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Abstract

We have previously found that Epigallocatechin-3-gallate (EGCg), an abundant catechin in green
tea, reduced apoptotic signaling and improved muscle recovery in response to reloading after
hindlimb suspension (HS). In this study, we investigated if EGCg altered autophagy signaling in
skeletal muscle of old rats in response to HS or reloading after HS. Fischer 344 x Brown Norway
inbred rats (age 34 mo.) were given 1 ml/day of purified EGCg (50 mg/kg body weight), or the
same sample volume of the vehicle by gavage. One group of animals received HS for 14 days and
the second group of rats received 14 days of HS, then the HS was removed and they were allowed
to recover by ambulating normally around the cage for two weeks. EGCg decreased a small
number of autophagy genes in control muscles, but it increased the expression of other autophagy
genes (e.g., ATG16L2, SNCA, TMISF1, Pinkl1, PIM-2) and HS did not attenuate these increases.
HS increased Beclinl, ATG7 and LC3-11/1 protein abundance in hindlimb muscles. Relative to
vehicle treatment, EGCg treatment had greater ATG12 protein abundance (35.8%, /£<0.05), but
decreased Beclinl protein levels (-101.1%, ~£<0.05) after HS. However, in reloaded muscles,
EGCqg suppressed Beclinl and LC3-11/1 protein abundance as compared to vehicle treated muscles.
EGCqg appeared to “prime” autophagy signaling before and enhance autophagy gene expression
and protein levels during unloading in muscles of aged rats, perhaps to improve the clearance of
damaged organelles. However, EGCg suppressed autophagy signaling after reloading, potentially
to increase the recovery of hindlimb muscles mass and function after loading is restored.
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1. Introduction

Sarcopenia independently lowers mobility (Murphy et al., 2014a; Murphy et al., 2014b;
Roshanravan et al., 2016) and increases mortality in elderly persons (Metter et a/., 2002;
Murphy et al.,, 2014a). An abrupt decrease in physical activity leading to forced bedrest or
hospitalization exacerbates muscle wasting in both middle aged (Arentson-Lantz et al.,
2016) and elderly persons (Pisot et al., 2016), and significantly exacerbates their health
problems (Inouye et al., 1993; Pisani et al., 2016). Furthermore, aging attenuates or delays
recovery of muscle mass and function after disuse in elderly humans and aged animal
models (Alway et al., 2014a; Hao et al., 2011; Pisot et al., 2016; Tanner et al., 2015; White
et al.,, 2015; Zarzhevsky et al., 2001).

The mechanisms that regulate the poor recovery of muscle mass and function after inactivity
in aging are not fully known. However, there is evidence that apoptotic signaling in
myonuclei and satellite cells may have a role in regulating muscle loss in response to forced
disuse (Alway et al., 2014a; Alway et al., 2015; Alway et al., 2011; Alway et al., 2014b; Hao
etal., 2011; Marzetti et al., 2013a; Marzetti et al., 2012; Wang et al., 2011). Loss of
autophagy signaling in satellite cells/muscle stem cells in aging muscle (Garcia-Prat et al.,
2016; Sousa-Victor et al., 2014) might increase the susceptibility of satellite cells for
apoptosis and reduce the regenerative capacity of muscle. A general suppression of
autophagy in aging is also associated with muscle atrophy and reduced function in thigh
muscles of older women (77-83 yrs.) (Drummond et a/., 2014) and older mice (12 mo. male
imprinting control region mice) (Kim et a/., 2013) and this appears to permit increased
apoptosis in aging muscles.

Autophagic removal of dysfunctional organelles such as mitochondria (mitophagy) appears
to be an important suppressor of the apoptotic death-signaling program (Dutta et a/., 2014;
Lee 2016). Mitophagy is the selective removal of dysfunctional mitochondria by autophagic
processes (Pryde et al. 2016; Wang et al. 2011) that requires tagging of dysfunctional
mitochondria so that they can be recognized for disassembly. The selectivity of mitophagy is
controlled by the loss of the mitochondrial membrane potential (Aym) and by several
important proteins such as BCL2 interaction myosin/moesin like coiled-coil protein 1
(Beclinl), in conjugation with autophagy-related gene (ATG) family members which
support lipidation of microtubule associated protein light chain 3 (LC3)-1 to LC3-II.
Dysfunctional mitochondria are engulfed in the double membrane autophagosome (Amaya
etal., 2015; Levine et al., 2015). The autophagosome fuses with a lysosome, and the
proteolytic contents of the lysosome are emptied into the autophagosome, which then digests
the dysfunctional mitochondria (Pryde et al. 2016; Wang et al. 2011).

Modulation of autophagy protein abundance in aging and muscle wasting is a complex
process. For example, elevated autophagy signaling has been shown to occur in response to
muscle disuse (Kang et al., 2016a; Kang et al., 2016b; White et al., 2015) and severe muscle
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wasting (Lokireddy et a/., 2012; Wang et al., 2015). Autophagy has also been reported to
increase in aging muscle (Pagano et al., 2015). However, autophagy also has been reported
to be unchanged in skeletal muscles from elderly persons (Fry et al.,, 2013), and reduced in
some pathological conditions of muscle loss including dystrophy (De et a/., 2012; Spitali et
al., 2013). Furthermore, reduced autophagy has been proposed to contribute to reduced
muscle stem cell function (Garcia-Prat et a/., 2016; Tang et al., 2014) and aging-associated
muscle loss and muscle dysfunction (Carnio et a/., 2014; Drummond et al., 2014;
Rubinsztein et al., 2011; Sebastian et al., 2016; Wohlgemuth et a/., 2010).

Lower autophagy/mitophagy would be expected to lead to an accumulation of dysfunctional
muscle mitochondria, which in turn would activate mitochondrial-associated apoptotic
signaling pathways. We hypothesized that part of the depressed recovery of muscle after
forced inactivity such as that imposed by hindlimb suspension (HS) in aged rats (Alway et
al., 2014a; Hao et al., 2011; Pisot et al., 2016; Tanner et al., 2015; White et a/., 2015;
Zarzhevsky et al., 2001) could be due to high levels of apoptosis and that increasing
autophagy/mitophagy during reloading after disuse could remove dysfunctional
mitochondria as the apoptotic initiators, thereby improving muscle recovery in aged animals
or humans. However, the role of muscle autophagy/mitophagy during recovery from disuse-
atrophy in aging is not clear because similar autophagy protein levels have been reported in
hindlimb muscles of aged rats as compared to younger rats during recovery from disuse,
despite a lower restoration of muscle mass in aging (White et a/., 2015). Nevertheless,
because removing unhealthy mitochondria and leaving healthy mitochondria in muscle
(Vainshtein et al., 2015b) potentially could reduce aging-induced sarcopenia (Marzetti et al.,
2013b; Wohlgemuth et a/., 2010), it is still possible that the regulation mitophagy may have
arole in determining the extent of muscle recovery from atrophied conditions in aging
(Alway et al., 2017).

Clinically, it is important to identify strategies to reduce muscle loss during disuse and
improve muscle recovery during reloading from disuse in aging. Green tea catechins were
reported to reduce the loss of soleus muscle force during a period of HS in mice (Ota et al.,
2011) and in aged rats (Alway et al., 2015). Epigallocatechin-3-gallate (EGCg) is the
primary catechin found in green tea, and EGCg has been shown to improve muscle
restoration after HS-induced inactivity in aged rats (Alway et al., 2014a). Both disuse and
reloading greatly increase the oxidative stress in muscles (Andrianjafiniony et al., 2010;
Jackson et al., 2010; Pellegrino et al., 2011) and oxidant stress is a powerful initiator of
mitochondrial damage leading to apoptosis and muscle wasting (Herbst et a/., 2016; Lee
2016; Wenz et al., 2009). EGCqg has strong antioxidant and anti-inflammatory properties and
oxidative stress is reduced in muscles of mice after eccentric exercise (Haramizu et al.,
2011) that were given green tea catechins. Thus, EGCg is a potential therapeutic candidate
for improving muscle recovery after inactivity by suppressing apoptosis, potentially by
mediating oxidative stress. Nevertheless, we did not know if the EGCg mediated attenuation
of apoptotic signaling (Alway et al., 2014a), was accomplished in concert with altered
autophagy signaling or if if EGCg had any effect in regulating autophagy during HS or
recovery from disuse in aged muscles.
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In this study, we tested the hypothesis that EGCg would increase autophagy signaling during
unloading but suppress autophagy signaling in hindlimb muscles of aged rats during
recovery from unloading. The data generally support our hypothesis and suggest that EGCg
increased autophagy during unloading and reduced autophagy in rodent hindlimb muscles
during recovery after disuse. Taken together with our previous observations that EGCg
catechins suppressed apoptosis signaling during reloading after disuse (Alway et al., 2014a;
Alway et al.,, 2015), these findings provide a rationale to suggest that muscle recovery may
be improved by pre-treating elderly subjects with EGCg before prolonged bedrest, or
immobilization such as planned surgery, to potentially suppress both apoptosis and
autophagy during muscle reloading.

2. Material and methods

2.1. Animal care

The National Institute on Aging has recommended the Fischer 344 Brown Norway (FBN)
rat for aging research because it is a long-lived strain that has a low incidence of pathologies,
a mean life span of approximately 32 months and a maximum life span of 41 months
(Lipman et al., 1996). Male 34 months of age were obtained from the National Institute on
Aging colony at Harlan. This age of rat is at the beginning of the senescent period. While
older rats (~36 mo.) are more sarcopenic (Lushaj et al., 2008), our experience is that rats that
are 34-35 months old handle the stress of hindlimb suspension quite well, but older rats
become more stressed, do not eat well, and lose excessive body weight during the hindlimb
unloading period. The Institutional Animal Care and Use Committee from the West Virginia
University approved the experiments described in this paper. The standards for the animal
care of laboratory animals as advocated by the American Association for Accreditation of
Laboratory Animal Care (AAALAC) were followed in this study and the animals were
housed in the institutional AAALAC accredited facility.

2.2. Hindlimb suspension (HS) and reloading (recovery)

Senescent rats were randomly divided into three groups: cage control (C, n=20), hindlimb
suspended (HS, n=20) for 14 days, and 14 days of recovery (R, n=20) after HS. HS was
conducted as described previously (Alway et al., 2014a; Alway et al., 2015; Hao et al., 2011,
Siu et al., 2008). The animals had free access to water and food and they were housed
individually. The suspension height was adjusted so that the torso angle did not exceed 30°
with respect to the cage floor. The animals were euthanized either after 14 days of HS or
after 14 days of normal cage ambulation exercise (recovery, R) following HS. The cage
control animals moved freely around their cages until they were euthanized. The plantaris
muscles were removed, frozen in liquid nitrogen, and stored until used for analyses.

2.3. Nutritional treatment

Ten animals in each experimental group received 1 ml of EGCg (50 mg/kg-Teavigo®, DSM/
day) dissolved in distilled water, or 1 ml/day of the vehicle (distilled water) by gavage
feeding once a day (Alway et al., 2014a; Alway et al., 2015). The animals in the HS and
recovery groups were pretreated EGCg, or the vehicle for seven days before HS.
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2.4. Autophagy microarrays

The Rat Autophagy RT?2 Profiler™ PCR Array (Qiagen/SAbiosciences, Valencia, CA) was
used to measure mRNA signals from 84 autophagy specific genes in control and treated
muscles according to the manufacturer’s recommendation. Cage control and hindlimb
suspended muscles were compared. The signals were detected by an Applied Biosystems
7300 Real-Time PCR System. RNA was purified from rat muscles using an RNeasy Plus
Mini Kit (Qiagen). The A260:A280 ratio of the RNA was 1.8 to 2.0. One pg total RNA was
used for cDNA synthesis. The ACT was calculated for each gene and its’ housekeeping gene
and the fold change between cage control and treatment groups. The 22ACT) value was
calculated with Qiagen software and the data were reported for each gene and reported as a
fold change in gene expression relative to the appropriate control sample.

2.5. Immunoblots

Approximately 50 pg of muscle was homogenized in RIPA buffer (1% Triton x-100, 150
mM NaCl, 5 mM EDTA, 10 mM Tris; pH 7.4), containing a protease inhibitor cocktail
(Sigma-Aldrich, St. Louis, MO). The protein content of the homogenate was measured using
the BioRad DC protein assay (BioRad, Hercules, CA). Forty micrograms of protein were
loaded into each well of a 4-12% gradient polyacrylamide gel (Invitrogen, Carlsbad, CA)
and separated by routine sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) for 1 hour at 120V. The proteins were transferred to a nitrocellulose membrane for
1.5 hours at 25V. Non-specific protein binding was blocked by incubating the membranes in
5% nonfat milk in Tris-buffered saline containing 0.05% Tween 20 (TBST). The membranes
were incubated with antibodies against Beclinl (1:1000; Cell Signaling Technology, MA),
LC3A/B (1:1000; Cell Signaling Technology, MA), ATG12 (1:1500; Cell Signaling
Technology, MA), ATG7 (1:1000; Cell Signaling Technology, MA), MURF1 (1:250, Santa
Cruz), peroxisome proliferator-activated receptor gamma coactivator-1 alpha (PGC-1a)
(1:12000, Santa Cruz, CA), copper-zinc superoxide dismutase (CuZnSOD) (1:200, Santa
Cruz), MURF1 (1:400, Santa Cruz, CA), manganese superoxide dismutase (MnSOD)
(1:1000; Cell Signaling Technology, MA), and Sirtl (1:1000; EMD Millipore, MA).

The membranes were incubated with appropriate dilutions of secondary antibodies (diluted
in 5% non-fat milk) conjugated to horseradish peroxidase (Sigma-Aldrich, MO). The signals
were developed using a chemiluminescent substrate (Lumigen TMA-6; Lumigen, MI) and
visualized on a U:Genius photo-documentation system (Syngene, MD). The digital images
were quantified using Image J, and each band was normalized to the GAPDH signal. The
data were expressed as optical density (OD) relative to the OD of the GAPDH signal and
were expressed as arbitrary units (AU).

2.6 Statistical analysis

The data are presented as means + SE. Differences in means between groups were
determined using Sigma Stat 3.5 (Point Richmond, CA) by a Two-way analysis of variance
(ANOVA) with Hotelling’s T-Square test with groups (Vehicle, EGCg) and conditions
(Control, HS or Recovery). Bonferroni post hoc analyses were conducted between
significant means. Significance was established as £<0.05.
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3. Results

The animals received 14 days of HS or 14 days of HS followed by 14 days of reloading
(Alway et al., 2014a; Alway et al., 2015; Alway et al., 2013). The animal characteristics and
changes in muscle morphology have been reported previously for the animals that were
given EGCqg (Alway et al., 2014a). The amount of food that was consumed by the rats was
reduced from 22.1 + 2 g/day to 14.2 + 1.6 g/day during HS and this is consistent with our
observations in other studies (Alway et al., 2015; Alway et al., 2013). During recovery, the
animals eat 16.4 + 1.4 g/day of food but this was still significantly lower than the amount
that they eat before HS. There was no difference in the amount of food that was consumed
between animals that were given EGCg or the vehicle for any condition.

3.1. Gene array analysis of autophagy signaling proteins

Gene array data were obtained from cage control, vehicle, and EGCqg treated plantaris
muscles after HS. The data showed changes in both autophagy and apoptosis gene
expression by EGCg treatment alone in cage control animals (Figure 1A) and differential
EGCg interactions of several autophagy associated genes in HS animals (Figure 1B). Only
HS conditions were examined as a result of a freezer failure, which led to an insufficient
amount of tissue to conduct analysis for muscles from the 14-day recovery group.

3.1.1 EGCg down regulation of autophagy genes—EGCg tended to downregulate
several autophagy-associated genes in plantaris muscles of cage control rats as compared to
vehicle treated control animals (Figure 1A). These included Aktl, and protein transport
associated with autophagy (ATG 4b, ATG4c, ATG7, Gabarap, Gabarapl2, Rab24), although
these were all less than a one-fold, difference from vehicle treated cage control muscles.

3.1.2. EGCg upregulation of autophagy related genes—EGCg also increased the
number of important autophagy signaling genes. This included an 89 fold increase in
Autophagy related 16-like 2 (ATG16L2), which is an isoform of ATG16L. Autophagy
related 16-like 1 (ATG16L1), is important for regulating lipidation of LC3 for
autophagosome formation (Fujita et al., 2008) and ATG16L2 is part of a complex consisting
of ATG5, ATG12 and ATG16L 1 that is required for elongation of phagophores during
autophagy (Ishibashi et al., 2011). The EGCg-induced increase in ATG16L2 in muscles of
control rats as compared to vehicle treated control muscles, was sustained throughout HS, so
that there was no difference between muscle ATG16L2 gene levels from cage control and
HS animals treated with EGCg. The gene expression of alpha synuclein (SNCA) was
increased by 32.6 fold by EGCg in cage control muscles. SNCA mRNA was further
increased by 4.4 fold greater than cage control muscles by HS in EGCg treated animals. In
addition, SNCA was increased by HS alone in muscles of vehicle treated animals, as SNCA
gene expression was 3.6 fold greater in muscles from HS than cage control animals that
were vehicle treated. The ubiquitously expressed TM9SF1 (MP70) may participate in
autophagosome induction (He et al., 2009; Wang et al., 2015a). TM9SF1 gene expression
was increased by 7 fold in EGCg treated cage control muscles, and while HS did not further
upregulate this gene, it maintained gene expression at this high level because there was no
difference in HS and vehicle treated EGCg muscles (Figure 1A, B). Furthermore, PTEN-
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induced putative kinase 1 (Pink1), a mitophagy signaling ubiquination related protein (Liu et
al., 2016; Wu et al., 2015) was upregulated by 7.8 fold in cage control muscles treated with
EGCqg but not further changed by HS. Proviral Integrations of Moloney virus 2 (PIM-2) is
another positive regulatory gene of autophagy was upregulated by 24.7 fold by EGCg in
cage control animals. PIM-2 gene expression was not increased further by HS but rather,
PIM-2 was maintained at this high level throughout HS. PIM-2 is thought to promote
expression and organization of LC3 and Beclinl and enhance lysosomal acidification
(Bohensky et al., 2007).

Inhibition of phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic subunit gamma
(PI3Ky) has been suggested to induce autophagy in muscle (Hou et al., 2014; Zhao et al.,
2007). PI3K+y was increased by 4.1 fold in control EGCqg treated muscles, but this was not
altered by HS in either vehicle or EGCg treated muscles as compared to the control muscles,
respectively, on these same treatments.

Death associated protein kinase 1 (Dapk1) gene expression was increased by 5.6 fold by
EGCyg in cage control muscles relative to muscles from vehicle treated control muscles.
Dapkl gene levels were increased by 2.4 fold after HS in vehicle-treated muscles, but Dapkl
gene expression was not different after HS in muscles from EGCqg treated rats as compared
to Dapk1 levels in control EGCg treated muscles.

Interferon gamma (IFNy) mRNA was elevated by 54.5 fold by EGCg in cage control
muscles as compared to muscles from vehicle-treated control rats. IFNy tended to be
depressed after HS in muscles of EGCg treated animals as compared to control muscles of
EGCyg treated animals. Although the role of Immunity-related GTPase family M protein
(IRGM) in skeletal muscle is not clear, it is thought to play a role in the immune response to
IFNy by regulating autophagy based caspase 3 that is involved in cell removal after DNA
damage (Lin et al., 2016). IRGM gene expression was elevated by 5.5 fold after EGCg
treatment in cage control animals as compared to vehicle treated cage control rats. IRGM
mRNA was further increased by 2.8 fold by HS in EGCqg treated animals vs. the EGCg
treated cage control muscles. HS also increased IRGM gene expression to a similar level in
vehicle treated muscles, as there was a 2.6 fold greater gene expression level of IRGM in HS
vs. cage control vehicle treated muscles. A similar pattern was seen for SNCA gene
expression, where EGCg alone elevated SNCA mRNA levels by 32.5 fold relative to vehicle
treated control muscles, and HS increased the gene expression level of SNCA mRNA by 3.6
and 4.4 fold in HS muscles after vehicle or EGCg treatment, respectively. Tumor necrosis
factor (TNF) gene expression was increased by 32 fold after EGCg treatment alone. TNF
gene expression was maintained by HS because there was no difference between EGCg
treated cage control and HS EGCg-treated muscles. However, HS increased TNF gene
expression by 3.1 fold in vehicle treated muscles of old rats as compared to vehicle treated
cage control muscles.

Cyclin-dependent kinase inhibitor 2A (Cdkn2A) has a cell regulatory function, but when the
levels of this gene are suppressed in aging, autophagy is inhibited in muscle stem cells
(Garcia-Prat et al., 2016; Sousa-Victor et al., 2014). EGCg increased Cdkn2A gene
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expression by 61 fold in cage control muscles, but Cdkn2A was not significantly elevated by
HS in either vehicle or EGCg treated muscles as compared to their control muscles.

3.1.3. EGCg upregulation of apoptotic genes—Although we have previously found
that EGCg decreased apoptotic signaling in recovery after disuse, in this study we observed
that EGCqg upregulated a number of pro-apoptotic proteins in cage control muscles (Figure
1C,D). This included BCL2-antagonist/killer 1, (Bak1) which was increased by 2.2 fold
compared to cage control vehicle treated muscles. Bak1 is thought to induce the opening of
the mitochondrial voltage-dependent anion channel, leading to the release of cytochrome c
from the mitochondria in apoptosis (Buytaert et al., 2006).

The gene expression of BH3 interacting domain death agonist (Bid) interacts with another
Bax resulting in an insertion of Bax into the outer mitochondrial membrane. Bid is also
involved in p53 regulated apoptosis (Sax et al., 2002). Bid mRNA was increased by 2.9 fold
in EGCg treated cage control muscles as compared to vehicle treated control muscles. While
EGCqg increased the gene expression of Bid in HS muscles by 3.2 fold, Bid gene expression
was not different in HS and control muscles of vehicle treated animals.

The effector pro-apoptotic cysteine-aspartic acid protease-3 (Casp3) is a well-studied
regulator of apoptosis in muscle wasting (Siu et a/., 2005; Siu et al., 2006; Siu et al., 2009).
Casp3 mRNA increased by 14 fold in EGCg treated control muscles as compared to vehicle
treated control muscles but the gene expression of Casp3 was maintained at this high level
during HS-induced disuse in EGCg treated muscles as it was unchanged by HS vs. the cage
control muscles.

Fas associated via death domain (FADD) was upregulated by 6.7 fold after EGCg treatment.
FADD is an adaptor protein that bridges members of the TNF receptor superfamily, and the
Fas-receptor, to procaspases 8 and 10 to form the death-inducing signaling complex (DISC)
during apoptosis. Another closely associated pro-apoptotic protein, Fas, also called tumor
necrosis factor receptor superfamily member 6 (TNFRSF6) assists FADD in forming the
DISC upon ligand binding and allows FADD to bind to the death domain of Fas. Tumor
necrosis factor-a. (TNF-a) is a pro-apoptotic cytokine that was increased by 32 fold by
EGCqg in cage control animals as compared to control muscles of vehicle treated animals.
HS increased TNF-a in vehicle treated muscles by three-fold but TNF-a was not different
between control and HS muscles of EGCqg treated rats.

The ubiquitously expressed Huntingtin gene (Htt) may be another important regulator of
mitochondrial associated apoptosis (Costa et a/., 2010; Gil et al., 2008). The Htt mRNA
gene level was increased by 11.5 fold in EGCg-treated cage control muscles as compared to
vehicle treated cage control muscles and remained at this gene level in HS EGCg-treated
muscles from old animals. However, Htt was not changed from control levels in vehicle-
treated HS muscles. The only autophagy-associated gene that was identified to increase
solely from HS was microtubule-associated protein 1 light chain 3 alpha (Mapllc3a), which
increased by two-fold in vehicle treated muscles as compared to control vehicle treated
muscles. In contrast, Mapllc3a gene expression decreased slightly in EGCg treated muscles
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from cage control animals, as compared to vehicle treated control muscles and this was not
changed by HS (Figure 1 A,B)

The mRNA level for anti-apoptotic proteins B-cell lymphoma 2 (Bcl-2) and Bcl2-like 1
(Bcl-XL) were increased by 3.8 fold and 2.5 fold in cage control muscles after EGCg
treatment. While HS did not increase Bcl-2 further, after either vehicle or EGCg treatment.
HS increased Bcl-XL to similar levels by HS in both vehicle and EGCg treated muscles.

3.2. Autophagy signaling proteins in unloaded and reloaded muscles

3.2.1. Beclin1—We conducted Western blots on some of the key proteins that are known to
be important in autophagy signaling and other proteins that had genes differentially
expressed by the array analysis. Beclinl (ATG6) is a well-known key regulator of autophagy
that acts in part to recruit additional ATG proteins to form autophagosomes although it may
have other roles than just autophagy (Wirawan et al., 2012). Beclinl protein abundance was
45% lower (/<0.05) in muscles of EGCqg fed cage control animals as compared to placebo
fed cage control animals (Figure 2). HS increased Beclinl by 76.5% (/~<0.05) and 59.8%
(P<0.05) in muscles of vehicle and EGCg-treated animals, respectively. However, Beclinl
protein abundance was 50.2% lower (P<0.05) in muscles of HS animals fed EGCg as
compared to muscle from HS animals given the vehicle. Unlike HS, Beclinl was not
different in the reloaded muscles as compared to muscles of cage control animals in vehicle
or EGCqg fed animals (Figure 3). However, Beclinl was suppressed by EGCg because
Beclinl remained lower in the muscles of cage control EGCg fed animals as compared to
cage control vehicle treated animals (=47.1%). Beclinl was also 49.5% lower (£<0.05) in
recovery muscles of EGCg fed animals as compared to reloaded muscles from vehicle
treated animals.

3.2.2. LC3—The ratio of LC3-11/1 is a marker for an increased propensity for autophagic
signaling. EGCg appeared to increase autophagy signaling even without other interventions
because the ratio of LC3-11/I was significantly greater (193.3%, ~£<0.05) in muscles of cage
control EGCqg treated animals vs. muscles of vehicle-treated cage control animals. While HS
increased the LC3-11/1 ratio to a greater extent in unloaded muscles of placebo (278.9%,
F<0.05) as compared to EGCg (80.1%, A<0.05) treated animals, there was no difference
between the LC3-11/1 ratios of unloaded muscles of vehicle and EGCg treated muscles after
HS (Figure 2). After 14 days of reloading, the ratio of LC3-11/1 was 237.9% (#<0.05) greater
in recovery muscles as compared to cage control muscles of vehicle-treated animals. The
LC3-11/1 ratio in animals that were treated with EGCg was 54.6% greater (£<0.05) in
muscles from reloaded rats as compared to muscles from cage control animals. Interestingly,
the LC3-11/1 ratio was lower in reloaded muscles of animals that were fed EGCG as
compared to animals that were vehicle treated (-51.1%, ~<0.05) (Figure 3) which suggests
that EGCg suppressed autophagy during reloading.

3.2.3. ATG12—EGCqg did not alter ATG12 protein abundance in muscles from cage control
animals. However, ATG12 protein abundance was significantly greater after unloading in
EGCqg treated muscles (93.6%, ~£<0.05) as compared to control muscles in EGCg treated
animals, yet there was no HS-induced increase in ATG12 protein levels in vehicle treated
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muscles. Furthermore, ATG12 protein abundance was 80.1% (/<0.05) greater in HS-

unloaded muscles of EGCg as compared to HS-unloaded muscles from vehicle treated
animals. This suggested a potential for a heightened autophagy response of ATG12 to
unloading in EGCg treated muscles.

ATG12 protein abundance was very different in reloaded muscles as compared to muscles
after HS. After reloading, the ATG12 protein abundance was 40.2% greater (£<0.05) in the
muscles from recovery animals fed the vehicle as compared to the control animals fed the
vehicle treatment. In contrast, ATG12 protein abundance was 40.0% (/~<0.05) lower in
reloaded muscles of EGCg treated animals as compared to control muscles from EGCg
treated animals. Furthermore, after HS, ATG12 protein abundance was 28% lower in
muscles from EGCg treated as compared to vehicle treated animals (Figure 3). This
indicates that ATG12 was reduced in reloaded muscles of EGCg treated animals as
compared to vehicle treated animals.

3.2.4. ATG7—EGCqg treatment did not alter the level of ATG7 proteins under control
conditions because the protein abundance of ATG7 was similar in muscles from cage control
animals that received the vehicle or EGCg treatment (Figure 2). ATG7 protein abundance in
vehicle treated animals was 22.3% (/<0.05) greater in HS muscles than muscles from cage
control animals. In contrast, after HS, the muscles from EGCg treated animals had a 15.9%
lower (P<0.05) ATG7 protein abundance than muscles from cage control animals (Figure 2).
Following 14 days of recovery after HS, ATG7 protein abundance was 18.6% (/<0.05)
greater in the reloaded muscles of vehicle treated animals as compared to muscles from the
vehicle treated cage control animals. ATG7 protein abundance was 29.3% greater (£<0.05)
in reloaded muscles of animals that received the EGCg treatment as compared to muscles of
cage control animals that received EGCg but did not undergo the initial HS or the reloading.
The protein abundance of ATG7 was 28.0% (P<0.05) lower in HS muscles of EGCg treated
animals as compared to vehicle treated HS animals. Similarly, the protein abundance of
ATG7 was 22.1% (P<0.05) lower in reloaded muscles of EGCg treated animals as compared
to reloaded vehicle treated animals (Figure 3). Thus, relative to vehicle treatment, EGCg
suppressed ATG7 protein abundance in muscles after both HS and reloading.

3.3. Atrogen and antioxidant signaling after hindlimb unloading and recovery from

unloading

Basic levels of reactive oxygen species (ROS) may promote cell survival and adaptation to
stress, but an excessive level of ROS can induce autophagy and apoptosis (Andrianjafiniony
et al., 2010; Calvani et al., 2013; Kocturk et al., 2008; Zhang et al., 2015). Basal ROS levels
are already high in aging muscle and are increased even further with disuse and overload
(Alway et al., 2015; Jackson et al., 2011; Jackson et al., 2010; Ryan et al., 2011; Ryan et al.,
2010), and therefore ROS levels might be a mitigating factor in determining autophagy
levels in aging muscle. Therefore, we examined muscle RING finger 1 (MURF1), an E3
ubiquitin ligase that is an autophagic sensitive atrogen, and markers of antioxidant enzymes,
and expected that if ROS levels were elevated, MnSOD and CuzZnSOD would be increased
as a countermeasure to the increased oxidative stress. Furthermore, as PGC1-a has been
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linked to autophagy, and Sirtl is a known activator of PGC1-a we wanted to determine if
either of these proteins increased with unloading or reloading.

3.3.1. MURF1—Although surprising, our data (Figure 4) suggest that the protein
abundance of MURF1 was not increased by hindlimb suspension in any of the experimental
conditions in old animals, and further, EGCg treatment did not change MURFL1 protein
abundance in unloaded muscles of the old rats as compared to vehicle treated HS muscles.
However, MURF1 was significantly greater (64.9%, £<0.05) in reloaded muscles from
animals that received the EGCg treatment as compared to the EGCg treated control muscles.

3.3.2. MNSOD—The mitochondrial housed antioxidant MnSOD was not different in
control and unloaded muscles from vehicle treated rat (Figure 4). However, MnSOD was
suppressed in EGCg treated muscles in both control (-196.4%, A<0.05) and hindlimb
suspended (—686.6%) muscles of EGCg treated rats as compared to muscles in placebo
treated animals. MnSOD was 35.9% (/~<0.05) greater in control muscles from reloaded
placebo treated animals as compared to the control muscles, of vehicle treated animals
(Figure 5). MnSOD protein abundance was lower in reloaded muscles of EGCqg treated
animals as compared to control muscles of the EGCg treated animals.

3.3.3. CuZnSOD—The protein abundance of CuZnSOD was 44.2% lower (£<0.05) in
EGCqg treated cage control muscles as compared to placebo control muscles (Figure 4).
CuZnSOD protein abundance was 33.3%, (£<0.05) greater in HS muscles of EGCqg treated
rats as compared to the control muscles of EGCg treated animals, but CuZnSOD did was not
different between muscles from control and suspended animals that were vehicle treated.
CuZnSOD protein abundance was significantly greater in reloaded plantaris muscles than
control muscles after both vehicle (26.2%, £<0.05) and EGCg (27.4%, P<0.05) treatments
as compared to their respective control muscles (Figure 5).

3.3.4. PGC-1a—Relative to control muscles from vehicle treated rats, PGCla protein
abundance was suppressed by EGCg treatment in cage control muscles. However, HS
increased the PGCLla protein abundance by 15.3% (/<0.05) in HS muscles of EGCg treated
muscles as compared to the EGCg treated control muscles (Figure 4). PGC-1a protein
abundance was greater in reloaded muscles of EGCg treated animals (38.7%, A<0.05) as
compared to EGCg treated control muscles. However, PGC-1a protein levels remained
suppressed in cage control, EGCg treated muscles (—105.5%, £<0.05) as compared to
control placebo treated muscles (Figure 4, 5) throughout the 28 days of the reloading study.

3.3.5. Sirt1—EGCqg did not improve Sirtl protein abundance in muscles of cage control
animals as compared to placebo treated animals (Figure 4). In vehicle treated animals, Sirtl
protein abundance was significantly lower (-56.6%, £<0.05) in muscles after HS as
compared to the control muscles. Sirtl protein abundance was unchanged by HS in EGCg
treated animals as compared to EGCqg treated control muscles. Reloading in EGCg treated
muscles increased Sirtl protein (38.7%, £<0.05) as compared to the control muscles of
EGCqg treated animals but this was similar to vehicle treated Sirtl muscle levels after
reloading (Figure 5).
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4. Discussion

The results of our current study suggest that when compared to vehicle treatment, EGCg
increased the expression of several autophagy-associated genes (e.g., ATG16L2, SNCA,
TMOISF1, Pink1, PIM-2). Additionally, the abundance of autophagy signaling proteins
generally increased during HS in both vehicle and EGCg treatment. However, EGCg
treatment suppressed autophagy signaling during reloading after disuse as compared to
vehicle treatment and this was associated with improved recovery of muscle mass in aging.
These results suggest that the modulation of autophagy by EGCg and similar catechins may
provide a therapeutic intervention that would potentially improve recovery after disuse (e.g.,
HS, forced bedrest).

4.1. Regulation (“priming”) of autophagy signaling by EGCg in control muscles

Under basal (cage control) conditions in the current study, EGCg increased muscle gene
levels of several autophagy genes as compared to vehicle treated animals. For example,
Pink1 was ~8 fold greater in control muscles of animals treated with EGCg as compared to
control muscles from vehicle treated animals. The greater Pink1 levels in EGCg treated
muscles may represent an elevation in a targeting control pathway to eliminate dysfunctional
mitochondria by mitophagy (Kang et a/., 2016b). Other autophagy genes like PIM-2 were
~25 fold greater in control muscles of EGCg treated animals as compared to control muscles
from vehicle treated animals. This is important because PIM-2 promotes the expression and
organization of autophagic proteins LC3, and Beclinl (Bohensky et al., 2007). Although
Beclinl protein and gene expression levels were lower in EGCg treated as compared to
vehicle treated control muscles, LC3-11/1 was higher in control muscles of EGCg treated
animals as compared to vehicle treated animals. The higher Pink1 and PIM-2 levels might
indicate that EGCg increased autophagy/mitophagy signaling, in basal muscles, essentially
“priming” these control muscles for mitophagy even without additional external stimuli.
This priming of autophagy signaling in control muscles before disuse may be an important
strategy for reversing the suppression of autophagy signaling that has been reported in aged
muscles under control conditions (Carnio et al., 2014; Drummond et al., 2014; Garcia-Prat et
al., 2016; Rubinsztein et al., 2011; Sebastian et al., 2016; Tang ef al., 2014; Wohlgemuth et
al., 2010). Further support for this idea comes from observations that overexpression of
PGC-1a reduces Pinkl levels in response to immobilization (reducing mitophagy) followed
by remobilization (exercise) (Kang et al., 2016a), and in our study, we found that PGC1-a
protein abundance was lower in EGCg treated control and HS muscles (increasing
autophagy signaling) and indeed, most autophagy proteins were elevated in EGCg as
compared to vehicle treated muscles after HS. This observation is consistent with the idea
that EGCg promotes autophagy signaling in control and HS muscles. Nevertheless, not all
autophagy genes were upregulated by EGCg in resting muscle (Figure 1).

4.2. Modulation of autophagy signaling by EGCg after HS

Autophagy genes that were greater in control EGCg treated muscles as compared to vehicle
treated control muscles, largely maintained this higher level during HS. It is important to
note that the HS data for EGCg treated animals were normalized to the cage control samples
that were treated with EGCg, so the general lack of change in the gene expression after HS
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(Figure 1) indicates that the genes that had an EGCg-mediated increase in autophagy gene
expression were not reduced by HS. Rather HS conditions maintained high autophagy genes
at the same levels that were achieved by EGCg in cage control muscles. Thus, the initial
“priming” of at least part of the autophagy pathway by EGCg in the pretreatment before HS
(e.g., in control muscles) was maintained or increased during HS presumably for removing
dysfunctional proteins and damaged organelles including mitochondria that are damaged
during disuse and muscle wasting.

While different from the gene array data, Western blot data showed that HS increased
Beclinl protein abundance in both EGCg and vehicle treated muscles. However, Beclinl
protein abundance remained lower in both control and HS muscles of EGCg treated animals
relative to muscles from vehicle treated control or HS animals, respectively. Nevertheless,
EGCqg appeared to prime the autophagy pathway prior to HS, because both control muscles
and muscles from HS animals had higher LC3-11/I ratios as compared to vehicle treated
control or HS muscles respectively.

ATG12 protein abundance was greater in muscles from EGCg treated animals after HS as
compared to vehicle treated animals, and this is consistent with the idea that EGCg increased
autophagic signaling during HS. In contrast, ATG7 increased with HS in vehicle treated
muscles compared to their control muscles, but it was reduced by HS in EGCg treated
muscles as compared to muscles from EGCg treated animals. Thus, while there was a
general pattern for an increase in autophagy signaling in EGCg treated muscles during HS,
this was not universal for all autophagy proteins.

4.3. Autophagy protein signaling by EGCg during recovery following HS

The protein abundances of Beclinl, LC3-11/l1, ATG12, and ATG7 were all significantly lower
in reloaded muscles of EGCqg treated as compared to vehicle treated animals. While
reloading increased LC3-11/1 and ATG7 as compared to control muscles in EGCg treated
animals, the abundance of these autophagy proteins in recovery muscles was still lower than
found in vehicle treated muscles for these conditions. While our data support the idea that
reduced autophagy signaling may have promoted improved muscle recovery in EGCg
treated animals, we cannot rule out the possibility that autophagy protein abundance may not
be linearly related to muscle adaptation in our model. For example, data from White et al.
show that ATG7 protein levels were similar in young and old muscles during a period of
recovery after atrophy, despite suppressed muscle protein accumulation with aging (Ballak
et al., 2015; White et al., 2015) and this suggested that protein levels and muscle outcomes
were not linear. We do not know if the lower autophagy protein levels in EGCg treated
muscles directly affected muscle recovery or occurred in response to muscle recovery, and
this will take additional studies to clarify this point.

4.4 Apoptotic regulation

An elevation of apoptotic gene expression levels has been reported previously in conditions
of aging and muscle disuse (Alway et al., 2014a; Bennett et al., 2013; Hao et al., 2011,
Jackson et al., 2010; Leeuwenburgh et al., 2005; Marzetti et al., 2012; Ogata et al., 2009;
Pistilli et al,, 2006). The PCR array data in the current study identified an EGCg-induced
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elevation in a number of apoptotic genes in muscles of cage control animals. However, there
was also an increase in Bcl-2 and Bcl-XL, two anti-apoptotic genes, which would
presumably have the potential to temper the increase in apoptotic signaling in EGCg treated
muscles. Similar to autophagy signaling, the apoptotic “priming” that occurred with EGCg
treatment appeared to be sustained during HS, as gene levels in muscles after HS were
similar in unloaded and control EGCqg treated muscles (Figure 1 C, D). Thus, EGCg
appeared to elevate both basal apoptotic- and autophagy-signaling genes but this did not
exacerbate muscle loss with HS.

4.5 Atrogene and mitochondrial associated stress signaling

MURF1 is ROS sensitive autophagy related ubiquitin ligase that is greatly increased in
atrophying muscles (Bedard et al., 2015; Gomes et al., 2012; Smith et al., 2014; Tanner et
al,, 2015). ROS, and in sarcopenic muscles from old rats (Alway et al., 2014a; Alway et al.,
2015; Hao et al.,, 2011; Ziaaldini et al., 2015). However, in the current study, MURF1
showed little changes after HS or reloading in vehicle treated muscles as compared to
control muscles from rats whereas, EGCg appeared to suppress MURFL1 in control muscles
of recovery rats. As muscles from young animals were not studied, it is not possible to rule
out that the longer treatment with EGCg reduced the catabolic signaling that was already at
very high levels in control muscles from old animals, and that unloading reached a celling
effect for MURFL.

MURF1 levels are increased with ROS (Doyle et al., 2011, Li et al., 2003), but MURF1 also
has a role in regulating mitochondrial induced ROS production (Mattox et al., 2014). As
ROS is increased during HS and reloading, we examined whether antioxidant protein levels
that are associated primarily with the mitochondria (MnSOD) or cytosol (CuZnSOD)
regions of the muscle would change along with MURF1 protein levels. Interestingly, when
compared to vehicle treated muscles, the protein abundance of MnSOD and CuZnSOD were
lower in control muscles of EGCqg treated animals as compared to vehicle treated animals,
but HS failed to increase the muscle levels of MnSOD in EGCqg treated animals. This
suggests that EGCg was acting as a direct or indirect buffer against the additional
mitochondrial associated ROS imposed by HS. In contrast, the greater abundance of the
muscle cytosolic CuZnSOD protein from EGCqg treated animals after HS (Figure 4),
suggests that EGCg did not buffer cytosolic ROS and this required an elevation in
CuzZnSOD. Furthermore, these antioxidant gene responses occurred without any change in
MURF1 protein abundance in muscles from control, HS- or recovery-treated animals as
compared to vehicle treatment (Figure 4). These data suggest that EGCg regulation of
antioxidant proteins did not affect MURF1 atrogen protein abundance during HS or
recovery.

While PGCla increases mitochondrial biogenesis, it may also affect transcriptional
regulation of autophagy genes (Fedorova et al., 2013; Scott et al., 2014). Furthermore,
overexpression of PGC1-a can reduce muscle wasting (Cannavino et al., 2014), and increase
autophagy (Vainshtein et al,, 2015b), but the loss of PGC1-a can reduce autophagy
(Vainshtein et al., 2015a). Contrary to our expectation, PGC1-a was lower in EGCg treated
control muscles as compared to vehicle treated control muscles. Although PGC1-a
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increased with HS and reloading in muscles of EGCg treated rats, it remained lower than
vehicle treated muscles. As Sirtl is a known activator of PGC1-a, we examined if EGCg
altered Sirt1 levels in muscles of the old rats in this study. Indeed Sirt1 protein abundance
did not increase after HS as compared to control muscles of EGCg treated animals. Both
PGC1-a and Sirtl were lower in control muscles of recovery animals fed EGCg as
compared to vehicle treated animals, but these two proteins increased in response to
reloading in muscles from the EGCg but not the vehicle treated animals. Together, these
findings suggest that there may be a link between autophagy, PGC1-a, Sirtl and improved
muscle recovery in EGCg-treated muscles and this implicates PGC1-a, and Sirtl in
autophagy signaling pathways, potentially for removing dysfunctional mitochondria via
autophagic (mitophagy) pathways (Lo et al., 2014).

5. Conclusions

This study showed that EGCg modulates autophagic signals in unloaded and reloaded
muscles of old rats. We propose that pre-treatment with these compounds (perhaps for
several weeks prior to planned surgery) could provide a strategy to prime the signaling
pathways that will be needed to clear dysfunctional proteins and organelles to improve
recovery after a period of muscle disuse (Figure 6). Strategies that reduce the extent of
muscle wasting or muscle recovery during rehabilitative efforts is clinically relevant to aging
populations, especially after periods of prolonged bed rest or immobilization. However,
additional studies are needed to clarify whether autophagy is essential to derive benefits
from EGCg treatment during muscle recovery after forced disuse. Moreover, additional work
is warranted to determine if EGCg treatment prior to scheduled bed rest (e.g., after a planned
surgery) will “prime” autophagy signaling in skeletal muscle thereby improving recovery
during reloading.
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Highlights
Epigallocatechin-3-gallate (EGCg) supplementation increased autophagy
expression in aged muscles of control rodents.

EGCqg treatment maintained muscle autophagy signaling at high levels in
during muscle disuse in aging.

EGCqg suppressed autophagy protein abundance when muscles were reloaded
after disuse in aging.

EGCg treatment primed autophagy before unloading and suppressed muscle
autophagy signaling after reloading, potentially to increase the recovery of
muscle mass and function after loading is restored.
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Figure 1. Autophagy genes that were regulated by EGCg
The relative expression levels of autophagy-associated genes (A, B) and apoptosis associate

genes (C,D) were determined in plantaris muscles of old rats by PCR array analysis. Data
are shown for muscles from cage control animals (A, C), in plantaris muscles that were
exposed to 14 days of HS (B,D). Rats were fed EGCqg or a vehicle one week before and
throughout 14 days of HS. mRNA was extracted from plantaris muscles and analyzed by
PCR array the global data set were evaluated from 84 genes. The data are represented as a
heat map, with significant increases indicated by shade of red, no change in black and small
decreases indicated by blue as indicated by the scale. Cage control treatments are
normalized to vehicle treatments. Hindlimb unloading data are normalized to the respective
cage control treated gene of the same treatment.
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Figure 2. Autophagy signaling proteins after hindlimb unloading
The abundance of autophagy signaling proteins was determined by Western blot analysis in

plantaris muscles of rats that had received 14 days of hindlimb suspension induced muscle
disuse. The animals received epigallocatechin gallate (EGCg) or the vehicle (Veh) daily by
gavage. GAPDH was used as a loading control. The density and area from the respective
apoptotic signaling protein bands were quantified and the signals were normalized to
GAPDH. Representative blots and summarized group data are presented. The data are
displayed as mean + SE for plantaris. *<0.05, Control vs. treatment group; p<0.05,
Vehicle vs. treatment group of the same condition.
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Autophagy Signaling Proteins - Recovery
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Figure 3. Autophagy signaling after 14 days of recovery that followed 14 days of hindlimb

suspension

The abundance of autophagy signaling proteins was determined by Western blot analysis in
plantaris muscles of rats that had received 14 days of hindlimb suspension induced muscle
disuse. The animals received epigallocatechin gallate (EGCg) or the placebo-vehicle (Veh)
daily by gavage. GAPDH was used as a loading control. The density and area from the
respective apoptotic signaling protein bands were quantified and the signals were normalized
to GAPDH. Representative blots and summarized group data are presented. The data are
displayed as mean + SE for plantaris. * p<0.05, Control vs. treatment group; Tp<0.05,
Vehicle vs. treatment group of the same condition.
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Figure 4. Atrogen and stress signaling after 14 days of hindlimb suspension
The abundance of the atrogen RING-finger protein-1 (MURF1), mitochondrial antioxidant

manganese superoxide dismutase (MnSOD), cytosolic antioxidant copper/zinc superoxide
dismutase (CuZnSOD), peroxisome proliferator-activated receptor gamma coactivator 1-
alpha (PGC-1a.) and silent mating type information regulation 2 homolog 1 (Sirt1) proteins
was determined by western blot analysis in plantaris muscles of rats that had received 14
days of hindlimb suspension induced muscle disuse. The animals received epigallocatechin
gallate (EGCQq) or the placebo-vehicle (\eh) daily by gavage. GAPDH was used as a loading
control. The density and area from the respective apoptotic signaling protein bands were
quantified and the signals were normalized to GAPDH. Representative blots and
summarized group data are presented. The data are displayed as mean + SE for plantaris. *
p<0.05, Control vs. treatment group; Tp<0.05, Placebo vs. treatment group of the same
condition.
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Figure 5. Atrogen and stress signaling after 14 days of recovery, which followed 14 days of
hindlimb suspension

The abundance of the atrogen RING-finger protein-1 (MURF1), mitochondrial antioxidant
manganese superoxide dismutase (MnSOD), cytosolic antioxidant copper/zinc superoxide
dismutase (CuZnSOD), peroxisome proliferator-activated receptor gamma coactivator 1-
alpha (PGC-1a.) and silent mating type information regulation 2 homolog 1 (Sirt1) proteins
was determined by Western blot analysis in plantaris muscles of rats that had received 14
days of hindlimb suspension induced muscle disuse. The animals received epigallocatechin
gallate (EGCq) or the placebo-vehicle (\eh) daily by gavage. GAPDH was used as a loading
control. The density and area from the respective apoptotic signaling protein bands were
quantified and the signals were normalized to GAPDH. Representative blots and
summarized group data are presented. The data are displayed as mean + SE for plantaris. *
p<0.05, Control vs. treatment group; Tp<0.05, Vehicle vs. treatment group of the same
condition.
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Proposed model for EGCg regulation of autophagy
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Figure 6. Proposed model of EGCg regulation of autophagy in aged muscles
Muscles from aged animals have greater levels of apoptosis signaling and many studies

suggest a lower overall autophagy-signaling program. We propose that EGCg treatment
primes muscle by increasing several autophagy genes. The upregulation of autophagy genes
and proteins by EGCg persists during muscle disuse. This EGCg induced elevation in
autophagy proteins likely improves the clearance of damaged mitochondrial and other
proteins during muscle disuse. This clearance provides a better cellular environment so that
when muscle reloading occurs, muscle recovery from reloading is improved. The
suppression of autophagy and apoptotic death signaling during reloading permits a greater
accumulation of muscle protein and restoration during reloading.
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