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Abstract. Recent studies have shown that motor proteins, 
known as the kinesin superfamily proteins (KIFs), are 
associated with the pathogenesis of several types of cancer. 
Kinesin family member 15 protein (KIF15) is overexpressed 
in multiple malignancies, including breast cancer (BC), and 
could be exploited therapeutically. Therefore, to the best of 
our knowledge, the present study, for the first time, examined 
the cytotoxic effects of the KIF15 small molecule inhibitor, 
Kif15‑IN‑1, on BC cell lines derived from triple‑negative 
BC (TNBC) and estrogen receptor‑positive (ER+) BC in vitro 
in addition to normal cells. The viability of MDA‑MB231 
(TNBC), MCF7 (ER+), and normal rat embryo fibroblasts 
(REF) was examined using an MTT assay following treatment 
of the cells with Kif15‑IN‑1. The morphological alterations 
and migration potential were examined under an inverted 
microscope. Apoptosis was detected via fluorescence micros‑
copy. Reverse transcription‑quantitative polymerase chain 
reaction was used to measure gene expression. The results 
revealed an anti‑proliferative effect of Kif15‑IN‑1 in both 
MDA‑MB231 and MCF7 cells and this effect was associated 
with increased apoptosis, the suppression of migration and 

increased cell size. Furthermore, Kif15‑IN‑1 significantly 
reduced KIF15 expression in both cell lines. Taken together, 
in the present study, to the best of our knowledge, Kif15‑IN‑1 
was explored in BC for the first time, and was found to inhibit 
the proliferation of BC cell lines, regardless of the subtype and 
status of ER expression. The cytotoxic effect was associated 
with increased apoptosis, a decreased capacity for migration 
and the downregulation of KIF15 expression. However, the 
preclinical confirmation of these results using in vivo models 
is necessary. The present study demonstrates however, a novel 
possible treatment strategy for several breast cancer subtypes, 
including ER+ and TNBC, which may include the inhibition 
of KIF15.

Introduction

Breast cancer (BC) is among the most common malignancies 
affecting women and is expected to cause 42,250 related deaths 
and 310,000 new cases in the United states in 2024 (1). Based 
on the expression of the hormone receptors, progesterone 
receptor (PR), estrogen receptor (ER) and human epidermal 
growth factor 2 (HER2), currently, the most widely used and 
accepted approach for categorizing BC is immunohistochem‑
istry. Consequently, the four most well‑known subtypes of BC 
are luminal A, luminal B, HER2‑positive and triple‑negative 
BC (TNBC) (2,3). The TNBC subtype, an aggressive disease, 
accounts for 10 to 20% of all BC cases (4). TNBC is character‑
ized by the absence of the expression of all three receptors, 
high relapse rates, resistance to current endocrine therapies 
and short survival rates (5); therefore, the treatment of this 
subtype is challenging. TNBC arises from the complex inter‑
actions between targets and factors (6). This heterogeneity is 
associated with the reduced efficacy of therapies, a decreased 
overall survival, and a more aggressive disease course (5,7). 
Furthermore, ER and PR are present in 70% of luminal A 
malignancies, which also lack HER2, exhibit low levels of 
the cell proliferation marker Ki‑67 (<20%) and lack HER2. In 
terms of clinical characteristics, these tumors are low‑grade, 
slow growing and are associated with the optimal prognosis, a 
greater survival rate and a lower recurrence rate. In addition, 
the treatment efficiency of the most prevalent subtype of BC 
(ER+) has improved over the past few years following the intro‑
duction of endocrine‑targeted therapies, such as tamoxifen. 
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However, approximately one third of patients may suffer from 
metastasis and relapse due to the development of resistance to 
endocrine therapies (8,9).

Kinesin superfamily proteins (KIFs) are motor proteins 
that hydrolyze adenosine triphosphate as an energy source 
and mediate the intracellular transportation of macromol‑
ecules, such as chromosomes, organelles, RNA, vesicles and 
proteins (10). Kinesin family member (KIF15), also known 
as kinesin 12, plays an essential role in cell division (mitosis), 
cytoskeleton structure and the transportation of cellular 
molecules. KIF15 is a microtubule‑protein complex that main‑
tains the bipolar geometry of the mitotic spindle and facilitates 
chromosome segregation in collaboration with KIF11 (11,12). 
Recently, multiple studies have shown that KIF15 is highly 
expressed in various malignancies, such as BC, gallbladder 
cancer and gastric cancer, suggesting that KIF15 is a biomarker 
that could be exploited therapeutically (13‑16).

Over the past two decades, the development of various 
selective kinesin spindle inhibitors has become an attractive 
avenue  (17). Several studies have investigated the role of 
KIF15 in carcinogenesis. Wang et al (18) reported that KIF15 
was overexpressed in patients with pancreatic cancer and that 
KIF15 silencing was associated with a reduced proliferation 
both in vitro and in vivo. Similarly, another research group 
suggested that KIF15 is a candidate biomarker for glioma and 
could be used as a therapeutic target (19). More importantly, 
KIF15 has been identified as a risk factor for TNBC, and its 
downregulation by lentiviral infection has been shown to 
be associated with the induction of apoptosis (20). Notably, 
scientists have identified 10 candidate kinesin small‑molecule 
chemical inhibitors for clinical evaluation, two of which are 
the most promising KIF11 inhibitors: Filanesib (Arry‑520) 
and ispinesib (SB‑715992) (21). In addition, a recent study 
utilized the small‑molecule KIF15 inhibitor, Kif15‑IN‑1, as 
a combination therapy with ispinesib in gastric cancer cells. 
This combination was found to exert synergistic effects both 
in vitro and in vivo (12).

Previous molecular and functional analyses have suggested 
that KIF15 motor proteins contribute to cell division and, 
consequently, malignant growth  (22). Therefore, targeted 
therapies are warranted to provide effective treatments with 
increased efficacy and low toxicity. The present study aimed 
to investigate the impact of the KIF15 inhibitor, Kif15‑IN‑1, 
on the viability, apoptosis induction, and migration of BC cell 
lines with different statuses of ER expression.

Materials and methods

Cells, cell culture and drug preparation. In the present study, 
two human breast adenocarcinoma cell lines were used: 
MCF7, which expresses ER (ER+) and MDA‑MB231, which 
lacks ER (ER‑) and belongs to the TNBC subtype (23,24). 
In addition, non‑transformed rat embryo fibroblasts (REF) 
were used as a normal control  (25). The MDA‑MB231 
(ATCC HTB‑26) cells were kindly supplied by the Faculty of 
Science, Baghdad University, and the MCF7 (ATCC HTB‑22) 
cells were purchased from ATCC. In addition, REF were 
kindly provided by the Biotechnology Research Center at 
Al‑Nahrain University. REF were originally established by 
the Experimental Therapy Department of the Iraqi Center for 

Cancer and Medical Genetic Research (ICCMGR), which is 
affiliated with Mustansiriyah University in Baghdad, Iraq. As 
described in a previous study by the authors (26), the cells were 
cultured in Roswell Park Memorial Institute‑1640 medium 
(RPMI‑1640) supplemented with L‑glutamine (Capricorn 
Scientific GmbH). To create a complete medium, 1% peni‑
cillin/streptomycin solution (100X; Euroclone S.p.A.) and 
10% fetal bovine serum (FBS) were added to the RPMI‑1640 
medium. The cells were kept in an incubator with 5% CO2 and 
95% humidity at 37˚C, as previously described (27).

The potent KIF15 inhibitor, Kif15‑IN‑1, was purchased 
from MedChemExpress (cat.  no.  HY‑15948). For in  vitro 
assays, a stock solution of 20 mM was created by dissolving it 
in 100% dimethyl sulfoxide (DMSO). The required concentra‑
tions for subsequent experiments were prepared in complete 
medium from the stock solution.

Cytotoxicity assay. Cytotoxic effects were assessed using an 
in vitro 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium 
bromide (MTT) assay (28,29). A total of 10,000 cells were 
seeded in each well of a 96‑well plate and incubated overnight to 
ensure cell adhesion. MDA‑MB231, MCF7 and REF cell lines 
were then exposed to increasing concentrations of Kif15‑IN‑1 
(10‑100 µM) three replicate wells were used for each treat‑
ment. Following incubation (24, 48 h for MDA‑MB231 and 
MCF7 and 24, 48 and 96 h for REF), the medium was removed 
from the plate, and 20 µl MTT solution (5 mg/ml) (Shanghai 
Macklin Biochemical Co., Ltd.) was added to each well and 
incubated for 3 h at 37˚C in the dark. To dissolve the MTT, 
50 µl DMSO (Bio Basic Inc.) was added, followed by 10 min 
of shaking (30). A microplate reader (BioTek Instruments, Inc.) 
was used to measure the absorbance at 490 nm. The following 
equation was used to determine the percentage of viable cells 
from the raw absorbance data:

where ‘A’ represents the absorbance. The dose‑response 
curve was generated using GraphPad Prism software version 6 
(Dotmatics), and the growth inhibitory concentration that reduces 
viability by 50% (GI50) was determined via the same curve.

Morphological analysis. The present study investigated the 
effects of Kif15‑IN‑1 treatment on cell morphology. The cell 
lines (MDA‑MB231, MCF7 and REF), in a 24‑well plate, 
were seeded at a seeding density of 26x103 cells per well. 
The cell lines were treated with their relevant GI50 doses of 
Kif15‑IN‑1 for 24 h at 37˚C in 5% CO2 and 95% humidified 
air. The cells were then analyzed at a magnification of x200 
using an inverted microscope (Meiji Techno). Subsequently, 
images were captured using digital camera (Canon, Inc.), as 
previously described (31).

Scratch assay. The MDA‑MB231 cells were seeded in 24‑well 
plates under the same conditions used in the morphological 
study. Although serum starvation is necessary for scratch assay 
experiments, serum starvation has been shown to significantly 
influence the migration, proliferation and migration‑associated 
genes of MDA‑MB‑231 breast cancer cells (32). Moreover, 
serum deprivation has been demonstrated to affect the cell 



WORLD ACADEMY OF SCIENCES JOURNAL  7:  3,  2025 3

cycle (33,34), which may subsequently influence the efficacy 
of the Kif15 inhibitor. Therefore, the present study utilized 
complete medium (containing 10% FBS) to reduce the 
possible effects of serum deprivation. In addition, we aimed 
to perform this test in more physiological settings. Therefore, 
the MDA‑MB231 cells were cultured using complete medium 
(10% FBS) for 24 h until they became nearly confluent, and 
then a scratch was made using a pipette tip in the middle of the 
well before washing with PBS. Fresh complete medium (10% 
FBS) was replaced with the relevant wells containing DMSO 
(Control) or Kif15‑IN‑1 (58 µM). Images were captured using 
an inverted microscope (MEIJI, Japan) (x100 magnification) 
with a digital camera (Canon, Japan) before the plate was 
returned to a humidified, warm incubator (37˚C). Following 
incubation for 48  h, images were obtained. In addition, 
ImageJ™ software version 1.46r was used for the analysis of 
wound healing images.

Apoptosis detection by fluorescence microscopy. As described 
in a previous study by the authors (31), apoptosis analysis was 
performed after 25x103 MDA‑MB231 cells were exposed to the 
control (DMSO) or Kif15‑IN‑1 (58 µM) for 48 h in a 24‑well 
plate. The cells were then trypsinized, rinsed with PBS, and 
collected in 1.5 ml tubes (Eppendorf Germany). A total of 
9 µl of the cell suspension was mixed with 1 µl of acridine 
orange‑ethidium bromide (AO/EB) staining dye [100 µg/ml 
AO and 100 µg/ml EB (Fluka Chemie GmbH)]. Subsequently, 
100 cells were scored for different stages of apoptosis using 
a fluorescence microscope (Human Diagnostics), and images 
of randomly selected representative fields were obtained.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was extracted from the MDA‑MB231 
and MCF7 cells using TRIzol™ reagent 2023 (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
instructions. The ProtoScript® First Strand complementary 
DNA (cDNA) Synthesis kit (E6300S) from New England 
Biolabs was used according to the vendor's instructions, and 
cDNA was obtained by the reverse transcription of total 
RNA. This assay is highly specific for double‑stranded DNA 
(dsDNA) over RNA. To measure the mRNA levels, Luna 
Universal qPCR Master Mix (M3003S) from New England 
Biolabs (SYBR®/FAM channel) was used. In addition, the ther‑
mocycling conditions were as follows: 30 sec of denaturation 
at 94˚C, 40 cycles of denaturation at 94˚C for 5 sec, 15 sec 
of annealing at 58˚C, and 10 sec of extension at 72˚C. KIF15 
gene expression was measured in the treated and untreated 
cells using RT‑qPCR and relative cycle threshold (2‑ΔΔCq) 
methodology (35). GAPDH was used as the internal control 
(housekeeping gene). The primers used were as follows: KIF15 
forward, 5'‑CTGCCTGGGCCAAGTGATTA‑3' and reverse, 
5'‑CGG​GAT​TCC​TTG​TGG​AGC​TT‑3'; and GAPDH forward, 
5'‑GGT​GTG​AAC​CAT​GAG​AAG​TAT​GA‑3' and reverse, 
5'‑GAG​TCC​TTC​CAC​GAT​ACC​AAA​G‑3'.

Statistical analysis. The data were analyzed using GraphPad 
Prism software (version 6.0.0; Dotmatics) and Microsoft Excel 
2019. The majority of the experiments were conducted at least 
twice. The unpaired t‑test was used to compare two means. 
The data were analyzed according to the standard error of 

the mean (SEM). A P‑value <0.05 was considered to indicate 
a statistically significant difference.

Results

Kif15‑IN‑1 inhibits BC cell proliferation in a concentration-
dependent manner regardless of the ER status. The present 
study investigated the cytotoxic effects of a KIF15 inhibitor 
(Kif15‑IN‑1) on BC cells. The MDA‑MB231 (ER‑) and 
MCF7 (ER+) cell lines were treated with increasing concen‑
trations of Kif15‑IN‑1 for 24 and 48 h (Fig. 1A and B). In 
addition, a normal cell line (REF) was also incubated with 
Kif15‑IN‑1 for 24, 48 and 96 h. Subsequently, cell viability 
was evaluated using an MTT assay. Of note, the MDA‑MB231 
cells exposed for 48 h were more sensitive to Kif15‑IN‑1 
(mean GI50=57.95±3.99 µM) than were the cells incubated 
for 24 h (mean GI50=85.94±4.75 µM) (Fig. 1A). The MCF7 
cells were less sensitive following incubation for 24  h 
(GI50=93.17±3.82 µM), but were more sensitive after 48 h 
(mean GI50=61.9±0.8 µM) (Fig. 1B). Notably, the REF were 
resistant (GI50 >100 µM) to Kif15‑IN‑1 at the different time 
points examined (Fig. 1C).

Kif15‑IN‑1 treatment alters the morphology and suppresses 
the migratory potential of BC cells. To further examine the 
effects of Kif15‑IN‑1, both MDA‑MB231 and MCF7 cells 
were exposed to their relevant GI50 concentrations, and after 
24 h, the morphology of the cells was examined under an 
inverted microscope. Of note, in the MDA‑MB231 cells, the 
impact on viability was associated with a decrease in cell 
number, and the size of the treated cells was greater than 
that of the control cells. In addition, some cells floated in 
the medium, which may indicate that these cells were dead 
(Fig. 1D). However, in the MCF7 cells, the treatment was 
associated with a decreased cell number and size; all treated 
cells were rounded compared with those in the control group 
(Fig. 1E). Notably, no obvious morphological changes were 
observed in the REF treated with Kif15‑IN‑1 compared with 
the untreated cells (Fig. 1F).

Additionally, the effects of Kif15‑IN‑1 on the migra‑
tory potential of MDA‑MB231 cells were examined using 
a scratch assay (Fig. 2). As illustrated in Fig. 2A, there was 
less wound healing in the Kif15‑IN‑1‑treated cells than in the 
control‑treated cells, and the bar chart indicates a significant 
decrease of ~39% (P=0.011) after 48 h of exposure (Fig. 2B). 
Of note, small gaps are present in the cells treated with the 
KIF15 inhibitor in the wound healing image at  48  h. As 
indicated in Fig. 3, Kif15‑IN‑1 promotes apoptosis. This may 
explain the tiny gaps observed in the cell monolayer of the 
Kif15‑IN‑1‑treated cells (Fig. 2A).

Kif15‑IN‑1 induces BC cell apoptosis and significantly reduces 
the expression of KIF15. To better understand the effects of 
Kif15‑IN‑1, the induction of the apoptosis of MDA‑MB231 and 
MCF7 cells was estimated using AO/EB staining to confirm 
the cytotoxic ability of Kif15‑IN‑1. BC cells were co‑cultured 
with the indicated treatments for 48 h before apoptosis was 
detected (Fig. 3). As shown in Fig. 3A and B, the majority of 
the MDA‑MB231 cells underwent early apoptosis (~75%), and 
~80% of the cells treated with the GI50 dose of Kif15‑IN‑1 were 
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apoptotic (early and late apoptosis). In addition, the counts of 
MCF7 cells treated with Kif15‑IN‑1 at the GI50 dose revealed 
that ~15% of the cells were apoptotic at the late stage; however, 
no significant difference in the total number of apoptotic cells 
(early and late apoptosis) was observed (Fig. 3C and D).

In addition, RT‑qPCR was used to investigate the effects 
of Kif15‑IN‑1 on KIF15 mRNA levels. Notably, it was 
found that, compared with the control, Kif15‑IN‑1 signifi‑
cantly reduced the expression of the KIF15 gene in both the 
MDA‑MB‑231 (18.8‑fold) (Fig. 4A) and MCF7 (9.7‑fold) cells 
after 24 h (Fig. 4B).

Discussion

BC is the leading cause of cancer‑related mortality among 
women worldwide; several subtypes of BC, such as TNBC, 
are challenging to treat (36). In addition, the emergence of 
resistance to current therapeutics is a matter of concern; there‑
fore, novel therapies targeting aberrant cellular mechanisms 
are warranted to overcome resistance and improve treatment 
efficacy. Multiple studies have emphasized the role of mitotic 
motor proteins in the carcinogenesis of various malignan‑
cies, including BC (16,18,20,37). Of note, recent reports have 

Figure 1. Kif15‑IN‑1 inhibits the proliferative activity and alters the morphology of BC cells. (A) MDA‑MB231, (B) MCF7, and (C) REF were exposed to 
increasing concentrations of Kif15‑IN‑1 for the indicated durations; only the BC cell lines were relatively sensitive to 48 h of incubation. Compared with those of 
the control cells, the data are presented as the mean percentage survival ± SEM, and at least two replicates were performed with triplicate measurements, which 
produced the findings. The GI50 values are indicated. In addition, (D) MDA‑MB231, (E) MCF7, and (F) REF were incubated with the indicated treatments for 
24 h, and images of morphological alterations were obtained using an inverted microscope at x200 magnification; the images are representative of two replicates. 
BC, breast cancer; KIF15, kinesin family member 15; REF, rat embryo fibroblasts; GI50, growth inhibitory concentration that reduces viability by 50%.
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investigated the function and structure of the motor kinesin 
protein KIF15 in several tumors, suggesting that this protein 
could be exploited therapeutically (12,15,22).

Recent studies have shown that KIF15 expression is upreg‑
ulated in patients with BC and is abnormal in accelerating 
cell cycle progression (13,20). In addition, Alfarsi et al (38) 
reported that KIF18A was highly expressed in >2,000 patients 

with ER+ BC and that it was a significant predictor of a poor 
response to endocrine treatment. Of note, multiple attempts to 
downregulate KIF15 protein expression via RNA interference 
techniques in different types of cancer have yielded promising 
results in vitro and in vivo (16,20). However, despite the poten‑
tial therapeutic advantages of siRNAs, several issues have 
made it difficult to employ siRNA‑based antiviral treatments, 

Figure 2. Kif15‑IN‑1 hinders the migratory potential of MDA‑MB231 cells. (A) In cells treated with the growth inhibitory concentration that reduces viability 
by 50% and untreated cells used as controls, wound healing experiments were carried out in MDA‑MB231 cells at 0 and 48 h. Representative inverted 
microscopy images at x100 magnification illustrate the area covered by the cells at 0 and 48 h after wounding. (B) A significant reduction in wound healing 
was observed after treatment with Kif15‑IN‑1. The scratch area was measured using ImageJTM software and normalized to that at 0 h. The error bars indicate 
the mean ± SEM of two to three replicates. *P<0.05. KIF15, kinesin family member 15.

Figure 3. Kif15‑IN‑1 enhances the induction of BC cell apoptosis. BC cells were treated with the indicated concentrations of Kif15‑IN‑1 for 48 h before being 
stained with AO/EB and examined under a fluorescence microscope; representative images of (A) MDA‑MB231 and (C) MCF7 cells were obtained at x100 
magnification. Bar charts indicate the percentage of (B) MDA‑MB231 and (D) MCF7 cells at different stages and treatments indicated. (A and C) Green arrows 
indicate viable cells, yellow arrows indicate early apoptotic cells, orange arrows indicate late apoptotic cells and red arrows indicate necrotic cells. Error bars 
represent the mean ± SEM of more than one replicate; the statistical symbols indicate significant differences in apoptotic cells between the treatment and 
control groups. *P<0.05 and **P<0.01; ns, not significant; BC, breast cancer; KIF15, kinesin family member 15.
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including off‑target effects, siRNA instability, poor long‑term 
protein expression, drug resistance and immunological reac‑
tions (39). Therefore, the present study aimed to explore the 
impact of a small‑molecule KIF15 inhibitor (Kif15‑IN‑1) on 
BC cell lines derived from different subtypes (ER+ and TNBC) 
in an attempt to identify a chemical‑targeted therapy that may 
enhance the treatment efficacy of existing therapies for BC and 
overcome resistance.

To explore the effects of KIF15 inhibition in BC cells, 
MDA‑MB231 and MCF7 cells were treated with Kif15‑IN‑1 
monotherapy in vitro. Interestingly, viability was inhibited, 
and the KIF15 inhibitor was cytotoxic in both cell lines, 
regardless of mutational status and subtype. Considering that 
KIF15 is highly expressed in BC cells (13,20), it was hypoth‑
esized that Kif15‑IN‑1 would inhibit the target protein KIF15, 
as evidenced by the significant downregulation of KIF15 in 
both cell lines (MDA‑MB231 and MCF7). Additionally, the 
normal cells used, REF, were resistant to Kif15‑IN‑1, unlike 
the BC cell lines, which further supports the assumption of 
target (KIF15) inhibition. The downregulation of the KIF15 
gene expression may be attributed to the off‑target effect of 
the KIF15 inhibitor or the mechanism of a negative feedback 
network between protein and gene expression through the 
binding of proteins to RNA regulatory motifs of mRNAs (40).

In addition, cytotoxicity is associated with the induction of 
programmed cell death and a decreased migratory potential. 
Of note, a similar effect was previously observed following 
KIF15 knockdown in BC  (13,20), gallbladder cancer  (15), 
pancreatic cancer (18) and Burkitt lymphoma (41). Additionally, 
bioinformatics and experimental studies have revealed that 
KIF15 knockdown induces programmed cell death in ovarian 
cancer by triggering the interaction of several pathways (42). 
Additionally, recent research in prostate cancer cells has 

revealed that the knockdown of KIF15 was associated with the 
inhibition of proliferation and migration potential from one 
side and the induction of programmed cell death by decreasing 
the activity of the PI3K/Akt pathway (43). Another recent 
study revealed that KIF15 may modulate apoptotic pathways 
to reduce the production of seven anti‑apoptotic proteins in 
gastric cancer (16).

KIF15 plays a vital role in clustering microtubules into 
bundles to mediate the movement of cells (44); therefore, the 
suppression of migration is a consequence of KIF15 inhibition. 
In addition, PI3K/Akt activity is associated with the regulation 
of cell movement (43,45). Notably, in addition to the cytotoxic 
effect, herein, the microscopic examination of BC cells via 
both inverted light and fluorescence microscopy revealed 
greater enlargement in cells treated with Kif15‑IN‑1 than in 
the control‑treated cells. This result may indicate that KIF15 
inhibition is associated with the inhibition of both chromo‑
somal segregation and cell cycle progression (20,46). KIF15 
is vital in driving centrosome separation and promotes bipolar 
spindle assembly during cell division. In addition, the change 
in cell shape may support the assumption of KIF15 protein 
inhibition, as KIF15 is involved in microtubule generation and 
maintaining cell shape and the skeleton (47).

Of note, Dumas  et  al  (48) assumed that KIF15 may 
partially compensate for the effect of mitotic spindle inhibitors 
(e.g., Eg5 inhibitors) and thereby induce resistance. Therefore, 
to overcome this resistance, researchers (49,50) have explored 
the addition of KIF15 inhibitors to mitotic spindle inhibi‑
tors and obtained successful combinations. However, further 
experimentation is required for a more in‑depth understanding 
of the effect mechanisms, the primary limitation of which is 
the lack of financial support and instrumentation.

In conclusion, in the present study, KIF15 expression was 
found to be upregulated in BC. Of note, the present study 
revealed that the small‑molecule inhibitor, Kif15‑IN‑1, was 
cytotoxic to ER+ and TNBC BC cell lines. This resulted in 
a significant decrease in the ability to migrate, along with 
morphological alterations and the activation of apoptosis. The 
effects were linked mechanistically to the downregulation of 
the KIF15 gene. Therefore, further in vivo studies are warranted 
to confirm these findings, and exploring the combination of 
Kif15‑IN‑1 with existing chemotherapies in BC is advisable.
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