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Abstract

Brain renin-angiotensin system (RAS) hyperactivibas been implicated in
sympathetic hyperactivity and progressive left vientar (LV) dysfunction after myocardial
infarction (MI). Angiotensin lll, generated by amjpeptidase A (APA), is one of the main
effector peptides of the brain RAS in the contrblcardiac function. We hypothesized that
orally administered firibastat (previously named 18B), an APA inhibitor prodrug, would
attenuate heart failure (HF) development after MI mice, by blocking brain RAS
hyperactivity. Two days after Madult male CD1 mice were randomized to three groiqus
four to eight weeks of oral treatment with vehi¢MI+vehicle), firibastat (150 mg/kg;
Mi+firibastat) or the angiotensin | converting enmy inhibitor enalapril (1 mg/kg;
Ml+enalapril) as a positive control. From one tarfaveeks post-MI, brain APA hyperactivity
occurred, contributing to brain RAS hyperactivijribastat treatment normalized brain APA
hyperactivity, with a return to the control valuesasured in sham group two weeks after MI.
Four and six weeks after MI, Ml+firibastat mice hadsignificant lower LV end-diastolic
pressure, LV end-systolic diameter and volume, andigher LV ejection fraction than
Ml+vehicle mice. Moreover, the mRNA levels of biorkers of HF Myh7, Bnp and Anf)
were significantly lower following firibastat treaent. For a similar infarct size, the peri-
infarct area of Ml+firibastat mice displayed lowewvels of mRNA forCtgf and collagen
types | and Il (markers of fibrosis) than MIl+veleicmice. Thus, chronic oral firibastat
administration after Ml in mice prevents cardiacsfuyction by normalizing brain APA

hyperactivity, and attenuates cardiac hypertroptd/fébrosis.

Keywords. aminopeptidase A inhibitor; brain renin-angiotensaystem; myocardial

infarction; left ventricular dysfunction.
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Introduction

Heart failure (HF) is a leading cause of death mmudtality. Growing evidence of a
role for systemic renin-angiotensin system (RASjvation in HF has led to the use of
systemic RAS blockers, such as angiotensin | caimgerenzyme (ACE) inhibitors or
angiotensin type | receptor (AR) antagonists in clinical practice [17],[21],[25].

Several studies have implicated brain RAS hyperigti inducing sympathetic
hyperactivity, in the development of HF with a redd ejection fraction (HFrEF) after
myocardial infarction (MI) [15],[3]. Transgenic gtacking brain angiotensinogen display
attenuated adverse cardiac remodeling after MI.[Mreover, brain AJR blockade by
central losartan infusion strongly inhibits the diepment of LV dilation and dysfunction in
rats post Ml [14].

Among the bioactive peptides of the brain RAS, atagisin Il (Angll) and
angiotensin Il (Anglll) have similar affinities foAT;R. In the brain, aminopeptidase A
(APA; EC 3.4.11.7), a membrane-bound zinc metafitgase, generates Anglll from Angll,
whereas another membrane-bound zinc metalloprqteasenopeptidase N (APN; EC
3.4.11.2), metabolizes Anglll into AnglV [36]. Byimg specific and selective APA and APN
inhibitors (EC33 (3S)-3-amino-4-sulfanylbutane-1feunic acid and PC18 (2S)-2-amino-4-
methylsulfanylbutane thiol, respectively [6], [4e had shown that brain Anglll, and not
Angll as established in the periphery, was ondefrhain effector peptides of the brain RAS,
in the control of blood pressure (BP) and arginmasepressin release [26],[7],[1],[18],[19].
Brain Anglll exerts a tonic stimulatory effect o®®RBontrol in several experimental models of
hypertension. These findings are consistent with lades for brain APA and Anglll in the
regulation of brain RAS activity.

EC33 does not cross the blood-brain barrier. Weeffore developed a systemically
active prodrug of EC33, firibastat (previously nam&B150) 4,4'-dithio{bis[(3S)-3-
aminobutyl sulfonic acid]}, which was obtained bymérizing two molecules of EC33
through a disulfide bond [7]. Orally administeradbfistat (RB150) crosses the intestinal,
hepatic and blood-brain barriers and is therefdre & enter the brain. On arrival in the
brain, the disulfide bridge of firibastat (RB158)immediately cleaved by brain reductases,
generating two active molecules of EC33 [1],[18)][1Oral firibastat (RB150) treatment in
experimental models of hypertension inhibits br&RA activity, blocks brain Anglll
formation and decreases BP in a dose-dependentemdon up to 9 h after treatment. The

firibastat (RB150)-induced decrease in BP is dua tiecrease in sympathetic tone and, thus,
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to a decrease in vascular resistance and to atrexilc arginine-vasopressin release from the
posterior pituitary into the bloodstream, reduciegtracellular volume [1],[18],[19].
Intracerebroventricular firibastat (RB150) infusifor four weeks after Ml in rats attenuates
sympathetic hyperactivity and prevents cardiac wystion [11]. With a view to the potential
clinical use of firibastat (RB150) for HF treatmewe evaluate here the effects of brain APA
inhibition by chronic oral treatment with firibasteor four or eight weeks, comparing the
effects on LV remodeling of this treatment and eyt ACE inhibition by enalapril after Ml

in mice. For this purpose, we followed brain APAtidty, cardiac function, cardiac
hypertrophy and fibrosis in parallel after oralatr@ent for four, six, or eight weeks post Ml
with firibastat or enalapril. Enalapril was usedagpositive control because oral treatment
with this drug has been shown to improve LV remwdeand HFrEF symptoms in rats and
dogs after acute MI [31],[28], and in patients wigduced left ventricular ejection fraction
(LVEF) [30].



88

89
90
91
92
93

94
95
96

97
98
99

100
101
102
103
104

105
106
107
108

109
110
111
112

113
114

115
116

Materialsand Methods

Animals

All procedures were approved by our institution#hi&s Committee (French CEEA
no. 59) and complied with European legislation €btive 2010/ 63/EU) on animal care. The
project is registered under no. 2017-01 #7844.his study, we used 143 mice in total,
including five-month-old CDInales (Charles River, France).

Myocardial infar ction model
Surgical procedures for the myocardial infarctiond@l are detailed in supplementary

material.

Oral treatment
Mice were weighed weekly and drug dose was adjuatetrdingly as detailed in

supplementary material.

Echocar diographic measurements

Cardiac function was evaluated two, four and siekgeafter MI, by transthoracic
echocardiography with a Vevo 2100 (FUJIFILM Viswalgs Inc., Toronto, Canada)
equipped with a linear array 22-55 MHz MicroScanuse cardiovascular transducer

(MS550D) as detailed in supplementary material.

Assessment of |eft ventricular hemodynamics
For thein vivo hemodynamic measurements, at four weeks post Nte mere
anesthetized via an intraperitoneal injection ofmdkg pentobarbital sodium salt (CEVA,

La Ballastiere, France) as detailed in supplemgmteaterial.

Assays of brain APA activity and protein deter minations
The enzymatic activity of APA was measured witkL-glutamyl3-naphthylamide
(GluBNA) (Bachem, Weil am Rhein, Germany) as a synthetibstrate, in initial velocity

conditions, as previously described [7, 38] andited in supplementary material.

Evaluation of fibrosis by histological staining
Cardiac cryosections were stained as detailedgplementary material.

Real-time quantification of gene expression
Real-time quantification of gene expression is itedddn supplementary material.
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Statistical analysis

The results are presented as mearssandard error of the mean (SEM). Statistical ysisi
was performed with Prism 7 statistical softwareai@Pad Software, RITME, France). The
significance of differences between groups wassaeskin Student’stest (2 groups) or one-
way or two-way analysis of variance (ANOVA) follodieby Tukey’s test for multiple

comparisonsX2 groups)P values< 0.05 were considered statistically significant.
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Results

Experimental design
We first induced myocardial infarction (MI) by liian of the left anterior descending artery
(LAD) on day O Fig. 1). Two days after surgery, oral treatment of thenais was initiated,
with vehicle (peanut butter), firibastat (150 mg/kagy enalapril (1 mg/kg) once dailyhe
used of peanut butter as vehicle reduces animalitepe-gavage-induced stress [9] without
altering the effectiveness of the molecules adrtenesl. Indeed, we have shown that enalapril
given by oral route in peanut butter at the dosé afg/kg inhibited heart ACE activity by
55% after 4 weeks treatment post Ml (data not shown

The enzymatic activity of brain APA was measured tiays, and one, two, three and
four weeks post MI. Cardiac function was monitoldechocardiography two weeks after
MI and animals were selected on the basis of #jeition fraction (EF): only animals with
an EF below 55% post MI were retained for the studytotal, 5% of the animals were
excluded. Four and six weeks post MI, EF was evatlit assess the effect of the treatment.
Animals were randomly allocated to groups two wealer LAD ligation. This study was
performed in two phases: the first four-week phts@nalyze the effects of firibastat or
enalapril treatments on M| development, and themsg®ight-week phase to follow the long-

term effects on HF.

Validation of the myocar dial infarction model

LAD coronary artery ligation induced cardiac hypephy and dilation of whole heart,
together with an increase in left atrium diamekg(2A). Calcification of the left atrium was
observed. All MI+vehicle mice were still alive aftour weeks, but only 50% of these mice
were still alive after eight week&/lortality after oral firibastat and enalapril tresnt was
reduced as compared to Ml+vehicle: by 27% and 28&8pectively.

Four weeks post MI, vehicle-treated mice had sigaiftly higher heart mass and
heart weight to body weight ratio than sham-operatéce (sham values 0.%90.003 g and
0.005+ 0.0001, respectively, vs. Ml+vehicle values 0£28.01 gp<0.0001 and a ratio of
0.007 £ 0.0003p<0.0001) Fig 2B-C). The increase in heart mass was correlated with a
strong decrease in LVEF, validating this mouse rhadean experimental model of HFrEF.
After four weeks, mean LVEF wag3.8+ 1.5%in sham-operated mice adé.3+ 1.8%in
the Ml+vehicle groupg<0.0001) Fig. 2D).

Brain APA activity following oral firibastat treatment
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The enzymatic activity of brain APA was evaluatedfiesh brain homogenates, with
GIuBNA as a synthetic substrate, in initial velocitynd@ions. Brain APA activity in the
MI+vehicle group was increased significantly twqgslafter LAD coronary artery ligation by
19% (107« 10 nmol GIuBNA hydrolyzed/mg protein/p=0.0418), relative to sham-operated
mice (90+ 3 nmol GluBNA hydrolyzed/mg protein/h)Hig. 3). Brain APA activity was
highest after one week post M, at a time pointesponding to the remodeling phase. Brain
APA activity in post Ml mice receiving vehicle wascreased by 39% after one week, by
28% after two weeks, by 28% after three weeks, @an@0% after four weeks, relative to
sham-operated mice. Oral firibastat treatment far week post Ml in mice had no effect on
brain APA hyperactivity, as shown by comparisonmwthte Ml+vehicle group (12% 7.6 in
MI+vehicle mice vs. 116.6x 6.14 nmol GIBNA hydrolyzed/mg protein/h in the
Mi+firibastat group). By contrast, oral firibastaeatment post Ml in mice significantly
decreased brain APA activity, by 28% after two wedky 30% after three weeks, and by
30% after four weeks, relative to brain APA activineasured in the Ml+vehicle group
(111.5+ 3.3 p=0.0098 at two weeks, 110.186.6 p=0.0319 at three weeks and 10&.%
nmol p=0.0234 at four weeks of GNA hydrolyzed/mg protein/h in Ml+vehicle mice vs.
90.4+ 5p=0.0446 at two weeks, 846 p=0.0279 at three weeks and#8 nmolp=0.0062 at
four weeks of GIBNA hydrolyzed/mg protein/h in MI+firibastat mice).

Effectsof oral firibastat treatment on heart function post M| in mice

Enalapril was included as a positive control instistudy. Enalapril is an ACE
inhibitor, approved as a first-line therapy foryeeting of LV dysfunction after acute Ml in
humans. Inflammation and compensated remodelinggphee maximal one week post M, so
the LVEF value obtained at this time point is repinesentative of the true contractility of the
heart. Oral treatment with firibastat or enalagat two weeks post Ml in mice had no
significant effect on LVEF (data not shown: MI+Eestat 49.% 1.39% and Mi+enalapril
52.3+ 1.56% vs. Ml+vehicle 46.6 1.1%). The LVEF value generally exceeds 60% intadu
CD1 mice, as confirmed by measurements on shanatguemice (62.% 1.62% at two
weeks post MI).

Oral firibastat treatment for four weeks signifidgndecreased left ventricle end
diastolic pressure (LVEDP) (sham -0.84.2mmHg; MI+vehicle +9.94 2mmHgp=0.0023;
Mli+firibastat 1.74+ 2.1mmHgp=0.0103; Ml+enalapril 2.& 2.7mmHgp=0.0261) Fig. 4A).

The LVEF of MI+vehicle mice was significantly low#ran that in sham-operated mice from
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four to six weeks post Ml (458 1.77%p<0.0001 at four weeks and 3%4.42%p=0.0002

at six weeks in Ml+vehicle mice vs. 63t81.46% at four weeks and 63t41.6 at six weeks
in sham-operated micgfig. 4B-C). Eight weeks after MI, the decrease in LVEF was
maintained (4% 5.5%) in Ml+vehicle mice. However, 50% of thesénzals had died by this
time point (data not shown). By contrast, firibasta enalapril treatment prevented cardiac
dysfunction, as demonstrated by the maintenanceVEF after four and six weeks of
treatment (50.8+ 1.23% p=0.0425 and 53.9+ 2.5% p=0.0087, respectively, in the
MIi+firibastat group and 55.8 2.35%p=0.0024 and 57.2 2.7%p=0.0024, respectively, in
the MI+enalapril group) Kig. 4B-C). No significant difference in LVEF was observed
between mice treated with firibastat and mice @eatith enalapril for fourg=0.3166) or six
weeks p=0.7065).

A relationship between the LVEF decrease induceditiyastat treatment and the
increase in brain APA activity was observed durihg time-course of the study after Ml
(Fig. 5). Two days after LAD coronary artery ligation, acdease in LVEF was observed,
together with an increase in brain APA activifid. 5A). This observation led us to start
firibastat treatment two days post MI. After twoelks of firibastat treatment, LVEF had not
significantly improved whereas brain APA hyperaityivwas decreasedF{g. 5B). Four
weeks of firibastat treatment in mice post MI, tésg in a normalization of brain APA
activity for two weeks, was required to achieveadmost complete normalization of LVEF

relative to sham-operated mided. 5C).

Effectsof oral firibastat treatment on cardiac hypertrophy post M1 in mice

Six weeks after MI, the mean body weight of micethie Mi+vehicle group was
significantly lower (-7.5 g) than that of the shaperated miceTable 1). Ml induced an
increase in LVED and LVES volumes, LVED and LVE&ndeters, and fractional shortening
(FS), indicating a dilation of cardiac chambeTslfle 1). Oral firibastat treatment for four
weeks post Ml in mice significantly reduced LVESB:(.0132), LVESV §<0.0001) and FS
(p=0.0452), whereas firibastat treatment for six veesignificantly decreased only LVESV
(p=0.0082) and LVFSp=0.0014). Moreover, oral enalapril treatment sigaifitly reduced
LVESV (p=0.0001) and LVFSp=0.0050) for four weeks; and LVES[P=0.0248), LVESV
(p<0.0001) and LVFSpE0.002) for six weeks post MI. Neither treatmentdified heart rate
(Table 1).

Effectsof oral firibastat treatment on biomarkers of heart failure
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Biomarkers of HF were evaluated by RT-qPGRg( 6). MI significantly increased
Myh7 (p=0.0055)(Fig. 6A), Bnp (p=0.0022)(Fig. 6B) andAnf (p=0.0289)(Fig. 6C) mRNA
levels, confirming the relevance of the post-MI me@umodel as a model of HFrEF. Oral
firibastat treatment for eight weeks post Ml in eimarkedly and significantly reduced the
MRNA levels for these genes, by 84% in the nonratfarea when compared to Ml+vehicle
mice, and to almost the control values measuresham-operated micg/lyh7 (p=0.0036);
Bnp (p=0.0022) and Anf§=0.0241))(Fig. 6A-C), indicating an improvement in cardiac
function. By contrast, oral enalapril treatment fEght weeks post Ml in mice did not
significantly reduce mRNA levels for these biomaské@ig. 6A-C) in the non-infarct area
relative to the values obtained for the mice of khig-vehicle group.The protein levels of
mouse pro Brain Natriuretic peptide (NT-ProBNP)masma was also determindeid. S1).
A significant increase of circulating NT-ProBNP @414 %), at 4 weeks post MI, was
observed in the MIl+vehicle group. However, aftewdeks of oral treatment with both
firbastat and enalapril, significant decreaseplasma NT-ProBNP levels (by 54.84 % and
57.18 %, respectively) were observed when comparéte MI+vehicle groupKig. S1). The
changes in the protein levels of NT-ProBNP afteibéistat and enalapril treatments are
consistent with changes in relative mMRNA expressimasured under the same experimental
conditions Fig. 6B).

Effects of oral firibastat treatment on cardiac fibrosis

We investigated the effects of firibastat treatmemtthe cardiac fibrosis induced by
MI, by quantifying, on heart sections, the percgataf collagen types | (Col I) and Il (Col
) fibers after sirius red staining, for the difent groups, after eight weeks of treatméin.(
7A). Infarct size was similar for all treatments amas not affected by the number of weeks
of treatment, remaining at approximately 20% of #énea of the LV Fig. 7B). Four weeks
post MI, the infarct size was 126.1% the area of the LV in MI+vehicle mice, 18416% in
Mi+firibastat mice, and 204#4.5% in Ml+enalapril mice (data not shown), aneight weeks
post MI, it had reached 237.3% in Ml+vehicle mice, 214 3.3% in MI+firibastat mice,
and 21.55.4% in MI+enalapril miceKig. 7B). Thus, mean MI size was similar in the three
groups of mice that underwent LAD ligation.

Cardiac fibrosis was quantified in the peri-inta non-infarct zones. In the
MI+vehicle group, the percentage fibrosis in thei-pdarct area increased significantly
(p=0.0217). Firibastat treatment reduced fibrosistle peri-infarct (27%), non-infarct

(interstitial fibrosis) (24%) areasand perivascular (14%)lthough this effect was not
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statistically significantKig. 7C and S2). The expression levels for genes involved inddis,
such a<Ctgf (Fig. 7D), Col | (Fig. 7E), and Col lll Fig. 7F) genes, and the Col I/Col Il ratio
(Fig. 7G) were much higher in Ml+vehicle mid€tgf (p=0.008); Col I(p=0.01); Col Il
(p=0.01); and Col I/Col Il ratio(p= 0.0020))than in sham-operated mice. By contrast,
MRNA levels for cardiac fibrosis biomarkers wergndiicantly lower after eight weeks of
firibastat treatment post MI than in sham-operatede (Ctgf (p=0.0032) and Col I/Col Il
ratio (p=0.0280))(Fig. 7D-G). Eight weeks of enalapril treatment after Ml incenseemed to
be slightly less effective at decreasing mRNA Isvfer Ctgf, Col I, Col Ill, and the Col I/Col
[l ratio than firibastat treatmenFE{(g. 7D-G).

Effects of oral firibastat treatment on hypoxia and inflammation biomarkers

The effects of firibastat treatment orilammatory markers, such &8f-1a, Tgf3 and
[I-1(3, are shown iririg.S3. The levels of these markers were slightly highehe MI+vehicle
group than in the sham-operated group 0@3 A.U. vs. 1.5t 0.35 A.U. for Hif-do; 0.4+
0.13 A.U. vs. 0.6: 0.2 A.U. for TgP; and 0.006: 0.001 A.U. vs. 0.00% 0.001 A.U. for II-
1B). Firibastat treatment for four weeks induced a-significant decrease in mRNA levels
for Hif-1a (1£0.2 A.U.), Tgf (0.4:0.09 A.U.) and II-B (0.003:0.001 A.U.). Similarly,
enalapril treatment induced a non-significant daseein mRNA levels for Hif-d (0.8:0.3
A.U.), Tgf3 (0.3:0.03 A.U.) and II-B (0.0010.0001 A.U.) after four weeks post MI.

11
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Discussion

The present study provides evidence that oral rtreat with firibastat, a brain-
penetrating prodrug of the selective APA inhibie€33, for four weeks post MI in mice
improves cardiac function and attenuates both aardypertrophy and fibrosis.

Brain APA hyperactivity occurred two days post Mimice, was maximal after one
week and remained high and stable at two, three fand weeks post MI. Brain APA
hyperactivity contributed to brain RAS hyperactjyiais previously reported in several animal
models of hypertension [7],[1],[18]. Moreover, thas also evidence to suggest that the brain
RAS plays a key role in the progression of HF pd&t{33],[35]. The hyperactivity of the
brain RAS post MI leads to an increase in sympatheéuron activity and arginine-
vasopressin release, contributing to the developmehRF. Central (intracerebroventricular)
and systemic AIR blockade prevents sympathetic hyperactivity aratkedly attenuates
cardiac remodeling and dysfunction post MI [10]][l1®]. However, central infusion of the
AT1R blocker losartan lowers LVEDP and improves LVtslys function, whereas systemic
infusion of losartan lowers LVEDP without improvirig/ systolic function [10],[13],[15].
These findings suggest that the blocking of brakSRhyperactivity alone, with the orally
active APA inhibitor prodrug firibastat, which has effect on systemic RAS activity [26],
[7], may be a promising approach to prevent HF difte

APA is a membrane-bound monozinc metalloproteaat denerates Anglll, one of
the main effector peptides of the brain RASyivo in the brain [8]. APA is present in the
neurons and vessels of several human and muriive giractures that respond to angiotensin
peptides and are involved in regulating body fln@neostasis and cardiovascular functions
[23, 38]. Firibastat (RB150) does not inhibit APAtigity because its thiol group, unlike that
of EC33, is engaged in a disulfide bridge, prevantis interaction with the zinc atom present
in the active site of APA and essential for itsabgic activity [27]. Firibastat (RB150), in
periphery, does not modified APA activity in orgaas heart Kig. $4). However, this
disulfide bridge enables orally administered figtzt (RB150) to enter the brain. Within the
brain, firibastat (RB150) is immediately cleaved byain reductases, to generate two
molecules of EC33, which inhibit brain APA activitylock the formation of brain Anglll and
reduce blood pressure in hypertensive rats [37véder, firibastat (RB150) does not lower
BP in normotensive rats, consistent with the vi¢gwat firibastat (RB150) is an
antihypertensive agent rather than a hypotensieatad, 8, 18, 20]. In a first exploratory

study, we showed that the central infusion of &stat (RB150), leading to its immediate

12
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conversion into EC33 [7], inhibits sympathetic hsgusivity and attenuates cardiac

dysfunction in a rat HF model [11]. Following Mhe brain RAS is rapidly overactivated,

leading to an increase in sympathetic tone, LVtiteand cardiac dysfunction. Our data
suggest that APA plays a major role in the brainSRAuggesting that treatment with drugs
targeting brain APA, such as firibastat (RB150)pwdd be initiated as soon as possible after
ischemic injury, to ensure the rapid normalizatwdthe brain RAS.

Any clinical use of firibastat in HF patients wouligépend on chronic oral treatment
with firibastat preventing cardiac dysfunction. \Werefore assessed the effect of brain RAS
blockade by chronic oral treatment with firibastata mouse HFrEF model. The treatment
was started two days after Ml and was pursueddir, fsix or eight weeks post MI.

Two days post MI, brain APA activity was alreadgr@ased significantly. Two weeks
of firibastat treatment post MI in mice were requdirto observe a return of brain APA
hyperactivity to normal values similar to thosehe sham-operated group. The normalization
of brain APA hyperactivity by firibastat was maimed throughout the treatment period,
demonstrating a lack of tolerance to the inhibitefiect of firibastat on brain APA activity
after chronic treatment, as reported following egpd oral firibastat (RB150) administrations
over a period of 24 days in alert DOCA-salt hypestee rats [19].

Four or six weeks of firibastat treatment post Ml mice decreased LVESD and
LVESV without modifying heart rate, consistent wahdecrease in LV hypertrophy. In the
same experimental conditions, echocardiography iandvo hemodynamic measurements
revealed that cardiac function was better presernvediribastat-treated animals, which
displayed a significant improvement in LVEF andgn#icant decrease in LVEDP.

Together, these data show that chronic oral treattnvéh firibastat improves cardiac
function after experimental Ml in mice. The dece@s LVEDP may reflect better volume
regulation. In our experimental conditions, firitetstreatment (150 mg/kg/day) was as
effective as enalapril treatment (1 mg/kg/day) ifaproving cardiac function [22], [30]n
our experimental conditions, firibastat treatmeriQ mg/kg/day) was as effective as enalapril
treatment (1 mg/kg/day) for improving cardiac fuant[22], [30] without affecting systolic
blood pressure (data not shown).

Interestingly, the decrease in brain APA hyperdtgtiobserved after MI and the
improvement in LVEF during the time-course of fagtat treatment were correlated.
However, two weeks of firibastat treatment to ndimeaAPA hyperactivity appeared to be
required to observe an almost complete recovety&F to values similar to those in sham-

operated animals. Thus, permanent brain RAS blagkatbcreasing the sympathetic

13
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hyperactivity observed after MI, could be a beriafiapproach for preventing cardiac
dysfunction.

The improvement in cardiac function on firibasteatment was confirmed by the
significant strong decrease86%) in the levels of HF biomarkers, suchMgn7 [12], Bnp
[5], andAnf [2]. Firibastat treatment over a period of eigleeks decreased the expression of
these biomarkers even more effectively than enihkapatment ¢45 %).

The improvement in cardiac function induced bybfstat may result from a decrease
in cardiac hypertrophy, as suggested above, botay also have involved a decrease in
fibrosis in the peri-infarct area. Indeed, siriwsl rstaining after eight weeks of post M
treatment, showed lower levels of fibrosis in tlegifnfarct area in Ml+firibastat mice than in
MI+vehicle mice. Furthermore, a major decreaseeirels of Ctgf mMRNA, a well-established
marker of fibrosis [16], was observed in the nofaiot area. Firibastat treatment also
promoted decreases in the levels of other fibrosiskers, as illustrated by change in the
collagen type l/collagen type Il ratio [34Firibastat and enalapril treatments were similarly
efficient on cardiac function but the effects oflfastat administration were more marked on
heart failure and fibrosis markers than those oleskrafter enalapril treatment when
compared to M| + vehicle groufrurther mechanistic studies are required to elteidae
precise effect of firibastat on profibrotic sigmgjicascades.

Interestingly the chronic oral administration ofidastat in post MI mice for four
weeks decreased the levels of markers of inflamamaaind hypoxia [29], [32] [24], such as
Hif-1a (-33%) TgfB (-33%) andll-13 (-42%), although this effect was not statistically
significant. The lack of significance may be duethe timing of our analyses which were
designed for the quantification of inflammatory kens, but may have been performed too
long after MI, at a time at which the inflammatieas already resolved.

Together, these data suggest that chronic orabftat treatment after Ml normalizes
brain APA hyperactivity, thereby normalizing bra®AS and sympathetic hyperactivity,
whilst preventing cardiac dysfunction and attemgtcardiac hypertrophy and fibrosis.
Firibastat treatment was as effective as enalagg@dtment. APA inhibitors may, therefore,
constitute a potential new class of therapeutiotsgtor the treatment of post Ml HF. These
data indicate that it would be worthwhile explorthg clinical efficacy of firibastat further, in

patients with a reduced LVEF after acute MI.
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Fig. 1. Schematic experimental design of the study.
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Time post M1 Sham MI + vehicle MI + firibastat MI + enalapril
4 weeks 2.7+ 0.1 BERECIRIEES 34+0.1% 3402
LV end-systolic diameter (mm)
6 weeks 28402 424 (04%*% 38+£02 33+02%
4 weeks 4+0.1 S+0.1* 4.6+0.1 47102
LV end-diastolic diameter (mm)
6 weeks 43402 524 0.3% 5.1+0.1 4.7+0.18
4 weeks 279+29 O£ ST % k= 51.9£2 0%*%* 494+ 7 1%**
LV end-systolic volume (uL)
6 weeks 30.1£3.5 97.8 4 25 2%k 62.9 4+ 5 5%* 44.3 & 6 4k
4 weeks 76.7+£6.3 120.3 £ 6*** 1064+ 4.8 108.7£11.3
LV end-diastolic volume (uL)
6 weeks 82.6+8.1 156.5+ 36.7%** 1412+ 84 106.4+ 9.4*
4 weeks 452+ 30 4772+ 279 480.6 + 34.3 471+ 8.5
Heart rate (bpm)
6 weeks 475.6+47.1 5728+ 26 515+17 473+ 31.1
4 weeks 159+ 17 2045+ 18 1893+ 225 166.8+= 18.5
LV mass (mg)
6 weeks 1573+ 14 220.8+ 18.3% 2122+ 13.7 210.5+29.5
) ) 4 weeks 347+£1.3 2234 2.6%*** 27.6+1.4* 30.3£1.8%*
Fractional shortening (%)
6 weeks 342+1.1 19.3 £ 2. 6%*** 283+ 1.5%* 30.7 £ 1.9%*
) 4 weeks 423+0.5 392+1.3 407+ 1 41.6+14
Body weight (g)
6 weeks 45+ 1 37.5 +1.5% 438+ 1.5 448+ 1.9

Table 1. Echocardiography parameters for left ventricular function and mouse body
weight four and six weeks post MI. LV = left ventricular. The values shown are the mean £
SEM. One-way ANOVA followed by Tukey’s tests, *p<0.05, **p<0.01, ***p<0.001 and
x5 <().0001.





