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Abstract. We previously surveyed the expression of endosialin/ 
CD248/TEM-1 by immunohistochemistry in human clinical 
specimens of sarcomas and documented expression in tumor 
cells, stromal cells and vasculature. In the present study, we 
completed a retrospective analysis of the diagnostic reports 
available for these same samples in order to identify high-grade 
and metastatic disease. Our results show that endosialin can 
be detected in advanced disease. We screened human sarcoma 
cell lines in vitro for endosialin expression and developed 
preclinical human xenograft models of disseminated sarcoma. 
We found that 22 out of 42 human sarcoma cell lines were 
positive for endosialin with a positive correlation between 
mRNA and protein levels. When implanted in vivo, endosialin 
was expressed at all sites of dissemination. These data provide 
clinical and preclinical evidence that endosialin can be detected 
in advanced sarcoma. These results demonstrate for the first 
time that endosialin is a suitable therapeutic target for poor 
prognosis and advanced disease.

Introduction

Sarcomas are cancers of mesodermal origin that arise from 
connective tissue (soft-tissue sarcoma) or bone (osteosarcoma) 
(1,2). STS is a diverse group of tumors comprising over 50 
subtypes, the most common of which are liposarcoma, derived 
from adipose tissue, and leiomyosarcoma, derived from smooth 
muscle. Certain subtypes are primarily pediatric, such as 
Ewing's sarcoma/primitive neuroectodermal tumors (PNET) 
and rhabdomyosarcoma (2); others are more common in 

adults over 55 years of age, such as leiomyosarcoma, malignant 
fibrous histiocytoma, synovial sarcoma and liposarcoma. 
Overall, most STS patients are adults (3,5). Osteosarcoma is 
primarily pediatric (4).

Surgery with or without adjuvant or neoadjuvant radiation 
is the most common treatment for localized disease (2,4). 
Over half of sarcoma patients develop metastatic disease which 
is treated with chemotherapy. Doxorubicin and ifosfamide are 
the two most active agents in advanced STS with an average 
response rate of 20% (2,6,7). Active agents in pediatric sarcoma 
are vincristine, doxorubicin, actinomycin D, cyclophosphamide, 
ifosfamide and etoposide (2). The most active chemotherapeutic 
agent for osteosarcoma is high-dose methotrexate followed by 
cisplatin, doxorubicin and ifosfamide (4).

The rare incidence of each sarcoma subtype has made 
clinical trials challenging. Trials traditionally enroll patients 
with any sarcoma subtype, despite diverse epidemiologies, 
pathogeneses, etiologies and clinical manifestations, resulting 
in highly heterogeneous patient cohorts (6-8). New molecular 
markers and therapeutics are needed in sarcoma so that therapy 
can be tailored not only to particular subtypes of sarcoma but 
to individual patients. The promise of molecular personalized 
medicine is beginning to be realized in sarcoma with the 
success of imatinib mesylate and sunitinib in gastrointestinal 
stromal tumors (GIST) (9).

Several molecular markers known in sarcoma are chromo-
somal alterations that define certain subtypes. For example, 
90% of alveolar soft-part sarcomas display the der(17)t(X;17)
(p11;q25) chromosomal alteration involving the ASPL-TFE3 
gene, 90% of desmoplastic small round cell tumors display 
the t(11;22)(p13;q12) chromosomal alteration involving 
EWS-WT1, 90% of synovial sarcomas display the t(X;18)
(p11;q11) chromosomal alteration involving SYT-SSX1 and 
SYT-SSX2, and 85% of Ewing's sarcomas have the t(11;22)
(q24;q12) chromosomal alteration involving EWS-FLI1 (2,3). 
These alterations often involve transcription factors that 
have a role in disease; however, their exploitation for therapy 
is challenging (10). Recently, therapeutics targeting growth 
factor receptors such as IGFR, EGFR, PDGFR-A, PDGFR-B 
and FLT1, and signaling molecules such as Wnt, AKT/mTOR, 
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PI3-K/AKT and MEK/MAPK and JAK1 have shown preclinical 
promise in sarcoma (3,11-15).

Since the molecular profile of tumors evolves through 
the course of disease, it is paramount that therapy targets 
molecules that are expressed in progressing and advanced 
disease (16-18). In sarcoma, molecular marker and therapeutic 
target discovery must focus on molecules expressed in patients 
with poor prognosis or advanced disease. In two separate 
large-cohort sarcoma studies, histologic grade emerged as an 
important prognostic factor and as an independent predictor 
of metastasis. In a study of >1,000 adult STS patients, researchers 
at Memorial Sloan Kettering Cancer Center reported that 
approximately two thirds of patients had high-grade lesions at 
presentation. High grade emerged as a key adverse prognostic 
factor. Patients who presented with high-grade disease had 
a 5-year distant recurrence-free survival of 63.3% versus 93% 
for those who presented with low-grade disease. Patients 
who presented with high-grade disease had a median post- 
metastasis survival of 14 months versus 22.6 for those who 
presented with low-grade disease (19). In another study of 
>1,200 adult STS patients conducted by the French Federation 
of Cancer Centers Sarcoma Group, 46% of patients presented 
with high-grade disease, and histologic grade emerged as an 
independent predictor of metastasis. High-grade disease was 
associated with significantly lower metastasis-free survival 
in malignant histiocytoma, liposarcoma, leiomyosarcoma, 
synovial sarcoma, or unclassified sarcomas (20).

From these studies, between one half and two-thirds of 
sarcoma patients present with high-grade disease and therefore 
with poor prognosis (19,20). In addition, a number of sarcoma 
patients have metastatic disease at presentation. Two separate 
large-cohort studies showed that 8% of patients with STS 
present with metastatic disease, the most common site being 
lung (20-23). Given the high percentage of patients with 
high-grade or advanced disease at presentation and the poor 
response rates to conventional therapies, we need to identify 
molecular markers and therapeutic targets in high-grade and 
metastatic sarcoma.

Endosialin/CD248/TEM1 recently emerged as a molecular 
marker and therapeutic target for sarcoma. First recognized as 
the antigen of an antibody raised in mice against human fetal 
fibroblasts (FB5), endosialin was found to be expressed by 
human solid tumor vasculature (24). Endosialin was detected 
in a subset of colorectal tumor cells enriched for endothelium 
via selection with P1H12/anti-CD146 (25). Investigations 
focused on endosialin expression in solid tumor vasculature 
found that it is expressed mainly in pericytes and stromal 
fibroblasts (26-32).

The earliest indication that endosialin maybe expressed by 
malignant cells was the original 1992 report which reported 
immunoreactivity of FB5 in several neuroblastoma cell lines 
and mentioned FB5+ malignant cells in a subset of sarcomas 
(24). Compelling evidence for endosialin expression by 
tumor cells came in 2005 with immunostaining of malignant 
fibrous histiocytoma and liposarcoma showing tumor cell 
immunoreactivity (33).

Our group conducted a survey of endosialin expression in 
86 paraffin-embedded clinical specimens of sarcoma. Immuno-
reactive tissue components in sarcomas were malignant cells, 
stromal cells and vasculature. Seventy (81%) were positive for 

endosialin, with 44 (51%) reaching at least 50% coverage of 
immunoreactive tissue components. Staining intensity was 
scored on the scale 0, 1+, 2+, 3+. All 9 sarcoma subtypes 
included specimens with at least 50% immunoreactive tissue 
components positive with a minimum of 2+ staining intensity 
indicating the high prevalence of endosialin in sarcomas 
(34).

Through a retrospective analysis of the diagnostic reports 
for these specimens, the present study shows that endosialin 
can be detected in high-grade disease and metastasis. In 
disseminated human sarcoma xenografts, endosialin was 
maintained at different anatomic sites including lung. Thus, 
endosialin is a suitable therapeutic target for poor prognosis 
and advanced sarcoma.

Materials and methods

Tissue source. Human clinical sarcoma specimens were obtained 
from Genzyme Genetics, Analytical Services (Los Angeles, 
CA). All specimens were collected between 2000 and 2005.

Cells. Human sarcoma cell lines were obtained from the 
American Type Culture Collection (ATCC, Manassas, VA) 
except for RMS-YM, MG-63, Hu-O-3N1, HS-OS-1, HS-SY-II, 
HS-ES-2M, HS-ES-2R, HS-ES-1, HuO-9N2 and 143B/TK^(-)
neo^(R) which were obtained from the Riken Bioresource 
Center (Ibaraki, Japan). All cells were propagated in RPMI 
medium supplemented with 10% heat-inactivated fetal bovine 
serum (FBS) (Invitrogen, Carlsbad, CA).

Immunohistochemistry. The anti-endosialin antibody was 
generated through a partnership with Kyowa Hakko Kirin Co., 
Ltd., Takasaki, Japan as described previously (34). Formalin-
fixed, paraffin-embedded samples were deparaffinized with 
3 changes of xylene, rehydrated in baths of 95 and 100% 
graded ethanols and rinsed well in running distilled water. 
Slides were then placed in a pressurized decloaking chamber 
and pretreated to 125˚C for 30 sec in sodium citrate epitope 
retrieval solution (Invitrogen) before cooling down for 15 min 
to 95˚C (slides are in the chamber for a total of 30 min). The 
decloaking chamber was opened and the slides were cooled 
to room temperature (rt) for 15 min before being removed and 
then washed in 3 sequential baths of tris buffered saline/0.1% 
Tween-20 wash buffer (TBST) for 3 min. All subsequent washes 
were performed in this manner. Slides were incubated with 
ready-to-use peroxidase blocking reagent (Dako, Carpinteria, 
CA) for 5 min at rt followed by TBST washes. Slides were then 
incubated with primary anti-endosialin antibody (10 µg/ml) 
diluted in antibody diluent (Dako) for 60 min followed by TBST 
washes. The slides were then incubated with a Vectastain 
Elite ABC detection reagent (Vector Laboratories, Burlingame, 
CA) diluted in TBST at 1:50 for 30 min at rt followed by TBST 
washes. Peroxidase reaction was visualized by incubating with 
a 3,3'-diaminobenzidine tetrahydrochloride (DAB) solution 
(Dako) for 5 min at rt and then washed in distilled water for 
1 min. The slides were then re-rinsed with distilled water 3 
times for 30-60 sec each, counterstained with Dako hematoxylin 
for 2 min, washed in TBST, dehydrated through graded alcohols, 
cleared in xylene and coverslipped. Endosialin staining was 
scored independently by two pathologists. Immunoreactive 
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tissue components were vasculature, stromal cells and/or 
tumor cells. Staining intensity was scored on the scale 0, 1+, 
2+ and 3+. Since tumors were heterogeneous, the percentage 
of immunoreactive tissue components staining at each intensity 
level was recorded. That percentage refers to all three immuno-
reactive tissue components (vasculature, stromal cells and 
tumor cells) as a whole. The Long H-score is a single summary 
value encompassing staining intensity and percent staining 
coverage. The Long H-score was calculated for each specimen 
by multiplying each staining intensity (0, 1, 2 or 3+) by the 
corresponding percent tissue coverage and adding the values. 
Long H-scores range from 0 to 300.

Statistical analysis of human clinical specimen diagnostic 
reports. JMP software (SAS Institute, Inc., Cary, NC) was 
used to conduct a linear regression analysis to uncover any 
linear relationship between endosialin level and the endosialin 
cell type expression pattern, sarcoma subtype, disease grade, 
patient age and patient gender. Three measurements of endosialin 
levels were derived from the IHC scores of clinical specimens: 
Long H-score (Y), percent staining coverage ≥1+ staining 
intensity (Y1), percent staining coverage ≥2+ staining intensity 
(Y2) and percent staining coverage at 3+ staining intensity 
(Y3). Y was a continuous variable ranging from 0 to 300 and 
Y1, Y2 and Y3 were continuous variables ranging from 0 to 100. 
The linear regression analysis was used to identify relationships 
between each of Y, Y1, Y2 and Y3 and the following other 
variables: endosialin cell type expression pattern, sarcoma 
subtype, disease grade, patient age and patient gender. The 
cell type expression pattern variable arose from the observation 
that endosialin could be detected in vascular and/or stromal 
cells in some clinical specimens, and in tumor cells (with or 
without additional expression in vascular and/or stromal cells) 
in others. We wondered whether specimens with endosialin-
positive tumor cells might have overall higher levels of endosialin 
expression compared to specimens with no tumor cell staining 
and only vascular and/or stromal staining. We identified three 
main endosialin cell type expression patterns: no endosialin 
expression (score, 0), endosialin expression in vascular cells 
and/or stromal cells (score, 1) and endosialin expression in 
tumor cells alone or in tumor cells in addition to vascular and/
or stromal cells (score, 2). The sarcoma subtype variable 
encompassed the nine subtypes represented in our IHC survey 
of clinical specimens: angiosarcoma (T1), Ewing's sarcoma 
(T2), fibrosarcoma (T3), GIST (T4), liposarcoma (T5), 
malignant fibrous histiocytoma (T6), osteosarcoma (T7), 
rhabdomyosarcoma (T8) and synovial sarcoma (T9). The 
disease grade variable (G) was low grade (score, 0) or high 
grade (score, 1). Age (A) was a continuous variable ranging 
from 0 to 97 years. The gender variable (M) was female (score, 
0) or male (score, 1). A linear regression was used to fit the 
data and a stepwise selection method was applied to identify 
significant variables and interactions. Relationships with 
P<0.05 were considered significant (both entry level and stay 
level were set as 0.05).

Flow cytometry. Analysis of endosialin expression in live cells 
by flow cytometry was conducted as previously described using 
a fully human monoclonal antibody raised against human 
endosialin and a fully human isotype control antibody raised 

against dinitrophenol (DNP) (34). Sample acquisition was 
conducted on a FACSCalibur instrument (Becton-Dickinson 
Labware, Franklin Lakes, NJ) and analysis with Flow Jo (Tree 
Star Inc., Ashland, OR).

RNA isolation and real-time PCR analysis. RNA isolation 
and analysis, cDNA synthesis and real-time PCR were conducted 
as described previously (34).

In vivo sarcoma xenografts. All procedures were carried out 
according to a protocol approved by the Institutional Animal 
Care and Use Committee in accordance with the Federal 
Animal Welfare Act (9 CFR, 1992) and conducted in an 
AAALAC accredited facility. For subcutaneous models, A-673 
Ewing's sarcoma, SJSA-1 osteosarcoma and MES-SA uterine 
sarcoma cells grown in culture were implanted subcutaneously 
(1x106) in the flanks of nude mice (Harlan Laboratories, Inc., 
Indianapolis, IN) and passaged 4-times from mouse to mouse 
using trocar implants. Animals were sacrificed and tumors 
excised when tumor size reached 400 mm3. For disseminated 
models, cells grown in culture were delivered IV (1x106) into 
the tail vein of CB17/ICrCrl-scid-bgBR mice (Charles River, 
Wilmington, MA) in a 200 µl volume in PBS. SJSA-1 osteo-
sarcoma cells were injected into male mice and A-673 Ewing's 
sarcoma cells and MES-SA uterine sarcoma cells were injected 
into female mice, according to the gender of the cells. Each 
cell line was injected into four mice. Animals were euthanized 
by CO2 asphyxiation when weight loss reached 10% of body 
weight or when experiencing any sign of pain or distress. 
Tumors and organs were collected and fixed in formalin for 
IHC analysis.

Microcomputerized tomography (micro-CT). Micro-CT was 
performed post mortem on mice bearing disseminated A-673 
tumors (GE eXplore Locus, London, Ontario, Canada). The 
instrument was calibrated to established standards, and fitted 
with a mouse bed. The study mice were euthanized according 
to facility guidelines, and positioned feet first/prone on the 
scan bed. The imaging was performed with a voxel size of 
0.0414 ^3, 40x40x40 mm (cube) scan range, 256x256 pixel 
FOV; power settings of 450 µA and 80 kV. The resulting data 
were reconstructed and an isosurface generated with a 800 HU 
threshold.

Results

Retrospective analysis of clinical specimen diagnostic reports. 
Diagnostic reports for 83 human clinical sarcoma specimens 
among those that had previously been stained for endosialin 
by IHC were assessed (Fig. 1) (34). The reports indicated 
sarcoma subtype, disease grade, tumor anatomic location, 
patient gender and patient age. Not all reports included all 
of these data-points. Grade was available for 69/83 clinical 
specimens. Age was available for 82 specimens and ranged 
from 3 to 97 years. Gender was available for all 83 specimens, 
39 were from female patients and 44 from male patients.

Our first goal was to determine whether endosialin was 
expressed in advanced disease. Three of the 83 specimens 
were metastatic lesions, as evidenced by resection from 
lymph nodes: angiosarcoma P101, rhabdomyosarcoma P167 
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and rhabdomyosarcoma P173 (Table I). Similarly Ewing's 
sarcomas P108 and P113, resected from scalp, were metastases 
since the site of origin of Ewing's sarcoma is primarily bone 

(Table I) (35). GIST P128 was also a metastasis since the 
abdominal wall is not a typical site of origin for GIST which 
arises in the gastrointestinal tract, primarily in the stomach 

  A

Figure 1. Expression of endosialin by immunohistochemistry in human clinical specimens of sarcoma. Liposarcoma FFPE139 (A), osteosarcoma FFPE-162 (B). 
Ewing's sarcoma FFPE-114 (C), fibrosarcoma FFPE-121 (D). Synovial sarcoma FFPE178 (E). Bottom, anti-endosialin; top, isotype control. 20X objective.

  B   C

  D   E
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Table I. Human clinical specimen diagnostic report information.

Patient ID	 Sarcoma subtype	 Body site	 Grade level	 Age	 Gender

FFPE-P101	 Angiosarcoma	H ilar lymph node	H igh grade	 17	 M
FFPE-P102	 Angiosarcoma	 Pericardium	H igh grade	 54	 M
FFPE-P103	 Angiosarcoma	 Rt tibia	H igh grade	 67	 M
FFPE-P104	 Angiosarcoma	 Scalp	 	  75	 M
FFPE-P105	 Angiosarcoma	 Lt femur	H igh grade	 77	 F
FFPE-P106	 Angiosarcoma	 Lt chest wall	H igh grade	 82	 F
FFPE-P108	 Ewing's sarcoma	 Scalp	 	  10	 M
FFPE-P109	 Ewing's sarcoma	 Rt thigh	H igh grade	 12	 M
FFPE-P110	 Ewing's sarcoma	H umerus	H igh grade	 31	 F
FFPE-P111	 Ewing's sarcoma	 Chest	 	  56	 M
FFPE-P112	 Ewing's sarcoma	 Brain	 	  29	 F
FFPE-P113	 Ewing's sarcoma	 Scalp	 	  10	 M
FFPE-P114	 Ewing's sarcoma	 Rt labia majora	H igh grade	   9	 F
FFPE-P115	 Ewing's sarcoma	 Lt leg	H igh grade	   3	 M
FFPE-P116	 Ewing's sarcoma	H umerus	H igh grade	 20	 M
FFPE-P117	 Fibrosarcoma	 Soft tissues	 	  97	 F
FFPE-P118	 Fibrosarcoma	 Scalp	H igh grade	 49	 F
FFPE-P119	 Fibrosarcoma	 Cecum	 	  64	 F
FFPE-P120	 Fibrosarcoma	 Lt ankle	 	  62	 F
FFPE-P121	 Fibrosarcoma	 Penis	H igh grade	 81	 M
FFPE-P122	 Fibrosarcoma	 Lt thigh	H igh grade	 50	 M
FFPE-P123	 Fibrosarcoma	 Scalp	H igh grade	 76	 F
FFPE-P125	 GIST	 Abdomen	 Low grade	 78	 F
FFPE-P126	 GIST	 Gastric	 	  46	 M
FFPE-P127	 GIST	 Small bowel	 Low grade	 51	 F
FFPE-P128	 GIST	 Abdominal wall	H igh grade	 82	 F
FFPE-P129	 GIST	 Gastric	 Low grade	 44	 M
FFPE-P130	 GIST	 Stomach	 Low grade	 81	 M
FFPE-P131	 GIST	 Gastric	 Low grade	 72	 M
FFPE-P132	 GIST	 Stomach	 	  55	 F
FFPE-P133	 GIST	 Gastric	 Low grade	 52	 M
FFPE-P134	 GIST	 Stomach	 Low grade	 48	 M
FFPE-P135	 Liposarcoma	 Rt flank	 	  60	 M
FFPE-P136	 Liposarcoma	 Rt thigh	H igh grade	 75	 F
FFPE-P137	 Liposarcoma	 Mesentery	 	  85	 F
FFPE-P138	 Liposarcoma	 Lt chest wall	H igh grade	 42	 F
FFPE-P139	 Liposarcoma	 Abdominal wall	 Low grade	 68	 F
FFPE-P140	 Liposarcoma	 Rt thigh	 Low grade	 55	 F
FFPE-P141	 Liposarcoma	 Lt thigh	H igh grade	 42	 M
FFPE-P142	 Liposarcoma	 Lung	H igh grade	 63	 F
FFPE-P143	 Liposarcoma	 Pararenal mass	H igh grade	 73	 F
FFPE-P144	 Liposarcoma	 Anterior mediastinum	H igh grade	 81	 M
FFPE-P145	 MFH	 Lt thigh	H igh grade	 76	 F
FFPE-P146	 MFH	 Lt humerus	H igh grade	 65	 M
FFPE-P147	 MFH	 Lt buttock	H igh grade	 50	 M
FFPE-P148	 MFH	 Lt back	H igh grade	 83	 M
FFPE-P149	 MFH	 Lt thigh	 	  ?	 F
FFPE-P150	 MFH	 Forehead, Rt	 	  83	 M
FFPE-P151	 MFH	 Knee	 	  74	 M
FFPE-P152	 MFH	 Thigh	H igh grade	 78	 M
FFPE-P153	 MFH	 Rt thigh	H igh grade	 44	 M
FFPE-P154	 MFH	 Lt breast	H igh grade	 55	 F
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and small intestine, and gives rise to intra-abdominal metastases 
and liver metastases (Table I) (36). Five of the 6 metastases 
(angiosarcoma P101, rhabdomyosarcoma P167, rhabdomyo-
sarcoma P173, Ewing's sarcoma P113 and GIST P128) were 
positive for endosialin with respective Long H-scores of 70, 
215, 150, 75 and 115. One of 5 endosialin-positive metastases, 
Ewing's sarcoma P113, showed positivity in tumor cells and 
vascular cells. These clinical specimens demonstrate that 
endosialin can be detected in advanced disease.

Seven additional specimens were suspected metastases 
based upon anatomic locations. Even though a primary brain 
Ewing's sarcoma has been reported in the literature, Ewing's 
sarcoma P112 was likely a brain metastasis since brain is a 
rare primary site for Ewing's sarcoma (37). Similarly, despite 
reports of rare primary liposarcomas in chest wall, lung and 
mediastinum, liposarcomas P138, P142 and P144 were likely 
to be metastases (Table I) (38-44). Since primary MFH can 
arise in head and neck, in the absence of any additional 
anatomical annotation it is possible that MFH P150, located 

on the forehead, was a primary tumor (45). However, the 
forehead is an unusual primary site for MFH suggesting that 
specimen P150 was likely a metastasis (Table I). Although 
primary rhabdomyosarcoma of the liver has been reported, 
rhabdomyosarcoma P172 was likely a metastatic lesion since 
liver is an unusual site for primary rhabdomyosarcoma (46-48). 
Finally, although rare primary synovial sarcomas have been 
reported in lung, lung remains an unusual primary site for 
synovial sarcoma and a frequent metastatic site, suggesting 
that specimen P186 was likely a metastasis (Table I) (49,50). 
Five of these 7 suspected metastases were positive for 
endosialin with long H-scores of 35 (Ewing's sarcoma P112), 
265 (liposarcoma P138), 60 (liposarcoma P142), 175 (MFH 
P150) and 65 (rhabdomyosarcoma P172). Three of 7 had 
endosialin-positive tumor cells (Ewing's sarcoma P112, 
liposarcoma P138 and MFH P150).

Since high grade is an independent predictor of disease 
progression in sarcoma, we sought to determine whether 
endosialin could be detected in high-grade clinical specimens. 

Table I. Continued.

Patient ID	 Sarcoma subtype	 Body site	 Grade level	 Age	 Gender

FFPE-P155	 MFH	 Retroperitoneum	H igh grade	 55	 M
FFPE-P156	 Osteosarcoma	 Rt leg	H igh grade	 83	 M
FFPE-P157	 Osteosarcoma	 Rt femur	  	 57	 M
FFPE-P158	 Osteosarcoma	 Rt maxilla	 	  27	 F
FFPE-P159	 Osteosarcoma	 Lt breast	H igh grade	 85	 F
FFPE-P160	 Osteosarcoma	 Rt thigh	H igh grade	 60	 M
FFPE-P161	 Osteosarcoma	 Rt ear	 	  57	 M
FFPE-P162	 Osteosarcoma	 Rt breast	H igh grade	 61	 F
FFPE-P163	 Osteosarcoma	 Rt arm	 	  42	 F
FFPE-P164	 Osteosarcoma	 Rt femur	H igh grade	 20	 F
FFPE-P165	 Osteosarcoma	 Rt maxilla	H igh grade	 27	 F
FFPE-P167	 Rhabdomyosarcoma	 Lt inguinal node	H igh grade	 10	 F
FFPE-P168	 Rhabdomyosarcoma	 Rt testis	 	  17	 M
FFPE-P169	 Rhabdomyosarcoma	V agina	H igh grade	 15	 F
FFPE-P170	 Rhabdomyosarcoma	 Nasopharynx	H igh grade	 9	 M
FFPE-P171	 Rhabdomyosarcoma	 Buccal mucosa	H igh grade	 34	 F
FFPE-P172	 Rhabdomyosarcoma	 Liver	H igh grade	 66	 F
FFPE-P173	 Rhabdomyosarcoma	 Cervical lymph node	H igh grade	 17	 F
FFPE-P174	 Rhabdomyosarcoma	 Right testis	 	  17	 M
FFPE-P175	 Rhabdomyosarcoma	 Paraspinal	H igh grade	 17	 F
FFPE-P176	 Rhabdomyosarcoma	 Thoracic spine	H igh grade	 29	 M
FFPE-P177	 Synovial sarcoma	H eart	H igh grade	 23	 M
FFPE-P178	 Synovial sarcoma	 Lt thigh	H igh grade	 19	 F
FFPE-P179	 Synovial sarcoma	 Esophagogastric junction	H igh grade	 59	 F
FFPE-P180	 Synovial sarcoma	 Rt thigh	H igh grade	 56	 M
FFPE-P181	 Synovial sarcoma	 Back	H igh grade	 32	 M
FFPE-P182	 Synovial sarcoma	 Rt thigh	H igh grade	 25	 F
FFPE-P183	 Synovial sarcoma	 Rt proximal leg	 	  43	 M
FFPE-P184	 Synovial Sarcoma	 Back	H igh grade	 58	 M
FFPE-P185	 Synovial sarcoma	 Lt forearm	H igh grade	 21	 M
FFPE-P186	 Synovial Sarcoma	 Rt upper lobe lung	H igh grade	 81	 M
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Of 69 diagnostic reports providing grade information, 13 were 
low grade and 56 were high grade. Seven of 13 low-grade 
specimens were GIST, 3 were liposarcomas, 2 were fibrosarcomas 
and 1 was Ewing's sarcoma. Endosialin-positive specimens, 
including specimens with 100% of tumor cells staining positive 
for endosialin, occurred among both the low-grade and high-
grade groups, suggesting that endosialin can be expressed 
throughout the course of the disease (Table I).

Next we determined whether endosialin levels correlated 
with disease grade and were elevated in high grade compared 
to low grade. Using the same statistical method, we determined 
whether endosialin levels correlated with sarcoma subtype, 
patient age or patient gender. Finally we determined whether 
endosialin levels were higher in clinical specimens with tumor 
cell expression compared to those with no tumor cell expression. 
A linear regression model was used to fit the data (data not 
shown). For the analysis, the Long H-score (Y), a summary 
value encompassing the percent staining coverage at each 
staining intensity (0, 1+, 2+ and 3+), was the preferred measure 
of endosialin levels. The same analysis was also performed for 
the percent coverage with ≥1+ staining intensity (Y1), for the 
percent coverage with ≥2+ staining intensity (Y2) and for the 
percent coverage with at 3+ staining intensity (Y3) (Table II). 
A stepwise selection method was applied to identify significant 
variables and interactions. Relationships with P<0.05 were 
considered significant.

The analysis showed that endosialin levels were higher in 
high-grade than low-grade specimens in all sarcoma subtypes 
except liposarcoma, where endosialin levels were higher in 
low-grade specimens. The positive correlation between grade 
and endosialin level was significant whether endosialin levels 
were assessed using the Long H-score (Y) or the percent staining 
coverage at 3+ intensity levels (Y3). In addition, endosialin levels 
tended to be higher in specimens with tumor cell staining 
compared to specimens with only vascular and/or stromal cell 
staining for all the sarcoma subtypes studied (χ2 test, P<0.0001). 
This relationship held whether endosialin levels were assessed 
using the Long H-score (Y), the percent coverage ≥1+ staining 
intensity (Y1), the percent coverage ≥2+ staining intensity 
(Y2) or the percent coverage at 3+ staining intensity (Y3). There 
was no relationship between tumor cell expression of endosialin 
and sarcoma subtype (χ2 test, P = 0.1014) or gender (χ2 test, 
P=0.8788) but tumor cell expression of endosialin was a more 
frequent event in high-grade disease compared to low-grade 
disease (χ2 test, P<0.0001).

Overall endosialin levels were higher in female patients 
than in male patients only when the percent coverage was ≥1+ 
staining intensity (Y1) or ≥2+ staining intensity (Y2). When 
the Long H-score (Y) or the percent coverage at 3+ intensity 
level (Y3) was used, there was no correlation between endosialin 
and gender; thus, the association between endosialin level and 
gender was weak. Finally, endosialin levels did not correlate 
with age.

In vitro and in vivo modeling. Forty-two human sarcoma cell 
lines representing a broad range of tissue types, anatomic 
locations and patient ages were analyzed for endosialin 
expression (Table III). Twenty-two of 42 cell lines were positive 
for endosialin and 20 were negative. The 22 positive cell lines 
were A-673, Hs 822.T and Hs 863.T Ewing's sarcoma, G-401 

rhabdoid tumor, Hs 729.T and RMS-YM rhabdomyosarcoma, 
HOS, HS-OS-1, HuO 9N2 and SJSA-1 osteosarcoma, Hs 
132.T spindle cell sarcoma, Hs 414.T and Hs 93.T fibrosarcoma, 
Hs 737.T and Hs 821.T giant cell sarcoma, and MES-SA, 
MES-SA/Dx5 and MES-SA/MX2 uterine sarcoma. Four of 22 
cell lines positive for endosialin have unclear origin: Hs 57.T 
is classified as either a sarcoma or lymphoma, SK-ES-1 is 
classified as either an anaplastic osteosarcoma or a Ewing's 
sarcoma and we were unable to confirm by chromosome 
analysis that SW982 was derived from a synovial sarcoma or 
SW872 from a liposarcoma (35). Although the A-673 cell line 
was designated a rhabdomyosarcoma, it has been reclassified 
as Ewing's sarcoma (34). The cell line with the highest expression 
of endosialin, based on mean fluorescence, was the SJSA-1 
osteosarcoma cell line while the MES-SA/Dx5 and MES-SA/
MX2 had the lowest levels of expression (Fig. 2A and Table III). 
Thirty-one human sarcoma cell lines were analyzed for 
endosialin mRNA levels by real-time PCR. There was a positive 
correlation between mRNA and protein levels except for the 
RD-ES cell line where mRNA was detected in the absence of 
protein (Fig. 2B).

The A-673 Ewing's sarcoma, SJSA-1 osteosarcoma and 
MES-SA uterine sarcoma cells were implanted subcutaneously 
in nude mice (Fig. 3). Immunohistochemical analysis showed 
that endosialin expression was maintained in the tumors. As 
in the human clinical specimens, expression was heterogeneous 
in the xenograft tumor tissue with regions of each tumor 
having staining intensities from 0 to 3+ (Fig. 3).

The same tumor cells were injected intravenously to model 
advanced disseminated disease. In the human A-673 Ewing's 
sarcoma xenograft group, two mice developed rear limb paralysis 
on days 30-33. MicroCT imaging post mortem showed bone 
degradation in the sacral space and microscopic lung metastases 
upon examination. Upon necropsy, a large ovarian tumor mass 
was observed in one of the two mice. On day 37, another mouse 
was removed from the study with a tumor mass encompassing 
the heart that was consistent with a tracheobronchial lymph 
node involvement, and a second tumor mass under the right 
upper limb that was consistent with brachial lymph node 
involvement. The fourth mouse was removed from study on 
day 42 post-cell injection with a tumor on the right side of the 
neck consistent with submandibular lymph node involvement. 
In the human SJSA-1 osteosarcoma xenograft group, all mice 
were removed from study due to body weight loss at days 33-37 
post cell injection and had large lung tumor burdens. In the 
human MES-SA uterine sarcoma xenograft group, one mouse 
was removed from study at day 44 post cell injection with body 
weight loss. Upon necropsy, a large tumor mass was observed 
encompassing the adrenal gland. The other three mice in the 
group were removed from study at day 56 and no tumor was 
detected upon necropsy.

All A-673 Ewing's sarcoma, SJSA-1 osteosarcoma and 
MES-SA uterine sarcoma disseminated tumors were positive 
for endosialin by immunohistochemistry and all reached 3+ 
staining intensity (Fig. 4). In the A-673 Ewing's sarcoma 
model, some nodules showed homogeneous 3+ staining, 
while other nodules showed staining heterogeneity with 
intensity ranging from 1+ to 3+ (Table II and Fig. 4). In the 
SJSA-1 osteosarcoma tumor model, subcutaneous tumors and 
disseminated tumors displayed staining intensity ranging from 
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Figure 2. Expression of endosialin in human sarcoma cell lines in vitro by flow cytometry (A) and by real-time PCR (B).
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0 to 3+ with 50% of the subcutaneous tumor and 20-40% of 
the lung colonies being endosialin-negative (Table II and 
Figs. 3 and 4). Because the anti-endosialin antibody used for 
IHC does not crossreact with mouse endosialin, the tumor 
stroma could not be assessed.

Discussion

The presence of endosialin expression in sarcoma cells was 
described in the first endosialin publication in 1992, with the 
anecdotal report of FB5 immunoreactivity in a subset of 

Figure 3. Expression of endosialin by immunohistochemisty in human sarcoma xenograft tumors implanted subcutaneously: A-673 Ewing's sarcoma (A), 
SJSA-1 osteosarcoma (B) and MES-SA uterine sarcoma (C). Endosialin immunohistochemical staining scores (D). 20X objective.

  A

  B

  C

  D
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  A

  B

  C

Figure 4. Expression of endosialin by immunohistochemisty in human sarcoma cells injected intravenously. Dissemination of A-673 Ewing's sarcoma to 
ovary (A), tracheobronchial lymph node (B), lung (C). 
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Figure 4 (continued). Vertebrae (D) and micro-CT imaging showing bone degradation (arrows) (E). Dissemination of SJSA-1 osteosarcoma to lung (F). 

  D

  E

  F



INTERNATIONAL JOURNAL OF ONCOLOGY  39:  73-89,  2011 87

sarcomas (24). Later, unambiguous tumor cell FB5 immuno-
reactivity in clinical MFH and liposarcoma specimens was 
published (33). Subsequently, a survey of 86 paraffin-embedded 
clinical specimens of sarcoma, representing 9 subtypes, 
documented expression in malignant cells, stromal cells and 
vascular pericytes; 70/86 (81%) specimens were positive for 
endosialin, and 44/86 (51%) reached ≥50% coverage of 
immunoreactive tissue components (34). These reports raised 
awareness of endosialin as a tumor cell marker and therapeutic 
target in sarcoma.

However, these studies did not address the question of 
endosialin expression in advanced sarcoma. Over half of 
sarcoma patients develop metastatic disease, with lung being a 
common site of distant recurrence. Lung metastases are 
primarily treated with surgery, which is curative in only 15-30% 
of patients (6,7), underscoring the need for new markers, targets 
and therapeutics to treat advanced disease. Using diagnostic 
reports for 86 clinical sarcoma specimens previously stained 
for endosialin, a retrospective analysis was performed to identify 
metastatic specimens and high-grade specimens. High grade 

  G

  H

Figure 4 (continued). Dissemination of MES-SA uterine sarcoma to adrenal gland (G). Endosialin immunohistochemical staining scores (H). Bottom, anti-endosialin; 
top, isotype control. 0.5X objective (left); 4X objective (middle); 20X objective (right) (A, B, C, D, F, G). Dorsal (left); lumbar (middle); ventral (right) (E).
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is an adverse prognostic factor and an independent predictor 
of metastasis in sarcoma (19,20). The analysis showed that 
endosialin can be detected in metastases and that levels of 
endosialin tend to be higher in high-grade specimens than in 
low-grade specimens in all sarcoma subtypes tested except 
liposarcoma. Our analysis also showed that endosialin levels 
tend to be higher in patients with tumor cell staining compared 
to patients with only vascular and/or stromal cell staining, and 
that endosialin expression in tumor cells was a more frequent 
event in high-grade disease compared to low-grade disease.

It is important to note that even though endosialin was 
detected in metastases and in high-grade disease, and although 
there was a positive correlation between endosialin levels and 
high-grade disease, some sarcomas remain endosialin-negative 
regardless of diagnostic grade or clinical stage, mandating a 
personalized medicine approach to targeting endosialin in 
sarcoma. Patients will need to be tested for endosialin expression 
to determine if endosialin-directed therapy is warranted.

In the broader characterization of endosialin-positive disease, 
endosialin was detected in tumors from patients of all ages 
and levels of endosialin did not correlate with patient age. 
There was a weak correlation between endosialin levels and 
gender with higher levels detected in female patients compared 
to male patients. The relationship is weak because not all 
measurements of endosialin levels produced a statistically 
significant association with gender. Nonetheless, these data 
suggest that the association between endosialin and gender 
could play a part in a future diagnostic or prognostic signature 
and warrants further investigation.

Having detected endosialin in clinical specimens of high-
grade sarcoma and metastatic sarcoma, we modeled advanced 
disseminated sarcoma preclinically in vivo through intravenous 
injection of human sarcoma cells in nude mice. IHC of dis-
seminated tumors showed maintenance of endosialin expression 
in three human sarcoma models, a Ewing's sarcoma model, an 
osteosarcoma model and a uterine sarcoma model, at all sites 
of dissemination including lung, adrenal gland, bone, lymph 
node and ovary. The data demonstrate that different organ 
microenvironments can support endosialin expression, which 
is consistent with the data obtained from clinical specimens 
and suggests that systemic anti-endosialin therapy may be 
beneficial in the advanced disease setting.

Although the biological function of endosialin is incompletely 
understood (24-34), our data support the notion that endosialin 
may play a role in malignancy. Most importantly, our results 
demonstrate that endosialin is expressed in sarcomas with 
poor prognosis and in advanced sarcoma, opening up the 
possibility that targeting endosialin could offer a therapeutic 
avenue for the more than 50% of children and adults suffering 
from sarcomas whose disease cannot be cured with existing 
treatment modalities (6,7).
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