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Factor V Leiden (FVL), the principal inherited cause of activated protein
C resistance (APCR), has been linked to the failure of pregnancy with
an increased risk of venous thrombosis, fetal loss and pre-eclampsia.
Both venous thrombosis and pre-eclampsia are associated with
inflammation.  In particular pre-eclampsia is associated with a
monocyte/macrophage infiltration of the placental bed. That APCR,
without FVL, (acquired APCR) may be a marker of thrombotic potential
out-with pregnancy has been suggested by the association of venous
thrombosis with the combined oral contraceptive pill and more recently
hy the association of venous thrombosis with a low activated protein C
sensitivity ratio (the APC:SR).

Changes in sensitivity to APC (assessed by the APC:SR) occur in normal
pregnancy. The aetiology and significance of this phenomenon has not
been fully characterised. In this thesis, the pattern of change in
APC:SR in pregnancy was detailed in FVL negative subjects. The
refationship of the APC:SR to other coagulation factors and thrombin
generation was investigated. The significance of the APC:SR to the
mother and the fetus was also examined. To investigate if a link (via
thrombin) exists between the APC:SR and the inflammatory response,
the inflammatory marker ICAM-1 was examined on the monocyte. The
influence of thrombin on the expression of this marker was examined
i vitro and the relationship between the APC:SR in pregnancy and

ICAM-1 was examined ex vivo.
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In a prospective study of 1046 pregnancies, the APC:SR at 7-15 weeks
gestation showed a significant relationship with blood group and
smoking, with higher APC:SRs observed in non-smokers and bicod
group O subjects. No significant relationship of APC:SR with body
mass index, waist circumference, age, alcohol consumption, or family
history of venous thrombosis or pregnancy-induced hypertension in a
first degree relative was observed. In ~75% of pregnancies, a fall in
APC:SR with increasing gestation was seen. Those who showed a fall
in APC:SR (i.e. an increase in APCR) with increasing gestation had
higher absolute APC:SR values at 7-15 weeks gestation than those who
did not show a fall. APC:SR values less than the reference range
observed in non-pregnant females were seen in 38% of subjects in the
third trimester of pregnancy (28 to 40 weeks gestation) in the absence
of FVL or elevated ACAs. In subjects without elevated ACAs or FVL,
the APC:SR showed a significant negative relationship with factor VIIic,
factor V¢, and a positive relationship with free protein S. The
relationship to factor VIIIc is compatible with the association of APCR
and inflammatory disorders and with the association of non-blood
group O, higher factor VIlic levels and venous thrombosis. The
relationship with factor Vc is consistent with in vitro evidence that the
APC:SR may be affected by factor V.

The fall in APC:SR with gestation paralleled the fall observed in the red
cell count, haemoglobin and mean red cell volume. This appeared to

be due to the effect of gestation on both, rather than an effect of the
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APC:SR on the blood count. It has been suggested that heterozygous
carriage of FVL results in a reduction in blood loss at delivery. In FVL
negative subjects, no relationship between pre-natal, peri-natal, or
post-natal bicod loss and APC:SR was observed. Similarly, in the small
group of FVL positive subjects (n=37) observed no difference in pre-
natal, peri-natal, or post-natal blood loss was observed when
compared with FVL negative subjects.

No significant relationship between the APC:SR and placental weight
was observed, although in subjects with an APC:SR less than the
reference range for non-pregnant females, smaller birth weights were
noted. When birth weights were corrected by adjustment for parity,
gestation at delivery and fetal sex and the influence of gestation on the
APC:5R was minimised, no relationship between the APC:SR and birth
weight was found. However significantly smaller birth weight centiles
were observed in subjects in whom a fall in APC:SR with gestation
accurred.

Significantly lower APC:SRs at 7-15 weeks were observed in subjects,
normotensive at recruitment and with no past history of hypertension,
who subsequently developed pregnancy-induced hypertension (PIH) or
pre-eclampsia (PET) in the current pregnancy. This difference
persisted for PIH when the analysis was restricted to primigravid
subjects. No relationship between the APC:SR at 27-34 weeks
gestation and the occurrence of PIH or PET was noted. A 2 fold

(C.1gs 1.1-3.6) increased risk of PIH and 3 fold increased risk of PET




(Clos 1.2-8.0) in the current pregnancy was observed in those
subjects in whom no decrease in APC:SR was seen when compared
with those in whom the APC:SR did decrease from 7-15 to 27-34
weeks. These results suggest that, in the absence of FVL, subjects
with a lower APC:SR early in pregnancy do not increase resistance to
APC with increasing gestation and are at a higher risk of development
of PIH and PET. They also appear to have larger babies than those in
whom an increase in APCR occurs. As lower APC:SRs are associated
with venous thrombosis, and as a decrease in APC:SR occurs in the
majority of pregnancies, this suggests that a higher APC:SR early in
pregnancy and a fall in APC:SR with increasing gestation is a
physiological response which mirrors fetal development. Individuals
with a lower APC:SR early in pregnancy, do not become more resistant
with increasing gestation and the (physiological) change in APC:SR
does not occur. The response to APC appears to be set early in
pregnancy and the sensitivity to APC may influence, or be influenced
by, fetal development. The APC:SR, in the absence of FVL, does not,
however, appear to predict fetal loss or neonatal death.

A significant inverse relationship between F1+2 levels and APC:SR was
observed, although this may reflect the influence of gestation on both
variables. When the effect of increasing gestation was excluded, a
significant inverse relationship between APC:SR and TAT concentration
was observed at 28-32 weeks, suggesting that the APC:SR may reflect

thrombin generation in vivo.




Monocyte ICAM-1 expression, as assessed by flow cytometry, was
influenced in a specific dose-dependent fashion by human alpha
thrombin and may therefore be a useful indicator of the link between
the coagulation cascade, thrombin and the inflammatory response of
this cell. In pregnancy, a significantly higher level of monocyte ICAM-1
was observed when compared with non-COCP using female subjects.
No significant relationship between ICAM-1 and gestation, parity or
smoking was observed. In pregnant subjects, a significant positive
relationship between monocyte ICAM-1 and plasma ICAM-1 was
observed. This suggests that the monocyte contributes to plasma
ICAM-1, which has been used widely as a marker of inflammation. A
small but significant inverse relationship of both monocyte ICAM-1 and
plasma ICAM-1 with APC:SR at 28-32 weeks gestation was noted. This
suggests that in individuals with a normal pregnancy outcome the
thrombin generation associated with the APC:SR at 28-32 weeks
gestation is mirrored by the inflammatory response of the monocyte.
However, as the monocyte has a significant, independent role in the
activation of coagulation, it is conceivable that activated monocytes
could also influence the sensitivity to APC in plasma by modulating the
generation of factor VIIla and factor Va.

A change in the sensitlvity to APC appears to be a physiological
response in pregnancy which mirrors fetal development. Whether
acquired APCR has an independent role or simply reflects the sum total

of contributing coagulation factors is unknown. However, the APC:SR
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reflects overall thrombin generation and may have a useful role in the

prediction of disease states in pregnancy.
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1.1

1.2

1.2.1

1.2.2

In recent years there has been a substantial increase in knowledge linking
pro-thrombotic tendencies with several adverse outcomes of pregnancy. This
has been paralleled by an increased awareness of the central co-ordinating
role of wvascular endothelium in inflammation, atherosclerosis and
haemostasis. The exact mechanism whereby pro-thrombotic {or
'thrombophilic’) tendencies lead 1o pregnancy failure is unknown.
Thrombophilic abnormalities are associated with an increase in thrombin
generation{1, 2]. As thrombin is both procoagulant and pro-inflammatory,
this may result in stimulation of an inflammatory response from the
endothelium and thrombosis of the placental vessels. Stimulation of an
inflammatory response in the endothelium also results in secretion of pro-
adhesive molecules and cytokines and alteration of the anticoagulant protein

C system on the endothelial surface[3-5].

Thrombin and the protein C/protein S system

The cascade of zymogen activation in the coagulation cascade leads to the
formation of thrombin (Figure 1.1). Thrombin is a serine protease which is
responsible for fibrin formation, platelet activation, activation of factor XIII
(with cross-linking of the fibrin network) and the feedback activation of
clotting factors Vc and VIIIc,

Thrombin has a direct action on the endothelium via a transmembrane
thrombin receptor[6] (Figure 1.2). Via this interaction thrombin participates

in tissue remodelling, wound repair, leukocyte chemotaxis, leukocyte
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adhesion, vascular contraction and changes in vascular permeability
(reviewed in[7]). This receptor is present on a variety of cells including
platelets and monocytes[8]. On endothelial cells proteolytic cleavage of this
receptor results in a wide variety of cellular responses including expression of
leucocyte adhesive proteins such as P-selectin[92, 10] and intercellular
adhesion molecule-1 (ICAM-1), the ligand for lymphocyte function antigen-
1[11], on the endothelial surface. This response results in leukocyte
adherence o the endothelium and further enhancement of the inflammatory
response. Thus thrombin can participate in leukocyte chemotaxis and
adherence (reviewed in[7]). Thrombin may also affect immunological
surveillance by stimulating T-cell activation and cytokine production[12]. The
importance of the role of thrombin in the inflammatory response is confirmed
by the consistent finding of thrombin generation accompanying leukocyte
accumulation in several forms of inflammation[13, 14] and by the association

of an inflammatory response with venous thrombosis[15, 16].

1.2.3 Thrombin also functions as an activator of the anticoagulant protein C

pathway (Figures 1.3 and 1.4). Surface components and intracellular
products of the endothelium play a significant role in the control of
coagulation. In particular, the cell surface possesses a thrombin binding
glycoprotein, thrombomodulin  (TM)[17]. ™ forms a high affinity
(Kd=0.5nM} 1:1 complex with thrombin. Although thrombin may activate
protein C directly, the complex formation accelerates the activation 20,000
fold[17]. Formation of this complex directly inhibits the capacity of thrombin

to cleave fibrinogen and activate platelets[17-20]. The proteolytic cieavage
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1.2.4

1.2.5

of protein C by thrombin results in the generation of the anticoagulant,
activated protein C (APC). The complex of APC and plasma protein S
assembles on membrane suifaces and inactivates activated coagulation
factors, V and VIII (Figure 1.4). These interactions require the presence of
Ca®*. Tt is also likely that the inactivate factor Vc acts as a cofactor in the
inactivation of factor VIIIa[21].

Thrombin's effect on protein C is, however, complex. Acting via the
endothelial thrombin receptor, thrombin produces an increase in TM RNA in
the endothelium. However this does not result in an increase in T™M
expression on the endothelial cell surface[22, 23]. Recently, another
membrane-linked protein C receptor on the endothelial surface has been
described. This endothelial protein C receptor (EPCR) also has a protein C
activating function but has been found to bind protein C as well as APC with
similar affinity[24]. The significance of this receptor is unknown, although
interestingly, it may also have a role in the inactivation of APC[25]. It has
been shown to have differing distribution in endothelial cell types, with a
higher density found in large vessels rather than capillariesf26].

The protein C pathway appears to be critical to the control of the coagulation
pathway as it is known that homozygous deficiency of protein C or protein S
is associated with lethal thrombosis in neonates[27, 28] and gene deletion of
T™ is associated with embryonic lethality in mice[29]. Furthermore, inherited
resistance of activated factor V to the effects of APC (Factor V Leiden-FVL) is
the most frequently identified risk factor for a heritable thrombotic

tendency[30]. The recent increase in understanding of the mechanism
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1.3

whereby acquired disorders, such as antiphospholipid syndrome[31, 32],
hyperhomocysteinaemia[33] and dyslipidaemia[34, 35] interfere with the
protein C/protein S system reinforces the central role of the protein C
pathway in the control of haemostasis.

A strong link exists between the protein C pathway and inflammation. This is
evident in disseminated intravascular coagulation. In primates, APC infusion
prevents septic shock and death from otherwise lethal doses of bacteria[36]
and inhibition of the action of the protein C pathway enhances the coagulant
and inflammatory response to the bacteria[36, 37]. The mechanism whereby
the protein C pathway influences the inflammatory process is unknown,
although APC infusion in rodents prevents the septic shock response to
endotoxin and diminishes cytokine elaboration, an action which may be

mediated by an effect on monocytes[38, 39].

The function of ICAM-1

ICAM-1 results in leucoyte adherence via LFA-1. This will result in leukocyte
recruitment to the inflammatory response. A soluble form of ICAM-1 is
found in plasma. The physiological function of this soluble form is unknown,
although it retains its ability to bind lymphocyte function antigen-i (LFA-
1)[40] and may have an immuno-modulatory role. Soluble ICAM-1 has been
used widely as a marker of endothelial activation in atherosclerosis[41-43],
inflammation[44] and pregnancy disorders characterised by thrombosis and

inflammation such as pre-eclampsia[45]. There is, however, little direct
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evidence confirming the relationship between soluble ICAM-1 and cellular
expression[46]. ICAM-1 is expressed on a variety of cells in addition to
endothelial celis[47-49] and, in-vitro, studies have shown that induction of
membrane-bound ICAM-1 can be accompanied by an increase in shedding of
soluble ICAM-1 from the surface of these cells[40, 50-52]. In the vascular
system, the contribution that individual cell types make to the soluble plasma

pool of ICAM-1, measured, in-vivo, is unknown.

The endothelium and coagulation

Aside from synthesis and expression of TM, the endothelium participates in
the regulation of haemostasis and thrombosis by a number of cther
mechanisms (Figure 1.5). By synthesis of von-Willebrand factor and tissue
factor the endothelium promotes platelet adhesion and triggers the
coagutation cascade, The endothelium also regulates fibrinolysis by the
synthesis and secretion of tissue plasminogen activator (tPA) and
plasminogen activator inhibitor (PAI)(reviewed in[53]). The extracellular
matrix around the endothelium, which contains heparans, enhances the
activity of antithrombin[54]. Heparans also release tissue factor pathway
inhibitor from its endothelial cell storesf55]. Thus the endothelium is pivotal
to the regulation of coagulation, fibrinolysis and the endogenous
anticoagulant system. Furthermore, the endothelium provides a link between
the coagulation system and the inflammatory response.  Clinical and

experimental studies have shown that inflammation/infection is associated
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151

with enhanced production of inflammatory cytokines such as interleukin-1
beta (IL-1p), interleukin-6 (IL-6) and tumour necrosis factor alpha (TNFa).
Infusion of TNFa to normal humans induces a sustained activation of
coagulation with increased turnover of thrombin evident for 6-12 hours after
infusionf56]. In cell culture and animal experiments, TNFa elicits tissue
factor expression on endothelial cells{57] and results in a significant increase
in plasma TM despite an inhibitory effect on TM RNA transcription[4],
translation[58] and expression on endothelial cells[59, 60]. Endotoxin, which
has been utilised to model the inflammatory response in-vitro, also reduces
TM expression and enhances tissue factor release from the endothelial
surface[60]. In addition thrombin will promote expression of cell adhesion
molecules which control leukocyte recruitment and activation at sites of

inflammation.

The monocyte, inflammation and coagulation.

Monocytes have a central function in the inflammatory response and express
a variety of adhesion molecules, including intercellular adhesion molecule-1
(ICAM-1)[8, 61]. Like endothelial cells, monocytes possess thrombin
receptors[62] and stimulation of monocytes with thrombin receptor agonist
peptides has been shown to result in an increase in intracellular calcium[63].
Thrombin interacts with moenocytes to enhance secretion of TNFo,

interleukin-1[64] and plasminogen activator inhibitor-2[65].  Although
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1.5.2

1.6

thrombin stimulates adhesion molecules on the endothelium, it is not known
whether thrombin influences ICAM-1 expression on the monocyte.

Monocytes participate in the coagulation cascade by a variety of means
including production of tissue factor[66], activation of coagulation factor
X[67] and participation in the control of fibrinolysis[68]. Monocytes also
possess TM[69] and a specific receptor for APC has been reported to occur
on the surface of the cell[70]. Inflammatory mediators, such as TNFx,
increase the expression of TM on the monocyte surface[38], but decrease its
expression on the endothelial surface[60]. The increase in monocyte T™M
expression is accompanied by an increase in ICAM-1 expression on the cell

surface[38].

Activated protein € resistance

Resistance to the anticoagulant effect of APC added in-vitro to plasma was
first recognised as an important cause of familial thrombosis in 1993[71].
Depending on selection criteria, it is present in 20% to 70% of those
individuals who have had a venous thrombotic event{72, 73]. In the vast
majority of individuals with familial APC resistance the resistance is due to
the presence of a point mutation Glycine—Arginine at position 1691 (G—A
1691) in the gene coding for coagulation factor V (Factor V Leiden -
FVL)[74]. This mutation is highly prevalent in European populations (2~
7%)|75]. Screening for APC resistance (APCR)} is commonly based on an

activated partial thromboplastin test (APTT). In this test a ratio of the APTT
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1.7

1.7.1

in the presence and absence of added APC is obtained (i.e. APTT plus added
APC/APTT minus added APC). This is designated as an 'APC sensitivity ratio'
(APC:SR). A low APC:SR implies APCR. The significance of APCR occurring
in the absence of the FVL mutation is unknown. Low ratios have been
described in the latter stages of pregnancy[76], in subjects on ocestrogen
therapy[77] and with other variations in the factor V geneg[78, 79].
Furthermore, the standard APTT-based assay is unreliable in the presence of
antiphospholipid antibodies[80] or anticoagulant therapy[81]. Pre-dilution of
patient plasma with factor V depleted plasma prior to APTT testing renders
the test insensitive to anticoagulants or gestation and more specific for the

FVL mutation[81, 82].

Acquired Activated Protein C Resistance

Although the importance of APCR in the absence of the FVL mutation is
poorly understood, a number of published observations would suggest that
APCR may be a potential marker of a prothrombotic tendency. A negative
correfation between FVIIIc and APC:SR (a positive correlation between FVITIc
and APCR) was reported in 1996[83, 84]. Elevated FVIIIc levels, a common
manifestation of inflammation, have been shown to be an independent risk
factor for venous thrombosis[85]. This association of FVIIIc and thrombosis
may be linked to blood group[85-87] in that non-blood group O subjects

have higher FVIITc levels and a higher incidence of venous thrombosis.
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1.7.2

1.7.3

Both elevated anticardiolipin antibodies and the presence of a lupus inhibitor
may be associated with a reduction in the APC:SR as measured by the
classical APTT-based test[88, 89]. Individuals with an APCR phenotype show
a strong relationship between APCR and FVL carriage in those with 'weak’'
lupus inhibitor activity[88]. 1In contrast, those with strong lupus inhibitor
activity show a weak association between APCR and FVL. The observation of
an influence of anti B; glycoprotein-1 antibodies on the APC:SR of normal
plasmas suggest that antiphospholipid antibodies may have a direct effect on
the inactivation of Fva[90] and result in APCR. Interestingly, in a subsequent
small study, Aznar et al suggested that the degree of APCR associated with
antiphospholipids may correlate with thrombotic risk[89].

In 1994 Vandenbrouke et al reported that subjects who are heterozygous for
FVL and who use a combined oral contraceptive (COCP) have a 30 fold
higher risk of development of thrombosis than non FVL, non-COCP users[91].
In keeping with a previous study[92], they also noted an approximately 4
fold relative risk of venous thrombosis and use of COCPs in the absence of
FVL. In 1994, Osterud et al noted that COCP use was associated with
resistance to APC when assessed by an APTT-based methodf93]. This
finding was confirmed by Henkens et al[94] and Olivieri et al[77], who also
reported that cessation of the COCP in 2 subjects, without FVL, resulted in
normalisation of the APC:SR. These findings were not supported by
Mathonnet et al[95] who found no difference in APC:SR between COCP and
non-COCP users. In this study however, a significantly lower APTT (without

APC) was observed in COCP users and one individual (1/34) of the control
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1.7.4

1.7.5

group was found to carry the FVL mutation. This would result in a significant
reduction in the APC:SR “normal” range obtained and exclusion of FVL. in all
subjects has been recommended in the construction of “normal” pool
material for analysis of the APC:SR|96].

Resistance to the effects of APC added in-vitro to plasma has also been
assessed by the pattern of thrombin generation which occurs when plasma is
stimulated by tissue factor (i.e, by activation of the extrinsic coagulation
cascade)[97]. Using this technique Rosing et al have reported similar APCR
in non FVI, COCP users to that observed in non-COCP users who are
heterozygous for FVL. They suggest that acquired APCR may explain the 4
fold increased risk of venous thrombosis observed in users of COCPs[98].

In a study of 20 pregnancies, a reduction in APC:SR with increasing gestation
was reported in 1995[76]. However, only at 14-20 weeks gestation did the
APC:SR correlate with the plasma level of FVIIIc. A reduction of APC:SR in
pregnancy was confirmed by Mathonnet et alf95], who observed a fower
APC:SR in 32 pregnant subjects at delivery, in comparison to control non-
pregnant, non-COCP using subjects and COCP users. The delivery APC:SR
correlated with delivery levels of FVIIIc. Although a higher level of FVc was
observed in comparison to control non-COCP and COCP-using subjects, no
correlation with Fvc and APC:SR was observed. Confirmation of a
relationship between FVIIIc and APC:SR in early pregnancy was reported by
Bokarewa et al in 1997[99]. No information was available regarding FVc.
Interestingly, the standard deviation of the mean APC:SR in the third

trimester was less than that observed post-partum and subjects with the
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lowest post-partum APC:SR values showed the least change during
pregnancy. These observations would be consistent with tight control of the
response to APC in pregnancy. As 57-76% of women develop an APC:SR
less than non-pregnant reference ranges during pregnancy[76, 99], this is
clearly a physiological adaptation. The significance of this adaptation is,

however, unknown.,

Heritable abnormalities of the protein C/protein S system

A number of heritable abnormalities of elements of the protein C pathway

have been described.

Protein C deficiency

Heritable deficiency of protein C has been estimated to occur in 1 in 300 to
500 of the population{100, 101]. In studies investigating blood donor
populations, the majority of individuals identified biochemically or genetically
are symptom free[100, 101]. Protein C deficiency has been classified into
two types: Type 1, a quantitative reduction in functionally normal protein C
and Type 2, a higher level of protein C antigen than activity. Type 2
deficiency results from production of a functionally abnormal protein C

molecule,
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1.8.2 Protein S deficiency

1.8.3

The prevalence of protein S deficiency in the general population has not been
established in a large scale study of healthy individuals. Protein $ is a
vitamin K-dependent single chain glycoprotein. Plasma levels of protein S
are dependent on age, sex[102], lipid levels, oestrogen[103] or oral
anticoagulant usage. In plasma, approximately 60% of circulating protein S
is bound to C4b binding protein. Only free protein S is able to function as a
cofactor for protein C. Heterozygous protein S deficiency is a significant risk
factor for thrombosis[104]. AL present there is no unified dlassification of
protein S deficiency. Three classes of protein S deficiency have been
proposed: Type 1, a reduction in total and free protein S; Type 2, a reduction
is protein S activity with normal free and bound antigen levels and Type 3, a
reduction in free antigen and activity with a normal total protein 5. In 1993
Faioni reported{105] that some protein S functional assays give falsely low
protein S activity assessments in the presence of FVL. This finding has
subsequently been confirmed in other studies[106, 107]. There is currently,

therefore, no universally accepted functional protein S assay.

Factor V Leiden

The presence of FVL can be detected directly by mutation analysis of DNA for
the G—A mutation at nucleotide position 1691 of the factor V gene. Recently

a factor V gene polymorphism (the HR2 haplotype)[78] and another gene
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mutation (Arg306—Thr, Factor ¥V Cambridge) in factor V have been
described[79]. These also result in an APCR phenotype, although the

prevalence of these genetic variations is unknown.

1.8.4 Thrombomodulin

The glycoprotein TM is synthesised within endothelial cells and expressed on
the endothelial surface. The gene encoding TM is found on chromosome
20[108, 109]. Although little evidence links genetic mutations of the T™
gene with clinical thrombosis, in animal studies congenital absence of TM
results in lethality in-utero{29]. An amino acid dimorphism in the TM gene at
position 1418, which predicts an alanine or valine at position 455 in the TM
molecule, has been associated with premature myocardial infarction[110],
but has been reported to be neutral as regards the occurrence of venous
thrombosis|111]. The mechanism whereby this contributes to abnormal T™
function or alters TM thrombin affinity is unknown and as yet, there is no
information regarding the influence of this genetic variation on pregnancy
outcome. TM expression is down-regulated by a number of influences on the
endothelium including cytokines, endotoxin and hypoxia{112, 113]. Oxidant
injury also results in a decrease in TM activity[114]. TM expression on
endothelial cells is influenced by a number of inflammatory mediators
including TNFx[4, 58-60] and endotoxin[60]. TM can also be shed from the

endothelial surface by neutrophil elastase[115] and soluble TM (sTM) has
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been used as a marker of the effect of inflammation on the endothelium{116-

1181,

Haemastasis and endothelial function in normal pregnancy

Coagulation and the protein C/protein S system

Normal pregnancy is associated with changes in many coagulant and
anticoagulant factors. By the end of the normal gestation there is a mean
rise in the vitamin K dependent factors Ilc, VIIC and Xc[119]. In addition, a
small increase in factor Xic and factor Vc has been reported[119], although
this was not been confirmed in a subsequent study{120]. Protein C antigen
and activity levels are not progressively affected by gestation[121, 122],
although an increase in protein C activity has been reported at the beginning
of the puerperium[123]. Normal pregnancy is associated with a progressive
fall in free and total protein S antigen[119]. APC:SR, when assessed by the
classical APTT-based test has been shown to fall with increasing
gestation[76]. Modification of the test, by pre-dilution of patient plasma with
coagulation factor V depleted plasma, results in an insensitivity of the test to
the effects of pregnancy[124]. Antithrombin activity has consistently been

reported to be unaffected by normal gestation]{125-127].




1.9.2 Thrombin generation

Enhanced thrombin generation may result from an increase in procoagulant
factors[1], a decrease in circulating natural anticoagulanis[1], from
inflammation[128, 129] and from thrombosis itseif. Thrombin formation has
been assessed, ex-vivo, by the circulating levels of a number of marker
proteins formed as a consequence of thrombin formation or inactivation. As
prothrombin is cleaved by factor Xa to form thrombin, a fragment is released.
This fragment is called prothrombin fragment 1+2 (F1+42) and can be
measured in plasma by an enzyme linked immunoabsorbent assay
(ELISA)[130]}. Thrombin formation can also be assessed by the circulating
level of the complex that it forms with its principle inhibitor, antithrombin {the
thrombin-antithrombin or TAT complex)[130].

An increase in TAT complex formation occurs in normal pregnancy|127, 131,
132]. TAT complex levels higher than non-pregnant control values have
been reported to be present in 50% of women during the first trimester with
all subjects showing elevated levels in the second and third trimesters[127].
A significant positive correlation beiween gestational stage and elevated
Fi1+2 has also been shown[133, 134], with Ilevels elevated beyond non-
pregnant subjects seen early in pregnancy[134]. These results show that
activation of coagulation occurs in normal pregnancy. Delorme et al[135]
have shown that pregnant plasma in in-vitro experiments is capable of more
rapid and elevated generation of thrombin than non-pregnant plasma. This

result, in combination with evidence of an increase in prothrombin activation




1.9.3

and TAT complex formation, suggests that heightened thrombin generation
may be a feature of normal pregnancy.

Fibrin formation is known fto be essential for normal placental
implantation[ 136, 137]. It is therefore plausible that the enhanced thrombin
generation of pregnancy is stimulated by the placenta[138]. As thrombin has
both procoagulant and anticoagulant functions it is not clear whether the
enhanced thrombin generation of pregnancy contributes to a pro-thrombotic

state.

Protein C activation

As described above, protein C is activated by thrombin in the presence of TM.
APC is known to be regulated by several inhibitors: protein C inhibitor-1[139],
ol-antitrypsin (also known as al-antiproteinase)[140], «2-antiplasmin, Ci
esterase inhibitor{141] and a2-macrogiobidin[142]. The recently described
EPCR[5] may also have an inhibitory function on APC, although its role in
protein C homeostasis is, as yet, unknown. It is possible to assess the
activity of thrombin on protein C activation by measuring APC[143], by
measuring the peptide released from protein C on activation[144] or by
measuring complexes of APC with its inhibitor ai-antitrypsin[140]. An
increase in APC/al-antitrypsin in the third trimester to double the level
observed in the first trimester has been reported to occur in normal

pregnancy[145]. In this study APC/al-antitrypsin levels did not correlate
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with al-antitrypsin.  This would be consistent with an increase in the

activation of protein C, and therefore thrombin activity, with gestation.

1.9.4 Thrombomodulin

1.10

The influence of normal pregnancy on endothelial expression of TM is not
known. Thrombin, via its endothelial receptor, is capable of down regulating
TM expression on the endothelial surface[22, 23]. As with other indices of
endothelial activation, plasma levels of sTM have been shown to increase

progressively with gestation in normal pregnancies[146].

APC resistance and thrombin generation

A number of studies have shown that carriage of FVi. is associated with an
increase in the markers of thrombin generation[1, 2] similar to that seen in
individuals with a past history of thrombosis. The effect of acquired APCR on
thrombin generation has not been assessed. However, in the diaghosis of
acquired APCR associated with COCP use Rosing et al have shown that
plasma from 3™ generation COCP users has greater potential to generate
thrombin than non-COCP and 2™ generation COCP users[98]. The
relationship between this increase in thrombin potential and thrombin

generated in-vivo is not known.
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The protein C/protein S system and pregnancy failure

1.11.1There is now a considerable body of evidence suggesting that inherited

disorders such as FVL[147-149], protein C or protein S deficiency[148, 150-
152] can lead to pregnancy failure and pregnancy-related thrombosis. In
particular, recent investigations have concentrated on the potentiai role of
these pro-thrombotic abnormalities in the occurrence of pre-eclampsia, fetal

loss and the protection of the blood count in pregnancy.

1.11.2Pre-eclampsia

Pre-eclampsia is a mulii-system disorder which presents with proteinuria and
hypertension. It is characterised by widespread vascular endothelial damage
and dysfunction which is associated with failure of trophoblastic invasion of
the spiral arteries of the placental[153]. A number of the spiral arteries of
the developing placenta are occluded by fibrin deposits and surrounded by
foam cell infikration[154, 155}, a feature similar to atherosclerosis and

termed ‘acute atherosis’.

Inflammation

Endothelial dysfunction is common to all the pathological features of pre-
eclampsia[156]. Tt is unclear, however, what triggers this endothelial

disturbance, although abnormalities of platelets[157, 158], endothelial
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function[159-161], and neutrophil activation have all been implicated in the
pathophysiology[162, 163]. Several studies have shown that the serum of
patients with pre-eclampsia have increased levels of circulating VCAM-1
(vascular cell adhesion molecule-1)[45, 156] and ICAM-1 (intercellular
adhesion molecule-1)[45]. These integrins are involved in the adherence of
leucocytes to the endothelium and an increase in the expression of ICAM-1
and V-CAM-1 may result in an increase in leucocyte adherence[164, 165].
The cause of the increase in expression and shedding of CAMs is not known,
but various cytokines including interleukins{166] and TNFu[167] upregulate
the expression of cellular adhesion molecutes on endothelial cells. Elevated
concentrations of both TNF«[168] and interleukin-6[169] have been reported
in the maternal plasma and amniotic fluid of women with severe pre-
eclampsia. An increase in mRNA expression for TNFo has been found in pre-
eclamptic placentas[170]. Although the source of its production is unknown,
TNFoa may be produced by macrophages present in the placentat stroma. In
addition to the upregulation of CAM expression on endothelial cells[167],
TNFe bhas been shown, in-vitro, to directly impair vascular endothelial
function by activating neutrophils directly to adhere to endothelial cells[171].
Thus the monocyte/macrophage system appears o be integral to the
necrotising arteriopathy of pre-eclampsia which is characterised by
accumulation of lipid-laden macrophages and mononuclear perivascular

infiltrationf 155].
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Coagulation

It has been known for many years that pre-eclampsia is associated with
activation of the coagulation and fibrinolytic systems. In those subjects with
hypettensive disorders of pregnancy, a number of changes in the coagulation
system similar to those described in chronic disseminated intravascular
coagulation have been reported. These include, a reduction in antithrombin
activity, plasminogen level and platelet count and an increase in fibrin
degradation products[172, 173]. Both Reinthaller et al[132] and Halligan et
al[174] have shown that high TAT complex levels (higher than those found in
normal pregnancies) are seen in individuals with pre-eclampsia. As
antithrombin levels appear unaffected by gestation and as antithrombin may
even be consumed in pregnancy-induced hypertension{175], these results
suggest that exaggerated thrombin generation is a feature of gestational
hypertension. The overall thrombotic potential of this increase in thrombin
activity in pre-eclampsia is not clear, as an increase in protein C activation
has also been reported[145]. Coagulation markers of endothelial activation,
such as von-Willebrand factor{176], fibronectin[174] and plasma TM{177-
179] are elevated in pre-eclampsia and, along with antithrombin
activity[180], may have a role as predictive markers for the disease. In two
studies pre-eclampsia has been associated with an elevation of plasminogen
activator inhibitor-1 (PAI-1) and a reduction in plasminogen activator
inhibitor-2  (PAI-2) levels when compared with normotensive

pregnancies[174, 181]. The mechanism and significance of these
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observations remains speculative at present. It is likely that these changes in
coagulation activation and fibrinolysis are, however, a secondary
phenomenon rather than the primary initiators of hypertension in pregnancy.

The protein C pathway

APCR and FVL

Studies of the impact of APCR on the incidence of pre-eclampsia have not, in
the main, distinguished between FVL. and other causes of APCR. Two case
reports have linked the heterozygous inheritance of the FVL gene with both
pre-eclampsia[182] and the HELLP (haemolysis, elevated liver enzymes and
low plateiet count) syndrome[183]. In subjects with a history of pre-
eclampsia, a 2 fold higher carrier rate for FVL has been described[184] and a
higher rate of occurrence of APCR in pre-eclamptic women is also reported by
Dekker et alf152]. In this study no assessment of FVL status was made and
although patients were assessed for the presence of a lupus inhibitor and
anticardiolipin antibodies, it is not clear if subjects positive for these
abnormalities (29.4%) were excluded from the APC:SR assessment. Lindoff
also describes an odds ratio of 2.5 (C.I1.es 0.9-9) for prevalence of FVL in 50
subjects with pre-eclampsia versus controls sampled more than 6 months
after delivery(185]. As with the paper by Dekker no distinction is made
between APCR and the presence of the FVL mutation. A 5 fold relative risk

(C.1gs 1.3-18.3) of inheritance of FVL is also reported in a larger case control




study of pre-eclampsia and FVL[186]. In a more recent study, APC:SR and
FVL were assessed together in 279 subjects with a history of pre-eclampsia,
eclampsia or HELLP syndrome. All subjects were sampled at least 10 weeks ..
after pregnancy. Interestingly, an APC:SR lower than local reference range
was found in 11.1% of subjects with these disorders but in none of the
controls. From this study it appears that only 6% of patients of subjects with
these disorders were positive for FVI.. The aetiology of the APCR in the
remainder is not stated. At 10 weeks post-partum the acquired APCR
associated with normal pregnancy[76] is likely to have resolved and whether
these results point to an independent role for acquired APCR in the

development of pre-eclampsia remains to be confirmed.

Protein C and protein S deficienc

In 1987 a case study suggested an association between inherited protein C
deficiency and the development of pre-eclampsia{187]. In a subsequent
study by Dekker, 24% of subjects with severe early-onset pre-eclampsia had
evidence of protein S deficiency[152]. However only 1 of the 85 patients

tested showed evidence of protein C deficiency.

1.11.3Fetal loss

A single spontaneous fetal loss occurs in 14-19% of clinically recognised

pregnancies| 188}, whereas three or more consecutive pregnancies losses are
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uncommon and occur in only 0.4-0.8% of women[189]. Early pregnancy
losses are much more common than late pregnancy loss (6.1/1000 tofai
births) and a variety of other endocrine, infectious and mechanical variables
should be considered before a link between thrombophilia and fetal loss can
be made. In the study of fetal loss and thrombophitia, two approaches
predominate: case/control studies where subjects with fetal loss represent
the cases, and case/control studies where subjects with inherited
thrombophilia represent cases. The results of these two approaches may not
be directly comparable. Furthermore it is likely that different thrombophilic
factors may not have an identical influence on the gestation at which fetal
loss occurs. Fetal loss may be associated with placental insufficiency and
infarction{190] and placental infarction has been reported in association with
abnormalities of the protein C/protein 5 system[191], abnormalities of
homocysteine metabolism[192], with the presence of lupus inhibitors[193)

and, in animal studies, with the absence of TM[29].

FVL and APCR

A number of case reports have suggested that maternal carriage of FVL or
APCR is associated with fetal loss[182, 194, 195]. That APCR influences
recurrent later rather than early pregnancy loss was suggested by Rai et
al[196, 197] and subsequent studies have confirmed that there is no
significant excess of inheritance of FVL in women with recurrent ist trimester

miscarriagesf198-200] or fetal loss before 28 weeks gestation[148]. A
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relative risk of stilibirth with FVL of 2 (C.I.es 0.5-7.7)[148] and a relative risk
of FVL inheritance and recurrent late pregnancy loss of 4.39 (C.l.es 1.3-
14.7)[201] have been reported. Interestingly, one study has also suggested
that fetal camiage of FVL may influence fetal loss and placental
infarction{191], but as yet, there is little evidence that paternat FVL

influences fetal outcome.

Protein C and Protein S

Two case reports in 1987 reported extensive placental infarction in
association with third trimester intrauterine death and protein C
deficiency[187, 202]. Subsequently conflicting family based studies have
shown no[150], or a 2.5 relative risk[151] of fetal loss in subjects with
protein C deficiency. Results from a large cohort of patients with hereditary
thrombophilia (EPCOT) observed odds ratios of 1.4 and 2.3 for miscarriage
(fetal loss less than 28 weeks) and stilibirth (fetal loss greater than 28 weeks)
respectively in subjects with protein C deficiency[148]. The overall results of
this study also suggest that heritable thrombophilia may have a greater
impact in later than early pregnancy loss. Like protein C deficiency, protein S
deficiency was also associated with a higher relative risk of stillbirth than
miscarriage (O.R. 3.3 vs 1.2). This is in keeping with the positive risk of fetal
loss with protein S deficiency previously reported (relative risk of fetal loss
1.5)[151] and in keeping with the absence of protein C or S deficiency in 522

subjects with more than three 1st trimester miscarriages[200].
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1.12 Blood loss in pregnancy and FVL

As the FVL mutation has a restricted distribution to individuals of European
descent it has been suggested that the mutation has a single origin[203] and
it has been suggested that the mutation was present in the first Europeans
around 30-40,000 years ago[204]. This persistence in the population at a
relatively high frequency may relate to an absence of effect on reproductive
fitness despite its possible association with an increased relative risk of fetal
loss. It has also been speculated that the persistence of the mutation may
indicate a beneficial effect to the carier. The most obvious potential
advantage of an increase in thrombotic potential would be in the reduction of
blood loss and the protection of red cell and haemoglohin levels. This
hypothesis has been examined in pregnancy in a single study[205] which
showed a significantly reduced risk of intrapartum bleeding episodes and
better preservation of the post-partum haemogiobin fevels in FVL
heterozygote subjects when compared to the non-FVL pregnant subjects.
The estimation of blood loss in this study was highly subjective and it is likely
that the changes in blood volume and differences in the type of delivery have

a greater effect on post-partum haemaglobin measurements than FVL.

1.13 Summary of proposed investigation

1.13.1As yet, acquired APCR of pregnancy has only been examined in small studies

and there is no consistent information regarding the aetiology or prevalence




of this phenomenon. Furthermore the clinical significance of this
physiological adaptation as regards the outcome of pregnancy for the mother
and the fetus has not been investigated. Thrombin generation is the
presumed mechanism whereby heritable thrombophilia results in failure of
pregnancy and thrombosis and in a variety of clinical circumstances thrombin
generation is closely linked to the inflammatory response. Modulation of the
inflammatory response occurs in normal pregnancy[146, 206] and a
heightened inflammatory response is nbserved in pregnancy disorders such
as pre-eclampsia. Pre-eclampsia is characterised by acute atherosis which
associated with monocytefmacrophage infiltration of the placenta (reviewed
in[207]). The relationship of acquired APCR in pregnancy with thrombin

generation and inflammation is unknown.

1.13.21t is proposed tc examine
. the change in APC:SR in pregnancy and to determine the infiuence of

other coagulation factors on the APC response.

o the relationship between acquired APCR and markers of thrombin
generation.

. the significance of the APC response, in the absence of FVL, to fetal
growth.

. the relationship of acquired APCR with blood loss, changes in the

blood count and occurrence of maternal hypertension.
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To further investigate the link between thrombin, acquired APCR and

inflammation it is proposed

to examine the response of an inflammatory marker (the adhesion
molecule ICAM-1) on the monocyte to thrombin in-vitro to determine if
this has potential as a marker of thrombin's influence on monocyte
function.

to determine the relationship between monocyte ICAM-1 and plasma
ICAM-1 in pregnancy.

to determine if the APCR of pregnancy is refated to monocyte ICAM-1

and plasma ICAM-1 in vivo.
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Figure 1.1 The Coagulation Cascade
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Legend The activation of the coagulation factors with cofactors phospholipid {PL) and Ca++ (Ca).
Pre-kallikrein (PK) and high molecular weight kininogen (HK) is shown. The result of this cascade is
the generation of thrombin, which is pivotal in fibrin formation, platelet/endothelial activation, fibrin
stabilisation as well as the anticoagulant functions outlined in Figure 1.4.
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Figure 1.2 The interaction of thrombin with the endothelium
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Legend Thrombin (T) from the coagulation cascade interacts with a specific transmembiane
receptor (T RECEPTOR). This results in 3 rise in intracellular Ca 2+ and an increase in ICAM-1,
endothelin-1 (ET-1), interleukin-1 (IL-1), thrombomodulin {TM) and E-selectin (E-SEL) mRNA.
This is accompanied by an increase in the release of P selectin (PSEL) and von-Willebrand factor
(vW) from endothelial steres and an increase in ICAM-1 expression on the endothelial surface.
This results in leukocyte adherence to the endothelium. The resultant inflammatory response
may be associated with pre-ectampsia (PET) and fetal growth retardation (TUGR).




Figure 1.3 The interaction of the protein C/protein S system
with the endothelium
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Legend The generation of thrombin {T) from the coagulation cascade is shawn. T generation

depends on the availability of aclivated factors V (Va) and VIII (VIIIa). FVL, APCR, AT protein C
and S and lupus inhibitors have a positive effect on T generation. T interacts with protein C (PC)
and thrombomodulin {TM) to activate PC to activated PC (aPC). T also activates fibrinogen (F1c)

to fibrin. The source of prathrombin (PT) fragment 1+2 (F1+42) and thrombin-antithrombin
{TAT) complexes is shown. The reported influence of inflammation via TNF alpha (TNF a) and

interteukin-1 (IL-1) on the system is also shown. Inflammation may also release T™ from the
endothelium (sTM).
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Figure 1.4 The protein C/protein S system
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Legend Thrombin (T) interacts with thrombomaodulin {TM) on the endothelial surface.

This alters the specificity of thrombin so that it activates PC to activated PC (APC). PC and
APC interact with the endothelial surface via phospholipid and may alsa bind to the endothelial
PC receptor (EPCR). The cofactor protein S (5), along with APC inactivates activated factor V
(Va) to inactivated factor V (Vi). By a similar mechanism APC also inactivates factor VIlIa,
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Figure 1.5 The endothelium and coagulation
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Legend A = the vessel wall, B = the endothelium and C = the vessel lumen. SM = smooth
muscle, COLL = collagen and SEM = subendothelial microfibrils. The endothelium contributes
fo platelet aggregation by synthesis and release of von Willebrand Factor (VWF) and
thrombospondin.  This is inhibited by nitric oxide (NO) and prostacyclin (PGI). The
endothelium participales in fibrinolysis via endothelin (ET), tissue plasminogen activator and
plasminogen activator inhibitors. Via antithrombin (AT), tissue factor pathway inhibitor
(TFPI), protein S, and heparans as well as protein C activation, the endothelium provides
anticoagulant functions. The effect of these substances on platelet adhesion, vasodilatation
and vasoconstriction is also shown.




Chapter 2

Activated protein C sensitivity, protein C, protein S and coagulation

in normal pregnancy
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2.1

Pregnancy is associated with significant changes in haemostasis. Over the
last decade a number of studies have implicated the haemostatic mechanism
with the occurrence of maternal and fetal disorders such as thrombosis[150,
208], pre-eclampsia[133, 152, 183], fetal loss[148] and recurrent
miscarriage[197]. As outlined in Chapter 1, recent interest has focused on
inherited resistance to the anticoagulant effect of APC added in-vitro to
plasmal71]. Two small studies have suggested that APC resistance,
occurring in the absence of FVL, may be a feature of normal pregnancy
[76,95]. However the prevalence, aetiology and significance of activated
protein C resistance occurring in the absence of the FVL mutation remains
unclear.

In this chapter, systematic information on a range of haemostatic parameters
in normal pregnancy and the early puerperium is presented. A study
detailing the effect of gestation on APC response assessed by the original
unmodified APTT-based assay and an APTT-based assay modified by pre-
dilution of subject samples with factor V depleted plasmaf[209] was carried
out. The frequency of acquired APCR in normal pregnancy was determined
and the changes in components of the protein C/protein S system which may

contribute to alterations in APC response were investigated.
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2.2

2.2.1

2.2.2

Materials and methods

Subjects

A prospective, cross-sectional study of women during normal pregnancy was
carried out. 239 healthy women attending a routine antenatal clinic at
Glasgow Royal Maternity Hospital were entered into the study. Subjects had
no previous history of hypertension or recurrent miscarriage, no significant
medical disorder and no personal or family history of thrombosis. The study
was approved by the hospital ethical commitiee and written consent was
obtained from all participating subjects. Each subject was sampled on a
single occasion. Samples were obtained at all stages of gestation and at
three days post-partum (3PN) by venepuncture from the antecubital vein and
anticoagulated in 1/10 volume of 0.105M sodium citrate. Following delivery,
patient case records were re-examined 1o confirm that all pregnancies
remained uncemplicated. Pregnancy duration, blood pressure, urinalysis

results, blood loss at delivery, placental and fetal weight were recorded.

Assay Methodology

Immediately after collection, samples were stored at 4°C for less than one

hour, prior to double centrifugation at 3000G for 12 minutes. The resultant

platelet poor plasma was stored at -70°C until analysis.
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The APCR was assessed using the Coatest APC resistance kit (Chromogenix
AB, Sweden), using the automated coagulometer ACL 3000 and expressed as
an APC sensitivity ratio (APC:SR). The Coatest APC resistance kit is an
Activated Partial Thromboplastin (APTT) based test which provides a semi-
quantitative determination of the human response to APC. Subiject plasma is
incubated with the APTT reagent (a mixture of purified phospholipids with
colloidal silica as a contact activator) at 37°C. Coagulation is triggered by the
addition of calcium chloride (CaCly) in the absence and presence of APC and
the time for clot (fibrin) formation is recorded. A ratio of clot time with ARPC
to clot time without APC is calculated. This is the APC:SR.

The ACL 3000 uses an opfical detection method to detect fibrin formation.
The light source is a light emitting diode (wavelength 660 nm). The light ray
is directed to the measuring cuvette by means of an optic fibre system. The
scattered light is read at 90° with respect to the light source by a solid state
detector. Fibrin formation is detected by the change in light scatter
associated with the formation of fibrin clot.

The Modified APC:SR (mAPC:SR) was measured using Coatest APC resistance
kit (Chromogenix AB, Sweden). In this test the subject plasma is pre-
incubated with factor V depleted plasma in a dilution of 1 part subject plasma
to 4 parts factor V depleted plasma (Chromogenix AB, Sweden). The APC
response of the mixture is obtained as above. References ranges for APC:SR
and mAPC:SR were obtained from the analysis of plasma obtained from 25

healthy, non-pregnant, non-COCP using females.
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Protein C (PC) activity was assessed using an automated amidolytic assay
using Immunochrom Protac Activation kit (Immuno, Austria). The test is
based on the chromogenic substrate PCa-1 for the enzyme activated PC. PC
in the test sample is activated with Protac®, an extract of the venom of the
snake Agkistrodon contortix. The resultant activated PC then reacts directly
with the substrate PCa-1 to release the chromogen p-nitroaniline. The level
of p-nitroaniline is directly proportional to the level of PC.

Total protein S (PST) and free protein S (PSF) antigen were measured using
an enzyme linked immunoassay (ELISA, Dako Ltd, UK). 1In plasma,
approximately 60% of circulating protein S is bound to C4b binding protein.
Only free protein S is able to function as a cofactor for protein C.
Polyethylene glycol 8000 (PEG 8000) is used to precipitate the C4b-binding
protein-protein S complex from the plasma leaving free protein S in the
supernatant. The method allows the simultaneous measurement of PSF and
PST by ELISA using anti-protein S IgG antibody as a capture antibody and
the same antibody, linked to horse radish peroxidase, as the detection
antibody.

IgG and IgM anticardiolipin antibody (ACA) assays were performed using
sandwich ELISAs (Cambridge Life Sciences, UK). These employ antigen
(cardiolipin) coated micropins. The pins are immersed into wells containing
subject or reference plasma. Any antibody present will bind to the pin
surface. The pins are then dipped into wells containing anti-IgG-peroxidase
or anti-IgM-peroxidase conjugate which will bind to any captured antibody.

Unbound antibody is removed by a washing stage. The pins are then dipped
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into wells containing a colourless substrate. The intensity of yellow colour
formed from the reaction is proportional t© the concentration of
anticardiolipin antibody bound in the first incubation.

Fl1+2 was assessed by ELISA (Enzygnost F142 micro’, Behring,
Germany){210]. This ELISA is based on a sandwich principle, During the
first incubation, F1+2 antigen in the sample binds to anti-F1+2 antibodies
fixed to the surface of the micro-titration plate. The plate is then washed.
Peroxidase-conjugated antibodies are added and, in the second incubation,
bind to F1+2. A subsequent wash step removes free peroxidase-conjugated
antibodies. Quantification of bound antibody is determined photometrically
from the reaction with hydrogen peroxide.

Antithrombin activity (AT) was measured using a fully automated amidolytic
method CAntithrombin II1 kit’, Boehringer-Mannheim, Germany). The test
principle is that antithrombin in test plasma is exposed to heparin in the test
kit. An excess of thrombin is added. Available thrombin in the resultant
solution converts the substrate Tos-Gly-Pro-Arg-pNA to Tos-Gly-Pro-Arg-OH
and p-nitroanaline. The level of p-nitroaniline derived from the subject
plasma is subtracted from that derived from a mixture of excess thrombin
and Tos-Gly-Pro-Arg-pNA alone. This figure is converted to IU/ml of
antithrombin.

FVL. is identified in DNA isolated from peripheral blood leucocytes. The G—A
1691 mutation disrupts a restriction enzyme site on the DNA. The
polymerase chain reaction is used to amplify the DNA spanning the

nucleotide change (147 base pairs) and the amplified product is cut using the
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enzyme Mnl 1. The products of the reaction are electrophoresed and
visualised on 2.5% agarose gel.

Fibrinogen activity level (FIc) was determined by Clauss assay (Organon
Teknika Corporation, UK). Prothrombin, factor V, and factor X coagulant
activities (¢) were determined by automated prothrombin time (PT) clotting
assays using the relevant deficient-plasma substrates (Instrumentation
Laboratory, UK). Factor VIII, IX XI, and XII coagulant activities () were
assessed by automated activated partial thromboplastin time (APTT) assays
using the relevant deficient-plasma substrates (Diagnostic Reagents Litd [VIII,
1X]; Instrumentation Laboratory, UX [XI, XII]} on an ACL 3000 coagulometer.
TIL-Test™ calibration plasma, (calibrated against the 1st International
Standard Plasma-84/665, Instrument Laboratory, UK) was used as reference
plasma in the prothrombin, FIXc and FXc assays and Diagen Normal
Reference Control Plasma (calibrated against the 3rd International standard
plasma-91/666, Diagnostics Reagents Ltd, UK) as reference plasma for the
FVITic assay. Von-Willebrand factor Antigen (VWF Ag) level and Von-
Willebrand Ristocetin Cofactor Antigen (VWF Ricof) levels were determined by
ELISA using double-antibody ‘sandwich’ techniques (Dako Ltd, UK and Shield

Diagnostics, UK).

Statistical Analysis

Results during pregnancy were divided into gestational age periods of 6-11,

12-16, 17-23, 24-28, 29-35, 36-40 weeks and three days post-natal (3PN).
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23.1

Mean and 2 standard deviation (2 SD) normal ranges were produced for each
period. For non-parametric data, data were logarithmically transformed prior
to statistical analyses. Normal ranges were derived for APC:SR and mAPC:SR
after the exciusion of subjects with elevated anticardiolipin activity or the
G—A 1691 mutation. Where the data had been transformed, the normal
ranges for the transformed data were transformed back in order to provide
normal ranges for the original (untransformed) data. In those subjects with
no evidence of increased anticardiolipin activity or the Go>A 1691 mutation,
linear regression analyses were carried out to compare changes in APC:SR,
factor V¢, factor VIlic, free protein S antigen and haematocrit with gestation.
Linear regression analyses were also used to compare APC:SR with factor Ve,
factor VIIIc and free protein 5 antigen levels during pregnancy ancd the
puerperium. Analysis of variance was used to compare parameters at
different gestations. Statistical analyses were carried out using Minitab® for

windows® Release 11 statistical software (Minitab Inc, USA).

Resulis

The change in coagulation parameters with gestation

Increasing concentrations of factor VIIc¢ (from 107iu/di, SD 79 at 6-11
weeks to 192iu/dl, SD 138 at 3 days post-natal) were seen as pregnancy
advanced, with levels remaining elevated at 3 days post-natal (Table 2.1 and

Figure. 2.1). Factor V¢ rose after 16 weeks gestation {(from 101u/di, SD 61
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at 12-16 weeks to 141u/dl, SD 70 at 3 days post-natal) and elevated levels
persisted to 3 days post-natal (Table 2.1 and Figure 2.1). AT (Table 2.1) and
PC (Table 2.1 and Figure 2.1) levels showed no relationship to increasing
gestation, although an increase in protein C activity was seen at 3PN (Tabie
2.1: analysis of variance of 3PN and 36-40 week values, p=0.0001). PST and
PSF fell progressively through pregnancy (Table 2.1 and Figure 2.1). A fall in
APC:SR was observed with increasing gestation (Figure 2.2, Linear regression
R*=13%, t=-4.00, p<0.001). mAPC:SR showed no significant change with
increasing gestation (Table 2.1 and Figure 2.2). A significant rise in F1+2
was noted when 12-16 week and 24-28 week values were compared (Table
2.1; analysis of variance of 12-16 week and 24-28 week values, p=0.006). F
1+2 levels remained elevated at 3PN (Table 2.1). Summary data for other

factors are shown in Table 2.1.

FVL and anticardiolipin antibody positive subjects

Six individuals of 239 were heterozygous for the FVYL mutation. All six
subjects had a normal gestation and uncomplicated delivery at term. In
these subjects there was no observed difference in F1+2 in comparison with
subjects without the FVL mutation. A further seven individuals of 239 (2.9%)
showed levels of ACAs beyond 2 SD above the mean for the gestational
period of the sample. Only one subject with elevated ACAs had an APC:SR

less than 2.6 (APC:SR=2.1). All seven subjects had a normal gestation and




2.3.3

uncomplicated delivery at term. In these subjects there was no observed

difference in F 1+2 in comparison with subjects without elevated ACAs.

Relationship of FVIlIc, FV¢, protein S with acquired APCR

APC:SRs of less than 2.6 (local non-pregnant female reference range: 2.6-
4.5) were seen in 38% (22/58) of subjects in the third trimester of pregnancy
(28 to 40 weeks gestation) in the absence of the FVI. mutation or elevated
ACAs. These women were defined as having acquired APCR.

In those subjects without elevated ACAs or FVL (n=2286), regression analysis
revealed a significant negative relationship between factor VIIic (linear
regression R*=3.7%, t=-2.81, p=0.005), factor Vc (linear regression
R*=5.6%, t=-3.45, p=0.001), and a positive relationship of PSF (linear
regression R*=6.8%, t=4.09, p=0.001) with APC:SR. No correlation of
APC:SR with haematocrit was observed (data not shown, p>0.05). Previous
studies have demonstrated that APC:SR in non-pregnant subjects is
unaffected by factor Ve at levels of 12.5% to 100%[211, 212} but elevation
of factor Vc beyond 100% of ‘normal’ is associated with a significant
reduction in APC:SR[213]. To minimise the effect of factor Vc on the
observed relationship between FVIIIc and APC:SR, samples with factor vc
values greater than/or equal to 120 u/dl were excluded from the analysis.
The mean factor V¢ level for the whole period of gestation was 120 u/d! and
as factor V rose throughout gestation, this value was chosen to facllitate

comparison with previous studies in non-pregnant subjects{211-213]. A
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significant relationship was observed between factor VIIIc and APC:SR in the
106 subjects who had a factor Vc less than 120u/dl (Figure 2.3: linear
regression R?=11%, t=-3.58, p=0.001).

This procedure was repeated to determine if the relationship between FVc¢ and
APC:SR persisted when high values of factor VIIIc were excluded from the
analysis. 57 subjects had factor VIII¢ levels less than 120 iu/dl. In this group
a significant correlation between factor Vc and APC:SR was observed (Figure
2.4: linear regression R*=10.5%, t=-2.52, p= 0.01).

Free protein S levels also showed a significant correlation with APC:SR in the
37 individuals with levels of both factor Vc and factor VIIIc less than 120u/dl

(linear regression R*=12.7%, t=2.26, p=0.03).

Relationship between APC:SR, placental weight, fetal weight and F1+2

No significant difference in placental weight was observed between those with
acquired APCR and those with a normal APC:SR (acquired APCR mean
placental weight 6319 vs 614g, two sample t test p>0.05). In subjects with
acquired APCR smaller birth weights were observed (mean weight 32409 vs
356649, difference 320g, two sample t test p=0.03).

For all FVi. negative subjects, a significant inverse relationship between F1+2
levels and APC:SR (linear regression R’=16.7%, t=-4.08, p=0.001) was
observed. In subjects sampled in the third trimester a similar relationship was

observed (Figure 2.5, linear regression R>=21.4%, t=-3.30, p=0.001),
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although a stranger positive relationship between F1+2 and gestation (linear

regression R*=30.7%, t=5.65, p=0.0001) was noted.

Discussion

This study provides data on APC response, protein C, protein S and other
haemostatic variables in 239 women during pregnancy. A 29% rise in factor
V¢ was observed from 6-11 weeks to 36-40 weeks gestation (mean, SD,
p=0.01). In previous studies no consistent elevation of factor Vc has been
reported[119, 120] although in the study by Stirling et alf119], an elevation
of FVc was observed early in pregnancy and immediately after delivery.
Higher levels of FVc have also been reported to accur in normal pregnant
subjects at delivery[95]. Elevation of factor VIIIc was seen throughout
pregnancy and is consistent with previous studies{119, 126]. 1t is likely that
these changes are multifactorial, but relate in part to changes in hormones
during gestation. These elevations persisted into the early puerperium. As
with many previous studies no effect of gestation on AT activity was
seen[125, 126]. Consistent with previous investigations PC activity showed
no consistent trend with gestation{121, 122] and the protein C levels
observed during pregnancy in this study are within the local reference range
for protein C activity in equivalent age non-contraceptive using females[102].
A rise in PC activity at three days post-partum was cbserved. This is
consistent with the rise in PC antigen levels in the immediate post-partum

period previously reported[121]. The mechanism of the rise in PC levels in




the puerperium is unclear, as PC is not considered to be an acute phase
reactant[214]. Rising PC levels are seen in a number of clinical
circumstances including oral anticoagulant withdrawal[215, 216], anabolic
steroid usage[217] and in the late normalisation of reduced levels occurring
after major surgery[218, 219]. In population-based studies a strong positive
correlation between PC levels and lipids has been reported{220, 221]. An
elevation in blood lipids has been reported to occur at the end of
pregnancy[222] and, as no reduction in PC values is seent in normal
pregnancy this elevation of lipids may contribute to the rise in PC observed in
the early puerperium.

2.4.2 The observed change in PSF level with increasing gestation is consistent with
the recent study by Faught et al[223]. However, in the current study a
progressive fall in PST with increasing gestation was observed. This was not
observed by Faught ef al, but has been previously reported[120, 123, 224].
The normal ranges for both PST and PSF at 6-11 weeks gestation are below
the local normal ranges for non-oral contraceptive using females (PST: 64-
154 iu/dl, PSF:54-154iu/dl) and suggest that a fall in protein S occurs during
the first weeks of pregnancy. These changes present significant difficulty in
the diagnosis of inherited protein S deficiency in pregnancy.

2.4.3 The mechanism of the physiclogical change in APC:SR has been attributed to
elevation of tactor VIIic. Similar acquired APC resistance has been found in
association with inflammatory disorders[83] and use of the combined oral
contraceptive pill{94]. In this study, a fall in APC:SR was observed with

increasing gestation in the absence of elevated anticardiolipin antibodies, a
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prolonged APTT or the factor V Leiden mutation. This fall correlated with
changes in factor VIIIc, factor V¢, and Protein S, but not with changes in
haematocrit. This correlation between APC:SR and factor VIIIc persisted
when subjects with factor Ve of >/= to 120u/dl were excluded from the
analysis. The correlation between APC:SR and factor Vc also persisted when
subjects with a factor VIIIc of >/=120iu/dl were excluded from the analysis.
in the small number of subjects in the study with both factor Ve and factor
VIIIc <120u/dl it was possible to find a correlation between PSF and APC:SR.
These results show a relationship between factor VIIIc and APC:SR
independent of factor V¢, but also suggest a potential role for factor Ve in
APC resistance. Although APC:SR has been shown to be insensitive to Factor
Ve levels at normal concentrations[212], the results suggest that high factor
V¢ levéls may influence APC:SR and are in keeping with one other published
study which has suggested that APC:SR may be affected by elevated factor
V¢ levels[213]. It has been suggested that protein S only influences APC:SR
when protein $ levels fall below 20% of normal[211]. It is possible in
pregnancy that APC:SR may be affected by the extreme reduction in protein
S values seen in some individuals in the latter stages of normal gestation.

The correlation of factor VIIIc with APC:SR is consistent with previous studies
of APC:SR determinants[95, 124] and is in keeping with a previous
longitudinal study of APC:SR in normal pregnancy[225]. Although that study
utilised different sample timing it reported similar changes in factor VIIIc and
APC:SR between 28 and 37 weeks gestation as seen in this study.

Maodification of the APC:SR assay by pre-dilution of patient plasma with factor

54




2.4.5

V depleted plasma abolished the pregnancy-associated change in APC:SR.
This is presumably by normalisation of coagulation factors (except factor FVc)
by dilution and is in keeping with the high specificity of the assay for the
factor V Leiden mutation in a variety of clinical circumstances[81]. The
normal range for mAPC:SR for the whole of gestation (2.0-2.76) is
comparable with the local laboratory non-pregnant female reference range
for mAPC:SR (2.2-2.6). The observed rise in F1+2 between 12-17 weeks and
24-28 weeks gestation is consistent with recent other studies utilising the
same assay[134, 226] and indicates that a degree of activation of coagulation
gccurs at a relatively early stage in normal pregnancy.

A significant inverse relationship between the marker of thrombin generation
Fi+2 and APC:SR was observed in this study. This may indicate that the
APC:SR is related to thrombin generation. However further study is required
to determine if this relationship is independent of gestation. If acquired
APCR results in an increase in thrombin generation, this may influence a
number of outcomes of pregnancy which have been linked to thrombosis and
heritable APCR, such as venous thrombosis and pre-eclampsia. Thrombin
generation may also influence, and be influenced by, placental function and
fetal development. In this study a small, but significant difference in birth
weights was observed in comparison of those subjects with an APC:SR less
than 2.6 and those with an APC:SR greater than 2.6 in the third trimester of
pregnancy. This would be consistent with a relationship between the

sensitivity to APC in pregnancy and fetal development.
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Figure 2.1 Changes in factors VIIIc, V¢, protein S
and protein C with gestation
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Legend Mean values for each variable against periods of pregnancy (weeks) and at
3 days post-natal (3PN) are shown. Abbreviations for each factor are explained in
Materials and Methods. Fve (diamond), FVIIIc (square), PST (triangle), PSF (open
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Figure 2.2 Changes in APC:SR and mAPC:SR with gestation
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3 days post-natal (3PN) are shown. Abbreviations for each factor are explained in
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Figure 2.3 APC:SR vs FVITIc when FVc <120u/dl
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Figure 2.4 APC:SR vs FV¢c when FVIIIc <120iu/di
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Figure 2.5 Prothrombin fragment 142 (F142) with APC:SR
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Chapter 3

Acquired activated protein C resistance and markers of thrombin

generation
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APCR associated with FVI. has been shown to be associated with higher
plasma levels of two markers of thrombin generation; Fi+2 and thrombin-
antithrombin (TAT) complexes[227, 228]. TAT complexes are formed as
thrombin binds to its principal inhibitor antithrombin. In view of this and the
association between F1+2 and APC:SR observed in Chapter 2, a further study
of the relationship between thrombin generation and acquired APCR was
carried out. To exclude any influence of FVL, all individuals were screened to
exclude this mutation. To exclude an effect of gestation, all subjects were
sampled at presentation for antenatal care and at 28-32 weeks gestaticn.
Subjects with at least one successful pregnancy were chosen as these would
constitute a homogenous low risk pregnancy group. Individuals with a
history of fetal loss have been reported to have a higher prevalence of
heritable thrombophilia] 148] and subjects with a history of recurrent fetal
loss have been shown to have higher levels of TAT (when assessed out with
pregnancy){229]. Consequently this study was designed to examine the
relationship between APC:SR and the change in APC:SR with gestation with
markers of thrombin generation and fetal weight. To refine the examination
of fetal weight, birth weights were normalised for gestational age, sex and

maternal parity.
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3.2.1

3.2.2

Materials and Methods

Subjects

A prospective longitudinal study of 134 pregnant women (median age 30,
range 25-35 years) was carried out. Consecutive parous subjects attending a
routine antenatat clinic at Glasgow Royal Maternity Hospital were entered into
the study. Subjects with at least one successiul pregnancy were chosen as
these would constitute a homogenous low risk pregnancy group. The study
was approved by the hospital ethical committee and written consent was
obtained from all participating subjects. To determine the significance of
physiological changes in APC:SR, women with a personal history of VTE
{n=1) or FVL (n=2) were excluded from the study. In a further 3 subjects,

APC:SRs at presentation were not available.

Assay methodology

Blood sampling, plasma processing, APC:SR, F1+2 and FVL analyses were
carried out as detailed in Chapter 2. APC:SRs were assessed at presentation
for antenatal care (median gestation 12 weeks, range 7-15) and at 28-32
weeks gestation. F1+2 and TAT concentrations were measured at 28-32
weeks gestation. TAT concentrations were measured by ELISA (Enygnost;
Behring, Marburg, Germany)[230]. Body mass index (BMI) for each subject

was calculated at the time of the initial blood sample (kg/m?). All subjects
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had uncomplicated pregnancies. Case records were retrieved at six weeks
after delivery and birth weight centiles were calculated by use of the Medical

Research Council normogram{231].

Statistical analysis

As there is no published information on the significance of the change in
APC:SR in pregnancy, simple subtraction was used to calculate the difference
in booking and 28-32 weeks gestation APC:SRs and subjects were grouped
into those with an increase (Group A, n=90, mean increase 0.43, SD 0.32) or
no increase (Group B, n=38) in resistance with increasing gestation.
Comparison of groups was carried out by Student t test analysis for
parametric and Mann-Whitney U test for non-parametric data where
appropriate. The relationships of APC:SR with age, height, weight, BMI, TAT,
F1+2 and birth weight centile were examined by linear regression using

Minitab®for Windows® Release 11 statistical software (Minitab Inc, USA).

Results

No significant relationship between APC:SR and gestation between 7 and 15
weeks was observed (mean APC:5R 2.76, 5D=(0.38.) At 7-15 weeks no
relationship of APC:SR with blood group, smoking history (Table 3.1), age,

height, weight or BMI (Table 3.2) was observed,
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34.1

A fall in APC:SR (mean fall 0.43, SD+0.32) was observed in 90 subjects. This
group (group A) was defined as showing an increase in APCR with gestation.
No difference in TAT or F1+2 values was observed in comparison with those
individuals in which no increase in APCR (n=38) was observed (group B).
The median birthweight centile in the offspring of women of group A (median
centile 49, I.Q.R. 18-75) was significantly lower (Mann-Whitney U test
p=0.02) than those in group B (median centile 67, 1.Q.R 41-82). These
results are shown in Figure 3.1.

No relationship of APC:SR with gestation between 28 and 32 weeks was
observed (mean APC:SR 2.50, SD=0.37). At 28-3Z2 weeks gestation a
significant inverse relationship between APC:SR and TAT concentration
(mean 7.25ug/l, SD=2.6) was observed (Figure 3.2: linear regression
R?*=3.8%, t=-2.11, p=0.03). No significant relationship between smoking,
blood group (Table 3.1), age, booking weight, height, booking BMI (Table
3.2), F1+2 (mean 2.95 nmol/l, SD=0.90) or birthweight centile and 28-32

week APC:SR was noted.

Discussion

Unlike non-pregnant subjects[232] no relationship between APC:SR and BMI
at booking was cobserved. No¢ relationship between cigarette smoking and
APC:SR was found in this study. This may be due to the sample size of the
study as the larger study detailed in Chapter 4 detected a significant positive

relationship between APC:SR and smoking.
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3.4.2

343

Normal gestation is associated with a progressive increase in thrombin
generation{233]. Additionally, increased markers of thrombin generation, in
non-pregnant women, have been associated with a history of recurrent
miscarriage[229]. An increase in thrombin generation has also been reported
in APCR associated with FVL{228]. In this study a significant inverse
relationship between the APC:SR at 28-32 weeks gestation and TAT complex
levels in plasma was observed. This relationship appeared to be independent
of gestation and suggests that the level of APCR in plasma during pregnancy
may reftect thrombin generation. This would be consistent with the
association of elevated FVIIIc[85] and protein S deficiency[208] with venous
thrombosis.

Although an inverse relationship between APC:SR and F1+2 was observed in
Chapter 2 this association was not confirmed in this study. This apparent
disparity cannot be explained by the different case-mix of the two studies
and comparable F1+2 levels were observed in both. That the relationship
between F1+2 and APC:SR was not confirmed when the confounder of
gestation was removed suggests that the influence of gestation on both
APC:SR and F1+2 resulted in the correlation of APC:SR and F1+2 observed in
Chapter 2. It is conceivable that TAT complex levels more sensitively
represent thrombin generation as F1+2 has been reported to be less
sensitive than TAT to changes in thrombin generation during warfarin
therapy[234]. However both assays do appear to have similar profiles in

subjects with FvL[227].

67




3.4.4 In 70.3% of pregnant subjects an increase in APCR with gestation was
observed in the absence of the FVL mutation. The significance of this
physiological adaptation has not previously been studied. In subjects
demonstrating an increase in ACPR with gestation, no significant difference in

markers of thrombin generation was observed in comparison to subjects in

whom no increase in APCR was noted. However significantly smaller birth .»;
weight centiles were observed in those demonstrating an increase in ACPR. |
The mechanism of this association is unknown. However as with the study
described in Chapter 4, it is of interest that those subjects who do not show
an increase in APCR with gestation have lower APC:SR values at 7-15 weeks

gestation (mean 2.50 vs 2.84, t=4.99, p=0.00001).
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Table 3.1 APC:SR at 7-15 weeks and 28-32 weeks gestation
compared with blood group and smoking

APC:SR APC:SR

7-15 weeks TTest | 7832 weeks T ";f’s"

mean SP e mean sD

B’°°"c§""“p 2.78 0.37 2.56 0.43
- >0.05 >0.05

Non-group O 2.70 0.42 2.42 0.32

Smoker 2.76 0.38 2.50 0.40
>0.05 >0.05

Non-smoker 2.73 0.41 2.47 0.36

Legend APC:SR values (mean and SD) for blood group O, non-blood group O, smokers
and non-smokers are shown at 7-15 and 28-32 weeks gestation. The p values of the t
test comparisons of APC:SR for blood group O vs non-blood group O and for smokers vs
non-smokers at both 7-15 and 28-32 weeks gestation are shown.
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Table 3.2 The relationship of APC:SR with age, height, weight

and BMI
At APC:SR APC:SR
7-15 7-15 28-32
weeks weeks weeks
mean ) R? T D R* T o

Age ]

(yrs) 30 3 0.0% 0.24 0.8 0.5% .78 { 0.4
”?[']?)“t 163 | 0.06 0.0% 0.03 | 0.9 0.5% 079 | 0.4
Weight

( X 14.2 0% -0. ) .69 ! :

<a) £8.5 4 0.0% 0.1 0.8 0.6% 0.61 0.4

BMI .

(kg/m?) 25.7 5.0 0.0% | -0.16 | 0.9 0.3% 0.61 | 0.5

Legend The mean and SD of age, weight, height and body mass index (BMI) at 7-15 weeks
gestation is shown, The results of linear regression analysis of each parameter with APC:SR
at 7-15 and 28-32 weeks gestation is shown.
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Figure 3.1 Comparison of birthweight centile in Group A vs Group B

=

Birthweight Centile
ocBd B8588d388R8
i

I
Group A Group 8

iegend Median (line), upper and lower limits of interquartile range (upper and
lower box limits) are shown for those subjects with an increase (Group A) or no
increase (Group B) in APCR with gestation.

Figure 3.2 TAT concentration vs APC:SR at 28-32 weeks gestation

ARy
N A s s, a
A, 4
. A
CRPC RN | a &
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» A 2 Foy ‘il a & &
R .Ai} LS s I a T ————
N A A Ak a 4
a A &
a s 4 s 2
T By A} T T T
2 2.5 3 3.5 4 4.5

APC:SR (28-32 weeks)

Legend The relationship between APC:SR and TAT (ug/!) at 28-32 weeks
gestation is shown. A linear regression line is shown,
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Chapter 4

The relationship between APCR, pregnancy outcome, the full blood

count and bleeding in pregnancy
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41.1

4.1.2

In keeping with its prothwombotic potential, a number of studies have
suggested that heterozygous carriage of FVL confers at least a 2 fold risk of
both pregnancy-induced hypertension[152, 184, 185] and late fetal loss[148,
201]. However, as it seems likely that the FVL mutation was present in the
first Europeans around 30-40,000 years ago (reviewed in[204]) and in view
of its relatively high prevalence in European subjects{75], it has been
speculated that FVI. may confer a beneficial effect on the carrier. The most
obvious potential advantage of an increase in thrombotic potential would be
the reduction of blood loss and the protection of red cell levels. This
hypothesis has been examined in pregnancy in a single study[205], which
showed a significantly reduced risk of intrapartum bleeding and better
preservation of the post-partum haemogiobin levels in FYL heterozygote
subjects when compared to the non FVL pregnant subjects.

Changes in APCR, occurring in the absence of FVL, are seen in the majority
of normal pregnancies (see Chapters 2 and 3). The influence of this
physiological adaptation on the outcome of pregnancy is unknown. In family
and case-control studies, individuals with thrombosis (without FVL) have
lower APC:SR values than non-thrombotic individuals[235, 236]. lLow
APC:SRs have alsg been associated with thrombosis in Japanese subjects
who are unlikely to have FVL[237]. More recently de Visser et al have shown
a 2.5 relative risk (C.L¢s 1.5-4.2) of venous thrombosis associated with the
lowest quartite of APC:SR in FVL negative subjects[238]. Whether the

APC:SR (in the absence of FVL) influences the accurrence of thrombosis-
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linked complications of pregnancy such as fetal loss and pre-eclampsia is

unknown.

413 To examine the significance of physiological changes in APCR during

4.2

4.2.1

pregnancy, the APC:SR was examined, in a prospective longitudinal study of
1046 subjects, at two time points during pregnancy. The APC:SR was
analysed in relation to the demographics, personal and family history of the
study population, as well as pregnancy outcome measures of maternal biood
loss, changes in maternal blood count and the occurrence of fetal loss and

maternal hypertension.

Materials and methods

Subjects

1046 subjects (median age 29 vears, interquartile range 25-32) who
consecutively attended for routine antenatal care at the Glasgow Royal
Maternity Hospital were recruited. Ethical approval was obtained from the
local ethical committee at the Glasgow Royal Infirmary NHS Trust and written
consent was obtained from all participating subjects. The study was blinded
to the subjects and their dlinicians until 6 weeks after delivery of the current
pregnancy. Past obstetric and medical history was collected by questionnaire
at entry to the study and the data on the outcome of the current pregnancy

was obtained by examination of case records six weeks after delivery.
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4.2.2

4.2.3

Laboratory Analysis

Blood samples were collected from the antecubital vein at 7-15 weeks
gestation and between 27 and 40 weeks gestation in all subjects. Plasma
samples were anticoagulated in 1/10 volume of 0.105 M sodium citrate.
Sample processing, APC:SR, mAPC:SR and mutation analysis for the G—A
1691 mutation in the gene coding for coagulation factor V were assessed as
detailed in Chapter 2. Samples for full blood count analysis were
anticcaguiated in Kz EDTA. Analysis of full blood count parameters (white
blood cell count (WBC), red cell count (RBC), haemoglobin (Hb), haematocrit
(HCT), mean red cell volume (MCV), mean cell Hb concentration (MCHC), red
cell distribution width (RDW) and platelet count) was carried out using the

Coulter *GenS’ System (Coulter Electronics, USA).

FVL classification

The APC:SR and the modified APC:SR were measured in all subjects between
7-15 weeks gestation. The mAPC:SR has been shown to be highly specific
for the FVL mutation in a variety of circumstances{209, 239} and is
unaffected by gestation (Chapter 2). Svensson et al [239] have shown that
in normal, non pregnant subjects (and in those presenting with VTE) the
mAPC:SR is 98.8% specific and 100% sensitive for FVL at greater than/equal
to 1.7 SD below the mean mAPC:SR for normat control subjects. To ensure

exclusion of FVL in this study a more stringent cut off of >1.3 SD below the

75




4.24

4.2.5

mean was employed. Subjects with an mAPC:SR >1.3 SD below the mean
(n=100) underwent direct mutation analysis for the G->A 1691 mutation. 37
Subjects were found to be heterozygous for the FVL mutation. All FYL
positive subjects lay beyond 2 SD below the mean (Figure 4.1 mAPC:SR
range 1.37-1.72). 1009 subjects were classified as FVL negative (mAPC:SR
1.49-4.0). In 583 non-FVL subjects the APC:SR was also measured at 27-34
weeks gestation. In the remainder the second APC:SR assessment was
carried out beyond or before this gestation and to exdude an effect of

gestation on the APC:SR these subjects were not included in the analysis.

Definition of pregnancy-induced hypertension (PIH) and pre-eclampsia (PET)

PIH was defined as diastolic BP >90 mmHg on two or more occasions 4
hours apart, in subjects normotensive at recruitment, with no history of

hypertension. PET was defined as PIH with >2+ proteinuria.

Statistical Analysis

Relationships between FBC parameters and APC:SR were assessed by linear
regression analysis. Comparison of blood count parameters between FVL
positive and negative subjects was carried out using the two sample 't test.
Comparison of non-parametric data was achieved by Mann-Whitney U test
(MW) analysis. Comparison of continuous variables was achieved by linear

regression. These analyses were completed on Minitab®for Windows®
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4.3

4.3.1

4.3.2

Release 11 statistical software (Minitab Inc, USA). Comparison of categorical

data was achieved by Mantel and Haentzel Odds Ratic analysis (ORwy).

Results

APC:SR and mAPC:SR values

The mean value of APC:SR at 7-15 weeks for all subjects was 2.72 (5D 0.56),
The mean value for mAPC:SR for all subjects at 7-15 weeks was 2.28 (5D
0.25). In the FVL negative group no correlation with gestation and APC:SR
was observed between 7 and 15 weeks. Similarly there was no correlation of
APC:SR with gestation between 27 and 34 weeks. In the current pregnancy,
83 (of 1046) subjects developed PIM and 22 PET. PIH occurred in 11.9%

and PET in 2.5% of primigravid women.

Comparison of FVL. negative with FVL positive subjects

The results are summarised in Table 4.1. In first degree relatives of the
whole study group a family history of venous thromboembolism (VTE) was
noted in 11.7%, and of PIH in 10.6%. There was no significant difference in
the occurrence of a positive family history of VTE, PIM, cerebrovascular
disease (CVD), or ischaemic heart disease (IHD) in the FVL positive subjects
when compaied with the FVL negative subjects. No significant difference in

the occurrence of PIH in previous pregnancies or of personal history of VTE
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was observed between the two groups. In the index pregnancy no
significant difference in the occurrence of hypertensive disorders was

observed between FVL. positive and negative subjects.

Blood count and Blood Loss

No significant difference in any FBC parameter at either 7-15 weeks or 27-34
weeks was observed between FVL positive and negative subjects (Table 4.2).
Furthermore, no difference in the change of FBC parameters during
pregnancy between the groups was observed. In the comparison of FVL
positive and negative subjects (Table 4.3) there was no significant difference
in the occurrence of excess blood loss at delivery (estimated by eye at
>500mis) or blood loss at delivery requiring additional syntometrine therapy,
transfusion or surgery. No difference was found when analysis was restricted
to those subjects who had had a spontaneous vertex delivery (SVD) which
did not require instrumentation. No significant difference in the occurrence
of post-partum haemorrbage (PPH) or PPH requiring readmission,
syntometrine or surgery was observed between the two groups. A similar
result was obtained when the analysis was restricted to SVD subjects.
Anaemia of less than 10g/dl at any gestation was observed in 187 of 1046
subjects. No significant difference in the occurrence of anaemia was
observed when FVL positive and negative subjects were compared. Per-
vaginal blood loss was reported in 145 subjects prior to 24 weeks gestation

and in 102 subjects at or after 24 weeks gestation (72 subjects required
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4.3.3

admission, although none required blood transfusion). No difference in the
occurrence of blood loss was observed in comparison of FVL positive and

negative subjects.

Pregnancy Outcome

11 subjects (of 1046) had a miscarriage between booking for antenatal care
and 24 weeks gestation. 12 subjects suffered fetal loss at or after 24 weeks
gestation. No miscarriages or fetal losses were noted in FVL positive
subjects. There were 3 neonatal deaths. Two occurred in the FVL positive
group (ORmn 57.6, C.1.gs 5.1-647). One of these was found to have suffered

neonatal asphyxia and the other to have multiple developmental anomalies.

The APC:SR in FVL negative subjects

No significant difference in APC:SR at 7-15 weeks was observed when those
subjects with and without a family history of VT, IHD, PIH, or CVD in a first
degree relative were compared. In those subjects with a history of PIH in a
previous pregnancy there was no difference in the APC:SR at 7-15 weeks or
27-34 weeks. No relationship between the APC:SR at 7-15 weeks and waist
circumference, weight, body mass index, age, alcohol consumption or
diastolic blood pressure at recruitment was observed (Table 4.4). Lower
APC:SRs were noted in non-blood group O individuals at both 7-15 weeks

{mean 2.67, SD 0.45 vs 2.81, SD 0.42: t=4.61, p<0.00001) (Figure 4.2) and
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27-34 weeks gestation (mean 2.36, SD 0.31 vs 2.49, SD 0.38: t=4.68,
p<0.00001). Lower APC:SRs were also observed in non-smokers (Figure 4.2)
at both 7-15 weeks (mean 2.72, S.D. 0.45 vs 2.79, S.D. 0.43: t=-2.29,
p<0.02) and 27-34 weeks (mean 2.40, S.D. 0.34 vs 2.49, S.D. 0.36: t=-3.12,

p<0.0002).

Blood count and Blood Loss

No significant relationship between WBC, RBC or platelet count at 7-15 weeks
and the APC:SR at 7-15 weeks was observed, although a positive relationship
between the APC:SR at 7-15 weeks and the 27-34 week Hb (linear regression
R*=0.7%, p=0.02), HCT (R*=0.6%, p=0.04), MCV (R’=1.2%, p=0.004) and
MCH (R?=1.2%, p=0.003) was noted. At 27-34 weeks a similar slight, but
significant, positive relationship between the RBC (R*=0.7%, p=0.04), Hb
(R2:2.7%, p=0.0001), MCH (R*=1.0%, p=0.02) and the APC:SR at 27-34
weeks was observed, However a much greater negative relationship of
gestation with APC:SR (R?=13.3%, p=0.0001), Hb (R*=3%9.3%, p=0.0001)
and RBC (R?=37.3%, p=0.0001) was observed. No significant difference in
APC:SR was observed in comparison of subjects who experienced per-vaginal
blood loss during pregnancy or subjects who experienced excess loss of

blood during delivery or in the early puerperium.
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4.3.4

Pregnancy Cutcome

A significantly lower APC:SR at 7-15 weeks was observed in subjects,
normotensive at recruitment and with no past history of hypertension, who
subsequently developed PIH in the current pregnancy (mean APC:SR 2.64,
SD 0.34 vs 2.76, SD 0.45, t=-2.89, p=0.004, Figure 4.3). A more marked
difference was observed in subjects who developed PET {(mean APC:SR 2.50,
SD 0.26 vs 2.75, SD 0.44, t=-4.26, p=0.0003, Figure 4.3). A significant
difference for PIH persisted when the analysis was restricted to primigravid
subjects (mean APC:SR 2.64, SD 0.31 vs 2.76, SD (.41, t=-2.23, p=0.03)
and aithough a lower mean APC:SR was noted in primigravid subjects who
subsequently developed PET (mean APC:SR 2.52, SD 0.316 vs 2,76, SD
0.41), this did not reach statistical significance (p=0.08). There was no
relationship between the APC:SR and the occurrence of PIH or PET when the

APC:SR was measured at 27-34 weeks gestation.

Changes in APC:SR with gestation

DOf 594 subjects, in whom an APC:SR was available at both 7-15 and 27-34
weeks, 467 subjects showed an increase in APCR with increasing gestation
(mean increase 0.50, SD 0.39). In the remainder no increase in resistance
was observed. FBC parameters for each group are shown in Table 4.5. No
significant difference in any FBC parameter at 7-15 weeks or 27-34 weeks

gestation was observed. The changes in the red cell parameters between 7-
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4.4.1

15 and 27-34 weeks gestation for those subjects with an increase in APCR
with gestation are shown in Figure 4.4,

A significantly increased relative risk of PIH (ORmp=2.0, C.I.os 1.1-3.6) and
PET (ORmn=3.1, C.l.os 1.2-8.0} in the current pregnancy was observed in
those subjects in whom no increase in APCR was seen in comparison with the
group in which APCR increased from 7-15 to 27-34 weeks. This unexpected
relationship may be explained by the observation that significantly lower
APC:SRs at 7-15 weeks (mean APC:SR 2.41, SD 0.27 vs 2.84, SD 0.45, t=-
13.18, p=0.00001) and at 27-34 weeks (mean APC:SR 2.74, SD 0.49 vs 2.50,
SD 0.26, t=8.54, p=0.00001) were observed in subjects in whom no increase
in resistance with gestation was observed.

in those subjects who suffered fetal loss or neonatal death there was no
difference in the APC:SR at either 7-15 weeks or 27-34 weeks when

compared with those with a live birth.

Discussion

As shown in Chapter 2, acquired APCR in pregnancy relates, in part, to FVIlIc
levels. An asscciation between blood group and FYIIIc levels has previously
been documented([87], with higher FVIIIC levels noted in non-blood group O
subjects. The finding of higher APC:SR values in blood group O individuals
when compared with non-blood group O is consistent with an influence of
blood group on APCR in studies of non-pregnant subjects[232]. In contrast

to a previous study[240], no relationship between blood group and PIH or
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4.4.2

PET was observed. Body mass index (BMI) in early pregnancy is known to
be important in the subsequent development of PET. Although this was
confirmed in this study, no relationship between booking BMI and APC:SR at
any gestation was observed. Waist circumference has been suggested as an
independent predictor of the development of ischaemic heart disease in the
general population[241]}. 1In this study a significant relationship between
waist circumference and the development of PIH {(median 81.0 cm vs 77.5
cm, p=0.00001) and PET (median 80.5 cm vs 78.0 ¢m, p=0.02) was
observed. However no relationship between waist circumference and APC:SR
was noted.

The finding of higher APC:SRs in smokers is compatible with the reduced risk
of PIH[240] and reduced thrombin generation[226] associated with smoking
in pregnancy. The association of lower APC:SR levels early in pregnancy and
subsequent PIH suggests that the control of APCR may be important in the
development of this condition. As APCR, due to FVL, has been implicated in
the development of PET, this study parallels the recently observed
association between APCR (occurring in the absence of the FVL mutation)
and venous thrombosis[238]. Both these observations would be consistent
with the evidence of thrombosis in pre-eclamptic placentas[155]. That the
balance of coagulation early in pregnancy reflects the occurrence of clinical
PET later in pregnancy is consistent with the ohservation that the failure of
normal placental development which characterises PET is found early in
pregnancies which subsequently develop the condition[153]. That there is no

relationship between acquired APCR, measured at 27-34 weeks, and PTH may




44.3

be due, in part, to the occurrence of clinically evident PIH or PET prior to 35
weeks gestation. 31% of PIH cases and 41% of PET cases occurred prior to
this time. A lack of sensitivity of the APC:SR at this gestation may relate to
the consumption of FVIIIC which has been reported to occur during clinically
evident PET[242]. A reduction of available FVIIIc in subjects during PET
would result in a rise in APC:SR.

A small, but significant, relationship between APC:SR and FBC parameters
was observed. However, no difference in the FBC at 7-15 or 27-34 weeks
gestation was noted when subjects showing an increase in APCR were
compared to those with no increase. In addition, 2 much stronger
relationship between gestation itself and FBC was observed. This suggests

that changes in APCR are not the main influence on the blood count in

pregnaricy.

4.4.4 The observation of a significant association between the carriage of FVL and

neonatal death is unlikely to be of biological significance given the small
number of cases observed and the presence of significant alternative

aetiologies of neonatal death in each case.

&4




{LB9-T°G 'T'D "9 L8 0) « H(GNN) L1e3p [eIRU0SL pUe {gS) SHIaM 7 JSE SS0) [E33y ‘(DSTIW) uonelsab syesm bz uey) ss) sso| (€9} “(i3d) esdwee-sid
"Uid o Adueubaud U440 94 Ut DUDUNQ "J LA 10 S1o20gns sncied Ul HIS ‘(d8H) a4nsssud poojq Ybiy 0 (HIN4) A0ISIY 1Pl 1584
"IN 0L {600T=U "aA-) sanetau pue [/E=U ‘DA+) SAINsod SRS ui{QHI) FSEISH HEDY JLLBRYIS pue ‘{GAD) S5eISiP 42jNdSRA0I0RIRD

“(HIg) uosusLRdAy paonrpu-Adusubaly "(31A) SISOJLUOIL] SNOUSA JO SABRRY 925D T 2 U “{H44) Aolsiy Ajiwe; aascd 2 J0 Adusnbaid puaba

(e (cn amn oo (8'8) (570 ~go1) @D €18 e @10 {Fon {as}
I £l ! [z 63 9 0L ]I y2¢ 092 0zl <01 3A—TAH

{c's) ©) 0 (T%) (1g) () AL (Lo (T {47 Ly ’oD {as}
57 0 0 i ¢ 0 T T LT 6 ! ¥ St JAL

aNy g5 ISIW  i3d Hid AIA Hid dgH arI GAD Hid  JiA
AINVNOTND

ANFNIND Hiwd HS

syoafgns danefiou pue aanisod A4 4t Aio3siy Aoueubasd Jua.aind pue jedtpow )sed ‘Ajued Ty o|qel

85




“UMOUS

31e {1/;01%) ivd (%) Ma¥ “(p/8) SHIW “(6d) HOW ‘(1) AS (/1) LOH “(IP/3} GH “(1/,0%%) D8 (1/,07X) D8/ J0) SSNjeA "UMOYS 2ue Jsjalie:ed yses o)

ssnjeA ((IS) UORRIASD DIEDUEIS PUR UES) “1A4 10) (24-) anefsu pue (8a+) sapised s13[ans ul UoRessd $e9M $E-/7 Pue ST1-/ 18 sidsleied 394 pueba

(8s) | &) | (D) | (va) | (€00) | (60) | (€0) | (62 | (6b) | (oT) | (o) | (&%) [ (€00) | (60} | (£0) | (7D} | (as)
€%¢ | 87T | T€ | F06 | 2€0 | vIT o 9¢ | 0T | 86T | L2 | T€ | 26 | /€0 | 9T | T | 8§ | MTAd
(o) | ®0) | WD) | &e) | (oo} | 81 | (€0) | (€2 | (19) | (60) | (ZD) | (ze) |00 | 1D | (€0) | (®RD) | (as)
Sz | 87T | 1€ 06 | €60 | zTr | o€ | 01 { zez | gTr | € | 16 | /€0 | 921 | TH | T6 | °A+IAd
YELT | YELT | YE-LT | YELT | ¥8-LT | VE~LT | ¥E-LT | ¥E-LT | STL | ST-L | G4 | ST-L | STL | ST-L | STL | ST+L
1v1d | MaY | HOW | ADW | 1DH | 9H | DEY | D8M | IV1d | Mad | HOW | AOW | IDH | 9qH | Dg¥ | Dam

syoafgns sanebou pue aanysod JA4 w1 Adueubaud Buunp g4 v d1gqelL

86



‘uMous st {Sissyjusued 1} SPRfgns sanehau 1o 3aRIsed AZ 10 @bejudssd

puUe 53582 10 Jaquinu fenpy (DT>0R) AAlep 210Rq vuone1sat Aue e jp/E0T > Jo BiwRRue yum sPR(gns (0 Hdd) Uoguaaul {eabins
Buinbal Hdd (S Hdd) SUMIBLIOIUAS JO 3SOP [euompPe L2 Bulinbes Hdd (Y Hdd) 1exdsoy 01 uaissiupe Buiinbal Hdd ‘(Hdd) Amausp
XS12A SNC3AUBHOAS e wey sheutiowsey wnued-1s0d Ylism S19ians Jo 1sawuny (40 Hdl) vouaaiaiy [edBuns (S HdI) SUlsWolLAsS

10 =sep (euiippe ue Suaunbal HdT {(B4I) ARABD XeLeA snioaueiucds e Bulnp sjus §Og uewyl J21ea2b ssof poojq L S1oRIONS 10 JBGLUNg
(@ $Z<) Aoaep Bunmbal sem pz uels J21eaub 1k {7 <) Uernesed sjoam 7 ueyl Jegeaub {y pe>) 1eudsoly o1 uoissiuipe Buiinbai

LOREISSH SSRM H7 UBYL SS8) (b7 >) UoREISoB SeeM 7 UBU) SS9 138 SSO| POOIC 10 SPOSIdR SU0 ISED} 18 Ylm SIOR(GRS 0 Jequiny puafioq

0y | O (1) 6oy | we) | 6 | sn ;i

(80 ORI (D 8o | e (z'0)
31 ¥ 91 ¢ 1T t ¢l w i1 172 86 07 141 | @-TAd
(rs) (0) (0) (0} (8¢ (8°¢) ®9) | | «wn | aw | &op 0] (801) %)
3 0 0 0 1 [ i 4 1 £ ¥ 0 3 M+ TAL

OT>qH | dJOHdd | SHdd | VHdd | Hdd | JOHdI | SHAE | HdI |Qbz< |vbe< | ¥Z< |vbZ> | v2> $507

| pooig

s1oolqns aapebou pue aaRIsod AL ul Aoueubaad Surinp ssoj poojg £ 2iqel

87




‘UMOYS SI UCIIEISAD SHSam GT-/ 18 ¥S DY Ulim senawzied (o Jo SisA|2ue uoisssifal seaul o (d) senjea d pue (%)

"dg90 PUB Jgs-2inssaid poojq JoISeip pue J0ISAS ‘TG IUDRMm ‘ybisy ‘oz “isiem izidwered 1Ded 10l {QS) UOIBIASE DIZPUBIS PUE SON|BA UEd pusbat

bT'0 [4Y 8 99 dga
+£0°0 g0 11 (1]4 das
L0 00 Ly | 92 (AH/W) ING
0£0 T'0 4y 59 (6:f) uB1sM
%600 0 10 £9'1 (W) yBIvH
0Z°0 4 9 67 (s1A) oByY
LL0 00 SET | 98L (wo) 3srem
d - as | uesw
{(ST-£) ¥SdVY

s300{gns JA4-UOU JO UOREISDB SHOIM ST-£ 12 US:IJY UM dISUORERI pUR SORSLISIORIRYD UOREIUISDL]  $'p 318VL

88




uOIE1Sat YIm {ZTT=U) ¥4y U 3522.10U1 OU 40 {(g7c=U) ISEIOU! UB DUIMOYS
S13fgns 108 UONESE SIM HE-/7 PUR (DIM) SORM §T-/ 18 siopweied 184 104 sobuet o|penbiajul Jamoj pue saddn ‘usipa puabaty

I9Z | S6T X4 I8¢ | 10¢ 9cZ 1 94¢ | 90¢ 4 74 vac | §0¢ ez | U/01X) Lyd
671 0Tl XA 6CT VLT ST | Ter|T¢T ST TET| vy 9y (%) Mad
Pe | ¥E 123 FE | €€ 123 Pe | PE 129 pE | €€ vE (19/6) DHOW
¢e | 0t (AR ¢ | 0€ 60¢ (AN 1S 1€ e | 0g 3 (6d) HOW
$6 | 88 T'T6 56 | 68 £¢6 Po | 68 6 P6 | 68 [4% (1) ADW
CE0(ZE0 | TEED [ 6E0|9€0 ] G488 mmmd 0 €eo 0 | At 0 (/0 LOH
gTT1L0T &1 cet| aa gt wﬂ §0T AN} TET|0CE| SCT (15/8) qH
8t | ve [4°R3 €y | 6'¢ 60 gt | FE g€ £€F | 6'€ v {I/z:01%) OFY
1T e 66 0t L 7'8 6'1T | 9'8 0t 101 &4 9'R (I7:0T) Dam
SHM bE-LT SHM ST-L SHM HE-LT SHM GT-L
€0 | 1O | uepdw | £0 | TO jueipdw | €0 | TO | UBIPSW | €0 | TO | uelpsw
WJldV Ul Sseaudul ON dDdV Ui asesiout

uoneIsab yum YHdY L BSED10Us OU 10 DSEAIDUI UR YJim S10a3fqns ul sijswesed g4 §'p 9jqel

89




Frequency

Hgure 4.1 The mAPC:SR and Factor V Leiden

1.3 SD below mean

l

2 SD below mean

—
| { ] I | | ] I 1 | I
13 14 15 16 17 18 18 20 21 22 23

mAPC:SR at 7-15 weeks

Legend A histogram of the mAPC:SR at 7-15 weeks gestation is shown.
Subjects positive for FVYL are shown in blue, Subjects pegative for FVL
are shown in yellow. The arrows indicate 1.3 SD and 2 SD below the
mean value of mAPC:SR for all subjects at 7-15 weeks gestation.

920




Figure 4.2 APC:SR at 7-15 weeks with smoking
and blood group

MPCLER

-t _ =
ZIGS SROP (O

Legend Mean and interquartile ranges for APC:SR are shown for smokers (CIGS +)
vs non-smokers (CIGS -) and blood group O + (GOUP O +) vs non blood group O
subjects (GROUP C -).

Figure 4.3 APC:SR at 7-15 weeks and occurmence of PIH or
PET in the current pregnancy

35

3.0

AFC: SR

PET PIH

Legend Mean and inlerquartile ranges are shown for APC:SR for subjects with
pre-eclampsia (PET +) vs no PET (PET -) and pregnancy-induced hypertension
(PIH +) v5 no PIH (PIH -).
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Chapter 5

Thrombin induction of intercellular adhesion molecule-1 (ICAM-1)

expression on human monocytes
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5.1.1

5.1.2

From the studies detailed in Chapters 3 and 4, acquired APCR is associated
with an increase in thrombin generation and appears linked to the occurrence
of pre-eclampsia {(a condition which is associated with both heritable
thrombophilic disorders, infiltration of the placenta by
monocyte/macrophages and an increase in the inflammatory response -
Chapter 1). In Chapter 5 and 6 the link between acquired APCR and
inflammation was investigated. This investigation centred on the expression
of adhesion molecule ICAM-1 (CD 54) on the human monocyte. An increase
in ICAM-1 expression is likely to increase the recruitment of leukocytes to the
inflammatory response. As detailed in Chapter 1, thrombin can increase the
expression of ICAM-1 on the endothelium. It is not known whether thrombin
can also modulate the expression of ICAM-1 on the monocyte. Such an
interaction would link thrombin to the pro-inflammatory response of the
monocyte,

In this chapter the influence of thrombin on monocyte ICAM-1 expression in
vitro was investigated. The effect of human alpha thrombin on monocytes
from normal human donors was examined to determine if a specific dose-
response relationship between monocyte ICAM-1 and thrombin could be
observed. The response of monocyte ICAM-1 to thrombin was also examined
on the monocyte cell line THP-1. To prove the specificity of the response the
effect of the thrombin receptor agonist peptide (TRAP-6) and a pre-incubated
mixture of thrombin with the direct thrombin inhibitor hirudin on ICAM-1

expression was also investigated.
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5.1.3

5.2

5.2.1

5.2.2

ICAM-1 expression was measured by means of flow cytometry to allow the
quantifiable assessment of a dose-response. Flow cytometric measurement
would also allow examination of expression with minimal sample
manipulation and facilitate more direct comparison with the investigation of
in vivo monocyte ICAM-1 expression and soluble ICAM-1 levels detailed in

Chapter 6.

Materials and Methods

Subjects

Monocytes were obtained from whole blood from 8 healthy volunteers (7
female, 1 male, age range 25-40 years). The response of these cells to
incubation, human alpha thrombin (Alpha Laboratories, UK}, the thrombin
receptor agonist peptide SFLLRN (TRAP-6, Bachem, UK) and a pre-incubated
mixture of thrombin and a direct thrombin inhibitor hirudin (Alpha

Laboratories, UK) was examined.

Human monocyte cell line THP-1 cells

The human monocyte cell line THP-1, a cell line derived from acute
monocytic leukaemia cells (European Coliection of Animal Cell Cultures,
Salisbury, UK), was cultured in liquid phase to allow flow cytometric analysis

of ICAM-1 expression. Cells were cultured in standard culture media: RPMI-
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5.2.3

1640 (Sigma, UK) supplemented with 10% fetal calf serum (FCS, ICAN Flow,
UK), 2mmol/l L-glutamine, 100 iu/ml penicillin and 100 pg/mi streptomycin
{Gibco BRL, UK). The concentration of cells in the final reaction mixture was
~500,000/300ul. Celis were incubated with human alpha thrombin TRAP-6
and thrombin, pre-incubated with hirudin. THP-1 cell viability, after 24 hour

incubation was >90% determined by trypan blue exclusion.

Human peripheral blood monocyte preparation

Human peripheral blood monocytes were prepared from whole blood
anticoaguiated in 1/10 volume of 0.105 M sodium citrate by density gradient
centrifugation. For each experiment 40 ml of blood was centrifuged against
Lymphoprep (Nycomed, UK) at 300g for 15 minutes. The resultant cells were
resuspended in RPMI 1640 (Sigma, UK) supplemented with 10% fetal calf
serum (FCS, ICAN Flow, UK), 2mmol/l glutamine, 100iu/ml penicillin and
100ug/mi  streptomycin (Gibco BRL, UK). The final concentration of
monocytes was 2.16 x 10%1. Cell viability for each procedure, after the 24

hour incubation, was >95%, as determined by trypan blue exclusion.

5.2.4 Thrombin, TRAP-& and thrombin-hirudin stimulation of monocytes

Human alpha thrombin (Alpha Laboratories, UK), diluted in 0.5% bovine
serum atbumin, (BSA’, Sigma, UK) was added to human monocyte and THP-

1 cell suspensions in a final reaction volume of 300ul. Thrombin at 0.75 iu,
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5.2.5

3.1 iu, 6.25 iy, 12.5 iu, 18.75 iu and 25 iu/300ul reaction mix was added to
cell suspensions for 24 hours at 37°C in a 5% C0/95% air humidified
atmosphere. Cells were also stimulated with TRAP-6 for 24 hours at a final
concentration of 2ug/ml, 5 ug/mi and 10ug/mi. Cell suspensions were also
incubated with a mixture of 1.5 iu of thrombin, pre-incubated for one hour at

37°C with 15 antithrombin units of hirudin (Alpha Laboratories, UK).

Flow cytometric analysis of thrombin/TRAP and thrombin-hirudin stimulation

of ICAM-1 expression

Flow Cytometry principles

The Facscan Flow Cytometer (Becton Dickinson Ltd, UK) analyses the optical
properties of single cells moving in a fluid stream through a focused argon
laser beam. The forward scatter of incident light on the cell indicates the
relative size of the cell and the side scatter indicates relative granularity, The
flow cytometer can also measure the fluorescence emitted by various dyes or
fluorescent-labelled antibodies. The fluorochromes absorb energy from the
laser and release the absorbed energy by vibration, heat and by emission of
photons of a longer wavelength. The fluorochrome Fluorescein
Isothiocyanate (FITC) emits at ~515nm and is detected on channel FL-1 and
Phycoerythrin (PE) emits at ~580nm and is detected on channel FL-2 of the

flow cytometer. The amount of fluorescent antibody a cell will bind (the
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fluorescence intensity) is proportional to the number of antibody binding sites

on the cell.

Sample Preparation

Monocytes were identified by antiCD14. CD14, a receptor which binds the
complex lipopolysaccharide-binding proteins, is expressed on 90-95% of
monocytes[243] and is considered to be a specific monocyte marker for use
in identification of monocytes in flow cytomeiric analysis. Monoclonal
antibodies against CD54 (ICAM-1[244]) were used to quantify ICAM-1 on the
monocyte surface. Mononuclear cell preparations and THP-1 cells were
stained using anti-CD14 PE (Becton Dickinson Lid, UK) and anti-CD54 FITC
(Dako Ltd, UK) allowing simultaneous identification of monocytes and
gquantification of antibody binding to CD54. Cell counts per tube were
adjusted to 1 x 10° cells in phosphate-buffered saline (PBS) azide containing
2% blood group AB serum (PBS-AB) to a final volume of 100ul. The
appropriate volumes of anti-CD14 and anti-CD54 were added and incubated
at room temperature for 15 minutes. 2 ml of FACS lysing solution (Becton
Dickinson Ltd, UK) was added and incubated for 10 minutes at rcom
temperature prior to centrifugation. After the supernatant was discarded, the
resultant preparation was washed once in PBS-AB. The cells were then re-
suspended in 0.5ml PBS-azide. Isotype and fluorochrome matched mouse

immunoglobulin was used as a negative control.
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Analysis and quantification

Samples were acquired on a Facscan Flow Cytometer (Becton Dickinson Lid,
UK) using Lysis II software with a logarithmic amplification of the FL1 and
FL2 signals. List mode data were collected from a minimum of 5000 events
for each tube by ‘live gating’ on the CD14 positive monocyte population. The
monocytes were then analysed to determine the mean fluorescence intensity
(MFI) of CD54 on the monocyte population (a sample output showing the
MFI is shown in Figure 5.1). The CD54 MFI was then converted into antibody
binding capacity (ABC), using the Quantum Simply Cellular Microbeads Kit
(Sigma Ltd, UK). The ABC is a measure of the number of antibodies bound
per cell[245, 246]. This kit contains a set of standards to calibrate the MFI
into equivalent units of Antibody Binding Capacity (ABC) for CD54. This
standardisation facilitates the assessment of a dose-response relationship
between a stimulus and the MFI of antibody binding as well as inter-

laboratory comparison of results.
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53.2

Results

In vitro monocyte stimulation with thrombin and TRAP-6: preliminary

experiments to determine optimal incubation and dose

ICAM-1 expression was measured after 0, 4, 24 and 48 hrs incubation at 37°
C with 0, 6.25 and 25 IU/300ul of human alpha thrombin. The rise in ICAM-1
expression in the absence of thrombin with time is shown as MFI (Figure 5.2)
and ABC (Figure 5.3). Results of incubation with 6.25 and 25 IU/300ul alpha
thrombin are also shown in Figure 5.3. At 48 hours, a fall in total ICAM-1
expression in control and thrombin treated cells at all concentrations, when
compared with 24 hour values, was observed. This pattern is consistent with
a previous study of isolated monocyte ICAM-1 response to incubation[247]
and is consistent with the maximal up-regulation of monocyte ICAM-1 at 24
hours noted previously[248]. All subsequent experiments were conducted at

24 hours.

The dose response of human monocyte ICAM-1 to thrombin and TRAP-6

A dose-response relationship between thrombin and human monocyte ICAM-
1 expression at 24 hours was observed (Figure 5.4). At 24 hours incubation
with 25IU thrombin, a mean rise in ICAM-1 expression of 54278 ABC (184%)
over 24 hour control values was observed (Table 5.1). This rise is equivalent

to the rise in mean fluorescence intensity of CD54 observed on monocytes
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5.3.3

54

54.1

exposed to glutamine[249]. A rise of 143-147% (mean 25,080 ABC) in
ICAM-1 expression was observed at 24 hours on incubation with 2ug/mi to
10ug/ml of TRAP-6. In a separaie experiment, incubation of human
monocytes with 1.5 IU/300ul of thrombin resulted in an increase (over
control) of 46,709 ABC at 24 hours. Repeating the experiment with pre-
incubation of thrombin with 301U of the thrombin inhibitor hirudin resulted in

inhibition of the ICAM-1 response (maximal rise </= 3,633 ABC).

The dose response of THP-1 ICAM-1 to thrombin and TRAP-6

Incubation of THP-1 cells at 37°C for 24 hours resulted in little increase in
baseline ICAM-1 ABC (mean rise 560). Incubation with 25 IU/300ul of
thrombin for 24 hours resutted in a mean rise of 24,222 ABC over 24 hour
controls (Table 5.1). As with human cells, pre-incubation of thrombin with
hirudin resulted in a failure of elevation of ICAM-1 expression. In a separate
experiment incubation of THP-1 cells with TRAP-6 (at 5ug/ml) for 24 hours
resulted in an increase of 22,084 ABC compared with 24 hour control values

(Table 5.1).

Discussion

In addition to a central role in coagulation, thrombin has been shown to have
an important role in the co-ordination of the inflammatory response.

Thrombin can induce selectin[9, 10} and adhesion molecule expression[11]
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on the endothelial surface and thereby induce leukocyte adhesion and
subsequent activation. Thrombin, in-vitro, has also been shown to be
capable of influencing the inflammatory and coaguiation repertoire of the
monocyte by stimulation of interleukin-1, TNF«[64] and plasminogen
activator inhibitor-2[65] expression. Monocytes also function as antigen
presenting cells in the immune system, a function which is influenced by the
expression of the LFA-1 ligand ICAM-1 (CD54) on the cell surface. Thrombin
is also capable of activating T cells[12], which express LFA-1, the ligand for

ICAM-1.,

5.4.2 The present findings show that thrombin also has a direct effect on monocyte

ICAM-1 expression. Thus activation of the coagulation system may directly
influence the monocyte inflammatory response. This may be important in
vascular injury and disorders such as atherosclerosis and pre-eclampsia,
where vascular damage is characterised by deposition of lipid-laden
macrophages[154, 155]. A simitar, in-vitro, induction of monocyte ICAM-1
with the hexapeptide SFLLRN (TRAP &) was observed. SFLIRN has been
shown to be a specific thrombin receptor activator{ 250, 251], suggesting that
thrombin induction of monocyte ICAM-1 is due to an interaction of thrombin
with its specific receptor{6]. Furthermore the thrombin action appears
specific as it was inhibited by hirudin, & specific thrombin inhibitor and was

also demonstrated on the monocyte cell line THP-1.
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Table 5.1 The response of human monocytes and THP-1 cells to
human alpha thrombin and SFLLRN (TRAP-6)

Human THP-1
Mean ICAM-1 Mean ICAM-1 Mean ICAM-1 Mean ICAM-1
rise over 24hr rise over 24hr rise over 24hr rise over 24hr
control (ABC) control (%) control (ABC) oontrol (%)
24 hr +
Thrombin 54278 184% 24,222 235%
{251U/300ub)
24 hr +
TRAP 24,827 145% 22,084 222%
(Sug/ml)

Legend The mean rise {(and percentage rise) in monocyte ICAM-1 in response
to the maximal dose of thrombin (25iu/300ul) and TRAP-6 (TRAP Sug/ml) at 24

hours incubation in human monocytes and THP-1 cells is shown.
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Figure 5.1 ICAM-1 (CD54) expression on human monocytes
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Legend ICAM-1 expression (CD54) on isolated monocytes at @ hours incubation in the

absence of thrombin.A mean fluorescence of 27.84 is shown.
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Figure 5.2 The effect of incubation on ICAM-1 (CD54) expression
on human monocytes

Legend ICAM-1 expression (CD54) on isolated monocytes at 0 hours (blue), 4hours
{yellow) and 24 hours (red} incubation in the absence of thrombin. Increasing mean
fluorescence intensity is shown on the x axis.
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Figure 5.3 Monocyte ICAM-1 expression: efifect of incubation with
human alpha thrombin
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Legend The change in ICAM-1 expression {antibody binding capacity-ABC) with time in

the absence of thrombin (solid line), with 6.25 iu/300ul human alpha thrombin {dot and
dash line) and 25 iu/300ul of thrombin (dotted line) is shown.

Rise in ICAM-1 expression (ABC)

Figure 5.4 The dose respanse relationship between thrombin
and monocyte ICAM-1
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Legend The change in ICAM-1 expression (ABC) with increasing concentrations
of human alpha thrombin with mean values and interquartile ranges at each
concentration is shown.
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Chapter &

The relationship of the APC:SR in pregnancy with monocyte ICAM-1

expression and plasma soluble ICAM-1
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6.1

6.2

e.2.1

Both pregnancy[127, 134, 233] and the APCR of pregnancy (Chapter 3) are
associated with an increase in thrombin generation. Furthermore oestrogen
may modify cellular ICAM-1 expression[252]. In this study the relationship of
monocyte ICAM-1 to pregnancy and to pregnancy-associated APCR was
examined ex vivo. A relationship between APC:SR and monocyte ICAM-1
would be compatible with the link between monocyte ICAM-1 expression and
thrombin generation in vivo and a link between the APCR of pregnancy and
adhesion molecule expression/inflammation. Furthermore, as in vitro studies
suggest that an increase in cellular ICAM-1 expression is associated with an
increase in shedding of ICAM-1 from the cell surface[40, 50-52], the study
also determined whether there is a relationship between monocyte ICAM-1

expression and plasma soluble ICAM-1 ex vivo,

Materials and Methods

Subjects

In a prospective study, 149 healthy pregnant subjects (age: mean 30 years,
range 20-40 years) were recruited. All subjects had uncomplicated
pregnancies. 60 were primigravid and 48 were smokers. Subjects were
sampled at 8-15 weeks (n=27), 16-28 weeks (n=58), 29-34 weeks (n=47)
and 35-40 weeks gestation (n=21). In addition 18 healthy, non-smoking,
non-oral contraceptive using, female subjects (mean age 30 years, range 25-

39 years) and 10 healthy non-smoking male subjects (mean age 30 years,
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6.2.2

6.2.3

range 25-39 vears) were recruited. Institutional ethical approval was

obtained and each individual was sampled on a single occasion.

Sample preparation

Samples were obtained by venepuncture from the antecubital vein and
anticoagulated in 1/10 volume of 0.105 M sodium citrate. Samples for ex
vivo assessment of monocyte ICAM-1 were stored at 4°C for less than 24
hours before flow cytometric analysis. Samples for soluble plasma ICAM-1
and APC:SR assessment were stored at ambient temperature for less than
one hour, prior to double centrifugation at 3000G for 12 minutes. The
resultant platelet poor plasma was stored at —70°C until analysis. APC:SR
was assessed as detailed in Chapter 2. Plasma soluble ICAM-1 levels were

determined by ELISA (R+D Systems Ltd, UK).

Flow cytometric analysis for ex-vivo ICAM-1 expression

Sample Preparation

Monocytes in whole blood were identified by antiCD14 and monoclonal

antibodies against CD54 (ICAM-1[244]) were used to quantify ICAM-1 on the

monocyte surface. Whole blood preparations were stained using anti-CD14

PE (Becton Dickinson Ltd, UK) and anti-CD54 FITC (Dako Ltd, UK). The
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6.2.4

6.3

6.3.1

subsequent sample preparation was as described in Chapter 5 aside from

substitution of PBS-AB with PBS alone.

Analysis and quantification

Samples were acquired on a Facscan Flow Cytometer (Becton Dickinson Lid,
UK) using Lysis II software with a logarithmic amplification of the FL1 and
FL2 signals as used in Chapter 5. The monocytes were then analysed to
determine the mean fluorescence intensity (MFI) of CD54 on the monocyte
population. The CD54 MFI was then converted into antibody binding capacity

(ABC) as before.

Statistical Analysis

ANOVA of groups, linear regression analysis of monocyte ICAM-1 with plasma
ICAM-1, APC:5R and gestation and two sample t test comparisons of smoking
and parity were carried out using Minitab®for Windows® Release 11 statistical

software (Minitab Inc, USA).

Results

No significant difference in monocyte ICAM-1 ABC between males (mean
14,979, SD 2049) and non-oral contraceptive (COCP) using female (mean

15,554 ABC, SD 1652, F=0.62, p=0.44) was observed (Figure 6.1). A
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6.3.2

6.3.3

significantly higher level of monocyte ICAM-1 ABC was observed in pregnant
subjects (mean 18,381, SD 4,499) in comparison with both male and non-
COCP female subjects (F=5.91, p=0.003, Figure 6.1 and Table 6.1). This
difference in expression is equivalent to the difference in mean fluorescence
intensity of ICAM-1 which is observed when patients with a myocardial
infarction are compared with non-myocardial infarction controls{253]. No
significant relationship between ICAM-1 ABC and weeks of gestation
(R*=0.0%, p>0.05) was observed. No significant difference in monocyte
ICAM-1 ABC in comparison of primigravid vs parous subjects (t=-0.20,
p>0.05) or smoking vs non-smoking subjects (t=0.90, p>0.05) was observed
(Table 6.1).

No significant difference in plasma ICAM-1 was observed between male
(mean 10.9 ug/ml, SD 2.9), non-OCP females (mean 9.2 ug/ml, SD 2.1) and
pregnant subjects (mean 10.6 ug/ml, SD 3.2, F=1.61, p=0.2, Table 6.1). No
significant relationship between gestation (linear regression R%=0.0%,
p>0.05) or party (t=1.97, p>0.05) and plasma ICAM-1 was observed. In
pregnancy, a significantly higher level of soluble ICAM-1 was observed in
smokers (mean 12.2ug/ml, SD 3.95) than non-smokers (mean 9.74ug/ml,
SD 2.46, t=3.31, p=0.002, Table 6.1).

In pregnant subjects linear regression analysis revealed a significant positive
relationship between monocyte ICAM-1 ABC and plasma ICAM-1 (Figure 6.2,
R? 12.1%, p <0.0001). This relationship persistecd when smokers were
removed from the analysis (R* 12.0%, p=0.002). No significant relationship

was demonstrated in non-pregnant women or men. A small but significant
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6.4

6.4.1

6.4.2

inverse relationship between monocyte ICAM-1 (R? 3.9%, p=0.05) and
plasma ICAM-1(R? 4.4%, p=0.03) with APC:SR at 28-32 weeks gestation was

observed (Figures 6.3 and 6.4).

Discussion

In pregnancy, a condition characterised by a physiological increase in
thrombin generation[127, 134, 233}, an increase in the expression of
monocyte ICAM-1 and a relationship between expression and the plasma
level of its soluble form was observed. This suggests that scluble ICAM-1
levels in pregnancy reflect monocyte expression and is consistent with the in-
vitro experiments, which show that up-regulation of ICAM-1 is accompanied
by an increase in shedding of soluble ICAM-1 from stimulated cells[40, 50-
52}1. Smoking in pregnant subjects appears to contribute to higher plasma
levels of ICAM-1, but is not associated with higher monocyte 1ICAM-1 levels.
Smoking may increase plasma ICAM-1 by cleavage of ICAM-1 from the
monocyte surface, or by stimutation of expression of ICAM-1 on cells other
than monocytes. The lack of an effect on monocyte ICAM-1 expression
would be consistent with the published evidence on the protective effect of
smoking on thrombin generation and pre-eclampsia detailed in Chapter 4.

No correlation of monocyte ICAM-1 expression with gestation after 7 weeks
was observed. Although other studies{133, 134] have reportad a correlation
between Fi+2 and gestation, elevated levels of F1+2 are a common feature

of early normal pregnancy[134, 233]. In addition, TAT complex levels are
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6.4.3

reported to be elevated in the first trimester of 50% of normal
pregnancies[127]. Thus the results presented here may be consistent with
an increased sensitivity of monocytes to thrombin or to a combined up-
regulating effect of increasing thrombin, cytokines and oestrogen[252] on
monocyte ICAM-1 expression in pregnancy.

A significant negative relationship was observed between APC:SR at 28-32
weeks gestation and both monocyte and soluble ICAM-1 at that gestation.
This would be compatible with the negative correlation between APC:SR and
thrombin generation observed in Chapier 3 and would suggest that ICAM-1
expression in pregnancy is influenced by thrombin generation in vivo.
Furthermore the relationship of APC:SR with monocyte ICAM-1 suggests that
a lower APC:SR in pregnancy occurs along with an upregulation of the

antigen presenting function of the monocyte.
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Table 6.1 The relationship between monocyte and plasma ICAM-1
with sex, pregnancy and smoking

Monacyte ICAM-1 (ABC) Plasma ICAM-1
(ug/ml)
Mean SD p Mean SD p
Males 14,970 2,049 10.9 2.9
0.42 0.3
Females 15,554 1,652 9.2 2.1
Pregnancy IR.381 4,499 | 0.003% 10.6 3.2 0.27
Primigravid 18.423 4,279 | 9.7 2.6
068 i 0.09
Parous 18,104 4,555 10,7 3.1
Smoking 18,601 3,756 12.2 3.9
0.37 0.002°
Non-smoking 18,013 4,270 9.7 2.5

Legend The mean and SD monocyte ICAM-1 (ABC) and plasma ICAM-1 (ug/ml) for
males, females, ali pregnant subjects (pregnancy), primigravid pregnant subjects, parous
pregnant subjects, smoking and non-smoking pregnant subjects is shown. P values for
ANOVA and t test for comparisons of males and females, pregnant vs non-pregnant
females (*p significant at 0.003), primigravid vs parous women and pregnant simokers vs
non-smokers (© p significant at 0.002) is shown,
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Monoote ICAM-1 (ABC)

Figure 6.1 Monocyte ICAM-1 (ABC) in males, females

and in pregnancy
30000 —
20000 —
10000 —
1 | 1
males females pregnarky

Legend The median and upper and lower interquartile range of ICAM-1{ABC)
for males, females and pregnant subjects is shown.
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Plasma ICAM-1 {na/n)

Figure 6.2 Monocyte ICAM-1 vs plasma ICAM-1 in pregnancy
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in pregnancy. For guidance a linear regression fine is shown.
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Figure 6.3 APC:SR at 28-32 weeks gestation
vs monocyte ICAM-1
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Legend Monocyte ICAM-1 expression (ABC) vs APC:SR at 28-372
weeks gestation. For guidance a linear regression fine is shown.

Figure 6.4 APC:SR at 28-32 weeks gestation
vs plasma ICAM-1
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lLegend Plasma ICAM-1 levels (ng/mi) vs APC:SR at 28-32 weeks gestation.
For guidance a linear regression line is shown.
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Chapter 7

Conclusions
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7.1

7.2

7.3

FVi., the principal inherited cause of APCR, has been linked to the failure of
pregnancy with an increased risk of venous thrombosis[254], fetal loss[148]
and pre-eclampsiaj186]. Both venous thrombosis and pre-eclampsia are
associated with inflammation. In particular pre-eclampsia is associated with
a monocyte/macrophage infiltration of the placental bed[154, 155]. That
APCR, without FVL, (acquired APCR) may be a marker of thrombotic potential
out-with pregnancy has been suggested by Rosing et ai{98] and more
recently by de Visser et al[238].

Changes in sensilivity to APC (assessed by the APC:SR) occur in normal
pregnancy[76]. The aetioclogy and significance of this phenomenon has not
been fully characterised. In this thesis, the pattern of change in APC:SR in
pregnancy was detailed in FVL negative subjects. The relationship of the
APC:SR to other coagulation factors and thrombin generation was
investigated. The significance of the APC:SR to the mother and the fetus
was also examined. To investigate if a link (via thrombin) exists between the
APC:SR and the infammatory response, the inflammatory marker ICAM-1
was examined on the monocyte. The influence of thrombin on the
expression of this marker was examined in vitro and the relationship between
the APC:SR in pregnancy and ICAM-1 was examined ex vivo,

In a large prospective study, the APC:SR at 7-15 weeks gestation showed a
significant relationship with blood group and smoking, with higher APC:SRs
observed in non-smokers and blood group O subjects. No significant
relationship of APC:SR with body mass index, waist circumference, age,

alcohol consumption, or family history of venous thrombosis or pregnancy-
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induced hypertension in a first degree relative was observed. In ~75% of
pregnancies, a fall in APC:SR with increasing gestation was seen. Those who
showed a fall in APC:SR (i.e. an increase in APCR) with increasing gestation
had higher absolute APC:SR values at 7-15 weeks gestation than those who
did not show a fall. APC:SR values less than the reference range observed in
non-pregnant females were seen in 38% of subjects in the third trimester of
pregnancy (28 to 40 weeks gestation) in the absence of FVL or elevated
ACAs. In subjects without elevated ACAs or FVL, the APC:SR showed a
significant negative relationship with factor VIIIc, factor V¢, and a positive
relationship with free protein S. The relationship to factor VIIIc is compatible
with the association of APCR and inflammatory disorders[83] and with the
association of non-blood group O, higher factor VIIIc levels and venous
thrombosis| 85-871. The relationship with factor Vc is consistent with in vitro
evidence that the APC:SR may be affected by factor V¢[213]. A significant
contribution of protein S alone to the APC:SR may also occur.

The fall in APC:SR with gestation paralleled the fall observed in the red cell
count, haemoglobin and mean red cell volume. This appeared to be due to
the effect of gestation on both, rather than an effect of the APC:SR on the
blood count. In the study by Lindqvist et al[205] it was suggested that
heterozygous carriage of FVL results in @ reduction in blood loss at delivery.
In that study the assessment of blood loss was highly subjective. In a small
group of FVL positive subjects (n=37) (Chapter 4) no difference in pre-natal,
peri-natal, or post-natal blood loss was observed when compared with FVL.

negative subjects.  Similarly, in FVL negative subjects, no relationship
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7.6

between pre-natal, peri-natal, or post-natal blood loss and APC:SR was
observed.

No significant relationship between the APC:SR and placental weight was
observed, although in subjects with an APC:SR less than the reference range
for non-pregnant females, smaller birth weights were noted. When birth
weights were corrected by adjustment for parity, gestation at delivery and
fetal sex[231], and the influence of gestation on the APC:SR was minimised,
no refationship between the APC:SR and birth weight was found. However
significantly smaller birth weight centiles were observed in subjects in whom
a fall in APC:SR with gestation occurred.

Significantly lower APC:SRs at 7-15 weeks were cbserved in subjects,
normotensive at recruitment and with no past history of hypertension, who
subsequently deveioped PIH or PET in the current pregnancy. This difference
persisted for PIH when the analysis was restricted to primigravid subjects.
No relationship between the APC:SR at 27-34 weeks gestation and the
occurrence of PIH or PET was noted. A 2 fold (C.I.gs 1.1-3.6) increased risk
of PIH and 3 fold increased risk of PET (C.l.os 1.2-8.0) in the current
pregnancy was observed in those subjects in whom no decrease in APC:SR
was seen when compared with those in whom the APC:SR did decrease from
7-15 to 27-34 weeks. These results suggest that, in the absence of FVL,
subjects with a lower APC:SR early in pregnancy do not increase resistance
to APC with increasing gestation and are at a higher risk of development of
PIH and PET. They also appear to have larger babies than those in whom an

increase in APCR occurs. As lower APC:SRs are associated with venous
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7.8

thrombosis[238], and as a decrease in the APC:SR occurs in the majority of
pregnancies, this suggests that a higher APC:SR early in pregnancy and a fall
in APC:SR with increasing gestation is a physiological response which mirrors
fetal development. Individuals with a lower APC:SR early in pregnancy, do
not become mare resistant with increasing gestation and the (physiological)
change in APC:SR does not occur. The response to APC appears to be set
early in pregnancy and the sensitivity to APC may influence, or be influenced
by, fetal development. The APC:SR, in the absence of FVL, does nof,
however, appear to predict fetal loss or neonatal death.

A significant inverse relationship between F1+2 levels and APC:SR was
observed, although this may reflect the influence of gestation on both
variables. When the effect of increasing gestation was excluded, a significant
inverse relationship between APC:SR and TAT concentration was observed at
28-32 weeks, suggesting that the APC:SR may reflect thrombin generation in
vivo.

Monocyte ICAM-1 expression, as assessed by flow cytometry, was influenced
in a specific dose-dependent fashion by human alpha thrombin and may
therefore be a useful indicator of the link between the coagulation cascade,
thrombin and the inflammatory response of this cell. In pregnancy, a
significantly higher level of monocyte ICAM-1 was observed when compared
with non-COCP using female subjects. No significant relationship between
ICAM-1 and gestation, parity or smoking was observed. In pregnant
subjects, a significant positive relationship between monocyte ICAM-1 and

plasma ICAM-1 was observed. This relationship was independent of
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7.10

smoking. A small but significant inverse relationship of both monocyte ICAM-
1 and plasma ICAM-1 with APC:SR at 28-32 weeks gestation was noted. This
suggests that in individuals with a normal pregnancy outcome the thrombin
generation associated with the APC:SR at 28-32 weeks gestation is mirrored
by the inflammatory response of the monocyte. However, as the monocyte
has a significant, independent role in the activation of coagulation, it is
conceivable that activated monocytes could also influence the sensitivity to
APC in plasma by modulating the generation of factor VIIIa and factor Va.
Although the APC:SR early in pregnancy predicts the occurrence of PIH and
PET, the APC:SR assessed at 27-34 weeks appears insensitive to these
disorders. Further study would be required to show if clinically evident PIH
or PET is associated with an alteration of monocyte ICAM-1 expression.
Furthermore, assessment of the relationship of monocyte ICAM-1 with
markers of thrombin generation such as TAT would allow the link between
the APC:SR and monocyte ICAM-1 to be confirmed as being due to thrombin
generation in vivo.

Alteration of the balance of coagulation factors and inhibitors is a
physiological response to pregnancy. The principal outcomes of the
coagulation cascade include thrombin generation and fibrin formation. As
shown here, increasing gestation is associated with an increase in thrombin
formation. Although thrombin can have an anticoagulant effect via protein C
activation and is rapidly inhibited by alpha; macroglobulin[135], pregnancy is
associated with an increased risk of ante-partum deep venous

thrombosis[254]. This increased risk suggests that the thrombin generation
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of pregnancy is associated with a hypercoagulable state which is
compensated in the majority of subjects. 1In those subjects with heritable
thrombophilia (such as FYL), this compensation may not occur and venous
thrombosis[255], PET[186] and fetal loss[148] will result. An increase in
thrombin generation, due to an increase in coagulation factors (including
FVilic and FVc) occurs with increasing gestation and is likely to be a
preparation for the haemostatic challenge of delivery. This is mirrored by the
increase in ACPR with gestation which occurs in ~75% of pregnancies.

In addition to thrombin, fibrin formation appears to be integral to successful
placental development[137] and has been shown to be important in chorionic
villous repair[256]. The placenta is a significant source of tissue factor[257]
and can also modulate the coagulation cascade via thrombomoduiin{258]. It
is likely then that the placenta is the driving force behind the increased
thrombin generation observed in normal pregnancy. The aeticlogy of pre-
eclampsia is unknown, but is assumed to be due to an immunological
response to the developing pregnancy. This results in abnormal trophoblast
invasion of the developing placental bed. A process which is normally
complete by 20 weeks gestation (reviewed in[259]). In pre-eclampsia it is
conceivable that the reported alterations in maternal lipids, maternal
coagulation (including an increase in tissue factor{260]) and the increase in
inflammation, are a response to the pathological process in the developing
placenta.

In normal pregnancy a relationship between the APC:SR, thrombin

generation and the inflammatory response of the monocyte is seen. Whether
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pregnancies complicated by pre-eclampsia show an exaggerated monocyte
ICAM-1 response requires further investigation. The potential interactions
between these factors and the placenta are shown in Figure 7.1. In 25% of
pregnancies the physiological increase in ACPR with gestation does not occur.
In these individuals a lower APC:SR is observed between 7 and 15 weeks
gestation. Thus a relationship between the APC:SR (assessed at 7-15 weeks
gestation) and the occurrence of pre-eclampsia exists before pre-eclampsia
would be evident pathologically in the placenta. This indicates that the
APC:SR is either a sensitive measure of the maternal response to early pre-
eclampsia, or that the APC:SR represents a phenotype (@ combination of
FVIlic, FVe, PS, blood group, smoking and inflammation) which, like FVL,
increases the susceptibility to the condition. This would be consistent with
the observation that a low APC;SR, in the absence of FVL, is associated with
venous thrombosis{238] and would also be consistent with the increased risk
of VTE observed when FVL positive subjects are exposed to acquired APCR
via the combined oral contraceptive[91] or pregnancyf{254]. Peri-conceptual
studies would be required to show how early in pregnancy the response to
APC is set and would assist in refining the understanding of the maternal and

fetal contribution to PET.
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Figure 7.1 The interaction between thrombin, the monocyte

and APCR
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Legend The interaction of the placenta with thrombin and maternal coagulation is
shown. The function of TM and EPCR is altered by inflammation. TM = thrombomodulin,
EPCR is the endothelial protein C receptor.

126




References

127




1. Zoller B, Holm J, Svensson P, Dahlback B. Elevated levels of
prothrombin activation fragment 1+2 in plasma from patients with
heterozygous ARG5H06 to Gin mutation in the factor V gene (APC-Resistance)
and/or inherited protein S deficiency. Thromb Haemost 1996, 75, 270-274.

2. Kyrle PA, Stumpflen A, Hirscht M, et al. Levels of prothrombin
fragment F1+2 in patients with hyperhomocysteinemia and a history of
venous thrombosis. Thromb Haemost 1997, 78, 1327-1331.

3. Moore KL, Esmon CT, Esmon NL. Tumor necrosis factor leads to the
internalization and degradation of thrombomodulin from the surface of
bovine aortic endothelial cells in cuiture. Blood 1989, 73, 159-165.

4. Lentz SR, Tsiang M, Sadler JE. Regulation of thrombomodulin by
tumor necrosis factor-alpha: comparison of transcriptional and post-
transcriptional mechanisms. Blood 1991, 77, 542-550.

5. Kurosawa S, Stearns-Kurosawa DJ, Hidari N, Esmon CT. Identification
of functional endothelial protein C receptor in human plasma. J Clin Invest
1997, 100, 411-418.

6. Vu TKH, Hung DT, Wheaton VI, Coughlin SR. Molecular cloning of a
functional thrombin receptor reveals a novel proteolytic mechanism of
receptor activation. Ce// 1991, 64, 1057-1068.

7. Ogletree ML. Thrombin receptor-mediated signaliing in endothelial
cells. In Vane JR, Born GVR, Welzel D, eds. The endothelial celf in health and

disease. Stuttgart, Schattauer, 1995, 85-96.

128



8. Goodnough LT, Saito H. Specific binding of thrombin by human
peripheral blood monocytes: possible role in the clearance of activated
clotting factors from the circulation. J Lab Ulin Med 1982, 99, 873-884.

9. Lorant DE, Patel KD, McIntyre TM, McEver RP, Prescott SM,
Zimmerman GA. Coexpression of GMP-140 and PAF by endothelium
stimulated by histamine or thrombin: a juxtacrine system for adhesion and
activation of neutrophils. 7 Ceff Biof 1991, 115, 223-224.

10.  Sugama Y, Tiruppathi C, Janakidevi K, Andersen T, Fenton J, Malik A.
Thrombin-induced expression of endothelial P-selectin and intercellular
adhesion molecule-1: a mechanism for stabilizing neutrophil adhesion. 7 Celf
Biof 1992, 119, 935-944.

11.  Kaplanski G, Marin V, Fabrigoule M, et al. Thrombin-activated human
endotheliai cells support monocyte adhesion in vitro following expression of
intercetlular adhesion molecule-1 (ICAM-1; CD54) and vascular cell adhesion
molecule-1 (VCAM-1; CD106). Blood 1998, 92, 1259-1267.

12.  Naldini A, Carney DH, Bocci V, et al. Thrombin enhances T cell
profiferative responses and cytokine production. Ceff Immunof 1993, 147,
367-377.

13.  Lipinski B, Novak A, Gurewich V. The organ distribution of 125I-fibrin
in the generalised Shwartzman reaction and its relation to leukocytes. 8r J
Haematol 1974, 28, 221-226.

14.  Harris ED. Pathogenesis of rheumatoid arthritis: a disorder associated

with dysfunctional immunoregulation. In Gallin JI, Goldstein IM, Synderman

129



R, eds. Inflammation: Basic principles and dlinical correlates. New York,
Raven Press, 1988, 751-773.

15. Wakefield TW, Strieter RM, Witkke CA, et al. Venous thrombosis-
associated inflammation and attenuation with neutralising antibodies to
cytokines and adhesion molecules. Arterioscler Thromb Vasc Biol 1995, 15,
258-268.

16. Wakefield TW, Strieter RM, Downing L1, et al. P-selectin and TNF
inhibition reduce venous thrombosis inflammation. J Surg Res 1996, 64, 26~
31.

17.  Esmon CT, Owen WG. Identification of an endothelial cell cofactor for
thrombin-catalyzed activation of protein C. Proc Nat! Acad Sci L/SA 1981, 78,
2249-2252.

18. Esmon CT, Esmon NL, Harris KW. Complex formation between
thrombin and thrombomodulin inhibits both thrombin-catatyzed fibrin
formation and factor V activation. .7 Bio/ Chem 1982, 257, 7944-7947.

19.  Esmon N, Carroll RC, Esmon CT. Thrombomodulin blocks the ability
of thrombin to activate platelets. J Biof Chem 1983, 258, 12238-12242,

20.  Hofsteenge J, Taguchi H, Stone SR. Effect of thrombomodulin on the
kinetics of the interaction of thrombin with substrates and inhibitors. Biochem
J 1986, 237, 243-251.

21.  Dahlback B. Factor V and protein S as cofactors to activated protein C,

Haematol 1997, 82, 91-95,

130




22. Bartha K, Brisson C, Archipoff G. Thrombin regulates tissue factor and
thrombomodulin mMRNA levels and activities in human saphenous vein
endothelial cells by distinct mechanisms. .7 Biol Chem 1993, 268, 421-429.

23.  Maruyama Y, Maruyama I, Soejima Y. Thrombin receptor agonist
peptide decreases thrombomodulin activity in cultured umbilical vein
endothelial cells. Biochem Biophys Res Commurn 1994, 199, 1262-1269.

24. Fukudome K, Kurosawa S, Stearns-Kurosawa D1, He X, Rezaie AR,
Esmon CT. The endothelial cell protein C receptor. Cell surface expression
and direct ligand binding by the soluble receptor. J Biol Chem 1996, 271,
17491-17498.

25. Regan LM, Stearns-Kurosawa DJ, Kurosawa S, Mollica J, Fukudome K,
Esmon CT. The endothelial cell protein C receptor. Inhibition of activated
protein C anticoagulant function without modulation of reaction with
proteinase inhibitors. .7 Biof Chem 1996, 271, 17499-17503.

26. Laszik Z, Mitro A, Taylor FB, Ferrell G, Esmon C1. Human protein C
receptor is present primarily on endothelium of large biood vessels:
implications for the control of the protein C pathway. Circulation 1997, 96,
3633-3640.

27.  Seligsohn U, Berger A, Abend M, et al. Homozygous protein C
deficiency manifested by massive venous thrombosis in the newborn, Mew
Engl J Med 1984, 310, 559-562.

28. Gomez E, Ledford MR, Pegelow CH, Reitsma PH, Bertina RM.

Homozygous protein S deficiency due to a one base pair deletion that leads

131



to a stop codon in exon II1 of the protein S gene. ThAromb Haemost 1994, 71,
723-726.

29. Healy AM, Rayburn HB, Rosenberg RD, Weiler H. Absence of the
blood-clotting regulator thrombomodulin causes embryonic lethality in mice
before the development of a functional cardiovascular system. Proc Nat! Acad
Sci USA 1995, 92, 850-854.

30. Dahlback B. Physiological anticoagulation. Resistance to activated
protein C and venous thromboembolism. .7 Clin Invest 1994, 94, 923-927,

31.  Cariou R, Tobelem G, Beliucci S, et al. Effect of lupus anticoagulant on
antithrombogenic  properties of  endothelial  cells-Inhibition  of
thrombomodulin-dependent protein C activation. 7hromb Haemost 1988, 60,
54-58.

32. Ehrenforth S, Radtke KP, Scharrer 1. Acquired activated protein C-
resistance in patients with lupus anticoagulants. 7hromb Haemost 1995, 74,
797-798.

33. Rodgers GM, Conn MT. Homocysteine, an atherogenic stimulus
reduces protein C activation by arterial and venous endothelial celis. Blood
1990, 75, 895-901.

34. Wilson BD, Pitas RE, Rodgers GM. Regulation of endothelial cell
protein C activation by native and oxidized low density lipoprotein. Semirn
Thromi Hemost 1992, 18, 1117-1119.

35. Oida K, Tohda G, Ishii H, et al. Effect of oxidized low density
lipoprotein on thrombomodulin expression by THP-1 cells. Thromb Haemost

1997, 78, 1228-1233.

132




36. Taylor FB, Chang A, Esmon CT, D'Angelo A, Vigano-D'Angelo S, Blick
KE. Protein C prevents coagulopathic and lethal effects of E coli infusion in
the baboon. J Clin Invest 1987, 79, 918-925.

37. Tavlor F, Chang A, Ferrell G, et al. C4b-binding protein exacerbates
the host response to Escherichia coli. Blood 1991, 78, 357-363.

38. Grey ST, Hancock WW. A physiologic anti-inflammatory pathway
based on thrombomodulin expression and generation of activated protein C
by human mononuclear phagocytes. .7 fmmuno/ 1996, 156, 2256-2263.

39. Grey ST, Tsuchida A, Hau H, Orthner CL, Salem HH, Hancock WW,
Selective inhibitory effects of the anticoagulant activated protein C on the
responses of human mononuclear phagocytes to LPS, IFN-gamma, or phorbol
ester. J Immunol 1994, 153, 3664-3672.

40. Budnik A, Grewe M, Gyufko K, Krutmann J. Analysis of the production
of soluble ICAM-1 molecules by human cells. £xp Hematol 1996, 24, 352-359.
41. Blann AD, McCollum CN. Circulating endothelial cell/leukocyte
adhesion molecules in atherosclerosis. Thromb Haemost 1994, 72, 151-154.
42. Ghaisas NK, Shahi CN, Foley B, et al. Elevated levels of circulating
soluble adhesion molecules in peripheral blood of patients with unstable
angina. Am J Cardio/ 1997, 80, 617-619,

43.  Morisaki N, Saito I, Tamura K, et al. New indices of ischemic heart
disease and ageing: studies on the serum levels of soluble intercellular
adhesion molecule-1 (ICAM-1) and soluble vascular cell adhesion molecule-1
(VCAM-1) in patients with hypercholesterolemia and ischemic heart disease.

Atheroscler 1997, 131, 43-48.

133




44. Goke M, Hoffmann JC, Evers J, Kruger H, Manns MP. Elevated serum
concentrations of soluble selectin and immunoglobulin type adhesion
molecules in patients with inflammatory bowel disease. J Gasfroentero!/
1997, 32, 480-486.

45. Austgulen R, Lien E, Vince G, Redman CWG. Increased maternal
plasma levels of soluble adhesion molecules (ICAM-1, VCAM-1, E-selectin) in
pre-eclampsia. £ur J Obstet Gynecol Reprod Biol 1997, 71, 53-58.

46. Komatsu S, Flores S, Gerritsen ME, Anderson DC, Granger DN,
Differential up-regulation of dirculating soluble and endothelial cell
intercellular adhesion molecule-1 in mice. Am J Patho/ 1997, 151, 205-214.
47. Ito M, Watanabe M, Ihara T, Kamiya H, Sakurai M. Increased
expression of adhesion molecules (CD54, CD29 and CD44) on fibroblasts
infected with cytomegalovirus, Microbiof Immunol 1995, 39, 129-133.

48.  Elsner ], Sach M, Knopf HP, et al. Synthesis and surface expression of
ICAM-1 in polymorphonuclear neutrophilic leukocytes in normal subjects and
during inflammatory disease. Immunobiol 1995, 193, 456-464.

49. Havasaki Y, Nakajima M, Kitano Y, Iwasaki T, Shimamura T, Iwaki K.
ICAM-1 expression on cardiac myocytes and aortic endothelial cells via their
specific endothelin receptor subtype, Biochem Biophys Res Commun 1996,
229, 817-824.

50. Pigott R, Dillon LP, Hemingway IH, Gearing AlJ. Soluble forms of E-
selectin, ICAM-1 and VCAM-1 are present in the supernatants of cytokine
activated cuitured endothelial cells. Biochem Biophys Res Commun 1992,

187, 584-589.

134




51. Giavazzi R, Nicoletti MI, Chirivi RG, Hemingway I, Bernasconi S,
Allavena P, Gearing AJ. Soluble intercellular adhesion molecule-1 (ICAM-1) is
released into the serum and ascites of human ovarian carcinoma patients and
in nude mice bearing tumour xenografts. Fur 7 Cancer 1994, 30A, 1865-
1870.

52. Fais S, Borghi P, Gherardi G, Logozzi M, Belardelli -, Gessani $. Human
immunodeficiency virus type 1 induces cellular polarization, interceliular
acdhesion molecule-1 redistribution, and multinucleated giant cell generation
in human primary monocytes but not in monocyte-derived macrophages. Lab
Invest 1996, 75, 783-790.

53. Verstraete M. Endothelial cell-mediated coagulation, anticoagulation
and fibrinolysis. In Vane JR, Born GVR, Welzel D, eds. 7he endothefial celf in
heafth and disease. Stuttgart, Schattauer, 1995, 147-164,

54. Marcum JA, Rosenberg RD. Anticoagulantly active heparin-like
molecules from vascular tissue. Biochemistry 1984, 23, 1730-1732.

55.  Jesty 1, Lorenz A, Rodriguez ], Wun TC. Initiation of the tissue factor
pathway of coagulation in the presence of heparin: control by antithrombin
III and tissue factor pathway inhibitor. Blood 1996, 87, 2301-2307.

56. ten Cate JW, van der Poll T, Levi M, ten Cate H, van Deventer SIH.
Cytokines: Triggers of clinical thrombotic disease. 7Thromb Haemost 1997, 78,
415-419,

57.  Edgington TS, Mackman N, Brand K, Ruf W. The structural biology of

expression and function of tissue factor. 7Thromb Haemost 1991, 66, 67-79.

135




58. Boehme MW, Schmitt WH, Youinou P, Stremmel WR, Gross WL.
Clinical relevance of elevated serum thrombomodulin and soluble E-selectin in
patients with Wegener's granulomatosis and other systemic vasculitides, Am
J Med 1996, 101, 387-394.

59. Conway EM, Rosenberg RD. Tumour necrosis factor suppresses
transcription of the thrombomodulin gene in endothelial cells. Mo/ Cell Biof
1988, 8, 5588-5592.

60. Moore Ki, Andreoli SP, Esmon NL, Esmon CT, Bang NU. Endotoxin
enhances tissue factor and suppresses thrombomodulin expression of human
vascular endothelium in vitro. J (i Invest 1987, 79, 124-130.

61. Dougherty GJ, Murdoch S, Hogg N. The function of human intercellular
adhesion molecule-1 (ICAM-1) in the generation of an immune response. Fur
JImmunol 1988, 18, 35-39.

62. Bar-Shavit R, Hruska KA, Kahn Al, Wiiner GD. Thrombin chemotactic
stimulation of HL-60 cells: studies on thrombin responsiveness as a function
of differentiation. J Cell Physiol 1987, 131, 255-261.

63. Hoffman M, Church FC. Response of blood leukocytes to thrombin
receptor peptides. J Leuk Biol 1993, 54, 145-151.

64. Hoffman M, Cooper ST. Thrombin enhances monocyle secretion of
tumor-necrosis-factor and interleukin-1-beta by 2 distinct mechanisms, Blood
Cell Mol Dis 1995, 21, 156-167.

65.  Ritchie H, Jamieson A, Booth NA. Thrombin modulates synthesis of
plasminogen activator inhibitor type 2 by human peripheral blood monocytes.

Blood 1995, 86, 3428-3435.

136




66. Hudig D, Bajaj SP. Tissue factor-like activity of the human monocytic
tumor cell line U937, 7Thromb Res 1982, 27, 321-332.

67. Altieri DC, Morrissey JH, Edgington TS. Adhesive receptor Mac-1
coordinates the activation of factor X on stimulated cells of monocytic and
myeloid differentiation: an allernative initiation of the coagulation protease
cascade. Proc Natl Acad 5ci USA 1988, 85, 7462-7466.

68. Vassalli JD, Dayer JM, Wohlend A, Belin D. Concomitant secretion of
prourokinase and of plasminogen activator-specific inhibitor by cultured
human monocytes-macrophages. J £xp Med 1984, 159, 1653-1668.

69. McCachren SS, Diggs J, Weinberg 1B, Dittman WA. Thrombomodulin
expression by human blood monocytes and by human synovial tissue-lining
macrophages. Blood 1991, 78, 3128-3132,

70.  Hancock WW, Grey ST, Hau L, et al. Binding of activated protein C to a
specific receptor on human mononuclear phagocytes inhibits intracellular
calcium signalling and monocyte-dependent proliferative  responses.
Transpiant 1995, 60, 1525-1532.

71.  Dahlback 8, Carlsson M, Svensson P1. Familial thrombophilia due to a
previously unrecognized mechanism characterized by poor anticoagulant
response to activated protein C: prediction of a cofactor to activated protein
C. Proc Nat! Acad Sci USA 1993, 90, 1004-1008.

72.  Griffen JH, Evatt B, Wideman C, Fernandez JA. Anticoagulant protein C
pathway defective in the majority of thrombophilic patients. Blood 1993, 82,

15839-1993.

137




73.  Koster T, Rosendaal FR, de Ronde H, Briet E, Vandenbroucke JP,
Bertina RM. Leiden thrombophilia study. Lancet 1993, 342, 1503-1506.

74. Bertina, RM, Koeleman BPC, Koster T, et al. Mutation in blood-
coagulation factor-V associated with resistance to activated protein-C. NMature
1994, 369, 64-67.

75. Rees DC, Cox M, Clegg JIB. World distribution of factor V Leiden.
Lancet 1995, 346, 1133-1134.

76.  Cumming AM, Tait RC, Fildes S, Yoong A, Keeney S, Hay CR.
Development of resistance to activated protein C during pregnancy. £r J
Haematol 1995, 90, 725-727.

77.  Olivieri O, Frisco S, Manzato F, et al. Resistance to activated protein C
in healthy women taking oral contraceptives. Br J Haematof 1995, 91, 465-
470.

78.  Bernardi F, Faioni EM, Castoldi E, et al. A factor V genetic component
differing from factor V R506Q contributes to the activated protein C
resistance phenotype. Blood 1997, 90, 1552-1557.

79.  Williamson D, Brown K, Luddington R, Baglin C, Baglin T. Factor V
Cambridge: a new mutation (Arg306-->Thr) associated with resistance to
activated protein C. Blood 1998, 91, 1140-1144,

80. Martorell JR, Munoz-Castillo A, Gil JL. False positive activated protein C
resistance test due to anti-phospholipid antibodies is corrected by platelet
extract. 7ivomb Haemost 1995, 74, 796-797.

81. Trossaert M, Conarc J, Horellou MH, et al. Modified APC resistance

assay for patients on oral anticoagulants. Lancet 1994, 344, 1709.

138



82. Clark P, Brennand J, Conkie JA, McCall F, Greer IA, Walker ID.
Haemostatic variables in normal pregnancy. 7hromb Haemost 1997,
Supplement 1, 731.

83. Mathonet F, de Mazancourt P, Denninger M-H, Morot M, Bennattar N,
Giudicelli ¥. Role of factor VIII on activated protein C resistance ratio in
inflammatory diseases. BrJ Haematof 1996, 95, 423-425.

84. Laffan MA, Manning R. The influence of factor VIII on measurement of
activated protein C resistance. Blood Coag Fibrinol 1996, 7, 761-765.

85. Koster T, Blann AD, Briet E, Vandenbroucke P, Rosendaal FR. Role of
clotting factor VIII in the effect of von Willebrand factor on occurrence of
deep-vein thrombosis, Lancet 1995, 345, 152-155.

86. Talbot S, Wakley EJ, Langman M1S. Al, A2, B, and O blood groups,
Lewis blood groups and serum triglyceride and cholesterol concentrations in
patients with venous thromboembolic disease. Lancef 1972, 1152-1154,

87. Meade TW, Cooper JA, Stirling Y, Howarth D], Ruddock V, Miler GJ.
Factor VIII, ABO blood group and the incidence of ischaemic heart disease.
Br J Haematol 1994, 88, 601-607.

88. Bokarewa MI, Bremme K, Falk G, Sten-Linder M, Egberg N, Blomback
M. Studies on phospholipid antibodies, APC-resistance and associated
mutation in the coagulation factor V gene. 7fromb Res 1995, 78, 193-200.
89. Aznar J, Villa P, Espana F, Estelles A, Grancha S, Falco C. Activated
protein C resistance phenotype in patients with antiphospholipid antibodies. 7

Lab Ciinr Med 1997, 130, 202-208.

139




90. Martinuzzo M, Forastiero R, Adamczuk Y, Cerrato G, Carreras LO.
Activated protein C resistance in patients with anti B2 glycoprotein 1
antibodies. Blood Coag Fibrinol 1996, 7, 702-705.

91. Vandenbroucke JP, Koster T, Briet E, Reitsma PH, Bertina RM,
Rosendaal FR. Increased risk of vencus thrombosis in oral-contraceptive
users who are carriers of factor V Leiden mutation. Lancet 1994, 344, 1453-
1457,

92. W.MH.O. World Health Organisation Collaborative Study of
cardiovascular disease and steroid hormone contraception. Venous
thromboembolic disease and combined oral contraceptives: results of
international multicentre case-control study. Lancet 1995, 346, 1575-1582.
093. Osterud B, Robertson R, Asvang GB, Thijssen F. Resistance to
activated protein C is reduced in women using oral contraceptives. Blood
Coag Fibrinol 1994, 5, 853-854.

94. Henkens CMA, Bom V11, van der Meer J. Lowered APC-sensitivity ratio
related to increased factor VIII-clotting activity. 7hromb Haemost 1995, 74,
1197-1207.

95.  Mathonnet F, De Mazancourt P, Bastenaire B, et al. Activated protein C
sensitivity ratio in pregnant women at delivery. 8r J Haematol 1996, 92, 244-
246,

96. Tripodi I, Chanterangkul V, Negri B, Clericic M, Mannucci PM, Bianchi
A. Standardization of the APC resistance test. Pros and cons of resulis
normalisation by means of pooled normal plasma. 7hromb Haemost 1995,

Supplement 1, 25.

140



97. Nicolaes GAF, Thomassen MC, Tans G, Rosing ], Hemker HC. Effect of
activated protein C on thrombin generation and on the thrombin potential in
plasma of normal and APC-resistant individuals. Blood Coag Fibrinof 1997, 8,
28-38.

98. Rosing J, Tans G, Nicolaes GA, el al. Oral contraceptives and venous
thrombosis: different sensitivities to activated protein C in women using
second- and third-generation oral contraceptives. Br J Haematof 1997, 97,
233-238.

99. Bokarewa MI, Wramsby M, Bremme K, Blomback M. Variability of the
response to activated protein C during normal pregnancy. Blood Coag Fibrino/
1997, 8, 239-244.

100. Miletich 3P, Sherman I, Broze G. Absence of thrombosis in subjects
with heterozygous protein C deficiency. Mew £ngl ] Med 1987, 317, 991-996,
101. Tait RC, Walker ID, Reitsma PH, et al. Prevalence of protein C
deficiency in the healthy population. 7hromb Haemost 1995, 73, 87-93,

102. Tait RC, Walker ID, Islam SI, et al. Protein C activity in healthy
volunteers- influence of age, sex, smoking and oral contraceptives. 7hromb
Haemost 1993, 70, 281-285.

103. Habiba M, Andrea A, Phipps B, al-Azzawi F. Thrombophilia and lipid
profile in post-menopausal women using a new transdermal oestradiol patch.
Eur 7 Obstet Gynecol Reprod Biol 1996, 66, 165-168.

104. Cooper DN, Tuddenham EGD. The molecular genetics of familial
venous thrombosis. In Meade TW, ed. Clinicai Haematology: Thrombophilia.

London, Balliere Tindall, 1994, 637-674.

141




105. Faioni EM, Franchi F, Asti D, Sacchi E, Bernardi F, Mannucci PM.
Resistance to activated protein C in nine thrombgophilic famities: interference
in a protein 5 functional assay. 7Aromb Haemost 1993, 70, 1067-1071.

106. Cooper PC, Hampton KK, Makris M, Abuzenadah A, Paul B, Preston FE.
Further evidence that activated protein C resistance can be misdiagnosed as
inherited functionat protein S deficiency. 8r 7 Heemaitol 1994, 88, 201-203.
107. Vigano-Dangelo S, Mazzola G, Della Valle P, Testa S, Pattarini E,
Dangelo A. Variable interference of activated protein C resistance in the
measurement of protein S activity by commercial assays. 7hromb Res 1995,
77, 375-378.

108. Wen DZ, Dittman WA, Ye RD, Deaven LL, Majerus PW, Sadler JE.
Human thrombomodulin: complete c¢DNA sequence and chromosome
localization of the gene. Biochem 1987, 26, 4350-4357.

109. Espinosa R, Sadler JE, Le Beau MM. Regional localisation of the human
thrombomodulin gene to 20p12-cen. Genomics 1989, 5, 649-650.

110. Norlund L, Holm J, Zoller B, Ohlin AK. A common thrombomodulin
amino acid dimorphism is associated with myocardial infarction. 7hAromb
Haemost 1997, 77, 248-251.

111. van der Velden PA, Krommenhoek-Van Es T, Allart CF, Bertina RM,
Reitsma PH. A frequent thrombomodulin amino acid dimorphism is not
associated with thrombophilia. 7hromb Haemost 1991, 65, 511-513.

112. Nawroth P, Stern D. Modulation of endothelial cell hemostatic

properties by tumor necrosis factor. J Exp Med 1986, 163, 740-745.

142



113. Ogawa S, Gerlach H, Esposito C, Pasagian-Macauley A, Brett 1, Stern
D. Hypoxia modulates the barrier and coagulant functions of cultured bovine
endothelium. J Clin Invest 1990, 85, 1090-1098.

114. Glaser CB, Morser ], Clark JH, et al. Oxidation of a specific methionine
in thrombomodulin by activated neutrophil product blocks cofactor activity. .7
Clin Invest 1992, 90, 2565-2573.

115. Esmon CT. The roles of protein C and thrombomodulin in the
regulation of blood coagulation. .7 Bio/ Chen 1989, 264, 4743-4746.

116. Endo S, Inada K, Nakae H, et al. Blood levels of endothelin-1 and
thrombomeodulin in patients with disseminated intravascular coagulation and
sepsis. Res Commun Mol Pathol Pharmaco/ 1995, 90, 277-288.

117. Bontis J, Vavilis D, Agorastos T, Zournatzi V, Konstantinidis T, Tagou
K. Maternal plasma level of thrombomodulin is increased in mild
preeclampsia. £ur 7 Obstet Gynecof Reprod Biol 1995, 60, 139-141.

118. Boehme MW, Werle E, Kommerell B, Raeth U. Serum levels of
adhesion molecules and thrombomodulin as indicators of vascular injury in
severe Plasmoedium falciparum malaria. Jin Investigator 1994, 72, 598-603.
119, Stirling Y, Woolf L, North WRS, Seghatchian MJ, Meade TW,
Haemostasis in normal pregnancy. 7hromb Haamost 1984, 52, 176-182.

120. Lefkowitz JB, Clarke AH, Barbour LA. Comparison of protein S
functional and antigenic assays in normal pregnancy. Am J Obstet Gynaecol
1996, 175, 657-660.

121. Mannucci PM, Vigano S, Botasso B, et al. Protein C antigen during

pregnancy, delivery and the puerperium. 7hromb Haemosit 1984, 52, 217,

143




122, Gatti L, Tenconi PM, Guarneri D, et al. Hemostatic parameters and
platelet activation by flow cytometry in normal pregnancy: a longitudinal
study. Intl J Clin Lab Res 1994, 24, 217-219.

123. Malm J, Laurell M, Dalhback B. Changes in the plasma levels of vitamin
K-dependent proteins C and S and of C4b-binding protein during pregnancy
and oral contraception. 8r J Haematol 1988, 68, 437-443.

124. Cumming AM, Tait RC, Fildes S, Hay CR. Diagnosis of APC resistance
during pregnancy. Br 7 Haematol 1996, 92, 1026-1029.

125. Weiner CP, Brandt 1. Plasma antithrombin III activity in normal
pregnancy. Obstet Gynaecol 1980, 56, 601-603.

126. Hellgren M, Blomback M. Studies on blood coagulation and fibrinolysis
in pregnancy, during delivery and in the puerperium. Gynaecol Obstet Invest
1981, 12, 141-154.

127. Bremme K, Ostlund E, Almgvist I, Heinonen K, Blomback M. Enhanced
thrombin generation and fibrinolytic activity in normal pregnancy and the
puerperium. Obstet Gynaecof 1992, 80, 132-137.

128. Chamouard P, Grunebaum L, Wiesel ML, et al. Prothrombin fragment 1
+ 2 and thrombin-antithrombin III complex as markers of activation of blood
coagulation in inflammatory bowel diseases. Fur J Gastroenterol Hepatol
1995, 7, 1183-1188.

129. Smith CJ, Haire WD, Kaufman SS, Mack DR. Determination of
prothrombin activation fragments in young patlents with inflammatory bowel

disease. Am J Gastroenterof 1996, 91, 1221-1225,

144

‘7‘5'.'-‘“-'.‘..'.:.-.‘.. F R S



130. Bauer KA, Rosenberg RD. The pathophysiology of the prethrombotic
state in humans: insights gained from studies using markers of hemostatic
system activation. Blood 1987, 70, 343-350.

131. de Boer K, ten Cate JW, Sturk A, Borm J1], Treffers PE. Enhanced
thrombin generation in normal and hypertensive pregnancy. Am J Obstet
Gynecol 1989, 160, 95-100.

132. Reinthaller A, Mursch-Edimayar G, Tatra G. Thrombin-antithrombin III
complex levels in normal pregnancy, with hypertensive disorders and after
delivery. 8r 7 Obstet Gynaecof 1990, 97, 506-510.

133. Cadroy Y, Grandjean H, Pichon J, et al. Evaluation of six markers of
haemostatic system in normal pregnancy and pregnancy complicated by
hypertension or pre-eclampsia. 8r J Obstet Gynaecof 1993, 100, 416-420.
134. Comeglic P, Fedi 5, Liotta AA, et al. Blood dlotting activation during
normal pregnancy. Thromb Res 1996, 84, 199-202,

135. Delorme MA, Burrows RF, Orfosu FA, Andrew M. Thrombin regulation
in mother and fetus during pregnancy. Semin Thromb Hemost 1992, 18, 81-
90.

136. Nelson DM, Crouch EC, Curran EM, Farmer DR. Trophoblast interaction
with fibrin matrix. Am J Patho/ 1990, 136, 855-865.

137. Bonnar J, Sheppard BL. The vascular supply of the placenta in normal
and abnormal pregnancy. In Baustein A, ed. Pathology of the female genital

tract. New York, Springer Verlag, 1977, 673-689.

145




138. Andrew M, Schmidt B, Mitchell L, Paes B, Ofosu F. Thrombin
generation in newborn plasma is critically dependent on the concentration of
prothrombin. 7Aromb Haemost 1990, 63, 27-30.

139. Suzuki K, Nishioka J, Hashimoto S. Protein C inhibitor. Purification from
human plasma and characterisation. J Bio/ Chem 1983, 258, 163-168.

140. Heeb MJ, Espana F, Griffin JH. Inhibition and complexation of
activated protein C by two major inhibitors in plasma. Blood 1989, 73, 446-
454,

141. Manrlar RA, Kressin DC, Madden RM. Contribution of plasma proteinase
inhibitors to the regulation of activated protein C in plasma. 7hromb Haemost
1993, 69, 16-20.

142. Hoogendoorn H, Toh CH, Nesheim ME, Giles AR. Alpha 2-
macroglobulin binds and inhibits activated protein C. Blood 1991, 78, 2283-
2290.

143. Gruber A, Griffen JH. Direct detection of activated protein C in blood
from human subjects. Blood 1992, 79, 2340-2348.

144. Bauer KA, Kass BL, Beeler DL, Rosenberg RD. Detection of protein C
activation in humans. 7 (in Invest 1984, 74, 2033-2041.

145. Espana F, Gilabert J, Aznar J, Estelles A, Kobayashi T, Griffin JH.
Complexes of activated protein C with alpha 1-antitrypsin in normal
pregnancy and in severe preeclampsia. Am .J Obstet Gynecol 1991, 164,
1310-1316.

146. De Moerloose P, Mermillod N, Amiral J, Reber G. Thrombomodulin

levels during normal pregnancy, at delivery and in the postpartum:

146




comparison with tissue-type plasminogen activator and plasminogen activator
inhibitor-1. Thromb Haemost 1998, 79, 554-556,

147. Rai RS, Regan L, Chitolie A, Donald JG, Cohen H. Placental thrombosis
and second trimester miscarriage in association with activated protein C
resistance. BrJ Obstet Gynaeco! 1996, 103, 842-844.

148. Preston, FE, Rosendaal FR, Walker ID, et al. Increased fetal loss in
women with heritable thrombophilia. Lancet 1996, 348, 913-916.

149. Cohen H, Holmes Z, Atoyebi W, Pickering W, Regan L. Factor V Leiden
mutation and acquired activated protein C resistance in women with
recurrent miscarriage. 7hromb Haemost 1997, Supplement 1, 2978.

150. Trauscht Van Hom 1], Capeless EL, Easterling TR, Bovill EG. Pregnancy
loss and thrombosis with protein C deficiency. Am J Obstet Gyneco/ 1992,
167, 968-972.

151. Sanson BJ, Friederich PW, Simioni P, et al. The risk of abortion and
stillbirth in antithrombin-, protein C-, and protein S-deficient women. Thromiz
Haemost 1996, 75, 387-388.

152. Dekker GA, De Vries JIP, Doelitzsch PM, et al. Underlying disorders
associated with severe early-onset preeclampsia. Am 7 Obstet Gynecol 1995,
173, 1042-1048.

153. Khong TY, de Wolf F, Robertson WB, Brosens I. Inadequate maternal
vascular response to placentation in pregnancies complicated by pre-
eclampsia and by small-for-gestation-age infants. 8r 7 Obstet Gynaecol 1986,

93, 1045-1059.

147




154. Zeek PM, Assali NS. Vascular changes with eclamptogenic toxaemia of
pregnancy. Am J Obstet Gynecol 1950, 20, 1099-1109.

155. Labarrere CA. Acute atherosis. A histopathological hallmark of immune
aggression. Placenta 1988, 9, 95-108.

156. Lyall F, Greer IA, Boswell F, Macara LM, Walker J], Kingdom 1C. The
cell adhesion maolecule, VCAM-1, is selectively elevated in serum in pre-
eclampsia: does this indicate the mechanism of leucocyte activation? Br J
Obstet Gynaecol 1994, 101, 485-487.

157. Redman CWG, Allington M), Bolton FG, Stirrat GM. Plasma beta
thromboglobulin in pre-eclampsia. Lancet 1977, 1,248.

158. Greer IA, Calder AA, Walker 13, Lunan CB, Tulloch 1. Increased platelet
reactivity in pregnancy-induced hypertension and uncomplicated diabetic
pregnancy: an indication for anteplatelet therapy? Br 7 Obstet Gynaecol 1988,
5, 1204-1208.

159. Greer IA, Leask R, Hodson BA. Endothelin, elastase and endothelial
dysfunction in pre-eclampsia. Lancet 1991, i, 558.

160. Downing I, Shepherd GL, Lewis PJ. Reduced prostacydin production in
pre-eclampsia. Lancet 1980, i, 1374.

161. Walsh SW. Pre-eclampsia: an imbalance in placental prostacyclin and
thromboxane production. Am J Obstet Gynecol 1985, 152, 335-340.

162. Greer 1A, Haddad NG, Dawes J, Johnstone FD, Calder AA. Neutrophil
activation in pregnancy-induced hypertension. Br 7 Obstet Gynaecof 1989, 96,

978-982.

148




163. Barden A, Graham D, Beilin L], et al. Neutrophil CD11B expression and
neutrophil activation in pre-eclampsia. (lir? 5¢/ 1997, 92, 37-44.

164. Smith CW, Marlin SD, Rothlein R, Toman C, Anderson DC. Cooperative
interactions of LFA-1 and Mac-1 with intracellular adhesion molecule-1 in
facilitating adherence and transendothelial migration of human neutrophils in-
vitro. J Clin Invest 1989, 83, 2008-2017.

165. Hynes RO, Bader BL. Targeted mutations in integrins and their
ligands: their implications for vascular biology. 7hromb Haemost 1997, 78,
83-87.

166. Dustin ML, Rotlein R, Bhan AK, Dinarelio CA, Springer TA. Induction by
IL-1 and interferon gamma: tissue distribution, bicchemistry and function of
a natural adherence molecule ICAM-1. J Immunol 1986, 137, 245-254.

167. Mattila P, Majuri M-L, Mattila PS, Ronkonen R. TNF alpha induced
expression of endothelial adhesion molecules ICAM-1 and VCAM-1 is linked to
protein kinase C activation. Scand J Immurnol 1992, 36, 159-165.

168. Kupferminc MJ, Peaceman AM, Wigton TR, Rhenberg KA, Socol ML.
Tumor necrosis factor alpha is elevated in plasma and amniotic fluid of
patients with severe pre-eclampsia. Am J Obstet Gynecol 1994, 170, 1752-
1759.

169. Greer IA, Lyall F, Perera T, Boswell F, Macara LM. Increased
concenfrations of cytokines interleukin-6 and interleukin-1 receptor
antagonist in plasma of women with preeclampsia: a mechanism for

endothelial dysfunction? Obstet Gynecol 1994, 84, 937-940,

149




170. Wang Y, Walsh SW. TNF alpha concentrations and mRNA expression
are increased in pre-eclamptic placentas. J Rewvod Immunol 1996, 32, 157-
169.

171. Gamble IR, Harlan IM, Klebanoff SJ, Vadas MA. Stimulation of the
adherence of neutrophils to umbilical vein endothelium by human
recombinant tumor necrosis factor. Proc Nat! Acad Sci (/S5A 1985, 82, 8667-
8671.

172. Salen AA, Bottoms SF, Ali AM, Mariona FG, Mammen EF. Pre-
eclampsia, delivery and the hemostatic system. Am J Obstet Gynecol 1987,
157, 331-336.

173. Kaobayashi T, Terao T. Pre-eclampsia as chronic intravascular
coagulation. Gyneco/ Obstet Invest 1987, 24, 170-178.

174. Halligan A, Bonnar 1, Sheppard B, Darling M, Walshe J. Haemosiatic,
fibrinolytic and endothelial variables in normal pregnancies and pre-
eclampsia. Br 7 Obstel Gynaecof 1994, 101, 488-492.

175. Caron C, Goudemand J, Marey A, Beague D, Ducroux G, Drouvin F.
Are haemostatic and fibrinolytic parameters prediciors of preeclampsia in
pregnancy-associated hypertension? 7hromb Haemost 1991, 66, 410-414.
176. Deng L, Bremme K, Hansson LO, Blomback M. Plasma levels of von
Willebrand factor and fibronectin as markers of persisting endothelial damage
in preeclampsia. Obstet Gynecol 1994, 84, 941-945,

177. Hsu CD, Lucas RB, Johnson TR, Hong SF, Chan DW. Elevated urine
thrombomodulin/creatinine ratio in severely preeclamptic pregnancies. Am J

Obstet Gynecof 1994, 171, 854-856.

130




178. Hsu CD, Copel JA, Hong SF, Chan DW. Thrombomadulin levels in
preeclampsia, gestational hypertension, and chronic hypertension. Obstet
Gynecol 1995, 86, 897-899.

179. Hsu CD, Copel JA, Chan DW. Antepartum and postpartum
thrombomodulin levels in preeclamptic and normotensive pregnancies. 7 Soc
Gynecol Invest 1997, 4, 135-137.

180. Paternoster D, Stella A, Simioni P, Trovo S, Piebani P, Girolami A.
Clotting inhibitors and fibronectin as potential markers in preeclampsia. nt J
Gynaecol Obstet 1994, 47, 215-221.

181. Reith A, Booth NA, Moore NR, Cruikshank DJ, Bennett B. Plasminogen
activator inhibitors (PAI-1 and PAI-2) in normal pregnancies, pre-eclampsia
and hydatidiform mole. Br J Obstet Gynaeco/ 1993, 100, 370-374.

182. Rotmensch S, Liberati M, Mittelmann M, BenRafael Z. Activated protein
C resistance and adverse pregnancy outcome. Am J Obstet Gynecol 1997,
177, 170-173.

183, Brenner B, Lanir N, Thaler I. HELLP syndrome associated with factor V
R 506Q mutation. Br 7 Haematol/ 1996, 92, 999-1001.

184. Dizon-Townson DS, Nelson LM, Easton K, Ward K. The factor V Leiden
mutation may predispose women to severe preeclampsia. Am J Obstef
Gynecol 1996, 175, 902-905.

185. Lindoff C, Ingemarsson I, Martinsson G, Segelmark M, Thysell H,
Astedt B. Preeclampsia is associated with & reduced response to activated

protein C. Am J Obstet Gynecol 1997, 176, 457-460.

151




186. Grandone E, Margaglione M, Colaizzo D, et al. Factor V Leiden, C>T
MTHFR polymorphism and genetic susceptibility to pre-eclampsia. 7hromb
Haemost 1997, 77, 1052-1054.

187. Brenner B, Shapira A, Bahari C, Haimovich L, Seligsohn U. Hereditary
protein C deficiency during pregnancy. Am J Obstet Gynecol 1987, 157,
1160-1161.

188. Poland BJ, Miller JR. Reproductive counseliing in patients who have
had a spontaneous abortion. Am J Obstet Gynecol 1977, 127, 685-591.

189. Stray-Pederson B, Stray-Pederson S. FEtiological factors and
subsequent reproductive performances in 195 couples with @ prior history of
habitual abortion. Am J Obstet Gynecol 1984, 148, 142-146.

190. Silver MM, Laxer RM, Laskin CA, Smallhorn 3F, Gare DJ. Association of
fetal heart block and massive placental infarction due to maternal
autoantibodies. Ped Pathiol 1992, 12, 131-139.

191. Dizon-Townson DS, Meline L, Nelson LM, Varner M, Ward K. Fetal
carriers of the factor V Leiden mutation are prone to miscarriage and
placental infarction. Am 7 Obstet Gynecol 1997, 177, 402-405,

192. Mandel H, Brenner B, Berant M, et al. Coexistence of hereditary
homocystinuria and factor V Leiden- effect on thrombosis. New Eng/ .7 Med
1996, 334, 763-768.

193. Giusti B, Gori AM, Attanasio M, et al. Lupus Anticoagulant and
monocyte procoagulant activity in polyabortive women. Autoimmunity 1993,

15, 299-304.

152




194. Grisaru D, Fait G, Eldor A. Activated protein C resistance and
pregnancy complications. Amr J Obstet Gynecof 1996, 174, 801-802.

195. Brenner B, Mandel H, Lanir N, et al. Activated protein C resistance can
be associated with recurrent fetal loss. BrJ Haematol 1997, 97, 551-554.

196. Rai R, Regan L, Hadley E, Dave M, Cohen H. Second trimester
pregnancy loss is associated with activated protein-C resistance. 7hromb
Haemost 1995, 73, 1300.

197. Rai R, Regan L, Hadley E, Dave M, Cochen H. Second-trimester
pregnancy loss is associated with activated protein C resistance. 8r J
Haematol 1996, 92, 489-490.

198. Balasch 1, Reverter JC, Fabregues F, et al. First-trimester repeated
abortion is not associated with activated protein C resistance. Hum Reprod
1997, 12, 1094-1097.

199. Dizon-Townson D5, Kinney S, Branch DW, Ward K. The factor V
Leiden mutation is not a commaon cause of recurrent miscarriage. J Reprod
Immunol 1997, 34, 217-223.

200. Gris JC, Ripari-Neveu 5, Maugard C, et al. Respective evaluation of the
prevalence of haemostasis abnormalities in unexpiained primary early
recurrent miscarriages. The Nimes Obstetricians and Haematologists (NOHA)
Study. 7hromb Haemost 1997, 77, 1096-1103.

201. Grandone E, Margaglione M, Colaizzo D, et al. Factor V Leiden is
associated with repeated and recurrent unexplained fetal losses. Thromb

Haemost 1997, 77, 822-824.

153




202. Lamvik ], Odegaard OR, Abildgaard U. Protein C deficiency. A possible
cause of fetal death and recurrent venous thrombosis. Tidsskrift for Den
Norske Laegeforening 1987, 107, 739-740.

203. Cox M], Rees DC, Martinson 1], Clegg JB. Evidence for a single origin
of factor V Leiden. BrJ Haematol 1996, 92, 1022-1025.

204. Rees DC. The population genetics of factor V Leiden (Arg506Gin). 8.7
Haematol 1996, 95, 579-586.

205. Llindqvist PG, Svensson PJ, Dahlback B, Marsal K. Factor V Q506
mutation (activated protein C resistance) associated with reduced
intrapartum blood loss- a possible evolutionary setection mechanism. TAromb
Haemost 1998, 79, 69-73.

206. Airoidi L, Gaffuri B, Rossi G, et al. Soluble intercelluiar adhesion
molecule-1 serum profile in physiological and pre-eclamptic pregnancy. Am J
Reprod Immunol 1998, 39, 183-188.

207. Clark P, Boswell F, Greer IA. Neutrophils and pre-eclampsia. Semin
Reprod Endocrinol 1998, 16, 57-65.

208. Pabinger I, Kyrle PA, Heistinger M, Eichinger S, Wittmann E, Lechner
K. The risk of thromboembolism in asymptomatic patients with protein C and
protein S deficiency: a prospective cohort study. 7hromb Haemost 1994, 71,
441-445,

209. Jorquera JI, Aznar ], Fernandez MA, Montoro JM, Curats R, Casana P.
A modification of the APC resistance test and its application to the study of

patients on coumarin therapy. 7hromb Res 1996, 82, 217-224.

154




210. Pelzer H, Schwarz A, Stuber W. Determination of human prothrombin
activation fragment 1+2 in plasma with an antibody against a synthetic
peptide. 7hromb Haemost 1991, 65, 153-159.

211. De Ronde H, Bertina RM. Laboratory diagnosis of APC-resistance: a
critical evaluation of the test and the development of diagnostic criteria.
Thromb Haemost 1994, 72, 880-886.

212. Coalluci M, Ciavarella N, Giliberti MG, Semeraro N. Resistance to
activated protein C (APC): influence of factor V levels. Thromb Haemost
1994, 72, 987-988.

213. Freyburger G, Bilhou-Nabera C, Dief S, et al. Technical and biological
conditions influencing the functional APC resistance test. Thromb Haemost
1996, 75, 460-465.

214. Vigano S, Mannucci PM, D'Angelo A, et al. Protein C antigen is not an
acute phase reactant and is often high in ischaemic heart disease and
diabetes. Thromb Haemost 1984, 52, 263-266.

215, Grip I, Blomback M, Schulman 5. Hypercoagulable state following
warfarin withdrawal in post-myocardial infarction patients. Fur Heart 7 1991,
12, 1225-1233.

216. Palaretti G, Legnani G, Guazzaloca M, et al. Activation of blood
coagulation after abrupt or stepwise withdrawal of oral anticoagulants-a
prospective study. Thromb Haemost 1994, 72, 222-226.

217. Kiuuft C, Bertina RM, Preston FE, et al. Protein C, an anticoagulant
protein is increased in healthy volunteers and surgical patients after

treatment with stanozolol. 7hromb Res 1984, 33, 297-304.

155




218. Sandset PM, Hogevold HE, Lyberg T, Andersson TR, Abildgaard U.
Extrinsic pathway inhibitor in elective surgery: a comparison with other
coagulation inhibitors. 7Aromb Haemost 1989, 62, 856-860.

219. Gibbs NM, Crawford GP, Michalopoulos N. Postoperative changes in
coagulant and anticoagulant factors following abdominal aortic surgery. 7
Cardiothor Vasc Anaesth 1992, 6, 680-685.

220. Conlan MG, Folsom AR, Finch A, Davis CE, Sorlie P, Wu KK. Correlation
of plasma protein C levels with cardiovascular risk factors in middle-aged
adults. The Atherosclerosis Risk in Communities (ARIC) Study. 7hromb
Haemost 1993, 70, 762-767.

221. Woodward M, lLowe GDO, Rumley A, et al. Epidemiology of
coagulation factors, inhibitors and activation markers: The Third Glasgow
MONICA Survey II. Relationships to cardiovascular risk factors and prevalent
cardiovascular disease. 8r 7 Haemato/ 1997, 97, 785-797.

222. Saitar N, Greer IA, Louden J, et al. Lipoprotein subfraction changes in
normal pregnancy: threshold effect of plasma triglyceride on appearance of
small dense low density lipoprotein. J Clin End Metab 1997, 82, 2483-2491.
223. Faught W, Garner P, Jones G, Ivey B. Changes in protein C and
protein S levels in normal pregnancy. Am J Obstet Gynecol 1995, 172, 147-
150.

224, Comp PC, Thurmnau GR, Welsh J, Esmon CT. Functional and
Immunologic Protein S levels are decreased curing pregnancy. 8lood 1986,

68, 881-385.

156



225. Bokarewa MI, Blomback M. Combination of activated protein C
resistance and antibodies to phospholipids in the development of thrombosis.
Semin Hematol 1997, 34, 235-243.

226. Merdilina-Roumans PE, Ubachs JMH, van Wersch IJMH. Coagulation
and fibrinolysis in smoking and non-smoking pregnant women. Br J Obstet
Gynaecof 1996, 103, 789-794.

227. Simioni P, Scarano L, Gavasso S, et al. Prothrombin fragment 14-2 and
thrombin-antithrombin complex levels in patients with inherited APC
resistance due to factor V Leiden mutation. 8rJ Haemato! 1996, 92, 435-441.
228. Martinelli I, Bottasso B, Duca F, Faioni E, Mannucci PM. Heightened
thrombin generation in individuals with resistance to activated protein C.
Thromb Haemost 1996, 75, 703-705.

229. Vincent T, Rai R, Regan L, Cohen H. Increased thrombin generation in
women with recurrent miscarriage. fancef 1998, 352, 116,

230. Pelzer H, Schwarz A, Heimburger N. Determination of human
thrombin-antithrombin TII complex in plasma with an enzyme-linked
immunosorbent assay. Thromb Haemost 1988, 59, 101-106.

231. Altman DG, Coles EC. Normograms for precise determination of birth
weight for dates. Br.J Obstet Gynaecol 1980, 87, 81-86.

232. Tosetto A, Missiaglia E, Gatto E, Rodeghiero F. The VITA project:
phenotypic resistance to activated protein C and FV Leiden mutation in the
general population. Vicenza Thrombophilia and Atherosclerosis. 7hromb

Haemost 1997, 78, 859-63.

157



233. Clark P, Brennand J, Conkie JA, McCall F, Greer IA, Walker 1D.
Activated protein C sensitivity, protein C, protein § and coagulation in normal
pregnancy. Thromb Haemost 1998, 79, 1166-1170.

234, Barcellona D, Biondi G, Mameli G, Marongiu F. Are prothrombin
fragment 1 + 2 and thrombin-antithrombin complexes useful in the
management of oral anticoagulant therapy? Int/ J Clin Lab Res 1997, 27, 76-
78.

235. Zoller B, Svensson PJ, He X, Dahlback B, Identification of the same
factor V gene mutation in 47 out of 50 thrombosis-prone families with
inherited resistance to activated protein C. J Glin Invest 1994, 94, 2521-2524.
236. Bertina RM, Reitsma PH, Rosendaal FR, Vandenbroucke 1P. Resistance
to activated protein C and Factor V Leiden as risk factors for venous
thrombosis. 7Thromb Haemost 1995, 74, 449-453.

237. Sakata T, Kario K, Katayama Y, Matsuyama T, Kato H, Miyata T.
Clinical significance of activated protein C resistance as a potential marker for
hypercoagulable state, 7hromb Res 1996, 82, 235-244.

238. de Visser MCH, Rosendaal FR, Bertina RM. A reduced sensitivity for
activated protein C in the absence of factor V Leiden increases the risk of
venous thrombaosis. Blood 1999, 93, 1271-1276.

239. Svensson PJ, Zoller B, Dahlback B. Evaluation of original and modified
APC resistance tests in unselected outpatients with clinically suspected
thrombosis and in healthy controls. 7/vomb Haemost 1997, 77, 332-335.

240. Spinillo AC, Egbe TO, Nicola S, Piazzi G, Baltaro F. Cigarette smoking

in pregnancy and risk of pre-eclampsia. J Hum Hypertens 1994, 8, 771-775.

158



241. Han TS, Seidell EM, Lean ME. Waist circumference action levels in the
identification of cardiovascular risk factors: prevalence study in a random
sample. Br Med 71995, 311, 1401-1405.

242. Redman CW, Denson KW, Beilin L], Bolton FG, Stirrat GM. Factor-VIII
consumption in pre-eclampsia. Lancef 1977, 2, 1249-1252.

243, Bernstein I, Self S. Joint report of the myeloid section of the Second
International Workshop on Human Leukocyte Differentiation Antigens. In
Reinharz EL, Haynes BF, Nadler LM, Bemstein ID, eds. Leucocyte Typing II:
Human myeloid and hematopoietic cells. New York, Springer-Verlag, 1984,
3:1-25.

244. Johnson 1P, Shaw S. Cluster Report: CD54. In Knapp W, Dorken B,
Gilks WR, eds. Leucocyte Typing IV: White cell differentiation antigens.
Oxford, Oxford University Press, 1989, 681-683.

245. Lenkei R, Andersson B. Determination of the antibody binding capacity
of lymphocyte membrane antigens by flow cytometry. 7 Immunof Methods
1995, 183, 267-277.

246. Farahat N, Lens D, Zomas A, Morilla R, Matutues E, Catovsky D.
Quantitative flow cytometry can distinguish between normal and leukaemic
B-cell precursors. Br J Haematol 1995, 91, 640-646.

247. Most J, Schwaeble W, Drach J, Sommerauer A, Dierich MP. Regulation
of the expression of ICAM-1 on human monocytes and monocytic tumor cell
lines. J Immunol/ 1992, 148, 1635-1642.

248. Yamada A, Hara A, Inoue M, Kamizono S, Higychi T, Itoh K. Beta 2-

integrin-mediated signal upregulates counter-receptor ICAM-1 expression on




human monocyte cell line THP-1 through ftyrosine phosphorylation. Celf
Immunol 1997, 178, 9-16.

249, Spittler A, Winkler S, Gotzinger P, et al. Influence of glutamine on the
phenotype and function of human monocytes. Blood 1995, 86, 1564-1569,
250. Vassallo RR, Kieber-Emmons T, Cichowski K, Brass LF. Structure-
function relationships in the activation of platelet thrombin receptors hy
receptor-derived peptides. 7 Biof Chem 1992, 267, 6081-6085.

251. Brass LF, Pizarro S, Ahuja M, Belmonte E, Blanchard N, Stadel 1M,
Hoxie JA. Changes in the structure and function of the human thrombin
receptor during receptor activation, internalization, and recyding. 7 Biof Chemn
1994, 269, 2943-2952.

252, Shi-Wen X, Panesar M, Vancheeswaran R, et al. Expression and
shedding of intercellular adhesion molecule 1 and lymphocyte function-
associated antigen 3 by normal and scleroderma fibrobiasts. Effects of
interferon-gamma, tumor necrosis factor alpha, and estrogen. Arthritis
Rheum 1994, 37, 1689-1697.

253. Meisel SR, Shapiro H, Radnay ], et al. Increased expression of
neutrophil and monocyte adhesion molecules LFA-1 and Mac-1 and their
figand ICAM-1 and VLA-4 throughout the acute phase of myocardial
infarction: possible implications for leukocyte aggregation and microvascular
plugging. 7 Am Coll Cardio/ 1998, 31, 120-125.

254. McColl, MD, Ramsay JE, Tait RC, et al. Risk factors for pregnancy

associated venous thromboembolism. 7hromb Haemost 1997, 78, 1183-1188.

160



255. Cook G, Walker ID, McCall F, Conkie JA, Greer IA. Familial
thrombophilia and activated protein C resistance: thrombotic risk in
pregnancy? Br J Haematol 1994, 87, 873-875.

256. Nelson DM, Crouch EC, Curran EM, Farmer DR. Trophoblast interaction
with the fibrin matrix. Am 7 Patho/ 1990, 136, 855-865.

257. Faulk WP, Laberrere CA, Carson SD. Tissue factor: identification and
characterization of cell types in human placenta. Blood 1990, 76, 86-96.

258. Kanamura K, Sugiyama K, Deguchi K. Hematological characteristics of
pregnant blood and localisation of thrombomodutin in hurnan placental viflous
tissue. Thromb Haemost 1987, 58, 409-411.

259, Pijneneborg R, Robertson WB, Brosens I, Dixon G. Trophoblast invasion
and the establishment of haemochorial placentation in man and laboratory
animals. Placenta 1991, 2, 71-92.

260. Bellart 1, Gilabert R, Anglies A, et al. Tissue factor levels and high ratio
fibrinopeptide A:D-dimer as a measure of endothelial procoagulant disorder

in pre-eclampsia. Br J Obstet Gynaeco/ 1999, 106, 594-597,

m%&ﬂﬁ“ .
JIYERSITY
3 LYFMJRY

w»,. AV




