. HOKKAIDO UNIVERSITY

Title Activation of invariant natural killer T cells by alpha-galactosylceramide ameliorates
myocardial ischemia/reperfusion injury in mice

Author (s) Homma, Tsuneaki; Kinugawa, Shintaro; Takahashi, Masashige et al.

Journal of molecular and cellular cardiology, 62, 179-188

Citation https://doi.org/10.1016/].yjmcc. 2013, 06. 004

Issue Date 2013-09
Doc URL https://hdl. handle.net/2115/53280
Type journal article
File Information JMCC7413 R1. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




JMCC413 R1/Homma et al. Page 1

Activation of Invariant Natural Killer T Cells by a-galactosylceramide Ameliorates Myocardial

Ischemia/Reperfusion Injury in Mice

Tsuneaki Homma, MD; Shintaro Kinugawa, MD, PhD; Masashige Takahashi, MD, PhD; Mochamad

Ali Sobirin, MD, PhD; Akimichi Saito, MD; Arata Fukushima, MD; Tadashi Suga, PhD; Shingo

Takada, BS; Tomoyasu Kadoguchi, BS; Yoshihiro Masaki, MD; Takaaki Furihata, MD; Masaru

Taniguchi, MD, PhD; Toshinori Nakayama, MD, PhD; Naoki Ishimori, MD, PhD; Kazuya Iwabuchi,

MD, PhD; and Hiroyuki Tsutsui, MD, PhD

Department of Cardiovascular Medicine, Hokkaido University Graduate School of Medicine,

Sapporo, Japan (T.H., S.K.,, M.T., MAS., AS.,,AF, TS, ST.TK, YM, T.F., NI, HT.); Faculty of

Medicine, Diponegoro University, Semarang, Indonesia (M.A.S); RIKEN Research Center for Allergy

and Immunology, Kanagawa, Japan (M.T.); Department of Immunology, Graduate School of

Medicine, Chiba University, Chiba, Japan (T.N.); Department of Immunology, Kitasato University

School of Medicine, Sagamihara, Japan (K.1.).

Corresponding author: Shintaro Kinugawa, MD, PhD

Address: Department of Cardiovascular Medicine, Hokkaido University Graduate School of

Medicine, Kita-15, Nishi-7, Kita-ku, Sapporo 060-8638, Japan

Tel number: +81-11-706-6973



JMCC413 R1/Homma et al. Page 2

Fax number: +81-11-706-7874

E-mail address: tuckahoe@med.hokudai.ac.jp

The number of words: 6856 words



JMCC413 R1/Homma et al. Page 3

Abstract

Invariant natural killer T (iNKT) cells orchestrate tissue inflammation via regulating various

cytokine productions. However the role of iNKT cells has not been determined in myocardial

ischemia/reperfusion (I/R) injury. The purpose of this study was to examine whether the activation of

iNKT cells by a-galactosylceramide (a-GC), which specifically activates iNKT cells, could affect

myocardial I/R injury. I/R or sham operation was performed in male C57BL/6J mice. I/R mice

received the injection of either aGC (I/R+aGC, n=48) or vehicle (I/R+vehicle, n=49) 30 min before

reperfusion. After 24 hr, infarct size/area at risk was smaller in I/R+aGC than in I/R+vehicle

(37.8£2.7% vs 47.1+£2.5%, P<0.05), with no significant changes in area at risk. The numbers of

infiltrating myeloperoxidase- and CD3-positive cells were lower in I/R+aGC. Apoptosis evaluated by

TUNEL staining and caspase-3 protein was also attenuated in I/R+aGC. Myocardial gene expression

of tumor necrosis factor-a and interleukin (IL)-1p in I/R+aGC was lower to 46% and 80% of that in

I/R+vehicle, respectively, whereas IL-10, IL-4, and interferon (IFN)-y were higher in I/R+aGC than

I/R+vehicle by 2.0, 4.1, and 9.6 folds, respectively. The administration of anti-IL-10 receptor antibody

into I/R+aGC abolished the protective effects of aGC on I/R injury (infarct size/area at risk:

53.145.2% vs 37.4£3.5%, P<0.05). In contrast, anti-IL-4 and anti-IFN-y antibodies did not exert such

effects. In conclusion, activated iNKT cells by aGC play a protective role against myocardial I/R

injury through the enhanced expression of IL-10. Therapies designed to activate iNKT cells might be

beneficial to protect the heart from I/R injury.
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Highlights

* a-galactosylceramide rapidly increases gene expression of cytokines in the heart.

* 0-galactosylceramide ameliorates myocardial ischemia/reperfusion injury.

¢ [L-10 was involved in the protective effects of aGC in myocardial I/R injury.
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Abbreviations

AAR area at risk

aGC a-galactosylceramide
IFN-y interferon-y

IL interleukin

iINKT invariant natural killer T
I/R ischemia/reperfusion

IS infarct size

LV left ventricle

MI myocardial infarction
MNCs mononuclear cells
MPO myeloperoxidase

NK natural killer

qRT-PCR quantitative reverse transcriptase-polymerase chain reaction
TCR T cell receptor

Tyl T-helper type 1

Tx2 T-helper type 2

TGF-B

transforming growth factor-f§
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TNF-a

TTC

tumor necrosis factor-a

2,3,5-triphenyltetrazolium chloride
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1. Introduction

Early and successful myocardial reperfusion is the most effective strategy to reduce infarct size

and preserve cardiac function after acute myocardial infarction (MI) [1]. Reperfusion after ischemia

can salvage the ischemic myocardium, however, simultaneously it causes additional cell death and

attenuates the beneficial effects of reperfusion itself, called myocardial ischemia/reperfusion (I/R)

injury [2]. Inflammation has been shown to play a critical role in the pathophysiology of myocardial

I/R injury [3], and various immune cells, such as neutrophils, T lymphocytes,

monocytes/macrophages, and mast cells, are involved in myocardial I/R injury [4-7]. Recent study by

Yang et al demonstrated that CD4" T lymphocytes played an important role in the development of I/R

injury and interferon (IFN)-y was involved in their action by using Ragl knockout mice lacking

mature lymphocytes [5].

Invariant natural killer T (iNKT or type 1 NKT) cells are innate-like T lymphocyte population

characterized by co-expressing NK lineage receptors and T cell receptors (TCR), and their TCR has

invariant a-chain (Val4-Ja18 in mice, and Va24-Ja18 in humans) [8, 9]. They are activated by

recognizing glycolipid antigens presented by CD1d, a member of major histocompatibility complex

(MHC) class I like molecules, and rapidly secrete a mixture of large amount of T-helper type 1 (Tyl)

and Ty2 cytokines, such as IFN-y, interleukin (IL)-10 and IL-4 in shaping subsequent adaptive

immune responses [ 10]. Thus, iNKT cells can function as a bridge between the innate and adaptive

immune systems, and orchestrate tissue inflammation.
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iNKT cells have been demonstrated to play a protective role in various autoimmune and

inflammatory diseases such as type 1 diabetes, experimental allergic encephalomyelitis, rheumatoid

arthritis, and enteritis [11-15]. We have also reported that the activation of iNKT cells by

a-galactosylceramide (aGC), a specific activator for iNKT cells [16], can attenuate the development

of left ventricular (LV) remodeling and failure after MI created by chronic ligation of coronary artery

in mice [17]. The activation of iNKT cells by aGC has been also reported to protect the liver against

I/R injury in mice via IL-13 production [18]. However, no previous studies have examined the effects

of iNKT cell activation by aGC on myocardial I/R injury.

Therefore, the purpose of the present study was to determine whether the activation of iNKT cells

by aGC could attenuate myocardial I/R injury. We also determined whether the protective effects on

attenuated myocardial I/R injury might involve the activation of anti-inflammatory cytokines

including IL-10.
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2. Materials and Methods

Detailed methods are available in the Online Supplementary Material.

2.1 Animals

C57BL/6J mice were purchased from CLEA Japan, Inc. (Tokyo, Japan). Animals were used for

experiments at 10 to 12 weeks of age (weight 23-27 g). Mice were bred in a pathogen-free

environment and kept under a constant 12-h light—dark cycle at a temperature of 23°C to 25°C.

Standard chaw and water were provided.

All procedures and animal care were approved by our institutional animal research committee and

conformed to the animal care guideline for the Care and Use of Laboratory Animals in Hokkaido

University Graduate School of Medicine.

2.2 Experimental Design

Experiment 1: Effects of aGC on iNKT Cell and Cytokine Expression in the Normal Mice

To confirm that aGC could activate iNKT cells in the heart similar to the spleen, C57BL/6J mice

were sacrificed 0, 24, and 72 hr after aGC (Funakoshi Co., Ltd., Tokyo, Japan) injection (0.1 pg/g

body weight i.p., n=9 for each group) and the proportion of iNKT cells in the heart and spleen were

measured by flow cytometric analysis [17].

To determine that aGC could induce the changes of cytokines in the blood and the heart within 24
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hr, another group of C57BL/6J mice were sacrificed 0, 0.5, 1, 3, 6, 12, and 24 hr after single injection
of aGC (n=6 for each group). Serum levels of IL-10, IL-4, and IFN-y were measured by ELISA and
their gene expressions in the heart were measured by quantitative reverse transcriptase-polymerase
chain reaction (QRT-PCR). TCR in iNKT cells has invariant a-chain encoded by Va14-Jal8 gene
segment in mice, and Ja18” mice lack iNKT cells. To confirm whether the changes of cytokines by
the injection of aGC were due to the activation of iNKT cells, iNKT cell-deficient (Jo18™") mice were
sacrificed after single injection of aGC and same measurements were performed. They were provided
from Dr. M. Taniguchi (RIKEN, Yokohama, Japan) and backcrossed 10 times to C57BL/6]J.
Experiment 2: Effects of aGC on Myocardial I/R Injury

Myocardial I/R surgery or sham operation was performed in C57BL/6J mice according to the
methods described previously [5]. After anesthesia, the left coronary artery was ligated for 45 min.
Ischemia was confirmed by bleaching of the myocardium. Reperfusion was initiated by releasing the
ligature. Sham-operated mice underwent a similar procedure without ligation. aGC (0.1 ug/g body
weight i.p.) was administered 30 min before reperfusion to specifically activate iNKT cells. As
control, the same volume of vehicle was administered into sham and I/R mice.

Mice were sacrificed 24 hr after reperfusion (Sham+vehicle, n=22; Sham+aGC, n=22; I/R+vehicle,
n=49, I/R+aGC, n=48). These mice were divided into groups for some measurements. Another groups
of mice were sacrificed 72 hr after reperfusion for flow cytometric analysis (n=9 for each group),

because iNKT cells have been reported to be invisible by flow-cytometric detection 24 hr after aGC
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administration [19]. Additional mice were sacrificed 72 hr after reperfusion for RT-PCR analysis
(n=7-8 for each group). To confirm early protective effect of aGC, C57BL/6J mice were received I/R
surgery with vehicle or aGC, and sacrificed 2 hr after reperfusion to measure infarct size (I/R+vehicle,
n=7; I/R+aGC, n=8). Furthermore, to confirm the effect of aGC-induced reduction of infarct size on
long-term LV function and remodeling, echocardiography and hemodynamic measurement were
performed at 28 days after reperfusion (I/R+vehicle, n=8; I/R+aGC, n=8).

To confirm whether the effect of aGC on infarct size in I/R was due to the activation of iNKT cells,
Ja18” mice were received I/R surgery with vehicle or aGC and sacrificed 24 hr after reperfusion to
measure infarct size (n=5 for each group).

Furthermore, to examine the role of various cytokines in the effects of aGC on myocardial I/R
injury, rat anti-IL-10 receptor monoclonal antibody (200ug/mouse, i.p., BD Pharmingen, San Diego,
CA), rat anti-IL-4 monoclonal antibody (250pug/mouse, i.p., R&D System, Inc.), or rat anti-IFN-y
monoclonal antibody (150pg/mouse, i.p., R&D System, Inc.) was administered 90 min before I/R
surgery and infarct size was measured 24 hr after reperfusion. The doses of these antibodies were
chosen based on the previous study of their efficacy [18, 20, 21]. We also confirmed that the changes
of serum IL-4 or IFN-y levels were completely inhibited by identical antibodies. Rat IgG1k was used
as control. aGC was administered 30 min before reperfusion (I/R+aGC+rat IgG1k, n=8;
I/R+aGC+anti-IL-10R, n=8; I/R+aGC+anti-IL-4, n=7; [/R+aGC+anti-IFN-y, n=9).

Finally, to examine the role of IFN-y on myocardial I/R injury, rat anti-IFN-y monoclonal antibody
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(150pg/mouse, i.p., R&D System, Inc.) or [gG 1k was administered 90 min before I/R surgery and

infarct size was measured 24 hr after reperfusion (n=6 for each).

2.3 Statistical Analysis

Data are expressed as means+SE. The Student t test was performed for comparison between 2

independent groups. For multiple-group comparisons, one-way ANOVA followed by the Dunnett’s

test or the Tukey’s test was performed. A value of P<0.05 was considered statistically significant.

The authors had full access to and take full responsibility for the integrity of the data. All authors

had read and agree to the manuscript as written.
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3. Results

Experiment 1: Effects of aGC on iNKT Cell and Cytokine Expression in the Normal Mice

3.1 Proportion of iNKT Cells after aGC Administration

After aGC administration, splenic iNKT cells disappeared at 24 hr and were increased at 72 hr

(Supplemental Figure 1, upper panel) in consistency with the previous report [19]. The number of

cardiac iNKT cells itself was lower than that of splenic iNKT cells. However, they were increased 72

hr after aGC administration in parallel to splenic iNKT cells (Supplemental Figure 1, lower panel).

Similar results were observed in 3 independent experiments.

3.2 Serum Levels and Myocardial Gene Expression of Cytokines after aGC Administration

After the administration of aGC, serum IL-10 and IL-4 levels were rapidly increased and peaked at

1 hr and 3 hr respectively, and serum IFN-y levels were increased later and peaked at 12 hr

(Supplemental Figure 2A), which was consistent with the previous reports [22, 23]. Gene expression

of IL-10, IL-4, and IFN-y in the LV was increased within 24 hr and peaked at later phase than serum

levels (Supplemental Figure 2B).

3.3 Specificity of aGC for iNKT cells

aGC did not increase serum levels and myocardial gene expression of IL-10, IL-4, and IFN-y in
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Ja18" mice (Figure 1).

Experiment 2: Effects of aGC on Myocardial I/R Injury

3.4 Body weight and hemodynamics
There was no difference in body weight among all groups. Systolic blood pressure was
significantly lower in I/R mice compared to sham mice, however, which was not affected by aGC.

Diastolic blood pressure and heart rate did not differ among 4 groups.

3.5 iNKT cells

Representative flow cytometric analyses from 4 groups of mice are shown in Figure 2A. The
proportion of iNKT cells 72 hr after reperfusion was increased up to 2.7-fold in I/R+vehicle compared
to Sham+vehicle. aGC significantly increased these proportion of iNKT cells both in sham up to
17.5-fold (P=0.042) and I/R mice up to 10.3-fold (P=0.004) (Figure 2B). Similar results were

observed in 3 independent experiments.

3.6 I/R Injury and LV function
The administration of aGC into I/R mice decreased infarct size. IS/AAR was significantly smaller

in I[/R+aGC than in I/R+vehicle (37.842.7% vs 47.1+£2.5%, P=0.018) without significant changes in
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AAR/LV (58.5£2.3% vs 58.9+£2.7%, P=NS) at 24 hr after reperfusion (Figure 3A). In consistent with
these results, serum level of troponin-I was also lower in I/R+aGC than in I/R+vehicle (5.8+0.8
ng/mL vs 8.7+0.7ng/mL, P=0.016, Figure 3B). At 2 hr after reperfusion, IS/AAR was also smaller in
I/R+aGC than in I/R+vehicle (20.7+1.8% vs 29.9+2.8%, P=0.014) without significant changes in
AAR/LV (Supplemental Figure 3). To examine whether the reduction in infarct size by aGC was
due to the activation of iNKT cells, Jo.18" mice were used. There were no differences in IS/AAR
between Jal8”+I/R+aGC and Jal8+I/R+vehicle (34.9+4.7% vs 35.6+4.1%, P=NS) and in AAR/LV
between groups (51.3+£6.4% vs 59.0+2.4%, P=NS) at 24 hr after reperfusion (Supplemental Figure
4).

Echocardiography and hemodynamic data at 28 days after reperfusion were shown in Table 1. LV
end-diastolic dimension did not differ between 2 groups, whereas LV end-systolic dimension was
significantly decreased in I/R+aGC compared to I/R+vehicle, which resulted in greater fractional
shortening in I[/R+aGC. Furthermore, anterior wall thickness including infarct region was preserved in
I/R+aGC. There were no differences in HR, BP, and LV +dP/dt between groups. LV end-diastolic

pressure was decreased in I/R+aGC.

3.7 Inflammatory Cell Infiltration
Immunohistochemical analysis revealed that the number of MPO (as a marker of neutrophil)- and

CD3 (as a marker of T lymphocyte)-positive cells and the ratio of MAC3 (as a marker of
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macrophage)-positive area in the ischemic myocardium were increased in I/R+vehicle compared to

Sham+vehicle. Administration of aGC into I/R mice significantly ameliorated the infiltration of

MPO- and CD3-positive cells in I/R mice. In contrast, there were no significant differences in

MAC3-positive area between I[/R+vehicle and I/R+aGC (Figure 4A, B).

Flow cytometric analysis also showed that CD45" cells (leukocytes), CD45 Ly6G" cells

(neutrophils), and Ly6Chigh monocytes in the ischemic heart were decreased in [/R+aGG compared

to I/R+vehicle (Supplemental Figure 5). In contrast, CD45'CD68" cells excluding monocytes

(macrophages) were comparable between groups (Supplemental Figure 5).

3.8 TUNEL Staining and Caspase-3 Protein

There were rare TUNEL-positive nuclei both in Sham+vehicle and Sham+aGC mice. There were

some cardiomyocytes with TUNEL-positive nuclei in I/R+vehicle and I/R+aGC (Figure SA). The

number of TUNEL-positive cardiomyocytes in the ischemic LV was increased in I/R+vehicle

compared to Sham+vehicle. It was significantly decreased in I/R+aGC compared to I/R+vehicle

(Figure 5B). Full length caspase-3 protein levels were significantly increased in the ischemic

myocardium from I/R+vehicle compared to Sham+vehicle, which was consistent with previous papers

[24, 25], and this increase was also inhibited in I/R+aGC (Figure 5C).

3.9 Serum and Myocardial Cytokines, and Chemokines
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Very small amounts of serum IL-10 and IFN-y levels were detected and IL.-4 was not detected in

either Sham+vehicle or I/R+vehicle mice. In contrast, aGC extremely increased these cytokine levels

in both sham and I/R mice (Figure 6A). At 24 hr after reperfusion, gene expression of IL-10, IL-4,

and IFN-y in the ischemic myocardium tended to be increased in I/R+vehicle compared to

Sham+vehicle, and they were significantly increased in I/R+aGC compared to I/R+vehicle (Figure

6B). These gene expressions were also measured at 72 hr after reperfusion in another set of mice.

Gene expression of [L-10 was significantly increased in both I[/R+vehicle and I/R+aGC, and tended to

be increased by aGC in sham and I/R (Supplemental Figure 6A). IL-4 and IFN-y were increased in

I/R+aGC compared to I/R+vehicle (Supplemental Figure 6B, C).

Gene expression of TNF-a, [L-1p, and TGF-B1 was significantly increased in I/R+vehicle

compared to Sham+vehicle. In contrast to IL-10, IL-4, and IFN-y, TNF-a, and IL-1p were lower in

I/R+aGC than I/R+vehicle (Figure 6B). MCP-1, ICAM-1, and VCAM-1 were increased in

I/R+vehicle (Supplemental Figure 7). MCP-1 was decreased in [/R+aGC compared to I/R+vehicle

(Supplemental Figure 7), which could inhibit infiltration of inflammatory cells (Figure 4 and

Supplemental Figure 5). In contrast, there was no difference in ICAM-1, and VCAM-1 was rather

increased in I/R+aGC compared to I/R+vehicle (Supplemental Figure 7).

3.10 Effects of Neutralization of IL-10, IL-4, and IFN-y on aGC-Treated I/R Mice.

Representative pictures showed that the administration of anti-IL-10 receptor monoclonal antibody
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into I/R+aGC mice increased infarct size compared to I/R+aGC+rat IgG1k. In contrast, the

administration of anti-IL-4 and anti-IFN-y did not affect it (Figure 7, upper panels). IS/AAR was

significantly greater in [/R+aGC+anti-IL-10R than I[/R+aGC+rat [gGlk (53.1£5.2% vs 37.4£3.5%,

P=0.046) with no significant changes in AAR/LV (54.34£2.0% vs 54.7+£2.9%, P=NS) (Figure 7, lower

panel).

3.11 Effects of Neutralization of IFN-y on I/R mice

Representative pictures showed that the administration of anti-IFN-y monoclonal antibody into I/R

mice decreased infarct size compared to I/R+rat IgG1x (Supplemental Figure 8, upper panels).

IS/AAR was significantly smaller in I/R+ anti-IFN-y than I/R+rat IgG1x (38.04£3.7% vs 49.7+£1.9%,

P=0.020) with no significant changes in AAR/LV (56.44+4.1% vs 57.8+1.5%, P=NS) (Supplemental

Figure 8, lower panel).
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4. Discussion

The present study demonstrated that the activation of iNKT cells by aGC ameliorated myocardial

I/R injury, accompanied by the decreases in inflammatory cell infiltration, apoptosis, and

pro-inflammatory cytokines. Furthermore, the neutralization of aGC-induced increase in expression

of IL-10 by receptor antibody abolished the protective effects of aGC on I/R injury. This is the first

report to provide direct evidence for the protective effects of iNKT cell activation by aGC on

myocardial I/R injury.

4.1 Activation of iNKT Cells by aGC in the Heart

0aGC has been well known to activate iNKT cells, and they rapidly produce various cytokines such

as IL-10, IL-4, and IFN-y [26]. In parallel to these changes, iNKT cell-surface receptors, including

TCR and NK1.1, become donwregulated, which render iNKT cells invisible by flow-cytometric

detection [19, 27]. The downregulation of TCR remains until at least 24 hr. Then, iNKT cells rapidly

proliferate and increase to the peak level 72 hr after aGC administration. The activation of iNKT cells

by aGC has been observed in various organs, such as spleen, liver, lung, and kidney [18, 19, 27-29].

We previously demonstrated that the proportion of iNKT cells was increased within the heart 7 day

after aGC administration [17]. In the present study, we confirmed that aGC increased cardiac iNKT

cells in parallel to splenic iINKT cells (Supplemental Figure 1) and rapidly enhanced the expression
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of cytokine genes within the heart (Supplemental Figure 2B), however, aGC had no effect in iINKT
cell-deficient (Ja18™) mice (Figure 1). Therefore, these findings indicate that aGC can specifically

activate iNKT cells, which results in the production of cytokines in the heart.

4.2 Myocardial I/R Injury and Cytokines

It is well known that various cytokines are involved in myocardial I/R injury [30, 31]. These
cytokines are produced by several types of cells, such as neutrophils, lymphocytes, macrophages, and
endothelial cells, and play an important role in the pathogenesis of myocardial I/R injury. Endogenous
TNF-a and IL-1 play as a mediator of inflammatory reactions, whereas, IL-10 and TGF-f3 have
cardioprotective effects on myocardial I/R injury. Previous studies demonstrated that the blocking of
pro-inflammatory cytokines or the administration of cardioprotective cytokines reduced infarct size
[32-37]. On the other hand, the increases in IL-4 and IFN-y are characteristic of the activation of
iINKT cells [9]. IFN-y has been reported to promote myocardial I/R injury [5], and the effect of IL-4
on myocardial I/R injury has not been elucidated. In the present study, aGC administration decreased
infarct size (Figure 3) and infiltrating inflammatory cells (Figure 4 and Supplemental Figure S) in
association with the decrease in the expressions of pro-inflammatory cytokines, TNF-a and IL-1
(Figure 6B). Simultaneously, serum levels and gene expression of IL-10, IL-4, and IFN-y were
increased after aGC administration (Figure 6A, B).

To determine the role of these cytokines in aGC-induced amelioration of myocardial I/R injury, we
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neutralized IL-10, IL-4, and IFN-y on aGC-treated I/R mice. Anti-IL-10R monoclonal antibody

canceled the protective effects of aGC in I/R mice, but not anti-IL-4 and IFN-y monoclonal antibody

(Figure 7), indicating that IL-10 was involved in the protective effects of aGC in myocardial I/R

injury. Yang et al reported that INF-y had deleterious effects on myocardial I/R injury [5]. We also

showed that a single treatment with anti-IFN-y monoclonal antibody reduced infarct size after I/R

injury without aGC (Supplemental Figure 8). In our results, the reduction in infarct size by aGC was

the same as that by anti-IFN-y monoclonal antibody, and there was no additional reduction in infarct

size by aGC and anti-IFN-y monoclonal antibody. These results suggested that IL-10-dependent

beneficial effects of aGC may be due to the inhibition of INF-y-dependent deleterious effects on

myocardial I/R injury. Indeed, it has been reported that IL-10 inhibits the expression of IFN-y-induced

genes [38].

We showed that infarct size was smaller in [/R+aGC than I/R+vehicle also at 2 hr after reperfusion

(Supplemental Figure 3). Serum IL-10 was rapidly increased and peaked at 1 hr after aGC injection,

in contrast, gene expression of IL-10 in the LV was not increased at early phase after aGC injection

(Supplemental Figure 2). Therefore, the improvement in infarct size by aGC may be due to the

increased serum IL-10, i.e. systemic activation of iNKT cells.

4.3 Protective Effects of IL-10 on Myocardial I/R Injury

IL-10 is well known as a potent anti-inflammatory cytokine [39], and has been shown to play an
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important role in myocardial I/R injury [34]. It has been reported that endogenous IL-10 inhibits the

production of TNF-a and serves to protect the reperfused myocardium through the suppression of

neutrophil recruitment [34]. IL-10 has been reported to suppress the expression of CC chemokine

gene including MCP-1 [40]. Exogenous IL-10 administration ameliorates myocardial I/R injury by

inhibiting adherence of leukocytes to vascular endothelium [35], and by decreasing the production of

pro-inflammatory cytokines through Signal Transducers and Activator of Transcription (STAT)-3

pathway [36]. It has also been shown that remote ischemic preconditioning has protective effects

against myocardial I/R injury by the upregulation of IL-10 in the remote muscle and the release into

circulation [41]. Moreover, IL-10 induces protection against myocardial injury by preventing

apoptosis through the reduced phosphorylation of p38MAPK and the enhanced phosphorylation of

STAT3 [42]. TNF-a and IL-1p promotes apoptosis in cardiac myocytes [43, 44], which is also

inhibited by IL-10. In the present study, we demonstrated that aGC administration ameliorated

myocardial I/R injury (Figure 3) with upregulating serum and myocardial IL-10 (Figure 6). This was

accompanied with the decreases in the infiltration of inflammatory cells into myocardium (Figure 4

and Supplemental Figure 5) and the gene expression of pro-inflammatory cytokines (Figure 6B),

and the reduction in apoptosis after I/R (Figure 5). Our results suggest that the activated iNKT cells

by aGC inhibit inflammatory response and cardiomyocyte apoptosis via the production of IL-10.

We previously demonstrated that administration of aGC into mice 1 day and 4 day after M1

surgery ameliorated LV remodeling without affecting infarct size and these beneficial effects were



JMCC413 R1/Homma et al. Page 23

also mediated by the enhanced expression of IL-10 in the heart [17]. On the other hand, in the present

study, we demonstrated that aGC administration decreased infarct size. The discrepancy in the effects

of aGC on infarct size was possibly due to the differences in experimental model assessing different

pathophysiological processes (more angiogenesis, more fibrosis vs. accentuated inflammation and

apoptosis in the acute setting) and the timing of aGC treatment (1 day after MI surgery vs. 30 min

before reperfusion). The administration of aGC into MI mice was performed too late to salvage

ischemic myocardium.

4.4 Clinical Implication

The present study demonstrated that aGC administration during the ischemic period before

reperfusion reduced infarct size. These findings suggest that aGC can be a novel agent in patients with

acute MI to reduce I/R injury. In addition, based on our previous study of postinfarct heart failure [17],

aGC administration may attenuate also LV remodeling and reduce mortality after MI. To date, several

clinical trials (Phase I/IT) using activated iNKT cells by aGC have been conducted in patients with

cancer [45-49]. No severe adverse events were observed in these trials.

4.5 Limitations

There are several limitations to be acknowledged in the present study. First, we could not directly

demonstrate the activation of iNKT cells within the heart 24 hr after aGC administration because
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cell-surface receptors were downregulated. We tried double immunohistochemical staining of

anti-TCR and anti-NK 1.1 accoring to the newly published paper [50]. Furthermore, we also

performed in situ hybridization using digoxigenin-labeled DNA probes for mouse Va14Jal8.

Unfortunately, however, we could not detect iNKT cells by these methods in the heart. Further studies

are needed to overcome some technical difficulties of iNKT cell-detection and clarify this important

issue. Alternatively, we demonstrated its activation by showing the increase of cytokine gene

expressions and the similar time course of iNKT cell proportion within the spleen. Second, the source

of IL-10 production after the stimulation of aGC remains to be determined. We tried to isolate iNKT

cells using cell sorter and perform in vitro experiments. Unfortunately, however, we could not isolate

sufficient amount of iNKT cells to perform in vitro experiments. We consider that there still might be

some technical difficulties in in vitro experiments using isolated iNKT cells. Therefore, we could not

directly demonstrate the source of IL-10 production. IL-10 has been shown to be produced by iNKT

cells themselves on exogenous stimulation [51]. However, aGC-activated iNKT cells may stimulate

other immune cells to produce IL-10. IL-10 can be also expressed and secreted from macrophages

activated by iNKT cells. Moreover, in myocardial I/R injury, it has reported that CD5 positive T

lymphocytes are the predominant source of IL-10 in the ischemic and reperfused heart. However,

immunohistochemical analysis and flow cytometric analysis revealed that there was no difference in

the infiltration of macrophage in the ischemic myocardium between from I/R+aGC and I/R+vehicle,

and other inflammatory cells were rather decreased in I/R+aGC compared to I/R+vehicle (Figure 4
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and Supplemental Figure 5). Further investigations are required to elucidate the mechanism of IL-10
production after aGC administration in I/R mice. Third, we observed that iNKT cells were increased
and endogenously activated in ischemic myocardium after I/R, however, the clear evidence on the role
of iNKT cells in I/R injury has not been shown in the present study. We performed I/R injury
experiment using iNKT cells deficient Ja18" mice. Unexpectedly, preliminary results showed that
infarct size after I/R injury tended to be decreased in Ja18” mice compared to C57BL/6J control mice
(IS/AAR in I/R+vehicle group from Figure 3 vs. IS/AAR in Ja18”+I/R+vehicle group from
Supplemental Figure 4). These results suggest that endogenously activated iNKT cells may be
involved in the development of I/R injury, even though endogenous ligand for the activation of iNKT
cells has never been elucidated. Therefore, the discrepancy in these results may be due to the
difference in the methods to activate iNKT cells; endogenous ligand vs. exogenously administrated
aGC. Finally, protein levels of several cytokines could not be detected in the heart by ELISA in the
present study. This may be due to short half-life, and smaller amount of cytokines protein in the heart

than in the serum.

Conclusions
Activated iINKT cells by aGC play a protective role against myocardial I/R injury through the
enhanced expression of IL-10. Therapies designed to activate iNKT cells might be beneficial to

protect the heart from I/R injury.
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Table 1. Echocardiogram and Hemodynamics 28 days after reperfusion

I/R+vehicle I/R+aGC
Echocardiography n=8 n=8
LVEDD, mm 3.7+0.1 3.5+0.1
LVESD, mm 3.0+0.1 2.7+0.1F
FS, % 18.9+0.9 24.0+1.1F
AWT, mm 0.64+0.02 0.71£0.017
PWT, mm 0.80+0.02 0.82+0.02
Hemodynamics n=6 n=7
Heart rate, bpm 45625 449+20
Systolic BP, mmHg 108.2+£6.2 108.1+3.7
Diastolic BP, mmHg 78.81+4.7 76.5+£1.9
LVEDP, mmHg 52=*04 1.9£0.3F
LV +dP/dt, mmHg/s 1063341824 118411284
LV —dP/dt, mmHg/s 73651600 72861105

LVEDD indicates left ventricular end-diastolic diameter; LVESD, left ventricular end-systolic

diameter; FS, fractional shortening; AWT, anterior wall thickness; PWT, posterior wall

thickness; BP, blood pressure; LVEDP, left ventricular end-diastolic pressure. Data are

expressed as means+SE. ¥ P<0.05 vs. I/R+vehicle.
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Figure Legends

Figure 1. Specificity of aGC for iNKT cells

(A) Serum levels of IL-10, IL-4 and IFN-y at 0, 0.5, 1, 3, 6, 12 and 24 hr after aGC intraperitoneal
. . . . -/- . . . . .
injection into Jal8 mice (0.1 pg/g body weight). n=3 for each group. (B) Quantitative analysis of

/-
IL-10, IL-4 and IFN-y mRNA expression in the myocardium after aGC injection into Ja18 mice.

n=3 for each group. Data are expressed as means+SE. * P<(.05 vs. 0 hr. ND, not detected.

Figure 2. The proportion of iNKT cells in the heart from 4 groups of mice

(A) Representative flow cytometric analyses of cardiac mononuclear cell (MNC) suspensions 72 hr
after reperfusion from Sham+vehicle, Sham+aGC, I/R+vehicle and I/R+aGC. Cardiac MNCs from 3
different mice for each group were pooled and analyzed. Circles indicate the population of iNKT cells.
(B) Summary data for the proportion of iNKT cells. n=3 for each group. Data are expressed as

means+SE. * P<(.05 vs. Sham+vehicle. ¥ P<0.05 vs. I/R+vehicle.

Figure 3. Effects of aGC on myocardial I/R injury at 24hr
(A) Representative pictures of Evans Blue and TTC—stained LV sections from I/R+vehicle and
I/R+aGC (upper panels). IS/AAR and AAR/LV 24 hr after reperfusion in I/R+vehicle (n=16) and

I/R+aGC (n=14) mice (lower panel). (B) Serum levels of troponin-I 24 hr after reperfusion in
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Sham+vehicle (n=8), Sham+aGC (n=8), I/R+vehicle (n=16) and I/R+aGC (n=14) mice. Data are

expressed as means+SE. * P<(.05 vs. Sham+vehicle. + P<0.05 vs. I/R+vehicle. ND, not detected.

Figure 4. Effects of aGC on the number of infiltrating inflammatory cells in ischemic

myocardium

(A) Representative photomicrographs of LV sections stained with anti-myeloperoxidase (MPO),

anti-CD3 and anti-MAC3 24 hr after reperfusion. (B) Summary data for the number of MPO-positive

cells and CD3-positive cells and the ratio of MAC3-positive area. n=7-8 for each group. Data are

expressed as means+SE. * P<(.05 vs. Sham+vehicle. + P<0.05 vs. [/R+vehicle. HPF, high power

field.

Figure S. Effects of aGC on apoptosis

(A) Representative photomicrographs of TUNEL-stained LV sections. TUNEL-positive nuclei

(green), myoglobin (red), and DAPI (blue). Arrows indicate TUNEL-positive cells. (B) Summary data

for the number of TUNEL-positive cells. n=7-8 for each group. (C) Representative immunoblotting

analysis and the summary data for caspase-3/GAPDH. n=6 for each group. Data are expressed as

means+SE. * P<0.05 vs. Sham+vehicle. ¥ P<0.05 vs. I[/R+vehicle.

Figure 6. Effects of aGC on serum levels and myocardial gene expression of cytokines
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(A) Serum levels of IL-10, IL-4 and IFN-y 24 hr after reperfusion. (B) Quantitative analysis of mRNA

expression of IL-10, IL-4, IFN-y, TNF-a, IL-1p, and TGF-B1 in ischemic myocardium 24 hr after

reperfusion. n=8 for each group. Data are expressed as means+SE. * P<0.05 vs. Sham+vehicle.

P<0.05 vs. I/R+vehicle. ND, not detected.

Figure 7. Effects of neutralizing antibodies on aGC-induced amelioration of I/R injury

Representative pictures of Evans Blue and TTC—stained LV sections from I[/R+aGC+rat IgGlx,

I/R+aGC+anti-IL-10 receptor mAb (IL-10R), I/R+aGC+anti-IL-4 mAb and I/R+aGC+anti-IFN-y

mAb (upper panels). Summary data for IS/AAR and AAR/LV 24 hr of reperfusion (lower panel).

n=7-9 for each group. Data are expressed as means£SE. * P<0.05 vs I/R+aGC+rat IgG1xk.



Serum IL-10 Serum IL-4 Serum IFN-y
100 - 100 - 100 -
80 = 80 - 80 -
| - .| = .| -
E 60 E 60 E 60
g 40 - o 40 - 2 40 -
20 - 20 -
0 ND ND ND ND ND ND ND 0
e NN i e N PR i
0 05 1 3 6 12 24 0 05 1 3 6 12 24 0 05 1 3 6 12 24
hr hr hr
Cardiac IL-10 mRNA Cardiac IL-4 mRNA Cardiac IFN-y mRNA
10 - 10 - 10 -
_ 8 - _ 8 - _ 8 -
L i L
o . o . o -
2 ® s ° e °
4
2 - © 5. %%
o, M , NONONDNDNONOND - pgy B e WO ol ol e
0 05 1 3 6 12 24 0 05 1 3 6 12 24 0 05 1 3 6 12 24

hr hr hr



o GC loade d CO d tetramer

B,

Sham+vehicle

L

Sham+aGC

2.09%

IR+vehicle
0.23%

N

i e-
TCRE
‘- * T
3.9 4
£ 3
® 25 £
] 24 -
E 1.5 4
— ‘-
0.3 4
———
vehicle aGC wvehicle aGL
Sham 'R




Serumtroponin:l (ngmil)

lIR+vehicle

=228 5323

VR+aGC

vehicle oGC vehicle aoGC
I5/RAR BARILV
10 - ]
s 71
&
4
2
ND ND
1]
vehicle aGC vehicle oGC
Sham I'R



ce llimne

Sham+vehicle

MPO

CD3

MAC3

vehicle oGC wehicle oGC

Sham VR

Sham+aGC I'R+vehicle

vehicle oGC wehicle oGC
Sham iR

% of HPF

1.3

0.3

IR+aGC

vehicle oGC wehicle oGC

Sham 'R



(counts10° nuclei)

TUNEL positive nyocytes

Sham+vehicle

Sham+aGC

IIR+vehicle IR+aGC

=7
—T— —
vehicle oG vehicle aGC
Sham IR

wehicle aGC vehicle oG
Sham I'R




pafml

Ratioto Sham+wehicla

Ratioto Sham+vehicla

&0

20

13

10

13

10

Serum IL-10
#

-

| —|

vehicle oGC vehicle olGC

Sham

'R

IL-10 mRNA

#
T

—

%7

vehicle oGC vehicle oGC

Sham

IR

THF-2 m ENA

L]
vehicle oGC wehicle oGC

Sham

IR

Raticto Sham+wehicle paimL

Ratioto Sham+vehicla

Serum IL-4 =
20 *1

10 T
ND ND

wvehicle oGC  wehicle oGC

Sham I'R

IL-4 mRNA T
o # |

13
10

vehicle oGC  wehicle oGC

Sham IR
IL-1E mRNA
40 #
30
20 oy
!
10

0
vehicle oGC wehicle oGC

Sham 'R

Ratioto Sham+wehicla

Ratioto Sham+vehicle

Serum IFH-y
2. *
1. T
1.0
0. -_

wehicle oGC  wehicle oGC
Sham I'R

[FN-y mRNA .
# |

i

[
vehicle oGC wvehicle oGC

Sham IR

TGF-B1 mRHNA
#

0
vehicle oGC wehicle oGC
Sham 'R




FR+aGC IFR+aGC VR+aGC l/R+aGC

+ratlgGik +anti-IL-10R +anti-IL-4 +anti-IFN-y
70 -
b
Eﬂ -
i 2
m -
T
‘“} -
3& -
Eﬂ' 4
10 -
B I/R+aGC VR+aGC IR+aGC IIR+aGC IVR+aGC VR+aGC IR+aGC IIR+aGC
+rat +anti- +anti- +anti- +rat +anti- +anti- +anti-
lgGik  IL-10R  IL-4  IFH-y lgGik IL-10R  IL4  IFN-y

IS/AAR AARILV



JMCC413 R1/Homma et al. Supplementary Material Page 1

Supplementary Material

Detailed Methods
1. Anesthesia
Mice were anaesthetized with pentobarbital (50 pg/g body weight i.p.) throughout the experiments,

and its adequacy was monitored from the disappearance of the pedal withdrawal reflex.

2. Flow Cytometric Analysis of Cardiac and Splenic Mononuclear Cells

LV tissues were harvested, minced with a fine scissors, placed in 10 mL RPMI-1640
(Sigma-Aldrich, St. Louis, MO) with 5% fetal bovine serum (FBS, Sigma-Aldrich), 1 mg/mL
collagenase type IV (Sigma-Aldrich), and 100 U/mL DNase I (Sigma-Aldrich), shaken at 37°C for 45
min, and then triturated through 70 um nylon mesh and centrifuged. Red blood cells were lysed with
Tris-ammonium chloride for 1 min at room temperature. Cardiac mononuclear cells (MNCs) were
isolated by density-gradient centrifugation with 12 mL of 33% Percoll™ (Sigma-Aldrich), as
previously described [1]. Cardiac MNCs from 3 mice were pooled, and subjected to flow cytometric
analysis.

Spleens were harvested and triturated through 70 pm nylon mesh. After centrifugation, splenic
MNCs were isolated by lysis of red blood cells with Tris-ammonium chloride for 1 min at room

temperature.
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To detect cardiac iNKT cells, below procedures were performed. Cardiac and splenic MNCs were
incubated with 2.4G2 monoclonal antibody to block non-specific binding of primary monoclonal
antibody. After washing, cells were stained with a combination of fluorescein isothiocyanate (FITC)
conjugated anti-mouse TCR-f (BD Pharmingen), allophycocyanin (APC) conjugated anti-mouse
NK1.1 (BD Pharmingen), BD Horizon™ V-450 conjugated anti-mouse CD45 (BD Pharmingen), and
R-phycoerythrin (R-PE) conjugated aGC-loaded murine CD1d tetramer (Prolmmune, Oxford, UK).
Cells were washed and propidium iodide (PI, Sigma-Aldrich) was added to distinguish dead cells.
Stained cells were acquired with FACS Canto II Flow Cytometer (BD Biosciences Immunocytometry
Systems, San Jose, CA) and analyzed with FlowJo ver.7.2.5 (Tommy Digital Biology, Tokyo, Japan).
CD45-positive and Pl-negative cells were gated to identify live leukocytes. Each sample population
was classified for cell size (forward scatter) and complexity (side scatter), then gated on a population
of lymphocytes. In this population, CD1d tetramer TCR-B" cells were identified as iNKT cells.

To measure infiltrating neutrophils and macrophages in the ischemic heart, cardiac MNCs were
stained with PE conjugated anti-mouse Ly-6G (BD Pharmingen) and BD Horizon™ V-450
conjugated anti-mouse CD45. After washing, cells were fixed and permeabilizated by Foxp3 /
Transcription Factor Staining Buffer Set (eBioschience, Inc., San Diego, CA). Cells were washed and
stained with APC conjugated anti-mouse CD68 (BioLegend, Inc., San Diego, CA). CD45" cells were
identified as leukocytes, CD45 Ly6G" cells as neutrophils, and CD45°CD68" cells as

macrophages/monocytes. In CD45"CD68" cells, we gated on monocyte subsets by forward scatter and
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side scatter, and excluded this population to identify macrophages. Reported cell numbers were

calculated as the product of living MNCs and percentage of each population.

To identify Ly6C high macrophages/monocytes, cardiac MNCs were stained with V-450

conjugated anti-mouse CD45, FITC conjugated anti-mouse CD11b, APC conjugated Ly6C, and PE

conjugated anti-mouse Ly6G, CD90.2, B220, and NK1.1 (all antibodies were purchased from BD

Pharmingen). Cells were washed and PI was added to distinguish dead cells. CD45-positive,

Pl-negative, (Ly6G, CD90.2, B220, and NK1.1)-negative, and CD11b positive cells were gated to

identify live macrophages/monocytes. In this population, we gated on monocyte subsets by forward

scatter and side scatter. Ly6C high cells were identified as Ly6C high monocytes.

3. ELISA

Blood samples were allowed to clot for 2 hr at room temperature and then centrifuged for 20 min

at 2000 g. Serum IL-10, IL-4, IFN-y, and troponin-I levels were measured by commercially available

ELISA kit (IL-10, IL-4, and IFN-y, R&D Systems, Inc.; troponin-I, Life Diagnostics, Inc., West

Chester, PA) according to the manufacturer’s instructions. In troponin-I ELISA kit, 100 ml of ¢Tnl

HRP Conjugate and 100 ml of standards or samples were added to each well and incubated for 60 min

at room temperature. After washing each well, 100 ml of TMB Reagent was added to each well and

incubated for 20 min at room temperature. The reaction was stopped by adding 100 ml of Stop

Solution to each well. We read absorbance at 450 nm with a plate reader and calculated the
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corresponding concentration of troponin-I (ng/ml) from the standard curve.

4. qRT-PCR

Total RNA was extracted from myocardium with QuickGene-810 (FujiFilm, Tokyo, Japan)

according to the manufacturer’s instructions. In I/R mice, ischemic myocardium was used. cDNA was

synthesized with the high capacity cDNA reverse transcription kit (Applied Biosystems, Foster City,

CA). TagMan quantitative PCR was performed with the 7300 real-time PCR system (Applied

Biosystems) to amplify samples for IL-10, IL-4, IFN-y, tumor necrosis factor (TNF)-a, IL-1,

transforming growth factor (TGF)-B1, monocyte chemotactic protein-1 (MCP-1), intercellular

adhesion molecule-1 (ICAM-1), and vascular cell adhesion molecule-1 (VCAM-1). These transcripts

were normalized to GAPDH. All primers were purchased from Applied Biosystems.

5. Infarct Size

The mice were euthanized 24 hr after reperfusion. Trachea incubation was performed and

mechanical ventilation was established. A left thoracotomy was performed and the left coronary

artery was reoccluded at the same level with an 8-0 suture and 4% Evans Blue (Wako, Osaka, Japan)

was injected via inferior vena cava to determine area at risk (AAR). The hearts were immediately

excised and rinsed in ice-cold PBS. The hearts were cut into 5 transverse slices and incubated in 1.5%

2,3,5-triphenyltetrazolium chloride (TTC, Wako) for 15 min at 37°C to determine infarct size (IS).
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Heart slices were digitally photographed under a microscope. IS, AAR, and total LV area were

measured with ImagelJ software (version 1.44).

6. Immunohistochemical Analysis of Inflammatory Cells

The hearts were harvested 24 hr after reperfusion and immediately fixed in 4% paraformaldehyde

in PBS (pH 7.4) for paraffin embedding. Paraffin-embedded sections were pretreated with

heat-induced epitope retrieval. These sections were stained for neutrophils (rabbit anti-human

myeloperoxidase (MPO), 1:1000, DakoCytomation, Glostrup, Denmark), T lymphocytes (rabbit

anti-human CD3, 1:100, DakoCytomation), and macrophages (rat anti-mouse MAC3, 1:20, BD

Phamingen). The avidin-biotin peroxidase method was used for immunohistochemistry. The reaction

was visualized with a 3-3'-diaminobenzidine (DAB) Substrate-Chromogen. All sections were

counterstained with Mayer's haematoxylin. In 5 fields for each heart, the number of MPO- and

CD3-positive cells was counted and the ratio of MAC3-positive area was measured with Imagel

software.

7. TUNEL Staining

Paraffin-embedded sections were pretreated with Proteinase K (400 pg/mL, 15 min, Takara Bio

Inc., Otsu, Japan). Then, TUNEL staining was performed by in situ apoptosis detection kit (Takara

Bio Inc.) according to the manufacturer’s instructions. These sections were stained with rabbit
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anti-human myoglobin (1:1000, DakoCytomation, Glostrup, Denmark) and the reaction was
visualized with Alexa Fluor” 555-conjugated goat anti-rabbit IgG (Molecular Probes, Inc., Glostrup,
Denmark). These sections were mounted with ProLong® Gold antifade reagent with DAPI (Molecular

Probes, Inc.).

8. Caspase-3 Protein

LV tissues (20 mg) were homogenized on ice in cell lysis buffer (Cell Signaling Technology,
Beverly, MA) supplemented with Complete Protease Inhibitor Cocktail (Roche, Basel, Switzerland).
The homogenized solution was sonicated (5 sec) and shaken for 30 min at 4°C. After centrifugation at
15000 g for 20 min at 4°C, the supernatants were collected. The protein concentration was quantified
by the BCA Protein Assay (Pierce, Rockford, IL). Twenty micrograms of proteins were then
electrophoretically separated on 10% SDS-PAGE in the Western running buffer (70 mM Tris, 192
mM glycine, 0.1% w/v SDS, and 20% v/v methanol, pH 8.3), transferred onto polyvinylidene
difluoride (PVDF) membranes, and blocked with 3% nonfat dry milk. The membrane was then
incubated with antibody against caspase-3 (1:1000, Cell Signaling Technology) for overnight at 4°C.
Horseradish peroxidase-conjugated secondary antibodies were used for the secondary detection
(1:1000, Santa Cruz Biotechnology, California, CA). The bands were revealed by the enhanced
chemiluminescence (ECL) Western blotting detection reagents (Amersham Pharmacia Biotech, Bucks,

UK).
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Quantification of protein levels was performed with Image J. Equal loading of protein was verified

by immunoblotting with GAPDH (Cell Signaling, Technology).

9. Echocardiographic and Hemodynamic Measurements

Echocardiographic and hemodynamic measurements were performed under light anesthesia with

tribromoethanol/amylene hydrate (avertin; 2.5% wt/vol, 8 uL/g ip) with known short duration of

action and modest cardiodepressive effects. A two-dimensional parasternal short-axis view was

obtained at the levels of the papillary muscles. Two-dimensional targeted M-mode tracings were

recorded at a paper speed of 50mm/s. A 1.4-Fr micromanometer-tipped catheter (Millar Instruments,

Houston, Tex) was inserted into the right carotid artery and then advanced into the LV to measure LV

pressures.
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Supplemental Figure 1. Effects of aGC on splenic and cardiac iNKT cell proportion

Representative flow cytometric analyses of splenic and cardiac MNC suspensions 0, 24 and 72 hr

after reperfusion aGC injection into normal mice. Cardiac MNCs from 3 different mice for each

group were pooled and analysed. Circles indicate the population of iNKT cells.
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Supplemental Figure 2. Effects of aGC on serum levels and myocardial gene expression of

cytokines in the normal mice

(A) Serum levels of IL-10, IL-4 and IFN-y0, 0.5, 1, 3, 6, 12 and 24 hr after aGC intraperitoneal

injection into the normal mice (0.1 pg/g body weight). n=6 for each group. (B) Quantitative analysis

of IL-10, IL-4 and IFN-y mRNA expression in the myocardium after aGC injection. n=6 for each

group. Data are expressed as means=SE. * P<0.05 vs. 0 hr. ND, not detected.
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Supplemental Figure 3. Effects of aGC on myocardial I/R injury at 2 hr
Representative pictures of Evans Blue and TTC-stained LV sections 2 hr after reperfusion from

I/R+vehicle and I/R+aGC (upper panels). IS/AAR and AAR/LV 2 hr after reperfusion in I[/R+vehicle
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(n=7) and I/R+aGC (n=8) mice (lower panel). Data are expressed as means£SE. T P<0.05 vs.

I/R+vehicle.
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Supplemental Figure 4. Effects of aGC on myocardial I/R injury in Jo18” mice
Representative pictures of Evans Blue and TTC-stained LV sections from Jo18”+I/R+vehicle and
Ja18+I/R+aGC (upper panels). IS/AAR and AAR/LV 24 hr after reperfusion in Jo18”+I/R+vehicle

(n=5) and Ja18"+I/R+aGC (n=5) mice (lower panel). Data are expressed as means=SE.
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Supplemental Figure 5. Effects of aGC on the infiltrating inflammatory cells in ischemic

myocardium

Summary data of flow cytometric analyses of cardiac MNCs suspensions 24 hr after reperfusion from

I/R+vehicle and I/R+aGC. Cardiac MNCs from 3 different mice for each group were pooled and

analyzed. N=4 for each group. Data are expressed as means+SE. { P<0.05 vs. I/R+vehicle.
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Supplemental Figure 6. Effects of aGC on myocardium gene expression of cytokines at 72 hr

after reperfusion

Quantitative analysis of mRNA expression of IL-10, IL-4, and IFN-y in ischemic myocardium 72 hr

after reperfusion. n=7-8 for each group. Data are expressed as means=SE. * P<(.05 vs. Sham+vehicle.

1 P<0.05 vs. I/R+vehicle.
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Supplemental Figure 7. Effects of aGC on myocardium gene expression of chemokines

Quantitative analysis of mRNA expression of MCP-1, ICAM-1, and VCAM-1 in ischemic

myocardium 24 hr after reperfusion. n=8 for each group. Data are expressed as means+SE. * P<(0.05

vs. Sham+vehicle. T P<0.05 vs. I/R+vehicle.
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Supplemental Figure 8. Effects of anti-IFN-y monoclonal antibody on myocardial I/R injury at

24 hr

Representative pictures of Evans Blue and TTC-stained LV sections 24 hr after reperfusion from

I/R+rat IgG1k and I/R+anti-IFN-y mAb (upper panels). IS/AAR and AAR/LV 24 hr after reperfusion
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in I/R+rat [gG 1k (n=6) and I/R+anti-IFN-y mAb (n=6) mice (lower panel). Data are expressed as

means£SE. T P<0.05 vs. I/R+ rat [gGlx.



JMCC413 R1/Homma et al. Supplementary Material Page 18

Supplemental References

[1] Nakai Y, Iwabuchi K, Fujii S, Ishimori N, Dashtsoodol N, Watano K, et al. Natural killer

T cells accelerate atherogenesis in mice. Blood. 2004;104:2051-9.



	JMCC7413 R1 Ms final
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	JMCC7413 R1 Supplementary Material

