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Background: KIF18B was identified as a potential oncogene by analysis of The Cancer 

Genome Atlas database.

Materials and methods: We assessed KIF18B expression and explored its clinical significance 

in cervical cancer tissues. We have also evaluated the effects of KIF18B on cervical cancer cell 

proliferation, migration, and invasion both in vitro and in vivo.

Results: Our results show that KIF18B is overexpressed in cervical cancer tissues and is 

associated with a large primary tumor size, an advanced FIGO stage, and an advanced tumor 

grade. Knockdown of KIF18B induces cell cycle G1-phase arrest and inhibits the proliferation, 

migration, and invasion of cervical cancer cells, whereas its overexpression promotes prolifera-

tion, migration, and invasion in these cells. Moreover, silencing of KIF18B reduces expression 

of CyclinD1, β-catenin, C-myc, and p-GSK3β expression.

Conclusion: These data suggest that KIF18B can serve as a novel oncogene that promotes the 

tumorigenicity of cervical cancer cells by activating Wnt/β-catenin signaling pathway.

Keywords: KIF18B, cervical cancer, CyclinD1, Wnt/β-catenin signaling pathway

Introduction
Cervical cancer is the second-most common malignancy in women worldwide and is often 

diagnosed at a local and advanced stage.1 Most cases of cervical cancer occur in developing 

countries, with a trend of younger patients being observed.2–4 Although the 5-year survival 

rate of early cervical cancer is 85% or higher, the prognosis of locally advanced disease 

remains unfavorable, with an overall 5-year survival rate of approximately 30%–50%.5 

Therefore, it is urgent to identify novel molecular markers of cervical cancer to facilitate 

a more accurate prediction of clinical outcomes and prescribe effective treatments.

The Wnt/β-catenin pathway plays key roles in embryogenesis, homeostasis, and 

stem cell regeneration, and pluripotency. In the canonical pathway, Wnt activation 

disrupts the destruction complex, allowing β-catenin to accumulate and subsequently 

translocate to the nucleus,6 where it interacts with a transcription factor of the TCF/

LEF-1 family; the result is increased expression of oncogenes, such as c-Myc and 

CyclinD1.7 Regulation of Wnt/β-catenin activity is closely related to the develop-

ment of various cancers, including lung cancer, breast cancer, liver cancer, colon 

cancer, and cervical cancer.8–10 Thus, targeting Wnt/β-catenin signaling is a promis-

ing strategy for treating cancers, with many drugs currently in clinical trials.

Analysis of The Cancer Genome Atlas (TCGA) database showed that the KIF18B 

gene is highly expressed in cervical cancer tissue but exhibits low expression in 
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paracancerous tissue. It is also associated positively with 

a large primary tumor size and an advanced TNM stage. 

KIF18B is a member of the kinesin family of motor pro-

teins, which is closely related to the pairing and separation 

of chromosomes in mitosis.11–13 These proteins typically 

contain two large globular heads that attach to microtu-

bules, a central coiled region, and a light-chain region that 

connects the protein to the intracellular component to be 

transferred.14 Kinesins are divided into the following types 

according to their motor region: the NH
3
-terminal, middle, 

and COOH-terminal motor domain types. Vimentin, which 

is involved in a variety of intracellular processes, such as 

cell division and proliferation, intracellular transport and 

brain cell development, and survival,15,16 plays an extremely 

important role in the formation of the intracellular bipolar 

spindle. Studies have shown that certain kinesins are 

closely related to tumorigenesis and development. KIF4 is 

considered the main tumor trigger, and the absence of this 

motor protein will lead to aneuploidy in mouse embryonic 

stem cells15 or tumor formation in nude mice. A previous 

study showed that KIF4 is associated with a poor prognosis 

in breast cancer.17 Furthermore, Ishikawa et al18 observed 

higher KIF2C mRNA expression in 120 cases of colorectal 

cancer than in adjacent normal tissues. KIF2C/MCAK is 

also upregulated in proliferative tumors, suggesting that 

KIF2C is associated with cell hyperproliferation. Shimo 

et al19 detected 27,648 genes in 81 patients with breast can-

cer by gene chip analysis and found KIF2C gene expression 

to be significantly enhanced. Additionally, examination of 

10 breast cancer cell lines revealed high KIF2C expression 

in nine. De et al20 showed that overexpression of KIFC1, 

KIF1A, KIF5A, and KIFC3 can increase docetaxel che-

motherapy resistance in breast cancer cells, and Liao et 

al21 found that KIF18A is closely related to the overall 

survival and progression-free survival in hepatic carcinoma 

patients. Moreover, overexpression of KIF18B indicates a 

poor prognosis in hepatic carcinoma. To predict whether 

KIF18B is a cancer driver gene with carcinogenic effects, 

we in a previous study retrieved only literature on the 

relationship between KIF18B and cancer, which primarily 

included bioinformatic analyses.22 However, the function 

of KIF18B in humans has remained unclear. In the present 

study, we show that KIF18B is a potential oncogene that 

promotes cervical cancer cell proliferation and migration 

in vitro and in vivo. Furthermore, our results indicate that 

the Wnt/β-catenin pathway may contribute to the carcino-

genicity of KIF18B overexpression.

Materials and methods
cell culture and transfection
Human cervical cancer cell lines C33A, HeLa, Siha, and 

Caski were obtained from Shanghai Life Science Institute 

Cell Library (Shanghai, People’s Republic of China). HaCaT 

cells (an immortalized human papillomavirus [HPV]-neg-

ative skin keratinocyte line), which were purchased from 

Nanjing Kaiji Biotechnology Company, were used as normal 

controls. C33A, HeLa, and Siha cell lines were cultured in 

Minimum Essential Medium (MEM) (HyClone; GE Health-

care Life Sciences, Logan, UT, USA), and HaCaT and Caski 

cell lines were cultured in RPMI 1640 media (Kaiji, Nanjing, 

People’s Republic of China). All media were supplemented 

with 10% fetal bovine serum (FBS) (HyClone; GE Health-

care Life Sciences), penicillin–streptomycin liquid (Thermo 

Fisher Scientific Inc., Waltham, MA, USA), and 0.25 µg/

mL amphotericin B (Ameresco Inc., Framingham, MA, 

USA), and cells were cultured at 37°C in a humidified 

atmosphere of 5% CO
2
. Transfection was performed using 

Lipofectamine RNAi MAX, a small interfering RNA 

(siRNA) transfection protocol (Thermo Fisher Scientific). 

We used nonsense RNAi (nsRNA) as a negative control 

for KIF18B siRNA. Transfection efficiency was detected 

by quantitative real-time reverse transcription polymerase 

chain reaction (qRT-PCR) and western blotting. We designed 

three siRNAs using the following sequences: siRNA-1 for 

KIF18B, 5′-GCUCAUCAACGUCCUCAAUTT-3′ (sense), 

5′-AUUGAGGACGUUGAUGAGCTT-3′ (antisense); siR-

NA-2 for KIF18B, 5′-GCUACCAGGAGGUGUAUAATT-3′ 
(sense) ,  5 ′-UUAUACACCUCCUGGUAGCTT-3 ′ 
(antisense); siRNA-3 for KIF18B, 5′-CCAGUUUCC 

AUGAAUGCAUTT-3′ (sense), 5′-AUGCAUUCAUGGA 

AACUGGTT-3′ (antisense). The negative control sequences 

for the nonsense siRNA are as follows: 5′-UUCUC 

CGAACGUGUCACGUTT-3′ (sense) and 5′-ACGUGAC 

ACGUUCGGAGAATT-3′ (antisense). The human KIF18B-

targeting small hairpin RNA (shRNA) sequence was 

designed based on siRNA-1, siRNA-2, and nsRNA. We 

generated recombinant lentiviral particles, and cells were 

transfected with KIF18B or negative control recombinant 

lentivirus (shRNA-KIF18B or shRNA-NC, respectively). 

A Genechem-KIF18B plasmid expressing the full-length 

human KIF18B protein was purchased from Genechem, and 

an empty plasmid was used as a negative control. KIF18B 

cDNA was cloned into the pcDNA3.1 vector (GENEray 

Biotechnology) to construct overexpression plasmids, and 

the empty vector was used as a negative control. shRNA to 
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knockdown KIF18B was generated according to the siRNA 

sequence (GENEray Biotechnology). Transfection efficiency 

was measured by qRT-PCR and western blotting.

rna extraction, quantitative real-time 
reverse transcription polymerase chain 
reaction
Cervical cancer cells were harvested and collected, and TRI-

zol reagent (Thermo Fisher Scientific) was used to extract 

total RNA. A NanoDrop 2000 (Thermo Fisher Scientific 

Inc, USA) was used to measure the quantity of RNA. For 

qRT-PCR, a reverse transcription kit (Takara, cat: RR036A) 

was employed to reverse transcribe 1,000 ng total RNA to 

cDNA in a final volume 20 µL. qRT-PCR was performed 

with SYBR Select Master Mix (Applied Biosystems, Cat: 

4472908). The primers used for KIF18B, p21, p27, CyclinD1, 

CyclinE, and β-actin are listed in Table 1. QuantStudioTM 6 

Flex Real-Time PCR System was used to collect qRT-PCR 

data; the qRT-PCR reaction included an initial denaturation 

step at 95°C for 10 minutes, followed by 40 cycles at 92°C for 

15 seconds, and 60°C for 1 minute. Each sample was carried 

out in triplicate, and relative expression was calculated and 

normalized using the 2−ΔΔCt method relative to β-actin.

Western blotting
Cells were harvested and processed in lysis buffer on ice 

(KeyGEN, Nanjing, People’s Republic of China); a BCA 

Kit (KeyGEN) was utilized to quantitate protein concentra-

tions. Equal amounts of protein were separated by sodium 

dodecyl sulfate polyacrylamide gel electrophoresis and then 

transferred to polyvinylidene difluoride membranes. The 

membranes were blocked in 2% bovine serum albumin (BSA) 

in Tris-buffered saline/Tween 20 (TBS-T) for 1 hour and 

subsequently incubated overnight (4°C) with antibodies 

against KIF18B (Biorbyt, orb184615, 1:500), p21 (CST, 2947, 

1:1,000), p27 (CST, 3688, 1:1,000), CyclinD1 (CST, 2978, 

1:1,000), CyclinE1 (CST, 4136, 1:1,000), C-myc (Santa 

Cruz, sc-764, 1:500), β-catenin (Abcam, ab6302, 1:1,500), 

GSK3β (CST, 12456, 1:1,000), phospho-GSK3β (CST, 

5558,1:1,000), or β-actin (CST, 8H10D10, 1:1,000). After 

washing with TBS-T, the membrane was incubated with a 

goat antirabbit or a goat antimouse horseradish peroxidase-

conjugated secondary antibody (1:10,000; Abcam) at room 

temperature for 2 hours. The blots were visualized by 

enhanced chemiluminescence detection (Thermo Fisher 

Scientific Inc). All experiments were independently repeated 

at least three times.

cell proliferation assays and colony-
formation assay
Cell proliferation was measured using Cell Counting Kit-8 

(CCK-8) (KeyGEN). Cells were plated in 96-well plates at a 

density of 2,000 cells in 100 µL per well, and absorbance was 

measured at 450 nm using an ELx-800 universal microplate 

reader. Each experiment was repeated independently in 

quadruplicate. For colony-formation assays, a total of 100 

transfected cells in a fresh six-well plates were maintained in 

serum-free medium containing 10% FBS; the medium was 

replaced every 3 or 4 days. After 2 weeks, the cells were fixed 

with 4% paraformaldehyde and stained with 0.1% crystal 

violet. The visible colonies were counted; each experiment 

was repeated three times.

Wound-healing assay
Cell migratory ability was detected by using a wound-healing 

assay. Cells were seeded in 6-well plates and cultured in 

complete medium until near confluence (80%–90%). The 

culture medium was discarded, and a sterile, 100-µL pipette 

tip was used to generate a wound. The cells were washed 

two times and incubated in serum-free medium for 24 hours, 

after which images were captured.

cell migration and invasion assays
Transwell chambers were used to assess the migration and 

invasion properties of tumor cells. HeLa and Siha cells 

(5×104 cells) in 100 µL of serum-free DMEM were seeded 

onto cell inserts and placed in wells filled with 600 µL of 

DMEM supplemented with 10% FBS. After 24 hours of 

incubation at 37°C and 5% CO
2
, the nonmigrating cells 

present on the upper surface of the filter were removed. 

Table 1 Primers used in qrT-Pcr analysis

Gene Primer sequence

KIF18B Forward: gcTgcaagTagTggTacggg
reverse: ccTcagggTTaaacaccagca

p21 Forward: agaccaTgTggaccTgTcacTgg
reverse: gTTTggagTggTagaaaTcTgTc

p27 Forward: TgcaaccgaTTcTTcTcaa
reverse: caagcagTgaTgTaTcTgaTaaacaag

CyclinD1 Forward: gcTgcgaagTggaaaccaTc
reverse: ccTccTTcTgcacacaTTTgaa

CyclinE Forward: acTcaacgTgcaagccTcg
reverse: gcTcaagaaagTgcTgaTccc

β-actin Forward: TgacgTggacaTccgcaaag
reverse: cTggaaggTggacagcg

Abbreviation: qrT-Pcr, quantitative real-time reverse transcription polymerase 
chain reaction.
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The membranes were fixed in 4% paraformaldehyde and 

stained with 0.1% crystal violet. The number of migrat-

ing cells from four random fields was calculated under a 

microscope. Each sample was assayed in triplicate. A similar 

system with matrigel-coated membranes was used for assess-

ing invasion.

Flow cytometry analysis
Flow cytometry was used to detect the cell cycle distribution 

and apoptosis. For the former, cells were harvested and fixed 

with 70% ethanol at 20°C for 24 hours and subsequently 

stained with 50 µg/mL propidium iodide at 37°C in the 

dark for 10 minutes. The samples were analyzed using a 

FACSCalibur flow cytometer. The percentage of cells in 

G0–G1, S, and G2–M phases was counted and compared. 

For apoptosis analysis, cells were washed and resuspended, 

and the Annexin V-FITC cell apoptosis detection kit was 

used according to the manufacturer’s instructions (BD 

Biosciences). After incubation at room temperature in the 

dark for 20 minutes, the cells were immediately analyzed by 

flow cytometry using a FACScan. All samples were detected 

in triplicate.

in vivo experiments
A total of eight nude mice (ages 4–6 weeks) for the present 

study were purchased from an accredited animal facility at the 

Nanjing Medical University School of Medicine. All animal 

studies were conducted in accordance with National Institutes 

of Health animal use guidelines and all animal protocols were 

approved by Nanjing Medical University Animal Care Com-

mittee. Briefly, 1.0×106 exponentially growing HeLa or Siha 

cells transfected with shRNA-KIF18B or shRNA-NC were 

subcutaneously injected into the axilla region. Tumor volume 

was measured every 10 days using calipers. Approximately 

6 weeks later, the mice were anesthetized with 1% sodium 

pentobarbital and intraperitoneally injected with luciferin. 

The tumor weights were measured, and tumors were collected 

for immunohistochemistry (IHC).

Tissue microarray (TMa) and ihc
TMA was performed to evaluate the clinical utility of 

KIF18B as a prognostic marker. Briefly, formalin fixed 

paraffin-embedded archived tissues of 62 cervical cancer 

samples were arranged in tissue array blocks (Shanghai 

BioChip Co Ltd., Shanghai, People’s Republic of China). 

Each spot was accompanied with case information, includ-

ing sex, age, pathological grade, and clinical stage. The 

study was conducted in accordance with the provisions of 

the Ethics Committee of Nanjing Medical University, and 

written informed consent was obtained from each participant 

involved. This study was approved by the Ethics Boards of 

the Cancer Institute of Jiangsu Province. KIF18B staining 

was scored independently by two observers (including a 

pathologist) according to the intensity and percentage of posi-

tive cells. Staining intensity was scored according to 4 grades: 

0 (negative), 1 (weak), 2 (moderate), or 3 (strong). The 

product (percentage of positive cells and respective intensity 

scores) was used as the final staining score (a minimum value 

of 0 and a maximum value of 300).

statistical analysis
SPSS 20.0 was used for statistical analysis. Data are presented 

as the mean ± SD from at least three independent experi-

ments. The statistical analysis was performed using Student’s 

t-test or one-way analysis of variance. A P-value 0.05 was 

considered statistically significant. Data graphs were gener-

ated with GraphPad Prism 5.0 software.

Results
KiF18B is overexpressed in cervical 
cancer tumor tissues and correlates with 
more aggressive clinical characteristics
By analyzing the TCGA_CESC_exp_HiSeqV22015-02-24 

dataset, cervical cancer tissues showed 3.4-fold hyperex-

pression of KIF18B compared with normal cervical tissues 

(P0.0001), in close association with a large primary 

tumor size and an advanced FIGO stage (Figure 1A and B). 

Subsequently, Human Protein Atlas IHC analyses showed 

that KIF18B was not expressed in normal cervical tissues 

but was expressed in 11 of 12 (91.7%) cervical cancer tis-

sue samples (Figure 1C). We next detected expression of 

KIF18B in 30 paired cervical cancer tissue samples (tumor 

and adjacent normal cervical tissues) using qRT-PCR and 

found that KIF18B was overexpressed in 87% (26 of 30) of 

these patients (P0.001; Figure 1D).

OD-CT-RpUtr03-003 and OD-CT-RpUtr03-006 

(purchased from Shanghai Xinchao Biological Company) 

were used for IHC detection of KIF18B expression in 

normal cervical tissues and in cervical cancer tissues. 

As shown in Figure 1E, cervical cancer tissues exhibited 

hyperexpression of KIF18B compared with normal cer-

vical tissues (Figure 1E), and this overexpression was 

positively correlated with a large primary tumor size 

(P=0.018), an advanced tumor grade (P0.001) and an 

advanced FIGO stage (P=0.025) (Figure 1F–H). How-

ever, no associations between KIF18B expression and 

age (P=0.934) or lymph node metastasis (P=0.167) were 

observed (Table 2).
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Knockdown of KiF18B inhibits cervical 
cancer cell proliferation, invasion, and 
migration in vitro
Expression of KIF18B was compared among different 

cervical cancer cell lines. KIF18B was hyperexpressed 

in HeLa and Siha cell lines compared with that in cul-

tured human keratinocyte (HaCaT) cells (Figure 2A). To 

investigate the biological function of KIF18B in vitro, 

three different sets of siRNAs (siRNA-1, siRNA-2, and 

siRNA3) were utilized to knock down KIF18B, all of which 

effectively decreased KIF18B mRNA and protein expres-

sion (Figure 2B and C). As shown in Figure 2D, CCK-8 

assays revealed that KIF18B knockdown attenuated the 

proliferation of both HeLa and Siha cells. Moreover, si-

KIF18B-transfected cells displayed fewer colonies than did 

cells transfected with control siRNA (si-NC) (Figure 2E). 

A Transwell assay also showed that the migration of 

Figure 1 KiF18B is overexpressed in cervical cancer tumor tissues and correlates with aggressive clinical characteristics.
Notes: (A) KiF18B closely associated with a larger primary tumor size in Tcga database. (B) KiF18B is closely associated with the FigO stage in Tcga database. 
(C) normal cervical tissues do not express KiF18B, but several cervical cancer tissues are positive for KiF18B. (D) KiF18B is overexpressed in 87% (26 of 30) of cervical cancer 
tissues. (E) Representative images of KIF18B staining in normal cervical tissue and at different histological differentiation levels (from well to poor); magnification ×40. (F–H) 
KiF18B overexpression is associated with primary tumor size (P=0.018), an advanced tumor grade (P0.001), and staging (P=0.025) in cervical cancer tissue.
Abbreviations: Tcga, The cancer genome atlas; ihc, immunohistochemistry.

Table 2 correlation between KiF18B expression and clinical 
characteristics in cervical cancer patients (chiP) (n=62)

Characteristics No of  
patients
n=62

KIF18B- 
low cases

KIF18B-
high cases

P-value

age (years)
50 36 17 19 0.934
50 26 12 14

Differentiation
Well (i or i–ii) 11 8 3 0.001
Moderate (ii) 38 18 20
Poor (ii–iii or iii) 13 4 9

Diameter of tumor
3 cm 45 18 27 0.018*
3 cm 17 5 12

FigO stage
i 23 15 8 0.025*
ii and iii 39 14 15

lymph node metastasis
no 23 16 7 0.167
Yes 39 14 25

Note: *P0.05, calculated with Pearson’s χ² test.
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Figure 2 (Continued)
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Figure 2 Knockdown of KiF18B inhibits cervical cancer cell proliferation, invasion, and migration in vitro.
Notes: (A) KiF18B mrna and protein are hyperexpressed in hela and siha cell lines. (B and C) Three specific siRNAs (siRNA-1, siRNA-2, and siRNA-3) were designed 
and synthesized, with siRNA-1 showing better efficiency. (D) ccK-8 assays showed that knock down of KiF18B inhibited the proliferation of both hela and siha cells. 
(E) colony numbers of hela and siha cells transfected with si-KiF18B are fewer than cells transfected with si-nc. (F) Migration and invasion rates of hela and siha cells 
transfected with si-KiF18B are decreased compared with those in nc cells. scale bar 100 μm. (G) hela and siha cells transfected with si-KiF18B display more arrest at g1 
phase than do cells transfected with si-nc. (H) No significant difference for apoptosis was observed between the si-NC and si-KIF18B groups for both HeLa and Siha cells. 
*P<0.05, **P<0.01, ***P<0.001. error bars indicate the seM.
Abbreviations: sirna, small interfering rna; nc, negative control; aV, annexin V.
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HeLa and Siha cells was inhibited by siRNA-mediated 

knockdown of KIF18B (Figure 2F), and a Matrigel inva-

sion assay revealed that si-KIF18B treatment impaired the 

invasion capacities of HeLa and Siha cells (Figure 2F). 

Finally, the effect of KIF18B on cell cycle distribution 

and apoptosis was evaluated by flow cytometry. As shown 

in Figure 2G, compared with si-NC treatment, si-KIF18B 

treatment increased the percentage of HeLa and Siha cells 

in G1 phase. However, no significant difference in apop-

tosis was found between HeLa and Siha cells treated with 

si-NC and si-KIF18B (Figure 2H).

Overexpression of KiF18B promotes 
cervical cancer cell proliferation, invasion, 
and migration in vitro
KIF18B expression in the C33A and Caski cell lines was 

low compared with cultured HaCaT cells (Figure 2A). As 

shown in Figure 3A, a wound-healing assay showed that the 

migration of oe-KIF18B C33A cells was increased, and a 

Transwell assay yielded similar results (Figure 3D). CCK-8 

assays revealed that KIF18B overexpression promoted C33A 

cell proliferation (Figure 3B). In addition, more colonies 

of oe-KIF18B-transfected cells were observed compared 

with cells transfected with control pcDNA3.1 (Figure 3C). 

A Matrigel invasion assay also showed that oe-KIF18B 

treatment impaired C33A cell invasion (Figure 3D) and 

overexpression of KIF18B in Caski cell line also can promote 

cervical cancer cell proliferation, invasion, and migration 

(Figure S1).

KiF18B plays a carcinogenic role by 
activating Wnt/β-catenin signaling
Next, we used Kyoto Encyclopedia of Genes and Genomes 

(KEGG) pathway analysis (DAVID Bioinformatics 

Resources 6.7) to evaluate a list of genes co-expressed 

with KIF18B that were obtained from cBioPortal data by 

using both RNA sequencing (RNA-Seq) and microarray 

results of cervical cancer (TCGA, Provisional). Enrichment 

of the cell cycle pathway was found for most of the genes 

co-expressed with KIF18B (Figure 4A). Considering that 

KIF18B knockdown decreased cancer cell proliferation, 

migration, and invasion and promoted G1-phase cell cycle 

Figure 3 Overexpression of KiF18B promotes cervical cancer cell proliferation, invasion, and migration in vitro.
Notes: (A) The wound-healing assay showed that the migration of oe-KiF18B c33a cells was increased. (B) ccK-8 assays revealed that overexpression of KiF18B promoted 
the proliferation of c33a cells. (C) oe-KiF18B-transfected c33a cells had more colonies than did cells transfected with the control, pcDna3.1. (D) Migration and invasion 
assays showed that oe-KiF18B treatment impaired the migration and invasion capacities of c33a cells. scale bar 100 μm. **P<0.01, ***P<0.001. error bars indicate the seM.

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2018:11submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1716

Wu et al

arrest, we examined expression of cell cycle-related genes 

in KIF18B-knockdown cells using qRT-PCR and western 

blot analyses. Consistent with the enrichment analyses, 

si-KIF18B treatment decreased both the mRNA and protein 

levels of CyclinD1 compared with si-NC treatment, whereas 

expression of p21, p27, and CyclinE was not affected 

(Figure 4B and C). We then assessed proteins related to 

the Wnt/β-catenin pathway and found that compared to the 

si-NC group, the si-KIF18B group showed decreased levels 

of C-myc, β-catenin, and the phosphorylation of GSK3β, 

but the total level of GSK3 β has no obvious differences 

(Figure 4D).

Knockdown of KiF18B suppresses tumor 
growth in vivo
We have used a nude mouse xenograft model produced 

using HeLa and Siha cells. When compared with the control 

group, tumor volumes and tumor weight were smaller in the 

shKIF18B-treated groups for both cell lines (Figure 5A, C 

and D). IHC staining revealed weaker Ki67 expression in the 

sh-NC group than in the sh-KIF18B group (Figure 5B), sug-

gesting that silencing KIF18B inhibits tumor growth in vivo.

Discussion
Kinesins are a class of motor proteins found in all eukaryotic 

cells, from yeast to humans.23 These motor proteins move 

Figure 4 (Continued)

ββ

β
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along microtubules through hydrolysis of ATP; thus, kinesins 

are ATPases. Recently, specific kinesin motor proteins have 

been studied as key proteins that regulate mitotic events and 

potential targets of therapy.24–26 Lee et al11 initially identified 

KIF18B as a member of the kinesin family and demonstrated 

that this protein may play an important role in cell division 

in a cell cycle-dependent manner. In addition, its homolog 

KIF18A has been closely associated with the pairing and 

separation of medullary chromosomes in mitosis.27 Abnormal 

expression of the KIF18A protein leads to sister chromosome 

separation abnormalities, subsequently causing cell 

aneuploidy, and ultimately inducing tumor.28 Several studies 

have reported that KIF18A is closely related to breast cancer, 

stomach cancer, and renal cancer.29–31

In addition to previous studies that reported KIF18B 

upregulation in hepatic carcinoma,22 we provide the first 

evidence that KIF18B is overexpressed in cervical cancer 

and is associated with a large tumor size and an advanced 

TNM stage. KIF18B is also upregulated in several cervical 

cancer cell lines compared to HaCaT cells. Experiments 

Figure 4 KiF18B plays a carcinogenic role by activating the Wnt/β-catenin signaling pathway.
Notes: (A) gene Ontology analysis indicates enrichment of cell cycle pathways among genes co-expressed with KiF18B. (B) cyclinD1 mrna expression was reduced 
after transfection with si-KiF18B, but the expression of p21, p27, and cycline were not altered both in hela and siha cells. (C) cyclinD1 protein expression was decreased 
after transfection with si-KiF18B, with no difference in the expression of p21, p27, or cycline expression both in hela and siha cells. (D) in hela cell, compared to si-nc 
treatment, si-KiF18B treatment resulted in decreased protein levels of c-myc, β-catenin, and p-gsK3β, but the total level of gsK3β has no obvious difference. ***P<0.001, 
#no significance. Error bars indicate the SEM.
Abbreviation: nc, negative control.
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were performed using CCK8 and colony-formation assays, 

and we observed that knockdown of KIF18B significantly 

inhibited cell proliferation and tumorigenesis by arresting 

cell cycle progression at G1 phase. Transwell and Matri-

gel assays further demonstrated that KIF18B knockdown 

decreases cancer cell migration and invasion capacities. We 

also overexpressed KIF18B in C33A cells, which promoted 

proliferation and tumorigenesis based on CCK-8 assays 

and enhanced invasion and migration based on Transwell 

and Matrigel assays. In vivo tumorigenesis was evaluated 

by inoculating shRNA-transfected tumor cells into nude 

mice, and we found that shRNA significantly disrupted the 

tumorigenic ability of these cells, with lower expression of 

KIF18B and Ki67 in the shRNA group than in the NC group 

(P0.05).

Flow cytometric analysis indicated that si-KIF18B treat-

ment strongly inhibits G1 cell cycle progression, and KEGG 

analyses produced similar results. We hypothesized that 

KIF18B promotes the proliferation, migration, and invasion 

of cervical cancer cells by inducing G1-phase cell cycle 

progression. We then assessed several G1 phase-related 

genes to explore the potential mechanism and found that 

expression of only CyclinD1 was significantly decreased 

by siRNA-mediated KIF18B knockdown as CyclinD1 is 

the upstream molecule of β-catenin, and the Wnt/β-catenin 

pathway play important role in tumor cell migration and 

invasion. Cell migration and invasion are important aspects 

of cancer progression. The Wnt/β-catenin pathway plays a 

key role in cancer cell proliferation, survival, differentia-

tion, and epithelial to mesenchymal transition.32,33 When 

Wnt ligands bind to transmembrane receptors, Wnt sig-

naling can be initiated,34 and β-catenin aggregates within 

the nucleus and forms a β-catenin/TCF/LEF transcription 

complex. There is evidence that many important oncogenes 

or tumor suppressors regulate the Wnt/β-catenin signaling 

pathway and thereby regulate the migration and invasion 

of tumor cells.35,36 In addition, many transcription factor 

also participate in this regulatory process.37–39 In the pres-

ent study, we tested the effect of KIF18B knockdown on 

the Wnt/β-catenin signaling pathway. Compared with the 

control group, silencing of KIF18B expression decreased 

the total level of β-catenin, C-myc, and the phosphoryla-

tion of GSK3β, but the total level of GSK3β has no obvious 

differences.

Figure 5 Knockdown of KiF18B suppresses tumor growth in vivo.
Notes: (A) Tumor nodules from mice injected with sh-KIF18B cells are significantly smaller than those from mice injected with NC cells. (B) sh-KiF18B tumors generated 
from both HeLa and Siha cell lines have less dense Ki-67 staining. Magnification ×40.(C) compared with the nc group, the sh-KiF18B group showed reduced tumor sizes. 
(D) compared with the nc group, the sh-KiF18B group showed reduced tumor weight. **P<0.01, ***P<0.001. error bars indicate the seM.
Abbreviations: shrna, small hairpin rna; nc, negative control.
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Conclusion
The results of the present study suggest that KIF18B is widely 

overexpressed in cervical cancer in both cells and tissues and that 

upregulation of KIF18B correlates with an advanced tumor stage 

and a large tumor size. KIF18B can promote cervical cancer 

cell proliferation in vitro and tumor growth in vivo. In addition, 

silencing of KIF18B suppresses cell cycle progression by inhib-

iting CyclinD1 expression and decreasing expression of Wnt/β-

catenin pathway-related proteins. This finding suggests that 

KIF18B plays an oncogenic role in cervical cancer and might 

serve as a novel prognostic biomarker in cervical cancer patients.
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Supplementary material

Figure S1 Overexpression of KiF18B promotes caski cell proliferation, invasion, and migration.
Notes: (A) The wound-healing assay showed that the migration of oe-KiF18B caski cells was increased. (B) ccK-8 assays revealed that overexpression of KiF18B promoted 
the proliferation of caski cells. (C) oe-KiF18B-transfected caski cells had more colonies than did those transfected with control pcDna3.1. (D) The migration and invasion 
assay showed that oe-KiF18B treatment impaired the migration and invasion capacities of caski cells. scale bar 100μm. **P<0.01, ***P<0.001. error bars indicate the seM.
Abbreviation: ccK-8, cell counting kit-8.
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