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Procoagulant factors, which activate platelets and initiate blood coagulation, are
exposed upon vascular damage.? In a series of sequential proteolytic reactions,
proenzymes are activated, culminating in the formation of thrombin. Several of the
reactions are greatly enhanced by non-enzymatic cofactors, which together with the
enzymes are assembled into highly efficient and specific proteolytic complexes on the
surface of procoagulant phospholipi ds.® The protein C anticoagulant pathway regulates
the activity of the procoagulant cofactors, factor Va (FVa) and factor Villa (FVIiia).*”
Protein C, which isa zymogen to a serine protease, is activated by thrombin wheniit is
bound to the endothelial cell membrane protein thrombomodulin.!” In the degradation of
Fvaand FVlllaby activated Erotein C (APC), vitamin K-dependent protein S functions
as anon-enzymatic cofactor.*®® In human plasmathe concentration of protein Sis
approximately 0.3 pM (20-25 mg/l), and it circulates both as free protein (approximately
40%) and bound to C4b-binding protein, aregulator of the complement system.(5) Only
the free form of protein Sis active as an APC-cofactor. Recently, intact FV was
discovered to be a second APC-cofactor.*'? Thus, FV appears to function asan
anticoagulant protein under normal conditions. It is converted into a potent procoagulant
cofactor upon activation of the coagulation system. Just like the transformation that
thrombin undergoes upon its binding to thrombomodulin, this dual capacity of FV isan
ingenious means of balancing pro- and anti-coagulant forces.

Heterozygous deficiency of protein C is associated with thromboembolic
diseases.®® In its homozygous form, protein C deficiency manifests very severe, often
fatal, thrombosis already in the neonatal period. The association between protein S
deficiency and venous thrombosi s supports the concept that protein Sis aphysiologically
important natural anticoagulant. Many mutations causing quantitative or qualitative
deficiencies of protein C and protein S have been described.™*?

APC-Resistance as a Basis of Venous Thrombosis

Until recently, fewer than 10% of venous thrombosis patients have been found to
carry genetic defects of coagulation inhibitors such as antithrombin I11, protein S or
protein C.®* In 1993, this changed with the description of APC-resistance as a
previously unrecognized cause of thrombophilia.(14) In normal plasma, the clotting time
increases with increasing concentrations of added APC, whereas a poor anticoagulant
response to APC is manifested in APC-resistant plasma. The APC-resistance test isnow a
standard assay, which is used in the evaluation of thrombosis patients. In its most
common form, the assay is a modification of a standard activated partial thromboplastin
time (APTT) reaction. Two APTT reactions are performed, one of which includes a
carefully standardized amount of added APC, and results are expressed as the ratio of the
values obtained with the two APTT tests.*>*® Among patients suffering from venous



thromboembolism, the APC-resistance phenotype is the most common |aboratory
abnormality found. 131520

The R°®Q Mutation in the Factor V Gene as a Cause of APC-Resistance

Isolated FVV from normal plasmawas found to be able to correct the APC-
resistance Phenotype which led to the identification of the molecular mechanism of APC-
resistance."” In more than 90% of patients with inherited APC-resistance, a single point
mutation in the FV gene—a G to A substitution at nucleotide position 1691 Joredicti ng
replacement of arginine (R) at position 506 with a glutamine (Q)—is found.?%
Arginine 506 constitutes one of three APC-cleavage sites in the heavy chain of normal
FVa, and the mutation leads to areduction in the rate of inactivation of FVabecause APC
cleaves less efficiently at arginine 306 and arginine 679.%%>% The mutation does not
affect the activation of FV to FVa, and FVa:Q™® expresses normal procoagulant activity.
The hypercoagulability associated with APC-resistance is due to stabilization of the
prothrombinase complex and increased thrombin formation as a result of the decreased
rate of APC-mediated degradation.®”

The prevalence of the FV:Q°® allele i's between 2% and 15% in Western societies,
but it varies widely depending on the geographic location and the ethnic background of
the population.**#3 The highest frequencies of heterozygosity for FV:Q have been
observed in certain regions of southern Sweden® and in Greece.® The FV:Q*® alleleis
most probably the result of afounder effect. ™" In this respect, it is noteworthy that the
mutated alele is not found in certain populations, such as the Japanese, Chinese, and the
aboriginal inhabitants of Australia, Africaand America. It istempting to speculate that
therelatively low incidence of thrombosis in some of these societiesisrelated to the
absence in these populations of the FV:Q°® allele. It is also tempting to speculate that the
high prevalence of the FV:Q°® allele in some populations is due to asurvival advantage
conferred by the mutation during evolution. Possibly, alower bleeding tendency after
trauma or pregnancy may have been the positive survival factors that have been involved
in spreading the mutated allele in the popul ation.
Laboratory Determination of APC-Resistance and FV:Q°®

So far, practical clinical experience has mainly been obtained with the APTT-
based test for APC-resistance.™” The APTT-reaction is run in the presence and absence
of a carefully standardized amount of APC, and the two clotting times are converted to an
APC-ratio. If the assay is always done on the same instrument and also in other respects
performed under strictly standardized conditions, the resulting APC-ratios can be used as
they are.*>*® However, different instruments give different clotting times and APC-ratios
obtained on one type of instrument cannot be directly compared with those from another
type.(37) The quality of the results of the APC-resistance test depends on strict
standardization. When al variables are strictly controlled, the APC-resistance test gives
good discrimination between normal and APC-resistant individuals.®>*® The sensitivity
and specificity of the APC-resistance test for FV:Q°* are 85-90% or better.*-%
Variation in plasmalevels of protein C has no influence on the APC-ratio because a
standardized amount of APC is added. In addition, variation of the endogenous free



protein Slevel within the range expected for normals and heterozygous protein S
deficiency has no or only avery minor influence on the APC response in the APT T-based
assay.(15'38) For analysis of plasmas from individuals receiving oral anticoagulants, or
heparin, the “classical” APC-resistance test is not reliable. The sameistrueif the plasmas
are derived from individuals with other coagulation defects, such as lupus anticoagulants
or coagulation factor deficienci es.15*) 1n order to allow analysis of such plasmas, a
modified APC-resistance, in which sample plasma is prediluted with factor V deficiency
plasma before assay, was devel oped.(39’4°) This modification gives valid results not only
for patients on oral anticoagulation but has been found also to provide an improved
discrimination for the FV:Q506 mutation. In addition, this procedure makes the APC-
resistance quite insensitive to differences in plasma handling before analysis. For some
time this modification has been evaluated in our laboratory, using plasmas from
individuals with or without oral anticoagulant therapy, and sensitivity and specificity for
the presence of the FV :Q506 alele of 100% was obtained, irrespective of the plasma
origin.

The codon for Arg506 is positioned close to the exon-intron boundary in exon 10
of the factor V gene. Determination of the G to A mutation involves amplification of this
nucleotide region either from genomic DNA or from mRNA. The detection of the point
mutation can be made in many ways, e.g., by nucleotide sequencing, by different
hybridization techniques, by restriction enzyme cleavage or by allele-specific
amplification. The methodology can be optimized to allow analysis of alarge number of
samples every day. The rate limiting step is usually the preparation of patient DNA, even
though rather simple extraction procedures can be used. It isimportant to recognize the
risk of contamination of PCR-based assays, and hence it is of utmost importance to
organize the work carefully and include both positive and negative controls.

Both the APC-resistance test and the FVV gene mutation analysisis required for
optimal evaluation of asingle patient, because the two methods provide complementary
information. For economical and practical reasons thisis not always possible. In our
laboratory we perform the original and the modified APC-resistance testsin parallel and
confirm positive samples with genotyping. This approach allows analysis of plasmafrom
individuals on oral anticoagulant therapy and decreases the need for confirmatory genetic
testing.

It isimportant to identify genetic risk factorsin patients with venous thrombosis,
but general screening for anticoagulant protein deficiencies has until now not been judged
cost-effective. Thisis mainly dueto the low prevaence of these defects. The high
prevalence of APC-resistance in the population together with the clear relationship
between APC-resistance and an increased risk of thrombosis call for an evaluation of
whether it is worthwhile to screen for APC-resistance in association with hospitalization,
surgery, usage of oral contraception, pregnancy, and other circumstantial risk situations.

Clinical Manifestations in APC-Resistance
The clinical manifestations of APC-resistance are similar to those of deficiencies

of protein C, protein S or antithrombin |11, deep venous thrombosis being the most
common clinical problem. Thrombosis is more common among homozygotes than among



heterozygotes, and the first thrombotic event tends to occur at an earlier agein
homozygotes than in heterozygotes.(ZS) This agrees well with findings that the risk of
thrombosisisincreased 5- to 10-fold in heterozygotes but 50- to 100-fold in homozygotes
(as estimated from population data).***" The increased risk of thrombosisis lifelong and
increases with increasing age. %Y

The thrombotic tendency in APC-resistant individualsis influenced by acquired
risk factors such as oral contraceptive usage, pregnancy, trauma and surgery. ») The
importance of the use of oral contraceptives***® and pregnancy®*¥ as predisposing risk
factorsin FV:Q506 carriers has been shown in severa studies. Carriership of the FV:Q506
allele does not seem to be a significant risk factor for arterial thrombosis.

Until recently, inherited thrombosis was regarded as a single gene disorder, but
the identification of APC-resistance as an additional genetic risk factor in families with
protein C deficiency and protein S deficiency of thrombosis demonstrated thrombosis to
be a multi-genetic disease.*+244%49)

Management of APC-Resistant Patients

Most of our knowledge of the management of thrombophilic disorders derives
from case reports, cross-sectiona studies and uncontrolled clinical observations and this
istrue also for APC-resistance. For thisreason, it is at present only possible to give
general guidelines rather than specific recommendations. Symptomatic heterozygous and
homozygous APC-resistant patients are probably best treated as patients with protein S,
protein C or antithrombin I11 deficiency (reviewed in 49). Prophylactic therapy isgivenin
risk situations, and oral contraceptive usage is avoided. Chronic anticoagulation is
considered if thrombosis is recurrent and may be an option already after one episode if the
patient has additional genetic risk factors, e.g., homozygosity for the FV:Q°* alele, or
protein C, protein S and antithrombin I11 deficiency, or has suffered a life-threatening
(mesenteric or cerebral) or spontaneous first thrombotic event. Heterozygous APC-
resistant patients with an additional genetic defect and asymptomatic homozygous
individuals are given liberal preventive therapy in risk situations. Prophylactic treatment
is given to asymptomatic heterozygous individuals without family histories of thrombosis
only in situations known to provoke thrombosis (e.g., major surgery). The patient is
treated like an asymptomatic individual with protein S, protein C or antithrombin
deficiency if thereis ahistory of familial thrombophilia.
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