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Rocic, Petra, Tina M. Griffin, Chastity N. McRae, and
Pamela A. Lucchesi. Altered PYK2 phosphorylation by
ANG II in hypertensive vascular smooth muscle. Am J
Physiol Heart Circ Physiol 282: H457-H465, 2002;
10.1152/ajpheart 00546.2001.—Vascular smooth muscle cells
(VSMC) from spontaneously hypertensive rats (SHR) exhibit
increased cell growth compared with normotensive Wistar-
Kyoto rats (WKY). ANG II stimulates growth via Gq-protein-
coupled signaling that involves changes in cytosolic intracel-
lular Ca®* concentration ([Ca®*];) and activation of protein
kinase C (PKC) and mitogen-activated protein kinases. This
study examines the role of the proline-rich tyrosine kinase 2
(PYK2) in hypertensive VSMC. Basal PYK2 phosphorylation
in SHR VSMC was increased compared with WKY (0.44 =
0.02 vs. 0.20 = 0.02-fold). ANG II-induced activation of PYK2
in SHR VSMC was of greater magnitude (2.2 = 0.2-fold in
SHR; 1.4 + 0.1-fold in WKY) and occurred more rapidly (peak
activation at 2 min in SHR vs. 5 min in WKY). This effect was
blocked by pretreatment with the [Ca2®*]; chelator 1,2-bis(2-
aminophenoxy)ethane-N,N,N',N'-tetraacetic acid or the PKC
inhibitor chelerythrine. Basal and ANG II-stimulated c-Fos
expression was increased in SHR versus WKY VSMC. PYK2
downregulation with antisense oligonucleotides blocked ANG
II-induced c-Fos expression. Increased PYK2 activation may be
altered signaling cascades that regulate cell growth in hyper-
tensive VSMC.

mitogen-activated protein kinase; spontaneously hyperten-
sive rats; protein kinase C; calcium; c-Fos

ABNORMAL VASCULAR SMOOTH MUSCLE CELL (VSMC) func-
tion is a key feature of hypertension. Chronic changes
that occur in hypertensive blood vessels include aber-
rant VSMC growth, alterations in extracellular matrix
production, and remodeling, as well as adventitial and
endothelial dysfunction. Altered VSMC growth leads to
medial thickening and progressive luminal narrowing
(19, 23). The mechanisms responsible for altered
VSMC phenotype and function in hypertension remain
unknown.

A commonly used model for studying genetic hyper-
tension is the spontaneously hypertensive rat (SHR).
VSMC isolated from SHR exhibit a distinct phenotype
compared with those isolated from the normotensive

Wistar-Kyoto rat (WKY), characterized by an increase
in cell growth, altered protein kinase C (PKC) activity,
enhanced Na*/H™" exchanger activity, increased Ca?™"-
dependent activation of extracellularly regulated mito-
gen-activated protein (ERK1/2 MAP) kinases (2, 16),
and increased expression of transcription factors re-
sponsible for the regulation of genes involved in cell
growth, including c-Fos (12). ¢-Fos is one of the early
response genes that has been shown to be activated in
response to ANG II in VSMC (27). Touyz et al. (29)
recently reported an increase in ANG II-induced c-Fos
mRNA expression in SHR VSMC that required ERK1/2.

ANG II regulates VSMC function through activation
of the ANG type 1 (AT1) receptor (23). Signaling cas-
cades initiated by AT; receptor activation have been
shown to regulate a variety of cellular processes that
control the observed phenotypic changes in SHR
VSMC, including gene transcription and p70 ribosomal
phosphorylation. These cellular responses to AT; re-
ceptor activation are initiated by a myriad of signaling
cascades, including PKC, ERK1/2 MAP kinase, and
phosphatidylinositol 3-kinase (PI3 kinase) (5, 7, 25).

However, the proximal signaling intermediates that
transduce signals from the AT; receptor to the intra-
cellular signaling cascades remain to be identified. We
(16) have previously demonstrated that ANG II-in-
duced, Ca®"-dependent ERK1/2 activation was in-
creased in SHR VSMC compared with WKY VSMC
despite no observable difference in ANG II-induced
Ca®" transients or total ERK1/2 expression. The re-
sults suggest that the expression or activation of a
Ca?"-dependent regulator of the ERK1/2 pathway is
increased in SHR compared with WKY VSMC.

An attractive candidate is the Ca?*-dependent, non-
receptor, proline-rich tyrosine kinase 2 (PYK2). Sabri
et al. (24) showed that ANG II activates PYK?2 in a
Ca?"- and PKC-dependent manner in VSMC. This is
compatible with the observed Ca%*- and PKC-depen-
dent activation of ERK1/2 MAP kinases. PYK2 has
been shown to interact with the upstream regulators of
the ERK1/2 pathway, Src, Shc, Grb2, and Ras (26).
Therefore, we hypothesized that, like ERK1/2, PYK2
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regulation by vasoactive agonists may be altered. Rocic
et al. (20) have also shown that PYK2 interacts with
both the ERK1/2 and the PI3-kinase signaling path-
ways in VSMC and that the inhibitors of these path-
ways prevent ANG II-induced protein synthesis (8).

In this study, we show increased basal PYK2 phos-
phorylation in SHR compared with WKY VSMC. ANG
IT caused a more rapid and potent PYK2 activation in
SHR than in WKY VSMC in a Ca?"- and PKC-depen-
dent manner. We then show a greater dependence of
PYK2 activation on Ca?" in SHR VSMC and determine
that typical, novel, and atypical PKC isoforms contrib-
ute to the greater activation of PYK2 in SHR VSMC.
Finally, we show that PYK2 forms a signaling complex
with the upstream regulators of the ERK1/2 MAP
kinase pathway and that the formation of this complex
is more rapid and of a greater magnitude in hyperten-
sive VSMC. Therefore, PYK2 may represent a key
signaling molecule that is differentially regulated in
hypertensive VSMC (21).

METHODS

Materials and antibodies. ANG II was purchased from
Sigma. 1,2-Bis(2-aminophenoxy)ethane-N,N,N',N'-tetraace-
tic acid (BAPTA), chelerythrine, and phorbol dibutyrate
(PDBU) were from Calbiochem. Monoclonal PYK2, polyclonal
pTyr, and isoform-specific PKC antibodies were from Phar-
magen. Monoclonal pTyr antibodies were from Upstate Bio-
technology. Polyclonal c-Fos antibodies were from Santa
Cruz Biotechnology. PYK2 antisense oligonucleotides were
custom designed by Biognostik (Gottingen, Germany). Lipo-
fectamine Plus was purchased from GIBCO-BRL.

Cell culture. VSMC from 10- to 12-wk-old SHR and WKY
were isolated from the thoracic aorta by collagenase digestion
and cultured as described (16). Passages 3—5 were used for
all experiments. The animal protocol was approved by the
University of Alabama-Birmingham Animal Care and Use
Committee.

Immunoprecipitation. Growth-arrested VSMC were treated
with 100 nM ANG II = inhibitors for the indicated times.
Lysates were prepared as previously described (24). Protein
concentrations were measured using a bicinchonic acid assay
(Pierce). PYK2 phosphorylation was monitored by two meth-
ods. First, cell lysates were immunoprecipitated with a
monoclonal PYK2 antibody and phosphorylation was as-
sessed by Western blot analysis with monoclonal phospho-
Tyr antibodies. Second, cell lysates were immunoprecipitated
with a polyclonal anti-phospho-Tyr (pTyr) antibody and
phosphorylated PYK2 was detected by Western blot analysis
with monoclonal anti-PYK2 antibodies. Both techniques pro-
duced nearly identical results. For immunoprecipitation
experiments, equal amounts of protein (500 ng) were immu-
noprecipitated with monoclonal anti-PYK2 antibodies over-
night at 4°C. Immune complexes were collected by incubation
with protein G-agarose or protein A-sepharose beads for 2 h
at 4°C. The beads were centrifuged, washed twice in lysis
buffer, and resuspended in 3X Laemmli sample buffer. Im-
munoprecipitates were separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and sub-
jected to Western blot analysis.

Western blotting. VSMC lysates (20—30 p.g of protein) were
separated by SDS-PAGE and transferred to nitrocellulose
membranes. Western blot analysis was performed as de-
scribed (20) using anti-PYK2 (1:1,000) and anti-PKC isoform-
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specific antibodies, monoclonal anti-pTyr antibodies (1:1,000,
Upstate Biotechnology), or anti-c-Fos antibodies and horse-
radish peroxidase-conjugated secondary antibodies. Bands
were visualized by enhanced chemiluminescence and quan-
tified by laser densitometry.

PYK?2 antisense oligonucleotide incorporation. WKY and
SHR VSMC were grown in 10% fetal calf serum-Dulbecco’s
modified Eagle’s medium (DMEM) to 60% confluency. Cells
were washed three times in Opti minimal essential medium
1 h before antisense treatment. VSMC were treated with
PYK2 antisense oligonucleotides (0.75 pM) for 8 h using
Lipofectamine Plus (10 pg/ml) as a transfection reagent.
After 8 h, the medium was replaced with serum-free DMEM
and left overnight. The next day, the medium was replaced
with fresh serum-free DMEM for at least 1 h before treat-
ment with ANG II.

Data analysis. All experiments use passage-matched sets
of SHR and WKY VSMC. Data are expressed as means = SD
for at least n = 3 experiments. To compare basal PYK2
activation between SHR and WKY VSMC, unstimulated cells
from both sets were compared with positive controls (PC12
cell lysate) and were corrected for any differences in lane
loading as detected by immunoblotting with anti-total PYK2
antibodies. c-Fos and PKC expression in SHR VSMC was
compared with WKY. Statistical analyses of these data were
performed with the use of paired Student’s ¢-tests (Instat
Software). To determine the extent of PYK2 phosphorylation
by ANG II, time points were then compared with SHR and
WKY controls (set = 1). Statistical analysis was performed
using Instat software by one-way analysis of variance, fol-
lowed by Bonferroni test as appropriate. A value of P < 0.05
was considered significant.

RESULTS

Basal phosphorylation of PYK2 in SHR and WKY
VSMC. We have previously shown that phosphoryla-
tion of PYK2 correlates well with PYK2 kinase activity
(24). Basal PYK2 phosphorylation, detected by immu-
noprecipitation with anti-phosphotyrosine antibodies,
followed by Western blot analysis with anti-PYK2 an-
tibodies, was significantly (twofold) higher in SHR
VSMC (0.44 =+ 0.02 vs. total) compared with WKY
VSMC (0.2 + 0.02 vs. total PYK2) (Fig. 1).

ANG II induces differential PYK2 phosphorylation in
SHR vs. WKY VSMC. We then examined the effects of
ANG II on PYK2 phosphorylation in SHR and WKY
VSMC. Passage-matched sets of SHR and WKY VSMC
were growth arrested and then treated with 100 nM
ANG II for 0-60 min. Cell lysates were immunopre-
cipitated with anti-PYKZ2 antibodies, and phosphory-
lated PYK2 was measured by Western blot analysis
with monoclonal anti-pTyr antibodies. ANG II caused
significant phosphorylation of PYK2 as early as 0.5
min. Peak ANG II-induced PYK2 phosphorylation was
of a greater magnitude in SHR compared with WKY
VSMC (2.2 + 0.2-fold at 2 min in SHR; 1.4 = 0.1-fold at
5 min in WKY) (Fig. 2A). The kinetics of PYK2 phos-
phorylation were quite different in the two cell types.
Maximum ANG II-induced PYK2 phosphorylation was
observed at 2 min in SHR compared with maximum
activation at 5 min in WKY VSMC (Fig. 2A). These
blots were then stripped and reprobed with anti-PYK2
antibodies to confirm equal lane loading. Analogous
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Fig. 1. Proline-rich tyrosine kinase 2 (PYK2) basal phosphorylation
in spontaneously hypertensive rat (SHR) and Wistar-Kyoto rat
(WKY) vascular smooth muscle cells (VSMC). A: lysates from un-
stimulated VSMC were immunoprecipitated (IP) with anti-phospho-
Tyr (pTyr) antibodies, and Western blot analysis was performed with
anti-PYK2 antibodies. B: unstimulated VSMC lysates were immu-
noprecipitated with anti-PYK2 antibodies, and Western blot analysis
was performed with anti-PYK2 antibodies. C: cumulative data from
n = 12 experiments. PYK2 expression and basal phosphorylation
were normalized to PC12 lysates. *P < 0.05 vs. PC12; TP < 0.01,
SHR vs. WKY VSMC.

SHR

results were obtained when pTyr immunoprecipitates
were blotted with anti-PYK2 antibodies (Fig. 2B).
ANG II-induced PYKZ2 phosphorylation requires an
increase in cytosolic Ca®*. To determine the ability of
increased intracellular Ca?" concentration ([Ca®™];)
to stimulate PYK2 phosphorylation, we first treated
VSMC with 1 uM ionomycin, a Ca®* ionophore, for 5
min. Treatment with ionomycin resulted in PYK2
tyrosine phosphorylation in both cell types. How-
ever, the magnitude of this phosphorylation was
1.7-fold higher in SHR (4.9 = 0.5-fold vs. control)
compared with WKY (3.0 = 0.2-fold vs. control) (Fig.
3A). To assess the requirement for cytosolic [Ca®?"] in
ANG II-induced PYK2 activation, we examined the
effect of the Ca?* chelator BAPTA on PYK2 phos-
phorylation. Pretreatment with 50 uM BAPTA re-
sulted in a significant reduction in ANG II-depen-

H459

dent PYK2 phosphorylation at all time points
examined (Fig. 3B). In SHR VSMC, maximal PYK2
phosphorylation was inhibited ~80% by Ca?" chela-
tion (from 10.3 = 1.1-fold to 2.5 = 0.5-fold vs. con-
trol). In WKY VSMC, BAPTA pretreatment resulted
in a ~70% inhibition of ANG II-induced PYK2 phos-
phorylation (from 6.5 = 1.1-fold to 2.0 = 0.4-fold vs.
control). In fact, there was no significant difference
in ANG II-induced PYK2 phosphorylation between
SHR and WKY VSMC after [Ca?*]; chelation (Fig.
3B). These results indicate that ANG II-induced
PYK2 activation is dependent on the increase in
cytosolic Ca?* and that the Ca2?" dependence of
PYK2 activation is greater in SHR compared with
WKY VSMC.

Characterization of PKC isoforms involved in ANG
II-induced PYK2 phosphorylation. To determine the
role of PKC isoforms in PYK2 activation, we pretreated
VSMC with the non-isoform-specific PKC inhibitor
chelerythrine. Pretreatment with 5 uM chelerythrine
chloride for 45 min decreased the ANG II-dependent
PYK2 phosphorylation to basal levels at all time
points. Moreover, ANG II-induced PYK2 phosphoryla-
tion was not different between SHR and WKY VSMC
in the presence of the PKC inhibitor (Fig. 4A).

To gain insight as to which PKC isoforms may be
involved in PYK2 regulation in SHR and WKY VSMC,
we pretreated VSMC for 24 h with PDBU to downregu-
late phorbol ester-sensitive PKC isoforms. In SHR, PKC
downregulation by PDBU led to a ~70% decrease in ANG
II-induced PYK2 phosphorylation (6.9 = 0.8-fold to 2.3 =
0.6-fold vs. control). In WKY VSMC, PKC inhibition with
PDBU led to a ~60% decrease in PYK2 activation (4.4 =
0.2-fold to 2.9 + 0.48-fold vs. control) (Fig. 4B).

Twenty-four hours of PDBU pretreatment caused
complete downregulation of PKC-q, -3, and -¢, a partial
downregulation of PKC-B and -y, but had no effect on
the atypical PKC-{ isoform (Fig. 4B). Interestingly, the
expression of PKC-3, -¢, and -{, and to a lesser degree
PKC-B appears to be elevated in SHR compared with
WKY VSMC (Fig. 5).

PYK?2 antisense oligonucleotides block increased c-
Fos expression in SHR VSMC. We (22) have previously
shown that PYK2 downregulation inhibits ANG II-
induced protein synthesis in VSMC. To determine the
functional consequences of increased PYK2 activation
in SHR VSMC, we assessed the effects of PYK2 down-
regulation on c-Fos expression. PYK2 antisense oligo-
nucleotides significantly decreased PYK2 total protein
levels to the same extent in both WKY and SHR VSMC
(data not shown). PYK2 antisense treatment had no
effect on the expression of the closely related focal adhe-
sion kinase. Basal c-Fos protein expression was increased
in SHR versus WKY VSMC (5.5 = 0.1-fold). Treatment
with ANG II for 24 h resulted in an increase in c-Fos
expression that was greater in SHR than WKY (4.4 =+
0.08-fold in SHR vs. 2.7 = 0.01-fold in WKY). PYK2
downregulation by antisense oligonucleotides reduced
basal c-Fos expression and completely blocked ANG II-
induced c-Fos expression in both cell types (Fig. 6).
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DISCUSSION

The present findings suggest that the Ca2?"-sensitive
tyrosine kinase PYK2 may be an important signaling
molecule whose regulation is significantly altered in
hypertensive VSMC. In Fig. 1, we show that basal
PYK2 phosphorylation is significantly increased in hy-
pertensive VSMC. Because phosphorylation correlates
well with PYK2 activation, these results suggest that
basal PYK2 activity is increased in SHR VSMC. Our

data show significant differences in the magnitude and
kinetics of PYK?2 activation by ANG II between SHR
and WKY VSMC. Compared with WKY, ANG II-in-
duced PYK2 phosphorylation occurred more rapidly (2
compared with 5 min) and was ~2- to 3-fold greater in
magnitude (Fig. 2). These findings are compatible with
previous results showing increased and more rapid
ERK1/2 MAP kinase activation in SHR VSMC (16, 30)
and in SHR aortas (13).

AdJP-Heart Circ Physiol « VOL 282 « FEBRUARY 2002 « www.ajpheart.org

6002 ‘0€ 1agqwanopN uo hioABojoisAyd-ueaydle woly papeojumod



http://ajpheart.physiology.org

PYK2 IN HYPERTENSION

H461

IP: anti-pTyr
Ionomycin (1 gM, 5 min) - + - +
e — =116
Blot: anti-PYK WKY SHR
67 *
£ E <
£2°
B o, -
wi % 1
£ ¢
3] E 27
k= Fig. 3. PYK2 phosphorylation in SHR
b and WKY VSMC requires an increase
0 in intracellular Ca%*. A: VSMC were
B WKY SHR treated with 1 pM ionomycin for 5 min.
WKY Cell lysates were immunoprecipitated
IP: pTyr using anti-pTyr antibodies. Immuno-
100 nM ANG I - - + + + - + - blot analysis was performed using
50 uM BAPTA - + - - - + + + anti-PYK2 antibodies. Top: represen-
Time (min) 0 0 2 5 10 2 5 10 tative immunoblot. Bottom: cumula-
116 kDa — tive data from n = 4 experiments. *P <
~ “ B - - . - - . -PYK2 0.05 vs. WKY VSMC. B: growth-ar-
Blo::PYK2 ) rested VSMC were pretreated with 50
SHR wM  1,2-bis(2-aminophenoxy)ethane-
IP: pTyr N,N,N',N’-tetraacetic acid (BAPTA)
100 nM ANG II % - i 5§ E S + + for 30 min before treatment with 100
50 uM BAPTA - + - < 5 + + + nmol/l ANG II. Cell lysates were im-
Time (min) 0 0 2 5 10 2 5 10 munoprecipitated using anti-pTyr an-
tibodies. Immunoblot analysis was per-
116 kDa — formed using anti-PYK2 antibodies.
P ] P —— & Top: representative immunoblot. Bot-
- — » yEka tom: cumulative data from of n = 4
Blot:PYK2 experiments. *P < 0.01 vs. control;

—

[
1

*

—
=]

PYK2 Phosphorylation
(Fold Increase vs. Control)
(=)

TP < 0.01 BAPTA treated vs. ANG II.

T T T T T

0 1 2 3 4 5 6 7

Time (min)

We then examined the involvement of PYK2 in the
regulation of the ERK1/2 MAP kinase signaling path-
way. It has been shown that PYK2 and Src activation
link G protein-coupled receptor activation to ERK1/2
MAP kinases (4). Furthermore, regulation of the MAP
kinase pathway is Ca?" dependent (14, 16) and PYK2
activation leads to the recruitment of Src (24, 26). Data
from our laboratory (24) showed complex formation
between PYK2, Src, Grb2, and Shc in VSMC.

Given the important role of [Ca?*]; in the pathogen-
esis of hypertension, we then compared the relation-

ship between [Ca®"]; and PYK2 activation between
SHR and WKY VSMC. In theory, both changes in
[Ca?"]; mobilization or in the expression and/or the
sensitivity of cellular signaling molecules to [Ca?*];
could explain alterations in Ca?"-dependent pheno-
typic modulation of hypertensive VSMC. There are
conflicting reports about increased basal Ca2?" or ago-
nist-induced Ca?" transients in hypertensive vascular
smooth muscle. Toyuz et al. (28) reported an increase
in both basal Ca?* as well as enhanced ANG II-depen-
dent increases in Ca2" in mesenteric artery VSMC.
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Fig. 5. Protein kinase C (PKC) expression in SHR and WKY VSMC. VSMC were treated with 1 uM PDBU for 24 h.
A: Western blot analysis using isoform-specific anti-PKC antibodies. B: cumulative data of n = 3 experiments. *P <

0.05 vs. WKY VSMC.

Bendhack et al. (1) demonstrated that basal and ANG
II-stimulated increases in Ca2?" in cultured aortic
VSMC from SHR were greater compared with WKY
VSMC. On the other hand, we and others have shown
that ANG II-induced Ca®?" transients were not differ-
ent between SHR and WKY VSMC (16, 28). Reasons
for these discrepancies are unclear but may be due to
differences in the vessels used for VSMC isolation or in
the passage or confluency of cultured VSMC.

There have been several reports of increased expres-
sion or sensitivity of Ca%*-dependent signaling mole-
cules in different models of hypertension. For example,
Kato et al. (11) demonstrated enhanced Ca?* sensitiv-
ity of the phospholipase C 81-isoform in the aorta of
SHR compared with WKY. Several groups have re-
ported increased expression and activation of Ca?™"-
dependent PKC isoforms in SHR cardiac tissue and
blood vessels (10).

These findings led us to determine whether Ca2"-
dependent activation of PYK2 was greater in SHR
VSMC versus WKY VSMC. We and others (3, 24) have
shown that PYK2 activation in VSMC is Ca?" depen-
dent. In the present study, we demonstrate that the
Ca®" ionophore ionomycin caused a significantly
greater PYK2 phosphorylation in SHR VSMC com-
pared with WKY VSMC (Fig. 3A). Moreover, chelation
of intracellular Ca%2* with BAPTA also resulted in a
greater degree of inhibition of ANG II-induced PYK2
activation in SHR than in WKY VSMC (Fig. 3B). In
fact, the BAPTA pretreatment abrogated the differ-
ences in ANG II-induced PYK2 phosphorylation be-
tween SHR and WKY VSMC. These results are in close
agreement with our previous study showing a greater
Ca?* dependency for ANG II-induced ERK1/2 MAP
kinase activation in SHR versus WKY VSMC (16).
Thus it is possible that differential PYK2 activation in

Fig. 4. A: effects of chelerythrine on PYK2 activation in response to ANG II. VSMC were pretreated with 5 pM
chelerythrine for 45 min before treatment with 100 nM ANG II. Cell lysates were immunoprecipitated using
anti-pTyr antibodies. Immunoblot analysis was performed using anti-PYK2 antibodies. Top: representative
immunoblot. Bottom: cumulative data from n = 4 experiments. *P < 0.01 vs. control; TP < 0.01 chelerythrine vs.
ANG II. B: effects of phorbol dibutyrate (PDBU) on PYK2 activation in response to ANG II. VSMC were pretreated
with 1 M PDBU for 24 h before treatment with 100 nM ANG II. Cell lysates were immunoprecipitated using
anti-pTyr antibodies. Immunoblot analysis was performed using anti-PYK2 antibodies. Top: representative
immunoblot. Bottom: cumulative data from n = 5 experiments. *P < 0.01 vs. control; TP < 0.01 PDBU vs. ANG II.
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Fig. 6. Increased c-Fos expression in SHR VSMC is blocked by PYK2
antisense oligodeonucleotides (AS-ODNs). SHR and WKY VSMC
were treated with ANG II for 24 h and with PYK2 AS-ODNs or
lipofectamine alone. A: representative Western blots using anti-c-Fos
antibodies. B: cumulative data from n = 3 experiments. *P < 0.05 vs.
control; TP < 0.05 vs. WKY VSMC.

SHR VSMC may represent one Ca?*-dependent up-
stream regulator of ERK1/2 MAP kinases.

There is mounting evidence that alterations in PKC
isoform expression or activation are involved in the
progression of hypertension. Both ERK1/2 activation
as well as PYK2 activation in VSMC has been shown to
be PKC dependent (15, 24). We now provide evidence
that PKC inhibition by chelerythrine completely blocks
PYK2 phosphorylation in both SHR and WKY VSMC
(Fig. 4A). These results are in close agreement with our
previous studies (24) in VSMC derived from the
Sprague-Dawley rat aorta and suggest that one or
more PKC isoforms are upstream of PYK2.

PKC isoforms have been classified into three groups;
the conventional Ca%*-dependent phorbol ester-sensi-
tive isoforms (PKC-a, -B, and -y), the novel Ca®"-
independent phorbol ester-sensitive isoforms (nPKC-9,
-¢, -1, and -0) and the atypical Ca?*-independent phor-
bol ester-insensitive isoforms (PKC-\, -, -, and -{). We
pretreated VSMC for 24 h with PDBU to downregulate
both classic and novel PKC isoforms. PDBU led to a
significant but incomplete inhibition of ANG II-in-
duced PYK2 phosphorylation in SHR and WKY VSMC
(Fig. 4B), which is in agreement with our previous
findings for ERK1/2 MAP kinases (16).

Given this incomplete inhibition by prolonged PDBU
treatment, we can conclude that both phorbol ester-
sensitive and -insensitive PKC isoforms are involved in
mediating ANG II-induced PYK2 phosphorylation. In-
terestingly, we noticed an increase in the expression of
the novel Ca2*-insensitive phorbol ester-sensitive PKC

PYK2 IN HYPERTENSION

isoforms & and e and the atypical PKC isoform PKC-{
(Fig. 5). Therefore, it is tempting to speculate that both
novel and atypical PKC isoforms are upstream regula-
tors of PYK2 in SHR VSMC. These data are in agree-
ment with previous findings indicating increased acti-
vation of PKC-3 and -e SHR VSMC and with increased
activity and expression of PKC-a« mRNA in the SHR
aorta (9, 10) and PKC-e in cardiac myocytes from
deoxycorticosterone acetate-salt-sensitive hyperten-
sive rats (6). Moreover, at least one of those PKC
isoforms (PKC-{) is involved in ANG II-stimulated
ERK1/2 activation in VSMC (15).

The increased expression of these Ca?*-independent
PKC isoforms cannot account for the greater Ca?*
dependence of PYK2 activation in SHR VSMC. There is
a slight trend for increase expression of the Ca®"
sensitive PKC-B2 in SHR VSMC, but the relatively
weak sensitivity of the anti-PKC-B5 antibodies avail-
able cautions the interpretation of these data. It is also
possible that the Ca2?*-sensitive step lies between PKC
and PYK2 activation because several laboratories have
reported that differences in Ca2™ (17) sensitivity be-
tween SHR and WKY VSMC occur downstream of PKC
activation (18). Future studies are required to charac-
terize the Ca?*-dependent signaling molecules that
regulate ANG II-induced PYK2 activation in hyperten-
sive VSMC.

To determine the functional consequences of in-
creased PYK2 activation in SHR VSMC, we examined
the effect of PYK2 downregulation by PYK2 antisense
oligodeonucleotides on ANG II-induced c-Fos expres-
sion. We have previously shown that PYK2 antisense
oligonucleotides reduce PYK2 expression by >80% and
completely inhibited ANG II-induced protein synthesis
in an ERK1/2- and PI3-kinase-dependent manner (22).
Our results demonstrate that treatment with PYK2
antisense oligonucleotides completely inhibits ANG II-
induced c-Fos expression in both SHR and WKY VSMC
(Fig. 6). Schiffrin’s laboratory (29) recently demon-
strated that pharmacological inhibitors of Src blocked
c-Fos mRNA expression in SHR and WKY VSMC.
Sabri et al. (24) demonstrated an ANG II-dependent
complex formation between PYK2 and Src in VSMC.
Thus these data are in agreement with our hypothesis
that the functional consequences of enhanced PYK2
activation in SHR VSMC include enhanced ERK1/2
activation leading to increased expression of key tran-
scription factors, including c-Fos.

In summary, our data suggest that PYK2 lies up-
stream of one or more signaling pathways that have
been implicated in the phenotypic modulation of hyper-
tensive VSMC. The precise role this kinase plays in
mediating these processes remains to be elucidated.
Future studies with PYK2 antisense oligonucleotides
will determine the precise role of this kinase in altered
VSMC function during the development and progres-
sion of hypertension.

We thank Dr. Kathleen Berecek for critical review of the manu-
script.
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