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ABSTRACT, Objective. Impaired fibrinotytical outcomes may be one of the pathogenic factors for thrombotic events

in patients with antiphospholipid antibodies (aPL). We investigated the consequences of the gene poly-
morphisms of tissue plasminogen activator (tPA) and plasminogen activator inhibitor-1 (PAIL-1) in
patients positive for aPL.

Methods. Seventy-seven Japanese and 82 British patients with aPL were examined for Alu-repeat inser-
tion (I¥deletion (D) polymorphism of the tPA gene by polymerase chain reaction (PCR), and 4G/5G
polymorphism in the PAI-1 promoter gene by site-directed mutagenesis-PCR and restriction fragment
length polymorphism analysis. Correlations between these polymorphisms and clinical symptoms of
antiphospholipid syndrome (APS) (arterial thrombosis, venous thrombosis, miscarriage) were analyzed.
Results. Significant differences in the allele frequencies of these genes did not exist between patients
and controls. There was no significant correlation between these gene polymorphisms and clinical
symptoms of APS in patients with aPL.

Conelusion. Polymorphisms of the tPA or PAI-1 genes probably do not significantly influence the risk
of arterial thrombosis. venous thrombosis, or pregnancy morbidity in patients with aPL. (J Rheumatol

2002:29:1192-7)
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Antiphospholipid antibody syndrome (APS) is one of the
most frequent causes of acquired thrombophilia. Detection of
antiphospholipid antibodies (aPL) is carried out mostly by .-
glycoprotein I dependent anticardiolipin assays and lupus
anticoagulant (LAC) assays. The clinical value of these assays
is widely acknowledged, and the tests are included in the clas-
sification criteria of APS'. The major clinical features of this
syndrome are recurrences of arterial thrombosis, venous
thrombosis, and pregnancy loss. Other clinical manifestations
include thrombocytopenia, neurological disorders, hemolytic
anemia. migraine, and pulmonary hypertension. The throm-
botic events tend 10 recur: arterial thrombosis is often fol-
lowed by another arterial thrombotic event and likewise for
venous thrombosis®. An explanation for this heterogeneity and
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the tendency toward recurrence has remained elusive. A well-
accepted mechanism of pregnancy loss is placental insuffi-
ciency due to vascular occlusion®, although several other
mechanisms have been proposed.

Antiphosphelipid antibodies are a significant factor in the
pathophysiclogy of thrombotic events: aPL impair anticoagu-
lants such as protein C or antithrombin HI*%, activate platelet
function®. induce a procozgulant state by activating endothe-
lial cells?, or induce early atherosclerotic lesions at least in
animal models®. However, no correlation between methods of
detection of aPL and other clinical symptoms has been found,
suggesting that APS is a multifactorial disorder in which some
factors that may not directly relate to aPL may nevertheless
influence the occurrence and nature of thrombotic events.

Dysregulation of fibrinolysis may also play a significant
role in determining the clinical course of patients with aPL.
Tissue plasminogen activator (tPA) and plasminogen activator
inhibitor-1 (PAI-1) are 2 major regulators in thrombolysis.
Plasmin is converted from plasma plasminogen by tPA, a ser-
ine protease that promotes the initial step in the fibrinolytic
cascade on the surface of fibrin. On the other hand, PAI-1 is
one of the most potent serine protease inhibitors that inacti-
vate tPA. Polymorphisms of Alu-repeat insertion (1)/deletion
(D) in intron h of the tPA gene, and 4G/5G in the 5’-untrans-
lated region at -675 of the PAI-1 gene are known, as are the
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differences in productivity of these proteins between geno-
types™?. Whether these polymorphisms affect the occurrence
of thrombosis and their relationships with arterial or venous
thrombosis have been given attention'’?. We speculated that
impairment of fibrinolysis induced by the tPA and PAI-1 gene
polvmorphisms may modulate the initiation or the severity of
thrombotic events in APS and analyzed these genetic factors
in Japanese and Caucasian patients positive for aPL.

MATERIALS AND METHODS

Parients and conrrols. This retrospective study comprised 77 Japanese (8
men. 69 women) and 82 Caucasian patients (10 men. 72 women), all positive
-for aPL.. Their clinical records were carefully reviewed and the clinical symp-
toms such as anterial thrombosis, venous thrombosis, and pregnancy loss were
characterized. Of the 77 Japanese patients, 4} were diagnosed as APS (14 pri-
mary APS. 21 secondary to sysiemic lupus erythematosus (SLE), and 6 APS
with auloimmune disorders other than SLE]. Thirty-six subjects. albeit posi-
vve for aPL. had no clinical manifestations of APS, and had other autcim-
mune disorders {26 SLE, 4 rheumatcid arthrilis. 4 Sjdgren’s syndrome, one
mixed connective tissue disease. 1 polymyalgia rheumatica). Of these
patients, 17 were taking warfarin, 36 were being treated with antiplatelet
agents. and 48 with corticosteroids. The followup period vaned from 2 to 27
vears with an average of 11.2 years. Of the §2 Caucasian patients, 76 were
diagnosed as APS (51 primary APS. 25 secondary to SLE). Three had SLE
and 3 thrombocytopenia. all positive for aPL. Of these patients. 40 were tak-
ing warfarin, 43 were treated with antiplatelel agents. and 23 with corticos-
teroids. The followup period varied from | to 38 years with an average of 10.1
vears, Diagnoses of APS and SLE were based on proposed criteria for APS!
and American College of Rheumatclogy eriteria for ¢lassification of SLE'S.
Clinical features of these patients are given in Table }. Anerial thromboses
were diagnosed by magnetic resonance imaging, computed tomography. or
angiography. Venous thromboses were diagnosed by venogréphy or radioiso-
tope-iabelled venography. Pulmonary embolisms were diagnosed using per-
fusion scintigraphy. DNA samples were obtained from all these patients.
DNA from 144 healthy Japanese and 38 healthy Caucasians served as con-
trols. Written permission was obtained from each patient to use DNA for this
purpose. As the patients had antithrombotic therapy after the first thrombotic
event, the difference of the treatment did not confound the results. Among
each subgroup of patients. no difference was found in the length of followup.
Analysis of Alu-repeat polymorphism in the tPA gene. VD polymorphism
resulting from the presence/absence of an Alu repeat in the exon h of the tPA
gene was identified by polymerase chain reaction (PCR) and electrophoresis.
We utilized primers described by Yang-Feng. et al'®. 5' primer; 5'-TCCG-
TAACAGGACAGCTCA-3" (PR-TPAOL-1; nt 25.216-25.234), 3" primer: 5'-
ACCGTGGCTTCAGTCATGGA-2' (PR-TPAOL-2: m 26,181-26,162). PCR
conditions were as follows: 10 pl of reaction liquid containing 5 pmel of each
primer, 1 i) of 10 % PCR buffer IL. 0.8 pl of dNTP mixture (2 mM of each
dNTP), 0.6 pl of MgCl, {25 mM), and 0.08 p] of ampli Taq Gold (Perkin-
Elmer. Norfolk, CT. USA). was subjected 10 the initial denature step for 9 min
a1 94°C. followed by 35 cycles of denaturing at 94°C for ) min, annealing
step at 56°C for 1 min, extension step at 72°C for 2 min, and an additional

Table 1. Clinica! features of the patients. Values are the number of posi-
tive/number of patients tesied (%).

Japanese Caucasian

21177 21.3)
277 (9.1)
10453 (19.6)
39/77 (50.6)
56/73 (76.7)

Arterial thrombosis
Venous thrombaosis
Pregnancy loss
Anticardiolipin
Lupus anticoagulant

41/82 (50.0)
41/82 (50.0)
30/72 (41.7)
60/82 (73.2)
49/82 (59.8)

extension step at 72°C for 5 min. PCR preducts were electrophoresed in 2%
agarose gels. Nine hundred and sixty-seven bp and 655 bp bands correspond
10 ] and D alleles, respectively.

Analysis of 4G/5G pelvmorphism in PAI-] promoter gene. Site-directed muta-
genesis PCR (SDM-PCR) and subseguent restriction fragment Jength poly-
marphism (RFLF) analysis, vsing Dralll (New England Biclabs, Beverly.
MA. USA) were done 1o anzlyze the 4G/5G polymorphism of the PAl-] pro-
moiter gene, Draill restriction enzyme site was introduced into amplification
products of the 4G allele by SDM-PCR. The upsiream primer. described by
Kimura. er &, 5-TCCAACCTCAGCCAGACAAG-3 (PAI-1 prl) and the
newly designed downstream primer 3°-TGATACACGGCTGACTCACC-¥”
(underlining indicates the mutation introduced to jorm the restriction site for
Dralll) were utilized. PCR was done in the same fashion except for the
annealing temperature (65°C) and each reaction time of denaturing. anneal-
ing. and extension steps (30 s). Five micreliter of SDM-PCR products were
dizested overnight with 10 units of Dra-1lI a1 37°C and resolved on a 4%
agarose gel. Dralll digests the amplified products from the 4G alleles into 2°
fragments of 71 and 19 bp. Producis amplified from genes with the 5G allele
rernain undigested (Figure 1). The accuracy of SDM-PCR and RFLP sysiem
for detection of the PAl-1 4G/5G gene polymorphism was confirmed by
sequence analysis in several randomly selected samples.

Determination of aPL. Anticardiolipin enzyme immunoassays and LAC
assays were done in these patients. }2G/M aCL were measured by standard
aCL ELISA. Existence of LAC was determined. according to guidelines
recommended by the Subcommitiee on Lupus Anticoagulant/Phospholipid-
dependent Antibodies™. by prolonged activated partial thromboplastin time,
dilute Rassell’s viper vencm time or kaclin clotting time, and their correction
by phospholipid or platelets.

Staristical analysis. Correlations between the polymerphisms of tPA and PAl-
1 genes and clinical symptoms (arterial thrombosis. vencus thrombosis, preg-
nancy loss) were analyzed. Contingency table analyses were done using
Fisher's exact test. Both univariate and multivariate analysis were done. P
valvues £ 0.05 were considered to have statistical significance.

RESULTS

Genotypes and zllele frequencies of /D polymorphism of tPA
and 4G/5G polymorphism of PAl-1 genes of both Japanese
and Caucasian healthy volunteers are similar to those docu-
mented’*2%23. As shown in Table 2, these data are consistent
with the distribution predicted by the Hardy-Weinberg equi-
librium. Significant differences in both genotypes and allele
frequencies of both polymorphisms of tPA and PAI-1 genes
did not exist between patients and controls, or between
Cezucastan and Japanese.

Figure 1. Analysis of the plasminogen activalor inhibitor-1 (PAI-1) gene.
Site-direcied mutagenesis PCR and subsequent RFLP analysis were used to
anzlyze 4G/5G polymorphism in the prometer region of PAl-1 gene, The Dra
111 restriction site was introduced into 4G alleles (71+19bp). while the 5G
alleles remained undigested (90 bp). Lane 1 and 2: homozygous for 4G allele;
lane 3 and 4: 4G/5G: Jane 5 and 6: homozygous for the 5G allele.
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Table 2. Prevalence of /D polymorphism of tPA pene and 4G/5G polymerphism of PAL-1 gene. Values are num-

bers of genotypes or alleles (%).

PA PAI-]

Genotype I DI DD 4G/AG 4G/5G . 5G/5G
Japanese

aPL-+ patients 22 (28.6) 35(45.5) 20(26.0) 23(29.9) 45 (59.7) 8¢10.4)

Healthy controls 43 (30.0) 66(45.8)  35(24.3) 38 (26.4) 73(¢50.7y  33(22.9)
Caucasian

aPL+ patients 30(35.7) 34(405) 18(214) 25 (30.5) 38 (46.3) 19 {23.2)

Healthy controls 9{23.71 21(55.3) 821.1) 10 (26.3) 22(579) 6 (15.8)
Allele 1 Allele D Allele 4G Allele 5G Allele
Japanese

aPL+ patients 79 (51.3) 75481 L 92(59.7) 62 (40.3)

Healthy controls 152 (52.8) 136 (47.2) 149 (531.7) 139 (48.3)
Caucasian

aPL+ patients 90 (57.3) T042.7) 88 (53.7) 76 (46.3)

Healthy controls 39 (51.3) 37211 4% (55.3) 34 (44.7)

aPL: antiphospholipid antibodies: tPA: tissue plasminogen activator, PAI-): plasminogen activator inhibitor-1.

In monovariate analysis, I allele of tPA, when compared
with D allele, had a weak correlation with a history of arterial
thrombosis (p = 0.029) in Japanese patients, while in
Caucasians, D allele of tPA, compared with I allele, bad a
weak correlation with a history of venous thrombosis (p =
0.018). Statistical significance was lost when multivariate
analyses were done (Table 3A). There was no significant cor-
relation between the gene polymorphism of PAI-1 and clinical
symptoms (Table 3B). No allele investigated in this study was
commoner in patients with multiple symptoms than in the oth-
ers (Table 3). We also investigated the association between

APS symptoms and beth of I/l genotype of tPA (compared
with non-I/I genotypes) and 4G/4G genotype (compared with
non-4G/4G genotypes), finding no significant correlations
(Table 4).

DISCUSSION

The consequences of tPA or PAI-T polymorphisms have been
discussed. In 1992, Ludwig, er o/** found an Alu-repeat /D
polymorphism in intron h of the tPA gene. Basal tPA release
rates were unaffected by this polymorphism when human
umbilical vein endothelial cells were used®, but in vive,

Table 3A. Correlation between clinical features in patients with antiphespholipid antibodies and alleles of tissue
plasminogen activator. Odds ratio as the relative risk of 1 allele for having each manifestation.

Allele Count p Value
TAllele D Allele Odds Ratio 95% CI  Univariate Multivariate
Japanese
Arterial thrombosis  {+) 28 14
(=) 51 61 239 1.14-5.02 0.029 0.876
Venous thrombosis (+) S 9
- 74 66 050 0.16-1.55 0.265
Pregnancy loss {+) 13 7
(- 42 40 1.77 0.64-4.88 0.323
Multiple symptoms ~ (+) 6 2
(=) 83 68 232 0.45-11.85 0.468
Caucasian
Arnterial thrombosis  (+) 47 35
{-) 47 35 1.00 054-186 =>0.9999
Vencus thrembosis (+) 39 43
(=) 55 27 045  0.24-0.84 0.018 0.053
Pregnancy loss (+) 33 27
- 50 34 083  043-1.62 0.616
Multiple symptoms  (+) n 25
(=) 72 45 053  026-1.05 0.793
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Tabie 3B Correlation between clinical features in patients with antiphospholipid antibodies and alleles of plas-
minogen activaior inhibitor-1. Odds ratio as the relative risk of I allele for having each manifestation.

Allele Count p Value
4G Allele  5G Allele  Odds Ratio 95% Cl Univariate
Japanese
Arterial thrombasis (+) 20 22
(=) 72 40 0.51 0.25-1.03 0.067
Venous thrombosis (+) 9 5
(-} 83 57 1.24 0.39-3.88 0.783
Pregnancy loss (+) 13 7
(=) 44 38 1.60 0.58-4.43 (.454
Multiple symptoms (+) 6 2
{-) 86 60 2.09 0.41-10.73 0476
Caucasians
Anrterial thrombosis (+} 42 40
{-) 46 36 0.82 0.44-1.52 0.639
Venous thrombosis (+) 42 40
(=) 46 36 082 0.44-1.52 0.639
Pregnancy loss (+) 35 25
(=) 43 4] 1.34 0.68-2.60 0.742
Multiple symptoms (+) 26 20
{-) 62 56 1.17 0.59-2.33 0.728

Table 4. Associations of VI genotvpe of tPA or 4G/4G genotype of PAl-) gene and APS symptoms, Values are
number of patients positive/number of patients tested. p Values of 1] genotype vs non-11 genotypes and 4G/4G
genctype vs non-4G/4G genotypes were calculated.

Genotypes of tPA Genotypes of PAT-]

11 Non-111 p 4G/4G  Non-4G/4G P

Japanese

Arerial thrombosis 10722 11/54 0.122 323 18/53 0.174

Venous thrombosis 1/22 6/54 0.667 2/23 5/53 > 0,999

Pregnancy loss 4/14 6/37 0462 514 5I37 0.261

Muhiple symploms 2722 2/54 0.579 2/23 2/53 0.585
Caucasians

Arerial thrombosis 15/30 9/52 > 0.999 12/25 29/57 > 0.999

Venous thrombosis 9/30 31452 £.150 13/25 28157 > 0.999

Pregnancy loss 10126 20/46 0.824 10/22 20/50 0.817

Muliiple symptoms 4130 19/52 0.129 825 15/57 0.800

release rates were markedly higher in subjects homozygous
for the T allele®. In a study done in The Netherlands, the I allele
was significantly more frequent than the D allele in patients
with myocardial infarction'!. However, subsequent studies in
other populations found no such association!>1,

In 1993, 4G/5G polymorphism located in the 5 -untrans-
lated region at position -675 of the PAI-1 gene was described
by Dawson, et al'%, and an in virro study using HepG2 cells
indiczted that the 4G allele is associated with enhanced gene
expression under stimulation. In addition, there are reports
showing that the 4G allele corresponds to significantly higher
PAI-1 levels than does the 5G allele’™37 In studies done in
Sweden, the 4G allele was reported to be a risk for myocardial
infarction® and deep vein thrombosis’®. In contrast, cther

studies found that this polymorphism was not a risk factor for
thrombosis?-5,

A possible relationship between impaired fibrinolysis and
APS has 10 be considered. These polymorphisms may be used
as a discriminator value to stratify patient populations with
respect to incremental function of these proteins. In patients
with aPL, some studies noted impairments in the fibrinolytic
system, which is vital for preventing clot formation and occlu-
sion in vessels. Francis, er 4/ reported that, in some patients
with LAC and thrombosis, increments in tPA activity after
venous occlusion were not evident. Jurado, er al*® reported
higher PAI-1 levels before and after venous occlusion in
patients with autoimmune diseases. Decreased tPA release and
higher mean PAI-1 levels were investigated®'2, although in

Yasuda, er al: TPA/FAL-1 polymorphisms in APS
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the former report there was no correlation with high level of
aPL. Reduced fibrinolytic response to venous occlusion was
also noted in patients with aPL who did not have SLE™.

We speculated that the reported perturbation in fibrinolysis
by 1PA and PAI-]1 gene polymorphisms may alter the risks of
thrombosis in APS patients more significantly than in patients
with other thrombotic disorders. However, our curent study,
revealed neither the 1 allele of tPA nor the 4G allele of PAl-]
to be significant risk factors for thrombosis or pregnancy Toss
in patients positive for aPL. While preparing our study, the
positive correlation between PAI-] polymorphism and throm-
bosis in APS was reported in a Catajan population™. In
Japanese and in British Caucasians, however, we found no
correlation between these gene polymorphisms and symploms
of APS. Polymorphism of the tPA and the PAI-1 gene does not
swmmﬁ@mmmwmﬁmmMMﬁ$OHMWmmmmmMr
symptoms in patients with APS.
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Abstract

fz-Glycoprotein | {(B,GPI) appears to be the major antigen for antiphospholipid antibodies {aPL) in
patients with antiphogpholipid syndrome (APS). In early infancy, virtually all children initiate
transient immune response to non-pathogenic nutritional antigens, which fails to terminate in
children with atopic diseases. To examine the possibility that a prolonged immune response to
B2GP! could alsc spread to the human protein, antibodies against human B.GPI {anti-B.GPI) were
determined in 93 randomly selected children with different allergic diseases. A high frequency
(42%}) of 1gG anti-B,GPIl was found in children with atopic dermatitis (AD), but not in those with
other allergic diseases. Anti-B2GPl in children with AD were exclusively of the I9G1 subclass and
bound to bovine B,GPI as well, but not to either B,GPl combined with the phospholipid cardiolipin.
The epitopes were identified in domain V of B,GPl and the antibody binding was abolished upon
the specific proteolytic cleavage of the phospholipid-binding C-terminal loop in domain V of B.GPI.
These results indicated that the epitopes for anti-f,GP1 in children with AD most likely resided in
close vicinity of the phospholipid-binding site of 8,GPI. The epitopic difference from anti-B,GPI in
APS may explain presumed non-thrombogenicity ot anti-B,GPI in children with AD.

Introduction

Antiphospholipid antibodies {aPL) are detected in a number of
clinical disorders including autoimmung, infectious, malignant
and other diseases. However, thrombosis and recurrent fetal
loss associated with aPL, constituting the antiphospholipid
syndrorne (APS3), are reported in autoimmune patients only (1).
Criginally thought to be directed towards negatively charged
phospholipids, aPL in autcimmune patients are now known 10
recognize certain phospholipid-binding plasma proteins,
thereby differing from aPL in other diseases, which bind
directly to phospholipids {2,3). B,-Glycoprotein | (B.GPi)
appears to be by far the commonest and best-characterized
antigenic target for presumably pathogenic aPL (4). B,GPlis a
single-chain (326 amino acids) 50-kDa plasma prolein com-
posed of five homologous short consensus repeat domains
(5,6). Domain V of B,GPI ditfers from the other four domains by
two additional cysteins, respensible for the second internal

loop and the long C-terminal tail (7). Domain V also possesses
a highly positively charged amino acid sequence Cys281-
Cys288, which was shown lo be a potent phospholipid-
binding site (8). Recent X-ray analysis of p>GP| showed that a
patch consisted of 14 positively charged amine acid residues
on domain V, as well as the flexible and partially hydrophobic
C-terminal loop between Ser311 and Lys317, are involved in
the binding 1o phosphelipids (9). The binding of B.GPI to
phospholipids could significantly be reduced by the specific
proteclytic cleavage of the C-terminal loop between Lys317
and Thr318 (10,11}

The exact epitopic sites for antibodies against B.GPI {anti-
B=GPI} have not yet been revealed, but it seems that domains |
and IV are dominant in the binding of anti-BzGPI from APS
patients (12-14). The physiological function of RGPl is still
unclear. However, the interaction of PGPl and anti-B,GPI
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apparently leads to a prothrombotic state, accelerated
atherogenesis, and interferes with the clearance and process-
ing of apoptotic cells.

Farticularly during the first few months of life, intact
macromolecules may pass through the epithelium of the
gastrointestinal tract in amounts sufficient to effectively
engage the T cell system (15). It has been shown that virtually
all children initizte 1gG1 production against nutritional antigens
by 3 months of age, and this production typically peaks during
infancy and wanes thereafter, whereas corresponding 1gG4
responses centinue to develop (16). This early pattern of
transient Ty2-dependent antibody production against non-
pathogenic nutritional antigens fails to terminate in children
with atopic diseases (17,18). Since B,GPI has been remark-
ably conserved during the evolution of animal species,
showing >80% homology between the amino acid sequences
of human, bovine and rat counterparts (19), we have con-
sidered the possibility that in children with atopic diseases an
exaggerated immune response to PGP from milk or meat
products could lead not only to the production of antibodies
against bovine B,GPI, but also toward human B,GPI. The
immunization of experimental animals with heterclogous B2GPI
was shawn 1o induce the production of antibodies specific for
the administered antigen and a subset of antibodies that
cross-reacled with homologous B,GPI1 (20). To our knowledge,
no links between anti-B,GPI and allergic diseases have been
reported yel.

We report here & high frequency of anti-BGPI in children
with atopic dermatitis (AD), but not in those with other ellergic
diseases examined. Anti-B.GPI in children with AD were found
lo recognize epilopes on domain V of B,GPI, most probably in
close vicinity of the phospholipid-binding site. This epitopic
ditference from anti-BGPl in APS and the inability of AD-
associated anti-BGP| to bind B,GP! in combination with
phospholipids may provide clues to understanding their
presumed nen-thrombogenicity.

Methods

Serum samples

Five groups of sera were selected from the serum banks of the
Pediatrics Clinic and Department of Rheumatology (University
Medical Centre, Ljubljana). The main group comprised 71
consecutive sera from children with ditferent atopic diseases
positive for at least one allergen-specitic IgE antibody or
having elevated total serum IgE. Among thern, 45 children
suflered from AD, 36 exhibiting pure-type AD, while nine also
had other types of allergy associated with AD, i.e. mixed-type
AD (27 boys and 18 girls, mean age 3.7 years, range 2 months
to 16.8 years). The other 26 children had atopic diseases with
respiratory system symptoms only {allergic rhinitis 15, asthma
3, both 8 children; 21 boys and five girls, mean age 11 years,
range 1.9-18 years). The second group consisted of 22
children with a non-atopic allergic disease who had experi-
enced a systemic anaphylactic reaclion after stings of
Hymenoptera insects (16 boys and & girls, mean age 11
years, range 2.1-17.8 years). The normat contro! group for
children comprised 61 sera from apparently healthy children
collected &t their regular preventive visits (25 boys and 36

girls, mean age ©.4 years, range 4.9-14.2 years). As a positive
control group, 2€ sera from adult primary or secondary APS
patienls were randomly selected. The control group for adults
consisted of 52 healthy blood donors (31 men and 21 women,
mean age 34.0 years, range 18-65 years).

mAb

Two monoclonal BGPi-dependent aPL were used as celi-
brators to establish standard curves for the anti-B.GPl znd
anticardiolipin antibody (aCl} ELISA: HCAL, a chimeric IgG
mAb consisting of human x and y1 C regions and V regions
from the mouse monoclonal aClL WBCAL-1 (21,22), and
EY2CE, an IgM mAb derived from a patient with APS {23).
Arbitrary units (AU) were set for the anti-BoGPl and aCl. ELISA
by the concentrations of the mAb giving definite absorbance
values. The activity of 1 ng/mi of HCAL was defined as 1 !gG
AU (AUG) and the activity of 5 ng/ml of EY2CS as 1 Ight AU
(AUM). IgA AU (AUA) were set by the dilutions of a selected
IgA anti-B2GPI* in-house standard from a patient with APS.

Three anti-B,GPI mAb {Cof-18, Cof-22 and Cof-23) cbtained
from BALB/c mice immunized with human B,GP! (12) were
applied as positive controls. '

Anti-B.GP1 ELISA

B2GPt was purified from pocled hurman sera by affinity column
chromatography (2) and coated at 10 ug/mlin PES (pH 7.4, 50
piswell) on Costar High Binding EIA/RIA plates (cat. no. 3590;
Costar, Cambridge, MA) for 2 h at reom temperaiure. After one
wash with 300 wi of PBS containing 0.05% Tween 20 (PBS-T),
50 pliwell of the standards and test sera diluted 1:100 in PBS-T
were applied for 30 min at room temperature. Following four
washes, 50 pliwell of alkaline phosphatase-conjugated goat
anti-human 1gG, IgM or IgA (ACSC, Westbury, NY) diluted in
PBS were added for 30 min at room temperalure. After four
washes, 100 pliwell of p-nitrophenylphosphate (Sigma, St
Louis, MO) dissolved at 1 mg/ml in 1 M diethanolamine bufier
(pH 2.8) was applied. OD at 405 nm was first measured after
15 min and then every 3 min by a microtiter plate reader
(Rainbow Spectra Thermo; Tecan, Salzburg, Austria) until 2n
optimal fitting to the predicted OD of the standards was
obtained. All sera were tested in duplicates both in wells with
and without B.GPI (sample blank values). Specific zbsor-
bance was obtained by subtracting sample blank values from
raw data,

The cut-off levels for anti-B,GPI in children were determined
based on the absorbarnce values of control healthy children.
The distribution of absorbance values was significantly
skewed on the linear scale and nearly symmetrical on the
log scale, the cut-off poinls were defined as the mean + 25D
for the log-absorbance values. Expressed in previously
defined AU, the cut-off points for 1gG, IgM and IgA anti-
B-GPI in children were 42 AUG, 2.6 AUM and 4.0 AUA
respectively (24).

Fluid-phase inhibition test with B-GP!

Except for the preparation of test samples, the assay condi-
tions were the same as described for the anti-B,GPI ELISA.
Tested gera or Cof mAb diluted to 50% maximal bindirg in 1%
BSA (essentially fatty acid free, cat. no. A-B003; Sigma) in
PBS-T were mixed with equal volumes of B,GPI solutions in the
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sarne buffer. The final concentrations of oGPl were 100, 20, 4,
0.8, 0.16, 0.032 and O ng/ml. The mixtures were incubated for
45 min &t room temperature, then 50 whwell was applied to
ptate wells. OD was measured after 30 min of color deveiop-
ment.

Anti-BGPI ELISA for IgG subclasses

Coating of B2GPI, washing and application of serum samples
were performed as in the anti-BGP1 ELISA. Secondary mouse
anti-human monospecific antibodies to IgG1 (diluted 1250,
clone HP 6068; Zymed, San Francisco, CA), 1gG2 (diluted
1:500; clone MAB 1308; Chemicon, Temecula, CA), 1gG3
{diluted 1:1000, clone HP-8050; Sigma) or IgG4 (diluted
1:1000, Clone HP-6025; Sigma) were applied in 50 uliwell
aliquots for 1 h at room temperature. For color development,
alkzline phosphatase-conjugated goat anti-mouse 1gG
(Sigma) and p-nitrophenylphosphate were used.

Anti-BSA ELISA and fluid-phase inhibition test with BSA

Costar High Binding microtiter plates were coated with 50 pif
well of BSA dissolved at 20 pg/m! in PBS for 2 h at room
temperature. All further steps were as described for the anti-
B2GPI ELISA. OD was measured after 45 min of incubation at
room temperature. The cut-off peint was defined as for the
ant-B,GP! ELISA.

For the inhibition test, ByGP) and BSA were coated on the
same plate as descriced for the anti-p2GPl and anti-BSA
ELISA respectively. Inhibition mixtures were prepared in
duplicates, one containing tested serum ard BSA at concen-
trations up to 1 mg/ml in PBS-T and the other serum diiuted in
PBS-T only. Following incubation for 45 min ai room tempera-
ture, the mixtures were applied to wells with B,GPI, BSA or
without an antigen. All further steps were as in the anti-BGPI
ELISA.

ELISA and fluid-phase inhibition test with bovineg S-GP!

The purification of bovine BGP!, ELISA and inhibition test were
performed as described for human PB.GPi, which was also
used as a control protein. Inhikition mixtures containing either
bovine or human PGP} in fluid phase were agplied 1o paralle!
duplicate wells coated with either protein so that all four
possible antigen combinations were tested on the same plate.
The final concentrations of B,GPI in mixtures were 200, 100,
20, 4, 0.8, 0.16 and O ug/ml.

Standard aCL ELISA

Costar Medium Binding EIA/RIA plates (cat. nc. 3591) were
coated with cardiolipin as in the standard aCl ELISA, After
incubation with 120 pliwell of 10% FBS (Sigma) in PBS for 1 h
at room temperature, the plates were washed once with 300 plf
well of PBS. Then 100 pl/wel! of standards and serum samples
diluted 1:100 in PBS containing 10% FBS were applied for 2.5
h at room temperature. Plates were washed 4 times with PBS
and 100 phiwell of alkaline phosphatase-conjugated rabbit
anti-human IgG (ACSC) were added. Following 1-h incubation
at room temperature, plates were washed 4 times and 100 pl/
well of substrale were applied. OD was measured as
described for the anti-BGP| ELISA.

Anti-B2GPl in children with AD 825

Modified aCl ELISA

Sumilon S microtiter plates (Sumitomo Bakelite, Tokyo, Japan)
were coated with 40 pliwell of 50 pg/ml cardiolipin (Sigma) in
ethanol by evaporation at 4°C overnight. After blocking with
200 pliwell of 1% BSA in PBS (1% BSA/PBS) for 1 h at room
lemperature, the plates were washed 3times with 300 pl/well of
PBS-T. Then 50 pliwell of standards and serum samples
diluted 1:100 in 1% BSA/PBS containing 10 pg/m of B.GPI
were applied for 2 h at room temperature. Plates were washed
3 times and 50 wYwell of alkaline phosphatase-conjugated
mouse anti-human 1gG (Southern Biotechnology, Birmingham,
AL) were added for 1 h at room temperature. After washing,
the substrate was added and OD was measured as described
for the anti-BGPI ELISA.

The cut-off values in the aCL ELISA, determined by the
same method as in the anti-B,GPI ELISA, were 13.9 AUG and
5.6 AUG for the standard and modified method respectively;
13.8 AUG corresponded 1o 7.6 GPL international standard I1gG
aCL units {25).

ELISA and inhibition tests with domain-deleted mutants
(DM} of human 8.GP!

Recombinant DM of B.GPI, facking cne or more domains, as
well as whole mclecule B;GPl (WM) were produced by the
baculovirus/Sf 9 insect cell vector expression system {12,26).
The ELISA with different DM (DM 1=V, DM 11l-V, DM V-V and
DM V lacking domains at the N-terminal region or DM [-11l and
DM 11V lacking domains at the C-terminal region) as antigens
was performed as outlined for the anti-B2GPI ELISA. Cof mAb
and rabbit pelyclonal anti-BGPI served as positive controls.
Inhibition of binding to solid-phase B.GPl was tested with
recombinant domain V of B2GPl (DM V) in fluid phase at its final
concentrations of 50, 20, 4, 0.8, 0.16 and 0 pg/ml.

ELISA with proteolytically cleaved B-GFPI

Cleaved PGPl was prepared by treatment with hurman
plasmin as described (27). The ELISA was performed on
Costar High Binding plates using intact serurn purified p.GPI
on the same plate for comparison.

Statistical analysis

Statistical tests were performed using subroutines from the
statistical analysis package by MS Excel 8.0 for Windows. Chi- -
square test, HHest assuming equzl or unequal variances and
linear regression analysis were uged when appropriate.
Differences were considered significant whenever P < 0.05.

Results

Prevalence and clinical assceiation of anti-B.GP! in atopic
children

Anti-BGPI of 1gG isotype were detected in 20 of 71 (28%)
atopic children. Interestingly, 18 of 20 1gG anti-B.GPI+ children
(95%) were diagnosed with AD and the one not suffering from
AD had an IgG anti-B,GP!I levet of only 5.8 AUG above the cut-
off. Considering the group of 45 children with AD, 19 (42%, 17
pure and two mixed type) had positive 1gG anti-B,GPI, white
26 children (58%, 19 pure and seven mixed type) were anti-
B-GPl-. The difference in anti-B.GPI positivity between pure
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and mixed type AD was not significant. A statistically signifi-
cant difference was found by comparing the age of AD
children positive for 1gG anti-B.GPl {meanage 1.8 = 0.8 years,
range 3 months to 3.1 years) and those negative for anti-B.GP}
{5.1 % 4.4 years, range 2 months to 16.1 years) (P = 0.0003).
There was no difference in either the frequency or mean
positive 1gG anti-B.GPI values between the children with AD
and adult APS patients (Fig. 1).

Arnong children with increased IgG anti-B.GPI, one also
had increased tgM, two IgA, and one child both IgM and IgA
anti-B,GPI. Children negative for IgG anti-B,GPI were negalive
tor the other two isctypes as well. All 22 children with systemic
anaphylaxis after an insect bite were negative for all three
isotypes of anti-B.GPI.

Inhibition of anti-B-GPI with B.GFI in fluid phase

The binding of 1gG anti-B,GPI irom the children with AD to
B2GPl on microtiter plates was inhibited in a dose-dependent
manner by PGPl in solution. Fifty percen! inhibition was
achieved by B.GPi concentrations between 15 and 30 pg/mi
(0.3-0.6 pM), These concentrations were ~100-fold higher
than the ICsq of the Cot mAb (6.1-0.35 pg/ml}. Anti-B,GPI from
the APS patients and HCAL mAb showed only 15-35%
inhibition at 100 pg/ml {2 uM) of B.GPl. Representative
inhibition profiles are presented in Fig. 2.

Subclass specificity of IgG anti-B.GF! in atopic children and
APS patients

IgG1 was the only subclass detected in ali eight randomly
chosen 1gG anli-B;GPI* sera from the children with AD,
whereas 1gG2 was the predominant subclass present in all
eigh! randomly selected sera from the APS patients.
Additionally, low levels of IgG1 were detected in seven,

IgG8 in one and IgG4 in two of the eight sera from the APS
patients.

Binding 1o BSA in and cross-reactivity of enti-BSA with
BoGPI

Because cf the high background binding exhibited by many
sera of the atopic children in preliminary experiments using
BSA as the blecking agent, we presumed that some sera may
also contain anti-BSA. Infact, increased levels of IgG anti-BSA
were found in 24 of 71 sera (34%) from atopic children. The
frequency of anti-BSA was significantly higher in the children
with AD (19 of 45 = 42%) than in the other atopic children (five
of 26 = 19%, P = 0.038). No correlalion between the
absorbance values for anti-B,GPI and anti-BSA in the children
with atopic diseases was observed. There was also no
association between the presence of anti-BoGPl and anti-
BSA in the children with AD.

Anti-BSA in 13 selected atopic children were inhibited in a
dose-dependent manner by fluid-phase BSA (ICsp = 0.2-
20 pug/mil BSA). BSA had no influence on the detection of anti-
B=GPI, thus excluding cross-reactivity of anti-BSA with B,GPI.

Binding of anti-B,GP! from atopic children to bovine B-GPI

All 12 sera from the AD children containing antibodies toward
human B,GPI bound efficiently to bovine B:GPI, suggesting a
cross-reactivity. Five of 16 randomly selected sera among
atopic children negative against human B,GPl expressed a

100 +
8o+
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O
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204+ 1 )
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AD APS
n=45 n=26
------- Cut-off

Fig. 1. Comparison of Ig@ anti-B2GPI levels in children with AD and
adult APS patients. No statistically significant difference in either
frequency or levets of positive IgG anti-p.GPl was found between
the two groups (AD: 19/45 = 42% positive, mean 21.2 = 18.3 AUG,
range 5.5-5.5 AUG; APS: 10/26 = 38% positive, mean 28.2 = 27.5
AUG, range 5.1-85.8 AUG). Results of 1gG anti-B,GPI ELISA are
expressed in AUG defined in Methods, The cut-off values for AD
and APS were 4.2 and 2.9 AUG respectively, Error bars indicate
mean = SEM of positive values.
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Fig. 2. Inhibition of binding to B,GPI adsorbed on microtiter plates
with B,GP! in the fluid phase. Three representative inhibition profiles
among IgG anti-f,GPI* sera from children with AD and APS are
presented. HCAL and Cof mAb were used as controls. Resulls are
expressed as percentage of inhibition (1 - ODinwned/QDnorannbnea)-

subslantial binding to bovine B,GPl. HCAL and EY2C2 mAb
bound both antigens similarly to anti-BGPI from the children
with AD. In addition, anti-B-GPI from the APS patients bound
efficiently both antigens, although some sera expressed a
highet binding to human than 1o bovine [i;GPI {Fig. 3A).
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Human and bovine B,GPI had similar inhibitory effects on
the binding 1o solid-phase human B,GPI by the sera from the
children with AD. However, the binging 1o solid-phase bovine
B,GPI was less efficiently inhibited by human than bovine
B,GPI, indicating a population of anti-B2GPI specific for bovine
B-GPI (Fig. 3B}.

Binding of IgG anti-B-GP! from atopic childrer in aCL ELISA

Among 19 anti-B,GPl* sera from the children with AD, positive
results were oblaired in only three and two sera by the
standard and modified aCL ELISA, respectively. Among anti-
BoGPI- atopic children, three sera expressed positive values in
the standard aCL ELISA and one serum in the modified aCL
ELISA. No statistically significant difference in aCL positivity
was observed between anti-B,GPI* and anti-BGPi- sera.

Binding to DM of BGPI

Anti-BoGPl from the children with AD recognized all DM
containing demain V and showed no binding to DM without
this domain (Fig. 4). Further, all tested anti-BGPI* sera from
the children with AD bound to solid-phase recombinant
domain V. There was also a positive correlation between the
absorbance values for binding 1o complete B,GP1and domain
V (r = 0.85, P < 0.0001) (Fig. 5A). The binding of anti-B>GPI
from the children with AD to solid-phase B.GP! was efficiently
and in a dose-dependent manner inhibited by domain V in the
fluid phase (ICsg = 610 9 pg/ml = 0.4 10 0.7 pM) (Fig. 5B). The
molar concentrations of domain V and complete PGP giving
50% inhibition were comparable.

Anti-pGP1 from the APS patients bound predominantly to
DM -V and to a lower extent to DM I-111, which was similar o
the binding profiles of HCAL and EY2CS (data not shown).

Binding to proteoiytically cleaved BoGP1

The cleavage of BGPI practically abolished the binding of
znti-BoGPI from all 17 tested positive children with AD (mean
0D 0.386 = 0.183, range 0.139-0.798 for native purified B.GPI
and 0.014 = 0.018, range 0-0.080 for cleaved BGPI). Cof
mAb, used as controls, bound to beth forms of BGPI
efficiently.

Discussion

The B-GPI requirement for the binding of aPL from patients
with autoimmune disorders associated with APS is one of the
features that distinguish them from aPL occursing in non-
autoimmune diseases (2,3). Antibodies reacting with B,GPl in
the absence of anionic phospholipids may be a more specific
marker of thrombotic tendency in APS than aPL (4). Until now,
high frequencies and levels of IgG anti-B.GPI, comparable to
those in autcimmune diseases, particularly systemic lupus
erythematosus, have not been reported in non-autoimmune
disease.

tn this study we present the finding of a high frequency
(42%) of IgG anti-B,GP! in 45 chiidren with AD, Furthermore,
not only the high freguency but also the levels of 1gG anti-
B2GPI were similar to those usually found in APS. Anti-B,GPI
was significantly associated with AD, as a low leve! of 1gG anti-
B-GP1 was detected in only one of 26 patients with other atopic
disezses and in none of the 22 children who experienced a
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Fig. 3. (A} Binding of antibodies against human B,GPI 1o bovine
B2GPIL. In children with AD, the correlation between the absorbance
values for human ang bovine B,GPI was statistically significant (r =
0.2, P < 0.001). Sera from patients with APS, normal human sera
{NHS) and HCAL and EY2C9 mAb are shown for comparison.
Results are presented as mOD {102 x OD) at 405 nm values. (B)
Inhibition of binding to humar or bovine GFI adsorbed on microtiter
plate by either human or bovine B:GFPl in the fluid phase.
Representative serum inhibition profiles from a child with AD are
shown as percentage of inhibition (1 - ODnnmted/ODnonanibtea)
Symbols indicale different combinations of fluid- and solid-phase
antigen (first fluid- and second sclid-phase BGPI).

systemic anaphylactic reaction after stings of Hymenoptera
insects.

Since the existence of anti-B,GPl in AD children has not
been associated with clinical manifestations of APS, we
presumed that those antihodies may differ from anti-B.GP1in
APS patients. A series of experiments was performed to
characterize the binding properlies of anti-B,GPl in AD in
comparison with those in APS.

The specificity of anti-B,GP! in AD was supported by the
efficient inhibition of binding to solid-phase B.GPI with B,GPI
in the fluid phase. Interestingly, >B0% inhibition was obtained
with 100 pg/ml of BzGPI (Fig. 2), which was approximately half
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Fig. 4. Binding to serum-purified human B,GPI (B,GPI}, whole molecule recombinant B,GPI (WM) and various domain-deleted mutarits of
B:GPI (DM). All nine tested sera from children with AD showed the same binding pattern and results of two serz are presented. Cof-22 mAb
recognizing domain [l (50 ng/m!) and Cof-23 mAb recognizing demain 1V {100 ng/ml) were used as positive controts. A normal human serum
(NHS) reaching the highest absorbance values is included for comparisan, Results are presented as mOD (108 X QD) at 405 nm values.

the physiologic concentration in human serum (28). In
contrast, anti-B,GPI from the APS patients was very weakly
inhibited by fluid-phase B.GPI. This difference could be
attributed 1o the presumed conformaticnal specificity of anti-
PGPl from APS patients, recognizing p,GP!I epitopes that are
fully expressed only when B,GPI is bound to an approprizte
negatively charged surface, or to differing affinities for fluid-
phase B.GPI.

Another impertant distinction between anti-B,GPI in AD and
APS was noted using the standard and modified aCL ELISA.
Namely, anti-B,GPI from the children with AD showed negli-
gible binding in either of these assays, indicating that their
targel epitopes were not available when RGPl {from FBS or
purfied human protein) was combined with cardiolipin.
Therefore, anli-BzGPI in AD could not be classified as aCL.
Antibodies reacting in anti-B,GP!, but not in aCL, ELISA were
reported in some APS patients and healthy individuals, but
were not further characterized (29,30).

The assays with deletion mutants of B,GPI provided further
evidence for 2 distinct fine specificity of anti-B,GPI in AD. By
contrast to antibodies from the APS patients, for which the
major epitope proved to reside within domains 1-1V (12-14),
the sera tfrom the children with AD showed a reactivity
restricled to domain V of B,GPL. Furthermore, & high inhibition
of binding to B,GPl was oblained by isolated domain V,
confirming that this domain possessed main epitope(s) for
anti-poGPl in AD,

Domain V of B,GPlI was shown lo contain a potent
phospholipid-binding site including the C-terminal loop (2).
The proteolytic cleavage of the C-terminal loop between
Lys317 and Thr318 by plasmin abolished the binding of anti-
B2GPIl from the children with AD. The integrity of the
phospholipid-binding sile was also critical for the binding of
anti-BGPI from APS patients in some’'(8,10,27,31), but not all
studies {32). The lack of binding to tleaved B-GP1 was
attributed lo either a conformational change of B,GPI (27) or
direct disruption of the epitopic site in domain V (8,10,31).
However, anti-B,GPI from APS patients bound to BoGF!
combined with phospholipids (8,10,27,31), which was not

the case for anti-B2GPI in AD. The 1ailure of anti-B,GPI from
children with AD to bind cleaved B;GP| or oGPl associated
with cardiolipin suggested that their epitopes were located &t
or at least in close vicinity to the phospholipid-binding site in
domain V. We may also assume that a sterical hindrance
caused by the binding of such antibodies to §,GPI interferes
with the attachment of B,GPI to phospholipids, as aready
noted for Cof-18 mAb, which also recognizes domain V of
B2GP!{12). Since the adhesion of B,GFI to negatively charged
phospholipids and subsequent binding of anti-B.GPl eppears
ta be the pathogenic sequence of events in APS, the inability
of AD-associated anti-BzGPI to bind BoGPI in complex with
phospholipids may be an explanation for their presumed non-
thrombogenicity.

The mechanisms responsible for the occurrence of 19G anti-
BoGPlin AD are not clear. Severa! interdependent factors are
probably invelved. In virtually all serza from children with AD
having antibodies against human B.GPl we found clso a
similar reactivity with bovine B GPl. However, a specific
binding to bovine B,GPl was also observed in some serz
from children with atopic diseases withowt antibodies against
human B,GPl. The inhibition tests with human znd bovine
B2GPI implied that children with AD harbored two subsets of
anti-BzGPI: one recognizing specifically bovine B,GPI, found
also in other alopic children, and the other cross-reactive with
human and bovine B.GP!, resembling anti-B,GPl from APS
patients in our study anc previous reports (33, An important
factor responsible for the occurrence of antibodies against
bovine BGPi might be repeated exposure to nutritional B2GPI
early in life, when the intestinal mucosa is more permissive for
large molecules (15). It is conceivable that in infancy the
ingested bovine or some cther type of B,GPI (from dietary
products) cou'd act as a peroral immunization agent inducing
a bansient production of species-specific anti-B,GPI. In
children with AD this humoral immune response may spread
also to human B,GPl. An additional explanation for the
development of antibodies against human B,GPI in children
with AD might also be related to a deficiency of 2 specific
reguletory T cell function in AD (34).
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Fig. 5. {A) Binding of anti-B,GP1 to isolated domain V of fGPL. In 16
tested anti-B;GPI* children with AD, a positive correlation was found
between absorbance values for complete BzGPI and domain V (r =
0.85, P < 0.0001). Rabbit polyclonat anti-B-GP1 {rabbit) was used as
a positive control. HCAL and EY2C9 mAb recognizing domain 1V,
and normal human sera (NHS) were applied as negative controls,
Results are presented as mOD (103 X OD) at 405 nm values. (B}
Inhibition of binding of sera from children with atopic dermatitis to
B-GPl adsorbed on microtiter plates by domain V of B,GPl in the
tluid phase. Three representative inhibition profiles are presented.
Resulls are expressed as percentage of inhibition (1 - ODinhiaed!
ODnan-mhwbnsd)'

It has already been shown that exposure 1o cow milk during
the first few months of life results in the initiation of immune
responses towards B-lacteglobutin, BSA and o-casein. The
specific 1gG antibody production typically peaked during
early infancy, with particularly high levels in children with AD,
and declined thereafter (35,36). In our study as well, the AD
children having 1gG anti-p.GPl were of a significantly younger
age than those without anti-B.GPl. Antibodies against BSA
were also detecled in cur alopic children, particularly in AD.
Although their frequency was similar to that of anti-BGPI, the
potential cross-reactivity was excluded.

Anti-BoGPI in children with AD were restricted 1o the IgG1
subclass. The IgG subclass distribution of antibodies reactive

Anti-B-GPl in children with AD 829

with dietary proteins, notably B-lacteglabulin, has already
been investigated. In two studies, significantly higher levels of
specific 1gG1 and IgG4 were found in infants with elevated
igE. Thie parallelism in 1gG1, 1gG4 and IgE responses was
ascribed to the influence of IL-4 (37,38). It is tempting to
speculate that the elevated levels of IgG1 anti-B.GPl in
children with AD were also a result of a genetically governed
Tr2 skewing of the response to new nulritional antigens in
atopy prone infants.

At present we have no evidence that anti-B.GFI1 in AD can
influence allergic manifestations or induce APS. We are also
not aware of any relation between AD and APS, considering
patients’ persenal and family history.

In conclusion, we found a high frequency of IgG anti-p,GPI
in children with AD and no clinical signs of APS. These anti-
B2GPi could not be classified as classic aPL (aCL), as they did
not bind to PGP associated with cardiolipin. The proteciytic
cleavage of the C-terminal region of pGP| in close vicinity to
the phospholipid-binding site abolished the binding of anti-
8,(PI from children with AD, imptying that the epilope resided
near the phospholipid-binding region in domain V. Furlher
analyses and prospeclive studies are needed for definite
conclusions on the clinical relevance of anti-B,GPl in AD. The
investigation of interactions between dietary B,GPi and the
human immune systern may provide insights into the regula-
tion of autaimmune anti-B.GP| response.
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BGPI Bz-glycoprotein |

aCL anticardiolipin antibody
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Al arbitrary units
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Suppressed intrinsic fibrinolytic activity by monoclonal
anti-beta-2 glycoprotein I autoantibodies: possible mechanism
for thrombosis in patients with antiphospholipid syndrome
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Summary. p2-glycoprotein 1 (B2GPI) bears the epitope(s)
for autoimmune anticardiclipin antibodies (aCL) frequently
present in patients with antiphospholipid syndrome (APS).
B2GPI is involved in coagulation and fibrinolytic systems,
including inhibition of contact activation. Coagulation fac-
tor XII is an initiator of intrinsic coagulation and also of
intrinsic fibrinolysis. We investigated the effect of aCL
(= anti-B2GPI antibodies). regarding intrinsic fibrinolysis
using autoimmune wmonoclenal auti-p2GPT  antibodies
derived from a patient with APS or from an NZW/BXSB-F1
mouse. We developed a chromogenic assay system to
determine intrinsic fibrinolytic activity. The reaction was
activated by kaolin in the euglobulin fraction. Exogenous
B2GPI slightly suppressed intrinsic fibrinolytic activity of the
euglobulin fraction from normal plasma. Human menoclo-
nal anti-B2GPI antibody (EY2C9) and mouse monoclonal

anti-P2GPI antibody (WBCAL-1) in the presence of B2GPI
decreased the activity. In this system. the suppression
remained significant in the presence of an excess of exo-
genous activated factor XII. Euglobulin fractions from APS
patients' plasma paralleled low activities of intrinsic fibrin-
olysis compared with those from healthy subjects. Our
results suggest that f2GPI and anti-B2GPI antibodies sup-
press intrinsic fibrinolytic activities. This suppression was
not only due to inhibition of factor XII activation but was
also related to function of activated factor XII (XIIa). These
phenomena partly explain the mechanisms of thrombosis in
APS.

Keywords: kaolin, chromogenic assay, antiphospholipid
antibody, anticardiolipin antibody, fibrinolysis. anti-f2-
glycoprotein I antibody.

The specificity of antiphosphelipid antibodies (aPLs) associ-
ated with thrombotic events is not directed towards
phospholipids but rather towards phospholipid binding
proteins or phospholipid—protein complexes (Roubey, 1994).
Antiphospholipid syndrome {APS), now recognized to be
one of the most common causes of acquired thrombophilia
(Hughes. 1993; Khamashta & Hughes, 1995}, links
thrombosis or pregnancy morbidity with the persistence of
aPLs. Among phospholipid binding proteins, [2-glycopro-
tein I (B2GPI). which bears the epitope(s) for anticardiolipin
antibody (aCL) binding. has been extensively studied. These
epitope(s) are exposed when B2GPI binds to negatively
charged phospholipids such as cardiolipin (Matsuura et al,
1994). thus behaving as a cofactor for aCL binding. B2GFL

Correspendence: T. Atsumi, MD, PhD, Assistant Professor, Depart-
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formed by five short consensus repeat domains, is a 50-kDa
phospholipid binding protein with a plasma concentration
of about 200 pg/ml. The potent phospholipid binding site,
consisting of the region K**?NKEKK?%7, was found in the
fifth domain of B2GPI (Sheng et al, 1996). Anticardiolipin
antibodies recognized the epitopei(s} in the absence of
cardiolipin when B2GPI was coated onto pelystyrene plates
where oxygen was introduced by radiation (Matsuura et al,
1994), implying that aCL can bind not only to the
cardiolipin—f2GPI complex but also to f2GPI alone. There-
fore aCL with such characteristics are also currently termed
anti-p2GPI antibodies (anti-B2GPI). Schousboe (1985)
focused on the properties of p2GPI in the intrinsic pathway
of coagulation and reported that P2GPI exerted inhibitory
effects on this activity.

Factor XII, prekallikrein and high-meolecular kininogen,
all of which are important factors of the contact activation
system, are also known to trigger intrinsic fibrinolysis. as
well as intrinsic coagulation. The intrinsic fibrinolysis
pathway has been primarily researched in vitro (Kluft et al,

781

— 592 —



782 R. Takeuchi et al

1987). This pathology is mediated by plasminogen pro-
activator of blood. pro-urckinase and contact activation
components. This pathway is possibly initiated in response
to blood clotting, hence a primary preventable event related
to thrombus formation. [t is difficult, however, to investigate
the effect of B2GPI and anti-B2GPI on intrinsic fibrinolysis
as a system to determine intrinsic fbrinolytic activity has
not been established. We developed a chromogenic assay
system for the intrinsic fibrinolysis in euglobulin fractions.
using kaolin as an activator. The effect of B2GPL and
monoclonal anti-B2GPI autoantibodies. derived from Jupus-
prone mice or a patient with APS. en intrinsic fibrinelytic
activity was explored. We also investigated the mechanism
of thrombus formation in patients with APS, and the effects
of B2GPI and antibodies on the activation of factor XIL

MATERIALS AND METHODS

Proteins. Human $2GPI was purified from nermal sera. as
described (Matsuura et al. 1992). The purity was confirmed
by sodium dodecyl sulphate polyacrylamide gel electrophor-
esis (SDS-PAGE). Fatty acid-free bovine albumin (BSA) was
obtained from Sigma (catalogue number A-6002: MO.
USA). An immunoglobulin {Ig}G mouse monoclonal anti-
B2GPI. WBCAL-1. was derived from an NZW/BXSB-F1
mouse with myocardial infarction and a high titre of anti-
B2GPI (Hashimoto et al, 1992). EY2CY is an IeM human
monoclonal anti-p2GPI established from an APS patient
with a high titre of anti-P2GPI {Ichikawa et al. 1994).
Characteristics of WBCAL-1 and EY2C2 have been reported
(Hashimoto et al, 1992; Ichikawa et al. 1994). Briefly. both
monocicnal antibodies bound to cardiolipin-B2GPI complex
but not to cardiolipin alone. In the absence of cardiolipin,
they did not recognize B2GPI immobilized on the standard
enzyme-linked immunosorbent assay (ELISA) plate, but
bound to B2GPI coated on an oxidized ELISA plate. Lupus
anticoagulant activity was confirmed. using dilute Russell
viper venom as an activator of coagulation factor X (Takeva
et al. 1997). We considered that these characteristics
represented autoimmune anti-B2GPI found in patients with
APS. These monoclonal antibodies did not bind to factor XII
coated on ELISA plates {data not shown). A control
monoclonal IgM (TM1B9) lacked aCL activity (Ichikawa
et al, 1994). The monoclonal antibodies. when purified from
serum-free medium culture supernatant, showed a single
band on agarose electrophoresis.

Polyclonal rabbit anti-B2GPI I1gG was purchased from
Cedarlane Laboratories {Ontario, Canada). and normal
mouse 1gG was from Caltag Laboratories (Burlingame, CA,
USA). Prekallikrein-deficient {PKD) plasma, activated factor
XII (XIfa) and phospholipid (PTT-Reagent RD®) were
purchased from George King Bio-Medical (Kansas, USA}.
Enzyme Research Laboratories (Indiana, USA) and Roche
Diagnostics (Switzerland) respectively.

Glu-plasminogen was purified from plasma of healthy
denors by chromatography on lysine-Sepharose 4B (Phar-
macia, Uppsala, Sweden) and diethy! aminoethyl (DEAE)-
Sephadex A-50 (Pharmacia). The purity was confirmed by
SDS-PAGE.

Preparation of platelet-free plasma. Blood samples were
collected from 10 healthy donors by venepuncture using
precooled plastic tubes that contained 0-105 mol/l citrate as
anticoagulant (9:1, v/v). The samples were immediately
centrifuged at 3000 r.p.m. for 15 min at 4°C and platelet-
free plasma was prepared by passing through a 0-22 pmol/l
pore size filter. Then the normal pooled plasma (PNP) was
stored at —80°C until use.

Euglobulin fractions. The euglobulin fraction was prepared
as described by Kluft (1979). Briefly. 1 volume of PNP was
diluted with 9 volumes of cold distilled water. and acetate
was added to adjust the solution to pH 5-9. After incuba-
ting at 4°C for 30 min. the solution was centrifuged at
3000 r.pan. for 15 min. The pellet was resolved with
1 volume of EDTA buffer {50 mmol/l sodium diethlbarbit-
urate. 01 mol/l NaCl, 2-7 mmol/]l EDTA. 0-25% gelatin,
pH 7-8).

Assay for determination of intrinsic fibvinolytic activity in
euglobulin fractions. To determine the activity of intrinsic
fibrinolysis. we developed a new assay svstem. using the
euglobulin fraction and a svnthetic substrate $-2251
(Chromogenix AB. Méudal. Sweden), which is specific for
plasmin aclivity. The sample, consisting of 30 pl of the
euglobulin fraction prepared from PNP. 10 ul of phosplio-
lipid and 20 pl of either kaolin solution (2-5 mg/ml) or
assay buffer A {S0 mmol/] Tris-HCL, pH 8-8, 0-1 mol/l1 NaCl,
01 g/1 TritonX100), was mixed with 100 pl of the assay
reagent {(0-6 pmol/l of Glu-plasminogen and 0-3 mmol/l of
8-2251 in assay buffer A). After incubation at 37°Cfor 12 h
in a shaded box, absorbance of the mixture was measured at
4035 nm. using a plate reader (Titertek Multiskan MCCE;
Absysiems, Finland). The activity of intrinsic fibrinolysis
was calculated by subtracting plasmin activity in the
presence of kaolin from that in the absence of kaolin.

To establish the standard curve of intrinsic fibrinolytic
activity, 12:5%. 25-0%, 50-0% and 100% of the euglobulin
fraction from PNP diluted with EDTA buffer was mixed with
phospholipid, either kaolin or assay buffer A. followed by
the assay reagent. The activity of intrinsic fibrinolysis was
then determined. as described above.

Effect of f2GPI and monoclonal anti-f2GPl on intrinsic
fibrinolytic activity. To investigate the effect of P2GPL on
intrinsic fibrinolytic activity, either B2GPI or BSA solution
{final concentration 40-5, 8§1-5, 1650 and 3300 pg/ml)
was added to solution, consisting of the diluted euglobulin
fraction from PNP with the same volume of EDTA buffer
(50% euglobulin fraction). the phospholipid with/without
kaolin. The plasmin activity in each solution was deter-
mined. as described above,

The effect of monoclenal anti-B2GPI on activity of intrin-
sic fibrinolysis was investigated. The monoclonal anti-
B2GPI {(WBCAL-1: 5, 1¢ or 20 pg/ml: EY2C9: 10. 20 or
40 pg/ml) was mixed with solution consisting of the 50%
englobulin fraction, P2GPI (160 pg/ml) and phospholipid.
with/without 2'5 mg/ml kaolin. The reagent was added to
the mixture and the activity of intrinsic fibrinolysts was
measured, as described above.

In addition, the B2GPI dependency on the effect of
WECAL-1 or EY2C9 was also investigated. The euglobulin
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fraction was prepared from the plasma of an individual with
hotnozygous B2GPI deficiency (B2GPI-Sapporo) (Yasuda
et al. 2000). The effect of WBCAL-1 and EY2C9 on intrinsic
fibrinolysts was evaluated using complete P2GPI-deficient
euglobulin fraction, in the same fashion in the presence/
absence of exogenous P2GPL

Effect of B2GPI and monoclonal anti-B2GFI on the activation
of factor X1I. As one of the triggers for intrinsic fibrinolysis
is activation of coagulation factor XIL, the effect of P2GPI
and/or WBCAL-1 on this activation was investigated. The
assay system used for determination of factor XIla, which
makes use of PKD plasma and a synthetic substrate
§-2302 (Chromogenix AB). a substrate for factor Xlla
and kallikrein, was developed according to Schousboe
and Rasmussen (1995) with minor modification. An
aliguot {30 pl} of sample solution, consisting of IgG
(WBCAL-1. normal mouse IgG or polyclonal rabbit anti-
B2GPI 1gG: 0. 20 or 40 pg/ml}. and 10 ul phospholipid
with/without B2GPI ({90 pg/ml} were incubated for
20 min at 37°C. and then mixed with 60 pl of assay
buffer B {50 mmol/l1 Tris-HCl, pH 88, 01 mol/l NaCl,
1mmol/l CaCl2. 01 g/l TritonX100) and 10 ul of PKD
plasma, with/without 10 pl of 25 mg/ml kaolin. After
incubating at 37°C for 20 min, 50 pl of the reagent.
composed of $-2302 (097 mmol/l}. 30 mmol/l EDTA
and buffer ¢ (01 mol/l Tris-HCL, pH &8, 0-2 mol/l NaCl,
02 g/l Triton-X100), was added to the mixture. After
further incubation at 37°C for 90 min. OD 405 nm of the
mixture was examined. The activity of facter Xlla con-
verted from factor XM by the addition of kaolin was cal-
culated, by subtracting OD of the sample in the absence
of Lkaolin.

Effect of monoclonal anti-f2GP1 on intrinsic fibrinolytic
activity in the presence of factor XIla. To investigate the effects
of monoclonal antibodies on intrinsic fibrinolysis. which
depend on steps of factor XII activation, &n excess of
exogenous factor XIla was added to the intrinsic fibrinolytic
activity assay. WBCAL-1 was added in the intrinsic fibrin-
olytic activity assay in the presence of factor XIla {6 pug/ml).

Intrinsic fibrinolytic activity in euglobulin fractions of plasma
from patients with APS. The intrinsic fibrinolytic activities of
patients with APS, as initizated by kaolin. were compared
with healthy subjects. The euglobulin fractions from plasma
of 14 APS patients with high titres of anti-p2GPI {two men
and 12 women, 42-5 + 12-3 years) and 18 healthy subjects
(10 men and eight women. 282 * 4-3 years) were pre-
pared. as described above. These euglobulin fractions were
incubated in the presence of 160 pg/ml B2GPI, phospho-
lipid with/without kaolin, and the assay reagent (-6 pmol/l
of Glu-plasminogen and 0-3 mmel/]l of $-2251 in assay
buffer A) at 37°C for 12 h, followed by OD 405 nm
determination.

Statistical analysis. Data are expressed as mean * SD.
Differences between data sets were analysed using the
unpaired Student's t-test, and differences between the
activity index (Al) of APS patients’ euglobulin and control
subjects were analysed using the Mann-Whitney non-
parametric test. A P-value of < (05 was considered to be
statistically significant.

Anti-$2GPI and Intrinsic Fibrinolysis 783

RESULTS

Assay system for Intrinsic fibrinolytic activity
The euglobulin fraction contained 7:6%, 17-6%, 60-6%,
20-2% and 13-3% of plasminogen, prekallikrein, factor XI,
factor XII and P2GPI, respectively, when compared with
PNP.

Figure 1 shows the intrinsic fbrinolytic activity in
euglobulin fractions from PNP. In all evaluations, 50% of
the euglobulin fraction was used. The calculation

(D403 with kaolin — 0D405 without kaolin

was expressed as an activity index (Al): 0-25, 0-5, 1-0 and
2-0 Al corresponding to the intrinsic fibrinolytic activity
obtained from 12-5% 25:Q%, 500% and 100% PNP
englobulin fraction respectively (n = 4. all in triplicate).

Effect of $2GPI and monoclonal anti-f2GP1 on intrinsic
Sfbrinolytic activity
Different concentrations of purified f2GPI were added to the
intrinsic fibrinolytic activity assay. Intrinsic fibrinolytic
activity was significantly suppressed by adding P2GPI,
compared with that of BSA (Fig 2) (n = 4, all in triplicate).
When the mouse monoclonal anti-p2GP1. WBCAL-1, was
added to the intrinsic fibrinolytic activity assay in the
presence of §2GPI (160 pg/ml), the activity with WBCAL-1
was significantly suppressed (Fig 3A) compared with use of
the same concentration of control IgG.

AO.D.

0.6

0.5

04

0.3 .

8.2

0.1

12.5 25 50 100

Euglobulin fraction (%)

Fig 1. Intrinsic fibrinolytic activity assay and the standard curve.
Samples containing 12-5%, 25-0%, 50-0%, 100% of the euglobulin
fraction were incubated with phospholipid. plasminogen and
§-2251 in the presence or absence of kaolin, as described in
Materials and methods. The activity of intrinsic fibrinolysis was cal-
culated by subtracting plasmin activity in the presence of kaolin
from that in the absence of kaolin, and expressed as an activity
index (AI): 0-25, 05, 1-0 and 2-0 Al corresponding to the intrinsic
fibrinclytic activity obtained from 12-5%. 25%. 50% and 100%
PNP englobulin fraction, respectively (n = 4, all in triplicate). The
standard curve is shown in this figure with the Y-axis representing
OD values that correspond to PNP euglobulin concentrations.
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Fig 2. Effects of B2GPI on intrinsic fibrinolytic activity. Different
concentrations of B2GPE were added to the intrinsic fibrinolytic
activity assay. BSA was used as a control protein. B2GPI suppressed
intrinsic fibrinolytic activity. in a dose-dependent manner {closed
circles), compared with no eflect of BSA (open circles) in this sys-
tem. {*P < 0-05. compared with a control} i = 4. all in triplicate).

EY2C9. a human monoclonal IgM anti-B2GPI, also
markedly downregulated intrinsic fibrinolytic activity in
the presence of B2GPL In contrast. no eflect of control
monoclonal IgM was evident (Fig 3B).

In the study of the intrinsic fibrinolytic activity assay
using complete P2GPI-deficient euglobulin fraction. neither
WRBCAL-1 (Fig 3C) nor EY2(C9 (data not shown) inhibited
activity in the absence of exogenous P2GPIL All experiments
in Fig 3 were done in triplicate and confirmed by each
repetition.

Fig 3. Effects of monoclonal antif2GPl autoantibodies on intrinsic
fibrinolytic activity, The effects of monoclenal antiB2GFI on the
activity of intrinsic fibrinolysis were investigated. {A) WBCAL-1.
mouse monoclonal antif2GPI (5, 10 and 20 pg/ml). was added to
the intrinsic fibrinolytic activity assay in the presence of B2GPI
{160 pg/ml). WBCAL-1 {closed circle) significantly suppressed the
intrinsic fibrinolytic activity in a concentration-dependent manner,
compared with effects of normal mouse IgG (open circle). (B) A
human monoclonal antif2GPI derived from a patient with' APS,
EY2(C9. was added into the intrinsic fibrinolytic activity assay (10,
20 and 40 pg/ml) in the presence of B2GPL. EY2CY9 markedly
suppressed the activity (closed cireles) in contrast with no effect of
TM1B9 {open circles), a control human monocional IgM, on this
systeni. (C} B2GPI dependency on the inhibiting eflect of WBCAL-1
on the intrinsic fibrinolytic activity assay. The B2GPI-free euglob-
ulin fraction was prepared from plasina of an individual with con-
genital f2GPI deficiency. The intrinsic Sbrinolytic activity assay
was carried out with P2GPI-deficient euglobulin in the presence or
absence of exogenous B2GPI (160 pg/ml). WBCAL-1 (02, 2 and
20 pg/ml) was added to the system. WBCAL-1 suppressed the
intrinsic fibrinelytic activity in the presence of P2GPI (closed cir-
cles). but not in its absence (open circles) (*P < 0-05. **P < 0-01,
compared with a control). All experiments were done in triplicate
and confirmed by each repetition.
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Fig 4. Effects of WBCAL-1 on factor XII activation. In PKD plasma
with 90 pg/ml of B2GPL. WBCAL-1. normal mouse IgG or IgG
fraction of polyclonal anti-p2GPI was added in the presence or
absence of kaolin. and activated factor XII was measured. as des-
cribed in Materials and methods. WBCAL-1 (closed bar) increased the
factor XDa generation. thereby implying that WBCAL-1 reduced
inhibition of factor XIla generation by B2GFI. However. normal
mouse IgG did not affect factor XITa generation and polyclonal anti-
B2GPI did not exert any influence on factor XIla generation
("P < 0:05. compared with a control) {n = 3, all in triplicate).

Effect of §2GPI and monoclonal anti-f2GPI on activation

of factor XII

When the effect of P2GFI on activation of factor XII was
investigated using PKD plasma and synthetic substrate
5-2302, factor XII activation in PKD plasma was signifi-
cantly reduced by over 45 pg/ml of B2GPI (data not
shown). When different concentrations of WBCAL-1 were
added to the factor XII activation assay in the presence of
90 pg/ml B2GPL, WBCAL-1 either did not affect or reduced
the inhibition by P2GPI (Fig 4) (n = 3, all in triplicate).
Factor XII activation was not affected by polyclonal anti-
human B2GPI antibodies and normal mouse IgG.

Effect of monoclonal anti-$2GPI on intrinsic fibrinolytic
activity In the presence of factor Xila

When 20 pg/ml of WBCAL-1 was added to the intrinsic
fibrinclytic activity assay in the presence of factor XIla
(6 pg/ml), the reduction in intrinsic fibrinolysis was main-
tained (WBCAL-1 O pg/ml vs 20 pg/ml; A1 0-99 & 0-011 vs
0-71 *+ 0032 respectively, P < 0-05).

Activities of intrinsic fibrinolysis in the euglobuiin fractions
prepared from plasma of patients with APS

Euglobulin fractions were prepared from 14 patients with
APS and 18 control subjects. The Al in the intrinsic
fibrinolytic activity assay in patients with APS was signi-
ficantly lower compared with those in control subjects.
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Fig 5. Intrinsic fbrinolytic activity in APS patients. The intrinsic
fibrinclytic activities of euglobulin fractions from APS patients
{(n = 14) and healthy control subjects (n = 18) in the presence of
160 pg/mt of P2GPL These euglobulin fractions prepared from
patients showed a significantly lower intrinsic fibrinolytic activity
than those seen from contrel subjects.

Distribution of intrinsic fibrinolytic activities in those
euglobulins is shown in Fig 5.

DISCUSSION

We developed a new assay system that can evaluate
intrinsic fibrinolytic activity in the euglobulin fraction with
the synthetic substrate §-2251. The subtraction of fibrine-
lytic activity in the absence of kaolin from that in its
presence was defined as intrinsic fibrinolytic activity in the
plasminogen-enriched euglobulin fraction. After dextran
sulphate precipitation, kaolin did not work as the activator
of fibrinolysis. Further, the euglobulin fraction, prepared by
factor XII or prekallikrein-deficient plasma, did not display
fibrinolysis activation by kaolin (data not shown). These
results suggested that ocur system represented intrinsic
fibrinolysis activity. We investigated the effect of B2GPI or
anti-p2GPI on intrinsic fibrinolytic activity in the euglobulin
fractions. using our new method. As B2GPI has potent
binding properties to negatively charged proteins or to
phospholipids involved In coagulation processes, it is likely
that aCL (anti-B2GPI} interact in the steps of P2GPI-
associated coagulation. Although the physiological role of
B2GPI remains uncertain. a number of studies have
dernonstrated the in vitro function of B2GPL B2GPI inhibits
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ADP-induced platelet aggregation (Nimpf etal, 1985),
prothrombinase activity (Nimp{ et al. 1986), factor Va
degradation by activated protein C (Mori et al, 1996) and
factor Xa generation (Shi et al, 1993). Bancsi et al (1992)
and our team (Yasuda et al, 2000} reported that p2GPI-
deficient families were apparently not at risk of thrombosis.
We have also reported that most haemostatic and fibrino-
Iytic markers are normal with any evidence of increased
thrombin generation in individuals with congenital B2GPI
deficiency (Takeuchi et al, 2000). Moreover, plasma B2GPI
levels in patients with APS have been reported to be either
normal {de Benedetti et al, 1992) or elevated (Galli et al,
1992: McNally et al, 1995}, Therefore, mechanisms related
to thrombosis in patients with anti-B2GPI cannot be
explained as the result of a secondary B2GPI deficiency,
but it seems likely that anti-B2GPI modify the physiological
roles of B2GPL It has been shown that anti-B2GPI increases
the affinity between B2GPI and phospholipids, thus biva-
lency of IgG anti-B2GPl may be crucial for their roles in
modifying B2GPI properties (Amout et al, 1998). Effects of
P2GPI and immunized antibodies to f2GPI on the contact
activation system were reported {Schousboe & Rasmussen,
1995). In purified systems, the inhibition of factor XI
activation (Henry ef al, 1988) was found to be responsible,
B2GPI inhibited the activation of factor XIa-dependent
prekallikrein (Schousboe, 1988). We have cbtained evi-
dence that B2GPI inhibited intrinsic fibrinolytic activity. as
determined using our new chromogenic assay for fibrino-
Iytic activity. The presence of monoclonal antibodies to
B2GPI resulted in the inhibition of fibrinolytic activity. The
manner in which plasminogen is activated by this pathway
was not clear, however, this inhibition of fibrinolysis was
attributed to a reduced contact activation reaction initiated
by coagulation factor XII activation. Qur study is the frst
report to show that autoimmune monoclonal anti-P2GPI
downregulated the intrinsic fibrinolysis system. Anti-p2GPI
functioned in the system in a B2GPI-dependent fashion.
Schousboe and Rasmussen (1995) reported that B2GPI
inhibited factor XII activation and that hnmunized poly-
clonal anti-B2GPI enhanced this inhjbition. Our results also
showed that B2GPI slightly inhibited the intrinsic fibrino-
lysis system. However, behaviour of anti-B2GFI autoanti-
bodies and anti-B2GPl-immunized antibodies did not
coincide with respect to the steps of factor XII activation.
Monoclonal autoantibodies did not enhance inhibitory func-
tions of B2GPI in factor XII activation. rather they neutral-
ized it.

The immunological properties and epitope distribution
differ between autoimmune and immunized anti-B2GPL
The epitope exposure of P2GPL presumably located on
domain IV (Igarashi et al, 1996) of B2GPI, for antoimmune
anti-B2GPI depends on interactien with phospholipids, i.e.
auteimmune anti-B2GPI does not recognize native P2GPI
but does recognize the P2GPI-phospholipids complex
(Matsuura et al, 1998; Koike et al, 1999). On the other
hand. immunized anti-B2GPI binds to P2GPI without any
alteration in conformation. Those differences in the char-
acteristics may account for the heterogeneity of the effect on
intrinsic fibrinolysis. Our results showed that the target

reaction of this inhibition by B2GPI and monoclonal anti-
bodies was not activation of factor XII. The reaction
following activation of factor XTI, such as the activation of
prekallikrein by factor XIla, has to be considered. It was
reported that prekallikrein was activated by factor XIla on
the surface of platelets (Gurewich et al. 1993), and kallik-
rein converted from prekallikrein can activate pro-urckin-
ase (single chain-urokinase type plasminogen activator:
scu-PA) (Ichinose et al. 1986) in the presence of high-
molecular kininogen (Mandle et al. 1976). Two-chain
urokinase-type plasminogen activator (tcu-PA). converted
from scu-PA. can activate plasminogen to plasmin cn
platelets or fibrin, and plasmin further converts scu-PA to
tcu-PA. Thus, effective fibrinolysis may be the result of
activation of prekallikrein. B2GPI may inhibit the activation
of prekallikrein or the activation of pro-urckinase by
kallikrein. Monoclonal anti-B2GPI monoclonal antibodies
can inhibit the activity of intrinsic fbrinolysis in the
presence of 2GPIL.

The potential disorder of intrinsic fibrinolysis in patients
with APS, which was determined by use of the euglobulin
fractions, was suggested, although patient IgG may direct
to multiple antigens. in¢luding factor XII. This decrease
was smaller than expected. considering the results of the
investigations on euglobulin fraction from PNP, B2GPI and
monoclonal anti-B2GPL. This difference may be due to the
sinaller concentration of IgG because the euglobulin frac-
tion contained only 6-3% IgG of the original plasma
(unpublished observation).

Regarding the pathophysiology of thrombosis in APS, a
number of mechanisms have been proposed. but have not
been fully clarified. We consider that the mechanism is
complex and that many mechanisms involving anti-p2GPI
may contribute to the development of thrombosis in
patients with aPLs. For example, anti-B2GPI can induce
procoagulant substances on peripheral blood mononuclear
cells or on endothelial cells (Smirmov et al. 1995: Del PaPa
et al, 1997, Amengual et al. 1998; Atsumi et al, 1998a),
The presence of anti-p2GPI results in inhibitdion of protein
C anticoagulant activity (Atsumi et al, 1998b: Ieko et al.
1999). In addition to these mechanisms. the inhibition of
intrinsic fibrinolysis by anti-B2GPI in the presence of B2GPI
may play an important role in the thrombogenic state in
APS. although it has been shown only as in vitro
phenomena.

In conclusion, the intrinsic fbrinolysis activity assay
established in this study was shown to be a useful method
to investigate the effects of monocicnal anti-B2GPI on
intrinsic fibrinolysis. Impaired intrinsic fibrinoclysis caused
by aPLs may be one of the important mechanisms related
to thrombotic tendencies in patients with APS, and their
further clarification will ultimately lead to the better
management of the affected patients,
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