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Abstract: It is well known that microRNAs (miRNAs) are associated with tumor occurrence and development, and 
the functions of microRNA-22 (miR-22) have been investigated in numerous kinds of cancer. However, the signifi-
cance of miR-22 in renal cell carcinoma (RCC) has not been fully explored. In this study, we found that miR-22 was 
down-regulated both in serum and tissues of RCC patients by using real time quantitative PCR (RT-qPCR) analyses. 
In addition, miR-22 was negatively associated with hepatic metastatic sites and lymphatic metastasis, as well as 
the clinical stages and prognosis. Moreover, the expression of miR-22 could be increased though surgical treatment 
in serum of RCC patients. Functional studies were performed to investigate the role of miR-22 in the progression 
of RCC. Data suggested that overexpression of miR-22 inhibited cell proliferation, migration and invasion in Caki-1 
cells, whereas blockage of miR-22 could reverse these oncogenic effects. We also identified erb-b2 receptor tyro-
sine kinase (ERBB3) was a novel target of miR-22 in RCC cells. Consequently, our work provides evidence that the 
down-regulation of miR-22 expression contributed to RCC. And miR-22 may be a potential molecule biomarker for 
diagnose and therapy evaluation in RCC. 
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Introduction

Kidney cancer (renal malignancy) was the ninth 
most frequently diagnosed cancer in men 
worldwide [1]. Renal cell carcinoma (RCC) 
accounts for approximately 90% of neoplasms 
arising from the kidney [2]. Although the 
research on RCC has been made great prog-
ress recent years, the useful biomarker and 
detailed molecular mechanism of RCC are still 
need to be study. Currently, due to the discov-
ery of advanced genomics and biotechnology, 
the investigation of RCC has undergone an 
unprecedented period of change [3]. MicroRNAs 
(miRNAs) are a group of small, noncoding, and 
single stranded RNAs with a length about 
18-25 nucleotide [4]. They regulate target gene 
expression generally through binding to com-
plementary sequences in the 3’-untranslated 
regulatory regions (3’UTRs) thus to degrade 
mRNA transcripts and thereby prevent transla-
tion [5, 6]. To date, A large number of docu-

ments demonstrating that miRNAs can regulate 
diverse physiological and pathological process-
es, such as cell proliferation, differentiation, 
cell cycle, apoptosis, migration and invasion, 
etc. [7, 8]. Certain miRNAs have been found to 
be dysregulated and function as oncogenes or 
tumor-suppressor genes in various tumor types 
[9]. The characteristics of these small RNAs 
imply its potential usage to act as molecular 
biomarkers for tumor diagnosis [10, 11]. How- 
ever, only a few of plasma and serum-based 
miRNAs have been found in RCC patients.

The gene of miR-22, which is evolutionarily-con-
served among species, is located in chromo-
some 17p13 [12], and had been confirmed to 
play a critical role in different cancer types [13]. 
It is reported miR-22 can prominently influence 
cancer biological behaviors, including prolifera-
tion, cell cycle and apoptosis, invasion and 
metastasis [14-19]. Reports also showed that 
miR-22 can accelerate cell senescence, repress 
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energy metabolism and angiogenesis, as well 
as attenuate EMT process in diverse cancers 
[20-23]. The mechanisms of miR-22-induced 
tumor malignant progression was complex [24], 
that may including numerous of its genetically 
regulated genes, such as PTEN, Sp1, SIRT-1, 
CD147, E-cadherin, etc. [14, 16, 25-27]. There- 
by, miR-22 could play tumor suppressor or 
oncogenic roles in different tumor types. 

In this study, we concentrated on the serum 
and tissue expression levels of miR-22 and its 
clinicopathological significance in RCC patients. 
Furthermore, we investigated the functions of 
miR-22 in the occurrence and development of 
RCC. Thus to provide evidence that miR-22 may 
serve as novel molecule biomarkers for diag-
nose or therapy evaluation in RCC.

Materials and methods

Clinical specimens and cell culture 

The Fresh frozen human specimens in this 
study were collected from RCC patients who 
had received surgery in the Danyang People’s 
Hospital of Jiangsu Province and Changzhou 
Third People’s Hospital from 2011 to 2015. 
None of the patients received preoperative 
treatment, including chemotherapy or radio-

therapy. Total RCC cases included 84 ma- 
le and 55 female patients. All the cases under-
went nephrectomy and their clinical character-
istics are shown in Table 1. The non-tumorous 
samples were taken at least 2 cm away from 
the tumor, and all tissues were examined his- 
tologically. The human Caki-1 cells were pur-
chased from the Type Culture Collection of the 
Chinese Academy of Sciences (Shanghai, Chi- 
na). All cells were cultured in RPMI 1640 (GIB- 
CO, Grand Island, NY, USA) medium (Invitrogen, 
Carlsbad, CA, USA) supplemented with 10% fe- 
tal bovine serum (FBS) in cell incubator (Ther- 
mo) at 37°C with 5% CO2 atmosphere. 

Real time quantitative PCR (RT-qPCR)

Total RNA was isolated from tissue samples or 
cells using Trizol reagent (Invitrogen, Carlsbad, 
CA, USA) according to the manufacturer’s in- 
structions. MiR-22 reverse transcription (RT) 
reaction was performed with TaqMan MicroRNA 
Reverse Transcription Kit (Applied Biosystems, 
San Diego, CA) according to the manufacturer’s 
protocol. The quantification of miR-22 was eval-
uated by quantitative real-time PCR using SYBR 
GREEN PCR Master Mix (Takala, Dalian, China) 
and analyzed with an ABI7500 Real-time PCR 
system (Applied Biosystems). The U6 small nu- 
clear RNA was used for expression normaliza-
tion. The specific PCR primers are as follows: 
miR-22 primers: 5’-AAG CTG CCA GTT GAA GAA 
CTG TA-3’ (forward primer) and 5’-AAC GCT TCA 
CGA ATT TGC GT-3’ (reverse primer); U6 prim-
ers: 5’-GCT GCT CCT GGT GAA CAA GC-3’ (for-
ward primer) and 5’-TTG CGT CTC AGC TCA GGG 
AC-3’ (reverse primer); U6 primers: 5’-CTC GCT 
TCG GCA GCA CA-3’ (forward primer) and 5’- 
AACGCTTCACGAATTTGCGT-3’ (reverse primer). 

miRNA mimics and inhibitors transfection

The miR-22 mimics, miR-22 inhibitors and neg-
ative control (NC) oligonucleotides were pur-
chased from GenePharma (Shanghai, China). 
MiR-22 mimics and miR-22 inhibitors oligonu-
cleotides were transfected into the Caki-1 cells 
with Lipofectamine RNAiMAX reagent (Invitro- 
gen, Carlsbad, CA, USA) at a final concentration 
of 100 nM according to the manufacturer’s in- 
structions. Briefly, cells (2 × 105 cells/well) we- 
re seeded into a 6 well plate in 2 ml OptiMEM 
(Gibco/Invitrogen) medium 24 h before the 
transfection. Eight microliters (80 pmol) of the 
oligonucleotides were mixed with 2 μl Lipofe- 
ctamine in 200 μl OptiMEM medium and were 

Table 1. The relationship of miR-22 expression 
(dCt) with clinicopathological factors in renal cell 
carcinoma

Characteristics No. of  
patients (%)

MiR-22
Mean ± SEM P value

Total no. of patients 139
    Age (year)
        > 60 96 (69.1) 11.58 ± 1.49 0.766
        ≤ 60 43 (30.9) 11.67 ± 1.94
    Gender
        Male 84 (60.4) 11.49 ± 1.48 0.137
        Female 55 (39.6) 11.95 ± 2.15
    Lymphatic metastasis
        N0 88 (63.3) 11.48 ± 1.43 0.116
        N1-N2 51 (36.7) 11.96 ± 2.14
    Distal metastasis
        M0 101 (72.7) 11.15 ± 1.61 0.013*

        M1 38 (27.3) 11.92 ± 1.62
    TNM stage
        0 & I & II 92 (66.2) 11.24 ± 0.93 0.003**

        III & IV 47 (33.8) 12.08 ± 2.27
*Indicates P < 0.05; **Indicates P < 0.01.
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incubated at room temperature for 30 min. 
Afterwards, the 200 μl transfection mixtures 
were added into corresponding wells with 800 
μl Opti-MEM medium. Then the medium was 
replaced with normal growth medium contain-
ing 10% FBS 8 hours after the transfection.

MTT assay 

MTT assay was performed to determine the cell 
viability. 3 × 103 cells/well were seeded into 
96-well plates and cultured in 37°C. At indicat-
ed time-points (1, 2, 3, 4 or 5 days), cells were 
incubated with 20 µl MTT (5 mg/ml) solution for 
4 hrs, Then 10 µl dimethyl sulfoxide (DMSO) 
was added into each hole and incubated for  
10 mins at room temperature to dissolve the 
formazan product. Finally, a microplate reader 
was used to the measure the optical density 
(OD) value at 490 nm absorbance. Each condi-
tion was determined in quintuplicate in three 
independent experiments.

Clonogenic assay

Cells (500 cells/well) were seeded into 6-well 
plates in normal growth medium. Cells were 
incubated at 37°C for 14 days and the medium 
was replaced every 2 days. Then cells were 
fixed by 4% paraformaldehyde and stained with 
0.5% crystal violet after washed with PBS. The 
numbers of the colonies containing at least 50 
cells (established by microscopy) were count-
ed. Images of the colonies were obtained us- 
ing a digital camera (Nikon, Tokyo, Japan). The 
experiments were done in duplicate at least 
three times. 

Cell cycle and apoptosis analysis

Cell cycle distribution was performed with prop-
idium iodide (Sigma, Aldrich) staining at indi-
cated times. Cells were harvested and fixed in 
ice-cold 70% (v/v) ethanol, and then treated 
with propidium iodide staining solution (10 μg/
mL) supplemented with 0.1% Triton X-100 and 
RNase (100 mg/l), in the dark, for 30 min 
before detection. Apoptotic cell death was per-
formed by flow cytometry with Annexin V-FITC/
PI apoptosis detection kit (BestBio, Shanghai, 
China) according to the manufacturer’s instruc-
tions. 1 × 106 cells/ml cells were suspended 
with 100 μl 1 × binding buffer and double 
stained with Annexin V-FITC/PI for 15 min 
before detection. Cell cycle and apoptosis abil-

ity were detected by flow cytometry (BD Bio- 
sciences) using a FACS Calibur Flow Cytometer 
(BD Biosciences, San Jose, CA, USA), and ana-
lyzed with the ModFit LT 2.0 software.

Wound healing assay

Cell motility was determined with wound heal-
ing assay. 5 × 105 cells/well were seeded into a 
6-well culture plate and incubated for 12-16 hrs 
at 37°C. At 90% confluence, a wound area was 
created using a sterile 100 μl pipette tip. Cells 
were then incubated at 37°C for another 48 hrs 
until detection. The width of the wound area 
was measured using Zeiss LSM Image Browser 
software, version 3.1, and all experiments were 
repeated ≥ 3 times.

Cell migration and invasion assays 

Cell migration and invasion ability were deter-
mined with Transwell cell culture chambers 
(Costar; Corning Incorporated, Cambridge, MA, 
USA) according to the manufacturer’s instruc-
tions. Briefly, Caki-1 cells (5 × 105/well) were 
seeded in 24-well plates and transfected with 
miRNA mimics and inhibitors as above. 48 hrs 
later, the cells were collected and suspended in 
FBS-free DMEM medium, then seeded into the 
top Transwell filter membrane chamber. 600 µl 
appropriate culture medium supplemented 
with 10% FBS was filled into the lower cham-
bers to be a chemoattractant. For invasion 
assays, Transwell membranes were pre-coated 
with 10 µl Matrigel (diluted 1:3; BD Biosciences, 
San Jose, CA, USA). After incubation for 16 hrs 
(migration assay) or 24 hrs (invasion assay), 
cells on the bottom surface of chambers were 
washed and fixed with 4% paraformaldehyde 
for 30 mins, then stained using 0.1% crystal 
violet solution for 20 mins. Cells that did not 
removed from the upper chambers were cle- 
aned by a cotton swab. Cells that migrated to 
the lower chamber surface were counted in 5 
randomly selected fields under a light micro-
scope at 20 × magnification. All migration ex- 
periments were performed in triplicates and 
repeated three times.

Dual luciferase reporter assay

TargetScan software (http://www.targetscan.
org/vert_71/) was used to identify the poten-
tial target gene of miR-22. Either putative miR-
22 binding sites or mutated binding sites on the 
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Figure 1. Expression of miR-22 in RCC tissues and clinicopathological significance of miR-22 in RCC patients. A. Dot plots of miR-22 levels detected by real-time PCR 
in RCC tissues and compared non-tumor tissues (n = 139, ***P < 0.001). B. Dot plots of miR-22 expression in RCC tissues subdivided by H Stage. (H-classification 
of RCCs; with H0 indicating no liver metastasis; H1 representing liver metastasis with less than five nodules smaller than 5 cm; H2 indicative of metastasis that 
does not involve H1 and H3; and H3 indicating liver metastasis with more than five metastasis larger than 5 cm). C. Dot plots of miR-22 expression in RCC tissues 
subdivided by N Stage. D. Dot plots of miR-22 tissue levels across various RCC stages. E. ROC analysis of the miR-22 expression levels in RCC patients (AUC = 0.71, 
P < 0.0001). F. Kaplan-Meier survival analysis according to miR-22 expression levels in RCC patients (log-rank test, P < 0.001).
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Figure 2. Expression analysis of miR-22 in the serum of RCC patients. A. Dot plots of serum miR-22 levels detected by real-time PCR in RCC patients (n = 139) and 
non RCC controls (n = 139). B. Dot plots of serum miR-22 levels subdivided by H Stage. C. Dot plots of serum miR-22 levels subdivided by N Stage. D. Dot plots of 
serum miR-22 levels across various stages of RCCs. E. Correlation analysis between tissue and serum miR-22 expression in RCC patients (R2 = 0.1202, P < 0.001). 
F. The variation in the expression levels of miR-22 between pre-operation and post-operation in the serum of RCC patients (n = 77, P < 0.001).
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3’UTR of ERBB3 were cloned into a vector to 
generate ERBB3 3’-UTR WT and ERBB3 3’-UTR 
Mut, respectively. Either ERBB3 3’-UTR WT or 
ERBB3 3’-UTR Mut was transfected into HEK-
293T cells that stably over-expressed miR-22; 
cells transfected with negative control were 
used as control cells. A Dual-Luciferase Repor- 
ter Assay System (Promega, Madison, USA) was 
used to detect the luciferase activity 48 hrs 
after transfection.

Statistical analysis

All experiments were performed at least three 
times and numerical data were presented as 
mean ± standard error of mean (SEM). Statis- 
tical analysis was performed using SPSS 13.0 
(IBM, Armonk, NY, USA) and statistical signifi-
cance was assessed by paired two-tailed 
Student’s t test, unpaired two-tailed Student’s t 
test or analysis of variance. P < 0.05 was con-
sidered as statistical significant.

Result

Expression of miR-22 in RCC tissues and clini-
copathological significance of miR-22 in RCC 
patients

To estimate the expression status of miR-22 in 
RCC tissues, 139 cases of RCC specimens and 
the matched adjacent non-tumor tissues were 
analyzed by using real-time PCR. We found miR-
22 exhibiting a significantly lower expression in 
RCC samples in comparison with the non-tumor 
tissues (Figure 1A). Then the RCC patients 
were separated according to the expression 
levels of miR-22 (median split) and contrasted 
with different clinicopathologic features (age, 
gender, lymphatic metastasis, distant metasta-
sis, and TNM stage) respectively (Table 1). We 
next analyzed miR-22 in RCC tissues based 
upon hepatic extension of renal neoplasia and 
lymphatic metastasis. As shown in Figure 1B, 
the miR-22 was significantly lower in H1-2 RCC 

Figure 3. MiR-22 suppressed RCC cells proliferation and colony formation. A. Real-time PCR was used to detect 
miR-22 expression status in Caki-1 cells transduced with miR-22 mimics or miR-22 inhibitors and corresponding 
negative controls respectively (P < 0.001). B. MTT assay was used to detect the cell proliferation ability in Caki-1 
cells (*P < 0.05, **P < 0.01, ***P < 0.001). C. The colony formation assay was performed to detect the clonogenic 
capacity in Caki-1 cells (***P < 0.001).
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tissues than that in H0 RCC tissues (P < 0.001), 
and lowest in H3 RCC tissues (P < 0.001, Fig- 
ure 1B). Consistently, the expression of miR-22 
was dramatically lower in RCC tissues from 
patients with lymphatic metastasis to the aor- 
ta (N3) in comparison with regional (N1-2, P < 
0.001), and absent lymph node metastasis 
(N0, P < 0.001, Figure 1C). Subsequently, we 
found the miR-22 in stage II RCC patients was 
significantly decreased compared with those of 
normal controls and stage I RCC patients (P < 
0.001), and was dramatically lower in stage IV 
RCC patients than stage II-III patients (P < 
0.001, Figure 1D). Afterwards, to investigate 
whether the dysregulation of miR-22 expres-
sion has an influence in the prognosis of RCC 
patients, we performed receiver operating cha- 
racteristic (ROC) curve. It indicated a high cor-
relation between the miR-22 expression and 
RCC prognosis (AUC = 0.71, P < 0.0001, Figure 
1E). Likewise, Kaplan-Meier analysis showed 
an analogical result that suggesting the low 
expression of miR-22 is correlated with the 
poor outcomes of RCC patients (P < 0.001, 
Figure 1F). 

The clinicopathological significance of serum 
miR-22 expression in RCC patients

Next, we analyzed miR-22 expression in the 
serum of RCC patients. Then we found miR- 
22 was significantly decreased in RCC group 
compared to that in the normal controls (P < 
0.001, Figure 2A). Moreover, the serum miR-22 
expression was decreased in accordance with 
progression of hepatic and lymphatic meta- 
stasis, as well as clinic stages (Figure 2B-D). 
Furthermore, it is worth mentioning that serum 
miR-22 was positively correlated with tissue 
miR-22 expression in RCC patients (R2 = 
0.1202, P < 0.001, Figure 2E). Afterwards, we 
detected the serum miR-22 expression in RCC 
patients pre- and post-operation, and found 
which was increased after surgical treatment 
(P < 0.001, Figure 2F). 

MiR-22 suppressed cell proliferation and colo-
ny formation in RCC cells 

To evaluate the function of miR-22 in RCC cells 
progression, Caki-1 cells were transduced with 
miR-22 mimics or miR-22 inhibitors and corre-
sponding negative controls respectively. Real-
time PCR was used to confirm the transfection 
effects (Figure 3A). Subsequently, we per-

formed MTT assay to detect the cell prolifera-
tion ability in Caki-1 cells, and found overex-
pressing miR-22 by miR-22 mimics reduced the 
cell proliferation (P < 0.01, Figure 3B), while 
knockdown of miR-22 using miR-22 inhibitors 
enhanced the cell proliferation (P < 0.001, 
Figure 3B). Afterwards, we performed colony 
formation assay to determine whether miR-22 
could affect the clonogenic capacity of RCC 
cells. Caki-1 cells transfected with miR-22 mim-
ics exhibited lesser focus numbers compared 
with the control cells (P < 0.001, Figure 3C). 
Whereas, inhibition of miR-22 eliminated the 
enhancing clonogenic capacity in Caki-1 cells (P 
< 0.001, Figure 3C). 

MiR-22 induced cell cycle arrest and promoted 
apoptosis in RCC cells 

To investigate the influence of miR-22 on cell 
cycle of RCC cells, we performed flow cytometry 
assay. As shown in Figure 4A, the proportion  
of the G0/G1 phases in Caki-1 cells transfect- 
ed with NC mimics, miR-22 mimics NC inhibi-
tors, miR-22 inhibitors was 68.02%, 73.87%, 
68.02% and 66.00%, respectively. So, we con-
clude that miR-22 could caused to the cell cycle 
arrested in Caki-1 cells (P < 0.001, Figure 4A), 
while transduction of miR-22 inhibitors could 
promote cell cycle entry in Caki-1 cells (P < 
0.01, Figure 4A). Next, Flow cytometry was  
performed to evaluate cellular apoptosis. As 
showed in Figure 4B, the proportion of the 
apoptotic cells in Caki-1 cells transfected with 
NC mimics, miR-22 mimics, NC inhibitors and 
miR-22 inhibitors was 2.82%, 12.4%, 2.83% 
and 2.19%, respectively. More apoptosis cells 
were detected in RCC cells by overexpressing 
miR-22 (P < 0.001, Figure 4B), whereas inhibi-
tion of miR-22 would neutralize this effect (P < 
0.01, Figure 4B). 

MiR-22 promoted migration and invasion in 
RCC cells

It’s well known that miRNAs are involved in 
tumor metastases, one of the major character-
istics of malignancy. Thereby, we performed 
wound healing assay to detect the influence of 
miR-22 on cell motility of Caki-1 cells. Compared 
with the controls, Caki-1 cells transfected with 
miR-22 mimics showed a wider wound area 24 
hrs after cell propagation, while inhibition of 
miR-22 would reverse this effect (P < 0.001, 
Figure 5A). Subsequently, we further investi-
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Figure 4. MiR-22 induced cell cycle arrest and promoted apoptosis in RCC cells. A: Cell cycle distribution was analyzed using flow cytometry with propidium iodide 
staining in Caki-1 cells (**P < 0.01, ***P < 0.001). B: The total apoptosis cells were determined using flow cytometry with PI staining and FACS analysis in Caki-1 
cells (**P < 0.01, ***P < 0.001).
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gated the cell migration and invasion capabili-
ties using Transwell assay. Caki-1 cells trans-
fected with miR-22 mimics had a significant 
decrease in the number of migrated cells in 

comparison with the controls (P < 0.001, Figure 
5B). Consistent with the finding in migration 
assay, Caki-1 cells overexpressing miR-22 
exhibited a significant increase in cell invasion 

Figure 5. MiR-22 inhibited RCC cells migra-
tion and invasion. A: Wound healing assay 
was used to detect the motor ability of Caki-1 
cells (***P < 0.001). B: Transwell assay was 
used to detect the migration of Caki-1 cells 
(Magnification, × 200, Scale bars, 10 µm, 
***P < 0.001). C: Cell invasion ability was 
detected by Transwell assay in Caki-1 cells 
(Magnification, × 200, Scale bars, 10 µm, 
***P < 0.001).
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Figure 6. ERBB3 is a direct target of miR-22. A. The seed sequence of ERBB3-3’UTR was conserved among species. B. Construction of luciferase report vectors. 
Here shows the sequence of miR-22 and the ERBB3 3’-UTR (Wild type or Mutant), which contains a predicted miR-22 binding site. C. The results of the luciferase 
assay in RCC cells co-transfected with miR-22 mimics and inhibitors and containing either the ERBB3 3’-UTR (WT) or mutant (Mut) constructs (*P < 0.05). D. The 
mRNA level of ERBB3 was detected by by qRT-PCR after transfected with miR-22 mimics, miR-22 inhibitors and their controls (*P < 0.05). E and F. The colony forma-
tion assay was performed to detect the clonogenic capacity in Caki-1 cells for rescue assays (***P < 0.001). G and H. Cell invasion ability was detected by Transwell 
assay in Caki-1 cells for rescue assays (Magnification, × 200, Scale bars, 10 µm, ***P < 0.001).
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ability compared with the controls (P < 0.001, 
Figure 5C). Meanwhile, knockdown of miR-22 
by miR-22 inhibitors could resisted the cell 
migration and invasion in Caki-1 cells (P < 
0.001, Figure 5B, 5C). 

ERBB3 is a novel target of miR-22 and coun-
teracts the Effect of miR-22 on cell growth and 
invasion

MiRNAs may suppress the expression of target 
genes through translational repression or deg-
radation of the target transcript. To the pres-
ent, the directly target of miR-22 in RCC was 
still largely unknown. We used bioinformatics 
method to screen the target of miR-22 and 
found ERBB3 was a potential target. Figure 6A 
shows the seed sequence of ERBB3-3’UTR, 
which may interacted with miR-22 was con-
served among species. To illustrate that ERBB3 
is a direct target of miR-22, ERBB3 wild-type 
(WT) or mutant (Mut) 3’-UTRs were sub-cloned 
into a luciferase reporter vector and co-trans-
fected with either miR-22 mimics or negative 
control (NC) into HEK-293T cells (Figure 6B). 
Then, luciferase activity was detected at 48 hrs 
after transfection. The results demonstrated 
that miR-22 markedly inhibited luciferase activ-
ity in cells transfected with the ERBB3 WT 
3’-UTR but had no influence on cells transfect-
ed with the mutant 3’UTR, meanwhile, block-
age of miR-22 increased the luciferase activity 
in cells transfected with the ERBB3 WT 3’-UTR 
but had no influence on cells transfected with 
the mutant 3’UTR (Figure 6C). To verify whether 
miR-22 negatively regulates endogenous ER- 
BB3, we analyzed the ERBB3 mRNA, and found 
that there was a negative correlation between 
ERBB3 and miR-22 expression in Caski-1 cells 
(Figure 6D). To confirm that miR-22 inhibits 
RCC cell growth and invasion via ERBB3, an 
expression vector pcDNA3.1/ERBB3, and an 
ERBB3 siRNA were used. Ectopic expression of 
ERBB3 counteracted the effects of miR-22 on 
RCC cell proliferation and invasion (Figure 6E 
and 6G). Meanwhile, knockdown of ERBB3 by 
siERBB3 counteracted the effects of miR-22 
inhibitors on RCC cell proliferation and inva- 
sion (Figure 6F and 6H). Thus, miR-22 inhibits 
proliferation and invasion by targeting ERBB3 
expression in RCC cells.

Discussion

MiR-22 has been reported to be dysregulated 
in diverse cancers, including non-small cell 

lung cancer, ovarian cancer, colon cancer and 
hepatocellular carcinoma [14, 17, 28, 29]. In 
our study, we found miR-22 is down-regulated 
in RCC tissues and serum of RCC patients. And 
we suggested miR-22 is down-regulated in the 
serum and tissue of RCC patients in our cohort. 
Interestingly, the expression level of miR-22 is 
negatively associated with hepatic metastatic 
sites and lymphatic metastasis, as well as the 
clinical stages. Moreover, low expression of 
miR-22 is associated with shorter patient sur-
vival. And the expression of miR-22 in the 
serum was positively correlated with RCC tis-
sues. In addition, the serum expression of miR-
22 could be increased by surgical treatment in 
RCC patients. Collectively, these findings imply 
miR-22 could act as a potential biomarker in 
RCC.

Abundant evidence suggested that miR-22 has 
a crucial effect on proliferation, cell cycle and 
apoptosis, migration and invasion [14, 15]. In 
the present, we performed numerous experi-
ments to assess the effect of miR-22 on the 
proliferation and invasiveness abilities of RCC 
cells. And we found the miR-22 function as a 
tumor suppressor in RCC. These results fully 
support that miRNAs can function as tumor 
promoters or tumor suppressors depending on 
its cell type [30]. In another word, miR-22 has 
two different roles in tumor progress. One is 
anticancer agent in lung, liver, prostate and 
stomach cancers [14, 16, 29, 31], the other is 
tumor promoter by inhibited the expression of 
PTEN (phosphatase and tensin homolog) [27]. 
Besides tumor diseases, miR-22 was found to 
be up-regulated in human senescent fibro-
blasts and epithelial cells, and could restore 
the cellular senescence program though CDK6, 
SIRT1, and Sp1 [20]. In the present study, we 
identified a novel target of miR-22, and we also 
discovered the down-regulation of miR-22 in 
RCC and its tumor suppressor roles in RCC 
cells, which was a supplementary for miR-22 
research in human diseases. However, the 
miRNA regulation network was so complex that 
the endogenous mechanism of miR-22 was still 
need to be further investigated in the subse-
quent studies.

Conclusion

In summary, our work indicated that miR-22 
was down-regulated both in the serum and tis-
sues of RCC patients. Moreover, the expression 
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of miR-22 is negatively associated with hepa- 
tic metastatic sites and lymphatic metastasis, 
as well as the clinical stages and prognosis.  
In addition, surgical treatment could increase 
miR-22 expression in the serum of RCC pa- 
tients. Furthermore, overexpression of miR-22 
inhibited Caki-1 cell proliferation, colony forma-
tion, cell motility, migration and invasion, as 
well as induced cell cycle arrest and promoted 
apoptosis in RCC cells, while blockage of miR-
22 reversed these effects in RCC cells. In addi-
tion, we found a novel directly target of miR-22 
in RCC cells. Consequently, the down-regulation 
of miR-22 expression may be one of the carci-
nogenic mechanisms of RCC. Detecting the 
serum level of miR-22 may be potential me- 
thod for RCC diagnose and therapy evaluation. 
Meanwhile, targeting miR-22 may serve as no- 
vel therapeutic strategy in RCC. 
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