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ABSTRACT

Importance: Rhabdomyosarcoma (RMS) is the most common
soft tissue sarcoma in children. More than 90% of cases are
classified as embryonic RMS (ERMS) or alveolar RMS (ARMS).
ERMS has a worse prognosis than ARMS. Early differential
diagnosis is of paramount importance for optimization of
treatment.

Objective: To identify genes that are differentially expressed
between ARMS and ERMS, which can be used for accurate
rhabdomyosarcoma classification.

Methods: Three Gene Expression Omnibus datasets composed
of ARMS and ERMS samples were screened and 35 differentially
expressed genes (DEGs) were identified. Receiver operating
characteristic curve analysis and area under the curve analysis
was performed for these 35 DEGs and seven candidate genes
with the best differential expression scores between ARMS and
ERMS were determined. The expression of these seven candidate
genes was validated by immunohistochemical analysis of pre-
chemotherapy ARMS and ERMS specimens.

Results: The levels of DCX and CRABP2 were confirmed to
be remarkably different between paraffin-embedded ARMS and
ERMS tissues, while EGFR abundance was only marginally
different between these two RMS subtypes.

Interpretation: DCX and CRABP2 are potential biomarkers for
distinguishing ARMS from ERMS in pre-chemotherapy pediatric
patients.
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INTRODUCTION

Rhabdomyosarcoma (RMS), a high-grade malignant
neoplasm of mesenchymal origin and is the most common
soft tissue sarcoma in children.' RMS can be classified
into four histological subtypes based on different locations
or origins according to the World Health Organization:
embryonal (ERMS), alveolar (ARMS), pleomorphic,
and spindle cell/sclerosing.” ERMS and ARMS are the
two major subtypes accounting for about 90% of RMS
and they have distinct molecular and clinical profiles.
Accurate classification of these two subtypes is essential
for optimization of treatment protocols. Currently, the
classification of ARMS and ERMS is mainly based on
histological and cytological features, as well as molecular
characteristics.” Approximately 60% of ARMS tumors
are accompanied by a gene fusion between PAX3 or PAX7
and FOXOI, which leads to a higher probability of bone
marrow metastasis.’ In contrast, the majority of ERMS
cases feature a loss of heterozygosity at 11p15.” Genetic
mutations have been found in some ARMS cases, such
as in MYCN and CDK4 genes.® Other genetic variants
including in TP53, NRAS, KRAS, HRAS, PIK3CA,
CTNNBI and FGFR4 have been documented in ERMS
cases.”"! However, PAX3/7-FOXO] fusion is only a partial
indicator of ARMS because around 40% of ARMS cases
lack this fusion and share some clinical features with
ERMS. Therefore, additional genetic markers are needed
as supplementary factors to help distinguish ARMS from
ERMS.

Microarray analysis is an efficient tool in oncology
studies. Although many previous studies have used
microarray technology to acquire gene expression profiles
of sarcoma, investigation of RMS is very limited." In this
regard, identifying differentially expressed genes (DEGs)
would help discriminate ARMS from other subtypes of
RMS, especially ERMS.

In this study, we applied bioinformatics to interrogate
previously published data from ARMS and ERMS
samples. We identified DEGs between ARMS and
ERMS and validated the expression of critical genes by
immunohistochemical analysis of tumor specimens.

METHODS
Ethical approval

This research was approved by the Ethics Committees
Board of Beijing Children’s Hospital (2018-k-148), and
followed the principles of the Helsinki Declaration II. The
informed consent was obtained from guardians of patients.

Dataset selection

To identify the DEGs between ARMS and ERMS, the
datasets of gene expression profiles with sequence
numbers of GSE114621, GSE52252 and GSE967 were

retrieved from the Gene Expression Omnibus (GEO)
database.” GSE114621 (Dataset 1)"* contained 43 ARMS
and 35 ERMS tissue samples; GSE52252 (Dataset 2)"
included three ARMS and three ERMS samples; GSE967
(Dataset 3) '® included nine ARMS and three ERMS
samples. The selection criteria for these three datasets
were as follows: (1) including both ARMS and ERMS
tissue samples; (2) accessible to all the raw data.

Preprocess of data and screen of DEGs

We used an online tool, GEO2R (http://www.ncbi.nlm.
nih.gov/geo/geo2r), for each dataset separately. Pre-
processing and standardization of the original dataset
were the basis for obtaining accurate data. The matrix was
constructed by the GEO2R tool with Limma R packages
and the Affymetrix gene expression microarray data were
read. We considered DEGs as log,fold-change > 1.2 or
log,fold-change < —1.2 and P < 0.05. Online software
Venn diagram analysis (http://bilinfogp.cnb.csic.es/tools/
venny/index.html, VENNY 2.1) was used to intersect
DEGs between ARMS and ERMS after obtaining three
profiles of differentially expressed Affymetrix gene IDs.
Datasets were represented by three different colored areas,
and cross areas represented the common DEGs. We used
Database for Annotation, Visualization and Integration
Discovery (DAVID) to convert Gene IDs into symbols."
After removing uncharacterized and duplicated genes,
35 common DEGs from three datasets were generated.
Since dataset 1 (GSE114621) was identified to have a
larger sample size of ARMS and ERMS tissues, heatmaps
and volcano plots were generated of this dataset in order
to visualize DEGs using Morpheus (https://software.
broadinstitute.org/morpheus, version 1.0) and Main
software (BOA Bioinformatics, version 8.1).

Immunohistochemistry (IHC)

A total of 10 pre-chemotherapeutic RMS tumor specimens,
including 5 ARMS and 5 ERMS specimens were collected
from Beijing Children’s Hospital, Capital Medical
University.

The pre-chemotherapeutic tumor specimens were fixed in
10% formalin, embedded in paraffin and sectioned. After
dewaxing, unstained 4-um FFPE sections were heated for
15 min at 95°C with 10 mM sodium citrate buffer (pH 6.0)
to retrieve tissue antigen. In order to block endogenous
peroxidase, the sections were incubated with 3% hydrogen
peroxide for 10 min at room temperature. After phosphate-
buffered saline (PBS) rinsing, the appropriate diluted
primary antibody (RPSAP58: dilution 1:500, H00388524-
BO1P, Novus Biologicals; DCX: dilution 1:100, sc-
271390, Santa Cruz; CRABP2: dilution 1:100, sc-166897,
Santa Cruz; GAS2: dilution 1:100, ab109762, Abcam;
LPARI1: dilution 1:100, sc-515665, Santa Cruz; EGFR:
dilution 1:100, sc-373746, Santa Cruz; SLC1A3: dilution
1:100, ab181036, Abcam) were added to each section and
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incubated overnight at 4°C. After washing the primary
antibody with PBS, the sections were incubated with
secondary antibody (rabbit HRP Polymer PV-9001 or
mouse HRP Polymer PV-9002, Beijing Zhongshan Golden
Bridge Biotechnology Co., Ltd., China) and developed
with DAB (3-3’ diaminobenzidine-4HCI, Sigma).
Finally, the staining signal were evaluated under a light
microscope under 200x bright-field and 400x bright-field,
respectively.

The staining signal of RPSAP58, DCX, CRABP2,
GAS2, LPARI1, EGFR, and SLC1A3 were scored by
two senior pathologists independently. The intensity of
immunostaining was estimated as follows: 0, negative;
1, weak positive; 2, positive; or 3, strong positive.”” We
observe the percentage of cell staining intensity in the
field of view of 5 high power lenses (200%) to the same
type of cell in the field of view. No coloring was regarded
as negative, and 0 points were recorded. Less than 10%
of cells showing brown coloring were regarded as weak
positive, and scored 1 point. Ten to thirty percent of cells
with strong tan staining or less than 70% of cells with
weak or medium strength brown staining were considered
positive, scored 2 points. More than 30% of cells with
strong or more than 70% medium strength tan staining
were regarded as strong positive, scored 3 points.

Statistical analysis

Univariate and multivariable logistic regression analysis
were performed to identify the DEGs that may help in
separating ARMS from ERMS using SPSS software
(version 16.0; SPSS, Inc). Age, gender and stage were
included in multivariable logistic regression analysis. The
area under the receiver operating characteristic (ROC)
curve was carried out to evaluate the DEGs as potentially
predictive molecules for differential diagnosis.

(A)

GEO DataSets

-Dataset 1: GSE114621 (43 ARMS, 35 ERMS)
-Dataset 2: GSE52252 (3 ARMS, 3 ERMS)
-Dataset 3: GSE967 (9 ARMS, 3 ERMS)

1. Analyzed with GEO 2R

2. Grouped in ARMS and ERMS
3. P<0.05

v 4. log,FC>12orlog,FC<~-1.2
Differentially expressed Affymetrix
gene ID

-Dataset 1: 107 elements

-Dataset 2: 3414 elements

-Dataset 3: 5825 elements

1. Gene ID conversion by DAVID

3. Intersection

Differentially expressed gene symbol
35 genes

i€— 2. Remove duplicated, uncharacterized genes

RESULTS
Identification of DEGs between ARMS and ERMS

To search for differential gene expression between ARMS
and ERMS, data from three published datasets that include
43 ARMS and 35 ERMS tissue samples were processed.
Data were normalized and processed according to the
flowchart shown in Figure 1. In short, differential gene
expression in these three datasets was extracted using
GEO2R. Duplicated and uncharacterized data were
removed and genes differentially expressed in all three
datasets were selected. Thirty-five DEGs with log,(fold-
change) >1.2 between ARMS and ERMS samples were
found, including 19 that were up-regulated and 16 that
were down-regulated in ARMS samples compared with
ERMS samples (Figure 2).

Screening of critical DEGs between ARMS and ERMS

To find the most relevant DEGs between ARMS and
ERMS, we first used univariate and multivariable logistic
regression analysis to confirm the accuracy of DEG
selection. All of the 35 DEGs were significantly different
(P < 0.05) regardless of which mode was chosen for
analysis (data not shown). We then processed the data by
ROC curve analysis. The ROC curves and area under the
curve (AUC) values of DEGs are presented in Table 1
and Figure S1. All AUC values exceeded 0.5, a standard
criterion for data separation. Then DEGs possessing AUC
values greater than 0.8 were selected as critical candidate
genes for further validation.

Validation of critical DEGs by IHC

We chose seven genes (RPSAP58, DCX, CRABP2, GAS2,
LPARI, EGFR and SLC1A3) for validation whose AUC
values were > 0.8. Their expression levels were quantified

(B)
GSE1146

GSE967

GSEb52252

FIGURE 1 Screening process for differentially expressed genes (DEGs) between ERMS and ARMS. (A) The three Gene Expression Omnibus (GEO)
datasets, GSE 114621 (dataset 1), GSE 52252 (dataset 2) and GSE 967 (dataset 3) were selected for the identification of DEGs. (B) Different colored
areas represent different datasets. The overlapping areas correspond to the shared DEGs. ERMS, embryonic rhabdomyosarcoma; ARMS, alveolar

rhabdomyosarcoma; FC, fold change.
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FIGURE 2 Analysis of differentially expressed genes (DEGs) between ERMS and ARMS samples in selected Gene Expression Omnibus dataset. (A)
Heatmap of the DEGs. Red represents up-regulated genes and green represents down-regulated genes in ARMS compared with ERMS. (B) Volcano plot
illustrates the DEGs with log, (FoldChange) >1.2 and P < 0.05. ERMS, embryonic rhabdomyosarcoma; ARMS, alveolar rhabdomyosarcoma.

TABLE 1 AUC values of DEGs

Gene ID AUC Gene ID AUC
Up-regulated Down-regulated

RPSAP5S8 0.8133 CRABP2 0.8492
DCX 0.8073 GAS2 0.8385
GCA 0.7980 LPARI 0.8179
CNRI 0.7934 EGFR 0.8153
EDN3 0.7880 SLCIA43 0.8153
SELIL3 0.7794 PLAGI 0.7914
CELA2B 0.7588 NELL2 0.7781
CELA24 0.7588 NAV3 0.7615
NELLI 0.7522 NNAT 0.7608
CHRNB3 0.7515 WIF1 0.7508
ALK 0.7508 CCIN 0.7342
ELOVL2 0.7309 NEFM 0.7150
TFAP2B 0.7150 PRAME 0.7096
FGFR2 0.7143 ITM24 0.6957
JAKMIP2 0.7130 MMP16 0.6525
ERVW-1 0.7050 MYF5 0.5972
GREM1 0.6990

TTN 0.6844

BMP5 0.6638

AUC, area under the curve; DEGs, differentially expressed genes.

and compared in pre-chemotherapy RMS tumor specimens
by IHC. We collected tumor specimens from ten pre-
chemotherapy RMS pediatric patients (seven males and
three females) with ages ranging from 20 to 93 months.
Five patients were diagnosed as ARMS and five as ERMS.
Three of the ARMS patients were FOXO1 gene positive.
Eight patients were in the stage III and medium-risk
group, while two were in the stage IV and high-risk group.

The demographic and clinical characteristics of these 10
RMS patients are detailed in Table S1. The intensity of
immunohistochemical staining was scored by two senior
pathologists, and the results are shown in Figures 3 and
S2. Among the seven DEGs, the abundance of DCX was
significantly higher in ARMS, CRABP2 abundance was
significantly lower in ARMS, while EGFR was only
marginally different between ARMS and ERMS. The
other four DEGs (RPSAP58, GAS2, LPARI and SLCIA3),
despite having high AUC scores, showed no differences in
protein abundance between the two RMS subtypes.

DISCUSSION

Cancer is essentially a genetic disease in which many
genetic variations accumulate during the multistep process
of carcinogenesis, leading to abnormal unrestrained cell
growth and malignancy.”® RMS is a malignant solid tumor
occurring most commonly in children.” If diagnosis is
made after metastasis has occurred, the 5-year survival
rate of RMS, even with the best treatment, is below 20%.
Considering the poor prognosis of ARMS, it is essential
to distinguish it from other subtypes of RMS, especially
ERMS. We hypothesized that this could be achieved by
examining their differential gene expression profiles. In
the present study, seven candidate DEGs were identified
by comparing microarray gene expression data between
ERMS and ARMS in three published databases. We then
validated the expression levels of these seven genes in
paraffin-embedded tumor sections and found that two
genes (DCX and CRABP2) were strongly associated
with the ERMS and ARMS subtypes. DCX is an essential
factor in neurogenesis and plays a role in central nervous
system tumors and prostate cancer.”””' The expression of
DCX was enhanced in ARMS, which was consistent with
a previous report showing that DCX was up-regulated in
PAX-FOXOI gene-fusion-positive ARMS.”> CRABP2
is associated with increased circulating levels of low-
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DCX CRABP2 EGFR SLCIA3 RPSAPS8 GAS2 LPARI

Type  Patients
Pl
P2
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CRABP2
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©) DCX CRABP2

Score of Pathological Sections
Score of Pathological Sections

FIGURE 3 Validation of the gene expression in rhabdomyosarcoma
tumor tissues by ITHC. (A) Scores for pathological sections. (B)
Representative IHC staining for DCX and CRABP2 in ARMS and
ERMS tissue samples. (C) Statistics of pathological section scores for
DCX and CRABP2. IHC, immunohistochemistry. ERMS, embryonic
rhabdomyosarcoma; ARMS, alveolar rhabdomyosarcoma.

density lipoprotein cholesterol and its expression level
is connected to lung, breast and cervical cancer.”™ In
our study, the expression of CRABP2 was upregulated
in ERMS, which has not been reported previously.
The EGFR family, which showed minimal expression
difference in this study, consists of four genes encoding
receptors that play important roles in cell proliferation,
division and survival.*® Several studies have demonstrated
the expression of EGFR in RMS cell lines, indicating
that the proliferative ability of RMS cells was impaired
by reduced EGFR expression.”” In our study, albeit with
a limited sample size, we found upregulation of EGFR
in two out of five ERMS samples. This was in agreement
with a previous demonstration of EGFR downregulation
in ARMS.” Surprisingly, the other four genes (RPASP5S,
GAS2, LPARI, and SLC1A3) that we chose with great
confidence based on DEG and AUC analysis showed
no differential expression in ARMS and ERMS tumor
sections.

There are several limitations in the present study. First,
the three datasets we analyzed were all microarray data
that did not include information of fusion status. Three

of the ARMS tumor samples chosen for IHC validation
were positive for PAX-FOXO1 gene fusion. However,
because of the limited sample size we could not identify
an obvious relationship between different fusion types and
DCX/CRABP2 expression. In the future, comparison of
DCX and CRABP2 expression in ARMS tumors with and
without gene fusion will be valuable for understanding the
molecular mechanism of tumor progression. We suggest
that expression of these two genes might constitute a
supplementary index for ARMS. In many difficult cases,
for example, PAX3/7-FOXO1-negative ARMS cases, it
could be an alternative diagnostic parameter. Second, the
data size was small and was mainly from the Affymetrix
Human Exon Array. In the future, we will use more data,
including RNA-Seq data, to validate this finding and to
discover more markers. Third, because of the limited
sample size tested, scores overlapped between ERMS
and ARMS. ERMS and ARMS do share many clinical
features, which is why it is difficult to distinguish these
two tumor types at early stages, particularly before
chemotherapy. Because of the rarity of rhabdomyosarcoma
tissue samples, especially pre-chemotherapy samples, our
results require further validation using larger cohorts.

In summary, we performed a comprehensive
bioinformatics analysis of DEGs between ARMS and
ERMS based on three public datasets and identified 35
DEGs. The results of the analysis and THC validation
indicated that DCX and CRABP2 are candidate diagnostic
molecules for distinguishing ARMS from ERMS.
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