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Abstract

Background: Chromosomal alterations occur frequently in acute
lymphoblastic leukemia (ALL), affecting either the chromosome
number or structural changes. These alterations can lead to inacti-
vation of tumor suppressor genes and/or activation of oncogenes.
The objective of this study was to identify recurrent and/or novel
chromosomal alterations in adult ALL using single nucleotide poly-
morphism (SNP) array analysis.

Methods: We studied 41 cases of adult ALL compared with healthy
normal controls using SNP array.

Results: Our analysis revealed 43 copy number variant regions,
of which 44% were amplifications and 56% were deletions. The
most common amplifications were on chromosome regions 8p23.1
(71%), 1q44 (66%), 1923.3 (54%), 11q23.3 (54%), 12p13.33
(54%) and 8q24.21 (51%). On the other hand, the most common
deletions were identified on chromosomes 1p31.1 (76%), 3q26.1
(68%), 11p11.12 (63%), 4q12 (59%), 19p13.2 (59%), 7ql1.21
(56%), Xp22.33 (54%), 7q11.21 (51%) and 19p13.11 (51%).

Conclusions: Amplification of chromosome 8p23.1 and deletion
of chromosome 1p31.1 were the most frequently found alterations
in this study. These chromosomal regions contain genes such as
SPAG11B, DEFB1044, DEFB1054, DEFB1074, DEFB106A4 and
SPAG11A4. These potential genes may contribute to leukemogenesis
in adult ALL. The cytogenetic and molecular mechanisms underly-
ing these chromosome changes deserve further investigations.
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Introduction

Acute lymphoblastic leukemia (ALL) is a heterogeneous
disease, resulting from the accumulation of chromosomal al-
terations either in the form of numerical or structural chang-
es such as amplification, deletion, inversion or translocation.
The frequency of chromosomal alterations in adult ALL is
64-85% [1], compared to 60-69% in childhood ALL. Trans-
location t(9.22), one of the most common recurring chromo-
somal alterations, is found in 20-40% adult ALL patients [2],
and its incidence increases with age. Some of the chromo-
somal alterations are significantly associated with remission
duration, complete remission rate and disease-free survival
[1]. Increasing age is also associated with lower remission
rates, shorter remissions and poor outcomes in adult ALL
[1].

Microarray platforms have been widely used to identify
chromosome abnormalities and for gene expression profiling
in cancers. These new technologies have increased our un-
derstanding of certain nonrandom chromosomal alterations
related to morphologic subtypes of acute leukemia [3]. In
addition, they provide diagnostic and prognostic information
with a direct impact on patient management [4].

Recently, high-resolution single nucleotide polymor-
phism (SNP) array has been successfully used for screen-
ing whole cancer genome. This SNP array contains 1.8 mil-
lion genetic markers and enables detection of copy number
change, uniparental disomy and SNP. In this preliminary
study, we analyzed a total of 41 adult ALL samples using the
SNP array to detect large and small chromosome changes as
well as novel abnormality regions, which may contribute to
proliferation and progression of adult ALL.

Materials and Methods
ALL samples and DNA preparation
A total of 41 adult patients diagnosed with ALL between

2005 and 2009 were selected for this study. All ALL cell
suspensions were obtained from Cancer Research Centre,
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Figure 1. The most common chromosomal alterations in the 41 adult ALL cases. The left lanes are heatmap of Affymetrix
SNP array. Red is deletion and green is amplification. The right lanes are segmentation of DNA copy number. Red is dele-
tion and blue is amplification. The most common deletion was found at chromosome chr1p31.1 (A) and amplification was

found at chromosome chr8p23.1 (B).

Institute for Medical Research. Twenty-one healthy volun-
teer blood donors were used as normal controls. This study
was approved by Medical Research & Ethics Committee.
Genomic DNA (gDNA) was extracted from cell suspen-
sion using the QIAamp DNA Blood Mini Kit according to
the manufacturer’s instructions (Qiagen Inc., Valencia, CA,
USA). The concentration and the quality of the DNA were
determined using an ND-1000 spectrophotometer (Nano-
Drop, Thermo Scientific).

SNP array and data analysis

SNP genotyping array experiment was performed accord-
ing to the Affymetrix SNP 6.0 array standard protocol (Af-
fymetrix Inc., Santa Clara, CA, USA). Briefly, 500 ng of
gDNA was digested with Nspl and Styl restriction enzymes,
and then ligated to the adaptors followed by PCR amplifi-
cation using TITANIUM™ DNA Amplification Kit (Clon-
tech Laboratories, Montain View, CA, USA). PCR products
were purified with Agencourt AMPureVR Magnetic Beads
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(Agencourt Bioscience Corporation, Beverly, MA, USA)
and the amplicons were quantified using an ND-1000 spec-
trophotometer. Subsequently, the amplicons were fragment-
ed, labeled and hybridized to a Genechip Affymetrix SNP
6.0 arrays at 50 °C for 16 - 18 h in a GeneChipVR Hybridiza-
tion Oven 640 (Affymetrix Inc.). After washing and staining
in a GeneChipVR Fluidics Station 450 (Affymetrix Inc.), the
arrays were scanned with a GeneChipVR Scanner 3000 7G
(Affymetrix Inc.). The analysis of raw data microarray CEL
files was performed using Genotyping Console™ (GTC)
version 3.0.1.

Validation of SNP array by MS-MLPA

MS-MLPA kit ME002 (MRC-Holland, Amsterdam, The
Netherlands) was used to confirm the alteration regions pre-
viously identified by SNP array. Briefly, 100 ng of gDNA in
volume of 5 pLL was denatured at 98 °C for 5 min and then
hybridized for 16 h at 60 °C after adding master mixture.
Digestion and ligation were performed at the same time at 48
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Figure 2. Validation of chromosomal alteration in adult ALL using MLPA technique. The validation results for samples
AL10, AL14 and AL5 are labeled as A, B and C respectively. The left lanes showed MLPA results. Ratio < 0.60 was con-
sidered as deletion, > 1.40 was considered as amplification. The right lanes showed SNP array results. (A, B) Red arrow
indicated that deletion occurred in PAX5 and CDKN2A genes in AL10 sample and TP53 and PMP22 in AL14 sample. (B)
Green arrow indicated MGMT gene amplified in AL14 sample. (C) No amplification or deletion was found in AL5 sample by
MLPA technique. The results of SNP array were concordance with MLPA result.

°C for 30 min. Subsequently, PCR was performed for 33 cy-
cles (30 sat95°C, 30 s at 60 °C and 1 min at 72 °C) and PCR
products are then separated using capillary sequencer ABI
model 3730 (Applied Biosystems Inc., CA, USA). The peak
height and area values were obtained by GeneMapper 4.0
analysis software (Applied Biosystems Inc.) and exported to
an excel spreadsheet for further processing. Normalization
of data and calculation of dosage ratios was performed as de-
scribed at http://www.mlpa.com/WebForms/WebFormMain.
aspx?Tag=wl2zCji\rCGANQgZPuTixouFcfv ~ OKBwygY-
50YiCdPw1kHhwAT3x9R7S3MNJOh3N7. The ratio of nor-
mal range was defined in between 0.6 to 1.4. Ratio greater
than 1.4 and less than 0.6 were defined as amplification and
deletion, respectively.

Results

We evaluated chromosomal alterations in 41 adult ALL and
21 normal control samples using SNP array. All samples ana-
lyzed could detect at least one or more chromosomal altera-
tions. A summary of chromosomal alterations found in the
41 adult ALL samples is depicted in Supplementary 1 (www.
jh.elmerpress.com). A total of 935 chromosomal alteration
regions were identified in this study. Forty-three chromo-
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somal alteration regions showed more than 40% alterations,
of which 19 (44%) regions were amplifications and 24 (56%)
regions were deletions. Out of the 935 chromosomal altera-
tion regions identified, 931 involved microdeletion or micro-
amplification of at least 1 Mb in size, whereas four regions
involved alteration exceeding 1 Mb. The mean number of
chromosomal alterations was 22.80 per case. The mean num-
ber of amplifications was 9.39 and the mean number of dele-
tions was 13.41.

In this study, the most common amplifications were
identified on chromosome 8p23.1 (71%), 1g44 (66%),
1923.3 (54%), 11q23.3 (54%), 12p13.33 (54%), 8q24.21
(51%), 15q11.2 (49%), 17q21.31 (49%), 1p13.3 (46%),
12p13.33 (46%), 12q13.13 (46%), 14q11.2 (46%), Xq21.31
(46%), 8q24.3 (44%), Xq21.31 (44%), 6p25.3 (42%), 7q36.3
(42%), 8p21.3 (42%) and 20q11.23 (42%). The most com-
mon deletions were identified on chromosome 1p31.1(76%),
3926.1 (68%), 11p11.12 (63%), 4q12 (59%), 19p13.2 (59%),
7q11.21 (56%), Xp22.33 (54%), 7q11.21 (51%), 19p13.11
(51%), 4q13.2 (49%), 19p12 (49%), 6p23 (46%), 7q22.3
(46%), 9p23 (46%), 1q25.1 (44%), 3p21.31 (44%), 3923
(44%), 4q35.2 (44%), 8p21.3 (44%), 14q32.33 (44%),
9p11.2 (42%), 11p11.12-p11.2 (42%), 15q15.1 (42%) and
19p13.2 (42%). Homozygous amplifications on chromo-
somes 12p13.33 and 17q21.31 were observed in six cases
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and homozygous amplifications on chromosomes 1g44 and
8p23.1 were observed in four cases. We detected homozy-
gous deletion on chromosome 14q32.33 in three cases. Fig-
ure 1 shows the most common alterations at chromosomes
1p31.1 and 8p23.1.

For validation, MLPA technique was used to confirm
that some of the tumor suppressor genes were located within
the chromosomal alteration regions as identified by SNP ar-
ray. The MLPA results were in concordance with the SNP
array results (Fig. 2).

Discussion

Chromosome translocations are the most common types of
chromosomal abnormalities found in ALL, leading to the
generation of fusion genes. Although many of the chromo-
some translocations were identified by conventional cytoge-
netics, this method is limited in its ability to detect microam-
plifications and microdeletions. High density resolution SNP
arrays have been applied in hematological malignancies to
identify submicroscopic chromosomal alterations such as
deletion, amplification, copy-neutral loss of heterozygosity
and SNP [5, 6]. SNP arrays contain approximately 1.8 mil-
lion markers, including 946,000 probes for the detection of
copy number variants and 906,600 SNPs.

In this study, we used the high-resolution of SNP arrays
to investigate chromosomal alterations in a total of 41 cases
of adult ALL, which may not be detected via conventional
cytogenetic method. We found that the most common chro-
mosomal alteration was deletion compared to amplifica-
tion. All cases showed at least one or more chromosomal
alterations. A total of 935 chromosomal alteration regions
were identified in this study. Some of these chromosomal
alteration regions may contain oncogenes, tumor suppressor
genes and cancer-related genes, suggesting that these chro-
mosomal alteration regions may play an important role in
leukemogenesis.

The most common chromosomal alteration in our study
was deletion at chromosome 1p31.1 as observed in 31 out
of 41 ALL samples (76%). Previous studies have revealed
that deletion of chromosome 1p31-32 is significantly as-
sociated with shorter survival in myeloma [7]. Deletions
of chromosome 1p31.1 have been detected in many tumor
types, including ovarian cancer, breast cancer and lung can-
cer. The second most common deletion was on chromosome
3q26.1 (68%). Both of these regions are novel findings in
this study. Both of these regions have not been identified any
tumor suppressor genes or cancer-related genes, suggesting
that these regions may contain tumor suppressor genes and
cancer-related genes involved in leukemogenesis.

Amplification of chromosome 8p23.1 was observed in
21 out of the 41 (51%) adult ALL samples. This alteration re-
gion contains beta-defensin genes such as DEFB103A, DEF-
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B104A, DEFB104B, DEFB105A, DEFB105B, DEFB106A,
DEFB106B, DEFB107A, DEFB107B, DEFB109P1B and
DEFB4A, and miscRNA genes such as FAM66B, FAM66E,
FAM90A10, FAM90A13, FAM90A14, FAM90A18, FA-
M90A19 and FAM90A7. Defensin gene plays an important
role in the innate immune system and expresses short cat-
ionic peptides in epithelia and leukocytes [7]. The second
most frequent amplification was found at chromosome 1q44
(66%), whereas four cases showed a homozygous amplifica-
tion at this chromosome region. More recent studies have
revealed that amplification of chromosome 1q31.3-q44 is as-
sociated with the aggressive NK-cell leukemia group [8] and
T-cell leukemia (> 20%) [9]. The results of this study were
entirely consistent with Nakashima’s [10] study, of which
around 50% samples showed amplifications of chromosome
8p23.1 in leukemia.

In this study, 7-20% cases showed deletion at chromo-
some 9p21-p22. Some investigators have confirmed that
9p alterations are more likely to occur in ALL compared to
other hematological malignancies. The frequency of chro-
mosome 9p abnormality has been reported in 7-13% with
not much difference in childhood and adult ALL [11-13].
A previous study has revealed that deletion of chromosome
9p21-p22 is associated with poor outcome in childhood ALL
[14]. According to Nahi and his co-workers, alteration on
chromosome 9 is significantly related to shorter overall sur-
vival in adult B-precursor ALL when compared to patients
with normal karyotypes [15]. Our findings were compatible
with previous studies [15, 16], where the percentage of de-
letion on chromosome 9p is around 9-14%. This alteration
region contains tumor suppressor genes such as CDKN2A,
CDKN2B and CDK4 which might be involved in leukemo-
genesis [14]. CDKN2B gene plays an important role in cell
cycle. Deletion of this gene may lead to loss of G1 control
of cell cycle [17].

Amplification of chromosome 12q13.13 was found in
39% adult ALL samples. This alteration region contains HO-
TAIR, MIR196A2, MIR615, FLJ12825, LOC100240735
genes and HOXC cluster genes such as HOXC13, HOXC12,
HOXC11, HOXC10, HOXC9, HOXC8, HOXC6, HOXC5
and HOXC4. In human cells, the 39 HOX genes were catego-
rized into four clusters (HOXA, HOXB, HOXC and HOXD)
and located on different chromosomes 7p15.2, 17q21.32,
12q13.13 and 2q31.1 respectively. These genes play an im-
portant role in early hematopoiesis [18] and expression of
different types of HOX have been identified in early stage of
the differentiation [19]. Previous studies have revealed that
deregulation of HOX gene may reflect leukemic hematopoi-
esis [20] and some other cancers such as colorectal cancer
[21], breast cancer [22], renal cancer [23] melanomas [24],
squamous carcinomas [25] and lymph node metastases [26].
Translocations involving HOXC and NUP98 genes have
been reported in hematological malignancies [27]. Amplifi-
cations on chromosome 12q13.13 may lead to upregulated
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expression of HOXC genes and hematopoiesis in adult ALL.

Amplification of chromosome 8q24.21 was observed
in 51% cases. This region contains PVT1 oncogene as re-
ported in ALL. PVT1 and murine Pv¢/ is a common site of
both tumorigenic translocations [28] and retroviral insertions
[29]. Previous studies have revealed that murine Pv¢/ locus
integrated by murine leukemia virus (MLV) can induce T
lymphomas in mouse and rat [30]. In normal cell, PVT1 syn-
thesizes a variety of RNAs [31], but the RNA function is still
unknown and no protein products have been found [32]. Re-
cent studies have identified that PVT1 locus contains seven
miRNAs. Overexpression of these miRNAs found in late-
stage B cells when compared to immature B cells, suggests
that these miRNAs induced the lymphoid development [33].

In this study, amplification of chromosome 15q11.2
occurred in 49% cases, involving the HERC2P3, GOL-
GA6L6, GOLGASC, BCLS8, POTEB, NF1P1, LOC646214,
CXADRP2, POTEB, NFIP1, LOC727924, OR4M2,
OR4N4, OR4N3P and REREP3 genes. Previous studies
revealed that transcriptions of BCL8 were not found in he-
matopoietic tissues, whereas chromosomal translocation
may cause activation of BCL8 in lymphoid tissues [34].
Translocations of BCLS involved other sites such as 22ql1,
9p13, 1p32, 7pl13, 12q24 and 15q22. Expression of BCLS8
genes were found in all patients with 15q11-q13 abnormali-
ties [34]. Deletion of chromosome 16p11.2 was seen in 34%
cases in this study. Recent studies indicated that deregula-
tion of protein translation may also contribute to cancer de-
velopment [33]. This alteration region contains EIF3C gene
and plays an important role in translation of the initiation
of protein synthesis with 13 non-identical subunits to form
a multiple protein complex. Alteration of EIF3C expression
may contribute to abnormal cell growth and malignant trans-
formation.

Chromosome alterations especially translocation or
inversion at chromosome 14ql1.2 are frequently related
with expression of T-cell receptor (TCR) gene in leuke-
mia [35]. This chromosome region contains TCR alpha
and delta genes, which encode a- and d-chains. TCR is a
unique transmembrane heterodimer composed of two differ-
ent polypeptide chains [36]. Previous studies showed non-
random breakpoints within this locus in about 30-35% of
T-ALL cases. Some of the breakpoint regions have been re-
ported, such as t(1;14)(p32;q11.2) [37], t(7;14)(p15.1;q11.2)
[38], t(8;14)(q24.1;q11.2) [39], t(10;14)(q24;q11.2) [40],
t(11;14)(p13;q11.2) [41], t(11;14)(p15;q11.2) [42], t(14;14)
(q11.2;q32.1) [43], inv(14)(q11.2 q32.1) [43] and t(14;21)
(q11.2;g22.1) [44]. In this study, we have found that some
of the chromosomal alterations occurred in the 14ql1.2
region, including amplifications of chromosome 14q11.2:
22,289,788-22,395,466 (46%), 14ql1.2: 22,640,781 -
22,739,590 (39%), 14ql1.2: 22,980,171 - 23,047,312
(17%) and deletion of chromosome 14q11.2: 22,865,854 -
22,978,881 (22%). Alterations of TCR alpha and delta genes
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on chromosome 14q11.2 may lead to malignant transforma-
tion of T cell progenitors, resulting from the deregulate ex-
pression of the transcription factor oncogenes controlled by
TCR.

In this preliminary study, we identified 43 chromosomal
alteration regions. Some of these chromosomal alteration
regions are novel findings such as deletions on chromo-
some 1p31.1 and 3q26.1. These regions occurred frequently
in adult ALL and have not been reported in previous stud-
ies. The analysis of chromosomal alterations has increased
our understanding of leukemogenesis in adult ALL and has
provided important information for diagnosis and prognosis
in the future. Further studies are needed to characterize the
cancer-related genes at the altered regions in adult ALL.
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