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Abstract

We investigated the expression of transient receptor potential canonical 6 (TRPC6) protein in benign and
malignant human prostate tissues and in prostate cancer cell lines and the association with the stage, grade and
androgen responsiveness of the tumors. Immunohistochemical techniques, Western blot and reverse transcription
polymerase chain reaction (RT-PCR) were used to investigate TRPC6 expression. TRPC6 protein was detected in
9 of 20 (45.0%) of benign prostatic hyperplasia (BPH) cases, and there was a significant difference compared with
prostate cancer (129 of 149 [86.6%]) (P < 0.01). TRPC6 expression was associated with the histological grade and
extraprostatic extension (P < 0.01). Tumors of higher stage tended to have a higher frequency of TRPC6 protein
staining, but the difference was not significant among T2, T3 and T4. TRPC6 expression difference between
androgen-independent (Al) tumors and androgen-dependent (AD) tumors was not statistically significant. TRPC6
was also observed in prostate cancer cell lines. In summary, TRPC6 is detected in benign and malignant human
prostate tissues and prostate cancer cell lines and is associated with the histological grade, Gleason score and
extraprostatic extension of prostate cancer.
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1 Introduction

Prostate cancer is one of the leading threats to men’s
health in Western societies. Following metastasis to
bone and lymph nodes, the primary cause of prostate
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cancer mortality is the progression from androgen-
dependent (AD) to androgen-independent (Al) growth.
In the early stages of the disease, androgen-ablation
therapy can cause tumour regression, and is currently
the most successful treatment option. However, once
the tumour achieves androgen independence, there is
no effective therapy [1]. Therefore, new prognostic
markers and therapeutic strategies may be of great
benefit to prostate cancer patients.

The TRP superfamily can be divided into seven
subfamilies, namely, TRPC, TRPV, TRPM, TRPN,
TRPA, TRPP and TRPML. These channels have critical
roles in physiological processes ranging from sensation
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to fertilization [2]. TRPMS and TRPV6 are proposed
pro-oncogenic factors in prostate cancer, and have an
important role in the development of this disease [3—6].
Mammalian TRPC can be divided into three groups on
the basis of the amino acid similarity , namely, TRPC2
(pseudogene in human), TRPC3/6/7 and TRPC1/4/5.
Recently, it has been shown that transient receptor po-
tential canonical 6 (TRPC6) contributes to the prolifera-
tion of AD prostate cancer epithelial cells [7], human
epithelial breast cancer cells [8] and human hepatoma
cells [9]. However, there have been no systematic
studies documenting the actual expression of TRPC6
protein in the prostate and its relationship with prostate
cancer progression.

On the basis of these observations, we hypothesized
that prostate cancer progression is associated with the
level of human TRPC6 protein expression. To evaluate
this hypothesis, we studied TRPC6 protein expression
in benign and malignant human prostate tissues,
and correlated TRPC6 protein immunostaining with
the stage, grade and androgen responsiveness of the
tumours.

2 Materials and methods

2.1 Cell culture

The 22Rv1, DU145 and PC3 prostate cancer cell
lines were obtained from American Type Culture
Collection (ATCC, Rockville, MD, USA). The PC3
cells were maintained in DMEM/F12 medium (GIBCO
BRL, Gaithersburg, MD, USA), and the DU145 and
22Rv1 cells were cultured in RPMI 1 640 medium
(GIBCO BRL). All cell lines were supplemented with
10% (v/v) foetal calf serum (Invitrogen, Carlsbad, CA,
USA) and incubated at 37°C with 5% CO:..

2.2 Clinical specimens

Clinical specimens were collected from the patients
registered at Shengjing Hospital of China Medical
University (Shenyang, China) between 2004 and 2008
with patients’ consent and ethical committee approval.
To correlate TRPC6 protein immunostaining with
known clinicopathological parameters, patient medi-
cal records were retrospectively reviewed to determine
age, race, previous therapy and Gleason score at the
time when the study sample was obtained. Cancers
were considered Al if they were derived from patients
who did not initially respond to androgen deprivation
or whose disease progressed after an initial response.

A rising prostate-specific antigen (PSA) level, the pro-
gressive increase in the size of the primary lesion and
existing metastatic sites, and the development of additional
metastases in the presence of castrate levels of serum
testosterone (< 50 ng per 100 mL) were considered
as evidences of disease progression. Cancers
that responded to androgen deprivation were clas-
sified as AD, and specimens were obtained from AD
prostate cancer patients before the initiation of androgen-
deprivation therapy. The median serum PSA concentration
and the prostate size of the benign prostatic hyper-
plasia (BPH) patients were 2.4 ng mL™' and 46.7 mL,
respectively. AD and Al samples were taken from the
prostate. Cancers classified as metastatic included both
direct extension and distant metastasis, such as lymph
node, bladder, seminal vesicle, peritoneum, testicle
and rectum. All the samples used were analysed by
two experienced pathologists to ensure that they were
correctly identified as either BPH or prostate cancer.

2.3 Immunohistochemistry

Samples were derived from either transurethral
resection (TUR) or radical prostatectomy specimens.
Samples were selected to include BPH and prostate
cancers of various histological stages. First, 5-um
sections from formalin-fixed and paraffin-embedded
specimens were deparaffinized using xylene and rehydrated
in graded ethanol. Samples were then preincubated
with 3% H:0: to inhibit endogenous peroxidase
activity. Sections were incubated at room temperature
overnight in a 1:400 dilution of the rabbit polyclonal
primary anti-TRPC6 antibody (Abcam, Cambridge,
UK). A secondary biotinylated goat anti-rabbit IgG
was consequently applied and immunoreactivity was
visualized using streptavidin-peroxidase along with 3,3’-
diaminobenzidine as substrate. In control experiments,
the primary antibody was replaced with phosphate-
buffered saline.

The TRPC6 in immunohistochemistry score was
evaluated by a grading system ranging from 0 to 5 [3]: 0,
0%—1% of tumour cells positive; 1, 1%—5% of tumour
cells positive; 2, 5%—-10% of tumour cells positive; 3,
10%—-20% of tumour cells positive; 4, 20%—50% of
tumour cells positive; and 5, > 50% of tumour cells
positive. Tumours were evaluated by random observa-
tion of five fields on every section by two investigators.
Their averaged categories served as the tumour TRPC6
expression score. The intensity of staining was not
considered.
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2.4 Reverse transcription PCR (RT-PCR) analysis

Total RNA was isolated from cells using Trizol
reagent (Invitrogen). It (500 ng) was then reverse
transcribed into cDNA using oligo(dT) primers
and AMV Reverse Transcriptase (Takara, Shiga,
Japan). Next, 10-uL ¢cDNA was used for the PCR
reaction in a final reaction volume of 50 uL. For
the PCR reaction, specific sense and antisense
primers were selected based on GenBank TRPC6
sequences. Primers were synthesized by Takara.
Human TRPC6 primer (NM_004621): sense, 5°-
GAACTTAGCAATGAACTGGCAGT-3’; antisense,
5’-CATATCATGCCTATTACCCAGGA-3’. Product
lengths were 625 bp for TRPC6 and 277 bp for
TRPC6y. B-actin primer (NM_001101): sense, 5°-
TGGGCATGGGTCAGAAGGAT-3’; antisense 5°-
AAGCATTTGCGGTGGACGAT-3’, product length
991 bp. DNA amplification conditions included an
initial 5-min denaturation step at 95°C and 30 cycles
of 30 sec at 95°C, 30 sec at 58°C, 40 sec at 72°C and a
final elongation of 7 min at 72°C. The RT-PCR samples
were electrophoresed on a 1.5% agarose gel and stained
with ethidium bromide (0.5 pg mL™"); the gels were
then photographed under ultraviolet transillumination.
This experiment was repeated five times.

2.5 Western blotting

Proteins were harvested from prostate cancer
cells. Equal amounts of each protein sample (40 pg)
were separated by electrophoresis on sodium dodecyl
sulphate polyacrylamide gel electrophoresis and trans-
ferred onto polyvinylidene fluoride membranes (Invit-
rogen) using a semi-dry electroblotter. Immunoblot-
ting was performed using rabbit polyclonal primary
anti-TRPC6 antibody (diluted 1:1 000, Abcam) and
goat polyclonal primary anti-B-actin (diluted 1:1 000,
Santa Cruz, CA, USA), and developed in the enhanced

Table 1. Pathological stages and grades.

chemiluminescence system (ECL, Amersham, Uppsala,
Sweden) using specific peroxidase-conjugated anti-IgG
secondary antibodies. This experiment was repeated
five times.

2.6 Statistical analysis

Contingency table and y’ analyses were performed
using the Statistical Package for Social Sciences
software (SPSS12.0). P < 0.05 was regarded as
statistically significant.

3 Results

3.1 Histopathological and clinical features

We studied 153 prostate cancer samples derived
from 142 patients (1 sample in 131 patients, 2 samples
in 11 patients) and 20 benign prostate tissue samples
derived from BPH patients for TRPC6 protein staining.
Patients’ age ranged from 45 to 81 years. The 153 pros-
tate cancer samples consisted of 102 AD, 34 Al and 17
metastatic cancers; 152 of the specimens were adeno-
carcinomas and 1 was a neuroendocrine carcinoma of
the prostate. We also studied palliative TUR specimens
from 19 patients with prostate cancer recurrence after
androgen-deprivation therapy. The pathological stages,
grades and androgen responsiveness of tumour tissues
are listed in Table 1.

3.2 Relationship of TRPC6 protein expression with
prostate cancer stage

Positive TRPC6 protein staining was detected in
BPH in 9 of 20 cases (45.0%). This staining was local-
ized in areas with relatively hyperplastic epithelium.
Tumours of higher stage tended to have a higher fre-
quency of TRPCG6 protein staining. Of the 12 T1 cancer
samples, 7 (58.3%) stained positively for TRPC6 pro-
tein. T2 tumours revealed TRPC6 in 80.0% of cases.

Gleason score

Pathological stage n 5 2 5 6 7 3 9 10 AD Al
Tl 13 1 2 4 5 1 — — — 13 —
T2 25 — — 1 10 8 6 — — 24 1
T3 71 — — — 9 28 20 12 2 63 8
T4 8 — — — — 1 3 3 1 2 6
Recurrent carcinomas 19 ND 19
Metastatic cancer 17 ND

Abbreviations: AD, androgen-dependent; Al, androgen-independent; 7, number of patients; ND, not determined.
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Locally advanced tumours (T3) expressed TRPC6 in 63
of 69 (91.3%) cases. In addition, seven of eight (87.5%)
high-stage tumours (T4) showed TRPC6 protein stain-
ing. Significant expression, that is, more than 20% of
tumour cells expressing TRPC6, was noted in 24.0%
of T2, 42.0% of T3 and 50.0% of T4 tumours. In total,
88.9% of recurrent carcinomas and 94.1% of metastatic
cancer samples were positive for TRPC6 protein stain-
ing (Table 2). Statistical analyses revealed a striking
difference in TRPC6 protein staining between prostate
cancer and BPH (P < 0.01). These staining differences

were statistically significant when comparing T1 can-
cers with T2, T3 and T4 samples (P < 0.05), but there
was no difference among T2, T3 and T4 samples. In
addition, the amount of TRPC6 expression recorded in
metastatic cancers was much higher than that seen in
primary tumours (P < 0.01). Images of the staining can
be seen in Figure 1.

3.3 Relationship of TRPC6 protein expression to
prostate cancer grade
Irrespective of pathological stage, TRPC6 expres-

Table 2. Relationship between tumour pathological stage and TRPC6 protein.

TRPC6 Specimens classified according to the immunohistochemical TRPC6
. Evaluable .
Pathological stage . positive score (number [%])
specimens
(%) 1 2 3 4 5

BPH 20 20 9 (45.0) 11(55.0) 4(20.0) 4(20.0) 1(5.0) 0 0
T1 13 12 7 (58.3) 541.7) 2(16.7) 4(33.3) 1(8.3) 0 0
T2 25 25 20 (80.0) 5(20.0) 1(4.0) 5(20.0) 8(32.0) 6(24.0) 0
T3 71 69 63 (91.3) 6 (8.7) 4(5.8) 15(21.7) 15(21.7) 23(33.3) 6(8.7)
T4 8 8 7 (87.5) 1(125) O 2 (25.0) 1(12.5) 2(25.0) 2(25.0)
Recurrent carcinomas 19 18 16 (88.9) 2(11.1)  1(5.56) 6(33.3) 6 (33.3) 3(16.7) O
Metastatic cancer 17 17 16 (94.1) 1(5.9) 0 5(29.4) 6 (35.3) 3(17.6) 2(11.8)

Abbreviations: BPH, benign prostatic hyperplasia; TRPC6, transient receptor potential canonical 6.

Figure 1. Expression of TRPC6 in BPH, prostate cancer and metastatic cancer (brown denotes positive). (A): Control group of BPH
(x 400) showing no staining when the primary antibody was omitted. (B): Immunohistochemistry staining of TRPC6 in BPH (x 400).
Arrow indicates faint staining. (C): Control group of prostate cancer (x 400) showing no staining when the primary antibody was omit-
ted. (D): Immunohistochemistry staining of TRPC6 in well-differentiated prostate cancer (x 400). (E): Immunohistochemistry staining
of TRPC6 in moderately differentiated prostate cancer (x 400). (F): Immunohistochemistry staining of TRPC6 in poorly differentiated
prostate cancer (x 400). (G): Immunohistochemistry staining of TRPC6 in peritoneal metastasis of prostate cancer (x 100). (H): Immu-
nohistochemistry staining of TRPC6 in bladder metastasis of prostate cancer (x 100). (A)—(F): Scale bars = 50 um; (G) and (H): Scale

bars =200 pm.
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sion correlated with histological grade. The staining
differences among G1, G2 and G3—4 tumours were sta-
tistically significant (P < 0.01) (Table 3).

3.4 Relationship of TRPC6 protein expression to
prostate cancer androgen responsiveness

Increasing levels of TRPC6 were detected in Al
tumours when compared with AD tumours, but the
difference was not statistically significant. However,
when compared with BPH, TRPC6 expression
differences in AD and Al were statistically significant
(P<0.01) (Table 4).

3.5 TRPC6 expression in prostate cancer cell lines

We found the expression of TRPC6 mRNA tran-
scripts in the three human prostate cancer cell lines that
we examined. Moreover, we also observed the expres-
sion of the TRPC6y splice variant. Using western blot-
ting, we found that the TRPC6 proteins were expressed
in all three human prostate cancer cell lines (Figures 2,
3).

4 Discussion

Through our systematic study of the TRPC6 protein
in benign and malignant prostate tissues, we found that
TRPC6 was expressed in BPH, prostate cancer and, in
the DU145, PC3 and 22Rv1 prostate cancer cell lines,

Table 3. Relationship between histological grade and TRPC6 protein.
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Figure 2. TRPC6 protein expression in prostate cell lines.
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Figure 3. TRPC6 mRNA expression in prostate cell lines.

and was associated with the cancer’s histological grade,
Gleason score and extraprostatic extension status.

Histological TRPC6 Specimens classified according to the immunohistochemical TRPC6
Evaluable .
grade . positive score (number [%])

specimens

(Gleason score) (%) 1 2 3 4 5

G1 (2-4) 3 3 1(33.3) 2(66.7) 0 1(33.3) 0 0 0

G2 (5-6) 29 28 20 (71.4) 8(28.6) 3(10.7) 7 (25.0) 5(17.9) 5(179) 0

G3-4 (7-10) 85 83 76 (91.6) 7(8.4) 4 (4.8) 18(21.7) 20(24.1) 26(31.3) 8(9.6)

Abbreviations: TRPC6, transient receptor potential canonical 6.

Table 4. Relationship between tumour androgen responsiveness and TRPC6 protein.

Androgen responsiveness n Evaluable specimens TRPC6 positive (%)
BPH 20 20 8 (40.0)
AD 102 99 82 (82.8)
Al 34 33 29 (87.9)

Abbreviations: AD, androgen-dependent; Al, androgen-independent; BPH, benign prostatic hyperplasia; TRPC6, transient receptor

potential canonical 6.
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Some studies show a correlation between TRPV6
and TRPMS expression and the development of pros-
tate cancer [10, 11]. There is also one study showing
the involvement of the TRPC6 channels in the prolif-
eration of epithelial human prostate cancer cells in pri-
mary culture [7]. Our results clearly showed that only
low levels of TRPC6 were detected in BPH, whereas, in
contrast, the prostate cancer specimens revealed a sig-
nificant overexpression of TRPC6. Moreover, TRPC6
was expressed at the mRNA and protein levels in the
DU145, PC3 and 22Rvl prostate cancer cell lines. No
earlier studies have compared the actual expression of
TRPC6 protein with tumour stages, grades and andro-
gen responsiveness. Our research showed that higher-
stage prostate cancer tended to have increased TRPC6
protein staining, although the difference was not signifi-
cant among stage T2, T3 and T4 cancers. In addition,
the difference in TRPC6 expression between Al tu-
mours and AD tumours was not statistically significant.
We also illustrated that the increased staining seen in
malignant samples was associated with the histological
grade, Gleason score and extraprostatic extension status
of the cancer. Fixemer et al. [3] previously found that
TRPV6 is downregulated in Al tumours undergoing
androgen deprivation, and that, although androgen-sen-
sitive LNCaP expresses detectable levels of TRPV6, the
androgen-insensitive PC3 and DU145 cell lines do not,
suggesting that TRPV6 expression may be AD. Some
studies show that TRPC6 is undetectable in the LNCaP
cell line [12, 13]. In our analysis of another androgen-
sensitive cell line, 22Rv1, as well as of androgen-insen-
sitive PC3 and DU145 cell lines, we found that TRPC6
mRNA and proteins were expressed in all three cell
lines. The different androgen-sensitive cell lines might
yield differential expression of TRPC6. Thus, we sug-
gest that TRPC6 may be a novel target for therapeutic
intervention against prostate cancer, especially in the
case of Al prostate cancer, for which no current therapy
is effective.

TRPC6 has been characterized as a Ca*’-selective
cation channel. Plasma membrane Ca”* channels are
the key players in the regulation of numerous physio-
logical cellular functions, and there is growing evidence
that calcium signalling is also involved in cell prolifera-
tion and cell death. Some findings show that hepato-
cyte growth factor (HGF) upregulates TRPC6 expres-
sion in Huh-7 cells [9], and that HGF exploits TRPC6
to induce the growth and migration of renal tubular

cells [14]. Nakashiro et al. [15, 16] have found that
HGF, produced by prostate-derived stromal cells, is a
paracrine growth factor that stimulates the growth of Al
prostate cancer cell lines. This group also suggests that
progression from the AD to the Al phenotype is associ-
ated with an adaptive switch in support of mechanism
from paracrine to autocrine. Some findings also show
that HGF is elevated in the serum of patients with car-
cinoma of the prostate, and that this elevation is related
to the stage of malignancy and is independent of age
[17, 18]. As such, we believe that HGF may induce the
TRPC6 expression in prostate cancer, and that TRPC6
may be involved in the prostate cancer proliferation
and phenotypic switch. Future studies are required to
further elucidate the role of TRPC6 in prostate cancer
progression in vivo and in vitro and to clarify the role of
HGF in this process.
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