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Antiphospholipid antibodies: clinical and biological correlation in systemic lupus erythematosus
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Several recent studies have found that patients with antiphospholipid antibodies (aPL) are prone to repeated episodes of
thrombosis, recurrent fetal loss and thrombocytopenia. In
addition, there have been reports of the possible association
of aPL with neurological events and haemolytic anaemia.
However, other authors consider that no associations exist
and aPL are only an epiphenomenon. In fact, prospective
studies of a large number of unselected patients are very few
and no definitive conclusions have been drawn.
The main questions that most clinicians have in mind are:
first, what are the clinical manifestations really related to the
aPL?, and second, what is the assay to detect aPL (lupus
anticoagulant-LA-or anticardiolipin antibodies-aCL) that
correlates best with these clinical manifestations?
There are many case reports of patients with aPL with
thrombosis affecting anywhere in the vascular tree. Nevertheless, studies with large numbers of patients are not
extensive. In fact, most European and American series have
found statistical correlation between aPL (LA and/or aCL)
and thrombosis. However, some authors have found no such
association. Probably, one of the most interesting studies was
made by Harris et al.' They found a strong correlation
between the titre of aCL and the risk for thrombosis. We
found similar results in a prospective 2 year study of 100
patients with SLE.2 Ten patients presented venous or arterial
thrombosis and a significant correlation was found with IgG
aCL (P = 0.001). In addition, the higher the titre of IgG aCL,
the higher was the predictive value (PV) for thrombosis
(binding index > 7, PV = 67%). Similar correlation was
found with thrombocytopenia (P = 0.03). This confirms the
findings' that higher titres of aPL might be of greater clinical
relevance than lower titres.
Many case reports and several surveys have been published
linking aPL with other clinical manifestations, including
recurrent fetal loss, neurological involvement (cerebrovascular accidents, progressive dementia, chorea, lupoid sclerosis, epilepsy and migraine), heart valvular lesions, livedo
reticularis, haemolytic anaemia, labile hypertension, toxaemia and a post-partum syndrome. In fact, some of these
manifestations are due to thrombotic events. It is of note that
Deleze et al.3 and our group2 have found a correlation
between IgM aCL and haemolytic anaemia (P = 0.01). We
have seen a similar correlation between IgM aCL and
neutropenia (P = 0.005). In addition, we found that the
higher the titre of IgM aCL, the higher was the predictive
value for haemolytic anaemia and neutropenia (binding
index> I1, PV = 60%).
Finally, there have been several studies as well as ours
showing a strong relationship between the LA and the aCL
(P = 0.01).
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From our studies we conclude that thrombosis, fetal loss
and thrombocytopenia are probably related to aPL, as well possibly - as some neurological manifestations and
haemolytic anaemia. In addition, there appears to be a good
correlation between LA and aCL. However, occasional
discrepancies occur and patients may have LA without aCL
or vice-versa. For this reason, we must conclude that both
assays (LA and aCL) must be performed in each patient.
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Cardiac abnormalities in systemic lupus erythematosus: association with antiphospholipid antibodies
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Hospital 'La Paz', Madrid, Spain
Several studies have now shown that a significant percentage
of patients with systemic lupus erythematosus (SLE) with
high titres of antiphospholipid antibodies (APA) are prone to
repeated episodes of arterial and venous thrombosis, recurrent fetal loss and a number of other features.' One particularly interesting association with these antibodies, more
recently described, has been the development in some
patients, of valvular heart disease, including Libman-Sacks
endocarditis.2 The finding of similar lesions in patients not
suffering from definite SLE in a general population and
accompanied by APA may add weight to these associations.
Although pathological features of Libman-Sacks endocarditis may be observed at autopsy in up to 40% of patients
with SLE, it is rarely associated with clinically severe valvular
dysfunction and it is usually not recognized during life.
The introduction of two-dimensional echocardiography
and more recently, the Doppler technique proved useful tools
in detecting subclinical endocardial lesions and valvular heart
dysfunction.
Using two-dimensional and Doppler echocardiography we
studied 38 consecutive patients with SLE to evaluate the
incidence and severity of cardiac involvement in this condition and correlated these findings with the presence of APA.
There were 33 females and 5 males with a mean age of 35
years (range 14- 77). Patients with clinical evidence of severe
hypertension, chronic renal failure, rheumatic valve disease,
infective endocarditis or ischaemic heart disease were excluded.
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We found a strong association between APA, and mitral
valve regurgitation and focal areas of mitral valve leaflet
thickening compatible with Libman-Sacks endocarditis

(Table).
Antiphospholipid
antibodies
Positive
Negative
15 (39%) 23 (61%)
Pericardial effusion
Mitral valve prolapse
Mitral valve thickening
Mitral regurgitation

2 (13%)
3 (20%)
5 (33%)
10 (67%)

3 (13%)
5 (22%)
0 (-)
7 (30%)

P
NS
NS
<0.01
<0.05

NS = not significant

The mechanism whereby the presence of APA may cause
thrombosis and its relationship to the pathogenesis of
endocardial disease remains speculative. These antibodies,
possibly by their effect on the phospholipids of platelets, on
endothelial cell membranes, or by other mechanisms as yet
unknown, appear to be directly involved in the acceleration
of thrombosis in some patients.
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Antiphospholipid antibodies and fetal loss
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group B) compared with 88 women without obstetric problems; to investigate the presence of other autoantibodies in
the same population and mainly in APA positive patients in
order to identify possible subclinical autoimmune disease; to
verify if a pharmacological treatment able to decrease APA
levels can influence the outcome of a new pregnancy in these
patients; to show the long term 'after pregnancy' follow up in
some of these patients attending our clinic.
In summary the results show that patients with adverse
pregnancy outcome (Groups A and B) display higher frequency of APA detected as lupus like anticoagulant (LLAC)
and/or anticardiolipin antibodies (ACA) compared with
controls (20.3% vs 2.3%, P<0.001); moreover in group B
(late pregnancy loss) the prevalence of women with raised
APA levels was significantly higher than in group A (35.8%
vs 14.1%, P< 0.001). Autoantibodies studied (anti-nuclear,
anti-mitochondrial, anti-smooth muscle and anti-ds-DNA)
were surprisingly high in the population under study and
mainly in group B patients (i.e. anti-nuclear antibodies
prevalence was 35.8% vs 1.1% of controls, P<0.01 and 19.4
% of group A, P< 0.02). Interestingly most of the patients
with antiphospholipid antibodies were also found positive
for one or more of the other autoantibodies (only 9 out of the
38 APA positive patients were negative at all the other
assays). Seven patients could start a new pregnancy; they
were treated with low dose steroid (100 mg/week) and aspirin
(100 mg/day) with the addition of azathioprine (100 mg/day)
in 5 cases: after this treatment we found a significant decrease
in ACA titre and in 6 out of 7 cases a good pregnancy
outcome was reached without any adverse side effect for the
mothers or the babies. The careful clinical examination of
these 7 patients when first seen in immunopathology outpatient clinic and during the long term after pregnancy
follow-up, has shown that 2 ofthem were affected by systemic
lupus erythematosus while in the other 5 cases, although no
definite diagnosis was possible, minor signs of autoimmune
diseases were present. Interestingly one of these patients
developed positive anti-Sm antibodies 2 years after pregnancy. Finally, the observation that a number of women
display constantly low complement levels despite the otherwise successful treatment, support the already shown genetic
complement deficiency in this group of patients.

Anticardiolipin antibodies in pregnancy

M.G. Elder
Servizio e Cattedra di Immunologia Clinica, Spedali
Civili-Universita' di Brescia; Clinica Ostetrica Universita' di Brescia; I Clinica Medica Universitai di Roma; I
Clinica Medica Universita di Milano; I Clinica Ostetrica Universita' di Milano; Italy.
The association between antiphospholipid antibodies (APA)
and miscarriages or fetal death has been emphasized in
several reports not only in patients affected by systemic lupus
but also in women without any diagnosed disease.
The aims of our study are: to evaluate the prevalence of
APA in 187 women attending 3 different obstetric clinics
between 1982 and 1988 because of 2 or more primary
abortions ( < 20 weeks; 134 patients; group A) or because of
1 or more intrauterine fetal deaths (> 20 weeks; 53 patients;

Department of Obstetrics and Gynaecology, Hammersmith Hospital, London W12 OHS, UK.
Anticardiolipin antibodies may or may not be present in
patients with systemic lupus erythematosus (SLE). Equally
there are patients with circulating anticardiolipin antibodies
(ACLA) but without the signs of SLE. It is difficult to
separate the two populations.
It is known that SLE in pregnancy is associated with a high
incidence of fetal loss due to recurrent abortion and perinatal
deaths often from severe fetal growth retardation. Anticardiolipin antibodies in pregnancy are also associated with a
high incidence of fetal loss for the same reasons. The IgG
isotype of antibody has a worse prognosis than the IgM and
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the higher the IgG titre the later the miscarriage.' Low levels
of ACLA are less likely to be the primary cause and most
miscarriages will occur in the first trimester. During the
second trimester the miscarriages are likely to be entirely due
to ACLA.
The spiral arteries through which maternal blood enters
the intervillous space at low pressure and low flow rates are
important as blockage to these end arteries will result in
segmental infarction of the placenta. Normally trophoblast
invades these vessels increasing their compliance. Placental
prostaglandin production may be important in maintaining
this circulation by inhibiting platelet aggregation and causing
vasodilatation.
Anticardiolipin antibodies may act directly on platelets
initiating aggregation which in turn releases thromboxane B2,
a compound that recruits further platelets and stimulates
their aggregation. It has been shown that the IgG fraction of
the anticardiolipin antibody can bind to vascular endothelial
cells in culture. The proportion of specific binding was
between 12 to 48% of total binding, the rest being nonspecific. The specific binding of IgG ACLA had no significant
effect on arachidonic acid metabolism by vascular
endothelial cells (Patel, L., Sullivan, M.H.F. & Elder, M.G.,
unpublished data).
Interactions between other cells may be important, for
example endothelial cells and lymphocytes can metabolize
platelet endoperoxides to prostacyclin. Failure of either of
these two mechanisms may lead to a reduction in circulating
prostacyclin which is a potent inhibitor of platelet aggregation. This could take place through an action ofthe ACLA on
platelet membrane phospholipids. Finally, ACLA can affect
the coagulation system by the activation of prothrombin to
thrombin through platelet phospholipids.
Treatment of patients with SLE/ACLA has been immunosuppression with increasing doses of prednisolone when the
patient was pregnant. This form of therapy has been
disappointing and side effects significant. Recently antiplatelet therapy as aspirin 75 mg daily has been tried with
good results. This dose blocks platelet thromboxane synthesis and aggregation permanently because platelets cannot
resynthesize the necessary enzymes. Larger doses of aspirin
will partially inhibit vascular prostacyclin production but a
dose of 75 mg has only a minimal and transitory effect on the
synthesis of cyclooxygenase by endothelial cells.
No studies have been published specifically with SLE or
ACLA. Results of women with very bad obstetric histories
which include women with SLE and/or anticardiolipin
antibodies have shown a potential benefit of low dose aspirin.
It seems therefore that ACLA may occlude the uteroplacental circulation via platelet aggregation either directly
or through other, as yet, unknown factors.
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Relative risk of recurrent abortion and thrombosis
in young subjects with antiphospholipid antibodies
estimated by case-control studies

G. Finazzi, S. Cortelazzo, M. Galli and T.
Barbui
Divisione di Ematologia, Ospedali Riuniti, Bergamo,
Italy
A number of clinical observations showed an association
between the antiphospholipid antibodies (APA), lupus
anticoagulant (LAC) and anticardiolipin (ACA) with clinical
complications, such as thrombocytopenia, recurrent abortion and thrombosis. However, the relative risk to develop
these complications in patients with ACA, as compared with
normal subjects, is unknown. We estimated this risk by
means of 'case-control' studies.'
'Cases' were patients without clinical evidence of systemic
lupus erythematosus or other immunological disorders who
had had two or more spontaneous abortions, venous thromboembolism or ischaemic cerebrovascular disease under 45
years of age, admitted between January 1985 and June 1988
to the Ospedali Riuniti of Bergamo. 'Controls' were patients
without the disorders above defined, admitted to the same
hospital where the cases had been identified for acute
conditions other than immunological, neoplastic, gynaecological, or cardiovascular.
APA were determined in cases and controls as follows:
LAC was diagnosed when at least 3 of the following criteria
were present: (1) APTT ratio> 1.2; (2) kaolin clotting time
ratio > 1.3; (3) dilute Russell viper venom test ratio > 1.2, all
not corrected in a 1: I mixture with normal plasma, and (4)
positive tissue thromboplastin inhibition test; IgG ACA were
assayed with an ELISA test and were considered positive
when > 10 U.
APA were observed in: 7 out of 115 cases with recurrent
abortion vs I out of 141 controls, relative risk = 9.07;
P<0.05 (chi square test); 6 out of 76 cases with juvenile
venous thromboembolism vs I out of 190 controls, relative
risk = 16.2; P < 0.01; 5 out of 43 cases with juvenile cerebral
ischaemia vs I out of 190 controls, relative risk 25; P < 0.00 1.
These results provide the first estimate ofthe relative risk of
recurrent abortion and thrombosis in young subjects with
APA without SLE. The markedly elevated risk suggests that
APA should be determined in all these patients and calls for
clinical trials aimed to establish the best therapeutic approach.
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Laboratory Aspects
Further studies on the heterogeneity of antiphospholipid antibodies
J.

Arnout, E. Huybrechts and J. Vermylen

Centerfor Thrombosis and Vascular Research, University of Leuven, Herestraat 49, 3000 Leuven, Belgium
With the development of the ELISA technique for measuring
anticardiolipin antibodies, it soon became apparent that,
while in many patient samples there was a reasonable
agreement between the presence of a lupus anticoagulant and
that of anticardiolipin antibodies, this association is far from
constant, occasional plasmas having very potent lupus
anticoagulant activity without anticardiolipin antibodies, or
vice versa. Several explanations can be put forward for such

discrepancies.
The first possibility we investigated was the effect of using
other phospholipids in the ELISA, since phosphatidylserine
rather than cardiolipin appears to be the physiological
phospholipid that promotes the interaction of coagulation
factors. One could indeed have expected a closer relationship
between lupus anticoagulant tests and an antiphosphatidylserine ELISA than an anticardiolipin ELISA.
Microtitre plates were therefore coated with cardiolipin, or
phosphatidylserine, or Thrombofax, a commercial platelet
phospholipid substitute. Lupus anticoagulants were assayed
using the tissue thromboplastin inhibition test, the kaolin
clotting time, the kaolin clotting time on a 1:1 mixture with
normal plasma, and the activated partial thromboplastin
time. One hundred and forty six selected patient plasmas
were studied, on which determination of lupus anticoagulant
had been requested. Once more lupus anticoagulant positive,
ELISA negative samples were identified, and vice versa.
Correlation coefficients showed that in these samples there
was reasonable agreement between the clotting tests (r values
around 0.75), good agreement between the ELISAs (r values
around 0.80), but only moderate agreement between clotting
tests and ELISAs (r values around 0.50). The latter relationship does not change markedly by modifying the phospholipid used.
The second possibility we have started to look into is that
antiphospholipid antibodies have a different affinity for
phospholipid in a suspension than for phospholipid adsorbed
to a surface. We have first investigated the adsorption of
phospholipid antibodies onto platelet vesicles. The latter
were generated by incubating platelets with A 23,187; this
calcium ionophore activates calcium dependent protease; the
latter hydrolyses crucial proteins of the platelet membrane
skeleton, such as actin binding protein; release of small
vesicles results; these contain most of the procoagulant
activity. Such platelet vesicles correct the clotting in lupus
anticoagulant plasmas by providing a suitable catalytic
surface. However, they fail to adsorb the anticoagulant: their
removal by centrifugation regenerates the anticoagulant
effect; platelet vesicles also fail to reduce the content of
antiphospholipid antibodies in positive plasmas, as measured
by the ELISAs. We conclude that there may be large
differences in affinity of antiphospholipid antibodies for

phospholipids, when the latter are part of a platelet vesicle
(virtually no binding) or in suspension in plasma, or attached
to an artificial surface. Differences in binding in the two lattA*
situations can perhaps account for some patient plasmas
being anticoagulant positive, ELISA negative, or vice versa.

Quality control of the lupus anticoagulant test in

the UK

D. Taberner, S. Machin, I. Mackie, J. Giddings,
R. Malia and M. Greaves

Haematology Departments, Withington Hospital,
Manchester, Middlesex, Hospital, London, University
Hospital of Wales, Cardiff and Royal Hallamshire
Hospital, Sheffield, UK.
The clinical importance of the lupus-like anticoagulant (LA)
is becoming widely recognized. This inhibitor prolongs
various phospholipid dependent coagulation tests particularly the activated partial thromboplastin time (APTT).
Routine coagulation laboratories therefore need to be able to
identify the defect. Plasma from known patients with the
inhibitor have been included in the regular UK quality
control exercises in blood coagulation (NEQAS) since 1983.
These studies have highlighted the dependence of the sensitivities of APTT reagents to the inhibitor upon their
phospholipid content. Reagents with the lowest phospholipid content have shown greatest sensitivity to the defect.
In 1987 the British Society for Haematology appointed a
small working group to consider the standardization of more
specialized LA tests. As an initial exercise, using a questionnaire, current laboratory practice in detecting the LA was
determined. Of the 433 regularly participating in NEQAS in
coagulation 255 responded, 183 (73%) regularly testing for
LA. Laboratories generally perform an APTT combined
with one or other specialized tests (commonly kaolin clotting
time,' thromboplastin inhibition,2 dilute Russell's viper venom test3), but some exclude the inhibitor using an APTT
alone. Variation in methodology was also noted. In a
significant proportion of centres conditions of centrifugation
were not adequate to remove platelets. Only a small number
ensure that the plasma is platelet-free prior to testing or
freezing (i.e. avoiding platelet by-passing activity in test
systems). Only 6% perform anticardiolipin assays in the
haematology laboratory but 80% have access to such tests
via other laboratories.
The working party examined the effect of prior filtration
and freezing on the kaolin clotting time and dilute Russell's
viper venom tests. It was clearly shown that when samples are
tested after freezing prior filtration to prevent platelet
contamination is essential for adequate performance of the
kaolin clotting time test. Double centrifugation is less
efficient at removing the LA bypassing activity of con-

taminating platelets.
In a further exercise, 3 freeze dried plasmas were included
for testing by the 183 participants (one weak and one stronger
LA plasma and a negative control sample). Overall only 35%
identified the weak inhibitor compared to 65% identifying
the stronger one. Seven laboratories claimed to find inhibitor
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in the negative control sample. No particular method type
appeared superior although within methods certain technical
differences were noted between successful and unsuccessful
centres. In particular in the tissue thromboplastin inhibitor
test too little or too great dilution of thromboplastin impairs
sensitivity or specificity respectively. In the kaolin clotting
time test short normal control times (suggesting inadequate
removal of platelets) are associated with loss of sensitivity to
the inhibitor. The results emphasized that there is a need to
improve the ability of routine laboratories to confidently
identify LA patients. A follow up exercise using standardized
techniques has been planned whereby comparison between
performance of standard and local methods will be evaluated. It is hoped that recommendations can then be made
regarding standardized methodology which will ensure the
identification of this clinically important defect.
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The laboratory investigation of patients with lupus
anticoagulant
L.J. Holland', S.P. Woodcock', & M.A. Khamashta2
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Hitherto the detection of the lupus anticoagulant (LA) in the
coagulation laboratory was viewed with the mixed response
of academic interest, balanced with the concern that its
presence may involve bleeding complications.' Haemorrhagic involvement is an extremely infrequent occurrence, but
the link between LA and thrombosis2 has altered the
investigative procedure within the confines of haemostasis
and made its detection a high profile matter.
Initially LA investigation in our laboratory was a rarely
requested procedure, and the tests included the prothrombin
time [reported as international normalized ratio (INR)], the
activated partial thromboplastin time (APTT) in conjunction
with suitable normal plasma mixtures, the thrombin time,
and two confirmatory LA tests, i.e. the Oxford SLE inhibitor
test and the kaolin clotting time or Exner test.3 Prothrombin
and thrombin times were normal in the presence ofLA, whilst
the APTT and mixture tests were generally prolonged and
showed signs of inhibition. The Oxford test has exhibited
idiosyncratic results on occasions and is a rather labour
intensive and lengthy investigation. This test soon yielded to
the more reliable and less manipulative Exner test. All studies
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require fresh plasma if the problems of cold activation are to
be avoided.
In recent years the detection of the LA has become a
common and often requested investigation, and there are
numerous local tests which can be included for its detection,
e.g. Russell viper venom time, tissue thromboplastin inhibitor tests, etc. We found that the intensity of investigation
required rationalization within the laboratory, if we were to
cope with the many other studies required of us from the
non-LA patients.
Early on in the proceedings we included, by chance, a test
normally reserved to detect minor extrinsic coagulation
defects, in our LA investigations. This test, the dilute brain
thromboplastin ratio (DBTR), involved diluting Manchester
thromboplastin in 50 mm tris buffer to 1 500 of its original
concentration, and subjecting the control and patient's
plasma to a conventional prothrombin time analysis, whilst
substituting the diluted reagent. The result was reported as a
ratio, i.e.
Patient's clotting time
Normal clotting time
We undertook a survey of 33 patients with SLE related
conditions, many of whom were treated for this underlying
condition, and all of whom have previously shown the
characteristic coagulation abnormalities of LA. More than
75% of the patients tested had an abnormally raised DBTR,
where the APTTs were normal and anticardiolipin antibodies
(ACA) measured.
The elevation of the DBTR may not be specific for LA, as
minor deficiencies in the extrinsic clotting pathway might
account for some of the increase, but we feel that this
majority increase is highly indicative of LA. The disparity
noted between Exner and ACA results in some patients
probably relates to the fact that many were receiving specific
treatment for their condition. It had been reported previously
that in these situations the Exner test may become negative,
and that the level of ACA may disappear completely. In all
patients studied to date the elevated DBTR has been the one
parameter which has remained elevated throughout.
The fact that the one-stage prothrombin time (INR) is
generally normal in the presence of LA probably depends on
the type of concentration of thromboplastin extract. Since
the inhibition interferes with factors Vlll:C, IX:c(Capt),
V:c(Capt) and X:c(Capt), or factors Xa-V-II complex on the
phospholipid surface, its activity is likely to be more pronounced in the intrinsic rather than extrinsic clotting pathways, but in any event it is phospholipid concentration
dependent. The DBTR is a useful diagnostic tool to signify
increase in inhibitor activity as the brain reagent is diluted.
This thromboplastin substance is a protein-phospholipid
moiety, and higher concentrations will neutralize the effect of
the lupus inhibition.
The importance of detection of LA in respect to thrombotic complications is now clear, and by following a simple
and cost effective system of laboratory tests these anticoagulants can be detected in any routine coagulation
laboratory.
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reacting LA/aCL antibodies can bind these membrane
phospholipids altering cell function in such a way as to
present thrombosis. The aPL antibodies of syphilis are
confined largely to CL binding (less cross-reaction with
negatively charged membrane phospholipids) and, as a
result, alteration of cell function and thrombosis might be less
likely in syphilis.

Specificities of anti-phospholipid antibodies
References

E. Nigel Harris
Division of Rheumatology, University of Louisville,
Louisville, KY 40292, USA.
Antiphospholipid (aPL) antibodies are a complex family of
antibodies whose individual characteristics are yet to be
clearly defined. Currently, they are best classified according
to the tests by which they are detected viz. Standard Tests for
syphilis (STS), lupus anticoagulant (LA), and solid-phase
anticardiolipin (aCL) tests. There can be overlap between
these tests and this overlap is greatest between LA and aCL
tests, both of which correlate with thrombosis and recurrent
fetal loss. The STS is most frequently positive in patients with
syphilis, usually at high titres, but in the patient group defined
by positive LA/aCL tests, the STS is either negative or low
titre positive.
Antibodies responsible for positive LA and aCL tests
cross-react with negatively charged phospholipids. A series
of studies',2'4 have shown that pre-incubation of aCL positive
sera with phosphatidylserine (PS), phosphatidic acid (PA), or
phosphatidyl inositol (P1), caused inhibition of cardiolipin
binding activity. This inhibition by negatively charged phospholipids was comparable to that obtained with equivalent
concentrations of cardiolipin.'4 Immunoglobulins with LA
activity cross-react with negatively charged phospholipid
both by Ouchterlony and ELISA assays.3 Anticardiolipin
antibodies, like LA immunoglobulins, bind ELISA plates
coated with CL, PS, PA or PI.'-4 Neither group is inhibited
by or bind plates coated with zwitterionic phospholipids, e.g.
phosphatidylcholine (PC), sphingomyelin (SM). Cardiolipin
liposomes have been used to affinity purify antibodies which
were subsequently shown to have LA activity.2'3 The affinity
purified antibodies cross-react with negatively charged phospholipids.2'3 On the basis of these studies, it can be concluded
that aCL and immunoglobulin with LA activity have overlapping specificities, though the occurrence of LA positive/
aCL negative or (more frequently) aCL positive/LA negative
sera suggests subtle differences in specificities or binding
activities of these two groups of antibodies.
Antiphospholipid antibodies bind cardiolipin but this
binding is enhanced by mixing cardiolipin with PC and
cholesterol (chol). Since these antibodies do not bind PC or
chol, alone, it appears that the PC and chol together cause an
alteration in the conformation of CL favourable for binding
by syphilis aPL antibodies. In contrast to syphilis, the
aCL/LA group bind CL less when it is mixed with PC and
chol.4 Antiphospholipid antibodies of syphilis cross-react
with negatively charged phospholipids much less than do the
LA/aCL group.
Negatively charged phospholipids are present in platelet
and endothelial cell membranes. It is possible that cross-

1. Harris, E.N., Gharavi, A.E., Loizou, S. et al. Crossreactivity of
anticardiolipin antibodies. J Clin Lab Immunol 1985, 16: 1-6.
2. Harris, E.N., Gharavi, A.E., Tincani, A. et al. Affinity purified
anticardiolipin and anti-DNA antibodies. J Clin Lab Immunol
1985, 17: 155-162.
3. Pengo, V., Thiagarajan, P., Shapiro, S.S. & Heine, J. Immunoglobulin specificity in mechanisms of IgG anticoagulants. Blood
1987, 70: 69-76.
4. Harris, E.N., Gharavi, A.E., Wasley, G.D. & Hughes, G.R.V. Use
of an enzyme linked assay and of inhibition studies to distinguish
between antibodies to cardiolipin from patients with syphilis or
autoimmune disorders. J Infect Dis 1988, 157: 23-31.

Lupus anticoagulant and anticardiolipin antibodies: the affinities may differ

Henrique L. Staub, Munther A. Khamashta,
Nigel Harris, Elaine Baguley, Wiliam H. Chahade and Graham R.V. Hughes
Lupus Arthritis Research Laboratory, The Rayne Institute, St. Thomas Hospital, London, UK.
There have been previous suggestions that anticardiolipin
antibodies (ACA) and the lupus anticoagulant (LA) tests
concord in about 90% of cases. Recent studies, however,
have highlighted a greater rate of discrepancies between these
assays.
From our series of patients with antiphospholipid antibodies, we analysed seven cases in which discordance
between ACA and LA tests could be well documented. Four
of the patients presented with antiphospholipid syndrome
associated with systemic lupus erythematosus (SLE), and
three patients showed primary antiphospholipid syndrome.'
Antibodies to the negatively charged cardiolipin, phosphatidylserine (PS) and phosphatidic acid (PA) were assessed
in an ELISA; the same assay was used to determine binding
to the neutral lipid phosphatidylethanolamine (PE), to
VDRL and to the activated partial thromboplastin time
(APTT) reagent thrombofax. The LA tests, apart from the
screening with APTT, included the Exner test and the index
of circulating anticoagulant (ICA). Cardiolipin, PS, phosphatidylcoline (PC), PE and thrombofax, either in solution
or micelles form, were used in absorption studies of LA
activity in a kaolin clotting time (KCT) assay.
All patients showed prolonged APTT (thrombofax being
the phospholipid preparation used), positive Exner test and
high ICA, findings confirmatory of presence of LA activity.
Six of these patients, unexpectedly, did not show any binding
to cardiolipin, PS, PA, PE, VDRL or even thrombofax in an
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ELISA. The seventh, with primary antiphospholipid syndrome and strong LA activity, presented unique binding to
PE. In all plasmas, hexagonal phase PE and thrombofax but
not cardiolipin, PS, PC or PE in micelles form removed LA
activity in a kaolin clotting time (KCT) assay.
These findings, altogether, hint that ACA and LA affinities
may be different. Recent reports with electrofocussing
analysis disclosed that some, but not all, ACA antibodies
have LA activity. It is well known that mostly negatively
charged phospholipids are antigenic in solid assays, whereas
binding to neutral lipids appears not to be the rule.
However, that neutral lipids such as PE are playing a role
as antigens in some way, has been proved in recent issues. In
our laboratory, PE extracted from platelet membranes was
found to inhibit ACA activity more than any other phospholipid.2 One patient with severe recurrent thrombotic
disease and LA activity showed unique binding to PE in an
ELISA; these findings were confirmed by inhibition studies
and affinity purification.3 When we looked at absorption
studies in coagulation assays, hexagonal (but not lamellar)
phase PE considerably removed LA activity.
Why these patients, though presenting prolonged APTT,
did not bind thrombofax in an ELISA, is a matter of
discussion. The thrombofax preparation, as analysed in lipid
extraction studies and thin layer chromatography, contains
all sorts of phospholipids (PS the main one) but not
cardiolipin. The cross reaction theory between negatively
charged phospholipids has been proved true, and the
majority of patients with prolonged APTT and LA activity
also bind cardiolipin, PS, PA, phosphatidylinositol (PI) or
thrombofax in an ELISA. However, in some instances, such
as our survey, clearly the APTT and the antithrombofax
assay in an ELISA discord. We can not rule out, at this stage,
that 'auxiliary lipids' (? PE and PC) be enhancing the LA
phenomenon but not antithrombofax antibodies. In addition, the role of an apoprotein which binds factor VII (also
present in the thrombofax preparation) is not fully known
when we look again at the two assays.
What emerges from these observations is that, if we
consider antiphospholipid antibodies in both ELISA and
coagulation assays, it may be that the charge ofthe lipid is not
so crucial in promoting antigenicity or LA as the phase in
which one presents the lipids in these assays. Above all, in a
practical sense, both ACA and LA tests should be performed
if clinical indication exists.
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Anticardiolipin antibodies, lupus anticoagulant
and viral infection
I.J. Mackie, H. Cohen, C.B., Colaco, W. Irving',
S.J. Mackin
Departments of Haematology and Rheumatology, The
Middlesex Hospital, London, and 'Virology Department, John Radcliffe Hospital, Oxford, UK.
Antiphospholipid (APL) antibodies have been reported in
patients with HIV and other infections such as infectious
mononucleosis (IM). Haemophiliacs are a high risk group for
viral transmitted diseases including HIV infection, and
evidence of lupus anticoagulant (LA) and anticardiolipin
antibody (ACL) was therefore sought in a group of 22
multitransfused haemophiliacs. ACL levels were also measured in a group of 40 non-haemophiliac patients with viral
infections (10 each with: parvovirus, hepatitis A, rubella, or
IM). Twelve of 22 haemophiliacs were LA positive; 9 of these
were ACL positive and 9 were anti-HIV positive (I ACL + ve
was anti-HIV - ve and vice versa), but associations between
LA, ACL and anti-HIV status were not statistically
significant. Mixing studies showed that the LA test was
affected when the FVIII level fell below 15 IU/dl; however, in
the haemophiliacs, there was no strict correlation between
FVIII level and LA positivity. The addition of porcine FVIII
to correct the patient's level did not affect LA positivity in
8/12 patients, suggesting a true LA due to APL activity. In
non-haemophiliacs, positive results for IgG and IgM ACL
were found in 6 and 8 with parvovirus, 8 and 8 rubella, 9 and
10 hepatitis A, and 3 and 7 with IM. Highest titres were found
in parvovirus and hepatitis A; IgG and IgM ACL levels did
not correlate. Positive LA and ACL results in haemophiliacs
may represent a response to viraemic challenge; antibodies
normally suppressed may be deregulated, or viral particles
may damage or modify membranes, exposing negatively
charged phospholipids or causing hapten formation.

Correspondence: Timo Palosuo, M.D. National Public
Health Institute, Mannerheiminitie 166, SF-00300 Helsinki,
Finland.
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Are cardiolipin-binding antibodies in Gram-negative infections induced by bacterial lipopolysaccharide?

Outi Vaarala', Martti Vaara2 and Timo Palosuo'
'National Public Health Institute, Helsinki, and
2Department of Bacteriology and Immunology, University of Helsinki, Finland.
Anticardiolipin antibodies (ACA) as detected by solid-phase
immunoassays are frequently seen in many different infections.1'2 The specificity of ACA has aroused considerable
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interest. Several studies suggest that cardiolipin-binding
antibodies are a heterogenic group of antibodies with
different subspecificities. Antibodies binding to solid-phase
cardiolipin have been shown to bind readily to other
negatively charged phospholipids such as phosphatidylserine
and phosphatidylinositol.3 Our recent observation that infection-associated antibodies bIinding to solid-phase cardiolipin may be poorly inhibitable by liquid cardiolipin,'
prompted us to search for other compounds, perhaps structurally related to cardiolipin, to which these antibodies might
bind more effectively.
Lipopolysaccharide (LPS), which is an immunogenic component of the outer membrane of all Gram-negative bacteria,
was chosen as one putative antigen. One antigenic determinant of LPS is its lipid A part which consists of diphosphorylated glucosamine disaccharide to which 6 to 7 fatty
acid chains are bound. The negatively charged phosphate
groups and fatty acid chains of lipid A molecule are
determinants common with cardiolipin.
We reported recently that raised ACA levels were detected
by solid-phase enzyme-immunoassay in the majority of sera
from patients with severe bacterial infections.4 The response
involved all immunoglobulin classes tested; IgG, IgM and
IgA. The study material comprised paired sera from 41
patients with Gram-positive septicaemia (21 staphylococcal
and 20 streptococcal septicaemia) and 26 patients with
Gram-negative infections (20 salmonella infections and 6
Escherichia coli septicaemia). The specificity of the ACA was
studied in competitive inhibition experiments with three
antigens: cardiolipin, LPS isolated from Salmonella minnesota, strain Re 959, and synthetic E. coli lipid A. Five sera
from patients with Gram-negative infections were tested
(four Salmonella sera and one E. coli serum). The binding of
IgG class ACA from all these sera (diluted 1: 50) was
effectively inhibited by LPS at a concentration of 500 ng/ml,
whereas 100-fold more cardiolipin was required for comparable inhibition. Pure lipid A was a less effective inhibitor
of anticardiolipin activity than LPS. This pattern of reactivity
was not seen in sera from patients with Gram-positive
infections, syphilis or systemic lupus erythematosus. The
results of these studies are reported in detail elsewhere.4
Our findings suggest that the primary antigenic stimulus
for cardiolipin-binding antibodies in Gram-negative infections might not be cardiolipin but perhaps LPS, or some
LPS-related structure.
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Monoclonal antibodies (McAb) against DNA also

recognise epitopes on endothelial cells

G. Frampton', A. Morgan2, N.A. Staines' and
J.S. Cameron'

Renal Unit, 'Guy's Hospital, UMDS, 2St. George's
UK.

Hospital, 3King's College, London,

Autoantibodies against DNA (DNAb) have been demonstrated in and eluted from lupus nephritis kidneys which
suggests a pathogenic role in the glomerulonephritis. The
renal lesion is thought to arise from circulating or in situ
immune complex deposition. DNAb bind to cell-surface
membranes and experimentally, glomerulonephritis can be
induced by anti-endothelial antibodies. The aim of this study
was to see whether McAb with activity against DNA also
bind to human umbilical vein endothelial cells (HVEC) and
influence their anti-thrombogenic nature.
A library of 8 McAb with activity against DNA' were
obtained from mice with lupus-like disease. The McAb were
tested for their ability to bind to unfixed HVEC either in
suspension or on plastic ELISA plates. Binding of McAb to
HVEC was determined using cell ELISA, flow cytometry or
fluorescence microscopy. To exclude the possibility of McAb
binding to HVEC-bound DNA, DNase digestion experiments were carried out. Two of the McAb bound to: (i)
freshly prepared, collagenase-digested HVEC; (ii) HVEC
growing on ELISA plates; (iii) HVEC in suspension after
trypsin digestion and (iv) to HVEC after DNase digestion.
These results suggest that the target antigen(s) is not DNA
and probably not protein as it is resistant to both collagenase
and trypsin. Functionally, the binding of the McAb did not
inhibit thrombin-induced prostacyclin synthesis, in contrast
to anti-HVEC McAb EN4 which does not bind to DNA.
This study demonstrates that some McAb with activity
against DNA also bind to HVEC. However, the nature of the
epitopes on the endothelial cell membranes recognized by
these McAb remains unclear. The findings in this study may
help explain why anti-DNA antibodies are important in the
pathogenesis of lupus nephritis, perhaps through their ability
to bind directly to the vasculature resulting in complement
activation, platelet adhesion/activation which could lead to
increased glomerular permeability and the development of
glomerulonephritis.
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Antibodies to endothelial surface molecules

Dorian 0. Haskard
Rheumatology Unit, Division of Medicine, UMDS,
Guy's Campus, 4th Floor, Hunt's House, Guy's Hospital, London, SE] 9RT, UK.
Over the last few years it has become evident that vascular
endothelial cells (EC) interact functionally with both soluble
and formed elements of the blood and that this interaction
places EC in a comparable position to macrophages in their
potential to regulate immune and non-immune acute and
chronic inflammatory responses. Moreover, these interactions may play a key role in the pathogenesis of vasculitis.
EC show a complex orchestrated response to cytokines
which involves a large number of proinflammatory effects,
including an alteration in the expression of surface membrane molecules and an alteration in the profile of EC
secreted products. The cytokines interleukin 1 (ILI), tumour
necrosis factor alpha (TNF) and lymphotoxin, together with
bacterial lipopolysaccharide (LPS) constitute a family of
agents which have similar actions on EC (Table 1). These
include an increased adhesiveness for leucocytes, the secretion of leucocyte activating factors such as PAF and GMCSF, and a shift in the balance of the clotting system towards
an increased tendency to coagulation and an inhibition of
fibrinolysis. Interferons (IFN) also have actions on EC that
importantly includes an increased expression of MHC Class I
molecules (IFN a, P, and y) and the induction of MHC Class
II molecules (IFNy).
Table I Principal actions of ILI and TNF on vascular
endothelial cells

Enhanced adhesiveness for Neutrophils
Eosinophils
Basophils
Monocytes
Lymphocytes
Induction/up-regulation of activation antigens
Secretion of colony stimulating factors
GM-CSF
G-CSF
M-CSF
Membrane expression and secretion of platelet activating
factor
Secretion of prostaglandins E2 and I2 (prostacyclin)
Expression of tissue factor activity
Reduced thrombomodulin activity
Reduced plasminogen activator secretion
Increase plasminogen activator inhibitor secretion
Secretion of platelet derived growth factor
Secretion of ILI
Several laboratories have succeeded in generating monoclonal antibodies (mAb) against cytokine inducible
molecules on EC. Such mAb can be used to characterize
precisely the nature of endothelial activation in vitro. They
can also be employed to validate in vitro models by
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confirming the presence of the activation antigens with which
they react within inflammatory lesions in situ. Thus mAb that
react with activation antigens on ILI or TNF stimulated
umbilical vein EC have been used to identify EC activation in
skin during a delayed type hypersensitivity reaction (mAb
H4/18)', within various acute inflammatory lesions (mAb
4DIO)2 and within rheumatoid synovium (mAb I .2B6).3
With these and similar mAb it may be possible to differentiate
types of inflammation on the basis of the nature of
endothelial activation.
The local actions of cytokines could be expected to be
central to the evolution of many types of vasculitis. By using
mAb against EC activation antigens to assess the nature of
endothelial activation in vasculitic lesions, we may be able
not only to advance our understanding of basic pathophysiological mechanisms but also to improve on existent
pathological and clinical classification.
References
1. Cotran, R.S., Gimbrone, M.A., Bevilacqua, M.P., Mendrick, D.L.
& Pober, J.S. Induction and detection of a human endothelial
activation antigen in vivo. J Exp Med 1986, 164: 661-666.
2. Goerdt, S., Zwadlo, G., Schlegel, R., Hagemeier, H.-H. & Sorg, C.
Characterization and expression kinetics of an endothelial cell
activation antigen in vivo present only in acute inflammatory
tissues. Exp Cell Biol 1987, 55: 117-126.
3. Wellicome, S., Pitzalis, C., Panayi, G.S. & Haskard, D.O. Endothelial cells in rheumatoid synovium express an antigen induced by
interleukin-I (ILI) and tumour necrosis factor. Br J Rheumatol
1988, 27 (suppl 2): 66.

Sera of patients with systemic lupus erythematosus enhance the tumour necrosis factor induced expression of endothelial cell procoagulant

activity
R.H.W.M. Derksen, P. Hasselaar, J.D. Oosting,
L. Blokzijl and P.G. de Groot
Department of Internal Medicine and Haematology,
University Hospital, Utrecht, The Netherlands.
A strong correlation has been found between the presence of

antiphospholipid antibodies (APA) and a history of thrombosis in patients with systemic lupus erythematosus (SLE). A
possible mechanism resulting in an increased risk for thrombosis is a stimulation of the endothelial cell (EC) procoagulant activity (PCA) expression. We studied the effect of
15 APA positive SLE sera, 13 APA negative SLE sera, 10 sera
from patients with other connective tissue diseases (CTD)
and 15 control sera on the tumour necrosis factor (TNF)
induced expression of EC PCA. EC were stimulated with
TNF and 20% serum for 4 hours. PCA expression was
measured on the EC surface and in their matrix (ECM) by
incubating the ECM with normal pooled plasma, after which
thrombin generation was determined with a chromogenic
substrate. In the absence of TNF, none of the sera stimulated
PCA expression; 14/15 APA positive SLE sera, 7/13 APA
negative SLE sera, 2/10 CTD sera and 2/15 control sera
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enhanced PCA expression after stimulation of EC with
suboptimal doses of TNF. This stimulating effect resided in
the IgG fraction and was associated with the presence of
APA, but not with anti-EC antibodies or a history of
thrombosis. Affinity purified APA had no PCA stimulating
activity. PCA expression was inhibited by cycloheximide and
heat treatment (30 min, 56°C) of serum. We conclude that
most SLE sera increase the TNF-induced endothelial PCA
expression. Although this synergistic effect predominantly
occurs with APA positive serum or IgG, a causative role of
APA was not demonstrated.

Autoantibodies to an endothelial cell alpha granule
protein (GMP- 140) in sera of patients with
vasculitis.
G.A. McCarty, Morris Reichlin, Kathleen Lister
and Rodger McEver
Oklahoma Medical Research Foundation, Oklahoma
City, OK 73104
Endothelial cells are central in the pathogenesis of systemic
vasculitis (SV) but the antigens against which autoantibodies
to endothelial cells (AECA) are made are poorly characterized. Vascular endothelial cells (EC) contain an antigen
called alpha-granule membrane protein (GMP) recently
described by McEver et al,' which is shared with platelets, but
expressed only when EC and platelets are activated. To
determine if sera from patients with vasculitis bind to GMP,
an antigen capture enzyme-linked immunosorbent assay
(ELISA) was modified and sera from 44 patients and controls
screened for HIGH (OD 405 mm = 0.5-1.5), LOW

(0.1-0.5), or NEGATIVE (0.0-0.1) reactivity in 44 blinded
samples from well defined, biopsy-proven systemic vasculitis
patients (n = 24), osteoarthritis patients (n = 5), and normal
controls (n= 15).
Diagnoses

Systemic vasculitis
Lupus vasculitis
Wegener's
Periarteritis nodosa
Rheumatoid vasculitis
CNS vasculitis
Controls

Number High Low
12
2
3
3
3

1
20

2
1
2
0
0
0
0

2
1
1
0
0
0

0

Negative

8
0
0
3
3
1
20

There was no statistically significant correlation with the
presence of AECA as defined with bovine and human EC
substrates, or with anti-phospholipid antibodies (APL) as
defined in a well standardized assay with bovine cardiolipin.
The height of anti-GMP reactivity correlated generally with
active vasculitis in the 5 patients with HIGH, and 4 patients
with LOW reactivity; normal and osteoarthritis controls
were NEGATIVE. Since anti GMP is not present in neutrophils, the reactivity is not related to the cytoplasmic antigen
noted in Wegener's. Anti-GMP autoantibodies may prove a
useful diagnostic tool for several forms of systemic vasculitis
where previously only invasive studies have sufficed.
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