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Abstract Viral infection, especially by enteroviruses,
has been considered to be the most common cause of
myocarditis, which may progress to dilated cardiomyop-
athy (DCM). Although the mechanism of progression re-
mains uncertain, a cytokine-associated injury of my-
ocytes has been proposed. Using reverse transcriptase
polymerase chain reaction (RT-PCR), we examined the
expression of interleukin 1 (IL-1f), IL-6, 11.-8 and tu-
mour necrosis factor alpha (TNF-ot) and the presence of
enteroviral genomic RNA in endomyocardial biopsy tis-
sues obtained from patients with myocarditis and DCM.
We examined endomyocardial biopsy tissues obtained
from 6 patients with myocarditis, 21 with DCM and 15
with non-infectious cardiac diseases as controls. In pa-
tients with myocarditis, endomyocardial biopsy was per-
formed twice at an interval of 1 month to § years after
the onset of myocarditis. We used RT-PCR to detect IL-
1B, IL-6, IL-8 and TNF-o genes expression and nested
RT-PCR (nRT-PCR) to detect enteroviral genomic RNA.
IL-1B, IL-6, IL-8 and TNF-o. genes were expressed in
100% (6/6) and enteroviral genomic RNA in 67% (4/6)
of myocarditis patients at the first biopsy. At the second
biopsy, IL-1B, TL-6, IL-8 and TNF-o genes were ex-
pressed in none, 50% (3/6), 67% (4/6) and 67% (4/6), re-
spectively, and enteroviral genomic RNA in 67% (4/6).
Four patients with myocarditis, in whom IL-8 and TNF-
o genes and enteroviral genomic RNA were detected,
progressed to DCM at the second biopsy. IL-1f3, IL-6,
IL-8 and TNF-o. genes were expressed in none, 24%
(5/21), 38% (8/21), 57% (12/21) of DCM patients, re-
spectively. Enteroviral genomic RNA was detected in
43% (9/21) of DCM. Neither cytokine expression nor en-
teroviral genomic RNA were detected in the controls.
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The high incidence of cytokines, especially IL-6, IL-8
and TNF-q, expression in myocarditis and DCM, which
might be induced by enteroviral infection, suggests that
cytokines play an important role in myocytic damage
leading to DCM.
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Introduction

Coxsackievirus (CV), especially group B, are the most
commonly identified agents in the aetiology of acute
myocarditis in humans [29]. Dilated cardiomyopathy
(DCM) is a myocardial disorder of unknown actiology,
defined by dilatation of the left ventricle, either alone or
with right ventricular dilatation, in the absence of coro-
nary, valvular, pericardial or congenital diseases [20],
which has been reported to be the probable sequela of
long-term or recurrent viral myocarditis [1, 2, 6, 29].
DCM is accompanied by impairment of ventricular func-
tion [20]. We have previously demonstrated the persis-
tence of enteroviral genomic RNA in endomyocardial
tissues from patients with myocarditis and DCM by po-
Imyerase chain reaction (PCR) with slot blot hybridiza-
tion [22, 23] and examined the progression from myo-
carditis to DCM in patients with persistent enteroviral
genomic RINA [22]. Recently, other investigators have
proposed that cell-mediated immunity plays an important
role in the pathogenesis of myocardial cell damage dur-
ing this process [1, 2, 6, 24]. In a murine model of CV
B3-induced myocarditis, lipopolysaccharide increases
the cytokine concentration as well as MHC class 1 and 1T
expression in myocardial tissues [15]. Sato et al. [21] re-
ported that myocardial cell damage in athymic C3H/HeN
mice of CVB3-induced myocarditis was associated with
the expression of tumour necrosis factor-o (TNF-a) and
other cytokines. In addition, Henke et al. reported that
CVB 3 can induce interleukin (IL)-1, IL-6 and TNF-o
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from human monocytes without affecting their viability,
and suggested the involvement of cytokines in the myo-
cardial cell damage induced by persistent CVB3 infec-
tion could lead to cardiomyopathy [9]. However, the
mechanism of the progression of myocarditis to DCM
remains uncertain. It is not clear whether human DCM is
due to a direct or indirect cytopathic effect of the viruses
upon myocardial cells, or due to an infection-related im-
mune or other response to myocardial cells.

In this study, we investigated cytokine (IL-1f, IL-6,
IL-8 and TNF-o) genes expression and the presence of
enteroviral genomic RNA in endomyocardial biopsy tis-
sues obtained from patients with myocarditis and DCM
using the reverse transcriptase polymerase chain reaction
(RT-PCR) and nested RT-PCR (nRT-PCR). The correla-
tion between cytokine expression and clinicopathological
findings was studied with a long-term follow-up includ-
ing repeated endomyocardial biopsies in patients with
myocarditis.

Materials and methods

We examined 48 endomyocardial biopsy tissues obtained from 6
patients with myocarditis, 21 patients with DCM and 15 control
patients with non-infectious cardiac diseases. Patients with myo-
carditis included 3 males and 3 females with a mean age of 45
years (range, 20 to 70 years), and endomyocardial biopsy was per-
formed twice at an interval of 2 months to 8 years from the onset
of myocarditis. Patients with DCM included 14 males and 7 fe-
males with a mean age of 60 years (range, 28 to 76 years). Myo-
carditis was diagnosed according to the Dallas criteria [3]. DCM
was diagnosed according to the criteria of the WHO/ISFC task
force, [20] and on the basis of the following two-dimensional
echocardiographic findings: a left ventricular ejection fraction of
less than 50% and a left ventricular end-systolic diameter of more
than 50 mm. Patients were excluded if there was any angiographic
evidence of coronary heart disease, ischaemic changes during ex-
ercise testing, systemic hypertension, concomitant systemic or en-
docrine diseases that might cause impairment of left ventricular
function, or excessive alcohol consumption. Controls (8 males and

7 females with a mean age of 49 years; range, 20 to 80 years) con-
sisted of 6 patients with hypertensive heart diseases, 6 with a his-
tory of ventricular tachycardia, and 3 with sick sinus syndrome.

Right and left cardiac catheterization, selective coronary angi-
ography, left ventriculography, and two dimensional echocardiog-
raphy were performed in all patients. Right ventricular endomyo-
cardial tissues were obtained from all patients with a bioptome
(Type A, Yufu Corp., Tokyo, Japan) through the femoral venous
approach. Four tissue samples were obtained from each patient.
Three of these were fixed in 10% formalin, embedded in paraffin
after dehydration in a graded alcohol series, and cut into 4 pum-
thick sections. Sections were stained with haematoxylin and eosin.
In DCM, each section was examined independently by three inves-
tigators who did not know the clinical features of the patient. The
histological changes were graded on a scale from 0 (not present)
to 3 (severe); hypertrophy, disarrangement and degeneration of
myocytes, myocardial fibrosis and cellular infiltration, as previ-
ously reported [23]. The remaining tissue sample was frozen im-
mediately after biopsy at —80° C and used for PCR.

CVB-specific neutralizing antibody titer and the titre of CVB-
specific serum IgM were determined using a microtitre method
and an IgM capture enzyme linked immunosorbent assay (ELISA),
respectively [8, 30].

Peripheral blood monocytes were prepared from normal blood
donors. After centrifugation, monocytes were washed and resus-
pended in AIM-R medium (GIBCO Lab., N.Y., USA) supplement-
ed with 2 pg of anti-human Leu-4 [CD3] (Becton Dickinson,
Calif., USA). Those monocytes were allowed to adhere to tissue
culture flasks for 24 h at 37° C in a humidified 5% CO,-95% air
atmosphere. Subsequently, these cells were used as positive con-
trols for the detection of cytokines expression.

CVB3-positive HeLa cells were used as a positive control for
the presence of enteroviral genomic RNA.

Total RNA was extracted by the acid guanidinium thiocyanate-
phenol-chloroform method from HeLa cells, cultured monocytes
and endomyocardial biopsy tissues [7]. After the biopsy tissues,
cultured cells and cultured monocytes were homogenized in guan-
idine thiocyanate, the total RNA was extracted with phenol-chlo-
roform, then recovered with isopropanol. The purity of extracted
total RNA was confirmed by determining the ratio of absorbance
at 260 nm to that at 280 nm. The extracted RNA was diluted to
200 ng/ul with double-distilled water (DDW).

The expression of cytokine genes and the presence of enterovi-
ral genomic RNA were analysed using the RT-PCR method fol-
lowed by Southern blot hybridization. Table 1 shows the sequenc-
es of primers and probes. Sets of primers and a probe for enterovi-

Table 1 Sequences of primers

and probes Cytokines Sequence (5'-3") Fragment [Reference]
IL-1p  sense GACCTGGACCTCTGCCCTCTG 408 bp [17]
anti-sense  AGGTATTTTGTCATTACTTTC
probe TATTTTGTCATTACTTTCTTCTCCTTGTACAAA
GGACATGGAGAACACCACTTGTTGCTC
IL-6 sense GTACCCCCAGGAGAAGAT 388 bp [31]
anti-sense  CATTTGCCGAAGAGCCCTCA
probe TTTTGTACTCATCTGCACAGCTCTGGCTTGTTC
CTCACTCTCAAATCTGTTCTGGAG
I.-8 sense GCTTTCTGATGGAAGAGAGC 585 bp [18]
anti-sense GGCACAGTGGAACAAGGACT
probe CTTCAAAAACTTCTCCACAACCCTCTGCACCCA
GTTTTCCTTGGGGTCCAGACA
TNF-0.  sense GCCTGTAGCCCATGTTGTAG 438 bp [25]
anti-sense  AATGATCCCAAAGTAGACCTGCCC
probe AAAGTCGAGATAGTCGGGCCGATTGATCTCAGC
GCTGAGTCGGTCATTCTTCTCCAGCTG
B actin  sense CCTGGCACCCAGCACAATGA 629 bp [19]
anti-sense  TTGGGAAGGTTGGATGTTCG
probe TTTGCGGTGGACGATGGAGGGGCCGGAATAGTA

ATACTCCTGCTTGCTGATCCACATCTG




ral gemonic RNA, located in the VP4 region, were used as previ-
ously described [22, 23]. The primers and probes were synthesized
by the phosphoramidite method using a DNA synthesizer (Milli-
Gen/Biosearch, Bedford, Mass., USA).

RT-PCR was performed with an RNA-PCR kit (GeneAmp,
Perkin Elmer-Cetus Corp., Norland, Conn., USA). The cDNA was
synthesized from 200 ng of total RNA by reverse transcription at
42° C for 15 min using the anti-sense primer. The products were
amplified with 45 cycles of PCR using a temperature cycler (Hyb-
aid, Middlessex, UK). Each cycle consisted of denaturation at 94°
C for 30 s, annealing at 55° C for 60 s, and extension at 72° C for
60 s. For detection of enteroviral genomic RNA, a second PCR
was performed. Two microlitres of the first PCR product was
transferred to a reaction buffer (50 mM KCl, 0.01% gelatin and 10
mM TRIS buffer, pH 8.3) containing 20 pmol of internal primers,
1 mM MgCl,, 0.2 mM of deoxynucleotide triphosphate and 0.5
units of AmpliTaq DNA polymerase (Perkin Elmer-Cetus), then
amplified with 45 cycles as in the first PCR.

The PCR products (10 ul) were electrophoresed on a 3% Nu-
Sieve 1% Seakem agarose gel (FMC Bioproducts, Rockland, Me.,
USA). DNA bands were visualized after ethidium bromide stain-
ing by exposure to ultraviolet light. Hae III-digested ¢x174 DNA
(Toyobo, Osaka, Japan) was used as a size marker for electropho-
resis. The DNA bands were denatured and transferred onto a nylon
membrane (Hybond-N, Amersham, UK) using 0.4 M of NaOH as
denaturant buffer and 20xSSC (0.3 M NaCl and 0.03 M sodium
citrate at pH 7.0) as transferring buffer. The DNA bands were
fixed on the membrane by a UV linker (Spectromics, Westbury,
New York, USA). The membrane was then prehybridized in a so-
lution of 50 mM TRIS-HCIL, 1 M NaCl, 10% dextran sulphate, 1%
sodium dodecyl sulphate (SDS) and sheared salmon sperm DNA
at 65° C for 2 h. Hybridization was carried out in the same solu-
tion with a [y32P]-5'-end-labelled probe, prepared using a kit
(MEGALABEL, Takara, Kyoto, Japan). After incubation for 16 h
at 65° C, the membrane was washed three times at room tempera-
ture for 10 min, and twice at 65° C for 10 min in 2xSSC contain-
ing 0.1% SDS. The membrane was then autoradiographed at —80°
Cfor24 h.

All clinical results of DCM were expressed as mean values
+SE (standard error). The relationship of PCR results to histologi-
cal grade was analysed using the Mann-Whitney rank-sum test.

Results

The total RNAs which were extracted from cultured
monocytes and HeLa cells were used for RT- and nRT-
PCR as positive controls. Expression of cytokines and 3
actin in cultured lymphocytes and enteroviral genomic
RNA in HeLa cells were confirmed by Southern blot hy-
bridization after PCR (Fig. 1).

In 15 control patients with various non-infectious car-
diac diseases, neither expression of cytokine genes nor
enteroviral genomic RNA were detected (Fig. 2). The ex-
pression of  actin was confirmed in all controls.

The expression of cytokines and enteroviral genomic
RNA were detected in all patients with myocarditis at
first biopsy (Fig. 3). At the second biopsy, IL-1f3, IL-6,
IL-8 and TNF-o genes were expressed in 16% (1/6),
50% (3/6), 67% (4/6) and 67% (4/6), respectively and
enteroviral genomic RNA in 67% (4/6) (Fig. 3). Table 2
shows correlation between PCR results and clinico-
pathological findings. In four patients (patient 3, 4, 5
and 6) with active myocarditis at first biopsy (Fig. 4),
IL-8, TNF-o. and enteroviral genomic RNA were con-
sistently detected at the first and second biopsies, al-
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Fig. 1A, B Results of RT-PCR of § actin, IL-1PB, IL-6, IL-8 and
TNF-o genes and enteroviral genomic RNA of positive control. A
Agarose gel electrophoresis; B Southern blot hybridization; EVG,
enteroviral genomic RNA, SM size marker
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Fig. 2 Results of RT-PCR in biopsy tissues from 15 patients with
controls. EVG Enteroviral genomic RNA, P positive control
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Fig. 3 Results of RT-PCR in 6 patients with myocarditis. EVG
Enteroviral genomic RNA

though active myocarditis had resolved at the second
biopsy (Fig. 5). The clinical course of those four pa-
tients were of DCM. In the remaining two patients, cy-
tokine genes expression and enteroviral genomic RNA
were disappeared at the second biopsy and clinico-
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Table 2 Clinicopathological

findings and PCR results in Patient Age/sex Time after Chlinicalv Diagnosis PCR results
myocarditis (EVG enteroviral onset diagnosis  (Dallas criteria)
genomic RNA, ¢ first biopsy, IL-1p IL-6 IL-8 TNF-o EVG
b second biopsy, M male, F fe- -
male, MC myocarditis, DCM la 25/F 1 month MC Active MC + + + -
dilated cardiomyopathy) b 6 months MC Resolved MC - - - - -
2a 43/F 3 days Acute MC  Active MC + + + + -
b 1 month MC Resolving MC - - - - -
3a 69/M 2 months Acute MC  Active MC + + + + +
b 7 months DCM Resolved MC - + + + +
4a 43/M 1 month Acute MC  Active MC + + + + +
b 3 months DCM Resolving MC - + + + +
5a 20/M 1 month MC Active MC + + + + +
b 6 months DCM Resolved MC - - + + +
6a T0/F 2 months MC Active MC + + + + +
b 8 years DCM Resolved MC - + + + +

Fig. 4 Patient 5a. There is severe inflammatory infiltration with
myocytic necrosis (HE, x200)

Fig. 5 Patient 5b. There is a mild interstitial fibrosis. Inflammato-
ry cells are not evident (HE, x400)

pathological findings revealed marked improvement of
myocarditis.

Table 3 shows the PCR results. IL-1j, IL.-6, IL.-8 and
TNF-o. genes were expressed in none, 24% (5/21), 38%
(8/21) and 57% (12/21) of DCM, respectively (Fig. 6).

Table 3 Clinical findings and PCR results in DCM (EVG entero-
viral genomic RNA, M male, F' female, DCM dilated cardiomy-
opathy)

Patient no. Agelsex PCR results
IL-1 IL-6 IL-8 TNF-oo EVG
1 69/M - + + + +
2 75/M - + - + +
3 76/F - - - - -
4 57/M - - - - -
5 57/M - - - - -
6 46/F - - - - -
7 64/F - + + + -
8 60/M - + + + +
9 69/M - - + + +
10 65/M - - - - -
11 68/F - - - - -
12 54/F - - - + +
13 61/M - - + + -
14 59/M - - + + +
15 61/M - - - - -
16 66/M - - - + +
17 41/M - - + + +
18 38/F - - - - -
19 57/M - + - + -
20 73/F - - + + +
21 28/M - - - - -

Enteroviral genomic RNA was detected in 43% (9/21)
(Fig. 6). The expression of IL-8 and TNF-ot and the pres-
ence of enteroviral genomic RNA were associated with
myocardial fibrosis (Table 4). The mean histological
grades in endomyocardial tissues, with and without IL-8,
TNF-o genes expression and enteroviral genomic RNA
were 1.4 versus 0.8 (P=0.04), 1.5 versus 0.5 (P=0.003)
and 1.4 versus 0.9 (P=0.04) on myocardial fibrosis, re-
spectively. Myocytic hypertrophy was more prominent in
TNF-a-positive than TNF-o-negative tissues (Table 4).
The mean histological grade with and without TNF-o
gene expression was 1.4 versus 0.7 (P=0.03). By con-
trast, myocytic degeneration was more prominent in
TNF-0. and enteroviral genomic RNA-negative than
RNA-positive findings (Table 4). The mean histological
grades with and without TNF-c was 0.7 and 1.7, respec-
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Table 4 Histology of endomyocardial biopsy tissues in DCM
(Grading scale: 0, not present; 1, mild; 2, moderate; 3, severe.
EVG Enteroviral genomic RNA)

IL-6  IL-8 TNF-a EVG

Histological grade
Myocytic hypertrophy

Positive 1.5 1.3 1.4 1.4

Negative 0.9 1.0 0.7 0.9

p value 0.1 0.2 0.03 0.09
Degeneration

Positive 1.2 1.2 0.7 0.7

Negative 1.1 1.1 1.7 1.3

p value 0.6 0.7 0.002  0.002
Disarrangement

Positive 1.2 1.2 1.2 1.3

Negative 1.1 1.1 1.0 0.9

p value 0.6 0.7 04 0.1
Cellular infiltration

Positive 1.0 1.1 1.1 0.9

Negative 1.1 1.0 1.0 1.2

p value 0.9 0.9 0.9 0.4
Extent of fibrosis

Positive 1.5 1.4 1.5 1.4

Negative 1.0 0.8 0.5 0.9

p value 0.08 0.04 0.003 0.04

tively (P=0.002) and that with and without enteroviral
genomic RNA was 0.7 versus 1.3 (P=0.002). In echocar-
diographic findings, there was no significant difference
between positive and negative PCR results (Table 5).

All myocarditis, DCM and control patients were neg-
ative for CVB-specific neutralization and IgM antibodies
in serum.

Discussion

Although a post-viral aetiology for DCM has been pro-
posed and widely accepted, the actual role of the viral in-
fection in DCM has not been well defined because detec-
tion of virus is difficult. Attempts to identify viruses by
electron microscopy, to isolate viruses from myocardial
tissues, and to detect enteroviral-specific antigens in
myocardium have generally been unsuccessful [4, 29]. A
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Table 5 Clinical characteristics in DCM (EVG enteroviral ge-
nomic RNA, LVEF left ventricular ejection fraction, LVEDD left
ventricular endo-diastolic diameter, LVESD left ventricular endo-
systolic diameter)

IL-6 IL-8 TNF-a0 EVG

LVEF Positive  30.0+3.8 28.8+3.5 25.8+3.1 26.4+3.5
(%) Negative 28.9+3.2 29.4+3.4 33.7£3.5 32.0+34

pvalue 0.8 0.9 0.1 0.3
LVEDD  Positive  65.0+2.2 65.0+3.1 64.4+2.1 64.4+6.6
(mm) Negative 64.8+2.5 64.8£2.1 65.5+£2.9 653%2.5

pvalue 09 0.9 0.8 0.8
LVESD Positive  55.5£2.7 55.6£3.3 56.2+2.0 56.0£2.4
(mm) Negative 55.2+2.2 55.1+2.0 54.1+2.9 54.6+2.5

pvalue 0.9 0.9 0.6 0.7

promising molecular biological approach has recently
been developed for detection of viral genomes; develop-
ment of PCR has made it possible to detect viral nucleic
acids in low amounts. In our previous studies and those
by other groups, enteroviral genomic RNA or CVB3
RNA were detected at various rates in endomyocardial
biopsy tissues from patients with DCM and myocarditis
by PCR and hybridization assay [10, 11, 22, 23, 26].
However, it is not clear whether DCM is the result of a
direct cytopathic effect of viruses upon myocardial cells
or of infection- or host-induced immune responses
against myocardial cells. In human myocarditis, myocy-
tic damage is related to an impairment of cell-mediated
and humoral immune responses during the chronic stage
of myocarditis [1, 2, 6, 29]. In another model of CVB3-
induced myocarditis, the persistent expression of inter-
cellular adhesion molecule (ICAM)-1 and MHC antigens
induced by cytokines (INF-y and TNF-o) may cause fur-
ther myocardial cell damages in a later phase of myocar-
ditis [24]. Recently, Henke and his colleagues [9] have
suggested that cytokines (TNF-q, IL-18 and IL-6) which
cause myocytic damage leading to DCM, were released
from monocytes and fibroblasts. in response to CVB in-
fection. Thus, the immune response to the infection
would be an important factor in the development of
DCM. However, to our knowledge, there have been no
reports in which the expression of cytokines was studied
in endomyocardial biopsy specimens from patients with
myocarditis and DCM.

In the present study, although both cytokines (IL-1f,
IL-6, IL-8 and TNF-0) and enteroviral genomic RNA
were detected in four patients with myocarditis at the
first biopsy (patient no. 3, 4, 5 and 6), the expression of
cytokines (IL-6, IL-8 and TNF-o) and the presence of
enteroviral genomic RNA was prolonged in the myocar-
dium in three patients with myocarditis (patient no. 3, 4
and 6). In one patient (patient no. 5), IL-8, TNF-o. and
enteroviral genomic RNA were detected, but IL-6 disap-
peared at 6 months from onset. These patients showed
progression from myocarditis to DCM after the active
myocarditis resolved. In the remaining patients with
myocarditis (patient no. 1 and 2), the expression of cyto-
kine genes had disappeared at the second biopsy, and
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clinicopathological findings improved, although cyto-
kines (IL-1B, IL-6, IL-8 and TNF-o) were expressed at
the first biopsy. This suggests that cytokines, especially
IL-6, IL.-8 and TNF-o are induced as parts of the im-
mune response to enteroviral infection and play an im-
portant role in the progression from viral-induced myo-
carditis to DCM.

TNF-o. was detected in twelve patients with DCM.
Enteroviral genomic RNA, IL-8 and IL-6 were simulta-
neously detected in 9, 8 and 5 DCM patients with TNF-o
expression, respectively. The high incidences of cytokine
genes expressions, especially the TNF-a gene with the
presence of enteroviral genomic RNA suggest that the
persistent expression of viral-induced cytokines is the
pathogenesis of DCM, progressed from myocarditis.
Wee et al. [28] reported that viral RNA persists until 6
weeks after inoculation, with ventricular enlargement or
dilatation. The pathology revealed only a few foci of cel-
lular infiltration and was dominated by fibrosis and dys-
trophic calcification in this mouse model of virus-in-
duced myocarditis. In another model, Kyu et al. {14] re-
ported that viral genome was detected by PCR until 90
days after inoculation, and microscopic examination re-
vealed diffuse fibrosis, but myocardial necrosis or cellu-
lar infiltration disappeared in the chronic stage. In our
study of DCM, the major histological changes with the
expression of cytokines and the presence of enteroviral
genomic RNA revealed myocardial fibrosis and hyper-
trophy of myocytes similar to those in the chronic stage
of murine viral-induced myocarditis. The histological
changes in the endomyocardial tissue showing cytokine
expression with enteroviral genomic RNA resembled the
sequela of viral myocarditis, in which myocardial fibro-
sis and myocytic hypertrophy develop [12]. These find-
ings strongly suggested that the histological findings of
DCM with cytokine expression and demonstrable viral
genome were similar to that in the myocarditis patient
showing progression from myocarditis to DCM.

Although we did not examine the localization of cyto-
kines and enteroviral genomic RNA in the present study,
Kandolf and Hofschneider [11] reported that the entero-
viral RNA and CVB3 cloned cDNA probe were local-
ized in myocytes of human DCM using in situ hybridiza-
tion. Proinflammatory mediators such as IL-1, IL-6 and
TNF-a are produced by a number of cell types. In addi-
tion, IL-8 is produced by non-circulating extravascular
cells such as fibroblasts in response to proinflammatory
mediators such as IL-1 and TNF [16]. TNF-o has espe-
cially been reported to be a representive cytokine induc-
ing cachaxia, cell damage, high fever and shock [5, 13,
27]. Therefore, we assume that the mechanisms of myo-
cytic damage in DCM are as follows; at first, enterovi-
ruses, such as CVB3, infect myocardial cells and acute
myocarditis develops. Secondly, myocytes and other
cells such as fibroblasts and inflammatory cells express
cytokines during the acute stage of myocarditis and
chronic myocarditis progresses to DCM as a result of
long-term myocytic damage by persistent cytokine ex-
pression in an autocrine and/or paracrine effect.

The expression of cytokines, especially TNF-q, prob-
ably induced by enteroviral infection, is considered to
play an important role in that damage of myocytes which
leads to DCM.

References

1. Archard LC, Freeke CA, Richardson PJ, Meany B, Olsen EGJ,
Morgan-Capner P, Rose ML, Taylor P, Banner NR, Yacoub
MH, Bowles NE (1988) Persistence of enterovirus RNA in di-
lated cardiomyopathy: a progression from myocarditis. In:
Schultheiss H-P (ed) New concepts in viral heart disease.
Springer, Berlin Heidelberg New York, pp 349-362

2. Archard L.C, Bowles NE, Cunninghan L, Freeke CA, Olsen
EGJ, Rose ML, Meany B, Why HJF, Richardson PJ (1991)
Molecular probes for detection of persisting enterovirus infec-
tion of human heart and their prognostic value. Eur Heart J 12
[Suppl D]:56-59

3. Aretz HT, Billingham ME, Edwards WD, Factor SM, Fallon
JT, Fenoglio JJ Jr, Olsen EGJ, Schoen FJ (1986) Myocarditis:
a histopathologic definition and classification. Am J Cardio-
vasc Pathol 1:3-14

4. Becker AE (1991) Viral myocarditis. In: Silver MD (ed) Car-
diovascular pathology, 2nd edn. Churchill Livingstone, New
York, pp 719-741

5. Beutler B, Krochin N, Milsark IW, Luedke C, Cerami A
(1986) Control of cachectin (tumor necrosis factor) synthe-
sis: mechanisms of endotoxin resistance. Science 232:977—
980

6. Bowles NE, Richardson PJ, Olsen EGJ, Archard LC (1986)
Detection of coxsackie-B-virus-specific RNA sequences in
myocardial biopsy samples from patients with myocarditis and
dilated cardiomyopathy. Lancet 1:1120-1122

7. Chomezynski P, Sacchi N (1987) Single-step method of RNA
isolation by acid guanidium thiocyanate-phenol-choroform ex-
traction. Anal Biochem 162:156-159

8. Gauntt CJ, Trousdale MD, LaBadie DRL, Paque RE, Nealon T
(1979) Properties of coxsackievirus B3 variants which are
amyocarditic or myocarditic for mice. J Med Virol 3:207-
220

9. Henke A, Mohr C, Sprenger H, Graebner C, Stelzner A, Nain
M, Gemsa D (1992) Coxsackievirus B3-induced production of
tumor necrosis factor-o, IL-1B, and IL-6 in human monocytes.
J Immunol 148:2270-2277

10. Jin O, Sole MJ, Butany JW, Chai W-K, McLaughlin PR, Liu P,
Liew C-C (1990) Detection of enterovirus RNA in myocardial
biopsies from patients with myocarditis and cardiomyopathy
using gene amplification by polymerase chain reaction. Circu-
lation 82:8-16

11. Kandolf R, Hofschneider PH (1989) Viral heart disease. Sprin-
ger Semin Immunopathol 11:1-13

12. Kawai S, Okada R (1987) A histopathological study of dilated
cardiomyopathy — with special reference to clinical and patho-
logical comparisons of the degeneration-predominant type and
fibrosis-predominant type. Jpn Circ J 51:654-660

13. Kornbluth RS, Edgington TS (1986) Tumor necrosis factor
production by human monocytes is a regulated event: induc-
tion of TNF-a-mediated cellular cytotoxicity by endotoxin.
J Immunol 137:2585-2591

14. Kyu B, Matsumori A, Sato Y, Okada I, Chapman NM, Tracy S
(1992) Cardiac persistence of cardioviral RNA detected by
polymerase chain reaction in a murine model of dilated cardio-
myopathy. Circulation 86:522-530

15. Lane JR, Neumann DA, Lafond-Walker A, Herskowitz A,
Rose NR (1991) LPS promotes CB3-induced myocarditis in
resistant B 10. A mice. Cell Immunol 136:219-233

16. Larsen CG, Anderson AQO, Oppenheim JJ, Matsushima K
(1989) Production of interleukin-8 by human dermal fibro-
blasts and keratinocytes in response to interleukin-1 or tumor
necrosis factor. Immunology 68:31-36



17.

18.

19.

20.
21.

22.

23.

24.

March CJ, Mosley B, Larsen A, Cerretti DP, Braedt G, Price
V, Gillis S, Henney CS, Kronheim SR, Grabstein K, Conlon
PJ, Hopp TP, Cosman D (1985) Cloning, sequence and expres-
sion of two distinct human interleukin-1 complementary
DNAs. Nature 315:641-647

Mukaida N, Shiroo M, Matsushima K (1989) Genomic struc-
ture of the human monocyte-derived neutrophil chemotactic
factor IL-8. J Immunol 143:1366-1371

Nakajima-Iijima S, Hamada H, Reddy P, Kakunaga T (1985)
Molecular structure of the human cytoplasmic B-actin gene:
interspecies homology of sequences in the introns. Proc Natl
Acad Sci USA 82:6133-6137

Report of the WHO/ISFC task force on the definition and clas-
sification of cardiomyopathy (1980) Br Heart J 44:672-673
Sato S, Tsutsumi R, Burke A, Carlson G, Porro V, Seko Y, Ok-
umura K, Kawana R, Virmani R (1994) Persistence of replicat-
ing coxsackievirus B3 in the athymic murine heart is associat-
ed with development of myocarditic lesions. J Gen Virol 75:
2911-2924

Satoh M, Tamura G, Segawa I (1994) Enteroviral RNA in en-
domyocardial biopsy tissues of myocarditis and dilated cardio-
myopathy. Pathol Int 44:345-351

Satoh M, Tamura G, Segawa I, Hiramori K, Satodate R (1994)
Enteroviral RNA in dilated cardiomyopathy. Eur Heart J 15:
934-939

Seko Y, Matsuda H, Kato K, Hashimoto Y, Yagita H, Okumura
K, Yazaki Y (1993) Expression of intercellular adhesion mole-
cule-1 in murine hearts with acute myocarditis caused by cox-
sackievirus B3. J Clin Invest 91:1327-1336

25.

26.

217.

28.

29.
30.

31.

509

Shirai T, Yamaguchi H, Ito H, Todd CW, Wallace RB (1985)
Cloning and expression in Escherichia coli of the gene for hu-
man tumor necrosis factor. Nature 313:803-806

Tracy S, Chapman NM, McManus BM, Pallansch MA, Beck
MA, Carstens J (1990) A molecular and serologic evaluation
of enteroviral involvement in human myocarditis. J Mol Cell
Cardiol 22:403-414

Urban JL, Shepard HM, Rothstein JL, Sugarman BJ, Schreiber
H (1986) Tumor necrosis factor: a potent effector molecule for
tumor cell killing by activated macrophages. Proc Natl Acad
Sci USA 1986; 83:5233-5237

Wee L, Liu P, Penn L, Butany JW, McLaughlin PR, Sole MJ,
Liew C-C (1992) Persistence of viral genome into late stages
of murine myocarditis detected by polymerase chain reaction.
Circulation 86:1605-1614

Woodruff JF (1980) Viral myocarditis: a review. Am J Pathol
101:427-484

Wulff H, Anderson LJ, Pallansch MA, Desouzacarvalho RP
(1987) Diagnosis of enterovirus 70 infection by demonstration
of IgM antibodies. J Med Virol 21:321-327

Yasukawa K, Hirano T, Watanabe Y, Muratani K, Matsuda T,
Nakai S, Kishimoto T (1987) Structure and expression of hu-
man B cell stimulatory factor-2 (BSF-2/IL-6) gene. EMBO J
6:2939-2945



