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Proteoglycans production by aortic vascular smooth muscle cells
from hypertensive rats
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ABSTRACT: Remodeling of large and small arteries contributes to the development and complications of
hypertension. Artery structural changes in chronic sustained hypertension include vascular smooth muscle
cells (VSMC) proliferation and extracellular matrix (ECM) modifications. Extracellular constituents such as
proteoglycans (PGs), may modulate vascular stiffness and VSMC growth and differentiation. We examined
the effect of growth factors on secreted and membrane-bound PGs synthesis by cultured aortic smooth
muscle cells (SMC) from 12- to 14- week-old spontaneously hypertensive rats (SHR) and age-matched Wistar
rats. After stimulation with platelet-derived growth factor (PDGF-BB), 10% fetal calf serum (FCS) or 0.1%
FCS as control, PGs synthesis (dpm/ng DNA) was evaluated in the medium (M-ECM) and in the cell layer (P-
ECM) by a double-isotopic label method using both [*H]-glucosamine and [**S]-sodium sulfate which are
incorporated into all complex carbohydrates or only into sulfated dysaccharides, respectively. Data are pre-
sented as percent of the control (0.1% FCS). SHR VSMC displayed a significantly greater synthesis of M-
ECM [*H]-PGs than Wistar rat cells, with both treatments, but no differences in M-ECM [*S] uptake were
found in any case. In the P-ECM, both PDGF-BB and 10% FCS produced a greater effect on [*'H]-PGs and
sulfated PGs synthesis in VSMC from SHR. An important change seen in SHR cells was a significant de-
creased sulfation, assesed by [**S]/[ *H] ratio, in basal and stimulation conditions. Present results indicate the
existence of changes in PGS synthesis and modulation in VSMC from a conduit-artery of SHR and support
the pathophysiological role proposed for matrix proteoglycans in the vascular wall changes associated to
hypertension and related vascular diseases as atherosclerosis.

Introduction

Structural changes in the arterial wall in chronic
sustained hypertension include smooth muscle prolif-
eration and extracellular matrix (ECM) modifications.
ECM is the structural and functional support to which
cells adhere and on which they grow, migrate and dif-
ferentiate. The ECM of the normal artery wall is a col-
lection of fibrous proteins and associated glycoproteins,
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embedded in a hydrated ground substance of glycosami-
noglycans (GAGs) and proteoglycans (PGs). These dis-
tinct molecules are organized into a highly ordered net-
work, that are closely associated with the vascular cells
producing them. In addition to providing the architec-
tural framework for the artery wall that impacts me-
chanical support and viscoelasticity, the ECM can regu-
late the behaviour of vascular cells, including their
ability to migrate, proliferate and survive injury (Raines,
2000). Blood vessel wall ECM contains elastin, collagen
and proteoglycans (Carey, 1991) and it behaves as a bio-
logically active system, being an adequate balance of
its components necessary for the normal vascular func-
tion (Tufion et al., 2000). PGs are important nonfibrous
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matrix components of the arterial wall that carry un-
usual carbohydrates, the GAGs, which are composed
by repeated disaccharide units and exist in different
forms. Some are protein bound (the natural form); these
contain sulfate associated to the carbohydrate. The other
form is hyaluronic acid, which is made as a free GAG
and lacks sulfate. GAGs, the sulfated ones in particu-
lar, have a strong negative charge. This charge makes it
possible for GAGs to bind many substances, including
growth factors. Further interesting features of this sys-
tem are that the synthesis of some PGs by various kind
of cells, such as vascular smooth muscle cells (VSMC)
(Emoto et al., 1998) or glomerular mesangial cells
(Dubey et al., 1997), is stimulated by growth factors;
that many of the PGs function as modulators of growth
factors (Ruoslahti and Yamaguchi, 1991) and that some
PGs-growth factor interactions are mediated by the GAG
components of the PGs (Yayon et al., 1991). Thus, ECM
PGs play an important role in VSMC growth and dif-
ferentiation (Hein et al., 1996).

An increase in tissue resistance, caused in part by
an increase in aortic wall thickness, characterize chronic
hypertension in both spontaneously hypertensive rats
(SHR) and humans. Modification of aortic thickness is
caused by hypertrophy of VSMC and a simultaneous
modification in the amount of extracellular proteins. The
relationship between VSMC and the matrix elements is
thought to be a controlling factor in the elastic proper-
ties of the arterial wall. The alteration of this relation-
ship is likely to play a role in the physiopathology of
diseases characterized by vascular proliferative disor-
ders, such as atherosclerosis, restenosis (McLeod et al.,
1994) and hypertension. Several studies (Intengan et
al.,1999) have demonstrated that disturbances in the
matrix composition, in particular an increase in the col-
lagen/elastin ratio, were responsible for the hypertro-
phy of the arterial wall that occurs during the rise in
blood pressure. Remodeling of large and small arteries
contributes to the development and complications of
hypertension. Altered VSMC growth and increased
deposition of ECM proteins are important processes in
vascular remodeling in hypertension. ECM components,
including PGs, represent an important regulatory mecha-
nism that modulates the nature of VSMC growth re-
sponse (Berk, 2001). Several changes in vascular ECM
components have been described, such as increase in
collagen and fibronectin, due to an augmented synthesis
or a diminished degradation by matrix metaloproteinases
activity (Intengan and Schiffrin, 2001). VSMC under
dynamic mechanical stresses from arterial pressure, may
modify their biomechanical enviroment in a manner that
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limits its potential biomechanical injury. ECM PGs are
molecules that can play a prominent role in tissue me-
chanics. Mechanical deformation of cultured aortic
SMC increases specific PGs synthesis and aggregation,
indicating a highly coordinated ECM response to bio-
mechanical stimulation (Lee et al., 2001) which may
serve as an initial defense against mechanical stress,
but it also could be detrimental because of PGs partici-
pation in the subendothelial retention of atherogenic li-
poproteins.

Previously, we have reported that growth factors
induce different profiles of PGs synthesis in VSMC
obtained from resistance arteries (mesenteric vascular
bed), of adult 12- to 14-week-old spontaneously hyper-
tensive rats (SHR) with an established chronic blood
pressure elevation or age-matched normotensive Wistar
rats (Castro et al., 1999). We have also found that
changes in sulfated PGs synthesis by VSMC of mesen-
teric arteries precede the vascular dysfunction associ-
ated to the development of hypertension (Risler et al.,
2002).

In this study, we investigated the effect of growth
factors on the synthesis of secreted and membrane-
bound PGs by cultured vascular smooth muscle cells of
a conduit artery, the thoracic aorta, from SHR and nor-
motensive Wistar rats.

Material and Methods

Male SHR of 12-14- weeks- old and their age-
matched Wistar normotensive control rats (n=8 in each
group) were used for this study. SHR were acquired from
the Veterinary School, University of La Plata, Argen-
tina. They were housed under standardized conditions
of controlled temperature (20°C) and humidity (60%)
and a 12-hour light/dark cycle. Animals were fed regu-
lar commercial pelleted rat chow and given tap water
ad libitum. All procedures were performed in accordance
with institutional guidelines for animal experimentation
(Animal Experimentation Committee, School of Medi-
cine, Universidad Nacional de Cuyo). Systolic blood
pressure was monitored indirectly in conscious
prewarmed slightly restrained rats by the tail-cuff
method and recorded on a Grass model 7 polygraph
(Grass Medical Instruments, MS, USA). The average
of three pressure readings was recorded and systolic
pressure was measured four times in each rat. SHR sys-
tolic pressure (183 + 3 mmHg) was significantly greater
than that of Wistar rats (114 = 3 mmHg) (P<0.001),
without significant difference in body weight.
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Cell Culture

Unless otherwise noted, all reagents were obtained
from Sigma Chemical Co (St Louis, MO, USA). The
animals were killed by decapitation under ether anes-
thesia and arterial vessels were aseptically excised and
placed in chilled Hank’s Buffered Saline Solution
(HBSS) and antibiotic mixture for further dissection.
Aortic cells were isolated according to a technique pre-
viously described (Cruzado et al., 1998). Aortic SMC
were obtained from two to three thoracic aortas by en-
zyme dispersion with 1.5 mg/mL collagenase (Class 11
Worthington Biochemical Corp, NJ, USA) in F-12 modi-
fied Eagle’s medium (MEM) with 10% fetal calf serum
(FCS) (Gen S.A., Buenos Aires, Argentina). After a 2
to 3 h period in an oscillating water bath at 37°C, iso-
lated cells were grown in 10% FCS/F-12 MEM, incu-
bated at 37°C under humid 5% CO,-air conditions, and
passaged every 5 to 7 days. Aortic SMC between the
thirth and sixth passages, obtained from three different
primary cultures, were used for the experiments.

Characterization of Cultured SMC

Although cultured aortic SMC exhibited the char-
acteristic hill-and-valley growth pattern on reaching
confluence (Chamley-Campbell et al., 1981), cultures
were identified by the presence of positive staining with
anti-smooth muscle a-actin (Pang, 1989). A negative
staining with anti-factor VIII antibodies assessed a com-
plete removal of endothelial cells from aortic arteries.

Proteoglycan Evaluation

PGs were extracted and measured using techniques
already described (Yanagishita ef al., 1989) in the cul-
tured VSMC medium and cell layer. A double — isoto-
pic label method with both [*3S] sodium sulfate and [
SH] glucosamine (New England Nuclear, Boston,MA)
was used. The specific radioactivity of [ *H] glu-
cosamine is incorporated into all complex carbohydrates
(total PGs) and the second radioisotope, [**S] sodium
sulfate, labels only sulfated disaccharides.

ECM synthesis

Aortic SMC were plated on 12-well plates (4 x 10*
cell/well) and cultured for 3 days in MEM/ F-12 supple-
mented with 10% FCS at 37°C under humid 5% CO,-
air conditions, until they reached subconfluence. VSMC
were then serum-starved for 48 h in 0.1% FCS- MEM/
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F-12 before stimulation. Quiescent cells were then in-
cubated with the test materials: 10% FCS, 10 ng/ml
platelet -derived growth factor (PDGF-BB), or as con-
trol group 0.1% FCS (n=8 in each), in the presence of
both [**S]sodium sulfate ](10 pCi/well) and [ *H] glu-
cosamine (10 pCi/well) for 48 h.

Isolation of proteoglycans

Medium Extracellular Matrix (M-ECM): Secreted into
the medium PGs

The medium was removed from each plate and the
total volume was applied to a disposable Sephadex G-
50 gel filtration column equilibrated and run in 4 mol/
L guanidine hydrochloride, 0.05 mol/L sodium acetate
(pH 6.0) and 2% (w/v)Triton X100. The correspond-
ing eluted fraction was collected and analyzed for ra-
dioactivity.

Pericellular Matrix (P-ECM): Cell-associated PGs

The cell layer was rinsed in HBSS and extracted in
1 mL of 4 mol/L guanidine hydrochloride, 0.05 mol/L
sodium acetate (pH 6.0) and 2% (w/v)Triton X 100. The
solution containing the detached cells was chromato-
graphed on Sephadex G-50 columns as described above.

In every experiment DNA synthesis for each treat-
ment was determined by the Hoechst method.

The radioactivity of each medium or cell extract
was counted simultaneously for [**S] and [*H] with a
three over two dual label counting method in a liquid
scintillation counter (BetaRack LKB Wallac, Finland).

Statistical and Data Analysis

Data (mean = SEM) are presented as percent of the
control incubation condition (0.1% FCS). Normal dis-
tribution of data was asssesed by Kolmogorov-Smirnov
test so the statistical significance was assessed with two-
way analysis of variance and the multiple comparisons
tau test. A P value lesser than 0.05 was considered sig-
nificant.

Results

The effect of the stimulation with different growth
factors on secreted and membrane-bound total and sul-
fated PGs production in cultured aortic SMC from SHR
and Wistar rats was examined. Incubation with 0.1%
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FCS was used as non-stimulated control in each group.
Figure 1A shows the results when [*H]-PGs were
measured in the medium (medium ECM: M-ECM). In
VSMC from both groups of rats the stimulation with
PDGF-BB and 10% FCS increased significantly
(P<0.001) extracellular [*H]-PGs compared with basal
level (100%). VSMC from SHR displayed a significant
greater synthesis of [*H]-PGs than those from Wistar
rat cells, with both treatments. The results obtained when
M-ECM [*S]-PGs production was evaluated are shown
in Figure 1B. Both PDGF-BB and 10%FCS significantly
increased [*S]-PGs in VSMC from SHR and control
rats, without significative difference in [*S]-PGs pro-
duction between SHR and Wistar cells in any case.
The results obtained when cell-associated PGs
(pericellular matrix: P-ECM) were measured are shown
in Figure 2 A and B. In both VSMC groups, a signifi-
cant increase in membrane-bound [*H]-PGs and [*S]-

A
o
° *
= 400+ e
50
w
@O F ano-
g5t
TE- 200
Y3
5
o 1004
PDGF-BB
B

(0.1% FCS)
w
g

®s) p6s
Percent of Control

2

s

PDGF-BB 10% FCS

MM WISTAR Bl SHR

FIGURE 1. Effect of growth factors on the synthesis
of PGs secreted into the medium (M-ECM). Uptake
of [*H]-glucosamine (A) and [**S]-sodium sulfate (B)
by cultured aortic SMC from SHR and Wistar rats
incubated with 10 ng/mL PDGF-BB and 10% FCS.
Data (mean + SEM) presented as percent of a control
group incubated with 0.1% FCS (100%). n= 8 in all
groups. e P<0.001 vs. 0.1% FCS group. *P<0.05
and ** P<0.01 vs. Wistar rat cells.
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FIGURE 2. Effect of growth factors on the synthesis
of PGs secreted in the cell layer (P-ECM). Uptake
of [®H]-glucosamine (A) and [*S]-sodium sulfate (B)
by cultured aortic SMC from SHR and Wistar rats
incubated with 10 ng/mL PDGF-BB and 10% FCS.
Data (mean = SEM) presented as percent of a
control group incubated with 0.1% FCS (100%).
n= 8 in all groups. *P<0.05, «» P<0.01 and e
P<0.001 vs. 0.1% FCS group. **P<0.01 and ***
P<0.001 vs. Wistar rat cells.

PGs compared with the control treatment (100%) was
produced by PDGF-BB and 10% FCS. Both treatments
elicited a significantly greater [*H]-PGs and [**S]-PGs
production in VSMC from SHR than in Wistar rat cells.

The sulfation of GAG chains was assesed by the
sulfated/total PGs relationship, calculated by the [**S]-
sulfate/[*H]-glucosamine ratio expressed as percent
([’*S]dpm/ng DNA / [*H] dpm/ng DNA x 100) (Fig. 3).
In Wistar rat and SHR cells, both PDGF-BB and 10%
FCS treatments produced a decrease in sulfation of the
medium PGs compared with the corresponding basal
control group (0.1% FCS). The sulfated/total PGs ratio
was significantly smaller in the medium from SHR
VSMC, compared to Wistar rat cells, either in basal and
stimulation conditions. A different pattern was observed
in the case of the membrane-bound PGs , in which
PDGF-BB and 10% FCS reduced sulfation ratio in
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FIGURE 3. Effect of growth factors on sulfation of
PGs secreted into the medium (A) and bound to the
membrane (B), as assessed by the [**S]-sulfate / [*H]-
glucosamine ratio x 100, in cultured aortic SMC from
SHR and Wistar rats, incubated with 0.1% FCS
(control group), 10 ng/mL PDGF-BB and 10% FCS.
Data are mean + SEM, n=8 in all groups. ** P<0.01
and ¢*+ P<0.001 vs. 0.1% FCS group. **P<0.01 and
*** P<0.001 vs. Wistar rat cells.

Wistar cells, without effect on SHR cells. Besides,
sulfation ratio was significantly smaller in control and
stimulated cells from SHR than in Wistar rat cells.

Discussion

The mechanical properties of large arteries play a
major role in cardiovascular haemodynamics through
the buffering of stroke volume and the propagation of
the pressure pulse (Safar and Frohlich, 1995). It is well
recognized that mechanical properties of large arteries
are primarily determined by the composition of the ar-
terial wall and are dependent on the level of interaction
between arterial wall components (cells and ECM). The
ECM proteins, mainly collagen and elastin, influence
the “passive” mechanical properties of the arterial wall
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whereas its “active” properties depend on the activa-
tion of VSMC.

It has been generally accepted that hypertension
produced an increase in large-artery stiffness (Safar and
Frohlich, 1995). The functional and structural modifi-
cations of the arterial wall have important effects on the
cardiovascular system, increasing the incidence of frac-
ture, rupture and aneurysm formation in arteries and,
potentially, the development of atherosclerosis (Benetos
et al., 1997). Sustained hypertension is associated with
a rearrangement of the arterial wall material, including
qualitative or quantitative changes in arterial compo-
nents leading to the mechanical adaptation of the arte-
rial wall. The arterial wall is not homogeneous and is
composed of various elements, including VSMC and
ECM components. All of these elements contribute to
the mechanical behaviour of the wall material through
their own elastic modulus and the way in which they
are arranged. Local hormonal changes in hypertensive
subjects may have pressure-independent effects on the
arterial wall, mainly by modifying cell growth or syn-
thesizing extracellular matrix. Nevertheless it is diffi-
cult to know whether the changes in arterial stiffness
are pressure-related or due to intrinsic changes in the
arterial wall or a combination of both factors. It seems
that, for a given blood pressure level, arterial distensi-
bility of the central arteries in hypertensives may be al-
tered as a function of various enviromental and/or ge-
netic factors which affect the composition of the
extracellular matrix of the arterial wall.

The VSMC play a prominent role in development
and maintenance of arterial structure. VSMC are the
primary source of arterial ECM, including collagen,
elastic fibers, and several PGs. In the normal media,
VSMC are surrounded by ECM molecules and the in-
teraction between VSMC and matrix components can
significantly influence their ability to respond to growth
factors and/or chemoattractans and can promote the tran-
sition of VSMC from a contractile to a synthetic pheno-
type (Hedin et al., 1999), which may play an essential
role in the development of atherosclerotic and restenotic
lesions (Rivard and Andrés, 2000).Conduit-artery stiff-
ness in genetically hypertensive rats is influenced not
only by hypertension but also by differences in the con-
tents of collagen subtypes (Chamiot- Clerc et al., 1999).
Extracellular constituents other than collagen and elas-
tin, such as proteoglycans, may modulate vascular stift-
ness and VSMC functions. PGs serve several functions
in the artery wall, including cell adhesion, migration,
proliferation and differentiation (Ruoshlati and
Yamaguchi, 1991; Jacob et al., 2001). PGs can also in-
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teract with cytokines, modifying its binding to their cell
surface receptors and influencing the behaviour of cells
(Schonherr and Hausser, 2000). The major PG in the
arterial ECM synthetized by arterial VSMC is the large
chondroitin sulfate proteoglycan versican, that bind
hyaluronan and form large aggregates, which contrib-
ute to tissue mechanical properties, providing a hydrated
sponge-like matrix that resists or cushions against de-
formation. Arteries smaller PGs contain dermatan sul-
fate glycosaminoglycans such as decorin and byglican,
which interact with other ECM proteins and with mac-
romolecules that enter the vascular wall such as low
density lipoproteins (Chait and Wight, 2000). In addi-
tion, blood vessels contain perlecan, which is an heparan
sulfate PG. In the normal adult human thoracic aorta,
the main structural ECM components of the media in-
clude elastin, collagen types I, III, IV, V and VI,
fibronectin, fibrillin-1, and proteoglycans, predomi-
nantly collagen-associated dermatan sulfate PG, cell-
associated heparan sulfate PG, and interstitial chon-
droitin sulfate PG (Dingemans ef al., 2000).

The present study was designed to examine the ef-
fect of growth factors on both secreted and membrane-
bound total and sulfated PGs synthesis in cultured arte-
rial smooth muscle cells obtained from a conduit artery,
the thoracic aorta, of adult SHR and Wistar rats.

The present study demonstrates that the stimula-
tion with PDGF-BB or 10% FCS induced a significantly
greater amount of extracellular and pericellular total
PGs, measured by [*H]-glucosamine incorporation, in
aortic SMC from 12- to 14-week-old SHR than in cells
from age-matched normotensive control rats. When sul-
fated PGs synthesis was analyzed, both treatments pro-
duced a significantly greater effect on membrane-bound
PGs production in VSMC of SHR. However, there was
no difference between SHR and Wistar rat cells in se-
creted to the medium sulfated PGs. Both PDGF-BB and
10% FCS induced a significant greater synthesis by
VSMC from both rat strains in all cases, compared to
non-stimulated basal values. These results indicate that
VSMC obtained from thoracic aorta of genetically hy-
pertensive rats, in a situation of growth stimulation,
synthetize more total and sulfated proteoglycans than
cells from normotensive animals.

We performed the experiments with cells from SHR
because this animal is the most representative experi-
mental model of human essential hypertension. Several
changes in the VSMC of SHR has been described. Ab-
normal growth of aortic SMC in vitro is manifest as an
accelerated entry into S phase of the cell cycle as well
as a hyperresponsiveness to growth factors (Hadrava et
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al., 1989, 1991). Changes in apoptosis and prolifera-
tion of VSMC have been found in small intramyocardial
arteries from the left ventricle of adult SHR (Diez et
al., 1998). Aortic SMC migration induced by 10% FCS
and PDGF was enhanced in young and adult SHR (Hsieh
and Lau, 1998).

PGs were measured in both the cell layer and me-
dium, as the medium does not necessarily reflect the con-
ditions of the cell layer. According to Thogersen
(Thogersen et al., 1996) the cell layer of cultured arterial
SMC together with its associated extracellular matrix can
be considered as a model of the arterial wall. Besides,
the use of cultured VSMC allows us to study PGs syn-
thesis by the tunica media, excluding synthesis by other
vascular wall components. The VSMC growth stimula-
tion was induced by two different treatments. As a com-
plete growth factor, we used 10% FCS, which stimula-
tory effect on proliferation is clear under the same
experimental conditions (Cruzado et al., 1998). On the
other hand, PDGF is a critical autocrine and paracrine
factor for VSMC mediating hyperplasia, hypertrophy and
remodeling of the vascular wall (Berk, 2001; Lewis et
al.,2001). It is also a potent chemotactic agent for VSMC
and stimulates the production of extracellular matrix
which, in turn, may regulate the proliferative and migra-
tory capacity of the cells (Nelson et al., 1997; Raines et
al., 2000). Evanko et al. (2001) have shown that PDGF
modulates the synthesis and organization of VSMC peri-
cellular coat-forming molecules such as versican,
hyaluronan and link protein, which leads to ECM expan-
sion and alterations in VSMC phenotype.

When the sulfation ratio of the GAG chains was ana-
lyzed in the medium, the increase in PG synthesis by aortic
cells was accompanied by undersulfation, assesed by a
minor [S]/[*H] ratio, in the presence of PDGF-BB or a
complete growth factor, such as 10% FCS, and in cells
from both groups of rats. The same variation was ob-
served in P-ECM PG synthesis in the Wistar rat cells but
not in those from SHR. In both basal and growth stimu-
lation conditions, cells from SHR displayed a lower [*3S]/
[*H] ratio in the medium and membrane-bound PGs than
those of control rats. The relation between an increase in
PG synthesis and undersulfation has been observed in
other tissues, such as human fetal mesangial (Moran et
al., 1991) and immature testis (Thiebot et al., 1997) cells.
Present results differ from ours previously found in VSMC
obtained from resistance mesenteric arteries (Castro et
al., 1999), in which undersulfation appeared in both se-
creted and membrane-bound PG synthesis in SHR cells
incubated with growth factors, but not in VSMC from
Wistar rats. This difference in results could be explained
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by the concept of vascular heterogeneity. Indications that
VSMC may be morphologically and functionally het-
erogeneous have recently appeared (Archer, 1996). Dif-
ferences in proliferative capacity, electrophysiology,
phenotypic marker protein content, matrix synthesis and
expression of cell-specific transcription factors between
individual VSMC and a diversity in contractile and phar-
macologic properties of different smooth muscles are
well recognized, and this diversity of VSMC may be a
critical factor determining specific responses of smooth
muscles to a number of physiological and pathophysi-
ological stimuli (Halayko et al., 1997). According to
Daemen and De Mey (1995) several types and levels of
vascular heterogeneity may be distinguished, such as
intervascular and intravascular heterogeneity. Intravas-
cular cellular heterogeneity is present in normal and
injured arteries, and its characteristics and mechanisms
of production has been extensively reviewed (Shanahan
and Weissberg, 1999; Frid et al., 1997). Previously we
have described a different response to the growth pro-
moting effect on insulin on VSMC isolated from aorta
and mesenteric arteries from normal rats (Cruzado et
al., 1998). The difference in undersulfation of the
synthetized PGs by non-stimulated and stimulated
VSMC from such functionally and structurally differ-
ent arteries as mesenteric bed and aorta, obtained from
SHR and Wistar rats, is a further evidence on intervas-
cular heterogeneity. The concept of inter and intravas-
cular heterogenity, that is, the variety of VSMC popula-
tions from segment to segment within an artery or among
vascular trees of different organs, could explain the fact
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that vessels from different vascular beds exhibit differ-
ent responses to a common stimulus, and it would be
useful to explain the heterogeneity of arterial structural
changes seen in hypertension and injury.

In summary, the present study indicate that cultured
aortic SMC from spontaneously hypertensive rats
synthetized more PGs in growth stimulating condi-
tions than cells from normotensive rats. Results also
show that this increase of PGs synthesis was accompa-
nied with a greater undersulfation of GAG chains in
both non- and stimulated conditions, indicating a dif-
ferent modulation of proteoglycan metabolism in this
strain. The relationship between VSMC and the matrix
elements, including proteoglycans, is thought to be a
controlling factor in the elastic properties of the arterial
wall. Besides, matrix proteoglycans play fundamental
roles in the vessel wall, regulating vascular cell prolif-
eration, migration and survival, modulating vascular
stiffness and participating in cytokines activity. Present
results may indicate that, by these or other actions, the
changes in proteoglycans synthesis and modulation in
smooth muscle cells of a conduit artery may be one of
the pathophysiological mechanisms leading to vascular
wall changes occuring in hypertension and other asso-
ciated vascular diseases as atherosclerosis.
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