SUPPLEMENTAL MATERIAL

METHODS

Primary cultures of neonatal rat ventricular cardiomyocytes and reagents

Primary cultures of ventricular cardiomyocytes were prepared from 1-day-old Crl: (WI) BR Wistar rats
(Charles River Laboratories), as described *. A cardiomyocyte-rich fraction was obtained by
centrifugation through a discontinuous Percoll gradient. Cells were cultured in Dulbecco's modified
Eagle's medium (DMEM)/F-12 medium. For glucose deprivation experiments, glucose-free DMEM from
GIBCO was used.

Adenoviruses

Recombinant adenovirus vectors were constructed as described %. pBHGloxAE1,3Cre (Microbix),
including the AE1 adenoviral genome, was co-transfected with the pDC shuttle vector containing the gene
of interest into 293 cells. The method of construction of adenoviruses expressing short hairpin RNA
sequences targeting Nox4, Nox2 and PHD4 has been previously described *°. pSilencer 1.0-U6
expression vector was purchased from Ambion. The U6 RNA polymerase Il promoter and the polylinker
region were subcloned into the adenoviral shuttle vector pDC311 (Microbix). Generation of replication-
defective human adenovirus type 5 (devoid of E1) harboring full length cDNA of wild-type Nox4 , Atg7
" ER-catalase ®, mito-HyPer °, mMRFP-GFP-LC3 °, constitutively active IkB (IkB-SA) ° and beta-
galactosidase as a control has been previously described . Adenoviruses expressing wild-type PERK,
DSRed-mito and ER-HyPer were generated by subcloning PERK cDNA, DSRed-mito cDNA and ER-
HyPer cDNA  into pDC316 vector.

ROS detection

NADPH-dependent O, production was assessed using a lucigenin chemiluminescence assay as
previously described *°. Mitochondrial and microsomal fractions from neonatal rat cardiomyocytes and
hearts were suspended in 200 pl of an assay buffer composed of 100 mM potassium phosphate (pH 7.0),
10 puM flavin adenine dinucleotide (FAD), 1 mM NaNs, and 1 mM EGTA. After preincubation with 5 uM
lucigenin, NADPH was added to a final concentration of 500 uM and the chemiluminescence was
continuously monitored using a luminometer.

Cardiomyocyte O, and H,O, production were evaluated using dihydroethidium, 5-(and-6)-chloromethyl-
2',7'-dichlorodihydrofluorescein diacetate, acetyl ester and the Amplex Red kit from Invitrogen (100 pM),
as previously described **°. Incubation time for dihydroethidium and 5-(and-6)-chloromethyl-2',7'-
dichlorodihydrofluorescein diacetate was 30 minutes at concentrations of 10 UM and 2.5 UM respectively.
Mitochondrial and ER-specific H,O, production were evaluated through the expression of compartment-
specific HyPer protein, as previously described * *°. Cells were counterstained with DSRed targeted to
mitochondria or ER-tracker red from Invitrogen, according to the manufacturer’s instructions.
Subcellular fractionation

Mitochondrial and microsomal fractions were purified through a previously described procedure °.
Briefly, cardiomyocytes and heart samples were homogenized in a buffer containing 10 mM K-HEPES
(pH 7.9), 1.5 mM MgCl,, 10 mM KCI, 1 mM DTT, 0.2 mM NasVVO, and 1% protease inhibitor.
Homogenates were centrifuged at 60 g for 5 minutes to collect unbroken cells, which were then
homogenized again. The supernatant and the new homogenate were centrifuged at 1200 g to separate the
nuclear fraction from organelles and cytosol (supernatant). The supernatant of the total homogenate was
centrifuged at 3500 g for 20 min to separate mitochondrial fractions from cytosolic and microsomal
fractions (supernatant). The supernatant was further centrifuged at 100,000 g for 60 minutes to separate
microsomal fractions (pelleted in tube) from cytosolic fractions (supernatant). Mitochondrial and
microsomal fractions were resuspended in PBS containing protease inhibitors.

Assessment of cell survival and apoptosis

Viability of the cells was measured by CellTiter Blue (CTB) assays (Promega) according to the supplier's
protocol. TUNEL staining for apoptosis was also performed. Cardiomyocytes were fixed in PBS
containing 4% paraformaldehyde and staining was performed using the In Situ Cell Death Detection kit
(Roche).



Immunocytofluorescence

The protocol was previously described > **. Briefly, neonatal rat cardiomyocytes plated on chamber slides
(Lab-Tek) were fixed with 4% paraformaldehyde and permeabilized with PBS containing 0.1% Triton X-
100. Cells were then blocked for 1 hour with PBS containing 5% normal goat serum and incubated with
primary antibody overnight. Cells were then incubated with Alexa 488- and Alexa 594-conjugated
secondary antibodies (Invitrogen) for 3 hours. Nuclei were stained with DAPI. Images were taken with
either conventional or confocal microscopy.

In vivo procedures

Cardiac-specific Nox4 conditional knockout mice have been previously described * *2. KO mice (flox/flox
plus alpha-MHC-driven CRE transgene) and control mice (flox/flox) were subjected to fasting or to 3
hours of ischemia " °. For the ischemia procedure, mice were anesthetized by intraperitoneal injection of
pentobarbital sodium (60 mg/kg). A rodent ventilator (model 683; Harvard Apparatus Inc) was used with
65% oxygen for ventilation. Animal temperature was kept between 36.5 and 37.5°C. The chest was
opened by a horizontal incision through the muscle between the ribs (third intercostal space). Ischemia
was realized by ligating the anterior descending branch of the left coronary artery (LAD) using an 8-0
nylon suture, with a silicon tubing (1 mm OD) placed on top of the LAD, 2 mm below the border between
left atrium and left ventricle (LV). Regional ischemia was confirmed by ECG change (ST elevation).
After 3 hours of ischemia, the animals were reanesthetized and intubated, and the chest was opened. After
arresting the heart at the diastolic phase by KCI injection, the ascending aorta was cannulated and
perfused with saline to wash out blood. To demarcate the ischemic area at risk (AAR), Alcian blue dye
(1%) was perfused into the aorta and coronary arteries. Hearts were excised and sliced. Slices were then
incubated with a 1% triphenyltetrazolium chloride (TTC) solution at 37°C for 10 min to evaluate infarct
size. TTC was shown to be a reliable method to evaluate infarct size in rodents subjected to 3 hours or
more of myocardial ischemia without reperfusion **. However, we also evaluated the extent of necrosis
through Hairpin-2 staining, as previously described & **’. Briefly, heart sections were incubated with a
mix of 1 pg/ml of Texas red-labeled DNA fragment with blunt ends (generated with PFU polymerase), 50
mM Tris-HCIL, pH 7.8, 10 mM MgCl12, 10 mM DTT, 1 mM ATP, 25 pg/ml BSA, 15% polyethylene
glycol (8,000 mol wt, Sigma) and 250 U/ml DNA T4 ligase (Roche). After 16 hours the sections were
thoroughly washed in 70°C water and observed under a fluorescent microscope immediately after
counterstaining with 10 pg/ml 4,6-diamidino-2-phenylindole (DAPI).

All experimental procedures with animals were approved by the Institutional Animal Care and Use
Committee of the University of Medicine and Dentistry of New Jersey.

Echocardiography

Echocardiography was performed after mice were anesthetized with 12 ul/g body weight of

2.5% Auvertin, as described previously *.

Evaluation of autophagy

Autophagy was assessed by the evaluation of LC3 isoforms, p62 protein levels and counting of mRFP
and GFP dots. mRFP is resistant to lysosomal acids whereas GFP is not. Therefore, autophagosomes
detected by both red color (MRFP) and green (GFP) are not yet fused with lysosomes, whereas those
detectable only in red are associated with autophagosomes fused with lysosomes (autolysosomes). In
vivo, LC3I1l accumulation was evaluated before and after chloroquine administration, which inhibits
lysosomal activity. These procedures have been previously described "°.

Gene expression analysis

MRNA expression of Nox4 was evaluated with quantitative real time PCR, as described. The following
primers were used: Nox4 sense 5’-AGTCAAACAGATGGGATA-3’ and antisense 5’-
TGTCCCATATGAGTTGTT-3’; GRP78 sense 5’~ACCCATGCAGTTGTGACTGT-3’ and antisense 5’-
CAGCTGCTGTTGGCTCATTG-3’; GRP94 sense 5’~ACCGAAAAGGACTTGCGACT-3’ and antisense
5’-GCTCTCACAAACCCGAAGGT-3’; XBP-1 sense 5’-TTACGAGAGAAAACTCATGGGC-3’ and
antisense 5’-GCCCAAAAGGATATCAGACTCAG-3’; GAPDH sense 5’-
TTCTTGTGCAGTGCCAGCCTCGTC-3’ and antisense 5’-TAGGAACACGGAAGGCCATGCCAG-3'.



Luciferase assay

CMs were transfected with p5xATF6-GL3 plasmid (Addgene) for evaluation of ATF6 activity, as
previously described *°. Luciferase activity was measured with a luciferase assay system (Promega). The
method used for reporter gene assays has been previously described 2.

Immunoblot analysis, antibodies and reagents

For specific PERK inhibition, GSK2606414 (Calbiochem) was used, as previously described **. For
ATF®6 inhibition, 4-(2-Aminoethyl)-benzenesulfonylfluoride (AEBSF, Sigma), which is specific at low
concentrations, was used as previously shown % %, For specific IRE-1a inhibition, 4u8C (Tocris) was
used as previously shown . Bafilomycin A1 (50 nM, EMD Millipore) was used as previously described
°_ For immunoblot analyses, heart homogenates and cardiomyocyte lysates were prepared in a

RIPA lysis buffer containing 50 mM Tris-HCI (pH 7.5), 150 mM NaCl, 1% Triton X-100,

0.1% SDS, 0.5% deoxycholic acid, 1 mM EDTA, 0.1 mM NazVO,4, 1 mM NaF, 50

uM phenylmethylsulfonyl fluoride (PMSF), 5 pg/ml aprotinin and 5 pg/ml leupeptin. The

primary antibodies used include: Nox4 and p62 (Origene); Nox2 (Abcam); phospho-PERK (Thr980),
PERK, phospho-NF-kB (Ser536) , NF-kB, phospho-ERK (Thr202/Tyr204), ERK and Bip (Cell Signaling
Technology); phospho-elF-2a (Ser51, Epitomics); ATF4 (Santacruz); ATF6 (Imgenex); KDEL (Enzo);
LC3 (MBL); GAPDH and tubulin (Sigma).

Measurement of intracellular ATP content

Heart specimens of equal weights were directly lysed in the somatic-cell ATP-releasing agent, and the
ATP content was measured using an ATP Bioluminescent Assay Kit (Sigma), according to the
manufacturer's instructions.

Adenovirus injection

Adenovirus (1x10° pfu) was administered by direct injection to the LV free wall (two sites, 25 ul/site), as
gjsescribed. Beta-galactosidase staining of hearts injected with Ad-LacZ has also been previously described

Statistics

Data are expressed as (mean = SEM). The difference in means between 2 groups was evaluated using the
t-test. When the analysis compared multiple groups, one-way ANOVA was used. The post hoc
comparisons of considered pairs were performed using the Bonferroni post hoc test. Statistical analyses
were performed with the use of GraphPad-Prism 5.00 (GraphPad-Software, San Diego, Ca). P values of
<0.05 were considered statistically significant.
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Supplemental Figure Legends

Online Figure I. A. Cardiomyocytes were cultured with regular medium or in glucose-free conditions for
the shown periods of time. Nox4 mRNA levels were measured. N=5. B-D. Cardiomyocytes were
transduced with Ad-LacZ or Ad-IxB-SA for 48 hours and then subjected to GD. Nox4, phospho-NF-xB
and NF-kB levels were evaluated. A representative blot (B) and densitometry analyses (C-D) are
presented. E. Cardiomyocytes were cultured with regular medium or in glucose-free conditions for the
shown periods of time. Amplex Red fluorescence was measured. N=7-8. Data are expressed as percentage
of CT. * p<0.05 vs. CT.

Online Figure I1. A. CMs were cultured with normal or glucose-free medium for 4 hours. The
mitochondrial fraction was isolated and NADPH-dependent O2" production was evaluated by lucigenin
assay. N=3. B-C. Cardiomyocytes were transduced with adenovirus expressing HyPer protein targeted to
mitochondria (Ad-Mito-HyPer) and DSRed protein targeted to mitochondria (DSRed-Mito) for 48 hours.
Cardiomyocytes were cultured with normal or glucose-free medium for 4 hours. Representative images of
Mito-HyPer and DSRed-Mito fluorescence are shown (B) together with quantification (C). Bar=10 pm.
N=3. D. Cardiomyocytes were cultured with normal or glucose-free medium for 4 hours.
Immunocytofluorescence assay of Nox4 and Calreticulin was performed and cells were observed under a
conventional microscope. Bar=50 um.

Online Figure I11. A. Cardiomyocytes with or without Nox4 knock-down were subjected to 4 hours of
GD with or without Bafilomycin Al for the last 2 hours. LC3 levels were evaluated. B. Cardiomyocytes
were transduced with Ad-LacZ or Ad-Nox4 for 48 hours. Nox4 protein levels were quantified. C-D.
Cardiomyocytes were transduced with Ad-LacZ or Ad-Nox4, together with Ad-mRFP-GFP-LC3 for 48
hours. Representative images of mMRFP and GFP dots are shown (C), together with quantification of
autophagosomes and autolysosomes (D). N=3. Bar=10 pym.

Online Figure 1V. A-B. Cardiomyocytes were transduced with Ad-LacZ or Ad-ER-Catalase, together
with Ad-ER-HyPer for 48 hours, and then cultured with glucose-free medium for 4 hours. CMs were
stained with ER-tracker red. Representative images of ER-HyPer and ER-tracker fluorescence are shown
(A) together with quantification (B). Bar=50 pm. C. Cardiomyocytes were transduced with Ad-LacZ or
Ad-PRX-3 for 48 hours, and then cultured with normal or glucose-free medium for 4 hours. PRX-3 and
LC3 levels were evaluated. D. Cardiomyocytes were transduced with Sh-CT or Sh-PHD4. PHD4 level
was evaluated. E. Phospho-ERK and ERK levels were evaluated in cardiomyocytes with or without Nox4
deletion cultured with either regular medium or glucose-free medium. F-K. Cardiomyocytes with or
without Nox4 knockdown were subjected to GD for 4 hours. As a positive control cardiomyocytes were
treated with thapsigargin (TG, 1 uM) for 4 hours. ATF6 expression levels (full length and active) were
evaluated (F-G). ATF®6 reporter luciferase activity was evaluated (H). N=5-6. mRNA levels of GRP78
and GRP94 (downstream targets of ATF6) were measured in order to further assess ATF6 activity (1).
N=4. Abundance of unspliced and spliced forms of XBP-1 was evaluated (J-K). N=3. L. Cardiomyocytes
with or without Nox4 knockdown were subjected to GD for 24 hours. ATF4, ATF6 and XBP-1 isoform
levels were evaluated. M. Cardiomyocytes were treated with thapsigargin for 4 hours with or without
PERK inhibitor (GSK2606414, 1 uM), ATF6 inhibitor (AEBSF, 100 uM) or IRE-1a inhibitor (4u8C, 32
MM). Phospho-EIF2a, EIF2a, active ATF6 and XBP-1 isoforms were evaluated. N. Cardiomyocytes were
subjected to 4 hours of GD with or without PERK, ATF6 or IRE-1a inhibitor. P62 and LC3 levels were
evaluated. O-P. Cardiomyocytes were transduced with Ad-LacZ or Ad-Nox4, with or without Ad-ER-
Catalase or Ad-PRX-3 for 48 hours. Phospho-PERK (T980) and LC3 expression levels were evaluated.

Online Figure V. A-B. Cardiomyocytes were transduced with Sh-Nox4 for 96 hours, and with Ad-LacZ
or Ad-Atg7, together with Ad-mRFP-GFP-LC3 for the last 48 hours. Representative images of mMRFP and
GFP dots are shown (A), together with quantification of autophagosomes and autolysosomes (B). N=3.
Bar=10 um



Online Figure VI. A. Control mice were subjected to 48 hours of fasting. Cardiac mitochondria were
isolated and NADPH-dependent O, production was assessed by lucigenin assay. N=3. B. Nox4 levels
were evaluated in the mitochondria and microsomes from mouse hearts at baseline and after fasting. C-E.
Control and Nox4 cKO mice were subjected to 3 hours of ischemia. Nox4 and p62 protein levels were
evaluated. Representative immunoblot (C) and densitometric analyses (D-E) are shown. N=4. F. Control
and Nox4 cKO mice received chloroguine (10 mg/kg i.p) or vehicle 4 hours before they were sacrificed.
Representative immunoblot of cardiac LC3 is shown.

Online Figure VII. A-B. Hemodynamic analysis was performed in control and Nox4 cKO mice at
baseline and after fasting. dP/dT was measured. C-D. Control and Nox4 cKO mice received cardiac
injection of Ad-LacZ or Ad-Atg7. Beta-galactosidase staining (C) and LC3 protein levels (D) were
evaluated. E. Control and Nox4 cKO mice received cardiac injection of Ad-LacZ or Ad-Atg7 and were
then subjected to 48 hours of fasting. Myocardial ATP content was evaluated. N=4-7. F-G. Control and
Nox4 cKO mice were subjected to prolonged ischemia (3 hours). Hairpin-2 staining was performed on
myocardial sections. Quantification of the percentage of Hairpin-2-positive nuclei is presented (F)
together with representative pictures of ischemic and non-ischemic areas in the two groups (G). N=4. H.
Representative schema of the hypothesis and findings of the study. In energy-depleted cardiomyocytes,
Nox4 is activated in the ER, thereby promoting autophagy and survival.
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Online Figure 1. A. Cardiomyocytes were cultured with regular medium or in glucose-free conditions for
the shown periods of time. Nox4 mRNA levels were measured. N=5. B-D. Cardiomyocytes were
transduced with Ad-LacZ or Ad-IxB-SA for 48 hours and then subjected to GD. Nox4, phospho-NF-xB
and NF-xB levels were evaluated. Representative blot (B) together with densitometry analyses (C-D) is
presented. E. Cardiomyocytes were cultured with regular medium or in glucose-free conditions for the



shown periods of time. Amplex Red fluorescence was measured. N=7-8. Data are expressed as percentage
of CT. * p<0.05 vs. CT.
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Online Figure II. A. CMs were cultured with normal or glucose-free medium for 4 hours. The
mitochondrial fraction was isolated and NADPH-dependent O2- production was evaluated by lucigenin

assay. N=3. B-C. Cardiomyocytes were

with adenovirus expressing HyPer protein targeted to

mitochondria (Ad-Mito-HyPer) and DSRed protein targeted to mitochondria (DSRed-Mito) for 48 hours.
Cardiomyocytes were cultured with normal or glucose-free medium for 4 hours. Representative images of
Mito-HyPer and DSRed-Mito fluorescence are shown (B) together with quantification (C). Bar=10 um.
N=3. D. Cardiomyocytes were cultured with normal or glucose-free medium for 4 hours.
Immunocytofluorescence assay of Nox4 and Calreticulin was performed and cells were observed under a
conventional microscope. Bar=50 pum.
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Online Figure IV. A-B. Cardiomyocytes were transduced with Ad-LacZ or Ad-ER-Catalase, together with
Ad-ER-HyPer for 48 hours, and then cultured with glucose-free medium for 4 hours. CMs were stained
with ER-tracker red. Representative images of ER-HyPer and ER-tracker fluorescence are shown (A)
together with quantification (B). Bar=50 um. C. Cardiomyocytes were transduced with Ad-LacZ or Ad-
PRX-3 for 48 hours, and then cultured with normal or glucose-free medium for 4 hours. PRX-3 and LC3
levels were evaluated. D. Cardiomyocytes were transduced with Sh-CT or Sh-PHD4. PHD4 level was
evaluated. E. Phospho-ERK and ERK levels were evaluated in cardiomyocytes with or without Nox4
deletion cultured with either regular medium or glucose-free medium. F-K. Cardiomyocytes with or
without Nox4 knockdown were subjected to GD for 4 hours. As a positive control cardiomyocytes were
treated with thapsigargin (TG, 1 pM) for 4 hours. ATF6 expression levels (full length and active) were
evaluated (F-G). ATF6 reporter luciferase activity was evaluated (H). N=5-6. mRNA levels of GRP78 and
GRP94 (downstream targets of ATF6) were measured in order to further assess ATF6 activity (I). N=4.
Abundance of unspliced and spliced forms of XBP-1 was evaluated (J-K). N=3. L. Cardiomyocytes with
or without Nox4 knockdown were subjected to GD for 24 hours. ATF4, ATF6 and XBP-1 isoform levels
were evaluated. M. Cardiomyocytes were treated with thapsigargin for 4 hours with or without PERK
inhibitor (GSK2606414, 1 pM), ATF6 inhibitor (AEBSF, 100 pM) or IRE-1a inhibitor



(4u8C, 32 uM). Phospho-EIF2a, EIF2a, active ATF6 and XBP-1 isoforms were evaluated. N.
Cardiomyocytes were subjected to 4 hours of GD with or without PERK, ATF6 or IRE-1a inhibitor. P62
and LC3 levels were evaluated. O-P. Cardiomyocytes were transduced with Ad-LacZ or Ad-Nox4, with or
without Ad-ER-Catalase or Ad-PRX-3 for 48 hours. Phospho-PERK (T980) and LC3 expression levels
were evaluated.
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Online Figure V. A-B. Cardiomyocytes were transduced with Sh-Nox4 for 96 hours, and with Ad-LacZ or
Ad-Atg7, together with Ad-mRFP-GFP-LC3 for the last 48 hours. Representative images of mRFP and
GFP dots are shown (A), together with quantification of autophagosomes and autolysosomes (B). N=3.
Bar=10 pm
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Online Figure VI. A. Control mice were subjected to 48 hours of fasting. Cardiac mitochondria were
isolated and NADPH-dependent O, production was assessed by lucigenin assay. N=3. B. Nox4 levels
were evaluated in the mitochondria and microsomes from mouse hearts at baseline and after fasting. C-E.
Control and Nox4 cKO mice were subjected to 3 hours of ischemia. Nox4 and p62 protein levels were
evaluated. Representative immunoblot (C) and densitometric analyses (D-E) are shown. N=4,



F. Control and Nox4 ¢cKO mice received chloroquine (10 mg/kg i.p) or vehicle 4 hours before they were
sacrificed. Representative immunoblot of cardiac LC3 is shown.
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Myocardial ATP Content
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Online Figure VII. A-B. Hemodynamic analysis was performed in control and Nox4 cKO mice at
baseline and after fasting. dP/dT was measured. C-D. Control and Nox4 ¢KO mice received cardiac
injection of Ad-LacZ or Ad-Atg7. Beta-galactosidase staining (C) and LC3 protein levels (D) were
evaluated. E. Control and Nox4 cKO mice received cardiac injection of Ad-LacZ or Ad-Atg7 and were
then subjected to 48 hours of fasting. Myocardial ATP content was evaluated. N=4-7. F-G. Control and
Nox4 cKO mice were subjected to prolonged ischemia (3 hours). Hairpin-2 staining was performed on
myocardial sections. Quantification of the percentage of Hairpin-2-positive nuclei is presented (F) together
with representative pictures of ischemic and non-ischemic areas in the two groups (G). N=4. Bar=50 um.
H. Representative schema of the hypothesis and findings of the study. In energy-depleted cardiomyocytes,
Nox4 is activated in the ER, thereby promoting autophagy and survival.




