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There is an impelling need toa#op novel therapeutic strategies aimed at inducing cardiac repair and
regeneration in patients with myocardialanétion and heart failure. In contrast to other species thahesate
the heart during the whole life, in mammals post-natal damage to the myocardium is repaired through formation
of a scarMultiple evidence, heever, indicates that a limited capacity of myocardial vealanight also eist in
adult indviduals. Recent information shows thatgoa life-time, approximately half of the cardiac mytes
are generatede novo. In addition, seeral investigators hae dosened that, after myocardial infarction, there is
a dgnificant increase in the number of proliferating cardiomyocytes in the infarct border zone., Fmadly
exciting evidence shows that complete healing of the fetal and neonatal heart is normaligdabhoeigh true
cardiac regeneration, a property that isyéar, lost approximately one week after birttak&n togetherthis
variegae information indicates thake novo cardiac myocytes formation can actually occur in the mammalian,
however this process is blunted after birth and largely ineffectual during the adult life.

Over the last seeral years, my laboratory has become deeply interestedr@éioging methods to search
for factors able to foster cardiagemeratte @pacity and that might be turned intdeetive therapeutics. Wo
parallel approaches are currently followed, both based on the unbiased screening factars either directly
in vivo or in ex vivo cultured cardiomyodes. Afirst approach entails direct myocardial gene transfer using
viral vectors based on the Adeno-Associated Virus (AAV). These vectors recerdlgdiged popularity foin
vivo gene transfer due to their safety profile, lack of inflammatory response, prolonged traxpgessian,
relatve genetic simplicity and high #fiency of transduction of post-mitotic tissues, such as muscle, heart,
brain and retina (Lovricet al., 2012).

We havedeveloped two AAV-based libraries, one corresponding to the mouse secrefdb@0( Bctors)
and the other to the miRNomeBQO0 clones) and deloped a nael procedure (FunSel) for their ugevivo, for
the unbiased identification of wa factors preiding therapeutic benefit against myocardial disease. FunSel
entails the deliery of AAV vector pools from the tavarrayed libraries in various mouse models of cardiac
damage (including myocardial infarction), where thgetheratie condition drives the selection for molecules
putatvely preventing cell death, enhancing cell function or promoting tissue regeneration. Subsequent rounds of
delivery and selection progressly enrich for potentially therapeutic genes.

FunSel has so far generated a number gélnand in some cases unexpected, molecules able to protect
the heart after myocardial infarction. In particuthree round of selection Y& generated a marked enrichment
for surviving myocytes transduced with ghrelin, a neurohormovavied in endocrine metabolism. Cardiac
gene deliery of AAV9-ghrelin after myocardial imfrction determined a marked impement of cardiac
function, while significantly reducing infarct size. Theste®s were paralleled by a reduced apoptotic rate at
early times after irdrction. Morewer, ghrelin counteracted the induction of markers of cardiac damage (in
particular miR21 and MMP-2) and pwvented the deregulated expression of pathological lefitricle
remodelling markers, such ad bMHC, BNP and others.

A second approach to identify wa factors preiding benefit after myocardial infarction and, possibly
inducing cardiac regeneration, entails grevivo, high throughput screening for microRNAs promoting primary
cardiomyogte proliferation. By a high-content, fluorescence microscopy-based high-throughput screening in rat
neonatal cardiomygtes using a library of microRANmimics corresponding to all the annotated micré®N
(C1LO00 microRNAs), we he identified 40 microRNAs able to increase cardionyy®cproliferation, as
evduated by analyzing EdU incorporation (BNsynthesis), G2/M phase of the cell cycle (phospho-H3
positivity) and karyokinesis (Aurora B staining in midbodies). Deep sequencing of endogenous rAEroRN
revealed that seeral of the identified microRNs were expressed in neonatal, replicating cardiomyocytes b
not in adult cardiomyocytes.wb o these microRNAs were tested vivo by injecting either the synthetic
microRNA intracardially or by debkering their coding sequence using AAV9 vectors into the heartvebomn
animals. Both microRNAs induced mark proliferation of cardiomyocytes. The same micrdRN
administered after myocardial infarction in adult mice, were algecteie in reducing infarct areas and
improving cardiac function (Eulali@t al., 2012). In vivo experiments using transgenic animals, genetically
labelled to werexpress the GFP gene seleety in adult, MHC+ cardiomyocytes, indicate that the selected
MiRNAs directly act on dferentiated cardiac cells. Indeed, their administration to adult rat cardigtagoc
triggers their proliferation up to 2 weeks. The selected microRNAgttdne mRNAs for seral gytoskeletal
proteins; accordinglysRNA-mediated silencing of these proteins, uidially or in combination, mimics the
proliferative dfect of miRNAs.

Overall, our results indicate it should be possible tecld@ innovative kiological therapies based on
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cytokine or miRM\ administration and able to stimulate cardiac repairvivo by directly acwating the
proliferative potential of differentiated cardiomyocytes, thus bypassing the requirement of stexpeetsien
and differentiation.
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