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SGEF is overexpressed in prostate cancer and
contributes to prostate cancer progression
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Abstract. The purpose of this study was to investigate the
potential roles of the SH3-containing guanine nucleotide
exchange factor (SGEF) in human prostate cancer. Experimental
data showed that SGEF was overexpressed in human prostate
cancer cells and specimens. The reduction of SGEF expression
through an SGEF-targeting siRNA in androgen-independent
C4-2 and C4-2B cells suppressed both anchorage-dependent
and anchorage-independent growth. In addition, the androgen
receptor (AR) antagonist bicalutamide further strengthened this
inhibitory effect due to the suppression of the elevated AR trans-
activation after knockdown of SGEF. Collectively, our results
provide the first demonstration that SGEF is a novel promoter of
human prostate cancer progression and development.

Introduction

SGEF was initially identified in a screen for androgen-respon-
sive genes in human prostate cancer cells (1). SGEF contains
N-terminal proline-rich domain, DH domain in tandem with a
PH domain and C-terminal SH3 binding domain. The DH-PH
module is essential for GEF activity of most DBL family
members. Proline-rich domain and SH3 binding domain are
assumed to be associated with protein-protein interactions and
modulation of exchange activity of SGEF. SGEF supports the
exchange of GDP for GTP on Rho G and is the first identi-
fied mammalian RhoGEF that promotes macropinocytosis
(2). SGEF has been reported to be involved in the uptake of
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Salmonella by epithelial cells by stimulating the formation of
the surfaces phagocytic cups (3). It is also reported that SGEF
can promote leukocyte trans-endothelial migration by regu-
lating endothelial apical cup assembly (4). All the data reported
have suggested that SGEF play a role on various physiological
and pathological situations in association with phagocytosis or
the uptake of particulate material. In contrast, the functions of
SGEF in human cancer still remain unknown.

Prostate cancer (PCa) remains the most commonly diagnosed
and the second leading cause of cancer-related death in men in
the western world (5). Although early stage PCa is responsive to
androgen withdrawal, it ultimately progresses to Al and there
is no curative therapy available at present. Improved under-
standing of the molecular events of prostate cancer progression
will contribute to developing new therapeutic approaches.

In this study, we explored the expression and potential roles
of SGEF in human prostate cancer. Our studies revealed that
SGEF was overexpressed in human specimens and Al prostate
cancer cells. Moreover, the growth of Al prostate cancer cell
lines C4-2 and C4-2B was suppressed by knockdown of SGEF
and this inhibitory effect can be enhanced by bicalutamide,
which is known as AR antagonist. Collectively, these data
identify SGEF as a novel potential promoter of human prostate
cancer progression.

Materials and methods

Cell culture. C4-2 and C4-2B cell lines were generous gifts from
L.W. Chung (Emory University, USA), cultured in RPMI-1640
(Gibco, Paisley, UK) containing 10% fetal bovine serum (FBS;
Hyclone, Logan, UT, USA) at 37°C in 5% CO,. Where indicated,
cells were treated with 1 nM R1881 (methyltrienolone) in fresh
phenol red-free RPMI-1640 with 5% dextran/charcoal absorbed
fetal bovine serum (cFBS; Hyclone) or 10 xM bicalutamide in
culture medium with 10% FBS. For shRNA experiments, C4-2
or C4-2B cell lines were infected with lentivirus derived from
pU6-vshRNA-CMV-GFP (GeneChem Co., Shanghai, China),
containing the shRNA human SGEF sequence 5-GGAA
TCTTGTGACAATGAAGA-3.

Western blot analysis. Western blot analysis was performed as
described previously (6). Rabbit anti-SGEF (Sigma, St. Louis,
MO, USA), mouse actin antibody (Santa Cruz Biotechnology,
Inc., Heidelberg, Germany), rabbit anti-AKT and rabbit anti-
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AKT/phosphor Ser473 (Cell Signaling Technology, Inc.,
Danvers, MA, USA) were used as primary antibodies. Proteins
were visualized by using the enhanced chemiluminescence kit
(Pierce) after incubation with anti-mouse or anti-rabbit HRP
conjugated secondary antibodies (Zhongshan Golden Bridge
Biotechnology Co., Ltd.).

RT-PCR. Total RNA was extracted from cells using TRIzol
reagent (Invitrogen Life Technologies, CA, USA). Reverse
transcription was performed with 1 yg RNA using the First
Strand Synthesis System kit (Toyobo, Japan) according to the
manufacturer's instruction. The following primers were used
for PCR amplification: 5'-"ACTCGGTGTTGCTCCTCCC-3'
and 5-GGCTCCTATGTACCGTCCTG-3' for SGEF,; 5-GAG
CTACGAGCGCCTGACG-3' and 5'-CCTAGAAGCTTTG
CGGTGG-3' for B-actin.

Growth rate assay. To obtain growth curves, 1,500 cells were
seeded in 96-well plates. Cell growth was examined at indicated
time-points using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltet-
razolium bromide (MTT) assays according to the manufacturer's
directions (Amresco). Each experiment was repeated indepen-
dently four times.

Colony formation assay. For the colony-formation assay,
2,000-6,000 cells were seeded in 6-well plates. After 12 days,
cells were washed in PBS and colonies were fixed by methanol
and stained with 0.1% crystal violet (Sigma). The colonies
containing >50 cells were counted.

Soft agar assay. A total of 2,000-6,000 cells were suspended in
2 ml of 0.17% low melting agarose (Difco Laboratories) dissolved
in RPMI-1640/10% FBS and plated on the top of 3 ml underlayer
of 0.5% agarose in the same medium in 6-well culture plates.
After 3 weeks of incubation at 37°C in 5% CO,, the colonies
containing >15 cells were counted.

Luciferase reporter assays. C4-2 and C4-2B cells were seeded
in 24-well plates (5x10* cells per well) and transfected with
300 ng PSA-luc reporter gene plasmids, 100 ng pCMV-2B or
pCMV-2B-SGEF (PGPU6/GFP/Neo-si-NC or PGPU6/GFP/
Neo-si-SGEF) plasmids and 30 ng of pCMV-f3-gal plasmids
(internal control) using the Lipofectamine 2000 reagent
(Invitrogen). After transfection, cells were treated with 1 nM
R188]1 or vehicle for 24 h. Then luciferase activity was measured
using luciferase assay system (Promega Corp., Madison, WI,
USA) normalized by p-galactosidase activity. All transfection
experiments were carried out in triplicate wells and repeated
three times.

Immunohistochemistry. Immunohistochemistry was performed
as described previously using TMA (Chaoying Biotechnology
Co., Xi'an, China) including 75 prostate specimens (10 benign
prostate tissues, 19 BPH tissues and 46 tumor tissues) (6). SGEF
expression was scored blindly by staining intensity in each
biopsy core as being weak, moderate or strong.

Statistical analysis. Statistical evaluation was performed using
the statistical software SAS/STAT. p<0.01 was considered
statistically significant.
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Figure 1. Expression pattern of SGEF analyzed in various cancer cell lines and
in the cell lines representing the different status of prostate cancer progres-
sion. (A) SGEF expressions were found to be limited to the prostate cancer cell
lines (C4-2B, C4-2, LNCaP, PC3 and DUI145 cell lines) and part of the lung
cancer cell lines (A549, H1299, GLC82, 95C and 95D cell lines) and hardly
detected in other cancer cell lines. (B and C) SGEF expressions were found to
be positively associated with prostate malignant progression in both mRNA
and protein levels.

B-actin w——— -

Results

Expression analysis of SGEF in human cancer cells. We
first examined the expression pattern of SGEF protein in
various cancer cell lines by western blot analyses. As shown
in Fig. 1A, the expression of SGEF was restricted to the
prostate cancer cell lines (C4-2B, C4-2, LNCaP, PC3 and
DU145) and part of the lung cancer cell lines (A549, H1299,
GL(C82, 95C and 95D), and absent or very low levels in breast
cancer (MCF10 and WCY), colon cancer (HCT116, SW620
and HT?29), cervical cancer (HeLa), liver cancer (HEPG?2 and
7721) and gastric cancer (GMC803 and SGC7901). Moreover,
all prostate cancer cell lines, except for PC3, had a higher level
of SGEF than that of lung cancer. These results indicated that
SGEF may be closely related to prostate cancer. Then RT-PCR
and western blot analyses were performed to further analyze
the expression patterns of SGEF in prostate cancer cells. As
shown in Fig. 1C, SGEF protein was found to be absent or at a
very low level in normal prostate epithelial cell line RWPE-1
and BPH cell line, moderate level in androgen-dependent
prostate cancer cell line LNCaP, and of the highest level in
androgen-independent cell line C4-2. The results of RT-PCR
(Fig. 1B) were consistent with that of western blotting. These
results further showed that SGEF expressions were positively
associated with prostate cancer malignant progression.

SGEF expression is elevated in human prostate cancer speci-
mens. To validate the clinical relevance of SGEF expression
with human prostate cancer progression, we determined the
expression of SGEF in human PCa specimens utilizing TMA
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Figure 2. The expression of SGEF is increased in human prostate cancers. (A) Representative images of each normal prostate, BPH and PCa of the stained
human prostate TMA. SGEF expression was detected by immunohistochemical analysis with anti-SGEF antibody at 1:40 dilution. (B) Statistical analysis of
SGEF expression in each group of normal, BPH, PCa samples of the stained human prostate TMA in terms of staining intensity. Staining intensity was evaluated
independently by two pathologists with weak, intermediate and strong staining for each sample.

containing 10 normal tissues, 19 BPH tissues and 46 tumor
tissues through immunohistochemistry. Fig. 2A shows the repre-
sentative images of SGEF expression from human prostate TMA
samples. As shown in Fig. 2B, the strong staining frequency of
SGEF significantly increased in the epithelial cells of tumor
samples (58.7%) in comparison to normal prostate samples
(10%) and BPH samples (21.1%). Compared with normal pros-
tate samples (70%) and BPH samples (42.1%), the weak staining
frequency of SGEF notably decreased in the epithelial cells of
tumor samples (6.5%). The TMA data suggested that SGEF
expression was elevated and associated with the progression of
prostate cancer.

Reducing the expression of SGEF inhibits the growth of
prostate cancer cells. In order to investigate the potential
role of SGEF in human prostate cancer cells growth, C4-2
and C4-2B cells were infected with lentivirus expressing an
SGEF-targeted siRNA. Western blot assays showed that SGEF
protein was sharply reduced (Fig. 3A). MTT assays were used
to examine the correlation between knockdown of SGEF and
the growth ability of C4-2 and C4-2B. The cell growth curves
showed that silencing the expression of SGEF suppressed the
growth of C4-2 and C4-2B cells (Fig. 3B). Then, colony forma-
tion assays and soft agar assays were respectively performed
to determine the effect of SGEF reduction on the viability and
anchorage-independent growth ability of prostate cancer cell.
As data showed, C4-2 and C4-2B cells of the reduced SGEF
displayed significantly decreased clonogenecity and anchorage-
independent growth ability respectively, regardless of the cell
number seeded (Fig. 3C and D). These results suggested that

endogenous SGEF had positive roles to human prostate cancer
cells growth.

SGEF suppress AR transactivation. It was reported that Vav3
protein, another Rho GTPase GEF similar to SGEEF, contributed
to prostate cancer cell growth through enhancing AR transac-
tivation. Hence, we assumed that SGEF might function in the
same way. To verify this supposition, FLAG-tagged SGEF or
SGEF siRNA plasmid was transiently transfected into C4-2 and
C4-2B cells along with PSA-Luc reporter construct in the pres-
ence of R1881 or not to examine the potential effects of SGEF on
the AR transactivation. As shown in Fig. 4A, overexpression of
SGEF decreases AR transactivation in an androgen-dependent
manner. Consistent with the results of the SGEF overexpression,
knockdown of SGEF increases AR transactivation in two cell
lines (Fig. 4B). Taken together, these results indicated that SGEF
could suppress AR transcriptional activity, but not increase its
transcriptional activity.

AR antagonist bicalutamide potentiates inhibitory effects of
reduced SGEF on the growth of prostate cancer cells. The
previous data indicated that knockdown of SGEF inhibited the
growth of C4-2 and C4-2B, but augmented the transcriptional
activity of AR. Hence, it is believed that the inhibitory effect
of decreasing the SGEF expression on the growth of C4-2 and
C4-2B cells could be further strengthened by the AR antago-
nist, which could repress the AR transactivation. As expected,
bicalutamide, an AR antagonist, further enhanced the suppres-
sion of the clonogenicity and anchorage-independent growth of
C4-2 and C4-2B cells by silencing the SGEF expression. For
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Figure 3. Effects of reduced SGEF expression on prostate cancer cell growth. (A) C4-2 or C4-2B cells were infected with lentivirus containing control or SGEF-
specific sShRNA for 12 h. At 3 days after infection, proteins were extracted and analyzed using western blotting. (B) Cell growth curve assays. C4-2 or C4-2B
cells infected with control or SGEF-specific ShiRNA were seeded in 96-well plates. At different time-points, the cell number was evaluated using MTT assay.
(C) Colony formation assay. 2,000-6,000 C4-2 or C4-2B cells infected with control or SGEF-specific SiRNA were seeded in 6-well plates. After 12 days, the
colonies containing >50 cells were counted. (D) Soft agar assay. 2,000-6,000 C4-2 or C4-2B cells infected with control or SGEF-specific ShRNA were seeded
into soft agar medium containing RPMI-1640 medium with 10% FBS. After 3 weeks, colonies with at least 15 cells were counted. Data are shown as mean + SD

and are representative of 3 independent experiments.

example, compared with control cells, the colony-formation rate
of SGEF-knockdown C4-2 or C4-2B cells was decreased by 40
or 42%, but in the conditions of bicalutamide, the inhibition rate
reached up to 81 or 80%, respectively (Fig. 5A and B). Similarly,
the soft-agar colony formation rate of C4-2 or C4-2B cells was
decreased by 49 or 39% as a result of decreasing the SGEF
expression, whereas the rate was up to 82 or 88% when treated
with bicalutamide (Fig. 5C and D). These results suggested that
bicalutamide facilitated the inhibitory effect of reduced SGEF
on the growth of C4-2 and C4-2B cells.

Silencing the expression of SGEF inhibits Akt signaling
pathway. Abnormal activation of Akt/PKB is significantly
associated with the development of prostate cancer. To further
elucidate the mechanism mediating SGEF function in prostate
cancer progression, we examined the effect of SGEF on Akt

phosphorylation in C4-2 and C4-2B cells (Fig. 6). As a result,
knockdown of SGEF was observed to suppress the Ser473 phos-
phorylation of Akt in these two prostate cancer cell lines. These
results suggest that AKT may be a downstream target of SGEF
and SGEF may mediate tumor cell growth through Akt/PKB
signaling pathways.

Discussion

Previous studies focused on the role of SGEF in cytoskeleton
organization, and little attention was given to its roles in
cancer. This study is the first on the roles of SGEF in cancer.
We found that the expression of SGEF was elevated in human
prostate cancer cells and in the epithelial cells of tumor tissues.
Downregulation of SGEF inhibited both anchorage-dependent
and anchorage-independent growth ability of human prostate
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Figure 4. SGEF inhibits AR transcriptional activity. (A) C4-2 or C4-2B cells were co-transfected with 300 ng PSA-luc reporter gene plasmids, 100 ng pCMV-2B
or pCMV-2B-SGEF and 30 ng of pCM V-f3-gal plasmids. Cells were treated with or without 0.1 nM R1881, and analyzed for luciferase activity. Values are mean
+ SD of triplicate measurements. (B) C4-2 or C4-2B cells were co-transfected with 300 ng PSA-luc reporter gene plasmids and 100 ng PGPU6/GFP/Neo-si-NC
or PGPU6/GFP/Neo-si-SGEF and 30 ng of pCM V-f3-gal plasmids. Cells were treated and analyzed as in (A).
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cancer cells. Moreover, we demonstrated that the inhibitory
effect of silenced SGEF on prostate cancer cell growth could
be enhanced by the bicalutamide treatment. Taken together, our
results indicate that increased expression of SGEF is involved in
human prostate cancer progression.

Rho family GTPases are activated in response to a multitude
of stimuli and regulate numerous cellular processes including
gene expression, cytoskeleton organization, cell proliferation
and survival. Because of their central role in regulating diverse
signaling pathways and cellular processes, deregulation of the
RhoGTPase pathway is assumed to be involved in the develop-
ment of cancer. In contrast to Ras genes, the typical members of
the GTPase super-family, few point mutations were detected in
human tumors in RhoGTPases (7). Instead, overexpression and
hyperactivity of Rho proteins appear to play a role in human
cancer initiation and progression. These facts indicate that regu-
lator proteins of RhoGTPases, especially GEFs, have a crucial
role in cancer development. Consistent with this, many GEFs
including Dbl, LARG, Vavl and Ect2 were found as genetic
alteration or aberrant expression in several human tumors (8-11).
In prostate cancer, several GEFs including Tiam1, PREX1 and
Vav3 were reported to be overexpressed and associated with
carcinoma progression (12-14). These reports further support
our result that SGEF may act as a novel potential oncogene
contributing to prostate cancer development.

Enhancement of AR signaling has been thought to be involved
in prostate cancer initiation and progression (15,16). Vav3,
another GEF similar to SGEF, has been reported to promote
prostate cancer cells growth though enhancing AR transactiva-
tion (14). To assess whether SGEF functions in the same way, we
evaluated the effect of SGEF on the AR transcriptional activity.
Unexpectedly, luciferase reporter assays suggested that SGEF
repressed AR transactivation. These data indicate that the posi-
tive effect of SGEF expression on prostate cancer cell growth
is not due to elevated AR activity. Furthermore, these results
also provide us an assumption that AR antagonist may further
enhance the inhibition of decreased SGEF on the growth of
prostate cancer cells though reducing the elevated AR transcrip-
tional activity from silencing SGEF expression. Our subsequent
experimental results confirm our hypothesis. In addition, we also
found that reducing the expression of SGEF and treatment of the
androgen antagonist had a synergistic effect on the suppression
of prostate cancer cell growth. These studies provide the possi-
bility that increased SGEF expression is involved in androgen
antagonist treatment resistance, which is a critical stage for poor
prognosis in prostate cancer.

The PI3K/Akt signaling pathway has a critical role in pros-
tate cancer progression and development. Increased Akt kinase
activity correlates with poor prognosis in human prostate cancer
and is associated with a hormone therapy-resistant phenotype
(17-20). Previous studies have shown that SGEF can activate
RhoG, a member of the Rho family of small GTPases (2-4).
In addition, RhoG was reported to inhibit anoikis through
a phosphatidylinositol 3-kinase-dependent mechanism (21).
Overexpression of Vav3, another GEF similar to SGEF, has been
reported to elevate the phosphorylation of Akt in prostate cancer
cells (14). These studies lead us to examine whether SGEF acti-
vate the Akt signaling pathway. Our data show that knockdown
of SGEF decreases levels of phosphorylated Akt. Since Akt can
regulate a variation of substrates involved in multiple cellular
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processes, including cell proliferation, cell migration and cell
differentiation, we speculate that the activation of Akt signaling
pathway may be one of the reason that SGEF contributes to
prostate cancer progression. Further studies are necessary
to determine how SGEF regulate Akt activity and which
substrate of Akt affects cell proliferation as a downstream
target of SGEF.

Previous reports have demonstrated that inhibition of PI3K/
Akt signaling pathways enhances AR transcriptional activity
(22-25). Additionally, a recent study shows that PI3K-AKT-
mTOR pathway is dominant over AR signaling in prostate cancer
cell growth (26). Data presented here suggest that decreasing
the expression of SGEF enhance the AR transactivation, but
inhibits the PI3K/Akt signaling. However, in spite of an increase
in AR signaling, which is thought to have proliferative effects,
the end result of knockdown of SGEF is reduced prostate cancer
cell growth which can be further enhanced when AR signaling
is blocked. Our results provide a possibility that reduced SGEF
increases AR signaling though inhibition of the PI3K/AKT
pathway and results in an inhibitory effect on cell growth due
to the dominant role of PI3K/AKT pathway in prostate cancer
cell growth. Further experiments should be performed to check
this hypothesis.

In conclusion, this study reveals that SGEF is overexpressed
in human prostate cancer cells and contribute to prostate cancer
progression. These data suggest SGEF could be a new potential
marker and an efficacious therapeutic target for human prostate
cancer.
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