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Introduction: Bruton’s tyrosine kinase (BTK) inhibitors have long been known in the
treatment of B-cell malignancies. Recently, BTK inhibitors have also become promising
novel treatment reagents for prostate cancer. The current study was designed to investigate
expression of BTK in prostate cancer tissues in comparison with benign hyperplasia and
effect of BTK inhibitor on prostate cancer cell proliferation, migration and invasion.
Methods: BTK expression was assessed by immunohistochemistry; migration and invasion
prostate cancer cell lines (DU145 and PC3) were assessed by Transwell migration and wound-
healing assay; cancer cell proliferation was assessed using MTT assay kit; expression of matrix
metalloproteinases-2 and -9 (MMP-2 and MMP-9) was assessed by immunoblotting.

Results: Strong expression of BTK was detected in the prostate cancer tissues, especially in
the tumors from prostate cancer patients with bone metastasis. BTK inhibitor (Ibrutinib)
significantly inhibited cell proliferation, migration and invasion of prostate cancer cells as
well as protein synthesis of MMP-2 and MMP-9 by the tumor cells. Overexpressing BTK
could partially but significantly block the inhibitory effect of Ibrutinib on cell proliferation,
migration and invasion, and protein synthesis of MMP-2 and MMP-9 of the cancer cells.
Conclusion: These findings suggested that BTK could serve as not only a biomarker but
also a therapeutic target for the prostate cancer and that Ibrutinib may be applied as
a therapeutic drug for the prostate cancer.
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Introduction

Prostate cancer is a common male cancer with high lethality in the world, especially
in the population of 65-year-oldsters with three-quarters prevalence.' In the United
States of America, prostate cancer is the most commonly diagnosed malignancy in
male population.” In 2008, over half of newly diagnosed primary cancers were
originated from prostate, lung and bronchus, or colon and rectum, and of them,
prostate cancer alone accounted for one-quarter of incident cases in men in the US.?
In China, prostate cancer has become the most frequently diagnosed tumor in male
urinary malignancies since 2008.%> The incident rate was 9.80/100,000 in 2014 and
ranked the sixth common malignancy in male malignant tumors.® While there are
many choices for the treatment of prostate cancer such as surgery, radiotherapy,
chemotherapy, and immunotherapy,® currently, tyrosine kinase inhibitors (TKIs)
become potentially promised therapeutic drug for prostate cancer and most of
which are directed against receptor tyrosine kinases.
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Bruton’s tyrosine kinase (BTK) is known to cause the
most significant reduction in cancer cell survival when it is
knockdown,” especially, in B-cell malignancy.’ The impli-
cation of BTK in B-cell malignancies has been extensively
studied.®’ In this regard, BTK has long been known to be
involved in modulating survival, activation, proliferation,
and differentiation of B-lymphocytes.®” Recently, BTK
has also become a novel target in solid tumors including
prostate cancer.*'*"'? BTK inhibitors including PCI-32765
(Ibrutinib) were originally developed as immunosuppres-
sants and chemotherapeutic drug for B-cell malignancies
in the clinical trials'® and has already been approved for
the treatment of hematopoietic malignancies, mantle cell
lymphoma and multiple myeloma.®

Given the novel therapeutic role of BTK inhibitors in
prostate cancer survival,'''? in the current study, we
examined the expression of BTK in prostate cancer tissues
with or without bone metastasis. We showed that BTK
expression was increased in prostate cancer tissues with
strongest in the tumors with bone metastasis. In vitro
studies with two cell lines (DU145 and PC3) of prostate
cancers demonstrated that suppression of BTK with
Ibrutinib resulted in inhibition of proliferation, migration
and invasion of the cells. In addition, MMP-2 and MMP-9
proteins were highly expressed in the prostate cancer cell
lines, which were significantly inhibited by Ibrutinib.

Materials and Methods
Ethics

This work protocol was approved by the Ethics Committee
of Second Affiliated Hospital of Xi’an Jiaotong University
and the study was in accordance with the Declaration of
Helsinki. Written informed consent had been collected
from all patients.

Cell Culture and Treatment

Two prostate cancer cell lines, PC3 and DU145, were pro-
vided from the Institute of Urology, the First Affiliated
Hospital of Xi’an Jiao Tong University. Cells were cultured
with RPMI-1640 medium supplemented with 10% fetal calf
serum (FCS), 1% penicillin and streptomycin. The use of
cancer cell lines was approved by the Ethics Committee of
Second Affiliated Hospital of Xi’an Jiaotong University.

MTT Assay

Cells were trypsinized and plated into 96-well plates at
a density of 5 x 10° cells/well/100pL medium. Next day,

cells were treated with 0, 10, 20, 30, 40, 50, 60, and 70 uM
BTK inhibitor, Ibrutinib (purchased from Cell Signaling
Technology), for 0, 24, 48, and 72 h. Twenty microliters of
0.5% MTT was then added into each well and further
cultured for 4 h. After brief washing, 150uL/well of
DMSO was then added and shaken for 10min. OD value
was then measured with ELISA reader at 490 nm.

Wound-Healing Assay

PC3 and DUI145 cells were pre-treated with 0, 5, 10uM
Ibrutinib for 24 h. Cells were then plated into 6-well plate
at a density of 5x10° cells/well and cultured till 90%
confluence. A wound in each well was created with pipette
tip. Cells were then further cultured with serum-free med-
ium for 0, 12, 18, and 24 h. Wound-healing process was
photographed at each time point. Wounded area was quan-
tified using Image-pro software.

Cell Migration Assay

PC3 and DU145 cells were pre-treated with 0, 5, 10uM
Ibrutinib for 24 h. Cells were then trypsinized and plated
into the upper well of the 24-well size Transwell plate at
a density 2 x 10%well, 200uL/well, and 800uL medium
containing serum were plated into the bottom well of the
Transwell. Cells were allowed to migrate for 24 h. Non-
migrated cells were then wiped off with cotton stick fol-
lowed by washing three times with PBS. Migrated cells
were fixed with 4% formaldehyde for 15 min at room
temperature, and stained with 0.1% crystal violet staining
solution for 10 min. After washing 3 times with PBS,
migrated cells in three randomized high-power fields
(x 200) were counted under microscope.

Tumor Cell Invasion Assay

Membrane (8um) of the Transwell top well was pre-
coated with Matrigel (1:9 dilution of Matrigel with
serum-free medium). PC3 and DU145 cells were pre-
treated with 0, 5, 10uM Ibrutinib for 24 h. Cells were
then trypsinized and plated into the Matrigel-pre-coated
top well of the 24-well size Transwell plate at a density
5 x 10*/well, 200uL/well, and 800pL medium containing
serum were plated into the bottom well of the Transwell.
Cells were allowed to migrate through the Matrigel-pre-
coated membrane for 24 h. Non-migrated cells were
wiped off with cotton stick followed by washing three
times with PBS. Migrated cells were fixed with 4% for-
maldehyde for 15 min at room temperature, and stained
with 0.1% crystal violet staining solution for 10 min.
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After washing 3 times with PBS, migrated cells in three
randomized high-power fields (x 200) were counted under
microscope.

Immunoblotting

PC3 and DU145 cells were lysed with RIPA solution con-
taining PMSF. Protein concentration was quantified by
BCA method. Samples were diluted with 6x concentrated
loading buffer and heated at 95°C for 5 min followed by
cooling on ice. Total of 20 pg/lane proteins were loaded and
separated with 10% SDS-PAGE electrophoresis. Proteins
were transferred to PVDF membrane and blocked with
5% BSA-PBS solution. Primary antibodies (anti-BTK anti-
body from Santa Cruz @ 1:1000; MMP-2 from Abcam @
1:2000; MMP-9 from Abcam @ 1:2000, and GAPDH from
CWBIO, China @ 1:1000 dilution) were incubated at 4°C
overnight. Next day, after washing, appropriate 2nd antibo-
dies (Invitrogen) were allowed to react for 1 h at room
temperature. After washing, protein bands were visualized
with ECL reagent and ChemiDocTMXRS Imaging system.

Immunohistochemistry

Prostate tissues were collected from 12 prostate cancer
patients and 8 patients with benign prostatic hyperplasia
(IRB#: 2019075). The cancer tissues or benign prostatic
hyperplasia tissues were fixed with 4% formaldehyde and
sectioned after being embedded with paraffin. Samples
were deparaffinized with xylene, rehydrated in a graded
alcohol series, and incubated in a 0.3% hydrogen peroxide
solution for 15 min to neutralize endogenous peroxidase
activity. The sections were then microwaved in citrate
buffer for antigen retrieval. The tissues were incubated
(1:50) at
Next day, HRP-conjugated secondary antibodies were

with primary antibodies 4°C  overnight.
then allowed to react for 1 h at room temperature. DAB
substrate was used to reveal peroxidase activity. Sections
were counterstained with Hematoxylin. Intensity of the
immunostaining was semi-quantitatively analyzed using
Image-Pro Plus 6.0 software.

Plasmid Construction and Stable

Transfection

As previously reported, the plasmid containing negative
control sequence or BTK overexpressing sequence was
propagated into Escherichia coli and purified by the
Omega Plasmid Extraction Kit (Promega). The plasmid
into the cells following the

was then transfected

manufacturer’s instruction of Lipofectamine 2000 trans-
fection reagent (Life Technologies). The extent of gene
knockdown was determined by immunoblot.

Statistical Analysis

All experiments were repeated at least three times. Results
were presented as the mean + SD. Statistical analysis was
performed by one-way analysis of variance (ANOVA) and
Student’s ¢ test using SPSS software (SPSS Inc., Chicago,
IL, USA). P < 0.05 was considered as significantly
different.

Results

BTK Expression in the Prostate Cancer
In order to investigate the role of BTK in the development
and metastasis of prostate cancer, BTK protein expression
in the prostate cancer tissue was assessed by immunohis-
tochemical staining in 12 prostate cancer tissues in com-
parison with 8 tissues of benign prostatic hyperplasia. As
shown in Figure 1, BTK protein expression was dramati-
cally up-regulated in the prostate cancer tissues (B-F)
compared to that in the benign prostatic hyperplasia (A).
In addition, the higher Gleason Score in the prostate can-
cer was, the stronger expression of BTK was found in the
tissue (B vs E in the tissues without bone metastasis, or
C vs D vs F in the tissues with bone metastasis). Tissues
with bone metastasis also had stronger BTK expression
(C, D and F) compared to the tissues without bone metas-
tasis (B and E). Furthermore, semi-quantitative analysis of
the immunostaining gray intensity showed that prostate
cancer with bone metastasis had strongest staining inten-
sity (0.1434 + 0.0138) than that of prostate cancer without
bone metastasis (0.0130 = 0.0019, P = 0.004) or benign
prostate hyperplasia (0.0001 = 0.00001, G).

Ibrutinib Inhibited Prostate Cancer Cell

Proliferation

Cell proliferation and effect of Ibrutinib on cell prolifera-
tion were assessed using MTT assay. As shown in
Figure 2, Ibrutinib, the BTK inhibitor, significantly inhib-
ited proliferation of the prostate cancer cell lines, DU145
(Figure 2A) and PC3 (Figure 2B), in a concentration-
dependent and time-dependent manner (Figure 2C
and D). IC50 of Ibrutinib on PC3 cell at 24, 48, and
72 h treatment was 53uM, 34uM, and 22uM, respectively;
on DU145 was 32uM, 21uM, and 16uM, respectively.
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Figure | BTK protein expression in the tissues of prostate cancer and benign hyperplasia. BTK protein expression was assessed by immunohistochemistry as described in
the methods. (A) Benign prostatic hyperplasia; (B) prostate cancer without bone metastasis and Gleason score 7 (3+4); (C) prostate cancer with bone metastasis and
Gleason score 7 (4+3); (D) prostate cancer with bone metastasis and Gleason score 8 (3+5); (E) prostate cancer without bone metastasis and Gleason score 8 (4+4); (F)
prostate cancer with bone metastasis and Gleason score 9 (5+4). Magnification: X400 for A, C, E, and F; x200 for B and D. (G) Semi-quantitative comparison of the
immunostaining intensity. Vertical axis: Intensity of staining (orbital value obtained by the imaging processing software), horizontal axis: groups of the samples.
Abbreviations: BPH, benign prostatic hyperplasia; PC-BM, prostate cancer without bone metastasis; PC+BM, prostate cancer with bone metastasis.

Ibrutinib Inhibited Migration and Invasion

of Prostate Cancer Cells

Next effect of Ibrutinib on migration and invasion of prostate
cancer cell lines, DU145 and PC3, were assessed using
wound-healing assay and Transwell assay methods. As
shown in Figure 3, after 24 h treatment, 2.5uM and 5uM
Ibrutinib significantly inhibited wound close of DU145
(A and C) and PC3 (B and C), P < 0.05. Furthermore, as
shown in Figure 4 Transwell assay results, 5 and 10pM
Ibrutinib significantly inhibited not only migration of DU145
cells (top row of Figure 4A and left bar graph of Figure 4B,
P < 0.05) but also invasion of DU145 cells into Matrigel
(bottom row of Figure 4A and right bar graph of Figure 4B,
P <0.05). Similar effect of Ibrutinib on PC3 cell migration and
invasion was found (Figure 4C and D, P < 0.05).

Effect of Ibrutinib on BTK and MMP

Protein Synthesis

To investigate potential mechanism of Ibrutinib inhibition
on prostate cancer cell migration and invasion, effect of
Ibrutinib on the protein synthesis of BTK, MMP-2 and
MMP-9 was assessed by immunoblotting. As shown in
Figure 5A, 10uM and 20uM Ibrutinib dramatically inhib-
ited protein synthesis of BTK, MMP-2, and MMP-9.
Similar effect of Ibrutinib on BTK and MMP synthesis
was also observed in PC3 cell line (Figure 5B).

Overexpression of BTK Partially Blocked
Inhibitory Effect of Ibrutinib

To further investigate role of BTK in modulating prostate
cancer cell migration and invasion, plasmid of negative
control or overexpressing BTK was transfected into the
prostate cancer cell lines, DU145 and PC3. Cells were
then pre-treated with SpM Ibrutinib for 24 h followed by
migration and invasion using Transwell assay method. As
shown in Figure 6, migration (Figure 6A) and invasion
(Figure 6B) capability of the DU145 cells overexpressing
BTK increased significantly compared to the cells trans-
fected with negative control plasmid (P < 0.05), and over-
expressing BTK could partially but significantly blocked
the inhibitory effect of Ibrutinib on cell migration and
invasion (P < 0.05). Similar effect was observed in the
PC3 cells (Figure 6C and D, P < 0.05).

In addition, overexpression of BTK in the cells resulted
in significant up-regulation of MMP-2 and MMP-9 com-
pared to the cells transfected with negative control plasmid
(Figure 7), and overexpression of BTK could partially but
significantly blocked the inhibitory effect of Ibrutinib on
MMP synthesis (Figure 7).

Discussion
BTK has been known as a novel treatment target in hemato-

poietic malignancies and autoimmune diseases.*'' In the
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Figure 2 Effect of Ibrutinib on viability of PC3 and DUI145 cells. Cell viability was assessed using MTT assay method as described in the methods. (A) Concentration-
dependent effect Ibrutinib on DUI145 viability. Vertical axis: cell viability expressed as percent of control (%); horizontal axis: Ibrutinib concentration (uM). (B)
Concentration-dependent effect Ibrutinib on PC3 viability. Vertical axis: cell viability expressed as percent of control (%); horizontal axis: Ibrutinib concentration (uM).
(C) Time- and concentration-dependent inhibitory effect of Ibrutinib on DU145 cell proliferation. Vertical axis: Inhibition rate (%); horizontal axis: time (h). (D) Time- and
concentration-dependent inhibitory effect of Ibrutinib on PC3 cell proliferation. Vertical axis: Inhibition rate (%); horizontal axis: time (h).

current study, by immunohistochemical staining, we first
demonstrated that BTK expression was significantly
increased in the invasive prostate cancers (bone metastasis)
compared to that of non-invasive prostate cancer (without
bone metastasis) or benign prostate hyperplasia. Next, by
in vitro studies of prostate cancer cell lines, we further
demonstrated that the BTK inhibitor, Ibrutinib, significantly
inhibited prostate cancer cell proliferation, wound healing,
migration and invasion of the prostate cancer cells; and
inhibited MMP-2 and MMP-9 protein synthesis in the
tumor cells. We also demonstrated that overexpressing
BTK in the prostate cancer cells partially antagonized the
inhibitory effect of Ibrutinib on migration and invasion of the
prostate cancer cells as well as expression of MMP-2 and
MMP-9. These findings suggested that BTK related signal-
ing play an important role in the cellular proliferation, migra-
tion and invasion of prostate cancer.

Tyrosine-protein kinases induce protein phosphoryla-
tion and modulate activity of their substrates, and by
which mechanism, these kinases involve in intracellular
signal transduction that regulate various kinds of cellular
function including proliferation and migration. Aberrant
activation of tyrosine protein kinases leads to alteration
of cellular behaviors, including cell proliferation and dif-
ferentiation, survival and death, migration and invasion,
and neoplastic formation.'*'> In this content, Bruton’s
tyrosine kinase (BTK) is known to play a critical role in
cell survival of B-cell type malignancies. BTK was found
to be mutated in the primary immunodeficiency X-linked
agammaglobulinemia (XLA) and crucial for B lymphocyte
development.'®!” Recently, however, studies have also
indicated that BTK expressed and activated in various
kinds of solid tumors including prostate cancer, lung can-
cer, and ovarian cancer. 111819 Thus, BTK inhibitors
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submit your manuscript

4117

Dove


http://www.dovepress.com
http://www.dovepress.com

Zhu et al

Dove

A_

SuM(0h)

NC(0h) ] 2.5uM(0h)

NC(24h) 2.5uM(24h) 5uM(24h)

DU145

NC(0h)

2.5uM(0h)

SuM(0h)

NC(24h) 2.5uM(24h)

PC3

5uM(24h)

Scratch Wound Healing Assay Scratch Wound Healing Assay
3 Bos onNe
8 g @ 25M
T I o6 A
T ? e
<] 204
s s
3 302
< <
B 00

DU145 PC3

Figure 3 Effect of Ibrutinib on wound healing of DU145 and PC3 cells. Wound-healing assay was performed in DU145 cells and PC3 cells in the presence or absence of
Ibrutinib for 12, 18 and 24 h. (A) Representative image of wound healing of DU 145 cells; (B) representative image of wound healing of PC3 cells; (C) quantitative
comparison of wounded area. Vertical axes: % of wound healed; horizontal axes: time (h). Open bar: control; gray bar: 2.5uM Ibrutinib; dark bar: 5uM Ibrutinib. *P < 0.05;

P < 0.01; ¥¥*P < 0.001.

have become as potential therapeutic drugs not only for
B-cell malignancies but also for solid tumors including
prostate cancer.''*>*' In this regard, Ibrutinib (PCI-
32,765), an orally bio-available and highly potent inhibitor
of BTK,*? specifically binds to Cys481 of BTK, and by
which mechanism, it irreversibly blocks the kinase
activity.”’ Here, we demonstrated that BTK is highly
expressed in the tissues of prostate cancer, especially in
the cancers with bone metastasis. Furthermore, Ibrutinib
significantly inhibited cellular proliferation, migration and
invasion of prostate cancer. Findings of the current study
were consistent with studies that showed BTK signal
transduction was critical for proliferation and migration
of prostate cancer cells and suggested that BTK could
serve as not only a potential biomarker for diagnosis and
prognosis but also a novel therapeutic target for prostate
cancer.

A special feature of malignant tumor is its ability to
destroy matrix barriers, and by which mechanism, cancer
cells migrate and invade into the surrounding connective
tissues as well as transfer to distant organs.***° Cell
migration and invasion require proteolytic action of the
enzymes that can hydrolyze structural components of the

extracellular matrix (ECM) so that cancer cells initiate
migration and disseminate into the surrounding tissues. In
this regard, matrix metalloproteinases (MMPs) are known
to play crucial role in breaking ECM and regulating
functions of various kinds of cancer cells including
migration and angiogenesis, and thus, MMPs have been
the targets of anticancer studies.'>*®* In this content, by
multivariate analyses after adjusting for the Gleason
score, tumor-node-metastasis stage, and initial serum
prostate-specific antigen, Trudel et al*® reported that
MMP-2 expression by >50% of malignant epithelial
cells was associated with decreased disease-free survival
(hazard ratio, 4.267; P < 0.0012). Oguic et al*’ immuno-
histochemically evaluated MMP-2 and MMP-9 expres-
sion in the tissue microarrays of 120 archival prostate
carcinoma samples and compared with clinic pathologi-
cal parameters. They found that MMP-9 expression was
significantly elevated in tumors from patients who had
biochemical recurrence and that MMP-9 was a good pre-
dictor of biochemical recurrence as analyzed by multi-
variate analysis.”’ In addition, expression of MMP-2 in
tumor cells was significantly higher at the positive mar-
gins than in the main tumor mass.”’ A meta-analysis,
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Figure 5 Effect of Ibrutinib on protein expression of MMP-2 and MMP-9. Protein levels of MMP-2 and MMP-9 were evaluated by immunoblotting as described in the
methods. GAPDH was used as internal loading control. (A) DU145 cell line. (B) PC3 cell line.

including 8 studies with 675 patients, showed that MMP-
2 expression in the prostate cancer group was signifi-
cantly higher than that in the benign prostatic hyperplasia
(BPH) group and that MMP-2 expression was signifi-
cantly associated with Gleason Score and -clinical
stages.® Consistent with these previous reports, the cur-
rent study demonstrated that MMP-2 and MMP-9 were

highly expressed in the prostate cancer cell lines, which
was significantly suppressed by BTK inhibitor, Ibrutinib.
Furthermore, overexpressing BTK in the prostate cancer
cell lines resulted in blockade of the inhibitory effect of
Ibrutinib, suggesting BTK may play a critical role in
modulating MMP-2 and MMP-9 expression in the pros-
tate cancer cells.
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Bone is the most common metastatic site for prostate  in the patients with or without bone metastasis. We found
cancer, and metastasis of prostate cancer cells contributes  that expression of BTK was higher in the prostate cancer
to the prostate cancer-related mortality.>' In the current with bone metastasis than that without bone metastasis,
study, therefore, BTK expression was examined in the suggesting BTK may be involved in process of cancer cell
prostate cancer tissues and compared the expression level  distant metastasis through modulating MMPs.
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Taken together, the current study demonstrated that
BTK was aberrantly expressed in the prostate cancer,
especially in the prostate cancer with bone metastasis.
Ibrutinib significantly inhibited proliferation, migration
and invasion of the prostate cancer cells as well as expres-
sion of MMP-2 and MMP-9 proteins in the tumor cells.
These data suggest that BTK could be not only
a biomarker of prostate cancer but also a therapeutic target
of prostate cancer and that Ibrutinib maybe use as an
adjuvant therapeutic drug for prostate cancer.
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