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Introduction

G acquired genetic alterations in hematologic malignancies. 
This technique detects a wide variety of genetic abnor-

malities, however sometimes it is not possible because of the re-
quirement for dividing cells. Hence, normal cytogenetic results 
may be observed when submicroscopic changes are present. In 
addition, due to the presence of over condensation and poor chro-

technique. Hence, molecular analysis has gained importance in 
the management of leukemia patients, as it serves in identifying 
genetic abnormalities undetected by cytogenetic. Fluorescent in 
situ hybridization (FISH) is one such molecular technique.1,2 

Acute myeloid leukemia (AML) is a hematological disorder 
with heterogeneous clinical and biological features. The current 

entities of myeloid disorders based on the presence of recurrent 

adult studies, whereas cytogenetic data is rare in pediatric AML.3 
Diagnostic clonal chromosomal abnormalities provide impor-
tant prognostic information and are among the most important 
factors in predicting initial response to chemotherapy, duration 
of remission and overall survival.4 In this category, t(8;21) and 

rearrangement of  chromosome 16 result in disruption of genes 
-

results from inversion or, less frequently, translocation of t(16;16)

patients with other chromosomal abnormalities or a normal karyo-
type.5
(p13q22) in average or below average quality metaphases; such 
patients are placed into normal karyotype category by G-banding. 
Here we report the results of cytogenetic and FISH in childhood 
AML patients from Kidwai Memorial Institute of Oncology, a 
cancer treatment center from South India.

Materials and Methods

From 2009 to 2011, we collected heparinized bone marrow as-
pirates from 50 childhood AML patients who were between 1 to 
14 years of age. Study approved by local ethics committee and 
informed consents signed. Aspirates were processed for G-band-
ing and FISH analysis.  Participants were patients at the Pediatric 
Oncology Department.

Bone marrow samples obtained from the patients were cultured 
in RPMI 1640 (Gibco, Invitrogen, USA) medium that contained 
15% fetal bovine serum for 24 and 48 hours at 37 C. After incu-
bation, the cells were exposed to colcemid (0.10 μg/mL, Gibco) 
for 30 minutes, followed by hypotonic treatment (0.075 M KCl) 

-
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lution. The next day, slides were made and maintained at 60 C 
overnight. Chromosomes were subsequently treated with trypsin 
and stained with giemsa. Karyotypes were analyzed and interpret-
ed according to the International System for Human Cytogenetic 
Nomenclature (ISCN).6 

Translocation Probe dual fusion (Cytocell aquarius-UK), the 
-

the gene. The 610 kb region of 16(p13) is devoted to the MYH11 
is showed in green. Air dried slides were prepared according to 
the cytogenetic technique from 23 bone marrow samples that had 
normal karyotype. Slides were washed in 2 × SSC for 2 minutes 
at room temperature followed by dehydration in an ethanol series 
(75%, 85% and 100%), each for 2 minutes, then allowed to dry. A 

-
ple. The coverslip was carefully placed on the probe area and the 

edge sealed with a rubber solution glue. The slides were allowed 
to dry completely. Slides were kept for denaturation in a hybrid-
ization chamber at 75 C for 2 minutes. Then, they were hybrid-
ized at 37 C overnight. The next day, the coverslip was removed, 
then a post-hybridization wash was performed with 0.4 × SSC at 
72 C for 2 minutes followed by 2 × SSC and 0.05% Tween-20 at 

the drained slides, which were covered with a coverslip. Slides 
were placed in the dark for 10 minutes to allow for color develop-

FISH software. A minimum of 100 cells were scored for signals, 
-

cence microscope with SKY that was supported by Applied Spec-
tral Imaging software (Olympus BX61- Japan).

Results

This study included 50 childhood AML patients, 24 males and 

q

Q
q46,XY, del(6)(q21q23), inv(16)(p13q22)

Figure 1.  Karyotype of patient no.13.

Table 1. Karyotype details and morphology.

S. No No. of patients Morphology (FAB)
1 46,XX,t(8;21)(q22;q22) 7 AML - M2
2 46,XY, t(8;21)(q22;q22) 1 AML - M2
3 45,X,-X, t(8;21)(q22;q22) 2 AML - M2
4 45,X,-Y, t(8;21)(q22;q22) 4 AML - M2
5 45,XY, t(8;21)(q22;q22),-15 1 AML - M2
6 46,XY, del(6)(q23), t(8;21)(q22;q22) 1 AML - M2
7 46,XX, t(15;17)(q22;q21) 2 AML - M3
8 46,XY, t(15;17)(q22;q21) 2 AML - M3
9 46,XY,add(3)(p25), t(15;17)(q22;q21), i(17)(q10) 1 AML - M3
10 46,XX, t(16;16)(p13;q22) 1 AML - M2/M4
11 46,XX, del(16)(q22) 1 AML - M2/M4
12 45,X,-Y, del(16)(q22) 1 AML - M2/M4
13 46,XY, del(6)(q21q23), inv(16)(p13q22) 1 AML - M2/M4
14 48,XY, +6,+13 1 AML - M1
15 46,XX, der(9)t(9;11)(p22;q13) 1 AML - M2
16 47,XX, add(4)(q35), -13, +21,+mar 1 AML - M5
17 41,XX, t(1;22)(q13;p13), -3,-4,-9,-10,-19 1 AML - M7
18 46,XX, inv(3)(q21q26) 1 AML - M7
19 Ring chromosome 1 AML - M6
20 Normal Karyotype 16 M0, M2, M4
21 No metaphase 3 M0, M1
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26 females, who ranged in age from 1 to 14 years. The median age 
at diagnosis was 8.18 years. According to the French-American-
British (FAB
M0, M1, M2, M3, M4, M5, M6, and M7. 

The culture success rate was 94% with 31 (62%) patients who 
had abnormal karyotypes, 16 (32%) had a normal karyotype and 
no metaphase was observed in 3 (6%) patients. Karyotype details 
and patient morphology are shown in Table 1. Figure 1 shows the 
karyotype of patient 13 carrying inv(16).

FISH was performed on 16 cytogenetically normal patients us-

as discrete red and green spots, which resulted in 2G 2R confor-
mation that showed normal results for all 16 patients (Figure 2).

 
Discussion

The current WHO7  malignancies 
 presence 

 
major cytogenetic subgroups in childhood and adult patients with 
AML is internationally accepted.8,9 Cytogenetic analyses are per-
formed in most children with AML. It is reported that an increas-
ing number of rare but recurrent aberrations have a prognostic 
value.3 According to WHO7 the AML category with recurrent 
genetic abnormalities comprises 60%–65% of all AML cases. 
The present study has determined that 56% of patients were in 
this category. More than 70% of pediatric patients show clonal 
karyotype events at diagnosis, hence the 62% seen in the present 
study was less than reported in the literature.10 The incident rate of 
AML subtypes with recurrent cytogenetic abnormalities that lead 
to fusion gene formation is approximately 30% and mainly based 
on adult studies. Analysis of cytogenetic data in pediatric AML 
cases is rare; however the 52% result seen in the current study is 
greater than reported in the literature. Favorable karyotypes oc-
cur in a higher percentage in children than in adults. Grimwade 
et al.11 have established a hierarchical 
as follows for favorable cytogenetics: t(8;21)(q22;q22); t(15;17)
(q22;q21); and inv(16)(p13q22). The current study has shown the 

same results where t(8;21) comprised 51.6% of cases, t(15;17) 
comprised 16.1% and chromosome 16 abnormalities were seen in 
12.9% of cases. In this series there were a higher number of cases 
in the good prognosis group. Those with poor prognosis had a cy-
togenetic 
t(9;11)(p22;q13), all were at a very low incidence. The prognostic 
value has yet to be determined in rare chromosomal abnormali-
ties such as ring chromosome and add (4)(q35) with markers and 
numerical abnormalities such as trisomy 6 and 13. 

The rearrangement of chromosome 16 is one of the most com-
mon cytogenetic aberrations found in AML-M2/M4, which in-
cludes del(16), t(16;16) and inv(16) of M4E0.11 The original 
inversion (16)(p13 q22) has been 
AML-M0, M4 by Hogge et al.12 This AML subgroup generally 
has a better prognosis in adults and children.13 In the present study, 

4 (8%) 
cases which was comparable with a Western series (5.91%).14 
The lowest percentage was from Taiwan (3.91%)15 and highest 
(11.6%) from China.16 According to these results, we proposed 
that normal karyotype patients might have alterations in the core 

MYH11 probe by the FISH technique revealed that all 16 patients 
with normal karyotype were negative for this abnormality. Our 
results suggested that FISH was less useful for diagnostic studies 
of AML patients with normal cytogenetics. Larger studies might 
provide 
gene rearrangement, outcome and better understanding of leuke-
miogenesis.

Conclusion

Up to knowledge of 
study from South India suggests that both age and cytogenetics are 
important strategies 
other laboratory parameters should also be considered in child-
hood AML. The high incidence of translocations other than other 
chromosomal abnormalities indicates that fusion genes are more 
frequent. Rare aberrations are partly related to the incidence of 
the different spectrum of genetic changes. Novel genetic changes 

was insuf-
strongly 

Figure 2. Metaphase of the control with two green and two red signals (left). Metaphase and interphase cells with two red and 
(right).
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believe that a larger study in routine cytogenetic analysis is re-

planning of appropriate management and better outcome.    
Larger studies may provide more information in elucidating the 

outcome and better under-
standing of leukemiogenesis. 
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