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Summary. Immunohis tochemica l  investigation o f  11 car- 
diac myxomas  (CMs) including one mal ignant  metasta-  
sizing C M  showed a co-expression o f  epithelial (lu-5 and 
C A M  5.2), mesenchymal  (vimentin) and  neuroendocr ine  
antigens (neuron-specific enolase) in all t umour  cells. 
Fac tor  VI I I  was found  in the endothelial  cells o f  capillar- 
ies only. In the subendocard ium o f  fetal heart  tissue close 
to the foramen ovale myof ibroblas ts  reacting with the 
panepithelial an t ibody  lu-5 were detected. We conclude 
that  CMs  are neoplasms that  m a y  develop f rom embry-  
onic cell remnants.  
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Introduction 

The origin o f  cardiac m yxom a s  (CMs) has been much  
debated but  today  mos t  authors  agree with the view 
that  they are neoplasms rather  than th rombot ic  masses 
(Ferrans and Rober ts  1973; Sayler et al. 1975; Wold and 
Lie 1980). The histogenesis o f  CMs  is still unclear  in 
spite o f  histochemical,  ul t rastructuraL immunohis to -  
chemical  and tissue culture studies (Johansson 1989). 
Since CMs  most  often arise on the lower circumference 
o f  the foramen ovale, it has been suggested that  they 
develop f rom the undifferentiated embryon ic  remnants  
which are found  in that  region (Boxer 1984; Johansson  
1989). F r o m  immunohis tochemica l  studies, it has been 
concluded that  CMs  are derived f rom endothelial  cells 
because o f  positive staining o f  s t romal  m y x o m a  cells 
with factor  VI I I  (Morales et al. 1981). 

The aim o f  our  s tudy was to obtain  more  insight 
into the histogenesis o f  benign and mal ignant  variants 
o f  CMs  using immunohis tochemis t ry .  

Offprint requests to: E. Curschellas, Institut fiir Pathologie, 
Sch6nbeinstrasse 40, CH-4003 Basel, Switzerland 

Patients and methods 

Eleven patients (6 females, 5 males) with a mean age of 47 years 
(19-60) were treated surgically for CMs between 1969 and 1987 
in the Kantonsspital Basel (Table 1). Five patients suffered from 
mechanical obstruction and three from non-specific symptoms typ- 
ical of myxoma. Three patients presented with symptoms of multi- 
ple systemic emboli, but without evidence of development of metas- 
tases. Only case 11 had malignant CM with metastases in the right 
gastrocnemius muscle, over the right scapula, in the left thigh, 
in the lung and the brain. The first two lesions had been resected 
and histological and immunohistochemical findings were identical 
to the primary tumour, resected from the heart 2 months before. 
Total brain irradiation was carried out during 2 months because 
of rapid tumour growth. In the meantime the pulmonary metas- 
tases and the metastases in the left thigh had been detected and 
required systemic chemotherapy. Twenty-two months after the ces- 
sation of chemotherapy the patient is well and tumour free as 
documented by several CT scans. 

The resected turnout specimens were fixed in 4% buffered for- 
maldehyde (pH 7.2) and embedded in paraffin. Sections 5 ~tm thick 
were used for conventional light microscopy and immunohisto- 
chemistry. For light microscopy, the slides were stained with hae- 
matoxylin and eosin, elastic van Gieson, Prussian blue for iron 
and alcian blue-periodic acid-Schiff reagent (AB-PAS). For the 
immunohistochemical investigation the ABC method was used 
(Hsu et al. 1981). Immunoreactivity, source and dilutions of the 
13 antibodies used are listed in Table 2. Formalin-fixed and paraf- 
fin-embedded fetal tissue from the circumference of the foramen 
ovale, from three stillborn infants with a gestational age of 27, 
28 and 34 weaks, was treated as described above. The staining 
reaction of the antibodies was scored as negative or from + to 
+ + + for low, medium and high intensity, respectively. If only 
groups of cells were stained, " f"  for focal was recorded. 

Results 

Ten CMs  (Table 1) were located in the left atr ium, 4 
o f  them at the lower border  o f  the fo ramen  ovale. Seven 
were pedunculated,  whereas 3 a t tached directly to the 
atrial wall, wi thout  pedicle. Case 9 was multicentric in 
left and  right atrium. The mean  t u m o u r  diameter  was 
6 cm. Mos t  tumours  showed the typical myxoid ,  vitreous 
glossy aspect with lobulated surface. 
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Table 1. Overview of the cases 

Case Age Sex Localization Main Macroscopy Special histological features 
symptoms 

1 32 F Left atrium Systemic Pedunculated Multinucleated giant cells 
near superior pulmonary embolism myxoma 
veins orifices 5 x 4,5 x 2 cm 

2 62 M Left atrium Pedunculated, 
lower border of polypoid myxoma 
foramen ovale 7 x 6,5 x 2 cm 

3 57 F Left atrium Non-pedunculated papillary 
lower border of and glossy myxoma 
foramen ovale 7 x 6,5 x 2 cm 

4 60 M Left atrium Pedunculated, polypoid 
near the anterior myxoma with villous 
mitral valve and papillary surface 

7 x 4 x 3 c m  

5 51 M Left atrium Non-pedunculated, polypoid 
lower border of and glossy myxoma 
foramen ovale 7 x 6,5 x 5 cm 

6 52 F Left atrium Myxoma Pedunculated, polypoid 
at the septum, near disease myxoma with glossy 
anulus fibrosus gelatinous and brown areas 

6 x 4 x 3 , 5 c m  

7 39 M Left atrium Myxoma Pedunculated, polypoid 
lower border of disease myxoma with haemorrhagic 
foramen ovale areas and calcifications 

7 x 6 x 4 , 5 c m  

8 44 F Left atrium Myxoma Pedunculated, polypoid 
at the septum, near disease myxoma with glossy 
mitral valve gelatinous and haemorrhagic 

areas 
5 x 4 x 3 c m  

9 19 F Left and right atria Pedunculated and 
multicentric non-pedunculated polypoid 

gelatinous myxomas 
5 x 5 x l , 6 c m  

66 F Non-pedunculated, glossy 
gelatinous myxoma 
5 x 5 x 3 c m  

31 M Non-pedunculated 
polypoid and papillary 
myxoma with cystic 
and gelatinous areas 
6 x 6 x 3 c m  

Mechanical 
obstruction 

Mechanical 
obstruction 

Mechanical 
obstruction 

Systemic 
embolism 

Systemic 
embolism 

10 Left atrium Mechanical 
at the septum, near superior obstruction 
pulmonary veins orifices 

11 Left atrium Mechanical 
at the septum obstruction 

Myxoid matrix, 
haemorrhagic areas 

Place of attachment 
rich in blood vessels, 
tumour cells single or in files 

Large necrotic areas 

Low cellularity 

Large blood vessels at 
the place of attachment 

Many giant cells, 
areas of necrosis, 
degenerative polymorphism 
of cells and nuclei 

Myxoid matrix 
rich in blood vessels, 
glandular structures 

Many giant cells 

Low cellularity 

Spindle and polygonal cells with 
polymorphic, hyperchromatic 
nuclei with high mitotic rate 

Same histology in two different 
metastases 

L igh t  mic roscop ic  e x a m i n a t i o n  d i sp layed  the typ ica l  
fea tures  o f  C M s  in all cases. There  was a m y x o m a t o u s  
s t r o m a  wi th  vascu la r  channels  o f  d i f ferent  size and  scat-  
te red  i n f l a m m a t o r y  cells such as m a c r o p h a g e s ,  neu t ro -  
phils  a n d  lymphocy tes .  The  s t r o m a  was rich in neu t ra l  
and  acidic  mucopo ly saccha r ide s ,  as d e m o n s t r a t e d  wi th  
A B - P A S  stain.  Several  C M s  revealed  foci o f  h a e m o r -  
rhage.  Ca lc i f ica t ion  was p resen t  in 1 case. The  t u m o u r  
cells e m b e d d e d  in the s t r o m a  were  mos t ly  s tel late  o r  
p o l y g o n a l  bu t  r o u n d  o r  sp ind le - shaped  forms were also 
seen. In  4 specimens  mu l t i nuc l ea t ed  g ian t  cells were re- 
cognized.  The  ce l lu lar i ty  va r ied  f rom t u m o u r  to t umour .  
B lood  vessels were of ten s u r r o u n d e d  by  t u m o u r  cells 
bu t  in o the r  sites they  were d i s t r ibu ted  as single cells, 
smal l  sol id  g roups  or  pseudo tubu les .  One  t u m o u r  

showed a widesp read  g l andu la r  pa t te rn .  Cel lu lar  a typ i a  
was n o t  p rominen t .  Nea r ly  all t umour s  were covered  
by  a single layer  o f  cells, bu t  i n  some the surface was 
even mul t i l aye red .  

The  m a l i g n a n t  va r i an t  (case 11) was except iona l  in 
tha t  it  d i sp layed  p r o m i n e n t  cel lular  and  nuclear  a typ i a  
with n u m e r o u s  mi to t i c  figures.  This  d iagnos is  was con-  
f i rmed by  the cl inical  course ,  wi th  metas tases  to several  
sites. 

Al l  t u m o u r s  (Table 3) reac ted  with  the panep i the l ia l  
a n t i b o d y  lu-5 (Fig. 1). The  in tens i ty  was mos t ly  scored 
as m e d i u m  and  in 3 cases the r eac t ion  was focal.  A 
s imilar  bu t  weake r  s ta in ing  pa t t e rn  was ob ta ined  with  
the an t i - cy toke ra t i n  a n t i b o d y  C a m  5.2. Wi th  b o t h  epi- 
thel ial  m a r k e r s  vascu la r  s t ructures  r ema ined  uns ta ined .  
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Table 2. List of antibodies used in the study 

Antibody antigen Source Working dilution 

lu-5 Cytokeratins (Ck 1, 5, 6, 8, 14, 18, 19) (m/m) Roche I/4 
Cam 5.2 Cytokeratins (Ck 8, 18, 19) (m/m) Becton Dickinson Prediluted 
CEA Carcinoembryonic Ag (m/m) Amersham Prediluted 
b 12 Secretory glycoprotein (m/m) Roche 1/500 
Vim Vimentin (m/m) Boehringer 1/40 
Desmin Desmin (m/m) Dako 1/100 
SMA Alpha-smooth muscle actin (m/m) Sigma 1/4000 
F.VIII Factor-VIII-related Ag (m/m) Amersham Prediluted 
UEA Ulex europaeus agglutinin I (lectin) E 4. Y Laboratories 1/100 
NSE Neuron specific enolase (m/m) San Bio 1/50 
S-100 S-100 Protein (r/p) Dako 1/4000 
CGA Chromogranin-A (m/m) Hybri Tech 1/1500 
GFA Glial fibrillary acidic protein (r/p) .a 1/2000 

For visualization of the reaction ABC kits from Vector were used. For abbreviations of antigens, please see text. m/m, mouse/monoclonal; 
r/p, rabbit/polyclonal 
" Gift from L.F. Eng, Palo Alto 

Table 3. Results of immunohistological staining in myxomas and fetal heart 

Case Cell type Epithelial marker Mesenchymal marker Neuroendocrine marker 

lu-5 Cam 5.2 CEA b 12 Vim Desmin SMA F.VIII UEA NSE S-100 CGA GFA 

1 Tumour cells 4. 4. 4, neg 4. 4./f  4. 4- neg 4. + 4. neg 
Endothelium neg neg neg neg 4. 4. + / f  neg neg + 

2 Turnout cells 4, 4. /f  4, 4, neg neg 4, 4, neg + 4. 4. neg 
Endothelium neg neg neg neg 4, 4, 4, neg neg 4. 

3 Tumour cells 4. 4. 4. neg 4,/f  4. 4. 4. neg 4. 4, neg 
Endothelium neg neg neg neg 4, 4. 4. neg neg 4,/f  

4 Tumour cells 4./f  4. neg neg + 4. neg 4, 4. neg 
Endothelium neg neg neg neg 4. 4. neg neg + 4. 

5 Tumour cells 4, 4, neg neg 4, 4, neg + 4. neg 
Endothelium neg neg neg neg 4. 4. neg neg 4. 4, 

6 Tumour cells 4. 4, 4, neg 4,/f  4. 4. 4. neg 4, 4, neg 
Endothelium neg neg neg neg 4. 4. 4. neg neg 4. 4, 

7 Tumour cells 4. 4. 4, neg 4./f 4. 4. 4. neg 4. 4. + neg 
Endothelium neg neg neg neg 4. 4. + neg neg 4. 4. 4. 

8 Tumour cells 4, 4. 4. neg 4. 4,/f  4, 4, 4, neg 4. 4. 4. neg 
Endothelium neg neg neg neg 4, 4. 4, neg neg + 4. 

9 Turnout cells 4, 4. 4. + / f  neg neg 4, 4, neg 4. Jr neg 
Endothelium neg neg neg neg 4, 4, neg neg 4. 4. 

10 Tumour cells 4, 4. neg neg 4, 4, neg + 4. 4. neg 
Endothelium neg neg neg neg 4. 4. neg neg 4, 4. 

11 Tumour cells + + / f  4,/f neg neg + + + neg neg neg 
Endothelium neg neg neg neg 4. 4, neg neg 4, 

neg + / f  neg 
4. neg neg 

neg + / f  neg 
4, 4, 4, neg neg 

neg + + / f  + + / f  
4./f  neg neg 

neg + / f  + / f  
4. 4. neg neg 

neg + / f  neg 
+ / f  neg neg 

neg + / f  neg 
4, neg neg 

neg 
neg 

neg 
neg 

neg 
neg 

neg 
neg 

neg 
neg 

neg 
neg 

neg 4 . + + / f  + + / f  neg 
+ + / f  neg neg neg 

neg + / f  4 . + + / f  neg 
4. 4, neg neg neg 

neg + / f  + + / f  neg 
4. 4, neg neg neg 

neg + / f  + / f  neg 
4. 4. neg neg neg 

neg 4. neg neg 
4, neg neg neg 

neg neg neg 
neg neg neg 

Forman ovale in fetal heart 

Myofibroblasts 4. 4. 4. 4. 4. neg neg 4. 4. 4. 4. + 4. neg neg 
Endothelium neg neg neg neg 4. neg neg 4. 4, 4, 

neg 
neg 

neg 
neg 

neg 
neg 

neg 
neg 

neg 
neg 

neg 
neg 

neg 
neg 

neg 
neg 

neg 
neg 

neg 
neg 

neg 
neg 

neg 
neg 

Intensity Scores: + ,  Low; 4. 4-, medium; 4, 4. 4-, high; neg, negative; f, focal 

M o n o c l o n a l  a n t i b o d y  b12,  r e c o g n i z i n g  s e c r e t o r y  ep i the -  
l ial  cells, g a v e  a l ow a n d  foca l  r e a c t i o n  in 5 t u m o u r s .  
V i m e n t i n  was  f o u n d  in all  t u m o u r  cells a n d  all  b l o o d  
vessels  (Fig.  2). 

F a c t o r  V I I I  a n d  Ulex europaus a g g l u t i n i n  ( U E A ) ,  
b o t h  m a r k e r s  o f  e n d o t h e l i u m ,  s t a ined  all  v a s c u l a r  ele-  
m e n t s  in the  11 t u m o u r s  b u t  n o t  the  t u m o u r  cells. I n  

m o s t  spec imens ,  n e u r o n - s p e c i f i c  e n o l a s e  ( N S E )  a n t i b o d y  
r e a c t e d  w i t h  C M  cells foca l ly  a n d  weak ly .  T h e  a n t i b o d y  
d i r ec t ed  aga in s t  S-100 p r o t e i n  s t a ined  t u m o u r  cells  in 
5 cases.  

A l p h a - s m o o t h  m u s c l e  ac t i n  ( S M A )  s t a ined  the  tu-  
m o u r  cells o f  al l  C M s  (Fig.  3) excep t  the  m a l i g n a n t  case.  
E n d o t h e l i a l  cells  w e r e  a lways  nega t ive .  C a r c i n o e m -  



Fig. 1. Positive reaction of cardiac myxoma (CM) cells with lu-5 antibody; vascular structures are not decorated, x 210 

Fig. 2. Positive reaction of CM cells and vascular structures with anti-vimentin, same sector as in Fig. 1. x 210 

Fig. 3. Positive staining of CM cells but no reaction of endothelium with anti-alpha-smooth muscle actin, x 210 

Fig. 4. Malignant CM, primary tumour in the heart  stained with lu-5 antibody, x 335 

Fig. 5. Metastasis of the malignant  CM from the lefthigh showing a positive reaction with lu-5 antibody but of lower intensity, x 335 

Fig. 6. Fetal heart near foramen ovale, positive reaction of subendocardial cells with lu-5 antibody, x 210 

Fig. 7. Fetal heart near foramen ovale, positive reaction of subendocardial cells with desmin antibody, x 210 

Fig. 8. Fetal heart  near foramen ovale, positive reaction of subendocardial cells with anti-alpha-smooth muscle actin, x 210 
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bryonic antigen (CEA), desmin, chromogranin-A 
(CGA) and glial fibrillary acidic proteni (GFA) were 
negative in all cases. The staining pattern found in the 
metastases of the malignant CM was identical to that 
of the heart tumour (Figs. 4, 5). 

In the fetal heart immunohistochemistry revealed su- 
bendocardial myofibroblasts in the vicinity of the fora- 
men ovale which gave a positive reaction for the epitheli- 
al markers lu-5 (Fig. 6) and Cam 5.2 as well as for des- 
min (Fig. 7), vimentin and smooth muscle actin (Fig. 8). 
No reaction with CEA, b12, factor VIII, UEA, NSE, 
S-100, CGA and GFA was seen in these cells, although 
some decoration was seen in other structures such as 
endothelial cells (Table 3). 

Discussion 

Cardiac myxoma is the most common primary tumour 
of the heart. About 75% of CMs are located in the 
left and 15% in the right atrium. The remaining 10% 
are located in the ventricles or are multicentric (Gould 
1968; Pomerance and Davies 1975; Moser et al. 1978; 
McAllister 1979). The distribution of the localization 
in our cases agrees with these data. 

A radical surgical excision is required for CM, but 
relapses are reported in 5-14% of cases (Richardson 
et al. 1979) where solitary or multifocal relapses occur 
months or even years after resection of the primary tu- 
mour (Read et al. 1974). Incomplete resection of the tu- 
mour with re-growth, intracardiac implantation of local- 
ly spread tumour cells or multiple tumour foci are all 
discussed as reasons for recurrences. There are no histo- 
logical findings with predictive value for clinical behav- 
iour. 

Malignant CM is a rare entity and its existence is 
not universally accepted (Read et al. 1974; Seo et al. 
1980; Rupp et al. 1989). The well known tendency to 
generalized embolism of CM fragments is an argument 
against malignancy and metastases. In fact, in 3 of our 
patients with systemic embolic disease, local growth was 
not found. Metastasis was therefore excluded and malig- 
nancy was not diagnosed. In contrast, infiltrative and 
progressive disease at distinct sites in 1 patient (case 
11) together with severe atypia of the tumour cells was 
considered to be clear evidence of malignancy. Differen- 
tial diagnosis includes tumours of different histogenesis, 
either primary or metastatic to the heart. Recently a 
case of angiosarcoma of the left atrium mimicking cardi- 
ac myxoma was described (Keohane et al. 1989). In con- 
trast to our malignant CM these authors found atypical 
cells lining and protruding into vascular lumens. These 
cells and individual tumour cells in solid areas were 
stained by UEA. Factor-VIII-related antigen was found 
in cells lining vascular channels of the angiosarcoma; 
this was also found in CMs, but a wide spectrum cytok- 
eratin antibody failed to react with angiosarcoma cells. 
This profile excludes an angiosarcoma in our case 11 
and confirms the diagnosis of malignant CM. Our malig- 
nant variant of CM did not react with SMA in contrast 
with the benign variants; this is in favour of a lower 
degree of differentiation of the malignant turnout cells. 

The co-expression of cytokeratin, demonstrated for 
two different epithelial markers (lu-5 and Cam 5.2) and 
of SMA, is identical to that found for subendocardial 
myofibroblasts near the foramen ovale of fetal heart. 
These subendocardial cells in fetal heart resemble the 
tumour cells morphologically. These findings militate 
against the derivation of CM from organized thrombi 
and strongly suggest that these tumour cells correspond 
to undifferentiated mesenchymal embryonic cell rests, 
with the ability to co-express epithelial and mesenchymal 
cytoskeleton structures. Johansson (1989) reported a 
positive reaction of Cam 5.2 anti-cytokeratin antibody 
in only 3 of 19 CMs, especially in one case with glandular 
structures. Two other studies described a positive reac- 
tion for cytokeratin antibodies in a single case of CM 
and two cases of CM with glandular structures, respec- 
tively (Abenzoa and Sibley 1986; Goldman et al. 1987). 
However, Govoni et al. (1988) failed to find tumour cells 
stained with cytokeratin antibodies in eight CMs al- 
though they also described glandular structures. These 
partly contradictory findings could probably be ex- 
plained by the different types of cytokeratin antibodies 
used. The positivity found with the mucin-associated an- 
tibody b12 favours a further differentiation of glandular 
and of individual tumour cells. Intestingly staining was 
not confined to the glandular structures. 

Vimentin positivity in all CM cells has also been 
found in previous studies (Abenzoa and Sibley 1986; 
Schuger et al. 1987; Johansson 1989). Since co-expres- 
sion of vimentin with other intermediate filaments is 
quite common, the presence of this mesenchymal marker 
is not diagnostic, in terms of histogenesis. The overall 
intense reaction of SMA argues for a myogenic or myofi- 
broblastic origin. Only once was a positive reaction with 
an actin antibody reported (Abenzoa and Sibley 1986). 
Desmin-positive cells, which would have favoured myo- 
genic derivation, were not found. This corresponds with 
earlier reports (Abenzoa and Sibley 1986; Schuger et al. 
1987) but is in contrast to recent findings in which 5 
of 19 CMs were positive (Johansson 1989) 

We could not conform the findings of different re- 
ports (Morales et al. 1977; Landon et al. 1986; Govoni 
et al. 1988) which have shown positivity of the tumour 
cells for factor-VIII-related antigen. However, our re- 
sults are in agreement with several further studies (Boxer 
1984; McComb 1984; Abenzoa and Sibley 1986; Gold- 
man etal. 1987; Schuger et al. 1987; Tanimura etal. 
1988; Johansson 1989). The positive reaction of tumour 
cells with neuroendocrine markers (NSE and S-100) may 
indicate a close relationship to the myoendocrine cells 
situated in the left and right atrium and producing atrial 
natriuretic peptide, or cardiodilatin, and other polypep- 
tides (Forssmann 1986). The third neuroendocrine 
marker CGA failed to stain the tumour cells. Subendo- 
cardial fetal cells were, however, always negative for 
these markers. Only one recent study reported a variable 
positivity for S-100 protein in 10 of 19 CMs (Johansson 
1989). 

We conclude that the mixture of epithelial, mesenchy- 
real and neuroendocrine markers found in CMs and in 
embryonic, pluripotent subendocardial myofibroblasts 
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or myogen ic  cells near  the fo ramen  ovale  suggests tha t  
C M s  or iginate  f rom the latter.  
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