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Abstract
Objectives—Anti-endothelial cell anti-
bodies (AECA) have been detected in 19 to
30% of patients with systemic sclerosis
(SSc). The objective of this study was first
to assess the role of a secondary Sjögren’s
syndrome (SS) in the occurrence of AECA
in SSc. Secondly, we researched AECA in
patients with primary SS, and investi-
gated whether AECA were associated with
vascular manifestations (Raynaud’s phe-
nomenon and vasculitis).
Methods—IgG-AECA were tested by an
ELISA method in serum samples from 50
patients with SSc (16 of them had also a
secondary SS), 50 patients with primary
SS, and 50 healthy controls.
Results—AECA levels were significantly
higher in patients with SSc or primary SS
than in healthy controls (p < 0.01 and p <
0.01, respectively). In patients with SSc,
AECA values were significantly higher in
patients with secondary SS (p < 10−5). In
patients with primary SS, AECA levels
were significantly higher in patients with
Raynaud’s phenomenon (p < 0.01), but not
in patients with vasculitis.
Conclusion—In patients with SSc, AECA
are associated with a secondary SS. In
patients with primary SS, AECA are
associated with Raynaud’s phenomenon,
but not with vasculitis.

(Ann Rheum Dis 1997;56:230–234)

Systemic sclerosis (SSc) is a connective tissue
disease characterised by collagen accumulation
and vascular lesions in the skin and internal
organs.1 Endothelial lesions and activation are
the main features of the vascular injury in SSc,
and are constantly found.2 The cause of the
endothelial injury observed in SSc remains
unknown. In a previous study performed on
minor salivary glands of patients with SSc, we
observed that endothelial cells expressed E
selectin, a specific marker of activated
endothelial cells.3 Furthermore, this endothe-
lial activation was detectable early in patients
with SSc, before the onset of skin changes, and
when the clinical picture was limited to a Ray-
naud’s phenomenon.4 Our studies suggested
that, in patients with SSc, this expression of E

selectin could result from the resident mast cell
derived tumour necrosis factor á.
Other studies have suggested the participa-

tion of anti-endothelial cell antibodies (AECA)
in the occurrence of the endothelial injury in
patients with SSc. AECA have been detected in
19 to 30% of patients with SSc,5–7 and their
potential role was suggested by the demonstra-
tion of a mechanism of antibody dependent
cell cytotoxicity.6 AECA have also been
detected in several other systemic diseases such
as rheumatoid arthritis, Kawasaki syndrome,
and systemic lupus erythematosus. In all these
diseases, AECA are associated with inflamma-
tory vascular lesions.8–12

The specific vascular injury of SSc is
diVerent, because it is characterised by a
subendothelial sclerosis of capillary walls. In
salivary glands of patients with SSc, the detec-
tion of an inflammatory infiltrate is usually
related to an associated Sjögren’s syndrome
(SS).13–15 SS is frequently associated with a B
cell polyclonal activation and several
auto-antibodies. Consequently, the presence of
AECA in patients with SSc could be in fact
secondary to an associated SS, rather than a
specific marker of SSc.
SS can also be isolated (primary SS). Fifteen

to 30% of the patients with primary SS have
vascular manifestations, mainly Raynaud’s
phenomenon and vasculitis.16 These vascular
complications are significantly more frequent
in primary SS with cryoglobulinaemia,
anti-SS-A or anti-SS-B antibodies, or both,17

but to our knowledge, the incidence of AECA
in patients with primary SS has not been previ-
ously studied.
The aim of this study was first to assess the

role of a secondary SS in the occurrence of
AECA in patients with SSc. Secondly, we
researched AECA in patients with primary SS,
and investigated whether these antibodies were
associated with Raynaud’s phenomenon or
vasculitis.

Methods
PATIENTS

We used in this study the preliminary
American College of Rheumatology (ACR)
criteria for the diagnosis of SSc.18 We used the
Copenhagen criteria for the diagnosis of SS19:
two positive tests of the following three were
required for keratoconjunctivitis sicca:
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Schirmer, Rose Bengal, and break-up time
tests. A positive salivary scintigraphy, and a
Chisholm’s focus score ≥3 on lip biopsy were
required for xerostomia. All these tests were
performed in patients with SSc to detect a sec-
ondary SS. We selected frozen serum samples
obtained from consecutive patients seen in our
departments. The samples had been generally
obtained immediately after diagnosis, and
none of the patients received any specific treat-
ment (specially corticosteroid therapy) before
serum collection.
According to these diagnostic criteria:34

patients had an isolated SSc (sex ratio:7/27,
median (SD) age 51.3 (14.1) years, range
18-73, median disease duration 5.3 (4.2)
years);16 patients had a SSc associated with a
secondary SS (sex ratio:2/16; median age 54.8
(9.8) years, range 29-75 ; median disease dura-
tion: 6.5 (4.7) years);50 patients had a primary
SS (sex ratio: 0/50; median age 52.2 (12.5)
years, range 29-75; median disease duration:
4.7 (4.7) years).
We also studied serum samples from 50

healthy controls who gave their informed con-
sent (sex ratio:7/43; median age 49 (7) years,
range 21-72).
All patients with SSc, SSc and secondary SS,

or primary SS had a clinical evaluation includ-
ing research of a Raynaud’s phenomenon. The
diagnosis of Raynaud’s phenomenon was
based on history, or the observation of
bilateral, episodic, cold induced pallor and/or
cyanosis of the fingers, or both the fingers and
the toes. A nailfold capillaroscopy was
performed in all patients.
Findings suggestive of vasculitis were

clinically researched in all patients. Cutaneous
lesions suggestive of vasculitis were biopsied.
A laboratory analysis was performed to

determine levels of serum ã globulin and
creatinine, and to test for antinuclear antibodies
(indirect immunofluorescence technique), anti-
SS-A and anti-SS-B antibodies (Ouchterlony
double diVusion in agarose gel), anti-native DNA
antibodies (radio-immunology), monoclonal dys-
globulinaemia, cryoglobulinaemia, and hypocom-
plementaemia.

AECA DETECTION

Endothelial cells from human umbilical vein
were cultured on a matrix of 1% gelatin. The
detached cells were pipetted into a 96 well
plates for detection of IgG AECA by an ELISA
method. The endothelial cell ELISA was

performed as previously described.20 All serum
samples were tested twice at a dilution of
1/500. In this study, results are not presented
as concentrations. The term ‘level’ is used and
corresponds to the serum sample related opti-
cal density (OD). An AECA level was recorded
as ‘increased’ if the OD was greater than the
mean seen in the healthy control group + 3
standard deviations (SD).

STATISTICAL ANALYSIS

Results of the ELISA assay are reported as
mean (SD). DiVerences between groups were
compared using the Mann-Whitney U test.
Correlation between detection of AECA and
clinical manifestations was assessed using the
÷2 test with Yates’s correction.

Results
CLINICAL FEATURES

Four of 50 patients (8%) with SSc had a proxi-
mal sclerosis (major ACR criteria), and the
others had an acrosclerosis associated with
digital pitting scars or pulmonary fibrosis, or
both. Seven patients had the CREST variant of
SSc.
All patients with isolated SSc had a

Raynaud’s phenomenon, and none had clinical
manifestations suggestive of vasculitis. Cry-
oglobulinaemia was detected in five of 34 cases
(14%), antinuclear antibodies in 13 of 34 cases
(38%) (table 1).
All patients with SSc and associated SS had

Raynaud’s phenomenon, and none had clinical
manifestations suggestive of vasculitis. Cry-
oglobulinaemia was detected in one of 16 cases
(6%), antinuclear antibodies in seven of 16
cases (43%), anti-SS-A and anti-SS-B
antibodies in two of 16 (12%) and 0 cases,
respectively.
Nineteen of 50 patients (38%) with primary

SS presented with a Raynaud’s phenomenon.
Nailfold capillaroscopy was abnormal in six of
these patients. Eleven patients (22%) had
clinical manifestations of vasculitis: 10 had
cutaneous involvement, three had peripheral
neuropathy, one had central neuropathy, and
one had ocular involvement. Vasculitis was
confirmed histologically in all patients with
clinical skin lesions. Cryoglobulinaemia was
detected in nine cases (18%), antinuclear anti-
bodies in 31 cases (62%), anti-SS-A and
anti-SS-B antibodies in 23 (46%) and 19 cases
(38%), respectively. Four patients (8%) with
primary SS had hypocomplementaemia.
None of the patients had evidence of renal

disease.

AECA DETECTION

The mean (SD) AECA level found in the
group of 50 healthy controls was 0.31 (0.09). It
was significantly higher in the group of 50
patients with SSc (0.44 (0.21), p < 0.01), and
in the group of 50 patients with primary SS
(0.43 (0.20), p < 0.01). Moreover it was
significantly higher in the 16 patients with SSc
and secondary SS, than in the 34 patients with
isolated SSc (0.67 (0.21) v 0.34 (0.10), p <
10−5) (fig 1). AECA levels were considered
increased if they were higher than the healthy

Table 1 Clinical and biological features of the patients with isolated systemic sclerosis
(SSc), systemic sclerosis associated with Sjögren’s syndrome (SS), and primary Sjögren’s
syndrome

Isolated SSc
(n=34)

SSc associated with SS
(n=16)

Primary SS
(n=50)

Age (median (SD)) 51.3 (14.1) 54.8 (9.8) 52.2 (12.5)
Sex ratio 7 / 27 2 / 16 0 / 50
Disease duration (years) (median
(SD)) 5.3 (4.2) 6.5 (4.7) 4.7 (4.7)

Raynaud’s phenomenon (%) 34 (100) 16 (100) 19 (38)
Abnormal capillaroscopy (%) 34 (100) 16 (100) 6 (12)
Vasculitis (%) 0 0 11 (22)
Cryoglobulinaemia (%) 5 (14.7) 1 (6.2) 9 (18)
Antinuclear antibodies (%) 13 (38.2) 7 (43.7) 31 (62)
Anti-SS-A antibodies (%) 0 2 (12.4) 23 (46)
Anti-SS-B antibodies (%) 0 0 19 (38)
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control mean +3 SD (0.57). In the SSc
patients, levels were increased in 11 of 50
patients (22%), but nine of 16 patients (56%)
with SSc and secondary SS had increased lev-
els, when only two of 34 patients (6%) with
isolated SSc had increased levels (p < 0.05).
AECA levels were increased in 16 of 50
patients with primary SS (32%), and in one of
50 healthy controls (2%).

CORRELATIONS

As hypergammaglobulinaemia is common in
SS, we investigated whether a relation existed
between IgG levels and AECA levels. In each
group of patients, we compared the mean IgG
levels found in patients with increased AECA
levels with the mean IgG levels found in
patients with AECA levels that were not
increased. In all groups, no significant
diVerence was found for mean IgG levels

(respectively 15.4 (7.5) g/l v 14.0 (6.3) g/l in
SSc group; respectively 22.4 (14.1) g/l v 20.8
(11.6) g/l in primary SS group).
As all patients with SSc had Raynaud’s phe-

nomenon, and none had vasculitis, there was
no correlation between these vascular manifes-
tations and AECA levels.
In the group of primary SS, AECA levels

were significantly higher in patients with
Raynaud’s phenomenon than in patients with-
out Raynaud’s phenomenon (0.55 (0.21) v
0.37 (0.17), p < 0.01) (fig 2). AECA levels
were more frequently increased (≥ 0.57) in
patients with Raynaud’s phenomenon (10 of
19) than in patients without Raynaud’s
phenomenon (six of 31) (p < 0.05). Raynaud’s
phenomenon was correlated with AECA, but
not with cryoglobulinaemia (table 2). Manifes-
tations of vasculitis were not correlated with
the presence of AECA, but were correlated
with the presence of cryoglobulinaemia,

Figure 1 Detection of IgG AECA by ELISA in 50
healthy controls, 34 patients with isolated systemic sclerosis,
16 patients with systemic sclerosis plus Sjögren’s syndrome,
and 50 patients with primary Sjögren’s syndrome. Mean
for optical densities was 0.31 (0.09) in healthy control
group. Horizontal bars represent the mean levels in each
group. Horizontal dashed line represents the mean value
+ 3 standard deviations of serum IgG-AECA in healthy
control group.
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Table 2 Correlations between Raynaud’s phenomenon, vasculitis, and immunological features in patients with primary Sjögren’s syndrome

Primary SS with
Raynaud’s
phenomenon (n=19)

Primary SS without
Raynaud’s phenomenon
(n=31) p Value*

Primary SS with
vasculitis (n=13)

Primary SS without
vasculitis (n=37) p Value*

AECA level (mean (SD) OD) 0.55 (0.21) 0.37 (0.17) <0.01 0.47 (0.25) 0.42 (0.19) NS
Cryoglobulinaemia 3 6 NS 6 3 <0.01
Antinuclear antibodies 11 20 NS 10 21 NS
Anti-SS-A antibodies 8 15 NS 11 12 <0.01
Anti-SS-B antibodies 7 12 NS 10 9 <0.01

*The Mann-Whitney U test was used for comparison of AECA levels. The ÷2 test with Yates’s correction was used for the other parameters. OD : optical density;
SS : Sjögren’s syndrome.

Figure 2 Detection of IgG AECA in patients with
primary Sjögren’s syndrome associated with Raynaud’s
phenomenon ( n =19), or not associated with Raynaud’s
phenomenon (n = 31). Horizontal bars represent the mean
levels in each group.
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anti-SS-A, and anti-SS-B antibodies (p < 0.01,
p < 0.01, and p < 0.01, respectively) (table 2).

Discussion
Several studies suggested the role of AECA in
the occurrence of vascular lesions in patients
with systemic diseases. In rheumatoid arthritis
and Kawasaki syndrome, AECA are associated
with inflammatory vascular lesions.8 9 In a
recent study of 28 patients with systemic lupus
erythematosus, Yoshio found a correlation
between the presence of AECA and clinical
manifestations of vascular injury : Raynaud’s
phenomenon, digital vasculitis, and pulmonary
hypertension.10 Previous studies performed in
patients with systemic lupus erythematosus by
D’Cruz suggested a correlation between
presence of AECA, vasculitis and nephritis.11 12

AECA have also been detected in SSc, but
their significance in this disease remains
unclear. In the present study, AECA were
detected in 22% of patients with SSc. This is in
accordance with the incidence found in the
study of Rosenbaum.7 By the same ELISA
method, Rosenbaum found AECA in 30 of 97
(30%) patients with SSc. In another study,
Penning found that the serum of nine of 39
(23 %) patients with SSc had a cytotoxic effect
on cultured endothelial cells.6

In this study, we found that significantly
increased levels of AECA were in fact detected
in only 6% of patients with isolated SSc (which
was similar to the frequency found in the
healthy control group), compared with 56% of
patients with SSc and associated SS (p < 0.05).
This suggests that in patients with SSc,
presence of AECA could be the result of a sec
ondary SS, rather than SSc. The pathogenic
role of AECA in the development of vascular
lesions of SSc remains controversal, and these
antibodies could be explained by the non- spe-
cific B cell polyclonal activation of SS. Conse-
quently, the presence of a secondary SS should
be mentionned in the studies performed on the
detection of AECA in patients with SSc.
To define the role of SS in occurrence of

AECA, we tested these antibodies in 50
patients with primary SS. AECA were found in
16 of 50 patients (32%). No correlation was
found between the presence of AECA and
manifestations of vasculitis in patients with pri-
mary SS. Yet, manifestations of vasculitis were
correlated with the presence of cryoglobulinae-
mia, anti-SS-A, and anti-SS-B antibodies (p <
0.01, p < 0.01, and p < 0.01, respectively).
This is consistent with previous studies
performed by Alexander.13 In the present
study, AECA were significantly more frequent
in the presence of a Raynaud’s phenomenon
(p < 0.01). Moreover, in the 13 patients with
primary SS and Raynaud’s phenomenon, the
latter was correlated with AECA, but not with
cryoglobulinaemia. These data suggest that
AECA may be involved in the pathogenesis of
Raynaud’s phenomenon in patients with
primary SS. AECA have been shown to change
the release of prostaglandin I2 by endothelial
cells.21 This AECA mediated mechanism could
result in an increased vascular reactivity.

The results of this study together with other
previous studies suggest that Raynaud’s
phenomenon in conjunction with primary SS
or systemic lupus erythematosus could have a
diVerent pathogenesis than Raynaud’s phe-
nomenon of SSc. In this study, all the patients
with isolated SSc had a Raynaud’s
phenomenon, but only 6% of them had AECA.
Conversely, in primary SS and in systemic
lupus erythematosus, Raynaud’s phenomenon
is not constantly observed, and it could result
from a specific immunological agression. This
immunological agression could be in part sup-
ported by AECA.Whether this immunological
reaction results from a primary lymphocytic
defect, or is secondary to an abnormal
antigenic expression by endothelial cells
remains to be clarified, because in systemic
diseases the endothelial antigenic targets of
AECA are still unknown.
In conclusion, in patients with SSc, the pres-

ence of AECA seems to be more associated
with a secondary SS than with the SSc. Conse-
quently, the participation of AECA in
pathogenesis of SSc remains hypothetical.
AECA are frequently present in patients with
primary SS, in which they are associated with
Raynaud’s phenomenon.

We wish to thank Dr Julie Kerr-Conte for critical review of the
manuscript. This work was supported in part by a grant from
the Centre Hospitalier et Universitaire de Lille (Axe Inflamma-
toire)

1 Fleischmajer R. The pathophysiology of scleroderma. Int J
Dermatol 1977;16:310-8.

2 Campbell PM, LeRoy EC. Pathogenesis of systemic sclero-
sis: a vascular hypothesis. Arthritis Rheum 1975;4:51-68.

3 Hebbar M, Lassalle P, Janin A, Vanhée D, Bisiau S, Hatron
PY, et al. E-selectin expression in salivary endothelial cells
and sera of patients with systemic sclerosis. Role of
resident mast cell-derived tumor necrosis factor alpha
(TNF á). Arthritis Rheum 1995;38:406-12.

4 Hebbar M, Gillot JM, Hachulla E, Lassalle P, Hatron PY,
Devulder B, et al. E-selectin expression on salivary
endothelial cells in patients with Raynaud’s phenomenon
and abnormal nailfold capillaroscopy. Predictive value for
progression to systemic sclerosis. Arthritis Rheum 1996;
39:1161-5.

5 Marks RM, Czerniecki M, Andrews BS, Penny R. The
eVects of scleroderma serum on human microvascular
endothelial cells. Arthritis Rheum 1988;31:1524-34.

6 Penning CA, Cunningham J, French MAH, Harrisson G,
Rowell NR, Hughes P. Antibody-dependent cellular cyto-
toxicity of human vascular endothelium in systemic
sclerosis. Clin Exp Immunol 1984;58:548-56.

7 Rosenbaum J, Pottinger BE, Woo P, Black CM, Loizou S,
Byron MA, et al. Measurement and characterization of cir-
culating anti-endothelial cell IgG in connective tissue dis-
eases. Clin Exp Immunol 1988;72:450-6.

8 Heurkens AHM, Hiemstra PS, Lafeber GJM, Daha MR,
Breedveld FC. Anti-endothelial cell antibodies in patients
with rheumatoid arthritis complicated by vasculitis. Clin
Exp Immunol 1989;78:359-65.

9 Leung DYM, Collins T, Lapierre LA, Geha RS, Pober JS.
Immunoglobulin M antibodies present in the acute phase
of Kawasaki syndrome lyse cultured vascular endothelial
cells stimulated by gamma interferon. J Clin Invest
1986;77:1428-35.

10 Yoshio T, Masuyama JI, Sumiya M, Minota S, Kano S.
Antiendothelial cell antibodies and their relation to
pulmonary hypertension in systemic lupus erythematosus.
J Rheumatol 1994; 21:2058-63.

11 D’Cruz DP, Houssiau FA, Ramirez G, Baguley E,
McCutcheon J, Vianna J, et al. Antibodies to endothelial
cells in systemic lupus erythematosus: a potential marker
for nephritis and vasculitis. Clin Exp Immunol 1991;
85:254-61.

12 D’Cruz DP, Wisniewski JJ, Asherson RA, Khamashta MA,
Hughes GR. Autoantibodies in systemis lupus erythematosus
and urticarial vasculitis. J Rheumatol 1995;22: 1669-73.

13 Janin A, Gosselin D, Gosset D, Hatron PY, Sauvezie B. His-
tological criteria of Sjögren’s syndrome in scleroderma.
Clin Exp Rheumatol 1989;7:167-9.

14 HebbarM, Janin A,Huglo D,CopinMC,Lafyatis R,Devulder
B, et al. Xerostomia in progressive systemic sclerosis. System-
atic evaluation by salivary scintigraphy and lip biopsy in 34
patients. Arthritis Rheum 1994;37:439-41.

Assessment of anti-endothelial cell antibodies in systemic sclerosis and SS 233

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.56.4.230 on 1 A
pril 1997. D

ow
nloaded from

 

http://ard.bmj.com/


15 Janin A, Konttinen YT, Grönblad M, Karhunen P, Gosset
D, Malmström M. Fibroblast markers in labial salivary
gland biopsies in progressive systemic sclerosis. Clin Exp
Rheumatol 1990;8:237-42.

16 Coll J, Rives A, Grino MC, Setoain J, Vivancos J, Balcells A.
Prevalence of Sjögren’s syndrome in autoimmune dis-
eases. Ann Rheum Dis 1987;46:286-9.

17 Alexander EL, Arnett FC, Provost TT. Sjögren’s syndrome:
association of anti-Ro (SSA) antibodies with vasculitis,
hematologic abnormalities and serologic hyperactivity.
Ann Intern Med 1983;98:155-9.

18 Subcommittee for Scleroderma Criteria of the American
Rheumatism Association Diagnostic and Therapeutic Cri-
teria Committee: Preliminary criteria for the classification

of systemic sclerosis (scleroderma). Arthritis Rheum
1980;23:581-90.

19 Manthorpe R, Oxholm P, Prause Ju, Schiodt M. The
Copenhagen criteria for Sjögren’s syndrome. Scand J
Rheumatol 1986;61:19-21.

20 Lassalle P, Gosset P, Gruart V, Prin L, Capron M, Lagrue
G, et al. Presence of antibodies against endothelial cells in
the sera of patients with episodic angioedema and
hypereosinophilia. Clin Exp Immunol 1990;82:38-43.

21 Cines DB, Lyss AP, Reeber M, Bina M, DeHoratius RJ.
Presence of complement-fixing anti-endothelial cell anti-
bodies in systemic lupus erythematosus. J Clin Invest
1984;73:611-25.

234 Hebbar, Lassalle, Delneste, Hatron, Devulder, Tonnel, Janin

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.56.4.230 on 1 A
pril 1997. D

ow
nloaded from

 

http://ard.bmj.com/

