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Abstract. Expression profiling of tumor tissue allows a 
systematic search for targeted therapies and offers relevant 
prognostic information. Molecular studies on rhabdomyo-
sarcoma (RMS) revealed a more differentiated classification 
than the histological subgrouping into embryonal (RME) and 
alveolar (RMA) rhabdomyosarcoma, and reflected the chro-
mosomal aberrations found in RMS. We addressed biological 
processes like cell migration and emerging drug resistance 
by expression profiling to identify mechanisms of metastasic 
invasion and differential response to chemotherapy in RMS. 
Gene expression analysis was performed in 19 RMS samples 
using the Affymetrix U133 Plus2 array. Validation of target 
genes was performed by qRT-PCR. Data were analyzed using 
Pathway analysis software. Involvement of these genes in 
invasion processes was evaluated in knock-down experiments 
using specific interference RNA and MatrigelTM invasion 
assay. In RMA tissues 211 of 534 genes were overexpressed, 
in RME tissues 323 genes were overexpressed. Pathway analysis 
software identified a group of genes involved in cell growth, 
morphology and motility. In patients with distant metas-
tases especially transcription factors such as FOXF1 and 
LMO4 showed a high expression, which were described as 
determinants of tumor cell migration. Down-regulation of 
these factors inhibited the invasion of RMS cells >10-fold. 
Microarray technology is a powerful method not only to 
classify RMS samples, but also to identify major regulatory 
processes. Functional evaluation of LMO4 and FOXF1 identi-
fied targets of a molecular network for preventing metastatic 
invasion in RMS. 

Introduction

Rhabdomyosarcoma (RMS) is the most common pediatric 
soft tissue sarcoma. About two-thirds of all sarcomas and 
7-8% of all malignant solid tumors in childhood are RMS (1). 
The two main histological subtypes are embryonal (RME) and 
alveolar (RMA) RMS. The initial prognosis of the patients has 
been related to the primary tumor localization, histological 
subtype, stage of disease, and the age at diagnosis (2,3). 
Histological evaluation has been improved by a combination 
of the four biomarkers like epidermal growth factor receptor 
(EGFR), fibrillin-2, AP2β, and P-cadherin. These biomarkers 
allow a better differentiation between RME and RMA and 
have been implemented in the routine diagnosis of RMS (4). 
Genetic subtyping has identified PAX3-FKHR-fusion positive, 
PAX7-FKHR-fusion positive, and fusion-negative subsets of 
RMA; the clinical significance of these subsets is still being 
actively investigated (5,6). High output methods such as DNA 
microarrays, proteomics and tissue-based arrays revealed 
genotypic and phenotypic signatures which may be useful for 
a profound diagnostic, prognostic and predictive purpose in 
the highly heterogenic RMS. So far, molecular classification of 
RMS is performed by gene expression analysis (6-13), single 
nucleotide polymorphism analysis for LOH determination 
(7), and comparative genomic hybridization (8). The genetic 
classification of RMS revealed a group of RMA with high 
similarity to RME, suggesting a more appropriate definition 
of tumors using histological appearance and genetic markers. 
RMA samples without the characteristic chromosomal trans-
location t(2;13), PAX3/FKHR, PAX7/FKHR were similar to 
RME when gene expression and LOH pattern were compared 
(7). This genomic analysis can be conducted also for detecting 
targets for specific therapy of RMS entities. Expression 
profiling of PAX3/FKHR-specific gene signatures served 
to identify physiologically important target genes to under-
stand pathophysiological functions and develop therapeutic 
agents for treatment of RMA (9,14,15). Deregulation of other 
signal transduction pathways were detected focusing on drug 
development involving tyrosine and serine/threonine kinases 
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with another high throughput method using tissue microarray 
slides. mTOR and PKC pathways seem to be activated in RMS 
(16,17). Expression profiles allow a systematical analysis of 
specific biological processes like cell migration and emerging 
drug resistance to address mechanisms of metastatic invasion 
and differential response to chemotherapy and radiotherapy 
(18). Therefore, we performed gene expression analysis of RMS 
tumor samples and knock-down experiments with siRNA in 
RMS cells to identify and evaluate the role of genes involved in 
the invasion of RMS cells.

Material and methods

Tumor specimens. All patients were included and treated within 
the trials of the cooperative soft tissue sarcoma study (CWS) 
Group of the Society of Pediatric Oncology and Hematology 
(GPOH). One patient was treated within the CWS 96 trial 
and 18 patients were treated within the CWS 2002-P trial. 
Of these 19 samples, 5 tumor samples were allocated by the 
CWS study group from Stuttgart. Nine samples were obtained 
from our own institution and 5 samples were provided by the 
Department of Pathology from the University of Düsseldorf. 
Patient data are shown in Table I . Mean age of patients 
was 6.4 years (range 1-15 years, 95% CI of mean 4.2-8.8). 
Histological analysis revealed 8 RMA and 11 RME based on 
the International classification of rhabdomyosarcoma criteria. 
All cases received central pathological review and patients 
were treated according to the uniform protocols. Only samples 
with tumor cell content of at least 80% were included for 

analysis. Metastases were present at the time of surgery in 7/8 
patients suffering from RMA and in 3/11 with diagnosis of 
RME. The studies were approved by the local ethics commit-
tees (CWS 96: EK LÄK 105/95, CWS 2002-P: 418/2004V).

RNA extraction and oligonucleotide microarrays. Tumor 
specimen were immediately fixed in liquid nitrogen and stored 
at -80˚C for further gene chip analysis. Therefore, total RNA 
extraction was carried out using RNeasy Kit (Qiagen, Hilden, 
Germany). The quality of total RNA of tumors was monitored 
by Agilent 2100 Bioanalyzer using the RNA 6000 Nano 
LabChip Kit (Agilent Technologies, Boeblingen, Germany) 
as specified by the manufacturer. Samples with RIN >8 were 
considered for gene chip analysis. 

Affymetrix high-density oligonucleotide microarrays 
(GeneChip® Human Genome U133 Plus 2.0 Array, Affymetrix, 
Santa Clara, CA, USA) were used for gene expression analysis. 
Hybridization experiments and evaluation was done by the 
Microarray Facility Tübingen. Arrays were scanned at 3-µm 
resolution using a GeneChip System confocal scanner (Agilent 
Technologies). Scanned images were subject to visual inspec-
tion and analyzed using the Affymetrix's Microarray Suite 
version 5.0 (MAS 5.0) algorithms to generate report files for 
quality control. We standardized the data for variations in 
staining by scaling the average of the fluorescence intensities 
of all genes on an array to constant target intensity for all 
arrays used (150). The signal intensity for each gene was 
calculated as the average intensity difference, represented by 
∑ [(PM-MM)/(number of probe pairs)], where PM and MM 

Table I. Patient data.

Array no.	 Diagnosis	A ge (y)	T umor localisation	 Metastases

I5R_032a01	R MA	   9	 Perianal	Y es
I5R_032a06	R ME	   5	 Prostata/pelvis	Y es
I5R_032a07	R MA	 12	F orehand	Y es
I5R_032a08	R MA	   7	B ladder	Y es
I5R_032a09	R ME	   2	B ladder/prostate	N o
I5R_032a10	R ME	   3	B ladder/prostate	N o
I5R_032a12	R ME	   2	 Pelvis	N o
I5R_032a13	R ME	   8	 Diaphragm	N o
I6R_002a01	R ME	   1	A bdomen	Y es
I6R_002a03	R MA	   2	T high	Y es
I6R002a05	R ME	 11	U nknown	N o
I6R_002a06	R MA	 10	F orearm	Y es
I6R_002b01	R MA	 15	F orearm	Y es
I6R_002c02	R MA	 15	F oot	Y es
I6R_002c03	R ME	   9	 Pelvis	N o
I6R_002c04	R MA	   3	T horacic	N o
I6R_002c05	R ME	   0	A bdomen	N o
I6R_002c06	R ME	   2	A bdomen	Y es
I6R_002c07	R ME	   7	 Diaphragm	N o
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denote perfect match and mismatch probes. In the samples, 
the mRNA of a gene was considered expressed (present) when 
the detection p-value and change p-value were <0.05. To deter-
mine the p-values, a signed rank analysis was carried out on 
the PM and MM differences comparing each probe pair. The 
resulting p-values were used to make the change calls. Genes 
with significantly varying expression in RMA and RME were 
identified using the Data Mining Tool (Affymetrix). Biological 
mechanisms, pathways and functions of the selected genes 
were identified by Ingenuity Pathways Analysis. The data 
sets containing gene identifiers and corresponding expression 
change values from the previously selected 534 genes were 
mapped to its corresponding gene object in the ingenuity 
pathways knowledge base. These genes, called focus genes, 
were overlaid onto a global molecular network developed from 
information contained in the ingenuity pathways knowledge 
base. Networks of these focus genes were then algorithmically 
generated based on their connectivity. Canonical pathway 
analysis identified the pathways from the Ingenuity Pathway 
Analysis library that were most significantly associated to the 
data set. The significance of the association between the data 
set and the canonical pathways was measured by Fischer's 
exact test. The calculated p-value determined the probability 
that the association between the genes in the dataset and the 
canonical pathway is explained by chance alone. 

The statistical technique SAM (significance analysis of 
microarrays) was used for finding significant genes in the set 
of microarray experiments whereas two class unpaired data 
(metastasized vs. not metastasized tumors) were compared by 
5000 permutations and false discovery rate of 0.7%. Genes 
positively regulated (n=157) and negatively regulated (n=46) 
with a score (d) >2 were tested for a significant regulation 
(ANOVA test, p<0.05) among the two groups of samples 
(metastasized vs. not metastasized) and were hierarchically 
clustered by Euclidian distance using the Expression Profiler 
at the EBI (19). For functional analysis of analyzed genes 
possibly responsible for metastatic invasion, siRNA-knock 
down and invasion assays were carried out.

Cell culture experiments. The embryonal rhabdomyosarcoma 
cell line RD (ATCC, Manassas, VA, USA) and the alveolar 
rhabdomyosarcoma cell line Rh30 expressing the Pax3/FKHR 
fusion protein secondary to the t(2;13)(q35;q14) translocation 
(DSMZ, Braunschweig, Germany) were cultured in DMEM 
medium supplemented with 10% fetal calf serum, 4.5% L-Glu 
and 2.5% HEPES in a humified atmosphere containing 5% 
CO2 at 37˚C. All cell cultures were mycoplasma species 
negative and were tested for contamination and integrity using 

the PowerPlex 16 Assay (Promega, Mannheim, Germany). 
The analysis was done in the Institute for Human Genetics, 
Tübingen, in May 2010.

Transfection. Embryonal and alveolar rhabdomyosarcoma 
cells (5x104 cells) were seeded out in 24-well plates (Falcon-
Becton Dickinson Labware, Franklin Lakes, NJ, USA) and 
were cultured as described above. At day two, transfection 
was carried out with 3 µl siRNA (5 nM) (Table II) and 3 µl 
HiPerFect (Qiagen) for each cell line and siRNA in triplicates. 
One control transfection was performed with non-silencing 
control siRNA-AF488 and one without siRNA. Two days 
later, cells were recovered by trypsin treatment and used for 
migration assays and RNA isolation.

Invasion assay. For invasion assays BD BioCoat™ Growth 
Factor Reduced (GFR) Matrigel Invasion Chambers were used 
as recommended by BD Biosciences. Transfected cells (5x104) 
were overlaid on the reconstituted Matrigel in triplicates for 
each transfection experiment and cultured for 22 h. Cells in 
the upper chamber were removed by scrapping. Migrated 
cells were fixed with 4% buffered paraformaldehyde, stained 
with H33342 and counted using a fluorescence microscope. 
Migration index was calculated as percentage of migrated cells 
related to total cells in the assay. Relative migration represents 
migration index compared to control cultures transfected with 
non-sense siRNA. 

RNA isolation, cDNA preparation and quantitative real-time 
PCR (qRT-PCR). Total RNA of cells (48 h after RNAi treat-
ment, and before invasion experiments) was isolated using 
the RNeasy Micro Kit (Qiagen) including a DNase digest on 
the column with RNase-Free DNase Set (Qiagen). The RNA 
quality (RIN>8) was controlled by Lab-on-Chip-System 
Bioanalyser 2100 (Agilent) and the amount of isolated RNA 
was determined using a Nanodrop® photometer (Peqlab, 
Erlangen, Germany). cDNA synthesis was performed with 1 µg 
of total RNA using the QuantiTect Reverse Transcription Kit 
(Qiagen). For examination of genomic DNA contamination, we 
included a reverse transcription-negative control. The qRT-PCR 
and relative quantification was done as described by Häbig 
et al, except of using 2 µl of 1:10 diluted cDNA in 10 µl reaction 
volume (20). For quantification of mRNA of LMO4 and FOXF1 
the listed exon-exon boundary spanning oligonucleotides were 
applied (Table II). PDHB was used as a reference gene. 

Statistical analysis. Statistical analysis between the groups 
was carried out using one way ANOVA on ranks test and 

Table II. siRNA and oligonucleotides for qRT-PCR.

Transcript	 siRNA (Qiagen)	 Forward sequence 5'-3'	 Reverse sequence 5'-3'

LMO4	 SI03185777	AAAGTGGCATGATCCTTTGC	ACGAGTTCACTCGCAGGAAT	   100
FOXF1	 SI00420833	CGTATCTGCACCAGAACAGC	TGGCGTTGAAAGAGAAGACA	   117
PDHB	  	GGTTTCCCATTCAAGACCTG	TGGTTTCCATGTCCATTGGT	   119
control siRNA	 1022076	N on-silencing
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GraphPad Prism 4.00 (GraphPad Software). All numeric data 
are expressed as the mean ± SD. Significance was assumed for 
all results with p<0.05.

Results

Differentially expressed genes in RMA and RME. In order to 
examine the biological pathways involved in RMS, we analyzed 
the expression profile of 8 RMA and 11 RME specimens. 
Statistical analysis indicated 534 differentially expressed genes, 
of which 211 genes were prevalently expressed in RMA tissues. 
Transcripts from 323 genes were significantly over-expressed 

in RME (p<0.005 and fold-change >2). Comparative analysis 
of biological functions of differentially expressed transcripts in 
RMA and RME was carried out using the ingenuity pathways 
analysis (IPA) software. Biological mechanisms, pathways 
and functions of the selected genes were compared. The 
most probable biological pathways including the 534 selected 
genes from the differential expression analysis of RMA and 
RME samples are given in Fig. 1. Most of the differentially 
expressed genes were related to functions regarding tissue 
development processes in general, of the nervous system and 
of cells in particular. Proliferation and biochemical pathways 
like amino-acid metabolism, protein synthesis and trafficking 

Figure 1. Functional analysis of genes differentially expressed in RMA and RME. Genes from the dataset that were changed >2-fold (cut-off of p<0.002) 
were considered for the analysis and were associated with biological functions and diseases in the ingenuity pathways knowledge base. Functional analysis 
identified the biological functions and/or diseases that were most significant to the data set.

Figure 2. Hierarchical clustering of differentially expressed genes in RMS tumors with metastases (1) and without metastases (2). The color of the boxes 
varies from enhanced expression (dark red) to decreased expression (dark blue) in tumors from patients with metastases.
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have been found significantly associated with the 534 probe 
set. In the group of genes involved in cell growth and cell 
morphology, we identified cell motility-associated transcrip-
tion factors FOXF1 and LMO4 with higher expression in 
RMA than in RME (19.2- and 1.9-fold, respectively). This 
differential regulation of important pathways in RMA and 
RME may reflect tumor characteristics such as cell prolifera-
tion and metastatic invasion. Consecutively, we evaluated the 
expression profile based on patient data regarding metastases. 

Metastatic invasion-associated genes were filtered within 
the sample pool by significance analysis of microarrays. 
Two groups of samples (metastasized vs. not metastasized) 
were compared. From the set of 534 genes we selected genes 
with higher (n=157) and lower (n=46) expression in RMA 
compared to RME. Supervised hierarchical clustering by 
Euclidian distance using the Expression Profiler at the EBI 
identified two clusters of genes differentiating tumors based 
on associated metastatic patterns (Fig. 2). This revealed the 
homogeneity of tumor samples from patients with metastases 
independent from the histological classification into RMA 
and RME subtypes.

Role of LMO4 and FOXF1 in the invasiveness of RMS 
cells. Among genes differentially expressed in the patient 
groups with or without distant metastases, we identified 
FOXF1 and LMO4 which are coding for transcription factors 
described as determinants of tumor cell migration (21,22). 
LMO4 transcripts were detected in both, metastatic (n=11) 
and non-metastatic (n=8) RMS samples with a significant 
2.4-fold higher expression in RMA (unpaired t-test, p=0.0026, 
Fig. 3). FOXF1 was detected in the same analysis as highly 
expressed in metastatic tumor samples and with a significant 
lower expression in non-metastatic samples (unpaired t-test, 
p=0.015, Fig. 3). As these experiments indicated a differential 
expression of migration factors in RMS tumors, we performed 
expression and functional analysis of LMO4 and FOXF1 with 
corresponding tumor cell lines: Rh30 for RMA and RD for 
RME.

The mRNA for LMO4 and FOXF1 in RMS cell lines was 
quantified by qRT-PCR. LMO4 was detected in Rh30 cells 
at levels 3.6 times higher than in embryonal RD cells. The 
relative quantification of FOXF1 revealed a 5-times higher 
expression in Rh30 cells compared to RD cells, which reflects 
the expression pattern observed in primary tumor samples 
(Fig. 4A). For functional analysis of the migration factors they 
were knocked down by means of RNA interference. The level 
of mRNA for both LMO4 and FOXF1 was suppressed in both 
RMS cell types upon transfection with the corresponding 
specific siRNA down to 25% of the transcripts in control 
cultures transfected with nonsense siRNA (Fig. 4B). 

Invasiveness of the RMS cells was monitored in an inva-
sion chamber using Matrigel as matrix and 10% FCS as 
chemoattractant in the lower chamber. Up to 76% of the Rh30 
cells migrate in the 22 h of the invasion assay through the 
Matrigel layer. In the same period only 43% of the RD cells 
reached the lower chamber (Fig. 5A). RMS cells transfected 
with siRNA specific for LOM4 and FOXF1 revealed a lower 
invasion index in the same migration experiments. The rela-
tive migration was 10 times lower in Rh30 cells transfected 
with LMO4 and FOXF1 siRNA compared to control cultures 
transfected with non-sense siRNA (Fig. 5). Knocking down 
LMO4 in RD cells lead to 92% inhibition of cell invasion 
compared to the control cells. Similar experiments targeting 
FOXF1 did not significantly change the invasion characteris-
tics of RD cells. 

Figure 3. Expression of selected migration factors in RMS tissue samples. 
Gene expression of LMO4 and FOXF1 was detected in metastasized and 
non-metastasized tissue using the microarray expression analysis. Relative 
signal intensity of the probe set for LMO4 and FOXF1 for each tissue sample 
are shown. Signal means for each gene are significantly different when the 
groups of tumors with metastases (black symbols) and without metastases 
(open symbols) were compared in an unpaired t-test (*p<0.05). 

Figure 4. Reduction of LMO4 and of FOXF1 gene expression with specific siRNA. (A) Abundance of mRNA coding for LMO4, FOXF1 and of the control 
gene PDH was quantified in alveolar (Rh30) and embryonal (RD) RMS cells by qRT-PCR. Relative expression was calculated using PDHB as house-keeping 
gene. Both cell lines expressed LMO4 and FoxF1. Data are the means and SD from 3 experiments. (B) RMS cells were transfected with indicated siRNA and 
cultured for 48 h. Expression of LMO4 and FOXF1 was quantified by qRT-PCR using the control gene PDHB as house-keeping gene and transfection control 
with non-sense siRNA. Data are means and SD from 4 experiments.
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Discussion

Therapeutic approaches in children suffering from RMS are 
currently based on clinical determinants and histological 
findings. However, these prognostic and predictive factors 
may be improved with biological parameters for a better risk-
adapted treatment of these patients. Based on gene expression 
arrays, there is growing evidence that rhabdomyosarcoma is 
a molecular heterogeneous disease with multiple molecular 
subtypes. 

Recently, array-based analysis of RMS samples described 
class prediction models with 10 genes to discriminate between 
RMA and RME (9). In the studies of Wachtel et  al (6), 
Davicioni et al (7), and Lae et al (9) there were only very few 
common differentially expressed genes between RMA and 
RME. We made the same observation in our probe cohort 
(Table III). In the cited studies, comparisons were performed 
between RMS tissues with and without translocation or based 
on histological classification. The expression data of these 4 
studies were obtained with the Affymetrix platform and has 
to be taken together to increase the number of samples and 
to apply a singular expression analysis algorithm in future. 
As a common unexpected finding from these studies, a gene 
encoding the cannabinoid receptor 1 (CNR1) was found 
highly up-regulated in RMA and therefore, the cannabinoid 
receptor agonists could represent a novel targeted approach 
for treatment of translocation-positive RMS. Inhibition of 
CNR1 with increased concentrations of AM28, an antago-
nistic inhibitor did not impair cell viability of the RMS cells 
(Rh30 and RD) at concentrations below 40 µM (unpublished 
own data). However, agonists of CNR1 reduced RMS cell 
proliferation (23). 

Similar to studies performed for breast cancer, considering 
patient data such as outcome, metastasis and drug response 
may facilitate discovery of gene-networks with prediction 
relevance for metastatic invasion and drug resistance in RMS. 
This implies the necessity for an increased number of primary 
RMS-samples, metastases and muscle tissue as reference. In 
our collective of 19 patients, the number of tissue samples was 
too low to build statistically relevant subgroups based on these 
parameters. Therefore, we focused on molecular networks 
characteristic for the main groups of RMA and RME. 

Pathway analysis considers the already published interac-
tion of gene products in different cellular systems and allows 
a focus on gene networks, which may be profoundly affected 
in tumor cells. Since the small number of tumor samples did 
not allow an unsupervised analysis of the gene expression 
with metastatic invasion as criterion, we depicted genes 
involved in metastatic invasion such as the transcription factors 
LMO4 and FOXF1 for functional analysis. These factors were 
over-expressed in RMA tissue samples. Comparison of pairs of 
original tumor samples and metastases may reveal other factors 
involved in the metastatic invasion of RMS. 

LIM domain transcription factor LMO4 plays a role in 
breast cancer. Analysis of 177 primary invasive breast carci-
nomas revealed over-expression of LMO4 in proliferating 
mammary epithelium suggesting that deregulation of this gene 
may contribute to breast tumor genesis (24). Over-expression 
of LMO4 in non-invasive, immortalized human breast epithe-
lial cells promoted cell motility and invasion (21). Our data 
revealed high expression levels in metastatic tumors and in 
the RMA cell line Rh30 with the highest invasion capability 
compared to the RD cell line. These findings overlap with the 
observations in breast cancer.

Genomic deletions of the forkhead box (FOX) gene family 
play an important role in the pathology of RMA as the major 
translocation involves FOXO1. FOXF1 is not linked in the 
cluster of FOXO1, however inactivating mutations of FOXF1 
cause alveolar capillary dysplasia and other malformations 
(25). The low expression of FOXF1 in mice correlated with 
decreased expression of Vcam1, α-5 integrin, Pdgf receptor-α 
and Hgf, all of which are critical for cell adhesion and migration 
(22). Among them, we detected Vcam1, α-5 integrin and Pdgf 
receptor-α, on our arrays with a lower expression in RME than 
in RMA. However, they did not fulfill the selection criteria for 
the differential expression analysis. Low expression of FOXF1 
in RME cells may correlate with reduced response capability of 
the RME cells to migration factors. A reduced invasion capa-
bility was expected for RD cells as LMO4 expression was low 
and FOX1 was almost undetectable. Consequently, a further 
lowering of FOXF1 expression in RD cells by siRNA did not 
contribute to the measured invasion. In concordance with the 
role of FOXF1 in the mouse embryonic development where the 
FOX gene cluster promotes mesenchymal cell differentiation, 

Figure 5. Blocking of cell migration by siRNA specific for LMO4 and FOXF1. RMS cells were transfected with the indicated siRNA and cultured for 48 h. 
Transfected cells were placed on Matrigel in a migration assay for 22 h. Total cells and migrated cells on the underside of the transwell membrane were 
detected by H33342 staining. Migration index was calculated as percentage of migrated cells related to total cells in the assay. Relative migration represents 
migration index compared to control cultures transfected with nonsense siRNA. Data are the means and SD from 3 experiments.
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Table III. Comparative analysis of genes with differential expresion in RMS.

Davincioni et al vs. 534	L ae et al vs. 534	 Wachtel et al vs. 534

MAGE-like 2	A drenergic, α-2A-, receptor	N uclear receptor subfamily 0, group B,	
		  member 1

Extracellular matrix protein 1	A drenergic, α-2C-, receptor	 Potassium inwardly-rectifying channel,
		  subfamily J, member 5

Dual specificity phosphatase 4	 Anaplastic lymphoma kinase (Ki-1)	 Deleted in liver cancer 1

MRNA; cDNA DKFZp762M127	 Rho guanine nucleotide exchange	 Cannabinoid receptor 1 (brain)
	 factor (GEF) 4

POU domain, class 4, 	 Bone morphogenetic protein 5	 Homeobox C10
transcription factor 1

Bone morphogenetic protein 5	C hromosome 14 open reading	F ibrillin 2 (congenital contractural
	 frame 132	 arachnodactyly)

Anaplastic lymphoma	C DC42 effector protein	RNA  binding motif, single-stranded
kinase (Ki-1)	 (Rho GTPase binding) 4	 interacting protein 1

Transcription factor 4	 Cannabinoid receptor 1 (brain)	 Pipecolic acid oxidase

S100 calcium binding protein A10	 Dystonin	E lastase 2A

Hairy and enhancer of split 1,	F orkhead box F1	E lastase 2B
(Drosophila)

NEL-like 1 (chicken)	GA  binding protein transcription	T refoil factor 3 (intestinal)
	 factor, ß subunit 2

Transforming growth factor ß 1	 Potassium intermediate/small 	 POU domain, class 4, 
induced transcript 1	 conductance calcium-activated	 transcription factor 1
	 channel, subfamily N, member 3	

Potassium intermediate/small	 Membrane-associated guanylate	C holinergic receptor, nicotinic, ß 3
conductance calcium-activated	 kinase, WW and PDZ domain
channel, subfamily N, member 3	 containing 1

Fibrillin 2 (congenital	NEL -like 1 (chicken)	T ranscription factor AP-2 ß
contractural arachnodactyly)

E2F transcription factor 5,	O ligodendrocyte lineage
p130-binding	 transcription factor 2

Polo-like kinase 2 (Drosophila)	 Paired-box gene 2

Dual specificity phosphatase 4	 Pipecolic acid oxidase

Growth differentiation factor 8	 Podocalyxin-like

Pleckstrin homology-like domain, 	 Protein phosphatase 1H
family A, member 1	 (PP2C domain containing)

EPH receptor A3	R yanodine receptor 3

Low density lipoprotein	 Sodium channel, voltage-gated, 
receptor-related protein 5	 type IV, α

Growth arrest-specific 2	 Solute carrier family 24

Protein kinase, cAMP-dependent, 	T ransient receptor potential cation
regulatory, type II, ß	 channel, subfamily V, member 1

3-hydroxy-3-methylglutaryl-	T SC22 domain family, member 2
coenzyme A reductase	

Listed are genes with differential expression in RMA vs. RME detected in previous studies and in this study. Genes in bold were detected in 
more than 2 studies.
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FOXF1 expression was higher in RMA compared to RME. It 
has to be assessed, whether restoring the FOXF1 expression in 
RME cells will be sufficient for a progression in the myogenic 
pathway differentiation (26). 

So far no specific inhibitors of LMO4 and FOXF1 have 
been described. Therefore, modulating function of down-
stream targets of these transcription factors may be more 
attractive to design inhibitors of metastatic invasion in RMS 
(27,28). Microarray technology is a powerful method not only 
to classify tumor samples, but also to select genes involved in 
crucial properties of cancer like proliferation, invasion and 
response to drugs. Our functional evaluation of LMO4 and 
FOXF1 opens up a molecular network to address metastatic 
invasion in RMS. 
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