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Abstract. Endosialin/CD248/tumor endothelial marker 1 is
classified as a C‑type lectin‑like transmembrane receptor,
found on the plasma membrane of activated mesenchymal cells,
which binds to fibronectin. Although endosialin is expressed at
high levels in stem‑like cells of sarcomas, its role has not been
fully uncovered. The present study aimed to determine whether
endosialin expression is associated with tumor progression
and metastasis, and whether endosialin has the potential to
act as a novel therapeutic target in osteosarcoma (OS) using
MORAb‑004/ontuxizumab, a humanized monoclonal anti‑
body, which targets the type C lectin domain of endosialin. The
results demonstrated that endosialin was highly expressed in
OSs with metastatic disease. Furthermore, MORAb‑004 had
no cytostatic effect on OS cells in vitro and did not change the
expression of stem cells and differentiation markers; however,
it inhibited migration of OS cells. Taken together, these results
suggest that endosialin may play a role in migration, and may
be involved in the metastatic process of OSs. Furthermore,
MORAb‑004 reduces the motility of OS cells, and suppresses
invasion and the development of metastatic lesions.
Introduction
Endosialin/CD248/tumor endothelial marker 1 (TEM1) is
classified as a C‑type lectin‑like transmembrane receptor,
found on the plasma membrane of activated mesenchymal
cells, which binds to fibronectin (FN) (1,2). Endosialin expres‑
sion is essentially limited to embryonal development and is
expressed at very low levels in normal adult tissues; however, it
is upregulated in pathological states, including tumor progres‑
sion and metastasis. Endosialin does not function as an active
metastasis promoting signaling factor in tumor cells to gain

Correspondence to: Professor Kanya Honoki, Department of
Orthopedic Oncology and Reconstructive Medicine, Nara Medical
University, 840 Shijo‑cho, Kashihara, Nara 634‑8521, Japan
E‑mail: kahonoki@naramed‑u.ac.jp
Key words: osteosarcoma, endosialin, invasion, metastasis

invasive behavior, but rather as a facilitator, tethering, tumor
cells to the matrix and actively mediating their transmigra‑
tion through the vascular basement membrane and underlying
endothelial monolayer (3). In sarcomas, endosialin expression
is found in malignant tumor cells, perivascular and stromal
cells, and is speculated to be involved in tumor angiogenesis (4).
Another study reported that endosialin‑expressing stem‑like
cells of osteosarcoma (OS) possess self‑renewing and invasive
properties, and are highly drug resistant. Although endosialin
is highly expressed in stem‑like cells of OSs (5), its role has not
been fully uncovered.
MORAb‑004/ontuxizumab, a humanized monoclonal
antibody, targets the type C lectin domain of endosialin (4).
In preclinical studies, binding of ontuxizumab to two paired
cell lines (Ewing's and synovial sarcoma cell lines) was
confirmed via semi‑quantitative immunofluorescence (6). In
addition, immunofluorescent staining of ontuxizumab‑treated
human pericytes exhibited cellular internalization of the anti‑
body, with a corresponding reduction of surface endosialin.
MORAb‑004 treated tumors display overall shortened and
distorted blood vessels. The CD248 levels on cell surfaces of
neovasculature pericytes are significantly reduced due to its
internalization. This reduction of CD248 is also accompanied
by reduced α‑SMA expression, depolarization of pericytes
and endothelium, and ultimately dysfunctional microvessels.
These findings suggest that MORAb‑004 reduces CD248 on
pericytes, impairs tumor microvasculature maturation and
ultimately suppresses tumor development (7). The phase II,
randomized controlled trial of MORAb‑004/ontuxizumab
was performed to evaluate the safety, as well as the efficacy
of ontuxizumab with the combination of gemcitabine and
docetaxel (G/D) in metastatic soft tissue sarcoma (8,9). This
study bases on the hypothesis that blocking endosialin‑medi‑
ated tumor angiogenesis with ontuxizumab can enhance the
efficacy of G/D in sarcomas. However, ontuxizumab with G/D
exhibited no enhanced activity compared with chemotherapy
alone in soft tissue sarcomas, whereas the safety of the combi‑
nation was consistent with G/D alone. Preclinical experiments
in wild‑type and endosialin‑deficient mice indicate that
stromal endosialin does not affect primary tumor growth but
strongly promotes metastasis (3).
The present study aimed to determine whether endosialin
expression is associated with tumor progression and metastasis
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in OS, and whether endosialin has the potential to be a novel
therapeutic target via MORAb‑004/ontuxizumab.
Materials and methods
Human OS specimens. A total of 18 clinical specimens were
collected from patients with OS via biopsy at the Department
of Orthopedic Surgery, Nara Medical University (Kashihara,
Japan) prior to any treatments, including surgery, chemotherapy
and radiotherapy, between December 1991 and July 2017. A
total of 18 patients with osteosarcoma were included in the
present study, including 12 men and six women. The median
age of all patients was 23 years (age range, 8‑69 years). Only
specimens biopsied for the initial diagnosis were selected,
those at the time of recurrence and during or after treatments
were excluded. Specimens were stored at 4˚C until subsequent
experiments. The present study was approved by the Nara
Medical University Certified Review Board (approval no. 2833)
and written informed consent was provided by all patients or
family members prior to the study start. Informed consent was
provided in the form of opt‑out on the website (https://nara‑
seikei.com/patients). Patient characteristics are presented in
Table Ⅰ.
Immunohistochemistry (IHC). Specimens were formalin‑fixed
and paraffin‑embedded immediately after the biopsy.
Consecutive 4 µm sections were cut from each block, and
underwent immunohistochemical staining analysis for CD248.
IHC analysis was performed via the immunoperoxidase tech‑
nique, as previously described (10). Briefly, following antigen
retrieval with autoclave treatment in citrate buffer for 15 min
at 121˚C, specimens were incubated with 3% H2O2‑methanol
for 10 min and subsequently blocked with PBS containing
2% skimmed milk for 30 min at room temperature. Following
incubation with primary antibody against CD248 (2 µg/ml;
1:100 dilution; cat. no. HPA051856; Cosmo Bio Co., Ltd.) at
room temperature for 2 h, specimens were briefly washed
with PBS and incubated with secondary antibody conjugated
with peroxidase (1:100 dilution; cat. no. K4061; Envision™+
Dual Link System‑HRP; Dako; Agilent Technologies, Inc.)
at room temperature for 1 h. The specimens were re‑washed
with PBS, stained with DAB (Dako; Agilent Technologies,
Inc.) for 5 min at room temperature and subsequently washed
lightly in distilled water and running water. The slides were
counterstained with Meyer‑hematoxylin for 1 min at room
temperature, washed in phosphate buffer for 5 min, running
water for 10 min, dehydrated through graded alcohols, cleared
in xylene and cover slipped.
A total of two experienced pathologists evaluated the IHC
staining to avoid bias. To assess CD248 expression in IHC
staining, staining intensity and staining area (%) were measured
at two hot spots in each specimen using an optical micro‑
scope (BX50; x200 magnification; Olympus Corporation).
CD248 staining intensity was scored as follows: 0, negative;
1+, weak; 2+, moderate and 3+, strong. The staining intensity
of endothelium was defined as 2+ on the basis that CD248 is
a tumor endothelium marker, which is expressed in vascular
endothelial cells of malignant tumors (11). The staining
area (%) at each staining intensity was measured using ImageJ
version 1.52 software (12). The CD248 positive expression

score (IHC score) was calculated as the sum of staining
intensity and staining area (%), which ranged from 0‑300.
The mean IHC score in each specimen was used for statis‑
tical analysis. CD248 IHC score was determined via receiver
operating characteristic (ROC) curve analysis to determine
the cut‑off value, and Fisher's exact test was used to assess
the association between CD248 expression and metastasis. An
IHC score of CD248 ≥20.5 was considered positive, while an
IHC score <20.5 was negative, using the cut‑off value.
Cell culture and reagents. The OS cell lines, SaOS2, U2OS,
HOS and MG63, were purchased from the American Type
Culture Collection and maintained in (DMEM; Sigma‑Aldrich;
Merck KGaA) supplemented with 10% fetal bovine serum
(FBS; Sigma‑Aldrich; Merck KGaA) and 50 U/ml peni‑
cillin/streptomycin (Nacali Tesque Inc.) at 37˚C with 5% CO2.
FN was purchased from FUJIFILM Wako Pure Chemical
Corporation, while MORAb‑004/ontuxizumab was purchased
from Eizai Inc. (https://us.eisai.com).
Cell viability assay. Cells (SaOS2, U2OS and MG63) were
seeded into 12‑well pates at a density of 10,000 cells/well.
The effects of MORAb‑004 (0, 5, 10 and 20 µmol/l) and FN
(0 and 10 µg/ml) on cell proliferation were assessed via the
MTS assay after 48 h, as previously described (13). The MTS
assay was (Promega Corporation) performed according to the
manufacturer's instructions. Briefly, MTS solution was added
to each well for 2 h at 37˚C with 5% CO2, and the absorbance
was measured at a wavelength of 490 nm, using a microplate
reader (Multiskan FC; Thermo Fisher Scientific Inc.).
Apoptosis analysis. Apoptosis was assessed in SaOS and U2OS
cells via (Sigma‑Aldrich; Merck KGaA) at room temperature
for 10 min, with MORAb‑004 (0 or 20 µmol/l) and FN (0 or
10 µg/ml) for 48 h. Apoptotic cells were observed under a fluores‑
cence microscope (x200 magnification; Keyence Corporation).
Reverse transcription‑quantitative (RT‑q)PCR. RT‑qPCR
analysis was performed to assess the effect of MORAb‑004
with FN on the expression levels of stem cell markers:
Octamer‑binding transcription factor‑3 (OCT3), Kruppel‑like
factor 4 (KLF4), nucleostemin (NS) and clusters of differ‑
entiation 44 (CD44), and differentiation markers: Alkaline
phosphatase (ALP), Collagen 1α (COL1α) and runt‑related
transcription factor 2 (RUNX2), in SaOS2 and U2OS cells.
A total of 0.5 µg total RNA was extracted from ontuxizumab
(0 or 20 µmol/l) with FN (10 µg/ml)‑treated and untreated
(as a control) cells using TRIzol® RNA Isolation Reagents
(Thermo Fisher Scientific, Inc.) and the RNeasy kit (Qiagen
GmbH), followed by cDNA synthesis. In addition, the expres‑
sion of endosialin/human TEM1 in OS cell lines was assessed
via RT‑qPCR analysis. A total of 0.5 µg of total RNA was
extracted from ontuxizumab (20 µmol/l)‑treated cells as
aforementioned. The primer sequences used for qPCR were
synthesized by Sigma‑Aldrich; Merck KGaA and are listed in
Table II. The following thermocycling conditions were used:
95˚C for 5 min; 40 cycles at 95˚C for 30 sec, 63.9‑71˚C for
30 sec and 72˚C for 30 sec. PCR products were electrophoresed
using a 2% agarose gel and stained with ethidium bromide for
20 min at room temperature with shading. β‑actin mRNA was

Age, years

Sex

Histological diagnosis

Site

Metastasis

Metastatic site

M, male; F, female; Lt, left; Rt, right.

1
8
M
Conventional osteosarcoma
Lt humerus
‑		
2
35
M
Telangiectatic osteosarcoma
sacrum
‑		
3
16
F
Malignant fibrous histiocytoma‑like osteosarcoma
Rt fibula
‑		
4
14
F
Conventional osteosarcoma; osteoblastic type
Rt femur
‑		
5
8
M
Telangiectatic osteosarcoma
Rt femur
‑		
6
14
M
Conventional osteosarcoma
Lt femur
‑		
7
17
M
Conventional osteosarcoma
Rt femur
‑		
8
69
F
Conventional osteosarcoma; fibroblastic type
Lt femur
‑		
9
11
M
Conventional osteosarcoma
Lt tibia
‑		
10
13
M
Conventional osteosarcoma; fibroblastic type
Lt middle finger
‑		
11
15
F
Giant cell tumor like osteosarcoma
Lt femur
+
Lung
12
17
M
Conventional osteosarcoma
Rt humerus
+
Lung
13
17
F
Conventional osteosarcoma
Lt femur
+
Lung
14
16
M
Conventional osteosarcoma
Rt tibia
+
Lung
15
9
M
Conventional osteosarcoma
Rt humerus
+
Lung
16
13
M
Conventional osteosarcoma; osteoblastic type
Lt tibia
+
Lung
17
69
M
Conventional osteosarcoma
Lt iliac
+
Lung
18
44
F
Conventional osteosarcoma; osteoblastic type
Lt tibia
+
Lung,
						
Rt femur

Case

Table Ⅰ. Baseline characteristics of patients with osteosarcoma.
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Treatment
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Chemotherapy
Surgery
Radiotherapy
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Table Ⅱ. Primer sequences used for quantitative PCR.
Gene
OCT3
KLF4
NS
CD44
ALP
COL1α
RUNX2
hTEM1

Primer sequence (5'‑3')
F
R:
F:
R:
F:
R:
F:
R:
F:
R:
F:
R:
F:
R:
F:
R:

GAAGGATGTGGTCCGAGTGT
GTGAAGTGAGGGCTCCCATA
ATCTTTCTCCACGTTCGCGTCTG
AAGCACTGGGGGAAGTCGCTTC
ATTGCCAACAGTGGTGTTCA
AATGGCTTTGCTGCAAGTTT
AAGGTGGAGCAAACACAACC
AGCTTTTTCTTCTGCCCACA
CGCCTACCAGCTCATGCATA
GCTCTTCCAGGTGTCAACGA
CAGGCTGGTGTGATGGGATT
GGGCCTTGTTCACCTCTCTC
GCGCATTCCTCATCCCAGTA
GGCTCAGGTAGGAGGGGTAA
GGACACAGATGAGTGCCAGA
CAGGCCTCGTCTTCATCTTC

F, forward; R, reverse; OCT3, octamer‑binding transcription factor‑3;
KLF4, Kruppel‑like factor 4; NS, nucleostemin; CD44, clusters of
differentiation 44; ALP, alkaline phosphatase; COL1α, Collagen 1α;
RUNX2, runt‑related transcription factor 2; hTEM1, human tumor
endothelial maker.

also amplified for use as an internal control. For the quantifica‑
tion of PCR products, the band quantification was performed
using ImageJ version 1.52 software (National Institutes of
Health). The experiments were performed in triplicate.
Western blotting. Western blot analysis was performed on
the stem cell markers, CD44V9 and NS, in SaOS2 and U2OS
cells, which were treated with ontuxizumab (20 µmol/l) and
FN (10 µg/ml) or untreated (as a control). Whole cell lysates
were prepared using M‑PER™ Mammalian Protein Extraction
Reagent (Thermo Fisher Scientific Inc.). The protein concen‑
trations of cell lysates were evaluated via the Bradford method,
using bovine serum albumin as a standard (14). Proteins
(20 µg) were separated from the cell lysates via SDS‑PAGE
on 12.5% gels and electrotransferred onto nitrocellu¬lose
membranes. The membranes were blocked with a solution
of 5% skimmed milk at room temperature overnight, and
then incubated with primary antibodies against CD44V9
(1:5,000 dilution; cat. no. 1370435; Seikagaku Corporation)
and NS (1:5,000 dilution; cat. no. ab70346; Abcam) for 12 h
at 4˚C (15). Subsequently, the membranes were washed with
PBS and incubated with the secondary antibody, anti‑rabbit
imunoglobulins/HRP (1:1,000 dilution; cat. no. P0217; Dako;
Agilent Technologies Inc.) for 1 h at room temperature. A
tubulin antibody (1:5,000 dilution; cat. no. ab4047; Abcam)
was used to measure the amount of protein loaded in each
lane. Immune complexes were visualized using the CSA
system (Dako; Agilent Technologies, Inc.). The intensities of
the band were using ImageJ version 1.52 software.

Wound healing assay. The wound healing assay was performed
to assess the effect of MORAb‑004 with FN on the migratory
ability of OS cell lines (HOS, SaOS2 and U2OS). Cells were
seeded into 3.5 cm culture dishes and treated with MORAb‑004
(0 or 20 µmol/l) and FN (10 µg/ml). Following incubation with
10% FBS at 37˚C for 24 h, cells grown to sub‑conﬂuence were
scraped to make a cell‑free area with a sharp edge (16‑18). Cells
migrating into the scraped area was captured at 0 and 24 h after
scraping at x100 magnification under an optical microscope
(ECLIPSE Ti‑S100; Nikon Corporation, Minato Ward) (16).
The width between the edges of each scraped area was
measured at 0 and 24 h and the migration rate (MR) was calcu‑
lated using the following formula: MR (%) = (Wt=0 ‑ Wt=24)
x 100 / Wt= 0, Wt= 0: the width at 0 h, Wt=24: The width at 24 h
after. The width was showed by yellow straight line in each
figure. The experiments were performed in triplicate.
Transwell migration assay. The modified Boyden chamber
assay was performed to assess in vitro migration of the OS cell
lines, SaOS2, U2OS and MG63 treated with MORAb‑004.
The CytoSelect™ 24‑well Cell Haptotaxis Assay (8 µm)
kit (FN‑coated, Fluorometric; Cell Biolabs Inc.) was used,
according to the manufacturer's instructions. 0.75x106 cells/ml
were suspended in 500 µl of regular medium (DMEM supple‑
mented with 10% FBS; Sigma‑Aldrich; Merck KGaA) and
2.3x105 cells/ml were placed in the upper part of the chamber,
while the lower part of the chamber was filled with regular
medium. Following incubation for 24 h at 37˚C, the filters were
carefully removed from the inserts, stained with hematoxylin for
10 min at room temperature and mounted on microscopic slides.
Stained cells were counted in whole inserts at x100 magnification
under an optical microscope (BX50; Olympus Corporation) (16).
The area ratio occupied by cells per field of view in the photomi‑
crograph after 24 h was quantified in the MORAb‑004 treated
and the untreated groups using ImageJ version 1.52 software
(National Institutes of Health), and the untreated group was used
as the control. The area ratio of the MORAb‑004 treated group
based on the control was calculated as the migration rate (%).
The experiments were performed in triplicate.
Statistical analysis. Statistical analysis was performed using
SPSS version 26 software (IBM Corp.). Data are presented as
the mean ± SD. IHC analysis was performed once. RT‑qPCR,
the apoptosis analysis, western blotting, the wound healing
assay, the Transwell migration assay were performed in tripli‑
cate. Fisher's exact and χ2 tests (two‑tailed) were used for IHC
analysis. To assess cell viability, RT‑qPCR, wound healing
assay and apoptosis one‑way ANOVA followed by Tukey's
post hoc test was used. Unpaired Student's t‑test was used
to assess Transwell migration assay. P<0.05 (two‑sided) was
considered to indicate a statistically significant difference.
Results
Association between endosialin/CD248 expression and metas‑
tasis in human OS. A total of 18 human clinical specimens of
OS were assessed via IHC analysis to determine the association
between endosialin/CD248 expression and metastasis. Fig. 1
depicts endosialin/CD248 expression in human OS tissues. The
IHC scores were 5, 7, 55 and 82 in Fig. 1A‑D, respectively.
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Figure 1. IHC analysis for CD248 expression in OS. (A and B) CD248 expression in non‑metastatic cases. (C and D) CD248 expression in metastatic OS. Scale
bar, 200 µm; magnification, x200. IHC scores: (A) 5, (B) 7, (C) 55 and (D) 82. IHC, immunohistochemistry; OS, osteosarcoma.

Figure 2. IHC analysis was performed to assess the association between CD248 expression and metastasis. (A) ROC curve analysis of CD248 expression. The
AUC value was 0.91 (95% CI, 0.74‑1.00) and the cut‑off value was 20.5. The AUC value, 95% CI and the cut‑off value were presented on the figure subpart.
(B) The association between CD248 expression and metastasis. Error bars are maximum, median and minimum. *P<0.005. IHC, immunohistochemistry;
ROC, receiver operating characteristic; AUC, area under the curve value; CI, confidence interval.

The cut‑off value of CD248 was 20.5, with a sensitivity
of 0.875 and a specificity of 0.900 (Fig. 2A). The results
demonstrated that 1/10 non‑metastatic OSs was positive for
CD248 expression, while 7/8 metastatic OSs were positive.
The mean IHC score was 14.3 in the non‑metastatic group
(range, 5‑22) and 36.9 in the metastatic group (range, 12‑82).
Taken together, these results suggest that CD248 is expressed
at significantly high levels in OSs with metastatic disease
(Fisher's exact test; P=0.003; Fig. 2B).
Anti‑endosialin antibody MORAb‑004 has no cytostatic
effect on OS cells. RT‑qPCR analysis was performed to
detect endosialin expression in OS cell lines. The expression

was confirmed in all cell lines (Fig. S1). Notably, endosialin
expression was observed in all cell lines used. The effect of
MORAb‑004 with or without FN on the viability of SaOS2,
U2OS, MG63 cells was assessed in vitro. OS cells were treated
with different concentrations of MORAb‑004 (0, 5, 10 and
20 µmol/l) and FN (0 or 10 µmol/l). The results of the MTS
assay demonstrated no significant differences in cell viability
following treatment with MORAb‑004, regardless of the pres‑
ence of FN (Fig. 3A‑C, treatment without FN; Fig. 3D and E,
treatment with FN).
In addition, photomicrographs of SaOS2 and U2OS
cells under each condition at x200 magnification under an
inverted microscope (ECLIPSE Ti‑S100; Nikon Corporation;
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Figure 3. Effect of MORAb‑004 on cell viability was assessed via the MTS assay. (A‑C) SaOS2, U2OS and MG63 cells were treated without FN.
(D and E) SaOS2 and U2OS cells were treated with FN. MORAb‑004 had no cytostatic effect on OS cells, regardless of the presence of FN. Data are
presented as the mean ± SD. (F) Photomicrographs of SaOS2 and U2OS cells under each condition. Scale bar, 100 µm; magnification, x200. FN, fibronectin;
OS, osteosarcoma; N.S., no significance.

https://www.microscope.healthcare.nikon.com/ja_JP/products/
inverted‑microscopes/eclipse‑ti‑series) are presented in
Fig. 3F. The actual states of cell viability in these cell lines were
unaffected by MORAb‑004 or FN. The effect of MORAb‑004
with or without FN on the apoptosis of SaOS2 and U2OS
cells was assessed (Fig. S2). No significant differences were
observed in these cell lines under each condition. Collectively,
these results suggest that MORAb‑004 has no cytostatic effect
and does not affect the apoptosis of OS cells.
MORAb‑004 does not change stemness and differentiation
marker expression in OS. The effect of MORAb‑004 in the
presence or absence of FN, one of the specific ligands for
CD248 (4), on stem cell and differentiation markers was
assessed via RT‑qPCR analysis in the human OS cell lines,

SaOS2 and U2OS (Fig. 4A and B). Western blot analysis was
also performed on the stem cell markers, CD44V9 and NS, in
SaOS2 and U2OS cells (Fig. 4C). The results demonstrated
that MORAb‑004 did not change the expression of stem cell
or differentiation markers.
MORAb‑004 decreases OS cell migration in the presence of
FN. To determine the efficacy of MORAb‑004 in the pres‑
ence of FN for sarcoma cell migration, the wound healing
assay and the Transwell migration assays were performed.
The results of the wound healing assay demonstrated that the
migratory ability of OS cells treated with MORAb‑004 alone
or MORAb‑004 and FN decreased in all cell lines compared
with cells treated with control or only FN by the wound width
measured at 24 h (HOS and SaOS2, P<0.001; U2OS, P=0.010;
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Figure 4. Effect of MORAb‑004 on the expression levels of stemness and differentiation markers in OS cells. (A and B) Reverse transcription‑quantitative
PCR and (C) western blot analyses were performed to assess the effect of MORAb‑004 on the expression levels of stem cell markers (Oct3, Klf4, NS, CD44
and CD44V9) and differentiation markers (ALP, COL1α and RUNX2) in OS cell lines. OS, osteosarcoma; FN, fibronectin.

Figure 5. Efficacy of MORAb‑004 with FN on the migration of HOS, SaOS2 and U2OS cells was assessed via the wound healing assay. Cells migrating into
the scraped area were captured at (A and C) 0 and (B and D) 24 h after scraping. The wound was completely closed after 24 h in HOS control group. Scale
bar, 200 µm; magnification, x100. (E) Average migration rate (%) in each cell line. Data are presented as the mean ± SD. *P<0.05. **P<0.001. FN, fibronectin.
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Figure 6. Efficacy of MORAb‑004 with FN on the in vitro migration of
SaOS2, U2OS and MG63 cells was assessed via the transwell migration assay.
(A) Photomicrographs images of SaOS2, U2OS and MG63 cells after 24 h.
Scale bar, 200 µm; magnification, x100. (B) Average migration rate (%) in
each cell line. Data are presented as the mean ± SD. *P<0.001. FN, fibronectin.

Fig. 5). The width is demonstrated by yellow straight line in
each figure (Fig. 5A‑D). The results of the Transwell migration
assay demonstrated that the number of OS cells which moved
to the lower chamber also decreased following treatment
with MORAb‑004 (SaOS2, P=0.00066; U2OS, P=0.00089
and MG63, P= 0.00003; Fig. 6). Taken together, these results
suggest that endosialin may be associated with cell migration,
and MORAb‑004 can suppress OS cell migration in the pres‑
ence of FN.
Discussion
OS is a highly malignant bone tumor, with frequent metastasis
which disseminates to the lungs and bones (19). The results of
the present study demonstrated that endosialin/CD248 was

highly expressed in human OS with metastatic disease; however,
MORAb‑004, an anti‑endosialin/CD248 antibody (7), had no
cytostatic effect on OS cells in vitro, and did not change the
expression of stem cell and differentiation markers, suggesting
that the antibody maintains their stemness property and prolif‑
eration ability. The wound healing assay and the Transwell
migration assay in vitro demonstrated that Morab‑004 suppressed
OS cell migration in the presence of FN, suggesting that endo‑
sialin/CD248 binding to FN can promote OS cell migration.
Tumor angiogenesis is essential for tumor growth and
metastasis (20). Tomkowicz et al (4) demonstrated that endo‑
sialin/CD248 mediates the proliferation of primary human
pericytes via the PDGF receptor signaling pathway. In has been
reported that in TEM1 knock‑out mice, vessels fail to mature
efficiently, which decreases the number of medium and large
vessels, and increases the number of small vessels (21). This
provides evidence that the endosialin/CD248‑1‑dependent
signaling pathway controls the proliferation of human peri‑
cytes, and is required for the efficient maturation of vessels
within tumors. Thus, a future strategy for suppressing
tumor growth and metastasis is to target this pathway and
mitigate tumor angiogenesis (22). Although blocking endo‑
sialin/CD248‑mediated tumor angiogenesis would be expected
to suppress tumor progression, the randomized controlled
phase 2 trial of MORAb‑004/ontuxizumab in combination
with gemcitabine and docetaxel in advanced metastatic soft
tissue sarcomas exhibited no improvement in progression‑free
or overall survival (9). Notably, comparative experiments
with wild‑type and endosialin‑deﬁcient mice revealed that
stromal endosialin does not affect primary tumor growth but
strongly promotes spontaneous metastasis. Mechanistically,
endosialin‑expressing pericytes in the primary tumor promote
metastasis in a cell contact‑dependent manner.
Metastasis is a multistep process, including adhesion to
the extracellular matrix (ECM) (3). Tumor cells, including OS
cells, adhere to matrix components via cell‑surface receptors,
such as integrins, which bind to the matrix protein FN (20).
FN and collagen types I and IV were identified as specific
ligands for endosialin/TEM‑1 (4). Notably, cells expressing
endosialin/TEM‑1 exhibit enhanced adhesion to FN, as well as
enhanced migration with increases matrix metalloproteinase‑9
activity, and these properties can be blocked by a humanized
antibody directed against human endosialin/TEM1 (4).
A predictive biomarker provides information about the
effect of a therapeutic intervention on clinical outcomes, and
can potentially be used to select patients for therapy (9). In
the present study, IHC analysis demonstrated that CD248
expression was significantly higher in metastatic OS speci‑
mens, therefore the IHC score of CD248 may be feasible as
a predictor of prognosis for patients with patients. Although
the detailed mechanisms of promoting invasion and metas‑
tasis through endosialin/CD248 should be elucidated in the
future, it is speculated that upregulated CD248 in stromal
and stem‑like tumor initiating cells in OS interacts with FN
and potentially activates proteases in ECM, and subsequently
causes tumor microenvironment changes, which can result in
tumor progression, such as invasion and metastasis (4).
Targeting endosialin/CD248 using antibodies, such as
MORAb‑004/ontuxizumab in combination with the conven‑
tional chemotherapeutic agents, can augment the efficacy
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against a development of metastatic lesions, potentially by
reducing cell motility and suppressing invasion of OS cells.
Further studies including antibody‑drug conjugates are
required.
The present study is not without limitations. First, the
sample size for IHC was too small as biopsy specimens at
a single institution were only used. Thus, clinical signifi‑
cance of endosialin/CD248 in sarcomas should be further
evaluated using a larger sample size. In addition, the effect of
MORAb‑004 on OS cells was only evaluated in vitro. To verify
the effect on tumor growth and metastasis, in vivo studies need
to be performed in prospective studies.
In conclusion, the results of the present study demonstrated
that endosialin/CD248 was highly expressed in metastatic
OS, and its binding to FN may promote OS cell migration,
although did not affect tumor growth, suggesting that endo‑
sialin/CD248 may be involved in invasion and metastasis in
OS. Thus, endosialin does not function as an active metastasis
promoting signaling factor in inducing tumor cells to gain
invasive behavior. It is expressed on the surface of tumor cells
and interacts with ECM, such as FN identified as specific
ligands for endosialin and changes the microenvironment. In
addition, it interacts with tumor cells and endothelial cells to
promote metastasis, and may be a selective therapeutic target
to prevent and treat advanced diseases (3).
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