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1. Introduction

Antiphospholipid syndrome (APS) is a common and very devastating disease. It is an
autoimmune disease, which differs from most other systemic autoimmune illnesses by its
propensity to develop thrombosis. APS is defined as the co-occurrence of antiphospholipid
antibodies (aPL) with the characteristic clinical symptoms. The problem exists on the
laboratory side of the diagnosis which is important to estimate the risk of further thrombosis
or pregnancy complications. The diagnosis has to be made based on the presence of aPL,
which are very complex entities. The main objective of this chapter is to review the methods
of the aPL determinations and the clinical utility of their presence. The aPL pathogenic
mechanism will be shortly discussed with an emphasis on the relation between thrombosis
and inflammation.

2. The short history of the research in the field of aPL

APL with the ability to prolong in vitro phospholipid depending coagulation times were
discovered in 1952 (Conley & Hartmann, 1952) in patients suffering from systemic lupus
erythematosus (SLE). Only much later, it was discovered that in vivo they do not act as
anticoagulants (Bowie et al. 1963) and can be found not only in SLE patients but also in
apparently healthy subjects. The term ”lupus anticoagulant” (LA) was used for the first time
in 1972 by Feinstein and Rapaport (Feinstein & Rapaport, 1972). In 1980s, it became clear
that LA belongs to a group of autoantibodies directed against negatively charged
phospholipids and anticardiolipin antibodies (aCL) were determined for the first time using
radioimmunoassay (Harris et al., 1983). The presence of aPL was associated with many
different clinical signs and symptoms. Finally for the first time a definition of APS was
established in 1987 (Harris, 1987). Then, in the 1990s, antibodies to antiphospholipid protein
cofactors - beta2 glycoprotein I (ap>GPI) and prothrombin were discovered (Bevers et al.,
1991; Galli et al., 1990; Mc Neil et al., 1990).

A set of guidelines for the detection of LA were published in 1991 and 1995 and then revised
in 2009 (Exner et al., 1991; Brand et al., 1995; Pengo et al., 2009). Similar efforts were started
from the beginning to standardize enzyme-immunoassays to detect aCL (Pierangeli & Harris,
2008). In 1999, first changes (e.g. exclusion of thrombocytopenia) were introduced to the
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70 Antiphospholipid Syndrome

definition of APS (Wilson et al., 1999) and then the definition was modified in 2006 (Miyakis
et al., 2006). Since the last modification ap>GPI are one of the laboratory criteria of APS.

3. LA phenomenon — The most clinically relevant aPL

LA was the first discovered aPL antibody, and until now, it has been known as the most
clinically relevant. Although sensitive and quantitative ELISA-based methods were
developed to detect antiphospholipid antibodies, LA detected by coagulometric tests has
been shown to be more associated with thrombosis (Galli et al., 2003). From the beginning,
LA together with aCL were included among laboratory criteria of the APS (Harris, 1987).

The term LA is a double misnomer because these antibodies are present mainly in patients
without lupus erythematosus and in vivo react as procoagulant (Jamrozik et al., 1993). The
name “anticoagulant” was given because in vitro in phospholipid-dependent liquid-phase
assays they prolong these tests acting as anticoagulants.

The detection of LA is founded on a wide range of clot-based tests and according to the
guidelines three-step procedure is required. The laboratory diagnosis should be based on
prolongation of a phospholipid dependent clotting tests, lack of correction of the prolonged
clotting time by addition of a small amount of normal plasma and correction by the
presence of the higher concentration of phospholipids.

The detection of LA is delicate and sometimes impossible when the patient is already
treated with oral anticoagulants. Pre-analytical variables (e.g. quality of sample collection,
centrifugation, temperature of storage) strongly influence final results. The specimen is
sodium citrate anticoagulated blood which requires immediate, quick, double
centrifugation. If the test is not immediately performed, the sample needs to be frozen in a
deep freeze. Moreover, one of the extremely important aspects ensuring the good test results
is the process of the blood collection. The smooth blood flow prevents activation of the
coagulation processes.

In the past, many different tests were used in the process of LA detection, e.g.: kaolin
clotting time (KCT) (Galli et al., 1995), silica clotting time (SCT) (Dragoni et al., 2001), diluted
prothrombin time (dPT) (Liestol et al., 2002), activated partial thromboplastin time
sensitive/insensitive ratio (aPTT ratio) (Ames et al., 2001), Textarin/Ecarin clotting time
(Triplett et al., 1993). Recently, only two following tests have been recommended for LA
detection based on practicality and global experience: diluted Russell viper venom time
(dRVVT) and aPTT. The use of other tests has been discouraged mainly due to the limited
experience rather than their poor performance (Pengo et al., 2009). Interestingly, according
to one systematic literature review, the risk of thrombosis appeared to be independent of the
laboratory tests used for LA identification (Horbach et al., 1996).

Our clinical research results show a comparable performance of the LA tests based on aPTT
and dRVVT as recommended by the latest guidelines for LA detection with the other tests
(Swadzba et al., 2011 a). Our study group that was used consisted of 336 subjects suffering
from various autoimmune diseases. We used aPTT, dRVVT and dPT tests for LA detection
together with a ratio between sensitive and insensitive aPTT reagents. All LA tests
performed were associated with a previous episode of thrombosis (ORs range: 3,5 to 8,4).
Diluted PT dependent LA showed stronger association with the history of thrombosis than
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aPTT or dRVVT dependent LAs (OR = 6,0 vs. 5,0 and 4,3 respectively). On the other hand,
LA based on the ratio between sensitive and insensitive aPTT reagents showed weaker
association with APS clinical symptoms than other LA tests.

Furthermore, it has been shown that ap,GPI are better predictors of thrombotic
complications than antibodies directed against prothrombin (Swadzba et al., 1997). For this
reason, various attempts have been made to specifically detect f2GPI dependent LAs. Two
methods of PGPl dependent LA identification were described (Pengo et al., 2004;
Simmelink et al., 2003). The first studies indicate that the P,GPI dependent LAs show
superior association with thrombotic complications than LAs caused by other antibodies (De
Laat et al., 2004, 2001). It was confirmed recently in our study (Swadzba et al., 2011 a). The
highest odds ratio for thrombosis was found for ap,GPI dependent LA (OR= 8,3;
specificity / sensitivity=98%/15%). Because of high specificity (98%) but low sensitivity
(15%) ap2GPI dependent LA was suggested to be the second line assay to choose the
patients with the highest risk of thrombosis.

In the recent guidelines only two tests were selected because if more tests were performed
the percentage of false positive results could be too high. In our study even only two tests
were used the odds ratio for both (and/or) was lower than for each one separate test. LA
tested by aPTT and/or dRVVT (at least one out of two positive tests), as it was
recommended by the published guidelines, was associated less strongly with the history of
thrombosis (OR=4,1) than any of these tests separately (OR=5,0 and 4,3 respectively). The
advantage of the latter (aPTT and/or dRVVt) lies only in their higher sensitivity (45% vs.
43% for aPTT dependent LA and 32% for dRVVT dependent LA). When both tests were
positive (“double LA positivity”) the association with thrombosis was stronger (OR=6,5)
than when only one test was positive. Double LA positivity detected by all tests performed
was firmly associated with the history of thrombosis.

We agree with the recommendation, that two tests should be performed and the number of
positive tests should be given and commented on the final result. The results with two
positive LA tests could be named as “double LA positive” and possibly point to the patients
with the highest risk of thrombosis.

LA detection is troublesome, poorly standardized, and its laboratory accuracy and clinical
utility varies, igniting a lot of controversies. As a consequence several national and
international inter-laboratory surveys have shown unacceptable differences in LA test
results between various participating laboratories (Arnout et al., 1999; Pengo et al., 2007b).
The rates of false positive and false negative results remained relatively high. In the future
the differences among laboratories should be less pronounced, because the new guidelines
gave more strict recommendations about blood collection requirements, choice of the tests,
mixing studies (1:1 proportion), confirmatory tests, interpretation, expressing and reporting
the results.

However there is still a need to conduct more research to answer a lot of questions, e.g.: how
identify the most clinically relevant LA, how to define the presence of strong LA as opposed
to the weak ones. From a clinical point of view, any LA results should always be considered
in the context of a full laboratory aPL profile comprising of aCL and af.GPI, because
isolated LA positivity may be frequently found in subjects without any clinical symptoms
(Pengo et al., 2007a).
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72 Antiphospholipid Syndrome

4. ACL - The most sensitive aPL test

ACL were firstly detected by radioimmunoassay but just after ELISA based format replaced
the former tests (Loizou et al., 1985). It is well known that basic performance of aCL assays
is determined by various factors including the type of microtiterplate, the source of
cardiolipin, the solvents, the usage of cofactor (De Groot et al., 2008). There were a lot of
efforts to standardize the aCL tests (Wong et al., 2005, Wong & Favaloro, 2008). However it
is not easy because the aCL ELISA does not detect aCL, but antibodies to proteins which
bind to cardiolipin coated on the surface of microtiterplate. $2GPI is present in the
microtiterplate wells from the patient serum (tested), bovine serum (solvent) or sometimes
oGPl is extra added to aCL tests. $2GPI can bind to cardiolipin coated on the plate and later
aP2GPI bind to the complex B>GPI-cardiolipin. However the cardiolipin on microtiterplate
can be bound also to prothrombin and other proteins. For this reason an aCL test is not
purely ap>GPI test, but, in fact, there are detected antibodies against different proteins which
bind to anionic phospholipids. This is probably the reason why ELISAs to detect
anticardiolipin antibodies are more sensitive but less specific tests than ap,GPI ELISAs.

Proper and stable calibrators are very important for conducting aCL tests. Almost since the
beginning one source of human polyclonal calibrators from patients samples was applied
(Louisville calibrators) (Harris et al., 1987). These widely used calibrators helped produce
comparable results between laboratories and introduce international units (GPL and MPL
units) (Harris, 1990). The Louisville calibrators were used for many years in spite of the
problems with batch to batch variations (Favaloro & Wong, 2011). Some years ago
monoclonal antibodies to P>GPI became available and they started to be used as the
calibrators both for f,GPI ELISA and aCL ELISA (Ichikawa et al., 1999). Even though a great
progress has been made, there is no consensus for internationally accepted aCL calibrators.

The other important issue in aCL testing is associated with choosing an optimal cut-off
point. In the first studies, the 95th percentile of healthy population was used (Musial et al.,
1997), but from the beginning it was well known that low positive results were less
important than high positives. In the Sapporo APS criteria, only medium or high titer of aCL
were considered as serological criterion of APS (Wilson et al., 1999). In the newest, updated
criteria, aCL are regarded as positive if exceed the 99th percentile or 40 GPL/MPL units
(Miyakis et al., 2006). There is an inconsistence in offering two different, alternative values
to identify the presence of aCL in a meaningful, pathological levels (Swadzba et al., 2007). In
our in-house method the value of the 99th percentile of a normal population corresponded
to 26 GPL and 27 MPL, respectively. Obviously, the sensitivity was higher for a lower cut-
off value (99th percentile), specificity - for the higher one (above 40 GPL/MPL), but overall,
relative risk for thrombosis was quite similar (3,71 vs. 3,72) (Swadzba et al., 2007).

However, until generally accepted international standard is developed, any arbitrarily
chosen cut-off value will leave doubts about its validity. It seems reasonable to have only
one threshold value when comparisons between different methods and laboratories are
required. In our opinion, the 99th percentile of the healthy population offers by far the better
threshold value that could be generally accepted (Swadzba & Musial, 2009).

Nevertheless, one needs to remember that lower levels of both aCL and af>GPI can be
associated with significant (but low) risk of clinical complications (Swadzba et al., 2007).
Even if it is persistent positivity, one low positive result could be neglected, but when two or
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more aPL are present in low titer the situation can be different. We can speculate that in the
recently developed definition of the “triple positivity” maybe even low positive antibodies
could be enough to register as positive (when at least one kind of antibodies is highly
positive).

On the contrary, patients with very high levels of antibodies, especially of the IgG class, are
at particularly high risk of thrombosis. This has been clearly reflected in our study by a
group of patients with anticardiolipin antibodies level above 80 GPL/MPL who had the
highest number of thrombosis in the past (Swadzba et al., 2007). In our opinion, this finding
requires and calls for an objective, clinically important and uniformly accepted definition of
“high levels” of aPL.

It should be emphasized that the class of anticardiolipin antibodies is crucial for
determining the risk of APS clinical symptoms. It was shown in many studies that IgG class
of antibodies correlates much better with the history of thrombosis than IgM type (Swadzba
et al., 2007). It is of concern that the updated criteria do not separate IgG and IgM classes.
We propose to grouped separately IgG and IgM antibodies and introduce the thrombosis
risk score in which IgG antibodies will be more important than IgM. Some other authors
even think that IgM antibodies should be abandoned from the criteria of APS (Galli et al.,
2008).

The value of IgA antibodies in diagnosis of APS is still uncertain. According to the latest

guidelines this class of antibodies does not add clinically important information (Miyakis et
al., 2000).

5. Anti B,GPI — The most “real” aPL test?

B2GPI is a 50-kDA phospholipid binding protein present in plasma in concentrations of
approximately 200 mcg/ml. The function of $.GPI is not clear until now however it was
regarded as natural anticoagulant. The genetic deficiency of PGPl appears to be not
involved with any diseases (Matsuura et al., 2010). It has been found recently that .GPI can
play an important role in the immunity (De Groot & Meijers, 2011). There is no evidence that
any of p,GPI polymorphism is connected with the presence ap,GPI antibodies or APS
(Swadzba et al., 2006).

Antibodies against 2GPI were discovered in 1990 and it is well documented nowadays that
2GPI is the main important antigen in APS pathophysiology. It was demonstrated that the
mice injected with B>GPI produce aCL as well as af}2GPI (Gharavi et al. 1992). From the
pathophysiological point of view, inclusion of B,GPI antibodies to existing criteria seems to
be well-founded. It is generally accepted that domain I of B.GPI serves as a major antigen
for pathological aPL (Ioannou & Rahman, 2010). AB,GPI IgG antibodies are strongly
associated with clinical complications of APS. This further justifies inclusion ap,GPI into the
APS laboratory classification criteria.

It is noted, that the presence of af}2GPI was closely associated with the presence of other
aPL. For this reason, addition of ap.GPI to the diagnostic armamentarium changed only
slightly the risk prediction of clinical complications based on the presence of LA and aCL. In
our study their inclusion added 5 extra patients diagnosed with APS, who otherwise would
be missed (less than 5% of the APS population) (Swadzba et al., 2007). Overall, the addition
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of aP,GPI to the classification criteria might slightly limit the number of the so-called
“seronegative APS” patients; a relatively small group of subjects with very suggestive
clinical features and negative LA and/or aCL determinations.

AB.GPI, especially of the IgG class, appeared in our patients less frequently than aCL
(Swadzba et al., 2007). For this reason, being more specific, they showed quite low
sensitivity, as it was already reported by others (Favaloro & Wong, 2011). Overall odds
ratios for thrombosis and pregnancy loss is similar to the aCL ones.

The proposed single method of establishing an upper limit of normal values for ap,GPI
introduced by the updated APS criteria would certainly help to compare results between
laboratories. The choice of 99th percentile as a suggested cut-off value seems valid and very
well-supported. For example in our research studies, patients tested positive for ap,GPI
based on a cut-off set at 99th percentile were at a higher relative risk for thrombosis than
those considered positive when the cut-off value was set at 95th percentile. However, quite
low sensitivity of the test (in our study for ap,GPI IgG - 24%) seems to qualify it rather as a
risk stratification test or a second test identifying population at the highest risk among APS
patients (Swadzba et al., 2007). As a screening test or as a test served in a “triple positivity”
the cut-off value that lies in the 95th percentile may be better and it needs further studies.

6. Non classical aPL

The spectrum of autoantibodies associated with APS is likely to extend beyond tests known
from APS criteria. From the very beginning it was known that cardiolipin is not the only one
but only one out of the many possible phospholipids served in the tests for detecting aPL. It
was unlikely that cardiolipin could serve as real antigen for aPL and even that in vivo it is a
surface for the proteins because cardiolipin is situated only in the inner side of mitochondria
membranes.

Other phospholipids were proposed as the antigens. From a pathophysiological point of
view the phosphatidylserine was very attractive as phospholipid that exists in the cellular
membranes and flip-flops to the outer side during the cell activation. In fact in our studies,
the correlation with APS clinical symptoms did not differ between phosphatidylserine
antibodies and aCL. The correlation between two methods was very high (r=0,8) (Musial et
al., 2003). Antibodies against other phospholipids were tested less extensively (e.g.
antibodies against phosphatidylinositol) but similar results were obtained. Due to high cross
reactivity there was only a little additional clinical information leading to the conclusion that
there is no need any additional ELISA tests against anionic phospholipids other than aCL.
The special attention was drawn to antibodies against phosphatidylethanolamine (aPE).
Phosphatidylethanolamine is a zwitterionic phospholipid normally present in the outer
leaflet of cell membranes, and it plays a role in reactions of protein C pathway. Antibodies
can react with the complexes of aPE with high and low molecular weight kininogens
(HMWK, LMWK), factor XI and prekallikrein (Sugi & Mclntyre, 2001). There were some
studies conducted that show aPE as the only antibody in a limited number of APS patients
(Karmochkine et al., 1992).

The method using the mixture of different phospholipids was proposed as an alternative to
cardiolipin tests and it was called “the real antiphospholipid test”. The concept of the test
was similar to LA (detecting antibodies against different antigens) and the aPL ELISA from
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Louisville in some studies showed better sensitivity and specificity than aCL (Pierangeli &
Harris, 2008). However, most of the studies used cardiolipin as the antigen that was easier to
standardize and compare between laboratories than tests with different mixtures of different
antiphospholipids.

As mentioned early, in 1991 antibodies to the prothrombin (aPT) were discovered (Bevers et
al., 1991). In the clinical studies aPT were found to be less clinically important than other
aPL antibodies (Swadzba et al., 1997). However the group of researchers developed a new
test recognizing clinically relevant aPT. They coated prothrombin on phosphatidylserine
(PS/PT test) causing new structure configuration of prothrombin. The complex of
prothrombin and phosphatidylserine is probably showing epitopes which bind clinically
relevant antibodies. These antibodies rather than antibodies against phrothrombin alone are
closely associated with APS and LA (Atsumi et al., 2000).

Test for the presence of anti annexin V antibodies is one of the new tests especially used in
obstetrical APS. Annexin V plays a significant role as an anticoagulant shield on the surface
of the trophoblast. In some studies, the presence of anti annexin V antibodies correlates
positively with a history of pregnancy losses (Iaccarino et al., 2011).

Anti B,GPI - domain I antibodies were tested recently. In contrast to antibodies recognizing
other domains of P,GPI, anti-domain I antibodies are found to be highly associated with
APS clinical symptoms, however their sensitivity is very low (De Laat & de Groot, 2011).

7. New trends in aPL determination

ELISA method is state-of-the-art for aCL and ap,GPI determination. It is a manual or semi-
manual technology and inter-assay reproducibility is difficult to obtain. Manufacturers put a
lot of effort to develop new methods. There are some new automated assays for diagnosis of
the antiphospholipid syndrome on the market (De Moerloose et al., 2010; Persijn et al.,
2011). These assays are two-step immunoassays consisting of paramagnetic particles coated
with cardiolipin and/or human 3.GPL. Sensitivity, specificity, agreement and the odds ratios
when predicting a thrombotic or obstetric event gave comparable results with the ELISA
methods.

Western blot is the other technique used recently in aPL determination (Egerer et al., 2011).
It was published that it gives similar results as ELISA, although the results are only
qualitative.

High avidity ap.GPl was associated with thrombosis and APS, while in the low avidity
aP2GPI group non-APS (predominantly SLE) patients prevailed (Cucnik et al., 2011).
Controversies concerning the role of antibody avidity may be attributed mainly to the
absence of suitable detection methods.

We proposed to use ROC (Receiver Operating Curve) methodology to establish
retrospectively optimal cut-off point for each clinical symptom, each type of the
antiphospholipid antibodies and to determine the test with the best clinical accuracy (Musial
et al., 2003). The comparison between tests based on ROC plot analysis is independent of
any particular threshold values. The calculation of the area under the ROC curve (AUC)
gives the information about the clinical accuracy. The area of 1,0 means that the test
perfectly separates subjects with a given APS clinical symptom from those without it (an
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ideal situation - 100% sensitivity and 100% specificity). When the area is < 0,5 the test does
not separate such two groups of patients at all. ROC plot analysis is further used to find
threshold values for aPL which discriminate the best between the patients who experienced
an APS clinical symptom in the past from those do did not. The optimum the cut-off point is
the nearest point to the left upper corner on the graph of ROC curve. Such calculated cut-off
value provides the optimum trade-off between the specificity and sensitivity of the test
towards a particular clinical symptom.

8. APS definition and aPL clinical utility

Classification criteria for the antiphospholipid syndrome were proposed for the first time by
Harris in 1987 (Harris, 1987). In the definition, he emphasized the co-existence of typical
clinical complications and laboratory test abnormalities. Among laboratory tests, he listed
the presence of LA and aCL, which were discovered four years earlier (Harris et al., 1983).
Typical clinical manifestations included venous and arterial thrombosis, thrombocytopenia
and obstetrical complications. These criteria were slightly modified during the Conference
in Sapporo in 1999 (Wilson et al., 1999). Thrombocytopenia was removed as being not
specific, obstetrical criteria were revised and their very detailed description was given. At
the beginning of the 1990’s, f2GPI was shown to be a major antigen for aPL. For this reason,
although aCL and ap.GPI often coexist, ap.GPI were added to the criteria (Miyakis et al.,
2006). Subsequently, it was shown that af};GPI were more specific, but less sensitive than
aCL as markers of clinical complications of APS. Based on the updated criteria, it is
recommended to divide patients into classes according to the type and number of antibodies
present. Patients should be classified into class I when they possess more than one type of
antibody. In our study, this group did not differ in terms of thrombosis risk from patients
with the presence of only one type of aPL (Swadzba et al., 2007). Only groups with all three
types of antibodies (LA + aCL + ap,GPI) were connected with the higher risk. Class II
comprises patients with the presence of only one type of antibody (Ila-LA, IIb-aCL and Ilc-
aP2GPI). For thrombosis in general, and especially for venous thrombosis, the presence of
LA (class Ila) brings the higher risk than groups IIb and Ilc (Swadzba et al., 2007). APS
patients are not routinely connected with the groups because it did not clearly differ by the
risk of thrombosis or pregnancy loss.

It was shown that not only the presence of antibodies is important but also the coexistence
of different antibodies can increase the risk of thrombosis. The term “triple positivity” for
the presence of all classic aPL was given (Pengo et al., 2010). It is connected with high risk of
thrombosis. The other high risk factors of APS clinical symptoms have been recently
discovered: anti domain 1 antibodies, beta2 GPI dependent LA and double positive LA.

It is concerning, that the updated criteria do not separate IgG from IgM class of antibodies.
The group of patients with combined: LA and aCL IgG or LA and aB.GPI IgG, can have
similar risk of thrombosis as the patients with triple positivity: LA and two IgM antibodies
(@CL and ap,GPI). We agree that there is little evidence demonstrating significant
association between IgM ap.GPI and aCL but still there are some patients with only high
IgM positive antibodies and clinical manifestations of APS. It could be too preliminary to
exclude IgM antibodies completely, so we rather suggest to make a clear distinction between
antibodies of the IgG and IgM class as the high and low risk antibodies until prospective
studies remove any doubts that antibodies of the IgM class, even in very high titers bring
negligible risk of thrombosis.
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Undoubtedly, laboratory criteria that define the antiphospholipid syndrome require
modification because the two different possible cut-off values for discrimination between
positive and negative aCL (>99th percentile and >40 GPL). In 90 aCL-positive APS patients
it was shown that the values defining 99th percentile of the normal population (17,4 GPL
and 26,8 MPL) were significantly lower than 40 GPL (Swadzba et al., 2007); this finding was
already reported by our group about some years earlier (26 GPL and 27 MPL, respectively)
(Musial et al., 2003). We suggest to change the criteria and start using the 99th percentile as
the only accepted cut-off value (as for anti-BGPI antibodies). Interestingly, Ruffatti (Ruffatti
et al., 2008) proposed: one criterion to be used for thrombosis (40 GPL) and the other (99th
percentile) for pregnancy complications. In group of their patients the mean value of aCL
IgG was higher in thrombosis than in the group with obstetrical complications. It was
concluded that lower titers can provoke obstetrical complications and are not enough for
stimulating thrombosis. In our group of patients, the results were quite different. Using
ROC curves the best cut-off for thrombosis was 17,2 and for recurrent fetal loss slightly
higher 18,4 (Wu et al., 2008). A certain percentile of healthy population is the objective
method for determination cut-offs regardless of the test used. It is important because there
are many debates related to what percentile (i.e., 95th, 97,5th or 99th) is the best to use. This
is the problem of optimal sensitivity/specificity ratio. The ROC curve methodology can
show the best cut-off to reach optimum ratio between sensitivity and specificity and the
highest OR for clinical symptoms connected with positive values of the tests. In 2003 we
published cut-offs based on ROC curves for different antiphospolipid antibodies. Optimal
cut-off for aCL IgG was slightly lower than 99th percentile (26 GPL) and far lower than 40
GPL. We regard it as correct that 99th percentile should be included in the criteria of APS
but 95th percentile can be used as for a group with doubtful antibodies or in triple positivity
when two others antibodies are positive.

Another radical proposition is to abandon aCL determinations completely, which is
bringing up the argument of high specificity of apGPI for clinical APS symptoms. However
we should not forget about sensitivity, which is quite low for these antibodies. Also, it has
not been proven beyond any doubts that aCL antibodies directed against other proteins than
2GPI are with no clinical importance. ACL like LA measure a cocktail of antibodies against
different proteins and epitopes. From a practical point of view, aCL tests are much cheaper,
better known by the clinicians and give similarly important clinical information.

APL positive patients with no APS clinical symptoms are at present excluded from the
diagnosis of APS syndrome. We agree that the term “syndrome” is connected with any clinical
symptom. If we agree that “triple positivity” gives high risk for thrombosis even if there were
no clinical APS symptoms we should consider to develop a new definition. The proposition
could be aPL dependent thrombophilia. LA and persistently high titers of all groups of aPL
antibodies in IgG class probably are connected with even higher risk of thrombosis than
moderate aCL of IgM class in women with one pregnancy loss in the history.

9. APL - A pathogenic mechanism, the role of inflammation in thrombosis

The coexistence of aPL and clinical signs of APS is obvious but causative role of aPL is not
certain. There are some theories how aPL can cause thrombosis or abortions. Most of them
are connected with prothrombotic and antifibrinolytic mechanisms. Relations between
thrombosis and inflammation are researched recently.
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Tumor necrosis factor alpha (TNF-a) is a cytokine which shares proinflammatory and
prothrombotic actions, while a soluble form of interleukin-2 receptor (sIL-2R) is considered as
a typical marker of (auto)immune inflammation with not known direct links to thrombosis.
The differences in the pathogenesis of APS as compared to other autoimmune diseases might
be connected with different serum levels of both mediators (Swadzba et al., 2011 b).

APS was characterized in our study by the highest levels of TNF-a. Moreover, patients with
lupus anticoagulant or elevated levels of IgG anticardiolipin or IgG anti-B2-glycoprotein I
antibodies had higher TNF-a levels than patients without the presence of any type of
antiphospholipid antibodies. The presence of aPL is associated with higher TNF-a level,
whereas increased level of sIL-2R is rather connected with definite SLE where inflammatory
processes prevail. It might be hypothesized that TNF-a plays a major role in pathogenesis of
APS thrombotic phenomena.

In general, systemic inflammation is a potent prothrombotic stimulus. Inflammatory
mechanisms upregulate procoagulant factors, downregulate natural anticoagulants and
inhibit fibrinolytic activity (Esmon, 2003). Endotoxin, tumor necrosis factor alpha and
interleukin-la (IL-1a) induce tissue factor (TF) expression, primarily on endothelial cells
and monocytes/macrophages, promoting blood coagulation (Bevilaqua et al., 1986).
Activation of the complement C5b-C9 complex changes the cell surface to a more
procoagulant phenotype by the shift of negatively charged phospholipids from the inner to
the outer membrane (Sims et al., 1988). Inflammatory reaction is also accompanied by the
increase in fibrinogen and C-reactive protein (CRP) blood levels. CRP itself increases TF and
decreases TF pathway inhibitor (TFPI) concentrations, what may be important in
pathogenesis of arterial thrombosis and myocardial infarction (Wu et al.,, 2008). Of the
natural anticoagulants, protein C pathway appears to be the most strongly influenced by
inflammation with thrombomodulin (TM) and the endothelial cell protein C receptor
(EPCR) being both downregulated by TNF-a (Conway & Rosenberg, 1988).

On the other hand, thrombotic processes enhance inflammatory reactions, mainly through
the action of TF and thrombin (Chu, 2005). Activation of platelets leads to the release of
CD40 ligand, which in turn induces TF expression and increases interleukin 6 (IL-6) levels
(Miller et al., 1993). Thrombin also augments leukocyte adhesion and activation, stimulates
endothelial cells to produce platelet activating factor (PAF) and increases an expression of P-
selectin (Pierangeli et al., 2001).

A common inhibitory pathway for thrombosis and inflammation also exists. Activated
protein C (APC) acting directly as an anticoagulant, functions also as an anti-inflammatory

and cytoprotective agent through specific receptors: EPCR and protease activated receptor-1
(PAR-1) (Crawley & Efthymiou, 2008).

It is possible that TNF-a is a proinflammatory cytokine with the strongest prothrombotic
action. TNF-a stimulates monocyte and neutrophil adhesion to endothelium, inhibits
protein C system, impairs fibrinolysis and increases TF expression on the cell surface
(Esmon, 2003). Produced mainly by activated monocytes, macrophages, and T lymphocytes,
this cytokine has been found to be elevated in patients suffering from both SLE (Studnicka-
Benke et al., 1996) and APS (Forastiero et al., 2005). We hypothesized that TNF-a might be
more elevated in APS patients, with thrombosis as its prominent feature, than in those with
other autoimmune diseases where immune mediated inflammation prevails.
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10. Conclusion

In summary, an updated list of APS classification criteria and a revision of LA guidelines
represent a step forward for better detection of clinically important aPL. However, many
problems still need to be addressed and an additional research in this field followed by new
modifications in definitions and criteria seems to be necessary. The important issue is to find
optimal methods for high risk aPL detection. This may lead to the development of an
effective primary and secondary prophylaxis of clinical APS complications, which
constitutes a major goal and challenge for the future.

11. References

Ames, P., lannaccone, L., de Lasio, R., & Brancacio, V. (2001). Improved confirmation of
weak lupus anticoagulants by employing sensitive and insensitive reagents to the
lupus anticoagulant. Blood Coagulation & Fibrynolisis. Vol. 12, pp. 563-567, ISSN
0957-5235

Arnout, J., Meijer, P., & Vermylen, J. (1999). Lupus anticoagulant testing in Europe: an
analysis of results from the first European Concerted Action on Thrombophilia
(ECAT) survey using plasmas spiked with monoclonal antibodies against human
beta2-glycoprotein 1. Journal of Thrombosis and Haemostasis. Vol. 81, pp. 929-934.
ISSN 1538-7836

Atsumi, T., Ieko, M., Bertolaccini, M., Ichikawa, K., Tsutsumi, A., Matsuura, E., & Koike, T.
(2000). Association of autoantibodies against the phosphatidylserine-phrothrombin
complex with manifestation of the antiphospholipid syndrome and with the
presence of lupus anticoagulant. Arthritis & Rheumatism. Vol. 43, No. 9, pp. 1982-
1993, ISSN 1529-0131

Bevers, E., Galli, M., Barbui, T., Comfurius, P., & Zwall R. (1991). Lupus anticoagulant IgG’s
(LA) are not directed to phospholipids only, but to a complex of lipid bound
human prothrombin. Thrombosis & Haemostasis. Vol. 66, pp. 629-632, ISSN 0340-
6245

Bevilaqua, M., Pober, J., Majeau, G., Fiers, W., Cotran, R.,, & Gimbrone, M. (1986).
Recombinant tumor necrosis factor induces procoagulant activity in cultured
human vascular endothelium: Characterization and comparison with the actions of
interleukin 1. Proceedings of the National Academy of Sciences of the United States
of America. Vol. 83, pp. 4533-4537, ISSN 0027-8424.

Bowie, E., Thompson, J., Pascuzzi, C., & Owen, C. (1963). Thrombosis in systemic lupus
erythematosus despite circulating anticoagulants. Clinical Chemistry and Laboratory
Medicine. Vol. 62, pp. 416-430, ISSN 1434-6621

Brandt, J., Triplett, D., Alving, B., & Scharer, 1. (1995). Criteria for diagnosis of lupus
anticoagulants: an wupdate. On behalf of the Subcommittee on Lupus
Anticoagulant/ Antiphospholipid Antibody of the Scientific and Standardisation
Committee of the ISTH. Thrombosis & Haemostasis. Vol. 74, pp. 1185-1190, ISSN
0340-6245

Chu, A. (2005).Tissue factor mediates inflammation. Archives of Biochemistry and Biophysics.
Vol. 400, pp. 123-132, ISSN 0003-9861

www.intechopen.com



80 Antiphospholipid Syndrome

Conley, C. & Hartmann, R. (1952). A haemorrhage disorder caused by circulating
anticoagulant in patients with disseminated lupus erythematosus. Journal of Clinical
Investigation, Vol. 31, pp. 621-622, ISSN 00219738

Conway, E., & Rosenberg, R. (1988). Tumor necrosis factor suppresses transcription of the
trombomodulin gene in endothelial cells. Molecular and Cellular Biology. Vol. 8, pp.
5588-5592, ISSN 1098-5549

Crawley, J., & Efthymiou, M. (2008). Cytoprotective effect of activated protein C: specificity
of PAR-1 signaling. Journal of Thrombosis and Haemostasis. Vol. 6, pp. 951-953, ISSN
1538-7836

Cucnik, S., Kveder, T., Ulcova-Gallova, Z., Swadzba, ]., Musial, ]., Valesini, G., Avcin,
T., Rozman, B., & Bozic, B. (June 2011). Avidity of anti-ss2-glycoprotein I antibodies
in patients with or without antiphospholipid syndrome: a collaborative study in
the frame of the European forum on antiphospholipid antibodies. In: Lupus.
28.06.2011. Available from:
http:/ /lup.sagepub.com/content/early/2011/07/31/0961203311406308

De Groot, P., Derksen, R. & de Laat B. (2008). Twenty two years of failure to set-up
undisputed assays to detect patients with the antiphospholipid antibodies. Seminars
in Thrombosis and Haemostasis. Vol. 34, No. 4, pp. 347-55, ISSN 00946176

De Groot, P., & Meijers, J. (2011). P(2)-glycoprotein I: evolution, structure and function.
Journal of Thrombosis and Haemostasis. Vol. 9, No. 7, pp. 1275-84, ISSN 1538-7836

De Laat, B., & de Groot, P. (2011). Autoantibodies directed against domain I of beta2-
glycoprotein 1. Current Rheumatology Reports. Vol. 13, No. 4, pp. 70-76, ISSN 1523-
3774.

De Laat, B., Derksen, R., Reber, G., Musial, J., Swadzba, ]., Bozic, B., Cucnic, S., Regnault, V.,
Forastiero, R., Woodhams, B., & de Groot, P. (2011). An international multicentre-
laboratory evaluation of a new assay to detect specifically lupus anticoagulants
dependent on the presence of anti-beta2-glycoprotein autoantibodies. Journal of
Thrombosis and Haemostasis. Vol. 9, pp. 149-153, ISSN 1538-7836

De Laat, B., Derksen, R., Urbanus, R., Roest, M., & de Groot, P. (2004). Beta2 glycoprotein-I -
dependent lupus anticoagulant highly correlates with thrombosis in the
antiphospholipid syndrome. Blood. Vol. 104, pp. 3598-3602, ISSN 0006-4971

De Moerloose, P., Reber, G., Musial, J., & Arnout, J. (2010). Analitycal and clinical
performance of a new, automated assay panel for the diagnosis of
antuphospholipid syndrome. Journal of Thrombosis and Haemostasis. Vol. 8, pp. 1540-
1546, ISSN 1538-7836

Dragoni, F., Minotti, C., Palumbo, G., Faillace, F., Redi, R., Bongarzoni, V., & Avvisati, G.
(2001). As compared to kaolin clotting time, silica clotting time is a specific and
sensitive automated method for detecting lupus anticoagulant. Thrombosis Research.
Vol. 101, pp. 45-51, ISSN 0049-3848

Egerer, K., Roggenbuck, D., Buettner, T., Lehmann, B., Kohn. A., von Landenberg, P.,
Hiemann. R,, Feist, E., Burmester, G., & Dorner, T. (2011). Single-step autoantibody
profiling in antiphospholipid syndrome using a Multi-line dot assay. Arthritis
research & Therapy. Vol. 13, No. 4, pp. 118, ISSN 1478-6354

Esmon C. (2003). Inflammation and thrombosis. Journal of Thrombosis and Haemostasis. Vol. 1,
pp.1343-1348, ISSN 1538-7836

www.intechopen.com



Antiphospholipid Antibodies — Detection and Clinical Importance 81

Exner, T., Triplett, D., Taberner, D., & Machin, S. (1991). Guidelines for testing and revised
criteria for lupus anticoagulants. Thrombosis & Haemostasis. Vol. 65,pp. 320-322,
ISSN 0340-6245

Favaloro, E., & Wong, R. (2011). Laboratory testing for the antiphospholipid syndrome:
making sense of antiphospholipid antibody assays. Clinical Chemistry and Laboratory
Medicine. Vol. 49, No. 3, pp. 447-461, ISSN 1434-6621

Feinstein, D., & Rapaport, S. (1972). Acquired inhibitors of blood coagulation. Progress in
Haemostasis and Thrombosis. Vol. 1, pp. 75-95

Forastiero, R., Martinuzzo, M., & de Larranaga, G. (2005). Circulating levels of tissue factor
and proinflammatory cytokines in patients with primary antiphospholipid
syndrome or leprosy related antiphospholipid antibodies. Lupus. Vol. 14, pp. 129-
136, ISSN 0961-2033

Galli, M., Comfurius, P., Maassen, C., Hemker, H., De Baets, M., van Breda-Vriesman, P.,
Barbui, T., Zwaal, R., & Bevers E. (1990). Anticardiolipin antibodies (ACA) directed
not to cardiolipin but to plasma protein cofactor. Lancet. Vol. 335, pp. 1544-1547,
ISSN 0140-6736

Galli, M., Finazzi, G., Bevers, E., & Barbui T. (1995). Kaolin clotting time and dilute Russell
viper venom time distinguish between prothrombin dependent and beta-2
glycoprotein-I - dependent antiphospholipid antibodies. Blood. Vol. 86, pp. 617-623,
ISSN 0006-4971

Galli, M., Luciani, D., Bertollini, G., & Barbui, T. (2003). Lupus anticoagulants are stronger
risk factors for thrombosis than anticardiolipin antibodies in the antiphospholipid
syndrome: a systemic review of the literature. Blood. Vol. 101, pp. 1827-1832, ISSN
0006-4971

Galli, M., Reber. G., de Moerloose, P., & de Groot, P. (2008). Invitation to a debate on the
serological criteria that define the antiphospholipid syndrome. Journal of Thrombosis
and Haemostasis. Vol. 6, pp. 399-401, ISSN 1538-7836

Gharavi, A., Sammaritano, L., Wen, J., & Elkon K. (1992). Induction of antiphospholipid
autoantibodies by immunization with [.-glycoprotein I (apolipoprotein H). Journal
of clinical Investigation. Vol. 90, pp. 1105-1109, ISSN 00219738

Harris, E. (1987). Syndrome of the black swan. British Journal of Rheumatology. Vol. 26, pp.
324-326, ISSN 0263-7103

Harris, E. (1990). The second international anti-cardiolipin standardization workshop/the
Kongston Antiphospholipid Antibody study (KAPS) group. American Journal of
Clinical Pathology. Vol. 94, No. 4, pp. 476-484, ISSN 0002-9173

Harris, E., Gharavi, A., Boey, M., Patel, B., Loizou, S., & Hughes, G. (1983). Anticardiolipin
antibodies: detection by radioimmunoassay and association with thrombosis in
lupus erythematosus. Lancet. Vol. 2, pp. 1211-1214, ISSN 0140-6736

Harris, E., Gharavi, A.E., Patel, S. & Hughes, G.R.V. (1987). Evaluation of the anti-cardiolipin
antibody test: Report of an international workshop held April 4 1986. Clinical &
Experimental Immunology, Vol. 68, pp. 215-22, ISSN 1365-2249

Horbach, D., van Oort, E.,, Donders, C., Derksen, R., & de Groot, P. (1996). Lupus
anticoagulant is a strongest risk factor for both venous and arterial thrombosis in
patient with systemic lupus erythematosus. Comparison between different assays
for the detection of antiphospholipid antibodies. Thrombosis & Haemostasis. Vol. 76,
pp. 916-924, ISSN 0340-6245

www.intechopen.com



82 Antiphospholipid Syndrome

Taccarino, L., Ghirardello, A., Canova, M., Zen, M., Bettio, S., Nalotto, L., Punzi, L., & Doria,
A. (2011). Anti-annexins autoantibodies: their role as biomarkers of autoimmune
diseases. Autoimmunity Reviews. Vol. 10, No. 9, pp. 553-8, ISSN 1568-9972

Ichikawa, K., Tsutsumi, A., Atsumi, T., Matsuura, E., Kobayashi, S., Hughes, G., Kamashta,
M., & Koike, T. (1999). A chimeric antibody with the human gammal constant
region as a putative standard for assays to detect IgG beta2-glycoprotein I-
dependent aticardiolipin and anti-beta2-glycoprotein I antibodies. Arthritis &
Rheumatism. Vol. 42, No. 11, pp. 2461-70, ISSN 1529-0131

Ioannou, Y., & Rahman, A. (2010). Domain I of B>-glycoprotein I: its role as an epitope and
the potential to be developed as a specific target for the treatment of the
antiphospholipid syndrome. Lupus. Vol. 19, pp. 400-405, ISSN 0961-2033

Jamrozik, J., Jankowski, M., Partyka, L., Skowiniak, A., & Swadzba, J. (1993). Lupus
antykoagulant -- tajemniczy pro koagulant. Polskie Archiwum Medycyny
Wewnetrznej. Vol. 90, pp. 348-355, ISSN 0032-3772

Karmochkine, M., Cacoub, P. Piette, ], Godeau, P., & Boffa M. (1992).
Antiphosphatidylethanoloamine antibody as a sole antiphospholipid antibody in
systemic lupus erythematosus with thrombosis. Clinical and Experimental
Rheumatology. Vol. 10, pp. 603-605, ISSN 1593-098X

Liestol, S., Jacobsen, E., & Wisleff, F. (2002). Dilute prothrombin time-based lupus ratio test.
Integrated LA testing with recombinant tissue thromboplastin. Thrombosis Research.
Vol. 15, No. 105, pp. 177-82, ISSN 0049-3848

Loizou, S., McCrea, L., Rudge, A., Reylnolds, R., Boyle, C., & Harris, E. (1985). Measurement
of anti-cardiolipin antibodies by an enzyme-linked immunosorbent assai (ELISA).
Clinical & Experimental Immunology. Vol. 62, pp. 738-45, ISSN 1365-2249

Matsuura, E., Shen, L., Matsunami, Y., Quan, N., Makarova, M., Geske F., Boisen, M.,
Yasuda S., & Kobayashi K. (2010). Pathopysiology of p»-glycoprotein I in
antiphospholipid syndrome. Lupus. Vol. 19, No. 4, pp. 379-384, ISSN 0961-2033

Mc Neil, H., Simpson, R., Chesterman, C., & Krilis S. (1990). Anti-phospholipid antibodies
are directed against a complex antigen that includes the lipid binding inhibitor of
coagulation: P2-glycoprotein I (apolipoprotein H). Proceedings of the National
Academy of Sciences of the United States of America. Vol. 87, pp. 4120-4124, ISSN 0027-
8424

Miller, D., Yaron, R., & Yellin, M. (1993). CD40L-CD40 interaction regulate endothelial cell
surface tissue factor and thrombomodulin expression. Journal of Leukocyte Biology.
Vol. 63, pp. 373-379, ISSN 0741-5400

Miyakis, S., Lockshin, M., Atsumi, T., Branch, D., Brey, R., Cervera, R., Derksen, R., de
Groot, P., Koike, T., Meroni, P., Reber, G., Shoenfeld, Y. Tincani. A.,
Vlachoyiannopoulos, P., & Kirilis S. (2006). International consensus statement on an
update of the classification criteria for definite antiphospholipid syndrome (APS).
Journal of Thrombosis and Haemostasis. Vol. 4, pp. 295-306, ISSN 1538-7836

Musial, J., Swadzba, J., Jankowski, M., Grzywacz, M., Bazan-Socha, S., & Szczeklik, A.
(1997). Thrombin generation measured ex vivo following microvascular injury is
increased in SLE patients with antiphospholipid-protein antibodies. Thrombosis &
Haemostasis. Vol. 78, pp. 1173-1177, ISSN 0340-6245

www.intechopen.com



Antiphospholipid Antibodies — Detection and Clinical Importance 83

Musial, J., Swadzba, J., Motyl, A, & Iwaniec, T. (2003). Clinical significance of
antiphospholipid protein antibodies. Receiver operating characteristics plot
analysis. The Journal of Rheumatology. Vol. 30, pp. 723-730, ISSN 0315-162X

Pengo, J., Biasiolo, A., Gresele, P., Marongiu, F., Erba, N., Veschi, F., Ghirarduzzi, A.,
Barcellona, D., & Tripodi, A. (2007 a). A comparison of lupus anticoagulant positive
patients with clinical picture of antiphospholipid syndrome and those without.
Arteriosclerosis, Thrombosis and Vascular Biology. Vol. 27, pp. 309-310, ISSN 1079-5642

Pengo, J., Biasiolo, A., Pegoraro, C., & lliceto, S. (2004). A two-step coagulation test to
indentify anti beta2-glycoprotein I lupus anticoagulants. Thrombosis & Haemostasis.
Vol. 2, pp. 702-707, ISSN 0340-6245

Pengo, V., Banzato, A. Bison, E., Denas, G., Padayatti Jose, S., & Ruffatti, A. (2010).
Antiphospholipid syndrome: critical analysis of the diagnostic path. Lupus. Vol. 19,
No. 4, pp. 428-431, ISSN 0961-2033

Pengo, V., Biasiolo, A., Gresele, P., Marongiu, F., Erba, N., Veschi, F., Ghirarduzzi, A., de
Candia, E., Montaruli, B., Testa, S., Barcellona, D., & Tripodi, A. (2007 b). Survey on
lupus anticoagulant diagnosis by central evaluation of positive plasma samples.
Thrombosis & Haemostasis. Vol. 5, pp. 925-930, ISSN 0340-6245

Pengo, V., Tripodi, A., Reber, G., Rand, J., Ortel, T., Galli, M., & de Groot, P. (2009). Update
of the guidelines for lupus anticoagulant detection. Journal of Thrombosis and
Haemostasis. Vol. 7, pp. 1737-1740, ISSN 1538-7836

Persijn, L., Decavele, A., Schouwers, S., & Devreese, K. (May 2011). Evaluation of a new set
of automated chemiluminescense assays for anticardiolipin and anti-beta2-
glycoprotein I antibodies in the laboratory diagnosis of the antiphospholipid
syndrome.  In:  Thrombosis  Research. = 06.05.2011.  Available  from:
http:/ /www .ncbi.nlm.nih.gov/pubmed?term=Persijn%20decavele%20evaluation

Pierangeli, S., & Harris E. (2008). A quarter of a century in anticardiolipin antibody testing
and attempted standardization has led us tu here, which is? Seminars in Thrombosis
and Haemostasis. Vol. 34, No. 4, pp. 313-28, ISSN 00946176

Pierangeli, S., Espinola, R. Liu, X, & Harris E. (2001). Thrombogenic effects of
antiphospholipid antibodies are mediated by intracellular adhesion molecule-1,
vascular cell adhesion molecule-1 and P-selectin. Circulation Research. Vol. 88, pp.
245-50, ISSN 00097330

Ruffatti, A., Olivieri, S., Tonello, M., Bortolati, M., Bison, E., Salvan, E., Facchinetti, M., &
Pengo, V. (2008). Influenece of different IgG anticardiolipin antibody cut-off values
on antiphospholipid syndrome classification. Journal of Thrombosis and Haemostasis.
Vol. 6, pp. 1693-1696, ISSN 1538-7836

Simmelink, M., Derksen, R., Arnout, J., & de Groot, P. (2003). A simple method to
discriminate between beta2-glycoprotein I and prothrombin dependent lupus
anticoagulants. Journal of Thrombosis and Haemostasis. Vol. 1, pp. 740-747. ISSN 1538-
7836

Sims, P., Faioni, P., Wiedmer, T., & Shattil, S. (1988). Complement proteins C5b-9 cause
release of membrane vesicles from the platelet surface that are enriched in the
membrane receptor for coagulation factor Va and express prothrombinase activity.
The Journal of Biological Chemistry. Vol. 263, pp. 18205-18212, ISSN 0021-9258

Studnicka-Benke, A., Steiner, G., Petera, P., & Smolen, J. (1996). Tumor necrosis factor alpha
and its soluble receptors parallel clinical disease and autoimmune activity in

www.intechopen.com



84 Antiphospholipid Syndrome

systemic lupus erythematosus. British Journal of Rheumatology. Vol. 35, pp. 1067-
1074, ISSN 0263-7103

Sugi, T., & MclIntyre, J. (2001). Certain autoantibodies to phosphatidyletanolaminae (aPE)
recognize factor XI and prekallikrein independently or in addition to the
kininogens. The Journal of Immunology. Vol. 17, pp. 207-214, ISSN 0022-1767

Swadzba, J., & Musial, ]. (2009). More on: the debate on antiphospholipid syndrome
classification criteria. Journal of Thrombosis and Haemostasis. Vol. 7: pp. 501-502.
ISSN 1538-7836

Swadzba, J., de Clerck, L., Stevens, W., Bridts, C., van Cotthem, K., Musial, J., Jankowski, M.,
& Szczeklik, A. (1997). Anticardiolipin antibodies, anti-p2-glycoprotein I,
antiprothrombin antibodies and lupus anticoagulant in patients with systemic
lupus erythematosus with a history of thrombosis. The Journal of Rheumatology. Vol.
24, pp. 1710-1715, ISSN 0315-162X

Swadzba, J., Iwaniec, T., & Musial, J. (2011 b). Increased level of tumour necrosis factor-o. in
patients with antiphospholipid syndrome - marker not only of inflammation but
also of the prothrombotic state. Rheumatology International. Vol. 31, pp. 307-313.
ISSN 0172-8172

Swadzba, J., Iwaniec, T., Szczeklik, A., & Musial, ]J. (2007). Revised classification criteria for
antiphospholipid syndrome and the thrombotic risk in patients with autoimmune
diseases. Journal of Thrombosis and Haemostasis. Vol. 5, pp. 1883-1889, ISSN 1538-7836

Swadzba, J., Sanak, M., Iwaniec, T., Dziedzina S., & Musial ]J. (2006). Valive/leucine 247
polymorphism of f,GPI in patients with antiphospholipid syndrome: lack of
association with anti- 32GPI antibodies. Lupus. Vol. 15, pp. 218-222, ISSN 0961-2033

Swadzba, ]., Iwaniec, T., Pulka, M., de Groot, P., & Musial, J. (2011 a). Lupus anticoagulant:
performance of the tests as recommended by the latest ISTH guidelines. Journal of
Thrombosis and Haemostasis. Vol. 9, No. 9, pp. 1776-1783, ISSN 1538-7836

Triplett, D., Stocker, K., Unger, G., & Barna, L. The (1993). Textarin/Ecarin ratio: a
confirmatory test for lupus anticoagulants. Thrombosis & Haemostasis. Vol. 70, pp.
925-931, ISSN 0340-6245

Wilson, W., Gharavi, A., Koike, T., Lockshin, M., Branch, D., Piette, J-C., Brey, R., Derksen,
R., Harris, E., Hughes, G., Triplett, D., & Khamashta, A. (1999). International
consensus statement on preliminary classification criteria for definite
antiphospholipid syndrome. Arthritis & Rheumatism. Vol. 42, pp. 1309-11, ISSN
1529-0131

Wong, R., & Favaloro, E. (2008). A consensus approach to the formulation of guidelines for
laboratory testing and reporting of anti-pgospholipid antibody assays. Seminars in
Thrombosis and Haemostasis. Vol. 34, No. 4, pp. 61-372, ISSN 00946176

Wong, R., Adelstein, S., Gillis, D. & Favaloro, E. (2005). Development of consensus
guidelines for anticardiolipin and lupus anticoagulant testing. Seminars in
Thrombosis and Haemostasis. Vol. 31, No. 1, pp. 39-48, ISSN 00946176

Wu, J., Stevenson, M., Brown, J., Grunz, E., Strawn, T., & Fay, W. (2008). C-reactive protein
enhances tissue factor expression by vascular smooth muscle cells. Arteriosclerosis,
Thrombosis and Vascular Biology. Vol. 28, pp. 698-704, ISSN 1079-5642

www.intechopen.com



Antiphospholipid Syndrome

ANTIPHOSPHOLIPID' Edited by Dr. Alena Bulikova
SYNDROME

Ecbied by Alena Balikowd,

ISBN 978-953-51-0526-8

Hard cover, 232 pages

Publisher InTech

Published online 20, April, 2012
Published in print edition April, 2012

The antiphospholipid syndrome has been described for the first time by Graham Hughes in 1983 as a
condition connected with thromboses or foetal losses and antiphospholipid antibodies presence. Form that
time there has been a great progress in knowledge, including antiphospholipid antibodies characterisation,
their probable and also possible action, clinical manifestations, laboratory detection and treatment possibilities
. This book provides a wide spectrum of clinical manifestations through Chapters written by well known
researchers and clinicians with a great practical experience in management of diagnostics or treatment of
antiphospholipid antibodies' presence.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Jakub Swadzba and Jolanta Kolodziejczyk (2012). Antiphospholipid Antibodies — Detection and Clinical
Importance, Antiphospholipid Syndrome, Dr. Alena Bulikova (Ed.), ISBN: 978-953-51-0526-8, InTech,
Available from: http://www.intechopen.com/books/antiphospholipid-syndrome/antiphosholipid-antibodies-
detection-and-clinical-importance-

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE BHIERFARK6SS HiBEFR R ARIRE I AE40582TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Atiribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




