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Abstract To determine whether cardiac rhabdomyoma 
(CR) is a hamartoma of fetal cardiac myocyte, we inves- 
tigated five cases of CRs that spontaneously developed 
in five 6-month-old hybrid swine with histological, im- 
munohistochemical, and ultrastructural techniques. The 
cases were four multiple and one solitary neoplasms, 
which appeared as intraventricular nodules of various 
sizes without any congenital malformations. Histologi- 
cally, the large ovoid CR cells with an occasional spider- 
web appearance showed a transition from normal-look- 
ing cardiac myocytes or rarely from Purkinje cells, but 
no mitotic figures. Besides large amounts of glycogen, 
the CR cells contained many PAS-negative, large cyto- 
plasmic vacuoles filled with eosinophilic or fibrillar sub- 
stance. Immunohistochemically, the CR cells showed in- 
tense positivity for desmin and variable positivities for 
vimentin, (x-atrial naturiuretic peptide, and proliferating 
cell nuclear antigen. These positivities were not seen in 
adjacent cardiac myocytes. Cytokeratin was negative in 
the CR cells but was positive in fetal cardiac myocytes of 
early gestation. Rod-like or granular positivity for c~-ac- 
tinin in the CR cells was similar to that in nemaline my- 
opathy. Ultrastructurally, the CR cells contained myofi- 
brils that frequently showed myofibrillar degeneration 
and produced large intracytoplasmic vacuoles. These 
myofibrils often mingled with nemaline bodies and 
leptofibrils that continued to the Z bands. T-systems, sar- 
coplasmic reticulum, and intercalated discs, which are 
specific features of postnatal cardiac myocytes, were 
sometimes observed in the CR cells. Increase of glyco- 
gen and mitochondria and appearance of atrial-specific 
granules associated with the Golgi apparatus were other 
features noted. The present findings have not been re- 
ported, even in human CR. From these new observations 
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with the recent report on the occurrence of CR in neona- 
tal piglets, swine CR does not belong to the entity of 
hamartoma but may be a congenital dysplasia of the 
perinatal cardiac tissues with myofibrillar degeneration, 
affecting mainly cardiac myocytes and rarely Purkinje 
cells. The various immunophenotypic changes including 
proliferating cell nuclear antigen and the increase and 
appearance of cytoplasmic elements compared with ma- 
ture cardiac myocytes can be interpreted as reactive or 
regenerative changes due to myofibrillar degeneration. 
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Introduction 

The term "cardiac rhabdomyoma (CR)" has been applied 
to the intracardiac nodules consisting of large, ovoid, and 
glycogen-filled striated muscle cells with an occasional 
spider-web appearance [2]. Because of this nomencla- 
ture, the lesion is usually categorized under cardiac neo- 
plasms or rhabdomyoma, although its identity has been 
unclear [24, 27]. 

In humans, primary cardiac neoplasms are rare, but 
CR is the most common one detected in infancy and 
childhood. It develops as multiple intracavitary or intra- 
mural nodules found mostly in the ventricles, undergoes 
spontaneous regression, and is frequently associated with 
tuberous sclerosis and other congenital malformations 
and neoplasms [2, 11, 16, 27]. For these reasons with the 
histological and ultrastructural findings, most investiga- 
tors have proposed that CR is a hamartoma of fetal cardi- 
ac myocyte (synonymous with developmental abnormali- 
ty, congenital malformation, or arrested cardiac myocyte 
maturation) [17, 34, 35]. Other speculations have includ- 
ed a neoplasm of cardiac myocyte or Purkinje cell (Pur- 
kinjeoma), glycogen storage disease, cellular gigantism, 
and dysplasia [2, 5, 13]. 

Neoplasms of striated muscle are rare in any of the 
domestic animals, and about one-third of them are CRs 
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in swine, cattle, sheep, and dogs. The incidence of swine 
CR is believed to be highest in domestic animals [23, 
24], although a few case reports have been reported [5, 
31]. Recently, a breed predisposition of CR was reported 
in red wattle and red wattle-cross bred swine [28]. 

To determine whether CR is a hamartoma of fetal car- 
diac myocyte, we think combined immunohistochemical 
agd ultrastructural studies are important and effective. 
However, this approach has not been attempted in do- 
mestic animals as well as humans because of the low in- 
cidence of this lesion and the use of inadequate fixatives 
for specimens. In this paper, we described some new ob- 
servations regarding the pathogenesis of CR in swine 
from our histological, immunohistochemical, and ultra- 
structural findings. 

Materials and methods 

Five swine CRs were incidentally obtained at a meat inspection fa- 
cility in Nakamura City (Kochi, Japan) from 1983 to 1992. 

For histological studies, samples (including other organs) were 
fixed in 20% neutral-buffered formalin for 24 h or methacarn fixa- 
tive (60% methanol, 30% chloroform, and 10% glacial acetic acid) 
[39] for 4 h at room temperature, and embedded in paraffin. Sec- 
tions cut at 3-5 gm were stained with haematoxylin-eosin-erythro- 
sin (HE), Masson's trichrome, periodic acid-Schiff (PAS) with or 
without diastase digestion, and phosphotungistic acid-haematoxy- 
lin (PTAH). Only specimens stained with PAS were prepared from 
methacarn-fixed materials. 

Table I Clinical data and tumour distribution in cardiac rhabdo- 
myomas in five swine (M/c, castrated male; F, female; LV, left 
ventricle; VS, ventricular septum; RV, right ventricle; >, an order 
of the frequency of the tumour nodules) 

Case Breed Age Sex Tumour distribution 
no. (years) 

1 Hybrid 0.5 M/c LV>VS (diffuse) 
2 Hybrid 0.5 F LV>VS>RV (diffuse) 
3 Hybrid 0.5 F LV (single) 
4 Hybrid 0.5 F LV>VS>RV (diffuse) 
5 Hybrid 0.5 F LV>VS>RV (diffuse) 

For immunohistochemical studies, we adopted the avidin-bi- 
otin-peroxidase complex (ABC) method using paraffin-embedded 
sections and the primary antibodies reactive with striated muscle 
cells and their neoplasms (Table 2) [14, 24, 29, 36, 39, 40]. To in- 
vestigate proliferating activities of the CR cells, staining for prolif- 
erating cell nuclear antigen (PCNA) was also done. The immuno- 
reactivity of the CR cells was compared with that of swine cardiac 
myocytes from five adults (6 month), five newborns (10 day), 20 
fetuses (30, 60, 90, or 110 days), and five adults (6 month) with 
severe myocarditis. Gestation of swine is within a period of 112 to 
115 days. Methacarn or formalin-fixed, paraffin-embedded tissue 
sections were used and the choice for each antibody is also listed 
in Table 2. Briefly, deparaffinized sectioned were incubated with 
1% hydrogen peroxide in methanol for 30 min to inhibit endoge- 
nous peroxidase and then rinsed in phosphate-buffered saline 
(PBS). Non-specific staining was blocked by incubation with 10% 
normal rabbit or goat serum for 10 min and then the primary anti- 
bodies were applied for 24 h at 4 °C. This was followed by pro- 
cessing with ma ABC staining kit (Histofine SAB-PO kit, Nichirei, 
Tokyo, Japan), employing incubation with a biotinylated second 
antibody (rabbit anti-mouse or goat anti-rabbit) for 10 min at room 
temperature and incubation with a peroxidase-conjugated strepto- 
avidin for 5 min at room temperature. Each staining step was done 
after washing three times with PBS for 5 min. Colour was devel- 
oped for 3 min with 0.02% 3,3'-diaminobenzidine in PBS contain- 
ing 0.02% hydrogen peroxide. The sections were counterstained 
with Mayer's haematoxylin for 1 min, dehydrated, and mounted. 
Negative controls omitting the first antibodies were treated as de- 
scribed above. 

For ultrastructural studies, samples taken from different areas 
of the intraventricular nodules were cut into small pieces, fixed in 
2.5% phosphate-buffered glutaraldehyde solution for 2 h, and 
post-fixed in 1% phosphate-buffered osmium tetroxide solution 
for 1 h at 4 °C. Then the samples were embedded in Epon 812 in a 
routine manner. Ultrathin sections were cut, doubly stained with 
uranyl acetate and lead citrate, and examined with an electron mi- 
croscope (H-300 type, Hitachi, Tokyo, Japan). 

Results 

The clinical data and the tumour distribution in each 
swine are summarized in Table 1. The pathological find- 
ings of all the cases were essentially similar, and their 
details are described below. All the swine had no physi- 
cal abnormalities such as pulmonary congestion or cya- 
nosis. The prevalence of the CRs was 0.55/100,000 in- 
spected swine. 

Table 2 Antibodies used for 
immunohistochemical studies 
of swine cardiac rhabdomyo- 
mas (CPK-MM, creatine phos- 
phokinase-MM; ANP, atrial 
natriuretic peptide; PCNA, pro- 
liferating cell nuclear antigen; 
GFAP, glial fibrillary acidic 
protein; M, methacarn-fixed 
sections; F, formalin-fixed sec- 
tions) 

Antibody Clone Applica- Dilution Source/Reference No. 
tion 

Muscle actin HHF-35 M 1:24,000 Enzo Biochem Inc., New York, NY 
c~-sarcomeric actin Alpha-Sr-1 M 1:100 Dako Japan Co. Ltd., Kyoto, Japan 
o~-smooth muscle actin IA4 M 1:3,000 BioMakor Ltd., Rehovot, Israel 
c~-actinin BM-75.2 M 1:2,000 BioMakor 
Desmin D33 M 1:100 Dako 
Fast myosin 29-1D12 M 1:300 Amersham, Tokyo, Japan 
Myoglobin Polyclonal F 1:1,000 Dako 
CPK-MM Polyclonal F 1:2,000 Ventrex Lab. Inc., Portland, ME 
Vimentin V9 M 1:100 Dako 
c~-ANP Polyclonal F 1:10,000 29, 37 
PCNA PC 10 M 1:1,000 Dako 
GFAP Polyclonal M 1:500 Dako 
Neurofilament 2F 11 M 1:500 Dako 
Cytokeratin CAM 5.2 M 1:50 Becton Dickinson Nippon, Tokyo, Japan 
Cytokeratin AE1/AE3 M 1:500 Boehringer Mannheim GmbH, Mann- 

heim, Germany 
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Fig. 1A-C General histology of a cardiac rhabdomyoma in swine 
(Case no. 1). A, Low power view of the subendocardial nodules 
protruding into the lumen of the right ventricle. An arrow shows a 
barely visible focus. HE. Bar=0.5 cm. B, Large, ovoid CR cells 
possessing various-sized cytoplasmic vacuoles. Note the CR cells 
showing "spider-web" appearance (arrows). HE. x150. C, Many 
intracytoplasmic vacuoles containing fibrillar materials (arrows) 
with large amounts of glycogen in the CR cells. Methacarn-fixed 
section, PAS. x300 

Macroscopically, the CRs were yellow to brown in 
colour, usually well-defined multiple nodules less than 1 
cm in diameter. The CR nodules were found in the sub- 
endocardium and protruded into the lumen or subepicar- 
dial and spread into the endocardium of the left ventricle, 
ventricular septum, and right ventricle in order of fre- 
quency (Fig. 1A). Case no. 3 had a solitary subendocar- 
dial nodule in the left ventricle that measured 3 cm in di- 
ameter. No CR nodules were found in the atrium or the 
cardiac valves. Other organs including the brain had no 
apparent abnormalities. 

Histologically, the CRs were circumscribed but not 
encapsulated and compressed the adjacent normal cardi- 
ac myocytes. The CR tissue contained vessels as seen in 
the normal heart. The large ovoid CR cells contained 
varying amounts of myofibrils with cross striations 
(which were shown more clearly with PTAH) and 
showed varying degrees of cytoplasmic vacuolation. 
Their large oval nuclei were usually single but were 

sometimes binucleated with an irregular contour that 
contained a few prominent eosinophilic nucleoli (Fig. 
1B). No mitotic figures were seen. The large, non-vacuo- 
lated CR cells resembled the Purkinje cells (figure not 
shown). Occasionally, the CR cells showed "spider-web" 
appearance, characterized by a centrally located cyto- 
plasmic mass containing the nucleus and giving off slen- 
der cytoplasmic projections (Fig. IB). Cytoplasmic vac- 
uoles were filled with diastase-labile, PAS-positive mate- 
rial that proved to be glycogen (Fig. 1C). However, even 
with methacarn fixative, many large PAS-negative vacu- 
oles containing eosinophilic or fibrillar substance were 
present (Fig. 1C). At the periphery of some part of the 
nodules, apparent transitions from normal-looking cardi- 
ac myocytes to the CR cells (Fig. 2A) were observed that 
characterized by cloudy swelling of the cytoplasm, loss 
of myofibrils, cytoplasmic vacuolation, and final adop- 
tion of the features of the CR cells (Fig. 2B). Isolated 
changes of Purkinje cells to CR cells were rarely ob- 
served (figure not shown). The necrotic CR cells with 
calcification were frequently observed that surrounded 
by lymphocytes and histiocytes with accompanying fi- 
brosis (figure not shown). 

The immunohistochemical findings for the CR cells 
and cardiac myocytes from adults, fetuses, and adults 
with myocarditis are summarized in Table 3. As for fetal 
cardiac myocytes of four different gestational ages, they 
showed essentially similar immunoreactivities. However, 
expressions of vimentin, PCNA, and cytokeratin 
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Fig. 2A, B Histology of a poorly demarcated nodule possessing 
transitional changes from normal-looking cardiac myocytes to the 
CR cells in swine (Case no. 2). A, An area of transitional changes. 
HE. x180.: B, Higher magnification of a transitional area. A trans- 
verse section of cardiac myocytes showing cloudy swelling, loss 
of myofibrils, and vacuolation of the cytoplasm. HE. x550 

A E 1 / A E 3  were  g radua l ly  d imin i shed  a long with gestat-  
ional  age advanced  (++: 30 and 60 days ,  ++ to +: 90 day, 
+ to - :  110 day).  The  CR cel ls  showed s imi lar  pos i t iv i ty  
and in tens i ty  as Purk in je  cells ,  fetal  cardiac  myocy tes ,  or  
adul t  card iac  myocy te s  wi th  myoca rd i t i s  with respec t  to 
c~-actinin (Fig.  3A),  desmin  (Fig.  3B), v iment in  (Fig.  
3C), (z-atrial natur iure t ic  pep t ide  (c~-ANP) (Fig.  3D), and 
P C N A  (Fig. 3E). The  cz-actinin s ta ining in the CR cells  
was rod- l ike  or  granular  (Fig.  3A) which  was s imi lar  to 
that seen in nema l ine  m y o p a t h y  [25], but  was somet imes  
weak  or  indist inct .  Desmin  pos i t iv i ty  was obse rved  in the 
pe r inuc lea r  reg ion  or at the marg ins  of  the CR cells  and 
somet imes  c lear ly  out l ined  the cross  s tr iat ions (Fig.  3B). 
Pos i t iv i ty  for  v iment in  (Fig.  3C), c~-ANP (Fig. 3D), and 
P C N A  (Fig. 3E) var ied  m a r k e d l y  (++ to - )  even in the 
same nodule,  c~-ANP pos i t iv i ty  showed a granular  or  dif- 
fuse pat tern  in the pe r inuc lea r  reg ion  or in the ent ire  cy- 
top lasm (Fig.  3D). The  eos inophi l i c  or f ibr i l lar  substanc-  
es in the cy top la smic  vacuoles  o f  the CR cel ls  showed 
very  w e a k  but  essen t ia l ly  s imi lar  immunopos i t iv i t i e s  for  
muscu la r  ant igens  to those  of  the cy top l a sm of  the CR 
cel ls  that p roved  to be  d a m a g e d  myof ibr i l s .  

Ul t ras t ructura l ly ,  the CR cel ls  posses sed  haphazard ly  
a r ranged  s t r ia ted musc le  fibres,  which  compres sed  to the 
cell  pe r iphe ry  by  a large amount  o f  g lycogen  par t ic les ,  
i r regular  mi tochondr i a  wi th  we l l - fo rmed  cristae,  and/or  
large cy top la smic  vacuoles .  As  the myof ib r i l s  dec reased  
in the cy top lasm,  g lycogen  tended  to increase  (f igure not  
shown).  The  fibri ls  were  made  up of  th ick and thin fila- 
ments  that p roduced  both A ( composed  of  H and M) and 
I ( c o m p o s e d  of  Z) bands ,  but the H and M bands  were  
somet imes  faint. The  large cy top la smic  vacuoles  con-  
ta ined  e lec t ron- lucent ,  f i l amentous  or  granular  sub- 
stance,  which  was cont inuous  with loose  or  f r agmented  
myof ib r i l s  at the pe r iphe ry  o f  the vacuoles  (Figs.  4A,  B). 
These  changes  were  compa t ib l e  with the features  o f  
myof ib r i l l a r  degenera t ion  [20]. Hyper t roph ic  Z bands  
with f ragmenta t ion ,  which  were  qui te  s imi lar  to the "he-  

Table 3 Immunohistochemical 
result of cardiac rhabdomyo- 
mas in five swine comparing 
with normal and diseased car- 
diac myocytes (CPK-MM, cre- 
atine phosphokinase-MM; 
ANP, atrial natriuretic peptide; 
PCNA, proliferating cell nucle- 
ar antigen; GFAP, glial fibril- 
lary acidic protein; CK, cyto- 
keratin; - ,  negative; +, positive; 
++, strongly positive) 

a Positive cells were rare 
b Positivity was restricted to the 
atrial myocytes 
c Positivity gradually dimin- 
ished as gestational age ad- 
vanced (++: 30 and 60 days, ++ 
to +: 90 day; + to - :  110 day) 

Antibodies tested Positivity and intensity 

Rhabdo- 
myomas 

Normal cardiac myocytes 

Adult Purkinje Newborn Fetal 
cells 

Myocarditis 

Muscle actin + + + + + + 
c~-sarcomeric actin + + + + + + 
(*-smooth muscle actin . . . . . .  
c~-actinin ++ to + + ++ + + + 
Desmin ++ + ++ + + ++ 
Fast Myosin + + + + + + 
Myoglobin + + + + + + 
CPK-MM + + + + + + 
Vimentin ++ to - - ++ - ++ to _c ++ to - 
o~-ANP ++ to - ++b ++ ++b ++b ++ to -- 
PCNA ++ to - _a _ + to - ++ to _c ++ to - 
GFAP . . . . . .  
Neurofilament . . . . . .  
CK CAM 5.2 . . . . . .  
CK AE1/AE3 . . . .  a ++ to -° - 
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Fig. 3A-E Immunohistochemical stainings of cardiac rhabdo- 
myomas in swine (A, B: Case no. 3, C-E: Case no. 4). Streptoavi- 
din-biotin-peroxidase complex method, Mayer's haematoxylin 
counterstain. A, Rod or granular positivity of c~-actinin in the pe- 
riphery of the CR cells, x300. B, Strong positivity of desmin in the 
perinuclear and peripheral regions of the CR cells, x300, C, Vari- 
able staining for vimentin in the CR cells. Note negative staining 
in adjacent cardiac myocytes (asterisk). x150. D, Variable staining 
for c~-ANP in the CR cells. Note granular positivity in the cyto- 
plasm (arrows). x150. E, Variable staining for proliferating cell 
nuclear antigen in the CR cells. Note negative staining in adjacent 
cardiac myocytes (asterisk). x 150 

maline bodies" seen in nemaline myopathy, were fre- 
quently observed (Fig. 4B) [12, 20]. Structures corre- 
sponding to "leptofibrils or zebra bodies" [12, 21], 
which were periodically arranged, electron-dense bands 
connected to one another by parallel arrays of thin fila- 
ments, were arranged either parallel to the cell surface or 
continuous with the Z bands (Fig. 4C). These Z band-re- 
lated structures were increased in the vacuolated CR 
cells with myofibrillar degeneration (Figs. 4A, B). The 
sarcolemma of the CR cells, which was encircled by a 
well-defined basal lamina, was smooth. Tubular invagi- 
nations of the sarcolemma close to the Z-bands of the 

myofibrils were sometimes observed in longitudinal sec- 
tions (Fig. 5A). The structures were also contact with the 
tubulovesicular elements in the myofibrils (figure not 
shown). These tubular structures closely resembled the 
T-system and sarcoplasmic reticulum of the cardiac mus- 
cle [19]. The CR cells were attached to each other by 
many desmosomes, which sometime showed a zigzag 
pattern (Fig. 5A) being similar to intercalated discs [19]. 
Variable amounts of electron-dense granules with a lim- 
iting membrane that associated with the Golgi apparatus 
in the perinuclear region were observed (Figs. 4A and 
5B). The structures were similar to specific atrial gran- 
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Fig. 4 A - C  Transmission electron micrographs of vacuolated CR 
cells in swine (Case no. 5). A, Low power view of a part of vacuo- 
lated CR cell showing fragmented myofibrillar bundles. Note scat- 
tered or aggregated electron dense granules (arrows). x5,100. B, 
Higher magnification of a cytoplasmic vacuole that contained fila- 
mentous or granular substance continuous to loosened or frag- 
mented myofibrils showing characteristic myofibrillar degenera- 
tion. Note hypertrophic and fragmented Z bands corresponding to 
nemaline bodies, x 11,900. C, Periodically arranged thick and thin 
filaments featuring a leptofibril continuous to a Z band (arrows). 
x 11,900 



Fig. 5 Sarcolemmal invagina- 
tions corresponding to T- 
system (asterisks) (Case no. 5). 
Note many desmosomal attach- 
ments of intercalated discs 
showing a characteristic zigzag 
pattern, x13,300 

Fig. 6 Electron-dense granules 
associated with Golgi apparatus 
(G) similar to specific atrial 
granules (Case no. 5). 
x26,600 
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ules [t9]. Adjacent normal cardiac myocytes did not 
contain such granules. The CR cells had neither hyper- 
trophic Z bands (corresponding to matchstick or jack- 
straw crystals) nor paracrystalline inclusions in the cyto- 
plasm, and were not associated with satellite cells, these 
structures which frequently seen in extracardiac rhabdo- 
myomas [33, 38]. 

Discussion 

In this study, we found some new data, which suggest 
that CR in swine is a developmental failure of the perina- 
tal cardiac tissues. 

The macroscopic and microscopic features of the 
present neoplasms were essentially similar to those re- 
ported already for swine [5, 28, 31], but were partially 
like human CRs [2, 7]. Swine CR as in the present cases, 
are not found in the atrium [5, 28, 31]. However, in hu- 
mans these lesions involve the atria [27]. Human CR is 
usually associated with a variety of congenital malforma- 
tions and neoplasms, most commonly tuberous sclerosis 
[2, 11, 27]. These features are one of the reasons for as- 
suming that CR is a hamartoma [2, 27]. Similar malfor- 
mations have not been recognized in animals and none 
were seen in the present series. 

The transitional feature (Fig. 2A, B) shows that swine 
CR mainly evolves from cardiac myocyte and rarely 
from Purkinje cell. Although a similar finding was de- 
scribed previously in human CR [34] and swine CR [5, 
23, 28, 31], it was regarded as an earliest CR lesion [34], 
as a progressive expansion of CR lesion [31], or not em- 
phasized [5, 23, 28]. 

To date, besides many clinical and histological studies 
of human CR, only one immunohistochemical [7] and 
some ultrastructural studies [6, 17, 18, 33, 34, 35, 38] 
have been reported. However, most of the studies were 
done with inadequately fixed materials. Therfore, CR has 
not been fully characterized yet even in humans. 

To assess the immunophenotype of the CR cells, we 
used a broad range of antibodies reactive with striated 
muscle cells and their neoplasms [15, 25, 30, 37, 40, 41]. 
In contrast to our results in swine CRs (Table 3), only 
one report on human CRs [7] describes positivities for 
actin, desmin, myoglobin, and vimentin similar to those 
of adjacent cardiac myocytes. In the present study, the 
CR cells were positive for all muscular markers, ~-ANR 
and PCNA. Although the immunoreactivities for desmin, 
o~-actinin, ~-ANR and vimentin were similar to those of 
Purkinje cells, positivities for these antigens are not spe- 
cific for Purkinje cells. Moreover, increased positivities 
for desmin and vimentin have been reported in damaged 
or regenerating skeletal muscles and cardiac muscles [4, 
12, 19, 20]. We confirmed the fact in swine myocarditis 
(Table 3). Variable staining for vimentin (Fig. 3C) and c~- 
ANP (Fig. 3D) suggest that the CR cells are in various 
stages of differentiation even in the same nodule. Rod- 
like or granular intracytoplasmic positivity for c~-actinin 
(Fig. 3B) may be compatible with the accumulation of 
hypertrophic Z-bands (nemaline bodies) (Fig. 4B), be- 
cause c~-actinin is mainly present in the Z bands of myo- 
fibrils [25]. 

Vimentin and cytokeratin are expressed during cardi- 
ac myogenesis, but gradually diminish during maturation 
and are finally absent in mature cardiac myocytes [30, 
40]. Similarly, these expressions were observed in swine 
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cardiac myocytes, except vimentin positivity in Purkinje 
cells. Cytokeratin negativity of swine CR cells shows 
that they are not derived from fetal cardiac myocytes of 
early gestation, although human CR cells have been pro- 
posed to arise from primitive myocardial cells arrested in 
an early stage of differentiation from the ultrastructural 
findings [17, 18]. In an enzyme histochemical study, suc- 
cinic dehydrogenase, which is normally demonstrable in 
embryonic and fetal cardiac tissues, was absent in CR 
cells [22]. This may further supports that CR does not 
originate from such cells. In a restricted number of hu- 
man and murine rhabdomyosarcomas, the presence of 
neoplastic cells reactive for c~-sr actin, neurofilament, 
and cytokeratin has been proved [41], but swine CR cells 
were negative for these antigens. 

ANR which has both natriuretic and diuretic activities 
consisted of three distinct forms (~-, 13-, and 7-ANP), is 
stored in specific atrial granules [37]. The granular posi- 
tivity for cz-ANP in the CR cells may correspond to elec- 
tron-dense granules associated with the Golgi apparatus 
(Figs. 4A, 5B). A rabbit antiserum against synthetic c~- 
human ANP was reported to be immunoreactive with 
swine Purkinje cells [29, 37]. We used the same antise- 
rum in this study, and found positivity of the CR cells 
like that of Purkinje cells. However, ANP is produced 
and secreted by ventricular myocytes in several human 
heart diseases [36], although the precise mechanism of 
this is unknown. We confirmed the fact in swine myocar- 
ditis (Table 3). In a human CR, c~-ANP was shown in 
normal cardiac myocytes and the CR cells of both atria 
but not in those of both ventricles, and this was interpret- 
ed as further evidence that human CR is a hamartoma 
[35]. 

PCNA is a nuclear antigen expressed in all phases of 
the cell cycle except GO [1]. It has been reported that 
adult human cardiac myocytes can express PCNA, and 
that this expression increases in hearts with hypertrophy 
or inflammation [1]. We confirmed its expression in 
swine myocarditis (Table 3). Then, interestingly, positive 
immunostaining for PCNA of the CR cells (Fig. 3E) with 
their enlarged cell size and no mitotic figures suggested 
that the CR cells did amitotic DNA renewal or repair 
caused by myoflbrillar degeneration, and enlarged by in- 
creasing cell size rather than by proliferation as suggest- 
ed previously [1, 5]. 

Some ultrastructural studies of human CRs have 
shown that the CR cells possess features of primitive car- 
diac myocytes [17, 18] or possess features of both cardi- 
ac myocytes and Purkinje cells [34], and therefore the 
histogenesis of this lesion could not be determined. 
However, the presence of the T-system (Fig. 5A), sarco- 
plasmic reticulum (figure not shown), and intercalated 
discs (Fig. 5A) are characteristics of mature cardiac my- 
ocytes that never seen in Purkinje cells [19]. The T- 
system develops in the late stages of cardiac cell devel- 
opment [6, 18]. In the present series as well as in previ- 
ous reports, some features of Purkinje cells were detect- 
ed such as scanty and unorganized myofibrils, a large 
amount of glycogen, ANP granules, and a large oval nu- 

cleus containing prominent nucleoli [19, 34]. However, 
these are not specific findings. Myofibrillar degeneration 
in the vacuolated CR cells is important for understanding 
the pathogenesis of CR with the transitional lesions at 
the periphery of some nodules (Fig. 2A, B). The exact 
reason for myofibrillar degeneration is undetermined, but 
it may be a feature of developmental failure of the cardi- 
ac tissues. Loss of myofibrils may impair the framework 
of the shape of the cardiac myocytes and consequently 
produce large cytoplasmic vacuoles. PAS-negative stain- 
ing of the vacuoles (Fig. 1C) has been regarded as show- 
ing the loss of water-soluble glycogen during formalin 
fixation [3, 27]. Nemaline bodies and leptofibrils are not 
pathognomonic, because they are commonly observed in 
various muscular diseases including CR and in apparent- 
ly normal hearts [12, 20, 21]. Their significance is ob- 
scure, but an increase of these structures near the sites of 
myofibrillar degeneration suggests they may be related 
to this lesion. 

Recently, swine CRs were reported in five-day-old 
piglets [28]. With this report, our histological (transition 
from adjacent cardiac myocytes), immunohistochemical 
(negative staining for cytokeratin), and ultrastructural 
(presence of T-system, sarcoplasmic reticulum, and in- 
tercalated disc) findings suggest that swine CR may de- 
velop from perinatal cardiac tissues, which means cardi- 
ac tissues between a late gestational age and an early 
postnatal age. 

CR is mostly believed to be hamartoma in origin. We 
essentially agree with this hypothesis with respect to its 
developmental failure. However, a hamartoma is a mal- 
formation that presents as a mass of disorganized but 
mature, fully-developed tissue indigenous to the particu- 
lar site [10]. Taken with this definition and our study, we 
cannot interpret "cardiac rhabdomyoma" in swine as a 
mature specialized tissue, and thus, it does not belong to 
the entity of hamartoma. Instead of this, we more likely 
feel that congenital dysplasia with myofibrillar degenera- 
tion is a more appropriate term for this lesion. Dysplasia 
means epithelial or mesenchymal cells that have under- 
gone proliferation and atypical cytological alterations in- 
volving cell size, shape, and organization [9, 32]. Dys- 
plastic nature of CR has been previously suggested [13], 
and similar dysplastic myocardial lesions have been rec- 
ognized in human hypertrophic cardiomyopathy and 
right ventricular dysplasia, and also in experimentally in- 
duced myocardial infarction of rats [14, 32]. Cardiac 
myocyte is a permanent cell, therefore CR cell may un- 
dergo dysplastic of hypertrophic adaptation rather than 
mitotic division when damaged or degenerated due to 
myofibrillar degeneration. The increase of cytoplasmic 
elements (glycogen, mitochondria, and atrial specific 
granules) and the varied immunopositivities of the CR 
cells (c~-actinin, desmin, vimentin, o~-ANE and PCNA) 
can be interpreted as the reflection of reactive or regener- 
ative changes. 

In conclusion, our study shows that "cardiac rhabdo- 
myoma" in swine may be a kind of congenital dysplasia 
of the perinatal cardiac tissues with myofibrillar degener- 



ation, affect ing ma in ly  card iac  myocy te s  and rare ly  Pur-  
k inje  cells.  
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