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The platclet-derived growth factor isomers, PDGF-AA, PDGF-AB and
PDGFE-BB, induce contraction of vascular smooth muscle cells by
different intracellular mechanisms
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The effect of human recombinant platelet-derived grawth factor (PRGE) isoforms, (DPDGEAA, PDGE-AD and PDGE-BB. on contractility of

rat dortic rings as well as on intracellular free Cat® ([Ca®* ), inteacetular pH, (pH) and thrombosane A, (TXA,) formation in cultured vaseular

smouth muscle vells (VSMC) was examined. PDCGR-138 behaved simifar to PRDGE-AB and both have features charueteristic of conventional vaso-

contrictor-agonists that directly inerease [Cu? *), activate the Na*/H*® exchanger, stimulate the TXA, formation, and induced contraction in VSMC
whereas PDGE-AA induced cantraction without increasing of [Ca?* ). pil, and TXA, formation.

PDC F-isotarm; Vasoconstriction: Intracelular Ca?* and pH; Thromboxane A,

1. INTRODUCTIION

PDGF is a potent mitogen in vitro for fibroblasts,
glial cells and VSMC {1,2] and thus plays an important
role in the pathogenesis of atherosclerosis {3]. In addi-
tion, it has been shown that PDGF is a potent
vasoconstrictor of rat aortic tissue [4]. PDGF consists

of two homolcgous chains, termed A and B, which are

stabilized by a disulfide bridge. The two chains can
combinc to three different dimeric isoforms, PDGF-
AA, PDGF-AB and PDGF-BB {1,2,5]. It is gencrally
accepted that agonist-mediated increases in cytosolic
calcium in VSMC and intracellular pH (pH;) acidifica-
tion result in a contractile response in VSMC [6,7].
TXA; is also a potent vasoconstrictor of VEMC as well
as a platelet aggregatory agent [8,9].

Here the effect of human recombinant (r)PDGF-AA,
PDGF-AB and PDGF-BB on contractility of aortic
rings was investigated. In addition the effect of the
three isoforms on [Ca**};, pH; and TXA, formation
was examined.

2. MATERIALS AND METHODS

2.1, Marcerials
rPDGF-AA, rPDGF-AB, and rPDGF-BB from E. coli were
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prepared as deseribed {§), Fura-27AM, pentaacetoxymethyl ester was
obtained from Calbiochem. DMEM, FCS and PBS were obtained
from Gibeo, TXB-RIA kit was obtained from New England Nuclear.
Other chemicals were from Sigma and Merck-Schuchardt,

2.2, Culture of vaseular smaath muscle cells

Vascular smooth muscle cells were isolated from rat aorta (female,
strain Wistar-Kyoto, 6-8 weeks old) and cultured over several
passages according to Ross [10). The cells were allowed to grow for
4-5 days in 5% CQa, 95% air at 37°C. The culture medium was
Dulbecco's modified Eagle's medium supplemented with 10% fetal
ealf serum., '

2.3, Aortic ring contraciile responses

These measurements were performed according to Marriot et al,
{11]. 3 mm long rings of thoracic aorta from female Wistar-Kyoto rats
(300 g) were mounted under resting tension of 3.5 g in a Krebs solu-
tion of the following composition (in mM): NaCl 118.4, KCl 4.75,
CaCl: 2.5, MpSO, - TH,0 1.18, KH,P0, 1.19, NaHCO3 25, glucose
11.66, ascorbic acid 0.05, and EDTA 0.01, maintained at 37°C and
gassed with 5% CO; in Oa.

The rings were equilibrated for 1 h before experimentation and dur-
ing this period the bathing fluid was changed every 20 min. Check of
endothelium was assessed by vasodilatation of rings, which were con-
tracted with 100 nM norepinephrine. The contractile response of the
rings was measured isotonically with a transducer (Lever transducer
type B 368, Hugo Sachs Electronics) after the administration of the
rPDGF-isoforms.

2.4, Measurement of f[Ca**}; and pH,;

Confluent cells were detached with 0.04% trypsin/0.02%
EGTA/Puck's Saline A physiological solution after 5-10 min at
37°C. The cells were cultured on glass microscope slides (26 % 76
mm) under normal tissue culture conditions. When the cells became
confluent (20 000-40 000 cells/cim®) cells were incubated with 2 M
fura-2 pentaacctoxymethyl ester at 37°C for 20 min in Hepes-buffer
(20 mM Hepes, 16 mM glucose, 130 mM NaCl, 1 mM MgSO, « 7
H:0, 0.5 mM CaCly, Tris-base, pH 7.4) supplemented with 1%
bovine serum albumin (BSA). Just prior to the measurements, the cell
monolayers were rinsed with Hepes buffer, containing | mM CaCl;
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Fig..1. PDGF-isoforms stimulated contractile responses of rat aorta

rings. Contractile response of rat aorta rings in presence of 2,5 mM.

CaCly to 10 ng/ml PDGF-BB' (upper trace), to 10 ng/ml PDGF-AB
(middle trace) and to 10 ng/ml PDGF-AA (lower trace). =

and the glass slide was positioned diagonally in the cuveite, The
Ca®*-fura-2 fluorescence was measured at 37°C under stirring in a
“SLM-Aminco SPF-500 spectrofluorometer (excitation:wavelengths

340 -and 380 nm; emission: -505 ‘nm). Fluorescence signals- were . =

calibrated according to Grynkiewicz et'al. [12]. The measurements.of

pHiin VSMC were performed according to-Berk et'al. [13] with the - 3

fluorescence pH indicator {2/,7 '-bis(carboxyethyl)-5,6-carboxyfluo-
rescein] (BCECF). Cell monolayers-were loaded as described for the
‘Fura-2 - loading method:. in Hepes-buffer ' with 4 uM  BCECF-
pentaacetoxymethyl éster-for 20 min-at 37°C. For the fluorescence
measurements - the following wavelengths were set - excitation
wavelengths 500 and 455 nm; emission wavelength 525 nm. The
calibration curve was performed by permeabilizing the cells with 0.7
pg/ml nigericin as previously described [13].

2.3, Mczzsuremem of TXA:z formation in VSMC

VSMC were cultured in'60 mm diameter Petri dishes. After 3.days, &

cells reached confluence. Cells were washed twice with Hepes-buffer
and stimulated  for various time intervals with 10 ng/ml PDGF-

isoforms. The reaction was terminated by freezing the cell layersina - :

dry-ice/methanol bath. TXB; punftcanon was carried out according
tothe instruction of the TXB-R1A kit (New England Nuclear). TXA:
was determined as TXB; with radioimmunological methods, since

TXA;is niot stable and rapidly hydrohzed to ’rxaz (Introducnon RIA ‘

kit, New England Nuclear).

3. RESULTS

Fig. 1 ‘Shows‘a reptesentétive experiment of six in-“‘
dividual experiments. Additionof 10 ng/ml PDGF-BB, -

PDGF-AB and PDGF-AA produced a contractile ten-
sion of 145 + 28 mg (100%) (mean =+ SD), 122 + 25

mg (84%), 58 + 14 mg (40%), respectively. Hence it
follows ‘that PDGF-BB had a greater efftcacy than ‘

PDGF-AB and PDGF-AA ‘

As depicted in Fig. 2, PDGF,-BB and PDGF-AB in-
duced a rapid rise in [Ca“]i (basal value = 85 + 11
nM, mean * SD, n=24) with a maximum of 211 + 14
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. Fig. 2. Effect of PDGF-isoforms on [Ca®*)iin cultured rat VSMC

moenolayers. Effect of 10 ng/ml PDGF-BB (upper trace), 10:ng/m!
PDGF-AB (middle trace), 10 ng/ml PDGF-AA (lower trace). [Ca?*);

. was measured By the Fura-2 method as described.in section 2, Arrows

indicate addition of PDGF-lsoforms

12nM (n = 5)at 25 and 45 s, respective-’

PDGF-BB- and -AB-induced rise of [Ca®*]; declined
after 25 and 45's towards the resting level within 3 min.
The resting pH of VSMC was 7.15 (n = 12). The ef-

| fects of PDGF-isoforms onthe pHjare shown in Fig. 3.

After addition of 10 ng/ml PDGF-BB to the cells,’ in-

jtially a small acidification of about 0. 05 pH units oc-

curred followed by an alkahmzatlon with return to
‘basal pH; within 2.8 min. Changes of pH; induced by 10
ng/ml PDGF-AB were similar but occurred more slow:
ly than those with PDGF-BB. 1=1000 ng/ml PDGF- AA
did not cause any changes of pH. in VSMC. Again-a
lack of a response in pH; upon incubation’ of VSMC
with 10 ng/ml reduced PDGF-BB and -AB was
observed. -

Fig. 4 shows one representatlve experlment of the
TXA; formatxon after sttmulanon of VSMC for
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Fig. 3. Effect of PDGF—tsoforms on pH; in cultured rat VSMC. Effect
of 10 ag/ml PDGFE-BB (upper trace),- 10 ng/ml PDGF-AB {middle
trace), and 10 ng/ml' PDGF-AA (lower trace): VSMC were prepated

-‘and loaded with BCECF as described in section 2, Arrows indicate ad-

dmon of the PDGF-xsomorphs
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“Fig. 4. Time course of thromboxane Az formation in vascular smooth
muscle cells. Stimulation with 10 ng/ml PDGF-BB (upper trace), 10
‘ng/ml PDGF-BB (middle trace), and 10 -ng/ml PDGF-AA (lower
trace). Data from one representative experiment from three triplicate
determinations are summarized (mean = SE):; The reaction was ter-

_minated: by quickly freezing of the cell layer, Thromboxane Az was

‘ punfled and determined according to the instructions of the throm-
' boxane Bz RIA-kit (New England Nucléar).

various tlme intervals with 10 hg/ml PDGF-isoforms. '

Maximal TXA; formation of 1.35, 0.67 and 0.25 ng/mg

‘?proteln induced by PDGF- BB, PDGF-AB and PDGF-
AA, respectively, were observed within-6 min (basal
value 0.15 ng/mg protem) PDGF-BB (1.35 ng/mg pro-
tein) had a greater efficacy than PDGF-AB (0.67 ng/mg
‘protem) PDGF-AA had a neghgrble effect on TXAZ

4, DISCUSSION

. Our results document that all three PDGS-lsoforms ‘

induced contraction of aortic rings. In this context,

PDGF-BB indicated a greater efficacy than PDGF-AB

and PDGF-AA, whereas PDGF-AB showed a greater

efficacy than PDGF-AA. Furthermore, PDGF-BB in-
dicated a greater efficacy on [Ca®*}i, pH; and TXA:

than PDGF- AB, whereas PDGF-AA had no effects on
‘[Ca?" ]; and pH;: PDGF-AA had a negligible effect on
TXAs formatxon

Elevation of [Ca’“’], is the mam trigger for contrac-‘ ‘

tion of VSMC[6]. Recently, it was shown that a vasoac-

tive agomst-mduced biphasic: change of the resting pH; |

in VSMC also plays a role for contraction of VSMC., It
was assumed that the initial acidification occurs due to
vasoactive agomsts»mduced elevation ' of  [Ca**];,
~whereas the secondary alkalinisation was linked to the
activation of the Na*/H" exchanger [13]. However,
‘the . Na*/H™" exchanger plays a role in a variety of
cellular functions, including vascular contractility [14].
Another potent vasoconstrictor for VSMC is TXAz; a

= metabolrte of prostaglandm encloperoxrdes [8,9]. :

PDGF-BB showed a greater efficacy on [Ca®* i, pHi
and TXA: formation than PDGF-AB. These resuits are
~in good agreement wrth our results, mdrcatmg a greater
effrcacy of PDGF BB than PDGF-AB on contractlon
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" of aortic rings. On the other hand PDGF-AA mduced“{‘w‘

contraction without increasing of [Ca®*]; and pHi. In -
the current work, PDGF-AA induced a neglrgrble,”
TXA; formation, which hardly explains the PDGF-

‘ AA-mduced contraction, The PDGF-AA-induced con-‘, '7

traction may be explained by the followmg observa- -
tions.
Recently, we have shown that PDGF~AA was more\
potent than PDGF-BB in stimulating protein kinase C
(PKC) [15]. As described by Nishizuka [16], the activa-
tion of different: subspecres of PKC, leadmg to cellular
responses, is thought to be biochemically dependent on
Ca**, ‘but under.some condltrons physiologically in--
dependent of a net mcrease of [Ca“ ]i. In addition, re-
cent reports show: that a direct activation of PKC by

‘tumor-promoting phorbol esters can induce: contrac-

tion of VSMC without mvolvmg an elevation’. of
[Ca®*}i. There are different mechanisms descnbed by
which PKC induces contraction. ‘of VSMC. Jiang and
Morgan reported that resting [Ca%* ] is sufﬁcrem and.

: requrred to support phorbol ester-induced contraction -

in VSMC [17], whereas Itoh et al. conclude that 12-o0-
tetradecanoylphorbol-13-acetate (TPA), a potent phor- -

* bol ester, enhances the Ca’* sensitivity of the contrac-

tile proteins:[18]. Since PDGF AA is more potent than

 PDGF-BB in strmulatmg protein kinase C (PKC), we

can conclude that the PDGF- AA-mduced contractioni:

" of VSMC, however, occurs via stimulation of PKC,

without precedmg elevatron of [Ca“], and brphasrc:‘[
change of pH;. .
In conclusion, PDGF-BB and PDGF-AB are srmxlar‘

-and-both have features ‘characteristic of convemronal ‘
‘vasoconstrrctor-agomsts that directly increase [Ca“]., }

- activate that Na*/H?* ‘exchanger and stimulate ‘the "
‘TXA; formation, wheras PDGF- AA probably acts vra‘
PKC stlmulatlon in VSMC.
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