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Original Article 
Semenogelin I promotes prostate cancer cell growth via 
functioning as an androgen receptor coactivator and 
protecting against zinc cytotoxicity
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Abstract: A seminal plasma protein, semenogelin I (SgI), contributes to sperm clotting, upon binding to Zn2+, and 
-

unknown. We previously demonstrated that SgI was overexpressed in prostate cancer tissues and its expression 
was enhanced by zinc treatment in LNCaP cells. In the current study, using cell lines stably expressing SgI, we inves-

CWR22Rv1 cells also augmented dihydrotestosterone-mediated PSA expression (mRNA, protein) in the presence 

-
onstrated dihydrotestosterone-induced physical interactions between AR and SgI. These results suggest that intra-

cancer progression.
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Introduction 

-

only androgen-sensitive prostate cancer cells 

androgen-independent prostate cancer. In par-
ticular, co-regulatory proteins that mediate 
receptor transcriptional activation or repres-
sion have been suggested to modulate the 

receptor coregulators as well as selective 
coactivators that enhance AR-mediated tran-
scriptional activity have indeed been isolated 
[1-4].

T

in prostate cancer tissue, yet the concentra-
-

however, zinc (
-

-
-

Furthermore, there are controversial epidemio-
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logical data on the relationship between zinc 

Semenogelins, mainly expressed and secreted 
by the seminal vesicle, are the major structural 
proteins in human semen containing a high 

2+, and their physiological 

2+,

-

encased spermatozoa [13]. Semenogelins have 
also been shown to inhibit the protease activity 

-
erens, epididymis, and prostate, as well as in 
non-genital organs, suggesting their physiologi-

-
ases throughout the body [15, 16]. Semenogelin 
I (SgI) expression has been detected in an 
androgen-sensitive prostate cancer line LNCaP, 
which is enhanced by zinc treatment, but not in 
other prostate cancer lines such as CWR22Rv1, 
DU145, and PC3 [15, 17]. We additionally dem-

SgI expression in prostatic carcinoma than in 
non-neoplastic prostatic epithelium or high-
grade prostatic intraepithelial neoplasia (PIN), 
which could also predict biochemical recur-

-
lins in pathological conditions have been 
reported and their roles in prostate cancer 
growth remain uncertain. In the current study, 

AR, in prostate cancer cells.

Materials and methods

Plasmids

Phusion-High Fidelity DNA polymerase (Thermo 

used in our previous studies [20, 21].

Antibodies and chemicals

Cruz Biotechnology. An anti-PSA antibody 

testosterone (DHT) and ZnCl2

Cell lines

CWR22Rv1, LNCaP, PC3, and DU145 cell lines 

Culture Collection and recently authenticated 
-

tained with RPMI 1640 (Mediatech) supple-

generate cell lines stably expressing SgI, pWPI-

were selected.

MTT assay

Cell viability was assessed, using methylthiazo-
lyldiphenyl-tetrazolium bromide (MTT) assay. 
Cells (1-3 × 103/well) seeded in 96-well tissue 
culture plates were incubated in the presence 

-
-

570 nm with background subtraction at 655 
nm was then measured.

Transwell invasion assay

Cell invasiveness was determined, using 
Matrigel-coated transwell chambers (Costar), 

104

to the lower chamber. The media in both cham-

2 incu-

Reverse transcription (RT)-polymerase chain 
reaction (PCR)

-
tured cells, using TRIzol (Invitrogen), and 
reverse transcribed with oligo (dT) primers and 

-
erens, epididymis, and prostate, as well as in 
non-genital organs,

-
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described previously [19, 21, 22]. Real-time 
2 SYBR®

PSA

GAPDH

Western blot

Protein extraction and western blotting were 

-
-

antibody. The membrane was then incubated 
with a HRP-conjugated secondary antibody, 

-
miluminescent substrate kit (Thermo Fisher 

-
ed into PC3 cells. Then, the cells were treated 

-
erase activity was determined in the cell 

The cell lysates (500 g) were incubated with 2 g 

agarose beads were then added, and binding 
proteins were eluted. The eluted proteins were 
analyzed by western blot with an anti-AR or 
anti-SgI antibody.

Statistical analysis

t -
es in variables with a continuous distribution. P
values less than 0.05 were considered statisti-

Results

Expression of SgI in prostate cancer cells and 
conditioned media

Using a lentivirus vector, we generated prostate 
cancer cell lines stably expressing SgI. 

(Figure 1A

precipitated medium where each stable line 

24 hours. No signal was detected in condi-
-

tive (  no additional zinc; RPMI 1640 with 

negative control lines (Figure 1B). In contrast, 

where SgI-overexpressing cells were cultured. 
These results suggest that, in accordance with 
our immunohistochemistry data in radical pros-
tatectomy specimens [18], prostate cancer 
cells do not normally secrete detectable 

-

-

Figure 1. SgI protein expression and secretion in 
prostate cancer lines stably expressing SgI. Cell 
extracts (A) or acetone-precipitated proteins in con-

as a positive control.
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(Figure 2  2) 

derived cells (Figure 2A), DHT increased the 

1  3 and 5 
DHT showed a similar induction rate in 

 4), 

 8; p = 0.034). Thus, zinc 

o
CWR22Rv1-SgI (lanes 5  6 and 7  8). In 

Figure 2B), zinc treatment did not decrease, 
rather marginally increased, the growth in the 
absence (lanes 1  2) or presence (lanes 3 

 3; p = 0.009) or with 
 4; p = 0.014) zinc as well as 

 7; p
 8; p = 0.018) 

Figure 2.

-
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appeared to induce androgen-

positive prostate cancer cells 
and, more importantly, pro-

PC3-derived (Figure 2C) and 
DU145-derived (Figure 2D)
cells, DHT treatment and SgI 
overexpression showed only 

semenogelins are secreted 
-

SgI induced prostate cancer 

CWR22Rv1 (Figure 2E) and 
DU145 (Figure 2F) cells incu-
bated in the conditioned medi-

SgI culture. In these parental 

viability in the absence (lanes 
1  3) or presence (lanes 2 

To investigate whether SgI pro-
motes tumor invasion, a tran-
swell invasion assay was per-

lines (Figure 3A). DHT similarly 

lanes 1  2; p = 0.042) or 

 4; p = 0.009) zinc or 

increase; lanes 5  6; p = 
0.026). In contrast, in LNCaP-
SgI with zinc, the invasiveness 

mock treatment; lanes 7  8; 
p

Figure 3. -

counted under a light microscope, using a 40x objective. Invasion ability 
is presented relative to that in each cell line with mock treatment (lane 1 

independent experiments. (B)

PSA GAP-
DH

-

indicated. Cell extracts were then 
analyzed on western blots, using 
an antibody to PSA (33 kDa) or 



743 Am J Cancer Res 2015;5(2):738-747

invasive properties by endogenous SgI (lanes 2 
-

pression (lanes 6 -

We next determined whether SgI regulated the 

target and also known to proteolyze SgI in 
semen [12, 13], in prostate cancer cells. A 
quantitative RT-PCR showed that DHT treat-

increased endogenous PSA expression over 
 2; p <

 6; p = 0.009) in 
Figure 3B), respectively. In the 

PSA
 4; p = 

 8; p = 0.003) in 

DHT-mediated PSA expression in LNCaP-SgI 
with versus without zinc was also statistically 

western blots in CWR22Rv1 cells cultured with 
Figure 3C) and LNCaP stable cells 

Figure 3D) showed 
-

Figure 4.
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able increases in DHT-mediated PSA expres-

SgI on PSA protein expression were seen in 
these cell lines when cultured without addition-

Enhancement of AR transcriptional activity by 
SgI

-

SgI, and an androgen response element-report-
-

Figure 
4A Figure 4B

Figure 4C), as compared with 
respective mock treatments. Thus, zinc re- 
duced androgen-enhanced AR transactivation 
in a dose-dependent manner. SgI showed a 

zinc; Figure 4A
Figure 4B) on 

DHT-induced AR transcription. In contrast, in 

induced DHT-mediated AR transcription by 3.2-

Figure 4C

-

Figure 4D, 4E). 

-
tate cancer cells.

Interaction between AR and SgI

AR coregulators modulate AR-mediated tran-
scriptional activity by interacting with AR [1-3]. 

co-immunoprecipitation assay, using cell lysa- 

antibody, we precipitated the AR binding pro-
tein complex in the protein lysate. We then 

Figure 5A) and 
LNCaP (Figure 5B) cells.

Discussion

thoroughly characterized in physiological envi-
ronment especially in the male reproductive 
system, little is known about their roles in 

-
tochemical studies showed that both SgI and 
semenogelin II (SgII) were overexpressed in 
prostate cancer tissue specimens and that 
patients with SgI-positive tumor, but not SgII-

-
-

cal prostatectomy [17, 18]. Furthermore, 

AR-positive/semenogelin-negative CWR22Rv1 

conjunction with zinc, androgen, and AR, pro-
moted prostate cancer progression. In the 
present study, we tested our hypothesis in 
prostate cancer cell lines. 

Experimental evidence indicates an inhibitory 

-
versial whether zinc supplements reduce the 

-
toxic zinc is poorly understood, although altera-

Figure 5.

(A) or LNCaP (B) treated with mock (ethanol) or 1 
nM DHT were incubated with an anti-AR polyclonal 

SDS-polyacrylamide gel and blotted with an anti-AR 
or anti-SgI antibody.
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cells have been suggested to prevent zinc accu-
mulation [24, 25]. Previous in vitro studies have 

(250-1000 M), compared with PC3 (100 M) 

demonstrated that 100 M zinc could inhibit 
-

cer lines. Thus, endogenous SgI in LNCaP may 

AR-positive CWR22Rv1 cells resulted in pre-

androgen-mediated prostate cancer cell inva-
sion and PSA expression only in the presence 

-

-

in tumors.

It is well documented that co-regulatory pro-
teins modulate nuclear receptor-mediated tran-
scriptional activity by interacting with the recep-
tor [1-4]. We here showed that SgI interacted 
with AR and enhanced androgen-induced AR 
transactivation in prostate cancer cells, indi-
cating that SgI is an AR coactivator. Again, a 

these coactivators are largely unknown and 
their characterization has not yet led to the 

patients with prostate cancer [26, 27]. It has 

-
actions results in prostate cancer regression at 
any stages because castration-resistant tu- 

-
-

ma proteins have been extensively studied. SgI 
was also shown to be highly expressed in pros-
tate cancer cells [15, 17, 18]. In addition, 
because PSA is known to physiologically 
degrade semenogelins [13], elevated SgI may 

attempt to target semenogelins. As a result, 

-
ly inhibit prostate cancer progression that can 

coactivator ARA70-regulated AR transactiva-

become distinct with SgI down-regulation. 

necessary to credential a new therapeutic 
target. 

The current results suggest that cellular SgI, 

role in prostate cancer outgrowth. However, 
semenogelins are essentially secreted pro-

Indeed, we detected SgI signals in secreted 
materials, in addition to cellular immunoreac-
tivity, in prostatectomy specimens [18]. Alth- 
ough moderate to strong SgI signals were seen 

glands where the secretions were present, 
intraluminal secretions in carcinoma glands 

benign or PIN cells, carcinoma cells did not gen-
-

detect SgI signals in the conditioned medium 

SgI and other SgI-negative prostate cancer cell 
lines in our western blotting. Instead, increased 

tumor progression were not studied [29]. Again, 

the conditioned medium where CWR22Rv1-SgI 

-

by benign prostate or PIN cells as well as tis-
-

ence on prostate cancer growth with or without 
involving zinc and AR. 

In conclusion, our current data indicating that 
-

tions as an AR coactivator and promotes the 

role in tumor progression. Particularly, SgI pro-
tects the cells against zinc cytotoxicity, which 
may explain why prostate cancer tissue con-
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