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Abstract

Exogenous phosphatidic acid (PA) was observed to produce a concentration-dependent increase in [Ca®']; in cultured A10 vascular
smooth muscle cells. Preincubation of cells with sarcoplasmic reticulum Ca®*-ATPase inhibitors (cyclopiazonic acid and thapsigargin), a
phospholipase C inhibitor (2-nitro-4-carboxyphenyl-N,N-diphenylcarbamate), inositol 1,4,5-trisphosphate receptor antagonists (2-
aminoethoxydiphenyl borate and xestospongin), and an activator of protein kinase C (PKC) (phorbol 12-myristate 13-acetate) depressed
the PA-evoked increase in [Ca”]i. Although EGTA, an extracellular Ca®" chelator, decreased the PA-induced increase in [Ca2+]i,
sarcolemmal Ca®*-channel blockers (verapamil or diltiazem) did not alter the action of PA. On the other hand, inhibitors of PKC
(bisindolylmaleimide I) and G;-protein (pertussis toxin) potentiated the increase in [Ca*"]; evoked by PA significantly. These results
suggest that the PA-induced increase in [Ca”"]; in vascular smooth muscle cells may occur upon the activation of phospholipase C and the
subsequent release of Ca>" from the inositol 1,4,5-trisphosphate-sensitive Ca>* pool in the sarcoplasmic reticulum. This action of PA may

be mediated through the involvement of PKC.
© 2003 Elsevier Science Inc. All rights reserved.
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1. Introduction

PA, an active phospholipid, is formed in membranes by
the activation of phospholipase D (PLD), as well as by the
phosphorylation of 1,2-diacylglycerol, and is released from
platelets during clotting [1]. It has been considered to serve
as a second messenger for several bioactive agents [2].
Exogenous PA has been shown to increase the activity of
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Ca”" transport in a variety of cellular systems including
synaptosomes [3], neuroblastoma cells [4], freshly isolated
adult cardiomyocytes [2], and cultured neonatal rat cardi-
omyocytes [5]. Putney et al. [6] have demonstrated that
PA acts as a Ca®>* ionophore, whereas Ohsako and Deguchi
[4] have suggested that PA opens voltage-activated Ca**
channels in various membranes. Some studies with artificial
membranes have ruled out the role of PA as a Ca®"
transporter or ionophore and, in fact, have hypothesized
that PA may be altering Ca®"-channel activity by binding to
the cellular membrane [7]. Although exogenous PA has been
shown to regulate Ca®" transport in platelets [8] and rat
cardiomyocytes [2,5], the role of exogenous PA in the
regulation of Ca®"-transport activity in vascular smooth
muscle cells (VSMCs) has not been investigated previously.
Therefore, the present study was undertaken to examine the
effect of exogenous PA on [Ca®*); in cultured A10 VSMCs,
as well as its mechanism of action. Furthermore, some
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experiments were carried out to test the hypothesis that the
PA-induced increase in [Ca®>"];in VSMCs may be due to the
release of Ca®" from the sarcoplasmic reticulum (SR)
through the phospholipase C (PLC)-PKC pathway.

2. Materials and methods
2.1. Materials

PA (v-o-phosphatidic acid, from egg yolk Iecithin,
sodium salt), cyclopiazonic acid (CPA), thapsigargin
(TG), diltiazem, verapamil, EGTA, 2-nitro-4-carboxyphe-
nyl-N,N-diphenylcarbamate (NCDC), phorbol 12-myris-
tate 13-acetate (PMA), pertussis toxin (PTx), HEPES, 2-
aminoethoxydiphenyl borate (2-APB), and BSA were pur-
chased from the Sigma Chemical Co; bisindolylmaleimide
I (Bin-I) and xestospongin (Xe C) were obtained from
Calbiochem and Fura-2 acetoxymethyl/ester (Fura 2-AM)
was purchased from Molecular Probes. L-3-Phosphatidic
acid dicapryl (L-3-PA) was purchased from the Doosan
Serdary Research Laboratory. Culture medium, fetal
bovine serum, trypsin, and other related products were
from GIBCO (Life Technologies). All other reagents were
of analytical grade and purchased from either Sigma or
Fisher Scientific.

2.2. Cell culture

A continuous line of A10 VSMCs was obtained from the
American Type Culture Collection. The cells were incu-
bated in Dulbecco’s modified Eagle’s medium (DMEM)
containing 10% fetal bovine serum (Life Technologies),
3.7 mg/mL of NaHCO;, and 100 pg/mL of gentamicin at
37° in a humidified atmosphere of 95% air and 5% CO,.
The medium was changed initially after 48 hr and then
every 2-3 days. When the cells had formed a confluent
monolayer after 7-9 days, they were made quiescent
by incubation in serum-free medium for 24 hr. Then
they were harvested by the addition of 0.05% trypsin
and 0.1% fetal bovine serum. The cell culture was con-
tinued up to eight passages, and the cells were observed to
maintain uniform growth and response characteristics
during this period.

2.3. Measurement of [Ca®T];

The cultured A10 VSMCs harvested with trypsin and
fetal bovine serum were centrifuged at 240 g for 5 min at
room temperature. The supernatant was removed, and the
cells were washed twice in a HEPES buffer physiological
salt solution (mM/L: NaCl 145, KCIl 4.5, CaCl, 1.0,
MgS0O,4-7H,O 1.0, HEPES 10, d-glucose 5, BSA 0.1%,
KH,PO, 1.0, pH 7.4). The cells were then incubated
for 40 min at 37° with 10 uM Fura 2-AM in HEPES buffer
and washed twice to remove any extracellular dye. The

cell number was adjusted to 0.5 x 10%/mL; the final
concentration in the cuvette was approximately 0.3 X
109 cells/mL.

The fluorescence intensity at 510 nm was monitored
by an SLM DMX-1100 dual-wavelength spectroflurom-
eter; the ratio (R) of the fluorescence signals at 340/380
(nm) was calculated automatically. The R;.x and R,
values were determined by the addition of 40 pL Triton
X-100 (10%) and 40 pL EGTA (400 nM), respectively.
The [Ca®"]; levels at rest as well as maximal increases
evoked by PA were calculated according to the following
formula:

R — Rmin f
[Ca>*]; = 224 (—) Sh

Rmax —R S_b2

where Sf, and Sb, are the fluorescence proportionality
coefficients obtained at 380 nm under R.;, and R .x
conditions, respectively. Each cuvette containing approxi-
mately 0.3 x 10° cells/mL was exposed to a single con-
centration of PA, and the ratio of the response of Fura
2-AM fluorescence at 510 nm, when excited at 340 nm vs.
380 nm, was monitored for a total period of 5 min after the
addition of PA. Studies involving various pharmacological
agents for the modification of [Ca’"]; in VSMCs by
exogenous PA were performed by placing Fura 2-AM
loaded cells in the buffer containing the indicated con-
centration of a drug for a particular time (as mentioned in
Section 3) prior to the measurement of fluorescence. The
increase in [Ca®™); at peak [Ca®"]; was calculated as the net
increase above the basal value in each experiment. This
method of [Ca”]i measurement is similar to that described
elsewhere [2].

2.4. Statistical analysis

All results are expressed as means == SEM. Statistical
analysis was performed using Microcal Origin Version 6
(Microcal Software Inc.). The comparison of mean values
was performed by the use of one-way ANOVA. P values
less than 0.05 were considered to reflect a significant
difference.

3. Results
3.1. Effect of PA on [Ca®"]; in VSMCs

The effect of different concentrations of PA (1-100 pM)
was studied on [Ca”]i in cultured A10 VSMCs, and the
data are shown in Fig. 1. PA increased the [Ca®"); in a
concentration-dependent manner; the maximal increase
in [Ca®"]; was 138 + 3.5 nM. The concentration of PA
required for a 50% (Ecsp) increase in [Ca*"];, was
9.2 £ 1.5 uM. As shown in Fig. 2, 1-3-PA (a PA analogue)
also caused a concentration-dependent increase in [Ca”]i;
the maximal increase was 37 + 5 nM. The Ecs value was
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Fig. 1. Effect of different concentrations of PA on intracellular calcium ([Ca®*],) in VSMCs. (A) [Ca*T]; tracings exposed to various concentrations of PA.

(B) Bar diagram representing the concentration response for PA-evoked increases in [Ca

145 £ 20 pM. In addition, PA caused a transient increase
in [Ca”]i, while the PA analogue caused a sustained
increase in [Ca®"];.

3.2. Effect of PA on [Ca’"]; after preincubation of
VSMCs with EGTA, verapamil, and diltiazem

To study whether the increase in [Ca®"]; induced by PA
was due to an influx of Ca>* from an extracellular source,
some inhibitors of Ca>* influx [2,9—11] were used. On the
one hand, preincubation of cultured A10 VSMCs for 30 s
or 3 min with EGTA (1 mM) led to a significant diminu-
tion of both the basal [Ca*>"]; and the PA (10 1M) evoked
increase in [Ca”"]; (Table 1). On the other hand, pre-
incubation of the cells for 10 min with the Ca*>"-channel
blockers verapamil (5 and 10 uM) or diltiazem (5 and
10 uM) did not produce any significant change in the
basal [Ca’']; or the PA-evoked increase in [Ca’');
(Table 1).

>*];. Values are the means &= SEM of six experiments.

3.3. Effect of PA on [Ca*T]; after preincubation of
VSMCs with CPA or TG

To examine if the PA-induced increase in [Ca®']; was
due to the release of Ca®" from the SR, different inhibitors
of SR Ca®"-ATPase [12,13] were used. Preincubation of
cultured A10 VSMCs for 10 min with CPA (25 and 50 uM)
or TG (10 and 20 uM) produced an insignificant change in
the basal [Ca’'); [control: 49 +2nM; CPA (25 uM):
454+ 2nM; CPA (50 uM): 45+3nM; TG (10 uM):
48 +5nM; TG (20 uM): 48 &+ 5 nM]. However, the SR
Ca”"-pump inhibitors (CPA or TG) almost abolished the
increase in [Ca®"]; evoked by 10 uM PA (Fig. 3A).

3.4. Effect of PA on [Ca*T]; after preincubation of
VSMCs with NCDC

It was demonstrated previously that stimulation of PLC
by PA leads to the production of inositol 1,4,5-trisphosphate
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Fig. 2. Effect of different concentrations of L-3-PA on [Ca“]i in VSMCs.
(A) [Ca%T]; tracing exposed to various concentrations of L-3-PA. (B) Bar
diagram representing the concentration response for L-3-PA-evoked
increases in [Ca>*];. Values are the means + SEM of six experiments.

Table 1

Basal and PA-evoked increase in free intracellular calcium ([Ca”"];) in
control smooth muscle cells and cells preincubated with EGTA or calcium-
channel blockers (verapamil and diltiazem)

2*],
i

Basal PA-evoked increase in
[Ca**]; (nM) [Ca**]; (nM)

Control 50 £ 0.5 54 £4
EGTA (1 mM; 30's) 26 +2° 27+ 17
EGTA (1 mM; 3 min) 27 +£2° 25+ 3
Verapamil (5 pm) 53+3 51+3
Verapamil (10 pm) 53+3 63+ 1
Diltiazem (5 um) 50 £ 3 51 +4
Diltiazem (10 pum) 50 + 4 59+ 5

Values are the means + SEM of 12 experiments for the control and six
experiments each for all other groups. The PA (10 uM)-evoked increase in
peak [Ca®*]; was above the base value. Cells were treated with verapamil
and diltiazem for 10 min.

“ P < 0.5 vs. the respective control.
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Fig. 3. (A) Effect of PA on [Ca*"]; after preincubation of VSMCs with
CPA (25 and 50 uM) and TG (10 and 20 uM). (B) Effect of PA on [Ca®hy;
after preincubation of VSMCs with NCDC (12.5-25 uM). Bars in (A) and
(B) represent means == SEM of the PA-evoked increase in peak [Ca®t);
above basal for six experiments. Key: (*) P < 0.05 vs. control.

(InsP3) in cardiomyocytes [14] and that InsP; may result
in the release of Ca*" from the SR stores [15]. Thus,
it was considered worthwhile to study whether a similar
mechanism is involved in the PA-evoked Ca®" mobiliza-
tion in cultured A10 VSMCs. Preincubation of A10
VSMC:s for 10 min with 12.5-25 uM NCDC, an inhibitor
of PLC [16], produced an insignificant change in the basal
[Ca*™]; [control: 5042 nM; NCDC (12.5 uM): 49 +
1 nM; NCDC (17.5 uM): 51 £ 1 nM; NCDC (25 pM):
52 + 4 nM]. These results are consistent with earlier stu-
dies showing no change in the resting levels of [Ca®'];
upon the addition of 1-100 pM NCDC in cardiomyocyte
suspension [2]. The A10 cells preincubated with 12.5 uM
NCDC did not reveal any significant change in the
increase in [Ca®"]; evoked by 10 uM PA, whereas the
cells preincubated with 17.5 or 25 uM NCDC showed
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a significant decrease in the PA-induced increase in [Ca’® ')

(Fig. 3B).

3.5. Effect of PA on [Ca’™]; after preincubation of
VSMCs with Xe C and 2-APB

A10 VSMCs were preincubated for 30 min with 7.5 or
10 uM Xe C, a potent membrane permeable blocker of
InsP;-mediated Ca®" release in intact cells [17]. Xe C
produced an insignificant change in basal [Ca®"]; [control:
494+ 2nM; Xe C (7.5 uM): 51 £ 1 nM; Xe C (10 uM):
53 £ 1 nM]. The cells preincubated with Xe C at concen-
trations of 7.5 and 10 uM when challenged with exogenous
10 uM PA showed a significant decrease in the PA-evoked
increase in [Ca®"]; (Fig. 4A). As shown in Fig. 4B, 2-APB

501 L
*
*
40
“ i
S 30
£
& 20
©
o
2
-_— 10_
0 N
Control 7.5 10
Xestospongin (UM)
(A) Effect of Phosphatidic acid (10 p M)
60 T
*
z I
:‘-—'r 40_
©
1S}
£
(]
©
e 20 %
g 1
0 f
Control 100 200
2-APB (uM)
(B) Effect of Phosphatidic acid (10 uM)

Fig. 4. (A) Effect of PA on [Ca2+]i after preincubation of VSMCs with Xe
C (7.5 and 10 uM). (B) Effect of PA on [Ca®*); after preincubation of
VSMCs with 2-APB (100 and 200 uM). Bars in (A) and (B) represent
means + SEM of the PA-evoked increase in peak [Ca®*]; above basal for
six experiments. Key: (*) P < 0.05 vs. control.

[18], an InsP; receptor antagonist, also caused a concen-
tration-dependent inhibition of PA-induced Ca®" mobili-
zation, indicating that PA caused the release of Ca®" from
the SR through InsP; receptors.

3.6. Effect of PA on [Ca’"]; after preincubation of
VSMCs with Bin-1 and PMA

To determine whether PKC, which is known to affect SR
Ca’t uptake [11], was involved in the PA-evoked increase
in [Ca”]i in A10 VSMCs, cells were preincubated for
20 min with Bin-I (also known as Gf-109203x or GF-I), a
potent inhibitor of phorbol ester-sensitive isoforms of PKC
[19], at various concentrations ranging from 50 to 200 nM.
After preincubation with low concentrations of Bin-I, the
Fura 2 fluorescence ratio was determined but no significant
change in basal [Ca?"]; was observed as compared to the
control [control: 50 £ 2 nM; Bin-I (50 nM): 53 £+ 2 nM;
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Fig. 5. (A) Effect of PA on [Ca>*); after preincubation of VSMCs with
Bin-1 (50-200 nM). (B) Effect of PA on [Ca®']; after preincubation of
VSMCs with PMA (100 nM to 100 uM). Bars in (A) and (B) represent
means + SEM of the PA-evoked increase in peak [Ca®*]; above basal for
six experiments. Key: (*) P < 0.05 vs. control.
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Bin-I (100 nM): 53 4+ 2 nM]. However, when the cells
were preincubated with a higher concentration of Bin-I
(200 nM), there was a significant increase in basal [Ca®"];
(82 £ 4 nM). When the cells were preincubated with dif-
ferent concentrations of Bin-I, there was an augmentation
of the increase in [Ca”]i due to 10 uM PA in a concentra-
tion-dependent manner (Fig. 5A). To further understand
the role of PKC in the PA-evoked increase in [Ca®>"]; in the
A10 VSMCs, we used cells preincubated for 10 min with
100 nM to 100 uM PMA, an activator of PKC [11]. No
change in the basal [Ca”]i was observed with the different
concentrations of PMA [control: 52+ 1nM; PMA
(100 nM): 52 +£2 nM; PMA (10 uM): 52 + 4 nM; PMA
(100 uM): 54 + 2 uM]. However, a significant inhibition
of the increase in [Ca®"]; evoked by 10 uM PA was evident
when the cells were treated with different concentrations of
PMA (Fig. 5B).

3.7. Effect of PA on [Ca*T]; after preincubation of
VSMCs with PTx

Since the responses of different cells to lysophospha-
tidic acid (LPA) have been shown to involve G;-proteins
[20], it is likely that the PA-induced increase in [Ca”]i
may be mediated through Gj-proteins. To determine
whether a G;-protein-dependent pathway is involved in
the PA-induced increase in [Ca’'];, the A10 VSMCs
were preincubated with different concentrations of PTx
(12.5-100 ng/mL) for 10 min before the determination of
the Fura 2 fluorescence ratio. There was no significant
change in basal [Ca®"]; in the PTx-preincubated cells
[control: 48 =2 nM; PTx (12.5ng/mL): 50 &2 nM;
PTx (25ng/mL): 51 +£3nM; PTx (50 ng/mL): 49+
2nM; PTx (100 ng/mL): 50 + 3 nM]. However, there
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Fig. 6. Effect of PA on [Ca**]; after preincubation of VSMCs with PTx
(12.5-100 ng/mL). Bars represent means & SEM of the PA-evoked
increase in peak [Ca*"]; above basal for six experiments. Key: (%)
P < 0.05 vs. control.

. . . . 2
was a significant augmentation of the increase in [Ca”"];

evoked by 10 uM PA at all concentrations of PTx (Fig. 6).

4. Discussion

In the present study, exogenous PA (1-100 pM) was
found to produce a concentration-dependent increase in
[Ca®"]; in the A10 VSMCs. We employed a 10 uM con-
centration of PA for studying its mechanism of action
because similar concentrations of PA were used by other
investigators in their studies [3,14,21,22]. It is difficult to
compare the concentrations of PA employed exogenously
with those present endogenously under different physio-
logical and pathological conditions as PA remains in the
bound form with various membrane systems in the cell.
However, the Ecso value of PA is about 9 uM, while the
ECso value of the PA analogue, L-3-PA, is about 145 puM,
indicating that the Ca®" response to PA in VSMCs may be
mediated through a PA receptor.

It was interesting to observe that preincubation of cells
with EGTA lowered the PA-evoked increase in [Ca’®'];;
this finding appears to indicate that the PA-induced
increase in [Ca®"]; may be partially dependent on [Ca®*]...
Although PA has been suggested previously to mobilize
[Ca®"], through the stimulation of L-type Ca®* channels in
neuroblastoma cells [4] and cardiomyocytes [2], incuba-
tion with the Ca**-channel blockers verapamil and diltia-
zem did not reduce the PA-evoked increase in [Ca®"]; in
quiescent A10 VSMCs. The discrepancy in these results
could be due to the difference in cell type employed in
these studies. Thus, it is reasonable to assume that the PA-
evoked increase in [Ca®*]; in the quiescent A10 VSMCs
may not be linked to the opening of L-type Ca>" channels
in the sarcolemmal membrane. Because EGTA also pro-
duced a decrease in the basal levels of [Ca>"];, in view of
the fact that the influx of Ca”" is obligatory to replenish the
SR Ca’* stores, it may be that the intracellular Ca®* stores
become depleted by the use of EGTA and this may result in
depressing the PA-induced Ca”" release from SR in the
A10 VSMCs treated with EGTA. However, the role of
store-operated Ca** channel [18] in PA-induced mobiliza-
tion in A10 VSMCs remains to be investigated.

To understand the exact mode of action of exogenous PA
on A10 VSMCs, we incubated the cells with CPA and TG,
which deplete the SR Ca®" stores by inhibiting SR Ca**-
ATPase [2,23]. It was observed that the PA-evoked increase
in [Ca*"]; was depressed by CPA and TG. Such observa-
tions indicated that Ca®" release from the SR may be
involved in the PA-induced Ca*" mobilization. It is pointed
out that PA has been suggested to activate the InsP; path-
way in fibroblasts [24], neutrophils [23], adult cardiomyo-
cytes [2,14], and neonatal cardiomyocytes [5], and this
may lead to the release of Ca®" from the SR. Thus, it is
concluded that the PA-evoked increase in [Ca®*]; may be
associated with the release of Ca>" from the SR Ca®* store,



P. Bhugra et al./Biochemical Pharmacology 65 (2003) 2091-2098 2097

which has been proposed to be the site of PA action in
neonatal rat cardiomyocytes [5].

Patel et al. [25] suggested that stimulation by many
agonists, which bind to G-protein coupled receptors in A10
VSMC s, results in the activation of PLC and the metabo-
lism of phosphatidyl-inositol phosphate to InsP5. The InsP;
thus formed then activates Ca”" release by its action on SR
Ca’"-release channels [26]. It has been demonstrated by a
number of investigators that NCDC decreases the InsP;
level and [Ca®']; by inhibiting PLC [2,16,27-29]. Our
results in VSMCs preincubated with NCDC indicated that
the PA-evoked increase in [Ca® '], was depressed by NCDC
in a concentration-dependent manner. Accordingly, it is
concluded that the PA-induced increase in [Ca*']; may
be elicited through the activation of PLC and the formation
of InsPs.

To further confirm the role of exogenous PA in the
release of Ca®" from the SR through the involvement of
InsPs-sensitive SR Ca’t pools, the A10 VSMCs were
preincubated with two InsP; receptor blockers, Xe C
and 2-APB [17,18,26]. The PA-evoked increase in [Ca”]i
in cells preincubated with Xe C or 2-APB was decreased
significantly as compared to the control, suggesting that
InsP;-sensitive Ca®" channels may be involved in the
PA-evoked increase in [Ca”]i. Liu et al. [30] have
reported that vasopressin-induced Ca®>" mobilization in
cardiomyocytes is depressed by PLC inhibitors, but not by
ryanodine or caffeine, suggesting that there are two Ca®"
pools in the SR, namely ryanodine-sensitive and InsP3-
sensitive pools. Our studies using different agents to
modify the action of PA suggest that PA may release
Ca”" from the InsP5-sensitive Ca®>" pool in the SR; further
research is required to investigate the role of the ryano-
dine-sensitive Ca>* pool in the SR in PA-induced Ca*"
mobilization in A10 VSMCs.

Since PKC activators have been shown to reduce Ca*"
accumulation in the SR in cardiomyocytes [11], activation
of PKC can be seen to decrease the Ca”" store in the SR
and thus less Ca’" will be released in the cell upon
stimulation. This view is consistent with our results
demonstrating a decrease in the PA-evoked increase in
[Ca*']; in A10 VSMCs preincubated with PMA, an acti-
vator of PKC. It has been reported by Stasek et al. [31,32]
that PA directly activates PKC in the pulmonary artery
endothelial cell line CCL-209. To further confirm the role
of PKC in the involvement of Ca®>" mobilization induced
by PA in A10 VSMCs, it was observed that the cells
preincubated with Bin-I, a specific PKC inhibitor [20],
and later challenged with PA, showed an augmentation of
the PA-induced increase in [Ca”]i. However, the present
study does not rule out other mechanisms such as the effect
of PKC on SR Ca®" release or PA receptor down-regula-
tion in A10 VSMC:s. It should be pointed out that our data
for the effects of PKC activation on basal [Ca®*'] ; levels, as
well as the PA-induced increase in [Ca®"],, are different
from those reported by others [33-35]. In this regard, PMA

has been shown to increase the level of [Ca®']; and

increase Ca>" waves in VSMCs [33,34,36,37]. In addition,
PMA was observed to increase the angiotensin II (AIl)- or
homocysteine-evoked increase in [Ca”]i in VSMCs
[35,38]. Since the inhibition of PKC has been reported
to enhance the endothelin-1 response and to attenuate the
vasopression- or All-induced elevation of [Ca®*"); in car-
diomyocytes [39], it appears that the role of PKC activation
or inhibition in modifying the level of [Ca*"]; may be
agonist-specific.

The role of G-proteins in PA-induced Ca*" mobilization
has not been reported; however, in the present study, PTx
treatment augmented the [Ca®™), response to PA in
VSMCs. Although the mechanism of this action of PA
is not clear, Paolucci et al. [20] have demonstrated that
prior treatment of either Swiss 3T3 cells or rat-1 cells with
low concentrations of PTx leads to the activation of PLD in
response to LPA by inhibiting the Gj-protein and thus
causing an increase in cyclic AMP levels. Our results with
PTx are likely to be mediated through a cyclic AMP-
dependent mechanism as suggested by Paolucci et al. [20].
Furthermore, Freeman et al. [40,41] reported that AIl-
induced growth of VSMCs was dependent upon the activa-
tion of PLD and the formation of PA. Thus, PA could serve
as an important second messenger in the regulation of
proliferation as well as Ca*™ homeostasis in VSMCs. The
results from the present study substantiate this viewpoint.
However, it is noted that some caution should be exercised
while interpreting the data from the A10 VSMC line
in vitro to vascular smooth muscle signal transduction
mechanisms in vivo.
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