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Introduction

For long time, chronic lympho-
cytic leukemia (CLL) has been
considered to be a clonal accumu-
lation of immature, immune-
incompetent B lymphocytes
which accumulate in the body
mainly because of a faulty apop-
totic apparatus. Numerous recent
findings have contributed to a
change in this classical credo.1-3

CLL is now viewed as a disease
of antigen experience B cells,
which have proliferated and pos-
sibly continue to do so in
response to an antigenic stimulus
in some instances even following
the final transforming events.
Several findings, which take
place, have contributed to the for-
mulation of this hypothesis,
including the impossibility of
detecting lesions in the cell apop-
totic apparatus,4 the studies on
telomeres length of the neoplastic
cells,5 which demonstrated short-
er telomeres than in normal anti-
gen-inexperienced B cells, and
the cell turn-over studies using
deuterium to label the cell nucle-
ic acids.6 The latter studies have
demonstrated that CLL cells have
a rather rapid turn-over character-
ized by active cell proliferation
and death. This turn-over may be
different in different patients and
in general is more active in those
patients whose cells utilize unmu-

tated VDJ gene segments and
express CD38 and ZAP-70.
Altogether, the latter findings
also raise the question of whether
CLL is an homogeneous disease
entity, or whether it should be
considered as being comprised of
two different pathological condi-
tions, one (the unmutated CLL)
with a rather aggressive clinical
course and outcome related to a
more active and invasive clonal
expansion and the other (mutated
CLL) with a more indolent clini-
cal course and the tendency not to
progress towards the more
advanced clinical stages. Here,
we shall review the immunologic
features of the neoplastic cells,
including some facts and specula-
tions on the possible encounters
with antigen. Based on this and
other information, we shall try to
indicate the potential progenitor
cell of the CLL. Central to this
question is also the issue of
whether one or more cell types
can generate CLL clones.

Organization of the mature B
cell system

The possibility of investigating
the structure of the genes encod-
ing for Ig H and L chains offers
opportunity of elucidating the
past history of B cells, including
neoplastic cells. In a normal
immune response, virgin B cells
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encounter stimulating antigens in the T cell
dependent areas of peripheral lymphoid tis-
sues, and, with the help of T cells, other acces-
sory cells and cytokine, begin to proliferate
and move towards the germinal centers (GC)
of secondary lymphoid follicles. Here, the
activated B cells continue to proliferate under
the stimulus of the antigen they have first
encountered and begin to accumulate point
mutations in the VDJ and VL gene segments
encoding for the variable region of the H and
L chains of the antibody molecule respective-
ly. Because of this ongoing mutation process
in proliferating B cells, a marked cellular het-
erogeneity will be created . The B cell recep-
tor (BcR) of certain cells will lose the capaci-
ty to recognize the stimulating antigen, where-
as that of others will continue to bind the anti-
gen with an even higher affinity. This selec-
tive process in the GC results in the survival
and expansion of B cells producing high affin-
ity antibodies and in the loss of those B cells
not capable of producing these antibodies.
Most of the times, there is a concomitant iso-
type switch, whereby a stimulated/selected
cell will change from IgM to IgG or IgA syn-
thesis, while maintaining the same antibody
specificity. Once exited from the GC, the
selected B cells will become antibody secret-
ing plasma cells or memory cells. The latter
cells seed most often in the marginal zone
(MZ) of the spleen or in the MZ-like areas of
the other peripheral lymphoid tissues. Another
pathway of mature B cell differentiation
involves their stimulation in the MZ of the
spleen or in the MZ-like areas of the peripher-
al lymphoid tissues. In these conditions, the
stimulation occurs mainly in a T cell inde-
pendent manner, particularly by antigens con-
stituted by polysaccharides or having polysac-
charide moieties. The cells so stimulated
rarely undergo isotype switch and may accu-
mulate, although not necessarily, somatic
mutations in their VDJ and VL gene segments.

The previous history of chronic lymphocytic
leukemia clones

Based upon the above scheme, it is apparent
that the cells from mutated CLL derive from
antigen-experience cells, given the prerequi-
site for antigenic stimulation for an accumula-
tion of V gene somatic mutations to occur. The
issue of whether unmutated CLL cells derive
from virgin or antigen-experienced B cells was
approached by repertoire studies, comparing
the repertoire of normal virgin B cells with that
of CLL cells. The rationale for this approach is
that, if antigen stimulation/selection occurs in
the CLL clones possibly prior or in the course
of neoplastic transformation, then the CLL
repertoire (intended as the VDJ and VL gene
usage by a large cohort of CLL clones) should
be different from the same repertoire detected
in normal virgin B cells. Indeed, studies on
more than a thousand patients demonstrated
that CLL cells use a skewed repertoire com-
pared to normal. In addition, the peculiarity of
this repertoire is represented by the fact that
more7-11 than 20% of the “unmutated” neoplas-
tic clones utilize a restricted set of stereotyped
BcR which are encoded for by the same VDJ
and VL segments and share the same combin-
ing site. Taken together, these findings lead to
the inescapable conclusion that different
clones with shared BcR were exposed to the
selective pressure of the same antigenic stimu-
lation, that has “chosen” certain cellular speci-
ficities among myriads of possible combina-
tions. This conclusion also is supported by the
consideration that the chance that two neoplas-
tic clones share BcR with the same specificity
is less than 1 in 106, given the present knowl-
edge on the molecular mechanisms controlling
the gene encoding for H and L chain V region
gene repertoire. Most of the receptors of the
unmutated CLL clones have “natural anti-
body” or “polyspecific” reactivity, i.e. an anti-
body produced by a single CLL clone can react
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with several antigens, including auto-antigens.
This observation suggests that antigenic stimu-
lation may continue following neoplastic
transformation and promotes clonal expansion,
a consideration that may be helpful in explain-
ing why patients with unmutated CLL clones
have a more aggressive clinical course and
outcome than those with mutated clones which
usually do not have BcR with polyspecific
activity.1-2

Chronic lymphocytic leukemia.
One or two cell type origin?

At first sight, the above considerations sug-
gest that the two major types of CLL (mutated
and unmutated) originate from two different
cells, with distinct development and histories
of antigen stimulation. Support to this notion is
provided by the very different Ig VH/VL gene
repertoire of the two CLL subsets; in one case,
the cells use a mutated set of genes and do not
exhibit evidence of shared usage of stereo-
typed receptor, while in the case of unmutated
CLL, shared use of stereotyped receptors is
often the rule. In addition, the presence of
somatic mutations of VDJ/VL gene segments,
that in some instances could be abundant, sug-
gest passage/ selection of B cells through the
germinal centers. In contrast, selection of a
repertoire of unmutated, stereotyped gene may
be indicative of a stimulation operated by a
restricted set of T cell independent antigens.
This stimulation, often, prevents both accumu-
lation of point mutations and isotype switch.

There are, however, a number of considera-
tion which still support the notion that of a
common cellular origin of the two CLL sub-
sets. For example, gene expression analyses
reveal substantial similarities between the cells
of the two CLL subsets, both having gene sig-
natures sharing many similarities with normal
memory B cells and not with normal virgin B
cells.12 In addition, only unmutated CLL
express BcR with natural antibody activity;

however, experiments of site directed mutage-
nesis have demonstrated that abrogation of
somatic mutations in VH/VL genes from
mutated cases results in their acquisition of the
capacity of encoding for antibodies with natu-
ral antibody activity.13 This represent a strong
support to the notion that the ancestor cells of
CLL were employing a common set of VH/VL
genes (encoding for natural antibodies).
Because of subsequent event(s) this initial set
of genes diverged along a different pathway in
different cellular clones.

From genes to cells: models to explain the
cell of chronic lymphocytic leukemia origin

Based upon the above considerations, sever-
al models could explain the cellular origin of
CLL. These models can be divided into those
that invoke a single cell origin and those that
propose an origin from at least two cellular
subsets.

Single cell origin

As stated above, this idea is supported pri-
marily by the observation of GEP similarities
between cells from different CLL subsets and
the derivation of the BcR genes from a single
set of progenitors. Based on these premises,
the model that most likely can explain the CLL
origin is that neoplastic cells derive from MZ
B cells that were stimulated by antigen in a T
cell independent fashion.1 Given the differ-
ences in repertoire and somatic mutations in
the Ig V region genes, one has to assume that
the pathway leading to neoplastic transforma-
tion differ quite early in leukemogenesis. For
example, considering the advantage conferred
by the utilization of unmutated BcR to the
clonal expansion, it is mandatory to believe
that VH gene somatic mutations occurred
before neoplastic transformation in mutated
CLL. These differences can be in part account-
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ed for by differences in the nature of the anti-
genic stimulus causing clonal expansions
before neoplastic transformation in the two
CLL subsets. In addition, this antigenic stimu-
lation could have exerted its action on two dif-
ferent MZ B cell subsets following two differ-
ent pathways of subsequent differentiation.
Unfortunately, the information we have so far
on human MZ B cells as well as on their
VH/VL gene repertoire are too scanty to be
able to reach firm conclusions on these issues.

Multiple cell origin

The hypothesis implies that CLL is com-
prised of at least two different disease entities
originating from different cells. Therefore, the
options we have regarding this hypothesis
should be dealt with separately for each of the
two CLL subsets.

Unmutated chronic lymphocytic leukemia

The major feature of these aggressive CLL
form is the utilization of a restricted set of
stereotyped receptors by a substantial propor-
tion of cases. Therefore, the discovery of nor-
mal B cells with these features would lead to
the identification of the cell of origin of CLL.
However, such normal cells subset has not as
yet be found in any of the B cell population
examined by us and others, including peripher-
al blood, tonsil, spleen and peritoneal cavity B
cells. This may suggest that a “pre-selection”
process has occurred during leukemogenesis,
whereby special antigens have selectively
induced the expansion of a restricted number
of clones which subsequently have undergone
neoplastic transformation. This hypothesis
implies a close connection between antigenic
stimulation and leukemogenesis; whether the
antigen has only a promoting effect in this
process, facilitating clonal expansion, or
whether it has also a transforming effect is
open to speculation. According to the latter
view, and in a rather speculative perspective,

the stimulating antigen could be a viral particle
capable of both stimulating B cells and con-
comitantly infecting them to induce many of
the needed transforming events. In the mouse,
there is subset of B cells characterized by a
restricted repertoire usage, which respond to T
cell independent antigens and autoantigens,
have a self-renewing capacity, release Ig main-
ly of the IgM isotype with natural antibody
activity, and are detected primarily in the peri-
toneal cavity. These cells, which are consid-
ered to represent a first line of defense against
incoming pathogens in hosts that do not pos-
sess as yet an immunological memory, are
defined as B1 cells to distinguish them from
“classical” B cells producing high affinity anti-
bodies mainly of the IgG class.14 The latter B
cells are defined as B2 cells. In man, B1 cells
have still to be detected, although it is possible
that they expand only under particular environ-
mental conditions, which may be frequent for
mice kept in captivity, but infrequent for
humans. Accordingly, CLL could be generated
by the human equivalent of B1 cells and, for
the reasons explained above, the transforming
events are likely to be preceded by other
event(s) facilitating the expansion of these
cells. It is also possible that unmutated CLL
cells derive from MZ B cells (or more likely a
special subset thereof), given the recent rela-
tionships outlined at least in the mouse
between B1 and MZ B cells.15

Mutated chronic lymphocytic leukemia

The progenitor of these neoplastic cells have
to be selected among the B cells which utilize
mutated VH/VL genes. Therefore, we have
two options. This cell could be a memory cell
that has exited from the GC and has initiated
the transforming process or it is a MZ B cell
that, following antigenic stimulation, has accu-
mulated Ig V gene somatic mutations and sub-
sequently has completed the tranforming
process. In both cases, accumulation of Ig V
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gene somatic mutation should precede the
transforming process, since unmutated clones
would have a great advantage for their expan-
sion compared to unmutated clones. Both
hypotheses are compatible with the findings
that CLL cells share GEP with normal memo-
ry B cells. At present it is difficult to choose
between the hypotheses, given the relative
scanty information on both the Ig V gene
repertoire of MZ B cells and the memory B
cells to be compared to that of CLL B cells. 
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