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            Introduction 

 Cardiac tumors are rare entities  [  1,   2  ] . Because of 
the rarity, it is dif fi cult to investigate systemati-
cally large series of cardiac tumors using ancillary 
or biomolecular and experimental methods of 
investigation. As a consequence, scarce innovative 
information is available concerning the histogene-
sis of the majority of cardiac tumors. Myxomas 
are the most frequent neoplasms, accounting for 
50% of all tumors  [  1,   2  ] , and the most investigated 
primary cardiac tumor. Nevertheless, the origin of 
myxoma remains uncertain. In this chapter, we 
summarize the most recent novelties in the biomo-
lecular, immunohistochemical and genetic inves-
tigation of primary cardiac tumors.  

   Cardiac Myxoma 

   Novelties in Immunohistochemical 
Findings 

 Myxoma is the most frequent primary tumor of the 
heart  [  1  ] . Its name derives from myxoid appear-
ance of a mucopolysaccharide-rich  extracellular 

matrix  [  2  ] . Myxoma usually arises from the 
 inter-atrial septum, more frequently on the left side 
 [  1,   2  ] . The histogenesis of cardiac myxoma was 
for a long time considered uncertain, because of 
the nature of the morphological and immunohis-
tochemical  fi ndings obtained after the character-
ization of this tumor. In fact, a variable expression 
of proteins typical of different adult cell pheno-
types has been reported, even in the same tumor, 
suggesting an epithelial, endothelial, myogenic, 
myo fi broblastic, or neural origin, respectively  [  3–
  10  ] . In adult myocardium, two sarcomeric actins, 
 a -cardiac and  a -skeletal actin, are co-expressed 
and represent the predominant isoforms  [  11  ] ; in 
addition,  a -smooth muscle actin ( a -actin) is tran-
siently observed in cardiomyocytes during the 
early stage of fetal cardiac development  [  12  ] . In 
Table  13.1  are reported the comparisons between 
microscopic and immunohistochemical  fi ndings 
(as percentages of positive cardiac myxoma cells) 
in a series of thirty tumors  [  13  ] . Although cardiac 
myxomas variably expressed vimentin, Notch1, 
CALB2, and smooth muscle antigens such as 
 a -actin and caldesmon were the most frequently 
observed with a diffuse cytoplasmic immunoreac-
tivity, followed by CD34. It is worth noting that 
 a -cardiac actin was observed in a few cases and 
 a -skeletal actin was always absent. Single or 
multinucleated cells were CD34 positive mainly in 
the super fi cial areas of tumors, whereas interstitial 
or perivascular cells were more  a -smooth muscle 
actin positive. The immunophenotype of vascular 
structures of cardiac myxoma has been also inves-
tigated  [  13  ] . As concerning the complex vascular 
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structures, enlarged ring structures are in the 
majority of cases CD34 positive and only focally 
 a -actin positive. Lacunae, other complex vascular-
like structures of cardiac myxoma, are character-
ized by wide vascular-like spaces covered by 
single or multilayered CD34 positive and  a -actin 
negative cells, whereas parietal cells are positive 
for the myocytic marker  a -actin, suggesting an 
endothelial and pericyte-like differentiation, 
respectively (Fig.  13.1 ). Rarely, parietal cells of 
ring structures were also focally  a -cardiac actin 
positive. Thick arterial-like structures of cardiac 

myxoma were of two different types: the  fi rst, 
larger and with a thick wall, covered by CD34 
positive endothelial-like cells with  a -actin positive 
parietal cells, were observed throughout the entire 
myxoma tissue; the second type, smaller and 
mainly at the parietal edge, resembled morpho-
logically and immunohistochemically the normal 
atrial vasculature. Finally, confocal microscopy 
well documents the presence of CD34 and  a -actin 
positive myxoma cells; rare myxoma cells, includ-
ing multinucleated cells, focally co-expressed both 
proteins (Fig.  13.2 ), suggesting a precursor or an 
intermediate cell phenotype  [  13  ] .     

   Biomolecular Analysis 
of Cardiac Myxomas 

 The availability of methods of investigation of 
gene expression, in particular reverse tran-
scriptase-polymerase chain reaction (RT-PCR) 
and Real Time-PCR, may help to better charac-
terize phenotypic features of cardiac tumor 
cells. Unfortunately, the optimal results are 
obtained after mRNA extraction from fresh tis-
sue and, for their intrinsic rarity, a systematized 
tissue banking of cardiac tumor tissues is quite 
dif fi cult. When possible, gene transcripts reca-
pitulating speci fi c phenotypes can be also useful 
to trace differentiation of tumor cells. In cardiac 
myxoma, PCR analysis performed on RNA 
extracted from frozen tissue from eight consec-
utive cases of cardiac myxoma  [  13  ]  revealed 
CALB2 (calretinin) and Sox9 transcripts in all 
cases, Notch1 and NFATcI transcripts in 87.5 
and 37.5% of cases, respectively, whereas all 
cases were negative for ErbB3 and Wilms’ 
tumor transcription factor (Fig.  13.3 ).   

   Myxoma Cell Phenotype and Clinical 
Behavior of Cardiac Myxomas 

 Cardiac myxomas are benign tumors which are 
unable to in fi ltrate the myocardium or give rise 
to metastases  [  1,   2  ] . Nevertheless, they are con-
sidered “clinically malignant” tumors because 
of their susceptibility to embolize to distant 

   Table 13.1    Comparison of microscopic and immunohis-
tochemical features in a series of 30 cardiac myxomas     

 Microscopic  fi ndings  (% of positive cases) 

 Smooth  63.3 
 Irregular surface  36.7 
 Super fi cial collagenization  43.3 
 Myxomatous areas (>50%)  56.6 
 Ki-67 positive cells (>5%)  6.7 
 Calci fi cation  6.7 
 Small super fi cial thrombi  40 
 Extramedullary hematopoiesis  6.7 
 Ring structures  80 
 Vascular-like lacunae  16.7 
 Arterial-like vessels  60 
 Glandular structures  0.6 
 Immunohistochemical  fi ndings 
 Cytokeratins   6.7 
 Vimentin  90 

  a -Smooth muscle actin  83.3 

  a -Cardiac actin  10 

  a -Skeletal actin   0 

 Notch1  86.7 
 Calretinin  86.7 
 CD34  66.7 
 Factor VIII  36.7 
 Caldesmon  86.7 
 Tenascin C  80 
 MMP-1  36.7 
 MMP-2  36.7 
 TIMP-1  36.7 
 S-100  13.3 
 Flt-1  26.7 
 c-kit   0 

   a Modi fi ed from Orlandi et al.  [  13  ] .  
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  Fig. 13.1    Immunohistochemical characterization of vas-
cular complex structures of cardiac myxoma. ( a ,  b ) 
Complex structures from wide vascular-like spaces with a 
thin wall constituted by one or more layers of  fl attened ( a ) 
CD34 positive and ( b ) focally  a -smooth muscle actin 

 positive cells. ( c ,  d ) Elongated multilayered structures, with 
( c ) abundant CD34 positive and ( d ) rare parietal  a -smooth 
muscle actin positive cells. Diaminobenzidine as chromo-
gen; original magni fi cation, ×125       

  Fig. 13.2    Co-expression of endothelial and myogenic 
markers in cardiac myxoma. Immuno fl uorescent staining 
of  a -smooth muscle actin ( left ,  red ) and CD34 ( middle , 

 green ) of cardiac myxoma cell, sometimes multinucleated; 
merged image ( right ) shows co-expression of both endothe-
lial and myocytic antigens. Original magni fi cation, ×400       
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organs  [  1,   2,   14  ] . As a matter of fact, clinical 
signs of tumor embolism represent the primary 
manifestation in 30–50% of cases. Since most 
myxomas are left atrium-located, emboli preva-
lently involve peripheral districts, in particular 
cerebral arteries, including retinal artery  [  1,   2, 
  14  ] . Echocardiographic polypoid and irregular 
macroscopic aspects, changes in the composi-
tion of the myxomatous matrix, as well as the 
autocrine production of IL-6 have been consid-
ered  [  14–  17  ] . Another hypothesis considers 
apoptosis as relevant for myxoma tissue remod-
eling and, consequently, for the clinical behav-
ior of these cardiac tumors  [  18  ] .    Successively, 
other researchers identi fi ed at both mRNA and 

protein levels the extrinsic Fas/FasL-dependent 
 fi nal common apoptotic pathway of myxoma 
cells  [  19  ] . More recently, a series of 27 left 
atrial myxomas, 10 of them with clinical 
signs of peripheral embolism, have been inves-
tigated by several methods, documenting in 
embolic myxomas higher expression and 
activity of matrix metalloproteinases (MMPs), 
in particular MT1-MMP, pro-MMP-2, and pro-
MMP-9, whereas pro-MMP-1, MMP-3, and 
TIMP-1 levels were similar to those of non-
embolic tumors  [  20  ] . MMPs are a large family 
of zinc-dependent proteolytic enzymes that 
degrade the extracellular matrix in both normal 
and pathological processes  [  21–  23  ] . MMPs are 
released into the extracellular milieu in a proen-
zyme state or membrane-bound enzymes that 
undergo intracellular activation and are proteo-
litically active when inserted into the cell mem-
brane. Increased expression of MMPs associated 
more frequently with the irregular or polypoid 
aspect of cardiac myxomas  [  20  ] . Consequently, 
it is possible to hypothesize that increased 
MMP expression and activity can induce a 
remodeling of tumor extracellular matrix, with 
a consequent increase of friability and, conse-
quently, of the risk of embolism of cardiac 
myxoma. Nevertheless, in some cases of non-
embolic irregular myxomas, MMP expression 
did not signi fi cantly differ from non- embolic 
smooth tumors, suggesting that embolism is not 
the natural consequence of the irregular macro-
scopic appearance.    Moreover, these studies 
in vivo do not clarify if increased MMP activity 
is an intrinsic feature of myxoma cells or, alter-
natively, it is related to an increased suscepti-
bility to locally delivered cytokines  [  17  ] . 
Nevertheless, embolic myxoma cells retain 
higher MT1-MMP and pro-MMP-2 levels in 
basal condition and after stimulation with IL-1 b  
and IL-6 in vitro  [  20  ] .  

   The Origin of Cardiac Myxoma: 
An Update 

 The heterogeneous phenotype of myxoma cells 
gave origin to several interpretations concerning 

  Fig. 13.3    Primitive mesenchymal markers gene expres-
sion in cardiac myxoma. Agarose gel after ethidium bro-
mide staining documents RT-PCR analysis of transcripts 
from eight consecutive cardiac myxomas mRNA showing 
variable CD34, MMP-2, TIMP-1, Sox9, CALB2, and 
Notch1 transcripts, while ErbB3 and WT1 transcripts are 
absent;  b 2microglobulin is used as housekeeping gene. 
Modi fi ed from Orlandi et al.  [  13  ]        
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the histogenesis of cardiac myxoma. The pres-
ence of endothelial marker and cytoplasmic neu-
ropeptides such as protein gene product 9.5, 
S100 protein and neuron-speci fi c enolase in 
more than half of a series of cardiac myxomas 
supports the hypothesis that myxoma cells origi-
nate from pluripotent mesenchymal cells capable 
of neural and endothelial differentiation  [  9  ] . 
Another explanation for heterogeneous differen-
tiation in cardiac myxoma is its origin from a 
pluripotential cell or from a subendothelial vas-
iform reserve cell, on the basis of the expression 
of transcripts characteristic of cardiac cushion 
development and/or primitive cardiac mesenchy-
mal differentiation  [  3, 4,   24  ] . Some morphologic 
homologies between cardiac myxoma cells and 
those of embryonic cardiac cushion cells support 
this hypothesis. A cardiomyogenic derivation of 
cardiac myxomas was based on the  fi nding of 
transcripts for Nkx2.5/Csx, typical of the cardiac 
homeobox gene, recapitulating a primitive car-
diomyocytic phenotype and supporting an 
embryonic cardiomyocytic progenitor cell as 
precursor  [  25  ] . Although Nkx2.5/Csx encodes 
for a gene required for speci fi cation of cardiac 
precursor cells, its expression is maintained 
throughout development  [  25  ] . Moreover, Nkx2.5/
Csx is documented during development of other 
tissues, including skeletal myoblasts and pro-
motes neuronal differentiation in vitro  [  26, 27  ] . 
This explains the previously reported expression 
of neural markers  [  9  ]  as a demonstration of a 
possible neurogenic origin of cardiac myxoma 
cells. Investigation of actin isoform expression 
can be useful to trace the origin of cardiac myx-
oma cells. In particular, the diffuse presence of 
 a -smooth muscle actin, the paucity of  a -cardiac 
actin, and the absence of  a -skeletal actin isoform 
expression have been described in cardiac myxo-
mas  [  20  ] ;  a -smooth muscle actin is reported to 
be transiently expressed in human cardiomyo-
cytes during early stages of fetal development 
 [  28  ] . This  fi nding supports that myxoma cells 
are phenotypically reconducible to a more primi-
tive cardiac progenitor or primordial cardiac 
stem cell. In fact, in the 20-week-old fetal heart, 
a time when septation is complete and the heart 
exhibits all the morphological characteristics of 

the adult heart,  a -cardiac actin is the major 
 isoform and uniformly expressed  [  12  ] . The mes-
enchymal origin and the subsequent endothelial 
differentiation are further supported from ultra-
structural study of cardiac myxomas  [  20, 29, 
  30  ] . The presence of a limited number of myx-
oma cells co-expressing the primitive endothe-
lial and myocytic markers CD34 and  a -actin 
supports the hypothesis that myxoma cells can 
derive from a common cardiac early precursor 
cell  [  25  ] . The origin of cardiac myxoma in atrial 
cavity in association with  fi brous septa or fossa 
ovalis suggests a relationship with  fi brous car-
diac structures and their development  [  1,   2  ] . 
Endocardial cushions are the precursors of 
mature heart valves and cardiac septa  [  31–  34  ] . 
Embryonic endocardial cells of the out fl ow tract 
and atrioventricular canal change their phenotype 
from endothelial to mesenchymal cells during the 
so-called endothelial–mesenchymal transforma-
tion, leading to cardiac septation and mature valve 
formation. During this phase, embryonic endocar-
dial cells progressively express  a -smooth muscle 
actin and lose endothelial antigens  [  33  ] . Cardiac 
jelly, an acellular matrix rich in  fi bronectin and 
proteoglycans, separates the primitive endocar-
dium from myocardium and favors the initiation 
of the endothelial–mesenchymal transformation 
 [  31–  34  ] . Cardiac jelly appears very similar to 
extracellular matrix of cardiac myxoma. Transient 
ectopic activation of Notch1 in zebra fi sh embryos 
leads to hypercellular cardiac valves, whereas its 
inhibition prevents valve development  [  35  ] . Notch 
activation in endothelial cells determines down-
regulation of endothelial markers and upregula-
tion of  mesenchymal ones, including  a -smooth 
muscle actin and  fi bronectin  [  35  ] . Moreover, 
RT-PCR shows in cardiac myxomas the presence 
of Sox9 and NFATcI transcripts  [  20  ] . Sox9 has 
been indicated to play an essential role in early 
phases of endocardial cushion differentiation, 
when endocardial endothelial cells migrate into 
the cardiac jelly  [  36  ] . NFATcI expression is criti-
cal during signal-transduction processes required 
for cardiac valve formation and is normally abol-
ished after endocardial cushion cell migration 
 [  37  ] . The presence of phenotypic markers of 
 endothelial–mesenchymal transformation may 
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be related to the persistence of developmental 
remnants or stem cells in adult heart or, alterna-
tively, to de novo re-expression of a develop-
mental phenotype in adult cardiac cells.  

   Carney’s Complex 

 Carney’s complex is a neuroendocrine-cardiac 
syndrome characterized by (a) familial recur-
rent myxomas; (b) pigmented skin lesions, 
schwannomas, and recurrent mucocutaneous 
myxomas; and (c) endocrine abnormalities, 
including Cushing syndrome and acromegaly, 
and malignancies  [  38  ] . One-third of the patients 
with Carney’s syndrome display at presentation 
mucocutaneous myxomas of the eyelid, external 
ear canal, breast, and oropharynx. About two-
thirds of these patients have cardiac tumors, and 
75% various skin pigmented lesions, including 
blue nevi and café au lait spots  [  39  ] . Carney’s 
complex is characterized by an autosomal domi-
nant transmission with incomplete penetrance. 
Linkage studies have revealed genetic foci at 
2p16 and 17q22–24  [  40,   41  ] . Among the fami-
lies mapping to 17q, mutations in the gene 
encoding the protein kinase A type I- a  regula-
tory subunit have been identi fi ed  [  42  ] . In patients 
with Carney’s complex, cardiac tumors recur in 
more than 20% of cases, and account for more 
than 50% of causes of death  [  39  ] . Consequently, 
patients with established Carney’s complex 
require vigorous screening for cardiac tumors, 
in particular to exclude multiple locations. 
Routinary echocardiographic screening of the 
 fi rst-degree relatives seems appropriate for 
familial myxomas  [  43  ] .   

   Genetic Features of Cardiac 
Non-myxomatous Tumors 

 Non-myxomatous cardiac benign tumors are rare 
and sometimes arising in the setting of genetic 
syndromes (Table  13.2 ). Molecular genetic inves-
tigation of cardiac primary  non-myxomatous 
tumors has provided relevant information to elu-
cidate many mechanisms of cardiac cell develop-
mental growth. Cytogenetic studies have targeted 
candidate chromosomal loci that may be per-
turbed during the pathogenesis of cardiac lipoma. 
Common cutaneous lipomas have been associ-
ated with rearrangements of chromosome band 
12q15. Cytogenetic analysis of an unusual giant 
cardiac lipoma in a patient with a history of mul-
tiple lipomatosis demonstrated no abnormalities 
of chromosome 12, but a translocation (2, 19) 
(p13; p13.2)  [  48  ] . Rhabdomyoma, the most com-
mon pediatric cardiac neoplasm, is frequently 
associated with tuberous sclerosis by mutations 
in the tuberous sclerosis complex-1 and - 2 that 
codify two proteins, hamartin and tuberin. 
Tuberous sclerosis complex is a genetic disorder 
characterized by the formation of hamartomas 
in multiple organs, including rhabdomyomas in 
the heart  [  49  ] . Hamartin and tuberin antagonize 
the mammalian target of rapamycin signaling 
pathway, thus regulating cell growth and prolif-
eration. Nonsense mutations in the hamartin and 
tuberin genes have been identi fi ed as causative 
of cardiac rhabdomyomas  [  49  ] . Many complica-
tions have been reported in association with 
nevoid basal cell carcinoma syndrome, also 
known as Gorlin–Goltz or Gorlin syndrome 
 [  50,   51  ] . The hallmark of this syndrome is the 

   Table 13.2    Cardiac tumors and related genetic syndromes   

 Genetic syndrome(s)  Gene(s) mutation  Chromosome  Refs. 

 Rhabdomyoma  Tuberous sclerosis  TSC1/TSC2  9q34/16p13   [  44  ]  
 Myxoma  Carney complex  PRKAR1A  2p16, 7q22, q17   [  20,   40,   41, 

  45  ]  
 Fibroma  Gorlin–Goltz syndrome  PTCH1  9q22.3   [  46  ]  
 Paraganglioma  Neuro fi bromatosis type 1, Von 

Hippel–Lindau syndrome, 2B 
Familial pheochromocytoma–
paraganglioma syndrome 

 VHL NF1 RET SDHB SDHC 
SDHD 

 3p25, 17q11, 
1p36, 10q11, 
q21, 11q23 

  [  47  ]  
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presence of multiple basal cell carcinomas, 
which may appear early in infancy. Other asso-
ciated features may include craniofacial, central 
nervous system, musculoskeletal, and genitouri-
nary anomalies. Approximately 3% of cases are 
associated with cardiac  fi bromas, which may 
present later during adulthood rather than the 
typical infancy or childhood period  [  51  ] . 
Consequently, cardiac  fi bromas are generally 
not considered part of the syndrome and judged 
as minor diagnostic criteria  [  50  ] . Nevertheless, 
the investigation of Gorlin syndrome has shed 
light on the etiology of cardiac  fi bromas. It is 
caused by mutations in the  PTCH1  gene, which 
acts as a cell cycle regulator and regulates cell 
growth, commitment, and differentiation  [  51  ] .   

   Cardiac Sarcomas 

   Introduction 

 Primary cardiac sarcomas are by de fi nition 
malignant neoplasms deriving from mesenchy-
mal cells and con fi ned to the heart at the time of 
diagnosis. Most cardiac sarcomas have the same 
histological appearance as their soft tissue 
counterpart. Primary heart sarcomas are excep-
tionally rare and represent approximately 10% 
of total primary cardiac tumors  [  2,   52  ] ; cardiac 
metastases at autopsy are 20–40 times more 
frequent than primary tumors  [  53  ] . For many 
years, no universally accepted classi fi cation of 

primary cardiac sarcomas existed. The dif fi culty 
derived from the rarity and lack of systematic 
studies, with only a few series of cardiac sarco-
mas in the literature. Virtually, all soft tissue 
sarcoma types have also been found to arise in 
the heart. The recent WHO classi fi cation sys-
tem of cardiac tumors proposed in 2004  [  54  ]  is 
largely based on the soft tissue classi fi cation 
counterpart and only the most frequent malig-
nant entities are listed, since the majority of 
cardiac sarcomas have limited areas with mor-
phologically recognizable differentiation. 
Moreover, despite a careful immunohistochem-
ical investigation, they frequently lack tissue-
speci fi c antigens.  

   Immunohistochemical Features 
of Cardiac Sarcomas 

 Despite a careful immunohistochemical investi-
gation, cardiac sarcomas generally lack tissue-
speci fi c antigens. Main immunohistochemical 
 fi ndings are schematically reported in Table  13.3  
and can be useful in supporting morphological 
criteria of diagnosis in some speci fi c cases. 
Angiosarcoma is microscopically characterized 
by vascular differentiation with channels covered 
by endothelial cells exhibiting marked atypia. 
Factor VIII or CD34 positive immunodetection of 
malignant cells represents useful markers of 
endothelial differentiation; moreover, cytokera-
tins can be diffusely positive in epithelioid areas 

   Table 13.3    Main immunohistochemical  fi ndings in cardiac sarcomas 1    

 CD34  FVIII  CD31  S100 
  a -Smooth muscle 
actin  Desmin  CK  Vimentin  Myogenin 

 Angiosarcoma  +  +  +  −  −  −  R *   +  − 
 Undifferentiated 
pleomorphic sarcoma 

 −  −  −  −  R  −  R  +  − 

 Rhabdomyosarcoma  −  −  −  −  +  +  −  +  + 
 Fibrosarcoma  −  −  −  −  R  −  −  +  − 
 Leiomyosarcoma  −  −  −  −  +  +  R  −  + 
 Synovial sarcoma  −  −  −  −  R  −  +  +  − 
 Liposarcoma  −  −  −  +  −  −  −  +  − 

   FVIII  factor VIII,  CK  cytokeratins,  R  rare and focal, + positive, − negative,  asterisk  diffusely positive in epithelioid 
variant 
  8 Modi fi ed from Orlandi et al.  [  52  ]   
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of angiosarcoma  [  2  ] . Undifferentiated sarcoma is 
de fi ned as a cardiac sarcoma with no speci fi c his-
tological pattern or undifferentiated  [  53  ] . 
Nowadays, undifferentiated sarcoma is consid-
ered synonymous with pleomorphic malignant 
 fi brous histiocytoma  [  54  ] . Undifferentiated sar-
coma must be distinguished from embryonal 
rhabdomyosarcoma and metastatic small cell can-
cer. Immunostaining is crucial, epithelial, neural, 
or endothelial markers being usually negative and 
vimentin typically positive; high grade undiffer-
entiated sarcomas can exhibit focal  a -actin posi-
tive areas, but the latter are generally limited in 
their extension  [  54    ] . Leiomyosarcoma is a malig-
nant tumor showing phenotypic and  ultrastructural 
smooth muscle differentiation. Immunostaining 
for desmin and  a -actin is usually diffusely posi-
tive, whereas epithelial, vascular, and neural 
markers are negative  [  55, 56  ] . Rhabdomyosarcoma 
is considered as a malignant tumor showing 
striated muscle differentiation  [  2,   54  ] . Rhabdomy-
osarcoma usually arises in the ventricular wall 
and is microscopically composed of small cells 
with the presence of recognizable rhabdomyo-
blasts with the characteristic cross striations by 
Masson’s trichrome and a diffuse desmin positive 
immunostaining  [  2,   57  ] . Rhabdomyosarcoma can 
express other muscle markers, including myo-
genin, myoD1, sarcomeric actin, muscle-speci fi c 
actin, and myoglobin. Among these, myogenin 
and myoD1 seem to be more speci fi c  [  58  ] . 
Synovial sarcoma is a biphasic malignant tumor 
usually located in the atria or pericardial surface. 
The latter localization should be considered for 
distinction from malignant mesothelioma. In the 
heart, the monophasic variant of synovial sar-
coma is more common. A differential diagnosis 
between malignant mesothelioma and synovial 
sarcoma may be challenging on the basis of mor-
phological aspect and immunophenotype, both 
being positive for cytokeratins, calretinin, and 
vimentin  [  54  ] .   

   Genetic Features of Cardiac Sarcomas 

 At present, the molecular histogenesis of car-
diac sarcomas is poorly known and there are no 

speci fi c genetic mutations reported. This is 
likely due to the rarity and consequent absence 
of a systematically characterized large series 
of cardiac sarcomas. Moreover, as concerning 
genetic characterization of cardiac sarcomas, 
K-ras mutation and the absence of p53 muta-
tions have been observed in three cases of 
angiosarcomas and two of rhabdomyosarco-
mas  [  59  ] . p53 mutations in two primary car-
diac angiosarcomas have been reported  [  60  ] . 
Cytogenetic features can represent a useful 
diagnostic tool and can be detected by using 
reverse transcriptase-polymerase chain reac-
tion or  fl uorescence in situ hybridization tech-
niques. Accordingly, synovial sarcomas 
typically harbor t(X; 18)(p21.2; q11.2) result-
ing in SS18-SSX1 fusion transcripts, including 
the reported unique case with a cardiac local-
ization in the examined series  [  61  ] . The same 
SYT-SSX1 fusion transcript identi fi ed by 
molecular genetic studies has been also 
reported in two cases of primary cardiac syn-
ovial sarcoma arising in left atrium and ven-
tricle and on the anterior mitral lea fl et  [  62,   63  ] . 
Cytogenetic analysis has been reported to help 
to distinguish low-grade  fi bromyxoid sarcoma 
from either more benign or more malignant 
tumor types  [  64  ] . Cytogenetic investigation 
also identi fi ed a recurrent balanced transloca-
tion t(7; 16)(q32–34; p11), later shown by 
molecular genetic approaches to result in a 
FUS/CREB3L2 fusion gene. Reverse tran-
scriptase-polymerase chain reaction analysis 
disclosed a FUS/CREB3L2 fusion transcript in 
96% of cases classi fi ed as low-grade 
 fi bromyxoid sarcoma after the histological 
reevaluation and from which RNA of suf fi cient 
quality could be extracted, whereas a FUS/
CREB3L2 fusion transcript was absent in other 
tumor types  [  65  ] . The proteins encoded by a 
CREB3L1 and CREB3L2 genes belong to the 
basic leucine-zipper family of transcription 
factors. A similar t(7;16)(q32–34; p11) trans-
location by FISH analysis was documented 
in a primary intracardiac large low-grade 
 fi bromyxoid sarcoma of the right atrium  [  65  ] . 
Cytogenetic and molecular genetic studies 
performed in one case  [  66  ]  of pleomorphic 
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malignant  fi brous histiocytoma removed from 
the left atrium of a 15-year-old girl  [  65  ]  
revealed several alterations previously associ-
ated with adult malignant  fi brous histiocytoma, 
including abnormalities of 11p11 and 19p13 
chromosomal bands. Moreover, pleomorphic 
malignant  fi brous histiocytoma demonstrated 
homogeneously staining regions and double 
minute chromosomes, in particular the 
co-ampli fi cation of the 12q13–14 chromosome; 
the latter amplicon was not previously detected 
in pediatric malignant  fi brous histiocytoma. 
This cytogenetic and molecular genetic evi-
dence suggests that pediatric and adult malig-
nant  fi brous histiocytoma, although 
histogenetically related, are distinct malignan-
cies  [  66  ] .       
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