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Abstract

 

Lupus anticoagulant (LAC) is associated with arterial and
venous thrombosis, thrombocytopenia, and recurrent fetal
loss. We have reported previously that plasma with LAC ac-
tivity induces apoptosis in endothelial cells and binds an-
nexin V (Nakamura, N., Y. Shidara, N. Kawaguchi, C.
Azuma, N. Mitsuda, S. Onishi, K. Yamaji, and Y. Wada.
1994. 
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205:1488–1493). In
this study, we separated two IgG antibody fractions, one
with and one without affinity for annexin V, from 10 pa-
tients with LAC. LAC and apoptotic activities were local-
ized in the annexin V–binding fraction in all 10 patients.
DNA fragmentation was dose-dependent, paralleling the
amount of IgG added to the human umbilical vein endothe-
lial cell culture medium, and was inhibited by preincubation
with annexin V. Removal of the antiphospholipid antibod-
ies from patient IgG with phospholipid liposomes did not
abolish the apoptosis-inducing activities or binding to an-
nexin V. These results imply that patients with LAC often
have antibodies that do not bind phospholipids and are re-
sponsible for the induction of apoptosis in endothelial cells.
(
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 1998. 101:1951–1959.) Key words: endothelial
cell
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Introduction

 

Lupus anticoagulant (LAC)

 

1

 

 is an autoantibody found in pa-
tients with SLE and various other autoimmune disorders

(1–3). LAC inhibits coagulation in vitro, but is paradoxically
associated with thrombosis as well as recurrent fetal loss and
thrombocytopenia in affected patients (4–7). Although lines of
evidence suggest that LAC binds negatively charged phos-
pholipids or phospholipid-binding proteins, the mechanism
underlying thrombophilia has not been precisely determined
(6–14). Among the numerous hypotheses put forth, including
impaired fibrinolytic activity (15–17), imbalance of the prosta-
cyclin-thromboxane system (18–20), increased circulation of
von Willebrand factor (15), impaired thrombomodulin activity
(21, 22), and inhibition of activated protein C activity (23–26),
several have focused on impairment of the antithrombogenic
function of endothelial cells (27–32). Given this possibility, the
observation of LAC-induced apoptosis in human umbilical
vein endothelial cells (HUVEC) points to a cellular mecha-
nism underlying the local defect in the integrity of vascular he-
mostasis (33).

In a previous report, we presented evidence for the possi-
ble involvement of annexin V in LAC-induced apoptosis (33).
Annexin V is a Ca

 

2

 

1

 

-dependent phospholipid-binding protein
abundant in endothelial cells which has been suggested to play
a role in preventing blood coagulation by shielding negatively
charged phospholipids from intrinsic and extrinsic coagulation
factors and platelets (34–37). Based on the accumulating data
regarding the roles of annexin V in cell cycle regulation, intra-
cellular signal transduction, and membrane organization or
disorganization (for reviews see references 38–40), this protein
is a likely participant in apoptosis. Our previous demonstra-
tion that rabbit IgG against human annexin V binds phospho-
lipids and has anticoagulant activity (41) as well as inducing
apoptosis in HUVEC (33) supports the hypothesis that this
protein plays a role in apoptosis.

In this study, IgG antibodies with the capacity to bind an-
nexin V were isolated from patient plasma which induced apop-
tosis in HUVEC. The apoptosis-inducing activity was localized
in the annexin V–binding antibodies, and could be prevented
by preincubation with annexin V.

 

Methods

 

Patients.

 

Plasma was obtained from 10 female patients, 9 with SLE
and 1 with an unclassified autoimmune disease (Table I). All had
LAC and a history of fetal loss. All SLE patients had satisfied the
American Rheumatism Association criteria for the diagnosis (42).
The plasma of these patients was capable of inducing apoptosis in
HUVEC (33). Pooled plasma (Standard-Human-Plasma) was pur-
chased from Behring (Marburg, Germany).

LAC positivity was confirmed according to the criteria below. (

 

A

 

)
Activated partial thromboplastin time (APTT) and dilute APTT
(dAPTT) were both 2 SD above the mean derived from measure-
ments in more than 2,000 women. The phospholipid source Platelin
(Organon Teknika, Durham, NC) was used at a 1:20 dilution for
dAPTT. Platelin is a phospholipid mixture containing phosphatidyl-
ethanolamine (PE), phosphatidylserine (PS), phosphatidylcholine
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AAC, apoptotic adherent cells;
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-glycoprotein
I; CL, cardiolipin; CL/
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GPI, mixture of CL and 
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GPI; dAPTT, di-
lute activated partial thromboplastin time; ESC, phospholipid mix-
ture composed of PE, PS, and PC; HUVEC, human umbilical vein
endothelial cells; IgG/
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ANX, annexin V–binding IgG antibodies;
IgG/
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ANX, annexin V–nonbinding IgG antibodies; LAC, lupus anti-
coagulant; PC, phosphatidylcholine; PE, phosphatidylethanolamine;
PS, phosphatidylserine.
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(PC), sphingomyelin, and phosphatidylinositol. (

 

B

 

) The prolongation
of APTT and dAPTT could not be corrected by mixing with the same
volume of normal plasma. (

 

C

 

) There was no administration of antico-
agulant drugs at the time of blood collection. (

 

D

 

) Antibody against a
specific coagulation factor was absent. (

 

E

 

) There was no history of
bleeding diathesis.

 

Isolation of annexin V–binding IgG antibodies.

 

An annexin V af-
finity column was prepared by coupling 5 mg of human annexin V to
an 

 

N

 

-hydroxysuccinimide–activated Sepharose column with a 1-ml
bed volume (HiTrap NHS; Pharmacia, Uppsala, Sweden) according
to the manufacturer’s directions. Annexin V from human placenta
(43) was a generous gift from Kowa Co. (Tokyo, Japan). Coupling ef-
ficiency was 95%. IgG was isolated with a protein G column (Phar-
macia) and dialyzed against PBS. The IgG antibodies (0.7–1.0 mg)
were applied to an annexin V affinity column. The fraction passed
through the column was collected. After washing with 20-mM sodium
phosphate buffer, pH 7.0, the annexin V–binding fraction was ob-
tained by eluting the column with 0.1 M glycine-HCl, pH 2.7, fol-
lowed by neutralization with one-tenth volume of 1 M Tris-HCl, pH
9.0. The fractions were concentrated and dialyzed against PBS.

 

Measurement of antiphospholipid and anti–annexin V activities.

 

Antiphospholipid and anti–annexin V activities were analyzed by an
ELISA as described below. Microtiter wells (ICN, Horsham, PA)
were coated with 100 

 

m

 

l of 20 

 

m

 

g/ml recombinant annexin V (36)
(Kowa Co.), with 25 

 

m

 

l of 100 

 

m

 

g/ml cardiolipin (CL), or with 125 

 

m

 

g/ml
PS or Platelin in ethanol. 50-

 

m

 

l samples of 20 

 

m

 

g/ml unseparated or
separated IgG were then incubated in wells for 30 min at 37

 

8

 

C. The
anti-CL activity was measured by incubating IgG samples with 15 

 

m

 

g/ml
of 

 

b

 

2

 

-glycoprotein I (

 

b

 

2

 

GPI) or without 

 

b

 

2

 

GPI. Excess proteins were
washed with PBS containing 0.05% Tween 20. Bound antibodies
were detected using a 1:500 dilution of goat anti–human IgG (

 

g

 

-chain
specific) conjugated to alkaline phosphatase (Sigma Chemical Co., St.
Louis, MO) and 

 

p

 

-nitrophenyl phosphate. The second antibody did
not show binding activity to annexin V, 

 

b

 

2

 

GPI, CL, PS, Platelin, or a
mixture of CL and 

 

b

 

2

 

GPI (CL/

 

b

 

2

 

GPI). 

 

b

 

2

 

GPI was purified from the
serum of a healthy individual by the method of Wurm (44), and pu-
rity was verified by SDS PAGE.

 

Measurement of the anticoagulant activity of IgG.

 

The effect of
the total or separated IgG on in vitro coagulation was examined by
dAPTT, in which Platelin was used at a dilution of 1:20. A 50-

 

m

 

l solu-

tion of IgG, 7.5 mg/ml (final 1.5 mg/ml in dAPTT solution) for total
IgG and 0.3 mg/ml (final 60 

 

m

 

g/ml) for separated IgG, in PBS was
mixed with the same volume of pooled plasma (Verify 1; Organon
Teknika) and incubated for 5 min at room temperature. Then, 50 

 

m

 

l
of 20-fold diluted Platelin and 50 

 

m

 

l of 0.5% kaolin in PBS were
added to the mixture. After incubating for 5 min at 37

 

8

 

C, 50 

 

m

 

l of
32-mM CaCl

 

2

 

 was added and the clotting time was recorded. The as-
say was done in duplicate and the mean value was adopted. The coef-
ficient of variation was less than 3%. The IgG solution was substi-
tuted with the same volume of PBS alone in a control study.

 

Measurement of fragmented DNA by ELISA.

 

Primary cultures
of HUVEC were purchased from Morinaga (Yokohama, Japan), and
were grown in collagen-coated dishes using MCDB104 medium with
5% FBS, 5 

 

m

 

g/ml endothelial cell growth supplement, and 10 

 

m

 

g/ml
heparin. The HUVEC were used at population-doubling levels of 4–11.

Growing cells (10

 

6

 

) were labeled with 10-mM 5-bromo-2

 

9

 

-deoxy-
uridine for 16–18 h, and then detached by EDTA/trypsin treatment.
The cells were collected by centrifugation at 250 

 

g

 

 for 10 min and sus-
pended in a fresh culture medium to make 2.5 

 

3

 

 10

 

4

 

 cells/ml. 100 

 

m

 

l
of the cell suspension was transferred to each well of a microculture
plate coated with type I collagen (Biocoat Cellware; Becton Dickin-
son, Bedford, MA) and grown for 14 h. After washing with PBS, the
cells were further incubated in 200 

 

m

 

l of fresh culture medium con-
taining test samples. At various time points during the culture period,
20 

 

m

 

l of lysis buffer was added to the wells or to the supernatants ob-
tained by centrifugation, and the amounts of fragmented DNA were
measured with a cellular DNA fragmentation ELISA kit (Boehringer
Mannheim, Mannheim, Germany) (45). For hematoxylin/eosin stain-
ing, supernatants in the wells were removed by aspiration after the in-
dicated culture periods, and the remaining cells were then stained.
All assays were performed in triplicate and the mean value was
adopted.

 

Phospholipid liposomes.

 

CL, PS, or a phospholipid mixture
(ESC) composed of PE, PS, and PC (4:2:4) in chloroform was evapo-
rated to dryness, resuspended in cold PBS, and sonicated. In some ex-
periments, CL liposomes were mixed with 15 

 

m

 

g/ml of 

 

b

 

2

 

GPI in PBS
(CL-liposome/

 

b

 

2

 

GPI).

 

Inhibition study.

 

Separated IgG samples (20 

 

m

 

g/ml) were incu-
bated with varying concentrations of phospholipid liposomes in PBS
at 37

 

8

 

C for 1 h and then at 4

 

8

 

C overnight with stirring. Incubation
with annexin V or 

 

b

 

2

 

GPI was performed at 37

 

8

 

C for 30 min. After in-
cubation, the residual binding activity to phospholipids or annexin V
was measured by ELISA as described above. For ESC liposomes,
each well of an ELISA plate was coated with 25 

 

m

 

l of 100 

 

m

 

g/ml ESC
in ethanol. In the case of CL-liposome/

 

b

 

2

 

GPI, the samples were incu-
bated with varying concentrations of CL liposomes and a final con-
centration of 15 

 

m

 

g/ml 

 

b

 

2

 

GPI, and then the anti-CL antibodies were
measured.

Total IgG samples (1.5 mg/ml) were incubated with varying con-
centrations of annexin V at 37

 

8

 

C for 30 min. The samples were then
diluted to 0.2 mg/ml, and 50-

 

m

 

l samples were subjected to ELISA.
For fragmentation ELISA, a total of 100 

 

m

 

l of the incubated solu-
tion was used as an effector. Cell culture and the ELISA of frag-
mented DNA were performed as described above.

 

Removal of phospholipid-binding activity by liposomes.

 

A final
5-mg/ml IgG solution in PBS was mixed with varying amounts of
phospholipid liposomes. The mixture was incubated at 37

 

8

 

C for 1 h,
and then at 4

 

8

 

C, overnight, with stirring. After centrifugation at
100,000 

 

g

 

 for 30 min, the supernatant was extracted three times with
butanol and twice with chloroform to remove free phospholipids. The
resulting IgG solution was adjusted to 0.2 mg/ml in PBS and exam-
ined for antiphospholipid and apoptosis-inducing activities as de-
scribed above.

 

Results

 

IgG from patients with LAC has both antiphospholipid and
anti–annexin V activities.

 

The IgG antibodies isolated from

 

Table I. Patient Characteristics and Anticoagulant Activities
of Plasma

 

Patient Age Diagnosis Complication APTT dAPTT

 

yr s s

 

1 38 LAC alone fetal loss 

 

3

 

 2 49.6 96.7
2 43 SLE fetal loss 

 

3

 

 4 72.9 107.4
3 32 SLE fetal loss 

 

3

 

 5 88.4 136.7
4 34 SLE fetal loss 

 

3

 

 3 45.5 97.5
5 31 SLE fetal loss 

 

3

 

 2 45.5 145.7
6 41 SLE fetal loss 

 

3

 

 1 65.0 106.8
7 43 SLE fetal loss 

 

3

 

 8 47.0 112.0
8 42 SLE fetal loss 

 

3

 

 5 71.3 148.7
cerebral thrombosis

9 34 SLE fetal loss 

 

3

 

 6 124.6 240.1
10 34 SLE fetal loss 

 

3

 

 1 71.37 155.63
Control 1 24 — — 36.71 64.45
Control 2 30 — — 35.41 60.91
Pooled plasma — — — 36.09 55.24

Normal ranges for APTT and dAPTT are 36.7

 

6

 

4.2 s (mean

 

6

 

SD) and
59.4

 

6

 

10.9 s, respectively.
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the patients with LAC exhibited LAC activity as determined
by dAPTT (Fig. 1 

 

A

 

). The binding activities to phospholipids
including CL, PS, and a complex mixture of phospholipids
(Platelin) were also demonstrated in these antibodies by
ELISA (Fig. 2 

 

A

 

), and the binding to CL was enhanced by

 

b

 

2

 

GPI, in accordance with the notion that the binding to CL in
ELISA of autoimmune antibodies, which differs from that of
syphilis-induced antibodies, is dependent upon the presence of

 

b

 

2

 

GPI (46–50). The patient IgG also exhibited anti–annexin V
activity, consistent with our previous observations on mono-
clonal LAC and patient plasma (33, 51).

 

Antiphospholipid activities in the annexin V–binding IgG.

 

The annexin V–binding IgG antibodies (IgG/

 

1

 

ANX) were
isolated with an annexin V affinity column. The recovered
IgG/

 

1

 

ANX fraction accounted for 2–6% of the total IgG from
patients, but less than 0.01% of that from the controls.

LAC activities of IgG/

 

1

 

ANX and the unbound fraction
(IgG/

 

2

 

ANX) were analyzed by dAPTT. IgG/

 

1

 

ANX pro-
longed the coagulation time by more than 15% in contrast to
the IgG/

 

2

 

ANX fraction displaying no such LAC activity, indi-
cating the localization of LAC in IgG/

 

1

 

ANX (Fig. 1 

 

B

 

). This
prolongation was dose-dependent (Fig. 1 

 

C

 

).
Antiphospholipid antibodies in these fractions were then

measured by ELISA. The IgG/

 

1

 

ANX fraction exhibited bind-
ing to CL, Platelin, and CL/

 

b

 

2

 

GPI to a greater extent than
IgG/

 

2

 

ANX in most patients, although both contained an-
tiphospholipid antibodies (Fig. 2 

 

B

 

). The anti-PS activity did
not differ among these fractions. However, when their activi-
ties were compared using an inhibition assay, in which phos-
pholipid liposomes were used as a competitor of the coated
phospholipids, the apparent affinity of IgG/

 

1

 

ANX to PS lipo-
somes was lower than that of IgG/

 

2

 

ANX (Fig. 3). Similar re-
sults were obtained for CL, CL-liposome/b2GPI, ESC, and
Platelin (data not shown), suggesting that the relative affinities
to the coated and liposomal forms of phospholipids differed
between IgG/1ANX and IgG/2ANX.

Binding of IgG/1ANX to annexin V is partially inhibited by
phospholipids. To clarify the relationship between the an-
tiphospholipid and anti–annexin V activities of IgG/1ANX,
ELISA of the latter activity was performed in the presence of
phospholipid liposomes. As shown in Fig. 4, the binding of
IgG/1ANX to annexin V was inhibited in the presence of CL-
or PS-liposomes, but, in either case, only partial inhibition was
achieved even with a large excess of these phospholipid

Figure 1. LAC activities of total and separated IgG 
antibodies. Inhibition of the coagulation of pooled 
plasma (Verify 1) by the same volume of total IgG (fi-
nal 1.5 mg/ml in the dAPTT solution) or separated 
IgG (final 60 mg/ml) was measured by dAPTT. The 
average time values of duplicate measurements are 
presented. (A) Total IgG; control IgGs were obtained 
from two healthy individuals and the pooled plasma. 
(B) Separated IgG from patients; the difference
between two fractions was significant (68.561.0 s 
[mean6SD] vs. 56.360.6 s [P , 0.001]). (C) Dose-
dependent effect of separated IgGs from three
patients. Closed circles, IgG/1ANX; open circles, 
IgG/2ANX.

Figure 2. Antiphospholipid and anti–annexin V activities of total and 
separated IgG antibodies. The binding to phospholipids and annexin 
V of total (A) and separated (B) IgGs was analyzed by ELISA. 
Closed circles, patient IgGs; open circles, control IgGs from two 
healthy individuals and a pooled plasma sample. 1, IgG/1ANX and 
2, IgG/–ANX.

Figure 3. Inhibition of 
the anti-PS activity by 
PS liposomes. Sepa-
rated IgG (20 mg/ml) 
was preincubated with 
varying concentrations 
of PS liposomes, and 
then the antibodies 
bound to the PS coated 
on the ELISA plate 
were measured. Two 
patients were ana-
lyzed. Closed circles,
IgG/1ANX; open cir-
cles, IgG/2ANX 1, 
control IgG.
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ligands. The same results were obtained when other kinds of
phospholipids or CL-liposome/b2GPI were used as inhibitors.
These findings suggested that a subgroup without affinity to
phospholipids was included in the IgG/1ANX fraction. On the
other hand, annexin V completely inhibited the binding of
IgG/1ANX to the coated phospholipids in ELISA (data not
shown).

IgG/1ANX induces apoptosis in HUVEC. The plasmas of
these patients contained apoptosis-inducing activities in HU-
VEC (33). Under microscopic observation of HUVEC after a
48-h incubation with patient plasma, some apoptotic cells re-
mained attached to the culture plate, while others were float-
ing in the medium. In either case, the cells shrank and released
apoptotic bodies, and were eventually absorbed into the cul-
ture medium with or without undergoing a floating process.
The time course of apoptosis was monitored by means of the
fragmented DNA derived from all cellular components includ-
ing cellular debris. In parallel, the apoptotic cells which ad-
hered or attached to the plate, termed apoptotic adherent cells
(AAC), were counted. The ratio of AAC to all adherent cells
(%AAC) diminished after 24 h in culture, whereas the frag-
mented DNA continued to increase during the subsequent
24-h period (Fig. 5 A). The discrepancy was obviously attribut-
able to the fragmented DNA present in the medium, namely
that from the detached apoptotic cells, apoptotic bodies, and

free DNA released by cell lysis, as the fragmented DNA in the
supernatant was increasing. The time course of the apoptosis
induced by patient antibodies was similar to that induced by
TNF-a (Fig. 5 D), and the fragmented DNA and %AAC
showed a good correlation during the first 24-h culture period.
Therefore, we quantified the apoptosis by measuring the frag-
mented DNA after 24 h of incubation.

The IgG samples from all 10 patients exhibited apoptosis-
inducing activity as determined by the DNA fragmentation
of HUVEC (Figs. 5 B and 6 A). Furthermore, incubation
with IgG/1ANX produced a significant amount (0.31960.010
[mean6SD] OD) of fragmented DNA, while the value,
0.18060.009 OD, for the IgG/2ANX group was similar to
those of the IgG controls (Figs. 5 C and 6 B). The IgG/1ANX
samples from three patients generated fragmented DNA in a
dose-dependent manner, and their potencies were very similar
(Fig. 6 C). In contrast, no substantial fragmentation was ob-
served with IgG/2ANX (Fig. 6 C) or the three IgG controls
(data not shown), up to a concentration of 60 or 1,500 mg/ml,
respectively. Apoptosis was verified by electron microscopic
and electrophoretic observations (Fig. 7).

Apoptosis-inducing activity is neutralized by annexin V.
Subsequently, we attempted to neutralize the apoptosis-induc-
ing activity with annexin V. When patient IgG or IgG/1ANX
was incubated with varying concentrations of annexin V for 30

Figure 4. Inhibition of the anti–annexin V activity of 
IgG/1ANX by phospholipids. After the preincuba-
tion of IgG/1ANX (20 mg/ml) with varying concen-
trations of liposomes containing PS (A) or CL (B), 
the residual antibody binding to annexin V was mea-
sured by ELISA. Two patients were analyzed. Closed 
circles, IgG/1ANX. 1, control IgG.

Figure 5. Time course of apoptosis induced by pa-
tient IgG. The amounts of fragmented DNA were 
measured by ELISA, and the means of triplicate mea-
surements are presented. After various culture peri-
ods, lysis buffer was added to the wells (solid lines) or 
to the supernatants after centrifugation (broken 
lines). For hematoxylin/eosin staining, supernatants in 
triplicate wells, in which cells had been treated with 
one of the two test solutions, were removed by aspira-
tion at the indicated time points, and the remaining 
cells were then stained. The apoptotic cells, among 
1,000 adherent cells inspected, were counted and ex-
pressed as the percentage of apoptotic adherent cells 
(%AAC). (A) Plasma from a patient (closed circles 
and triangles) and a healthy individual (open circles 
and triangles). The volume ratio of plasma to culture 
medium was 1:9. (B) Total IgG isolated from the pa-
tient (closed circles and triangles) or the healthy indi-
vidual (open circles and triangles), at a final concentra-
tion of 1.5 mg/ml in culture medium. (C) Separated 

IgGs from the patient. IgG/1ANX (closed circles and triangles) and IgG/2ANX (open circles and triangles), at a final concentration of 60 mg/ml 
in culture medium. (D) TNF-a at a final concentration of 10 ng/ml (closed circles and triangles) or PBS alone (open circles and triangles).
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min before addition to HUVEC, the DNA fragmentation was
inhibited dose-dependently (Fig. 8, A and B). Annexin V
alone at up to 0.48 mg/ml neither altered cell viability nor
caused DNA fragmentation (Fig. 8 B). The concentration of
annexin V required to achieve half-maximal inhibition of the
DNA fragmentation generated by 60 mg/ml of IgG/1ANX
was approximately 80 mg/ml irrespective of the patients stud-
ied. On the other hand, b2GPI did not affect the apoptotic ac-
tivity of IgG/1ANX (Fig. 9) or of patient IgG (data not
shown).

Apoptosis-inducing activity is not abolished by phospho-
lipid liposomes. The relationship between the phospholipid
binding and apoptosis-inducing activities was then studied by
adsorbing the former activity with phospholipid liposomes. To
achieve this, the IgG solution was incubated with CL- or PS-
liposomes. After removal of the liposomes by centrifugation
followed by extraction, residual activities in the supernatant
were measured. As shown in Fig. 10, A and C, antiphospho-
lipid antibodies were successfully removed by using a large ex-
cess of the corresponding phospholipid liposomes. Unex-

pectedly, however, the apoptosis-inducing activities in the
supernatant persisted (Fig. 10, B and D). Similar results were
obtained when ESC-liposomes or CL-liposome/b2GPI was
used as an adsorber (data not shown).

Annexin V preparation did not contain phospholipids. Fin-
ally, it was necessary to exclude the possibility of the neutraliz-
ing effect of annexin V (Fig. 8) was due to phospholipids con-
taminating the annexin V preparation. To this end, we
developed a method for detecting small amounts of phospho-
lipids, taking advantage of the fact that IgG/2ANX binds to
phospholipids but not to annexin V. The anti-CL activity of
IgG/2ANX in ELISA was inhibited by CL micelles in a dose-
dependent manner, and CL at a concentration of, for example,
0.5 mg/ml reduced the binding by 40% (Fig. 11 A). Therefore,
had the annexin V preparation been contaminated with phos-
pholipids, this would have further decreased the binding of
IgG/2ANX to phospholipids. However, no such additional re-
duction was observed, even when up to 500 mg/ml of annexin
V was added to the CL solution (Fig. 11 B). A similar result
was obtained when ESC was used as a competitor (data not

Figure 6. Apoptosis-inducing activities of total and 
separated IgG antibodies. 5-bromo-29-deoxyuridine–
labeled cells were incubated for 24 h in the presence 
of effector solution and DNA fragments were mea-
sured. (A) Total IgG at a final concentration of 1.5 
mg/ml. Control IgGs were obtained from two healthy 
individuals and the pooled plasma. (B) Separated 
IgG, at a final concentration of 60 mg/ml, from pa-
tients. (C) Dose-dependent effect of separated IgG 
antibodies, IgG/1ANX (closed circles), or IgG/
2ANX (open circles).

Figure 7. Apoptosis of HUVEC induced by IgG anti-
bodies from patients with LAC. (A) Apoptotic
HUVEC stained with hematoxylin/eosin. HUVEC 
were cultured for 24 h with a final 60 mg/ml concen-
tration of IgG/1ANX from a patient. Arrows show 
the condensed chromatin in a shrunken apoptotic cell 
(upper left), and an apoptotic cell containing con-
densed chromatin in a disintegrated cytoplasmic body 
(lower right). (B and C) Electron micrographs of
apoptotic cells. Dilation of the endoplasmic reticulum 
and disintegration of the cytoplasmic body are ob-
served in B. Chromatin condensation, dilation of the 
endoplasmic reticulum, and cytoplasmic protuber-
ance are remarkable in C. Scale bars, 2 mm. (D) Gel 
electrophoresis of fragmented DNA. Cells exposed to 
60 mg/ml of IgG/1ANX (lane 1) or IgG/2ANX (lane 
3), 1.5 mg/ml of total IgG from a patient (lane 2) or a 
healthy individual (lane 4) for 48 h. DNA was ex-
tracted from 106 floating cells (lanes 1 and 2) or 106 at-
tached cells (lanes 3 and 4; apoptotic floating cells 
were rarely observed) and electrophoresed on a 2% 
agarose gel. M, size markers in base pairs.
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shown). Furthermore, preincubation with 0.5 mg/ml of various
kinds of phospholipids did not inhibit the apoptosis-inducing
activity of IgG/1ANX or patient IgG (data not shown).

Discussion

LAC exerts its anticoagulation activity in vitro by interfering
with phospholipid-dependent coagulation reactions including
the conversion of prothrombin to thrombin (52). In recent
years, like other antibodies reactive to phospholipids or an-
tiphospholipid antibodies, LAC has also been thought to inter-
act with or bind certain phospholipid-binding proteins and
thereby to contribute to a thrombotic diathesis, although the
responsible protein remains to be precisely determined, and
there may be more than one protein involved (12, 53, 54).

LAC is associated with thrombosis, not bleeding in vivo. In
this study, all plasma samples with obvious LAC activity in-
duced apoptosis in HUVEC. They had the capacity to induce
apoptosis in mucosal microvascular endothelial cells and pul-
monary artery endothelial cells as well (Nakamura, N., T. Ban,
K. Yamaji, Y. Yoneda, and Y. Wada, unpublished observa-
tions). From the pathogenic aspect, apoptotic death of endo-
thelial cells provides a promising hypothesis which may ex-
plain the paradoxical effect of LAC. Vascular endothelial cells

dominate antithrombotic mechanisms by presenting various
molecules such as antithrombin-related heparan sulfate pro-
teoglycan and thrombomodulin on the cell surface or by pro-
ducing vasodilating mediators. Therefore, apoptotic cell death
abolishes these indispensable clot-inhibiting activities. Several
studies on the LAC-related thrombosis have focused on the
disruption of such biological functions of the endothelium, and
diminished cellular activity in culture systems has been noted
(27, 28, 31). Furthermore, the apoptotic cells expose PS on the
outer surface of the plasma membrane (55–57), which also ac-
tivates coagulation cascades (56, 57). In the light of our find-
ings, these observations may point to apoptosis of endothelial
cells as an underlying cellular event.

In our previous study, all of the monoclonal LACs (51) iso-
lated from a patient with SLE showed binding to the Ca21- and
phospholipid-binding protein annexin V and induced apopto-
sis in HUVEC (33). Therefore, we can speculate that three dis-
tinct properties, binding to annexin V, induction of apoptosis,
and in vitro anticoagulation, are often present simultaneously
in plasma from these patients. In this analysis of 10 patients,
both LAC and apoptosis-inducing activities were localized in
the IgG/1ANX fraction which constituted 2–6% of IgG from
these patients. This indicates that annexin V binding may be a
property common to the majority of antibodies responsible for
endothelial cell apoptosis and the in vitro anticoagulation ef-
fect. On the other hand, although the IgG/2ANX fraction also
contained phospholipid binding activity, it contained neither
LAC nor apoptosis-inducing activities and differed from IgG/
1ANX in its affinity for phospholipid liposomes (Fig. 3).

The apoptosis-inducing as well as antiannexin V activity
persisted in patient IgG after the antiphospholipid activity had
been removed by phospholipid liposomes (Fig. 10). This find-
ing suggests the presence of an IgG group with apoptosis-
inducing activity but no affinity for phospholipids. Therefore,
in such a group, apoptosis-inducing activity would not be asso-
ciated with LAC activity.

The apoptosis-inducing activity of patient IgG was not
abolished by preincubation with CL-liposome/b2GPI. Further-
more, b2GPI did not inhibit the endothelial cell apoptosis in-
duced by IgG/1ANX. These results indicate that b2GPI is not
involved in endothelial cell apoptosis. This is consistent with
our previous findings, in which human monoclonal LACs pos-
sessed apoptosis-inducing activity without displaying reactivity
to CL/b2GPI (51).

Annexin V has a diverse range of in vitro functions and is
probably involved in multiple basic cellular functions including

Figure 8. Neutralization of the apoptosis-inducing ac-
tivity with annexin V. (A) Total IgG from two pa-
tients (closed circles) or from control plasma (Stan-
dard-Human-Plasma) (open circles), at a final 
concentration of 1.5 mg/ml, was incubated at 378C for 
30 min with varying concentrations of annexin V, and 
the mixture was then added to HUVEC. Fragmented 
DNA was measured by ELISA after a 24-h culture. 
(B) Separated IgGs from three patients, at a final 
concentration of 60 mg/ml, were incubated with an-
nexin V before being added to HUVEC. IgG/1ANX 
(closed circles), IgG/2ANX (open circles). As a con-
trol experiment, annexin V alone was added to the 
cells (1, with broken lines).

Figure 9. Effect of b2GPI on the apoptosis-inducing activity of IgG/
1ANX. IgG/1ANX (closed circles) or IgG/2ANX (open circles) was 
preincubated with b2GPI, and the mixture was then added to HU-
VEC culture. As a control experiment, HUVEC were incubated with 
b2GPI alone (1).
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transmembrane Ca2
1 channel activity (58–60), inhibition of

phospholipase A2 (61–63) and protein kinase C (64, 65), cell
matrix interactions (66), regulation of membrane integrity
(67), and inhibition of coagulation (34, 35, 43). Most of these
functions are related to its phospholipid binding activity. On
the basis of these properties of annexin V, it can be hypothe-
sized that the binding to annexin V initiates the apoptotic sig-
nal via involvement of these functions.

IgG/1ANX induced apoptosis at a concentration of 5 mg/ml
in culture medium (Fig. 6 C). Endothelial cells in vivo are pre-
sumed to be exposed to this apoptosis-inducing level of effec-
tor antibodies in these patients, because the IgG/1ANX frac-
tion constituted more than a small percentage of the total IgG,
of which the serum concentration was 10–20 mg/ml. The pa-
tient plasma actually induced apoptosis when added at 10%

(vol/vol) to the culture medium. Nevertheless, these patients
do not suffer from thrombotic episodes frequently. This would
be explained by the presence of defensive mechanisms in vivo.
For example, growth factor is likely to play a role in this sys-
tem, considering that removal of endothelial cell growth factor
from HUVEC culture accelerates LAC-induced apoptosis
(33). In addition, annexin V may serve as a defensive molecule
by displaying its inherent anticoagulant activity (68–70) or by
neutralizing the effector antibody, when released from endo-
thelial cells into the microenvironment.

Multiple pathological mechanisms, rather than a single
one, may trigger thrombosis in patients with LAC. For exam-
ple, Simantov et al. reported that IgG from patients with high
titers of anti-CL antibodies activated HUVEC to express cell
adhesion molecules (71). They proposed a procoagulant cycle
formed by the activated endothelial cells, which involved acti-
vated monocytes and inflammatory cytokines. Although the
patients in their study were negative for LAC, it is reasonable
to speculate that patients with anti-CL antibody and LAC are
predisposed to a procoagulant state via such a mechanism. Re-
cently, Rand et al. proposed that the reduced level of annexin
V in the endothelial cells occurs due to exposure to antiphos-
pholipid antibodies and may be an important mechanism of
thrombosis (72). Endothelial cell apoptosis may participate in
or underlie this mechanism, because apoptotic cell death
would reduce the total amount of annexin V, and the anionic
phospholipids exposed on the outer leaflet of apoptotic cell
membranes may play a major role in the initiation of thrombus
formation (56, 57, 68, 69, 73).
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