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Karyotype is the most important diagnostic and prognostic parameter in myelodysplastic syndromes
(MDS) and is abnormal in approximately 50% of patients. We emphasized the importance of chromoso-
mal analysis and reported the most frequent cytogenetic abnormalities in 50 MDS (29 males (58%) and 21
females (42%), median age: 57.5 years) Egyptian patients using conventional banding analysis (CBA).
Karyotype description was conducted according to the International System for Human Cytogenetic
Nomenclature (ISCN, 2013). Patients were diagnosed based on complete history, bone marrow (BM) aspi-
rate, peripheral blood (PBL) examination, and Iron stain. MDS with multilineage dysplasia (MDS-MLD)
was the most frequently encountered subtype; 19/50 (38%) followed by MDS with single lineage dys-
plasia (MDS-SLD); 11/50 (22%). 27/50 patients (54%) showed a normal karyotype while 23 patients
(46%) showed clonal nonrandom chromosomal abnormalities. Most patients with MDS with excess
blasts-II (MDS-EB-II) showed abnormal karyotype (3/4; 75%) followed by MDS-EB-I (3/5, 60%) and
MDS-MLD (10/19, 53%). Among 50 primary MDS patients; 14/50 (28%) had a single chromosomal abnor-
mality, 3/50 (6%) had double chromosomal abnormality, and 6/50 (12%) had complex karyotype. Male sex
was more frequently associated with higher IPSS prognostic risk categories than female gender. The most
common single chromosomal abnormalities were —5/del5q; 7/50 (14%) patients followed by —7; 4/50
(8%) patients. +8, del20q and delY were each detected in 1/50 patient (2%). Abnormalities of chromosome
5 (—5/del5q) as a single chromosomal abnormality was the most frequent chromosomal abnormality
among Egyptian primary MDS patients followed by complex karyotype. Cytogenetic characteristics of
MDS Egyptian patients were similar to North African and European patients. Karyotype offers useful
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information in establishing accurate diagnosis and male gender is an important predisposing factor that

can predict worse prognosis in MDS patients.

© 2018 Production and hosting by Elsevier B.V. on behalf of Cairo University. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Myelodysplastic syndromes (MDS) are acquired, neoplastic dis-
orders of hematopoietic stem cells (HSCs) characterized by ineffec-
tive and dysplastic myeloid cell differentiation and a high rate of
progression to acute myeloid leukemia (AML) [1,2]. The bone mar-
row (BM) in MDS is hypercellular with disordered growth and mat-
uration and clonal proliferation of abnormal cells. Peripheral blood
(PBL) cytopenias are due to insufficient hematopoiesis, affecting
myeloid, erythroid and megakaryocyte lineages. The disease course
is highly variable, ranging from indolent to aggressive with pro-
gression to AML [3].

MDS arise de novo, but 10% patients may acquire MDS as a con-
sequence of previous radio/chemo therapy for other cancers [3,4].
The median age of MDS patients at diagnosis is 65-70 years. <10%
of patients are younger than 50 years with an incidence about four
cases per 100,000 population. This disorder shows a slight male
predominance except for isolated 5q deletion in which women
predominate. The pathophysiology is a multistep process involving
cytogenetic changes, gene mutations, or both. Diagnosis is based
mainly on examination of peripheral blood and BM displaying
cytopenias and hypercellular marrow with dysplasia, with or with-
out excess of blasts [5].

The classification of MDS is continuously evolving and progno-
sis is largely dependent on the presence of chromosomal abnor-
malities [6]. Every new validated classification reflects better
understanding of the disease, its pathogenesis and prognosis [7].
An International Prognostic Scoring System (IPSS) and a World
Health Organization (WHO) classification have now been devised,
which assess the type and extent of marrow cytogenetic abnormal-
ity and the cell lines affected [8]. The WHO is now the recom-
mended classification system [9]. The original IPSS has now been
replaced by a revised version [10]. The WHO 2016 classification
revision of myeloid neoplasms and acute leukemia edition includes
MDS with single lineage dysplasia (MDS-SLD), MDS with multilin-
eage dysplasia (MDS-MLD), MDS with ring sideroblasts (MDS-RS),
MDS with excess blasts (MDS-EB-1 and 2), MDS with isolated del
(5q) and MDS unclassifiable (MDS-U) [9].

MDS frequently has unbalanced translocations, and deletions,
implicating loss of function or haplo-insufficiency of tumor sup-
pressor genes [11]. BM chromosomal abnormalities occur in
almost half of de novo cases [12]. Deletions are the most common
cytogenetic abnormalities in de novo MDS. The gain can arise in
both primary and therapy-related MDS. Balanced translocations
are uncommon in patients with MDS and are mainly related to
unfavorable prognosis [11]. The cytogenetic abnormalities
recorded in the 2008 WHO classification [13] continue to exist
MDS-defining in a cytopenic patient, even in the absence of diag-
nostic morphologic dysplasia. Del (5q) remains as the only genetic
abnormality that defines a specific MDS subtype. One of the biggest
challenges confronting hematologists is how to separate MDS from
reactive cases of cytopenia and dysplasia. Despite the fact that
cytogenetic findings are not used to outline specific subtypes of
MDS, they may be strongly correlated with prognosis and may help
in establishing diagnosis in unconfirmed MDS cases as well as MDS
unclassifiable thus, a complete BM karyotype remains a critical test
in any newly diagnosed MDS patient [9].

The present study was undertaken to discover the most fre-
quent cytogenetic abnormalities in primary MDS Egyptian patients
diagnosed by PBL and BM morphology and to correlate abnormal

karyotypic findings with different MDS WHO subtypes in addition
to clarify the association between gender and different IPSS prog-
nostic risk categories.

Patient and methods

Fifty de novo MDS Egyptian patients were included. BM aspira-
tion and PBL samples were collected at the time of diagnosis at
National Cancer Institute (NCI), Cairo University and were sent for
karyotype and analysis at the laboratory of Genetic Engineering
and Biotechnology Research Institute (GEBRI), Sadat City University
at the period between October 2010 and December 2016. Diagnosis
of MDS was based on full history taking, clinical assessment and
laboratory investigations including complete blood count, bone
marrow aspirate with iron stain, and conventional banding analysis
(karyotype). At the time of analysis, a second revision was made
and patients were classified according to the 2016 revision to the
World Health Organization (WHO) classification of myeloid neo-
plasms [9]. All patients gave written informed consent. The study
was approved from the Institutional Research Board of GEBRI.

Prussian blue reaction (Perls’ stain for iron)

Prussian blue reaction was assessed on BM smears. Ferric iron
deposits in tissue then react with soluble ferrocyanide in the stain,
to form insoluble Prussian blue dye in situ, then visualized micro-
scopically as blue or purple deposits, within cells. In brief, BM aspi-
rate was spread on to glass slides, air dried, and fixed with
methanol. Equal volume of 2% of potassium ferrocyanide and 2%
hydrochloric acid solution were mixed in staining jar and slides
are immersed in the solution for 15-20 min. then removed and
rinsed with distilled water. Counterstaining with saffranin for 30
s. then allowed to dry and examined [14].

Conventional banding analysis (CBA)

Chromosomal banding analysis was performed by G-banding
techniques [15]. Unstimulated BM cells were cultured in double
(2 parallel cultures for each patient) for 16 h in Roswell Park
Memorial Institute (RPMI) 1640 medium with L-glutamine and
25 mM HEPES (Cambrex Bioproducts, Belgium) supplemented with
15% Fetal calf serum (FCS) (Cambrex Bioproducts, Belgium) and peni-
cillin/streptomycin mixture 1000 u Pen/10,000 ug strept (Cambrex
Bioproducts, Belgium) (complete medium). On day 2, cells were
pulsed with 20 pl of 10 pg/ml colcemid (GIBCO) for 25 min. and
treated with hypotonic 0.075 M potassium chloride (KCL) solution
for 30 min. at 37 °C. Cells were then fixed in methanol: acetic acid
(3:1). At least 20 metaphase cells were analyzed using Cytovision
Software (Applied Biosystem) for each sample after trypsinization
and staining slides with Giemsa. Karyotypes were described
according to the International System for Human Cytogenetic
Nomenclature, 2013 [16]. Cytogenetic abnormalities used to define
MDS in cytopenic patients were according to WHO, 2016 criteria.

PBL and BM morphology

Morphological assessment for diagnosing MDS, defining
cytopenias and rating of dysplasia were done and revised accord-
ing to WHO 2016 criteria [9].
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Treatment

According to revised international prognostic scoring system
(IPSS-R) [10], low risk patients received supportive care aiming
to improve quality of life including red cell and platelet transfu-
sions, and antibiotic/antifungal therapy when needed in addition
to iron chelation therapy. Erythropoietin and granulocyte-colony
stimulating factors (G-CSF) were used to treat anemia and neu-
tropenia respectively. Lenalidomide therapy was given to all 5g-
patients. Elderly patients with MDS-EB-II received hypomethylat-
ing agents like azacitidine or decitabine if available, whereas
younger patients with MDS-EB-II were treated with AML-like
induction therapy (e.g. 3 + 7) and were sent for hematopoietic stem
cell transplantation after achieving complete remission if an HLA
matched donor was available.

Statistical analyses

Statistical analysis was performed using the Statistical Package
for the Social Sciences (version 20; SPSS, Inc., Chicago, IL, USA).
Numerical data became offered as the mean + SD or median and
range as appropriate. Qualitative records have been expressed as
frequency and percentage.

Results

Fifty primary MDS Egyptian patients at diagnosis were
included; 29 males (58%) and 21 females (42%). Median age was
57.5 years (20-85) with a mean of 56 + 12.03. 11 patients (22%)
were diagnosed MDS-SLD, 2 (4%) MDS-RS-SLD, 19 (38%) were
MDS-MLD, 5(10%) were MDS-EB-1, 4 (8%) were MDS-EB-2, 3 cases
(6%) were MDS associated with isolated del(5q), and 6 patients
(12%) were MDS unclassifiable (MDS-U). 27 patients (54%) had nor-
mal karyotype and 23 patients (46%) had abnormal karyotype
(Table 1).

Table 1
Patients characteristics.

Mean # Std. Deviation
Median (range)

Age (years) 56 years + 12.03

57.5 years (20-85)

Gender (n, %) Male 29 (58%)
Female 21 (42%)

Hemoglobin (gm/dl) Mean # Std. Deviation 7.5+1.55
Median (range) 7.4 (4-10.7)

Total leukocytic count Mean # Std. Deviation 4.0 £2.698

(x10°/L) Median (range) 2.65 (0.8-14.3)

Platelet count (x10°/L) Mean # Std. Deviation 98 £96.537
Median (range) 57.5 (8-430)

PBL cytopenias (n, %) Unicytopenia 16 (32%)
Bicytopenia 15 (30%)
Pancytopenia 19 (38%)

Bone marrow cellularity Hypercellular marrow 32 (64%)

(n, %) Normocellular marrow 12 (24%)

Hypocellular marrow 6 (12%)

BM blasts (1, %) <5% 41 (82%)
5%-9% 5 (10%)
10%-19% 4 (8%)

Iron storage in BM (n, %) Increased 39 (78%)
Normal 8 (16%)
Reduced 3 (6%)

MDS subtypes (n, %) MDS-SLD (RA) 11 (22%)
MDS-RS-SLD 2 (4%)
MDS-MLD 19 (38%)
MDS-EB-I 5 (10%)
MDS-EB-II 4 (8%)
Isolated del (5q) 3 (6%)
MDS-U 6 (12%)

Karyotype Normal 27 (54%)
Abnormal 23 (46%)

With exclusion of MDS associated with isolated del (5q) sub-
type, patients with MDS-EB-II had the highest frequency of chro-
mosomal abnormality 3/4 (75%) among primary MDS Egyptian
patients (Table 2). Table 2 also shows the incidence of the different
chromosomal abnormalities in relation to the 2016 WHO classifi-
cation of MDS.

Among 50 patients with primary MDS; 14/50 (28%) had single
Chromosomal abnormality, 3/50 (6%) had double chromosomal
abnormality and 6/50 (12%) had complex karyotype. The most
common single chromosomal abnormalities were —5/del (5q)
found in 7/50 patients (14%), —7 in 4/50 patients (8%), +8, del
20q and —Y were found in 1/50 patient (2%) each (Table 3; Figs. 1
and 2).

Table 4 shows different risk classification categories for the 50
primary MDS patients according to IPSS-R.

Regarding gender, abnormal karyotype was slightly higher in
males 14/29 (48.3%) than females 9/21 (42.9%). Mean Hb in
males and females was comparable (7.44+1.4 vs. 7.57 £1.70
gm/dl) (P=0.588). However, males showed a trend to have a
lower TLC 3.55+2.08 x 10°/L vs. 4.60 +3.32 x 10°/L in females
(P=0.073). Additionally, the mean platelet count in males was
significantly lower than females 71+ 50.146 x 109/L vs. 134+ 1
30.205 x 10°/L (P =0.006).

When distributing gender into different IPSS risk categories;
males were more frequently associated with intermediate and
high risk categories while female patients were in low risk
(Tables 5 and 6).

Discussion

MDS shows a characteristic genetic profile with an overweigh-
ing of unbalanced abnormalities. Cytogenetic abnormalities are
major determinants of diagnosis and prognosis in MDS.

In the present study, male to female ratio was 1.4:1, which is
consistent with reports from European and Asian regions [17].
The mean age was 56 years and the median was 57.5 years, which
was in line with the mean age 55 years that was previously
reported in Egyptian patients with MDS [18], and comparable with
median age 60 years in Tunisian [19] and 59 years in Pakistani
patients [17]. However, the age was lower (67 years) than that
recorded in USA patients [20], and higher (45 years) than that
reported in Chinese [21] and in Indian (42 years) patients [22].
We agree with the previous suggestion that the age difference at
diagnosis between world regions was due to uncover possible
hereditary, genetic, immunologic, infectious, and other environ-
mental factors such as organic solvents, pesticides, and radiation
differences between different populations in different countries
[23].

According to WHO 2016, MDS-MLD in our study was the most
frequent reported primary MDS subtype (38%) followed by MDS-
SLD (RA) (22%) which was in agreement with previous reports from
Egyptian MDS patients [18] while MDS-MLD was the most fre-
quent subtype among German patients (27.6%) followed by MDS-
EB-II (20.6%) [24], in US patients (32.2%) followed by MDS-EB-I
(19.7%) [20], in Chinese patients (44%) followed by MDS-EB-I
(19%) [21], and in Pakistani patients (52.1%) followed by MDS-
EB-II (23.9%) [17]. This finding was in contrast with Indian primary
MDS patients as MDS-SLD was the most frequent MDS subtype
(37.5%) followed by MDS-EB-I (17.5%) [22].

In our study, the mean number of metaphases analyzed was 20,
which is consistent with the criteria for high-quality cytogenetic
studies in MDS. By contrast, the frequencies of chromosomal
abnormalities previously reported by others were often based on
analyses with fewer (>10) metaphases thus, increasing the proba-
bility of missing an anomaly [22]. Clonal nonrandom cytogenetic
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Table 2
Cytogenetic profile of 50 MDS patients.
Primary MDS types Normal Normal karyotype Age Abnormal Abnormal karyotype Age
karyotype (years) karyotype (years)
(n, %) (n, %)
MDS-SLD (n=11) 8 (72.7%) 46, XY [17] 61 3 (27.3%) 45, XY, =7 [4] 37
46, XY [17] 62 46, XX, del 3q21, del 5(q14q33) [5] 35
46, XY [17] 60 45, XX, -7 [5] 44
46, XX [17] 52
46, XY [17] 50
46, XY [17] 54
46, XX [17] 56
46, XX [17] 59
MDS-RS-SLD (n =2) 2 (100%) 46, XY [17] 58 Zero (0%) ~  ——————— -
46, XY [17] 63
MDS-MLD (n = 19) 9(47.4%) 46, XX [17] 50 10 (52.6%) 45, XY, =5 [5] 67
46, XY [17] 62 44, X, —X, =5 [5] 51
46, XY [17] 81 47, XY, +8 [6] 63
46, XX [17] 48 45, XY, =5 [8] 77
46, XX [17] 64 45, XX, -7 [8] 72
46, XY [17] 41 46, XY, del 20q [3] 85
46, XX [17] 59 45, X, -Y [5] 46
46, XY [17] 58 45, XY, -7 [6] 75
46, XX [17] 57 47, XY, -5, +11, +21 [3] 59
47, XY, +3, =5, +19 [4] 41
MDS-EB-I (n = 5) 2(40%) 46, XY [17] 3 (60%) 47, XX, —7, +18, +21 [8] 44
46, XY [17] 60 46, XY, del5(q14q33) [3] 53
53 48, XX, +8, +11, +19, —22 [3] 42
MDS-EB-II (n = 4) 1(25%) 46, XX [17] 55 3 (75%) 47, XY, del13(q14q22), -5, +8, +17 [4] 20
44, XY, del7(q22q31), —14, —20 [4] 51
46, XY, =7, +21 [5] 47
MDS associated with isolated ZERO (0%)  @————————————— - 3 (100%) 46, XX, del5(q31qg33) [6] 74
del (5q) (n=3) 46, XX, del5(q31q33) [7] 60
46, XX, del5(q31q33) [4] 65
MDS-U (n=6) 5(83.3%) 46, XX [17] 50 1(16.7%) 45, XY, =5 [4] 43
46, XX [17] 58
46, XY [17] 61
46, XX [17] 61
46, XY [17] 56
Table 3 ) . ) criteria. Twelve % of our patients had complex cytogenetics which
Major cytogenetic features in 50 primary MDS o . o
patients. was lower than reports from Germany (14%) [24], China (15.1%)
- [21], Pakistan (15.5%) [17], US (17.6%) [20], but higher than that
Chromosomal abnormality No (%) reported from Tunisia (8%) [19].
Normal karyotype 27 (54%) In this study, abnormalities of chromosome 5 (—5/del5q) as a
‘g/dd (5a) ;Et]%;)@ single chromosomal abnormality was the most frequent chromo-
Bel (5q) 4(8%) somal abnormality (14%) followed by complex karyotype (12%).
_7 4(8%) This was in agreement with reports from Tunisian MDS patients
+8 1(2%) (13%) but in contrast to our study it was followed by —7 (8%)
20g- 1(2%) [19]. Similar findings were reported previously in Germany, Aus-
Y . 1e%) tria [24,25], Switzerland [19,26] and Greece [19,27] as —5/del
Double chromosomal abnormality 3 (6%) .
Complex karyotype 6 (12%) (5q) was stated to be the most frequent chromosomal abnormality

abnormalities in our patients were identified in 23/50 patients
(46%) that was comparable to that described in primary MDS
patients from Tunisia (51%) [19], Germany (49.8%) [24], India
(47.5%) [22] and Pakistan (42.3%) [17], but lower than that found
in Chinese series (67.5%) [21]. In the current study, MDS-EB-II
had the highest frequency of chromosomal abnormality (75%)
higher than that reported from Pakistan (58.8%) [17], USA (62%)
[20], and from India (67%) [22]. In contrast to Chinese patients as
MDS-U had the highest frequency of chromosomal abnormality
[21] while in our study, MDS-U had the lowest frequency of cyto-
genetic abnormalities after MDS-RS-SLD. One of our patients with
no dysplastic morphological criteria has been diagnosed as MDS
based on presence of —5. This patient had pancytopenia and BM
blasts <5% which underscores the importance of applying WHO

in primary MDS patients but with slightly higher frequencies than
us. Pozdnyakova et al. [20] reported the same results from US
patients but with a lower frequency (5.9%). In contrast, Toyame
etal. [28], Matsushima et al. [29] and Matsuda et al. [30] found that
Japanese patients had a much lower frequency of del (5q) in the
east (2%, 1.5% and 2.9% respectively). Li et al. also reported that
—5/del (5q) had a lower frequency among Chinese patients (5.1%)
[21]. Monosomy 7 was found as a single chromosomal abnormality
in 8% of our primary MDS patients which was similar that detected
by others (8%) from Tunisian patients [19] while it was lower than
that reported by Chaubey et al. (15%) in forty Indian MDS patients
and was the most common chromosomal abnormality [22]. Tri-
somy 8 as a single chromosomal abnormality was detected in only
(2%) of our primary MDS patients which was in agreement with
reports of 3% from Tunisian study [19] while it was the commonest
single chromosomal abnormality in Pakistani and Chinese patients
with primary MDS (9.9% and 19.1%, respectively) [17,21].
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Fig. 1. G-banded karyotype showing 45, XY, —5.

—Y as a single chromosomal abnormality was detected in
only one patient 46 years old which was in agreement with
reports on Tunisian primary MDS patients [19] as loss of chro-
mosome Y was found in one 30 years old patient and reported
by Rashid et al. in two patients [17]. Detection of chromosomal
abnormalities in the BM implicates malignant or premalignant
condition. Loss of chromosome Y as the only cytogenetic abnor-
mality is one exception to the rule, as it may be visible within
the BM of healthy aged individuals. The frequencies of loss in
normal and MDS patients are (7.7% and 1.7%, respectively)
[31]. Loss of Y chromosome may represent a normal age -
related process or an abnormal MDS clone. But, even if it repre-
sents an abnormal clone, it is unsure whether is related to dis-
ease pathogenesis or not although associated with a better
prognosis and survival [17,31].

In the present study we found that there was a large agreement
among our frequencies of some chromosomal abnormalities espe-
cially —5/del (5q), —7 and +8 and frequencies reported from Tuni-
sian patients which was slightly lower than frequencies that
reported from European series [19]. The reason of this slight differ-
ence may be due to the fact that none of our patients had comple-
mentary interphase Fluorescence In Situ Hybridization (iFISH), or
to real difference, remains to be elucidated.

In this study, all 5g- patients were females who carried a lower
risk and resulted in significantly higher platelet count in females
versus males. Male gender was more frequently associated with
higher IPSS risk categories. Although the reason is not completely
understood but it largely agrees with others who proved a faster
molecular aging in males that simultaneously increases probabili-
ties for abnormal genetic and epigenetic programs [32,33]. This
finding denotes that gender could be added as an important deter-
minant of MDS outcome.

Pathogenesis of MDS in our region is still poorly understood.
Environmental, biological, hereditary, genetic and occupational
factors are surely different from Western countries and could
induce mechanisms that are associated with diverse karyotypes
and variable frequency of chromosomal abnormalities [22].
Genetic load and degree of exposure to etiological agents in various
countries owing to socio-economic standards might explain the
differences in frequency of MDS subtypes, age at diagnosis and
incidence of clonal nonrandom chromosomal abnormalities among
our patients and that reported previously from other populations.
We have a large agreement with Komorkji [23] that MDS may
behave differently where the sun rises and where the sun sets.
But it is appearing to occur some similarities in primary MDS char-
acteristics among Egyptian, Tunisian and European patients.
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Fig. 2. G-banded karyotype showing 44, XY, del 7(q22q31), —14, —20.

Table 4 Conclusions

Risk classification according to IPSS-R for 50 primary MDS patient.
Risk score Risk categories Patients (n, %) This study establishes large similarities in cytogenetic features
<15 Very low 12%) of MDS Egyptiaq patients with Tunisian and_ European patients.
>1.5-3 Low 24 (48%) —5/del5q— as a single chromosomal abnormality was the most fre-
>3-4.5 Intermediate 9 (18%) quent chromosomal abnormality among our patients followed by
>4.5-6 High 9 (18%) complex karyotype. In addition, our study reveals that male sex
>6 Very high 7 (14%)

is more frequently associated with higher IPSS prognostic risk cat-
egories than female gender. Cytogenetic abnormalities in combina-
tion with gender can provide useful information to clinicians in
predicting prognosis and making plans for effective treatment.

Table 5
Distribution of gender in different IPSS risk categories.

Risk category Males (n =29) Females (n=21) . .
Conflict of interest
Low (very low/low) 12 (41.4%) 13 (61.9%)
Intermediate 6 (20.7%) 3 (14.3%) . .
High (very high/high) 11 (37.9%) 5 (23.8%) The authors have declared no conflict of interest.
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