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ABSTRACT

Introduction: The very aggressive soft tissue and bone pediatric tumor Ewing’s sarcoma (ES) is caused in most cases by the chromosomal
translocation t(11;22)(q24;q12), which encodes an aberrant chimeric transcription factor (EWS-FLI1) that regulates target genes,
including the critical oncogene NROBI (Xp21.2), via GGAA-microsatellites. Objective: Analyze the GGAA-microsatellites of NROBI
promoter region of ES patients and healthy subjects in the population investigated. Method: Ten male ES patients and 71 adult healthy
males from Rio Grande do Sul state, Brazil, were included in this study. DNA from peripheral blood samples was extracted, amplified by
PCR, sequenced by the Sanger method and analyzed by capillary electrophoresis. Total number of GGAA-motifs, length of microsatellite
in base pairs, number of segments separated by “A” insertions, and the greatest number of consecutive GGAA-motifs were analyzed as
well. Statistical analyses were performed in the SPSS® statistical software and p-value <0.05 was considered significant. Results: A total
of 21 different alleles was identified in the 81 subjects, with 24.2 allele [(GGAA) A(GGAA), A(GGAA), ] being the most frequent, but
when comparing the data between the two groups, no significant difference was found. Conclusion: The sample investigated had a wide
variation of microsatellite structure, including the presence of rare alleles, allowing the opportunity to describe this population as an
essential step to identify genetic implications in ES tumorigenesis.
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RESUMO

Introdugdo: O sarcoma de Ewing (ES) ¢ um tumor pedidtrico de ossos e
partes moles muito agressivo, causado, na maioria das vezes, pela translocagao
cromossodmica t(11;22)(q24;q12), codificando um fator de transcrigao
quimérico aberrante (EWS-FLI1) que regula genes-alvo, incluindo o
oncogene NROBI (Xp21.2), via microssatélites GGAA. Objetivo: Analisar os
microssatélites GGAA da regiao promotora de NROBI em pacientes com ES e
individuos sauddveis da populagio em investigagao. Método: Foram incluidos
dez pacientes do sexo masculino com diagndstico de ES e 71 individuos adultos
higidos do sexo masculino do Estado do Rio Grande do Sul, Brasil. O DNA
foi extraido de sangue periférico e amplificado por PCR, sequenciado pelo
método de Sanger e analisado por eletroforese capilar. Foram analisados o
nimero total de repeticoes GGAA, comprimento total do microssatélite em
pares de bases, niimero de segmentos separados por insergoes “A” e maior
nimero de repeticoes GGAA consecutivas. As andlises estatisticas foram
realizadas no soffware estatistico SPSS® ¢ o valor de p<0,05 foi considerado
significativo. Resultados: Um total de 21 alelos diferentes foi identificado nos
81 individuos, com o alelo 24,2 [(GGAA) A(GGAA) A(GGAA), ], sendo o
mais frequente; mas, a0 comparar os dados entre os dois grupos, nenhuma
diferenga significativa foi encontrada. Conclusiao: A amostra estudada ¢
altamente varidvel em termos de estrutura de microssatélites, incluindo a
presenca de alelos raros, dando a oportunidade de descrever essa populagio,
0 que ¢ uma etapa fundamental na identificagio de implicagoes genéticas na
tumorigénese do ES.

Palavras-chave: sarcoma de Ewing; receptor nuclear 6rfao DAX-1; repeticoes
de microssatélites/genética; predisposigio genética para doenga; oncogenes.

RESUMEN

Introduccion: El sarcoma de Ewing (ES) es un tumor pedidtrico de huesos
y tejidos blandos muy agresivo, que se presenta con mayor frecuencia por
translocacién cromosémica t(11;22)(q24;q12), que codifica un factor de
transcripcién quimérico aberrante (EWS-FLI1) que regula los genes diana,
incluido el oncogén NROBI (Xp21.2), a través de microsatélites GGAA.
Objetivo: Analizar los microsatélites GGAA de la regién promotora de NROBI
en pacientes con ES y personas sanas de la poblacién investigada. Método: Este
estudio incluyé a diez pacientes varones con diagnéstico de ES y 71 varones
adultos del estado de Rio Grande do Sul, Brasil. El ADN se extrajo de sangre
periférica y se amplificé por PCR, secuenciado por el método de Sanger y
analizado por electroforesis capilar. El nimero total de repeticiones GGAA,
longitud total de microsatélites en pares de bases, niimero de segmentos
separados por inserciones “A” y el mayor nimero de repeticiones GGAA
consecutivas fueran analizados. Los andlisis estadisticos se realizaron con el
software estadistico SPSS® y se considerd significativo un valor de p<0,05.
Resultados: Se identificaron un total de 21 alelos diferentes en los 81, siendo el
alelo 24,2 [(GGAA), A(GGAA) A(GGAA), ] el mds frecuente, pero al comparar
los datos entre los dos grupos, no hubo diferencia estadisticamente significativa.
Conclusién: La muestra estudiada es muy variable en cuanto a estructura de
microsatélites, incluyendo la presencia de alelos raros, lo que nos permite la
oportunidad de describir la poblacién estudiada, lo cual es un paso fundamental
en la identificacién de implicaciones genéticas en la tumorigénesis de ES.
Palabras clave: sarcoma de Ewing; receptor nuclear huérfano DAX-1;
repeticiones de microsatélite/genética; predisposicién genética a la enfermedad;
oncogenes.
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INTRODUCTION

Ewing’s Sarcoma (ES) is a very aggressive soft tissue
and bone tumor that occurs mainly from childhood to
early adulthood, being the second most frequent primary
bone cancer in children and adolescents'. Its prevalence is
higher in European populations, with a slight preference
for males. The 5-year survival rate is 70% in patients with
localized tumors who undergo systemic chemotherapy
and local control measures versus less than 30% that is
recurrent or metastatic disease’. In Brazil, the age-adjusted
incidence rate (0-14 years old) of bone tumors is 5,74 per
million. ES is the second most frequent bone tumor with
an age-adjusted incidence rate of 1,77 cases per million
in children and adolescents (0-14 years old)>.

It is believed that the neoplasm originates from the
malignant transformation of progenitor cells from the
mesoderm and the neural crest with its driver mutation
being the chromosomal translocation t(11;22)(q24;q12)
in 85-90% of cases. It encodes the EWS/ETS family
fusion proteins®. EWS-FLI, the most prevalent aberrant
chimeric transcription factor generated, regulates many
genes, including the critical oncogenic target NROBI, via
GGAA-microsatellites on its promoter*”.

Before developing new therapeutic approaches
to such a highly malignant disease it is necessary to
understand the molecular structure and the emergent
properties that regulate the promoter of NROBIC. This
region contains microsatellites consisting of multiple
copies of GGAA core motif, with an occasional single
“A” base insertion, which were identified as EWS-FLI
binding sites, being necessary and sufficient for gene
regulation®. Not only the absolute number of repeats
present in a construct that determines the microsatellite’s
ability to function as a response element, but also the
number of consecutive (in tandem) repeats is important’.
Experimental analysis of DNA probes and promoter
fragments with a variable number of repeats indicated
that at least three consecutive GGAA-motifs are required
for DNA binding and gene activation®. The binding and
subsequent target gene activation is highly dependent on
the number of motifs in microsatellites near promoter
regions and the length of 18-26 was shown to confer
maximal EWS-FLI responsiveness to target genes, but
the mechanistic basis for this remains unknown®’.
Additionally, it was demonstrated that the position of
the “A” insertions influences the binding of EWS-FLI
oncoprotein to DNA®.

The objective of this study was to identify and describe
the molecular structure of GGAA-microsatellites on the
NROBI promoter region of unrelated ES patients and
healthy subjects from a southern Brazilian population.
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Since the length and the microsatellite structure are
important for DNA binding and gene activation, it
was hypothesized that a longer and more complex
microsatellite could be a risk factor for ES.

METHOD

In a cross-sectional study, 24 patients (age ranged
from 1 to 21 years old; 10 males and 14 females) were
diagnosed with Ewing’s Sarcoma between 1991 and 2004
in the Pediatric Oncology Department of Porto Alegre
Clinic Hospital (HCPA), Rio Grande do Sul State, Brazil.
All the clinical diagnoses were confirmed by imaging and
biopsies studies. Phenotypic information can be found in a
previous study'’. The non-ES group consisted of 71 adult
males, geographically matched to the patients.

Ten ES male patients were included in the study. Only
male subjects were enrolled because VROBI is located in
the X chromosome, which could lead to DNA sequencing
errors in female samples (particularly in heterozygotes).

This study was approved by the Institutional
Review Board, number 2.409.676, in compliance with
the Declaration of Helsinki. All the subjects and/or
parents/legal representatives, on behalf of the minors
enrolled in the study, signed the Informed Consent
Form (ICF).

DNA was isolated from peripheral blood samples
according to Lahiri and Nurnberger'' protocol. DNA
was amplified in a final volume of 25pl reaction
containing 1-10ng of DNA, 12.5pL of Master Mix
Multiplex PCR Kit (QIAGEN GmbH, Hilden,
Germany), 10 pmol/pL of upstream and downstream
primers, and 5.0pL of Q Solution (QIAGEN GmbH,
Hilden, Germany). PCR was performed on a Veriti
Thermal Cycler (Applied Biosystems; Life Technologies,
USA) using predenaturation, 38 cycles of 94°C-60s,
57°C-90s, and 72°C-30s, and a final extension.
Sequencing was conducted under BigDyeTM terminator
cycling conditions and performed using Automatic
Sequencer ABI 3730XL (Applied Biosystems; Life
Technologies, USA). The primers used to amplify the
targeted regions (design using the Primer3 algorithm)'?
were 5-TCTTATGCTGAGAATTCCAGGTC-3" and
5’- AAGAAGAGGGAGGATGGGA-3’. The sequencing
had a better result with the forward primer, which
was used for the proceeding analysis. In all sequences
involved in this study, it was clearly discerned the forward
primer followed by a preliminary sequence, GGAA-
repeats, a posterior sequence, and finishing with primer
reverse (Figure 1). Statistical analyses were performed in
the SPSS® statistical software and p-value <0.05 were
considered significant.



tggaga agaagaaaaa gagaaagaaa
gagagagaga gaaggagtga gagagggagg gagggaggga 999399935
aaggaaggaa ggaaggaagg aaggaaagga aggaaggaag gaaggaagga
aggaaaggaa ggaaggaagg aaggaaggaa ggaaggaagg aaggaaggaa
23gaaacagc aaaaaaagaa asplsebrleecileiery

Figure 1. Standard NROBT promoter allele with 25 GGAA-motifs and
two single insertions of “A” base to show the reference patterns used to
know the other alleles. In the upper black background is the forward

rimer; in up white background is the preliminary sequence; in gray
Eockground is the GGAA-microsatellite; in down white background
is the posterior sequence; and in down black background is the
reverse primer

RESULTS

The same primers, preliminary and posterior sequences
identification ensured the exact starting location of the
GGAA-microsatellite. With this accurate information, it
was possible to identify the arrangement of this region
on the NROBI promoter. A total of 21 different alleles
were identified in the 81 subjects, which were classified

Table 1. Different alleles by GGAA-motifs in NROBT promoter

NROB1 Microsatellites in Ewing’s Sarcoma

according to the amount and position of GGAA-motifs
and single ‘A’ base insertions (Table 1).

Comparisons between patients and controls were made

to verify if there were differences related to microsatellite
length or structure that could be a risk factor for ES.

The allele frequencies between patients and controls

were compared but no significant difference was found.
Additionally, the alleles were separated into three groups
according to the number of GGAA-motifs (<18, 18-26,
and >26) since 18-26 would confer maximal EWS/FLI
responsiveness®’, although none of the comparisons was
significant (data not shown).

The 24.2 allele [(GGAA) A(GGAA) A(GGAA),,

sequence] was the most frequent, being present in 33%
of all subjects (50% in patients and 31% in controls).
The highest frequency in patients was also not significant

(p=0.4, Chi-Square Test with Yates correction).

The population was also described in terms of the total
number of GGAA-motifs, the length of microsatellite
in base pairs, the number of segments separated by “A”

Allele’s o.frc::sle I:;r:;:::sc/)f Allele sequence (between the preliminary and the posterior
name*® D controls sequences)
16.1 65 1/0 (GGAA),A(GGAA) |
17.1 69 0/7 (GGAA)A(GGAA) ,
18.1 73 0/2 (GGAA)A(GGAA), ,
19.1 77 0/3 (GGAA)A(GGAA), ,
21.2 86 0/1 (GGAA) A(GGAA) A(GGAA),
22.1 90 0/1 (GGAA),A(GGAA),
23.2-A 94 0/1 (GGAA) A(GGAA) A(GGAA) |
23.2-B 94 0/2 (GGAA), A(GGAA) A(GGAA),
24.2 98 5/22 (GGAA) A(GGAA) A(GGAA) |
25.2-A 102 2/14 (GGAA) A(GGAA) A(GGAA), |
25.2-B 102 0/1 (GGAA),A(GGAA) A(GGAA) |
26.2-A 106 1/4 (GGAA) A(GGAA) A(GGAA),,
26.2-B 106 0/4 (GGAA),A(GGAA) A(GGAA) |
26.2-C 106 0/3 (GGAA),A(GGAA) A(GGAA), |
27.2 110 0/1 (GGAA) A(GGAA) A(GGAA),,
28.2 114 1/0 (GGAA) A(GGAA) A(GGAA),,
57.6-A 234 0/1 (GGAA) A(GGAA), A(GGAA) A(GGAA) A(GGAA), A(GGAA) A(GGAA),
57.6-B 234 0/1 (GGAA),A(GGAA), A(GGAA) A(GGAA) A(GGAA), ,A(GGAA) A(GGAA),
59.6 242 0/1 (GGAA) A(GGAA), A(GGAA) A(GGAA) A(GGAA), A(GGAA) A(GGAA),
60.6 246 0/1 (GGAA),A(GGAA), A(GGAA) A(GGAA) A(GGAA), A(GGAA) A(GGAA),
75.8 308 0/1 (GGAA) A(GGAA), AIGGAA) A(GGAA) A(GGAA), AGGAA) AIGGAA), AGGAA) A(GGAA),

(*) NROBI promoter alleles were named using the total number of GGAA-motifs followed by the number of single “A” insertions; Letters -A, -B, and -C were used

to discriminate the alleles when the “A” insertions were in different positions.

(*) Number of base pairs was calculated considering the first nucleotide after the preliminary sequence until the last nucleotide before the posterior sequence.
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insertions, and the greatest number of consecutive GGAA-
motifs in patients and control groups (Table 2).

DISCUSSION

The results demonstrate that the population
investigated is highly variable since only 81 chromosomes
were sequenced allowing the identification of 21 alleles.
Table 1 also shows that no allele had a segment with
less than four consecutive GGAA-motifs, which is a
susceptibility factor for ES since previous findings showed
that EWS/FLI only binds regions with at least three
consecutive motifs®.

In different Ewing cell lines, the level of expression of
the oncogenic NROBI had a positive correlation to the
number of GGAA-repeats in its promoter”. Long and
complex GGAA-microsatellites were found not only in
the patient group but in the control group as well. So,
the length of the microsatellite does not seem to be a risk
factor for ES.

The data analyzed in Table 2 was based on a previous
study of the same promoter region of NROBI in European
and African populations. In that study, it was shown that
the GGAA-microsatellite is highly polymorphic in both
populations, with longer and more variant sequences
in the African population but they did not evaluate
those characteristics in ES patients'®. Since the length
and the microsatellite structure are important for gene
activation®’, the samples were described and analyzed
according to these criteria. As there is no study with ES
patients to compare with and there were no significant
differences between patients and controls, the result may
not be relevant.

Stefani RR, Toni EC, Farias (B, Brunetto AT, Brunetto AL, Roesler R, Alho CS, Friedrich DC

The most frequent allele in European and African
populations' was the allele 24.2, which corresponds to
the findings hereof. Interestingly, 17-26 GGAA-motifs
alleles are also the most common found in ES cell lines
according to the same study.

It is known that the small number of subjects is the
major limitation of the study, however, that was the
number of males diagnosed in the period in Rio Grande
do Sul, and this is a given scenario.

CONCLUSION

It was possible to identify many rare alleles in the
NROBI promoter region and to describe the population,
which is a fundamental step in identifying genetic
implications in ES tumorigenesis. As many authors
hypothesized that microsatellites are involved in
tumorigenesis and there are scarce studies on this theme,
the current article can contribute to the knowledge
that long and complex structured GGAA-repeats are
characteristics of the healthy population as well. Finally,
more studies are necessary to elucidate a possible
relationship between the GGAA-microsatellite structure
of the NROBI promoter region and the susceptibility to
ES in the population investigated.
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