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Summary

Cellular adjuvants such as dendritic cells (DC) are in the focus of tumour
immunotherapy. In DC-vaccine trials, induction of tumour antigen-specific
immunity is observed frequently and well-documented clinical responses
have been reported. However, the overall response rate is less than 3%, there-
fore alternative strategies are being investigated. CD40-activated B cells
(CD40-B) have been characterized previously as an interesting alternative
because they present antigen efficiently and can be expanded by several logs
from small amounts of peripheral blood. To determine the central technical
challenges of cell-based vaccines we performed a single-patient analysis of 502
patients from DC-based tumour vaccine trials and identified at least three
factors contributing to their limited efficiency: (1) lack of cell numbers; (2)
lack of documented purity thus high contamination of bystander cells; and
(3) lack of quality control and thus heterogeneous or unknown expression of
important surface molecules such as major histocompatibility complex
(MHC) and chemokine receptors. Based on these findings we re-evaluated the
CD40-B approach in cancer patients. Here, we show that proliferation of B
cells from cancer patients is equivalent to that observed in healthy donors.
Purity is always > 90% after 2 weeks and remains stable for several weeks.
They have comparable antigen-presenting capability determined phenotypi-
cally and by allogeneic mixed lymphocyte reaction. Expression of CCR7 and
CD62L was detected in all samples and B cells migrated towards the relevant
homing chemokines. Taken together, CD40-B cells from cancer patients can
be expanded in virtually unlimited numbers at high purity and full function
concerning antigen-presentation and migratory properties.
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Introduction

Cancer immunotherapy using dendritic cells (DC) as cellular
adjuvants represents a promising modality for the treatment
of malignant disease. Despite some successful experimental
data, which were gathered mainly in mice, successful and
standardized clinical applications for the treatment of human
cancers are still lacking. Many clinical trials have been con-
ducted evaluating the use of such cancer vaccines for the
treatment of cancer. Even though measurable immunological
reactions can be induced, relevant clinical responses are rare
and the outcome has generally been disappointing [1]. Many
questions regarding the optimal composition of tumour vac-
cines remain to be solved. Tumour-induced immunosuppres-

sion is considered a major barrier to successful therapeutic
vaccination against cancer. Prostaglandin E2 [2–5] and other
inhibitory cytokines such as interleukin-10 [6,7], transform-
ing growth factor-b [8,9] and vascular endothelial growth
factor [10] have been shown to inhibit the differentiation
and immunostimulatory function of DC. Furthermore,
monocyte-derived DC (MoDC), as applied currently in
cancer vaccine trials, lack CD62L, a key molecule implicated
in the initial phase of migration through high endothelial
venules. As shown in animal and human studies, homing of
these cells can be very limited. Accordingly, transfection of
CD62L into DC has been demonstrated to improve homing
[11]. Nevertheless, this approach is hardly feasible for clinical
application because of cost and regulatory obstacles.
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However, while the biological criteria are certainly crucial
for a successful induction of anti-tumour immunity it
remains uncertain whether the currently used cellular vac-
cines meet basic requirements relevant for any therapeutic
application and whether these can be used to address the
above issues. In the first part of this work, we therefore
address whether DC-based vaccines can be considered bio-
logicals that are of standard quality, free of contaminants and
can be generated to obtain relevant dose levels.

In recent years B cells have been recognized increasingly as
important antigen-presenting cells (APC) capable of induc-
ing antigen-specific CD4 and CD8 T cell responses under
physiological and pathological conditions [12–14].

While it has been shown that antigen presentation by
resting B cells and B cells activated by lipopolysaccharide
induce tolerance in vivo [15,16], B cells activated via CD40
receptor can act as immunogenic APC [17,18]. CD40-
activated B cells are being studied currently as an alterna-
tive type of APC for cellular vaccines [19–23]. Contrary to
DC, little is known about the regulation of antigen presen-
tation by B cells in cancer patients. We therefore studied
the antigen presentation function and the migratory
potential of activated B cells from cancer patients. In
light of the above considerations, we also focused on the
purity, standard phenotype, homing properties and cell
numbers.

Material and methods

Systematic analysis of DC-based clinical trials in renal
cell cancer and prostate cancer

A Medline–Ovid search was performed to identify articles
reporting on clinical immunotherapy trials utilizing DC in
tumour patients. For this first step the tumour entities renal
cell cancer and prostate cancer were chosen for a detailed DC
subanalysis, as they have a long-standing history and thus a
high standard of DC-based vaccinations. Original papers
published no earlier than 1 January 1 2000 in international,
peer- reviewed journals, investigating at least six patients
with the primary end-points of clinical or immune response,
were included. Trials using allogeneic DC, describing mixed
tumour entities or follow-up reports were excluded. Data
obtained were collected and analysed in an Access database.
DC subanalysis addressed the following items: DC type, DC
purity and number of DC per vaccination.

Donor and patient samples

Peripheral blood from healthy volunteers and cancer
patients was obtained by phlebotomy following informed
consent and approval by the Institute’s Review Board.
Peripheral blood mononuclear cells (PBMC) were purified
by Ficoll density centrifugation.

CD40-B cell generation

CD40-B cells were generated as described previously [24]
In brief, whole PBMC were cultured on irradiated NIH3T3
cells transfected with CD154 (tCD40L) in the presence
of recombinant human interleukin (rhIL)-4 (2 ng/ml;
R&D Systems, Minneapolis, MN, USA) and clinical-grade
cyclosporin A (CsA) (5·5 ¥ 10-7 M; Novartis, Basel, Switzer-
land) in 4 ml of Iscove’s modified Dulbecco’s medium
(IMEM; Invitrogen, Karlsruhe, Germany) supplemented
with 10% pooled human serum. The expanding cells were
transferred onto freshly prepared t-CD40L cells and fed
with cytokine-replenished medium without CsA every 3–4
days.

Allogeneic mixed lymphocyte reaction assay

CD4+ lymphocytes were separated from peripheral blood by
using a RosetteSep CD4+ T cell enrichment kit (StemCell
Technologies, Vancouver, Canada) and stained with carboxy-
fluorescein succinimidyl ester (CFSE; Sigma, St Louis, MO,
USA). CFSE-labelled CD4+ T cells were co-cultured for 4
days with CD40-B cells at various effector : target ratios and
assessed by flow cytometric analysis.

Flow cytometry

The expression of cell surface molecules was determined by
flow cytometry using standard procedures. Antibodies were
purchased from BD Biosciences (San Jose, CA, USA) with
the exception of CCR7 (R&D Systems).

Generation of cytotoxic T lymphocyte lines and
cytotoxicity assay

Cytotoxic T lymphocyte lines were generated as described
and tested for cytotoxicity using 2-h Europium (Eu3+) release
assays. In brief, targets were labelled with Eu3+ by electoropo-
ration, and 5 ¥ 103 labelled cells per well were plated with
various concentrations of effector cells. The percentage of
cytotoxicity was calculated as follows: (experimental release
– spontaneous release)/(maximum release – spontaneous
release) ¥ 100.

Chemotaxis assay

For B cell migration, 5 ¥ 105 CD40-B cells were transferred
into the upper chamber of 5-mm pore size transwell
plates (Costar, Cambridge, MA, USA). Varying amounts
of chemokines (R&D Systems) were added to the lower
chamber. Migration of cells was assessed after 2 and 3 h
using a Coulter Z2 counter (Beckman Coulter, Fullerton,
CA, USA).
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Results

Systematic analysis of DC as ‘biological’ in
clinical trials

The systematic search identified 20 clinical trials fulfilling
the described inclusion criteria [25–44]. A total of 502
patients had been enrolled in these trials. Individual data
with regard to DC type and number of DC were published
for only 51% of the patients (256). In most of the trials DC
purity of cells assembled for therapeutic vaccinations was
not specified. Only in one of the trials was purity indicated
to be above 50% (Fig. 1a). MoDC were used in the major-
ity (85%) of the investigated trials. Surprisingly, the portion
of studies using mature MoDC was only 40%. In these

eight trials 25·5% (128 of 502) of the entire population
were treated (Fig. 1b). In three (15%) of the trials periph-
eral blood-derived DC enriched after sequential density
centrifugation were used. Thus, in these the maturation
status was not specified.

Focusing on studies using mature DC, quality control cri-
teria as defined by Figdor and colleagues [45] were met by
none of the trials concerning phenotype analysis. In 50%
of the trials, less than half of the suggested analyses were
performed (Fig. 1b). DC numbers used for individual
vaccinations were marked by significant variability (between
< 1 ¥ 106 and > 100 ¥ 106). Most patients were vaccinated
with 10–50 ¥ 106 DC (Fig. 1c). This equals 1·25 ¥ 104 cells per
kg to 6·25 ¥ 104 cells per kg in a 80-kg patient and is in striking
contrast to DC vaccinations in mice that use between
4 ¥ 107/kg to 4 ¥ 108/kg per vaccination or 3–4-log more cells.
With regard to the individual patient information provided,
the median number of vaccinations was three and median
total ‘dose’ of vaccinated DC (number of vaccinations ¥
number of DC per vaccination) was 4·5 ¥ 107 DC per patient.

Generation of CD40-B cells from cancer patients

To determine whether CD40-activated B cells can be gener-
ated from cancer patients we tested several tumour entities
(see below), among which colon cancer was most available
and thus chosen as a primary model for solid tumours. Ficoll
density separated PBMC were cultured with tCD40-L in the
presence of rhIL-4, and proliferation of the cells and their
phenotype was assessed. As shown in Fig. 2a, the cultured
cells expanded significantly and the efficiency was compa-
rable to that of CD40-B cells from healthy donors. Similar to
CD40-B from healthy donors, for whom long-term expan-
sion has been described [46,47], proliferation remained
strong to day 21, when culture was discontinued for func-
tional characterization. Cell numbers were calculated to
reach more than 1 ¥ 1010 after 5 weeks of culture when start-
ing with two draws of 125 ml of blood; e.g. in an 80-kg
patient this would be sufficient for > 10 vaccinations of
1·25 ¥ 108. Fluorescence activated cell sorter analysis
revealed that more than 90% of the cultured cells were B cells
and histocompatibility and co-stimulatory molecules were
expressed highly on the cells, which are consistent with
CD40-activated B cells from healthy donors (Fig. 3). While
preliminary observations in other tumours, such as prostate
cancer, ovarian cancer, multiple myeloma, breast cancer,
mantle cell lymphoma and acute myeloid leukaemia,
confirm our observations (Kondo, unpublished results), the
increasing use of anti-CD20 monoclonal antibodies might
reduce the applicability of the above approach in the case of
B cell malignancies.

Choosing mantle cell lymphoma as a complementary hae-
matological tumour, CD40-B-activated B cells could be gen-
erated from four of six mantle cell lymphoma patients
(Fig. 2b). In those four patients, there was no difference in

Fig. 1. Quality of dendritic cells (DC) used in clinical vaccination

trials. Exemplarily, publications of DC-based vaccination trials in

patients with renal cell cancer (RCC) and prostate cancer were

analysed. (a) Studies were categorized as to whether or not to include

information about DC purity, and whether the purity was above or

below 50%. (b) The proportion of studies based on the use of mature

or immature DC was analysed. Additionally, focusing on the studies

using mature DC, the completeness of DC phenotype analyses was

investigated with regard to quality control criteria provided by Figdor

et al. [26]. (c) Number of DC used per vaccination was classified in

six dose groups for those 256 patients with individual information.
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expansion, purity or the phenotype (co-stimulatory mol-
ecules expression) compared with CD40-B cells from healthy
donors. However, two patients had recently received Ritux-
imab therapy (data not shown). The percentage of CD19+

cells in peripheral blood of the Rituximab-treated patients
were 0·1% and 1·4%, meaning that almost all B cells were
killed or currently undergoing apoptosis.

T cell stimulation by CD40-B cells from cancer patients

Primary allogeneic mixed lymphocyte reaction (MLR) with
purified CD4+ T cell subsets were used to characterize
antigen presentation of CD40-B cells from cancer patients.
As shown in Fig. 4a,b, CFSE staining showed 20–30% of
CD4+ T cells had proliferated after 4 days of co-culture with

Fig. 2. Expansion of CD40-B in cancer

patients. CD40-B cells were generated using

CD40L-transfected NIH3T3 cells and

recombinant human interleukin-4. (a) CD40-B

cells were generated from peripheral blood

mononuclear cells of colon cancer patients

(filled squares, triangles and diamonds). One

representative healthy donor is included as

reference (open circles). Total cell numbers of

CD40-B cell cultures are shown. (b) CD40-B

cell generation from mantle cell lymphoma

patients. Total cell numbers (open bars) and

purity of B cells (CD19+ cells) (closed bars) on

days 0 and 14 are shown.
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Fig. 3. Expression of immunostimulatory

molecules on CD40-B cells in cancer patients.

(a) Two-colour immunophenotypic analysis,

including CD19 and co-stimulatory molecule

(CD86) on peripheral blood mononuclear cells

on day 0 (left panel) and day 14 (right panel).

Representative data are shown. (b) Surface

expression of co-stimulatory molecules (CD80,

CD86), human leucocyte antigen D-related,

lymph node homing molecules (CD62L, CCR7)

on CD40-B cells from healthy donor and colon

cancer patient. The shaded histogram represents

isotype control of each antibody.

CD40-B cells from healthy donor

CD40-B cells from colon da pt.

CD80 CD86

CD86

C
D

1
9

CD62L CCR7HLA-DR

Fluorescence intensity (log10)

C
e
ll 

c
o
u
n
ts

Day 0 Day 14

6·1 0·48 0·06 90·7

(a)

(b)

E. Kondo et al.

252 © 2008 British Society for Immunology, Clinical and Experimental Immunology, 155: 249–256



CD40-B cells from colon cancer patients. The results of MLR
with colon cancer patients’ CD40-B cells were comparable to
those with CD40-B cells from healthy donors (data not
shown), indicating that CD40-B cells from cancer patients
have sufficient functional ability to present alloantigens to
T cells.

Next, we attempted to generate tumour antigen-specific
T cells restricted to a self-human leucocyte antigen (HLA)
molecule using CD40-B cells from colon cancer patients.
Two HLA-A*0201-restricted synthetic nonamer peptides
from cyclin D1 were used as model antigens. Cyclin D1
was expressed by the primary tumours of these patients
and therefore represents a realistic scenario for cancer
immunotherapy. PBMC from four colon cancer patients
were stimulated with peptide-pulsed autologous CD40-B
cells, and after four weekly stimulations the cytotoxicity of
the bulk T cell cultures was examined by Eu release assay.
T cells stimulated with CycD1_101 (LLGATCMFV) or
CycD1_228 (RLTRFLSRV)-pulsed CD40-B cells could lyse
relevant peptide-pulsed CD40-B cells, but not target cells
pulsed with irrelevant peptide (Fig. 4c), indicating that
CD40-B cells from cancer patients have the ability to induce
tumour antigen-specific T cells.

Migration capacity of CD40-B cells from cancer
patients

For the successful induction of immune responses, in vivo
homing of APC (DC or CD40-B) to secondary lymphoid
organs is crucial. As reported previously, CD40-B cells
express chemokine receptors, CCR7 and CXCR4, which are
critical for homing to secondary lymphoid tissues, and are
therefore thought to stimulate T cells efficiently in the T cell
area in lymphoid tissues. To address whether the migration
capacity of CD40-B cells from cancer patients is impaired,
we conducted a standard migration assay in the presence
of chemokines on CCR7 and CXCR4. In the absence of
chemokines, CD40-B cells showed very little spontaneous
migration. CD40-B cells from cancer patients migrated
efficiently towards CCL21/SLC and CXCL12/SDF-1, the
cognate ligands for CCR7 and CXCR4 respectively (Fig. 5).
No significant difference was observed between migration of
CD40-B cells from colon cancer patients and healthy donors.
Taken together, these data suggest that CD40-B cells from
cancer patients have comparable migration capacity towards
chemokines important for homing to secondary lymphoid
organs with those from healthy donors.

Discussion

Cell-based vaccines are a promising cancer therapeutic.
Induction of immunity in murine models and – in select
cases – in humans certainly suggests significant potential to
induce strong anti-tumour immune responses. However, so
far clinical results remain disappointing [1]. An increasing
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Fig. 4. T cell stimulation by CD40-B cells from cancer patients.

Allogenic CD4+ T cells were purified, stained with carboxyfluorescein

succinimidyl ester (CFSE) and used as effector cells in a mixed

lymphocyte reaction (MLR) assay. CD40-B cells from colon cancer

patients were co-cultured for 4 days with CFSE-labelled CD4+ T cells

at various effector : target ratios and T cell proliferation was assessed

by flow cytometric analysis. (a) Representative dot plots of MLR.

Unstimulated CD4+ T cells (negative control: left panel) and CD4+ T

cells stimulated with CD40-B cells (right panel) are shown. (b) MLR

proliferation by CD40-B cells from indicated donor (healthy or colon

cancer patients) at various responder : stimulator ratios is shown. The

percentage of cells with decreased CFSE staining intensity was

reported as % proliferation. Error bars represent the mean � standard

error of the mean. (c) Generation of cyclin D1-specific cytotoxic T

lymphocyte from cancer patients. Peripheral blood mononuclear cells

from a colon cancer patient were stimulated with autologous CD40-B

cells pulsed with indicated peptides. After four weekly stimulations,

the lytic activity of the cytotoxic T lymphocyte line stimulated with

CD40-B cells pulsed with CycD1_101–9 (left panel) or CycD1_228

(right panel) was tested by Europium release assay. Autologous

CD40-B cells pulsed with CycD1_101–9 (filled circles) or CycD1_228

(open circles) were used as target cells at various effector : target

ratios.
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knowledge of host–tumour interactions has shed light on
tumour-protective mechanisms operative in the microenvi-
ronment [48–50], depending upon the stage of the disease.
Several of these mechanisms have a direct impact on APC,
e.g. rendering DC tolerogenic [4,51,52]. Therefore, the
limited success of DC-based vaccines has been viewed
recently in light of these tumour-derived factors.

However, generation of cellular vaccines remains techni-
cally challenging. Here, we show that production of signifi-
cant quantities of a well-defined cellular agent that is free
of contaminating bystander populations remains a rare
exception. On the contrary, we feel that these basic require-
ments for any biological need to be met before we can be sure
that the above inhibitory mechanisms in fact play a role. As
suggested by Figdor and colleagues [45], it would be of
extreme value to use sufficient doses of at least moderately
pure, standard-phenotype DC using as few different-
generation protocols as necessary.

Only with such a defined agent would it be possible to
address the above biological questions in cancer patients.
However, clinical settings involving cancer patients are a
reality that is far from murine models and therefore these
requirements are a significant challenge.

We and others have characterized CD40-activated B cells
previously as cellular adjuvants [24,53–55]. In laboratory
settings using peripheral blood from healthy donors, they
could be expanded from small amounts (e.g. 10–20 cc) of
peripheral blood over several months. When generated from
healthy volunteers they reach greater 95% purity after 10–12
days and maintain their APC phenotype (CD80high CD83high

CD86high MHC-class I/IIhigh) for several weeks, despite rapid
expansion (doubling time 3–4 days). These cells prime naive
T cells and induce expansion of tumour antigen-specifc
CD4+ and CD8+ cells. Based on these findings, clinical trials

are in preparation. However, they need to meet the same
criteria as defined above in order to be of potential use in
cancer patients and in order to enable the clinical researcher
to learn from such an intervention.

Here, we show that activation and proliferation of B cells
from colon cancer and mantle cell lymphoma patients is
equivalent to that observed in healthy donors. Purity is
always > 95% after 2 weeks and remains stable for several
weeks. In this system cell numbers are 2–3 logs higher than
those used in the DC trials analysed without even having
to apherese the patient. APC function was assessed first by
MLR and equivalent induction of T cell proliferation was
identified. Furthermore, expansion of self-antigen-specific T
cells was shown in HLA-A*0201+ patients. Furthermore, they
express CCR7 and CD62L and demonstrate strong migra-
tion to CCL21 and CXCL12.

While CD40-B expansion was feasible in CD20-
monoclonal antibody-naive patients, Rituximab treatment
represents a challenge to the above approach. If B cells were
expanded despite low initial counts, quality was comparable
to healthy donors. However, it was not possible to overcome
the effect of Rituximab in every patient. As B cell recovery
takes about 1 year after completion of Rituximab infusion
[56], it appears advisable to generate and cryopreserve
CD40-B cells before the start of therapy or after B cell
recovery. However, these considerations are relevant in only
~0·5% of cancer patients.

Taken together, CD40-B cells can be generated in the
majority of cancer patients meeting standard requirements
for cellular adjuvants such as cell number and purity, as well
as APC phenotype and function.
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