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ABSTRACT. Myelodysplastic syndrome (MDS), an onco-
hematological disease, is characterized by distinct levels of 
peripheral blood cytopenia, cell differentiation dysplasia and 
various types of chromosomal alterations. The Revised 
International Prognostic Scoring System uses the GTG-banding 
karyotype as one of the main components for scoring patient 
prognosis in MDS. Using GTG-banding karyotyping, we looked 
for chromosomal alterations in bone marrow samples obtained 
from a cohort of Brazilian patients in Goiás state, Brazil. 
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Numerical and/or structural chromosomal alterations were 
detected in 15 of 29 patients. A total of 23 clones with the 
chromosomal alterations were obtained, of which 12 were 
numerical and 11 were structural. Complete trisomies were 
observed in five clones, complete monosomies in three clones, 
triploidies in three clones, and one clone contained a marker 
chromosome. Among the clones with structural alterations, two 
clones had a partial trisomy in 1q, five clones had partial 
monosomies, one clone contained an isochromosome, and three 
clones showed reciprocal translocations. The high diversity of 
chromosomal alterations is inherent to the strong degree of 
chromosomal and genomic instability in this myeloid disease. 
These alterations can be associated with the activation or 
inhibition of gene expression, leading to the deregulation of 
critical cell viability functions and hence ineffectiveness of 
hematopoiesis in MDS. Our study is the first to identify 
chromosomal alterations associated with this poorly studied 
disease in central Brazil. 
 
Key words: Myelodysplastic syndrome; Karyotype; Chromosomal 
alterations; Phenotypes 

INTRODUCTION 
 
Myelodysplastic syndrome (MDS), a heterogeneous group of clonal onco-

hematological diseases that involve the hematopoietic stem cells, causes several 
alterations in the hematopoietic process (Visconte et al., 2015). MDS presents with 
varying degrees of bone marrow failure and can evolve to different levels of cytopenia 
in the peripheral blood, with distinct clinical manifestations, including an increased risk 
of progression to acute myeloid leukemia (AML) (Font et al., 2012). 

The estimated incidence of MDS is 4 in 100,000 individuals per year in the 
general population and increases significantly in the elderly, reaching 50 in 100,000 
individuals more than 80 years of age (Neukirchen et al., 2011). The mean age of onset 
of the disease is 60 years (Greenberg et al., 2012), and only 10% of the patients are less 
than 50 years old (Neukirchen et al., 2011; Lubeck et al., 2016). 

Numerical (e.g., –5, –7, +8, +21) and structural (e.g., 5q–, 7q–, 12p–, 13q–, 
17p–, and 20q–) chromosomal alterations are detected in 40–60% of cases of primary 
MDS. The identification of chromosomal alterations is crucial for the prognosis and 
biological understanding of MDS (Bejar, 2013). Secondary MDS generally affects 
younger individuals and is related to exposure to occupational and/or environmental 
cytotoxic and genotoxic agents. The chromosomal alterations in secondary MDS are 
more complex and observed in up to 90% of cases. Compared with primary MDS, the 
inherent risk of transformation from secondary MDS to AML is higher and the 
prognosis is worse (Estephan and Tiu, 2014). 
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The International Working Group for the Prognosis of MDS has proposed a 
refined MDS classification score that integrates clinical, laboratory, and morphological 
variables; this is the basis for the Revised International Prognostic Scoring System 
(IPSS-R) (Greenberg et al., 2012). The currently more commonly used IPSS-R 
categorizes patients into five different risk groups (ranging from very low to very high), 
corresponding to a better assessment of the set of clinical laboratory markers and a 
better understanding of the biological processes underlying the development and 
progression of MDS (Greenberg et al., 2012). 

The chromosomal and genomic instabilities associated with MDS causes an 
accumulation of mutations observed in this hematological disorder. At least 78% of 
patients with MDS carry somatic mutations that are potentially associated with the 
transformation and progression of the disease (Papaemmanuil et al., 2013). The 
classification of chromosomal alterations that have not yet been elucidated by previous 
reports could define an adverse risk. Therefore, additional studies are required for their 
subclassifications, since they tend to define the cytogenetic risk as being intermediate 
(Giagounidis and Haase, 2013). Cytogenetic studies are important and necessary to 
contribute to biological studies related to the etiology, transformation, and 
malignization of the MDS phenotypes (Greenberg et al., 2012; Malcovati et al., 2013). 
Along this line, we examined the chromosomal alterations in a cohort of patients with 
primary MDS, using conventional methodologies (viz. GTG-banding karyotyping). 

MATERIAL AND METHODS 
 
This study was conducted at the Replicon Research Group of the School of 

Agrarian and Biological Sciences of the Pontifical Catholic University of Goiás in 
collaboration with the Human Cytogenetics and Molecular Genetics Laboratory of the 
Dr. Giovanni Cysneiros Public Health State Laboratory (LACEN-GO) of the Health 
Secretary of Goiás. For each of the 32 patients with primary MDS, a total of 4 mL of 
bone marrow sample was collected by the attending physician in a standardized bone 
marrow collection system. All patients voluntarily signed an Informed Consent Form 
before being included in the cohort. The study was approved by the Human Research 
Ethics Committee of the Clinical Hospital of the Federal University of Goiás (Protocol 
No. 1.621.064/2016).  

Cytogenetic Analysis 
 
Karyotyping with a resolution of >450 bands was performed using standard cell 

culture and GTG-banding procedures, according to the protocols of Verma and Babu 
(1995), with slight modifications. The cytogenetic analysis was performed on bone 
marrow cells of patients with MDS. Short-term cultures (48 h) were started by 
incubating 1.0 mL of the cell sample in 5 mL of RPMI 1640 medium (Gibco® Life 
Science, USA), supplemented with 1 mL of fetal bovine serum (Gibco® Life Science, 
USA) and 100 μL of L-glutamine (Gibco® Life Science, USA) at 37°C under 5% CO2. 
Mitotic divisions were arrested at metaphase by the addition of 100 μL of a 10 μg/mL 

http://www.funpecrp.com.br


©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 18 (2): gmr18322 

 
 
 
 
 
 
 
 

C.L. Ribeiro et al.                                   4 

 

aqueous colchicine solution (Gibco® Life Science, USA) and incubation for 30 min 
before harvesting the cell suspension. The cells were incubated in a hypotonic KCl 
solution (0.075 M) for 30 min at 37°C, following which the suspended cells were fixed 
with a methanol/glacial acetic acid solution (3:1), which was added dropwise. The cells 
were then mixed, pelleted by centrifugation, and resuspended in fresh fixative solution. 
The fixation step was repeated 3–4 times. The fixed cells were then dripped onto clean 
microscope slides to be analyzed by GTG-banding.  

For each sample, 20 metaphases were analyzed. The images of the metaphases 
were captured using an AxioImager 2® microscope (Carl Zeiss, Germany) connected to 
a Metafer4® slide scanning platform (Metasystems Corporation, Germany). 
Chromosomal analysis was performed using IKAROS® software (Metasystems 
Corporation, Germany). 

Statistical Analysis 
 
Statistical tests were performed for establishing 95% confidence intervals and 

significance levels of P ≤ 0.05, using the IBM SPSS®, version 21.0.0 (IBM 
Corporation, Armonk, NY, USA). Correlations were determined using Spearman’s 
correlation coefficients for non-parametric data. 

RESULTS  
 
The cytogenetic analysis was performed using bone marrow samples from 32 

patients with primary MDS in central Brazil. The cohort comprised 23 females and 9 
males, with a mean age of 53.8 years (range 26 - 75 years) for the females and 55.1 
years (range 34 - 79 years) for the males. In this case series, three samples were not 
informative owing to non-clonal expansion of the bone marrow cells in culture and 
were therefore excluded from the subsequent analyses. In the final patient cohort, 15 of 
29 patients showed numerical and/or structural chromosomal alterations in their 
karyotypes, whereas 14 of 29 patients had no such alterations (Table 1). Our small 
sample size can be explained by the reduced incidence of MDS in the Brazilian 
population. In this cohort, risk prediction showed positive correlations with the patient’s 
age (r = 0.507, P = 0.005), number of blasts in the bone marrow (r = 0.476, P = 0.009), 
cytogenetic risk (r = 0.826, P < 0.0001), and clinical outcome (r = 0.479, P = 0.009). 

Upon clonal expansion of the bone marrow cells, 23 clones were found to be related 
to the chromosomal alterations acquired in this cohort of patients, of which 12 were 
numerical and 11 were structural. Complete trisomies were observed in five clones, 
complete monosomies in three clones, and triploidies in three clones, and a marker 
chromosome was found in one clone. Among the clones with structural alterations, a partial 
trisomy in 1q was observed in two clones, a partial monosomy in five clones, an 
isochromosome in one clone, and a reciprocal translocation in three clones (Table 2). 
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Table 1. Risk estimates, according to the International Prognostic Scoring System – Revised (IPSS-R), of a 
cohort of patients with myelodysplastic syndrome and their clinical outcomes. 
 

Patient Gender Age 
(years) Cytopenias  

Blasts bone 
marrow 
(%) 

Karyotype notation* 
IPSS-R  
cytogenetic 
risk 

IPSS-R 
Score# 

IPSS-R  
age-adjusted 
risk 

Risk 
prediction 

Clinical 
outcome 

MDSp1 F 65 Erythropenia 0 mos polyploidy[1]/46,XX[19] Intermediate 3.5 -3.34 Intermediate Death 
MDSp2 F 52 Thrombocytopenia 2 46,XX[20] Good 1 -0.19 Very low Death 
MDSp3 F 49 Leukopenia 0 46,XX[20] Good 1 -0.05 Very low Stable 
MDSp4 F 42 Thrombocytopenia 0.5 46,XX[20] Good 1 -0.26 Very low Stable 

MDSp5 M 57 
Erythropenia 

0.5 46,XY[20] Good 2.5 -2.01 Low Stable Leukopenia 
Thrombocytopenia 

MDSp6 F 65 Erythropenia 5 mos 47,XX,+17[2]/47,XX,+21[3]/46,XX[5] Intermediate 4 -3.85 Intermediate AML Thrombocytopenia 
MDSp7 F 57 Thrombocytopenia 4.5 mos 45,XX,t(4;11)(q21;q23)[15]/46,XX[5] Intermediate 3 -2.55 Low Stable 
MDSp8 F 26 Thrombocytopenia 0 Not informative** nd nd nd nd Stable 
MDSp9 M 54 Thrombocytopenia 2 Not informative** nd nd nd nd Stable 

MDSp10 M 79 

Erythropenia 

5 
mos 
46,XY,add(1)(q?)[20]/47,XY,add(1)(q?),+8[6
]/Polyploidy[3] 

Bad 6.5 -6.66 Very high Stable Leukopenia 

Thrombocytopenia 
MDSp11 M 34 Thrombocytopenia 0 Not informative** nd nd nd nd Stable 
MDSp12 F 73 Leukopenia 0 46,XX[20] Good 1 -1.14 Very low Stable 
MDSp13 F 42 Thrombocytopenia 0 46,XX[20] Good 1 -0.26 Very low Stable 
MDSp14 F 75 Thrombocytopenia 0 46,XX[20] Good 1 -1.23 Very low Stable 

MDSp15 F 60 
Erythropenia 

0 46,XX[20] Good 2.5 -2.13 Low Stable Leukopenia 
Thrombocytopenia 

MDSp16 F 52 Erythropenia 6.5 mos 47,XX,+15[5]/46,XX[15] Intermediate 5.5 -5.1 High AML Leukopenia 
MDSp17 F 72 Leukopenia 0 mos 45,X,-X[2]/46,XX[18] Intermediate 3.5 -3.57 Intermediate Stable 

MDSp18 F 62 Leukopenia 0 
mos 
46,XX,del(12)(q23àqter)[2]/47,XX,+22[2]/46
,XX[16] 

Intermediate 2 -1.68 Low Stable 

MDSp19 M 40 Thrombocytopenia 0 46,XY[20] Good 1 -0.35 Very low Stable 

MDSp20 M 67 Leukopenia 0 mos 46,XY,del(11)(q13àqter)[10]/46,XY[11] Very good 0 -0.15 Very low Stable Thrombocytopenia 

MDSp21 F 72 Leukopenia 0 
mos 
46,XX,del(10)(q23àqter)[2]/Polyploidy[1]/46,
XX[17] 

Bad 2 -2.08 Low Stable 

MDSp22 F 40 Leukopenia 0 46,XX[20] Good 1 -0.35 Very low Stable Thrombocytopenia 

MDSp23 F 39 Leukopenia 0 46,XX[20] Good 1.5 -0.18 Very low Stable Erythropenia 
MDSp24 F 38 Leukopenia 0 mos 46,XX,t(3;10)(q29;q25)[1]/46,XX[19] Intermediate 3 -1.8 Low Stable 
MDSp25 F 49 Leukopenia 0 46,XX[20] Good 1 -0.05 Very low Stable 

MDSp26 F 74 
Erythropenia 

0 mos 
46,XX,add(1)(q32),i(17)(q10)[11]/46,XX[9] Intermediate 4 -4.12 Intermediate Death Leukopenia 

Thrombocytopenia 

MDSp27 M 65 Erythropenia 0 46,XY[20] Good 2 -1.8 Low Stable Leukopenia 

MDSp28 M 60 
Erythropenia 

6 
mos 45,XY,-
17[1]/47,XY,+21[3]/46,XY,del(7q)[5]/47,XY
,+mar[1]/46,XY[11] 

Very bad 7 -6.85 Very high AML 
Thrombocytopenia 

MDSp29 F 54 Erythropenia 0 mos 46,XX,t(8;16)(q22;q22)[2]/46,XX[18] Intermediate 3 -2.44 Low Stable Leukopenia 

MDSp30 M 40 Erythropenia 0 45,X,-Y[18]/46,XY[2] Very good 1.5 -0.23 Very low Stable Leukopenia 
MDSp31 F 39 Erythropenia 0 mos 46,XX,del(5)(q13q33)[3]/46,XX[17] Good 1 -0.4 Very low Stable 
MDSp32 F 40 Erythropenia 0 46,XX[20] Good 2 -0.8 Very low Stable 

F: Female; M: Male; nd: not defined; AML: Acute myeloid leukemia. IPSS-R: International Prognostic Scoring System - 
Revised. *ISCN2016: An international system for human cytogenomic chromosome nomenclature. **Not informative: 
Karyotype analysis not performed owing to non-clonal expansion of the bone marrow samples of the patient. #Estimated 
score according to hemoglobin levels, absolute neutrophil count, platelet count, percentage of blasts in the bone marrow, 
and cytogenetic risk. 
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Table 2. Distribution of clones according to the chromosomal alterations in a cohort of patients with 
primary myelodysplastic syndrome from the public health-care system of Goiânia-GO (Brazil) dedicated to 
hematologic diseases. 
 

Chromosomal alterations Description Clones with alterations  n 
Numerical Trisomy 8 01 

17 01 
21 01 
+15* 01 
22 01 

Total monosomies –Y 01 
–X 01 
–17 01 

Euploidies Triploidies 03 
Small supernumerary chromosome Marker* 01 

Structural Translocations t(3;10)(q29;q25)* 01 
t(4;11)(q21;q23) 01 
t(8;16)(q22;q22)* 01 

Isochromosome i(17)(q10) 01 
Gains add(1)(q?) 01 

add(1)(q32) 01 
Losses del(5)(q13q33) 01 

del(7q-) 01 
del(10)(q23àqter) 01 
del(11)(q13àqter) 01 
del(12)(q23àqter) 01 

Total 23 
*There are no previous reports of the association of these numerical and structural chromosome changes with primary 
myelodysplastic syndrome. 

DISCUSSION 
 
The cases included in the present study were obtained by sampling for convenience 

and voluntary adherence. In this cohort, the disease was more frequent in females, with a 
ratio of 1:2.5 and the mean age at diagnosis was 53.8 years. These findings were not in 
agreement with those of Bănescu et al. (2011) and Dao (2017) who found that male are 
affected more than females with a male/female ratio of 1.44 to 1 and 1.26 to 1, respectively. 
Despite data from population-based registries on the incidence and prevalence of MDS, 
other reports also show a predominance of the disease in males (Gologan, 2010; Neukirchen 
et al., 2011; Lubeck et al., 2016). 

In our study, GTG-banding was useful for defining the cytogenetic risk of 29 of the 
original 32 patient cohort, with 15 of the final study cohort showing numerical and/or 
structural alterations that defined the cytogenetic risk as ranging from very good to very 
bad. Proportionally, one in two cases of primary MDS show karyotypic alterations that are 
useful for establishing genetic risk, and this is thus an important variable for predicting the 
final risk for the patient as well as for therapeutic decisions. Therefore, the karyotype turned 
out to be one of the most important prognostic parameters and was incorporated into 
statistical models aiming for a better prediction of the individual prognosis, such as the 
Revised International Prognostic Scoring System (Haase, 2008; Greenberg et al., 2012). 
The numerical and/or structural chromosomal alterations identified were associated with 
biological processes related to the etiology, transformation, and malignization of the disease 
phenotypes (Prebet et al, 2011; Adès et al., 2014). Overall, the clones containing the 
acquired chromosomal alterations presented numerical and structural alterations at 
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approximate rates, and these are both important events in the progression of primary MDS. 
Previous reports have considered that the pathogenic model of the onset and progression of 
primary MDS includes multiple stages that are dependent on genomic instability and the 
accumulation of genetic alterations over the course of the disease (Steidl et al., 2005; 
Bănescu et al., 2011). 

Using clinical laboratory variables, such as hemoglobin levels, absolute neutrophil 
counts, platelet counts, percentage of blasts in the bone marrow, and cytogenetic risk, in 
addition to the age of the patient, it was possible to establish that the variables taken 
together could define the risk prediction for each case (Table 1). The age, number of blasts 
in the bone marrow, cytogenetic risk, and clinical outcome variables of the patient all 
correlated with risk prediction. Among these, the cytogenetic alteration was the variable that 
most contributed to this correlation, in agreement with previous reports (Steidl et al., 2005; 
Bănescu et al., 2011). 

Although we had a small sample size, it was possible to conclude from this cohort 
analysis that risk prediction does not always reflect the clinical outcome of primary MDS, 
since one patient with a very low-risk prediction had died whereas another patient with a 
very high-risk prediction remained stable. Although the cytogenetic risk is a good variable 
for inferring on risk prediction, additional genomic studies (e.g., microarray and sequencing 
analyses) should be performed, since 50% of MDS cases do not show karyotype alterations, 
which is what we also found in our study (Bejar et al., 2011; Prebet et al, 2011).  

On the other hand, a risk prediction categorized as “intermediate” should command 
special attention from researchers and the attending clinicians, since the patients in this 
category evolved to death and AML, although one patient remained stable. This observation 
suggests that there is much to be elucidated about the “intermediate” category of risk 
prediction for primary MDS. These findings are in agreement with those of other authors 
who suggested that despite recent advances in diagnostic approaches, primary MDS 
continues to show extensive variability in its clinical course, often contrary to the initial 
prognosis (Cazzola and Malcovati, 2010; Giagounidis and Haase, 2013; Greenberg et al., 
2013). 

With regard to total aneuploidies, trisomies were detected in five clones, whereas 
monosomies were present in three clones. On the other hand, among the partial 
aneuploidies, segmental monosomies were more frequent than segmental trisomies. In 
general, partial or complete chromosomal trisomies can alter gene expression levels and 
cause gene overexpression, affecting important cell-cycle regulation events and altering 
processes associated with biological pathways that influence cell viability in MDS (Zahid et 
al., 2017). 

The contribution of the partial trisomy of the long arm of chromosome 1 still 
requires additional studies to understand its potential role in the progression of primary 
MDS. In our study, two chromosomal gains were identified in the long arm of chromosome 
1. Although these chromosomal alterations are rarely reported in primary MDS, gains in 1q 
result in partial segmental trisomy, most likely due to interstitial duplications of the affected 
regions. Bacher et al. (2015) reported that duplications of 1q occur mainly as a secondary 
event in MDS. On the other hand, Alfaro et al. (2008) reported a dup(1)(q21q32) in two 
patients with primary MDS, in agreement with the findings of our study. In their study, one 
patient showed clonal cytogenetic progression with trisomy of chromosome 8, and the other 
patient evolved to AML. In our study, clones with add(1)(q?) only and clones with 
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add(1)(q?) combined with trisomy of chromosome 8 were identified, and the patient was 
stable at the end of the study even though he was classified as being at very high risk. In our 
study, the second patient showed a gain in 1q32 and i(17)(q10), classified as intermediate 
cytogenetic risk, and did not survive. 

Trisomy of chromosome 8 is a cytogenetic abnormality that is frequently acquired 
in myeloid malignancies, occurring in approximately 5% of patients with primary MDS, 
and it correlates with very high risk (Schanz et al., 2012). Cells with trisomy of 
chromosome 8 in MDS express high levels of antiapoptotic proteins and present strong 
resistance to apoptotic stimuli (Sloand et al., 2007). The overexpression of antiapoptotic 
proteins confers a survival advantage to clones with this trisomy over that of normal 
hematopoietic precursor cells in the bone marrow microenvironment. Therefore, they 
represent a poor prognostic marker for hematopoietic progression in patients with MDS 
(Sloand et al., 2005; Zahid et al., 2017). In our study, one patient showed trisomy of 
chromosome 8 with mosaic polyploidy and gain in 1q. Although the patient was classified 
as being at very high risk, he remained stable, different from previous reports on the 
aggressiveness of MDS in cases of trisomy of chromosome 8.  

The trisomy of chromosome 21 is more frequent in AML than in MDS (Grimwade 
et al., 2010). Approximately 0.3–0.8% of MDS cases show this trisomy and it is classified 
as an unusual cytogenetic alteration in the disease, being associated with a poor prognosis 
and presenting a much more aggressive and rapid leukemic transformation (Sole et al., 
2005; Schanz et al., 2012; Adès et al., 2014; Zahid et al., 2017). Patients with MDS with 
trisomy 21-bearing clones classically show low absolute neutrophil counts with mild 
anemia and thrombocytopenia (Sole et al., 2005; Schanz et al., 2012). The findings of our 
study are similar to those of previous reports, since one patient showed trisomy of 
chromosomes 21 and 17, exhibiting erythropenia and thrombocytopenia, with a moderate 
risk prediction, evolving to AML.  

Events involving chromosome 17 have been considered relevant and are widely 
reported, as it includes the 17p13.1 cytoband in which the tumor suppressor gene TP53 is 
located. According to Adès et al. (2014), TP53 encodes a 53-kDa nuclear phosphoprotein 
with tumor suppression activity, containing activation and transcriptional regulation 
domains. The TP53 protein regulates the expression of several target genes, inducing cell 
cycle control, apoptosis, cell senescence, and DNA repair (Jasek et al., 2010). Deleterious 
mutations in one or both alleles of TP53 can deregulate several molecular pathways 
involved in approximately 50% of human cancers and 20% of onco-hematological 
malignancies, including MDS, having a negative effect on patient survival (Jasek et al., 
2010; Shih et al., 2013). In our study, a patient with a complex karyotype (including a clone 
with monosomy of chromosome 17) and very poor cytogenetic risk progressed to AML. 

One clone with trisomy of chromosome 22 and another clone with a supernumerary 
marker chromosome were observed in distinct patients in our study. In addition to these 
aneuploidies, a trisomy of chromosome 15 was identified in one patient. These findings 
were not previously reported in cohorts of patients with primary MDS. The patient with a 
trisomy of chromosome 15 was classified as being at high risk, with 6.5% of blasts in the 
bone marrow, and progressed to AML. Additional cases should be analyzed to better 
understand the role of chromosome 15 in the aggressiveness of MDS. The analysis of 
uncommon and poorly reported karyotypes assists in the identification of chromosomal 
abnormalities and candidate regions that can harbor genes associated with the progression 
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of MDS, and contributes to the identification of potential targets for future therapeutic 
interventions. 

In general, according to the IPSS-R criteria, chromosome translocations acquired in 
MDS tend to define the cytogenetic risk as being intermediate. In our study, translocations 
were observed in approximately 10% of the patients, and all were included in the 
intermediate cytogenetic risk category and remained stable until the end of the study. 
However, the identification and reporting of chromosome translocations is essential in order 
to provide insight into the mechanisms of MDS pathogenesis. New and recurrent 
translocations have been reported in several patients, but only a few studies have addressed 
the prognostic relevance of such chromosome translocations (Nomdedeu et al., 2016). In 
our study, the chromosomal translocations t(8;16)(q22;q22) and t(3;10)(q29;q25), which are 
uncommon in MDS, and the previously reported t(4;11)(q21;q23) were detected. The 
truncated proteins that arise from the expression of genes located at the chromosomal 
breakpoints can act as transcription factors to alter the expression of several target genes, 
deregulating the molecular biological pathways, which is potentially leukemogenic 
(Gómez-Seguí et al., 2013). 

According to Emerenciano et al. (2014), multiple chromosomal translocations 
involving chromosome 11 are associated with acute lymphoid leukemias and AMLs. In 
agreement with our chromosomal findings, the t(4;11)(q21;q23) translocation involving the 
region of chromosome 11 that includes the MLL gene (11q23) has previously been 
associated with leukemogenesis in MDS and acute leukemias. According to Peterson et al. 
(2018), MLL encodes a transcriptional coactivator that has an essential role in the regulation 
of gene expression during hematopoiesis. Mutations in MLL alter gene expression in cells in 
the bone marrow microenvironment, blocking the maturation of hematopoietic precursor 
clones (Emerenciano et al., 2014). One patient in our study was classified as being at low 
risk, and although he had 4.5% of blasts in the bone marrow, the disease was stable at the 
end of the study. 

Our study also included a patient with the deletion del(5q). According to 
Bernasconi et al. (1994) and Komrokji et al. (2013) del(5q) is a chromosome alteration that 
is frequently identified in MDS. As described by Eisenmann et al. (2009), the terminal 
deletion of 5q is associated with good patient prognosis and a low probability of leukemic 
transformation. This region is known for having genes encoding proteins that act as 
hematopoietic growth factors; for example, IL4, IL5, IRF1, IL3, CSF-2, IL9, EGR-1, CD14, 
and CSF-1R. The haploinsufficiency of these candidate genes can potentially affect 
hematopoiesis, leading to the development of dysplasias and cytopenias (Eisenmann et al., 
2009). In addition, patients with low-risk, transfusion-dependent MDS with del(5q) 
responded well to lenalidomide (Butrym et al., 2015). Therefore, the detection of del(5q) is 
not only important for a precise diagnosis of MDS but also for the customized treatment of 
patients with this disease. 

Deletions in 12q and 11q, regions that harbor the BTG1 and CBL genes, 
respectively, are also reported in patients with MDS. BTG1 is a member of a family of 
antiproliferative genes that regulate cell growth and differentiation, whereas the CBL gene 
product acts as a negative regulator of tyrosine kinase activator, a protein that is important 
for cell cycle regulation (Zahid et al., 2017). In our study, patients with the 
del(12)(q26qter) and del(11)(q13qter) clones had an intermediate and a very good 
cytogenetic risk, respectively, with a stable clinical outcome. This study also identified a 
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deletion in the long arm of chromosome 10 in a region that harbors the FAS gene (viz., 
del(10)(q23qter)), which is uncommon in MDS. This gene encodes a protein of the tumor 
necrosis factor receptor superfamily and has a central role in the physiological regulation of 
apoptosis (Feng et al., 2011). The process of apoptosis is increased at different stages of 
MDS, presumably as a result of differentiation defects. 

Alterations in chromosome 7 are reported in approximately 10% of MDS cases 
(Christiansen et al., 2004). Our study identified a patient with a deletion of the long arm of 
chromosome 7, who showed a very poor cytogenetic risk and progressed to AML. Deletion 
of the MLL5 gene located in 7q22 leads to impaired erythropoiesis and to a decrease in the 
repopulation capacity of hematopoietic progenitors in patients with MDS (Heuser et al., 
2009). Considering this, the deletion del(7q) could lead to the haploinsufficiency of several 
other critical genes implicated in hematological malignancies, including MLL3, CUX1, and 
EZH2 (Hasegawa et al., 2017), and be responsible for leukemic progression in patients with 
MDS, mainly for AML (Hosono et al., 2014). 

We also observed the occurrence of mosaic monosomy of chromosome X in a 
patient whose MDS was stable at the end of the study. The acquired loss of a sex 
chromosome is a phenomenon related to aging and can be associated with hematological 
malignancies in some settings (Bacher et al., 2015). In MDS, the loss of chromosome X 
only is reported in approximately 0.2–0.3% of patients, whereas the monosomy of X in 
combination with other chromosomal abnormalities can be detected in up to 1.5% of 
patients. These findings correlate with an intermediate risk prediction (Schanz et al., 2012; 
Zahid et al., 2017), which is in agreement with the case in our present study. The loss of 
chromosome Y is a frequent finding in patients with MDS (Bacher et al., 2015). The 
aneuploidy of chromosome Y in the hematopoietic progression in MDS is classified as 
having a very good prognosis (Zahid et al., 2017). In agreement with this, our patient with 
the loss of chromosome Y presented a very good cytogenetic risk and with stable disease at 
the end of the study. 

In 14 patients of our cohort with expandable clones, the karyotype of the patients 
did not show numerical and/or structural chromosomal alterations. Moreover, in three 
patients of the original cohort, it was not possible to clonally expand the cells of the bone 
marrow for further cytogenetic analysis. Since MDS is composed of a group of 
heterogeneous diseases, it is important to investigate cases of primary MDS using other 
genomic analysis methodologies of medical interest, including chromosome analysis by 
single nucleotide polymorphism microarrays and exome sequencing, studies that may 
provide a contribution to the adequate characterization of the MDS phenotype and to 
improve the quality of prognostic stratification, to direct and personalize the patient's 
treatment and to identify potential therapeutic targets (Forsberg, et al., 2012; Macedo et al., 
2015, Ganguly & Kadam, 2016). The data generated with new methodologies would be 
useful for elucidating the mechanisms underlying the etiology and progression of MDS and 
to guide future sub-classifications, which can positively influence the management and 
treatment of affected patients. 

CONCLUSIONS 
 
We identified chromosomal alterations that are important in MDS. By comparing 

our cytogenetic findings with information deposited in databases and in the literature, we 
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could show that such alterations are associated with important biological mechanisms for 
hematopoiesis Although our sample size was small, this study can contribute with the MDS 
databases and MDS epidemiological record of central Brazil. Furthermore, our results 
support the hypothesis that cytogenetic risk (IPSS-R) is an important informative variable to 
infer prognostic risk and help in the therapeutic follow up of patients with this onco-
hematological disorder. 

Conventional cytogenetics is a screening test that is relatively low cost and it 
remains important for the identification of numerical and structural chromosomal alterations 
associated with MDS and for predicting risk for patients. However, it is not yet possible to 
establish a direct relationship between karyotype findings and MDS outcomes, given the 
complex, variable, and heterogeneous nature of this disease, both clinically and in 
laboratory findings. 
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