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eart  failure  is  a  disabling  condition  and  one  of  the  leading
auses  of  hospitalization  in  industrialized  countries.  Up  to
.2  million  adults  were  diagnosed  with  heart  failure  between
013  and  2016  in  the  USA,  a  significantly  higher  number
han  estimated  for  previous  periods.1 Furthermore,  total
osts  associated  with  the  disease  are  predicted  to  rise  to
69.8  billion  in  2030  in  that  country.1,2 Heart  failure  is  pri-
arily  an  age-related  disease,  affecting  about  10%  and  8%

f  men  and  women  aged  over  60  years,  respectively,2 with  a
otal  incidence  of  21  per  1000  population  in  those  older  than
5.1 Although  survival  after  diagnosis  has  improved  in  recent
ecades,  five-year  mortality  is  still  close  to  50%,3 even
hough  the  prognosis  of  many  of  the  underlying  conditions
such  as  myocardial  infarction  and  severe  hypertension)
as  improved  markedly.  This  apparent  discrepancy  can  be
xplained  by  the  fact  that  although  the  risk  of  mortality  from
ach  of  these  individual  disorders  has  decreased,4 patients
till  have  the  disease  and  new  acute  episodes  may  occur.
hus,  many  surviving  patients  eventually  develop  severely
epressed  cardiac  function  and  markedly  reduced  quality
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f  life.  Heart  failure  is  predicted  to  remain  one  of  the
ost  important  health  problems,  not  only  in  industrialized

ations,  but  also  in  developing  countries.2

Heart  failure  is  associated  with  the  development  of
dverse  ventricular  remodeling.  This  term  encompasses

 series  of  changes  including  cardiomyocyte  hypertrophy,
yocardial  wall  thickening  (and  thinning  in  infarcted  areas),

hamber  dilation,  collagen  deposition  and  cell  death.  When
ubjected  to  a  stress  such  as  myocardial  infarction  or  hyper-
ension,  the  heart  responds  with  an  increase  in  cell  size
n  order  to  normalize  wall  stress  and  function.2,5 However,
hronic  stress  leads  to  an  inflammatory  process,  associated
ith  collagen  deposition  and  cardiomyocyte  death.2,5 Inap-
ropriate  activation  of  the  renin-angiotensin-aldosterone
ystem  plays  a  key  role  in  this  process,  of  which  angiotensin
I  (Ang  II)  is  the  main  effector.6

Ang  II  is  an  octapeptide  that  exerts  a  variety  of  actions  in
he  cardiovascular  system.7 Early  signaling  events  stimulate
ctin-myosin  interactions.  This  effect,  which  is  dependent
n  activation  of  Ang  II  type  1 (AT1)  receptors,  leads  to  an
levation  in  blood  pressure  and  enhanced  cardiac  contrac-

ility.  On  the  other  hand,  late  signaling  increases  protein
ynthesis,  activates  different  intracellular  pathways,  and
nhances  growth  factor  production.7---10 Activation  of  these
athways  leads  to  cardiomyocyte  hypertrophy,  resulting  in
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n  increase  in  heart  mass.  Although  part  of  the  hypertrophic
esponse  to  Ang  II  may  occur  indirectly,  as  a  consequence
f  raised  blood  pressure,  it  has  been  demonstrated  that
ng  II  also  induces  cardiomyocyte  hypertrophy  directly,
hrough  activation  of  AT1  receptors.11 Cardiac  hypertro-
hy  begins  as  an  adaptive  process  required  to  sustain
ardiac  output,  but  rapidly  progresses  to  a  maladaptive
esponse  triggering  cell  death  and  fibrosis,  both  factors
eing  responsible  for  reducing  contractility  and  causing  dias-
olic  dysfunction.7,8,12

Following  AT1  receptor  activation,  the  cardiomyocyte
ypertrophic  response  to  Ang  II  involves  a  wide  variety
f  intertwined  intracellular  signaling  pathways,  including
ediators  such  as  p38  extracellular  signal-regulated  kinase

MAPK),  extracellular  signal-regulated  kinase  (ERK),  c-Jun
-terminal  kinase  (JNK)  and  the  Janus  kinase  (JAK)/signal
ransducer  and  activator  of  transcription  (STAT)  pathway.6,7

n  addition  to  these  conventional  mediators,  recent  studies
ave  added  others,  including  tumor  necrosis  factor  alpha,13

oll-like  receptor  4,14 and  CD38,  a  type  II  transmembrane
lycoprotein,15 among  many  others.  The  study  by  Yuan  and
oworkers16 published  in  the  current  issue  of  the  Journal
rovides  important  experimental  evidence  that  the  protein
inase  C  epsilon  (PKC�)/protein  kinase  D  (PKD)/extracellular
ignal-regulated  kinase  5  (ERK5)/myocyte  enhancer  fac-
or  2D  (MEF2D)  pathway  is  also  involved  in  the  early
vents  leading  to  cardiomyocyte  hypertrophy.  In  this
aper,  the  authors  nicely  demonstrate  that  Ang  II  induces
KC�-dependent  phosphorylation  of  PKD,  leading  to  ERK5
hosphorylation  and  translocation  into  the  nucleus,  and
onsequently  to  activation  of  MEF2D.16 Importantly,  small
nterfering  RNA  treatment  targeting  PKC�, PKD  or  ERK5
ttenuated  expression  of  atrial  natriuretic  peptide  and
rain  natriuretic  peptide  messenger  RNA,  two  hyper-
rophic  markers,  and  reduced  cell  size  in  neonatal  rat
ardiomyocytes.16

The  involvement  of  PKD,  ERK5  and  MEF2D  in  the  hyper-
rophic  response  to  Ang  II  is  consistent  with  previous  studies
emonstrating  a  role  for  these  proteins  in  increases  in  cell
ize  observed  under  different  conditions.17,18 However,  most
f  these  studies  analyzed  their  involvement  in  isolation.
uan  et  al.  have  linked  them  into  a  common  pathway,  acti-
ation  of  which  results  in  an  increase  in  cell  size.16 These
ndings  provide  new  insights  into  the  molecular  mecha-
isms  of  some  of  the  alterations  involved  in  left  ventricular
emodeling  and  may  be  the  basis  for  developing  new  thera-
eutic  strategies  aimed  at  improving  patient  prognosis  and
educing  the  incidence  of  heart  failure.  Nevertheless,  it
s  important  to  bear  in  mind  that  not  all  mediators  are
ecessarily  involved  in  all  alterations  occurring  during  ven-
ricular  remodeling.  This  is  the  case,  for  example,  with
onnexin  43,  which  has  been  shown  to  be  involved  in  the
brotic  process,  but  not  in  cardiomyocyte  hypertrophy.19

hus,  it  is  not  known  how  modulation  of  one  particular
athway  would  affect  the  entire  remodeling  process.  Fur-
hermore,  it  remains  unclear  whether  activation  of  the
KC�/PKD/ERK5/MEF2D  pathway  described  by  Yuan  et  al.
n  neonatal  rat  cardiomyocytes16 would  also  occur  in  entire

dult  hearts,  and  especially  in  patients  developing  heart
ailure.  These  exciting  results  should  therefore  be  con-
rmed  and  expanded  by  future  research,  before  the  possible

1
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herapeutic  application  of  modulation  of  this  pathway  are
xplored.
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