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• Forty-seven patients with systemic lupus erythematosus were studied to determine the presence of IgM 
and IgG anticardiolipin antibodies and their association with clinical syndromes. Eleven ( 2 3 . 4 % ) of the 
patients had IgG anticardiolipin antibodies; four of these also had IgM anticardiolipin antibodies. T h e 
cardiolipin-positive group had significantly lower platelet counts, but no increased history of thrombosis 
was observed. T h e anticardiolipin activity of seven of the 11 sera could be decreased by preincubation 
with DNA, providing confirmatory evidence that anticardiolipin activity actually resides in some popula-
tions of anti-DNA. 
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ANTIBODIES against negatively charged 
phospholipids (cardiolipin, phosphatidyl-
serine, and phosphatidylinositol) have been 
reported in systemic lupus erythematosus 

(SLE) and other autoimmune disorders.12 These antibo-
dies have been found with a frequency of 23% to 42% in 
SLE, 33% in rheumatoid arthritis, 28% in psoriatic ar-
thritis, and 18% in Behcet's disease.1,3,4 In the setting of 
autoimmune disease, anticardiolipin (ACL) antibodies 
have been reported to correlate with venous and arterial 
thrombosis, thrombocytopenia, recurrent fetal loss, 
chorea, and livedo reticularis.5-" ACL antibodies have 
also been detected in essentially healthy women with 
unexplained habitual abortions,12 in patients experienc-
ing late occlusion of coronary artery bypass grafts,13 and 
transiently in the setting of streptococcal pharyngitis. 
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The presence of ACL antibodies has also been re-
ported in a patient with a thymoma and recurrent 
strokes14 and in Degos' disease, an affliction character-
ized by thrombotic infarctions of the skin, the central 
nervous system, and the gastrointestinal tract.15 

The exact nature of ACL antibodies is unknown. 
They are associated with false-positive syphilis serology, 
most likely through interaction with the cardiolipin-
lecithin-cholesterol substrate of commonly used assays 
for this.4 

The structure of cardiolipin bears a striking resem-
blance to the diphosphoglyceride backbone of polynu-
cleotides. Not unexpectedly, monoclonal mouse and 
human-human hybridomas produce antibodies that 
react with native DNA, left-handed Z DNA, polyl, and 
cardiolipin.16-18 BALB/c mice immunized with cardi-
olipin produce both ACL antibodies and anti-DNA. 
Hybridomas from these mice produce monoclonal ACL 
antibodies that share idiotypic determinants with the 
anti-DNA of lupus-prone MRL-lpr/lpr mice.17 

We studied 47 SLE patients to determine the preva-
lence of IgM and IgG ACL antibodies and their associa-
tion with clinical syndromes. Absorption studies were 
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FIGURE 1. Regression curve for serial dilutions of IgM 
anticardiolipin standard serum. 

performed to delineate the relationship between anti-
DNA and ACL antibodies. 

MATERIALS AND METHODS 

Between July and October 1987, all sera submitted for 
the LE monitor (a battery of tests including a complete 
blood count, serum creatinine, C4, Westergren sedi-
mentation rate, anti-DNA, and urinalysis) at the Cleve-
land Clinic were studied. The charts were reviewed to 
see whether the diagnosis of SLE was made by an attend-
ing rheumatologist in accord with the criteria of the 
American Rheumatology Association.19 Control sera 
were obtained from laboratory personnel. 

ACL antibodies were measured by a modification of 
the method of Loizou et al.20 Briefly, each well of a poly-
styrene plate (Dynatech Laboratories, Alexandria, VA) 
was coated with cardiolipin in ethanol (Sigma, St. 
Louis, MO) 45 (ig/mL, 30 (xL/well, by evaporation under 
a laminar air flow hood. Then 200 (J.L of 1% gelatin in 
FTA was added to each well, and the preparation was in-
cubated for two hours at room temperature to block 
nonspecific binding. After four washes in 0 .1% gelatin-
FTA solution, 100 (xL of test serum diluted 1:10 in 
gelatin-FTA solution was pipetted into each well. Each 
sample was tested in triplicate. After four more washes, 
100 |J,L of goat antihuman IgG or IgM was added, and 
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FIGURE 2. Regression curve for serial dilutions of IgG 
anticardiolipin standard serum. 

this was incubated for one hour. This was followed by 
100 ]uL of rabbit anti-goat Ig-alkaline phosphatase con-
jugate (Sigma). After another hour, the wells were 
washed and 100 (0.L of p-nitrophenyl phosphate 
(Sigma), 1 mg/mL in diethanolamine buffer, pH 9.8, was 
added. The color reaction was stopped by the addition of 
50 (XL 10M NaOH. The optical absorbance (OA) at 405 
nm was read using a Microplate Reader (Biotek Instru-
ments). Results were expressed as a binding index, 
defined as: O A ^ - O A ^ / O A ^ - OAblank. 

The upper limits of normal for the binding indices 
were defined as mean plus two standard deviations of a 
group of 34 normal sera. The upper limit was 2.09 for 
IgM A C L antibodies, and 1.83 for IgG A C L antibodies. 
The regression curves for serial dilutions of IgG and IgM 
standards are shown in Figures 1 and 2. The correlation 
coefficient for the IgM curve is 0.99; that for the IgG 
curve is 0.99 between serum dilutions of 1:100 to 1:400. 

Anti-DNA antibodies were measured by a modified 
Farr assay, detailed elsewhere by Clough et al.21 

For the inhibition studies, test and control sera with 
45 |ig/mL and 90 |Xg/mL of inhibitor (either DNA or 
cardiolipin) were incubated for one hour at 37°C, then 
overnight at 4°C the day before performance of the re-
spective assays. 

Clinical data were obtained by chart review. Throm-
botic events were defined as pulmonary embolism docu-
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TABLE 1 
CORRELATION OF ANTICARDIOUPIN ANTIBODIES WITH SEROLOGIC AND CLINICAL FINDINGS IN 47 PATIENTS WITH SLE 

ACL-positive patients (n= 11 ) ACL-negative patients (n=36) P 

Age (yr) 38.33 + 11.62 35.50 + 17.19 NS 
Duration of disease (yr) 6.89 + 4.88 6.79 + 6.88 NS 
History of thrombosis 3 (37%) 7 (19%) NS 
Positive antiDNA 5 (45%) 12 (33%) NS 
Hemoglobin (g/dL) 12.71 + 1.61 12.93 + 1.99 NS 
WBC (x lOVjiL) 7.05 + 4.86 6.77 + 2.64 NS 
Platelets (x 103/|oL) 212.11 + 107.27 276.08 + 81.44 0.0428 
Serum creatinine (mg/dL) 0.89 + 0.29 1.30 + 1.87 NS 
LACC 2.30+ 1.16 2.91 + 1.06 NS 

History of thrombosis and antiDNA are expressed as number of patients (percent of group); other values are expressed as mean + standard deviation. 
NS= not statistically significant. 

TABLE 2 
ABSORPTION STUDIES WITH DNA AND CARDIOLIPIN 

Patient Number ACL ACL after DNA incubation AntiDNA AntiDNA after CL incubation 

1 3.45 3.36 0 0 
2 5.18 5.05 4.7 0 
3 4.67 4.61 0 0 
4 3.42 3.43 2.7 0 
5 2.26 1.16 0 0 
6 1.84 1.09 0 0 
7 2.83 0.46 0 0 
8 2.39 0.84 0 0 
9 2.32 1.04 45.4 37.9 

10 2.59 1.72 0 0 
11 2.62 1.76 0 0 

ACL is expressed as binding index (see text); AntiDNA is expressed as percent binding of radiolabelled DNA. 

mented by ventilation/perfusion scanning or angiogra-
phy, deep-vein thrombosis documented by peripheral 
venous recordings or angiography, or cerebral infarction. 
The lupus activity criteria count (LACC) was deter-
mined by the method of Urowitz et al.22 This system 
scores one point for each of the following: (a) arthritis, 
(b) lab abnormalities, namely LE cells, anti-DNA, 
leukopenia, low CH50 or C3 levels, (c) rash, mucosal ul-
cers, or alopecia, (d) serositis, (e) seizures, psychosis, or-
ganic brain syndrome, or lupus headache, (f) vasculitis, 
and (g) hematuria. A score of 2 or greater represents ac-
tive lupus, with the maximum achievable score being 7. 

RESULTS 

Anticardiolipin antibodies were present in 11 of 47 
sera (23.4%). All 11 positive sera had IgG ACL antibo-
dies, and four of these also had IgM ACL antibodies. No 
sample had IgM ACL antibodies alone. 

The ACL-positive group did not differ from the 
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patients without ACL antibodies in age, sex, duration of 
disease, hemoglobin, leukocyte count, serum creatinine 
level, or disease activity as measured by the LACC 
(Table 1). The platelet count in the ACL-positive group 
was significantly lower (P=.043). History of thrombotic 
events was the same in both groups. 

When incubated with DNA, the anticardiolipin ac-
tivity of seven of the 11 positive sera decreased by 
greater than one standard deviation. When assayed for 
anti-DNA, however, only one of these sera had anti-
DNA activity. This activity could be decreased by prein-
cubation with cardiolipin (Table 2). 

DISCUSSION 

This study confirms the relative thrombocytopenia in 
the ACL-positive subset of SLE that has been reported 
by others.7 It has been suggested that anticardiolipin 
binds to the acidic phospholipids on platelet mem-
branes, promoting aggregation, activation, and degranu-
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lation, eventually leading to thrombocytopenia.23 

In this small group of patients, we did not find the re-
ported increase in thrombotic events in the ACL-posi-
tive subgroup. It is reasonably likely that a significant 
difference between groups will be missed in the compari-
son of 3/11 (ACL-positive) v 7/36 (ACL-negative) sub-
jects. Our results, however, are in accord with those of 
Sturfeit et al,24 who failed to find a correlation between 
increased amounts of ACL antibodies and thrombosis in 
a group of 59 unselected SLE patients, 32 of whom were 
ACL-positive. 

Harris et al25 found little cross-reactivity between 
anti-DNA and ACL antibodies. On the other hand, 
Koike et al26 demonstrated virtual elimination of anti-
DNA activity by preincubating sera with increasing 
concentrations of cardiolipin. We observed ACL inhibi-
tion by DNA in 63% of our sera, suggesting that the 
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