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Editorial

Welcometo the July 2003 issue of TheBulletin!

Our review articlefor thisissuehasbeenwritten
by Dr Aleksandar Jovanovic of the Tayside I nstitute
of Child Health at Dundee. Dr Jovanovic providesa
comprehensive overview of recent resaerchinto the
function of sarcolemma K __channelsandtheir potential
rolein cardioprotection.

Wearepleased toincludeareport on therecent
BSCR meseting at the University of Glasgow entitled
"Molecular Therapy for Cardiovascular Disease”.
The report has been written by the organisers, Drs
Andrew Baker and Sarah George and the abstracts
presented at the meeting area so included. On behalf

of the Society wewishto expressour gratitudetothe
organisersfor arranging an extremely successful and
enjoyablemeeting.

We can ook forward to another BSCR meeting
in Scotland this year when we visit Edinburgh in
September. The Autumn meeting on " Oxidative Sress:
fromMeasurement to Management" isbeing organised
by Gillian Gray and colleaguesand further detailscan
befound on the back cover.

Finally, webring you thelatest detail s of grants
awarded to researchersin the Cardiovascular field, by
theWelcomeTrust.

Helen Maddock and Nicola Smart

Cover artwork copyright Anthony Wright, 1997

Cover design copyright San Rees and Anthony Wright, 1997
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Sarcolemmal K, channels

by
Dr Aleksandar Jovanovic

Taysdelngtitute of Child Hedlth, NinewellsHospital and Medical Schooal,
University of Dundee, Dundee DD1 9SY

I ntroduction

Two decades ago, Noma (1983) uncovered a
nove K* channd incardiac ventricular myocytestermed
ATP-sensitive K* (K, ) channel which was gated
directly by intracellular ATP, i.e. in an ATP-free
environment aK *-sel ective conductance wasreadily
activeto beinhibited by intracelular, micromolar levels,
of ATP. From then, numerous studies have shownthat
similar typesof K* channelsare present in different
tissue and cell types, including pancreatic [3-cells,
skeletd musclecdlls, vascular and other smooth muscle
cells neurond cells endothelid cdls andrend epithdlia
cdls. Itisgeneraly accepted that the defining attributes
of K .;channesareinhibition by ATPand sulfonylurea
drugsand stimulation by nucleotide diphosphatesand
K* channel-opening drugs (for detailed and general
reviewsonbasicsof K channels see Yokoshiki et
al., 1998; Seino, 1999; Baukrowitz and Fakler, 2000).
Although these characteristicsare shared with K
channelsin different tissues, differencesin properties
among pancreatic, sarcolemmal, and vascular smooth
musclecdlsdoexigt, suggesting differencesin structure,
regulation and function between K channelsin
different tissues. Probably the most crucial step in
understanding thesedifferenceswasmolecular cloning
of K ., channels (Inagaki et a., 1995; 1996; Isomoto
et al., 1996). Thiswork suggested that native K,
channels are a complex of regulatory protein(s)
containing the sulfonylureareceptor (SUR subunit) and
aninwardly-rectifying K* channel (Kir) servingasa
pore-forming subunit. Thisand | ater research (Shyng
and Nichols, 1997) suggested that the molecular
structure of K channels is a heteromultimeric
assembly of Kir6.2 with SUR1 (SUR1/Kir6.2,
pancregtictype), Kire.2with SUR2A (SUR2A/Kir6.2,
cardiac type), and Kir6.1 with SUR2B (SUR2B/
Kir6.1, vascular smooth muscle type). Structure-

functionstudiesoncardiacK . channelshaveidentified

many of the amino-acids controlling nucleotide-
depending channel gating and second messenger
modulation (Tucker et al., 1997; Trapp et al., 1998;
Lineta., 2000; Babenko and Bryan, 2002; Cukraset
al., 2002). In addition, the most recent studies have
suggested that the cardiac typeof K channelscould
be composed of more proteins than just Kir6.2 and
SUR2A subunits (Carrasco et a., 2001; Crawford et
al., 20023, b; for detail s see below).

In contrast to the advanced understanding of
thestructure and regulation of K, channels, lessis
known about thefunctiona consequencesof activation
of cardiacK . channels. Thereare severd difficulties
indetermining theeffectsof activation of thesechannds
upon cardiac function, most importantly, perhaps, isthe
possi ble existence of non-sarcolemmal, mitochondridl,
K - channelsin cardiomyocytes(considering that the
structureof mitochondria K, channelsisstill unknown
and their existence still matter of vigorous debate, the
term putativemitochondrid K channel isusedinlater
text). The activation of putative mitochondrial K
channelsby K _ channel openers (the nature of K*
conductancein mitochondriawasasotested by K,
channel blocking drugs), has been proposed to affect
mitochondria membrane potential, mitochondria and
Ca&** homeostasis and cardiac resistanceto different
metabolic stresses, including ischaemiaand hypoxia
(Garlidetal., 1997; Liuet a., 1998; Holmuhamedov
et a., 1998; 1999). The drugs used in these studies
asomodulatetheactivity of K channels, composed
of Kir6.2/SUR2A subunitsand known originally as
cardiac typeK ., channels, Inagaki et al., 1996; the
term sarcolemmal K, channel was used later to
distinguish between K, channels expressed in
sarcolemmaand mitochondria, see Grossand Fryer,
1999). Assuch, it wasamost impossibleto separate
thefunctional consequencesof activation of putative



mitochondria from those of activation of sarcolemmal
K .» channels (for deeper understanding of this
particular issueseeHu et al., 1999; Ovide-Bordeaux
etal., 2000; Ozcan et al., 2002; Suzuki et al., 2003).
However, research using recombinant channel subunits
and micewith geneticaly disrupted sarcolemmal K
channels successfully shed alittle morelight on the
functional consequences of changes in activity of
sarcolemmal K, channels (Jovanovicet al., 1998;

Jovanovic and Jovanovic, 2001a; Crawford et al .,
2002b; Suzuki et al., 2002; 2003).

The purpose of thisshort review isto bring to
the reader’s attention some research related to
sarcolemma K, channels of recent years, shedding
new light on the structure, regul ation and function of
sarcolemmal K channels.

Structure and regulation of sarcolemmal K,
channels

Itisnow generaly accepted that the sarcolemmal
K »Channd isaheteromultimeric protein complex com-
posed of Kir6.2 or Kir6.1 and SUR2A (see above). It
hasbeen suggested that the pore-forming inwardly-recti-
fyingK* channel core of thesarcolemma K, channel
may beether Kir6.2 or Kir6.1(Cui etd., 2001). Whileit
Iscartanthat Kir6.2/SUR2A reconditutethechannd with
electrophysiological propertiessimilar tothoseof native
sarcolemma K __channels(Inagaki etd., 1996), itisnot
entirdy clear what roleKir6.1, asapore-forming subunit,
might play inthe heart. Sofar, mgjor functional studies
suggested that themainformof sarcolemma K chan-
nelsiscompaosed of Kir6.2 and SUR2A subunits(Inegeki
etd., 1996; Babenkoet a., 1998). However, it should
be pointed out that data have been provided to suggest
that Kir 6.1 and Kir 6.2 may co-assemble to produce
functiond channds(Cui etd., 2001). Thereisevidence
that chronic exposuretoischaemiaincreasesexpresson
of SUR2A andKir6.1, but not Kir6.2, subunits, suggest-
ing that ischaemic heart may predominantly expressthe
Kir6./SUR2A instead of Kir6.2/SUR2A channel type
(Akao et d., 1997; Melamed-Frank et d., 2001). In
recombinant sysemsKir6.1/SUR2A channdshavesg-
nificantly lower singlechannd conductancethanKir6.2/
SUR2A (Kondo et al., 1998); however no
electrophysiologica evidencehassofar beenprovidedto
support thehypothes sthat the Kir6.1/SUR2A combina
tionispresent in the sarcolemmacof ischaemic heart. It
should bea so stated that morerecent sudiessuggest thet
theleve of the SUR2A subunit isthemgjor factor con-

trollingthenumber of sarcolemma K channels. Thisis
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duetothepresenceof Kir6.2inexcessover the SUR2A
subunitincardiomyocytes(for moredetailed judtification
of thisconclusonseeRanki et d., 2001; 2002a,b). Thus,
whether Kir6.1isacomponent of sarcolemma K chan-
nelsinvivoremainscontroversa (seedso Seharaseyon
etd., 2000). Besde SUR2A, cardiactissuea soexpresses
the SUR2B subunit, but theconsensusview isthat SUR2A
servesastheonly regulatory subunit of sarcolemma K
channdssinceco-assembly between SUR2A and SUR2B
seemstobeimpossble(Giblinetd., 2002). Structuraly,
Kir 6.2 belongstothefamily of thetwo-membrane span-
ning domain, inwardly rectifying K* channelswhilethe
SUR2A subunit b ongstothefamily of ATP-binding pro-
teinsand isassumed to possess 17 putativetransmem-
braneregions(for themolecular sructureof indetallsKiré.x
and SURx see Tanemoto et a., 2001). However, more
recent evidence suggeststhat,in vivo, the sarcolemmal
K ir» Channel protein complex iscomposed of morepro-
teinsthan Kir6.2 and SUR2A subunits(Carrascoet d.,
2001; Crawford et ., 2002a,b). It has been proposed
that adenylate kinase (AK; enzyme catalysing
AMP+ATP<=>2ADP), creatinekinase (CK; enzyme
catdysng ADP+phosphocreatine<=>ATP+credtine) and
the muscleform of |actate dehydrogenase (M-LDH; en-
zymecatdysng pyruvatetNADH<=>lactatetNAD) are
componentsof thesarcolemmd K channdl proteincom-
plex (Figure1). Compelling evidencehasbeen provided
tosuggest that CK directly physicdly interact withthe
SUR2A subunitinvivo (Crawfordetd., 2002a8). Onthe
other side, M-LDH physicaly associates with both
SUR2A andKir6.2 subunits, interacting viaitsC- and N-
termini repectively (Cravfordetd., 2002b), whileinter-
actionof subunit(s) with AK remain(s) to bedetermined.
ATP actson K channel subunits (both Kir6.2 and
SUR2A) todosethechannd whileADPand lactatehave
beenreported to directly openthechanne (Noma, 1983,
Lederer and Nichols, 1989; Han et d., 1993; Terzicet
al., 1994; Tucker et al., 1997; 1998; Crawford et al.,
2002b). Inthisregard, it seemsthat thephysical attach-
ment of AK, CK and M-LDH toKir6.2/SUR2A dlows
tight control of levelsof K . .channdl ligands, (ATP, ADP
and lactate) withinthemicroenvironment surroundingthe
channdl. Inturn, thiscould efficiently contral K . .channel
activity. Consequently, whileATPdoned osethechannd,
the concomitant presenceof AMP (AMPitself doesnot
affect thechannd opening, Elvir-Mairenaetd., 1996) and
ATPor cregtine(creatineitsalf doesnot affect thechannd
opening, Carrasco et d., 2001) and ATP or pyruvate
(pyruvate itself does not affect the channel opening,
Crawfordetd., 2002b) and NADH (NADH itsdlf does

not affect thechannd opening, Crawford et d., 2002b)



phosphocreatine cre atine

AMP <—> 2 ADP
ADP (opener) +<:>ATP (inhibitor) (opener)

Figure 1. Schematic representation of a possible protein composition of sarcolemmal K

Pyruvate + NADH

h Lactate (opener) + NAD

AP channels

in vivo. Reaction catalysed by proteins composing this channel with enzymatic activity are depicted aswell.
Thisschemeisdrawn based on work described Inagaki et a ., 1995; 1996; Shyng and Nichols, 1997; Carrasco
et al., 2001; Crawford et al., 2002a,b (seelist of references). Opener = compound that activates sarcolemmal

K .1» channels; Inhibitor = compund that closes sarcolemmal K .,

channels.

open the channel (Figure1). Furthermore, AK-, CK-
and M-LDH sharesubdrates, which potentialy crestesa
very fine“tuner” toregulatesarcolemma K, channel

activity. For example, AK-mediated openingof theK
channels(AMPplusATPinducesopeningof K chan-
nels, Elvir-Mairenaet d., 1996; Carrasco et a., 2001)
could bereversed by CK activity (ADP plus phospho-
cregtineinducesclosingof K channels, Bienengragber
etd., 2000; Carascoetd., 2001; Crawfordetd., 20023).
Itispossblethat, under physiologica conditions, CK ca
talysestheproduction of ATPfrom phosphocrestineand
ADP, maintaininghigh ATR/ADPratioaround thechannd

microenvironment and kegpingthechannd inadossd date
despite the presence of AK (Carrasco et a., 2001,

Crawfordetd., 2002a). During severemetabolic stress
intheheart, CK ve ocity draméticaly decreasestogether
with adecreasein the phosphocreatine/ ATPretio (Cave
etd., 2000). Both of these processeswouldinhibit pro-
duction of ATP (adecreasein CK velocity) andincrease
levelsof ADPwithinthechannd vidinity, cataysed by AK

or evenby CK itsdlf (adecreasein the phosphocreetineg/
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ATPratioand anincreasein cregtine), activating sarco-
lemmal K channels(Carrascoetd., 2001; Crawford
et d., 2002a). At the sametime, under aerobic, physi-
ologicd, conditions, intracdllular levelsof lactateswould
be very low as LDH activity produces pyruvate to be
further utilised inmitochondriaby pyruvate dehydroge-
nase. Under anaerobic conditions, pyruvate, NAD and
H* can not be metabolised further and accumul ate (see
Kantor et d., 2001), leading to the M-L DH-catal ysed
lactate productionwithinthemicroenvironment surrounc-
ingthechannd. Lactateopensthechannd eveninthepres-
enceof highlevelsof ATP(Crawfordetd., 2002D).

Inadditiontoregulationby ATP, ADPand lac-
tate, thereother factorsthat may directly or indirectly af-
fect theactivity of sarcolemma K channels. Theactiv-
ity of K ., channelsmay beregulated by non-ATPand
non-ADP nucleotides (Lederer and Nichols, 1989;
Jovanovic et a., 2001), changes in intracellular pH
(Davies, 1990; Baukrowitz et d., 1999), thestatusof the
cytoskeleton (Terzicand Kurachi, 1996), protein kinase
C (Light et al., 2001), phosphatidylinositol-4,5-



bisphosphate (Hilgemann and Ball, 1996), and by the
operativeconditionof thechannd itsaf (Terzicetd., 1994).
Disruptionof actincytoskdeton, intracdlular acidification
and phosphorylaionstateof K, channelsappear tobe
conditionsthat promote the opening of K . channels
(Terzicetd., 1994; Terzicand Kurachi, 1996; Baukrowitz
etd., 1999). Ingenerd, it seemsthat themechanismre-
spong blefor the channd opening under theabove condi-
tionsrelatesto adecreaseinthesenstivity of K, chan-
nelstowardsATP(Terzicetd., 1994; Terzicand Kurachi,
1996; Baukrowitzetd., 1999). Iningde-out configura-
tion patch clamp technique~100uM of ATPisaufficient
to block thechannd activity (Noma, 1983; Terzicetd.,
1994) whichis50-100timeslessthen those physiologi-
cdly found, and much lower than the ATP concentration
inaliving cardiomyocyteexposadtosevereischaemia(re-
viewed by Kantor et d., 2001). Thus, theclosed Sate of
thechanned under physiologica conditionscould beex-
plained by highintracellular ATP (and possibly by pres-
enceof other, non-ATR inhibitory, nudeotideswhichrole
intheheartisnot clear yet, for detallssee Jovanovicetd.,
2001) whiletheopening of sarcolemma K __channels
during metabolic stresscould be dueto several factors
including decreasein ATP/ADPrétio, increaseinlactate
levels, decreaseinintracdlular pH, disruption of cytoskd-
eton and the action of protein kinase C (Noma, 1983,
Tazicetd., 1994; Terzicand Kurachi, 1996; Baukrowitz
et a., 1999; Carrasco et ., 2001; Crawford et 4.,
2002a,b). Theexact mechanismsrespons blefor thesar-
colemma K channelsopeninginvivoisstill tobefully
investigated. What isgenerdly accepted isthat sarcolem-
ma K . channels are closed in healthy heart and are
opened duringischaemia(reviewed by Tanemotoet d.,
2001).

Sarcolemmal K channelsand car dioprotection

Inthelast decade, drugsthat may inhibit and/or
activate K ., channels have been used in order to
determine the consequences of sarcolemmal K,
channel opening (reviewed by Jahangir et al., 2001,
Gribble and Reiman, 2002). Channel inhibitors
(sulfonylureadrugs (glybenclamide, tolbutamide), 5-
hydroxydecanoic acid (5-HD) etc.) and activators
(pinacidil, diazoxide, cromakalim etc.) weregpplied a
different timesduringischaemia, metabolicinhibitionor
hypoxia(inlater text theseinjuriesaretermed metabolic
gress) inanumber of experimental mode sranging from
singlecdllstowholeanimasand even humans (Grover
et al., 1990; Grossand Auchampach, 1992; Jovanovic
et al., 1998; Ranki et al., 2001; Leeet a., 2002). In
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early daysof K channel studiesinthe heart it was
concluded that that the opening of sarcolemmal K,
channels protect the heart against metabolic stress,
including myocardial infarction (Grover et al., 1990;
Gross and Auchampach, 1992). However, this
conclusion waschalenged when it wasuncovered that
some K, channel opening drugs may affect the
membrane potential of the mitochondria, ascribed to
theeffect on putativemitochondria K channels(Liu
et a., 1998; 1999). Putative mitochondrial K
channel sweredescribed for thefirst timein 1991 (Inoue
etal., 1991) andin 1997 (Garlid et d., 1997) it was
suggested that the opening of thesechannel s, rather then
sarcolemmal K ., channels, may mediate
cardioprotection (see also Sato et al., 2000). This
conclusionwaslargely based on the use of diazoxide
and 5-HD as selective opener and antagonist of
mitochondrid K ., channels, respectively (Garlidetd.,
1997; Liu et a., 1998; 1999; Sato et al., 2000).
However, morerecent studiessuggested that the effect
of diazoxide and 5-HD on mitochondriais probably
not associated with changes in mitochondrial K*
conductance, which questions the involvement of
mitochondrial K, channels in cardioprotection
(Ovide-Bordeaux et a., 2000; Ozcan et a., 2002;
Hanley et a., 2002; Daset al., 2003). Thefact that the
structureof the putativemitochondria K channel is
asyet unknown precludesfurther research that would
potentially definethe significance and role of these
channds. Ontheother hand, morerecent work utilisng
selective antagonists of sarcolemmal K . channels,
recombinant channel proteins and mice that do not
express sarcolemmal K, channels provided
compelling evidence that the activation of thision
channel is cardioprotective (Jovanovic et al., 1998;
1999; Jovanovic and Jovanovic, 2001a; Suzuki et al.,
2002; 2003). Thisconclusionisbased onthefindings
that: 1) coexpression of Kir6.2 with SUR2A in
combination with K __ channel opener or M-LDH
confersres stance against metabolic sressin otherwise
stress-sensitivecells(Jovanovicet a., 1998; Crawford
et al., 2002b); 2) in mice with genetically disrupted
sarcolemma K channel theheartismoresusceptible
to metabolic stress (Zingman et al., 2002); 3) K,
channel opener-mediated protection against metabolic
dressisassociated with theeffect on cardiac membrane
potential andwithmeasurablesarcolenma K, channel
opening (Jovanovic and Jovanovic, 2001b; Suzuki et
a., 2002); 4) anincreaseinthenumber of sarcolemmal
K ,» Channelsincrease cardiac res stanceto metabolic

stressand thisisblockable by HMR 1098, aselective



antagonist of sarcolemmal K channels(Ranki etdl.,
2001; 2002b) and 5) HMR 1098 inhibits
cardioprotection mediated by proteinkinase C (Light
et al., 2001). The mechanism underlying
cardioprotection mediated by sarcolemmal K,
channelsisstill amatter of considerable discussion.
Intracellular Ca?* overload and depl etion of energy
goresunderliethecdll injury and deeth that occur during
metabolic stress. Theopening of K channelsreduces
action potential duration, decreases Ca* influx
(preventing increase in cytosolic Ca?*) and
hypercontracture, conserving energy stores and
protecting the heart against injury (Jovanovicetal.,
1998; Jovanovic and Jovanovic, 2001a,b; Crawford
et al., 2002b; Suzuki et al., 2002). For now, thisis
believed to be how opening of sarcolemma K,
channel smediate cardioprotection.

Oneof theimportant aspects of myocardium
exposed to metabolic stress is appearance of
arrhythmias. In theory, the activation of sarcolemmal
K ;» Channels could be both pro-and anti-
arrhythmogenic (see Remme and Wilde, 2000; Flagg
and Nichols, 2001). Increased K* conductance shifts
resting membrane potential towards K* equilibrium
which should reduce ectopic pacemaker activity. On
theother hand, activationof K . channelsaccelerates
therepolarisation of the action potential, reducing the
refractory period of the cell, which may increasethe
probability of re-entrant arrhythmias (reviewed by
Tristani-Firouzi et a., 2001). Research addressing
whether the opening of sarcolemmal K, channels
inducesarrhythmias provided inconclusiveresultsso
far. It hasbeen reported that glybenclamide, aprototype
antagonist of K, channels, decreased theincidence
of tachycardiaand ventricular fibrillation (Kantor et d.,
1990); however in some other studies the exact
opposite was reported (Shigamatsu et al., 1995).
Similarly, incertainstudies, theopeningof K channels
hasbeen shownto promotetachycardiaandfibrillation
(Billman et a., 1998) whilein other studies, channel
openers have been reported to reduce the frequency
of arrhythmias(Daset al., 2001). Inmicegenetically
lacking sarcolemmal K, channels no shortening of
action potential durationwasobserved duringischaemia
or upon application of K, channel openers (Suzuki
et al., 2002). Conversely, in transgenic mice
overexpressing K, channelsthat are ~2 orders of
magnitude less sensitive to inhibition by ATP, a
decreased frequency of ectopic heart beats was
observed suggesting that sarcolemmal K, channels

may reduce the frequency of early or delayed
afterdepol arisation-induced ectopic beats (K oster et
a., 2001). The peaked T waveand ST elevationisa
characteristic finding on ECG inischaemic heart and
both are blocked by K, channels blocking drugs,
suggesting that the opening of K __channelsunderlie
these abnormalitiesin therepolarisation phase of ECG
(Kubotaet al., 1993; Kondo et al., 1996). However,
these data should be cautioudly interpreted sincethe
effect of pinacidil, aK ,_, channel opener, on heart
electrophysiology may beinhibited by antagonists of
non-K __ channel K* conductance (Li et a., 2000).
Thishighlightsthe point that ECG profileresultsfrom
integration of multiple conductances, theinhibitionof a
current conducted by onetype of ion channels may
changethe ECG profilewithout pinpointing thespecific
cause (seea so Flagg and Nichals, 2001).

Althoughfurther researchisclearly requiredto
assessall clinical consequencesof sarcolemmal K
channel opening, it should be pointed out that thereare
clinical studies that would suggest overall
cardioprotective outcomeof K, channel activation.
In this regard, an increase in mortality due to
cardiovascul ar causesamong diabetic patientstaking
sulfonylureadrugs compared to patientstreated with
insulin or placebo was published morethan 30 years
ago (Klimtet al., 1970). Thisnotionisalso supported
inarecent articleby Garratt et al (1999) whereit was
reported that sulfonylureadrugs adversely affected
outcomeamong di abeticsundergoing direct angioplasty
inthesetting of acutemyocardial infarction (Garratt et
al., 1999). Inthisparticular study, risk of death was
found to be ~3 times higher in diabetics taking
sulfonylureadrugsand these drugswereindependently
predictive of worse outcome. Thus, although thefull
consequence of sarcolemmal K, channelsopening
hasto befurther studied, itislikely that the opening o
thesechannd sisbeneficid for heart exposedto at least
someformsof metabolic stress.

I schaemic preconditioning and sarcolenmal K
channels

In 1986 Murray et al. demonstrated, in
anesthetized dogs, that a 40-min occlusion of a
coronary artery results in 29% infarction of the
myocardium served by thisvessdl (Murry et a., 1986).
However, when that 40-min occlusion was preceded
by four cyclesof 5min occlusion/5 min reperfusion
infarction wasonly 7% of therisk zone. Thus, these



short episodes of ischaemialreperfusion diminished the
infarction by 75%dthoughthetota durationof ischaemia
had increased from40to 60 min (Murray et ., 1986).
This phenomena has been termed ischemic
preconditioning and it is defined as the increased
resistance to myocardial infarction that follows short
sublethal periodsof ischemia. Preconditioning’ santi-
infarct effectswas shownto beindependent of coronary
blood flow and recruitment of coronary collaterals
(Murry et a., 1986; Jennings et al., 1991). These
findings suggested that some powerful naturally-
occurring non-vascular endogenous mechanism
underliesischemic preconditioning (Cohenetd., 2000).
Intheearly daysof preconditioning research, it was
shown that sulfonylureadrugsmay block preconditioning
whichledto the conclusionthat theopeningof K
channelsisinvolved in preconditioning (Gross and
Auchampach, 1992). However, based on results
obtained with diazoxide and 5-HD and under the
assumption that thesedrugs sel ectively target putative
mitochondria K, channelssome studieschallenged
this notion suggesting that mitochondrial, but not
sarcolemmal, K . channelsmediate preconditioning
(Livetal., 1999; Ghosh et a., 2000). However, the
selectivity and specificity of drugs targeting K,
channels have recently been questioned (Ovide-
Bordeaux et al., 2000; Ozcan et al., 2002; Hanley et
al., 2002; Daset d., 2003). At the sametime, arecent
study withmicelacking sarcolemma K . channelshas
revealed that i schaemic preconditioning can not be
reproduced in thesemice (Suzuki et a., 2002), which
seemsto be strong evidencein favour of thenotion that
sarcolemma K, channelsareinvolvedinischaemic
preconditioning. What activates these channels to
mediate preconditioning isnot yet clear. It hasbeen
reported that preconditioning may activate proteinkinase
C (PKC) which, in turn, may target and activate
sarcolemma K, channels(Light etd., 2001). Apart
from PKC there are other factorsthat could open the
K .r» channels including numerous enzymes and
intracellular Sgnalling factors(described intheprevious
section) that could be activated by ischaemic
preconditioning. However, research addressing the
opening of sarcolemmal K, channelsasapart of the
mechanism underlyingischaemic preconditioningisin
itsearly stagesand thereisstill no conclusiveevidence
to define the signalling cascades which mediate the
opening of sarcolemmal K, channels in vivo in
Ischaemic preconditioning.

Conclusionsand future

At the present stage of knowledge about
sarcolemmal K, channelsitisprobably accurateto
concludethat these channel sare 1) composedin vivo
of moreproteinsthan Kir6.2/SUR2A; itislikely that
themgjority of these proteinsare enzymesthet regulate
concentrationof K, channel ligands (ATP, ADPand
|actate) inthemicroenvironment surrounding thechannd
and, consenquently, regul atethe activity of sarcolemma
K . Channels; 2) regul ated by acomplex interaction
betweenintracellular signalling factorsand cascades
and not by nucleotidesaone; 3) animportant factor in
regulating cardiac resistanceto metabolic stressand
are involved in the signalling pathway mediating

Ischaemic preconditioning.

However, there are various aspects of
sarcolemma K channel sthat need to be addressed
inthefuture. Althoughit isappreciated that numerous
factorsmay influencetheK . channdl activity itisstill
unknown what underliesthe channel openinginvivo
inmyocardium suffering fromischaemiaand other types
of metabolic insults. Although Kir6.2/SUR2A
reconstitute basic properties of sarcolemmal K
channdsincdl linesnatively devoid of thesechannels,
recombinant K channels remain mostly closed
throughout the metabolic challenge, whichisnot how
sarcolemmal K channelsbehavein vivo. However,
co-expression of Kir6.2/SUR2A/M-LDH createsa
cellular phenotypethat ismore resistant to metabolic
stressdueto “on-time” opening of recombinant K
channel ssuggesting that signalling pathwaysyet to be
uncovered may play arolein cardioprotection afforded
by these channels. Further research utilising arange of
different experimental modelsisneeded to definethe
mechanism underlying sarcolemmal K, channel
opening in vivo and also to fully understand the
consequencesof channelsopening on cardiac function
(not to mention need to resolve controversies about
theeffect of sarcolemmal K . channel activationon
cardiacrhythm).

Thereare probably several reasonswhy some
questionsrelated to sarcolemmal K . channelsare
difficult to answer. Oneimportant reason ispossibility
of existence of non-sarcolemmal K channelsinthe
heart (such as mitochondrial K, channels) which
makes questionable whether aparticular effectisa
consequence of activation of sarcolemmal K,
channels. A predominant strategy in addressing the
function of sarcolemmal K, waslimited on use of

. ATP " X
K . Channel antagonists and activators. Aswith any



other drug, selectivity and specificity of thesedrugsare
lessthen perfect which precludesdrawing strong final
conclusions. To overcome these difficulties use of
tranggenic anima slacking (areedy generated by Suzuki
et al., 2002) and overexpressing sarcolemmal K,
channels(to be generated) iswarranted. Repetition of
different typesof experimentsaddress ng sarcolemmal
K \rr Cchannels (whole heart and single cell models of
ischaemia, myocardial infarction, ischaemic
preconditioning etc.), that have been previoudy done
on genetically non-modified animals, as well as
experimentswith new, origina design, onmicelacking
and overexpressing K ., channels would probably
providetheanswersto yet unanswered questionsabout
regulation, function and role of sarcolammal K
channels. Better understanding of sarcolemmal K
channelswould, potentially, help to develop abetter
therapeutic strategy against diseases associated with
metabolic stress of the heart, including myocardial
infarction and chronicischaemic heart disease.
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Articlesfor The Bulletin

Would you like to write a Review or Laboratory Profile for the BSCR Bulletin?
These articles provide an excellent opportunity to let BSCR members know
about your research activities and also provide an insight into your research field.

We are keen to hear from anyonein cardiovascular research who would be willing
towritefor The Bulletin.

If you are interested, please contact the Bulletin editorswith your ideas:
Helen (h.maddock @coventry.ac.uk) or Nicola (N.Smart@ich.ucl.ac.uk)
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BSCR Spring Meeting 2003
Molecular Therapy for Cardiovascular Disease
Glasgow 27t"-28" M ar ch 2003

Organised by Andrew Baker and Sarah George

Thefield of molecular therapy isavery exciting
technology for thetreatment of cardiovascular disease.
Itisarapidly advancing field and thereforetheaim of
thismeeting wasto provide aforum for presentation
and discussion of the most up to date information.
Furthermore, thereismuch debateevenwithinthefield
of the best genetherapy vector and delivery systemto
usefor cardiovascular diseases, so thisgathering aimed
to providean oppurtunity for useful discussion. Asthe
cardiovascular genetherapy community isrelatively
smdll withinthe United Kingdom severd international
speakerswereinvited to enable acomprehensively
programme. The following areas of cardiovascular
molecular therapy were discussed:

1. Current geneddlivery technology
2. Methods of modifying and improving vectors
3. Cardiovascular diseasetargets

After regigtration and lunchDr Andrew Baker
welcomed the del egates and wished all an enjoyable
andinteresting stay inthe unseasonably sunny Glasgow.
He acknowledged the generous sponsorship of the
meeting by the BSCR, British Heart Foundation, The
WedlcomeTrug, British Cardiac Soceity, Nationa Heart
and Lung Foundation, Roche, Invitrogen, Tecan, GRI,
Jencons, Applied Biosystems, PAA Laboratories,
Medical Air Technology and Power ADInstruments,
which alowed thismesting to take place.

Thefirst session entitled * Current conceptsin
genedelivery technology’ waschaired by Dr Stuart
Nicklin (Glasgow). Thefirst speaker Dr SteveHart
(London) started the session by discussing the potentia
of non-viral genedelivery vectors. He described the
properties of thelipo-peptide, which can betargeted
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using peptides discovered by phage display. The
potentia of thisapproach wasillustrated by hisstudies
with transfection of the tissue inhibitor of
metdloproteinase-1 (TIMP-1) geneinto the adventitia
of rat balloon injured arterieswhich reduced intimal
thickening at both 14 and 28 days after injury. The
second speaker wasPr ofessor Eric Alton (London)
who very eloquently described hisangiogenesisgene
therapy studies. Using hisexperiencehehighlightedthe
pros and cons in carrying out such studies when
phamaceutical companies are involved. From his
findingswith the porcine ameroid model he suggested
used that multiple genes may be necessary to induce
clinicaly useful neo-angiogenesis.Dr ChrisNewman
(Sheffield) wasthethird speaker inthissession. He
described the use of ultrasound to aid gene delivery.
Thisnovel techniquerecently exploited by Dr Newman
greetly improvestheefficiency of liposomegeneddivery
invitro. Furthermore, resultsare emerging to suggest
that this technique has potential for improving the
efficiency of liposome genetherapy invivo. The next
speaker Dr Hildegar d Buening (Munich) changed
the focus of the session to a viral method of gene
delivery. She described arelatively new vector the
adenoviral associated virus (AAV). Although Dr
Buening'sresearchfocusesontheuseof AAV for cancer
genetherapy, sheillustrated that thisvector may also
be useful for cardiovascular genetherapy asthey have
a good safety profile, low immunogenicity and
amenability to modification and propagation. Thefina
speaker in this session was Dr Cathy Holt
(Manchester) who described the use of antisense
therapeutics. After describing the principles of this
technol ogy, sheillustrated why c-myc hasbeen chosen
as an antisense target and the success of using this
antisense delivered by ageneduting stent.



We were honoured that Professor L awrence
Chan (Baylor Medica College, Texas, USA) gavethe
British Cardiac Society Lectureentitled* Adenoviruses
and Atherosclerosis: The Potential’. Inthisexcellent
lecture Professor Chan described one of the most
exciting new gene delivery vectors the helper
dependendant adenoviruses. He highlighted that one
of themost important advantages of thisvector isits
ability to producelong-term transgeneddivery, however
he noted that these vectorsare very difficult to make.
Using studieswheretheapolipoprotein E (apoE) gene
was re-introduced into apoE deficient mice he
illustrated that vectorsusing genomic DNA produced
longer transgene expression than cODNA.. Furthermore,
atherosclerotic lesionswerereduced even at two and
ahadf yearsafter geneintroduction. He suggested that
theinitial studieswith apoE, LDL receptor, vLDL
receptor and apolipoprotein Al clearly illustrate proof-
of-principl€ . Hehighlighted that ongoing preclinincal
studiesaimtoimprove delivery, assessthe ability of
one vector to deliver multiple genes, increase the
number of helpersand reduceimmediatetoxicity. He
completed hislecture by describing hisstudy aimed at
treatment of diabetes mellitus. The study aimed to
induceb cell production by genetransfer of neuroD.
Initial findingsillustrated that neuroD genetransfer
partialy corrected blood glucoseleve sand theaddition
of BTCimproved fasting sugar levelsfurther aswell as
presenceof b cell idets. He suggested that thisexciting
ability toinduceid et neogenesisin mice needsmore
preclinical experimentsand may even beuseful for ex
vivotherapy.

Theformal sessionsof thefirst day werethen
concluded by thisinspiring lecture. Wethen adjourned
to a wine reception and poster session. Thirteen
excellent posters were displayed on a variety of
subjectsgavetheopportunity for lotsof discussonprior
to dinner. After the conference dinner we were
entertained by our ‘ after-dinner’ speaker Professor
Stewart Hillis (Glasgow). In addition, to being a
cardiologist at theWestern Royd Infirmary in Glasgow
heisthedoctor for the Scottish Nationa Football team.
Heamused uswith hisfootball storiesthat heillustrated
withadide show.

Thefocusof thefirst session of the second day
was"‘ new technology and modified vectors' and was
chaired by Professor Martin Bennett (Cambridge).
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Professor Ketith Channon (Oxford) as the first
speaker discussed the modification of adenoviral
vectors. He described how the adenoviral genomehas
been modified with theaim of reduceimmunogenicity
and efficiency of thesevectors. Heillustrated using the
rabbit carotid vein graft model that higher persistance,
endothelia impairment and inflammation are reduced
using EV/E4 deleted vectorscompared to E1. Hefurther
suggested that targetted vectors and gutless/hel per
dependent adenovirusmay be useful for cardiovascular
gene therapy. The next speaker Dr Eric Biessen
(L eiden) described the use of phagedisplay technology
for theidentification of targetting ligands. He selected
P-selectin as elevated levels are detected in
atherosclerosisand using phagedisplay technology he
has identified ligands that bind to P-selectin. A
consensus sequencewasidentified in several peptides
and itinhibited phage binding to P-selectinaswell as
HL60rolling velocity. Heillustrated that these peptides
may beuseful for cardiovascular disease asthey targetted
thrombus and increased liposome binding. Due to
technical difficulties the next speaker was Dr Len
Seymour (Oxford) who described the use of bFGF
viruscoating. Thisincreased theresistanceto serum
knockdown. Another versatileway of modify thevector
was polymer coating that also increased resistance,
reduces liver transduction and provides systemic
biodigtribution. Thefinal speaker of the sessonwasDr
Stuart Nicklin (Glasgow) who described the use of
ligandsto enhancetheefficency and generate sdectiviey.
Ligandsidentified by bio-panning have been inserted
intothefibreof adenovird and AAV vectorsand alowed
modification of thetropism.

The session after the morning coffee break
chaired by Dr ChrisJackson (Bristol) wasthefirst
session on disease targets for molecular therapy. Dr
Andrew George (London) started this session by
discussing targetting transplantation. He described the
ability of antibodiesto target liposome gene delivery
andillustrated that anti-E-sdl ectin antibodiesincreased
genetransfer to human synovial vasculature. The next
speaker wasDr Sarah Geor ge (Bristol) whoiillustrated
the potentia of TIMP-2 genetransfer for reduction of
atherosclerotic plaguerupture. Raisng TIMP-2 plasma
levelsin apoE deficient micereduced plaguerupturein
thismodel of spontaneous plaque rupture, developed
inBristol by Dr Jackson’sgroup. The next speaker in
thissession wasProfessor M artin Bennett, hetook



astep back and described the multi-step processthat
have been utilized toidentify target genes. He suggested
that we need to apply cautionto genearray resultsas
they may not be markersof plaque ruptureand that we
may be focussing on the technology rather than the
biology. This session was completed by Pr ofessor
AnnaDominiczak (Glasgow) who described theuse
of genetransfer for thetreatment of hypertension. She
suggested that primary hypertension that affects 25%
of theadult popul ation requires devel opment of gene
trander despitetheavailability of drugsduetotheir sde-
effects. Her experiments using the stroke-prone
gponataneoudy hypertensverat have demondrated that
modification of thenitric oxide/superoxidebaancewith
eNOSrestoresendothelid function and that theseeffects
with AAV and antisense are better than drugs.

The session after lunch comprised of 6 short
presentationsthat were sel ected from the submitted
abstractswas chaired by Dr Sarah Geor ge. Dr Tom
Johnson (Bristol) described the use of gene eluting
stentsto deliver TIMP-3to porcine coronary arteries,
Miss Laura Denby (Glasgow) discussed novel
adenovira vectors, Dr Paul Kingston (Oxford)
described theahility of novel combinationsof promoters
and enhancerstoincreasetransgene expression, Dr J
Zhao (Cambridge) discussed the use of lentivirusesto
mediategenetransfer of viL 10torat cardiac alografts,
Dr Motoki Sato (L ondon) compared modified direct
injection method and intracoronary delivery to cardiac
myocytesand Dr Daniel Heaton (Oxford) completed
the session by describing NOS-1 gene transfer to
promote cardiac vagal neurotransmission and gain of
function.

After anafternoonteabresk Dr K eith Channon
(Oxford) presented the poster and oral presentation
prizes to Dr Lorraine Work and Dr J Zhao,
respectively. Thefirst speaker inthissecond session
focussing on diseasetargetswasPr ofessor Andrew
Newby (Bristol). He described the potential of gene
transfer for theex vivo treatment of vein graftsaswell
astheadvantagesand disadvantagesof animal models
of vein graft disease prior to describing anti-
proliferative, anti-migratory, pro-apoptotic and anti-
inflammatory studies. The next speaker wasPr of essor
Geor ge Dickson (London) who described the ability
of second generation adenoviruses to correct
hyperlipidemiaand theability of thesevectorstoprovide
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longer term transgene expression. He a so described
themore controversia but exciting technique of gene
correction.

It wasagreat pleasuretoinviteour fina speaker
Dr Paul Reynolds(Adelaide, Australia) to givethe
Nationa Heart Research Fund L ecture on genetherapy
for pulmonary disease. Hegave an extremely detailed
description of hisextensive studiesto modify vector
technology to aid gene delivery to the pulmonary
vasculature. Heillustrated cdll specificddivery through
genetic modification of the vector and prmoters. He
suggested that increasing our knowledge of the
molecular basisisrequired to devel op new therapy and
dua targetting concepts may beuseful.

Themeeting was closed by Dr Andrew Baker
who thanked all of the speakers for their excellent
presentationsand the delegatesfor contributing tothe
stimulating discussion that took placein theformal
sessonsandinformaly during themeeting.
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STENT-BASED LOCAL DELIVERY OF THERAPEUTIC ADENOVIRUS
EFFECTIVGLY REDUCES NEOINTIMAL PROLIFERATION IN PORCINE
CORONARIES.

ThomasJohnson, Yin Xiong Wu, AndreasBaumbach, Andrew Newby, Kar| R. Kar sch, Martin Ober hoff.
Department of Cardiology, Bristol Heart I nstitute, Univer sity of Bristol, Bristol, U.K.

Background: Weamed to assessthe effect of locally infecting coronary arterieswith an adenovirus (AdV)
over-expressing Tissuelnhibitor of Metalloproteinase 3 (TIMP3). TIMP3 playsacrucia rolein theregulation of
metalloproteinase activity & uniquely promotes gpoptosi s of smooth muscle cells, thusinhibiting neointimal
proliferation.

Method: Weused aMatrix HI phosphorylocholine-coated stent (Abbott, USA), modified to elicit increased
positive charge, thereby enhancing the binding of negatively charged AdV. Preliminary in-vitro & short-termin-
vivo studieswere performed to confirm enhanced AdV transduction & transcription with the novel coating.
Subsequently, we deployed stents+ TIMP3 AdV, in porcine coronariesfor 28 days (n=5 per group). Planimetric
measurements & Injury Scoreswererecorded in 4 sections per stent.

Results: Preliminary work with b-Galactosidase AdV confirmed effectivetransduction in-vitro. TIMP3 AdV
transduction & transcription wasdemonstrated at 7 daysin-vivo, with PCR & Immunohistochemica methods.
Comparisonwith control stents, at 28 days, revealed that TIMP3 stents significantly reduced neointimal area
(mm?) 127.1+ 84.6 vs212.1 + 87.5, p<0.005, without any differencein media area(mm?) 103.7 + 21.0vs
112.6 + 17.2, p=0.15, or injury score (2.0+0.6 vs 1.8 +0.3, p=0.36).

Discussion: Our novel biosynthetic stent coating effectively promotes TIMP3 AdV transduction & transcription,
in~vitro & in~vivo. Furthermore, TIIM P3 can successfully reduce neointimal proliferation by upto 40% |ongterm,
thusconfirmingitsroleinthe prevention of in-stent restenosis.

NOVEL ADENOVIRAL VECTORS FOR CARDIOVASCULAR DISEASE.

L Denby, SA Nicklin, D Graham, D J Von Seggern*, A F Dominiczak and A H Baker. Division of
Cardiovascular and M edical Sciences,Univer sity of Glasgow, Glasgow. * Depar tment of |mmunology,
TheScripps|nstitute, LaJolla, CA, USA.

Genetherapy offersapromising new approach to treat cardiovascular disease. Systemic delivery of thegene
delivery agent would be highly desirablefor many applications. At present thisgoal hasprovenelusive. The
major limiting factor isthehighly efficient sequestration of virions, such asthosebased on recombinant adenovirus
(Ad) type5-based vectorstotheliver. Therefore, itisimportant toidentify novel adenoviral vectorsthat havea
morefavourableinfectivity profile. Pseudotyping isatechnique by which the AdSfiber can be exchanged for any
of the 50 other fibersof aternate serotypes. Using thistechnology we have sought to eva utethe infectivity of
candidatefibersfrom Subgroup B, C and D for vascular cellsinvitroandinvivo. Subgroup D viruseshad a
markedly different infectivity profilewhen compared to AdS. Subgroup D vectorstransduced human smooth
musclecells(SMC) and endothdia cedlls(EC) at level sequivalent to, and or higher than Ad5 (EC 60.6% + 19%
vsAdS; SMC 248%+42% vs AdS). However in stark contrast to Ad5 the Subgroup D fibersdid not support
transduction of human hepatocytes (0.22%+0.06% vsAd5). Similar resultswereobtainedinrat cellsinvitro.
Importantly, when we sytemically injected the subgroup D vectorsinto WKY ratswe observed a45% reduction
invirion accumulation intheliverscompared to Ad5 assessed by realtime PCR (p<0.05) at 1 hour. At5days
post infusion ony Ad5 DNA could be detected intheliver. X-gal staining of the Subgroup D vector livers
showed aremarkablereductionin liver transduction at 5 dayscomparedto Ad5. Thesefindingsindicatethat a
Subgroup D systemwill beuseful for the devel opment of systemically-injectable, vascular-targeted genetherapies.
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ADJUNCTIVE ULTRASOUND EXPOSURE (USE) ENHANCES TRANSGENE
EXPRESSION FOLLOWING TRANSFECTION OF PORCINE VASCULAR
SMOOTH MUSCLE CELLS (VSMC) AND SAPHENOUS VEIN (SV).

E Akowuah?, C Gray?, SFrancist, T Bettinger?, A Brisken?, D Crossman?, C Newman?. Car diovascular
Resear ch Group, Univer sity of Sheffield*, Bracco Resear ch, Geneva?, Phar maSonicsinc., Sunnyvale,
CA,USA:3.

Backgr ound: We have shown that (USE) in the presence of the abumin shell microbubbl e echocontrast agent
(MECA) Optison™ enhancestransgeneexpressioninVV SM Cfollowing naked DNA transfection by up to 300-
fold. Thisstudy investigated the effects of USE on transfection of intact vesselsand isolated V SMC using anew
generation of phospholipid (PL) shell MECA.

Methods: VSMC were transfected with Lac Z or luciferase (luc) plasmid + USE at 1IMHz for 60sin the
presence of the PL MECA BR14 (Bracco). SV segmentsweretransfected withluc plasmid + 100mmHg non-
distending static pressurefor 5 min + subsegquent USE. Sampleswereanaysedforluc/Lac Zexpressonat 48h
(VSMC) or 72h (intact SV) by luminometry or X-gal staining.

Results. USE with BR14 enhanced luc expression in VSMC by 3000-fold compared to DNA aone
(1.2+0.18x10°vs0.4+0.05 x 103 light units (LU)/mg cell protein; p<0.001, n=4); the number of Lac-Z positive
cellswasalso markedly enhanced (4.7+0.9vs0.1+0.1%; p<001, n=3). Static pressure alonedid not increase
luc expressioninintact SV compared with DNA alone (2.6+3 vs2.3+4 x10* LU/g tissueweight). In contrast,
the enhanced luc expression after USE al onewasfurther increased using the combination of static pressure
followed by USE (from 44.7+14 to 147 +36 x10* LU/g; p<0.05 for these comparisons, n=6).

Conclusion: USE inthe presence of BR14 MECA markedly improvesplasmid transfection of intact SV and
isolated VSMC. Thesedatagive encouragement to further studiesin vivo.

COMPARISON BETWEEN A MODIFIED DIRECT INJECTION METHOD
AND INTRACORONARY DELIVERY FOR IN VIVO GENE TRANSFER TO
CARDIAC MYOCYTES.

Motoki Sato, Sian E Harding, Stephen J Fuller. Dept. Cardiac M edicine, National Heart and Lung
Institute, Imperial College Faculty of M edicine, Dovehouse street, London SW36LY

Wedready reported amodification to thedirect injection (D1) method (Immobilisation technique; i-DI) that can
markedly improvetransfection efficiency. Theaim of thisstudy wasto comparei-DI with intracoronary injection
(IC) interms of transfection efficiency and efficacy of transgene product. Sprague-Dawley ratswereinjected
with E1-deficient-type adenovirus, having phospholamban-antisense cDNA plusgreen fluorescent protein
(Ad.PLB-as.GFP, 10° pfuin 100pl for DI and10*pfuin 200pl for IC). For DI and IC, theratswerekilled and
myocytesisolated two to five days and seven daysafter injection respectively. Sufficient transfected myocytes
for contraction experiments (>1% approximately) wereobtained in 7 of 7i-DI infectionscompared with 6/16
IC. Myocytestransfected by either i-DI and | C showed evidencefor functional effectsof PLB down-regulation,
with asignificant increasein % shortening at 83mM Ca?* from 9.55+ 1.27t013.1+ 0.9 (p<0.05) and 8.49 +
1.51t013.6 £ 1.5(p<0.05) respectively. We conclude that |mmobilized-direct injectionin our handsshowed a
better transfection efficiency thanintracoronary injection. Sincetheamount of vector used was 20-fold lessfor

i-DI, thismethod has advantagesfor experimental investigationsrequiringin vivo genetransfer to myocytes.
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A NOVEL COMBINATION OF PROMOTER AND ENHANCERS INCREASES
TRANSGENE EXPRESSION IN SMOOTH MUSCLE CELLS AND IN
CORONARY ARTERIES AFTER ADENOVIRUS-MEDIATED GENE
TRANSFER.

P.A.Kingston, C.E. Appleby, A. David, A.M. Heagerty. Univer sity of Manchester, Dept. of Medicine,
Vascular GeneTherapy Unit, Room 1.302, Stopford Building, Oxford Rd., Manchester M 13 9PT.

Thevascular smooth musclecell (SMIC) isthetarget for genetransfer inavariety of “therapeutic” settingswithin
thevasculature. However, SMIC are not agood target for genetransfer. Powerful viral promoters(e.g. themgjor
immediate-early murine cytomegal ovirus enhancer/promoter - MIENCMV) remain largely silent from a
transcriptional perspectivewithin SVIC. Wehave previoudy demonstrated that the magor immediate-early murine
cytomega ovirusenhancer/promoter (MIEmMCMV) dicitsgreater transgeneexpressonin SMICthan MIEnCMV.
Using asel ection of adenoviruses containing lacZ, we haveinvestigated theability of other enhancersof transgene
expression (the Woodchuck hepatitisvirus post transcriptiona regulatory element - WPRE, and afragment of
therabbit smooth muscle myosin heavy chain promoter - RE) to further increasetransgeneexpressonin SMCin
vitro and in pig coronary arteriesafter Infiltrator catheter-mediated genetransfer. At MOI=10, an adenovirus
containing MIEmCMV, WPRE and RE dlicited 90-fold greater b-gal actosidase expressonin SMCinvitrothan
avector containing MIEhNCMYV aone (p<0.001), and ~4-fold greater expression than vectors containing
MIEmCMYV doneand MIEmMCMV+WPRE (both p<0.001). Within pig coronary arteries, 2x10% u of vector
containing MIEmMCMYV, WPRE and RE gaveriseto 20- to 40-fold greater expression of 3-galactosidasein
lysates of infected vessel segmentsthan 2x10° u of those vectors containing MIERCMYV alone, MIEMCMV
aoneor MIEMCMV+WPRE (all p<0.05). Thecombination of MIEMCMYV, WPRE and RE offersthe potential
for substantially greater level sof transgene expression than it hasprevioudy been possibleto achieveafter gene
transfer into SMC and the vascul ature.

SITE-SPECIFIC IN VITRO GENE DELIVERY TO VASCULAR TISSUE USING

PEPTIDE-TARGETED VIRAL VECTORS.

1S.J. White, 2S.A. Nicklin,®*H. Blning, 2C.G. Nicoal, !E.D. Papadakis, °*K . Leike, *D.J. Von Seggern, 3
M. Hallek and 2A.H. Baker. 'Bristol Heart Institute, BRI, Bristol, BS2 8HW. ?Div. Cardiovascular
and Medical Sciences, University of Glasgow, Glasgow, G11 6NT. *Laboratorium fur Molekulare
Biologie, Genzentrum, L udwig-M aximiliansUniver sitét M tinchen, D-81377,*Dep. Immunology, Scripps
Resear ch I nstitute, La Jolla, California 92037 USA.

Theendotheliumisintrinsically involved in numerous vascular pathol ogies, hencewe have sought to generate
vectors specifically targeted to endothelial cells (EC). Using arandom 12 amino acid peptide phage display
library, weisolated peptides capable of directing binding to primary human EC. We choosetwo of these peptides
based on frequency of isolation, target cell binding analysisand the ability to aso bind murine EC lines. Each
peptide[MSLTTPPAVARP (MSL) and MTPFPTSNEANL (MTP)] wasinserted into adenoviral (Ad) and
adeno-associated vira (AAV) vectors. Invitro analysisof retargeted Ad and AAV demonstrated sel ectivity for
EC, with competition studies demongtrating that EC binding wasindependent of nativetropism. Tropisminvivo
followingintravenousinjection into 5-week old male Balb-C micewas eval uated by quantification of vector
DNA inorgans 1 hour post-administration using real-time PCR. Geneexpression at 5 daysfor Ad and 28 days
for AAV wasalso determined. Retargeted AAV vectors showed adecreasein liver accumulation and gene
expressionwithalonger circulating half-life, also demonsirated an increasein accumul ation and transduction of
venoustissue. Theseresultsconstituteasignificant advanceinviral vector design.
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ENGINEERING VIRAL VECTORS WITH SMOOTH MUSCLE CELL
TARGETING PEPTIDES.

L.M.Work, SA. Nicklin, N.J.R. Brain, N. Britton, D.J. Von Seggern*, M. Hallek#, H. Buening# &
A.H.Baker. University of Glasgow, UK ; * ScrippsResearch I nstitute, USA; # Gene Centre, Munich.

Locd ddivery of genetherapy vectorsto thevessel wall holdspotentia for thetrestment of latevein graft failure
andrestenosis. Toidentify nove targeting peptidesthat selectively bind human saphenousvein smooth muscle
cells(SMC) we performedin vitro biopanning on SMC. Phagewereincubated with SMCin order toisolate
peptideswhich could selectively improve adenovirus (Ad) or adeno-associated virus (AAV) transduction of
SMC. Analysisof 96 encoded peptideinsertsidentified 9 novel consensus motifsand 2 consensus peptide
sequences, these consensus peptides (GLA 1 and GLA2) were incorporated into the HI loop of Ad. Short
exposures (<1 hr) of themodified virusto SM C significantly improved reporter geneexpression in the absence
of endothdlid cell transductionfor GLA1 but not GLA2. Inadditionweincorporated GLA1intotheVP3 capsid
protein of AAV. A significant enhancement inreporter geneexpression withthemodified AAV vsnon-modified
control was observed at short exposuretimes. Identification of SM C targeting peptides by phage display and
their incorporationinto vira vectorshasimportant implicationsfor thetreatment of latevein graft failureand post-
angioplasty restenosi senabling selective and efficient geneddivery to SMC.

IDENTIFICATION AND EVALUATION OF PLAQUE TARGETING PEPTIDES
BY PHAGE DISPLAY.

Emmanuel D Papadakis?, Stuart A Nicklin?, Andrew H Baker 2, Andrew C Newby ! and Stephen J
Whitel. ! Bristol Heart Institute, University of Bristol, Bristol, United Kingdom, BS2 8HW and 2
Division of Cardiovascular and Medical Sciences, University of Glasgow, Glasgow, United Kingdom,
G116NT.

We have utilized two phage display approachesto identify short peptide ligandswhich could support specific
binding of genetherapy vectorsto atherosclerotic plaques. Inthefirst,in vivo phage biopanning was performed
againgt thebraciocephalic artery in 3-month hi-fat fed apoE"- mice, which representsacons stent and reproducible
siteof plaqueformationintheseanimals. Recovery of phage from the braciocephalic artery in vivoincreased
between 2 and 4 logsover four roundsof duplicate panning using al2mer peptidelibrary with aninitid input titer
of 4x10* pfu phage which was decreased to 5x10° pfu and 1x10° pfu over thefollowing rounds. 110 phage
were sequenced from thethird round revealing 79 unique sequencesand eight peptides bearing identical motifs
of a least 4 amino acids. To supplement thein vivo biopanning,in vitro panning was performed against microtiter
wells coated with 1.5 mg vascular cell adhesion molecule 1 (VCAM-1) using both 12mer and cyclic 7mer
librariesintriplicatewith afixedinput titer of 4x10* pfu. Anincreased recovery of phageof between 1 and 31ogs
was observed over threeroundsfor both libraries, following which individual phage were screened for their
ability to selectively bindto VCAM-1 by an EL1SA-based assay. Phage sel ected from both thein vivo panning
and those with affinity for VCAM-1 were screened for their ability to bind to TNF-stimul ated primary human
endothelial cellsinvitro. Several individual phageisolated by each of these methods showed up tofive-fold
higher binding to stimulated endothelia cellsover quiescent cdllsin vitro, and also demonstrated reduced binding
of non-endothelia cell typesindicating selectivity for endothelia cell receptors.
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ENHANCED CARDIAC VAGAL PHENOTYPE FOLLOWING EXERCISE-
TRAINING ISABSENT IN MICE LACKING ONE NEURONAL NO SYNTHASE
ALLELE.

E. J.F Danson, K. S. Mankia, S. Cai, K.M. Channon, D. J. Paterson University Laboratory of
Physiology, ParksRd, Oxford, OX13PT, U.K. & Dept. of Cardiovascular M edicine, John Radcliffe
Hospital, Oxford, OX39DU

Weinvestigated therole of neuronal NO-synthase (NOS-1), present in parasympathetic neurones, infacilitating
increased vagal responsivenesswhich isenhanced following exercisetraining. Maewild-type (WT,+EX;
n=12; 9.5+0.8 km/day) and heterozygousNOS-1 knockout (NOS-1+/-,+EX; n=12; 9.1+1.8 km/day) underwent
5 weeksvoluntary wheel -running and were compared to control micewithout wheels(WT, -EX n=12; NOS-
1+/-,-EX n=12). InWT, +EX atria, HR responsesto vaga nervestimulation (VNS) in-vitroweresignificantly
enhanced compared to WT,-EX atria(P<0.05); but responseswere unaffected in NOS-1+/-,+EX compared to
NOS-1+/-,-EX . Inhibition of NOS-1 with L-VNIO attenuated HR responsesto VNSinall atria(P<0.05) and
normalized theresponsesin WT, +EX with respect to WT,-EX atria. Effectsof L-VNIO on VNSresponses
werereversed by L-arginine. Western Blot analysis confirmed that expression of NOS-1 proteinin atriawas
increased inWT, +EX compared to WT,-EX (by 78%; P<0.05). Basal expression of NOS-1in NOS-1+/-,-
EX wasnot different compared to WT,-EX atriaand NOS-1+/-, +EX was not increased with respect to NOS-
1+/-,-EX. In-vivo cardiac genetransfer using adenoviruses containing NOS-1 increased vagal bradycardiain
isolated NOS-1+/-, +EX atriacompared to genetransfer of eGFP (P<0.01). Thisdifference wasabolished by
NOS-1inhibitionusing L-VNIO. Inconclusion, exercisetraining enhancesthe HR responseto peripheral vagal
nerve stimulation by aNO-dependent mechanism. Thesetraining-induced changes are dependent ontwointact
NOS-1 dleles, athough theimpaired phenotype can berescued by cardiac NOS-1 genetransfer.

ENHANCEMENT OF LIPOPOLYSACCHARIDE-STIMULATED JNK
ACTIVITY IN RAT AORTIC SMOOTH MUSCLE CELLS BY
PHARMACOLOGICAL AND ADENOVIRUS-MEDIATED INHIBITION OF
INHIBITORY KAPPA B KINASE SIGNALING.

Christopher J. MacK enzie*, Andrew Paul*, Susan Wilson*, Rainer deMartin', Andrew H. Baker*
and Robin Plevin*. * Depar tment of Physiology & Phar macology, Univer sity of Strathclyde, Glasgow,
G4 0NR. "Department of Vascular Biology and, Thrombosis Research, Univer sity of Vienna, A-1235
Vienna, Austria. *Department of Medicineand Ther apeutics, Univer sity of Glasgow, Glasgow, G11
6NT.

Inrat aortic smooth musclecdls, the putative NFkB inhibitor Pyrrolidine dithiocarbamate (PDTC) wasfound to
inhibit lipopolysaccharide (L PS)-stimulated NFkB DNA-binding. However , theste of inhibition wasfoundto
beat, or upstream of, theinhibitory kappaB kinases (IKKs). PDTC a so potentiated L PS-stimulated INK, p38
MAPkinaseand MAPK APkinase-2 activity. Another inhibitor of NFKB signaling, the serine proteaseinhibitor
Na p-Tosyl-L-lysine chloro-methylketone a so inhibited L PS-stimulated IKK activity and potentiated INK
activity inresponseto L PS, suggesting that cross-talk may occur between the NFkB and SA P kinase pathways
at thelevel of IKK or at acommon point upstream. Infection with an adenovirusencoding either adominant-
negative IKK 3 or inhibitory kappaB-a (whichisdownstream of 1KK) also potentiated L PS-stimul ated INK
activity, indicating that thelossof NFKB DNA-binding, rather thanthelossof IKK activity, issufficient to cause
theincreasein INK activity. Thisshowsthat inhibition of NFkB DNA-binding enhances INK activationin
vascular smooth musclecells, an effect that may contributeto the pathophysiological effectsof LPS.
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NOS-1 GENE TRANSFER PROMOTES CARDIAC VAGAL
NEUROTRANSMISSION AND GAIN OF FUNCTION.

D.A.Heaton, R.M. Mohan, E.J.F. Danson, S.P.R. Krishnan, S.J. Cai*, K.M. Channon*, D.J. Pater son.
University Laboratory of Physiology & *Dept of Cardiovascular M edicine, Oxford, UK.

Wetested the hypothesisthat NOS-1 genetransfer to theright atrium would enhance vagal bradycardia, since
pharmacol ogical evidenceimplicatesthe NO-cGM P pathway in facilitation of cholinergic neurotransmission.
Percutaneous genetransfer was performed in male guineapigs, using adenovirusesencoding NOS-1 (Ad.NOS-
1) or eGFP (Ad.eGFP). Some animals received a sham injection of saline alone. After ~5 daysincubation,
NA DPH-digphorase staining and Western bl otting showed increasedright atria NOS-1 expressoninthe Ad.NOS-
1 group relativeto thecontrol groups. Confocal imaging showed co-expression of NOS-1 with ChAT, indicating
Increased expression in cholinergic ganglia. Heart rateresponsesto 3 and 5Hz right vaga nerve stimulation were
increased inthe NOS-1 group, bothin vivo andin vitro. Thiswasassociated with increased rel ease of [*(H]ACh
inresponseto 10Hz field stimulation. In vitro application of the NOS-1 inhibitor Nw-nitro-L -arginine attenuated
theenhanced vagd bradycardiainthe Ad.NOS-1 group, while ODQ normalised release of [*(H]ACh. Thissuggests
that NOS-1 acts pre-synaptically to enhancevaga bradycardia, and that up-regulation of NOS-1 viagenetransfer
may provide anovel method for inducing cardiac vagal gain of function. Circ Res. 2002;91: 1089-1091.

CELL-CELL CONTACT BY CADHERINS PROVIDES AN ESSENTIAL
SURVIVAL SIGNALTO MIGRATING VASCULAR SMOOTH MUSCLE CELLS.

E Koutsouki, C Aguilera-Garcia, G Sala-Newby, A Newby, SGeorge. Bristol Heart I ngtitute, Univer sity
of Bristol, BRISTOL, BS2 8HW.

Weexamined theeffect of disrupting cadherinson V SM C migration. Human saphenousvein VSV Csweregrown
to confluence and then wounded. Migration and the percentage of apoptotic VSMCsby insituend labelling were
assessed after 24 hours. Selectiveinhibition of cadherin function using 200mg/ml cadherin binding siteinhibitory
peptide (HAV) significantly reduced migration by 53+8% compared to the control peptide (n=3, Student t-test,
p<0.05). Furthermore, inhibition of only N-cadherin function using 80mg/ml neutralizing antibodiesand adenovira
expression of dominant negative N-cadherin significantly reduced migration by 33+1% and 40+12% compared
to non-immuneimmunoglobulin and reporter gene controls, respectively (n= 3, p<0.05). Death of VSMC was
significantly increased by inhibition of cadherinfunction (HAV peptide 3+1-fold, N-cadherin antibody 3+1-fold,
dominant negative N-cadherin 4+1fold, n=4, p<0.05). Thisincreasein cell death clearly contributesto reduced
migration of VSMCs. Thisstudy indicatesthat cell-cell adhes on mediated by cadherins, particularly N-cadherin,
isasurviva signa for migrating V SM Cs. We suggest disruption of cadherinsisapotential strategy for reducing
VSMC migrationandintimal thickening.

OVEREXPRESSION OF INTERLEUKIN-18 DECREASES PLAQUE STABILITY
IN FEMALE APOLIPOPROTEIN-E KNOCKOUT MICE.

R.deNooijer, J.vonder Thisen, J. Kuiper, S.Levy, Th.J.C. van Berkel, E. Biessen. Leiden Univer sity,
Dept. of Biophar maceutics, 2333CC, Leiden, TheNetherlands.

In apoE-/- micelL-18 enhances atherogenesisthrough release of IFNy. MaelFNy-/- X apoE-/- mice showed
decreased |esion sizewhereasin femalesIFNy deficiency had no such effect. Thisstudy aimsto assessthe effect
of IL-18 on plaquestability infemal e gpoE-/- mice. Weinduced atherosclerosisinthecarotid arteriesby perivascular
collar placement. To evokeasystemic up-regulation of I1L-18 weinjected an adenovird vector intravenoudy. Two
weekslater the carotid arterieswere harvested. Plaqueswere measured, classified and scored for adverseevents.
Wefound no differencein plague sizeinthe I L-18 treatment group compared to the control animals. Theratio of
macrophageto plaque areawas dightly decreased inthe | L-18 group (p=0.045). Furthermorein thisgroup we
found 10/16 vessal swith morphology proneto rupture or even rupture or haemorrhage ascompared to 4/17in
the controls. ThelL-18 treated mice showed decrease in collagen/intimaratio (p=0.003). This suggeststhat
systemic I L-18 overexpression causesadecreasein collagen content and |leadsto amore vulnerable phenotypein
femal e apoE-/- mice.
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ENHANCED NON-VIRAL VASCULAR GENE DELIVERY USING VP22-
MEDIATED INTERCELLULAR PROTEIN TRANSPORT.

Dr Paul J Sheridan?, Professor David C Crossman?, Dr Cathy M Holt?, Dr Christopher M Newman?.
1Cardiovascular Resear ch Group, Division of Clinical Sciences(North), University of Sheffield, UK.
2Department of M edicine, University of Manchester, UK

Background Fusion of the Herpes Simplex Virus (HSV) gene VP22 to anumber of plausibly therapeutic
transgenesresultsinintercellular trafficking of the fusion protein from asingletransfected cell to up to 200
surrounding cells, following adenoviral transfection. Theeffectiveness of plasmids encoding fusionsbetween
VP22 and two geneswith potentia relevanceto cardiovascular disease, HSV-I Thymidinekinase (TK) and the
dominant negativec-myb alee, MybEngrailed (MybEn), have beeninvestigated, using non-vira transfection of
vascular smooth musclecdls(VSMC)invitro.

Methodsand ResultsPlasmidsencoding TK, MybEn and therelevant VP22 fusionsweretrans ently transfected
into porcineV SM C using polyplex transfection. All theVV P22 fusionstested exhibited intercellular traffickingin
VSMC. TK transfectionwasassociated with substantial (3 70%) cell deathin the presence of ganciclovir despite
alow (<2%) primary transfection rate, indicating asubstantial bystander effect in these cells. Consequently,
transfectionwith VP22-TK fusionswasnot associ ated with additiona cytotoxicity. In contrast, transfection with
MybEn-V P22 was associated with a10.6 +3.6 fold greater inhibition of V SMC population growth and a3.2
+1.0foldincreasein apoptosiscompared with transfection with MybEn aone.

Conclusion Plasmidsencoding fusion proteinsof VP22 and thergpeuti c transgenes, which exhibit highly efficient
intercellular trafficking following transfection, may enhancetheeffectivenessof non-vira vascular geneddivery.

SYSTEMIC ADMINISTRATION OF ADENOVIRUS EXPRESSING
POTENTIALLY THERAPEUTIC GENES IN A RAT MODEL OF
HYPERTENSION.

WH Miller, D Graham, MJ Brosnan, AF Frater, SA Nicklin, DD Heistad®, K Channon®, AH Baker,
AF Dominiczak, University of Glasgow; @University of | owa College of M edicine; @John Radcliffe
Hospital.

We have previoudy shown that adenovira-mediated genetransfer of extracel lular superoxide dismutase (SOD3)
or endothelia nitric oxide synthase (eNOS) improves endothelia functionin the stroke-prone spontaneously
hypertensiverat (SHRSP). Theaim of the present study wasto deliver these genes systemically and determine
theeffect on SHRSP blood pressure. Systolic blood pressure (SBP) was continuously recorded by radiotelemetry
inmale, 11-week old SHRSPsfor atotal of 8 weeks. After 5days baselinerecording, ratsrecelved apre-dose
of empty virus. Ad vectors, or vehicle, encoding for eNOS, SOD3 or EGFPwereinfused viathefemoral vein4
hourslater. Additionally, onegroup received ADECSODDHBD, encoding for aheparin-binding domain deleted
ecSOD that may beeffective at areasdistant to the site of expression. Biodistribution of infused virususing redl
timePCR reved ed themgjority of adenovirad particlesto beaccumulatedin liver and spleen. Immunchistochemistry
showed that transgene expression paralleled this. However, no significant changein SBP occurred between the
animal groupsat any time point. AJECSODDHBD dsofailed to affect SBP. Refinement of adenoviral-mediated
geneddivery tothevasculatureisrequiredin order to pursuethismethod asasystemically injectableintervention

againg hypertension.
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A GENE TRANSFER STRATEGY TO ALTER THE PHENOTYPE OF
CALCIFYING VASCULAR CELLSBY BLOCKING DIFFERENTIATION INTO
CALCIFIED NODULES IN VITRO.

FL Wilkinson, JP Kirton, C Rock, G Colette, C Griffin-Jones, M Jezior ska, AM Heagerty, AE Canfield,
MY Alexander. Cardiovascular Research Group, School of M edicine, Univer sity of Manchester. UK

Thecommonfindingof cadificationinvascular medicineunderpinstheimportancefor underdandingitspathogeness.
Proteinsknownto beinvolvedinthecontrolled cal cification that occurs during osteogenesis, suchasBMP-2 &
6, osteopontinand MGParea sofound in calcified atherosclerotic lesions. Thisknowledge providestheimpetus
to analyse and characterise the genesinvolved in the pathogenesis of calcification, asthiscould lead to the
development of novel targetsfor therapeutic intervention. To thisend, subtractive hybridisation and RLM-
RA CE hasbeen used toidentify and cloneanove gene, designated clone 15, whichisdifferentially expressedin
aninvitro modd of cacification. The predicted amino acid sequence of thisnovel gene encodesaprotein of
15K Da, smilar in sizeto many growth and differentiation factors. Northern blot analysis showsatranscript of
800bp, whichisup-regulated when vascular cellsdeposit amineralised matrix. We show expression of clone 15
in human calcified atherosclerotic lesions using RT-PCR. We propose that the protein encoded by thisnovel
cDNA playsakey rolein regulating the deposition of acalcified matrix bothinvitroandinvivo. Functional
analysisof clone 15isbeing performed using an adenovira -mediated over-expression strategy during vascular
cdll differentiation. Current studiesaretesting the hypothesisthat up-regulation of clone 15 issufficient to cause
cacification of vascular cells, and that interfering with expression of clone 15 in amolecular mannerinvitrowith
anantisensecDNA congtruct will prevent mineraization.

LENTIVIRUSMEDIATED GENE TRANSFER OF VIRAL INTERLEUKIN 10
PROLONGS SURVIVAL OF CARDIAC ALLOGRAFTSIN RATS.

J.Zhaot, L. Ddriviere?, EIM. Bolton?, A.M .L. Lever®. Dept of Medicine! and Surgery?. Addenbrooke's
Hospital, University of Cambridge, Cambridge, CB22QQ

Introduction: Lentiviral vectorsare emerging asthe vectorsof choiceforinvitro andin vivo genetherapy
studiesduetotheir long term gene expression and thelack of host immuneresponse. In thisstudy we examined
thefeasibility of transferring theviral interleukin-10 (vIL-10) geneintorat cardiac graftsusing lentiviral vectors
by direct intramyocardia injection.

Methods: Lentiviral vectorscontaining viL-10 were generated from an HIV-1 construct, inwhich theviral
promoter had been inactivated and virtually all theviral accessory proteinshad been deleted in order to givethe
maximum safety. vIL-10 gene expression in transduced heartswas examined by RT-PCR. Cardiac all ograft
trangplantswere performed in highly histocompatiblerat strains(Lewisto DA).

Results: Long term vIL-10 expression was shown in the heart isografts at | east 28 days after transduction.
Animals transduced by vIL-10 showed significantly prolonged allograft survival without conventional
Immunosuppression (14.5+1.0.daysvs. 8.0+0.7 daysfor control, p<0.001).

Conclusion: ExpressngviIL-10inrat heart usinglentivira vectorsprolongsalograft surviva. Thesurviva timeis
comparabletothat using adenovira vectorsddiveringviL-10inasmilar rat strainscombination, suggesting that
thelimited survival may beduetolack of inhibition of early phase of aloimmuneresponse.
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FUNCTIONAL OXYTOCIN RECEPTORS ON PRIMARY HUMAN VASCULAR
SMOOTH MUSCLE CELLS.

C.C.H. Argent!, G.E. Rainger?and M .Wheatley?*, 1School of Biosciences,?Department of Physiology,
Univer sity of Birmingham, Edgbaston, Birmingham B152TT.

Vascular smooth musclecdls(V SMC) inhedthy vessd sare primarily inacontractile phenotype. In atherosclerosis
contractile cellsconvert to asecretory phenotypein responseto mitogenic signalsand migrateinto plaquesat
sitesof disease. Inthisstudy we measured the cell surface expression of oxytocin receptors (OTRS) on primary
human umbilical (Um) and aortic (Ao) VSMCsin the contractile and secretory phenotypesand investigated
whether an oxytocin receptor agonist had mitogenic functionsby conferring aproliferative, secretory phenotype
oncontractilecells. VSMCweregrown in 12 well plates. Cellswere converted from secretory to acontractile
phenotype by withdrawal of growth factorsand cultureinthe presence of low serum (0.25% v/v). Expression of
OTRswasmeasured using wholecedll ligand binding. For proliferation studies contractile cellsweretreated with
TGOT, asdlective oxytocin agonist, for 24 hoursand cell proliferation quantified. The cell surface expression of
OTRs(fmol.mg protein™) wereasfollows: Um-secretory, 152 (n=9); Um-contractile, 36+5 (n=9); Ao-secretory,
17+4 (n=7); Ao-contactile, 947 (n=7). TGOT induced proliferative regponsesin both the Um and Ao contractile
VSMC. Inconclusion: Wefound that OTRswere expressed on both Um-VSMC and Ao-VSMC. OTRswere
expressed at greeter density on vV SMCinacontractile phenotype. OTRsarefunctionaly coupled toaproliferative
responsein contractileVSMC.

Thiswork was supported by the British Heart Foundation grant P/G 99053.

INHIBITION OF MATRIX METALLOPROTEINASE ACTIVITY INCREASES
ATHEROSCLEROTIC PLAQUE SIZE IN A MOUSE MODEL OF PLAQUE
RUPTURE.

Jason Johnson, Sarah George, "William McPheat, "Regina Fritsche-Danielson, "Annika Westin-
Eriksson, Andrew Newby & Christopher Jackson. Bristol Heart I ngtitute, Univer Sty of Bristol, England,;
"AstraZenecaR& D, MdIndal, Sweden.

We hypothes sed that admini strati on of abroad-spectrum matrix metalloproteinase (MMP) inhibitor (RS-130830)
would both stabilise and limit the progression of brachiocephalic artery atherosclerosisin the apolipoprotein E
knockout mouse (apoE’") model of plague rupture. Two groups of 24 male mice aged six to eight weekswere
placed on ahigh-fat Western diet. One group had their diet supplemented with RS-130830. Eight weeks | ater
themicewereterminated and the brachi ocephdic artery removed. Treated anima shad amean plasmaconcentration
of RS-130830 of 311+45nM (mean+SEM), 50-fold higher than the |C50 for most MMPs. Thisresultedina
two-fold increasein atherosclerotic lesion size compared with control s (0.074+0.009um? v 0.037+0.006pm?;
p=0.005). Therewasno significant effect on either the number of healed plaqueruptures, asevidenced by buried
fibrouslayerswithinthe plaque, or the number of acute plaqueruptures. Thetunicamediain animalstrested with
the MMP inhibitor had an increased collagen content (23+2% v 15+2%; p=0.01) and a decreased elastin
content (53+2% v 59+2%; p=0.04), withamarked increasein medid area(0.078+0.002um? v 0.066+0.003un;
p=0.003). Theseresultsdemonstrate that administration of abroad spectrum MMPinhibitor at early time points
inananima mode of plaquerupture neither suppressesatherosclerotic plague devel opment nor atersthe stability
of thelesions. Although thesefindingsmay not support theuse of broad spectrum MMPinhibitorsinthetreatment
of unstable plaques, additional datafrom later timepoints, including survival rates, are needed.
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Cardiovascular Related M eetings

Scientific Sessions of the American Heart Association. Orlando, Florida. Enquiries: American Heart
Association, Meetingsand Councils, 7272 Greenville Avenue, Dallas, TX 75231. Tel.: + 1214 706 1543; Fax:
+1 214 373 3406; E-mail: gcordis@neuron.uchc.edu; Website: http://ishr2003.uchc.edu

XVI1II World Congressof thelnternational Society for Heart Research, August 7-11, 2004, Brisbane,
Austrdia. Enquiries: ISHR 2004 Congress, PO Box 164, Fortitude Valley QLD 4006, Australia. Tel +617
3854 1611; Fax +617 3854 1507; E-mail: heart2004@ozaccom.com.au; Website: www.baker.edu.au/ISHR

Keystone Symposia: ‘Molecular Biology of Cardiac Disease’ and ' Car diac Development and Congenital
Heart Disease’. March 7-12, 2004, Keystone Resort, Colorado, USA. For further information:
www.keystonesymposia.org; 221 Summit Place#272, Drawer 1630, Silverthorne, CO 86498; Tel: +1 970
262 1230; info@keystonesymposia.org.

XXVI Annual M eeting of thsI SHR - North American Section "Bench to Bedside and Back: Exploring
new Paradigms- A Multifunctional Perspective of Cardiovascular Researchin North America'. May 2-5th,
2004. Westin ReginaResort, Cancun, Mexico. Enquiries; Dr Danid Villarred, SUNY Upstate Medica University
Syracuse NY 13210; Tel: (315) 464-9578; Fax: (315) 464-9571; E-mail: Villard@upstate.edu

Travd Reportsfor The Bulletin

TheBulletin regularly publishestravel reportswritten by members. These areupto 3
pages in length, may include photographs and can be on any conference, course or
laboratory visit of interest to other members. |If you are planning on travelling to a
cardiovascul ar-related meeting and would liketo writeareport for the Bulletin, please
contact the editors. A bursary of £100 is available towards the cost of your visit, and
thiswill be provided on receipt of the report. Bon voyage!

For up to dateinformation on forthcoming meetings,
wor kshopsand symposia,

please remember to check the new BSCR Website:

http://www.bcs.com/affiliates/bscr.ntml
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Cardiovascular Related Wellcome Trust Grants

February 2003 to May 2003

Senior Resear ch Fellowshipsin Clinical Science

Dr S Bhattacharya, Department Of Cardiovascular
Medicine, John Radcliffe Hospital, University Of
Oxford. Genetic And Environmental Mechanismsin
Congenital Heart Disease. 60 Months, £1,491,905

Coallabor ativeResear ch I nitiative Grants

Professor Homero Rubbo, Department Of Medical
Biochemistry, University Of Wales College Of
Medicine, Cardiff Wales. Biological Properties Of
Arachidonate-Derived Nitrated Lipids. 36 Months,
£112,675.

Equipment

Dr R M Tribe, Department Of Women's Health,
Maternal And Fetal Research Unit, Guys, King'sAnd
St Thomas' School Of Medicine,Lambeth Palace
Road. Real-Time Pcr (Abi Prism 7000): A Multiuser
Facility For Reproductive Research. 36 Months,
£20,157.

Entry Leve Felowships For Medical And Dental
Graduates

Dr Kelvin Lee, Department Of Cardiology, ,
University Of Newcastle,Newcastle Upon Tyne. A
Genomic Approach To Atherosclerotic Plague
Vunerability. 12 Months, £60,136.

Mr Nell Cartwright, Royal Brompton And Harefield
Nhs Trust,London. Mechanism Of Vascular
Dysfunction In Human Sepsis. Implications For
Improved Therapies. 12 Months, £53,730.
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Project Grants

Professor Robert C Read, Division Of Genomic
Medicine, Section Of Functional Genomics,
University Of Sheffield. Role Of Bacterial
Denitrification In The Pathogenesis Of Sepsis. 36
Months, £215,290.

Dr Phillip Eaton, Centre For Cardiovascular Biology
And Medicine, Rayne Institute, King's College
London. Redox Signalling And Ischaemic
Preconditioning: A Potential Role For Protein S-
Thiolation. 36 Months, £175,699.

Dr Adrian JHobbs, Wolfson Ingtitute For Biomedical
Research, University College London.
Characterisation Of C-Type Natriuretic Peptide (Cnp)
AsAn Endothelium-Derivedhyperpolarising Factor:
Regulation Of Vascular Tone, And Platel et Reactivity.
36 Months, £130,460.

Dr Andrea E Munsterberg, School Of Biological
Sciences, University Of East Anglia,Norwich.
Regulation Of Mesodermal Cell Movement And Fate
By Wnt Signalling Pathways In Chick Embryos. 36
Months, £185,683.

Dr David R Poyner, Pharmaceutica Science Research
Institute, Aston University, Birmingham.
Characterisation Of Conserved Residues And
Activation M echanisms Of The Cgrp Receptor (Cl/
Rampl); A Comparison With TheV1aVasopressin
Receptor. 36 Months, £152,703.



THE BHITISH SOCIETY FOR CARDIOVASCULAR RESEARCH \\\‘

BSCR Autumn M eeting 2003

OXIDATIVE STRESS. FROM M EASUREMENT TO
M ANAGEMENT

held jointly with the Scottish Cardiovascular Forum
Dates: 8" and 9" September, 2003
Venue John Macl ntyre Conference Centre, University of Edinburgh
Organisers: Gillian Gray, lan Megson, Simon Maxwell, Irfan Rahman & Ajay Shah

Overall Aims.
To consider the sources of oxidative stressand cellular targetsin cardiovascular disease.
Todiscussthe prosand consof the techniques used for measurement of oxidative stress.
To examinedifferent approachesto the management of oxidative stress.

Invited Speakers include: Barry Haliwell (Sngapore), Rudolph Riemersma (Edin), Ingrid Fleming
(Frankfurt), Sandy Hill (Dundee), Jurg Muller (Magnatech), Valerie O’ Donnell (Cardiff), Keith Channon
(Oxford), Roberto Motterlini (Imperial) Irfan Rahman (Edin), Philip Eaton(KCL), Mary Cotter (Aberdeen),
Ajay Shah (KCL), Ralf Brandes (Frankfurt), LucillaPoston (GKT), JuliaBrosnan (Glasgow), Justine Davies
(Dundeg), Dipak Das (Connecticut), Jane Armitage (Oxford CTU).

Travel & Accommodation: The conference centreislocated adjacent to Holyrood Park and closeto Edinburgh
city centre. En-suiteroomsand parking areavailableon site.

Communications: Part of thismeeting will be devoted to oral presentation of selected abstracts, and posters.
Prizeswill begivenfor the best oral and best poster presentation given by young investigators.

Registration: Freeto BSCR members, £40 for non-members.
Bursaries: The Society will consider awarding travel grants of up to £150 to bonafide PhD students.
Deadlinefor submission of abstracts, registration and application for student bursaries: 1% August

Theabstract pro-forma, meetingregistration form, and formsfor application for BSCR member ship
or student bur sariescan bedownloaded fr om: http://www.bcs.com/affiliates/bscr.html

Any further enquiriesto: Dr Gillian Gray, University of Edinburgh, SBCLS, Hugh Robson Building,
George Square, Edinburgh EH8 9JZ; Tel 0131-650-6817; FAX 0131-650-6527; gillian.gray @ed.ac.uk.

or: Dr BarbaraMcDermott, BSCR Secretary, Department of Thergpeuti csand Pharmacol ogy, Queen’' sUniversity
Belfast, WhitlaMedical Building, 97 Lisburn Road, Belfast BT9 7BL ; Tel 02890-272242; FAX 02890-438-
346; b.mcdermott@qub.ac.uk
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