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INTRODUCTION

APC Resistance, a Common Risk Factor for Thrombosis

Activated protein C (APC) is a key anticoagulant enzyme needed for the proper down-regulation of blood
coagulation. A poor anticoagulant response to APC, denoted APC resistance, is a recently described blood defect
found to be a major risk factor for venous thromboembolism in Western societies. At least 90% of cases with the
APC resistance phenotype can be explained by a point mutation in the coagulation factor V gene, changing
arginine 506 in the factor V molecule to glutamine. After activation, mutated factor V (denoted FV:€¥ or Factor

V Leiden) is partially resistant to inactivation by APC, which allows for longer duration of thrombin generation
and may lead to a hypercoagulable state. APC resistance due to the presence of the F¥.gllele is inherited as

an autosomal dominant trait and has a prevalence of 2-13% in the general population. Frequencies of APC
resistance among patients with venous thrombosis, depending on the selection criteria, range from 20-60%. The
high prevalence of APC resistance, combined with the availability of simple blood tests by which it is detected,
raises the question of whether general screening for APC resistance should be performed in conjunction with
circumstantial risk factors for thrombosis such as surgery, pregnancy and oral contraceptives.

Venous thromboembolism

The formation of an obstructive mass of clotted blood in
the venous part of the circulatory system is known as ve-
nous thrombosis. The mass itself is called a thrombus and
is composed of platelets, blood cells and fibrin. A throm-
bus which breaks loose and is carried away

with the bloodstream is called an embo-
lus. When caught in the blood vessels
of the lung it may develop into pulmo-
nary embolism, the most feared com-
plication of venous thrombosis.

REDUCED
BLOOD FLOW

CHANGE IN BLOOD
COMPONENTS

Figure 1. Virchows triad for venous thrombosis.

Major health problem in

Western countries Thrombogenic risk factors

The three primary risk factors for venous thrombosis, as
described by Virchow more than a century ago, are relat-
ed to a reduced blood flow, vessel wall damage, and a
change in blood components (Figure 1). Any one of these
risk factors potentiates the other and may create a condi-
tion known as a hypercoagulable state. In principle, this
condition can be viewed as a biochemical imbalance in
turies, perhaps due to longer the blood that favours blood coagulation and the forma-

life-spans and the adoption of tion of a blood clot:®

more sedentary habits. In the USA, venous thromboem-  Risk factors for hypercoagulability and venous
bolism accounts for more than 250,000 hospitalizations ghromboembolism can be either acquired or inherited.
year, corresponding to an incidence of about one per  Acquired risk factors such as surgery, pregnancy, oral

1,000 individuals. The annual death rate due to pulmo- contraceptives or immobilization are found in a large por-
nary embolism is estimated to be 50,800. tion of patients. In addition, many patients also have a

Venous thromboembolism is a m3
jor health problem in Western soci
eties, constituting the third most
common cardiovascular disease
after acute ischemic heart disease
and stroké.The incidence has
increased steadily in recent cen-
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INTRODUCTION

genetically determined tendency to thrombosis, as indi- from recurrent episodes of venous thrombosis, the result
cated by the fact that up to 40% of patients referred to a showed a much shorter prolongation of the clotting time
specialist laboratory have a family history of thrombo-  than expected (Figure 2). Several of the man’s relatives
sist® demonstrated the same phenotype, characterized by a
Until recently, three gene disorders had been identi- poor anticoagulant response to APC. Family studies sug-
fied associated with a clear increase in the risk for venougested that this blood disorder, denoted APC resistance,
thromboembolism. These hereditary disorders were usu-was inherited as an autosomal dominant tait.

ally found in only a few percent of thrombosis-prone Subsequent investigations found that APC resistance
families through a symptomatic patient with a deficiency was present in up to 60% of cases with a family history of
of either antithrombin, protein C or proteirf Bhus, in venous thrombosis and that it was highly prevalent in the
vast majority of thrombotic patients no genetic risk factorgeneral population (1-798)2 These results proved APC
could be identified. resistance to be the most common inherited defect associ-
ated with thrombosis, being larger than the sum of all
Novel defect in the protein C other previously identified genetic risk factors.

anticoagulant pathway
Mutation in the factor V gene

The diagnostic situation for familial thrombosis improved . .
g P explains APC resistance

dramatically in 1993 with the discovery of a novel defect
in the protein C anticoagulant pathwagased on the hy- The search for the molecular mechanism of APC resist-
pothesis that a poor anticoagulant response to activated ance led to the isolation of a protein from normal plasma,
protein C (APC) might predispose to thrombosis, a Swedwhich was able to correct APC resistant plasma in a dose-
ish research-team led by Bjorn Dahlback, investigated thdependent manner. The protein was identified as factor V,
activity of exogenously added APC in an APTT-based suggesting that APC resistance was caused by a genetic
assay. In a normal response, the addition of APC to plas-defect in the factor V gerf@Other studies reached the

ma induces a prolonged clotting time. This occurs be- same conclusion and a point mutation that predicts the
cause APC cleaves and inactivates two critical coagula- replacement of arginine at position 506 in the factor V

tion proteins, factors Va and Vllla, resulting in a reduced molecule with glutamine was soon identifi€é¢ At least

rate of thrombin generation. However, when the assay 90% of APC resistant cases are explained by this muta-
was run on plasma from a middle-aged man suffering  tion, denoted FV:€° or Factor V LeideR®

Diagnostic breakthrough
in thrombophilia

Seconds
- The discovery of APC resistance and the identification of

the FV:@° mutation as its main cause means that a ge-
netic explanation can be found almost as often as non-
genetic risk factors in patients with venous thrombosis. A
consequence of this diagnostic breakthrough has been a
60 1 APC resistant . . .

| conceptual change in how thrombotic disease is viewed.
40.’0(0/_0_——0 In this monograph we attempt to summarise the
] knowledge gained during the last three years about APC
resistance and to describe the major tests for its pheno-

APC CONCENTRATION type and genotype. It is our hope that the use of these

_ _ ) tests will help establish guidelines for therapy and pro-
Figure 2'Th.e poor anticoagulant response to APC in phylaxis and lead to reduced morbidity and mortality in
a thrombosis patient compared to a normal response i )
(modified from Dahlback et af). thrombosis-prone patients.
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B1oCHEMISTRY

Initiation and regulation of
blood coagulation

In order to prevent dangerous blood loss following vascu-
lar injury, the hemostatic system is called into action
(Figure 3). Within seconds of injury the damaged vessel
contracts and circulating, disc-shaped cell components
called thrombocytes or platelets are activated and start to
adhere to the site of injury. The activated platelets then
aggregate to form a loose plug that reduces or temporarily
stops the bleeding. The activated platelets also release a
large number of molecules that accelerate platelet plug
formation and begin the process of wound healing. Blood
coagulation is triggered simultaneously with these events.
This major biochemical process takes place at the surface
of negatively charged phospholipid membranes provided

Vascular injury

~9

Primary hemostasis
Vasoconstriction
Platelet plug formation

9
Secondary hemostasis
Coagulation (fibrin formation)
Fibrinolysis
Repair process

9

Wound healing

by activated platelets and damaged cells. It results in the
localized and timely formation of a fibrin matrix that sta-
bilizes the platelet plug and seals the bleeding vessel. The
fibrin clot is eventually lysed by the fibrinolytic system at
the completion of the healing process.

Figure 3. Hemostasis.

The coagulation cascade their synthesis in the liver. This unique amino acid modi-

Although the cascade/waterfall model of blood coagula- fication allows the proteins to bind calcium ions neces-
tion has been modified during recent years it is still largeS&rY for phospholipid binding and thereby to participate
ly valid. "8 The current scheme as seen in figure 4, in- efficiently in multimolecular complexes in the coagula-
volves a series of proteolytic reactions, in which inactive tion cascadé’*¢Inhibition ofy-carboxylation using vita-
coagulation factors in a precursor or zymogen form are min-K-antagonistic drugs such as warfarin is a commonly
activated by one or more cleavages. Several of the acti- US€d approach for anticoagulant treatment.
vated coagulation proteases form complexes with their
specific cofactors on the phospholipid surface, amplifying
their activation of subsequent zymogens. The extrinsic pathway is now accepted as the major acti-
There are two activation pathways in the coagulationvation route for blood coagulation vivo” It becomes
cascade, the intrinsic and the extrinsic pathway. The in- activated when disrupted tissue and activated monocytes
trinsic pathway involves componentgrinsic to whole exposes tissue factor to the bloodstréafissue factor
blood, whereas the extrinsic pathway includesxrin- forms a complex with factor VII, which becomes activat-
sic (subendothelial) activating component called tissue ed and then activates factors IX and X. The intrinsic path-
factor. Both pathways involve a number of plasma pro- way is initiated by the exposure of ‘contact’ factors in
teins as listed in Table 1. Most of the coagulation factors plasma (i.e. factor XIl, HMW kininogen and prekal-
are zymogens of trypsin-like serine proteases that cleaveikrein) to a negatively charged surface, such as connec-
arginyl peptide bonds with high specificity. Several pro- tive tissuein vivoor glass in a test tugThe two path-
teins, including factors Il (prothrombin), VII, IXand X,  ways converge on factor X to a common pathway, leading
protein C and protein S, are subjected to vitamin K-de- to the conversion of prothrombin into the key coagulation
pendenty-carboxylation of glutamic acid residues during enzyme, thrombif:

Initiation of blood coagulation

Continued on page 8
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BIOCHEMISTRY

Table 1a.Blood coagulation factors.

Factor Synonym M.W. Plasma level Function
[kDa] [ Hg/ml]
| Fibrinogen 340 3000 Structural
Il Prothrombin* 72 100 Protease zymogen
1] Tissue factor 37 - Cofactor/initiator
IV Calcium - - -
\% Proaccelerin 330 10 Cofactor precursor
VI - - - -
VIl Proconvertin* 55 0.5 Protease zymogen
VIII Antihemophilic factor 330 0.1 Cofactor precursor
IX Christmas factor* 55 5 Protease zymogen
X Stuart-Prower factor* 55 10 Protease zymogen
XI Thromboplastin antecedent 160 5 Protease zymogen
XII Hageman factor 80 30 Protease zymogen
Xl Fibrin-stabilizing factor 320 30 Protransglutaminase
- Prekallikrein 85 40 Protease zymogen
- HMW kininogen 120 80 Cofactor/activation
- Von Willebrand factor >1500 10 Adhesion, carrier protein
220 kDa subunits

Table 1b.Regulatory proteins of blood coagulation and fibrinolysis

Name M.W. Plasma level Function

[kDa] [ pg/ml]
Tissue factor pathway inhibitor 40 0.1 Protease inhibitor
Antithrombin 58 150 Protease inhibitor
Heparin cofactor Il 66 90 Protease inhibitor
Protein C* 62 4 Protease zymogen
Protein S* 78 20 Cofactor
Thrombomodulin 60 - Receptor
Protein C inhibitor 57 5 Protease inhibitor
Plasminogen 92 200 Protease zymogen
t-PA 70 0.005 Protease
u-PA 54 0.008 Protease
PAI-1 52 0.02 Protease inhibitor
PAI-2 47 <0.005 Protease inhibitor
Plasmin Inhibitor 70 70 Protease inhibitor

Data was compiled from: Nomenclature of quantities and units in Thrombosis and Haemostasis 71, 375-394 (1994). and Mosher et al, Clin Cardiol 13, VI-5-11 (1990).

* Vitamin K-dependent protein containing y-carboxyglutamic acid.

X
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BI1OoCHEMISTRY

The coagulation cascade

Extrinsic pathway
FVII
Intrinsic pathway Tissue Factor Tissue Factor
(TF) P Pathway Inhibitor (TFPI)
HMW kininogen / /
Prekallikrein FIX ¥ FX |/
FXlla ca* TF /
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The fibrinolytic system
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$
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Activation ——» F = factor
Inhibiton — — — — a = active .
Inactivation, ----------- ° TM = thrombomodulin

N PL = phospholipid
Degradatlon HMW = high molecular weight
Strategic components APC = activated protein C

XL = crosslinked

FDP = fibrin degradation products

Figure 4. The coagulation cascade.

Vascular damage initiates the coagulation cascade resulting in the explosive generation of thrombin at the site of injury. Thrombin
catalyzes the conversion of fibrinogen to an insoluble fibrin (clot) matrix, in the presence of factor Xllla and calcium ions. Critical
reactions are closely checked and localized by circulating anticoagulants, such as APC, TFPI and antithrombin. Fibrinolysis is
initiated when fibrin is formed and eventually dissolves the clot. Inappropriate activation of blood coagulation and/or depressed
fibrinolytic activity may lead to the formation of a thrombus. In contrast, a defect or deficiency in the coagulation process and/or
accelerated fibrinolysis is associated with a bleeding tendency. The cascade scheme is organized into the intrinsic (factors XIlI, XI,
IX, VIII, prekallikrein, HMW kininogen), extrinsic (tissue factor, factor VII) and common pathway (factors V, X, XIIl, prothrombin,
fibrinogen). The extrinsic pathway is initiated when blood is exposed to tissue factor released from damaged endothelium. The
intrinsic pathway is initiated by the activation of factor XlI involving "contact factors" on negatively-charged surfaces, such as glass
or kaolin in vitro. Feedback activations of factors V, VIl and VIl by factor Xa and the activation of factor XI by thrombin are not
shown?2-23.28
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BIoOCHEMISTRY

Blood flow

> Thrombo-
modulin

Phospholipid surface

Figure 5. The protein C anticoagulant pathway.

Thrombin escaping from a site of vascular injury binds to its receptor thrombomodulin (TM) on the intact cell surface. As a result,
thrombin loses its procoagulant properties and instead becomes a potent activator of protein C. Activated protein C (APC) functions
as a circulating anticoagulant, which specifically degrades and inactivates the phospholipid-bound factors Va and Vllla. This
effectively down-regulates the coagulation cascade and limits clot formation to sites of vascular injury. The activity of APC is
potentiated by two cofactors, protein S and native (non-activated) factor V. Protein S functions as a cofactor in the degradation of
factor Va and Vllla. Native factor V acts in synergy with protein S as a cofactor in the degradation of factor Vllla. Thus, factor V has
dual roles: one as anticoagulant in its native form and the other as an procoagulant after its activation. APC is slowly neutralized by
circulating inhibitors. Thrombin bound to TM is eventually inhibited by antithrombin or removed through endocytosis of the
thrombin/TM complex. Symbols: T= thrombin, PC= protein C, PS= protéin S.

The serine protease thrombin converts circulating fibrin- two aspects, i.e. inhibition of thrombin already formed
ogen into clot-forming fibrin molecules and activates the and prevention of further thrombin generation.
transglutaminase, factor Xlll, which stabilizes the fibrin Direct thrombin inhibition is provided primarily by
matrix through covalent cross-linking. Thrombin also circulating serine protease inhibitor, antithromtsin,
stimulates cellular hemostasis and coagulation through whereas the crucial prevention of thrombin generation is
positive feedback, by activating platelets and the two cir-provided indirectly by thrombin itself. This self-regulat-
culating non-enzymatic cofactor proteins, factor V and ing function of thrombin is expressed in its binding to
factor VII1.22 All these feedback activations by throm-  thrombomodulin, a specific, high-affinity receptor protein
bin lead to an explosive amplification of the coagulation located on undamaged (intact) endotheltfith.
cascade and rapid clot formation.
The protein C
Thrombin regulation anticoagulant pathway

It is evident that the autocatalytic nature of thrombin On binding to thrombomodulin, thrombin loses all its
could clot the blood content of a person within minutes ifprocoagulant properties. Instead, it becomes a potent acti-
uncontrolled. In humans, the necessary control involves vator of protein C, the ‘prima ballerina’ of the protein C

X 8 CHROMOGENIX
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BI1OoCHEMISTRY

anticoagulant pathway (Figure 5). The activated protein @mbolic disorder observed in infants with severe protein
(abbreviated APC) is a serine protease that rapidly down€ or protein S deficiency.

regulates thrombin generation, by cleaving and inactivat-

ing the phospholipid-bound activated forms of coagula- Natural substrates of APC:

tion factors V and VIII (factor Va and factor Vllla). APC factors Va and Vllla

in turn is only slowly neutralized by three inhibitors, pro- £. tors \/ and VIII are two large, relatively unstable,

tein C inhibitor, trypsin inhibitor and,-Macroglobulin. plasma proteins of about 330 kDa, with similar structure
The relatively long half-life of APC in vivo (15-20 min- 5 fnctior?22 Factor V is an essential component for
utes) is a prerequisite for its function as a circulating antiz, rapid conversion of prothrombin to thrombin, whereas
coagulant. factor VIl is needed to accelerate the activation of factor

X to factor Xa. The essential role of these non-enzymatic

cofactor proteins in hemostasis is evidenced by the severe
The anticoagulant activity of APC is potentiated and sup-bleeding tendency associated with their deficieféy.
ported by protein S, a non-enzymatic plasma prétéin.  Both factors are synthesized mainly in the liver and circu-
Its mechanism of action is not yet completely understoodate in plasma as inactive molecules with little or no pro-
but protein S has been shown to promote the binding of coagulant activity. A unique feature of factor VIII is that
APC to phospholipid surfaces, and to remove the factorsit circulates in a stabilizing, non-covalent complex with
Xa and IXa-mediated APC protection of factors Va and the von Willebrand factor, an adhesive protein that is
Vllla respectively?® Protein S has also been reported to important for the proper function of platelétS.he plas-
stimulate the inactivation of factor Va 20-fold by specific ma concentration of factor V is about1§/ml, which is
acceleration of the cleavage at Bfgone of the three up to a 100-fold higher than that of factor VIII (0.1-0.2
cleavage sites for factor Va inactivation (See Figufé&’7). pg/ml).22 About 20% of the total amount of factor V in
Finally, it may have an APC-independent anticoagulant blood is synthesized by megacaryocytes and stored in
activity, by inhibiting prothrombin activation through di- platelets. This stored form of factor V is released in con-
rect interaction with factor Va and factor ®¥about 60% junction with platelet activation and has an important role
of the protein S in plasma is bound to C4bBP, a regulatoin normal hemostasis.

Protein S

ry protein of the classic complement system and is not The genes for factor V and VIII are located on chro-
active as APC cofactor. mosomes 1 and X respectively, coding for mature, single-

chain proteins of roughly 2200 amino acids. Prior to se-

Anticoagulant role of factor V cretion into the bloodstream, the factor VIII molecule is

Recently, it has been found that non-activated factor V ipprocessed to a calcium ion-linked heterodimer, whereas

synergy with protein S functions as an APC cofactor in facto_r v C|rculate§ asa smgle—gham proFé’fﬁF’.Cgmpu—
the degradation of factor VIIFAThis has been confirmed ter-aided comparison of the primary amino acid sequence

in other studie$?-3 although the view of intact factor V of factors V-and Vil reveals a high degree of homology,

as an anticoagulant APC cofactor has recently been chaf’—vith gn overall identity of ?b_OUt _30%Both proteins
lenged. Instead, it has been suggested that the central B(_:ontam several types of similar internal repeats, termed
domain released on activation of factor V expresses the Al-A2-B-A3-C1-C2.
APC cofactor activity (Figure 5%.Thein vivo relevance

of these findings awaits further investigation.

Taken as a whole the protein C pathway constitutes
an ingenious mechanism by which procoagulant thrombifractors V and VIII are activated through limited proteoly-
attains anticoagulant properties in the absence of vasculais by thrombin or factor X&?2 During its activation,
injury.2 The physiological importance of this mechanism factor VIl is released from the protective influence of the
is demonstrated clinically by the massive thrombo- von Willebrand factor and converted to a calcium ion-

Proteolytic activation of
factor V and factor Vil
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BIoCHEMISTRY

Activation of factor V

Thrombin ~ Arg 709 Arg 1018 Arg 1545
B

Tt
A3 C1 C2

Al A2 |
B fragments
Factor Va
Ca’f
FVa heavy chain FVa light chain
105 kDa 74 kDa

Figure 6. Proteolytic activation of factor V
Thrombin or factor Xa cleave arginyl peptide bonds, as indicated by the arrows. The A1-A2
heavy chain and the A3-C1-C2 light chain form a calcium-ion dependent cofplex.

dependent trimer (A1, A2 and A3-C1-C2). The active facand Arg679 (Figure 7:%°Cleavage at Arg506 is needed
tor V molecule is a dimer that consists of a heavy chain for the efficient exposure of the cleavage sites at Arg306
(A1-A2), non-covalently linked via calcium ions to a and Arg679. The lipid-dependent cleavage at Arg306 ap-
light chain (A3-C1-C2) (Figure 6). pears to be the major inactivating cleavage site and re-
The activated factors V and VIII bind to negatively sults in a loss of about 80% cofactor activity, whereas
charged phospholipid in the presence of calcium and  cleavage at Arg679 is lipid-independent and is responsi-
serve as cofactors/receptors for factors IXa and Xa re- ble for the loss of the remaining cofactor activiti?oten-
spectively. The importance of these multimolecular com-tial structural differences between platelet factor Va and
plex assemblies, better known as the tenase and pro- plasma factor Va may influence the extent to which the
thrombinase complexes, is evidenced by the over cofactor is cleaved initially at Arg3G6.
100,000-fold increase in the combined rate of activation APC inactivates factor Vllla by cleavages at Arg336,
of factor X and prothrombin when compared to the acti- Arg562 and Arg734. The main loss of factor Vllla cofac-
vation catalyzed by their respective enzyme atbne. tor activity is associated with the cleavage at Arg¥%62.

APC inactivation of factors Va and Vllla Molecular explanation

The native form of circulating factors V and VIII are poor of APC resistance

substrates for APC. In contrast, APC effectively cleaves The initial observation that normal factor V mixed with

and inactivates the phospholipid-bound activated form ofAPC resistant plasma was able to correct the APC re-
these proteins. The inactivation of factor Va takes place sponse in a dose-dependent manner, suggested to several
through the APC-mediated cleavage in the heavy chain dhdependent research groups that APC resistance was due
the molecule of three peptide bonds at Arg506, Arg306 to a defect in the factor V molecufe’**However, the
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Inactivation of factor Va

APC cleavage sites

Arg 306 Arg 506 Arg 679

Ny
¥ ¥ ca

FVa heavy chain FVa light chain

Normal

APC cleavage sites
Arg 306 Arg 679

A * ¢ o

FVa heavy chain FVa light chain

® Arg 506 to GIn mutation

Figure 7. Proteolytic inactivation of activated factor V.

APC inactivates membrane-bound factor Va through proteolytic cleavages at three specific sites in the heavy
chain. APC resistance is mainly caused by a mutation, which substitutes Arg506 with GIn, making this site
inappropriate for APC cleavage. The mutant factor Va molecule can still be inactivated at the remaining
cleavage sites, although the inactivation rate is about 10-fold slower than that of normal factor Va. See main

text for references.
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BIoOCHEMISTRY

precise molecular explanation was discovered first by a
Dutch group led by R. BertirtdThe APC resistance phe-
notype in this seminal study was linked to a single-point
mutation in the factor V gene, which substitutes G (codon
CGA) with A (codon CAA) at nucleotide 1691 in exon
102 This mutation replaces Arg (R) with GIn (Q) at posi-
tion 506 in the factor V molecule, thus modifying one of
the three APC cleavage sites (Figure 7). The mutant fac
tor V molecule (abbreviated F\#€) expresses normal
procoagulant activity when activated by thrombin or fac-
tor Xa, although its rate of inactivation is about 10-fold
slower than that of normal factor ¥&2 This "resistance”
to degradation by APC allows for a longer duration of
thrombin generation, which may be reflected by in-
creased levels of coagulation activation markers such as
prothrombin fragment 1+2, thrombin-antithrombin (TAT)
complex and D-dime##6 Recent data also suggest that a
reduced ability to slow down thrombin generation may
stabilize a blood clot by weakening the profibrinolytic
effect of APC* An antifibrinolytic mechanism could thus
be an additional factor contributing to the prothrombotic
tendency observed in APC resistant patients.

The fact that mutant FVa®9 can still be inactivated
by APC cleavage at Arg3@®d Arg679, might account
for the relatively mild hypercoagulable state observed in

Summary

Protein C is a vitamin-K-dependent plasma proer]
zyme of a serine protease that plays akey role in t|
down-regulation of blood coagulation. Itis activat-
ed in vivo by the thrombin-thrombomodulin com

plex on the surface of intact endothelial cellg,
Activated protein C (APC) functions as a circulatt

ing anticoagulant through proteolytic cleavage an

inactivation of two critical, phospholipid-bound
coagulation proteins, factors Va and Vllla. The
cleavages occur at three sites in the heavy chain
each proteins. The anticoagulant activity of APC i
potentiated by protein S and non-activated factor

APC resistance is mainly due to a point mutation (

to A at nucleotide 1691) in the factor V gene tha

predicts replacement of arginine at position 506 b
glutamine in the factor V molecule. The mutatio
destroys one of the three APC cleavage sites, re
deringthe activated and procoagulant factor V&°Q
partially resistant to APC-mediated degradation
About 90% of APC resistant cases can be explain
by the factor V mutation.

)

(0]
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y
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o

APC-resistant individuals and help explain why addition-
al genetic and/or acquired risk factors are required for
thrombosis to develofi.

Heterogeneous phenotype

Most cases of inherited APC resistance are caused by the
factor V mutation. However, as seen under “normals” in
Figure 9 (page 18), the APC resistance phenotype is
clearly heterogeneous, being influenced by other factors
as well. Several reports have shown that about 10%
(range 4-20%) of APC resistant cases among Caucasians,
do not involve the FV:€9% mutation'316414"The cause of

this type of APC resistance is not known but may be the
result of acquired APC resistance or due to other genetic
defects.

Analogous to the FV:& mutation, APC resistance
could be explained by mutations at the APC cleavage
sites of factor VIII, for example a mutation at Arg336 or
Arg562. Although, to date no such mutations have been
found?®

12
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CLINICAL ASPECTS

Hypercoagulable state
and thrombophilia

A hypercoagulable state is a condition that favours coagu-
lation, as recognized by increased thrombin generation.
Hypercoagulability can be due to a number of factors,
which can either be inherited (primary) or acquired (sec-
ondary) (Table 2).

Thrombophilia is the clinical term for a hypercoagu-
lable state that causes an increased tendency to thrombo-
sis. Several genes have been implicated with inherited
thrombophilia, although only factor V (APC resistance),
antithrombin, protein C and protein S have been clearly
linked to an increased risk of venous thromboembolism
(Table 3)7°Of these, APC resistance is the most com-
mon, both among patients and in the general population
(Table 4)>12

Diagnosing APC resistance

The development of a simple, APTT-based assay that
measures the anticoagulant response in plasma to added
purified APC, facilitated the characterization of the APC
resistance phenotygddn the classic test kit, Coat@st
APC™ Resistance, two APTT reactions are performed,
one in the presence of a carefully-defined quantity of
APC and the other in its abserfé&he relationship be-
tween the two clotting times is expressed as a ratio, called
the APC ratio. Healthy individuals have an APC ratio in
the range 2-5, whereas APC-resistant individuals are rec-
ognized by an APC ratio below or equal to about 2. The
precise cut-off for a diagnosis may vary slightly depend-
ing on the instrument type used as well as the individual
condition of the instrumerits-22

Table 2.Causes of hypercoagulability

Primary hypercoagulable states
Inherited thrombophilia (Table 3)

Secondary hypercoagulable states
Advanced age

Heart disease
Immobility

Lupus anticoagulants
Malignancy

Obesity

Oral contraceptives
Pregnancy

Trauma and surgery
Varicose veins

Table 3.Causes of inherited thrombophilia.

Established:

APC resistance (factor V:Q596)
Antithrombin deficiency
Protein C deficiency

Protein S deficiency

Non-established:
Dysfibrinogenemia
Plasminogen deficiency
Elevated PAI-1

Heparin Cofactor Il deficiency
Factor XII deficiency
Hyperhomocysteinemia
Elevated prothrombin levels

Table 4. Prevalences of inherited thrombophilia in various populations.
Prevalences are estimates based on referetf¢&3/T= venous thrombosis

Genetic defect General All Familial No. of
population VT cases VT cases mutations

APC resistance 5% 20% 50% 1

Antithrombin deficiency  0.1% 1% 4% >79

Protein C deficiency 0.2% 3% 5% >160
Protein S deficiency n.d. 2% 5% >40

n.d. no data
CHROMOGENIX 13 )(
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The phenotypic APC ratio reflects the severity of the hy- among Chinesé’"8and absent among Japarté&e°and
percoagulable state and provides information on the Africans (Negroid)”°2 This could account for the rela-
thrombotic risk associated with inherited and possibly tively low incidence of venous thromboembolism report-
acquired APC resistance. ed in these ethnic populatiofig’

A modified APC resistance test, CoatesPC™ The average FV:® carrier frequency among healthy
Resistance, is available which exclusively detects fac- European controls is about 5%. Approximately 0.1% of a
tor V-related APC resistance, i.e. APC resistance due to Caucasian population can be expected to be homozygous
the FV.@% mutation®? The assay modification involves a for this mutation.
predilution of plasma samples with an excess of stabi-
lized factor V-deficient plasma (V-DEF Plasma) contain-  The origin of the FV:Q 5% mutation

ing a heparin antagqmst. Since the predllutlon.wnh' V- several investigators have suggested that the high preva-
DEF Plasma normalizes the basal APTT reaction, it Safe]ence of the FV:@ mutation could be due to the evolu-

ly allows for APC resistance-testing of plasma from pa- tionary advantage it would confer, which has helped to

tients on oral anticoagulant or heparin therapy. It also maintain and spread the mutatiéf.#it is possible that
produces a complete dlscr|m|nat|on .for F¥Xwhich the selective disadvantage of a life-long hypercoagulable
makes the modified assay highly suitable for factor V state could be balanced by, for example, the protection
mutation scre'e.nmg. The tVYO APTT-reactions obtained against excessive blood loss during delivery and menstru-
from the modified APC resistance assay are expressed ai;, The selective risk of the FV¥Omutation would

an _APC'V_ ratio, calculated |n_ the same way as the_APC also be of less historical importance as people in ancient
ratio obtained from the classic test. The APC-V ratio pro-; .« \wvere not exposed to modern risk factors for throm-

vides genotypic information conc.ernmg factor V and is bosis (e.g. oral contraceptives, surgery, sedentary life-
generally lower than the APC ratio for the same sample

regardless of the instrument used. Typical APC-V ratio
ranges for different factor V genotypes are 2.2 - 3.2 for
normal FV:R%, 1.4 - 1.8 for heterozygous F\*§ and
1.1 - 1.3 for homozygous FV*@&.

' style etc.).

The high allelic frequency of FV& in Caucasian
populations and its linkage to different polymorphisms in
the factor V gene, supports the hypothesis that the muta-
tion occurred as a single event in the ancient European

. . populationt*7#75%The time of this event would be ap-

ApchggiigﬁgébgﬂgnF\o/fQ 506 proximately 30,000 years ago, i.e. after the diversion of

) Africans from non-Africans (140,000 years ago) and after
An overall cumulative analysis of different patient groupsthe diversion of Caucasians from Mongolic populations
with venous thromboembolism shows that the prevalencgz0,000 years ago), but before the diversion of Caucasian
of APC resistance is about 20% (range 0-64%, see Tablesibpopulations. However, since the F¥¥Xnutation in-
5 and 6)f:'2°¥%The variation in the prevalence of APC  volves a CpG dinucleotide, which is an established hot-
resistance between clinical studies are related mainly to spot for mutation, the possibility of recurrent mutations in
differences in selection criteria and the uneven distribu- other races should not be ruled out altogéether.
tion of the FV:Q allele in the general population in dif-
ferent parts of the world (Figure 8). Clinical manifestations
The highest prevalences of APC resistance and the of APC resistance

- ()506 1 -
FV'Q. mutation have been f°“”9' among health.y con. _The clinical manifestations of inherited, heterozygous
trols in severalll European populations of CgucaSIan OrlglrEjrotein defects in familial thrombophilia involving anti-
most notably in Cypriot Greek (13%)5wedish (1%} thrombin, protein C, protein S and factor V (APC resist-
5 1+ 7
Froencoh (10%)? British (9%); Germa.n (996} and Dutch ance) are fairly similar. Mutations affecting the qualita-
(5%)°people. In contrast, the mutation appears to be fafve or guantitative function of these proteins often result
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Canada 5%

USA 4%
L
AN

Indians 0%

Brazil 2%

Distribution of the FV:Q 506 mutation
in the world population

SN

Aboriginals 0%

Country / region

Australia, Aboriginal
Brazil, Indians
Brazil, Blacks
Brazil

Canada

China, Han

China, Hong Kong
Finland

France, Paris
France, Strasbourg
Germany, South
Germany, North-East
Germany, North-West
Greece

Greek Cypriots
Greenland, Inuit
Iceland

India, North
Indonesia, Sumatra
Italy

Japan

Jamaica

Kenya

Mongolians
Netherlands

Papua New Guinea
Peru, Indians
Saudi Arabia
Senegal

Sweden

Taiwan, Aboriginals
United Kingdom
United Kingdom
USA, Blacks

USA

Zambia

1) FV:Q506 mutation determined
using a DNA-based assay.

FV:Q506
n/ntest. %

0/73 0
0/83 0
1/137 0.7
2/100 2
19/356
1/618 0
0/293
4/137 2.9
5/229 2
17/176
14/180
58/814
18/190
17/203 8.4
25/187 13
0/133 0
3/96 3
3/70 4.
2

5.3
2

0

2
9.

7
7

9

O 0

0/105
9/344
0/192
0/91
0/60
0/36
14/474
0/95
0/19 0
5/200 25
0/96 0
11/101 1
0/83 0
21/237 8
5/144 3.
3/214 1
42/704 6
0/95 0

2) APC resistance phenotype determined
using the classic APC resistance test.

Country APC resistant

n/n test. % ref.
Austria 1/50 2 55
France 1/75 1.3 12
France 2/50 4 56
Italy 20/1212 1.2 64*
Japan 3/291 1.0 59
Netherlands 14/301 4.6 10
Poland 1/110 0.9 62*
Spain 3/107 2.8 65
Sweden 9/130 6.9 11
USA 2/39 5.1 67
* abstract

3) APC resistance due to FV:Q06in USA
determined using the modified APC
resistance test.

USA ethnic USpop. % FV:@%
origin millions mutation
Caucasians 185 5.3
Hispanic 25.8 2.2
Afroamericans 32.7 1.4
Native Indians 2.1 1.3
Asians 7.5 0.46

Data was presented by Dr. J Miletich at the 42nd ISTH
Subcommitte Meeting in Barcelona in June 1996. In total
2242 plasma samples were investigated from individuals

of different ethnic origin representing a typical US population.

Figure 8. Reported prevalences of APC resistance and the factéf®fm@tation in the global population.
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in venous thromboembolism at a young age (before the Table 5.Prevalence of APC resistance phenotype in
age of 45 years) and are followed by a tendency towards  patients with venous thrombosis.
recurrent thrombotic episod&s. Country Venous thrombosis ~ References
The most common manifestation of APC resistance is npts. nAPC res.
deep venous thrombosis (DVT) of the lower limbs, with Austria 40 7 (17%) Halbmayer et al®®
or without pulmonary embolism, which accounts for France 175 29 (17%) Trossaért et al”®
about 90% of all thrombotic episod€&*Other, less France 48 9 (19%)  Cadroyetal®
. . . .. 53
frequent, manifestations include superficial thrombophle- France 183 24 (13%) Samaha et al
L. . . 0, * 64
bitis® and unusual sites for thrombosis such as the me- :ta:y 12_23 32 (;:;’) DTossett:’ etal -
. . . . tal e Stefano et al
senteric®® central retinal’1°'portal 1°21%jnternal jugu- Y (28%) S
lar 1% and cerebral veir€s:1os India 28 6 (21%) Pati et al
' ' Japan 43 5 (12%) Kambayashi et al®
L. Japan 22 4 (18%) Fujimura et al®®
Thrombotic risk Netherlands 301 64 (21%) Koster et al*®
The relative risk of DVT for carriers of the F\V*®muta- Poland 72 9 (12%) *Lopaciuk et al*®
tion compared to non-carriers has been estimated to in- Sweden 104 34 (33%) Svensson et al™
. . i *| 65
crease eight-fold for heterozygotes (single defect) and 80- | SPan 2 5 () el GUEl
. . . i 0, 61
fold for homozygotes (double defeét)Since aging itself Spain 176 14 (8%) Ortega et al
. . . o USA 25 16 (64%) Griffin et al®
is a risk factor for thrombosis, the absolute risk increases
. L . . USA 37 9 (24%) Chusman et al®”
with age®®A similarly increased risk of pulmonary embo-
I|s_m has been observgd by some mvesugét@géthough Total 1.464 268 (18%)
this could not be confirmed by othé&ts?8The risk of

* abstract paper

recurrent venous thromboembolism in carriers of the
FV:Q°° mutation has been reported to be three to five-
fold higher compared to patients without the muta-

tion 22228 put again there is no consensus on this nitter.

FV-Q%% js a mild risk factor by itself Table 6.Prevalen(_:e of the FV:@”’ mutation in p_atients with
venous thrombosis according to gene analysis.

The penetration of clinical manifestations among APC- Country Venous thrombosis  References
resistant individuals is variable, and a majority of hetero- npts. nFVQ

zygous carriers of FV:& actually never experience any USA 121 14 (11%) Ridker et al®
symptoms. In fact, not even homozygous carriers will Japan 22 0 (0%) Fujimura et al*°
necessarily be affected by thrombosis during their life- France 87 14 (16%) Alhenc-Gelas et al*®
time# These facts illustrate that F\A®is a mild risk Netherlands 301 53 (17%) Bertina et al'®
factor per se and that the probability of APC-resistant in- Netherlands 27 10 (37%) Voorberg et al**
dividuals developing thrombosis is dependent on the co- Netherlands 471 92 (19%) Rosendaal et al**
existence of other risk factors. About 60% of APC-resist- Brazil 40 8 (20%) Arruda et al”’
ant patients have their first thrombotic event in combina- Australia 45 12 (26%)  Maetal®

tion with pregnancy, oral contraceptives, trauma or sur-

gery!¢s39%Furthermore, because of the high prevalence of Total 1114 203 (18%)

APC resistance in the general population, its combination * abstract paper
with other genetic defects is not unusual.

A wide range of disorders have been reported in con-
nection with APC resistance, implicating its part in the
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Table 7.Prevalence of the FV:®@ mutation in patients with arterial thrombo-
sis compared with controls according to factor V gene analysis .

Country Arterial thrombosis Controls References
npts. nFV:Q 50¢
Australia 222 11 (5.0%) (4%) van Bockxmeer et al'®
Finland 358 16 (4.5%) (2.9%) Kontula et al*®
Germany 224 21 (9.4%) (4.1%) Marz et al*®2
Sweden 101 18 (18%) (11%) Holm et al™®
UK 386 16 (4.1%) (5.6%) Catto et al**
USA 583 32 (5.5%) (5.5%) Ridker et al®®

development of thrombotic complications. These include  Some papers have appeared recently which may help

the Budd-Chiari syndrom¥&7-2*nephrotic syndrom&? to clarify the situation. These suggest that acquired (or
leg ulcersi***2heparin-induced thrombocytoperitapri- inherited) APC resistance, independent of the FY:Q
apism*polycythemia vera® essential thrombocy- mutation, may indeed be an important risk factor for arte-
themia®® child-thrombosisd!¢**°cutaneous skin necro- rial thrombosig*-*'These observations are most interest-

sis?%2Ingonatal purpura fulminan®,acute lymphoblas- ing and they call for an evaluation in different patient
tic leukemiat®® systemic sclerosi€? and preeclampsi? groups, using the classic APC resistance test, to explore
whether the APC ratio may be predictive for both venous
Arterial thromboembolism and arterial thrombotic events.

Although there is a clear link between APC resistance due
to the FV:Q% mutation and venous thrombosis, the same
link to arterial thrombosis is enigmatic. Several studies
have reported the presence of APC resistance in young Zoller et al investigated 50 thrombosis-prone Swedish
stroke patients, suggesting that it contributes to the pathdamilies with APC resistance (Figure 9)n three of
physiology?>12212616Halbmayer et al for example, found these families the FV:Z mutation was not present, sug-
that 20% (6 out of 30) of young Austrian stroke patients gesting another, as yet unidentified, cause of APC resist-
were APC-resistant according to the classic APC resist- ance. In total, 308 family members were investigated;
ance test’In contrast, other studies of stroke patients 146 normal, 144 heterozygotes and 18 homozygotes.
showed no increased prevalence of either the APC resistAPC ratios were low in all the homozygous and most of
ance phenotype or FV® mutation compared to healthy the heterozygous cases. APC ratios in the APC-resistant
controls (Table 7§7:6993.133-135.169 individuals who lacked the mutation ranged from 1.3 to
The possible correlation between the F¥@nhuta- 2.0. Heterozygotes with a history of thrombosis had sig-
tion and the risk of ischemic heart disease, particularly nificantly lower APC ratios than those without thrombo-
myocardial infarction, has also been investigated. With sis and none of the heterozygotes with APC ratios >2.0
the exception of two papef&i®the general conclusion is had experienced thrombosis. Moreover, relatives without
that the FV:® mutation is not an important risk factor ~ the mutation but with thrombotic histories had on average
for arterial thrombosis in heterozygofé&727593127-131164  |ower APC ratios than those without thrombosis. Signifi-
but may have a role in homozygoté&s’ cant differences in thrombosis-free survival curves and

APC ratios in
thrombophilic families
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6
@ History of thrombosis
o O No history of thrombosis
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Normal Heterozygotes Homozygotes Controls
relatives FV:Q506 FV:Q506
Thrombosis-prone families
Figure 9. Relationship between APC ratios and the F¥€allele in families
with APC resistanceAPC ratios in non-anticoagulated carriers of the F¥Q
mutation and in family members without the mutation (normals), compared with
unrelated healthy controls. The APC ratios were determined by the original
APC resistance test method. Using a cut-off value of 2.0, the sensitivity and
specificity for the FV:@*°allele would be 85% and 87%, respectively. APC-
ratios (meagSD) in normals 2.80.8, heterozygotes 7.3, homozygotes
1.3#0.2, and controls 28.6. Reproduced by permission of Zoller et al and The
American Society for Clinical Investigatiéi.
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Families with APC-resistance and FV mutation

100
80
60 [

40 [

20 [

Normal

Heterozygotes

Homozygotes

0 | | 1| | | | | | | | | | | | 1| | |

Free of thrombosis (%)

0 20 40 60 80 100
Age

Figure 10. Thrombosis-free survival curves for different F\A®
genotypesThe probability of being free from thrombotic events at a
certain age in family members without the F¥%@nutation,

compared with family members with the mutation. At the age of 33,
8% of normals, 20% of heterozygotes and 40% of homozygotes had
had venous thrombotic events. Reproduced by permission of Zdller
et al and The American Society for Clinical Investigatfon.

APC ratios were observed between the groups (Figure of mutation could affect different families differently,

10), thus confirming that APC resistance is an important giving rise to the idea that several genetic risk factors in
risk factor for thrombosis. By the age of 33, 8% of the  combination are usually needed for clinical manifesta-
normals, 20% of the heterozygotes and 40% of homozy-tions to occur. Strong evidence supporting this view came
gotes had experienced manifestations of venous thrombavith the discovery of APC resistance. Its high prevalence
sis. The average age for the first thrombotic event was 2 the general population and the observation that individ-
(range 10 to 40 years) for homozygotes and 36 (range 18als with combinations of inherited risk factors (e.g.

to 71 years) for heterozygotes. In the thrombosis-prone FV:Q* and protein C deficiency) suffer more severely
families the observed incidence of thrombosis was highefrom thrombosis, and at a younger age, than those with
than expected, suggesting that these families have beensingle defects, has led to the idea of familial throm-

affected by additional genetic defects. bophilia being primarily a polygenetic syndrofié’*
145.168\ost studies have confirmed this by showing a rela-
Multiple genetic defects tively high incidence of FV:€3 among clinically symp-

The underlying cause of familial thrombophilia has long tomatic prob_ands in thrombophlllc fam'I'eS_V\_/'th protein
C 15147 protein SL48149167gr antithrombin deficiency (Ta-

been considered to be single-gene defects. However, the

150-151 19t
notion that this idea was too simple has been reported relle 8): Th? observed frequency varla'Flon of the
Q°% mutation among these probands is probably

peatedly in recent years, particularly in connection with FV: i ; ) i
protein C deficiency21#it was found that the same type related to population differenc&8152Other interesting
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Table 8 The incidence of thrombotic episodes in thrombophilic families, related to the number of
genetic defects (‘hits’). AT = antihrombin, PC = protein C, PS = protein S

One hit One hit Two hits Ref.

20% FV:Q5%, 54% AT def. 92% FV:Q%%¢ + AT def. 150
13% FV:Q5%, 31% PC def. 73% FV:Q%¢ + PC def. 147
19% FV:Q5%, 19% PS def. 72% FV:Q%° + PS def. 148

candidates for polygenetic familial thrombophilia involv- the risk of thrombotic complications developed coun-
ing FV:@%, include hyperhomocysteinemia (due to eithertries the overall incidence of thrombosis has been report-
cystathiong3-synthase or methylenetetrahydrofolate re- ed to be around 0.09% during pregnancy, with the risk

ductase deficiency};-***familial antiphospholipid syn- being two to three-fold increased during puerperdtm.
drome®® heparin cofactor Il deficiendy? plasminogen APC resistance appears to be an important predispos-
deficiency*® and possibly also elevated prothrombin lev- ing risk factor for thrombosis in connection with pregnan-
els due to a 20210 AG genotype in the prothrombin cy.88172178|n two Swedish studies, 45-60% of women
gene?®! with a history of pregnancy-related thrombosis were
found to be APC resistatit:*"*Carriers of the FV:€°
Influence of FV:Q°% in hereditary mutation appeared to be especially prone to developing
bleeding disorders thrombosis in early pregnancy and after delivery, com-

s pared to non-carriers of the mutatiéhAPC resistance

also seems to be associated with an increased risk of sec-
ond trimester miscarriage related to placental infarc-
tion,*®.and may be involved in the mechanism of
preeclampsi&?

The influence of FV:@% on inherited bleeding disorder
has also been studied. A possible moderation of the he-
mophilia A (factor VIII deficiency) phenotype has been
observed in some cas€%although this was not seen in
others!®° A more surprising influence of FV¥Bis seen in
cases of parahemophilia (factor V deficient¢igterozy-
gotes for this rare bleeding disorder are often asympto-
matic, since they have one functional factor V allele that In general, women have slightly lower APC ratios com-
maintains adequate factor V levels in blood (about 50%).pared to me#”® This difference becomes more pro-
However, the coinheritance of a factor V deficiency mu- nounced during pregnancy and indeed a substantial pro-
tation on one allele and F\#®on the other leads to a portion of pregnant women may even develop an ac-

Elevated factor VIl levels

severe APC resistance phenotype similar to the ho- quired APC resistancé&®-183Although it has been demon-
mozygous FV:&* statel61-162 strated that increased factor VIl levels lower the APC
ratio}#+284and that increased factor VIII levels are com-
APC resistance and circumstantial mon during pregnancé§®-etinflammatory disease4 and
risk factors for thrombosis the use of oral contraceptivi€spther hormonally-influ-
Pregnancy enced factors probably contribute since the actual correla-

_ _ tion between the APC ratio and the concentration of fac-
During normal pregnancy the plasma concentrations of tor VIl is low (Figure 11).

sgveral of the proteins involved in the hemostatic mecha- .+l more is known about the mechanism and clini-
nism change towards a hypercoagulable sttfeough cal relevance of acquired APC resistance, the influence of

f[hese ch'anges are of thSiO'OQiC importance ih minimiz'pregnancy and sex-hormones should be taken into consid-
ing the risk of blood loss at delivery, they also increase eration when interpreting the APC ratio obtained using
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Table 9.Relative risks associated with oral contraceptives (OCs) and the fact®¥ h@ation?8>-18¢

Genotype Non-user OCs OCs OCs

- (overall) (levonorgestrel) (desogestrel)
Normal 1 4 4 9
Heterozygotes 8 32 15 48
Homozygotes 80 320 150 480

the classic APC resistance test. The detection of factor \been reported in women using OCs1%°For the ma-
related APC resistance during pregnancy using the modijority these procoagulant changes are negligible, although
fied APC resistance test is straightforward, since predilu-for a small number of women with a genetic or acquired
tion in factor V-deficient plasma normalizes any pregnan{predisposition for thrombosis, the added prothrombotic
cy-induced changes in the patient’s plasma (Figure 12, influence of OCs may be sufficient to trigger a thrombot-
page 24)8 ic event!!
The risk of venous thrombosis in OC users with APC
Oral contraceptives resistance has been investigated by Vandenbroucke et

The use of oral contraceptives (OCs) is a much-debated al.*® The risk of thrombosis among OC users in this study
risk factor for thrombosis. Numerous studies have shown'2% shown to increase 4-fold when compared to women

. L 0
that oral contraceptives increase the risk of thrombosis not using OCs (baseline risk about 0.01% annually).

about two to nine-fold depending on the active substancd/omen heterozygous for the FWQnutau_on who d'd_
used, compared to non-usési® However, it is still not use OCs showed an 8-fold increase in thrombotic

largely unclear why oral contraceptives cause thrombosié'Sk’ whereas a 35-fold increase |_n risk was shoyvr\ in OC
in some women. Similar to pregnancy, increased levels disers heterozygous for the mutation. Thus, the joint effect

procoagulant factors, as well as reduced APC ratios ang ©f the two ”?k Tactors appears to be m.ultl.pllcanve.
reduced levels of antithrombin and free protein S have Through a similar effect, the increase in risk for homozy-
gotes using OCs is several 100-fold (Tabl&%¥.Clini-

cal studies also demonstrate that OCs leads to an unac-

] o Normal ceptably high risk of venous thrombosis in females with
R=0.26 O Heterozygous homozygous FV:36192
7 3 mBLELIES Hellgren et al investigated 28 women with a history
] co o, of thrombosis in connection with OCs and they found that
'% 3 og%g Oo ® o © nine (32%) of the women had APC ratios <2.0, indicating
5 O 4 Oouoogo o@o APC resistanc&? None of the women investigated were
%: o0Q 00 © using OCs at the time the blood samples were taken and
2 1 O o in only one of nine patients with APC resistance was an
. additional risk factor for thrombosis identified.
1 - ' o Considering the high prevalence of APC resistance in
0 50 100 150 200 250 the general population, a substantial number of women
FVIIL % are placed at a higher risk by using OCs. In North Ameri-

ca alone there are about 10 million OC ud&issuming
Figure 11.C0rl’e|ati0n Of faCtOI’ VIl aCt|V|ty and the the a“ele frequency for FV@ |S 0025, then roughly

APC ratio from analysis with Coatest APC Resist-
ance. Instrument ACL. (Data by Chromogenix AB). 500,000 would be heterozygous and 6,000 homozygous
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for the mutation. Since the annual thrombotic risk is
about 0.3% for heterozygotes and 3% for homozygotes
using OCs, it can be calculated that around 2,000 throm-

Table 10.Risk groups in trauma and surgery in order
of decreasing frequency of DVT using no thrombo-
prophylaxist®®

bosis cases per year in North America are caused by the
combination of APC resistance and OCs. This figure
should be compared to the number of thrombosis cases in STl GBIl iy [Eete
OC users without the mutation, which is about 4,000 cas- Knee arthroplasty
es per year. Thus, in the presence of both risk factors Leg amputation
(OCs + mutation), venous thrombosis appears to develop Hip fracture surgery
in a substantial number of women who would never have Hip arthroplasty
had thrombosis in the presence of either risk factor alone. Lower limb fracture
It can be estimated that 1-2% of all cases of venous Open prostatectomy
thrombosis caused by OCs will have a fatal outcome due General abdominal surgery
to pulmonary embolism. Gynecological surgery
Physicians who prescribe OCs generally interview Kidney transplantation
the woman about her family history to learn whether Noncardiac thoracic surgery
there are any cases of thrombosis, indicating a genetic Neurosurgery v
predisposition. However, since many homozygous APC e 20-25%
resistance patients have asymptomatic parents that are
heterozygous, it would not be suspected from interview-

data alone. This fact raises the question as to whether all

women should be screened for the PF¥@utation prior

to prescribing OC¥°1%+1°The potential reduction in

mortality and morbidity cases due to thromboembolism

caused by the pill must, however, be weighed against the

risk of thrombosis in connection with unwanted preg- adequate prophylaxi& The latter approach is supported
nancy-* by recent studies, showing that prolonged prophylaxis
using LMW heparin in connection with hip replacement
resulted in a 50% reduction in venographically verified
Patients undergoing major trauma or surgery, in particuladeep venous thrombogi:22More studies are needed in
orthopedic or abdominal surgery, generally run a high  this area to evaluate whether individualized prophylactic
risk of experiencing thromboembolic events due to a sustreatment might be beneficial in patients with genetic risk
tained activation of coagulation (Table 10). The precise factors for thrombosis.

risk for an individual is determined not only by the type, At present, the underlying role of APC resistance in
extent and duration of the surgical trauma, but also by thpostoperative thrombosis is under intense research. In a
accumulation of predisposing risk factors such as ad-  Danish study it was found that 30% of patients who de-
vanced age, morbidity and thrombophtfitiThe general  veloped deep venous thrombosis after knee arthroplasty
and standardized use of heparin for post-operative thromwere APC resistart® APC resistance was also shown to
boprophylaxis has reduced thrombotic complications to &e a risk factor for arterial reocclusion of vascular grafts
great extent during recent decades. However, it still in peripheral vascular surgef*8These studies are
occurs in a substantial number of patients. Thus, it may highly interesting and suggest that it would be cost-benef-
be beneficial to pre-operatively identify these individuals ical to screen for APC resistance pre-operatively in order
at higher risk in order to adopt a more individualized andto reduce post-operative thrombosis.

Surgery
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Antiphospholipid antibodies resistance and should primarily be used as a complimen-

Lupus anticoagulant and anticardiolipin antibodies are tz.ary' test tf) th.e modlﬂeq A_PC re5|s'tan'ce test n a thrombo-
sis investigation. A preliminary guideline for how to use

acquired antiphosholipid antibodies (APAs) which were ) - ) o )
initially described in patients with systemic lupus ery- ?ebrlals‘ls'c and modified APC resistance test is given in
able 11.

thematosus (SLE). Recently, the interest in these types o
antibodies, which are more correctly described as anti-
bodies directed against phospholipid-protein complexes,
has focused mainly on their strong correlation with Interestingly, the APC ratio is not a simple, one-variable
thrombotic disease, thrombocytopenia and recurrent fetateflection of the APC responsevivo. Instead, it seems
loss. The association of one of these complications and to reflect an anticoagulant system response that may de-
the presence of APAs has been termed the antiphospholerease under a hypercoagulable st&t& poor anticoagu-
pid syndrome® The mechanism underlying the syn- lant response to APC, independent of the F¥.Quta-
drome is at present unknown, although various interfer- tion, could therefore be a thromboatic risk factor or risk
ences in the protein C pathway have been suggested asmarker in a wide range of conditions and circumstances
being a possible pathogenic mechanism for thromBWsis. including venous thromboembolist*® antiphospholip-
One such interference may be the selective blocking of

APC on phospholipid surfaces by specific types of APAs,

leading to an acquired APC resistafic&2'Several re- Table 11.Preliminary guideline for APC resistance

ports have also demonstrated acquired APC resistance to ~ and/or FV:G®testing’®

be a relatively common feature in patients with the an-

APC resistance phenotyping

1. Caucasian patients with venous thrombosis

tiphospholipid syndrom&¢2%®-2lleven when the uncer- Shau e Gasiegl, ofines B Telk i SE
tainties of lowered APC ratios caused by APA-induced resistant individuals is life-long. The identifica-
prolongation of the basal APTT were considetéd. tion of a defect is useful in decisions concern-
At present, there is no clear clinical evidence to support a ing anticoagulant therapy.

higher thrombotic risk among patients with the antiphos-

pholipid syndrome and acquired APC resistaffté*21° 2. First-degree relatives to thrombosis
Furthermore, the FV:¥ mutation does not seem to be patients with inherited APC resistance should
over-represented in patients with the syndrome compared 52 R 55 17 R D I ES g i

with healthy control&Lo-212 thrombotic risk profile of the family and the

prevention of future thrombotic events.

When to test for APC resistance
phenotype and FV:Q 5% genotype

3. Thrombosis patients known to carry other
genetic defects associated with thrombophilia

Up to now, the classic APC resistance test has been used should be tested for APC resistance, as
mainly as a simple screening assay for the F¥1Quta- symptomatic individuals tend to have more
tion. However, several limitations have been reported for than one defect.

this application. Firstly, this test has a sensitivity and spe-
cificity for the mutation which is usually in the range 75-
90%219-220Secondly, the test is only reliable if the basal
APTT-reaction is within the normal rangéwhich there-
fore disqualifies many APC-resistant patients on antico-
agulant therapy from testirfg. be beneficial before exposure to circumstan-
As the classic APC resistance test stands today, it is T e S T T D e T
not recommended for FViQ mutation screening. The tion of oral contraceptives.
classic test provides phenotypic information about APC

4. FV:Q®%® screening of patients with arterial
thrombosis is not warranted except for young
patients.

5. General screening for FV:Q%% may prove to
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APC-V ratio e Normal FV genotype
o Heterozygous FV:Q 506
35 . Homozygous FV:Q 506
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Figure 12.Relationship between APC-V ratios and the factor V:Q506 allele in various sample categories as determined using the
Coatest APC Resistance V method. Complete discrimination was obtained between the normal and mutated factor V genotypes.
Instrument: ACL. OAC= oral anticoagulant therapy (from ref. 278 with extension of data for pregnant women).

id protein syndromé&? second trimester miscarriatfé,

systemic sclerosi€?ischemic strokéi®14tocclusion after
vascular surger?® pregnancy* and the use of oral con-

traceptived®-1° Future studies will clarify whether the

An important point when prediluting the sample plas-
ma in factor V-deficient plasma is that phenotypic expres-
sions related to factors other than factor V are lost. In or-
der to obtain phenotypic and genotypic information for a

phenotypic APC ratio obtained from the classic test may correct thrombophilia diagnosis, one approach could be

serve as a predictor of venous and arterial thrombotic
events.

Screening for FV:Q°%6

to analyze each plasma sample using both the classic and
the modified APC resistance té%tThis strategy identi-

fies APC-resistant patients, both with and without the
FV:Q®*° mutation, and keeps the need for confirmatory

The modification of the APC resistance test, in which gene analysis to a minimum.

sample plasma is prediluted in an excess of stabilized fac-

tor V-deficient plasma, improves the discrimination for

the FV:@% mutation dramaticall3?>-23¢ The modification

also allows for the testing of patients on anticoagulant A potentially large number of thrombosis-prone individu-

therapy and strongly reduces the influence of preanalyti-als with APC resistance will most likely be identified in

cal variables such as storage and plasma handling. Evalthe near future. This of course raises the question of pa-

ation of this test using different categories of clinical tient managemenAt present there are no established

samples showed that the specificity and sensitivity for thguidelines for managing thrombotic patients with APC

presence of the FV3®@ mutation was 100% (Figure resistance, although it is generally agreed that they should

12)28 The robustness and simple format of the modified be treated in the same way as the patients with anti-

test, together with its high discrimination between normathrombin, protein S and protein C deficiedAn acute

and mutated factor V genotypes, makes it an ideal tool fdhrombotic episode should be treated conventionally with

FV:Q°°¢ mutation screening. heparin for 5 to 10 days, followed by an oral anticoagu-
lant (warfarin) within 24 hours to produce an Internation-

Management of
APC resistant patients
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al Normalized Ratio (INR) of 2.0 to 3.0. Patients should
be given general advice on how to minimize the throm-
botic risk, including dietary advice, cessation of smoking
and avoiding long periods of immobility. Thrombophilic
women should avoid oral contraceptives and all patients
should be notified that they may require special treatmen(
prior to surgical, medical or obstetric procedures that car
ry an increased thrombotic risk.

Anticoagulant treatments require
individual considerations

Because only a proportion of the subjects with a hetero-
zygous defect develop thrombosis, it is unjustifiable to
put symptom-free APC resistant individuals on thrombo-
prophylaxis solely on the basis of having a genetic defect
It is, however, essential that asymptomatic individuals in
thrombosis-prone families are carefully counseled with
respect to their defect and offered short-term prophylaxis
in special situations where there is an extra risk of throm
bosis. Women with a history of thrombosis and who have
a known genetic defect may require anticoagulation
throughout pregnancy, preferably by using dose-adjusted
subcutaneous hepafihAs a rule, all thrombophilic

women should be offered thromboprophylaxis in con-
junction with delivery and puerperium.

Homozygous and heterozygous patients with a sec-
ond anticoagulant defect should be given preventive ther
apy in all risk situations and long-term therapy should be
considered if thrombosis is recurrent.

The prescription of oral contraceptives

When a woman has experienced venous thrombosis afte

Summary

The APC resistance phenotype is mainly diagnosgd
using the classic APTT-based test, which detects

both inherited and acquired APC resistance.

modified APTT-based test using predilution of san
ple plasma with factor V deficiency plasma ha
been developed with high discrimination for facto
V-related APC resistance. The factor ¥Qnuta-

tion is highly prevalent among Caucasians (2
13%)), itis present among people of Northern Indi
(4%) and Saudi Arabia (2%), but is very rare
among, for example Japanese, Eskimoes and A

tralian aborigines. The race-dependent distribut
tion of the mutation may explain the higher incit

dence of thrombosis reported for Caucasians. Tk
most common clinical manifestation of APC resis
ance is deep venous thrombosis, with or witho
pulmonary embolism. The relative risk of venoy
thrombosis for carriers of the factor \Ve®muta-

tion has been estimated to increase 8-fold for hete
ozygotes and 80-fold for homozygotes. The mult

tion does not seem to be animportant risk factor fo)T

arterial thromboembolism, although acquired (o
inherited) APC resistance not attributable to thé
mutation may be a risk factor for stroke as well &
for venous thrombosis. The current recommend
tions for treating APC resistant patients are simila
to those for other established inherited throm
bophilic defects.

[4))

>

=
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oral contraceptive use, it is recommended that she is tes
ed for the possible presence of the F®@utation. If

she is heterozygous for the mutation she should be care-
fully informed about her thrombotic risk and counseled
about the type of contraceptive she should use in the fu-
ture. The mere fact that she has had thrombosis indicates
that the risk in her case is significant. If she is ho-
mozygous for the mutation, she should be strongly rec-
ommended to discontinue the use of oral contraceptives.
As in any investigation of a young patient with venous

thrombosis and APC resistance, it is also recommended to

search for other causes of inherited thrombophilia.
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Laboratory determination
of APC resistance Intrinsic Pathway

The laboratory analysis of poor anticoagulant response t
APC is based on an activated partial thromboplastin time
(APTT) assay, which is modified in the manner described HMWK \

by Dahlback et dl.The standard APTT reaction begins FXI

by adding a surface-activating agent (e.g. kaolin, silica, c;@N
ellagic acid) and a phospholipid preparation to citrated, FIX
platelet-poor plasma, thereby achieving maximum activa \\ VIl \ /TF

tion of factor XI. The plasma is then recalcified in order N\ /
to activate the coagulation cascade and the time for clot APTT \l FX l/ PT
formation is measured. The name APTT originates from I Fv I

the fact that the phospholipid reagents were originally
derived from a lipid-enriched extract of complete throm-
boplastin (now called tissue factor), hence the term partigl
thromboplastin. The APTT reaction is dependent on fac- Fibrinogen
tors of both the intrinsic and the common pathway of the EXIII
coagulation system (Figure 13).

(@]

Extrinsic Pathway

FVil

Prothrombin

Common
Pathway

Clot
The classic APC resistance test

In the classic APC resistance test (available as C8atest — .
Figure 13. Coagulation pathways.

APC resistance), two APTT reactions are performed, onerne intrinsic and extrinsic pathways can be tested independent-
in the presence of a carefully defined amount of APC andly using the activated partial thromboplastin time (APTT) and
the other in its absence. The result can be calculated ej- Prothrombin time (PT) assay methods, respectively.
ther as a prolongation of the clotting time in presence of
APC or as the ratio between the clotting times in the pres-
ence and absence of APC. Use of the APC ratio for ex-
pression of the results is preferred, mainly due to its lessThe APC ratios obtained from the analysis, using the
er susceptibility to preanalytical sample handling varia- Coatest APC Resistance kit, of plasmas from healthy in-
tions? dividuals on different coagulation instruments is typically

As for any APTT-based assay, it is important to fol- ithin the range 2-5. The precise cut-off value for a diag-
low a standardized procedure for blood sampling and  nosis may vary slightly due to the instrumentation and the
storage. The APTT reaction without the addition of APC condition of the specific instrume#£:22In general, co-
should be within the normal range (25-40 sec) in order toggulation instruments with a turbidimetric or photometric
obtain valid APC ratio¥* This means that plasma from  clot detection principle offer better discrimination than

patients undergoing therapies causing deficiencies in clofnstruments using an electromechanical detection princi-

Instrument effects

ting factors, for example treatment with warfarin or ple 225227
heparin, will not allow for reliable APC resistance analy-
sis. Anticoagulant therapies must therefore, if possible, be The normal APC ratio range

discontinued for at least one week to allow re-establish-
ment of the baseline prothrombin level. An alternative
method in the case of heparin therapy is to neutralize
heparin in the sample using a heparin antagéfiist.

Since the cut-off ratio for an abnormal APC response may
vary slightly between laboratories and instruments, it is
recommended that laboratories establish their own nor-

X 26 CHROMOGENIX

APC Resistance, version 2.1



Assay METHODS

mal range. The normal range can be determined by mea€entrifugation should take place at room temperature in
uring the APC ratios from at least 50 healthy non-APC order to avoid cold activation since this may eventually
resistant individuals in the age range 20-65 years and calead to the activation of factors VIII and V. Careful sepa-
culating the median APC ratio. The APC ratio cut-off is ration of plasma from platelets is achieved by leaving
then obtained by multiplying the median value by either 0.5-1.0 cm of plasma above the cell layer. If plasma is to
0.75 (median above 3) or by 0.8 (median below 3). Alter-be frozen, it should be frozen rapidly in volumes of
natively, the cut-off can be calculated as the mean minusiml, at -20 °C or below.
two standard deviations.

If it is not possible to perform factor V genotyping in Antiphospholipid antibodies
the determination of the 50 healthy non-APC resistant
individuals, a practical approach is to exclude the lowest
10% and highest 10% of the APC ratios before calculat-
ing the APC cut-off ratio.

The presence of acquired antiphospholipid antibodies,
such as lupus anticoagulant, is a relatively common find-
ing in thrombophilic plasma. Because the antibodies react
with anionic phospholipids they may give rise to a pro-
longed clotting time and thus may influence the APC ra-
tio (decreased ratidy’ It has been observed that the ef-

In addition to the instrument effect on the APC ratio, dif- fect of lupus anticoagulants can be surmounted by the
ferent sources of APTT reagents as well as different addition of excess phospholipid, however further studies
batches of the same APTT reagent may show varying are needed to confirm this observatén.

sensitivity to APC#277.247|n grder to compare results

from different laboratories accurately it may be advanta- Influence of factors V and VIl

geous to present APC ratios after having normalized therﬁ}lixing experiments of different plasmas have demon-

against f"‘ pooled normal pla-lsma, PNP (APC ra_‘t'O/PNP' strated that changes in factor V levels between 12-100%
APC ratio)?*»2""The properties of the PNP are important do not have any significant effect on the APC rétfo
to consider as mixing studies of different plasmas show Very high factor VIl levels, for example in connec-

that a 10% contribution or more of APC-resistant plasmation with pregnancy and inflammatory states, have been
in the PNP greatly affects the normalized APC ratios ob- reported to lower the APC rati182ealthough the ac-

tained?! . o
tual correlation between factor VIl activity and the APC
ratio appears to be weak (Figure 11, page 21).

Normalized APC ratio

Effect of plasma preparation and handling

To ensure reliable results it is necessary to obtain proper Influence of factors I, 1X, X,
control of preanalytical variables. Thus, blood samples protein S and protein C
must be centrifuged thoroughly and the plasma removed

carefully in order to minimize the number of platelets in to produce higher APC ratios. In contrast, the APC ratio

40-243 i i i
the samplé:*2%The main reason for th|§ bglng that is not influenced to any great extent by variations in fac-
freeze-thaw cycles reduce the APC ratios in the Presence . v and protein S concentrations down to 30% of nor-

of platelets due to rupture of platelet membranes Ieadingmal.225Variations in plasma levels of protein C have no
to the exposure of procoagulant phospholipids and plate'mfluence on the APC ratio since a standardized amount
!et-bound factor V. As a rule, samples should b_e handledof exogenous APC is added in the assay. On the other
in the same way as the controls used to establish the norﬁand, it should be noted that the factor ¥e@nutation

mal range, i.e. "like should be compared to like". may influence certain clotting-based functional protein S

A routine smglg centrlfl_Jgat|on of the blood sample aland protein C assays leading to the incorrect diagnosis of
2’,000 x g for 20 minutes will normally be adequate t0 0b:\pc regjstance as either protein S or protein C type Il
tain platelet-poor plasma (<1% normal platelet cotht). deficiency?so2t

Prothrombin and factor X concentrations below 50% tend
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Figure 14. Comparison of APC ratios obtained from the classic APC resistance test,
with APC-V ratios obtained from the modified test method. Both these methods
complement each other. The original method detects thrombosis-prone individuals
with APC resistance due to the F\V*€mutation, unknown mutations or acquired
factors and indicates the severity of their hypercoagulable state. The modified
method provides a high discrimination for the factor ¥¢@utation and allows for
analysis of plasma from patients on oral anticoagulant or heparin therapy. The same
individuals were tested in both groups. Instrument ACL.
The modified APC resistance test makes it possible to analyze samples with heparin levels

1 IU/ml (unfractionated and LMW preparatiods).

The use of a stabilized factor V-deficient prediluent
(V-DEF Plasma) in the modified test, strongly reduces the
influence of pre-analytical variations such as plasma
handling and storage. Furthermore, no significant differ-
ence between fresh and frozen plasma is obtained and
platelet counts up to 15,0/ are easily tolerateti®

A modification of the classic APC resistance test has been
described in which the sample plasma is mixed with an
excess of factor V-deficient plasma in the range 1:5 to
1:2072%-232255 predilution stage normalizes the concen-
tration of plasma proteins involved in the formation and
regulation of thrombin, except for factor V, resulting in an

improved discrimination for the factor Vé®mutation s i
Predilution (1+4) reduces most sources of interference,

(Figure 14y**+#¢Because prediluted plasma samples ob- thouah i 0 uded that th lvsis of ol
tained from patients undergoing oral anticoagulant thera 2th0UY _'t canrpt € gxc uae t _att gang ysis of plasma
py have an APTT reaction within the normal range inde- from patients with antiphospholipid antibodies may result

pendent of treatment intensity, it is now possible to test in an abnormal APTT. In such cases, increasing the dilu-

for APC resistance due to factor V mutation in a large tion factor may correct the test result (e.g. 1+9 or 1+19).

group of patients previously disqualified from APC resist—:cn neon?tes a.nd infants (< 6 montr;shof' age) a. p:rﬁdllutlon
ance testing. The inclusion of a heparin antagonist such actor of 1+9 is needed because of their special hemostat-

i it 248
as Polybrenein the factor V deficiency plasma also ic condition
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Alternative functional assays
for APC resistance

Different assay concepts for APC resistance

The present detailed understanding of the mechanism be-  ApTT + APC (2 FV def. plasma)
hind APC resistance has produced a number of alternative
assay concepts for APC resistance (Table*#1%A nov-
el chromogenic APC resistance assay is presented in Fig RVV + APC
ure 15%°The assay is based on the addition of factor Xa RVV * Protac
to diluted test plasma in the presence of calcium ions,
phospholipids and APC. Presence of the factorr%1Qu-
tation decreases the rate of inactivation of factor Va by
APC and allows for appreciable thrombin generation. Chromogenic using a FXa substrate
This is measured by the hydrolysis of a chromogenic Chromogenic using a thrombin substrate
thrombin substrate. Preliminary results show complete

concordance between the chromogenic assay and the Table 11.0verview of functional methods for APC resistance.

APTT =+ Protac (x FV def. plasma)

FXa + APC

Tissue factor/FV def.plasma + APC

modified APC resistance te®t. Explanations:+APC; test with and without added APC, Protac;
protein C activator, RVV; factor X activator, FV def.; factor V-
PCR-based assays for FV:Q 506 deficient.

Identification of a mutation is generally accomplished by
amplifying genomic material containing the mutation,
followed by a mutation detection procedure. Amplifica-
tion is achieved by the polymerase chain reaction (PCR)
technique using either DNA or mMRNA as a tempt&te’>
The key components in a standard PCR include a pair of
oligonucleotide primers (around 20 bases long), the DNA

Chromogenic assay principle

building blocks; deoxyribonucleoside triphosphates, and Chromogenic

a heat-resistant DNA polymerase (e.g. Taq). These com- Thrombin Substrate
ponents are added to a closed test tube containing the PNA
template DNA. A temperature-driven cyclic process is

then initiated, consisting of three stages: 1) DNA strand Vi Thrombin

separation, 2) Annealing of primers, and 3) DNA synthe-
sis (Figure 16). A central point of the PCR is that all new
DNA strands serve as templates in successive cycles. The
new DNA, consisting of the target sequence flanked by
primers, increases exponentially in subsequent cycles.
After n cycles the DNA target sequence is amplified 2
fold. The amplification is a million-fold after 20 cycles
and can be carried out in less than an hour.

In the Semlnal WOI’!( by_ Bert_lr_1a el &lin Wh'ch the Figure 15. Chromogenic APC resistance assByndogenous
FV:Q** mutation was first identified, the detection stage factor V is activated by thrombin. In competing reactions, factor

was performed by enzymatic digestion of the amplifica- Va then serves as a cofactor to factor Xa or as a substrate to

tion product using the Mnl I restriction enzyme, followed APC- Presence of the factor V:omutation decreases the rate
of inactivation of factor Va by APC and allows for appreciable

by agarose gel electrophoresis. Presence of the mutationy,ombin generation. The amount of pNA formed by cleavage of
removes one of normally two cleavage sites for Mnl . the chromogenic substrate is measured at 405 nm.

The resulting number and size of the fragments indicates
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whether the mutation is present or not.

Apart from methods involving direct sequencing of
cDNA* a vast number of PCR-based methods for the
determination of the factor V& mutation have been
published. These involve improvements of the original
method?®?, chemiluminescent detectid¥whole blood
PCR#°two-stage PCR using restriction enzymes Mnl |
and Nla 111254 use of allele-specific prob&s;%°27ith
the introduction of a Taq%72°or a Hind Ill recognition
site22in combination with Elis&® or with capillary elec-
trophoresig€®A PCR assay using allele-specific primers
after microwave irradiation of leukocytes is a novel meth-
od which eliminates the need to extract the genomic
DNA.2%8The determination of FV:&¥F can also be
achieved by using the direct RNA amplification technique
(NASBA), together with the detection procedure ELGA
(enzyme-linked gel assa¥/}.

Summary

The laboratory determination of APC resistance
is based on a clotting assay that measures two
APTT-reactions, one performed in the presence |of
exogenous APC and the other in its absence. Ta
obtain reliable results with the classic APC resis
ance test method, it is necessary for the basal
APTT reaction to be within the normal range (25
40 sec). If results from different laboratories are
to be compared, it may be beneficial to normalizg
the APC ratio against the APC ratio of a normal
plasma pool. A modification of the classic test i
now available, which involves a 1+4 predilution
of samples with factor V deficient plasma. This
assay variant not only gives a 100% discrimina-
tion for the FV:Q% mutation, but also strongly
reduces the influence of preanalytical variations
such as plasma handling and storage. Since pre
dilution in factor V-deficient plasma normalizes
the basal APTT it safely allows for testing of pa-
tients on anticoagulant therapies. DNA-based
methods for the detection of the F¥¥Qnutation
include primarily PCR amplification of the defect
region from genomic material followed by the re-
striction enzyme cleavage.
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Figure 16.The general principle of the polymerase
chain reaction (PCR).
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COATEST®
APC™ Resistance

COATEST APC™ Resistance is the classic APTT-based
assay for the detection of the APC resistance phenotype
i.e. the poor anticoagulant response to activated protein
(APC). The test result (APC ratio) gives an estimation of
the anticoagulant functioin vivoand provides informa-
tion on the thrombotic risk associated with inherited and
possibly acquired APC resistance.

Assay procedure

Citrated and centrifuged plasma is incubated with the
APTT reagent for a standard period of time. Coagulation
is triggered by the addition of Ca@h the absence and
presence of exogenous APC and the time for clot forma-
tion is recorded. The relationship between the two clottin
times is expressed as an APC ratio.

Calibration

The actual APC ratio corresponding to a borderline re-

sponse to APC may vary slightly depending on the type
instrumentation used as well as on the instrument condi
tion. It is recommended that users establish their own cu

off value for their instrument as described in the kit insert.

Results

APC resistance is indicated when the APC ratio is below
the cut-off value.

Article number: 82 26 43

Cc

t

g

The kit contains

1. CaCl, 1x8mL
0.025 mol/L in Tris buffer containing
0.5% bovine serum albumin.

2. APTT reagent 1x16 mL

Purified phospholipid with colloidal silica
as contact activator.

3. APC/CaCl, 4x2mL
Human APC colyophilized with CaCl,

Stability in solution (2-8 °C)

1. CaCl, 1 month

2. APTT reagent 1 month

3. APC/CaCl, 5 days

Repeatability and precision

The reproducibility of the clotting times was determined in
the presence and absence of APC by analysis of three
plasma samples with varying responses to APC. The
analyses were performed on 7 different occasions,
including 5 replicates of each plasma. Instrument: ACL.

HRP = High response plasma
CPL1 = Control Plasma Level 1 (normal response)
CPL2 = Control Plasma Level 2 (low response)

CaCl, Within series Between series
HRP 299s CV=1.8% CV=4.2%
CPL1 320s CV=2.0% CV=3.9%
CPL2 322s CV=1.1% CV=0.8%
APC/CaCl, Within series Between series
HRP 122 s CV=2.4% CV=2.0%
CPL1 116 s CV=4.3% CV=5.0%
CPL2 645s CV=1.4% CV=1.6%
APC ratio Between series
HRP 4.1 CV=5.0%
CPL1 3.6 CV=3.3%
CPL2 2.0 CV=1.4%

Test limitations
Abnormal APTT, vitamin K antagonist therapy, heparin
therapy.

Number of determinations per kit
80-160
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COATEST®
APC™ Resistance—-C

COATEST®

APC™ Resistance-SC

The kit contains:

CacCl, 1x8mL
APTT reagent 1x16 mL
APC/CaCl, 4x2mL
Control Plasma Level 1 1x1mL
Control Plasma Level 2 1x0.5mL
Determinations per Kkit: 80-160

Article number: 82 29 08

COATEST®
APC™ Resistance-S

The kit contains:

CacCl, 2x2mL
APTT reagent 2x4mL
APC/CaCl, 2x2mL
Determinations per kit: 40-80

Article number: 82 29 16

The kit contains:

CaCl,

APTT reagent
APC/CacCl,

Control Plasma Level 1
Control Plasma Level 2

Determinations per Kkit:

2x2mL
2x4mL
2x2mL
1x1mL
1x0.5mL

40-80

Article number: 82 29 24
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APC REsIsTANCE PHENOTYPING

Assay kits APTT CaCl , APC/CaCl, CPL1 CPL2
mL mL mL mL mL
COATEST® APC™ Resistance 1x16 1x8 4x2 -
COATEST® APC™ Resistance—-C 1x16 1x8 4x2 1x1 1x0.5
COATEST® APC™ Resistance-S 2x4 2XxX2 2x2
COATEST® APC™ Resistance—SC 2x4 2Xx2 2X2 1x1 1x0.5
CPL1 = Control Plasma Level 1, CPL2 = Control Plasma Level 2
Assay procedure
COATEST® APC™ Resistance, —C, -S, -SC
1 vol.
Plasma
Sample
+
37°C
1 vol. 5 min.
1.
1 vol.
APC/CaCl2
, Record time
& ) for clot
*/ formation
i Clot time APC/CaCl 2
APC ratio =
Clot time CaCl »
X 34 CHROMOGENIX
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FacTtor V MUTATION SCREENING

COATEST®
APC™ Resistance v

COATEST® APC™ Resistance is an APTT-based assay
developed for screening of factor V-related APC resist-
ance, i.e. the FV:® mutation (FV Leiden).

Predilution with V-DEF Plasma

The high sensitivity and specificity of the test for the

FV:Q®% mutation is obtained by prediluting the sample
plasma with an excess of V-DEF Plasma. In addition, thi$
allows for analysis of plasma from patients on heparin or
oral anticoagulant therapy.

Assay Procedure

One volume of citrated and centrifuged sample plasma qr
Control Plasma is prediluted with four volumes of V-DEF
Plasma. The sample is incubated with the APTT reagent
for a standard period of time. Coagulation is triggered by
the addition of CaClin the absence and presence of ex-
ogenous APC and the time for clot formation is recorded
The two clotting times are expressed as an APC-V ratio
calculated as APTT with APC divided by APTT without
APC.

Calibration

It is recommended that users establish their own cut-off
value for their instrument as described in the kit insert. It
should be noted that tPC-V ratio is not equivalent to
the APC ratio obtained with the Coat@#tPC Resistance
kit. Furthermore, the APC-V ratio is generally lower than
the APC ratio for the same test sample, independent of
instrumentation used.

Results

Factor V-related APC resistance is indicated when the
APC-V ratio is below the cut-off value.

Article number: 82 31 20

The kit contains

1. V-DEF Plasma 4 x4 mL
Stabilized, lyophilized human
plasma, with a low level of
factor V activity. Contains the
heparin antagonist Polybrene®.
2. CaCl, 1x8mL
0.025 mol/L in Tris buffer
containing 0.5% bovine albumin.
3. APTT reagent 1x16 mL
Purified phospholipid with colloidal
silica as contact activator.
4. APC/CacCl, 4x2mL
Human APC colyophilized
with CaCl,.
5. Control Plasma Level 1 1x1mL
6. Control Plasma Level 2 1x0.5mL
Stability in solution (2-8 °C)
1. V-DEF Plasma 24 hours
2. CaCl, 1 month
3. APTT reagent 1 month
4. APC/CaCl, 5 days
5. Control Plasma Level 1 6 hours
6. Control Plasma Level 2 6 hours

Repeatability and precision

APC-V ratios were calculated from 22 single replicate
analyses of Control Plasma Level 1 on an ALC instrument
using 11 different reagent combinations at 11 different
occasions.
APC-V ratio 2.4; CV < 4% within and between series
Sensitivity

100% sensitivity for the FV:Q5° mutation as determined on
Thrombolyzer (n=447), ACL (n=295), ST-4 (n=248) and
MLA/Electra (n=50).

Test limitations
Abnormal APTT after predilution with V-DEF Plasma.

Number of determinations per kit
80-160
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FacTtOrR V MUTATION SCREENING

COATEST®
APC™ Resistance v-S

The kit contains:

V-DEF Plasma 2x4mL
CacCl, 2x2mL
APTT reagent 2x4mL
APC/CaCl, 2x2mL
Control Plasma Level 1 1x1mL
Control Plasma Level 2 1x0.5mL
Determinations per kit: 40-80

Article number; 82 31 38

BIOREAGENT

V-DEF
Plasma

V-DEF Plasma is a prediluent of sample plasma to be
used in conjunction with the use of COATESAPC™
Resistancer, and COATEST APC™ Resistance-S. It

strongly reduces the influence of plasma handling and
storage, and provides a high discrimination for factor V-

Stability

The sealed, lyophilized reagent is stable at’2-8intil

the expiry date printed on the label. Reconstituted plasma
is stable for at least 8 hours at room temperature and for
one month at —28C or below.

Article number: 82 30 21

related APC resistance. In addition, V-DEF Plasma allows
for analysis of plasma from patients on oral anticoagulant

therapy or on heparin treatmegtX IU/ml). V-DEF Plas-

ma has a sufficiently high factor VIII activity to provide

essentially normal APTT values.

Reagent

The product contains 5 x 4 ml of human factor V defi-

cient plasma, stabilized and lyophilized together with the

heparin antagonist Polybreéne

X
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FacTtor V MUTATION SCREENING

Assay kits APTT CaCl , APC/CaCl, CPL1 CPL2 V-DEF Plasma
mL mL mL mL mL mL

COATEST® APC™ Resistance v 1x16 1x8 4x2 1x1 1x0.5 4x4

COATEST® APC™ Resistance v-S  2x 4 2x2 2x2 1x1 1x0.5 2x4

CPL1 = Control Plasma Level 1, CPL2 = Control Plasma Level 2

Assay procedure
COATEST® APC™ Resistance v, -S

Predilution (1+4)

1 vol.
SEEE + VADIS = Normalized
Plasma Plasma - Plasma
37°C
5 min.
+
1.
1 vol.
APC/CaCl»
Record time
for clot
formation
Clot time APC/CaCl 2
APC-V ratio =
Clot time CaCl 2
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FAacTtOrR V GENOTYPING

COASET®
FV-506

COASET FV-506 is a PCR primer kit for analysis of the
G1691A mutation (factor V:&, factor V Leiden) in the
human factor V gene that is linked to the APC resistance|
phenotype.

Measurement principle

DNA is extracted from white blood cells. A short DNA
fragment, including the mutation site at nucleotide 1691
in the factor V gene, is amplified by PCR utilizing two
specific primers flanking the mutation site. Following
amplification, the resulting DNA fragment is digested
with the restriction enzyme Mnl I. Since the mutation
changes the recognition sequence for the Mnl | enzyme,
the number of DNA fragments after digestion will change
depending on the presence or absence of this mutation.
The amounts and sizes of the resulting fragments are vis
ualized by gel electrophoresis.

Article number: 82 29 81

The kit contains

Oligonucleotide primers:

GGA ACAACA CCA TGA TCA GAG CA (forward)
TAG CCA GGA GAC CTAACATGT TC (reverse)
1.0 nmol each in Tris-EDTA buffer pH 8.0

Storage and stability in solution
The reconstituted primers are stable
for at least 1 month at 2-8 °C.

Polymerase chain reaction (PCR)
Using the primers, the amplified fragment is

287 base pairs (bp). The clinical use of the PCR technique
requires a Service License Agreement with F. Hoffman-La

Roche Ltd.

The restriction enzyme (Mnl I) cleavage pattern

Normal FV PCR fragment

Mnl | Mnl |

157 ‘37¢ 93

Mutant FV PCR fragment

Mnl |

L 130

Resulting agarose gel

Normal Heterozygote Homozygote

G/IG G/A AIA

157
130

93

37
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CONTROLS

Control Plasmas DNA control
Level 1 and Level 2 FV-506

Lyophilized prepz'arauor? of citrated plasma collected fromAS a positive control of the PCR amplification reaction
selected donors is available for control of accuracy when

. . using COATEST FV-506.
using COATEST APC™ Resistance and COATEST
APC™ Resistance. The ranges of APC ratios are pro-
vided with each batch.
Control Plasma Level 1 shows a hormal APC re-
sponse. Control Plasma Level 2 shows a low APC re-

Reagent

The DNA control is a DNA fragment hetrozygous for the
factor V:@% mutation. 2 ng DNA fragment is lyophilized
in Tris-EDTA buffer pH 8.0 with mannitol.

sponse.
Control Plasma Level 1 5x1mL Stability
Storage and stability 20-25 °C, 6 hours The reconstituted reagent is stable atZgor at least
2-8°C, 6 hours one month. Prolonged storage may take place &iG20
-20°C, 3 months Sealed reagent is stable at 2G8until the expiry date
. printed on the product label.
Article number: 82 26 50
Article number: 82 29 99
Control Plasma Level 2 5x0.5mL
Storage and stability 20-25 °C, 2 hours

2-8 °C, 6 hours
-70 °C, 3 months

Article number: 82 26 68
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APPENDIX 1

Key reports in the history of APC resistance

1993

* February

Proc Natl Acad Sci USA 90,1004-1008 (1993).

First report by Dahlback et al on the discovery of

APC resistance and its association with familial thrombo
philia.

e July
First commercial test for APC resistance (Co&tastC
Resistance) available.

» December

Lancet 342,1503-1506 (1993).

Leiden Thrombophilia study showing APC resistance as
major risk factor for venous thrombosis.

1994

* February
N Engl J Med 330, 517-521 (1994).

Second major study reported by Svensson et al showing

APC resistance to be the major cause of venous thromb
sis.

Proc Natl Acad Sci USA 81, 1396-1400 (1994).

Article published by Dahlb&ck and Hildebrand suggestin
APC resistance to be caused by a genetic defect in the
factor V gene.

* May
Nature 369, 64-67 (1994).

* October

Lancet 344, 1162-1163 (1994).

Lancet 344, 1709 (1994)

Jorquera et al and Trossaért et al suggest a modification
of the original APC resistance test involving the dilution

of sample plasma in factor V-deficient plasma.

» December

J Clin Inv 94, 2521-2524 (1994).

Zoller et al identify the same FV®®mutation in 47 out
of 50 thrombophilic families with APC resistance.

1995

4 Biol Chem 270, 24, 4053-4057 (1995).

The mechanism by which the F\*®mutation leads to

the APC phenotype is explained by Kalafatis et al. It is
shown that the replacement of Arg506 by GIn delays the
inactivation of factor Va.

N Engl J Med 332, 912-917 (1995).
OProspective study by Ridker et al of healthy men showing
APC resistance to an important risk factor for venous

thrombosis but not for myocardial infarction.

Lancet 346, 1133-1134 (1995).

ees et al report on the distribution of F¥Qn 24 pop-
ulations. The allele frequence was high among Europeans
(4.4%), but low or absent among other ethnic groups.

1996

Bertina et al demonstrate the association between a singhhn Intern Med 125, 265-269 (1996).

point mutation in the factor V gene and APC resistance.
The mutation results in the substitution of Arg506 with
GIn, causing impaired APC inactivation of factor Va.

« July
J Biol Chem 269, 18735-18738 (1994).

van der Bom et al show that a low APC ratio is associated
with increased risk for stroke, independent of the factor V
muation.

Article by Shen et al which demonstrates that intact factor

V and protein S are synergistic cofactors to APC in the
degradation of factor Vllla.
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GLOSSARY

Allele. One of an array of possible mutational forms of a gene atused with respect to gene combination at one specified locus or

a specific locus.
Amino acids. Basic building blocks of all proteins.

Antibody. A molecule produced by animals in response to
antigen.

Anticoagulant therapy. Prevention of intravascular clotting by
influencing the coagulation system with drugs.

Anticoagulants. Endogenous or exogenous clot inhibitor sub-
stances.

Antigen. Amolecule which induces the formation of an antibody.
Antithrombin. The major serine protease inhibitor of thrombin.

APC resistance.Blood defect associated with thrombophilia

with respect to any specified combination of loci.

Glycoprotein. One of a group of protein-carbohydrate com-
pounds.

Hemostasis.Process which arrests the escape of blood from
injured vessels. Vascular constriction, platelet aggregation and
fibrin formation take part.

Hemostatic balance Physiological balance between coagula-
tion and fibrinolysis.

Heparin. Intrinsic substance produced in mast cells, chiefly
acting as thrombin inhibitor by accelerating antithrombin activ-

ity.

Hepatocytes Cells in the liver that are arranged in folded sheets.

characterized by a poor anticoagulant response to activated'hey produce many of the blood proteins.

protein C (APC).

Assay sensitivity. True-positive results as a proportion of the
total of true-positive and false-negative results TP/(TP+FN).

Assay specificity. True-negative results as a proportion of the
total of true-negative and false-positive results TN/(TN+FP).

Autosome A chromosome other than a sex chromosome.

Chromogenic substrates.Synthetic peptides that react with
proteolytic enzymes producing a yellow color.

Chromosome.The darkly staining bodies within the cells made
up of a large number of genes and a centromere region.

Complement system.A group of more than twenty serum

Heterozygous Having dissimilar alleles at one or more loci.

Homozygous Condition of having identical alleles at one or
more loci under consideration.

Intron. Gene segment between exons not encoding protein.

Locus.The position on a chromosome at which a particular gene
is found.

Phenotype In genetics, a group or category to which an individ-
ual may be assigned on the basis of one or more characteristics,
observable clinically or by laboratory means, that reflect genetic
variation or gene-environment interaction.

Phospholipid. A fat soluble substance containing phosphorus

proteins, some of which can be serially activated and participatethat is extracted from animal or vegetable cells by nonpolar

in a cascade resulting in cell lysis.

solvents. The basic constituents of biomembranes.

Embolism. Obstruction or occlusion of a vessel by a transported Platelets A small disk-shaped blood cell, containing granules in

clot.

Endothelium. Cells lining blood vessels and lymphatics which

the central part and peripherally, clear protoplasma, but no
nucleus. Number: 200,000 to 300,q40/

control the passage of materials into and out of the bloodstreamPolymorphism. Occurence in more than one form in the same

Enzymes A protein with catalytic power that can convert a

species.

molecule called the substrate into a new form called the productProteases, proteinase€nzymes hydrolyzing native protein, or

Familial. Affecting more members of the same family than can
be accounted for by chance.

Fibrin. An elastic filamentous protein derived from fibrinogen

polypeptides, making internal cleavages.

Proteins. A class of macromolecules that are built from a reper-
toire of twenty amino acids.

by the action of thrombin, which releases fibrinopeptides A and Proteolysis.Enzymatic cleavage of protein.

B from fibrinogen.

Fibrinogen. Factor I; a globulin of the blood plasma that is

converted into the coagulated protein, fibrin, by the action of

thrombin in the presence of calcium ions.

Fibrinolysis. The hydrolysis of fibrin by plasmin.

Gene The unit of inheritance, located at a specific region on the

chromosome.

Genotype. The genetic constitution of an individual; may be

Receptor. A cell surface molecule which binds specifically to
particular proteins or peptides in the fluid phase.

SepsisA clinical syndrome of serious bacterial infection.

Serine proteaseProteolytic enzyme with a serine residue at its
enzymatically active site.

Serum. The watery portion of blood remaining after fibrinogen
has been removed from the plasma
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Thrombi. Composed predominantly of fibrin and red cells, with
variable amounts of platelets and leukocytes.

Thrombin. Active protease deriving from prothrombin (factor
II). Induces conversion of fibrinogen into clot-forming fibrin
monomers resulting in the coagulation of blood.

Thrombocyte. Blood platelet

Thrombocytopenia.Aconditionin which there is an abnormally
small number of platelets in the circulating blood (usually less
than 150,00Qul).

Thromboembolism. Refers to either thrombosis or embolism or
a combination of both.

Thrombolytics. Biological and synthetic substances capable of
activating the fibrinolytic system in plasma.

Thrombophilia. An inherited or acquired disorder in which
there is a tendency to develop thrombosis.

Thrombosis. The formation of a thrombus (blood clot).

Thrombotic. Relating to, caused by, or characterized by throm-
bosis.

Zymogens.The enzymatically inactive precursors of proteolytic
enzymes.
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