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ABSTRACT

Background and Objectives. Antibodies to pro-
thrombin (all) have been identified in patients with
antiphospholipid antibodies, but their clinical signif-
icance is not well known. The aim of our study was
to investigate their prevalence and association with
clinical manifestations of the antiphospholipid syn-
drome (APS) in patients with primary APS or with
systemic lupus erythematosus (SLE).

Design and Methods. A series of 177 patients with
autoimmune diseases was studied: 70 with primary
APS and 107 with systemic lupus erythematosus. A
control group of 87 healthy volunteers were includ-
ed in the study. all were investigated in sera by an
ELISA, using human prothrombin as antigen fixed in
irradiated polystyrene plates.

Results. all prevalence in patients with autoimmune
disease was 47% (57% and 40% in patients with pri-
mary APS or with SLE, respectively) significantly
higher than in controls (5%) (p<0.0001). In the
whole series, thrombotic events were more preva-
lent in patients with all (45% vs 28%; p=0.02).
Moreover, all was found to be an independent risk
factor for arterial thrombosis (OR=2.4; p=0.04). Sim-
ilarly, in patients with SLE, all were associated with
both arterial and venous thrombosis (35% vs 14%;
p=0.01), although only IgG-all (OR=3.7; p=0.01) had
an independent value as risk factor for thrombosis.
However, a relationship between all and thrombosis
was not found in primary APS. all were associated
with thrombocytopenia only in patients with prima-
ry APS (OR=6.7; p=0.007).

Interpretation and Conclusions. all seem to be a
serological marker of thrombosis in autoimmune dis-
eases, mainly in SLE patients and/or in the arterial
territory.
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recurrent thrombosis, miscarriage and throm-

bocytopenia, and antiphospholipid antibodies
(aPL) is named the antiphospholipid syndrome
(APS).t There is now general agreement that anti-
phospholipid antibodies in autoimmune diseases are
not directed towards phospholipids alone, but to
complexes of phospholipids and proteins that are
bound to these phospholipids and act as cofactors.2
In this way, anticardiolipin antibodies (aCL) need
the B2-glycoprotein | to bind to cardiolipin? and
lupus anticoagulants (LA) need B2-glycoprotein |
and/or prothrombin to recognize phospholipids.3#
Recently, antibodies to 3.-glycoprotein | and to pro-
thrombin have also been identified in patients with
aPL, using these molecules as antigens fixed in the
absence of phospholipids in irradiated polystyrene
plates.>¢ Moreover, anti-[3.-glycoprotein | antibodies
(aB=GPI) seem to be more specific for thrombosis in
patients with APS and systemic lupus erythemato-
sus (SLE) than aCL (5). ap=GPI, and antiprothrom-
bin antibodies (all) are frequently found in sera of
patients with LA® but, so far, available data about
the clinical associations and usefulness of all are
controversial.”!! [t was reported that some non-neu-
tralizing all associated with LA could cause hypopro-
thrombinemia and abnormal bleeding by increased
clearance of prothrombin-antiprothrombin anti-
body complexes from the circulation.” However, the
majority of all detected in sera of patients with
antiphospholipid antibodies are low-affinity anti-
bodies and do not cause hypoprothrombinemia or
bleeding.8 In addition, an association between all
and thrombosis has been suggested.®!! The aim of
the present work was to study the clinical significance
of all in a large series of consecutive and unselected
patients with primary APS or SLE, and to determine
whether these autoantibodies could help us to iden-
tify a subset of patients with an increased risk of clin-
ical manifestations.

The association between clinical features of

Design and Methods

Patients
We studied 177 patients with autoimmune dis-
eases [153 females and 24 males, mean age 38 years
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(range 15-79)]: 70 with primary APS and 107 with
SLE. The diagnosis of APS was made according to
previously described criteria.12 The diagnosis of SLE
was based on the revised criteria reported by the
American College of Rheumatology.i® The control
group was formed of 87 healthy volunteers (73
females and 14 males) without autoimmune disease,
bleeding disorders, thrombosis or history of preg-
nancy losses.

Methods

Blood samples were drawn into trisodium citrate
and in non-anticoagulated tubes (Becton Dickinson,
Rutherford, NJ, USA). Platelet-free plasma was
obtained by double centrifugation [first at 2,000 g (10
min, 22°C) and then at 5,000 g (10 min, 4°C)], frozen
and stored at -70°C.

Detection of anti-prothrombin antibodies

Microtiter plates Maxisorp (Nunc, Roskilde, Den-
mark) were coated with 80 uL/well of 10 pg/mL
human prothrombin (Diagnostica Stago, Asniéres,
France) in phosphate buffered saline, pH 7.4 (PBS)
overnight at 4°C. After washing with PBS containing
0.1% Tween 20 (Merk, Munchen, Germany), wells
were blocked (1 h, 22°C) with 150 uL of 1% bovine
serum albumin (BSA) (Sigma, St. Louis, MO, USA) in
PBS-Tween. After washing, wells were then incubat-
ed (1 h, 22°C) with 100 pL of samples diluted
(1:100) in PBS-Tween-1% BSA. After new washing,
plates were incubated (1 h, 22°C) with 100 pL of
horseradish peroxidase-conjugated anti-human IgG
(1:2,500) and IgM (1:1,500) (Dako, Glostrup, Den-
mark) in PBS-Tween-1% BSA. Finally, for color devel-
oping, 100 pL of 0.04% (0.4 mg/mL) ortho-
phenylenediamine dihydrochloride (Sigma) diluted
in phosphate-citrate buffer (pH=5.0) containing 25
pL /100 mL H2O: (Sigma) were added. After incu-
bation (10 min, 22°C), the reaction was stopped
with 25 pL of 2N H2SO., and optical density was
measured at 492 nm (ODao2). Intra and interassay
coefficients of variation were 4.56 and 13.3 for IgG,
and 4.85 and 9.4 for IgM. In each assay, one positive
serum for all and 8 negative sera were used as con-
trols. ODue2 values higher than 5 standard deviations
(SD) above the mean of negative controls were con-
sidered positives: low positive between 5 and 7 SD,
moderate positive between 7 and 9 SD, and high pos-
itive above 9 SD.

Detection of anti-cardiolipin antibodies
The aCL were measured by a commercially avail-
able ELISA (Cheshire Diagnostics, Chester, UK).

Detection of lupus anticoagulant

LA was assessed by coagulation assays using acti-
vated partial thromboplastin time, diluted Russell's
viper venom time and tissue thromboplastin inhibi-
tion. Tests were also performed in mixtures with nor-
mal plasmas or phospholipids following the criteria
of the Subcommittee for the Standardization of Lupus Anti-
coagulants of the International Society of Thrombosis and
Hemostasis. 4

Detection of anti-f-glycoprotein | antibodies
The a2GPI were measured using an ELISA.5 Briefly,

microtiter plates (Maxisorp, Nunc, Roskide, Den-
mark) were coated (16 h, 4°C) with 10 pg/mL puri-
fied human B.-glycoprotein | (Stago, Asnieres, France)
in carbonate buffer (pH=9.6). After washing, coated
plates were blocked (1 h, 22°C) with 5% BSA (Sigma)
in PBS-Tween, and then incubated (1 h, 22°C) with
samples diluted in PBS-Tween plus 1% BSA. After new
washing, plates were incubated (1 h, 22°C) with
horseradish peroxidase-conjugated anti-human IgG
and anti-human IgM (Dako) diluted in PBS-Tween-
BSA. For color developing, ortho-phenylenediamine
dihydrochloride (Sigma) diluted in phosphate citrate
buffer (pH=5.0) plus H.O was added, incubated (10
min, 22°C) and the ODusg> read. In each assay, 10
negative sera were used as controls and ODag. values
higher than 5 SD above the mean of them were con-
sidered positive: low positive between 5 and 7 SD,
moderate positive between 7 and 9 SD, and high pos-
itive above 9 SD.

Plasminogen activity

Plasminogen activity was determined using a spe-
cific chromogenic assay (Chromogenix, Mélndal, Swe-
den). Plasminogen present in the plasmas was con-
verted to an active plasminogen-streptokinase com-
plex by an excess of streptokinase. Then, plasmino-
gen-streptokinase complex catalyzed the splitting of
p-nitroaniline (pNA) from the substrate H-D-Val-Leu-
Lys-pNA*2HCI (S-2251) and the pNA release was
measured at 405 nm.

Statistical analysis

To study the relationship between autoantibodies
and clinical manifestations (thrombosis, fetal mis-
carriage and thrombocytopenia) the whole series of
patients with autoimmune diseases (SLE and prima-
ry APS) (n=177) was analyzed. Taken into account
that SLE and primary APS are different autoimmune
diseases with their own diagnostic criteria, in a sec-
ond phase we studied patients with SLE and with pri-
mary APS separately, and the analysis was repeated
considering, first, patients with SLE (n=107), and,
second, patients with primary APS (n=70). Results
are shown as mean+SD. Chi-square or Fisher’s exact
tests were used for comparing qualitative variables
and ANOVA and the t-test for qualitative ones. A
p<0.05 was considered statistically significant. Mul-
tivariate analysis using a backward stepwise logistic
regression was performed and odds ratios (OR)
reported. The statistical analyses were performed
using the SPSS-PC 6.0 statistical packages for Win-
dows.

Results

Clinical characteristics

Clinical manifestations of patients with APS are
shown in Table 1. Primary and secondary APS had a
similar clinical spectrum, although thrombocytope-
nia (platelet count lower than 100x109/L) was more
frequent in APS associated with SLE (51% vs 30%;
p=0.02).

Prevalence of antiprothrombin antibodies
all were positive in 5% (4/87) of healthy volunteers.
The prevalence of all was 47% in all patients with
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Table 1. Clinical manifestations of patients with antiphos-
pholipid syndrome.

Primary Secondary  Total
APS (70) APS (43)  (113)
N(%) N(%) N(%)

Miscarriage 31(60) 24(60) 55 (60)
Thrombosis 39(56) 21(49) 60(53)
Arterial 22 (31) 11(26) 33(29)
Venous 19(27) 13(30) 32(28)
Thrombocytopenia <100x10%/L 21 (30) 22 (51)* 43 (38)

*p=0.02: Difference between primary and secondary APS. APS: antiphos-
pholipid syndrome.

Table 2. Prevalence of different antiphospholipid antibod-
ies.

Autoimmune disease  Primary APS SLE

(177) (70) (107)

N(%) N(%) N(%)
LA 77 (44) 44 (63) 33(31)
aCL 85 (48) 52 (74) 33(31)
19G 71 (40) 44 (63) 27 (25)
IgM 26 (15) 14 (20) 12 (11)
all 83 (47) 40 (57) 43 (40)
19G 58 (33) 27 (39) 31 (29)
IgM 41 (23) 22 (31) 19 (18)
a* PGPl 60 (34) 32 (46) 28 (26)
19G 36 (20) 18 (26) 18 (17)
IgM 44 (25) 25 (36) 19 (18)

APS: antiphospholipid syndrome; SLE: systemic lupus erythematosus LA:
lupus anticoagulant; aCL: anticardiolipin antibodies; all: antiprothrombin
antibodies; a3.GPI: anti--glycoprotein | antibodies; APS: antiphospholipid
syndrome; SLE: systemic lupus erythematosus.

autoimmune disease, and 57% and 40% respectively
in patients with primary APS and SLE with and with-
out classical aPL. The IgG class of all was the most
frequent isotype. Table 2 shows the prevalences of
the different aPL. A total of 27 patients (15.3%) had
all the autoantibodies (aCL, LA, aB.GPI, and all),
and 51 patients (28.8%) had only one antibody (12
aCL, 10 LA, 8 a3.GPI, and 21 all). When we ana-
lyzed the correlation between the different aPL in the
whole population with autoimmune disease
(n=177), we found a close relationship between all
and classic aPL (LA and aCL), preferably between
autoantibodies of the same isotype. Specifically, 62%
and 64% of patients with LA and aCL, respectively,
were all positive. A good correlation between all and
ap2GPI was also observed. Tables 3 and 4 show the
relationship among these autoantibodies. A total of
81% (62/77) of patients with LA had all and/or
apGPI.
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Table 3. Relationship between antiprothrombin antibodies
and other antiphospholipid antibodies in patients with
autoimmune disease (N=177).

LA aCL  lgG-aCL IgM-aCL  aB:GPl IgG-a%GP! IgM-a3.GPI
(77) (85) (71) (26) (60) (36) (44)
N%) N N% N®) N (%) N (%) N (%)

all  48(62) 54(64) 47 (66) 17(65) 35(58) 22 (61" 28 (64)
IgG 37 (48) 37(44)° 36(51¢ 7(27) 22(37) 1747 16(36)
IgM  21(27) 30(35) 23(32)" 11(42° 22(37)° 12(33) 20 (46)

*p<0.05; °p<0.01; #p<0.001. LA: lupus anticoagulant; aCL: anticardiolipin
antibodies; a/%GP!I: anti-B-glycoprotein | antibodies; all: antiprothrombin
antibodies.

Relationship with thrombotic events.

In patients with autoimmune disease, a significant
association between all and thrombosis was found,
as shown in Table 4. This association was seen in the
IgG isotype, but not in the IgM. The association with
thrombosis was also seen for LA, aCL, 1gG-aCL and
I9gG-ap:GPI, although LA was the only variable
included in the best model for thrombosis in the mul-
tivariate analysis (OR=6.4; p<0.0001). For arterial

Table 4. Relationship between antiprothrombin antibodies
and thrombosis in different subsets of patients.

Thrombosis
arterial venous total

Autoimmune disease (n=177) N=34 N=34 N=63
all:

Positive (83) 24 (29%)** 17 (21%) 37 (45%)*

Negative (94) 10 (11%) 17 (18%) 26 (28%)
lgG-all:

Positive (58) 17 (29%)* 16 (28%)* 29 (50%)°

Negative (119) 17 (14%) 18 (15%) 34 (29%)
IgM-all:

Positive (41) 10 (24%) 5 (12%) 14 (34%)

Negative (136) 24 (18%) 29 (21%) 49 (36%)
Primary APS (n=70) N=22 N=19 N=39
all :

Positive (40) 15 (38%) 9 (23%) 22 (55%)

Negative (30) 7 (23%) 10 (33%) 17 (57%)
lgG-all:

Positive (27) 9 (33%) 8 (30%) 15 (56%)

Negative (43) 13 (30%) 11 (26%) 24 (56%)
IgM-all:

Positive (22) 9 (41%) 3 (14%) 11 (50%)

Negative (48) 13 (27%) 16 (33%) 28 (58%)
SLE (n=107) N=12 N=15 N=24
all

Positive (43) 9 (21%)* 8 (19%) 15 (35%)*

Negative (64) 8 (26%)° 7 (11%) 9 (14%)
lgG-all:

Positive (31) 3 (5%) 8 (26%)* 14 (45%)*

Negative (76) 4 (5%) 7 (9%) 10 (13%)
IgM-all:

Positive (19) 1 (5%) 2 (11%) 3(16%)

Negative (88) 11 (13%) 13 (15%) 21 (24%)

*p<0.05; °p<0.01; *p<0.001. all: antiprothrombin antibodies; APS:
antiphospholipid syndrome; SLE: systemic lupus erythematosus.
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thrombosis, we observed a significantly higher preva-
lence of events in patients with all and IgG-all. This
relationship was also found for LA, aCL, 1gG-aCL,
ap.GPlI, 1lgG-aB.GPI, and IgM-af.GPI, in the univari-
ate analysis. In the multivariate analysis, all added a
significant independent value (OR=2.4; p=0.04) to
LA (OR=5.9; p=0.0001) in the best model for arteri-
al thrombosis. For venous thrombosis, a higher
prevalence was found in patients with positive 1gG-
all, LA and IgG-aCL, although only LA was included
(OR=3.4; p=0.002) in the best model.

In the SLE group, all were significantly associated
with thrombosis, as shown in Table 4. Only IgG-all iso-
type but not IgM showed significant association. More-
over, the prevalence of thrombosis in patients with LA,
IgG-aCL or with 1gG-ap-GPI was significantly higher
than patients who tested negative. lgG-all (OR=3.7;
p=0.01) added an independent predictive value to LA
(OR=8.0; p=0.0001) in the multivariate analysis. When
arterial thromboses were analysed, a strong association
with all and its 1gG isotype was seen. Furthermore,
patients with LA (30% vs 3%; p=0.0001) or with IgG-
ap2GPI (33% vs 7%; p=0.004) developed these throm-
botic events more frequently than patients without
these autoantibodies. Regarding venous thrombosis,
only IlgG-all and LA (30% vs 7%; p=0.002) showed a sig-
nificant association. It was not possible to perform a
multivariate analysis in the subsets of patients because
the number of events was not large enough to have
adequate statistical power.

In the primary APS group, no association was
found between all and total thrombosis (Table 4).
Only 1gG-aCL was associated with thrombosis (66%
vs 39%; p=0.02). When we studied arterial and
venous thrombosis separately, a significant relation-
ship was found only between aCL (39% vs 11%;
p=0.02) and their IgG isotype (41% vs 15%; p=0.02)
and arterial thrombosis.

Relationship with miscarriage

In the autoimmune disease group constituted by
153 women, miscarriages occurred more frequently
in women with positive all than in women who test-
ed negative, although this difference did not reach
statistical significance (43% vs 35%; p=0.2). Only aCL
appeared to be significantly associated with miscar-
riages (49% vs 31%; p=0.02).

In the group of 101 women with SLE, no associa-
tion with all (28% vs 28%; p=0.9) was observed. Mis-
carriages occurred in 42% of women with positive LA
compared to 21% with negative LA (p=0.03). More-
over, they were significantly more frequent in women
with positive aCL than with negative aCL (43% vs
21%; p=0.02). The multivariate analysis included aCL
in the best predictive model (OR=2.9; p=0.02).

In the group of 52 women with primary APS, no
significant association between aPL and miscarriage
was found. Sixty-three percent of women with posi-
tive all had miscarriages compared to 55% of those
who tested negative (p=0.5).

Relationship with thrombocytopenia

In the autoimmune disease group, thrombocy-
topenia (<100x10%/L) was not significantly associat-
ed with all. Only LA (42% vs 16%; p=0.0001) and

19G-aP2GPI (42% vs 23%; p=0.03) emerged as being
associated with thrombocytopenia.

Thrombocytopenia was detected in 25% of
patients with SLE, but it was not significantly associ-
ated with all. Only LA was statistically associated
with thrombocytopenia (42% vs 18%; p=0.007).

In the primary APS group, thrombocytopenia was
significantly associated with all (45% vs 10%;
p=0.0009) and their two isotypes, 1gG (44% vs 21%;
p=0.03) and IgM (50% vs 21%; p=0.01). Also, it was
associated with LA (41% vs 12%; p=0.006), aCL (37%
vs 11%; p=0.03) and 1gG-ap.GPl (56% vs 21%;
p=0.007). The multivariate analysis showed aPT
(OR=6.7; p=0.007) and lgG-ap.GPI (OR=4.0; p=0.02)
as the only two independent predictor factors of
thrombocytopenia.

Plasminogen activity

All samples had a normal plaminogen activity with
a mean of 109+17%. Differences between groups
were not observed, and no relationship with throm-
botic events or with all was found.

Discussion

The clinical relevance of all has not yet been estab-
lished and available data are controversial. Some of
them, but not all, show LA activity,516 suggesting
that these autoantibodies are heterogeneous. Our
results, showing that all are detected in 62% of sam-
ples with LA, and, taken together, all and af3.GPI are
found in 81% of samples with LA, suggest that the
ELISA methods used in the present work cannot iden-
tify all the samples with LA activity, and, consistent-
ly, could not replace the detection of LA in the study
of aPL.

In patients without autoimmune disease, Palosuo
et al.? found a close relationship between all levels
and deep venous thrombosis and pulmonary
embolism in middle-aged men. Vaarala et al.2° also
found that all imply a risk of myocardial infarction in
middle-aged men. Recently, Bertolaccini etal.** found
all in 28% of patients with SLE, and the presence of
all correlated with a history of thrombosis: 53% of
patients with all had thromboses compared to 32%
of those without all. Contrariwise, Eschwege et al.t’
did not find a relationship between all and a history
of venous thrombosis in unselected patients; all
could be demonstrated in only 4% of the 122 plas-
mas tested, which is a similar prevalence to that
found by us in the group of healthy people. Our
results showed that all were associated with arterial
thromboses in the patients with autoimmune dis-
eases and with both arterial and venous thromboses
in patients with SLE. Moreover, 1gG isotype but not
IgM was useful as a thrombosis marker, unlike the
results obtained by Bertolaccini et al.,* who found
an important correlation between the presence of
both isotypes and vascular events. However, in agree-
ment with previous reports,!® LA seems to have the
strongest predictive value for thrombosis. Moreover,
Horbach et al.?® also showed that LA correlates best
with both arterial and venous thromboses in patients
with SLE, and neither all nor af3,GPI gives addition-
al information about a thrombotic risk. Pengo et al.?°
reported an all prevalence of 50% in patients with
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aCL and thrombosis but no association with throm-
bosis was found. Forastiero et al.2* observed that
ap2GPI, but not all, give an increased risk for venous
thrombosis in patients with aPL. Finally, Swadzba et
al.22 reported no correlation between all and throm-
bosis in patients with SLE. The differences between
the above mentioned works can be explained by the
different selection criteria of their populations, the
number patients’proved, and technical variations in
all ELISA. all are more frequently detected in ELISA
when prothrombin is bound to phosphatidylserine-
coated ELISA plates using calcium ions than when
prothrombin is bound to y-irradiated or high-acti-
vated PVC plates.*s Furthermore, we should not for-
get that many works are retrospective and they ana-
lyze the relationship between the presence of an
autoantibody, such as all or a32GPI, in a unique sam-
ple of patients with a history of thrombosis. There-
fore, prospective studies in large series of patients are
needed to determine the risk that subjects carrying all
and other autoantibodies have of developing throm-
bosis. According to our results, all could be a sero-
logic marker of thrombosis mainly in patients with
SLE.

The role of all in the pathogenesis of thrombosis is
unknown. It was suggested that all showing LA activ-
ity cause prolongation of clotting tests, mainly the
kaolin clotting time, by inhibiting both the pro-
thrombinase and tenase complexes.2* However, this
coagulation profile seems to confer a weak risk of
thrombosis, in contrast with the dilute Russell’s viper
venom time, which selectively evaluates prothrombin
conversion and is prolonged in the presence of
ap2GPl.2* The all seem to increase the affinity of pro-
thrombin for negatively charged phospholipids com-
peting with the binding of other coagulation factors
for them and inhibiting the conversion of prothrom-
bin into thrombin and, thus, probably hampering
protein C activation.z> However, it has been recently
suggested that all are unable to inhibit protein C
activity.2> More recently, Puurunen et al.2¢ found that
all crossreact with plasminogen in patients develop-
ing myocardial infarction. These crossreactive all can
interfer with fibrinolytic function of plasminogen and
favor the development of thrombosis. However, our
results do not support this hypothesis, because we
found a normal plaminogen activity in all samples
and no relationship was found with all.

The relationship between all and miscarriage is still
less clear. We did not find an association between all
and fetal losses either in primary APS or in SLE
patients, similarly to results reported by Forastiero et
al.2t and Falcon et al.2” in women with aPL and by
Bertolaccini et al.1* in women with SLE. However, Ailus
et al.28 showed that increased levels of all were associ-
ated with secondary abortions in women who had
already delivered at least one live child. These dis-
crepancies are probably due to differences in baseline
characteristics of the samples of studied patients. It
has been suggested that vascular thrombosis and
pregnancy loss are due to the reduction of surface-
bound annexin V by aPL,? leading to a hypercoagu-
lable state in the placenta and vascular endothelium.
Binding of aPL to vascular endothelium can be medi-
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ated by phospholipid-binding proteins, such as B2-gly-
coprotein 13° and other cofactors, although whether
all is involved remains uncertain.

Finally, we observed an association between all and
thrombocytopenia in patients with primary APS but
not in those with SLE, in agreement with previous
reports.1t22 Although it can not be excluded that all
could bind to platelets and cause thrombocytope-
nia, it seems that the presence of antibodies direct-
ed to specific platelet glycoproteins could be the
main mechanism of thrombocytopenia, similar to
the situation in idiopathic thrombocytopenic purpu-
ra.s

In conclusion, all seem to be a serologic marker of
thrombosis in autoimmune diseases, particularly in
patients with SLE. Prospective studies are needed to
confirm these results.

Potential implications for clinical practice

1. all are a serologic marker of thrombosis in autoim-
mune diseases, particularly in patients with SLE.
These autoantibodies could, therefore, be useful
together with the classical aPL for evaluating the
potential risk of thrombosis.

2. all are not associated with other manifestations of
primary or secondary APS, such as miscarriage or
thrombocytopenia.
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