UNIVERSITATbe

BARCELONA

Expressié miocardiaca d'IGF-1 i miostatina
en donants hipertensos i amb consum excessiu
d'alcohol. Relacié amb el desenvolupament
de miocardiopatia

Francesc Borrisser Pairo

©0Ce

Aquesta tesi doctoral esta subjecta a la llicencia Reconeixement- NoComercial —
Compartirlgual 4.0. Espanya de Creative Commons.

Esta tesis doctoral esta sujeta a la licencia _Reconocimiento - NoComercial — Compartirlqual
4.0. Espafia de Creative Commons.

This doctoral thesis is licensed under the Creative Commons_Attribution-NonCommercial-
ShareAlike 4.0. Spain License.




é),-,
/5
5

Ji\

| UNIVERSITAT bs

BARCELONA

?/

1

i
5

TESI DOCTORAL

Expressio miocardiaca d’IGF-1 i miostatina en donants
hipertensos i amb consum excessiu d’alcohol.
Relacié amb el desenvolupament de miocardiopatia.

Francesc Borrisser Pairo

2019










||| UNIVERSITAT e
i+ BARCELONA

TESI DOCTORAL

Expressid miocardiaca d’IGF-1 i miostatina en donants
hipertensos i amb consum excessiu d’alcohol.

Relaciéd amb el desenvolupament de miocardiopatia.

Francesc Borrisser Paird

2019

PROGRAMA DE DOCTORAT EN MEDICINA | RECERCA TRANSLACIONAL
Dirigida per:

Dr. Joaquim Fernandez Sola






UNIVERSITAToe
i+ BARCELONA

El Dr. Joaquim Fernandez Sola, catedratic de Medicina del Departament de Medicina de
la Facultat de Medicina i Ciéncies de la Salut de la Universitat de Barcelona i Metge

Consultor Senior del Servei de Medicina Interna de I’'Hospital Clinic de Barcelona.

Certifica:

Que el treball titulat “Expressié miocardiaca d’IGF-1 i miostatina en donants hipertensos
i amb consum excessiu d’alcohol. Relacié amb el desenvolupament de miocardiopatia.”,
gue presenta Francesc Borrisser Paird, ha estat realitzada sota la meva direccid i reuneix

les condicions per a I'obtencié del Grau de Doctor.

Dr. Joaquim Fernandez Sola

Barcelona, 2019






Agraiments: A review

Proleg de I'autor

Arribats a aquest punt podria fer un “copy/paste” i quedar-me tan ample,
perd com que no soc aixi de simple, intentaré fer un redactat coherent i
documentat. De totes maneres, el faré a la meva manera i sense censura,

com sempre acostumo a fer.

Introduccio

Una tesi és un procés, un cami, un viatge, una aventura... s’ha definit de
moltes maneres. Tot i que, en els seus agraiments, reconeguts autors
enfoquen el procés d’elaboracié d’una tesi de diferent manera, sempre hi ha

uns punts en comu que s’intentaran analitzar en aquesta revisio.

Segons Gloria Garrabou Tornos (2008) una tesi és el més semblant a un llibre
gue hom pot escriure. Maria Rodriguez Gonzalez (2009) considera dificil
poder expressar en poques linies I'agraiment a totes les persones que ens
han ajudat durant una tesi doctoral. Contanza Morén Nunez (2011) constata
gue la redaccié d’'uns agraiments no son dificils en el fet en si de trobar el
qui i el qué, sind per la dificultat en la plasmacié en forma de paraules
d’aquell agraiment sincer als que ens han ajudat en aquest procés. Nuria
Panella Riera (2011) defineix una tesi com un viatge que forma part d’un llarg

aprenentatge tant a nivell huma com cientific. Segons Gemma Chiva Blanch



(2012) en la defensa d’una tesi es posa fi a una bonica etapa de la vida amb,
tot i els alts i baixos, un balang positiu. Francesc Garcia Garcia (2013) veu el
final d’una tesi com l'arribada a bon port després d’un llarg cami, un
recorregut que s’ha compartit i patit amb molta gent a la qui agrair la seva
ajuda. Marc Corbera Bellalta (2014) valora molt positivament I'apartat
d’agraiments d’una tesi, ja que és aquell espai on pots dir el que vols dir a
qui vols dir-ho, a més, es tracta d’un apartat que ve de gust escriure. Carmen
L. (Mentxu) Manuelian Fusté (2014) veu la tesi com un treball en equip. Sarai
Coérdoba Terreros (2015) considera una tesi com el fruit de la sort que s’ha
tingut durant el seu llarg cami. Ester Planas Rigol (2015) destaca la
importancia de les persones sense les que la tesi no hauria estat possible.
Anna Carabus i Flores (2015) defineix una tesi amb el terme angles
adventure, i observa que tot i que pot sonar a clixé es fa dificil trobar les
paraules per agrair a la gent que han estat amb nosaltres durant aquests 4
anys. Marc Cataldn Garcia (2017) considera que la realitzacié d’una tesi pot
canviar la vida per complet i que una carrera investigadora pot comencar

d’una manera timida i discreta.

Francesc Borrisser Paird (2016) ja va fer un analisi intens d’aquelles persones
a les que agrair una etapa tesil, aixi que us remeto a la lectura d’aquella tesi
per aprofundir en el tema. Tot i aixi, pels més mandrosos s’exposara aqui un

resum d’aquells agraiments.
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Resum

Les miocardiopaties sén malalties cardiaques d’etiologia molt diversa, entre les
quals hi trobem la miocardiopatia hipertensiva i la miocardiopatia alcoholica. La
hipertensio arterial és una de les principals causes d’insuficiencia cardiaca cronica.
El consum cronic d’alcohol té efectes negatius sobre I'organisme: fetge, aparell
digestiu, sistema neurologic i sistema cardiovascular. El dany cardiac causat per
aquests factors (hipertensid i consum d’alcohol) esta regulat per factors de
creixement com l'insuline-like growth factor-1 (IGF-1) i la miostatina. En cas de dany
miocardiac, el cor té mecanismes compensatoris per tal de revertir-lo. En aquesta
tesi s’analitzaran els efectes de la hipertensié arterial i el consum cronic d’alcohol
sobre I'expressié miocardiaca d’IGF-1 i miostatina. Per a I'execucié d’aquesta tesi,
es disposava de teixit cardiac de donants dividits en diferents grups (sans, amb
hipertensié, amb consum cronic d’alcohol i amb altres causes de miocardiopatia).
Es va estudiar l'expressio miocardiaca d’IGF-1 i de miostatina mitjancant
immunohistoquimica per a cada grup de donants. El consum excessiu d’alcohol en
pacients que no presenten dany miocardiac disminueix I'expressié d’IGF-1. Els
donants afectats de miocardiopatia (hipertensiva o alcoholica) presenten un
augment en |'expressid de miostatina. Aquests resultats obren la porta a un
objectiu terapeutic amb IGF-1 i miostatina per tal de controlar el dany cardiac

causat per la hipertensié o el consum d’alcohol.






Resumen

Las miocardiopatias son enfermedades cardiacas de etiologia muy diversa, entre
las cuales se encuentran la miocardiopatia hipertensiva y la miocardiopatia
alcohdlica. La hipertensién arterial es una de las principales causes de insuficiencia
cardiaca crénica. El consumo crénico de alcohol tiene efectos negativos sobre el
organismo: higado, aparato digestivo, sistema neuroldgico y sistema
cardiovascular. El dafio cardiaco causado por estos factores (hipertensidon y
consumo de alcohol) esta regulado por factores de crecimiento como el insuline-
like growth factor-1 (IGF-1) y la miostatina. En caso de dafio miocardico, el corazén
tiene mecanismos compensatorios para revertirlo. En esta tesis se analizaran los
efectos de la hipertensién arterial y el consumo crénico de alcohol sobre la
expresion miocardica de IGF-1 y miostatina. Para el desarrollo de esta tesis, se
disponia de tejido cardiaco de donantes divididos en diferentes grupos (sanos, con

hipertensidon, con consumo crénico de alcohol y con otras causas de

miocardiopatia). Se estudié la expresién miocardica d’'IGF-1 y miostatina mediante
inmunohistoquimica para cada grupo de donantes. El consumo excesivo de alcohol
en pacientes que no presentan dafio miocardico disminuye la expresion de IGF-1.
Los donantes afectados por miocardiopatia (hipertensiva o alcohdlica) presentan
un aumento en la expresién de miostatina. Estos resultados abren la puerta a un

objetivo terapéutico con IGF-1 y miostatina con el fin de controlar el dafio cardiaco

causado por la hipertensién o el consumo de alcohol.






Abstract

Cardiomyopathies are cardiac diseases of various causes, among them
hypertensive cardiomyopathy and alcoholic cardiomyopathy. Arterial hypertension
is one of the main causes of cardiac failure. Chronic alcohol consumption has
negative effects in the body: liver, digestive system, neurological system and
cardiac system. The cardiac damage caused by these factors (hypertension and
alcohol consumption) is regulated by growth factors such as insuline-like growth
factor-1 (IGF-1) and myostatin. In case of cardiac damage, the heart has some
compensatory mechanisms to revert them. In this thesis the effects of arterial
hypertension and chronic alcohol consumption on IGF-1 and myostatin cardiac
expression. Cardiac tissue from donors was available (healthy, with hypertension,
with alcohol consumption and with other causes of cardiomyopathy). Excessive
alcohol consumption in patients without cardiac damage decreases IGF-1
expression. Myocardiac expression of IGF-1 and myostatin was studied for each
group of donors. Donors affected by cardiomyopathy (hypertensive or alcoholic)
presented an increase on myostatin expression. These results open the door to a
therapeutic objective with IGF-1 and myostatin to control the cardiac damage

caused by hypertension or alcohol consumption.
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1.1 Miocardiopaties

Les miocardiopaties sén un grup de malalties del muscul cardiac d’etiologia
molt diversa i amb expressié heterogenia (Maron, et al., 2006). La definicid
i la classificacio dels diferents tipus de miocardiopaties és dificil degut a
aquesta diversitat de causes i manifestacions cliniques. En els darrers anys
I'exercici de classificar i agrupar les diferents miocardiopaties segons
diferents criteris ha permeés aprofundir en la seva comprensio fisiopatologica

(Maron, 2008).

I.1.1 Definicié de miocardiopatia

Les miocardiopaties son malalties del miocardi que comporten una afectacié
funcional i estructural del cor. Diferents informes de la comissié de la World
Health Organization i la International Society and Federation of Cardiology
Taskforce (WHO/ISFC, 1980, Richardson, et al., 1996, WHO/ISFC, 1996) van
definir el concepte de miocardiopatia i en van classificar les diferents
tipologies. De totes maneres, tot i que aquests informes han ajudat a
comprendre millor les miocardiopaties, la seva classificacié ha anat
evolucionant i I'any 2006 la American Heart Association amb la participacid
de diferents experts va fer un informe per tal d’actualitzar-ne la definicid
(Maron, et al., 2006). Aquest informe defineix les miocardiopaties de la

seglient manera:
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Les miocardiopaties sén un grup heterogeni de malalties del
miocardi associades amb una disfuncié mecanica i/o
eléctrica que normalment (perd no sempre) exhibeix una
hipertrofia o dilatacié ventricular que és deguda a una
varietat de causes sovint genetiques. Les miocardiopaties
poden estar focalitzades al cor o poden ser part de desordres
sistemics, que sovint condueixen a mort cardiovascular o

incapacitat lligada amb insuficiéncia cardiaca progressiva.

La classificacid de les malalties del miocardi és molt complexa degut a la
diversitat en les etiologies i les formes de presentacié. Les diverses
classificacions proposades s’han enfocat en classificar les miocardiopaties en
funcié de l'origen, I'anatomia, la fisiologia, la histopatologia, el metode
diagnostic o la simptomatologia (Maron, et al., 2006). De totes maneres,
degut a la complexitat de la malaltia, qualsevol classificacié pot comportar
una superposicio entre les diferents categories de malaltia. Aixi doncs, en
qualsevol classificacié que es faci sera dificil limitar d’'una manera molt

concreta les categories.

En funcio del principal organ afectat la classificacié proposada per Maron et
al. (2006) divideix les miocardiopaties en 2 grups: primaries i secundaries.
Les miocardiopaties primaries sén aquelles que afecten principalment el cor,

mentre queles secundaries impliquen afectacié d’altres organs. La distincid
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entre primaries i secundaries és dificil i arbitraria ja que depén també de la

clinica de cada cas.

I.1.2 Miocardiopaties primaries

Les miocardiopaties primaries son aquelles on el principal dorgan afectat és
el cor. Aquestes miocardiopaties s’han dividit en funcié de si I'origen és
genetic o no genétic, d’aquesta manera es classifiquen en: genétiques,

mixtes (genetiques i no genetiques) i adquirides (Figura 1).

Miocardiopaties

primaries
Genetiques Mixtes Adquirides
- Hipertrofica
- Arritmogeénica del ventricle dret - Dilatada - Miocarditis
- No compactacié del ventricle esquerra - Restrictiva - Provocada per estres

- Defectes de conduccio
- Desordres dels canals de ions

Figura 1. Classificacié de les miocardiopaties primaries (Maron, et al., 2006)

1.1.2.1 Miocardiopaties genétiques

1.1.2.1.1 Miocardiopatia hipertrofica

La miocardiopatia hipertrofica (Figura 2) és probablement la més freqient i
comuna (1:500). Segons dades d’Estats Units, és la causa més freqlient de

mort sobtada en individus de qualsevol edat. La miocardiopatia hipertrofica
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es produeix quan hi ha un engruiximent del muscul cardiac sense dilatacid
ventricular i normalment afecta les parets ventriculars (normalment el
ventricle esquerre) i el septe (WHO/ISFC, 1996, Maron, et al., 2006). Aquest
engruiximent fa que el pas de la sang sigui més estret i que hi puguin haver
bloquejos als ventricles, fet que acabara fent més dificil el bombeig de la
sang als diferents organs i el ventricle haura de treballar més fort. Els
simptomes que poden donar-se en pacients amb miocardiopatia

hipertrofica sén dolor toracic, dispnea o sincopes.

Engruiximent de la paret del ventricle
Disminucio del pas de sang
Enduriment de la paret del ventricle
Incapacitat del cor per bombejar
Increment de la pressio arterial

Figura 2. Miocardiopatia hipertrofica. Fets fisiopatologics rellevants.

Pot haver-hi també una afectacié a la valvula mitral produint un retorn
inadequat de sang a través d’aquesta valvula. Quan I'engruiximent del
muscul cardiac no bloqueja el pas de sang fora del ventricle esquerre,
produeix el que es coneix com a miocardiopatia hipertrofica no obstructiva.
Tant en la miocardiopatia hipertrofica obstructiva com en la no obstructiva,
la llum del ventricle és més petita pel que es bombeja menys sang. Les parets

s’endureixen i el cor no es relaxa adequadament i no es pot emplenar
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correctament de sang. Tot aixd pot fer augmentar la pressio arterial en els
ventricles i en els vasos pulmonars, a més de produir defectes en els senyals

electrics del cor derivant en arritmies.

Les causes de miocardiopatia hipertrofica sén sovint hereditaries, causades
per alguns gens en proteines musculars del cor. La diabetis o malalties del
tiroides també poden derivar en aquesta miocardiopatia. A més, com jas’ha
comentat, acostuma a presentar-se juntament amb hipertensié arterial.
Aquesta ultima patologia (hipertensié arterial) és la que s’estudiara en detall

en aquesta tesi.

1.1.2.1.2 Miocardiopatia arritmogénica del ventricle dret

Es tracta d’una miocardiopatia genética molt poc freqlient (1:5000) que s’ha
descrit fa pocs anys (Maron, et al., 2006). La miocardiopatia arritmogénica
es produeix quan el teixit muscular del ventricle dret es substitueix per teixit
fibros. En un 75% dels pacients s’associa amb miocarditis. Aquesta patologia
pot afectar els senyals eléctrics del cor i causar arritmies. També es tracta

d’una causa freqlient de mort sobtada en individus joves.

1.1.2.1.3 Absencia de compactacio del ventricle esquerre

Es caracteritza per una particular morfologia espongiforme del ventricle

esquerre (Maron, et al., 2006). A la part distal del ventricle hi ha uns sinus
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gue comuniquen amb la cavitat ventricular. Es tracta d’'una malformacié
congénita que es produeix durant el desenvolupament embrionari. Pot ser
una troballa sense patologia o associar-se amb altres anomalies congenites
del cor. Es diagnostica mitjancant un electrocardiograma 2D, una
ressonancia magneética del cor o amb una angiografia de ventricle esquerre.
Pot derivar en disfuncié diastolica, fallada cardiaca, tromboembolia,

arritmies o mort sobtada.

1.1.2.1.4 Malaltia del sistema de conduccio

Es coneix com a defecte de conduccid cardiac progressiu i es caracteritza per
un eixamplament del complex QRS que deriva en bradicardia i pot acabar en

sincope (Maron, et al., 2006).

1.1.2.1.5 Canalpaties de ions

Hi ha un seguit de desordres congenits i arritmies causades per mutacions
en gens que regulen les proteines dels canals ionics, que gestionen el pas de
ions de sodi i potassi a través de la membrana cel-lular. Aquestes mutacions
causen disfuncions eléctriques del cor sense afectar-ne I'estructura. Entre
aquests desordres hi ha el sindrome Long-QT, el sindrome Brugada, la
taquicardia ventricular polimorfica catecolamineérgica, el sindrome Short-QT

i la fibril-lacié ventricular idiopatica (Maron, et al., 2006).
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1.1.2.2 Miocardiopaties mixtes (genétiques i no genétiques)

1.1.2.2.1 Miocardiopatia dilatada

La miocardiopatia dilatada (Figura 3) és una afectacié cardiaca frequent
(1:2500), essent la tercera causa global d’insuficiencia cardiaca. La
miocardiopatia dilatada es produeix quan hi ha un engrossiment dels
ventricles i una disfuncio sistolica sense engruiximent de les parets (Maron,

etal., 2006).

Engruiximent dels ventricles
Disfuncio sistolica

Sense engruiximent de les parets
Incapacitat del cor per bombejar
Sobreesforg cardiac

Figura 3. Miocardiopatia dilatada. Fets fisiopatologics rellevants.

Normalment I'afectacié comenca pel ventricle esquerre. La debilitat dels
ventricles fa que el cor no bombegi la sang de manera adequada, produint
un sobreesforg cardiac. Si aquesta afectacio perdura en el temps el cor perd
la capacitat de bombejar la sang de manera efectiva i aquesta
miocardiopatia pot acabar portant a una fallada cardiaca. Es tracta d’una
malaltia irreversible i és una causa freqiient de transplantament cardiac. La

miocardiopatia dilatada pot ser causada per infeccions d’origen viric,
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bacteria, fungic o parasitari, i sovint deriva en miocarditis. Hi ha altres causes
com toxines, consum d’alcohol, quimioterapia, metalls, desordres
autoimmunes o neuromusculars, distrofies musculars, desordres
mitocondrials, metabolics, endocrins o nutricionals que poden també causar

miocardiopatia dilatada.

Entre les causes de miocardiopatia dilatada hi ha el consum cronic excessiu
d’alcohol (miocardiopatia alcoholica), entitat que s’estudiara en detall en
aquesta tesi. Segons una revisié de Guzzo-Merello, et al. (2014), entre un 23
i 47% dels casos de miocardiopatia dilatada adquirida en paisos
desenvolupats és causada pel consum cronic excessiu d’alcohol. Aquesta
relacido es dona de manera dosi-dependent comencant per una disfuncid
diastolica que porta a una disfuncid sistolica i a fallada cardiaca congestiva

amb increment marcat de morbi-mortalitat. (Fernandez-Sola, 2015).

1.1.2.2.2 Miocardiopatia restrictiva

La miocardiopatia restrictiva (Figura 4) es produeix quan els ventricles es
tornen rigids pero sense engruiximent de les parets cardiaques (Maron, et
al., 2006). Com a conseqiiéncia, els ventricles no es relaxen i no s’emplenen
adequadament de sang. A mesura que avanca la malaltia els ventricles no
bombegen bé la sang i el muscul es debilita. Aquesta miocardiopatia pot

acabar derivant en insuficiéncia cardiaca i afectacio valvular secundaria.
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Rigidesa dels ventricles

Sense engruiximent de les parets
No relaxacié dels ventricles
Incapacitat del cor per bombejar
Debilitament del muscul

Figura 4. Miocardiopatia restrictiva. Fets fisiopatologics rellevants.

1.1.2.3 Miocardiopaties adquirides

1.1.2.3.1 Miocarditis

La miocarditis és un procés inflamatori del muscul cardiac (Maron, et al.,
2006) que pot esta produida per tant per toxines com per agents infecciosos
(virics, bacterians o parasitaris). Normalment es caracteritza per una
infiltracié de cel-lules inflamatories derivant en edema i necrosis focal dels
miocits. En alguns casos pot derivar en una reaccié autoimmune causant
dany al miocardi fins a derivar en miocardiopatia dilatada amb disfuncié del

ventricle esquerre.

1.1.2.3.2 Miocardiopatia de I'estres (“Tako-Tsubo”)

La miocardiopatia de I'estrés es caracteritza per una disfuncio del ventricle

esquerre sense afectacid arterosclerotica de I'arteria coronaria, produida
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per un estrés psicologic (Sharkey, et al., 2005). Es va descriure per primer
cop al Japd on es coneix com “Tako-Tsubo” (Maron, et al.,, 2006).
Normalment afecta a dones d’edat avancada i afecta la part distal del

ventricle esquerre.

1.1.3

Miocardiopaties secundaries

Les miocardiopaties secundaries es defineixen com aquelles on el principal

organ afectat no és el cor. Maron et al. (2006) fa una llista de les que es

donen de manera més freqlient (Taula 1).

Taula 1. Miocardiopaties secundaries (Maron et al. 2006)

Amiloidosis (primaria, secundaria, senil, familiar autosomica dominant),

Infiltratives . . )
malaltia de Gaucher, malaltia de Hurler, malaltia de Hunter.
L. Hemocromatosis, malaltia per diosit de gluogen (malaltia de Pompe),
Diposit X . X .
malaltia de Fabry, malaltia de Niemann-Pick.
Toxiques Drogues, metalls pesats, agents quimics.

Endomiocardiques

Fibrosis endomiocardiaca, sindrome hipereosinofilic (Loeffler).

Granulomatoses o inflamatories

Sarcoidosis.

Endocrines

Diabetis mellitus, hipertiroidisme, hipotiroidisme, hiperparatiroidisme,
feocromocitoma, acromegalia.

Cardiofacial

Sindrome de Noonan, Lentiginosis.

Neuromuscular/neurologica

Ataxia de Friedreich, distrofia muscular de Duchenne-Becker, distrofia
muscular de Emery-Dreifuss, distrofia miotdnica, neurofibromatosis,
esclerosis tuberosa.

Deficit nutricional

Beri-beri, carnitina, selenio, pelagra, kwashiorkor.

Autoinmunes/colagenosis

Lupus eritematoso sistémico, dermatomiositis, artritis reumatoide,
esclerodermia, poliarteritis nodosa.

Trastorns electrolitics

Hipocalcemia, hipofosfatemia, hipomagnasemia, hipokaliemia.

Terapia per al cancer

Antraciclinas, ciclofosfamida, radiacid.
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1.2 Hipertensio arterial

La hipertensié arterial (HTA) és una de les principals causes i factors de risc
d’insuficiéncia cardiaca cronica (Levy, et al., 1996). Es tracta es una afectacid
dels vasos sanguinis i es defineix que hi ha hipertensié arterial quan la
pressid sanguinia és almenys de 140 mm Hg a la sistole 0 90 mm Hg a la

diastole (JNC, 1993, de la Sierra, et al., 2008, Coll de Tuero, et al., 2012).

I.2.1 Epidemiologia de la hipertensio

A Catalunya la hipertensio arterial afecta a 1 de cada 4 adults. Tot i que en
els ultims anys ha augmentat I’Us de tractaments antihipertensius per tal de
controlar la pressié arterial, encara hi ha més de la meitat dels pacients que,
per desconeixement, no fan aquests controls (Llisterri, et al., 2012, Banegas,
et al., 2015). A més, un ter¢ dels pacients desconeix el seu status
d’hipertensid i un 40% no s’estan tractant adequadament (Banegas, et al.,
2015). Com a resultat d’aix0, només 1 de cada 4 pacients aconsegueix tenir
la pressid arterial controlada. En aquests sentit, s’ha de millorar 'estratégia
per tal d’arribar a aquells pacients que no estan controlats de manera
correcte a banda d’iniciar canvis en els estils de vida, sobretot en la poblacid

més adulta (Llisterri, et al., 2012, Banegas, et al., 2015).

Zhou et al. (2017) revisa les tendéncies de la pressid arterial a nivell mundial

entre el 1975 i el 2015. Es determina una prevalenca de pressio arterial alta
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en un 24.1% dels homes i un 20.1% de les dones I'any 2015. S’observa que
hi ha hagut un increment important d’aquesta patologia en els Gltims anys.

Aquest increment es pot atribuir a I’envelliment de la poblacié.

L'alta prevalenca d’hipertensié arterial i la seva manca de control i
seguiment és un gran repte a nivell de salut publica (Catala-Lépez, et al.,
2012). En aquest sentit s’ha d’arribar a consensos sobre el control de la

hipertensio arterial enfocant-ho sobretot en aquells grups més desafavorits.

I.2.2 Fisiopatologia de la hipertensio

El cor és un dels majors organs afectats en pacients amb hipertensié. Prop
d’un 20% dels pacients amb hipertensié moderada i un 80% dels pacients
amb hipertensié greu desenvolupen canvis funcionals o estructurals en el
cor, portant a disfuncio diastolica, hipertrofia ventricular esquerre o fallada
cardiaca: el que es coneix com a miocardiopatia hipertensiva (Lip, et al.,
2000). Aixo implica un augment en la morbiditat i la mortalitat d’aquests
pacients que poden desenvolupar arritmies, fallada cardiaca congestiva o
mort sobtada (Diamond i Phillips, 2005). Els mecanismes fisiopatologics
implicats en la hipertensié (Figura 5) sén multifactorials i additius (Hill i

Olson, 2008).

L'augment de la massa ventricular en la hipertensié és deguda a diferents

factors. Els gens implicats sén els del sistema renina-angiotensia-
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aldosterona, el gen receptor del péptid natriurétic tipus A, proteina lligada a
miosina i el gen de la subunitat G-proteins B-3 que afecta I'intercanvi de Na*-
H*. La hipertrofia del ventricle dret és deguda a una seqliiéncia que ve de
I'increment de I'estrés de la paret i pot comportar una hipertrofia cel-lular
del miocit. Altres factors afecten el senyal hipertrofic al cardiocit, com sén
I'alliberament de calci intracel-lular, i d’altres estimuls hormonals com
I'angiotensina 1l, adrenalina, endotelina, altres hormones i factors de
creixement. Tot aixd deriva a una activacid de la transcripcié de gens que

porten a la hipertrofia del miocit (Hill i Olson, 2008).

Factors predisposants Factors precipitants

Genétics|Edat|Raga|Sexe | Altres Ambientals|Estrés|Obesitat | Dieta | Altres

Hiperactivitat
Sistema Nervids Simpatic
v

1 Catecolamines
[ | | l

1 Frequiencia cardiaca tRenina  tAngiotensina Il tResisténcia a insulina
Resisténcia vascular l l |
R .. 1Glucosa
Resistencies 1 Retencid |
perifériques d’aigua i sal .

! Canvis vasculars
Volum l

sanguini Arteroesclerosis

Figura 5. Fisiopatologia de la hipertensié arterial (Kaplan i Flynn, 2006)

1.3 Consum excessiu d’alcohol

L’alcohol és una substancia que ha estat present en la societat al llarg de la
historia (Fernandez-Sola, 2015). La Figura 6 mostra els parametres de

consum d’alcohol i la seva distribucié a nivell mundial (WHO, 2018).
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Tot i que el seu consum ha esdevingut ampliament acceptat socialment, els
seus efectes negatius sobre |'organisme sén importants, essent el fetge,
I'aparell digestiu, el sistema neurologic i el sistema cardiovascular els

principals organs afectats (Parry, et al., 2011, Shield, et al., 2014).

A. Consum per capita de I'any 2016 en poblacié de > 15 anys (litres d’alcohol pur)
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B. Percentatge de consumidors habituals, antics consumidors i abstemis en poblacié de més de 15 anys en 7 regions del mén I'any 2016
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Figura 6. Distribucié mundial del consum d’alcohol (WHO, 2018)

Tot i que hi ha estudis que conclouen que un consum moderat de begudes
alcoholiques (<40 g/dia en homes i <20 g/dia en dones) és beneficids per

I’organisme (Lee i Regan, 2002), un consum cronic i excessiu pot derivar en
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miocardiopatia dilatada entre d’altres malalties cardiovasculars (Preedy, et
al., 2001, Spies, et al., 2001, Urbano-Marquez i Fernandez-Sola, 2004, Zhang,

et al., 2010).

De fet, el consum d’alcohol a part de produir afectacions sobre el sistema
cardiovascular, pot portar a l'aparicid de certs tipus de cancer, cirrosi
hepatica i a la mort (Di Castelnuovo, et al., 2006). Es important remarcar que
el benefici per a la salut que es conclou en alguns estudis és principalment
degut als polifenols o d’altres antioxidants presents en aquestes begudes, i
no a la presencia d’alcohol (Chiva-Blanch, et al., 2013). La Figura 7 mostra un

esquema dels principals efectes del consum d’alcohol sobre I'organisme.

GENETIC FACTORS DIETARY FACTORS
Gender PANCREAS Pattern EtOH intoke
SNPs EtOH metab. enzymes Binge drinking
SNPs cytokines High fat diet
Cell death
Necrosis/apoptosis

Impaired mitochondrial Innate immunity
Oxidative stress
Hypoxia

ER stress

Microbiota

Acetalhehyde

ADH ALDH

DEVELOPMENT
Effects on
metabolism
Cancer

CYP2E1 | Catalase

Degeneration
NERVOUS SYSTEM

Fat accumulation

Changes in cofactors

Imbalance neurotransmitters
Disruption lipid metabolism

Impaired channels
DNA damage

Inflammation
Fibrogenesis

Cigarette smoking
Cocaine
Metals

ENVIRONMENTAL EXPOSURES

Renal diseases
Diabetes
Cardiovascular disorders

COMORBIDITIES

ARDIOVASCULAR SYSTEM.

Figura 7. Esquema de I’afectacié sistémica produida pel consum d’alcohol (Rusyn i Bataller, 2013)
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El dany causat pel consum d’alcohol és dosi-dependent: el consum elevat i
excessiu d’alcohol té majors efectes sobre els organs afectats que un
consum baix o moderat (Rehm, et al., 2003, Rehm, et al., 2009, Shield, et al.,
2014). Segons la OMS un consum excessiu d’alcohol esta considerat en 60
g/dia en homes i 40 g/dia en dones. Gairebé 1 de cada 3 d’individus amb un
consum excessiu d’alcohol té alguna patologia cardiaca ja sigui
miocardiopatia alcoholica, hipertrofia cardiaca, arritmies o disminucié del

volum sistolic (Ren i Wold, 2008).

La miocardiopatia alcoholica és una de les majors complicacions de
I'alcoholisme cronic (Urbano-Marquez i Fernandez-Sola, 2004). Té una
relacio dosi-depenent del consum d’alcohol (Figura 8) i no es veu afectada
per déficits nutricionals o vitaminics que pugui tenir el pacient (Fernandez-
Sola, et al., 1997, Fatjo, et al., 2005, Fatjo, et al., 2007). La dosi acumulada
necessaria de consum d’alcohol per patir miocardiopatia alcoholica és de 7
kg per kg de pes corporal d’etanol en homes i 5 kg en dones (Urbano-

Mdrquez, et al., 1989).

La miocardiopatia alcoholica es caracteritza per uns canvis estructurals i
funcionals en el miocardi que resten subclinics fins que es desenvolupa la
miocardiopatia (Urbano-Mdrquez, et al., 1989). També s’ha observat que hi
ha una relacid directa entre una disfuncid cardiaca i una disfuncié muscular
esquelética en pacients amb consum cronic d’alcohol (Fernandez-Sola, et al.,

1994). S’ha observat també que hi ha una relacié entre el consum d’alcohol



Introduccid 25

i dilatacid de ventricle esquerre com a fase inicial d’'una miocardiopatia

dilatada (Rodrigues, et al., 2018).
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Figura 8. Correlacio entre la dosi acumulada d’alcohol i la forga muscular i la fraccié d’ejeccio

ventricular (Urbano-Marquez i Fernandez-Sola, 2004)

.4 Fisiopatologia de la lesié miocardiaca

El cor és un organ plastic que presenta una capacitat adaptativa a estimuls
fisiologics o patologics, com podria ser la hipertensié arterial, el consum
excessiu d’alcohol, I'efecte de certs toxics o la isquemia. Els mecanismes
adaptatius del cor, que permeten que aquest s’adapti a les noves situacions,
sén complexes i de diferent etiologia (Hill i Olson, 2008), tot i que alguns

d’aquests mecanismes sén comuns en diferents patologies.

Una de les principals respostes a un estimul cronic és la hipertrofia sense

increment del nombre de cardiocits (Buja i Vela, 2008, Hill i Olson, 2008).
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Depenent de quin sigui I'origen de I'estimul, el cor pateix una adaptacio o
una altra. En el cas que I'estimul no es mantingui en el temps, la resposta
adaptativa del cor pot revertir-se, mentre que si I'estimul segueix, la
resposta adaptativa que era una hipertrofia acaba portant a una dilatacid

gue pot acabar amb insuficiencia cardiaca i I'aparicié d’arritmies.

L’accio reguladora de diferents agents sobre diversos punts del cicle cel-lular
del teixit cardiac és el que produeix aquesta resposta del cor. Els agents més
importants en el desenvolupament de la hipertrofia sén les ciclines, les

kinases, el Myc i I'E2F (Ahuja, et al., 2007).

La lesio cardiaca produida pel consum d’alcohol o per la hipertensié arterial
tenen mecanismes comuns com |'apoptosi, la fibrosi o la necrosi (Planavila i
Fernandez-Sola, 2015). Els mecanismes fisiopatologics de |'efecte toxic de
I'alcohol sobre el muscul estriat esquelétic i cardiac sén multifactorials
(Preedy, et al.,, 1996). Estudis previs han analitzat alguns d’aquests

mecanismes (Fernandez-Sola, et al., 1997).

L’apoptosi és un mecanisme de mort cel-lular programada, es tracta d’un
procés ben regulat. En un estudi per valorar I'apoptosi en miocardi de
donants es va observar que I'apoptosi es troba incrementada pacients amb
hipertensié arterial i en pacients amb consum excessiu d’alcohol, i els
donants alcoholics que ja tenien dany cardiac presentaven un increment
superior (Fernandez-Sola, et al., 2006). Un altre dels mecanismes estudiats

és |'efecte sobre els canals de Calci tipus-L. Es va demostrar que en els cors
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dels donants alcoholics sense miocardiopatia hi ha una sobre-expressié dels
canals de Calci tipus-L que els quals permeten I'entrada de Ca2+ a dins el

miocit (Fatjo, et al., 2007).

El consum cronic excessiu d’alcohol pot produir un ampli ventall d’efectes
sobre el miocardi i sobre altres organs i sistemes (Fernandez-Sola, 2015),

aquests es detallen a la Taula 2.

Taula 2. Efectes nocius del consum cronic excessiu d'alcohol sobre el miocardi (Fernandez-Sola 2015)

Efectes aguts Efectes cronics sobre el cervell
Depressié transitoria de la contractilitat cardiaca Infart isquemic

Trastorn del ritme cardiac (holiday heart syndrome) Infart hemorragic

Hipertensio arterial Hemorragia subdural

Infart cerebral isquémic transitori Mortalitat relacionada amb infart
Mort sobtada

Efectes cronics sobre el Sistema vascular

Efectes cronics sobre el cor Aterosclerosi sistémica
Disfuncié ventricular (sistolica i diastolica) Hipertensio arterial
Disfuncid atrial Malaltia arterial periferica

o . Canvis en el perfil lipidic (colesterol LDL i

Arritmies croniques o
triglicerids)

Miocardiopatia alcoholica (miocardiopatia subclinica, . . .

o ) o Diabetis mellitus

fallada cardiaca i miocardiopatia dilatada)

Canvi en els marcadors inflamatoris de

I'endoteli

Sinérgia amb altres factors de risc vasculars

(tabac i cocaina)

Malaltia coronaria del cor (angina i infart de miocardi)

Mortalitat cardiovascular

L’alcohol té diferents punts d’accié sobre el cor, ja sigui de manera aguda o
cronica (Urbano-Mdrquez i Fernandez-Sola, 2004, Fernandez-Sola, 2015). Els
efectes que produeix sén una alteracié de I'estructura miocardiaca amb una
disminucié de la contractilitat ventricular i arritmies supraventriculars i
ventriculars, fins a arribar a una insuficiéncia cardiaca, incrementant aixi el

risc de mortalitat. La miocardiopatia alcoholica cronica és produida per
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I’efecte sobre el miocardi d’un consum cronic excessiu d’alcohol durant
llargs periodes de temps (>15 anys). L’alcohol pot produir lesions a diferents
estructures cel-lulars que poden ser sinérgiques augmentant aixi el dany
final (Figura 9): fosfolipids, canals i transportadors de membrana, proteines
contractils sarcomeriques i estructurals del citoesquelet, mitocondris,

ribosomes, reticle sarcoplasmatic, material genétic nuclear, desmosomes i

unions intercel-lulars.
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(1) Membrana plasmatica: composicié i permeabilitat, senyalitzacié i activacié d’apoptosi; (2) Activitat del canal
Ca*2tipus-L; (3) Activitat del canal Na*/K* ATPasa; (4) Activitat de I'intercanviador Na*/Ca*?; (5) Corrents del canal
Na*; (6) Corrents del canal K*; (7) Activitat del canal rianodina; (8) Sensitivitat sarcomérica a Ca*?, acoblament
excitacié-contraccid, estructura miofibril-lar i expressié proteica (9) funcié mitocondrial, incloent activitat del
complexe respiratori; (10) estructura del citoesquelet; (11) regulacié nuclear de la transcripcid; (12) sintesi proteica

ribosomal; (13) contactes desmosomics; (14) comunicaciéd de canal conexina; (15) interaccions del complex
sarcoglica.

Figura 9. Diferents efectes de I'etanol en I'estructura i els organuls miocardiacs (Modificat de
Fernandez-Sola (2015))
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El dany cronic progressiu causat pel consum d’alcohol produeix una
disminucido de la sintesi proteica (actina, miosina, titina), disminueix
I’lhomeostasi energetica mitocondrial, altera la transmissié de senyals
intracel-lulars i activa els mecanismes d’apoptosi, derivant aixi en la mort
cel-lular (Urbano-Mdérquez i Fernandez-Sola, 2004, Fernandez-Sola, 2015).
Aquesta disminucié de miocardiocits acaba derivant en hipertrofia
compensatoria de la resta de cel-lules cardiaques i fibrosi subendocardiaca i
intersticial, essent menys eficient (Urbano-Marquez, et al., 1995, Guzzo-

Merello, et al., 2015).

El cor té diferents mecanismes defensius contra I'efecte toxic de I'alcohol a
més de ser capac d’activar mecanismes compensatoris, tant en fase aguda
com cronica (Fernandez-Sola, 2015). El conjunt de mecanismes
compensatoris és el que s’Tanomena remodelat, i és el que ha d’evitar un
dany major del miocardi. El cor té un paper secretor, com a organ autocri i
paracri amb la comunicacid entre les diverses cél-lules, per tal d’obtenir una
resposta neuro-humoral protectora contra l'efecte toxic de [Ialcohol
(Planavila, et al., 2017, Wu, et al., 2018). Es produeix una activacié de
mecanismes compensatoris neuro-hormonals com el sistema nervids
simpatic, el sistema renina-angiotensina-aldosterona, a més de I’alliberacid
de péptids natrilretics i citocines, de forma aguda. En una resposta més
mantinguda, es donen diversos mecanismes per tal de compensar |'efecte
de I'alcohol: activacid de factors antioxidants (SOD), antiapoptotics (BCL2),

sobre-regulacié dels receptors de membrana, hipertrofia miocardiaca i
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activacio de mecanismes de regeneracid cel-lular. Aquests mecanismes
ajuden en un primer moment a mantenir la funcionalitat cardiaca, tot i que
si el dany segueix i s’agreuja s’acaba produint un dany funcional i estructural
irreversible fins a una miocardiopatia alcoholica (Urbano-Marquez, et al.,
1995, Urbano-Marquez i Fernandez-Sola, 2004, Fernandez-Sola, 2015,
Guzzo-Merello, et al., 2015). Durant la fase subclinica de la malaltia es pot
detectar algun d’aquests fets com la disfuncié diastolica sense que el malalt
presenti simptomes. Posteriorment ja en la fase clinica poden anar
apareixent diferents similars als que apareixen en altres miocardiopaties
com la dilatada idiopatica o la hipertensiva: dispnea d’esforg, ortopnea,
edemes i episodis d’insuficiéncia cardiaca congestiva. El pronostic final
acaba depenent del grau de consum d’alcohol que tingui el malalt. En
pacients que han deixat per complet el consum d’alcohol s’han observat
millores destacables fins a la normalitzacié de la funcié ventricular, mentre
gue pacients que segueixen consumint presenten un deteriorament més

rapid d’aquesta funcié.

Per tal de disminuir el dany miocardiac produit per I'alcohol s’han plantejat
diverses estratégies (Taula 3). Des del punt de vista de la regeneracié
miocardiaca, existeix un grup de molecules secretades pel cor
(cardiomioquines) o per altres organs (cardioquines) que intenten controlar

aquesta respost (Planavila, et al., 2017, Wu, et al., 2018).
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Taula 3. Mecanismes de produccié de dany miocardiac per alcohol i els seus possibles efectors

terapéutics

Mecanismes

Efectors

Interferéncia amb senyals de transduccié calci-dependents

Disminucié dels mecanismes d’acoblament excitacié-contraccio

Induccié de dany oxidatiu
Efecte proinflamatori
Induccié d’apoptosi

Induccio de fibrosi

Formacié d’adductes proteics

Disrupcid de la sintesi proteica

Increment de diposit de glucogen

Activacié del sistema Renina-Angiotensina-Aldosterona
Interferencia en factors de creixement

Interferencia en cardiomioquines reguladores
Disminucié de la regeneracié miocardiaca

Empitjorament del recanvi de la matriu extracel-lular

MAPK, TGF-B, PKC, PPARy, MMPs, NF-kB,
PAI-1

Fluxos Intracel-lulars de [Ca]?*

Canals tipus-L Ca?*

ROS, SOD, acetaldehid

IL-2, TNF-o, NF-kB

FAS, TNF-a, TGF-B, Bax-Bcl-2, caspasses
TLR-4, TGF-B

Adductes proteina-etanol

Adductes malondialdehid-ADN

Disminucié de la sintesi de proteines
ribosomals, actina, miosina, troponina,
titina

Glucogen sintase kinasa-3f, PARP

Renina, angiotensina, aldosterona, p38
MAPK/Smad

Miostatina, grelina, leptina, IGF-1
FGF21. Metrnl

Miostatina, IGF-1

Estructura citoesquelética, canals de
conexina, desmosomes

Apoptosi i necrosis cel-lular, increment de

Desequilibri entre lesions cardiaques / mecanismes de reparacié  fibrosi miocardiaca, disminucio de la
regeneracié dels miocardiocits

1.5 Factors de creixement

El cor esta format per miocardiocits principalment, a més de fibroblats,
cel-lules de muscul llis, cel-lules endotelials i cel-lules relacionades amb el
sistema immune (Planavila, et al, 2017). Totes aquestes ceél-lules
interaccionen entre si mitjancant cardiomioquines. Aquesta comunicacio
produeix els canvis moleculars que intervenen en el remodelat cardiac.
Alguns autors han descrit I'efecte potencial que poden tenir certs factors de
creixement, com |’ insulin-like growth factor-1 (IGF-1) i la miostatina, sobre

la regulacid en el desenvolupament del dany cardiac produit.
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I.5.1 Insulin-like Growth Factor-1

L'insulin-like growth factor-1 (IGF-1) és una cadena simple de polipéptids
amb una estructura similar a la de la proinsulina (Figura 10). L'IGF-1 té
efectes a curt termini sobre la proliferacié i la diferenciacid de diferents tipus

cel-lulars (Figura 11).

Figura 10. Estructura tridimensional de la mol-lécula I'Insuline-like Growth Factor-1 (Rose, et al.,

2018)

La seva activitat mitogeénica esta mediada per la seva unié al receptor IGF
tipus 1 que es troba a la superficie cel-lular (Leroith, et al., 1995, Ren, et al.,
1999). Els efectes directes del receptor IGF-1 sobre la cél-lula sén la sintesis
de DNA, la modulacié dels gens que participen en el cicle cel-lular i I'entrada
de la cél-lula a la fase S del cicle cel-lular. Aquests efectes ajuden a la
proliferacié de la cél-lula i incrementen la sintesi de proteines que acaba
produint hipertrofia o, en el cas que hi hagi un dany miocardiac, protegint el

teixit. A més, té un efecte antiapoptotic degut a una inhibicio de la induccié
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de BAX, l'activacié de la caspassa i la fragmentacié del DNA (Jones i

Clemmons, 1995, Sell, et al., 1995, Ren, et al., 1999).

IGF-1
Receptor
IGF-1
. . Entradaala Modulacié de
Sintesis fase S del cicle ens del cicle
de DNA ‘
cel-lular cel-lular
L /
Proliferacié Antiapoptosis
Sintesis de proteines i
remodelacid
P i6 de |
Hipertrofia roteccio de la

perdua de miocardi

Figura 11. Esquema dels efectes de I'insuline-like growth factor-1 (IGF-1) sobre les cél-lules

Alguns estudis han avaluat el paper de I'lGF-1 i de la GH (hormona de

creixement) en la funcio cardiaca i en el dany dels miocits després d’un infart

de miocardi. Tant IGF-1 com GH han demostrat tenir un efecte terapéutic

sobre la insuficiencia cardiaca. La GH es lliga al receptor IGF-1 a través de

I'IGF-1 promovent el creixement tissular i la diferenciacié (Delafontaine,

1995, Dean, et al., 2003). Un estudi experimental sobre I'lGF-1 va observar

gue la sobre-expressié d’aquesta hormona de creixement té un efecte

beneficids sobre la disfuncié miocardiaca per consum excessiu d’alcohol

(zhang, et al., 2010).
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No hi ha estudis clinics previs que hagin estudiat quin és I'efecte directe de
I’alcohol sobre I'lGF-1 al miocardi. En aquest sentit, un dels parametres més
rellevants en la fisiopatologia dels efectes sobre el cor de I'|GF-1 és la seva

expressié miocardiaca (Tong, et al., 2012, Yi, et al., 2013).

I.5.2 Miostatina

La miostatina (Figura 12), que es coneix també com a growth differentiation
factor-8 (GF-1B), és un inhibidor del creixement del muscul esquelétic i
cardiac que en concentracions elevades limita la multiplicacié cel-lular del
teixit muscular i, per tant, és per aix0 que durant les fases de

desenvolupament es troba inhibida (Joulia-Ekaza i Cabello, 2006).

Figura 12. Estructura tridimensional de la mol-lécula de miostatina (Rose, et al., 2018)
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La miostatina controla la progressio del cicle cel-lular i inhibeix la proliferacio
i la diferenciacid del mioblast esquelétic. Un augment en l'activitat de la
miostatina protegeix a la cel-lula de I'apoptosi. Quan es troba disminuida
produeix un augment en la massa esquelética amb hipertrofia i hiperplasia
dels miocits, incrementant-ne la proliferacié (Joulia-Ekaza i Cabello, 2006,
McKoy, et al., 2007). La miostatina és un factor de creixement que inhibeix
la proliferacié del muscul i els miocits. Per aix0, durant el desenvolupament

tissular es troba disminuida.

Estudis anteriors realitzats en miocardi d’individus sans, alcoholics
cardiopates i no cardiopates i pacients amb altres miocardiopaties han
demostrat un increment en I'expressié de miostatina en els pacients amb
miocardiopatia (tant alcoholica com no alcoholica) respecte els sans (Lang,

et al., 2004, Fernandez-Solg, et al., 2011).

1.6 Influéncia de la hipertensié arterial i el consum excessiu d’alcohol

sobre el dany cardiac

La hipertensid arterial i el consum cronic excessiu d’alcohol sén factors de
risc independents pel que fa al desenvolupament de dany cardiac. Aquests
factors poden incrementar també el risc de patir un infart de miocardi. S’ha
vist que, en la patogénia de la miocardioaptia alcoholica i hipertensiva, hi ha
mecanismes de lesié comuns. No es preveu que les patologies cardiaques

causades per aquests de factors de risc disminueixin en els propers anys, ja
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que és dificil controlar-ne les causes primaries. El consum excessiu d’alcohol
sembla que no es reduira i la prevalenca d’hipertensid arterial seguira essent
elevada. Per aquest motiu és important coneixer bé els factors i els
mecanismes que causen el dany cardiac per tal de trobar estrategies per

controlar-lo.
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Hipotesi de treball

En situacions de dany miocardiac difus, el teixit miocardiac intenta una
reaccio de remodelat que comporta desenvolupament d’hipertrofia i
proliferacidé que esta regulada per factors hormonals i de creixement
tissular, que poden modular la recuperacié del teixit davant la lesid. La
nostra hipotesi és que I'expressid d’IFG-1 en els miocits es veu afectada de
manera negativa en pacients amb hipertensié arterial, i també en pacients
amb un consum cronic excessiu d’alcohol. Per altra banda, pel que fa a la
miostatina en el cas d’hipertensio i en pacients amb consum cronic d’alcohol

tenim la hipotesi que la seva activitat es troba incrementada.

En la present tesi s’estudien mostres de miocardis humans procedents de
donants d’organs. Es classifiquen els donants en diferents grups atenent al
consum d’alcohol, la preséncia d’hipertensié arterial i la preséncia de

miocardiopatia.
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Objectiu general

L’objectiu principal és coneixer millor els mecanismes de lesié i remodelat
miocardiac en les situacions de hipertensio arterial i en el consum cronic

d’alcohol, ambdds molt presents a la nostra societat.

La finalitat ultima seria la prevencié del dany miocardiac davant I'exposicié
a aquests factors de risci a la vegada facilitar la recuperacié miocardiaca una

vegada establert el dany tissular.

Per aquest motiu s’estudiaran els efectes de la hipertensié arterial i el

consum cronic d’alcohol sobre I'expressié miocardiaca d’IGF-1 i miostatina.

Objectius especifics

1. Valorar l'efecte de la presencia d’hipertensié arterial sobre
I’expressié miocardiaca d’IGF-1.

2. Valorar l'efecte de la presencia d’hipertensié arterial sobre
I’expressié miocardiaca de miostatina.

3. Valorar l'efecte del consum excessiu d’alcohol sobre I'expressid
miocardiaca d’IGF-1.

4. Analitzar la possible correlacié entre el consum d’alcohol i
I’expressié miocardiaca d’IGF-1.

5. Valorar I'efecte de la presencia de miocardiopatia tant en donants

amb hipertensid arterial com en consum cronic d’alcohol.
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1.1 Seleccidé de donants i controls

Durant un periode de 10 anys 2000-2010, a la unitat de trasplantaments de
I’'Hospital Clinic es va valorar una série consecutiva de donants en mort
cerebral deguda a traumatisme o a causes cerebrovasculars per a possible
trasplantament. Tots els casos es van admetre a la unitat de cures intensives
i durant I’hospitalitzacié es van mantenir els parametres hemodinamics i de
ventilacié (PaO? >60 mmHg, pressio sistolica >100 mmHg, i el pH en el rang

normal).

D’aquests donants menors de 70 anys es van separar 66 cors que no eren
adequats per trasplantar i que es van classificar segons el consum cronic
d’alcohol, preséncia de miocardiopatia i preséncia d’hipertensid arterial.
Segons aquests parametres es van definir 6 grups de pacients: 1) donants
sans (sense consum d’alcohol ni cardiopatia), 2) donants amb hipertensid
sense miocardiopatia, 3) donants amb miocardiopatia hipertensiva, 4)
donants amb altres causes de miocardiopatia (isquémica, valvular i
idiopatica), 5) donants amb consum cronic d’alcohol sense miocardiopatia i

6) donants amb consum cronic d’alcohol amb miocardiopatia.

Tots els donants eren caucasics d’ascendéencia espanyola, vivien a Catalunya
i cap d’ells era indigent. Hi havia donants d’ambdds sexes. El protocol de
I'estudi va ser acceptat pel Comiteé d’Etica de I'Hospital Clinic de Barcelona,
incloent el consentiment informat dels familiars dels donants per utilitzar els

miocardis en aquest protocol (Annex 1).
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La informacio sobre el consum d’alcohol es va obtenir retrospectivament a
través dels familiars mitjangant un qiestionari estandarditzat (de Vries, et
al., 1999). La hipertensio es va definir en valors de pressid sistolica 2140
mmHg o de pressid diastolica 290 mmHg basant-se en el fet que els
tractaments per reduir la pressié sanguinia sén beneficiosos en pacients amb
aquests valors de pressid (Mancia, et al., 2013). Es va definir un consum
cronic excessiu d’alcohol en 260 g/dia durant més de 10 anys. Es van avaluar
signes passats de fallada cardiaca a través dels informes medics i de la
informacidé dels familiars dels donants, a més es va determinar la classe
funcional de la New York Heart Association (NYHA) segons |'activitat en
I'escala de Goldman (Goldman, et al., 1981). Es va mesurar |'index
cardiotoracic mitjancant radiografies de torax (Normal < 0,48) i es van fer
electrocardiografies convencionals en tots els casos. En els casos amb un
index cardiotoracic elevat (>0,48) es va fer electrografies bidimensionals
(Hewlet Packard Sonos 2500; Hewlet Packard, Andover, MA). Els diametres
telediastolics i telesistolics, la fraccié d’escurcament, la massa del ventricle
esquerre (LV) i la fraccié d’ejeccié (EF) es van mesurar segons els estandards
de la American Society of Echocardiography (Gottdiener, et al., 2004). La
miocardiopatia es va definir amb a la preséncia de la fraccié d’ejeccié del
ventricle esquerre <50% i engrossiment del ventricle esquerre, a més de la

presencia de dany histologic miocardiac (Apartat II1.5).
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1.2 Presa de mostres de miocardi

Es va prendre quirdrgicament una mostra de 3 cm de teixit miocardiac
procedent de I'apex del ventricle esquerre. Les mostres de miocardi es van
conservar en congelacio a -802C. La tecnica d'immunohistoquimica requeria
el tall de les mostres a 10 um mitjancant el criotom i fixacid en
portaobjectes. Els talls es van conservar en congelacid (-802C) fins al

moment de la seva utilitzacio.

lll.3  Técnica immunohistoquimica per a IGF-1

Per valorar I'expressid6 miocardiaca IGF-1 es va utilitzar una técnica
immunohistoquimica. Es van fixar els talls amb acetona durant 10 minuts i
després es van escalfar en estufa a 95 2C durant 30 minuts amb un tampd
citrat (2.94 g Tri-sodium citrat + 1000 ml H,0 + 0.5 ml Tween 20 portat a pH
6 amb HCI 1N) i es va deixar refredar 20 minuts a temperatura ambient. Es
van rentar els talls amb PBS i després es var fer el blocatge amb H,02 a I'1%
durant 15 minuts i es van tornar a rentar amb PBS. La detecci6 d’IGF-1 es va
fer utilitzant un kit comercial d’un anticos policlonal de conill (IGF1 antibody,
ab9572, Abcam). L’anticos té un immunogen recombinant hlGF1 (human
insulin-like growth factor-1). La dilucid utilitzada de I'anticos primari IGF-1 va
ser de 4 pg/ml en una solucié de blocking serum 1.5 % en PBS i es va incubar
durant tota la nit a 4 eC. Es va fer un control negatiu de cada mostra sense

afegir-hiI’anticos primari. La lectura es va fer mitjancant el kit comercial d’un
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anticos secundari compatible (rabbit ABC Staining System, sc-2018, Santa
Cruz Biotechnology Inc.). Es va realitzar un ultim rentat amb H;0O, es van
tenyir els talls amb hematoxilina de Gill 2 durant 10 minuts i es van rentar
amb aigua de l'aixeta durant 5 minuts. Finalment es va afegir Aquatex’

(Darmstadt, Germany) a les preparacions per col-locar-hi el cobreobjectes.

.4 Técnicaimmunohistoquimica per a miostatina

Per I'avaluacié de I'expressié miostatina en el miocardi es va utilitzar també
una técnica immunohistoquimica emprant un kit comercial d’'un anticos
monoclonal (GDF8 -ab996- datasheer, Abcam, USA) amb especificitat
humana a la miostatina. Aquest anticos té un seqliencia d’'un immunogen
comu per la miostatina i el seu precursor AA 348-364 (NMLYFNGKEQIIIGKI)
que detecta totes les formes de miostatina (precursors, dimers i mondomers).
La dilucid es va fer a 1/1000 en un tampd citrat a pH 6. La lectura es va fer
mitjancant I’anticos secundari compatible lligat a peroxidassa (ab6722,

Abcam). L’anticos té reactivitat nuclear i citoplasmatica.

.5 Valoracié microscopica

Es va fer un estudi histologic previ amb hematoxilina/eosina i tricromic de
Gomori per definir si un donant estava afectat per miocardiopatia. Es va

analitzar primerament per microscopia Optica la presencia d’hipertrofia
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cel-lular i nuclear, de fibrosi interstricial i necrosi (Fernandez-Sola, et al.,
1994). Es va graduar semiquantitativament com a: lleu, moderat o intens

(O/+/++/+++).

L’expressié immunohistoquimica d’IGF-1 i miostatina es va avaluar amb
microscopia optica a 200 augments mitjancant un estudi semiquantitatiu,
comptant el tant per cent de cél-lules positives respecte el total de cél-lules
valorades. Es va mesurar la positivitat de IFG-1 tant a nivell nuclear com
citoplasmatic. De cada mostra es valoren 6 camps, comptant entre 200 i 600
cél-lules per camp (minim de 1200 cel-lules per mostra). Es van comparar els
resultats dels pacients control amb els alcoholics amb i sense miocardiopatia

i també amb els pacients hipertensos i amb altres causes de miocardiopatia.

I11.6  Analisi estadistic

Els resultats del comptatge s’han analitzat amb el programa estadistic SPSS
18.0 (SPSS, Chicago, IL). En primer lloc es van calcular estadistics descriptius
i es va fer un test de normalitat (Kolmogorov-Smirnov). Tot i que els diferents
grups seguien una distribucié normal, com que la mida de la mostra era
petita, es va emprar un test no parameétric (Mann Whitney) per valorar si hi
havia diferéncies significatives entre els diferents grups. Es va utilitzar un

nivell de significacio de 0.05.
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IV.1 Article 1: Insulin-like growth factor 1 myocardial expression
decreases in chronic alcohol consumption
Francesc Borrisser-Paird, Emilia Antlnez, Ester Tobias i Joaquim Fernandez-

Sola (2013). Insulin-like growth factor 1 myocardial expression decreases in

chronic alcohol consumption. Regenerative Medicine Research 1(1):3.
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Insulin-like growth factor 1 myocardial expression
decreases in chronic alcohol consumption
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Abstract

hypertension and other cardiac diseases.

achieving significance.

Keywords: Alcohol, Myocardium, IGF-1

Background: Alcoholic cardiomyopathy (CMP) is one of the major complications of chronic excessive alcohol
consumption. The pathogenic mechanisms implicated are diverse, inducing functional and structural changes in
the myocardium. Insulin-like Growth Factor 1 (IGF-1) plays an important role in modulating the cell cycle, and helps
the differentiation and proliferation of cardiac tissue inhibiting apoptosis. Experimental studies have suggested the
role of IGF-1 in alcohol-induced cardiac damage. The aim of the present study was to determine the effect of
chronic alcohol consumption on IGF-1 myocardial expression and to compare this expression in cases of

Methods: We studied heart samples from human organ donors: 10 healthy donors, 16 with hypertension, 23 with
chronic alcohol consumption and 7 with other causes of cardiac disease. IGF-1 myocardial expression was
evaluated with a specific immunohistochemistry assay using a semi-quantitative method.

Results: A significant decrease in IGF-1 myocardial expression was observed comparing all the cases included with
control donors. This decrease in IGF-1 myocardial expression was significantly lower in the group of donors with
chronic alcohol consumption compared to controls. On group evaluation according to the presence of CMP,
donors with chronic alcohol consumption without CMP presented significantly lower IGF-1 expression than
controls, whereas donors with chronic alcohol consumption with CMP showed a downward trend without

Conclusions: Chronic alcohol consumption significantly reduces IGF-1 myocardial expression. This decrease
induced by alcohol is partially compensated in the presence of structural myocardial damage.

Background
Although there is evidence that moderate alcohol
consumption has some beneficial effects in health [1],
chronic and excessive alcohol intake can lead to the de-
velopment of dilated cardiomyopathy (CMP) and other
cardiovascular diseases [2-5]. Almost 1 in 3 alcoholic
misusers develop heart disease, whether alcoholic CMP,
cardiac hypertrophy, arrhythmias or reduced myocardial
contractility [6].

Alcoholic CMP is one of the major complications of
chronic alcoholism [5], developing in a dose-dependent
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manner, independently of vitamin or nutritional deficits
[7-9]. The cumulative lifetime dose of alcohol needed to
develop alcoholic CMP has been assessed as 7 kg per kg
of body weight of ethanol in men and 5 kg in women
[10]. Alcoholic CMP is characterized by progressive
structural and functional changes in the myocardium
that remain subclinical for years until the appearance of
heart failure or arrhythmia [10]. There is also a direct re-
lationship between cardiac dysfunction and skeletal my-
opathy in patients with alcoholic CMP [11].

The physiopathological mechanisms implicated in
alcohol-induced toxic damage to striated skeletal and
cardiac muscle are multifactorial and are probably
additive [12,13], being apoptosis, oxidative damage and
contractile protein disruption the most relevant [3,12].
In previous studies in chronic alcoholic donors, we

© 2013 Borrisser-Pairé et al,; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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observed an increase in myocardial apoptosis to a simi-
lar degree as that caused by hypertension. This effect
was more prominent in alcoholic donors with already
developed heart damage [14]. In another study we ob-
served that hearts from donors without alcoholic CMP
presented over-expression of L-type calcium channels, a
fact that increases Ca”>* entry into the cells and induces
myocyte damage [9].

Recently, some authors described the potential effect
that diverse myocyte growth factors such myostatin and
IGEF-1 may exert in regulating the development of alcohol-
induced heart damage. Myostatin is a growth factor that,
when up-regulated, inhibits the proliferation of muscle
and cardiac myocytes, for this reason it is down-regulated
during tissue development [15]. We have reported an in-
crease in myostatin myocardium activity in subjects with
CMP either of alcoholic or non alcoholic origin [16].

Insulin-like Growth Factor 1 (IGF-1) is a simple string
of polypeptides with a structure similar to proinsulin.
IGF-1 has short-term effects on the proliferation and dif-
ferentiation of different cell types including cardiac
myocytes. Its mitogenic activity is mediated by its bind-
ing to a IGF-1 receptor found on the cell surface [17,18].
Growth hormone (GH) is linked to IGF-1 receptor by
IGE-1 promoting growth and tissue differentiation [19,20].
The direct effect of IGF-1 on cells is related to DNA syn-
thesis, cell cycle gene modulation and induction of cell
entry to the S phase. IGF-1 activation induces cell prolifer-
ation and increases protein synthesis, resulting in cell
hypertrophy and promoting tissue protection. It also has
an anti-apoptotic effect mediated by inhibition of Bax
induction, caspase activation and DNA fragmentation
[17,21,22]. Local myocardium activity of IGF-1 is most
relevant than that produced elsewhere (i.e. in the liver). In
fact, the bioavailability of exogenous administered IGF-1
is limited, because of the rapid clearance (half time < 10
min) of this peptide hormone from the circulation [23].

Some studies have evaluated the role of IGF-1 and GH
in cardiac function and induction of myocyte damage
after an ischemic heart attack. Both GH and IGF-1 have
been shown to have a therapeutic effect on heart failure
[19,20]. A study done in alcohol-fed rats demonstrated a
reduction in IGF-I mRNA content in liver and skeletal
muscle, compared with pair-fed control rats [24]. An ex-
perimental study on IGF-1 in mice showed that over-
expression of this growth hormone has a beneficial effect
on the myocardial dysfunction caused by excessive con-
sumption of alcohol [2]. No previous clinical investiga-
tions have studied the direct effect of alcohol on IGF-1
in humans.

Considering the previously noted pro-apoptotic effect
of ethanol [14] as well as the up-regulation of myocyte
myostatin, [16], and based on data from experimental
studies on myocardial IGF-1 effect, we aimed to evaluate
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the potential role of IGF-1 in the development of alcohol-
induced cardiac damage. Thus, we hypothesized that
chronic alcohol consumption has an inhibitory effect on
IGE-1 expression, and may consequently worsen the re-
covery of damaged myocardial tissue. For this purpose, we
studied samples of human myocardium tissue from organ
donors. Donors were classified into different groups
according to alcohol consumption, the presence of CMP
or the existence of hypertension or other causes of myo-
cardial damage. The main objective in the present study
was to evaluate myocardium IGF-1 expression in human
organ donors and determine the effect of chronic alcohol
consumption, the presence of CMP, hypertension or other
causes of myocardial damage.

Results

We included a total of 57 hearts samples from human
donors collected at the Hospital Clinic Transplant Unit
between January 2006 to December 2008. One sample
which was not adequately cryopreserved was excluded.
Therefore, a total of 56 heart samples were finally evalu-
ated. Heart samples were divided into 4 groups as fol-
lows: (1) 10 healthy donors without evidence of alcohol
consumption, hypertension or other causes of heart dis-
ease (control group), (2) 16 non-alcoholic hypertensive
donors, (3) 23 donors with chronic alcohol consumption
and (4) 7 non-alcoholic donors with other causes of
cardiac disease. Table 1 shows the epidemiological and
clinical data of donors according to these four groups. Re-
markably there were no differences related to age and gen-
der distribution between groups. Alcoholics presented a
higher tobacco use compared to healthy non-alcoholic do-
nors. None of these subjects presented criteria of caloric
or protein malnutrition. As expected, donors with chronic
alcohol consumption, hypertension and other cardiac dis-
eases presented significant changes in echocardiography
parameters and also in morphometrical parameters of
myocardial hypertrophy compared to controls.

To evaluate the effect of CMP on IGF-1 myocardial
expression, these cases were further divided in 6 groups:
(1) 10 healthy non-alcoholic donors, (2) 8 hypertensive
non-alcoholic donors without CMP, (3) 8 hypertensive
non-alcoholic donors with CMP, (4) 11 donors with
chronic alcohol consumption without CMP, (5) 12 do-
nors with chronic alcohol consumption with CMP and
(6) 7 non-alcoholic donors with other causes of CMP (2
ischemic disease, 3 valve disease and 2 idiopathic CMP).

As expected, the cases (groups 2, 3, 4, 5 and 6)
presented a higher cardiothoracic index, lower left
ventricular ejection fraction and electrocardiogram ab-
normalities and showed a worse clinical class than
controls (group 1). The consumption of daily alcohol in-
take (38.57 + 12.10 vs. 43.94 + 11.66, in g/day; p=0.676)
and lifetime dose of ethanol (5.04 + 2.54 vs. 3.50 + 1.10
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Table 1 Epidemiologic and clinical data of the different groups of heart donors

Control donors

Hypertensive donors

Alcoholic donors Donors with other causes

(n=10) (n=16) (n=23) of cardiac disease (n=7)
Age (y; mean (SD)) 523 (22.1) 62.1 (10.7) 543 (10.0) 59.1 (13.8)
Male/female ratio (n) 37 8:8 19:4 6:1
Daily alcohol intake (g; mean (SD)) 0 10.7 (194) 148.2 (54.9)%** 86 (22.8)
Lifetime dose of ethanol (kg ethanol/kg body 0 0.54 (0.2) 15.5 (8.3)*** 0.77 (0.2)
weight; mean (SD))
Active smokers [n (%)] 1(10) 4 (25) 17 (74)%** 2 (29)
Time from admission to donation (h; mean (SD)) 30 (2) 30 (3) 33 (2) 30 (2)
NYHA function [n (%)]
Class | 10 (100) 11 (68) 12 (51) 4 (57)
Class I 0 4 (26) 7 (30) 2 (29)
Classes lll and IV 0 1(6) 2(9) 1 (14)
Cardiothoracic index (mean (SD)) 047 (0.01) 0.54 (0.05)** 0.54 (0.05)** 0.58 (0.05)**
Electrocardiogram [abnormal cases; n (%)) 1(10) 11 (69)* 10 (43)** 7 (100)*
Left ventricular ejection fraction (%; mean (SD)) 61 (3) 45 (9)** 45 (7)** 41 (7%
End-diastolic diameter (mm; mean (SD)) 466 (2.2) 525 (5.1) ** 584 (6.2) ** 596 (6.4) **
End-systolic diameter (mm; mean (SD)) 29.7 (2.9) 383 (3.8) ** 438 (5.7) ** 454 (6.2) **
Left ventricular mass (g/mz; mean (SD)) 107 (6) 139 (10) ** 143 (11) ** 146 (13) **
Cell hypertrophy [n (%)] 0 (0) 11 (69) ** 17 (74) ** 7 (100) **
Nuclear hypertrophy [n (%)] 0 (0) 14 (88) ** 19 (82) ** 7 (100) **

An abnormal electrocardiogram is characterized by the presence of rhythm disturbances, conduction defects, signs of left ventricular hypertrophy, or

abnormal repolarization.

* P < 0.05 compared to the other groups.
** P < 0.01 compared with control donors.
*** P < 0.01 compared to the other groups.

in Kg of ethanol/Kg body weight; p=0.598) and tobacco
consumption (10.43 + 2.82 vs. 10.30 + 2.66 in ciga-
rettes/day; p=0.892), was similar in the group of alco-
holic donors when divided according to the presence of
structural CMP.

IGF-1 immunohistochemical myocardial expression

We first evaluated the presence of appropriate immuno-
histochemical IGF-1 myocardial expression. Thus, samples
without IGF-1 antibody were observed to be uniformly
negative only with hematoxylin staining, whilst samples

-

Figure 1 Insulin-like growth factor 1 (IGF-1) immunohistochemical expression in myocardium at 10 um (magnification x100). (A)
Negative control without IGF-1 antibody. (B) Positive control sample from a healthy donor with IGF-1 antibody.
.
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with IGF-1 antibody showed clearly positive expression of
IGF-1, with dark brown staining in the nucleus (Figure 1).
In a magnified image (Figure 2) we can see further staining
in nuclear expression of cardiac cells with some showing
clear IGF-1 expression and other cells with absent IGF-1
expression.

With respect to IGF-1 immunohistochemical expres-
sion, on division of the samples into healthy non-alcoholic
donors (controls) and cases (the latter including hyperten-
sion, chronic alcohol consumption and other causes of
cardiac disease), the IGF-1 expression index was 0.0439 +
0.0127 versus 0.0219 + 0.0026, respectively, with a signifi-
cant decrease in IGF-1 myocardial expression in cases
compared to controls (p=0.007) (Figure 3).

Then, we compared IGF-1 myocardial expression in
healthy non-alcoholic donors used as controls with hyper-
tensive donors, donors with chronic alcohol consumption
and donors with other causes of cardiac disease separately
(Table 2). Remarkably, we just found a significant decrease
in IGF-1 myocardial expression on comparing donors with
chronic alcohol consumption with controls (0.0206 +
0.0042 vs. 0.0439 + 0.0127, respectively, p=0.002). Hyper-
tensive donors tended to express low IGF-1 myocardial ex-
pression compared to controls, albeit without achieving
statistical significance (0.0250 + 0.0043 vs. 0.0439 + 0.0127,
respectively, p=0.068).

In order to assess the influence of the presence of
structural CMP in IGF-1 myocardial expression, we com-
pared IGF-1 expression index in all cases and controls di-
vided according to the presence or absence of structural
CMP (n=29 in donors without CMP donors, and n=27 in
donors with CMP). Thus, the IGF-1 myocardial expression

Figure 2 Insulin-like growth factor 1 (IGF-1)
immunohistochemical expression in myocardium at 10 pm
(magnification x400). (1) IGF-1 positive nuclear expression.
(2) Negative nucleus without IGF-1 expression.
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in the two groups did not significantly differ (0.0274
0.0053 in donors without CMP compared to 0.0241
0.0037 in donors with CMP, p=0.749). We also evaluated
the relationship between IGF-1 myocardial activity and the
presence myocyte hypertrophy. Thus, myocyte IGF-1 activ-
ity was higher in donors without nuclear morphometric
hypertrophy than in donors with nuclear hypertrophy
(0.037 + 0.009 vs 0.022 + 0.0038, P= 0.020). Similarly, IGF-
1 myocyte activity in donors without cell hypertrophy was
significantly higher compared to their counterpart not af-
fected of cell hypertrophy (0.034 + 0.006 vs 0.020 + 0.002,
P= 0.048). IGF-1 myocardial activity was similar in alco-
holics with higher tobacco use and alcoholics with non-
tobacco use.

Finally, the IGF-1 myocardial expression of non-
alcoholic healthy controls was separately compared with
that of each group of cases according to the presence of
structural CMP. Only the group of donors with chronic
alcohol consumption non-affected of CMP showed sig-
nificantly lower IGF-1 myocardial expression compared
to non-alcoholic controls (0.0132 + 0.0012 vs. 0.0439 +
0.0127, respectively, p=0.000). Donors with chronic alco-
hol consumption with CMP tended to express lower IGF-
1 myocardial expression, but without achieving significant
differences compared to non-alcoholic controls (0.0264 +
0.0074 vs. 0.0439 + 0.0127, respectively, p=0.069). No dif-
ferences were obtained on comparing the controls with
the other groups of cases (Table 2). When we compare do-
nors with chronic alcohol consumption with CMP versus
chronic alcohol consumption without CMP no significant
differences were found (p=0.169).

Lastly, we performed a regression analysis between pa-
rameters of ethanol consumption and IGF-1 myocardial
expression, but did not find a significant correlation
between them (R®= 0.0939 for mean daily alcohol con-
sumption and R* = 0.0759 for lifetime cumulative dose of
alcohol and IGF-1 myocardial expression, respectively).

+
+

Discussion

This study evaluates IGF-1 expression in myocardial tis-
sue in human donors with chronic alcohol consumption
in comparison to healthy donors and also with donors
with hypertension or other cardiac diseases using an im-
munohistochemical IGF-1-specific assay. We attempted
to assess the effect that chronic alcohol consumption
may cause in IGF-1 myocardial expression in compari-
son to non-alcoholic controls and other different groups
of donors and also evaluate the influence of the presence
of structural CMP.

The main result achieved is the evidence that chronic
alcohol consumption significantly reduces IGF-1 myo-
cardial expression compared to non-alcoholic healthy
controls. Otherwise, we did not observe significant dif-
ferences in IGF-1 myocardial expression in the other
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groups evaluated, although hypertensive donors showed
a non-significant downward trend. Remarkably, IGF-1
myocardial expression was lower in donors with myocar-
dial hypertrophy compared to those without hyper-
trophy. This finding probably is related to a negative
counter-regulation between myocyte IGF-1 activity and
cell hypertrophy, corroborating the influence of this
factor on myocardial hypertrophy. Finally, on evaluating
the influence of the presence of structural CMP on IGF-
1 myocardial expression we did not find significant dif-
ferences between groups with structural CMP and those
without. This IGF-1 decreased myocardial expression in
alcoholic donors was clearly significant in those without
CMP thereby excluding an effect of structural CMP on a
decrease in IGF-1 myocardial expression. In fact, the

presence of structural CMP in donors with chronic
alcohol consumption non significantly increased IGF-1
myocardial expression with respect to donors without
structural CMP, a fact that may be compensatory of the
inflicted cardiac toxic damage. We also observed a down-
ward trend in IGF-1 myocardial expression in the other
groups of donors with hypertension and other cardiac dis-
eases, although without achieving significant differences
compared to controls.

Indeed, IGF-1 is a trophic factor with an important
role and short-term effects on the proliferation and
differentiation of different cell types including heart
myocytes, IGF-1 increases cardiac DNA and protein syn-
thesis and reduces protein degradation [17]. After myo-
cardial infarction IGF-1 improves cardiac function by

Table 2 Comparison of myocardial immunohistochemmical studies in IGF-1 expression between the different groups

Number of samples used for immunohistochemical study: n=56

IGF-1 myocardial expression

p-value compared with control donors

Control donors (n=10)

Hypertensive donors (n=16)

Hypertensive donors without CMP (n=8)

Hypertensive donors with CMP (n=8)

Chronic alcohol consumption donors (n=23)

Chronic alcohol consumption donors without CMP (n=11)
Chronic alcohol consumption donors with CMP (n=12)

Donors with other causes of cardiac disease (n=7)

0.0439 (0.0127)

0.0250 (0.0043) 0.068
0.0264 (0.0074) 0.101
0.0237 (0.0052) 0.173
0.0206 (0.0042) 0.002
0.0132 (0.0012) 0.000
0.0264 (0.0074) 0.069
0.0191 (0.0014) 0.161

Data are expressed as IGF-1 index expression (SD).
IGF-1 Insulin-like Growth Factor.
CMP Cardiomyopathy.
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stimulating contractility and promoting tissue remodel-
ing, a decrease in IGF-1 expression affects myocardial
function and myocyte regeneration [17,18].

The potential mechanism to explain this alcohol-
mediated decrease in IGF-1 myocardial expression may
be the decrease in protein synthesis and translation initi-
ation that alcohol induces in the myocardium [25]. This
effect causes a impairment in the availability and effect-
iveness of various anabolic hormones including IGF-1
[13] and myostatin [16]. These results are in concord-
ance to those observed in experimental studies in mice
in which alcohol-fed rats showed a reduction in the
IGF-1 mRNA content in liver and skeletal muscle com-
pared with pair-fed control rats [24]. In fact, it has been
suggested that IGF-1 expression protects the myocardium
tissue reducing apoptosis and increasing myocardial pro-
liferation [17]. For this reason, an alcohol-induced IGF-1
myocardial decrease in expression is partly compensated
in the presence of cardiac damage.

In the present series, alcohol donors consumed higher
tobacco dose than non alcoholic donors. However, In
the multivariate analysis we did not identify tobacco as a
variable influencing myocardial IGF-1 expression. In
addition, no biological effect between tobacco consump-
tion and IGF-1 activity or expression has been reported
up to now [26,27].

In the present study we did not obtain a significant
correlation between alcohol consumption parameters
and IGF-1 myocardial expression. This may be due to
the fact that ethanol consumption in the donors studied
was not high but rather slight or moderate. In addition,
it is clear that ethanol has diverse pathogenic effects on
the myocardium and the global noxious effect may be a
sum of diverse implicated mechanisms such as disturb-
ance in calcium transients, induction of apoptosis, an in-
crease in myostatin expression or induction of oxidative
damage [8,14,16].

With respect to the hypertensive donors included in
this study, they showed a downward trend of IGF-1
myocardial expression compared to healthy donors. This
is in concordance to what has been observed in previous
studies, in which low levels of IGF-1 were found to be
associated with hypertension in subjects without other
cardiovascular diseases [28].

One limitation of the present study was that it evalu-
ated IGF-1 myocardial expression in a medium-size
group of human donors, without considering other
pathogenic mechanisms that may also be potentially im-
plicated in alcohol-induced cardiac damage. The present
study does not include data in IGF signaling cascade or
complementary in vitro studies. The degree of daily and
lifetime alcohol consumption in the group of donors
with alcohol consumption was only moderate, thus the
effect of high-dose ethanol intake may not have been
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considered in the present study. IGF-1 expression was
only limited to cardiac immunohistochemical without
IGF-1 receptor or intracellular IGF-1 signaling.

Conclusions

We observed a significant decrease in IGF-1 myocardial
expression in alcoholic donors without structural CMP
compared to controls. This effect was not observed in
donors with hypertension or other cause of cardiac
disease. Since IGF-1 promotes cardiac growth, improves
cardiac contractility, cardiac output, stroke volume, and
ejection fraction, it has been suggested that IGF-1 has
therapeutic potential [17,22]. As previously reported in
an experimental study in mice, over-expression of IGF-1
has a beneficial effect on the myocardial dysfunction
caused by excessive consumption of alcohol [2]. For this
reason, a potential therapeutic use of IGF-1 could be
suggested in patients with chronic alcohol consumption
to avoid progression to CMP.

Methods

Selection of patients and controls

In the transplant unit at the Hospital Clinic subjects
with brain death due to trauma or cerebrovascular causes
are routinely evaluated for possible transplantation. Of
these donors under the age of 70 years, hearts which were
not suitable for transplantation were consecutively sepa-
rated and classified into 4 groups: (1) control hearts from
healthy non-alcoholic people who were not eligible for im-
plantation because of a lack of matched receptor or size
inadequacy, (2) hypertensive non-alcoholic donors, (3) do-
nors with chronic alcohol consumption (=60 g/day for
over 10 years), (4) non-alcoholic donors with other causes
of cardiac disease (ischemic, valve or idiopathic).

All patients were white Caucasians of Spanish descent,
who lived with their families in or around Barcelona and
none was indigent. Some of these subjects had been in-
cluded in previous studies on heart antioxidant status
[8], cardiac apoptosis [14] and myostatin activity [16].

All cases had been admitted to the intensive care unit
and ventilator and hemodynamic parameters had been
appropriately maintained at normal values throughout
hospitalization (PaO* >60 mm Hg, systolic blood pres-
sure >100 mm Hg, and arterial pH within the normal
range). None of the patients required in-hospital cardio-
pulmonary resuscitation maneuvers. Because all patients
were maintained in similar conditions of glucose homeo-
stasis, we consider that insulin do not play a significant
role in the final measured myocardial IGF-1 activity.

The study protocol was approved by the Ethics Com-
mittee of the Hospital Clinic and informed consent was
requested from the families of the donors concerning
the use of myocardium tissue for this research protocol
study. The authors of this manuscript have certified that
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they comply with the statement on ethics from the
HEART Group [29].

Clinical and laboratory evaluation

A detailed history of ethanol intake was retrospectively
obtained by consultation with family members using a
structured questionnaire (“time-line follow-back method”)
[30], as previously reported [10,11]. Duration of ethanol
intake was calculated in each group as the total cumulated
period of alcohol consumption in years, either recent or
previous. The body mass index (BMI) was determined as
the actual body weight relative to the square of the body
height (kg /m?). Patients were considered to have caloric
malnutrition if the BMI was <17 kg/n”. Protein malnutri-
tion was assessed by the following parameters obtained at
hospital admission: hemoglobin, lymphocyte count, total
protein, retinol-binding protein, prealbumin, and albumin.

Cardiac studies

Past and present signs and symptoms of heart failure
were evaluated on consultation of medical records and
with family members of the donors, and the New York
Heart Association (NYHA) functional class was deter-
mined according to the Goldman activity scale [31]. Chest
X-ray with measurement of cardiothoracic index and con-
ventional electrocardiography were performed in all cases.
A cardiothoracic index greater than 0.48 was observed in
27 patients compared to none of the controls. In these do-
nors with enlarged cardiothoracic index, bidimensional
echocardiography was performed (Hewlet Packard Sonos
2500; Hewlet Packard, Andover, MA). End-diastolic and
end-systolic diameters, the shortening fraction, left ven-
tricular (LV) mass, and the ejection fraction (EF) were
measured according to the standards of the American So-
ciety of Echocardiography [32]. Cardiomyopathy (CMP)
was defined as the presence of LVEF <50% and LV en-
largement. We observed a good correlation between the
cardiothoracic index and the LV end-diastolic diameter
(r=0.68, p<0.01). The personnel performing and evaluating
these tests had no knowledge of the alcoholic history of
the patients.

Myocardium histological studies

A 3 cm distal sample of the LV apex was surgically ex-
cised avoiding damaged areas (total weight of 4 to 5
grams) at the time the donor was under cold perfusion.
The specimen was cut into fragments, and one of these
was processed for further histological analysis.

Immunohistochemistry

Myocardial samples were preserved at —80°C. Immuno-
histochemical processing required cutting of samples to
10 puM using cryotome and fixation on glass slides. The
slices were kept frozen (-80°C) until the time of use.
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Slices were fixed with acetone for 10 minutes and then
proceed to warming in the oven at 95°C for 30 minutes
with citrate buffer (2.94 g Tri-sodium citrate + 1000 ml
H,O + 0.5 ml Tween 20 at pH 6 with HCI 1N) and let
cool for 20 minutes at room temperature. Slices were
cleaned with PBS and blocked with H,O, (1%) for 15
minutes and were thereafter cleaned again with PBS.

Immunohistochemical analysis for IGF-1 expression
was chosen because myocardial IGF-1 expression was
considered to be the most relevant parameter in the
physiopathology of myocardial IGF-1 effects, as previ-
ously reported in other studies [33,34]. Immunohisto-
chemical detection of IGF-1 expression was evaluated
using a commercial kit of a polyclonal rabbit antibody
(IGE-1 antibody, ab9572, Abcam, Cambridge, UK). The
antibody is a recombinant immunogen (human Insulin-
like Growth Factor-1). The antibody dilution used was 4
pg/ml in a solution of blocking serum 1.5% in PBS and
was incubated overnight at 4°C. In each sample we also
performed a negative control processed without primary
antibody. Detection was performed by the compatible
secondary antibody (rabbit ABC Staining System, sc-2018,
Santa Cruz Biotechnology Inc., Santa Cruz, CA) linked to
peroxidase. A last cleaning with H,O was performed and
slices were stained with Gill's hematoxylin 2 for 10 mi-
nutes and cleaned with H,O for 5 minutes. Finally, slides
were prepared with an aqueous mounting agent (Aquatex,
Darmstadt, Germany).

Microscopic evaluation

Myocardial cell and nuclear hypertrophy was evaluated
by histological morphometry, as previously reported [11].
IGEF-1 myocardial expression was evaluated with immuno-
histochemical methods using optical microscopy at x200
magnification with a semiquantitative approach, counting
the percentage of positive cells with respect to total evalu-
ated myocardial cells. We measured the positive IFG-1
expression in both the nucleus and cytoplasm of the
myocytes. Six areas of each sample were evaluated, includ-
ing 200 to 600 cells per field. A minimum of 1,200 cells
per sample were counted. IGF-1 expression index was cal-
culated according to the ratio between positive-stained
myocytes divided by negative-stained myocytes. Results
from control donors were compared to those of hyperten-
sive, chronic alcohol consumers and donors with other
causes of cardiac disease. In the three last groups we also
analyzed the effect of the presence of structural CMP on
IGF-1 myocardial expression.

Statistical analysis

The data were analyzed using SPSS-PC 18.0 statistical soft-
ware (SPSS, Chicago, IL). Firstly, descriptive statistics were
calculated and tested for normality (Kolmogorov-Smirnov).
Although the groups follow a normal distribution due to
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the small sample size, we used a nonparametric test
(Mann—Whitney) to assess the presence of significant dif-
ferences between the parameters studied. A significance
level lower than 0.05 was used.
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IV.1.1 Resum dels principals resultats obtinguts en I’estudi d’IGF-1

En aquesta fase de I'estudi es van incloure un total de 56 mostres de cor
obtingudes a través de la Unitat de Transplantament de I'Hospital Clinic

entre el gener de 2006 al desembre de 2008.

Es van classificar inicialment 4 grups de donants: donants sans, donants
hipertensos, donants amb consum excessiu d’alcohol i donants amb altres
causes de malaltia cardiaca. Les caracteristiques cliniques dels diferents

grups de donants es descriuen a la Taula 4.

Taula 4. Dades cliniques i epidemiologiques dels diferents grups de

donants
Controls sans Hipertensos Alcoholics D(:ii::sr:g:ai:::es
(n=10) (n=16) (n=23) (n=7)
Edat (y; mitjana (SD)) 52,3(22,1) 62,1(10,7) 54,3 (10,0) 59,1 (13,8)
Ratio home/dona (n) 3:7 8:8 19:4 6:1
Ingesta diaria d’alcohol ok
(& mitjana (sD)) 0 10,7 (19,4) 148,2 (54,9) 8,6 (22,8)
Dosi acumulada d’etanol (kg ok
etanol/kg pes; mitjana (SD)) 0 054(02) 15,5(8,3) 077(02)
Fumadors actius [n (%)] 1(10) 4 (25) 17 (74)*** 2 (29)
Temps des de I'admissié a la
donacié (h; mitjana (SD)) 30(2) 3003) 3@ 30(2)
Funcié NYHA [n (%)]
Classe | 10 (100) 11 (68) 12 (51) 4(57)
Classe Il 0 4 (26) 7 (30) 2 (29)
Classes lll'i IV 0 1(6) 2(9) 1(14)
Index cardiotoracic (mitjana 047(001)  054(0,05* 0,54 (0,05)** 0,58 (0,05)**
(D)
Electrocardiograma (casos % % *
anormals: n (%)) 1(10) 11 (69) 10 (43) 7 (100)
Fraccié d’ejeccié ventricle o o -
esquerre (%;mitjana (SD)) 613) 450) 40 41
Diametre diastolic final (mm; - - ok
mitjana (D)) 46,6 (2,2) 52,5 (5,1) 58,4 (6,2) 59,6 (6,4)
Diametre sistolic final (mm; - - .
mitjana (D)) 29,7 (2,9) 38,3 (3,8) 43,8 (5,7) 45,4(6,2)
Massa ventricular esquerra - o -
(g/mmean (SD)) 107 (6) 139 (10) 143 (11) 146 (13)
Hipertrofia cel-lular [n (%)] 0(0) 11 (69) ** 17 (74) ** 7 (100) **
Hipertrofia nuclear 0(0) 14 (88) ** 19 (82) ** 7 (100) **

[n (%)]

NYHA: New York Heart Association.

SD: desviacié estandard

Un electrocardiograma anormal es caracteritza per la preséncia d’alteracions del ritme, defectes de conduccid, signes
d’hipertrofia ventricular esquerra o repolaritzacié anormal.

* P < 0.05 comparat amb els altres grups.

** P <0.01 comparat amb els donants control.

*** P <0.01 comparat amb els altres grups.
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No es van observar diferencies entre els diferents grups en funcid de 'edat i
el sexe. Una diferéncia que es va detectar és que el consum de tabac en els
donants amb consum excessiu d’alcohol era major que en els donants sans.
Es van detectar canvis significatius en els parametres de
I’electrocardiograma i en els parametres de hipertrofia miocardiaca nuclear

i cel-lular en els donants amb patologia respecte els donants sans.

Pel que fa a I'expressié miocardiaca de IGF-1, si es comparen els resultats
dels donants sans amb els altres grups (casos) junts, els donants sans

mostren uns index significativament superiors que els casos (Figura 13).

0,1200

54
0,1000

0,08007

IGF-1

0,0600
15
58719

0,0400]

0,0200-

0,0000]

T T
controls (n=10) cases (n=46)

Figura 13. Comparacié d’expressié miocardiaca d’IGF-1 entre els donants sans i els casos (P=0.007)

La Taula 5 analitza els indexs d’expressid miocardiaca d’IGF-1 per cada grup
comparat amb els donants sans. Els donants amb consum excessiu d’alcohol
presenten indexs significativament inferiors que els donants sans. Tot i que

si es té en compte la preséncia de miocardiopatia, aquesta diferéncia deixa
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de ser significativa en els donants amb consum excessiu d’alcohol i
miocardiopatia. Per altra banda, els donants amb hipertensié o amb altres
patologies cardiaques no presenten diferéncies en I'expressié d’IGF-1

respecte els controls.

Taula 5. Comparacioé dels estudis immunhistoquimics en I’expressio
d’IGF-1 entre els diferents grups de donants

Grup de donants (n=56) index d'expressié p-valor en comparacié

miocardiaca d'IGF-1 als donants sans
Donants sans (n=10) 0,0439 +0,0127
Donants hipertensos (n=16) 0,0250 + 0,0043 0,068
Donants hipertensos sense MCP (n=8) 0,0264 +0,0074 0,101
Donants hipertensos amb MCP (n=8) 0,0237 +0,0052 0,173
Donants amb consum excessiu d'alcohol (n=23) 0,0206 + 0,0042 0,002*
Donants amb consum excessiu d'alcohol sense MCP (n=11) 0,0132 +£0,0012 0,000*
Donants amb consum excessiu d'alcohol amb MCP (n=12) 0,0264 + 0,0074 0,069
Doncants amb altres causes de miocardiopatia (n=7) 0,0191 £ 0,0014 0,161

IGF-1: insuline-like growth factor-1; MCP: miocardiopatia
*P <0.05

Es va analitzar també I'expressié miocardiaca d’IGF-1 en funcid de la
preséncia o no d’hipertrofia nuclear i cel-lular. Aquells donants sense
hipertrofia nuclear van presentar valors significativament superiors als
donants amb hipertrofia nuclear (0.037 + 0.009 vs. 0.022 + 0.004, p=0.020).
Aquells donants sense hipertrofia cel-lular van presentar valors
significativament superiors als donants amb hipetrofia cel-lular (0.034 +
0.006 vs 0.020 + 0.002, p= 0.048). Respecte el tabaquisme, no es van
observar diferéncies significatives en I'expressié miocardiaca d’IGF-1 entre

els donants alcoholics amb i sense consum de tabac.
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Original Article

Myostatin and 1nsulin-like growth factor-11n
hypertensive heart disease: a prospective study in

human heart donors

Joaquim Fernandez-Sola, Francesc Borrisser-Pair6, Emilia Antinez, and Ester Tobias

Objective: The physiopathological mechanisms implicated
in hypertensive heart disease are multi-factorial, including
myocyte hypertrophy, apoptosis and myocardial
remodelling. In this process, some hormonal and local
growth factors have a regulatory influence. The aim of this
study was to evaluate the potential role of myostatin and
insulin-like growth factor-1 (IGF-1) myocardial expression in
the development of hypertensive-induced cardiac damage.

Methods: Samples of human myocardium tissue from
organ donors were prospectively collected and classified
according to the presence of hypertension, alcohol
consumption, other causes of myocardial damage and the
presence of structural cardiomyopathy (CMP). Myocardial
samples were studied by immunohistochemistry and
myostatin, and IGF-1 myocardial expression was evaluated
in all the different groups of donors. Hypertensive donors
were compared to other groups.

Results: A total of 66 heart samples from human donors
were collected: 33 donors had no previous or present
history of hypertension and 33 donors presented defined
hypertension. Donors with hypertension presented higher
myocyte cell and nuclear hypertrophy and showed similar
myostatin myocardial expression as controls, but lower
IGF-1 myocardial expression. Myostatin expression was
significantly higher in hypertensive donors with CMP
compared to non-hypertensive healthy donors. The
presence of CMP of diverse origin (alcoholic, valve and
coronary) also significantly increased myostatin myocardial
expression.

Conclusion: The presence of hypertension significantly
decreases IGF-1 myocardial expression. Myostatin
myocardial expression increases in the presence of
structural CMP either of hypertensive or other origin.
These effects open the possibility of modulating
hypertensive-induced cardiac damage.

Keywords: cardiac remodelling, cardiomyopathy,
hypertension, IGF-1, myostatin

Abbreviations: AHT, arterial hypertension; CHF, chronic
heart failure; CMP, cardiomyopathy; GH, growth hormone;
HHD, hypertensive heart disease; IGF-1, insulin-like growth
factor-1; LVEF, left-ventricular ejection fraction

Journal of Hypertension

BACKGROUND

he heart is one of the major organs affected in
I patients with long-term hypertension. Up to 20%
of patients with definite hypertension and 80% of
those with severe hypertension develop functional or
structural heart changes, leading to diastolic dysfunction,
progressive left-ventricular hypertrophy and systolic
dysfunction, and chronic heart failure (CHF), known as
hypertensive heart disease (HHD) [1]. The morbidity and
mortality of patients with HHD are elevated because of
arrhythmias, congestive heart failure, myocardial infarction
and sudden cardiac death [2]. In fact, arterial hypertension
(AHT) is the most important risk factor for heart failure [3].
Antihypertensive therapy and regression of left-ventricular
hypertrophic growth is related to a minor risk of cardio-
vascular events in patients with hypertension [4]. For this
reason, one of the main objectives of treatment in hyper-
tensive patients is to control the pathologic processes
that intermediate left-ventricular pathologic hypertrophic
growth, ventricular dysfunction and CHF [5,6]. In the
transition from compensated to decompensated pressure
overload hypertrophy, although cardiomyocyte loss is con-
sidered one of the determinants of the maladaptative proc-
ess [1], other mechanisms such as extracellular matrix
remodelling [7] and changes in the matrix metalloprotei-
nases/tissue inhibitor of metalloproteinases (MMP/TIMP)
ratio [8] play a major role. Diverse myocyte growth factors
such as myostatin and insulin-like growth factor-1 (IGF-1)
may potentially regulate the development of heart damage
in different clinical situations [9,10].
Myostatin is the growth differentiation factor-8 (GF-1p),
a potent inhibitor of skeletal muscle and heart growth [11].
When up-regulated, myostatin inhibits the proliferation of
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muscle and cardiac myocytes and is therefore down-
regulated during tissue development [11]. An increase in
myostatin activity protects the cell from apoptosis. Its dis-
ruption causes increased skeletal and cardiac mass with
myocyte hypertrophy and hyperplasia and increased pro-
liferation [11,12]. In a previous study, we reported an
increase in myostatin myocardium expression in patients
with cardiomyopathy (CMP), either of alcoholic or other
origin [13]. However, the specific role of myostatin in HHD
has not been evaluated.

IGF-1 is important in cardiomyocyte survival [14]. IGF-1
has short-term effects on the proliferation and differentiation
of different cell types including cardiac myocytes [15-18].
IGF-1 activation induces cell proliferation and increases
protein synthesis, resulting in cell hypertrophy and pro-
moting tissue protection. It also has an anti-apoptotic effect
[18—-20]. Local myocardium activity of IGF-1 is more relevant
than that produced elsewhere (i.e. in the liver). In fact, the
bioavailability of exogenously administered IGF-1 is limited
[21]. Insulin-like growth factor II receptor (IGF-IIR) gene
expression/suppression is able to prevent myocardial
remodelling [22]. IGF-1 activity may contribute to cardio-
myoblast apoptosis via calcioneurin signalling [23].

Some studies have evaluated the role of IGF-1 and
growth hormone (GH) in cardiac function and the induc-
tion of myocyte damage after an ischaemic heart attack [15].
Both GH and IGF-1 have been shown to have a therapeutic
effect on heart failure [16]. In spontaneously hypertensive
rats, there is a differential protein expression in hyper-
trophic hearts with and without hypertension. Alcohol-
fed rats showed a reduction in liver and skeletal muscle
IGF-I mRNA content compared with pair-fed control rats
[24]. An experimental study on IGF-1 in mice showed that
over-expression of this GH has a beneficial effect on the
myocardial dysfunction caused by excessive alcohol con-
sumption [25]. In relation to AHT, Colao et al. [26] described
low levels of IGF-1 in hypertensive patients without other
cardiovascular diseases. In the presence of CMP, high levels
of circulating IGF-1 have been reported in patients with
essential hypertension, suggesting the up-regulation of
IGF-1 in hypertensive CMP [27,28]. In a recent study, we
observed a non-significant downward trend of IGF-1 myo-
cardial expression in AHT compared to the non-hyper-
tensive controls [29]. No other clinical investigations have
studied the direct effect of AHT on myocardial IGF-1
expression in humans. All these findings clearly attest to
the role of various paracrine hormonal systems and the
multi-factorial pathogenesis of left ventricular hypertrophy,
in particular, in the HHD syndrome [1].

Alcohol consumption is another factor that may inter-
vene in the development of heart damage in AHT. Thus, left
ventricular hypertrophy is more common in patients with
essential hypertension who regularly drink more than 50 g/
day, and in whom the left ventricular mass index is pro-
portional to the amount of alcohol hypertrophy, being at
risk of developing atrial fibrillation [30].

Considering the previous pathogenic aspects of HHD in
which myocyte hypertrophy, apoptosis and myocardial
remodelling have an essential role and a regulatory influ-
ence of some hormonal and local growth factors, we
hypothesized that hypertension produces an increased
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effect on myocardial apoptosis and disturbs remodelling.
This effect may be partially mediated by myocardial myo-
statin and IGF-1 expression as regulatory mechanisms. The
main objective of the present study was therefore to evalu-
ate myostatin and IGF-1 myocardial expression in human
organ donors with AHT, and determine the influence of
this expression in the development of consequent heart
damage.

METHODS

Selection of patients and controls

The hearts of patients with brain death either of traumatic or
cerebrovascular origin are routinely evaluated in the trans-
plant unit of the Hospital Clinic for possible transplantation.
Hearts not suitable for transplantation from donors under
70 years of age were consecutively separated and classified
into four groups: control hearts from healthy non-alcoholic
people who were not eligible for implantation because of a
lack of matched receptor or size inadequacy, hypertensive
non-alcoholic donors, donors with chronic alcohol con-
sumption (>60 g/day for over 10 years) and non-alcoholic
donors with other causes of cardiac disease (ischaemic,
valve or idiopathic).

All patients were white Caucasians of Spanish descent,
who lived with their families in or around Barcelona, and
none was indigent. Some of these patients had been included
in previous studies on heart antioxidant status [31], cardiac
apoptosis [32] and myostatin myocardial expression [13].

All cases had been admitted to the ICU, and ventilator and
haemodynamic parameters had been appropriately main-
tained at normal values throughout hospitalization (PaO,
>60mmHg, SBP >100mmHg and arterial pH within the
normal range). None of the patients required in-hospital
cardiopulmonary resuscitation manoeuvres. Since all
patients were maintained in similar conditions of glucose
homeostasis, we considered that insulin did not play a
significant role in the final IGF-1 myocardial expression
determined.

The study protocol was approved by the Ethics Com-
mittee of the Hospital Clinic, and informed consent was
requested from the families of the donors concerning the
use of myocardium tissue for this research protocol study.
The authors of this manuscript certify having complied with
the statement on ethics from the HEART group [33].

Clinical and laboratory evaluation

Hypertension was defined as values of SBP at least
140 mmHg and/or DBP at least 90 mmHg, based on the
evidence from randomized controlled trials showing that
treatment-induced blood pressure reductions are beneficial
in patients with these blood pressure values [34].

A detailed history of ethanol intake was retrospectively
obtained by consultation with family members using a
structured questionnaire (‘time-line follow-back method”)
[35], as previously reported [36,37]. The duration of ethanol
intake was calculated in each group as the total cumulated
period of alcohol consumption in years, either recent or
previous. The BMI was determined as the actual body
weight relative to the square of the body height (kg/m?®).
Patients were considered to have caloric malnutrition if the
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BMI was below 17kg/m® Protein malnutrition was
assessed by the following parameters obtained at hospital
admission: haemoglobin, lymphocyte count, total protein,
retinol-binding protein, pre-albumin and albumin.

Cardiac studies

Past and present signs and symptoms of heart failure were
evaluated on consultation of medical records and with
family members of the donors, and the New York Heart
Association (NYHA) functional class was determined
according to the Goldman activity scale [38]. Chest radi-
ography with measurement of the cardiothoracic index
and conventional electrocardiography were performed in
all cases. A cardiothoracic index greater than 0.48 was
observed in 27 patients, compared to none of the con-
trols. Bi-dimensional echocardiography was performed
(Hewlett Packard Sonos 2500; Hewlett Packard, Andover,
Massachusetts, USA) in the donors with a high cardiothora-
cic index. End-diastolic and end-systolic diameters, the
shortening fraction, left ventricular mass, and the ejection
fraction were measured according to the standards of the
American Society of Echocardiography [39]. CMP was
defined as the presence of a left-ventricular ejection frac-
tion (LVEF) below 50% and left-ventricular enlargement.
We observed a good correlation between the cardiothora-
cic index and the left-ventricular end-diastolic diameter
(r=0.68, P<0.01). The personnel performing and evalu-
ating these tests had no knowledge of the alcoholic history
of the patients.

Myocardium histological studies

A 3 cm distal sample of the left-ventricular apex was surgic-
ally excised avoiding damaged areas (total weight of 4—5 g)
at the time the donor was under cold perfusion. The speci-
men was cut into fragments, and one of these was proc-
essed for further histological analysis. Myocardial samples
were preserved at —80°C. Immunohistochemical process-
ing required cutting of samples to 10 pmol/l using cryotome
and fixation on glass slides. The slices were kept frozen
(—80°C) until the time of use.

Myostatin immunohistochemistry

The myostatin (GF-B1) myocardium assay was performed
using a commercial kit with the monoclonal antibody
(GDF8-ab996-datasheer; Abcam, Cambridge, Massachu-
setts, USA) with human specificity for myostatin. This
antibody has an immunogen sequence common to
myostatin and its precursor AA 348—364 (NMLYFNGKE-
QIIGKD that detects all the forms of myostatin: pre-
cursor, dimers and monomers. Dilution was performed
at 1/1000 in a buffer-citrate solution at pH 6.0. Lecture
was performed by the compatible secondary antibody
ab6722 linked to peroxidase. This antibody has nuclear
and cytoplasmic reactivity. To demonstrate the anti-myo-
statin antibody specificity of this antibody, we used
muscle specimens from myostatin knockout mice
(Se-Jin Lee, Molecular Biology & Genetics, Johns Hopkins
University School of Medicine. Baltimore, Maryland, USA)
and compared the reactivity to the muscle of wild-type
mice.

Journal of Hypertension
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Insulin-like growth factor-1
immunohistochemistry

Slices were fixed with acetone for 10 min and then warmed
in an oven at 95°C for 30 min with citrate buffer (2.94 g tri-
sodium citrate + 1000 ml H,O +0.5ml Tween 20 at pH 6
with HCl 1N) and let cool for 20 min at room temperature.
Slices were cleaned with PBS and blocked with H,O, (1%)
for 15min and were thereafter cleaned again with PBS.
Immunohistochemical detection of IGF-1 expression was
evaluated using a commercial kit of a polyclonal rabbit
antibody (IGF-1 antibody, ab9572; Abcam, Cambridge,
UK). This antibody is a recombinant immunogen (human
IGF-1). The antibody dilution used was 4pg/ml in a
solution of blocking serum 1.5% in PBS and was incubated
overnight at 4°C. In each sample, we also performed a
negative control processed without primary antibody.
Detection was performed by the compatible secondary
antibody (rabbit ABC Staining System, sc-2018; Santa Cruz
Biotechnology Inc., Santa Cruz, California, USA) linked to
peroxidase. A last cleaning with H,O was performed and
slices were stained with Gill’'s haematoxylin 2 for 10 min
and cleaned with H,O for 5min. Finally, slides were pre-
pared with an aqueous mounting agent (Aquatex, Darm-
stadt, Germany).

Microscopic evaluation

Myocardial cell and nuclear hypertrophy, fibrosis and
necrosis were evaluated by histological morphometry of
each sample, as previously reported [360]. Myostatin and
IGF-1 myocardial expression was performed using optical
microscopy at x200 magnification by means of a semi-
quantitative study evaluating the percentage of positive
cells with respect to the total myocardial cells evaluated.
In each case, a minimum of 3000 myocytes were evaluated.
We compared the results of cases (alcoholics) with healthy
donors and also pathological controls with either hyper-
tension or other causes of CMP. The positive myostatin and
IFG-1 expression in both the nucleus and cytoplasm of the
myocytes was measured. Six areas of each sample were
evaluated, including 200—600 cells per field. A minimum of
1200 cells per sample were counted. IGF-1 and the myo-
statin expression index were calculated according to the
ratio between positive-stained myocytes divided by nega-
tive-stained myocytes. Immunohistochemmical evaluation
was performed by two independent evaluators. The intra-
observer reproducibility of results was 95% and the inter-
observer reproducibility 91%. In the case of discrepancy, an
open discussion was performed, considering the opinion of
a third evaluator if agreement was not achieved.

Statistical analysis

The results of hypertensive donors were compared to other
groups. The data were analysed using SPSS-PC 18.0
statistical software (SPSS, Chicago, Illinois, USA). Firstly,
descriptive statistics were calculated and tested for normal-
ity (Kolmogorov—Smirnov). Although the groups followed
a normal distribution due to the small sample size, we used
a non-parametric test (Mann—Whitney) to assess the pres-
ence of significant differences between the parameters
studied. A significance level lower than 0.05 was used.
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RESULTS

A total of 66 hearts samples from human donors collected at
the Hospital Clinic Transplant Unit from January 2006 to
December 2008 were included in this study.

Effect of hypertension

In the first step, all heart samples were divided according to
the presence of AHT; 33 donors had no previous or present
history of hypertension and 33 donors had defined hyper-
tension. The epidemiological data are shown in Table 1.
None of these patients presented criteria of caloric or
protein malnutrition.

We evaluated the myocardial histological findings,
specifically cell and nuclear hypertrophy, fibrosis and
necrosis. The results are shown in Table 2. Nuclear and/
or cell hypertrophy was significantly higher in donors with
hypertension (P=0.004).

In the immunohistochemical myocardial analysis,
the myostatin myocardial expression in control donors
was similar to that of donors with hypertension (8.573 +
1.0546 vs. 10.756 £ 1.1667, respectively; P=0.222). IGF-1
expression was 3.083 +0.5885 in non-hypertensive con-
trols versus 1.980 +0.2824 in donors with hypertension,
with a significant decrease in the latter (P=0.035). Figure 1
shows the distribution of samples in each group for myo-
statin and IGF-1 myocardial expression.

Effect of alcohol

In order to know the effect of chronic alcohol consumption
on myostatin and IGF-1, myocardial expression cases were
divided into healthy donors, alcoholic donors, and donors
with cardiac disease (either hypertensive or CMP).

The myostatin myocardial expression in healthy donors
was 5.768 & 0.522, being 10.987 £ 1.461 in alcoholic donors
and 10.193+£1.061 in donors with cardiac disease. Alco-
holic donors showed a non-significant increase in myosta-
tin myocardial expression compared to control donors
(P=0.075). Similarly, donors with cardiac disease showed
a non-significant increase with respect to healthy donors
(P=0.053). The IGF-1 myocardial expression in healthy

Age [years, mean (SD)]
Male/female ratio (n)
Daily alcohol intake [g, mean (SD)]
Lifetime dose of ethanol [kg ethanol/kg body weight; mean (SD)]
Time from admission to donation [h, mean (SD)]
Active smokers [n (%)]
NYHA function [n (%)]

Class |

Class Il
Cardiothoracic index [mean (SD)]
Left ventricular ejection fraction [%, mean (SD)J*
Left-ventricular end-systolic index (mm/m?) (mean =+ SD)
Left-ventricular end-diastolic index (mm/m?) (mean = SD)
Electrocardiogram [abnormal cases, n (%)]

TABLE 1. Epidemiologic and clinical data of heart donors according to the presence of hypertension®

Non-hypertensive control

donors was 3.720£1.203, 2.47540.683 in alcoholic
donors and 2.322+0.311 in donors with cardiac disease.
The IGF-1 myocardial expression of alcoholic donors was
significantly lower compared to healthy donors (P=0.007)
(Fig. 2).

Effect of cardiomyopathy

To evaluate the effect of the presence of CMP, defined as a
LVEF lower than 50% on myostatin and IGF-1 myocardial
expression, donors were divided into six subgroups
according to the presence of CMP: 10 healthy donors,
10 hypertensive donors without CMP, 13 hypertensive
donors with CMP, 12 donors with chronic alcohol con-
sumption without CMP, 13 donors with chronic alcohol
consumption with CMP and eight donors with other causes
of CMP (three ischaemic disease, three valve disease and
two idiopathic CMP).

Firstly donors without CMP (healthy donors, hyperten-
sive donors without CMP and donors with chronic alcohol
consumption without CMP) were compared with donors
with CMP (hypertensive donors with CMP, donors with
chronic alcohol consumption with CMP and donors with
other causes of CMP). Donors with CMP showed a sig-
nificant increase in myostatin myocardial expression
compared to those without CMP (11.9724+1.073 vs.
6.967 £0.811; P=0.002). The IGF-1 myocardial expression
in donors with CMP was 2.317 £ 0.373, being 2.900 +0.616
in those without CMP, with no significant differences
(P=0.835) (Fig. 3).

Finally, we compared myostatin and IGF-1 myocardial
expression in healthy donors used as controls with different
sub-groups according to the presence of CMP (Table 3). We
found a significant increase of myostatin expression in
hypertensive donors with CMP compared to non-hyper-
tensive healthy donors (9.9764+2.045 vs. 5.768 £0.522;
P=0.003). We also found a significant increase in myostatin
expression in alcoholic donors with CMP (14.091 £ 2.402),
in donors with valve (14.830 £ 1.270) and idiopathic CMP
(15.030 £ 0.320) compared to healthy controls (P=0.020,
0.012 and 0.044, respectively). The results are shown in
Table 3.

Donors with hypertension

donors (n=33) (n=33)
53.6 (14.7) 58.8 (10.9)
21:12 24:9
50.4 (68.9) 34.1 (58.6)
4.9 (8.4) 1.5 (3.8)
31 (4) 30 (3)
21 (64) 15 (45)
12 (36) 15(45)
11(33) 10 (31)
10 (31) 8 (24)
0.54 (0.07) 0.54 (0.04)
45+9 46+8
24+6 23+5
3248 31+7
8 (24) 11 (33)

CMP, cardiomyopathy; NYHA, New York Heart Association.

“Echocardiography was only performed in 27 donors who showed enlarged chest radiograph cardiothoracic index greater than 0.5. Eight donors with other causes of CMP had previous

echocardiography data.
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TABLE 2. Comparison of histological findings in donors with and without arterial hypertension

Myocardial histology

Nuclear and/or cell hypertrophy [n (%)]
Fibrosis [n (%)]
Necrosis [n (%)]

Non-hypertensive control donors (n =33)

14 (42)
12 (36)
10 (30)

Donors with hypertension (n =33)

26 (79)"
14 (42)
8 (24)

*P<0.05 compared with control donors.

No significant correlation was found between myostatin
and IGF-1 (r=0.183, P=NS) on comparing the expression
of myostatin and IGF-1 in all the donors.

DISCUSSION

Although the heart is one of the main target organs in AHT,
little evidence is available to explain the diversity of patho-
genic mechanisms implicated in heart damage in patients
with the so-called HHD [1]. In AHT, the heart is submitted to
clear haemodynamic factors that mechanically increase
systolic ventricle wall stress and cardiac afterload [6]. In
addition to these haemodynamic factors, recent experimen-
tal and clinical studies in AHT have suggested a relevant
role of local hormonal and growth factors [7]. The sum of
haemodynamic and non-haemodynamic factors probably
contributes to the final heart damage developed in this
setting. The heart is also a dynamic structure with clear
adaptation mechanisms with relevant plasticity towards
persistent stimuli, such as what a low-level chronic load
causes in AHT patients [6,40]. At present, the main thera-
peutic approaches in AHT are addressed to decreasing the
role of haemodynamic factors, with volume depletion and a
decrease in arterial afterload, usually with no intervention
related to non-haemodynamic aspects. Although simple
deactivation of the hypertrophic pathways is unlikely,
and certain hypertrophic signalling pathways may need
to be basally active to prevent atrophy, it has been
suggested that new targets of anti-remodelling therapy
should be evaluated [6].

The present study focused on the potential role of some
of these local neuro-hormonal pathways involved in

—~
Q
~
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0.00 T T

Myostatin myocardial expression index

Non-hypertensive donors  Hypertensive donors

hypertension-induced cardiac damage, specifically the role
of myostatin and IGF-1. This hypothesis is supported by
previous experimental animal [41] and human studies [26] in
which low levels of IGF-1 were found to be related to AHT.
In a recent study by our group, we observed a non-signifi-
cant downward trend of IGF-1 myocardial expression in
AHT in human cardiac organ donors. Similarly, we have
previously described the regulatory role of myostatin and
IGF-1 in alcoholic CMP [13]. For the purpose of this study,
myocardial samples were prospectively obtained from
human heart donors and the effect of AHT on myostatin
and IGF-1 myocardial expression was evaluated by immu-
nohistochemistry. We also evaluated the influence of
structural CMP in AHT donors in comparison to non-hyper-
tensive donors and donors with other causes of cardiac
damage.

As expected, the main results of the present study
corroborate the higher myocyte cell and nuclear hyper-
trophy found in donors with hypertension as morphologic
evidence of an overload effect of AHT on the cardiac
myocytes. In the presence of hypertension, a significant
decrease was observed in IGF-1 myocardial expression
with a similar myostatin myocardial expression in compari-
son to healthy non-hypertensive control donors. Since
myocardial IGF-1 activity counter-regulates myocyte
protein synthesis, hypertrophy, differentiation and tro-
phism [42,43], this decrease in IGF-1 myocardial expression
in the presence of AHT may reflect a disturbance in a
significant local regulation mechanism, with increased car-
diac damage. It was of note that the local myocardial activity
of IGF-1 is more relevant than that produced elsewhere (i.e.
in the liver) and exogenous IGF-1 administration only has a

—
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FIGURE 1 Box plot comparing myostatin (a) and IGF-1 (b) myocardial expression according to the presence of hypertension. Myocardial expression index: percentage of
positive cells to myostatin and IGF-1 with respect to negative cells by immunohistochemistry. *P < 0.05. IGF-1, insulin-like growth factor-1.
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FIGURE 2 Box plot comparing myostatin (a) and IGF-1 (b) myocardial expression in healthy donors, alcoholic donors and donors with cardiac disease. Myocardial
expression index: percentage of positive cells to myostatin and IGF-1 with respect to negative cells by immunohistochemistry. **P<0.01. IGF-1, insulin-like growth

factor-1.

transitory effect because of its rapid clearance [21]. A steady
increase in local cardiac myocyte IGF-1 activity may coun-
terbalance the cardiac damaging effect induced by the
haemodynamic factors in AHT with the local protector
effect of IGF-1. This situation in HHD is also similar to that
reported by our group in previous studies on alcoholic
dilated cardiomyopathy [29]. In experimental studies, IGF-1
has demonstrated a beneficial therapeutic effect on the
myocardial dysfunction caused by excessive alcohol con-
sumption [25]. On the contrary, myostatin myocardial
activity does not play a relevant role in the presence of
isolated AHT without structural CMP. One event corrobo-
rating this differential myocyte effect of IGF-1 and myo-
statin is the absence of a significant correlation between
myostatin and IGF-1 myocardial activities in the whole
sample of the organ donors evaluated in the present study.

The present study also corroborates the previously
described effects of alcohol consumption on IGF-1 and
myostatin myocardial expression [13,29]. Thus, donors with
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alcohol consumption showed a non-significant increase in
myostatin myocardial expression compared to control
donors. In addition, the IGF-1 myocardial expression of
alcoholic donors was significantly lower compared to
healthy donors.

In the evaluation of the effect of the presence of struc-
tural CMP, we observed that IGF-1 myocardial expression
did not increase in AHT donors with structural CMP in
comparison to those without CMP. Interestingly, myocyte
myostatin expression in AHT with CMP was significantly
higher in comparison to non-hypertensive healthy donors.
This fact is relevant and may be explained as an adaptive
mechanism in response of hypertension-induced structural
cardiac damage. This myostatin up-regulation may nega-
tively influence the cardiac remodelling process since myo-
statin decreases myocyte proliferation and apoptosis [13]. In
the present study, this increased myostatin myocardial
expression was also corroborated in donors with CMP
of diverse origin other than AHT (alcoholic, valve and
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FIGURE 3 Box plot comparing myostatin (a) and IGF-1 (b) myocardial expression according to the presence of cardiomyopathy (CMP). Myocardial expression index:
percentage of positive cells to myostatin and IGF-1 with respect to negative cells by immunohistochemistry. **P < 0.01. IGF-1, insulin-like growth factor-1.
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TABLE 3. Myostatin and insulin-like growth factor-1 expression in the different groups of donors according to the presence of
cardiomyopathy

Myostatin

Mean

Healthy donors (n=10) 5.768° 0.522 4.389° 1.267
Hypertensive donors without CMP (n= 10) 6.458"¢ 3.147 2.604° 0.727
Hypertensive donors with CMP (n=13) 9.976° 2.045 3.090° 0.854
Donors with chronic alcohol consumption without CMP (n=12) 6.027° 1.321 2.354° 1.041
Donors with chronic alcohol consumption with CMP (n=13) 14.091¢ 2.402 2.733° 0.766
Ischaemic CMP disease (n=3) 2.150° 0.280 2.145P° 0.395
Valve CMP disease (n=3) 14.830° 1.270 1.880P 0.221
Idiopathic CMP (n=2) 15.030¢ 0.320 1.705° 0.175

CMP, cardiomyopathy; IGF-1, insulin-like growth factor-1. P< 0.05. Superscript alphabet characters: ‘a’ significantly different from ‘b’ and ‘c’; ‘b’ significantly different from ‘a’” and ‘c’;

‘¢’ significantly different from ‘b’ and ‘a’.

coronary diseases). Thus, this myostatin myocyte up-
regulation in the presence of structural CMP may be a
common adaptive mechanism versus a persistent lesion
mechanism to avoid excessive myocyte hypertrophy and
unhealthy cardiac remodelling [13,44]. Thus, treatments
able to inhibit myocardial myostatin activity may be
potential regulatory mechanisms to modulate progressive
heart damage in AHT [13,45—47]. However, this mechan-
ism is not specific of AHT, since it has been corroborated
in the present study and in other studies in other causes of
progressive heart damage such as alcoholic dilated CMP
(13].

Considering these two main findings derived from the
present study, we could hypothesize that in patients with
AHT, good IGF-1 local myocardial activity must be main-
tained in order to avoid progressive cardiac damage, since
AHT decreases IGF-1 myocardial expression. Finally, when
structural CMP develops, control of the unhealthy up-regu-
lation of local myocyte myostatin could be an additional
mechanism to avoid progressive heart damage, since
increased myostatin activity impairs myocyte proliferation
and limits cardiac repair mechanisms [13,24,44]. The con-
secutive combination of these two interventions, first
increasing IGF-1 myocardial activity and later decreasing
myostatin activity, may be a potentially useful scheme to
limit progressive cardiac damage in AHT [15,16]. It has been
suggested that these treatments targeting the hypertrophic
process should be performed in other similar CMP [48,49].
However, it is likely that strategies for suppressing exces-
sive activation of pathologic signalling pathways must be
precisely regulated to avoid the disruption of homeostatic
mechanisms [6].

The main limitation of the present study concerns the
concrete role of these two pathogenic factors (myostatin
and IGF-1) in a complex disease in which other factors
probably also contribute to hypertension-induced heart
damage [5]. Another limitation is that many donors had a
moderate to high alcohol consumption, a fact that may
influence either the development of AHT as well as
cardiomyopathy. Evaluation of these myocardial effects
of myostatin and IGF-1 is limited to the myocardial expres-
sion of these factors with immunohistochemical methods.
Due to the difficulty in obtaining human myocardium
samples, the present study was restricted to a relatively
small number of middle-aged patients of Caucasian origin

Journal of Hypertension

with AHT, other causes of cardiac damage and controls
included in the organ donor programme at our institution.
Echography was limited to left ventricular systolic function
donors with high cardiothoracic ratio. Diastolic function
evaluation was not performed.

In conclusion, this study demonstrates that AHT
down-regulates IGF-1 myocardial expression and that
myostatin myocardial expression is significantly up-
regulated in the presence of structural CMP of either
hypertensive or other origin. These effects provide a
potential therapeutic target and open the possibility
to modulating hypertension-induced cardiac damage.
Nonetheless, these results require translational assess-
ment in specific clinical trials.
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Reviewers’ Summary Evaluations

Referee 1

Myocardial expression of myostatin and insulin-like
growth factor-1 (IGF-1) were evaluated in 66 heart
donors, to investigate their role in the development
of hypertensive-induced cardiac damage. Donors with
hypertension (7=33) showed similar myostatin myo-
cardial expression as controls but lower IGF-1 myocardial
expression. Myostatin expression was significantly higher
in the presence of structural cardiomyopathy (CMP,
defined as LV ejection fraction <50% and LV enlarge-
ment). Despite the limitation represented by the con-
founding factor related to alcohol consumption, the
paper indicates a potential role of myostatin and IGF-1
in the progression of cardiac disease
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Myostatin and insulin-like growth factor-1 in heart disease

Referee 2

The strength of this study is the demonstration of factors
that contribute to the myocardial changes induced by
hypertension. The use of tissue from donor hearts is unique
and increases the validity of the results and also the pros-
pect for further studies and the possibility for later treatment
and intervention strategies. The weakness of the study is
that the specific role of the two described mechanisms and
their interactions among the other neuro-hormonal activi-
ties in the development of hypertension-induced myo-
cardial changes still has to be determined. A further
weakness is the fact that donors were recruited from a
hospital alcohol unit and had consumed a variable amount
of alcohol which could represent a potential confound-
ing factor.
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IV.2.1 Resum dels principals resultats obtinguts en I’estudi d’hipertensié

En aquesta fase de I'estudi es van incloure un total de 66 mostres de cor
obtingudes a través de la Unitat de Transplantament de I"Hospital Clinic

entre el gener de 2006 al desembre de 2008.

Es van classificar inicialment 2 grups de donants: donants sense hipertensio
arterial i donants amb hipertensid arterial. Les caracteristiques cliniques dels

diferents grups de donants es descriuen a la Taula 6.

Taula 6. Dades cliniques, epidemiologiques i troballes histologiques dels
diferents grups de donants segons la preséncia d’hipertensié arterial

Donants no Donants amb hipertensid
hipertensos (n=33) arterial (n=33)

Edat (y; mitjana (SD)) 53,6 (14,7) 58,8 (10,9)
Ratio home/dona (n) 21:12 24:9
Ingesta diaria d’alcohol (g; mitjana (SD)) 50,4 (68,9) 34,1 (58,6)
Dosi acumulada d’etanol (kg etanol/kg pes; mitjana (SD)) 4,9 (8,4) 1,5 (3,8)
Fumadors actius [n (%)] 21 (64) 15 (45)
Temps des de I'admissié a la donacié (h; mitjana (SD)) 31 (4) 30(3)
Funcié NYHA [n (%)]

Classe | 12 (36) 15(45)

Classe Il 11(33) 10 (31)

Classes Il i IV 10 (31) 8 (24)
index cardiotoracic (mitjana (SD)) 0,54 (0,07) 0,54 (0,04)
Fraccié d’ejeccio ventricle esquerre (%;mitjana (SD)) 45 (9) 46 (8)
Electrocardiograma [casos anormals; n (%)] 8(24) 11 (33)
Histologia Miocardiaca

Hipertrofia nuclear i/o cel-lular [n (%)] 14 (42) 26 (79)*

Fibrosi [n (%)] 12 (36) 14 (42)

Necrosi [n (%)] 10 (30) 8 (24)

NYHA: New York Heart Association.

SD: desviacid estandard

Un electrocardiograma anormal es caracteritza per la preséncia d’alteracions del ritme, defectes de conduccio, signes
d’hipertrofia ventricular esquerra o repolaritzacié anormal.

* p < 0.05 comparat amb els donants control.

No es van observar diferencies entre els diferents grups pel que fa a les
dades cliniques i epidemiologiques. Es va detectar diferéncia en la preséncia
d’hipertrofia nuclear i/o cel-lular, essent els donants amb hipertensié

arterial els que en presentaven en major grau.
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AlaTaula 7 es detallen els resultats de I'expressié miocardiaca de miostatina
i d’IGF-1 per cada grup de donants. S’observa que els donants amb preséncia
de miocardiopatia presenten un augment en I'expressi6 miocardiaca de
miostatina respecte els que no en tenen. En el cas de I'expressié miocardiaca
d’IGF-1 I'tnica diferéncia significativa que s’observa és en el cas de donants
amb consum excessiu d’alcohol sense miocardiopatia, que la presenten

disminuida.

Taula 7. Comparacio dels estudis immunhistoquimics en I'expressio de
miostatina i d’IGF-1 entre els diferents grups de donants

index d'expressid index d'expressié
miocardiaca de miostatina miocardiaca d'IGF-1

Grup de donants Mitjana SD Mitjana SD
Sans (n=10) 5,768 0,522 4,389b 1,267
Hipertensos sense MCP (n=10) 6,458 3,147 2,604 0,727
Hipertensos amb MCP (n=13) 9,976°¢ 2,045 3,090° 0,854
Amb consum excessiu d'alcohol sense MCP (n=12) 6,027 1,321 2,3542 1,041
Amb consum excessiu d'alcohol amb MCP (n=13) 14,091° 2,402 2,733 0,766
MCP isquémica (n=3) 2,150°2 0,280 2,145° 0,395
MCP vascular (n=3) 14,830° 1,270 1,880° 0,221
MCP idiopatica (n=2) 15,030°¢ 0,320 1,705° 0,175

IGF-1: insuline-like growth factor-1; MCP: miocardiopatia
Els superindexs indiquen diferéncies significatives entre lletres (p<0,05)

En presencia d’hipertensid arterial, I'expressié miocardiaca d’IGF-1 es troba
disminuida, mentre que I'expressié miocardiaca de miostatina no es veu
alterada (Figura 14). Per altra banda, en classificar els donants en funcié de
la presencia o no de miocardiopatia, sigui hipertensiva o alcoholica,

s’observa un augment en |'expressié miocardiaca de miostatina (Figura 15).
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FIGURE 1 Box plot comparing myastatin (a) and IGF-1 (b) myocardial expression according to the presence of hypertension. Myocardial expression index: percentage of
pasitive cells to myostatin and IGF-1 with respect to negative cells by immunohistochemistry. “P < 0.05. IGF-1, insulin-like growth factaor-1.

Figura 14. Comparacio d’expressié miocardiaca de miostatina i d’IGF-1 entre els donants no
hipertensos i donants amb hipertensié arterial (*p<0.05)
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FIGURE 3 Box plot comparing myostatin (2} and IGF-1 (b} myocardial expresion according to the presenc
percentage of positive cells to myostatin and 1GF-1 with respect to negative cells by immunohigochemistry. ©

Figura 15. Comparacio d’expressié miocardiaca de miostatina i d'IGF-1 entre els donants amb i
sense miocardiopatia (**p<0.01)
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V.1  Discussio de la relacié entre alcohol i expressié d'IGF-1

En aquest estudi s’ha volgut avaluar I'efecte que el consum cronic excessiu
d’alcohol pot causar sobre I'expressido miocardiaca de I'lGF-1 comparant-la
amb donants sans, donants amb hipertensié o donants amb preséncia

d’altres miocardiopaties mitjangant téecniques immunohistoquimiques.

Els resultats de I'estudi demostren que el consum excessiu d’alcohol
disminueix significativament I'expressié miocardiaca de IGF-1 respecte els
donants control (sans sense consum d’alcohol). Per altra banda, no s’han
observat diferéncies significatives en |'expressié miocardiaca d’IGF-1 entre
els altres grups, tot i que si que s’ha pogut observar una tendeéncia a la baixa
en l'activitat miocardiaca d’IGF-1 en els donants amb hipertensié sense

consum d’alcohol.

Es destacable el fet que I'expressié miocardiaca d’IGF-1 es trobi disminuida
en aquells donants amb hipertrofia dels miocits. Aquesta disminucid es pot
deure a la regulacié negativa que hi ha entre la hipertrofia cel-lular i
I'expressid IGF-1, corroborant aixi la influéncia que té aquest factor de
creixement sobre la hipertrofia del miocardi. Tenint en compte els donants
amb consum cronic excessiu d’alcohol, aquells que no presenten
miocardiopatia tenen uns nivells d’expressi6 miocardiaca d’IGF-1
significativament inferiors als dels controls, mentre que aquells amb
miocardiopatia només mostren una tendéncia a la baixa respecte els

controls. Aix0 es pot explicar per un efecte compensatori que podria tenir la
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preséncia de miocardiopatia sobre I'expressié d’IGF-1. De totes maneres i
com ja s’ha dit, en agrupar tots els donants amb consum excessiu d’alcohol
sense tenir en compte la preséncia de miocardiopatia, els valors d’expressid

miocardiaca d’IGF-1 sén més baixos que als controls.

L'IGF-1 és un factor que té un rol important en la proliferacié i la
diferenciacié dels diferents tipus cel-lulars, incloent els miocits. A més,
incrementa la sintesis cardiaca de DNA i proteines i redueix la degradacié de
proteines (Ren, et al., 1999). Després d’un infart de miocardi, I'lGF-1 millora
la funcié cardiaca estimulant la contractilitat i promovent el remodelat del
teixit. Per tant, una disminucié d’IGF-1, com podria ser en el cas del consum
cronic excessiu d’alcohol, tindria efectes sobre la funcid miocardiaca i la
regeneracio dels miocits (Leroith, et al., 1995, Ren, et al., 1999). La utilitzacid
d’IGF-1 en pacients amb consum excessiu d’alcohol pot tenir un important

efecte terapeutic per tal d’evitar el desenvolupament de miocardiopatia.

La disminucid en la sintesi proteica i la iniciacié de la traduccié que I'alcohol
indueix sobre el miocardi podria ser el mecanisme que explicaria la
disminucid en [I'expressié miocardiaca d’IGF-1 induida per I’alcohol
(Niemel3, et al., 2003). Aquest mecanisme produeix una deficiéncia en la
disponibilitat i I'efectivitat de diferents tipus d’hormones, com I'lGF-1 (Lang,
et al., 2001) i la miostatina (Fernandez-Sola, et al., 2011). Els resultats
d’aquest estudi concorden amb els que s’han observat en estudis

experimentals on rates sotmeses a consum d’alcohol van mostrar una
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reduccid en el contingut de mRNA d’IGF-1 en fetge i muscul esquelétic
respecte les rates control (Lang, et al., 2004). En aquest sentit, s’ha suggerit
que I'lGF-1 protegeix el miocardi reduint I'apoptosi i incrementant la
proliferacié dels miocits (Ren, et al., 1999). Per aquest motiu, la disminucid
de I'expressié miocardiaca d’IGF-1 induida per I'alcohol pot trobar-se
compensada parcialment en presencia de dany cardiac, com ja s’ha

mencionat.

Els donants amb consum cronic excessiu d’alcohol del present estudi eren
també alts consumidors de tabac, pel que es podria pensar que el tabac
podria ser també un causant de la disminucid en I'expressié d’IGF-1, perd en
I"analisi multivariant que s’ha fet no s’ha identificat el tabac com a una
variable que influis sobre aquest factor. A més, estudis previs ja han
demostrat que no hi ha un efecte biologic del tabac sobre I'activitat IGF-1

(Palmer, et al., 2003, Chetchowska, et al., 2010).

Tot i que es creu que existeix una correlacié directe entre el consum
d’alcohol i I'expressié miocardiaca d’IGF-1, en aquest estudi no s’ha pogut
demostrar, segurament degut a la manca de donants amb nivells molt
elevats de consum d’alcohol. A més, I'alcohol té altres efectes patogenics
sobre el miocardi i I'efecte nociu global es pot deure a la suma de diversos
mecanismes implicats com I’alteracié dels canals de calci, la induccié de

I"'apoptosi, I'increment en I'expressid de miostatina o la induccié de dany
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oxidatiu (Fatjé, et al., 2005, Fernandez-Sol3, et al., 2006, Fernandez-Sol3a, et

al., 2011).

Pel que fa als donants amb hipertensié sense consum d’alcohol van mostrar
una tendéncia a la baixa en I'expressid miocardiaca d’IGF-1 respecte els
controls. Aixo concorda amb estudis previs on s’han associat nivells baixos
d’IGF-1 amb la hipertensié en pacients sense altres malalties cardiovasculars

(Colao, et al., 2008).

V.2  Discussio de la relacié entre hipertensio i IGF-1 i Miostatina

Tot i que el cor és un dels principals organs afectats per la hipertensid, hi ha
pocs estudis que puguin explicar la diversitat dels mecanismes patogénics
implicats en el dany cardiac en pacients amb miocardiopatia hipertensiva
(Lip, et al., 2000). En pacients amb hipertensié arterial, el cor esta afectat
per factors hemodinamics que mecanicament incrementen |'estres de les
parets del ventricle i la postcarrega cardiaca (Hill i Olson, 2008). A banda
d’aquests factors hemodinamics, estudis previs sobre la hipertensié arterial
han suggerit la rellevancia d’hormones i factors de creixement locals (Diez,
2009). La suma dels factors hemodinamics i no hemodinamcs contribueixen
al desenvolupament del dany cardiac en ultim terme. El cor també és una
estructura dinamica amb mecanismes adaptatius i amb certa plasticitat per
tal de compensar els estimuls externs com pot ser el baix nivell de carrega

en pacients amb hipertensié arterial (Sadoshima i Izumo, 1997, Hill i Olson,
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2008). Les actuacions terapéutiques en casos d’hipertensié arterial es
centren principalment en els factors hemodinamics sense tenir gaire en
compte els factors no hemodinamics. En aquest sentit s’han d’estudiar
noves dianes terapeutiques per al tractament de la hipertensio (Hill i Olson,

2008).

El present estudi s’ha enfocat en analitzar el possible rol que tenen la
miostatina i I'lGF-1 en el dany cardiac causat per la hipertensié arterial.
Estudis anteriors en animals (Jin, et al., 2006) i en humans (Colao, et al.,
2008) han confirmat nivells baixos d’IGF-1 en preséncia d’hipertensid
arterial. De manera similar hem descrit anteriorment la regulacié que fan la
miostatina i I'lGF-1 en miocardiopaties (Fernandez-Sola, et al., 2011). En el
present estudi s’ha estudiat, mitjancant tecniques immunohistoquimiques
en mostres de cor de donants, la relacid que hi ha entre la preséncia
d’hipertensié arterial i I'expressié miocardiaca de miostatina i IGF-1. Per
altra banda també s’ha estudiat la influéncia de preséncia de miocardiopatia
en donants hipertensos i no hipertensos i donants amb altres causes de dany

cardiac.

Com era d’esperar, els resultats de I'estudi mostren que els donants amb
presencia d’hipertensié arterial presenten hipertrofia cel-lular i nuclear. Aixo
és una conseqléencia de l'efecte de sobrecarrega de que la hipertensid
arterial produeix als cardiocits. En preséncia d’hipertensié arterial, es va

observar una disminucid significativa en I'expressié miocardiaca d’IGF-1
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respecte els donants sans no hipertensos. Mentre que 'activitat miocardiaca
de I'IGF-1 contra-regula la sintesis de proteines, la hipertrofia, la
diferenciacié i el tropisme del miocit (Niemeld, et al., 2003, Ren i Wold,
2008), la disminucié de la seva activitat en presencia d’hipertensio arterial
pot suposar una alteracié en aquest mecanisme de regulacid incrementant
el dany cardiac. Es important remarcar que I'activitat miocardiaca local de
I'lGF-1 és més important que en d’altres organs (p.e. en el fetge) i que
I’'administracié exogena d’IGF-2 té un efecte només transitori degut al seu

rapid aclariment (Fan, et al., 1995).

Un increment local de I'activitat IGF-1 en els cardiocits pot compensar el
dany cardiac ocasionat per factors hemodinamics de la hipertensié arterial.
Estudis experimentals han demostrat I'efecte terapéutic de I'lGF-1 en la
disfuncié cardiaca causada per un consum excessiu d’alcohol (Zhang, et al.,
2010). Per altra banda, I'activitat miocardiaca de la miostatina no té un rol
important en cas d’hipertensid arterial sense preséncia de miocardiopatia.
L’absencia de correlacié entre I'activitat miocardiaca de I'IGF-1 i la
miostatina en aquest estudi corrobora aquest efecte diferencial de I'lGF-1 i

la miostatina.

El present estudi també corrobora el descrit en estudis anteriors que han
objectivat I'efecte del consum d’alcohol sobre I'expressié miocardiaca de

miostatina (Fernandez-Sola, et al., 2011). Aixi doncs, donants amb consum
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d’alcohol han mostrat un increment no significatiu de |'expressid

miocardiaca de miostatina respecte els donants sense consum d’alcohol.

Durant I'avaluacié de I'efecte de la preséncia de miocardiopatia estructural,
es va observar que I'expressid miocardiaca d’IGF-1 no incrementava en
donants amb hipertensid arterial amb miocardiopatia quan es comparava
amb donants amb hipertensié arterial sense miocardiopatia. Pel que fa a la
miostatina, la seva expressié miocardiaca en donants amb hipertensio
arterial i miocardiopatia va ser significativament més elevada en comparacio
amb donants no hipertensos sans. Aquesta regulacié de la miostatina pot
afectar negativament el procés de remodelacio cardiaca ja que la miostatina
inhibeix la proliferacid i 'apoptosi dels miocits (Fernandez-Sola, et al., 2011).
L'increment en I'expressié miocardiaca de la miostatina va ser corroborada
també en donants amb miocardiopatia d’altres origens no relacionats amb
la hipertensio (alcoholica, malalties valvulars o coronaries). Per tant, aquest
increment en la miostatina del midcit en preséncia de miocardiopatia podria
ser un mecanisme adaptatiu per contrarestar una lesio persistent que podria
provocar una excessiva hipertrofia del miocit i una mal remodelat cardiac
(Shyu, et al.,, 2005, Fernandez-Sola, et al., 2011). En aquest sentit,
tractaments que inhibeixin I'activitat de la miostatina podrien utilitzar-se per
tal de regular i modular el dany cardiac en pacients amb hipertensié arterial
(Gonzalez, et al., 2003, Wagner, et al., 2005, Yang, et al., 2005, Fernandez-
Sola, et al., 2011). No obstant, aquest mecanisme no és especific

d’hipertensié arterial, tal com s’ha vist i corroborat en aquest i d’altres
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estudis sobre altres causes de lesid cardiaca progressiva com pot ser la
miocardiopatia dilatada deguda a un consum excessiu d’alcohol (Fernandez-

Sol3, et al., 2011).

Tenint en compte les troballes del present estudi, podem pensar que en
pacients amb hipertensid arterial s’ha de mantenir una bona activitat
miocardiaca d’IGF-1 per tal d’evitar un dany progressiu, ja que I'hipertencié
arterial en disminueix la seva expressid. Finalment, quan es desenvolupa
miocardiopatia, controlar la regulacié de la miostatina en el miocit pot ser
un mecanisme addicional per evitar també un major dany cardiac, ja que la
miostatina altera la proliferacid del miocit i limita els mecanismes de
reparacio cardiaca (Lang, et al., 2004, Shyu, et al., 2005, Fernandez-Sola, et
al., 2011). La combinacié d’aquests tractaments, primer incrementar
I'activitat miocardiaca d’IGF-1 i posteriorment disminuir 'activitat de la
miostatina, pot ser Util per limitar el progressiu dany cardiac en hipertensio
arterial (Delafontaine, 1995, Dean, et al., 2003). S’ha suggerit que aquests
tractaments enfocats en el procés d’hipertrofia es podrien aplicar també en
altres miocardiopaties (Bereniji, et al., 2005, Fazio, et al., 2007). De totes
maneres, és probable que les estrategies per suprimir I’excessiva activacio
de les vies de senyalitzacié cel-lular s’"hagin de regular acuradament a cada
cas en concret, per evitar desordres en els mecanismes homeostatics (Hill i

Olson, 2008).
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V.3 Limitacions de I’estudi

Una de les limitacions d’aquest estudi és que I’avaluacié de I'expressio
miocardiaca d’IGF-1 i miostatina es va fer en grups de donants, sense
considerar altres mecanismes patogenics que poden estar implicats en el
dany cardiac produit per hipertensid arterial o consum excessiu d’alcohol.
Aquest estudi no inclou dades de la cascada de la miostatina o de I'lGF-1, ni
s’'inclouen estudis in vitro. El grau de consum diari i acumulat d’alcohol dels
donats era moderat, per tant no es van considerar 'efecte d’altes dosis
d’alcohol. L'expressié d’IGF-1 estava limitada a immunohistoquimica sense

tenir en compte el senyal intracel-lular o del receptor.

Una altra limitacié té a veure amb el rol que desenvolupen la miostatina i
I'IGF-1 en malalties complexes on també hi poden participen d’altres factors
(Diez i Frohlich, 2010). L’avaluacio dels efectes miocardiacs de la miostatina
i 'lGF-1 estan limitats a I'expressié miocardiaca d’aquests factors mitjancant
tecniques immunohistoquimiques. Degut a la dificultat per obtenir mostres
de miocardi, I'estudi s’ha concretat en donants del programa de donacié de
la nostra institucié i va consistir en pacients de mitjana edat d’origen
caucasic amb hipertensié arterial, consum cronic excessiu d’alcohol i altres

causes de dany cardiac a més de donants sans.
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Els resultats dels estudis inclosos en aquesta tesi ens donen una idea de quin
és I'efecte de la hipertensio arterial i el consum excessiu d’alcohol sobre
I'expressié miocardiaca d’IGF-1 i miostatina i la seva relacié amb el
desenvolupament de miocardiopatia. Tenint en compte els objectius de la

tesi i els resultats obtinguts podem concloure que:

1. Elsindividus afectats d’hipertensié arterial presenten una disminucid
en I'expressié miocardiaca d’IGF-1.

2. Els individus afectats de miocardiopatia, sigui hipertensiva o
alcoholica, presenten un augment en l'expressidé miocardiaca de
miostatina.

3. El consum excessiu d’alcohol en pacients que no presenten dany
miocardiac disminueix I'expressié d’IGF-1. Aquesta disminucio d’IGF-
1 induida per I'alcohol es compensa parcialment en preséncia de
dany miocardiac.

4. No s’ha observat correlacié entre el consum d’alcohol i I'expressid
miocardiaca d’IGF-1.

5. La utilitzacié d’IGF-1 en pacients amb consum excessiu d’alcohol pot
tenir un important efecte terapeutic per tal d’evitar el
desenvolupament de miocardiopatia. Aquests resultats obren la
porta a un objectiu terapéutic amb IGF-1 i miostatina per tal de

controlar el dany cardiac causat per la hipertensid.
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