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ABSTRACT
Homeodomain-interacting protein kinase-2 (Hipk2) has been shown to have important regulatory roles in cancer biology, such as cancer cell
proliferation, cell cycle, and cell invasion. However, the contributions of Hipk2 to bladder cancer metastasis remain largely unknown. In the
current study, we assayed the expression level of Hipk2 in bladder cancer tissues by real-time PCR, and defined its biological functions. We
found that Hipk2 levels were downregulated in most bladder cancer tissues compared with adjacent normal tissues, and Hipk2 levels were
remarkably decreased in metastasized tumor tissues when compared with primary tumors. SiRNA-mediated Hipk2 silencing increased bladder
cancer cell invasion. Hipk2 knockdown resulted in decrease of E-cadherin expression and increase of N-cadherin and fibronectin expression,
indicated that epithelial-mesenchymal transition (EMT) was induced. We further demonstrated that Hipk2 knockdown inducedWnt signaling
activation andb-catenin nuclear localization. Finally, we confirmed that Hipk2 inhibition promoted EMT and subsequent cell invasion, at least
in part by activatingWnt signaling. These data suggest an important role of Hipk2 in regulating metastasis of bladder cancer and implicate the
potential application of Hipk2 in bladder cancer therapy. J. Cell. Biochem. 115: 1762–1767, 2014. © 2014 Wiley Periodicals, Inc.
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Human bladder cancer is the fourth most common malignancy
in men, and the tenth most common in women [Lacey et al.,

2002; Liu et al., 2013]. Themost common histological type of bladder
cancer is urothelial carcinoma (UC) which are non-invasive papillary
tumors that commonly recur but rarely progress [Seiler et al., 2012].
Metastatic bladder tumors are more aggressive, and patients with
muscle invasive UC are usually treated with radical cystectomy.
However, one-half of patients with invasive bladder cancer develop
subsequent metastatic disease, even after radical surgery of the
primary tumors [Said et al., 2012]. The advances in effective therapy
for these patients have been limited because the pathological
mechanisms causing tumor are not known. Therefore, revealing the

molecular mechanism for the bladder cancer metastasis is
indispensable for developing effective treatment.

The initial stage ofmetastatic progression is essentially dependent
on the prominent biological event referred to as epithelial–
mesenchymal transition (EMT), which is characterized by specific
morphogenetic changes, loss of cell adhesion, and increased cell
movement [Cai et al., 2013]. Loss of E-cadherin expression is a
hallmark of the EMT process and is likely required for enhanced
tumor cell motility [Chua et al., 2007; Ying et al., 2012].
Wnt/b-catenin signaling has been shown to play an important
role in the regulation of EMT and cancer metastasis [Anson et al.,
2012; Cai et al., 2013]. Wu et al. [2012] showed that canonical Wnt
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suppressor, Axin2, acts as a potent promoter of carcinoma behavior
by increasing the activity of the Snail1, which induces a functional
EMT and drives metastatic activity. Axin2 inhibition decreases
Snail1 activity, reverses EMT, and inhibits colorectal cancer invasion
and metastasis [Wu et al., 2012].

Homeodomain-interacting protein kinase-2 (Hipk2) is a serine/
threonine kinase that as been shown to be involved in tumor
suppressor [Wei et al., 2007]. Hipk2 is activated in response to
various types of DNA-damaging agents, and activated Hipk2
phosphorylates p53 for specific activation of proapoptotic target
genes and contributes to the regulation of p53-induced apoptosis
[Puca et al., 2008]. Recent studies reveal that Hipk2 regulates cancer
metastasis [Nodale et al., 2012]. Nodale et al. [2012] showed that
Hipk2 downregulates vimentin expression in invasive MDA-MB-
231 breast cancer cells and in the non-invasive MCF7 breast cancer
cells subjected to chemical hypoxia. They further demonstrated that
vimentin downregulation by Hipk2 correlates with inhibition of
breast tumor cell invasion. Hipk2 may control cancer metastasis by
regulatingWnt/b-catenin.Wei et al. [2007] demonstrated that Hipk2
represses b-catenin-mediated transcription and epidermal stem cell
expansion. They showed that the C-terminus of Hipk2 is required to
interact with the corepressor, CtBP, which in turn promotes the
suppressor function of Hipk2 [Zhang et al., 2005; Wei et al., 2007].
Deletion of the YH domain and the putative CtBP binding motif of
Hipk2 completely abolish the repressor effect of Hipk2 in TOPFlash
reporter assays. However, little is known about whether dysregu-
lation of Hipk2 regulates bladder cancer metastasis by regulating
Wnt signaling.

Based on these findings, we investigated whether Hipk2 regulates
Wnt/b-catenin activation and subsequent bladder cancermetastasis.
We found that Hipk2 expression levels were downregulated in
metastasized tumor tissues. Decreased expression of Hipk2 activated
the Wnt pathway to promote EMT and human bladder cancer cell
metastasis.

MATERIALS AND METHODS

TISSUE SAMPLES AND CELL LINES
Human bladder tissues were obtained with informed consent from
the First People’s Hospital affiliated to School of Medicine Shanghai
Jiaotong University. The protocols used in the study were approved
by the Hospital’s Protection of Human Subjects Committee. Twenty-
five specimens of normal and pathologically diagnosed biopsy
specimens were obtained from patients with bladder tumors,
including 18 with lymph node metastasis and 7 without (median
age 61, range 52–79). Human bladder cancer cells T24 were obtained
from the American Type Culture Collection (ATCC, Manassas, VA)
and were maintained in RPMI 1640 with 10% FBS (GIBCO, Carlsbad,
CA), and were cultured at 37°C with 5% CO2.

REAL-TIME POLYMERASE CHAIN REACTION
Total RNA was extracted from bladder cancer tissues or cells by
using Trizol reagent (Invitrogen, Carlsbad, CA), and the reverse
transcription reactions were performed using an M-MLV Reverse
Transcriptase kit (Invitrogen). Real-time PCR was carried out using a

standard protocol from the SYBR Green PCR kit (Toyobo, Osaka,
Japan) on Applied Biosystems 7300 Real Time PCR system (Applied
Biosystems, Foster City, CA) according to the instructions. b-actin
was used as references for mRNA. DCt values were normalized to b-
actin levels. The 2�DDCt method was used to determine the relative
quantitation of gene expression levels.

WESTERN BLOT ANALYSIS
Western blot analysis to assess Hipk2, E-cadherin, N-cadherin,
fibronetic, and b-actin expression was carried out as previously
described [Kapinas et al., 2007]. The Hipk2, E-cadherin, N-cadherin,
fibronetic primary antibodies were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA). b-actin primary antibodies were
purchased from Sigma (MO).

LUCIFERASE REPORTER ASSAY
To test Wnt signaling, T24 cells were cotransfected with either the
Wnt signaling reporter TOPFlash or the negative control FOPFlash
along with the Hipk2-siRNA (Santa Cruz, CA) as previously
described [Tano et al., 2010]. The siRNAs used in this study were
mixtures of three siRNAs as previously described [Pierantoni et al.,
2011]. Transfected T24 cells were then treated with Wnt3a. The data
are represented as normalized TOPFlash/FOPFlash values.

IMMUNOFLUORESCENCE STAINING
Immunofluorescence staining was carried out as described previ-
ously [Si et al., 2006]. Briefly, T24 cells werefixedwithmethanol and
washed with PBS. Then the fixed cells were permeabilized with 1%
NP-40 and blocked with calf serum, followed by incubating cells
with an anti-b-catenin antibody (Santa Cruz, CA) for 1 h at room
temperature. After being washed, the cells were incubated with
biotin-labeled secondary antibody for 30min, followed by incubat-
ing the cells with streptavidin-Alexa Fluor 594 (Molecular Probes,
Eugene, OR) for 20min. The presence of b-catenin protein was
visualized under a fluorescence microscope.

TRANSWELL INVASION ASSAY
Cell invasion was administrated using Transwell invasion assay with
inserts of 8-mm pore size (Corning Costar) as described previously
[Connor et al., 2007]. Briefly, T24 cells were suspended in medium
without serum and seeded onto Matrigel-coated Transwell filters in
Biocoat Matrigel invasion chambers. Medium supplemented with
serum was used as a chemo-attractant in the lower chamber. The
cells were treated with Hipk2-siRNA for 72 h, and cells that did not
invade through the pores were removed using a cotton swab. Cells on
the lower surface of the membrane were fixed with methanol and
stained with Crystal violet. The cell numbers were determined by
counting of the penetrating cells under a microscope at 200�
magnification in random fields in each well. Each experiment was
performed in triplicate.

STATISTICAL ANALYSIS
All data are expressed as mean� standard deviation (SD) from at
least three separate experiments. The differences between groups
were analyzed using Student’s t-test. The difference was deemed
statistically significant at P< 0.05.
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RESULTS AND DISCUSSION

Hipk2 IS ASSOCIATED WITH BLADDER CANCER METASTASIS
To investigate the role of Hipk2 in bladder cancer progression, we
first assayed the expression level of Hipk2 in bladder cancer tissues.
As shown in Figure 1A, Hipk2 expression levels were significantly

downregulated in most bladder cancer tissues compared with
adjacent normal controls. Hipk2 was decreased expression in 80%
(20/25) of bladder cancer in comparison with adjacent normal
control (Fig. 1A). When these tumor tissues were stratified based on
clinical progression, we found that the Hipk2 levels are lower in
primary tumors that subsequently metastasized than those in non-
metastatic bladder cancer (Fig. 1B). We next examined the Hipk2
expression level in the primary and lymph-node metastatic tumor
specimen by quantitative RT-PCR. Expression analysis of Hipk2 in
18 primary bladder cancer tissues and the corresponding lymph-
nodemetastases pairs, each from the same patient, showed markedly
lower Hipk2 levels in the metastases of all 18 pairs (Fig. 1C). These
data indicate that downregulation of Hipk2may be related to bladder
cancer metastasis.

Fig. 1. Hipk2 is associated with bladder cancer metastasis. A: The analysis of
Hipk2 expression level was performed in bladder tumor tissues (n¼ 25) and
matched normal tissues. Total RNA was subjected to quantitative RT-PCR to
analyze the expression level of Hipk2 in each sample. b-actin was used as a
reference. The relative Hipk2 levels were calculated by 2�DDCt where DCt¼ Ct
(Hipk2)� Ct (b-actin) and DDCt¼DCt (tumor tissue)�DCt (adjacent
normal tissue). B: The tumor samples were divided into two groups based on
clinical progression. The Hipk2 expression levels in the metastasis group
(n¼ 18) and in the no-metastasis group (n¼ 7) were assayed. *P< 0.05. C: The
Hipk2 expression in 18 primary and corresponding lymph-node metastatic
tumor specimen was analyzed by quantitative RT-PCR. b-actin was used as a
reference. Data are expressed as mean� SD from at least three separate
experiments. The differences between groups were analyzed using Student’s t-
test.

Fig. 2. Hipk2 knockdown promotes bladder cancer cell invasion. A: The Hipk2
mRNA and protein expression was significantly decreased in T24 cells treated
with Hipk2-siRNA. N.C, negative control. B,C: Hipk2 knockdown promoted T24
cell invasion. Profiles are representative of at least three independent
experiments. Statistical analysis is shown at the bottom (C). *P< 0.05.
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Hipk2 SILENCING PROMOTES BLADDER CANCER CELL INVASION
To further study the role of Hipk2 in cell invasion, the bladder cancer
cells treated with Hipk2-siRNAs were analyzed. We first proved that
T24 cells can be used as an in vitro model to investigate Hipk2

function by assaying the Hipk2 expression in T24 cells (Fig. 2A). The
Hipk2 mRNA and protein levels were significantly decreased in T24
cells treated with Hipk2-siRNAs (Fig. 2A). siRNA-mediated Hipk2
silencing increased bladder cancer cell invasion in vitro (Fig. 2B,C).

Fig. 3. Hipk2 knockdown induced an EMT phenotype in T24 cells. A,B: Measurements used quantitative RT-PCR or Western blot of the epithelial and mesenchymal markers
E-cadherin, N-cadherin, and fibronectin in Hipk2-siRNA-treated T24 cells. C: Luciferase activity of TOPFlash/FOPFlash in T24 cells that were transiently transfected with Hipk2-
siRNA or negative control (N.C). Data are expressed as mean� standard deviation from five separate experiments. *P< 0.05. D: Immunostaining analysis of b-catenin
translocation in T24 cells treated with Hipk2-siRNA. Profiles are representative of at least three independent experiments. Bar¼ 30mm. E: The expression levels of Wnt signaling
target genes (cyclin D1 and survivin) were significantly increased in T24 cells treated with Hipk2-siRNA. *P< 0.05.
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These data suggest that Hipk2 negatively regulates bladder cancer
cell invasion.

Hipk2 SILENCING ACTIVATES Wnt/b-CATENIN SIGNALING AND
INDUCES EMT
We then investigated the mechanism of action for Hipk2 on the
regulation of bladder cancer cell invasion. Hipk2 knockdown
increased the mesenchymal markers (N-cadherin and fibronectin)
mRNA levels (Fig. 3A). Meanwhile, Hipk2 knockdown decreased
E-cadherinmRNA level (Fig. 3A). Moreover, E-cadherin protein level
is reduced, and N-cadherin and fibronectin protein level is increased
after Hipk2 inhibition (Fig. 3B), indicating that EMT is induced by
downregulation of Hipk2.

The Wnt/b-catenin signaling has a particularly tight link with
EMT. Nuclear translocation of b-catenin can activate the expression
of Slug, which triggers an EMT and a proinvasive gene expression
profile [Yook et al., 2006; Jiang et al., 2007; Ying et al., 2012].
Therefore, we investigated whether Hipk2 regulates the Wnt/b-
catenin signaling. T24 cells were cotransfected with either the Wnt
signaling reporter TOPFlash or the negative control FOPFlash along
with either the Hipk2-siRNA or the negative control. The transfected
cells were then treated with Wnt3a. Figure 3C shows that the Hipk2
knockdown significantly increased TOPFlash activity. Immunofluo-
rescence analysis also showed that Hipk2 knockdown significantly
enhanced nuclear accumulation of b-catenin after Wnt3a treatment
(Fig. 3D). Consistent with these observations, the endogenous levels
of Wnt target genes (cyclin D1 and survivin) were increased after
Hipk2 inhibition (Fig. 3E). These data confirm that Hipk2 down-
regulation induces EMT, at least in part by activating the Wnt/b-
catenin signaling.

Hipk2 CONTROLS BLADDER CANCER CELL INVASION BY
REGULATING Wnt SIGNALING
Then we investigated whether Hipk2 regulates bladder cancer cell
invasion by the Wnt signaling pathway. We first demonstrated that
Hipk2 overexpression markedly inhibited bladder cancer cell
invasion (Fig. 4A). Importantly, inhibition of Wnt signaling by its
specific inhibitor (IWR-1) abrogated cell invasion induced by Hipk2
knockdown, though Hipk2 knockdown enhanced cell invasion
(Fig. 4B). These data demonstrated that Hipk2 suppresses bladder
cancer cell invasion, at least in part, by regulating Wnt/b-catenin
signaling.

EMT is a key step toward cancer metastasis, and theWnt signaling
is associated with EMT [Jiang et al., 2007]. The canonical Wnt
signaling is activated upon the binding of Wnt ligands to Frizzled
(Fzd)/LDL-related protein (LRP) coreceptor complexes, which leads
to activation of Fzd and nuclear translocation of b-catenin.
b-catenin can activate the expression of Slug, which induces EMT
[Eger et al., 2000]. Ying et al. [2012] showed that upregulated
MALAT-1 contributes to bladder cancer cell migration by inducing
EMT. MALAT-1 knockdown inhibits Wnt activation and decreases
nuclear accumulation of b-catenin. They further demonstrated that
MALAT-1 knockdown results in a decreased of the EMT-associated
ZEB1, ZEB2, and Slug levels, and an increase of E-cadherin levels by
activating Wnt signaling [Ying et al., 2012].

Hipk2 could act as a regulator of theWnt/b-catenin signaling. Lee
et al. [2009] demonstrated that Hipk2 promotes Wnt/Wingless (Wg)
signaling through stabilization of b-catenin/Arm and stimulation of
target gene expression. However, another study showed that Hipk2
acts as a negative regulator of the Wnt/b-catenin signaling.
Inhibition of endogenous Hipk2 increases the stability of b-catenin

Fig. 4. Downregulated Hipk2 contributes to bladder cancer cell invasion by regulating Wnt signaling. A: Hipk2 overexpression significantly decreased bladder cancer cell
invasion. Profiles, which are shown at the top, are representative of at least three independent experiments. Statistical analysis is shown at the bottom. *P< 0.05. B: inhibition of
Wnt signaling by its specific inhibitor (IWR-1) abrogated cell invasion induced by Hipk2 knockdown, though Hipk2 knockdown enhanced cell invasion. Profiles, which are shown
at the top, are representative of at least three independent experiments. Statistical analysis is shown at the bottom. *P< 0.05.

JOURNAL OF CELLULAR BIOCHEMISTRY1766 HIPK2 REGULATES CANCER METASTASIS



and results in the accumulation of b-catenin in the nucleus,
consequently enhancing the expression of Wnt target genes and cell
proliferation [Kim et al., 2010]. In the present study, we found that
Hipk2 knockdown induces b-catenin nuclear localization and Wnt
signaling activation. Furthermore, Hipk2 knockdown results in
decrease of E-cadherin expression and increase of N-cadherin and
fibronectin expression, indicated that EMT was induced. We finally
demonstrated that Hipk2 inhibition promoted EMT and subsequent
cell invasion, at least in part by activating Wnt signaling.

CONCLUSION

These data suggest an important role of Hipk2 in regulating
metastasis of bladder cancer and implicate the potential application
of Hipk2 in bladder cancer therapy.
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