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Serine/threonine kinase 32C is overexpressed in bladder cancer and contributes to
tumor progression
Erlin Sun †, Kangkang Liu†, Kun Zhao, and Lining Wang#

Department of Urology, Tianjin institute of urology, The 2nd Hospital of Tianjin Medical University, Tianjin, P.R. China

ABSTRACT
Tumor markers of bladder cancer (BC) have been investigated for many years, but the clinical treatment
based on these biomarkers is still unsatisfactory. STK32C, a member of the serine/threonine protein
kinase of AGC superfamily, was first found to be highly expressed in brain tissues; however, the role of
STK32C in malignant disease has not been determined. Data from TCGA database showed that the
STK32C gene is overexpressed in BC and a number of other human tumors. In the current study,
immunohistochemistry revealed that high expression of STK32C protein in tumor tissues was signifi-
cantly associated with poor clinico pathologic features and a short relapse-free survival (RFS) in patients
with BC. Slicing of STK32C inhibited tumor cell proliferation, migration and invasion in vitro. In vivo
animal experiments demonstrated that knocking-down of STK32C restricted the growth of tumor cells in
mice. Finally, microarray analysis revealed that silencing of STK32C inhibited the activity of the HMGB1
pathway and regulated the expression of key genes in this pathway. In conclusion, our study showed
novel promoting roles for STK32C in human tumors, which may provide a new therapeutic target for the
patients with BC.
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1. Introduction

Bladder cancer (BC) is the second most common malignancy
of the genitourinary tract with an estimated 79030 newly diag-
nosed cases and 16870 deaths in USA, 2017.1 Most of BC cells
are derived from epithelial cells. Approximately 25% of BCs are
muscle invasive (MIBC) and approximately 75% of patients
have non-muscle invasive (NMIBC) or metastatic BC. With
the high rates of recurrence and the short time to progression
and death in patients with NMIBC and MIBC, monitoring
patient survival is extremely important and leads to a giant
economic burden worldwide.2 Currently, cystoscopy and
voided urine cytology are the basic standard diagnostic meth-
ods for BC.3 Although the treatment of BC has changed, the
high recurrence rate and unsatisfactory 5-year overall survival
rate are still in need of improvement.4 Tumor markers have
been investigated for many years, and many conventional
tumor markers and molecular pathways involved in BC have
been reported to play important roles,5 yet clinical treatment
based on these biomarkers is still unsatisfactory. Thus, novel
molecular biomarkers for clinical outcome prediction and tar-
geted treatment of BC need to be identified.

The human protein kinase family has been found to contain
more than 500 members, which mediate most signal transduc-
tions in eukaryotic cells and control a number of cellular
processes including metabolism, transcription, cell cycle, move-
ment, apoptosis and differentiation by modification of substrate

activity.6 Mutation and dysregulation of protein kinases are
associated with many human diseases. Antagonists and ago-
nists of these protein kinases provide possible therapeutic stra-
tegies for tumors.7,8 Serine/threonine kinases belong to the
AGC protein kinase superfamily. Previous studies have shown
that some serine/threonine protein kinases are associated with
progression of malignant diseases. Specifically, STK33 pro-
motes cancer cell viability and can be considered a target for
treatment of mutant KRAS-driven cancers.9,10 Inactivation of
STK11 leads to expansion of a tumor subpopulation in
melanoma.11 In addition, the AGC superfamily also includes
the PKA, PKC, and PKG families, most of which are also linked
to tumor progression.12

Serine/threonine kinase 32C (STK32C) is a member of the
serine/threonine protein kinase of AGC superfamily, but the
specific functions of STK32C are unclear. It has been shown
that STK32C is overexpressed in brain tissues and associated
with adolescent depression based on DNA methylation differ-
ences that occur in monozygotic twins.13 Data mining from
different studies have revealed that STK32C gene expression
changes are correlated with CD4+Treg-cell function and lung
inflammation.14,15 Tumor-related gene expression profile have
shown that STK32C elevation may occur in some malignant
diseases, such as prostate cancer.16 Bioinformatics analyses
from the TCGA database in our study showed that STK32C
gene is abnormally expressed in many tumors and associated
with the prognosis of patients, which implies that STK32C
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might play a role in tumor progression, especially BC.
Therefore, in this study we systematically explored the biolo-
gical mechanism of STK32C in the progression of BC in vivo
and in vitro. According to these, we expected to determine the
functions of STK32C and find efficient novel therapeutic
targets for BC.

2. Materials and methods

2.1 Bioinformatics

TCGA, the cancer genome atlas (https://cancergenome.nih.
gov/), is an online bioinformatics database, which provides
grand biological information. We downloaded the clinical
data and mRNA expression data (normalized mRNASeq-
FPKM.txt) of different cancers from TCGA. Then, the
R.3.41 project was applied to organize data and analyze the
expression of STK32C in these carcinomas. In addition, to
confirm the reliability of the results, the preliminarily collated
data from the UCSC Cancer Genomics Browser (http://xena.
ucsc.edu) (an online analytical tool of TCGA) were also
extracted and analyzed. The results were consistent with the
data from TCGA. The data involving the mutation, amplifica-
tion, and deletion of the STK32C gene in TCGA patients were
obtained from cBioPortal (http://cbioportal.org).

2.2 Patients and samples

Ninety-six patients pathologically diagnosed with BC in the
second hospital of Tianjin Medical University (Tianjin, China)
from January 2010 to December 2014 were included. The tumor
tissues of these patients were collected after surgical treatment.
None of the patients had a history of preoperative radiotherapy
and/or chemotherapy and neoadjuvant chemotherapy. The
patients’ clinical information was recorded (Supplementary
table S1). Patients were classified according to the 2009 UICC
TNM staging, as well as in compliance with the 2004 WHO/
ISUP classification.17 Sixty-four patients treated by transurethral
resection of the bladder tumor (TURBT) were followed. The
final follow-up date was 1 October 2016. The study was
approved by the Human Ethics Committee of Tianjin Medical
University (Tianjin, China).

2.3 Immunohistochemistry (IHC)

Tumors and matched normal adjacent tissues collected from
the SecondHospital of TianjinMedical University were fixed in
10% neutral-buffered formalin and embedded in paraffin.
Then, 4-μm sections were cut from the paraffin blocks. Tissue
sections were performed with citrate buffer (PH = 6.0) and
1.5% hydrogen peroxide in methanol. Slides were incubated
with anti-STK32C (1:200, from rabbit, sigma) overnight at 4°C.
Then, the second antibody was added to incubate at room
temperature for 1 hour and 3, 3ʹ-diaminobenzidine was
added for visualization. A semi-quantitative scoring system
(H-score approach) was used to assess the level of STK32C
expression.18 The proportion of positively stained cells was
assigned a score from 0–4 and was termed as category A: 0
(0%); 1 (1–25%); 2 (26–50%); 3 (51–75%); and 4 (76–100%).

Intensity of staining was assigned a score from 0–3 and was
termed as category B: 0 (negative); 1 (weak); 2 (moderate); and
3 (strong). The final score, Z, was calculated by multiplying A
by B (Z = A × B). We divided samples into two groups based on
the final scores, as follows: STK32C over-expression group
(Z > 3) and low-expression group (Z ≤ 3). The critical value Z
was determined according to the distribution of the final data.

2.4 Cell culture

Human bladder cancer T24 and 5637cells were obtained from
the ATCC. All cell lines were authenticated using short tandem
repeat profiling analysis, and routinely tested for mycoplasma
contamination within the last 6 months by Hoechst staining and
PCR. Cells at passage numbers <8 after reception or thawing in
our laboratory were used and cultured in RPMI-1640 medium
plus 1% penicillin-streptomycin and 10 % fetal bovine serum at
37°C in a humidified atmosphere with 5% CO2.

2.5 Plasmid construction and lentiviral transfection

A STK32C short hairpin RNA oligonucleotide sequence
(shRNA) was inserted into a lentiviral vector (GV115) to con-
struct a STK32C-RNAi plasmid. Three different STK32C-RNAi
lentiviral vectors and an ordinary lentiviral vector as a control
were incubated separately with BC cells (2 × 105/ml)
(Supplementary Table S2). Real-time quantity PCR and
Western blot were used to verify the final efficacy of knocking-
down in both cell lines. Qualified cells were selected for later
experiments. The biological behaviors of shSTK32C (cells trans-
fected by the STK32C-RNAi lentiviral vector) and shCtrl (cells
transfected by the control lentiviral vector) were compared, as
described below. In addition, to certify the specificity of
STK32C-RNAi lentiviral vector transfection and exclude an
off-target effect on cell biological functions, a self-rescue experi-
ment was performed.

2.6 Real-time quantity PCR

Total mRNA was extracted using the TRIzol reagent
(Thermo, USA) according to the manufacturer’s instructions.
RNA was reverse transcribed to cDNA using a cDNA Reverse
Transcription Kit (Thermo, USA), which included 4μL of
dNTP-mix, 2μL of primer-mix, 4μL of 5× PrimeScript buffer,
2μL of DTT, and DEPC water for a total volume of 20μL.
Quantitative PCR was performed using SGExcel FastSYBR
Mixture with High ROX) Plus (Thermo, USA). The primers
of target genes were described (Supplementary Table S2).

2.7 Western blot

Proteins from different cells were extracted using lysis buffer
and measured with the BCA protein assay (Thermo, USA).
20μg of proteins were denatured in sample buffer, then elec-
trophoresed on 10% SDSPAGE. After electrophoresis, trans-
fer, and blockage, the PVDF membranes (Thermo, USA) were
incubated with primary antibodies overnight at 4°C. Then,
secondary antibodies were added at room temperature for 1h
and the immunoblots were marked using ECL (Thermo,
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USA). The details of antibodies were shown (Supplementary
Table S2).

2.8 Cell proliferation assay

The transfected T24 cells were seeded into 24-well plates with
a density of 2 × 103 cells/well and 5637 cells were seeded with
a density of 1 × 103 cells/well. The quantity of cells contained
in different groups was calculated using the Celigo image
cytometry system every 24h. MTT assay was also used to
measure the proliferation of both cell lines. The number of
cells was measured every day. After 5 days, the proliferation
curve was described to analyze the difference between groups.
The assays were performed in triplicate.

2.9 Colony formation assay

Transfected T24 cells (300cells/well) and 5637 cells (400cells/
well) were seeded into 6-well plates and incubated 9 days for
colony formation assay. The cells were washed with PBS and
fixed with 4% paraformaldehyde, then stained 10–30 min with
Giemsa. Finally, the colony formation rates were observed
with the unaided eye or under a microscope (low magnifica-
tion). The colonies in which the number of cells exceeded 50
were counted. The assays were performed in triplicate.

2.10 Flow cytometry analysis of cell apoptosis and cycle

Cells in the shSTK32C and shCtrl groups were harvested for
analysis of cell apoptosis and cell-cycle distribution respectively.
Cell apoptosis was determined using an Annexin V-FITC apop-
tosis kit (Sigma-Company, USA). The experimental procedure
was performed according to the manufacturer’s instructions.
The levels of fluorescence were measured by flow cytometry
(BD Biosciences, USA). The Annexin V-positive cells were
defined as apoptotic cells. The cell growth cycle was also ana-
lyzed by flow cytometry. The assays were performed in triplicate.

2.11 Migration and invasion array

Transwell membrane with 8μm pore was used to determine
the migration of cells. The shSTK32C and shCtrl cells (1 05/
well) were suspended in 100μL cell suspensions and seeded
into the upper chamber in 24-well plates. 600μL of medium
with 30% FBS were added to the lower chamber. After a 24h
incubation at 37°C, the cells that migrated into the lower
membrane surface were stained with Giemsa and counted in
5 randomly selected photographs under a light microscope at
× 200 magnification. For the cell invasion assay, the Transwell
membrane with Matrigel substrate (BD, USA) was used and
the processes were as described above. A wound and healing
assay was also used to analyze the migration of cells.
Transfected cells (3 × 104 cells/well) were seeded into 96-
well plates, incubated, and harvested every 8 h. Photographs
were obtained with fluorescence microscopy. Then, the dis-
tance between the edges of both sides was measured. All
experiments were performed in triplicate.

2.12 Animal study

Animal studies were conducted with the approval of the
Animal Care and Use Committee of Tianjin Medical
University. (Permit Number: TMUaMEC2015008) Twenty 4-
week-old female BALB/C nude mice (ten per group) were
purchased from Ling Chang Biotechnology Company
(Shanghai, China). T24 cells transfected with STK32C-RNAi
lentiviral vector (KD) and control lentiviral vector (NC) were
subcutaneously injected into the right axillae (2 × 107 cells per
animal). 28 days after implantation, fluorescence imaging was
performed on the live mice. The experimental animals were
euthanized with a lethal dose of pentobarbital sodium and the
tumors were harvested.

2.13 Gene microarrays

Three human gene expression profile chips with STK32C
knocked down cells (KD) and three normal controls (NC)
were performed on an Affymetrix platform. Total RNA was
extracted from the samples using the Trizol method. The quality
of total RNA extracted from the samples was tested on a
NanoDrop 2000 (Thermo, USA) and Bioanalyzer 2100
(Agilent, USA) Qualified samples were used in the chip experi-
ments. Then, hybridization, washing, and staining were com-
pleted using a GeneChip Hybridization Wash and Stain Kit
according to the manufacturer’s instructions. Quality control
of raw data from Genechip was performed. Subsequent function
analysis was performed by IPA (Ingenuity Pathway Analysis).

2.14 Statistic analysis

SPSS 20.0 software was used for statistical analysis. Quantitative
data were assessed by the mean ± SD. Parametric and non-
parametric testing were used for data with and without variance
heterogeneity, respectively. The associations between STK32C
and clinico pathologic features were analyzed using a chi-square
test. Kaplan-Meier survival analysis was applied to analyze the
association between STK32C and recurrence-free survival (RFS).
A P < 0.05 for the difference was significant.

3 Results

3.1 Bioinformation of the STK32C gene from TCGA

Data downloaded from the TCGA database were applied to
analyze the gene expression of BC patients. Expression profiles
of STK32C mRNA in 414 bladder tumor samples and 19 adja-
cent normal controls were included in our research. By compar-
ing the expression of 414 tumor samples with 19 normal
controls, a significant increase in STK32C mRNA expression
was demonstrated in the tumor group (foldchange = 2.531; P
value< 0.001; Figure 1(a)). By comparing gene expression in 19
of paired samples, we showed that the level of STK32C mRNA
expression in the tumor group was dramatically increased (fold-
change = 2.635; P value< 0.001; Figure 1(b)). Each of the 19
paired samples were analyzed individually; 12 samples were up-
regulated, 1 sample was down-regulated, and 6 samples did not
changed significantly (Figure1 (c-d)). Based on these results, we
suspected that the STK32C gene possessed a higher level of
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Figure 1. Expression of STK32C in bladder cancer and other cancers from TCGA. (a) Gene expression matrix of 414 of bladder cancer was downloaded from the TCGA
database. Expression of the STK32C gene in overall bladder tumor samples was higher than normal controls. (P < 0.001) (b) 19 patients had tumors and adjacent normal
control samples. Expression of the STK32C gene in 19 paired samples changed significantly. (P < 0.001) (c-d) Of 19 of paired samples, 12 samples were up-regulated, 1 was
down-regulated, and 6 did not change insignificantly. (e)The mutation, amplification, deep deletion and mRNA upregulation of the STK32C gene in BC patients from TCGA.
(f) Expression of STK32C was over-expressed in BRCA, ESCA, HNSC, STAC and PRAD, down-expressed in LUSC, and non-significant in LIHC and LUAD.
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expression in bladder tumors than adjacent normal tissues,
which may play a role in tumor progression. After screening
the state of the STK32C gene in different patients of the TCGA
database, we found few patients with STK32C mutations or
amplifications. The site of the mutation was located on R97W.
Amplification of the STK32C gene was not correlated with
expression according to the data from TCGA (Figure 1(e)).

We also searched the level of STK32C gene expression in
other common cancers from TCGA, including breast invasive
carcinoma (BRCA), esophageal carcinoma (ESCA), head and
neck squamous cell carcinoma (HNSC), liver hepatocellular
carcinoma (LIHC), lung squamous cell carcinoma (LUSC),
adenocarcinoma (LUAD), stomach adenocarcinoma (STAD),
and prostate adenocarcinoma (PRAD). The results found that
STK32C gene was still over-expressed in most of these tumors
but down-regulated in LUSC, which also implied that
STK32C is an active factor in cancers (Figure 1(f)).

3.2 Distribution of STK32C and associations with clinico
pathologic features of BC patients from IHC

To determine if STK32C expression is associated with
tumor progression of BC, tumor tissues from 96 samples
were collected from the second hospital of Tianjin Medical
University for IHC. The expression of STK32C was higher
in tumors than adjacent normal tissues. More invasive BC
tissues (T ≥ 2) showed a stronger dyeing intensity than
non-invasive tumors, which indicated that elevated
STK32C is correlated with high tumor pathologic T stage
(Figure 2(a)). Interestingly, we showed that both the
nucleus and cytoplasm of tumor cells could be dyed, and
higher pathologic T stage of BC tended to be more easily
stained in the nucleus (Figure 2(b)). The results implied
that STK32C possibly plays a role in tumor cells by acting
on the nucleus.

According to IHC scoring, we divided samples into two
groups (high and low expression groups). The expression of
STK32C was significantly associated with clinico pathologic
characters including age, gender, tumor size, tumor number,
pTNM stage and recurrence. Males of an older age were more
likely to present with rich STK32C. Pathologically, abundance
of STK32C tended to be associated with large, multiple and
invasive tumors; however, no significant associations were
found between STK32C and smoking status and pathologic
grade (Table 1). The correlation between STK32C and RFS in
patients treated by TURBT was determined. A high level of
STK32C was significantly associated with poor survival
(P < 0.05; Figure 2(c)). In conclusion, STK32C possibly
acted as an unfavorable factor, which was associated with
poor clinico pathologic characteristics and short RFS in
patients with BC.

3.3 STK32C was over-expressed in bladder tumor cell
lines, and knockdown of STK32C inhibited cell
proliferation and promoted cell apoptosis

The STK32C gene was highly expressed in T24 and 5637 BC
cell lines. To elucidate the role of STK32C, we stably knocked
down the expression of STK32C using lentiviral shRNA

transfection into T24 and 5637 cell lines. The transfection
efficiency rates in both groups were significant (> 80%;
Figure 3(a)). The cells with the highest knockdown were
confirmed by qPCR as well as by Western blotting and
selected for use (Figure 3(b)). Taken together, we confirmed
that STK32C is overexpressed in BC cells, and we have effec-
tively constructed a STK32C knock down model for both cell
lines.

The proliferation of T24 and 5637 cells in the shSTK32C
and shCtrl groups were observed by two methods. The
fluorescence measured with the Celigo instrument showed
that the proliferation rates of T24 and 5637 cells in the
shSTK32C group were significantly inhibited, which sug-
gested that STK32C was significantly associated with the
proliferation of T24 and 5637 cells (Figure 3(c-d)). The
MTT arrays were in agreement with the above findings
and showed that a lower level of STK32C gene expression
could suppress the proliferation of cells dramatically
(Figure 3(e-f)). In addition, the apoptotic cells dramatically
increased in the shSTK32C group of both cell lines
(Figure 3(g-h)). Taken together, the results clarified that
knockdown of STK32C inhibited cell proliferation and pro-
moted cell apoptosis in BC.

3.4 STK32C promoted cell colony formation, migration,
and invasion in both cell lines

Colony formation assay was performed to investigate the
effect of STK32C on the colony formation ability of BC
cells. Compared with controls, the number of colonies in the
shSTK32C group were markedly reduced (Figure 4(a-b)).
Transwell and wound healing assays were performed to
explore the migration and invasion of tumor cells. Silencing
of STK32C expression notably inhibited migration in both
T24 and 5637 cell lines (Figure 4(c-f)). The invasion of T24
cells was dramatically inhibited in the shSTK32C group, while
5637 cells changed insignificantly because of the inherently
low-invasive ability (Figure 4(g)). In brief, STK32C was sig-
nificantly associated with cell motility and knock down of
STK32C expression significantly slowed down the migration
and invasion in BC cells.

3.5 Knocking down STK32C blocked the growth of
tumors in mice

To study the effect of STK32C on tumor growth, 1 × 107/ml
of shSTK32C and shCtrl cells were separately injected into
the right axillae of BALB/C nude mice. After 28 days of
breeding, fluorescence imaging was performed on the living
mice in vivo. All mice were alive and had no significant
difference in body weight before final observation (Figure 5
(a)). The results showed that fluorescence intensity in the
KD group mice was stronger than the controls (Figure 5(b)).
The weights of tumors in the KD group were significantly
decreased compared to the controls (Figure 5(c)). The results
were consistent with the in vitro assays, indicating that
knock down of the STK32C gene expression inhibited
tumor growth and the cells with low expression of STK32C
had poor survivability.
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3.6 Microarray analysis of the gene expression after
knocking down the STK32C gene

After comparing the normalized gene expression levels in KD
with NC cells by human gene expression profile chips, a total
of 519 genes were identified that significantly changed with
183 up-regulaed and 336 down-regulated (Foldchange> 1.5;
P < 0.05; Figure 6(a)). IPA was applied to identify and predict
the biological functions and pathways of target genes. First,
pathway enrichment analysis of the changed genes showed
that the most significant pathway was the HMGB1 signaling
pathway, which was dramatically repressed by knocking-down
STK32C (Figure 6(b)). Disease and functional analysis exhib-
ited the enrichment of changed genes in the category of
disease and function. The top term of increased activity was
cell apoptosis. Conversely, the top terms of decreased activity
were maturation of antigen presenting cells and phagocytes

(Figure 6(c-d)). The functions of invasion and migration of
tumor cell lines were also inhibited significantly. Regulation
effect analysis showed the changes in genes involved in
maturation of antigen presenting cells and phagocytes.

3.7 Silencing of STK32C inhibited the HMGB1 signaling
pathway and regulated expression of key factors in this
pathway

According to enrichment pathway analysis of microarrays in
our experiments, we found that the HMGB1 signaling path-
way was significantly inhibited by knocking-down STK32C
expression (Figure 7(a)). Then, to further explore the associa-
tion between STK32C and the HMGB1 signaling pathway,
five key genes in the HMGB1 signaling pathway were identi-
fied, including DDX58, PAK1, IL1, PIK3R1 and CDK2.

Figure 2. Immunohistochemistry. (a) Typical staining of STK32C in different stages of BC, a stronger density of staining existed in more invasive BC. (b) Nucleus and
cytoplasm of tumor cells was dyed. The arrows and circles referred to the positively stained nucleus. Higher pathologic T stage of BC tended to be more easily stained
in the nucleus. (c) Kaplan-Meier analysis was used to analyze the relapse-free survival (RFS) of patients treated by TURBT. High expression of STK32C was associated
with a poor RFS with a P < 0.05.
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Transcription and the protein levels of these genes were
detected by qPCR and Western blot. When STK32C was
inhibited, DDX58, PAK1, IL1 and PIK3R1 were significantly
down-regulated, whereas CDK2 protein was up-regulated,
which was consistent with the microarray results (Figure 7
(b-c)). In conclusion, when we knocked down the expression
of the STK32C gene, the activity of the HMGB1 signaling
pathway was inhibited, and most key genes in the pathway
were influenced with respect to transcription and protein
levels. Therefore, we predicted that STK32C plays an essential
role in epithelial bladder tumor progression through the
HMGB1 signaling pathway.

4 Discussion

Up to now, there was no research involving the relation-
ship between STK32C and tumors. Our research was the
precedent experiment that, for the first time, systemati-
cally studied the roles of STK32C in BC. Indeed, BC is a
common malignant disease, although primary tumors can
be eliminated by surgery, chemotherapy, or radiotherapy.
Tumors recur frequently and may progress to muscle-
invasive forms.19 Standard therapies could restrict the
growth and development of a tumor; however, could not
prevent patients from recurrence and drug-resistance.20 At
present, many conventional tumor markers and molecular
pathways involved in BC treatment and clinical outcomes
have been investigated.21 TP53, ErbB2, and the phospha-
tidylinositol-3-OH kinase/AKT/mTOR pathways are the
major genomic alternations in BC and other human
malignancies.22 The status of many pathway genes are
changed and used to predict the prognosis of BC patients.
Representative known genes such as Tp53, FGFR3, HER2,
VEGF, and EGFR, as targets for treatment of BC, have
been reported to play a pivotal role in tumor recurrence
and progression.23,24,25,26,27 Presently, although many
associated genes involved in BC have been investigated,

most of these targets are lacking in high specificity for
diagnosis and treatment efficacy. Therefore, a standard
biomarker for the prediction of clinical outcomes is still
lacking, and the detection of novel effective therapeutic
targets is needed.

STK32C, also known as PKE and YANK3, has low
expression in normal bladder epithelial cells and high
expression in human brain.28 The sequence of the
STK32C gene in many species is highly conserved, such as
chimpanzees, dogs, cattle and large mice. Two hundred
organisms have orthologs of the human STK32C gene.6,29

The gene is located on human chromosome 10q26.3 and
contains 18 introns and 6 transcripts (splice variants).30

STK32C encoding protein belongs to the AGC superfamily
silk/threonine kinase, and many members of this super-
family have been reported to be associated with tumor
progression.12 The protein domain of STK32C was shown
by IBS,31(Figure 7(d)). It was predicted from NCBI () and
Ensembl (http://www.ensembl.org/) that the functions of
this protein consist of binding to nucleic acid, ATP, and
metal ions, phosphorylation, activity of silk/threonine
kinase, and possibly also included transferase activity to
attune intracellular signaling. Phosphorylation of protein
kinases is a fundamental process of cell signaling,32,33,34,

the function or expression of which may be associated
with pathogenesis.35,36 Protein phosphorylation increases
or decreases enzymatic activity and alters other biological
activities, such as transcription and translation.37,38 It has
been shown that protein kinases, such as serine/threonine
kinases, could promote tumor progression.10,11 The inhibi-
tion of protein kinase potentially provided a new strategy
for treatment of many diseases, including cancer.39,40

In our study, we found that STK32C, which had low
expression in normal human bladder epithelial cells, but
was abundantly expressed in human bladder urothelial car-
cinoma, played an essential role in cell proliferation, migra-
tion, and invasion. Knocking down the expression of the

Table 1. An association between STK32C and clinical features.

Clinical-pathological Features

STK32C

P valueHigh Low Total

Age ≥ 70 24 18 42 0.001*
< 70 13 41 54

Sex Male 26 53 79 0.015*
Female 11 6 17

Smoking YES 19 23 42 0.234
NO 18 36 54

Tumor number 1 14 36 50 0.027*
≥ 2 23 23 46

Tumor size < 2 7 26 33 0.012*
≥ 2 30 33 63

Grade Low 11 20 31 0.671
High 26 39 65

pT stage Ta, T1 14 38 52 0.011*
T2, T3, T4 23 21 44

Recurrence† YES 15 20 35 0.028*
NO 5 24 29

“*”, represents a significant association; P < 0.05 for the difference was significant.
“†”, Recurrence of bladder cancer patients only included patients treated by TURBT.
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Figure 3. Influence of STK32C expression on proliferation of bladder tumor cell lines. (a) The efficiency of transfection was monitored by fluorescence microscopy.
Greater than 80% cells were transfected successfully. (b) Expression of STK32C in shCtrl and shSTK32C groups of T24 and 5637 cells was measured by qPCR and
Western blot. STK32C was successfully knocked down. (c-d) The proliferation of 5637 cells and T24 cells was significantly inhibited in the shSTK32C group compared
with controls after incubation for 5 days. (P < 0.001) (e-f) MTT array showed that the cell proliferation in shSTK32C was inhibited in both cell lines. (g-h) Flow
cytometry analysis found that the percentage of apoptotic cells was higher in the shSTK32C group than shCtrl in both cell lines. (P < 0.001).
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Figure 4. Influence of STK32C expression on colony formation, invasion, and migration of bladder tumor cell lines. (a-b) The colony formation assay was used to
measure the colony formation ability of tumor cells. Colonies in shSTK32C groups were dramatically decreased compared with shCtrl. (P < 0.001) (c-d) The transwell
assay showed that cells migrated into the lower chamber were decreased in the shSTK32C group of both cell lines. (P < 0.001) (e-f) In the wound and healing assay,
the migration rates in the shSTK32C group were markedly inhibited at 4 h and 8 h in both cell lines. (P < 0.001) (g) The invasion of T24 cells was significantly
inhibited in the shSTK32C group. (P < 0.001).
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Figure 5. In vivo animal experiments. (a) T24 cells used for animal tumor formation experiments were observed by fluorescence microscopy, and most of the injected
cells (> 90%) were transfected effectively. (b) The fluorescence imaging was observed from the live mice. The results found that tumor fluorescence intensity was
decreased significantly in the KD groups. (c) After 28 days, tumors were harvested and mice were euthanized, tumor weights in the KD groups were heavier than the
controls. (P < 0.001).
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STK32C gene reduced the ability of these tumor behaviors
significantly. In vivo, suppression of STK32C gene expres-
sion resulted in quick death of tumor cells in mice sub-
cutaneously implanted with xenograft tumor cells. In
addition, we found that the level of STK32C expression
was associated with the clinical features from immunohis-
tochemistry analysis of clinical patients. Overall, these find-
ings confirmed that STK32C plays an essential role in BC
progression.

Microarray analysis showed that STK32C functioned prob-
ably via the HMGB1 signaling pathway. Some key genes in
HMGBA signaling pathway were identified and validated.
Most of them were shown to be associated with tumor progres-
sion. For example, CCNE/CDK2, which has long been consid-
ered an essential and master regulator of progression through
the G1 phase of the cell cycle, plays an important role in

tumoigenesis.41 PAK1 is associated with tumor cell growth,
survival, motility, invasion, and cytoskeleton remodeling via its
direct relevant substrates.42 By knocking down STK32C, the
expression of these genes was dramatically regulated, which
implied these were potential targets of STK32C. In summary,
silencing of STK32C could inhibit the activity of HMGB1 path-
way and regulate the expression of many key genes in this path-
way, which shed a new light on the target treatment of bladder
cancer. In the future, we plan to conduct comprehensive
research on the exact targets and mechanisms of STK32C in BC.

5 Conclusion

In summary, our results demonstrated that STK32C was over-
expressed in bladder tumors and associated with poor clinical

Figure 6. Microarray analysis of gene expression after knocking down the STK32C gene. All signal pathways, disease and functions were ordered using log (P-value);
the area marked orange represented the Z-score> 0 and the area marked blue was the Z-score < 0; color intensity was positively associated with the Z-score. A
Z-score> 2 represented a significant activation and a Z-score <-2 represented a significant inhibition. (a) The clustering heat map showed the aggregation of all
samples and differential genes at the expression level. 183 genes were up-regulaed and 336 genes were down-regulated. (b) Pathway enrichment analysis (C-D)
Disease and functional analysis.
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Figure 7. Knocking down STK32C influenced key genes in the HMGB1 pathway. (a) The important genes of the HMGB1 pathway map were shown. “Green”
represented inhibited and “red” represented increased. (b) Transcriptional level of 13 genes on the HMGB1 pathway were detected by qPCR after knocking-down
STK32C; all these genes except CDK2 were significantly regulated.(P < 0.001). (c) The protein levels of 5 genes verified by Western blot were consistent with the
results of qPCR. (P < 0.001) (d) The protein domain of STK32C was predicted by public databases.
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features. Knocking down the expression of STK32C inhibited
tumor progression in vitro and in vivo. Microarray analyses
further revealed that STK32C inhibited the activity of the
HMGB1 pathway and influenced the expression of many key
genes in this pathway. Taken together, our study revealed that
STK32C possesses the essential ability to promote BC progression.
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