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Research progress on KIF3B and related diseases
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Abstract: Kinesins constitute a protein superfamily that belongs to the motor protein group. Kinesins
move along microtubules to exert their various functions, which include intracellular transportation, mitosis,
and cell formation. Kinesins are responsible for the transport of various membrane organelles, protein
complexes, mRNA and other material, as well as the regulation of intracellular molecular signal pathways.
Cumulative studies have also indicated that kinesins are related to the development of a variety of human
diseases. At present, there are 14 subfamilies of the kinesin superfamily (KIFs), comprising 45 members.
KIF3 is the most common expression in KIFs. KIF3 is a complex composed of a KIF3A/3B heterodimer and
a kinesin-related protein, known as KAP3. These complexes are organelles and protein complexes involved
in membrane binding in various tissues and transport within cells (nerve cells, melanocytes, epithelial cells,
etc.). As a member of the KIF3 subfamily, KIF3B is an essential protein that can regulate cell migration, and
proliferation and has critical biological functions. During mitosis, KIF3B is responsible for vesicle transport
and membrane expansion, thus regulating cell migration. In recent years, more and more attention has been
paid to the relationship between KIF3B and the occurrence and development of diseases. This article reviews
the recent advances in the study of KIF3B and its related diseases.
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Background There are 14 subfamilies of the KIFs, comprising
45 members. KIF3 is the most common expression in

KIFs KIF3B is a member of the KIF3 subfamily, which

is an important protein that can regulate cell migration

The kinesin superfamily (KIFs) is a class of molecular
motors responsible for transporting different molecular

cargo along microtubules to.thelr positive poles. It is one of and proliferation and has important biological functions.
the essential molecules for intracellular transport of cargo During mitosis, KIF3B is responsible for vesicle transport

such as vesicles, organelles, protein complexes, and RNA. and membrane expansion, thus regulating cell migration.

In 1985, Hirokawa ez 4l. first (1) observed linking structures In recent years, more and more attention has been paid

between microtubules and cells using high precision
microscopy (rapid-freezing deep-etching). These links were
later confirmed to be molecular motor proteins responsible
for intracellular transport and included kinesin, dynein,
and myosin. Together with other molecular motors, kinesin
acts as a transport vehicle at the cellular level to transport
different molecules to the designated intracellular location,
relying on cytoskeleton structures such as microtubules (2).
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to the relationship between KIF3B and the occurrence and
development of diseases. This article reviews the recent
advances in the study of KIF3B and its related diseases.

Structure, classification, and function of the
kinesin superfamily

KIFs have three domains: motor domains, forkhead-
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associated (FHA) domains, and pleckstrin homology (PH)
domains. The motor domains are highly conserved in KIFs,
which can combine with ATP and microtubules to provide
energy for hydrolysis. Without this domain, the transport
capacity for cargo is significantly reduced. The function of
the FHA domain is unknown. The PH domain participates
in the transport of cargo and determines the specificity of
the combined cargo. KIFs and the intracellular substance
transport in which they participate play a vital role in
maintaining the essential function of cells.

Since its first discovery in 1985, 45 members from 14
subfamilies of KIF have been identified. The three main
types of KIFs have been identified according to their
location: amino-terminal motor domain type (N-type),
intermediate motor domain type (M-type), and carboxyl-
terminal domain type (C-type) (3). N-type KIFs include
KIF1, KIF3, KIF4, KIF5, KIF10, KIF12, KIF13, KIF14,
KIF15, KIF16, KIF17, KIF18, KIF20, KIF23, and KIF26.
M-Type KIFs only include KIF2. C-Type KIFs include
KIFC1, KIFC2, and KIFC3.

At present, there is much known about the function of
kinesins, and it is well-established that KIFs are closely
related to the occurrence of neurodegeneration, diabetes,
nephropathy, and other diseases (4-6). Also, a large number
of studies have shown that kinesins are widely involved in the
occurrence of various tumors, and its expression levels are
directly related to the development of many tumors (7-9).

Overview of KIF3B

KIF3 is a member of a subfamily in the kinesin superfamilies
II, the most common expression in KIFs. It is a complex
composed of a KIF3A/3B heterodimer and a kinesin-
related protein, known as KAP3 (10). These complexes are
organelles and protein complexes involved in membrane
binding in various tissues and transport within cells (such as
nerve cells, melanocytes, and epithelial cells, etc.) (11-13).

In recent years, more and more attention has been paid
to the relationship between KIF3B and the occurrence
and development of diseases. KIF3B consists of a large
motor molecule, which uses the energy generated from
ATP hydrolysis to transport intracellular cargo along
microtubules. KIF3B has been located in mitotic organelles
(spindle microtubules and centrosomes) during cell division,
and its dominant negative mutants have been observed
interfering with normal mitosis.

As a kinesin, KIF3B participates in many physiological
responses, including mitosis, meiosis, and the transport
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of macromolecules. Mitosis is a process of eukaryotic cell
division, which is complex and highly mediated. During
mitosis, KIF3B plays the role of vesicle transport and
membrane expansion (14,15), thus regulating cell migration.
Any abnormality during mitosis can lead to gene deletion,
chromosome translocation, duplication, cell death, and even
canceration (11). The KAP3-KIF3A-KIF3B complex can
transport proteins from adenomatous polyposis coli (APC)
and accumulate at the end of membrane processes, thus
regulating cell migration (11).

KIF3B not only regulates cell migration but also
regulates the process of the cell cycle, thus promoting
cell proliferation and survival. It has essential biological
functions and is closely related to the occurrence and
development of many diseases (Table 1).

KIF3B and tumors

Numerous studies have shown that cancer is a disease of
the cell cycle. The disorder of cell cycle regulation can be
a feature of cancer, indicating that the abnormal regulation
of the cell cycle may lead to the occurrence of cancer. The
relationship between kinesins and tumors has been intensely
researched in recent years. Because kinesins participate in
many cell processes, including mitosis, meiosis, and the
transport of macromolecules, several kinesins have been
reported to be associated with cancer, and participate in the
proliferation, dedifferentiation, invasion, and metastasis of
cancer cells and anti-apoptosis processes (31-34). Kinesins
are expressed in cancer tissues and healthy tissues and can
be used as a diagnostic marker for many kinds of tumors,
although the specific molecular mechanism involved is
still unclear. If the roles of kinesins in tumorigenesis,
development, invasion, and metastasis can be clarified,
it will be of great significance for the early diagnosis and
treatment of tumors. At present, there are a few reports
on the relationship between KIF3B and the tumorigenesis
and development of cancers, including hepatocellular
carcinoma, pancreatic cancer, cervical cancer, and other
diseases.

Hepatocellular carcinoma (HCC)

HCC is the fifth most common cancer, and the second most
common cause of cancer-related death in the world (35).
In clinical studies (16), it has been confirmed that KIF3B
levels are higher in HCC tissues when compared with those
in para-carcinoma tissues. Also, the expression of KIF3B
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Table 1 KIF3B and related diseases
Disease KIF3B expression Results Reference
Hepatocellular Highly expressed in KIF3B expression was positively correlated with Ki67 (16,17)
. i
carcinoma cancerfissues KIF3B level was significantly associated with the histological grade,
tumor size, and serum AFP level
High KIF3B level was significantly associated with poor prognosis
The expression of CyclinA and CDK2 in HepG2 cells changed with
the expression of KIF3B
The growth of hepatocellular carcinoma cells decreased significantly
after inhibiting KIF3B
Pancreatic cancer Highly expressed in KIF3B was closely related to TNM staging, lymph node metastasis, (18)
cancer tissues and vascular invasion
High expression of KIF3B predicted poor prognosis
Knockdown of KIF3B inhibited cancer cell proliferation
Oral squamous cell Highly expressed in Upregulation of KIF3B partially attenuated the inhibitory effect of (19)
carcinoma cancer cells miR-127-3p on the development of cancer
Spermatogonial cancer  Highly expressed in The knockdown of KIF3B significantly suppressed cell migration and (20)
cancer tissues viability
The rates of multipolar division and multi-nucleation were raised when
KIF3B was knocked down
Cervical cancer Highly expressed in Remains elusive (21,22)
cancer tissues
Polycystic kidney - Related to intracellular transport of mesodermal active primary cilia- (23-25)
disease forming materials
Distal renal tubular Expressed in human Involved in the accumulation of kAE1 in HEK293T cells. (26)
acidosis kidney tissues
Kartagener’s syndrome - Participated in the transport of soluble choline acetyltransferase from (27)
soma to synapse
Renal ischemia/ - The key mediator of proximal epithelial tubule cell in response to I/R (28)
reperfusion injury
Dent’s disease Expressed in kidney Interacted with CLC-5 for CLC-5 plasma membrane expression, (29)
tissues endocytosis, and microtubular transport in the kidney
Spinal cord injury Increased KIF3B The activation and proliferation of microglia and astrocytes after (10,30)

expression after acute
spinal cord injury

spinal cord injury

High expression of KIF3B after spinal cord injury was closely related
to functional recovery

and Ki67 in HCC tissues has been positively correlated,
suggesting that KIF3B is associated with abnormal
proliferation of hepatocellular carcinoma and may be
involved in the occurrence and development of HCC.
Also, an analysis of the relationship between KIF3B level
and clinicopathological factors and prognosis revealed that
KIF3B level was significantly associated with the histological
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grade, tumor size, and serum AFP level. Survival analysis
also showed that a high KIF3B level was significantly
associated with poor prognosis in HCC patients.

In previous studies (17), it was found that after
stimulating cell proliferation with serum starvation and
serum release, the expression level of p27kipl as a negative
regulator of cell cycle was down-regulated, while the
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expression levels of KIF3B, cyclinA, and CDK2 were up-
regulated, indicating that the expression of CyclinA and
CDK2 in HepG2 cells changed with the expression of
KIF3B. These results suggest that KIF3B can regulate the
changes in cyclin A, CDK2, and p27kip1. It was found that
the growth of hepatocellular carcinoma cells decreased
significantly after inhibiting KIF3B and that the proportion
of the G1 phase of cell cycle increased, while the proportion
of the S phase decreased, thus leading to apoptosis. The
results showed that the loss of KIF3B expression resulted
in the inhibition of cell proliferation and cell cycle arrest in
the G1 phase, which suggests that abnormal expression of
KIF3B may lead to abnormal regulation of the cell cycle.

Taken together, the results above suggest that KIF3B is
involved in the pathogenesis of hepatocellular carcinoma
and may be an independent prognostic factor and potential
therapeutic target for human HCC.

Pancreatic cancer

A recent study (18) showed that KIF3B was highly
expressed in human pancreatic cancer tissues, and the
expression of KIF3B was closely related to pTNM staging,
lymph node metastasis, and vascular invasion. Moreover,
the high expression of KIF3B predicted poor prognosis in
pancreatic cancer patients. Functional assays revealed that
knockdown KIF3B in vitro and in vive inhibited cancer
cell proliferation by affecting Ki67 and proliferating cell
nuclear antigen (PCNA). These data suggest that KIF3Bis
associated with pancreatic cancer malignant progression,
especially proliferation. Hence, KIF3B might serve as a
potential therapeutic target for the clinical treatment of
pancreatic cancer.

Oral squamous cell carcinoma (OSCC)

A study (19) showed that KIF3B was highly expressed in
OSCC, which promoted tumorigenesis of OSCC. Further
analysis indicated that KIF3B was a direct target of miR-
127-3p. The upregulation of KIF3B partially attenuated
the inhibitory effect of miR-127-3p on the development
of OSCC.

Spermatogonial cancer

Testis cancer is common cancer among young men, with
over 50% of the cases being seminomas. However, the exact
mechanism of this disease remains unclear.
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A study (20) showed that the protein levels of KIF3B
were enriched in seminoma tissue in comparison to those
of healthy testicular tissues, and the KIF3B was mainly
expressed in cells with division potential. The knockdown of
KIF3B significantly suppressed cell migration and viability.
Immunofluorescence images revealed KIF3B mainly
gathered at the spindles and was enriched at the central
spindle, which indicates KIF3B may have a direct impact
on spindle formation and cytokinesis. It was also found that
the rates of multipolar division and multi-nucleation were
raised when KIF3B was knocked down. The cumulative
results above demonstrate that KIF3B is important in
mitosis and may be essential to seminoma cell division and
proliferation.

Cervical cancer (CC)

In CC, a preliminary genomic analysis (21,22) was
conducted to identify essential genes that contribute to
tumor initiation and progression of CC. In this study, single
nucleotide polymorphism (SNP) array, gene expression
profiling, and fluorescence in situ hybridization were
conducted. A total of 26 overexpressed genes were identified,
several which were functionally important genes in cell
cycle regulation, including KIF3B. Despite these findings,
the specific role and underlying mechanism remain elusive.
These studies (21,22) represent an essential step toward
the development of clinically significant biomarkers in CC.

KIF3B and nephropathy
Polycystic kidney disease (PKD)

PKD is a common hereditary disease characterized by
the accumulation of fluid-filled cysts in the kidney, liver,
and other organs (36,37). Several proteins encoded by
polycystic kidney disease-related genes have been identified
in primary cilia. Also, recent observations have shown that
primary ciliary abnormalities play a role in cyst formation.
Primary cilia are hairy organelles surrounded by nine
pairs of peripheral microtubules and cilia. The synthesis
of primary cilia is related to the inhibition of intraciliary
transport, in which large particles containing transported
proteins are transported along the ciliary axis (38). KIF3
mediates protein migration along the axis. In Hirokawa’s
and Goldstein’s experiments, mutant mice encoding KIF3B
subunits resulted in a lethal phenotype (23-25). The cilia
of nodes are relatively aggregated with the heterotrimeric
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trimer KIF3, and the one-way flow of extraembryonic fluid
(node flow) generated by rotation can fundamentally control
left-right symmetry (23). In KIF3B-negative mutants, there
is no node flow. Therefore, KIF3B is necessary for the use
of left-right axisymmetry, mainly because it is related to the
intracellular transport of mesodermal active primary cilia-
forming materials (23).

Distal renal tubular acidosis

Duangrum ez al. (5) showed that human kidney anion
exchanger 1 (kAE1) and KIF3B were co-expressed in human
kidney tissues and bound to KIF3B through dileucine motif
at the carboxyl end. Inhibition of KIF3B in HEK293T
cells inhibited the content of kAE1 on the cell membrane,
resulting in the accumulation of kAE1 in cells. These results
suggest that KIF3B may be involved in the accumulation of
kAE1 in HEK293T cells. KAE1 is transported to the cell
membrane in human renal intercalated cells, resulting in
the formation of distal renal tubular acidosis.

Kartagener’s syndrome

In Kartagener’s syndrome, the combination of abnormal
defects in nodal cilia, ciliary bronchi, and sperm flagellum
is also an obstacle to KIF3’s intracellular transport. In
anterograde transport, KIF3 has been found in many
typical neurons, except cilia (26,39-41). In specific subsets
of Drosophila nerve cells, the absence of KIF3 mutants
indicated a decrease of the transport of soluble choline
acetyltransferase from the soma to the synapse (27).

Renal ischemia/reperfusion injury

Renal ischemia/reperfusion injury (I/R) is the basis of renal
transplantation and acute kidney injury. A study showed
that KIF3B was closely related to I/R. It was found (28)
that miR-127 was induced in the rat proximal tubule cells
submitted to I/R mimicking conditions, which further
targeted KIF3B to regulate intracellular trafficking. These
data indicate that KIF3B may be the critical mediator of
proximal epithelial tubule cells in response to I/R.

Dent’s disease

Dent’s disease is characterized by low-molecular-weight
proteinuria, hypercalciuria, nephrolithiasis, and renal
failure, which is due to the mutations in CLC-5. CLC-5
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is expressed in endosomes and apical membranes of renal
tubules. CLC-5 is responsible for receptor-mediated
endocytosis and the trafficking of megalin and cubilin. It
was reported that the COOH terminus of CLC-5 interacted
with the coiled-coil and globular domains of KIF3B to
facilitate fast anterograde translocation of membranous
organelles.

Furthermore, it was demonstrated that CLC-5 was
associated with with KIF3B, resulting in the transport of
CLC-5-containing vesicles along KIF3B microtubules. The
effects of overexpressed KIF3B on albumin endocytosis
were dependent on CLC-5 expression. These findings
indicate that the interaction of CLC-5 and KIF3B is
essential for CLC-5 plasma membrane expression,
endocytosis. Also, microtubular transport in the kidney (29).

KIF3B and spinal cord injury

Spinal cord injury refers to acute traumatic insults to
the neural components in the spinal canal (42). Previous
studies (10,30) have shown that the expression of KIF3B
increased significantly after acute spinal cord injury in adult
rats, mainly in microglia and astrocytes, and that the high
expression of KIF3B is closely related to the activation and
proliferation of microglia and astrocytes after spinal cord
injury. Recent studies have shown that IL-1B overexpression
in adult rats with acute spinal cord injury can delay the
functional recovery of spinal cord injury by inducing the
down-regulation of KIF3B expression by miR-372.This
suggests that the high expression of KIF3B after spinal cord
injury is closely related to functional recovery.

Prospect

Kinesin is a motor protein which was isolated from the axon
plasm of squid in 1985. Among 14 subfamilies, 45 members
of KIFs, KIF3 is the most common expression in KIFs., and
KIF3B is an essential member of the KIF3 subfamily. Many
studies have revealed their different functions. However, the
relationship between KIF3B and disease still poses many
intriguing but as yet unanswered questions. Understanding
the interaction between KIF3B and transport will be
critical for unveiling the complexity of human diseases, and
further clarifying the regulatory mechanism. The extensive
expression of KIF3B and the existing evidence prove it to
be effective in maintaining the normal life activities of cells,
and the abnormal expression may lead to many diseases.
Therefore, further research on KIF3B has significant
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clinical significance in the future.
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