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ABSTRACT:
Myelodysplastic syndromes (MDS) are acquired heterogeneous hematopoietic
clonal disorders primarily seen in the adult and elderly populations that presents a variety
of cellular morphologies in cell lineages, varying prognoses, and differences in overall
survival (OS) between individual patients. The occurrence of MDS in the pediatric and
young adult population, or those between the ages of 0 and 29, is slowly on the rise.
Pediatric and elderly cases exhibit diverse cytogenetic findings with differences in OS.
The characterization of the genetic landscape of pediatric MDS is limited and most studies
detailing genetic changes have been conducted in adult MDS cases. In order to aid in
therapeutic stratification for pediatric cases, the key genes involved in hematopoietic
transformation must be deciphered. This study utilized comprehensive analysis including
cytogenetic karyotyping, FISH, and high-resolution microarray techniques. With the use
of multiple techniques, this study confirmed the rarity of MDS in the pediatric population,
characterized the frequencies of hallmark cytogenetic abnormalities, and identified key
aberrations observed at the genetic level. With the use of microarray, we were able to
detect genomic aberrations in 33 genes including novel copy number changes in more
than one case in the PRDM16, IRF4, MYH11, ALK, CDKN2B, PAX5, EXT2, and ERCC4
genes. The results from this study prove the importance of comprehensive testing utilizing
a variety of techniques in distinguishing the most accurate genetic landscape of pediatric
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MDS. This information can be used to better equip the medical community in accurately
diagnosing and providing prognostic implications for therapy and treatment.
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INTRODUCTION
Myelodysplastic syndromes (MDS) are acquired hematopoietic clonal disorders
primarily seen in the adult and elderly populations with an overall estimate of incidence at
14,000 new cases per year (Siegel, Ma et al. 2014). This group of heterogeneous bone
marrow syndromes are characterized as stem-cell disorders with varying degrees of
overall reduction in blood cell production. The heterogeneous nature of MDS presents as
a variety of cellular morphologies in a number of myeloid cell lineages, varying prognoses,
and differences in overall survival (OS) between individual patients. The majority of
patients present a normocellular or hyperplastic bone marrow, however, up to 20% of
patients have shown hypoplastic and mylofibrotic bone marrow (Aul, Bowen et al. 1998).
The overall numbers of myeloid cell lineages vary and morphological aberrations are
observed in the clonal origin of hematopoietic cells.

Hypercellular bone marrow displays

morphological dysplasia and ineffective hematopoiesis in at least one of the three myeloid
lineages (Aul, Bowen et al. 1998, Tefferi, Vardiman 2009, Whichard, Sarkar et al. 2010).
Cellular bone marrow is unable to produce and deliver adequate numbers of mature cells
to the peripheral blood during ineffective hematopoiesis.
Even though MDS is predominantly a disease of older populations, the frequency
in the pediatric and young adult population, or those between the ages of 0 and 29, is
slowly on the rise.

Myelodysplastic syndromes in pediatric cases present diverse

cytogenetic findings and differs in OS in comparison with the elderly. The amount of
information on this rare group is limited. In order to aid in therapeutic stratification for
pediatric patients more information is needed (Glaubach, Robinson et al. 2014, Ganapathi,
Schafernak et al. 2015) . The use of high-resolution techniques including microarray can
help with deciphering possible key aberrations that are observed at the genetic level.
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Current molecular genetic studies have detailed key genes involved in adult MDS and the
present study will be useful to compare similarities and differences between the elderly
and pediatric populations (Silva, Maschietto et al. 2013, Shih, Abdel-Wahab et al. 2012,
Bejar 2014).
The onset of this disease can be relatively benign in the form of refractory anemia
(RA), typically observed as a decrease in red blood cells, but causes a decrease in the
production of healthy platelets, red and white blood cells (Aul, Bowen et al. 1998, Tefferi,
Vardiman 2009, Corey, Minden et al. 2007, Akhtari 2011). Red blood cells (RBC) transport
oxygen to the rest of the body and brings carbon dioxide to the lungs. Having too few
RBC, anemia, leaves the patient feeling tired and weak and can cause shortness of
breath. White blood cells (WBC) are important as a line of defense against infection. The
two major types are lymphocytes, which make antibodies, and granulocytes that destroy
bacteria. Having too few WBC leads to severe infections in the body, or neutropenia. The
small fragments of the megakaryocyte that enter the blood stream are called platelets.
These are essential for blood clotting and without them can result in thrombocytopenia,
which causes abnormal bleeding, and bruising (Brunning, RD. Bennett, JM. Flandrin, G.
Matutes, E. Head, D. Vardiman, JW. 2001).
Myelodysplastic syndromes can be diagnosed as primary, or de novo MDS, or
secondary MDS from past chemo- or radiation therapy or exposure to certain chemicals
and heavy metals. Both result in dysplastic blood and bone marrow cells and cytogenetic
abnormalities are observed in over 50% of MDS cases (Corey, Minden et al. 2007,
Flandrin 2002). Hallmark genetic aberrations detected by conventional karyotyping or
fluorescence in situ hybridization (FISH) include -5/del(5q), -7/del(7q), +8, or del(20q)
(Cherian, Bagg 2006).

The classification of these genetic findings has prognostic
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implications and helps to stratify a more individualized treatment plan for MDS patients
(Haase, Germing et al. 2007).

Hematopoiesis
Normal hematopoiesis gives rise to progressively more differentiated progenitor
cells, which eventually differentiate into mature blood cells (Lobo, Shimono et al. 2007,
Orkin, Zon 2008). The fundamental properties of hematopoiesis include proliferation, loss,
and differentiation resulting in the development of over 500 billion blood cells per day.
Normal adult hematopoietic stem cells (HSCs) are the common ancestors of all blood cells
and are needed to maintain or repair their host tissue. These cell types have two functions
of division that include symmetrical division, which yields two stem cells or two
differentiated daughter cells, and asymmetrical division into either another stem cell or a
more specialized cell. Self-renewal of HSCs produces a replicate stem cell that typically
has the same development and replication fate. The production of specialized daughter
cells is decided from biochemical signals and transcription factors and the HSC has the
potential to generate cell types of each lineage (Kondo 2010, Whichard, Sarkar et al. 2010,
Wilson, Laurenti et al. 2008).
During normal hematopoiesis the blood stem cell, or immature blast cells, make
up 5% or less of the cells in the bone marrow and will develop into one of the three healthy
blood cells (red blood cells, platelets, or white blood cells) from a homeostatic balance
between proliferation, differentiation, and apoptosis (Figure 1a). The normal system
efficiently replenishes the body when hematological stresses are encountered which
includes infection and blood loss (Passegue, Wagers et al. 2005).

Hematopoietic

disorders, including MDS, are acquired when normal development is disrupted and blast
cells lose proper function the way they should and die in the bone marrow or soon after
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