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Therefore, the aim of this study is to revise the main genetic 
alterations associated to ES, its main symptoms and prognosis.

Genetic alterations in Ewing sarcoma
Most of the tumors occur due to structural aberrations in the 

chromosomes, such as translocations that involves the reciprocal 
exchange of DNA segments, usually without gain or loss of genetic 
material. Thus, chimeric chromosomes are formed [15]. Genetically, 
ES is characterized by the fusion of EWSR1 gene and members of 
the regulatory ETS genes, being the EWSR1-FLI1 junction the most 
frequent. This fusion occurs due to the translocation of the 11 and 22 
chromosomes (t(11;22)(q24;q12)), which involves the gene FLI1 in 
the chromosome 11 that encodes a transcription factor related to cell 
proliferation, growth signs and tumorigenesis, and the gene EWSR1 
in the chromosome 22 that encodes a multifunction protein involved 
in several cellular processes such as gene expression, cell signaling and 
RNA processing and transport [1,7,16].

In 10% to 15% of these translocations, the fusion occurs between 
the EWSR1 gene with other members of the regulatory ETS gene (such 
as t(21;22)(q22;q12)) that results in the hybrid gene EWSR1-ERG, or 
with other genes as ETV1, E1AF or FEV. In a much slow frequency, ES 
can be a result of the fusion of the RNA binding proteins TET family 
genes (TAF15 and TLS) with the members of the ETS family, resulting 
in chimeric TET-ETS genes that can encode oncoproteins [8]. Table 
1 shows the main structural chromosome aberrations involved in ES.

The EWS-FLI1 gene fusion constitutively activates the promoter 
of the C-MYC gene, which is a proto oncogene that is essential in 
embryonic life and dependent on external and internal signals for 
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Abstract
Ewing Sarcoma is a malign cancer that mainly occurs in white boys and that affects primitive mesenchymal cells. The main genetic alteration responsible for this cancer 
is EWSR1-FLI1 translocation that encodes a chimeric protein that can interfere in other genes transcription. This abnormality associated to secondary mutations 
generates the disease phenotype, affecting bones and soft tissues. For diagnosis purposes, it is necessary a histochemical and anatomopathological examination. 
Treatment is based on adjuvant chemotherapy associated to radiotherapy and surgery, with the intention to eradicate local neoplastic and metastatic cells, which 
normally stablish in the lungs.

Introduction
Ewing Sarcoma Family is a group of neoplasms with source on 

neuroectodermal primitive cells that have the potential to differentiate 
into various types of tumors including the Ewing sarcoma (ES), 
primitive neuroectodermal tumor (PNET), peripheral neuroepitelioma 
and Askin tumor [1]. ES and PNET are very associated, being the main 
difference between them the degree of cell dissemination, since in ES 
the cells are undifferentiated and in PNET they have a greater degree 
of differentiation [2-4]. In this review, the focus will be on the ES, 
specially its skeletal disease.

Genetically, ES is characterized by t(11;22)(q12;q11.2) translocation, 
one that fuses the EWSR1 gene on chromosome 22 with the FLI1 gene 
on chromosome 11, which is responsible for the tumorigenesis [4-6]. 
This chimeric oncogenic fusion encodes the EWS/FLI1 protein which 
is involved in many gene regulations and associated with secondary 
mutations, causing ES phenotype [5,7].

ES specifically initiates in the primitive mesenchymal stem cells of 
mesoderm or neural crest origin [5], and mainly affects bones (85%), 
specially pelvis, femur, tibia, chest wall and ribs [2,8,9], and in some 
cases soft tissues (15%)9. ES is the second most frequent primary 
skeletal tumor, only after osteosarcoma, and it has the most unfavorable 
prognosis. It is considered very aggressive and very rare, accounting 
with 0.2% of all cancers and 2.9% of the entire childhood one [2,10,11]. 
It has an annual incidence of 3: 1.000.000, affecting mainly children, 
adolescents and young adults, with a peak in the second decade of life 
[8,9,11,12]. 70% to 80% of patients are diagnosed younger than 20 years, 
20% to 30% in the first decade and rarely before 5 years or after 30 years 
[2]. ES male/female rate is 1.5:1 approximately [2] with a significant 
association with ethic groups, being rare in African descendants and 
eastern Asia populations and more common in Hispanics [11,13,14].

Since this tumor belongs to a highly malignant cancer group it 
must be diagnosed early to begin treatment [11,12]. Moreover, it has 
a strong potential to metastasize, especially in the lungs, bone marrow 
and other bones. Many patients (20% to 25%) present metastasis at the 
initial diagnosis [2].
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NR0B1 gene is responsible for DAX1 coding, which plays an 
important role on the production and function of several endocrine 
hormones and controls the activity of some genes during embryonic 
development. The aberrant expression of NR0B1 gene maintains 
the oncogenic transformation in ES cells. CAV1 gene expresses the 
caveolin-1 protein that is involved with endocytosis, being responsible 
for maintaining the cellular structure and regulating chemical signaling 
pathways. The imbalance of this gene expression is associated with 
tumor metastasis. ERG2 gene encodes the early growth response 2 
protein, a transcription regulatory protein that activates several genes 
involved in the formation and maintenance of myelin, and is also 
associated with the proliferation of osteoprogenitor cells derived from 
mesoderm. Therefore, the activation of the GGAA repetitive sequence 
regions is a specific ability of the oncogenic protein expressed in ES 
and this activation regulates genes involved in tumorigenesis [5,21-23].

Changes in normal biological processes, such as duplication, 
transcription and translation, which are essential for normal embryonic 
development, are key features in determining tumor cell malignancy. 
And the embryonic cells differentiation is regulated by epigenetic 
mechanisms that are disrupted by the chimeric protein encoded by the 
EWS-FLI1 genes fusion. This protein changes the epigenetic regulation 
of homeobox (HOX) genes that are responsible for determining the 
pattern of the embryonic development, resulting in an abnormal 
expression of these genes in ES. The abnormal regulation of the HOX 
genes causes an erroneous migration of the neural crest cells and 
maintains the tumorous cells in an undifferentiated state [24].

EWS-FLI1 oncogenic fusion is also responsible for promoting the 
malignant transformation of the tumor, since it activates IGF-1 gene 
that is responsible for the extra and intracellular signal transduction 
that stimulates proliferation, growth and cell survival. Besides, IGF-
1 is an important regulator of cell invasion and consequently of the 
metastasis in ES [25,26].  

Symptoms and diagnosis
The earliest symptom in ES is acute pain that rapidly progresses and 

becomes chronic pain, strong enough to put the patient in analgesic 
drugs that sometimes does not help. Moreover, other symptoms can be 

its functioning. However, the C-MYC gene has reduced activity in 
differentiated cells and the inappropriate activation induces a gene 
amplification that results in the expression of proteins involved in the 
regulation of the cell cycle, differentiation and growth, and genomic 
instability that favors the appearance of neoplasms [18].

Chimeric EWS-FLI1 gene encodes proteins that can inhibit the 
apoptotic pathway and results in deregulated tumor growth [1,19]. 
These proteins can also activate the transcription of the TERT gene, 
regulating positively the telomerase expression, promoting immortality 
of the tumor cells [1,20].

ES has a very low mutational rate (0.15 mutations/Mb) compared 
to other malignant neoplasms. The most common secondary genetic 
lesions in ES are structural aberrations that include extra copy gain on 
chromosomes 8 and 12 and on the long arm of chromosome 1, and 
loss of copies on the long arm of chromosome 16 and on short arm of 
chromosome 9 [8].

The main somatic mutations in ES are in STAG2 (17%), CDKN2A 
(12%) and TP53 (7%) genes [12]. STAG2 encodes a complex of proteins 
known as Cohesive proteins that are involved with the chromosomal 
organization. This protein complex promotes cohesion among the 
chromatids during DNA duplication and presents a regulatory role 
during DNA transcription and DNA repair. Therefore, one deletion 
in STAG2 gene interferes in the chromosome segregation during mitosis, 
ending in accumulation of structural aberrations and aneuploidies [8,9,12].

CDKN2A is a tumor suppressor gene that regulates cell cycle by 
encoding proteins that can inhibit cyclin-dependent kinases (CDKs). 
CDKs activate the family of retinoblastoma proteins (pRB) that connect 
to transcription factors (E2F), blocking the cell cycle progression. In 
this way, one mutation on CDKN2A gene inactivates pRB that releases 
E2F, eliciting cell cycle progression [8,9,12].

TP53 is also a tumor suppressor gene that promotes DNA repair 
and can interrupt the cell cycle once activated. This tumor suppressor 
gene encodes the p53 protein that induces the synthesis of p21 protein 
that can inhibit the activity of the cyclin-CDK complexes stopping 
G1-S progression, interrupting the cell cycle. Therefore, one mutation 
on TP53 favors tumor growth, since the cell cycle will not be stopped. 
Thus, the constitutive activation of C-MYC gene by gene fusion EWS-
ETS associated to mutations in secondary genes have a direct impact 
on tumor growth. All tumors that present mutations on STAG2 e TP53 
genes are associated to aggressive tumors that present poor prognosis 
to conventional treatments and require alternative therapies [2,8,9,12].

EWS-FLI1 fusion promotes the remodeling of the chromatin, 
activating or repressing the expression of target genes through GGAA 
microsatellites. This means that the chimeric protein encoded by this 
fusion interacts with microsatellites with GGAA repetitive sequences, 
recruiting p300 protein, an acetyltransferase, that results in histone 
acetylation and chromatin opening, activating the enhancers and 
stimulating the target genes transcription, specially NR0B1, CAV1 and 
ERG2 genes [5] (Figure 1).

Diagnosis Chromosomal 
Aberrations Genes Involved Frequency (%)

Ewing Sarcoma

t(11;22)(q24;q12) EWS-FLI1 90
t(21;22)(q22;q12) EWS-ERG 4
t(7;22)(p22;q12) EWS-ETV1 <1

t(17;22)(q12;q12) EWS-FEV <1
t(16;21)(p11;q22) FUS-ERG <1

Table 1. Structural chromosome aberrations in Ewing Sarcoma [15,17]

Figure 1: EWS-FLI1 interaction with microsatellites with GGAA repetitive sequences [5] 
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noticed: fever, anemia, inflammation, moderate leukocytosis, increase 
in serum LDH, loss of appetite and weight, sometimes paresthesia and 
visible swelling in the site of the tumor can be noted [2].

The tumor is usually diagnosed by imaging [27]. First, in 2D 
radiograph, osteolysis and periostal reactions are discovered and 
magnetic resonance imaging (MRI) is more precise and reveals 
the extent of the tumor including intramedullary portion and soft 
tissue masses. MRI is also used for staging and surgical planning, 
and to evaluate therapeutic responses. However, definitive diagnosis 
depends on biopsy: sampling is more appropriate, but aspiration or 
core needle can also be used [2]. The biopsy is very important since 
many neoplasms present the same imaging characteristics as ES, 
e.g. avenocellular carcinoma, neuroblastoma, rhabdomyosarcoma, 
mesenchymal chondrosarcoma and lymphoblastic lymphoma. 

Thus, anatomopathological, cytogenetic and immunohistochemical 
evaluations are essential to differentiate ES from other tumors [28,29]. 
Anatomopathological examination usually shows several irregular 
fragments of light brown coloring tissues and firm consistency. 
Cytogenetic studies in this type of tumor usually show chromosome 
aberrations. Immunohistochemical staining in ES normally is reported 
positive for CD99 (a cell surface glycoprotein responsible for cell 
adhesion), CD117 (a growth factor), CD56 (a neural cell adhesion 
molecule), and Ki67 (associated with cell proliferation) [1,2,28-30].

ES has an important metastatic potential, since 20% to 25% of ES 
patients have disseminated disease when they first seek for a doctor. 
This way, it is very important that every person diagnosed with ES is 
scanned for metastatic cells which mainly affect lungs, bone marrow 
and other bones [9,28].

Prognosis and treatment
ES is a very malignant tumor with poor prognosis. The overall 

survival for patients with localized ES that have undergone intensive 
treatment is 65% to 75% over a period of 5 years. Patients with 
metastasis have a survival rate of 30%, and for isolated and resectable 
lung metastasis the rate is 50%. The rate survival and prognosis for 
those with recurrent disease are the worst [9].

Infants, adolescent patients under 15 years and woman have a 
better prognosis. The prognosis becomes poorer when the tumor 
diameter is bigger than 8 cm and with a volume that exceeds 200 ml. 
After chemotherapy, the main factor to improve rate survival is how 
much the tumor could be resected and diminished [31,32]. Even for 
those in remission, the long-term effects of the cytotoxic treatment can 
be significative [31].

A better prognosis also depends on different factors. High levels of 
Ki67 is associated with a poor prognosis, while high levels of miR-34, a 
micro RNA responsible for controlling the cell cycle, proliferation and 
apoptosis, improve the prognosis [29]. High levels of LDH in the serum 
are also correlated to poor prognosis, a larger tumor and metastatic 
dissemination [32].

ES treatment is based on a multidisciplinary approach which 
increases the chances of cure. In a systematic treatment form, the first 
step is chemotherapy to control both primary tumor and possible 
metastatic cells. The traditional cytotoxic active agents used are known 
as VAC, vincristine, actinomycin D and cyclophosphamide, normally 
combined with doxorubicin, iofosfamide and etoposide. Common 
side effects of this treatment are nausea, vomiting, diarrhea, loss of 
appetite, loss of hair, weakness, bleeding, infections and infertility 
[9,12,29,33,34].

After chemotherapy, surgery and/or radiotherapy are used as 
local control therapy. The recommended dose for neoadjuvant 
radiotherapy is 54 to 55 gy with a safety margin of 2 cm. As sole 
treatment, radiotherapy results in a high risk of recurrence (30%-35%). 
In surgery, tumor resection is more recommended and amputation 
is rarely required. Often after all these therapies the patient receives 
additional chemotherapy in order to eliminate any residual abnormal 
cells [2,9,35].

New studies have been proposing different therapies for ES 
patients. It was discovered that the EWS-FLI junction is bonded with 
RNA helicase A, which plays an important role in the regulation of 
genetic transcription. This connection can be interfered by a small 
molecule, YK-4-279, that can destroy tumor cells and reduce tumor 
growth. ES is also very sensitive to PARP1 inhibitors, since PARP1 acts 
with BRCA1 and 2 at the DNA repair, connected to differentiation, 
proliferation and tumor transformation [33,36].

Iwamoto et al. [2] shows that Flavopiridol, a kinase inhibitor, could 
stop efficiently ES cells growth and inducing apoptosis. This research 
shows that therapies that could interfere in the cyclin-CDK complex 
could be very effective to stop tumor growth and could be a substantial 
hope to those who are affected by this disease. 

Conclusion
Since ES is a very aggressive type of tumor and normally with poor 

prognosis, to understand all the genetic and molecular modifications 
involved with this cancer is essential for the development of new 
therapies and treatments that can somehow improve the patient 
prognosis.  
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