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ABSTRACT

Acute lymphoblastic leukemia (ALL) is the most common malignancy in children and is usually associated with numerical and struc-
tural chromosomal changes. Although some of these changes are accepted as favorable or poor prognostic factors, the prognos-
tic effects of others have not been well determined. In our study, we aimed to present the chromosomal changes in cases with child-
hood ALL and their ratios in hematologic risk groups. Thirty four patients with childhood ALL were included in the study. Subjects
were diagnosed with fluorescence in situ hybridization (FISH) analysis by using standard translocation, deletion and aneuploidy pro-
bes. The chromosomal changes obtained from our analysis were classified into hematologic risk groups and their ratios were eva-
luated. In our study, we found that the t(12.21) translocation was the most common abnormality in minimal and standard risk gro-
ups, whereas the 9p21 deletion was the most common abnormality among high-risk patients.
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ÖZET

Çocukluk Ça¤i Akut Lenfoblastik Lösemi’li Olgularda Moleküler Sitogenetik Bulgular

Akut Lenfoblastik Lösemi (ALL) çocukluk ça¤›nda görülen en yayg›n malignite olup say›sal ve yap›sal kromozomal de¤ifliklikler ile bir-
likte görülebilmektedir.Bu de¤iflikliklerin baz›lar›n›n iyi ya da kötü prognostik belirteç kabul edilirken baz›lar›n›n ise prognostik etkileri
tam bilinmemektedir. Çal›flmam›zda, çocukluk ça¤› ALL vakalar›nda saptanan kromozomal de¤ifliklikler ile hematoljik risk gruplar›n-
daki oranlar›n› vermeyi amaçlad›k. Çal›flmaya tan› alm›fl çocukluk ça¤› akut lenfoblastik lösemili 34 olgu al›nd›. Olgulara, ALL aç›s›n-
dan de¤er tafl›yan standart translokasyon, delesyon ve aneuploidi problar› kullan›larak floresan in situ hibridizasyon (FISH) analizleri
yap›ld›. Saptanan kromozomal de¤ifliklikler vakalar›n hematolojik risk gruplar›na göre s›n›fland›r›larak oranlar› de¤erlendirildi. Çal›flma-
m›zda, 9p21 delesyonu yüksek riskli hastalar aras›nda en s›k görülen anomali iken t (12.21) translokasyonu minimal ve standart risk
grubunda en s›k görülen anomali oldu¤unu bulduk. 
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INTRODUCTION

Acute lymphoblastic leukemia (ALL) is the most
common malignancy during childhood and constitu-
tes one third of all childhood malignancies.1 Several
chromosomal abnormalities, numerical and structu-
ral, are associated with childhood leukemia. Hyper-
diploidy is characterized as a nonrandom gain of one
or more chromosomes (chromosome numbers= 46-
47) and is the most common cytogenetic abnormality
pattern in childhood ALL.2 Hyperdiploidy is seen in
30-40% of all cases of childhood ALL. Numeric
chromosomal changes are usually encountered in
chromosomes 4, 6, 8, 10, 14, 17, 18, 20 and 21.3-6 The
most common structural change is the t(12;21) (TEL-
AML1) translocation, which accounts for 25% of ca-
ses of ALL.7

When ALL is diagnosed early, examining chromoso-
mal changes can be useful for predicting the progno-
sis of the disease prior to treatment. Although it has
been established that hypodiploidy (chromosome
number < 46) is associated with poor prognosis,
hyperdiploidy (chromosome number > 46), especi-
ally with higher chromosome numbers (chromosome
numbers= 50-67), is associated with favorable prog-
nosis. In addition, some structural changes, such as
in the t(9;22) translocation, which generates the
BCR/ABL fusion gene, and the MLL gene transloca-
tion, generated by the t(11q23) translocation, have
poor prognosis, but the t(12;21) (TEL-AMLI) trans-
location has a favorable prognostic effect.7-10 Altho-
ugh the deletion of the 9p21 location accounts for
15% of all childhood ALL, the prognostic value of
this deletion is unknown.11

Conventional cytogenetic techniques can provide in-
formation about chromosomal changes, confirm cli-
nical diagnosis, and are used to classify chromoso-
mal abnormalities for determining prognosis and
promoting treatment strategies. With leukemias, po-
or or decreased quality of metaphase preparations
obtained from cultures of bone marrow cells and blo-
od cells makes cytogenetic analysis of chromosomes
difficult. Additionally, the detection of some chro-
mosomal anomalies, such as the t(12;21) translocati-
on, can be challenging. In early diagnoses of leuke-
mia, molecular cytogenetic studies can not only pro-
vide cytogenetic information but are also useful in
detecting translocations and hyperdiploidy when cul-
tures are negative or when cultures have poor quality
of metaphases.12-14

In this study, we utilize molecular cytogenetic analy-
sis (FISH) to present the rates of numerical and struc-
tural chromosomal changes in patients with childho-
od ALL.

MATERIALS AND METHODS 

Thirty-four patients recently diagnosed with childho-
od ALL at Uludag University Medical Faculty, De-
partment of Pediatric Hematology, were included in
the study. To evaluate numerical and structural chro-
mosomal changes, bone marrow samples were sent
to Uludag University Medical Faculty, Department
of Medical Genetics, for conventional and molecular
cytogenetic analysis (FISH). In the FISH analysis,
200 well-hybridized cell signals were evaluated with
each available probe. The bone marrow samples we-
re processed with fixative after KCl administration.
Nuclear smears were laid on plates and suspended in
2x SCC with 0.01 N HCl and pepsin. DNA was de-
natured in 70% formamide. Prepared samples were
hybridized with centromeric X, Y, 4, 6, 7, 8, 10, 18
probes and locus-specific 5, 9, 11, 12, 14, 15, 16, 17,
21 and 22 probes. Samples were stained by DAPI II
(125 ng/ml in antifade) and analyzed by Quips Ima-
ging Systems (Applied, UK) with single, (aqua, gold,
blue, red, green and Dapi), double (red/green) and
triple (Dapi/red/green) filters on a Nikon E 600 flu-
orescence microscope in the FISH Laboratory of
Uludag University Medical Faculty, Department of
Medical Genetics. The molecular cytogenetic fin-
dings are shown in Figure 1.

RESULTS

Thirty-four cases of childhood ALL were included in
this study. The ages of the patients were between 2
years and 16 years (median=5); 21(62%) of the pati-
ents were male, and 13(38%) of the patients were fe-
male. At the time of diagnosis, the white blood cell
counts of the patients ranged from 840x103/mm3 to
257x103/mm3 (median=103x103/mm3). Eighteen of
the patients had chromosomal changes, including
hyperdiploidy (chromosome numbers= 47-67) in
9(26%) cases and a t(12:21) translocation in 11(32%)
cases. Two of the patients with a t(12;21) translocati-
on also had concomitant hyperdiploidy. Although the
t(11q23) translocation has prognostic significance, it
was seen in only one patient. None of the patients ex-
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hibited hypodiploidy or a t(9;22) translocation. The
9p21 deletion was evaluated in 22 patients, and
8(36%) of them exhibited homozygous (n=2) or he-
mizygous (n=6) deletions (Table 1). When risk gro-
ups were evaluated, the t(12;21) (TEL-AML 1)
translocation was the most commonly encountered
chromosomal change in standard-risk and minimal-
risk groups, whereas high-risk patients commonly
had 9p21 deletions (Tables 2 and 3).

DISCUSSION

Randomized chromosomal changes are encountered
in 80% of ALL patients, and some of these chromo-
somal changes, either numerical or structural, have
prognostic importance.15 In this study, some of the
patients illustrated both types of chromosomal chan-
ges. It has been reported that the coincidence of the
t(12;21) translocation and hyperdiploidy decreases
the risk of treatment failure.16 Additionally, the MLL
gene rearrangement, the t(9;22) translocation and
hypodiploidy indicate poor prognosis in ALL pati-
ents. Detection of chromosomal changes is useful for
confirming diagnoses, aiding with prognosis sugges-
tions, and guiding treatment protocols.

We detected chromosomal changes in 74% of our pa-
tients (25/34). The most common chromosomal ab-
normality was the t(12;21) translocation, which was
detected in 11 of our patients. It has been suggested
that the t(12;21) translocation is a favorable prognos-
tic factor in the short term; however, the utility of the
t(12;21) translocation as a favorable prognostic fac-

tor in the long term and its ability to predict relapse
are unknown.17,18 We also detected different types of
translocations; a double t(12;21) translocation was
detected in one of our patients, and a 12p13 deletion
was seen in two patients. The prognostic importance
of simultaneously occurring t(12;21) translocations,
12p13 deletions, hyperdiploidy and double fusions is
currently unknown. Thus, we suggest that more in-
formation should be obtained from patients with dif-
ferent variants of t(12,21) translocations. The role of
the t(12,21) translocation in prognosis, incidence of
relapse and follow-up should also be evaluated. Con-
sistent with the literature, in our study, hyperdiploidy
was detected in 26% of ALL patients, with the most
common copy gains seen in chromosomes 4, 6, 10,
21 and X (7, 9). Previous studies have suggested that
gaining a copy of chromosomes 4, 10 or 17 is asso-
ciated with favorable prognosis; however, trisomy of
chromosome 5 confers poorer outcome among high-
hyperdiploid patients.19,20

In our study, we did not detect poor prognostic chan-
ges, such as the t(9;22) translocation or hypodiplo-
idy. However, one of our patients had a t(11q23)
translocation. The t(11q23) translocation is a poor
prognostic factor, accounting for 2-4% of childhood
ALL, and it is expressed in 80% of all infants with
ALL.21 The 9p21 deletion was evaluated in 22 pati-
ents, and eight of them expressed either a homozygo-
us deletion or a hemizygous deletion. Among these
patients with a 9p21 deletion, six patients exhibited a
hemizygous deletion and two patients exhibited a ho-
mozygous deletion. 
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Figure 1. Interphase appearance of FISH in different ALL patients. (A) The separate presentation of red and green signals on
chromosomes with a t(11q23) translocation (arrows) in case 1. (B) The synchronous presentation of hyperdiploidy and a t(12;21)
translocation(arrow) in case 18.



Prognostic significance is limited to homozygous de-
letions of 9p21, which can be explained by loss of
heterozygosity. Unlike homozygous deletions, he-
mizygous deletions might not be sufficient to turn off
the function of the CDKN2A and the CDKN2B ge-
nes. Kim et al. suggested that homozygous deletion
of the CDKN2A and CDKN2B genes is a poor prog-
nostic factor in adult but not in childhood B-lineage
ALL.11,22

In conclusion, high incidences of chromosomal
changes are detected at the time of diagnosis in child-
ren with ALL. When conventional cytogenetic pre-
parations lack metaphases or the metaphases are of
poor quality, additional molecular cytogenetic analy-
ses can be performed to support the diagnosis of
ALL, as well as to provide useful information to aid
in the choice of treatment protocols and follow-up
protocols. 
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Table 1. Demographic features and molecular cytogenetic findings in patients with ALL.

Age Gender Leukocyte Risk t(9;22) t(11q23) t(12;21) 9p21 Numerical
count group deletion changes

1 13 M 125000 HRG N P N N N
2 16 M 140000 MRG N N N ND N
3 3 F 7600 MRG N N N ND Hyperdiploidy
4 2 F 4500 MRG N N N ND Hyperdiploidy
5 4 F 4200 SRG N N P ND N
6 5 F 15300 SRG N N N ND Hyperdiploidy
7 4 F 12000 MRG N N N ND Hyperdiploidy
8 16 F 10300 MRG N N N ND N
9 3 M 6320 MRG N N P N N
10 3 M 2700 MRG N N N ND N
11 9 M 7200 MRG N N N ND Hyperdiploidy
12 4 F 4900 MRG N N P ND Hyperdiploidy
13 16 M 2800 HRG N N N ND N
14 6 M 19300 MRG N N P N N
15 14 M 2980 MRG N N N Hemizygote N
16 13 M 52000 MRG N N N Hemizygote N
17 4 F 2400 MRG N N N ND N
18 9 M 28700 MRG N N P N Hyperdiploidy
19 3 M 4000 MRG N N P N N
20 4 M 840 MRG N N P N N
21 13 M 80000 HRG N N N Homozygote N
22 3 F 68000 HRG N N N N N
23 7 F 14000 HRG N N N Hemizygote Hyperdiploidy
24 5 M 2700 MRG N N P N N
25 4 M 44700 MRG N N N N Hyperdiploidy
26 10 M 10300 MRG N N P N N
27 3 F 257000 MRG N N N N N
28 9 M 14700 MRG N N N N N
29 4 F 4200 HRG N N N Hemizygote N
30 7 M 30000 HRG N N N Homozygote N
31 13 M 43300 MRG N N N Hemizygote N
32 9 M 4500 MRG N N N N N
33 4 M 7950 SRG N N P N N
34 3 F 140000 MRG N N P Hemizygote N

M= Male, F= Female, MRG= Minimal risk group, SRG= Standard risk group,  HRG= High risk group, N= Negative, P; Positive, ND= No data



REFERENCES

1. Woo HY, Kim DW, Park H, et al. Molecular cytogene-

tic analysis of gene rearrangements in childhood acu-

te lymphoblastic leukemia. J Korean Med Sci 20: 36-

41, 2005.

2. Avet-Loiseau H. FISH analysis at diagnosis in acute

lymphoblastic leukemia. Leuk Lymphoma 33: 441-

449, 1999.

3. Raimondi SC. Current status of cytogenetic research

in childhood acute lymphoblastic leukemia. Blood 81:

2237-2251,1993.

4. Moorman AV, Clark R, Farrell M, et al. Probes for hid-

den hyperdiploidy in acute lymphoblastic leukemia.

Genes Chromosomes Cancer 16: 40-45,1996. 

5. Pui C-H, Crist WM, Look AT. Biology and clinical sig-

nificance of cytogenetic abnormalities in childhood

acute lymphoblastic leukemia. Blood 76: 1449-

1463,1990.

6. Mertens F, Johansson B, Mitelman F. Dichotomy of

hyperdiploid acute lymphoblastic leukemia on the ba-

sis of the distribution of gained chromosomes. Cancer

Genet Cytogenet 92: 8-10,1996.

7. Harrison CJ. The detection and significance of chro-

mosomal abnormalities in childhood acute lymphob-

lastic leukaemia. Blood Rev. 15: 49-59,2001.

8. Rubnitz JE, Pui C-H. Childhood acute lymphoblastic

leukemia. Oncologist 2: 374–380,1997.

9. Zemanova Z, Michalova K, Sindelarova L, et al. Prog-

nostic value of structural chromosomal  rearrange-

ments and small cell clones with high hyperdiploidy in

children with acute lymphoblastic leukemia. Leuk Res

29: 273-281 ,2005. 

10. Yakut T, Gulten T. Çocuklukça¤› Lösemilerindeki Ge-

netik De¤ifliklikler ve Klinik Önemi. Uluda¤ Üniversitesi

T›p Fakültesi Dergisi 31: 57-62, 2005.

11. Kim M, Yim SH, Cho NS, et al. Homozygous deletion

of CDKN2A (p16, p14) and CDKN2B (p15) genes is a

poor prognostic factor in adult but not in childhood B-

lineage acute lymphoblastic leukemia: a comparative

deletion and hypermethylation study. Cancer Genet

Cytogenet. 195: 59-65, 2009.

12. Zhang L, Parkhurst JB, Kern WF, et al. Chromosomal

changes detected by fluorescence in situ hybridization

in patients with acute lymphoblastic leukemia. Chin

Med J 116: 1298-1303, 2003.

13. Adolfo A, Ferrando A, Thomas L, et al. Clinical implica-

tions of recurring chromosomal and associated mole-

cular abnormalities in acute lymphoblastic leukemia.

Semin Hematol 37: 381-395, 2000.

14. Arnland B, Glassman MD. Chromosomal abnormali-

tics in acute leukemia. Clin Lab Med 20: 39-48, 2000.

15. Harrison CJ. The genetics of childhood acute

lymphoblastic leukaemia. Baillieres Best Pract Res Clin

Haematol.13: 427-39, 2000.

16. McLean TW, Ringold S, Neuberg D, et al. TEL/AML-1

dimerizes and is associated with a favorable outcome

in childhood acute lymphoblastic leukemia. Blood 88:

4252-4258,1996.

17. Seeger K, Adams HP, Buchwald D, et al. TEL-AML1

fusion transcript in relapsed childhood acute lymphob-

lastic leukemia. The Berlin-Frankfurt-Münster Study

Group. Blood 91: 1716-1722,1998.

UHOD Number: 2    Volume: 22   Year: 2012 71

Table 2. The distributions of molecular cytogenetic [t(9,22), t(11q23), t(12;21) and numerical changes] findings according to
risk groups in ALL patients(n=34).

MRG SRG HRG
(n=24)(%) (n=3)(%) (n=7)(%)

t(9;22) translocation 0(0) 0(0) 0(0)
t(11q23) translocation 0(0) 0(0) 1(14)
t(12;21) translocation 9(37) 2(66) 0(0)
Numerical changes 7(29) 1(33) 1(14)

MRG; Minimal risk group, SRG; Standard risk group,  HRG; High risk group

Table 3. The distribution of 9p21 deletions in risk groups in ALL patients(n=22).

MRG SRG HRG
(n=15)(%) (n=1)(%) (n=6)(%)

9p21 deletion 4(27) 0(0) 4(66)

MRG; Minimal risk group, SRG; Standard risk group,  HRG; High risk group



18. Mignon LL, Lewis B, SilvermanML, et al. Incidence of

TEL/AML1 fusion in children with relapsed acute

lymphoblastic leukemia. Blood 92: 4792-4797, 1998.

19. Harris MB, Shuster JJ, Carroll A, et al. Trisomy of le-

ukemic cell chromosomes 4 and 10 identifies children

with B-progenitor cell acute lymphoblastic leukemia

with a very low risk of treatment failure: a pediatric on-

cology group study. Blood 79: 3316-3324, 1992. 

20. Heerema NA, Sather HN, Sensel MG, et al. Prognos-

tic impact of trisomies of chromosomes 10, 17, and 5

among children with acute lymphoblastic leukemia

and Highhyperdiploidy (>50 chromosomes). J Clin On-

col 18: 1876-1887, 2000.

21. Silverman LB. Acute lymphoblastic leukemia in in-

fancy. Pediatr Blood Cancer. 49: 1070-1073, 2007.

22. Drexler HG. Review of alterations of the cyclin-depen-

dent kinase inhibitor INK4 family genes p15, p16, p18

and p19 in human leukemia-lymphoma cells. Leuke-

mia. 12: 845-859, 1998. 

Correspondence

Dr. Tahsin YAKUT 

Uluda¤ Üniversitesi T›p Fakültesi

Halk sa¤l›¤› Anabilim dal›

Genetik Anabilim Dal›

16059  BURSA / TURKEY

Tel: (+90.224) 295 43 71

e-mail: tyakut@uludag.edu.tr

72 UHOD Number: 2    Volume: 22   Year: 2012


