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Ewing/PNET (peripheral neuroepithelioma) tumors are rare aggressive bone sarcomas occurring in young
people. Rare-disease clinical trials can require global collaborations and many years. In vivo models
that as accurately as possible reflect the clinical disease are helpful in selecting therapeutics with the
most promise of positive clinical impact. Human Ewing/PNET sarcoma cell lines developed over the
past 45 years are described. Several of these have undergone genetic analysis and have been confirmed
to be those of Ewing/PNET sarcoma. The A673 Ewing sarcoma line has proven to be particularly useful
in understanding the biology of this disease in the mouse. The chromosomal translocation producing
the EWS/FLIT fusion transcript characterizes clinical Ewing sarcoma. Cell lines that express this genetic
profile are confirmed to be those of Ewing sarcoma. The A673 Ewing sarcoma line grows in culture and
as a xenograft in immunodeficient mice. The A673 model has been used to study Ewing sarcoma angio-
genesis and response to antiangiogenic agents. Many Ewing sarcoma clinical specimens express the cell
surface protein endosialin. Several Ewing sarcoma cell lines, including the A673 line, also express cell
surface endosialin when grown as subcutaneous tumor nodules and as disseminated disease; thus the
A673 is a useful model for the study of endosialin biology and endosialin-directed therapies. With the
advent of tools that allow characterization of clinical disease to facilitate optimal treatment, it becomes
imperative, especially for rare tumors, to develop preclinical models reflecting disease subsets. Ewing

PNET sarcomas are a rare disease where models are available.

wing sarcoma, the second most frequent bone

cancer, is a rare aggressive tumor which occurs

primarily in children, adolescents and young
adults and is a member of the family of primitive neu-
roectodermal tumors.'? There is a tendency for Ewing
sarcoma to be a more deadly disease in young adults
than in younger patients. Different chromosomal ab-
normalities are found in patients more than 15 years of
age than in younger patients and correlate with disease
outcome."* Ewing sarcoma is one of the small round
blue cell tumors of the bone, characterized by strong
membrane staining for CD99, and occurs primarily in
Causasians.” Pathognomonic translocations involving
the EWS gene on chromosome 22 and the ets-type gene
FLI1 on chromosome 11 occur in about 85% of cases.®
The EWS/FLI1 fusion protein product of this trans-
location is a potent transcription factor which func-
tions as an oncoprotein.”® Therapy for Ewing sarcoma

includes surgery, radiation therapy and chemotherapy
comprised of cycles of combinations of vincristine,
doxorubicin, cyclophosphamide, etoposide, ifosfamide,
actinomycin D and topotecan. For patients with meta-
static disease at presentation and patients with recur-
rent disease, chances of cure are less than 20%.>° In
rare diseases like Ewing/PNET (peripheral neuroepi-
thelioma) sarcoma, where Phase III clinical trials often
require global collaborations, selecting experimental
therapeutics to move forward can benefit from preclini-
cal models which as accurately as possible reflect the
clinical disease.

EWING/PNET sarcoma model systems

Human tumor xenografts from established tumor lines
or recent surgical explants remain the core models for
tumor biology and cancer drug discovery.'” Scientific
understanding of the diseases that these models repre-
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Table 1. Characteristics of human Ewing/PNET sarcoma cell line.

. . . P53 EWS/
Cell line Age Gender Region Status Prior treatment S FLI
SK-NEP-1 By F el Relapse Post-chemo Mutant .
effusion
EW5 16y 9 mo M Paraspinal Diagnosis - Mutant +
EWS8 (Rh1) 17y 9 mo M gl Diagnosis - Mutant +
mass
TC-M 22y M et e Relapse Post-chemo Mutant +
marrow
CHLA258 12y F Lung met Relapse Vincristine/doxorubicin/ Mutant +
cyclophosphamide;
etoposide/ifosphamide;
Ifosphamide/carboplatin/
etoposide
CHLA-9 14y F Thoracic mass Diagnosis - Wild-
type
CHLA-10 14y F Thoracic Relapse Cisplatin/doxorubicin/ Mutant
lymph node cyclophosphamide/
etoposide
SK-ES-1 18y M Bone
Hs 822.T 9y F Bone
A-673 15y F Muscle Unknown +
Hs 863.T 5y F Bone
RD-ES 19y M Bone
CHLA-25 26y F Unknown Relapse Etoposide / ifosphamide /
vincristine/
cyclophosphamide
CHLA-32 85y F Pelvic Diagnosis -
COG-E-352 17y M Fibula Relapse Vincristine /adriamycin/
cyclophosphamide
/ifosphamide/etoposide
TC-32 17y F lleum Diagnosis -
SK-N-MC 12y F Retro-orbital Relapse Vincristine/

met

cyclophosphamide/
doxorubicin/actinomycin

sent is growing, and it is now possible to match the xe-
nograft tumor with the clinical disease of interest based
upon gene expression and protein target expression. The
realization that the host tissue or organ in which the
tumor is growing influences the characteristics of the
disease, including the response to therapies, in a man-
ner similar to those of clinical disease, has improved use
of these models. The work of the Preclinical Pediatric
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Testing Program (PPTP) in characterizing the 47 hu-
man tumor xenografts that comprise the consortium
exemplifies the best preclinical efforts,'*

Seventeen human Ewing/PNET sarcoma cell lines
that are currently in use to study these diseases are
listed in Table 1. Some of the lines were established in
the 1970s; and others, more recently. There is variable

information on the origin of the lines as well as varied
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A. A-673 karyotype.
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EWSR1 fluorescence in-situ hybridization (FISH)
in A-873 sarcoma cells.

Figure 1a. Representative complex karyotype of the A673 cell line showing multiple
rearrangements, including a chromosome 11 and 22 fusion, b. Fluorescence in situ
hybridization (FISH) analysis for EWSR1 in A673 Ewing sarcoma cells."
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Figure 2a. Cytokine profiling of human A673 Ewing sarcoma cell-conditioned medium.
b. Angiogenic growth factor profiling of human A673 Ewing sarcoma cell-conditioned
medium.

levels of molecular characterization. For example, the
SK-NEP-1 line established in 1971 was originally des-
ignated as Wilms tumor; however, through molecular
profiling it was recently shown to express the EWS/
FLI1 gene fusion transcript and thus is now known
to be a Ewing sarcoma.”” Similarly, the Rh1 xenograft
which was derived from a patient whose diagnosis was
rhabdomyosarcoma, also expresses an Ewing sarcoma
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gene expression profile and has confirmed expression of
the EWS/FLI1 fusion transcript; thus it is an Ewing sar-
coma and was renamed EW8(Rh1). Several other lines
designated as Ewing sarcoma were confirmed express-
ers of the EWS/FLI1 fusion transcript. The cell line
CHLA-9 was established at diagnosis from a 14-year-
old female with a thoracic PNET, and the CHLA-10
line was established from the same patient after 4 cycles
of chemotherapy, at which time the tumor cells had be-
come p53 mutant.’® The A673 cell line was described
in 1973 as being from a patient with a possible rhab-
domyosarcoma; however, recent cytogenetic testing and
molecular profiling established that A673 cells express
the EWS/FLI1 transcription factor and confirmed that
A673 cells are Ewing sarcoma (Figure 1)."° A673 cells
grown as a human tumor xenograft in immunodeficient
mice have proven to be a useful in vivo model to explore
the biology of tumor growth and to identify therapeutic
targets for sarcomas.

Angiogenic Targets

Vascular endothelial growth factor
Like other solid tumors, Ewing sarcoma requires forma-
tion of a vascular supply to grow; thus angiogenesis is a
rational therapeutic approach for this tumor.>* Tumors
are dynamic, complex, living tissues undergoing varied
processes of tissue growth under the guidance of aberrant
malignant cells. The active involvement of normal cells in
the vicinity of a malignant colony is required for a tumor
mass to grow, and these normal cells become a major com-
ponent of the malignant disease.”® The corollary is that
both the normal and the cancer cells that comprise malig-
nant disease are valid targets for therapeutic intervention.
The A673 Ewing sarcoma human tumor xenograft
was one of the first tumor models that demonstrated
a marked response to the anti-human VEGF antibody
A4.6.1, which became bevacizumab.?* Using A4.6.1
in combination with a mouse VEGF neutralizing an-
tibody showed that angiogenic factors secreted by the
human malignant cells and by the murine host cells
contributed to blood vessel growth in the tumor. Later,
Gerber and Ferrara described the response of 20 hu-
man tumor xenografts representing 13 tumor types
to treatment with bevacizumab, and the A673 Ewing
sarcoma was one of the most responsive tumors to
Vascular endothelial growth factor (VEGF) neutraliza-
tion.”> An in-depth study of the angiogenic properties
of A673 cells found that the cells express and secrete
VEGEF and placental growth factor at high levels and
that the tumor cells also express the VEGF receptors
Flt-1/VEGFR1 and KDR/VEGFR2.* More recently,
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multiplexing technology has allowed the determination
of many secreted factors from small samples. Cytokine
profiling of conditioned medium from A673 Ewing sar-
coma cells grown in culture showed that MCP-1 and
IL-8/CXCL8 were secreted at high levels (Figure 2).
Among the growth factors profiled in this study, VEGF
was secreted at the highest level. The EWS/FLII tran-
scription factor oncoprotein may promote upregulation
of proteins in the VEGF pathway.*

The response of human A673 Ewing sarcoma xe-
nografts grown subcutaneously in immunodeficient
mice to treatment with varied doses of bevacizumab is
shown in Figure 3. Three doses of bevacizumab were
tested: 10, 18.6 and 37.2 mg/kg. Bevacizumab was ad-
ministered by intraperitoneal injection twice weekly. In
the group receiving 37.2 mg/kg, the initiation of treat-
ment was delayed until the tumors reached 300 mm’.
Immunohistochemical analysis of the tumors showed
that the vehicle-treated control tumors had well-formed
vessels with endothelial cell-lined lumens surrounded
by pericytes, while the bevacizumab treatment groups
had pootly formed vessels that were often collapsed and
missing endothelial cells and scattered endothelial cells
with an absence of lumens (Figure 4). Combining beva-
cizumab/A4.6.1 with doxorubicin, topotecan, paclitax-
el, docetaxel or radiotherapy resulted in additive or syn-
ergistic tumor growth inhibition. Changes in vascular
functions were frequently reported in response to treat-
ment. In some studies, these improvements resulted in
an increase in intratumoral uptake of chemotherapy.®>*
Bevacizumab/A4.6.1 treatment in combination with
radiation therapy increased tumor oxygenation and tu-
mor growth delay.

Bevacizumab is now an integral therapeutic com-
ponent in the treatment of several major malignan-
cies.”>? The benefits of bevacizumab are clear, and the
potential adverse events are known. Bevacizumab has
been combined with numerous cytotoxic chemotherapy
regimens, usually without untoward increases in toxic-
ity. Other promising biological VEGF-directed agents
include aflibercept, a VEGF-trap or decoy receptor;
and ramucirumab, an antibody-targeting VEGF re-
ceptor 2.2 Both are in Phase III clinical trials. The
antiangiogenic kinase inhibitors sorafenib, sunitinib
and pazopanib have received regulatory approval in
renal cell carcinoma (sunitinib, pazopanib), gastroin-
testinal stromal tumors (sunitinib) and hepatocellular
carcinoma (sorafenib) as single agents.**** The adverse
events that occur with these drugs are understandable

30,36,37

and frequent. Although some preclinical studies

combining small molecule antiangiogenic agents with

38,39

standard treatments have been promising,**** clinically
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Figure 3. Growth delay of subcutaneously implanted A673 human Ewing sarcoma
xenografts. Mice were treated with intraperitoneal injections of bevacizumab (10,
18.6 or 37.2 mg/kg) twice weekly. The lower-dose treatments (10 and 18.6 mg/kg) were
initiated when tumors were 100 mm?, and the high-dose treatment (37.2 mg/kg) was
initiated when the tumors were 300 mm?.
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Figure 4. Inmunohistochemical staining of human A673 human tumor xenografts
after treatment with bevacizumab or control buffer is shown. The staining for CD31 to
visualize endothelial cells is green, and the staining for NG2 to visualize pericytes is red.
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it has been more difficult to incorporate the small-mol-
ecule kinase inhibitors into combination chemotherapy
regimens than it has been to incorporate bevacizumab
into these regimens. The clinical evaluation of anti-
angiogenic agents for Ewing/PNET sarcoma is at an
early stage®; however, the Children’s Oncology Group
(COQG) has initiated a randomized Phase 2 trial of re-
trieval chemotherapy with or without bevacizumab for
patients with first recurrence of Ewing sarcoma.

CXCL8 (IL-8)/ CXCR2

Over the past 15 years, VEGF and its signal transduc-
tion pathway have been the focus of antiangiogenic
therapeutics in cancer.***! Among the many other an-
giogenic factors, interleukin-8 (CXCLS8) is a mitogen
for endothelial cells and stimulates angiogenesis in
vivo. CXCL8 is secreted by macrophages, leading to
macrophage-associated angiogenesis in malignant dis-
ease. Interestingly, in addition to CXCL8, A673 Ewing
sarcoma cells secrete MCP-1(CCL2), monocyte che-
motatic protein-1, which recruits macrophage to the
tumor (Figure 2). The receptor for CXCL8 is CXCR2.
There are 7 known proangiogenic chemokines that are
ligands for the chemokine receptor CXCR2.** A posi-
tive correlation has been found between the levels of
tumor-associated macrophage (TAM) (macrophage
index) in many human cancers and tumor angiogen-
esis.?* Overexpression of CXCL8 correlates with
tumor stage as well as disease progression and recur-
rence. Serum levels of CXCL8 have been considered a
potential tractable clinical biomarker in melanoma.®
CXCL8 was evaluated as a therapeutic target using a
fully human anti-CXCL8 (ABX-IL8) neutralizing an-
tibody. Although the antibody had little effect in cell
culture, it produced a significant decrease in the growth
of human tumor xenografts, indicating a potential ef-
fect on the tumor microenvironment, However, ABX-
IL8 antibody was discontinued due to limited activity
in a clinical trial. More recently, in preclinical studies,
CXCR2 was targeted with an antagonistic antibody.**
Small-molecule inhibitors of CXCR2 have been tested
in inflammatory diseases; dual CXCR1/ CXCR2 in-
hibitors such as SCH-479833 and SCH-527123 have

been evaluated preclinically in cancer.”*

Sarcoma Targets

Endosialin/CD248/ TEM-1

Endosialin/CD248/TEM-1 was first identified in
1992 as the antigen of an antibody designated FB5 that
was raised in mice inoculated with human fetal fibro-
blasts.*! In tissues, FB5 reacted strongly with vascular

EWING/PNET SARCOMA

cells in 67% of malignant tumor specimens and more
weakly with stromal fibroblasts in a subset of specimens.
This initial study provided the evidence that endosialin
was expressed during development, being a fetal antigen,
that it was overexpressed in cancer tissues and that its ex-
pression varied between carcinomas and sarcomas.

Subsequently, several reports of endosialin protein
expression concurred that endosialin expression was lim-
ited to a few cell types in normal tissues and was mainly a
developmental and pathologic feature. However, endosia-
lin transcript was found to be ubiquitously expressed in
normal adult tissues in addition to somatic tissues during
development, both in humans and mice.** Tissues with
high levels of endosialin transcript seemed to express the
protein, while tissues with lower levels of the transcript
seemed negative for the protein.”® High endosialin was
detected in fibroblasts and pericytes in human thymus,
lymph nodes and spleen during lymphoid tissue develop-
ment but mostly absent in the adult except during sec-
ondary lymphoid organ remodeling during adaptive im-
mune responses.”**> In normal adults, endosialin protein
expression appears to be limited to normal endometrial
stroma and occasional fibroblasts.”>***” The murine or-
tholog of endosialin was cloned and found to be expressed
during development and during implanted tumor growth
in the adult mouse.”®*®

In 2000, St. Croix et al found that the mRNA most
upregulated in a sample of human colon cancer vascular
cells was the message for endosialin (TEM1).%¢! Later,
endosialin was found to be expressed in the vasculature
and fibroblasts of human brain tumor specimens, includ-
ing astrocytoma, anaplastic astrocytoma, glioblastoma
multiforme, meningioma, oligodendroglioma, ependy-
moma and carcinoma brain metastasis.**** By immuno-
histochemistry, endosialin co-localized with the pericyte
marker NG2 in breast cancer specimens but not with
the endothelial marker CD31.°**7 In carcinomas, endo-
sialin protein was detected in tumor capillaries and fibro-
blasts.” Although there was some controversy regarding
the vascular cells that express endosialin, it is now clear
that endosialin stained NG2-positive cells, i.e., pericytes
with subcellular localization of endosialin on the surface
of the pericyte cell-body and finger-like processes.®>%¢+¢¢
Tumors grow more slowly in endosialin/TEM1 KO
mice, suggesting that host endosialin/ TEM1-positive
stroma promotes malignancy.”’ Endosialin may play a
role in cell-cell adhesion and in adhesion to extracellular
matrix proteins.®®*”° The endosialin protein sequence has
EGF and thrombomodulin domains, suggesting a role in
protein-protein interactions.®!

Endosialin/CD248/TEM-1 is expressed in stromal
cells, endothelial cells and pericytes in various tumors;
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however, a few studies focused on expression in malig-
nant cells. In 2005, Dolznig et al showed expression of
endosialin transcript in sarcomas, and expression of the
protein in malignant cells in one malignant fibrous histio-
cytoma and one liposarcoma.”®> More recently, endosialin
protein expression was assessed by immunohistochemis-
try in 250 clinical specimens of human cancer, including
20 cancer subtypes.'® The results showed that endosialin
protein is frequently found in human cancers. Endosialin
expression was mainly a perivascular feature in carcino-
mas, with some detectable expression in stromal cells;
however, in sarcomas endosialin was expressed by ma-
lignant cells, perivascular cells and stromal cells. The
expression of endosialin in an Ewing sarcoma specimen
expressing the protein with 3+ intensity (high) is shown
in Figure 5. When 9 clinical specimens of Ewing sarcoma
were tested, endosialin expression was >50% in 5 speci-
mens, and several maintained high levels of expression at
the 3+ intensity expression level (Figure 5).

Fifty human tumor cell lines and six normal cell types
in culture were assayed by RT-PCR and/or flow cytom-
etry for endosialin.'” Endosialin cell surface protein was
found on 7 sarcoma lines, 1 neuroblastoma and 4 normal
cell types in culture. The flow cytometric histograms of 5
human Ewing sarcoma cell lines immunostained for en-
dosialin are shown in Figure 6. Four of the 5 cell lines ex-
pressed high levels of cell surface endosialin. Images of the
endosialin immunostaining of A673 Ewing sarcoma cells
illustrate the characteristic pattern for cell surface protein
expression (Figure 6).

CD146, also known as the melanoma cell adhesion
molecule (MCAM) or cell surface glycoprotein MUC18,
is an adhesion molecule currently used as a marker for
endothelial cell lineage. CD146 has been seen as a marker
for mesenchymal stem cells isolated from multiple adult
and fetal organs. CD146 expression may be linked to
multipotency; mesenchymal stem cells with greater dif-
ferentiation potential express higher levels of CD146 on
the cell surface. In addition to expression in the vascular
compartment, CD146 malignant cell expression is asso-
ciated with an advanced tumor stage in melanoma, pros-
tate, ovarian and breast cancers.”' CD146 is expressed by
SK-ES-1 and A673 human Ewing sarcoma cells in cul-
ture; however, the expression of endosialin by these cells
is stronger (Figure 6). The question remains whether
endosialin will continue to be expressed by sarcoma cells
in vivo, Human A673 Ewing sarcoma cells were injected
intravenously into immunodeficient mice to produce dis-
seminated disease. Tumor nodules grew in several organs
in the mice, including ovary, lymph node, spine and lung
(Figure 7). The tumors that arose in each tissue environ-
ment continued to express endosialin. The intensity of the
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Figure 5a. Histologic and immunohistochemical features of Ewing sarcoma. Classic
Ewing sarcoma appears as sheet of monotonous round cells. The cells have little
cytoplasm and round nuclei. The cells show strong plasma-membrane staining for
endosialin. There is no staining with the isotype control antibody, b. Endosialin staining
intensities in 9 human Ewing sarcoma clinical specimens. Each dotted line is a clinical
specimen showing the endosialin staining intensity at 1+, 2+ and 3+ levels. The solid line
is the mean staining intensity for the 9 clinical specimens at each level (19).
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Figure 6a. Endosialin cell surface protein expression in 5 human Ewing sarcoma cell
lines and Hek293 cells transfected to express high levels of endosialin. Four of the 5
human Ewing sarcoma cell lines express endosialin. b. Human A673 Ewing sarcoma
cells immunostained with an antibody to endosialin showing a cell surface staining
pattern. c. The mean fluorescence intensity from flow cytometric histograms for SK-
ES-1 and A673 human Ewing sarcoma cells showing the relative fluorescence intensity
for expression of CD146.
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Figure 7. Inmunohistochemical staining for endosialin in tissue from immunodeficient mice with disseminated A672 Ewing sarcoma
xenografts, along with the scoring of the intensity of endosialin tumor staining for each specimen, is shown.

endosialin staining was scored on the same scale as the
one used for the human clinical specimens, and most of
the tumor nodules showed a high percentage of 3+ stain-
ing intensity (Figure 7). A fully human anti-endosialin
monoclonal antibody bound to human A673 Ewing sar-
coma cells and SK-NA-S neuroblastoma cells but not
HT-1080 fibrosarcoma cells. Exposure of the cells to an
anti-human IgG conjugated to saporin resulted in growth
inhibition only of the endosialin-expressing cells."
Although the biological function of endosialin is in-
completely understood beyond evidence that endosialin

may interact with the tumor microenvironment®7%72

and
play a role in the expression of PDGF and in pericyte
function,” data support the notion that endosialin may
play a role in malignancy. Most importantly, endosialin
is expressed in sarcomas with poor prognosis and in ad-
vanced 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.”>”*

Conclusion

The treatment of cancer is moving toward therapeutics
selected based upon the molecular characteristics of
the specific disease. Thus the potential therapeutic tar-
gets of each malignancy must be known and addressed.
Preclinical models that as accurately as possible reflect the
clinical disease will have an important role in facilitating
drug discovery in this new era. Ewing sarcoma is a rare
tumor; however, the human Ewing/PNET sarcoma cell
lines available have allowed the elucidation of angiogenic
and malignant cell targets that can be confirmed in clini-
cal specimens of the disease. This knowledge should pro-
mote the development of new treatments and treatment
regimens for this family of neuroectodermal tumors.

Ann Saudi Med 31(2) March-April 2011 www.saudiannals.net



EWING/PNET SARCOMA

REFERENCES

1. Bleyer A, Barr R, Hayes-Lattin B, Thomas D, Ellis
C, Anderson B. The distinctive biology of cancer in
adolescents and young adults. Nature Rev Cancer
2008;8:288-98.

2. Balamuth NJ, Womer RB. Ewing’s sarcoma.
Lancet Oncol 2010;11:184-92.

3. Windsor R, Strauss S, Seddon B, Whelan J. Ex-
perimental therapies in Ewing's sarcoma. Expert
Opin Investig Drugs 2009;18:143-59.

4. Chibon F, Lagarde P, Salas S, Perot G, Brouste V,
Tirode F, et al. Validated prediction of clinical out-
come in sarcomas and multiple types of cancer on
the basis of a gene expression signature related to
geneome complexity. Nature Med 2010;16:781-7.
5. Randall RL, Lessnick SL, Jones KB, Gouw LG,
Cummings JE, Cannon-Albright L, et al. Is there a
predisposition gene for Ewing’s sarcoma? J Oncol
2010;2010:1-6.

6. Bernstein M, Kovar H, Paulussen M, Randall
RL, Schuck A, Teot LA, et al. Ewing’s sarcoma fam-
ily of tumors: Current management. Oncologist
2006;11:503-19.

7. Janknecht R. EWS-ETS oncoproteins: The
linchpins of Ewing tumors. Gene 2005;363:1-14.

8. Ordonez JL, Osuna D, Herrero D, de Alava E,
Madoz-Gyrpide J. Advances in Ewing's sarcoma
research: Where are we now and what lies
ahead? Cancer Res 2009;69:7140-50.

9. Anderson P, Kopp L, Anderson N, Cornelius
K, Herzog C, Hughes D, et al. Novel bone cancer
drugs: Investigational agents and control para-
digms for primary bone sarcomas (Ewing's sar-
coma and osteosarcoma). Expert Opin Investing
Drugs 2008;17:1703-15.

10. Teicher BA. Human tumor xenografts and
mouse models of human tumors: Rediscovering the
models. Exp Opin Drug Discovery 2009;4:1295-305.
11. Morton CL, Houghton PJ. Establishment of hu-
man tumor xenografts in immunodeficient mice.
Nature Protocols 2007;2:247-50.

12. Neale G, Su X, Morton CL, Phelps D, Gorlick R,
Lock RB, et al. Molecular characterization of the
pediatric preclinical testing panel. Clin Cancer Res
2008;14:4572-83.

13. Whiteford CC, Bilke S, Greer BT, Chen Q,
Braunschweig TA, Cenacchi N, et al. Credentialing
preclinical pediatric xenograft models using gene
expression and tissue microarray analysis. Cancer
Res 2007;67:32-40.

14. Houghton PJ, Morton CL, Tucker C, Payne D, Fa-
vours E, Cole C, et al. The pediatric preclinical test-
ing program: Description of models and early testing
results. Pediatr Blood Cancer 2007;49:928-40.

15. Smith MA, Morton CL, Phelps D, Girtman K,
Neale G, Houghton PJ. SK-NEP-1 and Rh1 are
Ewing family tumor lines. Pediatr Blood Cancer
2008;50:703-6.

16. Batra S, Reynolds CP, Maurer BJ. Fenretinide
cytotoxicity for Ewing’s sarcoma and primitive
neuroectodermal tumor cell lines is decreased
by hypoxia and synergistically enhanced by ce-
ramide modulators. Cancer Res 2004;64:5415-24.
17. Martinez-Ramirez A, Rodriguez-Perales S, Me-
lendez B, Martinez-Delgado B, Urioste M, Cigudosa
JC, et al. Characterization of the A673 cell line (Ew-
ing tumor) by molecular cytogenetic techniques.
Cancer Genet Cytogenet 2003;141:138-42.

18. Coleman N, Roberts I. Re: Characterization
of the A673 cell line (Ewing tumor) by molecular
cytogenetic techniques. Cancer Genet Cytogenet
2004;148:86.

19.Rouleau C, Curiel M, Weber W, Smale R,
Kurtzberg L, Mascarello J, et al. Endosialin protein
expression and therapeutic targetpotential in hu-
man solid tumors: sarcoma versus carcinoma. Clin

Cancer Res 2008;14:7223-36.

20. DuBois SG, Marina N, Glade-Bender J. Angio-
genesis and vascular targeting in Ewing sarcoma.
Cancer 2010;116:749-57.

21.Teicher BA. A systems approach to cancer
therapy (antiangiogenics + standard cytotoxics
mechanism(s) of interaction. Cancer Metastasis
Rev 1996;15:247-72.

22. Gerber HP, Kowalski J, Sherman D, Eberhard
DA, Ferrara N. Complete inhibition of rhabdomyo-
sarcoma xenograft growth and neovascularization
requires blockade of both tumor and host vascular
enothelial growth factor. Cancer Res 2000;60:6253-8.
23. Gerber HP, Ferrara N. Pharmacology and phar-
macodynamic of bevacizumab as monotherapy or
in combination with cytotoxic therapy in preclini-
cal studies. Cancer Res 2005;65:671-80.

24.Dalal S, Berry AM, Cullinane CJ, Mangham
DC, Grimer R, Lewis IJ, et al. Vascular endothe-
lail growth factor: A therapeutic target for tumors
of the Ewing’s sarcoma family. Clin Cancer res
2005;11:2364-78.

25.Yang SX. Bevacizumab and breast cancer:
Current therapeutic progress and future. Exp Rev
Anticancer ther 2009;9:1715-25.

26. Higa GM. Breast cancer: Beyond the cutting
edge. Expert Opin Pharmacother 2009;10:2479-98.
27.Sarmiento R, D'Andrea M, Cacciamani F,
Salerno F, Gasparini G. Antiangiogenic thera-
pies in breast cancer. Curr Opin Investig Drugs
2009;10:1334-45.

28.Roy V, Perez EA. Bioloigc therapy of breast
cancer: Focus on co-inhibition of endocrine and
angiogenesis pathways. Breast Cancer Res Treat
2009;116:31-8.

29. Spratlin JL, Cohen RB, Eadens M, Gore L,
Camidge DR, Diab S, et al. Phase | pharmacologic
and biologic study of ramucirumab 9IMC-1121B),
a fully human immunoglobulin G1 monoclonal an-
tibody targeting the vascular endothelial growth
factor receptor-2. J Clin Oncol 2010;28:780-7.

30. Chu D, Lacouture ME, Fillos T, Wu S. Risk of
hand-foot skin reaction with sorafenib: A sys-
tematic review and meta-analysis. Acta Oncol
2008;47:176-86.

31. Motzer RJ, Hutson TE, Tomczak P, Michaelson
MD, Bukowski RM, Rixe 0, et al. Sunitinib versus
interferon alfa in metastatic renal-cell carcinoma.
N Engl J Med 2007;356:115-24.

32. Llovet JM, Ricci S, Mazzaferro V, Hilgard P,
Gane E, Blanc JF, et al. Sorafenib in advanced
hepatocellular carcinoma. N Engl J Med
2008;359:378-90.

33. Sternberg CN, Szczylik C, Lee E, Salman PV,
Mardiak J, Davis ID, et al. A randomized, double-
blind phase Il study of pazopanib in treatment-
naive and cytokine-pretreated patients with ad-
vanced renal cell carcinoma (RCC). J Clin Oncol
2009;27:5431-8.

34. Ainsworth NL, Lee JS, Eisen T. Impact of
anti-angiogenic treatment on metastatic renal
cell carcinoma. Expert Rev Anticancer Ther
2009;9:1793-805.

35.Zhu AX, Raymond E. Early development of
sunitinib in heptacellular carcinoma. Exp Rev Anti-
cancer Ther 2009;9:143-50.

36. Autier J, Escudier B, Wechsler J, Spatz A, Rob-
ert C. Prospective study of the cutaneous adverse
effects of sorafenib, a novel multikinase inhibitor.
Arch Dermatol 2008;144:886-92.

37.Theo-Anton N, Faivre S, Dreyer C, Raymond
E. Benefit-risk assessment of sunitinib in gastro-
intestinal stromal tumors and renal cancer. Drug
Safety 2009;32:717-34.

38. Carter CA, Chen C, Brink C, Vincent P, Max-

Ann Saudi Med 31(2) March-April 2011 www.saudiannals.net

uitenko YY, Gilbert KS, et al. Sorafenib is effica-
cious and tolerated in combination with cytotoxic
or cytostatic agents in preclinical models of hu-
man non-small cell lung carcinoma. Cancer Che-
mother Pharmacol 2007;59:183-95.

39. Cumashi A, Tinari N, Rossi C, Lattanzio R,
Natoli C, Piantelli M, lacobelli S. Sunitinib malate
(SU-11248) alone or in combination with low-dose
docetaxel inhibits the growth of DU-145 prostate
cancer xenografts. Cancer Lett 2008;270:229-33.
40. Ferrara N. VEGF-A: A critical regulator of blood
vessel growth. Eur Cytokine Netw 2009;20:158-63.
41. Staton CA, Brown NJ, Reed MW. Current status
and future prospects for anti-angiogenic therapies
in cancer. Expm Opin Drg Discov 2009;4:961-79.
42.Keeley EC, Mehrad B, Strieter RM. Chemo-
kines as mediators of neovascularization. Arterio-
scler Thromb Vasc Biol 2008;28:1928-36.

43. Singh S, Sadanandam A, Nannuru KC, Varney
ML, Mayer-Ezell R, Bond R, et al. Small-molecule
antagonists for CXCR2 and CXCR1 inhibit human
melanoma growth by decreasing tumor cell pro-
liferation, survival and angiogenesis. Clin Cancer
Res 2009;15:2380-6.

44.Noonan DM, De Lerma Barbaro A, Vannini
N, Mortara L, Albini A. Inflammation, inflamma-
tory cells and angiogenesis: Decisions and indeci-
sions. Cancer Met Rev 2008;27:31-40.

45. Crawford S, Belajic D, Wei J, Riley JP, Dun-
ford PJ, Bembenek S, et al. A novel B-RAF inhibi-
tor blocks interleukin-8 (IL-8) synthesis in human
melanoma xenografts, revealing IL-8 as a potential
pharmacodynamic biomarker. Molec Cancer Ther
2008;7:492-9.

46. Matsuo Y, Raimondo M, Woodward TA, Wal-
lace MB, Gill KR, Tong Z, et al. CXC-chemokine/
CXCR2 biological axis promotes angiogenesis in
vitro and in vivo in pancreatic cancer. IntJ Cancer
2009;125:1027-37.

47. Yanagawa J, Walser TC, Zhu LX, Hong L, Fish-
bein MC, Mah V, et al. Snail promotes CXCR2 ligand-
dependent tumor progression in noon-small cell
lung carcinoma. Clin Cancer Res 2009;15:6820-9.
48. Neri F, Puviani L, Tsivian M, Prezzi D, Pacile V,
Cavallari G, et al. Protective effect of an inhibitor of
interleukin-8 (meraxin) from ischemia and reperfu-
sion injury in a rat model of kidney transplantation.
Transplant Proc 2007;39:1771-2.

49. Rettig WJ, Garin-Chesa P, Healy JH, Su SL,
Jaffe EA, Old LJ. Identification of endosialin, a
cell surface glycoprotein of vascular endothelial
cells in human cancer. Proc Natl Acad Sci USA
1992,89:10832-6.

50. Teicher BA. Newer vascular targets: Endosia-
lin (review). Int J Oncol 2007;30:305-12.

51. Bagley RG. Endosialin: From vascular target to
biomarker for human sarcomas. Biomarkers Med
2009;3:589-604.

52. Opavsky R, Haviernik P, Jurkovicova D, Garin
MT, Copeland NG, Gilbert DJ, et al. Molecular
characterization of the mouse Tem1/endosialin
gene regulated by cell density in vitro and ex-
pressed in normal tissues in vivo. J Biol Chem
2001;276:38795-807.

53. Dolznig H, Schwiefer N, Puri C, Kraut N, Rettig
WJ, Kerjaschki D, et al. Characterization of cancer
stroma markers: In silico analysis of an mRNA ex-
pression database for fibroblast activation protein
and endosialin. Cancer Immun 2005;5:10-9.

54. Lax S, Hou TZ, Jenkinson E, Salmon M, Mac-
Fadyen JR, Isacke CM, et al. CD248/Endosialin
is dynamically expressed on a subset of stromal
cells during lymphoid tissue development, splenic
remodeling and repair. FEBS Lett 2007;581:3550-6.
55. Lax S, Hardie DL, Wilson A, Douglas MR, An-

181



182

derson G, Huso D, et al. The pericyte and stromal
cell marker CD248 (endosialin) is required for ef-
ficient lymph node expansion. Eur J Immunol
2010;40:1884-9.

56. MacFadyen JR, Haworth O, Robertson D,
Hardie D, Webster MT, Morris HR, et al. En-
dosialin (TEM1, CD248) is a marker of stromal
fibroblasts and is not selectively expressed on
tumour endothelium. FEBS Lett 2005;579:2569-75.
57. MacFadyen J, Savage K, Wienke D, Isacke
CM. Endosialin is expressed on stromal fibro-
blasts and CNS pericytes in mouse embryos
and is downregulated during development. Gene
Expr Patterns 2007;7:363-9.

58. Rupp C, Dolznig H, Puri C, Sommergruber
W, Kerjaschki D, Rettig WJ, et al. Mouse endo-
sialin, a C-type lectin-like cell surface receptor:
Expression during embryonic development and
induction in experimental cancer neoangiogen-
esis. Cancer Immun 2006;6:10-21.

59. Rupp C, Dolznig H, Puri C, Schweifer N,
Sommergruber W, Kraut N, et al. Laser capture
microdissection of epithelial cancers guided by
antibodies against fibroblast activation protein
and endosialin. Diagn Mol Pathol 2006;15:35-42.

60. St Croix B, Rago C, Velculescu V, Traverso
G, Romans KE, Montgomery E, et al. Genes ex-
pressed in human tumor endothelium. Science
2000;289:1197-202.

61. Christian S, Ahorn H, Koehler A, Eisenhaber
F, Rodi HP, Garin-Chesa P, et al. Molecular clon-

ing and characterization of endosialin, a C-type
lectin-like cell surface receptor of tumor endo-
thelium. J Biol Chem 2001;276:7408-14.
62.Brady J, Neal J, Sadakar N, Gasque P. Hu-
man endosialin (tumor endothelial marker 1) is
abundantly expressed in highly malignant and
invasive brain tumors. J Neuropathol Exp Neu-
rol. 2004;63:1274-83.

63. Carson-Walter EB, Winnans BN, Whiteman
MC, Liu Y, Jarvels S, Haapasalo H, et al. Char-
acterization of TEM1/endosialin in human and
murine brain tumors. BMC Cancer 2009;9:417.
64. Tentori L, Vergati M, Muzi A, Levati L, Ruffini
F, Forini O, et al. Generation of an immortalized
human endothelial cell line as a model of neo-
vascular proliferating endothelial cells to assess
chemosensitivity to anticancer drugs. Int J On-
col 2005;27:525-35.

65. Huber MA, Kraut N, Schweifer N, Dolznig H,
Peter RU, Schubert RD, et al. Expression of stro-
mal cell markers in distinct compartments of hu-
man skin cancers. J Cutan Pathol 2006;33:145-55.
66. Virgintino D, Girolamo F, Errede M, Capo-
bianco C, Rovertson D, Stallcup WB, et al. An
intimate interplay between precocious, migrat-
ing pericytes and endothelial cells governs
human fetal brain angiogenesis. Angiogenesis
2007;10:35-45.

67. Nanda A, Karim B, Peng Z, Liu G, Qiu W, Gan
C, et al.Tumor endothelial marker 1 (Tem1) func-
tions in the growth and progression of abdominal

EWING/PNET SARCOMA

tumors.Proc Natl Acad Sci USA. 2006;103:3351-6.
68. Battle TE, Nguyen C, Bagley RG, Kataoka S,
Honma N, Brondyk W, et al. TEM1/endosialin par-
ticipates in cell matrix and cell-cell adhesion in-
teractions. Proc Amer Assoc Cancer Res 2007;48.
69. Tomkowicz B, Rybinski K, Foley B, Ebel W,
Kline B, Routhier E, et al. Interaction of endosia-
lin/TEM1 with extracellular matrix proteins medi-
ates cell adhesion and migration. Proc Natl Acad
Sci USA 2007;104:17965-70.

70. Tomkowicz B, Rybinski K, Sebeck D, Sass P,
Nicolaides NC, Grasso L, et al. Endosialin/TEM-
1/CD248 regulates pericyte proliferation through
PDGF receptor signaling. Cancer Biol Ther
2010;9:908-15.

71.Zabouo G, Imbert AM, Jacquemier J, Finetti
P, Moreau T, Esterni B, et al. CD146 expression is
associated with a poor prognosis in human breast
tumors and with enhanced motility in breast can-
cer cell lines. Breast cancer Res 2009;11:R1.
72.0hradanova A, Gradin K, Barathova M, Za-
tovicova M, Holotnakova T, Kopacek J, et al.
Hypoxia upregulates expression of human endo-
sialin gene via hypoxia-inducible factor 2. Br J
Cancer 2008;99:1348-56.

73.Thornton K. Chemotherapeutic manage-
ment of soft tissue sarcoma. Surg Clin North Am
2008;88:647-60.

74.Thornton K, Pesce CE, Choti MA. Multidis-
ciplinary management of metastatic sarcoma.
Surg Clin North Am 2008;88:661-72.

Ann Saudi Med 31(2) March-April 2011 www.saudiannals.net



