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Abstract
Background: Nasopharyngeal carcinoma (NPC) is a common tumor in head and neck and is prevailing in
China. Although treatment methods continue to improve, the prognosis of advanced patients is still
unsatisfactory. Kinesin family member 15 (KIF15) is a kind of protein, which regulates the process of cell
mitosis and plays an important role in several types of human cancers. This study aims to investigate the
role of KIF15 in NPC.

Methods: First, the differential expression of KIF15 in NPC and para-carcinoma tissues was evaluated
based on both data collected from Gene Expression Omnibus (GEO) database and immunohistochemical
analysis on clinical specimens collected from in-house cohort. Next, cell lines C666-1 and CNE-2Z were
selected for the construction of KIF15‐knockdown cell models. Then, 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay, �ow cytometry, wound healing, Transwell and clone formation
assays were used to detect the proliferation, apoptosis, migration, invasion and colony formation of
nasopharyngeal carcinoma cells in vitro. A mouse xenograft model was constructed for in vivo study.
Furthermore, Human Apoptosis Antibody Array kit was used to screen possible targets of KIF15 in NPC. In
the end, the potential molecular mechanisms underlying the effects of KIF15 was explored through
western blot analysis.

Results: The results showed that the expression of KIF15 in NPC tissues is higher than that in para-
carcinoma tissues, and high levels of KIF15 expression are associated with low survival rates. In addition,
knockdown of KIF15 inhibited cell proliferation, migration, invasion and colony formation ability, and
promoted cell apoptosis. What’s more, in vivo xenograft experiments showed that down-regulation of
KIF15 can inhibit NPC tumor growth. Moreover, the mechanism study demonstrated a variety of
apoptosis-related proteins as well as PI3K/AKT and MAPK signaling pathways may be involved in KIF15-
induced regulation of NPC.

Conclusions: In short, we demonstrated that KIF15 is overexpressed and accelerated the progression of
nasopharyngeal carcinoma. It can be used as a new prognostic indicator as well as a potential drug
target for the treatment of NPC.

Background
Nasopharyngeal carcinoma (NPC) is a common tumor in head and neck and is prevailing in China,
especially in southern regions, and most of its pathological types are undifferentiated or poorly
differentiated squamous cell carcinoma. At present, studies have shown that the pathogenesis of
nasopharyngeal carcinoma is closely related to genetic factors, Epstein-Barr virus (EBV) infection and
regional environment [1]. Because of the occult incidence of nasopharyngeal carcinoma and the obvious
tendency of local lymph node invasion and distant metastasis, about 60 ~ 70% of nasopharyngeal
carcinoma patients were diagnosed when tumors with advanced stage. For these patients, combination
of radiotherapy and chemotherapy have been proved to be the most e�cient treatment[2]. However, about
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20 ~ 30% of advanced nasopharyngeal carcinoma patients still have local recurrence or distant
metastasis even after receiving standardized treatment[3]. Therefore, it is urgent to recognize the
molecular mechanism involved in NPC to explore and develop more e�cient therapies for NPC.

As we know, the growth and metastasis of cancer cells depend on cell mitosis and proliferation, in which
cytoskeletal proteins play a key regulatory role [4]. The cytoskeletal protein system is involved in almost
all life activities of cancer cells, which can maintain cancer cell morphology, participate in gene
translation and protein transport, tumor signal transduction and so on[5]. Kinesin superfamily proteins
(KIFs) were �rst found in the axons of squid nerve cells, which are considered to be an important part of
the cytoskeletal protein system. They are a kind of proteins that can use the energy generated from ATP
hydrolysis to produce thrust, intracellular transport or promote cell movement. Based on structural,
functional and phylogenetic analyses, KIFs are classi�ed into 14 groups. The kinesin family member 15
(KIF15) belongs to the kinesin-12 superfamily, also known as the hklp2, which is a tetramer spindle
motor[6].

Accumulating evidence showed that KIF15 participates in and promotes the occurrence and development
of malignant tumors. In 2014, it was demonstrated that KIF15 is overexpressed in breast cancer tissues,
and is correlates with poor recurrence-free survival of Estrogen receptor (ER)-positive breast cancer
patients [7]. Gao’s study not only presented similar results [8], but also found that KIF15 contributes to cell
proliferation and migration of breast cancer, which suggested that KIF15 is a potential oncogene in
human breast cancer. Moreover, Wang et al. [9] found that KIF15 can promote pancreatic cancer
development. Studies concerning other types of malignant tumors such as hepatocellular carcinoma [10,
11], lung adenocarcinoma [12], gastric cancer [13] and malignant peripheral nerve sheath tumors [14] also
con�rmed the important role of KIF15 in tumor development.

To the best of our knowledge, the role of KIF15 in NPC pathogenesis has not been investigated. As NPC is
a highly aggressive type of tumor, we wondered whether KIF15 is important to NPC development.
Therefore, we applied several in vitro and in vivo functional assays to explore its role in NPC and
identi�ed it as a potential therapeutic target for NPC treatment.

Methods
Bioinformatics of KIF15 expression in NPC from public database.

Gene Expression Omnibus (GEO) database was utilized to collect the expression of KIF15 in normal
tissues and NPC tissues. The datasets included in this study were GSE12452
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE12452) and
GSE34573(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE34573), and the expression
pro�les were tested using the Affymetrix human genome U133 Plus2.0 array platform. We used the
"Limma" package in the R statistics to screen the differentially expressed genes between NPC tissue and
normal nasopharyngeal tissue samples. In all, 61 samples were included in these 2 chips. We selected 14
normal nasopharyngeal tissue samples and 47 nasopharyngeal carcinoma samples for downstream
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analysis. In the process of chip information analysis, quality of the original data of the chip was �rst
evaluated; then, data �ltering and analysis were performed on the quali�ed data. All the probes whose
signal average is less than 0.005 were �ltered out. Meanwhile, in order to avoid false positive results, the
differential gene expression pro�le screened by |Fold Change|≥1.3 and P < 0.05 was used to perform
hierarchical cluster analysis. Follow-up analysis was performed on the data that meets the �ltering
criteria, including signi�cant difference analysis and functional analysis of differential expressed genes.

Collection of clinical samples
The formalin-�xed, para�n-embedded tissue microarray including 132 NPC tissue samples and 15 para-
carcinoma tissue samples collected from 132 patients were provided by Shanghai Xinchao Biotech
Company (Cat.No. HNasN132Su01). The tissue microarray protocol was approved by the Human Ethics
Committee of the Taizhou Hospital of Zhejiang province. The written informed consents were collected
from all patients. All tissue specimens were evaluated by pathologists, and the clinical stage was de�ned
according to the American Joint Committee on Cancer (AJCC) (7th edition, 2010). The case collection
was from January 2010 to October 2011, all patients were received concurrent chemoradiotherapy and
followed up for more than 5 years, except for those who died.

Cell lines and cell culture
The human NPC cell lines (CNE-2Z, HONE-1) were obtained from Institute of cancer, Central South
University. We are very grateful to Professor Sai-Wah Tsao from University of Hong Kong for generously
presenting the NPC cell line C666-1, Professor Musheng Zeng from Sun Yat-Sen University for kindly
providing 5-8F. In the humidi�ed atmosphere containing 5% CO2 at 37°C, cells were propagated in
Dulbecco’s Modi�ed Eagle Medium (DMEM; Gibco, Rockville, MD), with 1% penicillin/streptavidin (Gibco)
and 10% Foetal Bovine Serum (FBS, Gibco). Cell culture media was replaced every 72 h.

RNA preparation, reverse transcription and quantitative real-
time PCR (qRT-PCR)
Total RNA was extracted using Trizol reagent (Sigma, Cat. No: T9424-100m). The cDNA was then
synthesized using a Reverse Transcription Kit (Vazyme, Cat. No: R123-01) following the manufacturer's
protocol. Real-time PCR analysis was performed using AceQ qPCR SYBR Greenmaster mix (Vazyme) on
an ABI VII7 System. The 2‐ΔΔCq method was utilized for the quanti�cation of gene expression,
glyceraldehyde-3 phosphate dehydrogenase (GAPDH) served as a reference control. The following PCR
primers were used: KIF15 forward, 5'‐CTC TCA CAG TTG AAT GTC CTT G‐3' and reverse, 5'‐CTC CTT GTC
AGC AGA ATG AAG‐3'; GAPDH forward, 5'‐ TGA CTT CAA CAG CGA CAC CCA ‐3' and reverse, 5'‐ CAC CCT
GTT GCT GTA GCC AAA ‐3'. The PCR protocol was: 1 min at 95˚C; 10 sec at 95˚C, 30 sec at 60˚C for 45
cycles; 15 sec at 95˚C, 1 min at 55˚C and 15 sec at 95˚C. PCR products were separated on a 20 g/L
agarose gel stained with ethidium bromide and viewed under ultraviolet light.
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Nasopharyngeal carcinoma tissue microarray and
immunohistochemistry
NPC tissue microarray was used for the immunostaining analysis of KIF15 protein expression. The
immunohistochemical staining for the tissue microarray slide was carried out in accordance with the
instructions. The samples were incubated with the rabbit anti-KIF15 antibody (1:200, cat. no. Fnab04551,
�ne test), and goat anti rabbit IgG H&L horseradish peroxidase (HRP) -conjugated was used as secondary
antibody (1:400; cat. no. Ab97080; Abcam). Ki‐67 antibody (1:300; cat. no. Ab16667; Abcam) was used in
the immunohistochemistry analysis of tumor sections removed from mice models. Images were captured
by a light microscope (Olympus IX73). A score was assessed according to the staining intensity and
percentage of positive cells. The scores were calculated as the sum of intensity scores(0–3) and
percentage scores(0–4), and a �nal score > 3 was considered as high expression of KIF15, while a �nal
score ≤ 3 was considered as low expression of KIF15.

Western blot analysis
In order to determine the expression level of KIF15 in NPC cell lines, cells were collected and lysed by lysis
buffer according to the manufacturer's instructions. The concentration of protein was determined using
the BCA Protein Assay kit (cat. no. 23225; HyClone-Pierce). Total cellular proteins were subjected to
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS‐PAGE) and then transferred to a
polyvinylidene di�uoride (PVDF) membrane. Membranes were then incubated with 5% BSA in
Tris‐buffered saline containing 0.5% Tween‐20 (TBST) for 60 min, and then incubated overnight at 4°C
with the following primary antibodies: KIF15 antibody (1:1000; cat. no. FNab04551; Fine Test), cyclin
D1(CCND1) antibody (1:2,000; cat. no. ab134175; Abcam), cyclin-dependent kinase 6(CDK6) antibody
(1:1,000; cat. no. ab151247; Abcam), mitogen-activated protein kinase 9(MAPK9) antibody (1:3,000; cat.
no. ab76125; Abcam), phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic subunit alpha (PIK3CA)
antibody (1:1,000; cat. no. ab40776; Abcam), and GAPDH (1:3,000; cat. no. AP0063; Bioworld). Following
three times of washing with TBST for 5 min, the membranes were incubated with HRP-conjugated goat
anti‐rabbit IgG polyclonal secondary antibody (1:3,000; cat. no. A0208; Beyotime) for 1 h. Immobilon
Western Chemiluminescent HRP Substrote (cat. no. RPN2232; Millipore) was used for developing color.
Each membrane was visualized using the ECL‐Plus™ Western blotting system (AI600 ,GE), and detected
with an X‐ray imaging analyzer. Densitometric analysis was performed using ImageJ (version 1.8.0;
National Institutes of Health).

RNA interference and transfection
The BR-V-108 carrier was used in this study. Three speci�c short hairpin RNAs (siRNAs) against KIF15
(siKIF15-1, siKIF15-2 and siKIF15-3) and a negative control siRNA (shCtrl) were packaged and purchased
from GenePharma Co., Ltd., Shanghai, China. Lipofectamine 3000 transfection reagent (Invitrogen,
Carlsbad, CA, USA) was used in accordance with the speci�cations. The sequences of siKIFs were as
follows: shKIF15-1 (GCT GAA GTG AAG AGG CTC AAA); shKIF15-2 (AGG CAG CTA GAA TTG GAA TCA);
shKIF15-3 (AAG CTC AGA AAG AGC CAT GTT). C666-1 cells were infected with 40 µl of lentivirus at a
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concentration of 1×108 TU/ml,while CNE-2Z cells were infected with 20 µl according MOI(Multiplicity of
Infection). After the transduction into cells, puromycin was added to culture medium to enrich the stably
infected cells. The transfection and knockdown e�ciencies were veri�ed by light microscopy,
�uorescence microscope, qRT-PCR and Western blot.

MTT assay
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT assay was applied to analyze cell
viability in vitro. C666-1 and CNE-2Z cells were placed into 96-well plates with a density of 1500
cells/well, and cultured for 5 days. MTT solution (20 µl/well, 5 mg/ml) was added to plates. After another
4 h of incubation, Dimethyl Sulphoxide (DMSO ,100 µl/well) was added to dissolve the formazan
crystals. Finally, after oscillated for 2–5 min, the absorbance values were measured at 490 nm using a
microplate reader (cat. no. M2009PR; Tecan in�nite) after 24 h, 48 h, 72 h, 96 h, and 120 h of growth.

Apoptotic assay
Both shKIF15 cells and shCtrl cells were seeded in 6-well plates. The cells were subsequently digested
with trypsin, centrifuged at 1300 rpm for 5 min, and washed with D-Hanks at 4°C. Cells were resuspended
by binding buffer (200 µl), then Annexin V‐ APC(10 µl)was used to stain the cells for 15 min in dark at
room temperature. Flow cytometer (Millipore, USA) was used to analyzed the Annexin V-APC of the
stained cells,which showed red �uorescence. Each experiment was performed in triplicate. The results
were visualized by using GuavaSoft software.

Colony formation assay
For colony formation assay, cells were seeded in 6-well plates at a density of 1,000 cells per well and
grown for 2 weeks. The culture medium was replaced every 3 days. After that, cells were �xed with 4%
paraformaldehyde (1ml/well) and followed by Giemsa staining (500 µl/well) for 20 min. Then, cells were
washed with dd H2O several times. Finally, photographs were taken, and the colonies were counted. Each
experiment was performed in triplicate.

Wound healing
The cell suspension was added to a 96-well plate at a concentration of 5×104 cells per well. Cells were
cultured for a day in serum-free medium, and then wounds were generated by pipette tips. The medium
was refreshed with DMEM, and the distance of wound healing was separately observed at 0 h, 24 h and
48 h after wound generation. The cell migration rate of each group was calculated according to the
measurement of the width of the wound.

Cell migration assay
Transwell chambers (Corning, cat.no. 3422, USA) were used for cell migration assays. 50,000 NPC cells
maintained in 100 µl serum-free medium were seeded into the upper compartment and 600 µl medium
supplemented with 30% FBS was added to the bottom compartment. After incubation for 48 h at 37℃,
cells remaining in the top were removed by cotton swabs, while cells migrating to the bottom were
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stained with 0.1% crystal violet (400µl/well) for 5 min. The migrated cells were photographed and
counted under microscope. Cell migration was determined by observing 5 random �elds under
microscope.

Tumor‐bearing mouse model and in vivo imaging assay

All the animal experimental protocols were approved by the Ethics committee at People's Hospital of
Guangxi Zhuang Autonomous Region. Both shCtrl and shKIF15 group were consisted of 10 BALB/c male
nude mice (4 weeks old). They were cultured in the laboratory with a 12 h day/night environment and fed
with a standard diet. C666-1 cells, transfected with shKIF15 or shCtrl, 200µl of cell suspension was
injected subcutaneously into the back next to the right forelimb of the nude mice at a concentration of
2×107 cells/ml. The tumor growth was observed from the �fth day after injection. Then tumors were
measured every 4 day until the eighteenth day post-injection. Before the mice were sacri�ced, vivisection
imager system (Perkin Elmer, Massachusetts, USA) was used for in vivo imaging, and quantitative
analysis of �uorescence intensity was performed. All mice were sacri�ced by injecting 1% pentobarbital
sodium before reaching the humane endpoint. Subcutaneous tumor tissues were harvested, weighted
and used for immunohistochemistry (IHC) analysis and hematoxylin eosin (HE) staining.

Protein array analysis
ShKIF15 and shCtrl C666-1 cells were used in the protein array analysis facilitated by human apoptosis
antibody array (ab134001, Abcam, UK), according to the manufacturer's instructions. The intensity scores
of each array point by were assessed ImageJ software. The expression levels of apoptosis-related
proteins in shKIF15 group and shCtrl group were compared.

Statistical analysis
All experiments were carried out in at least 3 independent experiments. Data were expressed as the mean 
± standard deviation for continuous analysis. The statistical analyses were carried out using the software
of GraphPad Prism version 6. The Student’s t test and χ2 test were used to analyze signi�cant difference
between two groups. Age groups were divided by the median age of all patients. Mann-Whitney U test and
Spearman rank correlation analysis were used in the analysis of the relevant data of tissue chips. Kaplan-
Meier survival analysis and log-rank test were used for the survival analysis. P < 0.05 was considered to
indicate a statistically signi�cant difference.

Results

KIF15 was highly expressed in NPC tissues and signi�cantly
correlated with poor patient survival
The gene expression pro�ling data collected from GEO database was examined to preliminarily
investigate the role of KIF15 in NPC. The results showed that KIF15 mRNA expression level in
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nasopharyngeal carcinoma tissues was signi�cantly higher than normal samples (Fig. 1a-c, logFC = 
1.637 and P = 2.5E-06).

In order to clarify the protein expression of KIF15 in nasopharyngeal carcinoma tissue, 132 samples of
NPC tissue were applied for IHC analysis. Notably, a total of 17 cases could not be scored because of
tissue peeling or poor staining quality. According to the analysis, the protein expression of KIF15 in NPC
tissues was signi�cantly higher than that in para-carcinoma tissues (Table 1 and Fig. 1f).

Table 1. Expression patterns in nasopharyngeal carcinoma tissues and para-carcinoma tissues revealed
in immunohistochemistry analysis.

High and low expression were distinguished by the KIF15 expression. ***,P 0.001;

Subsequently, it was found that the protein expression of KIF15 was related to the clinical stage and
recurrence, but not to age, gender, tumor size, and lymph node metastasis (Table 2). Spearman rank
correlation analysis showed that the expression of KIF15 is positively correlated with clinical staging (P = 
0.002, two-tailed). In other words, as the malignant degree of the patient's tumor deepens, the expression
of KIF15 protein increases, vice versa. Moreover, according to Kaplan-Meier survival analysis, the
expression of KIF15 is signi�cantly related to overall survival (OS, Fig. 1d) and progression-free survival
(PFS, Fig. 1e) of nasopharyngeal carcinoma. These results suggested that increased KIF15 expression is
a potential indicator of worse clinical outcome of patients with NPC.

Table 2. Relationship between KIF15 expression and tumor characteristics in patients with
nasopharyngeal carcinoma.
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# Some patients' clinical data were not available. *,P 0.05;** P 0.01.

Construction of KIF15 knockdown cell models
In order to clarify the role of KIF15 in nasopharyngeal carcinoma, we �rst performed qRT-PCR detection
on cell lines commonly used in NPC research. It was found that the 5-8F line possessed signi�cantly
lower KIF15 expression than other three cell lines (CNE-2Z, C666-1, HONE-1, shown in Fig. 2a). Moreover,
shKIF15-1 RNAi sequence was identi�ed as the most e�cient sequence for KIF15 knockdown (Fig. 2b).
Then cell lines C666-1 and CNE-2Z were selected for the construction of KIF15‐knockdown cell models.
The cells transfected with the corresponding empty vector were used as the negative control (shCtrl). Over
80% transduction e�ciency in both c666-1 and CNE-2Z cells was observed by detecting the �uorescence
of green �uorescent protein (GFP) on lentivirus vector (Fig. 2c). Successful knockdown of KIF15 in
shKIF15 group was veri�ed by qPCR (Fig. 2d, upper) and WB (Fig. 2d, lower). In summary, the shKIF15
and shCtrl cell models were successfully constructed for the following studies.

KIF15 knockdown regulated proliferation, apoptosis of NPC cellsin vitro

In order to �nd out whether the knockdown of KIF15 affects the biological behavior of nasopharyngeal
cancer cells such as proliferation and apoptosis, a series of in vitro experiments were subsequently
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carried out. The results of MTT assay showed that, compared with the shCtrl group, the cell proliferation
of the shKIF15 group was signi�cantly inhibited in C666-1 and CNE-2Z. In terms of cell apoptosis, it was
demonstrated that the number of apoptotic cells in the shKIF15 group increased signi�cantly after
lentivirus infection (shown in Fig. 2e). These �ndings indicated that the expression of KIF15 in
nasopharyngeal carcinoma cells may promote tumor cell proliferation and reduce cell apoptosis.

Up-regulating the expression of KIF15 enhances the
clonogenic and migration abilities of NPC cells
Next, we investigated the changes in colony formation and migration ability (an important indicator of
tumor metastasis) of nasopharyngeal carcinoma cells induced by KIF15 knockdown. The results of the
clone formation assay showed that after KIF15 knockdown, the number of clones in the shKIF15 group
was signi�cantly reduced compared to the shCtrl group for both C666-1 (P < 0.001, fold change = -2.9,
upper part of the Fig. 3a) and CNE2Z (P < 0.001, fold change = -4.8, lower part of the Fig. 3a) cell lines. In
the following wound healing and transwell assays, the shCtrl group showed its advantages in migration
capabilities. In wound healing assay, compared with the shCtrl group, the C666-1 cell migration rate of the
shKIF15 group was reduced by 29% at 48 h (P < 0.001, Fig. 3b left), and the same index of CNE2Z cells
was 8% (P < 0.05, Fig. 3b right). Transwell assay showed that the migration rate of shKIF15 group was
reduced by 66.7% (C666-1) and 72.6% (CNE2Z) comparing with shCtrl group (Fig. 3c), respectively.

Suppression of KIF15 inhibits tumor progressionin vivo

The in�uence of KIF15 depletions on NPC tumor growth in vivo was investigated in this part. Mice
xenograft models were established based on nude mice through subcutaneous injection of C666-1 cells
treated with shKIF15 or shCtrl. Eighteen days after injection, all mice in the shCtrl group formed tumors
under the skin, while only four mice in the shKIF15 group (Fig. 4b). Fluorescence intensity (Fig. 4a), Tumor
volume (Fig. 4c), and tumor weight (Fig. 4d) were evaluated as the representation of tumor development,
all of which indicated that down-regulation expression of KIF15 could inhibit the development of NPC in
mice. After the mice were sacri�ced, the sections of xenografts were processed for HE and Ki-67 staining.
The immunohistochemistry data showed that Ki-67 expression, which is a biomarker of tumor growth,
was much higher in shCtrl group (Fig. 4e). Collectively, knockdown of KIF15 was capable of inhibiting
tumor development of NPC in vivo.

Mechanistic study of KIF15 in apoptosis pathway
In order to explore the potential mechanism of KIF15 induced regulation of cell apoptosis in NPC. A
Human Apoptosis Antibody Array kit, which includes 43 human apoptosis related proteins, was used to
identify differentially expressed proteins in shCtrl and shKIF15 C666-1 cells. As a result, we found that the
expression levels of HSP27(heat shock 27kDa protein 1), HSP60(heat shock 60kDa protein 1),
HSP70(heat shock 70kDa protein 1A), IGF-I (insulin-like growth factor-I), IGF-II (insulin-like growth factor-
II), IGFBP-2 (insulin-like growth factor-binding protein-2), IGF-1sR (insulin-like growth factor-1 receptor),
and sTNF-R1 (Soluble tumor necrosis factor receptor 1) were signi�cantly down-regulated in KIF15
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knockdown group (P < 0.05, shown in Fig. 5a-5c). These results suggested that KIF15 could inhibit
apoptosis of NPC cells through regulating the expression of the above apoptotic proteins. Moreover, the
effects of KIF15 on the activation of the PI3K-AKT signal pathway were also investigated based on the
detection of CCND1, CDK6, MAPK9, PIK3CA by western blot analysis. The results indicated that, the
expression of CCND1, CDK6 and PIK3CA was downregulated, whereas the expression of MAPK9 was
upregulated, indicating the inhibition of the PI3K-AKT signal pathway by KIF15 knockdown (Fig. 5d).

Discussion
KIFs are composed of two heavy chains and two light chains. Their heads are a highly conserved motion
domain, which can hydrolyze ATP and conduct chemical energy along microtubules to promote
mechanical movement. In contrast, the tails are combined with a speci�c cargo through a light chain, and
the cargo may include vesicles, organelles or macromolecules [15]. More importantly, KIFs can also
participate in chromosome congression, alignment and cytokinesis [6, 16]. They are strictly regulated
through temporal synthesis and only present when needed[17, 18]. However, the dysregulation of KIFs
may lead to uncontrolled cell growth in the development of many types of human cancers [19]. For
example, the overexpression of mitotic kinesins may lead to an imbalance of outward movement, leading
to a series of excessive spindle separation, and ultimately unequal distribution of DNA leading to
aneuploidy [20]. On the contrary, the down-regulation of some kinesins leads to mitotic arrest and failure
of cytokinesis, thereby stimulating the apoptotic pathway and even leading to primary microcephaly and
Braddock-Carey Syndrome (BCS) [21]. Therefore, better understanding of functions of kinesin proteins
may contribute to the development of targeted therapy for cancers.

In this study, nasopharyngeal carcinoma was found to have high mRNA expression of KIF15 by
bioinformatics analysis. The protein expression of KIF15 in NPC tissues was signi�cantly higher than
para-carcinoma tissues, which was signi�cantly correlated with cancer grades, recurrence and predicted a
poor prognosis of patients. Similar results have also been reported in hepatocellular carcinoma [10], lung
cancer [12], breast cancer [22] and other tumors [13, 23]. All these indicate that the high expression of
KIF15 is an unfavorable factor for the prognosis of tumor patients.

Based on the clinical �ndings described above, we hypothesized that overexpression of KIF15 in NPC
may promote cancer progression. Therefore, C666-1 and CNE-2Z cell lines were selected to construct
KIF15 knockdown cell models for loss-of-function study in vitro. The results revealed that the silencing of
KIF15 inhibited cell proliferation and induced cell apoptosis. Moreover, we further found that knocking
down KIF15 can signi�cantly inhibit cell motility of NPC, which is of great signi�cance to tumor
progression and metastasis, and also explains that patients with high expression of KIF15 suffer from a
higher risk of recurrence from another perspective. As expected, both in vitro colony formation assay and
in vivo xenograft assay showed that the tumor formation ability of shKIF15 cells was suppressed, which
further lead to slower growth of xenografts. These �ndings suggest that the high expression of KIF15 in
nasopharyngeal carcinoma cells can promote proliferation and migration, reduce apoptosis and enhance
tumorigenic ability.
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Apoptosis is a process that occurs in multicellular when a cell intentionally "decides" to die [24]. Once the
apoptosis program is started, various apoptosis-related proteins in the cell gather together and then enter
the continuous reaction process. Previous studies have con�rmed that KIFs also play an important role in
apoptosis [14, 19, 25], therefore, we focus on the change of apoptosis in NPC cells after KIF15
knockdown and the underlying mechanisms. We provided biological evidence that HSP27, HSP60,
HSP70, IGF-I, IGF-II, IGFBP-2, IGF-1sR, and sTNF-R1 were signi�cantly down-regulated in KIF15
knockdown NPC cells. HSP27, HSP60, HSP70 have protective effects on cell apoptosis caused by heat
shock stress, oxidative stress and ionizing radiation [26]. sTNF-R1 is a soluble form of TNFR. It is
generally believed that sTNF-R1 possesses the ability to limit TNF activity, or stabilize TNF, and has an
important regulatory role in the cytokine network [27]. Given that IGF-I, IGF-II, IGFBP-2, IGF-1sR are
members of the insulin-like growth factor system, which could inhibit apoptosis by activating the
PI3K/AKT pathway [28], we implied that KIF15 might induce the suppression of apoptosis in NPC via the
PI3K/AKT pathway. Subsequent results of western blot analysis con�rmed that multiple signaling
pathways, including PI3K/AKT (activation) and MAPK (de-activation) signaling pathways, may be
involved in the promotion of the development of nasopharyngeal carcinoma by KIF15. However, the
molecular mechanism of KIF15 is still unclear, and further studies will be required in NPC.

Induction and adjuvant chemotherapy is an essential part of the treatment in NPC patients [2, 29].
Docetaxel and paclitaxel, as a class of anti-microtubule taxane, are often used in the �rst- or second-line
treatment of nasopharyngeal carcinoma. Unfortunately, resistance to chemotherapy remains a critical
medical challenge, and many KIFs are associated with resistance to docetaxel and paclitaxel [30–33].
Therefore, it is a meaningful attempt to develop targeted drugs for KIFs. On the one hand, it can inhibit
the biological characteristics of cancer cell proliferation and in�ltration; on the other hand, it may reduce
the occurrence of drug resistance and improve the therapeutic effect of NPC patients. One promising
target is KIF11 (Eg5), a kinesin that plays a key role in spindle formation by generating forces that
separate the two poles. But in a Phase I trial, Eg5 inhibitors are less effective than expected when cancer
cells develop resistance to them by escalating the expression of KIF15 as alternative to Eg5[34–36].
Therefore, the drugs that target KIF15 may be used in combination with Eg5 inhibitors [37, 38], which
provides an interesting idea for us to develop similar drugs for treating nasopharyngeal carcinoma in the
future.

Conclusion
In conclusion, we demonstrated that KIF15 is overexpressed and accelerated the progression of
nasopharyngeal carcinoma. It can be used as a new prognostic indicator as well as a potential
therapeutic target for the treatment of NPC.
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Figure 1

KIF15 was highly expressed in NPC tissues and signi�cantly correlated with poor patient survival. (a)
Heat map and (b) Volcano map were used to show genes that have signi�cantly differentially expression
of KIF15 in NPC and normal tissues. (c) Box plot showed the expression levels of KIF15 in NPC tissues
and normal tissue (logFC=1.6370, P<0.001). (d) Kaplan–Meier survival curves of overall survival (OS, P <
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0.05). (e) Kaplan–Meier survival curves of progression-free survival (PFS, P < 0.05). (f) Expression levels
of KIF15 in NPC tissues and para-carcinoma tissues were detected by IHC staining, Scale bars: 50 μm.

Figure 2

KIF15 knockdown inhibits NPC cell proliferation and induces cell apoptosis in vitro. (a) The background
expression of KIF15 in NPC cells was detected by qRT-PCR (P <0.05). (b) Knockdown e�ciency of KIF15
by shRNAs (shKIF15-1, shKIF15-2 and shKIF15-3) was examined by qRT-PCR. The knockdown e�ciency
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of KIF15 in shKIF15-1 group is 89.1% (P<0.001). (c) The �uorescence of cells, which were infected with
shCtrl or shKIF15, were observed by microscope to verify the infection e�ciency. (d) The knockdown
e�ciency of KIF15 in NPC cells was detected by qRT-PCR (upper, P<0.001) and Western blot. (e) MTT
assay were conducted on C666-1 and CNE-2Z cells with or without KIF15 knockdown to evaluate their
proliferation rate (P<0.001). (f) Flow cytometry indicated that C666-1 and CNE-2Z with KIF15 silencing
exhibited signi�cantly increased apoptotic rate compared with the control group (P<0.001).

Figure 3
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Knockdown of KIF15 inhibits the clonogenic and migration abilities of NPC cells in vitro. (a) The colony
formation assay showed that, Cell colony number was signi�cantly decreased in shKIF15 group
compared with shCtrl group, both in C666-1 and CNE-2Z cells (P<0.001). (b) Wound-healing assay was
conducted on the shKIF15 and shCtrl transfected cells to evaluate their migratory ability. In C666-1 cells,
the migration rate of cells in shKIF15 group (48 h) was decreased by 29% (P<0.001), while in CNE-2Z cells
the number was 8% (P<0.05). (c) Transwell assay was conducted on transfected cells to evaluate their
migration ability: The migration rate of cells in shKIF15 group was decreased by 66.7% (P<0.001) in
C666-1 cells, and 72.6% (P<0.001) in CNE-2Z cells.
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Figure 4

KIF15 silencing repressed NPC tumor progression in vivo. (a) Fluorescence expression was detected in
mice, and it was signi�cantly decreased in the shKIF15 group (P < 0.001). (b) Eighteen days after
injection, all mice in the shCtrl group formed tumors under the skin, while only four mice in the shKIF15
group. (c) Xenogenous tumor volume and (d) weight were assessed, and the results showed that the
tumor growth rate slowed down by KIF15 knockdown (P < 0.001). (e) The sections of xenografts were
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processed for HE and Ki-67 staining. Under the microscope of 200 times, Ki-67 staining was reduced in
shKIF15 group compared with shCtrl group, Scale bars: 20 μm.

Figure 5

Knockdown of KIF15 decreases expression of seven apoptotic proteins in NPC. (a) Human apoptosis
antibody array analysis was performed in shCtrl and shKIF15 C666-1 cells. (b) Grayscale results and
analysis of human apoptosis antibody array. (c) The results showed that the expression levels of seven
apoptosis-related proteins decreased signi�cantly in shKIF15 group compared with shCtrl group (*, P <
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0.05; **, P < 0.01). (d) The expression levels of CCND1, CDK6, MAPK9, PI3KCA were detected by western
blot analysis in shCtrl and shKIF15 C666-1 cells.


