
Translational Oncology 13 (2020) 100846

Contents lists available at ScienceDirect

Translational Oncology

j ourna l homepage: www.e lsev ie r .com/ locate / t ranon
Original research
Pediatric sarcomas display a variable EpCAM expression in a
histology-dependent manner
Lucia Tombolan a,⁎, Elisabetta Rossi b,c, Angelica Zin a, Luisa Santoro d, Paolo Bonvini a,
Rita Zamarchi c, Gianni Bisogno e
a Institute of Pediatric Research, Fondazione Città della Speranza, Padua, Italy
b Department of Surgery, Oncology and Gastroenterology, Oncology Section, University of Padova, Padova, Italy
c Veneto Institute of Oncology IOV - IRCCS, Padua, Italy
d University Hospital of Padova, Institute of Pathology, Padua, Italy
e Department of Woman's and Children's Health, Hematology and Oncology Unit, University of Padua, Padua, Italy
Abbreviations: EpCAM, epithelial cell adhesion molecul
sarcoma; DSRCT, desmoplastic small-round-cell tumor; STS,
istry; IRS, Intergroup Rhabdomyosarcoma Studies (Clinical G
⁎ Corresponding author.

E-mail address: lucia.tombolan@unipd.it. (L. Tombolan)

http://dx.doi.org/10.1016/j.tranon.2020.100846
1936-5233/© 2020 The Authors. Published by Else
creativecommons.org/licenses/by-nc-nd/4.0/).
A B S T R A C T
A R T I C L E I N F O
Article history:
Received 19 June 2020
Received in revised form 17 July 2020
Accepted 20 July 2020
Available online xxxx
EpCAM is a transmembrane glycoprotein typically overexpressed in cancer of epithelial origin and mainly involved in
the epithelial-to–mesenchymal transition (EMT) of tumor cells that spread and disseminate. Strategies for the targeting
and capture of EpCAM-expressing tumor cells are showing promise in cancers prone to metastatize, both as diagnostic
tools and potential therapies. Sarcomas are among the most aggressive tumors in children, with a commonmesenchy-
mal origin that comprises both soft tissue sarcomas (STS) and bone sarcomas. The aim of this study was to assess
EpCAM expression in pediatric sarcomas and correlate its expression with disease progression. To do so, we analyzed
a set of cell lines and primary tumor tissues from rhabdomyosarcoma (RMS), Ewing sarcoma (ES), synovial sarcoma
(SS) and desmoplastic small round cell tumor (DSRCT) STS, or osteosarcoma (OS) bone cancer. We demonstrated
that EpCAM was variably expressed in pediatric sarcomas, with DSRCT, a rare, aggressive and almost fatal tumor
type, characterized by the highest EpCAM expression levels. Interestingly, although EpCAM expression was lower in
RMS tumors, high levels at diagnosis correlated with reduced patients' overall survival (p < 0.05). Indeed,
membrane-bound EpCAMwas detected in circulating sarcoma tumor cells, revealing its potential to be used as dissem-
ination biomarker in this type of childhood cancers. This reinforces the concept that pediatric sarcomas do express
both epithelial and mesenchymal markers and reside in an intermediate condition that most likely contributes to
their aggressive phenotype and low survival rate.
Introduction

Sarcomas encompass a heterogeneous group of mesenchymal tumors
with different pathological, molecular and clinical characteristics classified
into two major subtypes: bone sarcomas and soft tissue sarcomas (STSs). In
children, STSs represent approximately the 8% of all neoplastic malignan-
cies, with rhabdomyosarcoma (RMS) accounting for 55–60% of them and
the remaining composed by a variety of different histotypes usually termed
as “non-rhabdomyosarcoma soft tissue sarcomas” (NRSTS). Likewise, oste-
osarcoma is the most frequent bone sarcoma affecting children, adoles-
cents, and young adults. Survival of patients with localized disease is
remarkable, with almost 80% of children with localized RMS and Ewing
Sarcoma cured, as the vast majority of synovial sarcoma cases (90%)
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[1–3]. Nonetheless, the most important challenge in pediatric sarcomas re-
mains the treatment of patientswithmetastasis at diagnosis. Despite the use
of different intensive treatment strategies prognosis has not significantly
changed, with a 3-year event-free survival (EFS) around 30–40% that
drops to less than 20% when multiple negative prognostic factors are in-
volved [1]. Studying and understanding the process of metastatic spread
is an important goal to undercover the tumor dissemination mechanisms
and develop possible target treatments able to improve the survival of can-
cer patients.

The capability of amalignant tumor to becomemetastatic require single
cells or clusters of cancer cells with special plasticity to detach from the pri-
mary tumor, shed into bloodstream and grow into new environments. All
these processes necessitate of a fine balance deregulation of gene and
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protein expression, which results in a dynamic change of cell phenotype
known as epithelial-to-mesenchymal transition (EMT).

The epithelial cell adhesionmolecule (EpCAM) is a transmembrane gly-
coprotein typically expressed in tumors deriving from epithelial cells. High
levels of EpCAM are detected in human colorectal cancer stem cells [4] and
tumorigenic breast cancer cells [5], likewise in undifferentiated human em-
bryonic stem cells (hESCs) [6]. In this context, EpCAM is involved in the
regulation of cell-cell adhesion, via the interaction with transmembrane
cadherin proteins [7], and in cell proliferation through the up-regulation
of c-Myc [8] and cyclin D1 [9].The dynamic expression of EpCAM in
tumor cells strictly correlates with the EMT process during cancer spread-
ing, as in the reverse process, known as themesenchymal-to-epithelial tran-
sition (MET), that allows the acquisition of adhesion and proliferative
properties of cancer cells regardless their histological origin. EpCAM is tran-
siently lost during the early pro-migratory and migratory period of cancer
cells and subsequently re-acquired in settled larger metastases [10] [11].
Of note, MET-related program occurs mainly in sarcomas that express epi-
thelial markers, such as E-cadherin and β-catenin in synovial sarcomas
[12] or in Ewing/PNET tumors that express tight junction proteins [13],
but it also represents the ultimate step of EMT in carcinoma cells once me-
tastases have invaded new tissues. Several sarcomas are characterized by
the co-expression of both epithelial and mesenchymal markers, appearing
to reside in the intermediate EMT state also termed “metastable pheno-
type”. Metastable phenotypes are more common in aggressive sarcomas
and frequently contribute to drug resistance [14].

The expression of EpCAM on the cell surface of carcinoma cells makes it
a useful marker for capturing circulating tumor cells (CTCs) in blood of can-
cer patients. Since CTCs represent a crucial step in disease progression and
metastasis, CTCs are considered a promising minimally invasive biomarker
to test the metastatic potential of tumors [15].

Based on these findings, we investigated EpCAM expression in pediatric
sarcomas, at both transcript and protein level, reporting for the first time a
strong tumor type-dependent variance between histotypes. We also investi-
gated the possibility to use the expression of EpCAM on the cell surface for
detecting circulating tumor cells (CTC) in sarcomas. Our findings disclosed
a dynamic expression of EpCAM during tumor evolution and a likely corre-
lation between EpCAM expression and patients' overall survival.

Methods

Cell culture

All cell lines were maintained in Dulbecco's modified Eagle's medium
containing 10% fetal calf serum, penicillin and streptomycin (100 μg/ml)
(Life Technologies, Carlsbad, CA) at 37 °C in 5% CO2 in a humidified incu-
bator. All cell lines were mycoplasma-free at time of collection.

MCF-7, H228, A459, RH30 and RD cells were obtained from American
Type Culture Collection (Manassas, VA); RH4 and CCAwere gift from Prof.
Pier Luigi Lollini (Dept. Medicina Specialistica, Diagnostica e Sperimentale,
University of Bologna, Italy) [16]; RH36 and SMS were obtained from Dr.
Maria Tsokos (National Cancer Institute, Bethesda, MD) [17]; RH28,
CHP100 and TC32 were a gift from Dr. Peter J. Houghton (St. Jude
Children's Hospital, Memphis, TN) [18–20]; synovial sarcoma cell line,
SW982, was kindly provided by Dr. Andrea Ferrari (Istituto Nazionale
Tumori IRCSS, Milan, Italy) [21] while osteosarcoma cell line SAOS-2
[22] was provide by Prof. Scorrano (Department of Biology, University of
Padova).

Tumor samples, peripheral blood samples and ethical issue

Tumor specimens of sarcoma patients were retrieved from the sarcoma
biobank part of Italian Association of Pediatric Hematology and Oncology
(AIEOP). A total of 76 patients were analyzed: 21 Alveolar RMS (ARMS),
19 Embryonal RMS (ERMS), 16 Ewing Sarcoma (ES), 7 Synovial sarcoma
(SS), 3 Osteosarcoma (OS), 10 Desmoplastic small-round-cell tumor
(DSRCT). The cohort of 76 cases included also patients analyzed both at
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onset and at relapse of disease (Fig. 4A). Clinical features of patients en-
rolled in this study are summarized in Supplementary material, Tables S1
and S2.

Peripheral blood samples from 11 pediatric patients, who underwent to
our observation for sarcomas, were also collected upon signed informed
consent. The enrolled patients were representative of main sarcoma histol-
ogies: ARMS (n= 2), ERMS (n = 5), ES (n = 2), SS (n = 1) and OS (n =
1). For 8 out of 11 specimens processed for CTC detection, EpCAM expres-
sion was also evaluated. These 8 patients are included in the cohort of 76
patients analyzed for EpCAM.

This study was approved by the local Ethics Committee (protocol num-
ber 3347/AO/14) and the patients have signed informed consent.

Expression analysis by qRT-PCR

Total RNA was extracted from sarcoma fresh tumor biopsied using
Trizol Reagent (Life Technologies, Thermofisher Scientific) following the
manufacture's instruction. Superscript II (Life Technologies, Thermofisher
Scientific) was used to retrotranscribed 1 μg of RNA to cDNA then used as
template in qPCR experiments. Syber Green PCR master mix (Applied
Biosystem, Thermofisher Scientific) were used to perform qPCR in a ViiA
7 Real-Time PCR System (Applied Biosystem, Thermofisher Scientific).
EpCAM and GAPDH (housekeeping) primers were tested for efficiency be-
fore usage. Fetal skeletal muscle (FSA)was used as control and a relative ex-
pression ratio (RQ) was calculated by comparative delta Ct method (2
−ΔΔCt) [23] available in ViiA 7 Real-Time PCR System. A 95% confidence
interval (IC) was calculated. Primers sequences are available on Supple-
mental data (Table S3).

Flow cytometry

We used flow cytometry to establish the EpCAM expression in sarcoma
cell lines. One million of cells were harvested and collected, following fixa-
tion. Cells were incubated with anti EpCAM antibody (clone HEA125, cat.
n. LS B3709 Life Span BioScience) or a mouse isotype control (mouse
IgG1, cat.n. 555748, BD Bioscience) for 30 min. Afterwards, cells were
rinsed with PBS for twice and the record collected using BD FACSCAlibur
(at least 20,000 events) and the data were analyzed using Kaluza (Beckman
Coulter).

Immunohistochemistry (IHC)

Overall, 6 STS cell lines and 11 STS patients (ARMS=3 cases; ERMS=
2 cases, and ES= 4 cases, SS= 1 case, DSRCT= 1 case) were considered.
The immunostaining was performed on 5 μm formalin fixed, paraffin-
embedded tissue sections using an automated system (Bond-maX, Leica,
Newcastle Upon Tyne, UK).

After dewaxing and rehydration, the sections were incubated with re-
trieval buffer solution (Leica) for antigen recovery. Then, the specimens
were washed with phosphate-buffered saline (pH 7.0) and incubated with
the Bond Polymer Refine Detection Kit (Leica). The expression of EpCAM
was immunohistochemically assessed by applying monoclonal antibodies
against EpCAM antigen (clone MOC-31; Cell Marque, Rocklin, CA-USA, di-
lution 1:50) and the staining was visualized with 3,3′-diaminobenzidine.
Mayer's hematoxylin was used as counterstained.

Detection of circulating tumor cells (CTCs)

Enumeration of CTCs in whole blood was performed by the CellSearch
System as previously reported [24]. According to manufacturer's instruc-
tions, we classified an event as a CTC when its morphological features
were consistent with that of a cell and it exhibited the phenotype
EpCAM+, CK (8, 18, and 19)+, DAPI+ and CD45−.

Moreover, to investigate the co-expression of both epithelial andmesen-
chymalmarkers in CTCs of pediatric sarcomas, we used the anti-Desmin Ab
(clone Y66; abcam, UK), in conjunction with the CTC standard assay, as
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previously reported for other integrated tests [25,26]. Results were
expressed as the total number of CTCs and Desmin-positive CTCs per
7.5 ml of blood.

Statistical analysis

Prism7 software (Graphpad software, Inc.) was used to perform all sta-
tistical analysis. Mann-Whitney or Kruskal-Wallis test were applied to qPCR
data. Kaplan–Meier survival curves with log-rank test were applied to co-
hort of RMS samples to test the prognostic value of EpCAM expression.
The heatmap relative to onset and relapse was done using RQ data. Overall
survival (OS) days were calculated from the date of diagnosis to the date of
death for any cause or the last follow-up; indeed, a time frame between date
of diagnosis and date of the first event or the last follow-up was used for
progression-free survival (PFS).

Results

EpCAM is expressed in pediatric sarcoma cell lines and tumor cells

With the aim to explore the expression of EpCAM in the heterogeneous
group of pediatric sarcomas, we analyzed a panel of 10 sarcoma cell lines
representative of the RMS (RH30, RH28, RH4, RH36, RD, SMS-CTR), ES
(TC32 and CHP100), SS (SW982) and OS (SAOS-2), and compared them
to fetal and adult skeletal muscle samples (FSM and ASM, respectively),
breast and lung carcinoma cell lines (MCF7, A549 and H2228) (Fig. 1A).
We found that EpCAM expression was heterogeneous among the cell
lines, regardless their epithelial or mesenchymal origin. As expected,
MCF7 breast cancer cells overexpressed EpCAM, whereas A459 and H228
adenocarcinoma cell lines expressed EpCAM mRNA at similar level of sar-
coma cells. Adult skeletal muscle cells, deriving from a typical differenti-
ated tissue of mesenchymal origin, did not expressed EpCAM. Next, we
measured EpCAM mRNA expression in 76 sarcoma primary tumors
(Tables S1–S2) and, as for the cell lines, a variable expression was observed
among samples (Fig. 1B, Kruskal-Wallis test p = 0.0009), with DSCRT tu-
mors displaying the highest EpCAM mRNA levels. Accordingly, when
EpCAM mRNA expression was analyzed by querying four public sarcoma
gene expression datasets from R2 Genomic Analysis and Visualization plat-
form (http://r2.amc.nl), DSCRT tumors still displayed the highest levels of
EpCAM compared to the others (Fig. 1C Kruskal-Wallis test p= 0.0001). In
addition, when a second epithelial cell marker, E-cadherin, was tested, the
expressionwas found, even higher of themesenchymal familymember pro-
tein N-cadherin (Fig. 1D, Mann-Whitney test p < 0.001).

EpCAM protein is detectable by flow cytometry and immunohistochemistry

Epithelial cell adhesion molecule (EpCAM) is a glycosylated transmem-
brane cell surface protein typically expressed in carcinomas. Therefore, we
evaluated EpCAM protein expression by flow cytometry in MCF7and A459
carcinoma cells and compared to that assessed in 6 sarcoma cell lines (RH4,
RH30, RD, RH36, CHP100 and TC32). As for EpCAM transcript levels, pro-
tein expression was variable among the sarcoma cell lines: readily detect-
able in both ARMS cell lines (RH4 and RH30), weak (RH36 and TC32) or
even absent (RD and CHP100) in either ERMS or Ewing Sarcoma cells
(Fig. 2A). However, when protein expression was assessed by immunocyto-
chemistry, only MCF7 breast cancer cells stained positive to anti-EpCAM
antibody; while all the others, including both carcinoma and sarcoma
cells were negative (Fig. 2B), due most likely to the lower sensitivity of
the technique compared to flow cytometry. Accordingly, when EpCAM ex-
pression was assessed in STS specimens, distinguished based on the differ-
ent EpCAM mRNA levels (Fig. 3A), protein detection by immunostaining
was possible only in cases with high mRNA levels (Fig. 3B). Namely, the
DSRCT sample found positive to anti-EpCAM antibodies expressed
EpCAM mRNA at comparable levels than those measured in MCF7 carci-
noma cells. In contrast, EpCAM protein was not detected in RMS and SS
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tumor samples when EpCAM immunostaining is chooses as detection
method (Fig. 3B).

High levels of EpCAM correlate with a decreased survival

To investigate how EpCAM expression changes during tumor evolution
we evaluated EpCAM mRNA levels in 13 STS samples at onset and relapse
of disease: 6 RMS, 6 ES, 1 SS and 1 DSRCT. We observed a different expres-
sion of EpCAMduring tumor evolution and progression (Fig. 4A, heatmap),
however the levels were not significantly different at onset and relapse
(Wilcoxon matched-pairs signed rank test p = 0.56). An extensive analysis
was, hence, performed for the RMS group that counted 40 patients enrolled
in the same clinical protocol. Association analysis between EpCAM expres-
sion and know prognostic factors, such as histology, fusion status and clin-
ical stage, was carried out. As shown previously, high EpCAMmRNA levels
were significantly associated with tumor histology (Fig. 1A, ERMS vs.
ARMS Mann-Whitney p = 0.0348), whereas for any other variable consid-
ered a correlation was not demonstrated. We also tested whether an associ-
ation between EpCAM levels and type of relapse (local vs. distal) existed.
The analysis was performed on 14 RMS patients with localized disease at
diagnosis that experienced an event during the follow-up, but no significant
difference was observed between groups (Table S4). However, when
Kaplan-Meier overall (OS) and progression free survival (PFS) analysis
was carried out, dividing patients according to EpCAM median expression
value, patients with higher levels of EpCAM were found to have a signifi-
cantly poorer outcome compared to those with low EpCAM levels, while
in PFS EpCAM levels were not significant (Fig. 4B and C, long-rank test,
OS p = 0.022, PFS p = 0.13). Similarly, DSRCT patients overexpressing
EpCAM had a dismal prognosis with very poor overall survival, suggesting
that an association between high EpCAM levels and clinical outcome is
likely (60% dead for progressive disease; 10% alive; 30% no data
available).

Feasibility of exploiting EpCAM-based technologies to detect CTCs in pediatric
sarcomas

The demonstration of EpCAM expression in primary tumors, although
at different levels and depending on sarcomas histotype, offers the rationale
to further investigate the expression of EpCAM in the peripheral blood of
sarcoma patients, at CTCs level.

In fact, it has been already proved that EpCAM expression can be ac-
quired during tumor progression [27] and EpCAM is also known to be
highly expressed in cancer stem cells [28]. The association of EpCAM ex-
pression with patients' outcome, at least in RMS, supports the idea that
EpCAM-positive tumor cells might play a role in metastatic cascade in sar-
coma patients.

To test whether CTCs were detectable in sarcoma pediatric patients,
blood samples from 11 patients were tested at diagnosis before starting
the therapy, using the CellSearch platform as EpCAM-based technology
for CTC capturing.

Besides EpCAM, we included additional epithelial and mesenchymal
markers to isolate CTCs of pediatric sarcomas, such as cytokeratins (CK8/
18/19) and Desmin.

The patient characteristics and the distribution of CTC number are shown
in Table 1. Overall, 7 out of 11 (63, 6%) sarcoma patients had at least one
CTC per 7.5 ml of peripheral blood, while 5 out of 11 (45%) patients had at
least two CTCs. Moreover, 4 (57%) CTCs-positive patients had one Desmin–
positive CTC. The number of total CTCs and Desmin-positive CTCs ranged
from 1 to 7 (median 2) and 0 to 3 (median 1) cells, respectively.

Notably, the percentage of CTC-positive sarcoma patients and the num-
ber of total CTCs resembled data previously reported at diagnosis in other
carcinomas [29]. In 8 out of 11 patients analyzed at CellSearch, EpCAM ex-
pression in the primary tumor was also assessed. Interestingly, we observed
that 2 patients with metastasis at diagnosis (IRS group IV) showed detect-
able CTCs in peripheral blood (2 and 7 CTCs, respectively) and were posi-
tive for EpCAM expression (Table S5).

http://r2.amc.nl


Fig. 1. Evaluation of EpCAMand E-/N-cadherins expression by qPCR. (A)We analyzed EpCAM expression in a set of tumor cell lines; carcinoma-derived cells (CC, carcinoma
cells: MCF7, A459, H2228) and sarcoma cell lines representative of different histotypes that include RMS (RH30, RH4, RH28, RD, RH36, SMS-CTR), ES (TC32, CHP100), SS
(SW982) and OS (SAOS-2). In (B) EpCAM expression was evaluated in a cohort of 76 primary tissue of pediatric sarcomas. A statistically different expression was observed
across sarcoma histotypes (Kruskal-Wallis test p = 0.0009). In (C) are represented EpCAM levels (log2) based on gene expression datasets analyzed using R2 Genomic
Analysis and Visualization platform. A significant different expression of EpCAM was observed between histotypes (Kruskal-Wallis test p = 0.0001) (Fillion dataset =
137 samples, DSCRT, ES, SS; Davicioni dataset = 147 RMS cases, Dellatre = 117 ES patients, Kobayashi = 27 OS samples). (D) A subgroup of sarcoma tissue samples
was analyzed for cadherin N- and E- expression. Epithelial E-cadherin is more expressed than mesenchymal N-cadherin in sarcoma patients (Mann-Whitney test p <
0.001). All qPCR data are reported as expression value relative to normal tissues used as controls (fetal, FSM, and adult skeletal muscle, ASM). Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) was used as the reference transcript. Vertical bars represent confidence interval at 95%.
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Besides, among 5 patients who experienced an event during tumor evo-
lution, 4 were positive for EpCAM expression and 3 had detectable CTCs at
diagnosis. Unfortunately, 2 out of 3 patients that exhibited the highest
EpCAM levels experienced progressive disease and had a fatal outcome.

Discussion

The current study investigated the expression of Epithelial Cell Adhe-
sion Molecule (EpCAM) in pediatric sarcomas. EpCAM is a transmembrane
protein typically expressed in normal epithelial tissues and overexpressed
in cancer of epithelial origin. It is involved in cell adhesion processes, by
interacting with transmembrane cadherin proteins, and it plays a role in
the epithelial-to-mesenchymal transition (EMT) program, a key process in
cancer dissemination and metastasis formation.

Our data support the concept that bone and soft tissue sarcomas may re-
side in an intermediate metastable phenotype and shift from a more prolifer-
ative (epithelial-like) to a more invasive (mesenchymal) state, maintaining
the combined expression of epithelial and mesenchymal markers.
4

Indeed, we demonstrated that EpCAM is expressed in pediatric sarco-
mas, though levels varied significantly in a histology-dependent manner:
from the highest levels of DSRCT tumors to the lowest of RMS ones, through
the intermediate values of ES, OS and SS. Differences were observed be-
tween cases as well, with primary embryonal RMS expressing more
EpCAM than alveolar rhabdomyosarcomas, in accordance with the differ-
ent gene and protein expression profiles of the two major RMS subtypes
[33–35]. Of note, EpCAM was found to be expressed in the same
histology-dependent manner reported into publicly available pediatric can-
cer datasets, supporting the concept that the expression of epithelial tumor
markers in mesenchymal sarcomas is likely. Desmoplastic small round cell
tumors (DSRCT) are the examples, as they show expression of multiple
markers of both epithelial and mesenchymal origin, such as keratin,
vimentin and desmin [36]. Deregulation of EMT-related genes in DSRCT tu-
mors would explain their extreme inter-tumor heterogeneity, as their pro-
pensity to disseminate and resist to drug treatment [37,38].

Similarly, Synovial Sarcoma displays epithelial differentiation in re-
stricted areas of the primary tumor mass, perhaps sites of spontaneous
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EMT. Indeed, epithelial-like synovial sarcoma cells do express E-cadherin
and other typical epithelial markers, most likely as a consequence of SYT-
SSX1 or SYT-SSX2 inhibitory activity on E-cadherin repressor Snail [12].
Such a variable degree of epithelial/mesenchymal differentiation has
Fig. 3. Evaluation of EpCAM status in selected STS primary tumor. (A) qPCR
quantitation of EpCAM mRNA in tumor biopsies of STS patients. As example,
we reported 3 cases with different level of EpCAM from low to very high.
Expression value is relative to fetal skeletal muscle use as control while,
GAPDH was used as housekeeping gene. Error bars are the 95% confidence
interval. (B) Immunodetection of EpCAM in paraffin-embedded sections of
tumor samples from the same STS patients analyzed above. Only the sample
with high EpCAM expression at transcript level (DSCTR) has a positive
staining. Original magnification 20×. Hematoxylin was used as counterstain.
H&M, hematoxylin staining; RMS, rhabdomyosarcoma; SS, synovial sarcoma;
DSRCT, Desmoplastic small-round-cell tumor; FSM, fetal skeletal muscle.
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been observed in Ewing Sarcoma and epithelioid sarcomas as well. ES
tumor cells characterized by strong EWSR1-FLI1 transcription activity dis-
play an epithelial-like phenotype, whereas low-level EWSR1-FLI-positive
cells mostly express cell-matrix proteins which give advantages in terms
of motility and invasive capacity but reduce their proliferative activity
Fig. 2. Evaluation of EpCAM protein in tumor cell lines. (A) Cell surface expression
of EpCAM levels by flow cytometry of the indicated cell lines, in red isotype
antibody and in green EpCAM specific antibody. (B) Immunodetection of EpCAM
in paraffin-embedded section of 3 different cell lines representative of breast
cancer (MCF7) adenocarcinoma (A459) and pediatric rhabdomyosarcoma
(RH30). Original magnification, 20×. Hematoxylin was used as counterstain.



Fig. 4. EpCAM expression in tumor evolution context. (A) The heatmap shows the expression of EpCAM transcript in selected STS patients evaluated at onset and relapse of
disease. Kaplan-Meier and long-rank analysis for overall survival, OS (B) and progression free survival, PFS (C) was performed for the cohort of RMS patients (n= 40) based
on low or high EpCAM levels at diagnosis (median value). The subgroup with high EpCAM level at onset of disease shows a significantly different outcome in OS (OS, p =
0.022, PFS = p = 0.13).
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[39]. In osteosarcoma tumor cells, combined expression of both epithelial
and mesenchymal markers, such as cadherins and vimentin has been well
documented [40,41]. Many reports, however, have elucidated an active
role of miRNAs (i.e. miR-130a, miR-126, miR-145) in the modulation of
cadherins as well as other epithelial cell markers, resulting in a shift from
a proliferative state to a more invasive phenotype of osteosarcoma cells
[42,43]. Finally, a regulation of EMT/MET-related genes in RMS tumors
has also been described. The guanine nucleotide exchange factor T(GEFT)
appears to be involved in this program, throughout the activation of the
Rac1/Cdc42-PAK signaling pathway, the loss of E-cadherin and the in-
creased expression of N-cadherin [44].

The fact that PAX3-FOXO1 transcription factor antagonizes wild-type
Pax3-induced cell aggregation and epithelioid morphologic changes in
RMS cells explains why this type of tumor expresses the lowest levels of
both EpCAM and E-cadherin among all the sarcoma histotypes assessed in
our study.

Targeting EpCAM to capture in the bloodstream of cancer patients the
cells that detach from the primary tumor and are considered to be the
seed of metastasis, the circulating tumor cells (CTCs), has been proven suc-
cessful in many prospective clinical studies, since a strong correlation be-
tween EpCAM expression, increased risk of relapse and decreased overall
survival has been widely demonstrated [24,30,31]. Nowadays, a rationale
to use EpCAM as a marker of cancer spreading and metastasis formation
in carcinoma patients exists, whereas for patientswith tumors ofmesenchy-
mal origin, such as children with bone or soft tissue sarcomas, biomarkers
suitable for monitoring disease progression are not available.Mesenchymal
markers, such as N-Cadherin and vimentin, are frequently expressed in pe-
ripheral bloodmononuclear cells and, hence, are not suitable for CTCdetec-
tion and prediction of metastasis occurrence [32].

Accordingly, by using an EpCAM-based automated platform we got the
proof-of-principle that CTCs are detectable in the peripheral blood of
6

sarcoma patients, they are not of hematopoietic origin (all the circulating
cells were CD45-negative), and express markers for either an epithelial or
mesenchymal phenotype.

Besides, although the sample size was limited, the prevalence of CTC-
positive cases and the levels of detectable CTCs resembled that observed
in other malignancies, mainly carcinomas of adult patients. This finding
was only apparently in contrast with low EpCAM expression in primary
STS tissues assessed by IHC, as immunostaining is commonly used for inves-
tigating robust antigen expression on paraffin-embedded solid tumor tis-
sues rather than measuring weak antigen expression at single-cell level.
Technical hitches may explain the differing results obtained by IHC and
CellSearch, leaning more toward the latter than the former to use EpCAM
as a target for detection and isolation of single circulating tumor cells [27].

This finding warrants further investigation in ad hoc designed study,
however it supports CTC enumeration as improvement in management of
sarcoma patients.

In conclusion, our data demonstrated that EpCAM is an epithelial cell
marker detectable in pediatric bone and soft tissue sarcoma specimens
and cell lines. In pediatric sarcomas EpCAM expression levels are tumor
type-dependent and correlate with adverse patients' outcome. Our results
reinforce the concept that sarcoma cells express both epithelial and mesen-
chymal cell markers, giving them the capability to adapt well to different
growth conditions. The knowledge of why certain proteins, like EpCAM,
change their expression during tumor progression in pediatric sarcoma
cells remains to be clarified, as the detection, enumeration and molecular
characterization of CTCs, their clinical and therapeutic significance merits
more attention.

Our data contribute to define the complex picture of pediatric sarcomas,
highlighting as the comprehension of tumor biology may have important
clinical implications to control and cure these rare, aggressive and hetero-
geneous malignancies.



Table 1
Main clinical features of pediatric sarcoma patients analyzed for CTCs. All patients
were evaluated at “baseline” prior to any treatment or surgery. (-, indicates a data
not available, numbers indicate patients for each group.)

Variable ARMS ERMS ES OS SS

Age, years
≤10 years 2 4 1 0 0
>10 years 0 1 1 1 1

Sex
Male 1 3 2 0 1
Female 1 2 0 1 0

Size
≤5 cm 0 3 1 - -
>5 cm 2 2 1

IRS group
I–II–III 1 4 2 - -
IV 1 1 0

Translocation
PAX3-FOXO1 2 0 0 0 0
EWS-FLI1 0 0 1 0 0
SYT-SSX1 0 0 0 0 1
No 0 5 1 1 0

Event
Yes 1 1 1 1 1
No 1 4 1 0 0

Status of disease
Alive 1 4 1 1 1
Dead 1 1 1 0 0

CTCs detection
CTC = 0 (none cell) 0 2 1 0 1
CTC = 1 (1 cell) 1 1 0 0 0
CTCs ≥ 2 (2 or more cells) 1 2 1 1 0
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