
ONCOLOGY LETTERS  23:  112,  2022

Abstract. Kinesin superfamily member 18B (KIF18B) has 
previously been reported to be upregulated in breast cancer 
(BC) and is involved in BC tumorigenesis. Therefore, the 
present study aimed to investigate the effects and underlying 
mechanisms of KIF18B in BC. Comprehensive bioinfor‑
matics analysis was performed, using data from The Cancer 
Genome Atlas. KIF18B knockdown and thyroid hormone 
receptor‑interacting protein 13 (TRIP13) overexpression in 
BC cells were induced via transfection, by using the short 
hairpin RNA‑KIF18B and overexpression‑TRIP13 vectors, 
respectively. Cellular processes, including proliferation, 
migration and invasion were assessed using colony formation, 
wound healing and Transwell assays, respectively. mRNA 
and protein expression levels were determined using reverse 
transcription‑quantitative PCR and western blot analysis, 
respectively. Protein‑protein interactions were determined 
using co‑immunoprecipitation. The results demonstrated that 
the KIF18B expression levels were upregulated in BC, particu‑
larly in triple‑negative BC (TNBC) tissues and cell lines. 
KIF18B knockdown inhibited the proliferation, migration and 
invasion of HCC‑1937 TNBC cells. Furthermore, MMP12 and 
MMP9 protein expression levels were decreased by KIF18B 
knockdown. TRIP13 expression was also demonstrated to be 
upregulated in BC, particularly in TNBC tissues and cell lines. 
TRIP13 expression levels positively correlated with those of 
KIF18B in BC tissues and cells, and further analysis verified 
that TRIP13 and KIF14B were able to directly bind to each 
other. However, TRIP13 overexpression abolished the effects 
of KIF18B knockdown on HCC‑1937 cells. Furthermore, 
KIF18B knockdown decreased β‑catenin, c‑Myc and cyclin 

D1 protein expression levels; however, TRIP13 overexpression 
resulted in the recovery of all respective protein expres‑
sion levels. On the whole, the present study demonstrates 
that KIF18B promotes BC malignant events, including the 
proliferation, migration and invasion of TNBC cells. These 
results indicate that KIF18B may play an oncogenic role in 
BC by upregulating TRIP13 expression, thereby activating the 
Wnt/β‑catenin signaling pathway.

Introduction

Breast cancer (BC) occurs due to the uncontrolled prolifera‑
tion of breast epithelial cells, ultimately becoming malignant, 
as a result of various carcinogens (1). BC treatment strategies 
include surgery, radiotherapy and systemic therapy, which are 
usually based on a multimodal approach, depending on the 
stage and biology of the tumor, as well as patient acceptance and 
tolerance (2). Advances in the early detection of novel effective 
biomarkers, technologies of oncoplastic surgery, and improve‑
ment in patients' lifestyle have contributed to improvements 
in the outcomes of patients with BC (3,4); however, patients 
who develop metastatic BC and drug resistance continue to 
have a poor prognosis (5). Therefore, novel approaches for BC 
therapeutics, including the reduction of BC relapse and the 
improvement of the mortality rate are urgently required.

The kinesin superfamily (KIFs) is a group of proteins char‑
acterized by their instrumental role in the intracellular transport 
of microtubule‑based chromosomes during mitosis (6). The 
dysregulation of KIFs may result in uncontrolled cell prolif‑
eration, resulting from premature sister chromatid separation, 
highlighting their importance in tumorigenesis. In total, 45 
KIFs with various functions have been discovered and identi‑
fied in humans, among which numerous family members have 
been reported to play a crucial role in tumor pathobiology (7). 
Furthermore, a previous study demonstrated the involve‑
ment of KIFs in BC metastasis, prognosis and resistance to 
chemotherapy (8). KIF member 18B (KIF18B) is a KIF super‑
family member. Recent studies have suggested that KIF18B 
expression may be significantly upregulated in BC tissue 
and is closely associated with a worse overall, relapse‑free 
and distant metastasis‑free survival in BC (9,10). It has also 
been demonstrated in another study that KIF18B silencing 
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may restrict cell proliferation and invasion, and enhance BC 
chemosensitivity by modulating the Akt/GSK‑3β/β‑catenin 
signaling pathway (11). Thus, it was hypothesized that KIF18B 
may exert a tumor‑promoting effect on BC. However, the 
potential regulatory mechanisms of KIF18B in BC have not 
yet been fully elucidated.

The thyroid hormone receptor‑interacting protein 13 
(TRIP13) is an ATPase protein associated with various cellular 
activities, playing a crucial role in cell progression, particu‑
larly in checkpoint signaling (12). Over the past few decades, 
the oncogenic role of TRIP13 has attracted considerable atten‑
tion. It has been reported that TRIP13 may be upregulated in 
numerous types of cancer and is usually associated with a poor 
prognosis (13). Moreover, TRIP13 expression is upregulated 
in BC and is significantly associated with numerous clini‑
copathological features, also indicating a poor prognosis of 
patients with BC (14,15).

In the present study, KIF18B expression was predicted to 
positively correlate with TRIP13 expression in BC via analysis 
using The Cancer Genome Atlas (TCGA) database. The aim of 
the present study was therefore to investigate whether KIF18B 
promotes the malignant progression of BC by regulating 
TRIP13.

Materials and methods

Cell culture. The human normal breast epithelial MCF‑10A and 
MCF‑12A cell lines, which have been widely used as control 
cell lines for BC cell lines (16,17), and BC MCF‑7, ZR‑75‑1, 
HCC‑1937 and MDA‑MB‑436 cell lines, were purchased from 
the American Type Culture Collection (ATCC). Cells were 
cultured at 37˚C in DMEM (Thermo Fisher Scientific, Inc.) 
supplemented with 10% FBS (Gibco; Thermo Fisher Scientific, 
Inc.), in a humid atmosphere with 5% CO2.

Cell transfection. The KIF18B‑targeting short hairpin RNA 
(shRNA) oligonucleotide sequences and TRIP13 cDNA 
sequences were designed and synthesized by GenScript and 
were cloned into the pSilencer 2.1‑U6 Neo and pcDNA3.1 
vectors (Thermo Fisher Scientific, Inc.), respectively, which 
were consequently named shRNA‑KIF18B‑1 (5'‑GAG​ACC​
TCA​ATG​CCA​CCT​TTG‑3'), shRNA‑KIF18B‑2 (5'‑CCA​GTT​
TCC​ATG​AAT​GCA​TTG‑3') and overexpressed (Ov)‑TRIP13. 
shRNA‑negative control (NC; 5'‑ATG​GCG​ATT​CGT​ATC​
ATG​GCA​T‑3') and empty pcDNA3.1 vector were used as 
NCs. Transfection was performed using Lipofectamine 
2000® (Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol at 37˚C for 24 h. At 48 h following 
transfection, the transfection efficiency was measured using 
reverse transcription‑quantitative PCR (RT‑qPCR) and 
western blot analysis.

RT‑qPCR. Total RNA was extracted from the HCC‑1937 cells 
using the Total RNA Extraction kit (Beijing Solarbio Science 
& Technology Co., Ltd.; R1200) according to the manufac‑
turer's protocol. Total RNA was reverse transcribed using the 
PrimeScript RT Reagent kit (Takara Biotechnology Co., Ltd.; 
cat. no. RR047A) according to the manufacturer's protocol. 
qPCR was performed using the TB Green PrimeScript 
RT‑PCR kit (Takara Biotechnology Co., Ltd.; RR086A) and 

a StepOnePlus Real‑Time PCR system (Applied Biosystems; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
protocol. The following thermocycling conditions were used 
for the qPCR: initial denaturation at 95˚C for 30 sec; and 
40 cycles of denaturation at 95˚C for 10 sec, annealing at 60˚C 
for 20 sec and extension at 70˚C for 10 sec. The primer pair 
sequences are listed in Table I. mRNA expression levels were 
quantified using the 2‑ΔΔCq method (18) and normalized to the 
internal reference gene GAPDH.

Western blot analysis. Transfected or untransfected HCC‑1937 
cells were lysed using RIPA lysis buffer (Vazyme Biotech 
Co., Ltd.) according to the manufacturer's protocol. The total 
protein concentration was determined using a BCA Protein 
Quantification kit (Beyotime Institute of Biotechnology). 
Total protein (50  µg protein/lane) from each sample was 
separated via SDS‑PAGE on a 12% gel and transferred onto 
PVDF membranes. Following blocking with 5% non‑fat milk 
at room temperature for 2  h, all membranes were subse‑
quently incubated with primary antibodies at 4˚C overnight. 
Following primary antibody incubation, the membranes 
were incubated with HRP‑conjugated anti‑rabbit secondary 
antibody (1:10,000; ab6721, Abcam) for a further 2 h at room 
temperature. Protein bands were visualized using ChemiGlow 
detection reagents (ProteinSimple). The blots were then visu‑
alized using a FluorChem 8900 Imager and semi‑quantified 
using ImageJ software (V1.8.0; National Institutes of Health). 
The following primary antibodies were purchased which were 
obtained from Abcam: KIF18B (1:5,000; ab168812), TRIP13 
(1:5,000; ab128153), MMP12 (1:10,000; ab52897), MMP9 
(1:10,000; ab76003), β‑catenin (1:5,000; ab32572), c‑Myc 
(1:1,000; ab32072), cyclin D1 (1:200; ab16663) and GAPDH 
(1:10,000; ab181602). GADPH was used as the loading control.

Cell proliferation assay. The Cell Counting Kit‑8 (CCK‑8) 
assay (Beyotime Institute of Biotechnology) was used to detect 
cell proliferation. Briefly, transfected or untransfected cells 
were seeded into a 96‑well plate (1x103 cells/well) and cultured 
at 37˚C in 5% CO2. Following incubation for 24, 48 and 72 h, 
10 µl CCK‑8 reagent were added to the culture solution and 
incubated for a further 1 h. Cell proliferation was assessed 
using a microplate reader (Bio‑Rad Laboratories, Inc.), based 
on the absorbance at 450 nm.

Colony formation assay. In order to observe cell prolifera‑
tion, the HCC‑1937 cells were seeded into a 6‑cm plate at a 
density of 500 cells/plate and cultured for 24 h. Subsequently, 
the culture medium was replaced with fresh DMEM and 
cultured for a further 14 days. Colonies were infiltrated with 
methanol for 10 min, stained with crystal violet for 10 min at 
room temperature, imaged using a fluorescence microscope 
(magnification, x100; Olympus Corporation) and counted 
using ImageJ software (V1.8.0; National Institutes of Health).

Wound healing assay. To evaluate cell migration, transfected 
and untransfected HCC‑1937 cells were seeded into 6‑well 
plated at a density of 1x104 cells/well. When cells had reached 
almost 100% confluency, wounds were created in the cell 
monolayers using a sterile pipette tip. Subsequently, the cells 
were incubated in serum‑free medium for 24 h at 37˚C. The 
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wounds were imaged at 0 and 24 h, using an inverted micro‑
scope (magnification, x200; Olympus Corporation). ImageJ 
software (V1.8.0; National Institutes of Health) was used to 
determine wound widths.

Transwell invasion assay. A 24‑well Transwell System (Costar; 
Corning, Inc.) was employed to evaluate the invasive ability of 
the HCC‑1937 cells following transfection. Cells were seeded 
into the upper chambers which were pre‑coated with 5  µl 
Matrigel™ (BD Biosciences) at 37˚C for 30 min at a density 
of 1x105 cells/chamber with serum‑free medium. The lower 
chamber was filled with 500 µl DMEM containing 10% FBS. 
Following incubation for 24 h at 37˚C, invading cells in the lower 
chamber were fixed using formalin for 30 min and stained with 
0.5% crystal violet (MilliporeSigma) for 15 min at room temper‑
ature. Cells were imaged using a light microscope and counted 
using a high‑powered microscope (magnification, x200).

Co‑immunoprecipitation (Co‑IP). The HCC‑1937 cells were 
harvested and lysed using RIPA lysis buffer (Beyotime 
Institute of Biotechnology). Protein lysates were incubated 
with anti‑KIF18B (1:1,000; ab168812, Abcam) and anti‑TRIP13 
antibodies (1:1,000; ab128153, Abcam) or normal rabbit IgG 
(1:1,000; ab172730, Abcam) and rotated overnight at 4˚C for 
the formation of an immune‑complex. The reaction mixture 
was then incubated with protein A/G plus‑agarose beads (Santa 
Cruz Biotechnology, Inc.) for 2 h at 4˚C. After being washed five 
times with cold washing buffer, the agarose beads were heated 
with 40 µl 10% SDS buffer to 100˚C for 5 min. The samples 
were analyzed using western blot analysis, as described above.

Statistical analysis. Data were represented by at least three 
independent experimental repeats and are presented as the 
mean ± SD. Statistical analysis was performed using GraphPad 
Prism 7.0 (GraphPad Software, Inc.). Comparisons between 
two groups were analyzed using the unpaired Student's 
t‑test. One‑way ANOVA followed by Tukey's post hoc test 
was used to calculate the statistical differences between ≥3 
groups. Pearson's Correlation analysis was used to analyze the 
correlation between two genes expression in BC. P<0.05 was 
considered to indicate a statistically significant difference.

Results

KIF18B expression is upregulated in BC. KIF18B expres‑
sion profile in BC was analyzed by using TCGA data and the 
UALCAN database. The results demonstrated that KIF18B 
expression was upregulated in patients with BC, particularly 
in patients with the triple‑negative BC (TNBC) subtype, 
in comparison with healthy individuals (Fig.  1A  and  B). 

Moreover, the KIF18B expression levels in human normal 
breast cells (MCF‑10A and MCF‑12A), and in the BC cell 
lines, MCF‑7, ZR‑75‑1, HCC‑1937 and MDA‑MB‑436, were 
also evaluated. The results demonstrated that the BC cell lines 
had significantly higher KIF18B mRNA and protein expres‑
sion levels in comparison with the normal breast epithelial 
cells (Fig. 1C and D). The TNBC HCC‑1937 cell line displayed 
the highest KIF18B expression levels and was thus selected for 
use in subsequent experiments.

Knockdown of KIF18B inhibits the malignant progression of 
BC cells. KIF18B expression was knocked down in HCC‑1937 
BC cells using shRNAs. shRNA‑KIF18B‑1 was selected for use 
in following experiments as a result of its greater transfection 
efficiency (Fig. 2A and B). Following KIF1B knockdown, the 
results demonstrated the decreased viability of the HCC‑1937 
cells (Fig. 2C). The colony formation assay demonstrated that 
the KIF1B knockdown group exhibited a markedly reduced 
number of colonies compared with the NC group (Fig. 2D). 
Furthermore, HCC‑1937 cell migratory and invasive abilities 
were markedly suppressed as a result of KIF18B knockdown 
(Fig. 2E and F). Moreover, KIF18B knockdown decreased the 
MMP12 and MMP9 protein expression levels (Fig. 2G), which 
have both been reported to be involved in tumor cell invasion 
and metastasis (19).

TRIP13 expression is upregulated in BC and is positively regu‑
lated by the direct binding of KIF18B. Following TCGA data 
analysis using the UALCAN database, the results demonstrated 
that KIF18 expression positively correlated with TRIP13 
expression in BC, with a Pearson correlation coefficient of 0.65 
(Fig. 3A). Furthermore, TRIP13 expression was found to be 
upregulated in patients with BC, particularly in patients with 
TNBC (Fig. 3B and C). To further verify this finding, TRIP13 
expression in normal breast epithelial MCF‑10A and MCF‑12A 
cells and BC MCF‑7, ZR‑75‑1, HCC‑1937 and MDA‑MB‑436 
cells was investigated. Results demonstrated that TRIP13 
exhibited higher expression levels in BC cell lines, especially 
in the HCC‑1937 cell line, indicating the potential role of 
TRIP13 in BC progression (Fig. 3D and E). Moreover, KIF18B 
knockdown significantly decreased the TRIP13 expression 
levels in HCC‑1937 cells (Fig.  3F). The direct interaction 
between TRIP13 and KIF18B was determined using a Co‑IP 
assay (Fig. 3G). These findings indicated that KIF18B may play 
an oncogenic role in BC by binding to TRIP13 and positively 
regulating TRIP13 expression levels.

Overexpression of TRIP13 attenuates the inhibitory effects of 
KIF18B knockdown on BC tumorigenesis. To verify the inter‑
action between TRIP13 and KIF18B, TRIP13 overexpression 

Table I. Primer sequences for RT‑quantitative PCR.

Gene name	 Forward (5'‑3')	 Reverse (5'‑3')

KIF18B	 GGAGAACCGACGAAAGGTGT	 AGGGTTAAACACCAGCACC‑C
TRIP13	 TGCTGATTGATGAGGTGGAGAG	 GGTTGCACAAGTATCACGCA
GAPDH	 ATGGGCAGCCGTTAG‑GAAAG	 CCCAATACGACCAAATCAGAGAA

https://www.spandidos-publications.com/10.3892/ol.2022.13232
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was induced in the HCC‑1937 cells via transfection with 
Ov‑TRIP13 vector (Fig. 4A and B). The control HCC‑1937 cell 
group or the KIF18B knockdown group were co‑transfected 
with Ov‑TRIP13. Transfection with shRNA‑KIF18B markedly 
decreased cell viability in the control cell group; however, as 
compared with the Ov‑NC group, cells that were co‑transfected 
with Ov‑TRIP13 exhibited an increased cell viability (Fig. 4C). 
Similarly, the decreased number of colonies induced by KIF18B 
knockdown was reversed by Ov‑TRIP13 (Fig. 4D). Furthermore, 
the impaired migratory and invasive abilities induced by KIF18B 
knockdown were attenuated by Ov‑TRIP13 (Fig. 4E and F). 
KIF18B knockdown also resulted in decreased MMP12 and 
MMP9 protein expression levels, whereas Ov‑TRIP13 reversed 
this effect (Fig. 4G).

Wnt/β‑catenin signaling pathway is involved in the effects of 
the KIF18B/TRIP13 axis on BC. β‑catenin signaling pathway 
protein expression levels were also determined (Figure 5). 
The results demonstrated that KIF18B knockdown resulted 
in the decreased expression of β‑catenin, c‑Myc and 
cyclin D1, in comparison with the negative control. However, 
compared with the shRNA‑KIF18B + Ov‑NC cell group, the 
shRNA‑KIF18B + Ov‑TRIP13 cell group exhibited significantly 
higher Wnt/β‑catenin signaling pathway protein expression 
levels. These results therefore indicated that KIF18B knock‑
down induced the inactivation of the Wnt/β‑catenin signaling 

pathway, whereas TRIP13 overexpression re‑activated this 
signaling pathway in HCC‑1937 BC cells.

Discussion

BC is a common type of cancer that affects women globally. In 
the present study, the role of the KIF18B/TRIP13 axis in BC was 
explored. The results demonstrated that the expression levels 
of KIF18B and TRIP13 were increased in BC. It was demon‑
strated that KIF18B promoted BC cell malignant progression 
by targeting TRIP13, positively regulating TRIP13 expression 
levels, thereby activating the Wnt/β‑catenin signaling pathway. 
Therefore, the present study indicated a novel mechanism, to 
the best of our knowledge, involving KIF18B into driving BC 
progression.

KIF18B has been reported to be upregulated in BC samples 
and has been associated with reduced survival rates (11). In 
line with the previously published results, it was demonstrated 
in the present study that KIF18B expression was upregulated 
in BC cell lines. Furthermore, it was determined in silico that 
KIF18B expression was particularly upregulated in patients 
with the TNBC subtype, and this finding was further validated 
by in vitro experiments, with KIF18B displaying the highest 
expression levels in the TNBC HCC‑1937 cell line. BC is a 
heterogeneous disease and can be categorized into three 
groups: i) Hormone receptor‑expressing [estrogen receptor 

Figure 1. KIF18B overexpression in BC samples and cell lines. (A and B) KIF18 mRNA levels in BC based on sample types and subclasses were assessed 
by analyzing The Cancer Genome Atlas data using the UALCAN online database. (C) Reverse transcription‑quantitative PCR and (D) western blot analysis 
were applied for the evaluation of the KIF18B mRNA and protein levels in MCF‑10A and MCF‑12A normal breast epithelial cell lines, and the BC cell lines, 
including MCF‑7, ZR‑75‑1, HCC‑1937 and MDA‑MB‑436. ***P<0.001. KIF18B, KIF member 18B; BC, breast cancer.
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(ER+) or progesterone receptor (PR+)]; ii) HER2‑expressing 
(HER2+); and TNBC (ER‑, PR‑ and HER2‑), which is particu‑
larly aggressive and is associated with a poor prognosis and 
high heterogeneity (20,21). The role of KIF18B in HCC‑1937 
cell aggression was therefore investigated. Subsequent 

functional analysis revealed that KIF18B knockdown effec‑
tively inhibited HCC‑1937 cell proliferation, migration and 
invasion. The invasion of BC cells into the surrounding 
extracellular matrix and their subsequent migration into the 
bloodstream and lymphatic system are pivotal steps in BC 

Figure 2. KIF18B knockdown inhibits the malignant progression of HCC‑1937 cells. (A) KIF18B mRNA levels in transfected HCC‑1937 cells, measured 
using reverse transcription‑quantitative PCR. (B) KIF18B protein levels in transfected HCC‑1937 cells, measured using western blot analysis. (C) Transfected 
HCC‑1937 cell viability at 24, 48 and 72 h post‑transfection, measured using CCK‑8 assay. (D) Transfected HCC‑1937 cell proliferation at 48 h post‑trans‑
fection, measured using colony formation assay (magnification, x200). (E) Transfected HCC‑1937 cell migration evaluation using wound healing assay 
(magnification, x200). (F) Transfected HCC‑1937 cell invasion evaluation using Transwell assay (magnification, x200); (G) MMP12 and MMP9 protein 
expression was detected by western blotting assay. **P<0.01 and ***P<0.001. KIF18B, KIF member 18B.

https://www.spandidos-publications.com/10.3892/ol.2022.13232
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metastasis (22). The results of the present study suggested the 
potential value of KIF18B knockdown in the treatment of BC, 
particularly TNBC.

To explore the underlying mechanisms of KIF18B in 
mediating BC tumorigenesis, the factors closely associated 
with KIF18B expression in BC were explored. TRIP13 was 
revealed to be positively associated with KIF18B expression 
in BC and exhibited a similar expression profile to that of 
KIF18B, in which it was upregulated in BC, particularly in 
the TNBC subtype. Similar to KIF18B, TRIP13 was also most 
highly expressed in the HCC‑1937 cell line. Moreover, the 
results of the present study validated that KIF18B was able to 
bind to TRIP13 and positively regulate its expression levels. 
These results strongly suggested the involvement of TRIP13 in 
KIF18B‑mediated BC tumorigenesis. Further results revealed 
that TRIP13 overexpression markedly abolished the inhibitory 
effect of KIF18B knockdown on HCC‑1937 cell proliferation, 

migration and invasion, further suggesting that TRIP13 had 
an indispensable role in KIF18B‑mediated BC tumorigenesis.

KIF18B has previously been reported to activate the 
Wnt/β‑catenin signaling pathway, promoting the tumor 
progression of hepatocellular carcinoma  (23), cervical 
cancer (24) and BC (11). In the present study, it was demon‑
strated that the decreased β‑catenin, c‑Myc and cyclin D1 
protein expression levels in HCC‑1937 cells were attributed 
to KIF18B knockdown. The Wnt/β‑catenin signaling pathway 
has been reported to play a crucial role in cancer cell prolifera‑
tion, survival, migration and invasion (25). When Wnt ligands 
bind to transmembrane receptors, Wnt signaling is initiated. 
Cyclin D1 is the upstream signaling molecule of β‑catenin 
and c‑Myc is one of the target genes of β‑catenin (26). The 
results of the present study demonstrated that KIF18B 
functioned as an oncogene in BC via the activation of the 
Wnt/β‑catenin signaling pathway, and therefore promoted the 

Figure 3. TRIP13 is overexpressed in BC and is positively regulated by KIF18B via direct binding. (A) Correlation between KIF18B and TRIP13 expression in 
BC. (B) TRIP13 mRNA level evaluation in BC, based on sample types, by analyzing TCGA data using online databases UALCAN and subclasses. (C) TRIP13 
mRNA level evaluation in BC, based on subclasses, by analyzing TCGA data using the UALCAN online database. (D) TRIP13 mRNA expression evaluation 
and (E) TRIP13 protein expression evaluation using reverse transcription‑quantitative PCR and western blot analysis, respectively, in MCF‑10A and MCF‑12A 
normal breast epithelial cell lines, and the BC cell lines, including MCF‑7, ZR‑75‑1, HCC‑1937 and MDA‑MB‑436. (F) TRIP13 mRNA and protein expression 
evaluation in HCC‑1937 cells with or without KIF18B. (G) Co‑IP assay was used to determine the protein interaction between KIF18B and TRIP13. ***P<0.001. 
KIF18B, KIF member 18B; TRIP13, thyroid hormone receptor‑interacting protein 13; BC, breast cancer; Co‑IP, co‑immunoprecipitation. TCGA, The Cancer 
Genome Atlas.
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Figure 4. TRIP13 overexpression attenuates the inhibitory effects of KIF18B knockdown on HCC‑1937 cells progression. (A) TRIP13 mRNA level evaluation 
using reverse transcription‑quantitative PCR in transfected HCC‑1937 cells. (B) TRIP13 protein level evaluation using western blot analysis, in transfected 
HCC‑1937 cells. ***P<0.001. (C) Cell viability evaluation in transfected HCC‑1937 cells at 24, 48 and 72 h post‑transfection, using CCK‑8 assay. **P<0.01 and 
***P<0.001, vs. control; ##P<0.01, vs. shRNA‑KIF18B + Ov‑NC. (D) Cell proliferation evaluation using colony formation assay. (E) Cell migration evaluation, 
using wound healing assay. (F) Cell invasion evaluation, using Transwell assay. (G) MMP12 and MMP9 protein expression evaluation using western blot 
analysis. **P<0.01 and ***P<0.001. KIF18B, KIF member 18B; TRIP13, thyroid hormone receptor‑interacting protein 13; ov‑NC, overexpression negative 
control.

https://www.spandidos-publications.com/10.3892/ol.2022.13232
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migration and invasion of HCC‑1937 cells. Furthermore, it 
was demonstrated that TRIP13 overexpression reactivated the 
Wnt/β‑catenin signaling pathway, previously being inactivated 
due to KIF18B knockdown. The TRIP13‑mediated activa‑
tion of the Wnt/β‑catenin signaling pathway has also been 
reported in lung, colorectal and cervical cancer (27‑29). It was 
therefore suggested that the activation of the Wnt/β‑catenin 
signaling pathway in BC might be also caused by TRIP13. 
However, further research is required, in order to validate 
this finding. However, this study also had several limitations. 
Firstly, whether KIF18B overexpression can alter the effects 
mediated by TRIP13 silencing on BC cell progression, as 
well as the underlying mechanisms, may also be worthy of 
investigation. Moreover, the use of other TNBC or BC cell 
lines and the application of in vivo experiments, using animal 

models alongside the evaluation of clinical patient samples 
are required to further validate the conclusions of the present 
study. In addition, although the inhibition on cancer cell prolif‑
eration, migration and invasion is sufficient to illustrate the 
anti‑cancer effect in vitro (30,31), the involvement of cell death 
and apoptosis has to be also assessed in vitro and in vivo, to 
further confirm this effect in future research. 

In conclusion, the present study indicated that 
KIF18B/TRIP13 was upregulated in BC, particularly in the 
TNBC subtype, in both cell lines and tissues. Furthermore, 
KIF18B knockdown suppressed the malignant process in 
TNBC cells by decreasing the TRIP13 expression levels, 
which may have inactivated the Wnt/β‑catenin signaling 
pathway. Overall, these findings suggest that KIF18B/TRIP13 
may play a crucial role in BC tumorigenesis. Thus, this axis 

Figure 5. KIF18B knockdown‑mediated inactivation of Wnt/β‑catenin signaling is reversed by TRIP13 overexpression. Transfected and untransfected 
HCC‑1937 cells were used, and the β‑catenin, c‑Myc and cyclin D1 protein expression was examined using western blot analysis. **P<0.01 and ***P<0.001. 
KIF18B, KIF member 18B; TRIP13, thyroid hormone receptor‑interacting protein 13.
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may prove to be a novel prognostic biomarker for patients with 
BC in the future.
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