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Abstract

Increased age often leads to a gradual deterioration in cardiac geometry and contractile function
although the precise mechanism remains elusive. Both Akt and AMPK play an essential role in the
maintenance of cardiac homeostasis. This study examined the impact of ablation of Akt2 (the
main cardiac isoform of Akt) and AMPKa2 on development of cardiac aging and the potential
mechanisms involved with a focus on autophagy. Cardiac geometry, contractile, and intracellular
Ca?* properties were evaluated in young (4-month-old) and old (12-month-old) wild-type (WT)
and Akt2-AMPK double knockout mice using echocardiography, lonOptix® edge-detection and
fura-2 techniques. Levels of autophagy and mitophagy were evaluated using western blot. Our
results revealed that increased age (12 months) did not elicit any notable effects on cardiac
geometry, contractile function, morphology, ultrastructure, autophagy and mitophagy, although
Akt2-AMPK double knockout predisposed aging-related unfavorable changes in geometry (heart
weight, LVESD, LVEDD, cross-sectional area and interstitial fibrosis), TEM ultrastructure, and
function (fractional shortening, peak shortening, maximal velocity of shortening/relengthening,
time-t0-90% relengthening, intracellular Ca2* release and clearance rate). Double knockout of
Akt2 and AMPK unmasked age-induced cardiac autophagy loss including decreased Atg5, Atg7,
Beclinl, LC3BII-to-LC3BI ratio and increased p62. Double knockout of Akt2 and AMPK also
unmasked age-related loss in mitophagy markers PTEN-induced putative kinase 1 (Pink1), Parkin,
Bnip3, and FundC1, the mitochondrial biogenesis cofactor PGC-1a., and lysosomal biogenesis
factor TFEB. In conclusion, our data indicate that Akt2-AMPK double ablation predisposes
cardiac aging possibly related to compromised autophagy and mitophagy.
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1. INTRODUCTION

Increased age leads to a gradual deterioration of cardiac function and cardiac reserve as well
as progressive cardiac remodeling manifested as cardiac hypertrophy and interstitial fibrosis
[1-5]. To-date, a number of scenarios have been postulated for the pathogenesis of cardiac
aging including inflammation, lipotoxicity, oxidative stress, apoptosis, mitochondrial injury,
autophagy dysregulation and intracellular Ca2* mishandling [6-9]. Nonetheless, the precise
machineries behind progression of cardiac aging are still undefined. Recent findings from
our lab and others have suggested a potential role for the essential survival signaling
molecule protein kinase B (Akt) and the energy metabolism fuel AMP-dependent protein
kinase (AMPK) in age- or aginginduced pathological changes in the heart [10-13]. The Akt
signaling pathway, in particularly in response to insulin and insulin-like growth factor-1
(IGF-1), functions as an integrator rudimentary to growth and development, lifespan,
healthspan and aging [10, 14]. AMPK, on the other hand, governs the energy metabolism
with AMPK activation in response to resveratrol and metformin exhibiting anti-aging
properties [12, 15]. Recent data from our group and others have suggested an essential role
for autophagy, a highly conserved lysosomal process for degradation and recycling of
proteins and organelles, in biological and cardiac aging [6, 16, 17]. Mammalian aging is
associated with autophagy failure while autophagy induction prolongs lifespan and retards
cardiac aging, in association with improved clearance of protein aggregate [18-20]. Given
the essential role for Akt and AMPK in the regulation of cardiac survival and lifespan [21,
22], this study was designed to examine the role of ablation of Akt2 (the cardiac isoform of
Akt) and AMPK on age-induced changes in geometry, function and intracellular Ca2*
homeostasis in the heart, with a special focus on autophagy and mitochondrial selective
autophagy (mitophagy). Protein markers of autophagy and mitophagy including phosphatase
and tensin homolog (PTEN)-induced kinase 1 (PINK 1), Parkin, Fun 14 domain containing
1 (FundC1) and BCL2/adenovirus E1B 19-kDa interacting protein 3 (BNIP3) were
examined in young or old mouse hearts. We also evaluated the levels of the helix-loop-helix
transcription factor EB (TFEB) as increased lifespan may be associated with activation of
TFEB and lysosomal biogenesis [23].

2. METHODS AND MATERIALS

2.1: Generation of double knockout mice and Kaplan—Meier survival:

All animal procedures were approved by the Animal Care and Use Committees at the
University of Wyoming (Laramie, WY, USA) and Zhongshan Hospital, Fudan University
(Shanghai, China). Akt2 knockout mice were obtained from Dr. Morris Birnbaum at the
University of Pennsylvania (Philadelphia, PA, USA) and AMPKa2 knockout mice were
generated and characterized by Dr. Benoit Viollet at the Institut Cochin, Université Paris
Descartes, CNRS (UMR 8104), Paris, France [24, 25]. Akt2~~ and AMPKa2~/~ mice (on
C57BL/6 background) were cross-bred to generate the heterozygotes, which were further
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crossed to generate Akt2/~-AMPKa.2~/~ (DKO) mice. To confirm genotypes, genomic
DNA prepared from tail snips was analyzed using PCR. Mice were housed under
temperature-controlled conditions (22 + 2°C), humidity (55 + 5%) and a 12 h/12 h light-dark
circadian cycle with access to food and water ad /ibitum. All mice used for life span analysis
(the Kaplan—-Meier survival curve and the log rank test) were assigned to a longevity cohort
at birth and were not used for any other tests.

2.2: Echocardiographic assessment:

Animals were anesthetized using ketamine (80 mg/kg, i.p.) and xylazine (12 mg/kg i.p.,)
prior to the echocardiographic assessment. 2-D guided M-mode echocardiography were
applied to examine mouse cardiac geometry and function using the Phillips Sonos 5500
machine (Phillips Medical Systems, Andover, MD, USA). The measurement processes were
carried out following previous protocols [16].

2.3: Cardiomyocyte isolation, shortening/relengthening and intracellular Ca2* handling:

Langendorff perfusion system were employed to isolate cardiomyocytes from wild type
(WT) and Akt2~/~-AMPKa 2™~ (DKO) mice hearts following previous protocols [16].
Cardiomyocyte contractile function was monitored using a SoftEdge MyoCam® system
(lonOptix Corporation, Milton, MA, USA) with an 1X-70 Olympus inverted microscope
[16]. Contractile buffer containing (in mM) NaCl 131, KCI 4, CaCl, 1, MgCl, 1, glucose 10
and HEPES 10 was added and cells were electrically challenged at 0.5 Hz. Contractile curve
was recorded for each cell and the following indices were obtained: peak shortening (PS),
maximal velocity of shortening (+ dL/dt), maximal velocity of relengthening (- dL/dt),
time-to-PS (TPS), and time-t0-90% relengthening (TRgg). The fura-2 dye Fura-2/AM (500
nM) was loaded on isolated cardiomyocytes for 10 min prior to fluorescence intensity
recording. Fluorescence emissions were detected using a fluorescence photomultiplier tube
(lonoptix, Milton, MA). Alterations in fura-2 fluorescence intensity (FFI) were quantitated
from the FFI ratio at 360 nm and 380 nm. Intracellular Ca2* clearance was assessed by
fluorescence decay time.

2.4: Evaluation of myocardial morphology:

After sedation, hearts were excised, rinsed briefly with PBS and immediately placed in a
formalin solution for a day. The specimens were enclosed in paraffin, cut into thin (5 pm)
sections and were labeled with fluorescein isothiocyanate (FITC) jointed wheat germ
agglutinin. Images of cardiac section were taken using a digital microscope (x400).
Cardiomyocyte cross-section area was calculated using the Image J (version1.34S) software
[16]. Cardiac fibrosis formation was examined using the Masson’s trichrome staining.
Fibrosis (blue staining) can be differentiated from normal cardiac muscle tissue (red
staining). The percentage of fibrosis was achieved by calculating the percentage of the light
blue colored region among the entire area [16].

2.5: Electron microscopy:

The myocardial ultrastructure was evaluated using transmission electron microscopy. In
brief, mouse heart from each experiment group was perfused and fixed with PIPES-buffered
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formaldehyde-glutaraldehyde. Left ventricular myocardium was taken from the mid-
ventricular region and was trimmed to 1 mm3 blocks. The blocks were fixed using a 10:1
fluid/tissue ratio overnight at 4 °C. After washing with PIPES buffer along with 2% sucrose
(pH 7.4), myocardial blocks were further processed in PIPES buffered 1% OsO4 along with
2% sucrose and 1.5% K3FE(CN)6:3H20 overnight at 22—-24 °C. The blocks were then
dehydrated using graded ethanol and propylene oxide, and were ultimately enclosed in
Epon/Araldite. RMCMTXL ultramicrotome and a Diatome diamond knife were used to
obtain thin sections. Sections were labeled with lead citrate and uranyl acetate (in absolute
ethanol). Micrographic pictures were taken using a Hitachi 7500 transmission electron
microscope [16].

2.6: Western blot analysis:

Myocardial samples of 50 ug were separated in 10%-15% SDS-PAGE gels and were
transferred onto nitrocellulose membranes. Following block, the membranes were incubated
with the anti-Akt1, anti-Akt2, anti-Akt3, anti-AMPKa2, anti-p16, anti-p21, anti-Atg5, anti-
Atg7, anti-Beclinl, anti-LC3B, anti-p62, anti-Parkin, anti-Bnip3, anti-PGC-1a, anti-TFEB
(1:1000, Cell Signaling Technology, Danvers, MA, USA), anti-FundC1, anti-UCP2, anti-
Pink1, (1:1000; Abcam, Cambridge, MA, USA), anti-GAPDH and anti-tubulin (loading
controls) (1:1000; Cell Signaling Technology, Danvers, MA, USA) antibodies. After
washing in Tris-buffered saline-Tween (TBST), nitrocellulose membranes were co-treated
with horseradish peroxidase (HRP)-coupled secondary antibodies for 1 h at room
temperature. A Bio-Rad Calibrated Densitometer was employed to scan the film and
intensity of immunoblot bands was normalized to that of the loading control (GAPDH or a-
tubulin) [16].

2.7: Data analyses:
Data were shown mean with standard error (Mean £ SEM). A p value < 0.05 was set for
statistical significance using one-way analysis of variation (ANOVA). The Tukey’s test was
used for post hoc analysis. The log-rank test was performed for Kaplan-Meier survival
curve.

3. RESULTS

3.1: General characteristics, biometrics and survival in WT and DKO mice

The biometric profiles of young or old WT and DKO mice are summarized in Table 1.
Increased age prompted a slightly higher body weight (13.5% in WT mice and 19.6% in
DKO mice, although not statistically significant). Increased age led to an increase in organ
weight in both WT mice and DKO mice, yet not significant when normalized to whole body
weight (liver, kidney, and spleen). Interestingly, DKO seemed to induce cardiac hypertrophy
at the age of 12 months, compared to their WT counterpart, even after normalized to whole
body weight (36.2% in heart weight, 14.2 % in heart-to-body weight). Although serum
insulin and triglyceride levels were elevated in 12 month-old mice compared to 4 month-old
counterparts in both WT and DKO groups, neither increased age nor Akt2-AMPK ablation,
or both, overtly altered blood glucose levels (Table 1). Ablation of Akt2 and AMPKa.2 was
confirmed using Western blot analysis. Expression of Akt2 isoform and AMPKa2 subunit
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was completely absent in DKO mice, without eliciting any effect on other Akt isoforms
(Aktl and Akt3) (Fig. 1A, F-H). Aging itself did not affect the levels of Akt isoforms and
AMPKa?2. DKO failed to alter the course of aging, as evidenced by a comparable increase in
the levels of senescence markers p16 and p21 in 12-month-old mice, regardless of the
genetic background (Fig. 1C-D). There was no observable difference in life span between
WT and DKO mice, with a median survival of 33 and 36 months, respectively (Fig. 1B).

3.2: Myocardial geometry and contractile function

Neither increased age not Akt2-AMPKa2 ablation, or both, overtly affected heart rate or left
ventricular wall thickness. Likewise, neither increased age not Akt2-AMPKa.2 ablation
affected heart weight, fractional shortening, LV end systolic and diastolic diameters (LV
ESD and LV EDD) although the combination of the two prompted cardiac hypertrophy
(normalized to body weight), cardiac remodeling (increased LV ESD and LV EDD) and
impaired fractional shortening (Fig. 2).

3.3: Cardiomyocyte contractile function and intracellular Ca2* transient properties

The 12 month-old WT mice exhibited the same contractile function as their younger
counterparts. While the 4 month-old DKO mice exhibited comparable mechanical profiles as
the WT groups, 12 month-old DKO mice showed decreased peak shortening, maximal
velocities of shortening/ relengthening (+ dL/dt), and prolonged time-to-90% relengthening
(TRgp), sparing resting cell length and time-to-peak shortening (TPS) (Fig. 3A-F).

To explore possible mechanisms between increased age and Akt2-AMPKa.2 double
ablation, intracellular Ca* handling was evaluated using fura-2 fluorescence techniques.
Our data revealed that neither increased age nor Akt2-AMPKa2 ablation significantly
affected resting intracellular CaZ* levels, yet the combination of the two significantly
decreased the electrically-stimulated rise in intracellular Ca?* (AFFI) and impaired
intracellular Ca?* clearance ability (Fig. 4 A-C). These data together suggested that Akt2-
AMPKa2 ablation accelerated cardiomyocyte contractile dysfunction at an early age,
compared with normal aging-induced cardiac dysfunction, which happened after 24 months
[10, 16].

3.4: Myocardial histology and ultrastructure in 4- or 12 month-old WT and DKO mice

To assess the impact of increased age and Akt2-AMPKa2 ablation on cardiac remodeling in
aging, myocardial histology including cardiomyocyte cross-section and interstitial fibrosis
was examined. Lectin staining revealed an increased cardiomyocyte transverse cross-
sectional area in 12 month-old DKO mice but not in other groups, consistent with increased
LV mass and heart weights. Little effect was noted in cardiomyocyte cross-sectioning from 4
month-old DKO group (Fig. 5A and D). Masson’s Trichrome staining revealed that 12
month-old DKO mice exhibited enhanced interstitial fibrosis, the effect of which was not
observed in 12 month-old WT mice nor 4 month-old DKO mice (Fig. 5B and E).
Ultrastructure of mitochondria and sarcomere in the hearts were studies using transmission
electronic microscopy (TEM). The images revealed that sarcomeres and myocardial
filaments were severely distorted, accompanied with mitochondrial swelling in the 12
month-old DKO mice, but not in other experimental groups (Fig. 5C). These data together
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suggested that DKO caused cardiac hypertrophy and collagen deposition at an early age,
causing premature aging of the heart.

3.5: Autophagy and mitophagy level in 4- or 12 month-old WT and DKO mice

To elucidate the mechanisms of action behind the acceleration of DKO-induced cardiac
mechanical and intracellular Ca2* responses, levels of autophagy and mitophagy were
examined. Our data depicted that while 12 months of age was not able to trigger any
significant changes in autophagy markers including Atg5, Atg7, Beclin-1, LC3B and p62,
Akt2-AMPKa2 overtly downregulated these autophagy protein markers (Atg5, Atg7,
Beclin-1 and LC3B) while elevating that of autophagosome adaptor protein p62 with aging.
Akt2 and AMPKa.2 ablation did not affect these autophagy protein markers at 4 months of
age (Fig 6 A-H). Furthermore, our data revealed that in 12 month-old DKO mice, all 3
pathways of mitophagy were down-regulated, as evidenced by decreased levels of
mitophagy protein markers PINK1-Parkin, BNIP3 and FundC1 (Fig 7A-E). Although
increased age and Akt2-AMPKa2 did not affect the levels of mitochondrial proteins UCP2
and PGC-1a, or lysosomal transcription factor EB (TFEB), the combination of the two
overtly downregulated the levels of UCP2, PGC-1a and TFEB (Fig. 7F-H), indicating
impaired mitochondrial and lysosomal biogenesis.

4. DISCUSSION

The salient findings from our current study suggested that ablation of Akt2 and AMPK
predisposed premature cardiac aging or age-induced changes in cardiac geometry,
contractile and intracellular Ca2* properties. The Akt2-AMPK ablation-induced changes in
cardiac geometry and function were associated overt cardiac remodeling as manifested by
cardiac hypertrophy and interstitial fibrosis. In addition, Akt2-AMPK double ablation
unmasked age-associated loss in autophagy, mitophagy, mitochondrial integrity and
lysosomal biogenesis. These results suggest a possible permissive role of Akt2-AMPK
signaling in the predisposition of cardiac aging possible related to loss of autophagy and
mitophagy in the heart.

Increased age is commonly associated with unfavorable cardiac remodeling and function
including cardiac hypertrophy, interstitial fibrosis, compromised contractility and prolonged
diastolic duration [26—28]. Here we did not observe any changes in cardiac geometry,
remodeling (heart and cardiomyocyte size, interstitial fibrosis), intracellular Ca2* regulation,
and contractile function in 12-month-old mid-age murine hearts. Interestingly, Akt2-AMPK
ablation unmasked age-induced unfavorable changes in cardiac geometry and function.
Although double knockout of Akt2 and AMPK itself did not elicit any overt changes in
cardiac geometry, function and intracellular Ca2* handling, prominent changes in heart size,
cardiomyocyte cross-sectional area, and interstitial fibrosis were noted in 12-month-old
Akt2-AMPK knockout mice, favoring an important role for lost Akt2/AMPK signaling in
the predisposition of cardiac aging. Akt2-AMPK knockout did not affect the Kaplan-Meier
survival rate nor did it affect the senescence markers p16 and p21, indicating that Akt2-
AMPK ablation did not overtly alter the course of biological aging. In addition, Akt2-
AMPK double knockout failed to elicit notable cardiac geometric or morphological effects
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at young age, suggesting that ablation of Akt2-AMPK takes time to impose notable cardiac
remodeling and contractile effects. Cardiac remodeling (hypertrophy and interstitial fibrosis)
are usually noted with increased age and contributes to transition from the physiological
remodeling to pathological remodeling, en route to unfavorable changes in heart function
[26]. Although Akt2-AMPK ablation failed to alter intracellular Ca2* handling at the young
age, it unmasked intracellular Ca2* handling defects with increased age, which contributes
to cardiac contractile dysfunction. Moreover, our data did not reveal any notable change in
Aktl and Akt3 isozymes with Akt2 ablation at both age points, thus excluding possible
compensatory contribution from these Akt isozymes. It is noteworthy that deletion of Akt2
was reported to trigger onset and development of type 2 diabetes mellitus with time [25, 29]
although our study did not note the presence of diabetic phenotype at both ages tested in our
study.

The Akt2-AMPK knockout-induced predisposition of increased age-related changes in
cardiac contractile function coincided with worsened mitochondrial integrity (UCP2,
PGC-1a and ultrastructure), autophagy (Beclin-1, LC3B, Atg5, Atg7 and p62) and
mitophagy (PINK1, Parkin, FUNDC1 and BNIP3) as well as lysosomal biogenesis (TFEB).
These findings suggested a possible role of autophagy, in particular mitochondrial autophagy
(mitophagy) in Akt2-AMPK ablation-induced changes in cardiac geometry and function.
Autophagy is capable of preserving diastolic function in senescent myocardium through
protection of intracellular Ca?* homeostasis [30]. Several theories may contribute to the
Akt2-AMPK ablation-elicited responses with aging. First, our earlier findings revealed
compromised phosphorylation of the Akt negative regulator PTEN in association with Akt
overactivation with aging [11]. More evidence suggested a finetone of Akt signaling in aging
process, regardless of intact AMPK signaling. Chen and coworkers suggested that sodium
hydrosulfide attenuates aging process via P13K-Akt-mediated regulation of mitochondrial
integrity and oxidative stress [31]. Second, loss of autophagy and mitophagy may contribute
to Akt2-AMPK ablation-induced unfavorable geometric and functional response. Activation
of Akt, an essential signaling molecule for cardiac survival and mitochondrial function [32,
33], has been shown to suppress autophagy, in a manner reminiscent of aging [11, 32, 34—
38]. Paradoxically, our current results revealed that Akt2-AMPK ablation downregulated
autophagy and mitophagy with increased age. Although our earlier study suggested that
Akt2 knockout may restore autophagy and mitophagy with aging [39], such protective effect
no longer prevails with AMPK deficiency. The various reported effects of Akt2 knockout on
autophagy seem puzzling although the presence of AMPK appears to be vital. Numerous
findings suggested the permissive role of AMPK in the preserved autophagy and resistance
to aging process [31, 40]. Our earlier data supported a likely contributing role of AMPK
deficiency in cardiac aging [12]. Third, our data support a role for mitophagy and
mitochondrial integrity in Akt2-AMPK ablation-induced cardiac aging. In our hands, Akt2-
AMPK knockout unmasked age-induced changes in mitochondrial biogenesis cofactor
PGC-1a and mitochondrial ultrastructure with suppressed mitophagy protein markers. Our
study also revealed a possible role of compromised lysosomal function as evidenced by
decreased TFEB in Akt2-AMPK double knockout hearts. With aging, autophagy gradually
declines, largely due to the decreased formation of autophagic vacuoles and compromised
fusion of these vacuoles with lysosomes [41, 42].
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Experimental limitations: Our current study suffers from a number of limitations. First and
perhaps the foremost, our results failed to offer the precise interplay among mitophagy,
cardiac geometry and function in cardiac aging process. Use of more unique animal models
of autophagy or mitophagy will offer better understanding with regards to the role of
autophagy or mitophagy in the progression of cardiac aging. Next, although our study
revealed a role for TFEB in Akt2-AMPK double ablation-induced cardiac anomalies, little
information is available on how TFEB-related lysosomal function contributes to the
compromised autophagy/mitophagy.

In summary, our findings suggest that Akt2-AMPK double knockout plays an essential role
in the predisposition of age-related unfavorable change in cardiac geometry and function.
Our data favor the notion that failure in autophagy and mitophagy with Akt2-AMPK
ablation may underscore the premature cardiac aging with ablation of these essential cardiac
signaling molecules. Although our study sheds some light on the role of Akt-AMPK
signaling cascades on autophagy and cardiac homeostasis, the onset and development of
premature cardiac aging, particularly in association with mitophagy still require in depth
exploration.
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Research highlights

. We examined the effect of Akt2-AMPK double ablation on cardiac anomalies
in 12-month-old mice

. Akt2-AMPK double knockout unmasked age-induced cardiac contractile
anomalies

. The effect of Akt2-AMPK double ablation was related to loss of autophagy
and mitophagy
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Cumulative survival curve, aging markers, Akt isoforms and AMPKa2 expressions in WT
and Akt2-AMPKa.2 double knockout (DKO) mice. A: Representative gel blots depicting
p16, p21, Aktl, Akt2, Akt3, AMPKa2 and GAPDH (loading control) levels using specific
antibodies in 4- and 12 month-old mice; B: The Kaplan—Meier cumulative survival rate
plotted against age in months in WT and DKO mice. The log-rank test was performed to
compare the two curves (p = 0.3098). C: p16 expression; D: p21 expression; E: Aktl
expression; F: Akt2 expression; G: Akt3 expression; and H: AMPKa2 expression. Mean +
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SEM, n =29-30 mice per group for panel B; n = 3 mice per group for panel C-H, *p < 0.05
vs. WT-4 month-old group.
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Fig.2:

Cardiac contractile function in 4- and 12 month-old WT and Akt2-AMPKa.2 double
knockout (DKO) mice. A: Heart rate; B: Normalized left ventricular (LV) mass; C: LV wall
thickness; D: Fractional shortening; E: LV end systolic diameter (LVESD); and F: LV end
diastolic diameter (LVEDD). Mean + SEM, n = 5-8 mice per group. *p < 0.05 vs. WT-4
monthold group, # p < 0.05 vs. WT-12 month-old group.
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Fig. 3:

Contractile properties of cardiomyocytes from 4- and 12 month-old WT and Akt2-AMPKa?2
double knockout (DKO) mice. A: Resting cell length; B: Peak shortening (normalized to cell
length); C: Maximal velocity of shortening (+ dL/dt); D: Maximal velocity of relengthening
(- dL/dt); E: Time-to—peak shortening (TPS); and F: Time-t0-90% relengthening (TRgp);
Mean + SEM, n = 90 cells from 5 mice per group. *p < 0.05 vs. WT-4 month-old group, # p
< 0.05 vs. WT-12 month-old group.
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Biochim Biophys Acta Mol Basis Dis. Author manuscript; available in PMC 2020 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Wang et al.

Page 17

DKO-4 Mon |8

i Al

©
c - -
S 400 25
= x #
o % # <204
3 300 - =
» o~ un = © e
o E. o 2154 e
o 22007 ] e
g ®© b o @
S e e 0 10 .
¢ < o ° e
> 1004 ] 2, o
£ e w 57 e
2 = =
o o
; 0 T T T 0- T T .
(&) > N N N & o o o

“o “‘o “o ‘x\o \X~° %‘o “o “\o

O N o” NG < NS o.b‘ NG
K’ o’ <’ o’
* R of oF ® S of of
Fig. 5:

Myocardial morphology and ultrastructure in 4- and 12 month-old WT and Akt2-AMPKa.2
double knockout (DKO) mice. A: Representative FITC-conjugated lectin staining depicting
the transverse sections of left ventricular myocardium (x400); B: Representative Masson
trichrome staining depicting fibrosis formation; C: Mitochondria and sarcomere
ultrastructure using transmission electron microscopy. D: Quantitative analysis of
cardiomyocyte cross-sectional area; and E: Quantitative analysis of fibrotic area (Masson’s
trichrome-stained area in light blue color normalized to the total myocardial area). Mean
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SEM, n = 9-12 mice per group. *p < 0.05 vs. WT-4 month-old group, # p < 0.05 vs. WT-12
month-old group.
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Autophagy marker expression in 4- and 12 month-old WT and Akt2-AMPKa2 double
knockout (DKO) mice. A: Representative gel blots depicting levels of Atg5, Atg7, Beclinl,
LC3B I/11, p62 and GAPDH (loading control) using specific antibodies; B: Atg5 expression;
C: Atg7 expression; D: Beclinl expression; E: LC3B ll-to-I ratio; F: LC3B Il expression; G:
LC3B I expression; and H: p62 expression; Mean = SEM, n = 9-15 mice per group. *p <
0.05 vs. WT-4 month-old group, # p < 0.05 vs. WT-12 month-old group.
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Mitophagy, mitochondrial markers and lysosomal biogenesis in 4- and 12 month-old WT
and Akt2-AMPKa.2 double knockout (DKO) mice. A: Representative gel blots depicting
levels of Parkin, Pink1, Bnip3, FundC1, PGC-1a, UCP2, TFEB and GAPDH (loading
control) using specific antibodies; B: Parkin expression; C: Pink1 expression; D: Bnip3
expression; E: FundC1 expression; F: PGC-1a expression; G: UCP2 expression; and F:
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TFEB expression. Mean = SEM, n = 6-11 mice per group. *p < 0.05 vs. WT-4 month-old
group, # p < 0.05 vs. WT-12 month-old group.
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Table 1:

General characteristics of in 4 month-old and 12 month-old WT mice and Akt2 and AMPKa2 knockout

(DKO) mice.
Parameter WT-4 Mon WT-12 Mon DKO-4 Mon DKO-12 Mon
Body Weight (BW, g) 259+08 29.4 0.4 229+15 274%15
Tibial Length (mm) 182404 207404 17.0£0.2 188405
Heart Weight (HW, mg) 154 +5 165+3 141+ 10 192467
HW/BW (mg/g) 5.96+0.21 563+0.10 623039 | 712+028"%
Liver Weight (LW, g) 1.27 £0.03 1.49 +0.02 * 1.17 £0.06 131+ 0_03#
LW/BW (mg/g) 492417 50.7 1.0 516+15 52420
Kidney Weight (KW, g) | 0.312+0.009 | 9379+ 0.006 | 0-305+0.005 | 0369 +0.006
KW/BW (mg/g) 121+04 129+03 13.8+0.7 13.8+0.6
Spleen Weight (SW, g) | 0.087 +0.005 | 162+ 0.006 " | 0.083+0.004 | 0162+ 0014
Glucose (mg/dl) 97.8+5.1 97.1£50 99.9+5.1 103.0 5.8
Insulin (ng/ml) 0.094 +0.010 | 0.244 +0.023 *| 0.088+0.010 0.272 +0.030 *
Triglyceride (mg/dI) 69.4£45 803+41 63.7+6.3 88.1+83

Mean + SEM, n = 6-10 mice per group,

*
p <0.05 vs. WT-4 month group;

#p < 0.05 vs. WT-12 month group.
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