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Summary

The present standard of care for B cell non-Hodgkin’s lymphoma includes
Immunology, Sackler School of Medicine, the anti-CD20 monoclonal antibody rituximab. Although combination treat-
ments with chemotherapy and rituximab improved the duration of remis-
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sions and overall survival in indolent B cell lymphoma, the disease is
essentially incurable. Thus, new therapeutic approaches are needed. One
such approach is active immunization. Given that rituximab depletes both
malignant and normal B cells, it is expected to impair humoral immune
responses in vaccinated patients. Hence, optimal vaccination strategies for
rituximab-treated patients require induction of effector T cells, which can be
achieved by dendritic cell (DC) vaccines. We have demonstrated in a mouse
model that chemotherapy combined with DC vaccines was therapeutically
effective. However, efficacy was related to tumour size at the onset of treat-
ment, decreasing in correlation with increasing tumour burdens. We there-
fore examined whether, in spite of its low efficacy in advanced disease, DC
vaccination may synergize with anti-CD20 antibodies to enhance therapy.
Lymphoma-bearing mice were treated with cyclophosphamide, anti-CD20
antibodies and an intratumoral DC vaccine. Results clearly demonstrated
the enhanced therapeutic effect of this combination treatment. Thus, under
conditions of disseminated disease, when either anti-CD20 antibody treat-
ment or vaccination showed insufficient efficacy, their combination resulted
in synergism that mediated long-term survival. We demonstrated further
that the combination of antibody and vaccine induced T cell-mediated anti-
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strategy for enhancing therapy in rituximab-treated patients.
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Active immunotherapy trials to date consist largely of
vaccines that use the immunoglobulin (Ig) idiotypes (Id)
as tumour-specific antigens [4]. The variable regions of

Introduction

Indolent non-Hodgkin’s lymphomas (NHL) remain

incurable. The anti-CD20 monoclonal antibody (mAb)
rituximab revolutionized the treatment of these malignan-
cies and is currently utilized as a standard of care for NHL
[1-3]. However, although rituximab significantly improves
duration of remissions and overall survival, patients eventu-
ally relapse from residual resistant tumour cells. Thus, new
therapeutic approaches are needed. One such approach is
active immunization.

surface Ig on a B cell form an antigen-binding site that is
unique to each Ig and contain determinants termed Id.
Because B cell lymphomas are clonal in nature, their Ig
variable regions are distinct from those of their non-
malignant counterparts. Therefore, Id of B cell lymphomas
can serve as tumour-specific antigens for therapeutic vacci-
nation. Although Phase I/II clinical trials of Id vaccines
have shown encouraging clinical efficacy as well as clinical
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benefit, three large-scale Phase III trials were disappointing,
as two of them failed to achieve their main endpoints of
improved progression-free survival [5-7]. Detailed analysis
of these trials indicated that a subset of patients with
complete response following induction chemotherapy, in
particular patients with an IgM vaccine isotype, may
benefit from Id vaccine therapy. However, a more effective
vaccine is needed for patients who do not achieve minimal
residual disease.

The standard of care for follicular lymphoma changed
during the course of clinical trials for Id vaccination and
now includes the mAb rituximab. Because rituximab
depletes both normal and malignant B cells, it is expected
to impair humoral immune responses in vaccinated
patients. Hence, it is crucial to determine its effect on anti-
lymphoma T cell-mediated responses. Neelapu et al.
reported that vaccination by Id protein plus granulocyte—
macrophage colony-stimulating factor (GM-CSF) in
patients with mantle cell lymphoma following rituximab-
containing chemotherapy induced vigorous CD4 and CD8
anti-tumour type I responses in the absence of circulating
B cells [8]. These results indicate that severe B cell
depletion does not impair T cell priming, suggesting
that vaccination may be used in combination with rituxi-
mab, provided that an effective T cell-inducing vaccine is
utilized.

Dendritic cells (DCs) loaded with antigen are attractive
vehicles for therapeutic cancer vaccines. Clinical studies of
vaccination with autologous DCs loaded ex vivo with Id
protein demonstrated significant immune and clinical
responses [9,10]. More recently, an alternate approach of
pulsing autologous DCs with apoptotic tumour cells
showed impressive clinical responses in patients with
relapsed indolent NHL, suggesting that immunization with
tumour cell-loaded DCs represents a potentially effective
strategy for the treatment of patients with relapsed and
measurable disease [11]. In yet another approach that cir-
cumvents the requirement for ex-vivo antigen pulsing of
DCs, naive DCs have been injected into the tumour after
chemotherapy in murine lymphoma models. Antigens
derived from dying tumour cells following chemotherapy
are taken by the naive intratumorally injected DCs and
cross-prime T cells against the lymphoma antigens, result-
ing in tumour regression [12,13]. This strategy has yet to be
tested in patients.

We have demonstrated previously a synergistic effect of
DC-based vaccination and anti-CD20 antibody treatment
in the therapy of murine lymphoma [13]. Because mAbs
against murine CD20 were not available at that time,
we used anti-human CD20 mAbs and murine lymphoma
cells engineered by retroviral transduction to express
human CD20. In this experimental model, however, host
B cells are not depleted because the anti-human CD20
mAbs do not react with murine CD20. As B cell-depleting
anti-mouse CD20 mAbs are now available, we repeated

this study with wild-type murine B cell lymphoma
and anti-murine CD20 mAbs, which is a more clini-
cally relevant setting. In this study we demonstrate an
enhanced therapeutic effect of B cell-depleting anti-CD20
mAbs when combined with DC vaccination in advanced
lymphoma.

Materials and methods

Mice

Female BALB/c and C3H/HeN mice (8 weeks of age) were
purchased from Harlan Ltd (Jerusalem, Israel). All proce-
dures were approved by the Institutional Animal Care and
Use Committee.

Cell lines and antibodies

A20, a BALB/c-derived B cell lymphoma [14], was obtained
from the American Type Culture Collection (Manassas, VA,
USA). A C3H-derived B cell lymphoma, 38C-13, was gener-
ated in our laboratory [15]. L10, a BALB/c-derived B cell
lymphoma [14], was provided by Dr R. Laskov (The
Hebrew University, Jerusalem, Israel). The cells were main-
tained in RPMI-1640 medium supplemented with 10%
heat-inactivated fetal calf serum, 2 mM L-glutamine, 100
U/ml penicillin, 100 pg/ml streptomycin and 50 uM mer-
captoethanol. The B cell-depleting mAb against murine
CD20 (clone 5D2) was provided by Genentech Inc. (South
San Francisco, CA, USA). The mAD against A20 Id (clone
1G6-B8) was provided by Dr R. Levy (Stanford University,
Stanford, CA, USA).

Generation of bone marrow-derived DCs

Primary DCs were obtained from mouse bone marrow
progenitors, as described by Lutz et al. [16]. Briefly, bone
marrow was flushed from the femurs and tibia of mice and
resuspended in RPMI-1640 medium supplemented with
10% fetal calf serum, 2 mM L-glutamine, 100 U/ml penicil-
lin, 100 pg/ml streptomycin, 50 UM 2-mercaptoethanol and
20 ng/ml recombinant murine GM-CSF (ProSpec-Tany
TechnoGene, Rehovot, Israel). Cells were plated in bacterio-
logical Petri dishes (Falcon no. 1029; BD Biosciences, San
Jose, CA, USA), and then fed with the same medium on
days 3 and 6. On day 8, non-adherent cells were collected,
centrifuged at room temperature, resuspended in medium
containing 10 ng/ml GM-CSE, and plated for another 2
days in tissue culture plastic dishes (Falcon no. 3003; BD
Biosciences). For antigen loading, cells were incubated for
18 h with tumour cells that were y-irradiated with 100 Gy
and cultured for 2 days after irradiation. Following 18 h
incubation for antigen loading, DCs were harvested and
washed.
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Trimodal combination treatment of tumours

Animals were inoculated subcutaneously in the right flank
with 7-5X10° A20 or 2x10° 38C-13 tumour cells. In
the A20 lymphoma model, treatment commenced when
tumours reached a mean diameter of 11 mm (day 21).
Cyclophosphamide (100 mg/kg body weight) was injected
intraperitoneally twice on days 21 and 23. One day post-
chemotherapy (day 24), mice were injected intraperito-
neally with 200 pg of anti-CD20 mAbs. Two million DCs
were given 2 and 5 days later (days 26 and 29), either by
intratumoral injection of naive DCs or by subcutaneous
injection (in the left flank) of tumour cell-loaded DCs. In
the 38C-13 lymphoma model, treatment commenced when
tumours reached a mean diameter of 8 mm (day 8), but
other than that was similar to the combination treatment of
A20.

Enzyme-linked immunospot (ELISPOT) assay for
detection of interferon (IFN)-y-secreting cells

ELISPOT assays were performed as we have described
previously [17]. Briefly, nitrocellulose-based 96-well micro-
titre plates (Millipore Corporation, Bedford, MA, USA)
were coated overnight at 4°C with 10 ug/ml of anti-mouse
IFN-y mAb R4-6A2 (BD Biosciences Pharmingen, San
Diego, CA, USA). Following blocking, mixtures of spleen
cells and irradiated tumour cells at ratios of 10:1 or
20:1 were added to plates and incubated for 24 h at 37°C.
The cells were then removed, and biotinylated anti-mouse
IFN-y mAb XMG1-2 (BD Biosciences Pharmingen) was
added at 4 pg/ml for 24 h at 4°C. Peroxidase-conjugated
streptavidin (Jackson ImmunoResearch, West Grove, PA,
USA) was then added for 2 h at room temperature fol-
lowed by the 3-amino-9-ethylcarbazole substrate (Sigma-
Aldrich, St Louis, MO, USA). Red spots representing single
IFN-y-secreting cells were counted using a dissecting
microscope.

Flow cytometry

Tumour cells (1 x 10° cells per sample) were incubated for
45 min at 4°C with sera of immunized mice diluted 1:100 or
with anti-Id antibodies (10 pg/ml). After washings, cells
were incubated with fluorescein isothiocyanate-conjugated
goat anti-mouse IgGl (Jackson ImmunoResearch). Cells
were then washed and analysed on a FACSort flow cytom-
eter (BD Biosciences).

Statistical analysis

Differences between survival curves were assessed by the
log-rank test. Values at P < 0-05 were considered statistically
significant.

DC vaccines enhance anti-CD20 therapy

Results

The combination of anti-CD20 antibody treatment
and DC vaccination results in a synergistic
therapeutic effect

It has been demonstrated previously in lymphoma models
that, although chemotherapy alone resulted in only tran-
sient tumour regression, cytoreduction by cyclophospha-
mide was required prior to anti-CD20 antibody treatment
and DC vaccination in order to achieve a therapeutic effect
[12,13]. Additionally, in the 38C-13 lymphoma model, we
have demonstrated that intratumoral injection of naive DCs
and subcutaneous injection of DCs loaded with irradiated
tumour cells had comparable therapeutic effects, which
were superior to vaccination with Id-loaded DCs [13]. In
this study we compared intratumoral injection of naive DCs
and subcutaneous injection of DCs loaded with irradiated
tumour cells in the A20 lymphoma model. The latter was
used in the present study because A20 cells, unlike 38C-13
cells, express surface CD20 ([18] and our unpublished
observations). As shown in Fig. la, DCs loaded with
tumour cells either ex vivo or in situ had a similar therapeu-
tic effect against established tumours, resulting in long-term
survival of a high percentage of treated animals (differences
between the two vaccination regimens were not statistically
significant). Because intratumoral injection of naive DCs
does not require ex-vivo antigen loading, we used this
approach during the present study.

Efficacy of DC vaccination was related to tumour size at
the onset of treatment, decreasing in correlation with
increasing tumour burdens. Thus, while 80-100% of mice
with 6-mm tumours survived following vaccination
(Fig. 1a), only 20-30% of mice with 11-mm tumours sur-
vived following the same treatment (Fig. 1b). This was also
the case for anti-CD20 antibody treatment (data not
shown). However, when DC vaccination was combined
with anti-CD20 mAbs, the two agents synergized to yield an
enhanced therapeutic effect in mice bearing large tumours.
In a representative experiment depicted in Fig. 1b, mice
bearing large A20 tumours (mean diameter of 11 mm on
day 21 after tumour inoculation) were injected intraperito-
neally twice with cyclophosphamide on days 21 and 23. One
day post-chemotherapy (day 24), mice were injected intra-
peritoneally with anti-CD20 antibodies. Two and 5 days
later (days 26 and 29), two injections of naive DCs were
given into the tumour. This combination treatment induced
a synergistic effect that led to 100% long-term survival
(P <0:005).

In-situ DC vaccination after chemotherapy and
antibody treatment induces systemic long-term
anti-tumour immunity

Untreated A20 tumour-bearing mice succumb to local and
systemic tumour in lymph nodes, spleen and liver in 5-7
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Fig. 1. Dendritic cell (DC) vaccines can effectively eradicate only
small tumours, but they synergize with CD20 monoclonal antibodies
(mAbs) to enhance therapy in advanced disease. (a) Mice were
inoculated subcutaneously in the right flank with 7-5 X 10° A20
tumour cells. Treatment commenced when tumours reached a mean
diameter of 6 mm (day 14). Cyclophosphamide (CY) was injected
intraperitoneally on days 14 and 15. Mice were then vaccinated on
days 18 and 21 by subcutaneous injection in the left flank of 2 x 10°
DCs loaded with irradiated A20 tumour cells, or by intratumoral
injection of 2 X 10° naive DCs. Differences between the two
vaccination regimens were not significant (P> 0-1). (b) Mice were
inoculated subcutaneously in the right flank with 7-5 X 10° A20
tumour cells. Treatment commenced when tumours reached a mean
diameter of 11 mm (day 21). Cyclophosphamide (CY) was injected
intraperitoneally on days 21 and 23. On day 24, 200 ug of anti-CD20
mADbs were injected intraperitoneally. On days 26 and 29, 2 X 10° naive
DCs were injected intratumorally. The combination of mAbs and DCs
was superior to each of them alone (P < 0-005). Results are

representative of three independent experiments.

weeks. In fact, when treatment of tumour-bearing mice
began (day 21), A20 tumour cells had already disseminated
from local tumour to distant lymph nodes (Fig. 2a). Hence,
the finding that treatment with chemotherapy, anti-CD20
mAbs and an in-situ DC vaccine resulted in long-term sur-
vival (> 5 months) indicated indirectly that local intratu-
moral DC injection induced a systemic anti-tumour
response. To support this supposition, mice were inoculated
with tumours either into the right flank or into both flanks.
After systemic treatment with cyclophosphamide and
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Fig. 2. In-situ dendritic cell (DC) vaccination after chemotherapy and
CD20 antibody treatment induces systemic anti-tumour immunity.
(a) To show that subcutaneous A20 tumours of 11 mm are already
disseminated in distant lymph nodes, fluorescence staining of lymph
node cell suspensions with tumour-specific anti-Id monoclonal
antibodies (mAbs) was performed. Shaded histogram depicts control
antibody and open histogram depicts anti-Id antibody. (b) To show
that unilateral intratumoral DC injection results in tumour regression
on the contralateral side, mice were inoculated with 7-5 x 10° A20
tumour cells either into the right flank or into both flanks. After
systemic treatment with cyclophosphamide and anti-CD20 mAbs (as
in Fig. 1b), the tumours in the right flank where injected with 2 x 10°
DCs, whereas the tumours in the left flank remained untreated. No
difference between the two treatments could be demonstrated

(P> 0-3). Results are representative of two independent experiments.
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Fig. 3. Long-term surviving mice resist tumour rechallenge. Five
months post-combination therapy, surviving mice were rechallenged
subcutaneously with 7-5 X 10° A20 tumour cells. Naive mice were
similarly challenged. P < 0-005. Results are representative of three
independent experiments.

anti-CD20 mAbs (as in Fig. 1b), the tumours in the right
flank were injected with DCs, whereas the tumours in the
left flank remained untreated. It was demonstrated that
tumours in the right (injected) and left (non-injected)
flanks regressed simultaneously. Moreover, DC injection
into the right tumour of mice bearing tumours on both
flanks induced long-term survival, which was similar to that
observed in mice bearing tumours only in the right flank
(Fig. 2b). These results indicated that intratumoral DC
injection as part of the trimodal combination treatment
induced an anti-tumour effect that was systemic, rather
than local.

Long-term surviving mice (5 months post-trimodal com-
bination treatment) were rechallenged with the same dose
of tumour cells. As shown in Fig. 3, surviving mice were
able to resist the rechallenge (P < 0-005), indicating that
combined treatment induced immune-mediated tumour
rejection with long-term memory.

The combination treatment induces tumour-specific T
cells but no antibody production

To determine whether tumour eradication induced by the
combination treatment was antibody-dependent, sera of
treated mice were analysed by immunofluorescence for
tumour binding. Figure 4a demonstrates that sera of mice
with complete response to anti-CD20 mAbs and DC vac-
cines (as in Fig. 1b) did not contain antibodies that bind to
tumour cells, indicating that tumour rejection did not
involve active anti-tumour antibody production.

Because tumour immunity did not involve antibodies,
by using IEN-y-ELISPOT assays we determined if the

DC vaccines enhance anti-CD20 therapy

combination treatment induced an anti-tumour T cell
response. Spleen cells of surviving mice were incubated
with irradiated tumour cells. As shown in Fig. 4b, T lym-
phocytes of surviving mice reacted specifically to A20
tumour by IFN-y secretion (P < 0-05).

The combination treatment has no effect on
CD20-negative lymphoma

Previous studies demonstrated an enhanced ability of T
cells to reject tumours and enhanced vaccine-induced
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Fig. 4. The combination treatment induces tumour-specific T cells
but no antibody production against A20 lymphoma. (a) Sera of mice
responding to the combination treatment were diluted 1:100 and
analysed by immunofluorescence for tumour binding. A representative
mouse is presented. Open black and grey histograms depict sera
before tumour inoculation and after treatment, respectively. Shaded
histogram depicts a positive control of anti-A20 Id. (b) spleen cells of
surviving mice were incubated with irradiated A20 or control L10
tumour cells at a 10:1 or 20:1 ratio. The number of interferon
(IEN)-y-secreting cells was determined by enzyme-linked immunospot
assay. Responses to A20 tumour were enhanced compared to controls
(P < 0-05). Results are representative of three independent
experiments.
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anti-tumour immune responses in the absence of B cells
[19-22]. Because the combination of anti-CD20 mAbs and
DC vaccine synergized to enhance therapy, it was possible
that the augmented therapeutic outcome resulted in part
from CD20 mAb-mediated depletion of host B cells. To
determine if this was the case, we used the B cell lymphoma
38C-13 that does not express surface CD20. Neither the
mouse anti-mouse CD20 mAb 5D2 (used along this study)
nor the rat anti-mouse CD20 mAb AISB12 (eBioscience,
San Diego, CA, USA) reacted with 38C-13 cells (data not
shown). In the model of 38C-13 tumour-bearing mice, anti-
CD20 antibodies do not react with tumour cells but they do
deplete host B cells. Results depicted in Fig. 5 demonstrate
not only that anti-CD20 mAbs alone had no therapeutic
effect, but also that their combination with vaccination was
ineffective. A control group of mice injected with the same
dose of anti-CD20 antibodies ascertained that B cell deple-
tion in blood, spleen and lymph nodes took place (data not
shown). Hence, no augmentation of vaccination by B cell
depletion could be demonstrated.

Discussion

The main objective of this study was to evaluate the thera-
peutic potential of a triple combination treatment consist-
ing of chemotherapy, anti-CD20 mAbs and DC vaccination,
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Fig. 5. The combination treatment is ineffective for CD20-negative
lymphoma. C3H Mice were inoculated subcutaneously in the right
flank with 2 x 10° 38C-13 tumour cells. Treatment commenced when
tumours reached mean diameter of 8 mm (day 8). Cyclophosphamide
(CY) was injected intraperitoneally on days 8 and 9. On day 10, 200
ug of anti-CD20 monoclonal antibodies (mAbs) were injected
intraperitoneally. On days 12 and 15, 2 X 10° naive dendritic cells
(DCs) were injected intratumorally. Results are representative of three
independent experiments.

when compared to chemotherapy plus anti-CD20 mAbs or
chemotherapy plus DC vaccination in a lymphoma model.
We demonstrated enhanced therapeutic effects of B cell-
depleting anti-CD20 mAbs upon combination with DC
vaccination in advanced lymphoma.

Unlike the majority of preclinical and clinical studies,
we did not use the Id protein as antigen for DC loading.
We have demonstrated previously that DCs loaded with
tumour cells ex vivo or in situ were more potent against pre-
existing tumours than Id-loaded DCs [13]. The greater effi-
cacy of DCs loaded with tumour cells compared to DCs
loaded with tumour-specific Id protein may be explained by
recognition of one or more non-Id antigens by the immune
system. It has been reported that Id was not the major target
of tumour immunity in mice vaccinated by DC-lymphoma
or DC-myeloma cell vaccines [12,23,24]. In addition
to greater efficacy, DC-lymphoma cell vaccines have
the advantage of circumventing the expensive and time-
consuming preparation of Id protein by hybridoma or
recombinant DNA technologies. Furthermore, intratumoral
injection of naive DCs, as applied in the present study, does
not require ex-vivo antigen loading, thus offering an addi-
tional shortcut to the production of DC vaccines. Vaccina-
tion with whole tumour cells may, however, carry the risk of
inducing autoimmunity. It has been reported that immuni-
zation by DCs loaded with lymphoma cell-derived peptides
together with CD40 ligand and interleukin (IL)-2-
expressing fibroblasts resulted in a systemic autoimmune
disorder that resembled graft-versus-host disease [25]. In
contrast, we and others found no evidence for autoimmu-
nity when using whole lymphoma cell vaccines in previous
studies [13,23]. Similarly, in the present study we did not
observe any signs of illness (behavioural changes, weight
loss, hair loss, wasting). All survivor animals appeared
healthy up to 8 months after treatment. With regard to the
feasibility of intratumoral injection in patients, clinical
trials demonstrated the feasibility of in-situ vaccination in
lymphoma [26]. Even deep lymphoma sites can be injected
by techniques of interventional radiology. Disseminated
disease does not preclude in-situ vaccination, because injec-
tion of DCs into a single tumour site induces systemic
immune responses resulting in systemic tumour regression
(Fig. 2 and references [12,13]).

Cytoreduction by chemotherapy was a prerequisite in
any combination treatment that we tested. In addition
to cytoreduction, chemotherapy may enhance immune
reactivity. Several anti-neoplastic drugs, including cyclo-
phosphamide, can exert both immunosuppressive and
immunomodulating effects depending on the dosage and
the temporal relationship between drug administration and
antigen challenge [27,28]. It has been shown that a single
administration of cyclophosphamide depleted CD4*CD25*
regulatory T cells and delayed tumour growth [29]. Moreo-
ver, cyclophosphamide has been shown to augment the
anti-tumour effect of DC vaccines by reducing the level of
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regulatory T cells [30]. The latter not only inhibit effector T
cell activity, but also down-regulate antigen uptake and
presentation by DCs, thus decreasing the efficacy of DC
vaccination [31]. Low-dose cyclophosphamide may also
enhance immunity by modulating the balance of DC
subsets in lymphoid organs, as it has a selective cytotoxic
effect on CD8" lymphoid tissue-resident DCs that have
tolerogenic properties, thus negatively regulating immune
responses [32].

The mechanisms underlying synergism between anti-
CD20 mAbs and DC vaccines are not yet clear. We suggest
that cross-presentation of tumour antigens may be
enhanced by the antibodies due to targeting of IgG-
complexed antigens into DCs via Fc receptors. It has been
reported that targeting of antibody-coated apoptotic
tumour cells to DCs via Fc receptors promotes uptake and
cross-presentation of tumour antigens to T cells [23,33].
In-vitro studies indicated that rituximab promotes uptake
of apoptotic lymphoma cells by DCs, thus generating
tumour-specific cytotoxic T lymphocytes [34]. In vivo, it has
been demonstrated in a mouse model that anti-CD20 mAbs
exerted therapeutic effects through the induction of an
adaptive cellular immune response [35], and clinical data
also suggested a ‘vaccinal’ effect of anti-CD20 antibodies
[36]. Hence, promotion of antigen cross-presentation and
induction of a protective T cell response may account, at
least in part, for the superior anti-tumour outcome of
anti-CD20 antibody treatment combined with in-situ DC
injection.

Murine B cell lymphomas, including A20, as well as
various human B cell lymphomas, produce IL-10, which has
been implicated in growth and immune evasion of these
tumours [37-40]. Among its broad anti-inflammatory
properties, IL-10 inhibits the differentiation, maturation,
migration and antigen-presenting function of DCs [41-44].
Induction of anti-tumour immune responses by DC vac-
cines may therefore be impaired by tumour-derived IL-10.
It has been demonstrated that rituximab inhibits secretion
of IL-10 by lymphoma cells [40]. Hence, synergism between
anti-CD20 mAbs and DC vaccines may also result from
reduced IL-10-mediated suppression of the injected DCs.

Previous studies have demonstrated the enhanced ability
of T cells to reject tumours in the absence of B cells, sug-
gesting that B cell depletion may enhance vaccine-induced
anti-tumour immune responses [19-22]. It was therefore
possible that the augmented therapeutic outcome demon-
strated in the present study resulted in part from CD20
mAb-mediated depletion of host B cells. This was tested by
using the CD20-negative 38C-13 B cell lymphoma. The
38C-13 is more aggressive and harder to cure than the A20
lymphoma, which is reflected by the inefficacy of anti-CD20
treatment or DC vaccination alone. In a previous study
using anti-human CD20 mAbs and 38C-13 tumour cells
expressing human CD20, a model in which tumour cells
but not host B cells are affected by the mAbs, we demon-

DC vaccines enhance anti-CD20 therapy

strated that under conditions of large primary tumours that
had already spread to lymph nodes, when anti-CD20 anti-
body treatment and DC vaccination alone had no effect,
synergism between these two modalities upon their combi-
nation resulted in significant long-term survival [13]. Con-
versely, when CD20-negative wild-type 38C-13 tumour cells
and anti-mouse CD20 mAbs were used in the present study,
no enhanced therapeutic effect could be demonstrated.
Thus, enhancement of DC vaccines by anti-CD20 mAbs
requires tumour perturbation by the antibodies, while
depletion of host B cells per se is insufficient to evoke
tumour rejection.

In contrast to previous studies in non-haematopoietic
murine tumour models that demonstrated augmented
ability of T cells to reject tumours in the absence of B cells
[19-22], a recent study demonstrated that B cell depletion
by CD20 mAbs prior to melanoma inoculation caused an
increase in tumour volume and lung metastasis associated
with impaired anti-tumour T cell-mediated immunity [45].
We observed neither a negative nor a positive effect of B
cell depletion on 38C-13 tumour growth, which may be due
to the different type of tumour (lymphoma versus non-
haematopoietic tumours) and therapeutic protocol (injec-
tion of CD20 mAbs subsequent to chemotherapy in
advanced disease). While the ability of B cells to regulate
anti-tumour immune responses negatively has been attrib-
uted to provision of IL-10 by regulatory B10 cells [46],
other B cell subpopulations can, conversely, contribute posi-
tively to tumour immunity [45]. The balance between the
negative and the positive regulatory activity of B cells most
probably affects the development of tumour immunity.
This balance may vary at different stages of tumour pro-
gression or in response to different tumours.

In conclusion, in B cell lymphoma, anti-CD20 antibody
treatment and DC vaccination synergize to improve the
therapeutic outcome compared to the treatment with each
one of them alone. Combination treatments including
tumour cell-loaded DC vaccines may therefore provide
a strategy for enhancing therapy in rituximab-treated
patients.
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