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Abstract

Aims Therapeutic options targeting post-ischaemic cardiac remodelling are sparse. The bioactive sphingolipid sphingosine-1-
phosphate (S1P) reduces ischaemia/reperfusion injury. However, its impact on post-ischaemic remodelling independently of its
infarct size (IS)-reducing effect is yet unknown and was addressed in this study.

Methods and results Acute myocardial infarction (AMI) in mice was induced by permanent ligation of the left anterior
descending artery (LAD). C57BI6 were treated with the S1P lyase inhibitor 4-deoxypyridoxine (DOP) starting 7 days prior to AMI
to increase endogenous S1P concentrations. Cardiac function and myocardial healing were assessed by cardiovascular magnetic
resonance imaging (cMRI), murine echocardiography, histomorphology, and gene expression analysis. DOP effects were investi-
gated in cardiomyocyte-specific S1P receptor 1 deficient (S1PR1 Cardio Cre+) and Cre— control mice and S1P concentrations
measured by LC-MS/MS. IS and cardiac function did not differ between control and DOP-treated groups on day one after
LAD-ligation despite fourfold increase in plasma S1P. In contrast, cardiac function was clearly improved and myocardial scar size
reduced, respectively, on Day 21 in DOP-treated mice. The latter also exhibited smaller cardiomyocyte size and reduced embry-
onic gene expression. The benefit of DOP treatment was abolished in S1PR1 Cardio Cre+.

Conclusions S1P improves cardiac function and myocardial healing post AMI independently of initial infarct size and accom-
plishes this via the cardiomyocyte S1PR1. Hence, in addition to its beneficial effects on I/R injury, SIPR1 may be a promising
target in post-infarction myocardial remodelling as adjunctive therapy to revascularization as well as in patients not eligible for
standard interventional procedures.
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Introduction tion of the infarcted artery if symptom onset has been longer

than 48 h and the patient is asymptomatic.>™ However, these

Revascularization of the infarct vessel is the golden standard
in acute myocardial infarction (AMI).> However, clinical out-
come varies inter-individually and even in Western countries,
more than 10% of AMI patients are so-called ‘latecomers’? in
whom the benefit of revascularization is controversially
discussed. Current guidelines even discourage revasculariza-

patients are at high risk for cardiovascular events and heart
failure with reduced ejection fraction (HFrEF) with enormous
socio-economic impact and high morbidity and mortality.®”
Nevertheless, druggable targets to improve cardiac remodel-
ling independently of revascularization and initial infarct size
(I1S) are rare.
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Plasma levels of the sphingosine-1-phosphate (S1P), an en-
dogenous bioactive sphingolipid contained mainly in HDL,
have been linked to the incidence and severity of coronary ar-
tery disease (CAD), AMI, and HFrEF.2 Experimentally, adminis-
tration of S1P prior to cardiac ischaemia/reperfusion dimin-
ishes 1S and improves cardiac function in mice.®** The
same is true for mice with high endogenous S1P levels due
to pharmacological or genetic inhibition of S1P degradation
by the S1P lyase.*® However, the effect of S1P on cardiac re-
modelling after AMI independently of initial IS has not been
addressed yet. Hence, we have investigated the effect of
pharmacological lyase inhibition on post-ischaemic myocar-
dial healing in a murine model of permanent ligation of the
left anterior descending artery (LAD).

Methods
Animals and myocardial ischaemia protocol

All experiments as stated by the European Convention of the
Protection of Vertebrate Animals used for Experimental and
other Scientific Purposes were approved by the LANUV. Ani-
mals were treated according to the institutional guidelines
(Council of Europe Treaty Series No. 123). C57BL/6 wild-type
mice were purchased from Janvier Labs (Saint-Berthevin,
France). S1PR1-deficient mice (S1P1 Cardio Cre+) were gener-
ated as previously described™® and used for experiments at the
age of 12 + 2 weeks. DOP (30 mg/L via drinking water; pur-
chased from Sigma-Aldrich, Taufkirchen, Germany) treatment
started 7 days prior to AMI and was continued until mice were
sacrificed. To accentuate DOP effects, vitamin B6 was omitted
from the diet (Altromin GmbH & Co. KG, Lage, Germany).
Isoflurane, ketamine, and xylazine were used for anaesthesia.
Anaesthesia was maintained with 2 vol% isoflurane. Body tem-
perature was controlled and held at physiological levels. Per-
manent LAD occlusion was conducted via open chest surgery.
Successful ligation was controlled by the occurrence of charac-
teristic ST-elevation in the electrocardiogram.

Myocardial infarct size and cardiac function
measurement by CMR and murine
echocardiography

Cardiac magnetic resonance (CMR) was conducted 24 h and
21 days after LAD-ligation with Bruker AVANCE Ill 9.4-T wide
bore nuclear magnetic resonance spectrometer (Bruker,
Rheinstetten, Germany) at 400.13 MHz (operation software:
ParaVision 5.1). Bruker microimaging unit Micro 2.5 [25-mm
birdcage resonator, actively shielded gradient sets (1.5 T/m)]
was used for images. For CMR procedure, mice were anesthe-
tized with isoflurane at 1.5%. Body temperature, ECG, and res-

piration were supervised and monitored by a M1025 system
(SA Instruments, Stony Brook, NY). CMR data were synchro-
nized to respiratory rate if necessary. For contrast agent,
vasofix Safety IV Catheter (Braun Melsungen AG, Melsungen,
Germany) was inserted intra-peritoneal. As previously
described, cine movies were recorded in long-axis and
short-axis orientation.** Then, gadolinium-diethylenetriamine
pentaacetate (0.2 mmol/kg) was infused. Eight to ten
short-axis slices were obtained for analysis of the left
ventricle. In addition, murine echocardiography was
conducted. For this, high-resolution 18-36-MHz ultrasound
transducer (Vevo2100, VisualSonics Inc., Toronto, Canada) was
used. Manufacturer’s software was used for analysis. For
structural analysis, left ventricular (LV) end-diastolic and
end-systolic volume were assessed. For systolic function
analysis, heart rate (HR), ejection fraction (EF), and stroke
volume (SV) as well as the stroke volume index (SVI) as
quotient of SV to HR and body surface area (BSA) and cardiac
output (CO) were calculated.

Histological analysis, real time polymerase chain
reaction and LC-MS/MS

Hearts were harvested after 21 days, embedded in paraffin,
and sectioned as previously described.*® Collagen content
was determined by picrosirius red staining. Fibrosis was
expressed as area in % from LV area. For cardiomyocyte
(CM) size, periodic acid—Schiff (PAS) staining was performed,
and CM width was measured at the site of longitudinally cut
nuclei at 100-fold magnification. At least five representative
CM diameters per section in five sections were assessed.
AxioVision40 version 4.8.2.0 (ZEISS, Oberkochen, Germany)
was used as software for quantification.

For gene expression analysis, RNA was extracted from the
infarct area and the remote myocardium of the left ventricle,
converted into cDNA with the Revert Aid First Strand cDNA
Synthesis Kit (Qiagen) and real-time PCR performed on a
Bio-Rad CFX96 system with iQ SYBR Green. The 2 4A¢T
method normalized to GAPDH was used to calculate relative
gene expression. Differences in expression levels by DOP
treatment were calculated by ratio paired t-tests in fold of
control without DOP treatment.

LC-MS/MS on plasma samples was performed as previ-
ously described.®

Statistical analysis

Statistical analyses were conducted using IBM SPSS© Soft-
ware (NY, USA) and GraphPad Prism© 8.0 statistical soft-
ware (GraphPad Software Inc., San Diego) using Student’s
t-test for normally distributed variables and the Mann-—
Whitney U test for non-normally distributed variables.
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Two-way ANOVA analysis was conducted to compare DOP
effects between S1PR1 Cardio Cre— and S1P1 Cardio Cre+.
P values below 0.05 were defined as significant.

Results

S1P lyase inhibition improves post-ischaemic
cardiac recovery

AMI in mice was induced by permanent ligation of the LAD in
mice treated or not with the S1P lyase inhibitor
4-deoxypyridoxine (DOP) starting 7 days prior to AMI. As ex-
pected, DOP raised S1P plasma levels fourfold at the time of
AMI from 0.97 + 0.09 to 3.8 £ 0.09 uM (n = 6 each),
P < 0.0001 (Figure 1A).

Scar size was measured by CMR after 24 h and did not dif-
fer between groups (control 26.3 + 8.3% vs. DOP 31.6 + 7.2%,
P = 0.15; Figure 1B). Functional parameters such as ejection
fraction [EF, (%) 34.8 + 14.9 vs. 32.6 = 8.7, P = 0.74], cardiac
output [CO (uL/min), 11.5 + 2.4 vs. 13.59 + 2.2, P = 0.11]
and stroke volume index [SVI (SV/heart rate/body surface
area; uL/bpm/mz) 0.51 £ 0.09 vs. 0.5 + 0.14, P = 0.88] were
similar. Neither did structural parameters differ [LV
end-systolic volume (ESV; pl): 46.4 + 19.3 vs. 49.6 + 18.7,
P = 0.75; LV end-diastolic volume (EDV; pL): 67.6 + 18.7 vs.
72.2 £ 18.8, P = 0.64]. Myocardial mass was slightly increased
in DOP-treated animals at this timepoint (55.11 + 15.3 vs.
70.4 £ 10.46, P = 0.0443) (Figure 1C).

In contrast, there were clear differences between the con-
trol and DOP group at Day 21: Systolic function was much im-
proved in the DOP group: CO [uL/min]: 14.73 + 2.1 vs.
18.49 + 3.9, P = 0.0454; EF [%]: 27.55 + 8.7 vs. 38.22 + 11.8,
P = 0.0792; SVI [ul/bpm/m?] 0.55 + 0.07 vs. 0.80 * 0.22,
P =0.0124 (Figure 1E) and representative cMRI images show-
ing improved contraction (Figure 1D). End-systolic and
end-diastolic volumes and myocardial mass were equal [ESV
(uL): 78.54 + 27.43 vs. 58.92 + 25.34, P = 0.19; EDV (uL):
105.9 £ 26.72 vs. 92.23 * 23.89, P = 0.33; myocardial mass:
69.06 + 9.1 vs. 59.9 + 9.7, P = 0.0843].

DOP treatment reduces cardiac scar size

Scar size was also reduced in hearts from DOP-treated mice
compared with controls 21 days after AMI (19.30 + 6.2%
vs.13.44 = 5.7%, P = 0.0494; Figure 2A). We then compared
gene expression in the remote left ventricular myocardium
and observed a reduction in brain natriuretic peptide (BNP),
atrial natriuretic peptide (ANP), and collagenla2 (Coll1la2) in
DOP treated mice compared with controls (BNP: 0.49 + 0.24-
fold of control, P = 0.0017; ANP: 0.58 + 0.34-fold of control,
P = 0.0688; Coll1a2: 0.45 + 0.17-fold of control, P < 0.0001;
Figure 2B). Finally, we observed that cardiomyocyte diameter

in the remote myocardium was 21% smaller in DOP-treated mice
(21.95 + 1.59 um vs. 17.35 + 0.77 um, P = 0.0020; Figure 2C).

DOP improves post-ischemic cardiac remodelling
in a S1PR1-receptor-dependent manner

To test whether the myocardial S1R1 was involved in improved
cardiac remodelling by DOP, we employed cardiomyocyte-spe-
cific S1PR1-deficient mice (S1P1 Cardio Cre+) that we have
previously characterized.’® As expected for the LAD-ligation
model, EF and SVI were identical in Cardio Cre— and Cardio
Cre+ with and without DOP treatment 24 h after LAD-ligation
[EF (%): Cre— 27.2 £ 5.5 vs. 29.03 % 6.9, P = 0.9724; Cre+
28.1+9.2 vs. 24.85 + 6.5, P = 0.8795; SVI (uL/beat/m?): Cre—
0.59 + 0.18 vs. 0.75 = 0.10, P = 0.6510; Cre+ 0.73 = 0.29 vs.
0.87 + 0.18, P = 0.7422; CO (uL/min): Cre—: 6.8 + 1.7 vs.
9.5 + 46, P = 0.5891; Cre+: 81 + 3.3 vs. 86 + 3.9,
P =0.9977; Figure 3A]. Structural parameters were equal in lit-
termate controls with slight increase of ESV in S1IPR1-deficient
mice under DOP treatment (ESV: Cre— 46.6 + 6.5 pL vs.
57.29 + 10.26 pl, P = 0.1102, Cre+ 47.44 = 6.8 puL vs.
63.91 + 6.4 ulL, P = 0.0081; EDV: Cre— 64.35 £ 9.9 pl vs.

81.7 + 1833 pul, P = 0.0858, Cre+ 68.46 + 6.9 plL vs.
854 + 94 ul, P = 0.1027,myocardial mass: Cre—:
105.6 + 31.94 vs. 1103 + 24.77, P = 0.9860; Cre+:

79.90 + 16.98 vs. 88.24 + 14.69, P = 0.9214; Figure 3A).

However, the situation was very different 21 days after
LAD-ligation. Cre— mice treated with DOP showed an im-
proved cardiac function: SVI was higher in the DOP group
[CO (uL/min): 6.5 + 2.2 vs. 10.2 + 4.5, P = 0.2574; EF
19.5 + 1.9% vs. 21.0 + 5.5%, P = 0.9481; SVI (uL/bpm/BSA)
0.71 + 0.13 vs. 1.159 + 0.4, P = 0.0485; Figure 3C]. In clear
contrast, DOP did not improve cardiac function in Cre+ mice
(CO: 9.2 £ 2.6 vs. 9.98 + 1.16, P = 0.9820; EF: 25.9 + 5.7 vs.
18.4 + 1.6, P = 0.0951; SVI 0.91 + 0.23 pl/beat/m? vs.
0.97 +0.01 uL/beat/mz, P =0.9856). Similar to the C57BI6 co-
hort, LV end-systolic and end-diastolic volumes and myocar-
dial mass did not differ between Cre— and Cre+ with or with-
out DOP (ESV: Cre— 79.5 + 16.95 plL vs. 96.8 + 24.01 plL,
P = 0.71; Cre+ 78.13 + 36.15 plL vs. 116.1 + 14.01 pL,
P = 0.1393; EDV: Cre— 98.1 + 20.4 puL vs. 122.9 + 30.8 uL,
P = 0.5927; Cre+ 103.3 + 40.8 pulL vs. 143.0 + 16.3,
P =0.2105; Figure 3D).

These data suggest that the beneficial effect of high S1P
levels on post-ischaemic remodelling after coronary ligation
is mediated by the myocardial S1PR1.

Discussion

Approaches to additionally protect the heart after AMI be-
yond rapid coronary reperfusion remain challenging.®
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Figure 1 (A) DOP raised S1P plasma levels fourfold at the time of AMI from 0.97 + 0.09 to 3.8 £ 0.09 uM [n = 6 each], P < 0.0001. (B) Scar size after
24 h measured by CMR did not differ between groups (Con: 26.3 + 8.3% vs. DOP: 31.6 + 7.2%, P = 0.1520) with representative cMRI images after 24 h.
(C) Functional parameters such as ejection fraction [EF, (%) 34.8 + 14.9 vs. 32.6 + 8.7, P = 0.74], cardiac output (CO, 11.5 + 13.59 + 2.2, P = 0.11), and
stroke volume index [SVI (SV/heart rate/body surface area; pl/bpm/mz) 0.51 £ 0.09vs. 0.5 + 0.14, P = 0.88] were similar. Neither did structural param-
eters differ [LV end-systolic volume (ESV; pL): 46.4 + 19.3 vs. 49.6 + 18.7, P = 0.75; LV end-diastolic volume (EDV; pL): 67.6 + 18.7 vs. 72.2 + 18.8,
P = 0.64]. Myocardial mass was slightly increased in DOP-treated animals (55.11 + 15.3 vs. 70.4 + 10.46, P = 0.0443). (D) Contractile function was im-
proved 21 days after AMI; representative images 21 d after LAD-ligation. (E) Systolic function was improved by DOP treatment: CO [uL/min]:
14.73 + 2.1 vs. 18.49 + 3.9, P = 0.0454; EF [%]: 27.55 + 8.7 vs. 38.22 + 11.8, P = 0.0792; SVI [ul/bpm/mz] 0.55 + 0.07 vs. 0.80 + 0.22, P = 0.0124.
End-systolic and end-diastolic volumes and myocardial mass were numerically lower [ESV (uL): 78.54 + 27.43 vs. 58.92 + 25.34, P = 0.19; EDV (plL):
105.9 + 26.72 vs. 92.23 + 23.89, P = 0.33; myocardial mass: 69.06 + 9.1 vs. 59.9 + 9.7, P = 0.0843].
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Whereas animal studies have often shown promising results, concealed symptoms leading to late clinical presentation
clinical studies seeking to implement their findings have do not benefit from coronary revascularization. In fact, cor-
failed to improve outcome after AMI.*® The main reason for onary reperfusion is not recommended in patients with
this is the already excellent clinical outcome in AMI patients STEMI presenting later than 48 h after symptom onset.?
who undergo early coronary revascularization.>*'” However, These patients suffer from enhanced mortality and inci-
a significant number of patients (>10%) with delayed or dence of HFrEF.” Hence, pharmacological approaches
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Figure 2 (A) Fibrosis was reduced in hearts from DOP-treated mice sacrificed 21 days after AMI (19.30 + 6.2% vs.13.44 + 5.7%, P = 0.0494). (B) Gene
expression in the remote myocardium of the left ventricle was altered in DOP treated mice 21 days after ischemia (ANP: 0.58 + 0.34-fold of control,
P = 0.0688; BNP: 0.49 + 0.24-fold of control, P = 0.0017; Coll1a2: 0.45 + 0.17-fold of control, P < 0.0001). (C) Histomorphometry revealed reduced
cardiomyocyte diameter in DOP treated mice (periodic acid—Schiff (PAS) staining, 100-fold magnification, measured in at least five cardiomyocytes

in five sections). 21.95 # 1.59 um vs. 17.35 + 0.77 pm, P = 0.00.
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targeting cardiac remodelling independently of timely revas-
cularization and initial infarct size are urgently needed.
Experimental studies that address cardiac remodelling inde-
pendently of infarct size are rare but perhaps the most promis-
ing in this respect. Whereas high S1P levels due to S1P lyase in-
hibition and direct intravenous S1P administration, respectively,
have been shown to reduce I/R injury ex vivo and in vivo,° their
impact on post-ischaemic cardiac remodelling cannot be
assessed independently of their IS-reducing effect. In contrast,
we identify DOP as genuinely reperfusion-independent cardio-
protective agent as exemplified by improved cardiac function
and reduced fibrosis 21 days after LAD-ligation. We have identi-
fied the mechanism to be activation of the cardiomyocyte
S1PR1 by high S1P as the benefit was lost in mice lacking
S1PR1 in cardiomyocytes. Underlining the importance of this
pathway, we have previously demonstrated that SIPR1 medi-
ates ischaemic pre-conditioning.™® Our study is also in line with
reports on beneficial effects of exosomes from mesenchymal
stem cells administered after AMI in the same LAD-ligation
model that were mediated by S1PR1.*®**° Joan Heller Brown’s
group was the first to show that S1PR1 activation in cardiomyo-
cytes inhibits isoproterenol-stimulated cAMP accumulation
through Gai (1). We have confirmed this in SIPR1 KO cardio-

myocytes, where the ability of SI1P to inhibit
isoproterenol-stimulated contractility was abolished (2). We be-
lieve this to be a mechanism by which SIPR1 may confer
cardioprotection in the present study in the wake of continuous
engagement by elevated S1P levels. In fact, we have shown that
S1PR1 KO mice fared worse under beta-adrenergic stimulation
in vivo (2) without any S1PR1 signalling to dampen the cAMP re-
sponse. This is a scenario that may certainly be also relevant in
acute MI. Mechanistically, the cardiomyocyte S1PR1 is localized
to caveolae where it is proficient to inhibit adenylyl cyclase via
Gi but not to be able to activate Akt or ERK signalling (1). In con-
trast, cardiomyocyte S1PR2 and S1PR3 have no effect on cAMP
but activate Akt (1) through beta/gamma subunits (3) after Gq
and perhaps non-caveolar Gi activation, which is responsible
for cardioprotection conferred by S1IPR2 and S1PR3 in ischemic
injury in vivo (4). Finally, cardiomyocyte S1PR1 may also have
beneficial paracrine effects through inhibitory crosstalk with fi-
broblasts, where it may, for example, prevent adverse effects
on remodelling by suppressing myofibroblast differentiation.
Besides myocardial S1IPR1, endothelial SIPR1 may also have
a protective role in LV remodelling as has been addressed
previously.?® In LAD-ligation models, mortality is higher com-
pared with I/R,%! and aneurysmatic dilation of the infarcted
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Figure 3 (A) EF and SVI were identical in Cardio Cre— and Cardio Cre+ with and without DOP treatment 24 h after LAD-ligation [EF (%): Cre— 27.2 +5.5
vs. 29.03 £6.9, P =0.9724; Cre+ 28.1 £ 9.2 vs. 24.85 + 6.5, P = 0.8795; SVI (pL/beat/mz): Cre— 0.59 £ 0.18 vs. 0.75 + 0.10, P = 0.6510; Cre+ 0.73 £ 0.29
vs. 0.87 £ 0.18, P = 0.7422; CO (uL/min): Cre—: 6.8 + 1.7 vs. 9.5+ 4.6, P = 0.5891; Cre+: 8.1 + 3.3 vs. 8.6 + 3.9, P = 0.9977; A]. Structural parameters were
equal in littermate controls with slight increase of ESV in S1PR1-deficient mice under DOP treatment (ESV: Cre— 46.6 + 6.5 puL vs. 57.29 + 10.26 pL,
P =0.1102, Cre+ 47.44 + 6.8 plL vs. 63.91 + 6.4 puL, P = 0.0081; EDV: Cre— 64.35 + 9.9 puL vs. 81.7 + 18.33 pul, P = 0.0858, Cre+ 68.46 + 6.9 L vs.
85.4 + 9.4 ul, P = 0.1027,myocardial mass: Cre—: 105.6 + 31.94 vs. 110.3 + 24.77, P = 0.9860; Cre+: 79.90 + 16.98 vs. 88.24 + 14.69, P = 0.9214).
(B) Cre— mice treated with DOP showed an improved cardiac function: SVI was higher in the DOP group [CO (puL/min): 6.5 £ 2.2 vs. 10.2 + 4.5
P =0.2574; EF 19.5 + 1.9% vs. 21.0 £ 5.5%, P = 0.9481; SVI (uL/bpm/BSA) 0.71 + 0.13 vs. 1.159 + 0.4, P = 0.0485; C]. DOP did not improve cardiac
function in Cre+ mice (CO: 9.2 + 2.6 vs. 9.98 + 1.16, P = 0.9820; EF: 25.9 + 5.7 vs. 18.4 + 1.6, P = 0.0951; SVI 0.91 + 0.23 ;,LL/beat/m2 VS.
0.97 £ 0.01 pL/beat/mz, P = 0.9856). Similar to the C57BI6 cohort, LV end-systolic and end-diastolic volumes and myocardial mass did not differ be-
tween Cre— and Cre+ with or without DOP (ESV: Cre— 79.5 + 16.95 L vs. 96.8 + 24.01 ulL, P = 0.71; Cre+ 78.13 + 36.15 ulL vs. 116.1 + 14.01 pL,
P =0.1393; EDV: Cre— 98.1 + 20.4 plL vs. 122.9 + 30.8 puL, P = 0.5927; Cre+ 103.3 + 40.8 pL vs. 143.0 £+ 16.3, P = 0.2105).
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area occurs at times,*>2* prompting us to used

three-dimensional MRI for precise functional quantification.

Remodelling after AMI is a complex process involving in-
flammation, scar formation, and myocardial adaptation, and
S1P signalling may a play a role in all three processes. How-
ever, our data suggest that its role in the myocardium is most
relevant in respect to post-ischaemic remodelling. In light of
our finding that S1PR1 was instrumental in preventing reverse
remodelling, SIPR1 agonists may appear attractive as adjunct
therapeutics especially because several of them have been ap-
proved for multiple sclerosis. However, all of them persistently
downregulate S1PR1, which, in our case, might be counterpro-
ductive. About DOP, we could show in further analysis that
DOP does not affect S1P receptor down-regulation neither of
S1PR1, S1PR2 nor S1PR3. Moreover, SIPR2 and S1PR3 expres-
sion was also equal in S1PR1-deficient mice. These data further
underline the importance of S1IPR1 in cardiac remodelling in
the underlying study.

In addition, SIPR1 has major effects in cardiac fibroblasts,
where its overexpression led to biventricular hypertrophy and
diffuse interstitial cardiac fibrosis.?®> Understanding the biological
pathways leading to improved cardiac recovery through S1PR1
are of utmost relevance for cardioprotection if S1PR-based
drugs were to be considered as adjunct therapeutics.

Conclusions

Pharmacological S1P lyase inhibition improved myocardial re-
modelling after AMI independently of infarct size and
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