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Kinesin Motor Protein KIFC1IsaTarget Protein of miR-338-3p and Is
Associated With Poor Prognosis and Progression of Renal Cell Carcinoma
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KIFC1 (kinesin family member C1) plays a critical role in clustering of extra centrosomes in various cancer
cells and thus could be considered as a promising therapeutic target. However, whether KIFC1 is involved
in the procession of renal cell carcinoma (RCC) still remains unclear. In this study, we found that KIFC1 was
upregulated in RCC tissues and is responsible for RCC tumorigenesis (p<0.001). The high expression of
KIFC1 correlates with aggressive clinicopathologic parameters. Kaplan—Meier analysis suggested that KIFC1
was associated with poor survival prognosis in RCC. Silencing KIFC1 dramatically resulted in inhibition of
proliferation, delayed the cell cycle at G,/M phase, and suppressed cell invasion and migration in vitro. The
antiproliferative effect of KIFC1 silencing was also observed in xenografted tumors in vivo. miR-338-3p could
directly bind to the 3¢untranslated region (3¢UTR) of KIFC1, and ectopic miR-338-3p expression mimicked
the inhibitory functions of KIFC1 silencing on RCC cells through inactivation of the PI3K/AKT signaling
pathway. Therefore, these results revealed that KIFC1 may be a novel biomarker and an effective therapeutic

target for the treatment of RCC.

Key words: KIFC1; miR-338-3p; Renal cell carcinoma (RCC); Proliferation; Poor prognosis

INTRODUCTION

Renal cell carcinoma (RCC) is the most lethal kidney
malignancy, accounting for more than 100,000 deaths
each year worldwide®. In addition to severe stimulating
factors like diabetes, smoking, hypertension, and obesity,
approximately 2%-5% of RCCs resulted from hereditary
renal cancer syndromes?. The histologic subtypes of RCC
are divided into papillary, collecting duct, clear cell, and
chromophobe, of which clear cell RCC (ccRCC) is the
most common subtype (approximately 70%-75%) found
in patients®. Furthermore, about 20%—-35% of RCC patients
are diagnosed with metastatic disease; 20%—40% of RCC
patients, who have received an early nephrectomy, are
still found to have suffered from the recurrence of meta-
static disease, and the lung organ is the favorite metastatic
site*®. Metastatic RCC is related to chemotherapy and
radiotherapy resistance and is usually accompanied with
poor prognosis according to previous studies®. Therefore,
there is an urgency to explore novel therapeutic strategies
for targeting specific molecules in the treatment of RCC.

KIFC1 (HSET; kinesin family member C1) as a mem-
ber of the kinesin-14 family is a C-terminal kinesin motor

protein’. KIFC1 is considered as a nonessential factor
in normal somatic cells; however, recent studies have
demonstrated that high KIFC1 expression plays a critical
role in clustering of extra centrosomes in malignant can-
cer cells like those from the lung, breast, and ovary®™.
During mitosis, most healthy human cells harbor one pair
of centrosomes and are located at the poles of the bipolar
spindle™. In cancer development, supernumerary cen-
trosomes appear simultaneously, resulting in centrosome
amplification, which is a distinct hallmark of cancer
cells™. Centrosome amplification directly contributes to
the genetic instability of most cancer cells and is associ-
ated with advanced tumor progression*®. Researchers have
demonstrated that abundant KIFC1 expression is essen-
tial for cancer cell survival and metastasis by mediating
excess centrosomes to produce viable progeny cells and
avoiding cell death induced by aneuploidy™. However,
there are no reports regarding the role of KIFC1 in the
occurrence and development of RCC.

In the present study, to address the hypothesis that high
KIFC1 expression isassociated with RCC progression, we
performed a retrospective analysis and demonstrated that
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increased KIFC1 was a vital driver of RCC and a prog-
nostic marker to predict poor prognosis in human RCC.
In addition, further biological function studies indicated
that the inhibition of KIFC1 could dramatically decrease
cell proliferation and colony formation, delay the cell
cycle, inhibit cell invasion and migration in vitro, and
suppress tumorigenesis in vivo. In addition, miR-338-3p
could directly target KIFC1 and is involved in KIFC1-
mediated cell proliferation and migration in RCC cells
through the PI3K/AKT signaling pathway. Our study
may provide valuable information to gain better under-
standing of molecular mechanisms of KIFC1 on RCC
development.

MATERIALSAND METHODS
Clinical Specimen Collection

A total of 58 clinical RCC tissue samples and paired
adjacent normal tissues were obtained from patients
who underwent nephrectomy surgery in the Department
of Urology at the Second Affiliated Hospital of Xi’an
Jiaotong University (Xi’an, P.R. China) from June 2005
to August 2010. None of the selected patients had re-
ceived any preoperative treatment such as radiotherapy
or chemotherapy. The fresh tissues were either embed-
ded with paraffin or stored at —80°C for further analysis.
The clinicopathologic parameters such as gender, age,
Fuhrman grade, TNM stage, and tumor size were col-
lected from each patient. The types of isolated tumors
were all confirmed as ccRCC according to the detection
of pathologic findings. The tumor staging was evaluated
by the criteria of the 2010 AJCC TNM classification
system, and tumor grading was based on the Fuhrman’s
nuclear grading system®. Informed consent was obtained
from all patients, and this study was approved by the
Human Ethics Committee of Xi’an Jiaotong University.
Follow-up data regarding disease-free survival (DFS)
and overall survival (OS) have been obtained from the
patient records. Date of last follow-up in this cohort was
September 2015, and median follow-up for survivors was
47 months (range: 1-60).

Immunohistochemical Staining

Immunohistochemical staining for KIFC1 protein was
performed as follows. The embedded tissue samples were
cut into 2-um sections, and then attached to glass slides
and dried at 37°C. Subsequently, all sections were depar-
affinized with xylene and a graded concentration of
ethanol solutions for 15 min; 0.3% H,O was added to
the sections for 10 min before being washed away with
diluted water. The sections were antigen retrieved with
10 mM citrate buffer (PH 6.0) and irradiated in a micro-
wave for 5 min. Serum dilution was used to block the
nonspecific binding of possible endogenous proteins at
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37°C for 30 min. The diluted primary antibody solution
anti-KIFC1 (1:1,000; Abcam, Cambridge, MA, USA)
was added to the sections and incubated at 4°C over-
night. The slides were then washed three times with PBS
prior to incubation with biotinylated secondary antibody
(1:5,000; Abcam). The immunoreactions were detected
by staining with DAB (TianGen, Beijing, P.R. China).
For all cases, the expression scores were blindly evalu-
ated by two independent pathologists and then divided
according to the percentage of KIFC1" cells in the tissue
samples in 10 randomly selected fields: 0~5%, negative
(0); 6~10%, weak (1+); 11~60%, moderate (2+); >60%,
strong expression (3+). Tissue samples were then divided
into three groups according to the KIFC1 expression
levels: negative expression (0), low expression (1+), and
high expression (2+ or 3+).

Cell Lines and Cell Culture

Human RCC cell lines 786-O, 769-P, and OS-RC-2,
and normal proximal tubule epithelial cell line HK-2
were obtained from the Second Affiliated Hospital of
Xi’an Jiaotong University. Cells were cultured at 37°C
with 5% CO, in DMEM (Sigma-Aldrich, St. Louis, MO,
USA) containing 10% FBS (Gibco, Grand Island, NY,
USA) and 1% penicillin/streptomycin (Sigma-Aldrich).

Cell Transfection

The small interference RNA (siRNA) sequences were
designed for KIFC1: sense 56UCG AAAUGA GAAAUC
UCG GAG-3¢ antisense 5¢CCG AGA UUU CUC AUU
UCG AAU-3¢ The negative control siRNA (siRNA-NC)
were random sequences that have no homology with
any known mammalian gene. KIFC1 siRNA (si-KIFC1)
and negative control (sSiRNA-NC) were synthesized by
GenePharma Company (Shanghai, P.R. China). To over-
express miR-338-3p, miR-338-3p mimic and mimic nega-
tive control (miR-NC) were purchased from GenePharma.
786-0, 769-P, and OS-RC-2 cells were seeded at 1~ 10°
cells per well in six-well plates and incubated overnight
at 37°C with 5% CO,. Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA) was used to transiently transfect
cells with si-KIFC1, siRNA-NC, miR mimic, or miR-NC
(GenePharma). The efficiency of transfection was evalu-
ated by real-time quantitative PCRRT-gPCR and Western
blot analysis after 48 h of transfection.

Real-Time Quantitative PCR

Total RNA from the tissue samples and RCC cell lines
were extracted using TRIzol reagent (Invitrogen), and then
reverse transcribed to cDNA with High-Capacity cDNA
Reverse Transcription Kit (Applied Biosystems, Foster
City, CA, USA) according to the manufacturer’s instruc-
tions. RT-gPCR was performed using the SYBR Green
Super Mix (Bio-Rad Laboratories, Hercules, CA, USA)
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on the AB 7500 Fast Real-Time PCR System (Applied
Biosystems, Beijing, P.R. China) with the following
conditions: 2 min at 50°C, 10 min at 95°C, 38 cycles of
15 s at 95°C, and 60 s at 60°C. b-Actin was used as
the reference control. The KIFC1 and b-actin primer se-
quences were designed as follows: KIFC1, 5¢ AGC CTC
CTT CAG ATT GGT GC-3¢(sense) and 5¢GCT GCC
CTC AGA AAT ACC GA-3¢(antisense); b-actin, 56GAG
GCG TGA TGG TGG GCA-3¢ (sense) and 5¢CAA
ACATCATCT GGT CAT CTT CTC-3¢(antisense). For
miRNA expression assay, quantification of miR-338-3p
expression was performed using TagMan assays (Applied
Biosystems, Foster City, CA, USA) according to the
manufacturer’s instructions. U6 snRNA was used as the
reference control. After the amplification, the Ct values
were normalized by the subtraction of the Ct value of
b-actin or U6, and the relative mRNA expression and
miRNA were calculated according to the 27°°* method.

\Western Blot

Whole-cell lines or tissue proteins were extracted with
RIPA lysis buffer (Solarbio, Beijing, P.R. China) con-
taining 0.2 mM phenylmethylsulfonyl fluoride (PMSF),
according to the standard methods. Protein concentra-
tions were determined by the Bradford assay (Bio-Rad
Laboratories). Cell lysate samples (40 ug) were separated
by 15% SDS-PAGE and transferred to a polyvinylidene
difluoride filter (Immobilon; Millipore, Bedford, MA,
USA). After blocking with 5% milk, the filter was incu-
bated overnight with appropriate primary antibodies
(Santa Cruz Biotechnology, Santa Cruz, CA, USA) at
4°C overnight, and then incubated with HRP-conjugated
secondary antibodies (Amersham, Piscataway, NJ, USA)
at 4°C for 1 h. The bands were detected by enhanced
chemiluminescence (Amersham) and then performed
using the Quantity One software (Bio-Rad Laboratories).

Cell Proliferation Assay

Cells were seeded at a density of 5° 10° cells per well
in 96-well plates for 5 days after transfection. MTT (3-(4,
5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
solution (Life Sciences, Little Chalfont, UK) was added
into each well to a final concentration of 5 mg/ml and
incubated at 37°C for 4 h. The MTT formazan precipitate
was collected, dissolved in dimethyl sulfoxide, and mea-
sured using an ELISA reader (Bio-Rad Laboratories) at
a wavelength of 490 nm.

Colony Formation Assay

Cells were plated into six-well plates (200 cells per
well) after transfection and incubated for 14 days with
the medium replaced every 3 days. After that, cells were
washed with PBS three times, fixed with methanol, and
stained with Giemsa for 15 min. The number of colonies
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containing more than 50 cells was counted and photo-
graphed using a microscope (Olympus, Tokyo, Japan).

Cell Cycle Assay

Cells were harvested 36 h after transfection with
KIFC1 or control siRNA and fixed in 70% ice-cold eth-
anol overnight. Then cells were washed with PBS and
with propidium iodide (50 pug/ml) at room temperature in
the dark for 30 min. Cell cycle distribution analysis was
examined with flow cytometry (BD Bioscience, San Jose,
CA, USA).

Transwell Invasion Assay

The invasion ability of RCC cells was tested in
Matrigel-coated cell culture chambers (8-um pore size;
Millipore). First, RCC cells were transfected with KIFC1
or control siRNA and cultured in 24-well dishes for 48 h.
Then RCC cells that were resuspended in 200 pl of serum-
free DMEM containing 1.5 10° cells were placed into
the upper Matrigel chamber. Medium with 10% FBS was
added into the lower chambers as chemoattractant. After
24 h of incubation, cells remaining on the upper mem-
brane were carefully removed. Cells that had invaded
through the filter were stained with 0.1% crystal violet
and manually counted using a microscope from 10 ran-
domly selected fields. Data are presented as the mean
value for triplicate experiments.

Transwell Migration Assay

The migration ability of RCC cells transfected with
KIFC1 or control siRNA was tested in Corning Transwell
insert chambers (Millipore). Briefly, 24 h after transfec-
tion, 1” 10° RCC cells that were resuspended in 200 pl
of serum-free DMEM were placed into the upper cham-
ber without Matrigel. Medium with 10% FBS was added
into the lower chambers as chemoattractant. After 24 h
of incubation, cells remaining on the upper membrane
were carefully removed. Cells that had invaded through
the filter were manually counted using a microscope from
10 randomly selected fields. Data are presented as the
mean value for triplicate experiments.

Tumorigenicity Assay

BALB/C nude mice (4 weeks old) were purchased
from the Animal Center of The Fourth Military Medical
University (Xi’an, P.R. China). Cultured 786-0, 769-P,
and OS-RC-2 cells were harvested with trypsin-EDTA,
washed, and resuspended in PBS. Animals were ran-
domly divided into three groups (n=10) for subcuta-
neous injection of control, si-KIFC1, or siRNA-NC at
the dorsal midline along with 5” 10°cells (in 100 ml of
PBS) per site. Tumor sizes (mm?®), V=(width*" length),
were measured using calipers every 7 days. The mice
were euthanized after 35 days postinoculation, and
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Table 1. Expression of KIFC1 in RCC Tumors and Adjacent
Normal Tissues

Total KIFC1(-) KIFC1(+) pValue
Tumors 58  10(17.24%) 48 (82.76%) 0.001
Normal tissues 58 49 (84.48%) 9 (15.52%)

the dissected tumors were collected and prepared for
analyzing. The animal experiment was reviewed and
approved by the Animal Care and Use Committee of
Xi’an Jiaotong University.

Luciferase Reporter Assay

The wild type (WT) or mutant (MT) 3éuntranslated
region (3¢UTR) of human KIFCL1 that was a putative tar-
get of miR-338-3p was synthesized and cloned into the
pGL3-promoter vector (Promega, Madison, W1, USA) to
construct the WT 3¢UTR KIFC1 and MT 3¢UTR KIFC1
plasmids. The MT 3¢UTR KIFC1 target site was gen-
erated by nucleotide replacement. For luciferase activity
assay, 786-0 cells were seeded into 12-well plates over-
night before transfection, and then cotransfected with WT
3¢UTR KIFC1, or MT 3¢UTR KIFCL, and miR-338-3p
mimic, or miR-NC for 36 h. Relative luciferase activity
was determined using the Dual-Luciferase Reporter Assay
System (Promega). Renilla luciferase activity was nor-
malized to firefly luciferase activity.
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Satistical Analysis

Statistical analyses were performed using SPSS 12.0
software. Each experiment was repeated in triplicate,
unless otherwise indicated. All data are presented as
mean *standard deviation (SD). DFS and OS curves were
calculated using the Kaplan—Meier method and compared
by log-rank test. Comparisons between groups were done
using the unpaired Student’s t-test. A value of p<0.05
was considered statistically significant.

RESULTS

KIFC1 Is Overexpressed in RCC Tissue
Samples and Cell Lines

A total of 58 patients with RCC were included in this
study, and all of the cases were diagnosed as ccRCC. The
expression of KIFC1 was first evaluated in RCC tissues
and paired adjacent tissues by immunohistochemistry. Of
all 58 patients, immunohistochemical staining revealed
that the KIFC1 expression was positively detected in 48
(82.76%) RCC cases, whereas only 9 (15.52%) adjacent
normal cases were found with low KIFC1 expression
(p<0.001) (Table 1 and Fig. 1A). Immunohistochemical
analyses also showed that, among these 48 KIFC1*
expression cases, 37 cases were detected with high KIFC1
expression (2+ or 3+), and 11 cases were found with low
KIFC1 expression (1+). Furthermore, in accordance
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Figure 1. Kinesin family member C1 (KIFC1) is upregulated in renal cell carcinoma (RCC) samples and cell lines.
(A) Immunohistochemical image of an RCC sample containing both normal and tumor tissues stained with anti-KIFC1 antibody.
Tumor tissues showed stronger staining than normal tissues. (B) Relative mRNA levels of KIFC1 extracted from 58 RCC tissue sam-
ples and their paired adjacent normal tissues. (C) Western blot analyses of KIFC1 expression in six representative tumors and paired
adjacent tissues. (D) Real-time quantitative PCR (RT-qPCR) and (E) Western blot analyses of KIFC1 expression in 786-O, 769-P,
0OS-RC-2, and HK-2 cell lines. The experiments were triplicate repeats. Data shown as mean+standard deviation (SD). **p<0.01

when compared to the control group.



KIFC1 REGULATED BY miR-338-3p INDUCES RENAL CANCER

with the immunohistochemical staining, RT-qgPCR and
Western blot experiments revealed that the mRNA and
protein levels of KIFC1 were significantly upregulated
in RCC tissues compared with adjacent normal tissues
(p<0.01) (Fig. 1B and C). The expression level of KIFC1
was then detected in the RCC cell lines (786-0O, 769-P,
and OS-RC-2) and control cell line (HK-2). As shown
in Figure 1D and E, KIFC1 expression was remarkably
elevated in 786-O, 769-P, and OS-RC-2 cell lines com-
pared to the HK-2 cell line at both transcript levels and
translate levels (p<0.01, respectively).

KIFC1 Overexpression |s Associated With RCC
Clinicopathological Parameters and Poor Prognosis

The correlations of KIFC1 expression with various
clinicopathological characters were analyzed in the RCC
patients mentioned above. As shown in Table 2, the
expression level of KIFC1 was significantly associated
with Fuhrman stage (p<0.001), pT stage (p<0.001),
lymph node metastasis (p<0.05), distant metastasis
(p<0.05), advanced pTNM stage (p<0.001), and tumor
size (p<0.05), but was not related to patients’ age or
gender. Thus, KIFC1 was likely to be involved in the
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development and progression of RCC. Furthermore,
the prognostic value of KIFC1 for OS and DFS in 48
KIFC1" expression cases was evaluated by comparing
the patients with low and high KIFC1 expression. The
Kaplan—Meier survival analysis indicated that patients with
high KIFC1 expression had significantly lower OS rates
than those with low KIFC1 expression cases (p=0.027)
(Fig. 2A). Among them, 81.82% (9/11) patients survived
in the KIFC1 low group, while in the KIFC1 high group
the survival rate was only 35.15% (13/37). DFS curves
also showed that, compared to the KIFC1 low group, the
recurrence rate was significantly increased in the high
KIFC1 expression patients (p=0.019) (Fig. 2B). Hence,
KIFC1 expression seemed to be a valuable predictive
factor for prognosis of RCC patients.

KIFC1 Knockdown Inhibits RCC Cell Proliferation
and Causes G,/M Cell Cycle Arrest

Considering the clinical significance of KIFC1, the
crucial role of KIFC1 in the development of RCC
was investigated by the siRNA method. The efficacy
of siRNA for KIFC1 knockdown in 786-O, 769-P, and
OS-RC-2 cells was confirmed by RT-gPCR and Western

Table 2. KIFC1 Expression and Clinicopathologic Factors in RCC Patients

KIFC1 Expression

Variables Cases (N=48)  Low (n=11) High (n=37) pValue

Age (years) 0.578
>50 27 6 21
£50 21 5 16

Gender 0.623
Male 33 7 26
Female 15 4 11

Fuhrman grade <0.001
Grade 1/2 26 2 24
Grade 3/4 22 9 13

pT stage <0.001
T1/2 20 6 20
T3/4 28 5 17

Lymph nodes <0.05
NO 15 5 10
N1/2 33 6 27

Metastasis <0.05
MO 16 7 9
M1 32 4 28

TNM stage <0.001
i 10 6 4
1nnv 38 5 33

Tumor size (cm) <0.05
>5 20 10 10
£5 28 1 27

Values of p<0.05 are statistically significant.
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Figure 2. Kaplan—Meier survival curves for overall survival (OS) and disease-free survival (DFS) stratified by KIFC1 expression.
(A) OS for high and low KIFC1 expression patients. (B) DFS for high and low KIFC1 expression patients. Patients with high KIFC1

expression have poorer OS and DFS.

blot (p<0.01, respectively) (Fig. 3A). Next, the effect of
KIFC1 on RCC cell proliferation was assessed by MTT
assay. We observed that KIFC1 knockdown significantly
decreased the proliferation rate in 786-O, 769-P, and
OS-RC-2 cell lines, when compared to the siRNA-NC
group (p<0.01, respectively) (Fig. 3B). Furthermore,
consistent with MTT results, colony formation assay
showed that KIFC1 knockdown significantly reduced the
colony formation capacity in 786-0O, 769-P, and OS-RC-2
cell lines compared to the SiRNA-NC group (p<0.01,
respectively) (Fig. 3C). In addition, flow cytometry assay
revealed that KIFC1 knockdown in 786-O, 769-P, and
OS-RC-2 cells significantly delayed the duration of the
G, and M phases when compared to the NC group (p<
0.05, respectively), but had no obvious effect on the S or
G,/G, phases (Fig. 4A). Several crucial cell cycle regu-
latory factors in RCC cells were examined with KIFC1
knockdown. As shown in Figure 4B, the expression lev-
els of centrin-2, aurora A, cyclin A, cyclin E, gtubulin,
and cyclin-dependent kinase 1 (CDK1) were detected
and found to be significantly reduced in RCC cells
with KIFCL1 silencing compared with those transfected
with siRNA-NC. Overall, these findings suggested that
KIFC1 expression had a crucial impact on the prolifera-
tion and growth of RCC cells.

KIFC1 Knockdown Suppresses RCC Cell
Migration and Invasion

Migration and invasion assays were employed to
investigate the effect of KIFC1 on RCC cell migration
and invasion. Our results showed that silencing KIFC1
significantly inhibited the invading and migrating abili-
ties of 786-0, 769-P, and OS-RC-2 cells when compared
to the siRNA-NC group (p<0.01, respectively) (Fig. 5A
and B). Furthermore, the expression levels of MMP-2,
MMP-9, and VEGF, which are thought to be critically
involved in the processes of tumor invasion, migration,
and metastasis, were also investigated in our study. As
shown in Figure 5C, the expression levels of MMP-2,

MMP-9, and VEGF were downregulated in the KIFC1
siRNA-transfected cells, when compared with control
siRNA-transfected cells. Taken together, these results
suggested that KIFC1 silencing could significantly atten-
uate RCC cell metastasis.

Slencing KIFC1 Decreased the Tumorigenic
Potential of RCC Cell Lines In Vivo

Since knocking down KIFC1 plays an inhibitory role
on tumor progression in vitro, it was very important to
assess its effect in vivo. 786-O, 769-P, and OS-RC-2
cells transfected with si-KIFC1 or siRNA-NC were sub-
cutaneously injected into nude mice. Over 35 days, the
average volume of the tumors in mice of the si-KIFC1
group grew slowly compared to the siRNA-NC group
(Fig. 6A). Tumor tissues were isolated from the sacri-
ficed mice at the 35th day, and as shown in Figure 6B
and C, both the weight and volume of the tumors were
much smaller in the si-KIFC1 group compared to the
siRNA-NC group, which indicated that KIFC1 knock-
down could significantly inhibit RCC tumor growth in
vivo. Western blot also revealed that the expression lev-
els of KIFC1, PI3K, and phosphorylated (p)-AKT were
reduced in the xenografted tumor tissues with si-KIFC1
transfection (Fig. 6D), which indicated that KIFC1 might
regulate tumor growth via the PISBK/AKT signaling path-
way in RCC progression.

KIFC1 IsaDirect Target of miR-338-3p in RCC

The potential miRNAs that may target KIFC1 were
predicted by bioinformatic databases (TargetScan and
microRNA.org), and miR-338-3p was identified as a
putative candidate (Fig. 7A). To verify whether KIFC1
could be regulated by miR-338-3p, luciferase reporter
assay was performed in RCC cells. The luciferase activ-
ity was dramatically reduced in RCC cells with WT
3¢UTR KIFC1 and miR-338-3p mimic cotransfection
(all p<0.05) (Fig. 7B). However, no obvious effect was
found in the MT 3¢UTR KIFC1 transfection group.
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SiRNA-NC.
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To further determine the direct interaction between
miR-338-3p and KIFC1, miR-338-3p was overexpressed
in RCC cells by miR-338-3p mimic transfection (all p<
0.01) (Fig. 7C). RT-gPCR and Western blot assay revealed
that ectopic expression of miR-338-3p significantly sup-
pressed the mRNA and protein levels of KIFC1 in RCC
cells (Fig. 7D). In addition, miR-338-3p expression was
further measured in the collected 58 paired RCC tissues.
RT-gPCR showed that miR-338-3p was significantly
downregulated in RCC tissues when compared to adja-
cent normal tissues (p<0.01) (Fig. 7E). Furthermore,
Spearman’s rank test showed that miR-338-3p expression
was negatively correlated with KIFC1 expression in RCC
tissue samples (r?=0.34, p<0.001) (Fig. 7F). Therefore,
these findings suggested that KIFC1 was directly regu-
lated by miR-338-3p in RCC cells.

Restoration of miR-338-3p Inhibits RCC Cell
Proliferation and Invasion

To further explore the regulatory mechanism under-
lying the miR-338-3p/KIFC1 axis on RCC progression,

the MTT assay was performed to investigate the role of
miR-338-3p on RCC cell proliferation. The results showed
that restoration of miR-338-3p markedly decreased cell
proliferation in 786-O, 769-P, and OS-RC-2 cells when
compared with miR-NC transfection groups (all p<0.01)
(Fig. 8A). Furthermore, the Transwell invasion assay
revealed that forced expression of miR-338-3p signifi-
cantly inhibited the invasion abilities of RCC cells after
miR-338-3p mimic transfection (all p<0.01) (Fig. 8B).
In addition, the expression levels of p-AKT and PI3K
were also reduced by miR-338-3p overexpression in
RCC cells (Fig. 8C). These findings could be mimicked
by KIFC1 knockdown in RCC cells. Therefore, these
data suggested that the inhibitory effect of KIFC1 silenc-
ing on cell proliferation, invasion, and migration was
partially regulated by miR-338-3p in RCC cells.

DISCUSSION

In the current study, 58 RCC tissue samples isolated
from the clinic were all diagnosed with the ccRCC subtype.
The KIFC1 expression level was determined by RT-gPCR
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and Western blot and found that significantly abundant
KIFC1 expression was detected in tumor tissues com-
pared to adjacent normal tissues. Immunohistochemical
staining also verified that KIFC1 was overexpressed in
tumor tissues, whereas negligible or lower KIFC1 expres-
sion was exhibited in adjacent normal tissues. To explore
whether KIFC1 expression plays a key role in the pro-
gression of RCC, the correlation between KIFC1 expres-
sion levels and the clinicopathological parameters of
48 positive KIFC1 patients with RCC were analyzed. We
observed that RCC tissue with a high level of KIFC1
expression was significantly associated with higher Fuhr-
man grade, higher pT stage, advanced pTNM stage, and
larger tumor size compared to RCC tissue with a low level
of KIFC1 expression, indicating that its expression might
attribute to the intrinsic aggressiveness of RCC. Moreover,
overexpressing KIFC1 was correlated with poor prog-
noses in RCC patients. These results were consistent
with previous studies, which demonstrated that elevated
KIFC1 expression predicted aggressive tumor progression
in ovarian adenocarcinomas and breast cancer®®.

Since KIFC1 was clarified to be upregulated in RCC
tissue samples, it is necessary to further unravel the
mechanism underlying the regulatory functions of KIFC1
involved in the progression of RCC. The small interfer-
ence RNA technique was employed to silence KIFC1
expression in 786-O, 769-P, and OS-RC-2 cell lines.
Interestingly, KIFC1 knockdown in RCC cells could
significantly suppress cell proliferation and colony for-
mation capacity and cause cell cycle arrest at the G,/M
phase. Furthermore, Transwell invasion and migration
assays also demonstrated the inhibitory effects of KIFC1
silencing on cell invasion and migration in vitro. Con-
sistently, through the si-KIFC1 xenograft model in nude
mice, we found that KIFC1 silencing significantly inhib-
ited tumorigenesis in vivo. Therefore, it was suggested
that KIFC1 might directly accelerate the malignant
potential in RCC.

In order to avoid supernumerary centrosome dupli-
cation in a single cell cycle, centrosome duplication
is tightly orchestrated by DNA replication, mitosis,
and cytokinesis®®. The proper order of centrosome
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samples. The experiments were triplicate repeats. Data shown as mean+SD. *p<0.05, **p<0.01 compared to miR-NC.

duplication is thought to be completed by cell cycle sig-
naling pathways including cyclin D1, cyclin E, cyclin
A, and CDKs, while inhibitors of CDK2, p21, or p27
may block centrosome duplication*”*®, In the current
study, the cell cycle assay showed that KIFC1 knock-
down in cells delayed them at the G,/M phase, directly
leading to slower mitoses, which conceivably mitigated
the chromosomal instability in malignant cells caused
by traverse mitosis®®. Signaling pathway regulators
like cyclin A and cyclin E are crucial for triggering
entry into mitosis by binding to CDK1 during cancer
cell cycle. Therefore, CDK1 activation is committed to
control proper cell division and the onset of mitosis. In
other words, G,/M transition is directly controlled by
the CDK1-cyclin complexes, which are also referred to

as M phase promoting factor'®. From the present study,
we noticed that KIFC1 knockdown in RCC cells could
negatively regulate G,/M phase progression by signifi-
cantly suppressing the expression of cyclin A, cyclin E,
and CDK1.

Furthermore, the mitotic kinases including aurora A,
B, and C have been found to be overexpressed in diverse
cancers and intimately associated with the mitotic errors
during oncogenesis®. Centrin-2 and g-tubulin, as the
key markers of the centrosome activity during mitosis®,
were also downregulated by KIFC1 silencing in RCC
cells. These findings were in agreement with previ-
ous studies, which also pointed out that overexpression
of KIFC1 was suggested to play key roles in accelerat-
ing the mitosis phase by clustering multiple centrosome
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shown as mean+SD. *p<0.05, **p<0.01 compared to miR-NC.

amplifications with genomic instability in cancer cells,
and resulted in dysregulation of cell cycle kinetics®*%,
Metastasis is an important characteristic of RCC*?’,
The mechanism underlying RCC metastases remains elu-
sive; it is an urgent need to uncover this mystery. The
present study elucidated that KIFC1 knockdown in RCC
cells could inhibit cell invasion and migration abilities
through reducing PI3K/AKT signaling and the expres-
sions of MMP-2, MMP-9, and VEGF. PI3K/AKT, an
intracellular signaling pathway, plays crucial roles in the
development of diverse malignancies®. The activation of
PI3K/AKT signaling triggers a series of target genes that
mediate cell proliferation and apoptosis, as well as inva-
sion and migration®. It is known that MMPs are crucially
involved in the processes of malignant cell progression
and aggressiveness®. Among these MMPs, the expres-
sions and activities of MMP-2 and MMP-9 are directly
correlated with metastatic abilities and progression of var-
ious cancers®™ ., VEGF is another key mediator in tumor
cell invasion and metastasis, as well as angiogenesis®.

Previous reports had demonstrated that downregulation
of VEGF had an antimetastatic effect on RCC cells®. Our
current study verified that the activation of PISBK/AKT
signaling and the expressions of MMP-2, MMP-9, and
VEGF were intimately involved in KIFC-regulated RCC
progression. Therefore, KIFC1 was suggested to regu-
late RCC invasion and migration through the PI3K/AKT
signaling pathway.

However, there seems to be a controversial view:
although KIFC1 expression is found in some somatic
and germ cells and participates in various bioprocesses
such as vesicular and organelle trafficking, spermio-
genesis, oocyte development, and double-strand DNA
transportation®*?, the truth is that KIFC1 is only present
in certain cell types including fibroblast cells and germ
cells and is redundant and dispensable in most somatic
cells that do not undergo acentrosomal cell division®,
In tumor cells, to modulate the well-ordered centrosome
clustering, KIFC1 has the ability to delay anaphase to
obtain extra time during mitosis of cancer cells and greatly
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assist tumor malignancy™. These findings demonstrate
that KIFCL1 is indispensable and important for cancer cell
survival and undoubtedly has great potential as a thera-
peutic target for cancers.

miRNAs are noncoding, small RNAs that can post-
transcriptionally regulate hundreds of gene expressions
through binding to the 3¢UTR of their target mRNAs;
thus, miRNAs have been reported to be involved in a
wide range of biological processes®. Recently, a number
of miRNAs have been demonstrated to play crucial roles
in the progression of tumorigenesis through regulating
the expression of targeting oncogenes or tumor suppres-
sors®’. miR-338-3p has been implicated in the initiation
and development of various types of cancers. Sui et al.
suggested that miR-338-3p functions as a tumor suppres-
sor that inhibits thyroid cancer progression through tar-
geting AKT3*. Zhang et al. indicated that miR-338-3p
inhibits the metastasis of RCC by downregulation of
activin receptor-like kinase 5 (ALKS5)*. Furthermore,
Tong et al. also illustrated that miR-338-3p suppresses
cell proliferation and invasion of RCC through targeting
sex-determining region Y-box 4 (SOX4)*. Accordingly,
identifying the molecular targets of miR-338-3p will
contribute to the better understanding of the mechanisms
underlying the progression of RCC. In the current study,
the luciferase report assay and RT-qPCR confirmed that
KIFC1 was a novel target of miR-338-3p. Restoration of
miR-338-3p could mimic the inhibitory role of KIFC1
silencing on RCC proliferation and invasion. Furthermore,
there was an inverse relationship between miR-338-3p
and KIFC1 expression in clinical RCC tissue samples.
Therefore, we suspected that upregulation of KIFC1 by
miR-338-3p might result in the proliferation and invasion
properties of RCC.

Taken together, we identified that KIFC1 was overex-
pressed in RCC tissues and cell lines, and the high KIFC1
expression in tumor tissues was associated with the poor
prognosis of RCC patients. KIFC1, negatively regulated
by miR-338-3p, served as an oncogene in the RCC cell
proliferation and aggressiveness through activating the
PI3K/AKT signaling pathway. Collectively, this study
showed potential future prospects of using KIFC1 gene
therapy as an effective RCC treatment method.
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