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FISHing for answers in proliferation centers of chronic lymphocytic

leukemia lymph nodes
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Chronic lymphocytic leukemia (CLL) is a dynamic
disease involving multiple interacting cellular com-
partments, with most cell proliferation occurring in
the pathognomonic proliferation centers (I’Cs) of the
lymph nodes (ILNs) [1,2]. Until recently the impor-
tance of the PCs was not fully appreciated [3], but it is
now apparent that they play a major role in CLL
pathogenesis. CLL cells in the PCs have a higher
proliferative rate, as shown by increased expression of
CD71, Ki-67, and co-expression of BCL2 together
with survivin, compared to CLL cells in the non-PC
component of the LN [1]. Increased PC size and
cellular proliferation rates within LLNs can be used to
predict patient outcome by identifying a subgroup
with CLL who have more aggressive disease, which
has been termed ‘accelerated CLL’ [1].

Recent gene expression profiling studies have also
identified the LN as an important site for up-
regulation of gene signatures indicative of B-cell
receptor (BCR) signaling and subsequent nuclear
factor kB (NFxB) activation [2,4]. In addition, LN
derived CLL cells had higher levels of BCR pathway-
associated gene expression than CLL cells from the
peripheral blood [2]. This difference was more
accentuated in patients with unmutated imunoglo-
bulin heavy chain variable gene (IGHV) associated
with more aggressive CLL [2]. LN derived CLL cells
also had higher levels of expression of the prolifera-
tion markers c-MYC, E2F, and Ki-67 [2]. All these
data support a central role for the tissue microenvir-
onment of the LN PC in the control of tumor
proliferation in CLL [1-4].

Factors that could potentially increase the size and
number of PCs include changes in the PC micro-

environment and genetic defects in CLL cells that
increase CLL cell proliferation or decrease apoptosis.
The chromosomal defects associated with aggressive
CLL include deletion of 17p13 (17p13—) and 11g22
(11922 —), which result in loss of one allele of TP53
or ATM, respectively. This suggests that defective
DNA damage responses in CLL cells could result in
a poorer outcome, an association that is further
supported by the findings that almost all patients with
17p13 — with progressive CLL have a dysfunctional
mutation in the remaining TP53, and that patients
with bi-allelic loss of function of TP53 in the absence
of 17p13— also have a very poor prognosis [5]. In
addition, patients with CLL with 11q22 — and loss of
function of the remaining ATM allele have a very
poor prognosis [6]. These TP53 and ATM defects
can be acquired in the course of CLL, and this clonal
evolution is often associated with disease progression
[7]. However, it is not yet known whether clonal
evolution is a late event in CLL that is more likely to
occur because of increased cell division or if the
emergence of a subclone of CLL cells with a new
mutation is the result of selection of one of multiple
pre-existing clones by selective pressure or growth
advantage. The supportive microenvironment of the
PC could have a role in either of these possible
mechanisms.

The PC microenvironment provides supportive
stromal cells, access to antigen via dendritic cells, T
cell help, and cytokines [1] which could have a role in
either the generation of new subclones or. the
selection of existing more aggressive clones. The
role of the PC in clonal evolution and expansion
would ideally be studied in a large prospective study
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enrolling patients with early stage disease soon after
diagnosis and before they receive any treatment.
These patients would need to undergo multiple serial
lymph node biopsies to examine for acquisition of
new genetic defects using global genomic analysis.
These assays, which include microarray single nu-
cleotide polymorphism (SNP), array comparative
genomic hybridization (aCGH), and next generation
sequencing, could detect multiple genetic defects and
thus accurately asses the incidence and consequences
of clonal evolution in PCs and other CLL cell
compartments. However, a more feasible initial study
could use the more limited but readily available
technique of fluorescence . situ hybridization (FISH)
analysis for known genetic defects in a retrospective
analysis of fixed tissue from lymph nodes.

In this issue of Leukemia and Lymphoma, Balogh
and colleagues report results of a study that uses a
small cohort of patients with accelerated disease to
determine whether ‘PCs play a role in the accumula-
tion of genetic alterations in CLL’ [8]. The results
reported here are not definitive because of the small
sample size and the limited repertoire of the FISH
probes used. On the other hand, the data are novel,
and could be useful in designing future studies to
understand the relationship between the PC and
clonal evolution. This study does not provide the
answer to the central question of whether the PC
increases the risk of clonal evolution or, alternatively,
if the increase in the size and numbers of lymph node
PCs in patients with more aggressive CLL is a result
of clonal evolution. If the microenvironment of the
PC increases CLL cell proliferation and survival,
thereby increasing the generation and persistence of
adverse mutations, the PCs could be expected to
contain cells with multiple different genetic defects.
However, the failure to demonstrate this convincingly
in this study could have been the result of the limited
repertoire of the probes used in the FISH analysis or
related to the fact that only a limited subset of mutant
CLL cells generated in the PC will survive and
proliferate. The latter possibility would be more in
line with the recently reported SNP analysis data from
a large population of patients with progressive CLL
requiring treatment, showing only a limited number
of recurrent genetic defects [9]. In contrast, mutation
in a single CLL cell at any anatomical location
conferring a survival advantage could be followed by
blood borne distribution to many different LN PCs.
This in turn may result in a higher accumulation and
concentration of CLL cells with genetic defects in the
PCs because of the intrinsic properties of these cells to
proliferate rather than the propensity of the PCs to
induce clonal evolution. The data presented in this
study are thus insufficient to confirm or refute the
tested hypothesis.
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The PC and clonal evolution have important roles
in the etiology and progression of CLL. A better
understanding of any role of the PC in the mechanism
of clonal evolution could have important implications
for improving the management of CLL. Tissue data
from this and other studies [1,8] show that it could be
important to do a lymph node biopsy in CLL in
patients who have a rapidly accelerated disease course.
While some of these patients will have transformation
to diffuse large B-cell lymphoma, examination of the
lymph nodes in those patients without transformation
using standard laboratory techniques could also
provide valuable prognostic information [1,8]. The
clinical utility of these findings will need to be
investigated further. In addition, a better under-
standing of the regulation of cell growth in the PC
will be important in determining how the PC can be
targeted to improve treatment outcomes in CLL.

Potential conflict of interest: Disclosure forms
provided by the authors are available with the full text
of this article at www.informahealthcare.com/lal.
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