 
invasion ability of cells compared with those in the NC group. 
The invasion ability of the two cell lines was suppressed in the 
miR‑222‑3p inhibitor group compared with the inhibitor NC 
group (Fig. 3). These results demonstrated that miR‑222‑3p 
promotes RCC cell migration and invasion in vitro.

miR‑222‑3p inhibits apoptosis in RCC cell lines. The results of the 
apoptosis assay demonstrated that the apoptotic rate of the 786‑O 

Figure 2. Results of wound healing assay. (A) Representative images of wound healing assays in ACHN and 786‑O cells treated with miR‑222‑3p mimics, 
NC, miR‑222‑3p inhibitor or inhibitor NC (magnif﻿﻿﻿ication, x100). (B) Overexpression of miR‑222‑3p enhanced 786‑O cell migration, whereas knockdown 
of miR‑222‑3p inhibited 786‑O cell migration. (C) Overexpression of miR‑222‑3p enhanced ACHN cell migration and knockdown of miR‑222‑3p inhibited 
ACHN cell migration. *P<0.05, **P<0.01, ***P<0.001. miR, microRNA; NC, negative control.
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Figure 3. Results of Transwell assays. (A) Representative images of cells in the Transwell migration and invasion assays (magnification, x100). Overexpression 
of miR‑222‑3p enhanced (B) 786‑O and (C) ACHN cell migration, whereas knockdown of miR‑222‑3p inhibited 786‑O and ACHN cell migration. 
Overexpression of miR‑222‑3p enhanced (D) 786‑O and (E) ACHN cell invasion, whereas knockdown of miR‑222‑3p inhibited 786‑O and ACHN cell inva-
sion. *P<0.05, **P<0.01, ***P<0.001. miR, microRNA; NC, negative control.
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cells was lower in the miR‑222‑3p mimics group compared with 
the NC group (Fig. 4A and B), with similar results observed in the 
ACHN cell line (Fig. 4A and C). The apoptotic rates of the two 
cell lines were higher in the inhibitor groups compared with those 
in the inhibitor NC group (Fig. 4). These results suggested that 
miR‑222‑3p partly decreased the apoptosis of RCC cells.

miR‑222‑3p is a potential prognostic marker for RCC. The 
expression level of miR‑222‑3p in 42 FFPE samples was 
detected by RT‑qPCR analysis. No significant association 
was observed between the expression level of miR‑222‑3p and 
sex (P=0.525), age (P=1.000), tumor size (P=0.116) or tumor 
stage (P=0.747; Table  II). However, patients with a higher 
expression of miR‑222‑3p exhibited a statistically significant 
shorter overall survival rate, compared with patients with a 
lower expression of miR‑222‑3p [hazard ratio (HR)=5.120; 
95% confidence interval (CI)=1.113‑23.539; P=0.036]. When 
controlling for age, sex, tumor size and tumor stage in the 
multivariate analysis, patients with a higher expression of 
miR‑222‑3p retained the statistically significant decrease 

in overall survival rate compared with patients with a lower 
expression of miR‑222‑3p (HR=5.636; 95% CI=1.181‑26.882; 
P=0.030; Table IV). Furthermore, the Kaplan‑Meier survival 
curves demonstrated that patients with higher expression 
levels of miR‑222‑3p exhibited significantly lower overall 
survival rates compared with patients with lower levels of 
miR‑222‑3p (P=0.020; Fig. 5). The results from the database 
analysis in OncoLnc of 506 RCC samples additionally demon-
strated that patients with a higher expression of miR‑222‑3p 
exhibited significantly lower overall survival rates compared 
with patients with a lower expression of miR‑222‑3p (P<0.01; 
Fig. 6). These results suggested that miR‑222‑3p may serve as 
a potential prognostic biomarker for patients with RCC.

Potential targets of miR‑222‑3p. In order to examine the 
potential involvement of miR‑222‑3p in the tumorigenesis of 
RCC, numerous databases were searched. The results demon-
strated that 37 target genes were significantly correlated with 
miR‑222‑3p (Table V). These genes will be the focus of future 
investigations.

Figure 4. Results of apoptosis assay. Q3 represents the apoptotic rate. The rate was normalized with the blank group (data not shown). (A) Effect of miR‑222‑3p 
on the apoptosis of 786‑O and ACHN cells. (B) Overexpression of miR‑222‑3p reduced 786‑O cell apoptosis and knockdown of miR‑222‑3p promoted 786‑O 
cell apoptosis. (C) Overexpression of miR‑222‑3p reduced ACHN cell apoptosis and knockdown of miR‑222‑3p promoted ACHN cell apoptosis. *P<0.05. miR, 
microRNA; NC, negative control; PI, propidium iodide; FITC, fluorescein isothiocyanate; Q, quadrant. 
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Discussion

RCC is the most common type of renal malignancy and, 
despite advances in therapeutic approaches, its prognosis 
remains poor (24). Novel approaches in RCC diagnosis and 
treatment are required. miRs have been reported to be involved 
in a number of biological processes of tumorigenesis (6), and 
miR replacement therapy has been considered to be promising 
in cancer treatment (14).

Previous studies demonstrated that miR‑222 is critical in 
the pathogenesis of a number of diseases. The upregulation of 
miR‑222 in response to increased extracellular signal‑regulated 
kinase 1/2 activity exacerbates neointimal hyperplasia in 
diabetes mellitus (25). Zhao et al (26) demonstrated that long 
non‑coding RNA Gas5 suppresses glioma malignancy by 
downregulating miR‑222, and the knockdown of miR‑222 
was correlated with tumor size and survival rate in mice. A 
previous study performed by Tan et al (19) demonstrated that 
miR‑222‑3p promoted tumor cell proliferation and invasion 
and inhibited apoptosis by targeting homeodomain‑interacting 
protein kinase 2 in gastric cancer. In colorectal cancer, miR‑222 
was identified to promote cell migration and invasion through 
targeting MIA3 (27). In addition, Zhang et al (28) observed 

that miR‑222 inhibited tumor cell migration and invasion by 
downregulating guanine nucleotide binding protein, a inhib-
iting activity polypeptide 3 in hepatocellular carcinoma (28). 
Furthermore, miR‑222 was identified to serve as a biomarker in 
a number of types of cancer, including lung (29), pancreatic (30), 
breast (31), bladder (32) and oral (33) cancer. miR‑222 is involved 
in promoting cancer and suppressing cancer in different tumors, 
and its mechanism may be caused by different target genes in the 
downstream. According to Kafshdooz et al (34), overexpressed 
miRs may function as onco‑miRs by downregulating tumor 
suppressor genes, whereas downregulated miRs may serve as 
tumor suppressors by negatively regulating oncogenes. 

miR‑222 has already been characterized as a discriminator 
miR for RCC subtypes (35) and miR‑222‑3p has been demon-
strated to offer potential in distinguishing between normal 
tissues and RCC subtypes (36). However, in the present study, 

Figure 6. Survival rates on database analysis. Kaplan‑Meier curves showing 
the association between the expression of miR‑222‑3p and overall survival 
rate in The Cancer Genome Atlas dataset. Patients with lower levels of 
miR‑222‑3p exhibited significantly higher overall survival rates compared 
with those with higher expression levels of miR‑222‑3p. miR, microRNA.

Table IV. Expression of microRNR‑222‑3p and patient 
survival rates.

A, Univariate analysis

	 Overall survival
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 H R  ( 9 5 %  C I ) 	
P‑value

Low	 1	
High	 5.120 (1.113‑23.539)	 0.036
Age	 2.943 (0.932‑9.293)	 0.066
Sex	 0.988 (0.313‑3.117)	 0.983
Tumor size	 2.113 (0.571‑7.818)	 0.262
Tumor stage	 4.872 (1.462‑16.241)	 0.010

B, Multivariate analysisa

	 Overall survival
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 H R  ( 9 5 %  C I ) 	
P‑value

Low	 1	
High	 5.636 (1.181‑26.882)	 0.030
Age	 2.502 (0.513‑12.202)	 0.257
Sex	 1.630 (0.341‑7.788)	 0.540
Tumor size	 1.316 (0.341‑5.076)	 0.690
Tumor stage	 4.346 (1.233‑15.313)	 0.022

aAdjusted for patient age, sex, tumor stage and tumor size. HR was 
estimated using the Cox proportional hazard regression model. HR, 
hazard ratio; CI, confidence interval of estimated HR.

Figure 5. Survival rates of patients. Kaplan‑Meier survival curves demon-
strate a significantly improved prognosis of patients with tumors expressing 
lower levels of miR‑222‑3p in terms of overall survival rate. miR, microRNA.
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miR‑222‑3p was identified to promote the progression of RCC. 
These results demonstrated that miR‑222 has an important 
function in RCC.

In the present study, miR‑222‑3p was observed to be 
upregulated in RCC tissues and cell lines, compared with 
adjacent normal renal tissues and the HK‑2 cell line. The 
overexpression of miR‑222‑3p promoted cell migration and 
invasion and suppressed cellular apoptosis in RCC cell lines. 
Survival analysis demonstrated that a higher expression of 
miR‑222‑3p was correlated with poor prognosis in patients 

with RCC. However, a lack of target gene investigation was 
a limitation of the present study, which is to be performed in 
future investigations. Brodaczewska et al (37) demonstrated 
that RCC cells established from primary or metastatic disease 
may express different molecules or the same molecules; 
however, in different quantities. As 786‑O and ACHN cells 
are different RCC cell lines, the apoptotic rate between the 
two cell lines was somewhat inconsistent. This may be caused 
by the different expression levels of apoptosis‑associated 
proteins. However the exact mechanism leading to this differ-
ence remains to be fully elucidated, which was a limitation of 
the present study.

In conclusion, the present study demonstrated that 
miR‑222‑3p serves as an onco‑miR in RCC, and a high expres-
sion of miR‑222‑3p was associated with poor prognosis in 
patients with RCC. These results suggested that miR‑222‑3p 
may serve as a biomarker and therapeutic target in patients 
with RCC. However, there were limitations to the present 
study, including the number of patients included being insuf-
ficient, and further investigations are required to elucidate the 
mechanism of miR‑222‑3p in RCC.
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