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Aliskiren ameliorates pressure overload-induced
heart hypertrophy and fibrosis in mice
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Aim: Aliskiren (ALK) is a renin inhibitor that has been used in the treatment of hypertension. The aim of this study was to determine
whether ALK could ameliorate pressure overload-induced heart hypertrophy and fibrosis, and to elucidate the mechanisms of action.
Methods: Transverse aortic constriction (TAC) was performed in mice to induce heart pressure overload. ALK (150 mg-kg*-d?, po), the
autophagy inhibitor 3-methyladenine (10 mg-kg™ per week, ip) or the PKCPI inhibitor LY333531 (1 mg-kg*-d™, po) was administered

to the mice for 4 weeks. Heart hypertrophy, fibrosis and function were evaluated based on echocardiography, histological and
biochemical measurements. Mechanically stretched-cardiomyocytes of rats were used for in vitro experiments. The levels of signaling
proteins were measured using Western blotting, while the expression of the relevant genes was analyzed using real-time QRT-PCR.
Results: TAC induced marked heart hypertrophy and fibrosis, accompanied by high levels of Ang Il in plasma and heart, and by PKCBI/a
and ERK1/2 phosphorylation in heart. Meanwhile, TAC induced autophagic responses in heart, i.e. increases in autophagic structures,
expression of Atgb and Atg16 L1 mRNAs and LC3-ll and Beclin-1 proteins. These pathological alterations in TAC-mice were significantly

ameliorated or blocked by ALK administration. In TAC-mice, 3-methyladenine administration also ameliorated heart hypertrophy,
fibrosis and dysfunction, while LY333531 administration inhibited ERK phosphorylation and autophagy in heart. In mechanically
stretched-cardiomyocytes, CGP53353 (a PKCBI inhibitor) prevented ERK phosphorylation and autophagic responses, while U0126 (an

ERK inhibitor) blocked autophagic responses.

Conclusion: ALK ameliorates heart hypertrophy, fibrosis and dysfunction in the mouse model in setting of chronic pressure overload,

via suppressing Ang II-PKCBI-ERK1/2-regulated autophagy.
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Introduction

Cardiac hypertrophy can be prevented or regresssed in its
initial stage! ?. If left neglected, however, it will ultimately
progress into heart failure, a well-established risk factor signif-
icantly associated with increased cardiac morbidity and mor-
tality™*. Cardiac hypertrophy is elicited by multiple factors,
among which mechanical stress is an initial inducer®. It is
therefore important to treat mechanical stress-induced cardiac
hypertrophy. Hypertension is the disease most responsible
for mechanical stress on the heart. Although antihypertensive

#These authors contributed equally to this manuscript.
*To whom correspondence should be addressed.
E-mail jpge@zs-hospital.sh.cn (Jun-bo GE).
zou.yunzeng@zs-hospital.sh.cn (Yun-zeng ZOU)
Received 2013-12-09 Accepted 2014-05-04

drugs, including angiotensin II (Ang II)-converting enzyme
inhibitors (ACEI), Angll type 1 receptor (AT1-R) blockers
(ARB) and calcium channel antagonists, exert inhibitory effects
on cardiac hypertrophy™, progression of the disease and sub-
sequent cardiac dysfunction remain a significant problem in
hypertensive subjects. As such, there is increasing interest in
developing therapies offering more protection against hyper-
tension-induced end-organ damage.

Aliskiren (ALK), a renin inhibitor, has a greater effect on
hypertension than either an ACEI or an ARB because its most
proximal locus of inhibition occurs at the rate-limiting step,
avoiding a compensatory rise in downstream components of
the renin-angiotensin-aldosterone system (RAAS)".. However,
it is unclear whether ALK may effectively induce regression
of cardiac hypertrophy. Although the combination of ALK
with an ACEI or an ARB can synergistically attenuate both
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hypertrophy and dysfunction in hypertensive patients® ?,

a
systematic review of randomized, controlled clinical trials has
shown that combined therapy is associated with a higher risk
of hyperkalemia than monotherapy with an ACEI, an ARB or
ALK™!, In addition, some patients are intolerant of ACEI or
ARB, whereas ALK is well tolerated"". Therefore, it is neces-
sary to elucidate the effect of ALK monotherapy on pressure
overload-induced cardiac hypertrophy, fibrosis and dysfunc-
tion, independent of BP reduction.

Cardiomyocyte autophagy was recently found to cor-
relate with the development of cardiac hypertrophy!™ I,
Although the exact role of autophagy in the pathogenesis and
progression from hypertrophied heart to heart failure is not
completely understood, the increased autophagy reportedly
parallels the extent of the resultant cardiac damage, which
contributes to pressure overload-induced cardiac remodeling
and subsequent heart failure.

Activation of protein kinase C (PKC) has been implicated in
the pathogenesis of cardiac remodeling™!. There are several
subtypes of PKC. It has been determined that PKCa is both
a predominant mediator of the hypertrophic response and a
regulator of cardiac contraction"”, whereas the role of PKCP
in cardiac hypertrophy and fibrosis in mice remains controver-
siall'® "7,

The present study was carried out to observe whether ALK
affects the development of cardiac hypertrophy and fibrosis in
a mouse model in the setting of chronic pressure overload and
to investigate whether myocardial autophagy is associated
with the effects of ALK, as well as to determine the possible
role of PKC in these effects.

Materials and methods

Animal experiments

Ten-week-old C57BL/6] male mice (The Jackson Laboratory,
Bar Harbor, Maine, USA) were anesthetized before either
transverse aorta constriction (TAC) or a sham operation was
carried out as previously described™. In brief, the transverse
aorta was constricted between the origins of the innominate
artery and the left common carotid artery with a 7-0 nylon
suture by ligating the aorta together with a blunted 27-gauge
needle, which was removed later; a constriction of 0.4 mm
in diameter was the product of this endeavor. ALK (150
mgkgd™, po, Novartis Pharma AG, Switzerland), autophagy
inhibitor 3-methyladenine (3-MA, 10 mg-kg1 per week, ip,
Santa Cruz Biotechnology, Santa Cruz, CA, USA) or PKCpI
inhibitor LY333531 (LY, 1 mgkg™d™, po, Axon Medchem BV,
Groningen, Netherlands) was administered to mice for 4
weeks beginning on the day of operation. All animal experi-
mental protocols were approved by the Animal Care and
Use Committee of Fudan University and in compliance with
Guidelines for the Care and Use of Laboratory Animals, pub-
lished by the National Academy Press (NIH Publication No
85-23, revised 1996).

Culture and mechanical stretch of cardiomyocytes
The primary culture of cardiomyocytes was prepared as
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described previously
of 1- to 2-d-old Sprague-Dawley rats were cultured in Dul-
becco’s modified Eagle’s medium (DMEM) containing 10%
fetal bovine serum (FBS) and penicillin/streptomycin, and
then incubated in serum and antibiotic-free conditions, in sili-
con-based plates pre-coated with collagen for 12 h, after which
time they were mechanically stretched by 20% for 24 h and
subsequently collected for protein extraction. A PKCa inhibi-
tor (Ro-31-0432, 200 pmol/mL, Sigma-Aldrich, St Louis, USA),
PKCBI inhibitor (CGP53353, 6.0 nmol/mL, Sigma-Aldrich, St
Louis, USA) or ERK inhibitor (U0126, 10 pmol/L, Cell Signal
Technology, Danvers, MA, USA) was added to the culture
medium 1 h prior to mechanical stretching.

Echocardiography

Four weeks after TAC, transthoracic echocardiography was
performed on conscious, gently restrained mice as previously
described using a 30 MHz high frequency scan head (Visu-
alSonics® Vevo770°, VisualSonics Inc., Toronto, Canada)™.
All measurements were averaged for five consecutive cardiac
cycles.

Morphological and histological analysis

All mice were euthanized via neck dislocation while under
anesthesia, and their hearts were surgically removed to cal-
culate the heart to body weight ratio (HW/BW mg/g). For
histological analysis, the ventricles were excised and fixed in
10% formalin for 48 h before being dehydrated using ethanol
gradient and subsequently embedded in paraffin, sectioned
at 4 mm thickness and stained with hematoxylin and eosin
(HE), as well as Masson’s trichrome (Sigma-Aldrich, St Louis,
USA). Taken from six animals per group, a minimum of three
sections per heart with five fields per section were analyzed
to determine both the cross-sectional area (CSA) and fibrotic
area of cardiomyocytes. All measurements were performed
with an automated image analysis system (Image-Pro Plus 5.0,
Media Cybernetics, USA).

Transmission electron microscopy

Freshly isolated heart tissue was fixed in ice-cold fresh 2.5%
glutaraldehyde fixative for 2 h, rinsed in phosphate buffer,
and subsequently post-fixed in 1% OsO, solution for another
2 h. The hearts were dehydrated in an ethanol gradient and
embedded in epoxy resin 618 (Shanghai Resin Factory, Shang-
hai, China). Ultrathin sections were generated from a Reichert
Ultracut E ultramicrotome (Leica, Heidelberg, Germany),
stained with both uranyl acetate and lead citrate for 1 h, and
examined under a Philips CM120 electron microscope (Royal
Dutch Philips Electronics Ltd, Amsterdam, the Netherlands) at
60 kV. Autophagosomes and autolysosomes were counted in
6 sections per group, averaged and expressed as the number
of autophagic structures per section.

Measurement of plasma and cardiac angiotensin peptides
The angiotensin peptide concentration was measured as pre-

viously described™. Blood was collected from the carotid



artery and injected into a tube containing 125 mmol/L EDTA,
20 mmol/L phenanthroline, 0.2% neomycin, 0.1 mmol/L kal-
likrein, 2% ethanol, and 2% DMSO to prevent angiotensin
breakdown. The blood was then centrifuged at 4°C. The
plasma (250 pL for each mouse) and the rinsed and blotted
cardiac tissues (80 mg for each heart) were snap-frozen for
storage at -80°C. Before the measurements of cardiac angio-
tensin peptide, cardiac tissues were homogenized in pure
ethanol, evaporated and reconstituted in Tris buffer. Both
plasma and cardiac angiotensin peptides were extracted using
phenylsilylsilica and separated by high-performance liquid
chromatography (HPLC), and angiotensin concentrations
were measured by radioimmunoassay. The detection limits
were 2 fmol/mL and 2 fmol/mg for the plasma and the tissue,
respectively.

Real-time quantitative reverse transcription PCR

RNA was extracted from the left ventricles of the mice using
TRIzol reagent (Invitrogen, Carlsbad, CA, USA). It was
reverse transcribed into cDNA using a TOYOBO ReverTra
Ace-a-® RT-PCR kit, according to the manufacturer’s instruc-
tions. A SYBR RT-PCR kit (Takara, Dalian, China) was
employed for real-time quantitative PCR analysis. The PCR
reaction was monitored using an ABI PRISM 7900 System
(Applied Biosystems, Carlsbad, CA, USA). The primers were
designed by Takara for atrial natriuretic peptide (ANP), brain
natriuretic peptide (BNP), skeletal a-actin (SAA), transforming
growth factor-p1 (TGF-f1), collagen type I al (Collal), col-
lagen type III al (Col3al), autophagy-related gene 5 (ATG5),
autophagy-related 16-like 1 (ATG16 L1) and glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) (Table 1). A compara-
tive Ct method was used to determine the expression levels of
the genes in question.

Western blot analysis

Total proteins extracted from the left ventricles of the
mice were size-fractionated by SDS-PAGE and transferred
to Immobilon-P membranes (Millipore) as previously
described™".
antibodies against phosphorylated protein kinase C (pPKC)
a, pPKCpI, pPKCPII (1:300, Santa Cruz Biotechnology, Santa
Cruz, CA, USA), pPKCy, phosphorylated extracellular signal-
regulated kinasel/2 (pERK1/2), ERK1/2, phosphorylated Jun
N-terminal kinase (pJNK), JNK, phosphorylated P38 mitogen-
activated protein kinase (pP38 MAPK), P38 MAPK, Light
chain 3-II (LC3-II) and Beclin-1 (1:1000; Cell Signal Technol-
ogy, Danvers, MA, USA), and later with an HRP-conjugated
secondary antibody (1:5000; KANGCHEN Biotechnology,
China). GAPDH expression was used as an internal control.
The membranes were detected using an ECL Western-blotting
Detection Reagent kit (catalogue RPN2106; GE Healthcare,
Fairfield, CT, USA), with the LAS-3000 detection system.
Quantification of immunoreactivity was performed via densi-
tometric analysis using ImagePro 5.0 (Media Cybernetics, Inc,
Silver Spring, MD, USA).

The blotted membranes were incubated with
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Table 1. Primers for real-time quantitative reverse transcriptional PCR.

Gene names Primer Sequence (5'-3’)
ANP Forward: TGACAGGATTGGAGCCCAGA
Reverse: GACACACCACAAGGGCTTAGGA
BNP Forward: GAGGTCACTCCTATCCTCTGG
Reverse: GCCATTTCCTCCGACTTTTCTC
SAA Forward: AGCAGATGTGGATCACCAAG
Reverse: CTGCAACCACAGCACGATTG
TGF-B1 Forward: GTGTGGAGCAACATGTGGAACTCTA
Reverse: TTGGTTCAGCCACTGCCGTA
Collal Forward: GACATGTTCAGCTTTGTGGACCTC
Reverse: GGGACCCTTAGGCCATTGTGTA
Col3a1 Forward: CAGGAGCCAGTGGCCATAA
Reverse: TCTCGACCTGGCTGACCATC
ATG5 Forward: AGATGGACAGCTGCACACACTTG
Reverse: GCATTGGCTCTATCCCGTGAA
ATG16L1 Forward: GCTCCCGTGATGACCTGCTAA
Reverse: CTGAGCCTGCTGCCACGTAA
GAPDH Forward: ACCACAGTCCATGCCATCAC

Reverse: TCCACCACCCTGTTGCTGTA

Statistical analysis

The statistical analysis were performed using the SPSS (Sta-
tistical Package for the Social Sciences) software package,
version 16.0 (SPSS Inc, Chicago, IL, USA), and the results are
expressed as the mean+SEM. All statistical significance was
determined by one-way ANOVA, followed by Tukey’s test for
pairs of mean values. A value of P<0.05 was considered statis-
tically significant.

Results

Effect of ALK on cardiac hypertrophy, fibrosis and dysfunction
Four weeks after TAC, all experimental mice were found
to have survived and subsequently received both echocar-
diographic and hemodynamic examinations. Both aortic
blood pressure (ABP) and left ventricle end-systolic pressure
(LVESP) increased by more than 1.5-fold after TAC (Figure
S1). Echocardiographic results showed increased left ven-
tricular wall thickness and impaired cardiac function in the
TAC control group, compared with those in the Sham group
(Figure 1A, 1B). Moreover, an augmented HW/BW, as well
as an elevated CSA of cardiomyocytes, was observed (Figure
1C, 1D). Additionally, the reprogramming of ANP, BNP, and
SAA was observed in the TAC group (Figure 1E). Although
ALK did not elicit any notable effects on cardiac geometry
and function at baseline, it evidently ameliorated all maladap-
tive responses induced by TAC (Figure 1), without lowering
either ABP or LVESP (Figure S1). Masson’s trichrome staining
showed a markedly elevated interstitial collagen volume in the
TAC control group as compared with that in the Sham group.
However, the extracellular matrix change was significantly
inhibited in the TAC-ALK group (Figure 1F). The subsequent
analysis of mRNA levels of TGF-p1, Collal, and Col3al also
demonstrated elevated responses in the TAC control group

Acta Pharmacologica Sinica



www.nature.com/aps
Weng LQ et al

(@)

TAC-ALK

HW/BW (mg/g)

Sham  TAC ALK TAC-ALK

LVEF (%)

! 0 0 1
Sham  TAC ALK TAC-ALK Sham  TAC ALK TAC-ALK Sham  TAC ALK TAC-ALK Sham TAC ALK TAC-ALK

TAC-ALK

CSA (um?)

Sham TAC ALK  TAC-ALK

s £33 Sham
[7]

2 & = &3 TAC
£ S
30 N D TACALK
o = < >

3w 8

0 O -

T = FE

©

w

Collal

F Sham TAC TAC-ALK

E

=

©

)

S & B
°

8 Iiil

= |

ALK TAC-ALK

Figure 1. Effect of ALK on TAC-induced cardiac hypertrophy, fibrosis and dysfunction 4 weeks after TAC. (A) Representative M-Mode images. (B)
Echocardiographic parameter analysis. LVAWd, left ventricular anterior wall thickness at end-diastole; LVIDd, left ventricular internal dimension at end-
diastole; LVFS, left ventricular fractional shortening; LVEF, left ventricular ejection fraction. (C) Heart to body weight ratio (HW/BW). (D) Representative
HE-stained left ventricular sections (scale bar: 20 ym) and quantitative analysis of cross-sectional area (CSA). (E) The expression of hypertrophy-
associated genes. Bars indicate the relative folds of the expression of ANP, BNP, and SAA of the internal control. GAPDH served as the internal control.
ANP, atrial natriuretic peptide. BNP, brain natriuretic peptide. SAA, skeletal a-actin. (F) Representative Masson’s trichrome-stained left ventricular
sections (scale bar: 20 ym) and fibrotic area analysis. Blue areas indicate fibrotic staining. (G) The expression of fibrosis-associated MRNA. GAPDH
was used as the internal control. TGFB1, transforming growth factor 1. Collal, collagen type | al. Col3al, collagen type Ill al. n=6. Mean+SEM.
°P<0.05 vs Sham. °P<0.05 vs TAC. ALK, aliskiren (150 mgkg™d™, po)
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as compared with those in the Sham group, but each of these
enhanced fibrotic markers decreased significantly in the TAC-
ALK group (Figure 1G).

Effect of ALK on cardiac autophagy

Electron microscopic analysis showed that the number of
autophagic structures increased significantly in the TAC
control group compared with the Sham group. ALK did not
change the number of autophagic structures at baseline. How-
ever, ALK clearly ameliorated the level of autophagy when
its effects were examined 4 weeks after TAC (Figure 2A, 2B).
Corresponding mRNA expression levels of autophagy-related
markers, such as Atg and Atg16 L1, were notably upregulated
in the TAC control group, but were distinctly downregulated
following ALK administration (Figure 2C). Further experi-
ments demonstrated that ALK overtly diminished TAC-
induced elevation in protein expression levels of both LC3-II
and Beclin-1 (Figure 2D).

Effect of autophagy inhibition on TAC-induced cardiac hyper-
trophy, fibrosis and dysfunction
To evaluate the role of autophagy in TAC-induced cardiac

hypertrophy, fibrosis and dysfunction, Sham and TAC mice
were treated with the autophagy inhibitor, 3-MA, for 4 weeks
prior to the assessment of cardiac geometry and function. Our
data revealed that 4 weeks of TAC without 3-MA treatment
induced significant cardiac hypertrophy, fibrosis and dysfunc-
tion. Although 3-MA itself did not affect cardiac morphology
or function at baseline, it notably attenuated TAC-induced
cardiac hypertrophy, fibrosis and dysfunction, as evidenced
by the overtly decreased LVAWd, HW/BW, CSA, and intersti-
tial collagen volume, as well as the improved LVFS and LVEF
(Figure 3), without lowering either ABP or LVESP (Figure S2).
These data suggested a role for autophagy in TAC-induced
cardiac hypertrophy, fibrosis and dysfunction.

Effect of ALK on plasma and cardiac levels of angiotensin, phos-
phorylation of cardiac PKC isoforms and mitogen-activated
protein kinase

The plasma and cardiac levels of Ang I and Ang II were sig-
nificantly elevated in the TAC control group, compared with
those in the Sham group. ALK effectively downregulated the
TAC-induced upregulation of both Ang I and Ang II (Figure
4A). To investigate which PKC isoforms contributed to TAC-
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Figure 2. Effect of ALK on TAC-induced change in autophagy. (A) Representative TEM images of left ventricular sections (scale bar: 500 nm, arrows
indicating autophagic structures). (B) Quantitative analysis of autophagic structures. (C) Quantitative analysis of autophagic genes. (D) Representative
gel blots and quantitative analysis of LC3-Il and Beclin-1. n=6. Mean+SEM. "P<0.05 vs Sham. °P<0.05 vs TAC.
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Figure 3. Effect of 3-MA on TAC-induced cardiac hypertrophy, fibrosis and dysfunction. (A) Representative TEM images of left ventricular sections (scale
bar: 500 nm, arrows indicating autophagic structures). (B) Echocardiographic parameter analysis. LVAWd, left ventricular anterior wall thickness at
end-diastole; LVIDd, left ventricular internal dimension at end-diastole; LVFS, left ventricular fraction shortening; LVEF, left ventricular eject fraction.
(C) Heart to body weight ratio (HW/BW). (D) Representative HE-stained left ventricular sections (scale bar: 20 uym) and quantitative analysis of cross-
sectional area (CSA). (E) Representative Masson’s trichrome-stained left ventricular sections (scale bar: 20 pm) and quantitative analysis of fibrotic
area. Blue areas indicate fibrotic staining. n=6. Mean+SEM. "P<0.05 vs Sham. °P<0.05 vs TAC. "P<0.05 vs 3-MA. 3-MA, 3-methyladenine (autophagy

inhibitor, 10 mgkg* per week, ip).

induced cardiac abnormalities and whether these activated
PKC isoforms may be inhibited by ALK, the expression levels
of pPKCa, pPKCBI, pPKCPII, and pPKCy were examined. The
isoforms pPKCPII and pPKCy did not increase, but pPKCa
and pPKCPI both increased in the TAC control group. Of
note, the elevated cardiac isoforms pPKCa and pPKCpI were
apparently attenuated in response to chronic renin inhibition
with ALK (Figure 4B). To explore the molecular mechanism
of this process further, the mitogen-activated protein kinases
(MAPK) were investigated. Pressure overload induced an evi-
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dent rise in the phosphorylation levels of ERK1/2, p38 MAPK,
and JNK1/2; however, ALK treatment markedly blocked the
activation of ERK1/2, whereas p38 MAPK and JNK1/2 were
not significantly affected (Figure 4C).

PKCBI/a, ERK1/2, and autophagy

To test whether PKC isoforms participate in TAC-induced
autophagy, mechanically stretched-cardiomyocytes were pre-
treated with a PKCpI/a inhibitor. As indicated by the results
of the Western blot, mechanical stress significantly enhanced
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the levels of pERK1/2 and autophagic flux, an outcome that
was prevented by pretreatment with the PKCPI inhibitor,
CGP53353, but not the PKCa inhibitor, Ro-31-0432 (Figure
5A, 5B). To examine the effect of ERK inhibition on cardio-
myocyte autophagy, cardiomyocytes were pretreated with the
ERK inhibitor, U0126. Our data revealed that U0126 notably
attenuated mechanical stress-induced elevations in LC3-1I
and Beclin-1 (Figure 5C). Taken together, our in vitro results
revealed that mechanical stress-induced autophagy was partly
mediated by the PKCBI-ERK1/2 dependent pathway.

To confirm the relationship among PKCpI, ERK1/2, and
autophagy in vivo, a PKCPI inhibitor, LY333531 (LY), was
employed. Echocardiographic and histological analysis
showed that LY effectively inhibited cardiac hypertrophy,

fibrosis and dysfunction induced by TAC without lowering
ABP and LVESP (Figure S3, S4). Further electron microscopic
analysis showed that the number of autophagic structures
decreased significantly following LY administration when
compared with the amount of structures noted in the TAC con-
trol group (Figure 5D, 5E), and the same results were observed
in the corresponding mRNA expression levels of autophagy-
related markers Atgb and Atgl6 L1 (Figure 5F). Moreover,
Western blot results demonstrated that LY also clearly abro-
gated the elevations in pERK1/2, LC3-II, and Beclin-1 induced
by TAC (Figure 5G). Taken together, our results consistently
demonstrated the close relationship among PKCpI, ERK1/2,
and autophagy.
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Beclin-1 are shown. Four parallel experiments were indicated. Mean+SEM. °P<0.05 vs Ctrl. °P<0.05 vs St. "P<0.05 vs U0126. St, Stretch by 20%
for 24 h. U0126, an ERK inhibitor (10 ymol/L). (D) TEM images and (E) quantitative analysis of autophagic structures on cardiac tissue sections, scale
bar: 500 nm, arrows indicating autophagic structures. (F) Quantitative analysis of autophagic genes ATG5 and ATG16 L1.
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Discussion

In the current study, we explored the effect of ALK mono-
therapy on the development of cardiac hypertrophy and
fibrosis in mice subjected to a 4-week period of hemodynamic
stress. The findings of our study showed that ALK attenuated
pressure overload-induced cardiac hypertrophy, fibrosis and
insufficiency, independent of BP reduction.

To investigate the inhibitory mechanisms of ALK, autoph-
agy was first assessed. The role of autophagy in cardiac dis-
orders is complex. In high-fat diet-induced obesity, it was
reported that rescuing the autophagosome maturation process
via Akt2 knockout was beneficial to both cardiac geometry
and function™. In the pressure overload-induced hypertro-
phic heart, there still exist different opinions. Some research
revealed that activating autophagy may attenuate pressure
overload-induced cardiac hypertrophic responses™ *! whereas
other studies recognized excessive autophagy as a detrimental
factor in pressure overload-induced heart failure> ™ *!, To
date, a consensus has been reached that autophagy may be
either adaptive or maladaptive depending on the context in
which it occurs and the extent of its stimulation®. Our results
showed a significant rise in the autophagic activity of myocar-
dial tissues in TAC mice. ALK prevented TAC-induced car-
diac geometric and functional abnormalities in part through
the amelioration of TAC-induced autophagy, based on the
results demonstrating that ALK treatment decreased TAC-
induced autophagic activity to almost its baseline level, and
the inhibition of autophagic flux by 3-MA proved salutary
in preserving optimal cardiac geometry and function in TAC
mice. To the best of our knowledge, this is the first report on
the relationship between a renin inhibitor and autophagy.

To investigate these mechanisms further, expression levels
of both plasma and cardiac angiotensin, as well as cardiac
phosphorylated PKC isoforms, were examined. We found
that raised plasma and cardiac levels of both Ang I and Ang
II were significantly negated by ALK treatment. Furthermore,
the elevated phosphorylation of PKCa in the TAC control
group was clearly reduced following ALK treatment. As
for the PKCp, PKCBI, but not PKCPII, was involved in TAC-
induced hypertrophy. ALK evidently abrogated the upregula-
tion of PKCPI phosphorylation, which may be of much greater

importance compared with pPKCa reduction, as many previ-
ous studies indicate that a change in mouse PKCf correlates
more strongly with a corresponding change in humans™ %!,

As ALK was found to downregulate PKCBI/a phosphory-
lation and autophagy, it was postulated that TAC-induced
autophagy may be a PKCPI/a-dependent response, and
ALK may ameliorate the excessive autophagy via a PKCBI/
a-dependent pathway. The relationship between PKCPI/a
and autophagy was first investigated in vitro. It was intrigu-
ing that the mechanical stress-induced elevations of LC3-II
and Beclin-1 were diminished by the treatment with a PKCpI
inhibitor, as opposed the use of a PKCa inhibitor. Addition-
ally, the ERK1/2 inhibitor, U0126, notably reduced mechanical
stress-induced autophagy. The relationship among pPKCfI,
PERK1/2 and autophagy was further confirmed in vivo. Taken
together, it may be inferred that ALK protects against TAC-
induced cardiac hypertrophy, fibrosis and dysfunction, in part
via the reduction of PKCPI-ERK1/2-regulated autophagy.

It has previously been reported that ALK may increase
cardiac bradykinin levels, which may contribute to its cardio-
protective effects in the (mRen-2)27 rat™., In the current study,
however, we demonstrated that ALK exhibits a cardioprotec-
tive effect by modulating excessive autophagic activity, which
represents a novel idea.

As our data suggested, ALK monotherapy may inhibit the
development of cardiac hypertrophy and fibrosis, independent
of BP reduction, in the setting of 4 weeks of pressure overload
in mice, by blocking Ang II-PKCPI-ERK1/2-regulated autoph-
agy. This study provides insight into the pathophysiology of
cardiac hypertrophy and fibrosis, as well as the mechanism of
the inhibitory effects of ALK.
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