
© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2019;8(6):2252-2263 | http://dx.doi.org/10.21037/tcr.2019.09.38

Introduction

Head and neck squamous cell carcinoma (HNSCC) is the 
sixth most common cancer, accounting for more than 90% 
of all head and neck cancers with a global incidence of 
550,000 cases per year (1). Although several improvements 
have been made in the diagnosis and treatment of patients 
with early stages of HNSCC, advanced stage HNSCC 
treatment results in poor outcomes due to infinite 

proliferation and metastasis (2,3). Over the past few years, 
improvements in therapies contributing to cell proliferation 
and metastasis have been proposed to develop targeted 
agents for HNSCC therapy. Unfortunately, the life quality 
and survival rate of HNSCC patients have not significantly 
improved. Hence, discovering and fully understanding the 
key molecular mechanisms associated with tumorigenesis 
and progression are critical for improving the survival rate 
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for the HNSCC patients.
KIF18A is a member of the kinesin superfamily. It was 

first found to be associated with chromosome aggregation 
and centromere movement, through which chromosome 
stability and oscillation attenuation are maintained in 
mitotic spindle microtubules. Mutation and dysfunction 
of KIF18A can cause chromosome instability, leading to 
the pathological changes. In the recent years, mounting 
evidence has indicated that KIF18A is over-expressed in 
different types of tumors and play an important role in 
tumor genesis, aggressive and prognosis (4-6). KIF18A is 
over-expressed in human breast cancer; its high expression 
is associated with tumor grades, metastasis and poor 
survival, and may be a useful predictive marker for breast 
cancer (7-9). KIF18A is over-expressed in colorectal cancer 
cells (10), and it is significantly associated with tumor stage 
and metastasis; thus, KIF18A may be a significant factor for 
colorectal cancer progression (11). In human clear cell renal 
carcinoma, the level of KIF18A expression was significantly 
associated with tumor stage, histological grade, metastasis 
and tumor size (6). It has also been reported that high 

KIF18A expressed promotes the proliferation, invasion and 
metastasis of HCC cells, correlates with an unfavorable 
prognosis and may emerge as a new target for the diagnosis 
and treatment of HCC (3,12).

 KIF18A is often deregulated in many malignant tumors 
and plays an important role in cancer development and 
progression. However, the expression and the role of 
KIF18A in HNSCC are still unclear. No reports have 
elucidated the expression of KIF18A in HNSCC patients 
and its function in HNSCC cells. In the current study, 
KIF18A expression and its effects on proliferation and 
metastasis in human HNSCC were determined. KIF18A 
expression levels were compared in clinical specimens and 
normal adjacent tissues, and the effects of KIF18A on the 
proliferation, invasion and metastasis of HNSCC cells were 
determined by using the siRNA method. Moreover, we 
demonstrated that KIF18A may promote the proliferation, 
invasion and metastasis of HNSCC through the activity of 
Akt. KIF18A may serve as a potential prognostic marker for 
the patients with HNSCC and may play a critical role in the 
diagnosis and treatment of HNSCC. 

Methods

Patients and tissue preparation

This study was conducted on a total of 27 head and neck 
tumour samples, which were histopathologically and clinically 
diagnosed at Xiangya Hospital, Central South University. 
For the use of these clinical materials for research purposes, 
prior consent was obtained from all patients, who provided 
written informed consent, and all research was performed in 
accordance with relevant guidelines. This study was approved 
by the Ethics Committee of the Xiangya Hospital of Central 
South University (ethics committee reference number: 
201612679). The patients included 25 males and 2 females. 
None of the patients had a history of previous malignancies, 
radiotherapy or chemotherapy. The clinical information for 
and pathological characteristics of all patients are summarized 
in Table 1.

Cell culture

The HNSCC cell line Tu686 was kindly provided by Dr. 
Zhuo (Georgia) Chen; this cell line was harvested from a 
primary carcinoma located in the base of the tongue (13). 
The cells were cultured as previously described (14,15). 
The 6-10B、5-8F were nasopharyngeal carcinoma (NPC) 

Table 1 Clinical features of the 27 patients

Variables No. (%)

Sex

Male 25 (92.6)

Female 2 (7.4)

Age, years

40–45 19 (70.4) 

>45 8 (29.6)

AJCC clinical stage

I–II 12 (44.4)

III–IV 15 (55.6)

T classification

T1–T2 22 (81.5)

T3–T4 5 (18.5)

Lymph node metastasis

N– 11 (40.7)

N+ 16 (59.3)

Distant metastasis

M0 27 (100)

M1 0 
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cell lines, which was established at the Central Experiment 
Laboratory of Xiangya Medical School, Central South 
University (Changsha, China). FaDu derived from human 
hypo-pharynx cancer was also friendly offered by Dr. Zhuo 
(Georgia) Chen. NP69 is immortalized non-malignant cell 
line derived from human nasopharyngeal mucosa.

We used a mixture containing RPMI-1640 medium, 
10% fetal bovine serum (FBS), 100 IU/mL penicillin 
and 100 IU/mL streptomycin to culture the 6-10B cells, 
and the cells were kept in a humidified atmosphere at  
37 ℃ with 5% CO2. Exponentially growing cells were used 
for all experiments. We used the Akt inhibitor LY294002 
(Beyotime, China) to inhibit the expression of Akt at the 
concentration of 6 μg/mL.

Real-time PCR assay

Total RNA was harvested from cells and tissues by 
TRIzol reagent following the manufacturer’s directions 
(15596-018, Invitrogen) and was suspended with 20 μL 
nuclease-free water. qRT-PCR was performed according 
to instrument of the qRT-PCR kit. Briefly, mRNAs 
was converted to cDNA using an All-in-One First 
Strand Synthesis Kit (GeneCopoeia, USA) according 
to the manufacturer's protocol. The primer sequences 
of KIF18A were determined using Primer Premier 5.0 
software (Premier Biosoft, USA) and GAPDH was used 
as a control. The primer sequences for GAPDH were 
as follows: 5'-ATC AAG AAG GTG GTG AAG CAG-
3' (sense); and 5'-TGG AGG AGT GGG TGT CGC-
3' (antisense). The primer sequences for KIF18A were 
as follows: 5'-AAAAAGTGGTAGTTTGGGCTGA-3' 
(sense); and 5'-CTTTCAAGGGAGATGGCATTAG-3' 
(antisense). Products were amplified by PCR using All-
in-One quantitative polymerase chain reaction (qPCR) 
mix (GeneCopoeia, USA), and the data were obtained and 
analyzed with the Applied Biosystems ViiA™ 7 Real-Time 
PCR system. All RT reactions were performed in triplicate, 
and experimental procedures of qPCR were based on the 
manufacturer’s guidelines. The relative expression levels 
were determined by the 2−ΔΔCt method.

Western blotting

Whole protein was harvested from the cultured cells using 
a protein extraction kit (Beyotime, China). A total of  
30 μg of protein was added to a 10% SDS-PAGE gel for 
separation and transfer onto PVDF membranes (Millipore). 

Before adding primary antibodies, the membranes were 
blocked using TBST buffer supplemented with 1% bovine 
serum albumin at room temperature for 2 h. After that the 
membranes were washed with TBST buffer 3 times and 
incubated with primary rabbit antibodies against KIF18A 
(ab72417, Abcam), p-Akt (Ser 473) (4060P, Cell Signaling 
Technology), Akt (4685S, Cell Signaling Technology), 
Vimentin (10366-1-AP, Proteintech), E-cadherin, (20874-
1-AP, Proteintech), at 4 ℃ overnight. After washing, 
the membranes were incubated with the appropriate 
secondary antibody with HRP-labelled for 1 h at room 
temperature. Bands were finally visualized by employing the 
BeyoECL Plus Detection System (Beyotime, China). The 
protein expression levels were quantified by a FluorChem 
FC2 (San Leandro, CA, USA) and are represented as 
the densitometric ratio of the targeted protein to the 
housekeeping protein of GAPDH (Beyotime, China). The 
experiments were repeated three times.

Small interfering RNA and cDNA transfection

The KIF18A siRNA was obtained from RiboBio (RiboBio, 
China) to knock down KIF18A. The siRNA was transfected 
into cells using RNAi mate (GenePharma) according to 
the manufacturer’s instruction. siRNAs’ sequence was 
as follows:5'-GUGCCACCAUAUGAAAGUATT-3' 
and 5'-UACUUUCAUAUGGUGGCACTT-3'. Vector 
(siRNA-NC):5'-GAGUUAAAGUCAAAGUGACTT-3', 
5'-GUCACUUUGACUUUAACUCTT-3'. The KIF18A 
cDNA was obtained from GeneCopoeia (EX-T1513-M98, 
GeneCopoeia): OmicsLink™ Expression Clone Datasheet 
of EX-T1513-M98; and the negative control (EX-
NEG-M98, GeneCopoeia): OmicsLinkTM Expression Clone 
Datasheet of EX-NEG-M98. The target sequence for 
KIF18A and the negative control cDNA were transfected 
respectively. The cDNA was transfected into cells using 
Lipofectamine 2000 (Invitrogen Corporation) following the 
manufacturer’s instructions.

CCK-8 assay

The proliferation of tumor cells was tested using a Cell 
Counting Kit-8 (Beyotime, China). A total of 4,000 cells 
were re-suspended in the complete medium and added 
to each well of a 96-well plate. After infection with 
KIF18A-siRNA or NC-siRNA for 48 h, the cells were 
treated following the manufacturer’s instructions. Then, 
the absorbance at 450 nm was detected by an ultraviolet 
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spectrometer. The experiments were performed in 
quintuplicate and repeated in triplicate. The growth curves 
were generated using GraphPad Prism software.

Colony formation assays

Tu686 and 6-10B cells (8×102) suspended in RPMI-1640 with 
10% FBS were seeded in each well of a 6-well plate. The 
seeded cells received fresh culture medium every 2 days. After 
10 days, the cells were fixed with paraformaldehyde and then 
stained with a 0.1% crystal violet solution. The experiments 
were performed in triplicate.

Invasion and migration assay

A wound healing assay was used to detect cell migration 
ability. When the treated cells formed a confluent 
monolayer in a 6-well plate well, a scratch was made on 
the monolayer by a sterile pipette tip (10 μL), and the 
floating and detached cells were washed away using serum 
free medium. Finally, images were taken with an inverted 
fluorescence microscope at 0 and 48 h. On each image, we 
randomly selected three sites to measure the width of the 
scratches, took the average value, the average scratch width 
w, and the Rate of Wound Healing (WHR) was calculated 
as 0 48

0

100%h hWHR w w
w
−

= ×

Transwell assays using inserts precoated with Matrigel 
were used to test the cell invasion ability. Next, 4×103 treated 
cells suspended in 100 µL of medium with 0.1% FBS were 
seeded on the culture inserts of a 24-well plate, and 400 µL 
of medium containing 10% FBS was added to the lower as 
a chemotactic agent. After 48 h, noninvasive cells located 
on the upper side of the membrane were wiped away, and 
cells on the other side off the membrane were treated with 
cold methanol (−20 ℃), and then dried in air. Finally, the 
cells were stained with crystal violet and counted with an 
inverted microscope. The experiments were repeated in 
triplicate and 4 microscopic fields were counted per insert. 

Statistical analysis

Statistical analyses were performed with SPSS software 
(version 17.0). The continuous variables in this research 
are expressed as the mean ± SD. Significant differences 
between groups were determined with an analysis of 
variance (ANOVA). The chi-squared test was used for the 
statistical analysis of categorical variables. Differences were 

considered to be significant when P<0.05. All tests were 
two-sided.

Results

KIF18A is over-expressed in HNSCC

To explore the potential associations between KIF18A 
expression and clinical variables in HNSCC patients, the 
expression levels of KIF18A mRNA were assayed by qPCR 
in 27 HNSCC patients. Our results revealed that expression 
levels of KIF18A mRNA were higher in the cancer tissues 
than in normal tissues (Figure 1A,B). Then we further 
investigated the expression of KIF18A mRNA in Tu686, 
5-8f, 6-10B, CNE-2 and FADU cancer cell lines and the 
normal cell line NP69. We found that in the HNSCC cell 
lines of 5-8f, 6-10B, CNE-2, TU686 and FADU, KIF18A 
mRNA was expressed at higher levels than that in the 
human normal nasopharyngeal cell line NP69 (Figure 1C). 
Moreover, our western blot results showed that KIF18A 
expression of the 6-10B cells was the highest in the 6-10B, 
5-8F and Tu686 three cell lines, while it was the lowest in 
Tu686 cells (Figure 1D).

Effect of KIF18A on the proliferation of SCCHN cells 

KIF18A have a important role in the proliferation of 
SCCHN cells (Figure 2). To directly determine whether 
KIF18A expression disrupts cell growth in HNSCC 
malignant progression, KIF18A was overexpressed in the 
HNSCC cell line Tu686. Our data revealed that forced 
expression of KIF18A correspondingly enhanced the 
proliferation (Figure 2A). The flat plate clones results 
showed that the number of Tu686 cells was increased nearly 
2 fold in transfection with KIF18A cDNA cells compared 
with the negative control cDNA group (Figure 2C,D;  
P<0.01). We performed KIF18A loss-of-function analyses 
to strengthen the above results. The expression of KIF18A 
was down-regulated in 6-10B cells using siRNA technology. 
6-10B cells were transfected with KIF18A siRNA expression 
vector or control siRNA expression vector. We found that 
KIF18A siRNA inhibited the proliferation of 6-10B cells 
in vitro (Figure 2B). Moreover, the expression of KIF18A 
decreased also effectively inhibited clone formation in 
6-10B cells (Figure 2E,F). Together, these results indicated 
that KIF18A expression can promote the proliferation of 
HNSCC cancer cells, while silencing KIF18A expression 
inhibited cancer cell proliferation. It is not difficult to 
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infer that KIF18A may be an oncogene in HNSCC and a 
promoter of HNSCC malignant progression.

KIF18A promotes the migration and invasion of HNSCC 
in vitro

To further explore the effect of KIF18A on cell invasion 
and migration in vivo, the motility and invasiveness of 
6-10B and Tu686 cells were evaluated by the cell scratch 
test and transwell chamber assay in this study. Tu686 cells 
were transfected with KIF18A vector or empty vector. 
The results of the cell scratch test demonstrated that the 
KIF18A increased the invasiveness of HNSCC cancer cells 
(Figure 3A,B; P<0.01). Following 48 h of cultured with the 
KIF18A vector, the number of Tu686 cells that invaded 
into the lower chamber markedly increased (Figure 3C,D; 
P<0.01). In contrast, when 6-10B cells transfected with 
KIF18A-siRNA or NC-siRNA were cultured for 48 h，the 
mean scratch distance between of 6-10B cells transfected 
with KIF18A siRNA was wider than that of the NC-siRNA 
group (Figure 3E,F; P<0.01). The transwell migration assay 
showed that the mean number of cells penetrating through 
the Matrigel down to the lower chamber was significantly 
lower in the 6-10B transfected KIF18A-siRNA group than 
in the blank group (Figure 3G,H; P<0.01). 

Epithelial mesenchymal transformation (EMT) is an 

important manifestation of cancer. Tumors can be more 
invasive and metastatic through EMT. One important 
manifestation of the EMT is down-regulation of E-cadherin 
and up-regulation of Vimentin. And, our western blot 
results showed that KIF18A over-expressed in Tu686 cells 
could up-regulate Vimentin expression and down-regulate 
E-cadherin expression, which could greatly affect the 
invasion and migration abilities of tumor cells (Figure 4A,B; 
P<0.05). On the contrary, the expression of Vimentin was 
decreased and the expression of E-cadherin was increased 
by the downregulation KIF18A in 6-10B cells (Figure 4C,D; 
P<0.05). The above results indicated that the invasive and 
migration ability was significantly increased by KIF18A in 
HNSCC cells.

Inhibition Akt attenuates the ability of KIF18A to enhance 
invasion and migration in HNSCC cells in vitro 

Our results indicated that KIF18A promoted the invasion 
and migration of HNSCC cells. A previous study showed 
that Akt was involved in the metastasis of HNSCC. 
Therefore, we investigated whether KIF18A exerted a 
tumor-promoting effect on Akt. We found that when the 
expression of Akt was inhibited, the expression of KIF18A 
would be increased in Tu686 cells. Cell scratch test and 
Transwell chamber assay results showed that inhibition 
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of Akt could reverse the invasion and migration ability 
of KIF18A in HNSCC cells, indicating that KIF18A 
promotes tumor progression via a mechanism involving 
the Akt activation (Figure 5A,B,C,D). Our western blot 
results showed that Akt and p-Akt were up-regulated in 
KIF18A-overexpressed Tu686 cells and down-regulated in 
KIF18A-knocked down 6-10B cells (Figure 6A,B,C,D). To 
confirm the role of the Akt in KIF18A-mediated metastasis, 
the expression levels of E-cadherin and Vimentin were 
measured upon KIF18A over-expression with Akt inhibited 
Tu686 cells. As shown in Figure 6E,F, the up-regulation of 

Vimentin and down-regulation of E-cadherin mediated by 
KIF18A were obviously attenuated by the inhibition of Akt. 
These results suggested that Akt activation was involved in 
the progression of HNSCC cells induced by KIF18A. 

Discussion

HNSCC ranks as the sixth most aggressive malignancy 
in the world. Although multiple diagnosis and therapy 
methods have been improved significantly, the prognosis of 
HNSCC patients is still unsatisfactory for distant metastases 



2258 Liu et al. The role of KIF18A in HNSCC

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2019;8(6):2252-2263 | http://dx.doi.org/10.21037/tcr.2019.09.38

100

80

60

40

20

0R
at

e 
of

 w
ou

nd
 h

ea
lin

g 
(%

)

KIF18A

KIF18A

Vector

Vector **

**

Tu-686

Tu-686

0 h

48 h

BA

RNAi

RNAi

Vector

Vector

6-10B

6-10B

100

80

60

40

20

0R
at

e 
of

 w
ou

nd
 h

ea
lin

g 
(%

) **
**

0 h

48 h

FE

100

50

0

C
el

l n
um

be
r

KIF18A

KIF18A

Vector

Vector
**

**

Tu-686

Tu-686 DC

RNAi

RNAi

Vector

Vector

6-10B

6-10B 250

200

150

100

50

0

C
el

l n
um

be
r

**

**
HG
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(16-18). Therefore, it is urgent and imperative to clarify the 
mechanisms underlying metastasis, which will benefit future 
surveillance and targeted therapy for HNSCC patients. 
KIF18A, a member of the kinesin 8 family, is an important 
regulator that controls mitotic chromosome alignment 
during mitosis (19-22). However, recent studies report 
that KIF18A plays an important role in carcinogenesis 
and cancer progression. Experimental evidence indicates 
that KIF18A expression is significantly higher in cancer 

tissues than in paired normal tissues (6,12,23), and its high 
expression is closely related to adverse prognostic factors 
and shorter survival times (4,7,9,11). Recently studies found 
that KIF18A was involved in the invasion and metastasis 
processes of some malignant tumors, such as hepatocellular 
carcinoma, breast cancer, renal cell carcinoma and colorectal 
cancer. KIF18A can also be a significant factor for cancer 
progression. In HNSCC, however, the function of KIF18A 
and its role in metastasis have not been clearly elucidated. 
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In this study, we found that KIF18A mRNA expression 
was obviously higher in HNSCC tissues than in adjacent 
tissues. Moreover, KIF18A was also found to be expressed 
at higher levels in HNSCC cancer cells than in normal 
cells, which may promote the progression of HNSCC. To 
further explore the function of KIF18A in the development 
of HNSCC cells, we over-expressed KIF18A in Tu686 
cells and knocked down its expression in 6-10B cells to 
investigate the changes in cancer cell growth, invasion and 
migration. Our results showed that KIF18A overexpression 
promoted cell proliferation, cell invasion and migration 
in Tu686 cells. In contrast, after silencing KIF18A, cell 
proliferation, cell invasion and migration ability were 
decreased. These changes suggest that the KIF18A gene 
controls cell mitosis and promotes cell division, which 
may be involved in biological activity of cancer cells. This 
indicates that abnormal KIF18A expression in HNSCC 

may cause abnormal regulation of mitosis and caused cancer 
cell malignant  hyperplasia, but the specific molecular 
mechanism through which KIF18A promotes metastasis 
remains uncertain.

Epithelial mesenchymal transformation is an important 
manifestation of cancer. Tumors can be more invasive and 
metastatic through epithelial mesenchymal transformation. 
One important manifestation of the is down-regulation 
of E-cadherin and up-regulation of Vimentin. For further 
understand the molecular mechanism of KIF18A in 
HNSCC, we detected the protein expression of Vimentin 
and E-cadherin, which are associated with the ability of 
invasion and migration in cancer cells. Vimentin is commonly 
expressed in mesenchymal cells and its abnormal expression 
is closely associated with a high degree of invasiveness and 
metastasis (24-26). The metastatic risk of high Vimentin 
expression was higher than that of low Vimentin expression 
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in HNSCC patients (27). E-cadherin is a cell adhesion 
molecule and is expressed in the membrane of most epithelial 
cells (28). Available studies have investigated E-cadherin 
acted as a tumor suppressor in various epithelial tumors and 
its expression decreased or aberrant was related to cancer 
invasion and metastasis in HNSCC (27,29-31). Down-
regulated E-cadherin expression and up-regulated Vimentin 
expression enhance HNSCC cell migration (27). Our 
western blot results showed that KIF18A overexpression 
increased the expression of Vimentin and decreased the 
expression of E-cadherin in Tu686 cells. Conversely, KIF18A 
knockdown inhibited Vimentin expression and enhanced 
E-cadherin expression in 6-10B cells. These data indicated 
that KIF18A might enhance cell invasion and migration by 
regulating EMT.

It has been shown that the Akt signaling pathway was 
involved in the migratory and invasive bioactivity of cancer 
cells (32-35), including HNSCC cells (36). Activation 
of Akt could promote cancer cells metastasis (32,35,37). 
Considering the role of KIF18A and Akt in the progression 
of HNSCC, so the expression of KIF18A may be associated 
with the Akt activation. In the KIF18A-overexpressing 
Tu686 cells, Akt expression inhibited could ablate the 
carcinogenic effect of KIF18A on HNSCC cells. Moreover, 
the activation of Akt inhibited in KIF18A-overexpressing 
Tu686 cells also effectively reversed the expression of 
Vimentin and E-cadherin which are regulated by KIF18A. 
Overall, our results shown that KIF18A can accelerate cell 
proliferation and metastasis via activating Akt.

Conclusions 

This study confirmed that KIF18A was highly expressed in 
HNSCC patient tissues and cell lines. Enhanced KIF18A 
expression promoted cell proliferation, migration and 
invasion by regulating the expression of Vimentin and 
E-cadherin in HNSCC cells. And the effects of KIF18A 
accelerated HNSCC cell proliferation and metastasis 
were associated with the activation of Akt. Therefore, our 
findings imply that targeting KIF18A may be a potential 
treatment for HNSCC.
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