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Abstract
Background: Rhabdomyosarcoma is the most common soft tissue sarcoma among children which has two
major subtypes: embryonal rhabdomyosarcoma (ERMS) and alveolar rhabdomyosarcoma (ARMS). Distinction
between these subtypes is mandatory to choose proper treatment and to determine prognosis. Histopathologic
study is the main method, but nowadays molecular studies like PCR are also used. The aim of this study was to
evaluate the frequency of PAX3 and PAX7 mutations in children with rhabdomyosarcoma.
Materials and Methods: In this cross- sectional survey, Paraffin blocks of 34 Rhabdomyosarcoma cases with
mean age of 6.3 ± 2.9 years were studied in Mofid Children's Hospital's Pathology Department, Tehran, Iran,
during a 10-year period. Tumoral lesions dissected and embedded in paraffin blocks for PCR study (Tissue
dissection method). Pure RNA extraction, cDNA synthesis, and PCR process were performed according to
iNtRON biotechnology company kits’ protocols. All of these cases were analyzed regardingPAX3 and PAX7
mutations.
Results: 2XWRIFDVHVZHUH(506DQGWZRZHUH$5061RQHRIWKH(506VDPSOHVZDVW  RUW
   SRVLWLYH 0RUHRYHU WZR $506 FDVHV ZHUH QHJDWLYH IRU 3$; DQG 3$; PXWDWLRQV 1R VLJQLILFDQW
difference was seen for age below and above five years (P= 0.69) as well as for tumor location (trunk tumor and
limbs/head tumor) (P= 0.11).
Conclusions: This study revealed lack of PAX3 and/or PAX7 mutations in both ERMS and ARMS. However,
careful morphological evaluation cannot be replaced by the PCR-EDVHGW  DQGW  DVVD\RIFKLOGKRRG
sarcomas, it can be used to make certain current histopathological diagnosis.
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Introduction
The most common childhood soft tissue
malignancy is rhabdomyosarcoma (RMS),
accounting for 4% to 8% of all pediatric
cancers (1). Pediatric RMS has two major
subtypes including embryonal and alveolar
(2, 3). The alveolar rhabdomyosarcoma
(ARMS) has a more aggressive clinical
behavior and a worse prognosis than all
embryonal variants like the botryoid and
the spindle cell variants (4).

However
histopathological
overlaps
between alveolar and embryonal, subtypes
may exist; the solid form of ARMS is
associated with a poor prognosis in the
absence of a typical alveolar growth
pattern
(2,
4).
Despite
careful
morphological examination, it may be
sometimes difficult to establish a definite
histopathological diagnosis in a given case
of a poorly differentiated RMS in a child
(5).
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Translocation between chromosome band
2q35 and chromosome band 13q14 has
been found in ARMS (6).
This translocation is associated with a
rearrangement of the PAX3 gene that
encoding a paired-box transcription factor.
The PAX3 gene is highly expressed in
dermomyotomal muscle progenitor cells of
the limb in mouse embryonic development
   7KH EUHDNSRLQW  RI  WKH W    LV
located within the final PAX3 intron and
results in a chimeric fusion protein
composed of an N-terminal PAX3
fragment and the C-terminal part of a
novel member
of
the
forkhead
transcription regulator family (9). The
structural integrity of the PAX3 paired
DNA binding domain in the PAX3
forkhead fusion protein and the home
domain is retained (10-12). The muscle
cell-specific transcription of PAX3 is
transferred to that of the chimera.
The tumor-specific PAX3 forkhead protein
is a more potent transcriptional activator
than the PAX3 protein (13). A gain-offunction mutation of PAX3 may therefore
be involved in the etiology of ARMS.
Indeed, over expression of the PAX3 gene
in NIH3T3 cells reveals an oncogenic
potential (14). This argument is further
strengthened by the observation of a
second, less frequent translocation
involving another member of the PAX
gene family in pediatric ARMS (15). This
W   ST WUDQVORFDWLRQUHDUUDQJHV
PAX7 to generate a PAX7 forkhead
fusion, analogous to the PAX3 forkhead.
This study aimed to evaluate the frequency
RI WKH W    DQG W    LQ SHGLDWULF
RMS, including the alveolar and
embryonal subtypes. The other aim of this
study was to compare survival rate during
24 months of follow up based on age,
gender, and location of tumor.

Materials and Methods
In this cross sectional study, according to
Paraffin embedded formalin fixed tissue,
34 cases of pediatric RMS younger than 11
years, were diagnosed in Mofid children's
hospital's pathology department (Tehran,
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Iran), during 2003 till 2013. The related
blocks and slides were available in our
archive include two cases of alveolar and
32 cases of embryonal.
Histopathological Evaluation
As archival material is the only available
source, paraffin-embedded formalin-fixed
tumor materials were examined. Nontumor tissue was dissected and removed
from block and pure tumoral tissue
reblocked again using a hematoxylin and
eosin stained slid as a template. Normal
paraffin-embedded skeletal muscle was
used as a negative control.
Histopathological tumor classification:
Hematoxylin and eosin-stained sections of
each tumor were reviewed by two expert
pathologist of pediatric pathology research
center of Mofid children's hospital and the
tumors were
classified
as
either
embryonal (including botryoid and
spindle cell variants) or alveolar RMS,
according to the WHO classification
scheme (3). Any amount of alveolar
pattern was classified as ARMS, in
concurrence with the criteria published by
Tsokos et al, (1994) (4, 16).
Genetics Study
RNA extraction and real-time polymerase
chain reaction (RT-PCR) assay methods:
RNA from paraffin-embedded tissues was
extracted from 10 µm sections. The
microtome blade was thoroughly cleaned
with 70% ethanol between different cases.
The pooled sections were dewaxed by
using xylol and melting at 65°C. Tumor
tissue was scratched off with a sterile
scalpel, collected into sterile micro
centrifuge tubes. Pure RNA extraction,
cDNA synthesis, and PCR process were
performed
according
to
iNtRON
biotechnology company kits’ protocols
those were kindly provided by pediatric
infectious disease research center (PIRC).
Since the mRNA quality often suffers
through the procedure of formalin-fixation
and paraffin-embedding, it was usually
necessary to choose close primers for
ϭϬϭ
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amplification of archival material. All PCR
products had the predicted length and their
identity confirmed these observations,
each sample was reanalyzed for the second
time using a fresh reverse transcription and
the individual PCRs were repeated on at
least four occasions. Thus, the PCR
products of paraffin-embedded samples are
shorter than those of fresh-frozen ones.
PCR conditions used in the amplification
of all templates were 20 Sec denaturation
at 94°C, 10 Sec annealing at 55°C, and 1
min/Kb extension at 72°C. When
necessary, two rounds of amplifications
were performed (‘nested’ PCR). After the
first amplification (40 cycles), a second
round of 40 cycles was carried out using
an internal primer pair.

relatively equally involved (52.9% vs.
47.1%). Among subjects, 32 (94.1%) of
them were diagnosed to have ERMS and
two (5.8%) were diagnosed to have
ARMS. The most common tumor location
was trunk (64.7%). The most involved age
group was patients younger than 2 years
old (38.2%). There were no significant
differences in survival rate between both
genders in 24 months follow up (P= 0.49)
(Figure 1) as well as for age below and
above five years (P= 0.69) or tumor
location (trunk tumor and limbs/head
tumor) (P= 0.11) using Kaplan- Meier
statistic method (Figure 2).
NonHRIWKHH[DPLQHG(506ZDVW  
RUW  SRVLWLYH,QDGGLWLRQ3$;DQG
PAX7 mutations were not detected in two
ARMS cases. No evidence of translocation
was detected in normal skeletal muscle.

Results
The mean age of the study samples was
6.3±2.9 years. Females and males were















Figure 1. Survival rate during 24 months of follow up in both gender.
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Figure 2. Differences between survival rates in 24-month follow up based on tumor location (trunk or
limb/head)


Discussion
In
this
study,
genetics
and
histopathological aspects of childhood
rhabdomyosarcoma were investigated. The
results of the study revealed that PAX3
and PAX7 genes mutations were negative
in ERMS and in two cases of childhood
ARMS. The different biological behavior
of the two histologically distinguishable
subtypes of pediatric RMS makes an
accurate diagnosis desirable. Although
most cases of alveolar and embryonal
RMS present a clear histological picture,
some overlap between the two forms may
exist. Most problems arise in the definition
of embryonal versus alveolar RMS in
those cases that requires the establishment
of minimal criteria. Poorly differentiated
round cell RMS has frequently been
mistaken as ERMS due to absence of a
typical alveolar pattern. This variant has
been recognized as the solid form of
ARMS by the NCI scheme and has been
shown to have a poor prognosis (4, 16).
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The described chromosomal translocations
between chromosome 2 and 13 or
chromosome 1 and 13 are thought to be
characteristic of the alveolar form of RMS
(17). The present study had therefore
examined the frequency of this
translocation in a number of formalinfixed, paraffin-embedded pediatric RMS.
1RHYLGHQFHZDVIRXQGIRUWKHW  LQ
either of ARMS. This could be due to the
lower sample number in this study.
)XUWKHUPRUHW  DQGW  ZDVQRW
detected in any of the ERMS studied. In
1998, Frascella et al studied 23 cases with
RMS (15 with ARMS and 8 with ERMS)
with RT-PCR and found out relatively
similar results to the current study. All the
ERMS were PAX3 and PAX7 negative,
30% of ARMS were PAX3 negative, and
%85 of ARMS were PAX7 negative
relatively close to these results (18). Li
Qiao-xin et al in 2009 evaluated 25 cases
with RMS (10 with ARMS and 15 with

ϭϬϯ
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ERMS)and found out all the ERMS were
PAX3 and PAX7 negative like this study,
40% ARMS were PAX3 negative and 80%
ARMS were PAX7 negative (19). In 2001,
according to Barr FG study on the
frequency of the PAX3 and PAX7
mutation in ARMS ,80% of cases have at
least one of this fusions and PAX3
frequency was being 5-10 times more than
PAX7 (20). It is important to consider that
mRNA extracted from formalin-fixed,
paraffin-embedded material is more often
degraded than that from fresh-frozen
material and thus the lengths of the
amplification product and primers have to
be chosen carefully. In this study, cDNA
sequences were amplified as small as
possible. It was supposed that the lack of
translocations in paraffin material was due
to small sample size in this study and non
representativeness of the spot-check in the
current study. Unfortunately, the access to
only two paraffin-embedded ARMS was
possible during these ten years. In this
study, karyotyping of paraffin-embedded
RMS was impossible since cell lines had
not been established after surgery.
However, it is questionable whether
karyotyping was more sensitive than the
PCR-based
translocation
assay.
Cytogenetic analysis is often unsuccessful
because established cell lines are prone to
several karyotypic changes. A study
presented two cases of ARMS that lacked
specific translocations on karyotyping
analysis, but showed a PAX3 and PAX7
transcripts by RT-PCR (21).
The PCR-EDVHGW  DQGW  DVVD\
cannot be replaced with careful
morphological evaluation of childhood
sarcomas, but can be used to complete
current histopathological diagnosis. It may
be of help in further to exclude ERMS,
which carries a more favorable prognosis
from the differential diagnoses list of small
round cell tumor if the presence of PAX3
and/or PAX7 mutations is confirmed.
This assay may help to increase the level
of diagnostic security, especially in limited
biopsy material. Whether it can serve as an
ϭϬϰ

independent prognostic parameter in
childhood RMS has to be investigated in
future studies incorporating patient
survival data. Furthermore, further studies
with more cases of ARMS from different
children’s hospitals is needed to compare
PCR and FISH methods and some studies
to define MYCN mutation by pediatrician
to provide children with more effective
and safer treatment to increase their
survival.

Conclusion
Based on this study, in undifferentiated
small round cell tumor, exclusion of
ERMS can be feasible with presence of
PAX3 and/or PAX7 mutations.
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