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A B S T R A C T

Background: KIF3A expression was decreased in asthmatic child patients and animal. Impaired KIF3A expression
resulted in increased Th2 inflammation in mice and apoptosis in renal tubular epithelium and photoreceptor
cells. This work aimed to investigate the role of KIF3A in epithelium apoptosis and bronchial inflammation in
asthma.
Methods: After establishment of ovalbumin induced asthma, the mice were infected with KIF3A adenovirus
through nasal cavity inhalation. KIF3A expression and apoptosis in epithelia of nasal mucosa and bronchia were
determined using qRT-PCR, western blotting, immunohistochemistry and TUNEL staining. The mRNA expression
of COX-2, IL-4, IL-5, IL-13, IL-6, IL-10 and TNF-α was also measured. In vitro, human bronchial epithelial cell line
16HBE 14o- was stimulated with IL-4, IL-13 and TNF-α, accompanied by KIF3A knockdown or overexpression
using siRNA or KIF3A adenovirus respectively. Apoptosis, mRNA expression of CCL17, CCL26, IL-5 and IL-8, and
protein expression of COX-2 and β-catenin were determined using flow cytometry, qRT-PCR and western
blotting.
Results: KIF3A expression was reduced in epithelia of nasal mucosa and bronchia of asthmatic mice, and
overexpression of KIF3A ameliorated epithelial cell apoptosis and bronchial inflammation in asthmatic mice. In
vitro, KIF3A knockdown significantly promoted epithelium apoptosis, facilitated the transcription of CCL17,
CCL26, IL-5 and IL-8, and increased the protein levels of COX-2 and β-catenin translocation, whereas over-
expression of KIF3A exhibited the opposite effect.
Conclusion: KIF3A plays an important role in epithelium apoptosis and bronchial inflammation in asthma, and
may be a potential target for asthma treatment.

1. Introduction

Asthma is one of the most common chronic immunological diseases
in humans, affecting more than 300 million people worldwide, and at
least 250,000 people die from this disease each year [1]. Airway type 2
immune responses is an important molecular mechanism of asthma,
and is mainly mediated by eosinophils, mast cells, basophils, T helper 2
(Th2) cells, group 2 innate lymphoid cells (ILC2s) and IgE-producing B
cells. After expose to activation stimulus (such as oxidant, virus or al-
lergen), airway epithelium release thymic stromal lymphopoietin
(TSLP), IL‐25 or IL‐33, which result in increased production of type 2
cytokines (IL‐4, IL‐5 and IL‐13). These cytokines drive a cascade of
events including, IgE-triggered hypersensitivity to aeroallergens,

activation of airway epithelial cells, chemoattraction of effector cells
(mast cells, eosinophils and basophils), and remodeling of the epithe-
lium and subepithelial matrix [2]. Thus, inhibition of Th2 inflammation
is an important strategy for asthma therapy. Glucocorticoids (GCs) are
the mainstay controller medication for asthma due to its suppression
effect on type 2 inflammation. However, GCs have multiple side effects,
including dysphonia, candidiasis, cataracts, osteoporosis and adrenal
suppression. Therefore, it is of great significance to screen type 2 in-
flammation related genes in asthma control.

The kinesin family number 3A (KIF3A) gene positioned on the human
chromosomal region 5q31-33 region, a susceptibility locus for immune
diseases including asthma [3–6], encodes a motor subunit of kinesin-2,
an important component for the formation and mechanism of cilia. A
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recent research revealed that KIF3A deficient mice were highly sus-
ceptible to exposure to the aeroallergens Aspergillus fumigatus and
House Dust Mite extracts, resulting in increased airway hyper-respon-
siveness and Th2-mediated, eosinophilic inflammation [7]. Combined
with evidence that KIF3A mRNA was decreased in respiratory epithelial
cells during clinical exacerbations in children with asthma, the author
demonstrated KIF3A was required for type 2 inflammation suppression
after aeroallergen exposure, and by which KIF3A regulates airway
epithelial cell functions related to the pathogenesis of asthma in chil-
dren [7]. A study by Melinda Kovacic et al. also found that KIF3A
mRNA level was significantly downregulated in nasal epithelium from
the asthmatic children and a house dust mite-induced murine asthma
model, and they identified KIF3A as a novel candidate gene for child-
hood asthma using RNA expression and population allelic frequencies
differences [8].

In addition to bronchial inflammation, aberrant apoptosis of airway
epithelial cells (ECs) is also a disease contributing feature in the asthma.
It has been shown that T cells and eosinophils contribute to the in-
duction of ECs apoptosis by secretion of IFN-γ and TNF-α and triggering
of death receptors on bronchial ECs [9]. KIF3A has also been involved
in apoptosis. Studies showed that KIF3A knockdown led to a decrease in
cilia and an increase in cisplatin induced apoptosis in renal tubular
epithelial cells [10]. Loss of KIF3A also caused apoptotic cell death in
photoreceptor cell [11]. However, whether the low expression of KIF3A
in bronchial ECs also leads to its sensitivity to apoptosis is still un-
known. Therefore, in this work, we attempted to investigate the role of
KIF3A in ECs apoptosis under the stimulation of IL-4, IL-13 and TNF-α,
and the effect of KIF3A overexpression on type 2 inflammation and
airway epithelial structural integrity in asthmatic mice.

2. Materials and methods

2.1. Animals and treatments

This study was approved by the Ethics Committee of Children’s
Hospital of Chongqing Medical University. Thirty female BALB/C mice
(5 weeks old), purchased from the Shanghai SLAC laboratory animal
Co., Ltd. (Shanghai, China) were housed under conventional conditions
for 1 week prior to any experiments. Then, the mice were randomly
divided into three groups and receiving corresponding treatments.
Normal group, the mice were sensitized and challenged by saline alone
and without nasal infection of adenoviruses. Asthma model group
(OVA), the mice were sensitized and challenged by ovalbumin (OVA)
followed by nasal infection of empty vector adenoviruses. KIF3A over
expression group (OVA + KIF3A AdV), the mice were sensitized and
challenged by OVA followed by nasal infection of vector adenoviruses
carrying KIF3A gene.

2.2. Allergen immunization/challenge protocol

Mice received an i.p. injection of 200 μl of sensitization fluid (con-
taining 100 μg of OVA and 20 mg of Alum) on day 0 and 14. From day
21 for 7 days, the mice were placed in a 20 cm * 30 cm * 50 cm semi
closed transparent glass box and given 40 ml of OVA solution (2%)
through pulverization inhalation for 30 min once a day to induce
asthma. The mice in normal group were sensitized and challenged with
0.9% normal saline.

2.3. Infection of adenovirus

After being made asthmatic model by OVA-sensitization and chal-
lenge, the asthmatic mice in OVA + KIF3A AdV group were infected
with 40 μl of mouse KIF3A Adenovirus (1 × 107 PFU/ml) supplied by
Vector BioLabs (ADV-262821) through nasal cavity inhalation under
anesthesia. The mice in OVA group were infected with equivalent
empty adenovirus (Vector BioLabs). The backbone is human adenovirus

type 5 (dE1/E3), and other specific construction information can be
found in the official website (www.vectorbiolabs.com). Forty-eight
hours after infection the animals were killed. Then the nasal and
bronchi tissues were isolated as described previously for further ana-
lyses [12,13].

2.4. TUNEL staining

The nasal and bronchi tissues were rinsed with saline, fixed with
10% formalin, embedded in paraffin and cut at a thickness of 5 μm.
Apoptosis were detected by in situ labeling using a TUNEL kit (Sino-
America, China) according to the manufacturer's instructions. The
slides were evaluated by light microscopy and TUNEL-positive cells in
five random visual fields were counted.

2.5. Immunohistochemical staining for KIF3A

For detection of KIF3A, paraffin sections were prepared as described
above. After deparaffinization and rehydrated, the slides were blocked
with 5% fetal bovine serum for 30 min at room temperature. Then,
sections were incubated with primary antibody for KIF3A (dilution
1:100; Sigma, USA) overnight at 37 °C, and followed by incubation with
biotinylated secondary anti-mouse antibody diluted 1:200 in 2% BSA
for 30 min at room temperature, and detected with the ABC im-
munodetection kits (Vector Laboratories). Sections were counterstained
with Harris hematoxylin solution (Sigma), passed through a dehydra-
tion process and cover slipped.

2.6. ELISA assay

The concentration of Th2 cytokines (IL-4, IL-5 and IL-13), pro-in-
flammatory cytokines (IL-6 and TNF-α), IL-8 and IL-10 in Broncho al-
veolar lavage fluid (BALF) were measured using Elisa kits according to
the manufacturer's instructions. Elisa kits used were list as below:
mouse IL-4 ELISA Kit (ab100710, Abcam), mouse IL-5 ELISA Kit
(ab100711, Abcam), mouse IL-13 ELISA Kit (ab219634, Abcam), mouse
IL-6 ELISA Kit (ab100712, Abcam), mouse TNF alpha ELISA Kit
(ab100747, Abcam), mouse IL-8 ELISA Kit (H008, Nanjing Jiancheng
Bioengineering Institute) and mouse IL-10 ELISA kit (ab108870,
Abcam).

2.7. Cell culture and treatment

Human bronchial epithelial cell line 16HBE 14o- was purchased
from American Type Culture Collection (ATCC) and maintained in
Minimum Essential Medium (MEM) supplemented with 10% FCS in a
humidified incubator at 37 °C with a 5% CO2 atmosphere. After con-
fluence, the cells were transferred into low serum medium (1% FCS) for
24 h for synchronization. The synchronized cells were subsequently
transfected with small interfering RNA (siRNA) targeting KIF3A or
adenovirus (AdV) carrying KIF3A gene using Lipofectamine (Lipo) 2000
(Invitrogen, USA) to interfere or increase the expression of KIF3A. The
sequences (5′–3′) of Kif3a siRNAs were: Kif3a siRNA1, GGCCAGC
AGAUUACAAUUAdTdT; Kif3a siRNA2, GCCAGCAGAUUACAAUUA
UdTdT. The cells transfected with scramble siRNA or empty AdV were
served as negative control. Transfection was conducted according to the
manufacturer’s recommended procedure. The siRNA and KIF3A-ex-
pressing construct were supplied by Sangon Biotech Co., Ltd (Shanghai,
China). After 48 h of the transfection, the cells were stimulated with IL-
4, IL-13 and TNF-α (all at 10 ng/ml) [14,15]. After 24 h, apoptosis was
determined using flow cytometry. The mRNA expression of CCL17,
CCL26, IL-5 and IL-8, and protein expression of β-catenin and COX-2
were measured by qRT-PCR and western blotting respectively.
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2.8. Detection of apoptosis by flow cytometry

After incubation with IL-4, IL-13 and TNF-α, the cells were har-
vested and resuspended in 400 μl of 1 × binding buffer solution with a
concentration of 1 × 106 cells/ml. Then the cells were stained with
1 μg/ml of annexin V-FITC and 2.5 μg/ml of PI. After incubation for
15 min at room temperature in the dark, the fluorescence was de-
termined by a BD FACSCalibur (BD Biosciences, San Jose, CA, USA) and
the flow cytometry data were analyzed using the FlowJo Software
(Version 7.6.1, Tri Star Inc., Ashland, OR, USA). Apoptotic cells are
identified by positivity for Annexin-V.

2.9. qRT-PCR

Total cellular RNA was prepared from selected issues and cultured
cells using TRIzol Reagent (Invitrogen) according to the manufacturer's
instruction. First-strand cDNA was synthesized using the Superscript
First-Strand Kit (Invitrogen). Quantitative real-time PCR (qRT-PCR)
was carried out with iQ SYBR Green Supermix (Bio-Rad) using primers:
KIF3A (mouse), forward primer 5'-GAGGAAGGGGAAGAAGTGTCAG-3',
reverse primer 5'-TCCACCATCTTATCTGGGGAA A-3'; COX-2 (mouse),
forward primer 5'-GGGCCATGGAGTGGACTTAAA-3', reverse primer 5'-
ACTCTGTTGTGCTCCCGAAG-3'; IL-4 (mouse), forward primer 5'-
CCATATCCACGGATGC GACA-3', reverse primer 5'-CTGTGGTGTTC
TTCGTTGCTG-3'; IL-5 (mouse), forward primer 5'-TGGGGGTACT
GTGGAAATGC-3', reverse primer 5'-CCACACTTCTCTTTTTGGCGG-3';
IL-13 (mouse), forward primer 5'-TCACACAAGACCAGACTCCCC-3',
reverse primer 5'-CTCC TCATTAGAAGGGGCCG-3'; IL-6 (mouse), for-
ward primer 5'- CCAAGAGATAAGCTGGAGT CACA-3', reverse primer
5'-CGCACTAGGTTTGCCGAGTA-3'; IL-10 (mouse), forward primer 5'-
GGCGCTGTCATCGATTTCTC-3', reverse primer 5'-ATGGCCTTGTAGA
CACCTTGG-3'; TNF-α (mouse), forward primer 5'-AGGCACTCC
CCCAAAAGATG-3', reverse primer 5'-CCAC TTGGTGGTTTGTGAGTG-
3'; CCL17 (human), forward primer 5'- CCAGGGATGCCATCGTT TTTG-
3', reverse primer 5'- TAGTCCCGGGAGACAGTCAG-3'; CCL26 (human),
forward primer 5'- TTGAGGCTGAGCCAAA GACC-3', reverse primer 5'-
TGGTAGTGAATATCACAG CCCG-3'; IL-5 (human), forward primer 5'-
AGCCAATGAGACTCTGAGGAT-3', reverse primer 5'-TTTCCACAGTAC
CCCCTTGC-3'; IL-8 (human), forward primer 5'-GCTCTGTGTGAAGGT
GCAGTT-3', reverse primer 5'- ACCCAGTTTTCCTTGGGGTC-3'. Samples
were analyzed in duplicate. Quantitation of gene expression was cal-
culated by the comparative Ct method and was normalized by GAPDH
expression in each sample.

2.10. Western blotting

The tissues and cells were lysed in ice-cold RIPA lysis buffer
(Beyotime Inc., Nanjing, China) and nuclear extracts were collected by
using a nuclear extraction kit (Millipore, Billerica, USA). The total
protein content was measured using a BCA protein assay kit (Applygen,
China). Afterwards, equal total proteins were separated by 10% SDS-
PAGE and electrotransferred onto PVDF membranes (Thermo Fisher
Scientific, USA). After blocking for 30 min at room temp with 5% non-
fat milk, the membranes were incubated overnight at 4 °C with primary
antibodies. After several washes, the membranes were incubated with
an appropriate HRP-conjugated secondary antibody for 1 h at room
temp. Protein bands were visualized using the ECL kits (Amersham) and
ImageJ software was used for densitometry analysis of western blotting.
The antibodies used were listed as below: KIF3A (ab133587, 1:1000,
Abcam), Caspase 3 (9664, 1:1000, Cell Signaling Technology), RAD50
(ab124682, 1: 1000, Abcam), COX-2 (ab62331, 1: 1000, Abcam), β-
catenin (ab32572, 1: 1000, Abcam) and GAPDH (ab8245, 1: 500,
Abcam).

2.11. Statistical analysis

The data are shown as mean ± SD from at least three experiments.
Statistical evaluation of the results was performed using Student’s t-test,
and P values of less than 0.05 or 0.01 were considered statistically
significant.

3. Results

3.1. Reduced KIF3A in epithelia of nasal mucosa and bronchia of asthmatic
mice was alleviated by KIF3A adenovirus (AdV)

KIF3A is a motor subunit of kinesin-2, which is composed of two
kinesin related subunits (KIF3A and KIF3 B or 3C) and a binding protein
(KAP3) and plays an important role in generation and mechanism of
cilia [16,17]. Gene expression profile analysis showed that the ex-
pression of KIF3A gene was significantly decreased in children with
asthma and asthma model, suggesting that the downregulation of
KIF3A may contribute to the pathogenesis of asthma [8]. In accordance
with previous reports, the present work showed that the transcription
and translation of KIF3A were significantly decreased in the epithelia of
nasal mucosa and bronchia from mice with OVA induced asthma
compared to saline-treated controls, evidenced by qRT-PCR, western
blotting and immunohistochemical analysis (Fig. 1). To explore the
effect of impaired KIF3A gene expression on the structural integrity of
epithelium, stable overexpression of KIF3A in asthmatic mice was car-
ried out through nasal infection of adenovirus (AdV) carrying mouse
KIF3A gene. The results showed KIF3A expression was significantly
increased by KIF3A adenovirus transfection, even higher than normal
level (Fig. 1).

3.2. Increased epithelia apoptosis of nasal mucosa and bronchia in asthma
was suppressed by KIF3A overexpression

It was found that KIF3A knockdown in renal tubular epithelial cells
led to a decrease in cilia and an increase in cisplatin induced apoptosis
[10]. In addition, KIF3A knockdown also promoted apoptosis in pho-
toreceptor cell [11]. Combined with evidence that KIF3A over-
expression observably suppressed epithelium exfoliation in asthma, we
speculated that insufflcient expression of KIF3A in epithelial cells
contributed to its sensitivity to apoptosis in asthma. To address this,
apoptosis in nasal mucosa and bronchia epithelium was evaluated by
TUNEL staining and determination of cleaved caspase-3 through wes-
tern blotting assay. The results of TUNEL staining revealed that over-
expression of KIF3A significantly reduced the increased TUNEL positive
cells in both nasal mucosa and bronchia epithelium from asthmatic
mice (Fig. 2AB). The results of western blotting analysis showed the
increased cleaved caspase-3 (Casp 3 p17) levels was also decreased by
KIF3A overexpression (Fig. 2CD). DNA repair protein RAD50, also
known as RAD50, is a protein that is encoded by the RAD50 gene lo-
cated closely to KIF3A on the chromosome. RAD50 is of great im-
portance to homologous recombination and DNA double-strand break
repair and mice carrying a mutation in RAD50 showed increased
apoptosis [18]. This work showed the protein expression of RAD50 was
also downregulated in nasal mucosa and bronchia epithelium isolated
from mice with asthma, which was reversed by KIF3A overexpression
(Fig. 2C/E). Taken together, the data suggested KIF3A overexpression
could alleviate epithelia apoptosis of nasal mucosa and bronchia in
asthma.

3.3. Bronchial inflammation in asthmatic mice was suppressed by KIF3A
overexpression

Extensive research has demonstrated the significant role of CD4 Th2
immune response and its associated cytokines (e.g. IL-4, IL-5, and IL-13)
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in the pathogenesis of allergic asthma. IL-6, like other inflammatory
cytokines, has been shown to be elevated in asthmatic subjects com-
pared with healthy controls [19], and play an active role in patho-
genesis of asthma [20]. COX-2, an important pro-inflammatory med-
iator, is undetectable in most tissues under normal condition, and has
been shown to be increased in bronchial asthma [21]. Although KIF3A
does not encode Th2 cytokines, but it is a nearby gene of the Th2 re-
gion, which indicated that impaired expression of KIF3A may con-
tribute to the occurrence and development of inflammatory diseases,
including asthma. A recent research showed KIF3A deficiency in mice
resulted in increased airway hyper-responsiveness and Th2-mediated,
eosinophilic inflammation [7]. The present work showed that over-
expression of KIF3A could efficiently decrease the upregulated mRNA
expression of COX-2, Th2 cytokines (IL-4, IL-5 and IL-13), and proin-
flammatory cytokines (IL-6 and TNF-α)，whereas increase the de-
creased expression of anti-inflammatory cytokine IL-10 in lungs of
asthmatic mice (Fig. 3). The data suggested impaired KIF3A expression
may account for the bronchial inflammation in asthma.

3.4. Aberrant KIF3A expression influences the survival and cytokine
expression of human bronchial epithelial cell line 16HBE 14o-

To explore the influence of bronchial inflammation on bronchial
epithelial cell and the role of KIF3A gene played in this process, human
bronchial epithelial cell line 16HBE 14o- were stimulated with IL-4, IL-
13 and TNF-α, accompanied by KIF3A knockdown or overexpression by

using siRNA targeting KIF3A or KIF3A AdV respectively. Apoptosis,
mRNA expression of CCL17, CCL26, IL-5 and IL-8, and protein ex-
pression of COX-2 and β-catenin were determined using flow cyto-
metry, qRT-PCR and western blotting. The results showed that under
co-simulation of IL-4, IL-13 and TNF-α, KIF3A knockdown significantly
promoted epithelium apoptosis, whereas overexpression of KIF3A ex-
hibited the opposite effect (Fig. 4A,B). In addition, KIF3A knockdown
markedly facilitated the transcription of CCL17, CCL26, IL-5 and IL-8,
and increased the protein levels of COX-2 and β-catenin (nucleus). As
expected, KIF3A overexpression decreased the expression of CCL17,
CCL26, IL-5, IL-8, COX-2 and β-catenin in bronchial epithelial cells
(Fig. 4C–E).

4. Discussion

In this work, we found that KIF3A expression was significantly de-
creased in epithelia of nasal mucosa and bronchia of mice with oval-
bumin (OVA) induced asthma, and which was significantly associated
with the pathologic features of asthma. Overexpression of KIF3A could
efficiently suppress the increased epithelia apoptosis of nasal mucosa
and bronchia and bronchial inflammation. In vitro, KIF3A knockdown
increased the susceptibility of human bronchial epithelial cell line
16HBE 14o- to TNF-α induced apoptosis and the expression of CCL17,
CCL26, IL-5 and IL-8, which may resulted from increased production of
COX-2 and β-catenin translocation.

KIF3A gene encodes one subunit of the heterotrimeric motor

Fig. 1. Changes of KIF3A expression and tissue morphology in epithelia of nasal mucosa and bronchia of mice treated with OVA. A–D. KIF3A expression was determined using
immunohistochemistry, qRT-PCR and western blotting. AdV: adenovirus; * P < 0.05, ** P < 0.01, compared with Normal group; # P < 0.05, ## P < 0.01, compared with OVA
treatment group.
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Fig. 2. Apoptosis in nasal mucosa and bronchial epithelium measured by TUNEL staining and western blotting after OVA induced asthma and KIF3A adenovirus infection. A. TUNEL
staining of epithelia of nasal mucosa and bronchia. B. The percentage of TUNEL positive cells. C–E. Protein levels of activated caspase 3 fragment p17 and DNA repair protein RAD50 in
nasal mucosa and bronchial tissues. * P < 0.05, ** P < 0.01, compared with Normal group; # P < 0.05, ## P < 0.01, compared with OVA treatment group.

Fig. 3. The expression of inflammation associated genes (COX-2, IL-4, IL-5, IL-13, IL-6, IL-8, IL-10 and TNF-α) at mRNA level in lungs from each group. A. COX-2 and Th2 cell cytokines
(IL-4, IL-5 and IL-13) mRNA levels measured with qRT-PCR; B. The secretion levels of Th2 cell cytokines in broncho alveolar lavage fluid (BALF) determined with ELISA assay; C–DmRNA
levels of proinflammatory cytokines (IL-6, IL-8 and TNF-α) and anti-inflammatory cytokine IL-8 measured with qRT-PCR, and their secretion levels in BALF measured with ELISA assay. *
P < 0.05, ** P < 0.01, compared with Normal group; # P < 0.05, ## P < 0.01, compared with OVA treatment group.
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protein, kinesin-2, which is consists of two kinesin-related subunits
(called KIF3A and KIF3B or 3C in vertebrates) and an associated protein
(KAP3), and it transports protein complexes, nucleic acids and orga-
nelles towards the “plus” ends of microtubule tracks within cells.
Downregulation of KIF3A has been observed in asthmatic child patients
and mice by different researchers [7,8]. However, investigations about
its role in bronchial inflammation are rare. Our findings share broad
similarities with an earlier study by Vummidi Giridhar and colleagues
who found that KIF3A deficient in mice resulted in increased airway
hyper-responsiveness and Th2-mediated, eosinophilic inflammation
[7,22]. However, the exact mechanism is not well understood. The ci-
liated epithelium that covers the surface of the airways forms an im-
munologically active natural barrier to invasion and injury by inhaled
pathogenic organisms and particulate material. Impaired KIF3A ex-
pression in asthma may influence the generation and mechanism of
cilia, and ciliary dysfunction causes impaired mucociliary clearance and
increased susceptibility to infection, which contribute to the patho-
genesis of asthma [23]. In addition, KIF3A also play important roles in
microtubule assembly and intracellular transport of multiple protein
cargos, and disrupted microtubular transport within the ECs may in-
fluence the increased Th2 responses [22]. Moreover, KIF3A gene is
located on human chromosomal region 5q31-33 contiguously with the
IL-4/IL-13 genes [24,25], which implied the KIF3A alleles in the pa-
thogenesis of asthma.

To the best of our knowledge, no data exist concerning the influence
of KIF3A on airway epithelial cells (ECs) apoptosis. In this work, we
found that decreased KIF3A in human bronchial epithelial cell line
16HBE 14o- significantly increased its susceptibility to TNF-α induced
apoptosis. The facilitating effect of impaired KIF3A expression on
apoptosis has been observed in various cell types; however the corre-
sponding mechanism has not been fully understood. David A. Cano
et al. found tissue-specific loss of KIF3A in mice resulted in increased
acinar cell apoptosis evidenced by TUNEL staining [26]. A study by
Joseph R. Marszalek et al. found remove of KIF3A using Cre-loxP mu-
tagenesis from photoreceptors caused the accumulations of opsin, ar-
restin, and membranes within the photoreceptor inner segment, and
eventually apoptotic death [11]. Lopes et al. found the mislocalization
of opsin is a major cause of KIF3A-null photoreceptor cell death, and
that the cell death follows a typical apoptotic pathway [27]. Shixuan
Wang et al. found KIF3A knockdown in cultured human proximal
tubular HK-2 epithelial cells led to suppressed cilia and sensitized HK-
cells to cisplatin-induced caspase dependent apoptosis, which was
abolished by U0126, a specific pharmacological inhibitor of MEK that
blocks ERK1/2 phosphorylation and activation [28]. In addition,

Joseph E. Aslan and Gary Thomas suggested that apoptotic paranuclear
clustering of mitochondria may also account for KIF3A deficiency in-
duced apoptosis [29]. However, the exact mechanisms for increased
susceptibility to TNF-α induced apoptosis in KIF3A knockdown bron-
chial ECs remains to be further explored and resolved.

In addition to promote apoptosis, KIF3A knockdown also facilitated
the generation of chemokines CCL17 and CCL26 and inflammatory
factors IL-5 and IL-8 in human bronchial epithelial cell line 16HBE 14o-
under the stimulation of IL-4, IL-13 and TNF-α. CCL17 is a Th2-specific
chemokine and has been highly implicated in the pathogenesis of
bronchial asthma [30]. CCL17 binds and induces chemotaxis in Th2
cells by specifically and exclusively interacting with the CC chemokine
receptor 4 (CCR4) that is selectively expressed on Th2 cells. It has been
shown that CCL17 protein expression is up-regulated in the airway
epithelium of mice with asthma [31], and the serum levels of CCL17
were also significantly increased in asthmatic patients compared with
healthy individuals [32]. More recently, administration of CCR4
blocking antibody abolished the airway eosinophilia, goblet cell hy-
perplasia, IgE synthesis and bronchial hyperreactivity in a humanized
severe combined immunodeficiency model of asthma [33]. CCL26 is
chemotactic for eosinophils and basophils recruitment to asthmatic
airways by binding to the cell surface chemokine receptor CCR3
[34,35], and have been detected in bronchoalveolar lavage of asth-
matics [36]. Recent reports indicate that bronchial epithelial cells had
increased levels of CCL26 when stimulated by IL-4 and IL-13 [37]. IL-5
is an eosinophil chemotactic factor, and highly purified murine IL-5
stimulates eosinophil function and prolongs in vitro survival [38]. IL-5
was constitutively expressed by both transformed human bronchial
epithelial cell lines (A549 and 16HBE14o-) and primary human bron-
chial and nasal epithelial cells grown in culture, and was upregulated
by TNF-α stimulation [39]. IL-8 is a neutrophil chemotactic factor, and
IL-8 released by bronchial ECs is thought to be of particular importance
in attracting neutrophils and monocytes to sites of inflammation [40].
Stríz et al. showed Th2 cytokine IL-4 and IL-13 could stimulate human
bronchial ECs to release IL-8 [40].

To the best of our knowledge, no relation has been established be-
tween KIF3A and the mRNA expression of CCL17, CCL26, IL-5 and IL-8
in the ECs. We found that COX-2 generation and β-catenin translocation
were significantly increased after KIF3A knockdown in human bron-
chial epithelial cell line 16HBE 14o-, which may account for the in-
creased expression of these chemokines and inflammatory factors. It has
been documented that KIF3A constrains β-catenin-dependent Wnt sig-
naling through dual ciliary and non-ciliary mechanisms [41], and the
cyst epithelial cells in KIF3A knockout mice exhibit increased

Fig. 4. The effects of Kif3a knockdown and overexpression on apoptosis and cytokine expression of 16HBE 14o- cells. A. Knockdown or overexpression effect of Kif3a siRNAs or Kif3a AdV
on the protein expression of KIF3A in 16HBE 14o- cells. B–C. Apoptosis of 16HBE 14o- cells before and after the knockdown or overexpression of Kif3a. D. Cytokines (chemokines CCL17
and CCL26 and inflammatory factors IL-5 and IL-8) expressed in 16HBE 14o- cells measured with qRT-PCR. E-F. COX-2 and β-catenin protein levels measured with western blotting. *
P < 0.05, ** P < 0.01, compared with Scramble group (transfected with scramble siRNA, served as negative control); # P < 0.05, ## P < 0.01, compared with empty AdV group
(infected with empty AdV).
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expression and translocation of β-catenin [42]. In addition, β-catenin
stabilization in the cilia cells isolated from KIF3A−/− mice have been
observed. This stabilization may results in NF-κB activation [41], which
also plays a crucial role in immune responses, resulting in the activation
of target effectors, such as COX-2 [43]. Thus, we speculated that de-
creased expression of KIF3A in bronchial ECs may modulate the ex-
pression of CCL17, CCL26, IL-5 and IL-8 through Wnt/β-catenin
pathway and NF-κB activation, which need further validation and
support.

5. Conclusion

KIF3A expression is significantly reduced in epithelia of nasal mu-
cosa and bronchia of asthmatic mice, which was tightly related to
epithelial cell apoptosis and bronchitis inflammation. KIF3A may be a
potential target for asthma treatment.
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