......................................................................................................................................

Protein S

Chromogenix Monograph Series

CHROMOGENIX



Coaliza® Protein S-Free « Coaliza ® Protein S-Free « Coaliza ® Protein S-Free

Protein S

By Steffen Rosen, Giovanna Bergamaschi

Contents Page
Introduction 3
Protein S, an important regulatory protein in hemostasis 3
Biochemistry 4
Biochemistry of protein S 4
Clinical Aspects 8
Involvement of protein S in other areas than hemostasis 8
Variation of protein S levels in plasma 8
Protein S deficiency 9
Assay Methods 12
Determination of Protein S antigen 12
Determination of Protein S activity 12
Interference in Protein S clotting methods by APC resistance 13
Products 14
Coaliza Protein S-Free 14
General assay procedure 14
References 15
Glossary 20
CHROMOGENIX




Introduction

Protein S, an important regulatory

protein in hemostasis

Protein S is a vitamin K-dependent protein which has an important role in regulation
of blood coagulation. This has been deduced from the serious clinical conditions
which occur in individuals with severe protein S deficiency.

At the same time it should be recognized that the exact mechanism of action of
protein S in vivo has yet to be elucidated. It is well established, that only free protein S
has anticoagulant activity however and not its complex with C4b-binding protein.
This monograph reviews the biochemistry of protein S and clinical findings related
to protein S deficiency; it is also describes different methodologies for determination
of protein S including a novel assay - Coaliza Protein S-Free - for determination of

free protein S antigen.

Hemostasis is a fine-tuned balance between
procoagulant events and their regulation by
anticoagulant systems and by fibrinolysis. At any
moment there is evidence of on-going activation
of all three systems, albeit on a very low level.
Hemostasis is thus a dynamic process.

It is generally agreed that coagulation is triggered
in vivo by the exposure of tissue factor to blood and
the ensuing complexing with and activation of factor
VII. The tissue factor - factor VIla complex then
activates factor 1X and factor X whereafter thrombin
generation and fibrinogen cleavage occurs (see
Figure 1). Coagulation factors VIIl and V serve as
very important cofactors in the activation of factor X
and prothrombin, respectively. Each cofactor provides
a 1000-fold stimulation.

Coagulation is down-regulated by the protein C
anticoagulant pathway, in which activated protein C
(APC) degrades activated factors VIl and V through
specific proteolytic cleavage. Protein S is a cofactor
to APC in these events. Protein S also seems to
have anticoagulant activities which are independent
of APC (see below).

Already formed fibrin is later degraded by plasmin,
the key enzyme in the fibrinolytic system.

The importance of the protein C anticoagulant
pathway has been amply demonstrated through the
serious thrombotic events which occur in connection
with severe deficiency of protein C and protein S.

It has also been demonstrated by the 7-fold increase
in thrombotic risk which is associated with one
commonly ocurring single point mutation in the
factor V gene.

This mutation results in impaired degradation of
factor Va at one of the three APC cleavage sites,

a condition denoted as APC resistance.

One intriguing fact regarding protein S is that it
circulates in plasma partly (about 60%) in complex
with C4b-binding protein (C4BP); extensive research
has clearly shown that only free protein S has
anticoagulant activity.

It must be emphasized that it is not yet known which
anticoagulant activity of protein S is most important
in vivo, and its detailed mechanism of action awaits
clarification.

Due to difficulties in determination of protein S
antigen and activity, there is so far no firm knowledge
of protein S deficiency among the general population;
and hence the increased risk connected with protein S
deficiency is not easily assessed. The available data
indicate, along with other anticoagulant components,
that a clinically important risk connected with fairly
mild (heterozygous) protein S deficiency is primarily
found in connection with other inherited or acquired
thrombotic risk factors.

One novel assay principle for determination of free
protein S antigen, developed in Professor Bjérn
Dahlback’s laboratory in Malmo, Sweden, relies
upon binding of free protein S to microplate wells
coated with C4BP.

This assay concept, which facilitates free protein S
determinations and increases the accuracy, is utilized
in a new product, COALIZA Protein S-Free.

The features of this kit are also described in this
monograph.
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Figure 1 The Coagulation Cascade

Blood coagulation can somewhat simplified be described as a cascade system of proteolytic reactions initiated in respoase to ti
damage. In each reaction, an inactive zymogen is converted to its active enzyme counterpart, which then participatesegutm sub
step of the coagulation cascade. The protein C anticoagulant pathway is the key system for down regulation of blood coagulation
Here, protein S serves as a cofactor to APC in the inactivation of coagulation factors Vllla and Va. In addition to itsaaietyo

to APC, protein S also has an anticoagulant activity that is independent of APC.

Protein S biochemistry

Basic structural
and functional aspects

Protein S is a vitamin K dependent plasma glyco-
protein with a molecular weight of approximately

70 kDa and it circulates in plasma at a concentration
of 25 pug/mL with a half-life of roughly two days.**
About 40% of Protein S in plasma is in a free form
whereas 60% is in complex with C4b-binding protein
(C4BP). Free Protein S functions as a cofactor to
APC in the APC-dependent degradation of factor Va
and factor VIlla®¢ (Figure 1).

It is synthesized not only in the liver but also at
other sites such as in endothelial cells, in Leydig
cells in the testis and in megakaryocytes, the latter
resulting in presence of protein S in platelets at low
concentrations.”™ Protein S is synthesized as a
precursor protein but a leader sequence is cleaved
before secretion of the mature protein, containing
635 amino acids.**?

Gene complexity

A finding which has complicated the search for
mutations is that there are two highly homologous
protein S genes in the human genome, both located
on chromosome 13.***¢ Only one of them is active
and thus expresses protein S (PSa) whereas the
second gene is a pseudogene (PSp), which lacks
the first of 15 exons of PSa.

Domain structure

Protein S is a multimodular protein, containing, in
common with other vitamin K dependent proteins,

a y-carboxy-glutamic acid domain (Gla-domain )
and an epidermal growth factor like domain (EGF-
domain). It also contains a thrombin sensitive region
and a carboxyterminal region which is strongly
homologous to the sex hormone binding globulin
(SHBG) (Figure 2). The SHBG-like domain substitutes
for the serine protease domain present in factors
VII, IX, X, prothrombin and protein C. Thus, protein
S is not a serine protease but a regulatory protein.
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Figure 2. Schematic representation of human protein S.

Protein S is composed of different modules; the Gla-domain, the thrombin-sensitive region, four EGF-modules and a region which
is homologous to the sex hormone binding globulin (SHBG-like domain) (Reproduced by permission of Prof. Bjorn Dahlback)

The EGF domain contains four EGF-like modules,
each containing either one B-hydroxy-Asp (Hya) or
one B-hydroxy-Asn (Hyn). Calcium ions bind to the
Hyn-containing EGF-like modules with a very high
affinity.*"** The Gla-domain is crucial in anchoring
protein S to phospholipid membranes.

The affinity for phospholipids is highly increased after
binding of multiple calcium ions; a conformational
change occurs which is mandatory for the APC
cofactor activity of protein S.**#

The thrombin-sensitive region contains one disulphide
bond and is located between the Gla- and the EGF-
domains. Protein S is considerably more sensitive
to cleavage in the absence of calcium ions, a fact
of importance for maintaining the native state during
purification. After cleavage by thrombin, the Gla-
domain remains linked to the rest of the protein S
molecule via the disulphide bond.

However, the APC cofactor activity is lost since

the thrombin-cleaved protein no longer features

the necessary calcium-dependent conformational
change.?** Cleavage in the thrombin-sensitive
region and loss of cofactor activity has also been
reported to be effected by factor Xa.*

Interaction with C4BP

C4BP is an octopus-like molecule which contains
seven identical a-chains (MW 70 kDa) and a smaller
B-chain (45 kDa). There is one binding site for C4b
in each of the a-chains, whereas Protein S binds to
the B-chain.**#" (Figure 3).

The affinity of protein S to C4BP is several hundred-
fold increased by calcium ions (Kd approximately

5 x 10" mol/L) and this high affinity prevails in
plasma where the free calcium ion concentration is
2 mmol/L. The level of free protein S corresponds to
the molar excess of B-chain containing C4BP.
Similar to C-reactive protein and fibrinogen, C4BP
is an acute phase reactant, and its concentration in
plasma may increase as much as four-fold.

Does this result in free protein S levels approaching
zero? Actually not, since C4BP exists in two forms:
Under normal circumstances, about 10-15% of the
C4BP circulating in plasma lacks the 3-chain and
hence does not bind protein S. During an acute
phase reaction, primarily the species of C4BP which
lacks the B-chain is increased and therefore no
significant decrease of free protein S occurs.?*
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Figure 3. Schematic presentation of thre and 3-chain of the C4b-binding protein (C4BP) and the binding of protein S.
(Reproduced by permission of Professor Bjérn Dahlback)

Interaction with APC be taken as support that the cofactor role of protein S
is linked to membranes. Apart from increasing the

Only the free, native form of protein S binds to APC  affinity of APC to membranes, protein S also enhances
and functions as a cofactor. Protein S has the highest  the rate of cleavage of Arg306 in factor Va by

affinity for negatively charged phospholipids of all APC and it works in concert with factor V to increase
the vitamin K-dependent proteins and, has been the ability of APC to inactivate factor VIlla.*%

shown to increase, by approximately 10-fold, the It has been shown that upon binding of protein S to
affinity of APC for membranes or vesicles containing  Apc, the distance from the active site of APC to the
such phospholipids.****** (Figure 4). _ membrane surface is decreased about 1 nm and
This may be of physiological importance since APC  thjs decrease may be reponsible for the increased
degrades preferentially membrane-bound factor Va cleavage rate of Arg 306 in factor Va.* Furthermore,
and factor Vllla but not the circulating, unactivated protein S abrogates the protective effects against
cofactors.** No circulating complex in plasma of APC-dependent inactivation of factor Va by factor Xa
Protein S and APC has been detected, which may and similarly of factor Vllla by factor IXa.* (Figure 5).
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Figure 4. Degradation of FVa and F Vllla by activated protein C

Protein S acts as a cofactor to activated protein C (APC) in the degradation of FVa and FVllla. The cofactor activitynoSprotei
to APC is expressed by increasing the affinity of APC for phospholipids and relocating the active site of APC closer to the
membrane surface that contains the activated coagulation factors. In the inactivation of FVllla, FV and protein S act aicsynergi
cofactors to APC

APC-independent anticoagulant
activity of protein S

Arg 306 Arg 506 Arg87 | protein S has been shown to exert a direct inhibitory
effect on the prothrombinase complex, later shown
to be due to binding to factor Xa and to factor Va

in purified systems, thereby impairing prothrombin
_ activation.***” Results supporting a direct anticoagulant
role for protein S were obtained under flow conditions
in the presence of endothelial cells, where increased
stimulation protection thrombin generation was noticed with protein S
deficient plasma.*

Not surprisingly, an interaction with a negatively
charged phospholipid surface seems to be a

prerequisite for the anticoagulant effect.*

It is clear from the above that in vitro studies indicate
Figure 5. Effect of FXa and protein S in the cleavage several roles for protejn S in regulation qf hemostasis.
by APC at Arg306 and Arg506 in FVa It should be emphasized, though, that it is not yet
known which is the most important mechanism of
action in vivo for protein S either as a cofactor for
APC or as a direct anticoagulant.

For a more detailed discussion on the structure
and function of protein S related to hemostasis,
the reader is referred to a comprehensive review
on the protein C anticoagulant pathway.*
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Clinical Aspects

Involvement of protein S in
areas other than hemostasis

In its complex with protein S, C4BP still has normal
binding capacity for C4b to its seven a-chains and
hence retains its biological activity. Protein S may
serve as a regulator during local inflammatory events,
since it has been shown that the C4BP-protein S
complex binds to negatively charged phospholipid
membranes, the binding being mediated by protein S.**
Thus, the directing of C4BP via protein S to perturbed
cells with exposed negatively charged phospholipids
may promote local down-regulation of inflammatory
reactions.

Another interesting aspect of a tentative protein S
function is in the area of cell proliferation.** It has
been shown that protein S binds to the tyrosine
kinase receptor denoted Rse/Tyro 3 and to a receptor
on smooth muscle cells**** Upon binding, protein S
induces phosphorylation and stimulates a mitogenic
response.

This effect is not only confined to protein S among the
coagulation factors, since it is known that this is one
of the many roles of thrombin. Later, also factor Xa
and protein C/APC have been shown or suggested to
be involved in cellular activation through their binding,
respectively, to effector protease receptor 1 (EPR1)
and to an endothelial protein C receptor (EPCR).*>*
Indeed, it may therefore be possible that the above
described direct binding of protein S to factor Xa may
be more relevant in cell proliferation and inflammation
than in hemostasis. Also, the expression of protein S
in many different cell types may also be related to
such areas.

In summary, research findings during the 1990"s
have not only unravelled much beauty within the
protein C anticoagulant pathway but also indicated
a complex interplay between this system and
inflammation and cell proliferation.

Variation of protein S
levels in plasma

The level of protein S in plasma is influenced in
several ways. Being a vitamin K-dependent protein,
its concentration is decreased during treatment with
oral anticoagulants. With a half life of two days, similar
to prothrombin, the rate of decrease for protein S is
much lower than for protein C and factor VII which
have half-lives of about 7 hours.

Realizing the large differences between various
methods for determining total and free protein S
antigen and (free) protein S activity, and also
recognizing their inherent complexity, somewhat
different normal ranges have been reported.

It is reasonable to state, that a representative
normal range is 70 - 140% for total protein S.
Considering 25 pg/mL as the mean concentration,
this corresponds to a range of 15 - 35 pg/mL.

A number of studies have shown that the level

of protein S is influenced by sex hormones, most
probably estrogens. Thus, premenopausal women
have lower values than men and postmenopausal
women. Significantly lower mean values of total and
free protein S are obtained in pregnant women
(from 25 pg/mL to 15 pg/mL) and in women using
oral contraceptives (from 25 pg/mL to 18 pg/mL).%s-¢
It is well known that women enter into a hypercoa-
gulable state during pregnancy, but thrombotic
events are rare. It may, however, not be excluded
that women who develop phospholipid antibodies
have a greater thrombotic risk if they have low
protein S levels before pregnancy.

Not surprisingly, as for most hemostatic factors,
protein S levels are also low in neonates.

Due to quite low levels also for C4BP, the decrease
of free, active protein S is less pronounced,
however, and the impact on the hemostatic balance
may be limited.®

¢ Inflammation: PrS / C4BP binds to
negatively charged phospholipids, such as
on perturbed cells

« Cell proliferation: Protein S binds to a
tyrosine kinase receptor (Rse/Tyro 3) and to
a receptor on smooth muscle cells-induces
mitogenic response

Table 1.Role for protein S in areas other than hemostasis

INFLUENCES ON THE PROTEIN S LEVELS
* Increase with age

» Decreases during pregnancy and use of
oral contraceptives

» Decreases during DIC, liver disease and
in chronic inflammatory bowel disease.

» Decreases during anti-vitamin K therapy.

Table 2.Conditions associated with an elevated or decreased

protein S level.
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Clinical Aspects

Protein S deficiency

Introduction

Although the exact role of protein S in vivo in

the protein C anticoagulant pathway yet has to

be clarified, there is no doubt that protein S is an
important anticoagulant protein and that protein S
deficiency is primarily associated with venous
thromboembolism. The first thrombotic cases with
protein S deficiency linked to familial thrombophilia
were reported 1984 and rapidly confirmed.®
Severe protein S deficiency resulting from the extre-
mely rare homozygosity for this trait is associated
with serious thrombotic complications and purpura
fulminans early in life.”™ The reported prevalence
of protein S deficiency in thrombosis patients varies
between 1.5 to 7%, the difference being due to
methods used and to the selection of patients.”"
However, it is not possible to assess a relative risk
increase for thromboembolism with protein S defi-
ciency, since its prevalence in the general popula-
tion is not known. Investigations on large population
cohorts have so far been hampered due to the lack
of reliable methods which also are suitable for
screening purposes. From a large study involving
close to 500 consecutive patients and 500 controls
it seems that isolated protein S deficiency may be
only a mild risk factor.®

Clinical symptoms in patients affected with protein S
deficiency are very similar to those with protein C

deficiency. Thus, deep vein thrombosis (DVT) in the
lower limbs accounts for about 90% of the episodes.

Superficial thrombosis seems to be more common
than for antithrombin deficient patients.

Classification of protein S
deficiency

The current subclassification of different types of
protein S deficiency was recommended by the
Scientific Standardization Committee (SSC) of ISTH in
1992. Table 3 presents this classification as well as
one proposed earlier.™

Classification Protein S Protein S Protein S
SSC 1992 Comp 1990 antigen,  antigen,  activity
total free
Type | Type | Low Low Low
Type Il Type IIb Normal Normal Low
Type I Type lla Normal Low Low

Table 3.Classification of protein S deficiency

Type Il deficiency seems to be quite rare.

The Type | and Type Il classification is questioned
since during recent years a number of publications
show that these deficiencies are present within the
same families and indeed appear to be different
phenotypic expressions of the same protein S
genotype. Thus, in one study coexistence of both
phenotypes were found in 14 of 18 families and
this could be explained by the large overlap with
the normal range of total protein S levels for the
individuals with low free protein S antigen.” These
findings have been confirmed through identification
of the actual mutation(s) which cause protein S
deficiency in several families. Thus it was found that
in one large family with no less than 122 members
available for analysis, one single mutation (Gly295
Val) caused protein S deficiency in 17 family
members and both phenotypes could be linked to
this mutation. In all affected members, free protein S
antigen was low. Total protein S antigen was low
(resulting in Type | deficiency) or normal (resulting
in Type IIl deficiency) and the difference could be
explained with increasing total protein S levels with
age.® Later, extended studies with characterization of
mutations in 9 protein S deficient families confirmed
that both phenotypic expressions were found for
one given mutation, the different classification being
explained by not only age but also different levels
of C4BP and effects on expression levels.®

The situation regarding classified Type | and Type ||
deficiency may still need some further clarification,
though, since the consistency in the presence of a
specific mutation does not seem to be universal.®

Altogether, these findings strongly suggest that free
rather than total protein S should be measured in
the diagnosis of protein S deficiency.

Restricting the analysis to free protein S still needs
careful evaluation of the assay performance.

This has been shown in a study on several protein S
methods for detection of protein S deficiency.®
Another interesting finding among Type | and Type
[l deficiencies is the common presence of a
mutation T -> C in codon 460, which results in a
substitution of Ser by Pro, denoted PS Heerlen.®&
The frequency of this allele in thrombophilia patients
is 0.7% which is not different from the 0.5%-0.8%
found in the general population.®*® Thus, PS Heerlen
per se does not seem to be associated with an
increased thrombotic risk. A plausible explanation
for its link with, or cause of, Type Il deficiency is
that C4BP may bind two molecules of PS Heerlen
as compared to one molecule of native protein S.*
Alternatively, PS Heerlen has a higher clearance rate.
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Clinical Aspects

The high prevalence in some families with
thrombophilia might then be due to an increased
risk with this allele when occurring in combination
with other genetic defect(s). More knowledge will
certainly be needed in this area in order to delineate
the effect of this mutation.

Difficulties with protein S
gene analysis

The complexity of the active PSa gene and the
presence of the Protein S pseudogene PSP has
delayed the genetic analysis of symptomatic protein S
deficient patients. A further complication is that no
mutations at all are found in about 40% of the patients,
although all exons and flanking regions have been
amplified and sequenced.®

Thus, it was not until the mid-90’s that progress
began. The SSC-ISTH protein S database is now
rapidly growing and about 140 different mutations
have been reported up to 1999. (Table 4).

Antithrombin deficiency >79
Protein C deficiency >160
Protein S deficiency > 140
APC resistance 1
Prothrombin 1

Type | deficiency results from frameshift and
nonsense mutations and larger deletions and also
missense mutations Type Il deficiency results from
missense mutation.

Table 4.Number of mutations found in the anticoagulant
system connected with inherited thrombophilia.

Protein S deficiency
in familial thrombophilia

In families with inherited thrombophilia, the
prevalence of protein S deficiency is higher than

in unselected thrombosis patients. (Figure 6 and
Figure 7). It has been increasingly clear that familial
thrombophilia is often linked with more than one
genetic defect, and it may well be that protein S
deficiency confers a pronounced risk (6 to 10-fold
increase) primarily in subjects who have one or more
other inherited defects.®** In families where more than
one hemostatic disorder has been identified, the
increased risk with combined deficencies has been
clearly demonstrated.*

0-1% 1%

Deficiency
[ Fibrinogen 0-1% [ Protein C 3%
B Plasminogen 0-1% [ Prothrombin 6%
O Antithrombin 1% [ APC-R 20%
M Protein S 1-2% [ Unexplained 66%

30-45%

10-15%

Deficiency
@ Fibrinogen 0-1% [ Protein C 3-7%
B Plasminogen 1-2% @ Prothrombin 10-15%
O Antithrombin 2-5% [0 APC-R 30-50%
B Protein S 3-6% [ Unexplained 30-45%

Figure 7. Genetic risk factors in families with thrombophilia

Thus in families with combined protein S deficiency
and cosegregation of the factor V Leiden mutation
(FV:Q506), the incidence of thrombosis increased
from approximately 20% to 70% in subjects with a
single defect or with both abnormalities.****

The high incidence of thrombosis with a single
defect (about 20%) was much higher than expected
for carriers of the factor V Leiden mutation, strongly
indicating the presence of an additional inherited
defect. (Table 5)
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Antithrombin FV:Q506 AT + FV:Q506 [ van Boven et el
50% 20% 91% 417 - 21 (1996)
Protein C FV:Q506 Pr C + FV:Q506 B.RC. Koeleman et al,
Blood 84,
31% 13% 73% 1031 - 35 (1994)
Protein S FV:Q506 Pr S + FV:Q506 B. Zoller et al,
19% 19% 72% Gt (1995)

Table 5.Frequency of thrombotic episodes in families deficient in antithrombin, protein S or protein C and with presence

or absence of factor V:Q506

Protein S deficiency
and arterial thrombosis

There are reports that protein S deficiency may be
a risk factor for arterial disease in young patients
but this does not appear to be the case for the
general thrombotic population.®%

In another study it was shown that increased thrombotic
risk, both venous and arterial, was associated with
the combination of homozygosity for the 4G allele in
the promoter of the plasminogen activator inhibitor-1
(PAI-1) gene and protein S deficiency.*

Similarly, a connection between protein S deficiency
and fibrinolysis abnormality was suggested in an
earlier study.**

Acquired protein S deficiency

Acquired protein S deficiency has been demonstrated
in several disease states, such as in liver disease,
disseminated intravascular coagulation and in patients
with chronic inflammatory bowel disease.****

An acquired deficiency state may occur in patients
with antiphospholipid antibody syndrome.**s%

The mechanism behind this is not clear but one
interesting study has shown that 32-Glycoprotein |
interferes with the binding of protein S to C4BP and
hence antibodies against 32-Glycoprotein | may
result in a decreased level of free protein S due to
its excessive binding to C4BP.**

Clinical features and management

Management of thrombosis patients with protein S
deficiency or another inherited coagulation disorder
generally does not differ from other thrombotic
patients. For both symptoms and management,
see Lane et al 1996 for a review."

Elevated protein S levels
and ischemic heart disease

Interestingly, a study on 150 individuals has shown
an association between free protein S antigen and,
to a lesser extent, total protein S with cholesterol
and triglycerides, using a Laurell electroimmunoassay
for total and free protein S.***

There was a rise in free protein S antigen with 30%
between the 5th and 95th percentiles of triglyceride
concentrations and a 10% rise of total protein S
between these percentiles for cholesterol.

For protein C an increase of 25% was noticed

for both lipids. These results and the difference
between men/postmenopausal women and
premenopausal women as well as the lower levels
obtained in women using oral contraceptives
indicate that great caution should be used when

a normal range is to be established.

Findings in agreement with this were indeed noticed
in a recent prospective study where an elevation in
free protein S was associated with an increased risk
of ischemic heart disease and thereby paralleling
the increase in known risk factors for this disease.*?
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Protein S assays

The development of suitable assays for the
measurement of protein S in plasma is hampered
by the fact that PS circulates in the plasma both
as free and in complex with C4BP.

Basically three types of assays can be recognised:
» Immunological assays for total protein S

» Immunological assays for free protein S
 Functional assays for protein S

Total Protein S antigen

Numerous immunological assays for the
measurement of total protein S in plasma have
been described and they include: Laurell-type of
assay,™* enzyme linked immunosorbent assay
(ELISA),"***" immunoradiometric assays (IRMA),*'®
and radioimmunoassay (RIA)."1912°

The selection of a suitable assay is made on the
basis of sensitivity and specificity of the different
assays available on the market. Important criteria
for selection of a total protein S antigen assay
should be a demonstration that free and complexed
protein S are recognised to the same extent by
the selected antibody and that the result is not
influenced by variations of the C4BP-protein S
plasma concentration. Alternatively, high plasma
dilutions and long incubation times are required to
favour a complete dissociation of C4BP-protein S
complexes.

Free Protein S

Free Protein S antigen

As mentioned in the previous paragraphs, protein S
and C4BP form a complex under physiological
conditions. In citrated plasma about 40% of the total
protein S is free while the remaining 60% is bound
to C4BP. The amount of free protein S corresponds
to the molar excess over C4BP in plasma. Since
only the free part of total protein S antigen has an
APC-cofactor activity, it is of importance to know the
concentration of the free protein S.

The current indication is that the assays for free
protein S have higher sensitivity and specificity for
the genetic defects causing protein S deficiencies
than the assays for total protein S. This is because
there is a great overlap in the total protein S levels
between normal and those with the genetic defects.”

Free protein S antigen can be quantitatively
determined after first precipitating the C4BP-protein S
complex with polyethylene glycol and determining
free protein S in the supernatant after centrifugation.
The measurement of free protein S antigen in PEG
supernatant sometimes creates a problem when a
protein S antigen test, that is not really specific for
total protein S, is used. For this reason most authors
express the concentration of free protein S antigen
as a percentage of the free protein S antigen present
in normal plasma. ELISA methods have also been
developed in which the PEG precipitation step is
omitted and where free protein S antigen is directly
determined with specific monoclonal antibodies.**-2
The new assay principle, whereby protein S binds to
C4BP coated onto microplate wells, is described in
detail on page 14.

Protein S activity assays

Although the anticoagulant mechanism of protein S
in vivo has not been elucidated, there should be no
doubt of its importance as an anticoagulant protein.
This is obvious, as mentioned above, from the
severe massive thrombosis which occur in neonates
who have homozygous protein S deficiency.

A strong support that only free protein S has
anticoagulant activity was shown in a study in which
addition of a stoichiometric excess of C4ABP over
protein S before infusion of E.Coli resulted in lethal
coagulopathy. In contrast, supplementation with

a slight excess of protein S together with C4BP
prevented a fatal outcome.*®* Thus, determination

of free protein S antigen (see above) or activity is
of importance. In functional protein S activity
assays, which are in routine use, the effect of free
protein S as a cofactor to APC is determined.
These assays are predominantly coagulometric

and measure the prolongation of the clotting time
due to free protein S activity in the degradation of
factor Va and factor Vllla by APC Free protein S also
exerts an APC-independent anticoagulant activity
through direct binding to factor Va, factor Xa and
factor VIII and these interactions appear to be
phospholipid-dependent.*612+127

An assay of the APC-independent anticoagulant
activity of protein S with improved resolution has been
developed in which the clotting time is determined in
the presence and absence of a polyclonal protein S
antibody.*?

However, no assays specific for this APC-independent
activity of protein S seem to be in routine use so far.
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APC cofactor methods
for free protein S activity

Initially, methods were developed which used undiluted
test plasma.* However, this approach turned out to
be inadequate due to the great influence of prothrombin
levels, with increasing amounts of prothrombin resulting
in decreasing clotting times.*>'* Later methods all utilize
an excess of protein S deficient plasma, thereby
keeping the amount of prothrombin essentially constant.
These methods can be categorized as follows:

1. Activated partial thromboplastin time (APTT)
method variants, using either addition of exogenous
APC ®#22 gr addition of Protac® C for activation of
protein C present in the test plasma and in the
protein S deficient plasma.****** In these methods, the
cofactor activity of protein S in the APC-dependent
degradation of both factor Va and factor Vllla is
analysed. By adding factor Va, a greater sensitivity
is obtained, which allows for the use of more diluted
test plasma and a seemingly improved specificity.**
Depending on the actual assay system used, a
resolution of 15-60 seconds is obtained between

0 and 100% protein S.

2. Prothrombin time (PT) method. The cofactor activity
of protein S is confined to the APC-dependent
degradation of factor Va. Originally, a method was
developed for characterization of purified protein S
which was later followed by a functional test for
determination of protein S in plasma.**

In the latter method, Protac C is used for activation
of protein C contained in protein S deficient plasma
prior to addition of diluted test plasma. This method
was designed for easy application on automated
analyzers.****" Figure 8 shows the schematic design
of this method. A resolution of 40-50 seconds is
obtained between 0 and 100% protein S.

3. Factor Xa-based methods. In these methods,
coagulation is triggered by factor Xa in the presence
of calcium ions and phospholipids.

Originally undiluted plasma was used.® Due to the
drawback mentioned above, this was later replaced
by more sensitive methods allowing dilution of test
plasma and providing close to 100 seconds resolution
between 0 and 100% protein S.** In one variant of
the method, free protein S in the test plasma is first
adsorbed on an insolubilized monoclonal protein S
antibody.'®® Factor Xa has also been used as trigger
in a system utilizing purified components.**

It should also be mentioned that although preliminary
and promising results have been presented with
chromogenic protein S methods, no such methods
are currently used in routine settings.***

Interference in protein S clotting
assays by APC resistance due to
the FV:Q506 (FV Leiden) mutation

In general, protein S clotting assays for determination
of free protein S activity do not show an impressive
comparability on analysis of patient plasmas, whereas
more consistent results are obtained on analysis of
normal plasmas.?*4

The lack of a proper agreement in patient plasmas
may in part be due to various influences on the
effects of dysfunctional protein S and also to acquired
disorders.

As far as APTT-based methods are concerned, it
has been shown that different APTT reagents show
pronounced differences in the sensitivity towards the
APC cofactor activity of protein S.**

However, by far the most serious interference is
caused by APC resistance due to the FV:Q506
mutation. This mutation causes an impairment in
the degradation of factor Va by APC and has been
shown to result in misclassification of patient
plasmas as Type Il protein S deficiency.***4

By taking care to exclude carriers of the factor V
mutation as donors in preparation of protein S
deficient plasma such interference seem to be
reduced.” Increased experience from analysis

of patients homozygous for the factor V

mutation should be gained.

Bovine thromboplastin
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1 and PT-time measured
—
2]
Sample or o

reference 3 |

(] |

@ I

® [

2 [

E [

A |

£ I

o |

:

1

% Activity

Figure 8. Prothrombin time assay for protein S activity
Generally a citrated plasma sample is incubated with protein S
deficient plasma, previously incubated with Prétacto fully
activate protein C. Coagulation is started with addition of bovine
thromboplastin and calcium ions. The standard curve is obtained
by plotting the prolongation of the clotting times of standard
plasma against the percentage activity on linear graph paper.
The sample results are then derived from the standard curve.
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Incubate 45 min. at room temperature

The measurement principle of Coaliza® Protein S-Free

L e
%% ﬁ%

Wells precoated with C4BP Binding of Free protein-S and
conjugated monoclonal antibody

Wash 4 X

Add the chromogenic
substrate (TMB)
Incubate 10 min.

~ ek

Reaction stopped and read at 450 nm

Coaliza® Protein S-Free

Article Number: 82 35 67
Measurement principle

The Coaliza Protein S-Free kit method is based on
a procedure described by Dahlback and colleagues
which provides a convenient and accurate enzyme
ligand sorbent assay for free protein S antigen.**
The microplate wells are precoated with C4b-binding
protein (C4BP), which has a very high affinity for
binding free protein S antigen in plasma.

A monoclonal antibody (HPS 54) conjugated with
horseradish peroxidase (HRP) is added together with
the plasma sample. After the sample and conjugate
incubation, unbound material is washed away and
bound protein S, in complex with C4BP, is detected
with the addition of the chromogenic substrate
tetramethylbenzidine (TMB). The amount of colour

in the wells is directly proportional to the amount of
free protein S antigen in the plasma sample.

Coaliza® Protein S-Free thus offers a simple and
fast method for the determination of free protein S
antigen in human plasma.

Calibrator and Control plasmas are provided in the kit

The Coaliza® Protein S-Free kit is standardised
against the 1st International Standard 93/590.

Chromogenix complete range for thrombophilia testing

COALIZA® COATEST” COAMATIC® | Prothrombin
Method

Protein S-Free | APC Resistance Protein C
APC Resistance V | Antithrombin
Factor VIII

The Kit contains
Microtitre plate

Diluent (Conjugate and Sample) 2 x 60 ml

Conjugate concentrate
Wash Buffer

Chromogen TMB
Substrate Buffer
Calibrator Plasma
Normal Control Plasma
Stopping solution
Adhesive plate covers
Resealable bag (for strip)

Storage and stability of reconstituted reagents

Diluted Conjugate

Diluted Wash Buffer
Substrate- Chromogen TMB
Calibrator Plasma

Normal Control Plasma

Measuring range

A log-log scale of the standard curve in a range

0.06 - 1.2 1U/ml.

Reproducibility

Protein S-Free  Intra-assay %CV Inter-assay %CV

0.89 IU/ml 2.1%
0.29 1U/ml 2.7%

Interfering substances

Coaliza Protein S-Free results are not affected by
rheumatoid factor up to 400 IU/ml, fibrinogen up to
10 mg/ml, protein C up to 8 pg/ml, triglycerides up to
10 mg/ml, bilirubin up to 0.2 mg/ml, unfractionated
heparin up to 1 IU/ml, LMW heparin up to 1 1U/ml
and hemoglobin up to 2 mg/ml.

Number of Determinations per kit

96

12x8

1x 0.3 ml
2 x50 mil
1x1.5ml
2x14 ml
2x1.0ml
1x1.0mil
1x12 ml
6

1

14 days at 2-8°C
14 days at 2-8°C
Prepare before use

8 hours at 2-8 °C
or 4 months at -20°C

8 hours at 2-8 °C
or 4 months at -20°C

3.7%
3.7%
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Allele. One of an array of possible mutational forms
of a gene at a specific locus.

Amino acids. Basic building blocks of all proteins.

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

Antigen. A molecule which induces the formation of an
antibody.

APC resistance. Primarily a hereditary defect caused
by a point mutation in the gene coding for factor V and
characterized by a poor anticoagulant response to
activated protein C.

Anaphylactic shock. A term used to denote the
immediate, transient kind of allergic reaction characterized
by contraction of smooth muscle and dilatation of
capillaries.

Autosome. A chromosone other than sex chromosome.

Cardiovascular disease. Mainly comprising coronary
artery disease leading to myocardial infarction,
cerebrovascular disease causing stroke, venous thrombosis
predisposing to pulmonary embolism, and the post-phlebitic
syndrome.

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

Circadian. Relating to biological variations or rhythms
with a cycle of 24 hours.

Embolism. Obstruction or occlusion of a vessel by
a transported clot.

Endothelium. Cells lining blood vessels and lymphatics
which control the passage of materials into and out of
the bloodstream.

Enzymes. A protein with catalytic power.
Exon. Gene segment encoding protein.

Fibrin. An elastic filamentous protein derived from
fibrinogen by the action of thrombin, which releases
fibrinopeptides A and 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.

Glycoprotein.
compounds.

One of a group of protein-carbohydrate

Hemostasis. Process which arrest the escape of blood
from injured vessels.

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

Heparin cofactor Il.  Serpin with heparin cofactor abilities.
Specific inhibitor of thrombin.

Heterozygous. Having a dissimilar allele at one or more
loci.

Idiopathic deep vein thrombosis.  Is usually defined as
the occurence of deep vein thrombosis in patients younger
than 45 who do not present any underlying disease
(cancer, cardiac failure etc.).

Intron. Gene segment between exons not encoding
protein.

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

Platelets. A small disk-shaped blood cell, containing
granules but no nucleus. Normal amount is 150.000 to
350.000 per microliter blood.

Proteases, proteinases. A family of enzymes hydrolyzing
proteins on polypeptides. Abundant in e.g. the hemostatic
system and in the gastro-intestinal tract.

Proteins. A class of macromolecules that are built from
a repertoire of twenty amino acids.

Proteoglycan. A macromolecular glycoconjugate
composed of sulfated glycosaminoglycans covalently
linked to a protein core.

Proteolysis. Enzymatic cleavage of protein.

Prothrombin. Factor Il, zymogen of thrombin; a
glycoprotein formed and stored in the parenchymal cells
of the liver. Amount in plasma approximately 150 pg/ml.

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

Sepsis. A clinical syndrome of serious microbial infection.

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

Thrombocyte. Blood platelet.

Thrombocytopenia. A condition in which there is an
abnormally small number of platelets in the circulating
blood (usually less than 150,000/pl).

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
and dissolving of thrombi.

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

Thrombophilia. A 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 thrombosis.

Zymogens. The enzymatically inactive precursors of
proteolytic enzymes.
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