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Abstract

Protein tyrosine kinase 6 (PTK®6) is a non-receptor tyrosine kinase and works as an oncogene in
various cancers. Recently, PTK6 has been used as a therapeutic target for breast cancer patients in
a clinical study. However, the prognostic value of PTKé6 in bladder cancer (BC) remains vague.
Therefore, we retrieved 3 independent investigations of Oncomine database and found that PTK6é
is highly expressed in BC tissues compared with corresponding normal controls. Similar results
were also observed in clinical specimens at both mRNA and protein levels. Immunohistochemical
analysis indicated that PTK6é overexpression was highly related to the T classification, N
classification, grade, recurrence, and poor prognosis of BC patients. Furthermore, we
demonstrated that when PTKé expression was knocked down by siRNAs, cell proliferation and
migration were considerably inhibited in BC cell lines T24 and EJ. By these approaches, we are
intended to elucidate PTK6 may be a reliable therapeutic target in BC and might benefit from PTK6é

inhibitors in the future.
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Introduction

Bladder cancer (BC) is one of the most fatal
malignant tumors and a serious public health
problem causing an increasing incidence and
mortality worldwide [1-3]. Environmental or
occupational exposures to carcinogens, especially
tobacco, are the main risk factors for bladder cancer
[4]. In spite of advances in diagnostic and treatment
strategies, surgical operation is still the most effective
treatment therapy for BC [5, 6], and only a handful of
chemotherapy drugs are useful for BC patients which
always result in an unsatisfactory clinical outcomes
[7-10]. Consequently, explore effective prognostic
biomarkers which can be utilized to refractory BC is
needed.

Protein tyrosine kinase 6 (PTK6) is a
non-receptor tyrosine kinase [11] and has both
kinase-dependent and kinase-independent functions
[12] which was first cloned from a metastatic human
breast tumor [13, 14]. Previous studies showed that
PTK®6 plays an important role of oncogene [15-18] or
anti-oncogene [19-21] in numerous tumors. These
studies demonstrated the involvement of PTK6 in
cancer proliferation, metastasis and apoptosis [15, 22].
However, the prognostic significance of PTK6 in
bladder cancer is still unclear.

In this study, we evaluated the expression of
PTK6 at both the mRNA and protein levels. We
further evaluated the relationship between PTK6
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expression and clinicopathologic =~ parameters
including prognostic significance, and explored the
biological function of PTK6 in BC patients.

Materials and Methods

Databases

The datasets in Oncomine Cancer Microarray
Database (https:/ /www.oncomine.org) were used to
identify the expression pattern of PTK6 in BC. The
datasets of corresponding clinical data used
throughout this study was downloaded from the GEO
database (https:/ /www.ncbi.nlm.nih.gov/geo/)
following approval of these projects by the
consortium. To gain further insight into the biological
pathways involved in BC pathogenesis through PTK6
pathway, a gene set enrichment analysis (GSEA) was
performed. The canonical pathways gene sets
(h.all.v6.0.symbols.gmt)  from  the  Molecular
Signatures Database-MsigDB (http://software.broad
institute.org/ gsea/msigdb/collections.jsp#H) were
used for enrichment analysis.

RNA extraction, reverse transcription and real
time PCR

Total RNAs from fresh tissues were purified
from tissues using TRIzol Reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s
instructions, and 2 pg RNA of each sample was
reverse transcribed wusing SuperScript RT kit
(Invitrogen Life Technologies, Carlsbad, CA, USA).
Full-length open reading frame of PTK6 was
amplified by PCR from c¢cDNA samples of normal
bladder epithelium tissues and bladder cancer tissues.
Real-time PCR was performed using a CFX9
Real-Time System (BIO-RAD) (PREMIER Biosoft
International, Palo Alto CA, USA). Sequences of the
primers were as follows: PTK6, 5-TACTTTGGGGA-
GGTCTTCGAG-3" (sense), 5'-TBCCBCABCTTCTTC-
ATG-3'(antisense); GAPDH, 5-GACTCATGACCAC-
AGTCCATBC-3' (sense), 5-AGAGBCAGGGATG-
ATGTTCTG-3' (antisense). We utilized the SYBR
Green kit (Invitrogen Life Technologies, Carlsbad,
CA, USA) to execute the amplification of the cDNA.
The RT-PCR cycling parameters were performed as
follows: denaturation at 95°C for 15 seconds,
annealing at 55°C for 30 seconds and extension at
72°C for 30 seconds. The expression data were
normalized to the geometric mean of housekeeping
gene GAPDH to control the difference in expression
levels and analyzed using the 2-Delta Delta C(T)
method.

Tumor specimens and patient data

151 paraffin-embedded archived samples of BC
were used in immunohistochemistry, including 15

samples with adjacent normal tissues. All these
samples were derived from initial surgery without
either preoperative chemotherapy or radiotherapy
between 2000 and 2010 at SYSUCC. TNM staging and
clinicopathologic classification were determined
according to the 2010 American Joint Committee on
Cancer (AJCC) staging system. Clinicopathologic
information of the 151 BC samples was described in
Table 2.
Overall survival (OS) was defined as the interval
between the date of surgery and the date of death or
the last known follow up. Additionally, 15 pairs of
matched tumor samples and adjacent normal tissues
(collected immediately after surgery and stored at
-80°C were used for real time PCR analysis.

151 patients included 135 males and 16 females
from 15 to 87 years (mean, 61 years). Of these patients,
79 patients underwent radical cystectomy, 22 patients
underwent partial cystectomy, and 50 patients
underwent TURBT (transurethral resection of bladder
tumor). After partial cystectomy and TURBT,
mitomycin C was used in intravesical therapy as
weekly intravesical injection beginning within 24
hours after surgery. Thirty specimens of adjacent
normal bladder tissue distant from the tumor were
included for these patients, as well. The median
follow-up time for overall survival was 66.5 months
for patients still alive at the time of analysis, range
from 1 to 182 months.

Cell culture and transfection

T24, BIU87 and E] were purchased from the Cell
Bank of Type Culture Collection of Chinese Academy
of Sciences, Shanghai, China, which were grown in
1640 (Invitrogen) supplemented with 5% fetal bovine
serum in a damp incubator containing 5% CO2 at
37°C. The Normal cell is a primary cell which is
purified from the no bladder cancer patient. The
sequences of oligonucleotidesl and 2 targeting PTK6
mRNA, are Si#l: GGUGCUAUCACAUCUAUAU;
Si#2: GGACAGTGCTCACGACACAACCAAA;
These siRNAs were synthesized by GenePharma.
Approximately 2 x 105 cells per well were seeded in a
6-well tissue culture dish on the day before
transfection. Transfection of 50nmol siRNAs was
performed according to the manufacturer’s
instructions by using the LipofectamineTM
transfection reagent (Invitrogen).

Western blotting and antibodies

Western blotting was performed as described
previously Western blotting analysis was carried out
with proteins collected from the adjacent normal
epithelium tissues and the cancer tissues, and total
proteins were Tris-HCI (pH/6.8), 5% 2-mercapto-
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ethanol, and 10% glycerol. The concentration of the
protein was measured by the BCA protein assay kit
(PIERCE, Rockford, IL, USA). A total of 20pg protein
was electrophoretically separated in 12% SDS
polyextracted with 1X sodium dodecyl sulfate (SDS)
sample buffer (2% SDS,62.5mmol/1) acrylamide gels
and transferred onto polyvinylidene difluoride
membranes (Amersham Pharmacia Biotech,
Piscataway, NJ). Then incubate the primary
polyclonal antibody against PTK6 (dilution, 1:1000;
ABGENT INC, USA), which was mixed with PTK6
Antibody (N-term) Blocking Peptide (0.25ug/ml ), in
5% of the skimmed milk solution overnight at 4°C,
and anti-rabbit (1:3000; Santa Cruz Biotechnology,
Santa Cruz, CA) secondary antibody was used to
detect PTK6 protein. Anti-glyceraldehyde
3-phosphate dehydrogenase (GAPDH) (1:3000, Santa
Cruz, CA, USA) antibody and anti-mouse (1:3000;
Santa Cruz Biotechnology, Santa Cruz, CA) secondary
antibody were utilized to confirm equal loading. The
protein signals were observed by the enhanced
chemiluminescence  (ECL) detection  system
(Amersham Biosciences Europe, Freiburg, Germany)
according to the manufacturer's protocols.

Cell proliferation, wound-healing and
migration assays

The viability of cells was evaluated by Cell
Counting  Kit-8 (CCK8, Dojindo Molecular
Technologies, Japan) according to the manufacturer’s
instructions. Tumor cells were seeded onto 96-well
plates at a density of 4 x 103 cells per well. CCKS8
solution was added to each well at the time points of
24 h, 48 h, 72 h, and 96 h. The plate was examined at
450nm absorption with a microplate reader after
incubating for 4 hours at 37°C.

Cells were trypsinized and seeded equally into
6-well plates to grow to almost full confluence in 24
hours, followed by non-serum starvation for another
24 hours. The cell monolayer was subsequently
scratched with a sterile 100 ml pipette tip. After
scratching, the cells were washed with PBS and then
cultured in a serum-free medium. Cell migration
images were captured at time points of 0 h and 48 h by
an inverted microscope (100X).
For the transwell migration assay, 1.5x10° cells in
200pl of serum-free DMEM were added to the cell
culture inserts with an 8-pm microporous filter
without extracellular matrix coating (Becton
Dickinson Labware, Bedford, MA). The DMEM
medium containing 10% FBS was added to the bottom
chamber. After 36 hours of incubation, the cells on the
lower surface of the filter were fixed and stained prior
to microscopic examination. The number of migrated
cells in three random optical fields (100 X) for each

filter from triplicate filters was averaged.

Immunohistochemistry (IHC) and scoring

Immunohistochemistry ~was performed to
examine the PTK6 expression in 150 bladder cancer
tissue specimens. PTK6 was detected using a rabbit
monoclonal antibody against PTK6 (ABGENT INC,
AP7715a USA). Briefly, paraffin-embedded specimens
were cut into 4um sections and baked at 65°C for
30/minutes, and a paraffin section of the bladder
cancer tissue from patients was de-paraffined with
xylene and rehydrated through graded alcohol. Then
put in the blocking buffer (3%hydrogen peroxide) for
endogenous peroxidase in 15/minutes. Use the
high-temperature heat technique with citric acid to
antigenic retrieval, then cooling naturally. The tissue
slides were incubated with anti-PTK6 antibody at a
dilution of 1:100 for 12/hours at 4°C in a moist
chamber (O/N), and the anti-PTK6 antibody was
mixed with PTK6 Antibody (N-term) Blocking
Peptide (2.5ug/ml). Subsequently, biotinylated
anti-rabbit secondary antibody was applied for
35/minutes at 37°C. Then, the sections were
incubated with streptavidin-horseradish peroxidase
complex and developed with
3-diaminobenzidinetetrahydrochloride (DAB) for
/minutes. Mayer’s hematoxylin was applied as a
counterstain utilizing Olympus CX31 microscope
(Olympus, Center Valley, PA). Cytoplasmic PTK6 was
evaluated according to the percentage of stained cells
(median, 60%; range, 0 to 100%) and staining
intensity: negative staining; low staining, light yellow;
intermediate staining, yellow brown; and high
staining, brown. The proportion of immune-positive
cells (categorized as follows: 0, none; 1, 21% to <25%;
2, 225% to <50%; 3, 250% to <75%; and 4, 275%) and
The intensity of staining were scored on a scale of 1
(no staining), 2 (weak staining), 3 (moderate staining),
4 (strong staining). According to biological behavior
of bladder cancer, all bladder cancer patients were
divided into two groups (1-8.5 low expressing; and
>8.5, high PTK6 expressing). Each section was
evaluated by two independent pathologists without
knowledge of the clinical features of the cases.

Follow-up and clinical outcomes assessment

The overall survival time (OS) was defined as the
time between surgery and the last follow-up time or
date of death. In our 150 patients, 72 cases performed
the bladder-sparing operation. The Cystoscopy was
performed every 3 months for the first 2 years, every 6
months for 2-5 years, and then annually in the 72
patients after the treatment. Another 79 patients, who
were performed with Radical cystectomy, do the CT
of pelvis every 3 months for the first 2 years, every 6
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months for 2-5 years, and then annually. The
recurrence was defined by histopathologic findings
the abnormal bladder mucosa or tissue of the tumor
post-operatively.

Statistical analysis

All the statistical analyses were performed using
the SPSS 17.0 software (SPSS Inc, Chicago, IL, USA)
and GraphPad Prism 5 (San Diego, CA) software. The
paired T-test was used to analyze the significance of
PTK6 on protein and mRNA levels in the paired
samples. The chi-square test was utilized to analyze
the relationship between the PTK6 expression and
clinic-pathological ~ factors. Kaplan-Meier and
log-rank tests were used for survival analysis.
Multivariate Cox regression analysis was performed
for all variables that were found to be significant by
Univariate analysis. P values less than 0.05 were
considered statistically significant.
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Results
PTKé expression analysis in Oncomine
database and The Cancer Cell Line
Encyclopedia (CCLE) project

The mRNA levels of PTK6 in Oncomine database
were analyzed. In bladder cancer, PTK6 level was
found higher in BC compared with adjacent normal
bladder tissues in 3 bladder cancer datasets. Within
the datasets, mRNA expression levels of PTK6 were
up-regulated in the superficial or infiltrating tumor
tissues compared with normal bladder (Figure 1A-D).
Detail statements for 3 bladder cancer datasets
information have been listed in the Table 1.
Additionally, CCLE analysis was in agreement with
that of Oncomine indicating that PTK6 was
up-regulated in bladder cancer cell lines (Figure 1E).
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Figure 1. The expression of PTKé in BC (Oncomine database). (A) A meta-analysis of PTK6 gene expression from six Oncomine databases where colored
squares indicate the median rank for PTKé (vs. Normal tissue) across 3 analyses. Sanchez-Carbayo Bladder 2 (1, 2), Dyrskjot Bladder 3 (3). The P value is given for
the median rank analysis. (B) Comparison of PTK6 mRNA expression in Dyrskjot Bladder 3. (C, D) Comparison of PTK6 mRNA expression in Sanchez-Carbayo
Bladder 2. (E) The mRNA expression level of PTK6 in a variety of cancer cell line (shown in arrow). Superficial bladder cancer (SBC); Infiltrating Bladder Urothelial

Carcinoma (IBUC).
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Table 1. Detailed information about the 6 public expression
datasets of Oncomine database about PTK6 in BC

Datasets (sample ~ Comparison groups  Fold P value Overexpression

size) change gene rank
Dyrskjot Bladder Superficial Bladder ~ 2.522  2.74E-7 471 (in top 4%)
3(60) Cancer vs. Normal
Sanchez-Carbayo Infiltrating Bladder =~ 2.650 6.47E-6 1332 (in top
Bladder 2(157) Urothelial Carcinoma 11%)

vs. Normal

Superficial Bladder ~ 9.782
Cancer vs. Normal

Sanchez-Carbayo 7.45E-16 429 (in top 4%)

Bladder 2(157)

Up-regulated expression of PTK6 in bladder
cancer tissues

To investigate the role of PTK6 in tumorigenesis,
the expression of PTK6 in both mRNA and protein
levels was evaluated in 15 pairs of BC tissues and the
paracancerous epithelium tissues by real time PCR
and western blotting. It is obvious that the expression
of PTK6 was higher in BC than that in paracancerous
epithelium tissues (Figure 2A-B).
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We further examined the expression of PTK6
protein in 151 paraffin-embedded bladder cancer
samples and 5 matched paracancerous epithelial
samples by immunohistochemical analysis. PTK6
expression was substantially up-regulated in the
tumor tissues compared with the paracancerous
epithelium tissues (Figure 2C, p < 0.001).

Correlation between PTKé expression and
clinicopathologic features in tissue samples

Clinical characteristics of BC included 70 cases of
non-muscle invasive (46.4%) and 81 cases of muscle-
invasive (53.6%) BC. 56 of total 151 BC cases (37.1%)
highly expressed PTK6; 95 cases (62.9%) had low
expression of PTK6 (Table 2). A strong correlation
occurred between PTK6 expression (determined by
using IHC staining), and clinicopathologic
characteristics of these BC patients, including T
classification (p = 0.002), N classification (p = 0.007),
recurrence (P = 0.039), and mortality (P < 0.001) (Table
2). In contrast, PTK6 expression did not correlate with
gender, age, grade and surgery type (Table 2).
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Figure 2. PTKé is up-regulated in BC tissues. (A) Upregulated PTK6 mRNA expression in 15 matched tumor and paracancerous epithelium tissues. (B)
Western blots show significantly upregulated protein expression of PTKé in 15 pairs of resection specimens from BC patients. (C) The relative quantity of PTKé
protein was determined by densitometric analysis. (D) Immunohistochemical representative images of PTK6é expression in BC samples (a) BC, scored as (-); (b) BC,

scored as (+); (c) BC, scored as (++); (d) BC, scored as (+++) (scale bar, 100 pm).
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Association between PTK6é expression and
patient survival

A clear positive correlation existed between
PTK®6 expression and the overall survival of patients.
Higher PTK6 expression related to a shorter overall
survival time (OS) (median OS: 74 months) compared
with lower PTK6 expression (median OS: 178 months)
(Figure 3A, p < 0.001). Additionally, we determined
the correlation between PTK6 expression and overall
survival in BC patients regardless of age, histological
differentiation, stage and recurrence. Kaplan-Meier
analyses showed that overall survival is shorter in BC
patients with higher PTK6 expression independent of
histological differentiation and recurrence (Figure
3B-E). Univariate Cox regression analyses revealed
that PTK6 expression, age, T classification, N
classification, Grade, Surgery type and recurrence
were significantly associated with overall survival
(Table 3). Moreover, a multivariate Cox regression
analysis confirmed PTK6 expression, grade and
recurrence as independent predictors of overall
survival in patients with BC (Table 3).

PTKé6 knockdown inhibits proliferation and cell
migration in vitro

To gain insight into the biological pathway
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involved in BC pathogenesis stratified by the median
of PTK6 expression level, GSEA analysis was
conducted in GSE3167. Enrichment plots of GSEA
showed that the gene signatures of cell proliferation,
energy metabolism and apoptosis signaling pathway
(Figure 4). To validate the GSEA analysis of PTK6, we
assessed the tumorigenic ability of PTK6 in BC cells
by CCK-8 proliferation assays. Firstly, we determined
PTK6 expression in four BC cell lines at the protein
level. Compared with Biu87, the expression of PTK6
was higher in T24 and EJ cells (Figure 5A). Then, we
transfected T24 and EJ cells with PTK6 siRNAs, and
western blot analysis verified PTK6 protein was
markedly down-regulated in both T24 and E] cells
transfected with the two siRNAs (Figure 5B). Figure
5C shows that the proliferation of T24 and EJ cells
transfected with siRNA#1 or #2 was significantly
inhibited compared with that of the control group,
indicating that PTK6 contributed greatly to the
proliferation of the BC cells. Additionally, transwell
migration and wound-healing assays showed that the
migration rate of control cells was greater than that of
PTK6-depleted BC cells by two siRNAs. These results
indicate that oncogene PTK6 is required for cell
growth and migration in BC cells.
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Figure 3. Kaplan-Meier analysis of overall survival in BC patients. (A) Overall survival analysis of 151 BC patients with different PTK6é protein expression.
(Log-rank test: P < 0.0001). (B-E) Comparisons of overall survival between PTK6 high expression and PTKé low expression in BC patients regardless of age,

histological differentiation, stage and recurrence.
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Figure 4: Biological functions of PTKé6 in BC
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proliferation, energy metabolism and apoptosis signaling pathway. The normalized enrichment score (NES) means the degree to which the gene set is
overrepresented at the top or bottom of the ranked list of genes.

Table 3. Univariate and multivariate analyses of prognostic

Table 2. Association of PTKé expression with the  parameters for survival in patients with bladder cancer
clinicopathological characteristics of BC

Prognostic parameter Univariate analysis Multivariate analysis

PTK6 Expression P value HR (95% CI) P value

Clinicopathological Total (%) Low expression High expression P value Expression of PTK6 ~ <0.001 .002
feature (n=95, 62.9%)  (n=56,37.1%) (2 test) Low Ref
Age (years) 0.577 High 2.527 (1.416-4.510)
<65 90 (59.6) 55 (61.1) 35(38.9) Age 0.012 .05
265 61 (40.4) 40(65.6) 21(34.4) <65
Gender 0.609 >65
Male 135 (89.4) 84(62.2) 51(37.8) Gender 0.659
Female 16 (10.6) 11(68.8) 5(31.3) Male
T classification 0.002 Female
NMIBC 70 (46.4) 53(75.7) 17(24.3) T classification 0.005 0.778
MIBC 81(53.6) 42(51.9) 39(48.1) NMIBC
N classification 0.007 MIBC
Negative 120 (79.5) 82(68.3) 38(31.7) N classification 0.006 0.648
Positive 31 (20.5) 13(41.9) 18(58.1) Negative
Grade 0.244 Positive
Low 52 (34.4) 36(69.2) 16(30.8) Grade 0.011 .010
High/intermediate 99 (65.6) 59(59.6) 40(40.4) Low Ref
Surgery type 0.111 High/intermediate 2.38 (1.226-4.619)
TURBT 50 (33.1) 37(74) 13(26) Surgery type 0.036 0.622
Part 22 (14.6) 14(63.6) 8(36.4) TURBT
Radical 79 (52.3) 44(55.7) 35(44.3) Part
Recurrence 0.039 Radical
No 114 (75.5) 77(67.5) 37(32.5) Recurrence 0.005 <0.001
Yes 37 (24.5) 18(48.6) 19(51.4) No Ref
NMIBC: Non-muscle invasive bladder cancer, MIBC: Muscle- invasive bladder Yes 2.819 (1.600-4.969)

cancer. Values in parentheses indicate percentage values. The bold number
represents the P-values with significant differences.

NMIBC: Non-muscle invasive bladder cancer, MIBC: Muscle- invasive bladder

cancer. The bold number indicates the P-values with statistical significance. HR:
Hazard ratio; CI: Confidence interval.
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Figure 5: Knockdown of PTKé inhibits the growth and migration of BC cell. (A) PTKé expression was measured in three BC cell lines by western blot. (B)
Western blot analysis of PTKé expression in PTK6é-depleting T24 and E] cells. GADPH was used as the loading control. (C) The cell growth rates were determined
by CCK-8 proliferation assays at various time points. (D-E) migration ability was measured by wound-healing and transwell chamber assay in T24 and EJ cells.

Discussion

Although PTK6 is involved in carcinogenesis
and tumor progression in multiple studies [15, 22, 25],
the relationship between PTK6 and BC is poorly
understood. In the present study, we demonstrated
that the expression of PTK6 was significantly elevated
in BC tissues compared with corresponding adjacent
non-cancerous tissues by RT-PCR and western blot.
These findings are consistent with Oncomine analysis,
which highlights the consistent trends in BC.
According to the meta-analysis across 3 Oncomine
datasets, we also revealed PTK6 was among one of the
most upregulated genes in bladder cancer. Moreover,
we extended our analysis to a non-overlapping cohort

of 151 patients and found that PTK6 overexpression in
tissue sections is strongly associated with the T
classification, N classification and recurrence.
Importantly, patients with PTK6 overexpression had
significant shorter survival time than those with low
expression. Cox proportional hazard regression
analysis further identified PTK6 as an independent
factor for poor prognosis. Taken together, these
observations strongly indicated that PTK6 may be a
cancer promoter for BC and may play a significant
role in BC progression.

PTK6, the cytoplasmic non-receptor tyrosine
kinase, plays a critical role in tumor initiation,
progression and metastasis. Previous study disclosed
that PTK6 localized at the plasma membrane

http://www.jcancer.org
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promotes cell proliferation and migration [22].
However, the biological function of PTK6 in BC still
remain elusive. According to predictive results
obtained by bioinformatics, we detected that cell
proliferation and metastasis-related genes were
enriched in PTK6 overexpression group compared
with PTK6 lower expression group. Function assays
showed that BC cell growth and migration were
significantly inhibited by knockdown of PTKe.

Proliferation and metastasis are a leading cause
of cancer-related death, leading to a poor prognosis.
Previous research has demonstrated that PTK6
inhibitor promotes breast cancer cell metastasis and
apoptosis [22, 26, 27]. In this study, we discovered the
cell growth and migration abilities of T24 and EJ cells
were attenuated after knockdown of PTK6, which was
supported by our clinical data and GSEA analysis. In
summary, these data indicate that PTK6 can facilitate
bladder cancer cell proliferation and metastasis. These
findings were consistent with previous studies [15, 17,
22].

In conclusion, computational analysis of high
volume data was used to predict the oncogenic role of
PTK6. Elevated PTK6 expression is associated with
poor survival in BC patients, suggesting that PTK6
can be considered a prognostic or therapeutic
biomarker in patients with BC. Therefore, we suggest
that small molecule inhibitor of PTK6 can also be
carried out in BC.

Abbreviations

BC: bladder cancer; PTK6: Protein tyrosine
kinase 6; GSEA: gene set enrichment analysis; OS:
Overall survival.
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