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ABSTRACT
In this study, we investigated the mechanism of miR-200c-3p and SLC6A1 in regulating cell activity of clear
cell renal cell carcinoma (CCRCC). The mRNA and miRNA expressions of tissue specimens were analyzed
by CapitalBio Corporation (Beijing, China). The expression of SLC6A1 in CCRCC cells was examined through
qRT-PCR and western blot. The migration and invasion ability of 786-O cells was testified by transwell
assay after transfected. 786-O cell proliferation ability was detected by MTT assay. Dual luciferase reporter
assay verified the association between SLC6A1 and miR-200c-3p. SLC6A1 was high expressed and miR-
200c-3p was low expressed in CCRCC tissues and cells. Besides, lower SLC6A1 expression indicated longer
survival time and higher survival rate. MiR-200c-3p could directly target at SLC6A1 and reduce its
expression. MiR-200c-3p inhibited the proliferation, migration and invasion in 786-O cells by down-
regulating SLC6A1 expression. The results suggested that the miR-200c-3p served as a suppressor for
CCRCC via down-regulating SLC6A1.
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Introduction

Renal cell carcinoma (RCC), has the highest mortality rate
among patients with urological malignancies for its high rates of
recurrence, metastases and resistance to radiotherapy and che-
motherapy,1 which has been enjoying its increasing incidences
around the world for years.2 Generally, the standard treatment
for RCC involves radical chemotherapy,3 tumor nephrectomy,
and nephron surgery.4 However, owing to obscure incipient
symptoms and high-frequent metastases of CCRCC, there is a
very poor clinical outcome for patients.5 Approximately 30% to
40% of patients generate metastases after radical nephrectomy,
let alone 30% of CCRCC patients present with disseminated
tumor stage at diagnosis.6 Hence, there is an urgent need to fur-
ther study the development of CCRCC and find more effective
therapeutic methods for people with CCRCC.

MicroRNAs (miRNAs), a class of small endogenous noncoding
RNA molecules, play a vital role in gene expression regulation via
interacting with specific transcripts. Increasing studies have shown
that miRNAs take part in several processes of tumorigenesis,
involving proliferation, migration, invasion and metastasis,7,8

which suggests potential values of miRNAs for disease biomarkers
and new targets. Unsurprisingly, several kinds of miRNAs, which
had unusual expression level in carcinoma cells, were observed to
take a role in CCRCC prognosis. For example, Gao Y et al.
reported that miR-155 promoted the proliferative and invasive
ability of CCRCC cells via suppressing E2F2 expression.9

Wotschofsky Z et al. found three miRNAs (miR-146a-5p, miR-
128a-3p, miR-17-5p) whose upregulation were in accordance with
CCRCC metastasis.10 With further exploration of miRNAs
involvement in human cancers, researchers have uncovered strong
connections between miR-200c-3p and carcinoma cells. MiR-
200c-3p is in part responsible for the survival rate of patients with
high-grade serous ovarian carcinoma.11 Through miRNA target
prediction analysis, Chang et al. suggested that miR-200c-3p tar-
geted breast oncogenes, which contributed to patient survival.12 A
previous studies showed that miR-200c-3p decreased the meta-
static ability of CCRCC by regulating E-cadherin through ZEB1.13

Hence, above mentioned discoveries provided strong indication
that miR-200c-3p might contribute to CCRCC prognosis and
become valuable therapeutic targets.

SLC6A1 encodes the voltage-dependent g-aminobutyric acid
(GABA) transporter (GAT-1) that undertakes to recycle GABA in
the synaptic structure.14 Previous studies concerning SLC6A1 and
GAT-1 mainly concentrate on their neurological functions and
their involvement in nervous disorders. Mutation or impaired
expression of SLC6A1 has been found playing a vital part in vari-
ous neurological diseases, such as epilepsy,15 hippocampal sclero-
sis,16 and schizophrenia.17 Apart from neurological disorders,
SLC6A1 was also found ectopically expressed in various human
cancers such as ovarian cancer and gastric cancer.18,19

In present study, we discovered that miR-200c-3p impeded
the CCRCC cells from proliferating, migrating and invading
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via interacting with SLC6A1. Our study would contribute to
provide new treatment target for patients with CCRCC.

Results

SLC6A1 was high expressed in CCRCC tissues

Differentially expressed mRNAs were screened out by the
TCGA series (Figure 1A). 20 most-aberrant expressed miRNAs
were illustrated (10 up-regulated and 10 down-regulated) in
CCRCC tissues compared to in adjacent normal tissues
(Figure 1B). SLC6A1 was one of the top 10 up-regulated miR-
NAs and the expression level was averagely 2.118242907 times
higher in the CCRCC tissues than in the adjacent normal

tissues (adj.P.Val D 3.25E-20). The results of qRT-PCR and
western blot showed that the expression level of SLC6A1 of
tumor tissues was higher than that of adjacent tissues (P<0.05,
Figure 1C-1D). Log-rank test results showed that the survival
rate of patients with high SLC6A1 expression was significantly
lower than patients with low SLC6A1 expression (P<0.05,
Figure 1E). According to pathological characteristics of 82
patients, SLC6A1 expression was notably related with clinical
stage (P D 0.0138), tumor stage (P D 0.0380), lymph node
metastasis (P D 0.0016) and distant metastasis (P D 0.0277),
while not related with gender, age, or tumor size (all P>0.05,
Table 1). Furthermore, SLC6A1 could provide a high accuracy
on CCRCC tissue identification estimated by ROC curve analy-
sis (Figure 1F), suggesting the prognostic value of SLC6A1 in

Figure 1. SLC6A1 was high expressed in CCRCC tissues. (A) Abnormal expression mRNAs in CCRCC tissues were reflected by the volcano plot. (B) The heat map showed
SLC6A1 was a higher-expression mRNA in CCRCC tissues than in adjacent tissues. (C) SLC6A1 was high expressed in tumor tissues according to qRT-PCR.

�
P<0.05, com-

pared with adjacent tissues. (D) SLC6A1 was high expressed in tumor tissues according to western blot.
�
P<0.05, compared with adjacent tissues. (E) Patients with lower

SLC6A1 expression had higher overall survival rate and longer survival time shown by Kaplan-Meier curve. (F) An ROC curve built on a univariate classification model
based on SLC6A1 expression across independent TCGA dataset for predicting CCRCC.
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clinical application for CCRCC. To further investigate whether
the upregulated SLC6A1 correlated with the survivals of the
CCRCC patients, we performed Kaplan-Meier and Cox’s pro-
portional hazards regression model analysis and found that
high SLC6A1 level was significantly correlated with poor overall
survivals of CCRCC patients (Table 2), indicating that the asso-
ciation between SCL6A1 and survival was independent of other
clinical variables.

SLC6A1 knockdown inhibited CCRCC cells to proliferate,
migrate and invade

SLC6A1 siRNA transfection significantly downregulated the
expression of SLC6A1 (P<0.05, Figure 2A), and pcDNA3.1-
SLC6A1 transfection significantly upregulated the expression of
SLC6A1 (P < 0.05), indicating that the transfection was con-
ducted successfully. At 48h, cell number in SLC6A1 siRNA
group showed a significant decrease and continued the trend in
the following hours, indicating that SLC6A1 siRNA could

inhibit cell proliferation (P<0.05, Figure 2B). The cell prolifera-
tion activity in SLC6A1 group had the opposite trend occurred.
SLC6A1 siRNA could inhibit 786-O cells migration and inva-
sion as well, while SLC6A1 could promote the migration and
invasion ability of 786-O cells (both P<0.05, Figure 2C-2D).
Therefore, it came to a conclusion that SLC6A1 overexpression
accelerated cell proliferation, migration and invasion, whereas
SLC6A1 knockdown inhibited CCRCC cells to proliferate,
migrate and invade.

MiR-200c-3p targeted at SLC6A1 directly

MiR-200c-3p was significantly low expressed in tumor tissues
(P < 0.05, Figure 3C, Supplementary Table S1), and it could
target at SLC6A1 3’UTR as shown in Figure 3A. After co-trans-
fection with miR-200c-3p mimics and SLC6A1 3’UTR-wt into
HEK-293T cells, luciferase activity in 786-O cells decreased sig-
nificantly (P<0.05, Figure 3B), while little changed in co-trans-
fection group with SLC6A1 3’UTR-mut and miR-200c-3p
mimics (P>0.05, Figure 3B). Hence, we confirmed that miR-
200c-3p directly targeted at SLC6A1. Furthermore, the Pearson
Correlation Analysis demonstrated that miR-200c-3p was neg-
atively correlated with SLC6A1 with P<0.01 and R2 D 0.524
(Figure 3D).

MiR-200c-3p reversed the effects of SLC6A1

MiR-200c-3p mimics and SLC6A1 cDNA could inhibit and
promote SLC6A1 expression respectively, but their combina-
tion failed to affect SLC6A1 expression (both P<0.05,
Figure 4A). Compared with control group, cell proliferation
decreased in miR-200c-3p mimics group but increased in
SLC6A1 group (both P < 0.05). However, joint expression of
miR-200c-3p and SLC6A1 failed to affect 786-O cell prolifer-
ation (P > 0.05, Figure 4B). MiR-200c-3p mimics could
effectively inhibit cell invasion and migration, which was
opposite to the synergist effect of SLC6A1 cDNA (both

Table 1. Clinicopathologic characteristics of patients in the study.

The expression of SLC6A1

Clinicopathologic
Characteristics

High expression
(nD 56)

Low expression
(n D 26) P value

Gender Male 42 19 0.8527
Female 14 7

Age(years) <60 26 14 0.5318
�60 30 12

Tumor size(cm) <4 21 15 0.0864
�4 35 11

Clinical stage I-II 8 10 0.0138*

III-IV 48 16
Tumor stage T1-T2 31 8 0.0380*

T3-T4 25 18
Lymph node metastasis Absence 36 7 0.0016**

Presence 20 19
Distant metastasis Absence 34 9 0.0277**

Presence 22 17

�P < 0.5, **P < 0.01 determined by Chi-Square test.

Table 2. Univariate and multivariate analyses of clinicopathological characteristics.

　 Univariate analysisa Multivariate analysisb

　 HR (95% CI) P HR (95% CI) P

laterality 1.454 (1.056-2.003) 0.021 1.390 (0.962-2.009) 0.08
gender 0.950 (0.684-1.321) 0.762
age 0.823(0.458–1.478) 0.514
person neoplasm cancer status 6.080 (4.241-8.717) <0.001 3.540 (2.322-5.397) <0.001
lactate dehydrogenase 1.488 (0.507-4.363) 0.467
serum calcium 0.756 (0.530-1.079) 0.122
hemoglobin 2.109 (1.450-3.068) <0.001 1.364 (0.886-2.102) 0.159
platelet qualitative 2.415 (1.690-3.450) <0.001 1.680 (1.121-2.518) 0.012
white cell count 0.696 (0.486-0.998) 0.047 0.998 (0.667-1.494) 0.992
stage event system version 0.698 (0.252-1.932) 0.486
stage event pathologic stage 4.591 (3.242-6.502) <0.001 2.406 (1.540-3.757) <0.001
Neoplasm histologic grade 2.838 (1.950-4.129) <0.001 1.168 (0.757-1.801) 0.484
T stage 5.149 (2.691-9.852) <0.001 1.975 (0.889-4.388) 0.095
N stage 1.559 (0.354-6.876) 0.555
M stage 0.253 (0.062-1.027) 0.038 0.367 (0.080-1.677) 0.196
Has-miR-200c 0.580 (0.344-0.977) 0.038 0.571 (0.325-1.002) 0.051
SLC6A1 1.498 (1.084-2.072) 0.014 1.454 (1.056-2.003) 0.021

aThe data were subjected to Cox’s proportional hazards regression model. Bold italics indicate statistically significant values (P < 0.05).
bMultivariate analysis used stepwise addition and removal of clinical covariates found to be associated with survival in univariate models (P < 0.05) and final models,
include only those covariates that were significantly associated with survival (Wald statistic, P < 0.05). Bold italics indicate statistically significant values (P < 0.05).
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P<0.05). Similarly, joint expression of miR-200c-3p and
SLC6A1 displayed no significant difference (P > 0.05,
Figure 4C-4D). Therefore, miR-200c-3p could reverse effects
of SLC6A1.

Effects of the miR-200c-3p and SLC6A1 on CCRCC in vivo

The orthotopically implanted tumors in nude mice of the five
groups with 786-O cells transfected with Control, NC, miR-
200c-3p, SLC6A1 and miR-200c-3pCSLC6A1 were taken and
measured respectively (Figure 5A). SLC6A1 group had the
heaviest tumor (P<0.05). The tumor weight of miR-200c-
3pCSLC6A1 group were equivalent to that of NC group (P >

0.05). The tumor weight in miR-200c-3p group were minimal
(P < 0.05, Figure 5B). The lungs of mice injected cells in miR-
200c-3p group had almost no visible metastatic nodules, while
that of mice injected cells in SLC6A1 group was fully covered
with nodules. The number of lung nodules in the mice lungs
injected with SLC6A1 and miR-200c-3pCSLC6A1 group was
comparable to that of NC group. The counting results under
dissecting microscopy were shown in Figure 5C. The weight of
the lungs in nude mice was weighed after they were sacrificed.

After being transfected with miR-200c-3p, the lung weight sig-
nificantly decreased (P < 0.05, Figure 5D), while the SLC6A1
group increased sharply (P < 0.01). Additionally, miR-200c-
3pCSLC6A1 group and NC group showed no significant differ-
ence (P > 0.05). The results from the H&E staining assay
(Figure 5E) were similar to the above.

Discussion

The present study demonstrated that SLC6A1 was high
expressed whereas miR-200-3p was low expressed in CCRCC
tissues. SLC6A1 knockdown significantly inhibited CCRCC
cells to proliferate, migrate and invade. There was a negative
correlation between miR-200-3p level and SLC6A1 level. We
also confirmed that miR-200c-3p directly targeted at SLC6A1
3’UTR. SLC6A1 overexpression could promote CCRCC cell
growth and metastasis, whereas increased miR-200c-3p expres-
sion could reverse the effect.

SLC6A1 encodes a gamma-aminobutyric acid (GABA)
transporter-1 (GAT-1), whose mutations lead to dysfunction of
transporting GABA from extracellular space to the presynaptic
terminal.20 GAT transporter has long been studied in

Figure 2 . SLC6A1 knockdown inhibited CCRCC cells to proliferate, migrate and invade. (A) The transfection efficiency was observed by RT-qPCR.
�
P< 0.05, compared with

control group. (B) SLC6A1 siRNA transfection inhibited the proliferation of 786-O cells.
�
P<0.05, compared with control group. (C-D) SLC6A1 siRNA transfection inhibited

the migration and invasion of 786-O cells (200 £).
�
P < 0.05, compared with control group.
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psychiatric disorders. Recently, SLC6A1 has been speculated to
participate in cancer development. For instance, Januchowski
et al. found that the expression of SLC6A1 was upregulated in
drug-resistant ovarian cancer cell lines.18 It was also found
upregulated by over 10-fold in mucosa of atrophic gastritis and
intestinal metaplasia. Thus, SLC6A1 could possibly be a partici-
pant in gastric cancer.19 In addition, other GAT transporter
family members have also been found to be involved in cancer
development. For example, low expression of SLC6A10P might
indicate poor conditions of prognosis for ovarian cancer
patients.21 SLC6A14 was found upregulated in cancers and its
blockade in cancer cell lines with alpha-methyltryptophan
might lead to cell cycle arrest.22 In our experiments, we also
found the ectopic overexpression of SLC6A1 in CCRCC, and
the modulation of SLC6A1 expression in CCRCC cell line
resulted in the alteration of cell proliferation and metastasis,
suggesting its tumor facilitator role.

By comparing the cancer tissues and its corresponding nor-
mal tissues, scientists have identified numerous kinds of miR-
NAs that are upregulated or downregulated during the tumor
development.23,24 As for miR-200c-3p, its upregulated expres-
sion level has been observed in various cancers, and high
miR-200c-3p level frequently indicates a poor survival out-
come. For instance, Jonasch et al. found that miR-200c-3p
expression was significantly enhanced in early stage of colo-
rectal cancer compared with normal colorectal mucosa.25

Zhang et al. discovered that gastric cancer patients with high
level of miR-220c-3p showed poor disease-free survival (DFS),
which provided further comprehension for miR-220c-3p with
cancer prognostic relevance.26 Moreover, pathway enrichment
analysis and expression correlation analysis suggested that
miR-200c-3p might account for epithelial ovarian cancer pro-
gression by affecting cellular adhesion process.27 Previous
studies reached the agreement that miR-200c-3p promoted
the tumorigenesis and metastases, though, via different ways.

However, Wang et al. found that miR-200c was significantly
downregulated in RCC tissues and its restoration suppressed
the metastasis of 786-0 cells by regulating epithelial-to-mesen-
chymal transition (EMT) in human RCC.28 Similarly, Yoshino
et al. discovered that EMT-related miR-200 was significantly
suppressed in RCC, and miR-200c could affect RCC oncogen-
esis and metastasis via focal adhesion pathway.29 A miRNA
can be both an oncogenic agent and a tumor suppressor
dependent on cancer type. In our study, we observed miR-
200c-3p was underexpressed in CCRCC tissues, possibly indi-
cating its tumor suppressor role. Supportingly, we also found
that enforced expression of miR-200c-3p impeded CCRCC
cell 786-O proliferation, migration and invasion. Recent stud-
ies have proposed several targets for miR-200c-3p, such as sol-
ute carrier family 1 (GLA1)30 and epithelial-mesenchymal
transition (EMT).11 No study has been done to discover the
target relationship between miR-200c-3p and SLC6A1. In this
study, we illustrated new correlation between miR-200c-3p
and SLC6A1. Taken together, we thus speculated that miR-
20c-3p could inhibit CCRCC progression by suppressing
SLC6A1. In vitro experiments had been thoroughly conducted
in the study, meanwhile, in vivo experiments were also per-
formed to validate the tumor suppressor role of miR-200c-3p/
SLC6A1 in CCRCC.

Activation of the epithelial-mesenchymal transition (EMT)
is a prior condition for tumor metastasis because it makes it
possible for the dissemination of oncocytes to other organs
via blood stream.31 EMT has been observed in several
human cancers previously. For example, EMT was induced
by SET in pancreatic cancer, lung cancer,32 prostatic carci-
noma and cervical cancer.33 As for CCRCC, it was revealed
that EMT was attenuated by miR-138 in CCRCC cells, indi-
cating the tumor suppression function of miR-138.34 on the
contrary, IL-6 induces EMT and stimulates metastasis in
CCRCC.35 Furthermore, Jiang J et al. Has reported that

Figure 3 . MiR-200c-3p directly targeted at SLC6A1. (A) MiR-200c-3p was predicted to target SLC6A1 and the targeting scheme was illustrated. (B) MiR-200c-3p could
directly targeted at SLC6A1 3’UTR. �P< 0.05, compared with NC mimics group. (C) MiR-200c-3p was low expressed in tumor tissues by qRT-PCR detection. �P< 0.05, com-
pared with adjacent tissues. (D) MiR-200c-3p was negatively related with SLC6A1 expression with P < 0.01 and R2 D 0.524.
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increased expression of miR-200c inhibits the cell viability
and EMT of clear cell renal cell carcinoma.36 Therefore, we
summarized the above points and scheduled the following
plan of experiments that the highly related signaling pathway
EMT should be taken into consideration for researches on
CCRCC. What’s more, one of the major limitations in this
study was that all the mechanistic studies such as SLC6A1
knockdown and miR-200c-3p overexpression experiments
were performed in only one cell line. It would be the next
focus of our study to find out whether the consistent biologi-
cal effect is a cell-line dependent.

In summary, we explored how miR-200c-3p mediated
CCRCC tumorigenesis and progression by targeting SLC6A1.
We demonstrated that miR-200c-3p suppressed while SLC6A1
promoted the propagation and metastasis of CCRCC cells. The
target relationship between miR-200c-3p and SLC6A1 was vali-
dated in HEK-293T cell line. Moreover, when we overexpressed
miR-200c-3p and SLC6A1 at the same time, the propagation,
migration and invasiveness of CCRCC cells had no significant
change, confirming the antagonism between SLC6A1 and miR-
200c-3p. Our study may become a crucial reference for devel-
oping new drug target for CCRCC treatment.

Figure 4 . MiR-200c-3p reversed the progression of SLC6A1. (A) MiR-200c-3p mimics transfection downregulated SLC6A1 expression while SLC6A1 cDNA upregulated
SLC6A1 expression. �P< 0.05, compared with control group. (B) MiR-200c-3p mimics transfection decreased proliferation but SLC6A1 cDNA transfection increased prolifer-
ation in 786-O cells. Meanwhile, there was no significant difference between miR-200c-3pCSLC6A1 group and control group. �P < 0.05, compared with control group. (C-
D) MiR-200c-3p mimics transfection inhibited but SLC6A1 cDNA transfection increased the migration and invasion in 786-O cells. There was no significant difference
between miR-200c-3pCSLC6A1 group and control group despite of migration or invasion (200 £). �P < 0.05, compared with control group.
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Materials and methods

Tissue specimens

Human CCRCC tissues and normal adjacent tissues were
obtained from 82 CCRCC patients who had not undergone
chemotherapy or radiotherapy before the study. Patients of
either gender were recruited by random and the study popula-
tion characteristics were listed in Supplementary Table S2. The
mRNA and miRNA expressions of tissue specimens was ana-
lyzed by CapitalBio Corporation (Beijing). The final diagnosis
results were determined through the routine observation for
clinicopathologic characteristics of patients. These specimens
were snap-frozen in liquid nitrogen at -80�C and embedded in
paraffin for the follow-up assays. This study had gotten

approval from the Ethics Committee of the First Affiliated Hos-
pital of Xinjiang Medical University and obtained informal
written consents from each participant prior to the research.

Microarray analysis

The data for analysis of gene differential expression was
obtained from The Cancer Genome Atlas (TCGA) Datasets. R
programming language, Bayesian test and fold change were
used to select differentially expressed miRNAs and mRNAs
(P<0.05 and jlog(fold change)j>1). Prognosis data was ana-
lyzed and survival rate as well as ROC curve analysis correlating
with SLC6A1 in CCRCC was plotted by R studio (TIBCO,
USA).

Figure 5 . Effects of the miR-200c-3p and SLC6A1 on CCRCC in vivo. (A) Tumor specimens from nude mice divided into five groups. (B) Tumor weights from nude mice
divided into five groups. �P < 0.05, compared with control group. (C) The number of murine pulmonary nodules determined by dissecting microscope. �P < 0.05, com-
pared with control group. (D) The weight of lungs in nude mice from 5 respective groups. �P < 0.05, compared with control group. (E) H&E staining was conducted to
detect the number of lung metastatic nodules (£ 40). �P < 0.05, compared with control group.
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Cell culture and transfection

CCRCC 786-O cell line were acquired from Cell Bank of
the Chinese Academy of Sciences (Shanghai, China) and
cultured in serum-free Dulbecco’s modified Eagle medium
(DMEM) (Gibco BRL, Grand Island, NJ, USA) plus 10%
FBS (Invitrogen) at 37�C. PCR primers, miR-200c-3p
mimics, SLC6A1 siRNA and SLC6A1 cDNA (plasmid vector
pcDNA3.1) (Invitrogen, Carlsbad, CA, USA) used in the
experiment were synthesized by Sangon Biotech (Shanghai,
China). 4 £ 105/ml cells were maintained in 6-well plates
overnight. The plasmids were put into the 200 ml opti-
MEM (HyClone, South Logan, UT, USA) and cultured in
an incubator overnight. The cells were transfected with
miR-200c-3p mimics, pcDNA3.1-SLC6A1 or SLC6A1 siRNA
at the concentration of 50 nM and 100 nM respectively
through Lipofectamine 2000 (Life Technologies) according
to the producer’s manual. 24 h after transfection, the cell
transfection efficiency was detected for further analysis. The
grouping of 786-O cells was as following: (1) Control group
(non-transfection); (2) NC group (transfected with negative
control siRNA); (3) miR-200c-3p group (transfected with
miR-200c-3p mimics); (4) SLC6A1 group (transfected with
SLC6A1); (5) miR-200c-3pCSLC6A1 group (co-transfected
with miR-200c-3p mimics and SLC6A1).

Dual-luciferase reporter gene assay

HEK-293T cells purchased from the stem cell bank of Chinese
Academy of Sciences were used for transfection in the dual-
luciferase reporter gene assay. Passive lysis buffer (PLB), lucif-
erase assay reagent II and Stop&Glo�Reagent (PLB, Promega,
Madison, WI, USA) were prepared in accordance with the kit
instructions. 3’UTR wild-type (WT) and 3’UTR-mutation
(Mut) of SLC6A1 were constructed by Sangon Biotech (Shang-
hai, China) and were cloned into pGL3 vector. The cells were
incubated the 24-well plates. The transfection was performed
when the cells grew to 80% confluence. The 786-O cells were
co-transfected with miR-200c-3p mimics or negative control
mimics (NC mimics) with WT- or Mut 3’-UTR of SLC6A1
3’UTR using Lipofectamine 2000 reagent (Life Technologies).
48 h post-transfection, the cells were lysed using PLB and the
luciferase activity was detected using dual-luciferase reporter
assay system (E1910; Promega, USA) following the manufac-
turer’s guidelines.

RNA extraction and qRT-PCR

Total RNA of 786-O cells was extracted with Trizol reagent
(Invitrogen) according to the producer’s protocols. The reverse
transcription of total RNA (2 mg) was performed by means of
Superscript II First-Strand Synthesis System for RT-PCR (Invi-
trogen). According to the mature sequence of miR-200c-3p
(5’-UAAUACUGCCGGGUAAUGAUGCA-3’), the reverse
transcription primer was designed (5’-CTCAACTGGTGT
CGTGGAGTCGGCAATTCAGTTG AGTCCATCAT-3’) and
synthesized by Sangon Biotech, Shanghai. PCR was conducted
through a 7300 real-time PCR system (Applied Biosystems,
USA) using SYBR-Green mix (Applied Biosystems, USA). The

amplification profile was initiated by 15 min of incubation at
95�C, followed by amplification of 30 sec at 95�C, 30 sec at
72�C and 30 sec at 55�C for 40 cycles. The expression levels of
miR-200c-3p or SLC6A1 were determined by the 2¡DDCt

method. U6 was an internal control for miRNA, whereas
GAPDH was an reference gene for SLC6A1. The primers were
generated by Sangon Biotech (Shanghai, China). The primers
designed for RT-PCR were displayed in Table 3.

Western blot

Cells in logarithmic phase were harvested. RIPA lysis buffer
(Sigma) was applied to the extraction of total protein. Protein
concentration was measured through BCA protein kit (Bio-
Rad). Afterwards, the proteins were segregated using 10% SDS-
PAGE (Bio-Rad, USA) for 2 h and placed into the PVDF mem-
branes (Invitrogen) in accordance with the producer’s manual.
5% nonfat milk was used to block the membranes for 1 h,
which were then incubated with primary antibodies against
SLC6A1 (ab177483, 1:1000, Abcam, USA) and b-actin
(ab8226, 1:000, Abcam, USA) at 4�C overnight. The mem-
branes were subsequently rinsed using tris buffer saline Tween-
20 (TBST) three times and incubated with horseradish
peroxidase-conjugated goat anti-rabbit IgG (1:2000) secondary
antibody at 37�C. After incubation for 1 h, the membranes
were rinsed three times for 10 min. The electrochemilumines-
cent (ECL) detection system (Thermo Scientific) was utilized to
detect the immunoreactive proteins. The immunoblot strips
were analyzed using ImageJ software.

MTT assay

The cell viability or growth of the transfected 786-O cells was
confirmed by MTT assay. The cells were seeded in 96-well plate
(1 £ 104 cells/well) overnight and maintained in DMEM, sup-
plemented with FBS. After that, the cell growth was measured
at different time points (24 h, 48 h, 72 h, 96 h and 120 h) after
adding 20 mL of MTT (0.5 mg/ml, Sigma) at 37�C for 4 h. After
the medium was removed, 150 mL dimethylsulfoxide (DMSO)
was added to solubilize the crystals. The optical density (OD)
was measured at 490 nm by Automatic Microplate Reader
(Bio-Tec, Minneapolis, MN, USA).

Transwell assay

The cell migration and invasion abilities were determined by
transwell assay. Matrigel (BD Biosciences, MA, USA) was first

Table 3. Primer sequences used in qRT-PCR.

　 Primers

miR-200c F 5’- TCGTCTTACCCAGCAGTG-3’
R 5’- CGGCAGTATTAGAGACTCC-3’

U6 F 5’-CTCGCTTCGGCAGCACATA-3’
R 5’-AACGATTCACGAATTTGCGT-3’

SLC6A1 F 5’-GTGAGGCAACTCCAAGGT-3’
R 5’-CAGATGGACGTGCGATGT-3’

GAPDH F 5’-GAAGGTGAAGGTCGGAGTC-3’
R 5’-GAAGATGGTGATGGGATTTC-3’

F: forward primers; R: reverse primers.
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diluted with 100 mL serum-free medium and added to the
upper chamber of transwell, which then transferred to 24-well
chambers. 1 £ 104 cells were seeded into the upper chamber
24 h post-transfection. 600 ml DMEM (10% FBS) was put into
the lower chamber. After incubation at 37�C for 24 h, non-
invading cells were gently removed with cotton swab. For the
invading or migrating cells in the lower chamber, methyl alco-
hol and 0.1% crystal violet were respectively applied to the fix-
ing and staining of the cells. The migration or invasion cells
were counted by a microscope (£ 200).

Models of human CCRCC in nude mice by orthotopic
transplantation

Nude mice (SPF grade, 4–5 weeks, 17 » 20 g) were provided by
Animal research center of the First Affiliated Hospital of Xin-
jiang Medical University, half male and half female. 786-O
Cells in logarithmic phase cultured in vitro were collected and
subcutaneously injected into the right thigh of each nude
mouse (0.2 ml, 1£ 107/ml). After 7 d incubation period, subcu-
taneously transplanted tumors began to grow to the diameter of
2 » 3 cm. Then 1 mm3 size tumors were removed and trans-
planted in the subcutis of nude mice (2 per generation). The
success rate of subcutaneous transplantation was l00%, the
average incubation period 6 d, and each passage interval was 18
d or so. The experiment did not appear no cause of death and
tumor spontaneous regression phenomenon. The subcutane-
ously transplanted tumors were taken out after passaged suc-
cessfully 5 generations, removing the necrotic tissues, and
transplanted under the renal capsule. After tumor inoculation,
the left kidney area of nude mice was observed twice a day to
understand the growth of transplanted tumors. All mice were
sacrificed after renal failure and then tumor growth status, the
renal hilum or hilar lymph node metastasis and pulmonary
metastasis focuses were observed. And the weight of lungs was
tested. At last, 4% paraformaldehyde was used to fix tissues for
H&E staining and histological examination. All the experimen-
tal procedures were approved by Animal Ethics Committee in
the First Affiliated Hospital of Xinjiang Medical University.

H&E staining

The tissues embedded in paraffin were dewaxed using xylene,
and soaked in alcohol with gradient concentration (100%, 95%,
90%, 80%, 70% ethyl alcohol) for 5 min. After being washed
with distilled water for 2 min, hematoxylin was added dropwise
to stain the tissues for 15 min. The stained tissues were dis-
posed in 1% hydrochloric acid ethanol for color separation for
10s, and then soaked in warm water (50�C) for 5 min. The
0.25% eosin dye solution was added for staining again for
2 min, and the stained tissues were dehydrated by being soaked
in gradient concentration of alcohol (70%, 80%, 90%, 95%,
100% ethyl alcohol) for 5 min. At last, the optical microscope
was used to observe and photograph (40 £).

Statistical analysis

Statistical analyses were carried out using R andGraphPad Prism
6.0 (GraphPad Software, California, USA) and all data were

presented as means § standard deviation. Differences between
groups were evaluated by Student’s t-test and one-way ANOVA.
Spearman correlation analysis was applied for linear correlation
relationship. Clinical outcomes were estimated by means of
Kaplan-Meier analysis and log-rank test. A regression analysis
was conducted to prove that the association between SCL6A1
and survival was independent of other clinical variables. CCRCC
clinical data were obtained from TCGA database (https://cancer
genome.nih.gov/). Log2 (Foldchange) was set at >8 or <-8 with
P<0.05, and 18 genes with aberrant expressions were screened
out. P < 0.05 signified a statistically significance.
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