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Abstract
Aims and Background: The measurement of DNA content or ploidy has become a 
useful tool for diagnosis and treatment of malignancies particularly in patients with  
Acute Lymphoblastic Leukemia (ALL) as it has been associated with the most favor-
able prognosis in these patients.
 The purpose of this study was to assess the incidence of DNA aneuploidy in 
Iranian children with ALL and the relationship between aneuploidy and morphological 
subclass, immunological phenotype, leukocyte count, age and sex in Tehran’s hospi-
tals.
Methods: DNA content and laboratory features were determined in 70 ALL patients 
from Tehran’s hospitals, all of whom were under 15 years old and have not received 
any treatment. The morphological phenotype of the blasts was analyzed by microscop-
ic examination. DNA content, the phenotype of the lymphoblast and WBC count were 
detected in the blood using flow cytometry.
Results: Diploidy, hyperdiploidy and hypodiploidy were reported in 50, 45 and 5% 
among the cases, respectively. The mean DNA index in hyperdiploid patients was 1.21 
and hyperdiploidy was found to be associated with lower leukocyte count (p<0.001), 
lower age, L1 morphology and early pre-B immunophenotype.
Conclusions: This study showed that detected DNA index in Iranian children with 
ALL is associated with some favorable prognostic factor such as WBC count, age, 
immunological phenotype and FAB classification but that there is a need for further 
validation using extra molecular methods. 
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Introduction

 Acute Lymphoblastic Leukaemia (ALL) is the most common malignancy of childhood which is associated with a clonal 
proliferation of lymphoblast cells in bone marrow and a sharp peak in incidence among children aged 2–5 years[1,2]. 
 Various genetic alterations have been discovered in ALL, but hyperdiploidy has been known to be a favorable prognostic 
factor in childhood acute lymphoblastic leukemia. In contrast hypodiploidy has been introduced with a poor clinical outcome[3]. 
However high-hyperdiploidy and near haploid ALL are also reported to be associated with a unfavourable prognosis[4-9]. In addition 
it is reported that the existence of i(17q) exerts an adverse influence on treatment outcome in ALL, even in hyperdiploid cases[10].
 Prognostic factors in children with ALL include age of child at diagnosis, race, gender, white blood cell counts, immuno-
phenotyping, genetic abnormalities and response to early treatment. However there is clear evidence that DNA analysis of leukemic 
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blast cells contributes important prognostic information in these 
patients[11-14].
 The purpose of this study was to assess the incidence 
of DNA aneuploidy using DNA index in Iranian children with 
ALL and its relationship with immunological phenotype, FAB 
classification, leukocyte count Age and sex.

Methods

 Ethylenediaminetetraacetic acid (EDTA) anti coagulat-
ed peripheral blood samples obtained from 70 patients with lym-
phoblastic leukemia and 70 normal, healthy cases from hospitals 
of Tehran. All of the patients and the controls were between 1-15 
years of old and patients tested before taking any treatment to 
prevent drug interaction.
 All specimens were obtained and prepared for morpho-
logical examination using standard techniques. Peripheral blood 
smears were stained with Wright- Giemsa and examined under 
light microscopy and a scoring system for types L1 and L2 was 
carried out based on French-American-British Criteria (FAB).

Immunophenotyping
 Mononuclear cells were isolated and stained with var-
ious combinations of Fluorescein Isothiocyanate (FITC) and 
Phycoerythrin (PE - Labeled Monoclonal Antibodies, Sigma).
 The panel of antibodies (all from Sigma) was used in 
distinct myeloid series (CD13, CD33 and CD14) from lymphoid 
and B cells from T cells (CD19, CD3 and CD7). CD10 (CAL-
LA) antibody was also used to show the early pre-B phenotype. 
The last antibody was against Terminal Deoxynucleotidyl Trans-
ferase (TdT) which is a useful marker in the diagnosis of ALL, 
L1 and L2 and mature B-lymphoid neoplasms or L3 phenotype. 

DNA Analysis
 To investigate DNA content all samples were treated 
with 1% Triton-100X to increase the permeability of the cell 
membrane. Treating the cells with ribonuclease (50 µl of a 100 
µg/ml sock of RNase) was performed to remove RNA. Propidi-
um Iodide (200 µl PI from 50 µg/ml stock solution) was used as 
a DNA-binding flurochrome and the samples were analyzed by 
flow cytometry. The DNA index was distinct as the modal DNA 
content of blasts compared to that of normal lymphocytes.

Results

 Our data showed the percentage of female and male 
37% and 63% respectively in hyperdiploid group, whereas in 
diploid group it was 30% and 70% respectively (Figure 1) The 
results of DNA analysis showed the diploidy, hyperdiploidy and 
hypodiploidy 50%, 45%, and 5% among the patients respective-
ly. A mean DNA Index (DI) of 1.21 was detected among the hy-
perdiploid patients (Figure 2). All the controls showed a single 
diploid pick in their DNA content histograms with a DI=1.

Figure 1: The histogram shows the percentage of female and male in 
both diploid and hyperdiploid group

Figure 2: (A) Distribution of poloidy among the tested cases.  (B) Rep-
resentative histogram of diploid and hyperdiploid cell population. (D) 
Comparison of DNA index (DI) between three groups (diploid, hypo-
diploid and hyperdiploid) as measured by flow cytometry, where*** 
=p < 0.0001.

 The mean age in diploid, the hyperdiploid and hypo-
diploid group was 8, 5.8 and 9.3 respectively as it is shown in 
(Figure3 left). The mean WBC count in diploid, hyperdiploid 
and hypodiploid group was 8, 5.8 and 9.3 respectively as it is 
presented in (Figure 3 right). 

Figure 3: Comparison of age distribution between the diploid and hy-
perdiploid groups (left) and WBC distribution between diploid and hy-
perdiploid (right), where* p<0.05 and *** =p < 0.0001
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 In hyperdiploid group L1 and L2 morphology were 
63% and 37% whereas diploid group showed a percentage of 
46.7 and 53.3 respectively (Figure 4). When the flow cytometric 
immunophenotyping data were correlated with the DNA con-
tents, the cases with hyperdiploid showed a phenotype of ear-
ly pre-B (40.7%), pre -B (48.1%), T (7.4%) and unclassified 
(3.7%), whereas diploid group showed an early pre-B (6.7%), 
pre -B (50%), T (40%) and unclassified (3.3%). Although just 
a few presents of our patients had been hypodiploid, they all 
demonstrated a pre-B immunophenotype (Figure 4 &5).

Figure 4: Comparison of Morphology distribution between the poloidy 
groups as detected by microscopy and FAB classification.

Figure 5: Comparison of immunophenotype distribution between the 
poloidy groups as measured by flow cytometry

Discussions

 Hyperdiploidy is the most frequent cytogenetic abnor-
mality pattern in children with B-cell precursor Acute Lympho-
blastic Leukaemia (ALL), occurring in 25-30% of such case[5]. 
DNA hyperdiploidy is known to be associated with a good prog-
nosis in childhood ALL although the reason for this prognostic 
significance is not fully understood it could be related to differ-
ences in cellular drug resistance[15,16]. 
 All of our control samples showed a single diploid 
pick in their DNA content histograms with a DI=1, as it was 
expected. The percent of hyperdiploid cases among our patients 
was 45% which was higher than previous reports[17], but nearly 
comparable with another investigation in middle east popula-
tion reporting a percentage of 41%[15] suggesting a regional or 
race dependent reason. The mean of DI index in our samples 
was equal to 1.21, which was again higher than previous study 
which showed a DI greater than or equal to 1.16[17]. Our results 
confirm the Kaspers et al findings, who reported the DNA index 

between 1.16 and 1.35 in hyperdiploid patients[18]. The results 
showed a lower WBC count among hyperdiploid cases, which 
was statistically significant, when compared with diploid pa-
tients (p<0.0001) indicating a good prognosis in hyperdiploid 
patients, which was in agreement with a previous study[19,20].
 A positive correlation was found between L1 morphol-
ogy and hyperdiploidy, as patients with a hyperdiploid peak in 
their histogram showed L1 morphology, indicating a possible 
favorable prognosis in this group. However, a better outcome 
for L1 and a higher relapse time for L2 have been established 
previously[21-23]. 
 Since cases with L3 morphology are uncommon, we 
could not find any cases with this morphology in our study. This 
type is uncommon and associated with a poorer prognosis[24]. 
The number of female patients among hyperdiploid population 
was higher than hypodiploid, indicating a more favorable out-
come in this group, as it has been established previously[20].
 The phenotype is very imperative to determine the treat-
ment protocol that the patient may receive. Acute lymphoblastic 
leukemias fall into one of the known immunophenotypes includ-
ing early pre-B, pre-B, B-cell and T-cell. It is stabilished that the 
prognosis for T- and B-cell ALL used to be poorer than for the 
pre-B ALLs. In the present study, early pre-B immunophenotype 
(the presence of CD10 or CALLA positive and the lack of cyto-
plasmic or surface immunoglobulins), which is associated with 
a favorable prognosis were found more in the hyperdiploid cases 
indicating a possible better outcome in these patients.  This was 
similar to another study in the middle east[25]. The number of pa-
tients with T cell phenotype was significantly higher in diploied 
group when compared with hyperdiploid indicating a poorer 
prognosis in the first group. Unexpectedly we found a number of 
patients with T phenotype, which are thought to be linked with a 
poor prognosis[25], but with a hyperdiploid phenotype. However 
The same result has been reported previously[27]. This indicates 
that molecular cytogenetic studies must be associated with DNA 
index measurement to identify and characterize chromosomal 
rearrangements. Further investigations, therefore, are needed for 
our T-ALL patients, to be able to compare with the results of 
studies in other areas[28-30]. 
 A lower incidence of hyperdiploidy was found in el-
der patients compared with younger, which was statistically 
significant when compared with diploid and hyperdiploid group 
(p<0.05 and p<0.0001 respectively). This was in agreement 
with the previous reports[2,15,31], indicating the highest frequen-
cy of hyperdiploidy between  ages of 2 and 7, which could be 
associated with a good outcome. In addition, we found a group 
of patients with T cell phenotype, who showed a positivity for 
CALLA antigen, suggesting further molecular studies such as 
cytogenetic in this group. However, it was previously reported 
that within T-ALL the expression of CALLA might be prognos-
tically important[32]. 

Conclusions

 Taken together, this study showed that hyperdiploidy 
in Iranian children with ALL is associated with some favorable 
prognostic factor such as WBC count age, immunological phe-
notype and FAB classification, but there is a need for further 
validation via measuring additional prognostic markers.
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