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Background and Objectives. Thrombosis and preg-
nancy morbidity are clinical features of the definite
antiphospholipid syndrome (APS). These clinical
complications are also associated with the pres-
ence of inherited thrombophilias. Interactions
between acquired and genetic risk factors are
becoming increasingly related to a higher throm-
botic risk. The aim of our study was to determine the
prevalence of four common gene polymorphisms in
patients with antiphospholipid antibodies (aPL).

Design and Methods. A series of 105 consecutive
unselected patients with aPL grouped as having APS
(n=69) and not having APS (n= 36) was studied.
A control group of 200 healthy subjects was also
investigated for the presence of factor V Leiden
(FVL), the 20210A allele of the prothrombin (PT-
20210A) gene, the thermolabile variant (677TT) of
methylenetetrahydrofolate reductase (MTHFR), and
the 4G/4G genotype of the plasminogen activator
inhibitor (PAI-1) promoter.

Results. Two patients who belong to the APS group
carried the FVL while PT-20210A was found in 6
patients with APS (8.7%) and in 1 of the non-APS
group (2.8%). The prevalence of FVL was similar to
that found in the control group whereas PT-20210A
was significantly more frequent in APS patients than
in normal controls (2.0%, p=0.02). The MTHFR-
677TT was found in 22.0%, 15.1% and 13.0%, and
the PAI-1 (4G/4G) in 27.5%, 22.8% and 23.5% of
APS, non-APS patients and normal controls, respec-
tively. Furthermore, combinations of PT-20210A or
FVL with PAI-1 (4G/4G) were significantly more fre-
quent in APS patients (5.8%) than in normal con-
trols (0.5%, p=0.016). This difference was not found
between non-APS patients and normal subjects.
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Interpretation and Conclusions. Present data indicate
that testing for heritable thrombophilia would be
important to identify aPL subjects with an increased
risk of developing APS.
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ed as an autoantibody-mediated thrombotic
disorder. Thrombosis in venous and arterial ter-
ritories as well as pregnancy morbidity are clinical
features of the definite APS.! However not all
patients with antiphospholipid antibodies (aPL)
develop APS, suggesting that other factors may
influence the manifestation of such clinical fea-
tures. In the last years several genetic polymor-
phisms have been identified as established or can-
didate risk factors in heritable thrombophilia.2 The
single point mutation (G1691A) in the factor V gene
(factor V Leiden, FVL) is the most common cause of
venous thromboembolism and responsible for resis-
tance to activated protein C.3 The G to A transition
at nucleotide 20210 in the 3'-untranslated region
of the prothrombin gene has been associated with
increased plasma levels of factor I1.4
Another common polymorphism is the C677T in
the methylenetetrahydrofolate reductase (MTHFR)
gene.® The thermolabile variant (677TT) of the
MTHFR has been shown to exert a potential effect
on plasma homocysteine levels but most studies
have now concluded that this genotype is not per
se a risk factor for thrombosis.26 A 4G/5G poly-
morphism in the promoter region of the type 1
plasminogen activator inhibitor (PAI-1) gene has
been related to PAI-1 plasma levels in some stud-
ies.’

The antiphospholipid syndrome (APS) is regard-
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Thrombosis is now recognized as a multifactori-
al disorder. Interactions between acquired and
genetic risk factors contribute to thrombosis devel-
opment.8® The prevalence of the above genetic
defects in patients with aPL has been reported by
some groups.0-4 However, most studies have eval-
uated only one or two of such polymorphisms.
Recently, Galli et al.*® studied FVL, prothrombin and
MTHFR gene polymorphisms in a series of 152
patients with lupus anticoagulant (LA) and con-
cluded that only FVL was associated with the
thrombotic risk of patients with LA.

This case-control study was performed in a series
of 105 consecutive unselected patients with per-
sistent positivity of LA and/or anticardiolipin anti-
bodies (aCL). Our main purpose was to assess the
prevalence of single and combined gene polymor-
phisms in aPL patients grouped as having APS and
not having APS.

Design and Methods

Patients and blood collection

The study was carried out on 105 consecutive
unselected patients attending the Department of
Hematology of the Favaloro Foundation from May
1998 to January 2001 who were found to be pos-
itive for aPL (LA and/or aCL). Our institution is a
thrombosis reference center in our country and
patients were referred for thrombophilia investi-
gation because of their history of thrombosis. There
were also patients who had been referred for aPL
screening because of abnormal coagulation tests or
a previous pregnancy loss. The presence of aPL was
verified on at least two occasions three months
apart. All patients were interviewed using a stan-
dardized questionnaire in order to collect informa-
tion about personal and familial history of throm-
botic events, pregnancy losses, current medication
and circumstantial risk factors predisposing to
thrombosis. The diagnosis of definite APS was made
according to current criteria.* Thus, patients were
grouped as having definite APS (APS group) and
not having APS (non-APS group). Their main clin-
ical data are shown in Table 1. Thrombotic events
were documented by venography, Doppler ultra-
sound angiography, computerized tomography
scan, and/or magnetic resonance imaging. Thirty
patients had had recurrent thrombotic events
before entering the study. Women with a history of
at least three unexplained consecutive abortions
before the 10t week of gestation or one or more
unexplained fetal deaths at or beyond the 10t
week of gestation were considered to have aPL-
related obstetric complications for diagnosis of
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Table 1. Clinical and laboratory features of 105 aPL
patients.

APS Non-APS
Number of patients 69 36
Sex (male/female) 25/44 11/25
Median age in years (range) 43 (1510 77) 42 (12t0 84)
Previous thrombosis, n 61 -
Venous 38
Arterial 30 -
Previous obstetric complications, n 15 5
Transient cerebral ischemia, n 4 3
Cardiac valve disease, n 2
Systemic lupus erythematosus, n 7 7
Thrombaocytopenia (<150x10%/L), n 12 4
Livedo reticularis, n 2 1
Hemolytic anemia, n - 2
LA+aCL,n 41 13
LA alone, n 14 8
aCl alone, n 14 15
Anti-B2 glycoprotein | antibodies, n 37 18
Anti-prothrombin antibodies, n 34 11

LA: lupus anticoagulant; aCL: anticardiolipin antibodies.

definite APS. In the non-APS group, there were 5
women who had had only one or two abortions
(Table 1). Twenty-five patients were receiving oral
anticoagulant therapy at the time of the study.

Two hundred unrelated healthy subjects (112
males, 88 females, median age 40 years, range 19 to
66) with no history of thrombosis or autoimmune
disorders but from the same geographic area and
ethnic background were recruited as control group.
All the investigated individuals were Caucasians.
Patients and controls gave informed consent to the
study, which was approved by the Ethics Commit-
tee of our institution.

Blood samples were drawn by clean venipuncture
and collected into plastic tubes containing 0.109 M
trisodium citrate in a ratio of 9 parts of blood to 1
part of anticoagulant. Platelet-poor plasma was
prepared by centrifugation (twice at 3,000 g for 10
min) at room temperature and assayed immedi-
ately. For sera preparation, blood was collected into
glass tubes and allowed to clot at 37°C, and then
centrifuged at 2,000 g for 10 min and stored at
—70°C until use. For DNA isolation, whole blood
samples were collected into tubes containing EDTA
under sterile conditions and stored at -20°C until
DNA extraction by standard procedures.

Studies for aPL and anti-protein antibodies
The presence of LA activity was investigated by

means of several screening tests, mixing studies

and confirmatory procedures as described in detail
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before.’617 LA was diagnosed according to previ-
ously defined criteria.’618 Anticardiolipin antibodies
(IgG and IgM isotypes) were measured using a stan-
dardized home-made ELISA technique.'® Results were
expressed as standard units for either IgG (GPL) or
IgM (MPL). Levels above 20 GPL or MPL units were
considered positive for diagnosis of APS.

The home-made ELISA for anti-(3. glycoprotein |
antibodies (af32GP1) was performed as previously
reported” using microtiter plates (Nunc MaxiSorp,
Kamstrup, Roskilde, Denmark) irradiated by an elec-
tron beam at 100 kGy and coated with purified
human (.GPI (Diagnostica Stago, Asnieres, France).
Anti-prothrombin antibodies were measured by
ELISA as described beforel” using y-irradiated plates
(Nunc MaxiSorp) coated with human purified pro-
thrombin (Diagnostica Stago). Results of both assays
for IgG and IgM isotypes were expressed in arbitrary
units (U). Values exceeding 15 U were regarded as
positive.

Genetic analysis

All polymerase chain reactions (PCR) were carried
out in a Perkin-Elmer 2400 Thermocycler (Perkin-
Elmer, Norwalk CT, USA). Factor V Leiden (G1691A
mutation) was evaluated by digestion with Mnl |
(New England, Biolabs, Beverly, USA) of an ampli-
fied gene fragment obtained by using previously
described primers.2 The polymorphism (C677T) of
the MTHFR gene was identified by digestion with
Hinf | (Promega Corporation, Madison, USA) of the
amplified fragment.> To detect the G20210A tran-
sition in the prothrombin gene and the 4G/5G poly-
morphism of PAI-1 gene promoter, we used allele-
specific PCR as described elsewhere 202

Statistical analysis

Fisher's exact test was used to analyze categor-
ical data. Odds ratios (OR) and 95% confidence
intervals (Cl) were calculated as estimates of rela-
tive risks by logistic regression models that con-
trolled for age and sex. A two-tailed probability (p)
less than 0.05 was taken to indicate statistical sig-
nificance. Statistical evaluation was performed by
means of the SPSS 10.0 package for Windows
(SPSS Inc, Chicago USA).

Results

Among the 105 aPL patients, 69 were diagnosed
as having definite APS whereas the remaining 36
comprised the non-APS group as shown in Table 1.
The prevalence for each gene polymorphism
observed in both groups of aPL patients is pre-
sented in Table 2. There were 2 heterozygous car-
riers of FVL among patients with APS, one with a

Table 2. Prevalence of genetic polymorphisms in aPL
patients with (n= 69) or without (n= 36) definite antiphos-
pholipid syndrome and in normal controls.

APS Non-APS  Normal controls
n (%) n (%) n (%)
Factor V (G1691A)
Heterozygous 2 (2.9%) 0 (0%) 6 (3.0%)
Normal 67 36 194
Prothrombin (G20210A)
Heterozygous 6 (8.7%)* 1(2.8%) 4(2.0%)
Normal 63 35 196
MTHFR (C677T)
Homozygous 15 (22.0%) 5(15.1%) 26 (13.0%)
Heterozygous and normal 53 28 174
PAI-1 (4G/50)
Homozygous 19 (27.5%) 8(22.8%) 47 (23.5%)
Heterozygous and normal 50 27 153

*OR 4.67, 95%Cl 1.28-17.07, p=0.02 (APS versus normal controls).

history of recurrent deep venous thrombosis and
the other with cerebral arterial thrombosis. Table 3
shows the details of the laboratory and clinical
characteristics of aPL patients carrying FVL or PT-
20210A. Among aPL patients carrying the PT-
20210A, 6 had definite APS and 1 belonged to the
non-APS group (all heterozygotes). This prothrom-
bin variant was present in two APS patients, one of
whom had experienced recurrent intrauterine fetal
death and the other, four spontaneous abortions.
Four out of 6 APS patients bearing the PT-20210A
had vascular thrombosis, 2 a history of venous and
2 arterial thrombotic events. In two cases, the
thrombotic episodes were recurrent. The frequen-
cies of FVL, MTHFR-677TT and the 4G/4G genotype
of the PAI-1 were not different either between the
aPL groups and normal controls or between APS
and non-APS groups. However, PT-20210A was sig-
nificantly more frequent in APS patients than in
normal controls (OR 4.67, p=0.02). In addition, this
genetic variant was more prevalent in patients with
APS (8.7%) than in those belonging to the non-
APS group (2.8%) although the difference did not
reach statistical significance (Table 2). We did not
perform a separate analysis of prevalence of gene
polymorphisms for the different clinical manifes-
tations (venous thrombosis, arterial thrombosis and
obstetric complications) because of the limited
number of patients in each subgroup.

The two well-established thrombosis risk factors
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Table 3. Laboratory and clinical data of the 9 aPL patients with well-established thrombotic risk factors.

Patient Age at Sex LA ACL afGPl (U)  Anti-PT (U) FVL P1-20210 Clinical Diagnosis
the first event UGPL/uMPL 1gG/IgM 19G/IgM manifestations
1 36 F + 130721 110/14 49/1 GA GG DvT APS
2 53 M - 3772 15/5 3/1 GA GG CAT APS
3 36 M + 120/2 110/1 34/18 GG GA DvT APS
4 30 F + 8/8 1/3 /4 GG GA RSA APS
5 18 F + 2/1 3/5 1/5 GG GA - Non-APS
6 29 F + 88/1 51/8 9/4 GG GA DvT APS
7 70 F + 8/6 /1 1/5 GG GA CAT APS
8 45 M + 21/6 15/8 33/1 GG GA Mi APS
9 21 F 8/110 6/40 /1 GG GA IFD APS

LA: lupus anticoagulant; aCL: anticardiolipin antibodies; a3:GP!: anti-3; glycoprotein | antibodies; anti-PT: anti-prothrombin antibodies; FVL: factor V Leiden; PT-20210: pro-
thrombin 20210; GG: normal genotype; GA: heterozygous genotype; APS: antiphospholipid syndrome; DVT: deep vein thrombosis; CAT: cerebral arterial thrombosis; RSA:

recurrent spontaneous abortions; MI: myocardial infarction; IFD: intrauterine fetal death.

(FVL and the PT-20210A variant) and the PAl-gene
polymorphism could be examined in 104 aPL
patients and in the whole group of normal sub-
jects. The coexistence of these genetic defects was
observed in 4 aPL patients (3.8%) and in 1 normal
subject (0.5%). Among the cases, 4 patients with
definite APS carried both PT-20210A and the 4G/4G
genotype of the PAI-1. The only healthy control
with multiple genetic defects had FVL and PAI-1
(4G/4G). As indicated in Table 4, the prevalence of
combined inherited prothrombotic risk factors in
APS patients (5.8%) was significantly higher than
in normal controls (p=0.016). In contrast, no dif-
ference was observed between non-APS patients
and normal subjects. There was also a positive
trend to a higher proportion of multiple genetic
defects in APS patients compared with in non-APS
ones but the difference did not reach statistical
significance. The clinical features of these 4 APS
patients with multiple genetic defects were as fol-
lows (Table 3; patients #7, 3, 9, 4): recurrent cere-
bral arterial thrombosis in 1, recurrent deep vein
thrombosis in 1, two intrauterine fetal deaths in 1,
and four spontaneous abortions in 1 patient.

Discussion

Antiphospholipid antibodies are closely related
to the thrombotic diathesis in APS and several
pathogenic mechanisms have been suggested
involving effects on different cells, antithrombot-
ic pathways and fibrinolysis.?? It is not surprising
that numerous mechanisms have been described
considering the widely accepted heterogeneity of
aPL.2223 However, not all patients with aPL devel-
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op the clinical features of APS. Thus, the possibili-
ty of a second hit is now becoming increasingly
recognized. The concept of thrombosis as a multi-
factorial disease has received much attention in
recent years.28 The impact of the presence of some
common genetic causes for thrombophilia in
patients with aPL has been recently evaluated by
some researchers.10-15

The inclusion of consecutive unselected patients
who tested persistently positive for aPL allowed us
to perform an evaluation of the prevalence of gene
polymorphisms in patients grouped as having def-
inite APS and not having APS. We found that only
2.9% of patients with APS carried FVL. This preva-
lence was similar to that detected in our normal
group. Despite the fact that most of our APS
patients had a history of venous or arterial throm-
bosis, the frequency of the FVL mutation was low.
This finding is not in accordance with our previous
study?* that showed FVL as a significant risk factor
for venous thromboembolism in the Argentinian
population that descends mainly from immigrants
from Spain and Italy. Nevertheless, our data are in
agreement with most studies reporting a low preva-
lence of FVL in aPL patients with or without sys-
temic lupus erythematosus.1%1525 Ames et al.13 con-
cluded that FVL may contribute to the hypercoag-
ulability occurring in a small proportion of throm-
botic aPL subjects. Both aPL patients in our popu-
lation bearing FVL had experienced thrombotic
events, an occurrence also demonstrated by Galli et
al.15in their 5 patients with heterozygous FVL. Tak-
ing into account the very frequent acquired acti-
vated protein C resistance (APCR) phenomenon due
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Table 4. Prevalence of combinations of FVL or PT-20210A
with the 4G/4G genotype of the PAI-1 in aPL patients and
in normal controls.

Multiple genetic defects ~ OR (95%CI)*  p value

APS (n=69) 4 (5.8%)
Non-APS (n=35) 0 (0%)
Normal controls (n=200) 1(0.5%)

122(1.3-1116) 0.016

*Comparison versus normal controls.

to autoimmune aPL,% it is likely that the combina-
tion of both congenital defects and acquired APCR
may interact to increase thrombin generation.

With respect to PT-20210A, our findings in APS
patients show a prevalence in close similarity to
that previously reported in our patients with
venous thrombosis, regardless of their aPL status.?
These results are in clear contrast to data published
by other authors in patients with APS. Bentolila et
al. and Bertolaccini et al.12 found only 2 out of 119
APS patients carrying the prothrombin mutation.
This discrepancy is difficult to explain but one rea-
son could be the way in which patients were
enrolled. In the present study we used inclusion
criteria similar to those employed in the Italian
report.’ In this way, all consecutive unselected
patients having aPL were enrolled. Galli et al.’®
studied the PT-20210A in 145 patients with LA and
reported a prevalence of around 6% in patients
with a history of venous or arterial thrombosis but
a group of healthy subjects was not included. We
found a high frequency (8.7%) of heterozygous
carriers of PT-20210A in patients diagnosed as hav-
ing definite APS compared with less than 3% in
either non-APS patients or normal controls. This
high frequency was also found even when consid-
ering only patients with LA (n= 76) with or with-
out aCL as in the Italian report.®> Our findings are
in close agreement with those of a recent report?’
in which the 20210A allele of the prothrombin gene
but not FVL was significantly much more preva-
lent in APS patients than in normal subjects.

The prevalence of MTHFR-677TT as well as the
homozygous state (4G/4G) of the PAI-1 in APS
patients were slightly higher, but not significantly
so, than in non-APS patients and healthy subjects.
Regarding the thermolabile variant of MTHFR, our
data are similar to those in three published
reports.t31527 This is the second study evaluating
the 4G/5G polymorphism of the PAI-1 gene in
patients with aPL. In the first one* the authors
studied a larger population of patients with APS

(n=110) and the major finding was a higher fre-
quency of the 4G allele in APS patients with throm-
bosis compared with in those without thrombosis.
This was mainly attributable to a higher prevalence
in patients with arterial events. We also found a
trend towards a higher frequency of PAI-1 (4G/4G)
in aPL patients with arterial thrombosis versus
those with venous thrombosis (data not shown).

Most of the previous studies have analyzed the
presence of one or two of the prothrombotic
genetic risk factors in cohorts of aPL patients. Up
to now, there have been only two reports in which
three common gene polymorphisms were simulta-
neously evaluated.’s2” So far it has been well-
established that combinations of thrombophilic
conditions may further increase the risk of throm-
boembolic events and also of obstetric complica-
tions,2828 put no particular attempt has been made
to determine whether multiple genetic factors can
be identified in aPL patients. We, therefore, decid-
ed to study the simultaneous occurrence of gene
polymorphisms which are included in our work-up
for thrombophilia. The MTHFR polymorphism was
excluded from the analysis of multiple throm-
bophilic genotypes because of the recent overall
opinion that this gene polymorphism does not
seem to contribute to thrombotic risk.26 Our data
show that a higher proportion of patients diag-
nosed as having definite APS have the PT-20210A
variant combined with the 4G/4G genotype of the
PAI-1 than patients with aPL without clinical fea-
tures of APS and healthy controls. Thus, it is likely
that when potential genetic risk factors exert their
action simultaneously, these effects may interact
and the final effect may exceed the sum of the
separate actions. This could be particularly rele-
vant in patients with additional acquired factors,
such as autoimmune aPL.

In conclusion, the presence of prothrombotic
genetic defects might influence the development
of APS-related clinical features in a subpopulation
of patients with aPL. Therefore, testing for herita-
ble thrombophilia would be important in order to
identify aPL subjects with an increased risk of APS.
However, larger cohorts of aPL patients will have to
be studied in order to confirm these findings.
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Potential implications for clinical practice
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be important to identify aPL subjects with an
increased risk of developing APS (see also recent
papers in this journal on this topic?-%)
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