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Abstract

Emerging evidence suggests that G protein coupled receptor 55 (GPR55) may
influence adrenoceptor function/activity in the cardiovascular system. Whether this
reflects direct interaction (dimerization) between receptors or signalling crosstalk has
not been investigated. This study explored the interaction between GPR55 and the
alpha 1A adrenoceptor (aia-AR) in the cardiovascular system and the potential to
influence function/signalling activities. GPR55 and ai1a-AR mediated changes in both
cardiac and vascular function was assessed in male wild-type (WT) and GPR55
homozygous knockout (GPR557") mice by pressure volume loop analysis and isolated
vessel myography, respectively. Dimerization of GPRS55 with the ai1a-AR was examined
in transfected Chinese hamster ovary-K1 (CHO-K1) cells via Bioluminescence
Resonance Energy Transfer (BRET). GPR55 and aia-AR mediated signalling
(extracellular signal-regulated kinase 1/2 (ERK1/2) phosphorylation) was investigated
in neonatal rat ventricular cardiomyocytes using AlphaScreen proximity assays.
GPR557 mice exhibited both enhanced pressor and inotropic responses to A61603
(a1a-AR agonist), while in isolated vessels, A61603 induced vasoconstriction was
attenuated by a GPR55-dependent mechanism. Conversely, GPR55-mediated
vasorelaxation was not altered by pharmacological blockade of aia-ARs with
tamsulosin. While cellular studies demonstrated that GPR55 and aia-AR failed to
dimerize, pharmacological blockade of GPR55 altered aia-AR mediated signalling and
reduced ERK1/2 phosphorylation. Taken together, this study provides evidence that
GPR55 and a1a-AR do not dimerize to form heteromers, but do interact at the signalling

level to modulate the function of ai1a-AR in the cardiovascular system.

Key words: GPR55; aia-adrenoceptor; cardiac function; receptor crosstalk
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1. Introduction

G protein coupled receptor 55 (GPR55) is a rhodopsin-like seven transmembrane/G
protein-coupled receptor [1] with the phospholipid lysophosphatidylinositol (LPI)
suggested as the endogenous ligand [2]. GPR55 is widely expressed in humans [3]
and rodents [4], and within the cardiovascular system is present in vascular smooth
muscle and endothelial cells [5] and in ventricular cardiomyocytes [6]. Functionally,
GPR55 activation by LPI induces a vasodilator response in isolated blood vessels [7],
and both depolarization (via an inositol triphosphate (IP3)/Ca?* induced Ca?* release/L-
type Ca?* channel; LTCC) and hyperpolarization in cardiomyocytes, through receptors
located in the sarcolemmal and endo-lysosomal compartments, respectively [8].
Additionally, the GPR55 antagonist cannabidiol (CBD) attenuates excitation-
contraction coupling in ventricular cardiomyocytes by inhibition of LTCC channels [9].
Beyond this, little is known regarding the role of GPR55 in the physiological control of

the cardiovascular system.

We previously demonstrated that lack of GPR55 (GPR557- mice) does not affect basal
systolic or diastolic function in young mice, suggesting that it does not play a direct role
in the control of cardiac contractility. However, these mice did exhibit cardiac
decompensation following adrenoceptor stimulation with dobutamine [6]. Thus, GPR55
may play a pivotal role in regulating the activity of other GPCRs responsible for
maintaining cardiac function. Indeed, there is increasing evidence that GPR55
influences/regulates the downstream signalling of, and forms heteromers with, other
GPCRs, notably both cannabinoid 1 (CB1) [10,11] and cannabinoid 2 (CB2) receptors

[12,13].
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Dobutamine is an agonist at B1-, B2- and ai-adrenoceptors (B1-AR, B2-AR and ai-AR),
all of which contribute to its inotropic action [14]. aia-ARs contribute ~25% to the
inotropic response to noradrenaline [15] and selective ai-AR activation induces robust
positive inotropic responses in the hearts of rats [16], humans [17], and other
experimental animals in vivo [18]. Thus, our findings that inotropic responses to
dobutamine in GPR557 mice are diminished [6] may reflect alterations in either B1-AR
or ai-AR signalling, or both. Like GPR55, aia-ARs have been reported to form
heteromers with other receptors, such as the chemokine receptor 4 [19,20] and
endothelin A receptor [21] that can either regulate or sensitise (by allosteric modulation)
downstream responses to aia-AR activation. Although formation of GPR55/a1a-AR
heteromers has yet to be demonstrated, both receptor types are localised in
cardiovascular cells [5]. In addition, LPI-induced activation of a CBD-sensitive receptor
(most likely GPR55) prevents noradrenaline-induced vasoconstriction [22], while
chronic antagonism of aia-ARs increased GPR55 expression in a cancer cell line [23].
Taken together this implies interaction between GPR55 and ai1-ARs, that may go some
way to explaining reduced inotropic responses to AR activation in GPR557 mice. The
present study was therefore designed to determine the effect of GPR55 deletion on
inotropic and vasoconstrictor responses to aia-AR activation, and on aa-AR
expression. We then examined whether changes in functional responses could be

explained by heteromerization/crosstalk between GPRS55 and aia-ARs.

2. Materials and Methods
2.1. Animal housing and ethical approval
Homozygous GPR55 knockout (GPR557") mice were bred from our existing colony and

C57Bl/6 (wild-type; WT) mice were supplied by the University of Aberdeen Medical
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Research Facility, where both strains were housed at a temperature of 21+2°C, with a
12 hr light/dark cycle and free access to food and tap water. As published data
indicates that gender differentially affects the responsiveness of adrenoceptors in the
cardiovascular system [24,25] only one gender (male mice) was used for experimental
studies examining adrenoceptor mediated responses in vivo and in isolated blood
vessels. Animals were transferred to the Biological Services Unit at Robert Gordon
University on a weekly basis and allowed to acclimatize for 24 hours before
commencing the study. The welfare of all transported animals was assessed by trained
staff prior to undergoing in vivo experimentation and none were required to be
excluded. All studies were performed under an appropriate Project License authorized
under the UK Animals (Scientific Procedures) Act 1986 and conform to the guidelines
from Directive 2010/63/EU of the European Parliament on the protection of animals
used for scientific purposes. Pregnant Sprague-Dawley rats (14-18 days gestation)
were obtained from Monash University Animal Research Platform (MARP; Clayton,
VIC, Australia) and transported to Monash Institute of Pharmaceutical Sciences (MIPS;
Parkville, VIC, Australia), where they were acclimatised for 4-8 days prior to littering.
New-born rats were used for the generation of cardiomyocytes at 0-3 days post birth.
Experiments complied with the Australian code for the care and use of animals for
scientific purposes (National Health and Medical Council of Australia, 8th edition), and
experiments were reviewed and approved by the Monash University Animal Ethics
Committee (Australia; ethics number MIPS.2015.14). All in vivo work is reported in

accordance with the ARRIVE guidelines [26].
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2.2. Pressure volume loop analysis

Four month old male WT (29+0.5g) and GPR557 (28+0.5g) mice were anaesthetised
with a mixture of ketamine (120mg kg*; Vetalar; Pfizer, Dublin, Ireland) and xylazine
(16mg kg'; Rompun; Bayer, Dublin, Ireland) via intraperitoneal (i.p.) injection. The right
jugular vein was cannulated with flame-stretched Portex polythene tubing (0.58mm ID
x 0.96mm OD; Smiths Medical International Ltd., Hyde, Kent, UK) for drug
administration. Ventricular function was measured in closed-chest mice via pressure
volume analysis using a method adapted from Pacher et al. [27]. Briefly, the neck was
opened, the right carotid artery isolated, and a 1.4-Fr pressure conductance catheter
(SPR-839; Millar Inc., Houston, TX, USA) inserted into the vessel. Baseline arterial
pressure (systolic (SBP), diastolic (DBP), and mean arterial blood pressure (MABP))
was measured prior to the advancement of the catheter into the left ventricle for the
recording of cardiac function via the MPVS-Ultra Single Segment Foundation System
(Millar Inc., Houston, TX, USA). A steel thermistor probe (Fisher Scientific UK Ltd.,
Loughborough, Leicestershire, UK) was inserted into the rectum to measure core
temperature, which was maintained at 37-38°C with the aid of a Vetcare heated pad
(Harvard Apparatus Ltd., Cambourne, Cambridge, UK). Anaesthesia was maintained
throughout by administration of 50uL per 25g (body weight) of the ketamine and
xylazine mixture via i.p. injection every 40 min or as required. Post stabilisation,
baseline cardiac function was recorded in all mice and then pharmacological agents
administered via an intravenous (i.v.) bolus dose to both WT and GPR55” mice and
the change from baseline function calculated. To examine the effect of GPR55
activation on cardiac function, LPI (10-100ug kg i.v.; GPR55 agonist; Sigma-Aldrich,
St Louis, MO, USA), was administered to WT mice (n=8) in non-cumulative incremental

doses. To examine the influence of GPR55 presence on aia-AR mediated functional
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changes, both WT and GPR557 mice (n=9 for each strain) were administered the aia-
AR agonist, A61603 (0.2-20ug kg* i.v.; Sigma-Aldrich, Saint Louis, MO, USA) [28],
absence or the presence (highest concentration of A61603 (20ug kg?) only) the
selective ai-AR antagonist, prazosin (Img kg? i.p.) [29,30]. In a separate series of
studies, both male WT and GPR557 mice (age-matched to those used for the
measurement of cardiovascular function; n=6-10) were euthanised via an overdose of
anaesthetic (150mg kg i.p.; Pentobarbital sodium; Euthatal®; Boehringer Ingelheim
Animal Health, Woking, UK.), the heart removed, ventricular tissue separated, and
flash frozen in liquid nitrogen for the determination of both mRNA (gRT-PCR) and
protein (immunoblot analysis) expression of aia-ARs. Carotid arteries were also
collected from these animals for the assessment of vascular function via isometric
myography. Experimental group sizes for both haemodynamic measurements and
vascular function were chosen on the basis of previously published literature

examining similar end-points [31,32].

2.3. Isometric myography

Carotid arteries from WT and GPR557 mice were cleaned of perivascular fat and
mounted onto a two-channel wire myograph (Model 510A, Danish Myo Technology
(DMT), Aarhus, Denmark) containing oxygenated (95% O2 & 5% CO2) Krebs Henseleit
buffer (1219mM NacCl, 4.7mM KCI, 1.18mM KH2PO4, 2.41mM MgSO4, 25mM NaHCOs,
2.52mM CaCl2 and 10.88mM glucose; pH7.4; all chemicals were purchased from
Fisher Scientific UK Ltd., Loughborough, Leicestershire, UK) at 37°C. Vessels were
normalised to achieve a transmural pressure of 100mmHg using the DMT
Normalisation software. Isometric tension was recorded and displayed using a

PowerLab and Chart Software (both AD Instruments, Cowley, Oxfordshire, UK). The
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viability of the smooth muscle was tested via the addition of an 80mM KCI solution. To
determine the influence of GPRS55 receptors on aia-AR-mediated vasoconstriction,
cumulative concentration response curves were constructed for A61603 (10-19-10°M)
in the absence and presence of the GPR55 antagonist, CID16020046 (30 or 100uM;
Sigma-Aldrich, St Louis, MO, USA) [33], in arteries from both strains of mice;
tamsulosin (10nM) was used to confirm that A61603 was acting via aia-ARs. In a
separate series of experiments, to determine the influence of aia-ARs on the
vasodilator response to LPI, vessels were precontracted with a submaximal
concentration (ECso; 300nM) of the thromboxane mimetic, 9,11-Dideoxy-11a,9a-
epoxymethanoprostaglandin F2a (U46619; Enzo Life Sciences (UK) Ltd., Exeter,
Devon, UK), and cumulative concentration response curves carried out with LPI in the
absence and presence of CID16020046 (30 or 100uM) or tamsulosin (10nM; Sigma-

Aldrich, St Louis, MO, USA).

2.4. RNA isolation and Quantitative Reverse Transcription PCR (qRT-PCR) analysis
(Ventricular tissue)

Briefly, frozen heart tissue was ground in a mortar in liquid nitrogen. Tri-Reagent®
(Sigma-Aldrich, St Louis, MO, USA) was immediately added to the frozen powdered
sample and total RNA extracted according to manufacturer's instructions. Genomic
DNA was removed by RNase-free DNase | (New England Biolabs (UK) Ltd., Hitchin,
Hertfordshire, UK) treatment at 37°C for 10 min following the protocol provided by the
manufacturer. Total RNA concentrations were measured using UV absorbance
spectrophotometry. Purity of RNA was checked by determining the ratio of absorbance
readings at 260nm and 280nm. RNA purity of samples included in subsequent analysis

was considered adequate when the A260/A280 ratio was >1.8. Reverse transcription
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(as per one reaction) was performed at 42°C for 1 hr using 200U of Moloney murine
leukemia virus reverse transcriptase (Promega, Southampton, Hampshire, UK), 1ug
of total RNA and 0.5ug oligo (dT)is primer according to manufacturer’s instructions.
gRT-PCR was performed using a StepOne Plus Real-Time PCR System (Applied
Biosystems, Foster City, CA, USA) and SYBR Green JumpStart Taq Ready Mix
(Sigma-Aldrich, St Louis, MO, USA). 18S rRNA (18S ribosomal ribonucleic acid) was
amplified as an internal control. The mouse sequences for primers used (designed
from GenBank (http://www.ncbi.nim.nih.gov/) with the aid of the National Center for
Biotechnology Information Primer-BLAST design tool) were as follows: aia-AR (sense:
CAGATGGAGTCCGTGAATGGAA & antisense: AATGGTTGGAACTTGGTGATTT)
and 18S rRNA (sense: CAGCCACCCGAGATTGAGCA & antisense:
TAGTAGCGACGGGCGGTGTG). All gRT-PCR amplifications were performed with an
initial denaturation step at 95°C for 10 min followed by 40 cycles of denaturation at
95°C for 15s, annealing at 55°C for 15s, and extension at 68°C for 1 min. The ratio of
target mMRNA to 18S rRNA mRNA was calculated using a mathematical model
previously described [34]. A negative control (deionised H20) was included for each
gRT-PCR run. Measurements of gene expression were performed in triplicate for each

RNA sample and a mean value used for further analysis.

2.5. Protein Extraction, SDS-PAGE and Immunoblotting

For total protein extraction, frozen heart tissue was ground using a pestle and mortar
prior to homogenization with ice cold lysis buffer (50mM Tris/HCI pH 7.4, 0.27M
sucrose, 1mM sodium orthovanadate, 1ImM EDTA, 1mM EGTA, 10mM sodium 2-
glycerophosphate, 50mM sodium fluoride, 5mM sodium pyrophosphate, 1% (v/v)

Triton X-100, 0.1% (v/v) 2-mercaptoethanol and protease inhibitor (one tablet/50 ml);


http://www.ncbi.nlm.nih.gov/
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all purchased from Sigma-Aldrich, St Louis, MO, USA). Cell/tissue debris was removed
from crude lysates by centrifugation at 3000g for 10 min at 4°C, and the resulting
supernatant used for Western blot analysis. Total protein extracts (30ug) were
fractionated by SDS-polyacrylamide gel electrophoresis and immunoblotted using anti-
actin (Sigma-Aldrich, Dorset, UK) and anti-aia-AR (ab137123; Abcam, Cambridge,
Cambridgeshire, UK) antibodies as previously described [35]. Primary antibody
detection was carried out using a horseradish peroxidase-conjugated anti-rabbit or
anti-mouse IgG antibody (New England Biolabs (UK) Ltd., Hitchin, Hertfordshire, UK),
and visualised by enhanced chemiluminescence. Resulting band intensities were

guantified using ImageJ software (National Institutes of Health, Bethesda, MD, USA).

2.6. Bioluminescence resonance energy transfer (BRET) Studies

BRET saturation curves were carried out using Chinese hamster ovary (CHO-K1) cells
(obtained from American Type Culture Collection (ATCC)) co-transfected with cDNA
constructs encoding a1a-AR-Rluc8 (donor) and either GPR55-Venus (acceptor) or
vasopressin 2 receptor (V2R)-Venus (used as a positive control in the present study
as it has previously been shown to dimerise with aia-AR [36]). Human aia-AR
sequence was amplified from the cDNA clone described in [37], purified using the
Ultraclean 15 DNA purification kit (Qiagen Pty Ltd., Chadstone, VIC 3148, Australia)
and cloned into pDONR201 with BP clonase Il (both from (Thermo Fisher Scientific
Inc., Waltham, MA, USA) at 25°C for 16 h. Rluc8 cDNA was amplified, purified and
cloned into pEF5/FRT/V5-DEST vector [38]. An expression clone of aia-AR-Rluc8 was
created using LR clonase at 25°C for 16 h. The preparation of V2R-Venus cDNA
construct has been described previously [39]. For generation of GPR55-Venus, Human

GPR55 sequence was first amplified by PCR from pcDNAS3.1+ containing GPR55

10



264
34265

36
37 266
38
39267
40

41768
42

43
44269
45
46270

48
49271
50

51272
52

53
54273
55

56274
57

58 375

60
61
62
63
64
65

using the forward primer 5'-
GGGGACAAGTTTGTACAAAAAAGCAGGCTACCATGAGTCAGCAAAACACCAGTG
-3' (start codon underlined) and reverse primer 5'-
GGGGACCACTTTGTACAAGAAAGCTGGGTCGCCCCGGGAGATCGTGGTGTCCT
GC-3', containing attB1 and attB2 sites respectively. The PCR product was purified
from gel and cloned into pDONR201 vector using BP clonase Il to create an entry clone
containing attL1- and attL2-flanked GPR55 sequence. An LR recombination reaction
was performed between the entry clone and the pEFS5/FRT/V5-DEST vector
containing the Venus insert to create a Venus-tagged GPR55 at the C-terminus
(GPR55-Venus). All construct sequences were confirmed by DNA sequencing at the
Australian Genome Research Facility (Melbourne, Australia). Prior to transient
transfection, CHO-K1 cells were seeded in a 6-well plate (250,000 cells/well) in
Dulbecco’s Modified Eagle Medium (DMEM) containing 4.5g/L D-glucose, 0.11g/L
sodium pyruvate and 4mM L-glutamine (supplemented with 5% foetal bovine serum
(FBS)) (all from Thermo Fisher Scientific Inc., Waltham, MA, USA) and cultured
overnight in 5% CO2 at 37°C. DMEM medium was then replaced with Opti-MEM
medium (containing HEPES, 2.4g/L sodium bicarbonate and L-glutamine; Thermo
Fisher Scientific Inc., Waltham, MA, USA) and cells co-transfected with cDNA
constructs encoding aia-AR-Rluc8 (250ng) and increasing amounts (0-1750ng) of
either GPR55-Venus or V2R-Venus using Lipofectamine™ 2000 (Thermo Fisher
Scientific Inc., Waltham, MA, USA) as per the manufacturer’s instructions. Following
24hr, transfected cells were harvested and then seeded in 96-well plates (50,000-
60,000 cells/well) in phenol red free DMEM (containing 4.5g/L D-glucose, 4mM L-
glutamine and 25mM HEPES; Thermo Fisher Scientific Inc., Waltham, MA, USA) for

subsequent BRET analysis. To calculate the Venus/Rluc8 ratio (acceptor signal/donor

11
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signal) both the donor and acceptor fluorescence (excitation 500nm; emission 535nm)
were measured with the use of a multi-label plate reader (EnVision 2103; PerkinElmer,
Waltham, MA, USA). BRET measurements were taken at 37°C using the LUMIstar
Omega plate reader (BMG Labtech, Ortenberg, Germany). Dual light emission (donor
wavelength 400-475nm; acceptor wavelength 520-540nm) was simultaneously
recorded and the BRET ratio (acceptor signal/donor signal) calculated and plotted
against the Venus/RIuc8 ratio. In each experiment three replicates were included to

generate one data point and three or more independent experiments were carried out.

2.7. RNA isolation and qRT-PCR analysis (Neonatal rat ventricular cardiomyocytes)

Hearts from 0-3-day-old Sprague Dawley rats were removed under aseptic conditions,
the ventricles dissected and incubated with 0.1% trypsin (Life Technologies, NY, USA)
in Hanks balanced salt solution (Sigma-Aldrich, St Louis, MO, USA) at 4°C overnight
with mixing. Trypsin was deactivated with DMEM supplemented with 10% FBS and
cells dissociated with type Il collagenase treatment (2.5 mg/ventricle; Worthington
Biochemical Corp., Lakewood, NJ, USA) at 37°C in a shaking incubator for 10 min at
100 rpm, a total of four times. At the end of digestion period, the dispersed cells were
centrifuged for 5 min at 400g and resuspended in DMEM containing 10% FBS. Cells
were pre-plated on 150mm culture dishes for 1 hr at 37°C to remove fibroblasts.
Nonadherent cells (myocytes) were transferred to another dish for another 1 h of pre-
plating, before being plated in 6 well plates in DMEM containing 10% FBS, 0.11g/L
sodium pyruvate, 100U/ml penicillin, 200ug/ml streptomycin and 100mM 5-Bromo-2-
deoxyuridine (BrdU; Sigma-Aldrich, St Louis, MO, USA) overnight to reduce the
proportion of proliferative cardiac fibroblasts. Media was replaced with DMEM

containing 10% FBS, 0.11g/L sodium pyruvate, 100U/ml penicillin and 100ug/ml

12
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streptomycin at 37°C/5% COzfor up to 5 days, with media changes every 2 days. Cells
were serum starved for at least 4h, washed in warmed phosphate buffered saline
(Sigma-Aldrich, St Louis, MO, USA), and plates rapidly frozen at -80°C until use. Total
RNA was extracted using TriReagent® as per the manufacturer’s instructions. The
yield and quality of RNA was assessed by measuring absorbance at 260 and 280nm
(Nanodrop ND-1000 Spectrophotometer; NanoDrop Technologies LLC, Wilmington,
DE, US) and by visualisation on a 1.3% agarose gel. All RNA samples were stored at
-80°C. For preparation of cDNA, 0.5ug of RNA was reverse-transcribed using iScript
Reverse Transcription Supermix for gRT-PCR (Bio-Rad, Hercules, CA, USA)
according to the manufacturer’s instructions. Briefly, the reactions consisted of 2uL of
5 x iScript reverse transcription supermix, 3L DNase/RNase free water, and 0.5ug of
RNA, in a final volume of 10uL in 200uL Eppendorf PCR tubes. Reactions were
performed on an Applied Biosystems 2720 Thermal Cycler (Applied Biosystems,
Foster City, CA, USA) as follows: 25°C for 5 min, 42°C for 30 min, 85°C for 5 min, and
then cool to 4°C. The cDNA was diluted with 190uL DNase/RNase free water to obtain
the equivalent of 2.5ng/uL of starting RNA, and stored at -20°C. gPCR was performed
in duplicate using TagMan Gene Expression assays (Life Technologies, Waltham, MA,
USA) for B2m (Rn00560865 m1), Adrala (Rn00567876 m1) and GPR55
(Rn03037213_s1). Each reaction consisted of 4uL cDNA, 0.5puL TagMan Gene
Expression Assay, 0.5uL DNAse/RNase free water, and 5uL TagMan Fast Advanced
Master Mix (Life Technologies, Waltham, MA, USA) dispensed in BioRad 384-well
PCR plates. gRT-PCR reactions were carried out using a CFX384 Touch Realtime
PCR Detection System (Bio-Rad, Hercules, CA, USA). After initial heating at 50°C for
2 min and denaturation at 95°C for 1 min, fluorescence was detected over 40 cycles

(95°C for 15 sec, 60°C for 2 min). Cq values were automatically calculated by the Bio-

13
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Rad analysis module. Data are expressed as expression of the gene of interest relative
to B2m, calculated as (24€9). The MIQE (Minimum Information for Publication of

Quantitative Real-Time PCR Experiments) guidelines were followed [40].

2.8. Cardiomyocyte Signalling Studies

Neonatal rat ventricular cardiomyocytes were plated in 96-well plates at 50,000
cells/well grown for 5 days and serum starved overnight before experiments were
performed. To investigate any crosstalk between GPR55 and aia-AR we determined
the effects of GPR55 and aia-AR antagonism on downstream activation (extracellular
signal-regulated kinase 1/2 (ERK1/2) phosphorylation) of the receptors. ERK1/2
phosphorylation was chosen as an indicator of receptor activation as this signalling
pathway is initiated following selective activation of GPR55 by LPI, while LPI mediated
changes in intracellular Ca?* [Ca?*]i can be induced via both GPR55 dependent and
independent mechanisms [41]. In contrast, either ERK1/2 phosphorylation or changes
in [Ca?*]i reflect selective activation of aia-AR by A61603 [42], therefore ERK1/2
phosphorylation was chosen to enable comparison of GPR55 and aia-AR mediated
signalling. Following serum starvation, cells were incubated with antagonists
(CID16020046 (GPR55 antagonist; 10-100puM) or tamsulosin (a1-AR antagonist;
10nM)) for 30min at 37°C prior to the addition of either LPI (GPR55 agonist; 10-1°-10-
5M) or A61603 (a1a-AR agonist; 1019-10"°M) for 5min and cells subsequently lysed.
ERK1/2 (Thr202/Tyr204) phosphorylation was determined in cell lysates using an
AlphaScreen SureFire assay kit (PerkinElmer; Waltham, MA, USA) as per the
manufacturer’s instructions. Plates were read using a multilabel plate reader (EnVision

2103; excitation wavelength 680nm and emission wavelength 520—-620nm). In each
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experiment three replicates were included to generate one data point and three or

more independent experiments were carried out.

2.9. Statistical Analysis

For both the isolated blood vessel and ERK1/2 phosphorylation studies, nonlinear
regression (three-parameter Hill equation) was used to generate concentration
response curves for all data. pKs values were calculated using the following equation:
pKes = log(conc.ratio - 1) - log(antagonist conc.). BRET saturation curves were
generated using non-linear regression assuming one site binding. Concentration
responses between groups were compared via a repeated measures ANOVA and
Bonferroni post-hoc test. Emax values (maximal relaxation as a percentage of induced
tone) and maximal fold changes in ERK1/2 phosphorylation were compared using
either a t-test or a one-way ANOVA & Dunnett’s post-hoc test as appropriate. Pressure
volume loop data was subjected to multiple two-way ANOVA'’s and Bonferroni post-
hoc tests to determine the effects of both dose and strain on adrenoceptor mediated
changes in cardiac function. gRT-PCR and immunoblot data were compared using
unpaired T-tests. All data was expressed as the meantSEM and significance was
determined as P<0.05. GraphPad Prism 8 was used to plot all curves and carry out all

statistical analysis.

3. Results

3.1. Deletion of GPR55 leads to enhanced aia-AR mediated inotropic and pressor
responses in mice

Baseline measurements of load-dependent indices of left ventricular systolic and

diastolic function in GPR55 mice did not differ from those recorded in WT mice (Table
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), although GPR557 mice exhibited significantly elevated systolic (SBP) and mean
arterial (MABP) blood pressures and heart rate (HR) compared to WT mice (P<0.05
for all; Table I). In WT mice, incremental doses (0.2-20 ug kg?) of the selective aia-AR
agonist A61603 produced a dose-dependent increase in end-systolic pressure (ESP;
Figure 1A) and arterial elastance (Ea; Fig 1B), with smaller concomitant rises in end-
diastolic pressure (EDP; Figure 1C). These responses were abolished by prazosin and
are consistent with aia-AR-mediated peripheral vasoconstriction. At 2ug kg? (but not
at other doses tested) A61603 also increased dP/dtmax in WT mice (Figure 1D). In
GPR557 mice, A61603-mediated increases in ESP, EDP and Ea were markedly
exaggerated (all P<0.05) and were only partially reversed by prazosin (Figure 4A-C).
Moreover, A61603 produced a significant increase in dP/dtmax that was not reversed
by prazosin in GPR55 mice (Figure 1D). Other effects of A61603 on cardiac function
(reductions in stroke volume (SV), ejection fraction (EF), and cardiac output (CO)) did
not differ significantly between GPR557 and WT mice (Figure 2A-C), while HR,
dP/dtmin, EDV, and ESV were all unaffected by aia-AR activation in both strains of mice
(Figure 2D-G). To determine effects of GPR55 activation on cardiac performance,
increasing doses (10, 30 & 100ug kg) of LPI were administered to WT mice but had
no significant effects on indices of either systolic or diastolic function when compared
to vehicle (0.4% dimethyl sulfoxide (DMSO)) (Table II), demonstrating that direct

activation of GPR55 per se does not induce a functional haemodynamic response.

3.2. a1a-AR expression is downregulated in the hearts of GPR55 mice
Analysis of ventricular tissue demonstrated that both gene (mMRNA) and protein
expression of aia-AR were significantly lower in GPR557 mice compared to WT mice

(both P<0.05; Figure 3A & B), which suggests that a greater abundance of the receptor

16



34414

36
37415
38

39416
40

41417
42

43
42418
45
46419

48
49420
50
51421
52
53
54422
55
56423
57

58424

60
61
62
63
64
65

is not responsible for the enhanced functional response but does not rule out the

possibility of increased sensitivity of aia-ARs to A61603 in mice lacking GPR55.

3.3. GPR55 deletion enhances, while GPR55 antagonism suppresses, aia-AR
mediated vasoconstriction

Since the in vivo studies above revealed an exaggerated increase in afterload in
response to A61603 in GPR557 mice, we examined contractile responses to aia-AR
stimulation in isolated blood vessels. In carotid arteries isolated from WT mice, A61603
produced a concentration-dependent contractile response that was antagonised by the
a1a-AR antagonist tamsulosin (P<0.001; Figure 4A). Tamsulosin antagonised A61603
induced vasoconstriction with an estimated pKs value of 10.26 which is consistent with
previously reported antagonism at aia-ARs [43,44]. In contrast, contractile responses
to A61603 were significantly augmented in vessels isolated from GPR557 mice (Emax:
4.26+0.59 vs. 2.81+0.55mN/mm; P<0.05; Figure 4B). At the highest concentration
(100uM) tested, the selective GPR55 antagonist CID16020046 induced a rightward
shift in the A61603 mediated contractile response in arteries from WT (P<0.05; Figure
4C), but not GPR557 mice (Figure 4D). To examine whether tamsulosin or
CID16020046 altered the effects of a known GPR55 agonist, a concentration response
was carried out with LPI, which produced a modest (Emax: 23.9+4.67%) vasorelaxant
response (determined in arteries pre-contracted with U46619) in WT vessels (Figure
5A). LPI failed to produce a response in vessels from GPR557 mice (Figure 5A) or in
the presence of the GPR55 antagonist CID16020046 (Figure 5B), but its vasodilator
action persisted in the presence of tamsulosin (10nM; Figure 5C), confirming its action

at GPR55.
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3.4. GPR55 and a1a-AR do not dimerise, but crosstalk exists between the two receptors
The heightened responses to aia-AR activation in the absence of GPR55 strongly
suggests that the two receptors interact at some level. While the receptors co-localise
in some vascular cells [5], it is not known whether they dimerise or modulate each
other’'s downstream signalling. We therefore performed BRET analysis in CHO-K1
cells to determine whether receptor dimers form between aia-AR and GPR55. While
the saturation curve for aia-AR and V2R receptor clearly demonstrated dimerization
[36] and was used as a positive control (Figure 6A), no dimerization of the a1a-AR with
GPR55 was evident (Figure 6B). In separate studies, A61603 and LPI induced ERK1/2
phosphorylation in CHO-K1 cells transiently transfected with tagged (i.e. Rluc8 or
Venus) constructs encoding aia-AR and GPR55, respectively, confirming that the
addition of the tag did not alter the activity of the construct (Figure 7A & B). To
determine signalling interaction, we examined whether aia-AR-mediated increases in
ERK1/2 phosphorylation in neonatal rat ventricular cardiomyocytes was influenced by
GPR55. gPCR experiments carried out confirmed the expression of both aia-AR and
GPR55 in neonatal rat ventricular cardiomyocytes, which is in agreement with previous
studies carried out by Sato et al. (a1a-AR) [28] and Yu et al. (GPR55) [8] (Figure 8).
Furthermore, the expression of aia-AR appeared to be approximately 2-fold higher
than that of GPR55 in neonatal rat ventricular cardiomyocytes (Figure 8). A61603
produced a concentration-dependent increase (6-fold increase at 10uM; Figure 9A &
Table IIl) in ERK1/2 phosphorylation, that was attenuated by both ai1a-AR (tamsulosin;
Figure 9A & Table IIl) and GPR55 (CID16020046; Figure 9B & Table Ill) blockade. In
contrast, while LPI induced a transient and modest increase in ERK1/2

phosphorylation (~2-fold at 10uM: Figure 9C & Table lll), this was only reduced by
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CID16020046, but not tamsulosin (Figure 9C & D & Table Ill). Thus, GPR55 appears

to regulate a1a-AR signalling, whereas the reverse does not appear to hold true.

4. Discussion

4.1. aia-AR-activation increases cardiac function in WT mice

Previous studies demonstrate a direct inotropic effect following aia-AR activation,
largely based on studies in rats, either in vivo [14,18] or in isolated cardiac tissue
preparations [16]. Rat heart shows high expression of myocardial aia-ARs; much
higher (~5-fold) than in either human or mouse hearts [45] and in mouse hearts aia-
ARs are present in ~50% (highly expressed in 20%) of cardiomyocytes [46]. However,
in human myocardial tissue, inotropic responses to ai-AR activation have been
reported as early as 1980 [47], with more recent work indicating that even relatively
low aia-AR densities can elicit an inotropic response [17]. In mice, the inotropic
response to aia-AR activation has been little studied, although transgenic mice over-
expressing aia-ARs exhibit a marked increase in baseline cardiac contractility that is
resistant to PBi-AR blockade [48]. Moreover, aia-AR stimulation of cultured
cardiomyocytes elicits either a heterogeneous inotropic response to phenylephrine
[49], or an exaggerated response to the selective aia-AR agonist A61603, associated
with increased release of [Ca?*]i [50]. Here we show that in vivo administration of
A61603 to WT mice causes a prazosin-sensitive increase in cardiac function (ESP and
dP/dtmax), demonstrating an aia-AR-mediated positive inotropic response. This is
consistent with previous in vivo studies in pithed rats (no baroreceptor reflex to correct
for changes in peripheral resistance) demonstrating a positive inotropic response to

phenylephrine. Here, the animals had an intact central nervous system, showing that
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even in the presence of functioning baroreceptor reflexes a positive inotropic response

to a1a-AR activation is still present.

4.2. Interactions between GPR55 and aia-ARs on cardiac function

We showed that GPR55 deletion has no impact on baseline cardiac contractile function
(dP/dtmax, ESPVR or Emax), While intravenous administration of LPI in WT mice did not
alter indices of cardiac contractile function, confirming previous findings [6]. Although
LPI induces a GPR55-mediated increase in [Ca?*]i in cultured cardiomyocytes [8], our
data shows that this does not translate into a functional inotropic response. While it’s
plausible that activation of GPR55 in vivo does not directly affect contractile activity
(supported by the lack of effect of GPR55 gene deletion on several Ca?* dependent
indices of contractility (dP/dtmax, ESPVR or Emax)), it should also be considered that the
concentration range (10-100ug kgt) of LPI used in the present study may not have
been sufficient to elicit a measurable response, as it appears micromolar
concentrations are required to elicit both physiological [8] and pathophysiological [51]
responses in cardiomyocytes/hearts. In contrast, inotropic responses to A61603 were
markedly exaggerated in GPR557 mice, suggesting that rather than the GPR55/LPI
system directly influencing cardiac contractile activity, GPR55 acts as a sentinel
receptor that negatively regulates aia-AR function. To determine whether enhanced
responses to aia-AR activation in the absence of GPR55 resulted from increased
cardiac expression of aia-ARs we examined expression in the myocardium and found,
surprisingly, that both aia-AR mRNA and protein were reduced in the hearts of GPR55
" mice. While this suggested crosstalk between these two receptors, it was somewhat
counter-intuitive to the functional data but could nevertheless represent a

compensatory response to the loss of negative control of aia-ARs imposed by GPR55.

20



34512

36
37513
38

39514
40

4l515
42

43
42516
45
46517

48
49518
50
51519
52
53
54 520
55
56521
57
58
59
60
61
62
63
64
65

While both the inotropic response and changes in Ea induced by A61603 were blocked
by prazosin in WT mice, this was not the case in GPR557 mice where a significant
residual response remained. The likelihood of an “off-target” effect of A61603 is low
since it is highly selective for aia-ARs (pECso 7.8-8.4) [52]. However, it does question
the location of, and drug accessibility to, aia-AR and GPR55 receptors. There is
growing evidence that aia-ARs localised in the nuclear membrane are responsible for
the positive inotropic response to aia-AR agonists (reviewed in [53]). Although prazosin
is reported to be membrane permeable and blocks the actions of phenylephrine at
nuclear aia-ARs in isolated cardiomyocytes [54], it has yet to be established whether
this occurs in vivo. Cardiomyocyte GPR55 receptors are localised both to the
sarcolemmal membrane and on endolysosomal membranes [8]. Crosstalk could
therefore occur between the intracellular, rather than sarcolemmal, aia-AR and GPR55

receptors.

4.3. Crosstalk between GPR55 and aia-ARs in the vasculature

GPR557 mice exhibited increased arterial blood pressure, consistent with a role for
GPRS55 in the control of vascular tone. GPR55 activation by LPI induces endothelial
cell hyperpolarization [55], relaxes isolated mesenteric arteries [7], and decreases DBP
in pithed rats [22]. Moreover, the serum concentration range of LPI (2-4uM) in rodents
[56,57] is similar to the concentrations required to relax resistance vessels, suggesting
that GPR55 activation by circulating LPI contributes to suppression of vascular tone in
mice and the corollary of this would be elevated blood pressure in the absence of

GPR55.
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In isolated blood vessels, the vasoconstrictor response to A61603 was enhanced in
GPR557 mice. Thus, as in the heart, GPR55 appears to influence aia-AR-mediated
responses in the vascular tissue, supported by observations that LPI attenuates a1-AR
mediated elevations in DBP [22] by a CBD sensitive receptor (most likely GPR55).
Previous unpublished work from this group has demonstrated that unlike A61603,
U46619 (thromboxane A2 receptor agonist) and 5-hydroxytryptamine (5-
hydroxytryptamine 2A receptor agonist) induced contractile responses do not differ in
arteries from WT and GPR557 mice. While this may suggest that genetic deletion of
GPR55 primarily effects aia-AR-mediated vasoconstriction, an effect on other
contractile receptors (i.e. endothelin receptor A, angiotensin Il type-1 receptor etc.)
cannot be ruled out. In vessels from WT mice, the GPR55 antagonist (CID16020046)
at high concentrations depressed responses to A61603. An “off target” effect of
CID16020046 is unlikely since it did not influence A61603 responses in blood vessels
from GPR557 mice, confirming its specificity at GPR55. This raises the intriguing
guestion as to whether loss of receptor protein and receptor blockade have different
impacts on a1a-AR function. In carotid arteries, LPI induced a small (compared to that
previously reported in resistance vessels i.e. ~70% [7]), but measurable (~20%)
vasodilator response, previously associated with an endothelial site of action [7]. This
was unaffected by aia-AR Dblockade with tamsulosin, but was inhibited by
CID16020046, which may be explained by reports of co-expression of both GPR55
and a1a-ARs on vascular smooth muscle cells (VSMCs), but only GPR55 on the
endothelium [5]. In this setting, CID16020046 acting on VSMC expressed GPR55
could influence aia-AR induced vasoconstriction, however as aia-ARs are not
expressed on endothelial cells tamsulosin would be ineffectual against GPR55 induced

vasodilation, which has previously been shown to be endothelial dependent [7]. Finally,
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this data suggests that, while GPR55 controls aia-AR responses, the reverse does not

apply.

4.4. GPR55 influences signalling of aia-ARs in cardiomyocytes, but not by receptor
heterodimerisation

Since both GPR55 and aia-ARs form heteromers with other receptors [11-13,58,59,],
and co-localise in some vascular cells [5], we determined whether the functional
interaction between these receptors could be explained by heteromerization between
GPR55 and aia-ARs. However, BRET analysis in CHO-K1 cells demonstrated that
while vasopressin 2 receptor (V2R) and aia-ARs dimerize (indicating their close
proximity), GPR55 and aia-ARs do not form dimers, suggesting that the functional
interactions between the two receptors are likely due to regulation of aia-AR signalling
by GPR55. Indeed, in neonatal cardiomyocytes, we showed that blockade of GPR55
with CID16020046 prevents aia-AR-mediated ERK1/2 phosphorylation in response to
A61603. Conversely, tamsulosin did not affect LPI induced ERK1/2 phosphorylation in
cardiomyocytes and the reason for this is unclear as both receptors are expressed in

these cells.

4.5. Conclusions

Our findings demonstrate that although GPR55 and aia-AR do not dimerize, GPR55
regulates both the signalling and functional activity of aia-AR, while the latter does not
appear to influence the activity of GPR55. At present it is unclear why genetic deletion
of GPR55 enhances aia-AR function whereas pharmacological blockade of GPR55
appears to impede activity, though it is possible that a functional adaption occurs in

our global knockout mouse model that is lacking in the ‘conditional knockout’ model
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reflected by pharmacological blockade of GPR55 in both cardiomyocytes and isolated
arteries. Notwithstanding this, we demonstrate a novel role for GPR55 in the regulation
of a1a-AR activity, that may represent a novel target for the development of treatments
for conditions characterised by aberrant activity of both GPR55 and ai1a-AR such as

prostate cancer, hypertension or heart failure.

Abbreviations: a1a-AR, aia-adrenoceptor; Bi1-AR, Pi-adrenoceptor; B2-AR, PBoe-
adrenoceptor; [Ca?*], intracellular calcium; CBi, cannabinoid 1 receptor; CBg,
cannabinoid 2 receptor; CBD, cannabidiol; CO, cardiac output; DBP, diastolic blood
pressure; DOCA, Deoxycorticosterone acetate; Ea arterial elastance; EDP, end
diastolic pressure; EDV, end diastolic volume; EF, ejection fraction; ESP, end systolic
pressure; ESV, end systolic volume; ESPVR, end systolic pressure volume
relationship; GPR557, GPR55 knockout; HR, heart rate; IP3, inositol triphosphate; LPI,
lysophosphatidylinositol; LTCC, I-type Ca?* channel; MABP, mean arterial blood
pressure; SBP, systolic blood pressure; SV, stroke volume; SW, stroke work; V2R,

Vasopressin 2 receptor; WT, wild-type.
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Figures Legends

Figure 1. GPR557 mice exhibit an enhanced cardiovascular response to aia-AR
activation. The A from baseline cardiac function induced by increasing doses of
A61603 (0.2-20ug kg?) was calculated and data from the following functional indices;
ESP (A), Ea (B), EDP (C) and dP/dtmax (D) presented above. To demonstrate selectivity
at the a1-AR, the highest dose of A61603 (20ug kg*) was also administered following

pretreatment with prazosin (1Img kgt). Data was expressed as mean+s.e.m. *P<0.05
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vs. Oug kg? (within group); #P<0.05 vs. WT (equivalent dose); 1P<0.05 vs. WT (20ug

kg1); £P<0.05 vs. GPR557 (20ug kg?). n=9.

Figure 2. aia-AR mediated effects on cardiac function that were not markedly
influenced by the presence or absence of GPR55. The A from baseline cardiac function
induced by increasing doses of A61603 (0.2-20ug kg?') was calculated and data
expressed as meanzSEM. To demonstrate selectivity at the ai-AR, the highest dose
of A61603 (20ug kg?) was also administered following pretreatment with prazosin

(Img kgt). *P<0.05 vs. Oug kgt (within group); TP<0.05 vs. WT (20ug kg?). n=9.

Figure 3. Mice with a genetic deletion for GPR55 are characterised by reduced cardiac
expression of aia-AR. aia-AR mRNA (A) and a1a-AR protein (B) expression in cardiac
tissue from both WT and GPR557 mice. Quantified values are presented as the

mean+SEM. *P<0.05 vs. WT. n=4-5.

Figure 4. Effects of GPR55 and ai-AR antagonists on A61603 induced contractile
responses in isolated mesenteric arteries from WT and GPR557 mice. In (A),
concentration response curves with the aia-AR agonist, A61603, carried out in
mesenteric arteries from WT mice in the absence and presence of the ai-AR
antagonist, tamsulosin; in (B), comparison of A61603-induced contractile responses in
vessels from both WT and GPR557 mice (B). A61603 induced vasoconstriction in the
absence and presence of the GPR55 antagonist, CID16020046 (CID), and shown in
isolated vessels from both WT (C) and GPR557 (D) mice. A Tension was calculated
as the change from baseline tension (mN) normalised to vessel length (mm) and

expressed as meantSEM. *P<0.01 vs. control; #P<0.01 vs. WT; n=6-9.

Figure 5. Effects of GPR55 and a:-AR antagonists on LPI induced vasorelaxation in

isolated mesenteric arteries from WT and GPR55" mice. Arteries were contracted sub-
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maximally with U46619 and then concentration response curves with the GPR55
agonist, LPI, carried out in vessels from both WT and GPR557 mice shown in (A). LPI
induced vasorelaxation in the absence and presence of CID16020046 (CID) in (B) or
tamsulosin in (C) in mesenteric arteries from WT mice. Relaxation was calculated as
% of the maximum contraction and expressed as meantSEM. *P<0.01 vs. WT,;

#P<0.01 30uM CID vs. control; 1P<0.01 100uM CID vs. control; n=6-10.

Figure 6. BRET saturation experiments using CHO-K1 cells transfected with Rluc8
tagged aia-AR and Venus tagged V2R or GPR55 constructs. The presence of a
saturation curve indicates aia-AR-V2R heteromerization (A), while the absence of a
curve provides evidence that aia-AR and GPR55 do not dimerize (B). n=3 independent
experiments.

Figure 7. Agonist induced ERK1/2 phosphorylation in CHO-K1 cells transiently
transfected with tagged cDNA constructs encoding aia-AR or GPR55. A61603 induced
ERK1/2 phosphorylation in CHO-K1 cells transfected with untagged or Rluc8 tagged
a1a-AR constructs (A). LPI induced ERK1/2 phosphorylation in CHO-K1 cells
transfected with untagged or Venus tagged GPR55 constructs (B). Agonist induced
ERK1/2 phosphorylation was calculated as the fold change over the vehicle control
(i.,e. basal phosphorylation) and expressed as meantSEM. n=4-5 independent

experiments.

Figure 8. GPCR mRNA expression in neonatal rat ventricular cardiomyocytes. Values

are presented as the mean+zSEM. n=5-6.

Figure 9. Agonist induced ERK1/2 phosphorylation in neonatal rat ventricular
cardiomyocytes. A61603 induced ERK1/2 phosphorylation in cardiomyocytes was

assessed in the absence or presence of tamsulosin in (A) or CID16020046 (CID) in
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(B). LPI induced ERK1/2 phosphorylation in cardiomyocytes was assessed in both the
absence and presence of tamsulosin in (C) or CID16020046 (CID) in (D). Agonist
induced ERK1/2 phosphorylation was calculated as the fold change over the vehicle
control (i.e. basal phosphorylation) and expressed as mean+SEM. *P<0.05 vs. control;
Each data point reflects the average of 3 replicates per plate from 3-7 independent

experiments.
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WT (n=17) GPR557 (n=9)

Body weight (g) 29+0.5 28+0.5
HW:BW (mg/q) 4.57+0.1 4.78+0.1
HR (bpm) 39310 446+21*
MABP (mmHg) 91.1+2.8 104.2+1.6*
SBP (mmHg) 111.1+2.8 129.5+3.1*
DBP (mmHg) 82.4+£3.1 88.2+2.5
ESP (mmHg) 98.1+2.5 105.2+2.9
EDP (mmHg) 5.7+0.5 4.8+0.4
ESV (uL) 15+0.8 13.2+0.8
EDV (uL) 31.7+1.5 29.1+1.1
SV (uL) 16.7+0.5 16.6+0.9
SW (mmHg*pL) 1263+61 1154+54
CO (uL/min) 6716+198 6941+529
Ea (MmHQg/uL) 7.320.3 8.2+0.6
EF (%) 53.8+1.1 57.1+1.8
dP/dtmax (MmHg/s) 8142+302 8559+731
dP/dtmin (mmHg/s) -8043+417 -8361+568

Table I. Baseline cardiac function in WT and GPR55” mice. Deletion of GPR55 in mice

lead to elevated blood pressure and heart rate compared to WT mice. Data is

expressed as meanzSEM. *P<0.01 vs. WT.
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A from baseline LPI (ug kg™)

cardiac function 0 10 30 100
HR (BPM) -3+7 -7+3 742 -6+3
ESP (mmHgQ) 0.6+4.9 -53x3.9 -3.1+2.7 -4.1+29
EDP (mmHg) 5.3+t0.7  4.3+0.7 3.1+1 4+0.6
ESV (uL) 8.4+1.1  8.2+0.9 7.8+0.9 7.5+0.7
EDV (uL) 8.3+1.4 8.1+1 7241  6.9+0.6
SV (uL) 0.7+0.8 1.1+0.4 1.3+0.4  0.8+0.3
CO (uL/min) 224+349 3731162 424+161 164+153
Ea (mmHg/pL) -0.2+0.6 -0.5+0.6 -0.9+0.5 -0.5+0.4
EF (%) -8.741.8 -6.9t1.1 -5+0.6  -4.9+0.8

dP/dtmax (mmHg/s)
dP/dtmin (mmHg/s)

758+172

-573+340 -1191+296

957+319

-663+385 -910+326

852+325 1273+215

Table Il. Effect of increasing doses of LPI (GPR55 agonist) on cardiac function in WT

mice. The A from baseline cardiac function induced by LPI (10-100ug kg?') was

calculated and data expressed as meantSEM. n=8.
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A61603 induced ERK1/2

Maximal fold over basal

phosphorylation
DMEM (n=7) 6.20+0.58
Tamsulosin (10nM) (n=6) 2.27+0.12*
0.1% DMSO (n=7) 4.24+0.67
CID16020046 (10uM) (n=7) 4.40+£0.91
CID16020046 (30uM) (n=7) 4.96+1.56
CID16020046 (100uM) (n=3) 1.92+0.08#

LPI induced ERK1/2

Maximal fold over basal

phosphorylation
DMEM (n=7) 1.55+0.22
Tamsulosin (10nM) (n=7) 1.49+0.32
0.1% DMSO (n=7) 2.14+0.48
CID16020046 (10uM) (n=7) 1.79+0.47
CID16020046 (30uM) (n=7) 1.36+0.48#
CID16020046 (100uM) (n=3) 0.98+0.06#

Table lll. Effects of GPR55 and ai1-AR antagonists on both LPI and A61603 induced

ERK1/2 phosphorylation in rat neonatal ventricular cardiomyocytes. Maximal fold

change values for LPI and A61603 induced ERK1/2 phosphorylation in the absence

and presence of either tamsulosin or CID16020046. All data is expressed as

mean+SEM. *P<0.05 vs. DMEM; #P<0.05 vs. DMEM (0.1% DMSO).
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