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Abstract
Objective-To examine the relations among tissue

plasminogen activator antigen, plasminogen acti-
vator inhibitor, the lupus anticoagulant, and anti-
cardiolipin antibodies in patients with systemic
lupus erythematosus.
Design-Prospective study of blood samples (a)

from selected patients with systemic lupus erythe-
matosus whose disease was and was not complicated
by a history of thrombosis or recurrent abortions, or
both, and (b) from a series of healthy controls with a
similar age and sex distribution.

Setting-University based medical clinic.
Subjects-23 Patients with definite systemic lupus

erythematosus (American Rheumatism Association
criteria), ofwhom 11 (eight women) aged 26-51 had a
history of thrombosis or recurrent abortions, or
both, and 12 (10 women) aged 23-53 had no such
history. 15 Healthy subjects (10 women) aged 25-58
served as controls.
Main outcome measures-Tissue plasminogen

activator concentrations, plasminogen activator
inhibitor activities, detection of the lupus anti-
coagulant, and values of anticardiolipin antibodies in
the two groups of patients and in the patients with a
history of thrombosis or abortions compared with
controls. Other measurements included concentra-
tions of proteins that are known to change during the
acute phase of systemic lupus erythematosus-
namely, fibrinogen, C3 and C4, and C reactive
protein.

Results-Patients with a history of thrombosis or
abortions, or both, had significantly higher values of
tissue plasminogen activator and plasminogen
activator inhibitor than patients with no such history.
A significant correlation between tissue plasminogen
activator and plasminogen activator inhibitor (r=
0.80) was found only in the patients with a history of
complications of their disease. The lupus anti-
coagulant was detected in six ofthe 11 patients with a
history of thrombosis or abortions when tested by
measuring the activated partial thromboplastin time
but was found in all 11 patients when tested by
measuring the diluted activated partial thrombo-
plastin time. Nine of these 11 patients had raised
values of anticardiolipin antibodies. The findings
showed no relation to the activity of the disease.
Conclusions-A significant correlation between

tissue plasminogen activator concentrations and
plasminogen activator inhibitor activities was found
only in patients whose systemic lupus erythematosus
was complicated by a history of thrombosis or
recurrent abortions. The findings show that these
patients have raised plasminogen activator inhibitor
activities, and the frequent association between
these raised activities and the presence of the lupus
anticoagulant suggests that the two may be linked.

Introduction
Patients with systemic lupus erythematosus may

have thrombotic episodes or a history of recurrent
abortions.' 2 These events are often associated with the
presence of the lupus anticoagulant, an IgG or IgM
immunoglobulin that interacts with phospholipid in
the coagulation system. 4
There is a high incidence of thrombosis in patients

with systemic lupus erythematosus and the lupus
anticoagulant. Roughly a third to half of patients with
the lupus anticoagulant have a clinical history that
includes thrombotic episodes or abortions.5 The
pathophysiological mechanism of this association has
not been clarified. Some workers have hypothesised
that the thrombosis is linked to a reduced vascular
production of prostacyclin,' a platelet aggregation
inhibitor and vasodilator substance, but other, more
recent studies do not support this.'8 In some cases
thrombotic events occur in patients with the lupus
anticoagulant and thrombocytopenia, and it has been
suggested that the thrombotic condition may be linked
to platelet activation in vivo.' This hypothesis has not
been confirmed.5 Lastly, other studies have found
decreased fibrinolytic activity in most patients with
systemic lupus erythematosus, but neither the relation
between this finding and thrombosis nor that between
the lupus anticoagulant and thrombosis was clear."'0
As decreased fibrinolytic activity is an important risk

factor in thromboembolism we studied this activity in
patients with systemic lupus erythematosus. We
measured blood concentrations of tissue plasminogen
activator and activities of its inhibitor,'2 correlating
them with a history ofthrombotic episodes or recurrent
abortions. This paper presents our results.

Subjects and methods
We studied 23 patients diagnosed as having systemic

lupus erythematosus (American Rheumatism Associa-
tion criteria).'" Eleven of the patients (eight women,
three men; age range 26-51) had a history ofthrombosis
or recurrent abortions, or both, over the previous one
to eight years (group 1). The diagnosis of thrombosis
and abortions was based on clinical and laboratory
findings. These patients were compared with 12 others
(10 women, two men; age range 23-53) who had no
clinical history of thrombotic events or abortions
(group 2). In group 1 the clinical history of systemic
lupus erythematosus had begun an average of seven
years before (range 1-16 years), and in group 2 it had
begun an average of nine years before (range 1-17
years). The patients were considered to be in a severely
active, moderately active, or inactive phase of the
disease based on the occurrence of three, one or two, or
none of the following in the three months preceding the
study'4: arthralgia; pleuritis, pericarditis; vasculitis;
myalgia; renal or nervous system involvement.
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Among the measurements in the two groups of
patients we included the concentrations of some
proteins that are known to change during the acute
phase of systemic lupus erythematosus-namely,
fibrinogen' and C3 and C4 (measured by radial
immunodiffusion'6) and C reactive protein (measured
by an agglutination test').

All except three patients (one in group 1, two in
group 2) were being treated with prednisone (5-25 mg/
day) or methylprednisolone (4-24 mg/day). None of
the patients had received anticoagulant, antiaggregant,
or fibrinolytic treatment in the month before the study.

Fifteen healthy volunteers served as controls. Ten
were women and five men, and their ages ranged from
25 to 58.

BLOOD COAGULATION STUDY

Blood samples taken between 9 and 10 am from each
patient after fasting for 12 hours and resting for at least
10 minutes were mixed with 0-13M sodium citrate
(Becton Dickinson Vacutainer; ratio 9:1). The samples
were centrifuged for 10 minutes at 2000 g at 4°C. Part
of the supernatant was prepared immediately for the
measurement of fibrinogen concentration and the
detection of the lupus anticoagulant and part stored
at -20°C for measurements of tissue plasminogen
activator antigen concentration and plasminogen
activator inhibitor activity.
The coagulation study for the lupus anticoagulant

comprised measurement of the activated partial
thromboplastin time, performed with a standard
phospholipid mixture (Thrombofax reagent, Ortho
Diagnostics Johnson and Johnson, New Jersey;
reference value 23-29 S), and measurement of the
diluted activated partial thromboplastin time, per-
formed with serial phospholipid dilutions.'8 The
diluted activated partial thromboplastin time was
measured as follows. The patient's plasma was mixed
in a 1:1 ratio with normal plasma to allow for the
replacement of any deficiency. A 0 1 ml sample of this
mixture was incubated for two minutes at 37°C and
then mixed with 0-1 ml kaolin suspension (Boehringer
Mannheim, West Germany) and 0 1 ml Thrombofax
reagent diluted 15 to 180 with veronal buffer at pH 7.4.
Clotting time was recorded after adding 0-025M
calcium chloride. In the 15 healthy subjects the mean
difference between 15 and 180 dilutions ofThrombofax
reagent was 9 (SD 2 8) s. The diluted activated partial
thromboplastin time was considered abnormal if the
difference between the 15 and 180 dilutions of Throm-
bofax reagent was > 15 s (mean plus 2 SD of the control
value).
The tissue plasminogen activator antigen concentra-

tion was measured by an enzyme linked immuno-
sorbent assay (ELISA; Imubind-5-tPA, American
Diagnostics, New York). 9 The concentration was
expressed as ig/l. Activity of the rapid tissue plas-
minogen activator inhibitor was assessed by adding a
fixed amount of tissue plasminogen activator to diluted
plasma and determining the residual activity by
measuring the amidolytic activity of plasmin on
the chromogenic substrate S-2251 (Kabi Vitrum,

TABLE I-Severity of illness and concentrations ofacute reactant phase proteins in 23 patients with systemic
lupus ervthematosus whose disease was atnd was not complicated by history ofthrombosis or abortions, or both

Patients with history of
thrombosis or abortions

(group 1; n= I11

Activity of systemic lupus erythematosus:
No with severely active disease
No with moderately active disease
No with inactive disease

Acute reactant phase proteins:
C3 (g/l) (reference value 1 2-2-0)
C4 (g/1) (reference value 0 3-0 5)
Fibrinogen (g/l) (reference value 1-8-4-0)

1 51 (SI) 058)
0-39 (SD 0-27)
2-65 (SD 0 43)

Patients with no history of
thrombosis or abortions

(group 2; n- 12?

3

4

1-37 (SD 0 40)
0 40 (SID 0 17)
2-89 (S) 0-64)

Stockholm). In this system one unit of the inhibitor is
the amount that inhibits 1 U of tissue plasminogen
activator.2'" Tissue plasminogen activator concentra-
tions and plasminogen activator inhibitor activities
were also measured in the 15 healthy subjects. The
mean values were 4-2 (SD 1 3) ig/l and 7 9 (2-8) U/ml
respectively.

Anticardiolipin antibodies were assayed as des-
cribed.2' Briefly, 95 well, flat bottomed, rigid
polystyrene electroimmunoassay microtitration plates
(Dynatech) are coated (30 id/well) with bovine heart
cardiolipin (Sigma Chemical Company, St Louis,
Missouri) diluted in ethanol. The ethanol is evaporated
by leaving the plates uncovered overnight at 4°C.
After the plates have been dried they are washed twice
with phosphate buffered saline (pH 7 3) 100 il/well.
The plates are blocked (75 il/well) with 10% fetal
calf serum in phosphate buffered saline for one hour.
Aliquots (50 tl) of normal human serum, positive
control samples, and test samples at 1/50 dilution in
phosphate buffered saline-fetal calf serum (10%) are
then added to triplicate wells and incubated for three
hours at room temperature. The plates are then washed
three times with phosphate buffered saline, and alkaline
phosphatase labelled affinity isolated goat antihuman
IgG or IgM, or both, diluted 1/1000 in phosphate
buffered saline-fetal calf serum is added (50 il/well).
Plates are incubated for 30 minutes at room tempera-
ture. The conjugate is discarded and the plates washed
three times with phosphate buffered saline. Substrate
(50 il/well) is then added. The substrate is prepared by
adding one tablet of p-nitrophenyl phosphate (Sigma)
per 5-6 ml diethanolamine buffer. After addition of
substrate the reaction is allowed to take place in the
dark at 37°C, and when the highest positive control
value reaches an absorbance reading of about 0 8 to 0 9
for both the IgG and IgM samples the reaction is
stopped by adding 3N sodium hydroxide 75 il/well.
Absorbance is read at 405 nm using a multiscanner.
The results are expressed as the number of standard
deviations above the mean in normal human serum
(reference value <3 SD).

STATISTICAL ANALYSIS

Kruskal-Wallis one way analysis of variance, the
Mann-Whitney test, and linear correlation were
performed with the STAT view II program. Signifi-
cance was accepted at p<0 05.

Results
The severity of illness and concentrations of the

acute reactant phase proteins (C3, C4, and fibrinogen)
were similar in the two groups of patients (table I).
C reactive protein was detected in five of the 11 patients
with a history of thrombosis or recurrent abortions, or
both (group 1), and in eight of the 12 patients with no
such history (group 2). In group 1 six patients had
suffered thrombophlebitis, six had had abortions, one
had had a stroke, and one had had pulmonary throm-
bosis; four patients had a history of abortions only
(table II).

Tissue plasminogen activator concentrations and
plasminogen activator inhibitor activity differed signifi-
cantly (Kruskal-Wallis, p=0 0004 and p=0 0002)
between the two groups of patients and the controls.
Intergroup analysis by the Mann-Whitney test showed
that values of tissue plasminogen activator and
plasminogen activator inhibitor were significantly
higher in the patients in group 1 than in those in group
2 (tissue plasminogen activator, p<0002; plasmino-
gen activator inhibitor, p=0 0007) and the controls
(tissue plasminogen activator, p<0 002; plasminogen
activator inhibitor, p=0 0002). No significant differ-
ences in tissue plasminogen activator concentrations or
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TABI E ii -Coagulation picture ofpatients with and without history ofthrombosis or abortions. (Diluted activated partial thromboplastin time expressed as difference between 1/5 and
1 8 diluitions of Thrombofax reagent)

Anticardiolipin antibodies
Activated partial Diluted activated partial Tissue plasminogen activator Plasminogen activator (SDs above mean in

Case No Clinical events thromboplastin time (s) thromboplastin time (s) (pg/l) inhibitor (U/ml) normal human serum)

Patients with history of thrombosis or abortions, or both (group I)
1 Episode of thrombophlebitis,

I miscarriage 35 8 33 0 11-5 40 6 IgG 12 5, IgA 11*2
2 Recurrent thrombophlebitis,

1 miscarriage 47-9 23-0 15-0 39-0
3 1 Miscarriage 22-5 27-0 5 5 21-0
4 Recurrent thrombophlebitis 37-5 32-5 5 9 25 0 IgM 18 5
5 Recurrent thrombophlebitis 23-0 21-0 6 3 24 5 IgG 8-2
6 3 Miscarriages 24 5 27-0 6 0 14-0 IgG25S0, IgM4-0
7 Recurrent thrombophlebitis,

I stroke 34-3 42-0 6-6 30-0 IgG28-4
8 5 Miscarriages 24-0 17-0 8-0 15 3 IgG 3-7, IgA 62
9 1 Episode of pulmonary

arterial thrombosis 40 4 26-0 9 1 20 8 IgG 5-4
10 Recurrent thrombophlebitis 57-4 58-0 15 3 35-6 IgG 50 0
11 2 Miscarriages 23-0 20-0 3 0 6 8 IgG 8 2

Patients with no history ofthrombosis or abortions (group 2)
12 - 30 4 18 5 6 2 13 5 IgG 3-7
13 - 230 13-0 26 7-5
14 - 25 0 10-2 110 11-5
15 - 240 100 28 2-0 -

16 - 23-0 13 0 2-9 10 8 IgA 10-6
17 - 23-4 114 40 69 -

18 - 199 12-0 2-9 14 8
19 - 270 15-0 24 150
20 - 26-3 12-0 3 0 10 0 IgM 8-3
21 - 26-6 12-0 2-4 6 1 IgG 3-5
22 - 22-0 12 6 2-8 7-4
23 - 22 5 90 1 9 2-8

TABLE III-Concentrations of tissue plasminogen activator and activities ofplasminogen activator inhibitor
in the two groups ofpatients and healthy controls. V'alues are means (SDs)

Plasminogen
Tissue plasminogen activator inhibitor

activator (pg/l) p Value* (U/ml) p Value*

Patients with no histors
of thrombosis or abortions
(group 2; n= 12) 3-7 (2 5) <0002 90 (43) 00007

Patients with history of thrombosis I
orabortions(group l;n= 11) 8-4(4-0) 1 <0002 248 (107) 00002

Healthvcontrols(n= 15) 42(1-3) 80(28)

*Mann-Whitney.
plasminogen activator inhibitor activities were found
between the patients in group 2 and the controls (tables
II and III). Values of tissue plasminogen activator and
plasminogen activator inhibitor were significantly
correlated (r=0 80; p=0 01) in the patients in group 1.
No such correlation was detected in the patients in
group 2 (r=032; NS) or the controls (r-0 29; NS)
(figure). The increase in values of plasminogen
activator inhibitor and tissue plasminogen activator
was not related to the activity of the disease. Mean
values in patients with severely active disease (n=8;
plasminogen activator inhibitor 18-3 (SD 12 2) U/ml,
tissue plasminogen activator 7 6 (4 4) .g/l) were
similar to those in patients with moderately active and
inactive disease (plasminogen activator inhibitor 15 9
(10 6) U/ml, tissue plasminogen activator 5 2 (3-4)
Ftg/l).
Testing for the lupus anticoagulant by measuring

the activated partial thromboplastin time gave a positive
result in six patients in group 1 and one patient in
group 2. When tested by measuring the diluted
activated partial thromboplastin time, however, the
lupus anticoagulant was detected in all 11 patients in
group 1 and one patient in group 2 (table II). To see

TABLE IV-Effect of phosphatidylserine-phosphatidvlcholine liposomes on prolonged (five samples) and
normal (five samples) diluted activated partial thromboplastin time. Values are means (SDs)

Prolonged diluted Normal diluted activated
activated partial partial thromboplastin

thromboplastin time time

180 Dilution of Thrombofax reagent 833 (17 -1)* 50 1 (4-0)
180 Dilution of Thrombofax reagent + phosphatidylseriine-

phosphatidylcholine liposomes (s) 65-5 (11 8) 49 8 (4-5)
180 Dilution of Thrombofax reagent + TRIS (s) 915 (245) 510 (33)

*p<0.02.

whether the prolongation of the diluted activated
partial thromboplastin time might have been due to the
presence of antiphospholipid antibodies 0 05M
phosphatidylserine-phosphatidylcholine liposomes
were added to five samples of plasma mixed with the
highest dilution of Thrombofax reagent (180), as
described.'8 Unlike the samples with normal diluted
activated partial thromboplastin time, those with
liposomes added showed a significant reduction in
coagulation time (table IV). This indicated that the
prolongation of the diluted activated partial thrombo-
plastin time was due to the presence ofantiphospholipid
antibodies.

Anticardiolipin antibodies were identified in nine
patients in group 1 and four in group 2. In group 1
there was a greater prevalence of antibodies of the IgG
class (table II).
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Discussion
This study shows that in patients with systemic

lupus erythematosus complicated by a clinical history
of thrombosis or abortions there is a significant
increase in tissue plasminogen activator antigen
concentrations and plasminogen activator inhibitor
activity. Plasminogen activator inhibitor, a protein,
inhibits fibrinolysis through the functional blocking
of tissue plasminogen activator.22 As plasminogen
activator inhibitor activity is an expression of the
functional interaction between circulating tissue
plasminogen activator and plasminogen activator
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inhibitor) our interpretation is that even in the
presence of high values of tissue plasminogen activator
the increase in its inhibitor is functionally predominant.
The increase in plasminogen activator inhibitor

seemed to be characteristic of the patients with a
history of thrombosis or abortions, or both, as patients
with and without these complications were similar in
regard to the activity of their systemic lupus erythe-
matosus. The two groups were also similar in their
blood concentrations of C3, C4, fibrinogen, and
C reactive protein, indicating that the increase in
plasminogen activator inhibitor was not attributable to
an exacerbation of their disease.
Paramo et al found high plasminogen activator

inhibitor activity in patients who developed post-
operative deep vein thrombosis.21 In a retrospective
study Juhan-Vague et al found high activity in patients
who suffered recurrent deep vein thrombosis. 12

Increased plasminogen activator inhibitor activity may
have a role in the thrombotic complications of athero-
sclerosis, paticularly in the pathogenesis of myocardial
infarction. In a prospective study Hamsten et al
showed that thrombotic complications were more
frequent in young survivors of myocardial infarction
who had high plasminogen activator inhibitor activi-
ties.24

Raised plasminogen activator inhibitor activities in
patients with systemic lupus erythematosus and
thrombosis may be linked with the presence of the
lupus anticoagulant, which is associated fairly fre-
quently with both arterial and venous thrombosis and
spontaneous abortion.' We tested for the lupus anti-
coagulant in all patients by measuring both the activated
partial thromboplastin time, which has been a com-
monly used test for this purpose,' and the diluted
activated partial thromboplastin time, which has
proved to be a more sensitive screening test by virtue of
the low phospholipid content. ,8 25 The rationale
for using the diluted activated partial thromboplastin
time test is that antiphospholipid antibodies inhibit the
coagulation system dose dependently26 and may there-
fore be masked by the higher concentrations of
phospholipid in the activated partial thromboplastin
time test. The lupus anticoagulant was found in six of
our 11 patients with a history of thrombosis or
abortions when tested by measuring the activated
partial thromboplastin time and in all 11 patients when
tested by measuring the diluted activated partial
thromboplastin time.
The prolongation of the diluted activated partial

thromboplastin time may have been related to anti-
cardiolipin antibodies, which inhibit the coagulation
system and were present in 10 of the 12 patients
(including the one in group 2) positive for the lupus
anticoagulant. This agrees with the data of Harris et a12
but not with the recent findings of Triplett et al, who
identified anticardiolipin antibodies in only 61%/o of
patients positive for the lupus anticoagulant." This
disparity may have been due to the different selection
of patients studied and (more probably) the different
screening techniques used for detecting the lupus
anticoagulant.
We found a significant association between the lupus

anticoagulant and high values of plasminogen activator
inhibitor in patients with a history of thrombosis or
recurrent abortions, or both. This might suggest that
the increase in plasminogen activator inhibitor was due
to the lupus anticoagulant. Such a relation might be
explained by an interaction of the lupus anticoagulant
with the endothelium, which might induce a release
of tissue plasminogen activator and especially plas-
minogen activator inhibitor, a reaction that was sug-

gested by the significant correlation between tissue
plasminogen activator and plasminogen activrator
inhibitor. Conversely, evidence exists of an interaction
between the lupus anticoagulant and the endothelium
which results in a reduced activation of protein C.29
We conclude that in patients with systemic lupus

erythematosus the occurrence of thrombosis and
abortions may be linked to an increase in plasminogen
activator inhibitor. Although our data suggest that this
increase may be due to the presence of the lupus
anticoagulant, this needs further study.

We are grateful to Dr Stefania Basili for the statistical
analysis and Rae Beno for editorial assistance.
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