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ABSTRACT: Anti-endothelial cell antibodies (AECAs) have been identified in patients with

systemic sclerosis (SSc) with and without pulmonary arterial hypertension (PAH) and in patients

with idiopathic pulmonary arterial hypertension (iPAH). However, their target antigens remain

poorly identified.

Sera from 24 patients with SSc without PAH, 20 patients with SSc with PAH, 30 with iPAH and 12

healthy controls were collected. Target antigens were identified by two-dimensional electrophor-

esis and immunoblotting in protein extracts of human umbilical vein endothelial cells. Targeted

antigens were identified by mass spectrometry.

Serum immunoglobulin G from patients with SSc with or without PAH and patients with iPAH

specifically recognised 110, 82 and 37 protein spots, respectively. Among others, target antigens

of AECAs included lamin A/C, tubulin b-chain and vinculin. One-dimension immunoblotting

experiments confirmed the identification of lamin A/C and tubulin b-chain.

In conclusion, our results confirm the presence of AECA in patients with systemic sclerosis with

and without pulmonary arterial hypertension and in those with idiopathic pulmonary arterial

hypertension, and provide evidence for the identification of target antigens of these

autoantibodies including lamin A/C and tubulin b-chain.

KEYWORDS: Autoantibodies, autoantigens, endothelial cells, pulmonary arterial hypertension,

systemic sclerosis

S
ystemic sclerosis (SSc) is a connective
tissue disorder characterised by microvas-
cular damage and excessive fibrosis of the

skin and various internal organs. Although
incompletely understood, the pathogenesis of
SSc involves a dysregulation of endothelial cells
(ECs), fibroblast dysfunction and inflammation,
with altered leukocyte responses resulting in
collagen overproduction [1]. Although the link
between autoimmunity and tissue fibrosis is still
unclear, autoantibodies to cellular components
are detected in most patients with SSc [2]. Three
of these autoantibodies are disease-specific and
mutually exclusive: anti-centromere antibodies
[3] detected in the limited cutaneous form of SSc,
anti-topoisomerase 1 antibodies detected in the
diffuse form of SSc [4] and anti-RNA polymerase
III antibodies associated with renal crisis [5].
Other autoantibodies identified in SSc patients
are directed against the nucleus and cytoplasm,
membrane structures, extracellular matrix com-
ponents, fibroblasts and ECs [2].

Anti-endothelial cell antibodies (AECAs) are
detected in 44–84% of patients with SSc [6, 7]
and are associated with an increased incidence of
vascular manifestations [7], such as severe digital
ischaemia and pulmonary arterial hypertension
(PAH). PAH is characterised by a progressive
increase in pulmonary vascular resistance, even-
tually leading to right-heart failure and premature
death [8]. PAH can be idiopathic (iPAH) in the
absence of other conditions or associated with
diseases such as SSc. Thus, PAH develops in ,8–
12% of patients with SSc and is responsible for
high mortality [9]. PAH has a multifactorial patho-
physiology. The remodelling of the pulmonary
vessel wall is a hallmark of severe PAH. It is
marked by enhanced proliferation and survival of
ECs and the formation of a layer of myofibroblasts
and extracellular matrix between the endothelium
and the internal elastic lamina [10].

We and others previously identified AECAs in
the serum of patients with iPAH or with SSc
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Paris, Paris,
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Hôpitaux de Paris, Clamart, and
eINSERM U999, Hypertension

Artérielle Pulmonaire,

Physiopathologie et Innovation
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without PAH and with SSc associated with PAH (SSc-PAH)
[11, 12]. AECAs can activate ECs and induce apoptosis in SSc
patients, but the pathogenic role of AECAs in patients with
iPAH has not been documented. Moreover, the target antigens
of AECAs in patients with SSc-PAH and iPAH remains to
be identified.

We aimed to identify the target antigens of immunoglobulin
(Ig)G AECAs in the sera from patients with SSc with or without
PAH and in patients with iPAH by two-dimensional electro-
phoresis and immunoblotting with protein extracts of human
umbilical vein ECs (HUVECs) and mass spectrometry (MS).

PATIENTS AND METHODS
Ig sources
Serum samples were collected from 24 patients with SSc without
PAH, 20 with SSc-PAH, and 30 with iPAH. PAH was confirmed
by right-heart catheterisation. In all patients with PAH, mean
pulmonary artery pressure at rest was .25 mmHg. Serum
samples from patients were tested in pools of three within the
same disease group. By convention, iPAH patients excluded
patients with familial or dexfenfluramine-associated PAH or
any other associated condition. Patients with SSc fulfilled the
American Rheumatism Association criteria [13] and/or the
LEROY and MEDSGER [14] criteria. Clinical and biological
characteristics of patients are depicted in online supplementary
table S1. 12 healthy blood donors (healthy controls; HCs) were
recruited as controls (six males; mean¡SD age 39.5¡7.8 yrs,
range 33–61 yrs). HCs did not differ significantly from patients
in age or sex. HCs had no detectable disease, no remarkable
medical history and did not take any medication at the time of
blood sampling. All patients and HCs were included in the
Hypertension Artérielle Pulmonaire (HTAP)-Ig study (investi-
gation and clinical research contract 2005, no. CIRC #05066;
Assistance Publique-Hôpitaux de Paris) and gave their written,
informed consent to participate according to the ethics
committee of Cochin Hospital, Paris, France.

EC culture, protein extraction, indirect immuno-
fluorescence and one-dimensional immunoblotting
Culture, protein extraction and indirect immunofluorescence
procedures with HUVECs, pulmonary (p) and dermal (d)
human microvascular endothelial cells (HMVECs) are detailed
in the online supplementary material.

Two-dimesional electrophoresis, electro-transfer and two-
dimensional immunoblotting
HUVECs were stored at -80uC in 1 mM phenylmethyl sulphonyl
fluoride and protease inhibitors (Complete Mini; Roche
Diagnostics, Meylan, France). Briefly, cells were suspended at
16106 cells?mL-1 in a sample solution extraction kit (Kit 3; Bio-
Rad Laboratories, Hercules, CA, USA). Cell samples were
sonicated and the supernatant was collected after ultracentrifu-
gation (Optima L90-K ultracentrifuge; Beckman Coulter,
Fullerton, CA, USA) at 150,0006g for 25 min at 4uC. Protein
quantification was carried out using the Lowry method. The
supernatant was aliquoted and stored at -80uC.

We used pH 3–10 and on acrylamide gradient of 7–18% in all
experiments, which allowed for studying a wide range of
antigens of 10–250 kDa [15, 16]. The instrumentation and related
reagents were from Bio-Rad, unless otherwise indicated.

Proteins underwent isoelectrofocusing with 17-cm immobilised
pH gradient (IPG) strips on the Protean IEF Cell System,
essentially as described by GÖRG et al. [17] and reported by
SERVETTAZ et al. [16]. For preparation of two-dimensional gels,
100 mg of HUVEC protein extract was loaded onto IPG strips.

Prior to the second dimension of electrophoresis, the strips were
equilibrated as described, then transferred to a 7–18% poly-
acrylamide gradient gel [16]. The equilibrated IPG gels were
sealed on top of the polyacrylamide gels with use of 1% agarose
containing bromophenol blue, and running buffer (24.8 mM
Tris, 192 mM glycine and 0.1% sodium dodecyl sulfate) was
added. Gels were run initially at 40 V (constant) for 1 h and then
at 80 V for 1 h and, finally, at 120 V for 21 h 15 min.

The gels were transferred to polyvinylidene fluoride (PVDF)
membranes (Millipore, Bedford, MA, USA) by semidry transfer
(Bio-Rad) at 320 mA for 1 h 30 min. After being blocked with

a) b)

c) d)

e) f)

g) h)

FIGURE 1. Indirect immunofluorescence on unpermeabilised human umbilical

vein endothelial cells serum immunoglobulin (Ig)G from two representative individuals

from each group: a, b) healthy controls, c, d) patients with systemic sclerosis without

pulmonary arterial hypertension (PAH), e, f) systemic sclerosis-associated PAH and g,

h) idiopathic PAH. Sera were tested at a 1:200 dilution. Secondary antibody: goat anti-

human IgG antibody conjugated with fluorescein isothiocyanate nuclear staining: 49,6-

diamidino-2-phenylindole (DAPI). Magnification 663.

PULMONARY VASCULAR DISEASE H. DIB ET AL.

1406 VOLUME 39 NUMBER 6 EUROPEAN RESPIRATORY JOURNAL



T
A

B
L

E
1

P
ro

te
in

s
sp

e
ci

fic
a
lly

re
co

g
n

is
e
d

b
y

se
ru

m
im

m
u

n
o

g
lo

b
u

lin
G

fr
o

m
p

a
tie

n
ts

w
ith

sy
st

e
m

ic
sc

le
ro

si
s

w
ith

o
u

t
p

u
lm

o
n

a
ry

a
rt

e
ry

h
yp

e
rt

e
n

si
o

n
,

id
e
n

tif
ie

d
b

y
m

a
ss

sp
e
ct

o
m

e
tr

y
(M

S
)

P
ro

te
in

ID
o

n
g

e
l

P
ro

te
in

S
w

is
s
P

ro
t

a
c
c
e

s
s
io

n
n

u
m

b
e

r
T

h
e

o
re

ti
c
a

l/
e

s
ti

m
a

te
d

m
o

le
c
u

la
r

w
e

ig
h

t
k
D

a
T

h
e

o
re

ti
c
a

l/
e

s
ti

m
a

te
d

p
I

M
S

N
u

m
b

e
r

o
f

u
n

iq
u

e
id

e
n

ti
fi

e
d

p
e

p
ti

d
e

s
#

T
o

ta
l

io
n

s
c
o

re
B

e
s
t

io
n

s
c
o

re
S

e
q

u
e

n
c
e

c
o

v
e

ra
g

e
%

2
9

0
S

p
lic

in
g

fa
ct

o
r,

p
ro

lin
e
-

a
n

d
g

lu
ta

m
in

e
-

ric
h

S
F

P
Q

_H
U

M
A

N
7
6
/1

0
0

9
.5

/7
.5

5
/1

4
1
4
6

5
4

2
8

3
4

2
E

n
d

o
p

la
sm

in
E

N
P

L_
H

U
M

A
N

9
2
/9

9
4
.8

/5
.5

9
/2

2
1
2
8

2
3

3
2

3
6

7
H

S
P

9
0
-b

H
S

9
0
B

_H
U

M
A

N
8
3
/9

3
5
/6

.2
8
/1

9
1
8
2

5
7

3
3

3
8

9
M

ito
ch

o
n

d
ria

l
in

n
e
r

m
e
m

b
ra

n
e

p
ro

te
in

IM
M

T
_H

U
M

A
N

8
4
/9

.1
6
.1

/6
.5

4
/5

5
3

2
4

7

4
3

8
C

a
ld

e
sm

o
n

C
A

LD
1
_H

U
M

A
N

9
3
/8

3
5
.6

/6
.6

2
/9

5
8

4
4

1
3

4
8

3
N

A
D

H
-u

b
iq

u
in

o
n

e
o

xi
d

o
re

d
u

ct
a
se

7
5
-k

D
a

su
b

u
n

it,
m

ito
ch

o
n

d
ria

l
N

D
U

S
1
_H

U
M

A
N

7
9
/7

5
5
.9

/6
.1

6
/2

1
8
6

3
5

4
1

5
2

6
H

a
e
m

a
to

p
o

ie
tic

lin
e
a
g

e
ce

ll-
sp

e
ci

fic
p

ro
te

in
H

C
LS

1
_H

U
M

A
N

5
4
/7

5
4
.7

/5
.9

5
/9

9
1

3
8

2
2

5
9

4
La

m
in

-B
1

LM
N

B
1
_H

U
M

A
N

6
6
/7

4
5
.1

/5
.6

6
/1

9
8
6

3
3

4
0

6
3

4
La

m
in

-A
/C

LM
N

A
_H

U
M

A
N

7
4
/7

1
6
.6

/7
.1

1
1
/3

1
4
1
5

8
8

4
6

6
9

1
R

a
s

G
T
P

a
se

-a
ct

iv
a
tin

g
p

ro
te

in
-b

in
d

in
g

p
ro

te
in

1
G

3
B

P
1
_H

U
M

A
N

5
2
/6

6
5
.4

/6
.2

5
/9

2
2
7

7
7

2
6

7
0

4
C

a
ta

la
se

C
A

T
A

_H
U

M
A

N
6
0
/6

5
6
.9

/7
.4

6
/1

2
8
8

2
4

3
2

7
8

5
S

u
cc

in
yl

-C
o

A
:3

-k
e
to

a
ci

d
-c

o
e
n

zy
m

e
A

tr
a
n

sf
e
ra

se
1
,

m
ito

ch
o

n
d

ria
l

S
C

O
T
_H

U
M

A
N

5
6
/5

8
7
.1

/6
.6

7
/9

1
7
5

6
5

3
0

7
8

7
P

ro
te

in
d

is
u

lfi
d

e
-i
so

m
e
ra

se
A

3
P

D
IA

3
_H

U
M

A
N

5
7
/5

8
6
/6

.5
9
/1

4
3
0
4

6
7

3
7

8
2

0
T
-c

o
m

p
le

x
p

ro
te

in
1

su
b

u
n

it
b

T
C

P
B

_H
U

M
A

N
5
7
/5

5
6
/6

.6
1
1
/1

2
4
2
1

9
2

3
8

8
3

1
C

yt
o

so
l

a
m

in
o

p
e
p

tid
a
se

A
M

P
L_

H
U

M
A

N
5
6
/5

5
8
/6

.8
7
/1

2
1
9
4

5
5

2
9

8
9

9
R

u
vB

-l
ik

e
2

R
U

V
B

2
_H

U
M

A
N

5
1
/5

0
5
.5

/5
.9

4
/1

3
8
6

4
1

3
6

9
9

1
M

ito
ch

o
n

d
ria

l-
p

ro
ce

ss
in

g
p

e
p

tid
a
se

su
b

u
n

it
b

M
P

P
B

_H
U

M
A

N
5
4
/5

0
6
.4

/6
.4

5
/1

4
8
7

4
1

3
5

1
1

0
1

H
e
te

ro
g

e
n

e
o

u
s

n
u

cl
e
a
r

rib
o

n
u

cl
e
o

-
p

ro
te

in
A

/B
R

O
A

A
_H

U
M

A
N

3
6
/4

3
8
.2

/8
.4

2
/3

6
2

3
6

8

1
1

0
5

S
e
rp

in
B

9
S

P
B

9
_H

U
M

A
N

4
2
/4

3
5
.6

/6
.2

6
/1

2
1
8
2

6
4

3
1

1
1

1
3

R
e
tic

u
lo

ca
lb

in
-3

R
C

N
3
_H

U
M

A
N

3
7
/4

3
4
.7

/5
.1

4
/9

1
4
7

6
0

4
9

1
1

1
6

P
o

ly
(r

C
)-

b
in

d
in

g
p

ro
te

in
1

P
C

B
P

1
_H

U
M

A
N

3
7
/4

3
6
.7

/6
.9

2
/1

1
4
2

3
2

4
8

1
1

1
7

M
ito

ch
o

n
d

ria
l

im
p

o
rt

re
ce

p
to

r
su

b
u

n
it

T
O

M
4
0

h
o

m
o

lo
g

T
O

M
4
0
_H

U
M

A
N

3
8
/4

3
6
.8

/7
.7

5
/1

0
1
5
7

4
5

3
7

1
2

0
5

E
u

ka
ry

o
tic

tr
a
n

sl
a
tio

n
in

iti
a
tio

n
fa

ct
o

r
3

su
b

u
n

it
I

E
IF

3
I_

H
U

M
A

N
3
6
/3

8
5
.4

/6
8
/1

4
3
3
5

7
6

5
2

1
2

4
6

6
0
S

a
ci

d
ic

rib
o

so
m

a
l

p
ro

te
in

P
0

R
LA

0
_H

U
M

A
N

3
4
/3

7
5
.7

/6
.2

6
/9

2
1
3

7
4

4
1

1
2

4
8

6
0
S

a
ci

d
ic

rib
o

so
m

a
l

p
ro

te
in

P
0

R
LA

0
_H

U
M

A
N

3
4
/3

7
5
.7

/6
4
/8

1
2
1

4
7

3
3

1
3

2
8

In
o

rg
a
n

ic
p

yr
o

p
h

o
sp

h
a
ta

se
IP

Y
R

_H
U

M
A

N
3
3
/3

4
5
.5

/6
9
/1

1
3
5
9

8
2

4
7

1
4

8
8

P
h

o
sp

h
o

g
ly

ce
ra

te
m

u
ta

se
1

P
G

A
M

1
_H

U
M

A
N

2
9
/2

8
6
.7

/7
.2

6
/7

9
9

4
1

4
2

1
4

9
5

E
n

d
o

p
la

sm
ic

re
tic

u
lu

m
p

ro
te

in
E

R
p

2
9

E
R

P
2
9
_H

U
M

A
N

2
9
/2

7
6
.8

/6
.2

5
/8

1
4
1

4
8

3
8

2
0

9
8

S
e
p

tin
-1

1
S

E
P

1
1
_H

U
M

A
N

4
9
/5

2
6
.4

/7
.1

7
/1

1
1
5
7

5
1

2
7

2
1

0
6

E
u

ka
ry

o
tic

tr
a
n

sl
a
tio

n
in

iti
a
tio

n
fa

ct
o

r
4
B

IF
4
B

_H
U

M
A

N
6
9
/8

2
5
.6

/6
.1

2
/4

5
0

2
7

9

p
I:

is
o

e
le

ct
ric

p
o

in
t;

H
S

P
:

h
e
a
t

sh
o

ck
p

ro
te

in
;

N
A

D
P

H
:

re
d

u
ce

d
n

ic
o

tin
a
m

id
e

a
d

e
n

o
si

n
e

d
in

u
cl

e
o

tid
e
;

G
T
P

:
g

u
a
n

o
si

n
e

tr
ip

h
o

sp
h
a
te

;
E

R
p

2
9
:

2
9
-k

D
a

e
n

d
o

p
la

sm
ic

re
tic

u
lu

m
p

ro
te

in
2
9
;

C
o

A
;

co
e
n

zy
m

e
A

;
T
O

M
4
0
:

tr
a
n

sl
o

ca
se

o
f

o
u

te
r

m
e
m

b
ra

n
e
.

#
:

n
u

m
b

e
r

o
f

u
n

iq
u

e
id

e
n

tif
ie

d
p

e
p

tid
e
s

w
ith

M
S

M
S

a
n

d
M

S
+M

S
M

S
se

a
rc

h
e
s.

H. DIB ET AL. PULMONARY VASCULAR DISEASE

c
EUROPEAN RESPIRATORY JOURNAL VOLUME 39 NUMBER 6 1407



PBS–0.2% Tween for 90 min, membranes were incubated
overnight at 4uC with pools of sera from three patients or the
pool from 12 HCs.

IgG immunoreactivities were revealed as described [16].
Specific reactivities were determined by densitometrically
scanning the membranes (densitometer GS-800; Bio-Rad) by
use of Quantity One software (Bio-Rad). The membranes were
then stained with colloidal gold (Protogold; British Biocell
International, Cardiff, UK) and subjected to a second densito-
metric analysis to record labelled protein spots for each gel.

Gel staining
Analytical gels were stained with ammoniacal silver nitrate [18].

Image analysis of gels and two-dimensional blots
Images of gels and membranes were acquired by use of a
densitometer (GS-800; Bio-Rad) and analysed by use of
ImageMaster 2-D Platinum 5 (Amersham Biosciences, Amer-
sham, UK) as described previously [16]. In order to maintain an
objective detection of reactivities, protein spots were pre-
selected by the analysis software using standard values of
smoothing, saliency and minimal area. Each spot was confirmed
by two experienced scientists (H. Dib and A. Regent). Thus,
artefacts were eliminated and a threshold of intensity was
determined in order to discriminate false positives. However, a
visual and manual analysis was necessary to seek minor
reactivities not detected by the software in order to avoid
false-negative reactivities.

Only protein spots recognised by at least four different pools of
three sera of patients in a given group were selected for in-gel
excision and MS identification. Protein spots that were recog-
nised by more than one group, including the group of HCs,
were not selected for identification.

Protein identification by MS
Statistical analyses were used only for protein identification
by mass spectrometry. The protein identification technique is
detailed in the online supplementary material.

RESULTS
Detection of AECAs by indirect immunofluorescence
Using indirect immunofluorescence on unpermeabilised
HUVECs, we have observed that AECAs from patients with
PAH with or without SSc, as well as HCs, bind to the cell
membranes (fig. 1). The intensity of immunofluorescence was
more important in the case of patients with SSc-PAH and iPAH
than in the case of patients with SSc without PAH. We have
also performed indirect immunofluorescence studies using
unpermeabilised p and d HMVECs (online supplementary
figs S1 and S2). Interestingly, comparing reactivities of
individuals in each group with HUVECs and HMVEC-p and
HMVEC-d, we noted a more intense immunofluorescence for
all of the groups tested with HMVEC-d, particularly in the case
of patients with SSc without PAH.

Two-dimensional immunoblotting of IgG reactivities from
HC sera directed against HUVEC proteins
The proteome of HUVECs contained 826 different protein
spots with different isoeletric points (pI) ranging from 3 to 10
masses and from 10 to 250 kDa. Among these, a mean¡SD of

595¡145 spots were successfully transferred onto PVDF
membranes (data not shown). IgG from the sera pool of 12
HCs recognised 97 protein spots (data not shown).

Two-dimensional immunoblotting of IgG reactivities from
sera from SSc patients without PAH directed against
HUVEC protein extracts
IgG from the seven pools of sera from SSc patients without
PAH recognised a mean¡SD of 230¡100 protein spots
corresponding to 424 different protein spots. Most of these
424 spots were recognised in only one or two sera pool(s) from
patients and/or HCs. 110 out of these 424 spots were
specifically recognised by serum IgG from patients with SSc
without PAH. 30 spots of interest were identified, correspond-
ing to 29 different proteins (table 1). Localisation of identified
spots in the analytical gel is presented in figure 2. We found
lamin A/C among the identified proteins (fig. 3).

Two-dimensional immunoblotting of IgG reactivities from
sera from patients with SSc-PAH
IgG from the eight pools of sera from SSc-PAH patients
recognised a mean of 202¡73 protein spots corresponding to
363 different protein spots. Most of these 363 spots were

75

50

37

25
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7 8 9

20

M
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 m
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s 

kD
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FIGURE 2. Localisation of the protein spots specifically recognised by serum

immunoglobulin (Ig)G from patients. Two-dimensional silver-stained protein spots

of total protein extracted from human umbilical vein endothelial cells. First

dimension (x-axis): pH range 4–10; second dimension (y-axis): acrylamide gradient

varying from 7 to 18%, allowing discrimination of 880 protein spots with a molecular

mass range from 150 to 15 kDa. 30 protein spots were specifically recognised by

serum IgG from patients with systemic sclerosis without pulmonary artery

hypertension (stars), 41 protein spots specifically recognised by serum IgG from

patients with systemic sclerosis with pulmonary artery hypertension (circle) and 21

protein spots specifically recognised by serum IgG from patients with idiopathic

pulmonary artery hypertension (triangle). See tables 1–3 for the names of these

proteins. All these protein spots were identified by mass spectrometry.

PULMONARY VASCULAR DISEASE H. DIB ET AL.

1408 VOLUME 39 NUMBER 6 EUROPEAN RESPIRATORY JOURNAL



recognised by only one or two sera pool(s) from patients with
SSc-PAH and/or HCs. Among these 363 spots, 82 were
specifically recognised by serum IgG from SSc-PAH patients.
43 protein spots of interest were identified corresponding to 39
different proteins (table 2). Localisation of identified spots in
the analytical gel is depicted in figure 2. We found tubulin b

chain (fig. 4) and vinculin among the identified proteins.

Two-dimensional immunoblotting of IgG reactivities from
sera from patients with iPAH
IgG from the 10 pools of sera from iPAH patients recognised a
mean¡SD of 111¡41 protein spots corresponding to 295
different protein spots. Most of these 295 spots were recognised
by only one or two sera pool(s) from patients with iPAH and/or
HCs. Among these 295 spots, 37 were specifically recognised by
sera from iPAH patients. 22 protein spots of interest were

identified corresponding to 22 different proteins (table 3).
Localisation of identified spots in the analytical gel is depicted
in figure 2. We found profilin 1 among the identified proteins.

Characterisation of target antigens of AECA
One-dimensional immunoblotting experiments were per-
formed with HUVECs, HMVEC-p and HMVEC-d protein
extracts with polyclonal antibodies raised against human
recombinant lamin A/C, tubulin b-chain and vinculin. Anti-
lamin A/C antibodies bound to the same 70- and 60-kDa
proteins that were recognised by serum IgG form patients with
SSc with or without PAH on HUVEC protein extract (fig. 5).
Anti-tubulin antibodies bound to the same 50- and 40-kDa
proteins bands that were recognised by serum IgG from
patients with SSc-PAH (fig. 5). Similar results were obtained
with HMVEC-p and HMVEC-d protein extracts (data not

a)
c)

d)

b)

HC

SSc SSc+PAH iPAH

FIGURE 3. Two-dimensional immunoblots of immunoglobulin (Ig)G reactivities with lamin A/C in pools of sera from patients and healthy controls. a) IgG reactivities

directed towards lamin A/C of a human umbilical vein endothelial cells (HUVECs) protein extract in five different serum pools from three systemic sclerosis (SSc) patients (left

column), five serum pools from three SSc-pulmonary artery hypertension (PAH) patients (middle column) and four serum pools from three idiopathic PAH (iPAH) patients

each (right column). b) IgG reactivities directed towards lamin A/C in one pool from 12 healthy controls (HC). c) Three-dimensional representation of IgG reactivity peaks

towards lamin A/C in one representative sera pool from three patients (upper panel) and in the pool from the 12 healthy blood donors (lower panel). d) Two-dimensional silver-

stained gel of HUVECs protein extract. The area delineated by a rectangle corresponds to the region of membranes magnified in panel a) (pH 6.8–7.5; 65–75 kDa).
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shown). Unfortunately, we failed to identify similarities
between reactivities observed in individually tested patients
with SSc-PAH and antibodies specific for vinculin.

DISCUSSION
We have previously reported that IgG from patients with SSc
bound to DNA topoisomerase 1 [19] and centromeric protein B
[20] in protein extracts of HUVECs. To our knowledge, target
antigens of AECAs had never been identified before in patients
with iPAH. In the present work, using a proteomic approach,
we have identified target antigens of AECAs in patients with
SSc with or without PAH and in patients with iPAH. Among
others, target antigens of AECAs included lamin A/C, tubulin
b-chain and vinculin. Additional one-dimensional immuno-
blotting experiments confirmed the identification of lamin A/
C and tubulin b-chain.

Lamins A/C are major constituents of the inner nuclear
membrane. Mutations of the LMNA gene have been identified
in Hutchinson–Gilford progeria syndrome [21], which repre-
sents a major differential diagnosis of juvenile SSc. Mutant
lamin A (progerin), which accumulates within the nuclei of
human vascular cells, may be directly responsible for vascular
involvement in progeria [22]. Anti-lamin antibodies were
found in sera from patients with linear morphea [23]. In our
present work, lamin A/C was identified in 15 different spots,
although the different pools of sera recognised each spot with a
variable intensity.

b-tubulins, along with a-tubulin, are the major components of
microtubules. b-tubulin isotype 5 has been reported as a target
antigen of perinuclear anti-neutrophil cytoplasmic antibodies.
Furthermore, tubulin autoantibodies are detected in several

a) c)

d)

b)

HC

SSc SSc+PAH iPAH

FIGURE 4. Two-dimensional immunoblots of immunoglobulin (Ig)G reactivities with tubulin in pools of sera from patients and healthy controls. a) IgG reactivities directed

towards tubulin (circle) of a human umbilical vein endothelial cell (HUVEC) protein extract in five different serum pools from three systemic sclerosis (SSc) patients (left

column), five serum pools from three SSc pulmonary artery hypertension (PAH) patients (middle column) and four serum pools from three idiopathic PAH (iPAH) patients

(right column). b) IgG reactivities directed towards tubulin (circle) in one pool from 12 healthy controls (HC). c) Three-dimensional representation of IgG reactivity peaks

towards tubulin in one representative sera pool from three patients (upper panel) and in the pool from the 12 healthy blood donors (lower panel). d) Two-dimensional silver-

stained gel of HUVEC protein extract. The area delineated by a rectangle corresponds to the region of membranes magnified in panel a) (pH 4.5–5.5; 50–60 kDa).
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clinical neurological diseases, such as chronic inflammatory
demyelinating polyneuropathy [24], diabetic neuropathy and
systemic lupus erythematosus [25].

In SSc, many studies have suggested that AECAs could be
linked to vascular injury and could reflect EC damage [26].
Whether AECAs play a role in these processes remains
controversial and further work is needed. Only one study
reported a correlation between the detection of AECAs in
patients with SSc and the development of severe digital
ischaemia and PAH [27]. As our study is descriptive and did
not aim to establish a correlation between autoantibody
reactivity and disease evolution, further studies are needed to
document whether AECAs might help to characterise a
subgroup of SSc patients at higher risk of developing vascular
complications and whether AECAs might, therefore, be
considered as a predictor of outcome in SSc patients. In iPAH,
where disorganised proliferation and apoptosis of EC are
observed [28] and lead to the formation of plexiform lesions, it
would be important to investigate the role of AECAs.

Proteins identified as targets of AECAs are ubiquitous and play
key roles in different cell types as they are implicated in cell
morphology, metabolism and protein folding, Interestingly,
we have previously reported the presence of anti-fibroblast
antibodies in patients with SSc-PAH and iPAH [29] and
identified that their target antigens also comprised ubiquitous
proteins. Interestingly, calumenin, which is also identified in the
present work as a target of AECAs in patients with SSc-PAH, is
one of the targets of antifibroblast antibodies identified in
patients with SSc-PAH [30].

Our work has several limitations. Thus, although the combined
use of two-dimensonal electrophoresis and immunoblotting
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offers an interesting approach to identify target antigens of
autoantibodies [15, 16, 30], it does not allow targeting of mem-
brane antigens. As expected, none of the identified antigens
was located at the cell surface, because protein extraction for
two-dimensional electrophoresis does not allow for identify-
ing membrane proteins. However, using indirect immuno-
fluorescent studies, we provide evidence that AECAs from
patients and HCs bind to the EC surface. Moreover, we have
used HUVECs protein extracts to identify target antigens of
AECAs. EC represent a heterogeneous group of cells and there
are differences between HUVECs and, for instance, HMVEC-p
and HMVEC-d. We have performed indirect immunofluor-
escence experiments using HMVEC-p and HMVEC-d and
observed a more intense immunofluorescence for patients
with SSc without PAH with HMVEC-d than with HUVECs.
Thus, additional experiments using HMVEC protein extracts
might help to identify additional target antigens of AECAs in
patients with SSc with or without PAH and iPAH patients. In
addition, the total number of protein spots stained in the
reference gel of the HUVEC protein extract was ,1,000,
which is less than the total number of proteins contained in
these cells. Finally, our pools of sera were from three patients
each because, in previous work, this number was sufficiently
low to allow for detection of strong reactivity that would be
present in the serum of only a single individual [30].
However, we cannot rule out that a low-intensity reactivity
specific to a given individual could not be detected by this
pooling approach.

In conclusion, our results confirm the presence of AECAs in
patients with SSc with and without PAH and in those with
iPAH and provide evidence for the identification of target
antigens of these autoantibodies. Functional analysis will be
necessary to demonstrate their potential role. The usefulness
of the identified targets of AECAs for PAH or SSc screening,
diagnosis or follow-up needs further confirmation by
extensive laboratory screening with large groups of patients
and HCs.
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Médecine Interne (SNFMI), the Fonds d’Etudes et de Recherche du
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