Johnson et al., Biochem Pharmacol 2014, 3:6
DOI: 10.4172/2167-0501.1000147

Biochemistry & Pharmacology: Open
Access

L.
o

B3

3

B 2

Buuized 2

% &

ISSN: 2167-0501

Review Article Open Access

Compensating for Cardiac Hypertrophy: A Crucial Role for A-Kinase
Anchoring Protein-Lbc

Johnson KR, Wang L and Carnegie GK*
Department of Pharmacology, College of Medicine, University of lllinois at Chicago, Chicago, 60612 IL, USA

Abstract

In response to mechanical load, cardiac hypertrophy (myocyte enlargement) is initially compensatory, but becomes
a maladaptive process that leads to the development of heart failure. The high prevalence of pathological myocardial
hypertrophy in cardiovascular disease coupled with a lack of effective treatment highlights a need for novel therapeutic
strategies in this area.

Recently, a diverse family of scaffold proteins termed A-Kinase Anchoring Proteins have been identified and
characterized, playing multiple important roles in the heart. In a recent study using a mouse model with a partial AKAP-
Lbc (AKAP13) gene deletion, we demonstrate a crucial in vivo role for AKAP-Lbc-protein kinase D1 (PKD1) signaling
in the development of compensatory hypertrophy in response to transverse aortic constriction (TAC)-induced pressure
overload and neurohumoral stimulation by AT-1I/PE treatment. Overall, our results show that AKAP-Lbc-PKD1 signaling
is critical for transcriptional activation during the development of compensatory hypertrophy in vivo, under conditions of
pathological hypertrophy. By defining and understanding regulation, downstream signaling and function of AKAP-Lbc-
PKD1 signaling under pathological conditions, studies will determine whether AKAP-Lbc-PKD1 is a possible therapeutic

target for treatment of cardiac dysfunction.
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Background and Results Summary

In response to mechanical load, cardiac hypertrophy is initially
compensatory, but becomes a maladaptive process that leads to the
development of heart failure [1-3].

The high prevalence of pathological myocardial hypertrophy
in cardiovascular disease coupled with a lack of effective treatment
highlights a need for novel therapeutic strategies in this area. As
such, modulation of myocardial growth without adversely affecting
contractile function is increasingly recognized as a potential therapeutic
approach in the prevention and treatment of heart failure [4].

Recently, a diverse family of scaffold proteins termed A-Kinase
Anchoring Proteins have been identified and characterized in cardiac
myocytes, playing multiple important roles in the heart, for example:
yotiao [5], mAKAP [6], synemin [7], AKAP15/18 [8], myospryn [9],
AKAP79/150 [10], AKAP121 [11], troponin T [12] and AKAP-Lbc
[13,14].

Much like the name suggests, a scaffold protein facilitates protein
-protein interaction, often through specific protein-interaction
domains determined by amino acid motifs contained within the
scaffold protein and other cellular proteins [15]. Functionally, scaffold
proteins act to assemble cellular signaling complexes and cascades of
multiple enzymes [16].

AKAPs form multi-protein complexes, integrating cAMP-signaling
with protein kinases, phosphatases and other effector proteins.
Importantly, AKAPs function to modulate and target enzymes to
distinct subcellular locations, thereby coordinating specific signaling
events inside cells. Contextual regulation and location of enzyme
activity impacts the control of cellular processes under normal and
pathological conditions. Therefore, AKAP signaling complexes
represent appealing therapeutic targets for disease treatment [17,18].
By defining and understanding regulation, downstream signaling
and function of AKAP complexes (e.g. AKAP-Lbc, mAKAP) under

pathological conditions, ongoing studies will determine whether
AKAP-signaling complexes are viable therapeutic targets for treatment
of cardiac dysfunction.

AKAP-Lbc-PKD1 signaling is critical in the induction of cardiac
hypertrophy [14,15]. Therefore, in a recent study [19], we used a mouse
model with a partial AKAP-Lbc (AKAP13) gene deletion coding for
a region necessary for interaction with protein kinase D1 (PKD1, the
major cardiac PKD isoform) [19]. Using this gene-trap mouse (which
expresses a form of AKAP-Lbc that abolishes PKD1 binding: AKAP-
Lbc-PKD), we studied two mouse models of pathological hypertrophy:
i) Angiotensin (AT-II) and phenylephrine (PE) infusion and ii)
Transverse aortic constriction (TAC)-induced pressure overload.
Our results show that AKAP-Lbc-PKD mice exhibit an accelerated
progression to cardiac dysfunction in response to AT-II/PE treatment
and TAC. AKAP-Lbc-PKD mice display attenuated compensatory
cardiac hypertrophy, increased collagen deposition and apoptosis,
compared to wild-type (WT) control littermates. Mechanistically,
reduced levels of PKD1 activation are observed in AKAP-Lbc-PKD
mice compared to WT mice, resulting in diminished phosphorylation
of histone deacetylase 5 (HDACS5) and decreased hypertrophic gene
expression. This is consistent with a reduced compensatory hypertrophy
phenotype leading to progression of heart failure in AKAP-Lbc-PKD
mice, compared to wild-type littermates.

Overall, our data demonstrates a crucial in vivo role for AKAP-Lbc-
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PKD1 signaling in the development of compensatory hypertrophy to
enhance cardiac performance in response to TAC-induced pressure
overload and neurohumoral stimulation by AT-II/PE treatment. By
interrogating genes differentially expressed between wild-type mice
expressing the native form of AKAP-Lbc and AKAP-Lbc-PKD1 mice
under pathological conditions, expression microarray analysis results
show that AKAP-Lbc-PKD1 mice broadly fail to exhibit hypertrophy-
responsive transcriptional activity found in WT mice. Identified
differentially expressed genes in WT and AKAP-Lbc-PKD1 hearts are
vital for the response to pressure-overload cardiac hypertrophy and
include multiple myofilament and cell growth/differentiation genes.

In summary, our results show that AKAP-Lbc-PKDI1 signaling
is critical for transcriptional activation and repression during the
development of compensatory hypertrophy in vivo, under conditions
of pathological hypertrophy. If this compensatory pathway can be
exploited, and we can understand the signaling transduction involved
in transition to a decompensatory phase leading to cardiac dysfunction,
then it may be possible to mitigate the development of heart failure,
thereby improving patient mortality.
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