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The aim of our study was to detect the expression of KIF23 in human bladder cancer tissues and to assess the potential
role of KIF23 in bladder cancer progression. The expression of KIF23 and the correlation with bladder cancer patients were
explored using the TCGA database. Additionally, IHC assays were also performed to detect KIF23 expression in 95 bladder
cancer tissues and corresponding non-tumor tissues collected in our hospital. Colony formation, MTT, and flow cytometry
(FCM) assays were performed to detect its effects on bladder cancer cell proliferation and apoptosis, respectively. An animal
model was developed to found the effects of KIF23 on tumor growth in mice. Data showed that the KIF23 expression was
upregulated in human bladder cancer tissues. The expression of KIF23 was correlated with the prognosis and clinicopatho-
logical features, including T stage (p=0.022) and recurrence (p=0.020), of bladder cancer patients. KIF23 depletion inhibited
the proliferation of bladder cancer cells, stimulated apoptosis, and suppressed tumor growth in mice. We demonstrated
the involvement of KIF23 in bladder cancer progression and provided a promising therapeutic target for the treatment of

bladder cancer.
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Bladder cancer is a common type of cancer in the urinary
system, with a high incidence worldwide. According to
recent research, about 80,470 new bladder cancer cases could
be identified, and the estimated new deaths were 17,670 cases
in the United States in 2019 [1]. The common treatment for
non-muscle invasive bladder cancer (NMIBC) is a transure-
thral resection of bladder tumor (TURBT) followed by intra-
vesical therapy. For patients with muscle invasive bladder
cancer (MIBC), radical cystectomy with urinary diversion
is recommended, and those who have pelvic lymph node
metastasis or distant metastasis also need radiotherapy and/
or chemotherapy. For metastasized bladder cancer patients,
the outcome is still poor, with a median survival time of
approximately 14 months [2]. Emerging immune check-
point inhibitors (ICB) bring hope to patients with metastatic
bladder cancer. However, only 13-21% of patients with
metastatic bladder cancer benefited from ICB [3-5]. Due to
the high incidence and the nature of its management, bladder
cancer has become one of the most expensive cancers in
China. To combat this disease more specifically, there is still
an urgent need to develop new promising therapeutic targets.

Kinesin family member 23 (KIF23), a human homolog of
mouse Kif23, is a critical motor protein involved in multiple
cellular processes such as motility, cytokinesis, and cilio-
genesis [6, 7]. In HeLa cells, the depletion of KIF23 led to
the formation of multinucleated cells due to the defects of
cytokinesis [8]. A previous study also indicated that KIF23
could drive the movement of the microtubule so that to affect
the microtubule-dependent functions [6, 9]. Additionally,
in neuroblastoma cells, the ablation of KIF23 also led to an
obvious increase in axon length [10].

Notably, the wide involvement of KIF23 in the progres-
sion of multiple types of tumors was revealed [11, 12]. KIF23
was found abnormally expressed in several types of cancers,
including lung cancer, breast cancer, and gastric cancer
[11-13]. KIF23 contributed to gastric cancer by promoting
cell proliferation [13]. Additionally, another study reported
a higher KIF23 expression in glioma tissues compared to
normal brain tissues [14]. Though the wide effects of KIF23
on cancer progression, the potential role of KIF23 in the
progression and development of bladder cancer is still
unclear.
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In this study, we explored the possible involvement of
KIF23 in the progression of bladder cancer. We found the
high expression of KIF23 in human bladder cancer tissues,
and its expression correlated with the prognosis and clini-
copathological features of patients with bladder cancer. We
further demonstrated that KIF23 promoted the proliferation,
stimulated the apoptosis of bladder cancer cells, which was
confirmed in mice. In conclusion, we confirmed KIF23 as
a promising therapeutic target for the treatment of bladder
cancer.

Materials and methods

Antibodies, primers, and shRNA plasmids. Anti-KIF23
(for ITHC assays, 1:200 dilution, ab235955, Abcam,
Cambridge, UK; for immunoblot assays, 1:2000 dilution,
ab174304, Abcam, Cambridge, UK), anti-GAPDH (1:2000
dilution, ab9484, Abcam, Cambridge, UK).

The quantitative PCR primer sequences of KIF23 are as
follows: forward, 5-AGACAGAAGGCGAGGGATG-3" and
reverse, 5-GGAGACGAATTGGTGGTGC-3’; the quanti-
tative PCR primer sequences of GAPDH are as follows:
5-CGACCACTTTGTCAAGCTCA-3’ and 5-GGTTGAG-
CACAGGGTACTTTATT-3" KIF23 shRNA plasmids (the
shRNA sequence targeting KIF23 was as follows: 5’-GGTAG-
ATCTTGCTGGAAGT-3’) were purchased from Addgene
plc.

Human tissue samples and analysis. The 95 human
bladder cancer tissues and corresponding non-tumor tissues
in this study were collected from the patients receiving
surgical treatment in our hospital. The clinicopathological
characteristics, such as patient age, gender, T stage, tumor
grade, lymph node metastasis, recurrence was listed in
Table 1.

To explore the possible correlations between the expres-
sion levels of KIF23 and bladder cancer progression,
immunohistochemical (IHC) assays were performed on
formalin-fixed, paraffin-embedded bladder cancer tissues. In
brief, tissue sections (4 pm) were deparaffinized for 10 min in
xylene, then rehydrated with ethanol. After antigen retrieval,
3% H,0, was added to the sections and incubated for 15
minutes at room temperature to block endogenous peroxi-
dase activity. Slides were incubated with KIF23 antibodies
at room temperature for 2 hours. Subsequently, the sections
were incubated with biotinylated secondary antibody for
another 1.5 hours, and diaminobenzidine was used as a
chromogen substrate.

KIF23 was found mainly located in the nucleus of bladder
cancer tissues. The score methods were as follows. In brief,
the proportion of positive stained cells was graded as
follows: 1 = 0-25% stained cells; 2 = 26-50% stained cells; 3
= 51-75% stained cells; 4 = 76-100% stained cells [15]. The
staining intensity was evaluated on a score of 0 (no staining),
1 (low-level staining), 2 (modest-level staining), and 3 (high-
level staining). The final KIF23 staining score = the intensity

score x the percentage score, the expression levels of KIF23
were defined as follows: a final staining score less than 6 was
considered as a low expression, while a staining score of 7 or
more was thought as a high expression [16].

Cell culture and transfection. The human bladder cancer
cell lines, T24 and 5637, were bought from ATCC. T24 cells
were incubated in Dulbeccos modified essential medium
(DMEM), supplemented with 10% fetal bovine serum (FBS,
Gibco, CA, USA), in a 5% CO, incubator. 5637 cells were
cultured in RPMI 1640 medium containing 10% fetal bovine
serum (FBS, Gibco, CA, USA), in a 5% CO, incubator. The
KIF23 shRNA plasmids were transfected into both T24 and
5637 cells using the Lipofectamine 2000 reagent (11668019,
Invitrogen, CA, USA) following the manufacturer’s instruc-
tions. KIF23 stably depleted T24 cells were screened through
its shRNA lentivirus infection and used for the in vivo tumor
growth assays.

Quantitative PCR assays. Trizol (15596026, Invitrogen,
CA, USA) was used to extract total RNA from human
bladder cancer cells according to the manufacturer’s protocol.
Then the RNA was reverse-transcribed by M-MLV reverse
transcriptase (M1701, Promega, Wisconsin, USA).

Total mRNA was reverse transcribed to produce cDNA
by the cDNA synthesis system. Quantitative PCR was
performed using SYBR Ex Taq kit (638319, Takara, Japan),
and KIF23 expression level was normalized to the expression
of GAPDH as an internal control.

Immunoblot assays. Bladder cancer cells or tissues were
lysed by RIPA Buffer (9800, Cell Signaling, Danvers, MA).
Then SDS-PAGE was performed. After the transfer onto

Table 1. The correlations between KIF23 expression and the clinicopatho-
logical features of 95 patients with bladder cancer.

KIF23 expression
Feature All Low High X p-value
n=95 g
n=26 n=69
Age (year) 2.229 0.135
<55 36 13 23
>55 59 13 46
Gender 1.803 0.179
Male 63 20 43
Female 32 6 26
Tumor stage 5235  0.022*
T2 44 17 27
T3/T4 51 9 42
Tumor grade 0.839 0.360
Low 23 8 15
High 72 18 54
Lymph node metastasis 2.723 0.099
Yes 25 10 15
No 70 16 54
Recurrence 5.414 0.020*
Yes 44 7 37
No 51 19 32
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polyvinylidene fluoride (PVDF) membranes, membranes
were blocked with 5% skim milk in TBST at room tempera-
ture for 2 h. After that, the proteins were incubated with
the primary antibodies for the detection of KIF23 and
GAPDH overnight at 4 °C. Then the PVDF membranes were
incubated with HRP-conjugated secondary antibodies for 1
hour. Signals were detected by an ECL kit (E411-03, Vazyme,
Nanjing, China).

Colony formation assays. The bladder cancer cells were
transfected with control or KIF23 shRNA plasmids for 48h
and then cultured into a 6-well culture plate (200 cells/
well). The medium was replaced with fresh medium every 3
days. After two weeks, cells were fixed with PFA for 30 min
at room temperature and stained with 0.2% crystal violet at
room temperature for 30 min, then washed with PBS. The
plates were photographed and the number of colonies was
manually counted.

MTT assays. The bladder cancer cells were plated into
96-well plates with a density of approximately 3000 cells/well,
then transfected with control or KIF23 shRNA plasmids and
incubated for 24 hours. After that, the cells were incubated
with 20 Wl MTT reagent for 4 h at room temperature following
the removal of the culture medium. Then 150 pl dimethyl
sulfoxide (DMSQO) was added into each well to extract the
stained cells and the OD value was measured with a micro-
plate reader at 570 nm wavelength.

Cell apoptosis assays. For cell apoptosis assays, bladder
cancer cells were stained with annexin V-FITC and PI for 20
min at room temperature. Then cells were analyzed using a
FACS Calibur flow cytometer.

Tumor growth assays. All animal assay processes
were approved by the Institutional Animal Care and Use
Committee (IACUC) of our hospital. T24 cells were stably
infected with control or KIF23 shRNA lentivirus. Subse-
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quently, about 1x10°T24 cells infected with the indicated
lentivirus were subcutaneously implanted into athymic nude
mice (Control group n = 4, KIF23 shRNA group n = 4). After
15 days, tumors began formation, and the tumor volume was
measured every 3 days. After 30 days, tumors were taken out
and photographed, and the tumor growth curves were calcu-
lated.

Statistics. GraphPad 6.0 software was used for statistical
analysis in this study. All results in this study were repre-
sented as mean * SD. The correlations between clinical
features of bladder cancer patients and KIF23 expression
levels were analyzed using x* analysis. Student’s t-test was
used for statistical comparisons. *indicated p<0.05, which
was also considered a statistically significant difference.

Results

KIF23 expression was enhanced in bladder cancer
tissues and correlated with the prognosis of bladder cancer.
To evaluate the expression of KIF23 in human bladder cancer
tissues, we searched the expression information of KIF23 in
bladder cancer tissues according to the TCGA database using
the GEPIA web server. We found that the expression of KIF23
in bladder cancer was at a high level compared to non-tumor
tissues (Figure 1A). We then assessed the survival informa-
tion of patients with bladder cancer according to two sets
of patients with different expression levels of KIF23. Inter-
estingly, we found the high expression of KIF23 was corre-
lated with disease-free survival rates of patients with bladder
cancer, suggesting the correlation between KIF23 and the
prognosis of bladder cancer patients (Figure 1B). Therefore,
data in the TCGA database provided evidence that KIF23
was highly expressed in human bladder cancer tissues and
correlated with the prognosis.

Disease Free Survival

T — Low KIF23 TPM
| ¥ — High KIF23 TPM
Logrank p=0.04

HR(high)=1.8
------------------------------- p(HR)=0.042
n(high)=81
) n(onv)=81

60 80
Months

100 120

Figure 1. KIF23 expression was enhanced in bladder cancer tissues and correlated with the prognosis of patients with bladder cancer. A) KIF23 mRNA
level (using log2(TPM+1) for log-scale) in bladder cancer tissues was upregulated according to the TCGA database (GEPIA web server [29]). B) KIF23
expression was correlated with the disease-free survival rates of two sets of bladder cancer patients, according to the TCGA database.
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The expression of KIF23 was associated with the clini-
copathological features of bladder cancer patients. Subse-
quently, we performed the IHC assays to further detect the
expression levels of KIF23 in a total of 95 bladder cancer
tissues and corresponding normal tissues collected in our
hospital. According to the staining results, we noticed KIF23
was mainly located in nuclei of bladder cancer tissues (Figure
2A). Importantly, the expression of KIF23 was obviously
higher than that in the corresponding normal tissues, consis-
tent with the previous results (Figures 24, 2B).

We then performed a clinicopathological analysis to
explore the correlation between KIF23 expression and
clinical features of the 95 bladder cancer patients. Patients
were divided into KIF23 high expression and low expres-
sion according to the staining results, we found 26 (27.3%)
patients showed low expression, and the remaining 69
(72.7%) exhibited high KIF23 expression (Table 1).

The clinical features, including patient age, gender, T stage,
tumor grade, lymph node metastasis, and recurrence, were
analyzed (Table 1). We found there were no obvious correla-
tions between KIF23 expression and patient age (p=0.135),
gender (p=0.179), tumor grade (p=0.036), and lymph node
metastasis (p=0.099, Table 1). Notably, the expression of
KIF23 was significantly correlated with T stage (p=0.022)
and recurrence (p=0.020, Table 1) of bladder cancer patients.
We, therefore, indicated the high expression of KIF23 in
human bladder cancer tissues and confirmed the correlations
between its expression and clinical pathological characteris-
tics of bladder cancer patients.

Knockdown of KIF23 suppressed the proliferation and
stimulated the apoptosis of bladder cancer cells in vitro. To
further assess the involvement of KIF23 in the progression
of bladder cancer, we used the shRNA plasmids targeting
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KIF23 to deplete its expression in human bladder cancer cell
lines, T24 and 5637. The silencing efficiency was confirmed
by quantitative PCR assays (Figure 3A) and immunoblot
assays (Figure 3B), respectively, in T24 and 5637cells, and the
mRNA and protein levels were all obviously decreased after
KIF23 depletion.

Subsequently, we performed MTT assays and colony
formation assays to explore the effects of KIF23 on the
proliferation of T24 and 5637 cells. We noticed the ablation
of KIF23 led to the decrease of colony numbers in T24 and
5637 cells, confirmed by colony formation assays (Figure
4A). Similarly, through MTT assays, we found the OD value
at 570 nm wavelength was obviously decreased in T24 and
5637 cells after KIF23 depletion, suggesting the defects in
cell proliferation (Figure 4B). We further detected the effects
of KIF23 on cell apoptosis in T24 and 5637 cells transfected
control or KIF23 shRNA plasmids, through the flow cytom-
etry (FCM) assays. Interestingly, we found the depletion of
KIF23 increased the percentage of apoptotic cells in both
T24 and 5637 cells, respectively, suggesting the promotion
of cell apoptosis (Figure 4C). Collectively, we demonstrated
the depletion of KIF23 could lead to proliferation defects and
stimulated the apoptosis of bladder cancer cells in vitro.

KIF23 promoted tumor growth of bladder cancer cells
in mice. To further confirm the previous in vitro data, we
explored whether KIF23 promoted tumor growth of bladder
cancer cells using an animal model. Briefly, T24 cells were
infected with the control or KIF23 shRNA lentivirus and
subcutaneously injected into nude mice. After 15 days, the
tumor began formation and tumor volume was measured
every 3 days. After 30 days, all tumors were isolated, photo-
graphed, and the animals were sacrificed. The tumor growth
curves are exhibited in Figure 5A, left. The representative

C

Negative

Figure 2. KIF23 expression was upregulated in human bladder cancer tissues. A, B, D, E). Inmunohistochemical (IHC) assays were performed, and
the representative photographs of KIF23 staining in human bladder cancer tissues were taken and shown (low and high expression, 100x and 200x
magnification, respectively). C, F) IHC assays were performed and confirmed the negative expression of KIF23 in the corresponding normal tissues

(100x and 200x magnification, respectively).
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Figure 3. KIF23 expression was decreased in both T24 and 5637 human bladder cancer cells caused by the transfection of its sShRNA plasmids. A)
Quantitative PCR assays revealed the remarkably decrease mRNA levels of KIF23 following the transfection of its sShRNA plasmids in T24 and 5637
cells, respectively. B) Inmunoblot assays revealed the efficient inhibition of KIF23 expression after the transfection of its sStRNA plasmids in both T24

and 5637 cells. Results are presented as mean + SD, *p<0.05

images of tumors are shown in Figure 5A, right. Consistent
with our hypothesis, the volume of tumors in KIF23 deple-
tion groups was significantly decreased than that in control
groups (Figure 5A). We further performed immunoblot
assays to detect KIF23 expression in tumor tissues from
control and KIF23 depletion mice. We found KIF23 expres-
sion levels were all decreased in KIF23-depleted tumor
tissues, consistent with the previous data (Figure 5B). Collec-
tively, we reported KIF23 promoted tumor growth of bladder
cancer cells in vivo.

Discussion

Around 80% of cases with NMIBC will relapse and about
30% of patients will progress into MIBC [17]. For NMIBC
patients, intravesical chemotherapy and lifelong surveillance
cystoscopy are necessary, which makes bladder cancer treat-
ment very expensive in many countries. The recommended
treatment options for patients with MIBC include radical

cystectomy and platinum-based neoadjuvant or adjuvant
chemotherapy [18]. However, there are still many patients
present with advanced and metastatic bladder cancer which
are associated with extremely low survival rates. ICB bring
dawn to patients who are nonresponsive to platinum-based
therapy, with an ORR of around 20% [19, 20]. Indeed,
comprehensive treatment strategies for bladder cancer can
improve its prognosis but they also impose a heavy economic
burden on patients and society. Thus, developing novel
and promising therapeutic targets for the targeted therapy
of bladder cancer is quite a requirement. In this study, we
found the significantly high expression of a kinesin, KIF23,
in bladder cancer tissues, according to the data in the TCGA
database and our results in IHC assays. Furthermore, we
noticed the expression of KIF23 was dramatically corre-
lated with the prognosis and clinicopathological features
of bladder cancer patients. Our data, therefore, provided
evidence that KIF23 could act as a promising bladder cancer
therapeutic target.
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Figure 4. KIF23 affects the proliferation and apoptosis of bladder cancer cells in vitro. A) T24 and 5637 cells transfected with control or KIF23 shRNA
plasmids, colony formation assays were conducted, and the number of colonies was counted. B) The results of MTT assays showed a decrease OD value
at 570 nm wavelength after KIF23 depletion. C) Flow cytometry assays were performed using T24 and 5637 cells transfected with control or KIF23
shRNA plasmids, and the effects of KIF23 on cell apoptosis were detected. Results are presented as mean + SD, *p<0.05

Subsequently, through MTT assays and colony formation
assays, we demonstrated that KIF23 promoted the prolifera-
tion of bladder cancer cells in vitro. The FCM assays further
confirmed KIF23 affected the apoptosis of bladder cancer
cells, and the in vivo assays confirmed the previous data. We,
therefore, thought KIF23 affected the progression of bladder
cancer via the regulation of cell proliferation and apoptosis.
Similarly, the effects of KIF23 on cancer progression and
development have been widely revealed [11-14]. KIF23
overexpression was correlated with the clinical outcome
in patients with lung cancer [21]. Additionally, KIF23 was
identified as a novel prognostic factor in patients with hepato-
cellular carcinoma (HCC) [22]. Similarly, another study also
indicated that KIF23 could promote the proliferation of
glioma cells [14]. These studies, together with our findings,
suggested the wide effects of KIF23 on cancer progression.

As a key motor protein, KIF23 regulated multiple cellular
processes such as mitosis [23]. KIF23 is known to be involved
in the regulation of bundling and transport of microtubules

to explicit intracellular locations [13, 24]. Furthermore,
KIF23 therefore might mediate the migration and mitosis,
particularly cytokinesis, of tumor cells [6]. In this study, we
noticed KIF23 promoted the progression of bladder cancer
via regulating cell proliferation and apoptosis, and thought
KIF23 affected this process via the effects on mitosis of tumor
cells, and the precise molecular mechanism needs further
study. In addition, since the regulation of KIF23 on the micro-
tubule, we next should detect whether KIF23 could affect the
migration and invasion of bladder cancer cells in vitro.
Except for KIF23, the effects of other kinesins have been
widely revealed [25]. KIF11 could enhance the self-renewal
capacity of breast cancer via the Wnt pathway [26]. Another
study demonstrated that KIF18B contributed to the prolif-
eration of pancreatic cancer cells via activating CDCAS8
expression [27]. Additionally, KIF2A expression was corre-
lated with the tumor stages and prognosis of patients with
non-small cell lung cancer [28]. These studies, together with
our findings, confirmed the key roles of kinesins in cancer
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performed, and the representative photographs of KIF23 staining in mice bladder cancer tissues were taken and shown (200x magnification). Results

are presented as mean + SD, *p<0.05

progression. Therefore, finding effective inhibitors might be a
powerful manner for cancer treatment.

In conclusion, we found a high mRNA level of KIF23
in human bladder cancer tissues. The expression of KIF23
was related to the prognosis and clinicopathological features
of patients with bladder cancer. We also confirmed KIF23
affected the proliferation and apoptosis of bladder cancer
cells in vitro, and affected tumor growth in mice. Therefore,
we demonstrated the involvement of KIF23 in bladder cancer
progression and thought of KIF23 as a promising bladder
cancer therapeutic target.
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