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1. Introduction

In 1983, a distinct syndrome consisting of vascular thrombosis, livedo
reticularis, t}n()mi)()c\l()p(,nm, and movement disorders associated with
d]1[1p|10sp]10]1p)(i (aPL) antibodies was first described (Hughes, 1983).
Far i) studies on aPL antibodies were on patlonls with sv%t{’mlc ]111)113
erythematosus (SLE) and it was in a subset of patients with SLE that
the “anti phospholipid syndrome” (APS) came to be recognized (Hughes,
1985). The association “of vascular thrombosis and autoimmine disease
was found in the 1960s (Bowie ef al., 1963; Alarcon-Segovia and Osmund-
son, 1965) and laid the foundation for studies to discover the pathogenesis

and immunological featores of this distinet group of individuals.

It was soon noted that a subset of patients had the clinical mdmfmtd[ums
of APS without sufficient clinical and iimmunological criteria to satisfy the
1982 American College of Rheumatology (ACR) diagnostic criteria for
SLE (Tan et al., L()?ﬁ?) The definition dnd ‘criteria for a “primary antiphos-
pholipid syndrome”™ (PAPS) was first proposed (Asherson, 1988) and the
first series was documented the following year (Alarcon-Segovia and
Sanchez-Guerrero, 1989). In @ 2-year multicenter follow-up study of pa-
tients with PAPS and secondary APS (SAPS) in other autoimmune diseases,
a lower female/male sex ratio in PAPS was found compared to that in
patients with SAPS. Patients with SAPS had more neutropenia, autoim-
mune hemolytic anemia, endocardial vegetations, and low levels of comple-
ments compared to PAPS patients. Th(} incidence of thrombosis was no
different in the two groups (Vianna et al., 1994).

Although the original concept of the APS was shown to comprise one
or more 0{ the clinical manifestations of venous thrombosis, arterial throm-
bosis, recurrent fetal loss, and thrombocytopenia, more diverse clinical
manifestations are now recognized, such as cardiac valvular lesions, adrenal
insufficiency, and multiorgan thrombotic complications known as “cata-
strophic” APS(\S}](‘I SO, I()(W) Despite better understanding of the target
antigens of aPl, antibodies. original laboratory criteria of moderate to ]110}
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levels of “anticardiolipin™ (aCL) antibodies and/or lupus anticoagulant (LA)

antibodies are still being used and have now replaced the ACR criteria
listing of l]w lupus ery thematosus (LE) cell in the revised list for the
(Imwn(ms of SLE (Hoch} berg, 1997). Current goidelines for the diagnosis
ol APS are the presence of at least one of the clinical eriteria of venous
thrombosis, arterial thrombosis, recurrent pregnancy Joss, and thrombocy-
topenia, \\'1[]1 one or more of the laboratory criteria of moderate to Imrh
levels of TgG and/or IgM aCL antibodies and detection of LA activity in
a clotting assay. Current ceriteria for the detection of LA activity in 1)1«[%[}](1
will be discussed later in Section XI. In a previous review of this subject,

the emphasis was on antibody interactions with phospholipids, and a brief
introduction was made on the role of ' B2-glycoprotein 1 (B2GPI) (McNeil
et al., 1991). This review develops on the current insights on antibody
interactions with  phospholipid-binding plasma proteins, in particular
B2GPI, and covers currently rec ()g,m/cd clinical associations, immunologi-

cal aspects, molecular studies, and ther apentic intexrventions.

I, “Antiphospholipid” Antibodies

aPL antibodies are a heterogeneous group of autoantibodies that have
specificity for a number of ph()\;)h()hptd binding proteins, phospholipid
moleeules, and phospholipid-protein complexes. A number of phospho-
lipid-binding proteins have been implicated in APS, including B2GPI,
p]()fhlombm protein C, protein S, kininogens, t]nombomo(luim and
annexin V. Traditionally, aPL m]t]]md]( 's are dc*tc cted in LA assays and in
solid-phase immunoassays using cardiolipin as the target antigen. The
target antigen detected in (]()ttmg assays is still unclear, and a nnmhm of
(()aﬂ’nldt]()ﬂ proteins have been 1mp];cat(*d particularly SB2GPT and pro-
thloml)m It appears, however, that the complexes assembled on the phos-
pholipid surfaces in functional c]oilmw assays are more important th 1an any
one protein. The paradoxical phonom(‘n(m of prolongation of in wvitro
phospholipid-dependent clotting tests to detect LA antibodies while being
associated in vivo with vascular thrombosis has intrigued scientists All(]
clinicians for vears. Studies ol APS may throw some ]1<rht on the pathophysi-
ology of the mode of action of these dutoanhhodles

Because the original immunoassays for the detection of aPL antibodies
used coated car dlo]]pm on microtiter plates, they were called anticardio-
lipin antibodies (Loizou et al., 1985). It has been shown that the tar got
antigen in this assay is B2GPI (MeNeil et af., 1990, Galli ef al., 1990). the
original nomenclature is a misnomer, and the antibodies should be kown
as anti-B2GPT antibodies. For the purpose of this review, antibodies de-
tected on assays employving B2GPT as the coated antigen in the absence
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of phospholipids are referred to as anti-B2GPI antibodies and antibodies
detected in a cardiolipin ELISA are referred to as aCL antibodies. These
two populations of antibodies in antoimmume patients are identical with
[ew exceptions. As a generic term for anti-B2GPT antibodies and LA anti-
bodies, the term dPI; antibodies will be emploved. The units of antibody
levels in sera expressed in the standard CL-ELISA have been calibr ated
to known sera from the Ravne Institute, London. One GPL/MPL unit
cach represents one microgram of affinity-purified antibody per milliliter
of serum.

Antiphospholipid antibodies are found in “normal™ individuals. In a
population of 499 blood donors, the prevalence of LA antibodies was 8%
and anticardiolipin antibodies was 4.6 (IgG aCL), 4.6 (IgM aCL). and
5.6% (for polyvalent aCL antibodies) (Shi ef al., 1990). W hcn these samples
were stratified and the demographics of iho blood donors studied, LA
antihodies were found in young females. Prospective studies need to be
done on these individuals to detect if any clinical problems had developed
in subsequent years. As aPL antibodies are not normally distributed with
most individuals having undetectable levels, it is more dpp]()pndl(‘ to use
anonparametric doﬁmtmn of the normal range, such as the 95% central ten-
dency.

AnUphosph()}lpld antibodies can be divided into two main groups, classi-

fied according to their association with autoimmune or mlecli\ ‘e conditions.
Traditionally these antibodies are termed antoimmune and alloimmune,
respective ]\ Until the discovery that autoimmune antibodies are generally
divected to the phospholipid- bmdmw protein B2GPI instead o[ to the
phospholipid molecule itself, the dlﬂor( nee between these antibodies was
mnclear. Although there are exceptions to this rule, autoimmune aPL
antibodies detected in solid-phase immunoassays with anionic phospholip-
ids, such as cardiolipin as the coated antigen, are directed to B2GPI
captured on a negatively charged surface. /\Houmnune aPL antibodies
found in chronic infections snch as malaria, svphilis, leprosy, tuberculosis,
and parvovirus infections do not bind B2GPI but are directed against
the anionic phospholipid with B2GPI competing for binding with these
antibodies (Huntet al., 1992). The binding of this latter group of antibodies
has been shown to be charge dependcnt as higl salt-containing buffers
abolish binding to cardiolipin (Monestier ¢t al., 1996).

A. Lurus ANTICOAGULANT ANTIBODIES

Plasma that contained proteins that prolonged phospholipid-dependent
in vitro clotting assays were first described in SLE in 1952 (Conley and
Hartmann, 1952). In(wasmgth(* phospholipid in the assay system appeared
to neutralize this LA reaction (Yin and Gaston, 19(‘)5). LA activity was
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found in the IgG fraction of serum. It was shown that immunoglobuling
with LA activity react with anionic phospholipid but not with awitterionic
phospholipids. The phospholipid configuration appeared important with
LA antibodies directed to the he \(l‘f()lldI phase rather than lamellar-phase
phospholipids (Rauch et «of., 1989). Current evidence would suggest that
the antibodies may actually m{mfv] e with the assembly of enzymatic Proco-
agulant and mlUL()dtrn}dm complexes on phospholiy yd surfaces, resulting
i clinical vascular cmnpilcahons Although these umtphmlmns are pre-
dominantly thromboses, reports of hemor rlmrrlc diatheses in patients with
LA activity have been d(’scnl)(‘d One of the pmbal)f(* causes of this is the
presence of high-affinity antiprothrombin antibodies that complex with
prothrombin, resulting in removal of the immume complexes by the reticu-
loendothelial system. This creates a situation of fumctional hypoprothronibi-
nemia and bleeding 1.

The dilute Russell's viper venom time (dRVVT), the dilute activated
partial thromboplastin time (dAPTT), and the Hnt(* kaolin clotting time
(dKCT) are the most frequently used tests for the detection of LA (umbndw
ies in routine practice and for rescarch papers. IHowever, up to 53% of
patients with LA antibodies have a prolonged prothrombin time (Forellon
et al [1987). Although this may sometimes be due to low factor 1T levels,
most of the patients studied have been shown to have normal antigenic
levels of prothrombin (Horellou e al., 1987, Flock et al., 1988).

B, ANTIB2 GrLycorroTiiN I ANTIBODIES

Autoantibodies can be produced in response to tissue breakdown us a
result of exposure of a target antigen not usually in contact with immune-
mediated cells. They can Jso arise after altered expression of cell surface
proteins due to external stimuli or to translocation of intracellular antigens
to cell surface membranes. The ability of a particular host to handle spe L']ﬁ(
antibody—antigen complexes also pr c<hspmos to tissue and organ damage.
These factors may all interact to suggest a pathogenic nuzc,lmmsnl for the
ff(‘ﬂ(‘ ration of antoantibodies in APS.

Following purification of aCL antibodies by jon-exchange chromatogra-
phy or phospholipid- polyacrvlamide affinity duonmt(m dph\ these anti-
bodies failed to bind to the same phosphohpu? affinity colnnm unless native
or bovine plasma was also present (MeNeil et ol ]96‘)) Hence a plasma
cofactor had been separated from the antibodies during the purification
process that formed part of the antigenic target for limso antibodies. The
purified antibodies were able to bind in a (d}(]l()]lp]i] ELISA where bovine
serumi is used in diluent and blocking buffers (called a standard CL-
ELISA). This plasma cofactor was ;mnflod to homogeneity, sequenced,
and identified as B2GPI (McNeil ef al.. 1990). This plmsplm ipid- )mdnw
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F1G. 7-21A.  Four-stranded B-pleated sheet (red arrows) of a V,; domain, taken from the
structure of a human Fab with V., of subgroup III (A. B. Edmundson ef al., unpublished data).
Totally conserved residue positions are colored blue and those 90% conserved are represented as
blue chevrons. Residues conserved at lower levels are designated by pale red (75%) or red striped
bands (60%). Strategically located residues are numbered to allow correlation of this model with
the sequence presented in Fig. 20. This figure was devised by Benjamin Goldsteen and Allen
Edmundson, using the program MOLMOL (Koradi et al., 1996)
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1. 7-21B.  Five-stranded B-pleated sheet (white arrows) of the same Vi domain. Color

I
coding for the conserved residues and the numbering follow the patterns for A. This figure was

devised by Benjamin Goldsteen and Allen Edmundson, using MOLMOL (Koradi et al., 1996).



F1G. 8-3.  Distribution of charges in the three-dimensional model of human B2GPI-5. Main
chain trace of the three-dimensional model of B2GPI-5. The positively charged side chains (Lys,
Arg) are shown in blue. The His side chains are not shown, but their main chain is colored blue.

The main chains of the negatively charged residues (Asp, Glu) are shown in red. The phospholipid-
binding site is indicated by an arrow. The figure was prepared by program QUANTA (MSI,
San Diego, CA). Reproduced with permission from Sheng et al. (1996). ©1996. The American
Association of Immunologists.




FiG. 8-4. Distribution of charges in the three-dimensional model of human B2GPI-5.
tlectrostatic potential at the phospholipid-binding region of native and mutant B2GPI-5. (A)
Native P2GPI-5 at neutral pH. (B) Lys 42/44/45 — Glu triple mutant at neutral pH. The
molecular surfaces of the models are colored by the electrostatic potential, as shown by the color
bar on each panel (in units of kT; 1 kT unit = 0.58 kcal/electron mol). The figures were prepared
by program GRASP (Nicholls et al., 1991), using the relative dielectric constants of 2 and 78 for
protein and solvent, respectively, and the salt concentration of 150 mM. The positively and
negatively charged residues are numbered in yellow. Relative to Fig. 3, B2GPI-5 is viewed from
the top. Reproduced with permission from Sheng et al. (1996). © 1996. The American Association
of Immunologists.
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plasma protein is found in relatively high concentrations of 4 pM in plasma
or sera and appeared to have a role in the coagulation cascade as a natural
anticoagulant based on in vitro experiments. an has led to the proposed
theory l]ml anti-B2GPY antibodies found in APS interfere with the natural
pr 0(()lufuhml—d]1[1(04(’11]&11[ homeostatic mechanisms, resulting in a pro-
(()d“ﬂ]d)lt tendency cm(] clinical thrombosis and di]l(‘l()(f(‘]l(‘sl’s

"Hw first clinical study to inv estigate the role of anti- B2GPI antibodies
with thrombosis found that 36% of patients with SLE had these antibodies
(Viard et al., 1992). 1f these antibodies were found with LA antibodies,
there was a strong association with thrombosis. Other small retrospective
studies were perlormed to confirm an association of anti-B2GPI antibodies,
butwere franght with technical problems in patient selection, retrospective
analyses, and the ELISA methods used to detect these antibodies (Martin-
uzzo et al., 1995; Balestrieri et al., 1995: Cabiedes et al., 1995; Pengo et
al.. 1996). In the last paper the population of patients selected was done
on the basis of their reactivity in a cardiolipin ELISA. It is therefore not
suprising that anti-B2GPI antibodies were formd in all the patients who
had thrombosis, as the target antigen in the standard CL-ELISA is bovine
B2GPI, which supports the l)mdmg of most human aPL antibodies. There
is still some confroversy as to whether most patients with antoimmune
APS have both anti-B2GPT and antibodies that bind anionic phospholipids
divectly, Examining the sera of patients with both PAPS and SLE/APS,
65% were found to have true aCL antibodies as demonstrated by reactivity
to CL on thin-layer chromatography plates. independent of the presence
of B2GP1 (Sm‘m{‘ et al., 1996) Using delipidated B2GPI as the antigen
22.6% of the CL-ELISA positive sera bound B2GPI on nnnmnnh]()thmf
There may also be a population of antibodies that require the (()mp]L'\
of B2GPT and phospholipid. Sixteen out of 18 patients with SLE and clin-
ical manifestations of APS with negative IgG and IgM standard CL-
FLISA reactivity had 1gG anti-B2G PT antibodies (Cabiedes ef al., 1995).
In a study of 97 pdtmnts with IgG and/or TgM anti-B2GPI reactivity in
a B2GPI-ELISA. 43% of 1gM m)d 8% of 1gG antihuman B2GPI anti-
bodies did not hind to punﬁvd bovine 82G PI. explaining a negative aClL-
ELISA where bovine 82GPI is the major source of B2GPI (Arvieux et
al., 1996).

The initial concentration of B2GPI in the patients’ sera and the dilution
of sera used could determine whether binding oceurs in the CL-ELISA.
The discovery that B2GPT exhibits genetically (l(*immmcd structural poly-
morphism with the occurrence of four alleles is another potential source of
confusion in the conventional CL-ELISA. B2GPT from certain individuals,
homozygous for the APOI*3 allele, is unable to hind anionic phospholipid
(I&.dml)()il et al.. 1993). This group has also found two structural mutations
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at codons 306 and 316 in the fifth domain of B2GPI. These missense
mutations alfect the structural integrity of the fifth domain of S2GPI
alTecting phospholipid binding. The authors suggest that there are individu-
als who are compomnd heterozygotes for the two mutations, who may be
precluded from producing anti B’( PL antoantibodies (Sanghera of ol
1997). Antibodies with S2GP1 reactivity and trie CL reactivity exist in ﬂn'
same patient population, with TgG2 subclass restriction of anti-B2GPI
antibodies in patients with antoimmune disease (Arvieux ¢f «ol., 1994).
These factors all contribute to the differences in assay results for patients
with APS in a conventional CL-ELISA.

Iit. Clinical Features of the ““Antiphospholipid’’ Syndrome

AL CARDIOVASCGULAR MANIFESTATIONS

APS s associated with a number of clinical manifestations affecting
multiple organs. Although the common pathophysiological theme for organ
(Lundg,(‘ appears to be thrombotic microangiopathy, there are other clinical
manifestations that cannot be explained by this. e.g.. cardiac valvular abmor-
malities. Patients with APS can have both arterial and venous thrombosis,
the only clinical condition that predisposes to this without any structural
vascular anomalies. Other inherited conditions tend to pre (llxp()xo to throm-
bosis in one vaseular bed, c.g., homocystinemia and wrterial thrombosis,
and a number of familial protein deficiencies and genetic mutations that
predispose to venous thrombosis.

In younger patients and patients with PAPS, the vascular event is often an
acite ()((hm\o ascular event instead of heing secondary to atherosclerosis.
Patients with SLIZ and secondary APS, however L My have a combination
of thrombotic diathesis and atherosclerosis re alcd to other factors, such
as long-term steroid a(lmm]91’1'211’101‘1 Iyperlipidemia, and hypertension.
Coronary vasculitis is less frequent. The prevalence rates in APS for myo-
cardial infarction have been reported between O and 7% (Asherson et al..
1985). A Finnish study showed that the presence of high antibody levels
in a standurd CL-ELISA was an independent risk ia(tm for m\oun(]m]
infarction. Subjects with aCL levels in the highest quartile of distribution
liad a relative risk of myocardial infarction of 2 2.0 (95% confidence interval,
1.1 to 3.5} inde p{*n(l("nl of confounding factors normally associated with
coronary vascular disease, such as sm(ﬂ\]nﬂ, age, s\stoiic blood pressure,
and ]1\1)(‘1]11)1(]( mia (Vaarala ef al.. 1995). In a series of 83 pahenls who had
undergone coronary artery b\p(iss eraft surgery, antoantibodies detected in
CL-ELISA were elevated in Tate Dypass gr alt occlusions (Morton ot al..
1986). A placebo group not treated with aspirin with these antoantibodies
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had a high rate of coronary artery hypass graft occlusion (Gavaghan ef
al., 1987).

aPL antibodies may be associated with acute and chronic mvocardial
dyshmetion. The clinical findings of left ventricular isolated and global
(]\ sfunction with the presence of insignificant coronary vessel disease as
seen on angiography may be associate d with aPL antibodies predisposing
to coronary lmu()(mmn]mﬂn Leung ef al.. 1990). This can also be found
in the context of valvular heart disease in particular mitral regurgitation.

The link between aPL antibodies and dsopu( vegetations in patients
with autoimmune discase was recognized in the 1980s (Anderson et al.,
1957: Ford et al., 1988). Studies using echocardiography have shown th.lt
antoimmune patients with aPL anhhodl(*s have a higher pl(\d](]l({’ of
valvular vegetations (Khamashta ef al., 1990: Cervera ef al., 1992, Roldan
et al., 1992). Although patients with SLE. especially if they are immunosup-
pl(...ss(,.d with medication to control the discase activity, may have infective
endocarditis, it appears that these patients have a lnghm prevalence of
noninfective, thrombotic endocarditis. Linear deposition of 1gG aCL anti-
bodies in the subendothelial Tayer of heart valves in patients with APS las
been demonstrated (Ziporen et al.. 1996), suggesting a possible pathogenic
role of these antibodies in valvular abuormalities. This would need to he
studied more extensively in the future.

B, NeuRroLOGICAL MANIFESTATIONS

The cerebral arterial circulation appears to bhe the most conmmon site
for arterial thrombotic episodes in patients with aPL antibodies (Harris ef
al.. 1984). The Antiphospholipid Antibodies in the Stroke Study Group
(APASS) found that the presence ol antoantibodies above 10 GPL or MPL
units in a standard CL-ELISA to be an independent risk factor for a first
ischemic stroke in an elderly population \\llh(ml SLE (APASS, 1993). In
a prospective study of { stroke in patients below the age of 50 vears. the
risk of stroke recurrence was cight times higher in patients with aPL
antibodies than those without (1310\ ol al.. I‘)‘)()) it therefore appears that
while the presence of aPL L antibodies is an important factor to be evalnated
for in the context of cercbrovascular events, the positive predictive valne
is greatest in patients below the age of 50 vears. As in other vascular
beds, the preseuce of cigarette smnlmw and hypercholesterolemia may
independently increase the risk of recurrent cerebral ischemia in p(m(*n{s
with aPL antibodies (Levine ef al., 1990). In another prospective study of
patients who presented with focal cercebral ischemia without any prior
autoimmune discase, a titer of > 40 GPL wnits in a standard CL-ELISA
conferred a twofold increased risk for a hirther thromboocelnsive event
(peripheral or central) or death. This is despite more of these individuals
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receiving antiplatelet or anticoagulant therapy or hoth at the time of follow-
up. These resnlts im ply that more specific methods need to be derived to
stratify these high- ns]\ patients and to maintain them on suitable ther: apy
alter a first \dSCHId] occlusive event (Levine ef al., 1997).

Limited cerebrovascular histopathological data suggest that the vasenlar
abnormality in aPL syndrome is increased fibrin thrombi formation in
small- and medinm-sized vessels in the abse mee of vasenlitis (Woodard ef
al , 1991). As discussed carlier in the context of cardiace valvalar abnormali-
ties, another source of vascular occlusion in patients with aPL antibodies
is cardiac emboli, and one-third of the 72 patients studied by the APASS
group found cardiac abnormalities in patients with aPL antibodies and
cerebral ischemia, predominantly mitral valve abnormalitics (APASS,
1990).

Although epilepsy is a recognized clinical event in SLE patients, the
olm]otr\ 0[ this is multifactorial. I!\pmions]ou infection. cerebral ischemia,
and nlxmllzhs have all been implicated in patients who develop epilepsy.
Epilepsy as a primary neurological event in SLE patients was associated
with a high prevalence of aPL antibodies (Herranz et al., 1994). In a study
by \uml ef al. (1997), 163 patients with epilepsy were evalnated for
autoantibodies in a standard CL-ELISA. The authors fornd 31 (19%:)
patients with IgG aCL antibodies of moderate to high titers. None of these
patients had any previous clinical events to sugee st APS. Brain hmagings
in these patients showed no significant difference in those who were aCl,
positive and negative (Verrot ef ol., 1997). Hence there appears to he a
gronp ol patients who have epilepsy as a primary clinical imanifestation of
the presence of aPL antibodies, independent of possible cerebral ischm'nia

Movement disorders have been associated with SLE initiallv (Lusins
and Szilagyi, 1975) and subsequently with aPL antibodies ( »\s]wsson and
Hughes, 1‘)66) These movement disorders may be I)mlwhi out in an
estrogen-related hormonal environment, e.g., in pregnancy, or if the patient
Wils td}\]]l" the oral contraceptive pill (Asherson ef al., 1986a). Movement
disorders in patients with aPL antibodies may also {ollow cerebral infare-
tions.

Another neurological manifestation of aPl, antibodies is migraine
(Hughes et al., 1936), although the association at the moment is considered
tenuous (Hering ef al., ]9‘)1) Transverse mvelopathy has also been de-
seribed i autoimmune patients with aPL antibodies (Adrianakos et al.,
1975). Although there have been anumber of case reports of aPL antibodies
being found in patients with transverse mvelitis (Lavalle ef al., 1990), the
presence of these antibodies in Patients w Hh avtoimmune (1!3(&15( may just
be part of the spectrum of autoantibodics found in these patients an vd not
be directly responsible for the clinical problem.
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C. OQcuranr Isciremia

aPL antibodies may be associated with thromboembolic discase in the
visual pathway. A stnd\' of patients with cerebrovascular disease and APS
found 19% (9/48) had clinical features of amaurosis fugas, ischemic optic
neuropathy, and retinal artery occlusions (Levine et 11/ 1990). Various
other studies and case reports have also described patients with aPL anti-
bodies and ocular ischemia, often in the context of more generalized
cerebral ischemia (APASS, 1990; Briley ef al., 1989). The occurrence of
amaurosis fugax in patients under the age of 50 or in patients with frequent
episodes ranging from 2 to more t ]nm 100 episodes a week may indicate
that APS and aPL antibodies should be screened i these patients (APASS,
1993). A prospective study of 5350 patients with SLE revealed that 7.5%
of these patients had occlusive ocular vascular disease, and 38% of these
patients had LA antibodies investigated by one clotting test only (APTT)
(Stafford-Brady et al., 1988).

Patients presenting with headaches and found to have papilloedema in
the presence of a normal cerebral CT scan may have cerebral venous
thrombosis. This condition has been associated with aPL antibodies and
should be screened for with multiple sensitive tests (Levine ef al., 1987).
The true incidence of aPL antibodies in opticischemia and cerebral venous
thrombosis has vet to be clearly defined, as more information is available
on the detection methods for aPL antibodies. Tt appears, however, that in
patients below the age of 50 years who present with ocular symptoms and
have been foumd to have vasoocclusive disease s]mn]d be sereened for
these antibodies by multiple tests.

D, PULMONARY MANIFESTATIONS

Recnrrent deep venous thromboses are the most common vasoocclusive
events that occur in patients with aPL antibodies (Boey et ol 1983).
Subsequent pulmonary emboli are not infrequent and often occur in the
absence of symptomatic deep venous thromboses (IDVTs) (Asherson and
Cervera, 1992). Pulmonary hypertension in patients with APS has been
documented, but this appears to be mainly associated with SLE and not
with l]umnlmiw disease (Asherson, 1990). It is therefore unclear whether
SLE patients with pulmonary hypertension and aPL antibodies have the
two conditions related or whether the high frequency of aPL antibodies
in SLE may mask their true clinical 1(>1(’\u1n(0

Intraalveolar pulmonary hemorrhage has been described in patients with
SLE and aPL antibodies (Howe el (1] 1988). In a retrospective review of
inpatients with intraalveolar pulmonary hemorrhage and SLE, six of the
eight patients were found to have aCL antibodies (Schwab er al., 1993).
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This study identifies the problems encomntered in retrospective clinieal
studies of patients with aPL antibodies as the current batteny of tests lor
LA and anti-B2GPT antibodies should be performed so as not to miss
paticnts with aPL antibodies. This is particularly true of hemorrhage associ-
ated with aPL antibodies where mhpmtlnomhm antibodies shonld be
investigated to detect those high-alfinity antibodies that form prothrom-
bin—antiprothrombin com )]o\(‘s that are remsoved by the reticuloendothe-

lial system. This results in ll\pnpl(){ln(mﬁ)m( mia and hemorrhage in some
patients with these antibodies. Tence, pulmonary (omph(d[mns in APS
are common but are often related to macrovascular thromboses as part of
a systemic hypercoagulable state. Patients may also have adult re spiratory
distress syndrome as part of mn]hple organ ‘volvement with extensive
mic 1()(1110101)(lt]m thromboses (Ghosh et af., 1993).

. RENAL MANIFESTATIONS

Primaary renal disease is increasingly recognized in APS. Antiphospho-
lipid anlll)od\' related intrarenal i]n()mhm(x mav present with systemic
hypertension, proteinuria, hematuria. and progressive renal failure, espe-
cially in the context of severe thrombotic microangiopathy in catastrophic
APS (Asherson, 1993: Piette ef ol., 1994). Glomerular capillary thrombosis
has been found to have a strong association with LA antibodies and predis-
poses to glomerular sclerosis independent of immmme complex discase
(Kant et al., 1981). Renal disease may also arise in the APS with renal
artery stenosis. The nature of this vasenlar occlusion is unclear and may
arise as a primary thrombotic phenomenon in the context of aPL antibodies
(Ostuni et al., 1990) or nay be svc-nndell‘_\‘ to previous dam;lgv to the renal
vessels from atheromatous degeneration in the blood vessel walls or prior
renal artery fibronmseular dyvsplasia (Mandreoli et al., 1992), Renal vein
thrombosis mayv be the cause and result of a thirombotic tendency in the
APS. Thrombotic microangiopathy predisposing to the nephrotic S\ndmmc
can result in the loss of cirenlating natural anticoagulants pn(*(]xsp()smg
to vascular thrombosis. However §1(’ thrombophilia associated with aPL
an[llmdms has been shown to oceur in the absence of previous renal dis-
Case. ,omp(nmg two matched groups of SLE patients with renal disease,
with and without LA antibodies, no differences were {ound in their re-
nal biochemical and histological features except in a higher prevalence
of intrarenal thromboses in patients with LA antibodies (Pdmltrid et al.,
1992).

F.oOADRENAL MANIFESTATIONS

The link between adrenal gland hypolunction and aPL antibodies was
first recognized in the late 1980s (Grottolo et al., 1988: Asherson and
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Hughes, 1989). A mumber of pmsll)h* theories exist, for this association,
mdn(lmg_, the primary occlusion of the adrenal veins loadmtr to glandular
edema and compression of the arterial blood supply and adre nltl mi(mt]on
Asherson (1994) reviewed 38 cases with adrenal ]1\polnnclmn and aPL
antibodies and showed that 31 of the 38 patients had PAPS and 7 had
SLE-associated APS. Inn 20 of these patients, vascular occlusive events
preceded the adrenal hypofunction, whereas in 10 patients. concurrent
events occurred in the context of acute adrenal failire. These events
were predominantly venous in partienlar pulmonary emboli (Asherson,
1994). Therelore, patients with aPL antibodies who suddenly d(‘\(‘lop
circulatory (()]]d])‘s(‘ need to be investigated for clectrolyte disturbances
and adrenal structure and fimction and treatment with adequate and
prompt fluid replacement is essential. Marie ef «l. (1997) identified adrenal
failure secondary to bilateral adrenal hemorrhagic infarctions in a 70-vear-
old patient as a first clinical manifestation of t]w PAPS who then went
on to develop extensive upper limb deep venous thrombosis while on
Aspirin.

G. HErPATIC MANIFESTATIONS

Structural and fmetional obstruction of venous blood flow in the liver
may Jead to Budd—-Chiari syndrome. Tn the context of aPL antibodies, this
may be the result of thrombosis in the he patic veins extending to the
inferior vena cava. The oceurrence of Budd—Chiari syndrome .m(i aPL
antibodies was first reported in 1984 (Pomeroy ef al., ]964} The majority
of patients described with this syndrome in the presence of aPL antibodies
have PAPS and have had previons venous occlusive disease and concurrent
thrombocyvtopenia,

H(’pd[l(' venoocelusive disease resulting in hepatomegaly and ascites
secondary to central and sublobular vein occlusions occurs with aPL, anti-
bodies. The venous occlusions lead to he spatic sinusoidal congestion, hepa-
tocellular necrosis, and finally fibrosis. The liver has a doal blood supply
from the svstemic and portal circulation. As such, hepatic infarction is rare
unless the patient has generalized thrombophilia. The first case of hepatic
infarction in association with aPL antibodies was described in 1989 (Mor
el al., 1989), and primary portal hypertension has been described in APS
(Mackworth-Young et al., 1984).

Thrombosis of mesenteric vessels has been described in APS resulting
in intestinal infarction. Patients may have both arterial and venous occlu-
sions. The presentation is usnally with acute abdominal pain or “intestinal
angina” {(Asherson et al., 1986h). Other abdominal organs that have heen
described with vascular occlusion and infarction include the spleen (Amold
and Schrieber, 1988) and pancreas (Wang ef al.. 1992).
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H. DERMATOLOGICAL MANIFESTATIONS

In line with the common theme of vascular ocelusion and insufficiency

in end organ disease in APS, skin changes are [airly common in APS,
Livedo 1015(‘11]«1113 a mottled violaceous discoloration of the skin in a ne t-
like pattern, is found frequently in APS. In patients with livedo reticularis
and aPL antibodies, recurrent episodes of cerebral ischemia have heen
described (Sneddon, 1963). These patients may have a range of nenrological
manifestations fmm headache and dizziness, focal ncmo]omca] deficits,
and progressive cognitive deficits (from loss of concentration (m(] Memory
loss to severe (]mnontm} Livedo reticularis is foumd sufficiently fre qn(*m?

to be inclnded in the dlinical diagnostic criteria proposed (Alarcon-Segovia
et al., 1992). Necrotic skin uleers have been reported sinee 1963 in associa-
tion with circulating LA antibodies (Bowie ef al.. 1963). Superficial cutane-
ots neerosis has also been desceribed with alPL antibodies. This um(liti(m
is also found i deficiencies of natural anticoagnlants, e.g.. protein C and
protein S, or in eryvoglobulinemi: ld]]d(.‘]\()fll)l]I]()L'(‘Il(’n]hl and these abnor-
malities mav be l()nnd concurrently with aPL antibodies, with additive
visks for the underlving superficial thrombosis. Digital gangrene may also
be seen in APS (Aleg ere et al., 1989).

The histological features of small vessel discase producing the skin and
soft tissue manifestations in APS appear to be a noninflannmatory thrombo-
sis of small arteries and veins throughout the dermis and subcutancous
[at tissue, occasionally accompanied l)\ endarteritis obliterans. This condi-
tion is characterized b\ narrowing of the vasenlar lumen with endothelial
cell proliferation and 511)1‘0]1\‘ﬂnn/d[](m of the vessel wall (Alegre and Win-
kelmann, 1988). In livedo reticulari is, skin biopsies rarely reveal thrombosis
ol the bmaﬂ vessels, and vessel wall ]1\p( rplasia may be the only histological
feature scen.

These skin lesions may frequently be the first sign of APS; up to 37%
of patients with skin lesions and aPL: antibodies deve ]01) multisystem throm-
botic phenomena in the course of their disease (Alegre et al., 1989). This
observation, performed before the antigen spec ificities of aPL antibodies
were better defined, should lead to prospective studies investigating this
association with nn,]lu.p}o sereening tests for aPl antibodies. ”]ns could
determine the subset of patients who present with skin lesions, who could
well g0 on to develop more severe systemic manifestations that may be
prevented or diminished with specific antithrombotic therapy.

1. Avascurar NeEcrosis oF BoNe

alPL antibodies may be associated with clinical avascular necrosis
(AVN) of bone. There have been a number of cases in the literature of
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patients with PAPS who have developed clinical AVN adjacent to various
joints (Vela et al., 1991; Seleznick er af., 1991). The prevalence of AVN
in patients with aPL antibodies is (h[flcuh to ascertain, as patients with SLE
are often on corticosteroid therapy, which predisposes to this condition.

J. OBSTETRIC MANIFESTATIONS

Lupus anticoagulant antibodies have been associated with pregnancy
loss and intrauterine death (Nilsson ef al.. 1975). Others have shown the
same association with aCL antibodies (Loc <shm et al.. 1985; Harris of al.,
1986). 1t is often suggested that patients with aPL antibodies exist in a
prothrombotic state that need some other trigger to precipitate a clinical
event. This could well include surgerv. oral contraceptive use, and preg-
nancy. Previous pregnancy failures are an important feature for predicting
subsequent pregnancy failure. Autoimmune disease has a variable eflect
on pregnancy. It has been suggested that the underlving immune abnormal-
ity that permitted the development of the autoinmmune disease or the
autoantibodies that arise may be directly responsible for the fetal loss
(Gleicher, 1994). The maternal effects of aPL antibodies in pregnancy are
uncommon, but have been reported, including preeclampsia (Scott, 1987),
chorea Gra\adamm (Lubbe and Walker, 1983), and cardiopulmonary dis-
tress (Bnmd} 1990). Severe early onset preeclampsia and abruptio placen-
tae may predispose to fetal complications in late pregnancy. However, the
fetus appears to be at risk throughout the pregnancy, and detection of aPL
antibodies appears to be a useful test in the investigation of autoimmnmme
reproductive failure (Aoki et al., 1995).

Abnormal uterine artery flow velocity may predict a poor outcome in
ases of aPL antibodies (Caruso et al., 1993). The most commeon cause of
pregrancy loss in the first trimester is chromosomal abnormalities, and
this has not been adequately studied in patients with aPL antibodies.
Cross-reactivity of aPL. antibodies with villous trophoblast cell membrane
phospholipids may expose these cells to eytotoxic maternal immune effector
cells (Hasegawa ¢t al., 1990; McCrae ¢ al., 1993). One of the essential
considerations in pregnancy loss associated with aPL, antibodies is whether
the aPL-related pregnancy loss(es) may have been triggered by a nonrelated
earlier miscarriage in an mmmno]og_,xc ally susceptible individual. There
may be a blpbasm pattern of pregnancy loss with embryonal death by
8.5 weeks and fetal complications from week 14 (Goldstein, 1994/,
Animal models have suggested that aPL antibodies per se appear to predis-
pose to increased fetal resorption (Blank et al., 1991). However, the results
of these studies are not conclusive (Blank et af., 1994a and Silver et al.,
1997).

Late fetal death is the most commonly found obstetric complication in
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APS. This has been attributed by early (Nilsson et al., 1975) and later
studies (de Wolf er al.. 1982) to p]aunmf infarction. lmmnn(' complex
deposition on the l]()plmhlast basement membrane has also been impli-
cated in SLE-related fetal loss (Grennan ef al.. 1978). Elevated aPL levels
h ave been associated with chironic uteroplace n(‘l] vascnlitis in the placental
bed (Erlendsson et al., 1993). The occurrence of thrombosis and infarction
in non-all, fetal (]mt]x, as well as inflannmatory changes in aPl-related
fetal deatly, suggests that the end-organ (lanwrv (place nld] in aPL disease
is nndh[‘lcl(nml and may have (mnpic X ]mmmal and cellular interactions
together with c(mul]almn pathway abnormalities in the matemnal cirenla-
tion, villous trophoblast surface, and within the fetoplacental cirenlation.
,\nijhoplml)l(lsl eytotoxicity initiated by maternally derived aPL antibodies
cross-reactive with fetal hophol last phmplmhpld epitopes and phosphati-

dvlserine may induce chronic inflanimation in the villi (Hasegawa ef al.,
]‘)()()),

IV. p2-Glycoprotein |

B2GPL a plasma protein,was first deseribed in 1961 (Schultze ef al.,
1961} and has been the subject of estensive research in autoimmune
disease. B2GPL is associated with different hp()p] otein {ractions in ]7]11‘3]Ild
and is also designated dp()hp()plotmn H (Lee et al., 1983). B2GPL is a
single-chain ;)()]\pc ptide of 326 wnino .l(l(ls witl an apparent molecalar
mass of 30 kDa and is highly glveosylated (Lozier et al., 1984). The carbohy-
drate content of 82G Pl lms i)( en reported as being approximately 18% of
its molecular mass (Schultze ¢f al., 1961) and, when tested in phosphate
buffer at pH 7.4, exists as 40% B sheet, 30% B tarn, and 30% random
coil (Walsh et al., 1990). B2GPL is a member of the complement control
protein repeat (COP) or short consensus repeat (SCR) superfamily (Reid
and Day, 1989). The SCR is found in proteins involved in the regulation
of the (()1111)]( ment system (e.g., C4b-binding protein and factor 11) and
in some noncomplement p]ol(ms {sclectin Lmn]\ and factor XIIT). Al-
though the first four of the five domains are typic al examples of this CCP
superfamily, the fifth domain is aberrant, containing an additional disulfide
bond and a]owf( -terminal tail. B2GPE s highly conserved AMoNg manuma-
lian species, suggesting that it plavs an important physiological mic (Kan-
diah and Knl]s 9()1_).

Haptoglobin and factor H, two other members of this superfamily, are
not bound by anti-B2GP1 antibodies. ITaptoglobin is used routinely as a
control pu)t(‘m for antibody binding to B2GPL, as nonspecific bmdm(r

can be detected when compe ared to [3"( P1. B2GPT could not hind C(Jmp&‘
ment C3h coated on both activator (zymosan) and nonactivator (shee P
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ervthrocytes) of the alternative complement pathway. whereas factor H
hound to both surfaces coated with C3D, suggesting that despite structural
similarities, these proteins had distinet nonov mIdp bing functions (Puuro-
nen et al., 1993). '

Although B2GP! has been characterized structurally, the tertiary struc-
ture of B2GPI and its biological function are not clear. B2GPT has a
highly conserved ]_)dﬂ(]l] of cysteine residues (Steinkasserer ef al., 1991).
Molocular modeling has suggested that a llwlll\ positively (]mwod S0~
quence in the fifth (lmnam of B2GPY is surface exposed (S((‘m]\dss( rer ¢l
al., 1992: Sheng et al., 1996). This had heen predicted previously using
the known tertiary xtmcime of factor H, another CCP protein. This surface-
exposed net positive charge could well explain the binding of B2GPI to
negatively charged surfaces, e.g., anionic phospholipids (\\mm 1984,
]](‘pdllll (Polz, l‘)T()) and DNA (Kroll ef al.. 1976). Although B2GPI has
heen shown to he an absolute requirement for autoimmune aPL antibodies
to bind in CL-ELISA, a preparation of B2GPI, proteolytically cleaved
predominately between Lys317 and Thr318 in t§1(> {]fth (]()nmm Jacked
binding to anionic phosphohpld (Hunt et al., 1993). This led to further
work to map the major phospholipid-binding site on /37( PT initially with
peptide inhibition studies (Hunt and Kn]]s 1994) and then witl site-
directed mutagenesis (Sheng et al., 1996). The lysine-rich segment in the
(ifth domain (L\s" —Lys™) hias been shown to be the major phosphohpld—
binding site on 37(;]“E Modification of amino acid residues on S2GPT by
poldxsmm thiocyanate treatment completely destroys binding capacity,
indicating the crucial involvement of lvsine residues in the bmdm(r of
B2GPI to anionic phospholipids (Kertesz ef al., 1‘)93)

Many of the proposed physiological fanctions of " B2GPI involve its
p]msp]mhp]d -binding properties. The binding of B2GPT to anionic phos-
pholipids had been assesscd using nuﬂhhmv]]m predominantly anionic
phospholipid vesicles under nomqmlﬂ)nmn conditions (Wuarm, 1984).
Data snggested a high-affinity interaction of B2GPT with phospholipid in
the 10— 7() nM range. In vivo, however, physiological membranes contain
significantly Tower concentrations of anionic phospholipids, and normal
p]asmd levels of B2GP1 could easily displace Gla-containing proteins from
cell membranes disrupting normal homeostatic mcdmmsms Morecover,
normal plasma concentrations of sodinim and divalent cations w ould mark-
edly inhibit this charge-dependent interaction. Phy. siological concentra-
tions of B2GPI do not have much effect in in citro coawuthum tests unless
anti-B2GPI antibodies are also present (Qosting et m’ 1992: Roubev ef
al., 1992; Galli et al., 1992; Matsuda et al., 1993). h\i]dpoldt]on of the
caleulation of the appar(n’at (].lssoc].atlon constant for B2GPL binding with
phvsiological anionic phospholipid membranes, to 10 M, suggests that
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B2GPI alone may not be able to displace other coagulation ])101( ins from
these membrane s(\’\ illemis et al., 1996). However, tho];mdmfr ofa complex
of an IgG anti-B2GPI molecule Divale ntly to two B2GPI lll()]( cules could
have a markedly higher affinity for that anionic membrane in vivo and
hience displace 0(];(1 cown]dtl(m proteins. In vitro, the presence of less
pr ()(()difll](lll( proteins \\!” result in a delay in the clotting time, a plausible
e \I)]d]ldil()ﬂ tor the lupus anticoagulant pil( nomenon. Excess phospholipid
will allow the capture of other codfm]at](m proteins again and restore the
clotting time back to normal levels.

As i]u‘ target antigen of pathogenic antibodies in APS, much rescarch
lias gone into stud\mﬂ the interaction of these antibodies with B2GPL.
I]noc hiypotheses have heen proposed to explain the interactions between
B2GPL and anionic phospholipids, allowing subsequent binding of aPL
antibodies. They are (1) a shared epitope on the ph()sphoilplcl B2GPI
complex (MceNc SR al.. 1990), (2) a cryptic epitope exposed on B2GPI
when it interacts with dt]i()l'l]( phospholipids (McNeil ef al., 1990), and
(3) increased density of B2GPI captured on the anjonic phospholipid
(Roubey ef al., ].‘J‘)o).

There has been inereasing evidence to suggest that aPL antibodies bind
preferentially to S2GPT immobilized on anionic phospholipids or certain
synthetic surfaces (irradiated plates), whereas binding in the fluid phase
is weak and often nondetectable. Tt is unlikely that the same epitope on
B2GPLis exposed by different surface interactions, as shown by work done
with monoclonal antibodies that are immunoreactive with B2GPT bound
to anionic phospholipids and to irradiated plastic wells (Wang et al., 1995).
The intrinsic low affinity of anti-B2GPT antibodies in APS is wmlﬁcanl]\/
enhanced when there is an increased density of B2GPT bound to a nega-
tively charged surface. It has been found ‘that the binding of pnnﬁed
monoclonal anti- B2GPL antibodies on y-irradiated polystyrene wells was
higher than on untreated wells. This binding is most likely due to increased
density of B2GPI, as the amount of iodinated B2GPI retained on irradiated
wells after the same amomnt of protein was coated overnight was 200%
higher than unireated wells (Kandiah and Krilis. 1996a).

I\Iai:ﬂ.u.ua and colleagues (1994) have reported that polyclonal human
aCL antibodies and a monoclonal murine aCL antibody bound B2GPI
coated on electron or y-irradiated microtiter wells but not on untreated
wells. The degree of binding depended on the irradiation dose, and aCL
binding to B2GP1 adsorl)(‘(] to these wells correlated well with that of
B2G P complexed to solid-phase CIL. Antibodies binding to B2GPI on
these irradiated wells were only competitively inhibited by the simultaneous
addition of CL~coated latex beads mixed toUct]ur with B2GPI, but were
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wnaffected by the addition of excess B2GPI CL micelles, or Cl-coated
latex heads.
These findings again support the hypothesis that aCL antibodies are
low-affinity dnlli}o(h(‘ and that interaction of antibodies to B2GPI, the
'l‘z»n”g( {antigen, requires capture of this protein to an clppmprmlolv char (TO(:I
surface. R ()nl)m et al. (1995) have has shown that Fab’ fragments of pdi]( nt
igG demonstrated little or no binding to B2GPT on ’}/-Hl'd({]dl(‘(] polystyrene
wells, whereas the whole molecule bound to B2GPI. suggesting a critical
role for antibody bivalency.

A, Eritore Marping or POospioneim- AND ANTIBODY-BINDING Srris
ON B2-GLyCorROTEIN I

Using synthetic peptides spaming the fifth domain of B2GP1. the peptide
sequence Cys281-Lys-Asn-Lys-Asp-Lys-Lys-Cys288 inhibited binding of
B2GPT to anionic phosph(}]lpld in a dose-de pondcn{ mamner (Hunt and
Krilis, 1994). Removal of the flanking cysteines abolished the ability of the
peptide to inhibit phospholipid bmdnw of native B2GP1, suggesting that
the tertiary structire of B2GPL is important for phosp]lo]lp]d lm)dmﬂ By
site-divected mutagenesis of the Lys residues in this amino acid sequence,
binding of B2GPI to anionic phosphnhpld was reduced to about 50% by
substituting one Lys residue with an Asp residue and abolished hmdmg
with two and three substitutions in this amino acid sequence (Sheng et

al.. 1996). Using monaoclonal antibodies derived from patients with APS
and peptide 111]111)111()11 studies, linear epitopes in the C-terminal end of
the fifth domain of B2GPI were recognized by these antibodies (Wang et
al., 1995}, Constructing two kinds of p]dsl nid expression vectors that express
,87( PI and the fifth d(}mdm of B2GPT only. polyclonal hmman anti-B2GP1
antibodies were shown to bind the fifth domain of B2GPT directly and
could inhibit, in a dose-dependent mamner, the binding of these po]\d(mdi
antibodies to whole molecule B2GPI coated on mlldml( d microtiter wells
(Yang et al., 1997). Their results snggest that the antigenic epitope for
mll]l)()dv binding is in the fifth domain.

B. Morecular MopinNe or S2GPT Mobuies

1. Introduction

To determine and understand the function of B2GPI, it would be
useful to know its three-dimensional (31D) strocture. Hocrrot'mb]\ no
experimentally determined structure of B2GPI is available. However. it
has been shown that the 3D structure of a protein may be calculated
with useful accuracy il its amino acid sequence is stllﬁcl(-nﬂ\ simiil,
to that of a p;oi(?m with a known 3D structure (Sanchez and Sali.
1997h). This comparative or homology modeling technique is particnlarly
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uselul when only low to medinm resolntion results are required, such
as prediction o exposed regions that may interact with antibodies (de
fa Paz ef al., 1986; Sali et (1/ 1993) and models of interaction based
on clectrostatic compleme nt«mt\ ( ai(‘:;‘n‘n(' 1976; Sali ¢t al., 1993). This
review describes a compan ative lll()d(]]]];_\ study of the “sushi™ domains
of B2CGPIs from five mammalian species. I particular, the authors
review their p]('\mm]\ published model of the fifth module in human
B2GPL (B2GPL-5) and data on the cardiolipin (CL)-hinding site on its
surface (Sheng et al., 1996). The 1(.]4[101;5%11) between the various S2GPI
modules is also discussed.

Alignment of SCR Modules in 82GPI and Factor 1

Amino acid sequences are known for 24 modnles in S2GPIs from five
mammalian species, including human, bovine, de og. mouse, and rat {Table
D). Each B2GPI consists of 5 nmdul(w except for rat B2GPT, which consists
of only 4 modules. Tt has been suggested that the B2GPT modules are
related to the SCR modules of factor 11 (Reid and Day. 1989). Four
medinm-resolntion 31 structures of two different SCR modules from
factor I (Table I) have been determined by solution nuclear magnetic
resonance (NMR) and deposited in the Brookhaven Protein Databank
(PDB) (Abola er al., 1987). Structures of the factor 11 modules and se-
quences of the 24 ,82(;1.’]. modules were compared manually to obtain the

TABLE 1
SOURCES OF STRECTURAL AND Stouixer Dara Usen ix CoMpararnve
MoverNe or B2GPI Mopues

Nume PIB Code Reference

AL Factor 1 wodnles with 31
structures determined by NMR

Pactor 1. module 16 11CC Nomman ef al. {1991}
IMactor 11 module 15 THFY Birdow ef al. {1993)
Factor 11 modules 15-16 THFH Barlow ef af. {1993

B, B2GP1 sequence
Human Kristensen ef al, (1991
Bovine Bendixen of af. {1992)
Rat Aovama el ol {1989)
Mouse Nonaka ef al. {1992}
Doy Sellar e «l. (1985

“ Stretires were obtained from the sumaer 1993 reloase of the Brookhaven Protein Datae
hink {Abokaer ol 19873 Phe deduced amino acid sequences of B2GPEs were obtained frons
the GenBank database O3ilofsky and Burks, 19881 except for dog 2011 which was obtaiued
from the ariginal paper,
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alignment in Tig, 1. Even though sequence identity between factor H
nmdu](s andd ﬁ"( Pl modules I—»l is only llppl()\mmi(]\ 20%:, their align-
ment appears to be relatively accurate because there are fow o gaps and
because of the invariability of “the two disulfide bonds. Similar Iy, thv align-
ment of the core regions ‘of factor T and the ffth modules in [37( Pls is
strongly de teJmlnLd by the assumption that disulfide honds 5-50 and
36-61 in 11-15 are equivalent to disulfide bonds 3-54 ;md 39-64 in 82
GPI-5 (Steinkasserer ef al., 1993), even thongh only 9-13 residues out of
62 are identical between factor H modules and B2GPI-55. The only major
ambiguity arises aronnd the 3-residue insertion at residue 21 in human
326G PI 5. There are also three single residne insertions in human 82GPI-
5 relative to factor H-15 at positions 47 (loop), 51 (Joop), and 57 {(extended
chain). A major diflerence between factor T modules and B2GP1-5 mod-
ules is that the latter has a 19 residue addition at the C terminus.

3. Overall Shnilaritios among Factor H and B2GPI Modhles

To find the clustering of the modules in factor H and the five 2GPls,
the table of perce mdﬁ(* sequence identities for all pairs of the modules
was calenlated from their alignment (Fig. 2), This matrix was used with
the Kitsch computer program (Felsenstein, 1985) to calenlate a tree that
expresses the 1(*L1[1(>mlnps among the sequences of the modules, similar
to the trees used to deduce the (‘\()hltl(}n of protein families. In this tree,
differences between hwo groups of sequences are approximated by a vertical
distance from the top of the tree to the highest node rom which the two
gronps of sequences branch off. The sequences cluster in six groups, There
is one group with the factor H modules H-15 and H-16 and five groups
each containing the modules with the same relative position in the five
B2GPI sequences. This arrangement suggests that the missing module in
rat S2GPT is pr 0}, ably the fnst m()dul(z because the group ()i the first
modules does not contain a member from the rat B2GPL The tree indicates
that the first event in evolution of a multidomain B2GPI was gene duplica-
tion, which separated S2GPI module 5 from the predecessor of the rest
of 111(‘ modudes. This may have been followed by the consecutive appear-
ances of modules 1 and 3, with the final (lnphc(ul(m resulting in modules
2 and 4.

4. The Three-Dimensional Model of the Fifth Domain of Human B2GPT

The template structure for comparative modeling of B2GPI-5 was that
of the 15th domain of human factor H. H-15 conformation has been
determined by solution NMR (Barlow ef «l., 1993) (PDB code 1HFH).
The a]wnmcnl h(‘t\\ cen B2GPE-5 and T1-15 { ]*w 1) was nsed as input for
MODE T LER-11 (Sali and Blundell. 1993: San(‘ll(v(m(i Sali, 1997a). which
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Fic. 2. Clustering of the SCR modules from human factor H and five mammalian
B2GPIs.

produced a model of B2GPI-5 containing all main chain and side chain
nonhydrogen atoms. [Modeller is d\’culable at URLhttp://guitar.rocke-
feller.edu: pub/m()do]lc and also as part of Quanta,InsightIl, and Gene-
Explorer (MSI, San Diego, CA, USA; e-mail b]pCmu com)].

The standard automated modeling procedure was used, except that
additional distance restraints were imposed on the 19 residue extension
at the C terminus. These restraints were obtained as follows. First, four
secondary structure prediction methods were applied to human B2GPI-5
(Fig. 1). Three of the four methods resulted in an approximately correct

Fic. 1. Alignment of the amino acid sequences of the modules from five B2GPIs and
modules 15 dnd 16 from human factor H. The top line refers to the residues in 1HFI. The
stars indicate the Lys residues that were mutated to the Glu residues. The line PDB-1HF]
contains the se u)n(Lm structure assignments for IHCC from the corresponding PDB
(protein data bank) file. The pl((h(,tlons by the following secondary structure prediction
methods are shown: AF, a method based on the physicochemical p]()putles of the residues
(Ptitsyn and Finkelstein, 1983); PhD, a neural network method (Rost and Sander, 1993):
JMC, a neural network method (Chandonia and Karplus, 1996); Homolog, a method based
on residue statistics (Biou et al., 1988); and GOR, a method based on the residue statistics

(Biou et al., 1988). The secondary structure predictions are indicated by H for helix and
B for B strand.
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B structure content, and all three of these predicted a 8 strand starting
at position 71 within the 19 residue C-terminal extension. The method
that did not pre dict a 8 strand in this region also gave an incorrect secondary
structure composition, with many usldnts pl(\(]l(‘t( . as helical. On the
basis of these results. the authors predicted that region 71-75 in B2GPI-
5 was indeed a 8 strand. The partner of this strand must be one of the known
strands in the rest of the molecule. An examination of the preliminary model
suggested that the only two possible partners are strands from residue
4-10 and {from l(‘sl(hw 5763, with strand 71-75 Iving between and/or
on t()p of these two strands. Any other possibility \\(mld have involved
main chain knots or breaking the disulfide hond to the C-terminal € Vs
residne. Given the «l\\ll]llpll()ll that strand 71-75 interacts with shamds
4-10 and/or 57-63, there are still four possibilities for the register of
the predicted strand with the existing strands. These were explored by
generating 31D models that satisfied as well as possible 24 lower distance
l)onnds on the interstrand Gyff distances. each restraint set corresponding
to one of the four strand registers. The best model was then identified as
the model that had m]mmd] restraint violations, best 31 model quality
index of Eisenberg and co-workers (Luthy ef al., 1992), Aé)(l the smallest
number of vesidues other than Gly and Asn that had positive’angles { Fig. 8-
3. see colorinsert). The 3D_PROFILES quality index of this representative
B2GPI-5 model is 21.5, which is within the allowed range for the protein
of the same size as B2GPT (Luthy et al., 1992).This qmll]t\ index can be
compared with the quality indices for the experimental structures of the
H-15 and 11-16 modules in PDB files 1HFI, 1THCC, 1HFH-15. and 1THFH-
16, which are generally, but not always, higher at 30.3. 21.0, 30.1, and
RES t(‘%p((tl\'(‘]\ The {old of the B2GP1-5 ﬂl()dt ] (‘()nsisis of mﬂhi strands.
organized in two distorted 8 sheets with long coiled regions c()lm(z(,tmg
tho strands (Tig. 3). There are no helices.

5. Elcctrostatic Properties of Humnan B2GPI-5

Electrostatic terms in the )()lentmi energy often give rise 1o spe cifie
interactions in complexes (e.g., that between a Lys and a sulfate at contact
distance). However, in ()1'(1(.‘1 m inderstand or to predict the nature of a
complex between two moleenles, it is often useful to look at their global
clectrostatic potential. Il the structure of only one ligand is i\n()\\n it is
particularly helpful to examine its ¢ Jectrostatic potential for possible Dind-
ing sites of the other ligand. This is true in the present case where the
interaction between a positive (the protein) and a negative (cardiolipin)
ligand is considered and the detailed structure of cardiolipin is not available.
Hms to investigate more closely which particular amino acid residues are
critical for plmsphohpld ]nndm(r by l]w intact fifth donmin of B2GPI.
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electrostatic properties of the 31D model of the fifth domain of human
B2GPT (Fig. 8-4. sce color insert) were examined.

The electrostatic potential on the surface of B2GPI-5 and its mutants
was calculated with GRASP (Nicholls et al.. 1991), a computer program
that uses the finite difference methiod to solve the linearized Poisson—
Boltzimann equation. A net charge of —1 was assigned to each «\xp and
Glu residue and a net charge of +1 to each Lys and Arg residue. Each
His was assltrnod a nentral (hm ge because 826G Pl is active in plasma at a
pH of dl.)()lil Models with all Liydrogen atoms and partial charges
from the (flI"fAPI\iI\l 22 force field were nsed for electrostatic caleulations.
'\lt]!ouwh there are considerable nuncertaintios in the ;)umwns of positive
charges at the end of long Lys and Arg side chains on the protein surface.
these have a small effect on the slobal features of the electrostatic potential
considered below (Sali ¢f al., 1993).

Most of the P(m{]\( 1y charged side chains (14 out of 16) are located on
the surface of two regions. 1%1(* first of these regions is defined by segments
4046, 63-66, and S1-84 (top face of the modnh in Fig. 4A). The second
region is defined by one long and wide omega loop 3-28 \IOH face in Fig.
4 \) Most of the negatively (']uu ged re s1dn( s (8 out of 11) are located in
segments 33, 50-62, and 67-80 m(r]]l face in Fig, 4A). " Che px()n(mn((d
P()sm\( (}L‘Lli()sl:lt](‘ potential above the top region in B2GPI-5is predicted
to be significantly reduced if’ any one of ih(‘ three Lys residues in the
center ()1 the top region is mutate 'd to the gltamic acid residue (Fig. 4B).

The sequences of lhc fiftly modules rom illo five species are highly similar
(~ S0%), which is reflected in the similarities of the charge distr 1]mlmn and
of the electrostatic potentials. For (\amplo the centr 4] segment Cys39--
Cys46 of the top region is identical in all five species, as is I,\ $66, whereas
I;\ 52 s present in three of the five species.

6. Location of the Cardiolipin-Binding Region in Human B2GPI-5

Both positively charged faces on B2GP1-5 are likelv to attract negatively
charged ligands such as cardiolipin (Fig, 4A). However, becanse the l()p
posm\( 'y c]uu ged face contains pe ptld(‘ 40-46, which is known to hind
c.udlohpm (Eluntcmd Krilis, 1994), the three central charges in this particu-
Jar yegion are predicted to be part of the binding site for cardiolipin in
the intact B2GPI-5 domain. Moreover, the mutation of these three Lvs
residues to Gl residnes is predicted to prevent the interaction hetween
CL and B2GPI-5 (Fig. 4B). These predictions are similur to those made
based on homology modeling alone (Steinkasserer ef al., 1991, 1992). To
test this p}(‘dmt]()u the ¢DNA for luman B2GPT was inserted into the
baculovirus viral DNA BacPAK 6 (or expression in insect cells (S121)
(Shemg et al.. 1996). As discnssed previously, site-directed mutagenesis
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was then performed to assess the role of the individnal anino acids in the
Lys40—Lys45 loop in phospholipid binding and anti-B2GPT activity. It was
found that residues Lvs42, Lys44, and Lys45 were indeed eritical for B2GPI
l)m(]mg to anionic phosphohp]ds but not crucial for direct binding of
B2GPI by anti-B2GPI antibodies.

As mentioned carlier, it has been shown that cardiolipin hinds to an
isolated peptide Cys39— (,\'»‘ 46 with the two flanking Cys residues. bhut not
to Lvs40-Lys45 or to Ser39-Serd6. where the H,mi\m(r Cys residues were
re ])](1(‘( »d by Ser (ITunt and Krilis, 1994), Thus, the conformation of segment
40-46 is ]ﬁ\u]} to be critical for phospholipid binding. It appears that
the flanking Cys residues form a disulfide hond that favors the peptide
conformation in the peptide~phospholipid complex. thus increasing the
[ree energy of binding via re ducmtf its entropy. This is explained h\* the
3D model o [ B2GPI-5 as follows. Even though the two flanking Cys residues
are not disulfide bonded to each other in tho native mole cnlv their relative
position in the model is consistent with such a bond (Fig. 3). As a conse-
quence, a nonnative disulfide bond between Cys 39 and Cys 47 is expected
to favor the native conformation for the interve ning pe pildo segment., The
model for interaction is not sufficiently detailed to distinguish between a
specific electrostatic interaction that requires a certain p(‘pll(lv sequence
and an interaction that relies on ch: arge density withont many steric restric-
tions. Nevertheless, the model did serve as the basis for informed site-
directed mutagenesis experiments that provided more information on the
binding of phospholipids to S2GP1.

C. CroNing AND CHARACTERIZATION OF THE GENE ENCODING
Mouse B2GPI

A mouse ES genomic iil)rar}_’ in the 1‘.);1('&»%1‘](‘)]}]3ng:o P1 cloning svstem
was screened using polymerase chain reaction (PCR). A Hind111 fragment
was shown to contain the entire monse B2GPI gene and was Jigate d into
the pBluescript SK vector for further analysis and sequencing. Thls plasmid
clone was digested with different restriction enzymes, and some fragments
were Imlhol subcloned into pBluescript SK vectors for sequencing. The
mouse B2GPI gene was subsequently found to be encoded by eight exons
spread over about 18 kb of genomic DNA. Exon 1 contained the 5'-
untranslated region, the 19 amino acid long signal peptide, and the first
2 amino acids ()l the mature B2GPT protein. Exons 2—7 contain the rest
of the protein-coding sequences. Exon 8 contained the last 19 codons
and the entire 3’ —nntl(ms]aiod region. The exons correlate well with the
structural domains. CCP1 is encoded by exon 11, CCP IT by exons 11T and
IV, CCP T by exon V, CCP TV by exon VI, and CCP V i)\ exons VIT and
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VIII (Sheng et al., 1997) (Fig. 3). The mouse B2GPI gene has been
localized to distal c]nmnmmnn 11 (Nonaka et al., 1992), whereas the
human B2GPI gene has been assigned to chromosome 17 (Haagerup et
al., 1991). ]Iowc ver, comparative mapping of human and mouse genomes
has shown that the mouse distal chromosome 11 has extensive lzomolom
with human chromosome 17 (Buchberg et al.. 1989). The amino a(,]d
sequence of B2GPI for mammalian species discovered so far reveals a
large degree of homology to the human sequence: mouse (76.1%), bovine
(63 %), J:ld rat (80%). f\hevnmcnt of these sequences shows that the fifth
domain is the most lugll]y conserved, suggesting that the main functional
activities of the protein are present };(..1(?.

V. Immunogenicity and Animal Models

In order to determine if antoantibodies are pathogenic in vivo, suitable
animal models need to be studied. A murine model of autoimmune vascular
disease (NZW X BXSB/F1) was first described (Hang et al., 1981). Other
antoimmune strains predisposed to lupus were studwd and showc(l autoan-
tihodies reactive in a standard CL-ELISA (Gharavi ef «l., 1989). NZW X
BXSB/FL mice also have thrombocytopenia and were found to have anti-
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Fic. 5. Organization of the mouse B2GPI gene, (A} The structure of the mouse B2GP]
gene s shown with restriction enzyvme sites. The positions of exons are shown as hoxes,
and the introns are shown as lines connecting the exons. Restriction sites indicated:
X (Xhol), B (BamH1), T (EcoRV), and Xb (,\lmh (B} SCR repeat domain structure of
B2GPI. The positions of the translation initiation site (ATG), the polyadenylation site
(AATAAA), and the termination codon are indicated. S, signal peptide (Sheng ef al., 1997)
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hodies to B2GPI similar to that seen in antoimmume human APS patients
(Hashimoto ¢/ al.. 1992).

Two groups have suggested that aPL antibodies have a direct role in
causing pregnancy loss in vivo. Passive immunization of normal pre mel
mice with haman polvclonal (Branch ef al., 1990: Blank e al.. 1991)
antibodies or monoclonal aPL antibodies (Ba]\nn( v et al., 1992) have been
shown to result in increased fetal Toss and fetal re sorption and lower mean
weights of embryos and placentas unnpm( :d with mice himmunized with
]1()]IH¢1I nmnm:()U]()lmims However, one of these groups have since sug-
gested that passive immnmization with human LgCG polvelonal aPL anhlmd
ies had variable effects on murine pregnancy outcome. The rate of fetal
death did not increase uniformly with increasing doses of TgG and was
mrelated to the individual pahem S m(‘(!l((ll hisi(n\ (Silver ef al.. 1997).
BAL B/( miice immunized with CL mixed with 826G PI. CL alone, £B2GP1
alone, or buffer alone were studied. Mice immunized with CL mixed
with /37( PI produced high levels of anti-B2GPT antibodies and antibodies
reactive in a standard CL-ELISA, Mice iimnnmized with CL alone did not
produce aPE antibodies, and mice immnmized with B2GPT alone produced
anti-B2GPT antibodies (Rauch and Janolf, 1992). Another gronp snrm(‘stod
that immunization of mice with B2GP1 produced a high percentage of
fetal resorption in ttero when the mice were mated, sumrostmrr an induced
model of the APS (Blank et al., 1994h). To study the issne of pllthom eSS
and thrombosis in an animal model, mechanical stimulis of ¢ exposed femo-
ral veins in CD-1 mice was used to promote clot formation. Mice d(h\(‘l\
innnnized with B2GPLand human TG aPL antibodies from patients with
APS developed propagation of the dol and slower dissolution (Pierangeli
et al., 1996). ITmmnization of MLR/+ + mice with 82GPT produced APl
antibodies. The development of nenrological dysfunction and production of
antinuclear and anti-DNA antibodies was controversial. with two npprmmr
conclusions (Cote et al., 1994; Avon et al., 19935), Further research in this
arca needs to be done as another study has suggested that immunization
of BALB/¢ mice with a monoclonal hnman aPL antibody (H-3) induces
neurological and behavioral defects (Ziporen et al., 1997).

i’ol\c](m.l] antibodies purified from patients with APS, with a S2CPI
;1lf11|11) colunm. have binding characteristies similar to anti-B2GPT antibod-
ies induced by immunization of a rabbit with human B2GPI. Some of the
polvelonal hman antoantibodies bound both B2GPT and anionic phosplho-
lipids. The binding to anionic pl]mplm]]p:(ls involves ionic interactions as
the bm(hn; was reduced significantly in the presence of high {onic strength
buffers (Kouts et al., ]‘JQ)) Nine monoclonal antibodies derived [mm
NZW X BXSB/F1 mice had two populations of antibodies with S82GPI
reactivity and anionic phospholipid reactivity in the absence of B2GPI.
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These latter antibodies, as with the p()lyci()nul human antibodies, had
charge-dependent binding to the anionic phospholipid with abolishment
of binding in the presence of high ionic strength buffers (Monestier ef al.,
1996). \nh B2GPI antibodies ]md a clear pr eference for purified murine
B2GPT in a fashion similar to the preference human polvclonal antibodies
from patients with APS had for purified hwman S2GPIL The analysis of
the V region sequences of these antibodies suggest that cationic re ssidues in
the I chain CDR3 are important for their Lhd] ge-dependent phospholipid
reactivity. Sequence analysis of one of the l]l()ll()(]()]ld] antibodies that
recognized B2GPI in a phosphohpld free system, with little change in
l)mdmg in the presence of high ionie strength buffers, did not reveal
any cationic amino acid 1(s1duo The stm(tuml features of the Vy-D-Jy
junctions of these monoclonal autoantibodies further support the view
that an increased frequency of unusnal V(D)] rearrangements contribute
directly to the development of murine antoimmunity (Monestier ef al.,
1996).

The presence of these animal models of APS allow for the comparative
study of the mechanisms of action of autoantibodices and induced antibod-
jes. This will allow the continuing study of therapeutic interventions that
may prevent the clinical manifestations of APS,

V. Prothrombin

Lupus anticoagulant antibodies conld potentially inhibit any of four
procoagnlant phosy 3!10[1]):(1 complexes or two anticoagulant p]losp]lol]p]d
reactions. A number of carly reports suggested a role. {m mena pml(ms
in the activity of Tapus di]l](()d”ll]d])l% ”l(‘ lupus anticoagulant “cofactor”
phenomenon, i.c.. the addition ‘of normal plasmato pdi](*nt plasma, increas-
ing the m]nl)]lmn of coagulation, was first attributed to the presence of
pl()t]nmnbm (Loeliger, lf)'3(J}. Autoantibodies to prothrombin were shown
in two patients with the lupus anticoagulant-hypoprothrombinemia syn-
drome (Bajaj ef al., 1983). Circulating pml]n(mll)m complexes were found
in 74% of patic nts with LA antibodies and normal prothrombin levels
(Fleck et al., 1988). The aunthors and others have shown that LA can
react with human prothrombin directly on phospliolipid-free, high-binding
(irradiated) ELISA plates (Arvieux ef (l/ 1995, Kandiah and }\nhs 1997a),
phospholipid-bound prothrombin (Bevers et al., 1991). and phospholipid
alone (McNeil ef al., 1989; Pierangeli et al., 1993; Kandiah and Krilis,
1997h). '

Antiprothrombin antibodies have been found to have immunological
prediction of myocardial infarction in men (Vaarala et al,, 1996). In a
study of 233 patients with aPL antibodies, 26% had IgG and/or TgM
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antiprothrombin antibodies. There was poor correlation between antipro-
thrombin and auticardiolipin and anti-B2GPT antibodies in this same pa-
tient p()pu]dimu Univariate (mLL]\ Sis sugge ssted that dnhpm(]nomlm] [(r(,
correlated well with a history of venous thrombaosis, but this effect was
lost in the multivariate analysis, whereas anti-B2GPI IgG; was the only
variable that showed statistical swmﬁcan((‘ (Forastiero el al., 1997). In
another retrospective study of SL b patients with aPl. antibodie s, the pres-
ence of LA antibodies was the only variable that had statistical mgmhmncc
in the multivariate analysis of association with venous thrombosis (Horbacly
ef al., 1996). The varying results obtained by different groups on the
prevalence and patho]o«mal links of anhpml]n<)ml)m antibodies cannot
be explained by the patient population studied alone. The method of
performance of “the antiprothrombin-ELISA is different in different stud-
ies, varying from the buffers used to dilute the samples and block the
p]()lim)m[)m coated wells, to the entolT levels determined. Some investiga-
tors use buffer-only wells as controls, which may be important, as it d(*dncts
nonspecific hmdm(r that can occur with the in«f]] binding plates nsed. If
any meta-analysis is to he performed on these stm]l(‘s to make generalizable
deductions on the role of antiprothrombin antibodies, this important vari-
able would need to be considered.

It has been shown that LA antibodies in some patients with APS can
be separated into antibodies positive in the dRVVT clotting assay and the
dKCT. The immunoreactivity of these separate populations o{ antoantibod-
ies cannot be explained by their immunoreactivity to 82GPI or prothrombin
(Kandiah and Krilis, 1997b). Affinity-purified .11mprot]n’ombm antibodies
from different patients had different reactivities in these two clotting assays
(Kandiah and Krilis, 1997a). This observation was in variance with m(ln'ect
studies on plasima reactivities, which snggested that anti-B2GPI reactivity
corresponded to a plolong_'dllon in the dT WVT assay and cllllipl”()ihl(mll)nl
reactivity with prolongation in the dKCT assay (€ salli et al., 1995), but was
Suppor ted by another study on a large p()pli]dtl()ﬂ of patlcnts that did not
find a difference in the plasma reactivities in the dRVVT and dKCT clotting
assays and their anti-B2GP1 and antiprothrombin reactivities (Forastiero
et al., 1997).

The anticoagulant activity of antiprothrombin antibodies appears to be
dependent on t})(lr recognition of a phosphohp]d lnonan prothrombin
complex that inhibits hoth the conversion of prothrombin into thrombin
in the prothrombinase ¢ omplex (Bevers ef al., 1991) and the tenase complex
(Permpikul et al., 1994). There appears to ?)0 a high species specificity to
human pmt]nm)ﬂ)m in the functional assavs (B(z\-(zrs et al., 1991; Rao et
al., 1995). LA IgG from two patients inhibited the activation of human
but not bovine prothrombin in a purified prothromhin activation svstemn
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(Bevers et al., 1991), whercas LA TgG from a third patient inhibited the
activation of ])ot].l human and bovine prothrombin (Galli et al,, 1993).
This is in variance to the immunoreactivity of the purified antibodies that
recognized both human and bovine prothrombin coated on microtiter wells
and on a Western blot, although the binding to human prothrombin was
substantially higher in 6 of Ua(’ 14 p](lp(natums studied. Twelve of the
prep: arations show( d a significantly increased binding to human prothrom-
bin and 9 to bovine prothrombin in the presence of phosphatidvlserine
and caleium jons. Further experiments with phosphatidylserine/phosphati-
dylcholine (PS/PC) vesicles. soluble prothrombin, and LA I1gG failed to
explain why LA I¢gG inhibits hnunan prothrombin activation more effec-
tively than it m]nb]tx bovine prothrombin activation (Rao et al., 1995).
In a study of 59 patient plasmas with aPL antibodies, 9{)% showed
reactivity to pmt]nomhm bound to phosphatidylserine in []10 presence ol
caleium, whereas only 38% of these plasmas had reactivity to prothrombin
coated directly on ]11(’[1 binding wells (Galli et al., 1997). These authors
snggested that the mnde of presentation of pr othrombin in solid-phase
influenced its recognition by antiprothrombin antibodies. They postulated
that these differences were pmduc( d either due to clustering “and confor-
mational orientation of the prothrombin bound to p]msphdild\]sc;mo
allowing better capture of the antibodies, or that the capture of prothrom-
bm«~.11mpmtino1n})m complexes may be better in the presence of caleinm
jons. This may also be due to the patient population studied, as in patients
with antiprothrombin antibodies, the binding to prothrombin coated on
irraciated surfaces in the absence of calcium ions was significantly higher
than for prothrombin bound to phosphatidylserine in “the presence of
caleinm. This applied to both plasma samples, as in the previous study as
well as to affinity-purified antiprothrombin antibodies through a pr othrom-
bin colwmm. The dissociation constant calculated for these (lnlih()dl(’S was
in the region of 200 nM, which showed about 10 times higher affinity than
mt%B’(’PI antibodies purified from a B2GPI column (Kdndm]l and Krilis,
1997a). Both studies, however, confirmed the heterogeneity of antipro-
thrombin antibodies in coagulation assays with no one assay detecting these
antibodies consistently.

VIi. Lupus Anticoagulant Antibodies and Protein C Activation

LA antibodies have been shown to have multiple effects on protein C.
Results in the literature have been (()ntr;xdi('t()w with some researchers
finding a significant inhibition on the rate of activation of protein C by
l}nombm on endothelial cells by purified LA IgG (Cariou ef al., 1966),
whereas others could not confirm this (Oosting et al., 1991; Keeling et al.,



536 DAVID A, KANIHAN of ol

1993). LA antibodics have also been shown to prevent the inactivation of
factor Va by protein C. These appeared to be TeGs divected against nega-
tively (hni*ed phospholipid-protein U)mpkr,\(..s of cither protein C or
protein S (()osmw et al., 1993). APC resistance (i.e., the association of
(l\sfunchmm] APC with a venons thrombotic te nd(n(\) predominates in

LA plasina, but is not restricted to the presence of the Arg506-Gln point
mutation on factor V (Bokarewa ef al.. 1995),

Viil. Lupus Anticoagulant Antibodies and Phosphatidylethanolamine

The presence of phosphatidylethanolamine (PE) has been shown to
augment LA activity and inhibit the anticoagulant effect of activated protein
C (~\P( Y in vitro. This effect appeared to arise from interference of LA
antibodies with APC activity by hinding to PE or the complex of APC and
PE (Smirnov ¢t al., 1995). aPE an{rhod]( s have also been shown to require
plasma cofactors in their binding to PE. inc Tuding high and low molecular
weight kininogens (HMWK and LMW K)and, less frequenty, prekallikrein
and factor X1 {(NIO‘I and McIntvre, 1995).

Kininogens mlnblt thrombin-induced platelet aggregation, Kininogen-
depe ndont LgG aPE markedly increased thrombin- mdn(od platelet aggre-
gation in vitro. whereas kininogen- -independent 1gG aPE did not (Slw]
ml(l Melntyre, 1996). 1fence, kmmotr( m-dependent aPE could canse
thrombosis in vivo by ¢ disrupting the antithrombotic effects of kininogen.
As PE can increase the procoagulant activity of vesicles ((m{mmw PS
and PC, and aPE has been associated with thromboembolic events, the
pathogenesis of the thrombosis in these patients is multifactorial.

PE undergoes the transition from lamellar to hexagonal 11 phase under
certain physiological conditions, and mice inmmunized with hexagonal PE
develop phospholipid-dependent inhibitors of cox wilation (LA (11111])()(1]( s)
(Ranch and Janoff. 1990). Preincubation of aPl. -positive plasima with
hexagonal-phase 11 PE has been shown to reduce or even abolish the
pm]on(_gut](m of clotting times in phospholipid-dependent coagulation
assays, suggesting that ilns phospholipid is the target antigen for some LA
mmbodus (R mch et al., 1989). These authors have sugeested that the
target antigen for these antllmdws may be a complex of PE and humuan
pmt]no;nbm (Rauch et al., 1997), d[ihomfh these experiments have been
performed in clotting assays and not in a I)H]If](“(] systent.

IX. Antiphospholipid Antibodies and Endothelial Cells

When a more physiological surface, such as endothelial cells, is nsed for
the assembly of the prothrombinase complex, only 18% of TgG fractions
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with LA activity were able to inhibit prothrombinase activity (Oosting et
al.. 1993). Endothelial cells play acentral role in the prev ention of unwanted
activation of the coagulation cascade in intact vessels. This antithrombo-
genic property of endothelial cell surfaces responds to physiological stimuli
and is therefore susce ptible to injury. aPL antibody-positive SLE sera, but
not purificd antibody, in the presence ol low doses of tumor necrosis
factor (TNI) stlnmldt( d procoagulant activity by enltured endothelial cells.

However, no association was found with clinical thrombotic events (Hassel-
aar et al., 1989). A high prevalence of antiendothelial cell (AECA)-binding
activity is found in sera from patients with APS (“d\%(]dd] et al., l‘)‘J()
Del Pap Vet al., 1992). B2CGPT is able to bind resting endothelial ce 1ls and
be recognized b\ monoclonal and polyclonal anti- [37( PI antibodies (Del
Papa ¢t (u’ 1995, Le Tonqueze et al.. 1995). Although platelet binding
has been related to the expression of anionic ]ﬁ]osph()]lplds on their (‘(‘H
membranes after activation, a comparable phenomenon is unlikely on
resting endothelial cells that do not display snch phospholipid distribution
dmnms (Del Papa ef al., 1992). Both p(ﬁ\c]mm] and monoclonal anti-
B20 I I antibodies can npl(*rm]al(‘ adhesion molecule expression after endo-
thelial cell binding (Del Papa et al., 1995; Del Papa et al., 1997). Del Papa
et al. (1998) show ocl that B2GPI binds endothelial cell membranes through
its Izl{h domain. The mgjor phospholipid-binding site that mediates t]](\,
binding of B2GPT to anionic phospholipids is also mvolved in endothelial
l)mdm(r (Fig. 6). Human wmbilical vein endothelial cell (ITUVEC) mono-
layers pm\)d(‘ a suitable surface for B2GPT binding comparable to that
(hxph\( 2 by anrionic phospholipids dried on microtiter wells. The formation
of B2GPI and anti-B2GPI complexes induces endothelial activation as

supported by E-selectin expression and 11L-6 sceretion (Del Papa et al..
1998) (Fig. 6).

X. Pathogenesis of the Antiphospholipid Syndrome

Patients with APS have a tendency to atherogenesis that is likely related
to the multiple immunological abnormalities that occur in this condition.
The oxidation of plastic microtiter plates that increases the capture of the
target antigens for aPL antibodies may be an in vitro model of the vascular
mﬂamnmton processes that result in a high oxidative capacity in vascular
walls. Oxidation of plasma proteins and oxyvgen-mediated endothelial in-
jury decrease the physiological dﬂl](()cl“'il]d]!t function of endothelinm
(Vawrala, 1997).

Antibodies to oxidized low density ]ipop]‘otcim (LDL) are associated
with carotid atherosclerosis (Salonen et al., 1992) and myocardial infarction
(Puurunen ef al., 1994). In patients with SE E. these antibodies have been
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Activated endothelial cells

Resting endothelial cells

Fie 6. B2GPLanti-B2GP1, and endothelial cells. Anti-B2GPLantihodies bind a synthetic
peptide spanning the filth domain of B2GPI after captire on activated endothelial colls.
B2GPE binds activated endothelial cells through the major phospholipid-binding site,
KNKEKK (Del Papa et o, 1998). ITuman lm!\(lo}m] anti-B2GPT antibodies bind I() the
same peptide sequence previously shown to support human monoclonal anti hody binding
after B2GPI bound to a negativ P}\ charged swiuce (Wang et of., 1903). \nh!m(]\ lmxdm(f

upregnlates adhesion mole cule {E-sclecting expression and 11.-6 secretion (1Del Pdpa el (f/
1995, 1998).

shown to cross-react with autoantibodies detected in the standard cardio-
lipin ELISA to B2GPI (Vaarala et al., 1993). Monoclonal anti-82GPI
antibodies derived from NZW x BXSB/F, mice also cross-react with oxi-
dized LD (Mizutani et al., 1995).

Lipids are transported in blood as lipoproteins, macromolecular com-
plexes of lipids and proteins (apolipoproteins). The properties and functions
c)I apolipoproteins include being structural components of l]popmtmns
the regulation of enzyme activity, and binding of lipoproteins to cell sarface
receptors for internalization and catabolism (Laker and Evans, 1996). Lipo-
protein(a), which consists of an LDL particle and apolipoprotein(a), ]ms
been shown to be a strong independent risk factor for coronary heart
disease (Mbewu and Durmwton 1990; Scott, 1991). L]p()l)]()((‘]l](d/ lras
physiological interactions mth Lods,n](umn and fibrinolytic svstems (Hajjar
et al., 1989; Miles ef al., 1989). By studying its cDNA se :quence, apolipopro-
tein{a) has been shom: to have marked .ﬂ.nnL}ui;% in structure with plas-
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minogen (McLean ef al., 1987). Elevated levels of lipoprotein(a) have been
1(*;)011( L in patients with APS, with significantly higher levels in patients
with arterial than venous []m)ml)mn (Yamazaki et al., 1994). It has been
shown that a protein ligand for apolipopr ()t(%m(a} is B2GPL. Using the
repelitive a )ohp()pl()t(‘m(d) kringle IV type 2 domain as bait to screen a
human liver cDNA library by the veast two-hybrid interaction trap system.
11 clones were identified, of which § were S2GPT (Kochl ef al., 1997).
Coimmunoprecipitation experiments showed specific binding of BZ(;PI to
immobilized apolipoprotein(a), lipoprotein(a), and low density lipoproteins
(which had been shown previously). The binding of B2GPI to lipoprotein(a)
is via domains 2—4. These observations will §(>d(1 to further investigations
into the role of this B2GPI—apolipoprotein(a) interaction and its 10]0 ina
prothrombotic tendency. Apolipoprotein(a) may form a multimeric com-
plex with B2GPIL, which would be cleared from the circulation by macro-
phages, a process that could be affected by anti-B2GP1 antibodies.

In a study of middle-aged men with elevated lipids but no autoimmune
disease or ]mtm’v of thrombosis, antiprothrombin antibodies were signifi-
cantly higher in men who developed myocardial infarctions or (‘Ludl‘\(
deaths than in controls. When all variables were analyze d, there was an
interactive effect of antiprothrombin antibodies with xm()]\mcf and triglycer-
ide levels independently, Autoantibodies detected in the stand: m] CL-
ELISA and antibodies to oxidized low-density lipoproteins had an additive
effect with antiprothrombin antibodies to the Tisk of cardiac events (Vaarala
et al., 1996).

The possible link between antibodies to B2GPT and the pathogenesis of
thrombosis has been studied extensively. Anionic PLs promote injtiation
ol the contact activation system in blood coagulation, which is inhibited
in vitro by physiological concentrations of [37( PI (Schousboe, 1988). The
autoactivation of factor XIT in prekallikrein-deficient plasmain the presence
of anionic PLs and cationic zinc is inhibited by B2GPT and the anti-B2GP]
antibodies/B2GPT complex, which conld behave as a LA (Schousboe and
Rasmussen, 1995). One group classified aPLs into two types, depending
on their sedimentation dhu acteristics alter adsorption with cardiolipin
liposomes (Galli ef al., 1992). If LA activity cosedimented with the liposo-
mal pellet, antibodies eluted from the 111)05011105 were B2GPT dependent in
prolonging dARVVT. However, the LA antibody present in the supernatant
prolonged dRVVT, 111(>sp((t1\e ol the presence of B2GPI. This group
subsequently sndgosio(l that antibodies positive in a dRVVT d()ltnw assay
were more likely to be associated with clinical thrombosis. This slud\ was
done indirectly with patient plasma and retrospective analysis of the ¢ Jinical
histories (€ Galli e al., 1995). B2GPT at physiological concentrations has
been shown to mlnb]t the generation of factor Xa in the presence of
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activated gel-filtered platelets (Shi ef al.. 1993). aCL antibodies interfered
with this inhibition, whereas LA antibodies inhibited this process in a
manner similar to S2GPT without any additive effect shown. B2GPI also
appears to inhibit the prothrombinase activity of resting nonactivated plate-
lets, lysed platelets. and phosphatidylserine/phosphatidvicholine vesicles
(Nimpl™ et al., 1986}, although it is wnclear whether it requires small
amounts of anti-B2GPLantibodies for this activity (Galli ef al., 1993). B2GPI
at physiological Tevels inhibits the factor Va-dependent prothrombinase
complex (Mori et al., 1996). However, in the same system, it potentiates
thrombin generation in the presence of activated protein C (APC). This
inhibitory effect was diminished by the addition of increasing concentra-
tions of cephalin, suggesting that B2GPT competitively inhibits the binding
of APC to the phospholipid surface. This group also showed that the
anticoagulant activity of APC was significantly potentiated in 2GPI-
depleted plasma, an effect that was reduced with the addition of increasi ng
coneentrations of B2GPL. (These in vitro reactions are illustrated in Fig, 7.)

The affinity of B2GPT for phospholipid is increased in the presence of
anti-B2GPT antibodies (Willems et ¢l 1996). Hence in individuals with
these antibodies, the B2GPT—anti-B2CGPI complex may well displace other
coagulation proteins alfecting homeostatic mechanisms. Althongh the af-
finity constant for polyclonal anti-B2GPI to B2GPI is low at 3.4-7.2 uM
(Tincani ef al.. 1996), this affinity constant is increased with dimerization
of B2GPI (Sheng et al., 1998).

In a study of 46 patients with SLE and autoantibodics detected in a
standard CL-ELISA. comparisons of binding specificities and avidity of
binding of the 22 patients with APS and the 24 patients without clinical
manifestations of the APS were made. The authors found that while all
patients had a positive result in the standard CL-ELISA, the absorhance
values were higher in the eroup with APS. Reactivity in an anti-B2GPI-
ELISA was significantly more in patients with APS. Urea, a chaotropic
agent interfering with electrostatic interactions, was able to reduce binding
of the antibodies to B2GPI in both the standard CL-ELISA and the
anti-B2GPI-ELISA, mainly in the group without clinical manifestations
{(Vlachoyimmoponlos ef al., 1998). This suggested thal patients with APS
have a significant increase in auntoantibodies detected in an anti-B2GPI
ELISA and that these antibodies are generally of high avidity as compared
to the autoantibodies found in individuals withont clinical manifestations.

Auger et al. (1993) reported that heparin-induced thrombocytopenia
developed in 56.5% of patients with LA antibodies with an inereased
occnrrence of thrombotic events. Althongh the mechanism is not clear,
this could be due to heparin binding to B2GPL enhancing the antibody
binding to anionic phospholipids. c.g.. activated platelets. Unfractionated
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heparin has been shown to enhance aPL binding to B2GPI in the presence
of phosphatidylserine as well as changing the (]( ctrophoretic mobility of
B2GPI, which did not occur with low nml(cn](u weight hcpmm T\I(\&H\'
et al., 1994). Hence the perceived anticoagulant properties of B2GPT may
he (l]l(‘l((] by imfractionated heparin and may influence its nse in clinical
practice for the prophylasis and treatment of thrombosis associated with
these autoantibodies. Another group suggested that heparin reversibly
bound aPL antibodies in vitro as shown by depletion of aPL antibodies
after passage through a heparin affinity column and bv dmo—wx])ons(*
hieparin inhibition of aPL to CL in the presence of B2G PI (standard CL-
ELISA) (Ermel et al., 1995). This effect would be mediated by the binding
ol B2GPT to heparin,

The activation of human nmbilical vein endothelial cells by TeG autoanti-
bodies from patients with APS, as measured by increased monocyte adhe-
sion, has been shown to be B2GPI depende nt. Inte restinglv, rahbit ])01\-
clonal anti-B2GPI antibodies also activated endothelial ce 1]s (Simantov et
al., 1995). B2GPI adhesion to endothelimm has been desceribed in nmnmi
placental vessels. In the placental samples studied, increased B2GPI de Po-
sition was fonnd by indirect immunofluorescence on the trophoblast sur-
faces of placentas from patients with persistently raised titers of alL anti-
hodies ng Rosa et al., 1994). aPL antibodies have Dbeen eluted from
placentas of women with elevated serm aPL antibodies. 82GP1 was pres-
ent in placental eluates from both control and aPL affected pregnancies
(Chamley et al., 1993). Using reverse tr: anscriptase polymerase (]:.un reac-
tion (RT-PCR). placental ce l]s were shown to synthesize B2GPT transeripts.
Immunoblotting experiments suggested that B2GPLis localized in syneytio-
trophoblast Lmd extravillous L\T()llopht)i)laﬂi Anti-B2GPT antibodies Ny
therefore bind placental B2GPI, inhibiting their function in vico (C ]mmlm'
et al., 1997). The function of pl wental 67( PI is unclear at the moment,
but may have an effect on placental circulatory hemostatic mechanisms,

The binding of B2GPI to endothelial cells, via the cluster of Lys residues
(Del Papa et al., 1998), suggests the same possibilities as for anionic
phospholipid 1)1ndm<r This binding may increase antigen density and/or
induce conformational changes, ‘lllownw for the capture 0[ cirenlatin ¢ anti-
B2GPL antibodics. Anti-B82GPI m(mnd(nm] antibodies have Dheen sh()\\n
to exert LA activity in citro by enhancing the binding of 82GPI to phospho-
lipids (Takeva ¢t al., 1997). This cluste Ting may hmdu the lateral mobility
of (()d(fuhiz(m proteins, affecting the fine balance between their procoagu-
fant (l.ll(] anticoagnlant activitics. This effect may also occur in B2GPI
binding to ¢ ndothelial cell membranes per hnbmfr endothelial function. 1t
is therefore possible in tico that antoantibodies (ln(d(‘d against S2GP1
induce endothelial cell activation. which in the presence of some other
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insult may trigger a thrombotic event. Hence aPL antibodies may indepen-
dently mfluonu' atherogenesis by moderating coagulation re actions toward
.IJ}-])(E;.(.()ngJ]Lthm1 by an as vet nutmpi(un(,(] mee }mm.bm.

XL Laboratory Investigations of the Antiphospholipid Syndrome

As aPL antibodies are increasingly shown to be a heterogeneous group
of autoantibodies, the need to per rorm mulUpk‘nnmunodsm\s and (.()(LO'll](l“
tion tests has become imperative. This is especially important in prospective
studies of patients with APS as subsets of patients may be identified who
ave at particular risk of clinical events and may be identified by certain
Jaboratory tests or a combination of tests. Standardization of assays for
anticar (h()hpm antibodies and lupus anticoagulants have been fmn(rht with
difficulty, despite numerous attempts to per form this by inter national stan-
dardization w orkshops and committees.

A ANTICARDIOLIPIN ANTIBODIES

At the third intemational workshop held in 1992, the delegates confirmed
that bovine 82 glycoprotein I (82GPI) suppor ted the hnl(fmg, of purified
aPL antibodies to CL (s ef «l., 1994). The authors and others have
now found that there are patients who have selective binding to human
B2GPI and may therefore have persistent negative aCL titers in conven-
tional innmunoassays. The workshop deleg gdi(*x also [ound binding of puri-
fied antibodies to ovalbumin and casein used in the blocking aud diluting
buflers, which snggest that any protein solutions used in an Ef ISA system
need to e checked for contamination with B2GPI, even in small concentra-
tions (Harris et al., 1994). It has also been found that non-fatty acid-free
i)o\m(* serim A]l)umm used in anumber of laboratory e \pmnnonts contains
sufficient B2GPT to support hinding of anti-B2G PI antibodies.

The current standard ELISA kils are increasingly nsing B2GPI as a
discriminator of autoimmume aCL antibodies from true aCL antibodies
that do not require B2GPT for direct binding to CL. Nine commonly used
commercial kits for measuring aCL dnhbodlcs were compared v with a
standardized in-house method. The authors found marked differences in
the positivity rate between kits ranging from 31 to 60% for IgG and from
6 to 50% for IgM (Reber ef al., ]‘)‘)D Th(‘ B2GPI content ()f the ditution
buffers and th(\ wells supplied with the kits were significantly different.
Despite extensive eftorts over the vears to achieve standar dization, these
results suggest that some technical dspocls need to be reevaluated, includ-
ing cutoll pom{s and the use of controlled amounts of B2GP1 or incubation
times. B2GPI has been shown to be inhibitory to the binding of antibodies
from patients with chronic infections (Hunt of al.. 1992). l‘]ns is due to
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the (‘(}mputmon ol B2GPTwith the positivelv charged antibodics for binding
to anionic phospholipids (Monestier ef al., 19‘)(}) Hence high positivity of
aCL titer may be fonnd in some patients with clronic infoctions, and in
the right clinieal setting, further tests need to be performied to ide ntify
the ])mdnl(r specificities of these antibodies.

SLE patients with clinical manifestations of APS but negative for con-
ventional tests in the aCL assay and LA clotting tests were tested for im-
munoreactivity to varions phmph()hp]ds mc]n(]mtr phosphatidylserine,
)h()sphahd\hmm{()l phosphatic acid, phospl ml](l\kh()lnw and phosphati-
dvlethanolamine (Roch ef el 1997). No correlation was found between
detected antibodies to phosphatidyvlethanolamine and clinical manifesta-
tions of APS. Overall, in all patient groups. the anthors found no additional
benefit from testing for mmmoreactivity to other phospholipids other
than CL (Roch ef al.. 1997).

The use of these new B2GPI immunoassays may supplant the conven-
tional aCL immunoassays in use becanse of their improved specificities
but not completely re p]d( e them hecanse of their relative costs. Clinical
studies highlight the nnp()atan(e of detecting aPL antibodies and quantitat-
ing their i*\(]s and therefore stratifying the risk for each patient so that
optimum treatments could be deve ]()p( x(l.,

B, Lurus ANTICOAGULANT ANTIBOIMES

The LA/APL antibody subcommittce has met annually since 1988 to
update the nomencl: ature. methods, and standardization practices of LA
testing. Screening tests for LA nee A to be sensitive, and the amount of
p]msphohpld in the test system is o critical determinant of sensitivity, The
reactivity of a particular pdh( nt LA antibody is also important. Hence the
use of at least two sensitive sereening tests is important in de tecting the
LA antibody. The combination of tests also needs to detect reactivity to
different parts of the clotting cascade (Kandial and Krilis, 1996, hlp—
lett, 1995).

Cirrent eriteria for the diagnosis of LA antibodies are:

L. Prolongation of at least one PL-dependent clotting test,

2. Evidence of inhibitory activity shown by the e ffect 0{ patient plasma
on pooled normal plasma.

3. Evidence that the inhibitory activity is dependent on PL by the
addition or alteration of PL. h(\mf()ml] p]msc PL, platelets, or p]dl( let
vesicles in the test system (mfrnm]l\ nsed.

4. LAs must be cuue[n]l\ djsimwlnshe(] from other coagulopathies. Spe-
cific factor assays and the clinical ]ns{t)n may be helpfal in these situations
(Brandt et al.. 1995).
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Predictive tests that identify patients most at risk of the clinical manifesta-
tions ol APS have not vet been de \0]()1)( L. More recent test systems have
looked at dot blots to various protein antigens. in vitro thrombin generation,
functional assays to detect acquired APC resistance, and mlu!mmn of
df)wm(‘tfnllium of factors Va and VIIIa (Triplett, 1996). Laboratory tests
for the detection of aPL antibodies have become more specialized. Tence,
clinical and research studies looking at aPL antibodies and clinical features
need to be precise in the performance and reporting of the methodology
of their tests. which will promote the reproducibility of results across
diffevent population groups and allow accurate interpretation of data ob-
tained.

XIi. Antiphospholipid Syndrome and Future Therapies

Antiphospholipid syndrome belongs to a wide spectrum of clinical disor-
ders that are categorized as autoimmune disorders based on the presence
of autoantibodies aml/m the finding of lymphocytic infiltrates in tlu target
organs. As i most autoimmnne (llsmso lh(' (nh(n](u role of the immune
system in the initiation and pmowsslon of t]w disease remains uncertain.
The finding that plasima proteins are the target antigens for some of the aP1
antibodies has g gone along way in investigating the potential pathogenesis in
APS, espe (m}l\ in relation to t]noml)(ms and athe rogenesis. Some patients
respond well to aspirin alone, whereas other patients require high doses
of anticoagulation to prevent recurrent vascular events, \ut()anhbo(h( 25 in
APS have mummnd\ been shown to be heterogencous, and the combina-
tion of antibodies may be the precipitant {or thv diverse clinical manifesta-
tions of these ])dllcnts Not only does the combination of binding specifici-
ties of the antibodies need to be identified, hut also those patients who
mp(m(] to (’\IS{]T](T the rapies.

In discase in general, and antoimmune disease in particular, the nature of
the inciting antigen is central to the definition of the disease and the srapeotic
interventions, In APS, as in other ant(nmuumo(115(%1\0& the three processes
that interact to pr r)duu* disease need to be studied. These are (a) selection
in the thymus of a repertoire of T cells that discriminates sell from non-
self, i.c., tolerance: (Iy) lymphocyte activation after a potential autoreactive
T cell ]ms( »merged from the thymus and entered the peripheral cireutation;
and (c) preprogrammed cell “death that eliminates T and B cells with
RIS ticular antoreactive pmpul](...s‘ i.e., apoplosis.

tn PAPS and APS associated with SLE, there is considerable diversity
in the spectrum of autoantibodics and severity of discase among alfecte od
individuals. One theory proposed for the diversity of aut()diltibtJ(ll( s is the
presence of common struetnral motifs formd in many diverse implicated
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molecules, e.g., phosphodiester groups fornd in single-stranded DNA and
ph()sphn]ip]ds, cmd B2GPI- and DRY-hinding motif (Fujisao ef al.. 1996).
“Antigenic spreading,” in which the T-cell response to a palh(uhi peptide
antigen Jeads to the involvement of other T cells with a progressively wider
spe ctrumol activity (Lehmann et afl., 1993), has also been proposed. Thvimic
tolerance failure may also explain the de \Ohlpmt’ni of antoimmume discase.
This may arise by (a) Lmat(nmctl] sequestration of self-antigens, not exposing
deve k)pmv T cells in the thymus to these self-antigens (hnmﬂ their matura-
tion; (1) formation of ne oantigens or cryptic antigens \\h(n the target
antigen is conformationallv (]Mll“( d, thus not Ixuntr recognized by T colls
(Fatencjad et al., 1993): and (¢) ﬁu]m(* to suppress antoreactive T colls in
the p(tnph( v l)_\’ some as yet unexplained mechanism (Clark and Ledbet-
ter, 1994).

The ability of B cells to internalize antigens and present them as peptide/
class 11 C()HIPI( xes on their cell surface may play a eritical role in “antigenic
spreading,” promoting a progressively more pol\d(m&] T-cell response
against an autoantigen (Mamula and Luw\\ ay, 1993).

In addition to ﬂ](‘ erucial processes generating antoreactive T cells.
apoptosis and factors leading to the death of cells and their removal in
the thymus and the ponp]wn may be important in pathogenesis. It has
Deen shown that M. Rl/]pl auatohmmune mice with T-cell antigen receptor
a chain knockout (which fack a8 T cells) lack 1gG and IgM aC L antibodies
compared to their wild-tvpe controls and that C1D40 h(nmd deficient MRLY
Ipr mice lack IgG aCL antibodies compared to their wild- -type controls.
These observations suggest that the development of aCL antibodies in
these autoimmune mice is de pendent on ¢ ognate T/B-cell interaction {ang-
mented by the presence of @B T cells) andis Tacilitated by the binding of
CDRA0 hmm{] on activated T cells to CD40 on B cells ([\anw et al.. 1997).

.\[n]t].plo genes are involved in autoimmune disease pdlh()gm:(.sls. The
strongest argnment for genes pre diﬁpr)s‘intr to disease is increased disease
lxcquen(\ in monozygotic twins. Disease concordance in this twin popula-
tion, however, is gene m”\ less than 30%:, and other [actors sucl as random
events occurring dumw the maturation of antigen reeeptors on T and B
cells and ¢ Jmnmmonhd factors must also play a xwmﬁ((ml part. The detec-
tion of viral protein epitopes similar to that {olmd i B2GPE may promote
farther insights into the mechanism of initiation of pathological events and
clinical nmn1{esmlmns in APS (Celli et af., 1997).

B2GPLis in the CCP family. The comp]( ment system and its receptors
play an important role in immune defense, ]m]\mv humoral and cell-
mediated responses. Complement rece ptor (CR1). []non“]n its binding
to activation products of complement C3, can activate cells and induce
chemotaxis (Fearon, 1991). B lymphoevtes have complement receptor
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CR2, which may form complexes with CD19 that are important in B-cell
activation (\E.ltsmno{o et al.. 1991). Complement receptors also serve to
concentrate immune (.()mpk,xcs on the surface of B cells, leading to antigen
presentation by the B cell (Tuveson et al., 1991). In dml\nw 1]30}.1 n for
an autoimmune disease such as APS, the immune system needs to be
modulated so as not to result in total inntun|().51.1ppr(%ssmn. This modulation
may be performied at the level of autoimmune T-cell generation in the
l‘h\fmus or their clonal Mp;uwim‘l in the pe 1‘iph( % Current treatment
appears to only address the end result of the autoimmune process. i.c.,
treatment of the thrombosis.
Synthetic mimotope peptides, characterized by () the inability to acti-
vate T cells while (b) retaining the ability to bind fimmune B cells. nuy
be used to tolerize B cells in an antigen- sp('uhc manner. B-cell tolerance
entails administering such peptides conjugated to multiv ale nt, stable. non-
immunogenic v 43(>HC\ platforms in order to abrogate « umlmd\ production
via B-ce H anergy or clonal deletion after the cross- -linking of surface immu-
noglobulin. I]](‘ ability to modulate B-cell activity in lmnmns on an antigen-
spe ufic basis, using smtrl(‘ signal inactivation of target B cells, has f)( Ja
identified as a means ol phm nu(()]otf](d] intervention in dntﬂ)()d\ -mediated
pathologies (Coults et al., 1996). Al lh()noh the exact molecular natnre of
the target epitopes recognized by aPL ani}lmd]os is imlknown, the use of
pe ph(lcs derived from (plmpo libraries may allow for the construction of
suceessiul tolerogens.

Xili. Summary and Conclusions

Advances in delining the target antigen(s) for the autoantibodies in
the APS highlight the nnuloqlmucs of the current classification of these
<1niu,unﬂ)odws into anticardiolipin and LA antibodies. The discovery that
B2GPLis the target antigen for the autoantibodies detected in solid- pi ase
INITUNoAssays ]ms opened a number of areas of research linking these
antoantibodies to atherogenesis and thrombus [ormation, Xlth(mtrh the
role of B2GPI in the 106!1]&110]1 of blood coagulation in unclear, current
evidence suggests that Cmt1~,87( PT antibodics interfere with its “normal”™
role and appear to promote a procoagulant tendencey.

The expansion ol research in this arca and the dive rsity of the clinical
manifestations of paticnts with APS have resulted in the inclusion of molec-
ular hiologists and pharmaceutical companies joining immunologists, he-
matologists, rheumatologists, obstetricians, neurologists. vaseular surgeons,
and 1)1()1(*111 and lipid biochemists in attempting to nndushmd the patho-
physiology of this c(m(l;tmn Although the published literature mav result
in C(mﬂlctnwu sults and mimdu((‘nm\ controversies, developing standard-
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TABLE 11
Vascenan THROMBOSES

Arterial Venous
Presence ol Thrombosis Thrombosis
Antiphospholipid Yes Yes
antibodies
Homocvstinemia Yes
Protein deficiencies
Protein € Yes
Protein § Yos
Antithrombin 11 Yes
APC resistance Yos
Genetie point nutations Yes

ized laboratory methods and extrapolation of in vifro experimental results
to the in vivo situation will advance our understanding of the regulation of
the imnimne svstem and its interaction with normal hemostatic mechanisms.
Since the anthors last review in 1991, the study and nnderstanding of the
pathophysiology of APS have evolved from lipid hiochemistry to molecular
techniques that may eventually provide specific therapies for the clinical
manifestations ol this condition. Although errrent treatment has improved
the morbidity associated with this condition, especiathy in improving preg-
nancy ontcomes, fature therapies, as outlined in this review, may specifi-
cally address the hiological abnormalities and have fewer side effocts.
Better diagnostic tools, such as magnetic resonance imaging with perfusion
studies. will allow the study of the troe incidence and prevalence of vascular
flow changes/tissue ischemia and infarction associated with aPL antibodies
and help determine treatment and prophylaxis for APS patients. APS is
still the only hypercoagulable condition where hoth arterial and venons
beds can be affected independently or in the same individual (Table 11),
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