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Abstract: Hypoxia induced epithelial-to-mesenchymal transition (EMT) to facilitate the tumor biology. KIF3a, a mem-
ber of the kinesin family of motor proteins, mediates the tumor mobility, invasion, and metastasis. The definite 
function of KIF3a in regulating the EMT of thyroid cancer, however, is still unclear. Here, we examined the functional 
role of KIF3a and the underlying molecular mechanisms in hypoxia-induced EMT in thyroid cancer cells. Our results 
showed that KIF3a mRNA and protein expression was markedly increased in the human thyroid cancer tissues and 
cell lines. Knockdown of KIF3a significantly inhibited hypoxia-induced migration and invasion, and EMT process. 
Furthermore, knockdown of KIF3a prevented hypoxia-induced the expression of β-catenin, cyclin D1 and c-myc in 
FTC133 cells. In summary, the study reported here provided evidence that knockdown of KIF3a inhibited hypoxia-
induced EMT of thyroid cancer cells via suppressing the Wnt/β-catenin signaling pathway. Our study uncovered a 
novel role for KIF3a in thyroid cancer progression, which might support the potential for KIF3a targeting in thyroid 
cancer therapy.
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Introduction

Thyroid cancer is one of the most common 
endocrine malignancies, and the incidence of 
thyroid cancer has increased rapidly across the 
world in recent decades [1]. Despite the 
advancements in therapeutic methods, meta-
static thyroid cancer remains incurable and 
results in poor patient outcomes [2]. Therefore, 
dissecting the molecular mechanisms that reg-
ulate thyroid cancer invasion may facilitate the 
advancement of clinical treatment.

Epithelial-mesenchymal transition (EMT) is one 
of the major molecular mechanisms involved 
during oncogenesis to promote cancer prog-
ress [3]. During EMT procedure, the actin cyto-
skeleton is reorganized and cells acquire 
increased cell-matrix contacts, leading to dis-
sociation from surrounding cells and enhanced 
migration and invasion [4]. Accumulating evi-
dence has shown that hypoxia, a critical micro-
environmental factor, can trigger the EMT pro-
gram in cancer [5-7].

The pathogenesis of thyroid cancer is believed 
to be a multistep process that involves multiple 
genetic changes, including loss of tumor sup-
pressor genes and activation of oncogenes. 
KIF3a is a member of the kinesin family of 
motor proteins. It has been shown to regulate 
bone formationand ciliogenesis [8-10]. For 
example, Qiuet al. reported that selective dele-
tion of KIF3a in osteoblasts disrupts primary 
cilia formation and/or function and impairs 
osteoblast-mediated bone formation [11]. 
Furthermore, KIF3a is emerging as a crucial 
regulator of cancer initiation and progression. 
Exogenous expression of KIF3a promoted cell 
growth in the benign prostate cells, in contrast, 
silencing KIF3a decreased cell proliferation, 
anchorage-independent cell growth, and cell 
migration/invasionin cancer cells [12]. The defi-
nite function of KIF3a in regulating the EMT of 
thyroid cancer, however, is still unclear. Here, 
we examined the functional role of KIF3a and 
the underlying molecular mechanisms in hypox-
ia-induced thyroid cancer EMT.
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Materials and methods

Tissue specimens

Thyroid cancertissues were obtained from 
patients undergoing surgical treatment at the 
Department of Thyroid and Breast, Huaihe 
Hospital, Henan University (China), during the 
period from 2013 to 2014. Normal thyroid  
tissue samples were obtained from non-patho-
logic areas distant from tumors in surgical 
specimens. All patients had given informed 
consent. Dissected samples were frozen imme-
diately after surgery and stored at -80°C until 
needed. 

Cell culture and hypoxia treatment

Human thyroid cancer lines FTC133 and TPC1 
were purchased from the American Type 
Culture Collection (USA). These cells were cul-
tured in Dulbecco’s modified Eagle’s medium 
(DMEM), with supplements of 10% (v/v) fetal 
bovine serum (FBS; Gibco, Rockville, MD) and 
100 units/ml streptomycin and penicillin 
(Gibco, Rockville, MD) in a humidified atmo-
sphere containing 5% CO2 incubator at 37°C. 
We used cobalt chloride (CoCl2) to simulate 
hypoxic conditions. Cells were seeded in dishes 
or plates at 300 cells/mm2 and grown for 24 h 
in complete medium. The medium was then 
removed, and cells were washed with PBS. The 
cells were treated with 100 μM CoCl2 and then 
incubated for 24 h. 

Quantitative RT-PCR

Total RNA was isolated from thyroid cancer 
cells using the RNA plus kit (Invitrogen, 
Carlsbad, CA, USA). Aliquots (5 μg) of RNA were 
reverse transcribed to cDNA using Superscribe 
First-Strand Synthesis System (Invitrogen Co- 
rporation) RT-qPCR was performed by using 
SYBR Premix Ex Taq (Takara, Dalian, China). 
The specific primers for KIF3a were sense, 
5’-GCTATAGACAGGCCGTCAGC-3’, and antisen- 
se, 5’-GTCTTTGGAGGTTCGTTGGA-3’; and for 
β-actin were sense, 5’-AAATCGTGCGTGACATC- 
AAAGA-3’ and antisense, 5’-GGCCATCTCCTG- 
CTCGAA-3’. The PCR cycling program was 95°C 
for 3 min, then 30 cycles of 95°C for 20 s, 60°C 
for 20 s and 72°C for 15 s, and a final exten-
sion at 72°C for 5 min. The relative quantification 
of gene expression level was compared with 
the internal refereeβ-actin using the 2-ΔΔCt 
method.

Western blot

Protein in each sample from was extracted 
using protein extraction kit (Applygen Tech- 
nologies, Beijing, China). The concentration of 
protein was measured by BCA kit. Samples (40 
μg) were subjected to SDS-PAGE and trans-
ferred to Immobilon-P Transfer membranes 
(Millipore). The membranes were treated using 
the following procedure with shaking and block-
ing at room temperature with 5% non-fat dry 
milk in Tris-buffered saline (TBS) for 1 h fol-
lowed by incubation in the primary antibodies 
at 4°C overnight. After washing with TBST buf-
fer (0.05 mol/l Tris, 0.15 mol/l NaCl and 0.05% 
Tween-20), the membranes were incubated in 
peroxidase-conjugated secondary antibody IgG 
for 1 h. Then, the immune-reactive protein 
bands on the membrane were visualized using 
an enhanced chemiluminescence detection 
system (Amersham, Little Chalfont, UK). The 
primary antibodies used in the experiment 
were as follows: anti-KIF3a, anti-E-cadherin, 
anti-N-cadherin, anti-vimenin, anti-β-catenin, 
anti-cyclin D1, anti-c-myc and anti-GAPDH 
(Santa Cruz Biotechnology, Santa Cruz, CA, 
USA). 

Cell migration and invasion assay

The migration and invasion assays were per-
formed as in a 24-well Boyden chamber with 8 
μm pore size polycarbonate membrane 
(Millipore, Boston, MA, USA). For migration 
assay, 200 μl of serum-free medium was added 
to the upper compartment of the chamber, and 
750 μl RPMI 1640 with 10% FBS was added 
into the lower compartment. After incubation at 
37°C for 24 h, the tumor cells remaining inside 
the upper chamber were removed with cotton 
swabs. The cells on the lower surface of the 
membrane were fixed in 95% ethanol and 
stained with 0.1% crystal violet. Six different 
views were randomly chosen under a micro-
scope, and the cell number on the bottom side 
of the membrane was counted. The invasion 
assay was done by the same procedure, except 
that the membrane was coated with Matrigel to 
form a matrix barrier. The experiments were 
performed in triplicate.

Silencing RNA targeting KIF3a

Small interfering RNA (siRNA) targeting KIF3a 
and siRNA-scramble were purchased from 
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GenePharma Co., Ltd (Shanghai, China). For 
transfection, FTC133 cells were plated in 
24-well culture plates at a density of 1×105 
cells per well, grown for 24 h to reach 30%-50% 
confluence, and then incubated with a mixture 
of siRNA and Lipofectamine 2000 reagent 
(Invitrogen, Carlsbad, CA) in 100 μl serum-free 
DMEM, according to the manufacturer’s in- 
structions. Then, Western blot was performed 

to detect KIF3a expression in transfected 
FTC133 cells. 

Statistical analysis

Data are expressed as mean ± SD of triplicate 
samples. The data significance was evaluated 
by using Student’s t-test. P<0.05 was consid-
ered a statistically significant difference.

Figure 2. Hypoxia enhanced KIF3a expression in FTC133 cells. FTC133 cells were treated with 100 μM CoCl2 and 
then incubated for 24 h. A. The mRNA expression KIF3a in FTC133 cells. B. The protein expression KIF3a in FTC133 
cells. The results are mean ± SD and n=3 per group. *P<0.05 compared with normoxia group.

Figure 1. KIF3a expression was enhanced in thyroid 
cancer tissues and cell lines. A. Relative expression of 
KIF3a mRNA in paired human thyroid cancer samples 
and normal thyroid tissues. *P<0.05 compared with 
normal thyroid tissues. B. Expression of KIF3amRNA 
in thyroid cancer cell lines was analyzed by RT-qPCR. 
C. Expression of KIF3a protein in thyroid cancer cell 
lines was analyzed by Western blot. The results are 
mean ± SD and n=3 per group. *P<0.05 compared 
with Nthy-ori3-1 group. 
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Results

KIF3a expression was enhanced in thyroid 
cancer tissues and cell lines

First, we detected the KIF3a mRNA levels in 9 
paired thyroid cancer tissues and the corre-
sponding adjacent normal tissues using real 
time RT-PCR. As indicated in Figure 1A, the 
KIF3a mRNA levels in thyroid cancer tissues 
were significantly higher than those in the adja-
cent normal thyroid tissues. Consistent with 
the results of KIF3a in thyroid cancer tissues, 
KIF3a mRNA and protein expression were also 
up-regulated in FTC133 and TPC1 cells (Figure 
1B and 1C). These results suggest that KIF3a is 
down-regulated in thyroid cancer.

Hypoxia enhanced KIF3a expression in 
FTC133 cells

Thyroid cancer cells were treated with 100 μM 
CoCl2 and then incubated for 48 h. The mRNA 

expression levels of KIF3a of thyroid cancer 
cells under normoxia and hypoxia were 
assessed by RT-qPCR. The results are present-
ed in Figure 2A, we found that hypoxia consid-
erably increased the mRNA expression of KIF3a 
in FTC133 cells. Similarly, hypoxia also obvious 
increased the protein expression of KIF3a in 
FTC133 cells (Figure 2B).

Silencing KIF3a inhibits hypoxia-induced mi-
gration and invasion in FTC133 cells

To investigate whether KIF3a is involved in 
hypoxia-induced migration and invasion, we 
used siRNA to knockdown the expression of 
KIF3a in FTC133 cells. After transfection with 
siRNA-KIF3a for 24 h, a 0.65-fold decrease in 
KIF3a protein level was found in FTC133 cells. 
The transfection efficiency was approximately 
60-70 % (Figure 3A). Then, we performed 
Transwell migration and Matrigel® invasion 
assays to investigate the effect of KIF3a on 

Figure 3. Silencing KIF3a inhibits hypoxia-induced mi-
gration and invasion in FTC133 cells. A. Down-regulation 
of KIF3a in FTC133 cells stably transfected with siRNA-
KIF3a. B. Transwell migration assay of cell migration in 
FTC133 cells under hypoxic condition. C. Matrigel® inva-
sion assay of cell invasion in FTC133 cells under hypoxic 
condition. The results are mean ± SD and n=3 per group. 
*P<0.05 compared with normoxia group. &P<0.05 com-
pared with hypoxia group.
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migration and invasion of FTC133 cells under 
hypoxic condition. As shown in Figure 3B and 
3C, treatment with CoCl2 significantly increased 
migration and invasion of FTC133 cells. The 
mean number of migrated and invaded cells in 
the mock group was 1.8-fold and 2.3-fold high-
er than those in the normoxia group. However, 

knockdown of KIF3a could prevent CoCl2-in- 
duced thyroid cancer migration and invasion.

Silencing KIF3a suppresses hypoxia-induced 
EMT in FTC133 cells

To investigate the effect of KIF3a on the EMT 
process, we performed Western blotting to 

Figure 4. Silencing KIF3a suppresses hypoxia-induced EMT in FTC133 cells. FTC133 cells were treated with 100 μM 
CoCl2 and then incubated for 24 h. The epithelial marker E-cadherin and the mesenchymal markers N-cadherin and 
Vimentin were determined by Western blot. The results are mean ± SD and n=3 per group. *P<0.05 compared with 
normoxia group. &P<0.05 compared with hypoxia group.

Figure 5. Silencing KIF3a suppresses hypoxia-induced Wnt pathway activation in FTC133 cells. FTC133 cells were 
treated with 100 μM CoCl2 and then incubated for 24 h. The expression levels of β-catenin, cyclin D1 and c-myc 
were determined by Western blot. The results are mean ± SD and n=3 per group. *P<0.05 compared with normoxia 
group. &P<0.05 compared with hypoxia group.
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evaluate the expression of EMT biomarkers: 
N-cadherin, N-cadherin and vimentin. As indi-
cated in Figure 4, hypoxia downregulated the 
expression level of E-cadherin, and upregulated 
the expression level of N-cadherin and vimen-
tin in FTC133 cells; however, knockdown of 
KIF3a increased E-cadherin expression, while 
decreasing the expression of N-cadherin and 
vimentin, indicating a blockade of the EMT. 

Silencing KIF3a suppresses hypoxia-induced 
Wnt/β-catenin pathway activation in FTC133 
cells

To explore the molecular mechanisms underly-
ing the inhibitory effects of siRNA-KIF3a on 
hypoxia-induced EMT, we investigated the 
effects of KIF3a on the key components of the 
Wnt signaling pathway in FTC133 cells under 
normoxic and hypoxic conditions. As shown in 
Figure 5, as compared to the normoxia group, 
hypoxia significantly increased protein levels of 
β-catenin, cyclin D1 and c-myc. However, knock-
down of KIF3a inhibited the expression levels 
of β-catenin, cyclin D1 and c-myc under the 
same hypoxic condition, suggesting that silenc-
ing KIF3a prevents hypoxia-induced activation 
of the Wnt/β-catenin pathway in FTC133 cells.

Discussion

Hypoxia plays a pivotal role in the microenviron-
ment. CoCl2 is a hypoxia-mimicking reagent 
that is commonly used in hypoxia studies [13-
15]. In the present study, we used CoCl2 in cell 
cultures to simulate constant hypoxia. Our 
results showed that KIF3a mRNA and protein 
expression was markedly increased in the 
human thyroid cancer tissues and cell lines. 
Knockdown of KIF3a significantly inhibited 
hypoxia-induced migration and invasion, and 
EMT process. Furthermore, knockdown of KIF3 
aprevented hypoxia-induced increase in the 
expression of β-catenin, cyclin D1 and c-myc in 
FTC133 cells. 

KIF3a is a member of the kinesin family of 
motor proteins. It has been shown to regulate 
tumorigenesis. Liu et al. reported that KIF3a is 
up-regulated in the majority of prostate cancer 
cell lines and primary tumor tissues, and the 
expression levels of KIF3a correlate with a 
higher Gleason score, TNM grade, and meta-
static status of prostate cancer [12]. In line 

with these results, in the present study, we 
found that KIF3a mRNA and protein expression 
was markedly increased in the human thyroid 
cancer tissues and cell lines. The data suggest-
ed that KIF3a might play an important role in 
the development of thyroid cancer.

The EMT is a crucial step in the process of can-
cer. During EMT progress, tumor cells lose epi-
thelial (E)-cadherin expression and cellular 
adhesion, and get the ability to invade and 
metastasize. In addition, hypoxia is one of the 
most important environmental factors that 
induce cancer metastasis [16, 17]. A growing 
body of evidence indicates that hypoxia pro-
moted the EMT process in thyroid cancer [18, 
19]. In the present study, we found that hypoxic 
conditioning induced thyroid cancer cell migra-
tion/invasion, and promoted the EMT program, 
resulting in down-regulation of E-cadherin and 
up-regulation of N-cadherin and vimentin. 
Intriguingly, the transition process was damp-
ened by siRNA-KIF3a. These evidences sug-
gested that the increase in metastatic property 
inhibited by siRNA-KIF3a in thyroid cancer cells 
is linked to EMT-related markers such as 
E-adherin, N-cadherin and Vimentin.

Several signaling pathways that are important 
for cancer development, such asWnt, Notch, 
PI3K/AKT, and MAPK signaling pathways, have 
been involved in regulating EMT [20-23]. In  
the development and progression of cancer, 
tumor hypoxia plays an important role in acti-
vating the Wnt pathway [24-26]. For example, 
hypoxia activates β-catenin in hepatocellular 
carcinoma cells to induce EMT and enhance 
their metastatic potential [27]. Furthermore, it 
was demonstrated that KIF3a can constrain 
β-catenin-dependent Wnt signaling through 
dual ciliary and non-ciliary mechanisms [28]. 
Most recently, one study reported that KIF3a 
increases CK1-dependent DVL2 phosphoryla-
tion and β-catenin activation in prostate cancer 
cells, leading to transactivation of the Wnt sig-
naling target genes such as cyclin D1, HEF1, 
and MMP9 [12]. Similarly, in the present study, 
we found that knockdown of KIF3a inhibited 
the expression levels of β-catenin, cyclin D1 
and c-myc under the hypoxic condition. These 
findings suggest that the inhibitory effects of 
siRNA-KIF3a on hypoxia-induced EMT process 
are most likely mediated by suppression of the 
Wnt/β-catenin signaling pathway.
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In summary, the study reported here provided 
evidence that knockdown of KIF3a inhibited 
hypoxia-induced EMT of thyroid cancer cells via 
suppressing the Wnt/β-catenin signaling path-
way. Our study uncovered a novel role for KIF3a 
in thyroid cancer progression, which might sup-
port the potential for KIF3a targeting in thyroid 
cancer therapy.
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