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Supplementary Figure 1. DNase Il activity, inflammatory response and DNA deposition 1 or 10 weeks
after TAC. (a) DNase Il activity in whole hearts measured by the SRED method. Ratio of DNase Il activity
on the abscissa represents the averaged value relative to that for sham-operated mice 1 week after
operation. Upper panel shows representative image and lower graph shows its quantitative result. Open
and closed columns represent sham- and TAC-operated mice, respectively. *P < 0.05 versus all other
groups. {b) Immunohistochemical analysis using antibodies to CD45, CD68, Ly6G and CD3. Scale bar,

100 um. (¢) and (d) Double staining of heart sections with (¢) PicoGreen (green) and anti-LAMP2a anti-

body (red) and (d) PicoGreen (green) and anti-LC3 antibody (red). Scale bar, 10 pm. Arrows indicate
double positive deposits.
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Supplementary Figure 2. Quantification of DNA deposits in autolysosomes. Numbers of
PicoGreen- or EdU-positive deposits double-stained with LAMP2a or LC3 were measured on
20 random fields (900 um?/field) per mouse (n = 3 - 4). (a) DNA deposition in wild-type hearts
1 or 10 weeks after TAC. Numbers of PicoGreen-and LAMP2a-positive deposits (left panel)
and PicoGreen- and LC3-positive deposits {right panel). (b) DNA deposition in Dnase2a™
hearts 2 days after TAC. Numbers of PicoGreen- and LAMP2a-positive deposits (left panel)
and PicoGreen- and LC3-positive deposits (right panel). (¢) Mitochondrial DNA deposition in
DnaseZ2a™ hearts 2 days after TAC. Numbers of EdU- and LAMP2a-positive deposits (left
panel) and EdU- and LC3-positive deposits (right panel). *P < 0.05 versus all other groups.

2 | WWW.NATURE.COM/NATURE



a b whole hearts cardiomyocytes
whole hearts cardiomyocytes [ | Y
0 i (9 C
15 15 j y O
s s -
Q 3 Dnase2a™  Dnase2a™” Dnase2a™* Dnase2a™
810 G 1.0 = 15 = 5
T« T © - @
N * N @
) Iy 2 S ..
205 305 z21.0 510
< = (o= =
Q Q * 55 5 8
S%05 * 205
0 " 0 i = ® *
S R & ©
&
rz?";\/ fz?é\/ "‘é}l rbé)l ° S e ’ 5 &
& &
&
N s & & 8 & &
& & & &
<Q Q Q Q
¢ d
10 days after TAC 2 days after TAC N
gpzu- v o 50 8 12 .
& *
) o o o Q o o < 40 . 510
S i 830 2 S8
sham TAC sham TAC sham TAC sham TAC 0] O 4 1 % 6
Dnase2a”  Dpasela™ Dnase2a* Dnase2a™ g 20 T 2 Iy
3 2 Q Y 3
<10 < S 2
P z 3 p 0 0 0
2 g 15
3 2 EQ E Q E O E Q E O E 9
© @
zz? zz R fEgE SR ER
2 e Z @ @ @ & @ @
g 8 1 g 8 t Dnase2a** Dnase2a Dnase2a** Dnase2a™ Dnase2a** Dnase2a™
& t g 05

Supplementary Figure 3. Characterization of Dnase2a”~ mice. (a) mRNA level of Dnase2a in whole
hearts or isolated cardiomyocytes 12-13 weeks after birth. Gapdh was used as the loading control. The
averaged value in Dnase2a** mice was set equal to 1. Values are expressed as the mean £ s.e.m. *P <
0.05 versus Dnase2a** mice (n = 4 - 7). (b) DNase |l activity in whole hearts or isolated cardiomyocytes
12-13 weeks after birth measured by the SRED method. DNase Il activities for the samples were deter-
mined using a standard curve constructed from the serial dilution of porcine DNase Il (Sigma). Upper
panels show representative images, and lower graphs show their quantitative results. Ratio of DNase Il
activity on the abscissa represents the averaged value relative to that for Dnase2a*™* mice. *P < 0.05
versus Dnase2a™ mice (h = 3 - 5). (¢) DNase Il activity in whole hearts 10 days (left panel) and 2 days
(right panel) after TAC (n = 3 - 4). Ratio of DNase |l activity on the abscissa represents the averaged
value relative to that for sham-operated Dnase2a** mice. *P < 0.05 versus all other groups. TP < 0.05
versus sham-operated DnaseZ2a*™ mice. In each group, values are expressed as the mean £ s.e.m. (d)
MRNA expressions of Nppa, Nppb and Col1aZ (n = 4 - 5) 10 days after TAC. Gapdh was used as the
loading control. The averaged value in sham-operated Dnase2a** mice was set equal to 1. Values are

expressed as the mean + s.e.m. *P < 0.05 versus all other groups. TP < 0.05 versus sham-operated con-
trols.
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Supplementary Figure 4. Inflammatory responses after TAC. Mice were analyzed 10 days after TAC
{a-c). (@) Immunohistochemical analysis using antibodies to CD45, CD68, Ly6G and CD3. Scale bar,
100 um. (b) mRNA expressions of inflammatory cytokines such as l/1b, 116, Ifnb1, Ifng and Tnf. Gapdh
was used as the loading control. The averaged value in sham-operated Dnase2a** mice was set equal
to 1. Values are expressed as the mean £ s.e.m. (n =4 - 6). 'P < 0.05 versus all other groups. (¢) Elec-
tron microscopic images. Scale bar, 1 um. (d) mRNA expressions of //1b and //6 were examined in heart
sections using in situ hybridization 2 days after TAC. Arrows indicate positive signals. Scale bar, 100 um.
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Supplementary Figure 5. Echocardiographic and physiological parameters after TAC.
{(a) Time course of changes in echocardiographic parameters, such as the end-diastolic left
ventricle (LV) internal {LVIDd) and end-systolic LV internal dimensions (LVIDs) and LV frac-
tional shortening (LVFS). Echocardiographic analysis was performed before (pre) and 2, 3, 4,
5, and 10 days after TAC (n = 4 - 5). *P < 0.05 versus corresponding Dnase2a** mice. {(b)
Physiological parameters 2 days after TAC. HW/BW, ratio of heart to body weight.
LungW/BW, ratio of lung to body weight. Values are expressed as the mean £ s.e.m. (n =4 -
7). *P < 0.05 versus all other groups.
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Supplementary Figure 6. Characterization of pressure-overloaded Dnase2a” hearts.
Mice were analyzed 2 days after TAC (a-d). (a) mRNA expressions of inflammatory cytokines.
Open and closed bars represent sham- and TAC-operated group, respectively. Gapdh was
used as the loading control. The averaged value in sham-operated Dnase2a** mice was set
equal to 1. Values are expressed as the mean £ s.e.m. (n =4 - 7). *P < 0.05 versus all other
groups. Double staining of heart sections with (b) PicoGreen {(green) and anti-LAMP2a anti-
body (red), (¢) PicoGreen (green) and anti-LC3 antibody (red) or {d) PicoGreen (green) and
TUNEL (red). Arrows indicate DNA deposits with (b) LAMP2a- or (¢) LC3-positive structures.
In (d), arrows indicate DNA deposits. Arrow heads indicate nuclei. Scale bar, 10 um.
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Supplementary Figure 7. TLR9-dependent cell-autonomous induction of cytokine production and cell
death in cardiomyocytes. (a) Disruption of mitochondrial membrane potential by isoproterenol (ISP). Cardiomy-
ocytes with or without isoproterenol were stained with TMRE, and were observed through light (left panels) or flu-
orescent microscope (right panels). (b) Two hours after treatment with CCCP or ISP, cardiomyocyte lysates were
subjected to Western blot analysis using anti-LC3 antibody. To estimate autophagy flux, cardiomyocytes were
treated with Bafilomycin A1 (BFA) 1 hour after CCCP or ISP treatment. GAPDH was used as the loading control.
(c) and (d) Representative images of cardiomyocytes stained with trypan blue stimulated with {¢) CCCP or (d)
ISP. Mouse adult cardiomyocytes were pretreated with control oligodeoxynucleotides (ODN2088 control) or
ODN2088 oligodeoxynucleotides. (e) The percentage of trypan blue-negative cardiomyocytes. Values are
expressed as the mean = s.e.m. of 4 independent experiments. Open and closed bars represent cardiomyocytes
from Dnase2a and Dnase2a™ mice, respectively. ‘P < 0.05. (f) mRNA expression of //1b or /16 in CCCP-treated
cardiomyocytes. Gapdh was used as the loading control. The averaged value in vehicle- and ODN2088 control-
treated DnaseZ2a'’* cardiomyocytes was set equal to 1. Values are expressed as the mean + s.e.m. of 3 indepen-
dent experiments. P < 0.05 versus all other groups. (g) Effect of autophagy activity on //7b or //6 mRNA expres-
sion in cardiomyocytes. Gapdh was used as the loading control. The average value in vehicle-treated Dnase2a*
cardiomyocytes was set equal to 1. Values are expressed as the mean * s.e.m. of 3 - 4 independent experi-
ments. ‘P < 0.05 .
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Supplementary Figure 8. Inhibition of TLR9 attenuated pressure overload-induced myocarditis and cardio-
myopathy in Dnase2a”- mice. TLR9 inhibitory oligodeoxynucleotides (ODN2088) or inactive control oligodeoxy-
nucleotides (ODN2088 control) were administered before and 2 days after TAC, and analyzed 4 days after TAC (a-
e). Open and closed bars represent ODN2088 control- and ODN2088-treated groups, respectively. (a) Echocardio-
graphic and physiological parameters. IVSd indicates diastolic interventricle septum wall thickness; LVPWd, dia-
stolic left ventricle posterior wall thickness; HW, heart weight; BW, body weight; LungW, lung weight, respectively.
ODN2088 control-treated (n = 6) or ODN2088-treated (n = 5) TAC-operated Dnase2a** mice, and ODN2088
control-treated (n = 6) or ODN2088-treated (n = 8) TAC-operated Dnase2a™ mice are shown. (b) Hematoxylin-
eosin-stained heart sections. Scale bar, 100 um. (¢) Azan-Mallory-stained sections. Scale bar, 100 um. (d, e)
mRNA expressions of inflammatory cytokines, Nppa, Nppb and Col1a2 (n = 5 - 8). Gapdh was used as the loading
control. The averaged value in ODN2088 control-treated DnaseZa** mice was set equal to 1. Values are
expressed as the mean = s.e.m. *P < 0.05 versus all other groups. TP < 0.05 versus corresponding controls.
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Supplementary Figure 9. Ablation of TIr9 attenuated pressure overload-induced myocarditis and dilated
cardiomyopathy in TAC-operated Dnase2a™ mice. DNase Il and TLR9 double knockout mice were subjected
to TAC and analyzed 10 days after operation (a-f). (a) Representative M-mode echocardiographic tracings. Scale
bars, 0.2 sec and 5 mm, respectively. Echocardiographic (b) and physiological (c¢) parameters. TAC-operated
Dnaseza™;TIr9"" (n = 8), TAC-operated Dnase2a**;Tir9"~ (n = 5), TAC-operated Dnase2a™;TIr9”"" (n=4-5), and
TAC-operated Dnase2a™-;Tir9”~ mice (n = 8 - 9) are shown. LVIDd indicates end-diastolic left ventricle internal
dimension; LVIDs, end-systolic left ventricle internal dimension; LVFS, left ventricle fractional shortening; TL, tibia
length; HW, heart weight; LungW, lung weight. Values are expressed as the mean + s.e.m. *P < 0.05 versus all
other groups. (d) Hematoxylin-eosin-stained heart sections. Scale bar, 100 um. {(e) Azan-Mallory-stained heart
sections. Scale bar, 100 um. (f) Immunohistochemical analysis using antibodies to CD45, CD68, Ly6G and CD3.

Scale bar, 100 pm.
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Supplementary Figure 10. Protection from pressure overload-induced heart failure by TLR9
inhibition. T/r9”- mice were subjected to TAC and analyzed 10 weeks after operation (a-f). (a) Physio-
logical parameters. Sham-operated (n = 8) or TAC-operated T/r9"* (n = 10) and sham-operated (n = 6)
or TAC-operated TIr@" (n = 7) mice are shown. HW/BW, ratio of heart to body weight. LungW/BW,
ratio of lung to body weight. Values are expressed as the mean t s.e.m. *P < 0.05 versus all other
groups. (b) Hematoxylin-eosin-stained heart sections. Scale bar, 100 um. (¢) Azan-Mallory-stained
sections. Scale bar, 100 um. {d) Immunohistochemical analysis. Scale bar, 200 um. {e) MRNA expres-
sions of marker genes of cardiac remodeling or (f) inflammatory cytokines in sham-operated (n = 8) or
TAC-operated TIr9** (n = 10) and sham-operated (n = 5) or TAC-operated Tir9" (n = 7) mice. Gapdh
was used as the loading control. The averaged value in sham-operated T/r9"" mice was set equal to 1.
In panels (e) and (f), values are expressed as the mean * s.e.m. *P < 0.05 versus all other groups. 1P <
0.05 versus corresponding sham-operated controls. (g) Survival ratio after severe-TAC. Wild-type mice
were subjected to severe-TAC. TLR9 inhibitory oligodeoxynucleotides (ODN2088) or inactive control
oligodeoxynucleotides (ODN2088 control) were administered before and 2 and 4 days after TAC, and
every 3 days thereafter. Open and closed circles indicate TAC-operated ODN2088 control-treated (n =
40) and ODN2088-treated (n = 40) mice, respectively. *P < 0.05.
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Supplementary Table 1. Physiological and echocardiographic parameters in

+/+ —/—

Dnase2a”" and Dnase2a” mice at baseline
Dnase2a™ (n=8) Dnase2a™ (n=8)

Blood pressure (mmHg) 89 + 29 914 + 25
BW (g) 251 = 0.19 253 + 0.32
HW (mg) 1058 + 1.3 1075 + 1.6
Atrium weight (mg) 127 + 0.9 132 + 11
Right ventricle weight (mg) 139 + 1 147 + 1
LVW (mg) 793 + 1 796 + 1.3
Lung weight (mg) 136.7 + 1.9 1315 + 22
Liver weight (mg) 1056.3 + 322 1025.7 + 155
HW/BW (mg/g) 422 + 0.03 426 + 0.06
LVW/BW (mg/g) 3.16 + 0.03 3.15 + 0.05
LVIDd (mm) 278 + 0.02 274 + 0.01
LVIDs (mm) 142 + 0.02 141 = 0.01
LVFS (%) 49 + 0.71 484 + 047
IVSd (mm) 0.73 + 0.01 0.74 + 0.01
LVPWd (mm) 0.89 + 0.01 0.88 + 0.01
Heart rate (bpm) 754 + 4.2 759 + 6.8

Mice were 12-14 weeks old. BW indicates body weight; HW, heart weight; LVW, left ventricle
weight; LVIDd, end-diastolic left ventricle internal dimension; LVIDs, end-systolic left
ventricle internal dimension; LVFS, left ventricle fractional shortening; IVSd, diastolic
interventricle septum wall thickness; LVPWd, diastolic left ventricle posterior wall thickness.
Data are expressed as the means + s.e.m. There were no significant differences between

+/+

Dnase2a** and Dnase2a™" mice in any parameters.
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Supplementary Table 2. Physiological and echocardiographic parameters in
Dnase2a** and Dnase2a™ mice 10 days after pressure overload.
Dnase2a™* Dnase2a™

sham (n=8) TAC (n=13) Sham (n=10) TAC (n=7)
BW (g) 244 + 03 245 + 02 243 + 02 239 + 04
HW (mg) 1069 + 1.7 1372 + 13 1068 + 22 1719 + 631
LVW (mg) 796 + 1.2 1092 + 14 81 + 17 1366 + 4.0
HW/BW (mg/g) 438 + 0.06 56 + 006 44 + 009 72 = 0277
Lung weight/BW (mg/g) 56 = 0.1 58 = 0.2 56 £ 041 111 + 137
Liver weight/BW (mg/g) 449 = 11 436 + 1.1 451 £ 1.3 447 = 1.0
LVIDd (mm) 276 + 0.02 268 + 002 278 + 002 36 % 0177
LVIDs (mm) 145 + 0.02 142 + 002 147 + 002 277 + 02571
LVFS (%) 475 + 0.49 469 + 071 471 + 064 244 + 452"
IVSd (mm) 0.74 + 0.01 099 + 002 073 + 002 091 % 0.02
LVPWd (mm) 0.93 + 0.01 116 + 002 094 + 002 101 + 003"
Heart rate (bpm) 7315 + 84 7399 + 89 7382 + 81 6959 * 1497

BW, body weight; HW, heart weight; LVW, left ventricle weight; LVIDd, end-diastolic left

ventricle internal dimension; LVDs, end-systolic left ventricle internal dimension; LVFS, left

ventricle fractional shortening; IVSd, diastolic interventricle septum wall thickness; LVPW(d,

diastolic left ventricle posterior wall thickness. Data are expressed as the means + s.e.m. P

< 0.05 versus corresponding sham-operated mice, TP < 0.05 versus TAC-operated

+/+

Dnase2a”" mice.
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