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Abstract

Background Osteosarcoma (OS) is the most frequent
bone tumor in children and adolescents. Tumor antigens
are encoded by genes that are expressed in many types of
solid tumors but are silent in normal tissues, with the
exception of placenta and male germ-line cells. It has been
proposed that antigen tumors are potential tumor markers.
Objectives The premise of this study is that the identifi-
cation of novel OS-associated transcripts will lead to a
better understanding of the events involved in OS patho-
genesis and biology.
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Methods We analyzed the expression of a panel of seven
tumor antigens in OS samples to identify possible tumor
markers. After selecting the tumor antigen expressed in
most samples of the panel, gene expression profiling was
used to identify osteosarcoma-associated molecular alter-
ations. A microarray was employed because of its ability to
accurately produce comprehensive expression profiles.
Results PRAME was identified as the tumor antigen
expressed in most OS samples; it was detected in 68% of
the cases. Microarray results showed differences in
expression for genes functioning in cell signaling and
adhesion as well as extracellular matrix-related genes,
implying that such tumors could indeed differ in regard to
distinct patterns of tumorigenesis.

Conclusions The hypothesis inferred in this study was
gathered mostly from available data concerning other kinds
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of tumors. There is circumstantial evidence that PRAME
expression might be related to distinct patterns of tumori-
genesis. Further investigation is needed to validate the
differential expression of genes belonging to tumorigene-
sis-related pathways in PRAME-positive and PRAME-
negative tumors.

Introduction

There is considerable interest in genes coding for tumor-
associated antigens or CGGs (cancer germ-line genes) that
have been identified in the last decade, including the
melanoma antigen families MAGEA, BAGE, GAGE/PAGE
and LAGE/NY-ESO-1 [1, 2]. These antigens are encoded by
genes that are expressed in many types of solid tumors but
are silent in normal tissues from adults, with the exception
of placenta and male germ-line cells [2]. They consist of an
antigenic peptide 8-10 amino acids in length which is
presented to cytolytic T lymphocytes (CTL) by HLA class
I molecules [1, 2]. Unlike the first category of antigens
(MAGEA, BAGE, GAGE/PAGE and LAGE/NY-ESO-I),
PRAME is expressed in some normal tissues, such as
adrenal tissue, ovaries and endometrium, although at very
low levels [3]. It is possible that these normal cells do not
present enough PRAME peptide to ensure recognition by
CTL [3, 4]. The PRAME gene encodes a 509-amino acid
protein and is located on chromosome 22 (22q11.22), in
contrast to the MAGEA, BAGE, GAGE/PAGE and LAGE/
NY-ESO-1 genes, which are located on chromosome Xp
[2-5].

PRAME (preferentially expressed in melanoma), is a
gene that encodes an HLA-A24-restricted antigenic peptide
presented to an autologous CTL clone in melanoma
patients [3, 4, 6]. The question of whether activation of
PRAME is causally implicated in oncogenic transformation
or whether it is a mere reporter of progressive disease
remains unanswered. Recent data indicate that PRAME
may be instrumental in disease progression as it interferes
with retinoic acid (RA) receptor (RAR) signaling [7-9].
RA signaling is essential for development, cell fate deter-
mination, and tissue homeostasis. RA induces the tran-
scription of a set of target genes by binding to and
activating its receptor, resulting in differentiation and cell
cycle arrest in responsive cells. Loss of RA responsiveness
is therefore beneficial to cancer cells [8, 9].

Besides melanoma, PRAME is frequently expressed in
many different cancers, and its expression correlates with
prognosis and survival [8]. For instance, PRAME is
expressed in non-small-cell lung carcinomas, breast carci-
nomas, renal cell carcinomas, head and neck cancers,
Hodgkin’s lymphomas, and sarcomas [3, 8]. The expres-
sion of PRAME is also significant in the acute and chronic

phases of both myelocytic and lymphocytic leukemias,
with reported frequencies of expression ranging from
17-42% in acute lymphoblastic leukemia (ALL) to
30-64% in acute myelogenous leukemia (AML) [4, 7]. A
comparison of the gene signatures of the chronic, accel-
erated, and blast phases of chronic myelogenous leukemia
(CML) revealed that early in the accelerated phase, before
the accumulation of increased numbers of leukemia blast
cells, new gene expression patterns occur, including an
increase in PRAME expression [4, 7].

A number of studies have shown significant involve-
ment of the tumor antigens in the pathogenesis of different
cancers, including pediatric solid tumors [10, 11]. How-
ever, little information is available regarding the expres-
sion of tumor antigens in pediatric tumors. Jacobs et al.
[10] measured the expression levels of 8 MAGEA genes
and the genes LAGE-2/NY-ESO-1 and GAGE-1, 2, 8§ in 9
OSs, 10 neuroblastomas, 12 rhabdomyosarcomas and 18
Ewing’s sarcomas using quantitative real-time PCR. All
OSs and 80% of the neuroblastoma samples expressed
several tumor antigens at high levels. Six of 12 rhabdo-
myosarcomas and 11 of the 18 Ewing’s sarcomas expres-
sed at least one tumor antigen. No correlation was found
between the level of tumor antigen expression in the tumor
and the clinicopathological parameters of the patient.

The same group also used qPCR to quantify the
expression of the genes MAGEAI, MAGEA2, MAGEAS3,
MAGEA4, MAGEA6, MAGEAI0, MAGEAI2, MAGEC2,
NY-ESO-1 and GAGE-1, 2, 8 in 50 pediatric brain tumors
with different histological subtypes. Fifty-five percent of
the medulloblastomas (n = 11), 86% of the ependymomas
(n =17), 40% of the choroid plexus tumors (n = 5), and
67% of the astrocytic tumors (n = 27) expressed one or
more tumor antigens. Except for a minority of such tumors,
the overall level of tumor antigen expression in pediatric
brain tumors was low and high expression of at least one
tumor antigen was observed in 32% of the samples [11].

Osteosarcoma (OS) is the most common primary bone
tumor in children and young adults [12]. Approximately
10-20% of patients with OS have metastatic disease at
diagnosis. The most frequent site of metastasis is the lung.
However, a smaller percentage of patients have bone and soft
tissue metastases. The presence of metastasis at diagnosisis a
prognostic factor, with a strong impact on the overall sur-
vival of these patients. Patients without metastasis at diag-
nosis have a 5-year overall survival rate of 70%, whereas
overall survival falls to 32% in patients with metastasis at
diagnosis [13-15]. In Brazil, studies from the Brazilian
Osteosarcoma Treatment Group (BOTG) have shown that
21% of patients have metastatic disease at diagnosis—twice
the rate observed in developed countries [15].

Despite the dramatic advances made in OS treatment,
patient survival has reached a plateau. Recent clinical trials

@ Springer



460

S. R. C. Toledo et al.

which have attempted to improve outcome through the
intensification of therapy or the incorporation of new
agents have not been widely successful. Therefore,
increasing focus has been placed on achieving a greater
understanding of the basic biology of OS, with the goal of
using that information to improve treatment [16].

The premise of this study is that the identification of novel
OS-associated transcripts will lead to a better understanding
of the events involved in OS pathogenesis and biology. We
analyzed the expression of a panel of tumor antigens in OS
samples to identify possible tumor markers. After identify-
ing the PRAME gene as the tumor antigen expressed
in most samples of the panel, we used the microarray plat-
form CodeLink (GE/Amersham, Piscataway, NJ, USA;
now Applied Microarrays, Tempe, AZ, USA) to identify
OS-associated molecular alterations. This microarray was
employed because of its ability to accurately produce com-
prehensive expression profiles. Finally, we selected the
EPCAM (epithelial cell adhesion molecule) gene to validate
the microarray results by quantitative PCR (qPCR).

Materials and methods
Patient tumor samples

All 51 flash-frozen OS samples of the 48 patients utilized
in this study were obtained from patients attending the
Pediatric Oncology Institute GRAACC/UNIFESP (Grupo
de Apoio ao Adolescente e a Crianga com Cancer/Federal
University of Sdo Paulo) on the basis of clinical, imaging
and laboratory findings. Tumor tissues were taken from
typical and viable tumor areas with >80% tumor-cell
contents and immediately frozen in liquid nitrogen and
preserved at —80°C. Five normal bone samples were used
as controls. These samples were obtained from healthy
individuals without genetic and/or musculoskeletal dis-
eases who underwent orthopedic surgery due to trauma.
Samples from each primary tumor and normal bone were
collected after informed consent was obtained from
patients/guardians according to the University’s IRB (CEP/
UNIFESP no. 0050).

Twenty-nine OS tumors—16 biopsy and 13 metastasis
samples from 26 different patients—were used to identify
the expression pattern of the tumor antigen gene panel
tested by semi-quantitative RT-PCR. Of the total 26
patients included, only three had paired biopsy and
metastasis samples (patients 5, 9 and 19 in Additional File
3 of the “Electronic supplementary material”). After
identifying the PRAME gene as the tumor antigen expres-
sed in most OS tumor samples, we selected 6 of these OS
biopsy samples that had previously been tested for PRAME
expression by RT-PCR for the microarray technique. To
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validate the microarray results by qPCR, we used 30 OS
biopsy samples (Additional File 3 of the “Electronic sup-
plementary material”).

RNA extraction and cDNA synthesis

Total RNA was extracted using the TRIzol reagent (Invit-
rogen, Carlsbad, CA, USA) according to the manufacturer’s
instructions. The RNA was recovered from the aqueous
phase by ethanol precipitation, and the pellets were dis-
solved in RNase-free water. First-strand cDNA synthesis,
primed with oligo (dT) and 1 pg of RNA template, was
catalyzed with Superscript III reverse transcriptase (Invit-
rogen), following the manufacturer’s instructions.

Semi-quantitative RT-PCR for analysis of the CT
antigen expression panel

We evaluated the expression of mRNA of the tumor anti-
gens MAGEAI, MAGEA4, MAGEA10, MAGEAI2, BAGE,
LAGE and PRAME on 29 OS samples. The RT-PCR
(reverse transcriptase-polymerase chain reaction) amplifi-
cation was performed using 1/10 of cDNA, and the quality
of the RNA and cDNA was evaluated by concomitant
amplification of the ACTB (actin beta) mRNA. Primers
used for amplification are presented in Table 1. The
sequences were positioned in different exons of each gene
to avoid false-positive results caused by DNA contamina-
tion of the RNA preparation. Assessment of the PCR
product was performed visually on an ethidium bromide-
stained agarose gel by comparing the intensity of the band
with that resulting from a semi-quantitative RT-PCR per-
formed on serial dilutions (1:1, 1:3, 1:9 and 1:27) of the
RNA from the tumor cell lines MZ2-MEL and LB373
(kindly gifted by Dr. P.G. Coulie from the Ludwig Institute
for Cancer Research, Brussels, Belgium) or K562, used as
positive controls for antigen expression. MZ2-MEL was
used as control for the expression of MAGEAA2, AI10 and
GAGE, the LB373 line as control for MAGEA4, Al2,
LAGE 1, and PRAME, whereas the leukemia cell line K562
was used as control for the expression of MAGEAI. Sam-
ples were scored ++-++, +++, ++ or + if the amount of
the amplified product was equal to or greater than that
obtained with the 1:1, 1:3, 1:9 and 1:27 dilutions of the
reference RNA, respectively. Lower levels of expression
were scored negative. An expression level of the ACTB
gene comparable to that of the positive control was
obtained with each sample.

Microarrays, data acquisition and statistical analysis

We used gene expression profiling to compare 6 biopsy
tumor samples grouped according to PRAME expression.
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Table 1 Primers for detecting gene expression of the antigen tumors
investigated

Gene Primers

ACTB Forward 5-GGCATCGTGATGGACTCCG-3’
Reverse 5’ GCTGGAAGGTGGACAGCGA-3’

MAGEAI  Forward 5-CGGCCGAAGGAACCTGACCCAG-3
Reverse 5'-GCTGGAACCCTCACTGGGTTGCC-3/

MAGEA4  Forward 5-GAGCAGACAGGCCAACCG-3'
Reverse 5~ AAGGACTCTGCGTCAGGC-3'

MAGEAIO0 Forward 5-CACAGAGCAGCAACTGAAGGAG-3'
Reverse 5-CTGGGTAAAGACTCACTGTCTTGG-3'

MAGEAI2 Forward 5'-CGTTGGAGGTCAGAGAACAG-3'
Reverse 5'-GCCCTCCACTGATCTTTAGCAA-3’

BAGE Forward 5'-TGGCTCGTCTCACTCTGG-3'
Reverse 5'-CCTCCTATTGCTCCTGTTG-3'

LAGE Forward 5-GCAGGATGGAAGGTGCCC-3’
Reverse 5-CTGGCCACTCGTGCTGGGA-3'

PRAME Forward 5'-CTGTACTCATTTCCAGAGCCAGA-3’

Reverse Y TATTGAGAGAGGGTTTCCAAGGGGTT-3'

The PRAME gene expression statuses of these six samples
were defined by semi-quantitative RT-PCR. Microarray
experiments were carried out using the microarray platform
CodeLink (GE/Amersham; now Applied Microarrays).
This platform utilizes bioarrays consisting of a 30-base
single pre-validated oligonucleotide probe per gene target.
CodeLink UniSet Human I bioarrays containing 10,000
human transcripts were used for all experiments. Hybrid-
ization procedures strictly followed protocols provided by
the manufacturer. A total of 12 arrays were hybridized,
including 6 tumor samples (3 PRAME-positive and 3
PRAME-negative) and their respective technical replicates.
Arrays were scanned following the recommended scanning
procedure and settings for CodeLink bioarrays on GenePix
4000B Array Scanner/GenePix Pro 4.0 software (Axon
Instruments). Generated data were batch normalized using
CodeLink Software v.2.3. Statistical analysis for the
identification of differentially expressed genes was carried
out using the BayBoots tool [17]. The Bayes error rate
(P) and fold-change are shown simultaneously in a volcano
plot. Functional annotations were performed for differen-
tially expressed genes (P < 0.05 and fold-change >2) with
the program Database for Annotation, Visualization and
Integrated Discovery (DAVID; http://niaid.abcc.ncifcrf.
gov/content.jsp?file=functional_annotation.html) using the
parameters Gene Ontology (GO) molecular process term
level 4 and SP_PIR_Keywords in the Functional Category
section. The array design and gene expression results are
publicly available in the GEO database under the accession
number GSE8079.

gPCR for validating the microarray results

The EPCAM gene was chosen to validate the microarray
results. Oligonucleotide for EPCAM was used from the
predesigned assay Hs00158980_ml, TaqMan Gene
Expression Assays (Applied Biosystems; Foster City, CA,
USA). Thermal cycling comprised initial steps at 50°C for
2 min and at 95°C for 10 min, followed by 40 cycles at
95°C for 15 s and at 60°C for 1 min. The fluorescence of
the double stranded products was monitored in real time. A
standard curve was constructed with serial dilutions of a
mix of a few samples. The cDNA was amplified and
quantified using an ABI 7500 sequence detection system
(SDS) (Applied Biosystems). To exclude variations arising
from different inputs of total mRNA to the reaction, data
on EPCAM were normalized to an internal housekeeping
GAPDH gene (glyceraldehyde 3-phosphate dehydroge-
nase), for which data were obtained using TagMan GAP-
DH control reagents (TagMan Gene Expression Assays,
Applied Biosystems, huGAPDH 4326317E). All the reac-
tions for 30 biopsy samples were performed in triplicate.
The data were averaged from the values obtained in trip-
licate for each reaction.

Statistical analyses

Data analysis was performed using GraphPad Prism soft-
ware, version 4 (San Diego, CA, USA). Comparisons
between the median of the gene expression profile of the
tumor samples and normal bone controls were evaluated
using Wilcoxon’s signed rank test. Continuous data (age
and gene expression) were evaluated and compared using
the Mann—Whitney test. Categorical data (gender, histo-
logical OS subtype, and presence of metastasis at diagno-
sis) were studied using chi-square or Fisher’s exact tests.
Statistical significance was taken as p < 0.05.

Results

We analyzed the expression of MAGEAI, MAGEA4, MA-
GEAI0, MAGEAI2, BAGE, LAGE and PRAME on 29 OS
samples, 16 biopsies and 13 metastases by RT-PCR. After
identifying the PRAME gene as the antigen expressed in
the most samples, we selected 6 OS biopsy samples to use
on the microarray platform CodeLink (GE/Amersham; now
Applied Microarrays) in order to identify OS-associated
molecular alterations. To validate the microarray results,
we selected the EPCAM (epithelial cell adhesion molecule)
gene and analyzed the mRNA expression level of this gene
on 30 OS biopsy samples by quantitative PCR (qPCR). A
summary of the clinicopathological characteristics is
detailed in Table 2.
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Table 2 Clinical parameters of the OS patients investigated

No. of Age Sex Presence of No. of Type of Histology No. of samples/
patients (median) (%) metastasis (%) samples sample (%) (%) methodology
48 5-34 years Male Meta 51 Biopsies Osteo RT-PCR 29
(15 years) 32 (67) 26 (54) 39 (76) 30 (59) Microarray 6
Chond qPCR 30
10 (20)
Female NMeta Metastases Telang
16 (33) 22 (46) 12 (24) 4(8)
Others
7 (14)

Meta metastatis at diagnosis, NMeta nonmetastasis at diagnosis, Osteo osteoblastic, Chond chondroblastic, Telang telangiectatic

Table 3 Summary of tumor antigen gene expression in OS samples

MAGEAI MAGEA4 MAGEAI0 MAGEAI2 BAGE LAGE PRAME
0 19 22 21 19 17 26 9
+ 3 2 0 1 3 0 4
++ 0 2 0 0 0 0 0
+++ 1 1 4 4 5 1 3
++++ 5 1 3 4 3 1 12
Positive cases 9 6 7 9 11 2 19

Semi-quantitative RT-PCR for analysis of the CT
antigen expression panel

We used semi-quantitative RT-PCR to analyze the
expression of MAGEAI, MAGEA4, MAGEAIO, MA-
GEAI2, BAGE, LAGE and PRAME in 29 OS samples. The
gene expression results are summarized in Table 3. There
was no difference in the pattern of gene expression
between paired biopsy and metastasis samples. Of the 16
biopsy samples, 75% expressed PRAME; of the 13
metastasis samples, 70% expressed PRAME. Twenty-four
(86%) of the OS samples expressed at least one of the
tumor antigens. MAGEAI was detected in 9 (32%) sam-
ples, MAGEA4 was detected in 6 (21%), MAGEAIO was
detected in 7 (25%), MAGEA12 was detected in 9 (32%),
BAGE was detected in 11 (39%), LAGE was detected in 2
(7%), and PRAME was detected in 19 (68%). In 12 (58%)
of the 19 PRAME-positive samples, mRNA expression
scored ++4+, and 7 (25%) of the samples were positive
only for PRAME. Results for MAGEAI and MAGEAI2
were similar, with 5 (55%) out of 9 positive samples and 4
(44%) out of 9 samples, respectively, scoring +-+++.
Only four samples (14%) were negative for the expression
of all genes.

@ Springer

Microarrays, data acquisition and statistical analysis

In order to contribute to the current knowledge on PRAME
and its relation to OS physiology, we used the technique of
gene expression profiling to compare six tumor samples
grouped according to expression. Figure 1 shows that
neither the usual clustering analysis (Fig. 1a) nor the
principal component analysis (Fig. 1b) were able to clearly
separate both groups of tumors, suggesting that there is no
underlying global signature or difference between PRAME-
positive and PRAME-negative tumors.

When PRAME-expressing osteosarcoma samples were
compared with samples that did not express this antigen, 86
genes were considered to be differentially expressed (fold-
change >2; P < 0.05; see the highlighted region in the
volcano plot of Fig. 2). PRAME-expressing samples over-
expressed 40 genes. A certain number of cell signaling-
related genes presented overexpression in PRAME-positive
samples (see the “Electronic supplementary material”). Of
particular interest is the overexpression of EPCAM.

PRAME-negative samples overexpressed 46 genes,
including extracellular remodeling-related genes, as well as
cell signaling (including notch signaling pathway genes) and
transport-related genes (see the “Electronic supplementary
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Fig. 1 Clustering and principal component analysis. a Clustering

analysis performed with Euclidian distance and the hclust algorithm.
Label A represents PRAME-negative samples. Label B represents
PRAME-positive samples. Numbers /-3 represent patient labels.
Labels a or b indicate each technical replicate. b Principal component
analysis showing the projection of the transcriptome measurements
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Fig. 2 Volcano plot summarizing the results of the PRAME-positive
vs PRAME-negative comparison. The highlighted region defines the
genes considered to be differentially expressed (fold-change greater
than 2 and significance cutoff P < 0.05). M is the usual notation for
log2 (PRAME-positive/PRAME-negative). The statistical signifi-
cance P is measured via the Bayesian error rate (Véncio et al. [17])

material”). Together with these genes, a series of additional
glycoproteins and adhesion molecules (CNTNI, VEGF,
PCDHBY, B4GALTS, GRIN2C, NGFB, SLCI2A3, IDUA,
THBS4, TSPANS5, SCRGI, EPHB2, ISLR) were overex-
pressed in PRAME-negative tumor samples.

gPCR for validating the microarray results

We selected the EPCAM gene from microarray data and
quantified the mRNA expression, by qPCR, on 30 OS
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over the first two principal components enclosing 45 and 24% of the
total variance, respectively. Filled dots represent the PRAME-
negative samples and empty dots represent PRAME-positive samples.
It is clear that there is no obvious separation between both tumor
classes using the whole transcriptional profile
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Fig. 3 EPCAM gene expression levels. Expression profile for the
EPCAM gene on biopsy samples of osteosarcoma patients compared
to that for control normal bone samples. The median is represented by
a black bar

biopsy samples. Twenty-five (83%) of the 30 samples
showed high expression of EPCAM and 5 (17%) samples
showed low expression of EPCAM (cutoff >2). Compari-
son of the EPCAM expression levels in OS samples versus
normal bone showed a significant difference (P < 0.001)
(Fig. 3).

Discussion
There are only scarce data on the expression of tumor
antigens in OS that can be specially recognized by CTL in

primary and metastatic tumors. In the present study, we
show that OS frequently expresses genes encoding tumor-
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specific antigens. The identification of tumor-specific
antigens is an essential step in the development of thera-
peutic cancer vaccines. The importance of antigens enco-
ded by tumors as vaccine targets has led to detailed studies
of their expression in various tumors [18]. Little informa-
tion is available regarding the expression of tumor antigens
in pediatric tumors [10, 11]. In this work, we report MA-
GEAIl, MEGEA4, MAGEAIO0, MAGEAI2, BAGE, LAGE
and PRAME tumor antigen expression in OS. Our data
demonstrated that 86% of the OS samples expressed at
least one antigen, 64% of the cases are positive for two or
more antigens, and only 14% of samples were negative for
the expression of at least one of the CT antigen genes
tested. This phenomenon has also been described for other
tumors, and is most likely a consequence of a global
demethylation of the genome in the tumor [10, 11]. It is
also possible that the activation of a single tumor antigen
leads to the activation of other tumor antigens [6].

As described above, there is a tendency for the expres-
sion of CT antigens to be clustered, because certain tumor
specimens are found to express multiple CT antigens
simultaneously whereas other tumor specimens will be
totally negative [19, 20]. This phenomenon is related to the
activation/derepression process for these genes, and sug-
gests that in cancer, the expression of the MAGE family of
genes and other tumor antigen genes that we studied is the
result rather than the cause of tumorigenesis. Studies have
shown that MAGE gene activation may be regulated by
promoter demethylation, and that both tumor and normal
cells contain the transcription factors that activate the
MAGE gene family [19-21]. This is probably true of other
antigens as well, so that the molecular mechanism
responsible for the abnormal expression of these antigens
in malignant tissues seems to be a widespread change in
gene methylation patterns [19-22].

In this study, PRAME was the antigen most frequently
expressed in OS, as it was detected in 68% of cases, fol-
lowed by MAGEAI, A4, A10, Al2 and BAGE with almost
equivalent frequencies, and it was the only antigen in 25%
of the cases tested by semi-quantitative RT-PCR. The
expression of this antigen has been reported in a variety of
human neoplasias, including melanoma, multiple mye-
loma, myeloid and lymphoid leukemias, renal carcinoma,
non-small-cell lung carcinomas, breast carcinomas, renal
cell carcinomas, head and neck cancers, Hodgkin’s lym-
phomas, Wilms’ tumors, medulloblastomas and sarcomas
[3, 4, 8, 10, 11]. It thus seems particularly interesting as a
target for immunotherapy, since it is expressed in a wide
spectrum of human neoplasias, to which we add OS. Fur-
ther studies are needed to evaluate whether tumor antigen
gene derived immunogens can serve as the basis for
inducing CTL response in patients with OS or other
malignant diseases.
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In order to contribute to the current knowledge of
PRAME and its relation to OS physiology, we used gene
expression profiling to compare 6 tumor biopsy samples
grouped according to PRAME gene expression. A micro-
array was employed because of its ability to accurately
produce comprehensive expression profiles.

PRAME-expressing genes overexpressed 40 genes. In
agreement with recent findings associating PRAME and
cell death regulation, two apoptosis-related genes were
overexpressed in the PRAME-positive samples: EAF2, an
androgen-response gene that was downregulated in
advanced human prostate cancer specimens and whose
overexpression can markedly induce apoptosis in prostate
cancer cells, and CASP5, an apoptosis-related cysteine
peptidase that is potentially involved in cancer [23]. No
apoptosis-related genes were overexpressed in PRAME-
negative samples.

A certain number of cell signaling-related genes pre-
sented overexpression in PRAME-positive samples (see the
“Electronic supplementary material”). Of particular inter-
est is the overexpression of EPCAM (cellular adhesion
molecule), also known as epithelial TACSTDI (tumor-
associated calcium signal transducer). A confirmatory
gPCR analysis was performed for the EPCAM gene
selected in a set of 30 samples. Our gPCR results showed
that EPCAM was overexpressed in OS at significant levels
compared to all control normal bone samples (P < 0.05).
EPCAM is a membrane-bound glycoprotein involved in
signaling that promotes gene transcription and cell prolif-
eration [24-26]. The high level of overexpression of EP-
CAM in a plethora of carcinomas has led to the use of it as
a marker with prognostic quality and as a target for ther-
apeutic strategies [26]. EPCAMs have been historically
considered a target of passive immunotherapy using
monoclonal antibodies and, more recently, a first Pox-
vector-based cancer vaccine [25]. The next step is to
amplify the number of cases investigated and to relate the
molecular results to clinicopathological parameters.

Also related to cancer immunotherapy: members of the
NKG?2 gene family, here represented by KLRC3, encode
natural killer (NK) cell-specific lectin-like molecules that
may have receptor function. NK cells are lymphocytes that
can mediate the lysis of certain tumor cells without pre-
vious activation. NKG2 receptors are expressed predomi-
nantly on NK cells, and they have been shown to play an
important role in regulating responses to tumorigenic cells.
OS cell lines vary greatly in their susceptibility to NK cell
lysis in vitro; the expression of CD58 adhesion molecules
on their surfaces appears to influence their vulnerability
[27]. KLRC3 and CDS58 overexpression in PRAME-positive
samples may reflect different patterns of interaction
between the studied tumors and cells of the immune
system.
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PRAME-negative samples overexpressed 46 genes,
including notch signaling pathway genes and transport-
related genes (see the “Electronic supplementary mate-
rial”). The notch pathway is a gene regulatory pathway
involved in multiple differentiation processes, which is
often repressed in cancer. Notch signaling that inhibits
secretory cell differentiation is oncogenic in gastric cancer
and colorectal cancer, while notch signaling that promotes
keratinocyte differentiation is anti-oncogenic in esophageal
squamous cell carcinoma [28]. In OS, the notch pathway
was identified as a new invasion and metastasis-regulating
pathway with a novel function: the regulation of metastasis
[28]. In this study, the notch ligands DLLI, Notch 1 and 2,
and the notch target gene HES] were expressed in OS cells,
and the expression of HES] was associated with invasive
and metastatic potential. Furthermore, blocking notch
pathway signaling with a small molecule inhibitor of
gamma secretase eliminated invasion in matrigel without
affecting cell proliferation, survival, or anchorage-inde-
pendent growth, and the manipulation of notch and HES/
signaling demonstrated that HESI plays a crucial role in
OS invasiveness and metastasis in vivo. Since the notch
pathway can be inhibited pharmacologically, these findings
point toward possible new treatments to reduce invasion
and metastasis in OS [28]. Additionally, another study
investigated the expression of the notch pathway molecules
in OS biopsy specimens, and examined the effect of notch
pathway inhibition. qPCR revealed the overexpression of
Notch2, Jaggedl, HEY1, and HEY2, and Notchl and DLLI
were downregulated in biopsy specimens. In addition,
notch pathway inhibition using gamma-secretase inhibitor
and CBFI siRNA slowed the growth of OS in vitro, and
gamma-secretase  inhibitor-treated  xenograft models
exhibited significantly slower OS growth [29]. These
findings suggest that inhibiting the notch pathway sup-
presses OS growth by regulating cell cycle regulator
expression, and inactivation of the notch pathway may be a
useful approach to the treatment of patients with OS [29].

Extracellular matrix (ECM) remodeling is critical for
many developmental processes, and remodeled ECM
contributes to tumorigenesis [30]. ECM is composed of a
network of secreted proteins and glycoproteins. The
matrix-associated genes COL2A1, COL9A3 and ASPN are
ECM components expressed in cartilage. Together with
those genes, a series of additional glycoproteins and
adhesion molecules (CNTNI, VEGF, PCDHB9, B4GALTS,
GRIN2C, NGFB, SLCI12A3, IDUA, THBS4, TSPANS,
SCRGI1, EPHB2, ISLR) were overexpressed in PRAME-
negative tumor samples. Adhesion molecules play a critical
role in tumor invasion and metastasis. Taken together,
these findings characterize distinct tumor microenviron-
ments for PRAME-positive and PRAME-negative osteo-
sarcoma samples. Recent research indicates that the tumor

microenvironment—where proliferation, survival and
migration actually take place—is an indispensable partic-
ipant in the neoplastic process.

Osteosarcoma is the most common malignant bone
tumor in children, and despite significant discoveries con-
cerning functional changes in cancer cells over the past few
decades, no significant impact has been observed on the
long-term survival of OS patients. Literature is poor con-
cerning the molecular aspects of OS. Thus, the hypothesis
inferred in this study was based mostly on available data on
other kinds of tumor. There is circumstantial evidence that
PRAME expression may be related to distinct patterns of
tumorigenesis. Further investigation is needed to validate
the differential expression of genes belonging to tumori-
genesis-related pathways in PRAME-positive and PRAME-
negative tumors.

Acknowledgments This work was supported by awards from the
FAPESP (The State of Sdo Paulo Research Foundation: 04/12150-8,
07/53869-3) and GRAACC (Grupo de Apoio ao Adolescente e Cri-
anga com Cancer).

Conflict of interest The authors report no conflicts of interest. The
authors alone are responsible for the content and the writing of this

paper.

References

1. Kirkin AF, Dzhandzhugazyan K, Zeuthen J. Melanoma-associ-
ated antigens recognized by cytotoxic T lymphocytes. Apmis.
1998;106:665-79.

2. Scanlan MJ, Gure AO, Jungbluth AA, Old LJ, Chen Y-T. Cancer/
testis antigens: an expanding family of targets for cancer
immunotherapy. Immunol Rev. 2002;188:22-32.

3. Ikeda H, Lethé B, Lehmannn F, van Baren N, Baurain JF, De
Smet C. Caracterization of an antigen that is recognized on a
melanoma showing partial HLA loss by CTL expressing an NK
inhibitory receptor. Immunity. 1997;6:199-208.

4. van Baren N, Chambost H, Ferrant A, Michalex L, Ikeda II, Millard
I, Olive D, Boon T, Collie PG. PRAME, a gene encoding an antigen
recognized on a human melanoma by cytolytic T cells, is expressed
in acute leukemia cells. Br J Haematol. 1998;102:1376-9.

5. Wang MG, Zakut R, Yi H, Rosenberg S, McBride OW. Locali-
zation of the MAGEI gene encoding a human melanoma antigen
to chromosome Xq28. Cytogenet Cell Genet. 1994;67(2):116-9.

6. Simpson AJG, Caballero OL, Jungbluth A, Chen Y-T, Old LJ.
Cancer/testis antigens, gametogenesis and cancer. Nat Rev Can-
cer. 2005;5(8):615-25.

7. Epping MT, Wang L, Edel MJ, Carlee L, Hernandez M, Bernards
R. The human tumor antigen PRAME is a dominant repressor of
retinoic acid receptor signaling. Cell. 2005;122:835-47.

8. Epping MT, Bernards R. A causal role for the human tumor
antigen preferentially expressed antigen of melanoma in cancer.
Cancer Res. 2006;66(22):10639-42.

9. Altucci L, Gronemeyer H. The promise of retinoids to fight
against cancer. Nat Rev Cancer. 2001;1:181-93.

10. Jacobs JEM, Brasseur F, Hulsbergen-van de Kaa C, van de Rakt
MWMM, Figdor CG, Adema GJ, Hoogerbrugge PM, Coulie PG,

@ Springer



466

S. R. C. Toledo et al.

14.

15.

16.

17.

18.

19.

de Vries 1IJM, et al. Cancer-germline gene expression in pediatric
solid tumors using quantitative real-time PCR. Int J Cancer.
2006;120:67-74.

. Jacobs JF, Grauer OM, Brasseur F, Hoogerbrugge PM, Wesseling

P, Gidding CE, van de Rakt MW, Figdor CG, Coulie PG, de
Vries 1J, Adema GJ. Selective cancer-germline gene expression
in pediatric brain tumors. J Neurooncol. 2008;88:273-80.

. Meyers PA, Gorlick R. Osteosarcoma. Pediatr Clin North Am.

1997;44:973-89.

. Bielack SS, Kempf-Bielack B, Delling G, Exner GU, Flege S,

Helmke K, Kotz R, Salzer-Kuntschik M, Werner M, Winkelmann
W, Zoubek A, Jiirgens H, Winkler K, et al. Prognostic factors in
high-grade osteosarcoma of the extremities or trunk: an analysis
of patients treated on Neoadjuvant Cooperative Osteosarcoma
Study Group Protocols. J Clin Oncol. 1702;2002(20):776-90.
Bacci G, Bertoni F, Longhi A, Ferrari S, Forni C, Biagini R,
Bacchini P, Donati D, Manfrini M, Bernini G, Lari S. Neoadjvant
chemotherapy for high-grade central osteosarcoma of the
extremity. Histologic response to preoperative chemotherapy
correlates with histologic subtype of the tumor. Cancer.
2003;97:3068-75.

Petrilli AS, de Camargo B, Filho VO, Bruniera P, Brunetto AL,
Jesus-Garcia R, Camargo OP, Pena W, Péricles P, Davi A,
Prospero JD, Alves MT, Oliveira CR, Macedo CR, Mendes WL,
Almeida MT, Borsato ML, dos Santos TM, Ortega J, Consentino
E, Brazilian Osteosarcoma Treatment Group Studies III and IV.
Results of the Brazilian Osteosarcoma Treatment Group Studies
IIT and IV: prognostic factors and impact on survival. J Clin
Oncol. 2006;24:1161-8.

Gorlick R. Osteosarcoma: clinical practice and the expanding role
of biology. J Musculoskel Neuron Interact. 2002;2:549-51.
Véncio RZ, Patrdo DF, Baptista CS, Pereira CA, Zingales B.
BayBoots: a model-free Bayesian tool to identify class markers
from gene expression data. Genet Mol Res. 2006;5(1):138-42.
Rosenberg SA. Progress in human tumour immunology and
immunotherapy. Nature. 2001;411:380-4.

De Smet C, Lurquin C, Lethe B, Martelange V, Boon T. DNA
methylation is the primary silencing mechanism for a set of germ
line- and tumor-specific genes with a CpG-rich promoter. Mol
Cell Biol. 1999;19:7327-35.

@ Springer

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

De Smet C, De Backer O, Faraoni I, Lurquin C, Brasser F, Boon
T. The activation of human gene MAGE-1 in tumor cells is
correlated with genome-wide demethylation. Proc Natl Acad Sci
USA. 1996;93:7149-53.

Sudo T, Kuramoto T, Komiya S, Inoune A, Itoh K. Expression of
MAGE genes in osteosarcoma. J Orthop Res. 1997;15(1):128-32.
Sigalotti L, Coral S, Altomonte M, Natali L, Gaudino G, Cac-
ciotti P, Libener R, Colizzi F, Vianale G, Martini F, Tognon M,
Jungbluth A, Cebon J, Maraskovsky E, Mutti L, Maio M. Cancer
testis antigens expression in mesothelioma: role of DNA meth-
ylation and bioimmunotherapeutic implications. Br J Cancer.
2002;18;86(6):979-82.

Hosomi Y, Gemma A, Hosoya Y, Nara M, Okano T, Takenaka K,
Yoshimura A, Koizumi K, Shimizu K, Kudoh S. Somatic muta-
tion of the Caspase-5 gene in human lung cancer. Int J] Mol Med.
2003;12(4):443-6.

Maaser K, Borlak J, et al. A genome-wide expression analysis
identifies a network of EpCAM-induced cell cycle regulators. Br
J Cancer. 2008;99(10):1635-43.

Elia L, Mennuni C, Storto M, Podda S, Calvaruso F, Salucci V,
Aurisicchio L, Scarito A, Ciliberto G, La Monica N, Palombo F.
Genetic vaccines against Ep-CAM break tolerance to self in a
limited subset of subjects: initial identification of predictive
biomarkers. Eur J Immunol. 2006;36(5):1337-49.

Bauerle PA, Giris O. EpCAM (CD326) finding its role in cancer.
Br J Cancer. 2007;96:417-23.

Mariani E, Meneghetti A, Tarozzi A, Cattini L, Facchini A.
Interleukin-12 induces efficient lysis of natural killer-sensitive and
natural killer-resistant human osteosarcoma cells: the synergistic
effect of interleukin-2. Scand J Immunol. 2000;51(6):618-25.
Zhang P, Yang Y, Zweidler-McKay PA, Hughes DP. Critical role
of notch signaling in osteosarcoma invasion and metastasis. Clin
Cancer Res. 2008;14(10):2962-9.

Tanaka M, Setoguchi T, Hirotsu M, Gao H, Sasaki H, Matsu-
noshita Y, Komiya S. Inhibition of Notch pathway prevents
osteosarcoma growth by cell cycle regulation. Br J Cancer.
2009;100(12):1957-65.

Meredith JE Jr, Fazeli B, Schwartz MA. The extracellular matrix
as a cell survival factor. Mol Biol Cell. 1993;(9):953-61.



	Insights on PRAME and osteosarcoma by means of gene expression profiling
	Abstract
	Background
	Objectives
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Patient tumor samples
	RNA extraction and cDNA synthesis
	Semi-quantitative RT-PCR for analysis of the CT antigen expression panel
	Microarrays, data acquisition and statistical analysis
	qPCR for validating the microarray results
	Statistical analyses

	Results
	Semi-quantitative RT-PCR for analysis of the CT antigen expression panel
	Microarrays, data acquisition and statistical analysis
	qPCR for validating the microarray results

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


