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C01 and PCO1

NAADP and two-pore channels are important for the contraction of airway
smooth muscle cells

K. Rietdorf!3, P.K. Aley!, C. Lim', M.D. Bootman?, M.]. Sanderson3, ). Parrington’,
G.C. Churchill’ and A. Galione!

'Department of Pharmacology, Oxford University, Oxford, UK, 2Laboratory of Molecular
Signalling, The Babraham Institute, Cambridge, UK and 3Department of Microbiology
and Physiology Systems, University of Massachusetts Medical School, Worcester, MA, USA

Three second messengers that activate intracellular CaZ* release are established so
far: IP;, cADPR, and NAADP. Of these, NAADP is the most recently identified and
the most potent. It has been shown to act on acidic organelles, but there is also
evidence that it might act on the RyR. We have recently identified a member of the
two-pore channel (TPC) family as a major component of the NAADP-receptor com-
plex, and as a NAADP-gated CaZ*-channel (Calcraft et al., 2009; Pitt et al., 2010).
Arole for NAADP and TPCs has been shown to be important for Ca2* release and|or
contraction in various smooth muscle cells systems (Durlu-Kandilci et al., 2010,
Aley et al., 2010, Kinnear et al., 2004). Since TPCs and NAADP-mediated Ca2*-sig-
nalling has been shown to be of importance in smooth muscle cells, we were inter-
ested whether it could be involved in asthma.

Here we present data showing the intracellular localization of TPCs on the endolyso-
somal system using immunofluorescence staining (n=3). Using RT-PCR, we show
the presence of TPC1 and TPC2 in mouse trachea.

To investigate whether TPCs and NAADP are important for the contraction of air-
way smooth muscle cells, we established dose-response curves to cholinergic stim-
ulation using carbachol (CCh; 0.3 nM - 300 uM) in trachea from WT and TPC2 KO
mice. In addition, we tested the effect of pre-incubation of the tissue with 10 uM
Ned-19, a selective inhibitor of NAADP receptors. Pre-incubation with Ned-19 caused
an increase in the ECg,, of CCh-stimulated Ca?* elevation from 0.3 = 0.04 uM (n=3)
to 1+ 0.5 uM (n=4) in trachea from WT mice, and an increase from 0.2 = 0.04 uM
(n=4) to 0.5 = 0.2 uM (n=3) in trachea from TPC2 KO mice. All values are given as
mean = S.E.M. Besides this change in the EC;,, we also found differences in the
maximum contractility: trachea from TPC2 KO mice showed a significantly higher
maximum contractility (11.9 = 0.5 mN/mg tissue, n=4) compared to WT mice (5.2
+ 0.2 mN/mg, n=4; p<0.0001, T-test). Consistent with the finding in TPC2 KO mice,
we also observed an increased maximum contractility after pre-incubation with
Ned-19 in trachea from WT mice (9.1 = 0.7 mN/mg, n=3).

These results indicate that Ca2* release via NAADP and TPCs acts in an inhibitory
manner on the contractile response of airway smooth muscle cells. One yet to be
tested hypothesis to explain this inhibition is that NAADP causes localised Ca2*
release near the plasma membrane, thus activating BKCa channels and causing a
hyperpolarisation of the plasma membrane. This hyperpolarization could in turn
effectively dampen the CCh response. This inhibition is missing after pre-treatment
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with Ned-19, or in the absence of TPC2, explaining the higher maximum contrac-
tion observed.
Calcraft, P.). et al. (2009). Nature. 459, 596-600

Pitt, S.). et al. (2010). ] Biol Chem. 285, 35039-35046
Durlu-Kandilci, T.N. et al. (2010). ] Biol Chem 285, 24925-24932
Aley, P.K. et al. (2010). ). Pharmacol. Exp. Ther 333,726-735
Kinnear et al. (2004). | Biol Chem. 279 (52), 54319-54326

We thank Margarida Ruas for providing the TPC2 knockout mice. We also want to
thank the Wellcome Trust and the Asthma Society UK for supporting this research.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.

C02 and PC02

Subcellular STIM1 re-localisation and Orail-mediated calcium entry in
vascular smooth muscle cells

L. McKeown, ]. Li, K.E. Porter and D.J. Beech
Faculty of Biological Sciences, University of Leeds, Leeds, UK

Activation of calcium-release activated calcium (CRAC) channels is suggested to
require re-organisation and clustering of ER-localized STIM1 proteins prior to local-
isation with, and co-clustering of, plasma membrane Orail proteins, which form
the CRAC channel pore. Vascular smooth muscle cells were cultured from discarded
segments of human saphenous vein, which were obtained with ethical approval.
Fluorescence was used to detect intracellular calcium and subcellular dynamics of
eYFP-STIM1 and mCherry-Orail. In the presence of physiological extracellular cal-
cium, platelet-derived growth factor elicited transient followed by sustained ele-
vations of intracellular calcium. As previously reported (Li et al 2011 Br | Pharma-
col 164, 382-393), the sustained elevation of calcium was suppressed by Orail
siRNA or a CRAC channel blocker, showing that CRAC channels were activated.
Platelet-derived growth factor did not evoke clustering of eYFP-STIM1 or mCherry-
Orail unless there was CRAC channel blockade, after which there was re-organi-
sation and co-clustering of eYFP-STIM1 and mCherry-Orail in response to platelet-
derived growth factor. In the absence of CRAC channel blockade, clustering was
routinely observed in response to thapsigargin, the inhibitor of sarco-endoplasmic
reticular calcium ATPase (SERCA). The data suggest that physiological STIM1 clus-
tering is suppressed by calcium influx through Orai1 channels. Supported by the
Wellcome Trust.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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C03 and PC03

Airway smooth muscle contraction is regulated by Ca2* oscillation frequency
and Ca2* sensitivity

M.]. Sanderson
Microbiology and Physiological Systems, Univ Mass Med Sch, Worceser, MA, USA

Airway hyper-responsiveness (AHR) is a characteristic of asthma and COPD and
results from the excessive contraction of airway smooth muscle cells (ASMCs).
The exact cause of this excessive contraction is unknown but may involve changes
in ASMC Ca?* signaling or ASMC sensitivity to Ca2*. We have investigated the under-
lying mechanisms of Ca2* signaling and Ca?* sensitivity in order to better define
mechanisms of AHR.

We have investigated these processes in ASMCs surrounding small airways in lung
slices made from the lungs of mouse, rats and humans. Isolated lungs are inflated
with warm liquid agarose. When solidified by cooling, the agarose stiffens the lung
tissue to allow slices, 250 um thick, to be cut. These slices are examined by phase-
contrast microscopy to follow airway contraction as well as by confocal microscopy
to observe ASMC Ca?* signaling.

We have found that methylcholine (from 100 - 1000 nM) induces Ca2* oscillations
in ASMC with frequencies ranging from 8 min-1 in humans to 20 min-1 in mice (at
1000 nM). In all cases, the extent of airway contraction increased in proportion to
the increase the frequency of the Ca* oscillations. In human lung tissue, histamine
induced similar changes (500 nm histamine induce a decrease in area to 63.98%
+[- 7.88 and Ca2* oscillations with a frequency of 5.73+/- 0.66 per min). These
Ca?* oscillations appeared to be primarily mediated by inositol-trisphosphate recep-
tors (IP3Rs) because the addition of ryanodine, an antagonist of the ryanodine
receptor, had no effect on agonist-induced Ca2* oscillation frequency.
Interestingly, the relationship of airway contraction with respect to the CaZ* oscil-
lation frequency was different between the 3 species. We developed an assay to
evaluate Ca2* sensitivity of ASMCs using caffeine and ryanodine to empty Ca2*
internal store and “clamp” internal Ca2*. With this preparation, we found that
mouse ASMCs have a low Ca2* sensitivity as compared to rat and human airways.
In conclusion, ASMC contraction is a function of the frequency of Ca2* oscillations,
driven by the IP3R, and the level of Ca2* sensitivity.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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C04 and PC04

Mechanisms of O, sensing and Ca?* homeostasis during hypoxic pulmonary
vasoconstriction in pulmonary arteries from rats

M.]J. Connolly, J. Prieto-Lloret, J.P. Ward and P.l. Aaronson
Division of Asthma, Allergy and Lung Biology, King’s College London, London, UK

Hypoxic pulmonary vasoconstriction (HPV), the process by which hypoxia constricts
pulmonary arteries (PA), requires that PA smooth muscle cells contain both oxy-
gen sensing and downstream effector mechanisms causing contraction. Here, we
characterised the roles of the electron transport chain and NADPH oxidase in oxy-
gen sensing, and of effector mechanisms involving Ca* release. HPV in isolated
PA and perfused lung is of low amplitude, and is therefore generally studied in the
presence of agonist-induced prestimulation (‘pretone’). This approach magnifies
the response, making it easier to study, but may also distort its properties. We
therefore recorded HPV in the absence of pretone in second and third order PA
branches from young (7250 g) Wistar rats, using conventional myography. Arter-
ies were exposed to severe hypoxia (95% N,, 5% CO,) over three 40 minute peri-
ods, each separated by ~30 min, with the second and third HPVs being used as
the control and intervention responses, respectively (eg. drugs were applied 20 min
before and during the third response, which was compared to the second using
paired T-tests). HPV typically exhibited a transient peak (phase 1), after which ten-
sion fell slightly and then rose gradually to a plateau (phase 2). Phase 1 was abol-
ished but phase 2 was unaffected by pretreatment with the mitochondrial com-
plexlinhibitor rotenone (1 uM, n = 7), whereas both phases of HPV were abolished
by the complex IV inhibitor cyanide (10 uM, n = 5). Pretreatment of PA with super-
oxide dismutase (200 units/ml), catalase (200 units/ml), the combination of these
enzymes, or with the putative NADPH oxidase inhibitor VAS 2870 (10 uM) had no
effect on either phase of HPV (n =7,7,10 and 8, respectively). Conversely, the super-
oxide scavenger TEMPOL (3 mM) reduced phase 1 from 0.48 + 0.10 mN to 0.28 =
0.06 mN (p <0.05) and abolished phase 2 HPV (n=5). The putative two pore chan-
nel antagonist NED-19 had no effect on either phase of HPV at concentrations of
either 1 or 10 uM (n =12 and 5, respectively). Pretreatment with 100 uM ryanodine
to block the ryanodine receptor reduced phase 1 from 0.51 = 0.07 mN to 0.16 =
0.07 mN, and phase 2 from 0.56 mN = 0.15 mN to 0.20 = 0.08 mN (n=6, p<0.05
for both phases), whereas pretreatment with a combination of ryanodine (10 uM)
and caffeine (10 mM) to deplete SR Ca2* abolished both phases. Application of Ca%*
-free solution containing 200 uM EGTA ablated phase 1 HPV but had no significant
effect on phase 2, and re-addition of CaZ* to the solution during phase 2 did not
increase contraction. These data indicate that the oxygen sensing mechanisms for
phase 1 and 2 may differ, but in neither case involve NADPH oxidase. Phase 2 HPV
seems to be fully accounted for by the release of Ca2* from the SR.
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Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.

CO05 and PCO5

The effect of hypoxia and perivascular fat on potassium channels in mice
mesenteric arteries

Z.Yao, F. Lynch and A.M. Heagerty
Cardiovascular Reserach Group, University of Manchester, Manchester, UK

Previously studies demonstrated that perivascular adipose tissue (PVAT) releases
adipoycyte-derived relaxing factors (ADRF) which reduces vascular contractility (1).
The study explores the potential influences of hypoxia on PVAT and potassium chan-
nels in isolated mice mesenteric arteries.

Male and female, 7BKp1 (large-conductance Ca?* activated potassium (BK,) chan-
nel knockout), C57BL/6 (Wild type) mice (12-18 week old ~25g weight) were killed
by stunning and cervical dislocation. Mesenteric arteries with or without PVAT were
mounted on a wire myograph for isometric tension recording. Cumulative con-
centration responses (109-10°M) to norepinephrine (NE) were performed before
and after 2.5 hours hypoxia (95%N,, 5%CO,), in the presence or absence of ATP-
sensitive potassium channel (K,;p) blocker glibenclamide (10uM). Responses are
expressed as mean (+SEM) % of KPSS constriction and analysed using 2-way ANOVA.
NE produced a concentration dependent constriction of arteries. PVAT significantly
(P<0.01) reduced this constriction in wild-type vessels (Figure A). Hypoxia signifi-
cantly enhanced (P<0.001) vasorelaxation effect of adipose tissue (n=4,
54.4+11.4%vs21.1+8.9%), while no vasorelaxation effect was observed in the arter-
ies without adipose tissue (n=4, 85.3+12.4%vs81.3218.5%). In the 7BKS1 group
hypoxia had no significant effect on the contractility between the non-PVAT and
PVAT vessels (n=5, 58.23+11.5%vs46.85+22.5%).

Glibenclamide significantly (p<0.01) impaired the hypoxic vasorelaxation effect of
PVAT in wild-type arteries (n=4, 72.1+21.3%vs138.0+55.4%). Glibenclamide does not
affect the contractile responses of vessels in normoxic conditions (n=6,
84.0+26.1%vs51.4+15.2%). In arteries from 7'BK31 mice, glibenclamide does not signi-
ficantly affect the contractile response of PVAT vessels to NE compared with the cor-
responding control responses irrespective of hypoxic (n=4, 46.9+22.5%vs33.6+13.7%)
and normoxic (n=5, 37.7+11.6%vs40.3+16.0%) conditions.

Our findings indicate that hypoxia has a vasorelaxation effect on mice mesenteric
arteries and it is dependent on the presence of intact PVAT. In addition, activation
of BK, and K,;p channels plays an important role in this response.
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Figure A. Response of mesenteric arteries from C57BL/6 mice in presence and absence of PVAT to
cumulative concentration of NE. Healthy fat caused a reduction in contractility to NE compared
with arteries without fat (** P<0.01).

Lohn, M., G. Dubrovska, et al. (2002). FASEB | 16(9): 1057-1063.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.

C06 and PC06

Ablation and acute inhibition of Plasma Membrane Calcium ATPase 4
(PMCAA4) with a novel inhibitor have different effects on isolated mouse
mesenteric resistance arterial contractility

S. Lewis, C. Cobb, L. Neyses, E.]. Cartwright and C. Austin
Cardiovascular Research Group, University of Manchester, Manchester, UK

PMCAA4 is a calcium extrusion pump which may also modulate Ca2+ -triggered sig-
nal transduction pathways. Previous studies postulate that PMCA4 modulates sig-
nalling via an interaction with neuronal nitric oxide synthase (nNOS) in localised
plasmalemmal microdomains [1,2,3]. Although PMCAA4 is the most abundant iso-
form in vascular smooth muscle its role is somewhat unclear [1,2]. Here, PMCA4
ablated mice (PMCA4KO) and a novel specific PMCA4 inhibitor (termed AP2) [4]
were used to study the role of PMCA4 in resistance artery contractility.

Contractility of isolated, pressurised (60mmHg), 3rd order mesenteric arteries from
male PMCA4KO and wild type, (WT) mice in response to 100mM K+ depolarisation
& noradrenaline (NA) (Log[NA]-9.0 to-5.0M) were determined. Passive lumen diam-
eter and left & right wall thicknesses of arteries from PMAC4KO and WT mice were
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taken at transmural pressures of 5-140mmHg. Effects of acute PMCAA4 inhibition
with AP2 (10uM), nitric oxide synthase (NOS) inhibition with LNNA (100uM) &
specific NNOS inhibition with Vinyl-L-Nio (10uM) were also investigated. Change in
diameter is expressed as % of resting diameter. Data is expressed as mean+SEM.
PMCA4 ablation had no effect on the magnitude of constrictions to 100mM K+
(PMCA4KO 53.2 +3.5% (n=11), WT 56.3 = 3.6% (n=14)) or to noradrenaline (max-
imum constriction: PMCA4KO 59.5 = 4.7% (n=11), WT 58.2 = 2.5% (n=14)). Abla-
tion of PMCA4 did not modulate the passive intra-lumen diameter, wall thickness,
wall to lumen diameter or cross sectional area (CSA) of mesenteric arteries across
the intravascular pressure range studied. A leftwards shift in the stress to strain
relationship and significantly increased beta elastic modulus (B) were exhibited by
arteries from PMCA4 KO mice compared to those from WT mice (= PMCA4KO
10.03 +2.0 (n=19), WT 5.75 £ 0.64 (n=21)) suggesting ablation of PMCA4 increases
mesenteric arterial stiffness.

Acute PMCA4 inhibition with AP2, significantly reduced constriction to noradren-
aline in arteries from wild type mice (maximum constriction: controls 70.6 = 3.4%
(n=8) and 63.8 = 2.6% (n=10) in the absence and presence of AP2 respectively) but
had no effect on arteries from PMCA4KO mice. Inhibitory effects of AP2 were
reversed in arteries by NOS inhibition after LNNA incubation (AP2 61.8 = 4.0% (n=8)
and AP2+LNNA 69.2 = 1.7% (n=10)) and also by nNOS inhibition with Vinly-L-Nio
(AP2 61.8 = 4.0% (n=8) and AP2+Vinyl-l-Nio 75.2 = 1.3% (n=5)). Hence, PMCA4 inhi-
bition with AP2 reduces vascular constriction by a nNOS-dependent mechanism.
In conclusion, ablation and acute inhibition of PMCA4 with AP2 have different effects
on mouse mesenteric resistance arterial contractility owing to the interaction with
nNOS in localised plasmalemmal microdomains.

Gros R, Afroze T, You XM, Kabir G, Van Wert R, Kalair W, Hoque AE, Mungrue IN & Husain M.
(2003). Plasma membrane calcium ATPase overexpression in arterial smooth muscle increases
vasomotor responsiveness and blood pressure. Circ Res 93, 614-621.

Schuh K, Quaschning T, Knauer S, Hu K, Kocak S, Roethlein N & Neyses L. (2003). Regulation
of vascular tone in animals overexpressing the sarcolemmal calcium pump. | Biol Chem 278,
41246-41252.

Cartwright EJ, Oceandy D & Neyses L. (2009). Physiological implications of the interaction
between the plasma membrane calcium pump and nNOS. Pflugers Arch 457, 665-671.

Abou Leisa R, Mohamed T, Oceandy D, Prehar S, Zi1 M, Baudoin F, Cartwright E & Neyses L.
(2011). A novel drug-like inhibitor of plasma membrane calcium ATPase isoform 4 (PMCA4)
is efficacious in the prevention and treatment of cardiac hypertrophy in vivo. Euro Heart | 32,
Abstract Suppl, 153-154.

To the BHF and University of Manchester

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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C07 and PCO7

Adiponectin induces perivascular adipose tissue anticontractility in mouse
mesenteric small arteries via activation of BK, channels

F.M. Lynch, Z. Yao, S.B. Withers, M. Werner and A.M. Heagerty
Cardiovascular Research Group, University of Manchester, Manchester, UK

Perivascular adipose tissue (PVAT) exerts an anticontractile effect on vascular tone
which may provide protection against the development of hypertension. The fac-
tors responsible for this effect remain to be identified in this vascular bed.
Adiponectin has been identified as responsible for anticontractility in human ves-
sels, therefore the aim of this study was to determine if and how it is acting in the
mouse mesenteric bed?.

Male and female, C57BL/6 (Wild type (WT)), BKB17-mice, Slo*/* (WT) and slo”-mice,
(12-18 week old ~25g weight) were killed by stunning and cervical dislocation.
Mesenteric arteries were mounted on a wire myograph. Cumulative concentration
responses (10°-10>M) to norepinephrine (NE) were performed. Solution transfer
experiments were performed. Solution was transferred from baths containing
preconstricted (10°M NE) WT PVAT arteries to WT and KO arteries lacking PVAT.
In a second series of experiments cumulative concentration responses NE were per-
formed before and after 45 minute incubation with adiponectin blocking peptide
for PAb to adiponectin Receptor 1 (BPR1) (5ug/mL) (Enzo Life Sciences). Transfer
of bath solution from preconstricted PVAT arteries to arteries without PVAT was
also performed. Responses are expressed as mean (+SEM)% of KPSS constriction
for cumulative concentration response curves and analysed using 2-way ANOVA
or as mean change in tension(+SEM) and analysed using student’s t-test for trans-
fer experiments. Responses to exogenous adiponectin (3ug/mL) were also assessed.
Transfer of bath solution from preconstricted WT PVAT arteries to preconstricted
(0.65=0.TmN/mm) WT arteries -PVAT (n=6) significantly reduced (P<0.05) tension
(0.43+01TmN/mm). However, transfer of solution from preconstricted WT PVAT
arteries (n=6) to preconstricted (0.48+0.2mN/mm) BKB 17/ arteries -PVAT did not
significantly alter tension (0.56+0.3mN/mm). Transferral of solution from precon-
stricted WT PVAT arteries to preconstricted (0.25+0.1TmN/mm) Slo*/* arteries -PVAT
(n=6) did not significantly alter tension (0.26=0.1TmN/mm). PVAT (n=12) signifi-
cantly (P<0.05) reduced tension (126.6+14.5%) produced by norepinephrine (10-
6M) compared to that produced (98.4+7.7%) in the absence of PVAT (n=11). The
presence of BPR1 abolished the anticontractile effect of PVAT; tension produced
(113.6=12.9%) by PVAT arteries (n=8) was not significantly different from that
produced (127.1+21.3%) by arteries without PVAT (n=5). Adiponectin produced
significant (P<0.05) vasodilatation of preconstricted arteries (12.3+4.6%).

These data suggest that adiponectin is the mediator of PVAT induced anticontrac-
tility and that it acts via AdipoR1. This acts via the BKCa channel.

Greenstein AS, et al (2009). Circulation. 119(12)1661-1670.
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Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.

C08 and PC08

Differential effects of cupric ion on TRPC and TRPM2 cation channels
G. Chen, B. Zeng and S. Xu
Centre for Cardiovascular and Metabolic Research, Hull York Medical School, Hull, UK

Copper is an essential element required for normal physiological function of human
body. Disruption of copper homeostasis has been associated with the development
of cardiovascular diseases. As a redox-active metal, the over-accumulation or defi-
ciency of copper in the body may lead to increased oxidative stress and cause dys-
function of many copper-dependent enzymes. Although a number of copper-bind-
ing proteins have been recognised, how this metal regulates the cardiovascular
function is still largely unknown.

Here we tested the effects of cupric ion (Cu?*) on the canonical (TRPC) and melas-
tatin transient receptor potential 2 (TRPM2) channels. Patch-clamp technique was
used to record the currents in HEK293 cells overexpressing TRPC3/4/5/6 and TRPM2
channels. We found that CuZ* potently activated TRPC4 and TRPC5 channels at
micromolar level, but had no stimulatory effect on TRPC3, TRPC6 and TRPM2 chan-
nels. In contrast, Cu?* showed dramatic inhibition on TRPM2 channels activated
by intracellular ADP-ribose. The microdomains responsible for the activation of
TRPC4/5 or inhibition of TRPM2 channels by Cu?* were found to be localised at the
cell surface, since intracellular application of Cu2* had no influence on the channel
activities. However, the mechanism for the stimulation of TRPC4/5 channels by
Cu?* seems different from that by lanthanides, because the TRPC4 mutant with
negatively charged glutamic acid residues replaced by neutral glutamines in the
outer pore region can still be activated by Cu?*, but not by gadolinium (Gd3*).
We conclude that copper plays an important role in cellular Ca2* signaling by tar-
geting to multiple cation channels and differentially regulating their activities.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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C09 and PC09

Hormonal state changes the mRNA profile of calcium signaling proteins in
uterine smooth muscle

G.C. Bett

Physiology and Biophysics, SUNY, University at Buffalo, Buffalo, NY, USA and Gynecology-
Obstetrics, SUNY, University at Buffalo, Buffalo, NY, USA

Calcium plays a key role in the physiology of uterine smooth muscle. Transmem-
brane calcium fluxes contribute to action potential shape and intracellular cal-
cium mediates excitation contraction coupling. The electrical activity of the uterus
is significantly altered throughout the estrous cycle, as well as in pregnancy. Uter-
ine muscle is contractile, but the degree of coordinated contraction changes signi-
ficantly during the estrous cycle and pregnancy. Changes in uterine contraction
reflect changes in coordination of excitation due to electrical connections through
gap junctions and excitatory currents, but other cellular changes may also occur
during the course of pregnancy. For many ion channels, mRNA expression is altered
by hormonal regulation. Therefore, the molecular basis of excitation-contraction
coupling is also likely to be significantly altered depending on the state of uterine
muscle. To test the hypothesis that there is substantial remodeling of cellular uter-
ine excitation contraction coupling during different stages of estrous and during
pregnancy, we undertook quantitative analysis of mRNA expression of calcium
channels and other channels and related genes which affect calcium dynamics, dur-
ing the estrous cycle and pregnancy.

Uteri were removed from anaesthetized (inhaled isoflurane) mice (C57BL) which
were regularly cycling (n=15), ovariectomized (OVX, n=10), or pregnant (not in
labor, n=10). Mice were euthanized by cervical dislocation following removal of
organs. mRNA was extracted (Trizol, Invitrogen and RNAeasy, Qiagen) and con-
verted to cDNA (First strand synthesis, SABiosicences). We used quantitative real
time PCR (SYBR Green in an iQ icycler, Biorad) to determine changes in relative
mRNA expression. mMRNA Expression was normalized to 5 housekeeping genes (beta
Glucuronidase, beta, Hypoxanthine guanine phosphoribosyl transferase 1, Heat
shock protein 90 alpha (cytosolic), class B member 1, Glyceraldehyde-3-phosphate
dehydrogenase, and beta actin). Data were analyzed using ANOVA (p<0.05 was
regarded as significant).

There were significant changes in relative mRNA expression including Cacnala (P/Q
type, alpha 1A subunit, Cav2.1), Cacnalc (L type, alpha 1C subunit, Cav1.2), Cacnalg
(T type, alpha 1G subunit, Cav3.1d), Cacnath (T type, alpha TH subunit, Cav3.2).
There were also significant differences in the mRNA expression of the ancillary sub-
units cacnb1 (beta 1 subunit) and Cacnb4 (beta 4 subunit). Cacnalc, Cacnalg,
Cacna1h all had lowest expression in pregnancy (not in labor), which is consistent
with reduced excitation-contraction during this period. Conversely, inward recti-
fier currents, which can suppress excitation, were uprequlated in pregnancy.

10P



Oral Communications

Our observed changes in gene expression suggest that down regulation of calcium
channels and up reqgulation of inward rectifier potassium channels help maintain
uterine smooth muscle in a relaxed state in pregnancy prior to the onset of labor.

Funded in part by the NIH and the March of Dimes.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.

C10and PC10

Effect of lipoxin A4 on acute inflammation in primary equine airway smooth
muscle cells

C. Beynon, R. Hammond and S. Dunham
School of Veterinary Medicine and Science, Nottingham University, Leicestershire, UK

INTRODUCTION Recurrent airway obstruction (RAO) is a condition that may occur
in mature horses and has similarities to human asthma. Permanent airway remod-
elling occurs in long term cases. Airway remodelling features an increase in airway
smooth muscle (ASM) mass. Chronic respiratory inflammation has been postulated
as a factor that contributed to such remodelling. Airway inflammation in both RAO
and human asthma features an increase in the expression of Toll-like receptor 4,
the inducible enzymes inducible nitric oxide (iNOS) and cyclooxygenase-2 (COX-
2), and the release of mediators including tumour necrosis factor alpha (TNF-a)
and interleukin-1 B (IL-1B).Lipoxin A4 (LXA4) is one of a group of arachidonic acid
metabolites that modulate acute inflammation through action on specific lipoxin
receptor (ALX) in a number of species. LXA4 has been shown to have anti-inflam-
matory properties in a number of models of acute inflammation. Dysfunction of
the mechanisms that result in LXA4 synthesis and expression of the ALX receptor
may contribute to the chronic inflammatory response seen in asthma. Abnormal
LXA4 and/or ALX expression may also be present in horses with RAO thereby pro-
moting ASM remodelling. AIMS OF THE STUDY To investigate the effect of endoge-
nous LXA4 on acute LPS-induced inflammation in primary equine ASM cells. METH-
ODS Primary ASM cells were cultured from explants of equine trachealis muscle.
Primary cells were identified by positive staining for a-smooth muscle actin. Near-
confluent ASM cells were treated with:100uM/ml endogenous LXA4, 0.1ug/ml
lipolysaccharide (LPS) or a combination of LXA4/LPS. Cells were harvested after 24
and 72 hrs. Real-time PCR quantified mRNA expression of p-actin (reference
gene),ALX, TLR-4, TNF- a, IL-18, iINOS and COX-2. Protein expression of COX-2 and
ALX were additionally examined using Western Blot.RESULTS After 24hrs, expres-
sion of MRNA coding for ALX peaked in the LXA4 treated cells but was decreased
in other treatment groups. Expression of mRNA coding for iNOS mRNA was also
upregulated in the LXA4/LPS treated cells at 24hrs. At 72hrs post treatment, mRNA
for TLR4, TNF-a,, IL-13 and COX-2 was increased in LPS-treated cells. Incubation with
LXA4 decreased mRNA expression for TLR-4, TNF-a,, IL-1B, iNOS and COX-2 at 72hrs.
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Similarly, reduced expression of mRNA for TNF-a,, IL-1f, iNOS and COX-2 was evi-
dent in LXA4/LPS treated cells at 72hrs. Western Blotting showed that protein for
ALX was present at 24 and 72hrs in control and treated cells. COX-2 was not
expressed at 72hrs in the LXA4 and LXA4/LPS treated cells. CONCLUSION These
findings suggest that treatment of equine ASM cells with endogenous LXA4 causes
a decrease in LPS-induced release of inflammatory mediators after 72hrs of incu-
bation. However, an increase in expression of TLR-4 mRNA at 72hrs indicates that
this effect may not be sustained at later time points

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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The role of cGMP dependent protein kinase (PKG) in mediating the
anticontractile function of perivascular fat

S.B. Withers, L. Simpson, M.E. Werner and A.M. Heagerty
Cardiovascular research group, University of Manchester, Manchester, UK

INTRODUCTION: Obesity leads to a loss of adiponectin-mediated anticontractile
function of perivascular fat (PVAT), thereby providing a link between obesity and
subsequent hypertension. cGMP dependent protein kinase 1 (PKG) regulates smooth
muscle relaxation and may be important in this vascular pathology, as high fat feed-
ing is associated with downregulation of its expression in mice; furthermore over-
expression of constitutively active PKG protects female mice from the effects of
diet induced obesity. We aim to investigate the role of PKG in mediating the anti-
contractile property of PVAT.

METHODS: PKG knockout mice (KO) and wildtype littermates (WT) were investi-
gated for contractility and adiponectin expression. Arteries +/- PVAT were studied
by wire myography under normoxia and experimental hypoxia +/- ANP (100nM).
Contractile responses to noradrenaline (NA) were calculated as a percentage of
KCl constriction. Solution transfer experiments were performed on arteries con-
stricted with 10-5M NA, change in tension was measured following transfer to deter-
mine the role of PKG in the release of the anticontractile factor(s) or in mediating
the downstream effects. Adiponectin expression in mesenteric fat samples was
assessed using immunohistochemistry. Data are expressed as mean + SEM and
analysed by 2-way ANOVA or student’s t-test where appropriate. P<0.05 was deemed
significant.

RESULTS: PVAT conferred an anticontractile effect on WT arteries in normoxic con-
ditions (n=7, P<0.001). PKG KO arteries + PVAT demonstrated increased contrac-
tility compared with WT littermates (n=5, P<0.001). Hypoxia increased contractil-
ity of WT arteries + PVAT alone but not KO arteries (WT normoxia vs. WT hypoxia:
n=5, P<0.05; KO normoxia vs. KO hypoxia: n=5, P=NS). Incubation of arteries with
ANP during hypoxia rescued the loss of PVAT function in WT arteries only (n=4,
P<0.05) and was associated with an increase in adiponectin expression, although
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no effect was observed in arteries from KO mice (P=NS, n=4). Transfer of solution
from WT + PVAT arteries to KO — PVAT and KO + PVAT to WT - PVAT caused a relax-
ation (A tension 0.21+0.03mN/mm and 0.17+0.03mM/mm respectively, n=4),
although significantly less than that observed between WT + PVAT to WT - PVAT
arteries (0.3xmN/mm, n=4).

CONCLUSION: PKG mediates the effects of healthy PVAT and is involved in the release
and mediation of the downstream effect of factor(s) secreted by PVAT. ANP restores
the anticontractile capacity of PVAT which is compromised following experimen-
tal hypoxia; this is mediated, at least in part, through a PKG dependent pathway
as ANP does not have the same rescuing capacity in the absence of PKG.
Furthermore, ANP increases the expression of adiponectin in these samples. The
regulation of adiponectin by PKG remains to be fully understood.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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Zinc deficiency results in apoptosis of vascular smooth muscle cells in vivo
K. Allen-Redpath’, O. Ou?, |.H. Beattie?, I. Kwun3 and G.F. Nixon'

1School of Medical Sciences, University of Aberdeen, Aberdeen, UK, 2Rowett Institute of
Nutrition and Health, University of Aberdeen, Aberdeen, UK and 3Dept. of Food Science
and Nutrition, Andong National University, Andong, Republic of Korea

Dietary zinc deficiency, which affects one third of the world’s population, has been
associated with a role in the development of cardiovascular diseases although the
causes of this are unclear. The aim of this study is to elucidate the effect of a zinc
deficient environment on vascular smooth muscle cell (VSMC) function. Male Lis-
ter hooded rats (8 weeks old) were maintained for 2 weeks on either zinc adequate
diets (35 mg/kg/day) or zinc deficient diets (3 mg/kg/day). Plasma was obtained
intravenously following terminal anaesthesia with sodium pentobarbital. There was
a significant reduction in plasma zinc levels in rats fed a zinc deficient diet com-
pared to the zinc adequate diet as assessed by atomic absorption spectropho-
tometry (35 mg/kg/day- 158 = 4 ug/ml, 3 mg/kg/day- 80 = 8 ug/ml, n=7, mean =
s.e.m., ANOVA p<0.05). Aortae were dissected from zinc adequate and zinc defi-
cient rats and a Tunel assay to detect apoptosis was performed on fixed sections.
There was a significant increase in the number apoptotic VSMC in aortic sections
from zinc deficient rats compared to the zinc adequate rats (35 mg/kg/day- 3 = 2
apoptotic cells; 3 mg/kg/day- 39+3 apoptotic cells, n=3, p<0.05). A protein closely
associated with apoptosis is the Bcl-2-associated death promoter (BAD) and over
expression of this protein can lead to apoptosis. BAD was over-expressed in the
VSMC of aorta from rats on a 2 week zinc deficient diet compared to a zinc ade-
quate diet (n=3 individual aortae) as assessed by immunolocalization with confo-
cal microscopy. In parallel in vitro experiments, primary cultured rat aortic VSMC
were maintained for 24 hours in 10% plasma recovered from rats on either a 2 week
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zinc adequate or 2 week zinc deficient diet. Similar to in vivo experiments, there
was a significant increase in the number of apoptotic cells in cultured aortic VSMC
maintained in plasma from zinc deficient rats compared to the control (35
mg/kg/day plasma- 2 = 1 apoptotic cells, 3 mg/kg/day plasma- 32 + 9 apoptotic
cells, n=3, p<0.05). Similar to aorta in vivo, over-expression of BAD was observed
in vitro on cultured rat primary VSMC treated with zinc deficient plasma (n=3). In
further experiments, cultured aortic VSMC were incubated for 24 hours in medium
with 10% foetal bovine serum (FBS) which had reduced zinc (zinc concentration 1
uM) compared to normal FBS (Zinc 12 uM). Cells incubated with zincreduced FBS
revealed similar levels of apoptosis and BAD expression compared to cells incu-
bated in normal FBS.

In conclusion, a zinc deficient diet in vivo induces apoptosis in VSMC from blood
vessels probably partly via an increase in the pro-apoptotic protein BAD. This pro-
apoptotic effect can be induced by the plasma from zincdeficient animals however
is not a direct effect of the zinc deficiency itself. Such mechanisms may be impor-
tant in the development of cardiovascular disease in dietary zinc deficiency.

This study was funded by a Global Research Network Programme from NRF (Korea).

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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Arteriovenous fistula failure: vascular smooth muscle cell proliferation and
the role of inflammation

M. MacAskill, J. Wu, R. Wadsworth and P. Coats

Strathclyde Institute of Pharmacy and Biomedical Sciences, University of Strathclyde,
Glasgow, UK

An arteriovenous fistula (AVF) is a vein graft which is created to permit access to
the bloodstream allowing haemodialysis to be performed in renal failure patients.
An AVF is considered the best option in clinical practice; however a significant fail-
ure rate is still reported, with as little as 50% remaining patent at 6 months (Field
et al., 2008). Failure of these grafts is largely due to vascular smooth muscle cell
(VSMC) hyper-proliferation, leading to the development of neointima which invades
the lumen causing stenosis and impaired blood flow (Lee and Roy-Chaudhury,
2009). Inflammation is known to play a key role in the development of vascular
stenosis; although the exact mechanisms and triggers are not fully known. The
aims of this study were to 1) evaluate the changes undergone in VSMC present
within human failed AVF vs. non-stenosed controls, and 2) investigate the inflam-
matory processes upregulated in human failed AVF vs. non-stenosed controls.

Histology of failed human AVF stained with H & E confirmed a significant increase
in media: lumen ratio increasing from 2.2 = 0.6 in control veins to 18.8 + 6.9 in AVF
vein sections (p<0.005, Control vs. AVF; n=8), with the majority of these cells pos-
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itive for a-SMA. Toluidine blue staining of the vein wall for mast cell infiltration high-
lighted a 5 fold increase in mast cells within AVF vein tissues (p<0.005 Control vs.
AVF; n=9, 7), with VCAM-1 also found to be expressed within the vein wall by
immunohistochemistry (IHC). The percentage of cells within the stenosed vein seg-
ments undergoing proliferation, as measured by expression of PCNA using IHC,
was 33.6 = 4.9% in the AVF vs. 3.5 = 1.5% in the control (p<0.005 AVF vs. Control;
n=5, 8). VSMC were explanted from both groups of patients, and cell proliferative
capacity was measured by 3H thymidine incorporation. At maximal stimulation
with 10% FCS the fold increase in thymidine uptake within the AVF-derived cells
was 32 times that of the non-stimulated cells, compared to a 15 fold increase within
the control-derived cells (p<0.005 AVF vs. Control; n=4). The cell cycles of these
explants were also investigated using propidium iodide and flow cytometry. AVF-
derived explants showed a trend towards an increase in the number of cells under-
going the G2/M stages of cell cycle.

These results highlight significant venous hypertrophic remodelling in human AVF-
vein sections. The remodelling can be largely attributed to vascular smooth muscle
cellaccumulation with inflammatory cell infiltrates. In VSMC studies we have demon-
strated that cells derived from the AVF have an increased capacity to proliferate.
Field, M. et al. (2008). J. Vasc. Access 9, 45-50.

Lee, T. & Roy-Chaudhury, P. (2009). Adv. Chronic Kidney Dis. 16, 329-338.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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Vein graft neointima formation: chronic recruitment of circulating cells by
dysfunctional endothelium in addition to smooth muscle cell proliferation

J. Wul, C.L. Lawrence', P. Maffia, S. Kennedy? and R.M. Wadsworth'
TUniversity of Strathclyde, Glasgow, UK and 2University of Glasgow, Glasgow, UK

Background: Neointima hyperplasia has generally been considered to originate pri-
marily from smooth muscle cell proliferation, and is the most important pathol-
ogy in development of vein graft occlusion as well as other types of vascular dis-
ease. However, the dynamics of neointimal cell proliferation and vascular
remodelling is not fully understood.

Methods: To perform the vein graft surgery, a donor mouse was sacrificed by CO,
and the thoracic inferior vena cava harvested. The recipient mouse was anaes-
thetised by intra-peritoneal injection of 60mg/kg sodium pentobarbital. The vena
cava from the donor mousewas then inserted into the common carotid artery of
the recipient mouse. Buprenorphine (0.1mg/kg) was given by subcutaneous injec-
tion right after the surgery. 4 weeks after implantation, the recipient mouse was
sacrificed by CO,. The vein graft was harvested and fixed with 4% formaldehyde for
morphology or immunohistochemistry.
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Results: Neointima thickening developed progressively over 4 weeks following vein
grafting. The smooth cell markers alpha-actin and smooth muscle myosin heavy
chain were exclusively expressed in the neointima by 4 weeks; however cell prolif-
eration (stained by anti-PCNA antibody) was observed throughout the whole vein
graft wall (neoadventitia plus neointima). Interestingly, the most proliferative region
was usually co-localised with the most inflamed neointimal or neoadventitial area,
with less or no smooth muscle markers expression. Proliferating cells negative for
smooth muscle cell markers were also observed located peripherally to mature
neointima, which may contribute to the second wave of neointima thickening.
Leukocytes or monocular cells originated from the blood stream were often
observed rolling or firmly adherent to the regenerated endothelium. The neoin-
tima are usually less developed but more inflamed in the middle part of the vein
graft, compared to the anastomosis area. The poorly developed neointimal area is
often associated with poor endothelial regeneration and severe adventitial inflam-
mation, which were of very high cell density with intensive proliferation and cell
death.

Summary: Our observations were consistent with published reports that a large
portion of the neoinitma cells may originated from the circulation. The non-smooth
muscle cell recruitment and proliferation may contribute to the vein graft chronic
inflammation and neointima thickening even at a chronic remodelling stage. The
inflamed neointimal area and regenerated dysfunctional/immature endothelium
may attract continuous cell recruitment leading to accelerated atherosclerosis.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.

C15 and PC15

Effects of Kv7 potassium channel modulators on human intra-pulmonary artery
S. Brennan, R. Oliveira and A. Gurney
FLS, University of Manchester, Manchester, UK

Pulmonary arterial hypertension (PAH) is a progressive disease with increasingly
debilitating symptoms and survival of only a few years (McLaughlin et al, 2004).
Kv7 potassium channels were recently implicated in the regulation of membrane
potential in rodent pulmonary artery smooth muscle cells (PASMC) and pulmonary
artery constriction (Joshi et al 2006; Joshi et al 2009. Presumably as a consequence
of this role, the Kv7 channel opener flupirtine was beneficial in two independent
mouse models of PAH (Morecroft et al, 2009). To determine if Kv7 channel activa-
tion could be beneficial in humans, we have now investigated the effects of Kv7
modulators on distal pulmonary arteries isolated from human lung samples.

Intra-pulmonary arteries (iPA, <1lmm diameter) were dissected from normal lung
tissue collected during tumour resection from lung cancer patients. RT-PCR was
performed on RNA isolated from iPAs from separate patients, using primers directed
against each of the five KCNQ genes that encode Kv7 channels. RT-PCR products
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were confirmed by sequencing. Myography experiments were conducted to meas-
ure the effects on isometric tension of the Kv7 blockers, linopirdine and XE991,
and the activators, retigabine and flupirtine. pEC50 values were measured by fit-
ting the Hill equation to concentration-effect data obtained for each vessel. All data
is expressed as the mean = S.E.M with concentrations in molar unless stated. The
dependence of constrictor effects on voltage-gated calcium influx was investigated
using the L-type calcium channel blocker, nifedipine.

RT-PCR detected KCNQ subunits 1,3, 4 and 5, although there was variability among
individual patients. The Kv7 blockers produced concentration-dependent con-
striction of human iPAs, with pEC50 values of 6.3 = 0.3 (N=9) for linopirdine and
5.3 = 0.2 (N=13) for XE991. The Kv7 openers flupirtine and retigabine both pro-
duced concentration-dependent dilation of agonist pre-constricted vessels, with
pEC50 values of 4.5 + 0.4 (N=4) and 5.3 + 0.2 (N=4), respectively. Preliminary exper-
iments show that 100nM nifedipine suppressed the vasoconstrictor actions of TuM
XE991 and 5uM linopirdine.

We conclude that some Kv7 channel subunits are expressed at the mRNA level in
human iPAs. Functional Kv7 channels are likely to be expressed in human PASMCs,
because known modulators of Kv7 channel activity were able to alter the tone of
the vessels in the predicted manner and constrictor effects depended on voltage-
gated calcium entry into PASMC. The data therefore supports the idea of Kv7 chan-
nels as a drug target in the treatment of PAH.

Joshi, S., Balan, P. & Gurney, Alison M (2006) Pulmonary vasoconstrictor action of KCNQ potas-
sium channel blockers. Resp Res 7 :31-41

Joshi, S., Sedivy, V., Hodyc, D., Herget, ]. & Gurney, Alison M (2009) KCNQ modulators reveal
a key role for KCNQ potassium channels in requlating the tone of rat pulmonary artery smooth
muscle. ] Pharm Exp Ther 329: 368-76

McLaughlin, V.V., Presberg, K.W., Doyle, R.L., Abman, S.H., McCrory, D.C., Fortin, T. & Ahearn,
G. (2004) Prognosis of pulmonary arterial hypertension: ACCP evidence-based clinical prac-
tice guidelines. Chest 126: 785-92S

Morecroft, I., Murray, A., Nilsen, M., Gurney, A M & Maclean, M.R. (2009) Treatment with
the Kv7 potassium channel activator flupirtine is beneficial in two independent mouse mod-
els of pulmonary hypertension. Brit | Pharm 157: 1241-9.

The authors would like to thank the Medical Research Council for funding this
Research.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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Impaired vascular Kv7 function in animal models of hypertension

T.A. Jepps'2, P.S. Chadha', A.]. Davis', G.W. Cockerill', R.S. Hansen?, S.P. Olesen?
and I.A. Greenwood'

1Biomedical Sciences, St. George’s University of London, London, UK and 2Neurosearch,
Copenhagen, Denmark

Background: Voltage-gated potassium (K+) channels encoded by KCNQ genes (Kv7
channels) are present functionally in vascular and non-vascular smooth muscle cells
(Yeung et al., 2007; Greenwood and Ohya, 2009). However, nothing is known about
the functional impact of these channels in vascular disease. The aim of the present
study was to compare the effect of structurally different activators of Kv7.2-7.5
channels: S-1, retigabine and BMS-204352, on blood vessels from normotensive
and hypertensive animals.

Methods and Results: Isometric tension recordings were performed on segments
of mesenteric artery and thoracic aorta and the coronary blood flow was studied
using the Langendorff heart preparation, in which rats were anaesthetised with i.p.
injection of 50 mg/kg sodium pentobarbitone according to the Danish guidelines
for animal experiments. Blood vessel segments from normotensive rats were relaxed
by all three Kv7 activators with potencies of BMS-204352= S-1 >retigabine. In the
Landendorffisolated-heart BMS-204352 and S-1 dose-dependently increased coro-
nary perfusion at concentrations between 0.1-10 uM whereas retigabine was effec-
tive at 1-10 uM. The ability of these agents to relax precontracted vessels and
increase coronary flow was considerably impaired in tissues isolated from sponta-
neously hypertensive rats (SHRs). For example, segments of mesenteric artery from
normotensive rats were relaxed by S-1 with an EC50 of 2.5 uM but in segments
from SHRs S-1 had an EC50 of 47.2 uM. Of the 5 KCNQ gene isoforms the expres-
sion of KCNQ4 was reduced (73.7 fold) in the SHR aorta. Kv7.4 protein levels were
50 % lower in aortae and mesenteric arteries from SHRs compared to the nor-
motensive vessels. A similar attenuated response to S-1 and decreased Kv7.4 abun-
dance was observed in mesenteric arteries from mice made hypertensive by
angiotensin Il infusion compared to normotensive controls.

Conclusions: In two different models of hypertension the functional impact of Kv7
channels is dramatically down-regulated.

Yeung et al. (2007) Br. J. Pharmacol., 151:758-770

Greenwood and Ohya (2009) Br. J. Pharmacol., 156:1196-203.

The staff at St. George’s Biological Research Facility.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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The AGE-breaker ALT-711 restores high-blood-flow-dependent remodeling in
mesenteric resistance arteries in type 2 diabetic rats

M.L. Freidja'-2, K. Tarhouni'-2, B. Toutain'-2, C. Fassot-Lucht!-2, L. Loufrani’2 and
D. Henrion'2

TUMR CNRS-6214 INSERM-771, Angers, France and 2University of Angers, Angers, France

Obijective: Advanced glycation end products (AGEs) are generated by glucose in
diabetes. Flow-mediated remodeling of resistance arteries (RA) is essential for revas-
cularization in ischemic diseases, but this is impaired in diabetes. We hypothe-
sized that breaking AGE crosslinks could improve flow-dependent remodeling in
mesenteric RA in Zucker Diabetic Fatty (ZDF) rats.

Research Design and Methods: The animals were anesthetized (Isoflurane, 2.5%)
and mesenteric resistance arteries were exposed to high (HF) or normal blood flow
(NF) after alternate arterial ligation in vivo and were compared to age-matched
lean Zucker (LZ) rats. All animals were treated with buprenorphine (Temgesic®;
0.1 mg/kg, s.c.) before and after surgery. Half of the rats were simultaneously
treated by i.p. injection with ALT-711 (3 mg/kg per day).

Results: In LZ rats, HF artery diameter was larger than for NF vessels, but this was
not the case in ZDF rats. Furthermore, endothelium-mediated dilation in ZDF rats,
which was lower than in LZ rats, was further decreased in HF arteries. Treatment
of rats with the AGE-breaker ALT-711 (3 mg/kg per day; 3 weeks) reversed the dia-
betes-induced impairment of HF-dependent remodeling, as shown by an increased
arterial diameter. Breaking AGE crosslinks also improved cross-sectional compli-
ance and endothelium-dependent relaxation in mesenteric RA. Additionally, con-
tribution of the major endothelium-derived relaxing factor, nitric oxide, increased
in acetylcholine-induced relaxation in NF and HF arteries in ZDF rats treated with
ALT-711. Accumulation of AGEs and the receptor for AGE expression was reduced
by ALT-711 in arteries in ZDF rats. Finally, ALT-711 increased eNOS protein expres-
sion in both HF and NF arteries.

Conclusions: AGE crosslinks oppose outward remodeling of RA in response to
chronic increases in blood flow. Breaking AGE crosslinks provides a therapeutic
potential for overcoming the microvascular complications of ischemic diseases in
long-term diabetes.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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Induction of calcium-sensing receptor expression in human vascular smooth
muscle cells by mechanical strain prevents calcification

G. Molostvov, D. Zehnder and R. Bland
Warwick Medical School, The University of Warwick, Coventry, UK

Vascular smooth muscle cells (SMC) play a crucial role in the development of medial
arterial calcification, contributing to premature cardiovascular mortality in chronic
kidney disease patients. We have previously shown that human aortic SMC
(HAoSMC) express a functional calcium-sensing receptor (CaSR) and we have demon-
strated a correlation between CaSR expression and calcification("). This study inves-
tigated the effect of mechanical strain on CaSR expression, SMC phenotype and
the development of vascular calcification. HAoSMC were cultured under static or
cyclic strain conditions using Flexcell apparatus (7% stretch, 30 cycles/min) for up
to 14 days. HAoSMC phenotype was quantified by expression of smooth muscle o-
actin (a-SM-actin; western blotting), alkaline phosphatase (ALP) activity and osteo-
calcin (OC) secretion. Calcification was assessed by alizarin red staining. Statistical
analysis was performed using one-way ANOVA followed by Tukey’s multiple com-
parison tests; data are presented as mean = S.D. (n=3). Culture of HAoSMC in static
conditions resulted in a gradual decline in o-SM-actin expression, which decreased
by 35% (p<0.05) after 2 weeks and >60% (p<0.01) after 4 weeks of culture. This was
accompanied by a reduction in CaSR protein expression (p<0.05). Culture under
cyclic strain prevented these changes and resulted in up-regulation of o-SM-actin
expression by days 7 and 10 (23%, p<0.05) and a 45% increase in CaSR expression
(p<0.05) compared to static cultures. Alizarin red staining of day 7 and 14 cultures
revealed significantly smaller areas of calcification in strained cells compared to
control cultures (p<0.05). To assess the role of the CaSR, cells were treated with
CaSR agonists. Treatment of static HAoSMC with 2mM and 5mM CaZ*, 50uM Gd3*
alone or in combination for 7 days induced a significant down-regulation (p<0.01)
of CaSR expression and a dramatic up-requlation of HAoSMC calcification (p<0.01).
ALP and OC were increased in cells treated with both CaSR agonists (p<0.05). In
HA0SMC cultured under cyclic strain, the Ca2* and Gd3*-induced down-regulation
of CaSR expression and increased calcification were significantly attenuated (p<0.05
to p<0.001). In addition, cyclic strain induced a significant down-regulation of ALP
and OC production in both control and CaSR agonist-treated cells (p<0.01). CaSR
knockdown with CaSR siRNA resulted in a further increase in calcification in Ca2*
and Gd3*-treated cells compared to untransfected cells (p<0.05). Importantly, this
was accompanied by up-requlation of ALP and OC production in control and ago-
nist-treated CaSR knockdown cells (p<0.01). Our findings indicate that maintain-
ing expression of a functional CaSR may serve to prevent a shift towards calcifying
SMC phenotype and protect against calcification.

Molostvov G et al. (2007) A. J. Physiol (renal) 293, F946-955.
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Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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Expression of 25-hydroxyvitamin D;-1a-hydroxylase and functional vitamin D
signalling in human vascular smooth muscle cells

M.A. Lubczanska, D. Zehnder and R. Bland

The Clinical Science Research Laboratories, Warwick Medical School, The University of
Warwick, Coventry, UK

Progressive medial arterial calcification is a major cause of cardiovascular mortal-
ity in patients with chronic kidney disease. It is known that vascular smooth mus-
cle cells (VSMC) play a key role in this process. They are capable of phenotypic trans-
formation into osteoblast-like cells and they promote the deposition of calcium.
Recent studies have suggested a protective role for vitamin D. The exact mecha-
nism for this process is unclear and vitamin D may have several actions. Some of
these may be due to circulating levels of 1,25-dihydroxvitamin D5 (1,25D;), but it
is also apparent that local synthesis of 1,25D; is important, where it may actin a
paracrine/autocrine manner. Synthesis of 1,25D; from the major circulating form,
25 hydroxyvitamin D5 (25D,), is catalysed by the enzyme 25-hydroxyvitamin D-1a-
hydroxylase (1a-OHase, CYP27B1). 1,25D; is metabolised by 24-hydroxylase (24-
OHase, CYP24A1). This study investigated the expression and regulation of 1a-
OHase, 24-OHase and the vitamin D receptor (VDR) in arterial tissue from healthy
patients and primary cultures of human aortic smooth muscle cells (HAoSMC). Sta-
tistical analysis was performed using one-way ANOVA followed by Tukey’s multi-
ple comparison tests; data are presented as mean = S.E.M. (n=3). RT-PCR analyses
demonstrated that HAoSMC expressed 1a-OHase and 24-OHase mRNA. The tran-
scripts were similar to that seen in HKGS cells (a kidney cell line, which expresses
both hydroxylases). VDR mRNA is also expressed. Western blot analyses identified
single protein bands in HAoSMC and normal arteries demonstrating expression of
both 1a-OHase and 24-OHase. The bands correspond to the size of the 1a-OHase
and 24-OHase proteins (approximately 56kDa) and were identical to those seen in
HKG38 cells and human kidney tissue. VDR protein was detected as a double band
of approximately 54 and 56kDa in all samples. These results were confirmed by
immunohistochemistry of arteries. 24-OHase mMRNA was significantly increased by
1,25D; (10nM; 6 hours; p<0.05. Conversely, 1Ta-OHase protein was significantly
decreased by 1,25D; (1nM; 6 hours; p<0.05). Importantly 24-OHase mRNA was
also increased and 1a-OHase protein decreased by 25D (100nM & 10nM respec-
tively; 6 hours; p<0.05) indicating 1a-OHase activity in the HAoSMC. This data
clearly demonstrates that arteries and VSMC express 1a-OHase and functional vita-
min D signalling. We believe we are the first to demonstrate the presence and local-
ization of 24-OHase in human arteries and VSMC. We have also shown that VSMC
are able to synthesize sufficient 1,25D; to stimulate a local response. Therefore
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we would postulate that alterations in the local production and metabolism of
1,25D5 modulates the function of VSMC and may play a role in the development
and progression of the vascular calcification seen in kidney disease.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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Perivascular adipocyte induced anticontractility and adiponectin levels in
type 1 diabetic rats

F.M. Lynch?, C. Withers', A. Prosser?, R. Walker’, N. Gardener?, A.M. Heagerty' and
S.B. Withers'

ICardiovascular Research Group, University of Manchester, Manchester, UK and 2Faculty
of Life Sciences, University of Manchester, Manchester, UK

Vascular diseases such as microangiopathy represent the main cause of death in
Type-1 diabetes. Although traditionally this is thought to be due in part to endothe-
lial dysfunction, the role of perivascular adipose tissue (PVAT) has yet to be inves-
tigated. PVAT functions as an endocrine organ in its own right and provides an anti-
contractile effect in health to arteries due to release of various adipokines, including
adiponectin. Although we have shown PVAT function is compromised in the meta-
bolic syndrome, the effect in Type-1 diabetes however is unclear’. This study aims
to examine arterial function in the presence and absence of PVAT in a rat model of
type 1 diabetes and assess adiponectin levels in this model.

Diabetes was induced in male Wistar rats (Charles River, UK) via intraperitoneal
injection of freshly dissolved STZ (55mg/kg in sterile saline serum). Rats were
humanely killed by cervical dislocation at 12 weeks. Age- and weight-matched rats
were used as non-diabetic controls (group 1). A second control group of normal
chow fed rats was also studied. Second order mesenteric arteries were dissected
= PVAT and studied using wire myography. Cumulative concentration responses
(10°-10">M) to norepinephrine (NE) were performed. Responses are expressed as
mean (+SEM)% of KPSS constriction (60mM) and analysed using 2-way ANOVA.
Three different tissue samples were taken from each rat: adipose tissue (F), aorta
(A), and mesenteric artery (M) forimmunohistological analysis of adiponectin using
a mouse anti-rat adiponectin antibody.

Starting body weight of control animals was 358.4 = 8.1g and of diabetic animals
357.3 £5.7g. At the end of the study control animals (group 1) significantly increased
(P<0.05) body weight to 580.3 = 15.8g compared with diabetic rats (382.2 + 22.3g).
Blood glucose of control groups was <6 mmol/L which was significantly less (P<0.05
t test) than that of the diabetic group (<27.4 mmol/L). PVAT induced an anticon-
tractile effect (elicited by 10°M NE) in normal chow fed controls (PVAT: 18 £ 3.7 %
vs. no PVAT: 75.6 = 8.0%; (n=36); P <0.05). The anticontractile effect was also pres-
ent in weight-matched controls (PVAT: 8.9 = 3.6% vs. no PVAT: 60.1 = 13.9%; (n=6);
P <0.05). However there was no significant difference in responses in the presence
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(42.3 = 14.8%) or absence of PVAT (46.1 = 10.8%) from arteries from diabetic rats
(n=6). Immunohistochemistry indicated an increase in the expression of adiponectin
in all three tissue samples (F, A and M) from diabetic rats compared with controls.
These data demonstrate that diabetes inhibits the anticontractile effect of PVAT.
This is accompanied with an increase in adiponectin levels. This is indicative of
adiponectin resistance in these arteries and points to a pathological mechanism
different to that seen in type 2 diabetes.

Greenstein et al (2009) Circulation 119(12):1661-1670.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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Use of a novel in vitro technique to investigate needle-induced vascular injury
P. Coats’, S. Humza', D. Kingsmore? and R.M. Wadsworth'

1Strathclyde Institute of Pharmacy and Biomedical Sciences, University of Strathclyde,
Glasgow, UK and 2Vascular Surgery, Western Infirmary, Glasgow, UK

The arteriovenous fistula (AVF) undergoes a structural adaptation which in the long
term does not favour patency (Ross, 2005). AVF failure is attributed primarily to
luminal occlusion due to neointimal hyperplasia (Maya et al, 2004). The arterial
wall response to injury and the relationship between inflammation and the car-
diovascular system has not been considered in this type of vascular disease. To date
there is no clear mechanistic understanding of the neointimal hyperplasia that
develops in the AVF. Specifically there is an absence of data of the cumulative effect
of needle cannulation injury and its possible association with neointimal growth
and consequent AVF failure. Thus the aim of this study was to identify the effect
of repeated needle cannulation on vascular structure in our established in-vitro
organ culture model.

Aorta were dissected from Male, Sprague-Dawley rats, (12 weeks, 250-300g) under
tissue culture conditions and cultured in growth medium 50:50 (V:V) mix of Ham’s
nutrient mix F12 (Gibco), Waymouths MB 752/1 (Gibco), 10% fetal bovine serum
(FBS) (Biosera) and 1% pen-strep (Invitrogen). Intact aorta was cultured for 28
days under the following conditions:- cultured non-injured (control), cultured-injured
and cultured-injured-drug treated (flurbiprofen; 10uM). Tissues were needle can-
nulated through the side wall following 24 hours culture and thereafter every 72
hours over the 28 day culture period. Vascular smooth muscle (VSM) cells were iso-
lated and cultured for cell proliferation and western blot analysis.

Planimetry of wax embedded and sectioned tissues using haematoxylin and eosin
staining: Needle injury produced significant hyper-proliferative structural remod-
elling. Media: lumen ratios were 0.47 = 0.033 and 0.64 + 0.047 in the control and
needle injured aortas respectively (n=6; p<0.05). The cyclooxgenase inhibitor (flur-
biprofen) reduced needle injury-dependent hypertrophy by 18 = 3.2% when com-
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pared with cultured non-injured tissues n=6, p<0.05). VSM cell proliferation assay
confirmed flurbiprofen’s (10 uM)anti-proliferative effect on VSM cells reducing pro-
liferation by 8-fold when compared with control (n=8; p<0.05). Western blot analy-
sis, established that flurbiprofen (10 uM) reduces the phosphorylation of the MAP
Kinase Erk-1/2.

Presently there is no prophylactic intervention to postpone or reduce occlusive fail-
ure in the forearm AVF graft. We have identified for the first time that needle injury
can evoke hyperproliferative adaption in vascular tissues. Moreover we have iden-
tified that cyclooxygenase inhibition can reduce this hyperproliferative response
and this may provide insight to a potential therapeutic advance in promoting the
functional survival of the AVF in patients undergoing haemodialysis.

Ross JL, (2005) Hemodialysis arteriovenous fistulas: A nineteenth century view of a twenty
first century problem. The Journal of Vascular Access; 6: 64-71

Maya ID. et al. (2004) Vascular access stenosis: Comparison of arteriovenous grafts and fis-
tulas. Am ] Kidney Dis; 44: 859-65.

This work was funded by the Renal Endownments Fund Western Infirmary Glasgow
and University of Strathclyde RDF funding

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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Mechanisms of attenuation of P2X-mediated [Ca?*]; transients in renal
microvascular myocytes in primary hypertension

D.V. Gordienko'-2, O. Povstyan'-3, M. Harhun3, V. Lehen’kyi4, M. Raphael* and
N. Prevarskaya®

TMolecular Pharmacology and Biophysics of Cell Signalling, Bogomoletz Institute of
Physiology, Kiev, Ukraine, State Key Laboratory of Molecular and Cell Biology, Kiev,
Ukraine, 3Biomedical Sciences, St. George’s University of London, London, UK and 4Inserm
U1003, Equipe labellisée par la Ligue Nationale Contre le Cancer, Université des Sciences
et Technologies de Lille, F59656 Villeneuve d’Ascq, France

Rise of [Ca®*]; in renal vascular smooth muscle cells (RVSMCs) following P2X recep-
tor (P2XR) activation results from Ca?* entry via P2XRs and voltage-gated Ca?*
channels (VGCCs), and ryanodine receptor (RyR)- and inositol 1,4,5-trisphosphate
receptor (IP;R)-mediated Ca?* release from the sarcoplasmic reticulum (SR) [1].
Here we analysed how this Ca2* signalling system is altered in primary hyperten-
sion by comparison of: (i) expression of genes encoding P2XRs, VGCCs, RyRs and
IP;Rs using real-time PCR analysis, (ii) P2XR-mediated currents (I,,y) using perfo-
rated-patch tight-seal recording, (iii) af-meATP-induced [Ca?*]; transients in fluo-
3-loaded myocytes using confocal imaging, (iv) the SR calcium load using caffeine
as Ca2*-liberating agent, in RVSMCs from spontaneously hypertensive rats (SHR)
and their normotensive control, Wistar Kyoto (WKY) rats. Ca2* signal calibration
was performed using the method modified from Kao et al. [2]. Data are presented
as mean = S.E.M. and compared using unpaired Student’s t-test. We found that in
SHR RVSMCs P2rx1 was downregulated 17.9+5.5-fold (p<0.001), CacnalCand Ryr2
were upregulated 30.3+13.8-and 24.5=8.6-fold, respectively (p<0.01), while there
was no significant difference in P2rx4 and Itpr1 expression (p=0.368 and p=0.165,
respectively). The peak of af-meATP-induced [Ca®*]; transients was reduced in SHR
RVSMCs (p<0.001) from 746+58 nM (WKY, n=76) to 270+23 nM (SHR, n=55). The
peak density of I, was reduced in SHR RVSMCs (p<0.01) from 10112 pA/pF (WKY,
n=25) to 57+7 pA/pF (SHR, n=18). CaZ* entry via P2XRs, estimated from the frac-
tion of the fluo-3 response remaining after depletion of Ca2* stores and block of
VGCCs, was reduced in SHR RVSMCs (p<0.01) from 293 % (WKY, n=20) to 15+2
% (SHR, n=11). CaZ* entry via VGCCs, estimated from nicardipine-sensitive fraction
of the fluo-3 response to af-meATP in RVSMCs with depleted SR, was increased in
SHR RVSMCs (p<0.01) from 35+5 % (WKY, n=7) to 62+4 % (SHR, n=6). Ryanodine-
sensitive fraction of the fluo-3 response to af-meATP increased in SHR RVSMCs
(p<0.01) from 19+4 % (WKY, n=7) to 42+5 % (SHR, n=8). The peak of caffeine-
induced [Ca?*]; transients was reduced in SHR RVSMCs (p<0.001) from 68832
nM (WKY, n=47) to 246=19 nM (SHR, n=21). Thus, both, reduced CaZ* entry via
downregulated P2X1 and decreased Ca?* release from the SR with lower Ca2* load
(resulting from an enhanced RyR-mediated Ca2* leak) contribute to attenuation of
[Ca?*], transients in SHR RVSMCs and may underlie impairment of sympatheti-
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cally driven and autoregulatory responses in renal vasculature [3] leading to
glomerular damage in hypertension.
Povstyan OV et al. (2011). BrPharmacol 162, 1618-1638.

Kao JPY etal. (1989). | Biol Chem 264 ,8179-8184.
Surprenant A & North RA (2009). Annu Rev Physiol 71 ,333-359.

Supported by BHF (PG/08/062/25382 and FS/06/077).

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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The vascular smooth muscle T-type calcium channel: an anti-proliferative
target for heme oxygenase-1?

H. Duckles, H.E. Boycott, |.L. Scragg, |.P. Boyle, K.E. Porter and C. Peers
Division of Cardiovascular and Neuronal Remodelling, University of Leeds, Leeds, UK

Excess proliferation of vascular smooth muscle cells (VSMC) is a central feature of
vascular disorders such as hypertension, restenosis and atherosclerosis (1). T-type
calcium channels provide an important route for calcium entry in disease-associ-
ated VSMC proliferation, and under these conditions VSMC also increase expres-
sion of heme oxygenase-1 (HO-1) (1) (2). HO-1 catabolises free heme to produce
biliverdin, iron, and carbon monoxide (CO), and exhibits anti-proliferative effects,
possibly through the production of CO (2). We aimed to investigate the effects and
possible interactions of HO-1, CO, and T-type calcium channel inhibition on VSMC
proliferation.

VSMC were explanted from fragments of saphenous vein (SV) of patients under-
going coronary bypass and propagated in primary culture. Proliferation assays were
performed over 4 days in the absence or presence of the T-type channel inhibitor
mibefradil, an inducer of HO-1, CoPPIX, or the CO donor compound, CORM-3. Viable
cells were counted using trypan blue and a hemocytometer. Statistical analysis was
performed using two-tailed paired T-test and one-way ANOVA with Bonferroni’s
multiple comparison test, as appropriate.

Proliferation was reduced by 39.7 +8.8%, p<0.05, n=3, in the presence of 3uM
mibefradil, and by 37.7 +2.8%, p<0.05, n=3, following HO-1 induction by 3uM
CoPPIX (induction verified by western blotting, n=2). CORM-3 application (3-30uM)
produced a dose dependent decrease in proliferation, a reduction of 36.0 +4.4%,
P<0.01, n=3, was observed in the presence of 3uM CORM-3. The application of 3uM
mibefradil and 3uM CoPPIX simultaneously reduced proliferation by 57.7 +8.1%,
P<0.05, n=3.

These preliminary data support the idea that CO is antiproliferative through inhi-
bition of VSMC T-type calcium channels. This signalling pathway may therefore be
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a novel target for pharmacological intervention in vascular disorders involving
excess SMC proliferation.

(1) House S, Potier M, Bisaillon |, Singer HA, Trebak M. The non-excitable smooth mus-
cle: calcium signaling and phenotypic switching during vascular disease. Pflugers Arch 2008
Aug;456(5):769-85.

(2) Ryter SW, Alam |, Choi AM. Heme oxygenase-1/carbon monoxide: from basic sci-
ence to therapeutic applications. Physiol Rev 2006 Apr;86(2):583-650.

British Heart Foundation

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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Vasorelaxant and hypotensive effects of Allium cepa peel hydroalcoholic
extract in rat

M. Arabian’, M. Gharib Naseri2, M. Badavi3, A. Ahangarpour®, Z. Hajebrahimi>,
M. Firoozi® and M. Arabian’

1Physiology, Aerospace Research Institute, Tehran, Islamic Republic of Iran, 2Physiology
Research Center, Ahvaz University of Medical Sciense, ahvaz, Islamic Republic of Iran,
3Physiology Research Center, Ahvaz University of Medical Sciense, ahvaz, Islamic Republic
of Iran, 4Physiology Research Center, Ahvaz University of Medical Sciense, Ahvaz, Islamic
Republic of Iran, >Physiology, Aerospace Research Institute, Tehran, Islamic Republic of
Iran, ®Physiology, Aerospace Research Institute, Tehran, Islamic Republic of Iran and
’Department of Sepahan Medical Imaging, Esfahan, Islamic Republic of Iran

The aim of present study was to investigate the effect of onion (Allium cepa) peel
hydroalcoholic extract (OPE) on rat hypertension induced by high-fructose diet and
aorta contractility. The OPE was prepared by maceration method using 70% ethanol.
In in vitro study, animals were anaesthetized by ether and exsanguinated. The tho-
racic aorta from male adult rat (Wistar) was dissected and suspended in Krebs-
Henseleit solution under 1 g resting tension. Tissue preparation was contracted
by KCl (80 mM) or phenylephrine (Phe, 1 uw M) and then the extract was applied
cumulatively (0.0625-2 mg mL-1). Hypertension was induced in negative control
and three groups of rats by adding fructose (10% W/V) in drinking water for 6 weeks
but control group received tap water. Hypertensive groups received saline or OPE
at 200, 400 and 800 mg kg-1 daily for last 3 weeks by gavage. Systolic arterial pres-
sure in conscious and restrained rat was recorded weekly by using tail cuff (Pow-
erlab, UK). Heart rate was also recorded by using the same instrument. Results
showed that OPE reduces aorta contractions induced by KCl or Phe in a concen-
tration-dependent manner (p<0.001). Removing aorta endothelium did not atten-
uate the OPE activity. Inhibition of nitric oxide, cGMP and prostaglandin synthesis
by L-NAME (100 uM), methylene blue (10 uM) and indomethacin (10 uM), respec-
tively, did not attenuate OPE activity. Atropine abolished ACh-induced relaxation
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in Phe precontracted aorta but not the OPE-induced relaxation. Although the extract
did not change heart rate but after 3 weeks reduced the hypertension induced by
fructose (p<0.001). Present results indicated that OPE reduces aortic contractions
possibly via inhibition of calcium influx but without involving NO, cGMP, endothe-
lium and prostaglandins. The OPE hypotensive effect could be due to extract
quercetin content, antioxidant activity and inhibiting vascular smooth muscle cells
Ca2+ influx.

Ayoka, A.O., R.O. Akomolafe, E.O. lwalewa and O.E. Ukponmwan, 2005. Studies on the anx-
iolytic effect of Spondias mombin L. (Anacardiaceae) extracts. Afr. |. Trad. C.A.M., 2: 153-165.

Campos, K.E., Y.S. Diniz, A.C. Cataneo, L.A. Faine, M.]. Alves and E.L. Novelli, 2003. Hypogly-
caemic and antioxidant effects of onion, Allium cepa: Dietary onion addition, antioxidant
activity and hypoglycaemic effects on diabetic rats. Int. . Food Sci. Nutr., 54: 241-246.

Eguchi, S. T. Kawano, Y. Yinhua, K. Tanaka, S. Yasui, K. Mawatari, A. Takahashi, Y. Nakaya, S.
Oshita and N. Nakajo, 2007. Effect of prostaglandin E1 on vascular ATP-sensitive potassium
channels. J. Cardiovasc. Pharmacol., 50: 686-691.

El-Demerdash, F.M., M.I. Yousef and N.I. EI-Naga, 2005. Biochemical study on the hypoglycemic
effects of onion and garlic in alloxon-induced diabetic rats. Food Chem. Toxicol., 43: 57-63.

Kanter, M., M.F. Altan, S. Donmez, A. Ocakci and M.E. Kartal, 2007. The effects of quercetin
on bone minerals, biomechanical behavior and structure in streptozotocin-induced diabetic
rats. Cell Biochem. Funct., 25: 747-752.

The authors are thankful to Dr. Aghel for scientific identification of Allium cepa.
Financial support from the Physiology Research Center of Ahwaz Jundishapur
University of Medical Sciences is thankfully acknowledged.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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ATP inhibits IP;-mediated Ca?* release in smooth muscle via P2Y, receptors
D. MacMillan, C. Kennedy and |.G. McCarron
SIPBS, University of Strathclyde, Glasgow, UK

Introduction The inhibitory neurotransmitter, ATP, is pivotal in regulating smooth
muscle activity. The underlying mechanism(s) by which ATP evokes relaxation
remain unclear, but have been proposed to involve phospholipase C (PLC)-medi-
ated IP; production, to evoke Ca?* release from the internal store and stimulation
of Ca%*-activated potassium (K,) channels to cause membrane hyperpolariza-
tion. ATP-induced Ca?* rises have been reported in smooth muscle, but the fre-
quency with which they are observed are often varied. Indeed, CaZ* rises to ATP
may be either limited or not observed at all. To investigate the role of Ca?* release
in ATP-evoked smooth muscle relaxation, the effect of ATP on IP;-mediated CaZ*
release from the store was examined. Methods Single voltage-clamped myocytes
were dissociated [] from the colon of guinea-pigs (sacrificed by intraperitoneal
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injection of euthatal (200 mg/kg) followed by exsanguination). [Ca?*]; was meas-
ured as fluorescence using fluo-3. Intracellular CaZ* release was evoked either by
activation of IP; receptors (IP;R; by carbachol or photolysis of caged IP;) or ryan-
odine receptors (by caffeine). Results ATP transiently increased [Ca?*]; in only 10%
of voltage-clamped single smooth muscle cells. Interestingly, ATP inhibited IP;R-
mediated Ca?* release in cells that did not show a CaZ* rise in response to puriner-
gic stimulation (1mM, n=5). The reduction in IP;R-mediated Ca?* release was mim-
icked by its metabolite, ADP (1mM, n=4), but not by adenosine (1mM, n=4).
Furthermore, the inhibitory response to ATP was blocked by the P2Y,R antago-
nist, MRS2179 (10uM, n=5), and the G-protein antagonist, GDPBS (1mM, n=8), but
not by the PLC inhibitor, edelfosine (10uM, n=4). Discussion Since ATP did not release
Ca?*, neither activation of K, channels nor depletion of the store of Ca?* can explain
the inhibitory response to ATP. Neither can the inhibitory response be attributed
to breakdown of ATP to adenosine since the nucleoside was without effect on
IP;R-mediated Ca?* release. ADP, however, inhibited Ca?* release, indicating that
the reduction is mediated by P2YR. The inhibitory response to ATP was blocked by
MRS2179 and by GDPgS, confirming a role of G-protein coupled P2Y,R in this
response. ATP remained effective in inhibiting IP;R-mediated Ca?* release in the
presence of edelfosine, thus excluding a role of PLC. The study reveals, for the first
time, an inhibitory effect of P2Y,R activation on IP;R-mediated Ca?* release, such
that purinergic stimulation acts to prevent the excitatory influence of IP; on smooth
muscle and promote relaxation. The observed inhibitory response to ATP appears
to be independent of PLC.

McCarron JG & Muir TC (1999).  Physiol 516, 149-161.

Financial support is provided by the British Heart Foundation and Wellcome Trust.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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Testosterone promotes vascular hypertrophic effect of a high salt diet in
male Sprague-Dawley rats

AK. Oloyo?, 0.A. Sofola', C.N. Anigbogu', V. Prabhakaran? and T. Anilkumar?

TPhysiology, University of Lagos, Idi Araba, Lagos, Nigeria and 2Laboratory for
Experimental Pathology, Sree Chitra Tirunal Institute for Medical Sciences and Technology,
Trivandrum, Kerala, India

Salt sensitivity exhibits sexual dimorphism which is higher in males when compared
with females (1). This has been attributed to the effect of androgens on blood ves-
sels in males (2). Sodium overload, which is present in high salt diet (HSD) has been
reported to change the shear stress and geometric modifications of the blood ves-
sels (3) and haemodynamic factors are very important in the regulation of the struc-
ture of the artery (4). Therefore, experiments were designed to study the vascular
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smooth muscle histomorphometry in orchidectomy-induced (under ketamine and
xylazine: 90mg and 10mg/Kg/body weight i.m respectively (5) androgen defi-
cient rats placed on a normal (0.3%) or high (8%) NaCl diet for 6 weeks, with or
without testosterone replacement (10mg/kg bodyweight sustanon 250® i.m once
in 3 weeks). Histological examination of thoracic aorta and mesenteric artery were
carried out with specific dyes; haematoxylin and eosin stain for the cytoplasm and
nucleus and Verhoeff - Van Geison and Picro-sirius red stains for elastin and colla-
gen content estimation respectively. Histomorphometric analysis was done using
a programmed software IMAGE-PRO 3DS 6.1. Tunica media thickness and cross
sectional area, elastin and collagen contents were all significantly elevated (P <
0.05) in the rats placed on HSD while orchidectomy significantly reduced the val-
ues of the parameters in HSD group but concomitant administration of testos-
terone restored them to the levels observed in intact rats. Orchidectomy amelio-
rated vascular hypertrophic effect of a HSD by reducing vascular smooth muscle
proliferation and decreasing extracellular matrix protein deposition induced by
HSD. Testosterone replacement following orchidectomy accentuated vascular hyper-
trophic effect of a HSD.

Hinojosa - Laborde et al. (2004) Hypertension 44: 405-409.

Oloyo et al. (2011) Afr. . Biomed. Res. (In-press)

Bevan, |. A. (1993) Hypertension 22: 273-281.

Sho, E. et al. (2004) | Vasc Surg. 39:601-12.

5. Gonzales, R.). et al., (2004). Am ] Physiol Heart Circ Physiol. 286: H552 - H560.

UNILAG CRC research grant 2007/14.
INSA JRD - TATA Fellowship CCSTDS India.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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Inhibition of Rho Kinase by 5-HT in 5-HT-induced constriction of isolated
Bovine pulmonary arteries

R. McCallum, A.M. Shaw, A. MacDonald and A. Corbett
Biological sciences, Glasgow Caledonian University, Glasgow, UK

The Rho-A/Rho-kinase pathway plays an important role in agonist —induced con-
striction of vascular smooth muscle. Indeed inhibition of Rho-kinase has been pro-
moted as a putative management therapy in pulmonary hypertension (Abe et al,
2004). Rho-kinase can be activated by agonist receptors that couple to G12/13
(Fukata et al, 2001) and/or by elevated intracellular calcium (Ayeman et al, 2003).
In bovine pulmonary arteries 5-HT induced constriction is mediated by the 5-HT2A
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and 5-HT1B receptors (McKenzie et al, 2010). The present study investigated the
role of Rho-kinase in 5-HT-induce constriction of bovine pulmonary arteries.
Bovine lungs from animals under twenty months were obtained fresh from the
local abattoir. Ring segments (0.3-0.5cm in diameter), dissected from the 5th. Arte-
rial generation were mounted in 5 ml organ baths suspended between stainless
steel hooks in Krebs-Henseleit buffer (370C) under a tension of 2 g and gassed with
a mixture of 02:C0O2 95%/5% v/v. Tissues were allowed to equilibrate for 1 hour
before the addition of drugs. All tissues were first contracted with 60 mM KCl. After
washing, cumulative concentration response curves (CRCs) to 5HT or a single con-
striction to the 5-HT2A agonists DOI (10nM) or TCB (1uM) were constructed in the
absence or presence of the Rho kinase inhibitors Y27632 (30uM) or H1152 (10uM).
CRC to 5-HT were further examined in presence of the 5-HT1B (SB216641, 3uM)
and 5-HT1D (BRL15572, 10nM) receptor antagonists or the selective serotonin re-
uptake inhibitor paroxetine (10nM) alone or in the presence of Y27632.

The concentration response curve for 5-HT-induced constriction was unaffected by
the Rho-kinase inhibitors Y27632 or H1152. In contrast constriction induced by the
5-HT2A agonists DOI was reduced by 58% (from 95.28+6.62 to 39.88+4.02, n=4,
values expressed as percentage of 60mM KCL contraction) by Y27632. The 5-HT1B
receptor antagonist SB216641 shifted the CRC for 5-HT to the right (control EC50=-
5.915+0.096, SB216641 EC50=-4.771+0.102, n=7) and reduced the maximum
response by 20% (from 188.2+7.90 to 149.8+9.83, n=7) and this response was unaf-
fected by the further addition of Y27632. The presence of the 5-HT1D receptor
antagonist (BRL15572) produced a 26% increase in tone (from 190.4+9.44 to
239x14.76, n=7), the selective serotonin re-uptake inhibitor (paroxetine) produced
a similar potentiation of 24% to the maximal contraction of the 5-HT CRC (from
174.4+3.79 to 217.1+8.6, n=4). The further addition of Y27632 reduced the max-
imum response by approximately 36-42% (from 239+14.76 to 153+9.77, n=7, in
the presence of BRL15572 and from 217.1+8.6 to 125.1+7.45, n=4, in the presence
of paroxetine).

These observations suggest that 5-HT acting through the 5-HT1D receptor and/or
the selective serotonin reuptake mechanism may inhibit the involvement of Rho-
kinase in 5-HT-induced constriction of BPA.

Abe K, Shimokawa H, Morikawa K, et al. Long-term treatment with a Rho-kinase inhibitor

improves monocrotaline-induced fatal pulmonary hypertension in rats. Circ Res 2004; 94:
385-393.

Ayman S, Wallace P, Wayman CP, Gibson A, McFadzean | (2003). Receptor-independent acti-
vation of Rho-kinase-mediated calcium sensitisation in smooth muscle. Br ] Pharmacol 139:
1532-1538.

Fukata, Y. et al (2001) Rho-Rho-kinase pathway in smooth muscle contraction and cytoskele-
tal reorganisation of non-muscle cells. Trends Pharmacol Sci 22: 32—39.

McKenzie, C., Alapati, V., MacDonald, A. and Shaw, A. (2010), Mechanisms involved in the
regulation of bovine pulmonary vascular tone by the 5-HT1B receptor. Br ] Pharmacol, 159:
188-200.
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Investigating the role of a2-adrenoceptors in tail artery of wild type mice
and mice lacking a1-adrenoceptors (a1-null)

C. Stevenson, L. Methven, E.M. McLachlan, C. Daly and J.C. McGrath
Autonomic Physiology Unit, School of Life Sciences, University of Glasgow, Glasgow, UK

In rat tail artery, perivascular nerve stimulation leads to vessel contraction through
stimulation of a1-, a2-adrenoceptors (AR) and P2X receptors. The ensuing con-
traction has an initial fast depolarisation (P2X receptor activation) followed by a
sustained response from o.1-and 0.2-AR activation (Sneddon and Burnstock, 1984;
Rummery and Brock, 2011). Generation of mice lacking all three o.1-AR subtypes
has allowed the a2-ARs to be fully investigated.

Male Wild Type (C57BI) and a.1-null mice (aged 4-6 months) were killed by carbon
dioxide asphyxiation. 2mm ring segments were prepared free of fat from the tail
artery and mounted on a wire myograph suspended in freshly gassed PSS at 370C.
In both strains of mice, responses to 1uM 5-HT were recorded and frequency
response curves (FRCs) were constructed in the absence and presence of 100nM
rauwolscine (0.2-AR antagonist). Vessels were stimulated with the following param-
eters: 0.5Hz-8Hz; 0.3ms pulse width; 20pulses; 20v.

The response to 5-HT (1uM) was significantly smaller in the a1-null mice (0.51g =
0.20) than in the WT (0.69g = 0.24) (P<0.05; unpaired t test; WT - n=13, a.1-null
- n=8). Nerve stimulation revealed no significant difference in size of contraction
between the strains at 0.5Hz and 1Hz. However at 2Hz, 4Hz and 8Hz the WT
response was significantly greater than in the a1-null strain (P<0.05; unpaired t
test; WT - n=12, a1-null - n=6). For example, at 8Hz the WT response was 0.53g
(= 0.21) and the a.1-null response was 0.30g (= 0.16).

In the presence of rauwolscine, both strains produced responses at all frequencies
that were significantly lower than control responses (P<0.05; unpaired t test; WT
- n=6, al-null - n=5) with a greater percentage reduction at the lower frequen-
cies. In the WT at 0.5Hz and 1Hz there was an 87+9% and 83+5% reduction respec-
tively. As the frequency increases the percentage reduction in response decreases
so that at 8Hz there was a 56+5% decrease. In the a.1-null mice the percentage
decrease in response after rauwolscine incubation was similar across the range of
frequencies (68%-74%).

In conclusion, the a.1-null vessels showed a modest reduction in contractility to the
test agonist 5-HT but demonstrated adrenergic nerve responses equivalent to those
in WT mice at low frequencies. At higher frequencies the WT had greater responses
that can be attributed to a.1-ARs, which were lost in the a.1-null mice and survived
a2-AR blockade by rauwolscine; however they had a substantial rauwolscine-sen-
sitive, a2-AR-mediated component. In the a.1-null vessels throughout the frequency
range there was a substantial reduction in response by rauwolscine, indicating a
dominant a2-AR response to nerve activation that can be studied without the com-
plication of drug action overlapping with a1-ARs.
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Reduction of vasomotion in thoracic aorta of immature rats using distilled water
]. Palacios™4, |. Vega?, A. Paredes3, |. Bravo? and F. Cifuentes*

1Dentistry, Universidad del Mar, Iquique, Chile, 2Biomedicine, Antofagasta University,
Antofagasta, Chile, 3Chemistry, Antofagasta University, Antofagasta, Chile and
4Experimental Physiology Laboratory, Antofagasta University, Antofagasta, Chile

Rhythmical contraction known as vasomotion occurs in blood vessels. This phe-
nomenon is observed under pathological conditions, and sometimes under phys-
iological conditions. Vasomotion had been observed mainly in low resistance micro-
circulation vessels (Nilsson et al., 2003). Particular attention has been focused on
cyclic variations of the aorta diameter in immature rats, in part because it may con-
tribute to the regulation of blood flow (Haddock et al., 2005).

The aim of the current study was to observe if immature rats have vasomotion in
thoracic aorta and to determine the effect of tap water (control rats; 1-month-old)
and distilled water (treated rats; 1-month-old) on vasomotion. In some experiments,
immature Sprague-Dawley rats (1-month-old; 100 to 150 g) were compared with
mature rats (4-month-old; 300 to 350 g). Animals were sacrificed by cervical dis-
location. All groups drank tap water and distilled water from the time of weaning.
In each experiment, we studied 6 to 8 adjacent aortic rings from the same animal,
using a known method forisometric tension measurements (Palacios et al., 2006).
The mechanical oscillations (vasomotion) observed in the aorta of the control group
was influenced significantly by the concentration of phenylephrine (107 M PE;
136+4 mg maxima amplitude) and of KCI (20 mM; 110+4 mg maxima amplitude);
this effect was diminished after 4 months (107 M PE; 31+8 mg maxima amplitude).
The treated group did not show vasomotion in aorta (107 M PE; 52 mg maxima
amplitude). Interestingly, the preincubation with EGTA of the control group elim-
inated the vasomotion phenomenon (107 M PE; 204 mg maxima amplitude). The
aortic vasomotion and PE-induced tension were dependent on extracellular cal-
cium concentration (0 to 1 mM Ca?*). It is possible that endothelial nitric oxide
(NO) could be involved in vasomotion of immature rats; however, the oscillations
were initiated only after the reduction in tension by acetylcholine (107 M) or NO
(108 M). Therefore, the increase in vasomotion seems to be always associated with
a reduction in tension to an intermediate level of the vasomotor tone. Vascular
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relaxation to ACh reduced in treated rats compared to control rats. We conclude
that vasomotion in immature rats is associated with the calcium in drinking water,
among other factors.

HADDOCK, R.E. & HILL, C.E. (2005). Rhythmicity in arterial smooth muscle. ] Physiol, 566,
645-56.

NILSSON, H. & AALKJAER, C. (2003). Vasomotion: mechanisms and physiological importance.
Mol Interv, 3, 79-89, 51.
PALACIOS, |., ESPINOZA, F., MUNITA, C., CIFUENTES, F. & MICHEA, L. (2006). Na+ -K+ -2Cl-

cotransporter is implicated in gender differences in the response of the rat aorta to phenyle-
phrine. Br | Pharmacol, 148, 964-72.

This work was supported by Fondo Interno de Investigacion Cientifica de la
Universidad Catoélica del Norte (DGIP 220203-10301206) and Direccién General
de Investigacion (DIRINV 1339-2007) de la Universidad de Antofagasta.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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Store-operate Ca?* entry is over-expressed in endothelial colony forming
cells isolated from patients suffering of Renal Cellular Carcinoma

F. Lodola', E. Bonetti2, U. Laforenza', S. Dragoni!, G. Guerra3, V. Rosti?,
P. Pedrazzoli#, F. Tanzi', C. Porta* and F. Moccia'

'Phisiology, University of Pavia, Pavia, Italy, 2Clinical Epidemiology Laboratory,
Fondazione IRCCS Policlinico San Matteo, Pavia, Italy, 3Department of Health Sciences,
University of Molise, Campobasso, Italy and *Medical Oncology, Fondazione IRCCS
Policlinico San Matteo, Pavia, Italy

OBJECTIVE: Formation of new blood vessels plays a key role in tumor growth and
metastasis and may be supported by bone marrow-derived endothelial progenitor
cells (EPCs). Different studies have demonstrated that the engagement of EPCs is
fundamental for the progression of avascular micrometastatic tumors to lethal
macrometastatic ones. We have recently shown that store-operated Ca2* entry
(SOCE) controls cell proliferation in endothelial colony forming cells (ECFCs). SOCE
is contributed by the Ca%*-permeable channel, Orai1, and the ER Ca%*-sensor, Stim 1.
The search for novel molecular targets to exploit in the fight against cancer
prompted us to investigate the expression and role served by SOCE in ECFCs iso-
lated from patients suffering from renal cellular carcinoma (RCC).

METHODS: ECFCs were isolated from the peripheral blood of healthy donors or
patients suffering from RCC as described elsewhere. Changes in [Ca?*]; were mon-
itored loading the cells with Fura-2/AM (4 uM, 30 min) and with the aid of a CCD
camera.

RESULTS: SOCE was activated by exposing cells to the classic “Ca2* add-back” pro-
tocol in presence of either cyclopiazonic acid (CPA), a selective inhibitor of the Sar-
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coEndoplasmic Reticulum Ca2*-ATPase (SERCA), or the physiological agonist, ATP.
In both cases we found that SOCE was significantly higher in RCGECFCs as com-
pared to control cells, while the intracellular Ca2* release was smaller. SOCE was
selectively inhibited by BTP-2, as previously reported in control cells, whereas car-
boxyamidotriazole (CAl), an orally active anti-angiogenic drug which is in phase ||
clinical trials of metastatic RCC, was less specific and affected also Ca2* release. The
higher amplitude of SOCE was associated to the over-expression, at both mRNA
and protein level, of Stim1 and Orail in RCGECFCs, while Stim2, Orai2 and Orai3
were not differently expressed in these cells. Finally, pre-incubation with BAPTA,
an intracellular Ca2* buffer, BTP-2, and CAl dramatically affected RCG-ECFC prolif-
eration and tubulogenesis.

CONCLUSIONS: These data indicate that SOCE is over-expressed in ECFCs isolated
from patients suffering of RCC due to the selective up-regulation of Stim1 and Orai1.
SOCE controls RCGECFC proliferation and tubulogenesis and might, therefore, be
regarded as a novel molecular target to device alternative anti-cancer treatments.
Munaron L & Florio Pla A (2009). Curr Med Chem 16, 4691-4703.

Patenaude A et al. (2010). Microvasc Res 79, 217-223.

Sanchez-Hernandez Y et al. (2010). Stem Cells Dev 19, 1967-1981.

Varnai P et al. (2009). Trends Pharmacol Sci 30, 118-128.

Dragoni S et al. (2011). Stem Cell Sep 8. doi: 10.1002/stem.734. [Epub ahead of print].
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Characterisation of transcriptional and post transcriptional properties of
vascular interstitial and cultured smooth muscle cells

C.L. Huggins, 0.V. Povstyan and M.l. Harhun
Division of Biomedical Sciences, St George’s, University of London, London, UK

Various in vitro models are used for studying mechanisms of phenotypic modula-
tion of vascular smooth muscle cells (VSMCs) and the established culture of VSMCs
(cVSMGs) is often used for this purpose. Vascular interstitial cell (VICs), recently
found in wall of various blood vessels, likely represent resident phenotypically mod-
ulated VSMCs under normal physiological conditions’. In this study we compared
the expression of proteins and corresponding genes for VSMCs-specific markers in
freshly dispersed contractile VSMCs, VICs and cVSMCs from rat aorta using immuno-
cytochemistry (30 cells for each protein, 3 animals) and comparative real-time RT-
PCR from separately collected cells (7250 cells of each type, 3 animals). The data
is presented as mean=S.E.M. ANOVA test for three variables was used for statisti-
cal analysis and differences of p<0.05 were considered significant. We observed
that VICs, similarly to cVSMCs, display the presence of sparse aSM-actin-enriched
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stress fibres, while in VSMCs this protein is more tightly packed with higher den-
sity in superficial region of the cell. We found that compared to contractile VSMCs
both VICs and cVSMCs show a decrease in gene and protein expression for smoothe-
lin (0.30+0.06 in VICs and 0.34+0.15 in cVSMCs for gene and 0.39+0.05 in VICs and
0.53+0.04 in cVSMCs forimmunofluorescence, all p<0.05), myosin light chain kinase
(MLCK) (0.20+0.03 in VICs and 0.21+0.12 in cVSMCs for gene and 0.17+0.02 in VICs
and 0.20+0.02 in cVSMCs for immunofluorescence, all p<0.05) and SM22a
(0.22+0.00 in VICs and 0.20+0.08 in cVSMCs for gene and 0.18+0.03 in VICs and
0.40+0.02 in cVSMCs for immunofluorescence, all p<0.05). The expression of a.SM-
actin and smooth muscle myosin heavy chain (SM-MHC) was significantly decreased
in cVSMCs compared to contractile VSMCs (aSM-actin 0.49+0.06 for gene,
0.27+0.03 for immunofluorescence; SM-MHC, 0.51+0.03 for gene, 0.41+0.06 for
immunofluorescence, all p<0.05), however, compared to VSMCs it was not
decreased in VICs (aSM-actin, 0.87+0.06 for gene (p>0.05), 1.42+0.11 for protein
(p<0.05) and in SM-MHC (0.99+0.13 for gene and 1.03x0.06 for protein, both
p>0.05). Our study demonstrates that both VICs and cVSMCs display the features
of the putative phenotypically modulated VSMCs such as the presence of actin-
enriched stress fibers and decrease in expression of contractile VSMCs markers such
as smoothelin, MLCK and SM22a compared to contractile VSMCs. However, it was
observed that the expression of two major contractile proteins SM-MHC and a.SM-
actin was decreased only in cVSMCs while it was not decreased in VICs compared
VSMCs. These results suggest that mechanism of governing the phenotypic mod-
ulation may be different or altered in the cultured VSMCs comparing to the native
phenotypically modulated VSMCs.

Harhun MI, Szewczyk K, Laux H et al, ] Cell Mol Med. 13; 4532-39, 2009.

Supported by BHF IBSR Fellowship to M.I.H. (FS/06/077)
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Sphingosine 1-phosphate-induced release of TIMP-2 from vascular smooth
muscle cells inhibits angiogenesis in coronary artery endothelial cells

K.S. Mascall, G.R. Small and G.F. Nixon
School of Medical Sciences, University of Aberdeen, Aberdeen, UK

Following myocardial infarction resulting from thrombus formation, angiogenesis
occurs and permits reperfusion of damaged myocardium. Sphingosine 1-phosphate
(S1P) is a naturally occurring lipid mediator released from platelets and is found at
sites of thrombosis. STP could be involved in regulating angiogenesis following
myocardial infarction and may therefore influence reperfusion. The aims of this
study was to determine the effects of S1P in human coronary artery endothelial
cell (EC) angiogenesis and delineate the subsequent mechanisms. An in vitro model
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of angiogenesis was developed using a co-cultures of human coronary artery ECs,
human coronary smooth muscle cells (SMCs) and human fibroblasts. After 14 days,
endothelial tubule formation was visualized by immunofluorescence labelling with
anti-CD146 antibody. Fluorescent images were analysed using Image| software.
S1P (1 uM) significantly inhibited tubule formation in these co-cultures by 80 + 7%
(mean =+ s.e.m., n=7, p<0.05 Student’s t-test). When SMCs were omitted from the
co-culture (ECs and fibroblasts only) EC tubules were still observed as previously,
but S1P had no significant effect on tubule formation. In order to determine if this
inhibitory effect of STP was due to a soluble factor released from SMCs, conditioned
medium from SMCs incubated with S1P was used on co-cultures of ECs and fibro-
blasts. S1P-treated conditioned medium from SMCs also inhibited endothelial tubule
formation compared to untreated conditioned medium (64 = 7%, n=4, p<0.05). As
tissue inhibitor of metalloproteinases (TIMPs) are known inhibitors of angiogene-
sis and released by several different cell types, we examined TIMP-2 activity in con-
ditioned medium from SMCs. In conditioned medium from SMCs treated with 1
uM S1P there was a significant increase in TIMP-2 activity as determined by reverse
zymography compared to untreated conditioned medium (1.35 = 0.07 fold increase,
n=4, p<0.05). In co-cultures of ECs, SMCs and fibroblasts containing anti-TIMP-2
blocking antibody, S1P had no effect on tubule formation (n=4). Confocal
microscopy of co-cultured treated with S1P revealed that vascular endothelial (VE)-
cadherin localization to endothelial-endothelial cell junctions was disrupted thereby
inhibiting tubule formation. This S1P-inhibitory effect was reversed by inclusion of
TIMP-2 blocking antibody in the medium. In conclusion, S1P-induced inhibition of
angiogenesis in human artery endothelial cells is mediated by a release of TIMP-2
from SMCs. This reduces the integrity of intercellular junctions between nascent
endothelial cells by inhibiting VE-cadherin localization. S1P may therefore inhibit
the angiogenic response following myocardial infarction.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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Resident phenotypically modulated myocytes in human arteries under
normal physiological conditions

M.1. Harhun', C.L. Huggins', K. Ratnasingham?, D. Raje2, R.F. Moss3, K. Szewczyk3,
I.A. Greenwood’, T.K. Khong', A. WanZ2, M. Reddy? and G. Vasilikostas?2

'Division of Biomedical Sciences, St George’s, University of London, London, UK,
2Department of Surgery, St. George’s Hospital, London, UK and 3Imaging Resource
Facility, St. George’s, University of London, London, UK

It is generally accepted that contractile vascular smooth muscle cells (VSMCs) are
not terminally differentiated and may change their phenotype in response to envi-
ronmental cues such as injury or disease. On the other hand, vascular interstitial
cells (VICs), which were recently described in various blood vessels of rodents under
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normal physiological conditions, display some features of the phenotypically mod-
ulated VSMC. The objective of this study was to identify and characterise VICs in
human arteries. The samples of healthy adipose tissue containing small fragments
of human gastro-omental arteries were obtained during abdominal surgery and
blood vessels were dissected and used in experiments. VICs were identified in the
wall of resistance-sized gastro-omental arteries following enzymatic cell dispersal
using transmission and scanning electron microscopy. Freshly dispersed VICs
showed the ability to form new and elongate existing filopodia and actively change
body shape, while contractile VSMCs did not display significant changes of their
body during the same period of observation. RT-PCR analysis performed on sepa-
rately collected contractile VSMCs and VICs (~200 cell of each type) showed that
both cell types expressed the gene for smooth muscle myosin heavy chain (SM-
MHC), thus confirming that VICs represent phenotypically modulated or de-dif-
ferentiated VSMCs. Immunocytochemical staining showed that both VSMCs and
VICs had similar fluorescence for SM-MHC and a.SM-actin, VICs, however, had signi-
ficantly lower fluorescence for smoothelin, myosin light chain kinase, and SM22a.
It was also found that VICs do not have a cytoskeleton as rigid as in contractile
VSMCs. In addition VICs displayed the presence of sparse individual stress fibers
enriched in f-actin and aSM-actin. In VSMCs these two proteins were more densely
packed so it was impossible to identify individual strands at the same resolution
of the confocal microscope. Our results indicate that VICs from human arteries
display multiple features of the putative phenotypically modulated VSMCs. VICs
therefore represent resident phenotypically modulated VSMCs that are constitu-
tively present in human arteries under normal physiological conditions.

This work was supported by British Heart Foundation IBSR Fellowship to Dr M
Harhun (FS/06/077)

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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Vascular smooth muscle proliferation is regulated by an increase in
mitochondrial motility

S. Chalmers, P. Coats and |.G. McCarron
University of Strathclyde, Glasgow, UK

Mitochondrial function is critical for multiple facets of cellular function including
ATP production and Ca?* handling. Subcellular location of the organelle is impor-
tant for function. In smooth muscle, mitochondria modulate Ca2* signals arising
from InsP; receptors, even localised Ca%* puffs, revealing a close physical relation-
ship between the sarcoplasmic reticulum and mitochondria. This seems incom-
patible with the free movement of mitochondria observed in several cell types.
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An in vitro study of intact cerebral resistance arteries at physiological pressure, indi-
vidual mitochondria within smooth muscle were largely stationary (0.00159 =
0.00004 moving mitochondria um2min’!, n=23); however in a small number of
cells mitochondria displayed large-scale directed movements (0.00104 = 0.00003
cells containing moving mitochondria um2min-, n=23). When arteries were main-
tained in organ culture for up to 4 days to promote proliferation, an increased num-
ber of cells showing moving mitochondria (0.00341 + 0.00008 cells um-2min’;
n=16, p<0.01) and an increase in the extent of movement occurred (0.01043 =
0.00027 moving mitochondria um=2min’!, n=16, p<0.01). Expression of the mito-
chondrial tether mitofusin-2 decreased and the proliferative marker proliferating
cell nuclear antigen (PCNA) increased, by western blotting and immunocyto-
chemistry of fixed, pressurised arteries (n=3 for each). Maintenance of arteries with
the small molecule inhibitor of mitochondrial fission Mdivi-1 (50 uM) for the dura-
tion of the 4 days organ culture restricted mitochondrial dynamics (0.00228 =
0.00024 mitochondria moving um2min" in 0.00145 + 0.00015 cells um2min’;
n=6, p<0.01 for each, compared to untreated arteries maintained in culture for 4
days) and reduced the extent of proliferation as shown by PCNA staining (7.69 =
2.87 compared to 15.70 = 2.23 RFU/pixel corrected for non-specific staining of sec-
ondary antibody only, n=7, p<0.05), 3H-thymidine incorporation and fluorescence-
activated cell sorting by propidium iodide incorporation (n=3 for each).

Thus, when smooth muscle is allowed to proliferate, mitochondria switch from
being static to highly mobile, which may contribute to the altered Ca2* signalling
observed in proliferative smooth muscle. Inhibiting mitochondrial mobility decreases
proliferation and may be a novel target for the prevention of proliferative vascular
disease. Values are expressed as mean = S.E.M. for n cells or regions of intact artery,
significance calculated using Student’s t-tests.

We would like to thank the Wellcome Trust (092292/Z/10/Z) and British Heart
Foundation (PG/08/066/25025) for supporting this work.
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Obijective
Endothelial colony forming cells (ECFCs) are endothelial progenitor cells capable
of acquiring a mature endothelial phenotype. ECFCs are mobilized from bone-mar-
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row to promote vascularization and represent a suitable tool for cell-based ther-
apy (CBT). We have shown that VEGF stimulates ECFC proliferation and tubuloge-
nesis by causing an intracellular Ca2* oscillations. VEGF-induced Ca2"* spikes are
driven by the interplay between inositol-1,4,5-trisphosphate (InsP3)-dependent
Ca?* release and store-operated CaZ* entry (SOCE). Similar to peripheral ECFCs (PB-
ECFCs), the therapeutic potential of umbilical cord blood-derived ECFCs (UCB-
ECFCs) has recently been shown. Interestingly VEGF-induced proliferation and expan-
sion of UCB-ECFCs are faster compared to their peripheral counterpart. Unlike
PB-ECFCs, UCB-ECFCs express canonical transient receptor potential channel-3
(TRPC3), that mediated diacylglycerol (DAG)-dependent CaZ* entry and promotes
angiogenesis in endothelial cells. This study aimed at investigating whether the
higher proliferative potential of UCB-ECFCs was associated to any difference in the
molecular underpinnings of their Ca2* response to VEGF.

Results

VEGF induced intracellular CaZ* oscillations in UCB-ECFCs which did not occur in
the absence of external CaZ*. Therefore, Ca2* entry triggers the CaZ* response to
VEGF in these cells. To assess whether TRPC3 contributes to the onset of VEGF-
elicited Ca2* spikes, we exploited the membrane permeable DAG analogue, OAG.
Similar to VEGF, OAG elicited a Ca2* transient in presence, but not in absence, of
extracellular Ca2*. This response was abolished by the TRPC3 blockers, flufenamic
acid (FFA) and Pyr3. Ca2* oscillations were inhibited by U73122, which prevent both
InsP3 and DAG production. Consistently both FFA and Pyr3 abrogated VEGF-induced
Ca?* signals. Moreover, depletion of the InsP3-sensitive Ca2* pools with cyclopia-
zonic acid (CPA), switched the oscillatory response to VEGF into a monotonic Ca2*
increase. Finally BTP-2, a selective inhibitor of SOCE, shortened the Ca2* signal.
Interfering with the Ca2* response to VEGF by utilizing FFA, BAPTA, an intracellular
Ca?* buffer, and BTP-2 prevented UCB-ECFC proliferation and tubulogenesis.
Conclusion

These data indicates that VEGF induces Ca%* oscillations in UCB-ECFCs which depend
on TRPC3 recruitment by PLCy-mediated production of DAG. The following Ca2*
entry elicits the oscillatory signal by promoting the interplay between InsP3Rs
and SOCE: the repetitive Ca* spikes, in turn, drive cell proliferation and tubuloge-
nesis. This signaling pathway is different to that observed in PB-ECFCs owing to
the involvement of TRPC3. Future studies will have to outline whether TRPC3 over-
expression in PB-ECFCs augments their proliferative rate in vitro and their regen-
erative potential in vivo.

Sanchez-Hernandez Y et al. (2010). Stem Cells Dev 19, 1967-1981

Dragoni S et al. (2011). Stem Cell doi: 10.1002/stem.734.
Ingram DA et al. (2004). Blood 104, 2752-2760.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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The effects of transient multiple episodes of hypoxia on spontaneous rat
uterine contractility: does hypoxic preconditioning occur?

M. Alotaibi and S. Wray
Physiology, Liverpool University, Liverpool, UK

During labour the myometrium experiences transient hypoxic episodes as con-
tractions occlude blood vessels, yet labour progresses and contractions increase.
We have therefore investigated the effect of short multiple episodes of hypoxia on
uterine contractility.

Methods: Longitudinal uterine strips from pregnant and non pregnant rats were
dissected and mounted in organ bath, bubbled with Hepes buffered, oxygenated
physiological saline (2 mM Ca, pH 7.4), for isometric force recording. The effect of
repeated 5 min hypoxia was induced by replacing the oxygen for nitrogen. In other
protocols uterine preparations from pregnant rats were subjected to5 min episodes
of repeated extracellular acidosis(from pH 7.4 to 6.9) or to hypoxia and 0-Ca (EGTA)
to determine their role in the effects produced by hypoxia.

Result: In stable, spontaneously active preparations, the effect of a single episode
of hypoxia was to significantly decrease or abolish the contractions in both preg-
nant and non pregnant rats (n=12 and 6 respectively). In pregnant rats, there was
agradual increase in force during and after each hypoxic episode. By the 5th hypoxic
episode the amplitude of contractions upon re-oxygenation was significantly higher
(141+/- 8.7% compared to 100% control) than that of the control period and was
unchanged in time matched controls. There was also increased contractile activ-
ity during the hypoxic period. In contrast, in non pregnant rats hypoxic episodes
always abolished contractions and although there was recovery with re-oxygena-
tion, activity never exceeded that seen at the start of the experiments. Repeated
5 min episodes of 0-Ca in the presence of Oxygen abolished force during the episode
and force rapidly recovered upon changing back to normal solution and although
there was a transient increase in force amplitude activity never exceeded control
(99+/-0.08% compared to 100% control, n= 7). However with repeated 0-Ca and
hypoxia simultaneously we found a sustained gradual increase in force upon reoxy-
genation which was significantly different from that found in presence of Ca (159+/-
9%,compared to 100% control, n= 10). We also found a gradual increase in force
amplitude after each acidotic episode (after return to normal pH) (139+/-5% com-
pared to 100% control, n= 8).

CONCLUSIONS: We concluded that transient, repeated hypoxic episodes signifi-
cantly increase the amplitude of force produced by pregnant rat uterus. This sug-
gests that hypoxic preconditioning may be present in the uterus. In non pregnant
rats, the phenomenon was not seen, suggesting that this could be part of a mech-
anism switched on in preparation for labour. We also concluded that the extracel-
lular acidosis associated with hypoxia could be a part of mechanism involved in
hypoxic preconditioning and Ca entry may not be involved.
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Characterisation of signalling mechanisms that underlie P2Y receptor-
mediated vasoconstriction of rat intrapulmonary artery

N.H. Syed':2, A. Tengah' and C. Kennedy'

IStrathclyde Institute of Pharmacy and Biomedical Sciences (SIPBS), Strathclyde
University, Glasgow, Glasgow, Scotland, UK and 2University College of Pharmacy,
University of the Punjab, Lahore, Punjab, Pakistan

P2Y receptors are a family of G protein-coupled receptors that are activated by the
endogenous nucleotides UDP and UTP. In arteries, endothelial P2Y receptors medi-
ate vasodilation, whilst P2Y receptors on arterial smooth muscle cells mediate vaso-
constriction (Chootip et al., 2002). We have shown that Ca2+ influx via Cav1.2 ion
channels (Mitchell et al., 2007), Ca2+-sensitisation via rho kinase and protein kinase
C (PKC) (Tengah & Kennedy, 2007) all contribute to nucleotide-evoked contractions
of rat intrapulmonary arteries (IPA). The aim of this study was to determine the
relative roles of these signalling components and Ca2+-dependent ClI- channels
(ICl,ca).

5mm rings of IPA were dissected from male Sprague-Dawley rats (200-250g), which
were killed by cervical dislocation. The endothelium removed by gentle rubbing
of the intima and the rings mounted under isometric conditions in 1Tml baths at
37°Cand a resting tension of 0.5g. Tension was recorded by Grass FT03 transduc-
ers connected to a Powerlab/4e system. Data were analysed using Student’s paired
t test or 1-way ANOVA as appropriate.

UDP and UTP (both 300uM) evoked slowly developing contractions that reached
a peak within 2-3 min. Preincubation for 15 min with the ICl,Ca blocker, niflumic
acid (1uM) had no effect on contractions to KCl (40mM, n=5), showing that this
concentration does not block Cav1.2 ion channels or interact directly with the
myofilaments to depress smooth muscle contractility. The peak amplitude of
responses to UDP (P<0.05, n=5) and UTP (P<0.01, n=5) was, however, reduced signi-
ficantly by approximately 40-55%. Nifedipine (1uM) also significantly inhibits the
peak response to UDP and UTP by about 40-55% (Mitchell et al., 2007) and coad-
ministration of niflumic acid (1uM) plus nifedipine (1uM) for 15 min inhibited con-
tractions to UDP and UTP to the same extent as either agent alone (n=4 each).
Pre-incubation for 15 min with the rho kinase inhibitor Y27632 (10uM) reduced
significantly the peak responses to UDP (P<0.01, n=6) and UTP (P<0.01, n=5) by
around 20-30%, whilst the PKC inhibitor, GF109203X (10uM) depressed the response
to UDP by about 50% (P<0.01, n=6) and that of UTP (P<0.01, n=5) by about 20%.
Coapplication of both inhibitors produced significantly greater inhibition than either
alone (UDP: P<0.001, n=6; UTP: P<0.01, n=7). Additional co-application of nifedip-
ine (TuM) with Y27632 (10uM) and GF109203X (10uM) caused no further inhibi-
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tion of the contractions to UDP (n=5), but further depressed the response to UTP
(P<0.05, n=5).

These results indicate that ICl,Ca induces Ca2+ influx via Cav1.2 ion channels, which
mediates about half of the peak contraction amplitude of rat IPA evoked by UDP
and UTP. The remainder of the response is due to Ca2+-sensitisation via rho kinase
and to PKC acting at an as yet unidentified site.

Chootip K, Ness K, Wang ], Gurney AM & Kennedy C (2002). Br | Pharmacol 137, 637-646.

Mitchell C, Gurney AM & Kennedy C (2007). Life Sciences 2007, PC369.
Tengah A & Kennedy C (2007). Life Sciences 2007, PC366.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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Voltage-gated calcium channel antagonists block Nicotinic acid adenine
dinucleotide phosphate-induced calcium signals via Two Pore Segment
Channel subtype 2

0.A. Ogunbayo, E.O. Agbani’, |. Ma2, M.X. Zhu3 and M.A. Evans’

ICentre For Integrative Physiology, University of Edinburgh, UK, Edinburgh, UK,
2Department of Physiology and Biophysics, UMDNJ-Robert Wood Johnson Medical School,
Piscataway, NJ, USA and 3Department of Integrative Biology and Pharmacology, The
University of Texas Health Science Center, Houston, TX, USA

Our recent proposal that nicotinic acid adenine dinucleotide phosphate (NAADP)
mobilises acidic Ca2* stores via two pore segment channels (TPCs, TPCN for gene
name) has received significant support from subsequent studies (1, 2). TPCs rep-
resent evolutionary intermediates between the Voltage-Gated Ca2* Channels and
Transient Receptor Potential Channel families (3). Using methods described pre-
viously (1), we assessed the effect of two different voltage-gated CaZ* channel
antagonists on NAADP-dependent Ca?* signalling via TPC2, namely a dihydropyri-
dine, Nifedipine, and a phenylalkylamine, Verapamil. All procedures accorded with
current UK legislation.

When applied by intracellular dialysis from a patch-pipette (voltage-clamp mode,
-40 mV holding potential), 10 nM NAADP evoked robust CaZ* transients in both
acutely isolated rat pulmonary arterial smooth muscle cells (PASMCs) and in HEK293
cells that stably over-expressed human (h) TPC2. The Fura-2 fluorescence ratio
(F340/F380) increased from 0.65 + 0.04 to 1.85 = 0.14 (n=20) in acutely isolated
rat PASMCs and from 0.31+0.02 to 1.11+0.06 (n=21) in hTPC2 expressing HEK293
cells, respectively. In both cell types, NAADP-evoked CaZ* transients were markedly
attenuated by thapsigargin (1uM), the F340/F380 ratio increasing from 0.55 = 0.04
t0 0.90 = 0.03 (n=8) in PASMCs and from 0.25 + 0.01 to 0.58 + 0.03 (n=9) in hTPC2
expressing HEK293 cells, respectively. By contrast, evoked Ca2* transients were
abolished by bafilomycin (1uM), the F340/F380 increasing from 0.72 = 0.04 to 0.87
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+0.06 (n=7) in PASMCs and from 0.43 + 0.05 to 0.45 = 0.05 (n=3) in hTPC2 express-
ing HEK293 cells, respectively. Consistent with the effects of bafilomycin, but not
thapsigargin, 10uM Nifedipine and 10uM Verapamil abolished Ca2* transients in
response to 10 nM NAADP in both cell types. In the presence of Nifedipine, the
F340/F380 ratio increased from 0.35 = 0.06 to 0.39 = 0.06 (n=6) in PASMCs and
from 0.43 = 0.03 to 0.51 = 0.04 (n=5) in hTPC2 expressing HEK293 cells, respec-
tively. With Verapamil, F340/F380 increased from 0.32 + 0.04 to 0.35 + 0.06 (n=5)
in PASMCs and from 0.4 = 0.08 to 0.47 = 0.08 (n=4) in hTPC2 expressing HEK293
cells, respectively.

Using deconvolution microscopy we found that mcherry tagged hTPC2 was bound
by extracellularly applied bodipy dihydrohypyridine (n=3). We conclude that both
voltage-gated Ca?* channel antagonists bind to and are effective blockers of hTPC2.
Calcraft et al. (2009) Nature. 459(7246), 596-600

Zhu et al. (2010). Am J. Physiol. Cell Physiol. 298. C430- C441
Yu et al. (2005). Pharmacol. Rev. 57: 387- 395.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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Nicotinic acid adenine dinucleotide phosphate evokes global calcium signals
in mouse pulmonary arterial smooth muscle cells by activating Two Pore
Segment Channel 2

E.O. Agbani’, 0.A. Ogunbayo’, J. Parrington?, A. Galione?, J. Ma3, M.X. Zhu* and
M.A. Evans’

ICentre for Integrative Physiology, University Of Edinburgh, Edinburgh, UK, 2University
Department of Pharmacology, University of Oxford, Oxford, UK, 3Department of
Physiology and Biophysics, UMDNJ-Robert Wood Johnson Medical School, Piscataway,
NJ, USA and *Department of Integrative Biology and Pharmacology, University of Texas
Health Science Center at Houston, Houston, TX, USA

Increasing evidence provides strong support for our proposal that the Two Pore Seg-
ment Channels (TPCs, TPCN for gene name) (TPCs) mediate intracellular calcium
(Ca?*) release from endolysosomal stores in response to nicotinic acid adenine dinu-
cleotide phosphate (NAADP)(1). Studies have identified and characterized 3 sub-
types of this channel family, with TPC2 targeted to lysosomes and TPC1 and TPC3
targeted to endosomes (2). In this study, we investigated the effects of TPC2 knock-
out on lysosomal distribution and Ca2* signaling in pulmonary arterial smooth mus-
cle cells (PASMCs) derived by explant culture. All procedures were in accordance
with animal handling and procedure requlations of the United Kingdom.

Consistent with our previous findings on acutely isolated rat pulmonary arterial
smooth muscle cells (3), intracellular dialysis from a patch pipette (voltage-clamp
mode, -40 mV holding potential) of 10 nM NAADP induced a global Ca* transient
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in PASMCs developed from pulmonary artery explants of wild type (WT) mice on
day 4 of culture. The Fura-2 fluorescence ratio (F340/F380) increased from 0.36 =
0.05 to 1.38 = 0.18 (n=10). Evoked transients were markedly attenuated by pre-
incubation of cells with thapsigargin (1uM) and abolished by pre-incubation with
bafilomycin (1uM). In marked contrast, 10 nM NAADP failed to induce a Ca2* tran-
sient in PASMCs developed by 4 day culture of artery explants from TPCN2 knock-
out mice; TPC2 knockout being confirmed by genotyping and by quantitative RT-
PCR. Surprisingly, however, when the concentration of applied NAADP was raised
to 1uM, small and spatially restricted Ca2* transients were evoked in PASMCs (Day
4) from TPCN2 knockout mice; F340/F380 increasing from 0.32 + 0.02 to a peak
of 0.75 = 0.04 (n=8). Semi-quantitative analysis of confocal images suggests that
TPC2 knockout was not accompanied by an identifiable change in the size of Lyso-
tracker labeled acidic organelles (WT day 4 = 1.3 = 0.06um3; KO Day 4 = 1.4 +
0.1um?3). Nor did we see any change in the organization of Lysotracker labeled acidic
organelles, which remained largely perinuclear in both WT and knockout PASMCs.
We conclude that NAADP mediates global Ca2* transients in PASMCs by activating
the lysosome targeted TPC2.

Calcraft et al. (2009). Nature 459, 596-600.

Zhu et al. (2010). Am | Physiol Cell Physiol. 298(3):C430-41.
Kinnear et al. (2004). The Journal of biological chemistry 279, 54319-54326

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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Lipid droplets in gravid myometrium from normal and obese BMI women
E.M. Sweeney', D.|. Crankshaw?, P. Dockery! and |.]. Morrison3

TAnatomy, National University of Ireland, Galway, Galway, Ireland, 2Obstetrics &
Gynecology, McMaster University, Hamilton, ON, Canada and 3Obstetrics & Gynaecology,
National University of Ireland, Galway, Galway, Ireland

Pregnancy in the presence of maternal obesity is associated with several undesir-
able outcomes including a reduction in the incidence of spontaneous term labour,
and increases in the need for labour induction and caesarean sections (1). This
implies maternal obesity may have an inhibitory effect on myometrial function.
In obesity there is an excess of lipid droplets (LDs) (2). LDs are intracellular accu-
mulations of lipid surrounded by a phospholipid bilayer (3). In non-adipocyte cells,
LDs function in intracellular lipid homeostasis and other diverse cellular functions.
Our hypothesis states that increased BMI may be associated with an increase in LDs
in the myometrium and this may adversely affect contractility of these cells.

Nile Red was used to stain LDs; this is a fluorescent dye with an emission wave-
length that depends on the nature of the environment. In neutral lipids (eg triglyc-
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erides found in LDs) it fluoresces yellow-gold, in polar lipids (eg phospholipids) it
fluoresces red, and in aqueous media it is quenched.

Biopsies of human myometrium were obtained at elective caesarean section per-
formed in the third trimester in obese (BMI 30.6-38.3, n=14) and normal (20.3-24.7,
n=15) women. All biopsies were performed with local ethical committee approval.
Biopsies were fixed, cryoprotected, frozen and sectioned. Sections were stained
with 20ug/ml Nile red solution. Z-stacks were collected with an Olympus Fluoview
confocal microscope. 2 slides were stained per biopsy and 2 z-stacks were imaged
for each slide. Volocity Improvision Software was used to estimate volumes of LDs
and total tissue from which volume fractions were calculated. Statistical analysis
was carried out with Minitab Software using log transformed data which was nor-
mally distributed and had equal variance.

The mean volume fraction = SEM of LDs in tissue was (0.00041 =0.000073) for
normal and (0.00073 =0.000165) for obese groups. A 2-sample T-test was per-
formed, no significant difference was found between obese (BMI >30, n= 14) and
normal (BMI <25, n=15) groups (p -value 0.082). There was also no significant dif-
ference observed when a morbidly obese subgroup (BMI >35, n=4) was compared
to the normal group (p-value 0.079).

The distribution of LD volumes was also considered. The droplets were assumed
to be spherical and volumes were calculated from the x and y dimensions. Volumes
of individual droplets were distributed into 19 size categories and the number of
droplets in each bin was considered. A Chi square test was performed which showed
no significant difference in the distribution of LD volumes between normal and
obese groups (p-value 0.995). Despite the apparently different functional charac-
teristics of human myometrium in obese BMI women, in comparison to normal BMI
women, the volume and size distribution of LDs does not vary in the myometrium
from both of these groups.

1.Weiss JL et al. (2004) American Journal of Obstetrics and Gynecology 190, 1091-7.

2.Fujimoto T et al. (2008) Histochemistry and Cell Biology 130(2), 263-79.
3.Tauchi-Sato K et al. (2002) The Journal of Biological Chemistry 277(46), 44507-12.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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Modulatory effects of K+ channel blockers on contractile actions of P2X1-
purinoceptor agonists in human vas deferens
N.I. Amobi?, |. Guillebaud? and C.I. Smith’
'King’s College London, London, UK and 2Elliot-Smith Clinic, Headington, Oxford, UK

Contractions of human vas deferens circular muscle to nerve stimulation and nora-
drenaline are modulated by intermediate (IKCa) but not large (BKCa) conductance
Ca2+-activated K+ channels (Medina et al., 2010). This finding raises issues on the
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roles of BKCa and delayed rectifier (KV) K+ channels identified in electrophysio-
logical studies of smooth muscle cells isolated from human vas deferens (Park et
al., 2004). The current study investigated the effects of K+ channel blockers on
the contractile actions of a,B-methylene ATP (c,3-meATP) and ATP in muscle types
of human vas deferens in order to clarify the role of K+ channels in modulating
P2X1-receptors-induced contractility and excitability of the tissues.

Human vas deferens specimens obtained after elective vasectomies (with patients’
consent and College Ethical approval) were cut into longitudinal muscle strips or
rings of circular muscle. These were set up for tension recording and superfused
with Krebs medium (360 C; pH 7.4). The effects of K+ channel blockers were deter-
mined on a,B-meATP-induced contractions.

a,B-meATP (3-100 uM) evoked transient contractions of longitudinal but rarely of
circular muscle. The contractions were blocked by suramin (300 uM). Both muscle
types were unresponsive to ADP-BS (100 uM), a P2Y-receptor agonist. ATP (0.1-3
mM) activated only longitudinal muscle even in ARL 67156 (100 uM), an ecto-
ATPase inhibitor. Longitudinal muscle contractility to o,-meATP were enhanced
by FPL 64176 (1 uM), an L-type Ca2+ agonist; 338-368%), TEA (0.3-1 mM), non-
specific K+ channel blocker, 4-aminopyridine (0.1-0.3 uM), selective KV channel
blocker and iberiotoxin (0.1 uM, P<0.01), selective BKCa channel blocker. Notably,
quiescent circular muscles responded to o, 3-meATP in FPL 64176 (1 uM) and robustly
in iberiotoxin (0.1 uM). Apamin (0.1 uM), an SKCa channel blocker was ineffective
in both muscle types.

The results indicate that stimulation of P2X1-receptors in human vas deferens elic-
its excitatory effects that (a) lead to longitudinal muscle contraction and second-
arily to activation of KV and BKCa channels and (b) is sub-contractile in circular mus-
cle primarily due to ancillary activation of BKCa channels. The results provide an
experimental basis for resolving not only conflicting reports on the involvement
of purinergic activation in human vas deferens (Banks et al., 2006; Medina et al.,
2010; Hedlund et al., 1985; Anton and McGrath, 1977) but also how the modula-
tory effects of specific K+ channels may be pivotal for purinergic contribution to
overall contractile function of the tissue, which also involves action by co-released
neurotransmitter, noradrenaline.

Anton & McGrath (1977). | Physiol 273, 45-55

Banks et al. (2006). Fertil Steril 85, 932-939.
Hedlund et al. (1985). ] Auton Pharmac 5, 261-270
Medina et al. (2010). Urology 76, 1518.e7-1518.e12.
Park et al. (2004) ] Urol 172, 628-633.

We gratefully acknowledge the support of Wellcome Trust and CONRAD (USA)

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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New insights into the mechanism of ATP sensitivity of cloned smooth muscle
ATP-sensitive potassium channels

A. Chadburn, K. Smith and P. Tammaro
Faculty of Life Sciences, University of Manchester, Manchester, UK

ATP-sensitive K+ (K4p) channels are hetero-octameric complexes of two subunits:
four pore-forming K; 6.x and four regulatory SURXx subunits. In vascular and non-
vascular smooth muscle (SM), K;p channels contribute to the resting membrane
potential and modulate the muscle tone. K,;, channels in these tissues are com-
prised of the same auxiliary subunit (SUR2B) but different pore-forming subunits.
K;;6.1 is predominantly found in vascular SM while K; 6.2 is found in non-vascular
SM. In spite of the fact that K; 6.1 and K; 6.2 share ~70% sequence identity their
sensitivity to ATP differs by more than 30-fold. These observations suggest that in
vascular SM cells K,;p channels are active under resting metabolic condition while
in non-vascular SM the contribution of these channels to the membrane potential
will become more relevant under conditions of high metabolic demand. Here we
investigate the molecular basis for the differential response to ATP of K; 6.1 and
K;6.2-containing K,;p channels. We performed systematic mutations in K; 6.2
exchanging residues with the reciprocal residues in K; 6.1. The putative ATP and
PIP, binding sites, “slide helix” and critical residues at the interface between sub-
units were investigated.

Inside-out patch-clamp recordings from HEK293T cells heterologously expressing
wild type and mutant K; 6.x co-expressed with SUR2B were used in this study. The
extracellular solution contained (in mM): 140 KCl, 10 HEPES, 1.2 MgCl, and 2.6
CaCly; pH 7.4 with KOH. The intracellular solution contained (in mM): 115 KCl, 2
Mg(l,, 1 CaCl,, 10 EGTA, 10 HEPES, 25 KOH; pH 7.2 with KOH. Mg-ATP was included
as necessary and the pH was readjusted to 7.2 with KOH. All numerical data are
presented as mean = SEM.

Mutations within the ATP binding site, slide helix and subunit interaction domains
of K. 6.2 had no effect on ATP sensitivity. However, simultaneous mutation of two
residues in K; 6.2 within the PIP, binding site, K39S and N41A, caused an increase
in IC, for ATP from 101 = 22uM (n=17), in wild-type channels, to 264 = 55uM
(n=16), bringing it towards that of K; 6.1. This is a small shift (~2.5-fold) compared
to the difference observed between wild-type K; 6.1 and K; 6.2 (>30-fold). The effect
of this mutation is not secondary to a change in channel gating as the single-chan-
nel open probability (P,) remained unchanged (0.44 = 0.02, (n=6, K;6.2-K395-
N41A) vs 0.38 + 0.07, (n=6, K; 6.2)). Furthermore, maximal activation by PIP, and
the effect of repeated PIP, application on ATP inhibition were unaffected. These
data suggest the difference in ATP sensitivity between cloned vascular and non-
vascular K,;p channels is not due to distinct ATP-binding affinities/efficacies or the
sensitivity to PIP, and that other regions of the channels than those tested here
must be involved in determining the difference in ATP sensitivity.
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Effect of fenamates and their new synthetic analogues on TRPC4 and TRPC5
channels

H. Jiang', B. Zeng', G. Chen’, D. Bot!, A. BoaZ and S. Xu'

1Centre for Cardiovascular and Metabolic Research, Hull York Medical School, Hull, UK
and 2Department of Chemistry, University of Hull, Hull, UK

Fenamates are non-steroidal anti-inflammatory agents (NSAIDs). Flufenamic acid
(FFA) activates TRPAT and TRPC6, but inhibits TRPM2/4/5, TRPC3 and TRPC7 (Eis-
feld and Liickhoff, 2007; Hu et al., 2010). However, the effect of fenamates on TRPC4
and TRPCS5 is still unknown. To understand the structure-activity of fenamic com-
pounds on TRPC channels, we synthesised a series of fenamic analogues and inves-
tigated their effect on TRPC4 and TRPC5 channels.

Human TRPC4 and TRPC5 cDNAs in tetracycline-regulated (tet-on) pcDNA4/TO vec-
tors were stably transfected into T-REx HEK293 cells. The expression was induced
by 1 uM tetracycline and the whole cell current of TRPC4 or TRPC5 was recorded
by patch clamp. Calcium imaging was used for the measurement of Ca2* influx and
Ca?* release in the cells.

We found that FFA, mefenamic acid (MFA), niflumic acid (NFA) and diclofenac sodium
(DFS) inhibited TRPC4 and TRPC5 channels in concentration-dependent manner.
The potency was FFA>MFA>NFA>DFS. Modification of the 2-phenylamino ring by
substituting the three fluorine atoms in FFA with -F, -CH,, -OCH,, -OCH,CH,, -COOH
and-NO, led to changes in the blocking activity. Selective COX1-3 inhibitors (aspirin,
celecoxib, acetaminophen and indomethacin) had no effect on the channel activ-
ity. However, longer perfusion (>5 min) with FFA (100 uM) and MFA (100 uM) caused
agradual increase in TRPC4 and TRPC5 currents after their initial inhibitory effects.
Our results suggest that fenamates and their new analogues are TRPC4 and TRPC5
channel blockers. The polarity and confirmation of the 2-phenylamino ring could
alter their blocking activity on the channels. No effect of non-fenamate inhibitors
on COX1-3 indicated that the channel blocking effect is not mediated by the COX
inhibition. These findings give a clue that the direct effect on TRPC channel activ-
ity or Ca2* influx could be one of the mechanisms of fenamates.

Eisfeld, J., Liickhoff, A. (2007). Handb Exp Pharmacol 179, 237-252.

Hu, H. et al. (2010). Pflugers Arch 459, 579-592.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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Biological Nanospaces
C. van Breemen

Anesthesiology, Pharmacology and Therapeutics, University of British, Vancouver, BC,
Canada and Child and Family Research Institute, Vancouver, BC, Canada

The beauty of biological systems is that cells as diverse as human muscle cells and
growing plants cells are composed of the same basic set of macromolecules such
as proteins, lipids and DNA. Common cellular macromolecules form membrane-
bound organelle structures found in all cell types and the concept that a closed
organelle system contains specialized biochemical functions is well accepted. An
emerging and more revolutionary concept is that areas of the cell that are between
organelles, as a consequence of their nanostructure, are also structurally special-
ized regions of distinct and important functions.

Conceptually, the specific three dimensional architecture of the nanospace allows
strategically positioned selected transport molecules to convert random thermal
motion into directed flow, enabling reactions that would otherwise be energeti-
cally unfavourable. Biological nanospaces vary in width from a few to about 50
nanometres and are situated between apposing membranes within the cell, but
are contiguous with the cytosol, which differentiates them from membrane delim-
ited organelles.

This introduction will address the importance of cytoplasmic nanospaces in Ca2*
transport and site and function specific signalling in smooth muscle. It will begin
with a historical perspective on the study of the junctional space between the
plasma membrane and the peripheral sarcoplasmic reticulum (SR), including exper-
imental evidence for its role in the generation of asynchronous cytoplasmic Ca2*
waves. Subsequently a number of other critically important nanospaces, which are
located between the SR, caveolae, mitochondria, lysosomes and other endosomes
will be discussed. Finally it will be considered how loss of nanospace ultrastructure
may lead to smooth muscle dysfunction and disease.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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Two-pore channels in integrative calcium signaling
M.X. Zhu

Department of Integrative Biology and Pharmacology, The University of Texas Health
Science Center at Houston, Houston, TX, USA

Recent studies have revealed the importance of two-pore segment channels (TPCs)
in mediating NAADP-evoked Ca2+ release from acidic organelles. The Ca2+ signal
initiated from the acidic stores can recruit additional Ca2+ release from endoplas-
mic reticulum (ER) via Ca2+-induced Ca2+ release (CICR). Both humans and mice
express two TPCs, TPC1 and TPC2 whereas many other vertebrates express also
TPC3. We have shown that each TPC subtype may be targeted to different acidic
organelles, with TPC1 predominantly localized to a subpopulation of endosomes
while TPC2 almost exclusively expressed in lysosomes. Consistent with these expres-
sion patterns and the fact that endosomes are smaller and less clustered than
lysosomes, TPC1 mediated Ca2+ release in response to 10 nM NAADP in a manner
that was spatially restricted, insensitive to thapsigargin, and unable to trigger global
Ca2+ transient. By contrast, Overexpression of TPC2 resulted in a biphasic Ca2+
response to NAADP with a pacemaking phase followed by a large secondary and
global Ca2+ transient and the latter response was largely attenuated by ER store
depletion with thapsigargin. Therefore, only TPC2 appears to couple to the ER by
CICR. Interestingly, the expression of chicken and rabbit TPC3 in HEK293 cells yielded
distinct subcellular localizations and functional data are consistent with differen-
tial organelle targeting. Our data suggest that cross-talk between acidic stores and
ER is governed by the capacity of local Ca2+ signals from acidic Ca2+ stores to sum-
mate, and in a manner that may determine whether the threshold for CICR from
ER is breached.

Calcraft, P.)., Ruas, M., Pan, Z., Cheng, X., Arredouani, A., Hao, X., Tang, |., Rietdorf, K., Teboul,
L., Chuang, K.T., Lin, P., Xiao, R., Wang, C., Zhu, Y., Lin, Y., Wyatt, C.N., Parrington, |., Ma, J.,
Evans, A.M., Galione, A., Zhu, M.X. (2009) NAADP mobilizes calcium from acidic organelles
through two-pore channels. Nature 459(7246):596-600.

Pitt, S.)., Funnell, T., Sitsapesan, M., Venturi, E., Rietdorf, K., Ruas, M., Ganesan, A., Gosain,
R., Churchill, G.C., Zhu, M.X., Parrington, ]., Galione, A., and Sitsapesan R. (2010) TPC2 is a
novel NAADP-sensitive Ca2+-release channel, operating as a dual sensor of luminal pH and
Ca2+. | Biol Chem. 285(45):35039-35046.

Ogunbayo, O.A., Zhu, Y., Rossi, D., Sorrentino, V., Ma, J., Zhu, M.X., and Evans, A.M. (2011)
cADPR activates ryanodine receptors while NAADP activates two pore domain channels. | Biol
Chem. 286(11):9136-9140.

Zhu, M.X., Evans, A.M., Ma, |., Parrington, J., Galione, A. (2010) Two-pore channels for inte-
grative calcium signaling. Commun Integr Biol. 3(1):12-17.
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Calcium signaling in pulmonary arterial smooth muscle: are nanojunctions
required to support the locks and the keys

A. Evans
Centre for Integrative Physiology, University of Edinburgh, Edinburgh, UK

In acutely isolated pulmonary arterial smooth muscle cells (PASMCs) the Ca2* mobi-
lizing messenger nicotinic acid adenine dinucleaotide phosphate (NAADP) triggers
bursts of CaZ* release from lysosomes (Boittin et al., 2002; Kinnear et al., 2004) by
activating the Two Pore Domain Channel subtype 2 (TPC2;Calcraft et al., 2009).
These Ca?* bursts initiate a propagating wave by subsequently triggering Ca2*-
induced Ca?"* release (CICR) from the SR via ryanodine receptors (RyRs). A large
proportion of lysosomes form tight clusters within the perinuclear region of PASMCs
and in a manner consistent with the spatially restricted nature of NAADP-depend-
ent Ca2* bursts. Moreover, these lysosomal clusters are closely associated with a
sub-population of RyRs (Kinnear et al., 2004). In fact, lysosomes may be separated
from closely apposed RyRs by a narrow junction or cleft (<100 nm) that is beyond
the resolution of light microscopy. Thus, lysosome-sarcoplasmic reticulum (SR)
junctions may form a highly organised “trigger zone” for CaZ* signaling in response
to NAADP. This may constitute a novel nanodomain with unique functional char-
acteristics, in that the presence of such a junction offers an explanation for the
fact that NAADP-dependent CaZ* bursts induce propagating CaZ* waves by trig-
gering CICR from the SR via RyRs in an all-or-none manner, and as such these pro-
posed junctions may provide a “margin of safety” with respect to the initiation of
vasoconstriction by NAADP.

The precise mechanisms involved appear yet more complex, because all three RyR
sub-types are expressed in arterial smooth muscle and some of these lysosome
clusters may selectively couple to RyR3 (Kinnear et al., 2008). Determining factors
in this respect could be the relative sensitivity of each RyR sub-type to CICR, the
maximum gain in response to Ca2* and the relative sensitivity of each receptor sub-
type to inactivation by Ca2*. RyR3 would provide for a higher “margin of safety”
with respect to the all-or-none amplification of Ca?* bursts at the putative lyso-
some-SR junction. Inclusion of RyR3 alone in this model cannot, however, explain
the subsequent generation of a propagating CaZ* wave as RyR3 labeling declines
markedly outside the perinuclear region of PASMCs. However, labeling for RyR2
increases markedly as we move from the perinuclear to the extraperinuclear region.
This suggests that RyR2 may function to receive CaZ* from RyR3 at the interface
of lysosome-SR junctions and thereby allow for further propagation of the Ca?*
signal by CICR. Importantly, our recent studies have also shown that SERCA2a is
almost entirely restricted to the perinuclear SR of PASMCs (Clark et al., 2010) and
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thus sits proximal to RyR3. Therefore we have the necessary transporter to support
Ca?* uptake into the SR within the region of lysosome-SR junctions.

In marked contrast to SERCA2a, however, SERCA2b is targeted to the SR proximal
to the plasma membrane (PM). Moreover it is this region of the SR to which RyR1
may be preferentially targeted. The combination of limited support for signal prop-
agation by RyR1 with the removal of Ca2* from the cytoplasm by SERCA2b may
effectively segregate the PM-SR space in these cells (Clark et al., 2010). That this
may be the case is supported by functional data. Thus, adenylyl cyclase coupled
receptors have been shown to elicit Ca2* release proximal to the PM via RyRs and
thereby open Ca?*-activated K* channels in the plasma membrane. This initiates
membrane hyperpolarization which will facilitate Ca2* removal from the proposed
junctional space between the SR and the plasma membrane, leading ultimately to
vasodilation.

In this respect kinetic information may be used to formulate hypotheses, given that
SERCA2a and SERCA2b exhibit quite different kinetics. SERCA2b has a higher affin-
ity for Ca2* but lower Vmax than SERCA2a. SERCA2b may therefore be dominant
at rest and function to maintain resting levels of CaZ* in the vicinity of the con-
tractile apparatus. However, its low Vmax may lead to saturation of this SERCA with
CaZ* upon release of CaZ* from the bulk SR, via RyR3 and RyR2, in response to
stimuli that elicit vasoconstriction. Thereby, SERCA2b would allow the Ca%* con-
centration to rise in the vicinity of the contractile apparatus, until such time as
vasodilation is promoted by, for example, activation of adenylyl cyclase coupled
receptors that may: (1) increase the activity of SERCA2b by PKA-dependent phos-
phorylation and facilitate the removal of Ca2* from the bulk cytoplasm, and (2)
trigger PKA-dependent Ca?* release from the peripheral SR store via RyR1, to pro-
mote PM hyperpolarization and Ca?* removal from the proposed PM-SR nano-
junction (Clark et al. 2010).

It seems unlikely that such co-ordinated regulation of opposing cellular functions
could occur without the presence of membrane-membrane junctions, as these
are required to support the locks and the keys required for the initiation of Ca2*
signals with the desired spatiotemporal pattern.

All procedures accorded with current UK legislation
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SA04

Imaging the activity and localization of single calcium channels in intact cells
I. Parker
University of California, Irvine, CA, USA

Cytosolic Ca2+ ions play a central role as a universal intracellular messenger, con-
trolling many aspects of physiology such as gene expression, electrical excitability,
secretion and contraction. The rich diversity in information encoded by Ca2+ arises
through the mechanisms by which Ca2+ signals are generated and transmitted to
act over very different spatial and temporal scales. In turn, the spatio-temporal pat-
terning and transmission of Ca2+ signals involve the inherent properties of the
Ca2+ channels themselves, their spatial organization, and how these channels inter-
act via diffusion of Ca2+ both with themselves and with effector proteins. This is
exemplified by the inositol trisphosphate receptor/channel (IP3R), the opening of
which requires binding of IP3 together with Ca2+ to cytosolic receptor sites (Fos-
kett et al., 2007). Gating by Ca2+ is biphasic, creating both positive and negative
feedback loops, whereby Ca2+ liberated through one channel may modulate its
own opening and that of neighboring channels. Channel-channel interactions are
delimited by the spatial arrangement of channels, and IP3Rs are organized into
tight clusters on the ER membrane. This leads to a hierarchy of Ca2+ signals of dif-
fering magnitudes, kinetics and spatial extent (Callamaras et al., 1998): ‘Funda-
mental’ signals (Ca2+ blips) representing Ca2+ flux through individual channels;
‘elementary’ Ca2+ transients (Ca2+ puffs) generated by openings of multiple IP3R
within a cluster, orchestrated by Ca2+-induced Ca2+ release (CICR); and propa-
gating global waves of Ca2+ resulting from progressive recruitment of multiple
clusters by successive cycles of Ca2+ diffusion and CICR.

Electrophysiological patch-clamp recording - the gold standard for studying single
channels under tightly controlled ionic and electrical conditions - is thus poorly
suited to studies of the coordinated behavior of multiple, clustered Ca2+ channels
in the intact cellular environment. Instead, our knowledge of Ca2+ signaling at
the cellular and sub-cellular levels derives largely from optical imaging in intact cells
employing fluorescent Ca2+ indicator dyes. Nevertheless, limitations of imaging
technology have, until recently, precluded detailed study of single-channels and
of channel-channel interactions within clusters which are too small to resolve by
conventional light microscopy. This has now changed. Developments in optical
imaging, particularly the application of total internal reflection fluorescence (TIRF)
microscopy, enable the recording of single Ca2+ channel activity within live cells
(Smith & Parker, 2009). Moreover, the wavelength of light no longer limits resolu-
tion: optical microscopy has become nanoscopy Patterson et al., 2010). We can
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localize Ca2+ channels at nanometer scales and study how their function is influ-
enced by their spatial distribution.

I will describe our use of these innovative techniques to take studies of Ca2+ sig-
naling in cultured cell lines down to the truly single-molecule level, and discuss their
application to studies in smooth muscle cells.

Callamaras, N., et al., ] Physiol, 509:81-91, (1998).

Foskett, J.K., et al . Physiol Rev, 87: p. 593-658, 2007.

Parker, I. and Smith, I.F. ] Gen Physiol 136:119-127, (2010)
Patterson, G. et al. Annu Rev Phys Chem 61:346-367, 2010

Smith, I.F. and Parker, I. Proc Natl Acad Sci U S A, 106:6404-9, (2009)

Supported by a grant (R37 GM048071) from the National Institutes of Health

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.

SA05

Calcium channels of vascular remodelling
D.]. Beech
University of Leeds, Leeds, UK

Vascular remodelling in physiology and disease is substantially dependent on vas-
cular smooth muscle cells and endothelial cells that switch to phenotypes charac-
terised by increased proliferation, migration etc. We are seeking to understand
ion channels of these processes, particularly with reference to diseased human tis-
sues. Data are consistent with specific potassium channel types, Kca3.1 and Kv1.3,
causing membrane hyperpolarisation that drives calcium entry through non-volt-
age-gated calcium channels. A mixture of calcium-selective and calcium-perme-
able non-selective cationic channels is involved. An apparently special player is the
TRPC1 channel subunit, which is up-regulated in vascular injury and promotes hyper-
plasia of smooth muscle cells in human saphenous vein (Kumar et al 2006 Circ Res
98, 557-). TRPC1 forms heteromultimeric assemblies with other TRP channel sub-
units that include TRPC5 (Xu et al 2006 Circ Res 98, 1381-). Endogenous vascular
TRPC1-TRPC5 channels are stimulated by a range of factors, but particularly impor-
tant are likely to be specific oxidized phospholipids, acting through Gi/o-protein
signalling without calcium-release (AL-Shawaf et al 2010, ATVB 30, 1453-). Such
lipids are suggested to be pivotal players in innate immunity and atherosclerosis.
Other types of calcium channel subunit and regulator also contribute in vascular
remodelling: One of them is STIM1, which shows dominant plasma membrane
localisation in vascular smooth muscle cells and co-localises with a pool of TRPC1
(Li et al 2008 Circ Res 103, e97-). STIM1 is a single-pass membrane protein with
promiscuity in its function, in part because it also plays a role in calcium-release
activated calcium (CRAC) channels, which are formed by Orai1 and underlie cal-
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cium entry evoked by the vascular smooth muscle cell recruiter, PDGF (Li et al BJP
164, 382-). The key stimulator of endothelial cells and angiogenesis, VEGF, also sig-
nals through such CRAC channels (Li et al 2011, Circ Res 108, 1190-). Potent small
molecule inhibitors of these channels are starting to emerge and may provide valu-
able foundations for novel therapeutics (Li et al BJP 164, 382-). Our understanding
of the molecular complexities of the different calcium channels and their inter-rela-
tionships is, however, in its infancy and should be further advanced.

Financial support is kindly provided by the Wellcome Trust, Medical Research
Council, Cancer Research UK, British Heart Foundation, BBSRC, and AstraZeneca.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.

SA06

Stochastic three dimensional modelling of ionic transport in cytoplasmic
nanospaces

N. Fameli' and C. van Breemen':2

TAnesthesiology, Pharmacology and Therapeutics, University of British Columbia,
Vancouver, BC, Canada and 2Child and Family Research Institute, Vancouver, BC, Canada

Experimental data of vascular smooth muscle (VSM) cell Ca2* signals obtained by
means of radioactive labelling, optical and electron microscopy, as well as molec-
ular biological methods, have long hinted that healthy signalling depends not on
passive diffusion of messenger species within the cytosol, but rather on carefully
orchestrated communication between organelles.

In particular, it seems necessary that organellar membrane domains of a few hun-
dred nanometres in extension be separated by a distance of only a few tens of
nanometres in order for efficient molecular transport to occur. These membranous
juxtapositions, the transporters localized therein, the intervening cytosol, and
molecular species form an environment we refer to as cytoplasmic nanospaces.
Due to their restricted volume, they take advantage of the intrinsic variability, or
stochasticity, of quantities like concentration, channel open probability, transporter
activity, and thermal motion to ensure proper cellular function.

By their very nature, our experimental observations lack the quantitative charac-
ter that would permit full understanding of processes underlying Ca2* signalling
at these scales. Realistic quantitative modelling is ultimately necessary to aid our
understanding and is becoming an essential tool to accompany experimental inves-
tigation in the biophysics and physiology of VSM.

Based on firm experimental foundations, we have developed accurate stochastic
models, using state-of-the-art tools for microphysiological stochastic simulations.
These combine the ability to reconstruct three dimensional nanospace geometri-
cal features and incorporate transporter distributions and kinetics with sophisti-
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cated so-called random walk algorithms that faithfully mimic molecular motion on
those geometries.

We present results from two models. In one, we explore the nature of Na+ tran-
sients localized to plasma membrane-sarcoplasmic reticulum (SR) nanospaces
and occurring upstream of the Na*/Ca2* exchanger-mediated CaZ* influx that causes
contractile activation of VSM via asynchronous Ca%* waves. In the second instance,
we examine the possibility that focal Ca2* release by a nicotinic acid adenosine
dinucleotide phosphate (NAADP)-sensitive receptor channel in the lysosomes could
trigger a CaZ* wave when lysosomes and SR form a nanospace.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.

SA07

Mitochondrial architecture and mobility in resistance arteries: changes and
influences in smooth muscle proliferation

J. McCarron, P. Coats, M.L. Olson and S. Chalmers

Strathclyde Institute of Pharmacy and Biomedical Sciences, University of Strathclyde,
Glasgow, UK

The subcellular location of mitochondria controls cell function via changes in ATP
production and Ca2* handling. For example, in smooth muscle, mitochondria reg-
ulate the Ca2* signals (Ca2* puffs) which arise from the inositol-trisphosphate-sen-
sitive channels (IP;R), by operating within an IP5R cluster. Since Ca%* puffs are rapid
transient events, a close apposition of IP;R and mitochondria is required for this
control to take place which is incompatible with rapid free movement of mito-
chondria observed in several cell types. We find mitochondria in fully differentiated
smooth muscle cells to be individual, ovoid, immobile structures which lack directed
motion. Brownian-like movement was observed but was so restricted in nature that
a displacement of individual organelles did not occur. On the other hand, in pro-
liferative smooth muscle mitochondria are much more diverse and exist as small
spheres, rod-shapes, filamentous threads and networks. In addition the organelles
undergo almost continuous changes in shape and position in the form of both long
distance and complex local movements. In intact resistance arteries studied at phys-
iological pressures in vitro, mitochondria are largely stationary, but in a small num-
ber of cells mitochondria display mobility like that observed in single proliferative
smooth muscle cells. When smooth muscle in the intact resistance artery is encour-
aged to proliferate, in organ culture, mitochondrial mobility increases dramatically.
Significantly, when mitochondrial mobility is reduced pharmacologically smooth
muscle proliferation decreases. Mitochondrial dynamics may be required to facili-
tate the equal segregation of mitochondria into daughter cells during cell division.
The changes in mitochondrial dynamics as smooth muscle enters a proliferative
state may offer a target for altering proliferation in vascular disease.
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SA08

PEA-15: a calcium-activated protein with a regulatory role in smooth muscle
gene expression

G.F. Nixon
School of Medical Sciences, University of Aberdeen, Aberdeen, UK

Arterial hyperplasia occurs as a result of increased vascular smooth muscle (VSM)
cell proliferation. It is now understood that this is initiated by modulation of VSM
cells towards a more proliferative and diseased phenotype. An important event in
this phenotypic change is the active repression of smooth muscle (SM) marker pro-
teins associated with contractility, such as SM22a, calponin and smooth muscle o-
actin. This decrease in SM marker proteins is controlled by growth factor-induced
gene expression via activation of the mitogen-activated protein kinases, extracel-
lular signal-regulated kinase (ERK)1/2. When an appropriate growth signal is received
by the VSM cell, this leads to phosphorylation of ERK1/2 which in turn requlates
specific transcription factors including Elk-1. Elk-1, localised in the nucleus, has a
critical role in gene expression and in VSM cells is responsible for repressing SM
marker genes. We have recently revealed a novel mechanism regulating ERK1/2
and subsequently Elk-1 in VSM cells which is likely to be important in regulating
VSM cell phenotype. An essential step in ERK1/2-induced changes in gene expres-
sion is the translocation of ERK1/2 from the cytoplasm to the nucleus (Hunter et
al, 2011). As we have demonstrated, if this translocation is prevented in VSM cells,
the ability of growth factors to repress SM marker genes is inhibited. Our experi-
mental evidence now indicates that a protein previously uncharacterized in VSM
cells, phosphoprotein enriched in astrocytes-15 (PEA-15), has an essential role in
regulating ERK1/2 nuclear localization. PEA-15 has a cytoplasmic distribution and
one of its primary roles is to function as an ERK1/2-binding protein (Ramos, 2008).
Studies have now revealed that PEA-15 binds and sequesters ERK1/2 in the cyto-
plasm and we have confirmed this in VSM cells. In cultured human coronary artery
smooth muscle cells, knockdown of PEA-15 results in ERK1/2 nuclear localization,
which can be reversed by PEA-15 overexpression. Importantly, PEA-15 binding to
ERK1/2 is regulated by phosphorylation of PEA-15 at sites phosphorylated by
Ca?*/calmodulin-dependent protein kinase Il (CaMKIl). In an unstimulated cell PEA-
15 is unphosphorylated and bound to ERK1/2. Our results demonstrate that an
increase in intracellular CaZ* and activation of CaMKII is essential for PEA-15 phos-
phorylation and subsequently ERK1/2 localization to the nucleus. This phospho-
rylation event is the “release” mechanism which uncouples ERK1/2 from PEA-15
thereby allowing ERK1/2 translocation. In a typical growth factor-induced response
in VSM cells, phosphorylation of tyrosine kinase receptors activates ERK1/2 and
simultaneously releases intracellular Ca2* via phospholipase Cy1 (PLCy1). Knock-
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down of PLCy1 inhibits PEA-15 phosphorylation although does not affect growth
factor-induced ERK1/2 activation. PLCy1 knockdown however prevents ERK1/2
nuclear localization, Elk-1 activation and repression of smooth muscle marker genes
such as smooth muscle o-actin. A rise in intracellular Ca2* is therefore required in
growth factor-induced proliferation as this directly leads to PEA-15 phosphoryla-
tion and permits normal ERK1/2 signalling to occur.

As PEA-15 has an important role in regulating VSM cell proliferation, changes in
PEA-15 expression could have profound effects on blood vessel structure and func-
tion. Our results reveal that in mouse injured arteries PEA-15 expression is reduced
in the neointima compared to the medial layer. We predict that a decreased PEA-
15 expression allows increased ERK1/2 translocation to the nucleus thereby induc-
ing VSM cell proliferation and contributing to hyperplasia in injured arteries. Phys-
iological regulation of PEA-15 expression in the context of vascular disease will be
further discussed.

Hunter | et al.(2011). Cardiovasc Res 90, 557-564.

Ramos JW (2008). Int | Biochem Cell Biol 40, 2707-2719.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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NFAT as a novel target for the treatment of atherosclerosis and vascular
dysfunction in diabetes?

M. Gomez
Clinical Sciences, Lund University, Malmé, Sweden

Proteins of the NFAT family consist of four well characterized calcium (Ca?*)/cal-
cineurin-sensitive transcription factors (NFATc1-c4), originally described as transcrip-
tional activators of cytokine and immunoregulatory genes in T cells but now known
to play a role in several cell types outside the immune system. NFAT signaling is
required for normal heart valve formation and vascular patterning during embryo-
genesis, but the role of NFAT in the vasculature during adult life is less clear.

Over the past decade we have focused on dissecting the Ca2* signaling require-
ments for NFAT activation in the vasculature, on the identification of kinases that
regulate the export of NFAT from the nucleus and on finding NFAT-target genes in
this tissue. It is now also known that NFAT activation promotes migration and pro-
liferation of cultured vascular smooth muscle cells (VSMC), and that blockade of
NFAT signaling reduces neointima formation in a rat carotid artery injury model.
Also, that NFAT activation enhances VSMC excitability and vasoconstriction and
the expression of inflammatory markers (i.e.IL-6, tissue factor, COX-2, VCAM-1).
NFAT and vascular complications of diabetes?

Diabetes is a lifelong, incapacitating disease affecting 246 million people world-
wide. Presently, it can neither be prevented nor cured and it is associated with
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devastating chronic macrovascular complications including coronary heart disease
and stroke as well as microvascular disorders (nephropathy, retinopathy and neu-
ropathy). The underlying pathogenesis is not clear, but hyperglycemia has been
identified as an important risk factor.

We have recently shown that modest elevations of extracellular glucose effec-
tively activate NFAT in VSMCs of large arteries (aorta and cerebral) and in small
(retinal) microvessels in mice, both ex vivo and in vivo. This effect involves the local
release of extracellular nucleotides, such as UTP and UDP, acting on purinergic-2Y
receptors, leading to increased [Ca?*], and subsequent activation of calcineurin and
NFATc3. In addition to promoting NFATc3 nuclear translocation, high glucose also
reduces nuclear export of NFAT by inhibiting GSK-38 and JNK, providing additional
mechanisms for glucose-induced NFAT activation. Once activated, NFAT promotes
the expression of osteopontin (OPN). Diabetic mice showed increased expression
of OPN in the ascending and thoracic aorta, vascular segments particularly prone
to development of atherosclerosis and this was prevented by in vivo treatment with
the NFAT inhibitor A-285222 or by lack of NFATc3 protein in arteries from NFATc3~/-
mice. OPN is highly expressed in human atherosclerotic lesions and is not only a
marker of inflammation but also an active player in the progression of atheroscle-
rosis and restenosis. OPN expression is increased in the media of diabetic arteries,
plasma levels of OPN have been shown to significantly correlate with progression
of diabetic nephropathy and OPN levels in the vitreous are enhanced in patients
with diabetic retinopathy.

Thus, NFAT may act as a glucose-sensor in the vascular wall, translating changes in
Ca?* signals and kinase activity into changes in gene expression. We hypothesize
that this signaling pathway represents an unexplored mechanism underlying dia-
betic vascular disease.

Swedish Research Council; Swedish Heart & Lung Foundation.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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Mechanistic insights on the contribution of Kv1.5 to Kv1.3 switch to vascular
smooth muscle proliferation

T. Perez-Garcia'2 and |.R. Lopez-Lépez'-2

1Dept of Physiology and Biochemistry, Universidad de Valladolid, Valladolid, Spain and
ZInstituto de Biologia y Genética Molecular (IBGM), Universidad de Valladolid y CSIC,
Valladolid, Spain

Phenotypic modulation of VSMCs requires dramatic changes in gene expression
profile. These changes involve a switch in ion transport mechanisms, as they are
key elements required to redirect cell metabolism to new functional tasks. How-
ever, the large diversity of ion channels and the heterogeneity of their expression
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pattern across different vascular beds has hindered the identification of candidate
channels implicated in the phenotypic switch across different VSMCs preparations.
The previous work of our group sought to circumvent this limitation by using high-
throughput real-time PCR, to obtain a global portrait of ion channel expression in
contractile versus proliferating VSMCs. We use several mouse vascular beds and
several proliferative models. Changes in mRNA expression showed a good corre-
lation between the two proliferative models, with only two genes, Kv1.3 and
Kvbeta2, increasing their expression upon proliferation. In addition, these mRNA
changes translate into similar changes in protein expression and function upon pro-
liferation. While in contractile VSMCs Kv1.5-mediated currents are predominant,
in proliferating VSMCs Kv1.3 channels are the main contributors to the Kvi-medi-
ated component of the Kv current1. Besides, functional studies show that Kv1.3
current up-regulation in these cells is an essential component of their migratory
and proliferative phenotype.

The objectives of the present study were twofold: (1) to explore whether this Kv1.3
up-regulation is a conserved landmark of VSMCs proliferation in different vascular
beds from different species, and (2) to explore the molecular determinants and the
signalling cascade linking the functional expression of Kv1.3 channels to cell pro-
liferation.

We have analyzed VSMCs from different human vascular beds. In all cases we found
a switch from a predominant expression of Kv1.5 in the contractile phenotype to
a predominant expression of Kv1.3 channels in the proliferative phenotype. This
Kv1.5 to Kv1.3 switch is functionally relevant, as the selective blockade of Kv1.3
currents produced a significant decreased of VSMCs proliferation rate in all the
preparations. These results point to Kv1.3 channels as good therapeutical targets
to avoid unwanted VSMC remodelling.

To explore the molecular mechanisms linking Kv1.3 expression to proliferation, we
tried to reproduce the pro-proliferative effect of Kv1.3 heterologously expressed
in HEK293 cells. Both cell counting and BrdU incorporation assays demonstrated
that Kv1.3 over-expression promotes HEK cells proliferation, while Kv1.5 over-
expression inhibits it. The use of Kv1.3 mutant channels in which either gating or
permeation is affected indicate that the pro-proliferative effect of Kv1.3 is not
dependent on its contribution to set resting membrane potential, but is abolished
when voltage-dependent conformational changes are absent. These data suggest
that Kv1.3 may be a moonlighting protein that requlates intracellular signalling
pathways leading to cell proliferation by a mechanism that is independent of potas-
sium flux.

1. Cidad et al., (2010) Arterioscler Thromb Vasc Biol. 30:1203-1211

Supported by grants from the Spanish Ministerio de Sanidad, ISClIl (R006/009, Red
Heracles), Ministerio de Ciencia e Innovacién (BFU2010-15898), Junta de Castillay
Leén (VA094A11-2) and Generalitat de Catalunya (CIDEM- VALTEC09-1-0042).

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.
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SA11

Calcium signalling and angiogenesis
A. Knox
Faculty of Medicine & Health Sciences, University of Nottingham, Nottingham, UK

Several important genes that are involved in tissue remodeling and angiogenesis
are switched on by virtue of CRE response elements in their promoters. Endothe-
lin (ET) is an important vasoactive mediator that plays roles in vascular remodel-
ling and angiogenesis, by activating 7 transmembrane G protein-coupled recep-
tors (GPCR). Here | will describe studies carried out in our lab characterising the
mechanisms ET-1 uses to regulate CRE-dependent remodeling genes in pulmonary
vascular smooth muscle cells. We found that ET-1 activated several CRE response
genes in vascular smooth muscle cells through two pathways. The first was an
autocrine loop involving cPLA2, arachidonic acid release, COX-2-dependent PGI(2)
synthesis, and IP receptor-linked elevation of cAMP leading to CRE transcription
activation. The second involved a calcium-dependent, COX-2 independent, path-
way involving calcium influx through T type voltage-dependent calcium channels.
These studies give important insights into the upstream signaling mechanisms
used by G protein-coupled receptor-linked mediators such as ET-1, to activate CRE
response genes involved in angiogenesis and vascular remodelling.

Where applicable, the authors confirm that the experiments described here conform
with The Physiological Society ethical requirements.

SA12

Endothelial cells and vascular disease
T. Tejerina’, S. Redondo'-2, M. Ramajo’ and |. Navarro-Dorado’

Pharmacology, Universidad Complutense, Madrid, Spain and 2Hemathology, Hospital
Nuestra Sefiora de Sonsoles, Avila, Spain

Endothelial progenitor cells (EPCs) are a heterogeneous cluster of cells which have
received a growing interest since the seminal work by Asahara et al., in 1997. These
cells are born in the bone marrow and are released to the blood in response to
ischemia; they subsequently attach to damaged vessels and repopulate the endothe-
lium or support local angiogenesis.

Unfortunately, there is not a consensus definition of “EPC” based on surface mark-
ers or proliferate capabilities; however, most studies so far have assessed these cells
by flow cytometry as CD34+/KDR+ events, although many cells included under this
definition behave as angiogenic monocytes. Nevertheless, EPCs and angiogenic
cells seem to work together in order to maintain a healthy endothelial function.
EPCs and angiogenic monocytes are originated from the bone marrow and guided
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by their chemokine receptor CXCR-4, which binds to ischemicrelated SDF-1. In
this journey, these cells subsequently acquire CD34, CD133, KDR, CD144 or VE-cad-
herin and von Willebrand factor. After reaching their destination, these cells secrete
angiogenic factors to support local endothelial cells. This paracrine angiogenic role
seems to be the key effect of these cells, according to the recent experimental data.
This paracrine function is able to promote endothelial cell survival and subsequent
maintenance of vascular tone, haemostasis and lack of inflammation. Thus, a healthy
vascular function is repaired or maintained.

Of note, a healthy vascular function has been demonstrated to be deeply and early
disrupted in atherosclerosis, the first global cause of death. Atherosclerotic vas-
cular disease is able to decrease the number and function of EPCs. This decrease is
directly linked to coronary obstruction beyond classical cardiovascular risk fac-
tors. In the last years it has been becoming increasingly evident that EPCs are ini-
tially increased after vascular damage, being further depleted in advanced cardio-
vascular disease. Many research efforts are being made in order to elucidate which
factors determine an abnormal release of EPCs from their bone marrow origin and
mediate this EPC exhaustion in atherosclerosis. It is expected that bone marrow
will become the last frontier for our understanding of EPC dysfunction in athero-
sclerosis, and may set the basis for a putative unification of the vasculogenic and
immune hypotheses of atherosclerosis.

EPCs and related cells are easily measured from peripheral blood by flow cytome-
try. Further clinical EPC assessments under a common protocol will set the basis
for their usage as a sensitive and specific diagnostic and prognostic marker, since
a single cell may be understood as the result of thousands of molecular interac-
tions. EPCs may also be used as a therapeutic agent. Clinical trials show a promis-
ing value in terms of ejection fraction and survival, although the elucidation of the
best EPC population and technical procedure will still take several years of effort.
Eventually, classical cardiovascular drugs (eg. statins, pioglitazone) and target-
designed ones are able to stimulate EPC function. This goal may also be achieved
by target engineered scaffolds for cardiovascular surgery and endovascular stents.
Asahara T, Murohara T, Sullivan A, Silver M, van der Zee R, Li T, Witzenbichler B, Schatteman

G, Isner |M. Isolation of putative progenitor endothelial cells for angiogenesis. Science.
1997;275:964-967.
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