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Abstract

Background—PKCS is generally known as a pro-apoptotic and anti-proliferative enzyme in
human prostate cancer cells.

Methods—Here, we investigated the role of PKC56 on the growth of PC-3 human prostate cancer
cells /n vivoand in vitro.

Results—We found that sustained treatment with a specific PKCS activator (6 receptor for
active C kinase, wSRACK) increased growth of PC-3 xenografts. There was increased levels of
HIF-1a, vascular endothelial growth factor and CD31-positive cells in PC-3 xenografts,
representative of increased tumor angiogenesis. Mechanistically, PKCS activation increased the
levels of reactive oxygen species (ROS) by binding to and phosphorylating NADPH oxidase,
which induced its activity. Also, PKC8&-induced activation of NADPH oxidase increased the level
of HIF-1a.

Conclusions—Our results using tumors from the PC-3 xenograft model suggest that PKC8
activation increases angiogenic activity in androgen-independent PC-3 prostate cancer cells by
increasing NADPH oxidase activity and HIF-1a levels and thus may partly be responsible for
increased angiogenesis in advanced prostate cancer.
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Introduction

In the US, prostate cancer is the second leading cause of cancer-related deaths in males
(1,2). The androgen-independent and advanced type of human prostate cancer cells, PC-3,
shows higher levels of reactive oxygen species (ROS) as compared with the androgen-
dependent and less invasive types (LNCap and DU 145) and inhibition of ROS generation
reduces the invasiveness of the prostate cancer cell lines as shown by matrigel assay. More
importantly, human prostate tumor tissues have elevated ROS levels and this was shown to
correlate with increased levels of ROS-generating enzymes, like NADPH oxidase (3).

ROS are generated from a number of sources including NADPH oxidase, the mitochondrial
electron transport system, xanthine oxidase, cytochrome p-450, and uncoupled nitric oxide
synthase (4,5). Among these, the family of NADPH oxidase and the mitochondria systems
have emerged as major sources of ROS production (6,7). NADPH oxidase is a major extra-
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mitochondrial cellular source for producing ROS in a wide variety of non-phagocytic tissues
and conditions, including inflammation against injurious stimulus, tissue fibrosis,
atherosclerosis and several cancers including prostate cancer (8).

NADPH oxidase consists of membrane-bound subunits, gp91P"°X and p22Phox which form
the flavocytochrome b558 complex, together with the cytosolic subunits p40PNoX, p47phox
and p67PhX as well as the small GTPase, Rac (4). Superoxide production is induced by
assembly of these cytosolic and membrane-bound subunits, which is mediated through the
phosphorylation of p47P1oX (9). Because ROS mediates angiogenic signaling, NADPH
oxidase is emerging as an important signaling mediator of angiogenesis, especially in
cancer, and has been shown to increase in correlation with tumorigenic activity in various
cancers (4). For example, Nox1, one of the homologues of the NADPH oxidase catalytic
subunit gp91PhoX is highly expressed in human prostate cancer in correlation with increased
hydrogen peroxide levels (10).

Phosphorylation of several serine residues of p47P"°X subunit enables it to bind to membrane
phospholipids and to interact with p22Ph° and brings the p67P"°X subunit to the complex.
The p67PhX binds and stabilizes an interaction of the complex with the small GTPase Rac,
and the fully formed NADPH complex is able to generate superoxide radical (11,12).
Therefore, phosphorylation of p47Pho% is a critical step in the activation of NADPH oxidase.
PKC isozymes are the major kinases responsible for inducing NADPH oxidase activation.
PKCBII phosphorylates p47P1°X and p67P1°X cytosolic subunits in monocytes, inducing
NADPH oxidase activity (12,13). PKC8 phosphorylates p67P"°X in monocytes when treated
with ZOP (an NADPH oxidase activator) (13). Also, p47P"°X was found to be a substrate for
PKCS in human neutrophils (14) and PKCS increased mMRNA levels of the Nox1 present in
vascular smooth muscle cells (15). However, the regulation of NADPH oxidase in the
growth of PC-3 human prostate cancer in relation to angiogenesis has not been studied in
detail /in vivo.

Here, we determined the novel role of PKC8& and the mechanism involved in the growth of
PC-3 tumor xenografts using PKC&-selective peptide regulators. Our data from xenografts
suggest that PKCS can be a target in anti-cancer treatment for prostate cancer against
angiogenesis in PC-3 human prostate tumors.

Materials and methods

Cell lines and cell culture

Materials

PC-3 human prostate cancer cells were obtained from the American Type Culture Collection
(ATCC, Manassas, VA) and cultured in DMEM media with 10% fetal bovine serum (FBS,
Gibco, NY) with 1% antibiotics (penicillin and streptomycin, Gibco, NY).

For Western blot analyses, rabbit antibodies directed against Ga.i-3 (C-10), anti-phospho
threonine (9381), anti-phospho threonine-X-arginine (2351S) antibodies, anti-p47Ph°X(D-10)
mouse monoclonal antibodies and PKC8 and e antibodies were from Santa Cruz
Biotechnology, Inc. (Santa Cruz, CA) and anti-GAPDH antibody (clone 6C5) was from
Advanced Immunochemical (Long Beach, CA). HIF-1a antibodies were from Bethyl
Laboratories (Montgomery, TX).

Peptide synthesis and administration

The PKC6&-selective inhibitor (6VV1-1, amino acids 8-17 (SFNSYELGSL)) and activator
(w6RACK, amino acids 74-81 (MRAAEDPM)) were derived from the PKC8 V1 region and
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synthesized by American Peptide Company and conjugated to a membrane-permeable TAT
carrier peptide (residues 47-57, [YGRKKRRQRRRY]) as previously described (16). TAT
carrier peptide was used as a control. Peptides were delivered /n7 vivo using Alzet osmotic
mini-pumps (Alzet model 2001) as described (17). The peptides were dissolved in saline and
administered at a constant rate (0.5ul/hr) corresponding to 2.4 or 24 mg/day/kg (3mM or
30mM of TAT), 1.4 mg/day/kg (1mM of 6V1-1) and 3.8 or 38 mg/day/kg (3mM or 30mM
of w6RACK). Pumps were replaced every 2 weeks because of the ty/, (about 2 weeks) of
the peptides in the pump (17). Peptides were delivered for up to 4 weeks.

Xenograft tumor studies

Six week old male nude mice were purchased from Harlan (Indianapolis, IN) and housed at
the animal care facility at Stanford University Medical Center (Stanford, CA). All mice were
kept under standard temperature, humidity, and timed lighting conditions and provided
mouse chow and water ad /ibitum. All animal experimentation was conducted in accordance
with the Guide for Care and Use of Laboratory Animals prepared by the Institute of
Laboratory Animal Resources, National Research Council, and published by the National
Academy Press (revised 1996) and was approved by the Stanford University Animal Care
and Use Committee. Five million PC-3 tumor cells were injected subcutaneously in the
flank of male, 7-8 week old, athymic nude mice in a mixture of 1:1 serum-free medium and
Matrigel (Beckton Dickinson, Bedford, MA). Peptide treatment began when the tumors
reached a group average of 100mm? after about 1 week. Tumor volume (mm?3) was
calculated using the equation 0.52 x (width (cm)? x length (18)).

Immunofluorescence microscopy

Immunofluorescence was performed on fresh-frozen PC-3 tumor sections fixed in O.T.C.
compound (Torrance, CA) using FITC-linked anti-mouse CD31 antibodies (1:50, BD
Pharmingen, San Diego, CA).

Western blot analysis

Protein concentrations were determined using the Bradford assay. Ten micrograms of
protein from tumors were resuspended in Laemmli buffer, loaded on SDS-PAGE and
transferred onto nitrocellulose membranes. Membranes were probed with the indicated
antibody followed by visualization with ECL.

Preparation of total cell lysates and fractionation
Samples were prepared as previously described (19,20).

Immunoprecipitation

Proteins (300-500pLg) were solubilized in lysis buffer and the whole cell lysate was
incubated with primary antibody against p47Ph° overnight at 4 °C. Then the samples were
precipitated with protein-A/G sepharose (Santa Cruz Biotech) at 4 °C for 1 hour and the
immunoprecipitates were washed twice in HEPES buffer as previously described (20). The
proteins in the immunoprecipitates were separated using SDS-PAGE and analyzed using
immunoblotting.

NADPH oxidase activity assay

Cells were serum starved for 14 to 48 hours prior to the measurement and stimulated with
1% fetal bovine serum and/or chemicals as indicated. After washing twice with 1x PBS,
cells were collected with 1x PBS containing protease inhibitor cocktail and phosphatase
inhibitor cocktail I and 11 (Sigma, St. Louis, MO) using a cell scraper. The lysate was further
homogenized using syringes with 25G needles. Measurement was performed by adding 10ul
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of lysate into 200l of reaction buffer (20 mM Tris-HCI pH 7.5, 150 mM NaCl, 1 mM
EDTA, ImM EGTA, 5uM lucigenin and 100M NADPH). Chemiluminescence derived
from superoxide and lucigenin were detected by a luminometer within 30 minutes after the
addition of reaction buffer (Veritas, Turner Byosystems, Sunnyvale, CA).

RNA interference

Small interfering RNA (siRNA) duplexes targeting PKCS8 were obtained from Santa Cruz
Biotech (human, sc-36253, Santa Cruz, CA). PC-3 cells at ~60% confluency were
transfected with control siRNA and PKC8 siRNA using transfection reagents from Gene
Silencer (San Diego, CA) according to the manufacturer’s instructions. The cells were
collected 48 hours after transfection.

Measurement of vascular endothelial growth factor (VEGF) levels in serum

The concentration of VEGF in the serum was measured using an ELISA kit (human and
mouse VEGF immunoassay, Quantikine, R&D Systems, Minneapolis, MN) according to the
manufacturer’s instructions.

Statistical analysis

Data are expressed as mean+SE. Unpaired Student’s ztest for differences between two
groups, repeated ANOVA for differences over time and 1-factor ANOVA for differences
among >2 groups were used to assess significance (p<0.05).

Results

Figure 1. PKC®3 activation increases PC-3 prostate tumor growth

PKCS activation has been implicated in the growth of several epithelial cancers including
prostate, breast and ovarian cancers (21-23). Here, we first compared the cellular
distribution of PKC8 as a measure of its active level in PC-3 cells with that in a primary
culture of normal human prostate epithelial cells (hPEC) [Figure 1A, left; cytosolic (C)
fraction enzyme represents inactive PKC and particulate fraction enzyme (P) represents
active PKC (20,24)]. PKC8 was more active in the PC-3 cells relative to the primary hPEC
as evidenced by higher levels of this isozyme in the particulate fraction relative to the
cytosolic fraction (Figure 1A, n=3 each). Also, PKCS translocation increased by about 5
fold during the growth of PC-3 human prostate cancer cells in a xenograft model, /n vivo
(from 10% to 53%; Figure 1B, p<0.05 vs. week 3). We have recently shown that the volume
of PC-3 tumor xenografts increases significantly between week 3 and 5 and that
angiogenesis in the tumor increased during that period [as measured by endothelial cell
proliferation (20)]. The finding that PKC5 translocation increased significantly between
week 3 and 4 and was maintained at similar levels afterwards suggests that PKC5 activation
may be involved in angiogenesis and the growth of PC-3 tumors.

To examine the role of PKC8 in PC-3 xenograft tumor growth /n vivo, PC-3 cancer cells
were injected subcutaneously (5x10° cells) into the flank area of male nude mice. After 1
week, mice were treated with control peptide [TAT47.57 cell-permeable carrier peptide] at
30mM (24 mg/kg/day), a PKCé&-selective inhibitor peptide coupled to TAT7.57; 6V1-1 at
1mM (1.4 mg/kg/day) or a PKC&-selective activator peptide coupled to TAT47.57;
ySRACK (16) at 3mM or 30mM (3.8 or 38 mg/kg/day) for the following 4 weeks using
Alzet osmotic pumps for sustained infusion (Figure 1C). Final tumor volume was 23%
lower in the 6§V1-1-treated group (440+40 and 340+80, control vs. §VV1-1-treated group,
n=5-10 each) and 50% higher in the 3mM y8RACK-treated group (440+40 and 660+60,
control vs. wSRACK-treated group, Figure 1C, *; p<0.05, n=5-6 each, a 2-tailed Student’s ¢
test). The higher concentration of wSRACK increased final tumor volume by 220% in the

Prostate. Author manuscript; available in PMC 2013 January 14.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Page 5

ySRACK-treated group (440£40 and 1,280+340, TAT vs. wSRACK-treated group, Figure
1C, *; p<0.05, n=5-8 each, Student’s ftest and repeated ANOVA). Final tumor volumes are
shown in the insert (Figure 1C). These data suggest that PKCS6 activation increases during
the angiogenically active period of PC-3 tumor growth and that PKC$§ activation increases
tumor growth rate.

Figure 2. PKC® activation increases tumor angiogenesis

We first observed that there were significantly higher CD31-positive tumor vessels in the
yORACK-treated (30mM, 38 mg/kg/day) tumors compared to TAT controls (1600+220 vs.
86+3 %, p<0.05, Figure 2A and a graph). w8RACK treatment did not induce apoptosis in
this model as measured by TUNEL staining (data not shown). Based on these results, we
focused our study on determining the role of PKCS8 and angiogenic events during tumor
growth.

We also observed increased HIF-1a protein levels in the w6RACK-treated tumors
compared to the controls. At week 5, after 4 weeks of sustained treatment with w6RACK
(38 mg/kg/day), HIF-1a levels increased by more than 3-fold as compared with the control
(TAT-treated) group (Figure 2B, 0.15+0.01 and 0.63+0.70, TAT vs w8RACK, *; p<0.05,
n=3 each). Of all the pro-angiogenic factors induced by HIF1-a, VEGF is particularly
noteworthy, because it has potent angiogenic properties and is expressed in a large number
of human cancers including prostate tumors (25). With w6RACK treatment (38 mg/kg/day,
30mM), the human VEGF concentration in the serum increased by ~6-fold as compared
with the control mice (Figure 2C, left, *; p<0.05, 330+110 vs. 2,700+£920 pg/ml/tumor
weight, TAT vs. w6RACK; n=4). However, there was no difference in the concentration of
mouse VEGF between the two treatments (Figure 2C right, 190+70 vs. 280+100 pg/ml/
tumor weight, TAT vs. wSRACK) [VEGF concentration was normalized against tumor
weight]. These data indicate that PKCS activation promotes angiogenesis by increasing
HIF1-a and pro-angiogenic growth factor VEGF levels in the human prostate cancer
xenograft. Increased VEGF production was from human tumor cells and not from the mouse
endothelial cells.

Figure 3. PKC®& regulates NADPH oxidase activity in PC-3 cells

ROS, which is found in a large number of tumors, has been reported to mediate angiogenic
signaling by stimulating endothelial cell growth and migration (4). NADPH oxidase is one
of the major cellular sources for continuously producing ROS intracellularly at low levels in
a wide variety of cells (8). ROS production by NADPH oxidase can also be further activated
by various growth factors and other stimuli (4). Furthermore, NADPH oxidase was shown to
be more active in more aggressive prostate cancer cell lines (3). Based on theses results, we
examined the molecular mechanisms of increased angiogenesis with PKCS activation by
measuring NADPH oxidase activity in tumors treated with TAT or w8RACK (Figure 3A).
We used tumors obtained by the same protocol as described in Figure 1C, treated with TAT
or w6RACK (30mM). Lucigenin and superoxide-derived chemiluminescence was used as a
measure of NADPH oxidase activity in the tissue lysates. wSRACK treatment resulted in an
~80% increase in the catalytic activity of NADPH oxidase (Figure 3A) relative to TAT
treatment.

Next, we observed the regulation of NADPH oxidase activity by PKC8 /in vitro, using both
the PKC8 isozyme-specific inhibitor and activator peptides in PC-3 cells (Figure 3B). Cells
were serum starved and incubated with the PKCS inhibitory peptide (6V1-1; 1uM) or the
PKCS activator peptide (yw8RACK; 1uM). Treatment with the PKC&-selective inhibitor
decreased NADPH oxidase activity by more than 30% (125+11% and 97+£4%, PMA vs.
8V1-1+PMA, *; p<0.05, Figure 3B, left panels). Activation of PKC& with yw8RACK
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increased NADPH oxidase activity by 22% (100+7% and 122+5%, 1% serum vs. wS6RACK
+1% serum, *; p<0.05, Figure 3B, right panels). The difference between in vivoand in vitro
data in NADPH oxidase activity with w8RACK treatment may result from amplified
induction of ROS from chronic hypoxia in solid tumors and the contribution of growth
factors that may have stimulated PKCS activity further /n vivo. To confirm PKCS regulation
of NADPH oxidase activity, we knocked down the level of PKCS using siRNA and assayed
for the NADPH oxidase activity. Knock down using siRNA decreased the level of PKC8 by
~40% (Figure 3C, *; p<0.05, n=3 each) and decreased NADPH oxidase activity by more
than 3 fold (Figure 3D, 6.0+0.2 and 2.0+0.1, control vs. sSiRNA treated, *; p<0.05, n=3
each). These data show that PKCS regulates NADPH oxidase activity /n vivoand in vitroin
PC-3 cancer cells.

Figure 4. PKC® regulates NADPH oxidase by phosphorylating and inducing the
translocation of NADPH oxidase subunit p47P"°X to the membrane fraction

We then determined the molecular basis for activation of NADPH oxidase by PKC8. As
mentioned previously, PKC isozymes are the major kinases responsible for inducing
NADPH oxidase activation (12,13). Because superoxide production is induced by assembly
of the cytosolic and membrane-bound subunits of NADPH oxidase, a process triggered by
the phosphorylation of p47Pho% (12), we hypothesized that PKC8 phosphorylation of p47°Phox
may play a role in the regulation of NADPH oxidase activity in PC-3 cells. Treatment with
yORACK for 4 weeks (30mM) significantly increased serine/threonine phosphorylation of a
~50kDa band by Western blot analysis of total tumor lysates. The level of the
phosphorylated form of putative p47P"°X was increased by ~5 fold with yw8RACK treatment
compared to TAT controls (1.0£0.2 and 51, TAT vs. w8RACK, *; p<0.05, n=3 each,
Figure 4A). When tumor lysates were immunoprecipitated (IP) with antibodies against
p47PhoX the amount of co-immunoprecipitated PKCS increased by ~150% after w8RACK
treatment as compared with TAT controls (Figure 4B). p47Ph%% was used as a loading
control. We next set out to determine the phosphorylation levels of the co-
immunoprecipitated p47P1%% in the tumors. Immunoprecipitated p47P"°X using anti-p47Pox
antibodies was probed with anti-serine/threonine antibodies. With wSRACK treatment,
phosphorylation of the immunoprecipitated p47P"°X increased by 6-fold as normalized by
PKC&6 (1.0+0.4 and 6.0+1.4, TAT vs. w8RACK, *; p<0.05, n=3, Figure 4C). Finally, the
translocation of p47P"oX from the cytosolic to the membrane (particulate) fraction increased
significantly with ¢w8RACK treatment (1.0+0.1 and 4.0+0.9, *; p<0.05, n=3, Figure 4D).
These data suggest that yw8RACK-induced interaction of NADPH oxidase with PKC8 and
phosphorylation of an NADPH oxidase subunit p47Ph°% and induction of its translocation to
the cell membrane may partly explain the molecular basis for activation of NADPH oxidase
by PKCs.

Figure 5. PKC& regulates HIF-1a levels in PC-3 cells via NADPH oxidase

ROS produced in response to repeated cycles of hypoxia and normoxia was shown to induce
angiogenic response by increasing HIF-1a accumulation, which was regulated by NADPH
oxidase in PC12 cells (5). Based on this and our data that PKC8 regulates NADPH oxidase
activity (Figures 3) and PKC5 activation increased HIF-1a levels (Figure 2), we
hypothesized that PKC8 may regulate HIF-1a levels through NADPH oxidase activity.
PC-3 cells were serum starved for 14 hours and incubated with apocynin (a chemical
inhibitor of NADPH oxidase, 1mM) for 5 minutes. Apocynin decreased HIF-1a levels by
more than 4-fold in the presence of 1% serum (Figure 5A, middle panel, n=3 each, *;
p<0.05), showing that NADPH oxidase regulates HIF-1a levels in PC-3 cells. Next, we
found that PKCS inhibition decreased HIF-1a levels by almost 50% (1.0+0.03 and
0.6+0.12%, TAT vs. 8V1-1, n=3, Figure 5A, second to right panel). On the other hand,
PKCS activation increased HIF-1a levels by more than 3-fold (1.0+0.03% and 3.2+0.5%,
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TAT vs. w8RACK, n=3-4, Figure 5A, far right panel). HIF-1a levels were unchanged with
8V1-1 or w8RACK in the presence of apocynin treatment (data not shown). These data
suggest that PKCS regulates HIF-1a levels through NADPH oxidase.

A schematic diagram (Figure 5B) summarizes the regulation of tumor-induced angiogenesis
viaHIF-1a levels through PKC8 and NADPH oxidase in PC-3 prostate cancer cells.
Activated PKCS6 can then phosphorylate substrates nearby. PKCS6 activation increases
phosphorylation of the p47Ph°% subunit of NADPH oxidase, which induces its translocation
to the membrane and NADPH oxidase activation. Activated NADPH oxidase then produces
large quantities of ROS, increases HIF-1a levels and VEGF production from tumor cells,
thus increasing angiogenic activity in tumors.

Conclusions

Identifying the role of specific PKC isozymes in tumors has been hampered by lack of
isozyme-specific regulators for each PKC isozyme. Here, using an isozyme-selective
inhibitor and an activator peptide for PKCS (26-28), we show a novel role of PKCS as an
upstream regulator of NADPH oxidase activation leading to increased HIF-1a levels,
angiogenesis and tumor growth in PC-3 human prostate cancer. NADPH oxidase activation
has been shown to mediate expression of HIF-1a and VEGF and increase tumor growth in
ovarian cancer (29). Also, in ~70% of prostate cancer patients, MRNA of catalytic subunit of
NADPH oxidase, Nox1, was found only in tumor tissues but not in normal epithelium (10).
These upregulated pro-survival signaling pathways in angiogenesis may contribute to the
development of resistance to therapy in advanced prostate cancer patients. Development of a
safe and targeted molecule to inhibit PKC& may aid in reducing the resistance experienced
by prostate cancer patients.

Previously, LNCaP human prostate cancer cells were shown to undergo apoptosis in
response to phorbol esters (30). It was found that the apoptosis induced by phorbol 12-
myristate 13-acetate in LNCaP cells was mediated by PKCS (31). PKC8 was also shown to
mediate prostate cancer cell apoptosis induced by chemotherapeutic agents (32). Therefore,
PKCS has been known to be a critical mediator of apoptosis induced by phorbol esters or
anticancer drugs. As such, PKC8& was generally found to be pro-apoptotic (21,27,33).
However, PKC8 was also reported to be the major kinase that promotes cell survival in
mammary and ovarian cancer cells (22,23). Here we revealed a novel role of PKC5 in
inducing angiogenesis and growth of PC-3 tumors.

Reactive oxygen species (ROS) mediate angiogenic signaling and NADPH oxidase is one of
the major sources of ROS in endothelial cells (4). Increased NADPH oxidase activities
correlate with tumorigenic activity in various cancers (8,10). Further, Nox1, a catalytic
subunit of NADPH oxidase, was shown to play a critical role in tumor-induced
angiogenesis. Inhibition of Nox1 by siRNA or diphenylene iodonium (DPI) inhibited
synthesis of VEGF mRNA and protein in K-Ras transformed normal rat kidney cells.
Mechanistically, Nox1 inhibition decreased ERK-dependent phosphorylation of Spl
transcriptional factor and its binding to VEGF promoter (34).

Here, we show that PKC8 co-immunoprecipitates with a subunit of NADPH oxidase critical
for its activation and to induce NADPH oxidase activation and promote angiogenesis. These
data suggest that disruption of PKC&-NADPH oxidase inter-molecular protein interactions
can negatively modulate tumor-induced angiogenesis. More importantly, PKC§ can be both
pro-survival and pro-apoptotic depending on the cell type and binding molecules available
as previously mentioned, development of regulators of PKCS in cancer therapy needs to be
approached with caution.
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In conclusion, we showed that PKCS activation can increase NADPH oxidase activity and
HIF-1a levels, leading to increased angiogenesis and tumor growth in PC-3 human prostate
tumors. Therefore, PKCS inhibition may provide a useful adjuvant treatment to the current
therapy for patients with prostate cancer by inhibiting tumor-induced angiogenesis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. PKCS8 activation increases PC-3 prostate tumor growth

(A) The level of the active form of PKCS& was determined by Western blot analyses of
cytosolic (C) and particulate (P) fractions from primary normal human prostate epithelial
cells (hPEC) and PC-3 cells grown in culture. Cells were fractionated into cytosolic and
particulate fractions as described in Methods. Quantification of the active forms of PKC8
(translocation; expressed as percentage of PKC isozyme in the particulate fraction over sum
of cytosolic and particulate fraction enzymes, /.e., total cellular enzyme) is provided in the
graph below (n=3, *; p<0.05). A 2-tailed Student’s ftest was used to determine significance.
Loading controls for cytosolic and particulate fractions (GAPDH and Ga.i) are shown in the
lower bands. IB; immunoblot. (B) PC-3 xenografts were grown s.c. on nude mice for up to 8
weeks and tumors were obtained at weeks 3-8. PKCS translocation was analyzed using
Western blot and quantification is shown on the graph below (n=3, *; p<0.05) vs. week 3.
(C) One week after PC-3 cell injection, mice were implanted with osmotic pumps with
control peptide (TAT) at 24 mg/kg/day (30mM) or §V1-1 conjugated to TAT at 1.4 mg/kg/
day (ImM) or wSRACK at 3.8 or 38 mg/kg/day (3mM or 30mM). The peptides were
dissolved in saline and administered at a constant rate (0.5p.l/hr) for 2 weeks and were
replaced once for the next 2 weeks. Tumor volume was measured weekly. Tumors were
excised and weighed at week 5. (White squares, TAT; small gray circles, §V1-1; small black
circles, 3mM y8RACK and large black ovals, 30mM y8RACK, *; p<0.05, repeated
ANOVA, n=5-8 each, TAT vs. 30mM y8RACK-treated group). An inserted graph shows
final tumor volumes of each treatment group.
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Fig. 2. PKC8 activation increases tumor angiogenesis

(A) The level of angiogenesis at the end of the 5-week growth was measured with
immunofluorescence by staining blood vessels with anti-CD31 monoclonal antibodies
conjugated with FITC (n=3 each, *; p<0.05, Scale bar: 10tm). (B) One week after PC-3 cell
injection, mice were implanted with osmotic pumps with control peptide (TAT) or
wSRACK at 38 mg/kg/day (30mM) for 4 weeks. HIF-1a levels were measured by Western
blot analyses using whole cell lysates from tumors (Figure 2B left, *; p<0.05 ftest, n=3
each). GAPDH was used as a loading control. (C) Next, human VEGF concentration was
measured in the serum from mice treated with control peptide (TAT) or w8RACK by
ELISA (Figure 2C left, *; p<0.05, n=4 each). Mouse VEGF concentration was measured in
the serum from mice treated with control peptide (TAT) or w8RACK by ELISA (Figure 2C,
right).

Prostate. Author manuscript; available in PMC 2013 January 14.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Kim et al.

Page 13

A - Tumors (in vivo)
s
Z 200
© —
& 2150
g5
5 £100) —=
IR
o =50
a
<
Z 0 T
TAT ydRACK
B 2 PC-3 cells (in culture)
= .
5 "
g 150
£ 100 '
=
s '
z& 50 :
D 1
< 0 !
z TAT TAT dV1-1  TAT poRACK
+PMA + serum
C (e J— D 61—
GAPDH = e I>.
a2
o125 <5 4
02 1.00 Za
28075 283 -
T & 0.50 T3T 2
[any ) O X
£ 025 g 31
0 Control - PKC3 0" Control  PKCs
SiRNA siRNA siRNA siRNA

Fig. 3. PKC& regulates NADPH oxidase activitiesin PC-3 cells

(A) Tumors as described in Figure 1C were analyzed for NADPH oxidase activity. Whole
lysates of tumors in PBS with phosphatase and protease inhibitor cocktail were added with
lucigenin. Chemiluminescence derived from superoxide and lucigenin was measured using a
luminometer (n=5 each). A 2-tailed Student’s #test was used to determine significance. (B)
Cells were serum starved for 14 hours and first incubated with PKCS inhibitor peptide
(6V1-1, 1uM) or PKCS activator peptide (wSRACK, 1M) for 15 minutes. After incubation
with 1nM PMA or serum for 30 minutes, whole cell lysate was used for the assay. A 2-tailed
Student’s ¢test was used to determine significance (n=5-6 for each treatment). (C) The
levels of PKCS8 in PC-3 cells were knocked down using siRNA. (D) To test PKC8
regulation of NADPH oxidase activity, NADPH oxidase activities were measured in the
cells treated with control sSiRNA or siRNA of PKC&. A 2-tailed Student’s ¢test was used to
determine significance (n=3 for each, *; p<0.05, ftest).
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Fig. 4. PKC8 regulates NADPH oxidase activity by phosphorylating p47Ph%% and inducing its
translocation to the membrane fraction

(A) Western blot analyses were performed with total cell lysates of PC-3 tumors treated with
TAT or 38 mg/kg/day of w8RACK for 4 weeks and immunoblotted with antibodies against
phospho-serine/threonine (Ser/Thr) (*; p<0.05, n=3 each, Figure 4A). GADPH was used as
a loading control. (B) Tumor lysates were immunoprecipitated with antibodies against
p47PhoX and probed for PKCS. (*; p<0.05, n=3 each, Figure 4B). p47P"°% was used as a
loading control. (C) Phosphorylation levels of the co-immunoprecipitated p47PhoX were
checked by probing with anti-Ser/Thr antibodies (*; p<0.05, n=3 each, Figure 4C). PKC&
was used as a loading control. (D) Finally, tumor lysates were fractionated (as described in
the methods) and the translocation of p47P"X from the cytosolic to the membrane
(particulate) fraction was determined by probing each fraction with anti-p47P"°X antibodies
(Figure 4D, *; p<0.05, n=3 each). GADPH or Ga.i was used as a loading control (IB:
immunoblot).
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Fig. 5. PKC&8 regulates HIF-1a levelsin PC-3 cellsvia NADPH oxidase

(A) PKCS8 regulates HIF-1a levels via NADPH oxidase. PC-3 cells were serum starved for
14 hours and incubated with apocynin (an anti-oxidant and a chemical inhibitor of NADPH
oxidase, 1mM) for 5 minutes in the presence of 1% serum (Figure 5A, n=3 each, *; p<0.05).
Also, the PC-3 cells were treated with §V1-1 and yw6RACK at 1uM for 4 hours in the
presence of 1% serum. The peptides were treated every 1.5 hours and the cells were lysed
for Western blot analyses. (B) A schematic diagram summarizes the regulation of tumor-
induced angiogenesis via HIF-1a levels by PKC6 and NADPH oxidase in PC-3 cancer cells.
pA7; pA7PhoX and p67; p67PhoxX,
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