
INTRODUCTION
Heparan sul fate (HS) is gly co sami no gly can (GAG)

which con sists of re peat ing di sac cha ride units com posed
of al ter nat ing N- acetylated or N- sulphated glu co samine
units, and glu cu ronic or idu ronic acid. The HS chains are
con nected to core pro teins in the Golgi ap pa ra tus, us ing
tet rasac cha ride and then forms pro teo gly cans (PG). Dur -
ing their syn the sis, they un dergo a se ries of pro cesses,
such as dea cety la tion, sul pha tion and epi meri za tion,
which give them great struc tural het ero ge ne ity of chain
length, and the ex tent of sul pha tion and epi meri za tion
within the modi fied seg ments [1]. HS can ap pear in three
spaces:  cell sur face, in tra cel lu lar and ex tra cel lu lar ma trix
(ECM). Cell sur faces HS/HSPG  act as re cep tors and bind
a wide va ri ety of ligands, such as che moki nes, growth fac -
tors, in fec tious agents, en zymes, an ti co agu lants, and
ECM com po nents, thereby modu lat ing their dis tri bu tion,
con cen tra tion and bio logi cal ac tiv ity [3].

HS have es sen tial roles in many sys tems: mus cu lar,
skele tal, nerv ous, di ges tive, uri nary, cir cu la tory and im -
mune, as well as in em bryo logi cal de vel op ment and

wound re pair [10]. The bestknown HS ligand in ter ac tion,
im por tant for co agu la tion and in flam ma tion, is the bind -
ing of an ti throm bin III [9]. Some HS, such as per le can and 
agrin, con trib ute to the nega tive charge in the glom eru lar
base ment mem brane (GBM). Changes in the con cen tra -
tion or the sul fa tion of HS may be as so ci ated with the
devel op ment of neph ro pa thy [8]. The lu mi nal sur face of
vas cu lar en do the lial cells is cov ered by gly co ca lyx layer
con sist ing of GAG, among which HS con sti tutes more
than 50% of the to tal GAG. This layer be haves as an ad he -
sion and trans port bar rier for wa ter and larger sol utes and
plays es sen tial roles in the me cha no transduc tion of shear
stress [11]. The gly co ca lyx is in volved in im mune re ac -
tions and in flam ma tory pro cesses, and me di ates the
re lease of ni tric oxid [4]. In ter ac tion of lipo pro teins with
HS is im por tant for the cel lu lar up take and turn over of
lipo pro teins, in part by en hanc ing the ac ces si bil ity of lipo -
pro teins to lipo protein re cep tors and li pase [6]. 

Sul phated GAGs, in clud ing HS were in den ti fied as
con stitu ents of  PrPSc plaques in the brains of Creutzfeldt-
Jakob dis ease. Glipican-1(HSPG) in ter acts with both
PrPC  and PrPSc, fa cilitat ing their con ver sion [5].

Al though not all of the as pects of the HS role in these
pro cesses have been ex am ined so far, cor rect in ter pre ta -
tion of the re sults of the HS con cen tra tion re quires
a com pi la tion of HS ref er ence val ues. Thus, the aim of the
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study was de ter mi na tion of the physio logi cal HS con cen -
tra tion in the se rum of the healthy sub jects, and ex amina-
tion of the pre sump tive de pend ence on the age and gen -
der. In ad di tion, it has been checked whether there is
a cor re la tion be tween the lipid pro file pa rame ters and HS
se rum con cen tra tion.

MATERIALS AND METHODS 
 The re search was con ducted in 30 healthy sub jects: 16

women and 14 men, aged from 23 to 65 years, with the av -
er age of 30 years. Sub jects who have co ex ist ing dis or ders
(dia be tes, acute in flam ma tory dis ease, kid ney, liver and
bone dis ease, ma lig nancy) which might have an in flu ence
on changes in HS se rum con cen tra tion were ex cluded
from the study. The study group was di vided into sub -
groups, ac cord ing to the gen der and age, where 30 years
of age was the bor der value. Blood sam ples were drawn
af ter 14 hours of fast ing, and labo ra tory tests were per -
formed in se rum. Quantita tive de ter mi na tion of HS was
per formed with the use of Heparan Sul fate ELISA kit,
(Seika gaku). HS con cen tra tion was ex pressed as HS se -
rum con cen tra tion – μg/ml of se rum. Rou tine labo ra tory
pa rame ters of lipid pro file were de ter mined us ing Roche
ana lyzer by Roche kits. Con cen tra tions of to tal cho les -
terol, HDL- cholesterol and tri glyc erides were meas ured
with the use of stan dard en zy matic meth ods. The LDL-
 cholesterol was ana lyzed by di rect method and non-
 HDL- cholesterol was cal cu lated us ing the for mula: 

non- HDL- Cholesterol = To tal cho les terol 
–  HDL- cholesterol

Body Mass In dex (BMI) was cal cu lated us ing the for -
mula:

BMI = body mass [kg] / height [m2]

The re sults of the con ducted stud ies were sta tis ti cally
ana lyzed us ing ba sic pa rame ters of the de scrip tive sta tis -
tics, and the data was ex pressed as the arith metic mean ±
stan dard de via tion (SD), me dian, and quar tile. Stu dents’
T test for in de pend ent vari ables was used for com pari son
be tween the groups. Non- parametric data was com pared
us ing the Mann- Whitney U test. Par tial Spear man cor re la -
tion co ef fi cient was used to es tab lish the as so cia tion
be tween se rum HS con cen tra tions and lipid pa rame ters.
All hy pothe ses were veri fied at the sig nifi cance level of
p<0.05. Sta tis ti cal analy ses were con ducted us ing the Sta -
tis tica pro gram ver.10 (Stat Soft, Pol ska).

RESULTS 
The se rum HS con cen tra tion and lipid pro file pa rame -

ters: to tal cho les terol, tri glyc erides, LDL- cholesterol,
HDL- cholesterol, non- HDL- cholesterol, char ac ter is tics
of ex am ined men and women groups are shown in Ta ble 1.

Table 1. The results of serum HS concentration and lipid profile
parameters in healthy female and male groups

Parameters
Women group

n = 16
Men group

n=14 (p<0.05)
Median Quartile Median Quartile

HS
(μg/ml) 2.19 2.16/3.22 4.57 4.13/5.83 p=0.00000

6
T-Chol
(mg/dl) 151.72 139.17/190.29 158.94 138.42/182.58 NS

LDL-Chol
(mg/dl) 84.54 73.19/109.46 93.03 72.59/107.86 NS

HDL-Chol
(mg/dl) 54.49 48.72/59.64 43.24 41.20/54.50 NS

non
HDL-Chol
(mg/dl)

98.92 81.78/131.35 113.17 99.00/147.43 NS

TG
(mg/dl) 66.53 53.38/83.99 69.41 58.58/135.28 NS

Re sults have shown that HS con cen tra tion in women
group (2.19 μg/ml) was sig nifi cantly de creased when
com pared to the men group (4.57 μg/ml), (p=0.000006).
No sta tis ti cally sig nifi cant dif fer ences in the range of the
pa rame ters of the lipid bal ance be tween the group of men
and women were ob served. In both groups, the ob tained
val ues of the lipid pro file are within the rec om mended
vol ume. The arith metic mean of BMI in the healthy
women and men was equal to 21 and 24 ac cord ingly. 

While evalu at ing the se rum HS con cen tra tion in the
healthy sub jects, some sta tis ti cally sig nifi cant age-de -
pend ent dif fer ences were found: lower lev els were
ob served in the <30 year-old group – 2.26 μg/ml, com -
pared to 4.54 μg/ml in ≥30 year-old ex am ined sub jects,
(p=0.0132) (Fig.1). 

We did not ob serve any sig nifi cant cor re la tions be -
tween HS se rum con cen tra tion and to tal cho les terol,
tri glyc erides, LDL- cholesterol, HDL- cholesterol, and
non- HDL- cholesterol se rum con cen tra tions, as as sessed
by Spear man cor re la tion method.

DISCUSSION
HS is one of the es sen tial com po nents of ex tra cel lu lar

ma tri ces and plasma mem brane. Re search over the past
dec ades has dem on strated their im por tance in de vel op -
ment and nor mal physio logi cal pro cesses. HS take part in
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Fig. 1. The results of HS concentration in healthy subjects,
depending on age (p=0.0132)



the in ter ac tion with pro tein ligands, which af fects the me -
tabo lism, trans port, in for ma tion trans fer, sup port and
regu la tion in all or gan sys tems [1]. Dis tur bances in the
me tabo lism of HS were con firmed in the patho gene sis of
mu co po li sac cha rido sis, athe ro scle ro sis, os teoar thri tis,
em phy sema and heart dis ease [6, 7, 9, 10, 12, 13]. 

In the ma jor ity of the avail able stud ies, HS is ex am ined 
in the tis sue sam ples or in the cell cul ture mod els. Un -
doubt edly, the quan ti ta tive ex ami na tion of HS in the
blood, es pe cially in the se rum, would be the most clini -
cally use ful. Nev er the less, it is con nected with some
ana lyti cal im pedi ments re sult ing from the GAG iso la tion
from the bio logi cal ma te rial, which al ways causes the loss 
of some of the ex am ined ana lyte in the pre treat ment pro -
ce dure. In ad di tion, mul ti tude of the meas ure ment
tech niques hin ders or even pre vents com pari son of the re -
sults ob tained us ing dif fer ent pro ce dures. In creas ingly
more fre quently used, enzyme- linked im mu no sorbent as -
say (ELISA) tech niques cre ate per spec tives of more
wide spread HS de ter mi na tion in the body flu ids. Valid in -
ter pre ta tion of the re sults ob tained from the ill pa tients
re quires the com pi la tion of the re li able ref er ence val ues.
Hence, the aim of the re search con ducted in this study was 
to ex am ine the physio logi cal HS level in the se rum of the
healthy sub jects, as well as to check if this level is age-
and sex- re lated. 

Be cause HS is a com mon com po nent of the con nec tive
tis sue, the age ing pro cess may in flu ence the HS se rum
con cen tra tion. The first age ing changes in the skin and
brain ap pear around 20-30th year of life, there fore the bor -
der value in the age groups di vi sion is 30 years in this
ex ami na tion. It has been proved that as the pa ti ent’s age
in creases, the to tal GAG level in the tis sues and or gans
de creases. This should be re flected by the changes of their 
con cen tra tion in the body flu ids, such as se rum, urine or
syno vial fluid. Simi lar phe nome non is taken un der con -
sid era tion in case of the con cen tra tion of in di vid ual GAG
in the tis sues. How ever, the changes in the con cen tra tion
of the in di vid ual GAG, in clud ing HS, do not have to oc cur 
uni di rec tion ally. What is more, Feyzi et al. proved that
those age ing changes also have quali ta tive char ac ter and
are con nected with the in crease in 6- O- sulfation, which
causes en hanced bind ing of aorta heparan sul fate to
platelet- derived growth fac tor [2].

The pres ent study evalu ated the value of se rum con cen -
tra tions of HS in healthy sub jects. In the im muno-
en zy matic ELISA analy sis, the me dian HS con cen tra tion
in the healthy sub jects, in the age group <30 years was
equal to 2.26 μg/ml, while in the age group ≥30 years it
was equal to 4.54 μg/ml and those dif fer ences had sta tis ti -
cal im por tance.

What is more, com para tive analy sis has shown sig nifi -
cant sta tis ti cal dif fer ences in the HS con cen tra tions
be tween the groups of men and women, which were equal

to 4.57 μg/ml and 2.19 μg/ml ac cord ingly. This may be
con nected to the in creased mus cle and bone mass in men,
and con se quently in creased con nec tive tis sue, as well as
to the hor mo nal dif fer ences in men and women.

Changes re lat ing to the HS in the struc ture of the ves -
sels and ECM oc cupy a promi nent place in the
bib li og ra phy, al though only sev eral works con cern HS in
se rum. In the avail able bib li og ra phy, it is pos si ble to find
works, in which the con trol group has been formed to ex -
am ine HS con cen tra tions in the im paired sub jects.
To matsu et al., who con ducted such ex ami na tions on the
pa tients suf fer ing from mu co po li sac cha rido sis and mu co -
po lido sis, formed the con trol group com pris ing 450
healthy sub jects, di vided into 5 age groups: 0-5, 5-10,
10-15, 15-20 and over 20 years old. In the chil dren dur ing
pu berty, the HS level was higher, proba bly due to the in -
ten sive pro cesses in the con nec tive tis sue [12]. The
arith metic mean of the re sults ob tained in the group over
20 years old was equal to 5.5 μg/ml, and was close to the
val ues pre sented in this study. The ex am ined ma te rial did
not in clude se rum from the chil dren; the young est per son
in that group was 23 years old, which jus ti fies slightly
lower HS con cen tra tions than in the own re sults. It is
worth men tion ing that the small dif fer ences in the com -
pared re sults may be be cause To matsu per formed his
ex ami na tion in the plasma, while in the own work, it was
done in the se rum. In turn, You sif et al. formed a group of
10 sub jects aged 22-50 while de ter min ing se rum HS in
cir rho sis [14]. The se rum HS de ter mined us ing ELISA
tech nique was equal to 6.5 μg/ml. It has to be em pha sized
that the con trol group in the quoted study was small and
de fined only in terms of liver dis or ders ex clu sion. It was
not speci fied whether the sub jects suf fered from any other 
dis eases, e.g. con nected with the con nec tive tis sue, which
may af fect HS con cen tra tion. The ad van tage of the com -
para tive analy sis is the fact that in both stud ies the same
meas ure ment tech nique has been used (ELISA), which
mini mizes the risk of any changes re sult ing from the ana -
lyti cal pro ce dure.

The sig nifi cant fea ture of the age ing pro cess is the
athe ro scle rotic al ter na tions, which oc cur as a cause of in -
creased se rum lipo pro teins level, or hy per ten sion. The
depo si tion of cholesterol- rich lipo pro teins pro motes the
for ma tion of GAG- lipoprotein com plexes, and con se -
quently foam cells [9, 13]. This meta bolic as pect was
evalu ated by set ting a cor re la tion be tween the HS con cen -
tra tion and lipid me tabo lism pa rame ters, i.e. to tal
cho les terol, LDL, HDL, non- HDL cho les terol and tri -
glyc erides. In the ex am ined group, no cor re la tion be tween 
the level of those pa rame ters and HS se rum con cen tra tion
was ob served. None the less, it has to be em pha sized that
all the lipid me tabo lism pa rame ters in the ex am ined sub -
jects were within the de sired val ues, and BMI was cor rect. 
In the avail able bib li og ra phy there is a lack of stud ies
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which could serve as a ref er ence point for the changes oc -
cur ring in the con cen tra tion of se rum HS, in pro por tion to
the lipid pa rame ters.

Taken these ob ser va tions to gether, HS se rum con cen -
tra tion showed a sig nifi cant as so cia tion with age and
gen der. These re sults are the ini tial data and po ten tially
use ful di ag nos tic tool, which should be fol lowed by the
more pre cise and ex tended ob ser va tions, in volv ing a larger
number of healthy sub jects di vided into age groups.

CONCLUSION
Based on the con ducted re search, it can be con cluded

that higher HS se rum con cen tra tions were ob served in the
group of healthy men com pared to women group, and in
the older, ≥30 year-old group. The de ter mi na tion of se rum 
HS con cen tra tion should con sider gen der and age dif fer -
ences in the re sult in ter pre ta tion. Changes in HS se rum
con cen tra tions are not cor re lated with the changes in the
lipid pro file pa rame ters. For com plete de ter min ing of ex -
ist ing sta tis ti cal cor re la tions be tween HS con cen tra tion,
age and gen der, study re sults re quire con fir ma tion on a
greater number of cases.
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