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SUMMARY

We describe the isolation and identi®cation of three components required for the Rubino reaction

(RR), which is the rapid sedimentation of formalinized sheep red-blood cells (SRBC) initiated by

serum from leprosy patients with defective Mycobacterium leprae-speci®c cell immunity. The

Rubino reaction factor (RRF) required for this phenomenon, previously identi®ed as an

immunoglobulin M (IgM), was puri®ed from leprosy patient serum by adsorption to formalinized

SRBC. Puri®ed RRF IgM, when added to formalinized SRBC, did not produce a positive RR.

However, when the contact was carried out in the presence of normal human serum (NHS), cells

rapidly sedimented. The puri®ed cofactor from NHS contained two components of 70 000 and

50 000 molecular weight (MW), as determined by sodium dodecyl sulphate±polyacrylamide gel

electrophoresis (SDS±PAGE). The latter was recognized by the RRF IgM on immunoblot and its

N-terminal sequence indicated that it was b2-glycoprotein 1 (b2-GP1), an anionic phospholipid-

binding protein. Methanol-treated formalinized SRBC did not support the RR. Thin-layer

chromatography of an extract of membranes indicated that the SRBC ligand was a cell-surface

phospholipid. Cardiolipin inhibited the RR. These data demonstrate that the RR involves a

trimolecular interaction in which IgM, b2-GP1 and an SRBC phospholipid participate. By analogy

with the antiphospholipid antibodies (anti-PL) that occur in autoimmune processes, serum samples

from 29 systemic lupus erythematosus patients with high levels of anticardiolipin antibodies were

submitted to the RR. A positive RR was obtained for 45% (13 of 29 patients). These results modify

the paradigm of the absolute speci®city of the RR for leprosy and demonstrate that RRF IgM is a

b2-GP1-dependent anti-PL.

INTRODUCTION

Leprosy is a chronic infectious disease caused by Mycobacter-

ium leprae. Its broad spectrum of manifestations depends on

distinct M. leprae-responsive T-cell subsets. Type 1 T helper

(Th1) cells are associated with tuberculoid leprosy (TT), which

is characterized by a protective response against the bacillus

with effective control of the dissemination of the disease. In

contrast, T helper 2 (Th2) cells are primarily associated with

lepromatous leprosy (LL), which is characterized by intense

polyclonal activation of B lymphocytes and absence of an M.

leprae-speci®c T-cell response, resulting in multibacillary and

disseminated disease, as well as development of hypergamma-

globulinaemia and autoantibodies. Between these extremes are

immunologically unstable patients with intermediate signs and

symptoms corresponding to the borderline tuberculoid (BT),

mid-borderline (BB) and borderline lepromatous (BL) forms.1±6

The Rubino reaction (RR), which can be demonstrated in

sera from some leprosy patients, involves the rapid sedimenta-

tion of formalinized sheep red blood cells (SRBC).7 This

reaction is frequently positive among LL patients, whereas TT

and borderline patients present negative reactions and a low

frequency of positive reactions, respectively.

Since the discovery of the RR in 1926, evidence has

accumulated demonstrating that it is highly speci®c for sera of

leprosy patients (reviewed in 8). One component of the RR that

is present in the serum of leprosy patients was identi®ed as an

immunoglobulin of isotype M ± Rubino reaction factor IgM

(RRF IgM)9 ± which is selectively adsorbed to formalinized
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erythrocytes. It is also known that the adsorption of this IgM

requires a second serum factor present both in normal blood

and in blood of leprosy patients.8,10

In the present work, the RR is fully characterized by

identi®cation of the three components that participate in the

reaction. We show that the RR requires a serum cofactor b2-

glycoprotein 1 (b2-GP1), which is an anionic phospholipid-

binding protein, and an erythrocytic ligand, which is a

phospholipid. We also con®rm the report that the third factor

is an IgM. An analogy is established between RRF IgM and b2-

GP1-dependent antiphospholipid antibodies (anti-PL), known

to occur in autoimmune processes. The demonstration of a

positive RR in sera from systemic lupus erythematosus (SLE)

patients modi®es the paradigm of the absolute speci®city of the

RR for leprosy and shows that this reaction is capable of

detecting an autoimmune response in leprosy.

MATERIALS AND METHODS

Human sera

Sera from leprosy patients were obtained from the Teaching

Health Center, Department of Social Medicine, Faculty of

Medicine of RibeiraÄo Preto, University of SaÄo Paulo (FMRP-

USP). After complement inactivation, each serum sample was

analysed using the RR and those that reacted positively and

had no agglutinins for non-formalinized SRBC were pooled.

This pool was used as the source of the RRF IgM. A pool

prepared from normal human sera (NHS), i.e. sera of Rubino-

negative healthy volunteers, was used as a negative control.

Serum samples from SLE patients with a high level of anti-PL

were obtained from the Clinical Immunology Laboratory,

Department of Internal Medicine, FMRP-USP.

SRBC

SRBC were obtained from healthy sheep maintained in the

Central Animal House of the USP-RibeiraÄo Preto Campus.

Blood collected into Alsever's solution was centrifuged at 280 g

to sediment erythrocytes, which were subsequently washed

three times with 0.85% saline and resuspended at a concentra-

tion of 3.5±4.0r109 red cells/ml. For detection of hetero-

agglutinin, the SRBC were prepared immediately before use.

Formalinized SRBC were obtained by treatment with 10% (v/v)

formaldehyde at room temperature for 48 hr. After washing,

formalinized SRBC were resuspended in 0.85% saline and

stored at 4u.11

RR

The RR was carried out by incubating serum (1 : 10 ®nal

dilution) with formalinized SRBC (1.75±2r108 cells per tube)

at 37u in a ®nal volume of 250 ml in phosphate-buffered saline

(PBS). The reaction was considered to be positive when, after

1 hr of incubation, the formalinized SRBC sedimented and a

colourless, clear supernatant was obtained, while the forma-

linized SRBC used in the negative control remained in

suspension.11 The same procedure was used to test the

reactivity of fractions puri®ed from sera after supplementation

with NHS at a ®nal dilution of 1 : 10. Cofactor activity was

determined by incubating puri®ed RRF IgM and formalinized

SRBC with the test samples for 1 hr at 37u. A positive RR

indicated the presence of the cofactor. An extract of the SRBC

membrane, cardiolipin (2 ng/ml to 2 mg/ml) (Sigma Chemical

Co., St. Louis, MO), or rabbit immunoglobulin G (IgG)

(150 mg/ml) anti-50 000-MW band (corresponding to b2-GP1)

were assayed for the ability to inhibit the RR.

RRF IgM puri®cation

Rubino-positive serum, a 10% (w/v) polyethylene glycol 4000

(PEG) precipitate of Rubino-positive serum, or NHS (all free

of heteroagglutinin) were incubated (at a ®nal dilution of 1 : 10

for 1 hr at 37u) with excess formalinized SRBC (7±8r108 cells)

in PBS in a ®nal volume of 250 ml. The 10% PEG precipitate

was incubated in the presence or absence of NHS (1 : 10 ®nal

dilution). After washing with PBS, the formalinized SRBC

were resuspended in saline solution acidi®ed with acetic acid,

pH 3.0, for 15 min and centrifuged (280 g).12 The procedure

was repeated and the supernatant solutions were neutralized.

PEG (10% w/v) was added to the supernatant solutions, the

precipitate was dialysed against PBS (Amicon, Beverly, MA)

and then tested for Rubino reactivity.

Puri®cation of the RR cofactor and human b2-GP1

A pool of NHS was precipitated with PEG in the concentration

ranges of 0±5%, 5±12% and 12±20%. Each precipitate was

tested for cofactor activity. The 12±20% PEG precipitate was

applied ®rst to a protein A column and then to a Sepharose-G

column (Amersham Pharmacia Biotech, Uppsala, Sweden).

The bound and unbound materials were tested for cofactor

activity. Unbound material was dialysed against 20 mM Tris-

HCl, pH 8.0 and submitted to ion-exchange chromatography

on a Mono Q HR 5/5 column (Amersham Pharmacia Biotech),

as described in the legend to Fig. 2(a). Ef¯uent that had

cofactor activity was combined, concentrated and submitted to

Mr

Mr

(a)

(b)

Figure 1. Sodium dodecyl sulphate±polyacrylamide gel electrophoresis

(SDS±PAGE) and immunoblot of puri®ed Rubino reaction factor

(RRF) immunoglobulin M (IgM). (a) Formalinized sheep red blood

cells (SRBC) were incubated with phosphate-buffered saline (PBS)

(lane 1), normal human serum (NHS) (lane 2) or with Rubino-positive

serum (lane 3). After washing, SRBC were treated with saline solution

acidi®ed with acetic acid, pH 3.0, and the supernatant was electro-

phoresed in a 10% Mini V 8.10 gel under reducing conditions. (b) The

immunoblot was developed with anti-human IgM conjugate. The

molecular masses (Mr, in kDa) of standard marker proteins are

indicated.
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gel ®ltration on calibrated Superdex 200 HR 10/30 (Amersham

Pharmacia Biotech), as described in the legend to Fig. 2(b).

b2-GP1 was puri®ed from normal human sera as described

by Price et al.13

Electrophoresis and immunoblot

Sodium dodecyl sulphate±polyacrylamide gel electrophoresis

(SDS±PAGE) was performed on a 10% polyacrylamide gel

using a Mini V-8.10 Vertical Gel Electrophoresis System

(Gibco BRL, Gaithersburg, MD). Samples were suspended in

0.5 M Tris-HCl buffer, pH 6.5, with 2% (w/v) SDS and, in some

cases, 3.5% mercaptoethanol was added. After electrophoresis

(80±120 mA, 200 V), the gels were silver stained.

In some experiments electrophoresed materials were blotted

to nitrocellulose or polyvinylidene di¯uoride (PVDF) mem-

branes using the Mini V-8.10 Blot System, according to the

manufacturer's instructions (Gibco BRL).

Each nitrocellulose-transferred sample was incubated with

blocking solution ± 3% gelatin in PBS containing 0.05% Tween-

20 (PBS-T) ± at 37u for 2 hr. After washing with PBS-T, the

nitrocellulose-transferred cofactor sample was allowed to react

with Rubino-positive serum (1 : 100 dilution in blocking

solution) at 37u for 2 hr. The reaction was developed with

peroxidase-conjugated goat anti-m human-chain antibody

(1 : 2500 dilution in blocking solution) at 37u for 1 hr. The

antigen±antibody reactions were visualized with diaminoben-

zidine (DAB) (Sigma) in the presence of 0.03% hydrogen

peroxide (Sigma). When the transferred material was the RRF

IgM, the gelatin-blocked membrane was incubated directly

with peroxidase-conjugated goat anti-m human-chain antibody.

N-terminal amino acid sequence of the RR cofactor

The 50 000-MW band corresponding to the RR cofactor,

transferred to a PVDF membrane or puri®ed human b2-GP1

loaded onto a Prosorb PVDF membrane (Pelkin-Elmer-ABD,

Forster City, CA), was submitted to automatic Edman

degradation with a Procise Sequenator Model 491 (Pelkin-

Elmer-ABD). The N-terminal sequences were identi®ed by

using the BLAST (Basic Local Alignment Search Tool) system,

located at http://http://www.ncbi.nlm.nih.gov/BLAST/.

Rabbit IgG anti-b2-GP1

b2-GP1 cofactor obtained by preparative SDS±PAGE was

emulsi®ed in Freund's complete adjuvant (Sigma). Two New

Zealand rabbits were injected intramuscularly (i.m.) with

100 mg of protein. On days 21 and 28 postinoculation, they

were reinjected subcutaneously (s.c.) with the same amount of

antigen emulsi®ed in Freund's incomplete adjuvant (Sigma).

After 8 days, the animals were bled and serum IgG was puri®ed

.

(a)

(b)

(c)

1 2
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Figure 2. Chromatography of the Rubino reaction (RR) cofactor. (a)

Ion-exchange chromatography of the 12±20% polyethylene glycol

(PEG) precipitate from the normal human serum (NHS) pool. The

Mono Q HR 5/5 column was equilibrated and initially eluted with

15 ml of buffer A (20 mM Tris-HCl pH 8.0) at a ¯ow rate of 1 ml/min

at room temperature. Retarded material was eluted using a linear

gradient of 0±1 M NaCl (30 ml). The elution was monitored by

measurement of absorbance at 280 nm. One-hundred microlitres of

each 1-ml fraction was incubated with Rubino reaction factor

immunoglobulin M (RRF IgM) and formalinized sheep red blood

cells (SRBC). The black bar indicates ef¯uent containing Rubino

cofactor activity. (b) Gel ®ltration on Superdex 200 HR 10/30 of

material with cofactor activity obtained by anion-exchange chromato-

graphy. The column was equilibrated and eluted with 50 mM Tris-HCl,

pH 7.4, containing 150 mM NaCl, at a ¯ow rate of 0.1 ml/min at room

temperature. The elution was monitored by measurement of absor-

bance at 280 nm. One-hundred microlitres of each 1-ml fraction was

incubated with RRF IgM and formalinized SRBC. The black bar

indicates ef¯uent containing Rubino cofactor activity. The column was

calibrated with markers of known molecular mass (Mr): Thy,

thyroglobulin (669 kDa); Fer, ferritin (440 kDa); Cat, catalase

(232 kDa); BSA, bovine serum albumin (67 kDa); Ova, ovalbumin

(43 kDa); Cmt, chymotrypsinogen (25 kDa), whose elution volumes

are indicated. (c) Sodium dodecyl sulphate±polyacrylamide gel

electrophoresis (SDS±PAGE; using a 10% gel under non-reducing

conditions) and immunoblotting of material with cofactor activity

obtained using the chromatographic procedures described above. Lane

1, SDS±PAGE, silver-stained gel; lane 2, immunoblotting developed

with RRF and anti-human IgM conjugate. The molecular masses (in

kDa) of standard marker proteins are indicated on the left.
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by 45% (w/v) ammonium sulphate precipitation and protein-A

af®nity chromatography.

Cyanogen bromide cleavage

Cyanogen bromide cleavage14 was carried out as follows.

Approximately 400 mg of b2-GP1 cofactor, prepared as

previously described,13 was added to 1 ml of 0.2 M cyanogen

bromide in 70% formic acid at 37u. After 18 hr, the material

was diluted 10 times in water, lyophilized and resuspended in

1 ml of water. The material was assayed for cofactor activity

and submitted to electrophoresis.

Demonstration, by ¯ow cytometry, of the binding of RRF IgM

and b2-GP1 cofactor to SRBC

RRF IgM (200 ml/ml) or b2-GP1 cofactor was biotinylated

with NHS±SS±biotin (Pierce Chemical Co., Rockford, IL).15

Biotinylated RRF IgM was incubated with avidin±phycoery-

thrin (20 ml/ml) and formalinized SRBC (4r106 cells) in a ®nal

volume of 250 ml of PBS in the presence or absence of b2-GP1

cofactor. In parallel, biotinylated b2-GP1 cofactor was

incubated with avidin±phycoerythrin (20 ml/ml) and formali-

nized SRBC (4r106 cells) in a ®nal volume of 250 ml in the

presence or absence of RRF IgM. After incubation (for 1 hr at

37u) and washing (in PBS), formalinized SRBC were resus-

pended at a concentration of 1r106 cells/ml. Formalinized

SRBC were gated on the basis of size and granularity.

Auto¯uorescence was used as the control. The samples were

analysed using a ¯uorescence-activated cell sorter (FACSort

¯ow cytometer; Becton-Dickinson, San Jose, CA).

Isolation of the SRBC ligand lipid involved in the RR

SRBC from 1 l of blood were washed three times with PBS and

resuspended in 10 l of 0.04% (v/v) acetic acid in water at 4u
overnight with constant stirring. SRBC membranes were

washed once with acetate buffer (1 mM sodium acetate,

pH 4.2), twice with water and lyophilized. The membranes

were extracted three times with each of the following four

organic solvents: chloroform : methanol (2 : 1) [C : M (2 : 1)];

chloroform : methanol (1 : 2) [C : M (1 : 2)]; chloroform : metha-

nol : water (10 : 20 : 8) [C : M : W (10 : 20 : 8)]; or 9% (v/v)

1-butanol. The soluble fractions were dried under a stream of

nitrogen, resuspended in PBS, sonicated and tested for the

ability to inhibit the RR. These fractions, denoted F1, F2, F3

and F4, respectively, were resuspended in C : M (2 : 1) and used

in an immunoenzymatic assay.

The C : M (1 : 2) soluble fraction was submitted to Folch

partition.16 After phase separation, the lower (organic) phase

was dried and the residue resuspended in 6 ml of C : M (1 : 2).

An aliquot of the lower phase (2 ml) was dried and resuspended

in 0.5 ml of PBS. The upper (aqueous) phase was dried,

resuspended in PBS and dialysed against PBS using a YM3

membrane (Amicon). Both aliquots were sonicated and tested

for the ability to inhibit the RR.

The lipids in the organic phase were fractionated by

preparative thin layer chromatography (HPTLC glass plate

silica gel 60; E. Merck, Darmstadt, Germany) in two

consecutive runs. The ®rst was performed with acetone : ethyl

ether (1 : 3), and the second with chloroform : methanol : acetic

acid : water (60 : 50 : 1: 4) Puri®ed phospholipids were used as

markers. The plate was stained with iodine vapour, divided into

six regions (based on the band pattern) and scraped. Lipids

were extracted from the silica with C : M : W (10 : 10 : 1), dried

and resuspended in PBS. All fractions were sonicated and

tested for the ability to inhibit the RR.

Detection of the RR

Microtitre plates (Dynatech, Chantilly, VA or FluoroNunc

MaxSorp, Nunc A/S, Roskilde, Denmark) were coated with

methanol-treated formalinized SRBC17 or with fractions F1,

F2, F3 or F4 (diluted to 1 : 512) in 50 mM carbonate-

bicarbonate buffer, pH 9.6. After washing, the plate wells

were blocked at 37u for 2 hr with 5% (w/v) skim milk in PBS-T.

Puri®ed RRF IgM (diluted 1 : 200) preincubated (at 37u for

2 hr) with cofactor preparation was added to the plate (50 ml/

well). After 1 hr of incubation at 37u, the plate was washed

three times with PBS-T and incubated with 50 ml of peroxidase-

conjugated goat anti-human IgM m-chain antibody (1 : 2500

dilution in PBS-T) at 37u for 1 hr. In the cell enzyme-linked

immunosorbent assay (ELISA), the antigen±antibody reaction

was developed using ortho-phenylenediamine (OPD) (Sigma)

in the presence of 0.03% hydrogen peroxide (Sigma) and the

plates were read in an ELISA reader (EMAX; Molecular

Devices Corporation, Sunnyvale, CA) at a wavelength of

490 nm. In the ELISA for lipid fractions, the antigen±antibody

reaction was developed using the enhanced chemiluminescence

(ECL)±Western blot analysis system (Amersham Pharmacia

Biotech) and the plates were read using a luminometer

(Cambridge, model 7710, Cambridge Technology Inc.,

Cambridge, MA).

RESULTS

Isolation of RRF IgM

RRF IgM was puri®ed by adsorption to formalinized SRBC

Table 1. N-terminal amino acid sequence of the Rubino reaction

cofactor

Cycle Amino acid

PTH-amino acid (pmol)

Sample 1* Sample 2{

1 Gly 28.5 326

2 Arg 23.2 271

3 Thr 4.8 322

4 Cys Ð Ð

5 Pro 16.8 232

6 Lys 11.1 371

7 Pro 20.0 241

8 Asp 13.0 219

9 Asp 16.0 282

10 Leu 11.5 211

11 Pro Ð 211

12 Phe 3.3 Ð

*Sample 1, a 50 000-molecular weight (MW) sodium dodecyl sulphate±
polyacrylamide gel electrophoresis (SDS±PAGE) band (similar to that
shown in Fig. 2c, lane 2), which reacted with Rubino reaction factor
immunoglobulin M (RRF IgM), was electroblotted to a polyvinylidene
di¯uoride (PVDF) membrane before sequencing.
{Sample 2, puri®ed b2-glycoprotein 1 (b2-GP1), prepared according to

the method of Price et al.13 The sample was adsorbed to a Prosorb PVDF
membrane before sequencing.

PTH, phenylthiohydantoin.
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and eluted with saline solution acidi®ed with acetic acid,

pH 3.0. This replaces the time-consuming and low-yield

procedure, involving precipitation and chromatography, pre-

viously described.9 RRF IgM was isolated either from Rubino-

positive serum or from a 10% (w/v) PEG precipitate of Rubino-

positive serum. RRF IgM was identi®ed on the basis of the

electrophoretic mobility of its heavy chain (70 000 MW) in

SDS±PAGE (Fig. 1a, lane 3) and immunoblot analysis with

anti-human IgM (Fig. 1b, lane 3). An additional 28 000-MW

band was observed in the RRF IgM preparation. It probably

corresponded to an SRBC protein because control prepara-

tions (without serum or with NHS) also contained it (Fig. 1a,

lanes 1 and 2).

Puri®ed RRF IgM alone did not produce a positive RR

upon mixing with formalinized SRBC. When adsorption to

formalinized SRBC was carried out in the presence of NHS, a

positive reaction was obtained, indicating the necessity for a

cofactor.

Identi®cation of b2-GP1 as the RR cofactor present in NHS

Cofactor activity present in the 12±20% (w/v) PEG precipitate

of IgG-depleted NHS was eluted from Mono Q resin at 0.2 M

NaCl (Fig. 2a). The apparent molecular mass (Mr) of the

active material was estimated to be 67 kDa (coinciding with

that of bovine serum albumin) on the basis of its elution from a

Superdex 200 gel-®ltration column (Fig. 2b). When the active

material obtained by Mono Q and Superdex 200 chromato-

graphy was separated by 10% SDS±PAGE, a major band of

50 kDa and a minor band of 70 kDa were detected (Fig. 2c,

lane 1). After blotting to nitrocellulose, only the 50-kDa band

reacted with RRF IgM (Fig. 2c, lane 2). A rabbit polyclonal

antibody produced against the 50-kDa band inhibited the RR

elicited by Rubino-positive serum.

When the 50-kDa band was submitted to N-terminal

sequencing with 12 cycles of Edman degradation (Table 1,

sample 1), 10 of 12 residues were found to be identical to

human b2-GP1, an anionic phospholipid-binding protein and

anticardiolipin cofactor. Residue 4, which corresponded to

cysteine, would not have been expected to be detected in the

present experiment. The cofactor was also puri®ed from NHS

using a protocol described by Price et al.13 for the isolation of

b2-GP1. Its identity with the RR cofactor was con®rmed by

electrophoresis, immunoblotting and N-terminal amino acid

sequence determination (Table 1, sample 2). Puri®ed b2-GP1

was active when tested for cofactor activity.

Lipid ligand from SRBC

When setting up a microplate assay for RRF IgM we observed

that the RR did not occur with methanol-treated, formalinized

SRBC, suggesting that a hydrophobic membrane component,

Dilution of lipid-enriched fractions

Figure 3. Demonstration that the formalinized sheep red blood cell

(SRBC) fraction chloroform : methanol (1 : 2) [C : M (1 : 2)] contains an

SRBC component necessary for the Rubino reaction (RR). Enzyme-

linked immunosorbent assay (ELISA) microplate wells were coated

with SRBC fractions C : M (2 : 1), C : M (1 : 2), chloroform : methanol :

water 10 : 20 : 8 [C : M : W (10 : 20 : 8)], or 9% 1-butanol. The wells were

incubated with Rubino reaction factor immunoglobulin M (RRF IgM)

supplemented with cofactor and the reaction was developed using anti-

human IgM conjugate. RLU, relative luminescent units.
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Figure 4. Fluorescence-activated cell sorter (FACS) demonstration of the binding of b2-glycoprotein 1 (b2-GP1) cofactor and Rubino

reaction factor immunoglobulin M (RRF IgM) to formalinized sheep red blood cells (SRBC). A suspension of formalinized SRBC

was gated on the basis of size (abscissa) and granularity (ordinate) (a). After reaction, SRBC were washed and resuspended at 1r106

cells/ml and analysed using a ¯uorescence-activated cell sorter (FACSort). FSC, forward angle light scatter; SSC, side angle light

scatter. (b) Panel showing the pro®le obtained when formalinized SRBC were incubated at 37u for 1 hr with biotinylated b2-GP1

cofactor and avidin±phycoerythrin in the presence (shaded histogram) or absence (unshaded histogram) of unlabelled RRF IgM. (c)

The same reaction, in which the biotinylated component was RRF IgM in the presence (shaded histogram) or absence (unshaded

histogram) of unlabelled b2-GP1.
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such as a lipid, might be necessary for the reaction. When

SRBC membranes were extracted with organic solvents of

different compositions, only a lipid-enriched fraction obtained

with C : M (1 : 2) reacted with RRF IgM plus cofactor b2-GP1

in a dose-dependent manner in an ELISA test (Fig. 3). The

lipid-enriched fraction also inhibited the RR triggered by a

Rubino-positive serum.

When the C : M (1 : 2) fraction was submitted to Folch

partition, the components in the organic phase, but not in the

aqueous phase, inhibited the RR. When lipids of the organic

phase were fractionated by thin layer chromatography, only

those having an Rf of 0.2±0.4, corresponding to phosphati-

dylserine, inhibited the RR. We also showed that cardiolipin (a

diphosphoglycerolipid) inhibited the RR at a concentration as

low as 2 mg/ml. These results indicate that the SRBC lipid is an

anionic phospholipid. As it is known that b2-GP1 binds anionic

phospholipids, we conclude that the RR requires RRF IgM to

react with b2-GP1, which in turn reacts with an SRBC

phospholipid.

Both RRF IgM and b2-GP1 are required for binding to the

SRBC surface

In order to evaluate the binding of factors involved in the RR,

RRF IgM and b2-GP1 cofactor were biotinylated and

incubated with formalinized SRBC and an avidin±phycoery-

thrin conjugate. When only one labelled RRF IgM or labelled

b2-GP1 cofactor was tested there was no binding to the

cell surface, as indicated by FACS analysis (Fig. 4b, 4c). In

contrast, there was an increase in ¯uorescence when formali-

nized SRBC were incubated with labelled RRF IgM plus

unlabelled b2-GP1 cofactor (Fig. 4b) or unlabelled RRF IgM

plus labelled b2-GP1 cofactor (Fig. 4c). These data demon-

strate that both RRF IgM and b2-GP1 are required for binding

to the SRBC surface.

We then assessed some of the structural requirements for b2-

GP1 binding to RRF IgM. The binding of RRF IgM to

electroblotted b2-GP1 cofactor was demonstrable only when the

cofactor was electrophoresed under non-reducing conditions,

whereas no binding occurred when disulphide bonds were

reduced (Fig. 5). Furthermore, b2-GP1 completely lost activity

when treated with cyanogen bromide, which presumably cleaved

the peptide chain at methionine residues (data not shown).

The speci®city of RR is not absolute for leprosy

Identi®cation of the three components involved in the RR (RRF

IgM, b2-GP1 cofactor and SRBC ligand) permitted us to

characterize the RR as a b2-GP1-dependent antiphospholipid

reaction. This prompted us to assay the RR in sera of SLE

patients who had high levels of anticardiolipin antibodies. Forty-

®ve per cent (13 of 29) of the tested sera gave a positive RR.

DISCUSSION

In this research we completed the characterization of the three

main components of the RR by showing that a b2-GP1 and an

erythrocyte phospholipid are required in addition to IgM,

the importance of which has already been reported.9 The

originality of the contribution lies in the fact that we showed

that RRF IgM requires b2-GP1 to trigger the RR, and

consequently RRF IgM is a b2-GP1-dependent anti-PL. RRF

IgM was puri®ed from Rubino-positive sera of leprosy patients

by adsorption to formalinized SRBC (which occurred only in

the presence of a cofactor) and elution with acid buffer. This

procedure replaced a time-consuming and low-yield technique

involving precipitation and chromatographic procedures.9

b2-GP1 has previously been identi®ed as a ligand of anionic

phospholipids and an anticardiolipin cofactor.18±20 The

participation of a phospholipid in the RR was further indicated

by the observation that cardiolipin inhibited the RR at a

concentration as low as 2 mg/ml. Probably disposal or cryptic

localization of anionic phospholipids in the SRBC require

SRBC cross-linking treatment to interact with b2-GP1. This

could explain why RR occurs with formalinized SRBC but not

with untreated SRBC.

When formalinized SRBC were incubated with either

labelled RRF IgM or labelled b2-GP1 and analysed by FACS,

no cells were labelled. However, when formalinized SRBC were

incubated with labelled RRF IgM and unlabelled b2-GP1 or

with unlabelled RRF IgM and labelled b2-GP1, labelling of

cells was observed. Thus we unambiguously demonstrated that

RRF IgM requires b2-GP1 to trigger RR, and that RRF IgM is

a b2-GP1-dependent anti-PL.

b2-GP1 has been described as a cofactor for anticardiolipin

antibodies (anti-CL) from sera of patients with SLE18±20 or

with primary antiphospholipid syndrome (PAPS).21 Anti-PL

have been described in various infectious diseases and its

reported frequency in leprosy is 60%.22 In contrast to the

anti-PL from SLE and PAPS sera, the phospholipid binding of

anti-PL associated with infectious diseases appears to be

independent of b2-GP1.23 Although b2-GP1-dependent and b2-

GP1-independent types of antibodies occur in leprosy,24 in

multibacillary patients anti-CL are mainly of the b2-GP1-

dependent type.25 Autoantibodies are widely reported in

leprosy, especially in patients with the LL form.26±30 This

Mr

67

43

30

1 2

Figure 5. Immunoblot of b2-glycoprotein 1 (b2-GP1). b2-GP1 was

submitted to reducing conditions with (lane 1) or without (lane 2)

mercaptoethanol, electrophoresed (using 10% sodium dodecyl sul-

phate±polyacrylamide gel electrophoresis [SDS±PAGE]), transferred to

a nitrocellulose membrane and incubated with Rubino-positive serum.

The reaction was developed using anti-human immunoglobulin M

(IgM) conjugate. The molecular masses (Mr, in kDa) of standard

marker proteins are indicated on the left of the blot.
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might explain the presence of b2-GP1-dependent anti-PL and,

consequently, the positive RR.

Like SLE, anti-PL can be pathogenic in leprosy. Although

this statement is based on a recently reported case of

antiphospholipid antibody syndrome (APS) in leprosy, the

authors proposed that APS might be misdiagnosed. In this

case, for instance, APS was misdiagnosed as Lucio's phenom-

enon.31 The identi®cation of the RRF IgM as a b2-GP1-

dependent anti-PL demonstrates that the speci®city of the RR

is not absolute for leprosy, as has been extensively reported

(reviewed in 8). In fact, we detected Rubino reactivity in < 45%

of sera from SLE patients with high titres of anti-PL, indicating

that Rubino reactivity can be extended to a large group of

diseases (such as SLE and PAPS) characterized by the presence

of high levels of b2-GP1-dependent anti-PL. Although Rubino

did not know it, he was probably the ®rst investigator to

observe a b2-GP1-dependent reaction.
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