
 

 

Introduction  
 
Angiosarcoma is characterized by aggressive 
biological behavior and high metastatic rate [1]. 
Splenic angiosarcoma is highly metastatic, often 
metastasizing to the liver, lung, and bones 
through hematogenous dissemination and 
rarely to the regional lymph nodes [2]. However, 
the metastasis of splenic angiosarcoma to the 
serous membrane is quite uncommon. 
 
Angiosarcoma involving the serous membrane 
could mimic mesothelioma; thus, the term 
“pseudomesotheliomatous angiosarcoma” has 
been suggested for this entity [3–5]. Pseudo-
mesotheliomatous angiosarcoma is rare; there-
fore, its pathogenesis remains largely unclear. 
In addition, the location of the primary lesion of 
pseudomesotheliomatous or serosal angiosar-
coma is sometimes unclear because multiple 
tumor sites, i.e., liver and/or lung, have been 
found to be involved at the time of diagnosis 
[4].  

Some investigators have speculated that se-
rosal angiosarcoma could represent a peculiar 
malignant mesothelioma differentiating along 
an abnormal angioblastic pathway [6]. However, 
others think that most pseudomesothelioma-
tous angiosarcomas originate near a serosal 
surface and rapidly spread over the serous 
membrane, thereby masking their origin [7].  
 
Here, we report a case of splenic angiosarcoma, 
which exhibited an unusual metastasis to the 
peritoneum and pleura, closely resembling a 
mesothelioma. This tumor exhibited marked 
invasion of the lymphatic vessels in the perito-
neum and pleura. Notably, the present angio-
sarcoma cells expressed matrix metallopro-
teinase-1 (MMP-1; also known as collagenase-
1) that is also expressed by many mesothelioma 
cells. However, we could not detect MMP-1 ex-
pression in the other examined angiosarcoma 
cells, which did not show metastasis to the se-
rous membrane. Recent studies have high-
lighted that MMP-1 may play a critical role in the 
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development of mesothelioma [8–10]. We think 
that both invasion to the lymphatic vessels and 
MMP-1 expression might be related to the pecu-
liar metastatic pattern of the studied angiosar-
coma cells. 
  
Case history 
 
The patient was a 37-year-old, previously 
healthy male, who presented with low back pain 
and abdominal bloating. He had no history occu-
pational exposure to asbestos. On the basis of 
the clinical examination, including computerized 
tomography (CT), the patient was suspected to 
have splenomegaly and underwent splenec-
tomy. Splenectomy specimen was 18×16×13 
cm in size and weighted 1800g and was diag-
nosed with primary splenic angiosarcoma after 
the final pathological examination. At the time 
of splenectomy, any unusual serous change was 
observed by CT or even by direct observation of 
the peritoneum.  
 
A year after splenectomy, the patient had mas-
sive ascites and pleural effusion with peritoneal 
and pleural wall thickening (Figure 1). The pa-
tient underwent radiotherapy (45 Gy and 56 Gy 
to the abdomen and chest, respectively, for a 
year), but his condition deteriorated, and he 
died 2 years after splenectomy. After obtaining 
the consent of the patient’s family, an autopsy 
was performed 1hr after death.  
 

Autopsy examination 
 
At the time of the autopsy, the peritoneum and 
pleura—both parietal and visceral—showed 
marked thickening, thereby mimicking a meso-
thelioma. Moreover, the mesentery was also 
thickened by marked fibrosis. The angiosar-
coma also metastasized to the liver, bone mar-
row, and systemic lymph nodes.  
 
The representative histopathological findings 
including that of primary splenic focus are 
shown in Figure 2. The spindle-shaped tumor 
cells diffusely expanded along the serous mem-
brane with densely collagenized stroma, thereby 
mimicking the desmoplastic mesothelioma. 
Lymphatic invasion was frequently found in both 
the peritoneum and pleura. Notably, some tu-
mor cells exhibited rudimentary slit-like vascular 
spaces (Figure 2D). The tumor cells also ex-
panded along the sinusoid space in the liver. In 
addition, the tumor cells exhibited focal growth 

with the fibrous tissues in the bone marrow.  
 
Immunohistochemical staining 
 
Immunohistochemical staining was performed 
as previously reported [11]. In brief, staining 
was performed using an automated immu-
nostainer (Ventana, AZ, USA). The tumor cells 
including that in primary splenic foci were im-
munohistochemically stained for various endo-
thelial cell markers, such as CD31 (Dako, Car-
penteria, CA), vascular endothelial growth factor 

Figure 1. Chest (A) and abdominal (B and C) comput-
erized tomographic (CT) images showing pleural and 
peritoneal thickening, respectively. Note the massive 
ascites (C). 
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receptor 3 (VEGFR3) (Santa Cruz Biotechnology, 
Inc, Santa Cruz, CA) and podoplanin (D2-40) 
(DAKO). However, the tumor cells were not 
stained with anti-CD34 (Becton Dickinson, San 
Jose, CA), cytokeratin (AE1/AE3 (Boehringer-
Mannheim, Indianapolis, IND,), CAM5.2 (Becton 
Dickinson), cytokeratin5/6 (DAKO)), S-100 
(DAKO), WT-1 (Santa Cruz Biotechnology), cal-
retinin (Novacastra, Newcastle upon Tyne, UK), 
or HBME-1 (DAKO). Representative result of the 
immunohistochemical staining is shown in   
Figure 3.  
 
Malignant endothelial tumors often have an 

overlapping immunophenotype of vascular and 
lymphatic endothelial cells; therefore, the term 
angiosarcoma generally encompasses cases 
accepted as angiosarcomas and lymphangiosar-
comas [12, 13]. The present tumor strongly ex-
pressed podoplanin (D2-40), which is physio-
logically expressed in the lymphatic endothelial 
cells rather than the vascular endothelial cells. 
Notably, the tumor cell clusters were frequently 
found in the non-cancerous lymphatic vessels 
(Figures 3B and C). In the lymphatic vessels, the 
line of immunoreactivity with the anti-
podoplanin antibody was mostly disrupted near 
the tumor cell clusters.  

Figure 2. Visceral peritoneum was markedly thickened with dense collagenized stroma (A). Lymphatic invasion in the 
peritoneum is shown (B). Spindle-shaped tumor cells grew in the fibrous stroma (C). The slit-like anastomosing vascu-
lar spaces lined by the spindle-shaped tumor cells were partially observed (D). Primary splenic tumor is shown (E and 
F). 
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Taken together with the patient’s clinical 
course, we speculate that the primary splenic 
angiosarcoma systemically metastasized to the 
peritoneum and pleura, possibly via the lym-
phatic route, spread to the serous membrane, 
and subsequently grew with the fibrous stroma 
in the form of a “pseudomesotheliomatous an-
giosarcoma.”  
 

Unique expression of MMP-1 in the angiosar-
coma cells  
 
Recent studies show that MMP-1 plays an im-
portant role in the pathogenesis of meso-
thelioma by degrading the interstitial collagen 
and remodeling the tumor stroma [8–10]. We 
also examined whether the tumor in the present 
case expressed MMP-1. As demonstrated in 
Figure 4, immunoreactivity with the antibody 
specific to MMP-1 (Thermo Fisher Scientific 
Anatomic Pathology, Fremont, CA) was found in 
the angiosarcoma cells of this patient (Figure 4A 
and C); this was similar to the immunoreactivity 

in the pleural mesothelioma tissues, which were 
stained in parallel (Figure 4B). 
 
Since no report, which described the MMP-1 
expression in angiosarcoma, was available, we 
further examined whether MMP-1 was ex-
pressed in angiosarcomas, which did not exhibit 
metastasis to the serous membrane. Notably, 
significant immunoreactivity with the anti-MMP-
1 antibody was not found in any of the 7 archi-
val pathological angiosarcoma tissue speci-
mens.  
 
We think that the present angiosarcoma is 
unique with respect to its MMP-1 expression. 
 
Discussion 
 
Here, we report a case of splenic angiosarcoma 
with a peculiar metastasis pattern, which    
mimics that of a mesothelioma. Pseudomeso-
theliomatous angiosarcoma is rare, but it has 
been increasingly reported in the literature or 

Figure 3. Representative immunohistochemical staining. Tumor cells were stained with an antibody specific to the 
vascular endothelial growth factor receptor 3 (VEGFR3) (A), podoplanin (B and C), and CD31 (D). Immunoreactivity 
with the anti-VEGFR3 antibody was observed in the cytoplasm and nuclei (A, inset). Note the tumor cell clusters in the 
lymphatic vessels (B and C). The walls of the affected lymphatic vessels were focally obscure; this suggested that the 
tumor invading to the stroma. 
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mentioned in reference textbooks [3, 14–16]. 
However, the pathogenesis of pseudomeso-
theliomatous angiosarcoma is largely unclear. 
In particular, the correlation of mesothelioma 
and pseudomesotheliomatous angiosarcoma is 

an important medico-legal issue. 
 
Some investigators have speculated that se-
rosal angiosarcoma may represent a peculiar 
malignant mesothelioma differentiating along 
an abnormal angioblastic pathway [6]. This hy-
pothesis is not justifiable, at least in the present 
case. The clinical course apparently indicated 
that the angiosarcoma in the present case origi-
nated in the spleen and subsequently metasta-
sized to the serous membrane.  
 
Pseudomesotheliomatous cancer of the lung, a 
well-characterized entity, is believed to be a 
small subpleural lung cancer that is widely dis-
seminated via the subpleural lymphatic vessels. 
In the present case, tumor invasion in the lym-
phatic vessels was frequently found in the se-
rous membrane (Figures 2B, 3B, and 3C). The 
tumor may have widely disseminated through 
the lymphatic route and may have invaded the 
serous membrane causing the remodeling of 
the fibrous stroma. 
 
To elucidate the molecular mechanism underly-
ing the generation of marked fibrous stroma, we 
examined MMP-1 expression in the angiosar-
coma. Invasion and construction of the stroma 
of malignant tumor cells requires the destruc-
tion of the basement membrane and proteolysis 
of the extracellular matrix. MMP-1 is the only 
enzyme able to initiate the breakdown of the 
interstitial collagens, such as collagen type 1, 
collagen type 2, and collagen type 3 [18]. MMP-
1 expression is also linked to the invasiveness 
of the mesothelioma cells [8–10]. As shown in 
Figure 4, the angiosarcoma cells in the present 
case expressed MMP-1 that is expressed by 
mesotheliomas and not by other angiosarco-
mas. We speculate that pseudomesothelioma-
tous angiosarcoma may be an angiosarcoma 
that has strong dissemination capability and 
invades the serous membrane like pseudo-
mesotheliomatous cancer in the lung.  
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Figure 4. Representative immunohistochemical stain-
ing with the anti-MMP-1 antibody. The tumor cells in 
the peritoneum (A) as well as the mesothelioma tis-
sue specimens (B) were stained with the anti-MMP-1 
antibody. Notably, immunoreactivity was also found 
in primary splenic tumor (C). 
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