
Autoantibodies to plasminogen and tissue plasminogen activator in
women with recurrent pregnancy loss

C. Bu,*† C. Zhang,* Z. Li,* L. Gao,*

Z. Xie* and G. Cai*†

*Life Science Division, Graduate School at

Shenzhen, Tsinghua University, Shenzhen, China,

and †Department of Biological Science and

Biotechnology, Tsinghua University, Beijing, China

Summary

Reduced fibrinolytic activity has been described in primary anti-
phospholipid syndrome (PAPS), and may be responsible for thrombotic
events. Antibodies to tissue type plasminogen activator (t-PA) or plasminogen
(PLG) might contribute to the hypofibrinolytic state in autoimmune diseases,
but the clinical significance of these antibodies is still unclear in recurrent
pregnancy loss (RPL). The aim of this study is to evaluate the prevalence and
clinical significance of anti-PLG and anti-t-PA antibodies in 87 patients with
a history of RPL: 54 women with well-defined PAPS (mean age 32·5 years;
range 26–38) and 33 women with unexplained RPL (mean age 30 years; range
24–39). IgG anti-PLG antibodies were found in 20 and four patients from the
group with RPL/PAPS and unexplained RPL, respectively; IgG anti-t-PA anti-
bodies were found in 11 and two patients from the above two groups,
respectively. IgG anti-PLG antibodies were associated with the high risk of
RPL (OR 7·2, P = 0·004), especially with RPL/PAPS (OR 11·2, P < 0·001)
evaluated by Fisher’s exact test, while IgG anti-t-PA were associated with
RPL/PAPS (OR 10·0, P = 0·01) but not with RPL (OR 6·8, P = 0·06). A signifi-
cant inhibition of exogenous fibrinolysis was observed by IgG fractions from
patients with anti-PLG or anti-t-PA antibodies on microplates and on the
human umbilical vein endothelial cells, compared with those from healthy
controls. The prevalence of IgG anti-PLG antibodies was high in RPL patients,
especially in RPL/PAPS, while the prevalence of IgG anti-t-PA antibodies was
high in RPL/PAPS but not in RPL, and some of them might inhibit fibrinolysis
in patients.
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Introduction

Anti-phospholipid syndrome (APS) is a prothrombotic dis-
order characterized by vascular thrombosis and pregnancy
morbidity with persistently positive circulating anti-
phospholipid antibody (APA) [1]. According to the epide-
miological studies focused on APS as a cause of recurrent
spontaneous abortion, it is found that 7–25% of recurrent
spontaneous abortions would have APS as the main risk
factor [2]. APS is one of the most frequent causes of early
and late pregnancy morbidity, and if properly managed is
one of the few treatable causes of pregnancy loss [3]. The
diagnosis and management of APS is important to achieve
successful fetal outcomes and reduced maternal complica-
tions in pregnancy.

Although the association of APA with pregnancy
morbidity is well established, the characteristics and
pathogenic mechanisms of APA in obstetric APS remain
difficult to resolve [4]. Fetal loss has been attributed to
thrombosis of the uteroplacental vasculature and placental
infarction [5]. A number of mechanisms by which APA
may promote thrombotic events have been proposed, most
of which involve the disturbance of the coagulation
pathway, the regulatory systems and the cells which control
them [6]. Fibrin formation and fibrinolysis are in dynamic
balance, and abnormalities in either haemostasis or fibrin-
olysis will result in a prothrombotic state [7,8]. Moreover,
reduced fibrinolytic activity has also been described in APS
patients and may be responsible for thrombotic events
[9–11].
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Several research groups suggest that antibodies to tissue
type plasminogen activator (t-PA) or plasminogen (PLG)
may be related with thrombosis in autoimmune diseases, but
the clinical significance of these antibodies is still undeter-
mined in recurrent pregnancy loss (RPL). It is unclear
whether antibodies to PLG and t-PA are directly pathogenic,
a result of the pregnancy losses or markers for an underlying
and uncharacterized autoimmune disorder. The presence of
anti-PLG antibody in patients with rheumatoid arthritis and
systemic lupus erythematosus (SLE) was reported, and it was
suggested that PLG might be a target of the immune
response in autoimmune disease [12–14]. However, contro-
versy exists with regard to the clinical significance of anti-
PLG antibodies in patients with autoimmune diseases. Some
investigators [15] suggest that anti-PLG antibodies are not
a risk factor for thrombosis, although anti-PLG antibodies
occur frequently in patients with systemic autoimmune
disease. Whether or not anti-PLG antibody is related to
thrombosis in patients with autoimmune disease remains a
subject of debate.

t-PA plays a central role in the regulation of intravascular
PLG activation [16]. The association of anti-t-PA antibodies
with thrombosis has been reported to be related to APS and
anti-t-PA antibodies interact specifically with the catalytic
domain of t-PA in patients with APS, which may represent a
possible cause of hypofibrinolysis [17,18]. Even patients with
pregnancy morbidity and thrombosis have been studied;
however, so far there have been few studies analysing the
presence of anti-t-PA antibodies in patients with RPL.

In this study, we hypothesize that antibodies to PLG and
t-PA might lead to a hypofibrinolytic state. We investigated
the prevalence and clinical significance of IgG anti-PLG and
anti-t-PA in a cohort of patients with RPL distributed in two
groups of patients: patients with well-defined primary anti-
phospholipid syndrome (PAPS) and patients with unex-
plained RPL.

Materials and methods

Patients and healthy controls

Eighty-seven women with a history of RPL and 40 healthy
women as controls were recruited from two Chinese hospitals
(Guangzhou First Municipal People’s Hospital and Guang-
zhou Second People’s Hospital).Women were diagnosed with
RPL on the basis of a history of three or more spontaneous
losses fathered by the same partner prior to 20 weeks

gestation. Patients were excluded if they had maternal ana-
tomical or hormonal abnormalities, genetic abnormalities,
systemic lupus erythematosus or other known immunologi-
cal abnormalities (except APS). SLE was excluded according
to the American Rheumatism Association criteria [19]. In this
study, patients were divided into two groups: 54 women
fulfilled the Sapporo classification criteria for definite PAPS
[20] (mean age 32·5 years; range 26–38) and 33 women with
unexplained RPL (mean age 30 years; range 24–39). Controls
(mean age 29 years, range 20–39 years) were selected on the
basis of clinical health, having at least one healthy child and
being absent from various forms of reproductive failure. All
women gave their written informed consent for participation
in the study, which was approved by the Medical Ethics Com-
mittee in the corresponding hospitals.

All patients from the group with PAPS were positive for one
of these antibodies: IgG/M anti-cardiolipin antibody (aCL),
IgG/M anti-b2-glycoprotein 1 (b2GP1) and lupus anti-
coagulant (LA) according to the Sapporo classification crite-
ria for definite PAPS [20]. Forty-one of 54 PAPS patients were
positive for IgG/M aCL, 12 patients had LA and 29 had IgG/M
anti-b2GP1. Of the patients with PAPS, nine had a history of
thrombosis (three arterial, eight venous and two patients with
both arterial and venous events). In the group with unex-
plained RPL, none of these patients fulfilled the 1999 Sapporo
criteria for the classification of APS, as only four patients were
positive for IgG/M aCL and two for IgG/M anti-b2GP1 at
lower titres. aCL IgG/M isotypes were detected semiquanti-
tatively according to the manufacturer’s instructions (Zeus
Scientific, Inc., Raritan, NJ, USA). The method to detect anti-
b2GP1 antibodies is described below. LA was screened using
activated partial thromboplastin time (aPTT) and dilute Rus-
sell’s viper venom time (dRVVT), and was confirmed accord-
ing to the guidelines recommended by the Subcommittee on
Lupus Anticoagulant/Phospholipid Dependent Antibodies
[21]. These data are summarized in Table 1.

The patients with PAPS had 190 miscarriages (mean 3·5,
range 3–8) and 114 miscarriages for unexplained RPL (mean
3·4, range 3–6). These data are summarized in Table 2.

Purification of b2GP1 from human plasma b2GP1 was
purified from human plasma, as described previously [22].
Purified b2GP1 was dialysed in phosphate-buffered saline
(PBS), and the purity was confirmed by sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE),
which revealed a single band of ~50 kDa and was recognized
by rabbit anti-human b2GP1 polyclonal antibodies (Chemi-
con International, Inc., Temecula, CA, USA).

Table 1. Anti-phospholipid antibody profile in patients with recurrent pregnancy loss (RPL).

IgG/M aCL

no. (%)

LA

no. (%)

Anti-b2GP1

no. (%)

IgM anti-b2GP1

no. (%)

IgG anti-b2GP1

no. (%)

PAPS/RPL (n = 54) 41 (75·9) 12 (22·2) 29 (53·7) 10 (18·5) 27 (50)

Unexplained RPL (n = 33) 4 (12·1) 0 (0) 2 (6·1) 2 (6·1) 0 (0)

PAPS: primary anti-phospholipid syndrome; LA: lupus anti-coagulant; b2GP1: b2-glycoprotein 1.
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Enzyme-linked immunosorbent assay (ELISA) for
antibodies against b2GP1, Glu-PLG and t-PA

An ELISA for IgG against b2GP1, PLG and t-PA was per-
formed as described previously, with a small modification
[8,17,23]. High-binding plates (Costar, Cambridge, MA,
USA) were coated with 10 mg/ml PLG (Enzyme Research
Laboratories, South Bend, IN, USA), b2GP1 or t-PA (single-
chain; Calbiochem, La Jolla, CA, USA) by incubation over-
night at 4°C. After washing three times with PBS/0·05%
Tween-20 (PBST) and blocking with PBS/1·2% gelatin at
37°C for 2 h, test plasma samples (1/50 dilution) or purified
IgG samples in PBS/0·3% gelatin/0·05% Tween-20 were dis-
tributed to the corresponding wells in duplicate and incu-
bated at 37°C for 1·5 h. After washing with PBST, bound
human IgG was detected with peroxidase-conjugated goat
anti-human IgG (gamma chain-specific; Sigma) and the per-
oxidase substrate tetramethylbenzidine (Sigma, Guangzhou,
China). Human IgM was detected with peroxidase-
conjugated goat anti-human IgM (Sigma) and the peroxi-
dase substrate. IgG anti-b2GP1 antibody b1606, IgM anti-
b2GP1 antibody b1718, IgG anti-t-PA antibody t2334 and
IgG anti-PLG antibody p0617, collected from four patients
fulfilling the Sapporo classification criteria for definite PAPS,
were used as reference antibodies for detection of their cor-
responding antibodies, respectively. Anti-b2GP1 antibody
b1606 and b1718 was determined to have high IgG and IgM
anti-b2GP1 antibody titres (b1606 85 U/ml; b1718 76 U/ml),
respectively, by commercially obtained ELISA kits from
Inova Diagnostic, Inc. (San Diego, CA, USA). Anti-t-PA anti-
body t2334 and anti-PLG antibody p0617 were determined
to have high IgG anti-t-PA antibody and IgG anti-PLG anti-
body titres, respectively, by immunoblot. Antibody levels
were calculated by reference to the linear regression analysis
of their corresponding standard line constructed from the
serial dilutions of the reference antibody on the same plate.
The results of anti-t-PA and anti-PLG antibody were
expressed in abstract units (AU) with 1 AU equivalent to the
OD of anti-t-PA antibody t2334 and anti-PLG antibody
p0617 at 1 mg/ml, respectively. The mean interassay variation
and intra-assay variation of the method for b2GP1, Glu-PLG
and t-PA antibody were lower than 9%.

Immunoblot for IgG against PLG and t-PA

Human PLG or t-PA (2 ng per well) were subjected to SDS-
PAGE in 7·5–10% polyacrylamide gels and transblotted onto
a NC membrane at 70 V for 1 h and 45 min using Bio-Rad
Mini Trans-Blot Cell. Afterwards, the membrane was
blocked with 5% non-fat dry milk/Tris-buffered saline (TBS)
(10 mM Tris-HCl, pH 7·5, 150 mM NaCl) overnight at 4°C.
Lanes were probed with various IgG (0·1 mg/ml in TBST
(10 mM Tris-HCl, pH 7·5, 150 mM NaCl, 0·05% Tween-20)
containing 2% non-fat dry milk) or controls (anti-t-PA anti-
body 2A153 (Santa Cruz Biotechnology, Inc., Santa Cruz,
CA, USA), 0·2 mg/ml; anti-PLG antibody 3C2 (Santa Cruz
Biotechnology, Inc.), 0·2 mg/ml). After incubation for 1 h at
room temperature, the lanes were washed six times with
TBST and then incubated with horseradish peroxidase
(HRP)-conjugated second antibodies (0·05 mg/ml) for
50 min at room temperature. After this, the membrane was
washed six times with TBST and visualized using a LumiGlo
HRP system (KPL, Shenzhen, China) and exposure to auto-
radiographic film (Kodak, Shenzhen, China).

Affinity purification of IgG from patients’ plasma

One hundred and twenty-seven human plasma samples, pre-
buffered with 10 mM phosphate buffer (PB, pH 6·8) at a
ratio of 1 : 4, were precipitated using 18% (w/v, final concen-
tration) polyethylene glycol (PEG). The IgG fractions were
then purified from the precipitates using protein G-agarose
columns. Protein concentration was determined using the
Bio-Rad protein assay (Bio-Rad, Hercules, CA, USA),
according to the manufacturer’s protocol.

Effects of IgG fractions on fibrinolytic activity

The effects of IgG fractions on fibrinolytic activity were
determined using a sensitive plasmin fluorogenic substrate
(I-1390, H-D-Val-Leu-Lys-AMC; Bachem Bioscience Inc.,
King of Prussia, PA, USA). The assay was performed using
mixtures of t-PA, Glu-PLG and IgG fractions or 0·5% bovine
serum albumin (BSA) (control). Briefly, mixtures of PLG
(100 nM) and IgG fractions (0–100 mg/ml) were incubated
at room temperature for 15 min, at which point plasmin
substrate I-1390 (200 mM) was added. Then, 50 ml of each
test mixture was aliquoted to 96 individual microplate wells
to which t-PA (10 nM) was added. After mixing, substrate
hydrolysis was measured immediately and at regular inter-
vals as relative fluorescence units (I360/465nm) in a microplate
reader (TECAN GENios, Beijing, China). Initial rates of
plasmin generation were determined by linear regression
analysis of plots of I360/465nm versus time2 (K) using Prism®
version 4·0 (GraphPad Software, San Diego, CA, USA) [24].
The initial rate of plasmin generation of each test mixture
was converted to the percentage of the total initial rate by
dividing the initial rate in the absence of purified IgG.

Table 2. Characteristics of patients with recurrent pregnancy loss

(RPL).

Characteristics

PAPS/RPL

(n = 54)

Unexplained RPL

(n = 33)

Mean age (range) (years) 32·5 (26–38) 30 (24–39)

Thrombostic history no. (%) 9 (16·7) 3 (9·1)

Arterial events no. (%) 3 (5·5) 1 (3)

Venous events no. (%) 8 (14·8) 2 (6·1)

Total no. of miscarriages

(mean; range)

190 (3·5; 3–8) 114 (3·4; 3–6)

PAPS: primary anti-phospholipid syndrome.
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The effects of anti-t-PA containing IgG fractions on t-PA
amidolytic activity were determined in the absence or pres-
ence of anti-t-PA containing IgG fractions using a sensitive
fluorogenic t-PA substrate (I-1195, Glutaryl-Gly-Arg-AMC;
Bachem Bioscience Inc., King of Prussia, PA, USA). Assays
were performed in 96-well black plates (Costar) containing
mixtures of t-PA and IgG fractions or PBS/0·5% BSA as
control. Briefly, mixtures of t-PA (10 nM) and anti-t-PA con-
taining IgG fractions (50 mg/ml) were incubated at room
temperature for 15 min, at which point t-PA substrate I-1195
(200 mM) was added. Substrate hydrolysis was measured and
calculated as above. The initial rate of t-PA amidolysis of
each test mixture was converted to a percentage of the total
initial rate by dividing the initial rate in the absence of puri-
fied IgG. Normal human IgG1 and IgG3 were used as nega-
tive controls.

The effects of anti-PLG or anti-t-PA antibody on
activation of Glu-PLG on human umbilical vein
endothelial cells (HUVEC)

We evaluated the effects of anti-PLG antibodies on PLG
activation at the surface of HUVEC (a gift from Dr Yaou
Zhang, Tsinghua University, China), cultured in plastic
96-well culture plates as described previously [25]. Plasmin
activity was estimated as described previously with a small
modification [25]. HUVEC were incubated with 250 nM
Glu-PLG and various concentrations of anti-PLG antibodies
containing IgG fractions (0–150 mg/ml) at 4°C for 18 h. After
extensive washing, a mixture containing 10 nM t-PA and
200 mM plasmin substrate I-1390 was added. As control,
parallel assays were performed in the presence/absence of
normal IgG. Substrate hydrolysis was measured and calcu-
lated as above. The initial rate of plasmin generation of each
test mixture was converted to the percentage of the total
initial rate by dividing the initial rate in the absence of puri-
fied IgG.

The effects of anti-t-PA antibodies on PLG activation on
the endothelial cells were evaluated as mentioned above,
with a small modification. HUVEC were incubated with
10 nM t-PA and various concentrations of anti-t-PA con-
taining IgG fractions (0–150 mg/ml) at 4°C for 18 h. After
extensive washing, the mixture containing 100 nM Glu-PLG
and 200 mM plasmin substrate I-1390 was added.

Statistical analysis

The 99th percentile of the 40 healthy controls was used as
the cut-off, and samples with values consistently higher
than the cut-off in two separate experiments were consid-
ered positive [20]. The comparisons of mean values
between patients and controls and between RPL patients
with and without APS were performed by the Mann–
Whitney U-test using the prism 4·0 program. Associations
between antibody occurrence and a history of RPL or RPL/

PAPS were assessed with Fisher’s exact test using the spss
12 program. Differences in effects of purified IgG on fibrin-
olytic activity between patients and healthy control groups
were analysed by the unpaired t-test using prism 4·0. Dif-
ferences in effects of anti-t-PA containing IgG fractions on
t-PA amidolytic activity was analysed by paired t-test using
prism 4·0. A value of P < 0·05 was considered statistically
significant.

Results

Detection of IgG against PLG and t-PA in the sera of
patients with RPL

The prevalence of IgG anti-PLG and anti-t-PA antibodies
detected in the different groups is detailed in Fig. 1. No sig-
nificant differences were found between the patients with
RPL/PAPS and unexplained RPL in age and mean number of
pregnancies and miscarriages (Table 2). IgG anti-PLG and
anti-t-PA antibodies were present in 24 of 87 (27·6%) and 13
of 87 (15%) patients with RPL, respectively (Fig. 1). In the 54
patients with RPL/PAPS, the prevalence rates for IgG anti-
PLG and anti-t-PA antibody were 37·0% (20 of 54) and
20·4% (11 of 54), respectively. In the 33 unexplained RPL
patients, the prevalence rates for these two antibody were
12·1% (four of 33) and 6·1% (two of 33), respectively. The
mean values of IgG anti-PLG were higher in the serum of
patients with RPL/PAPS (P < 0·0001) and unexplained RPL
patients (P = 0·03) than in the healthy control group by
means of the Mann–Whitney U-test. Although the mean
values of IgG anti-PLG in patients with PAPS were higher
than in the groups with unexplained RPL, the difference was
not statistically significant (P = 0·05). Higher mean values of
IgG anti-t-PA were also observed in the serum of patients
with RPL/PAPS (P < 0·0001) and unexplained RPL patients
(P = 0·005) than in the healthy control group. The mean
values of IgG anti-t-PA in patients with PAPS were signifi-
cantly higher than in the groups with unexplained RPL
(P = 0·01).

Associations between the occurrence of IgG anti-PLG and
anti-t-PA antibodies and a history of RPL were evaluated
with Fisher’s exact test. In the RPL patients, the prevalence of
IgG anti-PLG was higher than that of IgG anti-t-PA (27·6%
versus 15%). Furthermore, IgG anti-PLG antibodies were
associated with the high risk of RPL (OR 7·2, P = 0·004)
(Fig. 1), while IgG anti-t-PA antibodies were not associated
significantly with RPL in our detected patients groups
(OR 6·8, P = 0·06) (Fig. 1). Associations between the occur-
rence of IgG anti-PLG and anti-t-PA antibodies and a history
of RPL/PAPS were also evaluated with Fisher’s exact test.
Among 54 PAPS patients, IgG anti-PLG prevalence was
higher than that of IgG anti-t-PA (37·0% versus 20·4%). Both
IgG anti-PLG antibodies (OR 11·2, P < 0·001) and IgG anti-
t-PA antibodies (OR 10·0, P = 0·01) were associated with the
high risk of RPL/PAPS.
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We purified IgG from the sera of patients and healthy
controls, and analysed further their binding to the corre-
sponding antigenic targets. The binding of anti-t-PA or
anti-PLG containing IgG fractions to their corresponding
antigens were evaluated by immunoblot assays (Fig. 1). We
observed the specific binding of anti-t-PA or anti-PLG anti-
bodies to the corresponding antigens, while no non-specific
bindings were found in normal control IgG. In this way, the
presence of IgG anti-PLG and anti-t-PA antibody in patients
was confirmed.

The effects of IgG fractions on extrinsic
fibrinolytic activity

To explore further the significance of the presence of anti-
PLG and anti-t-PA antibodies in patients with RPL, the
effects of IgG fractions on the fibrinolytic activity were
examined using a plasmin fluorogenic substrate assay. IgG
fractions were prepared from 87 patients with RPL and 40
control subjects. The distribution of effects of these IgG

fractions on fibrinolytic activities is shown in Fig. 2. Com-
pared with those of the healthy control group and the patient
group without anti-PLG and anti-tPA antibodies, exogenous
fibrinolysis was inhibited significantly by IgG fractions from
the patients with anti-PLG or anti-t-PA antibodies. Further-
more, significant inhibition of fibrinolytic activity was also
observed by IgG fractions from patients with any one of the
two antibodies, compared with that of the healthy control
group and patients without the corresponding antibodies
(data not shown). Afterwards, we found that anti-PLG con-
taining IgG from patients significantly inhibited t-PA-
dependent PLG activation in a concentration-dependent
manner (Fig. 2). We then investigated further anti-t-PA con-
taining IgG fractions on t-PA amidolytic activity using a t-PA
fluorogenic substrate assay. Compared with healthy control
IgG, t-PA amidolytic activity was inhibited significantly by
five anti-t-PA containing IgG fractions (IgG25, IgG47,
IgG64, IgG76 and IgG105) (P < 0·05) (Fig. 2), while the
inhibitory effects of the others was not statistically
significant. Furthermore, the inhibitory effects of the five
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Fig. 1. Prevalence of IgG against plasminogen (PLG) and tissue type plasminogen activator (t-PA) in recurrent pregnancy loss (RPL) patients.

(a, d) Enzyme-linked immunosorbent assay was developed to detect IgG against PLG and t-PA in 127 purified IgG samples from 87 RPL patients

[54 patients with RPL/anti-phospholipid syndrome (APS) and 33 unexplained RPL patients] and 40 healthy controls. The respective ratio was

established in all purified IgG samples from the corresponding group assayed as described in Materials and methods. The results of anti-t-PA and

anti-PLG antibodies were expressed in abstract units (AU), with 1 AU equivalent to the OD of their relative internal standard anti-t-PA antibodies

t2334 and anti-PLG antibodies p0617 at 1 mg/ml, respectively. The dashed line represents the cut-off, which means 99th percentile of the 40 healthy

controls, and the solid line indicates the mean value for each group. (b, e) The antibody reactivity of affinity-purified IgG from patient plasma

samples (two positive for IgG anti-PLG antibodies, designated P1 and P2; two positive for IgG anti-t-PA antibodies, designated P3 and P4) or a

normal human IgG with PLG or t-PA were analysed by immunoblot assays. (c, f) Associations between antibody occurrence and a history of RPL

were assessed with Fisher’s exact test using the spss 12 program.
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anti-t-PA containing IgG fractions on t-PA activity were
concentration-dependent, while the other IgGs at lower or
higher concentrations still had no significant inhibitory
effects on t-PA activity (data not shown). Thus, both anti-
t-PA and anti-PLG may be responsible for the inhibition of
exogenous fibrinolysis in patients.

The effects of anti-PLG or anti-t-PA antibodies on PLG
activation were evaluated further at the surface of HUVEC.
Non-specific interference was avoided by extensively
washing away the unbound proteins after incubation of PLG
and anti-PLG containing IgG fractions (when the effects of
IgG anti-PLG were assayed), or t-PA and anti-t-PA contain-
ing IgG fractions (when the effects of IgG anti-t-PA were
assayed) with HUVEC. We observed a decrease in plasmin
generation at the cell surface level as a function of the con-
centration of anti-PLG and anti-tPA containing IgG frac-
tions added compared with that obtained in the presence of
normal IgG (Fig. 2). This may suggest that anti-t-PA or anti-
PLG antibodies against some antigenic epitopes can inhibit
PLG activation at the endothelial cell surface.

Discussion

In this study, we evaluated the prevalence and clinical sig-
nificance of IgG anti-PLG and anti-t-PA in a cohort of
patients with RPL distributed in two groups of patients:
patients with well-defined PAPS and patients with unex-
plained RPL. Overall, our data showed that IgG anti-PLG
and anti-t-PA antibodies were present in 24 of 87 (27·6%)
and 13 of 87 (15%) patients with RPL, respectively (Fig. 1).
The presence of IgG anti-PLG has been reported in patients

with rheumatoid arthritis and SLE, and it was suggested that
PLG may be a target of the immune response in autoimmune
disease [12–14]. The association of anti-t-PA antibodies with
thrombosis was also reported to be related to APS [17,18]. In
our patient groups, IgG anti-PLG antibodies were associated
with the high risk of RPL (OR 7·2, P = 0·004) evaluated by
Fisher’s exact test, while IgG anti-t-PA antibodies were not
associated significantly with RPL (OR 6·8, P = 0·06),
although higher mean values of IgG anti-t-PA antibodies
were observed in the sera of patients with RPL/APS
(P < 0·0001) and unexplained RPL patients (P = 0·005) than
in the healthy control group (Fig. 1). However, both IgG
anti-PLG antibodies (OR 11·2, P < 0·001) and IgG anti-t-PA
antibodies (OR 10·0, P = 0·01) were found to be associated
with the high risk of RPL/PAPS. Of these anti-t-PA or anti-
PLG antibody-positive patients with PAPS, three were found
to have a history of thrombosis (two were positive for anti-
PLG antibodies, two had anti-t-PA antibodies and one had
both). These data may indicate that IgG anti-PLG and/or
anti-t-PA antibodies might (to a lesser degree) play a role in
the pathogenesis of RPL.

In animal models, the infusion of APA during pregnancy
causes placental insufficiency accompanied with pregnancy
loss [26,27]. Thrombotic events at the placental level might
be related to endothelial cell activation, inhibition of the
protein C/S system and fibrinolysis as well as to annexin V
displacement [28]. A reduction in fibrinolysis has been
described in association with thrombosis in the PAPS
[9–11]. In our study, we measured anti-t-PA and anti-PLG
antibodies as possible causes of hypofibrinolysis in 87
patients with RPL. We investigated the effects of anti-PLG or

Fig. 2. Inhibition of exogenous fibrinolysis by IgG fractions purified from the plasma of patients with recurrent pregnancy loss (RPL). (a) The

effects of IgG fractions from patients with RPL on exogenous fibrinolysis were measured using a fluorogenic substrate for plasmin (I-1390). The

assay was performed using mixtures of tissue type plasminogen activator (t-PA) (10 nM), Glu-plasminogen (PLG) (100 nM), IgG fractions

(50 mg/ml) or 0·5% bovine serum albumin (BSA) (control) and plasmin substrate (200 mM), as described in Material and methods. The initial rate

of plasmin generation of each test mixture was converted to the percentage of the total initial rate by dividing the initial rate in the absence of

purified IgG. atPA indicates anti-t-PA antibodies, and aPLG indicates anti-PLG antibodies. (b) The effects of IgG fractions from patients with RPL

on exogenous fibrinolysis were measured with increasing amounts (0–100 mg/ml) of anti-PLG containing IgG fractions (IgG62, IgG76, IgG92 and

IgG96) using a plasmin substrate as mentioned above. Exogenous fibrinolysis was inhibited significantly by anti-PLG containing IgG fractions in a

concentration-dependent manner compared with normal human IgG1 at the same concentrations. (c) The effects of anti-t-PA containing IgG

fractions on t-PA amidolytic activity were determined in the absence or presence of anti-t-PA containing IgG fractions using a sensitive fluorogenic

t-PA substrate (I-1195). Assays were performed in 96-well black plates containing mixtures of t-PA (10 nM), anti-t-PA containing IgG fractions

(50 mg/ml) or phosphate-buffered saline (PBS)/0·5% bovine serum albumin (BSA) (control), and t-PA substrate (200 mM) as described in Material

and methods. The number represents the label for the corresponding plasma sample. IgG1 and IgG3 are healthy control IgG, and others are IgG

from patients. The initial rate of substrate hydrolysis of each test sample was converted to a percentage of the total initial rate by dividing the

relative initial rate in the absence of purified IgG. *P < 0·05 versus healthy control IgG by paired t-test. (d) The effects of anti-PLG antibodies on

PLG activation were evaluated at the surface of human umbilical vein endothelial cells (HUVEC). Plasmin activity was estimated as described in

Material and methods. HUVEC, cultured in plastic 96-well culture plates, were incubated with 250 nM Glu-PLG and various concentrations of

anti-PLG containing IgG fractions from patients (IgG62, IgG76, IgG92, 0–150 mg/ml) at 4°C for 18 h. After extensive washing, the mixture

containing 10 nM t-PA and 200 mM plasmin substrate I-1390 was added. The initial rate of plasmin generation of each test mixture was converted

to the percentage of the total initial rate by dividing the initial rate in the absence of purified IgG. IgG1 are healthy control IgG. (e) The effects of

anti-t-PA antibodies on PLG activation were evaluated at the surface of HUVEC. Plasmin activity was estimated as above with a small modification.

HUVEC were incubated with 10 nM t-PA and various concentrations of anti-t-PA antibodies containing IgG fractions from patients (IgG25, IgG47,

0–150 mg/ml) at 4°C for 18 h. After extensive washing, the mixture containing 100 nM PLG and 200 mM plasmin substrate I-1390 was added. IgG1

are healthy control IgG.
�
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anti-t-PA antibodies on t-PA-dependent PLG activation,
using plasmin or t-PA fluorogenic substrate assay. A signifi-
cant inhibition of exogenous fibrinolysis was observed by
IgG fractions from patients with anti-PLG antibodies or
anti-t-PA antibodies compared with those of the healthy
control group and the patient groups without these two
antibodies (Fig. 2). We found that both anti-t-PA and anti-
PLG may be responsible for the inhibition of exogenous
fibrinolysis in patients, which was shown further on the
HUVEC surface (Fig. 2). Previous studies have shown that
the patients with abnormally high plasma levels of anti-t-PA
antibodies had lower levels of t-PA activity than healthy con-
trols [18]. By binding the catalytic or kringle-2 domains of
t-PA, anti-t-PA antibodies could lead to hypofibrinolysis and
contribute to the prothrombotic state [18,29]. Because a
defect of t-PA has been associated with thrombosis [30], APS
patients with abnormally high levels of anti-t-PA and anti-
PLG antibodies may have an additional risk for thrombosis.
The role of fibrinolytic components in trophoblast invasive-
ness has been suspected in animals [31]. t-PA may play a key
role in the early stages of placentation and when placenta
separates from maternal tissue at term [32]. An impaired
plasmin-dependent proteolysis in women might favour
recurrent abortion by promoting fibrin deposition in early
placental circulation or by limiting trophoblast develop-
ment, or both [31]. Furthermore, anti-t-PA antibodies may
limit trophoblast invasiveness by binding to t-PA [33]. Thus,
hypofibrinolysis due to anti-t-PA or anti-PLG antibodies
could be added to the list of possible pathological processes
responsible for the clinical symptoms in APS.

In conclusion, the prevalence of both IgG anti-PLG and
IgG anti-t-PA antibodies was high in patients with RPL/
PAPS, but only the prevalence of IgG anti-PLG antibodies
was high in patients with RPL, and some of them might play
a role in the pathogenesis of these patients.
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