
INTRODUCTION
Athe ro scle ro sis is a com plex pro cess, one of the most in -

ter est ing medi cal prob lems over the last 50 years. This
patho logi cal dis or der in volved in the mac ro vas cu lar dis ease, 
leads to se vere clini cal car dio vas cu lar com pli ca tion – the
myo car dial in farc tion, when it oc curs in the coro nary ar ter -
ies, or stroke, when it oc curs in the cere bral ar ter ies. Apart
from the well- known, clas si cal risk fac tors, used in the as -
sess ment of the athe ro scle ro sis risk de gree, the new fac tors
that could be use ful in the early di ag no sis and pre ven tion are
still be ing looked for. Nu mer ous stud ies point out to the role
of gly co sami no gly cans (GAG) and pro teo gly cans (PG) in
the patho gene sis of athe ro scle ro sis. Both GAG and PG, take
part in the for ma tion of tu nica in tima and tu nica me dia, con -
trib ute to the neoin tima for ma tion, and can be found in the
gly co calix layer [18]. These mole cules in flu ence many
prop er ties of blood ves sels, such as per me abil ity, vis coe las -
tic ity, he mo sta sis, lipid me tabo lism, and ex tra cel lu lar ma trix 
or gani za tion [16]. It has been proved that the in ti mal thick -
en ings are the pre cur sors of the more ad vanced
athe ro scle rotic le sions, and that in ti mal GAG/PG play im -
por tant roles in athe ro scle ro sis, es pe cially by lipo pro tein
(LP) bind ing and in ter ac tion. It is likely that the dis cov ery of
the pre cise mecha nisms of the regu la tions of the syn the sis
and me tabo lism for the in di vid ual GAG/PG in the vas cu lar
wall will en able to com pile a phar ma col ogi cal pre ven tion

strat egy, which could not only pre vent the de vel op ment of
the le sions, but also seize the pro gres sion. 

GLY CO SAMI NO GLY CANS AND PRO TEO GLY CANS
– STRUC TURE AND BIO LOGI CAL SIG NIFI CANCE

Gly co sami no gly cans (GAG) chains are un branched, lin -
ear, high- molecular weight poli sac cha rides. They con sist of
the re peat ing di sac cha ride units con tain ing an amino sugar
with N-ac ety lg ala ct osamine (Gal NAc) or N-ac etylgl uc -
osamine (GlcNAc), and a uronic acid, such as glu cu ronate or 
idu ronate. Next modi fi ca tion - sul fa tion and car boxy la tion,
gives them a highly nega tive charge [4,7]. Bas ing on the di -
sac cha ride com po nents, GAG are di vided into six types,
in clud ing ker atan sul fate (KS), chon droitin sul fate (CS),
der matan sul fate (DS), heparan sul fate (HS), hepa rin (HE)
and hi alu ronic acid (HA). In con trast to the oth ers, HA is
a much longer di sac cha ride poly mer, of the or der of 1000
kDa, but is not sul fated (still, it ob tains its nega tive charge
from the car boxyl groups), and is not co va lently bonded to
a core pro tein [18]. Dur ing the bio syn the sis, GAG chains are 
linked to the core pro teins in the Golgi ap pa ra tus form ing
PG. Thus, PG con tains highly nega tively charged GAG,
which are at tached to the core pro tein. The di ver sity of these
com pounds is re lated to the vari able ex pres sion of the genes
cod ing for the core pro teins, and the re sult ing al tera tion in
the com po si tion and se quence of the ami noacids, as well as
the dif fer ences be tween the length, kind, level of modi fi ca -
tion and lo ca tion of GAG chains [4].

PG can be di vided into three cate go ries, ac cord ing to their 
cel lu lar lo ca tion, i.e.: ex tra cel lu lar ma trix PG (ag gre can,
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per le can, ver si can), cell sur face PG (syn de can, glipi can, de -
corin) and in tra cel lu lar PG (ser gy cin). Cell sur face PG act as 
the re cep tors be cause they can bind sev eral ligands: growth
fac tors, che moki nes, en zymes, ECM com po nents, plate let
se cre tory prod ucts, an ti co agu lants, and this way modu late
their con cen tra tion, dis tri bu tion, and bio logi cal ac tiv ity [6].
Fur ther more, they in ter act with vari ous mole cules of the
ECM, lead ing to the re ar range ment of cell cy to skele ton, and
trans mit ting sig nals pro mot ing cell ad he sion and mi gra tion
[13]. In each model for the proc ess ing of ligands bound to
PG, the na ture of the cell sur face PG is a key de ter mi nant of
the fol low ing cel lu lar ca tabo lism [6]. 

Be cause of the fact that these com pounds are so wide -
spread, they as sist the proper func tion ing of al most all the
sys tems and or gans, and their ef fects have both the struc tural 
and modu lar char ac ter. They take part in the trans fer of in -
for ma tion, sup port, and regu la tion. The highly ionic charge
of GAG chains is criti cal in de ter min ing the wa ter con tent or
tur gor of ECM and in flu ences tis sue vis coe las tic be hav ior.
Bind ing of wa ter by agre can pro vides car ti lage with the abil -
ity to re sist com pres sion. These mole cules help de fine
func tional com part ments and act as fil tra tion bar ri ers.
GAG/PG have es sen tial roles in uri nary, cir cu la tory, nerv -
ous, mus cu lar, skele tal and im mune sys tems, as well as
em bryo logi cal de vel op ment and wound re pair [4, 16]. The
best known HS ligand in ter ac tion, im por tant for the co agu la -
tion and in flam ma tion, is the bind ing of an ti throm bin III to
HS. Some GAGs con trib ute to the nega tive charge in the
glom eru lar base ment mem brane (GMB), and changes in
their sul fa tion and con cen tra tion may be as so ci ated with the
de vel op ment of neph ro pa thy [12]. In res pi ra tory sys tem PG
are im por tant com po nents of the al veo lar and pul mo nary
cap il lar ies. In re pro duc tive sys tem, they take part in the
ovar ian func tion and the pla centa de vel op ment. The HS deg -
ra da tion prod ucts, ob tained by the ac tion of hu man
hepara nase, are di rectly in volved in the tu mor pro gres sion
and me tas ta sis [13]. In turn, sul phated GAG, e.g. HS, were
in den ti fied as con stitu ents of PrPSc plaques, fa cili tat ing their
con ver sion in the brains of Creutzfeldt- Jakob dis ease [7]. 

VAS CU LAR GLY CO SAMI NO GLY CANS
AND PRO TEO GLY CANS

The lu mi nal sur faces of the blood ves sels are cov ered by
a gel- like, en do the lial gly co ca lyx layer, which be have as an
ad he sion and trans port bar rier to wa ter and larger sol utes
[18]. Ad di tion ally, this bar rier plays some im por tant roles in
the me cha no trans duc tion of shear stress. The es sen tial com -
po nents of the gly co ca lyx are GAG, es pe cially HS,
ac count ing for more than 50% of the to tal GAG pool, with
the rest com pris ing CS and HA. The trans mem brane syn de -
cans that as so ci ate with the cy to skele ton and the
membrane- bound glypi cans are the ma jor PG found on en -
do the lial cells. It has been sug gested that glypi can core
pro tein of the gly co ca lyx me di ate the NO re sponse to shear
stress, whereas syn de can core pro teins me di ate the re mod el -
ing re sponse for a longer pe riod of time [18].

Ar te rial in tima is the in ner most layer of the ar tery, well-
 organized struc ture com posed of the en do the lial cells, su -
ben do the lial tis sue, and elas tic lam ina. The thin su bendo the -
lial tis sue con sists mainly of ECM with smooth mus cle cells
(SMC). GAG and PG are the main com po nents of the ECM
and form a tight and nega tively charged net work [2].

There are over 20 dif fer ent PG iden ti fied in the vas cu lar
wall, pro duced by vas cu lar SMC and EC. The main PG in
the vas cu lar wall are: CSPG – ver si can, CSPG/DSPG – bi -
gli can and de corin, HSPG – per le can, CSPG – mi me can [1].
The most fre quent ex tra cel lu lar PG is ver si can, the sub se -
quent are bi gli can and de corin. In athe ro scle rotic dam ages,
the thick en ing of the in tima oc curs to gether with the en rich -
ment with ver si can and bi gli can, whilst the in tima en riched
with de corin is char ac ter is tic for the atherosclerosis-
 resistant ar ter ies [1]. In ad di tion, the ex pres sion of de corin is
in duced dur ing for ma tion of ne oves sels both in vi tro and in
vivo [16].

Ver si can in ter acts with HA to cre ate vis coe las tic ma tri ces 
that are re quired for ar te rial SMC pro lif era tion and mi gra -
tion. Ver si can is pres ent both in the early stage and in the
ad vanced athe rosle ro sis, and is lo cal ized in the in ner layer of 
the DIT (dif fuse in ti mal thick en ing) of the ar ter ies. De spite
its hav ing the af fin ity for bind ing LDL, and a larger number
of bind ing sites to LDL than bi gli can, ver si can is not of ten
colo cal ized with LP and is ab sent in the lipid core of the le -
sions. In ter est ingly, its pres ence is no ticed in the throm bus,
sug gest ing a pos si ble role in throm bo sis: plate lets bind well
to aorta ver si can [14]. 

Bi gli can is pres ent in the in tima of nor mal hu man ves sels. 
Dur ing DIT in coro nary ar ter ies, im mu no his to chemi cal
study in di cates bi gli can in outer layer, in the same lo cal iza -
tion as LP. It is thought that such a dis tri bu tion of bi gli can
has a de ci sive role in the ini tial depo si tion of LP. Moreo ver,
the colo cal iza tion of bi gli can with apoB and apoE has been
found in both early and the ad vanced al tera tions in the ves -
sels. It means that this PG binds not only LDL, but also the
HDL par ti cles con tain ing apoE [14]. 

De corin is the small leucine- rich PG, and is pres ent in the
in tima of nor mal ves sels like bi gly can, but in the lower lev -
els. It is pre sumed that de corin plays a role in athero gene sis
by link ing LP to col la gen fi bres and apoB. Me chani cal stress 
causes a de crease in the ex pres sion of de corin, which could
lead to the dis or gani za tion and loos en ing of the col la gen in
the ECM.

Per le can is a HSPG and con sists of a core pro tein with
3 bind ing sites for HS side chain in do main I, and an ad di -
tional site in do main V. It is the ma jor ex tra cel lu lar HSPG in
blood ves sel lo cated in both the in tima and me dia of vas cu lar 
wall [16]. In the ani mal ex peri ments, its role in athe roscero -
sis is not con sis tent in the dif fer ent spe cies. In mice, it is
visi ble in both the early and the ad vanced sta dia, while in
mon keys only in the ad vanced sta dium. In ad di tion, it colo -
cal izes with apoA1, which sug gests that per le can acts as
a re tain ing fac tor for HDL in athoro scle rotic le sion [14].
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Leta et al. [11] com pared the GAG con tent of hu man ve -
nous and ar te rial walls. They re ported that the most
abun dant GAG in the hu man veins is DS, whereas C4/6S is
pre pon der ant in the ar ter ies. The con cen tra tions of C4/6S
and HS are ~4.8 and ~2.5 – fold higher in ar ter ies than in
veins, whereas DS con tents are simi lar in the two types of
blood ves sels [11].

Ac cord ing to To var et al. [19], aor tic con tent of to tal
GAG does in crease dur ing the first 40 years of life, es pe -
cially CS, mainly C-6-S, whereas DS re mains con stant.
Changes in the con tent of hya lu ronic acid and HS are less ap -
par ent. In ter est ingly, it has been shown that the age- related
changes in GAG com po si tion of the ar te rial wall do not con -
trib ute to the in creased depo si tion of plasma LDL, be cause
in healthy ar te rial hu man wall, to gether with the in crease in
age, con cen tra tion of GAG with low af fin ity for LDL also
in creases. It is pro posed that the athe ro scle ro sis aug ment ing
with age may be a re flec tion of the longer pe riod for lipid ac -
cu mu la tion to oc cur, and not al tera tions in GAG
com po si tion in older ar ter ies that pro mote a raised bind ing
of LDL with age [19].

THE “RE SPONSE TO RE TEN TION” HY POTHE SIS
The re sponse to re ten tion hy pothe sis was writ ten as first

by Wil liams and Ta bas in 1995 [17]. 
That hy pothe sis as sumes that the un der ly ing mecha nism

ini ti at ing the de vel op ment of the athe ro scle rotic plaque was
the re ten tion of athero genic, apoB- containing LP in the su -
ben do the lial ma trix by their in ter ac tion with ECM
mole cules, par ticu larly PG. This in ter ac tion may be di rect,
or me di ated via bridg ing mole cules, such as lipo pro tein li -
pase (LPL), or se cre tory phos pholi pase A2 (sPLA2) [17].
This pro cess is an ini tial event in athero gene sis and proba bly 
be gins with pre dis pos ing stim uli, e.g. cy to ki nes and me -
chani cal strain, that en hance syn the sis of  PG. Fur ther more,
the lo cal pro duc tion of PG is char ac ter ized by the high bind -
ing af fin ity for LP [14]. The re sponse to re ten tion hy pothe sis 
is not con tra dic tory to the chronic in flam ma tion hy pothe sis,
be cause re tained and modi fied LP can stimu late the re cruit -
ment of macro phages and T- cells [14].  

GAG ob tained from aor tas give three peaks, in den ti fied
as hya lu ronic acid, HS and a mix ture of DS to gether with
C4/6S. Ar te rial hya lu ronic acid and HS do not bind LDL,
whereas DS and C4/6S form both solu ble and in solu ble
com plexes with this LP [19]. Sub se quent re search shows
that high- molecular weight chains of both DS and CS can in -
ter act with LDL, but their de gree of po lym eri za tion and their 
mo lecu lar weight have sig nifi cance and ul ti mately de scribe
the level of af fin ity for LDL. For this rea son CS, and es pe -
cially DS, have es pe cially high af fin ity for plasma LDL [19].

The re ac tion be tween LP and PG is ionic in na ture and oc -
curs be tween the nega tively charged sul fate and car boxyl
groups on the GAG side chains of PG, and the posi tively
charged ar ginine and ly sine resi dues of apoli po pro teins
(apoB100) [10, 14]. The com plex LP-PG ex hib its in creased

sus cep ti bil ity to modi fi ca tions, such as oxi da tion and ag gre -
ga tion, and leads to up take by macro phages to form the foam 
cells. Fur ther more, modi ficed LP en hance the pro duc tion of
PG with a high af fin ity for LP [10, 14]. 

LP bind to PG through ionic in ter ac tions, and the fac tors
that in crease PG bind ing af fin ity for LP are length or sul fa -
tion of the GAG chain. In ad di tion, spe cies of PG dif fer by
bind ing af fin ity for LP, yet in vivo bind ing site avail abil ity
seem to in flu ence bind ing more than the af fin ity. This con -
firms colo cal iza tion of apoB and bi gly can in hu man
athe ro scle ro sis, as well as bi gly can and per le can in mice,
even though it is ver si can that has more LDL bind ing sites
than bi gly can. It is prob able that sev eral other com pounds
can act as bridg ing mole cules be tween GAG and LP, e.g.
LPL, apoE, SMase and sPLA2. LPL – en zyme re spon si ble
for TG hy droly sis of chy lo mi crons, VLDL and IDL, is
bound to PG and col la gens in ar te rial in tima, lead ing to re -
ten tion of LDL by act ing as a mo lecu lar bridge [17]. 

THE ROLE OF GLY CO SAMI NO GLY CANS 
AND PRO TEO GLY CANS IN ATHE RO SCLE RO SIS

Su ben do the lial re ten tion of athero genic LP is an ini tial is -
ing event in athero gene sis. Many stud ies in di cate that the
LP- binding PG con trib ute to re tain ing athero genic LP in the
in tima, es pe cially the CS/DS pro teo gly cans (CS/DSPG),
such as ver si can, bi gly can and de corin. The sul fa tion pat tern
of CS is a key player in pro tein in ter ac tions, caus ing athe -
roscle ro sis by high af fin ity for Lp(a) and LDL [8]. In par -
ticular, bi gly can has been pro posed to be an es sen tial PG in
both hu man and murine athe ro scle ro sis [17], in turn Pil lar -
isetti notes that per le can is a key antia thero genic mole cule
[15]. Athero genic lev els of LDL, oxyLDL de crease not only
per le can core pro tein syn the sis but also en hance HS deg ra -
da tion by stimu lat ing en do the lial se cre tion of hepara nase.
HS has been fur ther im pli cated in pres en ta tion and sta bi li za -
tion of lipo pro tein li pase and he patic li pase on cell sur faces,
and in the trans port of lipo pro tein li pase from ex tra vas cu lar
cells to the lu mi nal sur face of the en do the lia [9]. 

In turn Tran- Lundmark et al. [20] in ves ti gated the role of
per le can HS chains in vas cu lar dis ease us ing mice ex press ing
HS- deficient per le can. The mu ta tion leads to a sig nifi cant de -
ple tion of the ar te rial HS con tent and pro motes in creased
SMC pro lif era tion and for ma tion of the in ti mal hy per pla sia.
They con cluded that the HS chains of per le can pro mote
athe ro scle ro sis in mice, most likely through in creased re ten -
tion of lipo pro teins. Be cause of the dif fer ence in PG
ex pressed in mice and hu mans, it is dif fi cult to de ter mine
a role of per le can in hu man dis ease [20].

It has been proved that GAG length is a main de ter mi nant
of PG bind ing af fin ity, with longer chains show ing higher-
 affinity bind ing. Mole cules known to en large GAG on PG
in clude TGF-1, platelet- derived growth fac tor (PDGF),
oxyLDL, free fatty ac ids and angio tensin II. GAG chains on
PG are also elon gated in pro lif er at ing cells [1]. The next fac -
tor cru cial for LDL bind ing is sul fa tion of GAG chain. It has
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also been sug gested that the de gree of sul fa tion, rather than
the po si tion of the sul fate groups on GAG, de ter mines LDL
bind ing [1].  

Also the modi fi ca tions in LDL par ti cles, such as li poly sis, 
in crease its bind ing af fin ity for PG. The rea son is that they
in duce changes in the sur face mono layer of LDL that may
mod ify the con for ma tion of apo- B100, which then ex poses a 
new PG- binding site [2, 10]. Two PG bind ing sites have
been de scribed in apo-B. Site A is only ex posed af ter deg ra -
da tion of phos pholip ids, by sPLA2, whereas site B is
per ma nently ex posed [2]. Site A be comes func tional in
sPLA2- modified LDL and acts co op era tively with site B re -
sult ing in in creased PG- binding ac tiv ity. The in creased
bind ing for PG of cholesterol- enriched LDL is solely de -
pend ent on site B. This mecha nism is likely to be me di ated
by a con for ma tional change of site B, and con trasts with
sPLA2- modified LDL, in de pend ent of site A [5].

Läh desmäki et al. [10] in di cated that in acidic pH of ECM 
in creases phos pholi poly sis by  sPLA2, and the PG bind ing
of the TG- rich LP, and so may in crease the pro gres sion of
the athe ro scle rotic le sions. The po tent bind ing of LDL,
VLDL and IDL to PG at acidic pH is likely to pro long their
resi dence time in the ECM, which again can lead to the pro -
longed ex po sure to sPLA2 [10]. In turn, GAG-LDL
com plexes are more eas ily in ter nal ized by macro phages
than LDL alone, thereby en hanc ing the for ma tion of foam
cells. Also GAG in duced struc tural al tera tions in LDL mole -
cules may po ten ti ate their athero genic ef fects [19].

Other com po nents of LDL, such as apo-E or apo- CIII can
also me di ate bind ing of LP to PG, by bridg ing (apoE), or by
fa cili tat ing PG in ter ac tion (apo CIII) [2]. Study of apo-E and
apo- CIII con tents in LP in di cated that par ti cles with low af -
fin ity to PG had high con tents of these apoli po pro teins. It is
visi ble on the ex am ple of  VLDL that apo-E and apo- CIII
rich, large VLDL have lower af fin ity to PG than smaller
VLDL [10].  

Modi fied, elec tro nega tive LDL(-) are in creased in sub -
jects with high a car dio vas cu lar risk. This par ti cles have
a higher den sity, smaller size and could bind to PG, ow ing to
their in creases apoE and apo CIII con tent com pared to
LDL(+). Fur ther more, the pres ence of LDL (-) in creased
bind ing af fin ity for ar te rial PG com pared to LDL (+) [2].
The study pre formed with anti- apoB- 100 mAbs showed that
the ma jor dif fer ence of apo B100 im mu no re ac tiv ity be tween 
na tive LDL and LDL(-), af fect ing both the amino- and
carboxyl- terminal ends, sug gests that both ter mi nal ex -
tremes are more ac ces si ble in LDL(-) than in na tive LDL.
This prop erty would fa vor LDL(-) in ag gre ga tion and re ten -
tion in the su per fi cial PG- rich layer of the ar te rial in tima [3]. 

Be cause the main char ac ter is tic of LDL(-) is its in creased
elec tro nega tive charge, it was ex pected to have a re duced in -
ter ac tion with the nega tively charged sul fate and car boxyl
groups on PG. Ac cord ing to Ban cells et al. [2] the ad di tional
in ter ac tions ap pear, there fore elec tro nega tively charged par -
ti cles are not a lim it ing fac tor of all LDL (-) par ti cle
in ter ac tion with PG, ap par ently be cause it can be coun ter -

acted by other par ti cle prop er ties that fa vor the PG in ter ac -
tion, as apo E and apo CIII. Apo E has two bind ing sites for
hepa rin but does not play a ma jor di rect role in the in creased
bind ing of LDL(-) to ar te rial PG. In turn, the con tent of apo
CIII in LDL par ti cles is very low and these re sults in di cate
that its role is neg li gi ble in the bind ing of LDL to PG. What
is im por tant, it has been found that li poly sis by SMase or
sPLA2 pro motes ag gre ga tion of LDL and in creases their
bind ing af fin ity to PG.  PLC- like ac tiv ity hy dro lyzes sphin -
go mye lin, phos pha ti dyl cho line in LDL, yield ing phos pho-
rylocho line, which is re leased. The in crease in these hy dro -
pho bic mole cules causes ag gre ga tion, be cause the ce ra mide-,
mono- and dia cy lo gli ceol-, en riched do mains act as non po -
lar tar gets on the par ti cle sur face and ini tially lead to par ti cle
ag gre ga tion [2].

The GAG from dif fer ent lo cal iza tions vary in com po si -
tion and in bind ing af fin ity for plasma LDL. It is pre sumed
that the dis tri bu tion of GAG in the wall may be modi fied,
which sug gests that GAG com po si tion could be one of the
sev eral fac tors that de ter mine the sus cep ti bil ity of a given ar -
tery to athe ro scle ro sis. In vi tro in ves ti ga tion shown that
sev eral stim uli re lated to the known car diac risk fac tors al ter
GAG syn the sis. These in clude shear stress, angio tensin II,
hy poxia, cer tain cy to ki nes and na tive or modi fied LP [19]. 

One of the me dia tors tak ing part in athero gene sis are
growth fac tors. These fac tors can modu late syn the sis of
GAG by in duc ing phe no typic change in the ar te rial SMC
and by in creas ing the syn the sis of PG, with greater af fin ity
for plasma LDL [19]. For example, ele vated level of TGF-,
com monly seen in dia be tes, can al ter vas cu lar PG syn the sis
and in crease PG bind ing af fin ity for LDL [17]. It has been
proved that PG pro duced by TGF- -treated cul tured SMC
show longer GAG chains and higher bind ing af fin ity to LDL 
than GAG pro duced by con trol SMCs. Al though the ex ami -
na tions on the mice mod els sug gest that TGF- pro motes
plaque sta bi li za tion by col la gen syn the sis stimu la tion, in hi -
bi tion T- limthocyte ac ti va tion, and foam cells for ma tion,
whereas the other ex ami na tions re lat ing to the hu man mod -
els show that TGF- acts pro- atherogenically. Re search on
the ex pres sion of TGF- and its re cep tors in hu man athe ro -
scle rotic le sions, sug gested that TGF- is ac tive in lipid- rich
le sion and con trib utes to the patho gene sis of athe ro scle ro sis
[15].

Among the GAG ex am ined in the con text of athe ro scle ro -
sis, the most in con ven ient one is per le can. De pend ing on the
cell types and the en vi ron ment, it can have dif fer ent, some -
times con tra dic tory bio logi cal ef fects. Se ger et al. [16]
called this phe nome non “per le can para dox”, de scrib ing it on 
the ex am ple of the in flu ence of per le can on the two dif fer ent
types of vessels- building cells: SMC and EC. In SMC, per le -
can has been shown to be a po tent in hibi tor of ad he sion,
mi gra tion and pro lif era tion, and may rep re sent a novel strat -
egy to in hibit in ti mal hy per pla sia af ter ar te rial in jury.
How ever, the mecha nism by which per le can in hib its SMC
has not been fully ex plored. In con trast to its in hibi tory ef fect
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on SMC, per le can ap pears to be a po tent pro- angiogenic
agent. There are sev eral pos si ble ex pla na tions of this du al ity
of func tion de pend ing on cell type. These dif fer ences may
be due to the HS side chains that di rectly af fect cell sig nal -
ing, or through in ter ac tions with heparin- binding growth
fac tors, par ticu larly FGF-2 and its re cep tor. For ex am ple,
some genes may be in duced by hepa rin in SMC but not in
EC. Dif fer ences in the ECM of SMC and EC also pro -
foundly af fect cel lu lar be hav ior. These op pos ing ef fects
merit fur ther stud ies. The di verse bio logi cal ef fects of per le -
can are ideal for the pre ven tion of in- stent res teno sis.
Per le can in hib its SMC pro lif era tion and ar te rial throm bo sis
while en hanc ing EC pro lif era tion, which may pro mote rapid 
heal ing af ter stent ing [16].

CONCLUSION
The com plete mecha nisms re spon si ble for the de vel op -

ment or even ini tia tion of athe ro scle ro sis are still un known;
hence, the re search on the role of the par ticu lar GAG and PG
in these pro cesses is an in ter est ing area of a fu ture work.
Cer tainly, one of the causes is the lack of good mod els for
the study of athe ro scle ro sis. The mor pho logi cal pro files of
athe ro scle ro sis are dif fer ent be tween the hu man and labo ra -
tory ani mal, and it may be partly mis lead ing to ex trapo late
the re sults re ceived from the ani mal mod els to the hu man
ones. 

It is likely that the dis cov ery of the pre cise mecha nisms of 
the syn the sis and me tabo lism regu la tions of the in di vid ual
GAG/PG in the vas cu lar wall will en able to com pile a phar -
ma col ogi cal pre ven tion strat egy, which could sup press any
le sions and slow dis ease pro gres sion. The thera peu tic po ten -
tial is that shorter GAG chains and modi fied sul fa tion may
lead to the lower- affinity bind ing of LP, and thus re duced re -
ten tion of LP in the ves sel wall, and less athe ro scle ro sis [1,
17]. 
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