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Chromosome Abnormalities with Prognostic Impact
in B-cell Chronic Lymphocytic Leukemia

Gébor MEHES
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The detailed analysis of the biologic features led to a
rapid increase in clinically relevant information in
CLL. The recognition of the prognostic role of IgVy
hypermutation status and related phenotypic
changes (CD38, ZAP-70 expression) as well as of
chromosome abnormalities defined by cytogenetic
analysis enabled a refined classification of the dis-
ease. Improvements in karyotyping and the introduc-
tion of fluorescence in situ hybridization (FISH) in
routine hematological diagnostics raised the detec-
tion rate of chromosomal aberrations to approx. 60-
80% in CLL. Among them, deletions of 17p and 11q
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have been associated with unfavorable prognosis.
The deletion of the p53 locus (17p13) was described
as the strongest independent predictor for aggressive
behavior, resistance to chemotherapy and early
death. On the contrary, an isolated deletion at 13q14
or a normal karyotype was related with a long sur-
vival. Classical and molecular cytogenetic analysis
became an important tool for individual risk estima-
tion. Unlike any other approaches, cytogenetic moni-
toring reflects the genetic heterogeneity and clonal
growth dynamics during the course of the disease.
(Pathology Oncology Research Vol 11, No 4, 205-210)

Introduction

Chronic lymphocytic leukemia (CLL) was traditionally
considered as a disease of elderly patients with a generally
long survival lasting up to 30 years from diagnosis. The
duration and outcome of the disease is, however, highly
variable. The first period of the follow-up is usually free of
any symptoms. Progression may appear years later in the
form of lymphadenopathy or organ involvement, but the
rapid transformation to prolymphocytic leukemia or aggres-
sive lymphoma (Richter’s syndrome) is also a well-known
complication.*'7* In contrast to the majority of the cases,
early progression and fatal outcome can be also seen with-
in the first months/years in a small fraction of the patients.

The number of treatment alternatives is fortunately
growing. Beside combined chemotherapy regimens,
promising treatment options including immunotherapy
and stem cell transplantation approaches are now also
under detailed clinical investigation. In the past the clini-
cal stage (Rai, Binet) was the basis for classification and
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therapeutic decisions. The novel treatment options would,
however, necessitate the precise identification of patients
with unfavorable prognosis, who are at the highest risk for
early progression and who would gain the most benefit
from a more aggressive, targeted treatment. For this rea-
son, the value of the biological features characterizing the
leukemic transformation process has increased.

CLL arises from a clonal growth of B lymphocytes,
which initially may be triggered by yet unknown antigens
according to the present hypothesis.>* During the process
of normal B-cell maturation, somatic hypermutation of the
variable region of the immunoglobulin heavy chain gene
(IgVy) in the lymphatic follicle is an important station. By
now it is widely accepted that the hypermutation status of
leukemic cells in B-CLL has a major impact on the long-
term survival of the patients. Leukemias of unmutated B-
cell nature frequently showed early progression or trans-
formation.” In reverse, patients with leukemias of
rearranged IgV, status had a significantly longer survival.
The determination of the IgV mutation status is unfortu-
nately laborious and expensive for the daily diagnostic
use.!” Therefore, accessible biomarkers related to the
mutation status (e.g. CD38 or ZAP-70 expression demon-
strated by flow cytometry) are increasingly applied for the
prognostic classification.'s?!
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Table 1. Occurrence of the most frequent cytogenetic aberrations in B-CLL based on sev-

eral recent larger studies

Aberrations total  Del(13q)  Del(11q)  Del(17p)
Reference Cases (n)
(%)

Déhner et al.” 325 82.0 55.0 18.0 7.0
Bacher et al.! 153 74.5 66.2 12.6 10.7
Dewald et al.’ 113 77.0 64.0 15.0 8.0
Glassman et al." 98 65.3 40.8 23.4 12.2
Pécs, Hungary (unpublished) 61 59.0 40.9 16.3 13.1

In CLL, like in many other hematological disorders, a
huge amount of knowledge on the genetic changes accumu-
lated in the last ten years. Chromosomal aberrations could
be demonstrated at diagnosis or later in the course of the dis-
ease in the majority of the cases. Some of them were found
to be tightly related to the outcome. In the present overview
we would like to highlight the clinically relevant chromoso-
mal aberrations in CLL and point one more time to the clin-
ical role of cytogenetic examinations in this disease.

Chromosomal aberrations in CLL
Cytogenetic changes in general

Chromosomal changes in CLL proved to be far more
frequent than they were detected by G-banding in the early
days of cytogenetics. Aberrations were more recently
reported in 50-80% of the CLL cases thanks to the intro-
duction of the molecular cytogenetic technology."'*!*
Interestingly, the general picture is dominated by unbal-
anced changes, mainly with deletions of well-definable
chromosomal regions.>'* Translocations usually accompa-
ny the progressive phase of the disease and seem to be
more sporadic. t(11;14) formerly reported in CLL is char-
acteristic for mantle cell lymphoma (MCL) according to
the current lymphoma classification. The rare peripheral
manifestation of this entity shares many features with CLL
(lymphocytosis, benign appearance, etc.). MCL indicated
by t(11;14) has, however, a clinically different, aggressive
behavior and a much shorter overall survival.

The most frequent and prognostically relevant chromo-
somal aberrations in CLL are presented in Table I. In the
followings, the biological background and significance of
the most frequent chromosomal findings are summarized.

Del(17p)

According to recent observations, the loss of the short arm
of chromosome 17 (more precisely chromosome locus
17p13) is associated with the worst outcome ever, predict-
ing a disease progression within 1-2 years and a relative
resistance to chemotherapy.”'>!® The deletion of 17p has

been found to be the strongest independent marker for dis-
ease-related death.*'° This change can be demonstrated both
by karyotyping and FISH (Figure I). The aberration can be
found already at diagnosis in 5% of the CLL cases, the over-
all frequency was 7-12%. Later occurrance of del(17p) was
usually reported together with accompanying additional
aberrations.

The 17p13 locus hosts several genes with important regu-
latory function, including the p53 tumor suppressor gene
which becomes deleted as a consequence of the aberration.
This alone may serve sufficient explanation for the unfavor-
able effect of this change. p53 is a key molecule in the reg-
ulation of apoptosis, also named programmed cell death, a
general mechanism for a rigorously controlled tissue
turnover.”® Due to the failure of the p53-dependent major
apoptotic pathway, cells may survive and accumulate fur-
ther genetic defects (Figure 2). Deletion of the pS3 suppres-
sor gene is frequently associated with the mutation of the
homologue allele (30-40% of all deleted cases), completely
disabling the apoptotic effector function of the molecule.”

p53 deficiency may have a direct impact on the thera-
peutic success, too. The standard cytotoxic regimens rec-
ommended for CLL consist of combinations of purine
analogues, the effect of which relies on the induction of
the intact p53 dependent pro-apoptotic mechanisms. The
exact correlation of the deficient p53 function with thera-
py failure is subject of intensive discussions.®*>*

Del(11g22-23)

Deletion of the q22-23 locus on the long arm of chro-
mosome 11 is another aberration with unfavorable progno-
sis. This change was reported in 12-21% of all CLL
patients.”'*'*'> Within the given locus ATM (ataxia telang-
iectasia mutated) is deleted. This gene is known to be
responsible for ataxia telangiectasia, a hereditary syn-
drome with neurological disorders and increased risk for
tumorigenesis.*'* ATM is known as an important synergist
in the apoptotic pathway, the failure of which has been
demonstrated in many malignancies including lymphopro-
liferative disorders other than CLL. The normal ATM acts
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Figure 1. Deletion of 17p13 as demonstrated by fluorescence in
situ hybridization (FISH). A metaphase (center) and two inter-
phase nuclei all show two green centromeric spots representing
two copies of chromosome 17. The DNA probe specific for 17p13
(one red signal/cell) indicate the loss of this region in one of the
chromosomes. DAPI (blue staining) was used to highlight
nuclear chromatin in the preparation.

predominantly through the activation of the p53-dependent
apoptotic pathway,”?® and its loss results in reduced cell
death similar to p53 deficiency (Figure 2).

Trisomy 12

Early cytogenetic studies described trisomy 12 as the
most frequent chromosomal aberration in CLL,* as it was
easy to recognize even in karyograms of poor quality. Due
to extended karyotype and FISH studies its frequency was
reported to be approx. 15-18%. Long-term clinical studies
point to an unfavorable nature of this aberration, although
not all data could confirm a difference in the survival from
patients with normal karyotype.'*'> Matrix CGH and
expression studies indicated to a group of activated genes
at 12q, which may be involved in disease progression.*
Trisomy 12 is also frequently combined with other kary-
otype abnormalities.

Del(13q)

Deletion of 13q may be limited to the single locus (q14),
or be accompanied with the loss of a larger interstitial
region of the long arm of chromosome 13. In the former
case the change is almost undetectable for karyotyping.
Del(13)(q14) is the most frequent genetic change in CLL,
as it was reported in 40-65% of the disease. In approx. 1/3
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of the cases the deletion is biallelic. Interestingly, either
form of the deletion was associated with a favorable prog-
nosis, provided that this was the only aberration.”'>'® Fol-
lowing the acquisition of further chromosomal aberrations
(most frequently del(11q) in our collection), the favorable
effect of del13q14 on the outcome disappears (Figure 3).

Although several candidates has been suggested,” a
classical tumor suppressor gene within the deleted region
could not be uncovered so far. On the contrary, according
to a present exciting hypothesis, the deleted 13q14.3
region would harbor a set of non-protein-coding microR-
NA genes (4). These genes express short (approx. 20-30
base pairs) functional RNA molecules which would be
capable to regulate distant sites of the genome by RNA
interference. miRNAs originating from the 13q14 locus
could play an important role in the regulation of the cellu-
lar activation and, therefore, the altered balance of this
control mechanism might turn down the progression of the
disease.

Less frequent recurrent aberrations

Due to the high frequency of the above mentioned aber-
rations, their prognostic impact could be statistically clari-
fied in large series. This is not the case for low frequency
aberrations which occur sporadically. Del(6q) (mostly
6q21-23), a recurrent change also occurring in other lym-
phatic malignancies,’ is reported in 2-6% of the CLL cases.
For cases with del(6q), even a distinct CLL subtype with
unclear prognosis was suggested.® As a rare aberration, the
IgH locus at 1432 may be affected in translocations and
deletions. Involvement of regions at 3q and 8q has also
been described.

DNA damage

:

ATM (11q22-23)

:

p53 (17p13)

'

apoptosis DNA repair,

transcription regulation

Figure 2. The role of p53 (17p13) and ATM (11q23) in the elim-
ination of damaged cells. ATM acts basically by the induction of
the p53-dependent apoptotic pathway. Deficiency in the func-
tion of p53 or ATM may both lead to leukemia cell survival
despite of the continuous occurrence of genetic errors and regu-
latory defects.
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Figure 3. Karyotype from the peripheral blood of a CLL patient cultivated in the presence of the B-cell mitogen PMA. Beside an
interstitial deletion at the long arm of chromosome 13 (arrow), a deletion involving the ATM locus (q22-23) on 11q is also obvious
(arrowhead). Due to this complexity, the favorable nature of del(13q) is neutralized.

Normal karyotype in CLL

In 20-40% of CLL cases no genetic disorders can be
demonstrated despite the use of refined cytogenetic tech-
nology. This fact is a strong argument for the secondary
nature of all previously mentioned chromosomal changes.
The negative cytogenetic finding — by exclusion of all
presently known unfavorable changes — equals to a favor-
able clinical prognosis. From the practical point of view
we would, however, note that negativity not necessarily
will represent the malignant cell population. Exact infor-
mation on the composition of the material examined is cru-
cial for the proper interpretation of the results.

Cytogenetic examination of CLL

Routine demonstration of cytogenetic aberrations in CLL

Karyotyping or classical cytogenetic analysis is still the
standard method for demonstrating chromosomal aberra-
tions. As CLL lymphocytes show only very limited spon-
taneous growth, special B-cell mitogenic stimulation is
necessary to drive the cells in the mitotic phase. For this
purpose short-term cultivation of leukemic cells in the
presence of B-cell mitogens (phorbol 12-myristate 13-

acetate: PMA, Pokeweed mitogen, etc.) from the periph-
eral blood can be recommended. Cultivation of bone mar-
row samples for this purpose promise only limited suc-
cess, moreover, the many different cell types with spon-
taneous mitotic activity may significantly influence the
picture. Karyotyping offers an overview of all existing
aberrations within the same cells and also a clear com-
parison of the frequency of the changes, if the number
of metaphases is satisfactory. With good practice a suc-
cess rate of more than 80% can be achieved, which also
depends on the skill and enthusiasm of the laboratory
personal.

Fluorescence in situ hybridization (FISH) enables the
identification of well-known chromosomal regions in both
metaphase and interphase cells.'" This method is inevitable
for the presentation of smaller deletions, where chromo-
some morphology frequently does not reflect any aberra-
tion, like in the case of del(13)(q14). Due to the relatively
high number of evaluated cells, the technique of FISH sup-
ports the quantification of different cell clones enabling the
follow-up at the cytogenetic level. Ready-to-use fluo-
rochrome-labeled DNA probes are commercially available
for all interesting regions. Beside chromosomal prepara-
tions, these can be applied to any kind of intact cell prepa-
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rations including blood and bone marrow films, and also to
isolated nuclear suspensions prepared from formalin-fixed
and paraffin-embedded tissue blocks.

Research tools for the genetic analysis of CLL

A number of promising novel methods enable recently
the extended genotyping of leukemias, including CLL. The
general aim of these applications is to acquire complex
information on the whole genome and to eliminate the
drawbacks of the cell based technologies.

Comparative genomic hybridization (CGH) focuses on
the demonstration of genomic gains and losses at a reso-
lution of 1 Mb following whole genome in situ hybridiza-
tion. Equivalent amounts of differentially labeled DNA
from normal and diseased tissue are allowed to hybridize
to normal chromosomes. Comparison and relative quan-
tification can be done by the evaluation of the labeling
ratios at specific chromosome loci. CGH provided evi-
dence that the most frequent aberrations in CLL were
unbalanced losses (deletions).”?> CGH has been applied
for the monitoring of progression-dependent genetic
changes.

Matrix-CGH. covers the hybridization of the mixture of
differentially labeled normal and diseased DNAs to iso-
lated locus-specific probes spotted to a slide in a matrix
(array) format. The method enables numerous high reso-
lution in situ hybridizations within a single experiment. In
a disease-specific edition of a matrix-CGH hundreds of
relevant chromosome regions together with control
regions may be addressed. A computational evaluation
of the individual fluorochrome ratios at each hybridiza-
tion spot representing single subchromosomal loci deter-
mines the relative quantity for the DNA of the diseased
sample. Among many disorders CLL was the first where
matrix-CGH was applied in a clinical study. By the use of
a CLL-chip, further, yet unknown submicroscopic dele-
tions could be identified (e.g. the involvement of chro-
mosome 19). The diagnostic application of this effective
method is presently limited by the high cost of the chip
production and by the need of special interpretation
expertise.?

cDNA microarray (expression profiling). This key mol-
ecular method has been applied to demonstrate gene
expression, and enables the identification of deregulated
genes by the relative quantification of cDNA transcribed in
vitro from the total mRNA extracted from leukemic cells.
Expression profiles in CLL basically strengthened previ-
ous knowledge on chromosomal changes. A clear drop in
the expression of p53 or ATM mRNA could be measured
in the cases with deletion.”® The discovery of the highly
differential and aberrant expression of the ZAP-70 kinase
protein in IgV, unmutated, high-risk B-cell CLL using
expression profiling clearly presented the power of this
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method. In a very short time ZAP-70 became a reliable
prognostic marker for the daily routine analysis of CLL,"
while other biomarkers showing differential expression are
still under intensive evaluation.

Conclusions

Although the survival time is variable, chronic lympho-
cytic leukemia is basically a long-lasting disease. Treat-
ment decisions in the past relied on the clinical symptoms
at diagnosis or progression. For prognostics only indirect
and relatively soft parameters (e.g. cell morphology, serum
findings) could be considered. The easy and continuous
access to the leukemic cells from the peripheral blood,
together with the improvements in the molecular method-
ology led to completely novel understanding of the biolog-
ic background of this leukemia. It turned out that beside to
the IgV,; mutation status, cytogenetic aberrations may fun-
damentally influence the outcome of the disease. These
enable a clear prognostic classification within the same
disease stage, especially demarcating high-risk patients at
early stages. In addition, genomic heterogeneity and cell
population dynamics during treatment can also be moni-
tored. By the ability to determine a highly unfavorable
patient group, CLL became a real prototype for individual
risk estimation in cancer.” For this reason, both karyotyp-
ing and FISH analysis of selected regions gained a signif-
icant place in the CLL diagnostic panel.
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