





GENETIC VARIANTS IN AN ENDOTHELIAL CELL MEMBRANE
PROTEIN (THROMBOMODULIN) PARTICIPATING IN THE
PROTEIN C PATHWAY:

CLINICAL STUDIES OF HEART DISEASE

& IN VITRO ANALYSIS

Constantine J Konstantoulas

A thesis submitted in accordance with the regulations of the University of London for

the degree of Doctor of Philosophy

March 2006

Centre for Cardiovascular Genetics
Department of Medicine
Royal Free and University College Medical School

University College London



UMI Number: U594504

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

Dissertation Publishing

UMI U594504
Published by ProQuest LLC 2013. Copyright in the Dissertation held by the Author.
Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against
unauthorized copying under Title 17, United States Code.

ProQuest

ProQuest LLC
789 East Eisenhower Parkway
P.O. Box 1346
Ann Arbor, Ml 48106-1346



TO MY PARENTS

JANET AND MICHAEL



ABSTRACT

Thrombin is the key enzyme in the formation of a fibrin clot. Control of its activity and
generation forms an important haemostatic function preventing occlusive blood clot
formation. Deregulation of this control process results in increased thrombin generation
and thus increased clot formation in thrombotic conditions. Thrombomodulin (Tm) is an
important thrombin-regulatory gene expressed at the endothelial cell surface, and as

such may have a role in modifying susceptibility to occlusive thrombotic disease.

This thesis focuses on the role of gene variants, within Tm, in determining risk of
coronary heart disease (CHD). Contribution to risk of CHD by variants in the Tm gene
was assessed in a case-control study (HIFMECH), a large prospective study of heart
disease (NPHSII) and a cross sectional study of type 2 diabetes (EDSC). Tm gene
variant interaction with clinical and plasma markers of CHD was also studied. The
consequences of Tm gene variants upon thrombin generation and inflammation were
also addressed. Tm antigen levels and cofactor activity for protein C (PC) activation
were assessed to determine whether the overall contribution to heart disease by
dysfunctional variants could be estimated. In vitro functional studies were performed, to
determine the molecular mechanisms of the effect of the variants showing strong effects

on risk and to further our understanding of the role of Tm in the pathogenesis of CHD.

The work included in this thesis demonstrates that genetic variation in the Tm gene may
influence risk for CHD in an environment of metabolic syndrome. It adds to a growing
body of evidence suggesting a contribution to CHD risk caused by variants or mutations

in the Tm gene.
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1. Introduction

1.1 Haemostasis

A complex physiological system has evolved to guarantee blood fluidity and to prevent
blood loss, thereby restoring the integrity of the circulatory system following vessel
damage (Furie and Furie, 1992) (van Hinsbergh, 2001). This system, termed
haemostasis, represents a group of balanced activities consisting of acute
vasoconstriction, platelet adhesion and aggregation, blood coagulation (resulting in the
formation of a fibrin clot), natural anti-coagulant mechanisms, which prevent
generalised activation of coagulation, thereby localising thrombus formation to the site
of injury, and fibrinolysis, which dissolves the fibrin clot. Under physiological
conditions, the haemostatic system favours the anti-coagulant state, which maintains
blood fluidity. This balance is shifted towards a pro-coagulant state in response to
vascular injury, due to the presence of triggering molecules that become available after
damage. If such molecules become available in intact vessels at places distant from the
wound, intravascular coagulation can occur. This process may result in the development
of mural or occlusive thrombi, which contribute to the pathology of venous and arterial

thrombosis.

This thesis will focus on one endothelial cell membrane associated protein
(Thrombomodulin; Tm) participating in a natural anti-coagulant mechanism (the protein
C anti-coagulant pathway). The aim of this thesis is to determine whether variants or
mutations in this gene contribute to coronary heart disease (CHD), and if so, how these
are dysfunctional. The introduction will be divided into three main parts. The first will

address the biochemical aspects of the coagulation cascade, its activation and its
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regulation by natural anti-coagulant mechanisms, thus providing the framework for the
interpretation of the roles of endothelial cell membrane associated proteins in
haemostasis. The second part will focus on the pathogenesis of arterial thrombotic
disease, predominantly looked at from the point of view of the haemostatic
involvement. The third part will centre upon known structural, functional and molecular

genetic aspects of Tm.

1.2 Blood coagulation

1.2.1  Activation of blood coagulation

The blood coagulation cascade is initiated as a consequence of endothelium rupture
(Dahlback, 2000) (Butenas and Mann, 2002). The anti-coagulant nature of vascular
endothelial cells is shifted towards a pro-coagulant state in response to either
mechanical injury or inflammatory stimuli (van Hinsbergh, 2001) (Butenas and Mann,
2002). Endothelial cell denudation exposes the subendothelial collagen matrix and
tissue factor (TF) on the cells of the intima (Rapaport and Rao, 1992) (Davie, 1995)
(Mann et al., 1998). Inflammatory cytokines are also able to induce the expression of
TF by vascular endothelial cells (Nemerson, 1995). Following vascular injury, the
exposed connective tissue matrix allows the adhesion of platelets. Platelet adhesion is
primarily mediated by the interaction of glycoprotein (GP) Ib-IX-V, on the platelet
surface, with von Willebrand factor (vWF), which is tethered to damaged endothelium
and exposed subendothelial collagen (Lopez et al., 1988) (Hickey et al., 1989) (Kroll et
al., 1996) (Ruggeri, 1997) (Nakamura et al., 1999). Platelet-collagen interaction is also
facilitated by other GPs including GP la/Ila, GP IV and GP VI. Once bound, platelets

are activated by a number of agonists such as thrombin, adenosine 5’-disphosphate,
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collagen, vWF and shear stress (Cines et al., 1998) (Selwyn, 2003). Platelet activation
exposes integrin GP IIb-Illa (Marguerie et al., 1979), which binds fibrinogen with high
affinity (Parise and Phillips, 1985) (Furie and Furie, 1992). Fibrinogen is thought to act
as a bridge between GP IIb-1Ila molecules on different platelets, promoting platelet
aggregation. This process leads to primary platelet plug formation, which is stabilised
by the foﬁnation of an insoluble fibrin network, generated by thrombin (Bennett and
Vilaire, 1979) (Marguerie et al., 1979) (Mann et al., 1990) (Dahlback, 2000) (Selwyn,
2003). Platelet plug formation is co-ordinated with the coagulation system responses
(Dahlback, 2000). A detailed account of platelet adhesion and the role platelets play in
thrombin generation and fibrin clot formation lies outside the scope of this thesis.
Excellent reviews exist on this topic; see (Sixma et al., 1995) (Heemskerk et al., 2002)

(Monroe et al., 2002).

Thrombin generation is the result of a series of stepwise enzymatic reactions involving
plasma proteins (Davie, 1995); see Figure 1.1. Coagulation proteins circulate as inactive
zymogens, which are converted to their active serine protease forms by proteolytic
cleavage (Mann et al., 1990) (Furie and Furie, 1992). The protease of one reaction
catalyses the activation of the next zymogen in a process termed the “coagulation
cascade”. It is thought that the exposure or expression of TF provides the trigger for
initiation of physiologic coagulation (Bevilacqua et al., 1984) (Broze, Jr. et al., 1990)
(Mann, 1999). TF binds to activated factor VII (VIla), which constitutes 1-2% of
circulating FVII, thereby altering FVIIa’s catalytic site, enhancing the enzymatic
activity of this coagulation factor >100-fold (Morrissey et al., 1993) (Nemerson, 1995).
The coagulation cascade is propagated by the formation of 3 main complexes, two
‘tenase’ complexes required for factor X (FX) activation and the ‘prothrombinase’

complex, which activates prothrombin (Davie and Ratnoff, 1964) (Macfarlane, 1964)
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(Mann, 1999). These pro-coagulant complexes consist of the serine protease activated in
the previous step, a cofactor and the substrate. Formation of these enzyme complexes
significantly enhances the activity of the serine protease towards the substrate. Complex
assembly and activity requires membranes containing acidic phospholipids, as well as
calcium ions. Damaged vascular endothelial cells, activated platelets and inflammatory
cells provide phospholipid binding sites for coagulation proteins (Bevilacqua et al.,
1984). TF binds to VIla and forms the ‘extrinsic tenase’ complex, which activates
zymogens factor IX (FIXa) and factor X (FXa). FXa is able to generate low amounts of
thrombin, which enhance the coagulation process by activating platelets and cleaving
pro-cofactors factor V (FV) and factor VIII (FVIII), yielding the active cofactors FVa
and FVIIla. FVIIla forms the ‘intrinsic tenase’ complex with FIXa, which is 50-fold
more efficient at activating FX than the ‘extrinsic tenase’ (Mann et al., 1990) (Mann,
1999). FXa together with FVa form the ‘prothrombinase’ complex, which is the primary
activator of prothrombin (Tracy et al., 1985). Thrombin produced is able to amplify its
own generation by activating factors V, VIII, X, XI and platelets (Gailani and Broze, Jr.,
1991) (Dahlback, 2000). Furthermore, catalytic cleavage of fibrinogen by thrombin
leads to the production of fibrin monomers, which polymerise to form the fibrin
network (Brummel et al., 1999). Activated factor XIII (FXIIIa), which is also generated
by thrombin, stabilises the newly formed fibrin network by forming covalent cross-links
between fibrin units (Gerth et al., 1974) (Roberts et al., 1974) (Lorand et al., 1980)

(Naski et al., 1991).
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1.2.2  Regulation of blood coagulation

A number of anti-coagulant mechanisms have evolved to stop coagulation from
becoming generalized, thereby preventing excessive fibrin formation (Bombeli et al.,
1997) (Gomez et al., 2005). These mechanisms exert their inhibitory effect at each level
of the coagulation cascade either by inhibiting the serine proteases directly or by
modulating the activity of the cofactors; see Figure 1.2. Amongst these, tissue factor
pathway inhibitor (TFPI) initially binds to FXa and this complex is then able to bind
and inactivate the TF/VIla complex (Broze, Jr., 1995). Antithrombin (AT) acts as a
scavenger and inhibits the pro-coagulant activity of thrombin or FXa, a process which
may be accelerated by glycosaminoglycans (GAG) on the endothelium (Rosenberg and
Damus, 1973) (Opal et al., 2002). Similarly, heparin cofactor II (HC-II) binds thrombin
and destroys its enzymatic activity, a process greatly enhanced by GAGs (Tollefsen et
al.,, 1982) (Pratt et al., 1989) (Tollefsen, 1997). Protein Z (PZ) serves as a critical
cofactor for the inhibition of FXa by the protein Z dependent protease inhibitor (ZPI)
(Han et al., 2000). The protein C pathway has also emerged as a major anti-coagulant
mechanism. The binding of thrombin to thrombomodulin (Tm) on the surface of
vascular endothelial cells initiates this pathway (Esmon, 1989). The thrombin-Tm
complex then activates the vitamin K dependent zymogen, protein C (PC), to generate
the active form of the protein (activated protein C; APC) (Kisiel, 1979), a process
enhanced by the endothelial cell protein C receptor (EPCR) (Stearns-Kurosawa et al.,
1996) (Fukudome et al., 1998). APC then interacts with protein S (PS) to give rise to a
complex capable of inactivating coagulation factors Va and Vllla, thereby attenuating

thrombin generation (Kisiel et al., 1977).
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1.2.2.1 Tissue Factor Pathway Inhibitor (TFPI)

TFPI, also referred to as the extrinsic pathway inhibitor (EPI) and the lipoprotein
associated coagulation inhibitor (LACI), is a trivalent Kunitz-type inhibitor (Rapaport,
1989) (Broze, Jr. et al., 1990) (Rapaport, 1991) and consists of a negatively charged
amino-terminus, three Kunitz-type domains and a positively charged carboxy-terminus
(Wun et al., 1988). TFPI inactivates FXa directly and subsequently inhibits the
FVIIa/TF complex, in a FXa dependent manner. The second Kunitz-type domain of
TFPI recognises FXa, in complex with FVa, calcium ions and phospholipids
(‘prothrombinase’ complex) (Huang et al.,, 1993), and binds its active site, thereby
inhibiting the protease. TFPI in complex with FXa is then able to inhibit the FVIIa/TF
catalytic complex by binding to the active site of FVIIa via the first Kunitz-type repeat
(Broze, Jr. et al., 1988) (Girard et al., 1989). TFPI is primarily synthesised on the
surface of vascular endothelial cells, where it is thought to exert its anti-coagulant
function (Bajaj et al., 1990). Small amounts of TFPI have also been found in other cells,
including platelets (Bajaj et al., 2001). TFPI also circulates in plasma, at a concentration
of 54-124 ng/ml (Novotny et al., 1991), either in a free form or in association with
lipoproteins (low-density lipoprotein (LDL), high-density lipoprotein (HDL) and
lipoprotein (a)) (Broze, Jr. et al., 1994). Heparin treatment may contribute to a portion
of TFPI found in plasma, since it has been found to induce the release of endothelial cell
surface associated TFPI (Sandset et al., 1988) (Lupu et al., 1999). Plasma TFPI
circulating in association with lipoproteins has a truncated carboxy-terminus, lacking a
portion of the carboxy-terminus, including part of the third Kunitz-type domain, and is
characterised by reduced anti-coagulant potential (Broze, Jr. et al., 1994). The
physiological relevance of TFPI in inhibiting thrombus formation is as yet uncertain.

Animal models have, however, demonstrated that depletion of plasma TFPI levels
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sensitized rabbits to TF and endotoxin induced disseminated intravascular coagulation
(Sandset et al., 1991a) (Sandset et al., 1991b). More recently, expression of exogenous
TFPI, through retrovirus mediated gene transfer, was able to inhibit intravascular
thrombus formation in stenotic and injured rabbit carotid arteries (Golino et al., 2001).
These studies would suggest a potential role for TFPI in regulating thrombotic

complications, arising from the exposure of blood to TF.

1.2.2.2 Antithrombin (AT)

AT is a hepatically synthesised serine protease inhibitor (Mammen, 1998),
predominantly found in plasma, circulating at a concentration of 110-140 mg/l (Murano
et al., 1980). AT forms a 1:1 stoichiometric complex with serine protease clotting
factors, blocking their active sites and destroying their enzymatic activity (Eisele and
Lamy, 1998) (Mammen, 1998). AT is able to directly inhibit factors XIla, XIa, Xa, [Xa
and thrombin (Rosenberg et al., 1975) (Stead et al., 1976) (Eisele and Lamy, 1998)
(Mammen, 1998). Recently, it has been suggested that AT may also function together
with heparin and TFPI to inactivate the FVIIa/TF catalytic complex (Jesty et al., 1996).
In addition to a serine protease binding domain, AT also contains a GAG binding
domain in close proximity to its active site. Heparin, as well as heparan sulfate,
expressed on the endothelial cell surface, are able to accelerate the inhibition of serine
protease clotting factors by AT (Damus et al., 1973) (Rosenberg et al., 1975) (Stead et
al., 1976) (Metcalfe et al., 1979) (Marcum and Rosenberg, 1984). Highly acidic sulfated
pentasaccharides, found in GAGs, bind to the positively charged binding domain of AT,
altering its three dimensional structure, which in turn enhances AT enzymatic activity
1000-fold. The binding of GAGs to AT results in an arginine residue (R393), normally

located near the carboxy-terminus of AT, being brought into close proximity to AT’s
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active site. This arginine residue forms a covalent bond with a serine moiety within the
active sites of serine proteases, resulting in their inactivation (Pomerantz and Owen,
1978) (Griffith, 1982) (Olson et al., 1993) (Frebelius et al., 1994) (Mammen, 1995)

(Levi and ten Cate, 1999).

1.2.2.3 Heparin cofactor II (HC-II)

HC-II is a 66.5 kDa protein, synthesised exclusively in the liver and found in normal
blood plasma at a concentration of 1.2 uM (Tollefsen and Pestka, 1985). HC-II is a very
specific inhibitor of thrombin, but no other serine protease in blood coagulation (Parker
and Tollefsen, 1985). The HC-II reactive site peptide bond is Leu444-Serd45 (Griffith
et al.,, 1985) (Blinder et al., 1988). Like AT, HC-II forms a 1:1 molar complex with
thrombin, blocking its active site and destroying its enzymatic activity (Tollefsen et al.,
1982). HC-II mediated inhibition of thrombin is greatly enhanced following binding to
GAG:s, as is the case for AT (Tollefsen, 1997) (Pratt et al., 1989). In addition to heparin,
heparin sulfate and dermatan sulfate, other polyanions, including polyphosphates,
polysulfates and polycarboxylates, are also able to accelerate HC-II inhibition of
thrombin (Tollefsen, 1997) (Pratt et al., 1989). The GAG binding domain is located in
close proximity to its active site (Baglin et al., 2002). GAG binding is thought to
activate HC-II by displacing the acidic amino-terminus from an intramolecular
interaction with the basic GAG binding site, thus freeing it for binding to thrombin via
anion-binding exosite I (Van Deerlin and Tollefsen, 1991) (Liaw et al., 1999). The
recent determination of the crystal structures of both native HC-II and HC-II in complex
with inactive thrombin, has led to an alternative mechanism for GAG activation of HC-
II being proposed. In this model, GAG binding is thought to result in the expulsion of

the buried reactive centre loop normally located near the amino-terminus, thus altering
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the amino-terminal tail interaction to promote binding to thrombin anion-binding
exosite I (Baglin et al., 2002). The physiological activator of HC-II is assumed to be
extravascular dermatan sulfate, suggesting that HC-II has a major role in thrombin
regulation at extravascular tissue sites following vessel injury (Tollefsen et al., 1983)

(McGuire and Tollefsen, 1987) (Maimone and Tollefsen, 1990) (He et al., 2002).

1.2.2.4 Protein Z (PZ) & Protein Z dependent protease inhibitor (ZPI)

PZ is a 62 kDa vitamin K dependent protein (Miletich and Broze, Jr., 1987), synthesised
in the liver and found predominantly in plasma (Kemkes-Matthes and Matthes, 1995).
PZ plasma levels span a broad range, with a mean of 2.9 + 1.0 pg/ml (Miletich and
Broze, Jr., 1987). Its structure shows considerable homology to many other serine
proteases, such as factors VII, IX, X and protein C. However, PZ is not a zymogen for a
serine protease, because the histidine and serine residues of the canonical catalytic triad
are absent (Ichinose et al., 1990). As such, the physiological function of PZ remained
uncertain for several years. Subsequent experiments showed that incubation of PZ with
FXa, phospholipids and Ca®*, reduced FXa pro-coagulant activity in a one stage
coagulation assay, an effect due in part to a previously unidentified plasma proteinase
inhibitor termed protein Z dependent protease inhibitor (ZPI) (Han et al., 1998). ZPI is
a 72 kDa hepatically synthesised serine protease inhibitor, with tyrosine 387 thought to
be the P; residue in its reactive centre. It is predominantly found in plasma and
circulates at a concentration of 3.8 pg/ml (Han et al., 1999) (Han et al., 2000). In the
presence of PZ, phospholipids and Ca®*, ZPI produces rapid inactivation of FXa (half-
time < 10 seconds) (Kemkes-Matthes and Matthes, 1995). It is thought that PZ forms a
calcium ion dependent complex with FXa at the phospholipids surface, which is

subsequently recognised by ZPI, thus forming a tertiary complex containing FXa, PZ
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and ZPI at the phospholipids surface (Kemkes-Matthes and Matthes, 1995). ZPI is able
to inhibit FXa pro-coagulant activity in the absence of PZ, though the rate of inhibition
is reduced more than 100-fold (half-time = 210). Whereas the combination of PZ and
ZPI reduces the initiation and rate of thrombin generation in mixtures containing
prothrombin, FV, phospholipids and Ca2+, no inhibition was observed in mixtures
containing FVa. This observation would suggest that PZ and ZPI act to dampen the
early stages of the coagulation response, prior to the formation of the ‘prothrombinase’
complex (Han et al., 2000). ZPI does not appear to produce significant inhibition of
thrombin, meizothrombin, FVIla, FIXa, APC, tissue-type plasmigogen activator (t-PA),
urokinase plasminogen activator (u-PA), plasmin, trypsin, leukocyte elastase,
chymotrypsin or cathepsin G (Han et al., 1999). However, studies have shown that in
addition to inhibiting the pro-coagulant activity of FXa, ZPI is also able to inhibit FXIa
in the absence of PZ, phospholipids and Ca®*. Both factor X and Xla are responsible for
the inactivation of ZPI by proteolytic cleavage at the carboxy-terminus of the molecule,

thus regulating its anti-coagulant potential (Han et al., 2000).

1.2.2.5 The Protein C Pathway

The protein C (PC) pathway has emerged as a major regulatory mechanism of the

coagulation cascade.

PC is a vitamin K dependent plasma zymogen, and circulates at a concentration of 65
nM. It is synthesised in the liver as a single chain molecule. Removal of the Argl57-
Thr158 dipeptide in the Golgi apparatus converts this single chain molecule into a two
chain molecule, linked by a disulfide bond between Cys 141 and Cys 277. The light

chain of PC consists of a y-carboxy-glutamic acid (Gla) domain and two €pidermal
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growth factor (EGF)-like domains, whereas the heavy chain consists of a short

activation peptide and the serine protease domain (Kisiel et al., 1977).

Following activation of the coagulation system, the resulting thrombin activates PC by
cleaving the Argl69-Leul70 bond, releasing a dodecapeptide (activation peptide) from
the amino terminus of the heavy chain (Kisiel, 1979). Rapid PC activation requires the
formation of a high affinity complex between thrombin and Tm (Esmon and Owen,
1981) (Owen and Esmon, 1981) (Esmon et al., 1982b) (Esmon, 1989), a vascular
endothelial cell surface glycoprotein, which is discussed in detail later on and is the
focus of this thesis; see section 1.4. Furthermore, the formation of the thrombin-Tm
complex alters thrombin substrate specificity (Musci et al., 1988) (Ye et al., 1991) (Ye
et al.,, 1992), thus converting thrombin enzyme activity from pro- to anti-coagulant
(Esmon et al., 1982a) (Esmon et al., 1982b) (Esmon et al., 1983). PC binds Ca?* in the
EGF domains and protease domain, altering the conformation of PC, including the
region containing the scissile bond. This conformational change is important for PC
activation by the thrombin-Tm complex (Ohlin and Stenflo, 1987) (Ohlin et al., 1988)
(Stearns et al., 1988) (Rezaie et al., 1992) (Rezaie and Esmon, 1994a) (Rezaie and
Esmon, 1994b) (Rezaie et al., 1994). Although PC can be activated by the thrombin-Tm
complex in solution, it has been demonstrated that activation is greatly accelerate by
membrane surfaces. The PC Gla domain is thought to bind to negatively charge
phospholipids in a Ca® dependent manner (Xu et al., 1999). However, negatively
charged phospholipids are not exposed on the surface of healthy vascular endothelial
cells (Fukudome and Esmon, 1994). It is thought that in vivo the PC Gla domain binds
to the transmembrane endothelial cell protein C receptor (EPCR) directly, thus
increasing the local concentration of PC and augmenting the activation process

(Stearns-Kurosawa et al., 1996) (Fukudome et al., 1998) (Taylor, Jr. et al., 2001).
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EPCR is thought to be of particular relevance in large vessels, where it is likely to
compensate for the low effective Tm concentration found in such vessels (Maruyama et

al., 1985b) (Laszik et al., 1997) (Fukudome et al., 1998); see section 1.4.2.

Once generated, APC is capable of inactivating coagulation factors Va and VIila, by
proteolytic cleavage, thereby attenuating thrombin generation and downregulating the
coagulation cascade (Kisiel et al., 1977). Three APC cleavage sites have been identified
in FVa, at positions Arg 306, Arg 506 and Arg 679. Cleavage at Arg 506 reduces FVa
activity, whereas subsequent cleavage at Arg 306 completely inactivates FVa (Mather et
al., 1996). Cleavage at Arg 679 does not appear to play an important role in the
inactivation process (Egan et al., 1997). Similarly, FVIIIa inactivation requires cleavage
at three separate positions Arg 336, Arg 5‘62 and Arg 740 (Fay et al., 1991) (Fay, 1999).
APC mediated inactivation of factors Va and VIlla, in plasma, requires the presence of
protein S (PS) as a cofactor. PS is a vitamin K dependent protein consisting of a Gla-
domain, a thrombin sensitive region, four EGF-like repeats and two laminin G-type
domains (Lane et al., 1996a). PS circulates both in complex with C4bBP and free, and
needs to be in its free form to be able to function as a cofactor for APC (Dahlback et al.,
1986) (Dahlback, 1991). PS serves as a cofactor primarily by increasing the affinity of
APC for phospholipid surfaces by forming a complex on the surface of endothelial cells
and platelets (Walker, 1980) (Harris and Esmon, 1985). When PS binds to APC, the
distance of the APC active site to the membrane surface is decreased by 10 A,
stimulating FVa cleavage at Arg 306 (Rosing et al., 1995) (Yegneswaran et al., 1997).
In addition, PS and intact FV appear to work together, as cofactors for APC in the

inactivation of VIIIa (Shen and Dahlback, 1994).
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APC is itself inactivated and cleared from the circulation quite slowly, with a half-life
of 15 minutes (Esmon, 2000), which will allow APC time to inactivate factors Va and
VIlla before inhibition occurs (Hermans and Stone, 1993). Protein C inhibitor (PCI),
al-antitrypsin (0;AT) and a2-macroglobulin (a;M) are responsible for the inhibition of
APC activity (Suzuki et al., 1983) (Heeb and Griffin, 1988) (Heeb et al., 1991) (Espana
et al., 1991) (Scully et al., 1993). All three APC inhibitors are found in normal blood
plasma and circulate at a concentration of 88 nM, 40 uM and 3 puM, respectively. PCI
and o,AT are the major inhibitors of APC in plasma, with a;M having a minor role
(Heeb and Griffin, 1988) (Heeb et al., 1991). Both PCI and o;AT are members of the
serpin superfamily and as such display a protease inhibition profile for arginine specific
serine proteases (Hermans and Stone, 1993). PCI inhibition of APC is accelerated by a
range of GAGs and polyanions. The mechanism appears to involve the formation of a
ternary complex, with the GAG bridging the serpin and protease (Pratt and Church,
1992) (Pratt et al., 1992). In contrast, a; AT mediated inhibition of APC does not require
GAGs for reversible inhibitor serpin-protease complex formation (Heeb and Griffin,
1988). a;M inhibits APC in a calcium ion stimulated reaction. Unlike PCI and o;AT,
axM does not inhibit APC by altering the protease active site upon compléx formation.
Instead, a;M is thought to entrap the protease in a cage-like structure (Barrett and
Starkey, 1973) (Feldman and Pizzo, 1986) (Heeb et al., 1991). The protease, which
retains some of its enzymatic activity, causes a conformational change by cleaving a
region of a;M, thus stimulating covalent attachment between reactive thioester groups

of a;M and NH2 groups of the protease to close the cage (Heeb et al., 1991).
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1.2.2.6 Fibrinolysis

Fibrin, the major proteinaceous component of the clot, is removed upon activation of
the fibrinolytic system. The process of fibrin deposition and removal help maintain
blood fluidity and prevent excess blood loss at the site of injury (Collen and Lijnen,
1991) (Davie et al., 1991) (Irigoyen et al., 1999). During fibrinolysis, glu-plasminogen
and t-PA bind to the surface of partially degraded fibrin. This binding is mediated by
carboxy-terminal lysine residues on the surface of partially degraded fibrin, which are
recognized by lysine binding sites in plasminogen and t-PA, resulting in the formation
of a ternary complex (Christensen, 1985) (Fleury and Angles-Cano, 1991). Fibrin acts
as a cofactor in the whole fibrinolytic cascade, since fibrin-bound plasmin is protected
from inactivation by a2-antiplasmin (Sakharov and Rijken, 1995). Furthermore, fibrin
enhances the conversion of glu-plasminogen to lys-plasminogen, which is a better
substrate for t-PA, thus increasing the efficiency of plasmin generation (Hoylaerts et al.,
1982). Plasmin subsequently cleaves fibrin through proteolytic cleavage at specific
arginine and lysine residues (Collen and Lijnen, 1991). Plasmin is also able to activate
metalloproteinases, which in turn degrade the vessel wall extracellular matrix (Birkedal-

Hansen, 1995) (Lijnen and Collen, 1999).

The fibrinolytic cascade is in turn regulated by specific serine protease inhibitors,
plasminogen activator inhibitor type 1 (PAI-1) and a2-antiplasmin (Robbie et al., 1993).
a2-antiplasmin is responsible for the inactivation of free circulating plasmin. PAI-1
binds t-PA to form an activator-inhibitor complex, which is subsequently removed from
the circulation (Nordenhem and Wiman, 1998). A new inhibitor of fibrinolysis has
recently been identified. This metallocarboxypeptidase, thrombin activatable

fibrinolysis inhibitor (TAFI), circulates in plasma as a zymogen (Eaton et al., 1991)
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(Bajzar et al., 1995). TAFI is activated to TAF]Ia, by trypsin, plasmin and thrombin, by a
single proteolytic cleavage at Arg 92 (Tan and Eaton, 1995) (Marx et al., 2002).
Thrombin-mediated activation of TAFI is greatly accelerated by Tm (Bajzar et al.,
1996a) (Bajzar et al., 1998). TAFIa, acts by cleaving the carboxy-terminal lysine
residues off the surface of partially degraded fibrin, preventing glu-plasminogen and t-

PA binding, thus hindering clot lysis (Sakharov et al., 1997) (Mutch et al., 2003).

Although the processes of coagulation, fibrinolysis and anti-coagulant mechanisms have
been presented as somewhat independent events, in vivo, the picture is completely
different, with the aforementioned processes forming an integrated response to vessel
injury. When properly regulated each mechanism performs its physiological function
extraordinarily well. An imbalance in regulation, however, has profound
pathophysiological consequences, reflected in bleeding and thrombotic disorders. The
next section will discuss the pathogenic aspects of thrombotic complications and

particularly CHD, focussing on the role of the coagulation cascade.

1.3 Coronary Heart Disease (CHD)

1.3.1 Pathogenesis of CHD

The current consensus is that atherosclerosis is an inflammatory disease (Ross, 1999)

and that inflammatory mediators play a key role in the initiation, progression and

thrombotic complications of atherosclerotic plaques. The clinical manifestation of CHD

results from the development of atherosclerotic plaques in the coronary arteries, which

when ruptured lead to occlusive thrombus formation.

36



In the widely accepted response-to-injury hypothesis, endothelial injury, leading to
compromised endothelial integrity and function, is a crucial early event in the
development of atherosclerosis (Ross, 1999). Numerous factors may contribute to
impaired endothelial function, including oxidised lipoproteins (Dart and Chin-Dusting,
1999), bacterial toxins (Ngeh et al., 2002), cigarette smoking products (Raij et al.,
2001), diabetes mellitus (Yu et al., 2001), genetic alterations (Kinlay et al., 2001),
hemodynamic forces (Gimbrone, Jr. et al., 2000), homocysteinaemia (Lentz, 1997),
hypertension (Taddei et al., 2000) and a combination of these and other factors (Ross,
1999). Endothelial permeability is increased as a result of injury, leading to LDL
accumulation in the subendothelial matrix, which is subsequently modified by
oxidation, lipolysis, proteolysis and aggregation (Navab et al., 1996) (Steinberg, 1997).
The accumulation of modified LDL, and oxidised LDL (ox-LDL) in particular, in the
intima layer of the artery results in ihcreased adhesion and migration of inflammatory
leukocytes (monocytes and T-lymphocytes) across the endothelium. Ox-LDL stimulates
the expression of adhesion molecules by the overlying endothelial cells (selectins,
intercellular adhesion molecules and vascular adhesion molecules) that act as receptors
for integrins and glycoconjugates present on inflammatory leukocytes (Lusis, 2000).
Leukocytes subsequently migrate across the endothelium in response to chemoattractant
molecules (monocyte chemotactic protein 1, osteopondin) (Rajavashisth et al., 1990).
Uptake of modified LDL particles by monocyte-derived macrophages, leads to the
formation of foam-cells (macrophages containing large amounts of cholesterol esters),
which together with T lymphocytes form a fatty streak (Navab et al., 1996) (Steinberg,
1997) (Ross, 1999). These monocyte-derived macrophages are highly activated and
secrete a range of cytokines and growth factors important for smooth muscle cell (SMC)
migration and proliferation. A high proportion of foam cells die with time, to make up

the lipid rich necrotic core of the lesion. This, together with the accumulation of
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extracellular lipid, SMCs and SMC derived extracellular matrix elements (namely
collagen) gives rise to a fibrous plaque, which is separated from the lumen by a
collagen-rich fibrous cap. Calcification and neovascularisation further stabilise the

atherosclerotic lesion, leading to the development of advanced plaques (Lusis, 2000).

Advanced lesions, lead to progressive narrowing of the vessel wall and blocking blood
flow, potentially giving rise to ischaemic symptoms. It is, however, generally accepted
that plaque rupture, and subsequent platelet adhesion and aggregation, together with
thrombosis, results in clinical manifestations of CHD (Lusis, 2000) (Khrenov et al.,
2002). The likelihood of rupture and thrombosis is dependent on the structure and cell
content of the atherosclerotic plaque. Plaques likely to rupture are characterised by a
large lipid core, increased number of inflammatory cells, decreased number of SMCs
and a thin fibrous cap. Rupture of the atherosclerotic plaque exposes the thrombogenic
lipid core of the lesion, abundant in cholesterol ester and TF, to blood components, with
subsequent platelet adhesion and thrombus formation, ultimately resulting in
myocardial infarction (MI) and stroke (Ross, 1999) (Davies, 2000) (Lusis, 2000) (Glass

and Witztum, 2001).

1.3.2 Risk factors for CHD

CHD has emerged as the major cause of death in the Western society to date. It is the
single most common cause of death in the USA and the principal cause of death in
Europe and much of Asia (Braunwald, 1997) (Breslow, 1997). British Heart Foundation
statistics published in 2001 showed that CHD is responsible for 120,000 deaths per year

in the UK, with the majority of deaths caused by MI.
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Epidemiological studies of CHD conducted in the 1940s and 1950s, such as the
Framingham study, gave rise to the concept of cardiovascular risk factors (Castelli et al.,
1986b) (Kannel, 2000). A prospective epidemiological approach demonstrated a
consistent association of characteristics observed in apparently healthy individuals who
went on to develop CHD. Although a statistically significant association between a trait
and disease does not provide proof of causality or establish a pathophysiological
relationship, such observations contribute to our understanding of pathophysiology.
CHD is a multifactorial disorder and a number of well-accepted factors associated with
increased risk of developing CHD have been identified to date. These risk factors can be
divided into non-modifiable risk factors, such as age, gender, family history, and into
modifiable risk factors including cholesterol, increased LDL-cholesterol, decreased
HDL-cholesterol, hypertension, obesity, diabetes mellitus, lack of physical activity and

cigarette smoking.

The risk of CHD increases with age in both men and women, most probably due to
increased acquisition and exposure to risk factors (Stamler et al., 1999). Men below the
age of 60 develop CHD at more than twice the rate of women (Hochner-Celnikier et al.,
2002). Pre-menopausal women are at a significantly lower risk of CHD than men,
developing CHD about 10 years later (Jousilahti et al., 1999). The difference in CHD
risk for men and women diminishes and disappears after menopause, suggesting a role
for hormonal factors in CHD risk determination. Oestrogen-replacement therapy has
been shown to cause a reduction in cardiovascular risk (Kafonek, 1994), although more
recent reports have shown that hormone replacement therapy (HRT) increases risk of

venous thromboembolism, stroke and early CHD (Beral et al., 2002) (Lowe, 2004).
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A family history of CHD is a very good predictor of the disease in individuals
(Goldbourt and Neufeld, 1986). Most early cardiovascular disease events (< 40 years of
age) have been shown to occur in families with a positive history of CHD, and in
particular in individuals with a first-degree relative who has suffered a CHD event
below the age of 65 (Pohjola-Sintonen et al., 1998). In addition, a large family based
study, the Health Faﬁily Tree study, demonstrated that a high percentage of individuals
with early CHD and early stroke have a positive family history (Koski et al., 2000)
(Williams et al., 2001). In addition, genetic factors were found to influence death from
CHD at younger age in both women and men, in a study of monozygotic and dizygotic
twins (Marenberg et al., 1994). The observation that cardiovascular risk tends to cluster
in affected families demonstrates the importance of genetic factors in the aetiology of

CHD (Grant, 2003).

Environmental factors are also implicated in the manifestation of vascular disease.
Numerous migration studies have indicated that migrants initially have the mortality of
the country of origin but subsequently go on to acquire the risk of the country of
destination. Such an observation was made in Finnish migrants to Sweden, where
mortality rates decreased after 20 years (Hammar et al., 2002), in Asians migrating from
China to Australia where an increase in mortality was seen after 5 years (Hsu-Hage and
Wabhlqvist, 1993) and in Japanese migrants to California, who when compared with
native Japanese subjects, acquired a doubling of risk (Marmot et al., 1975). It is thought
that environmental factors alter risk by interacting with numerous genetic factors

thereby modifying synthesis and secretion of proteins associated with CHD risk.

Blood pressure shows a linear and graded correlation with CHD. Risk of CHD increases

with elevated blood pressure and an additive effect on risk has been demonstrated for
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elevated systolic (SBP) and diastolic (DBP) blood pressure (Kannel, 1986a) (Kannel,
1986b). Clinical trials have demonstrated a beneficial effect of successful blood

pressure reduction on CHD risk (Hansson et al., 1998) (Himmelmann et al., 1998).

Changes in the plasma lipid profile of individuals are associated with CHD (Haim et al.,
1999). LDL is the major carrier of cholesterol in blood, whereas HDL transports excess
cholesterol back to the liver where it can be removed. The association of elevated levels
of LDL-cholesterol and reduced levels of HDL-cholesterol with CHD has been
demonstrated in many epidemiological studies (Armstrong et al., 1986) (Castelli et al.,
1986a) (Tanaga et al., 2002). High levels of total plasma cholesterol are a strong
predictor of CHD but may be misleading, since it may be due to increased HDL-
cholesterol levels. The use of HDL/LDL ratio or total cholesterol/HDL-cholesterol ratio
are therefore preferred as predictive values (Real et al., 2001). Elevated triglyceride
levels have also been associated with increased incidence of CHD (Assmann et al.,
1996) (Cullen, 2000). Clinical trials have demonstrated a reduced incidence of CHD

upon cholesterol and triglyceride reduction (Maron et al., 2000).

Patients with diabetes have a two- to three-fold increased incidence of CHD (Garcia et
al., 1974) and it is estimated that by the year 2010, the number of people in the world
with diabetes will be around 221 million (Orchard, 1998), rising to 300 million by the
year 2025 (King et al., 1998). Type 2 diabetes and CHD are thought to be closely linked
disease entities (Pradhan and Ridker, 2002). The observation that atherosclerosis can
precede the development of type 2 diabetes (Haffner, 2003) has led to the speculation
that both conditions share common aetiological mechanisms (Stern, 1995) (Pradhan and
Ridker, 2002), genetic or environmental, rather than being related as underlying disease

(diabetes) and complication (atherosclerosis) (Stern, 1996). Recently, data have been
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presented supporting a possible role for inflammation in insulin signaling and hence the
development of type 2 diabetes (Yudkin, 2000). Increased sub-clinical inflammation, as
determined by C-reactive protein (CRP) levels, a marker of acute inflammation
(Hirschfield and Pepys, 2003), has been associated with insulin resistance and has been
demonstrated to act as a good predictor of type 2 diabetes and CHD (Pradhan and
Ridker, 2002) (Haffner, 2003). Furthermore, the clustering of insulin resistance with
established cardiovascular risk factors, such as increased triglyceride levels, increased
SBP, increased LDL-cholesterol levels, decreased HDL-cholesterol levels, obesity and
hyperglycemia, referred to as the metabolic syndrome (Kaplan, 1989) (Haffner et al.,
1992), is recognized as a common precursor of overt type 2 diabetes (Pradhan and
Ridker, 2002). The above evidence supports the thesis that both type 2 diabetes and
atherosclerosis share a common inflammatory basis (Haffner, 2002) (Pradhan and

Ridker, 2002).

Obese individuals have a higher risk of developing CHD compared to lean individuals
(Lamarche, 1998) (Stevens et al., 1998) and there is increasing evidence that adipose
tissue in general and abdominal adiposity in particular, is a key player in the
inflammatory process which contribute to the progression of atherosclerosis (Yudkin,
1999). Adipose tissue has been demonstrated to secrete pro-inflammatory cytokines,
including tumour necrosis factor-alpha (TNF-a) and interleukin-6 (IL-6) (Hotamisligil
et al., 1995) (Kern et al., 1995) (Fried et al., 1998) (Yudkin et al., 1999). Furthermore, a
positive correlation between serum TNF-a levels and body mass index (BMI; a
measure of obesity) has been demonstrated, and in a separate study elevated circulating
TNF-a levels have been observed in obese individuals (Mendall et al., 1997) (Ziccardi

et al., 2002). It is, however, plausible that the observed increased risk in CHD
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associated with obesity may actually be mediated via other risk factors, namely those

that make up the metabolic syndrome with which obesity often clusters.

Of the behavioural risk factors, diet, cigarette smoking and physical inactivity have been
extensively investigated. Atherosclerosis is characterised by the accumulation of
cholesterol, inflammatory cells, fibrous tissue and calcium in the arteries. A diet high in
fats, particularly saturated fats, results in an excess of cholesterol and triglycerides in
the blood and has been associated with CHD risk (Schonfeld et al., 1982). Saturated
fatty acids are the most important determinants of LDL-cholesterol, whereas
monounsaturated and polyunsaturated fats have been found to lower LDL-cholesterol
(Kris-Etherton et al., 1999). Excess sodium in the diet can also have detrimental effect
on blood pressure (Weinberger, 1988). In contrast, a diet high in fresh fruit and
vegetables has been shown to be beneficial in CHD prevention (Liu et al., 2001). The
exact mechanism for this is unclear, but may be partly due to the beneficial effects of
increased fibre, and antioxidants such as vitamin E, C and B-carbonate (Herbaczynska-

Cedro et al., 1994) (Bullon et al., 1996) (Rinne et al., 2000).

The association between CHD and smoking is very strong and consistent, with a
three-fold increased risk for CHD, and independent of other risk factors (Doll and Hill,
1966). Smoking can damage the endothelium, directly, leading to increased secretion of
adhesion molecules, which enhance platelet and monocyte adhesion to the vessel wall,
promoting thrombosis and atherosclerosis (Blann, 1992) (Blann et al., 1997). Smoking
has been associated with lipid abnormalities, with smokers having reduced HDL-
cholesterol levels but increased LDL-cholesterol and triglyceride levels (Craig et al.,
1989) (Dullaart et al., 1994). Smoking may also favour the oxidation of LDL, since

reduced levels of antioxidants have been determined in people who smoke (Fickl et al.,
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1996). Smokers have raised plasma fibrinogen levels, prothrombin fragment 1+2 (F1+2)
levels, increased FVII activity and reduced plasminogen levels (Meade et al., 1986)

(Mendez et al., 1998), which may contribute to the adverse effects of smoking.

As for physical activity, it is hard to assess whether lack of exercise is an independent
risk factor for CHD (Kannel et al., 1986). Regular exercise has, however, been shown to
lower CHD risk and favourably effects blood pressure, weight, glucose tolerance, HDL-

cholesterol, triglyceride levels and fibrinogen levels (Hardman, 1996).

1.3.3  The role of coagulation in CHD

Although thrombosis has been established as the major factor responsible for
atherosclerosis-related mortality, factors contributing to increased thrombogenicity of
atherosclerotic lesions have received little attention compared to factors associated with

atherogenesis.

1.3.3.1 Relationship between haemostatic factors and disease

Endothelial injury is an early event in the development of the atherosclerotic plaque
(Ross, 1999), which results in impaired endothelial integrity and function, shifting the
anti-thrombotic nature of endothelial cells towards a pro-thrombotic state. The release
of vasodilators, including nitric oxide (NO), prostacyclin, prostaglandin E2 and
adenosine, is altered following endothelial cell injury and the anti-thrombotic nature of
the endothelium is also altered following endothelial injury (Becker et al., 2000) (van
Hinsbergh, 2001). Inflammatory cytokines, as well as bacterial products such as

endotoxin, induce the expression of TF, responsible for the initiation of the coagulation
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cascade (Moore et al., 1987) (Nawroth et al., 1986) (Nemerson, 1995) (Speiser et al.,
2001). Inflammatory cytokines are also able to elicit a direct downregulatory effect on
the expression of natural anti-coagulants, including Tm (Nawroth et al., 1986) (Moore et
al., 1989) (Archipoff et al., 1991) (Lentz et al., 1991) (Speiser et al., 2001) (Nan et al.,
2005), EPCR (Gu et al.,, 2000b) and TFPI (Shimokawa et al., 2000). In addition,
mediators of inflammation have been shown to cause deregulation of natural fibrinolytic
components. For example, TNF-a and interleukin-1 (IL-1), have been found to increase
PAI-1 activity and expression in vitro, which would lead to decreased plasmin

generation, reducing clot lysis efficiency (Orbe et al., 1999).

The initial response to vascular injury is the adhesion of platelets, which constitute the
main component of coronary thrombi; see section 1.2.1. This is in part due to reduced
NO, prostacyclin, prostaglandin E2 and adenosine release from endothelial cells
(Becker et al., 2000) (van Hinsbergh, 2001), which are able to counteract platelet
adhesion and activation (Cines et al., 1998). In addition, endothelial damage exposes the

subendothelial collagen matrix, which allows platelet adhesion (Nakamura et al., 1999).

Soluble fibrin polymerises into fibrin strands, which stabilises the thrombi and blocks
blood loss. Fibrin is deposited following the activation of the coagulation cascade and
removed upon activation of the fibrinolytic system (Nesheim, 2003). Numerous genes
involved in these pathways have been implicated in cardiovascular disease. Elevated
plasma fibrinogen levels have consistently been associated with increased incidence of
CHD in a number of prospective studies (Wilhelmsen et al., 1984) (Meade et al., 1986)
(Heinrich et al.,, 1994). Meta-analysis of six prospective studies has suggested that
healthy individuals with a fibrinogen level in the highest tertile were 2.3 times more

likely to suffer a cardiovascular event than those in the lowest tertile of fibrinogen
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distribution (Ernst and Resch, 1993). Whether fibrinogen is a causal factor in the
development of atherosclerosis and its complications is still a matter of debate.
Fibrinogen is incorporated into the atherosclerotic lesion where it is degraded, giving
rise to fibrin and fibrinogen degradation products. Fibrinogen, as well as its degradation
products, have been found to induce SMC proliferation and migration (Thompson and
Smith, 1989) (Smith et al., 1990). Fibrinogen is also the major determinant of platelet
aggregation (Bennett and Vilaire, 1979) (Marguerie et al., 1979) (Selwyn, 2003) and
plasma viscosity (Ernst and Resch, 1993). Fibrinogen may thus play a direct role in the
development of atherosclerosis, as well as its thrombotic complications. It should,
however, also be kept in mind that fibrinogen is an acute phase protein (Ernst and
Resch, 1993) (Sehnal and Slany, 2002). As aforementioned, atherosclerosis is an
inflammatory disease (Ross, 1999) and many of the inflammatory mediators, found in
plaques, may induce acute-phase proteins. As such, inflammatory cytokines, namely IL-
6, have been found to increase hepatic synthesis and plasma levels of fibrinogen (Libby
and Simon, 2001), and are thought to explain the observed association between
cigarette-smoking and plasma fibrinogen levels (Woodward et al., 1998). This may
suggest that fibrinogen does not represent a causal risk factor, but instead acts as a

marker for atherosclerosis.

Of the proteins involved in the coagulation cascade, there has been much interest in the
relationship between FVI]I, its activated form (FVIIa), and cardiovascular disease. This
interest stems from the initial observation, made in the Northwick Park Heart study, that
elevated levels of FVII coagulant activity were associated with coronary risk (Meade et
al., 1986). Several subsequent studies have, however, either failed to confirm such an
association (Smith et al., 1997) or have proven un-decisive (Junker et al., 1997). The

extrinsic coagulation cascade, triggered by TF binding to FVIla, is thought to be

46



responsible for the initiation of thrombus formation (Dahlback, 2000). As such FVII
and its activated form could play a direct role in the thrombotic complications of
atherosclerosis. Increased FVII coagulant activity may, however, denote an increased
inflammatory state (Morrissey et al., 1993) (Nemerson, 1995) (Tapper and Herwald,
2000). As aforementioned, inflammatory cytokines, as well as bacterial products such
as endotoxin, induce the expression of TF, which is known to enhance the enzymatic
activity of FVIla (Nawroth et al., 1986) (Moore et al., 1987) (Morrissey et al., 1993)

(Nemerson, 1995) (Speiser et al., 2001).

The conversion of FXII to its active form, FXIla, is thought to be the essential step
initiating the activity of the contact phase of coagulation (Saito H, 1994). Contact with
negatively charged surfaces is thought to lead to FXII activation (Morrison and
Cochrane, 1974) (Hojima et al., 1984). FXIla, through the activation of factors XI
(Saito H, 1994) and VII (Seligsohn et al., 1979) of the coagulation cascade, could
contribute to the propagation of coagulation, thus participating in the thrombogenicity
of atherosclerotic lesions. Contradicting results have, however, been published
regarding the association between elevated levels of FXIla and CHD (Gordon et al.,
1987) (Kelleher et al., 1992) (Kohler et al., 1998a). The independent association of
FXIla with several major CHD risk factors (Miller et al., 1997) (Kohler et al., 1998a),
suggests that FXIIa levels may serve as a marker for an increased atherosclerotic state.
Indeed atherosclerotic lesions are characterised by vascular endothelial damage,
accumulation of ox-LDL and apoptotic cell death, processes which provide negatively
charge phospholipids surfaces capable of enhancing FXII activation (Khrenov et al,,
2002). This would lend weight to the suggestion that elevated concentrations of FXIla

are a consequence rather than a cause of underlying vascular disease.
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As far as proteins involved in the fibrinolytic system are concerned, decreased t-PA
activity might be expected to be associated with thrombotic risk, since it is involved in
activation of the system (Collen, 1999) (Irigoyen et al., 1999). Interestingly two
prospective studies (US Physicians Health study and the ECAT study) have found an
increased risk of future MI in individuals with elevated t-PA levels (Ridker et al., 1994)
(Thompson et al., 1995). The paradoxical association between elevated levels of t-PA
and cardiovascular disease may reflect a positive correlation between circulating levels
of t-PA and PAI-1, since the majority of t-PA is bound to PAI-1 in circulation (Reiner et
al.,, 2001). Elevated levels of PAI-1, the major inhibitor of t-PA (Nordenhem and
Wiman, 1998), have been associated with vascular disease fairly consistently (Hamsten
et al.,, 1985) (Meade et al., 1993) (Margaglione et al., 1994) (Thogersen et al., 1998).
Whether elevated PAI-1 levels play a direct role in the development of atherosclerosis
or merely act as a marker for atherosclerosis remains to be determined. Elevated PAI-1
levels have been found to cluster with other vascular risk markers particularly in the
presence of insulin resistance with or without diabetes mellitus (Juhan-Vague et al.,
1991) (Juhan-Vague et al., 1993) (Juhan-Vague et al., 1996) (Mansfield et al., 1997),
through which the observed association between PAI-1 levels and vascular disease may
be mediated. In addition, PAI-1 expréssion and synthesis is enhanced by a number of
inflammatory cytokines (Colucci et al., 1985) (Schleef et al., 1988) (Orbe et al., 1999),
suggesting that PAI-1 might simply be denoting an enhanced inflammatory state. As far
as TAFI, the recently identified inhibitor of fibrinolysis, is concerned, elevated plasma
levels have been associated both with increased risk of coronary artery disease (Silveira
et al., 2000) (Morange et al., 2003), as well as protection against MI (Juhan-Vague et
al., 2002). Elevated plasma TAFI levels might be expected to be associated with
increased risk, since its activated form TAFla cleaves the carboxy-terminal lysine

residues from the surface of partially degraded fibrin, thus preventing plasminogen and
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t-PA binding and hindering clot lysis (Sakharov et al., 1997) (Mutch et al., 2003). The
observation that TAFI antigen levels above the 90" percentile were protective against
MI (Juhan-Vague et al., 2002) might be explained by the anti-inflammatory properties
attributed to TAFIa, which has been shown to inactivate the complement-derived

anaphylatoxin C5a (Campbell et al., 2001) (Campbell et al., 2002).

Thrombin is the pivotal enzyme of the coagulation cascade. In addition to promoting
clot formation (Gailani and Broze, Jr., 1991) (Brummel et al., 1999), it acts as a mitogen
for lymphocytes, fibroblasts and vascular SMCs (Chen and Buchanan, 1975), stimulates
human platelet activation and aggregation (Bizios et al., 1986) (Harmon and Jamieson,
1986) (Huang and Detwiler, 1987), is chemotactic to monocytes (Bar-Shavit et al.,
1983a) (Bar-Shavit et al., 1983b) and neutrophils (Sehnal and Slany, 2002), and induces
the expression of leukocyte adhesion molecules and cytokines on the surface of vascular
endothelial cells (Colotta et al., 1994) (Ueno et al., 1996). These cellular responses are
in part mediated through the activation of G-protein-coupled protease activated
receptors (PAR), namely PAR1 and PAR4 (Chung et al., 1990) (Rasmussen et al.,
1991) (Vu et al., 1991). By triggering these inflammatory and proliferative processes,
which are central to the development of atherosclerosis, thrombin is likely to play a

central role in development of arterial thrombosis (Coughlin et al., 1992).

The roles of the anti-coagulant proteins AT, PC and PS have received some attention in
relation to their deficient states. Whereas deficiencies of these anti-coagulant proteins
have consistently been associated with increased incidence of venous thrombosis,
tendency towards arterial thrombosis is not as common (Lane et al., 1996a) (Lane et al.,
1996b) (Laffan and Tuddenham, 1997) (Simioni, 1999). AT deficiency has been

reported in arterial thrombosis (Coller et al., 1987) (Johnson et al., 1990), particularly in
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individuals who are homozygous for defects in the heparin-binding region (Lane et al.,
1994). No clear association with arterial thrombosis has, however, been demonstrated
for either PC or PS deficiency states. Of the proteins involved in the regulation of
coagulation, Tm and EPCR have not been extensively investigated due to their relative
inaccessibility on the endothelial cell surface. Variations in the genes encoding these
proteins, leading to protein dysfunction, are candidate risk factors for arterial

thrombosis. Tm in relation to CHD will be discussed in section 1.4.6.
1.3.3.2 CHD and polymorphisms in haemostatic factors

Genetic abnormalities that compromise the production, function, metabolism and
availability of the aforementioned haemostatic factors may alter the physiological
balance, thus favouring thrombosis and contributing to thromboembolic and

atherothrombotic events.

Polymorphisms in the genes coding for the membrane GPs used by platelets to adhere
and aggregate have been proposed to be associated with CHD (Mbopi-Keou et al.,
2000). The Leu33Pro polymorphism in Gp IIb/Illa has been extensively studied with
regards to cardiovascular disease. An intial study reported an association of the 33Pro
allele with risk of acute coronary thrombosis (Weiss et al., 1996). Subsequent studies
have proven inconsistent, with large studies either being negative (Herrmann et al,,
1997) (Ridker et al., 1997b), or positive only in some subgroups, such as young patients
who were also smokers (Carter et al., 1997). In the gene encoding the GP Iba subunit a
variable number tandem repeat polymorphism (Lopez et al., 1992) (Ishida et al., 1996),
in strong linkage disequilibrium with a Thr145Met substitution (Simsek et al., 1994),

has been shown to alter the the structure of this platelet adhesion receptor (Lopez,
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1994). Inconsistent results have, however, been reported regarding the relationship
between these variant sites and cardiovascular disease (Gonzalez-Conejero et al., 1998)
(Ardissino et al., 1999) (Douglas et al., 2002). In the gene encoding the GP Iba subunit,
a cpmponent of the GP Ib-IX-V complex, a -5T/C Kozak polymorphism has been of
interest (Kaski et al., 1996). In vitro studies have suggested that this Kozak sequence
may affect the surface expression of the GP Ib/IX/V complex on the platelet surface
(Afshar-Kharghan et al., 1999). Inconsistent results have, however, been reported
regarding the relationship between this variant site and cardiovascular disease (Corral et

al., 2000b) (Croft et al., 2000) (Frank et al., 2001) (Douglas et al., 2002).

The fibrinogen protein, comprising two globular D domains and a central smaller
globular E domain, is encoded by three genes denoted alpha, beta and gamma (Chung et
al.,, 1990). A number of polymorphisms have been identified in the three genes
encoding the protein: Thr312Ala and Taq I polymorphisms in the alpha chain, and the
-455G>A, -148C>T and Arg448Lys polymorphisms in the beta chain (Humpbhries et al.,
1987) (Humphries et al., 1992) (Behague et al., 1996). Although these polymorphisms
have consistently been associated with plasma levels of fibrinogen, inconsistent results
have been reported regarding the relationship between these variant sites and

cardiovascular disease (Lane and Grant, 2000).

Numerous polymorphisms have been identified in the genes encoding proteins of the
coagulation cascade. As is the case for fibrinogen, polymorphic sites have been
identified in the FVII gene, which have been associated with circulating levels of FVII
(Bernardi et al., 1996). These include a decanucleotide insertion at position -323
(Marchetti et al., 1993), in strong linkage disequilibrium (LD) with Arg353GlIn in the

coding region of the gene (Green et al., 1991), a G to C substitution at position -401
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(-401G>C), a G to A substitution at position -402 (-402G>A) (van 't Hooft et al., 1999)
and an intronic length variant in the hypervariable region 4 of intron 7 (Pinotti et al.,
2000). In vitro experiments have demonstrated lower secretion for the coding region
variant (Hunault et al., 1997), whereas the promoter variants have been associated with
altered transcription activity (van 't Hooft et al., 1999). Despite these findings, the
relationship between FVII genotype and CHD risk has proven inconsistent (Lane and

Grant, 2000).

A C to T change at position 46 of the FXII gene (46C>T) has been associated with low
plasma levels of FXIIa (Kanaji et al., 1998) (Kohler et al., 1999) (Zito et al., 2000). This
change has been shown to impair mRNA translation (AUG, methionine) in vitro, due to
the introduction of a novel translational start site upstream of the correct start site,

resulting in reduced FXIla levels (Kanaji et al., 1998).

FV Leiden (FV Arg506Gin), which renders FVa resistant to APC cleavage, has been
identified as the genetic defect responsible for most (90%) APC-resistant cases (Bertina
et al., 1994) (Greengard et al., 1994) (Voorberg et al., 1994) (Dahlback, 1999). This
results in increased thrombin generation due both to impaired downregulation of FVa
pro-coagulant activity and altered FV anti-coagulant activity (cleavage at position 506 is
required for FV to act as a cofactor to APC in the downregulation of FVIIIa) (Shen and
Dahlback, 1994) (Varadi et al., 1996) (Thorelli et al.,, 1999). A prothrombin variant,
20210G>A, in the 3’ untranslated region of the gene, has been shown, in vitro, to
increase both the efficiency of mRNA processing and mRNA stability (Gehring et al.,
2001) (Carter et al., 2002) and has been associated with increased prothrombin levels
(Poort et al., 1996). Increased levels of prothrombin may enhance thrombin generation

and thus lead to the formation of occlusive thrombi. Whereas both the FV Leiden and
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the prothrombin 20210G>A mutations have consistently been associated with venous
thrombosis, the role of either variant in arterial thrombosis remains controversial
(Ridker et al., 1995) (Ferraresi et al., 1997) (Ridker et al., 1999) (Juul et al., 2002).
Positive associations have mainly been found in studies where the two variants are

present together (Rosendaal et al., 1997) (Doggen et al., 1998a).

FXIII plays a key role in determining fibrin clot structure. Once activated, by thrombin,
FXIIla cross-links the insoluble fibrin network giving rise to a stable clot that is more
resistant to fibrinolysis (Gerth et al., 1974) (Roberts et al., 1974) (Lorand et al., 1980)
(Naski et al., 1991). A common polymorphism in the FXIIla gene (Val34Leu), which
occurs three amino acids from the thrombin cleavage site, is thought to increase
sensitivity to thrombin-mediated activation, leading to increased turn-over of active
enzyme and enhancing the rate of fibrin cross-linking (Ariens et al., 2000) (Wartiovaara
et al., 2000). Whereas two studies have suggested that the Val34Leu polymorphism is
associated with reduced risk of MI (Kohler et al., 1998b) (Wartiovaara et al., 1999)
other studies have failed to identify such an association (Canavy et al., 2000) (Corral et
al., 2000a). Possible interactions between FXIII Val34Leu and other thrombotic risk
factors may alter its effects on thrombotic risk (Kohler et al., 1998b) (Schroder and

Kohler, 2000).

Of the proteins involved in the fibrinolytic cascade, a 311 bp Alu insertion/deletion in
intron 8 of t-PA is the most studied nucleotide sequence, with respect to cardiovascular
disease (Ludwig et al., 1992). Whereas an initial study suggested an association
between the number of Alu repeats and arterial thrombosis (van der Bom et él., 1997),
subsequent studies failed to confirm such an association (Ridker et al., 1997a). In

addition, t-PA expression did not seem to be influenced by the Alu polymorphism
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(Eijnden-Schrauwen et al., 1995). In a separate study, subjects homozygous for the Alu
insertion were shown to have higher forearm vascular release rates of t-PA than those
heretozygous and homozygous for the Alu deletion (Jern et al., 1999). Further analysis
of the t-PA gene identified 8 novel polymorphisms, 3 of which (-7351C>T in the
upstream enhancer, 20099T>C in exon 6, and 27445 T>A in intron 10) were in tight
linkage disequlibrium with the Alu polymorphism (Ladenvall et al., 2000). The -7351
C>T polymorphism, which lies within an Sp1 transcription factor binding site, has been
associated with reduced t-PA release and increased risk of MI (Ladenvall et al., 2000)

(Ladenvall et al., 2002).

Several polymorphic loci have been identified in the PAI-1 gene to date, including a 3
HindllI site, a CA(n) dinucleotide repeat in intron 3 (Dawson et al., 1991) and a 4G/5G
insertion/deletion at position -675 of the promoter (Dawson et al., 1993). Of these, the
4G/5G insertion/deletion polymorphism has been most frequently studied, with the 4G
allele having been correlated with elevated plasma levels of PAI-1, an effect that was
more pronounced in subjects with elevated triglyceride levels (Panahloo et al., 1995). A
triglyceride responsive element has been identified close to the 4G/5G site (Eriksson et
al., 1998), thought to explain the observed interaction with serum triglyceride
concentrations. Conflicting data on the strength of the relationship between the 4G/5G
insertion/deletion PAI-1 polymorphism and vascular disease have, however, been
reported; reviewed by (Simmonds et al.,, 2001). Two separate meta-analyses have
yielded an overall marginal increased risk of MI associated with the 4G allele

(Iacoviello et al., 1998) (Boekholdt et al., 2001).

Several polymorphic sites have also been identified in the TAFI gene and account for

much of the variability in protein levels. Of these, the Alal47Thr and 1542C>G
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polymorphisms, in combination, were found to account for >60% of TAFI level
variability, though the mechanism of action has yet to be determined (Henry et al.,
2001) (Tregouet et al., 2001). Despite this strong genetic control on plasma TAFI
antigen levels, there are inconsistent results from studies examining the relationship
between TAFI sequence variations and disease (Juhan-Vague et al., 2002) (Morange et

al., 2003).

Variants in the Tm gene in association with CHD will be discussed in section 1.4.7.

14 Thrombomodulin (Tm)

Tm was discovered by Esmon and Owen following an elegant and imaginative
experiment. They showed that the perfused microvasculature of an isolated rabbit heart
was able to accelerate the thrombin-mediated activation of PC by 20,000-fold (Esmon
and Owen, 1981) (Esmon and Owen, 2004), which suggested the presence of an
endothelial cell receptor that acts as a cofactor for thrombin. This cofactor was
successfully isolated from rabbit lung homogenates (Esmon et al., 1982b) and termed
‘thrombomodulin’ because it was found to alter thrombin substrate specificity,
converting thrombin enzyme activity from pro- to anti-coagulant (Esmon et al., 1982a)

(Esmon et al., 1983).
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14.1 The Tm molecule

The human protein has an apparent molecular weight of 75 kDa, following analysis on
sodium dodecyl sulfate-polyacrylamide gels (SDS-PAGE). The apparent molecular
weight exhibits a shift to 105 kDa, upon reduction of disulfide bonds, due to secondary
structure involving many cysteine bridges (Esmon et al., 1982b). Structurally, Tm is
organised into domains that resemble those of the LDL-receptor (Jackman et al., 1986).
The translated protein consists of 575 amino acids. An 18-residue signal peptide
domain, seemingly not involved in the localization of the protein, is cleaved, giving rise
to the mature Tm protein. The mature Tm protein is 557 amino acids in length and
consists of a large overall hydrophobic amino-terminal domain, six tandemly repeated -
epidermal growth factor (EGF)-like domains, a Ser/Thr rich domain, a transmembrane
domain and a short cytoplasmic tail (Suzuki et al., 1987), illustrated schematically in

Figure 1.3.
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Figure 1.3 Schematic representation of the Tm protein.

Tm is a multidomain membrane-spanning protein with an extracellular amino-terminus.
From its amino-terminus, Tm contains a lectin-like domain, a hydrophobic region, six
epidermal growth factor-like (EGF) repeats, a serine/threonine rich region, a
transmembrane domain and a cytoplasmic tail. The numbers represent the
corresponding amino acids (numbering as in the mature protein) (adapted from (Weiler
and Isermann, 2003)).
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The large hydrophobic amino-terminal domain is itself composed of two subdomains.
The first subdomain is a lectin-like region (residues 1-154), shown to have some degree
of homology with the family of C-type (Ca2+-dcpendcnt) lectins (Petersen, 1988). Three
dimensional molecular modelling identified conserved features between the Tm lectin-
like domain and C-type leci.:in molecules (Villoutreix and Dahlback, 1998). This domain
folds into a globular hydrophobic domain, comprising 2 a-helices and 2 antiparallel p-
sheets; see Figure 1.4. Although no disulfide bonds have been reported in the Tm lectin-
like domain, 4 potential disulfide bridges, between C12-C17; C34-C149; C78-C115 and
C119-C140, have been proposed based on the 3D model; see Figure 1.4. In addition,
three of the five potential N-linked glycosylation sites are located within this
subdomain, at Asn29, Asn97 and Asn98 of the mature Tm protein (Villoutreix and
Dahlback, 1998) (Parkinson et al., 1992), as illustrated in Figure 1.4. Electron
microscopic analysis indicates that this domain is located furthest from the surface of
the cell membrane and is thus well positioned for interaction with other proteins or cells
(Weisel et al., 1996), which is not surprising since lectins are considered to be non-
enzymatic proteins that selectively bind to carbohydrate domains (Drickamer, 1988).
The lectin-like domain does not appear to be required for Tm to function as a cofactor in
the thrombin-mediated activation of PC (Conway et al., 1997) (Conway et al., 2002).
Although questions still remain with regards to the biological function of the Tm lectin-
like domain, a number of studies have suggested that this domain provides Tm with
properties distinct from its established role as an anti-coagulant. As such, it is postulated
that this domain may mediate the internalization of the molecule (Conway et al., 1997),
regulate cell proliferation and tumour growth (Zhang et al., 1998), mediate cell adhesion
in a Ca®*-dependent manner (Huang et al., 2003) and regulate endothelial function in
inflammation (Conway et al., 2002). The second subdomain is a largely hydrophobic

region (residues 155-222), which lies adjacent to the EGF-like domain. Large areas of
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identity have been reported between the human and mouse cDNAs in this region, which
would imply an important function (Sadler, 1997). The biological function of this

domain has, however, yet to be determined.

C~term

(to hydrophobic
domain)

N-term

Figure 1.4 Tm lectin-like domain three dimensional structure.

A-helices (red), B-sheets (yellow), Disulfide bridges (light green), asparagine residues
glycosilated (dark green). Reproduced from (Villoutreix and Dahlback, 1998) with
permission.
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EGF structural motifs are relatively common in receptors and coagulation proteins,
occurring in multiple copies that form extended structures (Campbell and Bork, 1993).
Tm contains six tandemly repeated EGF-like domains (residues 223-462). Thrombin
binding is mediated via the 5" and 6™ EGF-like domains (Kurosawa et al., 1988) (Ye et
al., 1992). EGF4-6 are required for Tm to accelerate the thrombin-mediated activation
of PC (Stearns et al., 1989). Recently, it has been determined that the 3 EGF-like
repeat is necessary for the activation of TAFI (Kokame et al., 1998). The Tm EGF-like
repeats are thought to participate in post-translational modification of the protein, since
a consensus sequence (CXD/NXXXXF/YXCXC) required for the hydroxylation of Asp
or Asn residues has been identified in two of the six EGF-like regions of bovine Tm

(344-346, EGF-3; 687-689, EGF-6) (Stenflo et al., 1988).

The structural characteristics of EGF 4, 5 and 6 have been studied by NMR (Adler et
al., 1995) (Sampoli Benitez et al., 1997), as well as X-ray crystallography (Fuentes-
Prior et al., 2000). The detailed secondary structure of these three domains varies
considerably, probably due to the necessity of adaptation to different ligands and
function. The 4™ and 6" EGF-like Tm domains fold similarly to other EGF-like
domains. EGF-like domains typically contain six cysteine residues that exhibit disulfide
pairing between the 1% and 3, the 2™ and 4™ and the 5" and 6™ cysteine residues and
consist of a flat major and twisted minor B-sheet. They can be divided into two
subdomains, each containing a single large loop. The amino-terminal subdomain
contains disulfide pairings between the 1% and 3 and the 2™ and 4™ cysteine residues.
The stretch of residues between the 3™ and 4™ cysteine residues form the large amino-
terminal subdomain loop (the B-loop). The carboxy-terminal subdomain contains a
single disulfide bond between the 5" and 6™ cysteine residues. The stretch of amino

acids between these two cysteine residues form the carboxy-terminal subdomain loop
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(the C-loop), which forms a short tri-stranded B-sheet (Sampoli Benitez et al., 1997).
Despite the observation that both EGF4 and EGF6 follow the classical scheme of EGF-
like domains, they differ considerably in detail. In EGF4, residues Val371-Phe389 (the
C-loop) constitute the initiation site for folding. Hydrophobic interactions centered on
Phe376 and Ile379, stabilize the two B-turns between Ala373-Phe376 and Ile379-
Glu382. A third, less defined turn occurs between Glu382-Arg385. The segment
connecting the 4™ and 5™ EGF-like domains (GIn387-Phe389) is clamped to EGF4 by
hydrogen bonds and to EGF5 through major hydrophobic interactions. Of particular
importance is Met388, which slots into a hydrophobic groove spanned by the disulfide
bridges formed between the 1% and 2™ and the 5™ and 6™ cysteine residues (see below)
of EGFS, thus anchoring EGF4 to EGFS and orientating EGF4 almost perpendicular to
the linear EGF56 tandem (Fuentes-Prior et al., 2000). The importance of this loop in
Jjuxtaposing the thrombin binding EGF-like repeats of Tm (EGF5 & 6) with EGF4 is
underlined by the observation that Tm anti-coagulant activity is drastically reduced
upon oxidation of Met388 (Glaser et al., 1992) (Clarke et al., 1993). The 5™ EGF-like
repeat exhibits a unique non-crossed disulfide bonding pattern, with disulfide pairings
occurring between the 1% and 2™, the 3™ and 4™, and the 5" and 6" cysteine residues.
This structural feature induces a bend bringing the amino- and carboxy-terminal loops
closer together. This results in the concentration and exposure of most of the residues
involved in thrombin binding on one face of the molecule. Thrombin affinity of this
disulfide isomer (1-2, 3-4 and 5-6 pairing) is higher that that of the common one (1-3, 2-
4 and 5-6 pairing) (Sampoli Benitez et al., 1997). Cardinal to the overall domain fol(iing
is a calcium ion with octahedral coordination as predicted by mutagenesis (Nagashima
et al., 1993) and calcium binding studies (Light et al., 1999); see Figure 1.5. Two

potential N-linked glycosylation sites have been identified in the 4™ and 5™ EGF-like
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domains, of the mature Tm protein, at Asn364 and Asn391, respectively (Parkinson et

al., 1992).

Figure 1.5 Sequence and secondary structure of the 4", 5" and 6™ EGF-like
repeats of human Tm.

Acidic residues; red, basic residues; blue. Protein-protein hydrogen bonds; black dotted
lines, those made with the bound calcium ion; red dotted lines. Disulfide bridges;
orange. Glycosylation sites, green diamonds. H,O molecule, Yellow circle. Reproduced
from (Fuentes-Prior et al., 2000) with permission.
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A Ser/Thr rich domain (residues 463-497) follows the EGF-like repeats. This domain is
the major site of O-linked glycosylation, with threé of the seven potential O-linked
glycosylation sites located here (Suzuki et al., 1987). This region is thought to act as a
‘spacer’, positioning the thrombin binding site above the cell membrane, facilitating

efficient thrombin binding and subsequent PC activation (Tsiang et al., 1992).

The Tm molecule also possesses a single chondroitin sulfate (CS) glycosaminoglycan
molecule attached to this Ser/Thr rich domain. The existence of this chondroitin sulfate
moiety in human Tm, initially identified in rabbit Tm (Bourin et al., 1988) (Bourin et
al., 1990), was disputed for a long time as it apparently co-purifies with vitronectin in
human Tm preparations (Preissner et al., 1990). It is now widely accepted that Tm is
expressed both in a form containing and lacking chondroitin sulfate (Nadanaka et al.,
1998). The highly conserved Ser474 residue, of the mature Tm protein, has been
identified as the primary chondroitin sulfate attachment site, since this residue lies
within a sequence (Ser-Gly-Ser474-Gly-Glu-Pro), which has strong similarities to
chondroitin sulfate attachment sites identified in other proteoglycans (Parkinson et al.,
1992) (Gerlitz et al., 1993). Low levels of attachment have also been shown for Serd72.
The overall degree of attachment can be improved by mutating Ser 472 to Glu, which
alters the sequence surrounding Ser474 so that it conforms to the xylosyltransferase
acceptor consensus sequence acidic-Gly-Ser-Gly-acidic. A potential acceptor consensus
sequence overlap at Ser474 suggests that the mechanism behind glycosaminoglycan
attachment, to the Tm molecule, may involve a competition for substrate between
xylosyltransferase (the enzyme that initiates O-linked glycosaminoglycan attachment)
and N-acetylgalactosaminyltransferase (the enzyme that initiates the attachment of
simple polysaccharides to the hydroxyl groups of serine/threonine residues) (Gerlitz et

al., 1993).
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The Ser/Thr rich domain is followed by é 24 amino acid (residues 498-521), highly
hydrophobic, transmembrane domain, responsible for membrane insertion (Suzuki et
al., 1987). This region is highly conserved between species. Like Tm, the
transmembrane domain of the platelet derived growth factor receptor (PDGF),
demonstrated to participate in transmembrane signaling, is highly conserved between
species (Escobedo et al., 1988). This observation might suggest a signaling role for the

Tm transmembrane domain, though this has yet to be demonstrated experimentally.

The last domain of the Tm molecule, consists of 36 amino acids (residues 522-557) and
is located on the cytoplasmic side of the plasma membrane (Suzuki et al., 1987). The
cytoplasmic tail of Tm contains potential phosphorylation sites namely serine, threonine
and tyrosine residues. Phosphorylated regions have been associated with increased

endocytosis and degradation (Dittman et al., 1988).
1.4.2 Tm location

The major site of Tm expression is the endothelial cell surface, where about 100,000
molecules of Tm are expressed per cell (Maruyama et al., 1985a). Tm has been
identified also in a number of different cell types including platelets (60 molecules/cell)
(Suzuki et al., 1988), monocytes (50,000-100,000 molecules/cell) (McCachren et al.,
1991), neutrophils (5,000 molecules/cell) (Conway et al., 1992b), mesothelial cells
(Collins et al., 1992), syncitiotrophoblasts of the placenta, adherent synovial cells (>
50,000 molecules/cell) (Conway and Nowakowski, 1993) and SMC in culture (Soff et

al., 1991).
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Tm concentration has been found to vary with vessel size. Effective Tm concentration
increases as the surface area to blood volume ratio rises (surface area/blood volume)
(Esmon, 1989). This ratio has been shown to change more than 1000-fold, moving from
major vessels to the microvasculature (Busch et al., 1982). Assuming there are around
100,000 Tm molecules per endothelial cell (Maruyama et al., 1985a), major vessels
would have an effective Tm concentration of 0.15 nM, whereas the microvasculature
would have a Tm concentration of 500 nM (Esmon, 1989). As such, capillaries, which

comprise more than 99% of endothelial surface area, contain the majority of Tm.

Although the prime physiologiéal site for Tm is thought to be on the surface of
endothelial cells, smaller heterogeneous soluble Tm fragments, collectively termed
soluble Tm (sTm), have been detected in plasma and urine of healthy individuals (Ishii
and Majerus, 1985). Four (64, 60, 52 & 47 kDa) (Takano et al., 1990), six (105, 85, 80,
56, 31, 28 kDa) (Ishii et al., 1990), or seven (94, 74, 48, 36, 27, 14, 12 kDa) (Uehara et
al., 2001) molecular subspecies of plasma Tm fragments have been reported. The
structure of sTm is not known. Part of the soluble form of Tm is, however, smaller than
the cellular form, presumably because it represent a cleaved form of the surface
associated Tm, with loss of part of the Ser/Thr rich domain, the transmembrane domain
and the cytoplasmic tail (Ishii and Majerus, 1985). In endothelial cell culture, activated
leukocytes and hydrogen peroxide release sTm in the culture media, suggesting that
sTm results from cellular damage, and supporting the thesis that sTm represents a

cleaved form of membrane associated Tm (Ishii et al., 1991).

sTm circulates at a concentration of around 20 ng/ml (Takano et al., 1990), but elevated
levels have been detected in various clinical conditions including cardiovascular disease

and diabetes (Ishii et al., 1991) (Inukai et al., 1996). Consequently, sTm is traditionally
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thought to serve as a marker of endothelial cell damage (Ishii and Majerus, 1985)
(Takano et al., 1990) (Ishii et al., 1991) (Borawski et al., 2001). A number of studies
have, however, demonstrated that the variously sized Tm molecular subspecies,
produced from the endothelial cell surface during the degradation process, retain Tm
functional activity (Hosaka et al., 1998) (Takahashi et al., 1998), though the range of
cofactor activity may vary (Ishii et al., 1990) (Uehara et al., 2001). Additionally, recent
findings suggest that sTm may possess anti-inflammatory and anti-coagulant properties
(Uchiba et al., 1996) (Mohri et al., 1998) (Conway et al., 2002), thereby conferring
protection against atherosclerosis and its complications. It has been suggested that
plasma sTm levels in healthy individuals may result from the constitutive cleavage of
membrane bound Tm, and may thus reflect the levels of Tm synthesized and expressed
in endothelial cells. A large prospective study, the Atherosclerosis Risk in Communities
(ARIC) study, demonstrated a reduced risk of CHD in healthy individuals with elevated

plasma sTm levels (Salomaa et al., 1999).

1.43 Tm function

Tm is found mainly on the surface of vascular endothelial cells, where it serves as a
major anti-coagulant. Recently additional functions have been identified for Tm,

independent of its anti-coagulant activity, including a role in development, fibrinolysis

and inflammation.
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1.4.3.1 Tm involvement in neonatal development

Tm-deficient (Tm -/-) mouse embryos do not survive past embryonic day 8.5, due to an
overall retardation in growth, and are completely resorbed 24 hours thereafter (Healy et
al., 1995). At this developmental stage, Tm is expressed in the giant trophoblast cells
and the parietal endoderm cells, which come into direct contact with maternal blood
(Isermann et al.,, 2001). The subsequent observations that removal of Tm deficient
mouse embryos from the maternal deciduas (Healy et al., 1995), and the selective
expression of Tm in the placenta (namely the trophoblast and parietal endoderm cells)
(Isermann et al., 2001), prevented early embryonic lethality, led to the conclusion that
loss of Tm function from the placenta is what causes the abortion of Tm -/- embryos
(Healy et al., 1995). It was initially postulated that loss of Tm in embryonic trophoblasts
would lead to increased thrombin deposition at the maternal-embryonic interface,
resulting in blood clot formation and placental infarction, thus contributing to the Tm -/-
lethal phenotype (Healy et al., 1995) (Rosenberg, 1997). Tm -/- embryos, however,
failed to show increased fibrin deposition in the placenta (Weiler-Guettler et al., 1998).
Loss of Tm function was, however, found to correlate with a complete loss of diploid
trophoblast cell proliferation and apoptotic cell death of giant trophoblast cells
(Isermann et al., 2003). In a subsequent set of experiments, Tm -/- mice were shown to
survive to birth and early adulthood when crossed with TF deficient mouse embryos or
animals expressing minute TF activity (Isermann et al., 2003). TF co-localises with Tm
in giant trophoblast cells (Isermann et al., 2003) and is a potent initiator of the blood
coagulation cascade (Bevilacqua et al., 1984) (Broze, Jr. et al., 1990) (Mann, 1999); see
section 1.2.1. It is now thought that the developmental arrest of Tm-null embryos is TF
dependent and involves two distinct mechanisms (Isermann et al., 2003). TF causes

death of giant trophoblast cells, indirectly, through the generation of thrombin, the
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conversion of fibrinogen to fibrin and the subsequent generation of fibrin split products.
Tm is able to prevent trophoblast death by suppressing thrombin formation and limiting
fibrin split product generation through the activation of TAFI; see section 1.2.2.6. On
the other hand, TF is thought to induce growth retardation of diploid trophoblast cells
(the precursor pool to giant trophoblast cells) through thrombin mediated activation of
PAR2 or PAR4, since thrombin as well as PAR2 and PAR4 agonist peptides were able
to inhibit proliferation of cultured diploid trophoblasts. The observation that PARI
activation stimulates cell proliferation led to the suggestion that the Tm-PC system may
help maintain placental growth. It has been shown that sustained thrombin generation,
through the constitutive expression of TF at the trophoblast surface, leads to APC
generation by the Tm-thrombin complex and subsequent activation of PAR1 by the
APC-EPCR complex (Isermann et al., 2003). Thus it appears that the critical function of
Tm in embryogenesis is to control the activation of the coagulation and fibrinolytic
cascades, as is the case on the vascular endothelial cells surface. The observation that
the cytoplasmic domain of Tm does not appear to play a role in embryonic
development, since mice lacking this domain developed normally (Conway et al,,
1999), would support this notion. Although the importance of Tm in neonatal
development has been demonstrated in mouse models, the conserved expression of Tm
(Fazel et al., 1998) and PARI (Even-Ram et al., 1998) in trophoblasts of the human
placenta and a similar structural organisation of the placenta that places the fetal
trophoblast in direct contact with the mother’s blood (Cross et al., 1994), suggest that

Tm is relevant and important to human reproduction.
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1.4.3.2 Tm anti-coagulant activity

Tm exerts its anti-coagulant function through interactions with thrombin and PC. Tm,
expressed on the surface of vascular endothelial cells, forms a high affinity 1:1 complex
with thrombin (Owen and Esmon, 1981), which alters thrombin substrate specificity
(Musci et al., 1988) (Ye et al., 1991) (Ye et al., 1992), converting thrombin enzyme
activity from pro- to anti-coagulant (Esmon et al., 1982a) (Esmon et al., 1982b) (Esmon
et al., 1983). As such, thrombin in contact with Tm is no longer able to clot fibrinogen
(Esmon et al., 1982a), activate factors V (Esmon et al., 1982a) and XIII (Polgar et al.,
1986) or platelets (Esmon et al., 1983). In addition to its direct anti-coagulant
properties, Tm acts as a cofactor for thrombin in the activation of PC, greatly
accelerating the rate of activation (Esmon et al., 1982b). Finally, Tm is also capable of
enhancing the action of AT in inhibiting thrombin, through an attached chondroitin

sulfate moiety (Koyama et al., 1991).

The 5™ and 6™ EGF-like repeats of Tm are required to bind thrombin (Kurosawa et al.,
1988) (Ye et al., 1992). Tm is, however, able to bind a second thrombin molecule via
the attached chondroitin sulfate moiety (Ye et al., 1993). Alanine scanning mutagenesis
identified amino acid residues Glu408, Tyr413, Ile414, Leud415, Asp416, Asp4l7,
Asp423, Ile424, Asp425 and Glu426, within EGFS5 and 6 of the mature Tm molecule, as
critical for thrombin binding. Asp398, Asp400, Asn402 and Asn429 in EGF 5, as well
as Asp461 in EGF6 were also critical (Nagashima et al., 1993). Thrombin binding
appears to be mediated via two discrete regions within EGFS5 and 6 that make up the
thrombin binding site on Tm. Two synthetic peptides corresponding to the entire third
loop of the 5™ EGF-like domain (ECPEGYILDDGFICTDIDE; residues Glu408 to

Glu426 of the mature Tm molecule) and parts of the second and third loops of the 6™
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EGF-like domain (residues Pro442 to Cys456 of the mature Tm molecule) (Hayashi et
al., 1990) (Tsiang et al., 1992), respectively, competitively inhibited the binding of
thrombin to Tm. The acidic tetrapeptide Asp-Ile-Asp-Glu that links the 5™ and 6" EGF-
like domains also participates in thrombin binding, since it was shown to contribute to
the inhibitory activity of the first synthetic peptide (Tsiang et al., 1992). Tm binds to
anion-binding exosite I of thrombin, a cluster of basic (Lys and Arg) residues distant
from the active site residues Ser195, His57 and Asp102 (Kurosawa et al., 1988) (Bode

etal.,, 1989) (Ye et al., 1992) (Mathews et al., 1994b).

The recent elucidation of the crystal structure of human a-thrombin bound to the
smallest functional Tm fragment, composed of the last three EGF-like repeats, at a 2.3
A resolution, revealed important details for the interaction of thrombin, Tm and PC in
the activation complex (Fuentes-Prior et al., 2000). It provided a framework for the
interpretation of the results of previous mutagenesis studies, which helped identify the
critical amino acid residues required for cofactor activity (Fuentes-Prior et al., 2000)
(Nagashima et al., 1993). In the stoichiometric complex formed between human a-
thrombin and this EFG456 Tm fragment, an angular Y-shaped Tm fragment, in which
EGF4 is anchored nearly perpendicular to the linear EGF5 and 6 tandem, is bound to an
ellipsoidal a-thrombin molecule; see Figure 1.6. EGF5 and part of EGF6 bind to anion-
binding exosite I of thrombin, whereas EGF4 and most of EGF6 protrude from the

thrombin surface (Fuentes-Prior et al., 2000).
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u~thrombin TME456

Figure 1.6 Ribbon model of complex formed between human a-thrombin and the
EFG456 Tm fragment.

a-thrombin in blue, Tm fragment in red, disulfide bridges in yellow. The irreversible
inhibitor L-Glu-Gly-Arg chloromethyl ketone (EGR-CMK) mimics the acidic P3
residue (see below) of the protein C activation peptide and is shown as a space-filling
model with atoms color-coded (carbon, grey; nitrogen, blue; oxygen, red). The amino-
and carboxy termini of all three chains are labeled. The buried calcium ion is shown as a
blue sphere (indicated by green arrow). Reproduced from (Fuentes-Prior et al., 2000)
with permission.
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A 900 A interface is buried between the thrombin anion-binding exosite 1 and EGF5
and 6 of Tm. The surfaces of EGFS and 6 that pé.rticipate in thrombin binding are more
negative than the surfaces facing away from the protease (Fuentes-Prior et al., 2000).
Electrostatic interactions of the opposite charged moieties have been shown to guide
formation of the tight complex (Tsiang et al., 1992) (Clarke et al., 1993). However,
hydrogen bonds, formed between basic residues of thrombin and uncharged residues on
Tm, also participate iﬁ thrombin-Tm binding. The prevalence of hydrophobic
interactions is illustrated by amino acid residue Ile414 of the mature Tm molecule. The
alkyl side chain of Ile414 fits into a surface depression on thrombin formed by Phe34,
Tyr76 and Ile82 with amino acid residues Leu65 of thrombin and Ile424 of Tm
completing the hydrophobic patch (Fuentes-Prior et al., 2000). Both of these Tm
residues have been shown to be essential for thrombin binding in previous mutagenesis
studies (Nagashima et al., 1993). Finally, Ca®* binding, to regions within the 3" (amino
acid residues Asp307 to Ala338 of the mature Tm molecule) and 6™ EGF-like repeats
(amino acid residues Asp423 to Ala453 of the mature Tm molecule) (Light et al., 1999),
stabilizes the 5™ and 6™ EGF-like domains of Tm to form a region complementary to
anion-binding exosite I of thrombin, increasing the binding affinity (Fuentes-Prior et al.,
2000), and explaining the reduced cofactor activity of mutants of calcium ligands

Asp423, Glu426 and Asn439 (Nagashima et al., 1993).

Tm binding alters thrombin specificity and enhances the rate of thrombin mediated PC
and TAFI activation by at least three orders of magnitude (Esmon, 1995) (Bajzar et al.,
1996a). Evidence has been presented suggesting that Tm binding causes allosteric
changes that alter the conformation of the thrombin active site, thus enhancing
thrombin-mediated activation of PC (Musci et al., 1988) (Ye et al., 1991) (Ye et al,,

1992) (Yang et al., 2003). Acidic residues surrounding the thrombin active site were
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also shown to play a key role in protein C activation (Gibbs et al., 1995). As a result, an
additional model through which Tm could enhance thrombin-mediated PC activation
was put forward. In this model, Asp residues in both the P3 and P’3 sites of PC are
postulated to inhibit the activation of PC by thrombin, in the absence of Tm [P and P’
refer to the distance from the Arg (P1) cleavage site moving towards the amino- and
carboxy-terminus, respectively] (Le Bonniec and Esmon, 1991) (Le Bonniec et al.,
1991). The replacement of Asp with Gly (neutral amino acid) in both the P3 and P’3
sites enhanced PC activation by free thrombin, an effect which was lost upon Tm
binding (Ehrlich et al., 1990). These studies hint at the presence of key residues in
thrombin that repel acidic residues at the P3 and P’3 sites of PC. Indeed, mutagenesis of
the Glu residues at positions 192 and 39 of thrombin, to Gln and Lys, respectively,
overcame the inhibitory influence (Le Bonniec and Esmon, 1991) (Le Bonniec et al.,

1991).

The crystallographic studies of Fuentes-Prior et al., suggest yet another mechanism to
explain the Tm-induced switch in thrombin specificity. A high degree of conformational
conservation was noted between the active site residues of thrombin (Ser195, His57 and
Asp102; chymotrypsinogen numbering) and the surrounding acidic residues (Glu217,
Glul192 and Glu39; chymotrypsinogen numbering), when comparing thrombin in the
Tm complex with free thrombin (Bode et al., 1989) (Fuentes-Prior et al., 2000).
Therefore, a conformational change in the active site and extended binding pocket of
thrombin did not appear to be the main mechanism through which the complex
enhances the PC activation. The fundamental change in thrombin substrate specificity is
now thought to be due to the structure of the 4™ and 5™ EGF-like repeats of Tm. The
outer surface of Tm EGF4 is noticeably hydrophobic, as illustrated by amino acid

residues Leu363, Leu369 and Pro380 of the mature Tm molecule. In contrast, a number
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of polar and charged side chains (Arg385, His384, Glu382, Glu357, Asn355 and more
distally Asp349 and Glu346) as well as aromatic residues (Phe352, Tyr358 and Phe376)
are present on the surface of the 4™ EGF-like repeat extending towards the thrombin
active site groove. The side chains of Asp398, Asn402, Thr403, GIn404 and Glu408 of
the 5™ EGF-like repeat also project towards the active site of thrombin (Fuentes-Prior et
al., 2000). All of these residues are critical for Tm cofactor activity (Nagashima et al.,
1993) and it has been postulated that the clustering of these critical residues on the Tm
EGF45 surface represents the interacting region of the thrombin-Tm region with PC,
Docking experiments, in which a Gla-domainless activated PC molecule was docked to
the thrombin-Tm EGF456 complex, satisfied important specific requirements of
thrombin and identified important interactions between the thrombin-Tm activation
complex and PC. Numerous interactions were observed between PC and EGF4 and 5 of
Tm (Fuentes-Prior et al., 2000). The highly conserved PC Lys37-Lys38-Lys39 triplet
(Gerlitz and Grinnell, 1996) projects towards the 4™ EGF-like repeat and contacts
Glu382 (Fuentes-Prior et al., 2000). In addition, the critical PC side chain of Arg74
(Vincenot et al., 1995) is clamped between the carboxylates of Asp398 and Glu357 in
an electrostatic “grip” (Fuentes-Prior et al., 2000). Interactions between the calcium
binding site of PC and the 4™ and the 5™ EGF-like repeats of Tm are anticipated by the
model (Fuentes-Prior et al., 2000), in agreement with previous reports (Yang and
Rezaie, 2003). Direct contacts between EGF4 side chains and PC residues (Arg385-
Glu80) that coordinate Ca®>* have also been predicted, and might explain the unique
Ca®* dependence of thrombin-Tm mediated activation of PC. The above mentioned
interactions, between PC and Tm, would allow the 4™ and 5™ EGF-like repeats of Tm to
align PC in such a way that its scissile peptide bond (Argl5-Ilel6) is presented to

thrombin’s active site residues, thus facilitating activation (Fuentes-Prior et al., 2000).
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1.4.3.3 Tm and fibrinolysis

Paradoxically, Tm appears to exert opposite effects on the activation of the fibrinolytic

cascade, since it possesses both pro- and anti-fibrinolytic properties.

As already mentioned (see section 1.2.2.6), fibrinolysis is initiated by the binding of
plasminogen and t-PA to the carboxy-terminal lysine residues on the surface of partially
degraded fibrin, resulting in efficient plasmin formation; reviewed in (Booth, 1999).
TAFI, a newly identified inhibitor of fibrinolysis, circulates as a zymogen and is
activated to TAFIa by trypsin, plasmin and thrombin through proteolytic cleavage at
Arg92 (Eaton et al., 1991) (Bajzar et al., 1995) (Tan and Eaton, 1995) (Marx et al.,
2002). TAFIa then catalyzes the removal of carboxy-terminal lysine residues from the
surface of partially degraded fibrin, thus hindering clot lysis (Sakharov et al., 1997). Tm
accelerates the activation of TAFI by thrombin (Bajzar et al., 1996a) (Bajzar et al.,
1998), and in doing so is able to, indirectly, suppress plasminogen activation and
fibrinolysis. Tm enhances activation of PC and TAFI via distinct EGF-like domains
(Stearns et al., 1989) (Kokame et al., 1998). Unlike PC activation (see section 1.4.3.2),
residues within the c-loop of the 3" EGF-like repeat and the interdomain connecting it
to the 4™ EGF-like domain of Tm are important for TAFI activation. Mutagenesis
studies identified residues Val340, Asp341, Glu343 and Asp349 of the mature Tm
molecule as essential for TAFI activation, with residues Tyr337, Asp338, Leu339,
Val345, Glu346 and Val348 also playing an important role (Wang et al., 2000). Despite
these differences in elements of Tm required for TAFI and PC activation, Tm is thought
to accelerate the thrombin-mediated activation of TAFI, not through allosteric alteration

of the thrombin active site, but rather by optimally orientating the thrombin active site
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residues with the activation peptide of TAFI, as is the case for PC (Schneider et al.,

2002); see section 1.4.3.2.

The pro-fibrinolytic activity of Tm is mediated, indirectly, through the generation of
APC. Tm greatly accelerates the rate of PC activation by thrombin (Esmon et al.,
1982b). Once generated, APC is capable of inactivating coagulation factors Va and
VllIa, by proteolytic cleavage, attenuating thrombin generation (Kisiel et al., 1977),
which should decrease the extent of TAFI activation, thus stimulating fibrinolysis
(Bajzar et al., 1995) (Bajzar et al., 1996b). In addition, APC has been shown to form a
tight inhibitory complex with PAI-1, protecting t-PA from PAI-1 mediated inactivation

and promoting the fibrinolytic process (Sakata et al., 1986).

Tm concentration has been identified as the factor that determines whether fibrinolysis
promotion or suppression, by the aforementioned processes, predominates. Low
concentrations of Tm (5 nM) were found to favour TAFI activation, prolonging lysis
time. In contrast, the activation of TAFI was decreased at higher concentrations of Tm
(10 nM). The reduction of TAFI activation at high concentrations of Tm was shown to
be dependent on the ability of APC to attenuate thrombin generation (Mosnier et al.,
2001). It thus appears that Tm acts as an anti-fibrinolytic agent at low concentrations

and a pro-fibrinolytic agent at high concentrations.
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1.4.3.4 Tm anti-inflammatory activity

Tm functions as an anti-inflammatory agent by direct and indirect mechanisms of
action. As aforementioned, thrombin contributes to inflammation by triggering a range
of cellular responses, partly through the activation of PARs, namely PAR1 and PAR4
(Chung et al., 1990) (Rasmussen et al., 1991) (Vu et al., 1991). Thrombin recognises
and binds an acidic sequence in the amino terminal exo-domain of PAR1, via anion-
binding exosite I (Mathews et al., 1994a). Thrombin subsequently cleaves the scissile
peptide bond (between residues Arg-41 and Ser-42) to unmask a new amino terminus,
which binds to the body of the receptor, intra-molecularly, to promote trans-membrane
signalling (Coughlin, 1999). Both Tm and PAR recognise the same site (anion-binding
exosite I) on the surface of thrombin (Stubbs and Bode, 1995). As such Tm is able to
prevent thrombin from activating PARs, through competitive inhibition (Ye et al.,

1992).

Tm bound to thrombin accelerates the thrombin-mediated activation of TAFI into a
carboxypeptidase B-like enzyme, termed TAFIa (Bajzar et al., 1996a) (Bajzar et al.,
1998). This carboxypeptidase, through the removal of arginine residues from CS5a
octapeptide, is able to inactivate the complement derived anaphylatoxin C5a (Campbell
et al., 2001) (Campbell et al., 2002), providing another indirect mechanism through

which Tm may control inflammatory responses.

In addition to its role in limiting coagulation response to injury, the PC pathway also
participates in regulating inflammatory processes by downregulating pro-inflammatory
cytokines, blocking neutrophil interactions with selectins and suppressing expression of

leukocyte adhesion molecules (Grey et al., 1994) (Hirose et al., 2000) (Joyce et al.,
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2001) (Esmon, 2002). Generation of APC is central to these functions. APC bound to
EPCR has been shown to cleave the PARI1 receptor in endothelial cells. In doing so, the
APC-EPCR complex is thought to trigger a range of cellular responses related to anti-
apoptotic and anti-inflammatory activities (Riewald et al., 2002). By accelerating the
thrombin mediated activation of PC, Tm triggers the conversion of the inactive PC-
EPCR complex into the signaling competent APC-EPCR complex, thus indirectly
regulating inflammatory responses. Whether or not APC-EPCR mediated activation of
PARL1 is of physiological relevance is still a matter of debate (Esmon, 2005). When
compared to thrombin, APC was 10*-fold less potent at activating PAR1, with 100-
times higher concentrations of APC required for PAR1 activation. Furthermore, co-
incubation of thrombin and PC on endothelial cells resulted in APC generation as
expected, since thrombin is required for PC activation; see section 1.2.2.5. The locally
generated APC was, however, not able to potentiate PAR1 activation, above and beyond
that seen with thrombin alone (Ludeman et al., 2005). These observations led to the
suggestions that at physiological relevant concentrations APC is unlikely to contribute

to PARI activation (Esmon, 2005) (Ludeman et al., 2005).

A recent study, suggests that Tm regulates inflammation through a direct mechanism
independent of thrombin, TAFI and APC (Conway et al., 2002). Conway et al.
demonstrated that mice lacking the Tm lectin-like domain exhibited reduced survival in
response to endotoxin. These mice had elevated cytokine levels (TNF-a & IL-1pB),
increased leucocyte accumulation in their lungs, and increased neutrophil adhesion to
endothelial cells as a result of increased intracellular adhesion molecule-1 (ICAM-1)
expression. In response to LPS, mice lacking the lectin-like domain exhibited
augmented activation of MAP kinase ERKp, a signaling pathway implicated in the

regulation of pro-inflammatory and adhesion molecules. This observation would
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suggest that the lectin-like domain of Tm triggers intracellular pathways, which alter
gene expression. Interestingly, a soluble, recombinant form of the Tm molecule,
comprising the lectin-like structure, was able to restore normal leukocyte adhesion to
endothelial cells by inhibiting the TNF-a induced activation of ERK;, (Conway et al.,
2002). The molecular interactions by which the Tm lectin-like domain exerts its anti-

inflammatory effects are still unknown.

Recently, a novel mechanism through which Tm may function in thrombosis,
inflammation and atherosclerosis has been suggested (David-Dufilho et al., 2005).
These authors have shown that at low concentrations, thrombin binding to Tm activates
NO production, in human endothelial cells, through the epidermal growth factor
receptor (EGFR) kinase and calmodium kinase II (CaMKII). Tm is thought to activate a
receptor tyrosine kinase analogous to that of EGFR, leading to the phosphorylation of
phosphatidylinositol-3 kinase (PI3K) and phospholipase Cy. CaMKII is subsequently
activated through the generation of inosito 1,3,5-triphosphate (IP3) and Ca®* release,
leading to the formation of Ca-calmodium complex (Ca-CaM). Ca-CaM binding and
PI3K- and CaMKII-dependent phosphorylation, activate NOS3 (nitric oxide synthase
3), resulting in NO synthesis. The thrombin-Tm complex also induced long-lasting Src
family kinase phosphorylation, and modulated G-protein coupled receptor (GPCR)-
induced Ca®* signaling (David-Dufilho et al, 2005). Both Src family kinase
phosphorylation and Ca** signaling are key regulators of cell proliferation through the
MAP-ERK kinase signaling cascade (Berridge et al., 2000) (Stork and Schmitt, 2002)
(Bromann et al., 2004). By activating NO synthesis and modulating the MAP-ERK
kinase signaling cascade, Tm may regulate coagulation, fibrinolysis, inflammation, and

cell proliferation (David-Dufilho et al., 2005).
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144  Molecular biology of Tm

The Tm gene has been localized to the short arm of chromosome 20 (20p 11.2)

(Espinosa, III et al., 1989); see Figure 1.7.

Promoter / - \S’untranslated
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/ mmbrane

& | omain
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lectin-like domain hydrophobic region EGF domains ser/thr rich
TEgon  cytoplasmic tail

Figure 1.7 Cartoon of TM gene and encoded protein.

The Tm gene has been mapped to chromosome 20 pl11.2, is 3.7 kb in length and
contains no introns (Wen et al., 1987) (Jackman et al., 1987) (Shirai et al., 1988)
(Espinosa, II et al., 1989). Green lines represents sites of N-linked glycosylation. Pink
lines represent sites of O-linked glycosylation. Features of each domain are described in
the text.

The human Tm c¢DNA is 3693 bp long (Wen et al., 1987). The transcription start site
has been mapped to two positions 158 and 163 bp upstream of the ATG initiation codon
(Jackman et al., 1987) (Yu et al., 1992). The coding region of 1725 nucleotides has an
extremely large GC content (68%), resulting from long runs of Gs and Cs (Wen et al.,
1987). Interestingly, the human Tm gene is intron depleted (Jackman et al., 1987).
Genes encoding proteins of known structure that contain several functional domains,
appear to almost always position the information coding for these domains on separate
exons. Intronless genes are uncommon, though other genes, besides Tm, which
completely lack introns have been described and include the human platelet GPs Ib a, Ib
B, V and IX (Yagi et al., 1995), hamster B-adrenergic receptor, mammalian a- and B-

interferons, angiogenin, histones and mammalian heat-shock proteins. The reason for
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the lack of introns is unknown, but it has been suggested that the lack of introns could
facilitate protein synthesis under conditions detrimental to RNA splicing (Jackman et

al., 1987).

A 3’ untranslated region (3’UTR) of 1779 bp, is followed by a 40 bp poly-A tail,
enhancing mRNA stability. In contrast to the coding region, the 3°UTR has a G+C
content of only 43% (Wen et al., 1987). Sequences rich in AT residues have been
shown to destabilize and promote the degradation of certain mRNAs (Shaw and Kamen,
1986) (Kruys et al., 1989). A specific octanucleotide consensus sequence
(TTATTTAT), characteristic of genes encoding inflammatory mediators (Kruys et al.,
1989), is present in two overlapping copies of the 3’UTR (Wen et al., 1987). This
particular consensus sequence has been associated with reduced translation efficiency,
selective mRNA degradation and short mRNA half-life, for example, in the interferon

and c-myc genes (Kruys et al., 1989).

A series of sequentially deleted fragments from the 5° flanking region of the Tm gene
have been used to drive expression of a reporter gene. Key regulatory elements
necessary for expression of the Tm gene were identified in endothelial cells (Yu et al.,
1992) (Tazawa et al., 1993); see Figure 1.8. For clarity nucleotides are numbered

according to (Yuetal., 1992).
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Figure 1.8 Schematic representation of TM promoter region.

Important regulatory elements depicted. Proximal promoter: TATA-box (-21 to -26),
CAAT box (-106 to -110), four Sp1 transcription factor binding sites (-129, -141, -207
and -271) (Tazawa et al., 1993). Distal promoter: silencer element (-772 to -947)
(Tazawa et al., 1993), SSRE (-1163 to -1168) (Takada et al., 1994), four RARE (-1141
to -1146, -1407 to -1412, -1523 to -1528 and -1533 to -1538) (Dittman et al., 1994).
Abbreviations: SSRE: Shear Stress Response Element; RARE: Retinoic Acid Response
Elements; +1: Coding Region. Numbering according to (Yu et al., 1992).

The region extending from -290 to -33 of the 5° flanking sequence was found to be
required for full expression of the chimeric gene (Tazawa et al., 1993). This region was
found to contain four potential Sp1 transcription factor binding sites, at positions -271,
-207, -141 and -129, and a potential CAAT box sequence element GCAATC, at
position -110, very similar to the typical CAAT motif (CCAATC) . Mutations were
introduced into the core sequence of each potential Spl binding site and the potential
CAAT box to determine their role in the Tm promoter activity. Site directed
mutagenesis of the CAAT box decreased promoter activity, suggesting that this element
is important for the full activity of the Tm promoter. Two of the four potential Sp1 sites,
at —207 and -141, were identified as positive acting elements, since promoter activity
decreased following site directed mutagenesis. Transcriptional activity was completely
abolished upon deletion of the region extending from -32 to -11, a region which
contains a functioning TATA-box at position -26 (Tazawa et al., 1993) (Yu et al,,
1992). Progressive deletions of the region from -290 to -32 decreased transcriptional
activity, with the exception of the region between -130 to -100, which when deleted
increased promoter activity probably due to the presence of a negative acting element. A

further negative acting element was located in the region spanning from position -947 to
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=772 of the Tm 5’ flanking sequence (Tazawa et al., 1993). Several consensus sequences
have been identified within both the proximal (nucleotides -1 to -299, (Le Flem et .al.,
2001)) and distal (nucleotides -300 to -2052, (Le Flem et al., 2001)) promoter regions of
the Tm gene, which represent putative responsive elements to regulatory influences.
These include potential retinoic acid responsive elements (RARE; GGTCA/GTGAA) in
the region between nucleotides -1538 and -1146, with the direct repeats of RARE
separated by 4 base spacer sequences (DR4; 1531 to 1516) (Dittman et al., 1994), a
putative shear stress responsive element (SSRE; GAGACC) in the region -1163 to
-1168 (Tazawa et al., 1993), and the heat shock responsive element nGAAn present in

multiple tandem copies in the -80 to -30 region (Conway et al., 1994).

1.4.5  Regulation of Tm cell surface expression

A variety of mechanisms seem to control the expression of the Tm gene. Altered
transcription and translation rates together with alterations in the amount of cell surface
expressed Tm contribute to the regulation of Tm expression. A large number of studies
have focused on the effects of various effectors on Tm expression on the cell surface,
with contradicting results in some cases; see Table 1.1. Regulatory response varies by
cell typc,_ which may, in part, account for differences in outcome, since some studies
have been conducted on cultured cell lines, whereas others have been carried out on
primary endothelial cells. Numerous physiological, biochemical and biomechanical
factors have been shown to alter Tm expression (see Table 1.1), and will be the focus of

this section.
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Stimuli Cell Type Tm mRNA levels Total Tm Surface Tm Tm Ref.
: protein antigen cofactor
levels levels activity
Thrombin HSVEC Increased - Decreased - %my: « :;,lgzgg)
BASMC Increased - - - (Ma etal., 1997)
Inflammatory
Cytokines
TNF-a HUVEC Decreased Decreased Decreased  Decreased %ﬁ: o :;'2‘02)95'))
BAEC - Decreased Decreased  Decreased (Moore et al., 1989)
EC - - Decreased - (Speiser et al., 2001)
THP-1 Unaffected - - Unaffected (Grey et al., 1998)
IL-1 HSVEC - - - Decreased = (Archipoffetal, 1991)
EC - - - Decreased (Nawroth et al., 1986)
Endotoxin HUVEC - - - Decreased (Moore et al., 1987)
Growth Factors
TGF-p HUVEC Decreased - Decreased  Decreased (Ohji et al., 1995)
VEGF HAEC Increased - Increased  Increased =~ (Cenek pefnmel.
Atherosclerotic
mediators
Ox-LDL HUVEC Decreased - Decreased  Decreased ﬁ; s 2000
THP-1 Increased - Increased  Increased (Oidactal, 1997)
Homocystein HUVEC Increased Increased - Decreased ‘L&? S ;9929)‘)
Vitamins
Vitamin D THP-1 Increased - Increased - (Ohsawa et al., 2000)
RA HUVEC Increased - Increased - (Horie et al,, 1992)
Biomechanical
stimuli
Shear Stress HUVEC (Takada et al., 1994)
(15 dynes/cm?) Increased - Increased -
(2 dynes/cm?) Unaffected - Unaffected -
BAEC (Malek et al,, 1994)
(15 dynes/cm®)  Transient increase - - -
followed by decrease
(4 dynes/cm?) Unaffected - - -
HS.\IEC (Gosling et al., 1999)
Arterial flow - - Decreased  Decreased
(100mmHg,90cpm
200 mL.min)
Wall Tension - RVG Decreased Decreased - Decreased (g:'e":y“ “"J‘Zggg;)

Table 1.1 Factors regulating Tm expression.

RA: Retinoic acid; Ox-LDL: oxidized low-density lipoprotein; TNF-a: Tumour
necrosis factor a; IL-1: Interleukin 1; TGF-B: Transforming growth factor f3; cAMP:
cyclic adenosine monophosphate; VEGF: Vascular endothelial growth factor. HSVEC:
Human saphenous vein endothelial cells; BASMC: Bovine aortic smooth muscle cells;
HUVEC: Human umbilical vein endothelial cells; BAEC: Bovine aortic endothelial
cells; EC: Endothelial cells; THP-1: monocytic cell line; HAEC: Human aortic
endothelial cells; RVG: Rabbit jugular vein grafts.
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Treatment of mouse haemangioma cells as well as human saphenous vein endothelial
cells (HSVECs) with thrombin increased Tm mRNA levels to at least double the initial
value after a period of 2 hours (Dittman et al., 1989) (Bartha et al., 1993). Similarly,
thrombin upregulated Tm mRNA in bovine aortic smooth muscle cells (BASMC), a
response most probably mediated by PARs (Ma et al., 1997). However, the increase in
Tm mRNA levels does not result in a net gain in the number of Tm receptors at the cell
surface, as it is counteracted by loss of the Tm from the cell membrane, as shown by a
two-fold increase in sTm antigen levels in the culture medium over a 24 hour period
(Bartha et al., 1993). Tm may also be subjected to regulation by internalization, though
the process remains unclear and controversial. On the one hand thrombin binding to Tm
is thought to induce the internalization of the complex in the endothelial cell
(HUVECs), with thrombin being degraded in lysosomes and Tm returning to the cell
surface within 30 minutes (Maruyama and Majerus, 1985). This concept is supported by
ultrastructural evidence, demonstrating internalization within 10 minutes mainly in
small clusters in non coated pits, with bound thrombin transcytosed across the
endothelium by plasmalemmal vesicles (Conway et al., 1992a) (Horvat and Palade,
1993). PC, but not APC, is capable of inhibiting thrombin-Tm internalization, thereby
bregulating the extent of its own activation and thrombin clearance from the circulation
(Maruyama and Majerus, 1987). On the other hand, data have been presented
demonstrating that the thrombin-Tm complex is not subjected to endocytosis on the
surface of HSVECs and EA.hy 926 cells (Beretz et al., 1989). These contradictory
findings may be due to limitations in experimental design or may reflect differences in

function among various cell types.
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Inflammatory mediators have a profound effect on Tm expression. Granulocyte
lysosomal proteases (granulocyte elastase, cathepsin G) and hydrogen peroxide have
been shown to cleave Tm from the surface of cultured HUVECS, releasing a 43 kDa
fragment into the culture medium (Abe et al., 1994). In vitro experiments have
demonstrated that exposure of endothelial cells to TNF-a caused a dose- and time-
dependent decrease in Tm antigen and activity levels, with maximal reduction in
antigen levels observed after a 24 hour incubation in HUVECs (Lentz et al., 1991) (Nan
et al., 2005). Evidence has been presented, suggesting that TNF-a mediates its effect by
downregulating transcription (Lentz et al., 1991). TNF-a sensitivity of the Tm gene, in
endothelial cells, is in part dependent on three Ets core motifs (GGAA) located within a
distinct region in the Tm promoter, just upstream of the TATA-box (-76 to -30; relative
to the transcription start site) (von der Ahe et al., 1993). The observed detrimental effect
on transcription is thought to be mediated by activation of nuclear factor xf (NF-xf)
(Sohn et al., 2005). In vivo, Tm expression on the surface of endothelial cells was
depleted following intra-dermal application of TNF-a (Speiser et al., 2001). This could
be due to increased shedding of Tm from the endothelial cell surface, a concept
supported by the observation that recombinant TNF-a therapy results in increased levels
of sTm as a result of the concerted action of TNF-a and neutrophil proteases (Boehme
et al., 1996). Alternatively, TNF-a may decrease Tm expression on the cell surface by
inducing the internalization and degradation of Tm, as demonstrated in bovine aortic
endothelial cells (BAECs) (Moore et al., 1989). Conversely, Tm expression levels were
unaffected in THP-1 cells (monocytic-like cell line) treated with TNF-a (Grey et al.,
1998). This suggests that Tm expression in monocytes or macrophages is regulated
differently to the endothelium, with respect to inflammatory stimuli, and that
extravascular mononuclear phagocytes may promote local production of APC. Other

cytokines are also able to decrease Tm activity on the surface of endothelial cell. In

86



vitro, IL-1 induces a dose- and time- dependent decrease in Tm activity on the cell
surface, with a 63% decrease in Tm cofactor activity after 24 hours (Archipoff et al.,
1991). Intravenous infusion of IL-1 into rabbits also caused a dose- and time- dependent
decrease in Tm cell surface co-factor activity, assessed as a measure of thrombin-
mediated PC activation, with maximal (72%) reduction at Sh (Nawroth et al., 1986). '
Endotoxin, which is thought to trigger the host response to gram-negative septicemia,
also caused a dose- and time- dependent decrease in Tm cofactor activity, with a 45%
decrease at 24 hours that remained depressed at 48 hours (Moore et al., 1987). As such,
inflammatory cytokines secreted by macrophages underlying the atherosclerotic plaque
(Lusis, 2000) may alter the anti-thrombotic character of the endothelium, thus

contributing to increased thrombogenicity of atherosclerotic lesions.

Growth factors can contribute to Tm regulation in various ways. In HUVECs:,
transforming growth factor beta (TGF-B), which is capable of stimulating growth of
many types of cells, downregulates surface Tm activity and antigen levels time- and
dose- dependently. Tm mRNA levels were also reduced in response to treatment.
Maximal surface Tm activity and antigen reduction was observed at 12 hours and
maximal reduction of mRNA levels was observed several hours earlier (3 and 6 hours).
This suggests that TGF-B regulates Tm expression at the levels of transcription. These
data would suggest that TGF-f, released by platelets, SMC and monocytes may
contribute to thrombogenesis at the site of plaque rupture due to downregulatory effects
on Tm (Ohji et al., 1995). Treatment of human aortic endothelial cells (HAECs) with
vascular endothelial growth factor (VEGF), a mitogen for vascular endothelial cells,
induced a 2.5-fold increase in both total cellular Tm antigen and total cellular Tm RNA
levels, again suggesting that most if not all of the regulation was at the messenger level.

VEGF was also able to block IL-1, TGF-B and LPS induced suppression of Tm surface
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antigen and mRNA. These findings suggest that VEGF regulation of Tm may contribute
to mechanisms that would maintain local haemostasis during angiogenesis and
revascularization and could play a role in minimizing loss of vessel anti-coagulant

function during inflammatory processes (Calnek and Grinnell, 1998).

Contributors to the atherosclerotic process have also been shown to regulate Tm
expression, altering the anti-thrombotic character of the en(iothelium, and promoting
thrombosis of atherosclerotic lesions. Ox-LDL (25-200 pg/mli), but not native or
acetylated LDL, reduced Tm cofactor activity in parallel with its antigen levels in
HUVECs. This wés shown to be oxidation-, concentration- and time- dependent. The
reduction in Tm antigen and activity levels, induced by ox-LDL, was preceded by a
reduction in Tm mRNA, to 50% of the control levels at 3 hours after treatment. When
the lysosomal degradation of ox-LDL was inhibited, ox-LDL mediated downregulation
of Tm mRNA and cell surface antigen levels was prevented (Ishii et al., 1996). In
addition, exposure of HUVECs to phospholipids extracts, but not to free cholesterol,
triglyceride, or cholesterol ester isolated from ox-LDL, downregulated Tm mRNA
levels to almost the same extent as intact ox-LDL (Ishii et al., 2003). These results
suggest that ox-LDL, following endocytosis, releases oxidised phospholipids through a
lysosomal pathway and that the released oxidised phospholipids downregulate Tm
expression (Ishii et al., 1996) (Ishii et al., 2003). Oxidized phospholipids in ox-LDL are
thought to elicit their effect on Tm expression by transcriptional activation via retinoid
receptor B (RARB). Specifically, exposure of HUVECs to oxidized phospholipids was
shown to suppress the nuclear expression levels of RARB, RXRa, Sp1 and Sp3. This led
to decreased binding of the RXRa-RARP retinoic acid receptor heterodimer and Sp
transcription factors to their respective DNA recognition sequences in the Tm promoter,

reducing transcription of Tm in HUVECs (Ishii et al., 2003). In contrast, Tm antigen,
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activity and mRNA levels were increased in THP-1 cells (monocytic-like cell line)
treated with ox-LDL, an effect not seen following treatment with native or acetylated
LDL. This would suggest that Tm expression is regulated differently in blood cells to
the endothelial cells, though the mechanism has yet to be elucidated (Oida et al., 1997).
Homocysteine, a metabolic factor linked with vascular disease, has been shown to
impair intracellular processing of Tm, and reduce cofactor activity by reducing the
disulphide bonds (Lentz and Sadler, 1991) (Ye et al., 1993). Conversely, infusion of
animals with HDL, believed to be an anti-atherogenic factor (Mertens and Holvoet,
2001), caused a 2-fold increase in Tm expression, in aortic atherosclerotic lesions
(Nicholls et al., 2005). Thus, infusing small amounts of HDL may help reduce the

thrombogenicity of atherosclerotic lesions.

As far as vitamins are concerned, retinoic acid (RA), a vitamin A derivative also
referred to as ‘vitamin A acid’, increased surface Tm levels on HUVEC: in a time- and
dose-dependent manner. Antigen levels began to increase 3 hours after the addition of
physiologically relevant levels of RA (10 uM), reaching a maximum level (2.5 times
greater than the untreated control) at 24 hours. This level was maintained for a further
12 hours after which it gradually decreased. Tm mRNA levels were also increased in
response to RA treatment, suggesting that the increased surface Tm levels in RA treated
cells results from enhanced transcription (Horie et al., 1992). Furthermore, co-
incubation of HUVECs with both TNF-a and RA prevented TNF-a induced (10
units/ml) reduction in surface Tm antigen, cofactor activity and mRNA, dose-
dependently (Ishii et al., 1992). It has subsequently been demonstrated that the
acceleration of Tm gene transcription by RA is mediated by nuclear retinoic acid
receptor dimers and the nuclear Spl transcription factor interacting with two different

sequences in the 5’-flanking region of the human Tm gene. Specifically, the RAR-
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RXRa heterodimer interacts with the DR4 site between -1531 and -1516, and the Spl
transcription factor binds to the 1** and 2" Sp1 binding sites (-141 to -129) to augment
Tm gene expression in response to RA (Horie et al., 2001). Similarly, a hormonally
active form of vitamin D was shown to upregulate Tm antigen levels on the surface of a
monocytic cell line in a dose-dependent manner, with maximal increase at 0.1 pmol/l.
The increase in Tm antigen levels was paralleled with an increase in Tm mRNA levels,
suggesting control at the level of transcription. These results imply that vitamin
derivatives may serve as novel anti-thrombotic agents in treatment of atherosclerotic

diseases (Ohsawa et al., 2000).

Heat shock has been investigated in relation to Tm expression. Cell surface expression
enhanced 3.2 and 6.7-fold in HUVECs and A549 cells (lung carcinoma cell line),
respectively, in response to prolonged (24 hours) heat shock stress (42°C) in culture.
The mechanism is transcriptional and depends on heat shock responsive elements
(nGAAn), present in multiple tandem copies in the -80 to -30 region of the Tm
promoter. It is plausible that the augmentation of Tm expression, mediated by the
binding of heat shock factors to these heat shock responsive elements, may serve to
protect the vascular endothelium during numerous stresses, such as infection or

inflammation (Conway et al., 1994).

Conflicting results have been published concerning the effect of shear stress on Tm
expression. Application of fluid stress in the physiological range of magnitude (15 and
36 dynes/cmz) on bovine aortic endothelial cells (BAECs) caused a short lived increase
followed by a decrease in Tm mRNA levels (Malek et al., 1994). In contrast, exposure
of HUVECs to moderate shear stress levels (15 dynes/cmz) caused a dramatic increase

in Tm mRNA levels, which preceded the increase in surface Tm antigen levels,
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suggesting transcriptional control (Takada et al., 1994). Despite the discrepancies
between these studies, the results suggest that haemodynamic forces may be critical

factors in the regulation of thrombosis.

When excised saphenous vein fragments were exposed to arterial shear rate, a decrease
in Tm expression occurred, reflected by a consequent decrease in the ability of the cells
to promote PC activation, an effect thought to be due to the increased flow or shear
stress. This result would suggest that shear stress may contribute to the loss of cell
surface Tm antigen and activity in vein bypass graft, contributing to occlusion and
failure of vein grafts in patients undergoing arterial bypass procedures (Gosling et al.,
1999). Similarly, endothelial expression of Tm in rabbit vein graft sections was
dramatically decreased (<90%) immediately after implantation into the carotid
circulation, with a gradual recovery by 6 weeks. The loss of Tm expression, within two
weeks of implantation, was associated with a 95% decreased capacity of grafts to
activate PC, resulting in increased thrombin generation (Kim et al., 2002). Subsequent
experiments comparing the effects of external stenting with surgical manipulations that
decreased blood flow demonstrated that wall tension is an important regulator of Tm
expression in vein grafts (Sperry et al., 2003). These results suggest that wall tension is
involved in the regulation of Tm expression and may contribute to altered Tm
expression in atherosclerotic arteries, as well as reduced thromboresistance in vein

bypass grafts, leading to thrombotic occlusions (Lentz, 2003).
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1.4.6 Evidence supporting a role for reduced Tm in CHD risk

A number of studies have supported a role for reduced Tm as risk for CHD. Weiller-
Guettler et al. (1998) used site directed mutagenesis to eliminate the ability of Tm to
drive in vitro thrombin-dependent PC activation in a mouse model. Mice homozygous
for this mutation were characterized by a dramatic increase in fibrin deposition in the
heart and lungs. In another animal study, local over-expression of Tm was found to
reduce in vivo thrombus formation in isolated rabbit arterial segments, which suggests
that high Tm levels help maintain a thromboresistant state (Waugh et al., 1999). In
human subjects, it has been demonstrated that Tm is downregulated on the surface of
endothelial cells overlaying atherosclerotic plaques in coronary arteries, which may
favour local thrombus formation (Laszik et al., 2001). Furthermore, a large prospective
study (ARIC), found a reduced risk of CHD as levels of sTm increased (healthy
individuals at the time of study) (Salomaa et al., 1999). Since sTm in plasma is thought
to reflect endothelial cell injury, increased levels of sTm may be expected to be
associated with CHD in patients post event (Ishii et al., 1991). However, the finding of
lower plasma levels in individuals who subsequently developed CHD, suggests that
variants may be present that reduce Tm expression (Salomaa et al., 1999). Collectively,
these sﬁdies suggest that reduced expression of Tm is associated with increased fibrin
depositi'o‘n and increased incidence of heart disease. Tm is likely to have a role in
protecting endothelium both from inflammatory affects leading to atherosclerosis and

against the clinical outcome associated with clot formation.
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1.47 Tm gene variants
1.4.7.1 Biological importance of gene variants

Gene structure is not constant across populations, with variations resulting from
permanent change in the DNA base sequence occurring frequently. A substantial
number of variations are the result of single base-pair substitutions. Sequence changes
that alter the function of the gene, usually in a detrimental way, are described as

mutations.

Gene variants that occur with a population frequency of at least 1% are referred to as
polymorphisms. Some variants may affect the structure of the transcribed protein, or the
quantity of protein transcription (promoter mutations). Sequence changes that have this
effect are referred to as ‘functional gene variants’ and may have important biological
consequences. A single base substitution may alter a codon so as to produce an altered
amino acid altering the protein structure, a so called missense or non-synonymous
mutation, or it may change the codon that specified an amino acid to one of the
termination codons, a so called nonsense mutation. Introduction of a nonsense mutation
terminates protein synthesis, since translation of the mRNA transcribed from this gene
will stop prematurely, to produce a truncated protein. Other single base substitutions
may cause no change in their product and can only be detected by sequencing, so called
silent or synonymous mutation. Variation that alters the RNA-slice sites may cause mis-
splicing in the intron or exon. This can result in the synthesis of a protein lacking part or
all of an exon, or having additional amino acids, again altering the sequence of the
protein product. The addi;ion or removal of base pairs from the DNA of a gene may

shift the reading frame of the gene. As a result, the mRNA will be translated into a new
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group of codons altering the structure of the gene product. Such frameshifts may also

create new termination codons and thus generate nonsense mutations.

In addition to changes in the structure of the gene product, variation may impact on the
quantity of protein synthesised. This occurs if there are changes in the rate of gene
transcription or mRNA stability. The amount of gene product may be affected if mRNA
stability is influenced by variations in RNA processing and translation. The rate of gene
transcription may be altered by variation in gene regulatory sequences, such as the
promoter region. The promoter region sets the location and direction of transcription on
a DNA template. Initiation of transcription involves the binding of RNA polymerase to
the promoter, which requires the formation of a transcription initiation complex with
several general transcription factors. Transcription factors recognize and bind to
sequences within the promoter and interact with one another and with the general
transcription factors to regulate the rate of transcription from a particular gene. As such,

variants located within the promoter region are of particular interest.

When two polymorphic sites are in complete (or strong) allelic association, caution is
needed before assigning an altered biological activity to any one variant site. Allelic
association, also called linkage disequilibrium (LD), is non-random association between
two or more alleles. LD is a population-based concept and describes a situation in which
a certain allele at one locus occurs in the presence of a specific allele at a second locus
more frequently than would be expected by chance alone. As such, the gene variant
under investigation may simply act as a marker for the second variant. It is usually
measured as delta (A) or D’, with values ranging from -1 (complete negative

association) to +1 (complete positive association). A value of 0 represents little or no
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association. D’ differs from A, in that the calculation considers the difference in allele

frequency between the two alleles under investigation.

1.4.7.2 Genetic variation in the Tm gene

A total of 125 variants are listed for Tm on the CHIP Bioinformatics database
(http://snpper.chip.org), but not all have been validated. 51 are within the promoter
region (27 validated), 22 are within the Tm exon (12 validated) and 52 are within the 3’
UTR (31 validated). Numerous Tm gene variants have been associated with risk of

CHD.

Eight sequence variants in the Tm distal promoter region were studied in venous
thrombosis (Le Flem et al.,, 2001). Of these, —~1166G>A, -1208/09TT>delTT and
-1748G>C appeared to have functional consequences. The —1166G>A variant, which
occurs in about 1% of the population, alters the core binding sequence of a putative
SSRE. The common —1748G>C variant (21% of the general population) creates a
putative Spl-like transcription factor binding site with only one mismatch relative to the
consensus sequence. The —1748C allele has also been reported to be associated with
higher plasma D-dimer levels, which would be expected if this allele is associated with
reduced Tm levels leading to increased fibrin production. The —1208/09TT>delTT
variant, which occurs in 10% of the population, does not affect a known regulatory
element. However, a 2-fold higher risk of varicose veins has been suggested for the

delTT allele. None of these distal promoter variants have been studied in CHD.

Of the variants identified in the proximal promoter region of Tm, a C to A substitution
at position -133 (-133C>A), which lies in close proximity to transcription factor binding

sites (Sp1) shown to be important for Tm transcription, has been identified in a small

95



number of patients with a personal history of MI (Ireland et al., 1997). In vitro, this
substitution caused a significant decrease in reporter gene expression and impaired
nuclear protein binding. By reducing the binding of nuclear proteins, the -133C>A
promoter mutation may reduce expression of the Tm gene (Nakazawa et al., 2002). A G
to A substitution at position -33 (-33G>A) was initially identified in an Indian Asian
population (Ireland et al., 1997). This variant lies in close proximity to a consensus
regulatory element (TATA-box) (Yu et al., 1992) (Tazawa et al., 1993). Its frequency is
extremely low in the Caucasian population, but has since been identified at much higher
frequency in Korean and Taiwanese populations (Li et al., 2002). The -33A allele has
been associated with risk of CHD and MI in Taiwanese populations (Li et al., 2000) (Li
et al., 2002). In vitro analysis has shown that the -33A allele causes a 20% reduction in
reporter gene expression, suggesting that the -33G>A variant is responsible for reduced
protein expression (Li et al., 2001) (Nakazawa et al., 2002). A dinucleotide mutation
(-9/-10GG>AT), which also lies in close proximity to the TATA-box, has been
identified in patients with a personal history of MI (Ireland et al., 1997). In vitro
analysis has shown that the -9/-10GG>AT mutation has no effect on gene expression
(Nakazawa et al., 2002). It is worth noting that while the 5’ untranslated and promoter
region has now been extensively studied to identify variants, the 3’ untranslated region

has not.

Variants in the coding region of the Tm gene have also been associated with risk of
CHD. A low frequency variant (127G>A; Ala25Thr) has been identified in the Tm
lectin-like domain (Ireland et al., 1997) (Norlund et al., 1997b), a region implicated in
constitutive endocytosis of Tm (Conway et al., 1997) and thought to possess anti-
inflammatory properties (Conway et al., 2002). This variant has been associated with a

2-fold increase risk of MI in a case-control study (SMILE), which increased 4-fold in
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patients with metabolic syndrome and 9-fold in smokers (Doggen et al., 1998b). An 11
bp deletion (del791-801), identified in a 22-year-old male with pulmonary embolism,
changes the reading frame of the Tm protein from Arg246, resulting in a premature stop
codon at position 306 within the 2" EGF-like repeat. In vitro this mutation abolished
Tm expression on the cell surface and was associated with reduced Tm plasma levels in
carriers (Kunz et al., 2002). The Arg385Ser variant, in the 4™ EGF-like repeat, caused a
50% reduction in Tm expression and 4-fold reduction in Tm cofactor activity (Kunz et
al,, 2002). This particular amino acid is adjacent to the short 3 amino acid loop
connecting the 4" and 5™ Tm EGF-like domains, a region shown to be essential for Tm
cofactor activity (Clarke et al., 1993). A common variant site (A455V; 1418C>T) has
been identified in the 6 EGF domain of Tm (van der Velden et al., 1991), a region with
a key role in thrombin binding and activation of protein C (Hayashi et al., 1990) (Tsiang
et al., 1992). However, the functional consequences of the A455V variant are unknown.
There are contradictory reports for CHD risk, with both or neither allele having been
associated with risk in different populations (van der Velden et al., 1991) (Norlund et
al., 1997a) (Wu et al., 2001) (Aleksic et al., 2002). A G to T substitution at nucleotide
position 1456 (1456 G>T; Asp468Tyr) was the first mutation to be reported in the Tm
gene. This variant site was identified in a 45-year-old man with pulmonary embolism
who had low plasma Tm levels (Ohlin and Marlar, 1995). Although the Asp468Tyr
variant lies within the Ser/Thr rich domain of the mature Tm molecule, in close
proximity to th¢ chondroitin sulfate attachment site (Gerlitz et al., 1993) (Lin et al.,
1994), variant Tm expression and PC cofactor activity remained unaltered (Nakazawa et
al., 1999). A frameshift mutation (insT 1689), which predicts an elongated protein due
to the substitution of 12 carboxy-terminal amino acids with 61 abnormal residues, was
identified in the Tm gene of a patient with MI and was associated with significantly

reduced sTm levels in the plasma of family members carrying the mutation. In vitro
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functional work demonstrated accumulation of Tm protein in a peri-nuclear fashion

rather than, as shown for wild-type, on the surface of the cells (Kunz et al., 2000).

Although the presence of mutants in Tm in individuals and families with CHD suggests
a possible contribution to the disease, the numbers of individuals who could be affected
is unknown. Similarly, whether high frequency polymorphisms can affect the levels or

function of Tm sufficiently to contribute to disease is also unknown.
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1.5 Aims of thesis

1.5.1 Hypothesis

Genetic variants in the Tm gene, which cause reduced protein expression, a
dysfunctional protein, or increased shedding from the endothelial surface collectively
contribute to heart disease.

152  Aims

Aim 1: To examine the association between known potentially functional variants in the
Tm gene and risk for CHD, and the consequences of these variants upon thrombin

generation and inflammation.

Aim 2: To determine whether the overall contribution to heart disease, by dysfunctional

variants, can be estimated by measurement of sTm levels.

Aim 3: To assess the in vitro function of any variants shown to contribute to CHD risk.
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2. Methods
2.1 Reagents and commonly used stock solutions
2.1.1  Materials and Suppliers

Amersham Biosciences (UK) Ltd. Buckinghamshire, UK.

GFX PCR DNA and Gel Bans Purification Kit, pd(N)s Random Hexamer, ExoSAP-IT.
Appleton Woods Laboratory Equipment & Consumables. Birmingham, UK.
96-well Clear Polycarbonate Plates.

Applied Biosystems. CA, USA.

Blue Dextran/EDTA loading buffer, Big Dye Sequencing Kit.

BDH Laboratory Supplies. Poole, UK.

Dimethyl Sulphoxide (DMSO), Formamide solution, Ethanol, Chlorophorm, Industrial
Methylated  Spirit  (IMS), Ammonium  Persulphate  (APS), NNN’N’-
Tetramethylethylendediamine (TEMED) and commonly used chemicals unless
otherwise specified.

Becton-Dickinson Labware Europe. Le Pont de Claix, France.

Falcon tissue culture dishes

Bibby Stérilin Ltd. Staffordshire, UK.

Gamma Irradiated 96-well Microtitre Plates.

Bioline Ltd. London, UK.

Tag Polymerase.

Biontex Laboratories GmbH. Munich, Germany.

METAFECTENE™
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Cambrex BioScience Inc. MD, USA.

Endothelial Cell Basal Growth Medium (EBM®), EGM™ Single Quots.

Diagnostica Stago Inc. Asnieres, France.

Asserachrom® Thrombomodulin (Enzyme Immunoassay of Thrombomodulin)
Gibco-BRL Ltd. Paisley, UK.

Escherichia coli (E.coliy strain DHSa™ competent cells, Lipofectin®,
LipofecAMINETM, LipofectamineTM 2000, 1 kb ladder, TRIzol reagent,
SUPERSCRIPT™ I reverse transcriptase, Platinum® Pfx DNA Polymerase, Opti-MEM
I tissue culture medium, Heat-inactivated foetal bovine serum (FBS), Trypsin-EDTA,
Oligonucleotide primers.

National Diagnostics (U K) Ltd. Hull, UK.

Ultra-Pure SequaGel® Complete Buffer Reagent, SequaGel® XR.

New England Biolabs (UK) Ltd. Hertfordshire, UK.

Restriction endonucleases (Aci I, Ban II, Bbs I, BstU I, Hind IIMsp I, Pme I), NEBuffer
2,3 & 4, Purified Bovine Serum Albumin (BSA), T4 DNA ligase, Ligase buffer.
Pharmacia Biosystems Ltd. Milton Keynes, UK.

dNTPs.

Promega Co. Madison, WI, USA.

pGL-3-YBasic reporter vector, pGL-3-Control vector, pRL-TK Renilla Luciferase vector,
Renilld-Luciferase vector dual luciferase assay kit, passive lysis buffer.

PromoCell GmbH. Heidelberg, Germany.

Human Umbilical Vein Endothelial Cells (HUVEC, pellets & cryopreserved vials).
Qiagen Ltd. Crawley, West Sussex, UK.

Qiagen Spin Miniprep Kit, RNeasy Mini Kit, RNase-free DNase set.

R&D Systems Inc. MN, USA.

Recombinant Human TNF-a (10 ng/ml), Recombinant Human Il-1B (5 ng/ml).
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Severn Biotech Ltd. Worcestershire, UK.

Tris-Borate EDTA, 19:1 acrylamide:bisacrylamide ratio and 30% acrylamide.
Sigma-Aldrich Company Ltd. Dorset, UK.

Gene Elute™ HP Plasmid Maxiprep Kit, Glutaraldehyde solution, B-mercaptoenthanol
(BME), Low melting point agarose, Molecular biology grade agarose, Ampicillin,
Bacto-Tryptone, Bacto-Yeast, Bacto-Agar, X-gal, Bromophenol blue, Xylene Cyanol
Wide Range, Glycerol, 2% gelatine.

Stratagene. CA, USA.

QuickChangeR® Site-Directed Mutageneis Kit, E.coli strain XL1-Blue competent cells.
CJ Edgell. Department of Biochemistry and Biophysics, University of North Carolina,
Chapel Hill, NC, USA.

Ea.hy 926 cell line.
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2.12 Equipment and Reagents

Glass and plastic-ware were sterilised by autoclaving. Solutions were either sterilised by
autoclaving or filtration through a 0.2 pm filter. Reagents were prepared using double-

distilled deionised water.

2.1.3 Commonly used stock solutions

DNA Extraction:

1 M MgCl,: 20.33 g MgCl, dissolved in 100 ml dH,O.

1 MTrispH 7.5: 12.11 g Tris, made up to 100 ml in dHO, correct pH to 7.5 and
autoclaved.

Sucrose lysis mix: 109.5 g sucrose, 5 ml 1 M MgCl, 10 ml 1M Tris pH7.5, 10 ml
Triton-X-100, made up to 1000 ml in dH>O and stored at 4°C.

0.5 M Na;EDTA: 37.22 g EDTA (pH 8.0, with NaOH), made up to 200 ml in dH,O.
10% SDS: 10 g Sodium dodecyl sulphate, made up to 100 ml in dH,O.

Nuclear lysis mix: 1 ml 1 M Tris-HCI pH 8.2, 2.34 g NaCl, 0.4 ml 0.5M Na,EDTA pH
8.0, 10 ml 10% SDS, made up to 90 ml in dH,0.

5 M Sodium perchlorate: 70.24 g sodium perchlorate, made up to 100 ml in dH,O.

TE buffer pH 7.6: 1.21 g Tris, 0.37 g EDTA, made up to 1000 ml in dH,0.

Bacterial work:

L-Agar: 1000 ml dH,0, 10 g Bacto-Tryptone, 5 g Bacto-Yeast, 5 g NaCl, 15 g Bacto-
Agar.

L-Broth: 1000 ml dH;0, 20 g BactoQTryptone, 10 g Bacto-Yeast, 10 g NaCl, 4 g

Glucose.
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PCR buffer mixes:

DMSO Pol Mix buffer: 166 mM (NHs), SO4, 670 mM Tris-HCI (pH 8.8), 67 mM
MgCl,, 100 mM BME, 67 uM EDTA, 1.7 mg/ml BSA, 2 mM dATP, 2 mM dTTP, 2
mM dGTP, 2 mM dCTP.

Pol Mix buffer: 500 mM KCl, 100 mM Tris-HCI (pH 8.3), 0.01% gelatine, 2 mM
dATP, 2 mM dTTP, 2 mM dGTP, 2 mM dCTP.

NH, Pol Mix buffer: 16 mM (NHs), SO,, 67 mM Tris-HCI (pH 8.4), 0,01% Tween 20,

2 mM dATP, 2 mM dTTP, 2 mM dGTP, 2 mM dCTP.

Microtitre Array Diagonal Gel Electrophoresis (MADGE) gels (7.5%):

For each gel a solution was made up containing:-

Per gel: 5 ml of 10x TBE, 12.2 ml 30% acrylamide (19:1 acrylamide-bisacrylamide
ratio), 32.5 ml of distilled dH,O, 150 ul TEMED, 150 pl 25% APS.

Loading Buffer: 98% formamide, 10 mmol/l EDTA, 0.025% bromophenol blue,
0.025% xylene cyanol.

Sticky saline: 0.5% v/v glacial acetic acid, 0.5% v/v y methacryloxy-propyl-
trymethoxy-silane.

10x TBE (Tris-Boric acid-Ethylenediaminetetraacetic acid) buffer: 0.9 M Tris, 0.9 M

Ortho-bqric acid, 0.2 M ethylenediaminetetraacetic acid.
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2.2 Methods
2.2.1 Biochemical assays

Blood had been collected into tri-sodium citrate and centrifuged to prepare platelet poor
plasma. Each plasma sample was removed, snap frozen on dry-ice in aliquots and stored

at -80°C.
2.2.1.1 Plasma sTm (commercial assay)

Plasma sTm was measured using a commercially available Enzyme Linked
ImmunoSorbent Assay (ELISA) from Diagnostica Stago (DS), France (Asserachrom®
Thrombomodulin). This is a solid phase two-site enzyme immunoassay. It is based on
the direct sandwich technique in which two monoclonal antibodies are directed against
separate antigenic determinants in the Tm molecule. During incubation, sTm in the
sample reacts with a mouse anti-human anti-Tm monoclonal antibody bound to each
microtitre well. After washing to remove non-reactive plasma components, a peroxidase
conjugated mouse anti-human anti-Tm monoclonal antibody recognizes the Tm bound
to thé solid phase. After a second incubation and a second wash that removes the
unbouhd enzyme labeled antibody, the bound conjugate is detected by its oxidative
action on the substrate ortho-phenylenediamine (OPD) in the presence of urea peroxide.
The reaction is stopped with sulphuric acid to give a colorimetric endpoint that is read
spectrophotometrically at 492 nm. The observed optical density is directly proportional
to the concentration of Tm. A plasma sample for which sTm concentration was
predetermined and known to be at a concentration of approximately 40 ng/ml was used

as a control. This ‘control’ plasma sample was used to determine both inter- and intra-
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assay variability. The inter-assay CV was 22%, and the intra-éssay CV was 2.5%. sTm
levels using the Asserachrom" Thrombomodulin assay were measured in a total of 590
samples. A single batch of kits (Asserachrom® Thrombomodulin lot number: 2318B45)
was used to measure sTm levels in the 590 samples. Reference Tm (Lot number:
116C16), provided with the kit, was reconstituted with 2 ml dilution buffer giving a
concentration of 110 ng/ml. Four doubling dilutions were then carried out to generate

the assay calibrators 110, 55, 27.5, 13.75, 6.875 ng/ml (final concentration).
2.2.1.2 sTm cofactor activity (in-house assay)

Plasma sTm cofactor activity for PC activation was measured by Ohlin et al. (Ohlin et
al., 2005). Briefly, a monoclonal antibody against human Tm (MAb Tm43b) (Clarke et
al., 1993) was coupled to a microtitre plate according to the manufacturer’s instructions

(100 pl, 10 pg/ml MAb Tm 43b/well; Nunc A/S DK-4000 Roskilde, Denmark).

Solulin (Glaser et al., 1992), a recombinant truncated soluble form of Tm, consisting of
the entire extracellular part of the Tm molecule, was used as a standard in this assay.

1.0 ng Solulin antigen level or activity was defined as 1 Seq. A stock solution of Solulin
(500 ng/ml) was diluted with phosphate buffer saline (PBS), containing 0.1% dry milk
and 0;1% Tween, and added to normal pooled citrated plasma to generate the following
assay calibrators 5, 2.5, 1.25, 0.63, 0.32, 0.16 and 0.08 ng/ml (final concentration).

Plasma samples were also diluted 1 in 4 with the same buffer.

During the antigen immobilization step, 200 ul blank (PBS with 0.1% dry milk and
0.1% Tween), standard or test plasma was added to a microtitre plate coated with MAb

Tm43b. The plate was incubated for 2 hours at room temperature under rotation at 600
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rpm. The plate was then subjected to 3 successive washes with 300 ul PBS containing
0.1% dry milk and 0.1% Tween. 50 pl 8.8 nM thrombin (in 20 mM Hepes, 0.15 M
NaCl, 2 mM CaCl,, 0.1% Tween 20; pH 7.4) and 50 pl 0.4 pM human PC (in 20 mM
Hepes, 0.15 Nacl, 2 mM CaCl,, 0.1% Tween; pH 7.4) were subsequently added to the
wells and the plates incubated for 3 hours at 37°C under rotation at 280 rpm. Following
PC activation, thrombin activity was inhibited by adding 10 pl Hirudin (Refludan®) at
132 IU/mL (in 20 mM Hepes, 0.15 M NaCl, 2 mM CacCl2, 0.1% Tween; pH 7.4) and
incubating the plate for 10 minutes at 37°C. In the final step, 75 pl S-2366 (2 mM;
Chromogenix, Goteborg, Sweden) in 20 mM Hepes, 0.15 M NaCl, 2 mM CaCl2, 0.1%
Tween; pH 7.4 was added to each well and absorbance monitored at 405 nm for 30
minutes. Activity measured in the blank sample was subtracted from all standard and
plasma sample measurements. Inter- and intra- assay coefficients of variation for the in-
house Tm activity assay were <15% and <8%, respectively, as previously reported

(Ohlin et al., 2005).

A 1000-fold molar excess of an anti-Tm polyclonal antibody or an unrelated polyclonal
antibody (anti-human Cystatin C) was added to the standards and three normal plasma

samples, to confirm the measured activity was Tm specific.
2.2.1.3 Plasma sTm (in-house assay)

Palsma sTm was determined by Ohlin ef al. (Ohlin et al., 1996) (Ohlin et al., 2005)
using an in-house developed “sandwich” ELISA, using two monoclonal antibodies, Tm
43b and Tm 531. In brief, 96-well microtitre plates were coated with a monoclonal anti-
human Tm antibody (Tm 43b) and incubated overnight at 4°C. The wells were then

washed three times with washing solution (50 mM Tris-HCI, 0.5 M NaCl, 0.1% Tween
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20, pH 8.0). Plasma samples (100 ml/well) were added to the coated wells, following
dilution (1:5) in washing buffer with 0.1% dry non-fat milk, and incubated for 1 hour at
37°C. After washing to remove non-reactive plasma components, a biotinylated
monoclonal anti-human Tm antibody, Tm 531 (4 mg/ml in washing buffer with 0.1%
dry non-fat milk), was addéd and incubated for 1 hour at 37°C. After a second wash,
100 ml of streptavidine-alkaline-phosphatase (Dakopatts, Alvsjo, Sweden; diluted
1:2000 in washing solution) was added and the plate incubated for a further hour at
37°C. Following yet another wash, the bound phosphatase was revealed by its action on
the para-nitrophenyl-phosphate (pNPP) substrate (100 ml) (Sigma, Chemicon, Malmo,
Sweden; 1 tablet was dissolved to 2 mg/ml in 0.1 M glycine, 1 mM MgCl,, 1| mM
ZnCl;, pH 10.4). The absorbance was measured spectrophotometrically at 450 nm,
following a 1.5 hour incubation at 37°C, to allow sufficient development of the enzyme-

substrate reaction.

Solulin (Glaser et al., 1992) was used as a standard. Solulin was diluted in washing
buffer to give concentrations ranging between 0.062 ng/ml and 2.0 ng/ml. sTm
concentration in individual plasma samples was calculated by comparing the

absorbance from wells to the standard curve.

Inter- and intra-assay coefficients of variation were <6% and 5% for the in-house assay,
as previously reported (Ohlin et al., 1996). Both Tm activity and Tm antigen levels
determined using the in house assays, were expréssed as SEq/ml (Solulin equivalents),

and the detection limit of the assays was 0.03 SEq/ml.
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2.2.2 DNA extraction
2.2.2.1 DNA extraction from blood using the “salting out method”

DNA was extracted from potassium-EDTA or citrate anti-coagulated peripheral blood
using a salting out method (Miller et al. 1988), performed in batches of 24 or 36
samples. This DNA extraction method involves several steps, cellular and nuclear lysis,

followed by deproteinisation, extraction and ethanol precipitation of DNA.

(i) Cell and nuclear lysis

10 ml blood was thawed and transferred to a 30 ml polypropylene tube. 12 ml cold
sucrose lysis buffer (4°C) was added and each tube inverted by hand. Tubes were
centrifuged at 4°C for 10 minutes at 1300g (Sorvall RC5 centrifuge using rotor SA-
600). The supernatant was discarded (without disturbing the pellet) and the pellets re-
suspended in 20 ml sucrose lysis buffer by pipetting. Samples were subsequently
centrifuged at 1300g for a further 10 minutes. Following centrifugation, the supernatant
was discarded, and 2 ml of nuclear lysis buffer was added and the pellet re-suspended

by pipetting.
(ii) Deproteinisation

1 ml of 5M sodium perchlorate was added and the samples mixed by inversion.

Samples were then left on a shaker for at least 10 minutes.
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(iii) DNA extraction

2 ml cold (-20°C) chloroform was added and the samples inverted several times by hand
to ensure mixing. Samples were subsequently centrifuged at 1300g for 3 minutes at
room temperature. Following centrifugation the upper aqueous phase (containing the
DNA from each sample) was transferred to a fresh 30 ml polypropylene tube making

sure not to disrupt the organic phase.

(iv) Precipitation and washing
10 ml cold (-20°C) 100% ethanol was gently added onto the aqueous phase and mixed
by inverting. DNA was ‘spooled’ using a Pasteur pipette, washed in 70% ethanol and

transferred to a sterile microtube containing 1 ml Tris-EDTA (TE) buffer.

(v) Dissolving DNA
Microtubes containing the spooled DNA in TE buffer were incubated at 37°C
overnight, before being stored at 4°C. They were left for a period of at least four weeks

to allow complete dissolution of DNA.

(vi) DNA Array generation

DNA concentrations were measured by diluting 10 pl DNA in 100 upl dH,O.
Absorbance was measured using a spectrophotometer, at 260 and 280 nm. Stock DNA
was diluted in dH,O to a concentration of 20 ng/pl and aliquots placed in a 96-well,
deep array. These ‘Stock Arrays’ were stored at -20°C. Working arrays were generated
by transferring 100 pl of each sample from the stock array, to another 96-well array.

These ‘Working Arrays’ were stored at 4°C.
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2.2.2.2 DNA extraction from bacterial cells

i) Small scale preparation of plasmid DNA ‘miniprep’

DNA was extracted from bacterial cells using the QIAprep® Spin Miniprep kit (Qiagen
Ltd. Crawley, West Sussex, UK), according to the manufacturers instructions. This kit
is designed for the rapid, small scale (up to 20 pg DNA) preparation of high purity

plasmid DNA.

Briefly, the bacterial pellet was prepared as described in section 2.2.6.2 and
resuspended in 250 pl of glucose resuspension solution (Buffer P1). 250 pl alkaline
lysis solution (Buffer P2) was added and mixed gently by inverting 4-6 times to ensure
lysis. Neutralizing solution (Buffer N3; 350 pl) was added to the cell lysate and mixed
gently by inversion. The samples were centrifuged for 10 minutes at 18000g to
precipitate and remove any protein contaminants. The supernatants were applied to the
QIAprep spin column and centrifuged at 18000g for 1 minute to ensure binding of
DNA to the silica membrane (anion-exchange resin). The silica membrane, of each
column, was washed with 750 pl medium-salt wash solution (PE Buffer) by
centrifugation at 11000g for 1 minute. DNA was eluted from the column by addition of

30 ul high salt elution buffer (EB Buffer) and centrifugation at 18000g for 1 minute.

ii) Large scale preparation of plasmid DNA ‘maxiprep’

DNA was extracted from bacterial cells using the Gene Elute™ HP Plasmid Maxiprep
Kit (Sigma-Aldrich Company Ltd. Dorset, UK), following the manufacturers protocol.
This kit is designed for the rapid, large scale (100 to 500 pg DNA) preparation of high

purity plasmid DNA.
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In brief, the bacterial pellet was prepared as described in section 2.2.6.2 and
resuspended in 12 ml of glucose resuspension solution. Alkaline lysis solution (12 ml)
was added, mixed gently by inverting 6-8 times and allowed to clear by incubating at
room temperature for 5 minutes. Neutralizing solution (Buffer P; 12 ml) was added to
the cell lysate and mixed gently by inversion, followed by the addition of binding
solution (Buffer G; 9 ml). The mix was immediately added to the barrel of the filter
syringe and allowed to sit for 5 minutes. A binding column was placed into a collection
tube, column preparation solution (12 ml) was added and the column and tube
centrifuged at 3000g for 2 minutes. Following the 5 minute incubation, the cleared
lysate (in the filter syringe) was expelled into the binding column. The filtered solution
was centrifuged at 3000g for 2 minutes ensuring adsorption of the DNA onto the silica
membrane of the binding column. Medium salt buffer wash solution (12 ml) was added
to the column and centrifuged at 3000g for 5 minutes. DNA was eluted from the
column by adding 3 ml high salt elution buffer and centrifugation at 3000g, for 5

minutes.

The purified plasmid DNA was precipitated by adding 1:10 volume NaAc (3 M, pH
5.6) and 2 x volume ethanol (100%), and incubated at -20°C overnight. The mix was
then céntrifugcd at 10000 rpm for 30 minutes at 4°C. The supernatant was carefully
removed and the DNA pellet washed with 200 pl ethanol (70%). The supernatant was
again carefully removed, the pellet allowed to air-dry for 5-10 minutes, and re-

dissolved in 300 pl high salt elution buffer.
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2.2.2.3 DNA concentration calculation

The concentration of the mini- and maxi- preparations of plasmid DNA and following
genomic extraction was calculated from the OD measured at 260 nm using a
spectrophotometer. The formula used was: OD2 x 50 (dsDNA molar extinction
coefficient) x dilution factor = ng/pl. The purity was calculated as the OD,0/ODgo
ratio. Only preparations with a ratio above 1.5 were used for sequencing (section 2.2.5),

cloning (section 2.2.6) and transfections (section 2.4.3).
2.2.3  Methods used for the identification of genetic variants or mutants
2.2.3.1 Polymerase chain reaction (PCR)

The first step of a polymerase chain reaction (PCR) involves a short period of high
temperature, to denature the DNA. The reaction is subsequently cooled in the presence
of oligonucleotide primers, complementary to the DNA (typically 20 bp in length),
flanking the DNA sequence of interest. The primers anneal, and DNA polymerase adds
deoxynucleoside triphosphates (ANTPs) base by base, copying the target and thereby
replicating the DNA. Typically, the polymerase used is derived from the bacterium
Ihermu;s‘v aquaticus (Taq) and is not denatured by the fluctuating temperatures of
automated PCR. Typically, 30 temperature cycles are used to provide sufficient DNA
for analysis. After the first cycle newly formed strands become the target DNA, the
product size then becomes defined by the position of the oligonucleotide primers, see

Figure 2.1.
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Figure 2.1 PCR schematic.
Reproduced from www.oceanexplorer.noaa.gov with permission.

Typically, 100-150 ng DNA was used for each reaction. Standard PCR reactions were
carried out in a total volume of 20 pl. Each reaction contained buffer [166 mM
ammonium sulphate, 670 mM tris-HCI (P.H 8.8), 6.7 mM MgCl, 100 mM BME, 67 uM
EDTA, 1.7 mg/ml BSA], 8 pmol of each primer, 0.2 units 7ag polymerase (Bioline Ltd.
London, UK). Reactions were overlaid with 20 pul mineral oil to prevent evaporation
and sealed with a clear sticky plastic lid. Plates were centrifuged at 200g for 1 minute to

ensure all PCR reagents were below the oil layer. PCR amplification was performed on

a PTC-225 Peltier Thermocycler (MJ Research, UK).

Genomic DNA samples were prepared for PCR by centrifuging the DNA working array
at 1000g for 1 minute. This was done to ensure that all the DNA samples were at the
bottom of their respective wells, thus reducing the possibility of cross-well
contamination when the array lid was removed. 2.5 pl of each DNA sample (50 ng/ul of
DNA) was transferred from a 96-well working array into a standard 96-well PCR plate

(Appleton Woods Laboratory Equipment & Consumables. Birmingham, UK) using a
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Finnipipette multichannel dispenser (Life Sciences, Basingstoke, Hants, UK). Positive
and negative controls were utilized to ensure accuracy. PCR plates were centrifuged at
1000g for 1 minute to ensure the DNA was at the bottom of each well, and then dried at

80°C for 10 minutes on a PTC-225 Peltier Thermocycler (MJ Research, UK).

A bulk-mix of reagents was made for each PCR, allowing adequate volume for the
planned number of reactions, with an additional 10% added to ensure that the mix
would not run short. PCR primers and Taq polymerase (Bioline Ltd. London, UK) were
kept on ice and added last. Standard PCR reactions were carried out in a total volume of

20 pl. Each reaction contained buffer [166 mM ammonium sulphate, 670 mM Tris-HCl

(pH 8.8), 6.7 mM MgCl,, 100 mM BME, 67 uM EDTA, 1.7 mg/ml BSA], 8 pmol of

each primer, 0.2 units Taq polymerase (Bioline Ltd. London, UK).

The PCR mix was added to each well of the PCR plate using an automatic Biohit
repeating dispenser (Alpha Laboratories, UK). Reactions were overlaid with 20 pl
mineral oil to prevent evaporation and sealed with a clear sticky plastic lid. Plates were
centrifuged at 200g for 1 minute to ensure all PCR reagents were below the oil layer.
PCR amplification was performed on a PTC-225 Peltier Thermocycler (MJ Research,
UK). The primer sequences and PCR conditions used to study variants within the Tm

gene are shown in Tables 2.1 and 2.2, respectively.
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Primer Pairs PCR

Variant (Forward/Reverse) Product size
(bp)
-1748G>C 5° ““"CAATGGACCCCACATTTTCAC* 3’ 609
5° MSGCCACGTGCGACAGACAC #4823
-1208/09TT>delTT 5’ TRACAGTCGTGCTTGCCTTTTTC ™® 3° 604
5 *""TTCCATTTCGTCCAGAGTCC** 3°
-1166G>A 5’ TRACAGTCGTGCTTGCCTTTTTC ™™ 3° 604
5 ""TTCCATTTCGTCCAGAGTCC** 3°
A455V 50 TRNGCCCGACTCGGCCCTTTIT P41 3 236

5° +1570(+1400)GCCCGACTCGGCCCTch+1588(+|418)3a
59 +1806(+]636)CGGCGCCCTGCTTCTTGC+1788(+]618) 35

Table 2.1 Primer pairs for variants analysed.

Nucleotides are numbered from the transcription start site mapped to 163 bp upstream
of the ATG initiation codon (Jackman et al., 1987) (Yu et al., 1992). For non-
synonymous variants within the coding region are numbered from the site of translation
(numbers are given in parenthesis. For the 1418C>T (A455V) substitution, ARMS
primers with destabilising mismatches were designed according to Kwok et al. (Kwok
et al., 1990) and O’Dell et al. (O'Dell et al., 2000), for allele specific amplification of
either the A or the V allele. The underlined base represents the destabilising mismatch
base, whereas the base in bold italics matches the specific allele. A common reverse
primer was used. The primers used to genotype for the -1166G>A variant were used to
generate a second Tm fragment that was used as an internal control for each ARMS
PCR reaction. Primers were designed using the ‘Primer 3’ primer design software.

Variant Stepl Step2 Step3 Step5S Number of Termination

cycles Step
(Steps 2-5)

-1748G>C 95°C  95°C  S58°C  72°C 35 72°C
S5min Imin 1min 1min 5 min
-1208/09TT>deITT  95°C  95°C  58°C  72°C 35 72°C
Smin 1min 1min 1min 5 min
-1166G>A 95°C  95°C  58°C  72°C 35 72°C
Smin 1Imin 1min 1min 5 min
A455V 95°C  95°C  58°C  72°C 30 72°C
5min 30sec 30sec 1min 5 min

Table 2.2 PCR conditions for variants being studied.
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2.2.3.2 Restriction digestion

Restriction endonucleases are derived from bacterié, and cleave double stranded bNA
into defined and reproducible fragments. The restriction endonuclease recognises a
short symmetrical sequence of DNA and cuts the DNA molecule at a particular site
within that recognition sequence. Restriction endonucleases are sensitive even to a
single base change in the recognition sequence, which enables them to be used in the

detection of point mutations and single base polymorphisms.

Most restriction digests were performed using an overnight incubation period at 37°C.
A bulk mix of restriction enzyme digest mix was made up for each batch, containing
sufficient enzyme to digest the PCR products in each well of the PCR plate. In a typical
digest mix for a 96 well plate, 130 pl of buffer was added to 200 units of enzyme and
made up to 500 pl with distilled water. 5 pl of digestion mix was added to 8 pl of each
reaction product using a repeater pipette as for the PCR mix. Each plate was centrifuged
at 1000g for thirty seconds to ensure that the PCR product and restriction enzyme were
mixed. The specific details for each PCR product and digestion mix are detailed in

Table 2.3.
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Restriction Pattern

Variant PCR Products  Restriction Common Rare Allele
(bp) Enzyme Allele (bp) (bp)
-1748G>C 609 Ban 11 (0.5 U) 434,175 327,175, 107
-1208/09 604 Pme I (3 U) 604 371,231
TT>delTT
-1166G>A 604 Bbs1(0.75U) 604 413,191
A455V 236 - - -

Table 2.3 Restriction profiles of variants being studied.

In a characteristic reaction, 8 pl of each PCR product were added to 5 ul of digestion
mix containing 0.5-3 U of enzyme and 1.3 pl of 1x appropriate restriction buffer in a
final volume of 13 pl.

2.24  Detection of PCR products, variant sites or mutations
2.2.4.1 Agarose gel electrophoresis

Gels consisting of 1-2% agarose were ﬁsed to analyse PCR products to determine that
the PCR had worked and the product was the anticipated size. An appropriate mass of
agarose was melted in 1x TBE buffer. EtBr was added to cool molten agarose, to a final
?:oncentration of 0.3 mg/l. The agarose was poured into a gel tray with an appropriate
comb. When the gel had set, it was transferred to an electrophoretic tank and
submerged in 1x TBE buffer. Samples were mixed with 1x formamide dye (95%
formamide, 10 mM EDTA, 0.025% bromophenol blue, 0.025% xylene cynol) and
loaded into wells. A 1 kb DNA ladder (Gibco-BRL Ltd. Paisley, UK) was used to
determine the size of the DNA fragments. Gels were electrophoresed at 100-120 V,
following which, DNA fragments were visualised under UV light and photographed
using a Syngene Trans-illuminator and the Gene-Snap Syngene software (Syngene,

Cambridge, UK). A picture of a typical agarose gel is presented in Figure 2.2.
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Figure 2.2 Agarose gel.
Agarose gel of 8 samples amplified for the -1748G>C Tm gene variant. Columns 1 & 9:
1 kb ladder (Gibco-BRL Ltd. Paisley, UK).

2.2.4.2 MADGE for analysis of genomic variants

The DNA fragments produced following restriction enzyme digest of PCR products
were separated using electrophoresis on a non-denaturing polyacrylamide gel,
Microtitre Array Diagonal Gel Electrophoresis; MADGE. This technique allows all 96
samples of a standard PCR plate to be electrophoresed on a single gel, thereby allowing
medium throughput screening of the PCR products. 2 mm deep wells are arranged at an
angle of 71.2° to the short axis of the array, but perpendicular to the long-axis of the
Perspex formers used. As a result the maximum track length is 26.5 mm, which allows

sufficient travel for genotype resolution.

Typically, glass plates (160 x 100 x 2 mm) were cleaned with detergent, rinsed with
dH,O and ethanol, and dried. Once dry, one side was coated with y-
methacryloxypropyltrimethoxysilane (‘sticky’ saline) to facilitate adhesion to the glass
plate. 7.5% MADGE gels (50 ml/plate) were prepared from a 30% stock

polyacrylamide solution (19:1 acrylamide bis-acrylamide) containing 1x TBE buffer.
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Polymerisation was initiated by the addition of 150 pl of both TEMED and 25% APS.
The gel solution was mixed and poured into a gel former. The coated glass plate was
gently placed on top, coated side down, and a small weight placed on top to ensure
pressure between the former and the glass plate. This was then left for fifteen minutes
to set. Following polymerisation, the glass plate and attached gel were then prised away

from the former, excess gel removed and gels stored in 1x TBE buffer at 4°C.

PCR-digest product was prepared for loading onto the MADGE gel. 2.5 pl of loading
buffer was mixed with 10 pl of digested sample. Prior to loading, the digested PCR
products, each gel was soaked in EtBr (100 ml of 1x TBE and 10 pl EtBr) for 20
minutes. The MADGE gel was transferred to an electrophoretic tank and submerged in
1x TBE buffer and 7.5 pl of the digested DNA loaded onto the gel in columns of eight
using a multichannel pipette. The gel was electrophoresed at 150 V. Following
electrophoresis DNA fragments were visualised under UV light, due to staining by
EtBr, and photographed using a Syngene Trans-illuminator and the Gene-Snap Syngene
software (Syngene, Cambridge, UK). A picture of a typical MADGE gel is presented in

Figure 2.3.
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Direction of electrophoresis /

Figure 2.3 MADGE gel for the Tm -1748G>C gene variant.
Madge gel of digest in 93 samples with 3 blank controls.

2.2.4.2.1 Genotyping for polymorphisms in the Tm gene

PCR conditions were optimized in each case to yield a strong, specific product with no
non-specific amplification. The Tm gene has a high overall GC content, resulting from
Iong runs of Gs and Cs. These form hairpin-like secondary structures, which impede
amplification. Inclusion of DMSO is the reaction mix was necessary for all fragments,
to rcsolye problems related to secondary structure of the gene. Magnesium chloride was
kept constant as optimization of the PCR was possible by adjusting the annealing
temperature. Primer sequences, PCR conditions and restriction enzyme digestion

conditions for the Tm variants under investigation are summarised in Tables 2.1-2.3.

122



i) Tm -1748G>C
PCR resulted in a 609 bp fragment. Following digestion with Ban II, the common G
allele gave fragments of 434 and 175 bp and the rare C allele gave fragments of 327,

175 and 107 bp, as shown in figure 2.4.

CC (327bp 175bp)

Direction of

GC (434bp 327bp 175bp) electrophoresj

GG (434bp 175bp)

Figure 2.4 Band pattern for the -1748G>C Tm promoter variant.

ii) Tm -1208/09TT>delTT
PCR resulted in a 604 bp fragment. Following digestion with Pme I, the common TT
allele gave a relevant fragment of 604 bp and the rare delTT allele gave fragments of

371 and 231 bp, as shown in figure 2.5.

TT/TT (604bp)

delTT/delTT (371bp 231bp)

Direction of
decty\hores's/

Figure 2.5 Band pattern for the -1208/09 TT>delTT Tm promoter variant.

TT/delTT (604bp 371bp 231bp)
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iii) Tm -1166G>A
PCR resulted in a 604 bp fragment. Following digestion with Bbs I, the common G
allele gave a fragment of 604 bp, whereas the rare A allele gave fragments of 413 and

191 bp, as shown in figure 2.6.

G A (604bp 413bp)
Direction of
CIW

Figure 2.6 Band pattern for the -1166G>A Tm promoter variant.

GG (604bp)

iv) Tm 1418C>T (A455V)
ARMS primers with destabilising mismatches were designed according to Kwok e al.
(Kwok et al., 1990) and O’Dell et al. (O'Dell et al., 2000), for allele specific

amplification of either the A or V allele; see Figure 2.7.

455V A455

VYV (homozygous rare)

AA (homozygous common)

Direction of
G'W

Figure 2.7 Band pattern for the 1418C>T (A455V) Tm coding region variant.
Underlined base represents the destabilizing mismatch base. Bold italics base matches
the specific allele. Same DNA samples amplified with 455V F and A455 F. F =
Forward; R = Reverse. The primers used to genotype for the -1166G>A variant were
used as an internal control. First band: Control (604 bp); Second band: Allele specific
PCR product (236 bp).

AYV (Heterozygous)
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2.24.3 Purification of DNA fragments for cloning

PCR products or restriction reaction mix were electrophoresed on a 1% preparatory
grade, low melting point agarose (Sigma-Aldrich Company Ltd. Dorset, UK). The
desired fragments were excised and purified from the gel slice using the GFX PCR
DNA and Gel Bans Purification Kit (Amersham Biosciences (UK) Ltd.
Buckinghamshire, UK) and eluted in 30 pl dH,O. The gel slice was melted in the
appropriate volume of capture buffer at 60°C and then passed through a DNA binding
GFX column. The column was washed with a high-salt solution and the DNA eluted in
dH,0. This procedure ensures that primers and other reagents used in the PCR are

removed.
2.2.5 DNA sequencing either for genomic or plasmid DNA

Direct sequencing was done by the chain termination sequencing method (Sanger and
Coulson, 1975), using the ABI Big Dye Terminator v 3.1 Cycle Sequencing reagents
and an automated sequencer type 377 XL (Applied Biosystems. CA, USA). This
method is based on the principle of DNA synthesis using DNA polymerase and the
incorpofation of chain terminating dideoxynucleoside triphosphates (ddNTPs) into the
nascent 'DNA; see Figure 2.8. These ddNTPs do not contain a 3’ hydroxyl group and
the chain cannot be extended further, resulting in termination at positions where they
become incorporated. During the amplification reaction, molecules are terminated at
random, stopping at every nucleotide position along the newly formed DNA strand. The
sequencing reaction is then subjected to electrophoresis. The ddNTPs, labeled with a

different dichlororthodamine fluorescent dye (dR110, dR6G, dTAMRA and dROX) for
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each base, allow the sequencing equipment to identify the different label colours and

give sequence information in a single reaction mixture.
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Figure 2.8 Schematic representation of the chain termination sequencing method.
(Sanger and Coulson, 1975). Reproduced from http://users.rcn.com with permission.

DNA fragments to be sequenced were amplified by PCR in a 50 pl reaction and run on
a 1% low melting point agarose, stained with EtBr, to make sure the correct fragment
size was obtained. Samples were purified using the GFX PCR DNA and Gel Bans
Purification Kit (Amersham Biosciences (UK) Ltd. Buckinghamshire, UK), according

to the manufacturer’s protocol; see section 2.2.4.3.

The sequencing reaction was performed using 2 pl 5x BigDye sequencing buffer, 2 pl
terminator ready reaction mix, 30-100 ng gel purified PCR product or 1 pg plasmid
DNA, 3.2 pmol appropriate primer (forward or reverse) made up to a final volume of 10
ul with distilled water. The sequencing cycling conditions employed were: 96°C for 1
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minute X 1 cycle followed by.(96°C for 10 seconds, 50°C for 5 seconds, 60°C for 4

minutes) x 25 cycles.

Following the sequencing reaction, samples were purified, by ethanol precipitation, to
remove unincorporated dye terminators. 2 pl 125 mM EDTA, 2 pl 3 M ammonium
acetate, 10 pl 100% ethanol and 10 pl dH,0 were added to the 10 pul sequencing reaction
mix, mixed by vortexing and centrifuged at 3000g for 45 minutes at 4°C. The
supernatant was removed, leaving a pellet, which was subsequently washed with 50 pl
70% ethanol. The tube was spun at 3000g for 15 minutes at 4°C, the ethanol removed

carefully and the pellet left to air dry for 20 minutes.

The SequaGel XR (National Diagnostics (UK) Ltd. Hull, UK) polyacrylamide solution
was used to cast the sequencing gel. Typically, 20 ml SequaGel XR monomer solution
(containing urea, acrylamide and acrylamide derivatives) and 5 ml SequaGel complete
buffer solution (containing TBE and TEMED) were combined and 200 ul 10% APS
added to induce polymerisation. The gel was pre-run at 65 W (1600 V, 80 A) in 1x TBE
buffer for 30 minutes to warm the gel. The samples were re-suspended in 4 pl
sequencing loading dye, denatured at 95°C for 2-3 minutes and placed on ice water
immediétely to prevent re-annealing. 2 pl of the re-suspended samples were loaded onto

the polyacrylamide gel and run in 1x TBE buffer at 1600 V for 9 hours.

Sequencing strategy for genomic DNA

The coding fegion (1.7 kb) and approximately 1960 bp of the 5’ untranslated region
(from the transcription start site) of the Tm gene were amplified in 6 overlapping
fragments, represented in Figure 2.9. The sequence and position of the primer pairs

together with annealing temperatures for each primer pair and the size of the resulting
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fragment is represented in Table 2.4. The fragments were subsequently sequenced using

either the forward or reverse primer or both.

Promoter region (1960 bp) Coding region (1.7 Kb)

RARE SSRE R‘ARE Silencer SP1(4) CAAT TATA Tfanscription start site
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Figure 2.9 Schematic representation of the strategy used to sequence the Tm gene.
Large amplification fragments were designed for sequencing. They covered 2 kb of the
promoter region (encompassing the major regulatory elements), and the entire coding
region (1.7 kb) in an overlapping fashion.

Primer Pairs PCR Products Annealing

(Forward/Reverse) (bp) Temperature
5° TP9CAGTGCCCCAACGAGGTTCC ™™ 3’ 996 67°C
5 ““CAGCTGATCCCACCCGG™' 3’
5 T AGTGCCCTTTGCCGAGC ™’ 3’ 1147 67°C
5° "*GCACAGGACGCCGATGGC” 3°
5 "“GATGAAAGAGGGCTGCACG™® 3’ 663 62°C
5° BB TCGCAGATCTGACTGGCATT® 3°
5 " ACGACTGCTTCGCGCTC™* 3’ 560 66°C
5° 18A GCCACCGCGGCGGAGCT 3’
5 "PI"TGCCGCCGTCTCGATCACCT ™ 3° 680 66°C
5° "149A CAGGCAGTCTGGTTGCA''*' 3°
5 TP ACCAGTGCCAGCCCCTGAAC '® 3° 660 63°C

5° *1900 A AAGCTGGGGGTGAGG ™ 3

Table 2.4 Primer pairs used to amplify Tm fragments for sequencing.

Nucleotides are numbered from the transcription start site. PCR thermal specific
profiles: initial denaturation (95°C, 5 minutes), 30 cycles (95°C, 30 seconds +
annealing temperature, 30 seconds + 72°C, 1 minute), final extension (72°C, 5
minutes).
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22.6 Cloning

2.2.6.1 Ligation & Cloning

DNA molecules were ligated using T4 DNA ligase (New England Biolabs (UK) Ltd.
Hertfordshire, UK), a naturally occurring enzyme from phage T4, which catalyzes the
formation of a phosphodiester bond between juxtaposed 5° phosphate and 3’ hydroxyl
termini in duplex DNA or RNA. Ligation was used to clone a PCR fragment digested
with specific restriction enzymes, into the pGL-3-Basic reporter vector (Promega Co.
Madison, W1, USA); see Figure 2.10, also digested with the same restriction enzymes.
Complete digestion of plasmid, prior to ligation, was confirmed by agarose gel
electrophoresis; see section 2.2.4.1. The PCR fragment for insertion into plasmid was
electrophoresed and gel purified; see section 2.2.4.3. The relative concentration of the
plasmid DNA and the target DNA were estimated after agarose gel electrophoresis. A
molar ratio of 1:2-1:4 was used for ligation. Ligation of the target DNA and pGL-3-
basic vector (Promega Co. Madison, WI, USA) was performed mixing 50-200 ng DNA,
1 pl T4 ligase and 1 pl ligase buffer in a final volume of 10 pl. All reactions were

incubated at 4°C for 48 hours.
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Figure 2.10 Schematic representation of pGL-3-Basic reporter vector containing
the luciferace gene.

The ampicillin resistance gene enables selection on the basis that only colonies
containing the transformed plasmid are able to grow in the presence of ampicillin.

2.2.6.2 Transformation of DH5a or XL1-Blue bacterial cells

Competent cells (DH5a or XL1-Blue) were thawed slowly on ice. Typically an aliquot
of 50 ul was used per reaction. 3 pl of ligated target and plasmid DNA (prepared as
described in section 2.2.6.1), 3 pl of circular plasmid or 1 pl of Dpn I treated DNA
(prepared as described in section 2.4.2) were added. Following incubation on ice for 30
minutes, the reaction mixture was transferred to a water bath at 37°C for 1 minute. The
cells were heat-shocked, 300 pl of LB medium added and the tubes incubated with
shaking for 1 hour at 37°C, to allow expression of the ampicillin resistance encoded by
the B-lactamase gene of the vector. 200 pl of the mixture were plated onto LB + agar
plates containing a final concentration of 100 ng/ml ampicillin and incubated at 37°C

overnight.
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A single colony was picked from freshly streaked selective plates and inoculated in a
starter culture of 2 -5 ml LB medium containing 100 ng/ml ampicillin. For small scale
preparations of plasmid DNA ‘minipreps’ (up to 20 pg DNA), the cultures were
incubated with shaking at 37°C until growth saturation, usually overnight. For large
scale preparatior;s of plasmid DNA ‘maxipreps’ (100 — 500 pg DNA), the starter culture
was incubated for 8 hours at 37°C with shaking and subsequently diluted 1/500 into
selective LB medium (100 ml) and left to grow overnight at 37°C with shaking. The
bacterial cells were then harvested by centrifugation at 6000g for 15 minutes at 4°C.
DNA was extracted from bacterial cells as described in section 2.2.2.2. A schematic

representation of the cloning strategy is illustrated in Figure 2.11.
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Figure 2.11 Cloning strategy schematic.
Reproduced from www.accessexcellence.org with permission.
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23 Mammalian cell culture
2.3.1 Mammalian cells, equipment and medium

All cells were cultured in Falcon tissue culture dishes (Becton-Dickinson Labware
Europe, Le Pont de Claix, France), and maintained at 37°C in 5% CO; atmosphere in
humidified incubators (Wolf Laboratories). All equipment and reagents were sterilised
either by filtration or autoclaving. Reagents from commercial sources were tested for
tissue culture applications. HUVECs, obtained from PromoCell (PromoCell GmbH.
Heidelberg, Germany), were typically cultured in EBM medium supplemented with
10% FBS, 500 pl human recombinant epidermal growth factor, 2 ml bovine brain
extract (BBE), and 500 pl Gentamicin sulphate amphotericin-B. EA.hy 926 cells
(endothelial cell line, generated by fusing HUVEC with the lung cancer A549 cell line),
which were a kind gift of Dr CJS Edgell (University of North Carolina, Chapel Hill)

(Edgell et al., 1983), were cultured in the same medium as HUVECs.
2.3.2 Subculture of mammalian cells

The ﬂésk of cultured cells was viewed under the inverted microscope and when
conﬂuérﬁ the media removed by aspiration. The monolayer was washed with
magnesium and calcium free PBS for at least 30 seconds to remove any serum
containing medium, which contains trypsin inhibitors. The PBS was removed by
aspiration and a minimal volume of 0.05% trypsin, 0.02% EDTA, was used to digest
the cell adhesion proteins (2 ml for a T-75 flask). The trypsin solution was incubated
with the cell monolayer for 5 minutes at 37°C, until a single cell suspension was

obtained. Complete media was added (10 times the volume of trypsin used), the cell
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suspension transferred to a sterile 15 ml conical centrifuge tube and centrifuged at 120g
for 5 minutes in a tabletop centrif.uge. The supernatant was discarded carefully, so as
not to disturb the cell pellet, and the cells resuspended in 5 ml complete media. Cell
number was calculated by making a 1 in 10 dilution of the cell suspension and placing
20 pul between a cover slip and the base of a haemocytometer. Cells were counted in 8
diagonal squares cells/ml = cells counted x dilution factor/8. The volume was adjusted
if necessary and cells were subsequently seeded at the desired concentration. HUVECs
were seeded in flasks or wells that had been coated with 1% gelatine solution (Sigma-

Aldrich Company Ltd. Dorset, UK), to facilitate cell adhesion.
23.3  Freezing mammalian cells

Cells were frozen for long-term storage in order to avoid senescence and reduce the risk
of contamination. The cryoprotective agent, dimethylsulfoxide (DMSO), was used in
conjunction with complete medium in order to preserve cells at -70°C or lower. DMSO
reduces the freezing point and allows a slower cooling rate, which reduces the risk of
ice crystal formation and cell damage. Cells in 'log-phase were trypsinised and the cell
pellet resuspended in growth medi;xm containing 10% DMSO (v/v). Cells were mixed
thbroughly and counted using a haemocytometer as described above. 1 ml aliquots of
cell suspénsion (10%-107 cells), in 2 ml cryovials, were placed at -70°C overnight and

subsequently transferred to liquid nitrogen for long term storage.
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24 Functional characterisation of promoter variants

Variants within the promoter region were studied to determine whether there was
evidence for disruption of positive or negative regulatory elements for gene
transcription. Genetic reporter systems, most frequently used as indicators of
transcriptional activity in cells, have made a significant contribution to the study of
eukaryotic gene expression and its regulation. Typically, in these experiments, a
reporter gene is joined to a promoter sequence, containing the target sequence to be
tested, in an expression vector. The vector is transfected into cells chosen to represent a
cell-type known to express the protein of interest. Following transfection, the cells are
assayed for the presence of the reporter gene by meas‘uring either the amount of reporter
mRNA, the reporter protein itself or the enzymatic activity of the reporter protein. The
composition and organization of regulatory elements present in the target promoter
sequence direct transcription of the reporter gene, which in turn controls the level of
reporter gene product. Thus, the functional importance of a given sequence can be
assessed by constructing different versions of the promoter region and comparing the
relative efficiency of reporter gene expression. Co-transfection with a vector, which
encodes a different reporter gene under the control of a ubiquitous promoter, is also

advisable as an internal control to which the level of expression of the reporter gene of

interest can be normalised.
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2.4.1 Tm promoter-reporter gene fusion constructs

The Tm promoter region to be cloned into the fusion construct spanned the sequence
between -1960 and +96 (nucleotides numbered from transcription start site). The region
was amplified by PCR, using genomic DNA as template (see section 2.2.3.1). The
upstream and downstream primers were
5’ %0CGGGGTACCCAGTGCCCCAACGAGGTTCC ™ 3 and
5" *CCCAAGCTTGCACAGGACGCCGATGGC™ 3’, respectively. These primers
were modified to introduce restriction sites for Acc651 and HindlIl (underlined),
respectively, to facilitate cloning. 50-100 ng genomic DNA was amplified in a final
volume of 50 pl, using polymerase buffer [S00 mM KCl, 100 mM Tris (PH 8.3), 0.01%
gelatine and 2 mM dNTPs], 5 pmol of each primer, 1.25 units Pfx platinum polymerase
(Gibco-BRL Ltd. Paisley, UK) in a PTC-225 Peltier Thermocycler (MJ Research, UK).
Cycling conditions consisted of an initial denaturation step, 95°C for 2 min; followed
by 30 cycles of 95°C for 30 sec, 67°C for 30 sec, 72°C for 3 min; and a final extension
of 5 min at 72°C. The fragment obtained was gel purified (see section 2.2.4.3), digested
with Acc651 and HindlIII and cloned into the corresponding sites of the reporter vector,
see section 2.2.6.1. The resulting promoter-reporter gene fusion construct was
designafed pTm WT. The reporter vector used was pGL-3-Basic (Promega Co.
Madisoh; WI, USA). The vector contains the gene coding for the luciferase gene cloned
from the firefly Photinus pyralis. This gene is able to catalyse a reaction using D-
luciferin and ATP in the presence of oxygen and Mg®*, resulting in light emission. A
luminometer is used to measure light output, thereby quantitating the luciferase

reaction; see section 2.4.5.
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* The pGL-3-Control vector (Promega Co. Madison, WI, USA) was used as a positive
control to test whether transfection was successful; see Figilre 2.12. This is a vector in
which the luciferase gene is placed under the control of the SV40 promoter, and using
the SV40 enhance element (de Wet et al., 1987). The pGL-3-Basic vector (Promega Co.
Madison, WI, USA), which contains the luciferase gene without promoter or enhancer,
was used to provide a reading to which experimental firefly luciferase activity could be
normalised; see Figure 2.10. The pUC 19 vector was used as a negative control; see

Figure 2.12.

The Renilla luciferase vector (pRL-TK) (Promega Co. Madison, WI, USA) was used as
an internal control to assess transfection efficiency; see Figure 2.12. This family of
vectors is designed to provide constitutive Renilla luciferase expression in transfected
cells. pRL vectors may be used in combination with any experimental firefly luciferase
vector to co-transfect mammalian cells. pRL vectors contain the cDNA encoding
Renilla luciferase cloned from the anthozoan coelenterate Renilla reniformis (sea
pansy). The herpes simplexvirus thymidine kinase promoter region provides low-level
constitutive expression of pRL-TK Renilla luciferase (Stewart et al., 1987) (Wagner et
al., 1985). The firefly and Renilla luciferases are of distinct evolutionary origins. As
such tﬁey have different enzyme structures and substrate requirements, which enable
their résbective bioluminescent reactions to be distinguished. In an attempt to ensure
independent genetic expression between experimental and control reporter genes, a high
ratio of test vector to control was used (100:1). Relatively small quantities of a pRL
control vector are needed to provide low-level, constitutive expression of Renilla
luciferase control activity. Precise measurements of considerably different experimental
and control luminescence values are possible due to the extreme sensitivity

(subattomole range) of the firefly and Renilla luciferase assays (Pazzagli et al., 1992).
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Figure 2.12 Schematic representation of vectors.
pGL-3-Control, pRL-TK and pUCI19.
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24.2  Site-directed mutagenesis

In vitro site-directed mutagenesis was performed using the QuickChange® Site-Directed
Mutagenesis Kit (Stratagene. CA, USA.), which allows site-specific mutation in any
double-stranded plasmid. This method uses PfuT urbo® DNA polymerase to replicate
both plasmid strands with high fidelity, thus minimising the incorporation of
accidentally mismatched nucleotides, and without displacing the mutant oligonucleotide
primers. A supercoiled dsDNA vector with an insert of interest is used as a template.
PfuTurbo® DNA polymerase extends two synthetic oligonucleotide primers
(complementary to opposite strands of the vector), containing the desired mutation in
the middle of the oligonucleotide and flanked by at least 10-15 matched bases, during
cycling. The oligonucleotide primers are thus incorporated, generating a mutated
plasmid with staggered nicks. Dpnl endonuclease, which recognises methylated and
hemimethylated DNA is subsequently added to digest the parental DNA template and
thus select for the newly synthesised mutated plasmid. See Figure 2.13 for an overview

of the QuickChange® site directed mutagenesis method.
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Plasmid denaturation and annealing of
primers with desired mutation

PCR using Pfu Turbo DNA polymerase to
extend and incorporate the mutagenic primers
resulting in nicked circular strands

Digest the methylated, non-mutated parental
DNA template with Dpn I

Transform the circular nicked dsDNA into XL1-
Blue competent cells

Following transformation, XL1-Blue competent
cells repair the nicks in the mutated plasmid
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Figure 2.13 Overview of the QuickChange® site directed mutagenesis method.
Reproduced from www.sciencemag.org with permission.

The pTm WT vector (see section 2.4.1) was used as the wild-type template for the
introduction of all the desired single point mutations within the cloned Tm promoter
fragment; see Figure 2.14. Table 2.5 indicates the primer pairs used to incorporate the
desired mutations into the Tm promoter region cloned into the pGL-3-Basic vector

(Promega Co. Madison, WI, USA).
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Figure 2.14 Schematic representation of the TM promoter fragment cloned into
the pGL-3-Basic vector illustrating the different mutated constructs generated, the
position of the point mutations introduced and their proximity to regulatory

elements identified within the promoter region.

Regulatory elements: TATA-box (-21 to -26), CAAT box (-106 to -110) (Tazawa et al.,
1993), four Sp1 transcription factor binding sites (-129, -141, -207 and -271) (Tazawa et
al., 1993), silencer element (-772 to -947) (Tazawa et al., 1993), SSRE (-1163 to -1168)
(Takada et al., 1994), four RARE (-1141 to -1146, -1407 to -1412, -1523 to -1528 and
-1533 to -1538) (Dittman et al., 1994). Abbreviations: SSRE: Shear Stress Response
Element; RARE: Retinoic Acid Response Elements; +1: Coding Region.

5" 1™ CCCCTGACGCGGAACCCCTGGGAAGAG'™! 3’

Primer Pairs Mutation
. (Forward/Reverse) introduced
5 "l CTCTTCCCAGGGGTTCCGCGTCAGGGG ™ 3 -1748G>C

5 TBGAGAGAGGCAAGGGTGTTTHAAACAGTTTGCCTCTCACCT™ 3° [ -1209/09
5 ¥ GGTGAGAGGCAAACTGTTTaaAAACACCCTTGCCTCTCTC %2 3> | TT>delTT

5° TGGCGACCCGAGGGGAAGACCCACTCTTCC ™2 3° -1166G>A
5 12 GGAAGAGTGGGTCTICCCCTCGGGTCGCC ¥ 3°

Table 2.5 Primers used to incorporate the desired mutations into the TM promoter

region cloned into the pGL-3-Basic vector.

The bold underlined base represents the base modified during site directed

mutagenesis.
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PCR was performed in a total volume of 50 pl containing 125 ng of each
oligonucleotide primer, 1x reaction buffer, 50 ng dsDNA template, 0.25 mM dNTP mix
and 1 pl PfuTurbo® DNA polymerase (2.5 U/pl). The reaction mix was overlaid with 50
ul paraffin oil. The cycling proﬁle'consisted of an initial denaturation at 95°C for 30
seconds 5, followed by 16 cycles of 30 second denaturation at 95°C, 30 seconds
annealing at 60°C temperature, and 14 minutes extension at 68°C. Following cycling,
the reaction was placed on ice for 2 minutes to cool the reaction to 37°C. 1 ul of Dpnl
(10 U/pl) was added directly to each amplification reaction and incubated for 1 hour at

37°C.

Following digestion with Dpnl, XL1-Blue supercompetent cells (Stratagene. CA,
USA.) were heat shock transformed (see section 2.2.6.2), plasmid DNA extracted from
bacterial cells (see section 2.2.2.2) and the Tm promoter fragment cloned into the pGL-
3-Basic vector (Promega Co. Madison, WI, USA) sequenced (see section 2.2.5) to
ensure the desired mutation had been incorporated successfully. The primers used to

sequence the Tm promoter constructs are listed in Table 2.6.

Primer Direction Location
5" T AGTGCCCTTTGCCGAGC ™ 3’ Forward Tm promoter
5" "*CAGCTGATCCCACCCGG™ 3’ Reverse Tm promoter
5 CTAGCAAAATAGGCTGTCCC 3’ Forward pGL-3-Basic
5’ of MCS
5’ CTTATGTTTTTGGCGTCTTCC 3’ Reverse pGL-3-Basic
3’ of MCS

Table 2.6 Primers used to amplify Tm promoter constructs.

Nucleotides are numbered from the transcription start site. PCR thermal specific
profiles: initial denaturation (96°C, 1 minute), 25 cycles (96°C, 10 seconds + 50°C, 5
seconds, 30 seconds + 60°C, 4 minute).
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2.4.3 Transfection

A range of techniques have been developed to deliver macromolecules into eukaryotic
cells. Nucleic acids delivery into eukaryotic cells can be achieved by either infection or
transfection. During infection, viruses carrying the gene of interest in their genome are
used to infect cells. Transfection utilizes biochemical and physical methods to introduce
the gene of interest into cells. Nucleic acid delivery by transfection is faster, simpler
and safer than infection, and as such is a more popular method for DNA delivery.
Transfection techniques have facilitated the study of eukaryotic gene expression and
regulation. Techniques available for nucleic acid delivery into cells include calcium
phosphate co-precipitation, electroporation, micro-injection, biolistic particle delivery

and complex formation with DEAE-dextran or cationic lipid reagents.

In calcium phosphate co-precipitation transfection techniques, extremely small,
insoluble particles of calcium phosphate containing condensed DNA are precipitated
when calcium chloride, DNA and phosphate buffer are mixed (Chen and Okayama,
1987). The calcium phosphate-DNA complexes adhere to cell membranes and enter
into the cell cytoplasm by phagocytosis (Loyter et al., 1982). During electroporation,
cells aré exposed to a brief electrical pulse. Exposing a cell suspension to an electrical
pulse, ihduces a potential across the cell membrane, inducing temporary pores in the
cell membrane and facilitating DNA delivery (Neumann et al., 1982) (Wong and
Neumann, 1982). DEAE-dextran or polyprene positively charged polymers, complex
with negatively charged DNA complexes, thus enabling DNA binding to the cell
surface. These DNA complexes are then delivered into cells by osmotic shock using
DMSO or glycerol (Vaheri and Pagano, 1965) (Kawai and Nishizawa, 1984). Micro-

injection introduces nucleic acids or proteins into the cell cytoplasm or nucleus using a
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fine needle (Capecchi, 1980), whereas biolistic particle delivery uses high velocity

microprojectiles to introduce macromolecules into cells (Daniell et al., 1990).

Problems associated with transfection methods include low efficiency of DNA delivery,
poor reproducibility and cell toxicity. Cationic lipid reagent mediated transfection,
however, generates high transfection efficiency, is simple to perform, guarantees
reproducible results and requires relatively small amounts of DNA. Cationic lipid
reagents  (e.g. Lipofectin®, LipofecAMINE™,  METAFECTENE™  and
Lipofecatamine™ 2000) are recently developed DNA delivery reagents, which consist
of polycationic liposomes comprised of a positively charged lipid N-[1-(2,3-
dioleyoxy)propyl]-n,n,n-trimethylammonium chloride (DOTMA), and
dioleoylphosphatidylethanolamine (DOPE) in water. The positively charged reagent
spontaneously interacts with negatively charged DNA, forming DNA/lipid complex.
The polycationic liposomes fuse with the cell membrane resulting in efficient uptake of

DNA by the cells (Felgner et al., 1987) (Felgner and Ringold, 1989); see Figure 2.15.

Figure 2.15 Model for cationic lipid reagent-mediated transfection.

Reproduced from www.ub.es. Positively charged reagent interacts with negatively
charged DNA, forming DNA/lipid complex. The polycationic liposomes fuse with the
cell membrane resulting in efficient uptake of DNA by the cells.
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2.4.3.1 Transfection of HUVECs

Successful transfection of HUVEC primary endothelial cells, using cationic lipid
reagents, has previously been reported, in experiments carried out to identify key
regulatory elements necessary for expression of the Tm gene in endothelial cells and to
characterize Tm gene mutations in the 5° regulatory region (Tazawa et al., 1993)
(Matsumura et al., 1999) (Nakazawa et al., 2002). Unfortunately, efforts to transfect

HUVEC primary endothelial cells in a 96-well plate format proved unsuccessful.

A range of cationic lipid reagents were used, including Lipofectin® (Gibco-BRL Ltd.
Paisley, UK), LipofecAMINE™ (Gibco-BRL Ltd. Paisley, UK), METAFECTENE™
(Biontex Laboratories GmbH. Munich, Germany) and Lipofecatamine™ 2000 (Gibco-
BRL Ltd. Paisley, UK). In trying to optimize this transfection fully, a set of specific
guidelines.supplied with each reagent were followed. Cell health was maintained prior
to plating for transfection by following a routine subculturing procedure; see section
2.3.2. The appropriate cell density recommended for each reagent to obtain optimal
transfection was maintained in all attempted transfections (Lipofectin®: 40-60%
confluency at the time of transfection; LipofecAMINE™, METAFECTENE™ &
Li‘pofecAatamineTM 2000: 90-95% confluency at the time of transfection). Opti-MEM® I
reduced serum medium (Gibco-BRL Ltd. Paisley, UK) was used to dilute plasmid DNA
and the cationic lipid reagents, as protein found within serum may inhibit DNA/lipid
complex formation. No antibiotics were added to media during transfection, since the
presence of antibiotics can interfere with optimal transfection results. Though
antibiotics are unlikely to be toxic to eukaryotic cells, cell permeability is increased by
cationic lipid reagents, thus allowing delivery of antibiotics into the cells. This may

decrease cell health and result in reduced transfection efficiency. Plasmid DNA quality
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was checked against the conditions suggested by each protocol. Plasmid preparations
with a concentration > 1000 ng/pl and an OD260/0D280 ratio greater than 1.5 were
used in transfection; see section 2.2.2.3. In addition, the concentration of plasmid DNA
and the amount of cationic lipid reagent were altered to encompass a range of plasmid
DNA:cationic lipid reagent ratios, ranging from 1 in 1 to 1 in 20, to determine the ratio
at which efficient transfection is achieved and to determine the correct concentration of
plasmid DNA to be added. For successful transfection, a slightly net positive charge of
DNA/lipid complex is required to facilitate association of the complex with the
negatively charged surface of the cell. The pGL-3-Control vector (Promega Co.
Madison, WI, USA), was used in the optimization procedure, thus providing strong
constitutive reporter gene expression (de Wet et al., 1987). Reporter gene activity was

measured using the luciferase assay; see section 2.4.5.
2.43.2 Transfection of EA.hy 926 cells

EA.hy 926 is an endothelial cell line, generated by fusing HUVEC with the lung cancer
A549 cell line (Edgell et al., 1983). Successful transfection of EA.hy 926 cells, using
cationic lipid reagents, has previously been reporter (Le Flem et al., 1999) (Gu et al.,
2000a).v EA.hy 926 cells were chosen for these experiments because they have been
previouély used in experiments carried out to determine the transcriptional regulation of
the Tm gene and are know to express Tm (Yu et al., 1992). In addition, transformed cell
lines are easy to grow and maintain in culture and tend to be more amenable to

transfection than primary cells.
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The Lipofectamine™ 2000 method (Gibco-BRL Ltd. Paisley, UK) was used to
introduce constructs into EA.hy 926 cells. The same optimization procedure, as the one
employed to transfect HUVECs primary endothelial cells (see section 2.4.3.1), was
used to optimize transfection efficiency of EA.hy 926 cells with the Lipofecatamine™
2000 reagent (Gibco-BRL Ltd. Paisley, UK). As was the case for HUVECs, the pGL-3-
Control vector (Promega Co. Madison, WI, USA) was used in the optimization
procedure (de Wet et al., 1987) and reporter gene activity measured using the luciferase
assay; see section 2.4.5. Efficient and successful transfection of EA.hy 926 cells was

achieved when a 1:2.5 ratio of DNA (200 ng) to Lipofecatamine™ 2000 reagent (0.5

ul) was used.

Exponentially growing EA.hy 926 cells were seeded, in normal growth medium (EBM
supplemented with 10% FBS, 500 pl human recombinant epidermal growth factor, 2 ml
BBE, and 500 ul Gentamicin sulphate amphotericin-B), in sterile 96-well culture plate,
at a density of 4 x 10* cells/well, 24 hours before transfection (to give 90-95%
confluency on the day of transfection). In a typical experiment, 0.5 pl Lipofectamine™
2000 (Gibco-BRL Ltd. Paisley, UK) was diluted in 25 pl Opti-MEM® I (Gibco-BRL
Ltd. Paisley, UK) reduced serum medium and incubated for 5 minutes. In the
meantime, 200 ng DNA were diluted in 25 pl Opti-MEM containing 2 ng Renilla
luciferase vector (pRL-TK) (Promega Co. Madison, W1, USA). The two solutions were.
subsequently combined and incubated for another 15-20 minutes, during which time the
cells to be transfected were washed with Opti-MEM® I (150 pl). Finally the combined
DNA-Lipofectamine 2000 complex (50 pl) was added directly to the wells containing

the cells to be transfected. After 5-6 hour incubation in a 37°C, 5% CO; incubator

(Wolf Laboratories), the serum free medium was replaced with 100 pl normal growth
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medium (EBM supplemented with 10% FBS, 500 pl human recombinant epidermal

growth factor, 2 ml BBE, and 500 pl Gentamicin sulphate amphotericin-B).
2.4.4  Biochemical agonists/antagonists for cell culture

Cell cultures were also subjected to biochemical antagonists (TNF-a & IL-18; R&D
Systems Inc. MN, USA.) to assess how variant sites within the Tm gene promoter may
affect expression. Exponentially growing EA.hy 926 cells were seeded and transfected
as mentioned in section 2.4.3.2. Cells were exposed to the transfection reagents for 5-6
hour (37°C, 5% CO,), after which point the serum free medium was removed and cells
incubated with normal growth medium (EBM supplemented with 10% FBS, 500 pl
human recombinant epidermal growth factor, 2 ml BBE, and 500 pl Gentamicin
sulphate amphotericin-B) for 24 hours to allow cells to recover before treatment.
Transfected cells were subsequently treated by incubating them with normal growth
medium supplemented with the following mediators. A dose- and time- response was
initially carried out for both TNF-o and IL-1B, using a range of TNF-o (0 to 2 ng/ml)
and IL-1B (0 to 1 ng/ml) concentrations and time points (0, 3, 6, 15, 24 hours), to
determine the optimum experimental conditions. Subsequent experiments used 1 ng/ml
TNF-a énd 0.5 ng/ml IL-1B for 15 hours. In vivo, this would relate to the plasma
concentration found in a poorly controlled subject with diabetes. Each construct was

assessed in quadruplicate and the experiment repeated five times.
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24.5 Measurement of luciferase expression

The expression of the luciferase gene in EA.hy 926 cells was assessed 36-48 hours after
transfection using a dual Juciferase assay. Both firefly and Renilla luciferase activities
were measured sequentially from a single sample by means of a chemiluminescent
assay (Luciferase Assay System; Promega Co. Madison, WI, USA). Cells were washed
with 1x PBS (100 ul) and lysed in passive lysis buffer (20 ul; diluted 1:5) containing
Triton-X. The lysed samples (10 pl) were used to measure luciferase activity in a 96-
well plate by direct addition of the substrate. The firefly luciferase reporter was
measured first by adding Luciferase Assay Reagent II (LAR II) to generate a “glow-
type” luminescent signal. Following quantification of the firefly luminescence, this
reaction was quenched and the concomitant activation of the Renilla luciferase initiated
by adding Stop & Glo™ reagent to the sample tube. The Stop & Glo™ produces a
“glow-type” signal from the Renilla luciferase, which decays slowly over the course of
the measurement. Light emission was measured on a CytoFluor Series 4000
fluorescence multi-well plate reader (Perspective Biosystems) using a single-injection
TD-20/20 Luminometer in the “DLR” mode. TD 20/20 luminometer software permitted
direct capture of the data stream over the 10 second integration of each luciferase
reéctioﬁ. This system allowed the quantification of both firefly and Renilla luciferase
activitie‘s“ within 30 seconds. Promoter activity was taken as the ratio of firefly
luminescence to Renilla luminescence, thus adjusting for transfection efficiency. This
normalised ratio was then averaged to give a mean ratio for each transfected construct.
The mean of each construct was then normalised against the pGL-3-Basic reading and

expressed relative to the values obtained for the wild-type construct.
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2.4.6 RNA extraction

Total RNA was extracted from mammalian cells (HUVECs & EA.hy 926) grown in
twelve-well plates using TRIzol reagent (Gibco-BRL Ltd. Paisley, UK), following the
manufacturer’s protocol. TRIzol reagent is a mono-phasic solution of phenol and
guanidine isothiocyanate. The addition of chloroform followed by centrifugation
separates the solution into an aqueous phase and an organic phase, with RNA remaining
in the aqueous phase. RNA is subsequently recovered by precipitation with isopropyl
alcohol. Once the aqueous phase has been removed, DNA and protein can be recovered
by sequential precipitation. Precipitation with ethanol yields DNA from the interphase,
whereas additional precipitation with isopropyl alcohol yields protein from the organic

phase.

Briefly, 500 pl of TRIzol reagent was added directly to each well of a twelve-well plate,
incubated for 5 minutes at room temperature and transferred to a 1.5 ml eppendorf tube.
Chloroform (100 pl) was added, the sample mixed by shaking vigorously for 15
seconds and centrifuged at 12000g for 15 minutes at 4°C. The aqueous phase was
transferred to a fresh clean eppendorf making sure not to transfer any of the interphase.
RNA Was precipitated from the aqueous phase by adding isopropanol (250 pl) and
mixing‘b‘y inverting. The sample was incubated for 10 minutes at room temperature and
centrifuged at 12000g for 10 minutes at 4°C. The supernatant was removed, the RNA
pellet washed with 70% ethanol (500 pl, made up in DEPC-treated water) and
centrifuged at 7500g for 5 minutes at 4°C. The ethanol was removed and the pellet left
to air-dry. The RNA pellet was resuspended in 40 ul RNase-free water and stored at -

70°C.
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2.4.7  DNase digestion of purified RNA

Following extraction of RNA from mammalian endothelial cells (HUVECs & EA.hy
926) with TRIzol reagent (Gibco-BRL Ltd. Paisley, UK); see section 2.4.6, DNase
digest of RNA was carried out using the RNeasy kit (Qiagen Ltd. Crawley, West
Sussex, UK.) mini protocol for RNA cleanup, according to the manufacturers’

instructions.

Initially, the RNA sample, prepared as described in section 2.4.6, was adjusted to a
volume of 100 pl with RNase-free water. 350 pl of lysis buffer (RLT buffer), together
with B-mercaptoethanol (B-ME) was added to the sample followed by the addition of
250 pl 70% ethanol. The sample was then added to a spin column and centrifuged at
8000g for 15 seconds. The flow-through was discarded, 350 pl of buffer RW1 added to
the column and the sample centrifuged at 8000g for 15 seconds. 80 ul DNase I
incubation mix (10 pl DNase stock solution + 70 ul RDD buffer) was added directly to
the silica gel membrane of the spin column for 15 minutes, followed by a second RW1
wash. The sample was then washed twice with 500 pl of buffer RPE. Finally, the RNA
was eluted in 30 pl of RNase-free water added directly to the silica membrane with
subsequent centrifugation for one minute at 8000g into a fresh eppendorf tube. The

RNA was stored at -80°C.
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2.48 Reverse transcriptase PCR (RT-PCR)

Reverse transcription was carried out on total RNA extracted from mammalian
endothelial cells (HUVECs & EA.hy 926), using SUPERSCRIPT II reverse
transcriptase and random hexamer primers (Gibco-BRL Ltd. Paisley, UK), according to
the manufacturers’ instructions. In brief, 10 ul RNA (1-5 pg), 1 pl random hexamer
primers (50-250 ng) and 1 pl ANTP mix (10 mM each) were mixed together in a
nuclease-free eppendorf tube. The reaction was incubated at 65°C for 5 minutes and
chilled quickly on ice. 4 pl first-strand buffer (5x) and 2 pl DTT (0.1 M) were then
added, incubated at 42°C for 2 minutes and 1 pl Superscript II reverse transcriptase
(200 units) added. The reaction was subsequently incubated at 42°C for 1 hour and
stopped by incubation at 70°C for 15 minutes. To completely remove RNA from the
newly synthesised cDNA, 1 pl E.coli RNase H was added to the reaction and incubated
at 37°C for 20 minutes. The ¢cDNA was subsequently used as a template for

amplification in PCR; see section 2.2.3.1.
2.48.1 Tm mRNA production by mammalian cells (HUVECs & EA.hy 926)

The RT;PCR method was used to investigate Tm mRNA production by the mammalian
endotheliél cells (HUVECs & EA.hy 926) used in the in vitro reporter gene analysis.
For this purpose RT-PCR of total RNA extracted from the mammalian cells (see section
2.4.6) was followed by amplification of Tm and glyceraldehydes-3-phosphate
dehydrogenase (GAPDH) cDNA. GAPDH, one of the most common ‘housekeeping’
genes, was used as an internal control, as has been previously reported (Franscini et al.,
2004) (Barber et al., 2005). A genomic DNA sample was also used as a positive control.

To ensure no contaminating genomic DNA was present, RNA samples were treated
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with RNase free DNase; see section 2.4.7. Furthermore, intron flanking primers were
used to investigate GAPDH mRNA production by HUVECs and EA.hy 926 cells. For
intron flanking primers the forward primer must hybridize to one exon and the reverse
primer to another exon. PCR products from cDNA, which contains no introns, will be
smaller than PCR products from genomic DNA, which contain introns. The forward and
reverse GAPDH primers were 5-AAGGTCGGACTCAACG-3° and 5°-
CAAGCTTCCCGTTCTCA-3’, respectively. cDNA amplification (which contains no
introns) gave a 281 bp product, whereas genomic DNA amplification (which contains
introns) gave a 543 bp product. 100-150 ng cDNA was amplified in a final volume of
20 pl, using polymerase buffer [S00 mM KCl, 100 mM Tris-HCl (pH 8.3), 0.01%
gelatine, 2 mM dATP, 2 mM dTTP, 2mM dGTP, 2 mM dCTP], 8 pmol of each primer,
0.2 units 7aq polymerase (Bioline Ltd. London, UK) in a PTC-225 Peltier
| Thermocycler (MJ Research, UK). Cycling conditions consisted of an initial
denaturation step, 95°C for 5 min; followed by 30 cycles of 95°C for 30 sec, 58°C for

30 sec, 72°C for 1 min; and a final extension of 5 min at 72°C.

As mentioned in section 1.4.4, Tm is an intronless gene (Jackman et al., 1987). As such,
intron flanking primers could not be designed to investigate Tm mRNA production by
HUVECs and EA.hy 926 cells. In the case of intronless genes, contamination with
genomic DNA can only be avoided by DNase treatment of the RNA (Vandesompele et
al.,, 2002). The primers used to study the A455V Tm variant were used to amplify
cDNA and investigate Tm mRNA production by HUVECs and EA.hy 926 cells; see
Table 2.1. As an added control step, the primers used to study the -1166G>A Tm
variant (see Table 2.1), which are complementary to DNA sequences within the
promoter region of the Tm gene, were incorporated in the same PCR mix to identify

amplification of any contaminating genomic DNA. PCR conditions used for the
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amplification of Tm cDNA are shown in Table 2.2. PCR products were run on an
agarose gel, visualised under UV light and photographed using a Syngene Trans-
illuminator and the Gene-Snap Syngene software (Syngene, Cambridge, UK); see

section 2.2.4.1.
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CHAPTER THREE

CONTRIBUTION TO RISK OF MI BY TM VARIANTS
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3. Contribution to risk of MI by Tm variants
3.1 Gene variants and their role in investigating the pathogenesis of CHD
3.1.1 Methods employed to study complex disease

The genetics of multifactorial disorders, such as CHD and diabetes mellitus, is complex
involving many genes, most of which will have small effects (Lander and Schork, 1994)
(Cordél] and Clayton, 2005) (Farrall and Morris, 2005) (Suh and Vijg, 2005).
Susceptibility to such complex disorders does not follow classic Mendelian recessive or
dominant inheritance attributed to a single gene locus (Lander and Schork, 1994). Three
approaches have been proposed to study complex traits: association studies, linkage

analysis and allele-sharing studies.

i) Association studies

Association studies, performed on samples of the population, are designed to investigate
whether genetic variation, within or close to a gene of interest, is associated with inter-
individual differences in the intermediate phenotype (biochemical or clinical) or with
increaséd risk of disease (Lander and Schork, 1994) (Cordell and Clayton, 2005)
(Farrall bla‘md Morris, 2005) (Suh and Vijg, 2005). Associations between a genetic
polymorphism and a trait might exist in a given population either because the genetic
variation is causal, termed direct association, or because the polymorphism is in LD
with the actual causal variant, termed indirect association (Cordell and Clayton, 2005)
(Suh and Vijg, 2005). Two different experimental designs are typically used in
association studies. Prospective (longitudinal) studies are preferred for measuring risk

with a specific gene variant, as they measure risk over time in a population. These
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studies are also useful in studying gene-environment interactions because of their
longitudinal design measuring exposure before disease onset. The population is often
carefully selected at baseline to have similar characteristics regarding non modifiable
traits such as age and ethnic origin and does not present individuals with disease (Farrall
and Morris, 2005). Case-control (reciprocal) studies, however, predominate because
they are easier to implement and do not require long-term follow-up, making results
available quickly (Farrall and Morris, 2005). In case-control studies, samples of
unrelated affected (case) and unaffected (control) individuals are ascertained from the
study population (Lander and Schork, 1994) (Farrall and Morris, 2005). A specific gene
variant is said to be associated with a particular trait if it occurs at a significantly higher
frequency among affected compared to control individuals (Lander and Schork, 1994).
Case-control studies allow a more precise characterisation of outcome, as well as
greater statistical power to detect association than would be feasible with a prospective
design, by ensuring all cases are scanned properly for a particular phenotype (Lander
and Schork, 1994). As such, case-control studies are useful to study the association
between gene variants and various intermediate phenotypic measures. The main
disadvantages of such studies is that errors in the measurements of exposures (e.g. age,
ethnic origin) can differ systemically between cases and controls, giving misleading
results (Farrall and Morris, 2005). Knowledge of prior évents is often limited in cross

sectional studies since they are carried out at a single time point.

Association studies (prospective or case-control) are able to detect a small effect of
variation in genes and are thus considered to be effective tools for studying complex
multifactorial traits (Suh and Vijg, 2005). However, difficulties still exist with these
types of studies, namely a lack of reproducibility, which questions the reliability of their

findings (Colhoun et al., 2003) (Farrall and Morris, 2005). Typically associations are
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detected in a number of modestly sized cohorts, with inadequate numbers of cases to be
sufficiently powered to examine disease genetics. As such relative risk arising from
genetic variation may be small, which may lead to an over-estimation of the size of
genetic effects. When associations are assessed in large samples drawn from the
population as a whole or a meta-analysis conducted, the genetic effect is greatly reduced
(Farrall and Morris, 2005). One possible explanation for inconsistent results with
replication is the phenomenon of publication bias, because only positive associations
are published (Colhoun et al., 2003). Alternatively, inconsistent results with replication
may be due to the fact that studies vary in terms of phenotype and samples of subjects

(e.g. diabetes/non diabetes, male/female) (Farrall and Morris, 2005).

Another important consideration is that variation may exist in the underlying association
between genotype and the outcome in different populations studied. This could arise by
different disease-causing alleles predominating in different populations or by variation
in LD existing between marker and disease (Colhoun et al., 2003). LD depends on
population history and on the genetic makeup of the founders of a given population. As
such, population admixture raises the possibility of generating false findings (false
positive) or obstructing true association (false negative) (Lander and Schork, 1994)
(Cordeli and Clayton, 2005) (Farrall and Morris, 2005). This difficulty can be addressed
by mat;hing samples by geographic region and by any other markers of ethnic origin
(Lander and Schork, 1994) (Farrall and Morris, 2005). Another reason for the
discrepancies found in some studies is that gene-gene and gene-environment
interactions may differ between populations. Variants may only show their effects in
populations with a particular genetic or environmental background, indicating that
replication studies should take these impacts into account (Talmud and Humpbhries,

2002). Furthermore, many studies do not stratify by risk factors or look for evidence of
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a gene-environment interaction (e.g. smoking), thereby weakening the ability to detect

significant associations.

Many of the aforementioned problems can be addressed by using accurately
phenotyped, homogeneous large association studies that are powered to detect the small
to moderate effects of common functional variants. Reproduction of statistically
significant associations in several independent samples is advisable. Meta-analysis of all
published data may provide a quantitative estimate of the genetic risk factor and disease

(Humphries and Donati, 2002).

ii) Linkage analysis

With linkage analysis the whole genome is scanned in a number of families with a
history of disease, to identify chromosomal regions linked to disease and related factors
(Lander and Schork, 1994) (Farrall and Morris, 2005). A disease model is constructed,
to explain the inheritance pattern of the disease, by comparing the observed segregation
of gene markers with trait in affected pedigrees. Linkage analysis is the method of
choice for studying simple Mendelian traits in monogenic disorders because the
allowable models are few and easily tested (Lander and Schork, 1994). However, the
su‘ccess‘ rate of linkage analysis with complex multifactorial disorders has been
considéfébly lower as the genetic analysis may be confounded by incomplete
penetrance, phenocopy, genetic heterogeneity and polygenic inheritance (Lander and
Schork, 1994) (Suh and Vijg, 2005). Although linkage studies across the genome may
find the broad location of a gene, they do not provide any information about the gene
itself (e.g. what it does). Linkage analysis is well powered to detect major gene effects

but not modest gene effects.
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iii) Allele-sharing studies

The allele sharing approach has also been used for the study of complex diseases. This
involves studying affected relatives (or siblings) in a pedigree to see how often they
inherit identical copies of a chromosomal region from a common ancestor within the
pedigree (Kurtz and Spence, 1993). If affected relatives inherit identical copies of a
chromosomal region more often than would be expected by chance, the inheritance
pattern of the region is not consistent with random Mendelian segregation. This method
applies to a single generation of disease sufferers. It is independent of the pattern of
disease inheritance and is therefore frequently used in the analysis of complex disorder

with a late onset, such as risk of CHD (Lander and Schork, 1994).
3.1.2 Common gene variants and association analysis

In the past, linkage disequilibrium analysis was used to define regions of the genome
where sequence markers (SNPs) were correlated to chronic diseases with a genetic
component, limiting the search for causative variants to the region associated with
disease (Kruglyak, 1999). In the past this approach could only be carried out for a
limited number of sequence variants of one or few genes. The International Haplotype
Map (Hapmap) project, a comprehensive view ofl’ the structure of LD throughout the
gcnome'in multiple populations, will however provide coverage of the human genome
with non-redundant tagging SNPs (tag-SNPs) (Thorisson et al., 2005). The use of such
tag-SNPs may help capture most of the common genetic variants contributing to
complex human disease. This approach will allow a comprehensive genome-wide
survey, but is limited by a lack of knowledge concerning LD heterogeneity across
different populations (population stratification) and the requirement of large group sizes

to account for multiple testing errors (Suh and Vijg, 2005). These problems can be
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further exacerbated if the disease gene variant occurs at a low frequency. An alternative
approach is that of indirect/direct candidate gene pathway, which is based on knowledge
of the disease phenotype, genetic studies in model organisms or location (as defined by
linkage analysiS) (Tabor et al., 2002). An indirect candidate SNP approach utilizes
tagging SNPs across a gene or region of interest to investigate the aetiology of complex
diseases such as CHD, whereas a direct candidate SNP approach tests the association

between putative functional variants and disease risk (Suh and Vijg, 2005).

SNPs that occur within coding regions and alter the amino acid sequence, or within the
promoter region that alter gene expression, or alter the RNA splice sites causing mis-
splicing in the intron or exon are characterized as functional. SNP functionality cannot
be assessed solely on nucleotide sequence, especially when SNPs do not alter an amino
acid or disrupt a known motif that effect protein structure or function. Defining the
variants that are functionally implicated in the disease is an important challenge for any
study, since only a small subset of variants will confer moderate to small effects on
disease related phenotypes. Large, sufficiently powered studies are required to detect
any potential association, as many of the variants are low in frequency. Making this
approach even more difficult is the fact that elevated risk may be due to the combined
effect éf several susceptibility alleles (Pritchard and Cox, 2002). As such determining
the funbﬁonal SNPs as precisely as possible is of the utmost importance before
proceeding with a direct candidate SNP approach. A final consideration is that gene-
gene and gene-environment interactions are likely to affect the statistical significance of

any association obtained.
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In the current thesis, three studies of differing design were employed to investigate the
association of the potentially functional Tm variants with risk for CHD (-1748G>C,
-1208/09TT>delTT, -1166G>A, A455V). The HIFMECH case-control study
(Hypercoagulability and Impaired Fibrinolytic Functions Mechanisms predisposing to
myocardial infarction study, MI), consisting of 598 male MI survivors and 653 controls,
was used to assess the association of these polymorphisms with MI risk. Those variants
associated with MI risk were subsequently assessed for their contribution to CHD risk
in the second Northwick Park Heart study (NPHSII), a large prospective study
encompassing over 3000 individuals, to verify and extend the results obtained in the
case-control study. The EDSC cross sectional study of type 2 diabetes (Ealing Diabetes
Study of Coagulation; n=927) was used subsequently to investigate Tm in individuals
within the same pathological environment and to characterise the relationship of Tm
genotype with sTm levels. It was hoped that the use of such a range of studies would

increase the understanding of the Tm gene and protein in atherosclerosis and MI.
3.2 Contribution to risk of MI by Tm variants

As mentioned in section 1.4.7, numerous variants have been identified in the Tm gene
to date, some of which have been associated with CHD risk. Whereas the proximal
promoter Iregion (nucleotides -1to -299, (Le Flem et al., 2001)) of the Tm gene has been
extensively studied, and numerous variant sites identified and assessed with regards to
CHD (see section 1.4.7), the distal promoter region (nucleotides -300 to -2052,. (Le
Flem et al., 2001)), known to contain several important consensus sequences, has
received relatively little attention. 47 variants (26 validated) are listed for the Tm distal
promoter region on the CHIP Bioinfor'matics database (http://snpper.chip.org). At the

start of this work, eight sequence variants in the Tm distal promoter region had been
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studied in a large French case-control study of venous thrombosis (Le Flem et al.,
2001). Among them, —-1166G>A, -1208/09TT>delTT and —1748G>C appeared to have
functional consequences; see section 1.4.7.2. The association of these Tm distal
promoter variants with risk of CHD had not been addressed previously. The functional
consequences of the coding region variant, A455V were unknown. Data have suggested
that A455V is neutral with regards to venous thrombosis (van der Velden et al., 1991)
(Aleksic et al., 2002), but assessment of CHD risk has found the rare allele to be
associated with both risk and protection of heart disease (Norlund et al., 1997a) (Wu et

al., 2001); see section 1.4.7.2.

3.3 Aim

The purpose of the work described in this section was to assess the contribution to risk
of MI by four potentially functional variants in the Tm gene (-1748G>C,
-1208/09TT>delTT, -1166G>A and A455V), in the North and South of Europe. Tm
gene variant interaction with other clinical and life style factors was also studied in
relation to MI.

34 Methods

3.4.1 DNA extraction from blood using the salting out method

Genomic DNA from participants of the HIFMECH study had been isolated previously

using the salting out method (Miller et al. 1988); see section 2.2.2.1.
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3.4.2  Description of study subjects (HIFMECH)

Hypercoagulability and Impaired Fibrinolytic functions MECHanisms
predisposing to myocardial infarction (HIFMECH) is a Pan-European study of male
Caucasian patients who survived a first MI event below 60 years of age and population-
based individuals of the same age. The study was designed to identify differences in MI
risk factors between individuals living in the North or South of Europe. Subjects were
recruited from four European centres: Stockholm-Sweden; London-England (Northern
Europe), and Marseille-France; San Giovanni Rotondo-Italy (Southern Europe).
Patients with familial hypercholesterolemia and insulin-dependent diabetes mellitus
were excluded from the study. Consecutive patients along with randomly selected
healthy individuals from the same area were invited to participate. A total of 598 MI
survivors and 653 healthy control subjects were included in the initial study (Juhan-
Vague et al, 2002). In the current study, only those with partial or complete
environmental data were considered. Matching of controls to cases was done on the
basis of centre and age. While the study design set out to recruit one to one matching, a
few more controls to patients were recruited in some centres. Survivors were examined
3-6 months after MI. Examination of both patient and control subjects, was performed
in the éarly morning following an overnight fast. A structured interview concerning
socio-eék;nomic and lifestyle information was carried out together with a clinical
examination involving weight, height, waist and hip circumference measurements, SBP
and DBP measurements. Blood samples were taken after 20 minutes rest in the
recumbent position, for plasma and DNA analysis. All subjects gave informed consent
to their participation, and the local Ethics committees of the four centres approved the

study.
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3.43  Genotyping for polymorphisms in the Tm gene

Tm genotyping for the variant sites under investigation (-1748G>C,
-1208/09TT>delTT, -1166G>A and A455V) was performed as described in Chapter 2.
PCR conditions and restriction enzyme digestion conditions are summarised in Tables
2.1-2.3. Band patterns for these two Tm polymorphisms studied are shown in Figures

24-2.7.
3.4.4  Statistical analysis

Data were entered into an EXCEL spreadsheet (Microsoft). Deviations from Hardy-
Weinberg equilibrium were considered via a chi-squared test of observed and expected
frequencies. Hardy-Weinberg equilibrium gives the expected genotype distribution
based on the observed frequency of the rare allele (g9) and common allele (p) as
p*+2pg+q’, where p’ is the predicted frequency for homozygosity of the common
allele, ¢° is the predicted frequency for homozygosity of the rare allele and qu the
heterozygotes. These frequencies are expected provided the sample is drawn from a
]Sopulation with random mating and no strong selection. Deviations from the expected
fréquen#ies may suggest selection bias or technical problems with the method of
genotyping. Differences in genotype distributions and allele frequencies between groups
were analysed using chi-squared tests. LD was considered using the statistic delta (A),
as described previously (Chakravarti et al., 1984). A is essentially a correlation
coefficient between different alleles (equivalent to Pearson’s correlation coefficient for

continuous variables).
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In HIFMECH, analysis was carried out with help from Emma Hawe (statistician within
CVG). Statistical analysis was conducted using ‘Intercooled STATA’ version 7.0
(College Station, Texas) and SPSS version 12.0.1. (SPSS Inc., Chicago, USA).
HIFMECH was designed to determine differences in CHD risk in the North compared
to the South of Europe. The a priori hypothesis was therefore followed and analysis was
carried out in the North and South, separately. Analysis was only conducted in
individuals with environmental data. Analysis of variance (ANOVA) was performed to
compare differences in continuous variables by genotype. Transformed response
variables were used as appropriate. Odds ratios were calculated as a measure of relative
risk. Differences between cases and controls were analysed by conditional logistic
regression. Differences in the risk posed by genotypes was considered either via
conditional logistic regression (hence considering the matching of cases and controls by
both age and centre) or by logistic regression. The latter was performed when analyéis
was stratified by a variable on which the cases and controls were not matched. This was
done to avoid reducing numbers when stratifying by genotype. Interactions were
assessed by standard methods as deviations from multiplicative effects. In addition,
logistic models were used, stratified for various lifestyle factors. BMI, the ‘metabolic
Syndrome’ factor and the ‘inflammation’ factor tertiles were set in the controls in the
whole of Europe. Haplotype analysis was conducted using the expectation maximisation

algorithrh, EH. P-values<0.05 were considered as significant.
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3.5 Results
3.5.1 HIFMECH risk factor characteristics

Differences in risk factors between cases and controls were examined according to
region; see Table 3.1. In the North of Europe, BMI was significantly higher in cases
compared to controls (27.2 Kg/m® vs 25.8 Kg/m?, p<0.0005), but this was not seen in
the South (cases: 26.9 Kg/m?, control: 26.4 Kg/m?; p=0.13). No case-control difference
for SBP was observed either in the North or the South of Europe, but DBP was
significantly higher in controls compared to cases in both Northern (p=0.03) and
Southern (p<0.0005) Europe. A significant difference in smoking status existed between
cases and controls in both the North and South of Europe, with cases having a higher
percentage of current+ex-smokers compared to healthy controls (North: p=0.0001;
South: p<0.0005). Cholesterol levels were lower in cases compared to control subjects
in Southern Europe (p=0.02). MI survivors had significantly higher levels of plasma
triglycerides than the healthy controls in both the North and South of Europe (North:
p<0.0005; South: p<0.0005). The lower cholesterol levels and DBP measurements in
cases compared to controls are likely to be caused by the increased use of blood

préssure and lipid lowering drugs in cases.
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3.5.2 Allelic association

Allelic association between the -1748G>C, -1208/09TT>delTT, -1166G>A, and A455V
polymorphisms in the Tm gene was determined. Allelic association was considered
using the statistic delta (A), as described previously (Chakravarti et al., 1984). Strong
LD was observed between the —1208/09TT>delTT and A455V variants in both
Northern and Southern European controls (A=0.64 p<0.0005, North; A=0.76 p<0.0005,
South), as has also been reported in a French case-control study of venous thrombosis
(A= 0.89 p<0.01) (Le Flem et al., 2001). No significant allelic association was observed
between any of the other polymorphisms studied, either in Northern or Southern

European controls. Results are given in Table 3.2.
3.5.3 Tm genotype distribution and allele frequencies

Genotype distribution and allele frequencies for the -1748G>C, -1208/09TT>delTT,
-1166G>A, and A455V polymorphisms were determined in the North and South of
Europe; see Table 3.3. The frequency of the —1748C and —1208/09delTT alleles in the
ﬁealthy‘ control men did not differ significantly between the North and South of Europe
(-'1748(?:4 0.20 vs 0.22, p=0.28; -1208/09delTT: 0.11 vs 0.09, p=0.37). For the —
1166G;A variant, the frequency of the A allele was very low in Northern European
controls (frequency: 0.002), as opposed to their Southern European counterparts where
the frequency of the A allele was 10-fold higher (frequency: 0.022) (p=0.01). The
frequency of the 455V allele amongst Northern European controls (frequency: 0.19)

was significantly higher than the South of Europe (frequency: 0.12) (p=0.01).
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3.54 Tm genotype and risk of MI

Due to the low number of rare homozygotes identified for each of the four Tm variants
studied (see Table 3.3), subjects with one and two rare alleles were combined and

compared to those with two common alleles at each variant site.

No analysis was carried out for the —~1166G>A variant in relation to risk of MI due to
the low frequency; see Table 3.3. It was estimated that a cohort of 6000 individuals
would be required to detect a statistically significant effect on risk by the -1166A allele
(power 80%, p=0.05, allele frequency 0.0125 in cases and 0.022 in controls as noted for

Southern Europeans; see Table 3.3).

There was no evidence to suggest an association with risk for the —1748C allele either in
the North or the South of Europe (North OR 0.96 CI 0.66-1.39 p=0.84; South OR 1.08

CI 0.79-1.47 p=0.64); see Table 3.4.

When risk was assessed for the -1208/09TT>delTT variant, carriers of the rare
-1208/09delTT allele had an odds ratio (OR) of 1.48 (CI 0.98-2.24; p=0.06) in the North
of Europe and 0.65 (CI 0.43-1.01; p=0.06) in the South of Europe; see Table 3.4.
Similari&, when the contribution to risk of MI by the A455V variant was assessed,
carriers of the rare 455V allele had an OR of 1.40 (CI 0.96-2.05; p=0.06) in the North of
Europe and 0.92 (CI 0.63-1.33; p=0.22) in the South of Europe; see Table 3.4.
However, this analysis has limited value for understanding the contribution to risk of
MI by each variant site, because of the strong LD between the two variant sites; see

section 3.5.2.
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North South
Odds ratio Odds Ratio
Variant Genotype P-value P-value
(95% CI) (95% CI)
GG 1.00 1.00
-1748G>C 0.96 1.08
GC+CC p=0.84 p=0.64
(0.66-1.39) (0.79-1.47)
TT/TT 1.00 1.00
-1208/09TT>delTT TT/delTT+ 1.48 0.65
p=0.06 p=0.06
delTT/delTT (0.98-2.24) (0.43-1.01)
GG
-1166G>A NA NA
GA+AA
AA 1.00 1.00
A455V 1.40 0.92
AV+VV p=0.06 p=0.22
(0.96-2.02) (0.63-1.33)

Table 3.4 Odds ratio to estimate the contribution to risk of MI the contribution to
risk of MI of the four Tm variants studied.
Results are adjusted for age and centre. See Table 3.3 for numbers used to calculate OR.

To try to understand contribution té risk by the -1208/09TT>delTT and A455V variant
sites, risk was analysed for those heterozygous and homozygous for 455V alone (n=42
cases, n=37 controls in the North; n=27 cases, n=20 controls in the South), compared to
those homozygous for the common alleles at both sites (=126 cases, n=151 controls in
the North; n=225 cases, n=240 controls in the South; see Table 3.5). OR for 455V
heterozygotes and homozygotes combined were 1.36 (CI 0.82-2.25 p=0.22) in the North
and 1.44 (CI 0.79-2.64 p=0.23) in the South. Risk associated with —1208/09TT>delTT
alone could not be assessed, because the —1208/09TT>delTT variant occurred on the
455V allele in most individuals. Only 9 individuals were heterozygous for

-1208/09delTT but homozygous for A455; see Table 3.5.
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Genotype North South

A455V -1208/09 Controls Cases Controls Cases
TT>delTT (n) (n) (n) (n)
AA TT/TT 151 126 240 225
AA TT/delTT 3 1 5 0
AV TT/TT 35 37 18 27
AA delTT/delTT 0 0 0 0
\A TT/TT 2 5 2 0
AV TT/delTT 36 53 49 30
AV delTT/delTT 1 0 0 0
\A TT/delTT 3 6 3 2
\'A delTT/delTT 3 1 1 1

Table 3.5 Number of individuals with rare alleles for A455V and
~1208/1209TT>delTT combined in cases and controls in the North and South of
Europe.

Risk was also assessed in those individuals heterozygous and homozygous for both
455V and -1208/09delTT (V/delTT) (n=60 cases, n=43 controls in the North; n=33
cases, n=33 controls in the South), compared to those homozygous for the common
alleles at both sites (AA/TT) (numbers as above; see Table 3.5). A 1.6-fold elevation in
risk was determined for those in the North (OR 1.67 CI 1.06-2.64 p=0.03), but there
was no increased risk in the South; see Figure 3.1. In fact, there appeared to be reduced
risk in the South, though this failed to reach statistical significance (OR 0.66 CI 0.41-

1.06 p=0.09).
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Figure 3.1 Risk for MI in carriers of the 455V/-1208/09delTT genotype
combination in the North and South of Europe.

AA/TT = homozygous for both common alleles. V+/delTT+ = heterozygous or
homozygous for both rare alleles.

3.5.,5 Combined Tm 455V/-1208/09delTT genotype (V/delTT) effect in

association with other clinical characteristics

The V/delTT genotype effect was analysed together with clinical and life style factors
(see Table 3.1) to determine whether there were any interactions with these factors.
“Genotype-phenotype interaction” implies that in combination, the risk associated with
a particular gene variant in a particular environment is more than the effects of each

independently and may help elucidate pathological mechanisms.

No interaction between smoking and V/delTT was identified either in the North or
South of Europe, with risk remaining the same in smokers and non-smokers. However,
when risk was assessed for the highest BMI tertile in the North of Europe, carriers of

V/delTT were associated with a 5.7-fold increased risk of MI (OR 5.72 CI 2.24-14.6
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p<0.0005), compared to those with the common genotype in the lowest tertile and was
increased also above the risk for BMI alone (OR 1.46 CI 0.82-2.60); see Figure 3.2.
Similarly, carriers of the combined V/delTT genotype with a BMI measurement above
30 Kg/m? (considered obese) exhibited increased risk compared to those with the
common genotype with BMI below 30 Kg/m? (OR 5.18 CI 1.42-18.8) in the North of
Europe. There was a significant interaction between the combined V/delTT genotype
and highest BMI tertile (p=0.02), by logistic regression analysis. No risk modulation by

BMI was observed in the South of Europe; see Figure 3.2.
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Adipose tissue has been suggested to produce IL-6 (Hotamisligil et al., 1995) (Kern et
al., 1995) (Fried et al., 1998) (Yudkin et al., 1999) and the PC pathway may participate
in regulating inflammatory processes (Esmon, 2001) (Esmon, 2002); see section 1.4.3.
To determine whether the risk interaction of the V/delTT allele with BMI could be
mediated by a greater inflammatory response, the effect of BMI and Tm genotype on
IL-6 levels (previously determined in HIFMECH) was analysed. Overall geometric
mean levels of IL-6 (pg/mL + SD) were higher in cases than in controls: Northern cases
1.77 £ 1.21, n=197, versus Northern controls 1.29 + 0.74, n=227, p<0.0001; Southern
cases 2.22 + 1.47, n=182, versus Southern controls 1.20 + 0.81, n=202, p<0.0001).
Those with either one or two Tm V/delTT alleles were compared to those homozygous
for the common allele at both sites, in tertiles of BMI. Surprisingly, Northern European
controls with Tm V/delTT, had higher IL-6 levels compared to those with the common
allele, at mid and high BMI tertiles (p=0.02); see Figure 3.3a. Although IL-6 levels, in
cases with Tm V/delTT, were higher in the mid BMI tertile in the North, this did not
reach statistical significance; see Figure 3.3b. An indication of an effect upon risk can
be viewed in a different format here by the relative numbers of cases and controls in
each genotype group across BMI tertiles; see Figure 3.3a&b. The proportion of controls
;vith Tm V/delTT, compared to those with the common allele, was similar in the low
aﬁd mid tertile, but decreased in the high tertile, while the proportion of cases with Tm
V/delTT increased across tertiles, from 25% in the low tertile to 50% of cases at the
high BMI tertile; see Figure 3.3a&b. Southern European controls with Tm V/delTT had
lower IL-6 levels compared to those with the common allele, in the high BMI tertile

(p=0.03); see Figure 3.4a&b.
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Figure 3.3 Geometric mean levels and approximate standard deviation of IL-6,
across BMI tertiles for those with Tm AA/TT (darker shaded bars) compared to
those heterozygous or homozygous for Tm V/delTT (lighter shaded bars) in
Northern European controls (a) and Northern European cases (b).
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Figure 3.4 Geometric mean levels and approximate standard deviation of IL-6,
across BMI tertiles for those with Tm AA/TT (darker shaded bars) compared to
those heterozygous or homozygous for Tm V/delTT (lighter shaded bars) in
Southern European controls (a) and Southern European cases (b).
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In previous analysis of HIFMECH, clinical measurements were used to create three
‘factors’ (metabolic syndrome, inflammation and blood pressure) (Yudkin JS et al,,
2003). These ‘factors’ were created using principal factor analysis, a linear method that
reduces several original variables into fewer summary factors. The relationship between
variables is explored and variables are clustered based on linear correlations between
them, with the resulting summary factors calculated to keep as much of the variance,
that existed between the original variables, as possible. BMI, triglycerides, insulin and
pro-insulin levels contributed to a ‘metabolic syndrome’ factor, while fibrinogen, CRP

and IL-6 levels contributed to an ‘inflammation’ factor.

To try to elucidate a mechanism for MI risk in the North, but not the South of Europe,
particularly in those with high BMI, further analysis was done by ‘factor’ analysis. The
V/delTT effect was analysed together with the ‘inflammation’ and ‘metabolic
syndrome’ factors. These two factors were split into three groups (tertiles) in a way that
would achieve roughly similar numbers in each group, to facilitate analysis (tertiles set
across controls in the North and South combined). A higher MI risk associated with
increasing tertiles of both ‘metabolic syndrome’ and ‘inflammation’ scores was found.
OR were determined for those in the highest compared to the lowest tertiles. For the
‘metabolic syndrome’ factor: South OR 5.63 (CI 2.65-11.97, p<0.001); North OR 1.94
(C1 0.96,_3.94’ p=0.065); see Figure 3.5. For the ‘inflammation’ factor: South OR 5.50

(CI2.68-9.44, p<0.001); North OR 3.53 (1.64-7.57, p=0.001); see Figure 3.6.

In the North, the effect of Tm genotype in tertiles of ‘metabolic syndrome’ and
‘inflammation’ followed a similar pattern to that shown for BMI. In the highest tertile of
‘metabolic syndrome’, in the North of Europe, those with the common allele reached an

OR 1.94 (CI 0.96-3.94, p=0.065), while those with Tm V/delTT reached an OR 6.51 (CI
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2.19-19.33, p=0.001); see Figure 3.5. Similarly, in the highest tertile of ‘inflammation’,
in the North, those with the common allele reached an OR 3.53 (1.64-7.57, p=0.001),
while those with Tm V/deITT reached an OR 5.11 (CI 1.93-13.5, p=0.001); see Figure

3.6.

In the mid and high tertiles of ‘metabolic syndrome’, a higher risk was determined for
those with the common Tm allele in the South, compared to the North of Europe (mid:
South OR 2.29; CI 1.09-4.78; North OR 1.06; CI 0.49-2.31, high: South OR 5.63; CI
2.65-11.97; North OR 1.94; CI 0.96-3.94); see Figure 3.5. Findings were similar in
tertiles of ‘inflammation’, suggesting a greater contribution generally to MI by both
inflammation and metabolic syndrome in the South. An apparent reduction in risk,
particularly in the mid and high tertiles of ‘metabolic syndrome’ was observed in those
with Tm V/delTT in the South, compared to those with the common allele in the mid

and high tertiles.

181



*SO[9[[B dIeI j0q 10§ SN0FAZowoy I0 sN0FAZ01919Y = + L LIPP/+A "SI[O[[E UOWIWOD Y10q 10j snofAzowoy = LL/VV
*10J0¥] QUWIOIPUAS JI[0qEIdU, JO SI[).13) 10} uoyeuIquiod 3dA)ouss I 11PP60/80ZI-/ASSH AU JO SISLLIED U [JA 10§ YSIY S°¢ danSiq

182

Z1=U sased ‘p[=u sjonuo) "
7L=U 358D ‘| H=U S[onuo) ‘g
7=U $9se) ‘g=U s[jonuo) ‘q
Op=U Sased ‘gG=U s[onuo)) Dy
G=U S3sBD ‘p[=U S[jonuo)) ‘g
G [=U Sased ‘[H=U S[ONU0)) 'Y
dnoa3 yoed ur sraquny

(19 %S6) oney sppo
S 4 € rA

€9°S

€7=U $3sBD ‘9=U sjonuo) ‘(q
7S=U $ased ‘gH=u s[jonuo) ‘g
Z1=U S3sed ‘g=u sjonuo)) ‘(q
€=U 83sed ‘p¢=U s[onuo) *H
0=U $3se) ‘7[=U sjonuo) ‘g
(7=U sased ‘7¢=U S[onuo)) 'y
dnoa3 goes ur sraquiny

(19 %S6) oney sppo
S 1 4 : rA

<<|1+1__...___:ﬂ~___‘__F_.__d

1L/VV S MoV

+L119p/+A S mo1'g
LI/VV SWPIN D
+L119p/+A S PIN "a
11/vV SWUYBIH '3
+L119p/+A SW YBIH "4



"SO9[[® 2Tl [10q 10j SN0ZAZowoy 10 SN0SAZ0IAY = + L LIPP/+A “SO[O[[E UOWWOD Y30q 10 snoJAzowoy = LL/VV
*10J0€) UOHRWUIB[UL, JO SI[).13} 10J UoneuIquiod 3dA)oussd 11 19P60/80Z1-/ASSY AU} JO SILLIED UI [JA 10J NSRY 9°€ dnS1g

[ [=U S3sBD ‘g=u s[onuo) ‘(q €7=U $3sBD ‘[ [=U S[onuo) '(

$9=U SasBD ‘GH=U Sjonuo) ‘g GG=U SaseD ‘9¢=U S[onuo) ‘g

9=U S9SBI ‘g [=U S[onuo)) "q $1=U sased ‘g=u sjonuo)) "q

7S=U Sased ‘GE=u S[onuo)) D G7=U SasBI ‘g¢=U S[onuo)) )

7=U Sased ‘9[=U sjonuo) 'g H=U SasBD ‘9=U Sjonuo) ‘g

[ [=U Sased ‘/ H=U S[oNu0)) 'Y G [=U Sased ‘p¢=u S[onuo)) 'y

dnoa3 goes ur sraquny dnoa3 goed ur sraquny

(1D %S6) oney sppo (10 %S6) oney sppoO
9 S v € [4 3 0 L 9 S v € [4 3 0

F | 1l/VV ‘wepuj moT 'y
Jalll T +1119p/+A "wepu| mo ‘g
Zrs o LL/VV “wepul pIN *D
- T o1y ¥ +11I19P/+A "weyu] piN "a
05 ™ coc® LIV "weyu) yBiH '3
egs e W +L1I9P/+A "weyu) yBiH “3

ynos YON

183



3.6 Discussion

The aim of this section was to assess the contribution to risk of MI by four potentially
functional variants in the Tm gene (-1748G>C, -1208/09TT>delTT, -1166G>A and

A455V) in the North and South of Europe.

Allele frequencies for 455V similar to those determined here for the North (0.19) and
South (0.12) have been reported previously. A rare allele (455V) frequency of 0.18 was
reported in a sample of healthy Dutch subjects and 0.26 in a group of healthy subjects
from Sweden (van der Velden et al., 1991) (Norlund et al., 1997a). An allele frequency
of 0.18 was also reported in healthy Caucasian Americans, but in the same study a very
much lower frequency (0.03) was seen for healthy Black Americans (Wu et al., 2001).
Similar allele frequencies for -1748C (0.21), -1208/09delTT (0.10) and-1166A (0.01)
have been reported in French subjects (Le Flem et al., 2001). The observation that
differing variant frequencies occur in different populations, highlights the importance of

stratifying by population.

The -1748C allele does not appear to be associated with increased risk of an MI event
either ivn the North or the South of Europe. This finding suggests that the -1748G>C
variantvv'i.s unlikely to represent an independent risk factor for arterial thrombosis in
European populations. A significant association with higher D-dimer levels has been
suggested previously for the -1748G>C variant (Le Flem et al., 2001). These findings
are difficult to reconcile with. D-dimer levels indicate the presence of an abnormally
high level of fibrin degradation products, suggesting there has been significant clot
formation and breakdown in the body. The -1748G>C variant creates a putative Spl-

like transcription factor binding site that might be expected to increase expression of the
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Tm gene under basal or induced conditions (Le Flem et al., 2001). Upregulation of Tm
expression would be expected to decrease thrombin generation, through its anti-
thrombotic and anti-iflammatory properties, thus reducing clot formation in the body.
As such, the -1748G>C variant might be expected to be associated with reduced D-

dimer levels.

The -1208/09TT>delTT variant was found to be in strong LD with A455V in both
Northern and Southern European controls, as has also been reported in a recent French
case-control study of venous thrombosis (A= 0.89 p<0.01) (Le Flem et al., 2001). Risk
associated with —1208/09delTT alone could not be assessed, since the
-1208/09TT>delTT variant occurs on the 455V allele in most individuals. There was,
howeyver, a suggestion of elevated risk associated with 455V, alone, in both the North
and South of Europe, but this did not reach statistical significance. It was estimated that
a total of 550 cases would be required to detect a statistically significant effect on risk
by the 455V allele (power 80%, p=0.05, allele frequency 0.19). The number of cases
used to assess risk associated with the A455V variant was 229 in the North and 285 in

the South of Europe.

The A455V variant is situated in the 6" EGF-like repeat of the Tm molecule, a region
necessafy for thrombin binding (Kurosawa et al., 1988) (Ye et al., 1992), but has not
been identified as a residue critical for either thrombin or Ca** binding; see section
1.4.3.2. The Ala to Val substitution at position 455 would not be expected to impose an
extreme electrostatic 6r steric effect since both residues are hydrophobic aliphatic amino
acids (Cunningham and Wells, 1989). It is possible, however, that this substitution

alters folding of the mature protein, since the residue occupies a position within the
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minor B-sheet of EGF6 (Fuentes-Prior et al., 2000). No direct in vitro functional studies

have been carried out to date to address whether this variant is dysfunctional.

Carriers of both 455V and —1208/09delTT had a 1.6-fold increased risk of MI in the
North of Europe, but risk appeared to be reduced in Southern Europe, again highlighting
the importance of stratifying by population. No evidence could be found for risk
modification by smoking. The most interesting finding was an increased risk of MI in
carriers of the V/delTT genotype combination in the highest BMI, ‘inflammation’ and
‘metabolic syndrome’ factor tertiles in the North of Europe. BMI is a measure of
obesity (Stevens et al., 1998) (Tracy, 2001). As aforementioned (see section 1.3.2),
obese individuals have a higher risk of developing CHD compared to lean individuals
(Lamarche, 1998) (Stevens et al., 1998) and there is increasing evidence that adipose
tissue in general and abdominal adiposity in particular, is a key player in the
inflammatory process (Yudkin, 1999). Inflammatory mediators contribute to
progression of atherosclerosis by several mechanisms; see section 1.3.3.1. In relation to
haemostasis, they have been shown to stimulate TF expression (responsible for the
initiation of the coagulation cascade) and to cause natural anti-coagulant and fibrinolytic
deregulation (Nawroth et al., 1986) (Moore et al., 1987) (Gregory et al., 1989) (Esmon
et'al., 1991) (Nemerson, 1995) (Orbe et al., 1999) (Speiser et al., 2001); see section
1.3.3.1. In this context, the expression of Tm on the surface of endothelial cells exposed
to TNF-a in vitro has been shown to decrease (Moore et al., 1989) (Lentz et al., 1991)
and the intradermal application of TNF-o was also found to downregulate the
expression of Tm on the surface of human endothelial cells (Speiser et al., 2001). In
vitro, IL-1 was found to cause a decrease in Tm expression and activity on the cell
surface, and intravenous infusion of IL-1 was also found to decrease Tm cell surface co-

factor activity (Nawroth et al., 1986) (Archipoff et al., 1991). Although Tm is itself
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regulated by inflammatory cytokines, it also makes an important contribution to anti-

inflammatory processes, through direct and indirect mechanisms; see section 1.4.3.4.

A general process contributing to CHD by inflammatory cytokines and Tm may be
increased release of Tm from the surface of vascular endothelial cells and decreased Tm
~ expression. Reduced expression of Tm on the surface of vascular endothelial cells
contributes towards a pro-thrombotic and pro-inflammatory state. An associated
increased inflammatory response, measured by IL-6 levels, was noted in carriers of the
V/delTT genotype with high BMI in Northern Europeans. In addition, when risk was
assessed for the highest tertile of the ‘inflammation’ factor, carriers of V/delTT were
associated with increased risk of MI in the North of Europe. A mechanism for
interaction between BMI and Tm genotype may be an altered expression of Tm in
response to elevated circulating inflammatory cytokines and reduced function of the
expressed molecule on the surface of endothelial cells in individuals with the combined
genotype V/delTT. Alternatively, the risk effect may be mediated by the promoter
variant alone. Analysis of promoter variants has been studied in this thesis; see Chapter

7.

Obesity‘ clusters with established cardiovascular risk factors that include insulin
resistanéé hyperglycaemia, hypertension, dislipidemia, termed collectively metabolic
syndrome (Kaplan, 1989) (Haffner et al., 1992). In the current study, increased risk of
MI was observed in carriers of the V/delTT genotype combination in the highest tertile
of the ‘metabolic syndrome’ factor. Whether the interactive risk is directed as an
independent mechanism through elevated secretion of inflammatory cytokine in obese
individuals or through other aspects of the metabolic syndrome has been assessed

further in the studies for this thesis; see Chapters 4, 7 & 8.
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The Tm-protein C pathway has both anti-thrombotic and anti-inflammatory
characteristics; see sections 1.4.3. Down-regulation of Tm expression is likely to lead to
increased thrombin generation and exacerbation of inflammation. Results of the current
study have suggested a risk interaction for a Tm haplotype, with obesity or metabolic
syndrome, and an associated increased inflammatory response, measured by IL-6 levels.
Reasons for the differences in effect of Tm V/delTT in the North and South of Europe
are not entirely clear. The higher risk generally, for both ‘metabolic syndrome’ and
‘inflammation’ in the South of Europe, and the apparent reduced risk associated with
‘metabolic syndrome’ and Tm V/delTT in the South, may point towards a survival bias,
i.e. those with Tm V/delTT with the greatest ‘inflammation’ and ‘metabolic syndrome’
factors might have a higher mortality and may not have survived, rendering them
unavailable for analysis. This could lead to an underestimation of risk associated with
the Tm genotype combination and elevated inflammation or obesity. Another reason for
the discrepancies is that gene-gene and gene-environment interactions may differ
between in Northern and Southern Europeans, with variants only showing their effects
in populations with a particular genetic or environmental background (Talmud and

Humpbhries, 2002). Further studies are required to address these issues.

In conciusion, the most frequent distal promoter variant (-1748G>C) was not associated
with risk‘ for MI in the European population, while an elevation in risk was determined
for the combined V/delTT Tm genotype in Northern Europeans. Further, a risk
interaction for the V/delTT haplotype with obesity and a ‘metabolic syndrome’ or
‘inflammation’ factor was identified in Northern Europeans. An increased inflammatory

response was also noted in V/delTT carriers with high BMI.
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CHAPTER FOUR

TM POLYMORPHISMS AND CHD
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4. Tm polymorphisms and CHD
4.1 Introduction

In Chapter 3, the contribution to risk of MI by four, previously reported (Le Flem et al.,
2001), potentially functional variants in the Tm gene was assessed. A haplotype
comprising the rare alleles for two of these variants (-1208/09TT>delTT & A455V;,
V/delTT) contributed to the risk of MI, in the North of Europe, particularly in
individuals with obesity, metabolic syndrome or inflammation. An associated increased
inflammatory response was also noted. These two variant sites were therefore
subsequently assessed for their contribution to CHD risk in a large prospective study,
the second Northwick Park Heart study (NPHSII), to verify and extend the results for
Northern Europeans in the HIFMECH study. An inherent limitation of case-control
studies, and thus HIFMECH, is that only survivors can be studied. This could lead to an
underestimation of risk associated with factors having a greater impact on survival, as
subjects with these factors will not be available for analysis. A study where individuals,
who have not yet had the outcome event in question, are monitored for the number of

such events over time (prospective study) will help address this limitation.
42  Aim

The purpose of the work described in this section was to assess risk for CHD in those
with -1208/09delTT/455V in a large prospective study of heart disease, the second
Northwick Park Heart study (NPHSII). Tm gene variant interaction with other clinical
and plasma markers of CHD and markers of thrombin generation and inflammation

were studied also in relation to CHD.
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4.3 Methods
43.1 DNA extraction from blood using the salting out method

Genomic DNA from participants of the NPHSII study had been isolated previously

using the salting out method (Miller et al. 1988); see section 2.2.2.1.
4.3.2  Description of study subjects (NPHSII)

The second Northwick Park Heart Study (NPHSII) is a large prospective study of
healthy Caucasian middle aged men, recruited from 9 general medical practices in the
UK, and designed to examine risk factors for CHD. From April 1989 to April 1994 (15
years of follow-up), 3012 healthy European, Caucasian men, aged 51-60 years,
registered with 9 general medical practices in the UK, were recruited for prospective
surveillance (Miller et al., 1995) (Miller et al., 1996). Follow-up is still continuing. All
eligible subjects were free of a history of unstable angina, MI or evidence of silent
infarction, coronary surgery, aspirin or anticoagulant therapy, cardiovascular disease,
malignancy (except skin cancer other than melanoma), or any condition precluding
informéd consent. Participants were asked to attend a clinic in a non-fasting state,
having béen instructed to avoid heavy meals before examination and to refrain from
smoking and vigorous exercise from midnight of the previous night. DNA was obtained
for 2700 people whose baseline characteristics were not significantly different from the

whole study group (Humphries et al., 2001).

Participants answered a questionnaire for previous medical history and smoking habit

and were classified as never smokers, ex-smokers (cessation for minimum 1 year) and
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current smokers. A standard electrocardiogram (ECG) was recorded and coded
according to Minnesota criteria. This resulted in the exclusion of 42 men with changes
indicative of MI. Weight, height and SBP measurements were recorded and venous
blood samples were collected for plasma and DNA analysis. Participants were recalled
annually for interview and repeat plasma analysis. A routine ECG was repeated at the
sixth examination. Endpoints for CHD were fatal and non-fatal MI, silent MI or
coronary revascularization procedures (stroke, n=54, was not included in the current
study). The numbers for these end points as of April 2003 were: fatal and non-fatal MI
(non-fatal n=113, fatal n=49), silent MI (n=20), coronary revascularization (n=45), total
227. Forty-nine had a fatal MI. These events occurred from 64 days to 13 years of

follow up.

Biochemical and clinical measurements

A 5 ml sample of venous blood was taken using a Vacutainer (Becton Dickinson,
Cowley, Oxford, UK) from each patient and transferred to plastic screw-cap vials,
which were stored at -4°C pending analysis. Cholesterol and triglyceride concentrations
were measured using automated enzyme procedures (Humphries et al., 2001).
Fibrinogen concentration was measured by a thrombin-clotting method, calibrated
ag'ainstva standard plasma (Immuno, Vienna). F1+2 and fibrinopeptide A (FPA) levels
had bee'n.mcasured previously (Cooper et al., 2000). Blood pressure was recorded twice
with a random zero sphygmomanometer after the subjects had been seated for 5 min,
and the results were averaged for statistical analysis. Height (m) was measured on a
stadiometer and weight (kg) on a balance scale to calculate BMI (kg/m?). CRP levels
were measured in 587 randomly selected baseline samples (509 controls, 78 cases)
using a commercial assay (Cordia High Sensitivity CRP). Baseline measurements were

used for analysis in the current study.
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4.3.3  Genotyping for polymorphisms in the Tm gene

Tm genotyping for the variant sites under investigation (-1208/09TT>delTT & A455V)
was performed as described in Chapter 2. PCR conditions and restriction enzyme
digestion conditions are summarised in Tables 2.1-2.3. Band patterns for these two Tm
polymorphisms studied are shown in Figures 2.5 and 2.7. A total of 2367 controls and
201 cases with CHD were successfully: genotyped for both Tm variants in the current

study.
4.3.4  Statistical analysis

Data were entered into an EXCEL spreadsheet (Microsoft). Deviations from Hardy-
Weinberg equilibrium were considered via a chi-squared test of observed and expected
frequencies. Differences in genotype distributions and allele frequencies between
groups were analysed using chi-squared tests. LD was considered using the statistic

delta (A) (Chakravarti et al., 1984).

In NPHSII statistical analysis was carried out with help from Jackie Cooper (statistician
in CVG who solely analyses NPHSII data), using ‘Intercooled STATA’ version 7.0
(Colleg‘é. Station, Texas). Continuous variables are expressed as mean + SD for
normally distributed variables or geometric means and approximate SD for variables
where normality was reached after In-transformation. Triglyceride, FPA, F1+2 and CRP
levels were In-transformed before analysis. Normality was considered graphically with
QQ-norm plots and formally via a Kolmogorov-Smirnov test. Continuous variables
were assessed by analysis of variance (ANOVA) on normally distributed data, or after

appropriate transformation. Chi-squared tests were used to compare differences in
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categorical variables. Association of Tm genotype with risk of CHD was assessed using
Cox’s proportional hazards model, with significance assessed by the likelihood ratio
test. Results are presented as Relative Risk (RR) with 95% CI. Results were adjusted for
age and practice unless otherwise stated. This was carried out to allow for differences in
baseline data according to age and practice. Age was included as a covariate in the
model and data stratified by practice (using the strata option in STATA). Interaction
between Tm genotype and other clinical characteristics was tested by a model including

an interaction term. P-values <0.05 were considered as significant.
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4.4 Results

44.1 Characteristics of NPHSII samples

Baseline clinical and biochemical measurements in those who had an event were

compared to those without an event, for those genotyped in the current study; see Table

4.1. Age, BMI, prevalence of smoking, SBP, cholesterol, triglyceride and CRP levels

were significantly higher in those with CHD, compared to those without CHD (p<0.05).

No CHD event CHD event P-
(n=2367) (n=201) values
Age (years) 56.0+43.4 56.6+3.5 0.03
BMI (Kg/m2) 26.443.5 27.143.4 0.009
Smokers (%) 27.6 39.8 <0.0001
SBP (mmHg) 137.9419.1 144.0+20.1 <0.0001
Cholesterol (mmol/l) 5.71+1.00 6.07+1.01 <0.0001
Triglyceride (mmol/l) 1.79+0.94 2.09+1.11 <0.0001
FPA (pumol/l) 1.19+0.60 1.2240.60 0.55
F1+2 (umol/l) 0.70+0.27 0.7110.25 0.82
1.9842.18 <0.0001

CRP (pg/ml) 1.18+1.30

Table 4.1 Base line characteristics of subjects in NPHSII.

Data are mean+SD unless otherwise stated. Triglyceride, F1+2, FPA and CRP levels In-
transformed. CHD event: fatal and non-fatal MI, coronary artery surgery or ECG

evidence of MI.
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44.2 Allelic association

Allelic association between the -1208/09TT>delTT and A455V polymorphisms was
considered using the statistic delta (A), as described previously (Chakravarti et al.,
1984). As was the case for HIFMECH (see section 3.5.2), strong LD was observed
between the —1208/09TT>delTT and A455V variantg (A=0.67 p<0.0005), with only 26
individuals heterozygous for -1208/09delTT but homozygous for A455 (cases n=5,

controls n=21).
44.3 Tm genotype distribution and allele frequencies

Genotype distribution and allele frequencies for the -1208/09TT>delTT and A455V
polymorphisms were determined in NPHSII; see Table 4.2. No significant difference in
genotype distribution for either variant was observed between those with and without a
CHD event; see Table 4.2. The variable number of samples genotyped for the different
polymorphisms was due to repeated failure to amply the target sequence during the PCR
reactions. This is a random event and could not be responsible for any association seen.

Genotype distribution was in Hardy-Weinberg equilibrium for both variant sites.
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Polymorphism N Genotypes Rare Allele P-value for
Freq.(95% CI) CHD-no CHD

11 12 22 allele frequency
-1208/09 Total 2663 2138 492 33 0.104 (0.09-0.12)
TT>delTT NoCHD 2450 1978 441 31 0.104 (0.08-0.13) 0.10
CHD 213 160 51 2 0.129 (0.11-0.15)
A455V Total 2635 1751 784 100 0.184 (0.15-0.21)
NoCHD 2424 1617 716 91 0.185 (0.16-0.21) 0.64
CHD 211 134 68 9 0.204 (0.18-0.21)

Table 4.2 Genotype distribution and allele frequencies of the -1208/09TT>delTT
and A455V polymorphisms in the whole NPHSII study and in those with and
without CHD.

Tm -1208/09TT>delTT: TT/TT (11), TT/delTT (12), delTT/delTT (22). Tm A455V:
AA (11), AV (12), VV (22).

444  Tm genotype and risk of CHD

Due to the low number of rare homozygotes identified for each of the Tm variants
studied (see Table 4.2), subjects with one and two rare alleles were combined and

compared to those with two common alleles at each variant site.

There was no statistically significant evidence to suggest a contribution to CHD, when
risk was assessed for each variant site individually, although risk approached
significance for -1208/09TT>delTT. Overall risk for each variant site was:
-1208/09TT>delTT: RR 1.36 (CI 0.99-1.87, p=0.06) and 455V RR 1.12 (CI 0.84-1.49,

p=0.89), after adjustment for age and practise.

197



Risk was analysed further in carriers of the 455V allele who were homozygous for the
common allele at —1208/09 (CHD events n=26; no event n=358), as compared to those
homozygous for the common allele at both sites (CHD events n=123; no event n=1558):
RR 0.90 (CI 0.59-1.37, p=0.71). Risk for —1208/09delTT alone could not be assessed
because -1208/09delTT occurs on the 455V allele in most individuals. When risk was
assessed in men heterozygous and homozygous for both -1208/09delTT and 455V
(CHD events n=47; no event n=430), compared to those homozygous for the common
allele at both sites (CHD events n=123; no event n=1558); see Table 4.3, risk was 1.35
_ (C1 0.96-1.59, p=0.08), after adjustment for age, practise, SBP, cholesterol,
triglycerides, fibrinogen and smoking. These parameters used for adjustment had been
identified previously as statistically significant independent predictors of CHD risk in

NPHSII (Miller et al. 1995).

-1208/09TT>delTT
Ad55V TT/TT TT/delTT delTT/delTT
AA 123/1681 5/26 0/0
(7.3%) (19.2%)
AV 24/360 40/402 0/1
(6.7%) (9.9%)
\'AY 2/24 5/43 2/31
(8.3%) (11.6%) (6.4%)

Table 4.3 Combined Tm genotype distribution.
Numbers of CHD events/total number in each group (%).
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44.5 Combined Tm genotype (V/delTT) effect in association with other

baseline clinical characteristics

As there was a suggestion for increased risk (although not significant) for both the
-1208/09TT>delTT (RR 1.36 CI 0.99-1.87, p=0.06) and the combined V/delTT
genotype (RR 1.35 CI 0.96-1.89, p=0.08), the effect of the V/delTT Tm genotype on
CHD risk was analysed together with clinical and life style factors; see Table 4.1. In
HIFMECH, CHD risk interaction was identified with a ‘metabolic syndrome’ and
‘inflammation’ factor; see Chapter 3. Interaction with factors present in metabolic
syndrome, and other factors (smoking), was therefore further assessed. No interaction
between smoking and V/delTT genotypes was identified, as risk for carriers of the
V/delTT haplotype, compared to those with the common allele at both sites, was
consistent when data were analysed for smokers and never+ex-smokers (RR 1.42, CI

0.93-2.16, p=0.1 in non-smokers; RR 1.30, CI 0.74-2.29, p=0.36 in smokers).

NPHSII men were analysed for CHD risk in those with the V/delTT haplotype after
stratifying by BMI. A gradual increase in CHD risk was observed when the rare allele
combination was assessed by tertile of BMI (tertiles: low <24.9 Kg/m?; mid 24.9-27.5
K'g/mz;.high >27.5 Kg/m?), as compared to those with the common allele in the lowest
third (ﬁiid-third RR 1.86, CI 1.02-3; high-third RR 2.48, CI 1.41-4.34, adjusted for age
and practice). Although a significant risk-trend from the lowest to the highest BMI
tertile was observed for V/delTT carriers (p=0.05), there was no significant interaction
between Tm genotype and BMI; see Table 4.4. When results were adjusted for
smoking, SBP and triglyceride, in addition to age and practice, the significant risk-trend

observed for V/delTT carriers was removed; see Tgble 44,
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As aforementioned (see section 1.3.2), obesity clusters with established cardiovascular
risk factors that include insulin resistance, hyperglycemia, hypertension, elevated
triglyceride levels and reduced HDL-cholesterol levels, termed collectively metabolic
syndrome (Kaplan, 1989) (Haffner et al., 1992). In the current study, BMI correlated
well with SBP (r=0.2, n=3006, p<0.0001) and triglyceride levels (r=0.29, n=2910,
p<0.0001), as assessed by Pearson’s correlation analysis. The data were therefore
analysed further to determine any interaction between Tm genotype and tertiles of SBP
or plasma triglyceride that could have been underlying the risk with BMI in the case-
control study. Although carriers of V/delTT in the highest SBP tertile were associated
with increased risk of CHD (RR 2.63 CI 1.52-4.55), compared to those with the
common genotype in the lowest tertile, no signiﬁcant risk-trend was observed from the
lowest to the highest SBP tertile (low <128.5mmHg, mid: 128.5-145mmHg, high:
>145mmHg) for V/delTT carriers (p=0.09), and there was no significant interaction
between Tm genotype and SBP (p=0.50). An increase in risk was, however, observed
when V/delTT was assessed by tertile of triglyceride (low: <1.4mmol/l, mid: 1.4-
2.19mmol/l, high: >2.2mmol/l) and reached a statistical interaction (p=0.016). V/delTT
carriers had a 2-fold increased risk of CHD (RR1.95 CI 1.12-3.40) amongst subjects in
the mid triglyceride third, and 1.8-fold increased risk in subjects within the high third
(RR 1.77 CI 1.02-3.09), compared to those with the common genotype in the lowest
tertile, ‘after adjustment for age, practice, smoking, SBP and BMI; see Table 4.5. When
results were adjusted for the classical CHD risk factors (age, cholesterol, smoking, SBP,
BMI in addition to practice) the interaction between Tm haplotype and tertiles of
triglycerides remained statistically significant (p=0.02). For V/delTT carriers, a
significant risk-trend was observed from the low to high triglyceride tertile (Mid-tertile
RR 3.54 CI 1.42-8.85; High-tertile RR 3.21 CI 1.28-8.05, p=0.01) while no significant

risk was associated with higher triglyceride levels in non-carriers; see Figure 4.1.
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Triglyceride levels did not differ significantly between those subjects with the common
genotype (n=1666; geometric mean 1.80; SD 0.96) and those with the rare genotype
(n=475; geometric mean 1.79; SD 0.90) (p=0.92), suggesting that the rare Tm allele has

no direct causal effect on triglyceride levels.
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Figure 4.1 CHD risk-trend in carriers of Tm V/delTT haplotype, compared to Tm
AA/TT, in lowest to highest triglyceride (Tg) tertile.

In each genotype group low Tg tertile set at RR 1.00. Tg tertiles: Low<I.4mmol/I;
Mid=1.4-2.19mmol/l; High>2.2mmol/l. AA/TT = homozygous for both common
alleles. V+/delTT+ = heterozygous or homozygous for both rare alleles. Results
adjusted for age, practice, smoking, SBP, BMI.

44.6 Effects of genotype (V/delTT) on measures of thrombin generation and a

marker of inflammation

Baseline F1+2 and FPA levels were analysed to determine any effect upon thrombin
generation or activity. There was no evidence to suggest differences in these markers by
Tm genotype (for F1+2: AA/TT 0.68 + 0.25, n=1511 v V/delTT 0.67 + 0.24, n=435;
p>0.29 & for FPA: AA/TT 1.21 + 0.6; n=1484 v V/delTT 1.17 + 0.6; n=426 for F1+2
p>0.29, n=1910; p>0.18). Furthermore, Tm genotype had no effect on these markers
when assessed in tertiles of triglyceride (genotype-triglyceride interaction p=0.12 for

F1+2 & p=0.9 for FPA).
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There had been a suggestion that increased inflammation, measured by IL-6 levels, was
present in those with V/delTT in HIFMECH. IL-6 levels had not been measured in
NPHSII, but randomly selected samples, collected at baseline, had been measured for
CRP and were assessed here by Tm genotype. In those with the common allele, CRP
levels were not significantly increased from the 1% to 2™ tertile of triglyceride (p=0.27),
but significantly increased from the 1% to 3™ tertile (p=0.03); see Figure 4.2. There was
a suggestion for an earlier increase in CRP, from 1% to 2™ tertile, in those with the
V/delTT haplotype, but this finding was of borderline significance (p=0.05). The
difference in CRP levels from the 1% to the 3™ tertile did not reach statistical
significance, in V/delTT carriers (p=0.07). Numbers were too small to analyse similarly

for cases although the trend was similar when controls only were analysed.

p=0.07

p=0.03

p=0.05

H |
35
p=0.27

3 4
[
Geometric mean 25

CRP (pg/ml)
24

15
14

05 =147 n=143 n=157

] —

2
Tertile of triglyceride

Figure 4.2 Geometric mean and approximate SD for CRP levels by tertile of
triglyceride, for those with the common Tm allele (light shaded bar) and those with
Tm V/delTT (dark shaded bar).

Tg tertiles: Low<1.4mmol/l; Middle=1.4-2.19mmol/l; High>2.2mmol/l.
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4.5 Discussion

A haplotype comprising the rare alleles for two common Tm variants
(-1208/09TT>delTT & A455V) contributed to the risk of MI, in the North of Europe,
particularly in individuals with obesity, metabolic syndrome or inflammation; see
Chapter 3. An associated increased inflammatory response was also noted. The purpose
of this section was to investigate the contribution of these two sites to risk of CHD in a
large prospective study (NPHSII), to verify and extend the results in the HIFMECH

study.

Rare allele frequencies for the -1208/09TT>delTT and A455V variant were similar to
those noted in the Northern European control group of the HIFMECH case-control
study (see Chapter 3), and agreed with previous studies (Norlund et al., 1997a) (Le
Flem et al., 2001) (Wu et al., 2001). Similarly, the -1208/09TT>delTT variant was
found to be in strong LD with A455V, in agreement with the findings in the HIFMECH

study (see Chapter 3) and reports in previous studies (Le Flem et al., 2001).

No significant risk modification was conferred by 455V alone (i.e V/TT) and since the
-1208/69TT>delTT variant occurs on the 455V allele in most individuals, risk
associatéd with —1208/09delTT alone could not be assessed. While a suggestion for
increased risk for 455V alone, in both Northern and Southern Europeans, was identified
in the HIFMECH case-control study (OR>1.36), no suggestion for increased risk was
observed in the prospective study (RR 0.9). It is possible that both studies were
underpowered to determine any significant effect; see Chapter 3. However, the results
from the current study and previous case-control study may suggest that risk is acting

through either the combination of 455V and -1208/09delTT or through the distal
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promoter variant alone. Past association studies of the effect of A455V alone have
shown both risk and protection associated with the 455V allele in different populations
(Norlund et al., 1997a) (Wu et al., 2001). It is possible that this discrepancy is due to
differences in allele frequency of the —1208/09delTT in different populations. The
mechanism of action of this promoter variant was examined by in vitro reporter gene
analysis under basal and suppressed conditions; see Chapter 7. Tm -1208/09TT>delTT
lies between a DR4 sequence (-1531 to —1516) and SSRE (-1163 to -1168) (Ishii et al.,
2003); see sections 1.4.4 & 1.4.7. It is possible that the deletion variant disrupts nuclear
protein binding, but it cannot be ruled out that this haplotype is marking an additional

functional variant either within or outside the Tm gene.

Carriers of both 455V and —1208/09delTT had an overall small but non-significant
elevation in risk for CHD (1.35 CI 0.96-1.89, p=0.08). In Chapter 3, in the Northern
Europe subgroup, risk for the rare combined allele reached statistical significance (OR
1.67 CI 1.06-2.64, p=0.03), compared to those with the common allele at both sites.
Failure of the current study to detect a significant overall effect of the V/delTT
haplotype on risk may be due to a lower power to pick up a significant effect. It was
estimated that the NPHSII study has a power of only 54% to detect a 1.35-fold elevation
in CHD risk (proportion of individuals with an event, carrying the V/delTT haplotype
=0.099; broportion of individuals with an event, homozygous for common allele at both

sites =0.073).

A significant interaction (p=0.02) between the combined V/delTT genotype and
increasing BMI was previously observed in a case-control study; see Chapter 3. In the
current prospective study, however, no significant interaction was observed, despite a

trend occurring in the same direction. In NPHSII men, Tm genotype was found to
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significantly alter risk associated with triglyceride levels, with V/delTT carriers having
higher risk in the mid and top tertiles compared to non-carriers (interaction p=0.016).
This was maintained when results were adjusted for classical CHD risk factors (age,
smoking, cholesterol, SBP, BMI) along with practice. It should be noted that the
interaction of genotype with triglyceride levels in the current study was identified in
baseline measurements, compared to the case-control study, where interaction with BMI
was post-event. In the HIFMECH case-control study, increased risk for MI was noted
for carriers of the V/delTT haplotype in the highest tertile of a ‘metabolic syndrome’
and ‘inflammation’ factor; see Chapter 3. This observation together with the significant
correlation between BMI and triglyceride levels in NPHSII men, suggests that the true

underlying mechanism may be between genotype and metabolic syndrome (see below).

Elevated triglyceride levels often occur in the presence of low HDL-cholesterol and
hyperglycaemia (Kaplan, 1989). Low HDL-cholesterol is the most common form of
dyslipidemia in type 2 diabetes (Taskinen, 2002). It is unclear, therefore, whether
hypertriglyceridemia is an independent predictor of coronary events or an indicator of
the presence of a cluster of CHD risk factors that includes also hyperglycaemia,
hypettension, and abdominal obesity or elevated BMI, termed collectively metabolic
syhdrome (Kaplan, 1989) (Haffner et al., 1992). The significant correlation between
BMI and triglyceride levels in NPHSII men may thus be an indicator for metabolic
syndrome. Whether the interactive risk is directed as an independent mechanism
through triglyceride-containing lipoproteins or indirectly through other aspects of the
metabolic syndrome will need further assessment. However, it was particularly
interesting that the risk associated with increasing triglyceride levels was absent in those

carrying the common Tm allele.
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Increased triglyceride levels have been shown to be consistently associated with smaller
LDL size (Austin, 2000) (Pabkard et al.,, 2000). Small dense LDL is associated with
formation of ox-LDL (Anber et al., 1996) (Packard et al., 2000). LDL oxidation is
thought to be the most important pathological hallmark of atherosclerosis; see section
1.3.1. Ox-LDL also contributes to atherothrombosis by inducing endothelial cell death
(leading to plaque erosion), stimulating TF production by SMCs and impairing the anti-
coagulant nature of the endothelium (Mertens and Holvoet, 2001). In the context of the
current study, it has been suggested that ox-LDL, following endocytosis, releases
oxidised phospholipids through a lysosomal pathway and that the released oxidised
phospholipids downregulate Tm expression (Ishii et al., 2003); see section 1.4.5. The
triglyceride moiety, it seems, does not alter Tm expression (Ishii et al., 1996) (Ishii et
al., 2003). A general process underlying contribution to CHD by triglyceride containing
lipoprotein and Tm may be increased release of Tm from the surface of the endothelium
and downregulation of Tm expression by ox-LDL. A consequence of this would be
reduced Tm on the surface of arterial endothelium, with reduced anti-thrombotic and
anti-inflammatory potential. A mechanism for interaction between the metabolic
syndrome or triglyceride containing lipoprotein and Tm genotype may be an altered
éxpression of Tm in response to ox-LDL in individuals with the combined genotype
V/delTT. An alternative explanation is that interactive risk is directed through other
aspects of the metabolic syndrome. Pro-inflammatory cytokines, elevated levels of
which have been reported in metabolic syndrome (Hotamisligil et al., 1995) (Kern et al.,
1995) (Fried et al., 1998) (Yudkin et al., 1999), would be a prime candidate, as

described in Chapter 3.

The lack of any effect of Tm genotype upon thrombin generation (F1+2 levels) or

thrombin activity (FPA levels) may perhaps not seem surprising in clinically healthy
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individuals. However, this group has shown that a variant identified in another
endothelial cell surface protein (EPCR; Ser219Gly), which participates in the PC
pathway, has a significant effect upon F1+2 levels, in baseline samples from NPHSII
(Ireland et al., 2005). These results, taken together with the current study of Tm, may
suggest that CHD risk is not manifest through increased thrombin generation, but rather
perhaps through inflammatory processes and that the V/delTT allele is not rate limiting
for thrombin inhibition. By altering the level of Tm expression, function or both, Tm
genotype might operate on CHD risk by compromising the direct anti-inflammatory
potential of Tm, as well as through long-term affects on APC and its roles in vascular
inflammation (Esmon, 2001) (Esmon, 2002); see section 1.4.3. There was evidence to
suggest an increased inflammatory response in V/delTT carriers with high BMI in the
case-control study. The suggestion of increased inflammatory response, measured by
CRP levels for the V/delTT allele, in NPHSII, would support the importance of Tm

itself, upon regulation of inflammation, but needs to be confirmed.

In summary, risk for the combined V/delTT Tm genotype and increasing BMI failed to
reach statistical significance. Upon further analysis, however, Tm genotype altered risk
associated with triglyceride levels, with carriers of the V/delTT haplotype having higher
risk at éach tertile compared to non-carriers. Risk associated with increasing triglyceride
levels w;is absent in those with the common Tm haplotype. There was a suggestion for
greater inflammatory response (CRP levels) in those with V/delTT compared to those
with the common allele, as triglyceride levels increased. Overall, these findings suggest
that Tm genotype (V/delTT) contributes to risk for CHD through an interaction with
either plasma triglyceride-containing lipoproteins or other aspects of the metabolic

syndrome.
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CHAPTER FIVE
MEASUREMENTS OF STM: FACTORS CONTRIBUTING TO VARIANCE,

AND ASSOCIATION WITH RISK FOR CHD IN TYPE 11 DIABETES
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S. Measurements of sTm: factors contributing to variance, and association

with risk for CHD in type II diabetes
5.1 Introduction

As described in section 1.3.3.1, investigation of Tm in relation to cardiovascular disease
has been hindered due to the proteins relative inaccgssibility on the endothelial cell
surface, the prime physiological site for Tm function. Smaller heterogeneous soluble
Tm fragments (sTm) have, however, been detected in plasma and urine of healthy
individuals (Ishii and Majerus, 1985); see section 1.4.2. sTm is traditionally thought to
serve as a marker of endothelial cell damage (Ishii and Majerus, 1985) (Takano et al.,
1990) (Ishii et al., 1991) (Borawski et al., 2001), with elevated levels detected in
various clinical conditions including cardiovascular disease and diabetes (Inukai et al.,
1996) (Ohlin et al., 1996). Several studies have demonstrated that the variously sized
Tm molecular subspecies, retain Tm functional activity (Hosaka et al., 1998) (Takahashi
et al., 1998), though the range of cofactor activity may vary (Ishii et al., 1990) (Uehara
et al., 2001). sTm also possesses anti-inflammatory and anti-coagulant properties
(Uchiba et al., 1996) (Mohri et al., 1998) (Conway et al., 2002) (Abeyama et al., 2005),
théreby conferring protection against atherosclerosis and its complications. A large
prospeéﬁve study (ARIC) demonstrated a reduced risk of CHD in healthy individuals
with elevated plasma sTm levels (Salomaa et al., 1999). It has been suggested that
plasma sTm levels, in healthy individuals, may result from the constitutive cleavage of
membrane bound Tm, and may thus reflect the levels of Tm synthesized and expressed

in endothelial cells (Salomaa et al., 1999).
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5.2 Aim

The pﬁrpose of the work described in this section, was to determine firstly, the
relationship between sTm act and ag levels in type 2 diabetes, secondly the relationship
between these phenotypic measurements and other variables associated with CHD, and
thirdly to determine whether sTm levels are related to personal or family history of
CHD. The effect of Tm genotype (-1208/09TT>delTT & A455V) in relation to plasma

sTm measurements was also assessed.
53 Methods
5.3.1  Measurement of plasma sTm levels

Stored plasma was used to measure circulating levels of sTm, using activity (act) and
antigen (ag) assays, as described in detail in section 2.2.1. These measures were
performed on plasma samples collected in the Ealing Diabetes Study of Coagulation

(EDSC).
53.2 Description of study subjects (EDSC)

The Ealing Diabetes Study of Coagulation (EDSC) was designed to address
genotype/phenotype associations (particularly in haemostatic and anti-inflammatory
pathways) in type 2 diabetes and to identify risk factors for CHD. Patients were
recruited-consecutively from a diabetes clinic at Ealing Hospital over a 2 year period.
Approval was given for the study from Ealing Hospital Ethics Committee and all

individuals gave written informed consent (Ireland et al., 2005). A questionnaire was
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completed by each patient. Details of age, country of origin, ethnicity, smoking habit,
whether they had fasted, heart attack, stroke, family history of CHD and stroke were
collected. For the current analysis, all those with >=1 family member with heart disease
were grouped together. After exclusion of those who had probable type 1 diabetes, and
those of uncertain ethnic origin, 927 patients remained in the study. Reduced numbers
may appear in the text and tables, following adjustment for statistical analysis, as data
were not available for every variable in all patients. Subjects were classified into three
ethnic groups: European Whites (EW), n=331; Indian Asians (IA), n=503; Black
African or Afro-Caribbean (AC, n=93). Blood samples were collected for routine
biochemical analysis and samples specific to this study. All samples were collected in
the morning to eliminate possible effects of diurnal variation. Standard automated
techniques were used to measure all biochemical plasma variables [glucose, HbAlc,
cholesterol, HDL-cholesterol, LDL-cholesterol, triglyceride, urea, Acreatinine,
potassium]. F1+2 and CRP levels were measured using ELISA assays (Dade Behring,
Marburg, Germany & DiaMed, Switzerland, respectively). Proteinuria was determined
by standard dipstick score. Details of duration of diabetes, family history of diabetes,
BMI, SBP, DBP, details of CHD, stroke, peripheral vascular disease, retinopathy,
medication currently taken, were collected from clinic data. Patients were classified as
tjpe 2 diabetic if they presented with diabetes at 40 years or over, or had been taking
oral hyj)oglycaemics for >1 year following diagnosis. Patients were investigated for
CHD if they had symptoms (chest pain). If neither the patient nor the clinic records
suggested clinical symptoms of CHD, these patients were recorded as negative for
CHD. If either the patient or clinic records suggested they had had an event or had
angina, the full medical records were searched to identify the criteria used to determine
the event. Patients with chest pain but with normal ECG, Holter exercise test, thallium

scan or angiogram, were classified negative for CHD. Patients positive for CHD
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included those with severe atherosclerosis, shown by angiogram, and/or requiring
intervention (angioplasty, percutaneous transluminal coronary angioplasty; PTCA,
coronary artery bypass graft; CABG), those who had been admitted with an acute Ml
determined by ECG/increase in cardiac enzymes, patients who had a silent MI but
showed unequivocal ECG changes suggesting previous MI, and those with a positive

exercise test or thallium scan for ischemia.
5.3.3  Genotyping for polymorphisms in Tm

Tm genotyping for the variant sites under investigation (-1208/09TT>delTT and
A455V) was performed as described in Chapter 2. PCR conditions and restriction
enzyme digestion conditions are summarised in Tables 2.1-2.3. Band patterns for these

two Tm polymorphisms studied are shown in Figures 2.5 and 2.7.
5.3.4  Statistical analysis

Data were entered into an EXCEL spreadsheet (Microsoft). Deviations from Hardy-
Weinberg equilibrium were considered via a chi-squared test of observed and expected
fréquencies. Differences in genotype distributions and allele frequencies between
groups were analysed using chi-squared tests. LD was considered using the statistic

delta (A), described previously (Chakravarti et al., 1984).

Statistical analysis was carried out primarily by myself with advice from Jackie Cooper.
Statistical analysis was conducted using SPSS version 12.0.1. (SPSS Inc., Chicago,
USA). Assessment of a normal distribution was considered graphically with QQ-norm

plots, and formally via a Kolmogorov-Smirnov test. Ln-transformation was required for
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BMI, urea, glucose, HbA ¢, SBP, triglyceride, F1+2, CRP, in-house (IH) sTm act, IH
sTm ag and Diagnostica Stago (DS) sTm ag levels, whereas square root-transformation
was required to normalise creatinine, DBP, HDL-cholesterol and LDL-cholesterol
levels. Results are presented as mean + standard deviation where appropriate. For data
that were not normally distributed results are presented as the geometric mean =+
approximate standard deviation or median (interquartile range), as indicated in the
results. Continuous variables were assessed by analysis of variance (ANOVA) on

normally distributed data, or after appropriate transformation.

The relationship between the two sTm ag measurements and sTm act, and between sTm
measurements and other variables were assessed using Pearson’s correlation coefficient,
following appropriate transformation. A univariate step-wise regression model was
subsequently applied to assess contributors to variance in sTm assays. The percentage
of variation in sTm measurements explained by variables in the model was considered
by partial R%. Pearson’s Chi-squared test was used to assess association between sTm
measurements and personal- or family-history of CHD, and between sTm measurements

and Tm gendtype. P-values <0.05 were considered significant.
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54 Results
5.4.1 Characteristics of EDSC type 2 diabetic subjects

The clinical characteristics of the type 2 diabetic subjects in the three ethnic groups of
the EDSC study are shown in Table 5.1. Duration of diabetes was similar in the three
ethnic groups, but IA patients were younger when recruited and when they first
presented with diabetes (p<0.001). The prevalence of personal history of CHD (0.007)
and proteinuria (p=0.03) were higher in IA, whereas BMI (p<0.001) was lower.
Prevalence of smoking was lowest in IA and highest in EW (p<0.001). DBP was lower
in EW (p=0.02), whereas urea levels (p<0.001) were higher. The prevalence of family
history of CHD (p<0.001), CRP (p=0.02) and triglyceride levels (p<0.001) were lower
in AC, whereas SBP (p<0.001) and HDL-cholesterol levels (p<0.001) were higher.
Only samples (n=316; randomly selected) from IA and EW patients who were not
taking lipid-lowering drugs had been analysed for prothrombin F1+2 levels, with 1A

having lower levels (p<0.001).

sTm levels did not differ by gender, in any of the assays. A significantly lower level of
sTm was noted for AC, but only in the DS sTm ag assay (p=0.008). As lower levels
occurréd in only one of the three assays and because the numbers of AC were low
compared to the other groups, subsequent analysis of sTm was performed in all patients

together.
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EW 1A AC P-values
Male (%)" 60.8 56.3 62.0 p=0.317
200/329 281/499 57/92
Age at recruitment (years) 63.5+13.8 583+11.6 62.6 £ 10.3 p<0.001
n=331 n=502 n=93
Age at diagnosis (years) 53.5+134 479+ 11.7 51.8+10.4 p<0.001
n=327 n=495 n=91
Duration of diabetes 9.0 (4-15) 10.0 (5-15) 10.0 (6-16) p=0.700
(years)* n=331 n=503 n=93
Family History CHD (%)" 334 27.5 10.8 p<0.001
110/329 138/501 10/93
CHD (%)* 16.8 25.8 16.3 p=0.007
53/315 127/492 15/92
Proteinuria (%) 79/15.2/4.5/1.3 70/17.6/7.3/5.1 68/11.8/9.1/2.3 p=0.028
0,1+.2+3+)°* 245;47;14;4/310  327;82;34;24/467 60;18;8;2/88
Smoking status (%) 37.9/43.6/18.5 79.4/14.4/6.2 60.9/27.2/12.0 p<0.001
(never/former/current) # 125;144;61/330 397;72;31/500 56;25;11/92
BMI (kg/m?)* 293+5.6 28.0+4.6 28.8+4.6 p<0.001
n=307 n=457 n=89
Creatinine (umol/1)’ 87.4+34.5 85.0+31.3 91.5 +20.7 p=0.473
n=314 n=490 n=92
Urea (mmol/l)* 64+25 54+23 57+19 p<0.001
n=314 n=490 n=92
Glucose (mmol/1)* 122+49 11.7+ 4.6 10.8 +4.5 p=0.068
n=321 n=489 n=92
HbA,. (%)* 82+1.85 85+245 80+19 p=0.253
n=308 n=483 n=89
SBP (mmHg)* 136.5 +21.2 134.7 + 209 142.8 +19.7 p=0.001
n=326 n=493 n=92
DBP (mmHg)' 726+ 11.5 746+ 11.4 76.3 +11.7 p=0.02
n=325 n=493 n=92
Triglycerides (mmol/1)* 19+1.1 20+1.0 14407 p<0.001
n=295 n=444 n=76
Total cholesterol (mmol/1) 49+1.1 49+1.2 49+1.1 p=0.727
n=317 n=490 n=92
LDL-cholesterol (mmol/1)’ 2.8+0.9 28+09 28+09 p=0.988
n=273 =414 n=76
HDL-cholesterol (mmol/) ' 12+04 1.1+04 14+0.5 p=0.001
S n=295 n=443 n=76
F1+2 (pmol/1)* 1.1+03 09+0.2 _ p<0.001
‘ n=133 n=183
CRP (pg/ml)* 24+26 21+24 10 +1.8 p=0.018
. n=82 n=130 n=19 p=0.491
(EWvIA)
IH sTM ag (SEq/ml)* 53+19 52+2.0 52+24 p=0.639
n=188 n=302 =50
IH sTM act (SEq/ml)* 39+1.2 39+1.2 38+1.1 p=0.276
n=211 n=337 n=54
DS sTM ag (ng/ml)* 67.8 +25.5 67.8 +29.7 56.0+19.1 p=0.008
n=215 n=309 n=54 p=0.979
(EW vIA)

Table 5.1 Biochemical and clinical characteristics for each ethnic group within

EDSC.

Mean + SD or median and interquartile range shown. Continuous variables analysed by
ANOVA after appropriate transformation. *Ln-transformed, 'Square root-transformed.
#Chi-squared test used to compare frequency data. Family history of CHD indicates the
% of individuals with 1-4 family members with CHD.
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54.2 Allelic association between the Tm variants

Genotypes for -1208/09TT>delTT and A455V were determined for 904 (EW n=327; IA
n=488; AC n=89) and 900 (EW n=327; IA n=485; AC n=88) participants, respectively,
in the EDSC study. The variable number of samples genotyped for the different
polymorphisms was due to repeated failure to amply the target sequence during the PCR
reactions. This is a random event and could not be responsible for any association seen.
The genotype distribution of all variants studies was consistent with Hardy-Weinberg

equilibrium.

Allelic association between the -1208/09TT>delTT and A455V polymorphisms in the
Tm gene, was determined in EW, IA and AC subjects within the EDSC study. Allelic
association was considered using the statistic delta (A), as described previously
(Chakravarti et al., 1984). As was the case for NPHSII (A=0.67 p<0.0005; section
4.4.2), strong LD was observed between the —1208/09TT>delTT and A455V variants in
all ethnic groups (A=0.64 p<0.0001, EW; A=0.85 p<0.0001, IA; A=0.82 p<0.0001, AC),
with only 4 individuals (one in each of EW & IA and 2 in AC) heterozygous for

-1208/09delTT but homozygous for A455; see Table 5.3.
5.4.3  Tm genotype distribution and allele frequencies

Genotype distribution and allele frequencies for the -1208/09TT>delTT and A455V
polymorphisms were determined in all ethnic groups within the EDSC study; see Table
5.2. The -1208/09delTT allele frequency was similar in the White individuals NPHSII
(0.104 CI0.09-0.12; see section 4.4.3) and EDSC (0.09 CI 0.07-0.11). In IA within

EDSC, the -1208/09delTT allele frequency was significantly higher (0.15 CI 0.12-0.17)
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compared to EW (chi-squared, p=0.006), whereas AC (0.08 CI 0.06-0.10) had a similar

rare allele frequency to EW.

Rare allele frequency for the A455V variant was similar in EW (0.19 CI 0.16-0.22) and
IA (0.19 CI 0.17-0.22) and analogous to that in NPHSII (0.184 CI 0.15-0.21; see section
4.4.3). The frequency of the 455V allele was, however, significantly lower in AC (0.09
in AC compared to 0.19 in EW & IA; chi-squared, p=0.02). This result is in agreement
with previously published data, where a lower 455V allele frequency was reported in
healthy Black Americans compared to healthy White Americans (Wu et al., 2001). No
significant difference in genotype distribution for either -1208/09TT>delTT or A455V

was observed in those with or without CHD; see Table 5.4.

Based on these two variant sites, differences in haplotype structure are indicated in the
three ethnic groups. The number of patients heterozygous for both 455V and delTT
were similar in EW (15%) and AC (12.5%), but higher in IA (23%). A bigger difference
between the ethnic groups was observed for those having only the common allele at the
promoter site but being heterozygous for A455V: 18% of EW compared to 8% of 1A

:and 3.4% of AC; see Table 5.3.
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Ethnicity Polymorphism (n) Genotypes  Rare allele Freq.
11 12 22 (95% CI)

EW -1208/09TT>delTT 327 269 55 3 0.09(0.07-0.11)
A455V 327 211 107 9 0.19(0.16-0.22)

IA -1208/09TT>delTT 488 358 116 14 0.15(0.12-0.17)
A455V 485 316 151 18 0.19(0.17-0.22)
AC -1208/09TT>delTT 89 75 13 1 0.084(0.06-0.10)
A455V 8 73 14 1 0.09(0.07-0.11)

Table 5.2 Genotype distribution and allele frequencies for the -1208/09TT>delTT
and A455V polymorphisms in the EW and IA subjects within the EDSC study.

-1208/09TT>delTT

TT/TT TT/delTT delTT/delTT

(11) 12) (22)
EW IA AC |EW 1A AC |EW 1A AC
Ad55V  AA 210 315 71 1 1 2 0 0 0
(A1) 64% 65% 80.6%[03% 02% 23% | - - -
AV 58 39 3 49 112 11 0 0 0
(12) 18% 8% 34% | 15% 23% 125%| - - -
vV 1 | 0 5 3 0 3 34
(22) 03% 02% - |15% 06% - |09% 3% 12%

Table 5.3 Combined Tm genotype distribution for EW and IA subjects within the
EDSC study.
Percentages shown are expressed as a proportion of total number within each ethnic

group.
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54.4 Correlations between sTm assays

A strong positive correlation (Pearson’s) was observed between sTm ag level
determined IH and using the commercially available assay (r=0.734, p<0.001, n=492);
see Table 5.5. Strong correlations were also observed between sTm cofactor act and

both DS sTm ag (r=0.816, p<0.001, n=553) and IH sTm ag levels (r=0.702, p<0.001,

n=550).
IH sTm act* IH sTm ag* DS sTm ag*
~ (SEq/ml) (SEq/ml) (ng/ml)
IH sTm act* r=0.702 r=0.816
(SEq/ml) - p<0.001 p<0.001
n=550 n=553
IH sTm ag* r=0.702 r=0.734
(SEq/ml) p<0.001 - p<0.001
n=550 n=492
DS sTm ag* r=0.816 r=0.734
(ng/ml) p<0.001 p<0.001 -
n=553 n=492

Table 5.5 Correlations between sSTm measurements in the three separate assays
(Pearson’s test).
*Ln-transformed, 'Square root-transformed.

:‘Scattergrams are shown for the two sTm ag measurements plotted against sTm act; see
Figure 5.1A&B. Twenty three subjects were identified within the lowest 5™ percentile
of the IH sTm act distribution. Of these, 52% (n=12/23) also fell within the lowest 5™
percentile of the IH sTm ag distribution, with 35% (n=8/23) falling within the lowest
20™ percentile of the IH sTm ag distribution, and the remaining 13% (n=3/23) having
higher levels (>30™ percentile). Results were similar when those in the lowest 5% of the
IH sTm act distribution were assessed for their levels in the Ds sTm ag assay; see

Figure 5.1C.
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Figure 5.1 The relationship between sTm levels measured in the three separate
assays.

A. TH sTm ag levels plotted against IH sTm act levels. B. DS sTm ag levels plotted
against IH sTm act levels. C. The lowest 5" percentile of IH sTm act distribution
plotted against IH and DS sTm ag levels. *Ln-Transformed.
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5.4.5 Contributors to variance in sTm assays

Correlations between the three plasma sTm measurements and other continuous
variables were assessed and a number of significant correlations were identified; see
Table 5.6. Strongest correlations were with creatinine (r>0.5; p<0.001), urea (r>0.46;
p<0.001), age (r>0.25; p<0.001), proteinuria (r>0.24; p<0.001) and F1+2 levels (r>0.23;
p<0.001) for all three plasma sTm measurements. sTm plasma measurements were also
correlated, to a lesser extent, with SBP (r>0.18; p<0.001) and duration of diabetes
(r>0.17; p<0.002). Whereas all three plasma sTm measurements were inversely
correlated with HDL-cholesterol (r>-0.1, p<0.02), DS sTm ag level was the only sTm
measurement that significantly correlated with triglyceride levels (r=0.104; p=0.038)
and DBP (r=-0.086; p=0.036). IH sTm ag level was the only sTm measurement that

significantly correlated with CRP levels (r=0.165; p=0.023).

Those variables that were significantly correlated with plasma sTm measurements were
subsequently introduced, stepwise, into a univariate regression model with other factors
(gender, disease complications, treatments, smoking status, fasting status and ethnic
;group) to identify the most significant contributors to variance. Creatinine (p<0.0001),
urea (p<0.0001), proteinuria (p<0.02) and SBP (p<0.05) contributed to variance in all
three plésma sTm assays, Table 5.7A, B&C; HDL-cholesterol contributed a significant
proportion of the variance in DS sTm ag levels (p=0.001), Table 5.7C; Age only
contributed to variance in the IH act assay (p=0.041), Table 5.7A. No significant
contribution to variance in the sTm assays was made by F1+2 levels or duration of

diabetes, each identified as significant correlates in the initial correlation analysis.
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IH sTm act* IH sTm ag* DS sTm ag*

Age at recruitment (years) r=0.292 r=0.258 r=0.261
p<0.001 p<0.001 p<0.001
n=614 n=550 n=590
Duration diabetes (years) r=0.177 r=0.181 r=0.229
p=0.001 p<0.001 p<0.001
n=608 n=544 n=584
Proteinuria (%) r=0.303 r=0.249 r=0.297
0,1+2+,3+) p<0.001 p<0.001 p<0.001
n=580 n=518 " n=556
BMI (kg/m*)* r=-0.014 r=-0.002 r=0.023
p=0.737 p=0.968 p=0.591
n=570 n=510 n=546
Creatinine (umol/1) r=0.602 r=0.500 r=0.663
p<0.001 p<0.001 p<0.001
n=598 n=535 n=575
Urea (mmol/)* r=0.564 r=0.468 r=0.585
p<0.001 p<0.001 p<0.001
n=598 n=535 n=575
Glucose (mmol/l)* r=0.029 r=0.052 r=0.015
p=0.476 p=0.232 p=0.719
n=600 n=536 n=575
HbA1C (%)* r=0.013 r=-0.023 r=-0.010
p=0.747 p=0.605 p=0.807
n=588 n=525 n=564
SBP (mmHg)* r=0.204 r=0.203 r=0.188
p<0.001 p<0.001 p<0.001
n=606 n=542 n=581
DBP (mmHg) ' r=-0.073 r=-0.021 r=0.087
p=0.073 p=0.620 p=0.036
n=606 n=542 n=581
Triglycerides (mmol/1)* r=0.052 r=-0.030 r=0.090
p=0.221 p=0.500 p=0.038
n=560 n=501 n=538
Total cholesterol (mmol/l) r=0.012 r=-0.003 r=-0.023
p=0.761 p=0.945 p=0.583
n=601 n=516 n=576
LDL-cholesterol (mmol/) r=-0.001 r=0.011 r=-0.060
p=0.983 p=0.808 p=0.179
n=524 n=472 n=502
HDL-cholesterol (mmol/1) ' r=0.106 r=-0.113 r=-0.193
: p=0.012 p=0.014 p<0.001
n=560 n=501 n=538
F1+42 (umol/)* r=0.285 r=0.238 r=0.239
- p<0.001 p<0.001 p<0.001
n=291 n=262 n=271
CRP (pg/ml)* r=0.040 r=0.165 r=0.135
p=0.566 p=0.023 p=0.063
n=205 n=189 n=190

Table 5.6 Correlations between sTm measurements and variables classically
associated with CHD (Pearson’s test).
*Ln-transformed, 'Square root-transformed.
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A —IH sTm act

Source Change in Tm levels % total variance P-value
+SE explained

Creatinine' 0.063 + 0.008 9.7% <0.0001
Proteinuria 0.074 + 0.031 3.9% <0.0001
SBP* 0.001 £ 0.001 0.8% 0.036
HDL-cholesterol' -0.048 +0.056 0.1% 0.389
Urea* 0.185 + 0.036 4.8% <0.0001
Age 0.002 + 0.001 0.8% 0.041

R*=0.464 (adjusted R*=0.435)

Factors tested but not significant in this model: Stroke, Coronary Artery Disease, Family History of
CHD, Peripheral Neuropathy, Peripheral Vascular Disease, Retinopathy, Aspirin, Blood Pressure
lowering drugs, Lipid lowering drugs, Fasting, Smoking, Prothrombin F1+2*, Triglycerides*, CRP*,
Duration Diabetes, Gender, Ethnic group.

B —1IH sTm ag
Source Change in Tm levels % total variance P-value
+SE explained

Creatinine’ 0.062 +0.012 52% <0.0001
Proteinuria 0.113 +0.042 2.2% 0.009
SBP* 0.001 +0.001 0.8% 0.048
HDL-cholesterol' 0.019 + 0.083 0% 0.822
Urea* 0.191 +0.052 2.8% <0.0001
Age 0.002 + 0.001 0.6% 0.096

R*=0.294 (adjusted R*=0.253)

Factors tested but not significant in this model: Stroke, Coronary Artery Disease, Family History of
CHD, Peripheral Neuropathy, Peripheral Vascular Disease, Retinopathy, Aspirin, Blood Pressure
lowering drugs, Lipid lowering drugs, Fasting, Smoking, Prothrombin F1+2*, Triglycerides*, CRP*,
Duration Diabetes, Gender, Ethnic group.

C-DS sTm ag .
Source Change in Tm levels % total variance P-value
~+SE explained
Creatinine’ 0.102 +0.011 14.5% <0.0001
. Proteinuria 0.113 + 0.042 4.7% <0.0001
SBP* 0.001 +0.001 0.8% 0.048
HDL-cholesterol' -0.237 £ 0.072 2.1% 0.001
Urea* 0.242 +0.046 5.3% <0.0001
Age - 0.002+ 0.001 0.3% 0.185

R*=0.515 (adjusted R*=0.486)
Factors tested but not significant in this model: Stroke, Coronary Artery Disease, Famlly History of
CHD, Peripheral Neuropathy, Peripheral Vascular Disease, Retinopathy, Aspirin, Blood Pressure
lowering drugs, Lipid lowering drugs, Fastmg, Smoking, Prothrombin F1+2*, Triglycerides*, CRP*,
Duration Diabetes, Gender, Ethnic group.

Table 5.7 Univariate regression model to identify the most significant contributors
to variance in the sTm assays

A. Dependent variable: IH sTm act levels; B. Dependent varlable IH sTm ag levels; C.
Dependent variable: DS sTm ag levels. *Ln-transformed, YSquare root-transformed.
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54.6 sTm levels and CHD

Although CHD did not have a significant effect upon sTm levels \overall, further
analysis was performed to determine whether the frequency of individuals with either a
personal or a family history of CHD differed across the sTm distribution. The number
of individuals who either had CHD themselves or stated that they had members of their
family with an MI or coronary surgery intervention (1-4 family members with CHD
grouped together), were analysed across quartiles of the sTm distribution for each assay.
Quartiles of sTm were calculated across ethnic group and gender. sTm quartiles were:
DS sTm ag quartiles 1. < 50.8 ng/ml, II. 50.9 - 61.6 ng/ml, III. 61.7 - 80.3 ng/ml, IV.
>= 80.4 ng/ml; IH sTm ag quartiles 1. < 4.1 SEq/ml, II. 4.2 — 4.9 SEq/ml, III. 5.0 - 6.2
SEq/ml, IV. >= 6.3 SEq/ml; IH sTm act quartiles 1. < 3.2 SEq/ml, II. 3.3 — 3.7 SEq/ml,

IIL. 3.8 — 4.6 SEq/ml, IV. >=4.7 SEg/ml.

The highest percentage of individuals with a family history of CHD was identified in
the lowest quartile for each sTm measurement (IH sTm ag 35.9%, IH sTm act 36.7%,
DS sTm 37.2%); see Figure 5.2A. This percentage decreased across the quartiles for
both act and ag levels, being lowest in the 4" quartile (IH sTm ag 21.6%, IH sTm act
22.1%,. DS sTm ag 20.4%) and was significant by chi-squared analysis (p<0.05) and
linear ‘a‘ssociation (p=0.006). By contrast, the percentage of individuals who had a
personal history of CHD was not significantly different in the 1% compared to the 2™
quartile in all three assays (chi squared: p>0.44). Whilst the percentage of individuals
within each quartile who had a personal history of CHD increased from the 2™ to 4"
quartile for the DS sTm ag levels (chi squared: p=0.02; Figure 5.2B), this did not reach

statistical significance for the other two assays.
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Percentage of individuals with family history of CHD across
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Figure 5.2 sTm levels and CHD.

A. Percentage of individuals with family history of CHD across quartiles of plasma sTm

measurements; B. Percentage individuals with CHD across quartiles of plasma sTm
measurements.
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5.47 sTm levels and Tm genotype

Analysis of variance (ANOVA) was used to assess the association between Tm
genotype (-1208/09TT>delTT & A455V) and sTm measurements in the three ethnic
groups within EDSC. The effect of Tm genotype on sTm levels was assessed separately
for each ethnic group due to the differences in rare allele frequency, for both
-1208/09TT>delTT and A455V, observed between the three ethnic groups. Due to the
low numbers of rare homozygotes, these were grouped with heterozygotes for analysis.
Reduced numbers may appear following adjustment for statistical analysis, as data were

not available for every variable in all patients.

There was no evidence to suggest a reduction in any of the sTm plasma measurements
by either -1208/09TT>delTT or A455V genotype in any of the ethnic groups; see
Tables 5.8 & 5.9. Similarly, when the association between the combined Tm genotype
" (V/delTT) and sTm levels was assessed in the three ethnic groups within EDSC,
geometric mean levels did not differ significantly in patients heterozygous and
homozygous for the rare allele at both sites, compared to those homozygous for the
'common allele at both sites; see Table 5.10. Numbers were too small to analyse in cases

and controls separately.
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P-value

Ethnicity -1208/09TT>delTT
11 12422
EW IH sTm act (SEq/ml)* 40+1.2 3.7+1.2 0.236
n=165 n=44
IH sTm ag (SEq/ml)* 52+1.8 54+23 0.586
n=146 n=40
DS sTm ag (ng/ml)* 68.2 +25.2 67.2+27.6 0.833
n=169 n=44
IA IH sTm act (SEq/ml)* 39+1.1 39+14 0.826
n=232 n=94
IH sTm ag (SEq/ml)* 51+1.7 55+24 0.157
n=205 n=87
DS sTm ag (ng/ml)* 66.5 +26.7 71.8 +37.7 0.158
n=217 n=§81
AC IH sTm act (SEq/ml)* 3.7+1.1 3.7£0.8 0.856
n=45 n=7
IH sTm ag (SEq/ml)* 53+25 52+1.7 0.999
n=41 n=7
DS sTm ag (ng/ml)* 552 +19.6 58.7+17.2 0.648
n=45 n=7

Table 5.8 sSTm measurements by -1208/09TT>delTT genotype in EW, IA and AC
subjects within the EDSC study.
Geometric mean + approximate SD shown. *Ln-transformed. -1208/09TT>delTT:
TT/TT (11); TT/delTT (12); delTT/delTT (22).

Ethnicity A455V P-value
11 12422
EW IH sTm act (SEq/ml)* 40+1.2 3.7+1.2 0.08
n=132 n=77
IH sTm ag (SEq/ml)* 53+1.9 52420 0.601
n=116 n=70
DS sTm ag (ng/ml)* 70.1 +26.1 64.7 +24.6 0.131
n=132 n=81
IA IH sTm act (SEq/ml)* 39+1.1 40+1.4 0.545
' n=205 n=120
IH sTm ag (SEq/ml)* 51+1.7 54+23 0.280
n=180 n=111
DS sTm ag (ng/ml)* 66.5 +26.0 60.1 +36.2  0.324
n=192 n=106
AC IH sTm act (SEq/ml)* 3.7+ 1.1 39+0.8 0.678
n=42 n=7
IH sTm ag (SEq/ml)* 55+2.6 52+1.7 0.809
n=38 n=7
DS sTm ag (ng/ml)* 56.1 +20.3 60.7+17.2 0.582
n=42 n=7

Table 5.9 sTm measurements by A455V genotype in EW, IA and AC subjects
within the EDSC study.

Geometric mean + approximate SD shown. *Ln-transformed. A455V: AA (11); AV
(12); VV (22).
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Ethnicity Tm Genotype P-value
AA/TT V+/delTT+

EwW IH sTm act (SEq/ml)* 40+1.2 3.7+£1.2 0.132
n=132 n=44

IH sTm ag (SEq/ml)* 53+1.9 54+23 0.805
n=116 n=40

DS sTm ag (ng/ml)* 70.1 +26.1 672+276  0.536
n=132 n=44

IA IH sTm act (SEq/ml)* 39+1.1 39+14 0.747
n=205 n=94

IH sTm ag (SEq/ml)* 51+1.7 55+24 0.180
n=180 n=87

DS sTm ag (ng/ml)* 66.0 +25.1 70.7 + 36.1 0.221
n=191 n=80

AC IH sTm act (SEq/ml)* 3.7+1.1 3.7+0.8 0.994
n=42 n=9

IH sTm ag (SEq/ml)* 55+2.6 49+1.6 0.785
n=38 n=9

DS sTm ag (ng/ml)* 56.1 +20.3 544 +15.5 0.694
n=42 n=8

Table 5.10 sSTm measurements by Tm genotype in EW, IA and AC subjects within
the EDSC study.

Geometric mean + approximate SD shown. *Ln-transformed. AA/TT = homozygous
for both common alleles. V+/delTT+ = heterozygous or homozygous for both rare
alleles.

Although the combined Tm genotype (V/delTT) did not have a significant effect upon
sTm levels overall, further analysis was performed to determine whether the frequency
of individuals who were heterozygous and homozygous for the rare allele at both sites
differed in those subjects within the lowest 5™ percentile of the sTm distribution for
each assay, compared to those in the the remaining 95 percentiles. The percentage of
individuals who were heterozygous and homozygous for both rare alleles was higher in
those within the lowest 5™ percentile of the sTm sTm IH act distribution (47.8%),
compared to those in the the remaining 95 percentiles (26.7%) (chi-squared p=0.03). By
contrast, in the ag assays, the percentage of individuals who were heterozygous and
homozygous for the rare allele at both sites did not differ significantly in the lowest 5
percentile of the distribution (sTm IH ag: 24%; sTm DS ag: 22%) compared to the
remaining 95 percentiles (sTm IH ag:28.4%; sTm DS ag: 26.6%) (chi squared: p>0.14).
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5.5 Discussion

In this section, circulating levels of sTm ag and act were measured in a large cohort of
patients with type 2 diabetes, to determine contributors to sTm variance, and the impact
of these three assays by a personal or family history of CHD and by Tm genotype.
Although numerous studies have examined plasma sTm concentrations in type 2
diabetic patients, numbers have been relatively small (Oida et al., 1990) (Shimano et al.,
1994) (Inukai et al., 1996) (Aso et al., 1998) (Aso et al., 2000) (Aso et al., 2001)
(Uehara et al., 2001). Furthermore, the association between act and ag has not, to date,

been assessed in a large cohort of patients with type 2 diabetes.

Although the two assays employed to measure circulating levels of sTm ag use different
immobilizing and tagging antibodies, there was a strong correlations between them.
Similarly, there were strong correlations between act and ag measurements. As
aforementioned (see section 5.1) sTm fragments isolated from plasma are known to
possess activities ranging from full Tm cofactor activity to zero (Ishii et al., 1990)
(Hosaka et al., 1998) (Takahashi et al., 1998) (Uehara et al., 2001). In addition, sTm
molecules have been shown to possess anti-inflammatory properties (Uchiba et al.,
1996) (Conway et al., 2002) (Abeyama et al., 2005). As such, they may provide some
degree of protection against atherosclerosis and it complications. The development of an
assay to measure sTm act in plasma may help elucidate the clinical importance of
variation in circulating sTm fragments, and may facilitate the identification and
investigation of Tm muta’gions with impaired Tm cofactor activity. A small proportion
of patients with lower sTm cofactor act than sTm ag levels was identified in this cohort.
It is possible that mutations are present that alter function of the Tm protein in a few

individuals. There were also individuals within this patient group who had low levels of
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both act and ag. Genetic analysis of those with a lower sTm act than ag levels and low
levels of both act and ag was carried out (see Chapter 6), to determine whether
mutations or variants in the Tm gene, or variants in genes regulating Tm levels,

contribute to reduced circulating sTm.

A number of variables, which correlated weil with all three plasma sTm measurements,
when introduced into a univariate regression model rﬁade a significant contribution to
variance in each sTm assay. The significant correlation with creatinine, urea, proteinuria
and SBP suggests that impaired renal function is an important determinant of sTm
plasma levels. This is plausible, as the liver and kidneys have been identified as the
major sites of plasma sTm degradation and clearance, respectively (Kumada et al.,
1988) (Takano et al., 1990). An increased body of evidence has shown that chronic
kidney disease is associated with a high risk of cardiovascular disease. The ARIC study
showed reduced kidney function to be an independent risk factor for cardiovascular
disease (Weiner et al., 2004) and the HOPE study showed renal insufficiency to be an
independent predictor of cardiovascular events (including cardiovascular death, MI and
stroke) (Mann et al., 2002). Furthermore, a number of studies have indicated that high
éerum creatinine levels may be an independent predictor of all-cause and cardiovascular
dfsease death (Shulman et al., 1989) (Matts et al., 1993) (Luno et al., 2002). Blood
pressuré, elevated triglyceride levels and low HDL-cholesterol levels have been found
to accompany high levels of serum creatinine, pointing to an association bétween
components of the metabolic syndrome and chronic renal failure (Luno et al., 2002). It
has subsequently been suggested that serum creatinine may act as a marker for
generalized vascular disease in the kidney. Blood urea, another marker of kidney
function, has also been associated with adverse outcome and has been incorporated into

MI risk predictor models (Luria et al., 1976) (Normand et al., 1996). In the OPUS-TIMI
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trial, elevated levels of urea were associated with increased mortality amongst patients
with acute coronary syndromes, independent of other biomarkers (Kirtane et al., 2005).
As such, the high degree of correlation between both serum creatinine and blood urea,
and all three STm measurements, which itself is thought to serve as a marker of
endothelial cell damage (Ishii and Majerus, 1985) (Takano et al., 1990) (Ishii et al.,
1991) (Borawski et al., 2001), may point to the manifestation of generalised

atherosclerosis.

A trend towards increased frequency of personal CHD was observed across the last
three quartiles of sTm, though this only reached statistical significance for the DS sTm
ag levels. Increased levels of sTm in the plasma of subjects with established CHD is
perhaps not surprising. As mentioned in section 1.3.3.1, endothelial injury, leading to
compromised endothelial integrity and function, is a crucial early event in the
development of atherosclerosis (Ross, 1999). It has been proposed that Tm is cleaved
from the endothelial cell surface as a consequence of endothelial damage (Ishii and
Majerus, 1985) (Takano et al., 1990) (Ishii et al., 1991) (Borawski et al., 2001).
Furthermore, pathological cleavage, induced by pro-inflammatory cytokines, may
éontribute to sTm circulating in human plasma (Takano et al., 1990) (Boehme et al.,
1996). A number of studies have demonstrated elevated levels of pro-inflammatory
cytokiﬁés in individuals with clinically overt type 2 diabetes (Dovio and Angeli, 2001)
(Spranger et al., 2003). The observed small but significant correlation, in the current
study, between IH sTm ag level and CRP levels would support the suggestion that pro-
inflammatory cytokines may contribute to circulating sTm through pathological
cleavage. This pathological cleavage may result in elevated sTm levels, and reduced Tm
on the surface of vascular endothelial cells. Although sTm might provide some degree

of protection against atherosclerosis due to its proposed anti-inflammatory and anti-
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coagulant properties (Uchiba et al., 1996) (Hosaka et al., 1998) (Mohri et al., 1998)
(Takahashi et al., 1998) (Conway et al., 2002), the endothelial cell surface is thought to
be the major physiological site for Tm function. Reduced Tm on the endothelial cell
surface would seriously compromise the anti-thrombotic and anti-inflammatory
potential. High levels of sTm may thus indicate an on-going pro-thrombotic or

inflammatory state.

When family history of CHD was analysed across sTm quartiles of each sTm
distribution, the percentage of individuals with a family history of CHD was highest in
the lowest quartile for each sTm measurement. If family history of CHD had no effect
upon sTm levels, 25% would be expected in each quartile. 10% more than expected
were identified in the lowest sTm quartile. This apparently anomalous finding suggests
that low levels of sTm may carry a risk of CHD, and may imply a genetic nature to
CHD risk conferred by low sTm levels. As mentioned in section 1.3.2, a family history
of early CHD is well known to be a good predictor of atherosclerosis, not completely
explained by classical cardiovascular risk factors (Goldbourt and Neufeld, 1986). The
observation that cardiovascular risk tends to cluster in affected families, demonstrates
the importance of genetic factors in the aetiology of CHD (Grant, 2003). A previous
stildy that evaluated the relationship between CHD and sTm in a nested case-control
study, taken from a prospective study (ARIC), demonstrated an inverse association
between incident CHD and circulating levels of plasma Tm (Salomaa et al., 1999).
These results would extend the observations made by Salomma et al., and support the
suggestion that clinically significant variants may be present either within the Tm gene
or other genes that influence gene expression, which in turn is reflected by plasma sTm

levels.
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Evidence suggests that factors acting to shed sTm from the endothelium also upregulate
expression (Dittman et al., 1989) (Bartha et al., 1993) (Ma et al., 1997); see section
1.4.5. In health it would, therefore, be expected that as sTm is cleaved from the
endothelium, more Tm is expressed to compensate. High levels of circulating Tm may
imply an on-going pro-thrombotic or inflammatory state, while very low levels may
indicate an inability for the Tm expression machinery to respond following thrombotic
or inflammatory challenge. Animal models and ex-vivo samples from human
atherosclerosis support a role for reduced endothelial Tm as risk for CHD (Weiler-

Guettler et al., 1998) (Waugh et al., 1999) (Laszik et al., 2001); see section 1.4.5.

As aforementioned (see section 1.4.7.2), variants within the Tm promoter region have
been shown to downregulate Tm expression (Li et al., 2000) (Nakazawa et al., 2002). A
consequence of this would be reduced Tm on the surface of vascular endothelium,
leading to reduced anti-thrombotic and anti-inflammatory potential. A number of
variants associated with increased risk for cardiovascular diseases or identified in
families with MI, have been reported in the Tm gene to date (Ireland et al., 1997)
(Norlund et al., 1997a) (Doggen et al., 1998b) (Kunz et al., 2000) (Li et al., 2000)
(Kunz et al., 2002) (Li et al., 2002). Few studies have, however, assessed the
association between sTm levels and family history of CHD or the effect of variants
upon cifculating Tm levels (Ohlin and Marlar, 1995) (Kunz et al., 2000) (Li et al.,

2000) (Kunz et al., 2002).

Subjects within the EDSC study were genotyped for the -1208/09TT>delTT and A455V
Tm variants and the effects of these variant sites upon plasma sTm levels assessed. In
both EW and IA within the EDSC study, the rare allele frequency for the A455V variant

was similar to that noted in the case-control (see Chapter 3) and prospective studies (see
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Chapter 4), and agreed with previous reports (Norlund et al., 1997a) (Wu et al., 2001).
In contrast, a lower frequency was noted for the 455V allele in AC subjects within
EDSC. This result is in agreement with previously published data, where a lower 455V
allele frequency was reported in healthy Black Americans compared to healthy White
Americans (Wu et al., 2001). In EW and AC subjects, the rare allele frequency for the
-1208/09TT>delTT polymorphism was similar to that noted in the HIFMECH (see
Chapter 3) and NPHSII studies (see Chapter 4), and agreed with previous studies (Le
Flem et al., 2001). In contrast, a higher frequency was noted for the -1208/09delTT
allele in IA subjects within EDSC. Differences in allele frequencies between
populations have been reported for other Tm promoter variants. The -33G>A variant,
for example, is extremely rare in the Caucasian population, but has been identified at
much higher frequency in Indian Asian, Korean and Taiwanese populations (Ireland et
al., 1997) (Li et al., 2002). The observation that differing variant frequencies occur in
different populations highlights the importance of stratifying by population. The similar
allele frequency for -1208/09delTT in EW in NPHSII and EDSC suggests no selection

by diabetes status.

The -1208/09TT>delTT variant was found to be in strong LD with A455V, in all ethnic
gfoups; in agreement with the findings in the HIFMECH (see Chapter 3) and NPHSII
studiesi ‘(gee Chapter 4) and reports in previous studies (Le Flem et al., 2001). Due to the
differences in relative allele frequency of the two variants between EW, IA and AC, the
haplotype structure is likely to differ in the three ethnic groups. In IA patients, the 455V
allele will occur on the -1208/09delTT allele in the majority of cases, due to the high
proportion of individuals with a V/delTT allele. In AC patients, the -1208/09TT allele is
likely to occur on the A455 allele in most cases, due to the low proportion of individuals

with a V/TT allele. Furthermore, these findings would suggest that, unlike the situation
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in EW and IA, genotyping for the A455V variant in AC will essentially reflect the

V/delTT haplotype effect.

When the association between Tm genotype and sTm levels was assessed in the three
different ethnic groups within EDSC, no statistically significant differences were noted
in plasma sTm measurements by either -1208/09TT>delTT or A455V genotype alone in
any of the ethnic groups. Similarly, there was no evidence to suggest differences in any
of the sTm plasma measurements by the combined Tm genotype (V/delTT) in the three
ethnic groups within EDSC. Upon further analysis, however, the percentage of
individuals who were heterozygous and homozygous for both rare alleles was higher in
those within the lowest 5™ percentile of the sTm sTm IH act distribution, compared to
those in the the remaining 95 percentiles. In the ag assays, the percentage of individuals
who were heterozygous and homozygous for the rare allele at both sites did not differ
significantly in the lowest 5™ percentile of the distribution compared to the remaining
95 percentiles. These results may suggest that the A455V variant, which lies in the 6"
EGF domain of Tm (van der Velden et al., 1991) (a region with a key role in thrombin
binding and activation of protein C (Kurosawa et al., 1988) (Hayashi et al., 1990)
(Tsiang et al., 1992) (Ye et al., 1992), may compromise the activity of the Tm protein.
Firm cénclusions cannot, however, be drawn from these results as observations are
based on small numbers. As such the possibility for chance findings cannot be excluded.
Analysis of large studies is required to expand the results obtained here and to
investigate further the potential contribution the A455V variant makes, in the context of

the V/delTT Tm haplotype, to CHD risk.

There are mixed reports for associations between polymorphic sites identified in the Tm

gene and circulating sTm levels. Several studies have reported no association between
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the A455V Tm variant and circulating sTm levels (Norlund et al., 1997a) (Wu et al,,
2001) (Aleksic et al., 2002). In contrast, lower sTm levels were observed in CAD
patients with the -33G>A mutation, whereas no difference in sTm levels were observed
in control subjects with and without the -33G>A variant (Li et al., 2000). In another
study, a frameshift mutation (insT 1689), which predicts an elongated protein, was
identified in the Tm gene of a patient with MI and was associated with significantly

reduced sTm levels in the plasma of family members carrying the mutation (Kunz et al.,

2000).

In summary, these results suggest that atherosclerotic processes cause increase shedding
of sTm from the endothelial surface, with high sTm levels indicating an on-going pro-
thrombotic or inflammatory state. However, some individuals may not be able to react

appropriately to this atherosclerotic challenge due to low expression of Tm.
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CHAPTER SIX
SCREENING THE CODING REGION OF TM FOR GENETIC VARIATION BY

SEQUENCING
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6. Screening the coding region of Tm for genetic variation by sequencing
6.1 Introduction

As described previously (see Chapter 5), circulating levels of sTm antigen and activity
were measured in a large cohort of patients with type 2 diabetes. Upon analysis, a small
proportion of patients with lower sTm cofactor activity than sTm antigen levels was
identified in this cohort. It is possible that mutations are present that alter function of the
Tm protein in a few individuals. In addition, individuals who had low levels of both

activity and antigen were also identified in this patient group.
6.2 Aim

The purpose of the work described in this section was to screen the Tm coding region
for genetic variation, in those individuals (from the EDSC study; see Chapter 5)
previously shown to have either lower sTm activity than antigen levels or low levels of
both activity and antigen, to determine whether mutations or variants within the Tm

gene contribute to reduced circulating sTm levels.
63  Methods
6.3.1 Screening

DNA from 44 diabetic patients (EDSC study), with lower sTm cofactor activity than
sTm antigen levels or low levels of both activity and antigen (see Chapter 5), was

screened for variation by DNA sequencing. The calculation of an sTm act:ag ratio
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helped identify the subgroup of patients with lower sTm cofactor activity than antigen
levels. Eighteen subjects who fell within the lowest 5™ percentile of the sTm act:ag ratio
distribution and twenty six subjects who fell within the lowest 5% percentile of the sTm

antigen distributions were screened for variation within the Tm gene.

A strategy of screening of Tm gene fragments by PCR amplification and sequencing
was used. The coding region (1.7 kb) of the Tm gene (spanning the sequence between
+267 and +1960; nucleotides numbered from transcription start site) was screened for
variants. Three overlapping fragments were amplified from patient genomic DNA. The
sequence and position of the primers used for amplification, together with the length of
the fragments and the annealing temperatures for each fragment have been defined in
section 2.2.5. All PCR products were run on a 1% low melting point agarose (stained
with EtBr; see section 2.2.4.1), with the inclusion of a DNA size marker, to make sure
the correct fragment size was obtained. Examples of agarose gel electrophoresis for
amplified fragments are given in Figure 6.1. Samples were subsequently purified using
the GFX PCR DNA and Gel Bans Purification Kit (Amersham Biosciences (UK) Ltd.
Buckinghamshire, UK), according to the manufacturer’s protocol (see section 2.2.4.3).
Direct sequencing was done by the chain termination sequencing method (Sanger and
Cdulsoﬁ, 1975) using the ABI Big Dye Terminator v 3.1 Cycle Sequencing reagents and
an autdrhated sequencer type 377 XL (Applied Biosystems. CA, USA), as described in
section 2.2.5. The samples were sequenced in both directions using the same primers as
the ones used to generate the PCR products; see Table 2.4. Clear chromatograms were

obtained for all the gene fragments sequenced.
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Figure 6.1 Agarose gel electrophoresis of PCR amplification products for
sequencing.

Examples of a typical agarose gel electrophoresis of 10 pl of 8 amplification products
for the 3 overlapping fragments used to sequence the entire 1.7 kb coding region of the
Tm gene. The positions of the primers used for amplification, the length of the
fragments and the annealing temperatures for each fragment have been defined in
section 2.2.5. The panels show amplification from 8 different genomic DNAs (lanes 2-5
& 7-10) and a 1kb DNA size marker (lane 1). The size of the product is given next to
the photograph.
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6.3.2  Restriction analysis of an identified sequence change

A sequence variant identified in the coding region of the Tm gene altered a naturally
occurring restriction enzyme recognition site. Primers flanking the DNA sequ.ence of
interest were designed and used in PCR amplification to generate a 250 bp fragment.
The primer sequences and PCR conditions used to study the newly identified variant are
shown in Table 6.1. Following PCR amplification, fragments were digested using a
restriction enzyme (Ban II), see section 2.2.3.2, and run on MADGE, see section
2.2.4.2. The restriction profile is shown in Table 6.1. Figure 6.2 shows a representative

gel indicating the wild-type homozygote (GG) and the heterozygote (GA). No rare

homozygotes (AA) were identified.
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Variant Primer Pair PCR Restriction Restriction

Product  Enzyme Pattern
(bp)
1261G>A  5-TTCGAGTGCCACTGCTACC-3’ G allele A allele
(E364E) 250 Ban 1I (2 U) (bp) (bp)
5’-CTTCAGGGCACTCACAGCTA-3’ 194, 56 250

Table 6.1 Primer pair and restriction pattern for the 1261 G>A variant.

PCR reaction: DNA was amplified as described in section 2.2.3.1. Cycling conditions
consisted of 95°C for 5 min, followed by 30 cycles of 95°C for 30 sec, 65°C for 30 sec,
72°C for 1 min, and a final extension of 7 min at 72°C. Restriction digest: 8 ul of each
PCR product were added to 5 pl of digestion mix containing 2 U of enzyme and 1.3 pl
of 1x appropriate restriction buffer in a final volume of 13 pl.

Direction of
electrophoresi

GG (194 bp)

GA (250 bp, 194 bp)

Figure 6.2 Band pattern for the 1261G>A (E346E) Tm coding region variant.
Presence of the 1261 G allele can be identified following restriction digest with Ban 11,
resulting in the production of two fragments of 194 bp and 56 bp. The latter fragment
cannot be seen as it is run off the gel as a result of the small size. The 1261 A allele can
be identified by the uncut fragment of 250 bp.
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6.4 Results
6.4.1 Direct sequencing analysis of Tm coding region

A total of 264 fragments (3 overlapping fragments for each of the 44 DNA samples;
forward and reverse primer) were sequenced. 31.8% of the diabetic subjects analysed
were carrying at least one variant allele for the A455V Tm polymorphic site (n=13
heterozygotes; n=1 homozygote rare). These sequencing results were in 100%

agreement with previous genotyping analysis for A455V.

Only one novel point mutation was identified in two of the 44 diabetic samples
analysed. Both subjects, who were of AC ethnic origin, were heterozygous for the
newly identified variant. In Figure 6.3, sequence chromatograms corresponding to the
mutated region identified in two separate diabetic samples are shown, alongside the
corresponding wild-type sequence for comparison. This variant was a G to A change at
position 1261 from the transcription start site. The 1261G>A variant was a synonymous
base change at position 364 of the mature Tm molecule (GAG to GAA; altered base

underlined, Glu>Glu), within the 4" EGF domain of Tm.
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AGCACGGGTCCACGGG CTCCACACACT

AGCACGGG TCCACGGGTTCCACACACT

b)

AGCACGGGTCCACGGGTTCCACACACT

Figure 6.3 Sequencing chromatograms of normal DNA and 1261G>A.

a) Wild-type genomic DNA, b) Genomic DNA of 1* subject heterozygous for mutation,
¢) Genomic DNA of 2™ subject heterozygous for mutation. Sequence obtained using
reverse primer presented.
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6.4.2  Allele frequency of detected variant (E346E)

The allele frequency of the 1261G>A (E346E) polymorphism was determined in 100
diabetic subjects (EDSC study) from three different ethnic groups (EW, IA and AC)
using the technique described in section 6.3.2. Interestingly, the 1261A allele appeared
to be completely absent in the EW and IA populations. In contrast, the variant allele
appeared to be common in the AC population, with a frequency of 0.09 (CI 0.07-0.11).
18.2% of the studied AC were carrying one variant allele (GG=63, GA=14, AA=0). The
frequency distribution in AC was in Hardy-Weinberg equilibrium. Deviations from
Hardy-Weinberg equilibrium were considered via a chi-squared test of observed and

expected frequencies.

Analysis of variance (ANOVA) was used to assess the association between genotype
and sTm measurements. Reduced numbers may appear following adjustment for
statistical analyéis, as data were not available for every variable in all patients. When the
association between genotype and sTm levels was assessed in the AC population, tl;e
geometric mean levels for 1261 GA subjects appeared lower for each assay, than for

1261 GG subjects, though this did not reach statistical significance; see Table 6.2.

1261G>A (E346E) P-value

GG GA

IH sTm act (SEq/ml)* 39+1.2 3.3+0.75 0.139
n=39 n=7

IH sTm ag (SEq/ml)* 55+24 51+3.0 0.655
n=37 n=7

DS sTm ag (ng/ml)* 58.5+20.7 47.45+9.0 0.188
n=40 n=7

Table 6.2 sTm measurements by 1261 G>A (E346E) genotype in AC subjects.
Geometric mean + approximate SD shown. Analysed by ANOVA after appropriate
transformation. *Ln-transformed.
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6.5 Discussion

In this section, the coding region of the Tm gene was sequenced to determine whether
mutations or variants within the Tm gene contribute to reduced circulating sTm levels.
31.8% of the diabetic subjects analysed in this study were carrying at least one variant
allele for the A455V polymorphic site (n=13 heterozygotes; n=1 homozygote rare).
These sequencing results were in 100% agreement with previous genotyping analysis
for A455V. The ‘screening programme’ involved 44 type 2 diabetic patients from the
EDSC study (see Chapter 5) who were previously shown to have either a lower sTm

activity than antigen level or low levels of both activity and antigen.

A single base pair change was identified in two of the 44 diabetic samples analysed.
The variant occurred in two subjects of AC origin. The novel point mutation identified
was a G to A substitution at position 1261 (from the transcription start site). This novel
variant alters the codon at position 364 of the mature Tm molecule (GAG to GAA;
altered base underlined), which is located in the 4" EGF domain of Tm, a region known
to play a key role in the binding of thrombin and activation of protein C (Hayashi et al.,
1990) (Tsiang et al., 1992). Despite the fact that the 1261G>A variant alters a codon in
a functiénally important region of the Tm gene, it does not alter the amino acid, since
both GAG and GAA code for the amino acid glutamic acid. Many codons are
redundant, meaning that two or more codons code for the same amino acid. Degenerate
codons usually differ in their third position. The degeneracy of the genetic code
accounts for the existence of silent mutations. The silent G to A substitution at
nucleotide position 1261 is unlikely to affect the function of the final protein product

directly, but it could be in LD with another variant site of functional consequence.
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The frequency of the 1261G>A (E346E) polymorphism was determined in 100 diabetic
subjects (EDSC study) from three different ethnic groups (EW, IA and AC).
Interestingly, the 1261A allele appeared to be absent in the EW and IA populations
investigated, which would suggest that in EW and IA subjects, the prevalence of the
1261G>A polymorphism in the Tm gene, if any, must be extremely low. In contrast, the
variant allele was relatively common in the AC population (rare allele frequency 0.09).
Differences in allele frequencies between populations have been reported for other Tm
gene variants identified to date, as previously discussed (Ireland et al., 1997) (Wu et al.,

2001) (Li et al., 2002); see section 1.4.7.2.

When the association between genotype and sTm levels was assessed in the AC
population, the mean levels for AC patients heterozygous for Tm 1261G>A appeared
lower for each assay, compared to those homozygous for the common allele, though this
did not reach statistical significance. As aforementioned (see Chapter 5), there are
mixed reports for associations between Tm variants and circulating sTm levels (Norlund
et al.,, 1997a) (Kunz et al., 2000) (Li et al., 2000) (Wu et al., 2001) (Aleksic et al.,

2002).

The ne\&ly identified 1261G>A Tm variant is unlikely to be having a direct impact on
protein fﬁnction, as it does alter the final amino acid (E346E). In addition, this variant
site appears to be unique to subjects of AC origin, with a very low prevalence expected
in EW and IA populations. Finally, there was no evidence to suggest that this variant
site contributes to altered circulating sTm levels although it should be noted that there
were small numbers of heterozygotes for 1261G>A (n=7). Analysis of a large cohort
would be useful to confirm this, particularly as significantly lower levels were identified

overall for AC compared to EW and IA patients; see Table 5.1.
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CHAPTER SEVEN
IN VITRO REPORTER GENE ANALYSIS DIRECTED TO EXPLAINING THE
EFFECT OF TM PROMOTER VARIANTS ON CHD: EXPRESSION UNDER

BASAL AND SUPPRESSED CONDITIONS
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7. In vitro reporter gene analysis directed to explaining the effect of Tm
promoter variants on CHD: expression under basal and suppressed

conditions
7.1 Introduction

Several reports have suggested an association between variants within the proximal Tm
promoter region and risk of CHD (Ireland et al., 1997) (Li et al., 2000) (Li et al., 2002).
These proximal promoter variants, which lie in close proximity to consensus sequences
for transcriptional control elements of the Tm gene, have been shown to alter Tm gene
transcriptional activity (Li et al., 2000) (Nakazawa et al., 2002). The distal promoter
region of the Tm gene is also known to contain several important consensus regulatory
elements including a silencer element, a putative SSRE and four retinoic acid response
elements that could modulate Tm promoter activity. Potentially functional variants,
which alter or lie in close proximity to these regulatory elements, have been previously
identified in this region of the Tm gene (Le Flem et al., 2001), but have received

relatively little attention to determine their functionality.

Cdntribﬁtion to risk for CHD by these Tm distal promoter variants was assessed
previou.sly; see Chapters 3 & 4. The high frequency -1748G>C polymorphism, which
creates a putative Spl-like transcription factor binding site, appeared to be neutral with
régards to CHD risk in the HIFMECH case-control study; see Chapter 3. Risk
associated with the -1166G>A variant site could not be assessed in the HIFMECH case-
control study because numbers were too small; see Chapter 3. However, this particular
site alters the core binding sequence of a putative SSRE. Exposure of endothelial cells

to shear stress has been shown to alter Tm mRNA and antigen levels (Malek et al.,
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1994) (Takada et al., 1994), which may be mediated by this SSRE. As such, the
-1166G>A variant site is a strong candidate for modulating risk for CHD, but would
require extremely large cohorts to test it. A haplotype comprising the rare alleles for two
common Tm variants (-1208/09TT>delTT & A455V) contributed to the risk of MI, in
the North of Europe (HIFMECH), particularly in individuals with obesity, metabolic
syndrome or inflammation; see Chapter 3. These findings were subsequently extended
in a large prospective study (NPHSII), where a trend towards increased CHD risk was
observed in those with increased BMI and a significant risk interaction also with
increased triglyceride levels was identified; see Chapter 4. An associated increased
inflammatory response was also noted for V/delTT carriers in both studies. Tm
-1208/09TT>delTT lies between a DR4 sequence (-1531 to —1516) and SSRE (-1163 to
-1168); see sections 1.4.4 & 1.4.7. As such, it is possible that the deletion variant

disrupts nuclear protein binding.

The mechanism through which Tm genotype contributes to CHD risk may be through
an interaction with mediators of metabolic syndrome. As mentioned in section 1.3.2, the
metabolic syndrome is characterised by a clustering of insulin resistance with
established cardiovascular risk factors, such as increased friglyceride levels, increased
SBP, décreased HDL-cholesterol levels, obesity and hyperglycemia (Kaplan, 1989)
(Haffner vet al,, 1992). Obese individuals have a higher risk of developing CHD
compared to lean individuals (Lamarche, 1998) (Stevens et al., 1998) and there is
increasing evidence that adipose tissue in general and abdominal adiposity in particular,
is a key player in the inflammatory process (Yudkin, 1999). Adipose tissue has been
demonstrated to secrete pro-inflammatory cytokines (Hotamisligil et al., 1995) (Kern et
al., 1995) (Fried et al., 1998) (Yudkin et al., 1999). Inflammatory mediators contribute

to progression of atherosclerosis by several mechanisms; see section 1.3.3.1. In relation
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to haemostasis, they have been shown to stimulate TF expression (responsible for the
initiation of the coagulation cascade) and to cause natural anti-coagulant and ﬁbri>nolytic
deregulation (Nawroth et al., 1986) (Moore et al., 1987) (Gregory et al., 1989) (Esmon
et al., 1991) (Nemerson, 1995) (Orbe et al., 1999) (Speiser et al., 2001). In this context,
inflammatory mediators have been shown to have a profound effect on Tm expression;
see section 1.4.5. Furthermore, pathological cleavage, induced by pro-inflammatory
cytokines, may contribute to sTm circulating in human plasma (Takano et al., 1990)

(Boehme et al., 1996).

In this section, previously identified potentially functional variants in the distal
promoter region of the Tm gene were assessed for their effect upon the promoter driving
expression of a reporter gene. Basal and suppressed conditions (TNF-a & IL-1p) were

evaluated using a dual Juciferase reporter gene assay.

Previous reporter gene analyses of the Tm gene have assessed only small sections of the
promoter region. A large stretch of the Tm promoter was studied in an attempt to keep
the system as physiological as possible. As such a 2056 bp Tm promoter fragment
which contains both the distal and proximal promoter regions as they occur in the gene,
and inciuding a silencer element removed in other published reporter gene studies, was
cloned ihfo the pGL-3-Basic firefly luciferase reporter vector (Promega Co. Madison,

WI, USA).
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7.2 Aim

The purpose of the work described in this section was to determine the strength of the
Tm promoter in driving gene expression under basal conditions and in response to
biochemical agonists (TNF-a & IL-1B), and to determine whether variants within the

Tm promoter alter basal and suppressed gene expression.
7.3 Methods
7.3.1 RT-PCR

Mammalian cells (HUVECs & EA.hy 926) were grown in 12-well plates at 37°C, 5%
CO, in a humidified incubator; see section 2.3.1. Total RNA was extracted from
endothelial cells using TRIzol (Gibco-BRL Ltd, Paisley, UK); see section 2.4.6.
Following extraction, RNA was DNase digested (see section 2.4.7), and reverse
transcribed using SUPERSCRIPT II reverse transcriptase and random hexamer primers
(Gibco-BRL Ltd, Paisley, UK); see section 2.4.8. 100-150 ng cDNA was amplified by
PCR using Tm and GAPDH specific primers; see section 2.4.8.1. PCR products were
run on én agarose gel, visualised under UV light and photographed using a Syngene
Trans-iiiﬁminator and the Gene-Snap Syngene software (Syngene, Cambridge, UK); see

section 2.2.4.1.
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7.3.2  Cloning and mutagenesis

A fragment (2056 bp) containing the 5 UTR of the Tm gene was amplified by PCR
_from genomic DNA from an individual homozygous for the common alleles at all
variant sites (-1748G>C, -1208/09TT>delTT & -1166G>A); see section 2.4.1. The
fragment, shown in Figure 2.9, was cloned into the pGL-3-Basic firefly luciferase

reporter vector (Promega Co. Madison, WI, USA); see section 2.2.6.1.

Constructs containing the desired single point mutations were generated by site-directed
mutagenesis using the QuickChange® Site-Directed Mutagenesis Kit (Stratagene, UK);
see section 2.4.2. Large scale preparation of plasmid DNA was done using the Gene
Elute™ HP Plasmid Maxiprep Kit (Sigma-Aldrich Company Ltd. Dorset, UK)
following transformation into E.Coli XL 1-Blue competent cells (Stratagene. CA, USA);
see sections 2.2.2.2 and 2.2.6.2, respectively. All clones were confirmed by automated
sequencing using an ABI PRISM 377 sequencer, as described in section 2.2.5. The

primers used to sequence the Tm promoter constructs are listed in Table 2.6.

7.3.3  Assay of promoter activity

Tm prorﬁbter constructs were transfected into HUVECs or EA.hy926 cells grown in 96-
well plates using the Lipofectamine™ 2000 method (Gibco-BRL Ltd, Paisley, UK); see
section 2.4.3. Promoter activity was assayed using a dual /uciferase assay kit (Promega
Co. Madison, WI, USA), as described in section 2.4.5. Tm promoter activity was
assessed under basal conditions and in response to the inflammatory cytokines TNF-a
and IL-1B; see sections 2.4.3 and 2.4.4. Wild-type and mutant constructs were assessed

in quadruplicate and the experiment repeated five times. The activity of the mutant
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allele containing constructs relative to the activity of the co-transfected Renilla
construct is given in appendices 3-5. Promoter activity was taken as the ratio of firefly
luminescence to Renilla luminescence, thus adjusting for transfection efficiency. This
normalised ratio was then averaged to give a mean ratio for each construct. The mean of
each construct was then normalised against the pGL-3-Basic reading and expressed
relative to the value obtained for the wild-type construct under basal conditions; see

section 2.4.5.

Initially, a range of agonist concentrations and times were used, to determine the

optimum experimental conditions, see below (results 7.4).

i) Dose response

Following transfection of exponentially growing EA.hy 926 cells (see section 2.4.3), the
serum free medium was removed and cells incubated with normal growth medium
(EBM supplemented with 10% FBS, 500 pl human recombinant epidermal growth
factor, 2 ml BBE, and 500 pl Gentamicin sulphate amphotericin-B) for 24 hours to
allow cells to recover before treatment. Transfected cells were subsequently treated by
ihcubating them with normal growth medium supplemented with TNF-a (0 to 2 ng/ml)
orllL-IB (0 to 1 ng/ml) for 6 hours. The experiment was performed in quadruplicate and
perfomiéd on two different occasions. Reporter gene activity was measured using the
luciferase assay; see section 2.4.5. Promoter activity was taken as the ratio of firefly
luminescence to Renilla luminescence, thus adjusting for transfection efficiency
(appendix 1). This normalised ratio was then averaged to give a mean ratio. The
calculated values for the treated construct$ were then expressed relative to the value

obtained for the wild-type construct under basal conditions.
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ii) Time course

Following transfection of exponentially growing EA.hy 926 cells (see section 2.4.3) the
serum free medium was removed and cells incubated with normal growth medium
(EBM supplemented with 10% FBS, 500 pl human recombinant epidermal growth
factor, 2 ml BBE, and 500 pl Gentamicin sulphate amphotericin-B) for 24 hours to
allow cells to recover prior to being treated. Transfected cells were subsequently treated
by incubating them with normal growth medium supplemented with 2 ng/ml TNF-a or
1 ng/ml IL-1P for 0, 3, 6, 15 and 24 hours. This experiment was performed in duplicate
and repeated two times. Reporter gene activity was measured using the luciferase assay;
see section 2.4.5. Promoter activity was taken as the ratio of firefly luminescence to
Renilla luminescence, thus adjusting for transfection efficiency (appendix 2). This
normalised ratio was then averaged to give a mean ratio. The calculated values for the
treated constructs were then expressed relative to the value obtained for the wild-type

construct under basal conditions.
7.3.4  Statistical analysis

Data were entered into an EXCEL spreadsheet (Microsoft). Statistical analysis was
carried ‘out by myself, using SPSS version 12.0.1. (SPSS Inc., Chicago, USA). One
sample'i-.Test was performed to compare differences in relative promoter activity by
genotype under basal conditions. A paired sample t-Test was used to compare
differences in relative promoter activity by genotype in response to the biochemical

agonists. P-values <0.05 were considered as significant.
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7.4 Results

7.4.1 Tm mRNA production by mammalian cells (HUVECs & EA.hy 926)

The RT-PCR method was used to investigate Tm mRNA production by the mammalian
cells (HUVECs & EA.hy 926) utilised in the in vitro reporter gene analysis. Both
HUVECs and EA.hy926 cells have previously been shown to express Tm (Yu et al,,
1992), and this was confirmed in this experiment. For GAPDH, the primers were
designed to span an intron. This allows confirmation of mRNA without contaminating
DNA. As shown in Figure 7.1, the genomic DNA control gave a larger band due to the
presence of an intron, spliced out in mRNA. This was not possible for Tm as this gene
is intronless (Jackman et al., 1987). Thus mRNA and a genomic DNA gave the same
size bands. As an added control step, primers complementary to DNA sequences within
the promoter region of the Tm gene were incorporated in the same PCR mix to identify
amplification of any contaminating genomic DNA. The resulting band (604 bp) was

absent from the HUVECs and EA.hy 926 mRNA samples, as shown in Figure 7.1.
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Figure 7.1 Agarose gel electrophoresis of Tm and GAPDH cDNA.

RT-PCR of total RNA extracted from HUVECs and EA.hy 926 cells was followed by
the amplification of the GAPDH (panel a) and Tm (panel b) cDNA. Panel a) GAPDH
amplification: Lane 1:1 kb DNA size marker, Lane 2: HUVEC ¢cDNA, Lane 3: EA.hy
926 cDNA, Lane 4: -ve control, Lane 5: Genomic DNA. Panel b) Tm amplification:
Lane 1:1 kb DNA size marker, Lane 2: HUVEC cDNA, Lane 3: EA.hy 926 cDNA,
Lane 4: -ve control HUVEC, Lane 5: -ve control EA.hy 926, Lane 6: Genomic DNA.
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74.2  Tm promoter-reporter gene fusion constructs

A large Tm promoter fragment was cloned into the pGL-3-Basic firefly luciferase
reporter vector (Promega Co. Madison, WI, USA); see section 2.2.6.1. Constructs
containing the desired single point mutations (-1748G>C, -1208/09TT>delTT and
-1166G>A) were subsequently generated by site directed mutagenesis (see section
2.4.2) and all clones confirmed by automated sequencing (see section 2.2.5). Figure 7.2
shows chromatograms corresponding to the mutated region, as well as wild-type
sequence for each region. Sequencing also confirmed that no other mutation had been

introduced by site directed mutagenesis.

A. B. C:

CCAGGGGGTCCG GTTTAAAAACA: 36GETCTCC

|

L

CCAGGGGCTCCG FTTTAAACA CEETCTTC

Figure 7.2 Sequencing chromatograms of mutated and wild-type promoter-
reporter gene constructs.

The sequencing was performed as described in section 2.2.5 by the automated method
using plasmid construct as template. For the region containing the introduced variant
site (bottom sequence each panel) the corresponding wild-type region is also shown (top
sequence each panel). The mutated nucleotides are indicated by arrows. Panel A:
-1748G>C (forward primer); B: -1208/09TT>delTT (reverse primer); C: -1166G>A
(reverse primer).
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743  Transfection of mammalian cells (HUVECs & EA.hy 926)

Successful transfection of HUVEC and EA.hy 926 cells, using cationic lipid reagents,
has previously been reported (Tazawa et al., 1993) (Le Flem et al., 1999) (Matsumura et
al., 1999) (Gu et al., 2000a) (Nakazawa et al., 2002). These mammalian endothelial
cells were chosen for these experiments because they have been previously used in
experiments to identify key regulatory elements required for expression of the Tm gene
in endothelial cells and to characterize Tm gene mutations in the proximal promoter
region (Yu et al., 1992) (Tazawa et al., 1993) (Matsumura et al., 1999) (Nakazawa et

al., 2002).

Optimization procedures were carried out, in a 96-well plate format, for both HUVECs
and EA.hy 926 cells to obtain the highest transfection efficiency; see section 2.4.3. The
pGL-3-Control vector (Promega Co. Madison, WI, USA) was used in the optimization
procedures (de Wet et al., 1987) and reporter gene activity measured using the
luciferase assay; see section 2.4.5. Unfortunately, efforts to transfect HUVEC primary
endothelial cells proved unsuccessful using a range of cationic lipid reagents:
Lipofectin® (Gibco-BRL Ltd, Paisley, UK), LipofecAMINETM (Gibco-BRL Ltd,
Pa;lsley,.UK), METAFECTENE™ (Biontex Laboratories GmbH., Munich, Germany)
and Lip'(;t;ecatamineTM 2000 (Gibco-BRL Ltd, Paisley, UK) were all tried. Transfection
of EA.hy 926 cells, however, proved to be more fruitful, with efficient and successful
transfection achieved using Lipofecatamine™ 2000 reagent (Gibco-BRL Ltd. Paisley,

UK) at a DNA :Lipofecatamine™ 2000 reagent ratio of 1:2.5.
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Once conditions that resulted in detectable reporter gene activity were established using
the pGL-3-Control vector (Promega Co. Madison, WI, USA), an initial transfection
experiment was carried out with the pTm WT construct. The pGL-3-Control vector
(Promega Co. Madison, WI, USA) was used as a positive control, to assess the
efficiency of the system. The pGL-3-Basic vector (Promega Co. Madison, WI, USA)
was also used to provide a reading to which experimental firefly luciferase activity
could be normalised. The pRL-TK Renilla luciferase vector was used as an internal
control. Promoter activity was taken as the ;‘atio of firefly luminescence to Renilla
luminescence, thus adjusting for transfection efficiency. This normalised ratio was then
averaged to give a mean ratio. The calculated values for constructs were then expressed

relative to the value obtained for the pGL-3-Basic vector (set as 1.0). Results are shown

in Figure 7.3.
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Figure 7.3 Induction of luciferase expression in EA.hy 926 cells.

EA.hy 926 cells were co-transfected with experimental firefly luciferase vectors (pGL-
3-Basic, pGL-3-Control & pTm WT) and pRL-TK vector. Firefly luciferase activity
was normalised to Renilla luciferase activity and expressed relative to pGL-3-Basic.
Results expressed as means + SE, n=4.
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Transient transfection of the promoterless pGL-3-Basic vector (Promega Co. Madison,
WI, USA) resulted in low luciferase activity. Highest luciferase activity was noted for
the pGL-3-Control vector (Promega Co. Madison, WI, USA), which would be expected
since the SV40 promoter/enhancer region is driving luciferase expression (de Wet et al.,
1987). Transient transfection of the wild-type Tm construct (pTm WT) into EA.hy 926
cells resulted in an enhancement of luciferase activity relative to the pGL-3-Basic
promoterless vector. As such detectable reporter gene activity was successfully
established using the experimental Tm promoter-reporter gene fusion constructs. High
basal activity for Tm promoter constructs in endothelial cells has been reported

previously (von der Ahe et al., 1993).

7.4.4  Dose response curve for the pTm WT construct in relation to TNF-a and

IL-1P concentration

A dose response experiment was performed to determine the dose of TNF-a and IL-1B
which may alter Tm promoter activity. Doses were chosen that could have physiological
significance. Tm promoter driven reporter gene expression was decreased by 51% and
74%, relative to untreated cells, after treatment with TNF-o (1 and 2 ng/ml) for 6 hours;
see Figure 7.4. The effect of IL-1B (0.5 and 1 ng/ml) was less dramatic, with Tm
promofér driven reporter gene expression being decreased by 25% and 38%, relative to
untreated cells, following treatment for 6 hours; see Figure 7.5. Subsequent experiments
were carried out using 1 ng/ml TNF-a and 0.5 ng/ml IL-1B. In vivo, this would relate to
the plasma concentration found in a poorly controlled subject with diabetes. Doses of
cytokines were chosen that did not completely inhibit wild-type Tm construct, to allow

variation between the wild-type and variant constructs to be assessed.
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Figure 7.4 Dose response curve for pTm WT promoter activity with TNF-a
concentration after 6 hour treatment.

Promoter activity is given relative to the wild-type construct under basal conditions.
Results expressed as means + SE, n=8.
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Figure 7.5 Dose response curve for pTm WT promoter activity with IL-1p
concentration after 6 hour treatment.

Promoter activity is given relative to the wild-type construct under basal conditions.
Results expressed as means + SE, n=8.
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7.4.5  Time course for TNF-o and IL-1B for the pTm WT construct

A time course experiment was also carried out to determine the optimum experimental
conditions for TNF-a and IL-1P treatment. In response to TNF-a treatment, Tm
promoter driven reporter gene expression declined to 65% of the untreated cells at 6
hours treatment and remained low until 24 hours. Maximum reduction was observed at
15 hours (25% of untreated). IL-1p treatment caused a more rapid response, being 45%
of the untreated vector at 3 hours, further declining to 13% of untreated vector at 15

hours. In subsequent experiments, cells were treated for 15 hours; see Figures 7.6 and

7.7.
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Figure 7.6 Time course for pTm WT promoter activity with 2 ng/ml TNF-a.
Promoter activity is given relative to the wild-type construct under basal conditions.
Results expressed as means + SE, n=4.
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Figure 7.7 Time course for pTm WT promoter activity with 1 ng/ml IL-1p.
Promoter activity is given relative to the wild-type construct under basal conditions.
Results expressed as means + SE, n=4.
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7.4.6  The effect of Tm promoter variants on reporter gene expression under

basal conditions and in response to inflammatory cytokines

No statistically significant functional effect upon the transcriptional activity of the Tm
promoter was observed for any of the distal promoter variants under basal conditions;
see Figure 7.8. This work, therefore, suggests that the distal promoter variants assessed
in this study are unlikely to be associated with altered Tm synthesis and expression

under basal conditions.
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Tm promoter variant Relative promoter activity P-value
(% of wild-type)
-1748G>C 94 +6 0.440
-1166G>A 102+8 0.824
-1208/09TT>delTT 87+7 0.143

Figure 7.8 Relative promoter activities for pTm constructs under basal conditions.
Wild-type and mutant allele containing Tm constructs were transiently transfected into
EA hy 926 cells. Promoter activity is given relative to the wild-type Tm construct (pTm
WT). Results expressed as means + SE, n=20. Statistical analysis performed by one
sample t-test.
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TNF-a (1 ng/ml) treatment was found to have a significant deleterious effect on the
reporter gene activity driven by the Tm promoter region (42 + 6% of wild-type
untreated; p=0.001), see Figure 7.9. Relative promoter activity was further reduced for
the -1208/09delTT allele following 1 ng/ml TNF-a treatment (p=0.02). In contrast, no
significant alteration in relative promoter activity was noted for the -1748C or the
-1166A allele constructs following addition of TNF-a, as compared to the wild-type
treated construct, although a non-significant increase in relative promoter activity was

noted for the -1166A allele construct.
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variant (% of wild-type untreated) value (% of wild-type treated) value
Wild-type 42+6 0.001 Reference
-1748G>C 46 +7 0.004 108 +7 0.69
-1166G>A 63+8 0.009 148 + 8 0.09
-1208/09TT>delTT 28+7 <0.0001 67 +3 0.02

Figure 7.9 Relative promoter activities for pTm constructs in response to TNF-a
treatment.

Wild-type and mutant allele containing Tm constructs were transiently transfected into
EA.hy 926 cells. Transfected cells were treated with 1 ng/ml TNF-o, for 15 hours.
Promoter activity is given relative to the untreated or treated wild-type Tm construct
(pTm WT). Results expressed as means + SE, n=20. Statistical analysis performed by
paired t-test.
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A similar effect for WT and delTT constructs, was observed following treatment with
0.5 ng/ml IL-1B; see Figure 7.10. IL-1B treatment had a significant deleterious effect on
reporter gene expression for the wild-type construct (pTm WT), as compared to the
wild-type construct under basal conditions (70 + 5% of wild-type untreated; p=0.003),
though the effect was milder than seen following the addition of 1 ng/ml TNF-a. The
-1208/09TT>delTT variant was once again found to have a significant deleterious effect
on reporter gene expression in response to 0.5 ng/ml IL-1B. Variants -1748G>C and
-1166G>A did not have a detectable functional effect on reporter gene expression

following addition of IL-1p.
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Figure 7.10 Relative promoter activities for pTm constructs in response to IL-1§
treatment.

Wild-type and mutant allele containing Tm constructs were transiently transfected into
EA.hy 926 cells. Transfected cells were treated with 0.5 ng/ml IL-1B, for 15 hours.
Promoter activity is given relative to the untreated or treated wild-type Tm construct
(pTm WT). Results expressed as means + SE, n=20. Statistical analysis performed by
paired t-test.
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7.5 Discussion

The aim of this section was to investigate the potential mechanism through which
previously identified variants in the distal promoter region of the Tm gene (-1748G>C,
-1208/09TT>delTT and -1166G>A) (Le Flem et al., 2001) may be associated with CHD
in an environment of metabolic syndrome, as shown in previous chapters (see Chapters
3 & 4). The in vitro dual luciferase reporter gene assay was used to evaluate the
potential effects of these variants on the transcriptional activity of the promoter, under

basal conditions and in response to inflammatory cytokines.

Genetic reporter systems have made a significant contribution to the study of eukaryotic
gene expression and its regulation. As aforementioned (see section 2.4), in these
experiments, a reporter gene is joined to a promoter sequence in an expression vector
that is transfected into cells (chosen to represent a cell-type known to express the
protein of interest). Following transfection, the cells are assayed for the presence of the
reporter gene by measuring the enzymatic activity of the reporter protein. Transcription
of the reporter gene is directed by the composition and organization of regulatory
elements present in the target promoter sequence. Thus, the functional importance of a
given sequence can be assessed by constructing different versions of the promoter

region and comparing the relative efficiency of reporter gene expression.

In the current study, a 2056 bp fragment, containing the 5> UTR of the Tm gene, was
cloned into the pGL-3-Basic firefly luciferase reporter vector (Promega Co. Madison,
WI, USA). Reporter gene analysis, to date, has been done using small fragments of the
Tm promoter (Le Flem et al., 1999) (Li et al., 2001) (Nakazawa et al., 2002). How these

small fragments relate to the in vivo situation must be viewed sceptically. Indeed, in one
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such reporter gene study, a variant in the proximal promoter region of the Tm gene was
found to have an adverse effect upon reporter gene expression using a construct of 150
bp. When the construct size was increased to 300 bp, however, no differences were
observed between the wild-type and mutant alleles (Le Flem et al., 1999). The entire
region between the distal and proximal promoter regions, including a region previously
defined as a silencer region, was thus kept in the test construct in the experiments here,

in an attempt to keep the environment as physiological as possible.

The Tm promoter-reporter gene fusion constructs (bearing either wild-type or variants)
were transfected into mammalian endothelial cells EA.hy 926. Transfection experiments
were initiated in primary HUVECs but unfortunately efforts proved unsuccessful,
despite previous reports of successful transfection using cationic lipid reagents (Tazawa
et al., 1993) (Matsumura et al., 1999) (Nakazawa et al., 2002). The inability to transfect
HUVEC:s despite an effort to fully optimise all the recommended conditions could not
be fully explained. A possibility is that the cell stocks supplied to our laboratory had
compromised viability, since four different lipid based delivery techniques failed to
transfect this primary endothelial cell line properly. However, transient transfection of
'EA.hy 926 cells, an endothelial cell line generated from a fusion of HUVECs with a
lung carcinoma (A549) cell line (Arnalich et al., 2000), proved fruitful. EA.hy 926 cells
have béén previously used in experiments to determine the transcriptional regulation of
the Tm gene and to characterize Tm gene mutations in the 5° UTR region (Yu et al.,
1992) (Le Flem et al., 1999). In addition, transformed cell lines are easier to grow and
maintain in culture and tend to be more amenable to transfection than primary cells.
Furthermore, EA.hy 926, like HUVECs, were shown to express Tm, in agreement with
previous studies (Yu et al., 1992). An important consideration when carrying out

reporter gene expression assays is to use a cell line that expresses the gene of interest.
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This ensures the expression machinery regulating gene expression is intact and is thus
able to drive the expression of the reporter gene fused to the promoter region under

investigation.

In the reporter gene assays, none of the distal promoter variants assessed (-1748G>C,
-1208/09TT>delTT and -1166G>A) showed an effect on the expression of the reporter
gene under basal conditions, which would suggest that they do not effect the

transcriptional activity of the Tm promoter.

The -1748G>C variant has previously been shown to create a putative Spl-like
transcription factor binding site (Q'”“TCCGCGTC; bold underlined base: modified
base), with only one mismatch relative to the consensus sequence
(C/AC/TCCGC/AT/CT/CC/A) (Le Flem et al., 2001). Sp1 is a transcription factor that
has a zinc-finger as a DNA-binding domain and a glutamine-rich region as an activation
domain (Courey and Tjian, 1988). Sp1 binds TFIID (transcription initiation factor) to
initiate transcription, which is of particular importance in genes lacking a TATA-like
sequence (Pugh and Tjian, 1990). The TATA-box positions the RNA polymerase 11
(responsible for transcription of all protein-coding genes) for correct transcription
initiation. As such, the -1748G>C variant might be expected to have an effect on Tm
gene exbression. Spl-like responsive elements, however, occur quite frequently in the
genome, with only a limited number of Sp1 sites being transcriptionally active. Indeed,
site directed mutation analysis of four potential Spl binding sites of the proximal
promoter region of the Tm gene revealed that only two of the sites had positive
functions for the activity of the Tm promoter (Tazawa et al., 1993). In addition,
evidence has been presented suggesting that the spacing between Spl binding sites is

important for gene expression, with Spl sites synergistically activating transcription
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(Matsuzawa et al.,, 1991) (Pascal and Tjian, 1991) (Segal and Berk, 1991).
Consequently, although the -1748G>C variant creates a putative Spl recognition site,
the generated Sp1 site may not be functional, and may explain the lack of an effect on
transcription by the -1748G>C variant. The lack of an effect on reporter gene
expression would agree with the observed lack of an association between the -1748C

allele and CHD risk in the HIFMECH case-control study; see Chapter 3.

There was no evidence to suggest an effect on the transcriptional activity of the Tm
promoter by the -1208/09TT>delTT variant, under basal conditions. Although this
polymorphic site lies in close proximity to regulatory elements, it does not form an
integral part of any known consensus sequence, which may explain the lack of effect on
transcription. In agreement, the -1208/09TT>delTT gene polymorphism was not
associated with altered Tm expression in monocytes under basal conditions (Reny et al.,

2005).

The -1166A allele failed to show an effect on Tm promoter transcriptional activity. The
-1166G>A variant lies within the core binding sequence of a putative SSRE
(GAG'®ACC; bold underlined base: modified base) (Le Flem et al., 2001). As such,
the -1166G>A variant site may alter the level of Tm expression under shear stress
conditiohs. However, the reporter gene analysis carried out here, was performed under
basal, static conditions. The lack of an effect for this polymorphism in the current study
is perhaps not surprising. The SSRE consensus sequence (GGTCTC), or its
complementary sequence (GAGACC), has been identified in the 5’UTR region of
several endothelial genes, many of which have been shown to be responsive to shear
stress (Nakada et al.,, 2000) (Resnick et al., 2000). Previous studies have also

demonstrated that mutations altering the SSRE consensus sequence abolish shear stress
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responsiveness (Resnick et al., 1993). Conflicting results have been published
concerning the effect of shear stress on Tm expression. Application of fluid stress in the
physiological range of magnitude (15 and 36 dynes/cm®) on BAECs, caused a short
lived increase followed by a decrease in Tm mRNA levels (Malek et al., 1994). In
contrast, exposure of HUVECSs to moderate shear stress levels (15 dynes/cmz) caused a
dramatic increase in Tm mRNA levels, which preceded the increase in surface Tm
antigen lévels, suggesting transcriptional control (Takada et al., 1994). Tm response to
fluid shear stress in the physiological range may be mediated by the SSRE. As such, the
-1166G>A variant site may alter Tm expression under shear stress conditions and is a
potential candidate for modulating risk for CHD. The effect of the -1166G>A variant on
the level of Tm expression under shear stress condition, by reporter gene assay, should

help address this possibility.

EA.hy 926 cells transfected with Tm promoter-reporter gene fusion constructs (bearing
or not bearing promoter mutations) were also exposed to inﬂammatory cytokines (TNF-
a & IL-1B), to assess how variants within the Tm promoter affect expression under
inflammatory conditions. Both TNF-a and IL-1p are central mediators of inflammatory
reactions. They are members of cytokine networks implicated in pro-inﬂammatory'
processes and have been shown to contribute to the progression of atherosclerosis by
several mechanisms; see section 1.3.3.1. With regards to haemostasis, immunological
mediators, such as TNF-a and IL-1pB, are capable of inducing a pro-coagulant shift in
endothelial cells by altering the levels of various blood coagulation enzymes, TF and
natural anti-coagulants (Gregory et al., 1989) (Esmon et al., 1991) (Gu et al., 2000b)
(Shimokawa et al., 2000). Specifically, the expression of Tm on the surface of

endothelial cells exposed to TNF-a in vitro has been shown to decrease, and the

intradermal application of TNF-a was also found to downregulate the expression of Tm
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on the surface of human endothelial cells (Lentz et al., 1991) (Speiser et al., 2001) (Nan
et al., 2005). In vitro, IL-1 was found to cause a decrease in Tm expression and activity
on the cell surface, and intravenous infusion of IL-1 was also found to decrease Tm cell

surface co-factor activity (Nawroth et al., 1986) (Archipoff et al., 1991).

Inflammatory cytokines mediate many of their effects on transcription via activation of
the NF-xp pathway; reviewed in (Rothwarf and Karin, 1999). NF-kB, a transcription
factor, is composed of homo- and hetero-dimers of the Rel family of proteins, which
include p50, p52, p65 (RelA), RelB and c-Rel. 'NF-Kﬁ is predominantly found as a
heterodimer of p65 and p50 (Ghosh et al., 1998). The NF-xp dimers form a cytoplasmic
complex with the inhibitory protein IxkBa (Henkel et al., 1993) (Baeuerle, 1998). Pro-
iflammatory mediators, like TNF-a and IL-1B, cause the dissociation and subsequent
proteolytic degradation of IxBa, thus allowing the translocation of the NF-kp dimers to
the nucleus (Ghosh et al., 1998). Binding of the NF-xp dimers to specific consensus
sequences in the promoter region of target genes activates or suppresses transcription

(Li and Stashenko, 1993) (Kouba et al., 1999) (Gires et al., 2001).

‘In the current study, both TNF-o. (1 ng/ml, 15 h) & IL-1p (0.5 ng/ml, 15 h) had a
signiﬁ;:ant deleterious effect on the transcriptional activity of the Tm promoter region
(TNF-a: 42% of wild-type untreated; p=0.001, IL-1B: 70% of wild-type untreated;
p<0.0001). Previous studies, using short promoter-reporter gene fusion constructs have
demonstrated a decrease in Tm promoter activity following TNF-a treatment (Yu et al.,
1992) (von der Ahe et al., 1993). How these small fragments relate to the in vivo
situation must be viewed sceptically. The observed detrimental effect on transcription,
in response to inflammatory cytokines is likely mediated by activation of NF-xf (Sohn

et al., 2005). NF-kf activation is not thought to mediate cytokine-induced repression of
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Tm through direct association with the Tm promoter, as the 5’ UTR lacks a classic NF-
kP consensus site (Yu et al., 1992) (Tazawa et al., 1993). NF-xp, rather, appears to exert
its effect on Tm gene expression, indirectly, by competition for the transcription co-
activator p300/CBP (cyclic adenosine monophosphate response element binding protein
- binding protein) (Sohn et al., 2005). Evidence suggests that full transcriptional activity
of NF-kP requires physical interaction with p300/CBP (Sheppard et al., 1999), which
modulates transcription factor activity through its histone acetyltransferase activity
(Chan and La Thangue, 2001) (Vo and Goodman, 2001). NF-xf has been shown to
inhibit the activities of certain transcription factors by competing for the limited pools
of p300/CBP in the nucleus (Ravi et al., 1998) (Speir et al., 2000) (Gires et al., 2001).
With regards to the Tm gene, Van der Ahe et al. reported that TNF-a sensitivity of the
Tm gene, in endothelial cells, is in part dependent on three Ets core motifs (GGAA)
located within a distinct region in the Tm promoter, just upstream of the TATA-box (-
76 to -30; relative to the transcription start site) (von der Ahe et al., 1993). Although
binding of Ets transcription factors to the Ets consensus sequence has previously been
shown to mediate Tm expression interaction with the closely related p300/CBP
transcription coactivator is required for full transcriptional activity of the Ets family of
‘proteins (von der Ahe et al., 1993) (Jayaraman et al., 1999). Thus, by competing for the
stable, but limited pools of p300/CBP within the nucleus, NF-xB may inhibit the activity
of the Ets-like transcription factors, thus suppressing expression of the Tm gene (Sohn

et al., 2005).

Variants -1748G>C and -1166G>A, did not show a statistically significant effect on
reporter gene expression when subjected to inflammatory cytokine treatment, as
compared to the wild-type treated construct. Interestingly, reporter gene expression was

further repressed for the -1208/09TT>delTT variant, following treatment with either
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TNF-a or IL-1P (67% of wild-type treated; p<0.02). These results suggest that only the
-1208/09TT>delTT variant is likely to result in reduced transcription of the gene,

following an inflammatory stimulus.

Although the -1208/09TT>delTT polymorphic site does not form an integral part of a
known consensus sequence within the 5’ UTR of the Tm gene, the double T deletion
variant creates an NF-xfB-like sequence motif (GGGTGTTTtAAACAGTT; underlined
bases: modified bases; bold bases: NF-xp core sequence (Pierce et al., 1988)), which
differs in a few nucleofides from a canonical NF-xf binding site (GGGRNNYYCC;
where R=purine & Y=pyrimidine) (Sen and Baltimore, 1986). The various dimeric
combinations of the aforementioned NF-kp subunits show slightly different preferences
for different DNA binding motifs (Ghosh et al., 1998). Weak binding of non-canonical
NF-xB-like sequences that diverge from the consensus NF-xf binding site have been
demonstrated (Zabel et al., 1991). In addition, certain NF-xf subunits (p50 and p52)
have been found to lack the carboxy-terminal transcriptional activation domain of the
other Rel members. In concordance, p50 and p52 homodimers have been shown to lack
transcriptional activity (Ghosh et al., 1998). Furthermore, studies have demonstrated
that binding of uncommon (not the predominant p65/p50 heterodimer) NF-xf dimers to
non-canonical NF-kB-like sequence interferes with transcription, thus repressing
promotér transcriptional activity (Li and Stashenko, 1993) (Kouba et al., 1999) (Iber et
al.,, 2000). As such, the observed deleterious effect of the -1208/09delTT allele on
transcriptional activity of the Tm promoter in response to inflammatory cytokines may
be due to the binding of atypical NF-xP species to the newly generated NF-xf-like
sequence motif, causing transcriptional interference and thus reducing transcription of
the Tm gene. Alternatively, due to the proximity of the -1208/09TT>delTT variant to

known regulatory elements [-1208/09TT>delTT lies between a DR4 sequence (-1531 to
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—-1516) and SSRE (-1163 to -1168); see sections 1.4.4 & 1.4.5], it is possible that the
deletion variant disrupts nuclear protein binding. The DR4 site, in particular, has been
shown to play an important role in regulating Tm gene expression in response to
biochemical agonists and antagonists, through interaction with the RAR-RXRa

heterodimer (Horie et al., 2001) (Ishii et al., 2003).

The work presented here suggests that the -1208/09TT>delTT variant may be more
sensitive to downregulation by inflammatory cytokines. This finding would suggest a
mechanism for the association of this variant site with CHD in metabolic syndrome, a

condition in which increased levels of inflammatory cytokines have been identified.
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CHAPTER EIGHT
A GENOTYPE:GENOTYPE APPROACH TO CHD RISK:

TM -1208/09TT>DELTT AND TNF-A -308G>A
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8. A genotype:genotype approach to CHD risk: Tm -1208/09TT>delTT and

TNF-a -308G>A
8.1 Introduction

A haplotype comprising the rare alleles for two common Tm variants
(-1208/09TT>delTT & A455V) contributed to the risk of MI, in the North of Europe
(HIFMECH), particularly in individuals with obesity, metabolic syndrome or
inflammation (see Chapter 3), and was confirmed in a large prospective study (NPHSII;

see Chapter 4).

In vitro reporter gene analysis (see Chapter 7) demonstrated increased sensitivity of the
-1208/09TT>delTT Tm variant to downregulation by inflammatory cytokines, including
TNF-a. In vivo, increased TNF-a levels are likely, therefore, to adversely affect Tm
expression in individuals with the -1208/09delTT allele. Elevated levels of pro-
inflammatory cytokines, including TNF-a, have been reported in diabetes and metabolic
syndrome (Hotamisligil et al., 1995) (Kern et al., 1995) (Fried et al., 1998) (Yudkin et
al., 1999) and is a potential mechanism explaining the gene-environment interaction
observed for the V/delTT haplotype. While TNF-a measurements have not been made
in eithef NPHSII, HIFMECH or EDSC, a literature search revealed a variant in the
promoter of the TNF-a gene, -308G>A, for which increased TNF-a production has been
shown for the rare allele (Kroeger et al., 1997) (Kroeger et al., 2000) (Vendrell et al.,
2003). TNF-a genotyping was therefore carried out for the NPHSII and EDSC cohorts
(Appendix 6) to determine the effect of the combined Tm and TNF-a genotypes upon

risk for CHD, sTm levels, thrombin generation (F1+2) and inflammation (CRP).
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8.2 Aim

The purpose of the work described in this section was to assess contribution to CHD
risk by the -1208/09TT>delTT Tm variant, in combination with the TNF-a -308G>A
variant. Analysis was initially carried out in diabetics within NPHSII. A cross sectional
study of type 2 diabetes (EDSC) was also used to further assess contribution to CHD
risk. The effect of the -1208/09TT>delTT Tm variant, in combination with the TNF-a
-308G>A variant upon thrombin generation (F1+2), a marker of inflammation (CRP)

and sTm measurements was also assessed.
8.3 Methods
8.3.1  Description of study subjects (NPHSII & EDSC)

Both NPHSII and EDSC have been described earlier in this thesis; see Chapters 4 & 5.
Individuals, within the prospective NPHSII study (n=3012) who developed type 2
diabetes over 15 years follow-up (n=212) were analysed for both Tm and TNF-a
variants. 927 patients within the EDSC study [EW, n=331; IA, n=503; AC n=93)] were
analysed for both Tm and TNF-a variants. Reduced numbers may appear in the text and
tables fbllowing adjustment for statistical analysis, since data were not available for
every variable in all patients. In NPHSII, CRP levels had been measured in 587
randomly selected baseline samples using a commercial assay (Cordia High Sensitivity
CRP). Prothrombin fragment F1+2 had been measured previously in 2442 individuals
(Cooper et al., 2000). Baseline measurements were used for analysis. In EDSC,
~circulating levels of sTm were measured, using activity (act) and antigen (ag) assays;

see section 2.2.1. F1+2 and CRP levels had been measured using ELISA assays (Dade
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Behring, Marburg, Germany & DiaMed, Switzerland, respectively). F1+2

measurements had been made in subjects not taking lipid lowering drugs.

8.3.2  Genotyping for polymorphisms in Tm and TNF-a

Tm genotyping for the Tm variant sites under investigation (-1208/09TT>delTT and
A455V) was performed as described in Chapter 2. PCR conditions and restriction
enzyme digestion conditions are summarised in Tables 2.1-2.3. Band patterns for these
two Tm polymorphisms studied are shown in Figures 2.5 and 2.7. Genotyping for

TNF-a -308G>A is shown in appendix 6, and was carried out by Julia Grizenkova.

8.3.3  Statistical analysis

Data were entered into an EXCEL spreadsheet (Microsoft). Statistical analysis was
carried out by myself with help from Jackie Cooper. Statistical analysis was conducted
using ‘Intercooled STATA’ version 7.0 (College Station, Texas) and SPSS version
12.0.1. (SPSS Inc., Chicago, USA). In NPHSII, F1+2 and CRP levels were In-
transformed before analysis. Normality was considered graphically with QQ-norm plots
and formally via a Kolmogorov-Smirnov test. Continuous variables were assessed by
analysis of variance (ANOVA) on normally distributed data, or after appropriate
transformation. Results are presented as mean + standard deviation where appropriate.
Association of Tm genotype with risk of CHD was assessed using Cox’s proportional
hazards model, with significance assessed by the likelihood ratio test. Results are
presented as Relative Risk (RR) with 95% CI. Results were adjusted for age and
practice unless otherwise stated (NPHSII). This was carried out to allow for differences

in baseline data according to age and practice. Age was included as a covariate in the
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model and data stratified by practice (using the strata option in STATA). Interaction
between Tm genotype and other clinical characteristics was tested by a model including
an interaction term. In EDSC, assessment of a normal distribution was considered
graphically with QQ-norm plots, and formally via a Kolmogorov-Smirnov test. Ln-
transformation was required for BMI, urea, glucose, HbAc, SBP, triglyceride,
prothrombin F1+2, CRP, IH sTm act, IH sTm ag and DS sTm ag levels, whereas square
root-transformation was required to normalise creatinine, DBP, HDL-cholesterol and
LDL-cholesterol levels. Results are presented as mean + standard deviation where
appropriate. For data that were not normally distributed, results are présented as the
geometric mean + approximate standard deviation or median (interquartile range), as
indicated in the results. Continuous variables were assessed by analysis of variance
(ANOVA) on normally distributed data, or after appropriate transformation. Risk of
CHD was assessed via OR using logistic regression and its statistical significance by
likelihood ratio test using those individuals with complete data for the required analysis.

P-values <0.05 were considered significant.
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84 Results
8.4.1 Clinical and biochemical details

Clinical details for NPHSII and EDSC were presented earlier in this thesis; see sections

4.4.1 & 5.4.1, respectively.

8.4.2  Contribution to CHD risk by Tm genotype, in combination with the

TNF-a -308G>A variant.

Since the -1208/09TT>delTT Tm variant was found to compromise Tm expression in
response to TNF-a (see Chapter 7), the contribution to CHD risk by Tm genotype was
assessed in combination with the TNF-a -308G>A variant, which has been associated
with higher TNF-a production (Kroeger et al., 1997) (Kroeger et al., 2000) (Vendrell et
al., 2003). This analysis was carried out to try to expand knowledge of the mechanism
through which Tm genotype may decrease protection against CHD. Due to the low
number of rare homozygotes identified for each of the variants studied, subjects with
one and two rare alleles were combined and compared to those with two common
alleles >at each variant site. The previous analysis of NPHSII identified a risk-interaction
with factors present in metabolic syndrome. For this later analysis, only those
individuals within NPHSII who had diabetes at baseline or developed it during 15 years
of follow up were analysed. These data had not been available at the time the previous

analysis was performed.
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In NPHSII, risk was assessed in men heterozygous and homozygous for Tm V/delTT
and TNF-a -308G>A, compared to those homozygous for the common allele at all sites.
When risk was assessed in diabetic men within NPHSII, carriers of both Tm V/delTT
and TNF-a -308A had a 5-fold increased risk of CHD (RR 5.00 CI 1.77-14.07;
p=0.002) compared to those with the common allele at all sites, after adjustment for age
and practise. V/delTT carriers who were homozygous for TNF-a -308G had a 3-fold
increased risk of CHD (RR 3.17 CI 1.23-8.20; p=0.02), compared to those with the
common allele at all sites. There was no evidence to suggest a significant contribution

to CHD risk for TNF-a -308A alone; see Figure 8.1A.

Similar results were obtained when risk was assessed for the -1208/09TT>delTT Tm
variant alone, as opposed to the V/delTT Tm combined genotype. Carriers of both Tm
-1208/09delTT and TNF-a -308A had an almost 5-fold increased risk of CHD (RR 4.69
CI 1.84-12.00; p=0.001), compared to those with the common allele at both sites, after
adjustment for age and practise. RR was 2.67 (CI 1.09-6.56; p=0.03) for -1208/09delTT
carriers who were homozygous for TNF-a -308G, compared to those with the common
allele at both sites. Once again, TNF-a -308A alone did not contribute significantly to

CHD-risk; see Figure 8.1B.
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Tm TNF-a Total No. of events RR P-value
V/delTT -308G>A N (%) (95% CI)
11 11 108 12 (11.1) 1.00 -
12/22 33 7(21.2) 1.98 (0.75-5.24) 0.17
12/22 11 23 8 (34.8) 3.17 (1.23-8.20) 0.02
12/22 14 6 (42.9) 5.00 (1.77-14.07)  0.002
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11 11 T
0 1 2 3 4 5 6 7
Relative Risk (95% Cl)
Tm TNF-a Total No. of events RR P-
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11 11 123 17 (13.6) 1.00 -
12/22 45 7 (15.6) 1.20 (0.48-2.99) 0.70
12/22 11 26 8 (30.8) 2.67 (1.09-6.56) 0.03
12/22 16 7 (43.8) 4.69 (1.84-12.00) 0.001

Figure 8.1 CHD risk analysis in NPHSII diabetics.

A. CHD risk trend in carriers of Tm both Tm V/delTT and TNF-a -308A, compared to
those homozygous for the common allele at all sites. B. CHD risk trend in carriers of
Tm both Tm -1208/09delTT and TNF-a -308A, compared to those homozygous for the
common allele at both sites. Results adjusted for age and practice. Tm V/delTT:
AA/TT (11) = homozygous for both common alleles. V/delTT (12/22) = heterozygous
or homozygous for both rare alleles. Tm -1208/09TT>delTT: TT/TT (11), TT/delTT
(12), delTT/delTT (22). TNF-a -308G>A: GG (11), GA (12), AA (22).
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Contribution to CHD risk By Tm genotype, in combination with the TNF-a -308G>A
variant, was also assessed in a cross sectional study of type 2 diabetes (EDSC). AC
subjects (n=93) were excluded from further analysis due to small numbers. No overall
CHD risk was observed in EW for those heterozygous and homozygous for Tm
V/delTT and TNF-a -308A (OR 0.86 CI 0.23-3.18, p=0.82); see Figure 8.2A. A 1.7 fold
increase in risk was observed in IA patients heterozygous and homozygous for Tm
V/delTT and TNF-a -308A, compared to those homozygous for the common allele at all
sites, although this failed to reach statistical significance (OR 1.76 CI 0.71-4.38,
p=0.23); see Figure 8.2B. In either EW or IA patients within EDSC, there was no
evidence to suggest an association with CHD risk for either Tm V/delTT or TNF-a

-308A alone; see Figure 8.2A&B.

Likewise, when risk was assessed in patients heterozygous and homozygous for both
-1208/09delTT and TNF-a -308A, compared to those homozygous for the common
allele at both sites, risk was: 0.88 (CI 0.24-3.19, p=0.84) for EW and 1.78 (0.72-4.40,
p=0.22) for IA. No overall CHD risk was observed in EW or IA within EDSC for Tm

-1208/09delTT or TNF-a -308A alone; see Figures 8.3A&B.
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11 11 269 203 (62.1) 66(58.4) 1.00 -
12722 43 31(9.5) 12 (10.6) 1.19(0.58-2.45) 0.64
12/22 11 106 79(242) 27(23.9) 1.05(0.63-1.76)  0.85
12/22 22 14 (4.3) 8(7.1) 1.76(0.71-4.38)  0.23

Figure 8.2 CHD risk analysis in EDSC.

CHD risk trend in carriers of Tm both Tm V/delTT and TNF-a -308A, compared to
those homozygous for the common allele at all sites. A. EW. B. IA. Tm V/delTT:
AA/TT (11) = homozygous for both common alleles. V/delTT (12/22) = heterozygous
or homozygous for both rare alleles. TNF-a -308G>A: GG (11), GA (12), AA (22).
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B.
Tm TNF-a 7
12/22 12/22 - -
1.10
12/22 1 o
11 12/22 -
11 11 T
0 1 2 3 4 5 6 7
OR (95% CI)
Tm TNF-a Total No CHD CHD OR (95% CI) P-
-1208/09 -308G>A  (n) (%) (%) value
TT>delTT
11 11 304 230(64.1) 74 (60.2) 1.00 -
12/22 49 36(10.0) 13(10.6) 1.12(0.57-2.23) 0.74
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Figure 8.3 CHD risk analysis in EDSC.

CHD risk trend in carriers of Tm both Tm -1208/09delTT and TNF-a -308A, compared
to those homozygous for the common allele at both sites. A. EW. B. IA.
Tm -1208/09TT>delTT: TT/TT (11), TT/delTT (12), delTT/delTT (22). TNF-a

-308G>A: GG (11), GA (12), AA (22).
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The effect of the combined Tm and TNF-a genotypes upon risk for family history CHD
(i.e. likelihood of having a family member with CHD) was also assessed in the EDSC
study. There was a trend towards family history CHD risk in both EW and IA patients
heterozygous and homozygous for Tm V/delTT and TNF-a -308A, compared to those
homozygous for the common allele at all sites (EW: OR 1.74 CI 0.67-4.52, p=0.26; IA:
OR 2.20 CI 0.91-5.30; p=0.08) although this failed to reach statistical significance; see
Figure 8.4A&B. Risk was similar when -1208/09delTT Tm genotype and TNF-a -308A
were compared to those homozygous for the common allele at both sites, risk was: 1.78
(C10.72-4.4, p=0.23) for EW and 2.26 (0.94-5.42, p=0.07) for IA; see Figure 8.5A&B.
Again this effect failed to reach statistical significance. In both EW and IA patients
within EDSC, there was no evidence to suggest an association with risk for family
history of CHD for either Tm or TNF-o genotype alone; see Figures 8.4A&B and

8.5A&B.
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11 11 269 195 (61.7) 74 (59.7) 1.00 -

12/22 43 31(9.8) 12 (9.7) 1.02 (0.50-2.09) 0.96
12/22 11 106 78 (24.7) 28 (22.6) 0.95 (0.57-1.57) 0.83
12/22 22 12 (3.8) 10 (8.1) 2.20 (0.91-5.30) 0.08

Figure 8.4 Risk for family history CHD in EDSC.

Family history CHD risk trend in carriers of Tm both Tm V/delTT and TNF-a -308A,
compared to those homozygous for the common allele at both sites. A. EW. B. IA. Tm
V/delTT: AA/TT (11) = homozygous for both common alleles. V/delTT (12/22) =

heterozygous or homozygous for both rare alleles. TNF-a -308G>A: GG (11), GA
(12), AA (22).
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Figure 8.5 Risk for family history CHD in EDSC.
Family history CHD risk trend in carriers of Tm both Tm -1208/09delTT and TNF-a
-308A, compared to those homozygous for the common allele at both sites. A. EW. B.
IA. Tm V/delTT: AA/TT (11) = homozygous for both common alleles. V/delTT
(12/22) = heterozygous or homozygous for both rare alleles. TNF-a -308G>A: GG
(11), GA (12), AA (22).
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8.4.3  Effects of Tm genotype, in combination with TNF-a -308G>A upon

thrombin generation

F1+2 levels were measured previously in NPHSII (n=2442) (Cooper et al., 2000). F1+2
levels were determined also in EDSC (Dade Behring, Marburg, Germany). F1+2
measurements were made in EDSC subjects not taking lipid lowering drugs (n=316;
randomly selected). F1+2 levels were analysed by Tm genotype, in combination with
TNF-a -308G>A, to determine any effect upon thrombin generation. Due to the low

numbers of rare homozygotes, these were grouped with heterozygotes for analysis.

In NPHSII diabetics, mean baseline F1+2 levels did not differ significantly in men
heterozygous and homozygous for Tm V/delTT and TNF-a -308A (mean 0.76 pmol/l,
SD 0.28, n=14, p=0.66), compared to those homozygous for the common allele at all
sites (mean 0.72 pmol/l, SD 0.28, n=107), see Figure 8.6A. No differences in mean
F1+2 levels were observed in Tm V/delTT carriers who were homozygous for TNF-a
-308G (mean 0.67 umol/l, SD 0.28, n=23, p=0.37) or for TNF-a -308A carriers alone
(mean 0.71 umol/l, SD 0.25, n=33, p=0.91), compared to those with the common allele
at all sites; see Figure 8.6A. Similarly, mean F1+2 levels did not differ significantly
bctwcén men heterozygous and homozygous for Tm -1208/09delTT and TNF-a -308A
(mean 0.69 pmol/l, SD 0.29, n=16, p=0.75), compared to those homozygous for the
common allele at both sites (mean 0.72 pmol/l, SD 0.27, n=124); see Figure 8.6B. No
significant differences in mean F1+2 levels were observed for Tm and TNF-a genotypes
alone (Tm -1208/09TT>delTT: mean 0.71 pumol/l, SD 0.40, n=26, p=0.86; TNF-a
-308G>A: mean 0.68 pmol/l, SD 0.25, n=45, p=0.41), compared to those homozygous
for the common allele at both sites; see Figure 8.6B. Numbers were too small to analyse

similarly for cases and controls separately.
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Figure 8.6 Geometric mean F1+2 levels (+ approximate SD) across the combined
Tm and TNF-a genotype groups in NPHSII diabetics.

A. Tm V delTT. B. Tm -1208/09TT>delTT. Analysis performed on In-transformed
data. Tm V/delTT: AA/TT (11) = homozygous for both common alleles. V/delTT
(12/22) = heterozygous or homozygous for both rare alleles. Tm -1208/09TT>delTT:
TT/TT (11), TT/delTT (12), delTT/delTT (22). TNF-a -308G>A: GG (11), GA (12),
AA (22). :
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A similar picture to the one seen in NPHSII diabetics was observed in EDSC, when
F1+2 levels were analysed by Tm genotype, in combination with TNF-a -308G>A. In
EW and IA within EDSC, mean F1+2 levels did not differ significantly in patients
heterozygous and homozygous for Tm V/delTT and TNF-a -308A (EW: mean 1.37
umol/1, SD 0.97, n=9, p=0.39; IA: mean 0.71 umol/l, SD 0.11, n=7, p=0.54), compared
to those homozygous for the common allele at all sites (EW: mean 1.10 umol/l, SD
0.73, n=53; 1A mean 0.80 umol/l, SD 0.40, n=92). No differences in mean F1+2 levels
were observed in Tm V/delTT carriers who were homozygous for TNF-a -308G (EW:
mean 1.32 pumol/], SD 1.29, n=18, p=0.35; IA: mean 0.88 umol/l, SD 0.38, n=44,
p=0.26) or for TNF-a -308A carriers alone (EW: mean 1.10 umol/l, SD 0.57, n=25,
p=0.98; IA: mean 0.87 umol/l, SD 0.39, n=15, p=0.46), compared to those with the
common allele at all sites; see Table 8.1. As was the case for NPHSII, numbers were too

small to analyse similarly for cases and controls separately.

Similarly, mean F1+2 levels did not differ significantly between patients heterozygous
and homozygous for Tm -1208/09delTT and TNF-a -308A (EW: mean 1.37 pumol/l,
SD 0.97, n=9, p=0.34; IA: mean 0.71 pmol/l, SD 0.11, n=7, p=0.51), compared to those |
“homozygous for the common allele at both sites (EW: mean 1.10 umol/l, SD 0.70,
n=70; VIA mean 0.80 pmol/l, SD 0.38, n=107), in EW or IA within EDSC. No significant
differénées in mean F1+2 levels were observed for Tm -1208/09TT>delTT and TNF-o.
genotypes alone [Tm -1208/09TT>delTT (EW: mean 1.32 pumol/l, SD 1.29, n=18,
p=0.29; IA mean 0.88 pmol/l, SD 0.38, n=44, p=0.26); TNF-a -308G>A (EW: mean
1.13 pmol/1, SD 0.57, n=21, p=0.81; IA mean 0.90 umol/l, SD 0.40, n=16, p=0.35)], as

compared to those homozygous for the common allele at both sites; see Table 8.2.
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8.4.4  Association of Tm genotype, in combination with TNF-a -308G>A, with a

marker of inflammation

In NPHSII, CRP levels had been measured in 587 randomly selected baseline samples,
using a commercial assay (Cordia High Sensitivity CRP). CRP levels had been
determined also in randomly selected EDSC samples (n=212), using a commercial
assay (DiaMed, Switzerland). CRP levels were also analysed by Tm and TNF-a
genotype. Due to the low numbers of rare homozygotes, these were grouped with

heterozygotes for analysis.

In NPHSII diabetics, mean CRP levels were significantly higher in men heterozygous
and homozygous for Tm V/delTT and TNF-a -308A (mean 8.37 pg/ml, SD 12.99,
n=11, p=0.02), compared to those homozygous for the common allele at all sites (mean
3.79 pg/ml, SD 3.96, n=98); see Figure 8.7A. No significant differences in mean CRP
levels were observed in Tm V/delTT carriers who were homozygous for TNF-a -308G
(mean 5.35 pg/ml, SD 5.99, n=19, p=0.21) or in TNF-a -308A carriers alone (mean 2.87
pg/ml, SD 2.88, n=29, p=0.23), compared to those with the common allele at all sites;
see Figure 8.7A. Similarly, significantly higher mean CRP levels were noted in Tm
-1208/09delTT and TNF-a -308A carriers (mean 8.17 pg/ml, SD 11.80, n=13, p=0.02),
compared to those homozygous for the common allele at both sites (mean 3.89 pg/ml,
SD 4.05, n=115); see Figure 8.7B. No significant differences in mean CRP levels were
observed for Tm and TNF-o genotypes alone (Tm -1208/09TT>delTT: mean 4.74
pg/ml, SD 5.92, n=21, p=0.45; TNF-a -308GG>A: mean 2.95 pg/ml, SD 2.91, n=41,
p=0.16), compared to those homozygous for the common allele at both sites; see Figure

8.7B. Numbers were too small to analyse similarly for cases and controls separately.
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Figure 8.7 Geometric mean CRP levels (+ approximate SD) across the combined
Tm and TNF-a genotype groups in NPHSII diabetics.

A. Tm V/delTT. B. Tm -1208/09TT>delTT. Analysis performed on In-transformed
data. Tm V/delTT: AA/TT (11) = homozygous for both common alleles. V/delTT
(12/22) = heterozygous or homozygous for both rare alleles. Tm -1208/09TT>delTT:
TT/TT (11), TT/delTT (12), delTT/delTT (22). TNF-a -308G>A: GG (11), GA (12),
AA (22).
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When CRP levels were analysed by Tm genotype, in combination with TNF-a
-308G>A, in EDSC, higher mean CRP levels were observed in EW patients
heterozygous and homozygous for Tm V/delTT and TNF-a -308A (mean 7.07 pg/ml,
SD 0.85, n=2), compared to those homozygous for the common allele at all sites (mean
2.40 pg/ml, SD 2.78, n=36), though numbers were too small for a statistical analysis.
Such an effect was not seen in IA patients within EDSC; see Table 8.3. No significant
differences in mean CRP levels were observed, in EW or IA within EDSC, for Tm
V/delTT carriers who were homozygous for TNF-a -308G (EW: mean 2.62 pg/ml, SD
2.50, n=14, p=0.80; IA: mean 1.69 pg/ml, SD 2.23, n=34, p=0.19). Slightly reduced
mean CRP levels were observed in EW TNF-a -308A carriers alone (mean 1.42 pg/ml,
SD 1.35, n=19, p=0.08). In IA, no significant differences in mean CRP levels were
observed for TNF-a -308A carriers alone (mean 2.45 pg/ml, SD 1.57, n=10, p=0.93),
compared to those with the common allele at all sites; see Table 8.3. Numbers were too
small to analyse similarly for cases, although the trend was similar when controls only
were analysed. Similar results were obtained when the -1208/09TT>delTT Tm genotype

and TNF-a -308G>A were analysed for CRP levels; see Table 8.4.
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84.5  Effects of genotype on sTm measurements (EDSC)

In EDSC, circulating levels of sTm were measured, using activity (act) and antigen (ag)
assays, see section 2.2.1. sTm levels were not available in NPHSII. In vitro reporter gene
analysis, presented in this thesis (see Chapter 7), demonstrated increased sensitivity for the
-1208/09TT>delTT variant to downregulation by inflammatory cytokines. As such the
effect of the -1208/09TT>delTT variant, in combination with TNF-a -308G>A, upon sTm
levels was assessed in the current study. The hypothesis was: Exacerbated downregulation
of Tm, in individuals with the -1208/09delTT genotype, in response to inflammatory
cytokines, may contribute to reduced Tm on the surface of vascular endothelial cells, which
may in turn be reflected by reduced plasma sTm levels. As shown in Table 8.5, no
significant differences were observed in plasma sTm measurements by combined Tm and
TNF-a genotype in either ethnic group, following adjustment for creatinine. Numbers were
too small to analyse in cases and controls separately. As mentioned earlier (see Chapter 5),
sTm levels correlated well with creatinine levels in the EDSC study (r>0.5, p<0.001) and
contributed significantly to variance in all three plasma sTm assays (p<0.001). Elevated
creatinine levels may indicate impaired renal function or may point to generalized vascular
disease, both of which have been shown to influence circulating levels of sTm (Ishii and
Majerus, 1985) (Kumada et al., 1988) (Takano et al., 1990) (Ishii et al., 1991) (Inukai et al.,
1996) (Borawski et al., 2001). As such the effect of the -1208/09TT>delTT variant, in
combination with TNF-a -308G>A, upon sTm levels was analysed in those subjects with
low creatinine levels (< 83 umol/l; median creatinine), in an attempt to account for these
adverse effects. Again, there was no evidence to suggest an effect of the combined Tm and

TNF-a genotype on plasma sTm measurements in those with low creatinine levels.
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8.5 Discussion

The aim of this section was to assess contribution to CHD risk by Tm genotype (V/delTT
or -1208/09TT>delTT alone), in combination with the TNF-a -308G>A variant, in an
attempt to expand the mechanism through which Tm genotype may decrease protection
against CHD, particularly in metabolic syndrome. Analysis was carried out in type 2
diabetic subjects due to the clinically detrimental effect of Tm -1208/09delTT in an

environment of metabolic syndrome; see Chapters 3 & 4.

Carriers of both Tm V/delTT and TNF-a -308A had a 5-fold increased risk for CHD in
individuals within the prospective NPHSII study (n=3012) who developed type 2 diabetes
over 15 years follow-up (n=212). V/delTT carriers homozygous for TNF-o -308G had a
3-fold increased risk of CHD, whereas TNF-a -308A alone did not appear to contribute to
CHD risk. Similarly, increased risk was observed in Tm -1208/09delTT and TNF-a -308A
carriers, and increased risk was identified for Tm -1208/09delTT alone. Increased TNF-a
production, associated with the TNF-a -308G>A variant (Kroeger et al., 1997) (Kroeger et
al., 2000), may contribute to a deleterious hyperinflammatory state, which may explain the
increased risk for CHD in carriers of both Tm and TNF-a genotype compared to carriers of
Tm genotype alone. These data would suggest that in the presence of an inflammatory
challenge, Tm genotype contributes to CHD, and that the risk effect is mediated in part by

the promoter variant.

Contribution to CHD risk by Tm genotype, in combination with TNF-a -308G>A, was also
assessed in a cross sectional study of type 2 diabetes (EDSC). The lack of a significant

contribution to CHD risk in EW and IA within the cross sectional study of diabetes
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(EDSC), appears to conflict with the data in NPHSII. However, case-control cross sectionai
studies are prone to intrinsic bias, for example due to altered rates of disease progression,
subsequent progression of secondary phenotypes, or genotype associations with death or
treatment changes. An example of this would be if the Tm/TNF-a combined genotype was
associated with increased risk for CHD. Tm/TNF-a individuals might have a higher
mortality in association with clinical and biochemical phenotypes associated with diabetes.
The lack of an effect might also be due to the use of pharmacological treatments known to
alter progression of CHD, such as lipid lowering drugs and aspirin. Such influences are

well documented confounders (Risch, 2000) (Humphries et al., 2003) (Sing et al., 2003).

There was tentative evidence to suggest risk for family history of CHD conferred by Tm
genotype in combination with TNF-a -308G>A, in both EW and IA within EDSC. EW and
IA patients heterozygous and homozygous for Tm V/delTT and TNF-a -308A exhibited an
increased risk for family history of CHD. An analogous increase in family history of CHD
was observed in patients heterozygous and homozygous for both -1208/09delTT and
TNF-a -308A, compared to those homozygous for the common allele at both sites. This
finding would support a contribution to CHD by variants present in the Tm gene. These
results have to be interpreted with caution. The statistical power of the cross sectional study
is limited by its size. Although apparently suggestive, no firm conclusion about risk for
family history of CHD associated with Tm genotype in combination with TNF-a can be

made solely on the basis of this study.

There was no evidence to suggest an effect of Tm genotype, when considered alone or in
combination with TNF-a -308G>A, upon F1+2 levels in either diabetics within the

prospective study (NPHSII) or the cross sectional study of type 2 diabetes (EDSC). The
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lack of any effect of Tm genotype, upon thrombin generation (F1+2 levels) would suggest
that coagulation activation status is not influenced by this Tm variant. Tm on the surface of
vascular endothelial cells is perhaps not rate limiting for thrombin inhibition or the small
changes caused by the promoter variant does not impact upon thrombin generation. If
should also be noted that plasma F1+2 levels may not reflect the >total amount of thrombin
being produced. Coagulation enzymes tend to associate with molecules present in plasma
or receptors on cell membranes. Thrombin for instance binds to antithrombin in plasma
(Rosenberg et al., 1975) (Stead et al., 1976) (Eisele and Lamy, 1998) (Mammen, 1998), Tm
on endothelial cells (Owen and Esmon, 1981) (Esmon et al., 1982b) (Esmon, 1989) and
PAR on numerous cells, including platelets and endothelial cells (Chung et al., 1990)
(Rasmussen et al., 1991) (Vu et al., 1991). Similarly, F1+2 fragments can associate with

cell membranes (Spronk et al., 2004).

On the other hand, elevated CRP levels were observed in diabetics (within the prospective
NPHSII study) heterozygous and homozygous for Tm V/delTT and TNF-a -308A.
Similarly, higher CRP levels were noted in Tm -1208/09delTT and TNF-a -308A carriers.
A similar trend was observed in EW within EDSC, though numbers for the rare alleles were
too small for a statistical analysis. An associated increased inflammatory response was
noted for V/delTT carriers earlier in this thesis; see Chapters 3 & 4. These data would
suggest that in response to an inflammatory challenge, Tm genotype might operate on CHD
risk by compromising the direct anti-inflammatory potential of Tm, as well as through
long-term affects.on APC and its roles in vascular inflammation (Esmon, 2001) (Esmon,
2002); see section 1.4.3. Firm conclusions cannot, however, be drawn from these results as

observations are based on small numbers. As such the possibility for chance findings
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cannot be excluded. Interestingly, no genotype effect on CRP levels was seen in IA

patients.

The effect of Tm genotype, in combination with TNF-a -308G>A, upon sTm levels waé
assessed in EDSC to determine whether downregulation of Tm, in individuals with the
-1208/09delTT genotype, in response to inflammatory cytokines, may contribute to reduced
Tm on the surface of vascular endothelial cells, which may in turn be reflected by plasma
sTm levels. No significant differences were, however, observed in plasma sTm
measurements by combined Tm and TNF-a genotype in either ethnic group. As such
conclusions as to whether plasma sTm levels reflect Tm expression on the endothelium

cannot be made on the basis of the current results.

The causes for lack of an effect by Tm genotype (shown to reduce Tm expression in vitro;
see Chapter 7) on sTm levels in the current study may be multifactorial. Numerous
environmental factors are known to contribute to circulating plasma sTm levels, including
pro-inflammatory cytokines and endothelial cell injury (a crucial early event in the
development of atherosclerosis) (Takano et al., 1990) (Ishii et al., 1991) (Boehme et al.,
1996). Elevated sTm levels have been identified in various clinical conditions including
cardiovascular disease and diabetes (Inukai et al., 1996) (Ohlin et al., 1996). The extent to
which sTm levels reflect Tm reduced expression, including any genetic effects, on the
endothelium may be hindered by these environmental factors causing shedding of sTm. The
presence of other variant sites either in the Tm gene itself or in genes regulating Tm
expression may also influence the ability to detect an association between Tm genotype and
levels. Haplotype analysis across the gene, including variants specific to different ethnic

groups, will help address this.
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Reasons for the differences in effect of Tm genotype in EW and IA are not entirely clear.
IA have an increased risk for type 2 diabetes and CHD compared to White populations
(Balarajan, 1991) (Balarajan, 1995) (Chaturvedi, 2003). Discrepancies between gene-gene
and gene-environment interactions may differ between IA and EW populations, with
variants only showing their effects in populations with a particular genetic or environmental
background (Talmud and Humphries, 2002). Further studies are required to address these

issues.

In summary, these results suggest that in the presence of an inflammatory challenge, Tm
genotype contributes to risk for CHD, and that the risk effect is mediated in part by the
promoter variant. An associated increased inflammatory response, measured by CRP levels,
would suggest that downregulation of Tm expression is likely to compromise the anti-
inflammatory potential on the surface of vascular endothelium, thus contributing to risk for

CHD.
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CHAPTER NINE

DISCUSSION AND FUTURE WORK
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9, Discussion and future work

9.1 Thesis conclusion

Inflammatory mediators play a key role in the initiation, progression and thrombotic
complications of atherosclerotic plaques. The clinical manifestation of CHD results from
the development of atherosclerotic plaques in the coronary arteries feeding the heart, which
when ruptured lead to occlusive thrombus formation. The blood coagulation cascade,
triggered by inflammatory events, plays a major role in coronary thrombosis, but the way in
which perturbed coagulation contributes to disease remains uncertain. Evidence has been
presented supporting the concept that compromised production, function and availability of
haemostatic factors, such as fibrinogen, FVII, vWF, PAI-1 and t-PA, alter the physiological
haemostatic balance, favouring thrombosis, thus contributing to atherothrombotic events
(Wilhelmsen et al., 1984) (Meade et al., 1986) (Ridker and Hennekens, 1991). A pro-
coagulant imbalance would favour formation of excessive amounts of thrombin, the pivotal
enzyme of the coagulation cascade. In addition to promoting clot formation (Gailani and
Broze, Jr., 1991) (Brummel et al., 1999), thrombin acts as a mitogen for lymphocytes,
fibroblasts and vascular SMCs (Chen and Buchanan, 1975), stimulates human platelet
activation and aggregation (Harmon and Jamieson, 1986) (Bizios et al., 1986) (Huang and
Detwiler, 1987), is chemotactic to monocytes (Bar-Shavit et al., 1983a) (Bar-Shavit et al.,
1983b) and neutrophils (Sehnal and Slany, 2002), and induces the expression of leukocyte
adhesion molecules and cytokines on the surface of vascular endothelial cells (Colotta et
al., 1994) (Ueno et al., 1996). By triggering these inflammatory and proliferative processes,
which are central to the development of atherosclerosis, thrombin is likely to play a central

role in development of arterial thrombosis (Coughlin et al., 1992).
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Control of its activity and generation forms an important haemostatic function preventing
occlusive blood clot formation. Thus genes coding for key proteins in the modulation of
thrombin and fibrin formation are strong candidates for CHD risk factors. One of these
proteins, Tm, is expressed at the endothelial cell surface and has the ability to minimizé
pro-coagulant, pro-inflammatory and growth-promoting effects of thrombin. Moreover, it
has the ability to accelerate PC activation, which in turn downregulates the propagation of
the coagulation cascade. Furthermore, Tm has direct anti-inflammatory properties (Conway
et al., 2002); see section 1.4.3.4. As such, Tm may have a role in modifying susceptibility
to occlusive thrombotic disease, particularly in the microvasculature (such as the
coronaries) where the density of Tm expression is highest. The main aim of this thesis was
to investigate whether genetic variation in Tm could influence the risk for CHD and to
assess the molecular mechanisms of the effect of the variants showing strong effects on risk
or plasma phenotypes, to further our understanding of the role of Tm in the pathogenesis of

CHD.

The analysis of several previously identified, potentially functional Tm variants in a case-
control Caucasian cohort (HIFMECH) and a prospective Caucasian study (NPHSII) yielded
interesting results. A haplotype comprising the rare alleles for two common Tm variants
(-1208/09TT>delTT & A455V; V/delTT) contributed to the risk of MI, in the North of
Europe, particularly in individuals with obesity, metabolic syndrome or inflammation; see
Chapter 3. These findings were subsequently extended in a large prospective study
(NPHSII), where a trend towards increased risk was observed in those with increased BMI

and a significant interaction with increased triglyceride levels was identified; see Chapter 4.
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While a suggestion for increased risk for 455V alone (i.e V/TT), in both Northern and
Southern Europeans, was identified in the case-control, HIFMECH (OR>1.36), but did not
reach statistical significance, no suggestion for increased risk -was observed in the
prospective study, NPHSII (RR 0.9). It is possible that both studies were underpowered to
determine any significant effect. However, these results may suggest that risk for V/delTT
is acting through either the combination of 455V and -1208/09delTT or through the distal

promoter variant alone.

Past association studies of the effect of A455V genotype have shown both risk and
protection associated with the 455V allele in different populations (Norlund et al., 1997a)
(Wu et al., 2001). In a study of 159 healthy Swedish volunteers and 97 patients who had
suffered an acute MI event before the age of 50, the A455 allele was more frequent
amongst the MI survivors than controls (Norlund et al., 1997a). By contrast, a study of 376
incident CHD cases and 461 healthy controls demonstrated that the presence of the 455V
allele was associated with a 6.1-fold increased risk of CHD in the Black but not the
Caucasian population (Wu et al.,, 2001). It is possible that this discrepancy is due to

differences in the haplotype structure in different populations.

The -1208/09TT>delTT variant was found to be in strong LD with A455V, in the
HIFMECH (see Chapter 3), NPHSII (see Chapter 4) and all ethnic groups within EDSC, in
agreement with previous reports (Le Flem et al.,, 2001). Haplotype structure has been
demonstrated to differ, in the current analysis, in the three ethnic groups. This is shown
clearly in Table 5.3. In EW, there were approximately equal proportions of individuals
having a V/TT (18%) and V/delTT (15%) allele. In IA, only 8% had a V/TT allele,

compared to 23% with V/delTT. AC had very few individuals with a V/TT allele (3.4%),
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but a similar proportion of individuals with a V/delTT allele (12.5%) as shown for EW.
These findings would suggest that unlike the situation in EW and IA, genotyping for the
A455V variant in AC will essentially reflect the V/delTT haplotype effect. Furthermore, it
can be proposed that the elevation in CHD risk reported previously for the 455V allele iﬂ

Black Americans (Wu et al., 2001) is detecting the Tm haplotype (V/delTT) effect.

Reporter gene analysis was used to investigate the effect of the promoter variants on
transcriptional activity, under basal conditions and in response to inflammatory cytokines
(TNF-a & IL-1B), to elucidate the molecular mechanisms responsible for the clinical
effects observed. Interestingly, the -1208/09TT>delTT variant was found to have a
significant deleterious effect on reporter gene expression following treatment with either
TNF-a or IL-1B. Thus, the -1208/09TT>delTT variant may be more sensitive to
downregulation by inflammatory cytokines. This finding would suggest a mechanism for
the association of this variant site with CHD in metabolic syndrome, a condition in which
increased levels of inflammatory cytokines have been identified (Hotamisligil et al., 1995)

(Kern et al., 1995) (Fried et al., 1998) (Yudkin et al., 1999).

sTm levels were measured in a type 2 diabetic cohort (EDSC) to investigate the relationship
of sTm with CHD. sTm levels were determined using in-house (ag and act) and commercial
(ag) assays. Environmental contributors to sTm assay variance and effects of disease
complications were evaluated. There was good correlation between sTm ag measurements
and between sTm act and both sTm ag assays. Main contributors to variance for all sTm
assays were creatinine, urea, proteinuria and SBP, which may indicate impaired renal
function or the presence of generalized vascular disease. A small proportion of patients

with lower sTm cofactor act than sTm ag levels was identified. There were also individuals
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within this patient group who had low levels of both act and ag. These results may indicéte
that variants are present either within the Tm gene or other genes that influence Tm gene
expression. When sTm act and ag levels were analysed across quartiles of their
distributions, there was a trend towards an increase in the percentage of individuals within
each quartile who had CHD themselves, across the last 3 quartiles for each sTm
distribution, but this only reached significance for the DS sTm ag levels. Conversely, a
statistically significant higher percentage of individuals with family history of CHD was
identified in the lowest quartile for each sTm measurement, which decreased across
quartiles reaching the lowest percentage in the 4™ quartile. This finding extends the
findings of a previous study that evaluated the relationship between CHD and sTm in a
nested case-control study, taken from a prospective study (ARIC), which demonstrated an
inverse association between incident CHD and circulating levels of plasma Tm (Salomaa et

al., 1999).

It has been suggested that plasma sTm levels, in healthy individuals, may result from the
constitutive cleavage of membrane bound Tm, and may thus reflect the levels of Tm
synthesized and expressed in endothelial cells and may be, in part, genetically determined
(Salomaa et al., 1999) (Kunz et al., 2000). Firm conclusions as to whether plasma sTm
levels are genetically determined cannot be made on the basis of the current results. No
statistically significant differences were noted in plasma sTm measurements for a novel Tm
variant (1261G>A; E364E), identified in the Tm coding region of individuals shown to
have either lower sTm activity than antigen levels or low levels of both activity and
antigen, although numbers were small for the rare allele. No other coding region mutation

was identified by sequencing, for those with the lowest levels of sTm.
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Whereas no overall significant effect of Tm genotype (V/delTT) upon sTm levels could be
determined, the percentage of individuals who were heterozygous and homozygous for both
rare alleles was higher in those within the lowest st percentile of the sTm sTm IH act
distribution, compared to those in the the remaining 95 percentiles. These results may
suggest that the A455V variant, which lies in the 6™ EGF domain of Tm (van der Velden et
al., 1991) (a region with a key role in thrombin binding and activation of protein C
(Kurosawa et al., 1988) (Hayashi et al., 1990) (Tsiang et al., 1992) (Ye et al., 1992), may
compromise the activity of the Tm protein. Firm conclusions cannot, however, be drawn
from these resuits as observations are based on small numbers. As such the possibility for
chance findings cannot be excluded. Analysis of large studies is required to expand the
results obtained here and to investigate further the contribution A455V makes to altered

function and CHD risk, in the context of the V/delTT Tm haplotype.

The lack of any association of the Tm -1208/09TT>delTT genotype, shown to reduce
transcription of the gene in response to inflammatory cytokines, with altered sTm ag levels
questions the capacity of sTm ag levels to reflect Tm expression on the endothelium.
Numerous environmental factors are known to contribute to circulating plasma sTm levels,
including pro-inflammatory cytokines and endothelial cell injury (a crucial early event in
the development of atherosclerosis) (Takano et al., 1990) (Ishii et al., 1991) (Boehme et al.,
1996). Elevated sTm levels have been identified in various clinical conditions including
cardiovascular disease and diabetes (Inukai et al., 1996) (Ohlin et al., 1996). In particular,
IL-1PB and TNF-a, while shown to further down-regulate the Tm promoter in these studies,
also increase shedding of Tm (Takano et al., 1990) (Boehme et al., 1996). The extent to
which sTm levels reflect Tm expression, including any genetic effects, on the endothelium

may be hindered by these environmental factors. The presence of other variant sites either
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in the Tm gene itself or in genes regulating Tm expression may also influence the ability to
detect an association between Tm genotype and levels. These gene-gene and gene-
environment interactions may affect the capacity to detect any significant association. This
may only be elucidated using Tm haplotype analysis across the gene and by extending
“sequencing of those with low sTm levels to the promoter and 3°'UTR regions. This analysis
was extended in part in this thesis by assessment in combination with a TNF-a genotype,

see below.

The contribution to CHD risk by Tm genotype (V/delTT and -1208/09TT>delTT alone), in
combination with the TNF-a -308G>A variant, was assessed in an attempt to expand the
mechanism through which Tm genotype may decrease protection against the increased
concentration of cytokines found in metabolic syndrome. TNF-a -308G>A has previously
been associated with increased TNF-a production (Kroeger et al., 1997) (Kroeger et al.,
2000) (Vendrell et al., 2003). The analysis of Tm genotype (V/delTT and
-1208/09TT>delTT alone) in carriers of TNF-o -308G>A in individuals within the
prospective NPHSII study who developed type 2 diabetes over 15 years follow-up, and a
cross sectional study of type 2 diabetes (EDSC) yielded interesting results. Tm genotype
(V/delTT & -1208/09TT>delTT) was associated with increased CHD risk in diabetics
within the prospective study, particularly in carriers of the TNF-a -308A allele. These data
would suggest that in the presence of an inflammatory challenge, Tm V/delTT contributes

to CHD, potentially reflecting downregulation of the V/delTT allele by increased TNF-a.

When the effect upon sTm levels was assessed for Tm genotype in combination with
TNF-a -308G>A in a cross sectional study of type 2 diabetes (EDSC), no significant

differences were observed in the different ethnic groups. Neither was there evidence to
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suggest an effect of Tm genotype, when considered alone or in combination with TNF-a
-308G>A, upon thrombin generation (F1+2 levels) in either diabetics within the
prospective study (NPHSII), or in the diabetic study (EDSC). Tm genotype in combination
with TNF-a -308G>A was, however, associated with an increased inflammatory responsé

in White diabetic individuals (NPHSII & EDSC), as measured by CRP levels.

The Tm-protein C pathway has both anti-thrombotic and anti-inflammatory characteristics.
As such, downregulation of Tm expression may lead to increased thrombin generation and
exacerbation of inflammation. The lack of any effect of the Tm haplotype V/delTT on
thrombin generation (F1+2 levels) would suggest that the ability to regulate thrombin is not
influenced by this Tm variant, although the haplotype contributed to CHD. It could be
argued perhaps that changes in thrombin generation would not be expected in a healthy
population, by a genotype in the PC pathway. However, this group has shown that a variant
identified in another endothelial cell surface protein (EPCR; Ser219Gly), which participates
in the PC pathway, has a significant effect upon F1+2 levels, in baseline samples from
NPHSII (Ireland et al., 2005). As such, perhaps small changes in Tm expression on the
surface of vascular endothelial cells may not be detrimental for thrombin generation, or
perhaps Tm may not be rate limiting for thrombin inhibition. The suggestion of an
increased inflammatory response (CRP) on the other hand would suggest that V/delTT

might operate on CHD risk by compromising the direct anti-inflammatory potential of Tm.

In light of the current findings, one potential mechanism contributing to the clinically
detrimental effect of the Tm gene variation in an environment of metabolic syndrome may
be through an interaction with elevated levels of pro-inflammatory adipocytokines, reported

in metabolic syndrome. As mentioned in section 1.3.2, the metabolic syndrome is
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characterised by the clustering of insulin resistance with established cardiovascular risk
factors, such as increased triglyceride levels, increased systolic blood pressure, HDL-
cholesterol levels, obesity and hyperglycemia (Kaplan, 1989) (Haffner et al., 1992). Obese
individuals have a higher risk of developing CHD compared to lean individuals (Lamarche,‘
1998) (Stevens et al., 1998) and there is increasing evidence that adipose tissue in general
and abdominal adiposity in paﬁicular, is a key player in the inflammatory process (Yudkin,
1999). Adipose tissue has been demonstrated to secrete pro-inflammatory cytokines
(Hotamisligil et al., 1995) (Kern et al., 1995) (Fried et al., 1998) (Yudkin et al., 1999).
Interaction between Tm genotype and other aspects of the metabolic syndrome, however,

may also contribute to CHD risk.

In conclusion, the CHD risk association data and subsequent functional work completed in
this thesis suggests a contribution to CHD risk caused by variants or mutations in the Tm
gene. Evidence is also presented that, at least in patients with type 2 diabetes, low sTm
levels contribute to a genetic tendency towards CHD, although the genetic causes could not
be fully elucidated. Specifically, a haplotype comprising the rare alleles for two common
variants (V/delTT) in the Tm gene influences risk for CHD in an environment of metabolic
syndrome through an interaction with elevated levels of pro-inflammatory cytokines.
Furthermore, evidence has been presented in this thesis that this Tm haplotype may lead to
an increased inflammatory response. These findings suggest a cycle of events whereby Tm
variant plus inflammation leads to Tm downregulation and further inflammation. There is
tentative evidence that this Tm haplotype, through the A455V, site may compromise the
activity of the Tm protein. The increased percentage of individuals with a family history of
CHD in the lowest quartile for each sTm measurement may imply a genetic nature to CHD

risk conferred by low sTm levels.
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9.2 Study limitations

An inherent limitation of any case-control study, and thus HIFMECH and EDSC, is that
only survivors can be studied. This could lead to an underestimation of risk associated with '
factors having a greater impact on survival, as subjects with these factors will not be
available for analysis. However, because higher numbers of cases can be studied than is
possible for prospective studies, they are useful for the first analysis of a candidate gene.
This limitation was addressed in part by subsequent analysis of a prospective study
- (NPHSII), where individuals who have not yet had the outcome event in question are
monitored over several years. Results in HIFMECH and NPHSII cannot be generalized to
women and other ethnic groups since these studies used only Caucasian middle-aged men.
Further, it is recognized that in EDSC, the problems inherent in case-control studies may be
exacerbated. However, EDSC was useful to assess plasma protein phenotypes and a family
history of CHD, the latter of which will be less affected by survival bias. Furthermore,
determining risk for two variant sites within the Tm gene does not capture all relevant
variation within the gene. The possibility also that the Tm haplotype (V/delTT) is marking
additional functional variants important in CHD either within or outside the Tm gene can

thus not be excluded.

Concerning the genetic analysis carried out to determine whether variants in the Tm gene
contribute to altered circulating sTm levels, it should be noted that screening was confined
to the coding region of the Tm gene. Therefore, it cannot be excluded that novel variants,
contributing to altered sTm levels, may occur in the promoter or 3’UTR regions of the Tm
gene. Similarly, the possibility that variants present in other genes regulating Tm

expression contribute to altered circulating sTm cannot be excluded either.
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As far as the reporter gene analysis is concerned, results must be extrapolated with care to
the in vivo situation, as they can be confounded by a number of factors. These factors
include the type of cells used, whether cells are at basal state or stimulated by exogenous
agents, and by the presence or absence of additional positive or negative regulatory
elements contained within the sequence tested. Furthermore, varied lengths of DNA are
used in constructs, which are divorced from their chromatin context and the influence of
enhancer or inhibitory regulatory elements that would further influence gene transcription

(Daley and Cargill, 2001).

The lack of adjustment for multiplicity of testing might be considéred a weakness in the
statistical analysis. Correction for multiple comparisons was not applied to the results,
because the study design was predominantly ‘hypothesis testing’. It is recognised that
adjusting statistical significance for the number of tests that have been performed on study
data (the Conferring method) may create more problems than it solves (Rothman, 1990)
(Perneger, 1998). The Conferring method is concerned with the general null hypothesis
(that all null hypotheses are true simultaneously), which is rarely of interest or use to
researchers exploring novel hypotheses in medical research. Furthermore, Conferring
adjustments do not guarantee a ‘prudent’ interpretation of results (Perneger, 1998). The

likelihood of missing truly important differences is also increased.
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93 Future work

As aforementioned, determining risk for two variant sites within the Tm gene does not
capture all relevant variation within the gene. Haplotype analysis, using further SNPs, '
would allow associations of Tm with risk for CHD to be deduced fully. Very recently Auro
et al. published results from a Tm haplotype structure and CHD in Finnish populations.
Unfortunately, their study design did not allow them to report genotype-environment or
genotype-phenotype associations, as small nested case-control studies were used (Auro et
al., 2006). The study did, however, suggest risk for CHD associated with a haplotype
containing the -1208/09delTT allele. The information available on the SNPper database
could be used to generate tagging SNPs to cover 95% of the variation within the promoter
(proximal and distal), coding region and 3’UTR in order to capture maximal variation
within Tm in subsequent genotyping. Once tagging SNPs have been selected, haplotypes
could be inferred by genotyping a small cohort of 50 people. The association of haplotypes
with risk for CHD, as well as gene-environment interaction in relation to CHD risk and
effects on intermediate phenotypes, would further the understanding of the role of Tm in

the pathogenesis of CHD.

Pathological cleavage, induced by pro-inflammatory cytokines, may contribute to sTm
circulating in human plasma (Takano et al., 1990) (Boehme et al., 1996), as well as causing
downregulation of the Tm gene (Nawroth et al., 1986) (Archipoff et al., 1991) (Lentz et al.,
1991) (von der Ahe et al., 1993) (Speiser et al., 2001) (Nan et al., 2005) (Sohn et al., 2005).
As such, the determination of TNF-a and IL-1B measurements in EDSC would be of

interest since it would allow the effect of inflammatory cytokines on sTm levels to be
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assessed. This may help shed more light and further the understanding of the gene-

environment interaction observed for Tm genotype.

In vitro investigation of HUVECs or monocytes selected by Tm haplotype for variant
specific effects in response to inflammatory cytokines (TNF-a & IL-1B) would also be of
interest. sTm act and ag in the supernatant, total Tm in the cell lysates, nRNA and total cell
protein could be determined using this approach. Functional assessment of Tm activity on
the surface of cells, selected by Tm haplotype, could be assessed by the ability of the
variant site to activate PC in the presence of thrombin. In addition, flow cytometry could be
used to assess cell surface expression. Monocytes have been shown to express Tm
(McCachren et al., 1991), so it is possible that Tm expression on the surface of monocytes
reflects that on the endothelium. These in vitro studies would help further the understanding

of the mechanism for CHD risk interaction between Tm genotype and metabolic syndrome.

Reporter gene analysis to investigate the effect of the -1208/09TT>delTT promoter variant
on transcriptional activity, in response to ox-LDL, would also be of interest. As mentioned
earlier, Tm -1208/09TT>delTT lies in close proximity to a DR4 sequence (-1531 to —1516),
which has been shown to play an important role in the regulation of Tm gene expression in
response to ox-LDL (Ishii et al., 2003). Future investigations need also to examine the
possibility that the -1208/09TT>delTT variant alters the binding of nuclear proteins to the
5’UTR of the Tm gene. This can be done using electrophoretic mobility shift assays
(EMSA), a method that has been widely used in the study of sequence-specific DNA-
binding proteins such as transcription factors. EMSA would help determine whether
nuclear proteins bind to the promoter fragment of interest and assess whether the Tm

deletion variant alters nuclear protein binding.
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Finally, further work should also examine Tm expression in response to anti-inflammatory
drugs. This will reveal whether anti-inflammatory treatments are able to counteract
inflammatory cytokine-mediated downregulation, indicating a less pro-coagulant state of

the endothelium, thus modifying susceptibility to occlusive thrombotic disease.
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been isolated previously by co-workers in the CVG laboratory.

2. Genotyping for TNF-a -308G>A was carried out by Julia Grizenkova, a Technician

working with Dr Helen Ireland, BHF Grant Code: PG/04/018/16754.
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study performed (EDSC) by our collaborators in Sweden (Dr Ann Kristin Ohlin).
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Appendix

Appendix 1

Ratio of firefly luminescence to Rerilla laminescence for TNF-a and IL-1p dose

response curves

Experiment
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pTm Construct
pTmWT
pTmWT
pTmWT
pTmWT
pTm WT
pTmWT
pTmWT
pTmWT
pTmWT
pTm WT
pTmWT
pTm WT
pTm WT
pTm WT
pTm WT
pTm WT
pTmWT
pTmWT
pTm WT
pTm WT
pTm WT
pTm WT
pTm WT
pTm WT
pTm WT
pTm WT
pTm WT
pTm WT
pTmWT
pTm WT
pTm WT
pTm WT
pTm WT
pTm WT
pTm WT
pTm WT
pTm WT
pTm WT
pTm WT
pTm WT
pTmWT
pTm WT
pTm WT

Treatment
Untretated (TNF-a)
Untretated (TNF-a)
Untretated (TNF-a)
Untretated (TNF-a)

1 ng/mi TNF-a
1 ng/ml TNF-a
1 ng/ml TNF-a
1 ng/ml TNF-a
2 ng/ml TNF-a
2 ng/ml TNF-a
2 ng/ml TNF-a
2 ng/ml TNF-a
Untreated (TNF-a)
Untreated (TNF-q)
Untreated (TNF-a)
Untretated (TNF-a)
1 ng/ml TNF-a
1 ng/ml TNF-a
1 ng/ml TNF-a
1 ng/ml TNF-a
2 ng/ml TNF-a
2 ng/ml TNF-a
2 ng/ml TNF-a
2 ng/ml TNF-a
Untreated (IL-1B)
Untreated (IL-18)
Untreated (IL-1B)
Untreated (IL-1B)
0.5 ng/ml IL-1B
0.5 ng/ml IL-1B
0.5 ng/ml IL-1B
0.5 ng/ml IL-1B
1 ng/mi IL-18
1 ng/ml IL-18
1 ng/ml IL-1B
1 ng/ml IL-1B
Untreated (IL-18)
Untreated (IL-1B)
Untreated (IL-1B)
Untreated (IL-1B)
0.5 ng/ml IL-1B
0.5 ng/ml IL-1B
0.5 ng/ml IL-1B

Relative Ratio
1.31
1.04
2.05
1.19
0.28
0.36
0.52
0.22
0.76
0.24
0.54
0.19
0.50
0.85
0.39
0.43
0.20
1.04
0.29
1.51
0.19
0.37
0.25
0.10
0.89
0.99
1.49
1.66
1.45
0.97
0.75
0.97
1.17
0.70
0.50
0.58
1.50
0.97
1.04
0.71
0.97
0.87
1.26
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pTmWT
pTm WT
pTmWT
pTm WT
pTm WT

0.5 ng/ml IL-1B
1 ng/ml IL-18
1 ng/mi IL-1B
1 ng/ml IL-1B
1 ng/ml IL-1B

0.93
0.86
0.90
0.20
0.41
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Appendix 2

Ratio of firefly luminescence to Renilla luminescence for TNF-a and IL-1p time course

Experiment pTm Construct Treatment Relative Ratio
1 pTmWT Unreated (TNF-a) 5.88
1 pTmWT Unreated (TNF-q) 8.27
1 p TmWT 2 ng/ml TNF-a (3 h) 9.63
1 p TmWT 2 ng/ml TNF-a (3 h) 11.53
1 p TmWT 2 ng/ml TNF-a (6 h) 7.43
1 pTmWT 2 ng/ml TNF-a (6 h) 4.00
1 pTmWT 2 ng/ml TNF-a (15 h) 2.27
1 p TmWT 2 ng/ml TNF-a (15 h) 1.70
1 p TmWT 2 ng/ml TNF-a (24 h) 4.37
1 pTmWT 2 ng/ml TNF-a (24 h) 6.71
2 p TmWT Unreated (TNF-q) 11.66
2 pTmWT Unreated (TNF-a) 9.09
2 pTmWT 2 ng/ml TNF-a (3 h) 10.35
2 p TmWT 2 ng/ml TNF-a (3 h) 8.29
2 pTmWT 2 ng/ml TNF-a (6 h) 4.25
2 p Tm WT 2 ng/ml TNF-a (6 h) 7.04
2 p TmWT 2 ng/ml TNF-a (15 h) 2.48
2 pTmWT 2 ng/ml TNF-a (15 h) 2.03
2 pTmWT 2 ng/mi TNF-a (24 h) 3.88
2 pTmWT 2 ng/ml TNF-a (24 h) 6.19
1 pTmWT Unreated (IL-1B) 9.46
1 pTmWT Unreated (IL-1B) 9.14
1 pTmWT 2 ng/ml IL-1B (3 h) 3.93
1 p TmWT 2 ng/mt IL-1B (3 h) 5.03
1 pTmWT 2 ng/ml IL-1B (6 h) 3.57
1 pTmWT 2 ng/ml IL-1B (6 h) 1.43
1 pTmWT 2 ng/ml IL-1B (15 h) 0.97
1 pTmWT 2 ng/ml IL-1B8 (15 h) 1.69
1 pTmWT 2 ng/ml IL-18 (24 h) 2.89
1 p TmWT 2 ng/ml IL-1B (24 h) 3.03
2 p TmWT Unreated (IL-1B) 13.55
2 pTmWT Unreated (IL-1B8) 9.34
2 pTmWT 2 ng/ml IL-1B8 (3 h) 4.56
2 pTmWT 2 ng/ml IL-1B (3 h) 3.99
2 pTmWT 2 ng/ml IL-1B (6 h) 4.81
2 pTmWT 2 ng/ml IL-1B (6 h) 4.09
2 p TmWT 2 ng/ml IL-1B (15 h) 1.26
2 pTmWT 2 ng/ml IL-1B (15 h) 1.46
2 pTmWT 2 ng/ml IL-1B (24 h) 232
2 pTmWT 2 ng/ml IL-1B (24 h) 277
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Appendix 3

Ratio of firefly luminescence to Renilla luminescence for pTm constructs under basal

conditions

Experiment
1
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Construct
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic

pTm WT
pTm WT
pTm WT
pTmWT
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1166G>A
pTm -1166G>A
pTm-1166G>A
pTm -1166G>A
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pTm WT
pTm WT
pTm WT
pTmWT
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1166G>A
pTm-1166G>A
pTm -1166G>A
pTm-1166G>A
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pTm WT
pTm WT

Relative Ratio
0.02
0.01
0.01
0.01
1.01
0.56
0.52
0.33
0.42
0.60
0.46
0.57
0.62
0.51
0.91
0.79
0.82
0.51
0.72
0.66
0.00
0.00
0.01
0.01
1.37
1.62
1.64
2.25
1.70
1.77
1.70
1.86
1.50
1.66
2.10
2.35
1.47
1.14
1.40
1.04
0.01
0.01
0.01
0.01
0.63
0.91
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pTm WT
pTm WT
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pTm WT
pTm WT
pTm WT
pTm WT
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pTm WT
pTmWT
pTm WT
pTm WT
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT

1.01

1.62
0.58
0.41

0.37
0.51

0.65
0.42
0.64
0.58
0.88
0.45
0.39
0.29
0.00
0.00
0.00
0.00
0.41
0.32
0.54
0.40
0.48
0.42
0.60
0.37
0.40
0.40
0.36
0.43
0.37
0.37
0.52
0.33
0.02
0.02
0.02
0.02
0.70
0.88
1.02
0.86
1.39

1.29
1.48
1.63
1.50
1.42
1.60
1.46
0.94
1.39
0.78
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Appendix 4

Ratio of firefly luminescence to Renilla luminescence for pTm constructs in response
to TNF-a (1 ng/ml; 15 h)

Experiment
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Construct
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic

pTmWT
pTmWT
pTm WT
pTmWT
pTm WT
pTm WT
pTm WT
pTm WT
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm-1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A

pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT

pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic

Treatment
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/mi TNF-a
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a
Untreated (TNF-a)
Untreated (TNF-q)
Untreated (TNF-a)
Untreated (TNF-a)

1 ng/ml TNF-a

1 ng/mi TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)

1 ng/ml TNF-a

1 ng/ml TNF-a

Relative Ratio
0.05
0.06
0.05
0.05
0.02
0.03
0.02
0.02
3.77
2.94
3.13
3.36
0.47
0.65
0.53
0.52
2.66
3.40
2.56
3.20
0.46
0.48
0.47
0.52
4.27
4.31
3.90
453
0.81
0.59
0.65
0.67
3.90
4.19
4.90
442
0.30
0.49
0.39
0.04
0.04
0.05
0.04
0.02
0.02
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pGL-3-Basic
pGL-3-Basic
pTm WT
pTmWT
pTm WT
pTm WT
pTm WT
pTm WT
pTm WT
pTm WT
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A

pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT

pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pTmWT
pTm WT
pTm WT
pTmWT
pTm WT
pTm WT
pTmWT
pTm WT
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C

1 ng/ml TNF-a

1 ng/ml TNF-a
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a
Untreated (TNF-a)
Untreated (TNF-q)
Untreated (TNF-a)
Untreated (TNF-a)

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-q)

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)

0.01

0.02
2.96
2.93
2.92
2.90
0.51

0.55
0.47
0.46
3.68
2.88
3.24

0.76
043
1.15

3.07
3.86
3.15
4.73
0.93
0.70
0.95
0.69
1.05
1.08
1.1
1.13
0.54
0.30
0.48
0.32
0.04
0.05
0.05
0.07
0.02
0.02

0.02

0.02
2.98
3.01
3.17
3.09
0.29
0.51
0.32
0.36
5.46
4.72
6.22
5.88
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pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A

pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT

pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pTm WT
pTmWT
pTm WT
pTmWT
pTm WT
pTm WT
pTmWT
pTm WT
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1166G>A
pTm-1166G>A
pTm -1166G>A
pTm-1166G>A
pTm -1166G>A
pTm-1166G>A
pTm -1166G>A
pTm -1166G>A

pTm -1208/09TT>delTT
pTm -1208/09TT>delTT

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-aq)
Untreated (TNF-a)

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/ml TNF-a
Untreated (TNF-a)
Untreated (TNF-q)
Untreated (TNF-a)
Untreated (TNF-a)

1 ng/ml TNF-a

1 ng/ml TNF-a

1 ng/mi TNF-a

1 ng/mi TNF-a
Untreated (TNF-a)
Untreated (TNF-a)

0.33
0.61
0.64
0.44
3.63
4.50
4.00

0.98
1.08
1.00
1.01
1.60
1.75
2.20
2.72
0.29
0.27
0.27
0.29
0.02
0.04
0.03
0.04
0.02
0.02
0.02
0.01
1.55
1.88

1.88
0.38
0.41
0.46
0.32
1.33
1.31
1.47
1.45
0.27
0.31
0.47
0.37
2.28
2.10
1.15
1.75

0.75
0.67
0.54
1.56
1.76
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pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pTmWT
pTmWT
pTm WT
pTmWT
pTmWT
pTm WT
pTm WT
pTm WT
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT

Untreated (TNF-q)
Untreated (TNF-a)
1 ng/ml TNF-a
1 ng/ml TNF-a
1 ng/ml TNF-a
1 ng/ml TNF-a
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-q)
1 ng/ml TNF-a
1 ng/ml TNF-a
1 ng/ml TNF-a
1 ng/ml TNF-a
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)
1 ng/ml TNF-a
1 ng/ml TNF-a
1 ng/ml TNF-a
1 ng/ml TNF-a
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)
1 ng/ml TNF-a
1 ng/ml TNF-a
1 ng/ml TNF-a
1 ng/ml TNF-a
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-q)
Untreated (TNF-a)
1 ng/ml TNF-a
1 ng/ml TNF-a
1 ng/ml TNF-a
1 ng/ml TNF-a
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)
Untreated (TNF-a)
1 ng/ml TNF-a
1 ng/ml TNF-a
1 ng/ml TNF-a
1 ng/ml TNF-a
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Appendix 5

Ratio of firefly luminescence to Renilla luminescence for pTm constructs in response
to IL-1B (0.5 ng/ml; 15 h)

Experiment

NINNNMNNNN @ @QQO@Qeade o e e oo o oo e oo e o e cade oo e e o e o cd o e e o =

Construct
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic

pTmWT
pTmWT
pTmWT
pTmWT
pTmWT
pTmWT
pTm WT
pTmWT
pTm-1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm-1748G>C
pTm-1166G>A
pTm -1166G>A
pTm-1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A

pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT

pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic

Treatment
Untreated (IL-1B)
Untreated (IL-1B)
Untreated (IL-1B)
Untreated (IL-1B)

0.5 ng/ml IL-1B
0.5 ng/ml IL-1B
0.5 ng/ml IL-1B
0.5 ng/mi IL-1B
Untreated (IL-1B)
Untreated (IL-1B)
Untreated (IL-1B)
Untreated (IL-1B)
0.5 ng/ml IL-1B
0.5 ng/ml IL-1B
0.5 ng/ml IL-1B
0.5 ng/mi IL-1B
Untreated (IL-1B)
Untreated (IL-1B)
Untreated (IL-18)
Untreated (IL-1B)
0.5 ng/ml IL-1B
0.5 ng/mi IL-1B
0.5 ng/ml IL-1B
0.5 ng/ml IL-1B
Untreated (IL-1B)
Untreated (IL-1B)
Untreated (IL-1B)
Untreated (IL-1B)
0.5 ng/mi IL-1B
0.5 ng/ml IL-1B
0.5 ng/ml IL-1B
0.5 ng/ml IL-18
Untreated (IL-1B)
Untreated (IL-18)
Untreated (IL-18)
Untreated (IL-1B)
0.5 ng/ml IL-18
0.5 ng/ml IL-1B
0.5 ng/ml IL-18
0.5 ng/ml IL-1B
Untreated (IL-1B)
Untreated (IL-1B)
Untreated (IL-1B)
Untreated (IL-1B)
0.5 ng/ml IL-1B
0.5 ng/ml IL-1B

Relative Ratio
0.02
0.02
0.02
0.03
0.02
0.02
0.02
0.01
2.96
2.67
2.74
2.80
1.45
1.19
2.12
2.23
2.78
2.76
2.1
2.27
1.50
1.31

1.40

2.84
261
2.79
1.70
1.85
1.14
1.10
1.78
1.73
1.73
1.82
0.90
0.78

0.83
0.02
0.02
0.02
0.02
0.02
0.02
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pGL-3-Basic 0.5 ng/ml IL-18 0.02
pGL-3-Basic 0.5 ng/ml IL-1B 0.01
pTmWT Untreated (IL-1B) 3.07
pTm WT Untreated (IL-1B) 272
pTmWT Untreated (IL-1B) 3.01
pTm WT Untreated (IL-1B) 2.82
pTMWT 0.5 ng/ml IL-1B -
pTmWT 0.5 ng/mil IL-18 2.69
pTm WT 0.5 ng/ml IL-18 273
pTm WT 0.5 ng/ml IL-1B 2.26
pTm -1748G>C Untreated (IL-1B) - 220
pTm -1748G>C Untreated (IL-1B) 215
pTm -1748G>C Untreated (IL-1B) 245
pTm -1748G>C Untreated (IL-18) 2.20
pTm -1748G>C 0.5 ng/ml IL-1B 1.80
pTm -1748G>C 0.5 ng/ml IL-1B 1.76
pTm -1748G>C 0.5 ng/ml IL-1B 1.23
pTm -1748G>C 0.5 ng/mi IL-1B -
pTm -1166G>A Untreated (IL-1B) 3.15
pTm -1166G>A Untreated (IL-1B) 2.55
pTm -1166G>A Untreated (IL-1B) 2.01
pTm-1166G>A Untreated (IL-1B) 224
pTm -1166G>A 0.5 ng/ml IL-1B 1.71
pTm -1166G>A 0.5 ng/ml IL-1B 2.11
pTm -1166G>A 0.5 ng/ml IL-18 1.13
pTm-1166G>A 0.5 ng/ml IL-1B 1.13
pTm -1208/09TT>delTT Untreated (IL-1B) 1.31
pTm -1208/09TT>delTT Untreated (IL-1B) 1.99
pTm -1208/09TT>delTT Untreated (IL-1B) 1.96
pTm -1208/09TT>delTT Untreated (IL-1B) 1.40
pTm -1208/09TT>delTT 0.5 ng/mi IL-1B 1.67
pTm -1208/09TT>delTT 0.5 ng/ml IL-1B 1.15
pTm -1208/09TT>delTT 0.5 ng/mi IL-1B 1.32
pTm -1208/09TT>delTT 0.5 ng/ml IL-18 1.19
pGL-3-Basic Untreated (IL-1B) 0.01
pGL-3-Basic Untreated (IL-1B) 0.02
pGL-3-Basic Untreated (IL-1B) 0.02
pGL-3-Basic Untreated (IL-1B) 0.02
pGL-3-Basic 0.5 ng/ml IL-1B 0.01
pGL-3-Basic 0.5 ng/ml IL-1B 0.01
pGL-3-Basic 0.5 ng/ml IL-18 0.02
pGL-3-Basic 0.5 ng/ml IL-1B 0.01
pTmWT Untreated (IL-1B) 2.24
pTm WT Untreated (IL-18) 2.15
pTmWT Untreated (IL-1B) 220
pTm WT Untreated (IL-1B) 2.35
pTm WT 0.5 ng/ml IL-1B 1.23
pTm WT 0.5 ng/ml IL-1B 2.03
pTmWT 0.5 ng/ml IL-1B 1.79
pTmWT 0.5 ng/ml IL-18 1.33
pTm -1748G>C Untreated (IL-1B) 1.46
pTm -1748G>C Untreated (IL-1B) 1.55
pTm -1748G>C Untreated (IL-1B) 1.61
pTm -1748G>C Untreated (IL-1B) 1.65
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pTm -1748G>C 0.5 ng/ml IL-1B 1.45
pTm -1748G>C 0.5 ng/ml IL-1B 245
pTm -1748G>C 0.5 ng/ml IL-1B 2.14
pTm -1748G>C 0.5 ng/ml IL-1B 1.41
pTm -1166G>A Untreated (IL-1PB) 1.76
pTm -1166G>A Untreated (IL-18) 249
pTm -1166G>A Untreated (IL-1B8) 2.00
pTm -1166G>A Untreated (IL-1B) 1.50
pTm -1166G>A 0.5 ng/m! IL-1B 1.27
pTm -1166G>A 0.5 ng/ml IL-1B 1.25
pTm -1166G>A 0.5 ng/ml IL-1B 1.81
pTm -1166G>A 0.5 ng/ml IL-1B 0.92
pTm -1208/09TT>delTT Untreated (IL-1B) 2.12
pTm -1208/09TT>delTT Untreated (IL-1B) 220
pTm -1208/09TT>delTT Untreated (IL-1B) 2.30
pTm -1208/09TT>delTT Untreated (IL-1B) 219
pTm -1208/09TT>delTT 0.5 ng/ml IL-18 -
pTm -1208/09TT>delTT 0.5 ng/ml IL-1B 1.17
pTm -1208/09TT>delTT 0.5 ng/ml IL-1B 0.93
pTm -1208/09TT>delTT 0.5 ng/ml IL-1B 1.02
pGL-3-Basic Untreated (IL-1B) 0.02
pGL-3-Basic Untreated (IL-1B) 0.02
pGL-3-Basic Untreated (IL-1B) 0.02
pGL-3-Basic Untreated (IL-1B) 0.03
pGL-3-Basic 0.5 ng/ml IL-1B 0.02
pGL-3-Basic 0.5 ng/ml IL-1B 0.02
pGL-3-Basic 0.5 ng/ml IL-1B 0.02
pGL-3-Basic 0.5 ng/ml IL-1B 0.02
pTmWT Untreated (IL-1B) 3.43
pTmWT Untreated (IL-1B) 222
pTmWT Untreated (IL-1B) 2.14
pTmWT Untreated (IL-1B) 242
pTmWT 0.5 ng/ml IL-1B 1.22
pTm WT 0.5 ng/ml IL-1B 1.76
pTm WT 0.5 ng/ml IL-1B 1.62
pTm WT 0.5 ng/ml IL-1B 1.47
pTm -1748G>C Untreated (IL-1B) 2.04
pTm -1748G>C Untreated (IL-1B) 3.66
pTm -1748G>C Untreated (IL-1B) 2.76
pTm -1748G>C Untreated (IL-1B) -
pTm -1748G>C 0.5 ng/ml IL-18 1.42
pTm -1748G>C 0.5 ng/ml IL-1B 1.70
pTm -1748G>C 0.5 ng/ml IL-1B 1.62
pTm -1748G>C 0.5 ng/ml IL-1B 1.20
pTm -1166G>A Untreated (IL-1B) 3.05
pTm -1166G>A Untreated (IL-1B) 2.96
pTm -1166G>A Untreated (IL-1B) -
pTm -1166G>A Untreated (IL-1B) 3.17
pTm -1166G>A 0.5 ng/ml IL-1B 1.97
pTm -1166G>A 0.5 ng/ml IL-18 2.09
pTm -1166G>A 0.5 ng/ml IL-1B 2.68
pTm -1166G>A 0.5 ng/ml IL-18 1.16
pTm -1208/09TT>delTT Untreated (IL-1B) 1.34
pTm -1208/09TT>delTT Untreated (IL-1pB) 1.55
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pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pGL-3-Basic
pTm WT
pTm WT
pTm WT
pTMmWT
pTmWT
pTmWT
pTm WT
pTm WT
pTm -1748G>C
pTm-1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm -1748G>C
pTm-1748G>C
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1166G>A
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT
pTm -1208/09TT>delTT

Untreated (IL-1B)
Untreated (IL-1B)
0.5 ng/ml IL-18
0.5 ng/ml IL-1B
0.5 ng/mi IL-18
0.5 ng/ml IL-1B
Untreated (IL-18)
Untreated (IL-1B)
Untreated (IL-1B)
Untreated (IL-1B)
0.5 ng/ml IL-1B
0.5 ng/ml IL-18
0.5 ng/mi IL-18
0.5 ng/ml IL-18
Untreated (IL-1B)
Untreated (IL-1B)
Untreated (IL-1B)
Untreated (IL-1B)
0.5 ng/ml IL-18
0.5 ng/ml IL-1B
0.5 ng/ml IL-18
0.5 ng/ml IL-1B
Untreated (IL-1B)
Untreated (IL-1B)
Untreated (IL-1B)
Untreated (IL-1B)
0.5 ng/ml IL-1B
0.5 ng/ml IL-18
0.5 ng/ml IL-18
0.5 ng/ml IL-18
Untreated (IL-1B)
Untreated (IL-1B)
Untreated (IL-1B)
Untreated (IL-1B)
0.5 ng/m! IL-1B
0.5 ng/ml IL-18
0.5 ng/mi IL-1B
0.5 ng/ml IL-1B
Untreated (IL-1B)
Untreated (IL-1B)
Untreated (IL-1B)
Untreated (IL-1B)
0.5 ng/ml IL-18
0.5 ng/ml IL-1B
0.5 ng/mi IL-1B
0.5 ng/ml IL-1B

1.42
1.40
1.12
1.25
1.48
1.01
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.01
1.22
0.88
1.72
1.57
210
1.54
1.54
1.56
1.39

1.29
1.48
0.72
0.83

0.89
1.63
1.30
1.42
1.80
2.01
2.36
2.61
2.21
1.26
1.14
1.19
0.98
0.67

0.70
0.72
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Appendix 6

Genotyping the TNF-a -308G>A polymorphism

TNF-a -308G>A genotyping was performed using a TaqMan assay according to the
manufacturer's recommendations. Allelic discrimination using TagMan was based on the
design of an assay mix, which consist of: two locus-specific PCR primers that flank the
SNP of interest and two TagMan probes, specific for the wild-type allele and the mutant
allele, which were added into one assay mix. Each of the two probes was labelled with a
different fluorescent dye. The assay was obtained as an Assays-on-Demand from the
manufacturer; Assay ID: C__ 7514879 10. Each genotyping plate contained negative
controls. PCR was performed using 384-well plates. The PCR mixture used contained 5 ng
of genomic DNA, 2.5 pl of ABsolute QPCR Rox mix (2x)(ABgene), 0.25 pl of 20x assay-
on-demand mix (designed by manufacturer) and 2.25 pl of purified dH,O. PCR was
performed under the following conditions: 50°C for 2 minutes, 95°C for 15 minutes
followed by 40 cycles at 95°C for 15 seconds and 60°C for 1 minute. The PCR product was

then read on TagMan HT7900 (Applied Biosystems, CA, USA).

TagMan SNP genotyping assays consist of a single tube containing two primers for
amplifying the sequence of interest and 2 probes for detecting alleles. Each probe contains
a reporter dye at the 5° end (VIC dye linked to the 5° end of allele 1 probe and FAM dye
linked to the 5° end of allele 2 probe). Each probe contains a nonfluorescent quencher
(NFQ) at the 3’end. During PCR amplification each TagMan probe anneals specifically to a
complementary sequence between the forward and reverse primers. When the probe is

intact, the proximity of the reporter dye to the quencher suppresses the reporter
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fluorescence. AmpliTaq Gold® DNA polymerase cleaves probes that have hybridized to the
target. Cleavage results in separation of the reporter dye from the quencher, thus increasing
fluorescence by the reporter. Increased fluorescence only occurs if the amplified target
sequence is complementary to the probe, thus indicating which allele is present in the

sample.
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