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Summary

Lupus anti-coagulants (LA) are a variety of anti-phospholipid antibodies
characterized by their capacity to interfere with phospholipid-dependent
coagulation assays. LA are increasingly recognized as important predictors of
thrombosis. However, the antigen specificity of LA is still poorly
characterized. Growing evidence indicates that oxidized phospholipids are
among the targets of anti-phospholipid antibodies. This prompted us to
investigate the role of IgG directed against different oxidized phospholipids in
164 subjects without clotting factor defects that were tested for the presence of
LA using a LA-sensitive activate partial thromboplastin time (aPTT-FSL) and
a screening/confirmation assay based on diluted Russell’s viper venom test
(dRVVT-PL). The response to aPTT-FSL was significantly (P < 0·0005) asso-
ciated with high titres of IgG against oxidized phosphatidylserine, phosphati-
dylethanolamine and phosphatidylinositol, whereas positivity to dRVVT-PL
was associated with the elevation of IgG against oxidized phosphatidylserine,
phosphatidylcholine, phosphatidylethanolamine (P < 0·0005) and phosphati-
dylinositol (P < 0·01). No difference in reactivity against oxidized cardiolipin
was evident between the different groups. Positivity to the dRVVT-PL test was
also associated significantly (P < 0·005) with the elevation of anti-cardiolipin
and anti-b2-glycoprotein-1 IgG. However, stepwise logistic regression demon-
strated that IgG recognizing oxidized phosphatidylethanolamine and oxi-
dized phosphatidylcholine were the only independent predictors of the
response to dRVVT-PL assay, while IgG recognizing oxidized phosphatidyle-
thanolamine and oxidized phosphatidylinositol were independent predictors
of the response to aPTT-FSL test. In conclusion, autoantibodies against
defined oxidized phospholipids are independent predictors of LA detection by
aPTT-FSL or dRVVT-PL assays and might contribute to the variability often
observed in the responses to the functional tests detecting LA.
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Introduction

Anti-phospholipid antibodies (aPL) are a heterogeneous
group of autoantibodies targeting cell membrane phospho-
lipids as well as several phospholipid-binding proteins, par-
ticularly beta-2 glycoprotein 1 (b2GP-1) and prothrombin
[1,2]. The presence of these antibodies characterizes the
anti-phospholipid syndrome and is often associated with
autoimmune diseases, such as systemic lupus erythematosus
(SLE), rheumatoid arthritis and systemic sclerosis [3,4].
Current interest in the characterization of aPL relies not only

on the diagnosis of anti-phospholipid syndrome, but is
related to the association between aPL detection and an
increased risk of stroke, myocardial infarction and deep
venous thrombosis [4–7].

Two types of laboratory test are used currently for detect-
ing aPL: solid phase enzyme-linked immunosorbent assays
(ELISA) using cardiolipin and/or b2GP-1 and functional
coagulation tests as antigen. These latter reveal the property
of certain aPL, also known as lupus anti-coagulant (LA), to
interfere with several phospholipid-dependent coagulation
assays [8,9]. Guidelines for the detection of LA require
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confirmation of the phospholipid specificity by neutraliza-
tion of the antibodies with an excess of negatively charged
phospholipids [10]. Although a positive response to LA tests
has higher predictivity for thrombosis than the detection of
anti-cardiolipin and anti-b2GP-1 antibodies by ELISA, the
former suffer from a large interlaboratory variability and a
number of pre-analytical and analytical biases [8,9]. Anti-
bodies targeting b2GP-1 and prothrombin have been shown
to contribute to LA effects [11,12]. However, in clinical labo-
ratory practice, discrepancies are often observed between
positive responses to LA-detecting assays and the identifica-
tion of anti-b2GP-1 and anti-prothombin antibodies by
ELISA [8]. Several reports indicate that aPL from SLE
patients recognize oxidized cardiolipin in ELISA [13,14] and
cross-react with oxidized lipoproteins [15,16]. Moreover,
mice immunized with syngeneic apoptotic thymocytes
develop aPL that specifically bind oxidized phosphatidylcho-
line [17]. Taken together, these observations suggest the pos-
sibility that aPL might recognize antigens derived from the
oxidative modification of phospholipids. This prompted us
to investigate the contribution of antibodies targeting differ-
ent oxidized phospholipids in determining the response to
the laboratory tests currently used for detecting LA.

Materials and methods

Patient recruitment

For this study we recruited 164 unselected subjects (66 male,
98 female, age range 25–83 years) who referred to the
Clinical Chemistry Unit of the Ospedale Maggiore della
Carità di Novara within the past 12 months for performing
LA tests. In all the subjects, clotting function was assayed
preliminarily using prothrombim time normalized ratio
(PT-INR) (Thromborel-S; Dade Behring, Marburg,
Germany) and an aPL-insensitive aPTT test (actin FS acti-
vated PTT reagent; Dade Behring, Marburg, Germany). Only
the subjects with PT-INR and aPTT within the normal range
were included in the study. Serum samples were collected at
the time of LA testing and stored frozen until analysis. The
study was planned according to the principles of the Decla-
ration of Helsinki. All the subjects gave informed consent to
the analysis.

Assay of lupus anti-coagulant antibodies

LA activity was evaluated by an automated procedure
(Behring Coagulation System, Marburg, Germany) using a
standardized activated partial thromboplastin time assay
with increased sensibility for LA aPTT-FSL (Dade Behring)
and the combination of screening and confirmation assays
based on the diluted Russell’s viper venom test (dRVVT-PL)
(LA1/LA2 reagent; Dade Behring). Reference intervals for
aPTT-FSL were 27–35 s, while the phospholipid correction
ratios of dRVVT-PL were interpreted as follows: ratios below

1·3 no LA, ratios between 1·3 and 1·5 low LA activity, ratios
between 1·5 and 2·0 medium LA activity and ratios above 2·0
high LA activity. All patients were also investigated for the
presence of anti-cardiolipin and anti-b2GP-1 IgG by solid-
phase immunoassays (DiaSorin Spa, Saluggia, Italy). Values
above 14 U/ml were taken as positive. Anti-prothrombin and
anti-annexin V IgG were determined by commercial kits
(Hyphen Biomed, Neuville-sur-Oise, France) according to
the manufacturer’s instructions.

Phospholipid oxidation

Phospholipids were oxidized under controlled conditions by
free radicals originating from the thermal decomposition
of 2,2′-azobis(2-amidinopropane) hydrochloride (AAPH)
(Polyscience Inc., Warrington, PA, USA). Briefly, cardiolipin
(85 mg/ml), phosphatidylserine (125 mg/ml), phosphatidyl-
choline (85 mg/ml), phosphatidylethanolamine (85 mg/ml)
and phosphatidylinositol (85 mg/ml) were suspended in
phosphate-buffered saline (PBS) pH 7·4 and incubated up to
6 h at 37°C in the presence of 1 mmol/l AAPH. The kinetics
of phospholipid oxidation was monitored continuously by
measuring conjugated diene absorbance at 234 nm. The
reaction was stopped by the addition of 0·1 mM N,N′-
diphenyl-p-phenylenediamine (DPPD) when the relative
difference of absorbance from the solution at t0 was 0·7 OD.
Oxidized phospholipids were then extracted with an equal
volume of chloroform–methanol (1 : 1 v/v) mixture, dried
under nitrogen and resuspended at 100 mg/ml (final
concentration) in either ethanol (cardiolipin and phospha-
tidylcholine) or methanol (phosphatidylserine, phosphati-
dylethanolamine and phosphatidylinositol).

Evaluation of the reactivity towards
oxidized phospholipids

Immune reactivity towards both native and oxidized phos-
pholipids was determined by solid-phase immunoassays
using 96-microwell ELISA plates (Nunc-Immuno Poly Sorb,
Nunc, S/A, Roskilde, Denmark). ELISA plates were coated by
the addition of 30 ml of the different phospholipid solutions
and the solvent was evaporated immediately under vacuum.
The same amount of solvent was added to the reference
wells. After two washes with PBS, non-specific binding sites
were blocked by 1 h incubation at 37°C with 0·3 ml of 1%
(v/v) solution of polyethyleneglycol compound in PBS
pH 7·4, according to Kilpatrick [18]. The coated wells were
then washed three times with PBS. Patient sera (1 : 50 dilu-
tion in PBS supplemented with 1% polyethyleneglycol com-
pound were added in duplicate and incubated for 1 h at
37°C. After washing five times with PBS, peroxidase-linked
goat anti-human IgG (dilution 1 : 6000) (Dako Spa, Milan,
Italy) was added and incubated for 60 min at 37°C. Unbound
antibodies were removed by five washes with PBS.
The antibody binding was revealed by the addition of
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0·15 ml of a reaction mixture containing 0·4 mg/ml of
1-phenylenediamine, 0·4 ml/ml hydrogen peroxide (30%),
5·1 mg/ml citric acid, 6·1 mg/ml anhydrous Na2HPO4,
pH 5·0. The reaction was stopped after 15 min by adding
50 ml 2 N H2SO4 and absorbance was measured at 490 nm
using a Bio-Rad microplate reader (Bio-Rad Laboratories
Inc., Hercules, CA, USA). The results were expressed by sub-
tracting the background reactivity of each sera in the wells
treated with the solvent alone.

Data analysis and statistical calculations

Statistical analyses were performed by spss statistical soft-
ware (SPSS Inc., Chicago, IL, USA). Differences between
groups were estimated by non-parametric Mann–Whitney
U-test. Fisher’s exact tests was used for the comparison of
frequency data. Significance was taken at the 5% level.
Differences between reactivity to native and oxidized forms
of phospholipids were assessed by the non-parametric
Wilcoxon’s matched-pairs test. Confidence intervals were
calculated by Newcombe’s method using the CIA software
version 2.1.1 (by T. Bryant, Southampton University, UK).
Normality distribution was assessed preliminarily by
the Kolmogorov–Smirnov and the Shapiro–Wilk tests.
In the presence of a substantial deviation from normality
hypothesis correction was performed by logarithmic
transformation. The independent effect of significant vari-
ables was assessed using stepwise logistic regression analysis.

Materials

Cardiolipin, phosphatidylserine, phosphatidylcholine,
phosphatidylethanolamine and phosphatidylinositol,
polyethyleneglycol compound and N,N′-diphenyl-p-
phenylenediamine were supplied by Sigma Chemical Co. (St
Louis, MO, USA). All other chemicals were of analytical
grade and were supplied by Merck (Darmstadt, Germany).

Results

The contribution of aPL targeting oxidized phospholipids in
determining the response to functional tests used currently
in laboratory practice for the detection of LA was investi-
gated in 164 subjects who referred to our clinical chemistry
unit for performing LA tests. All the subjects had PT-INR,
aPTT and aPTT-Actin FS ratios within the normal range
(Table 1). LA activity was evaluated in all the subjects by
both an aPL-sensitive standardized activated partial throm-
boplastin time (aPTT-FSL) test and a combination of
screening and confirmation assays based on the diluted
RVVT plus phospholipid supplementation (dRVVT-PL).
Among the subjects investigated 85 (52%) had both aPTT-
FSL and dRVVT-PL tests within the normal range, 41 (25%)
had an abnormal aPTT-FSL test only, 15 (9%) an abnormal
dRVVT-PL test only and 23 (14%) had both the tests above
the normal range. The values of the different LA assays are
reported in Table 1. The groups were not statistically
different for gender and age distribution (not shown). By
using commercial ELISA assays we detected anti-cardiolipin
and anti-b2GP-1 IgG above the threshold values (14 U/ml)
in, respectively, 47 (29%) and 13 (8%) of the individuals
investigated. High (> 100AU/ml) titres of anti-prothrombin
IgG were evident in only one subject, while none had
detectable anti-annexin autoantibodies (not shown). The
elevation of anti-cardiolipin or anti-b2GP-1 IgG was
significantly (c2 < 0·0001) associated only with the positivity
to dRVVT-PL test (Fig. 1).

Solid-phase immunoassays using different oxidized phos-
pholipids as antigens showed that individuals negative for
both aPTT-FSL and dRVVT-PL had circulating IgG against
oxidized phosphatidylserine (oxPS), phosphatidylcholine
(oxPC), phosphatidylethanolamine (oxPE) and phosphati-
dylinositol (oxPI) significantly (P � 0·005) lower than the
subjects positive for one or both the LA assays (Table 2).
Although some of the sera showed appreciable IgG binding

Table 1. Values of the different clotting assay in the subjects with different response to activated partial thromboplastin time (aPTT-FSL) and diluted

Russell’s viper venom test plus phospholipid supplementation (dRVVT-PL) tests.

Groups

PT (INR)

normal range

0·8–1·2

aPTT (s)*

normal range

22–33

aPTT (ratio)*

normal range

0·8–1·2

aPTT-FSL (s)

normal range

23·5–35

dRVVT-PL (s)

normal values

< 38

Phospholipid

correction

ratio

aPTT-FSL and dRVVT-PL negative (n = 82) 0·98 � 0·07 26·83 � 2·57 0·98 � 0·09 31·13 � 2·88 33·21 � 3·04

95% CI 0·97–0·99 26·27–27·4 0·96–1 30·49–31·76 32·54–33·88

aPTT-FSL positive and dRVVT-PL negative (n = 44) 1·02 � 0·08 28·65 � 2·40 1·05 � 0·09 36·51 � 3·16 33·37 � 2·41 1·04 � 0·07

95% CI 0·99–1·05 27·92–29·38 1·02–1·08 35·60–37·50 32·64–34·12 1·02–1·07

aPTT-FSL negative and dRVVT-PL positive (n = 15) 0·95 � 0·07 25·53 � 3·15 0·94 � 0·12 31·5 � 3·42 45·09 � 7·93 1·50 � 0·25

95% CI 0·92–0·99 23·79–27·28 0·88–1·01 29·61–33·39 40·70–49·48 1·34–1·61

aPTT-FSL positive and dRVVT-PL positive (n = 23) 1·02 � 0·08 28·54 � 2·18 1·05 � 0·08 45·80 � 10·58 53·77 � 17·77 1·7 0 � 0·45

95% CI 0·99–1·06 27·60–29·49 1·01–1·08 41·20–50·35 46·09–61·45 1·50–1·86

The values are means � s.d.; 95% CI denotes confidence intervals. *aPTT test and ratio refers to aPL-insensitive aPTT test (actin FS activated PTT

reagent; Dade Behring, Marburg, Germany). The phospholipid correction ratios were obtained using screening and confirmation assays based on the

diluted dRVVT-PL(LA1/LA2 Reagent; Dade Behring). Among the patients positive to dRVVT-PL the phospholipid correction ratios allowed us to

establish that 22 had low activity, 11 medium activity and five high activity of LA antibodies (see Methods section for details).
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to oxidized cardiolipid (oxCL), no difference in anti-oxCL
reactivity was evident between the two groups (Table 2). Spe-
cific recognition of oxidized antigens was confirmed by com-
paring the reactivity of selected sera in ELISA plates coated
with both the native and oxidized forms of the same
phospholipid. As shown in Fig. 2, the binding of the different
sera to oxCL, oxPS, oxPC and oxPE was three to eight times
greater than that to the relative native phospholipids. A
smaller, although significant, difference (P < 0·05) was
observed in the recognition of the oxidized form of phos-
phatidylinositol (Fig. 2). By grouping the subjects according
to the response to the different LA assays we observed that
the IgG reactivity against oxPS, oxPC, oxPE and oxPI was
significantly higher (P ranging from < 0·01 to < 0·0005) in

the dRVVT-PL-positive than in the dRVVT-PL-negative
individuals (Fig. 3). When the same subjects were grouped
according to positivity to aPTT-FSL, significant differences
were evident only for anti-oxPS, oxPE and oxPI IgG (Fig. 3).
Univariate analysis confirmed these associations (Table 2).
Multivariate analysis using a logistic regression model
revealed that only the recognition of oxPE and oxPI was
associated independently with the response to aPTT-FSL
(P < 0·0005; r2 = 0·206), whereas reactivity against oxPE and
oxPC was associated independently with the response to the
dRVVT-PL test (P < 0·0005; r2 = 0·387) (Table 3). At univari-
ate analysis the measure of anti-cardiolipin and anti-b2GP-1
IgG by commercial kits was also associated with positivity to
the dRVVT-PL test (P < 0·005). However, the inclusion of

Fig. 1. Distribution of anti-cardiolipin

(anti-CL) and anti-b2-glycoprotein-1 (b2GP-1)

IgG in 164 patients without evidence of clotting

defects evaluated for lupus anti-coagulant (LA)

activity by both standardized activated partial

thromboplastin time (aPTT-FSL) and a

combination of screening and confirmation

assays based on the diluted Russell’s viper

venom test plus phospholipid supplementation

(dRVVT-PL). Abnormal aPTT-FSL was found

in 74 subjects, while 48 had an abnormal

dRVVT-PL test. The dotted lines represent the

cut-off value for anti-cardiolipin and

anti-b2GP-1 IgG. Values in parentheses are the

percentage of subjects with anti-cardiolipin and

anti-b2GP-1 IgG above the threshold.

Differences of proportions calculated by

Newcombe’s method were: *35% (95% CI

17–51%) for anti-cardiolipin IgG; #21% (95%

CI 9–37%) for anti-b2GP-1 IgG.
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Table 2. IgG reactivity against different oxidized phospholipids in subjects investigated for the presence of lupus anti-coagulant (LA) activity by

activated partial thromboplastin time (aPTT-FSL) and diluted Russell’s viper venom test plus phospholipid supplementation (dRVVT-PL) tests.

Negative to both

aPTT-FSL and

dRVVT-PL (n = 85)

Positive to aPTT-FSL

and/or dRVVT-PL

(n = 79)

Statistical

significance

Ox-CL 0·141 � 0·092 0·213 � 0·328 n.s.

Ox-PS 0·074 � 0·061 0·206 � 0·384 P < 0·0005

Ox-PE 0·208 � 0·101 0·328 � 0·249 P < 0·0005

Ox-PC 0·105 � 0·033 0·128 � 0·054 P = 0·0005

Ox-PI 0·055 � 0·058 0·103 � 0·116 P < 0·0005

The values are expressed as optical density at 490 nm after subtracting the background reactivity of each sera in the wells treated with the solvent

alone. All the sera were evaluated in duplicate. oxPS: oxidized phosphatidylserine; oxPC: phosphatidylcholine; oxPE: phosphatidylethanolamine; oxPI:

phosphatidylinositol.
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anti-cardiolipin and anti-b2GP-1-values in the above logistic
regression model did not verify their independent associa-
tion with dRVVT-PL. Moreover, performing multivariate
analysis, using as dependent variable the positivity to aPTT-
FSL or dRVVT-PL alone or in combination, revealed that
IgG recognizing oxPE remained the only independent pre-
dictor of the response to one or both of the tests (P = 0·006;
r2 = 0·311). Taken together, these results indicate that the
pattern of antibodies recognizing specific classes of oxidized
phospholipids might influence the response to the different
tests exploring LA reactivity.

Discussion

In recent years there has been growing consensus in consid-
ering the detection of LA antibodies to be a better predictor
for the risk of thrombosis than determination of aPL by
solid-phase immunoassays [19]. Moreover, the presence of
LA is considered a specific risk factor for the occurrence of
thrombotic complications in patients with a history of pre-
vious thrombosis and/or SLE [20]. However, the antigen
specificity of the antibodies responsible for LA effect is still a
matter of controversy. It is now well established that aPL
detected by cardiolipin-based immunoassays and associated
with thrombosis, fetal loss or autoimmune diseases
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recognize complexes between cardiolipin and b2GP-1 as
antigens [21]. Moreover, elevated circulating anti-b2GP-1
IgG have been associated with an increased risk of
thrombosis [22]. These observations, along with the
capacity of monoclonal anti-b2GP-1 antibodies to interfere
coagulation assays [11,23], have led to the conclusion that
anti-b2GP-1 autoreactivity is involved in causing an LA effect
in vitro and might have prothrombotic activity in vivo.
Antibodies recognizing prothrombin alone or in complex
with phosphatidylserine also interfere with prothrombin
functions and are associated with LA [24,25]. This has led to
the development of methods to discriminate between
anti-b2GP-1-dependent and anti-prothrombin-dependent
LA [19,26]. However, the detection of LA in plasmas with
low anti-b2GP-1 or anti-prothrombin autoreactivity remains
unexplained.

Tests based on aPTT and dRVVT are considered to be
reliable assays for the detection of LA [9,10,27]. However,
because no single test is 100% sensitive, more than one test
should be used to exclude the presence of LA [27]. By
analysing the reactivity against different oxidized phospho-
lipids in a group of individuals screened for the response to
LA tests, we show that IgG targeting oxidized phosphatidyle-
thanolamine and phosphatidylinositol are associated inde-
pendently with positivity to aPTT-FSL, whereas IgG against
oxidized phosphatidylcholine and phosphatidylethanola-
mine are associated independently with positivity to
dRVVT-PL. This suggests the possibility that detection of LA
antibodies by either aPTT-FSL or dRVVT-PL is influenced
by the presence of antibodies recognizing oxidized
phosphatidylethanolamine in combination with antibodies
targeting either oxidized phosphatidylinositol or oxidized
phosphatidylcholine. The capacity of phosphatidyl–
ethanolamine alone or in combination with other
phospholipids to neutralize the prolongation of clotting
time due to LA antibodies is well recognized [28].
However, the association between the presence of anti-
phosphatidylethanolamine IgG and LA activity still awaits
further confirmation [29].

As discussed above, anti-b2GP-1 and anti-prothrombin
IgG have been implicated in causing LA activity. In our
hands, a significant association is evident between a positive
response to dRVVT-PL and elevated anti-b2GP-1 or anti-

cardiolipin IgG. However, such a relationship is not verified
further in a multivariate analysis that also takes into account
the values of IgG against the different oxidized
phospholipids. This suggests that aPL targeting oxidized
phospholipids might interfere with the clotting process more
specifically than anti-b2GP-1 and anti-cardiolipin antibodies
detected by commercial solid phase immunoassays.

Previous studies have suggested that antibodies
recognizing oxidized cardiolipin might contribute to anti-
phospholipid reactivity in humans [13,14].Although some of
the sera investigated in this study show high reactivity towards
oxidized cardiolipin, no association has been verified between
anti-oxidized cardiolipin IgG and the response to both aPTT-
FSL and dRVVT-PL. We have reported previously that anti-
bodies against oxidized cardiolipin are evident in patients
with chronic liver disease and oxidative stress without evi-
dence of LA [30,31]. Moreover, Schlame and colleagues [32]
have observed that the oxidation state of cardiolipin does not
influence its recognition by sera of patients with anti-
phospholipid syndrome. Thus, we postulate that IgG recog-
nizing oxidized cardiolipin might be a separate subset of
anti-cardiolipin antibodies without relation with LA.

In conclusion, the results presented indicate that auto-
antibodies against defined oxidized phospholipids are inde-
pendent predictors of the response to LA detection by either
aPTT-FSL and dRVVT-PL tests, suggesting that different
patterns of these autoantibodies might explain the variability
often observed in the response to the functional assays used
currently for detecting LA. Further studies are in progress to
establish the clinical relevance of these observations.
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