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significant difference in CFR change after carvedilol
therapy between patients with significant improvement
in follow-up LVEF and those without it. The absence of a
significant restoration in CFR after short-term therapy
may imply a poor chance of improvement in LV
function. On the other hand, a larger change in CFR may
indicate a higher chance of it. Therefore, one possible
clinical implication of this study is that alteration of CFR
after short-term of +blocker therapy is helpful to predict
the response to therapy or the further improvement in
LV function during therapy.

Studly limitations

The study population was relatively small because
of our strict screening criteria to exclude the many
factors that might influence coronary flow and because
of the strict management of patients during follow-up. It
may be more of a logical study design if we divide the
study groups based on improvement in CFR rather than
that in LVEF. However, we could not determine an
adequate cutoff value of CFR change for the prediction
of a significant improvement in LVEF because of the
small study population. A larger prospective study is
needed to show the practical use of CFR for the
prediction of recovery of LVEF after carvedilol therapy.
Finally, in this study, the dosage of carvedilol used was
relatively lower than that used in Western countries.
However, the difference in the effective dose between
patients in Japan and Western countries has been
reported.® The recommended dose of carvedilol shown
by the Multicenter Carvedilol Heart Failure Dose
Assessment (MUCHA) trial® in Japan was 5 to 20 mg/d,
whereas that shown by the US Multicenter Oral
Carvedilol Heart Failure Assessment (MOCHA) trial' was
12,5 to 50 mg/d. Therefore, the difference in the
effective dose between patients in Japan and Western
countries should be considered.

In conclusion, this study demonstrates that improve-
ment in CFR after short-term administration of carvedilol
relates to that in LV systolic function at follow-up in
patients with IDC. The present observations suggest the
potential predictive value of early improvement in
coronary circulation for late recovery of LV function
during #-blocker therapy in patients with IDC.
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Higher Serum Tenascin-C Levels Reflect the Severity of Heart
Failure, Left Ventricular Dysfunction and Remodeling
in Patients With Dilated Cardiomyopathy

Fumio Terasaki, MD; Hiroshi Okamoto, MD*; Katsuya Onishi, MD**; Akira Sato, MD';
Hiroaki Shimomura, MD; Bin Tsukada, MD; Kyoko Imanaka-Yoshida, MD'";
Michiaki Hiroe, MD*; Toshimichi Yoshida, MD™*; Yasushi Kitaura, MD;

Akira Kitabatake, MD* and Study Group for Intractable Diseases by a Grant from
the Ministry of Health, Labor and Welfare of Japan

Background Tenascin-C (TN-C), an extracellular matrix glycoprotein, is specifically expressed at high levels
during embryonic development, but not in the adult heart, TN-C reappears at sites of inflammatory tissue remod-
eling or wound healing under various pathologic conditions, such as acute myocardial infarction, acute myo-
carditis, and some cases of cardiomyopathy. Therefore, the expression of TN-C might be useful for detecting the
clinical charactenstics of, and ventricular remodeling in, dilated cardiomyopathy (DCM).

Methods and Results Circulating serum TN-C levels in 107 patients with DCM were measured using an
ELISA kit. Clinical data were also assessed by Pearson’s or Spearman’s correlation analysis to estimate correla-
tions between variables. Serum TN-C levels in DCM patients were higher than those in normal controls
(p<0.001). TNC levels showed a significantly positive correlation with New York Heart Association functional
class (p<0.001), B-type natriuretic peptide level (p<0.001), cardiothoracic ratio on chest X-ray (p<0.01), left
ventricular end-diastolic diameter (p<0.05) and left ventricular end-systolic diameter (p<0.01). and a significant-
ly negative correlation with left ventricular ejection fraction (p<0.01).

Conclusions The findings suggest that increased serum TN-C levels indicate the severity of hean failure, left

ventricular dysfunction and remodeling in patients with DCM.  (Cire J 2007; 71z 327-330)
Key Words: Dilated cardiomyopathy; Heart failure; Tenascin-C; Ventricular remodeling

of heterogeneous myocardial disorders that are

charactenized by ventricular dilation and depressed
myocardial contractility in the absence of abnormal loading
conditions or ischemic heart disease!? The prognosis of
DCM has improved since angiotensin-converting enzyme
inhibitors, angiotensin-receptor blockers and f-blockers
have been widely used as treatment; however, despite cur-
rent optimal medical management, heart failure remains a
progressive disease with significant morbidity and mortali-
ty. Eventually, some cases need cardiac resynchronization
or surgical interventions such as heart transplantation or left
ventriculoplasty? Therefore, risk stratification in patients
with DCM is receiving increasing interest, and is crucial
for selection of the best treatment strategy. In particular,
the diagnostic and prognostic value of B-type natriuretic

D ilated cardiomyopathy (DCM) refers to a spectrum
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peptide (BNP) and N-terminal pro-BNP have been estab-
lished in heart failure patients*-*

Tenascin-C (TN-C), an extracellular matrix glycopro-
tein?-19 plays important roles in the development of the
myocardium, heart valves and coronary vessels in carly-
stage embryos but is not detected in adults!! However, it is
re-expressed under pathological conditions such as acute
myocardial infarction (AMI)!?!3 myocardial hibernation!*
myocardial injury!® and active myocarditis!®-'® which are
closely associated with tissue injury and inflammation.
Furthermore, while TN-C molecules are deposited in the
local extracellular spaces, soluble forms are also released
into the blood stream. For example, serum TN-C levels are
significantly elevated during the acute stage after AMI, and
therefore may act as a novel inflammatory marker of left
ventricular (LV) remodeling and the prognosis after AM1

We hypothesized that the TN-C levels might be useful
for evaluating LV remodeling in DCM, so we measured the
serum concentrations in patients with DCM, with reference
to clinical characteristics and cardiac function.

Methods

Study population

A total of 107 patients (82 men, 25 women; mean age
61+14 years) with DCM, and 20 normal volunteers (14
men, 6 women; mean age 4915 years) were enrolled.
Patients with DCM were admitted or followed up at Osaka
Medical College Hospital, Hokkaido University Hospital,



3 TERASAKI F et al.
Table 1 Clinical Characteristics of Patients With Dilated Mie University Hospital, and Yokosuka Kyosai Hospital,
Cardiompopathy (ne197) Japan, between January 2001 and March 2005. The clinical
Aie (wars) 61414 diagnosis of DCM was made according to the World
Men 82(77%) Health Orgamization/International Society and Federation
New York Heart Association functional class of Cardiology task force! and the clinical characteristics are
I 16 (15%) shown in Table 1. Written informed consent was given by
g} ;ff:;‘*‘ all patients and volunteers, and the study protocol was
N 3 (1iny approved by the institutional review board.
Medication
Angiotensin-comverting enzyme inhibitors 61 (57%) Clinical ’llfﬂmlﬂﬂ:ﬂﬂ
Angiotensin Il receptor antagonists M (32%) Age, gender, systolic and diastolic blood pressures
g:l:-m;n channel antagonists I?l”‘h (mmHg), heart rate (beats/min) and New York Heart
oty 67 {63%) Association (NYHA) functional class were evaluated as
tics 75(70%) SR 3 3 3 e
Digiwtis H41%) essential information. Cardiothoracic ratio (CTR) was
Svstolic blood pressure (mmHg ) 1621 examined on chest X-ray. LV end-diastolic diameter
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analysis, Serum levels of TN-C with the large subunit con-
taining the C domain of FNIII repeats were determined using
an ELISA kit with 2 monoclonal antibodies, 4F10TT and
19C4MS (IBL., Gunma, Japan), as previously described™

Biochemical Analysis

Plasma BNP concentrations were measured using a spe-
cific immunoradiometric commercial assay kit (Shionogi,
Japan). Serum C-reactive protein (CRP) concentrations
were measured by latex agglutination immunophotometric
assay.

Statistical Analysis

Data are expressed as means=SD for continuous varia-
bles, and as numbers (percentages) for categorical varia-
bles. Continuous variables were analyzed by the unpaired
Student’s t-test. Pearson's or Spearman’s correlation analysis
was performed to estimate correlations between variables. A
p-value <0.05 was considered statistically significant.

Results

Serum TN-C levels were significantly higher in patients
with DCM than in normal volunteers (73.3+35.1 vs 30.9+
8.8ng/ml, p<0.001). Serum TN-C levels increased accord-
ing to NYHA functional class (r=0.51, p=0.0001). Further-
more, the levels were negatively correlated with LVEF
(r=0.27, p=0.006), and positively correlated with LVDd
(r=0.20, p=0.04), LVDs (r=0.27, p=0.005), CTR (r=0.32,
p=0.002) and plasma BNP level (r=0.44, p=0.0001) (Fig 1).
However, serum CRP levels did not correlate with CTR,
NYHA functional class, LVEF, LVDd, and LVDs on echo-
cardiography, plasma BNP levels, and serum TNC levels.

Discussion

In the present study, serum TN-C levels were signifi-
cantly higher in 107 patients with DCM than in 20 normal
volunteers, Among the DCM patients, serum TN-C levels
showed significant positive correlation with NYHA func-
tional class, CTR, LVDd, LVDs and plasma BNP levels,
and negative correlation with LVEF, indicating that the
level reflects the severity of heart failure, LV dysfunction
and remodeling. Our multicenter study with a larger DCM
population has confirmed previous preliminary results ob-
tained from 31 cases of DCM?! and further showed a clear
association between higher TN-C levels and LV remodel-
ing, as well as LV dysfunction.

Several lines of evidence suggest that inflammation
plays a pathogenic role in the development and progression
of congestive heart failure, influencing cardiac contractility
and myocardial remodeling?-2* In fact, pro-inflammatory
cytokines, such as tumor necrosis factor (TNF)-a and inter-
leukin (IL)-6, are known to be upregulated in the myocar-
dium and blood stream of DCM patients, and their high
expression levels correlate to progression of refractory
heart failure leading to morbidity and mortality*26 It is
postulated that these cytokines expressed in the failed
myocardium may lead to the necrosis/apoptosis and hyper-
trophy of cardiomyocytes, and alter the nature of the sup-
porting connective tissue by activating matrix metallopro-
teinases.

As previously reported, TN-C is specifically expressed
in the myocardial inflammatory lesions of myocarditis!6-18
and AMI!2!* Furthermore, serum TN-C levels are elevated
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in AMI patients, reflecting local expression of TN-C in the
infarcted myocardium!? Therefore, increased serum TN-C
levels in DCM patients suggest the involvement of inflam-
mation in the myocardium. Supporting this possibility, we
have recently found that most of the myocardium in DCM
patients shows varying degrees of inflammation, and that
expression of TN-C is enhanced in the areas of active in-
flammation with local tissue remodeling (unpublished data).
Furthermore, after AMI, patients with high serum levels of
TN-C are at higher risk of major adverse cardiac events,
which suggests that l}ﬂlc,;:r:ssim level of TN-C reflects re-
modeling activity!? ore, TN-C expression might also
reflect long-term cardiac function and prognosis in DCM pa-
tients. In this study. serum CRP levels were not associated
with the parameters of LV size, function or serum TN-C
levels (p=0.0942), which suggests that circulating CRP
levels may not reflect the severity of heart failure, LV re-
modeling or myocardial inflammation in patients with DCM.

The origin of the elevated level of circulating TN-C in
DCM is a matter of interest. It has been reported that
expression of TN-C is observed in endomyocardial biopsy
specimens of patients with DCMZ” which strongly suggests
that the serum TN-C arises from heant tissue. In the patho-
logical myocardium, results obtained from experimental
animal models, as well as human myocarditis samples, have
identified that the major source of TN-C is interstitial fibro-
blasts!®16.1% Various cytokines, growth factors, hypoxia,
mechanical stress, acidosis, and angiotensin Il, which are
important mediators of myocardial injury and inflammation
during progression of heart failure in DCM, stimulate car-
diac fibroblasts to synthesize TNC in vitro2® In addition,
endothelial cells and vascular smooth muscle cells of
various organs have the potential to synthesize TN-C under
these same stimulations!®2? The elevated levels of circulat-
ing soluble inflammatory mediators in heart failure patients
might also stimulate endothelial cells of, for example. the
liver, or lung, to secrete TN-C into the blood stream.

Study Limitations

Evaluation of the relationship between serum TN-C
levels and the prognosis or adverse cardiac events was not
conducted satisfactorily, in pant because of the relatively
short follow-up period. Further study is warranted to exam-
ine whether circulating TN-C levels reflect morbidity or
mortality in DCM patients. Inflammatory cytokines, such
as TNF-w and [L-6, were not measured in enough patients
in this study, partly because of the limitations of a multi-
center study.

Conclusions

Our present data suggest that increased serum TN-C
levels are associated with the severity of heart failure and
the LV dysfunction and remodeling in patients with DCM.
Further research is needed to discover whether TN-C levels
are a promising biomarker for determining prognosis and
evaluating therapeutic efficacy in patients with DCM.
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Enhanced Expression of Myeloid-Related Protein Complex
(MRP8/14) in Macrophages and Multinucleated
Giant Cells in Granulomas of Patients
With Active Cardiac Sarcoidosis

Fumio Terasaki, MD; Masatoshi Fujita, MD*; Hiroaki Shimomura, MD;
Bin Tsukada, MD; Koji Otsuka, MD; Kaoru Otsuka, MD; Takashi Katashima, MD;
Masaki Tkemoto, PhD*; Yasushi Kitaura, MD

Background The myeloid-related protein complex (MRP8/14) is expressed in activated human macrophages
and reported to be involved in the inflammatory process. The expression of MRP8/14 in patients with cardiac
sarcoidosis and idiopathic dilated cardiomyopathy (DCM) was investigated.

Methods and Results Serum MRP8/14 levels were measured in 35 patients with sarcoidosis and 23 patients
with DCM. Sera from 30 normal volunteers served as controls. Additionally, the expression profiles of MRP&/14
in the myocardium from 12 patients with active cardiac sarcoidosis and 10 DCM patients were examined immu-
nohistochemically. Serum MRP8/14 levels were significantly higher in patients with sarcoidosis than in normal
controls [515£549(SD)ng/ml vs 230=115ng/ml, p=0.0019]. In the sarcoidosis group, serum MRP&/14 levels in
patients with definite cardiac involvement (n=10) were significantly higher than in those without (n=25) (974=
878 ng/ml vs 3324204ng/ml, p=0.0227) and they were also higher than in DCM patients (vs 252+108ng/ml,
p=0.0026). Immunochistochemically, MRP8/14 was specifically positive in the cytoplasm of macrophages and
multinucleated giant cells in the myocardial granulomas.

Conclusions MRP&/14 may be involved in the pathogenesis of sarcoid granulomas. The measurement of serum
MRP8/14 levels is useful for the diagnosis of sarcoidosis, and their higher levels suggest the cardiac involvement,
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(S100A8/AD), consisting of 2 subunits with low

molecular mass (10.8 and 13.2kDa), is a member
of the $100 family and contains 2 calcium-binding sites per
molecule!~* The 2 subunits are expressed in activated
human granulocytes and macrophages in the inflammatory
lesions## MRP8 (S100A8) and MRP14 (SI100A9) are
non-covalently associated to quickly form a heterodimer,
MRP8/14 complex, in a calcium-dependent manner!3.2-11
Translocation of the complexes from the cytosol to mem-
brane is induced under increased intracellular calcium con-
centrations and correlates with the inflammatory action of
granulocytes and macrophages.

The MRP8/14 complex is reported to be present in a
subset of monocytes/macrophages in acute inflammatory
lesions!! Ikemoto et al have recently reported that serum
MRP#8/14 complex levels increase as a result of inflamma-
tion associated with transplant rejection.?

It is assumed that MRP&14 is heavily involved in the
pathogenesis of acute inflammation. To date, however,

T he myeloid-related protein (MRP) complex, MRP8/14
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there have been few reports on the clinical importance of
MRP#/14 as a marker of inflammatory reaction. The pres-
ent study was based on our hypothesis that MRP8/14 could
serve as a useful marker for active inflammation associated
with monocyte/macrophage infiltration.

Sarcoidosis is a systemic disorder of unknown cause that
is characterized by the presence of non-caseating granulo-
mas in multiple organs!?® Cardiac involvement is one of the
major determinants of morbidity and mortality in patients
with sarcoidosis. Thus, ecarly diagnosis and estimation of
disease activity are critically important in the treatment of
cardiac sarcoidosis. However, these are often difficult, par-
ticularly in cases without any definite extra-cardiac organ
involvement!*+'% Actually, it is occasionally experienced
that the correct diagnosis of cardiac sarcoidosis is done by
the histological examination of myocardial specimens after
autopsy or heart surgery!’ Furthermore, in the course of
disease progression, it is sometimes quite difficult to distin-
guish it from idiopathic dilated cardiomyopathy (DCM),

In contrast, activated macrophages (epithelioid cells) are
the main components of sarcoid granulomas that play a
crucial role in the pathogenesis and pathophysiology of
sarcoidosis via various inflammatory cytokine networks!®1?
Thus, MRP8/14 is likely to be involved in the development
of the granulomatous tissue; however, its in situ expression
in the sarcoid heart has not been clarified. Elucidation of the
MRP#&/14 expression would be a great help for the estima-
tion of disease activity in cardiac sarcoidosis.



Table 1 Clinical Characteristics of Patients With DCM and Cardiac Sarcoidosis

TERASAKI F et al

Characteristic ‘”Df_.‘:: ) C"'rd“::f;;?d"m p value
Age (years) 5824145 52.7¢11.9 NS
Men 18(78%) 3 (30%) 0.0069
NYHA funcnional class
T+ 11 (48%) 3(30%) NS
i+ v 12(52%) 7(70%) NS
Medicarion
ACEI/ARB 22 (96%) 4 (40%) 0.0001
Caleium channel antagonists 4{17%) 0(0%) NS
B-blockers 17 (74%) 1{30%) 0.0221
Diuretics 17(74%) 6 (60%) NS
Digitalis 9(39%) 3(30%) NS
Spironolactone 9{39%) 4 (40%) N5
Electrocardiogram
Complete AVB 0 (0%) 4 (40%) 0.0006
VT 3(13%) 3 (30%) NS
Systolic blood pressure (mmHg) 116t13 98+17 0.0041
Diastolic blood pressure (mmHg) 7IL8 63112 NS
Hearr rare (beatx/min) 70£3 82421 002
LV end-diastolic diameter (mm) 62.5£7.8 63.8£12.3 NS
LV end-systolic diameter {mm) 50.1£9.5 531%15.2 NS
LVEF (%) 40.9£14.2 34.6£16.9 NS
Brain natriuretic peptide (pgiml) 2404412 5194400 NS
ACE (ULL) 9.2¢3.6 1o.oLto.? <(.000]
C-reactive profein (mp/dl) 01101 20458 0031

Data are presented as meanst 8Ds or numbers (% ).

DCM, dilated cardiomyoparhy; NYHA, New York Heart Associarion; ACEI, angiotensin-comverting enzyme inhibitors; ARB, angio-
tensin-Il recepror blockers; AVB, arrioventricular block; VT, venrricular tachycardia; LV, lefr ventricular; LVEF, LV ejection fraction;

ACE, angiotensin-converting enzyme.

Therefore, in the present study, we measured the serum
levels of MRP&/14, and examined the expression of MRP
8/14 with special reference to its in situ localization, in the
myocardium from patients with active cardiac sarcoidosis.

Methods

Patients and Materials

Study Population Thiny-five patients with histologi-
cally diagnosed sarcoidosis [ 15 men and 20 women; 53+16
(mean£SD) years] and 23 patients with DCM (18 men and
5 women; 58+15 years) were included in the present serum
MRPS8/14 analysis study. In the sarcoidosis group, there
were 10 patients with definite cardiac involvement (cardiac
sarcoidosis). Sera from 30 normal volunteers served as con-
trols. The clinical characteristics of the DCM and cardiac
sarcoidosis patients are shown in Table 1. Written informed
consent was obtained from all patients and volunteers, and
the study protocol was approved by the institutional review
board

Clinical Informarion  Age, gender, systolic and diastolic
blood pressures (mmHg), heart rate (beats/min) and New
York Heart Association functional class were evaluated as
the essential information. Left ventricular end-diastolic
diameter and end-systolic diameter, lefi ventricular ejection
fraction were measured using standard echocardiography.
The existence of complete atrio-ventricular blocks and
ventricular tachycardia were evaluated using 24-h ambula-
tory electrocardiogram monitoring.

Assay of Serum MRPS8/14 Levels by ELISA Blood
samples were centrifuged at 15,0006 for 15min, and the
resulting supernatants were stored at —=80°C until analysis,
We measured serum MRPR/14 levels using a sandwich
enzyme-linked immunosorbent assay system as previously

described!?

Biochemical Analysis

Plasma brain natriuretic peptide concentrations were
measured using a specific immunoradiometric commercial
assay kit (Shionogi, Osaka. Japan). Serum C-reactive
protein (CRP) concentrations were measured using a latex
agglutination immunophotometric assay. Serum angioten-
sin-converting enzyme (ACE) levels were measured using
the Kasahara method??

Histopathologic and Immunohistochemical Examination
Twelve patients with active cardiac sarcoidosis were in-
cluded in this examination (6 men and 6 women; mean age,
50+10 years). Nine of the 12 patients underwent the left ven-
triculoplasty or mitral valvuloplasty between September
1997 and January 2006 at Shonan Kamakura General
Hospital, Hayama Heart Center or Osaka Medical College
Hospital, Japan, due to the diagnosis of DCM or unclassi-
fied cardiomyopathy. These patients were first diagnosed
with active cardiac sarcoidosis postoperatively following
histological examination of the resected myocardium. The
remaining 3 patients were diagnosed with cardiac sarcoido-
sis during cardiac biopsy or autopsy (Table2). Ten age-
matched patients with DCM who underwent the left ven-
triculoplasty served as controls. Approval was obtained
from the institutional review boards at each hospital, and
all patients undergoing operation gave informed consent for
inclusion in the present study. In 7 cases of left ventriculo-
plasty, a portion of the left ventricular wall was resected. In
2 cases of the mitral valvuloplasty, an open biopsy of the
left ventricular wall was conducted. A portion of each sam-
ple was immediately fixed in buffered formalin. Each speci-
men was embedded in paraffin and sections were stained
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Table 2 Characteristics of Cardiac Sarcoidosis Patients Included in the Histopathologic Study
Duration of
Case A5 Gender Moded  pyy  Ciicaldiagnoss VP4 WEF i disease  History of cardiac imolvement
{years) detection {mm) (%) {vears)
1 60 M LvP 1997.9.1 DCM 83 24 9 MVP (MR) a1 the time of onser
2 63 M LvP 1999.7.6 DCM 85 2 9 PMI (IFAVB) 6 years afrer onser
i 51 F Lve 1999.7.30 Unclassified CM 62 29 & PMI (LIFAVB ) at the time of onset
4 59 F LV# 1999.10.12 DCM 68 18 5 PMI (IIPAVB) | year after onset
5 51 F Lve 2001.10.2 oDeM 68 5 10 LV aneurysm at the time of onset
6 ] M LVP 2001126 DeCM 73 & 0.2 -
7 45 M Lvp 2006.1.18 DCM 81 1" 7 PMI (IIPAVB) at the time of onset
8 49 F MyP 2002.7.29  Unclassified CM 66 4 0.3 (-)
9 55 M MVP 2004.4.28 bcM 69 26 1.5 VT at the time of onset
10 51 F Biopsy 1998.11.30 DCM 56 33 J LV anewrysm, VT at the time of onser
" 31 M Autopsy  1985.9.27 Sarcoidosis 76 31 07 (-
n 43 F Autopsy  1991.10.2 pcM 71 2 13 VT at the time of anset
LVDd, LV end-diaswlic dimension; LVE, left vemsriculoplasty; MVF, mirral vabuloplasty; MR, mitral regurgitation; PMI, p pacemaker implantation,
CM, cardiomvopathy. Other abbreviations see in Table |.
with hematoxylin-eosin and observed under a light micro- pet.0m0
scope. Ir - 1
The rabbit monoclonal anti-human MRP8/14 antibody {ngimi) e =
was utilized 1o determine the localization of the MRP8/14/2 3500 NS NS pebz2?
Mouse monoclonal antibodies against both CD45 (a marker 3000 - | || I |
for lymphocytes) and CD68 (a marker for macrophages) T¢l o
(DAKO Japan, Kyoto, Japan) were used to identify types of 20 4 )
infiltrating inflammatory cells. Immunoreactivity was ex- 2000
amined using the avidin-biotin peroxidase complex method 1500
(ScyTek Laboratories, UT, USA). Finally, the reactions - E
were optimized with diaminobenzidine chromogen and L .
were counterstained with hematoxylin. g 500 3 l 3 | Il I
04
Staristical Analysis
Data are expressed as means+SD for continuous varia- Contral DEN| Nencaias Gl
bles, and as numbers (percentages) for categorical variables. @0 () (@) 10

Spearman’s correlation analysis was performed to estimate
correlations between variables. Multiple comparisons
among more than 3 groups were performed using the Stecl-
Dwass's test, Comparison between 2 groups was performed
by Wilcoxon rank sum test or the unpaired Student's t-test.
A p value of <0.05 was considered statistically significant.

Results

Clinical Information

Between the DCM and cardiac sarcoidosis groups, sta-
tistical differences were observed in gender; treatment with
ACE inhibitors/angiotensin 1l receptor blockers, and 3
blockers; the presence of a complete atrio-venricular block;
systolic blood pressure; heart rate; and serum levels of
ACE and CRP (Table 1),

Measurements of Serum MRP8/14 Levels

Serum MRP8/14 Jevels were significantly higher in
patients with sarcoidosis than those in normal controls
(5152549 vs 230+115ng/ml, p=0.0019) and tended 1o be
higher than those in DCM (vs 252£108 ng/ml, p=0.1224)
(figure not shown). In the sarcoidosis group, serum MRP
8/14 levels were 9744838 ng/ml in patients with definite
cardiac involvement (n=10), being significantly higher than
332+204ng/ml (p=0.0227) in patients without cardiac in-
volvement (n=25) (Fig 1). Serum MRP8/14 levels in cardiac
sarcoidosis patients were also significantly higher than in
DCM patients (vs 252x108 ng/ml, p=0.0026) and normal

Circulation Journal Vol 71, Odober 2007

Figl. Serum myeloid-related protein (MRP)8/14 levels in the
sarcoidosis patients with definite cardiac involvemem (n=10) were
974+838ng/mi, being significantly higher than 3322204 ng/mi
(p=0,0227) in patients withowt cardiac involvement (n=25), Serum
MRP8/14 levels in cardiac sarcoidosis patients were also significantly
higher than in dilated cardiomyopathy (DCM) patients (vs 252+
108 ng/ml, p=0.0026) and in normal contrals (vs 23021 15ng/ml,
p=0.0020).

controls (vs 230+115ng/ml, p=0.0020) (Fig 1). All 10 cases
with definite cardiac involvement in the present study pres-
ented DCM-like clinical features. In the sarcoidosis group,
there was no significant correlation between the serum
MRP#8/14 and ACE levels (data not shown).

Histopathologic and Immunohistochemical Examination

General Features  Large non-caseating sarcoid granulo-
mas were observed in sections from all sarcoidosis patients.
They were mainly composed of lymphocytes, macrophages,
multinucleated giant cells and interstitial components. Lym-
phocytes were mostly positive for CD45, while macrophages
and giant cells were positive for CD68, Cardiomyocytes ad-
jacent to the sarcoid granulomas were occasionally found
to be degenerative or necrotic (Figs 2a.b).

In DCM hearts, moderate to severe interstitial fibrosis
and fatty infiltration were generally observed. Adjacent to in-
terstitial fibrosis, the cardiomyocytes occasionally exhibited
cytoplasmic vacuolization, scarcity of myofibrils, atrophy



or hypertrophy in size and nuclear alterations.

Expression of MRP8/14

In DCM hearts, expression of the MRP8/14 was gener-
ally negative or weak. Weak MRP8/14-positive staining
was occasionally observed in mononuclear interstitial cells.
In the myocardium of cardiac sarcoidosis patients, the
MRP8/14 was specifically and strongly positive in the
cytoplasm of macrophages, and mildly positive in multinu-
cleated giant cells in the granulomas (Figs 2e.f).

Discussion

Recent studies have demonstrated the significance of the
expression of cytokines in the pathogenesis of sarcoido-
sis!%:18 Moller et al described that sarcoidosis is an antigen-
driven type | helper T cell (Thl)-mediated delayed-type
hypersensitivity, dominated by the expression of IL-12 and
IFN-v1921 Preferential expression of Thl cytokines has
been reported in bronchoalveolar lavage cells and fluids in
patients with pulmonary sarcoidosis?'*? Thus, in the Thl
cytokine networks in sarcoid granulomas, activated macro-
phages (epithelioid cells) play a crucial role in the patho-
genesis and pathophysiology of sarcoidosis.

In the present study, strong expression of the MRP8/14
in macrophages was demonstrated in the immunohisto-
chemistry in granulomas of cardiac sarcoidosis, suggesting
that the MRP8/14, produced by macrophages and giant
cells, may play an important role in the pathogenesis of
granulomas in active cardiac sarcoidosis, To our knowl-
edge, this is the first report describing the in situ localiza-
tion of MRP8/14 in the sarcoid heart,

It has been shown that increased serum concentration of

TERASAKI F eral.

Fig2. Hstological and immunohistochenucal
findings in the specimens obtained from the
myocardium of active cardiac sarcoidosis. Large
non-caseating sarcoid granulomas are observed.
They are mainly composed of lymphocytes,
macrophages, multinucleated giant cells and in-
terstitial components. Cardiomyocytes adjacent
lo the sarcoid granulomas are degenerative or
necrotic (a, b). The myeloid-related protein 8/14
is strongly positive in the cytoplasm of macro-
phages and mildly positive in giant cells in the
granulomas (e.f) (a,b: hematoxylin and eosin
staining; ¢,d; negative control; bar indicates
100m in a,c.e, and 50um in b,d,f).

MRP#/14 is an useful biomarker of disease activity in in-
flammatory disorders, such as inflammatory bowel disease,
inflammatory muscle disease, rheumatoid arthritis, Kawasaki
discase and transplant rejection!*?*-*? Patients with dia-
betes mellitus have high plasma levels of MRP&/1433 Most
recently, it has been reported that increasing plasma con-
centrations of MRP8/14 among healthy individuals can
predict the risk of future cardiovascular events

In the present study, the serum MRPS/14 levels were
significantly higher in patients with sarcoidosis than in
normal controls. Thus, the serum MRP8/14 levels may be
indicative of the activity of granulomatous inflammation in
sarcoidosis. Furthermore, in the sarcoidosis group, the
serum MRP8/14 levels were significantly higher in patients
with definite cardiac involvement than in patients without.
It is likely that the high serum MRP8/14 levels are due to
the inflammatory response associated with cardiac sarcoido-
sis, The reason why the serum MRP8/14 levels were higher
in patients with cardiac involvement is not clear. One pos-
sible reason may be that the number of activated macro-
phages—that is, amount of active sarcoid granulomas—was
much larger in the heart than in other organs such as eye
and skin lesions,

Three of 10 cardiac sarcoidosis patients in the serum
MRP8/14 analysis study were included in the histopatho-
logic and immunohistochemical study of the myocardium
after cardiac surgery (Cases 6, 8 and 10 in Table2), Two
of them (Cases 6 and 8) showed extremely high serum
MRP#/14 levels (Fig 1). In both cases, hean failure prog-
ressed acutely in a few months and histological examination
revealed severe and active sarcoid granulomas in the myo-
cardium, that could be called fulminant cardiac sarcoidosis.
Immunohistochemistry showed extremely enhanced ex-

Circulation Journal Vol 71, Odober 2007
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pression of MRP8/14 in macrophages and giant cells in the
granulomas, which may be related to higher serum MRP
8/14 levels in these cases.

In some patients in the present study, biopsies of the cer-
vical and mediastinal lymphnodes were conducted. The
immunohistochemistry revealed enhanced expression of
MRP#/14 in macrophages and multinucleated giant cells in
the sarcoid granulomas in these lymph nodes. Thus, it is
likely that enhanced expression of MRP#/14 1s observed in
other sarcoidosis tissues such as lung, lymph node or skin
lesions. It should be kept in mind that MRP8/14 is not a
hean-specific protein, and the higher serum levels do not
necessarily represent active sarcoid granulomas only in the
heart.

In all cardiac sarcoidosis patients of the serum MRP8/14
analysis study, the blood sampling was performed at the
time of histopathological examinations, such as endomyo-
cardial biopsy or cardiac surgery before steroid therapy.
Hirono et al have reported that the serum MRP8/14 levels
were upregulated during the early stages of acute Kawasaki
disease, and decreased after intravenous immune globulin
therapy?! In sarcoidosis paticnts, it may also be possible that
serum levels of MRP8/14 could become useful markers of
disease activity.

In the clinical characteristics, ACE serum levels were
significantly higher in the cardiac sarcoidosis group than
that in DCM group. The serum level of ACE may be a use-
ful marker to differentiate cardiac sarcoidosis from DCM.
In contrast, there was no significant correlation between the
serum MRP8/14 and ACE levels in the sarcoidosis group
(data not shown). The mechanisms of upregulation of
MRPS8/14 and ACE may be different in sarcoidosis; how-
ever, the reason for this is not clear. The evaluation of the
superiority of either MRP8/14 or ACE as a biomarker of
sarcoidosis will be an interesting study in the future.

All cases with cardiac involvement in the present study
presented DCM-like clinical features, It is not easy to con-
firm the diagnosis of cardiac sarcoidosis, particularly when
there is no apparent extra-cardiac involvement. Further-
more, during the course of disease progression, it is often
difficult to distinguish it from DCM. Actually, as in cases
in the present study, the diagnosis of cardiac sarcoidosis
occasionally missed, even in a country like Japan, where
this condition seems 10 be relatively prevalem® Most diag-
nostic tests, including endomyocardial biopsy, suffer from
low sensitivity, low specificity or both!® The most accurate
diagnostic strategy for this condition is currently unknown.
Thus, a valuable diagnostic marker would be extremely use-
ful and is anticipated. Because serum MRP8/14 levels were
significantly higher in patients with cardiac sarcoidosis
than in DCM patients, and MRP8/14 expression is limited
to areas with well-formed, active noncaseating granulomas
in the myocardium, it may be suggested that enhanced ex-
pression of this protein could either confirm the diagnosis
of cardiac sarcoidosis or estimate disease activity, particu-
larly when there is no apparent extra-cardiac involvement.
All cardiac sarcoidosis patients included in the present study
have already deteriorated to relatively advanced cardiac
dysfunction. Thus, the results of the present study may
apply to the detection of serious cardiac involvement in
sarcoidosis. Further investigations of the measurement of
serum MRP&/14 for the early detection of cardiac involve-
ment in sarcoidosis will be necessary.

In conclusion, the MRP8/14, produced by macrophages
and multinucleated giant cells, is involved in the patho-
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genesis of sarcoid granulomas. The measurement of serum
MRP#8/14 levels may be useful for the diagnosis of sarcoi-
dosis, and their higher levels may suggest the cardiac
involvement.

Study Limirations

In the present study of serum MRP8/14 measurements.,
the sarcoidosis group without definite cardiac involvement
(n=25) included patients with eye, skin, lung or lymph
nodes lesions. Most of them were relatively stable patients
who had been followed up at an out-patient clinic, with or
without the history of steroid therapy, suggesting that their
sarcoid lesions might be inactive. In contrast, most patients
with definite cardiac involvement were in progressive con-
ditions with probable active sarcoid lesions before steroid
treatment. That may be one reason why there was a sig-
nificant difference in serum MRP8/14 levels between the
2 groups. Further investigations with larger numbers of
patients are warranted, including the information on pre-
and post-steroid therapy to confirm the value of serum
MRP8/14 measurements.
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S100A8/A? is expressed in activated monocytes/macrophages and assumed to be heavily involved in the pathogenesis
of acute inflammation. Although several studies have asserted that S100AB/A9 has a proinflammatory function, the
exact biological function of S100AB/AS is yet to be described, We examined the anti-inflammatory effects of ST00A8/
A% on expernnemal amoirm\una mmmdms (EAM) ln rats.

Expenrneﬂtal autmmmune n‘lyoard'ms was |nduced in Lewis rats I:ly lrnmurnzabon wlth pon:me cardlac myosin The
recombinant (R-) S100AB/A9 was injected intraperitoneally into EAM rats. R-S100AB/A9 attenuated the severity of
myocarditis, as evidenced by echocardiographic and histological findings. In addition, we found that not only the
mRNA expression of proinflammatory cytokines [interleukin (IL)-1B. IL-6, and tumour necrasis factor (TNF)-a] in
the myocardium, but also their serum concentrations were suppressed in EAM rats treated with R-S100AB/A9.
Nuclear factor-kappa B expression in inflammatory cells was also suppressed in the treated rats. To elucidate the
mechanistic function of S100A8/A9 on proinflammatory cytokines in vivo, we used an ELISA on the supernatant of
homogenized heart tissue treated with R-S100A8/A9. The findings revealed high-affinity binding of R-S100AB/A9
with IL-18, IL-6, and TNF-a in the myocardium, suggesting the trapping of proinflammatory cytokines by
R- S1DOASIA9

Methods
and results

Conclusion S100A8!A9 attemates EAM zhrough modula‘dun of rhe prom!lammatory cytokhe network.

Keywords S1Wﬁ9 . Au‘l.dmn'lune myocardtﬂs . Cyr.ohnes . lnﬂarrmmn

intracellular calcium concentration and correlates with the inflam-
matory action of activated granulocytes and/or macrophages. This

Introduction

S100A8/A9, consisting of two low molecular mass subunits (10.6
and 13.5 kDa), is a member of the $100 family and contains two
calcium-binding sites per molecule.'? The two subunits are
expressed in activated human granulocytes and macrophages in
the inflammatory process_“ In activated human neutrophils and
macrophages, S100A8 and S100A9 are non-covalently associated
to rapidly form the heterodimer S100AB/A9 in a calcium-
dependent manner®~* Translocation of the heterodimer from
cytoplasm to membrane is induced in the presence of increased

* Corresponding author. Tell +81 72 683 1221, Faxc +81 72 684 6598, Email: in3012@poh csaka-medacjp

protein is known to be involved in several infections and immune
diseases, including advanced arthritis, transplant rejection, and sar-
coldosis,” ™" suggesting that it plays an important role in the patho-
genesis of the inflammatory process. Although several studies have
suggested that ST00A8/A9 has a proinflammatory function, we
recently demonstrated that S100A8/A9 indirectly suppresses the
overproduction of nitrous oxide in activated neutrophils and/or
macrophages in rats with lipopolysaccharide-induced liver injury
and revealed the binding of S100A8/A9 with proinflammatery

Published on behalf of the European Society of Cardiology. All rights reserved. & The Author 2009, For permissions please email: jourmals permissions(@oxfor dournals.org.
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cytokines in vitro" However, the presence of the S100A8/
AS-proinflammatory cytokine complexes was not confirmed in
vivo in that study,

Experimental autoimmune myocarditis (EAM) in rat models is
characterized by severe myocardial damage with inflammatory
cell infiltration. The EAM model has been widely used as a
disease model of human myocarditis” and experimental data
have documented that macrophages play a pivotal role in the
inflammatory process of EAM in rats."

To verify our hypothesis that S100A8/A9 has an anti-
inflammatory effect and to clarify the mechanistic function of
S100A8/A9 on proinflammatory cytokines in vivo, we treated the
EAM rat model with newly prepared recombinant ST00AB/A9.

Methods

Preparation of recombinant S100A8/A%
Expression of cDNA for S100A8 or S100A9 in
Escherichia coli cells

cDNAs with the histidine tag sequence for the human S100A8 and
S100A9 subunits were synthesized using PCR'' The resulting
cDNAs were inserted imo pCold | vectors (Takara Bio, Shiga,
Japan). The two different expression vectors were then separately
transfected into E. coli cells. The S100A8 or $100A9 cDNA-transfected
E. coli cells were cultivated in Miller’s LB Broth for 3 h at 37°C. When
the absorbance of the culture medium at 600 nm ranged between 0.5
and 0.8, the culture bottle was quickly cooled ta 15°C and cultivated
for 24 h after adding a final concentration of 1 mmolL IPTG. The cul-
tivated cells were harvested and then frozen at —B0"C until use.

Purification of S100A8 and S100A9 by Ni-agarose affinity
column

The E col cells expressing S100A8 or S100A9 were suspended in
200 mlL of binding buffer and then treated by an ultrasonic generator
for 10min at 4'C. After centrifugation at 17 400g for 20 min at
4°C. the supernatant obtained was applied to a Ni-agarose affinity
column equilibrated with the binding buffer, After washing the
column with washing buffer, S100A8 and S100A9 were eluted from
the column with the elution buffer. The fractions containing S100A8
or S100A9 were concentrated to an adequate volume using an
Amicon Ultra centrifugal filter device (MW 5000: Millipore, Billerica,
MA, USA), and their protein concentrations were obtained by measur-
ing absorbance at 280 nm.

Synthesis and purification of S100AB/A9

Equal molar concentrations of S100A8 and S100A% were mixed and
the mixture was poured into an MW 5000 and Incubated overnight
in 20 molL Tris—MNaOH solution (pH 12.0) at 4'C. It was dialyzed
against 0.1 M Tris=HCl buffer (pH 10.0) containing 300 mM NaCl
for 3-4 h at 4°C_ After confirming the protein band of recombinant
S100A8/AF by SDS-PAGE. S100AB/A9 was partially purified on a
gel fileration column (Sephacryl 5-300 HR). Major fractions containing
S100AB/AS were pooled and concentrated to an adequate volume
using the same filter device. The above procedures were repeated
until the product was adequately concentrated.

Animals and immunization

Animal experimental protocols were approved by the Institutional
Animal Care and Use Committee, Osaka Medical College. Male
Lewis rats (7 weeks old; body weight 200-250 g) were purchased

from Japan SLC (Shizuoka, Japan). Before initiating the experiments,
they were kept in cavity for 1 week with free access to food and
water. The rats were immunized subcutaneously twice with 0.7 mg
purified porcine cardiac myosin (Sigma Chemical Co., 5t Louis. MO,
USA) in an equal volume of complete Freund’s adjuvant supplemented
with Mycoboctenum tuberculosis H37RA (Difco, Sparks, MD, USA) on
Days 0 and 7.7

Administration of recombinant S100A8/A9
Immunized rats were randomly assigned to two groups Group S
(recombinant S100AB/A9, n= 20) and Group C (saline as vehicle,
n=20), Recombinant S100A8/A9 (1 mg/day) or saline was Injected
intraperitoneally into the immunized rats each day from Days 8 to
13. On Day 14 or 21. 10 rats in each group (Sya. S1. Cia and Cyy)
were sacrificed under ether anaesthesia Rats that were neither immu-
nized nor recelved S100AB/A9 were used as normal contrals (N4 and
N3y, n =5, respectively).

Echocardiography

Rats were lightly anaesthetized with pentobarbital sodium (1 mglkg
body weight Lp.) on Day 14 or 21, Echocardiography was performed
with an echocardiographic apparatus equipped with a 10-MHz transdu-
cer (Vivid Five, General Electric-Vingmed, Milwaukee, WI, USA). Two-
dimensional targeted M-mode echocardiograms were obtained along
the short axis of the left ventricle at the level of the papillary
muscles. Left ventricular dimensions at end-diastole (LVDd) and end-
systole (LVDs) were measured. Left ventricular ejection fraction
(LVEF) was calculated as follows: [(LVDd® — LVDs')LVDd"] x 100.

Histological assessment

For the microscopic evaluation, apex, mid-ventricular, and basal level
slices were stained with haematoxylin—eosin. The entire heart and
the regions affected by myocarditis (i.e. regions showing inflammation
with inflammatory cells and myocardial necrosis) were examined as
described previousty,' ™' using a computer-assisted analyzer
{Scion Image Beta 4.03; Scon Corp, Frederick, MD, USA). The area
ratio (percentage value of affected arealentire area) was calculated
by two Investigators (YK, and TK.) who were blinded 10 slide identi-
fication; the inter- and intra-observer variance was <<5%.

Immunohistochemistry

Anti-human S100A8/A9 (rabbit) antibody® was used to determine the
localization of endogenous S100AB/A in Group Cya with anti-rabbit
immunogloblins/FITC swine polyclonal antibody (Dako, Denmark) as
secondary antibody. Mouse monoclonal antibodies against CD68
were used as a marker for macrophages (AbD serotec. Raleigh, NC,
USA), with labelled goat anti-mouse IgG antibody (10 pg/mL, Invitro-
gen, Carlsbad, CA, USA) as secondary antibody. The resulting fluor-
escent signal was detected by a fluorescence microscopy.

Rabbit monoclonal antibodies agalnst nuclear factor-kappa B
(NF-xB) pb5 (Cell Signaling Technology, Danvers, MA, USA) were
used to evaluate the activation of NF-kB, The primary antibodies
were reacted to sections and Immunoreactivity was evaluated using
the avidin—biotin horseradish peroxidase complex method (ScyTek
Laboratories, Logan, UT, USA). The reactions were optimized with
diaminobenzidine chromogen
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Measurement of mRNA levels for
proinflammatory cytokines in the heart

RMNA isolation and cDNA preparation

RMA was extracted from the excised LV using the RNeasy Mini Kit
(Qiagen). The concentration and purity of RNA was determined by
measuring the optical density at 260 and 280 nm prior to use. Total
RNA (1 ug) from each sample was used for reverse transcription
First strand cDMNA was synthesized with random primers and
Moloney murine leukaemia virus reverse transcriptase (SuperScript

E Irevitrogen)

Quantitative RT-PCR analysis

Quantitative RT-PCR analysis was performed using the LightCycler
Real-Time PCR System (Roche Molecular Biochemicals, Indianapolis,
IN, USA) to detect the mRNA expression of interleukin (IL)-1B.
IL-6. and tumour necrasis factor (TNF)-w. The expression of glyceral-
dehyde phosphate dehydrogenase (GAPDH) mRNA was measured as
the internal control. Assays were designed using the Roche Universal
Probe Library (httpsfwww.roche-applied-science.com/sis/rperiupl/
indexjsp). For each reaction, the LightCycler Tagman Master Kit
(Roche Molecular Blochemicals) was used according to the manufac-
turer's Instructions. PCR cycling was conducted under the following
conditions: preheating for 1 cycle at 95°C for 10 min, amplification
for 45 cycles at 95"C for 10 s and 60°C for 25 5, and final cooling to
40°C. mRNA levels were quantified and normalized against levels of
GAPDH. The averaged and normalized levels of mRMA in each
control group were expressed as 1.0

Measurement for serum concentrations

of proinflammatory cytokines

Serum concentrations of IL-18, IL-6, and TNF-a were determined by
enzyme-linked immunosorbent assay (ELISA) kit (R&D systems, Min-
neapolis. MN, USA) according to the manufacturer’s instructions

Detection of S100A8/A9-proinflammatory
cytokine complexes in heart tissue

The 5100A8/A9-proinflammatory cytokine complexes were detected
as follows: Heart tissue from EAM rats treated with recombinant
S100AB/A9 (Group Sq4) was quickly homogenized after sacrifice and
certrifuged at 7700 g at 4 C. Supermatant was assayed by ELISA in
which anti-S100AB/A9 manoclonal antibody was used as the first anti-
body. ST00AB/A? of the complexes reacted first to the antibody. Sub-
sequently, biotinylated anti-rat IL-1B, IL-6, and TNF-a IgGs were added
to the wells and incubated for 1 h at room temperature. After washing
with washing buffer, 100 pL of diluted streptavidin—horseradish per-
oxidase conjugate was added and further incubated for 30 min at

CcD68

S100A8/A9

room temperature. After washing colour development of the plate
was achieved by adding 100 ul of ur reagent (30 mg o-PD/
10 uL of 30% hydrogen peroxide/20 mL of citrate buffer, pH 50),
and terminated by adding 100 pL of 0.75 mollL sulfuric acid. The con-
centrations of the S100AB/A9-IL-1B, IL-6, and TNF-a complexes
were obtained using a standard curve for STO00AB/AY

Statistical analysis

Data are expressed as the mean + SE for continuous variables and as
numbers (%) for categorical variables. Mubtiple comparisons among
three groups were performed by ANOVA followed by Scheffe’s test
(SPSS: Chicago, IL. USA). A P-value of <0.05 was considered statisti-
cally significant

Results

Infiltration of macrophages and
S100A8/A9

We examined the localization of endogenous S100AB/A9 In the
inflamed myocardium of EAM rats by a double staining method
using the fluorescent immunohistochemistry, Most of the infiltrat-
ing mononuclear cells were positive for CD68, and all cells positive
for ST00AB/AY were positive for CD68 (Figure 1).

Purification of recombinant S100A8/A9

Recombinant S100A8/A9 was purified successfully. As determined
by densitometry, the purity of recombinant S100A8/A9% was ~93%
protein concentration (Figure 2). The recombinant S100A8/A9 was
used in the subsequent study.

Effect of treatment with recombinant
S100A8/A9 on the severity of myocarditis
Group 54 vs. Group Cyy4

On macroscopic observation, the hearts in Group Cy4 were
enlarged and contained large, dark-blue—greyish areas with
massive pericardial effusion. The hearts in Group Sq4. however,
were slightly enlarged, had small, dark-blue—greyish areas, and
showed almost no pericardial effusion. Echocardiography revealed
that LVEF in Group 514 was significantly higher than that in Group
Cya (B1 + 2% vs. 70 £ 3%, P = 0.017) (Figure 3A and B). There was
no significant difference in LVEF between Groups M4 and 5i4
(85 + 2% ws. B1 +2%). The heart weight (1.02 +003g vz
121+ 006g P=0015) as well as the heart weight/body

Merged

Figure | Infiitration of macrophages and endogenous ST00AB/A9 in cardiac tissue of rats with EAM, Most of the infiltrating mononuclear cells
were positive for CDé8, and all cells positive for S100AB/AZ were positive for CD&8 (merged). Bar indicates 25 pm.
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weight ratio (0.41 4+ 0.02% vs, 0.55 + 0.03%, P = 0.002) in Group
S14 were significantly lower than that in Group Cya (Table 1). The
area ratio of myocarditis In microscopic grading was significantly
lower in Group 544 than that in Group Cyy (154 + 42% vs.
37.2 + 7.3%, P=0.036) (Figure 4A-G)

Group S3; vs. Group Cyy

Echocardiography revealed a significant difference in LVEF between
Groups Syq and Cyq (78 4 2% vs. 67 + 4%, P = 0.049) (Figure 38)
The heart weight/body weight ratio in Group S;4 was significantly

M S
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& ehR
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43>
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20— [
14— | -

Figure 2 Furification of recombinant S100A8/A9. SDS-PAGE
was performed as described in the Methods section. Lane S: pur-
ified recombinant ST00AB/A9. As determined by densitometry,
the purity of recombinant S100AB/A9 as a protein concentration
was ~93%. Lane M: this lane contains molecular mass markers.

Group Ci4

lower than that in Group C;, (0.39 + 0.02% vs. 0.48 + 0.02%,
P = 0.009) (Table 1). The area of myocarditis was significantly
smaller in Group S;7 than that in Group C;y (160 + 3.8% vs
443 + 4.4%, P < 0.001) (Figure 4G).

Effect of treatment with recombinant
S100A8/A9 on mRNA expression

of proinflammatory cytokines

Real-time RT—PCR analysis was performed to assess the expression
of IL-1B, IL-6, and TNF-w. The mRNA expression of these proin-
flammatory cytokines in the myocardium was significantly
depressed in Group 5.4 compared with Group C;4. However,
between Groups $;1 and C;,, there were no significant differences
in the mRINA, expression of IL-1B, IL-6, and TNF-a (Figure 5A).

Effect of treatment with recombinant
S100A8/A9 on serum proinflammatory
cytokine concentrations

The serum IL-1B and IL-6 concentrations in Group 544 markedly
decreased compared with those in group Cyq (P =0008 and P =
0.019, respectively). The serum TNF-a concentration in Group 544
tended to decrease compared with that in Group Cy4. On Day 21,
there was a significant difference only in the serum concentration
of IL-1B (P = 0.002) between Groups Sy1 and Cy4 (Figure 5B)

Suppression of NF-kB expression in the
heart of S100A8/A9-treated rats

To evaluate NF-xB activity, we immunohistochemically examined
the expression of the nuclear pb5 protein in the myocardium
This revealed that the expression of pé5 was enhanced in Group

LVEF (%)

N Cwu Su

Nz: Car  Sa

Figure 3 Echocardiographic findings. (A) Representative M-mode echocardiographic findings. Non-treated EAM rats (Group Ci4) showed
reduced left ventricular ejection fraction (LVEF) and pericardial effusion on Day 14. Recombinant S100AB/A9 administration from Days 8 to
13 (Group 514) improved LVEF and suppressed pericardial effusion. (B) EF (%) In Groups Nys. Cia Sya, Nyq, Gy, and 534, *P << 0.05: **P < 0.01.
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Table | Effect of S100AB/A9 on heart weight, body weight, and heart/body weight ratio

Mormal control EAM (Group EAM with S100AB/A% MNormal control EAM (Group EAM with S100AB/AS
(Group Nyy,n =5) Cyy,n=10) (Group S n=10) (Group N3j, n=5) Cy,n=10) (Group Sy,n= 10)

Heart weight (g) 089 + 002 121 4 006 057 + 001 116 + 004" 099 + 005°

Body weight (g) 279+ 6 221 + 5" 248 + s' * 297+ 4 242 + 4™ 256 + 6"

Meart/body weight 0.32 + 0004 055 + 003" 041 + 002*+ 0.33 + 0.004 048 + 002"" 039 + 0.02**
ratio (%)

¥p < 0.05 (vs. Group N),
*¥p < 001 (vi Group MN).

*F =< 0.05 {ve. Group C)
**p < 001 {vs. Group C).
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Figure 4 Representative cross-sections of heart. (4) Histopathological findings of specimen obtained from the midportion of the left ventricle
of a vehicle rat (Group C1a). (Bﬂﬁmhﬂmﬂmdmmwukwwhm{cmpcm (D)
s’.‘rossvsecumof!untfraﬂnMMM&WMS!MAB{GMPS“}.{Ewﬂmmmmﬁmdin&mmmuis
revealed (Group Sy4). (G) Myocarditis-affected area ratio in the respective groups. Bar indicates 5 mm in (A and D). 100 um in (B and E), and
50 pm in (C and F), *P < 0.05; **P < 0.001.
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Figure 5 Effect of recombinant S100AB/A on proinflammatory cytokines: mRNA expression in EAM heart and serum concentrations. (A)
Total RNA was extracted from the heart and real-time RT-PCR analysis was performed. Bar graphs show relative mRNA expression of IL-1B,
IL-6. and TNF-a.. *P < 0,05, **P < 0.01. (B) Serum IL-1pB. IL-6; and TINF-« concentrations were determined using an ELISA method. The Y-axis
represents the concentrations of each proinflammatory cytokine. *P < 0.05; **P < 0.01.

Figure & Representative results of immunohistochemical dttucﬂmquF-xB.Enl'lancedWm of NF-xB (p65) was observed in non-
treated EAM heart (Group Cy4) (A and B), while recombinant STODABIAY (Group Sis) suppressed expression (C and D). Bar indicates

100 pm in (A and C) and 50 pm in (B and D).
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Cys whereas in Group Sys it was significantly suppressed
(Figure &). There was no detectable expression of pé5 in naive S100AB/A9-IL-1B
rat hearts in Group Ny. .

i Sampie 1
@ 5amge )

In vivo binding between S100A8/A9 and
proinflammatory cytokines

To confirm the in vivo binding of STO00AB/A9 with IL-1B, IL-6, and
TMNF-ar, we used the ELISA test for S100A8/A9 to the supernatant |
of the homogenized heart tissue from EAM rats treated with :
recombinant S100AB/A9 (Group Si¢). We demonstrated three ‘

Relative concentration (ngimL)
= I
S
\\

kinds of S100A8/A9-proinflammatory cytokine complexes in Vi S
heart tissue. As determined by ELISA, these complexes were quan- ! os K { - o =
titatively measured (Figure 7). : S SR
: ._'_f..—--- T
b ox 68 om 1
Discussion b i
S100A8/AS-IL-6
We first examined the localization of endogenous S100A8/A% in  :
the inflamed myocardium of EAM rats. Fluorescent immunohisto-  : " =l-w;

chemistry revealed that mononuclear cells both positive for CD68
and S100A8/A9 Infiltrated into the myocardium to a great extent
This suggested that S100AB/A9 might play an important role in the
pathogenesis of acute inflammation in the EAM model. However, it
remains unclear how endogenous ST100A8/A9 acts in this myocar-
ditis model

The pathogenic mechanism of the EAM model involves three

Rolative concentration (ng/ml)
v o
‘--\\
\ \\
\\
\

sequential processes: (i) autoreactive macrophages and T lympho- " s 4 i
cytes are activated and expanded by a fragment of cardiac myosin:  : Vi 'd )/’

(it} activated macrophages and T lymphocytes are recruited to the % _,f/’_ -

target organ; and (ii) effector—target interaction occurs.'* Thus, : o T 3T —
inflammation of the EAM model consists mainly of macrophages ! Dillution of sample
and T lymphocytes. During the inflammatory phase, proinflamma-

tory and Thi-type cytokines (eg. IL-1B, IL-6, TNF-cx, [FN-y, and | S100AB8/A9-TNF-a
IL-2) are produced, which induce inflammation.'®"® Pilot studies e

of the EAM model have shown that the expression of IL-18, 2] L a3

IL-6, and TNF-a in heart tissue had already increased on Day 14

when histological myocarditis did not reach the severest phase. ! g

Therefore. to verify our hypothesis that S100AB/A9 suppresses ! § v
the inflammation of EAM by neutralizing the activity of proinflam- !

matory cytokines, we intraperitoneally injected the recombinant

5100A8/A9 into immunized EAM rats from Days B to 13 and sacri-

ficed them on Day 14 or 21. On Day 14, data such as echocardio- i

: p
graphic parameters, heart weightbody weight ratio, and ! o /
histological assessment revealed that acute inflammation in recom- ! o

binant 5100A8/A9%-treated EAM rats (Group 514) was significantly
suppressed compared with the vehicle group that had not received

S100A8/A9 (Group Cy4). Additionally, on Day 21, when histologi- DARTOE S

callyi 5sae\mre myocarditis was reponed to be Cfbserved In EAM 7E of 1 ” w

rats, " the area affected with myocarditis in the S5100A8/ @ .“ S dﬁEWA L oy
A9-rreated EAM rats (Group S;1) was significantly smaller than complexes, we used the ELISA pite c- ' ed with is)maa’
that in the vehicle group (Group Cy4). monocional 1gG M -. B l-‘IB. 16, and

These data indicate that treatment with S100A8/A9 inhibits the ©  TFeal Wmtmdahwiﬂodi Finally, colour devel-
development of acute inflammation in EAM, and are in agreement ! wmwwmmmw
with the results of our previous study that intraperitoneal injection  © fter incubatic peroxidase ca
of S100A8/A9 suppresses liver injury induced by lipopolysacchar-
ides in rats® In the present study. the mRNA expression of
IL-1B, IL-6, and TNF-a in the myocardium was dramatically
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suppressed in Group S,4 compared with Group Cys whereas
there was no significant difference in the mRNA expression of
these cytokines between Groups 53y and Cj,. It has been reported
that the mRNA expression of proinflammatory cytokines in the
EAM model has only one peak during the inflammatory phase.'
Thus, it may be said that mRNA levels of proinflammatory cyto-
kines in our EAM model peaked around Day 14, and that recom-
binant S100A8/A9 ameliorated the peak expression of
proinflammatory cytokines. On Day 21, there was no significant
difference in mRNA levels of proinflammatory cytokines
between Groups S;¢ and Cjq, which may be due to the natural
ﬁ:cra;ase in the mRNA expression of these cytokines in Group
Gy

NF-kB is a rapid-responze transcription factor that regulates the
expression of the genes encoding cytokines, chemokines, and
adhesion molecules. NF-xB exists in the cytoplasm as a heterodi-
mer of 50-kDa (p50) and 65-kDa (p65) subunits associated with an
inhibitory protein of the IkB family. When cells are stimulated, the
IkB inhibitory protein is phosphorylated and dissociates from the
NF-kB heterodimer, followed by translocation of free NF-xB
into the nucleus.” In the cytokine network, in which the actions
of certain cytokines are regulated by the activity of others, IL-1B
and TNF-o both activate and are activated by NF-xB.'""* In
addition, NF-kB-binding sequences have been found in the promo-
ter regions of cytokine genes assocated with nflammatory
responses, including IL-6, TNF-w, IL-2, and the IL-2 receptor.’®®’
In our EAM model, immunchistochemical findings demonstrated
that ST100A8/A9 suppressed the activation of NF-kB as reflected
by p6S. Treatment with 5100AB/A9 ameliorated the expression
of proinflammatory cytokines and the activity of NF-kB: this
suggests that S100AB/A? has a suppressive function in the cytokine
network,

In our previous study, affinity chromatography was performed
using the purified $100AB/A9—Sepharose 4B column to confirm
the binding of S100AB/A9 with proinflammatory cytokines.® A sig-
nificant amount of IL-1B, IL-6, and TNF-a was eluted from the
column, but ant-inflammatory cytokines such as IL-4, IL-10, and
TGF-B were not, indicating that S100AB/A9 binds with these
proinflammatory cytokines in vitro.® However, the presence of
the S100A8/A9-proinflammatory cytokine complexes was not
documented in vivo in that study, Therefore, in the present study,
effort was made to clarify the presence of these complexes in
vivo using an antibody specific for ST100AB/A% in the ELISA
system. It was established that in the acute phase of EAM,
S100A8/A9 binds to at least three kinds of proinflammatory cyto-
kines, IL-1B. IL-6. and TNF-w. in vivo. On the other hand, using anti-
inflammatory cytokines IgGs as the second antibody, bictinylated
anti-rat IL-4 and TGF-B IgGs, the reaction was not detected in
the ELISA system (data not shown). It has been reported that
extracellular S100AB/A9 interacts with binding sites on specific
surface molecules, such as heparan sulfate, carboxylated glycans,
and arachidonic acid.** ** Thus, S100AB/A9 may be a protein
with multiple binding sites for many substances and may often
bind to proinflammatory cytokines. The present study revealed
that mRNA expression in the myocardium and also serum concen-
trations of proinflammatory cytokines were significantly decreased
by the S100AB/A9 treatment. Possible causes of this effect may be

the binding of the proinflammatory cytokines with S100AB/A9, as
well as a decrease in cytokine production via the suppression of
mRNA. Treatment with S100AB/A9 presents a new mechanistic
approach for mitigating inflammaton in the EAM model by trap-
ping proinflammatory cytokines and altering the cytokine network.

Although the biological function of S100AB/A? is yet to be
described in detail, it has been proposed that S100AB/A9 has
several functions, including antimicrobial activity, enhancement of
transendothelial leucocyte migration, and induction of apopto-
sis?*"7 While several studies to date have asserted that
S100A8/A9 has a proinflammatary function,”*?” few have revealed
its anti-inflammatory function, The present study may shed some
light on the novel anti-inflammatory function of 5100A8/A9,
which occurs by its binding to proinflammatory cytokines and
modulating the cytokine network. Thus, treatment with S100A8/
A9 is capable of neutralizing several kinds of proinflammatory cyto-
kines, which may be unique because so-called anti-cytokine
therapy generally targets a certain cytokine

To summarize, we found that treatment with recombinant
S100AB/AS attenuated acute myocarditis in rats with EAM. At
least three kinds of S100AB/A9 complexes with IL-1B, IL-6, and
TNF.a were found in the inflamed organ tissues, which might
have contributed to the reduction in acute inflammatory

responses.

Study limitations

There are some limitations to the present study. First, the dosage
of S100AB/A9 (1 mg/day) was chosen based on our previous
stud;r_B Myocarditis was not suppressed significantly when one-
tenth of the dosage (0.1 mg/day) was given to EAM rats in the pre-
liminary experiment. We did not attempt to use any other doses of
S100A8/A9, which might have led to different results. Since only a
single timing framework for ST00AB/A9 administration was used in
this study, the time dependency of the observed effects could not
be confirmed. Further investigations on the efficacy of S100AB/A9
at different dosages and timings are therefore needed. Second,
Th1/Th2 balance has been reported to play an important role in
the pathogenesis of the inflammatory process in the EAM
model™ As a counter-regulator of inflammatory cytokines. the
suppressor of cytokine signalling (SOCS) family has also attracted
attention.*” However, we could not evaluate the involvement of
Th1/Th2 balance and SOCS in the present study. Further studies
on these factors are necessary.
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