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To clarify the role of myocardial apoptosis associated with the expression of proinflammatory cytokines in
human myocardial infarction (MI), we have analyzed the expression of apoptosis positive for single-stranded
DNA (ss-DNA) antibody, tumor necrosis factor (TNF)-a, and interleukin (IL)-8 in 147 samples of infarcted
myocardial tissue from 65 patients. ss-DNA-positive apoptotic nuclei were found mainly in cardiomyocytes in
the border zones and granulation tissue cells in the infarct foci. The ss-DNA index (SI) of cardiomyocytes
(average 0.13%) peaked at stage II (established myocardial necrosis), the value being significantly higher than
at stages III (macrophage infiltration), IV (granulation formation), and V (scar formation) (Po0.05), whereas the
SI of granulation tissue (average 0.08%) at stages III, IV, and V showed no significant differences between the
three stages. These results suggest that cardiomyocyte apoptosis in the border zone is responsible for cellular
loss in the acute stage of MI, whereas granulation tissue apoptosis may not be involved in the process of
ventricular remodeling. TNF-a was expressed in cardiomyocytes in the border zones of infarct foci, but no
significant positive correlation was found between SI and TNF-a index in cardiomyocytes (r¼ 0.08, P¼ 0.37),
suggesting that TNF-a does not serve as a direct trigger of cardiomyocyte apoptosis in vivo. The number of IL-8-
positive cells peaked at stage II, and IL-8-myeloperoxidase-double-positive neutrophils were frequently
detected, indicating that infiltrating neutrophils are the predominant source of IL-8 in the infarcted myocardium.
These results suggest that, in human MI, TNF-a produced by cardiomyocytes does not play a critical role in their
apoptosis, and that IL-8 produced by neutrophils is responsible for the subsequent accumulation and activation
of neutrophils, thus increasing the degree of myocardial damage.
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Apoptosis has been shown to occur in cardiomyo-
cytes during the acute and chronic stages of
myocardial infarction (MI) in both animal models
and humans.1–6 Recent studies have suggested that
apoptosis in granulation tissue cells after MI plays
an important role in cardiac remodeling during
the chronic stages of MI.7,8 However, there has
been little morphological evidence of apoptosis in
both cardiomyocytes and granulation tissue cells
occurring at different stages of MI in humans.
Furthermore, the rate of cardiomyocyte apoptosis

in human MI has been reported to vary (0.12–
12%).9,10 Apoptotic cells are usually identified by
terminal deoxynucleotide transferase-mediated
dUTP nick end-labeling (TUNEL). Recently, a
single-stranded DNA (ss-DNA) monoclonal antibody
(clone F7-26) has been reported to be sufficiently
sensitive to detect cells at an incipient stage of
apoptosis.11,12 Therefore, the present study has
examined the proportions of apoptosis in both
cardiomyocytes and granulation tissue cells in 147
samples of infarcted myocardial tissue obtained at
autopsy from 65 patients using an anti-ss-DNA
antibody, and investigate the role of apoptosis in
both cardiomyocytes and granulation tissue cells
during the course of human MI.

In patients with MI, proinflammatory cytokines,
such as tumor necrosis factor (TNF)-a and inter-
leukin (IL)-8 play an important role in triggering
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additional cellular inflammatory responses, and
subsequent cytotoxic injury.13,14 Previous investiga-
tors have speculated that TNF-a might induce
apoptosis in cardiomyocytes during acute MI,
because of the high serum level of TNF-a in patients
with heart failure15,16 and the close relationship
between the level of TNF-a expression and apopto-
sis in cardiomyocytes in vitro.17 However, there have
been few studies on the expression pattern of TNF-a
associated with cardiomyocyte apoptosis in human
MI.18,19 Therefore, the present study has examined
the in vivo role of TNF-a in promoting apoptosis in
cardiomyocytes by quantitative analysis of the
distribution of TNF-a expression and ss-DNA-posi-
tive apoptosis in cardiomyocytes in human MI.

It is generally believed that phagocytosis of
apoptotic cells by macrophages leads to the produc-
tion of anti-inflammatory cytokines, such as IL-10,
whereas proinflammatory cytokines, such as IL-8,
are depleted, thereby preventing immune and
inflammatory responses.20,21 However, a recent
study has revealed that monocytes and monocyte-
derived macrophages release IL-8 in the absence or
presence of apoptosis following Fas stimulation.22

Another study has shown that Fas induces both
apoptosis and IL-8 expression in human glioma cell
lines.23 With regard to MI, it has been suggested that
ischemia in the acute stage creates a proinflamma-
tory environment and that myocardial tissue serves
as an important source of IL-8 under such condi-
tions,13,14 as it has been demonstrated clinically that
the serum level of IL-8 increases transiently in
patients during acute MI.24–26 However, there has
been no direct morphological evidence of the source
of IL-8 expression in relation to the distribution of
myocardial apoptosis and macrophage infiltration
within the infarcted myocardium.25 Therefore,
the present study has examined the distribution of
IL-8-positive cells to reveal the source of IL-8 in
human MI.

Materials and methods

Autopsy Cases

Samples of myocardial tissue were obtained at
autopsy from 65 Japanese patients clinically diag-
nosed as acute MI or old MI. The patients comprised
18 with acute MI, 22 with old MI, and 25 with both
acute MI and old MI. The mean age of the 65
patients was 73.4716.7 years, and there were 38
male and 27 female patients. All the patients were
autopsied within 6h post mortem. Three samples of
normal ventricular tissue without any infarcts, for
use as normal controls, were obtained from patients
aged 48, 54, and 63 years, who were autopsied
within 5h of death due to cause other than MI. After
the myocardial tissue samples had been excised
from the left ventricle and/or ventricular septum,
they were fixed in 10% neutral-buffered formalin
and embedded in paraffin. Thin sections were

stained with hematoxylin–eosin and azan-Mallory.
All cases had infarcted lesions at combined histolo-
gical stages in the left ventricle and/or ventricular
septum. Therefore, we selected two or three myo-
cardial tissue sections in each case, and the average
number of sections obtained from one case was 2.3.
Finally, we obtained 147 samples of infarcted tissue
from the 65 patients, and determined the stages of
MI in each section according to the histological
criteria for MI described below. Written informed
consent was obtained from the patients’ families for
all procedures, and the study was approved by the
Toho University Committee for the Conduct of
Human Studies in accordance with the principles
of the Declaration of Helsinki.

Classification of MI Stages

Analysis was performed in one area that showed a
maximal infarct size without showing combined
stages of MI. In the present study, all infarcted areas
observed in one tissue section were divided into five
categories based on the sequential histological
changes that occur in the healing of MI, according
to the Lodge-Patch classification:27,28 stage I, the
earliest changes represented by stretching and
waviness of myocardial fibers, the myocytes show-
ing eosinophilic cytoplasm and pyknosis; stage II,
coagulation necrosis of the myocardium with or
without pyknotic nuclei, accompanied by neutro-
phil infiltration; stage III, fragmentation of necrotic
cardiomyocytes with macrophage infiltration, and
fibroblasts evident in the interstitium; stage IV,
replacement of the lesion by granulation tissue with
proliferation of fibroblasts, in which the affected
cardiomyocytes disappear and neutrophils are de-
creased; stage V, replacement of the lesion with scar
tissue. The 147 specimens of infarcted tissue
included 26 stage I lesions, 35 stage II lesions, 26
stage III lesions, 35 stage IV lesions, and 25 stage V
lesions.

Immunohistochemistry

Immunohistochemistry for ss-DNA was carried out
using an anti-ss-DNA monoclonal antibody (mAb)
(clone F7-26, Chemicon Int. Inc., CA, USA) accord-
ing to the method as described previously.12

Immunohistochemistry was also performed using
the following primary antibodies: anti-human
CD68mAb (PG-M1; Dako) at a dilution of 1:200,
anti-human TNF-a mAb (clone 28401; Dako) at a
dilution of 1:100, anti-human IL-8 polyclonal anti-
body (pAb) (clone PS038; MONOSAN) at a dilution
of 1:50, and anti-human IL-10 (clone MAB217; R&D
Systems) at a dilution of 1:200. The anti-IL-8, IL-10,
and CD68 antibodies were incubated for 60min, and
the LSAB2 kit (Dako) was used. To examine the
expression pattern of TNF-a, the sections were
incubated overnight at 41C in a humidified chamber
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with the anti-TNF-a antibody. Antibody staining
was performed with a catalyzed signal amplification
kit (DAKO) containing biotinylated anti-mouse IgG
Ab and streptavidin–peroxidase complex. As posi-
tive controls for IL-8 and IL-10 staining, the tissue
sections from normal lymph nodes and skin with
psoriasis were used, respectively. Negative controls
were generated by incubating the slides with
immunoglobulin from the same species and at the
same final concentration, but with no primary
antibody.

Double staining for IL-8 and myeloperoxidase was
also performed on the sections. After staining using
the same protocol as that for IL-8 staining, the
sections were incubated overnight at 41C with anti-
human myeloperoxidase pAb (A0398, DAKO) at a
dilution of 1:300 and then with alkaline phospha-
tase-conjugated anti-rabbit IgG antibody (Dako) for
1h. They were then treated with alkaline phospha-
tase substrate solution (Dako new fuchsin substrate
system; Dako) for visualization of the antigens.
The negative controls were incubated with rabbit
immunoglobulin (X0903, Dako) at the same final
concentration, but without the primary antibodies.

Statistical Analysis

Apoptosis and cytokine expression were analyzed
in one infarcted area that showed a maximal size
without showing combined stages of MI. For
statistical analysis of apoptotic cells and TNF-a-
positive cells, each specimen stained with the anti-
ss-DNA mAb or the-anti-TNF-a mAb was observed
by light microscopy at � 200 magnification.

For stage I and II lesions, three unbiased observers
(NM, YI, TI) counted the number of ss-DNA-positive
cardiomyocytes and TNF-a-positive cardiomyocytes
in 10 randomly selected fields in the infarcted
tissue, the tissue bordering the infarction, and
remote noninfarcted tissue. For stage III lesions,
the observers counted the number of ss-DNA-
positive cardiomyocytes and TNF-a-positive cardio-
myocytes in 10 randomly selected fields in the
border zones of the infarcted areas and in remotely
located noninfarcted myocardium. They also
counted the number of ss-DNA-positive cells in 10
randomly selected fields in granulation tissue
of damaged areas. For stage IV and V lesions, the
numbers of ss-DNA-positive cardiomyocytes and
TNF-a-positive cardiomyocytes were counted in 10
randomly selected fields in the border zones of
infarct scars or granulation tissue, and in remotely
located noninfarcted myocardium. The observers
also counted the number of ss-DNA-positive cells in
10 randomly selected fields in scars or granulation
tissue. The cardiomyocyte origin of the apoptotic
cells was confirmed by morphological observation,
noting especially the presence of myofilaments in
the cytoplasm.29 According to the levels of ss-DNA-
positive nuclear staining, three types of staining

pattern were mainly observed: unstained, lightly or
moderately stained, and strongly stained. For count-
ing, only cells that showed strong nuclear staining
were regarded as positive. Inflammatory cells in-
cluding lymphocytes and macrophages are known
to show active proapoptotic interactions through
death ligands and receptors. It is therefore specu-
lated that apoptotic mechanisms may be differently
regulated in these cell types that may have higher
sensitivity to apoptotic stimuli compared with the
other cells.7 Therefore, small round ss-DNA-positive
cells whose origin could not be identified from
cardiomyocytes, interstitial cells, or inflammatory
cells, were not counted in the statistical analysis.
The proportion of ss-DNA-positive cells and TNF-a-
positive cardiomyocytes was expressed as a ss-DNA
index (SI) and TNF-a index (TI) (SI¼number of ss-
DNA-positive cardiomyocytes or granulation tissue
cells/total number of cardiomyocytes or granulation
tissue cells (approximately 1000 cells per section)
� 100%, TI¼number of TNF-a-positive cardio-
myocytes/total number of cardiomyocytes (approxi-
mately 1000 cells per section) � 100%).

The numbers of IL-8-positive cells were counted
in 10 randomly selected high-power fields at � 400
magnification and the result was expressed as an IL-
8 index (IL-8 index¼number of IL-8-positive cells/
total number of inflammatory cells (approximately
800 cells per section) � 100%).

The number of IL-10 or CD68-positive cells was
similarly counted in 10 randomly selected fields at
� 40 magnification, and used to calculate the mean
number of positively stained cells per microscopic
field.

All results were expressed as the mean7standard
errors of the mean and statistical analysis was
conducted using an analysis of variance (ANOVA)
followed by a Bonferroni’s comparison test using the
Statview-J 4.5 software package (Abacus Concepts
Inc., Berkeley, CA, USA). Results were considered to
be statistically significant at Po0.05.

Results

SsDNA-Positive Apoptotic Cells during the
Course of MI

Absence of ss-DNA-positive cells was confirmed in
normal control myocardium. In the foci of stage I
lesions, thinning and waviness of myocardial
fibers was evident, and nuclei were distinctly
visible (Figure 1a). ss-DNA-positive nuclei were
found only in cardiomyocytes in the infarcted areas
(Figure 1b). In some cases, a very small number
of ss-DNA-positive nuclei were also found in the
interstitium.

In stage II lesions, most cardiomyocytes exhibited
coagulation necrosis, in which their cytoplasm
showed an eosinophilic hue with or without
pyknotic nuclei (Figure 1c). ss-DNA-positive
apoptosis was detected mainly in noninfarcted
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cardiomyocytes in the border zones of the infarct
(Figure 1d). ss-DNA-positive apoptotic cells were
not almost found in infarcted cardiomyocytes
(Figure 1e). However, in some cases, a very small
number of positive nuclei were found in infarcted
cardiomyocytes within the infarct (Figure 1f).

In stage III lesions, the cardiomyocytes with
coagulation necrosis were fragmented, and many
macrophages were present in granulation tissue of
damaged areas (Figure 2a). ss-DNA-positive nuclei
were found mainly in fibroblasts in area of granula-
tion tissue (Figure 2b). Scattered ss-DNA-positive
cells were also found in cardiomyocytes in the
border zone (Figure 2c) or in remotely located
noninfarcted cardiomyocyte (Figure 2d), the number
of positive cells decreasing markedly with distance
from the damaged focus.

In stage IV lesions, the infarct focus was replaced
with granulation tissue with an increased number of
fibroblasts (Figure 2e). A few scattered ss-DNA-
positive cells were found in the fibroblasts within
areas of granulation tissue (Figure 2f) or in cardio-
myocytes in the border zone of the damaged focus.

Stage V lesions showed replacement with scar
tissue (Figure 2g). A few scattered ss-DNA-positive
cardiomyocytes were found in the border zone of the
infarct scar (Figure 2h). In some cases, very few
scattered ss-DNA-positive fibroblasts were also
evident in the infarct scar.

Expression of TNF-a, IL-8, IL-10, and CD68 during
the Course of MI

Absence of TNF-a-positive cells was confirmed
in normal control myocardium. In stage I lesions,
IL-8 expression was found in very few scattered
neutrophils infiltrating in the interstitium around
noninfarcted cardiomyocytes (Figure 3a). TNF-a
expression was observed in some noninfarct cardio-
myocytes.

In stage II lesions, infiltration of neutrophils was
detected more frequently in the damaged focus
compared with stage I lesions. IL-8-positive cells
were intermingled with the neutrophils infiltrating
the infarct focus, and double staining for IL-8 and

Figure 1 ss-DNA-positive apoptotic cells at stage I (early myocardial infarction: a, b) and stage II (established myocardial necrosis: c–f).
(a) The stage I infarct focus shows thinning and waviness of damaged myocardial fibers. Hematoxylin–eosin staining. (b) ss-DNA-
positive nuclei are evident in the infarcted cardiomyocytes (arrows), which have become smaller and show condensed chromatin,
indicating morphological change due to apoptosis. (c) The stage II infarct focus shows cardiomyocytes with coagulation necrosis and
marked infiltration of neutrophils in the interstitium. Hematoxylin–eosin staining. (d) ss-DNA-positive cells in the noninfarcted
cardiomyocytes in the border zone. The positive nuclei (arrows) have become smaller, suggesting morphological change due to apoptosis.
(e) ssDNA-positive cells are absent in the infarcted focus. (f) A ss-DNA-positive cell (arrow) is evident in the infarcted cardiomyocytes.
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myeloperoxidase confirmed that neutrophils were
positive for both (Figure 3b–e). TNF-a expression
was found in cardiomyocytes in the border zone or
in the vicinity of the infarct focus (Figure 3f),
whereas its expression was not observed in cardio-
myocytes within the infarct (Figure 3g).

In stage III lesions, along with an increased
number of macrophages, CD68-positive cells were
frequently observed in granulation tissue. IL-10-
positive cells were scattered in some parts of the
interstitium around noninfarcted cardiomyocytes
(Figure 3h). Similar to the expression pattern

Figure 2 ss-DNA-positive apoptotic cells at stage III (macrophage infiltration: a–d), stage IV (granulation formation: e, f), and stage V (scar
formation: g, h). (a) The stage III infarct focus contains many macrophages, and also a few fibroblasts with fragmented cardiomyocytes.
Hematoxylin–eosin staining. (b) In the granulation tissue of the damaged area, ss-DNA-positive nuclei are evident in the fibroblasts
(arrows). (c) ss-DNA-positive cardiomyocytes (arrows) in the border zone. The upper half of the figure (*) shows the granulation tissue.
(d) ss-DNA-positive cardiomyocytes (arrows) in an area remote from the infarcted myocardium. (e) A stage IV lesion showing
replacement with granulation tissue. Hematoxylin–eosin staining. (f) ss-DNA-positive nuclei are evident in fibroblasts (arrows) within an
area of granulation tissue. (g) A stage V lesion showing replacement with scar tissue. (h) ss-DNA-positive cardiomyocytes (arrows) in the
border zone of the infarct scar.
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observed in stage II lesions, the expression of TNF-a
was predominantly localized in the vicinity of the
damaged focus, and strong expression was evident
in the border zone (Figure 3i).

In stage IV and V lesions, IL-8-positive neutro-
phils were absent in both granulatiom tissue and
infarct scars. In contrast, TNF-a positivity was
evident in a few nondamaged cardiomyocytes in

Figure 3 Expression of TNF-a, IL-8, and IL-10 at stages I, II, III, IV, and V. (a) IL-8 expression in neutrophils infiltrating the interstitium of
a stage I lesion. (b) Double staining of neutrophils at a stage II lesion using antibodies against IL-8 (brown) and myeloperoxidase (red).
Arrows indicate infiltrating neutrophils positive for both IL-8 and myeloperoxidase. (c) Control staining included omission of
antimyeloperoxidase antibody, and substitution of the antibody by nonspecific rabbit serum. Arrows indicate neutrophils positive for IL-
8 (brown) only. (d) Controls included omission of anti-IL-8 antibody, and substitution of the antibody by nonspecific rabbit serum.
Arrows indicate neutrophils positive for myeloperoxidase (red) only. (e) Controls included omission of myeloperoxidase and IL-8
antibodies, and substitution of the antibodies by nonspecific rabbit serum. The controls show no staining. Hematoxylin staining. (f) TNF-
a expression in noninfarcted cardiomyocytes (arrows) in the border zone of a stage II lesion. The upper of the figure (*) shows infarcted
necrotic cardiomyocytes. (g) Lack of TNF-a expression in the infarcted cardiomyocytes of a stage II lesion. (h) IL-10-positive cells (arrows)
in the interstitium around noninfarcted cardiomyocytes in a stage III lesion. (i) TNF-a expression (arrows) in noninfarcted
cardiomyocytes in the border zone of a stage III lesion. The upper of the figure (*) shows granulation tissue.
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the vicinity of the infarct scars or granulation tissue.
In addition, IL-8-positive endothelial cells, cardio-
myocytes, and macrophages were absent in both
infarcted and noninfarcted myocardium at all stages.

Statistical Analysis

The SI of cardiomyocytes ranged from 0 to 0. 47%
(average 0.13%), the mean SI increasing rapidly
after stage I, peaking at a high level at stage II, and
then declining markedly (Figure 4a). Statistical
analysis showed that the peak SI at stage II was
significantly higher than at stages III, IV, and V
(stage III, Po0.001; stage IV, P¼ 0.001; stage V,
P¼ 0.002).

The SI of granulation tissue ranged from 0 to
0.33% (average 0.14%) at stages III, IV, and V,
peaking at stage III, and then declining gradually
(Figure 4b). No statistically significant difference in
the SI was found in granulation tissue cells among
the three stages.

The mean TI of cardiomyocytes increased rapidly
after stage I, peaked at a high level at stage III,
and then declined markedly (Figure 4c). No sign-
ificant difference in the index was found among
the five stages. As TNF-a promotes apoptosis of
cultured cardiomyocytes in vitro, we analyzed the
correlation between SI and TI in cardiomyocytes,
but no significant positive correlation was detected
(r¼ 0.08, P¼ 0.37).

Figure 4 Quantitative analysis of apoptosis, TNF-a, and IL-8 at stages I, II, III, IV, and V. (a) The measurement of the ss-DNA index (SI) in
cardiomyocytes. The peak SI in cardiomyocytes at stage II was significantly higher than those at stages III, IV, and V (stage III, Po0.001;
stage IV, P¼0.001; stage V, P¼0.002). (b) The measurement of the SI in granulation tissue cells. No significant difference in the SI was
found among the three stages. Analysis was not performed in stages I and II, because of lack of the granulation tissue in both stages. (c)
The measurement of the TNF-a index (TI) in cardiomyocytes. No significant difference was found in TI among the five stages. (d) The
measurement of the IL-8 index in the myocardium. The peak IL-8 index at stage II was significantly higher than the values at stages VI
and V (stage IV, P¼ 0.016; stage V, P¼ 0.041). The histogram represents the mean index at each stage. (N) Represents the number of tissue
samples examined. *Po0.05.
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The mean IL-8 index increased markedly after
stage I, peaked at a high level at stage II, and then
decreased rapidly from stages II to V (Figure 4d).
The peak value at stage II was significantly higher
than the values at stages VI and V (stage IV,
P¼ 0.016; stage V, P¼ 0.041).

The mean number of IL-10-positive cells per fields
increased sequentially from stage I to stage III,
declined slightly at stage IV, and then peaked at
stage V (Figure 5a). No significant difference in the
index was found among the five stages.

The mean number of CD-68-positive cells per
fields increased rapidly from stage II, peaked at stage
III, and then declined markedly (Figure 5b). The
peak value at stage III was significantly higher than
those at the other four stages (stages I, II, IV, and V,
Po0.001).

Discussion

A previous study of human myocardial tissues from
autopsy cases using the TUNEL assay demonstrated
that 12% of cardiomyocytes had undergone apopto-
sis in the border zone of acute MI lesions.10

However, in the present study, much lower rates of
apoptosis, ranging from 0.13–0.25%, were detected
mainly in the border zone at stages II, and the
average prevalence of apoptosis at all stages was
0.13%, as demonstrated by staining with the anti-ss-
DNA mAb. The difference in the proportions of
cardiomyocyte apoptosis have been reported in the
previous studies,10,29–31 and the difference between
the studies might have been due to differences in the
tissue samples taken or the method used for analysis
of myocardial tissue.7,32 However, a previous litera-
ture by van Empel et al reviewed a prevalence of
cardiomyocyte apoptosis ranging from 0.12 to 0.70%
in myocardial biopsy specimens obtained from
patients with NYHA classes III-IV heart fail-
ure,30,33–40 which was similar to the figure obtained
in the present study. Therefore, the variation in the
prevalence of cardiomyocyte apoptosis between the
reported studies may not have been due to differ-
ences in the myocardial tissue samples used for
analysis.10,29

In the present study, the peak SI of cardiomyo-
cytes occured at stage II, when the level of
cardiomyocyte necrosis was much higher than that
at stage I, indicating that apoptosis and necrosis in
cardiomyocytes are responsible for acute cellular
loss in the acute stage.4 As similarly reported in the
previous studies,29,41 cardiomyocyte apoptosis at
stage II was noted in the border zone, indicating
that apoptosis mediates cell death outside the area
of MI. Furthermore, the peak SI at stage II was
significantly higher than at the other three stages.
Therefore, cardiomyocyte apoptosis in the border
zone occurring specifically in the acute stage
suggests that the cell death is involved in cellular
loss in the progression of ventricular dysfunction.
The induction of apoptosis in the border zone has
been suggested to be involved in the left ventricular
dilatation.29,41 Therefore, cardiomyocyte apoptosis
in the border zone might play a significant role in
ventricle remodeling during the course of MI.

A recent study showed that inhibtion of apoptosis
in granulation tissue cells by a pancaspase inhibitor
(Boc-Asp-fmk) improved ventricular remodeling,
whereas the level of cardiomyocyte apoptosis was
not significantly changed after the treatment.7 In
contrast, another recent study demonstrated that
inhibtion of cardiomyocyte apoptosis by a caspase-3
inhibitor (DEVD-CHO) prevented ventricular dilata-
tion.41 The difference in the level of cardiomyocyte
apoptosis between the two studies might have been
due to the difference in the methods used for
inhibition of apoptosis. However, in the present
study, the SI of granulation tissue cells showed no
significant differences among stages III, IV, and V

Figure 5 Quantitative analysis of IL-10 and CD-68 expression at
stages I, II, III, IV, and V. (a) The measurement of IL-10-positive
cells per field in the myocardium. There was no significant
difference in the value among the five stages. (b) The measure-
ment of CD-68-positive cells per field in the myocardium. The
peak number of CD-68-positive cells per field at stage III was
significantly higher than the values at the other four stages (stages
I, II, IV, and V, Po0.001). The histogram represents the mean
value of positive cells per field at each stage. (N) Represents the
number of tissue samples examined. *Po0.05.
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despite the significantly increased SI of cardiomyo-
cytes observed at stage II. A previous study showed
that apoptosis remained several months after MI,
and hence the previous investigators suggested that
myocardial apoptosis in the chronic stage might be a
consequence of subsequent ventricular remodel-
ing.41,42 Therefore, the lack of stage-specific expres-
sion of granulation tissue apoptosis may indicate
that it does not play a significant role in cellular loss
in the process of ventricular remodeling after MI.
Recently, cardiomyocyte apoptosis in mice was
found to be well correlated with wall thinning.
Inhibition of apoptosis using caspase inhibitor
decreased cardiomyocyte apoptosis, with conse-
quent attenuation of wall thinning and ventricular
remodeling.43 These results suggest that cardiomyo-
cyte apoptosis contributes to ventricular remodeling
through wall thinning. In contrast, another study
has recently shown that inhibition of apoptosis in
granulation tissue in the infarcted region formed
thicker walls, which contributed to ventricular
remodeling.7 Although the time course and type of
apoptosis varies in patients with heart failure, the
lack of stage-specific expression of granulation
tissue apoptosis in the present study indicates that
antiapoptotic therapy in patients with heart failure
might have profound effects on inhibiting apoptosis
in cardiomyocytes, leading to a decrease in ventri-
cular remodeling and heart failure.44

In the present study, the temporal and spatial
distribution of TNF-a-positive cardiomyocyte dif-
fered from that of ss-DNA-positive cardiomyocyte;
the mean SI of cardiomyocytes peaked at stage II and
then declined rapidly, whereas the mean TI peaked
at stage III and remained constant well into the later
stages, as similarly reported previously.18 This
difference in timing between SI and TI in cardio-
myocytes was confirmed by correlation analysis,
which demonstrated no significant relationship
between them. Taken together, these results indicate
that TNF-a produced by cardiomyocytes may not
serve as a direct trigger of cardiomyocyte apoptosis
in vivo.13,14,19 It has been shown recently that TNF-a
activates dual signaling cascades, with one pathway
leading to apoptosis, whereas another pathway,
mediated through NF-kB, suppresses apoptosis.45

Therefore, the latter signal pathway capable of
preventing the development of cardiomyocyte apop-
tosis may play an important role in TNF-a signaling
in the infarcted myocardium in vivo.46,47

IL-8 is produced by numerous cells including
fibroblasts, endothelial cells, lymphocytes, neutro-
phils, and macrophages.22,48–52 In the present study,
the levels of IL-8 expression and cardiomyocyte
apoptosis peaked at the same stage (stage II), but the
cardiomyocytes that underwent apoptosis showed
no IL-8 expression. Furthermore, the number of
CD68-positive macrophages peaked at the later stage
of MI (stage III) and showed no IL-8 expression.
These results suggest that human macrophages and
cardiomyocytes are not responsible for production

of IL-8 in response to apoptotic change. The
predominant source of IL-8 is thought to be
endothelial cells.25,53 However, in the present study,
no IL-8 expression was found in any endothelial
cells. On the other hand, an unexpected finding was
that IL-8 was expressed by neutrophils infiltrating
the infarcted myocardium. Although immunohisto-
chemistry can detect intracellular IL-8 only at the
protein level, the present finding obviously indi-
cates that infitrating neutrophils are the predomi-
nant source of IL-8 in the infarcted myocardium.
This is consistent with the previous results showing
depletion of circulating leukocytes and loss of
IL-8 immunoreactivity in postischemic myocardial
tissue.54 It is well known that IL-8 is a potent
chemoattractant and activator of neutrophils.55,56

Therefore, IL-8 produced by neutrophils infiltrating
the infarcted myocardium might be responsible for
subsequent accumulation and activation of neutro-
phils, leading to an increase in myocardial cell
damage due to the neutrophil-mediated micro-
vascular obstruction.13
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