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Abstract DBA/2 inbred mice spontaneously develogitis spontaneously exist [7], the incidence and distribu-
myocarditis and a unique form of subepicardial inflantion of the disease vary among the strains [6, 7, 24]. In
mation of the right ventricle characterized by a promineDBA/2 mice, myocarditic disease is usually localized to
eosinophilic infiltrate with calcinosis. We studied thithe epicardium and subepicardium of the right ventricle
myocarditis using light microscopy and both transmissi¢h-3, 6, 7, 19, 21, 24, 26, 27].

and analytical X-ray electron microscopy, paying particu- In a preliminary long-term study using this mouse
lar attention to eosinophil-associated cardiocyte injury. strain, we found that the epicardial and subepicardial in-
5 weeks of age, many eosinophils and mononuclear cisnmation was characterized by calcinosis and promi-
(MNCs) were seen in the subepicardium of the right vement eosinophilic infiltrates [17]. Although cardiac calci-
tricle. Electron microscopy showed that cardiocytes umesis has been reported to occur in 90-100% of DBA/2
derwent degenerative changes, including myofibrillar lyaice [26], the pathogenesis of this phenomenon remains
sis, accumulation of Z-band material and mitochondriahknown [27].

inclusions, and rupture of plasma membranes. The infil-Cationic proteins and major basic protein derived
trating eosinophils appeared to be activated, and céltsm eosinophils are considered to have an injurious ef-
with cytoplasmic vacuoles, suggestive of degranulatidect on cardiocytes in human eosinophilic heart disease
were noted. The myocardial injury was most severe in {8e 11, 22, 25], but it is unclear whether the eosinophilic
7th week and healed with myocardial fibrosis and calaifiltrate is important in the pathogenesis of subepicardi-
nosis by the 8th week. Analytical X-ray electron microgd inflammation in DBA/2 mice, especially during the
copy showed that the calcinosis was initiated in mitacute stage.

chondrial inclusions of injured cardiocytes. The peripher- In order to clarify this question, we studied the early
al eosinophil count did not increase during the coursestdges of myocarditis in young DBA/2 mice by light and
the disease, but there was a positive correlation betwetsttron microscopy, paying particular attention to the
the ratio of eosinophils to infiltrated white blood cellselationship between infiltrating eosinophils and cardio-
(Eo/WBCs) in the right ventricle and the severity of mya@yte injury.

cardial damage. Eosinophils may play a significant part

in subepicardial cardiocyte injury seen in DBA/2 mice.

Materials and methods

Key words DBA/2 mice - Myocarditis - Eosinophilic in-Sixty male 21-day-old DBA/2 mice were obtained from SLC
filtrate - Calcinosis - Cardiocyte injt:cy (Shizuoka Agricuitural Cooperative Association, Shizuoka, Ja-
pan). They were fed a standard maintenance diet (3.94 kcal/g,
5.5% fat) and water in a specific pathogen free (SPF) state. They
were anaesthetized with an injection of 45 mg/kg pentobarbital so-
dium i.p. and were killed at 4, 5, 6, 7, 8, and 10 weeks of age. The
. . . .q%art was divided into two blocks, the basal to middle portion of
Myocarditis can be caused by a variety of a etiologiasth ventricles for light microscopic study and the right ventricu-
agents [4, 5, 13, 14]. Although experimental models usr free wall for electron microscopic study. Blood was collected
ing specific strains of inbred mice that develop myocdfom each mouse at 5, 6, 7, 8, and 10 weeks by heart puncture and
placed in glass tubes containing EDTA for haematological studies.
For light microscopy, heart blocks were fixed in 10% formalin
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For transmission electron microscopy, specimens obtairggsults
from the right ventricle were fixed in 3% glutaraldehyde at 4°C f

2 h. After washing in phosphate buffer, the tissue was postfixed in ) o ]

1% osmium tetroxide, dehydrated in graded alcohols, and embktacroscopically, speckled whitish patches first devel-
ded in Epon in the lids of Beem capsules. Semi-thin sections wgiged on the surface of the right ventricle in the 5th week,

made from the Epon blocks, and ultra-thin sections were then : :
consecutively with a diamond knife. The ultra-thin sections weﬁ tcomlng diffuse by the 6th week. These patches were

stained with uranyl acetate and lead citrate, and then viewed ﬁﬁ@o observed in the lower part of the right atrium. There
photographed with a Hitachi H-800 electron microscope. were no abnormal findings on the surface of the left ven-
Thick sections (1.5-2.qm) were prepared in a similar waytricle. Neither the right nor the left ventricle became di-

from Epon blocks, placed on copper grids, and stained with Iq?qed during the experiment
citrate for X-ray analytical electron microscopy. The analytical :

system consisted of a Hitachi H-500 electron microscope equipped-19Nt microscopically, multiple small necrotic infil-

with a Kevex 5100 X-ray energy spectrometer system (Kevdkates of eosinophils and mononuclear cells initially de-
Burlingame, Calif.). The microscope was operated at 75 kV withveloped in the subepicardium of the right ventricle in the
beam diameter of approximately 500 A. X-Rays generated in theh week. By the 5th week, several necrotic foci contain-

specimens by the electron beam were collected with a Ke : :
30 mn? lithium-drifted silicon detector positioned within 30 mn;{ﬁ>é many damaged cardiocytes that contained numerous

of the specimen holder tilted at 62° toward the X-ray detector. discrete granules were seen in the epicardium of the right
The peripheral blood collected in the EDTA tubes was smeanegntricle (Fig. 1a). Numerous eosinophils, lymphocytes,
and dried on microscope slides and then stained by the Wright-gvd scattered macrophages were infiltrated within and

emsa method. The percentage of eosinophils was estimated a ; ; ; ; ;
the 100 counts of the whole white blood cells using these slid nd the necrotic foci. Eosinophils were occasionally

Blood was diluted with Turk’s solution to determine the total nunfe€n adjacent to degenerating cardiocytes. Necrotic foci
ber of white blood cells. The total number of eosinophils per cud€came more extensive at the 7th week, and were present

millimetre was calculated as the total number of white blood celieneath the epicardium of the right ventricle. By 8 and

x the percentage of eosinophils. L 10 weeks, the necrotic areas became more fibrotic and
The analytical methods and methods of statistical analy

used were as follows. Between 5 and 10 weeks of age, the eoss'i}é)av'ly calcified, with mildly inflammatory cell infil-
phil count (Eo) of each mouse was estimated; the grouped dataleates.
expressed as mean+SEM for each stage. For semiquantitativdn the peripheral blood, most eosinophils had cyto-

analysis of right ventricular disease, magnified images of ?ﬁsm containing eosinophilic granules, which stained

transverse sections of the ventricles were assessed by a “p : : :
counting” method using a simple square lattice. The percentag k-red. Several eosinophils contained many of these

the total right ventricie cross-sectional area (Qrv) affected ytoplasmic vacuoles. . _ _
myocarditis (Qi) was expressed as Qi/Qrv for each animal. Data Approximately 90% of the mice examined during the

are reported as mean+SEM for each age group. eriod of 5-10 weeks after birtm=51) experienced

E?;agr?g)esncg g%g;\:gm”gﬁgg@?‘tﬂ%’icn?iirs]ﬁﬁ;? g"he;re]g%‘?ﬁ(rl yocardial disease. Furthermore, 74% of these mice had

moderate change; and (+3), marked change, obtained by gréfip@ssociated eosinophilic infiltrate (Table 1). At 7, 8 and
(five investigators) consensus (Fig. 1b). In our semiquantitatil® weeks of age, 97% of the mice had varying degrees of

analysis of myocardial degenerative changes, myofibrillar lysiegenerative and/or inflammatory change of the right
and vacuolization were graded (1+) to (4+) based on the sev tricular myocardium.

and the extent of changes as follows: grade (0) no apparen Sy .

change; (1+) minimal change; (2+) moderate change; (3+) Itrastructurally, there was mild interstitial oedema of
marked change; and (4+) excessively marked change, as defiif right ventricular myocardium in 4-week-old mice,
by Noda [23]. and also infiltrates of few mast cells and fibroblasts. By

The numbers of infiltrating eosinophils and total white blood gnd 6 weeks macrophages, lymphocytes, and eosino-
cells were determined by light microscopy in tissue sectiops: ! : . ’ 0
stained with haematoxylin-eosin and Mallory Azan. Each magm“ls were observed migrating from the lumen of capil

fied section was analysed by a computer system (Nikon Micropt@ties into and around damaged myocardial foci (Fig. 2).
to FXA-LUZEX-3, Nikon Corporation) and an electronic imagd’olymorphonuclear leucocytes had also infiltrated these

was obtained. The 0.1-n#mareas were selected from the compufgc;, Macrophages and eosinophils were seen adjacent to

er-generated images. The numbers of local eosinophils and whj ; ; ; ;
blood cells (WBCs) and the ratio of Eo to WBCs were obtain arently intact, degenerating, and necrotic cardiocytes.

for these areas (Fig. 1c). These data are reported as mean +SEM
for each age group, and the Eo/WBC ratios were checked individ-
ually to study the correlations with the histological gradings.
The time courses of local eosinophil counts and the periph
eosinophil counts and the WBC counts, Eo/WBCs ratios, al

le 1 Frequency of clinicopathologic changes in DBA/2 mice
5 to 10 weeks after birsh

Qi/Qrv ratios were assessed by one-way analysis of variance : : ) : -
Scheffe’s multiple comparison test. Spearman’s rank test was u@@glcopathologlc profile Frequency in entire group
to determine correlations between the ratio of eosinophils t s
WABCs in the right ventricle and the grades of the various histol 3ge}rg|tlc chantge ar(njd/or mydo- . 90% (46/51)
ical findings described abovP-values lower than 0.05 were con- rdial degeneration (diseased mice)
sidered statistically significant Eosinophil infiltratiord 69% (35/51)
: Mononuclear cell (MNC) 100% (51/51)
infiltrationP
Mineralization 67% (34/51)

aEquivalent to 74% of diseased mice of 5 to 10 weeks of age
b There are some cases without myocardial cell damage despite
the presence of a MNC infiltre 2



Fig. 1 aTransverse section of DBA/2 mouse ventricles at the 5tlardial degenerationc Computerized video image of damaged
week. An inflamed area can be found in the subepicardial areaight ventricle. Each frame can be arbitrarily adjusted with the
the right ventricular free wall. H&E light micrograph of the in-MS-DOS system and is designated as Ai. The 0.12 mrea is
flamed subepicardial area showing myocardial necrosis with celly-, _. oo ) <

lar infiltration at the 5th week. Numerous mononuclear cells arq'btamed asElAl(A1+A2+A3+ """"""" An 9=n=11). The area

eosinophils have infiltrated the necrotic area. H&E stain, xBb00.shown is equal to 0.01 n#mThe eosinophil and infiltrated white
Classification of right ventricular histological damage: gréd® pjood cell counts (WBCs) in the Ai frame are then estimated from
apparent change, gradd subepicardial inflammation with mild {he photograph shown. Quantification of eosinophils and WBCs

myocardial involvement, grade2 subepicardial inflammation a5 performed by summing the cell numbers calculated per area
with moderate myocardial degeneration, gra@esevere subepi- (a1+A2+ +An), which corresponds to 0.1 &:m

cardial inflammation and calcinosis with broad and severe myo-



Fig. 2 Electron micrograph of a capillary found in an inflammaevident. An eosinophil and a lymphocyte have entered the necrotic

tory focus. Lymphocytes and eosinophils can be seen betweenadiocyte (6th weekBar 1 um, x6,00(:

dothelial cells and the basal lamina of the capillary. These cells . . .

appear to migrate into the inflammatory focus in the myocardidfid: 4 @Electron micrograph of a myocardial necrotic focus (6th

(Sth week)Bar 5 um, x3,75(; week). An eosinophil contains specific granulesSome of these
granules have lost their crystalloid internae and display reversed

Fig. 3 Electron micrograph of a necrotic cardiocyte undergoindensity. The vacuole seen in the cytoplasm of the eosinophil sug-

myofibrillar lysis. Accumulation of moderately electron-dense migests that degranulation has occurigak. 1 um, x16,60(

tochondrial inclusions and rupture of the plasma membrane are
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Fig. 5 a Electron micrograph of highly electron-dense spiculdfig. 6 Electron micrograph of a fibrotic focus present in the myo-
mitochondrial inclusions in a necrotic cardiocyte during the 6ttardium. Numerous collagen fibrils have accumulated in the vicin-
week.Bar 1 um, x10,000b Micrograph of summated X-ray spec-ity of fibroblasts. Eosinophils and lymphocytes can also be seen in
trum from electron-dense mitochondrial inclusions shown by tltlee fibrotic area (8th weekfgar 1 um, x7,200

arrow ina. The significant peak corresponds to calciu®@a (Ka . . . .
line 3.69 KeV). Prominent peaks for copp@uj corresponding to 19 7 Electron micrograph of degenerated cardiocytes in the
the microscope grid, chlorid€l) to the embedding medium, andMyocardial fibrotic focus. The cardiocyte has undergone marked
osmium Qs to the fi;<ing medium are also presznt ’ degeneration characterized by myofibrillar lysis, accumulation of

mitochondrial inclusions and Z-band-like material, and formation
of vacuoles (10th weekRar 1 um, x22,10(:
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Table 2 Local eosinophil and white blood cell counts (WBCs), Eo/WBCs ratios, and the ratio of inflammatory myocardium to the total
right ventricular myocardium (Qi/Qrv) in each subgroup. Also shown is the peripheral blood eosinophil count. Mezn+SEM

Age (after birth: weeks) hELDL) 6 (=10) 7 @=10) 8 (=10) 10 0=10)
Eosinophil count 50.6+£24.6 6.2+2.7 23.7+7.3 17.1+6.7 11.9+6.1
WBC count 196.2+75.9 84.7+32.8 197.5+47.6 173.7452.7 132.2+37.6
Eo/WBC:s ratio (%) 11.5+4.2 5.1+1.6 10.3+2.4 7.2+2.3 5.0£1.8
(Per 0.1 mrAunit in the right
ventricular myocardium)
Qi/Qrv ratio (%) 7.4+4.0 6.0+2.5 10.5+£3.5 4.4+1.6 7.8+2.1
Age (after birth: weeks) HEB) 6 (h=5) 7 (h=5) 8 (h=5) 10 (=5)
Eosinophil count 77.7+£12.2 106.4+10.8 142.8+10.3 180.0+£20.7 82.0+12.7
(peripheral blood/mR) L | L I
*% *%
** P<0.01
Qi/ Qv (%) Severity
301 - (grade) 3] s mm
] NS. n=26 1
20: = 2= =m ] a
- L] - 4
. " . 15=0.6528 n=51
1 1 p<0.0001
10 - 14
] " :
- L ] :
o - v -—sb T 1 [0} s | oo mn o o s e B S S B R B S A ™
0 100 200 300 ) 10 20 30 40 50
8 Peripheral blood eosinophil counts/mm?* 9 Eo/WBCs (%)
Myolysis
(grade) 47 Vacuolization
1 1 5=0.5333 n=51 (grade) 47
3_‘ - & G p<.0.0001 1
] 3]
1 -
24 ]
4 24 .
14— - 14 rs=0.6392 n=51
] $<.0.0001
(V] ) T — T T v T 1 0 J— T T T T —
0 10 20 30 40 50 0 10 20 30 40 50
10 Eo/WBCs (%) 11 Eo/WBCs (%)

Fig. 8 Spearman’s rank test was used. Lack of correlation H€esinophils often
tween peripheral blood eosinophil counts and ratio of inflamma
ry myocardium to total right ventricular myocardium (Qi/C:cv)

invaded the necrotic cardiocytes

&ig. 3). These eosinophils that were adjacent to degen-
erating or necrotic cardiocytes often contained a reduced

Fig. 9 Positive correlation between ratio of eosinophils to whitsgumber of granules, which had lost their normal crystal-

blood cells Eo/WBC$ (per 0.1 mr) in the right ventricle and

right ventricular histological damae

0.1 mn?®) in the right ventricle and semiquantitative analysis q;

myolysis

Fig. 11 Positive correlation between eosinophil/WBCs ratio (p
0.1 mn?®) in the right ventricle and semiquantitative analysis

vacuolizatior:

loid pattern and stained homogeneously (Fig. 4). Cardio-

_ - _ o ~cytes found in the inflammatory foci often showed ne-
Fig. 10 Positive correlation between eosinophil/WBCs ratio (pirosis characterized by myofibrillar lysis and disruption

f the plasma membrane at multiple sites. Mitochondria
were markedly swollen and frequently contained moder-
tely electron-dense amorphous and/or highly electron-
ense spicular inclusions (Fig. 5a). Analytical electron

microscopy revealed a prominent peak that corresponded
to calcium in the highly electron-dense spicular mito-
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chondrial inclusions (Fig. 5b). No calcium peak wasibepicardial damage with myocardial necrosis and inter-
identified in the moderately electron-dense amorphostitial cellular infiltrates in these mice at 4-5 weeks of
inclusions. After the necrotic cardiocytes had completedge [19, 24], as well as residual calcification. In 1984, we
broken down, large numbers of calcified mitochondrfast suggested that the epicardial and subepicardial in-
coalesced to form a large calcified aggregate in the intBammation seen in this mouse strain is characterized by
stitial space. At 8 and 10 weeks, fibroblasts and abundeaitinosis and prominent eosinophilic infiltrates on long-
collagen fibrils were observed in the interstitial spaterm follow-up [16]. The changes are most severe by the
(Fig. 6). Although inflammatory cell infiltrates were les$th and 7th weeks, resolving spontaneously with myocar-
prominent than at 6 and 7 weeks of age, there were shidll fibrosis and calcinosis after the 10th week [16].
significant numbers of lymphocytes, macrophages, andWe investigated cardiocyte injury during the early
eosinophils in the interstitial space. Degenerating cards&tages of this disease within the first 10 weeks of life in
cytes displayed normal degenerative changes, includthg present study. We occasionally found eosinophils in
myofibrillar lysis, accumulation of myelin figures andlose contact with injured cardiocytes, and eosinophils
formation of vacuoles. Several cardiocytes had undeften invaded necrotic cardiocytes through their ruptured
gone necrosis (Fig. 7). plasma membranes. The infiltrating eosinophils usually
The eosinophil and white blood cell counts (WBCspntained granules with reversed density, which is char-
in the right ventricle were followed during the periodcteristic of activated eosinophils [22, 25]. These eosino-
from 5 to 10 weeks after birtm£51). The eosinophil phils also contained many cytoplasmic vacuoles, which
count was conspicuously high at 5 weeks, but decreas®ticates that degranulation had occurred. These phe-
at 7 weeks of age. The WBC count did not change Immmena are thought to be similar to the cellular damage
tween 5 and 10 weeks of age (Table 2). seen in the hypereosinophilic syndrome, where cardio-
For the percentages of the myocardium involved byte injury has been attributed to cationic proteins
inflammatory areasnE51) the 7-week-old mice showedECPs) and major basic proteins (MBPs) derived from
the greatest involvement although there were no signdranules of activated eosinophils [9, 11, 12]. In the
cant differences among the subgroups (Table 2). ThBX8A/2 mouse strain, cardiocyte plasma membranes may
was no significant correlation between peripheral bloatso be damaged by ECPs and MBPs, resulting in an in-
eosinophil counts and the ratio of the inflamed to the fitux of calcium and necrosis.
tal area (Fig. 8). From a statistical viewpoint, eosinophil counts in the
Peripheral blood eosinophil counts=@6) revealed right ventricular tissue and the Eo/WBCs ratios were
that the number of eosinophils was increased in the 8tghest at 5 weeks and the histological findings were
week compared with other stag®s<0.01) (Table 2).  most severe immediately after this period. Only later did
The correlation between the local eosinophil to WBQ@eripheral blood eosinophil counts reach a peak (Table 2).
ratio (Eo/WBCs) and the severity of right ventricular his- The clinical diagnosis of this disease is often suspect-
tological findings (grades 0,+1,+2,+3) (Fig. 9) was exd when there is increasing eosinophilia. In our mouse
pressed as: model, the inflammation of the myocardial tissue was
y=0.078+0.486rs=0.6528P < 0.0001n=51 widespread before eosinophilia was perceived. Nakaya-

o ) i ma et al. [22] first suggested, in their clinical study of
There were also significant relationships between the QTdomyocardial biopsies, that local deposition of eosino-

cal eosinophil Eo/WBCs ratio and semiquantificatiophil-derived proteins was more important in the cardiac
(grades 0,+1,+2,+3,+4) of the myocardial changes (Fig§yocyte damage than the accumulation of serum pro-

10, 11) for the following histological features: teins. In fact, in the DBA/2 mouse strain, few vacuolated
Myofibrillar lysis: eosinophils were seen in peripheral blood, and peripheral
y=0.033+1.152rs=0.5333P < 0.0001n=51 blood eosinophil counts did not correlate with the severi-
o ty of disease (Fig. 8). Semiquantitative analysis did re-
Vacuolization: veal that the degree of histological myocardial injury
y=0.05%+0.545rs=0.6392p < 0.0001n=51 correlated positively with the ratio of local eosinophils to

white blood cells (Figs. 9—11). These findings also sup-
port the impression that local infiltrating eosinophils
Discussion play a significant role in the cardiocyte injury found in
this subepicardial inflammation and myocarditis.
Viral [4, 5, 17, 18, 20] and/or autoimmune myocarditis Calcinosis in the injured myocardium is another charac-
[13] typically produce acute myocarditis. In contrast, eteristic feature of this experimental model. The phenome-
sinophilic myocarditis is a chronic disease associateon has been studied by many investigators at light micro-
with prolonged eosinophilia, and in particular, with a hycopic level; Van-Vleet and Ferrans [26] were the first to
pereosinophilic syndrome [22]. However, there are fadescribe mineral deposits in necrotic cardiocytes of DBA/2
animal models of idiopathic eosinophilic myocarditis. mice observed by electron microscopy. They reported that
DBA/2 strains of inbred mice spontaneously develapinerals seen in necrotic myocytes formed dense granular
epicardial and subepicardial inflammation of the riglaind spicular deposits in mitochondria only, mitochondria
ventricle. Previous reports have described epicardial sl the adjacent sarcoplasm, or the entire sarcoplasm.
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Our electron microscopic study showed that the calcif# Eaton GJ, Custer RP, Johnson FN, Stabenow KT (1978) Dys-
cation appeared to originate in electron-dense inclusions ir-{rophlc cardiac calcinosis in mice: Genetic, hormonal, and die-

. - . . . ary influences. Am J Pathol 90:173-186
the mitochondria of necrotic cardiocytes. X-ray analyticg] gyaig R Weibel (ed) (1979) Stereological methods: practical

electron microscopy demonstrated that the inclusions con-methods for biological morphometry, vol 1. Academic Press
tained calcium. After the necrotic cardiocytes became or-London, pp 349-357 _
ganized, multiple calcified lesions coalesced in the intersfi- Fauci AS, Harley JB, Roberts WC, Ferrans VJ, Gralnick HR,

f : ornson BH (1982) The idiopathic hypereosinophilic syn-
tial space to fo.rm aggrega_ltes_ that per5|ste_d as Iarge, den ome: clinical, pathophysiologic, and therapeutic consider-
calcium deposits. These findings are consistent with thoSeations (NIH conference). Ann Intern Med 97:78-92

described by Van-Vleet and Ferrans [26]. Furthermore, flte Hare WV, Stewart HL (1956) Chronic gastritis of the glandular
pathogenesis of the dystrophic calcification characteristic stomach, adenomatous polyp of the duodenum, and calcareous
of this model is similar to that of the murine coxsackie Eﬁ pericarditis in strain DBA mice. J Natl Cancer Inst 16:889-912

e . . Hayashi T, Okamoto F, Terasaki H, Deguchi H, Hirota Y, Kit-
myocarditis [4] and EMC viral myocarditis [15, 20]. Degu-"" aura v, Spry CJF, Kawamura K (1996) Ultrastructural and im-

chi reviewed his findings on X-ray analysis in viral myo- munohistochemical studies on myocardial biopsies from a pa-
carditis and concluded that electron-dense granular or spictient with eosinophilic endomyocarditis. Cardiovasc Pathol 5:
ular inclusions often appear to increase until the entire mj-105-112

P - . . 12, Hirota Y (1994) Restrictive cardiomyopathy, cardiac amyloi-
tochondria is occupied by calcium apatite. These calCifi€d s~ and hypereosinophilic heart disease. In- Abelmann WH
granules then would form a larger mass [4]. (ed) Atlas of heart diseases. Cardiomyopathies, myocarditis,

Our ultrastructural study revealed that mitochondrial and pericardial disease. Current Medicine, Philadelphia, pp
calcium accumulation in the postnecrotic areas was 9-1-5.15

; ; ; Izumi T, Maisch B, Kochsiek K (1987) Experimental murine
much more prom_'r.‘e”t than that seen in murine COxsadr?’emyocarditis after immunization with cardiac membranous pro-
B3 viral myocarditis.

b - . tein. Eur Heart J 8 [Suppl J.]:419-424

In conclusion, direct contact between activated ept. Kawamura K, Kitaura Y, Morita H, Deguchi H, Kotaka M
sinophils and cardiocytes was frequently seen in the right(1985) Viral and idiopathic myocarditis in Japan: a question-
ventricular myocardium, suggesting the importance of gp halre survey. FHeart Vessels [Suppl 1]:18-22

. di f . hili L Kishimoto C, Spry CJF, Tai PC, Tomioka N, Kawai C (1986)
Immediate response of eosinophilic cationic proteins The in vivo cardiotoxic effect of eosinophilic cationic protein

and/or major basic proteins. The pathogenesis of subepiin an animal preparation. Jpn Circ J 50:1264-1267 N
cardial inflammation remains unknown, but the frequehé. Kitaura Y (1981) Experimental coxsackie B virus myocarditis
cy and severity of this disease varies with age [24], gen-in mice: 18-month histopathological and virological study. Jpn

. . . 2o Circ J 45:747-762
der [24, 27], strain [10], diet [1, 10], genetic susceptibilf i ira Y, Morita H, Deguchi H, Kotaka M, Kawamura K
ty [2], and hormonal effects [3, 7]. The clinicopathologi- (1984) Histopathologic and hemodynamic study of the heart in

cal features of the disease are not identical to those ofspontaneously developed perimyocarditis in DBA/2 mice (ab-

human hypereosinophilic syndrome.

very useful for studying the mechanisms of cardiocyig

Overall, the DBA/2 mouse model of myocarditis is

stract). International Symposium on Cardiomyopathy and
Myocarditis, Tokyo, Japan, 12-15 December. Heart Vessels
[Suppl 1]:311

Kotaka M, Kitaura Y, Deguchi H, Kawamura K (1990) Experi-

injury mediated by infiltrating eosinophils, especially mental influenza A virus myocarditis in mice. Am J Pathol
during the early stages of disease.
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