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Abstract. The aim of the present study was to identify novel 
prognostic biomarkers and therapeutic targets for breast 
cancer; thus, genes that are frequently overexpressed in 
several types of breast cancer were screened. Kinesin family 
member 20A (KIF20A) was identified as a candidate molecule 
during this process. Immunohistochemical staining performed 
using tissue microarrays from 257 samples of different breast 
cancer subtypes revealed that KIF20A was expressed in 195 
(75.9%) of these samples, whereas it was seldom expressed 
in normal breast tissue. KIF20A protein was expressed in 
all types of breast cancer observed. However, it was more 
frequently expressed in human epidermal growth factor 
receptor 2 (HER2)-positive and triple-negative breast cancer 
than in the luminal type. Moreover, KIF20A expression was 
significantly associated with the poor prognosis of patients 
with breast cancer. A multivariate analysis indicated that 
KIF20A expression was an independent prognostic factor for 
patients with breast cancer. The suppression of endogenous 
KIF20A expression using small interfering ribonucleic acids or 
via treatment with paprotrain, a selective inhibitor of KIF20A, 
significantly inhibited breast cancer cell growth through 
cell cycle arrest at the G2/M phase and subsequent mitotic 
cell death. These results suggest that KIF20A is a candidate 
prognostic biomarker and therapeutic target for different types 
of breast cancer.

Introduction

Breast, lung and bronchial and colorectal cancer are the three 
most commonly diagnosed types of cancer among women and 
represent 50% of all cases. However, breast cancer alone is 
expected to account for 30% of all new cancer cases diagnosed 
among women (1). Breast cancer is a collection of conditions 
that have different biological properties and can arise from 
various genetic abnormalities. Treatment for breast cancer 
is based on clinical classification, such as hormone receptor 
[estrogen receptor (ER)/progesterone receptor (PgR)]-positive 
breast cancer, human epidermal growth factor receptor 2 
(HER2)-positive breast cancer and triple-negative breast cancer 
(TNBC). Luminal type breast cancer is ER/PgR-positive and 
HER2-negative and accounts for 70-80% of breast cancer 
cases. HER2-type breast cancer is characterized by HER2 
protein expression and accounts for 15-20% of breast cancer 
cases. TNBC is characterized by the lack of ER, PgR and 
HER2 expression and accounts for 15-20% of breast cancer 
cases (2). Hormone therapy, including aromatase inhibi-
tors, selective ER modulators and ER downregulators, has 
considerably improved the clinical outcomes of patients with 
ER-positive breast cancer. Tamoxifen treatment can reduce the 
5-year risk of recurrence and death by 41 and 33%, respec-
tively (3). Luminal A-type breast cancer is characterized by 
the expression of hormone receptors and has a good overall 
prognosis under hormone therapy. Chemotherapy is currently 
considered for luminal B-type breast cancer, which has a high 
growth potential. Moreover, HER2-targeted drugs, such as 
trastuzumab (Herceptin®), pertuzumab (Perjeta®) and lapa-
tinib (Tykerb®) have improved the outcomes and survival rates 
of women with HER2-positive breast cancer (4).

Although differences between intrinsic breast cancer 
subtypes are well known, one of the issues with breast cancer 
treatment is that a practical ‘targeted therapy’ for TNBC is 
not widely available and the effectiveness of chemotherapy 
for patients with TNBC remains limited (5). Olaparib, an oral 
poly (adenosine diphosphate-ribose) polymerase inhibitor, is 
available for chemotherapy-resistant, BRCA mutation-positive, 
HER2-negative inoperable or recurrent breast cancer. It 
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provides a significant benefit over standard therapy for patients 
with metastatic breast cancer having a germline BRCA muta-
tion (6). Breast cancer has historically been viewed as an 
immunologically silent disease. Previous clinical trials have 
reported that nivolumab, an anti-PD-1 antibody, has demon-
strated an objective response rate of only 5-10% in patients 
with metastatic TNBC (7). Preclinical and clinical trials 
have demonstrated that low-dose induction chemotherapy or 
radiation followed by immune checkpoint inhibitor treatment, 
such as with nivolumab, may be useful for the stimulation of 
anticancer immune responses (8).

Prognostic biomarker tests for breast cancer are available, 
including Oncotype DX, Mama Print and Prosigma. However, 
these biomarkers test different sets of breast cancer-related 
genes (9). Although these diagnostic tests are typically used as 
prognostic markers in early-stage breast cancer, they are costly 
and require multiple markers (10). Therefore, simpler and easily 
measurable biomarkers with highly accurate assays need to be 
developed for the treatment of patients with breast cancer.

To identify target molecules for the diagnosis and treat-
ment of cancer, gene expression analysis and subsequent tissue 
microarray analysis of solid tumor tissues have been conducted. 
Dozens of oncoantigens that play essential roles in the progres-
sion of various solid tumors have been isolated (11-31), 
including members of the kinesin superfamily, which are 
involved in essential mechanisms during intracellular transport 
and cell division in cancers. The present study focused on the 
genes that encode kinesin proteins that are overexpressed in 
the majority of breast cancers, whereas are scarcely expressed 
in normal tissues. During this screening process, kinesin 
family member 20A (KIF20A), a member of the kinesin super-
family‑6, was identified as a candidate molecular target that 
was frequently and highly expressed in breast cancer. KIF20A 
possesses a conserved motor domain that binds to microtu-
bules and couples adenosine triphosphate (ATP) hydrolysis 
to generate mechanical forces (32). In addition, KIF20A has 
a microtubule plus end-directed motility and is involved in 
different cellular processes, such as mitotic spindle formation, 
chromosome partitioning and cytokinesis (33). Previous studies 
have indicated that KIF20A is highly expressed in several 
types of human cancers, including pancreatic (34), breast (35), 
glioma (36), prostate (37) and bladder cancers (38). FOXM1 has 
been reported to regulate KIF20A expression, resulting in the 
promotion of cell growth. Conversely, the depletion of KIF20A 
has been reported to enhance the antitumor effects of paclitaxel 
in luminal type breast cancer cells (35). To date, it has not been 
completely elucidated whether KIF20A expression is related to 
clinical breast cancer subtypes. Furthermore, the mechanistic 
potential of KIF20A inhibition as a novel molecular therapy 
for various subtypes of breast cancer has not yet been fully 
investigated. Therefore, in the present study, KIF20A was 
characterized as a potential diagnostic and therapeutic target 
for different types of breast cancer.

Materials and methods

Cells lines and clinical samples. In total, 11 breast cancer 
cell lines (T-47D, ZR-75-1, MCF-7, AU565, SK-BR-3, 
HCC1599, HCC1143, HCC1937, MDA-MB-231, BT-20 and 
MDA-MB-468) and normal adult breast epithelial cell line 

(184A1) were used in the present study. Table I details the 
derivation of these cells and the suppliers. All cells were 
grown in monolayers in the appropriate medium supple-
mented with 10% fetal bovine serum (FBS; Gibco; Thermo 
Fisher Scientific, Inc.). The cells were incubated at 37˚C in 
a humidified air atmosphere with 5% CO2, apart from the 
MDA-MB-468 and MDA-MB-231 cells, which were incu-
bated with 0% CO2. The 184A1 cells were grown in medium 
supplemented with EpiLife Defined Growth Supplement 
(Thermo Fisher Scientific, Inc.). Furthermore, 10 breast cancer 
or normal breast tissue samples obtained from patients who 
had undergone surgery at Kanagawa Cancer Center Hospital 
during March, 2008 to December, 2009 (Table II) were used 
for reverse transcription-quantitative PCR (RT-qPCR) experi-
ments. A total of 257 formalin‑fixed primary breast cancer 
tissues (obtained from female patients; median patient age, 
57 years; age range, 28-89 years) and adjacent healthy tissues 
were obtained from patients at the Kanagawa Cancer Center 
Hospital, Japan (Table III). The clinical stage of the samples 
was determined according to the Union for International Cancer 
Control TNM classification. The present study and the use of 
all clinical materials were approved by individual institutional 
ethics committees. The project to establish tumor tissue micro-
arrays from archival formalin‑fixed and paraffin‑embedded 
surgically resected tissues and to use the tissue microarrays 
for later unspecified research works was approved by the 
Kanagawa Cancer Center Ethics Committee with the approval 
no. Rin-177, 27 (September, 2010). The patients involved in the 
breast cancer tissue microarrays received mastectomy opera-
tions for breast cancer at Kanagawa Cancer Center Hospital 
from 2004 to 2006. Written comprehensive informed consent 
was obtained from the patients for the use of their clinical 
information and for specimens remaining after clinically 
required examinations, such as archival formalin‑fixed and 
paraffin‑embedded specimens following diagnosis.

RT‑qPCR. Total ribonucleic acid (RNA) was extracted from 
the cultured cells and clinical tissues using a Maxwell® 16 
LEV simplyRNA Cells kit and Tissue kit (Promega Corp.), 
according to the manufacturer's protocol. Complementary 
DNA was synthesized using a ReverTra Ace® RT-qPCR lit 
(Toyobo). The mRNAs were quantified by RT‑qPCR analysis 
using TaqMan® Universal Master Mix II and TaqMan® 
Gene Expression Assays on a StepOne Plus (Thermo Fisher 
Scientific, Inc.), according to the manufacturer's instructions. 
The reaction conditions were as follows: Initial denaturation 
for 2 min at 50˚C and 10 min at 95˚C followed by 40 cycles of 
denaturation (15 sec at 95˚C and 60 sec at 60˚C). Each experi-
ment was performed in triplicate. For the assays, KIF20A 
(Hs00993573_m1) primer was used and actin beta (ACTB; 
Hs01060665_g1) was run as an internal control (Thermo 
Fisher Scientific, Inc.).

Western blot analysis. Cells were lysed in Pierce RIPA buffer 
(Thermo Fisher Scientific, Inc.) that included a 1% protease 
inhibitor cocktail (Thermo Fisher Scientific, Inc.). Following 
homogenization, the cell lysates were incubated on ice for 
30 min and centrifuged at 14,000 x g for 15 min at 4˚C to 
separate the supernatant from cellular debris. Total protein 
was measured using a Qubit Protein assay kit (Thermo Fisher 
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Scientific, Inc.). The proteins were then mixed with sodium 
dodecyl  sulfate  sample buffer, boiled at 100˚C  for 5 min, 
and incubated at room temperature for 5 min. Following 
electrophoresis on 7.5 or 12% Mini-Protean® TGX gels 
(Bio-Rad Laboratories, Inc.), the proteins were transferred 
onto Trans-Blot® Turbo 0.2-µm polyvinylidene difluoride 
membranes (Bio-Rad Laboratories, Inc.). The membranes 
were blocked with Block Ace® (Dainippon Pharmaceutical) 
for 1 h, following which they were incubated overnight 
with rabbit polyclonal anti-KIF20A antibody (1:500, cat. 
no. A300‑879A; Bethyl Laboratories) at 4˚C. Immunoreactive 

proteins were incubated with anti-rabbit horseradish peroxi-
dase (HRP)-conjugated secondary antibodies (1:5,000, GE 
Healthcare Life Sciences) for 1 h at room temperature. Protein 
bands were visualized by chemiluminescence western blotting 
detection reagents using an ImageQuant LAS 4000 mini (GE 
Healthcare Life Sciences).

Immunocytochemistry. Cultured cells were washed twice 
with Dulbecco's phosphate-buffered saline [PBS(-); cat. 
no. C14190500; Life Technologies; Thermo Fisher Scientific, 
Inc.] and fixed in 4% paraformaldehyde solution for 15 min at 
room temperature. Cells were rendered permeable using PBS(-) 
containing 0.2% Triton X-100 for 2 min at room temperature. 
Thereafter, the cells were covered with blocking solution 
containing 3% bovine serum albumin in PBS(-) for 30 min 
to block non‑specific binding prior to the primary antibody 
reaction. Subsequently, the cells were incubated with the rabbit 
polyclonal anti-KIF20A antibody (1:200, cat. no. A300-879A; 
Bethyl Laboratories) in a wet chamber for 1 h at room tempera-
ture. The immune complexes were stained with Alexa Fluor® 
488-conjugated goat anti-rabbit IgG secondary antibody 
(1:1,000, cat. no. A11008; Life Technologies; Thermo Fisher 
Scientific, Inc.) in a wet chamber for 1 h at room temperature. 
Mounting medium with DAPI (Vector Laboratories, Inc.) was 
used to coverslip the slides. KIF20A staining was visualized 
under a microscope (BZ-X710, Keyence Corp.).

Immunohistochemistry and tissue microarray analysis. Tumor 
tissue microarrays were constructed according to previously 
published procedures (39). Formalin-fixed breast cancers 
were obtained at the Kanagawa Cancer Center. The tissue 
areas selected for sampling were determined by visual align-
ment with the corresponding hematoxylin and eosin-stained 
sections on slides. Three, four or five tissue cores (diameter, 
0.6 mm; height, 3-4 mm) obtained from donor tumor blocks 
were placed into recipient paraffin blocks using a tissue micro-
arrayer (Beecher Instruments). The tissue microarray slides 
were de‑paraffinized and heat‑induced antigen retrieval was 
conducted in an autoclave using Target Retrieval Solution 
(pH 9). Endogenous peroxidase was blocked (Dako; Agilent 
Technologies, Inc.) and the anti-KIF20A antibody (1:100, 
cat. no. A300-879A; Bethyl Laboratories) was added. The 
sections were incubated at room temperature for 1 h prior 
to incubation with EnVision+System-HRP labeled polymer 
anti-rabbit secondary antibody (cat. no. K4003; Dako; 
Agilent Technologies, Inc.) for 30 min at room temperature. 
3,3'-Diaminobenzidine (DAB) chromogen and DAB substrate 
buffer were added, and the specimens were counterstained 
with hematoxylin and eosin for 1 min room temperature. The 
staining intensity within each tumor tissue core was mostly 
homogenous, facilitating the semi-quantitative evaluation of 
the KIF20A staining intensity by three independent investi-
gators. KIF20A expression patterns in the tissue arrays were 
classified ranging from absent/weak to strong. Cases were 
defined as strongly positive if all of the three reviewers inde-
pendently classified them as such.

RNA interference assay. siRNA ol igonucleot ides 
(Sigma-Aldrich; Merck KGaA) were used to evaluate the 
biological functions of KIF20A in breast cancer cells. The 

Table I. The human breast cancer cell lines and normal breast 
cells used in the present study.

Cell line Histology Subtype

T-47D Ductal carcinoma Luminal 
ZR-75-1 Ductal carcinoma Luminal 
MCF-7 Ductal carcinoma Luminal 
AU565 Adenocarcinoma HER2/neu positive
SK-BR-3 Adenocarcinoma HER2/neu positive
HCC1599 Ductal carcinoma TNBC
HCC1143 Ductal carcinoma TNBC
HCC1937 Primary ductal TNBC
 carcinoma
MDA-MB-231 Adenocarcinoma TNBC
BT-20 Epithelial carcinoma TNBC
MDA-MB-468 Adenocarcinoma TNBC
184A1 Human mammary 
 epithelial cells 

The resource distributor of cells was the American Type Culture 
Collection (ATCC). TNBC, triple-negative breast cancer.

Table II. Characteristics of breast cancer tissues used for 
RT-qPCR.

Characteristics No. of patients

Sex
  Male   0
  Female 10
Age (years) 
  <65   9
  ≥65    1
Stage
  I   0
  II   7
  III   3
Histology
  Papillotubular carcinoma   2
  Scirrhous carcinoma   3
  Solid tubular carcinoma   5
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sequences targeting each gene were as follows: Control 1 
si‑Luciferase (LUC), 5'-CGUACGCGGAAUACUUCGATT-3'; 
Control 2 si‑EGFP, 5'-GAAGCAGCACGACUUCUUCTT-3'; 
KIF20A-suppressing siRNA (si‑KIF20A) #1, 5'-GUUCUC 
AGCCAUUGCUAGCTT-3'; and si‑KIF20A #2, 5'-CCCUUA 
UGCCCGGAUCCUATT-3'. Breast cancer cell lines were 
incubated with medium containing siRNAs (50 µM) and 
Lipofectamine 2000 reagent (Thermo Fisher Scientific, Inc.), 
for 4 h at 37˚C in a CO2 incubator. Following incubation, the 
transfection mixture was removed and replace with 1X normal 
growth medium

Cell viability assay. The transfected cells were seeded on a 
6-well plate at a density of 4x104 cells/well. Cell viability was 
evaluated 7 days following transfection using a Cell Counting 
Kit-8 (Dojindo Laboratories, Inc.).

Colony formation assay. The colony formation assay was 
performed using Giemsa solution (WAKO) staining. Images 
were captured by MP990-PIXUS (Canon). The transfected 
cells were seeded on a 10 cm dish at a density of 2x105 cells/well. 
Following incubation for 7 days, the treated cells were fixed 
with 100% methanol for 30 min at room temperature and 

Table III. Association between KIF20A-positivity in breast cancer tissues and patient characteristics.

 KIF20A expression
 -----------------------------------------------------------------------------------------------
 Total no. of patients Strong positive Weak positive  Absent P-value positive
Characteristics (n=257) (n=106) (n=89) (n=62) vs. absent expression

Age (years)     0.8639
  <65 193 85 62 46 
  ≥65    64  21  27  16 
ER status    
  Negative   71 35  30    6  0.0002a

  Positive 186 71 59  56 
PgR status    
  Negative   98 44 38 16  0.0245a

  Positive 159 62 51 46 
HER2/neu status    
  Negative 212 84 71 57  0.0333a

  Positive   45 22 18   5 
Triple-negative breast
cancer (TNBC)
  TNBC   39 20 16   3 
  Others 218 86 73 59 
Histology    
  Invasive lobular carcinoma     6   2   1   3 
  Scirrhous carcinoma   87 30 30 27    0.0348a,b

  Papillotubular carcinoma   65 28 26 11 
  Solid tubular carcinoma   64 32 24   8 
  Invasive ductal carcinoma     5   1   2   2 
  Mucinous carcinoma   10   6   1   3 
  DCIS   13   4   2   7 
  Apocrine carcinoma     3   1   2   0 
  Others     4   2   1   1 
pT factor    
  T1    91 25 34 32  0.0035a

  T2-T3 166 81 55 30 
pN factor    
  N0 148 50 56 42 0.0767
  N1-N2 109 56 33 20 

aP<0.05 (Fisher's exact test); binvasive vs. non-invasive or special or others. KIF20A, kinesin family member 20A; ER, estrogen receptor; PgR, 
progesterone receptor; HER2, human epidermal growth factor receptor 2; DCIS, ductal carcinoma in situ.
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stained with Giemsa solution (Wako Pure Chemical Industries, 
Ltd.) for 20 min at room temperature.

KIF20A inhibitor assay. First, dose-response experiments 
with paprotrain using the ZR-75-1 cells at concentrations 
of 50, 100 or 200 µM were performed; 200 µM of papro-
train (Merck KGaA) treatment significantly inhibited the 
cell growth and was thus adopted to compare the effect of 
paprotrain on various cell lines under the same conditions. 
The ZR-75-1, SK-BR-3 and HCC1937 cells were treated with 
200 µM of paprotrain for 24 h (Merck KGaA) to examine 
the growth suppressive effects of a selective cell-permeable 
KIF20A inhibitor in breast cancer cells using MTT assay, 
flow cytometry and live‑cell imaging.

Flow cytometric analysis. Flow cytometric analysis was 
performed using the CycletestPlus DNA Reagent kit (cat. 
no. 340242; BD Biosciences) and the FACSVerse system (BD 
Biosciences). The breast cancer cells lines were transfected 
with siRNA oligonucleotides or treated with 200 µM of 
paprotrain for 24 h. Following treatment, 1.0x106 cells were 
harvested for DNA ploidy staining. The samples were filtered 
through a 70-µm nylon mesh and stored on ice in the dark. The 
cell cycle was analyzed within 3 h using the FACSVerse flow 
cytometer. The DNA content was analyzed in 20,000 ungated 
cells.

Live‑cell imaging. Live-cell imaging was performed using the 
Evos FL Auto Imaging System (Thermo Fisher Scientific, Inc.) 
to monitor cytokinetics. Breast cancer cells were seeded into 
35-mm glass dishes in medium containing 10% FBS. Images 
were captured every 15 min following si-KIF20A transfec-

tion or paprotrain treatment using a fully-automated imaging 
system of Evos FL Auto Imaging System.

Matrigel invasion assay. The ZR-75-1, SK-BR-3 and HCC1937 
cells transfected either with siRNA against KIF20A or with 
si-control (LUC) were grown to near confluence in culture 
medium containing 10% FBS. The cells were harvested 
by trypsinization, washed in medium without the addition 
of serum or protease inhibitor, and suspended in medium 
at a concentration of 2x105 per milliliter. Before preparing 
the cell suspension, the dried layer of Matrigel matrix 
(BD Biosciences) was rehydrated with medium for 2 h at room 
temperature. Medium (0.75 ml) containing 10% FBS was 
added to each lower chamber in 24-well Matrigel invasion 
chambers, and 0.5 ml (1x105 cells) of cell suspension in growth 
medium with 0.1% FBS was added to each insert of the upper 
chamber. The plates of inserts were incubated for 22 h at 37˚C, 
in which condition, no growth-promoting effect by si-KIF20A 
expression was also confirmed by MTT assay. The chambers 
were processed, and cells invading through the Matrigel were 
fixed and stained with Giemsa for 1 h at room temperature as 
directed by the supplier (BD Biosciences).

Statistical analysis. Statistical analyses were conducted 
using StatView (JMP) and SPSS 25 software (IBM, Inc.). The 
significance test analyzing the difference between 2 groups 
of cell-based assays was performed using the Student's t-test. 
One-way ANOVA followed by Tukey's post hoc test were 
performed to compare the means of each group with the means 
of every other group when performing multiple comparisons. 
Fisher's exact test was used to assess the association between 
KIF20A expression and the clinicopathological variables of the 

Figure 1. KIF20A expression in breast cancer cells and tissues. (A and B) KIF20A mRNA expression detected using RT-qPCR in breast cancer cell lines (n=11), 
a normal breast epithelial cell line, human breast cancer tissues (n=10), and in adjacent human breast tissues (n=4). (C) KIF20A protein expression detected by 
western blot analysis in breast cancer cell lines. (D) Subcellular localization of endogenous KIF20A protein in breast cancer cells and breast epithelial cells. 
Cells were stained with a rabbit polyclonal anti-KIF20A antibody (green) and DAPI (blue). Staining for KIF20A was primarily observed in the cytoplasm 
and nucleus in positive breast cancer cells, whereas no staining was observed in 184A1 cells. KIF20A, kinesin family member 20A; HER2, human epidermal 
growth factor receptor 2; TNBC, triple-negative breast cancer.
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patients, including age, histology type, ER status, PgR status, 
HER2 status and pathological T (pT) and N (pN) factors. An 
overall survival (OS) curve was calculated from the date of 
surgery to the time of breast cancer-related mortality or to the 
final follow‑up observation. Kaplan‑Meier curves were calcu-
lated for each relevant variable and for KIF20A expression. 
Differences in survival duration among patient subgroups were 
analyzed using the log-rank test. Univariate and multivariate 
analyses were conducted using the Cox proportional hazard 
regression model to determine associations between clinico-
pathological variables and cancer-related mortality. Individual 
associations were first analyzed between death and possible 
prognostic factors, including age, ER status, PgR status, HER2 
status, pT classification and pN classification. Subsequently, a 
multivariate analysis was conducted using backward (stepwise) 
procedures that forced KIF20A expression into the model, 
along with each variable that satisfied an entry level of P<0.05. 
As factors were continually added to the model, independent 
factors did not exceed an exit level of P<0.05.

Database analysis. The association between KIF20A gene 
expression and the survival of breast cancer patients was evaluated 
by PrognoScan (http://www.prognoscan.org/). Signaling 
pathways related to KIF20A were screened by ONCOMINE 
database (https://www.oncomine.org/resource/login.html) and 
the GSEA database (software.broadinstitute.org/gsea/msigdb/).

Results

KIF20A expression in breast cancer cell lines and tissues. 
RT-qPCR revealed higher KIF20A mRNA expression levels 

in the majority of the 11 breast cancer cell lines compared 
with the 184A1 breast epithelial cells (Fig. 1A). Furthermore, 
KIF20A was expressed in the majority of the clinical breast 
cancer tissues, whereas it was barely detectable in the adjacent 
breast tissues (Fig. 1B). Western blot analysis revealed that 
KIF20A protein was expressed in the majority of the breast 
cancer cells, whereas it was barely detectable in normal breast 
cells (Fig. 1C). Immunocytochemical analysis revealed that 
KIF20A protein was detected in the cytoplasm and/or nucleus 
of ZR-75-1 (Luminal A), SK-BR-3 (HER2/neu-positive) and 
HCC1937 (TNBC with BRCA1 mutation) cell lines (Fig. 1D). 
KIF20A was localized in the cytoplasm and the nucleus of 
breast cancer cells.

KIF20A expression is associated with the poor prognosis of 
patients with breast cancer. Immunohistochemistry revealed 
that KIF20A was expressed in 195 of the 257 (75.9%) breast 
cancer cases investigated. A strong expression was present in 
106 cases (41.3%), a weak expression was present in 89 cases 
(34.6%), and the expression was absent in 62 cases (24.1%) 
(Fig. 2A and Table III). On classification based on the breast 
cancer subtype, KIF20A was expressed in 130 of 186 (69.9%) 
hormone receptor-positive breast cancers, in 40 of 45 (88.9%) 
HER2-positive breast cancers, and in 36 of 39 (92%) TNBCs. 
KIF20A was more frequently expressed in HER2-positive 
breast cancer and TNBC compared to the other types.

Furthermore, the associations between KIF20A protein 
expression and the patient clinicopathological parameters 
were assessed. The ER status factor (higher expression in 
ER-negative; P=0.0002, Fisher's exact test), PgR status factor 
(higher expression in PgR-negative; P=0.0245, Fisher's exact 

Figure 2. KIF20A expression is associated with the poor prognosis of patients with breast cancer. (A) Immunohistochemical staining pattern of KIF20A 
protein in representative breast cancer tissues for strong, weak and absent KIF20A expression and a normal breast epithelia tissue (original magnification, 
x100). (B) Kaplan-Meier analysis of survival of patients (n=257) with breast cancer according to KIF20A expression (P=0.0126, log-rank test). KIF20A, 
kinesin family member 20A.
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test), HER2 status factor (higher expression in HER2-positive; 
P=0.0333, Fisher's exact test) and pT factor (higher expres-
sion in T2‑3; P=0.0035, Fisher's exact test) were significantly 
associated with KIF20A expression (Table III). Kaplan-Meier 
analysis revealed that a positive KIF20A expression was signifi-
cantly associated with a shorter OS compared with no KIF20A 
expression (P=0.0126, log-rank test, Fig. 2B). Univariate 
analysis was also performed to investigate the association of 
patient prognosis with factors, including KIF20A expression 
status (positive vs. negative), age (≥65 vs. <65 years), ER status 
(negative vs. positive), PgR status (negative vs. positive), HER2 
status (positive vs. negative), pT classification (T2‑3 vs. T1) and 
pN classification (N1‑2 vs. N0). Univariate analysis revealed 
that a positive KIF20A expression (P=0.0147), an advanced pT 
stage (P=0.0223) and an advanced pN stage (P<0.0001) were 
significantly associated with a worse prognosis. Furthermore, 
multivariate analysis revealed that a positive KIF20A expres-
sion and an advanced pN stage were independent prognostic 
factors (P=0.0357 and P=0.0001, respectively, Table IV).

To validate the potential of KIF20A as a prognostic 
biomarker, the prognostic value of KIF20A gene expression 
was also investigated using the PrognoScan database. KIF20A 
expression was significantly associated with the poor prog-
nosis of breast cancer patients (dataset no. GSE1456-GPL96; 
P=0.001501). The data independently support the immunohis-
tochemical data of the present study.

si‑KIF20A inhibits breast cancer cell growth. To elucidate 
whether KIF20A upregulation plays a significant role in 
breast cancer cell growth, ZR-75-1 (Luminal A), SK-BR-3 
(HER2/neu-positive) and HCC1937 (TNBC with BRCA1 
mutation) cell lines were transfected with si-KIF20As to 
suppress KIF20A expression. Western blot analysis revealed 
that si-KIF20A decreased the KIF20A protein levels in the 
cancer cells compared with the control siRNA (Fig. 3A). In 
addition, si‑KIF20A significantly inhibited breast cancer cell 
viability (Fig. 3B). Moreover, colony formation assays revealed 

that si-KIF20A decreased the number of breast cancer cells 
(Fig. 3C).

si‑KIF20A inhibits the cell cycle progression of breast cancer 
cells. To further investigate the mechanisms of tumor growth 
regulated by KIF20A, flow cytometric analysis of  the cell 
cycle was performed following siRNA transfection. Flow 
cytometric analysis revealed that compared with the control 
siRNA, si‑KIF20A significantly increased the population of 
cells in the G2/M phase at 72 h post-transfection (ZR-75-1 
cells, P=0.0019; SK-BR-3 cells, P<0.0001; and HCC1937 cells, 
P<0.0001; population of cells at each cell cycle is shown as a 
percentage and in flow cytometric images in Fig. 4A and B). 
Morphological changes were monitored using live-cell 
imaging of the ZR-75-1, SK-BR-3 and HCC1937 cells trans-
fected with si-KIF20A (Fig. 4C and D). Time-lapse imaging 
detected regular cell division in cells transfected with control 
siRNA, whereas very few cell divisions, as well as subsequent 
death were observed in all cells transfected with si-KIF20A.

Paprotrain inhibits breast cancer cell growth by blocking the 
kinesin motor ATPase activity of KIF20A. The breast cancer 
cells, ZR-75-1 (Luminal A), SK-BR-3 (HER2/neu-positive) 
and HCC1937 (TNBC with BRCA1 mutation) were incubated 
in medium with or without paprotrain to assess two lines of 
research: The first was to observe the functional role of the 
kinesin motor ATPase activity of KIF20A via pharmaco-
logical inhibition and the second was to assess the potential 
of selective KIF20A inhibitor for clinical use. MTT assay 
revealed that incubation with paprotrain for 24 h significantly 
decreased breast cancer cell viability (Fig. 5A). Furthermore, 
flow cytometric analysis performed 24 h following paprotrain 
treatment revealed that the number of cells in the G2/M phase 
was significantly higher than the number of cells without 
paprotrain treatment (population of cells in each cell cycle 
is shown as a percentage and in flow cytometric images in 
Fig. 5B and C). Live-cell imaging revealed that the cancer 

Table IV. Cox proportional hazards model analysis of prognostic factors in patients with breast cancer.

Variables Hazards ratio 95% CI Unfavorable/favorable  P-value

Univariate analysis    
  KIF20A expression 3.152 1.253-7.929 Positive/absent   0.0147a

  Age (years)  1.045  0.558‑1.958  ≥65/<65  0.8908
  ER status 1.687 0.959-2.967 Negative/positive  0.0695
  PgR status 1.65 0.957-2.845 Negative/positive  0.0713
  HER2/neu status 1.142 0.573-2.278 Positive/negative  0.7051
  T-factor 2.173 1.117-4.230 T2-3/T1   0.0223a

  N-factor 3.744 2.054-6.823 N1-2/N0 <0.0001a

Multivariate analysis    
  KIF20A expression 2.698 1.068-6.813 Positive/absent   0.0357a

  T-factor 1.46 0.739-2.886 T2-3/T1  0.2762
  N-factor 3.311 1.795-6.108 N1-2/N0   0.0001a

aP<0.05. CI, confidence interval; KIF20A, kinesin family member 20A; ER, estrogen receptor; PgR, progesterone receptor; HER2, human 
epidermal growth factor receptor 2.
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Figure 4. si-KIF20A inhibits cell cycle progression and the induction of cell death in breast cancer cells. (A and B) Flow cytometry indicates the percentage of 
cells at each cell cycle phase in three subtypes of breast cancer cells following si-KIF20A transfection. (C) Time-lapse imaging of HCC1937 cells transfected 
with si-KIF20A. (D) Time lapse imaging of SK-BR-3 cells and ZR-75-1 cells transfected with si-KIF20A. The asterisk in the image in part D (*) indicates 
that the dead cell peeled and disappeared from microscopic field of view. **P<0.01, ****P<0.0001 vs. si-control group. KIF20A, kinesin family member 20A.

Figure 3. si-KIF20A inhibits breast cancer cell growth. (A) Western blot analysis demonstrated the suppression of KIF20A protein expression in breast cancer 
cells transfected with si-KIF20A compared with control siRNA (si-controls). (B) MTT assay for cells transfected with si-KIF20A or si-controls. (C) Colony 
formation assay for cells transfected with si-KIF20A or si-controls. ****P<0.0001 vs. si-control group. KIF20A, kinesin family member 20A.
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cells without paprotrain treatment divided regularly, whereas 
paprotrain treatment resulted in cell cycle arrest in the G2/M 
phase and subsequent cell death (Fig. 5D).

si‑KIF20A inhibits invasive phenotype of breast cancer cells. 
The possible role of KIF20A in cellular invasion was examined 
by Matrigel assays using the ZR-75-1, SK-BR-3 and HCC1937 
cells. Transfection with si-KIF20A or control siRNA into 
either of the cells significantly inhibited their invasive activity 
(Fig. 6). The results also indicated that KIF20A contributed to 
the more malignant phenotype of breast cancer cells.

In silico analysis of KIF20A‑related pathways. Since KIF20A 
expression in breast cancer appears to play a role in mitosis, as 
reported in other types of cells (33,34), the co-expression and 
co-localization of KIF20A protein with Aurora kinase B and 
PLK1 was initially confirmed in mitotic breast cancer cells by 
western blot analysis, the ONCOMINE database and immu-
nocytochemistry (data not shown). To further screen novel 
KIF20A-related pathways, the GSEA database was used and 
it was found that KIF20A expression was likely to be related 
to various pathways, including genes for cell cycle and cell 
invasion, as well as Aurora B and PLK1 signaling (data not 

Figure 5. Paprotrain inhibits breast cancer cell growth. (A) MTT assay for cells treated with paprotrain. (B and C) Flow cytometry indicates the percentage 
of cells at each cell cycle phase in breast cancer cells following paprotrain treatment. (D) Time lapse imaging of HCC1937 cells, SK-BR-3 cells, and ZR-75-1 
cells treated with paprotrain. **P<0.01, ****P<0.0001 vs. DMSO control group. KIF20A, kinesin family member 20A.

Figure 6. si-KIF20A inhibits the invasive ability of breast cancer cells. (A and B) Assays showing the invasive nature of ZR-75-1, SK-BR-3 and HCC1937 cells 
in Matrigel matrix following transfection with siRNA against KIF20A. The relative number of cells (A) migrating through the Matrigel‑coated filters and 
(B) Giemsa staining. Assays were carried out thrice and in triplicate wells. **P<0.01, ****P<0.0001 vs. si-control group. KIF20A, kinesin family member 20A.
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shown). The information functionally supports the data of the 
cell cycle analysis in the present study and live-cell imaging, 
as well as cell invasion assay using siRNAs for KIF20A.

Discussion

The current understanding of the molecular mechanisms and 
basic signaling pathways in breast cancer pathogenesis has led 
to the development of certain novel molecular targeted thera-
pies, such as therapeutic antibodies and small compounds. 
Molecular targeted agents are expected to exhibit good 
clinical effectiveness against cancer cells due to their specific 
anticancer mechanisms of action. However, no agent can 
completely regulate the disease for prolonged periods of time 
due to the genetic and biological heterogeneity of breast cancer 
cells, as well as their drug resistance. Therefore, the develop-
ment of novel, cost-effective therapeutic agents and intensive 
therapies, as well as the identification of precision medicine 
biomarkers are required to overcome highly malignant breast 
tumors. Effective potential molecular targets for cancer should 
exhibit a restricted expression in normal adult tissues. This 
reduces the cytotoxic off-target effects of the therapy and is 
indicative of specific cancer biomarkers (40‑42). In the present 
study, KIF20A was expressed in the majority of breast cancer 
cells and tissues, whereas it was seldom detected in normal 
breast epithelial tissue. With the exception of the testes, 
KIF20A is expressed at minimal levels in normal tissues and 
organs (BioGPS database; http://biogps.org/#goto=welcome), 
suggesting that it is an ideal diagnostic and therapeutic target. 
To investigate the mechanisms of KIF20A activation in breast 
cancer, comparative genome hybridization and the genome 
sequencing database for KIF20A (https://cancer.sanger.
ac.uk/cosmic) were used. Missense mutations in KIF20A were 
detected in 0.29% of breast cancer tissues (4/1,397 cases); 
however, no KIF20A gene amplification or translocation 
were reported. According to cBioportal for Cancer Genomics 
(http://www.cbioportal.org/), among 10,967 cases of breast 
cancer, missense mutations, deletions, and genetic amplifica-
tion of KIF20A were detected in only 106 cases (0.9%). It 
has been demonstrated that KIF20A expression is regulated 
by glioma-associated oncogene 2 via the FOXM1-MMB 
complex in hepatocellular cells and pancreatic cancer (43). 
Another study reported that KIF20A transcriptional activity 
was regulated by E2F/DP binding to the promoter region of 
KIF20A (44). Therefore, KIF20A overexpression may be 
involved in several epigenetic mechanisms.

In the present study, the original tissue microarray analysis 
revealed that KIF20A overexpression was significantly associ-
ated with the poor prognosis of patients with breast cancer. 
In addition, PrognoScan revealed a significant association 
between a high KIF20A expression and a reduced OS of 
patients with breast cancer (dataset no. GSE1456-GPL96; 
P=0.001501), thereby independently supporting the current 
data that KIF20A may be a prognostic biomarker for these 
patients.

The present study demonstrated the potential clinical 
application of KIF20A inhibition for breast cancer treatment 
by selectively inhibiting the ATPase activity of KIF20A and 
suppressing KIF20A expression using siRNAs. Breast cancer 
cells were treated with the KIF20A inhibitor, paprotrain, 

which reversibly blocks KIF20A function by being uncompeti-
tive with ATP and noncompetitive with microtubules (45-47). 
Similar to si-KIF20A, paprotrain decreased the viability of 
the ZR-75-1 (Luminal A), SK-BR-3 (HER2/neu-positive) 
and HCC1937 (TNBC with BRCA1 mutation) breast cancer 
cell lines via G2/M arrest and subsequent mitotic cell death 
as monitored by live-cell imaging. Targeting KIF20A with 
more selective and potent small molecule inhibitors may be 
an effective therapeutic strategy for a wide variety of breast 
cancers. The newly developed, potent KIF20A inhibitor, 
BKS0349, was recently reported to suppress KIF20A ATPase 
activity at levels 2-10-fold greater than paprotrain in various 
cancer cell lines and in a xenograft mouse model without 
noticeable variation (48,49). Further preclinical studies inves-
tigating KIF20A inhibitors are crucial for the development of 
novel molecular targeted drugs that can be used to treat highly 
malignant breast cancers, such as TNBC. As the information 
obtained by gene expression and inhibition assays using small 
number of breast cancer cell lines is limited, further detailed 
cell line assays considering KIF20A expression levels and cell 
phenotypes that can be categorized by breast cancer subtypes, 
as well as genome-wide genetic aberrations detected using 
whole genome sequencing are eagerly warranted.

To examine a mechanistic insight of KIF20A expression in 
breast cancer, the co-expression and co-localization of KIF20A 
protein with Aurora kinase B and PLK1 in mitotic breast 
cancer cells was initially confirmed by western blot analysis, 
the ONCOMINE database and immunocytochemistry; this 
was consistent with the findings described in other type of 
cells (33,34,44,45). To further identify novel KIF20A-related 
pathways, the GSEA database was screened and it was found 
that KIF20A expression was likely to be related to various 
pathways, including cell cycle and cell invasion, as well as 
Aurora B and PLK1 signaling pathways.

In conclusion, these findings suggest that KIF20A is a 
common oncoprotein in breast cancer. KIF20A plays an 
essential role in breast cancer proliferation and invasion, and 
is a candidate prognostic marker. Therefore, targeting KIF20A 
may be useful for the development of novel treatments, such as 
immunotherapies and molecular targeted therapies, which can 
exert potent biological effects on cancer with minimal adverse 
effects.
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