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RESISTANCE TO ACTIVATED PROTEIN C DUE TO MUTATED FACTOR V
AS A NOVEL CAUSE OF INHERITED THROMBOPHILIA

Valerio De Stefano, Giuseppe Leone

Divisione di Ematologia, Istituto di Semeiotica Medica, Universita Cattolica, Rome, Italy

ABSTRACT

Inherited resistance to activated protein C (APC) was recently recognized as a novel cause under-
lying venous thrombophilia. In most cases APC-resistance is due to a single point mutation in the
factor V gene leading to a replacement of Arg506 with Gln (factor V Leiden). Amino acid substitu-
tion occurs at one of the APC cleavage sites of factor Va, rendering it resistant to APC inactivation.
Plasma anticoagulant response to exogenous APC as a simple diagnostic assay of APC- resistance
shows good sensitivity and specificity as compared to gene analysis, yet standardization of the resul-
ts needs to be improved. The APC-resistance trait is present in 2%-6% of the general population
and was found to be associated with venous thrombophilia in about 20% of patients with unexplai-
ned thrombosis. Clinical features are substantially similar to other congenital plasma abnormalities
predisposing to thrombosis (antithrombin III, protein C, protein S deficiencies); yet the overall cli-
nical penetrance of the defect seems lower, at least for the heterozygous condition. Preliminary data
suggest a higher risk of thrombosis in APC-resistant homozygous individuals or in patients exhibit-
ing APC-resistance together with other thrombophilic genetic defects. To date, genetically determi-
ned APC-resistance does not seem to play a significant role in the development of arterial thrombo-
tic disease.
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distinct nosographic entity in 1956 by Jor-

dan and Nandorff, who reported on 43
kindreds with thrombotic diathesis.' Since then,
a number of inherited alterations of coagulation
mechanisms underlying thrombophilia have be-
en identified.” The natural anticoagulant systems
mainly involved in the pathogenesis of inherited
thrombophilia are antithrombin III and the pro-
tein C pathway. Antithrombin III inactivates
thrombin and factor Xa and, to a lesser extent,
other serine proteases (VIla, IXa, XIa, XIla); its
action is enhanced by heparin.’ Circulating pro-
tein C is converted to its activated form by
thrombin complexed with thrombomodulin (an
endothelial receptor). Activated protein C (APC)
inactivates factor VIIIa and factor Va by limited
proteolysis; the anticoagulant effect of APC
requires the presence of the cofactor protein S in
its unbound form* (Figure 1).

Familial thrombophilia was recognized as a

The key role of these coagulation inhibitors in
preventing thrombosis is clearly confirmed by
the clinical features associated with the inherited
deficiencies or abnormalities of antithrombin
II1, protein C, protein S. A history of thrombosis
is present in 50% of affected individuals. Half of
the thrombotic episodes develop without any
evident associated risk factor (pregnancy, surge-
ry, oral contraceptives), and the thrombotic on-
set occurs before 40 years of age in 80% of sym-
ptomatic patients.>*

In a series of consecutive patients with deep
vein thrombosis, an isolated deficiency of anti-
thrombin III, protein C, protein S was reported
in 6.8% of the cases;” in selected series of
thrombotic patients referred to specialized cen-
ters the prevalence of these defects taken toge-
ther was 9.2% of the cases (cumulative analysis
of 1705 cases, range 3-21%).*"

Thus, a biochemical basis for thrombophilia
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related to the above considered defects can be
identified only in a relatively low number of in-
dividuals with thrombotic tendency; a laborato-
ry search for other inherited causes of thrombo-
philia (defect of heparin cofactor II, abnormali-
ties in fibrinogen or in the fibrinolytic system)
offers only a slight increase in the diagnostic
yield.?

Plasma resistance to activated protein C

In 1993 Dahlback et al. reported the case of a
middle-aged man with a history of recurrent
venous thrombosis.”” The effect of exogenous
activated protein C (APC) was measured in an
activated partial thromboplastin time (aPTT)-
derived assay. In the normal response, addition
of APC induced a prolongation of aPTT becau-
se of cleavage and inhibition of factors Va and
VIlIa; in the proband the prolongation of aPTT
in the presence of APC was much shorter than
in control plasma. Most of the proband’s relati-
ves manifested poor anticoagulant response to
activated protein C (APC-resistance), so that a
genetic basis for the alteration could be hypo-
thesized; other two kindreds with APC-resi-
stance were also identified. The distribution of
the alteration over the family members sugge-
sted an autosomal dominant mode of inheri-
tance. A history of thrombosis was present in 8
of the 20 individuals with APC-resistance iden-
tified in the three kindreds, and in none of the
18 relatives with a normal response to activated
protein C."” Thus, a novel inherited plasma alte-
ration apparently associated with thromboem-
bolic manifestations was identified.

Some possible explanations for the poor anti-
coagulant response to APC, such as the presen-
ce of an autoantibody to protein C, a fast-acting
inhibitor of APC, a previously unrecognized
protein S functional deficiency, a factor VIII
mutation resulting in APC-resistant molecules,
were ruled out by the evidence of the inherited
nature of the defect and/or by experimental
work. In fact, the poor response of proband
plasma to APC was corrected by the addition of
normal plasma but not by depletion of immu-
noglobulins or addition of purified protein S;
moreover, analysis of factor VIII-von Wille-

brand factor DNA polymorphism in the index
family argued against linkage of the APC-resi-
stance to a factor VIII genotype."

The possibility that APC-resistance was cau-
sed by an abnormal factor V molecule was ex-
plored by adding purified normal factor V to
abnormal plasma, which induced a dose-depen-
dent increase in anticoagulant response to
APC."” These results led to the tentative conclu-
sion that the factor V molecule contains both
procoagulant and anticoagulant (APC-cofactor)
activities.” To elucidate this hypothesis further,
factor VIlla degradation by APC was studied in
a purified system employing factor V and prote-
in S; the efficiency of APC action on factor VIIIa
was greater in the presence of both factor V and
protein S than protein S alone, suggesting that
factor V cooperates with protein S in increasing
the degradation of factor VIIla by APC* (Figure
1). Moreover, factor V (but not activated factor
V) has been reported to enhance the proteolytic
degradation of factor VIII by APC, even in the
absence of protein S.”

Molecular basis of APC-resistance

Another approach to investigating the role of
abnormal factor V or factor VIII molecules as
the cause of APC-resistance employed plasma
from affected individuals as the source of factor
V or factor VIII in deficient plasmas; patient
factor V but not patient factor VIII rendered
the substrate plasma resistant to APC.' That
was confirmed by adding the factor V purified
from patient’s plasma or normal plasma to fac-
tor V-deficient plasma. The APC-resistance
phenomenon was obtained only in the former
case.'

Linkage studies in two large kindreds suppor-
ted the hypothesis that APC-resistance was rela-
ted to an abnormal factor V gene product.”"
The locus for the factor V gene has been map-
ped to chromosome 1 (1q21-25);" APC-resi-
stance cosegregated with a factor V gene poly-
morphism in one of the kindreds” and with a
microsatellite marker located in the 1q21-25 re-
gion in the other kindred.”

Factor V can be activated by means of limited
proteolysis by thrombin and factor Xa.” Inacti-
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vation of human factor Va requires binding of
factor Va to a membrane surface” and cleavage
by APC in the heavy-chain region at Arg506-
Gly507,* with subsequent loss of the binding
sites for factor Xa and prothrombin;” cleavage
of the light chain takes place at Argl765-
Leul766, without loss of biologic activity.” Acti-
vated protein C binds to a high affinity binding
site in the light-chain region corresponding to
the amino acid residues Arg1865-1le1874.*

On the basis of these data, a search for a factor
V mutation involving the putative APC-binding
site (Arg1865-Ile1874) and/or the putative clea-
vage site (Arg506-Gly507) was conducted; two
individuals, supposedly homozygous for APC-
resistance because both parents were affected,
were proven to be homozygous for a guanine to
adenine substitution at nucleotide 1691
(1691G—A)."” This mutation predicts the repla-
cement of Arg506 (CGA) by Gln (CAA) and was
named Factor V Leiden (FV Q506) from the di-
scovering center; it was found to cosegregate
with APC-resistance in a large kindred.” Factor
V mutated at the primary cleavage site can be
expected to be resistant to degradation by APC
and maintain normal procoagulant activity. Ac-
cordingly, the factor Va formed by activation of
factor V Leiden with factor Xa was shown to be
resistant to APC-inactivation;” paradoxically,
APC- inactivation occurred normally if factor V
Leiden was activated by the addition of a-
thrombin."” This latter point requires further
elucidation.

However, these data can explain the correc-
tion of plasma APC-resistance by the addition
of normal factor V. It is possible that mutated
factor Va is inactivated by APC at a lower rate
than normal factor Va, resulting in a higher rate
of thrombin formation. Consequently, the grea-
ter thrombin formation induces elevated acti-
vation of factor VIII and factor V, increasing
coagulation activation with further consum-
ption of factor V and then factor V-dependent
APC- cofactor activity’” (Figure 1). Thus, the
addition of normal factor V could lead to incre-
ased APC-inactivation of factor VIIIa due to
the APC-cofactor activity of factor V, resulting
in a decreased rate of coagulation activation.
On the other hand, an excess of normal factor

V does not induce hypercoagulability because
factor Va, derived mostly from normal molecu-
les, is inactivated by APC at normal rates.””
The cofactor activity of factor V to the APC ac-
tion does not seem to be affected by the Q506
mutation.**”’

In the Dutch study the factor V Leiden muta-
tion was found in 56 out of 70 (80%) subjects
classified as APC-resistant by means of the aP-
TT-derived assay; of the 56 affected individuals,
6 were homozygotes and 50 heterozygotes.” The
remaining 14 subjects, with a normal factor V
cleavage site, had an anticoagulant response to
APC that was only marginally reduced.”

That the factor V Q506 mutation was the ca-
use of APC-resistance was confirmed nearly
contemporaneously by at least other four inde-
pendent centers, which reported the presence of
factor V Leiden in 85-100% of APC-resistant
individuals.®*" As a rule, the search for the
Q506 mutation failed only in individuals with
slight plasma APC-resistance;*”' nevertheless,
some familial cases with APC-resistance, but
without the mutation have been reported.” Ob-
viously, some hitherto unrecognized molecular
alterations leading to APC- resistance cannot be
ruled out.

Methodological problems and conditions
influencing the assay

In spite of the simplicity of execution of the
APC-resistance plasma assay as designed by
Dahlback et al.,”” a number of methodological
problems have arisen.

Expression of the results

In the original report"” the results of the APC-
resistance assay were expressed as prolongation
of aPTT in the presence of APC as compared to
aPTT values in the absence of APC. The ratio of
the aPTT value in the presence of APC to the
same parameter in the absence of APC (APC-
sensivity ratio, APC-SR) has since been more
extensively employed to express the results of
the assay.”** The plasma APC-sensivity ratio of
the patient sample can be normalized to the ra-
tio obtained in the same test run with a referen-
ce plasma (normalized APC-sensivity ratio, n-
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APC-SR)" (Table 1). This latter expression of
the results avoids variations related to different
concentrations of calcium chloride or APC and
to different batches of aPTT activator or APC.”

Based on extensive investigation of healthy
individuals and thrombotic patients, n-APC-SR
ranges were proposed for non carriers (n-APC-
SR 20.70), heterozygotes (n- APC-SR 0.45-
0.70) and homozygotes (n-APC-SR < 0.45) for
factor V Leiden mutation;”* according to the
authors, this approach received full confirma-
tion by DNA analysis. Conversely, the use of a
simple, non normalized APC-SR can result a
false positive or negative result in some cases
due to the presence of factor V Leiden.”*

Poor assay reproducibility on samples obtai-
ned by different blood drawings was claimed by
some authors using a commercial kit.’*” In
other studies a second assay was reported to be
confirmatory in all new samples, with a high
correlation being observed between the APC-
SRs obtained in the two determinations.”” Most
of the first reports were based on results obtai-
ned from frozen samples; their conclusions co-
uld be biased by the fact that significantly lower
APC-sensivity ratio values have been observed
in frozen samples as compared to fresh samples,
regardless of the storage temperature.”* Yet the
APC-resistance assay was reportedly unaffected
by the duration of freezing”'*"' or by subse-
quent cycles of freezing and thawing.”*

A falsely decreased APC-ratio may also be
due to platelet contamination, so that careful
centrifugation is required to obtain platelet po-
or plasma.”

A multicenter investigation employing 35 co-
agulation instruments from 9 different manu-
facturers revealed a large interlaboratory varia-
tion in the mean APC-SR of the samples inve-
stigated (range 2.70-3.56); a sample with mild
APC-resistance displayed an APC-SR between
1.55 and 2.42 but was nonetheless classified as
the lowest APC-responder in all laboratories
regardless of the instrument employed.” In our
laboratory the results obtained on four diffe-
rent coagulation instruments in a simultaneous
session run showed that the use of n-APC-SR
allows narrow between-instrument variation
with respect to the APC-SR; however, in a gro-

Table 1. APC-sensivity plasma assay: expression of the results. APC-aPTT:
aPTT assay in the presence of activated protein C; aPTT: aPTT assay in the
absence of activated protein C.

Ref. Range of  APC-resistance
controls diagnosis

aPTT prolongation 12 17-269 sec. < 23 sec.
(APC-aPTT minus aPTT)

33 40-180 sec. <40 sec
APC-sensivity ratio, 33 2.15-6.20 <215
APC-SR
(APC-aPTT/aPTT) 34 1.35-4.10 <217
normalized APC-SR, 17 > 0.84 <0.84*
n-APC-SR

(patient APC-SR/control APC-SR)

*genetic analysis revealed FV Q506 mutation only in patients with n-APC-SR < 0.70.

up of proven heterozygous individuals expres-
sing mild APC-resistance, the sensitivity of the
commercial assay depended on the coagulation
instrument employed.” Thus, more informa-
tion is urgently needed to establish whether dif-
ferent instruments require specific reagent con-
centrations to improve assay resolution.

Influence of lupus anticoagulant on the APC-resi-
stance assay

Interference of antiphospholipid antibodies
(anticardiolipin antibodies and/or lupus antico-
agulant) with the APC-resistance test has been
repeatedly confirmed, since false positive APC-
resistance is observed as a result of a decrease in
APC-SR.** This reflects the interference of an-
tiphospholipid antibodies with the protein C
pathway, as was already demonstrated by pre-
vious in vitro studies.” Recently Bokarewa et al.”
showed that the addition to normal plasma of
IgG fractions isolated from patients with anti-
phospholipids can simulate the APC-resistance
phenomenon.

In this study APC-resistance was induced only
by IgG fractions with both anticardiolipin and
lupus anticoagulant activity.” The underlying
mechanism was postulated to be a negative inte-
raction between the IgG and the APC-binding
sites on factor Va and factor VIIIa molecules.
Currently, it appears that 58% to 100% of pa-
tients with antiphospholipids expressing lupus
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anticoagulant activity show an APC-SR compa-
tible with APC-resistance,***** whereas patien-
ts with the isolated presence of anticardiolipin
antibodies present a positive APC- resistance
test in a percentage ranging from 18% to
64%.""** A modified assay able to detect factor
V Leiden even in lupus anticoagulant samples
has been described; it employs test plasma dilu-
ted in factor V-deficient plasma and tissue factor
as clotting activator.”

Influence of anticoagulant treatment on the APC-
resistance assay

An APC-resistance plasma assay is not possi-
ble with heparinized samples unless a prelimi-
nary step with a heparin-inactivator is includ-
ed; as expected, the presence of heparin, even at
low concentrations, induces a prolongation of
aPTT with or without APC that renders the as-
say unreliable.”

The APC-resistance assay is influenced by re-
ductions in the concentration of factors I, X, IX
and VIII that lead to increased APC-SR values.”
Therefore it must be pointed out that patients
on oral anticoagulant treatment cannot be exa-
mined for APC-resistance; however, modified as-
says based on dilution of test plasma in factor V-
deficient plasma have been reported to be highly
reliable in patients on oral anticoagulants and
more sensitive than the original procedure.””

Interference of APC-resistance on protein S or
protein C functional determination

Protein S functional determination was de-
monstrated to be influenced by the presence of
genetically determined APC-resistance in two
commercial assays based on APC-inactivation
of factor V as tested by a PT-derived or an aP-
TT-derived system, respectively.”** In both tests
performed on APC-resistant individuals at the
plasma dilutions recommended by the manu-
facturers a spurious low level of protein S was
found in 75 to 100% of the assays with the IL
test, and in 41 to 46% of the assays with the
Staclot test;** it was concluded that both tests
are sensitive to the presence in the patient pla-
sma of the mutant factor V, which is resistant to
inactivation by protein C.

The presence of the mutant factor V was re-

portedly misdiagnosed as a protein C functio-
nal deficiency in one kindred because of spurio-
us low levels of protein C detected by a coagu-
lometric assay.”

Conditions other than thrombotic disease investi-
gated

The concentration of protein S was not found
to influence APC-SR when values exceeded
20%, so that misdiagnosis of APC-resistance in
individuals heterozygous or protein S deficiency
should be unlikely;” accordingly, patients with
a known inherited protein S deficiency have be-
en reported to have a normal anticoagulant re-
sponse to APC.*»»

Factor V levels do not significantly influence
the APC-resistance assay, even at very low con-
centrations.”™ Nevertheless, a poor response to
activated protein C was described in homozy-
gous factor V-deficient individuals, but not in
heterozygous patients.” In a kindred with factor
V deficiency examined in our laboratory two
homozygous subjects displayed an n-APC-SR
in the lower range of the control group (0.83
and 0.73, respectively), whereas their parents
(with half- levels of factor V) had clearly nor-
mal n-APC-SR values (unpublished data).

Pregnancy®® or oral contraceptives®” induce
an acquired APC-resistance by a mechanism
that remains to be clarified. In this regard, it is
of interest that women have repeatedly been fo-
und to have slightly lower APC-SR ratios than
men,”*’" but conflicting results have also been
reported.’”

Clinical relevance of APC-resistance as under-
lying cause of thrombotic disease

APC-resistance and venous thromboembolism

In the first kindred reported, out of 14 indivi-
duals with APC-resistance over three genera-
tions, 5 had a history of venous thrombosis."” In
the first investigations on patient cohorts with
venous thrombotic disease the prevalence of
APC-resistance ranged from 21 to 64%,””* with
a frequency 2 to 7 times greater than congenital
deficiencies of antithrombin III, protein C and
protein S taken together. Family studies sugge-
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sted an association between the APC-resistance
trait and an increased risk for thrombosis.” An
overall review of the patient series with venous
thromboembolism reported so far (even in ab-
stract form) showed quite a large prevalence
range of APC resistance (4-64%); however, if
only the larger series (over 100 patients) are
considered, the APC-resistance prevalence ap-
peared to be 10% in one report* and 21 to 33%
in four others®****”® (Table 2a). These discre-
pancies could be due mainly to different selec-
tion criteria: e.g. exclusion of patients over 45
years old with thrombosis, those on oral antico-
agulants, and/or those with an established ac-
quired or inherited cause of thrombosis. Ano-
ther cause for the discrepancy could be related
to different ways of expressing the results of the
plasma assay. It is noteworthy that the first two
large patient series defined by the investigators
as consecutive were somewhat selected because
patients taking oral anticoagulants were not
studied,** and those over 70 with thrombosis
were excluded.” Cumulative analysis showed a
prevalence of 5% in 176 truly consecutive
patients (data available only in abstract form),
and of 20% in 1184 selected patients (Table 2a).
Genetic analysis confirmed the prevalence of
the APC-resistance/factor V Leiden trait was
about 20% in thrombotic patients investigated
either consecutively or after selection (Table
2b). Interestingly, the prevalence of APC-resi-
stance in thrombotic patients was reported to
be independent of the age at first thrombosis
(23%, 30/129, in patients with thrombotic on-
set before 45 vs. 19%, 34/172, in the group with
onset after 45).** We found a similar result in
patients selected after exclusion of other causes
of thrombophilia; APC-resistance was present
in 28%, 26/93, of patients with onset before 45
and in 28%, 7/25, of those with onset after 45
(unpublished data). In a prospective study per-
formed on healthy men (Physicians’ Health
Study), the prevalence of factor V Leiden in the
subjects who developed venous thromboembo-
lism after 40 years of age was 11.6%.* That is in
sharp contrast to congenital deficiencies of an-
tithrombin III, protein C and protein S, which
are very rarely associated with thrombotic onset
after 40-45 years of age.*"

Prevalence of APC-resistance in the general popu-
lation

The high prevalence of APC-resistance in pa-
tients with venous thromboembolism in part
reflects the distribution of the abnormal factor
V allele in the general population; among heal-
thy controls 2.5% were found to be APC-resi-
stant (cumulative analysis of 2120 subjects)
(Table 3a). As a rule, control populations from
Southern Europe (France, Italy, Austria, Spain)
seem to have a lower prevalence of APC-resi-
stance than controls from Northern Europe
(Netherlands, United Kingdom, Sweden) (1.3-
2.8% vs. 4.6-6.9%). Studies on healthy controls
performed by factor V gene analysis support
these data, showing the frequency of indivi-

Table 2.
A) Prevalence of APC-resistance in patients with venous thrombotic dis-
ease. Studies not validated by factor V gene analysis.

Ref. npts.  selection n APC-resistant
criteria individuals kindreds

Griffin et al 25 yes 16 (64%) n.i.
Svensson et al 104 yes 34 (33%)  34/45
Koster et al 301 yes 64 (21%) 10/11
Legnani et al 261 yes 26 (10%) n.i.
Faioni et al 106 yes 35(33%) n.i.
Halbmayer et al 40 yes 7(17%) 2/2
Cadroy et al 84 yes 9(19%) n.i.

no 2 (10%) n.i.
37 yes 9 (24%) n.i.
yes 9(12%) n.i.

Tosetto et al
Cushman et al
Lopaciuk et al

XIS ERPCeXRRER
* *
~ )
) IS

Borrell et al * 72 no 3 (4%) n.i.
Cumming et al * 36 yes 3(8%) n.i.
Pickering et al * 84 no 5(5%) n.i.
De Stefano et al 118 yes 33(28%) 15/15
Total

consecutive patients 176 10 (5%)

selected patients 1184 245 (20%)

n.i.: not investigated; * : abstract paper.

B) Prevalence of APC-resistance in patients with venous thrombotic dis-
ease. Studies validated by factor V gene analysis.

Bertina et al (17) 301 yes 53 (17%)
Alhenc-Gelasetal  (28) 87 no 14 (16%)
Voorberg et al (30) 27 no 10 (37%)
Ma et al (79)* 30 yes 7(23%)
Ridker et al (80) 121 yes 14 (11%)
Total

consecutive patients 114 24 (21%)
selected patients 452 74 (16%)

*: abstract paper.
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Table 3.
A) Prevalence of APC-resistance in the healthy population. Studies not
validated by factor V gene analysis.

Ref. nindividuals Country — n APC-resistant

tested individuals
Svensson et al (32) 130 Sweden 9  (6.9%)
Koster et al (34) 301 Netherlands 14 (4.6%)
Halbmayer et al (59) 50 Austria 1 (2.0%)
Simioni et al (64) 55 Italy 0
Cadroy et al (71) 75 France 1 (1.3%)
Tosetto et al (72 1212 Italy 20 (1.6%)
Cushman et al (73) 39 USA 2 (5.1%)
Lopaciuk et al (74)* 110 Poland 1 (0.9%)
Borrell et al (75)* 107 Spain 3 (2.8%)
Cumming et al (76)* 41 United Kingdom 2 (4.9%)
Total 2120 53 (2.5%)

*: abstract paper.

B) Prevalence of APC-resistance in the healthy population. Studies vali-
dated by factor V gene analysis.

Bertina et al (17) 164 Netherlands 6 (3.6%)
De Ronde et al (35) 100 Netherlands 4 (4.0%)
Ridker et al (80) 704 USA 42 (6.0%)
Catto et al (81)* 247 United Kingdom 14 (5.6%)
Beauchamp et al (82) 144 United Kingdom 5 (3.4%)
Emmerich et al (83) 168  Belfast (UK) 10 (5.9%)
ibidem 147 Lille (F) 1 (0.6%)
ibidem 176  Strashourg (F) 17  (9.6%)
ibidem 201 Toulouse (F) 6 (2.9%)
Witt et al (84)* 196 Germany 8 (4.3%)
Prohaska et al (85)* 202 Germany 16 (7.9%)
Kontula et al (86) 137 Finland 4 (2.9%)
Soubrier et al (87) 229 Paris (F) 5 (2.2%)
ibidem 373 Nancy (F) 32 (8.6%)
Total 3188 170 (5.3%)

*abstract paper.

duals with an abnormal genotype to be 0.6-
2.9% in France and 3.4-5.9% in the United
Kingdom and the Netherlands; in the U.S. the
prevalence among (white) individuals is 6.0%.
However, a remarkable cluster of factor V Lei-
den carriers (8.6-9.6% of the overall popula-
tion) has been reported in Central Europe, na-
mely in Alsace (Table 3b). A founder effect was
demonstrated in the Dutch population in car-
riers and non-carriers of the Leiden mutation."”

Linkage to a genetic advantage of some kind
could be hypothesized to explain the fact that
the abnormal factor V allele is maintained at
such a frequency in the general population; so
far only speculative explanations have been at-
tempted.”*>***

Association of APC-resistance with other conge-
nital plasma deficiencies

The high frequency of APC-resistance in
thrombotic patients and in healthy controls rai-
ses the question of whether this mutation may
be associated with other thrombophilic traits,
possibly accounting for different degrees of cli-
nical penetrance as noticed, for instance, in
protein C deficiency.”*

Support for this hypothesis was provided by
the presence of two independently inherited de-
ficiencies, of protein C and protein S, respective-
ly, in the first two kindreds extensively analyzed
for the factor V Leiden mutation.””"* In both fa-
milies clinical penetrance of the thrombotic ten-
dency was more severe in individuals having
both defects than in those with only one.”"™ A
factor V Leiden mutation was found in from 10
to 19% of protein C-deficient probands.””** Ana-
lysis of 77 individuals showed a significantly hi-
gher prevalence of thrombotic disease (73%) in
subjects with both mutations than in those with
only protein C deficiency or factor V mutation
(31 and 13%, respectively).” According to other
reports, the association of APC-resistance with
other thrombophilic plasma abnormalities (an-
tithrombin III, protein C, protein S, heparin co-
factor II deficiencies or reduced fibrinolytic acti-
vity) is not uncommon;**77** several stud-
ies on patient cohorts previously diagnosed as
having a thrombophilic plasma abnormality
displayed a prevalence of APC-resistance rang-
ing from 5 to 31%.7” Yet Simioni et al.** using
plasma did not find the APC-resistance trait as-
say in any of 113 individuals belonging to 23 fa-
milies with antithrombin III, protein C or pro-
tein S deficiency. In our experience genetic ana-
lysis failed to find factor V Leiden in thrombotic
probands belonging to 12 different kindreds
with antithrombin III or protein C deficiency
identified in our center (Lane and Ireland, per-
sonal communication). Moreover, in two large
series (n=405) of patients unselected with
respect to a previous diagnosis of plasma abnor-
malities, an associated protein C deficiency was
found in only one of 98 individuals identified as
APC-resistant (1%),”** with a frequency of dou-
ble deficiencies comparable to that found in
other series.”” Thus, the true frequency of com-
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bined APC-resistance and other thrombophilic
defects remains to be established and is proba-
bly strongly influenced by various factors.

APC-resistance and arterial thromboembolism

Lindblad ef al.”* first reported a case of a 32-
year-old man with arterial occlusion and APC-
resistance who died from pulmonary embolism
after a vascular reconstruction operation. Two
other young patients with myocardial infar-
ction were reported to be homozygous for
APC-resistance.” In a study by Halbmayer et
al.” the prevalence of APC-resistance in arterial
thrombosis patients was comparable to that ob-
served in subjects with venous thromboembo-
lism (20%), whereas according to Cushman et
al.” the prevalence of this defect in arterial pa-
tients did not differ from that of the control
group (4%) (Table 4a). All the studies conduct-
ed so far utilizing factor V gene analysis in pa-
tients with ischemic stroke*** or myocardial in-
farction®*** have reported that the frequency
of the factor V Leiden mutation did not differ
from that of the control group (Table 4b).
Thus, at present APC- resistance does not seem
to be a risk factor for arterial thrombotic disea-
se, at least in heterozygous individuals.

Clinical manifestations in individuals with APC-
resistance

A study by Svensson ef al.” on 211 individuals
with APC-resistance belonging to 34 different
kindreds stated that the overall rate of thrombo-
tic disease was 23% (49/211). Excluding the in-
dex patients and considering only the indivi-
duals diagnosed during family investigation, the
rate of thrombosis was considerably lower (8%,
15/177); nevertheless, thrombosis-free survival
in these subjects was significantly different from
that of the unaffected relatives, confirming that
APC-resistance is a risk factor for thrombosis.
The overall probability of thrombosis at age 45
was 41%.” In a subsequent investigation valida-
ted by factor V gene analysis the authors were
able to confirm these data, since 31% of the af-
fected individuals (51/162) presented a history
of thrombosis; after exclusion of the index pa-
tients, the rate of thrombosis was 16%
(22/133).” In our experience with 40 individuals

Table 4.

A) Prevalence of APC-resistance in patients with arterial thrombo tic dis-
ease. Studies not validated by factor V gene analysis. Presence of lupus
anticoagulant was ruled out only in the study by Halbmayer et al (59).

Ref. npts. selection APC-resistant
criteria  individuals kindreds

Halbmayer et al (54) 30 yes 6 (20%) 1/1
Cushman et al (67) 44 yes 2 (4%) n.i.
Total 74 8 (10%)

B) Prevalence of APC-resistance in patients with arterial thrombo- tic dis-
ease. Studies validated by factor V gene analysis.

Ridker et al (80) 583 yes 32 (5%)
Cattoet al (81)* 348  not specified 15 (4%)
Emmerich et al (83) 609 yes 34 (5%)
Witt et al (84)x 224 yes 21 (9%)
Prohaska et al (85)* 300  not specified 21 (7%)
Kontula et al (86) 358 yes 16 (4%)
Samani et al (88) 60 yes 2(3%)

Total 2482 141 (6%)

*: abstract paper.

with APC-resistance belonging to 15 unrelated
kindreds, 20 (50%) showed a history of throm-
bosis; after exclusion of the index patients, the
percentage of relatives having suffered thrombo-
sis was 20% (5/25). In a large multicenter Italian
survey, individuals with antithrombin III, prote-
in C or protein S deficiencies taken together
demonstrated a history of thrombosis in 54% of
the cases; this percentage dropped to 33% after
exclusion of the index patients.® Thus, APC-resi-
stance is probably somewhat less thrombogenic
than antithrombin III, protein C and protein S
deficiencies. In a direct analysis the thrombosis-
free survival of APC-resistant subjects at age 45
compared favorably to that found in the other
plasma abnormalities (70% vs. 57%, 47% and
44% for antithrombin III, protein C and protein
S deficient subjects, respectively).” The most
frequent clinical manifestation is deep vein
thrombosis of the lower limbs, with or without
pulmonary embolism,”* as in the other inheri-
ted plasma defects predisposing to thrombosis.*
In our series this clinical condition accounted
for about 70% of first events; splanchnic vein
thrombosis was quite rare, in agreement with
other series.””” Perhaps these data were biased
by the exclusion of individuals on long-term
oral anticoagulants from the APC- resistance as-
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say, probably underscoring the rather severe cli-
nical manifestations found in the study group.

In a series of 51 patients arterial thrombosis
occurred in 7 subjects (13%), but only in one
before age 45.”' In 62% of the 51 cases the first
thrombotic episode was associated with a trig-
gering factor.” We found a higher percentage
(80%) of clinical onset related to triggering si-
tuations (in most cases pregnancy or oral con-
traceptives) in a series of 20 APC-resistant pa-
tients with proven inheritance. Thus, the per-
centage of spontaneous episodes seems to be lo-
wer than in antithrombin III, protein C and
protein S deficiencies, where thrombosis can
develop in about half of the cases with no
known associated risk factor.® This would be in
agreement with the supposedly lower clinical
penetrance of APC-resistance.

From an analysis of the outcome of 57 pre-
gnancies in 27 APC-resistant women, we esta-
blished a prevalence of thrombotic complica-
tions during pregnancy and puerperium of
28%, a rate 400 times higher than that found in
the general population; most of the episodes
(62%) occurred during puerperium.”

The relevance of concomitant risk factors as
triggering causes of thrombosis in APC-resistan-
ce can also be inferred from a recent study de-
monstrating an increased trombotic risk in affec-
ted women using oral contraceptives.” It would
therefore appear that once the APC-resistance
trait has been diagnosed, special care must be
taken to prevent thromboses associated with risk
situations by adopting measures previously
shown to modify the natural outcome of other
plasma abnormalities.®

The homozygous condition for mutated fac-
tor V has been reported to carry a greater
thrombotic risk than the heterozygous state: in
homozygotes the thrombosis-free survival cur-
ve showed a probability of thrombosis at age 33
double that of heterozygotes (40% vs. 20%). A
history of thrombosis was present in 44% of
homozygotes and in 30% of heterozygotes.”
Varying severity of clinical manifestations was
reported in homozygous siblings belonging to
the same kindred;” nevertheless, for now the
homozygous state should be considered at hi-
gher risk in counselling practice.”*

Conclusions

Identification of the factor V mutation un-
derlying APC-resistance ahs led to entirely new
insights into the genesis of thrombosis. This
condition is now recognized to be associated
with about 20% of all unexplained venous
thromboses and is present in 2% to 6% of heal-
thy individuals.

Plasma assay can be misleading in some cases
and criteria for diagnosis of APC-resistance ne-
ed further improvement and standardization. In
the near future a diagnostic approach utilizing
factor V gene analysis will probably become
much more widespread; however, simplicity of
execution and the evidence of a small number of
kindreds with inherited factor V-unrelated
APC-resistance argue in favor of retaining the
plasma assay as the first diagnostic step. Antico-
agulant treatment or evidence of antiphospholi-
pid antibodies render the plasma assay unrelia-
ble and make gene analysis the only valid dia-
gnostic approach in such patients; modified pla-
sma assays have been proposed to circumvent
these limitations but they need to be verified in
larger studies. More clinical experience is nee-
ded to establish the thrombotic risk related to
APC-resistance as well as to provide guidelines
for the management of affected hetero- and ho-
mozygous subjects. At present it is advisable to
adopt tentative criteria similar to the ones em-
ployed for the management of other congenital
thrombophilic defects (antithrombin III, prote-
in C, protein S deficiencies), namely giving
asymptomatic subjects short-term antithrom-
botic prophylaxis only during risk situations,
and prescribing indefinite oral anticoagulation
for patients who suffer spontaneous and/or re-
current major thrombotic episodes. Further cli-
nical studies are needed to establish possible dif-
ferences in this approach related to the presence
of a heterozygous or homozygous genotype.
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