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Abstract

The index case was a 51-year-old woman suffering from doxorubicin cardiomyopathy. In her endomyocardial biopsy specimen,
we observed under electron microscopy six scenes in which degenerative cardiomyocytes were engulfed by neighbouring
cardiomyocytes. The enclosed cardiomyocytes appeared more degenerative than the enclosing ones in every pair: the myofi-
brils were more severely damaged. At more degenerative stages, some desmosomes of the intercalated discs on the enclosed
cardiomyocyte had disappeared. The membranes between the cardiomyocytes were occasionally disrupted, and there
appeared to be sharing of cellular contents between the cells. One pair of such a phagocytosis-like figure was observed in
one case with 5-fluorouracil cardiomyopathy (a 68-year-old man) among eight other chemotherapy-induced cardiomyopathies
but none among 30 non-drug-induced dilated cardiomyopathies. The findings suggest a mechanism for disposal of
degenerative cardiomyocytes in human failing hearts: phagocytosis by a neighbour, although alternative interpretations
remain (e.g. giant autophagic vacuoles or two cardiomyocytes with degenerative intercalated discs).
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Introduction

The causes of heart failure progression are a reduction in the
number of cardiomyocytes (quantitative alteration), deterio-
ration of the cardiomyocytes (qualitative alteration), or
both.1,2 In addition, changes in the extracellular matrix are
also important indicators.3 Myocardial fibrosis, especially
the replacement type, indicates past and/or ongoing dropout
of cardiomyocytes. A key question yet to be answered is how
are degenerated/dead cardiomyocytes disposed of within hu-
man failing hearts? During electron microscopic examination
of an endomyocardial biopsy specimen from a patient with
heart failure due to doxorubicin-induced cardiomyopathy
(Patient 1), we made ultrastructural observations that may
shed light on the answer to that question; we observed

severely degenerative cardiomyocytes engulfed by their
neighbouring cardiomyocytes. Doxorubicin toxicity to
cardiomyocytes is very specific in the molecular mechanisms
and morphological aspects.4–6 We further investigated
endomyocardial biopsies from other cases with heart failure
and found another similar case (Patient 2). Here, we describe
those findings, which appear to indicate a mechanism for dis-
posal of degenerative cardiomyocytes in failing hearts.

Case report

Patient 1

Patient 1 (the index case) was a 51-year-old woman who had
been diagnosed with uterine sarcoma with metastasis to the
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liver and mesentery 3 years earlier. She was treated with
doxorubicin and cisplatin, with the total dose of the former
reaching 579 mg/m2 of body surface. Eighteen months later,
the patient complained of dyspnoea. Echocardiography re-
vealed diffuse hypokinesis of the heart with a left ventricular
ejection fraction of 33%, which suggested doxorubicin-
induced cardiomyopathy. The coronary arteries were intact,
and a left ventricular endomyocardial biopsy was performed
to confirm the diagnosis. Histological findings were compati-
ble with doxorubicin-induced cardiomyopathy—that is, many
cardiomyocytes exhibited degenerative changes under light
microscopy, including vacuolization and severe rarefaction
of the myofibrils (Figure 1). The cardiomyocytes were
hypertrophied, with a mean size of 21 ± 3.4 (mean ± standard
deviation) μm. Fibrosis, including the interstitial, replace-
ment, and subendocardial types, was also noted and occu-
pied 22% of the area of the specimens (%fibrosis). On the
other hand, there was no obvious inflammatory cell
infiltration.

Under electron microscopy, many cardiomyocytes exhib-
ited only scanty myofibrils remaining at the periphery
(the so-called Adria cells) (Figure 1C). Moreover, several
pairs of cardiomyocytes consisting of an enclosed cell

and an enclosing cell were detected (Figures 2–5). The
cardiomyocytes in each pair were originally adjacent to
one another, as intercalated discs remained between
them, although one cell now nearly surrounded the other.
In addition, the enclosed cardiomyocyte appeared more
degenerative than the enclosing one in each pair—that
is, the myofibrils were more severely damaged (Figure 2) or
scarce (Figure 3). On the other hand, the cytoplasm of
the enclosed cardiomyocytes was not shrunken, but was
instead oedematous, and unlike with apoptosis, the nuclei
did not contain condensed chromatin. The enclosed
cardiomyocytes were at various stages of degradation.
At more degenerative stages, the enclosed cardiomyocyte
was nearly indistinguishable from a phagocytized cell or
giant autophagic vacuole within the enclosing cardiomyo-
cyte (Figure 4). The intercalated discs were dilated, and
some desmosomes at the periphery of the enclosed
cardiomyocyte had disappeared or become unilateral
(Figures 4 and 5). The membranes between the cardio-
myocytes were occasionally disrupted, and there appeared
to be sharing of cellular contents between the cells
(Figure 5). Totally, six phagocytosis-like figures were found
in the specimen.

Figure 1 Light and electron micrographs of the endomyocardial biopsy from Patient 1. (A1 and A2) Cardiomyocytes are separated by a wide intersti-
tium and exhibit severe degenerative changes, including vacuolization and rarefaction of the myofibrils. Haematoxylin and eosin-stained preparation.
Panel (A2) is an expanded view of the area within the square in panel (A1). (B) Masson’s trichrome staining shows interstitial, replacement, and en-
docardial fibrosis (blue area). (C) Electron microscopy revealed cardiomyocytes with scanty myofibrils remaining at the periphery (the so-called Adria
cells). Lp, lipofuscin granules; Mf, myofibrils; N, nucleus. Scale bars: 200 μm in panel (A1), 50 μm in panels (A2) and (B), and 1 μm in panel (C).
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Patient 2

As controls for the index case Patient 1, we examined eight
other patients diagnosed as chemotherapy-induced cardio-
myopathy (Table 1), while a second control group consisted
of 30 patients with non-drug-induced dilated cardiomyopathy
(Table 1). The eight patients with chemotherapy-induced car-
diomyopathy had been treated with anthracyclines such as
doxorubicin (n = 6) or with 5-fluorouracil (n = 1) or paclitaxel
(n = 1). The left ventricular ejection fraction was reduced, and

histological examination of the biopsies revealed cardiomyo-
cyte hypertrophy, substantial interstitial fibrosis, and rare in-
flammatory cell infiltration. In the group consisting of
patients with non-drug-induced dilated cardiomyopathy, the
left ventricular ejection fraction was reduced to the similar
degree as in the chemotherapy-induced cardiomyopathy
group. Histological examination of the biopsies revealed car-
diomyocyte hypertrophy, substantial fibrosis, and rare inflam-
matory cell infiltration (Table 1). No significant difference was
noted in the size of the cardiomyocytes or amount of fibrosis

Figure 2 Electron micrographs obtained from Patient 1 showing a pair of cardiomyocytes consisting of an enclosed cell (asterisk) and an enclosing cell.
There is an intercalated disc between them. The enclosed cardiomyocyte appears more degenerative than the enclosing one, with severely
disintegrated myofibrils and Z bands broken to pieces. Panels (B) and (C) are expanded views of the areas within the squares in panel (A). ID, inter-
calated disc; Mf, myofibrils; N, nucleus of the enclosed cardiomyocyte. Scale bars: 1 μm.
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between the two groups, although inflammatory cell infiltra-
tion was more active in dilated than chemotherapy-induced
cardiomyopathy.

Under electron microscopy, we detected one phagocytosis-
like figure in one case of chemotherapy-induced cardio-
myopathy (Patient 2), but we found none in the other
drug-induced cardiomyopathies or in the dilated cardiomy-
opathies. Patient 2 was a 68-year-old man who had been
diagnosed with gastric cancer and underwent a total gas-
trectomy 11 years earlier. Heart failure developed after

treatment with 5-fluorouracil for 8 years. Echocardiography
revealed diffuse hypokinesis of the heart with a left ventric-
ular ejection fraction of 26%. Histological examination of
the left ventricular endomyocardial biopsy revealed the
cardiomyocytes to be hypertrophied with a mean size of
33 ± 6.6 μm, as well as interstitial, replacement, and suben-
docardial type fibrosis, which occupied 17% of the area of
the specimens. No apparent Adria cells were seen, and in-
flammatory cells, including macrophages, were rare. Elec-
tron microscopic examination revealed a nearly intact

Figure 3 Electron micrographs from Patient 1 showing a pair of cardiomyocytes consisting of an enclosed cell (asterisk) and an enclosing cell. There is
an intercalated disc between them. Apart from the degenerated myofibrils at the periphery, the cytoplasm of the enclosed cardiomyocyte contains
almost exclusively glycogen granules. Panels (B) and (C) are expanded views of the areas within the squares in panel (A). GG, glycogen granules; ID,
intercalated disc; Mf, myofibrils; Mt, mitochondria. Scale bars: 1 μm.
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cardiomyocyte in close contact with a severely degenerated
one such that the former appeared to enclose the latter
(Figure 6). The degenerated cell had scanty myofibrils and
structures reminiscent of Z bands. The intercalated disc
between the cardiomyocytes possessed incomplete or
unilateral desmosomes in one part (Figure 6B) and
completely lacked of desmosomes in the other part
(Figure 6C). Thus, cardiomyocyte phagocytosis by a
neighbouring cardiomyocyte was found significantly more
frequently in patients with chemotherapy-induced

cardiomyopathy than in those with dilated cardiomyopathy
(2 out of 9 vs. 0 out of 30, P = 0.0486).

Discussion

We report here electron microscopic findings of degenerative
cardiomyocytes enclosed by neighbouring cardiomyocytes in
endomyocardial biopsies from two patients with heart
failure. Detection of such figures implies a mechanism for

Figure 4 Electron micrographs from Patient 1 showing a pair of cardiomyocytes consisting of an enclosed cell (asterisk) and an enclosing cell at a de-
generative stage. The enclosed cell is nearly indistinguishable from a phagocytized cell or giant autophagic vacuole within the enclosing cardiomyocyte.
The intercalated disc is dilated to look like a simple double membrane, and desmosomes at the periphery of the enclosed cardiomyocyte have disap-
peared such that the structures are now unilateral (white arrows). Panels (B) and (C) are expanded views of the areas within the squares in panel (A).
ID, intercalated disc; Mf, myofibrils. Scale bars: 1 μm.
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disposal of degenerative/dead cardiomyocytes in failing
hearts. Figure 7 summarizes the hypothesized disposal
mechanism, ‘phagocytosis by neighbours’, deduced from
the present cases. A severely degenerative/dead cardio-
myocyte is enclosed by a neighbouring one. The interca-
lated disc then degenerates and becomes dilated, while
desmosomes at the periphery of the enclosed cardiomyo-
cyte disappear such that they become unilateral. The in-
tercalated disc ultimately fades away, and the cellular
contents are shared between the cells. Although we de-
tected only two apparent instances of this process in this

study, we believe these findings are novel and biologically
significant. Having that said, we recognize that our elec-
tron microscopic images could be alternatively interpreted
other than phagocytosis. For example, they might corre-
spond to different stages of the autophagic process in
which the giant vacuoles are enclosing degenerating cellu-
lar components or they might be images of two adjacent
degenerating cardiomyocytes with alteration in the inter-
calated discs. Single point observation is difficult to re-
solve the issue. To test our hypothesis, a detailed
chronological analysis would be necessary using animal

Figure 5 Electron micrographs from Patient 1 showing a pair of cardiomyocytes consisting of an enclosed cell (asterisk) and an enclosing cell at a de-
generative stage. Many desmosomes on the intercalated disc have become unilateral (white arrows). The border between the cardiomyocytes is some-
times disrupted (white arrowheads), and the cellular contents appear to be shared between the two cells. Panel (B) is an expanded view of the area
within the square in panel (A). ID, intercalated disc. Scale bars: 1 μm.
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models of heart failure—for example, a chronic doxorubi-
cin cardiomyopathy model, where immunoelectron micro-
scopic studies should be performed targeting for the
cell-to-cell junction-related and autophagy-related proteins.

Patient 1 suffered from heart failure due to doxorubicin-
induced cardiomyopathy. With doxorubicin-induced cardio-
myopathy, cardiomyocytes reportedly die via apoptosis or
necrosis.6–8 Irrespective of the cause of death, the dying/
dead cells must be eliminated from the myocardium, a task
usually performed by macrophages. In general, however,
macrophages are not frequently present within the myocar-
dium in cases of doxorubicin-induced cardiomyopathy.5 The
disposal process glimpsed here would enable efficient dis-
posal of unnecessary cells from the myocardium despite the
lack of phagocytosis by macrophages.

Patient 2 had a clinical diagnosis of 5-fluorouracil-induced
cardiomyopathy. Although doxorubicin and 5-fluorouracil
both induce cardiomyopathy, the two ailments differ substan-
tially from one another. Whereas doxorubicin directly dam-
ages cardiomyocytes to bring about severe rarefaction of
the myofibrils, 5-fluorouracil most frequently causes coronary
vasospasm that induces ischaemic injury.9,10 5-Fluorouracil
can also induce myocarditis leading to non-ischaemic dilated
cardiomyopathy, but that occurs less frequently.11,12 Like that
of Patient 1, the heart of Patient 2 exhibited dilated cardio-
myopathy with rare inflammatory cells.

Although a significantly higher incidence of the
phagocytosis-like figures was noted in patients with
chemotherapy-induced cardiomyopathy than in those with
dilated cardiomyopathy, the disease specificity remains
undermined because of the small number of patients studied.
In addition, the causative agents differed in the two cases.
Consequently, whether the hypothesized disposal mechanism
is specific to the present cases or to chemotherapy-
induced cardiomyopathy, or is more universal in hearts

failing for various reasons, remains unclear. Our sample
is too small to draw a conclusion. However, our findings
provide a rationale for a large-scale, prospective or retro-
spective, ultrastructural analysis of endomyocardial biop-
sies from patients with chemotherapy-induced and other
cardiomyopathies.

Phagocytic ability is not commonly associated with
cardiomyocytes. However, we previously reported that cul-
tured cardiomyocytes actively phagocytized apoptotic
cells,13 indicating cardiomyocytes may acquire phagocy-
totic functionality under some circumstances. Apoptotic
cells present ‘eat-me’ signals on their surface to facilitate
phagocytosis by neighbouring cells.14 However, no apopto-
tic cardiomyocytes were seen in the present electron mi-
croscopic examination. Nonetheless, we would speculate
that the engulfed degenerative cells presented a similar
signal.
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Table 1 Profile of patients and their endomyocardial biopsies

Patient no.

Clinical data Pathological data

Age (y)
Gender
(M/F)

DOX amount
(mg/m2) LVEF (%)

Myocyte
size (μm)

Fibrosis
(%)

Inflammatory
cells (/HPF)

Chemotherapy-induced cardiomyopathy
1 (Patient 1) 51 F 579 33 21 22 0
2 44 F 412 46 28 18 0.4
3 64 F 284 22 26 5 0.2
4 (Patient 2) 68 M NA (5-FU) 26 33 17 0
5 75 M 405 42 24 4 0
6 42 F NA (carboplatin) 20 30 12 0
7 73 F 480 26 26 25 0.2
8 64 F 306 37 16 9 0.4
9 55 M 564 37 31 38 0.4
Mean ± SD 60 ± 12 3/6 433 ± 116 (n = 7) 32 ± 9.2 26 ± 5.3 17 ± 11 0.2 ± 0.2

Non-drug-induced dilated cardiomyopathy
1 to 30 35 to 78 NA 18 to 43 14 to 40 3 to 30 0 to 2.0
Mean ± SD 58 ± 13 19/11 0 33 ± 7.8 26 ± 5.9 16 ± 7.3 0.9 ± 0.7*

DOX, anthracyclines including doxorubicin; LVEF, left ventricular ejection fraction; 5-FU, 5-fluorouracil.
*P < 0.05 vs. chemotherapy-induced cardiomyopathy.
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Figure 6 Electron micrographs obtained from Patient 2 showing a pair of cardiomyocytes closely contacting each other. The nearly intact cell looks as if
it is enclosing a severely degenerated cell (asterisk) containing scanty myofibrils and structures reminiscent of Z bands. The intercalated disc between
the two cardiomyocytes possesses incomplete or unilateral desmosomes in some areas (panel (B)), and it completely lacks of desmosomes in other
areas (panel (C)). Panels (B) and (C) are expanded views of the areas within the squares in panel (A). GG, glycogen granules; ID, intercalated disc;
Lp, lipofuscin; Mf, myofibrils; Mt, mitochondria; N, nucleus of the enclosing cardiomyocyte. Scale bars: 1 μm.

Cardiomyocyte disposal in failing hearts 215

ESC Heart Failure 2019; 6: 208–216
DOI: 10.1002/ehf2.12383



References

1. Urmaliya V, Franchelli G. A multidimen-
sional sight on cardiac failure: uncov-
ered from structural to molecular level.
Heart Fail Rev 2017; 22: 357–370.

2. Schirone L, Forte M, Palmerio S, Yee D,
Nocella C, Angelini F, Pagano F,
Schiavon S, Bordin A, Carrizzo A,
Vecchione C, Valenti V, Chimenti I,
De Falco E, Sciarretta S, Frati G. A
review of the molecular mechanisms
underlying the development and
progression of cardiac remodeling. Oxid
Med Cell Longev 2017; 2017: 3920195,
1, 16.

3. Eckhouse SR, Spinale FG. Changes in
the myocardial interstitium and contri-
bution to the progression of heart fail-
ure. Heart Fail Clin 2012; 8: 7–20.

4. Minotti G, Menna P, Salvatorelli E, Cairo
G, Gianni L. Anthracyclines: molecular
advances and pharmacological develop-
ments in antitumor activity and
cardiotoxicity. Pharmacol Rev 2004; 56:
185–229.

5. Takemura G, Fujiwara H. Doxorubicin-
induced cardiomyopathy from the
cardiotoxic mechanisms to management.
Prog Cardiovasc Dis 2007; 49: 330–352.

6. Takemura G, Kanamori H, Okada H,
Tsujimoto A, Miyazaki N, Takada C,
Hotta Y, Takatsu Y, Fujiwara T, Fujiwara
H. Ultrastructural aspects of vacuolar de-
generation of cardiomyocytes in human
endomyocardial biopsies. Cardiovasc
Pathol 2017; 30: 64–71.

7. Zhang J, Clark JR Jr, Herman EH,
Ferrans VJ. Doxorubicin-induced apopto-
sis in spontaneously hypertensive rats:
differential effects in heart, kidney and
intestine, and inhibition by ICRF-187. J
Mol Cell Cardiol 1996; 28: 1931–1943.

8. Kankeu C, Clarke K, Passante E, Huber
HJ. Doxorubicin-induced chronic dilated
cardiomyopathy—the apoptosis hypoth-
esis revisited. J Mol Med (Berl) 2017;
95: 239–248.

9. Dent RG, McColl I. Letter: 5-fluorouracil
and angina. Lancet 1975; 1: 347–348.

10. Keefe DL, Roistacher N, Pierri MK. Clini-
cal cardiotoxicity of 5-fluorouracil. J Clin
Pharmacol 1993; 33: 1060–1070.

11. Martin M, Diaz-Rubio E, Furió V,
Blázquez J, Almenarez J, Fariña J. Lethal
cardiac toxicity after cisplatin and 5-
fluorouracil chemotherapy. Report of a
case with necropsy study. Am J Clin
Oncol 1989; 12: 229–234.

12. Dalzell JR, Samuel LM. The spectrum of
5-fluorouracil cardiotoxicity. Anticancer
Drugs 2009; 20: 79–80.

13. Takemura G, Kato S, Aoyama T,
Hayakawa Y, Kanoh M, Maruyama R,
Arai M, Nishigaki K, Minatoguchi S,
Fukuda K, Fujiwara T, Fujiwara H.
Characterization of ultrastructure and
its relation with DNA fragmentation in
Fas-induced apoptosis of cultured
cardiac myocytes. J Pathol 2001; 193:
546–556.

14. Nagata S, Hanayama R, Kawane K. Auto-
immunity and the clearance of dead
cells. Cell 2010; 140: 619–630.

Figure 7 Hypothesized mechanism for disposal of degenerative/dead cardiomyocytes in heart failure deduced from the present cases. (A) A severely
degenerative/dead cardiomyocyte (asterisks) is enclosed by a neighbouring one (left side). (B) The intercalated disc then degenerates and becomes
dilated (dID), while desmosomes at the periphery of the enclosed cardiomyocyte disappear such that they become unilateral (uD) (middle panels).
(C) The intercalated disc ultimately fades away, and the cellular contents are shared between the two cells (right panels). D, desmosome; dID,
degenerated intercalated disc; dMf, degenerated myofibrils; dZB, degenerated Z band; ID, intercalated disc; Mf, myofibrils; uD, unilateral desmosome.
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