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ABSTRACT
Objective. Endothelial dysfunction is
crucial in Behçet’s disease (BD) patho-
genesis, and measures of endothelial
damage are potential markers of BD
activity. Heparan sulfate (HS) is the
most abundant proteoglycan in the
endothelial cells, and anti-HS antibod-
ies have been reported in subjects with
vascular damage, due to vasculitis/vas-
culopathy. The aim of our study was to
measure serum anti-HS antibodies in
patients with BD and to determine
whether their presence correlates with
disease activity or clinical manifesta-
tions.
Methods. Thirty-two patients with BD
(21 men, 11 women) (median age
36.81±12.0 years) were considered. Of
these, 13 had clinically active disease
at the time of study. The mean disease
duration was 7.31± 8.2 years (median
6 years). Anti-HS antibodies were mea-
sured by ELISA. As controls, sera from
40 sex- and age-matched healthy sub-
jects, and 78 age-matched patients with
systemic lupus erythematosus (SLE)
were studied.
Results. Anti-HS IgM antibody titres
were significantly higher in BD pa-
tients compared to healthy subjects
(p=0.016) and SLE controls (p=0.0008).
No differences in anti-HS IgG antibody
titres were observed among the 3
groups. Using categorical data, in-
creased titres of IgM anti-HS antibod-
ies were significantly more frequent  in
patients with BD vs  patients with SLE
(p=0.02). The presence of the antibod-
ies, of either isotype, did not correlate
with disease duration, disease activity
or clinical manifestations.
Conclusions. BD patients have in-
creased IgM anti-HS antibody titres
compared to healthy and SLE controls.
These antibodies did not correlate with

disease activity or discrete clinical fea-
tures, but might be relevant for patho-
genic mechanisms of the disease. 

Introduction
Behçet disease (BD) is a multisystemic
vasculitis, characterized by recurrent
oral and genital ulcerations, uveitis,
skin lesions, and thrombosis (1).  Lack-
ing pathognomonic signs or laboratory
test, the diagnosis of BD still relies on
clinical findings, and numerous sets of
diagnostic criteria have been proposed
(2-4). The etiology is still unknown,
but autoimmune, infectious, and genet-
ic factors seem to play a role (5-7).
Endothelial dysfunction  is crucial for
the pathogenesis of vascular damage,
and represents a trigger of the pre-
thrombotic status of BD (8). Several
parameters of endothelial damage have
been investigated as potential biochem-
ical markers of BD, including leptin
(9), endothelin-1 and nitric oxide (10),
interleukin-8 (11), soluble E-selectin
(12), lipoprotein (a) and nitrites (13).
However, specific and reliable markers
of endothelial dysfunction that corre-
late with clinical activity are still lack-
ing. The mechanisms underlying the
vascular endothelial damage are yet to
be identified. There is evidence that
humoral immunological damage to
endothelial cells may play a role. Anti-
endothelial cells antibodies (AECA),
which are capable of increasing leuko-
cyte adhesiveness, and vascular throm-
bosis, have been reported in BD (14-
16). However, AECA have been incon-
sistently associated with disease activi-
ty or severity (17, 18). 
Heparan sulfate (HS) is a glycosamino-
glycan, a hexosamine-containing com-
plex polysaccharide, with o-glycosidyl
linkages to proteins to form proteogly-
cans. HS is the most abundant proteo-
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ra
 w

er
e 

ab
so

rb
ed

 w
it

h
bi

ot
in

 b
ou

nd
 to

 a
vi

di
n 

ac
ry

lic
 b

ea
ds

. 

St
at

is
ti

ca
l a

na
ly

si
s

T
he

 S
tu

de
nt

 t-
te

st
 w

as
 u

se
d 

fo
r 

no
rm

al
-

ly
 

di
st

ri
bu

te
d 

va
ri

ab
le

s,
 

w
hi

le
 

th
e

M
an

n-
W

hi
tn

ey
 U

 T
es

t a
nd

 th
e 

K
ru

sk
al

-
W

al
lis

 w
er

e 
pe

rf
or

m
ed

 f
or

 o
rd

in
al

 v
ar

i-
ab

le
s.

 T
he

 C
hi

 S
qu

ar
e 

Te
st

 w
as

 u
se

d
fo

r c
at

eg
or

ic
al

 v
ar

ia
bl

es
. T

o 
te

st
 th

e 
lin

-
ea

r 
co

rr
el

at
io

n 
be

tw
ee

n 
tw

o 
va

ri
ab

le
s

th
e 

S
pe

ar
m

an
’s

 R
ho

 w
as

 p
er

fo
rm

ed
.

T
he

 s
ig

ni
fi

ca
nc

e 
le

ve
l 

w
as

 s
et

 a
t 

p 
<

0.
05

. A
ll 

da
ta

 w
er

e 
an

al
yz

ed
 u

si
ng

 t
he

ST
A

T
IS

T
IC

A
6.

0 
so

ft
w

ar
e 

pa
ck

ag
e 

fo
r

W
in

do
w

s 
(S

ta
tS

of
t, 

T
ul

sa
, O

K
, U

SA
).

R
es

ul
ts

A
nt

i-
H

S 
Ig

M
 a

nt
ib

od
y 

tit
re

s 
w

er
e 

si
g-

ni
fi

ca
nt

ly
 h

ig
he

r 
in

 B
D

 p
at

ie
nt

s 
w

he
n

co
m

pa
re

d 
to

 h
ea

lth
y 

su
bj

ec
ts

 (
M

an
n-

W
hi

tn
ey

 U
 te

st
: p

 =
 0

.0
16

) 
or

 S
L

E
 c

on
-

tr
ol

s 
(M

an
n-

W
hi

tn
ey

 U
 te

st
: p

 =
 0

.0
00

8)
,

w
hi

le
 n

o 
di

ff
er

en
ce

 i
n 

an
ti

-H
S

 I
gM

A
nt

i-
H

S 
an

ti
bo

di
es

 a
nd

 B
eh

çe
t’

s 
di

se
as

e 
/C

. B
ri

an
i e

t 
al

. 
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5



an
tib

od
y 

tit
re

s 
w

as
 o

bs
er

ve
d 

be
tw

ee
n

he
al

th
y 

su
bj

ec
ts

 
an

d 
S

L
E

 
pa

ti
en

ts
(M

an
n-

W
hi

tn
ey

 
U

 
te

st
: 

p 
=

 
0.

36
)

(F
ig

.1
).

 A
nt

i-
H

S
 I

gG
 a

nt
ib

od
y 

ti
tr

es
w

er
e 

si
m

ila
r 

in
 B

D
, 

he
al

th
y 

su
bj

ec
ts

an
d 

S
L

E
 (

K
ru

sk
al

l–
W

al
li

s 
te

st
: 

p 
=

0.
99

).
U

si
ng

 c
at

eg
or

ic
al

 d
at

a,
 i

nc
re

as
ed

 t
itr

es
of

 I
gM

 a
nt

i-
H

S 
an

tib
od

y 
w

er
e 

pr
es

en
t

in
 5

 o
f 

th
e 

32
 (

15
.6

3%
) 

pa
tie

nt
s 

w
ith

B
D

 v
s 

2 
of

 th
e 

78
 (2

.5
6%

) p
at

ie
nt

s 
w

ith
SL

E
 (

Fi
sh

er
 E

xa
ct

 T
es

t: 
p 

=
 0

.0
2)

. 
In

cr
ea

se
d 

tit
re

s 
of

 Ig
G

 a
nt

ib
od

ie
s 

to
 H

S
w

er
e 

pr
es

en
t 

in
 2

 p
at

ie
nt

s 
w

it
h 

B
D

(6
.2

5%
) 

vs
 7

 in
 th

e 
SL

E
 g

ro
up

 (
8.

97
%

).
N

o 
co

rr
el

at
io

n 
w

as
 o

bs
er

ve
d 

be
tw

ee
n

Ig
M

 o
r 

Ig
G

 a
nt

i-
H

S 
an

tib
od

ie
s 

an
d 

an
y

cl
in

ic
al

 f
ea

tu
re

 o
r 

di
se

as
e 

ac
tiv

ity
 i

n
B

D
 a

nd
 S

L
E

 p
at

ie
nt

s.
 

T
he

 m
ea

n 
du

ra
tio

n 
of

 t
he

 d
is

ea
se

 w
as

si
gn

if
ic

an
tly

 h
ig

he
r 

in
 t

he
 S

L
E

 g
ro

up
(1

0.
7 

±
3.

9 
ye

ar
s)

 t
ha

n 
in

 B
D

 g
ro

up
(7

.3
 ±

8.
2 

ye
ar

s)
 (

M
an

n-
W

hi
tn

ey
 U

te
st

: 
p 

<
 0

.0
00

01
).

 N
o 

co
rr

el
at

io
n 

w
as

ob
se

rv
ed

 b
et

w
ee

n 
Ig

M
 o

r 
Ig

G
 a

nt
i-

H
S

an
tib

od
ie

s 
an

d 
di

se
as

e 
du

ra
tio

n 
in

 p
a-

tie
nt

s 
w

ith
 B

D
 (

Sp
ea

rm
an

 R
ho

 =
 0

.2
4

an
d 

0.
10

, r
es

pe
ct

iv
el

y)
. 

A
bs

or
pt

io
n 

of
 t

he
 s

er
a 

fr
om

 a
nt

i-
H

S
an

tib
od

y 
po

si
tiv

e 
pa

tie
nt

s 
w

ith
 H

S 
el

i-
m

in
at

ed
 

th
e 

re
ac

ti
vi

ty
 

ag
ai

ns
t 

H
S

,
w

he
re

as
 p

re
ab

so
rb

in
g 

th
e 

se
ru

m
 w

ith
bi

ot
in

 d
id

 n
ot

 re
du

ce
 th

e 
re

ac
tiv

ity
, t

hu
s

su
pp

or
tin

g 
th

e 
an

tib
od

y 
sp

ec
if

ic
ity

.

D
is

cu
ss

io
n

In
 th

e 
pr

es
en

t s
tu

dy
 w

e 
de

m
on

st
ra

te
d 

a
si

gn
if

ic
an

tly
 i

nc
re

as
e 

of
 I

gM
 a

nt
i-

H
S

an
ti

bo
dy

 t
it

re
s 

in
 B

D
 p

at
ie

nt
s 

ov
er

he
al

th
y 

su
bj

ec
ts

 a
nd

 S
L

E
 c

on
tr

ol
s.

 T
o

th
e 

be
st

 o
f 

ou
r 

kn
ow

le
dg

e,
 t

hi
s 

is
 t

he
fi

rs
t 

in
ve

st
ig

at
io

n 
to

 r
ep

or
t 

hi
gh

 I
gM

an
ti-

H
S 

an
tib

od
ie

s 
in

 B
D

.
L

oo
ki

ng
 f

or
 m

ar
ke

rs
 o

f 
B

D
 a

ct
iv

ity
, w

e
fo

cu
se

d 
on

 H
S,

 w
hi

ch
 is

 th
e 

m
os

t a
bu

n-
da

nt
 p

ro
te

og
ly

ca
n 

in
 v

es
se

ls
 a

nd
 a

 p
o-

te
nt

ia
l 

ta
rg

et
 i

n 
en

do
th

el
ia

l 
dy

sf
un

c-
tio

n.
 P

re
vi

ou
s 

st
ud

ie
s 

sh
ow

ed
 i

nc
re

as
-

ed
 a

nt
i-

H
S 

an
tib

od
ie

s 
in

 i
nf

la
m

m
at

or
y

an
d 

va
sc

ul
iti

c 
di

se
as

es
 (

20
).

 E
nd

ot
he

-
lia

lH
S 

pr
ot

eo
gl

yc
an

s 
ar

e 
su

sc
ep

tib
le

 to
cl

ea
va

ge
 b

y 
po

ly
m

or
ph

on
uc

le
ar

 n
eu

-
tr

op
hi

ls
 (

24
),

 a
 m

aj
or

 h
is

to
pa

th
ol

og
ic

al
fi

nd
in

g 
of

 
ac

ti
ve

 
B

D
 

le
si

on
s 

(2
5)

,
w

he
re

 t
he

y 
pl

ay
 a

n 
im

po
rt

an
t 

pa
th

o-
ge

ni
c 

ro
le

. 
Po

ly
m

or
ph

on
uc

le
ar

 n
eu

tr
o-

ph
ils

 a
ls

o 
ex

pr
es

s 
m

ul
tip

le
 h

ep
ar

an
as

es

(2
6)

, e
nd

og
ly

co
si

da
se

s 
th

at
 d

eg
ra

de
 H

S
es

pe
ci

al
ly

 i
n 

re
sp

on
se

 t
o 

in
fl

am
m

at
or

y
st

im
ul

i,
 

th
us

 
ac

ti
va

ti
ng

 
en

do
th

el
ia

l
ce

lls
, 

fa
ci

lit
at

in
g 

ce
llu

la
r 

ex
tr

av
as

at
io

n
as

 w
el

l a
s 

va
sc

ul
ar

 d
am

ag
e 

(2
7)

.I
n 

lin
e

w
ith

 t
he

 d
at

a 
on

 A
E

C
A

as
 m

ar
ke

rs
 o

f
B

D
 a

ct
iv

ity
 (

14
-1

6)
, w

e 
ai

m
ed

 a
t 

ev
al

-
ua

tin
g 

w
he

th
er

 o
th

er
 a

nt
ib

od
ie

s 
ta

rg
et

-
in

g 
en

do
th

el
ia

l 
m

ol
ec

ul
es

 c
ou

ld
 b

e
in

fo
rm

at
iv

e 
as

 m
ar

ke
rs

 o
f 

di
se

as
e 

ac
-

tiv
ity

. 
In

 o
ur

 s
tu

dy
, 

Ig
M

 a
nt

i-
H

S 
an

ti-
bo

di
es

 d
id

 n
ot

 c
or

re
la

te
 w

ith
 d

is
ea

se
ac

ti
vi

ty
 o

r 
di

sc
re

te
 c

li
ni

ca
l 

fe
at

ur
es

.
H

ow
ev

er
, 

it 
sh

ou
ld

 b
e 

no
te

d 
th

at
 r

el
i-

ab
le

 m
ea

su
re

s 
of

 B
D

 a
ct

iv
ity

 a
re

 s
til

l
la

ck
in

g.
O

ur
 f

in
di

ng
s 

su
pp

or
t 

th
e 

hy
po

th
es

is
th

at
 t

he
 e

nd
ot

he
liu

m
 m

ig
ht

 b
e 

th
e 

ta
r-

ge
t 

of
 a

 h
um

or
al

 a
ut

oi
m

m
un

e 
ph

en
o-

m
en

on
 i

n 
B

D
, 

w
ith

 t
he

 I
gM

 i
so

ty
pe

be
in

g 
in

vo
lv

ed
. 

C
ir

cu
la

tin
g 

an
tib

od
ie

s
to

 m
ic

ro
va

sc
ul

ar
 e

nd
ot

he
lia

l c
el

ls
 h

av
e

be
en

 r
ep

or
te

d 
in

 B
D

 (
28

).
 I

t 
is

 n
ot

e-
w

or
th

y 
th

at
 o

nl
y 

th
e 

Ig
M

 a
nt

ib
od

ie
s

sh
ow

ed
 r

ea
ct

iv
ity

 t
ow

ar
ds

 t
he

 h
um

an
de

rm
al

 m
ic

ro
va

sc
ul

ar
 e

nd
ot

he
lia

l 
ce

lls
an

d 
 r

ea
ct

ed
 o

n 
W

es
te

rn
 b

lo
ts

 w
ith

 a
44

-5
0-

kd
 

su
rf

ac
e 

an
ti

ge
n,

 
re

ce
nt

ly
id

en
tif

ie
d 

as
 a

lp
ha

-e
no

la
se

 (
29

),
 a

 g
ly

-
co

ly
ti

c 
en

zy
m

e 
in

vo
lv

ed
 i

n 
au

to
im

-
m

un
e 

an
d 

sy
st

em
ic

 d
is

ea
se

s 
(3

0)
. 

T
he

 m
ec

ha
ni

sm
s 

re
sp

on
si

bl
e 

fo
r 

ge
ne

r-
at

io
n 

of
 a

nt
ib

od
ie

s 
to

 H
S 

ar
e 

un
cl

ea
r.

G
ly

co
sa

m
in

og
ly

ca
ns

 a
re

 n
or

m
al

ly
 p

oo
r-

ly
 i

m
m

un
og

en
ic

, 
bu

t 
m

od
if

ic
at

io
ns

 i
n

th
e 

st
ru

ct
ur

e 
of

 g
ly

co
sa

m
in

og
ly

ca
ns

,
w

hi
ch

 a
re

 l
ik

el
y 

to
 o

cc
ur

 i
n 

an
 i

nf
la

m
-

m
at

or
y 

en
vi

ro
nm

en
t, 

m
ay

 i
nd

uc
e 

co
n-

fo
rm

at
io

na
l c

ha
ng

es
 th

at
 m

ak
e 

th
em

 im
-

m
un

og
en

ic
. 

G
ly

co
sa

m
in

og
ly

ca
ns

 h
av

e
be

en
 p

ro
po

se
d 

as
 t

ar
ge

t 
an

ti
ge

ns
 i

n
au

to
im

m
un

ity
 (

31
),

 a
nd

 a
lte

ra
tio

ns
 o

f
gl

yc
os

am
in

og
ly

ca
ns

 o
r 

th
ei

r 
fu

nc
tio

ns
ha

ve
 b

ee
n 

de
sc

ri
be

d 
in

 b
ot

h 
rh

eu
m

at
o-

lo
gi

ca
l 

an
d 

im
m

un
e-

m
ed

ia
te

d 
pa

th
o-

lo
gi

ca
l c

on
di

tio
ns

 (
32

, 3
3)

.
Ig

M
 a

nt
i-

H
S

 a
nt

ib
od

y 
ti

tr
es

 i
n 

S
L

E
pa

tie
nt

s 
w

er
e 

si
gn

if
ic

an
tly

 l
ow

er
 t

ha
n

th
os

e 
fo

un
d 

in
 B

D
 a

nd
 s

im
ila

r 
to

 t
ho

se
fo

un
d 

in
 

he
al

th
y 

su
bj

ec
ts

. 
A

nt
i-

H
S

an
tib

od
ie

s 
ha

ve
 b

ee
n 

re
po

rt
ed

 i
n 

SL
E

pa
tie

nt
s 

in
 a

ss
oc

ia
tio

n 
w

ith
 r

en
al

 i
n-

vo
lv

em
en

t (
34

, 3
5)

, c
on

si
st

en
t w

ith
 th

e
fa

ct
 t

ha
t 

H
S 

is
 t

he
 m

aj
or

 p
ro

te
og

ly
ca

n
in

 t
he

 g
lo

m
er

ul
ar

 b
as

em
en

t 
m

em
br

an
e

(3
6)

. 
A

cr
os

s-
re

ac
tiv

ity
 b

et
w

ee
n 

an
ti-

D
N

A
an

tib
od

ie
s 

an
d 

pr
ot

eo
gl

yc
an

s 
ha

s
al

so
 b

ee
n 

ob
se

rv
ed

 (
37

),
 a

nd
 a

 S
L

E
-

lik
e 

di
se

as
e 

w
as

 in
du

ce
d 

ex
pe

ri
m

en
ta

l-
ly

 f
ol

lo
w

in
g 

im
m

un
iz

at
io

n 
w

it
h 

H
S

(3
8)

. T
he

 l
ac

k 
of

 a
nt

i-
H

S 
an

tib
od

ie
s 

in
ou

r 
SL

E
 p

op
ul

at
io

n 
m

ay
 b

e 
du

e 
to

 t
he

fa
ct

 t
ha

t 
th

e 
pa

ti
en

ts
 w

er
e 

re
cr

ui
te

d
fr

om
 a

 D
iv

is
io

n 
of

 R
he

um
at

ol
og

y,
 a

nd
pa

tie
nt

s 
w

ith
 s

ev
er

e 
re

na
l 

in
vo

lv
em

en
t

w
er

e 
lik

el
y 

un
de

r-
re

pr
es

en
te

d.
It

 i
s 

no
t 

kn
ow

n 
w

he
th

er
 a

nt
i-

H
S 

an
ti-

bo
di

es
 a

ri
se

 s
ec

on
da

ri
ly

 t
o 

en
do

th
el

ia
l

A
nt

i-
H

S 
an

ti
bo

di
es

 a
nd

 B
eh

çe
t’

s 
di

se
as

e 
/C

. B
ri

an
i e

t 
al

.  

S-
10

6

F
ig

. 1
.I

gM
 a

nt
i-

H
S 

an
tib

od
y 

tit
re

s 
in

 h
ea

lth
y 

su
bj

ec
ts

 (
co

nt
ro

ls
),

 p
at

ie
nt

s 
w

ith
 B

eh
çe

t’s
 d

is
ea

se
 a

nd
sy

st
em

ic
 l

up
us

 e
ry

th
em

at
os

us
 (

SL
E

).
 A

nt
i-

H
S 

Ig
M

 a
nt

ib
od

y 
tit

re
s 

w
er

e 
si

gn
if

ic
an

tly
 h

ig
he

r 
in

 B
D

pa
tie

nt
s 

w
he

n 
co

m
pa

re
d 

to
 h

ea
lth

y 
su

bj
ec

ts
 (

p 
=

 0
.0

16
) 

or
 S

L
E

 c
on

tr
ol

s 
(p

 =
 0

.0
00

8)



da
m

ag
e 

m
ed

ia
te

d 
by

 d
if

fe
re

nt
 c

au
se

s
(n

eu
tr

op
hi

lis
, o

xi
da

tiv
e 

st
re

ss
, e

tc
.)

,  
bu

t
th

ey
 m

ig
ht

 c
on

tr
ib

ut
e 

to
 v

as
cu

la
r 

da
m

-
ag

e 
an

d 
br

ea
kd

ow
n 

of
 t

he
 e

nd
ot

he
lia

l
in

te
gr

ity
, 

as
 i

t 
ha

s 
be

en
 s

ug
ge

st
ed

 f
or

A
E

C
A

(3
9)

. T
he

 d
if

fe
re

nt
 a

nt
ig

en
ic

 p
ro

-
fi

le
 o

f 
en

do
th

el
ia

l 
ce

lls
 i

n 
di

ff
er

en
t 

tis
-

su
es

 m
ig

ht
 e

xp
la

in
 th

e 
he

te
ro

ge
ne

ity
 o

f
th

e 
cl

in
ic

al
 m

an
if

es
ta

tio
ns

 a
nd

 c
or

re
la

-
tio

ns
 w

ith
 a

nt
ib

od
y 

fi
nd

in
gs

. 
A

st
ud

y
on

 a
 l

ar
ge

r 
gr

ou
p 

of
 B

D
 p

at
ie

nt
s 

w
ith

va
sc

ul
ar

 c
om

pl
ic

at
io

ns
 m

ig
ht

 h
el

p 
to

be
tte

r 
de

fi
ne

 t
he

 r
ol

e 
of

 t
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