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Abstract. In B-cell chronic lymphocytic leukemia (CLL), Rai
stage, immunoglobulin gene mutational status, chromosomal
abnormalities, CD38 and ZAP-70 expression were used as
prognostic markers. In this study, to understand the molecular
basis of chromosomal abnormalities leading to tumor
progression, 90 CLL patients were grouped into poor
prognosis (with 11q deletion and trisomy 12) and good
prognosis (with normal karyotype and 13q deletion) and their
clinical outcome was assessed. Gene expression profiles of 35
CLL samples with poor outcome (11q deletion, n=9; trisomy
12, n=5) and good outcome (13q deletion, n=13; normal
karyotype, n=8) were analyzed using oligonucleotide
microarray. Significance analysis of microarray (SAM)
identified 27 differentially expressed genes between these two
subgroups with significant overexpression of ATF5 and
underexpression of CDC16, PCDH8, SLAM, MNDA and
ATF2 in CLL patients with poor outcome. ATF5 gene
expression in CLL was further studied because of its role in
the regulation of cell cycle progression/differentiation and
apoptosis. The overexpression of ATF5 was confirmed by
real-time PCR using 39 CLL samples from the poor and
good outcome groups. ATF5 was significantly (p<0.001)
overexpressed in the poor outcome group. Furthermore,
ATFS5 expression was significantly higher in the 11q deletion
as well as trisomy 12 group alone compared to the 13q
deletion and normal karyotype groups. ATF5 overexpression
was also associated with significantly (p=0.04) shorter time
to treatment. Similarly, expression of five underexpressed
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genes also correlated with longer time to treatment. Thus,
this report demonstrates that ATF5 may be one of the key
genes involved in increased proliferation and survival in 11q
deletion or trisomy 12, whereas CD16, CD86, SLAM, MNDA
and ATF2 may be involved in the decreased proliferation of
CLL cells with 13q deletion or normal karyotype.

Introduction

B-cell chronic lymphocytic leukemia (CLL) is a hetero-
geneous disease characterized by a highly variable clinical
course. Some patients have an aggressive disease and they
succumb within a short period after diagnosis, whereas others
exhibit a more stable and indolent disease and survive for a
prolonged period without any need of therapy (1,2). To
predict prognosis and to decide the treatment strategy after
the diagnosis, prognostic factors are of immense importance
(3). Based on tumor cell burden, two major clinical staging
systems were developed by Rai ef al (4) and Binet et al (5).
Although these staging systems are useful, their ability to
predict outcome, particularly in early stages of the disease, is
limited (6). Therefore, prognostic markers related to the
biology of CLL, such as chromosomal abnormalities and
immunoglobulin variable heavy chain (IgVy) mutation status,
are increasingly being evaluated for their prognostic value
(7). Damle et al (8) and Hamblin et al (9) correlated the
presence and absence of mutated IgVy with a favorable and
an unfavorable clinical course, respectively. At present, IgVy
mutation status is considered as one of the most reliable
prognostic markers (6,7). However, this analysis requires
technically skilled DNA sequencing, which is also not
commonly available for routine clinical practices. Thus, easily
determined prognostic markers are required. In addition, to
understand the molecular basis of prognostic markers, such
as in the case of cytogenetic abnormalities, CD38 and ZAP-
70 expression may help identify genes to develop therapeutic
strategies.

Chromosomal abnormalities are seen in ~80% of CLL
cases by fluorescence in situ hybridization (FISH) (10). We
(11,12) and others (10) have shown that CLL cases with 11q
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deletion, 17p deletion and trisomy 12 have a more aggressive
disease compared to CLL with 13q deletion or normal
karyotype. Krober e al (13) have shown that the frequency
of occurrence of genomic aberrations was equal in the
mutated and unmutated Vy; subgroups, but chromosomal
abnormalities associated with poor prognosis, such as 11q
deletion and 17p deletion, were almost exclusively found in
the IgV,; unmutated subgroup, whereas favorable abnormalities
such as 13q deletion were associated with IgV,; CLL-mutated
subgroups. Though genomic abnormalities are of independent
prognostic value in multivariant analysis, little is known
about the underlying genetic and molecular mechanisms
responsible for aggressive or indolent clinical behavior of
CLL patients. Therefore, in the present study CLL patients
were divided into two groups, one with the 11q deletion and
trisomy 12 as the poor outcome group and another with the
13q deletion and a normal karyotype as the good outcome
group. We determined the differential gene expression
between these two subgroups, and identified differentially
expressed genes were confirmed using real-time PCR and/or
correlated with time to treatment as a measure of disease
progression. Thus, these results provide a molecular basis of
chromosome abnormalities in CLL patients.

Materials and methods

Patients. In this study, CLL patients without treatment or
patients who were not treated for the prior 6 months were
included. All patients were diagnosed with CLL based on
clinical and laboratory evaluations. Peripheral blood samples
were collected from 90 different CLL patients with informed
consent using an Institutional Review Board (IRB) approved
protocol. To determine the molecular basis of chromosomal
abnormalities on tumor progression in CLL, cytogenetic
analysis was performed on 90 patients using FISH. The
distribution of chromosomal abnormalities in these patients
was as follows: 11q deletion (n=13, 14.4%), trisomy 12
(n=17, 18.8%), 13q deletion (n=28, 31.1%), 17p deletion
(n=6, 6.6%), and normal karyotype (n=26, 28.8%). The other
patient information, such as age, gender, status of other
prognostic markers, clinical stage and time to treatment, were
obtained and used for the determination of clinical charac-
teristics and outcome.

Isolation and characterization of CLL cells. Mononuclear
cells (MNCs) were isolated from heparinized whole blood
from CLL patients using Accu-Prep™ lymphocyte separation
medium by Ficoll-Hypaque density centrifugation method
(Accurate Chemical and Scientific Corp., Westbury, NY,

Table I. List of primers used in real-time PCR analysis.
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USA) as described previously (11,14). The immuno-
phenotypes of the isolated MNCs were determined by flow
cytometry with flurochrome (phycoerythrin/PE or fluoroscein
isothiocyanate/FITC)-labeled antibodies specific for cell
surface markers (11). The cells were stained using the
following flurochrome-conjugated antibodies: CD3-FITC,
CD5-PE, CD19-PE, CD38-PE (BD Pharmingen, San Jose,
CA, USA) and a combination of conjugated antibodies: CD3-
FITC and CD38-PE; CD5-PE and CD19-FITC; CDI19-FITC
and CD38-PE (12). The percentages of cells, positive for
each cell surface marker, were determined by Becton
Dickinson FACStar plus Flow cytometer. All samples used
in the present study had >90% CD5*/CD19* cells.

Cytogenetic analyses. The cytogenetic analyses of CLL cells
were performed using fluorescent in situ hybridization
(FISH) by the Human Genetics Department at the University
of Nebraska Medical Center according to a previously
described method (15) using the following probes: LSI
11q23-ATM DNA probe, CEP 12-trisomy 12 DNA probe,
LSI 17p deletion pS3 DNA probe and D13S25 13q14 DNA
probe (Vysis Inc., Downers Grove, IL, USA).

DNA microarray analysis. Total RNA was extracted from
CLL cells by TRIzol™ reagent (Invitrogen, Carlsbad, CA,
USA) (12). The purity of RNA was determined by 1% Tris-
acetate-EDTA (TAE) agarose gel electrophoresis and
quantitation was performed by spectrophotometry. The CLL
RNAs were used for gene expression profiling using DNA
microarray chip (MWG Biotech, Germany, Human 10K
oligo set A) consisting of 50-mer oligonucleotide representing
10,000 different genes. The RNA from CLL samples and
Stratagene™ reference mRNA were reverse transcribed, then
labeled with Cy3 or Cy5 fluorescence dyes and hybridized
with array chip as described earlier (11,12). The hybridized
microarray slides were scanned and images were collected by
using an Axon 4000B scanner (Axon Instruments, Union
City, CA, USA). The ratios of fluorescence intensity for each
spot/gene/element were obtained by using GenePix 6.0
software. All data files were collated and analyzed using
BRB analysis tools.

Quantitative real-time PCR for ATF5. Expression levels of
RNA transcripts were determined by real-time PCR using
gene-specific primers as provided in Table I. cDNA was
prepared from 5 ug of total RNA from each CLL sample
(11). Complementary DNAs were mixed with primers and
FastStart SYBR-Green Master mix (Roche, Indianapolis, IN,
USA), and real-time PCR was performed using the MyiQ™

Gene name GenBank accession no. Primer sequence Temperature (°C) Product size (bp)

ATF5 NM_012068 Forward 5'-CTCCTCCTTCTCCACCTCAA-3' 60 143
Reverse 5'-GCCGACTTGTTCTGGTCTCT-3'

HPRT NM_000194 Forward 5'-AGGGTGTTTATTCCTCATGGAC-3' 60 103

Reverse 5'-GTAATCCAGCAGGTCAGCAAAG-3'
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Table II. Patient characteristics.

Characteristics 11q deletion 13q deletion p-value
and trisomy 12 and normal
and 17p karyotype
deletion group group
Age
Median 61 64 0419
Mean 61.18 63.41
Gender
Male 24 (66.7%) 26 (48.1%) 0.067
Female 12 (33.3%) 28 (51.9%)
sB2M (mg/1)
Median 3.05 2.25 0.039
Mean 344 2.58
CD38
Median 32 18 0.008
Mean 42 23
Mutation status NA
Mutated 3 (15%) 11 (84.6%)
Unmutated 17 (85%) 2 (15.4%)
Rai stages n=23 n=38 NA
0 6 (26.1%) 17 (44.7%)
1 3 (13.0%) 10 (26.4%)
2 4 (17.4%) 3(7.9%)
3 4 (17.4%) 1(2.6%)
4 6 (26.1%) 7 (18.4%)
Lymphadenopathy NA
Present 17 (70.84%) 4 (23.53%)
Absent 7 (29.16%) 13 (76.47%)

Single-Color real-time PCR detection system (Bio-Rad,
Hercules, CA, USA). PCR conditions used were 30 sec at
95°C, 45 sec each at 60°C and at 72°C. HPRT, a housekeeping
gene, was used as a control.

Statistical analyses. CLL patients were grouped on the basis
of chromosomal abnormalities. The time period from diagnosis
to the first treatment was used as a parameter of disease
progression or clinical outcome in CLL patients in the present
study. The Kaplan-Meier method was used to determine the
distribution of time to treatment among grouped patients. The
log rank test was also used to assess the relationship between
groups of different chromosomal abnormalities with time to
treatment. Relative gene expression levels obtained from
real-time PCR were used as a measure of expression of ATFS5.
The mean expression levels of ATF5 for each sample were
arranged and then divided into groups by their median value.
The log rank test was performed to compare the time to
treatment between the above and below median groups.
Similar statistical analyses were performed to determine the
relationship between expression of CD16, PCDH8, SLAM,
MNDA and ATF2 by comparing their transcription levels
obtained from DNA microarray data to time to treatment. A
p-value <0.05 was considered statistically significant.
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Figure 1. Association between chromosomal abnormalities and clinical
outcome in CLL. (Panel A) Cytogenetic abnormality data in 90 CLL
patients were used to determine the relationship between the cytogenetic
abnormality and disease progression as measured by time to treatment using
the log rank test. CLL patient subgroups with 11q deletion, trisomy 12 and
17p deletion were associated with significantly shorter time to treatment
compared with CLL patients with 13q deletion and normal karyotype.
(Panel B) CLL patients with 11q deletion and trisomy 12 cytogenetic
abnormalities together and 13q deletion and normal karyotype cytogenetic
abnormalities together were correlated with clinical outcome as measured by
time to treatment using the log rank test. The poor outcome group was
associated with significantly (p=0.003) shorter time to treatment compared
with CLL patients from the good outcome group.

Results

Clinical evaluation. CLL patients with different chromosomal
abnormalities were analyzed using different clinical
parameters and the status of other prognostic markers. There
was no statistically significant correlation between the age of
the patients and the specific chromosomal abnormality sub-
groups. There was the indication of an (p=0.067) association
between gender and type of chromosomal abnormality where
more male patients (66.7%) had poor outcome chromosome
abnormalities than female patients (33.3%) (Table II). There
was a significant association between CD38 expression in
CLL cells and poor outcome chromosomal abnormality
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Figure 2. Supervised cluster analyses of genes. Supervised cluster analyses of differentially expressed genes in poor outcome chromosomal abnormality CLL
subgroups with 11q deletion and trisomy 12 versus good prognosis CLL subgroups with 13q deletion and normal karyotype. Significant analyses of

microarray with a 90% confidence level were used.

(p=0.008), as well as between the presence of high levels of
-2 microglobulin in blood serum and poor outcome
chromosomal abnormality, (p=0.039). In both of these cases,
higher expression levels were associated with the poor
outcome chromosomal abnormality group. CLL patients with
11q deletion and trisomy 12 poor outcome chromosome
abnormalities were associated with unmutated IgV, and

presence of bulky lymphadenopathy (Table II).

Cytogenetic analysis. Peripheral blood samples from ninety
CLL patients were screened for known chromosomal
abnormalities by FISH. The incidences/frequencies of each
chromosomal abnormality were: 11q deletion (n=13) 14.4%,
trisomy 12 (n=17) 18.8%, 13q deletion (n=28) 31.1%, 17p
deletion (n=6) 6.6%, and abnormalities and normal karyotype
(n=26) 28.8%; which were consistent with the large studies
performed earlier on CLL with chromosomal abnormalities
(10,11,16,17). In addition, as reported by our laboratory and
others (10,16,17), CLL patients with 11q deletion, trisomy 12
and 17p deletion were associated with a progressive disease.
Furthermore, this report included about twice the number of
patients compared to our earlier report. There was a significant
association (p=0.01) between time to treatment and type of
chromosomal abnormality (Fig. 1A). The 11q deletion and
trisomy 12 patients were associated with shorter time to
treatment (for 11q deletion, 11 months; for trisomy 12, 25
months) compared to 13q deletion and normal karyotype
patients (for 13q deletion, 48 months; for normal karyotype,
60 months) at a 95% confidence level. Notably, unlike other
reports, the 17p deletion chromosomal abnormality showed a
similar pattern as trisomy 12.

In the present study, to analyze the biological and clinical
parameters among different abnormality groups, we used a
mixed approach for hierarchical grouping for chromosomal
abnormalities described by Dohner et al (10) and by us (11).
In general, CLL patients with two or more chromosomal

abnormalities are associated with poor outcome. We
categorized the samples with both poor outcome chromosomal
abnormalities (11q deletion or trisomy 12) and good outcome
chromosomal abnormalities (13q deletion or normal karyo-
type). It is known that each chromosomal abnormality has
independent prognostic value, and excluding one type of
chromosomal abnormality will not affect the grouping of
other abnormalities. The 11q deletion group, which had 11q
deletions but not trisomy 12, and the trisomy 12 group,
which had trisomy 12 but not 11q deletions, were grouped
together under the poor outcome group. The 13q deletion
group, which contained neither 11q deletion nor trisomy 12,
and the normal karyotype group, where no chromosomal
abnormality was detected were grouped together into the
good outcome chromosomal abnormality group. When we
analyzed these two groups together for clinical outcome, the
poor outcome group had significantly (p=0.003) shorter time
to treatment (12 months) compared to the good outcome
group (60 months) (Fig. 1B). Thus these analyses confirmed
the validity of our poor and good clinical outcome CLL
subgroups. Subsequent analyses were based on these two
groups.

Differential gene expression in cytogenetic abnormality CLL
subgroups. CLL cells isolated from the poor outcome and the
good outcome chromosomal abnormality CLL subgroups
were analyzed for their gene expression pattern using oligo-
nucleotide microarray technique. Significance analysis of
microarray (SAM) was used to identify the differentially
expressed genes. At the 99% and 95% confidence levels the
number of differentially expressed genes between these two
groups, were 4 and 7 respectively. At the low confidence
level (70%) two other genes (hypothetical protein f1j22357
similar to epidermal growth factor and hypothetical protein
f1j12973) including ATF5 were overexpressed. In all these
cases, ATF5 was the most significantly overexpressed gene in
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Figure 3. ATFS expression in chromosomal abnormality CLL subgroups.
(Panel A) Levels of ATFS transcripts from the microarray data for CLL
subgroups with 11q deletion and trisomy 12 (n=14) were compared to CLL
subgroups with 13q deletion and normal karyotype (n=21). The statistical
significance (p=0.024) between ATF5 expression between the two groups
was determined with the t-test. (Panel B) ATF5 expression in chromosomal
abnormality CLL groups using real-time PCR. The Ct value was determined
for each CLL sample for their expression of ATFS5, and the mean Ct value
was calculated for each group. The Ct values were inversely proportionate
(p<0.001) to ATF5 expression. Results from levels of transcripts as well as
Ct values both indicated a higher expression of ATF5 in poor prognosis
cytogenetic subgroups compared to good prognosis CLL subgroups.

the poor outcome CLL subgroup. ATFS5 is a transcription
factor involved in cell cycle regulation, cellular differentiation
and apoptosis. Furthermore, when the analysis was
performed at the 90% confidence level, the SAM analyses
identified 27 consistently differentially expressed genes as
detailed in Table III. Fig. 2 demonstrates a supervised cluster
diagram showing expression levels of these 27 genes in red
and green color. Among these genes, ATF5 was significantly
(p=0.024) overexpressed in the poor prognosis chromosomal
abnorm-ality subgroup compared to the good outcome
subgroup; whereas CDC16, SLAM, MNDA, ATF-2 and
PCDH8 were underexpressed in the poor outcome
cytogenetic abnormality CLL subgroup. Although there were
other genes that were underexpressed in the poor outcome
CLL subgroups, only the genes involved in cell cycle
regulation, proliferation and immune response were included
in further analyses.
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Figure 4. Linear relationship between ATFS5 expression levels in CLL cells
from different chromosomal abnormality subgroups. ATF5 expression in
cytogenetic abnormality CLL subgroups as determined by real-time PCR
showed a linearized pattern of Ct values. ATF5 was most significantly
("p=0.0086) overexpressed in 11q deletion subgroups than trisomy 12
subgroup (*p=0.0092) compared to 13q deletion and normal karyotype CLL
subgroups. ATF5 expression levels (Ct values) demonstrated a linearized
pattern with highest expression in 11q deletion subgroups and lowest in
normal karyotype CLL subgroups.

Confirmation of overexpression of ATFS in the poor outcome
CLL subgroup. Since the SAM analyses identified ATFS5 as
one of the most significantly overexpressed genes in the poor
outcome CLL subgroups, the overexpression was confirmed
by real-time PCR. Fig. 3 shows the results of these expression
value analyses. Fig. 3A shows the transcript levels from the
microarray analyses from 35 different patient samples. There
was a significant overexpression of ATFS in the poor outcome
chromosomal abnormality CLL subgroup compared to the
good outcome chromosomal abnormality CLL subgroup.
Since ATFS is a key gene in the regulation of cell cycle and
apoptosis, before embarking on in-depth studies on the role of
ATFS5 in CLL proliferation and survival, we elected to further
confirm the ATF5 expression using real-time PCR analyses.
Fig. 3B shows the results of real-time PCR demon-
strating the relative expression levels of ATFS in the poor
outcome chromosomal abnormality CLL subgroup as
measured by Ct values compared to the good outcome CLL
subgroup. Thus the real-time PCR analyses confirmed the
overexpression of ATFS5 corresponding to an aggressive
disease. Fig. 4 shows a linear relationship between the
expression levels of ATF5 in the CLL cells from different
chromosomal abnormality subgroups in this study as
determined by real-time PCR. These results demonstrated
that ATF5 expression was highest in 11q deletion patients,
second highest in trisomy 12 patients, third highest in 13q
deletion patients and lowest in normal karyotype patients.

Correlation of ATF5 expression and time to treatment.
Kaplan-Meier analysis was performed to determine whether
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Table III. Differentially expressed genes between poor and good prognosis chromosomal abnormality groups.

Mean expression Mean expression Fold GB acc Description Gene ontology function
in 11q deletion in 13q deletion difference
and trisomy 12 and normal of means
group karyotype group
1.890 0.814 2.322 NM_012068 Activating transcription factor 5; Regulation of cell cycle, regulation
atf5 of transcription, apoptosis
0.293 0.558 0.525 NM_007293 Complement component 4a Classical complement pathway,
preproprotein; c4a lectin-induced complement
pathway
0.802 1.322 0.607 NM_002814 Proteasome (prosome, macropain) Proteasome regulatory particle
26s subunit, non-atpase, 10;
psmd10
0.660 1.198 0.551 NM_004109 Ferredoxin 1 precursor; fdx1 Electron carrier activity, transport
0.462 0.850 0.544 NM_002947 Replication protein a3 (14 kd); rpa3 DNA replication and repair
1.298 3.805 0.341 NM_001647 Apolipoprotein d precursor; apod Transport, breast-cancer-genes
1.716 3.643 0471 NM_020133 Lysophosphatidic acid Glycerolipid metabolism,
acyltransferase-9; lpaat-o glycerophospholipid metabolism
1.177 2.997 0.393 NM_002590 Protocadherin 8, isoform 1 Cell adhesion, cell-cell signaling
precursor; pcdh8
1.271 2.186 0.581 NM_003903 cdc16 homolog; cdc16 Cell cycle, cell proliferation,
cytokinesis
1.024 1.576 0.650 NM_024624 Hypothetical protein f1j22116; DNA repair, chromosome
f1j22116 organization and biogenesis
1.112 1.845 0.603 NM_006889 cd86 antigen (cd28 antigen Cell-cell signaling, immune
ligand 2, b7-2 antigen); cd86 response, regulation of cell
proliferation, IL-2, IL-4, TNF-
0.905 1.448 0.625 NM_017864 Hypothetical protein f1j20530; Cell surface binding
f1j20530
1.442 2.558 0.564 NM_015642 Zinc finger protein 288; znf288
1.049 1.530 0.686 NM_004671 Protein inhibitor of activated stat x; Transcriptional coregulator in stat
piasx- pathway, the p53 pathway
1.304 2.100 0.621 NM_007215 Polymerase (DNA- directed), y 2, DNA repair, replication, binding
accessory subunit; polg2
1.021 1.709 0.597 NM_019852 Putative methyltransferase; m6a RNA binding, RNA methylation,
nucleobase, nucleoside, nucleotide
and nucleic acid metabolism
2.076 4.302 0483 NM_003037 Signaling lymphocytic activation Lymphocyte activation, positive
molecule; slam regulation of cell proliferation,
antigen binding
0474 0.762 0.622 NM_014305 dtdp-d-glucose 4,6-dehydratase; Nucleotide-sugar metabolism
tdpgd
1.588 2.901 0.547 NM_002432 Myeloid cell nuclear differentiation DNA binding, regulation of
antigen; mnda transcription, cellular defense
response
0.667 0.961 0.694 NM_001880 Activating transcription factor 2; MAPKinase signaling pathway,
atf2 immune response, DNA repair,
protective response of human cells
to ionizing radiation
1.259 1.990 0.633 NM_000788 Deoxycytidine kinase; dck Nucleobase, nucleoside, nucleotide
and nucleic acid metabolism
0.936 1.392 0.672 NM_016053 cgi-116 protein; loc51019, Coiled-
coil domain containing 53
1.260 2.649 0476 NM_005383 Sialidase 2 (cytosolic sialidase); Hydrolase activity, acting on
neu2 glycosyl bonds
1.637 2971 0.551 NM_016175 Truncated calcium-binding protein;
loc51149
1.664 2.701 0.616 NM_003605 o-linked glcnac transferase; ogt Signal transduction, addition of
nucleotide-activated sugars,
signal transduction
1.250 1.912 0.654 NM_003795 Sorting nexin 3; snx3 Intracellular signaling cascade
0.573 0.820 0.699 NM_002271 Karyopherin (importin) § 3; kpnb3 Protein-nucleus import, docking
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Figure 5. Association of ATF5 overexpression with disease progression.
ATFS expression levels were correlated with disease progression as
determined by time to treatment. CLL patients with high expression of
ATFS had a significantly shorter time to treatment (p=0.04).

ATF5 expression was related to clinical outcome in CLL
patients. In this analysis, ATF5 expression levels as measured
by real-time PCR in different chromosomal abnormality CLL
subgroups were correlated with time to first treatment using
the log rank test. Fig. 5 demonstrates that CLL patients with
high ATFS expression had significantly shorter time to
treatment (p=0.04) compared to CLL patients with low ATF5
expression. More specifically, CLL patients with high ATF5
expression had 16 months to first treatment compared to CLL
patients with low ATF5 expression who had 60 months to
first treatment.

Correlation of MNDA, ATF2, SLAM, CDC16 and PCDHS
with time to treatment. Genes such as MNDA, ATF2, SLAM,
CDC16 and PCDHS8 were underexpressed in the poor outcome
chromosomal abnormality CLL group. In other words, these
genes were overexpressed in the good outcome chromosomal
abnormality CLL subgroup. In order to further elucidate the
role of these genes in CLL cell biology and/or clinical
behaviors, the expression levels of these genes were correlated
with time to treatment in these CLL patients using the log
rank test. Fig. 6 shows the results of these analyses. There
was a significant correlation between the expression of
MNDA, ATF2, SLAM, CDC16 and PCDHS8 with time to
treatment. The higher expression of MNDA was significantly
associated with longer time to treatment (74 months)
compared to CLL patients with low MNDA expression (24
months). Similarly, lower and higher expression of other
genes was correlated with time to treatment: for ATF2, 22 vs
72 months; for SLAM, 24 vs 60 months; for CDC16, 20 vs
60 months and for PCDHS, 24 vs 60 months.

Discussion

This report describes the gene expression profiles associated
with different chromosomal abnormality CLL subgroups.
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Figure 6. Association of underexpression of CD16, PCDHS8, SLAM, MNDA
and ATF2 with disease progression. The levels of transcripts for the
underexpressed 5 genes were correlated with time to treatment using the log
rank test. Underexpression of these genes was associated with significantly
shorter time to treatment: MNDA, p=0.023; CDC16, p=0.024; SLAM,
p=0.035; ATF2, p=0.001; and PCDH8, p=0.045.

Cytogenetic analysis using FISH detected chromosomal
abnormalities in ~80% of CLL cases and the remaining 20%
were of normal karyotype (10,16-18). We and others have
shown that chromosomal abnormalities influence the survival
and progression of disease and, more specifically, 11q
deletion, trisomy 12 and 17p deletion are associated with a
more aggressive clinical outcome compared to 13q deletion
and normal karyotype CLL subgroups. In previous studies
(11,12) we have shown that time to therapy was an endpoint
to measure clinical progression in CLL patients. In accordance
with previous studies (10,11), our present study has shown
that the 11q deletion and trisomy 12 group had the shortest
time to treatment compared to the 13q deletion and normal
karyotype CLL subgroups. Interestingly, disease progression
in patients with 17p deletion fluctuated between trisomy 12
and 13q deletion. This could have been due to the small
sample size, and it was hard to reach a conclusion. Though it
is well established that 11q deletion, trisomy 12 and 17p
deletion in CLL indicate poor prognostic values, the
underlying molecular mechanism is still unknown. To follow
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up on our previous finding of a unique gene expression
pattern in 11q deletion abnormality (11), in the present study
we addressed the issue of differentially expressed key genes
associated with poor prognostic chromosomal abnormality
CLL patients with 11q deletion and trisomy 12.

The gene expression profiles were compared between the
poor outcome and the good outcome groups using oligo-
nucleotide DNA microarray, and the SAM analyses revealed
the differentially expressed genes ATF5, CDC16, PCDHS,
SLAM, MNDA and ATF2. ATFS5 was the most highly over-
expressed gene in the poor outcome group. ATFS5, also known
as ATFx or ATF7, is a member of the activating transcriptional
factor or cAMP response element-binding (ATF/CREB)
family of basic leucine zipper (bZIP) protein (19,20). Its role
has been shown to regulate the differentiation process (19) and
to inhibit apoptosis (21). Both differentiation and apoptosis
play a major role in the cellular development cycle. Failure in
one of these physiological processes may lead to cancer,
where a cell either regains its ability to reenter the cell cycle
and proliferate or escapes from natural death and begins
accumulating in the body (21). Therefore, factors affecting
these processes are very critical in cancer biology, and ATF5
is one of the factors which affects both processes. ATFS
overexpression has also been shown in malignant CLL cells
compared to normal B-cells when activated with CD40
ligand (22). As it is well known that many cellular processes
such as cell cycle, gene expression, protein synthesis and
cellular transport are regulated through phosphorylation,
ATFS5 has also been identified as a factor which physically
interacts with protein-tyrosine phosphatase (PTPase) (20).

We showed that overexpression of ATF5 was significantly
associated with poor (11q deletion and trisomy 12) chromo-
somal abnormality CLL subgroups. CLL subgroups with
11q deletion were associated with the poorest outcome and
had a significantly higher level of expression of ATF5 than
the other chromosomal abnormality CLL subgroups. Trisomy
12 was second in predicting a grave outcome with second
shortest time to treatment and second highest overexpression
of ATFS5. Our results not only confirmed the report of over-
expression of the ATF5 gene in malignant CLL cells (22) but
also demonstrated that relative expression of ATF5 was
highly correlated with degree of malignancy, disease
progression and outcome of patients. In addition, there was a
linear relationship between the level of ATFS expression and
severity of the disease in CLL. Thus, our report is the first to
show that higher ATF5 mRNA expression may be a marker
of the aggressiveness of the peripheral blood CLL cells.

The majority of the underexpressed genes were related
with nucleic acid replication, transcription, repair and
metabolism (RPA3, POLG2, M6A, TDPGD, MNDA, ATF2,
DCK), which indicated a tendency towards an insufficiency
of functions to maintain the integrity of the genome in the
poor outcome chromosomal abnormality group compared to
the good outcome chromosomal abnormality group. In
addition, genes related with immune response and cell
adhesion or signaling or activation such as CDC16, CD86
antigen, SLAM, PCDHS, PIASX-, MNDA, SNX3 were
also underexpressed, which showed poor immunity and
lymphocyte trafficking in the poor prognosis group. These
results agree with the finding that decreased expression of
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genes related to cellular adhesion indicates low patient
survival (23) or poor outcome. Moreover, ATF2 was under-
expressed in the poor outcome chromosomal abnormality
group. Interestingly, ATF2 is involved in multiple intracellular
signal transduction pathways and is considered a candidate
tumor suppressor gene, which plays a role in the development
of human lung cancer, neuroblastoma and breast cancer (24).
In summary, these results identify the differentially
expressed genes and demonstrate an association of over-
expression of the ATF5 gene and underexpression of
MNDA, ATF2, SLAM, CDC16 and PCDHS8 with poor
outcome chromosomal abnormality CLL patients. ATF5
may be one of the key genes responsible for inducing cell
proliferation in CLL patients with 11q deletion and trisomy
12 chromosomal abnormalities, while other genes such as
MNDA, ATF2, SLAM, CDC16 and PCDHS8 may inhibit cell
proliferation in CLL patients with 13q deletion and normal
karyotype. Furthermore, these results open new avenues to
further explore the details of the mechanisms of cytogenetic
abnormality-induced disease progression.
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