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Abstract 

Background: miR-198 is involved in the formation, migration, invasion, and metastasis of various malignant cancers. 
However, the function and mechanism of action of miR-198 in the tumorigenesis of renal cell carcinoma (RCC) remain 
elusive. Here, we aimed to explore the role of miR198 in RCC.

Methods: Immunohistochemistry was performed to estimate the level of survivin in RCC sections. Quantitative 
real-time polymerase chain reaction was performed to determine the expression level of miR-198 in fresh RCC tissues. 
Furthermore, the target relationship between miR-198 and BIRC5 was predicted using the TargetScanHuman 7.2 
database and verified via dual-luciferase reporter assay and western blotting. The effects of miR-198 on the viability, 
apoptosis, invasion, and migration of A498 and ACHN cells were studied using Cell Counting Kit-8, flow cytometry, 
transwell migration assay, and wound healing assay, respectively. Additionally, a xenograft nude mouse model was 
established to evaluate the effect of miR-198 on RCC tumorigenesis.

Results: The expression levels of BIRC5 and miR-198 were respectively higher and lower in RCC tissues than those in 
normal adjacent tissues. Furthermore, miR-198 could inhibit luciferase activity and reduce the protein level of survivin 
without affecting the BIRC5 mRNA levels. miR-198 inhibited cell viability, migration, and invasion and promoted cell 
apoptosis; co-transfection with BIRC5 could rescue these effects. Moreover, miR-198 could repress tumor growth in 
the xenograft nude mouse model of RCC.

Conclusions: Our study demonstrates that miR-198 suppresses RCC progression by targeting BIRC5.
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Background
Renal cell carcinoma (RCC) is the most invasive and 
common renal cancer in adults. Globally, the number of 
RCC cases is increasing annually owing to the presence 
of multiple etiologies, [1]. Furthermore, only up to 10% 
of patients with RCC present with characteristic clini-
cal symptoms due to the lack of early warning signs [1]. 
Approximately 30% of patients with RCC present with 
metastases at the time of diagnosis [2]. RCC is resistant 
to  radiotherapy and chemotherapy, and early diagnosis 
and successful surgical resection can save the patient’s 
life [1]. The 5-year survival rate of patients with stage I, 
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II, III, and IV renal cancer after treatment is 92, 86, 64, 
and 23%, respectively [3]. These data suggest that the 
early diagnosis and prediction of renal cancer leads to an 
increased patient survival rate. In recent years, advanced 
drugs for malignant RCC that interfere with molecu-
lar targets involved in tumor growth and development 
have been used in clinical practice[2–4]. The developed 
drugs, including everolimus, sunitinib, and axitinib have 
achieved remarkable results but have not cured patients 
[4–6]. Therefore, it is crucial to identify biomarkers of 
RCC and explore their molecular mechanisms to design 
new therapy targets for RCC.

MicroRNAs (miRNAs) are small non-coding RNAs 
that are responsible for the post-transcriptional regula-
tion of gene expression by targeting their corresponding 
mRNA. The abnormal expression of miRNA has been 
correlated to various diseases, including cancers [7]. Dys-
regulated miRNAs are considered novel tumor inhibitors 
or oncogenes vital for the development and progression 
of cancer [8]. miR-198 has reportedly played an essen-
tial role in many cancers, including lung, breast, gastric, 
and liver cancers [9–12]. To illustrate, Hu et al. revealed 
that miR-198 acted as a tumor suppressor in aggressive 
breast cancer by not only inhibiting cell proliferation and 
migration but also promoting cell adhesion [11]. How-
ever, Liang et  al. reported that miR-198 induced onco-
genesis of lung cancer via upregulating livin expression 
[13]. However, the role of miR-198 in renal tumors has 
not been currently elucidated.
BIRC5 gene, the whole neme is Baculoviral inhibitor of 

apoptosis repeat-containing 5, which encodes the Sur-
vivin protein, i.e., the smallest member of the inhibitor 
of apoptosis family. BIRC5 is involved in many cancers, 
and the survivin protein has been identified as a cancer 
biomarker [14–16]. BIRC5 regulates cancer development 
by inhibiting cell apoptosis and inducing cell prolifera-
tion [17]. Additionally, increasing evidence demonstrates 
that BIRC5 is influences the aggressiveness of clear-cell 
RCC, and a high survivin expression level predicts a poor 
patient outcomes [18].

In this study, we aimed to explore the role of miR-198 
in renal carcinoma and reveal its underlying molecular 
mechanism.

Methods
Clinical specimens
Thirty sets of kidney specimens, including renal car-
cinoma tissues and adjacent normal tissues, were col-
lected from patients who underwent surgical resection 
of tumors at Haikou Municipal Hospital affiliated to 
Xiangya School of Medicine of Central South University 
from June 2016 to June 2018. This study was approved by 
the Ethics Committee of Hubei Polytechnic University 

and Haikou Municipal Hospital. All patients provided 
written informed consent.

Immunohistochemistry
RCC tissues and adjacent tissues were stained with an 
antibody against survivin (10,508–1-AP, Proteintech), 
secondary antibody (GB23303; Servicebio), and diamin-
obenzidine reagent (DAB Horseradish Peroxidase Color 
Development Kit; Beyotime) following a previously 
described method [19]. The stained tissues were imaged 
using an Olympus microscope at × 200 and × 400.

Cell culture
The human RCC cell line A498 and ACHN (China 
Center for Type Culture Collection, Wuhan, China) 
were cultured in Dulbecco’s modified Eagle’s medium 
(DMEM; Hyclone) containing 10% fetal bovine serum 
(FBS; Hyclone) in a cell incubator (Thermo) with 5%  CO2 
at 37  °C. Cell transfection was performed with Lipo-
fectamine™ 2000 reagent (Invitrogen) according to the 
manufacturer’s instructions.

Plasmids
The 600-bp 3′-UTR (untranslated region) of BIRC5, 
which encodes survivin, was amplified by polymerase 
chain reaction (PCR) using human genomic DNA as the 
template. The PCR product was digested with SacI and 
HindIII and cloned into the pMIR-REPORT™ luciferase 
vector (Promega), resulting in a plasmid encoding a lucif-
erase reporter protein BIRC5-WT. The miR-198 bind-
ing site in the 3′-UTR of the gene encoding BIRC5-WT 
was mutated using point mutation by PCR as previously 
described [20] so that the mutant gene encodes reporter 
BIRC5-MUT. The BIRC5 eukaryotic expression plas-
mid FLAG-BIRC5 was cloned from cDNA and inserted 
into pCDNA3.1-FLAG (Addgen) with KpnI and HindIII 
restriction sites. The primers used are listed in Table  1. 
miR-198 mimic, miR-198 inhibitor, and scrambled 
miRNA mimic were synthesized by RioboBiO (Guang 
Zhou, China).

Extraction of total RNA and quantitative real‑time PCR
Total RNA was extracted from the clinical samples and 
cell lines using TRIzol reagent (TaKaRa). Complemen-
tary DNA (CDNA) of BIRC5 was reverse transcribed 
from RNA using HiScript II Q RT SuperMix (R223-01, 
Vazyme). mRNA expression was determined by quan-
titative reverse transcription PCR (QRT-PCR) with 
ChamQ™ SYBR® qPCR Master Mix (Q311-02, Vazyme) 
using QuantStudio Q5 (Applied Biosystems). GAPDH 
was used as the internal reference for BIRC5 mRNA. 
The relative expression of the genes was calculated using 
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the  2−ΔΔCt method. The following primers were used for 
quantitative PCR:

GAPDH‑F: 5’ATC GTG GAA GGA CTC ATG ACC3’

GAPDH-R: 5’AGG GAT GAT GTT CTG GAG AGC3’

BIRC5-F: 5’AGG ACC ACC GCA TCT CTA CAT3’

BIRC5-R: 5’AAG TCT GGC TCG TTC TCA GTG3’

miR-198 quantification was performed using the 
following protocol: CDNA of miR-198 and U6 were 
reverse transcribed using miRNA 1st Strand cDNA 
Synthesis Kit (MR101-01, Vazyme) with miR-198 RT 
primer (ssD809230220, RioboBiO) and U6 RT primer 
(ssD0904071008, RioboBiO), respectively. Then we 
estimated the miR-198 expression level in the miR-
198 CDNA library using miRNA Universal SYBR 
qPCR Master Mix (MQ101-01) with miR-198 forward 
(ssD809230912, RioboBiO) and reverse (ssD089261711, 
RioboBiO) primers. Furthermore, we tested the U6 
expression level in the U6 cDNA library with U6 
forward (ssD0904071006, RioboBiO) and reverse 
(ssD0904071007, RioboBiO) primers.. The data were nor-
malized to the U6 expression level and analyzed using the 
 2−ΔΔ Ct method (Additional file 2).

Western blots
A498 and ACHN cells were transfected with the indi-
cated miR-198 or scrambled miRNA mimic for 48  h. 
Total protein was then extracted from the cells using 
radioimmunoprecipitation assay (RIPA) lysis buffer 
(Beyotime) according to the manufacturer’s protocol. 
Next, the cell lysates were subjected to western blotting 
with antibodies against survivin (10508-1-AP, Protein-
tech), β-tubulin (HRP-66031, Proteintech) or β-Actin 
(GB11001, Servicebio) (Additional file 2).

Each group of tumor tissues in the mouse model was 
assessed for survivin expression; 20 mg of tumor tissues 
were weighed and quick-frozen in liquid nitrogen, fol-
lowed by homogenization with 500 μl RIPA lysis buffer. 
After homogenization, the lysates were incubated in a 
4 °C shaking table for 2 h to allow further lysis; the lysates 
were then centrifuged at 13000  g × 10  min, 4  °C. The 
supernatant was mixed with loading buffer and boiled at 
100 °C for 15 min, then stored at − 80 °C.

Dual‑luciferase reported assay
Luciferase assays were performed as described previously 
[20]. Briefly, A498 and ACHN cells cells were cultured in 
a 24-well plate and co-transfected with 150 ng of BIRC5-
WT or BIRC5-MUT plasmid with 100  nM miR-198, 
scrambled mimic of miR-198, or 10 ng of pRL-TK vector 
(Promega). After 48 h, the cells were lysed, and the lysates 
were used for luciferase assays using the Dual-Glo Lucif-
erase Assay kit (Promega). Fluorescence was measured 
using the Promega GloMaxTM 20/20 Luminometer, and 
luciferase activity was normalized with the ratio of fluo-
rescence values of firefly luciferase and Renilla luciferase.

Cell viability assay
A498 and ACHN cells were seeded in a 96-well plate and 
transfected with a scrambled mimic of miR-198, miR-
198, and miR-198 + FLAG-BIRC5 for 0, 24, and 48  h. 
Then, cell viability was determined using a Cell Count-
ing Kit-8 Kit (Dojindo Laboratories, Japan) according to 
the manufacturer’s instructions. Cell viability was deter-
mined by measuring the absorbance at 450  nm using 
a microplate reader. We regarded the absorbance at 
450 nm as the cell viability rate.

Cell cycle assay
The effect of miR-198 on the cell cycle in RCC was 
assayed using the Cell Cycle Staining Kit (Beyotime). 
After transfection with miR-198 or its scrambled mimic 
for 48  h, A498 cells were washed with phosphate-buff-
ered saline (PBS), trypsinized, fixed in 70% ice-cold etha-
nol, and incubated with 100  mg/mL RNase and 4  mg/
mL propidium iodide (PI) in PBS. The cell cycle phase 
of the cells was analyzed using a flow cytometer (FC500; 
Beckman Coulter) and was analyzed using CXP software 
(Beckman Coulter).

Apoptosis assay
The effects of miR-198 on cell apoptosis were measured 
using the Annexin V-FITC/PI apoptosis detection kit 
(Beyotime) according to the manufacturer’s instruc-
tions. A498 and ACHN cells cells were transfected with 
a scrambled mimic of miR-198, miR-198, and miR-
198 + FLAG-BIRC5 for 48 h and then treated with puro-
mycin aminonucleoside (100  µg/mL) for 48  h to induce 
apoptosis. The cells were then washed twice with cold 

Table 1 The primers for plasmids

Name Forward primer Reverse primer

FLAG-BIRC5 cccAAG CTT ATG GGT GCC CCG ACG TTG C ggGGT ACC TCA ATC CAT GGC AGC CAG CTG 

BIRC5-WT gcgcgcGAG CTC GGC CTC TGG CCG GA gcgcgcAAG CTT AAG CCA TGT TGT TAA 

BIRC5-MUT CAG TGA ATG TGT TTA AAC CTC AAC AAC ATG AGG TTT AAA CACAT 
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PBS, digested with trypsin with EDTA, neutralized with 
DMEM, and harvested. After washing with cold PBS two 
times, the cells were then resuspended in 200 µL of bind-
ing buffer and stained with 5 µL of Annexin V-FITC and 
10 µL of PI at room temperature for 15 min. Cell apopto-
sis was analyzed using a Coulter FC500 instrument. The 
flow cytometry data were analyzed using CXP software. 
We calculated the percentage of apoptotic cells by the 
percentage of cells in the upper right quadrant (Annexin 
V-FITC-positive, PI-positive) and cells in the lower right 
quadrant (Annexin V-FITC positive, PI-negative).

Wound healing assay
A498 and ACHN cells were transfected with a scram-
bled mimic of miR-198, miR-198, and miR-198 + FLAG-
BIRC5. After 36 h, the cells in the middle of the well were 
scratched using a 10 μL pipette tip. The cells were visual-
ized under × 100 magnification (Olympus microscope) at 
0 and 24 h after scratching, and the extent of cell migra-
tion was analyzed using ImageJ software.

Transwell assay
A498 and ACHN cells were transfected with a scram-
bled mimic of miR-198, miR-198, and miR-198 + FLAG-
BIRC5 for 48  h. Next, the cells were digested, 
resuspended, and plated in a transwell chamber (Corn-
ing) previously coated with Matrigel 1:8 diluted with 
serum-free DMEM (BD), with 100 µL of serum-free 
DMEM, while out the part with 500 µL of 10% FBS 
DMEM. The cells in the transwell chamber were cul-
tured for 12 h in an incubator, fixed with methyl alcohol 
for 20  min, stained with 0.1% crystal violet for 10  min, 
washed several times with 1 × PBS, and imaged at 
40 × using an Olympus light microscope. The number of 
invasive cells was counted using ImageJ software.

Xenograft tumor model
The mouse studies were approved by the Ethics Commit-
tee of Hubei Polytechnic University. Male BALB/C-nu/
nu nude mice aged 6–8  weeks were used in the experi-
ments. A498 cells were transfected with miR-198, its 
specific inhibitor, or its scrambled mimic for 48  h. The 
cells were then harvested, washed with cold PBS, and 
suspended at a density of 5 ×  106 cells/mL in PBS. The 
well-treated A498 cells, at a density of 5 ×  105 cells/100 
μL, were injected subcutaneously in the lateral side of the 
right rear leg (n = 6). Tumor diameters were measured 
using vernier calipers every 2  days, and tumor volumes 
were calculated using the formula  (width2 × length/2). 
The mice were sacrificed at the end of each experiment, 
and tumors were excised, weighed, imaged, and fixed for 
further characterization.

Statistical analysis
Orange 8.5 and GraphPad Prism 6.0 software were 
used for statistical analyses. All data were presented 
as means ± standard deviations. A t-test and one-way 
ANOVA (analysis of variance) were used to compare 
differences between groups. P < 0.05 was considered 
statistically significant.

Results
Expression of BIRC5 in RCC 
We investigated the role of BIRC5 in RCC by character-
izing its expression using quantitative PCR and immu-
nohistochemistry (IHC). BIRC5 was overexpressed in 
7 RCC patients compared with that in adjacent tissues 
(Fig.  1C). The level of survivin was assayed using IHC 
with the survivin antibody, and RCC tissues exhibited 
intense survivin staining (Fig.  1A–B). Surprisingly, 
Zhang et  al. also reported a high expression of BIRC5 
in RCC tissues and RCC cell lines, especially in A498 
cells [21]. These results suggest that BIRC5 contributes 
to RCC.

miR‑198 suppresses BIRC5 expression
To get predicted targets of miR-198, Huang et al. con-
ducted the prediction process online via 14 miRNA 
database and selected  127 mRNAs as the predicted 
targets [22]. BIRC5 was of particular interest since its 
expression has been identified as a cancer biomarker 
in many types of cancers [14–16]. Using TargetScan 
Human 7.2 database, we located one binding sites for 
miR-198 at the 3 ‘UTR of the BIRC5 mRNA, however 
the miR-198 site within BIRC5 3’UTR is not conserved 
(Fig. 2A). To verify weather the miR-198 binds to BIRC5 
3’UTR, we cloned the wild-type and mutated 3′-UTR 
of BIRC5 into a pMIR-reporter vector as BIRC5-WT 
and BIRC5-MUT, respectively, and performed dual-
luciferase reporter assay in A498 and ACHN cells. The 
luciferase activity of the cells co-transfected with miR-
198 and BIRC5-WT was significantly lower than that of 
the cells co-transfected with the scrambled mimic and 
BIRC5-WT; in contrast, the co-transfection of miR-198 
and BIRC5-MUT did not affect the luciferase activity 
(Fig. 2C–D). These results indicate that miR-198 could 
bind to the 3′-UTR of BIRC5 in RCC. We also examined 
the expression of miR-198 in eight pairs of fresh RCC 
tissues and adjacent tissues using quantitative PCR. The 
expression of miR-198 in RCC tissues was significantly 
lower than that in adjacent tissues (Fig.  2B). Further-
more we porfermed the QRT-PCR and Western blot 
to assessed the effect of miR-198 on BIRC5 expres-
sion, and found that miR-198 did not affect the mRNA 
expression of BIRC5 (Fig. 2E) but decreased the level of 
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survivin (Fig.  2F–G). These results show that miR-198 
is bound to the 3′-UTR of BIRC5 and suppressed the 
level of survivin.

miR‑198 promotes the apoptosis of RCC cells and inhbits 
the cell viability
BIRC5 reportedly plays a crucial role in RCC develop-
ment, including in cell viability, metastasis, and survival 

[21]. Our previous results confirmed that miR-198 can 
decrease the protein expression level of BIRC5 (Fig.  2). 
Thus, we studied the effects of miR-198 on RCC devel-
opment by transfecting the A498 and ACHN cells with 
scrambled mimic, miR-198, and miR-198 + FLAG-
BIRC5 and measuring cell viability, apoptosis, and cell 
cycle experiments. We examined the viability of A498 
and ACHN cells in 96-well plates at 0, 24, and 48 h three 

Fig. 1 BIRC5 is overexpressed in renal cell carcinoma. A Fifteen pairs of renal cell carcinoma (RCC) tissues and adjacent tissues were subjected to 
immunohistochemistry staining to characterize the level of survivin. B Statistical analysis. Analysis of the positive signal (IOD) of survivin in RCC and 
adjacent tissues using image pro plus 6.0. ****P < 0.0001. C qRT-PCR was performed to compare the mRNA expression of BIRC5 in RCC and adjacent 
tissues. The expression of BIRC5 was significantly upregulated in RCC tissues
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times and found that miR-198 suppressed the viability 
of RCC cells and BIRC5 blocked the effect of miR198 
(Fig.  3D–E). Additionally, apoptosis assays showed that 
miR-198 increased the apoptosis of RCC cells, whereas 
co-transfection with BIRC5 could rescue the apoptosis 
(Fig.  3A–C). Furthermore, we performed the cell cycle 
assay and found that miR-198 did not affect the cell 
cycle (Additional file 1: Fig. S1). These results reveal that 
miR-198 might impede cancer cell development through 
apoptosis by suppressing BIRC5 expression.

miR‑198 decreases the migration and invasion capabilities 
of RCC 
Understanding how tumor cells develop heterogene-
ity, invade local tissues, and spread to distant tissues 
is a primary goal of cancer research [23]. Therefore, we 
studied the role of miR-198 in RCC progression using 
wound healing assay and transwell assay. A498 and 
ACHN cells were transfected with scrambled mim-
ics of miR-198, miR-198, and miR-198 + FLAG-BIRC5. 
After 36  h, the cells were subjected to the wound heal-
ing and transwell assays. The wound healing assay results 
showed that, compared with the control group, miR-198 
overexpression inhibited the migration of RCC cells in 
miR-198 group, and BIRC5 co-expression with miR-198 
reversed this effect (Fig.  4A–C). Similarly, the transwell 
assay results showed that miR-198 overexpression sig-
nificantly decreased the invasion ability of RCC cells and 
that BIRC5 suppressed this effect of miR-198 (Fig. 4D–F). 
These results suggest that miR-198 suppressed cancer 
cell development by inhibiting cancer cell migration and 
invasion.

miR‑198 inhibits RCC growth in vivo
The results of the in  vitro experiments suggested that 
miR-198 inhibited RCC via inhibiting cell viability, 
migration and invasion and promoting apoptosis (Figs. 3 
and 4). Then, we evaluated whether miR-198 affected 
renal tumor growth in  vivo using a xenograft tumor 
model. We transfected A498 cells with miR-198, miR-
198 scrambled mimic, or miR-198 inhibitor. We injected 

the transfected cells into nude mice, monitored tumor 
growth by measuring tumor length and width every 
2  days, and excised the tumor after 22  days. Compared 
with the scrambled mimic, miR-198 could suppress the 
renal tumor size, whereas the miR-198 inhibitor could 
block the repressive effect of miR-198 on renal tumor size 
(Fig. 5A). The growth curve of a renal tumor showed that 
miR-198 could slow the tumor growth rate, and its effect 
was blocked by miR-198 inhibitor (Fig. 5C). In addition, 
we observed a similar result on the effect of miR-198 and 
its variants on tumor weight (Fig. 5B). Furthermore, we 
investigated the expression of survivin in each group of 
tumor tissues through western blotting and found that, 
compared with the mimic group, the expression of sur-
vivin was downregulated in the miR-198 group, and 
the miR-198 inhibitor could block its downregulation 
(Fig. 5D). Data from the in vivo tumor model suggest that 
miR-198 suppresses renal tumor growth.

Discussion
In this study, the expression level of miR-198 was down-
regulated in RCC tissues compared with that in adjacent 
tissues in all 7 pairs of RCC samples (Fig. 2B). Moreover, 
the expression level of BIRC5 in RCC tissues was higher 
than that in adjacent tissues (Fig. 1). Owing to limitations 
in sample size, further studies with larger sample sizes to 
confirm that miR-198 is a potential marker of RCC are 
warranted.

miR-198 overexpression could significantly reduce cell 
viability and promote cell apoptosis by targeting BIRC5 
(Fig.  3); furthermore, it can decrease cancer cell migra-
tion and invasion, whereas BIRC5 coexpression could 
reverse this effect (Fig.  4). The in  vivo tumor growth 
model revealed that miR-198 could reduce the renal 
tumor size, weight, and growth rate; the tumor growth 
rate in the miR-198 inhibitor group was similar to that 
in the mimic group (Fig. 5). Therefore, it is highly likely 
that the low expression level of miR-198 is responsible for 
RCC development and tumor growth. Mechanistically, 
we showed that miR-198 inhibited renal cell growth by 
posttranslationally suppressing survivin levels by binding 
to the 3′-UTR of BRIC5 and reducing protein translation 

Fig. 2 miR-198 decreases the expression of BIRC5. A Bioinformatics analysis of miR-198 and BIRC5 using TargetScanHuman 7.2. The graphic model 
of the binding site of miR-198 in the 3′-UTR of BIRC5. B qRT-PCR. miR-198 expression was quantified in 7 pairs of fresh RCC and adjacent tissues. C 
Luciferase assay. A498 and ACHN cells were co-transfected with BIRC5-WT + pRL-TK, mimic + BIRC5-WT + pRL-TK, miR-198 + BIRC5-WT + pRL-TK, 
and miR-198 + BIRC5-MUT + pRL-TK; The cells were harvested 48 h later for dual-luciferase assay. D Point mutation model of BIRC5 dual-luciferase 
reporter vector. BIRC5-WT is the luciferase reporter vector with wild-type BIRC5 3′-UTR, and BIRC5-MUT is the luciferase reporter vector with BIRC5 
3′-UTR with a mutated miR-198 binding site. E A498 cells were treated with the scrambled mimic and miR-198; After 48 h, qRT-PCR was performed. 
**P < 0.01; ****P < 0.0001. F A498 cells were treated as described in (E); after 48 h, the cell lysates were subjected to western blotting with survivin 
and tubulin antibodies. ****P < 0.0001. G ACHN cells were treated with the scrambled mimic and miR-198; after 48 h, the cells underwent western 
blotting analysis with indicated antibodies. ****P < 0.0001

(See figure on next page.)
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Fig. 2 (See legend on previous page.)
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without affecting mRNA transcription (Fig.  2). Col-
lectively, we conclude that BIRC5/survivin is a down-
stream target of miR-198. Similar to this finding, the 
upregulation of BIRC5 expression in RCC tissues and 

the promotion of tumorigenesis were reported by Zhang 
et  al. [21]. More interestingly, Huang et  al. showed that 
miR-198 as well as its potential target genes, including 

Fig. 3 miR-198 affects cell growth. A Apoptosis assay. A498 and ACHN cells were transfected with the scrambled mimic, miR-198, and 
miR-198 + FLAG-BIRC5 for 36 h, following which, they were treated with 100 μg/ml of puromycin for 36 h, and analyzed using flow cytometry. B 
Statistical analysis of the apoptosis rate in A498 cells in (A). **P < 0.01. C Statistical analysis of the apoptosis rate in ACHN cells in (A). ****P < 0.0001. D 
CCK8 assay of A498 cells. A498 cells were transfected with the scrambled mimic, wild-type miR-198 and miR-198 + FLAG-BIRC5. Then, 5 μL of CCK-8 
solution was added to the cells, and cell viability rate was determined using an enzyme marker at 0, 24, and 48 h. *, P < 0.05; **P < 0.01. E CCK8 assay 
of ACHN cells. ACHN cells were treated as described in (D). *P < 0.05

Fig. 4 miR-198 regulates cell migration and invasion. A A498 and ACHN cells were transfected with the scrambled mimic of miR-198, wild-type 
miR-198, and miR-198 + FLAG-BIRC5; after 36 h, cells were analyzed using the wound healing assay, and the results were determined at 0 and 24 h. 
B Statistical analysis of the cell migration ratio of A498 cells using Image J. ****P < 0.0001. C Statistical analysis of the cell migration ration of ACHN 
cells. ****P < 0.0001. D Transwell assay. A498 and ACHN cells were treated as described in (A), after 36 h, the cells were digested, resuspended, and 
cultured in a Matrigel-coated transwell chamber and tested for invasion after 12 h. E Statistical analysis of cell invasion of A498 cells using Image J. 
****P < 0.0001. F Statistical analysis of cell invasion of ACHN cells. ****P < 0.0001

(See figure on next page.)
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Fig. 4 (See legend on previous page.)
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BIRC5, were downregulated in HCC [22]. These reports 
are all consistent with our results.

A previous study reported that low miR-198 expres-
sion in other types of tumors and miR-198 overexpres-
sion could inhibit tumorigenesis. For instance, miR-198 
inhibits lung cancer cells and human osteosarcoma 
by directly targeting FGFR1 and ROCK1, respectively 
[24]. miR-198 inhibits via the targeting of [25]. How-
ever, Liang et  al. showed that miR-198 contributed to 
the oncogenesis of lung adenocarcinoma by inducing 
livin expression but did not test the expression of miR-
198 [13]. Furthermore, miR-198 inhibits HCC cells by 
targeting the HGF/c-MET pathway [9]. Additionally, 

miR-198 represses tumor growth and metastasis in 
colorectal cancer by targeting fucosyl transferase 8 [26]. 
These studies indicate that miR-198 plays a crucial role 
in tumorigenesis in various cancer types by targeting 
different downstream genes.

Conclusions
In summary, we demonstrated that miR-198 expres-
sion is repressed in RCC tissues. The overexpression of 
miR-198 inhibits A498 cell viability and migration, pro-
motes cell apoptosis, and blocks tumor growth in xen-
ograft nude mouse models. BIRC5 is a novel target in 
miR-198-mediated invasion and migration of RCC. We 

Fig. 5 miR-198 inhibits the growth of renal cell carcinoma. A498 cells were transfected with the scrambled mimic of miR-198, wild-type miR-198, 
or miR-198 inhibitor. After 36 h, the cells were collected and injected into nude mice (n = 6). Each tumor’s width and length were measured daily; 
after 24 days, the nude mice were sacrificed to excise the tumor. A Tumor images. B Weight of the tumors. *P < 0.05; **P < 0.01. C Growth curve of 
the tumors. **, P < 0.01. D The expression of Survivin in each group of tumor tissues (n = 3) was tested by Western Blot with indicated antibodies. 
**P < 0.01
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suggest that miR-198 is a potential biomarker and novel 
therapeutic target for RCC.
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