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ORIGINAL ARTICLE

Vascular endothelial growth factor A, secreted in response
to transforming growth factor-p1 under hypoxic
conditions, induces autocrine effects on migration of
prostate cancer cells

Eric Darrington*, Miao Zhong*, Bao-Han Vo and Shafiq A Khan™

Hypoxia and transforming growth factor-p1 (TGF-f1) increase vascular endothelial growth factor A (VEGFA) expression in a number of
malignancies. This effect of hypoxia and TGF-1 might be responsible for tumor progression and metastasis of advanced prostate
cancer. In the present study, TGF-p1 was shown to induce VEGFA; 5 secretion from both normal cell lines (HPV7 and RWPE1) and
prostate cancer cell lines (DU145 and PC3). Conversely, hypoxia-stimulated VEGFA g5 secretion was observed only in prostate cancer
cell lines. Hypoxia induced TGF-p1 expression in PC3 prostate cancer cells, and the TGF-f type | receptor (ALK5) kinase inhibitor
partially blocked hypoxia-mediated VEGFA 45 secretion. This effect of hypoxia provides a novel mechanism to increase VEGFA
expression in prostate cancer cells. Although autocrine signaling of VEGFA has been implicated in prostate cancer progression and
metastasis, the associated mechanism is poorly characterized. VEGFA activity is mediated via VEGF receptor (VEGFR) 1 (FIt-1) and 2
(Flk-1/KDR). Whereas VEGFR-1 mRNA was detected in normal prostate epithelial cells, VEGFR-2 mRNA and VEGFR protein were
expressed only in PC3 cells. VEGFA¢5 treatment induced phosphorylation of extracellular signal-regulated kinase 1/2 (ERK1/2) in
PC3 cells but not in HPV7 cells, suggesting that the autocrine function of VEGFA may be uniquely associated with prostate cancer.
Activation of VEGFR-2 by VEGFA ;65 was shown to enhance migration of PC3 cells. A similar effect was also observed with endogenous

VEGFA induced by TGF-p1 and hypoxia. These findings illustrate that an autocrine loop of VEGFA via VEGFR-2 is critical for the
tumorigenic effects of TGF-p1 and hypoxia on metastatic prostate cancers.
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INTRODUCTION
Vascular endothelial growth factor A (VEGFA) belongs to a family of
angiogenic growth factors." To date, at least four VEGFA isoforms
(VEGFA 1515 165> 189, 206) have been identified.! VEGFA s is considered
the predominant VEGFA isoform because it mimics the full spectrum
of VEGFA functions."? The bioactivities of VEGFA are mediated by
two different types of receptor tyrosine kinases, VEGF receptor 1
(VEGFR-1, Flt-1) and VEGFR-2 (Flk-1/KDR).>* Neuropilin-1 is
another membrane protein that does not have any intrinsic
kinase activity but binds to VEGFA¢s with high affinity.> VEGFA
has been shown to be overexpressed in solid tumors of different ori-
gins.! In addition to the paracrine role in endothelial cells to induce
tumor neovascularization, autocrine effects of VEGFA in tumor pro-
gression and metastasis have recently been reported in a number of
malignancies.’

Hypoxia is a general event that occurs concomitant with tumor
growth." Hypoxia stabilizes the hypoxia-inducible factor-1 (HIF-1)

complex, which causes an increase in VEGFA gene expression.’ The
HIF-binding element has been identified in the promoter region of the
human VEGFA gene, along with the Smad-binding elements in the
proximal region.”® Transforming growth factor-B (TGF-B) signaling
plays an important role in tumor angiogenesis.” TGF-p1 signaling has
been shown in concert with HIF-1a to regulate VEGFA expression.”®
Hypoxia also increases TGF-f I expression in osteoblast and hepatoma
cells.'®!" Hence, TGF-B1 signaling may constitute a positive feedback
loop to reinforce the effect of hypoxia on VEGFA expression.

A consistent increase in VEGFA expression has been observed in
primary tumor specimens as well as serum samples from prostate
cancer patients.'>'> Anti-VEGFA treatment has been proven to be
effective anti-cancer therapy to prevent prostate cancer progression.'*
Whereas the paracrine role of VEGFA to induce tumor neovascular-
ization has been extensively characterized, very little is known about its
autocrine effects on prostate cancer growth and metastasis. A func-
tional VEGFR-1 has been identified in a tumorigenic derivative of rat
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prostate epithelial cell line.'> Currently, data on VEGFR-2 expression
in prostate cancer cells are still controversial.'®!”

In the present study, we examined the effects of TGF-f1 on VEGFA
secretion under normal and hypoxic conditions in normal and
prostate cancer cell lines. We also examined the effect of VEGFA 45
on migration and proliferation of PC3 cells. The potential influence
of hypoxia on TGF-Bl expression and the resulting autocrine
effect on VEGFA 45 secretion were also investigated in PC3 cells.
Our data support that VEGFA is a critical autocrine regulator for
the tumorigenic effects of hypoxia and TGF-B1 in metastatic prostate
cancer cells.

MATERIALS AND METHODS

Reagents

Recombinant human VEGFA 45 was obtained from Peprotech (Rocky
Hill, NJ, USA). Soluble VEGFR-2 was obtained from Prospec (East
Brunswick, NJ, USA). Ki8751 and SB431542 were obtained from Tocris
(Park Elisville, MO, USA). QuantiGlo human VEGF immunoassay
kit, Quantikine human TGF-B1 immunoassay kit, and recombinant
human TGF-B1 were obtained from R&D Systems (Minneapolis,
MN, USA). All primers were purchased from IDT (San Jose, CA,
USA). Dc protein assay kit was obtained from Bio-Rad (Hercules,
CA, USA). Cell culture reagents were obtained from Mediatech Inc.
(Manassas, VA, USA).

Cell culture and cell treatments

Immortalized prostate luminal epithelial cell lines (RWPE1 and
HPV7), and prostate cancer cell lines (DU145 and PC3) were obtained
from American Type Culture Collection (ATCC, Rockville, MD,
USA). RWPE1 and HPV7 cell lines were maintained in Keratinocyte
growth medium supplemented with 0.05 mg ml~" bovine pituitary
extracts and 5 ng ml~' epidermal growth factor (EGF; Invitrogen,
Carlsbad, CA, USA). DU145 and PC3 cell lines were maintained in
Eagle’s minimum essential medium supplemented with 5% fetal
bovine serum.

Cells were seeded at a density of 1.5X10° per well in six-well culture
plates for 2 days. The next day, cells were treated as described in the
figure legends in culture medium containing 0.2% bovine serum albu-
min (Sigma, St Louis, MO, USA). Hypoxia was achieved with a Billups-
Rothlesburg chamber (ACME manufacturing, Inc., Springfield, OR,
USA) filled with premixed 94% N,, 5% CO, and 1% O,.

Enzyme-linked immunoassay (ELISA)
After treatments, conditioned media (CM) and cell lysates from
RWPE1, HPV7, DU145 and PC3 cell lines were harvested.'®

Concentrations of VEGFA 45 protein were measured with an ELISA
kit according to the instruction provided by the manufacturer (R&D
Systems). Media incubated without cells and the cell lysis buffer were
used as controls. Protein concentrations in cell lysates were measured
as described previously.'®

CM and cell lysates were collected from PC3 cells treated with or
without hypoxia. Levels of TGF-B1 were measured with an ELISA kit
according to the instruction provided by the manufacturer.

Western blot

Total cell membranes from HPV7, DU145 and PC3 cell lines were
prepared as described previously.' Total cell proteins (30 pg) of
human umbilical vein endothelial cells were used as a positive control
for VEGFR-2. The membrane proteins (60 pg) were separated
on 7% sodium dodecyl sulfate—polyacrylamide gel electrophoresis
(SDS-PAGE) gels and transferred onto polyvinylidene fluoride
membranes. VEGFR-2 was detected with anti-VEGFR-2 antibody
(1:1000; Cell Signaling, Danvers, MA, USA). Anti-o-tubulin antibody
(1:1000; Sigma) was used to detect o-tubulin as a sample loading
control. To examine phosphorylation of extracellular signal-regulated
kinase 1/2 (ERK1/2), total cell proteins (30 pug) were separated on 10%
SDS-PAGE gels. Anti-phospho-ERK1/2 antibody (1:2000; Cell
Signaling) and anti-ERK1/2 antibody (1:5000; Promega, Madison,
WI, USA) were used. Anti-phospho-Smad3 antibody (1:1000; Cell
Signaling) and anti-Smad2/3 antibody (1:1000; Cell Signaling) were
used to detect TGF- signaling in PC3 samples treated with or without
hypoxia. The signal was detected by ECL (Thermo Scientific,
Rockford, IL, USA).

RNA extraction, cDNA synthesis, PCR and quantitative real-time
PCR

The primers for TGF-fi1, VEGFA, VEGFR-1, VERFR-2 and L19 were
designed as described previously'® and listed in Table 1. Total RNAs
from RWPEL, HPV7, DU145 and PC3 cell lines were reverse transcribed
as described previously.'® PCR was performed as previously described.'®
Real-time PCR was performed in the Bio-Rad icycler thermal cycler.'®
Calculations were performed using the AAC, method.'®

Cell migration assay

Conditioned media and diluted VEGFA ;45 were used to examine the
effects of endogenous and exogenous VEGFA on in vitro migration of
PC3 cells. The assay was performed using 24-well transwell inserts (8 pm;
BD Biosciences:San Jose, CA, USA) as described previously.18 Data were
expressed as migration index defined as: the average number of cells per

Table 1 Primers for RT-PCR and quantitative PCR of the indicated genes

Genes Gene ID Primers Sequences (5'-3') Location Product size (bp)

TGF-p1 260655621 TGFB1F TCGATTTTGACGTCACTGGAGTTGT 1473-93 201
TGFBIR GGGGTGGCCATGAGGAGCAGG 1673-53

VEGFA 284172452 VEGFA-F CAAGACAAGAAAATCCCTGTGG 1448-69 156
VEGFA-R GCTTGTCACATCTGCAAGTACG 1603-1582

VEGFR-1 229892268 VEGFR1F CCTTGAACACAGCTCAAGCA 563-582 282
VEGFR1R CCCAGATTATGCGTTTTCCA 844-825

VEGFR-2 2655411 VEGFR2F GCTTTGGCCCAATAATCAGA 486-505 227
VEGFR2R ACACGACTCCATGTTGGTCA 712-693

L19 68216257 L19-F GAAATCGCCAATGCCAACTC 306-325 406
L19-R TCTTAGACCTGCGAGCCTCA 711-692

Abbreviations: RT-PCR, reverse transcription PCR; TGF-B1, transforming growth factor-B1; VEGFA, vascular endothelial growth factor A; VEGFR, vascular endothelial growth

factor receptor.
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field for test substance divided by the average number of cells per field for
the medium control.

Statistical analysis

Data from multiple independent experiments are expressed as
mean=*SEM. Paired t-test and ANOVA and Duncan’s modified mul-
tiple range test were used to examine significance between different
treatments. P<<0.05 was considered statistically significant.

RESULTS

VEGFA ¢ is differentially regulated by TGF-p1 and hypoxia in
normal and prostate cancer cells

Quantitative real-time PCR was used to determine basal levels of
VEGFA mRNA in normal prostate epithelial cell lines (RWPE1 and
HPV7), as well as in DU145 and PC3 prostate cancer cell lines. VEGFA
mRNA levels were comparable between the normal prostate epithelial
cell lines (data not shown). However, VEGFA mRNA levels were two-
fold higher in PC3 and 25-fold higher in DU145 cell lines, when
compared to RWPEI cells (data not shown).

VEGFA 45 is the predominant active VEGFA isoform. Conditioned
media and cell lysates were harvested from the four cell lines; the
concentrations of VEGFA 45 were quantified with ELISA. The levels
of VEGFA 45 were 6.13, 4.81,7.33 and 2.43 pg mg ™~ protein in the cell
lysates from RWPEL, HPV7, DU145 and PC3 cells, respectively
(Figure 1la). The conditioned media contained the majority of
VEGFA 45 protein. As shown in Figure 1b, DU145 secreted at least
10 times higher levels of VEGFA 45 than RWPE1 and HPV7 cells
(4493, 153 and 412 pg mg_1 protein for DU145, RWPE1 and HPV7
cells, respectively). PC3 cells secreted the least amount of VEGFA 45
(19 pg mg ™" protein).

The four cell lines were treated with 10 ng ml™" of TGF-B1 under
normal and hypoxic conditions. As shown in Figure 1c, TGF-B1 sti-
mulated VEGFA 45 secretion in both RWPE1 (threefold over control)
and HPV7 (2.4-fold over control) cell lines; no additive effect of TGF-
B1 was observed under hypoxia in either cell line. However, TGF-1
induced less than twofold increases in VEGFA |45 secretion in DU145
and PC3 cell lines, which were enhanced to more than threefold under
hypoxic conditions.

a b
107
6000 f
s o)
2 g 4000
s s
o 2 600 e
D (=
£ e
4 8 400
s s
o 0] e
g < 200
d
0

AR )
AR

SANSR (NI
PO N

Autocrine effect of VEGFA on prostate cancer metastasis
E Darrington et al

TGF-f1 is an autocrine regulator of hypoxia-mediated VEGFA 45
secretion in prostate cancer cells.

TGF-f1 mRNA and TGF-B1 protein levels were increased in PC3 cells
after exposure to hypoxia (Figure 2a and b). Hypoxia induced the
phosphorylation of Smad3 in PC3 cells (Figure 2c), consistent with
the involvement of TGF-f1 signaling in the effects of hypoxia. TGF-f1
has been shown to induce VEGFA secretion via a Smad3-dependent
mechanism.?® Pretreatment with SB431542, a TGE-P receptor I
(TGFPR-1, ALKS5) inhibitor,?' reduced basal VEGFA 45 secretion in
PC3 cells (Figure 2d). TGF-B1 (1 ng ml™") induced a 1.4-fold increase
in VEGFA 45 secretion, which was completely blocked by SB431542
(Figure 2d). Hypoxia induced a more than twofold increase in
VEGFA 45 secretion, which was partially blocked by SB431542
(Figure 2d). Hypoxia plus TGF-B1 treatment induced a fourfold
increase in VEGFA 45 secretion; however, the combined effect of hyp-
oxia and TGF-fB1 was reduced by SB431542 to a level that is similar to
the treatment of hypoxia plus SB431542 (Figure 2d).

VEGFR-2 is involved in VEGFA functions in PC3 cells

VEGFR-1 and VEGFR-2 mRNA were determined by reverse transcrip-
tion (RT)-PCR in RWPE1, HPV7,DU145 and PC3 cell lines. As shown
in Figure 3a, VEGFR-1 mRNA was detected in the normal prostate cell
lines. VEGFR-2 was expressed only in the prostate cancer cell lines.
Total cell membranes were prepared from HPV7, DU145 and PC3 cell
lines, and were analyzed for VEGFR-2 expression by western blot.
Total cell lysate from human umbilical vein endothelial cells
(HUVEC) was used as a positive control. Western blot for o-tubulin
were performed for sample-loading control. As shown in Figure 3b,
VEGEFR-2 protein was not detectable in HPV7 cells, consistent with the
absence of VEGFR-2 mRNA in this cell line. Although VEGFR-2
mRNA was expressed in both DU145 and PC3 cell lines, VEGFR-2
protein was detected only in PC3 cells (Figure 3b). TGF-$1 (1 ng
ml™") induced ERK1/2 phosphorylation in both HPV7 and PC3 cell
lines. VEGFA 45 induced ERK1/2 phosphorylation only in PC3 cells
(Figure 3c). Activated VEGFR-1 has been shown to induce ERK1/2
phosphorylation in epidermal tumors.” Hence, VEGFA signaling is
absent in HPV7 cells, despite the fact that VEGFR-I mRNA is
expressed in this cell line.
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Figure 1 Differential regulation of VEGFA;65 secretion by TGF-B1 and hypoxia in human prostate cell lines. Normal cell line (RWPEL and HPV7) and prostate cancer
celllines (DU145 and PC3) were treated with or without TGF-B1 (10 ng ml~1) in normoxic and hypoxic conditions for 7 h. Concentrations of VEGFA s in cell lysates and
CM were quantified by ELISA. (a) Basal levels of VEGF165 in cell lysates from RWPE1, HPV7, DU145, and PC3 cell lines. (b) Basal levels of VEGF 165 in conditioned
media from RWPE1, HPV7, DU145, and PC3 cells lines, and (c) fold changes over basal levels of secreted VEGFA1g5 for TGF-B1- and hypoxia-induced VEGFA1g5
secretion in the four cell lines. Data are expressed as mean+SEM (n=3), and were analyzed by ANOVA and Duncan’s modified range tests. Significant differences
between groups in a given category (P<<0.05) are designated with different lowercase letters. P<0.05 for t-test. CM, conditioned media; ELISA, enzyme-linked
immunoassay; TGF-B1, transforming growth factor-p1; VEGFA, vascular endothelial growth factor A.
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Figure 2 Autocrine action of TGF-B1 on hypoxia-induced VEGFA s secretion in PC3 cells. (a) PC3 cells were exposed to hypoxia for different times. TGF-f1 mRNA
levels were detected by RT-PCR. L19 gene expression was used as a control. Density of TGF-f1 and L19 bands were quantified with ImageQuantTL software (GE
Healthcare). Fold changes over the control group were calculated. Similar results were replicated in three independent experiments. (b) PC3 cells were treated with or
without hypoxia for 6 h. Concentrations of TGF-B1 were quantitated with an immunoassay kit in samples of cell lysates, and were normalized with total protein
concentrations (*P<0.001). (c) After hypoxic treatments, PC3 cells were collected in cell lysis buffer. Samples (35 pg protein per lane) were separated on 10% SDS—
PAGE and then transferred on PVYDF membrane. Phosphorylation of Smad3 was analyzed with anti-phospho-Smad3 antibody. Total Smad2/3 was used as a loading
control. Band density was quantified and fold changes over 1-h hypoxia were calculated. (d) PC3 cells were pretreated with ALK4/5 inhibitor SB431542 for 30 min,
followed by treatments with TGF-B1 and hypoxia for 7 h. VEGFA;gs in CM were determined by ELISA. Data were calculated as fold changes over the basal level of
secreted VEGFAg5. Data are expressed as mean=SEM (b: n=6; d: n=3). ANOVA and Duncan’s modified range tests were used. Significant differences between
groups in a given category (P<0.05) are designated with different lowercase letters. CM, conditioned media; ELISA, enzyme-linked immunoassay; PVDF, polyviny-
lidene fluoride; RT-PCR, reverse transcription PCR; SDS-PAGE, sodium dodecy! sulfate—polyacrylamide gel electrophoresis; TGF-B1, transforming growth factor-f1;

VEGFA, vascular endothelial growth factor A.

Effects of exogenous VEGFA 45 on cell proliferation and migration
were assessed. As shown in Figure 4a, VEGFA¢5 induced a 1.8-fold
increase in cell migration at a dose of 0.2 ng ml~' when compared with
the control group. The maximal response was observed when PC3 cells
were treated with 1 ng ml ™' VEGFA 5. The effect of VEGFA ;65 on cell
migration was completely blocked by pretreatment with 10 nmol 17"
Ki8751, a specific VEGFR-2 tyrosine kinase inhibitor (Figure 4b).
VEGFA 65 had no effect on the proliferation of PC3 cells, as deter-
mined by *H-thymidine incorporation and MTT assays (data not
shown).

To investigate whether TGF-B1 and hypoxia induce prostate cancer
cell migration via endogenous VEGFA, CM were collected from
PC3 cells treated with TGF-B1 (1 ng ml™"), hypoxia, or hypoxia plus
TGE-B1 for 7 h. Soluble VEGFR-2 (17 ng ml ') and Ki8751were used
to block VEGFA signaling.*>**> Whereas TGF-B1- and hypoxia-treated
conditioned media were shown to induce 1.5-fold increases in migra-
tion of PC3 cells, the conditioned media from the cells treated with
hypoxia plus TGF-B1 increased migration of PC3 cells by two fold
(Figure 4c). These effects of conditioned media were blocked by sol-
uble VEGFR-2 and Ki8751.
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DISCUSSION

Hypoxia, TGF-B1 and VEGF are important factors of the tumor
microenvironment that regulate cancer progression and metastasis.
Hypoxia occurs concomitant with tumor growth.' It is interesting
to note that a hypoxic phenotype has been observed in the tumor
specimens from prostate cancer patients with poor prognosis.”*
TGF-B1 is a growth factor that is overexpressed in prostate can-
cer.” The general function of TGF-P1 is to inhibit cell proliferation
and to induce apoptosis. However, when the malignant tissue pro-
gresses to the advanced stages it acquires the ability to escape the
tumor-suppressing activities of TGF-B1, and to convert TGF-B1
into a tumorigenic growth factor.”® VEGF family members, includ-
ing VEGFA and VEGFC, have been shown to play important roles
in prostate cancer progression."*?” VEGFC binds to VEGFR-3 (Flt-
4) on lymphatic endothelial cells, and the VEGFC/VEGFR-3 signal-
ing is specific for lymphoangiogenesis.”® TGF-B1 inhibits lympha-
giogenesis.” In addition, hypoxia does not regulate VEGFC mRNA
expression.”® Therefore, the VEGFC/VEGFR-3-dependent pathway
is unlikely associated with the tumorigenic effects of hypoxia and
TGF-B1. On the other hand, hypoxia and TGF-f1 regulate VEGFA
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Figure 3 Expression profiles of VEGFRs in prostate cell lines. (a) Levels of mMRNA
in HPV7, RWPEL, PC3and DU145 cell lines were determined by RT-PCR. Similar
results were replicated in three independent experiments. (b) Membrane protein
fractions (~60 pg) of HPV7, DU145and PC3 cells and total cell proteins (~30 pg)
of HUVECs were used for western blot to detect expression of VEGFR-2 protein
with anti-VEGFR2 antibody. Similar results were observed with two independent
membrane preparations. (¢) PC3 and HPV7 cell lines were treated with TGF-p1
for 7hor VEGFA 165 for 10 min. Phosphorylated and total ERK1/2 were detected in
samples (30 pl) with anti-phospho-ERK1/2 (1 : 2000) and anti-ERK1/2 (1 : 5000)
antibodies, respectively. Band density was quantified, and fold changes over
control groups were calculated. Similar results were replicated in two independ-
ent experiments. ERK1/2, extracellular signal-regulated kinase 1/2; HUVEC,
human umbilical vein endothelial cell; RT-PCR, reverse transcription PCR;
TGF-B1, transforming growth factor-p1; VEGFA, vascular endothelial growth fac-
tor A; VEGFR, vascular endothelial growth factor receptor.

gene expression,”® which may account for the tumorigenic poten-
tial of both stimuli.

There is limited information about the effect of hypoxia and
TGF-B1 on VEGFA secretion in advanced prostate cancer. DU145
and PC3 prostate cancer cell lines are representative cell models of
castration resistant prostate cancer. RWPE1 and HPV7 are immor-
talized prostate luminal epithelial cell lines. VEGFA 45 protein was
detectable in both conditioned media and cell lysates from all cell
lines examined. The majority of VEGFA 45 was in the secreted
form. TGF-B1 induced VEGFA,¢5 secretion in both normal and
prostate cancer cell lines; however, the effect of hypoxia was only
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observed in the prostate cancer cell lines. These data support that
VEGFA contributes to the effect of hypoxia and TGF-B1 in prostate
cancer cells. In the prostate cancer cell lines, TGF-B1 and hypoxia
exerted an additive effect on VEGFA 45 secretion, which is presum-
ably mediated by different intracellular mechanisms.” Because hyp-
oxia increases TGF-f1 expression in osteoblast and hepatoma
cells,"®'" it is also conceivable that TGF-B1 signaling might consti-
tute a positive feedback loop to reinforce the effect of hypoxia on
VEGFA 45 secretion in prostate cancer. In addition, an autocrine
effect of TGF-P1 has been reported to increase VEGFA secretion in
DU145 and PC3 cell lines during the preparation of this manu-
script.”’ In the present study, hypoxia increased levels of TGF-f1
mRNA and protein in PC3 cells. The involvement of TGF-f signal-
ing in the effects of hypoxia was supported by the induction of
Smad3 phosphorylation in PC3 cells. Furthermore, the ALK4/5
inhibitor (SB431542) partially inhibited the effect of hypoxia on
VEGFA |45 secretion in PC3 cells. Therefore, an autocrine TGF-1
signaling mechanism appears to be involved in hypoxia-mediated
VEGFA 45 secretion.

Although PC3 cells are a model for a more metastatic prostate
cancer.'®?! DU145 was shown to secrete 10 times more VEGFA 45
than normal prostate epithelial cells, and PC3 cells produced the
least amount of VEGFA 45. In line with our observation, VEGFA ;45
has previously been shown to be three times higher in DU145 than
PC3M (a derivative of PC3) cells.’! Nevertheless, the PC3M-derived
tumor bears more aggressive phenotype and higher angiogenesis
capacity than the one originated from DU145 cells in mouse xeno-
grafts.”’ Although VEGFA expression correlates with high Gleason
grade prostate cancer specimens,’” increased expression of VEGFA
alone is not sufficient to promote prostate cancer progression.
Autocrine VEGFA signaling involving neuropilin-1 has been impli-
cated in the process of epithelial to mesenchymal transition in PC3
cells.*® Neuropilin-1 has been shown to facilitate VEGFA signaling
through interaction with VEGFR-2.% In the current study, VEGFR-2
protein was detected in PC3 but not in DU145 cell lines. These data
support a complementary role of VEGFR-2 to promote prostate
cancer progression.

ERK1/2 phosphorylation is a common phenomenon following
activation of receptor tyrosine kinases.”> Treatment with
VEGFA 45 induced ERK1/2 phosphorylation in PC3 cells but not
in HPV7 cells. These data supports an acquisition of autocrine
VEGFA signaling involving VEGFR-2 in PC3 prostate cancer cells.
VEGFA induces cell proliferation in epidermal tumors, which has
been shown to be mediated by VEGFR-1.°> In the present study,
VEGFA 45 did not affect the proliferation of PC3 cells. On the
other hand, VEGFAs; was shown to induce the migration of
PC3 cells. This effect of VEGFA,qs was completely blocked by
pretreatment with the VEGFR-2 kinase inhibitor (Ki8751). In
addition, conditioned media collected from hypoxia- and TGF-
B1-treated cells were shown to induce migration of PC3 cells,
and these effects were completely blocked by soluble VEGFR-2
and Ki8751. Hence, VEGFA/VEGFR-2-dependent signaling may
contribute to the tumorigenic effect of hypoxia and TGF-B1 to
promote the metastasis of prostate cancer cells. A similar
VEGFA/VEGFR-2 autocrine loop has previously been implicated
in migration of LNCaP cells and its metastatic derivative C4-2 cell
line."®

A working model was showed in Figure 5, hypoxia and TGF-B1
increase VEGFA secretion in prostate cell lines. Hypoxia also
increases TGF-B1 expression in PC3 prostate cancer cells, which
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Figure 4 VEGFA induces PC3 cell migration via VEGFR-2 activation. PC3 cells (3x 10° per transwell insert) were (a) treated with different concentrations of
recombinant VEGFA g5 for 5 h or (b) pretreated with the VEGFR-2 kinase inhibitor Ki8751 for 30 min before treatment with VEGF¢s. (¢) CM from TGF-B1, hypoxia,
or hypoxia plus TGF-B1-treated PC3 cells were used to induce migration of PC3 cells in the absence/presence of soluble VEGFR-2 or Ki8751. Data are presented as
mean=SEM (a and b: n=4; ¢: n=3), and were analyzed by ANOVA and Duncan’s modified range test. Significant differences between groups in a given category
(P<0.05) are designated with different lowercase letters. CM, conditioned media; TGF-B1, transforming growth factor-B1; VEGFA, vascular endothelial growth factor

A; VEGFR, vascular endothelial growth factor receptor.

constitutes an autocrine mechanism to enhance the effects of
hypoxia on VEGFA expression. This crosstalk between TGF-f1
and hypoxia is novel and distinct from the established intracellular
crosstalk to regulate VEGFA gene expression.” The present study
also suggests that VEGFA/VEGFR-2 autocrine loop partially
accounts for the tumorigenic effects of TGF-f1 and hypoxia in
prostate cancer progression.

Cell migration

Figure 5 A diagram illustrating how hypoxia and TGF-B1 become tumorigenic in
advanced prostate cancer cells to increase tumor metastasis. PC3 prostate can-
cer cell line expresses VEGFR-2 protein that enables an autocrine VEGFA signal-
ing in PC3 cells. The autocrine VEGFA/NVEGFR-2 mechanism is important for cell
migration in response to different stimuli, such as hypoxia and TGF-B1. In addi-
tion to directly induce VEGFA expression, hypoxia triggers an autocrine TGF-p1
signaling to increase VEGFA expression in prostate cancer cells. TGF-B1, trans-
forming growth factor-p1; VEGFA, vascular endothelial growth factor A; VEGFR,
vascular endothelial growth factor receptor.
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