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A genomic analysis of adult T-cell leukemia
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Adult T-cell leukemia (ATL) is an intractable malignancy
of CD4* T cells that is etiologically associated with
infection by -human T-cell leukemia virus-type 1. Most
individuals in the chronic stage of ATL eventually undergo
progression to a highly aggressive acute stage. To clarify
the mechanism responsible for this stage progression, we
isolated CD4* cells from individuals in the chronic
(n=19) or acute (n=22) stages of ATL and subjected
them to profiling of gene expression with DNA micro-
arrays containing >44000 probe sets. Changes in
chromosome copy number were also examined for 24 cell
specimens with the use of microarrays harboring ~ 50 000
probe sets. Stage-dependent changes in gene expression
profile and chromosome copy number were apparent.
Furthermore, expression of the gene for MET, a receptor
tyrosine kinase for hepatocyte growth factor (HGF), was
shown to be specific to the acute stage of ATL, and the
plasma concentration of HGF was increased in individuals
in either the acute or chronic stage. HGF induced
proliferation of a MET-positive ATL cell line, and this
effect was blocked by antibodies to HGF. The HGF-MET
signaling pathway is thus a potential therapeutic target
for ATL.

Oncogene (2007) 26, 1245-1255. doi:10.1038/sj.0nc.1209898,;
published online 14 August 2006
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Introduction

Adult T-cell leukemia (ATL) is an intractable malig-
nancy of CD4+ T cells that is etiologically associated
with infection by human T-cell leukemia virus-type I
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(HTLV-I) (Uchiyama et al., 1977; Poiesz et al., 1980;
Yoshida er al., 1982). Virally encoded proteins such as
Tax trigger polyclonal growth of T cells in infected
individuals, and there are an estimated 15-20 million
such carriers worldwide (Edlich et al., 2000). After a
latency period of decades, a small proportion of carriers
(~2%) develop ATL. Many ATL patients initially
manifest only monoclonal (or oligoclonal) growth of
leukemic clones without apparent clinical symptoms, a
condition referred to as the chronic or smoldering stages
(Shimoyama, 1991). Most individuals in the chronic
stage, however, eventually undergo progression to a
highly aggressive acute stage (Tajima, 1990). Given that
the prognosis of individuals at the acute stage remains
very poor, it is important to clarify the molecular
mechanism that underlies stage progression.

Homozygous deletion or epigenetic silencing of the
gene for the cyclin-dependent kinase inhibitor pl6
(Hatta et al., 1995; Yamada et al., 1997, Nosaka et al.,
2000) as well as altered expression of other genes related
to cell proliferation (Cesarman ef al., 1992; Tamiya
et al., 1998) have been detected in ATL cells at the acute
stage. However, such genectic or epigenetic changes may
be infrequent (Matsuoka, 2003), and the transforming
events responsible for chronic to acute stage progression
remain largely unknown.

DNA microarray analysis allows simultaneous com-
parison of the expression intensities of tens of thousands
of genes. Such analysis of the transcriptomes of ATL
cells at the chronic and acute stages might thus be
expected to provide insight into the mechanism of stage
progression in this disease. With the use of this
approach, Sasaki et al (2005) recently compared
transcriptomes between normal CD4* T cells (n=25)
and mononuclear cells (MNCs) isolated from indivi-
duals in the acute stage of ATL (n=38). Tsukasaki et al.
(2004) also compared transcriptomes between MNCs
from patients in the chronic or acute stages of ATL
(n=4 for each). However, the significance of these data
may be limited by the small number of study subjects
and by the use of unfractionated MNCs that contain
various proportions of non-ATL cells.
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In addition to changes in gene expression, ATL cells
frequently manifest various karyotype anomalies.
Comparative genomic hybridization (CGH) has thus
revealed recurrent gains in chromosomes 2p, 3p, 7q and
14q as well as losses in 6q in ATL cells (Ariyama et al.,
1999; Tsukasaki et al., 2001). However, CGH or its
successor, bacterial artificial chromosome (BAC) array-
based CGH, is able to analyse chromosome copy
number alterations (CNAs) at a resolution of only
several hundred kilobase pairs (Lockwood et al., 2005).
High-density oligonucleotide microarrays originally
designed for genotyping of single nucleotide polymorph-
isms (SNPs) have recently been adapted for CNA
analysis (Lin er al., 2004; Nannya et al., 2005). With
this approach, chromosome copy number is inferred
from the signal intensity of SNP probe sets distributed
throughout the human genome. For instance, with
Affymetrix GeneChip Mapping 100K arrays developed
for genotyping of ~100000 SNPs, it is possible to
determine CNAs at a mean resolution of 23.6kbp,
which is substantially greater than that achievable with
BAC array-based technologies.

With both microarray-based gene expression profiling
and SNP array-based CNA profiling, we have now
performed a comprehensive genomic analysis of ATL in
order to investigate the mechanism of stage progression
from chronic to acute. Given that the CD4+CD8-
fraction of peripheral blood (PB) cells of individuals
with chronic or acute ATL is composed predominantly
of ATL cells, we purified this fraction from ATL
patients. We then subjected the isolated cells to gene
expression profiling with microarrays containing
>44000 probe sets and to CNA analysis with micro-
arrays harboring ~ 50000 probe sets. The gene expres-
sion data indicate that the transcriptomes for the
chronic and acute stages of ATL are distinct, and the
CNA data reveal frequent amplification or deletion of
genomic fragments of various sizes in each ATL stage.

Results

Transcriptomes of ATL cells

To characterize the transcriptomes of ATL cells, we
purified CD4+ cells from PB of ATL patients at either
the chronic (n=19) or the acute (n=22) stage. The
clinical characteristics of the patients are summarized in
Supplementary Table 1. The CD4* fraction was also
purified from healthy volunteers (n=3) and was either
activated with phytohemagglutinin (PHA) or not.

A simple, one-step column purification with anti-
bodies to CD4 yielded a highly pure CD3+CD4*
T-cell fraction. For example, whereas the CD3+*CD4*
fraction constituted only 29.1% of PB MNCs of one
healthy individual, it constituted 98.8% of the corre-
sponding column eluate (Figure 1a). Similarly,
CD3+CD4+ cells constituted 25.7% of MNCs from
one ATL patient at the acute stage, but accounted for
97.5% of cells in the corresponding column eluate (data
not shown).

Oncogene

All of the ATL and normal CD4+ cell specimens were
then subjected to expression profiling with ~44000
probe sets (corresponding to ~33 000 transcripts) on
Affymetrix HGU133 microarrays. To eliminate from
the analysis genes that were transcriptionally silent in
the ATL specimens, we first selected probe sets that
received the ‘Present’ call by Microarray Suite 5.0
software (Affymetrix) in at least 30% (n=13) of the
ATL samples. A total of 15121 probe sets fulfilled this
criterion. On the basis of the similarity of the expression
profiles for these probe sets, all 47 samples were
subjected to hierarchical two-way clustering (Alon
et al., 1999), yielding a dendrogram of the subjects
(Figure 1b). All six normal samples, irrespective of PHA
stimulation, formed a distinct branch separated from the
ATL specimens, indicating that the overall gene expres-
sion profiles differed between normal and transformed T
cells. However, samples corresponding to patients with
chronic or acute ATL were not clearly separated from
each other in this tree.

To compare the transcriptomes of ATL cells between
chronic and acute stages, we conducted Student’s r-test
on the gene expression intensity for the 15 121 probe sets
with the Benjamini and Hochberg false discovery rate
(Reiner et al., 2003) of 0.01, leading to the isolation of
84 probe sets (data not shown). To enrich probe sets
whose expression level was high in at least one of the
stages, we adopted another selection window, effect size
(absolute difference in mean expression intensity)
(Dhanasekaran et al., 2001). We extensively compared
the expression level of given probe sets determined by
DNA microarray and by quantitative real-time reverse
transcription—polymerase chain reaction (RT-PCR).
With our normalization procedure (see Materials and
methods), expression of genes with an array data of
> 100 units (U) was almost always detected by real-time
RT-PCR (data not shown). Thus, we chose 100 U as the
threshold value for the effect size.

A total of 21 probe sets (corresponding to 21
independent genes) whose expression level contrasted
the two clinical conditions were finally identified.
Hierarchical two-way clustering analysis of the expres-
sion profiles of these stage-associated genes revealed that
only two gene were preferentially expressed at the
chronic stage, whereas the other 19 genes were
preferentially expressed in the acute stage (Figure lc
and Supplementary Table 2). Interestingly, the latter
gene cluster contains several genes encoding for growth-
related proteins, such as nuclear receptor coactivator 3
(NCOA3, GenBank accession no. NM_006534), heat-
shock 60-kDa protein 1 (HSPDI1, GenBank accession
no. NM_002156) and general transcription factor IIIA
(GTF3A, GenBank accession no. BE542815).

Gene expression-based prediction of ATL stage

We next attempted to develop a microarray-based class
prediction algorithm for ATL. Among several ap-
proaches examined, an artificial neural network
(ANN) provided the highest accuracy for prediction
(O’Neill and Song, 2003). ANNs are computer-based
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