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Abstract A large number of human malignancies are
associated with decreased numbers of circulating T cells.
B-CLL, in this regard, represents an anomaly since there
is not only high numbers of circulating B cells, charac-
teristic of the malignancy, but also a massive expansion
of both CD4 and CD8 T cells. These T cells for the most
part may probably not represent a leukaemia-specific
TCR-dependent expansion. On the contrary, these T
cells, especially the CD4 subset, might support a
‘‘microenvironment’’ sustaining the growth of the leu-
kaemic B cell clone. Conversely, the leukaemic B cells
may produce membrane-bound as well as soluble factors
that stimulate the proliferation of these T cells in an
antigen independent manner. In addition to these T cells
lacking anti-leukaemic reactivity, there exist spontane-
ously occurring leukaemia-specific T cells recognizing
several leukaemia-associated antigens, e.g. the tumour
derived idiotype, survivin and telomerase. Both CD4
and CD8 leukaemia-specific T cells have been identified
using proliferation and c-IFN assays. These reactive T
cells can lyse autologous tumour cells in an MHC class I
and II restricted manner. Spontaneously occurring leu-
kaemia-specific T cells are more frequently noted at an
indolent stage rather than in progressive disease. Pre-
liminary results from vaccination trials using whole tu-
mour cell preparations as vaccine have demonstrated
that vaccination may induce a leukaemia-specific T cell
response, which might be associated with clinical bene-
fits. Extended clinical trials are required to establish the
therapeutic effects of vaccination in B-CLL. Studies in

our laboratory as well as those of others indicate that
whole tumour cell antigen in the form of apoptotic
bodies or RNA loaded on to dendritic cells may be a
suitable vaccine candidate. Patients with low stage dis-
ease may maximally benefit from this form of therapy.

Introduction

Chronic lymphocytic leukaemia of the B cell type (B-
CLL) is one of the most common leukaemias in the el-
derly and is manifest as a clonal proliferation of CD5+

cells expressing CD19, CD23 and dim surface IgM. The
occurrence of multiple T cell abnormalities in B-CLL
patients is well established and the changes in numbers
and functions of T cells appear to be different compared
to other cancers and even other chronic B cell malig-
nancies. T cell dysfunctions account for pathological
conditions like hypogammaglobulinemia, autoimmune
hemolytic anaemia, increased susceptibility to infections
etc, commonly noted in B-CLL patients. These aber-
rantly functioning T cells may actually contribute to
creating and supporting the ‘‘microenvironment’’ that
sustains the malignant clone of B cells and impede their
apoptosis [25]. In the midst of this expanded T cell
population that are largely devoid of anti-leukaemic
activity, there exist a small but measurable population of
T cells that represent a natural specific T cell response
against the leukaemic cell clone, which can be expanded
by vaccination and possess the ability to mediate a
therapeutic response against the leukaemic cells [27, 28,
89].

The expanded T-cell population noted in B-CLL
represent a paradox in which the T cells may actually
contribute to the onset, sustenance and exacerbation of
the disease rather than the anti-neoplastic immunosur-
veillance function normally associated with T cells.
Likewise, detailed knowledge about the leukaemia cell
reactive T cells is of great importance to better
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understand the pathobiology of CLL and how such T
cells may be expanded and used in a therapeutic ap-
proach.

Phenotypic characterization of different T cell subsets

Elevated absolute numbers of total circulating T cells
have frequently been found in B-CLL patients, mainly
due to an increase of CD8+ T cells, which resulted in a
low CD4/CD8 ratio. Total number of CD4+ T cells is
also increased. Compared to healthy individuals, total T
lymphocyte count, CD8+ cells and CD4+ cells in CLL
patients have been reported to be increased about 3-fold,
4-fold and 2.5-fold, respectively [7, 24, 46, 94].

CD54 is an adhesion molecule constitutively ex-
pressed on T cells and upregulated upon activation. An
increased frequency of CD4+/CD54+T cells has been
observed with advancing stage of disease [74]. A reduced
expression of the CD28 co-stimulatory molecule corre-
lating with advancing disease stage was noted on CD4 as
well as on CD8 T cells [73, 74]. The reduction in
expression was more pronounced on CD8 compared to
CD4 T cells. Surface-bound as well as cytoplasmic
CTLA-4 molecules showed a reversed pattern compared
to CD28. The expression of CTLA-4 was increased
compared to healthy controls and with advancing stage
of disease [74].

Within the CD4 T cell population a subset expressing
CD57 but not CD28 and containing perforin (PF) was
detected, suggesting that these cells may have cytolytic
potential [65]. An increase of perforin-containing cells
was not identified within CD8 and NK cell populations.
The CD4+/PF+ population expressed high levels of
CD45RO compared to CD45 RA indicating prior anti-
gen exposure. The function of the CD4+/PF+ T cells in
CLL is not clear. They may be cytolytic against the
autologous leukaemic cells [16, 65]. They may also play a
role in immune regulation of the B-CLL clone [31]. Since
these cells are known to produce IL-4, they may be part
of an anti-apoptotic environment for the tumour cells
[67]. Support for CD4+ T cell activation can also be
derived from the observation that high levels of soluble
CD4 molecules can be found in sera of progressive pa-
tients compared to non-progressive patients or normal
individuals, indicating a selective increase of T helper
cell activity [2].

Another indication for a persistent activation of T
cells in B-CLL patients is the cytokine pattern of CLL T
cells in vivo. Spontaneous production of IL-4 and IL-2
has been shown in CD4 T cells, while GM-CSF and
TNF-a is known to be produced by both CD4 and CD8
T cells [75]. Higher levels of cytokine production were
noted in patients with progressive disease. Moreover, T
cells from patients with progressive disease were more
prone to produce cytokines as compared to controls and
patients with indolent disease. Other studies have also
reported an increased production of IL-4, but the pro-
duction of IL-2 as well as of TNF-a varied [55, 78].

Additionally, IL-6 is known to be produced by T cells in
indolent disease [2, 39]. IL-6 has been suggested to be a
growth factor for myeloma cells produced by the
microenvironment [36]. The reason for the ongoing
cytokine production is unclear but it is interesting to
note that these cytokines have been suggested to be
growth factors for the leukaemic cells [18, 54, 80, 85]. As
the cytokine production seemed to increase by advanc-
ing stage, it might be speculated that increasing number
of tumour cells lead to release of higher levels of tumour-
derived soluble factors which activate polyclonal T cells.

Another interesting finding is that CD4 and CD8 T
cells of B-CLL patients with indolent disease exhibit a
dominance of a type 1 (c-interferon) over type 2 (IL-4)
cytokine production after a short incubation in vitro.
In contrast, T cells from progressive patients continued
to be predominantly type 2 [64]. The impact of type 1
and 2 T cells on the regulation of cancer immunity is
still unclear but a shift from a type 1 to a type 2
cytokine pattern has been described in various tumours
both in animals and man. This shift may contribute to
the ability of cancer cells to escape immune surveil-
lance.

The collusion of T and B cells in CLL: anatomy
of the immune dysregulation

The overt clinical manifestations of immune dysfunction
in CLL patients taken together with the increased
numbers of circulating T cells has led to the long-
standing hypothesis that T cells are involved in the
pathobiology of B-CLL. The cause for the initiation and
expansion of various T cell populations in CLL is not
clear. Are the T cells activated following a TCR
engagement or is it a TCR independent function? It
seems unlikely that the huge expansion of T cells should
be antigen driven and TCR dependent. In healthy do-
nors the average total number of T cells is 1.8·109/l
while in CLL patients the corresponding figure is
5.5·109/l [46]. It is unlikely that this profound change in
T cell numbers is antigen driven. Recent studies have
revealed some of the possible mechanisms by which the
T cell dysregulation may occur and their implication in
the pathobiology of CLL. A subpopulation of the acti-
vated CD4+ T cells in B-CLL is known to express the
CD40 ligand (CD154). Ligation of the CD40 receptor
on B-CLL cells induces the secretion of the chemo-
attractant cytokine CCL22 that in turn increases the
migration capability of CD4+/CD40L+ T cells
expressing the receptor for CCL 22, CCR4. The chemo-
attracted CD4/CD154 T cells may migrate towards CLL
cells, bind to CD40 on CLL cells and induce chemokine/
cytokine production by the leukaemic clone, which may
lead to progressive accumulation of neoplastic cells [26].
Several mechanisms may be involved in this circuit
contributing to the growth of CLL cells. CD40 cross-
linking can trigger rescue from apoptosis by upregulat-
ing the expression of anti-apoptotic genes like survivin
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and facilitate proliferation of CLL cells [23, 29]. Acti-
vated CD4 T cells secrete several growth factors (see
above), which might support the growth of the CLL
clone including IL-2, IL-4, TNF-a, GM-CSF, IL-6,
which may also support the growth of normal B cells [2,
75].

B-CLL cells from a subset of patients are also known
to aberrantly express the B-lymphocyte stimulator,
BLyS, also known as B cell activating factor (BAFF)
[61]. In addition to stimulating the leukaemic clone in
an autocrine fashion, the production of BLyS may also
affect T cell numbers and function. It is known that
activated T cells express one of the receptors for BLyS,
called transmembrane activator and CAML interactor
(TACI) [91]. In vitro studies have indicated that BLyS
can stimulate T cell activation and proliferation [38].
The essential requirement for TACI-ligand interaction
for T cell stimulation and proliferation has also been
demonstrated in an animal model of arthritis [86].
BLyS–TACI interactions may thus be one of the pos-
sible pathways through which the T cells are activated
and maintained in a state of chronic stimulation seen in
B-CLL. It is most likely that polyclonal expansion of T
cells is induced by various factors released by the
malignant cells as well as by surrounding non-tumour
cells engaged in the disease process. These factors also
maintain the T cells in a state of chronic activation
facilitating in turn the growth of B-CLL cells [12].
These activated T cells may continuously release cyto-
kines, which may have an anti-apoptotic effect on the
activated T cells and act in an autocrine or paracrine
mode resulting in a polyclonal expansion [3, 4]. How-
ever, there is also TCR dependent oligoclonal/mono-
clonal expansion of T cells in B-CLL indicating
involvement of CLL-specific antigens. A hypothetical
model for T cells reacting against native CLL cells is
presented in Fig 1.

T cell receptor (TCR) usage in B-CLL

The first study showing the presence of clonal T cell
populations in B-CLL was published in 1990 [87]. Clo-
nal re-arrangement of the Vb chain was noted in three of
five patients with stage 0 disease, but not in eight pa-
tients with advanced disease. This study indicated that
the presence of clonal T cells may represent a host re-
sponse directed against leukaemia-related antigens or
reflect a specific T–B-cell interaction.

In an extended study, analysing the usage of 20 TCR-
BV subsets in B-CLL (n=10), a statistically significant
over-expression of four TCR-BV subsets within the CD4
T cell population was found, while only one such subset
was detected within the CD8 population. However, an
examination of individual patients for overexpression of
a particular BV family (defined as > mean + 3 SD
of healthy controls) revealed that CD4+ cells of seven of
ten patients and CD8+ cells of six of ten patients dem-
onstrated skewing of the BV repertoire. The number of
overexpressed BV subsets for an individual patient var-
ied from one to seven. Analyses of the CDR3 length
polymorphism showed a significantly higher degree of
restriction within the CD4 and CD8 T cells of B-CLL
patients when compared to healthy individuals [69].
Nevertheless, these analyses did not conclusively dem-
onstrate that the overexpression of a particular BV
subset or the occurrence of an oligoclonal/monoclonal
TCR-BV type was associated with a T cell clone that was
reactive against leukaemic cells. To further substantiate
these findings, T cells were stimulated in vitro with
autologous leukaemic B cells. Following stimulation,
CDR3 length analyses showed that in expanded TCR-
BV populations, polyclonal patterns shifted towards a
monoclonal/oligoclonal profile, whereas monoclonal
patterns intrinsically present in the peripheral blood

Fig. 1 Hypothetical model for
T cell reactivity against native
B-CLL cells. DC dendritic cells;
BlyS B lymphocyte stimulator

212



remained monoclonal. The specific TCR-BV subset also
expanded further upon in vitro stimulation. The data
suggested that leukaemia cell induced specific memory
CD4 and CD8 T cells are present in vivo in CLL patients
and that several leukaemia cell associated antigens were
recognized by the patient immune system [22, 72].
However, additional overexpression/expansion of poly-
clonal TCR-BV families, which did not recognize the
leukaemia cells in a TCR-dependent manner, could also
be detected.

Dendritic cells in CLL patients

Normal B cells can act as antigen presenting cells, but
are much less potent than professional APC like the
dendritic cell (DC). Although the leukaemic B cells ex-
hibit normal levels of MHC class I and II molecules,
they are intrinsically defective in the expression of co-
stimulatory molecules like CD80/86 and cell adhesion
molecules like CD54 [10, 70, 79, 83]. These molecules are
critical for the induction of an immune response (affer-
ent phase) but are much less important for the efferent
phase, i.e., recognition of tumour cells by effector cells
[84]. Although the leukaemic cells themselves might be
able to induce an immune response, their capability is
impaired. It is more likely that remnants of apoptotic or
necrotic leukaemic cells are endocytized by DC, which
then initiate the leukaemia-specific immune response.

There seems to be a clear difference in DC function of
CLL patients at various stages of the disease. At an
indolent stage, DC generated from monocytes have the
same expression profile of CD54, 80, 83 and 86 as DC
from normal individuals. The intensity of CD80 and
MHC class I molecules was increased. An augmented
expression of IL-10, IL-1b and IL-12 p35 was also noted.
DC of indolent CLL patients had a similar capacity to
stimulate in MLR as well as to present a recall antigen as
normal DC. The reason behind the increase in some
surface molecules and cytokine expression is not clear,
but may indicate pre-activation of DC in vitro [68]. DC
could also effectively present autologous leukaemic cells
and induce a strong anti-leukaemia T cell response [48,
49]. This is in contrast to patients with progressive dis-
ease who showed a profound defect in DC derived
monocytes, lacking the maturation antigen CD83 and
the co-stimulatory molecule CD80. These DC were un-
able to induce a significant proliferative response in an
MLR and had a reduced ability to release IL-12 and to
direct a type 1 T cell response [62]. The reason for this
difference is not clear but a possible explanation may be
the production of large amounts of various immune
suppressive factors by the leukaemic clone, which is
higher in patients with progressive disease. One such
factor contributing to the poor stimulatory activity of
DC from advanced stage patients is transforming
growth factor b (TGF-b). TGF-b is known to be pro-
duced by B-CLL cells [52] and has been reported to

inhibit antigen presentation, T cell stimulation and
migration of DC to the lymph nodes [47]

The major difference in DC functions between pro-
gressive and non-progressive disease may be of funda-
mental significance. A natural leukaemia specific T cell
response seems to be more common at an indolent stage
(see the following para) when compared to advanced
disease, suggesting that a defective DC function might
be part of this difference. This difference also leads to the
premise that immunotherapy strategies are more likely
to be efficacious in patients with indolent rather than
advanced disease (see the following para).

Natural occurring leukaemia specific T cells

The presence of spontaneously occurring, leukaemia-
specific T cells has been established by several studies
[27, 28, 50, 70, 81]. Specific T cells were more frequently
found in non-progressive when compared to progressive
stages [27, 70]. The T cells recognized the leukaemic B
cells through the TCR [28] and recognition induced
proliferation and c-IFN secretion [27, 28, 51]. The re-
sponse could be potentially induced by unmodified CLL
cells [51], but is facilitated by CD40L activation [70],
which causes the upregulation of co-stimulatory and
adhesion molecules. The T cell response could be
inhibited by MHC class I and II antibodies. The nature
of the response varied between patients since a CD4+ or
a CD8+ response was noted in some patients while other
patients demonstrated activation of both T cell types.

The specific T cells could lyse autologous leukaemic
cells. CTL were shown to be MHC class II restricted [28]
or to express the CD8 phenotype [33]. Lytic activity of
the CTL were largely mediated through the perforin–
granzyme pathway [17]. However, such autologous
cytotoxic responses against native as well as CD40L
activated CLL cells was infrequent compared to prolif-
erative and cytokine responses. The fact that the CTL
were functionally intact can be inferred from the
observation that their allogeneic cytotoxic response was
preserved [28]. The logical explanation may be that
natural occurring CTLs are induced against low affinity,
self epitopes presented by the CLL cells. Support for this
assumption comes from experiments with heteroclitic
peptides with the same specificity as the native epitope
(idiotype), but with amino acid substitution aimed at
increasing the MHC-binding affinity [33]. CTL gener-
ated against the heteroclitic peptide not only had en-
hanced reactivity against the heteroclitic peptide, but
also increased killing of antigen presenting cells pulsed
with the native peptide. No difference was observed in
the frequency of T cells detected by MHC class I peptide
tetramers after stimulation with the heteroclitic peptide
compared with the native peptide. CTLs generated
against heteroclitic peptides could kill the patient’s tu-
mour cells showing that the Ig-derived peptides can be
presented by the tumour cells and that the failure to
mount an immune response may result, among others
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reasons, from the low immunogenicity of the native Ig-
derived peptide. These results suggest that heteroclitic
peptides may enhance the immunogenicity without
changing the specificity, a finding of considerable sig-
nificance for vaccine development.

Another explanation for the suppressed induction of
CTL against low affinity antigens might be the presence
of Treg which suppress the functional activity of T cells
reactive against auto-antigens [63].

T cell recognition structures on leukaemic B-CLL cells

The idiotypic immunoglobulin produced by the leukae-
mic B cells is a unique tumour antigen and a hallmark of
B cell malignancies. Various studies have demonstrated
that the idiotypic protein is naturally processed and
presented by B cells and the resulting T cells are capable
of recognizing the processed antigen [9, 14, 43, 44, 90].
The idiotype-specific T cells in most reports were de-
scribed to recognize the antigen in conjunction with
MHC class II although class I restricted T cells have also
been described [14]. Additionally, a subpopulation of
anti-idiotype T cells have been demonstrated to have the
ability to bind Ig molecules suggesting that they may be
capable of recognizing determinants on the intact
immunoglobulin [1, 13]. The nature of the antigen and
whether MHC restriction is required for the induction of
these T cells yet remain unclear.

The most specific part of the V-regions is CDR3, the
clonotypic marker. CDR1 and 2 may express conserved
structures as well as the framework regions (FR1-4) with
estimated shared peptide sequences of 3–4%. The VH-
CDR3 region of the individual leukaemic cells has been
shown to induce a VH-CDR3 specific proliferative and
c-IFN response, which was either MHC class I or II
restricted in patients with indolent disease [71]. In an-
other study idiotype reactive CD8 cells could be gener-
ated from the peripheral blood of CLL patients using
VH-CDR3 peptides. CTL induced with the native pep-
tide could lyse autologous CD40L activated tumour cells
in three of five patients with non-progressive disease, but
not with progressive disease. CTL generated using
modified peptides where an amino acid had been re-
placed to improve affinity score assigned by prediction
software, had increased lytic capability while the speci-
ficity was retained [93]. Similar results were also ob-
tained by Gribben et al. [33, 51, 81]. In their studies, they
also analysed FR derived peptides and found that CTL
from HLA matched healthy donors could be more fre-
quently generated against FR than against CDR. The
effector population was >90% CD8+ T cells and lysis
could be inhibited by anti-MHC class I antibodies. In
CLL patients, both FR and CDR reactive T cells could
be obtained, which lysed the CLL cells. Killing was weak
when native peptides were used to generate CTL, but
increased significantly using heteroclitic peptides. These
observations also indicate that low-affinity peptides that
are ineffective in generating an immune response still can

be targets of a T cell mediated immune response gen-
erated against an altered peptide. The killing of CLL
cells by idiotype specific T cells could be further en-
hanced by CD40L activation increasing the expression
of molecules involved in T–B-cell interaction.

Survivin, a member of the inhibition of apoptosis
protein family, is over-expressed in most malignancies
including CLL. Over-expression of survivin is largely
restricted to the neoplastic cells. MHC class I re-
stricted natural peptides have been used to generate
CTL from CLL patients. These peptides had a low to
intermediate affinity. In the majority of patients, sur-
vivin specific T cells could be expanded, which cells
could kill the autologous leukaemic cells in an MHC
class I restricted manner [5, 76]. Modifying the peptide
to increased binding affinity augmented the cytolytic
response [6].

The catalytic subunit of telomerase can also be re-
garded as a universal tumour antigen expressed in most
human malignancies including CLL, but not in normal
differentiated tissues [92]. Shortening of the telomere
length and increased telomerase activity is seen in CLL
patients to varying degrees and seem to be more fre-
quently found in progressive disease [19]. A proliferative
and c-IFN response could be detected against a 17-aa
long peptide (p611–626) of the catalytic subunit of hu-
man telomerase (hTERT). CTL against autologous
leukaemic cells could be generated by three rounds of
stimulation with the peptide (unpublished data from our
laboratory).

CD8 T cells in CLL patients reactive to peptide se-
quences of CD19 and CD20 with an intermediate affinity
score (21–27) have also been detected in CLL, but not in
other B cell malignancies. T cells with the same specificity
could be found in healthy donors but at a much lower
frequency. The specific T cells of CLL patients exhibited
a proliferative response but could not lyse autologous
CLL cells [30]. There might be several reasons for the
specific T cells not being able to lyse the tumour cells.
Intermediate affinity peptides may have too low binding.
However, this is probably not the case as survivin pep-
tides [76, 93] were of intermediate to low affinity, but still
be able to induce CTL. The same was also true for low to
intermediate affinity idiotypic peptides [33, 51, 81]. The
peptide concentration on B-CLL cells may be too low, or
peptides may not be adequately presented on the leu-
kaemic cells. Alternatively, the lack of accessory mole-
cules or the presence of Treg cells may be factors
responsible for suppressing the functional activity of T
cells reactive against these auto-antigens [63].

A summary of reactive and functional capability of
leukaemia specific T cells in B-CLL is presented in Ta-
ble 1.

Vaccination of B-CLL patients

In most CLL patients, the disease presents as a slow
smouldering malignancy that progress over years. Taken
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together with the advanced age of the patients, low
toxicity immunotherapy approaches seem ideally suited
for the treatment of this disease. Ideally, a vaccine
candidate should be able to induce both CD4 and CD8
T cell responses. In addition to providing help to CD8
cells, CD4 cells are themselves known to have lytic
ability. Spontaneously occurring cytotoxic CD4 T cells
have been shown in CLL [28]. Additionally, CD4 T cells
are also of importance for mounting a humoral response
and tumour specific antibodies has been shown to be of
clinical benefit in solid tumours [82].

Previous studies have reported several clinical vacci-
nation trials where whole tumour cell antigens were used
with varying degrees of success [11, 42, 88]. The use of
whole tumour preparations for vaccination uses both
defined and occult tumour antigens for generating im-
mune response. However, these genre of vaccines are
typically labor intensive to formulate and patient-spe-
cific.

CD40 ligand stimulation of B-CLL cells results in
upregulation of co-stimulatory (CD80/86) and adhesion
molecules (CD54/58) thereby improving their T cell
stimulatory ability. CD40L activated CLL cells induced
CD4 and CD8 proliferative response of autologous T
cells and c-interferon production of CD4 T cells but
not a CD8 CTL response. CD4 specific T cells ap-
peared to lyse the leukaemic B cells in a Fas-mediated
manner [10]. The concept of using CD40L activated
CLL cells as a vaccine was improved by transduction
of CLL cells with a replication-defective adenovirus
vector (Ad-CD154). In vitro studies demonstrated that
CLL cells became highly proficient at antigen presen-
tation and could induce autologous T cell responses
leading to the generation of CLL specific CTL [45]. A
phase I trial testing this concept was performed.
Autologous CLL cells were transduced ex vivo with
Ad-CD154 and transfected cells were given back as an
intravenous infusion [89]. Several interesting observa-
tions were made. The absolute T cell count increased.
CLL specific T cells capable of proliferating and pro-
ducing c-IFN upon challenge were induced. The CLL
specific T cell response was noted within a few days of

vaccination indicating that a pre-existing immune re-
sponse was probably boosted by the vaccine rather
than a de novo initiation of an anti-leukaemic re-
sponse. Decrease of circulating leukaemic cells as well
as shrinking of lymph node size was noted. High
concentrations of IL-12 and c-IFN were found in the
serum of the patients. c-IFN can be released from NK
cells, activated T cells and monocytes. The source of
IL-12 is not clear, but probably not from the leukaemic
cells or T cells. IL-12 is produced among others by
monocytes and dendritic cells. It cannot be excluded
that the immune response was partly induced by acti-
vated DC, which had taken up and processed Ad-
CD154 transduced CLL cells and that IL-12 was pro-
duced by activated DC. As a bystander effect, CD95
was upregulated on non-transfected CLL cells. The
expression of CD95 coincided with the reduction of
leukaemic cell counts and lymph node size, which may
have mediated by lytic CD4 T cells expressing Fas li-
gand [15].

Ex vivo generated DC are probably the most potent
cellular adjuvants that can be used in conjunction with
whole tumour antigens for the induction of an anti-tu-
mour response. There are various approaches for anti-
gen loading of DC such as tumour lysate, total RNA, or
apoptotic tumour cells. Hybrids can be produced be-
tween tumour cells and DC using chemical or electro-
chemical methods. In a comparative study, DC were
loaded with apoptotic tumour cells, tumour cell lysate,
or total RNA or hybridized with autologous CLL cells
and examined for their ability to stimulate T cell re-
sponses. Apoptotic tumour cells were found to induce
the strongest T cell response evaluated as a proliferative
response and cIFN production. Both MHC class I and
II restricted T cells were detected. Interestingly, apop-
totic tumour cells mainly evoked a Th1 cytokine re-
sponse pattern, while lysate, RNA and hybrids induced
a mixed Th1/Th2 response. Perforin was also induced
indicating cytotoxic potential [48, 49].

Another in vitro study used only RNA-transfected
dendritic cells for induction of a T cell response in vitro
[60]. A proliferative MHC class II restricted T cell re-
sponse was induced. The specific T cells could lyse native
autologous leukaemic cells. Cytotoxicity could be
blocked by MHC class I antibodies. However, MHC
class II antibodies were not used in this test. One of the
antigens recognized by the T cells was survivin, indi-
cating that survivin might be an immunodominant
antigen in CLL. The cellular response was also induced
against shared antigens on the leukaemic cells. Impor-
tantly, leukaemia specific T cells did not lyse autologous
non-malignant B cells. Induction of CTL recognizing
shared antigens was also found using lysate to stimulate
T cells [28].

An advantage offered by apoptotic bodies is that
presentation of intracellular proteins released into tu-
mour lysate or necrotic cells that are not relevant to
induction of anti-tumour responses may be avoided [35].
DC that have endocytosed apoptotic tumour cells is also

Table 1 Summary of recognition structures and functional capa-
bility of spontaneously occurring leukaemia specific T cells in B-
CLL

Antigens Proliferative
response

c-IFN
response

CTL activity
against CLL cells

Leukaemic cells + + +
Defined antigens
leukaemia cell
derived
Idiotypic Ig + + +
Survivin ND ND +
Telomerase + + +
CD19 + ND �
CD20 + ND �

ND not done
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an attractive alternative since phagocytotized cellular
fragments are 300 times more efficient in forming MHC-
peptide complexes than processed peptides[41]. Higher
IL-12 levels were produced by DC loaded with apoptotic
tumour cells in an animal model compared to tumour
lysate or necrotic cells [50]. High IL-12 production can
polarize T cells toward a Th1 response [77]. Apoptotic
tumour cells and DC can activate CTL as well as effector
cells of the innate immune system, which are of impor-
tance for initating an adaptive immune response [77].
DC pulsed with apoptotic bodies from myeloma cells
were more effective than lysate in inducing CTL against
the autologous myeloma cells [34]. The reasons for the
differences in efficacy between different tumour cell
preparations are not clear. Further studies are needed to
elucidate the best tumour cell preparation for vaccina-
tion. The ultimate testimony, however, will be their
efficacy in human clinical trials.

In a vaccination attempt using apoptotic tumour
cells, CLL patients in clinical stages 0 and I were vac-
cinated s.c. with irradiated leukaemia cells (to induce
apoptosis). Ten patients have so far been included in the
study. CD8 T cells increased during vaccination with a
concomitant decrease in the CD4/CD8 ratio. In one
patient the leucocyte count decreased. In all other pa-
tients the disease has been stabilized for varying periods
up to 18 months [40].

Vaccination strategies in B-CLL

A few considerations for the development of vaccination
strategies using whole tumour antigens in B-CLL is
presented in Table 2.

In B-CLL natural cellular immunity is evoked against
several B-CLL associated antigens, most of them yet
undefined. However, three antigens have so far been
characterized, the idiotype, survivin and telomerase.
Modified leukaemic cells for vaccination are easy and
inexpensive to produce in B-CLL. Unmodified B-CLL
cells alone cannot be used as the vaccine. Autologous ex
vivo generated DC pulsed with autologous leukaemic
cells may be an attractive approach. Tumour cells
should probably be presented to DC as apoptotic cells or
total tumour cell RNA. An alternative might be to
culture leukaemic cells together with CD40L and IL-4,
which upregulate immunostimulatory molecules and
abrogate production of inhibitory factors by the leu-
kaemic cells. Such modified leukaemic cells can drive T
cells towards a Th1 response [59] and might be used as a
vaccine. Discovery of defined B-CLL antigens with the
ability to generate therapeutic responses would also offer
new vaccine candidates. With regard to the route of
vaccine administration, a large body of evidence now
establishes that intradermal and subcutaneous adminis-
tration allows greater availability of the vaccine within
the lymph nodes, which facilitates an immune response
of higher magnitude. In contrast, intravenous adminis-
tration of vaccine preparations diminish their ability to
elicit immune responses.

The use of adjuvant cytokines should be considered
to further enhance the therapeutic immune responses.
Dranoff et al. [20, 21] have demonstrated that GM-CSF
used as an adjuvant in conjunction with whole tumour
cell vaccination can induce a potent and long lasting
anti-tumour immunity in animal models and cancer
patients. GM-CSF may initiate the maturation of DC
and promote migration to local lymph nodes [58]. IL-12
might amplify the immune response and direct towards a
type 1 T cell response [66]. Idiotype immunization to-
gether with IL-12 induced a Th1 biased cellular response
in patients with low stage myeloma, which was associ-
ated with clinical responses (own unpublished data). IL-
2 may amplify and maintain an memory T cell response
[53].

It is evident that a natural immune response in B-
CLL is more frequently noted in a non-progressive stage
as compared to progressive disease. Furthermore, T cell
function including the expression of T cell signalling
pathway molecules are also better preserved in indolent
as compared to advanced disease (unpublished data). So
far, the most encouraging clinical effects of therapeutic
cancer vaccines in various malignancies have been seen
in the adjuvant setting or in low stage disease [8, 11, 32,
42, 57, 88]. Collectively, these data, extrapolated to B-
CLL patients, suggest that the preferred clinical settings
for immunotherapy are previously untreated patients
where a slow progression of the disease is seen or in an
indolent stage after cytoreductive therapy, provided DC
and T cell functions are preserved in the patients.
Moreover, a prolonged series of booster vaccinations
would serve to protract the therapeutic effects of
immunotherapy [56].

Table 2 Considerations for designing vaccination strategies against
B-CLL

Vaccine preparation
–Whole tumour cell preparations at present,
but defined tumour antigens in the future.
Adjuvants
–Dendritic cells loaded with whole tumour
cell antigen prepared as apoptotic bodies or RNA.
–Appropriate cytokines, e.g., GM-CSF, IL-12 and IL-2.
Route and schedule
–Subcutaneous or intradermal. Repeated immunizations
over a long boosting period.
Clinical setting
–Low clinical stage, preferably before chemo/radiotherapy
when the disease starts to slowly accelerate.
Alternatively stable phase after cytoreductive treatment
provided immune functions are preserved.

This table summarizes the various considerations for vaccination
therapy against B-CLL. The recommendations suggested are based
on the cumulative clinical observations and experimental obser-
vations in generating T cell responses with anti-leukaemic reactivity
in B-CLL. Factors such as nature of the vaccine preparation, route
and frequency of vaccine administration, use of immune adjuvants
and the disease status in patients at the time of vaccination may be
critical for generating a therapeutic immune response
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The use of vaccine therapy for clinical management
of B-CLL patients

As described in previous sections, vaccine therapy in B-
CLL patients has not been extensively tested in clinical
settings although the disease is ideally suited for such a
therapeutic approach. In addition to considerations of
vaccine design and adjuvants, the disease status of the
patients receiving vaccine therapy may be a crucial fac-
tor in determining the clinical outcome post-vaccination.
Previous studies have demonstrated that there is an in-
verse correlation between tumour burden and thera-
peutic benefit of vaccine therapy [37, 88]. Moreover, it is
well established that B-CLL patients with advanced
disease have a greater degree of T cell dysfunction than
indolent or early stage patients [74, 75]. Agents like
fludarabine and Alemtuzumab, used in the treatment of
B-CLL also have a profound effect on T cell function.
Taken together, indolent, treatment naı̈ve patients with
low disease burden represent the ideal population, who
would potentially benefit the most from vaccine therapy.
It is conceivable that application of vaccine therapy in
adjuvant settings may result in eradication of residual
disease and long term remissions.

Concluding remarks

The relationship between T cells and leukaemic cells in B-
CLL almost assumes the character of a Faustian bargain.
This malignancy represents a unique situation where the
T cells that normally serve as sentinels against cancer,
actually abet the growth and sustenance of the malignant
clone. In exchange, the B-CLL cells facilitate the poly-
clonal expansion of T cells and prevent their apoptotic
death from normal immunoregulatory mechanisms. We
speculate that the key to therapy of B-CLL lies in a two-
pronged approach. In addition to strategies designed at
debulking the leukaemia, one aspect of therapy lies in
‘‘resetting’’ the regulatory switch on T cells, breaking
their nexus with the leukaemic clone. The second aspect
involves stimulating and specifically expanding the pre-
existing, albeit minor, pool of T cells with therapeutic
potential through vaccination strategies. Appropriately
designed clinical studies should be able to answer the
questions whether these concepts may be successful.
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