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The kinesin superfamily (KIF) is a group of proteins that share a
highly conserved motor domain. Except for some members, many
KIF proteins have adenosine triphosphatase activity and microtu-
bule-dependent plus-end motion ability. Kinesins participate in
several essential cellular functions, including mitosis, meiosis and
the transport of macromolecules. Increasing evidence indicates
kinesin proteins play critical roles in the genesis and develop-
ment of human cancers. Some kinesin proteins are associated
with maligancy as well as drug resistance of solid tumor. Thus,
targeting KIF therapy seems to be a promising anticancer strat-
egy. Inhibitors of KIF such as kinesin spindle protein (KSP ⁄ Eg5)
have entered clinical trials for monotherapy or in combination
with other drugs, and kinesins other than Eg5 with various
potential anticancer target characteristics are also constantly
being discovered and studied. Here, we summarize the oncogenic
roles of kinesin proteins and potential cancer therapy strategies
that target KIF. (Cancer Sci 2013; 104: 651–656)

K inesin was first isolated from squid nervous tissue in
1985.(1) Kinesin proteins are present in all eukaryotes,

and in humans more than 40 kinesin proteins have been identi-
fied to date and are classified into 14 families.(2,3) Kinesin
superfamily (KIF) members share a highly conserved motor
domain and many motor kinesins have adenosine triphospha-
tase activity and microtubule-dependent plus-end motion abil-
ity. The conserved motor domain enables motor binding and
stepping across microtubules by converting the chemical
energy of ATP hydrolysis into a mechanical force.(4)

The KIF proteins participate in multiple normal cellular
biological activities including mitosis and intracellular trans-
port of vesicles and organelles.(5) In mitosis, the activities of
microtubule motors on the spindle mircotubule are precisely
regulated to ensure that mitotic events are orchestrated by
exact sequence throughout the progression of mitosis. Kinesin
motors function in interpolar microtubules at the metaphase,
which lead to a balance of outward forces (Fig. 1, red arrows)
and inward forces (Fig. 1, blue arrows). However, it has been
shown that overexpression of some motor kinesins such as
Eg5 generate additional outward forces during mitosis and,
more importantly, induce premature sister chromatid separation
and overshooting before anaphase (Fig. 1, middle row),(6) One
possible mechanism might be that excessive spindle separation
leads to collapse of spindles and the formation of monopolar
spindles, which further results in unequal distribution of
genetic material in anaphase and eventually causes aneuploid
daughter cells (Fig. 1).(7) The aneuploid cells with gained or
lost genetic material are believed to cause aggressive progres-
sion of cancer, for example, invasion and metastasis.(8) In

contrast, downregulation of some motor kinesins such as Eg5
or KIF20B leads to mitotic defects, including mitotic arrest,
failure of spindle assembly or cytokinesis defect, which eventu-
ally trigger apoptosis through p53 or other signal pathways
in certain tumor cell lines (Fig. 1, lower row).(6,9) Therefore, kine-
sin targeting therapy has been regarded as a promising anticancer
strategy and the oncogenic roles of some KIF proteins are also
well studied (Table 1).(10–32) Here, we discuss the characteristics
of the malignant phenotype of KIF proteins and the potential
targeting KIF strategies in cancer therapy.

Kinesin Superfamily as Diagnostic and Prognostic Factors

A number of KIF proteins show aberrant overexpression in
various cancer cells. Taniwaki et al.(18) reported at least a five-
fold upregulation of KIF4A, a member of the Kinesin-4 fam-
ily, in most cases of small-cell lung cancer and in
approximately 40% cases of non-small-cell lung cancer. This
study also demonstrated a strong association of KIF4A overex-
pression with poor prognosis of non-small-cell lung cancer.
Besides lung cancer, KIF4A is also overexpressed in cervical
cancer(19) and plays a key role in the oncogenesis of glioma,
melanoma, breast cancer and bladder cancer, suggesting a
prognostic value in clinic.(33) However, some conflicting
results have been reported recently. Gao et al.(34) found down-
regulated KIF4 in gastric carcinoma and overexpression of
KIF4 inhibits the proliferation of BGC cells as well as growth
of xenograft tumor in vivo. In an earlier study, Mazumdar
et al.(35) also reported that multiple mitotic defects caused by
loss of KIF4A might lead to carcinogenesis. Therefore, much
work is still needed to better understand the complex roles
KIF4 plays in cancer development and progression.
KIF14, a member of the Kinesin-3 family, plays an impor-

tant role in the cytokinesis of eukaryotic cells. This microtu-
bule motor is amplified and upregulated in primary tumors
including breast, lung and retinoblastoma cancer(15,36) and its
expression level has been studied as a prognostic indicator in
breast and lung cancer.(15,16) In lung cancer, KIF14 overex-
pression significantly decreased disease-free survival and
trended toward decreasing overall survival, suggesting KIF14
expression is independently prognostic for disease-free survival
in lung cancer.(16)

It has been indicated that MCAK, a Kinesin-13 family mem-
ber, participates in many essential aspects of mitosis.(37)

Recently, the tumorgenic effect of MCAK has received much
attention.(38) Nishidate et al.(39) reported that MCAK is one of
the multiple upregulated genes in a genome-wide expression
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analysis of 81 breast cancer tissues. Further results revealed
that MCAK expression can be suppressed by the expression of
foreign p53.(40) Upregulation of MACK was detected not only
in breast cancer, but also in colorectal, gastric cancer and
glioma tissues.(27,41) These data highlight that MCAK is aber-
rantly regulated in cancer cells, suggesting that overexpressed
MCAK might play an oncogenic role in the development of
cancer, particularly in breast, gastric and colorectal cancer.
Some other KIF proteins were also found specifically over-

expressed in solid tumor tissues. For instance, KIF20B (also
known as M-phase phosphoprotein 1) is strongly overexpressed
in bladder cancer tissues and downregulation of endogenous
KIF20B leads to cytokinesis defect.(22) Recently, we also
reported that in multiple cancer cells, knockdown of KIF20B
not only dramatically inhibits tumor cell growth, but also
causes mitotic arrest, senescence and postmitotic apoptosis.(9)

Kinesin Superfamily are Involved in Malignancy

It has been reported that highly expressed MCAK is associated
with invasiveness and metastasis in colorectal cancer.(28) Com-
pared with paired corresponding normal tissues, MCAK
expression is significantly elevated both at the mRNA and pro-
tein levels in colorectal cancer tissues, and more importantly,
overexpressed MCAK expression levels are firmly associated
with lymph node metastasis, venous invasion, peritoneal dis-
semination and Dukes’ classification, as well as a poor survival
rate.(28) Elevated expression of MCAK is also observed in gas-
tric cancer(42) and further studies indicate MCAK upregulation
is tightly associated with lymphatic invasion, lymph node
metastasis and a poor prognosis in gastric cancer patients.(42)

In addition, it is noted that inactivating mutations of the tumor
suppressor adenomatous polyposis coli (APC) happen in more
than 80% cases of colorectal cancer.(43) The APC protein
directly interacts with end-binding protein 1 (EB1), a microtu-
bules (MT) plus-end tracking protein, which facilitates
MT growth by increasing rescue frequency and stabilizing

catastrophe of plus-ends.(44) Interestingly, MCAK protein was
also reported to co-localize with EB1 at MT plus-ends.(45,46)

Thus, it is of great interest to investigate how plus-end track-
ing proteins interacting with elevated MCAK show an effect
on the MT cytoskeleton and cell motility in APC-absent colon
cancer cells.(38)

KIF2A, like MCAK ⁄KIF2C, belongs to the Kinesin-13 fam-
ily. KIF2A is classified as a MT depolymerase that depolymer-
izes MT from the end.(47) It specifically localizes to
centrosomes during mitosis and is necessary for bipolar spindle
assembly and normal mitosis completion.(47) Recently, Wang
et al.(30) reported that KIF2A is upregulated in squamous cell
carcinoma of the oral tongue (SCCOT) tissues against paired
adjacent tissues and an increased level of KIF2A is also
strongly associated with lymph node metastasis and tumor
clinical stage. Further results from a transwell chamber assay
showed that Tca8113 cells transfected with KIF2A-siRNA had
decreased migratory ability compared with nonsense-siRNA-
transfected cells,(30) which suggests KIF2A overexpression is
associated with the progression, invasion and metastasis of
SCCOT and therefore might be used as a predictor for progno-
sis. In another study, Li et al.(48) reported that MicroRNA 183
(miR-183) directly inhibits the expression of KIF2A, and
targeting of KIF2A by miR-183 in HeLa cells increased the
formation of cells with monopolar spindles. Intriguingly, the
authors also found that transfection with miR-183 of HeLa
cells led to a significant decrease in the capacities of cell inva-
sion and migration, suggesting that KIF2A plays an important
role in the invasion and metastasis of cancer cells.(48)

KIF14 also plays an important role in the malignancy of
various solid tumors, including retinoblastoma, breast, lung,
pancreatic, laryngeal and ovarian carcinoma.(15,16,36,49,50) In
lung cancer, an elevated KIF14 level is associated with
decreased survival of patients.(17) In breast cancer, the level of
KIF14 increases significantly with the fraction of tumor-posi-
tive nodes and percent invasive cells.(15) In a study of ovarian
cancer, enhanced expression of KIF14 in tumors independently

Fig. 1. A model for the association between mitotic progression and motor kinesins. Before the nuclear envelope breakdown in prophase,
bipolar assembly starts with the migration of centrosomes to opposing poles. Top row: kinesin motors function in interpolar microtubules at the
metaphase, which lead to a balance of outward forces (red arrows) and inward forces (blue arrows), to ensure chromosome capture and attach-
ment to spindle and prevent spindle elongation before anaphase. Middle row: a potential mechanism for overexpression of plus-end-directed
kinesin motors such as Eg5 leads to spindle defects such as collapse of spindles and the formation of monopolar spindles, which might occur
when anaphase begins. Bottom row: kinesin motors such as Eg5 or KIF20B downregulation leads to insufficient outward forces, which prevents
elongation of spindle, and therefore induces mitotic defects and eventually apoptosis.
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predicted a worse outcome and increased rates of recur-
rence.(49) Results from a recent study in pancreatic carcinoma
indicated significant upregulation of KIF14 and Rho-GDP dis-
sociation inhibitor beta (ARHGDIbeta) mRNA levels in
patients with pancreatic cancer and, more importantly, both
proteins were critically involved in perineural invasion, which
is a common and key feature of pancreatic cancer and directly
correlates with a poor prognosis.(50) Further study indicated
that knockdown of KIF14 and ARHGDIbeta resulted in altered
perineural invasion of pancreatic tumor cells.(50) All of this
work provides novel insights into the molecular determinants
of malignancy of human solid carcinoma.

Involvement of KIF in Taxane Resistance

Systemic chemotherapy of cancer has been significantly
improved over the past few decades with the introduction of
new drugs, especially taxanes, which have a long record of clin-
ical success and are routinely used for a wide range of solid
tumors.(51) However, drug resistance, as manifested by relapse
and cancer progression, still remains a major challenge. Various
mechanisms in acquired or secondary taxane resistance have
been reported,(52,53) and recent studies demonstrated that some
kinesin proteins also play critical roles in taxane resis-
tance.(32,54) In breast cancer, De et al.(32) identified KIFC3 as

the gene responsible for docetaxel resistance of cancer cells.
They found that overexpression of KIFC3, KIFC1 and KIF5A
increased resistance of breast cancer cells to docetaxel through
opposing the microtubule stabilizing effect of docetaxel. Similar
results were also recently reported on the relationship between
taxane resistance in basal-like breast cancer and kinesins, in
which Tan et al.(54) found kinesin proteins are overexpressed in
docetaxel and paclitaxel-resistant NCI-60 cells. These specific
KIF proteins include KIFC3, KIF5A and KIF12 and overexpres-
sion of these kinesins increases resistance to docetaxel but not
anthracyclines or vincristine. It was further demonstrated that
the ATP-binding domain of kinesin is essential for resistance to
docetaxel.(54) These results highlight the potential opportunity
for sequential or synergistic modulation of taxane resistance in
breast cancer using selective KIF inhibitors.
Intriguingly, MCAK not only has a tight relationship with

malignancy progression, but also with taxane resistance. Gan-
guly et al.(29) reported that MCAK plays a key role in microtu-
bule detachment and is responsible for the resistance to
paclitaxel. Further results demonstrated that depletion of
MCAK increased the sensitivity of mutant paclitaxel-resistant
cells to paclitaxel by reversing the aberrantly high frequency
of microtubule detachment, indicating the relationship between
aberrant expression of MCAK and drug resistance of cancer
cells.(29)

Clinical Trials of Inhibitors Targeting KIF

Among KIF proteins, Eg5 is a plus end-directed motor of the
Kinesin-5 subfamily. It functions in the early stages of mitosis
and is responsible for centrosome separation and bipolar spin-
dle assembly, which are essential for proper segregation of
chromosomes.(55) A large body of evidence suggests that Eg5
is upregulated in tumor cells compared with normal cells.(56)

Inhibition of Eg5 causes mitotic arrest with a monopolar spin-
dle, with no effect on non-proliferating cells.(57,58) The first
identified Eg5 selective inhibitor is monastrol (Fig. 2)(59) and
several new potent Eg5 inhibitors for cancer treatment are
currently under development (Table 2, Fig. 2).(60) Ispinesib
(SB-715992) by Cytokinetics (South San Francisco, CA, USA)
and GlaxoSmithKline (London, UK) was the first kinesin
inhibitor to enter clinical trials.(61) Presently, this quinazoli-
none derivative represents the most studied Eg5 inhibitor and
is now in a phase II clinical trial.(62–65) The phase I studies for
solid tumors indicated ispinesib is well tolerated with an
acceptable safety profile and no indications of neurotoxicity.(62)

However, recent results from the phase II trial in 15 patients
with metastatic hepatocellular carcinoma showed no conclusive
evidence of benefit with ispinesib monotherapy.(63) Other
results of ispinesib from recurrent or metastatic squamous cell
carcinoma of the head and neck, melanoma, colorectal cancer,
ovarian cancer and renal cell carcinoma are similar in suggest-
ing a lack of clinical efficacy.(56,64,65)

Much attention has been directed towards the structural vari-
ations of ispinesib, for example, the replacement of the quinaz-
olinone core. A variety of 6,6, 5,6 and 6,5 heterocyclic ⁄
carbocyclic fused ring systems have been used, such as SB-
743921 (Table 2, Fig. 2). Other series of Eg5 inhibitors
include dihydropyrroles ⁄dihydropyrazoles and dihydrothiadiaz-
oles ⁄dihydrooxadiazoles such as MK0731 (Merck & Co.,
Whitehouse Station, NJ, USA) and Litronesib (Kyowa Hakko
Kirin [Tokyo, Japan] and Eli Lilly [Indianapolis, IN, USA])
(Table 2, Fig. 2). To test the clinical efficacy of these kinesin
inhibitors, three ongoing phase I and II clinical trials of Eg5
inhibitors ARRY-520 and Litronesib are currently being car-
ried out for advanced cancer patients; after the phase I trials
were completed, no further continuous clinical studies for
AZD4877 and MK0731 have been carried out to date

Table 1. Kinesin family (KIF) members and their tumorigenic

characteristics

Kinesin member KIF Association with tumor

KIF5B Kinesin-1 Overexpressed in cancers of the

bladder, stomach, skin and

breast(10,11)

KIF3A, KIF3B Kinesin-2 Oncogenesis and metastasis of

breast cancer and renal cell

carcinoma(12,13)

KIF1B Kinesin-3 Related to metastasis of nervous

system tumor(14)

KIF14 Kinesin-3 Overexpression promotes the

development of breast, lung and

retinoblastoma tumors(15–17)

KIF4A Kinesin-4 Oncogenesis of cervical cancer and

non-small-cell lung cancer(18,19)

KIF7 Kinesin-4 Oncogenesis and metastasis of

multiple cancers(20,21)

Eg5 ⁄KIF11 Kinesin-5 Overexpresion promotes the

developmemnt of multiple cancers

MPHOSPH1 ⁄KIF20B Kinesin-6 Overexpressed in cancers of the

bladder and colorectal(9,22)

MKLP1 ⁄KIF23 Kinesin-6 Downregulation causes cytokinesis

defect in tumor cells(23)

MKLP2 ⁄KIF20A Kinesin-6 Overexpressed in pancreatic

ductaladenocarcinoma cells and

downregulation inhibits the growth

of gastric cancer cells(24,25)

CENP-E ⁄KIF10 Kinesin-7 Downregulation inhibits the growth

of multiple cancer cells(26)

MCAK ⁄KIF2C Kinesin-13 Overexpressed in many kinds of

cancers and linked to taxel

resistance of tumor cells(27–29)

KIF2A Kinesin-13 Upregulation promotes the

development of squamous cell

carcinoma of the tongue(30)

HSET ⁄KIFC1 Kinesin-14 Associated with brain metastasis of

lung cancer(31)

KIFC3 Kinesin-14 Upregulation causes docetaxel

resistance in breast cancer cells(32)
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(Table 2).(66,67) Some of these Eg5 inhibitors showed great effi-
cacy in preclinical models of human solid tumors;(66–70) how-
ever, more trials are still needed to test their efficacy in clinic.
Moreover, toxicological side-effects of Eg5 inhibitors have

been observed. The most prevalent dose-limiting toxicity for
all inhibitors is neutropenia; other toxicities include leukope-

nia, elevation of aspartate and alanine aminotransferase, hyper-
bilirubinemia and hyponatremia.(66–70) Other common grade
three or four Common Terminology Criteria for Adverse
Events (version 3)(71) toxicities seen at or close to the maxi-
mum tolerated dose include anemia, fatigue and nausea ⁄vomit-
ing. Serious side-effects therefore remain a major challenge for
clinical use of Eg5 inhibitors.(72)

Another kinesin protein, centromeric protein E (CENP-E ⁄
KIF10), which is also a component of the mitotic checkpoint that
catalyzes congression of chromosomes at the spindle equator
before biorientation, is currently under evaluation as an inhibi-
tion target in clinical trials. Two known CENP-E-specific inhibi-
tors include the allosteric inhibitor GSK923295 and the lead
compound syntelin.(73–75) Besides its potent antitumor effects on
xenografts,(74) results from clinical trials of GSK923295 are par-
ticularly encouraging, with one patient displaying a partial
response and one-third of patients indicating stable disease in
accordance with response evaluation criteria in solid tumors with
a low incidence of myelosuppression and neuropathy.(73)

Future Cancer Therapy Strategy Targeting KIF

In a classic point of view, drugs that specifically inhibit KIF
have no or little effect on MT, thus avoiding the neurotoxicity
that encumbers MT-targeting agents such as taxanes and vinca
alkaloids.(56) However, Komlodi-Pasztor et al.(76,77) took the
clinical disappointment of mitosis-specific suppressors, such as
kinesin spindle protein (KSP ⁄Eg5) inhibitors, as evidence that
mitosis is not a suitable target for cancer therapy in clinic.
According to the authors, an interesting explanation to the

Fig. 2. Structure of kinesin protein inhibitors in
clinical development.

Table 2. Kinesin inhibitors in clinical trials

Target Drug Company
Clinical

phase

Trial

number

Eg5 Ispinesib

(SB-715992)

Cytokinetics II A: 0; C: 15

SB-743921 Cytokinetics I ⁄ II A: 0; C: 2

ARRY-520 Array BioPharma

(Boulder, CO, USA)

I ⁄ II A: 3; C: 2

AZD4877 Astra Zeneca

(London, UK)

I A: 0; C: 2

MK0731 Merck & Co. I A: 0; C: 1

Litronesib

(LY2523355)

Kyowa Hakko

Kirin & Eli Lilly

I ⁄ II A: 3; C: 3

ARQ 621 ArQule (Woburn,

MA, USA)

I A: 0; C: 1

4SC-205 4SC AG

(Planegg-Martinsried,

Germany)

I A: 1; C: 0

CENP-E GSK923295 GlaxoSmithKline I A: 1; C: 0

Adapted from information obtained from www.cancer.gov. A, active
clinical trial; C, completed clinical trial.
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rather disappointing clinical trials of Eg5 inhibitors such as
ispinesib is that the doubling time of human tumors is much
longer than xenografts in preclinical trials, which suggests a
much small proportion of mitotic cells in human tumors com-
pared with animal xenografts.(77) Specific antimitotic drugs,
such as ispinesib, are therefore unlikely to efficiently target
tumor tissues. Based on this hypothesis, targeting the more
rapidly growing leukemias and lymphomas with Eg5 inhibitors
might represent a better alternative clinical strategy.(77)

Another challenge for the development of clinical KIF inhib-
itors is drug resistance. Resistance to chemotherapeutic drugs
is a major obstacle in treating cancer that encumbers the effi-
cacy of cytostatic drugs. The cause of drug resistance is com-
plicated and the expression of efflux pumps and antiapoptotic
proteins might be a major mechanism.(52,53) Some KIF pro-
teins, such as KIFC3 and MCAK, might be involved in drug
resistance.(29,32) The strategy of targeting KIF combined with
chemotherapy might therefore provide an alternative way to
treat cancer when serious chemotherapeutic drug resistance
exists. Moreover, expression of antiapoptotic proteins of cancer
cells can also generate drug resistance. Liu et al.(78) observed
that suppression of Eg5 by monastrol arrests mitosis and
induces apoptosis in myeloma cells, but upregulates the antia-
poptotic protein heat-shock protein 70 (Hsp70), which might
block apoptosis in tumor cells.(79) Thus, this finding suggests a
combination of Eg5 inhibitors with agents that abrogate Hsp70
induction is a promising therapy strategy for myeloma.

Moreover, we recently reported a strategy that combined the
downregulation of KIF20B with the expression of foreign
interleukin-24 (a member of the IL-10 family of cytokines),
which is a tumor suppressor gene that shows potent antitumor
ability against various cancer cells,(80) strongly enhanced the
antitumor effects of KIF20B inhibition in xenografts in vivo.(9)

Intriguingly, another recent study also indicated that CENP-E
can be regulated by KIF18A, another kinesin protein.(81) These
results imply that particular kinesin proteins can not just be
viewed as independent elements to be targeted, but rather as a
whole which are regulated by mitotic proteins including other
KIF, which suggests monotherapy of KIF inhibitor might be
insufficient to achieve efficient antitumor effects. Thus, further
study focusing on the molecular network of kinesin regulation
and exploring novel combined treatments with other anticancer
therapeutics that is capable of bringing synergistic or potent
antitumor effects for KIF inhibitors is necessary.
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