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REVIEW

Anti-endothelial cell antibodies: only for scientists or for clinicians too?
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INTRODUCTION Antigen specificity

Antibodies directed against vascular endothelium are now recogAttempts to characterize endothelial antigens using immuno-

nized as a common serological feature in several diseases chﬁg‘;p‘l‘fg\zﬂ r‘;;ézsi'to'a\‘l\t;if:e: nirr]:t?:i:;al rgsalznzurgicfn ngtilirz]z
acterized by immune-mediated vascular damage [1]. Sever y P ging

questions have been raised regarding the specificity, clinic rom 25 to _ZOQKD [6]. The number of a”“ger.‘s seen using
value and potential pathogenic ratevivo of these new autoanti- Immunoblotting is even greater, and may be explained by possible
contamination of surface proteins with nuclear and cytoplasmic

bodies. components when the endothelial cells were disrupted. Never-
theless, these studies suggest that AECA represent a heterogeneous
DO AUTOANTIBODIES AGAINST VASCULAR family of antibodies reacting with a variety of different structures

ENDOTHELIUM EXIST OR NOT? on endothelial cells [7,8].

Antigens recognized by AECA seem to be represented mostly
bsy constitutive proteins present on resting endothelial membranes.
against vascular endothelium (AECA). Several different techni- n mqst of the |nvest|gated.d|sorders, endothelial cell act|yat|on by

cytokines or by other agonists does not affect the expression of the

ques, including standard microcytotoxicity, cellular ELISA or ™7 . ) o .
radioimmunoassays, cytofluorimetry, Western blotting analysisep'tOpeS suitable for AECA. The exception to this is the cytokine-

on cell extracts or immunoprecipitation of radiolabelled surfaceInduced modulation of endothelial binding and cytotoxicity seen in

endothelial proteins [1,2], have been used in the detection OFawasakl_qllsease and_m I_qaemolyt_|c uraemic syndrome [.1]'

AECA. These studies have confirmed the original observations In addition to constitutive proteins, at least n systemic lupus
in the early 1970s, when these autoantibodies were first describe%fythematosu$ (SLE) sera, the AECA assay is able to detect
in sera from patients with systemic autoimmune diseases usin% munoglobulin - "bound to other molecules  such as

indirect immunofluorescence assays with mouse kidney sectio ?]-glychopl)_rq;eln t'lb g?'GPI; dtflljeNApIas(rjnaDNZ(;:]a_lcttor for alntl-
[3,4]. In addition, antibodies against AECA idiotypes have alsoPhosPhallpid antibo les) an an IStone complexes

. - . . which adhere to the endothelial surface through their electrical
t I lin (IVI - : . .
been described in intravenous immunoglobulin (IVig) prepara (Hw\rges [9,10]. These recent data provide an attractive hypothesis

tions, further supporting the occurrence of these autoantibodies aq‘or one of the potential pathogenic mechanisms involved in lupus
suggesting a potential mechanism by which IVIg can be effective P P 9 P

. . - - - vasculitis. Further evidence of the complexity of the different

in treating AECA-positive vasculitis, such as Kawasaki disease [5]. ..~
g P [ ]antlbodles detectable by the whole cell ELISA comes from the

observation that sera from systemic autoimmune diseases also

IS ANTI-ENDOTHELIAL REACTIVITY DUE TO contain subpopulations of antibodies against extracellular endo-

SPECIFIC ANTIBODY BINDING? thelial matrix components [11].

Binding specificity

Immunoglobulin deposition on endothelial monolayers has beerte” specificity

reproducedn vitro using purified whole immunoglobulins as well AECA are capable of binding endothelium from a variety of

as by F(ab), fragments, but not by the Fc portion, suggesting thatg, ces such as arteries, veins, human and murine endothelial

AECA binding is antibody-specific and in additio_n is unaffected by || ines. Most studies have employed human umbilical vein

immune complex removal. 19G, IgM and IgA isotypes have all gnyothelial cells (HUVEC) as substrate; however, HUVEC may

been described in a variety of diseases, including IgA nephropathxot be entirely representative of the antigens involveéhimivo

1] organ-specific processes. For example, the use of microvascular

endothelial cells resulted in a higher prevalence of AECA in

Correspondence: Graham R. V. Hughes MD, FRCD, Consultant RheuBehger’S disease compared with HUVEC (reviewed in [12]).

matologist, The Rayne Institute, St Thomas’ Hospital, London SE1 7EH, ~ Finally, AECA are not endothelial cell-specific, since several
UK. groups have shown cross-reactivity with other cells such as

The ability to culture human endothelial cells (E@)vitro has led
to the development of several assays to detect autoantibodi
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fibroblasts and, at least partially, with peripheral blood mono-authors suggested that the association of thesg &lieles was
nuclear cells (PBMC) [1]. independent of linkage to the DR7 and DQw?2-associated sus-
ceptibility antigens. The same group has previously reported an
association between anticardiolipin antibodies and the DPB1*1401
ARE AECA SIMPLY AN EPIPHENOMENON? allele [18], and this is reminiscent of the possible association
Qetween AECA and anticardiolipin antibodies in SLE patients.
g/g_l:en as a whole, these studies suggest a possible role for the

The absence of AECA in diseases such as mixed essenti
cryoglobulinaemia where vascular damage is clearly mediated b
other immune effectors, suggests that these antibodies represen
primary event rather than merely a secondary immune response
against determinants exposed in the course of the vascular inflam-
matory process [13]. In addition, AECA titres in primary and ARE AECA PATHOGENIC AUTOANTIBODIES?

secondary vasculitis do not correlate with the total amount of _ lat o h . . abl
serum immunoglobulins [1] and AECA are absent in sera fromClrcu ating antibodies, such as AECA, reacting against available

patients with signs of polyclonal B cell activation such as HIV surface antigens coulq well be invollve(.j in pathogenic mechanisms.
patients with persistent generalized lymphadenopathy [13]. Thes8!though AECA can fix complemenin vitro [15,19], most authors

factors militate against the idea that the fall in AECA levels with have b_egn unable to gonflrm direct or complement-mediated
therapy in SLE and Wegener's granulomatosis (WG) patients iCytotoxicity on endothelial monolayers. However, some but not

due simply to a non-selective down-regulation of autoantibody?!! AECA-positive sera can mediate antibody-dependent cellular
cytotoxicity (ADCC). In WG and MPA sera, this lytic activity was

C in controlling AECA production in these patients.

production. y 3 .
mediated by 1gG fractions and natural killer (NK) cells, but
required high effector/target ratios. Even cytokine activation did
DO AECA HAVE CLINICAL UTILITY? not significantly affect susceptibility to ADCC lysis [13,20]. These
] o findings suggest that ADCC is probably not a key mechanism in
Disease associations vascular damage. An exception may be the complement-dependent

AECA have been detected in a wide variety of immune-mediatectytotoxicity displayed by AECA in acute Kawasaki disease on
diseases. The largest group includes the vasculitides, both primagyokine-activated but not on resting EC [1].

and secondary to connective tissue diseases. Although AECA aré Rather than being directly cytotoxic, AECA could affect
commonly detectable in the systemic vasculitides, they do nokpdothelium by modifying some of its complex functional pro-
display any disease specificity. The highest prevalences have beg@gses. For example, IgG fractions from patients with anti-phos-
reported in WG, microscopic polyangiitis (MPA), Kawasaki dis- pholipid (aPL)-associated thrombosis influenced endothelial
ease, lupus nephritis and the anti-phospholipid syndrome (APS)rostacyclin production, raising the possibility that aPL directly

(1]- affects the balance between prostacyclin and thromboxane pro-
p Y p
) o o o duction [21]. Similarly, it has been suggested that immuno-
Correlation with disease activity and clinical features globulin deposition on the endothelial membrane could result in

There is a consensus that AECA titres correlate with diseasgngothelial activation. The finding that,-GPI mediates aPL
activity. For example, AECA in Kawasaki disease, although notyinging to the endothelial surface [22-24] lends considerable
associated with any particular clinical manifestation (even coronypnort to this hypothesis,-GP! is a cationic protein that binds
ary aneurysms), were detectable only in the active states but ng§ endothelial surfaces and offers suitable epitopes to Be®PI-

during remission. In WG and MPA, AECA titres decreased gependent aPL and ant-GPI antibodies. In fact3,-GPI can be
during therapy induced remission, correlated with other Cl'n'CaIrecognized by aPL-positive sera which appear to mimic endo-

and laboratory parameters of disease activity, as well as endqpglia| cell reactivity. Accordingly, affinity-purified anti,-GPI
thelial damage, and were able to predict relapses [14]. Gihab  aptibodies and MoAbs recognizing cryptic epitopes expressed on
[15] reported AECA in active disease and D'Cretzal. [16] found  the 3,-GPI molecule after its complexing with phospholipids, bind
a higher prevalence in lupus nephritis with correlations betweeng endothelial monolayers and induce cell activation. This activa-
AECA levels and renal activity scores. In contrast, Van der Zeeijon was evidenced by increased prostacyclin metabolism, the
et al. [7] noticed only a correlation between AECA and skin or production of proinflammatory cytokines (IL-6), and the up-
joint involvement. However, immunoblot analysis of the same aqgylation of adhesion molecules [22,25]. Endothelial activation
sera revealed that antibodies against endothelial proteins of 3%ight favour the appearance of a procoagulant endothelial pheno-
41 and 150kD were associated with renal involvement. Atne which represents a potential pathogenic mechanism for the
positive correlation was also found between the presence of thg,ombotic diathesis in the anti-phospholipid syndrome.
antibodies and severity of vascular lesions in systemic sclerosis gnqothelial activation has also been reported after incubation
(reviewed in [12]). Finally, sera from patients with accelerated oryiip, IgG from primary vasculitides such as WG and MPA or
chronic allograft rejections displayed anti-endothelial activity fom a patient suffering from systemic sclerosis (reviewed in
which was not due to antibodies directed against HLA moleculesllz]). In particular, AECA-IgG from WG can induce dramatic
(1]. up-regulation of adhesion molecules and increased secretion of
proinflammatory (IL-B, IL-6) and chemoattractant (IL-8, MCP-1)
cytokines [26]. Taken together, these findings strongly support
ARE AECA UNDER GENETIC CONTROL? a pivotal role for AECA in vascular damage by attracting leuco-
An association between AECA and HLA-DR7 and DQw2 as cytes to the inflammatory site, facilitating not only their adhesion
well as a weak link with DPB1*1401 and a possible protective to the inflamed vessel walls, but also their extravascular migration
effect of DPB1*0401 have recently been reported [17]; the samend granuloma formation.
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ARE THERE EXPERIMENTAL ANIMAL MODELS
OF AECA-ASSOCIATED VASCULAR DAMAGE?
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endothelial surface proteins recognized by anti-endothelial antibodies
in primary and secondary autoimmune vasculitis. Clin Immunol
Immunopathol 199470:211-6.

AECA have been detected in sera from mice with spontaneous? yan der zee JM, Sigert CEH, de Vreede TA, Daha MR, Breedveld FC.

SLE (MRL Ipr/lIpr) [24] and with lupus-like disease experimen-
tally induced by idiotypic manipulation (reviewed in [12]). The

Characterization of anti-endothelial cell antibodies in systemic lupus
erythematosus. Clin Exp Immunol 19984:238-44.

occurrence of AECA in these animal models mirrors AECA 8 vander Zee JM, Heurkens AHM, van der Voort EAgVal. Character-

reactivity in human disease.

Murine AECA have also been induced in naive mice injected
with whole IgG fractions from a WG patient positive both for
ANCA and AECA. The mice developed antibodies against ANCA
antigens but also IgG-AECA that immunoprecipitated surface

ization of anti-endothelial antibodies in patients with rheumatoid
arthritis complicated by vasculitis. Clin Exp Rheumatol 199589—

9 Meroni PL, Del Papa N, Gambini D, Tincani A, Balestrieri G. Antipho-

spholipid antibodies and endothelial cells: an unending story. Lupus
1995;4:169-71.

endothelial proteins quite comparable to those recognized by, chan TM, Frampton G, Staines NA, Hobby P, Perry GJ, Cameron JS.

human WG sera. Interestingly, the same animals displayed pul-

monary and renal lesions [26].

More recently, Damjanoviet al.[27] injected naive mice with
human AECA-IgG fractions absorbed for ANCA activity and
demonstrated the appearance of murine IgG AECA after 3
months, confirming that AECA were also under idiotypic control.

Different mechanisms by which anti-DNA MoAbs bind to human EC
and glomerular mesangial cells. Clin Exp Immunol 198265-74.

11 Direskeneli H, D'Cruz D, Khamashta MA, Hughes GRV. Autoanti-

bodies against EC, extracellular matrix, and human collagen type IV in
patients with systemic vasculitis. Clin Immunol Immunopathol 1994;
70:206-10.

Histological examination of the lungs and kidneys of these animalst?2 Meroni PL, Khamashta MA, Youinou P, Shoenfeld Y. Mosaic of anti-

with AECA revealed perivascular lymphoid cell infiltration and
deposition of immunoglobulins in the outer part of vessel. These

endothelial antibodies. Review of the first international workshop on
anti-endothelial antibodies: clinical and pathological significance.
Lupus 19954:95-99.

data support the previous findings that guinea pigs immunized Witl13 Del Papa N, Meroni PL, Barcellini Wt al. Antibodies to endothelial

an endothelial membrane extract developed AECA and histologi-
cal signs of central nervous system (CNS) and renal vasculitis,

together with deposition of radiolabelled AECA [28]. Taken

cells in primary vasculitides mediaite vitro endothelial cytotoxicity in
the presence of normal peripheral blood mononuclear cells. Clin
Immunol Immunopathol 19983:267-74.

together, these data support a direct pathogenic role for AECA iri4 Chan TM, Frampton G, Jayne PJ, Perry DRW, Lockwood CM,

inducing vascular damage in these animal models.

WHAT IS THE FUTURE FOR AECA?

Cameron JS. Clinical significance of anti-endothelial cell antibodies
in systemic vasculitis: a longitudinal study comparing anti-endothelial
cell antibodies and anti-neutrophil cytoplasm antibodies. Am J Kidney
Dis 1993;22:387-92.

The recent rapid expansion in this field has prompted several5 Cines DB, Lyss AP, Reeber M, Bina M, de Horatius RJ. Presence of

groups to demonstrate a potential pathogenic role for AECA both
in in vitro andin vivo experimental models. Such reports are in line
with the clinical associations between AECA and autoimmune
vasculitis. However, in spite of this intense interest, the most

urgent priority is the standardization of an accurate assay for thq7

detection of AECA [29]. Once this has been achieved, AECA

could then be properly evaluated as a diagnostic and prognostic

tool. A major step towards this goal will be the definition of the
endothelial antigens involved. This could be facilitated by the use

of endothelial DNA libraries or endothelial cell lines expressing 18
disease-specific antigens. In addition, human monoclonal AECA

could help in the analysis of theMegions preferentially utilized
and in obtaining anti-idiotypic antibodies as suitable reagents t
monitor the presence of AECA in biological samples.

20
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