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Table 2  Univariable and multivariable analyses of prognostic factors in CCRCC for 5-year overall survival

Univariable analyses

Multivariable analyses

HR P value 95% CI HR P value 95% Cl

Expression of Kif11

High vs low or no expression 4.592 0.001 1.937 t0 10.891 2.782 0.022 1.162 to 6.664
Age (years)

<60 vs >60 1.453 0.227 0.793 to 2.664
Location

Left vs right 0.720 0.293 0.391 to 1.328
Gender

Male vs female 1.114 0.739 0.589 t0 2.109
Nuclear grade

G1vs G2 vs G3—4 2.839 <0.001 1.855 to 4.346 2432 <0.001 1.613 to 3.665
Tumour size (cm)

<7 cmyvs U7 0.727 0.299 0.398 to 1.327
PCNA

High vs low 1.815 0.067 0.959 to 3.437
TNM stage

lvs Bvs a+ & 2.571 <0.001 1.69 t0 3.90 2.32 0.001 1.440 to 3.737

CCRCC, clear cell renal cell carcinoma; Kif11, kinesin family member 11; PCNA, proliferating cell nuclear antigen.

VLIQLILFDQWO\ KLIJKHU LQ &&5&& WLVYV ktrtMvaszdeiiected in 63.24% (89/143) of CCRCC tissues, signifi-

with Wilcoxon signed-rank non-parametric test) (figure 1).

Location and expression of Kif11 protein in patients with
CCRCC using IHC analyses

The THC analyses were performed to determine the protein loca-
tion and expression of Kif11 in CCRCC tissues and adjacent tissues.
As shown in figure 2, the location of Kif11 expression was detected
primarily in the cytoplasm of CCRCC tissues. According to the
results of the $ test with included data, a high Kif11 expression

cantly higher (p<0.001 with McNemar test) than that in 34.26%
(49/143) of non-cancerous tissues. PCNA was mainly expressed in
the nucleus of tumour cells in CCRCC tissues.

Correlations between Kif11 protein expression and
clinicopathological attributes of patients with CCRCC

The correlations between Kif11 protein levels and clinicopath-
ological attributes of patients with CCRCC were investigated
and are shown in table 1. Higher expression of Kifll was

Figure 4 Inhibition of kinesin family member 11 (Kif11) in 786-0 cells by SB743921 treatments. (A) Early apoptosis rate of 786-0 cells by SB743921
treatments by FACS. (B) Effects of SB743921 on 786-0 cell growth over 72 hours. Different letters indicate significant difference (p<0.05). (C)
Representative micrographs of the motility of 786-0 cells in the wound healing assay at 0 and 24 hours. PBS, phosphate-buffered saline.

358

Jin Q, et al.J Clin Pathol 2019;72:354-362. doi:10.1136/jclinpath-2018-205390

uBLAdoD Aq paoalold 1sanb Ag 2z0z ‘8z dung uo /wod fug dalj/:dny wouy papeojumod "6TOZ Areniga- 8z Uo 06£S0Z-8T0Z-Ureduldl/9eTT 0T Se paysiiand isiy sjoyred uld ¢



Original article

% 1.0 _a
£
= b
=
: —
S 0.8
=2
a C
2 =
205
=
@
o
z
=
53
=03
PBS 1 nM SB743921 5 nM SB743921
% 1.0 .
£
2 b
£ 08
= =
(=)
o]
o
5 o
g L]
2 05
&
£
(2]
8=
é 03
PBS 1 nM SB743921 5 nM SB743921

a

=

Relative expression levels of E-cadherin mRNA

13
b
1.0 <
PBS 1 nM SB743921 5 nM SB743921
1.0 .
b

0.8

=

Relative expression levels of ZEB-I mRNA

PBS 1 nM SB743921 5 nM SB743921

Figure 5 Expression of epithelial to mesenchymal transition (EMT) related genes and kinesin family member 11 (Kif11) mRNA in 786-0 cells with
SB743921 treatments. Different letters in each column indicate significant difference (p<0.05). PBS, phosphate-buffered saline.

significantly associated with tumour nuclear grade (p=0.021)
and TNM stage (p<0.001). Higher expression of PCNA was
associated with tumour nuclear grade (p=0.039) and TNM
stage (p=0.001). However, Kif11 protein and PCNA protein
expression in CCRCC cells was not significantly associated with
age, gender, location or tumour sizes. Kif11 and PCNA expres-
sion was positive in 65 cases and negative in 40 cases, with weak
positive correlation (x*°=30.165, r=0.459, p<0.01).

High Kif11 protein expression predicts poor prognosis in
patients with CCRCC

Subsequently, the univariable analyses were conducted to eval-
uate the Kifll protein expression and clinicopathological
factors of patients with CCRCC. The results showed that high
expression levels of Kif11 (HR=4.592, p=0.001), nuclear grade
(HR=2.839, p<0.001) and TNM stage (HR=2.571, p<0.001)
were significantly associated with poor overall survival of
patients with CCRCC (table 2). These prognostic factors were
further evaluated by multivariable Cox proportional hazards
regression model analyses. With the Kaplan-Meier analysis,
high Kif11 expression (HR=2.782, p=0.022), nuclear grade
(HR=2.432, p<0.001) and TNM stage (HR=2.320, p=0.001)
were all independent prognostic markers of poor 5-year overall
survival (table 2). Patients with CCRCC with high expression of
Kif11 protein had significantly shorter overall survival compared
with those with low or no Kif11 expression (figure 3).

Growth inhibition in kidney cancer cells by specific inhibition
of Kif11 expression

To confirm the effect of Kif11 expression on kidney cancer cells,
786-0 cells were treated with SB743921. The results of CCK8
showed that inhibition of Kif11 expression with SB743921
significantly decreased the proliferation rates of 786-O cells in
a dose-dependent manner (figure 4A). To elucidate the effect of

Kif11 on kidney cancer cell apoptosis, we further performed
FACS after SB743921 treatments. The results of Annexin V
assay showed that inhibition of Kif11 expression significantly
increased the early apoptosis rate in 786-O cells (figure 4B).
The migration results showed that with the inhibition of Kif11,
the migration abilities of 786-O cells significantly decreased
(figure 4C). The EMT process was further analysed. After 72
hours of incubation with SB743921, the results of qRT-PCR
showed that the EMT process significantly decreased in a
dose-dependent manner with SB743921 treatments (figure 5).
The results showed that the E-cadherin mRNA relative expres-
sion levels significantly increased (p<0.05) with Vimentin and
ZEB-1 mRNA relative expression levels significantly decreased
(p<0.05). Meanwhile, the Kifl1 mRNA relative expression
levels significantly decreased in a dose-dependent manner with
SB743921 treatments (p<0.05).

Survival analyses of target gene
High expression of Kifll confers a survival disadvantage to
patients with ACC (log rank p=2.8e-06, HR (high)=5.30),
patients with BLCA (log rank p=0.045, HR (high)=1.40),
patients with KICH (log rank p=0.02, HR (high)=5.20

)

) )

) )5

patients with KIRP (log rank p=0.00028, HR (high) )
) )

) )

=3.00),
patients with SARC (log rank p=0.00057, HR (high)=1.90),
patients with LIHC (log rank p=0.00024, HR (high)=1.80),

patients with AAD (log rank p=0.043, HR (high)=1.60),
patients with LGG (log rank p=0.0087, HR (high)=1.50)
and patients with UVM (log rank p=0.014, HR (high)=3.30)
(figure 6).

The relationship between Kif11, PCNA and VHL showed that
in KIRC tissues, the expression of Kif11 was positively related
with that of PCNA (p<0.01, R=0.74) and VHL (p<0.01,
R=0.47) (figure 7).
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Figure 6 High expression of kinesin family member 11 (Kif11) was correlated with poorer prognosis in different cancers. Overall survival rates in
patients with ACC, BLCA, KICH, KIRP, SARC, LIHC, LGG, PAAD and UVM with high expression levels of Kif11 protein (red line) were statistically lower
than those in patients with low and no Kif11 expression (blue line). ACC, adrenocortical carcinoma; BLCA, bladder urothelial carcinoma; LGG, brain
lower grade glioma; KICH, kidney chromophobe; KIRP, kidney renal papillary cell carcinoma; LIHC, liver hepatocellular carcinoma;PAAD, pancreatic
adenocarcinoma; SARC, sarcoma; TPM, transcripts per kilobase of exonmodel per million mapped reads; UVM. uveal melanoma.

DISCUSSION

To our knowledge, the management of CCRCC remains a ther-
apeutic challenge for renal diseases because of its late presenta-
tion and resistance to chemotherapy.?? For patients with local
disease, surgical resection represents the only curative treatment
modality. However, more than 30% of patients who undergo
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Figure 7 Relationship between kinesin family member 11 (Kif11),
proliferating cell nuclear antigen (PCNA) and the von Hippel-Lindau
disease tumour suppressor gene (VHL) in kidney renal clear cell
carcinoma tissues. TPM, transcripts per kilobase of exonmodel per
million mapped reads.

resection of localised disease still present with recurrence, metas-
tasis or experience progression.”> Consequently, significant
attention has been directed to the optimisation of novel prog-
nostic markers, which can be related to tumour recurrence and
progression to predict prognosis of patients with CCRCC.
Unlike most other kinesins characterised thus far, full-length
Kif11 is a homotetrameric, bipolar protein composed of four
identical motor domains, with two motor domains at each end
of a rod.® Three of the Kif11 domains are assigned with the
roles of kinesin function differentiation” and the N-terminal
globular motor domain performs the functions of microtubule
binding and nucleotide hydrolysis. Variations in sequence in
the tail, interrupted coiled-coil region, and neck-linker/cover
neck? dictate the specific motor proteins binding cargo, partic-
ular oligomerisation states, and control directionality of net
motion of the motor domain, respectively.” Pilocytic astrocy-
toma, diffuse astrocytoma, anaplastic astrocytoma and glioblas-
toma have Kifl1 expression with a mean of 18.60% positive
neoplastic cells, 13.48% positive neoplastic cells, 18.60% posi-
tive neoplastic cells, 43.59% positive neoplastic cells and 76.88%
positive neoplastic cells, respectively.®’ In Alzheimer's disease, the
inhibition of Kif11 by amyloid beta (AB) could block neuronal
function and cause neuronal dysfunction with the mechanism of
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reduced transport of neurotrophin and neurotransmitter recep-
tors to the cell surface.”® Kif11 has been implicated in tumouri-
genesis and Kif11 inhibitors such as monastrol and ispinesib have
been successfully used in clinical treatment.”” Dimethylenastron,
one of the Kifl1 inhibitors, effectively inhibited tumour cell
proliferation and induced apoptosis of pancreatic cancer cells in
nude mouse xenografts via the c-Jun NH2 kinase pathway.?®°
The loss of Kif11 activity by mutation,*! immunodepletion,**
inhibition®® or by RNA interference’® could result in spindle
assembly defects, cell cycle arrest and apoptosis, which leads
to cell death.® ** Moreover, transgenic mice with overexpressed
Kif11 expression exhibited high tendencies to develop different
malignancies.*® The above results indicate that Kif11 may act as
an oncogene during cancer development.

In this study, expression levels of Kifl1l in CCRCC tissue
samples and matched non-cancerous samples were detected
with the observation that Kif11 mRNA and protein levels were
significantly higher in CCRCC tumour tissues than those in the
corresponding adjacent non-cancerous tissues, which is consis-
tent with previous studies.”” In our study, high Kif11 protein
levels were associated with poor overall survival in patients with
CCRCC, which indicates that the Kifl1 protein level may be
used as an independent clinical marker in predicting unfavour-
able prognosis.

Different expression locations of Kifl1l in tumours or cell
lines, such as nuclear or cytoplasmic,*® have been reported. We
mainly observed the cytoplasmic expression of Kif11 in CCRCC
tissues, and rarely detected the nuclear expression of Kif11 in
CCRCC tissues. We suggest that these differences are probably
due to the differences in tumour types, antibodies and fixation
fluid used.

Kinesin inhibitors have been shown to exhibit strong antitu-
mour activities®® > with many clinical studies of kinesin inhib-
itors ongoing. In our study, SB743921 was selected as a Kif11
inhibitor with the inhibition of the ATPase activities of Kif11.2'*
Our results showed that SB743921 decreased the proliferation
of 786-0 cells with subsequent apoptosis and inhibition of the
EMT process. Targeting KIF11 with small molecule inhibitors,
such as SB743921, may be a powerful approach for kidney
cancer treatment.

Future studies that include larger numbers of tumour samples,
different CCRCC cell lines or transgenic mice are necessary to
further investigate the role of Kif11 in CCRCC tumour biology.
Taken together, we analysed the Kif11 expression in CCRCC
and demonstrated that Kif11 is involved in CCRCC develop-
ment. The findings indicate that Kif11 may act as an oncogene
during CCRCC development and Kif11 could be identified as a
novel prognostic biomarker in CCRCC clinical treatment.

Take home messages

» High kinesin family member 11 (Kif11) expression, nuclear
grade and TNM stage were independent factors to predict
poor prognosis in patients with clear cell renal cell carcinoma
(CCRCQ).

» High Kif11 expression was associated with unfavourable
prognosis in CCRCC and could be used as a potential
prognostic marker in the clinical diagnosis of CCRCC.

» Inhibition of Kif11 expression in 786-0 cells by SB743921
suppressed cell proliferation, migration and the epithelial to
mesenchymal transition process with increased apoptosis
rate.
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