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Abstract
Kinesin family member 3A is an important motor protein that participates in various physiological

and pathological processes, including normal tissue development, homeostasis maintenance,

tumor infiltration, and migration. The wingless-related integration site/β-catenin signaling pathway

is essential for critical molecular mechanisms such as embryonic development, organogenesis,

tissue regeneration, and carcinogenesis. Recent studies have examined the molecular mechanisms

of kinesin family member 3A, among which the wingless-related integration site/β-catenin signaling

pathway has gained attention. The interaction between kinesin family member 3A and the wing-

less-related integration site/β-catenin signaling pathway is compact and complex but is fascinating

and worthy of further study. The upregulation and downregulation of kinesin family member 3A

influence many diseases and patient survival through the wingless-related integration site/β-catenin
signaling pathway. Therefore, this review mainly focuses on describing the kinesin family member

3A and wingless-related integration site/β-catenin signaling pathways and their associated diseases.
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Introduction

Kinesin is a linear molecular motor widely found in living eukaryotic cells.1 It serves as a
carrier by moving along the microtubules. It participates in many physiological activities,
such as mRNA and protein transport, signal transduction, meiotic cilia, swinging of fla-
gellum, and dynamic control of microtubules.2 Kinesin proteins are divided into 14 fam-
ilies with hundreds of members, including the kinesin family member (KIF)1, KIF3,
KIF4, KIF5, KIF13, and KIF17 family.3 KIF3A plays an important role in kinesin
protein family.4 As a microtubule-orienting subunit, KIF3A is a member of the
kinesin-2 family that regulates early development, ciliogenesis, and tumor formation.5

Studies have shown that KIF3A is associated with the occurrence and development of
bladder cancer, prostate cancer (PCa), thyroid cancer, lung cancer, and medulloblastoma
(MB).6–8

The wingless-related integration site (Wnt)/β-catenin signaling pathway regulates cell
proliferation during embryonic development and plays an important role in maintaining
adult tissue homeostasis.9 Abnormal Wnt/β-catenin signaling is associated with the
occurrence and development of various human cancers.10 In the absence of Wnt/
β-catenin signaling, the β-catenin destruction complex composed of Axin, adenomatous
polyposis coil (APC), and glycogen synthase kinase 3 (GSK3)β can inhibit β-catenin
accumulation.11 Upon stimulation by Wnt/β-catenin signaling, Wnt binds to its
Frizzled family transmembrane receptor and coreceptor LDL receptor-related protein
(LRP), leading to a phosphorylation cascade that stabilizes β-catenin by temporarily inhi-
biting its destruction complex via DVL.11 When β-catenin enters the nucleus, it binds and
activates transcription factors such as T-cell factor (TCF) and lymphoid enhancer factor
(LEF), which activate the Wnt/β-catenin signaling pathway and mediate the expression of
downstream target genes such as C-myc and Cyclin D1.12

KIF3A is a critical element in many physiological and pathological mechanisms and is
usually involved in theWnt/β-catenin signaling pathway. The interaction between KIF3A
and the Wnt/β-catenin signaling pathway and the outcomes are worth discussing and con-
ducting in-depth studies. Therefore, in this review, we focus on how the motor protein
KIF3A regulates development and maintains homeostasis in normal human tissues and
the mechanisms by which it is involved in various diseases, especially cancer, via the
Wnt–β-catenin signaling pathway.

KIF3A in kinesin family

A cell is a metropolitan city that organizes a community of biological macromolecules.
Setting up meeting points and establishing timely schedules for molecular transactions
is fundamental to cell behavior. Molecular motors, also known as nanomotors, consist
of biological macromolecules that perform mechanical functions in muscle contraction,
material transport, DNA replication, and cell division.13 Molecular motors use chemical
energy to directionally deliver cargo along cytoskeletal tracks.13 Molecular motors
include kinesin, myosin, dynein, DNA helicase, RNA polymerase, and rotary molecular
motors.14 Kinesin is the smallest identified molecular motor. Kinesin covers a large motor
protein family called kinesin superfamily proteins.6
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Kinesin superfamily proteins (KIFs) are a group of molecular motors that move along
microtubules and are involved in intracellular transportation, cell mitosis, and cell forma-
tion by the directed transport of various cargoes, such as membranous organelles, protein
complexes, mRNA, and other materials.6 Cumulative studies have shown that there are
14 subfamilies with 45 members in KIFs.6 Among the KIFs family members,
kinesin-2 and kinesin superfamily-associated protein 3 (KAP3) are the most highly
expressed. Kinesin-2 exists mainly as a heterotrimer, including KIF3A, KIF3B, and
KIF3C. KAP3 functions as an anterograde axonal motor for membranous organelle trans-
port.15 Kinesin family member 3A (KIF3A), a member of the kinesin family of motor
proteins, serves as a microtubule subunit encoded by the human chromosomal region
5q31-33.16 The KIF3A gene structure and location in human, Xenopus, and monkey
retinas were first reported in 1999. A fragment of KIF3A from human retinal cDNA
was amplified using the PCR products and highly homologous mouse KIF3A
sequences.17 KIF3A consists of three different structural domains: a spherical motor
domain that contains a binding site with ATP and microtubules as the head of protein,
a dimer slender coiled coil as the handle, and a combination site with KAP to transport
cargo as the tail (Figure 1).18 KIF3A serves as a microtubule-directed motor subunit to
carry out many functions, such as regulating embryo development, ciliogenesis, and
tumorigenesis.18

Cilia are small organelles that are commonly found in mammalian cells. They are clas-
sified as primary and motile cilia.19 Primary cilia are organelles protruding from the cell
surface that act as chemical or mechanical sensors and provide the basis for signal trans-
duction in various situations.20 In single-celled organisms and sperm cells, motile cilia
contribute to the movement of the entire cell. In multicellular organisms,21 motile cilia

Figure 1. Domain organization of components of the mammalian kinesin-2 machinery and

schematic representation of kinesin-2.
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gather at the cell surface and drive fluid flow in ductal cavities.21 Motile cilia participate
in cell movements, such as the clearance of lung mucous cilia and cerebrospinal fluid flow
in the brain.21 However, cilia cannot synthesize self-assembling proteins; they require
intraflagellar transport (also known as IFT) to transfer them from the cytoplasm.22 The
IFT performs bidirectional movement along the axonemal microtubule for transport,
and kinesin composed of KIF3A, KIF3B, KIF3C, and KAP3 are the main forces of
forward transportation.23 KIF3A can form a heterotrimer with KIF3B or KIF3C to
bind with KAP3, but KIF3B cannot bind with KIF3C.24 The combination of KIF3A
and KIF3B is essential for forward transportation in the cytoplasm, especially during spe-
miogenesis.25 The combination of KIF3A and KIF3C is responsible for particle transpor-
tation of axons and dendrites of nerve cells.26 KIF3A knockout causes the loss of renal
cilia, leading to polycystic kidney disease (PKD). Loss of cilia in pancreatic cells leads to
metaplasia, fibrosis, and lipomatosis.27 These examples indicate that KIF3A is necessary
for ciliary structure and function.

In recent years, the relationship between KIF3A and the occurrence and development
of various diseases has received increasing attention. KIF3A interacts with various sig-
naling pathways, such as the Wnt/β-catenin and Hedgehog signaling pathways, which
participate in many physiological and pathological activities and reveal essential bio-
logical functions.20,28

Overview of Wnt/β-catenin signaling pathway

The Wnt signaling pathway is one of the most evolutionarily conserved pathways.
It plays an important role in embryonic development, adult tissue homeostasis, and
various diseases, including cancer.10 Wnt was initially discovered in mice as integration
1 (Int1).29 Later, a homolog gene type was identified in Drosophila melanogaster with a
wingless phenotype and was named Wnt. The pathway led by the Wnt gene is called the
Wnt signaling pathway, and its mainly classified into the canonical Wnt signaling
pathway, also known as Wnt/β-catenin signaling pathway. Wnt/β-catenin signaling acti-
vates the transcriptional activity of the target gene by β-catenin nuclear translocation and
the noncanonical Wnt signaling pathway, which includes the Wnt Ca2+ signaling
pathway,30 Wnt PCP signaling pathway, and regulation of spindle orientation and intra-
cellular signaling pathways in asymmetric cell division.29 This review mostly focuses on
the canonical Wnt signaling pathway because of its significant function in the human
body.16

The Wnt–β-catenin signaling pathway mainly consists of the Wnt family of secreted
proteins, frizzled family transmembrane receptor protein, and LRP on the cell mem-
brane.16 In the cytoplasm, the Wnt/β-catenin signaling pathway positively regulates dish-
evelled (Dsh or Dvl), negatively regulates serine/threonine GSK-3, APC, axis inhibition
protein (Axin), Casein kinase1 (CK1), and β-catenin. β-catenin is a cytoplasmic protein
that acts as the central player and is the most important element of the Wnt/β-catenin sig-
naling pathway.16 Axin, APC, CK1, and GSK-3 form a protein complex called the cyto-
plasmic destruction complex.11 In the nucleus, there are TCF/LEF and tumor-associated
target genes (such as c-myc, cyclinD1, surviving, COX-2, CD44, PPAR, MMP7, and
VEGF).31
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The Wnt/β-catenin signaling pathway has two conditional statuses: Wnt is activated
when the Wnt/β-catenin signaling pathway is active.31 In the absence of the Wnt/
β-catenin signaling pathway, the cytoplasmic destruction complex phosphorylates
β-catenin. Phosphorylated β-catenin is recognized by the F-box/WD repeat-containing
protein β-TrCP, a component of a dedicated E3 ubiquitin ligase complex.31 After ubiqui-
tination, β-catenin is targeted for rapid destruction by the proteasome.32 When Wnt binds
to the frizzled/LRP co-receptor complex, the Wnt/β-catenin signaling pathway is active.33

The Frizzled/LRP coreceptor complex transmits Wnt signals to Dsh and activates it.34

Active Dsh suppresses the cytoplasmic destruction complex to maintain β-catenin
under dephosphorylation conditions, while APC carries β-catenin to the nuclear mem-
brane for nuclear translocation.35 β-catenin can independently complete nuclear trans-
location independently.35 In the nucleus, the cytoplasmic destruction complex
displaces Groucho from TCF/LEF to promote the transcription of Wnt target genes
(Figure 2).10 Therefore, β-catenin is related to the Wnt/β-catenin signaling pathway.

Figure 2. Interaction between KIF3A and Wnt/β-catenin signaling pathway. During the on-stage

of the Wnt/β-catenin signaling pathway, KIF3A can bind with CID of APC to reduce β-catenin
nuclear translocation. KIF3A also binds with Dsh/Dvl to increase β-catenin levels by stabilizing and

phosphorylation of Dsh/Dvl. As KIF3A binds to β-arrestin, it promotes the β-catenin destruction

complex formation which consists of Axin, APC, CK1, and GSK-3. Destruction complex

phosphorylates β-catenin. Eventually, β-catenin is degraded. However, when KIF3A is decreased,

β-arrestin is released from binding to KIF3A. Released β-arrestin binds to DVL2 and Axin, resulting

in degradation of the destruction complex and increase of unphosphorylated β-catenin. In the

nucleus, β-catenin displaces TCF to promote the transcription of Wnt target genes. The β-catenin
competition combined with Smad3 to SRF to promote SMA transcription. APC: adenomatous

polyposis coil; GSK-3: glycogen synthase kinase 3; CK1: Casein kinase1; TCF: T-cell factor;

SMA: smooth muscle actin; SRF: serum response factor.
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The Wnt/β-catenin signaling pathway is turned off when β-catenin levels decrease; other-
wise, the pathway is active.

KIF3A regulation in spermatogenesis through Wnt/β-catenin
signaling pathway

Spermatogenesis is a critical process in sexual reproduction.36 The Wnt/β-catenin sig-
naling pathway plays an important role in early and late sperm formation, and sperma-
tocytes, spermatids, and slender mature sperm were severely missing in β-catenin
knockout mice.37 Recent studies have shown that KIF3A and KIF3B are involved
in severe structural changes during spermatogenesis via intracellular transport.38

Acrosome formation and nuclear remodeling are mediated by KIF3A/KIF3B/KAP3
heterotrimers in Palaemon carincauda.39 In Larimichthys polyactis, KIF3A and
KIF3B are highly expressed, which may indirectly facilitate the nuclear remodeling
of sperm along the perinuclear microtubules and material transport during flagellum
formation.40 KIF3A regulates spermatogenesis through the Wnt/β-catenin signaling
pathway in Eriocheir sinensis.18 On the one hand, KIF3A can upregulate β-catenin
via stabilization and phosphorylation of DVL, which can positively regulate the
Wnt/β-catenin signaling pathway.18 In contrast, β-catenin binding to KIF3A allows
its nuclear translocation in the late stages of spermatogenesis in E sinensis.18

Therefore, further investigation is required to explore the role of β-catenin in
spermatogenesis.

KIF3A plays an important role in airway inflammation
of asthma via Wnt/β-catenin signaling pathway

Asthma is a complex chronic respiratory disease that causes pathological changes such as
excessive mucus production and reversible airway obstruction.41 The detailed pathogen-
esis of asthma has not yet been elucidated; however, inflammation is the basis of disease
pathogenesis.42 Therefore, it is important to suppress airway inflammation and clarify the
underlying molecular mechanisms. KIF3A’s genetic locus, which is abnormally
expressed in patients with asthma, has been repeatedly proven to be associated with sus-
ceptibility to asthma and eczema, and it has already been chosen as a new candidate gene
marker of asthma.43,44

According to previous studies, KIF3A can combine with β-arrestin, a negative regu-
lator of the G protein-coupled regulator signaling pathway, to interact with Dsh and axin
to regulate the Wnt/β-catenin signaling pathway.32,45 The KIF3A expression downregu-
lation is induced by house dust mite in a mice asthma model and in the 16 human bron-
chial epithelial (16HBE) cell line.46,47 Simultaneously, inflammatory factors such as
COX-2 are secreted from bronchial epithelial cells.48 KIF3A has a confirmed connection
with asthma, and KIF3A goes through β-arrestin via the Wnt/β-catenin signaling pathway
to regulate inflammation. It is believed that in asthma, KIF3A is downregulated by dis-
ruption of the β-arrestin/ KIF3A complex, allowing the upregulation of β-arrestin and
Wnt/β-catenin signaling. Finally, β-catenin translocates to the nucleus to produce
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inflammatory factors that aggravate asthma. Therefore, KIF3A can be used as a diagnos-
tic biological marker and potential therapeutic target for asthma. Finally, the regulation of
KIF3A on airway inflammation in the in vivo asthma model needs to be gradually
improved in future studies, and the specific role of KIF3A in the pathogenesis of
asthma should be further explored.

Effect of KIF3A on pulmonary fibrosis process through
Wnt/β-catenin signaling pathway

Exposure to silica is a common risk factor for pneumoconiosis, which occurs in many
industries such as mining, quarrying, and ceramics.49 During silicosis, epithelial
cells undergo an epithelial-myofibroblast transition (EMyT), a source of myofibro-
blasts characterized by the positive expression of α-smooth muscle actin (α-SMA)
and collagen deposition.50,51 KIF3A serves as a subunit of the microtubular motor
and exerts a suppressive effect on EMyT.52 Many transcription factors have been
identified to play critical roles in EMyT, including serum response factor (SRF)
and myocardin-related transcription factor (MRTF-A). MRTF-A is activated to
promote α-SMA gene transcription.53 β-Catenin is essential for EMyT.45 When
the Wnt/β-catenin signaling pathway is off-stage, Smad3 binds to MRTF-A and inhi-
bits SRF activation. Simultaneously, β-catenin competes with Smad3 for MRTF-A
binding.54 When the Wnt/β-catenin signaling pathway is activated and nuclear trans-
location of β-catenin occurs, β-catenin allows MRTF-A to bind to SRF and promote
α-SMA gene transcription.55 However, the detailed mechanism by which KIF3A
affects EMyt during silicosis via the Wnt/β-catenin signaling pathway requires
further investigation.

Inactivation of KIF3A promotes PKD through
the Wnt/β-catenin signaling pathway

PKD is a genetic disorder that leads to renal failure and abnormal proliferation of epi-
thelial cells in the glomerular sac.56 Recent research has found that KIF3A is essen-
tial for cilia formation in the renal epithelia.57 In KIF3A knockout mice, the
abnormal proliferation and apoptosis of cystic epithelial cells increased, β-catenin
and c-Myc expression increased, and p21 expression decreased.57,58 However, the
detailed mechanism of renal cyst formation by loss of KIF3A expression loss
remains unknown.57 However, the stable nuclear translocation of β-catenin activates
TCF-responsive target genes.57,59 C-myc is a TCF-responsive target gene that
represses the transcription of specific cyclin-dependent kinase inhibitors, leading
to increased cell proliferation.57,60 It has been shown that the nuclear translocation
of KIF3A downregulates p21 expression.57 These results suggest that KIF3A
plays a role in maintaining the differentiation of lumen-forming epithelia in PKD
via the Wnt/β-catenin signaling pathway and that KIF3A has high research and clin-
ical potential in the future.
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Regulation of KIF3A in the pathologic process of
nasopharyngeal carcinoma via Wnt/β-catenin
signaling pathway

Nasopharyngeal carcinoma (NPC) is a malignant epithelial tumor that occurs in the naso-
pharyngeal mucosa.61 Recent studies have revealed that KIF3A expression in NPC tissue
is lower than that in para-NPC tissues, and patients with higher KIF3A expression have
prolonged overall survival.62 Therefore, KIF3A may play an important role as a potential
tumor suppressor in NPC. Epithelial-mesenchymal transformation (EMT) plays an essen-
tial role in many biological processes.63 Adherent epithelial cells can detach from neigh-
boring cells, resulting in EMT-induced movement.64 EMT occurs in areas with high
research prospects, such as healing, fibrosis, and tumor development.63 The effect of
EMT on tumors mostly manifests in cell adhesion and cytoskeleton changes.64 From a
molecular perspective, cell adhesion strength changes mainly due to the regulation of
cell adhesion protein expression, including reduced E-cadherin expression and increased
N-cadherin expression.63 Cytoskeletal changes are the transformation from a cytokeratin-
based cytoskeleton to a vimentin-based cytoskeleton, and the molecular change is mainly
the upregulation of the vimentin protein.63

KIF3A overexpression inhibits N-cadherin and vimentin expression in NPC cells and
upregulates E-cadherin expression.65 Therefore, EMT is inhibited by reversing cell adhesion
and inhibiting the transformation of the cytoskeletal structure from keratin to vimentin.65

Conversely, the inhibition of KIF3A expression promotes EMT.65 KIF3A has already
been shown to be involved in the Wnt/β-catenin signaling pathway in various tumors,45

and pathway activation promotes EMT change.65 There are two GSK3transcripts, GSK3a
and GSK3β .66 GSK3β is phosphorylated at Ser9, Tyr216, and Thr390.67 The phosphory-
lated serine tail causes the dimerization of GSK3β. Phosphorylation of Ser9 results in the
competitive inhibition of GSK3β activity and leads to blocked phosphorylation-dependent
ubiquitination degradation of β-catenin. KIF3A promotes GSK3β activity by inhibiting
the phosphorylation of GSK3-Ser9.68 Therefore, enhancing the phosphorylation-dependent
ubiquitination degradation of β-catenin prevents its nuclear translocation.69,70 Therefore,
KIF3A downregulates EMT via the Wnt/β-catenin signaling pathway by regulating phos-
phorylation of the GSK3-Ser9 site. Thus, it affected the invasion, migration, and prolifer-
ation of NPC. However, it remains unclear whether KIF3A affects downstream Wnt/
β-catenin signaling or is involved in primary ciliary structures.

KIF3A participated in the triple-negative breast cancer
pathological process through the Wnt/β-catenin signaling
pathway

Previous studies have shown that KIF3A expression in breast cancer tissues is signifi-
cantly higher than that in the adjacent normal tissues.65 Analysis of the connection
between KIF3A and clinicopathological features of breast cancer showed a strong rela-
tionship between KIF3A expression, lymph node metastasis, and the pathological
grade of breast cancer patients.71 Further studies have found that KIF3A expression
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and prognostic breast cancer parameters are relevant, such as ER, AR, EGFR, and
Ki-67.65 Triple-negative breast cancer (TNBC) is a subtype of breast cancer with high
malignancy, strong invasion, and difficult treatment.72 Triple-negative means that the
diagnostic breast cancer indices, such as ER, PR, and HER-2, are all negative, but
cancer still develops.73

Like many other cancers, TNBC also undergoes EMT, and the Rb/E2F and Wnt/
β-catenin signaling pathways have been associated with the EMT process.74

Previous studies have shown that the expression of the epithelial marker E-cadherin
can be suppressed during retinoblastoma (Rb) deficiency. E2F1 promotes EMT
through the upregulation of fibronectin and vimentin, proving that the Rb/E2F signal-
ing pathway intervenes in EMT.75 When the Wnt/β-catenin signaling pathway is acti-
vated, a critical tumor-associated target gene, cyclinD1, is translated.70 KIF3A also
promotes the activation of cyclin-dependent kinases (CDKs) by inhibiting P21 expres-
sion. Subsequently, the cyclin/CDK complex induces Rb phosphorylation and leads to
the dissociation of the Rb/E2F complex, increasing the expression of E2F and
cycle-related proteins, and ultimately promoting the progression of the TNBC cell
cycle and cell proliferation.76 According to the above discussion, KIF3A is correlated
with patient survival outcomes. It may be expected to become a new indicator for
breast cancer diagnosis and a new parameter to evaluate the prognosis of patients
with breast cancer. KIF3A affects the EMT process in TNBC by interacting with
the Rb/E2F and Wnt/β-catenin signaling pathways. However, the detailed mechanism
between KIF3A and b-E2F and Wnt/β-catenin signaling pathway interactions requires
further examination.

KIF3A is a key part of non-small-cell lung cancer
via the Wnt/β-catenin signaling pathway

In non-small-cell lung cancers (NSCLC), the most common malignant tumors, including
squamous cell carcinoma, adenocarcinoma, and large cell carcinoma, grow and divide
more slowly than in small-cell lung cancer.77 Recent findings demonstrate that KIF3A
is downregulated in NSCLC tissues compared to the adjacent normal tissue.
Downregulation of KIF3A is closely associated with overall survival in patients with
NSCLC.8 Moreover, KIF3A and β-catenin are negatively correlated with each other in
NSCLC tissue.32 Recent findings demonstrate that the silencing of KIF3A in NSCLC
cells using lentivirus upregulates β-catenin, phosphorylates Dsh expression, and pro-
motes the proliferation and migration of NSCLC cells.32 Phosphorylated Dsh can invali-
date the cytoplasmic destruction complex of β-catenin to stabilize it for nuclear
translocation.

Further studies show that KIF3A is binding β-arrestin to form a complex and inhibit
β-catenin in the Wnt/β-catenin signaling pathway, and the silence of KIF3A can
promote Dsh and Axin to form a complex to stabilize β-catenin.78 Above all,
KIF3A can suppress NSCLC genesis and development via the Wnt/β-catenin signaling
pathway. More importantly, KIF3A is a valuable potential diagnostic or prognostic
marker for the come.78
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KIF3A effect on PCa through Wnt/β-catenin signaling pathway

PCa is the second most common malignant tumor and cause of cancer-related death glo-
bally.7 The Wnt/β-catenin signaling pathway is frequently activated during the progres-
sion of PCa.34 Recently, researchers demonstrated that the motor protein KIF3A is an
activator of the Wnt signaling pathway in human PCa.79 The upregulation of KIF3A
in PCa cells stabilizes β-catenin by increasing CK1-dependent DVL2 phosphorylation,
thereby activating cyclinD1. CyclinD1 is a well-known PCa-associated gene that
enhances the proliferative potential of human PCa cells and is a target gene of the
Wnt/β-catenin signaling pathway.79 Furthermore, MMP-9 and HEF1 regulate the migra-
tion and invasion of PCa cells, and their activation is KIF3A-dependent through the Wnt/
β-catenin signaling pathway.80 Based on the KIF3A’s deep involvement in PCa develop-
ment and migration via the Wnt/β-catenin signaling pathway, KIF3A may be a potential
therapeutic target for advanced PCa in the future.

KIF3A inhibits hypoxia-induced EMT in thyroid cancer
via the Wnt/β-catenin signaling pathway

Thyroid cancer is one of the most common endocrine malignancies worldwide, and its
incidence has rapidly increased in recent decades.81 Recent studies have shown that
hypoxic conditioning promoted EMT.82 It results in the downregulation of E-cadherin
and upregulation of N-cadherin and vimentin while inducing migration and invasion
of thyroid cancer cells.83 Interestingly, silencing KIF3A significantly inhibited the
EMT process and suppressed hypoxia-induced migration and invasion.84 Furthermore,
the knockdown of KIF3A in FTC133 cells inhibited the expression of β-catenin,
c-Myc, and cyclin D1 under hypoxic conditions.84 These findings suggest that the inhibi-
tory effects of KIF3A gene silencing under hypoxic conditions promote EMT. This is
most likely mediated by Wnt β-catenin signaling pathway suppression in thyroid
cancer, suggesting that KIF3A may be a potential therapeutic target in the future.

The relationship of KIF3A to other signaling pathways
and diseases

The other mechanism we are discussing here is mainly the Hh signaling pathway. The Hh
gene was first discovered in Drosophila.85 Subsequent studies have shown that there is
only one Hedgehog gene in invertebrates, such asDrosophilawhile there are three hedge-
hog genes, including Sonic Hedgehog (Shh), Desert Hedgehog (Dhh), and Indian
Hedgehog (Ihh) in mammals.85 The Hh signaling pathway is mainly composed of the
Hh ligand, transmembrane protein receptor Ptched (Ptch), transmembrane protein recep-
tor Smoothened (Smo), downstream nuclear transcription factor Gli protein, and target
genes.86 The Hh signaling pathway is involved in embryonic development and homeo-
stasis of the internal environment. The abnormal activation of this signaling pathway
causes the generation and development of various tumors, such as basal cell carcinoma
and MB. It affects the proliferation, differentiation, invasion, metastasis, and apoptosis
of tumor cells.85 Additional studies have shown that downstream of Ptch1 as a
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member of Ptch, KIF3A is required to activate normal Hedgehog target genes, and loss of
KIF3A led to a decrease in the Gli subunit Gli3 repressor.87 Furthermore, primary cilia
also play an important role in the normal function of the Hedgehog signaling
pathway.88 Primary cilia protruding from basal cell carcinoma and MB cells are
central to Hedgehog signal transduction. Any changes in the primary cilia can increase
or decrease the incidence of tumors.89 Meanwhile, it has been found that partial ciliary
body disease is related to blocked Hedgehog signal transduction.90

The bone is a highly dynamic organ that is constantly reshaping, sensing, and
responding to signals to meet the needs of its surroundings.91 Primary cilia that
serve as chemical sensors are also mechanical sensors for bone formation and mainten-
ance, first observed in chondrocytes and later in mesenchymal stem cells, osteoblasts,
and osteocytes.92 Primary cilia are assembled and maintained by the IFT system,
which is involved in the differentiation of mesenchymal stem cells into osteoblasts,
chondrocytes, and adipocytes.93 Previous studies show that KIF3A deletion or
destruction can lead to abnormal bone formation and morphology, abnormal growth
plate development, and impaired adipocyte differentiation. Deleting KIF3A in
mouse osteoblasts can lead to functional defects and reduced bone mass,94 and inhibit-
ing Hedgehog signal transduction pathways in osteoblasts can lead to abnormal
cilia-related signaling pathways.95 These results proved that KIF3A regulates osteo-
genesis and bone formation, and these changes appear to be caused by damage to
the Hedgehog signaling pathway.94 Additionally, KIF3A is involved in bone develop-
ment and chondrogenesis.96 Therefore, disruption of the IFT system can lead to sub-
sequent cilia loss, postpartum dwarfism, and inhibition of chondrocytes.97 Thus,
KIF3A can maintain the growth plates by regulating chondrocyte proliferation, differ-
entiation, and rotation.

MB is a tumor cell that loses growth control from granule neuron precursors (GNPs).98

Under normal conditions, the GNPs were divided in response to SHH.99 If one copy of
the Ptch gene, as a receptor of Shh, is lost, MB may form.100 Proper transduction of the
SHH signal critically depends on primary cilia, and improper signal reception leads to
failure in activation of SHH target genes resulting from primary cilia lost88 KIF3a, part
of the kinesin motor, is required for the formation of primary cilia.16 Recent studies
have concluded that instead of mitotic or intracellular transport defects, mutated Kif3a
or an altered primary cilium affects the proper hedgehog signaling pathway leading to
tumorigenicity, proving that KIF3a is necessary for MB formation.101

Besides the Wnt/β-catenin and Hedgehog signaling pathways, there are discoveries in
which detailed mechanisms have not been described. KIF3A knockout mouse embryos
show neural tube degeneration, mesodermal and caudal hypoplasia, pericardial edema,
developmental delay, and neural tube closure defects in morphology, ultimately resulting
in embryo death. However, the most prominent manifestation was the randomization of
lateral asymmetric development, indicating that KIF3A plays an important role in
development.102

Bladder cancer is the tenth most common cancer worldwide, and the ninth most
fatal malignancy in men.103 Patients with bladder cancer have a relatively low survival
rate and a poor prognosis.103 The expression level of KIF3A in bladder cancer tissues
was found to be significantly higher than that in para-cancer tissues by qRT-PCR and
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immunohistochemistry detection.6 Analysis of the relationship between KIF3A and
clinicopathological features showed that KIF3A expression was related to clinical
stage, pathological grade, and lymph node metastasis, and Km-plot analysis showed
that increased KIF3A expression was associated with poor prognosis in patients
with bladder cancer.6 Meanwhile, interfering with KIF3A expression can inhibit the
proliferation, migration, and invasion of bladder cancer cells. Further Western blot
analysis showed that Ki-67, MMP2, and MMP9 expression in bladder cancer cells
was decreased by interfering with KIF3A expression.6 In conclusion, new targets,
such as KIF3A, need to be discovered in disease studies to improve patient survival
and prognosis.

Summary and prospect

KIF3A is involved in the occurrence and development of many diseases
via the Wnt/β-catenin signaling pathway

KIF3A, like other members of the kinesin family, can use the energy generated by ATP
hydrolysis to move along microtubules for cargo transport, which is necessary for the
maintenance of intracellular balance and mitosis.44 Many functions of cilia rely on the
performance of KIF3A,16 including cilia formation, movement of the sperm flagellum,
and external perception of primary cilia.104 In addition, as a critical factor influencing
the Wnt/β-catenin signaling pathway, KIF3A plays a role in organohistogenesis, inflam-
mation, and various cancers. When the Wnt/β-catenin signaling pathway is activated,
inflammatory factors like COX-2, the main cause of asthma, are secreted.44 Likewise,
the nuclear translocation of β-catenin also promotes the transcription of tumor-associated
target genes, such as CyclinD1 and c-myc,12 which are the leading causes of thyroid
cancer, PCa, and TNBC.65,83,105 Most importantly, the Wnt/β-catenin signaling
pathway can give rise to EMT, a committed step in organ fibrosis and many cancers
for tumor cell generation, infiltrating invasion, and migration, such as pulmonary fibrosis,
thyroid cancer, TNBC, and NPC.106

How KIF3A regulates Wnt/β-catenin signaling pathway

The Wnt/β-catenin signaling pathway is very important in various pathological and
physiological mechanisms, and abnormal pathway activation leads to severe diseases
such as cancer.31 Recent studies have shown a clear and robust link between the
KIF3A and Wnt/β-catenin signaling pathways. First, KIF3A downregulates the Wnt/
β-catenin signaling pathway by binding to β-arrestin. β-arrestin acts as a positive regula-
tor of the Wnt/β-catenin signaling pathway when it forms a complex with DVL2 and axin
to stabilize β-catenin. However, when KIF3A binds to β-arrestin and forms a complex
that interacts with the Wnt/β-catenin signaling pathway, β-arrestin changes its role as a
negative regulator of the pathway. Second, KIF3A promotes β-catenin expression by sta-
bilizing the quantity of phosphorylated Dsh. Third, KIF3A binds to the CID of the APC
protein and downregulates β-catenin.
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KIF3A might be a potential therapeutic target for cilia disease

In vertebrate cells, the centrosome is the center of the microtubule and its function
changes with the cell cycle.107 In some cells, during the G0 phase, the mother centrosome
is transformed into a matrix, which initiates the assembly of microtubules and the forma-
tion of primary cilia.108 When cells withdraw from the G0 phase, the primary cilia struc-
ture disintegrates.108 The length of the primary cilia is prolonged during the G0 phase and
shortened when cells withdraw from the G0 phase.108 Recent studies have shown that
primary cilia might have the ability to control or affect cell cycle process.108 However,
the mechanisms by which primary cilia control or affect primary cilia remain
unknown.108 According to our recent studies, silencing of KIF3A shortens primary
cilia and suspends the cell cycle.53 Therefore, KIF3A may be a key regulatory factor
of primary cilia. Primary cilia are related to the Hedgehog, Wnt, TGFβ, Notch, and
PDGFRα signaling pathways.109 As primary cilia mediate many cell signals, their dys-
function can cause multiple tissue and organ diseases.109 The disease caused by
primary cilia dysfunction is called cilia disease and includes nephronophthisis, senior-
loken syndrome, orofaciodigital syndrome, Jeune syndrome, autosomal dominant
PKD, autosomal recessive PKD, Leber congenital amaurosis, and usher syndrome.109

Based on its potential relationship with KIF3A and primary cilia, KIF3A may be a valu-
able therapeutic target for cilia disease.

The limitation of this study

The limitation of this review is that we discussed multiple diseases that are related to the
KIF3A andWnt/β-catenin signaling pathways, but we did not dig deeper into the molecu-
lar mechanisms of each disease, and we did not investigate further whether there are other
potential links between each disease besides the KIF3A and Wnt/β-catenin signaling
pathways.

Conclusion

In general, β-catenin is the key player in the Wnt/β-catenin signaling pathway, which
leads to many critical activities in the human body, and KIF3A can affect it. Three inter-
actions between them can occur simultaneously. KIF3A is also related to other signaling
pathways, such as the Hedgehog signaling pathway. The appearance of both Wnt/
β-catenin and Hh signaling pathways with abnormal regulation of KIF3A can be asso-
ciated with the same disease. The molecular mechanism underlying the fluctuation of
KIF3A expression in diseases such as bladder cancer is unknown. KIF3A is a valuable
target with great potential for application in the treatment of maldevelopment, allergy
and inflammation, organ fibrosis, and cancers. In addition, the molecular mechanism
of KIF3A upregulation or downregulation in disease, the relationship between KIF3A
and Wnt/β-catenin signaling pathway, and the interaction between Wnt/β-catenin and
Hedgehog signaling pathways and KIF3A in disease need to be addressed. Questions
such as molecular mechanism by up or downregulation of KIF3A in diseases, the rela-
tionship between the KIF3A connection with the Wnt-β-catenin signaling pathway,
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and the interaction between the Wnt-β-catenin signaling pathway and Hedgehog signal-
ing pathway with KIF3A in disease need to be answered. The molecular mechanism of
KIF3A and its clinical applications require further research and interpretation.

Acknowledgments

The authors would like to thank Professor Hong Xu for inspiring their interest in the development of
this review

Authors’ contributions

All authors contributed to data analysis and drafting or revision of the article. All authors have
agreed on the journal to which the article will be submitted, gave final approval of the version to
be published, and agree to be accountable for all aspects of the work.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect to the research, authorship, and/
or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for the research, authorship, and/or
publication of this article: This work was funded by the National Natural Science Foundation of
China (No. 82003406), the National Natural Science Foundation of Hebei Province (H2020209287),
the Science and Technology Project of Hebei Education Department (No. ZD2022127); the Science
and Technology Project of Tangshan (No. 21130208c); Non-profit Central Research Institute Fund
of Chinese Academy of Medical Science(2020-PT320-005); Project of Key Laboratory of
Functional and Clinical Translational Medicine (XMMC-FCTM202203).

ORCID iD

Fang Yang https://orcid.org/0000-0003-3899-4058

References

1. Hirokawa N, Noda Y, Tanaka Y, et al. Kinesin superfamily motor proteins and intracellular
transport. Nat Rev Mol Cell Biol 2009; 10: 682–696.

2. Vale RD. The molecular motor toolbox for intracellular transport. Cell 2003; 112: 467–480.
3. Fan R and Lai K-O. Understanding how kinesin motor proteins regulate postsynaptic function

in neuron. FEBS J 2022; 289: 2128–2144.
4. Kalantari S and Filges I. ‘Kinesinopathies’: emerging role of the kinesin family member

genes in birth defects. J Med Genet 2020; 57: 797–807.
5. Tempes A,Weslawski J, Brzozowska A, et al. Role of dynein-dynactin complex, kinesins, motor

adaptors, and their phosphorylation in dendritogenesis. J Neurochem 2020; 155: 10–28.
6. Zhou Q, Yu J, Zheng Q, et al. Kinesin family member 3A stimulates cell proliferation, migra-

tion, and invasion of bladder cancer cells in vitro and in vivo. FEBS Open Bio 2021; 11:
1487–1496.

7. Pardo JC, Ruiz de Porras V, Gil J, et al. Lipid metabolism and epigenetics crosstalk in prostate
cancer. Nutrients 2022; 14: 851.

14 Science Progress 106(0)

https://orcid.org/0000-0003-3899-4058
https://orcid.org/0000-0003-3899-4058


8. Yang Y, Liu X, Li R, et al. Kinesin family member 3A inhibits the carcinogenesis of non-
small cell lung cancer and prolongs survival. Oncol Lett 2020; 20: 348.

9. Aoki T, Nishida N and Kudo M. Clinical significance of the duality of Wnt/β-catenin signal-
ing in human hepatocellular carcinoma. Cancers 2022; 14: 444.

10. Zhang Y and Wang X. Targeting the Wnt/β-catenin signaling pathway in cancer. J Hematol
Oncol 2020; 13: 165.

11. Nong J, Kang K, Shi Q, et al. Phase separation of Axin organizes the β-catenin destruction
complex. J Cell Biol 2021; 220: e202012112.

12. Tian M, Wang X, Sun J, et al. IRF3 Prevents colorectal tumorigenesis via inhibiting the
nuclear translocation of β-catenin. Nat Commun 2020; 11: 5762.

13. Saper G and Hess H. Synthetic systems powered by biological molecular motors. Chem Rev
2020; 120: 288–309.

14. García-López V, Liu D and Tour JM. Light-activated organic molecular motors and their
applications. Chem Rev 2020; 120: 79–124.

15. Jana SC, Dutta P, Jain A, et al. Kinesin-2 transports orco into the olfactory cilium of
Drosophila melanogaster at specific developmental stages. PLoS Genet 2021; 17: e1009752.

16. Cullen CL, O’Rourke M, Beasley SJ, et al. Kif3a deletion prevents primary cilia assembly on
oligodendrocyte progenitor cells, reduces oligodendrogenesis and impairs fine motor func-
tion. Glia 2021; 69: 1184–1203.

17. Stevens ML, Zhang Z, Johansson E, et al. Disease-associated KIF3A variants alter gene
methylation and expression impacting skin barrier and atopic dermatitis risk. Nat Commun
2020; 11: 4092.

18. Liang Y-J, Ni J-H, Wang L-M, et al. KIF3A Regulates the Wnt/β-catenin pathway via transport-
ing β-catenin during spermatogenesis in Eriocheir sinensis. Cell Tissue Res 2020; 381: 527–541.

19. Ma R, Kutchy NA, Chen L, et al. Primary cilia and ciliary signaling pathways in aging and
age-related brain disorders. Neurobiol Dis 2022; 163: 105607.

20. Bangs F and Anderson KV. Primary cilia and mammalian Hedgehog signaling. Cold Spring
Harb Perspect Biol 2017; 9: a028175.

21. Legendre M, Zaragosi L-E and Mitchison HM. Motile cilia and airway disease. Semin Cell
Dev Biol 2021; 110: 19–33.

22. Lechtreck KF. IFT-Cargo Interactions and protein transport in cilia. Trends Biochem Sci
2015; 40: 765–778.

23. Nakayama K and Katoh Y. Architecture of the IFT ciliary trafficking machinery and interplay
between its components. Crit Rev Biochem Mol Biol 2020; 55: 179–196.

24. Engelke MF, Waas B, Kearns SE, et al. Acute inhibition of heterotrimeric kinesin-2 function
reveals mechanisms of intraflagellar transport in mammalian cilia. Curr Biol 2019; 29: 1137–
1148. e4.

25. Lin C, Tang D, Gao X, et al. Molecular characterization, dynamic transcription, and potential
function of KIF3A/KIF3B during spermiogenesis in opsariichthys bidens. Gene 2021; 798:
145795.

26. Muresan V, Abramson T, Lyass A, et al. KIF3C And KIF3A form a novel neuronal hetero-
meric kinesin that associates with membrane vesicles. Mol Biol Cell 1998; 9: 637–652.

27. Takeda S, Yonekawa Y, Tanaka Y, et al. Left-right asymmetry and kinesin superfamily
protein KIF3A: new insights in determination of laterality and mesoderm induction by
kif3A-/- mice analysis. J Cell Biol 1999; 145: 825–836.

28. Corbit KC, Shyer AE, Dowdle WE, et al. Kif3a constrains beta-catenin-dependent Wnt sig-
nalling through dual ciliary and non-ciliary mechanisms. Nat Cell Biol 2008; 10: 70–76.

Liu et al. 15



29. Wang X, Guan Y, Xiang S, et al. Role of canonical wnt/β-catenin pathway in regulating chon-
drocytic hypertrophy in mesenchymal stem cell-based cartilage tissue engineering. Front Cell
Dev Biol 2022; 10: 812081.

30. Kühl M, Sheldahl LC, Park M, et al. The Wnt/Ca2+ pathway: a new vertebrate Wnt signaling
pathway takes shape. Trends Genet 2000; 16: 279–283.

31. Bian J, Dannappel M, Wan C, et al. Transcriptional regulation of Wnt/β-catenin pathway in
colorectal cancer. Cells 2020; 9: 2125.

32. Kim M, Suh Y-A, Oh J-H, et al. KIF3A Binds to β-arrestin for suppressing Wnt/β-catenin
signalling independently of primary cilia in lung cancer. Sci Rep 2016; 6: 32770.

33. Clevers H. Wnt signaling: ig-norrin the dogma. Curr Biol 2004; 14: R436–R437.
34. Murillo-Garzón V and Kypta R. WNT Signalling in prostate cancer. Nat Rev Urol 2017; 14:

683–696.
35. Shi Q, Kang K and Chen Y-G. Liquid-liquid phase separation drives the β-catenin destruction

complex formation. Bioessays 2021; 43: e2100138.
36. Neto FTL, Bach PV, Najari BB, et al. Spermatogenesis in humans and its affecting factors.

Semin Cell Dev Biol 2016; 59: 10–26.
37. Liu W, Li N, Zhang M, et al. Eif2s3y regulates the proliferation of spermatogonial stem cells

via Wnt6/β-catenin signaling pathway. Biochim Biophys Acta Mol Cell Res 2020; 1867:
118790.

38. Dang R, Zhu J-Q, Tan F-Q, et al. Molecular characterization of a KIF3B-like kinesin gene in
the testis of octopus tankahkeei (cephalopoda, octopus). Mol Biol Rep 2012; 39: 5589–5598.

39. Zhao Y-Q, Yang H-Y, Zhang D-D, et al. Dynamic transcription and expression patterns of
KIF3A and KIF3B genes during spermiogenesis in the shrimp, Palaemon carincauda.
Anim Reprod Sci 2017; 184: 59–77.

40. Wang J, Gao X, Zheng X, et al. Expression and potential functions of KIF3A/3B to promote
nuclear reshaping and tail formation during Larimichthys polyactis spermiogenesis. Dev
Genes Evol 2019; 229: 161–181.

41. Castillo JR, Peters SP and Busse WW. Asthma exacerbations: pathogenesis, prevention, and
treatment. J Allergy Clin Immunol Pract 2017; 5: 918–927.

42. Ma W, Jin Q, Guo H, et al. Metformin ameliorates inflammation and airway remodeling of
experimental allergic asthma in mice by restoring AMPK activity. Front Pharmacol 2022;
13: 780148.

43. Giridhar PV, Bell SM, Sridharan A, et al. Airway epithelial KIF3A regulates Th2 responses to
aeroallergens. J Immunol 2016; 197: 4228–4239.

44. Geng G, Du Y, Dai J, et al. KIF3A Knockdown sensitizes bronchial epithelia to apoptosis and
aggravates airway inflammation in asthma. Biomed Pharmacother 2018; 97: 1349–1355.

45. Kim M, Suh Y-A, Oh J-H, et al. Corrigendum: KIF3A binds to β-arrestin for suppressing
Wnt/β-catenin signalling independently of primary cilia in lung cancer. Sci Rep 2017; 7:
46773.

46. Kovacic MB, Myers JMB, Wang N, et al. Identification of KIF3A as a novel candidate gene
for childhood asthma using RNA expression and population allelic frequencies differences.
PLoS One 2011; 6: e23714.

47. Lee CH, Song DK, Park CB, et al. Primary cilia mediate early life programming of adiposity
through lysosomal regulation in the developing mouse hypothalamus. Nat Commun 2020; 11:
5772.

48. Haahtela T, Jantunen J, Saarinen K, et al. Managing the allergy and asthma epidemic in
2020s-lessons from the Finnish experience. Allergy 2022; 77: 2367–2380.

49. Krefft S, Wolff J and Rose C. Silicosis: an update and guide for clinicians. Clin Chest Med
2020; 41: 709–722.

16 Science Progress 106(0)



50. Zhang L, Xu D, Li Q, et al. N-acetyl-seryl-aspartyl-lysyl-proline (Ac-SDKP) attenuates sili-
cotic fibrosis by suppressing apoptosis of alveolar type II epithelial cells via mediation of
endoplasmic reticulum stress. Toxicol Appl Pharmacol 2018; 350: 1–10.

51. Inui N, Sakai S and Kitagawa M. Molecular pathogenesis of pulmonary fibrosis, with focus
on pathways related to TGF-β and the ubiquitin-proteasome pathway. Int J Mol Sci 2021; 22:
6107.

52. He H, Du F, He Y, et al. The Wnt-β-catenin signaling regulated transcription to activate
migration-related genes in human breast cancer cells. Oncotarget 2018; 9: 15239–15251.

53. Li S, Wei Z, Li G, et al. Silica perturbs primary cilia and causes myofibroblast differentiation
during silicosis by reduction of the KIF3A-repressor GLI3 complex. Theranostics 2020; 10:
1719–1732.

54. Taiyab A, Holms J and West-Mays JA. β-Catenin/Smad3 interaction regulates transforming
growth factor-β-induced epithelial to mesenchymal transition in the lens. Int J Mol Sci 2019;
20: 2078.

55. Guo X, Sunil C, Adeyanju O, et al. PD-L1 mediates lung fibroblast to myofibroblast transition
through Smad3 and β-catenin signaling pathways. Sci Rep 2022; 12: 3053.

56. Sudarikova AV, Vasileva VY, Sultanova RF, et al. Recent advances in understanding ion
transport mechanisms in polycystic kidney disease. Clin Sci 2021; 135: 2521–2540.

57. Lin F, Hiesberger T, Cordes K, et al. Kidney-specific inactivation of the KIF3A subunit of
kinesin-II inhibits renal ciliogenesis and produces polycystic kidney disease. Proc Natl
Acad Sci U S A 2003; 100: 5286–5291.

58. Menezes LF and Germino GG. The pathobiology of polycystic kidney disease from a meta-
bolic viewpoint. Nat Rev Nephrol 2019; 15: 735–749.

59. Bergmann C, Guay-Woodford LM, Harris PC, et al. Polycystic kidney disease. Nat Rev Dis
Primers 2018; 4: 50.

60. Dong K, Zhang C, Tian X, et al. Renal plasticity revealed through reversal of polycystic
kidney disease in mice. Nat Genet 2021; 53: 1649–1663.

61. Cohen O, Betito HR, Adi M, et al. Development of the nasopharynx: a radiological study of
children. Clin Anat 2020; 33: 1019–1024.

62. Tang Z, ChenW, Xu Y, et al. miR-4721, induced by EBV-miR-BART22, targets to enhance the
tumorigenic capacity of NPC through the pathway.Mol Ther Nucleic Acids 2020; 22: 557–571.

63. Bracken CP and Goodall GJ. The many regulators of epithelial-mesenchymal transition. Nat
Rev Mol Cell Biol 2022; 23: 89–90.

64. Greaves D and Calle Y. Epithelial mesenchymal transition (EMT) and associated invasive
adhesions in solid and haematological tumours. Cells 2022; 11: 649.

65. Wang W, Zhang R, Wang X, et al. Suppression of KIF3A inhibits triple negative breast
cancer growth and metastasis by repressing Rb-E2F signaling and epithelial-mesenchymal
transition. Cancer Sci 2020; 111: 1422–1434.

66. Wang L, Li J and Di L-J. Glycogen synthesis and beyond, a comprehensive review of GSK3
as a key regulator of metabolic pathways and a therapeutic target for treating metabolic dis-
eases. Med Res Rev 2022; 42: 946–982.

67. Tian Y, Li P, Xiao Z, et al. Triptolide inhibits epithelial-mesenchymal transition phenotype
through the p70S6k/GSK3/β-catenin signaling pathway in taxol-resistant human lung adeno-
carcinoma. Transl Lung Cancer Res 2021; 10: 1007–1019.

68. Liao S, Wu J, Liu R, et al. A novel compound DBZ ameliorates neuroinflammation in
LPS-stimulated microglia and ischemic stroke rats: role of Akt(Ser473)/GSK3β(Ser9)-mediated
Nrf2 activation. Redox Biol 2020; 36: 101644.

69. Valenta T, Hausmann G and Basler K. The many faces and functions of β-catenin. EMBO J
2012; 31: 2714–2736.

Liu et al. 17



70. Xu C, Xu Z, Zhang Y, et al. β-Catenin signaling in hepatocellular carcinoma. J Clin Invest
2022; 132: e154515.

71. Shao Q, Luo X, Yang D, et al. Phospholipase Cδ1 suppresses cell migration and invasion of
breast cancer cells by modulating KIF3A-mediated ERK1/2/β- catenin/MMP7 signalling.
Oncotarget 2017; 8: 29056–29066.

72. Fusco N, Sajjadi E, Venetis K, et al. Low-risk triple-negative breast cancers: clinico-
pathological and molecular features. Crit Rev Oncol Hematol 2022; 172: 103643.

73. Tarantino P, Corti C, Schmid P, et al. Immunotherapy for early triple negative breast cancer:
research agenda for the next decade. NPJ Breast Cancer 2022; 8: 23.

74. Weng Y-S, Tseng H-Y, Chen Y-A, et al. MCT-1/miR-34a/IL-6/IL-6R signaling axis pro-
motes EMT progression, cancer stemness and M2 macrophage polarization in triple-negative
breast cancer. Mol Cancer 2019; 18: 42.

75. Lo P-K, Lee JS, Liang X, et al. The dual role of FOXF2 in regulation of DNA replication and
the epithelial-mesenchymal transition in breast cancer progression. Cell Signal 2016; 28:
1502–1519.

76. Palmer N and Kaldis P. Less-well known functions of cyclin/CDK complexes. Semin Cell
Dev Biol 2020; 107: 54–62.

77. Pérol M, Felip E, Dafni U, et al. Effectiveness of PD-(L)1 inhibitors alone or in combination
with platinum-doublet chemotherapy in first-line (1L) non-squamous non-small-cell lung
cancer (Nsq-NSCLC) with PD-L1-high expression using real-world data. Ann Oncol 2022;
33: 511–521.

78. Kovacs JJ, Whalen EJ, Liu R, et al. Beta-arrestin-mediated localization of smoothened to the
primary cilium. Science 2008; 320: 1777–1781.

79. Liu Z, Rebowe RE, Wang Z, et al. KIF3a Promotes proliferation and invasion via Wnt sig-
naling in advanced prostate cancer. Mol Cancer Res 2014; 12: 491–503.

80. Johnson TR, Koul S, Kumar B, et al. Retraction note to: loss of PDEF, a prostate-derived Ets
factor is associated with aggressive phenotype of prostate cancer: regulation of MMP 9 by
PDEF. Mol Cancer 2021; 20: 109.

81. Hercbergs A, Mousa SA, Leinung M, et al. Thyroid hormone in the clinic and breast cancer.
Horm Cancer 2018; 9: 139–143.

82. Zhang X, Sai B, Wang F, et al. Hypoxic BMSC-derived exosomal miRNAs promote metas-
tasis of lung cancer cells via STAT3-induced EMT. Mol Cancer 2019; 18: 40.

83. Lee J, Park KC, Sul HJ, et al. Loss of primary cilia promotes mitochondria-dependent apop-
tosis in thyroid cancer. Sci Rep 2021; 11: 4181.

84. Skah S, Uchuya-Castillo J, Sirakov M, et al. The thyroid hormone nuclear receptors and the
Wnt/β-catenin pathway: an intriguing liaison. Dev Biol 2017; 422: 71–82.

85. Kuwahara ST, Liu S, Chareunsouk A, et al. On the horizon: hedgehog signaling to heal
broken bones. Bone Res 2022; 10: 13.

86. Quatannens D, Verhoeven Y, Van Dam P, et al. Targeting hedgehog signaling in pancreatic
ductal adenocarcinoma. Pharmacol Ther 2022; 236: 108107.

87. Barakat MT, Humke EW and Scott MP. Kif3a is necessary for initiation and maintenance of
medulloblastoma. Carcinogenesis 2013; 34: 1382–1392.

88. Rux D, Helbig K, Han B, et al. Primary cilia direct murine articular cartilage tidemark patterning
through hedgehog signaling and ambulatory load. J Bone Miner Res 2022; 37: 1097–1116.

89. Ho EK, Tsai AE and Stearns T. Transient Primary Cilia Mediate Robust Hedgehog
Pathway-Dependent Cell Cycle Control. Curr Biol 2020; 30: 2829–2835. e5.

90. Liu P, Dodson M, Fang D, et al. NRF2 Negatively regulates primary ciliogenesis and hedge-
hog signaling. PLoS Biol 2020; 18: e3000620.

18 Science Progress 106(0)



91. Uenaka M, Yamashita E, Kikuta J, et al. Osteoblast-derived vesicles induce a switch from
bone-formation to bone-resorption in vivo. Nat Commun 2022; 13: 1066.

92. Chinipardaz Z, Liu M, Graves DT, et al. Role of primary cilia in bone and cartilage. J Dent
Res 2022; 101: 253–260.

93. Hilgendorf KI. Primary cilia are critical regulators of white adipose tissue expansion. Front
Physiol 2021; 12: 769367.

94. Qiu N, Xiao Z, Cao L, et al. Disruption of Kif3a in osteoblasts results in defective bone for-
mation and osteopenia. J Cell Sci 2012; 125: 1945–1957.

95. Chen JC, Hoey DA, Chua M, et al. Mechanical signals promote osteogenic fate through a
primary cilia-mediated mechanism. FASEB J 2016; 30: 1504–1511.

96. Song B, Haycraft CJ, Seo H-s, et al. Development of the post-natal growth plate requires
intraflagellar transport proteins. Dev Biol 2007; 305: 202–216.

97. De-Castro ARG, Rodrigues DRM, De-Castro MJG, et al. WDR60-mediated dynein-2 loading
into cilia powers retrograde IFT and transition zone crossing. J Cell Biol 2022; 221:
e202010178.

98. Badodi S, Pomella N, Lim YM, et al. Combination of BMI1 and MAPK/ERK inhibitors is
effective in medulloblastoma. Neuro Oncol 2022; 24: 1273–1285.

99. Li Y, Yang C, Wang H, et al. Sequential stabilization of RNF220 by RLIM and ZC4H2
during cerebellum development and Shh-group medulloblastoma progression. J Mol Cell
Biol 2022; 14: mjab082.

100. Liu X, Zhang Y, Li Y, et al. Development of hedgehog pathway inhibitors by epigenetically
targeting GLI through BET bromodomain for the treatment of medulloblastoma. Acta Pharm
Sin B 2021; 11: 488–504.

101. Wong SY, Seol AD, So P-L, et al. Primary cilia can both mediate and suppress Hedgehog
pathway-dependent tumorigenesis. Nat Med 2009; 15: 1055–1061.

102. Su G, Yao L, Han X, et al. A synthetic targeted RNA demethylation system based on
CRISPR-Cas13b inhibits bladder cancer progression. Clin Transl Med 2022; 12: e734.

103. Hirokawa N. Stirring up development with the heterotrimeric kinesin KIF3. Traffic 2000; 1:
29–34.

104. Huang M, Kong X, Tang Z, et al. Cell cycle arrest induced by trichoplein depletion is inde-
pendent of cilia assembly. J Cell Physiol 2022; 237: 2703–2712.

105. Ma H, Zhang F, Zhong Q, et al. METTL3-mediated M6a modification of KIF3C-mRNA pro-
motes prostate cancer progression and is negatively regulated by miR-320d. Aging 2021; 13:
22332–22344.

106. Tang Q, Chen J, Di Z, et al. TM4SF1 Promotes EMT and cancer stemness via the Wnt/
β-catenin/SOX2 pathway in colorectal cancer. J Exp Clin Cancer Res 2020; 39: 232.

107. Schatten H and Chakrabarti A. Centrosome structure and function is altered by chloral
hydrate and diazepam during the first reproductive cell cycles in sea urchin eggs. Eur J
Cell Biol 1998; 75: 9–20.

108. Goto H, Inoko A and Inagaki M. Cell cycle progression by the repression of primary cilia
formation in proliferating cells. Cell Mol Life Sci 2013; 70: 3893–3905.

109. Anvarian Z, Mykytyn K, Mukhopadhyay S, et al. Cellular signalling by primary cilia in
development, organ function and disease. Nat Rev Nephrol 2019; 15: 199–219.

Author biographies

Shupeng Liu is a doctoral student in public health and preventive medicine. His area of research is
research on prevention and treatment of organ fibrosis.

Liu et al. 19



Yang He holds a master's degree in clinical medicine. Her area of research is dermatology and
venereology.

Shifeng Li holds a PhD in pathology and pathophysiology. Her area of research is research on pre-
vention and treatment of organ fibrosis.

Xuemin Gao holds a PhD in pathology and pathophysiology. Her area of research is research on
prevention and treatment of organ fibrosis.

Fang Yang is a professor in pathology and pathophysiology. His area of research is research on pre-
vention and treatment of organ fibrosis.

20 Science Progress 106(0)


	 Introduction
	 KIF3A in kinesin family
	 Overview of Wnt/β-catenin signaling pathway
	 KIF3A regulation in spermatogenesis through Wnt/β-catenin signaling pathway
	 KIF3A plays an important role in airway inflammation �of asthma via Wnt/β-catenin signaling pathway
	 Effect of KIF3A on pulmonary fibrosis process through �Wnt/β-catenin signaling pathway
	 Inactivation of KIF3A promotes PKD through �the Wnt/β-catenin signaling pathway
	 Regulation of KIF3A in the pathologic process of nasopharyngeal carcinoma via Wnt/β-catenin �signaling pathway
	 KIF3A participated in the triple-negative breast cancer pathological process through the Wnt/β-catenin signaling pathway
	 KIF3A is a key part of non-small-cell lung cancer �via the Wnt/β-catenin signaling pathway
	 KIF3A effect on PCa through Wnt/β-catenin signaling pathway
	 KIF3A inhibits hypoxia-induced EMT in thyroid cancer �via the Wnt/β-catenin signaling pathway
	 The relationship of KIF3A to other signaling pathways and diseases
	 Summary and prospect
	 KIF3A is involved in the occurrence and development of many diseases �via the Wnt/β-catenin signaling pathway
	 How KIF3A regulates Wnt/β-catenin signaling pathway
	 KIF3A might be a potential therapeutic target for cilia disease
	 The limitation of this study

	 Conclusion
	 Acknowledgments
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


