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SUMMARY

Most anti-phospholipid antibodies (aPL) associated with the anti-phospholipid syndrome are autoanti-

bodies with speci®city towards b2-GPI (anti-b2-GPI) or prothrombin (anti-II). They are mainly screened

by ELISA using polyoxygenated plates. However, some authors have claimed that immunoblotting can

also be used. Exposure of cryptic epitopes or increase of antigen density on its binding to either

phospholipids or suitable plastic surfaces are the two hypotheses proposed for the interaction of b2-GPI

or prothrombin with their antibodies. Forty-®ve patients with aPL were studied: 25 with lupus anti-

coagulant (LA) and anti-cardiolipin antibodies (aCL), 10 with LA alone and 10 with aCL but negative

LA. All patients with LA and aCL were positive for anti-b2-GPI by ELISA and dot blot, while 15/25 had

anti-IIELISA and 14 of them also had anti-II by dot blot assay. No patient with LA alone tested positive

for anti-b2-GPI by ELISA or dot blot, whereas 6/10 had anti-IIELISA (®ve of them were also positive by

dot blot). Four out of 10 aCL-positive patients had anti-b2-GPI by ELISA and dot blot, while none of

this group had anti-II by ELISA or dot blot. Antibody binding to b2-GPI or prothrombin in both ELISA

and dot blot was signi®cantly reduced by phospholipid liposomes mixed together with b2-GPI or

prothrombin, whereas liposomal eluants retained it in both assays. Parallel ¯uid-phase inhibition

experiments using increasing concentrations (up to 200 mg/ml) of b2-GPI or prothrombin demonstrated

that antibody binding reduction was more evident on dot blot than on ELISA. It was almost completely

abolished on dot blot, while on ELISA a moderate inhibition was achieved even at the highest protein

concentration. However, antibody binding on ELISA was virtually abolished when diluted sera were

incubated with high protein concentrations applied to nitrocellulose membranes. We could infer that

ELISA and dot blot detect antibodies with some differences in avidity but directed against native

epitopes on b2-GPI and prothrombin.
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INTRODUCTION

Anti-cardiolipin antibodies (aCL) and lupus anti-coagulant (LA)

belong to the heterogeneous family of the anti-phospholipid anti-

bodies (aPL). The association of their presence with thrombosis,

fetal loss and/or thrombocytopenia is known as the anti-phospho-

lipid syndrome (APS) [1]. It may occur as a primary disorder or

may be secondary to autoimmune diseases, such as systemic lupus

erythematosus (SLE).

Since the ®rst description of the requirement of certain phos-

pholipid-binding proteins for the interaction between autoimmune

aPL and phospholipids [2,3], several reports have studied the role

of such proteins in the APS. In particular, b2-GPI and prothrombin

(II) have been extensively investigated [4,5]. It is now widely

accepted that autoimmune aPL speci®cally reacting with b2-GPI

(anti-b2-GPI) are mainly responsible for the aCL reactivity and

some LA activities [6±10], whereas those with speci®city for

prothrombin (anti-II) display LA properties [10±14]. We and

others have shown that anti-b2-GPI and anti-II are associated

with the clinical features of the APS, and this association appears

even closer than that of aPL themselves [15±21].

However, the exact nature of the epitopes recognized by anti-

b2-GPI and anti-II is still matter of discussion. One hypothesis

indicates that these antibodies recognize cryptic epitopes expressed

on the protein molecules by conformational changes when the

proteins interact with phospholipid membranes or with irradiated

polystyrene surfaces [22]. On the other hand, there is recent
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evidence that anti-b2-GPI and also anti-II are directed against the

native structure of the proteins and are low-af®nity antibodies

requiring high density or clustering of the antigen to allow their

bivalent attachment [23,24]. Anti-b2-GPI and anti-II are mainly

detected by ELISA methods using only suitable plates, but some

authors have demonstrated that Western or dot blotting can be used

[18,25]. These ®ndings contribute to the discussion about the

nature of the interaction between b2-GPI and prothrombin and

their antibodies.

In this study, we evaluate the binding of aPL to b2-GPI and

prothrombin by means of two different techniques, ELISA and dot

blot. In addition, we perform parallel solid- and ¯uid-phase

inhibition experiments in order to investigate if the antibody

binding to these proteins in both assays is in¯uenced to the same

extent.

PATIENTS AND METHODS

Patients

Forty-®ve patients with aPL were included in this study. There

were 16 males and 29 females (mean age 36´0 years, range 15±61

years). Clinical manifestations were: venous thrombosis (n� 21),

arterial thrombosis (n� 5), recurrent fetal loss (n� 10) and throm-

bocytopenia (n� 3). Ten patients were diagnosed with systemic

lupus erythematosus (SLE) and seven of them also had clinical

features of APS.

Patients were divided into three groups according to their aPL

data. Group A included 25 patients with LA and moderate or high

titres of aCL (IgG and/or IgM). All of them had moderate or high

levels of anti-protein antibodies measured by ELISA: 25 had anti-

b2-GPIELISA and 15 had anti-IIELISA. Group B included 10 patients

with LA without aCL. Anti-b2-GPIELISA were found negative but

six out of 10 had anti-IIELISA. In group C, 10 patients with aCL but

negative LA were included. None of them had anti-IIELISA but four

had positive anti-b2-GPIELISA.

Twenty healthy blood donors who did not have a history of

autoimmune disease or thrombosis served as normal controls.

Blood was collected by clean venepuncture and collected into

glass tubes and allowed to clot at 378C, and then centrifuged at

1500 g for 10 min. All sera were stored at ÿ708C. Plasma samples

for LA studies were collected at the same time as serum samples.

Detection of aPL

The presence of LA activity was investigated by means of screen-

ing tests, mixing studies and con®rmatory procedures as described

in detail before [26]. LA was diagnosed according to previously

de®ned criteria [26,27].

aCL of both isotypes were measured using a standardized

ELISA technique [28]. International standards (Louisville APL

Diagnostics, Louisville, KY) and our own control sera were used

for the standard curve calibration. Results were expressed as

standard units (U) for IgG (GPL) or IgM (MPL). Titres higher

than 20 U were considered diagnostic for APS.

ELISA for anti-protein antibodies

The home-made ELISA for anti-b2-GPI was performed as pre-

viously reported [15,16] using microtitre plates (Nunc MaxiSorp,

Kamstrup, Roskilde, Denmark) irradiated by electron beam at

100 kGy and coated with puri®ed human b2-GPI (Diagnostica

Stago, AsnieÁres, France) at a concentration of 2 mg/well. The cut-

off values (mOD 55 for IgG and 50 for IgM) were previously

assessed by the method of percentiles (99th) by using 80 normal

sera [15,16].

Anti-II were measured by ELISA as recently described [16]

using g-irradiated plates (Nunc MaxiSorp) coated with puri®ed

prothrombin (Diagnostica Stago) at a concentration of 1 mg/well.

The cut-off values (mOD) were 67 (IgG) and 55 (IgM) [16].

Values above the cut-off points were considered positive. A

mOD between the normal mean � 3±5 s.d. was considered low,

between the normal mean � 5±10 s.d. moderate and above the

mean � 10 s.d. high titre.

Dot blot assays for anti-protein antibodies

Protein immobilization was performed by using the Bio-Dot

Micro®ltration apparatus (BioRad Labs, New York, NY). Three

micrograms of b2-GPI, prothrombin or bovine serum albumin

(BSA) were passively ®ltered on nitrocellulose membranes pre-

wetted in Tris-buffered saline (TBS: 20 mM Tris±HCl pH 7´4,

120 mM NaCl). The blocking and further incubation steps were

carried out in separate containers. TBS±0´05% Tween 20

(TTBS) and 5% non-fat dry milk±TBS were used as washing

and blocking solutions, respectively. The strips were transferred

to separate tubes and incubated with sera diluted 1:50 in 1%

BSA±TTBS or puri®ed IgG samples at 100 mg/ml. The samples

were incubated with gentle agitation for 2 h at room temperature.

F(ab)02 fragments of peroxidase-conjugated anti-human IgG or

IgM were used for revealing antibody±antigen complexes.

Colour development was done with 3,30-diaminobenzidine. We

included in each run a commercial rabbit anti-b2-GPI or anti-II

(Diagnostica Stago) as positive controls and a negative (TBS)

control.

Isolation of IgG

Whole IgG from serum was isolated by af®nity chromatography on

Protein A Sepharose CL-4B (Sigma Chemical Co., St Louis, MO).

IgG was eluted with 0´1 M glycine±HCl buffer pH 3´0. The eluted

fractions were dialysed against 0´02 M Tris±0´15 M NaCl buffer

pH 7´5 overnight in the cold. Purity of the IgG preparations was

checked by SDS±PAGE.

Absorption experiments

Cardiolipin (CL) liposomes were prepared by evaporating bovine

CL in ethanol (Sigma) in a microfuge tube under a stream of

nitrogen, and then resuspended in PBS in the presence or absence

of puri®ed human b2-GPI, and dispersed by continuous vortexing

for 3 min. Appropriate dilutions (in PBS) of sera (1:10) or whole

human IgG (250 mg/ml) were added to the liposomes and mixed by

agitation for 1 min. Final concentrations were 1 mg/ml and 200 mg/

ml for CL and b2-GPI, respectively. After incubation for 2 h at

378C, the mixtures were centrifuged for 15 min at 15 000 g in a

microcentrifuge and the supernatants kept as absorbed samples.

Remaining reactivity to b2-GPI was tested by ELISA or dot blot

assay, as detailed above.

Liposomes containing 40% phosphatidylserine (PS) and 60%

phosphatidylcholine (PC; Sigma) were prepared as previously

described [13]. In short, PS/PC liposomes were prepared by

vortexing dried phospholipid mixtures in TBS with CaCl2 (5 mM)

in the presence or absence of human prothrombin. Appropriate

dilutions (in TBS±CaCl2) of sera (1:10) or whole human IgG

(250 mg/ml) were incubated with the liposomes for 2 h at 378C.

Final concentrations were 1 mg/ml and 200 mg/ml for phospholipids

and prothrombin, respectively. After centrifugation at 15 000 g
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for 15 min, the supernatants were frozen. Residual reactivity to

prothrombin was assayed as detailed above.

The liposomal pellets were washed twice with the correspond-

ing buffer (PBS or TBS±CaCl2) and were then dissolved in a 2%

solution of n-octyl-b-D-glucopyranoside (Sigma). The solution was

vortexed until the pellet dissolved. The preparations were further

mixed with an equal volume of chloroform, vortexed, and micro-

centrifuged. Lipid extraction was repeated up to three times. The

eluted antibodies were then diluted and tested by ELISA and dot

blot methods.

For absorption studies with b2-GPI or prothrombin blotted on

nitrocellulose membranes, three anti-b2-GPI- and two anti-II-

positive sera were selected and diluted to twice the concentration,

giving 50% of the maximum binding to the proteins by ELISA.

One-hundred micrograms of b2-GPI, prothrombin or BSA were

applied to nitrocellulose strips and dried at room temperature. The

strips were transferred to separate tubes and incubated with sera

diluted in 1% BSA±TTBS. The samples were incubated at room

temperature for 2 h and at 48C overnight, with constant mixing.

The strips were then removed and other new strips of nitrocellulose

blotted with 100 mg of b2-GPI, prothrombin or BSA were incu-

bated with the same diluted serum samples for 2 h at room

temperature and overnight at 48C. After the two consecutive

absorption procedures, the remaining activity to b2-GPI or pro-

thrombin was tested on ELISA.

Fluid-phase inhibition studies

To measure ¯uid-phase inhibition, 10 anti-b2-GPI- and ®ve anti-

II-positive serum samples were ®rst diluted to twice the concen-

tration, giving 50% of the maximum binding to b2-GPI or

prothrombin, respectively, by ELISA. Diluted samples were

incubated with buffer or different concentrations (up to 200 mg/

ml) of b2-GPI or prothrombin for 2 h at 378C and overnight at

48C. Samples were then retested on the respective ELISA and dot

blot assays.

Statistical analysis

The Wilcoxon matched pairs test was used to compare absorbance

readings before and after absorption experiments. Mean mOD

(OD ´ 1000) and 95% con®dence intervals (95%CI) were used

for expressing anti-protein antibody titres. P < 0´05 was taken to

indicate statistical signi®cance. Statistical analysis was performed

with the GraphPad Prism software.

RESULTS

Binding to b2-GPI or prothrombin by dot blot analysis

In group A, all positive sera in the ELISA for anti-b2-GPI were also

clearly positive on dot blot. Both tests were concordant in the

results and the isotype of detected immunoglobulin (IgG or IgM).

All but one of the 15 anti-IIELISA-positive sera had positive anti-

IIdot blot. The remaining 10 patients of this group had neither anti-

IIELISA nor anti-IIdot blot.

None of the 10 patients of group B had anti-b2-GPI by ELISA

or dot blot assays. On the contrary, positive anti-IIdot blot were

found in ®ve out of six patients having raised levels of anti-IIELISA.

Patients with anti-IIELISA-negative results (n� 4) were also nega-

tive in the dot blot assay for anti-II (IgG or IgM).

Regarding the 10 aCL-positive patients of group C, b2-GPI

binding on dot blot was seen only in the four patients with positive

anti-b2-GPIELISA. Anti-II were negative by ELISA and dot blot

analysis.

Absorption studies

In all sera having anti-b2-GPI and/or anti-II by both ELISA and dot

blot techniques, absorption experiments with phospholipid lipo-

somes were done. There was on average a 70% (s.d. 9´8%)

decrease in anti-b2-GPIELISA titres and also a decrease in reactivity

to b2-GPI on dot blot. For anti-II-positive sera, there was on

average a 75% (s.d. 10´9%) decrease in antibody binding on

ELISA. Anti-IIdot blot reactivity was also inhibited.

Figure 1 shows the ELISA data pre- and post-absorption

studies obtained with whole IgG puri®ed from 30 selected patients

with aPL. Anti-b2-GPIELISA as well as anti-IIELISA binding was

signi®cantly decreased (Wilcoxon test, P< 0´0001).

Inhibitory effect of ¯uid-phase proteins and phospholipid

liposomes on antibody binding

Taking into account the above results, we compared the binding

pro®les of sera diluted in buffer together with the liposomal

supernatants and eluants to b2-GPI or prothrombin by both

ELISA and dot blot. In addition, ¯uid-phase inhibition was done

in the same selected sera.

Table 1 shows the results in 10 selected positive sera for b2-

GPI. First, the procedure with CL-containing liposomes signi®-

cantly reduced the reactivity by ELISA in the supernatants. The

inhibition ranged from 59% to 88%. Dot blot reactivities were also

reduced. On the other hand, the liposomal eluants retained the

binding to b2-GPI in both ELISA and dot blot (Fig. 2). Using

increasing concentrations of soluble b2-GPI, we found that the

inhibition of the b2-GPI-binding activity was more evident on dot

blot than on ELISA. In fact, at 200 mg/ml the binding on dot blot

was completely abolished in eight out of 10 sera, while on ELISA a

moderate inhibition ranging from 32% to 59% was achieved.

As shown in Table 2, the binding of ®ve sera to prothrombin

was greatly inhibited in the ELISA (ranging from 63% to 83%) by

PS/PC liposomes in the presence of prothrombin and calcium ions.

A low reactivity was also found on dot blot in the supernatants. The

activity was retained in the liposomal eluants, as illustrated in

Table 2 and Fig. 3. On contrast, with ¯uid-phase prothrombin at

high concentrations a more ef®cient inhibition of prothrombin-

binding activity could be obtained assayed on dot blot than on

482 R. R. Forastiero et al.

q 1999 Blackwell Science Ltd, Clinical and Experimental Immunology, 118:480±486

Fig. 1. Comparative binding to b2-GPI and prothrombin (II) of whole IgG

samples from patients with anti-phospholipid antibodies. The graph shows

the absorbance (mean mOD and its 95% con®dence interval) obtained by

ELISA in the pre- and post-absorption experiments with phospholipid-

containing liposomes.



ELISA. No binding on dot blot was detected in four out of ®ve sera

after inhibition with 200 mg/ml, whereas this treatment reduced by

47% the anti-II activity determined on ELISA.

Inhibitory effect of proteins blotted onto nitrocellulose

membranes on binding of antibodies in ELISA

Inhibition experiments using consecutive absorption of diluted sera

with high concentrations of proteins applied to nitrocellulose

membranes virtually abolished the reactivity on ELISA. For anti-

b2-GPI-positive sera (n� 3), antibody binding (mean mOD 6 s.d.)

was decreased from 894 6 215 to 100 6 54. Similarly, the pro-

thrombin-binding activity of two serum samples diminished from

1037 6 195±124 6 60. When albumin was used as control antigen,

no changes in antibody levels were noted.
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Table 1. Reactivity of 10 selected anti-phospholipid (aPL) sera to b2-GPI by ELISA and dot blot assays before and after inhibition experiments with

cardiolipin liposomes or ¯uid-phase b2-GPI

Anti-b2-GPI (IgG)

Liposomal Liposomal Fluid phase Fluid phase

Patient

Buffer supernatant eluant (200 mg/ml) (100 mg/ml)

(group) ELISA Dot blot ELISA Dot blot ELISA Dot blot ELISA Dot blot ELISA Dot blot

1 (A) 1100 �� 280 � 1002 �� 450 ÿ 895 ��

2 (A) 783 �� 200 � 880 �� 309 � 583 � �

3 (A) 511 �� 141 � 452 �� 264 ± 470 �

4 (A) 691 �� 211 � 520 �� 313 ± 597 �

5 (A) 562 �� 230 � 480 �� 383 ± 485 �

6 (A) 875 �� 147 � 610 �� 410 ± 590 �

7 (A) 810 �� 180 � 587 �� 375 ÿ 645 �

8 (A) 780 �� 260 � 602 �� 351 � 589 � �

9 (C) 956 �� 318 � 794 �� 412 ± 734 �

10 (C) 1071 �� 346 � 897 � � 546 ÿ 826 �

Normal < 55 ±

Data by ELISA are shown in mOD and those by dot blot analysis as high positive (��), low positive (�) or negative (±).

Fig. 2. Dot blot analysis of two representative serum samples from patients having antibodies (IgG) to b2-GPI before and after inhibition

experiments. A, Serum diluted in buffer; B, cardiolipin (CL)-liposomal supernatant; C, CL-liposomal eluant; D, ¯uid-phase inhibition with

200 mg/ml of b2-GPI; E, ¯uid-phase inhibition with 100 mg/ml of b2-GPI. Strips were dotted with 3 mg of b2-GPI or bovine serum albumin

(BSA). A normal serum is shown as control.



DISCUSSION

Con¯icting data have appeared in the literature regarding the

involvement of b2-GPI and prothrombin in aPL binding and the

exact nature of the epitopes to which aPL bind [29,30]. Most

autoimmune aCL such as those found in SLE and primary APS are

directed against epitopes expressed on b2-GPI, not on CL

[4,15,17,18]. LA activity has been found to be directed towards

either prothrombin [10±12] or b2-GPI [10,11,31]. Despite these

®ndings, the nature of the interaction of anti-b2-GPI and anti-II

with their target proteins is not fully understood. Most investigators

agree that the mode of presentation of b2-GPI or prothrombin in

solid phase greatly in¯uences their recognition by anti-b2-GPI or

anti-II, respectively. Little or no binding occurs if these proteins

are immobilized on untreated microtitre plates [22,23,32]. Con-

versely, speci®c antibody binding to b2-GPI or prothrombin is

observed if high binding polystyrene plates are used. It is mainly

due to the introduction of oxygen atoms onto the polystyrene

surface by g-ray irradiation. The oxidation process results in the

formation of functional groups that can mimic anionic phospholi-

pids to which proteins can cross-link [33]. This is consistent with

the new evidence presented by HoÈrkkoÈ et al. [30], who demon-

strated that many aPL bind to adducts of oxidized phospholipids

and certain proteins.

Two hypotheses have been proposed to explain the interaction

between aPL and protein antigens: (i) antibody recognition of

conformational epitopes expressed when the antigen is bound to a
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Table 2. Reactivity of ®ve anti-phospholipid (aPL) sera to prothrombin by ELISA and dot blot assays before and after inhibition experiments with

phosphatidylserine/phosphatidylcholine liposomes or ¯uid-phase prothrombin

Anti-prothrombin (IgG)

Liposomal Liposomal Fluid phase Fluid phase

Patient

Buffer supernatant eluant (200 mg/ml) (100 mg/ml)

(group) ELISA Dot blot ELISA Dot blot ELISA Dot blot ELISA Dot blot ELISA Dot blot

11 (A) 1100 �� 410 � 890 �� 610 � 850 ��

12 (A) 1170 �� 204 � 784 �� 510 ± 976 � �

13 (A) 827 �� 140 � 712 �� 406 ± 710 �

14 (B) 654 �� 156 � 569 �� 435 ± 598 �

15 (B) 789 �� 202 � 700 � � 387 ÿ 613 �

Normal < 67 ±

Data by ELISA are shown in mOD and those by dot blot analysis as high positive (��), low positive (�) or negative (±).

Fig. 3. Dot blot analysis of two representative serum samples from patients having antibodies (IgG) to human prothrombin (II) before and after

inhibition experiments. A, Serum diluted in buffer; B, phosphatidylserine (PS)/phosphatidylcholine (PC)-liposomal supernatant; C, PS/PC-

liposomal eluant; D, ¯uid-phase inhibition with 200 mg/ml of II; E, ¯uid-phase inhibition with 100 mg/ml of II. Strips were dotted with 3 mg of

II or bovine serum albumin (BSA). A normal serum is shown as control.



suitable surface [22]; (ii) low-af®nity antibodies recognizing

epitopes on native proteins through a bivalent attachment pro-

moted by the enhanced surface density of the antigens [23].

Several methodological approaches have been used to support

both hypotheses. The need for oxidized surfaces in the ELISA

assay [13±17,22] and the conformational changes observed in b2-

GPI or prothrombin upon interaction with phospholipids [4,5] lend

support to the former one. Moreover, the ®nding that antibody

binding is inhibited by preincubation with beads coated with CL

and b2-GPI, but not with CL-coated beads, or b2-GPI in solution

strengthens the ®rst theory [17,22]. On the other hand, the fact that

speci®c antibody binding is detected on proteins immobilized onto

microtitre plates or phospholipids, or immunoblotting suggests that

antigen density may be the key factor for the interaction [11,18,23].

The evidence that only very high protein concentrations in ¯uid

phase are able to inhibit antibody binding and that monovalent Fab0

fragments are unable to bind b2-GPI in ELISA emphasizes the

importance of the latter hypothesis. Additionally, Sheng et al. [34]

using mutants of b2-GPI generated by site-directed mutagenesis

demonstrated that autoantibody binding to b2-GPI is intrinsically

of low af®nity and that the binding is dependent on the density of

the antigen. Their results showed that anti-b2-GPI binding to the

mutant (which spontaneously dimerizes) coated onto irradiated or

standard polystyrene plates, or in solution, was signi®cantly higher

when compared with native, wild-type and other mutant (which

does not dimerize).

Our present data in a series of patients with aPL show that

autoantibodies to human b2-GPI or prothrombin detected by

ELISA can also be demonstrated by immunoblotting, such as dot

blot. This method involves the immobilization of proteins on

synthetic membrane supports. The passive micro®ltration proce-

dure allows the binding of proteins on nitrocellulose membranes in

such a way as to favour the recognition of proteins in its native

structure [35]. These results would suggest that the same antibodies

are detected by means of ELISA and dot blot, indicating mainly the

recognition of native epitopes on proteins. Our positive ®ndings on

dot blot are in agreement with those from Cabral et al. [18] for anti-

b2-GPI and from Permpikul et al. [11] for anti-II. Interestingly,

none of our aPL patients with negative results for anti-protein

antibodies on ELISA showed the presence of such antibodies on

dot blot. To investigate further the reactivity pattern of these

antibodies, we performed inhibition experiments using phospho-

lipid liposomes. It was found that this treatment was able to absorb

ef®ciently anti-b2-GPI or anti-II detected by means of ELISA or

dot blot.

In a further attempt to understand better the nature of the

interaction of these antibodies, the sera of some aPL patients were

subjected to parallel solid- and ¯uid-phase inhibition treatments.

We mainly assessed whether antibody binding screened by ELISA

and dot blot was in¯uenced to the same extent by these inhibition

experiments. First of all, clear evidence for the low-avidity nature

of anti-b2-GPI and anti-II was the high inhibitor concentrations

required to give 50% inhibition. This explains the discordant

results obtained by us in a previous report [15] and others

[20,21], in which low concentrations of proteins in ¯uid phase

were used. It is important to note that the addition of soluble

b2-GPI or prothrombin at increasing concentrations caused differ-

ent inhibition patterns in ELISA and dot blot. In fact, antibody

binding detected on dot blot was almost completely abolished,

while that evaluated on ELISA was less in¯uenced. This ®nding,

and the fact that antibody binding on ELISA was virtually

abolished performing repeated absorptions of diluted sera with

high protein concentrations applied to nitrocellulose membranes,

could indicate the presence of antibodies with different degrees of

avidity. Thus, anti-protein antibodies of low avidity are detected on

ELISA and those showing higher avidity can be evaluated on dot

blot or ELISA. Additional information comes from the comparison

between the results obtained in the liposomal supernatants and

those after treatment with ¯uid-phase proteins at the highest

concentration. In spite of having higher optical readings in

ELISA after ¯uid-phase experiments than after liposomal inhibi-

tion, only positive results on dot blot were found after solid-phase

experiments. Therefore, we could infer that ELISA and dot blot are

suitable methods to detect anti-b2-GPI and anti-II, but those

antibodies showing the lowest avidity could only be measured on

ELISA.

In a very recent work, George et al. [36] clearly demonstrated

that three b2-GPI-binding IgM MoAbs cloned from a single patient

with APS recognize non-cross-reactive epitopes on the b2-GPI

molecule. One of them was directed to an epitope present on the

native structure, while the remaining two recognized those exposed

on b2-GPI after conformational changes. The marked heterogene-

ity of aPL has been extensively studied [10,32,37,38]. The precise

epitopes recognized by anti-b2-GPI have been recently investi-

gated. It has been proposed that the ®fth domain of b2-GPI

possesses both the phospholipid-binding site and the epitope for

anti-b2-GPI [39,40]. Other authors using domain-deleted mutants

of b2-GPI have concluded that the cryptic epitope for mouse and

human monoclonal aCL [41,42] or some af®nity-puri®ed anti-b2-

GPI [43] is located in the fourth domain. On the other hand, Iverson

et al. [44] found that the epitope recognized by 11 of 11 anti-b2-

GPI tested was located in domain 1. The epitopes recognized by

anti-II have not yet been de®ned. Some studies indicate that more

than a single epitope on prothrombin are targeted by anti-II [25].

In conclusion, both immunoblotting and ELISA techniques can

be used in order to detect anti-b2-GPI and anti-II, which are mainly

directed against native epitopes. The demonstration that both

assays show some differences in the ¯uid-phase inhibition pattern

could be due to the coexistence of populations of antibodies

showing different degrees of avidity.
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