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BACKGROUND: Hyperdiploid pre-B-cell acute lymhoblastic
leukemia (pre-B-ALL) is a common form of childhood leukemia
with very good prognosis with present day chemotherapy.
However, the chromosomal composition of the hyperdiploidy
has not been extensively studied and possible mechanism
for this pathology remains so far conjectural.

OBJECTIVE: To analyze the pattern of chromosome
involvement in a cohort of childhood hyperdiploid pre-B-ALL
from India and from this pattern to develop an understanding
on the causation of such pathology. Whether such patients
also carry translocations and FLT3 mutations in addition to
their hyperdiploid karyotype.

MATERIALS AND METHODS: One hundred and
twenty-six childhood pre-B-ALL patients were studied.
Bone marrow aspirate of these patients were evacuated for
morphology, FAB classification, immunophenotyping and
both conventional and molecular cytogenetics.
RESULTS: Of 126 patients with pre-B-ALL (age 2-15 years),
90 patients with abnormal karyotype showed 50 with
hyperdiploid karyotype (50/90 i.e. 55.5%). Chromosomes
9, 10, 14, 17, 18, 20 and 21 were more often involved in
hyperdiploidy. Chromosome 21 duplication was present in
92% of the cases. Chromosomes 5, 15, 16, 17 and Y were
less often involved (18-20%) in hyperdiploidy. About 44%
of patients with hyperdiploidy had additional karyotypic
abnormality of which TEL-AML1 was predominant (24%).
Chromosome loss was rare and accounted for 20% of the
cases only. We did not find any FLT3 mutation in our patients.
CONCLUSION: In this study, the pattern of chromosome
involvement in hyperdiploid karyotype of ALL patients is
same as other studies except some chromosomes like 1,
6, 11, 12, 19 and 22 have some more frequent involvement
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than other studies. This study also showed the occurrence of
TEL/AMLA1 fusion is more (19.8%) than other reports from India.
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Introduction

Hyperdiploidy is one of the common chromosomal
abnormalities in the childhood pre-B acute lymphoblastic
leukemia (pre-B-ALL) and involves 30% of patients
with the disease. Hyperdiploid pre-B-ALL is one of the
prognostically most favorable leukemia.l" The cause
of hyperdiploidy in this condition is not well known but
several hypothesis exist.>4 One of the important question
is whether all the chromosomes are randomly represented
in this hyperdiploidy or there are some preferential
chromosomes, which are present more often in multiple
numbers. In hyperdiploidy certain chromosomes
e.g.no.4,6,10,14,17,18, 20, 21 and X were found to be
added frequently."! Certain chromosomes are also lost in
this disease but there is paucity of data on the composition
of chromosome loss. In this paper, we analyzed our data
on the composition of hyperdiploid chromosomes in
well-characterized cohort of childhood pre-B-ALL.

Materials and Methods

A total of 126 childhood pre-B-ALL patients presenting
in various hospitals in Mumbai and referred to this
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institute for detailed work-up in the patient population
based on complete blood count, peripheral smear
examination and routine biochemistry including serum
lactate dehydrogenase and uric acid levels. Bone
marrow aspirate in all these patients were evaluated for
morphology for FAB classification, immunophenotyping
and both conventional and molecular cytogeneitc studies.

Immunophenotype was done in BD FACS Aria® (B-D)
using monoclonal antibodies CD10, CD19, CD5, CD7, CDS,
CD833, CD3, HLA-DR, peroxidase, CD34 and anti-kappa,
anti-lambda Immunohematology antibodies. Gating was
done with forward light scatter/laser scanning cytometry and
CD45 positive areas. Low CD45 with CD19 was assessed.
Pre-B-ALL was diagnosed as CD45*, CD34+, CD10",
CD19¢*, cytoplasmic IgG, CD33- and CD3-.

Cytogenetic study was done using standard
technique with Giemsa banding. Fluorescence in situ
hybridization (FISH) studies were done in hyperdiploid
cases with Bcr-Abl t (9;22), MLL-AF4 t (4;11), TEL-AMLA
t (12;21) and E2A/PBX t (1;19) using Vysis probes and
its technique described in the kit.

Giemsa banded karyotypes were analyzed by one
of us (LK) and the chromosomes were counted and
identified using standard International System for
Cytogenetic nomenclature 2005 method.® FLT3 internal
tandem duplication and tyrosine kinase domain (ITD and
TKD) mutations were tested using standard techniques
which were already applied in this laboratory.!”!

Results

Out of 126 pre-B-ALL patients, 90 patients had
abnormal karytoype/FISH studies, 24 had normal

cytogenetic pattern and in 12 patients karyotyping failed
and no FISH abnormality was seen with the probes
used. 50/90 patients had hyperdiploid karyotypes
and the present study involves these 50 patients
with hyperdiploid Karyotype (male:female 33:17, age
2-15 years). Leucocyte count at presentation varied
between 2 x 10%L and 78 x 10%L, hemoglobin 46-87 g/L
and platelets 18 x 10%L-67 x 10%L. Bone marrow aspirate
showed L1 morphology in 37 and L2 in 13 patients.

All 50 patients had different grades of hyperdiploidy. The
distribution of different chromosomes in these hyperdiploid
phenotypes are presented in Figure 1 and Table 1. In this
study, chromosome 21 had a major contribution for the
formation of hyperdiploid karyotype.

In 46 (92%) hyperdiploid patients, the number of an
extra chromosome 21 varied between 1 and 5. There
were only four patients (8%) where chromosome number
21 was not involved in hyperdiploidy and in 2 (4%) patient

Table 1: Prevalence of hyperdiploidy of different
chromosomes in hyperdiploid childhood B-ALL cases

Chromosome Prevalence Frequency
number (number of cases) (%)
(N=50)
21 46 92
22 27 54
12 24 48
9,10, 11, 18 21 42
19 20 40
1 18 36
4 17 34
2 16 32
3 15 30
6,13 14 28
14, X 13 26
8, 20 12 24
7 11 22
5,15,16, 17 10 20
Y 6/33 18

B-ALL: B-acute lymphoblastic leukemia
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Figure 1: Gain of chromosomes in childhood hyperdiploid pre-B cell acute lymphoblastic leukemia
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this chromosome was the only one which involved in
hyperdiploidy. Other chromosomes were present in excess
in 18-54% of the cases. Chromosomes 5, 15, 16, 17 and
Y were less often involved (18-20%) in hyperdiploidy.

Individual chromosomal deletion was seen in
hyperdiploid cases too. Chromosomes 2, 3, 4, 5, 6,
10, 21, X and Y showed no deletion. Chromosmes 1,
7, 8,9, 11, 12, 14, 15, 22 showed deletion in 10/50
(20%) cases [Figure 2 and Table 2]. Similarly, smaller
percentage of patients showed deletion in other
chromosomes. Twenty-two patients (22/50 i.e. 44%)
had additional chromosomal abnormalities of which
TEL-AML1 fusion was present in 12/50 (24%) of
hyperdiploid patients. t (9;22) and t (4;11) were not seen
in any of these patients though t (1;19) and t (12;20) were
seenin 2% each [Table 3]. No FLT3 mutation (ITD/TKD)
was observed in any of the patients.

Discussion

Hyperdiploidy is a frequent phenomenon in childhood
ALL and it is a good prognostic marker.['? In our series,
50/90 (55.5%) patients showing abnormal karyotype had
hyperdiploidy and 50/126 (40%) cases of pediatric ALL
showed hyperdiploidy, whether the karyotype failed or
it was abnormal. This prevalence composes well with
the prevalence described in the existing literatures.??®
If we would have done DNA index study using flow
cytometry (index >1.2) we could have obtained few more
hyperdiploid patients where karyotype was failed. There
are few studies who have evaluated the contribution of
individual chromosome to hyperdiploidy with a view to
understand (i) Why hyperdiploid chromosome pretends

good prognosis (ii) what possible mechanism may
under lie to produce hyperdiploid phenotype. Certain
chromosomes e.g. 9, 10, 14, 17, 18, 20 and 21 are
found to be more often involved in the hyperdiploid
karyotype.®'"! In our series chromosome 9, 10, 11, 12,
18, 21 and 22 were found to be frequently involved in
42 (92%) hyperdiploid cases [Table 1]. By far the most
common chromosome involved in hyperdiploidy was
chromosome 21 (92%) and 2 (4%) patients in our series
had only this anomaly showing that this anomaly may
be the primary one. 44% of our patients had additional
chromosome abnormalities of which t (12;21) was found
to be the most common (24%) one. Several studies
have shown that t (12;21) that is TEL-AML1 fusion are
present in prognostically favorable group of ALL patients.
Prevalence of this condition in an unselected group
of ALL patients in India have shown between 4% and
9% of the cases depending on the technique used to
detect this abnormality.l'>'# In our series of 126 patients
19.8% that is, 25/126 patients showed this abnormality.
Hence TEL-AML1 fusion in both hyperdiploid 12/50 (24%)
and nonhyperdiploid 22/74 (29%) are not statistically
different ()2 test, P > 0.05).

Though chromosome 21 was present in excess

number in 92% of hyperdiploid karyotype, in 8% of the
patients this chromosome was not involved, in fact none

Table 2: Chromosomal deletion in hyperdiploid
pre-B-ALL

Chromosomes Deletion Frequency (%)
2,3,4,5,6,10,21, X, Y No deletion 0
1,7,8,9, 11,12, 14, 15, 22 1 2
16,17,18 2 4
13,19 3 6
20 5 10

Pre-B-ALL: Pre-B-acute lymphoblastic leukemia
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Figure 2: Loss of chromosome in hyperdiploid childhood pre-B cell acute lymphoblastic leukemia patients
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Table 3: Translocations in hyperdiploid pre-B-ALL

Patients  Age/sex Ploidy Structural chromosome

number abnormality

3 8/Male HH TEL/AML1+ve

4 7/Male HH TEL/AML1+ve

6 5/Male LH T (12;20)(q26;q11)

7 14/Male HH

10 7/Female HH

12 7/Female Hypertriploidy ~ Add (17q)

13 2.5/Male HH

16 14/Female HH

17 15/Male HH

18 4/Male HH

19 4.5/Male HH

20 7/Female HH TEL/AML1+ve

23 2/Female HH TEL/AML1+ve

24 2/Female HH

26 4/Male HH

27 7/Female HH

28 3.5/Male HH

30 3/Female HH TEL/AML1+ve

33 11/Male Hypertriploidy

35 3.5/Male HH

36 2/Male Neartriploidy

37 2.5/Female HH Del19(p11)

38 3/Male HH

39 6/Male HH

41 2/Female Polyploidy TEL/AML1+ve

43 10/Male HH

44 15/Male HH Dup (2q)

45 6/Male HH

47 5/Male HH TEL/AML1+ve

49 6/Male LH Der (1q), complex
translocation

50 15/Male LH TEL/AML1+ve, t (1;19)
(923;p13)

51 13/Female  HH TEL/AML1+ve

52 3/Male HH

53 2/Male HH

54 5/Male HH

55 2/Male HH

56 9/Male Polyploidy

57 4/Male TEL/AML1+ve

58 6/Male HH TEL/AML1+ve

59 2/Male HH TEL/AML1+ve

60 6/Male HH

61 8/Female HH

64 7/Female HH

67 8/Female LH

70 7/Male HH

71 6/Female HH

72 10/Female HH

78 5/Female HH

79 6/Male LH

80 4/Female HH

Total 50

Pre-B-ALL: Pre-B-acute lymphoblastic leukemia, HH: High hyperdiploidy,
LH: Low hyperdiploidy, NT: Near tetraploidy

of these 8% patient had any chromosomal deletion too.
Deletion of chromosomes seems to be poorly tolerated
in ALL patients. Only 10/50 (20%) of the ALL patient
showed one or more deletions. Single chromosome
deletion was seen in 60% of these cases. In 2/50 (4%)
cases chromosome 17 was deleted and this chromosome
is well-known for the gene P53 whose importance

as gate keeper of the genome is very well-known.
Hence, involvement of chromosome 21 in hyperdiploid
pediatric ALL seems to be the primary pathology. We
could not do refined studies with extended molecular
probes for chromosome 21 to see if the 4 of our patients
where chromosome 21 involvement was seen, did any
additional chromosome 21 segment hidden within the
other chromosomes. About 44% of our patients had
additional chromosomal abnormalities where t (12;21)
was the most common one. However, none of the four
patients those who did not have additional chromosome
no. 21 had any (12;21) translocation.

One of the root questions in this subtype of ALL is how
this hyperdiploidy arise? (i) Is it by mitotic events when
a haploid cell is produced and subsequent mitosis and
loss of chromosome leads to hyperdiploidy!®'s or a single
mitotic event producing hyperdiploid (tetraploid) karyotype
then loss of chromosomes in subsequent cell division
cause the detectable karyotypic change.*'® Our study
suggest none of the two mechanism can explain infrequent
loss of chromosome with highly gain in chromosome
number 21. Sometimes, the gain in individual chromosome
can vary from +1 to +5. Hence, doubling the haploid set
of chromosomes cannot produce this.

Endoreduplication of chromosomes due to silencing
of some of the cell cycle controlling genes cause natural
polyploidy in cells like megakaryocytes. It may be possible
that similar such mechanism coupled with weakness of
the mitotic spindle and which cause loss of chromosome
in subsequent mitosis. This loss mainly involves the
additional chromosomes over and above the diploid
sets. However, this pathology also fails to explain why
we have a high rate of translocation events in addition
to hyperdiploidy in childhood hyperdiploid pre-B-ALL.
Unless we assume that some of these mooring less
extra chromosomes interact with other chromosome to
produce the translocation or partial deletion events.

To explain why hyperdiploid karyotype in pediatric
B-ALL is associated with good prognosis, it has
been shown that these cells are extremely sensitive
to methotrexate and one of the folate carrier protein
e.g. reduced folate carrier (RFC) gene is encoded in
chromosome 21. Hence multiple copies of chromosome
21 probably lead to high amount of RFC in the cell
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leading to higher methotrexate concentration in
the cell.l'! Present study shows that in addition to
involvement of chromosome 21 as hyperdiploidy a large
proportion (24%) of these cases also have additional
chromosome pathology e.g. TEL-AML1 fusion, which
may contributes to improve prognosis in these cases.

Several authors have shown high FLT3 mutation in
hyperdiploid ALL patients however in our series we
could not demonstrate either ITD or TKD mutation of
FLT3 gene.['®20 Whether this finding is true for Indian
pediatric ALL patients? Though, the present report does
not conclusively provide the mechanism of hyperdiploidy
in ALL except as a conjecture. It definitely shows that
existing hypothesis of hyperdiploidy are inadequate to
explain the phenomenon in its entirety.
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