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Immunotherapy denotes a strategy for manipulating a
patient’s immune response [1]. In cancer or infectious dis-
ease the approach is designed to boost the patient’s response
to tumour antigens or pathogens. Conversely, immunother-
apeutic strategies in autoimmunity or allergy are designed to
silence the patient’s response to autoantigens or allergens.
Two principal approaches to immunotherapy, modulation of
the immune system 

 

de novo

 

 by therapeutic vaccination or
administration of exogenous reagents, such as cytokines and
antibodies, in order to boost endogenous immune function,
have been described [2].

The use of immunotherapy intended to enhance anti-
tumour immunity has been established since William Corey
in the 1890s achieved some success by administering bacte-
rial extracts to cancer patients [3]. Since that time thousands
of experimental models of and hundreds of clinical trials of
immunotherapy have been reported. The strategies
employed have been either nonspecific (e.g. administration
of immunological adjuvants such as IL-2 and lymphokine-
activated killer cells) [4] or antigen-specific (e.g. immuniza-
tion with genetically modified tumour cells; vaccination with
tumour peptides or DNA-encoding tumour antigens) [5].
Although each of these approaches has been shown to boost
anti-tumour immunity in animal models none has yet
proved of consistent benefit in the clinic. This has focused
attention in several different cancers on the dendritic cell
(DC) as a critical initiator and regulator of T cell responses.

DC are the most potent APC and unique in their capacity
to initiate a primary T cell immune response [6]. DC resi-
dent in peripheral tissues have an immature phenotype,
characterized by the capacity for avid antigen sampling but
limited ability to activate naïve T cells resident in draining
lymph nodes. The full antigen presenting potential of DC is
only apparent after receipt of maturation signals, which
direct migration of DC from the peripheral tissue to the
draining lymph nodes. There is a consensus that effective

cancer vaccines will need to elicit both CD4

 

+

 

 IFN-

 

g

 

 produc-
ing and CD8

 

+

 

 cytotoxic T cell responses [7]. Successful anti-
tumour immunity will therefore depend on receipt by DC of
maturation signals, which drive differentiation of naïve
CD4

 

+

 

, and CD8

 

+

 

 T cells into Th1/Tc1 effector cells.
Early vaccine trials, in which immature and mature DC

were loaded with tumour antigens and infused into patients,
demonstrated  that  only  mature  DC  induce  effective
anti-tumour  immunity  [8].  Maturation  signals  stimulate
up regulation of costimulatory molecules on DC and pro-
duction of inflammatory cytokines, which counteract the
tolerance inducing properties of immature DC [9]. Cross-
linking of the costimulatory molecule, CD40, by CD40L
expressed by CD4

 

+

 

 T cells has the additional effect of prim-
ing for CD8

 

+

 

 T cell memory, a mechanism that may be
essential for achieving long-term tumour immunity [10].

Unravelling the contribution of different stimuli to mat-
uration of DC has been greatly aided by the observation by
Sallusto and Lanzavecchia that peripheral blood monocytes,
exposed to a combination of the inflammatory cytokines,
GM-CSF and IL-4, differentiate into immature DC [11].
This has permitted exploration of the characteristics of an
easily accessible, homogeneous population of DC, which can
be manipulated for clinical application. A cocktail of cytok-
ines, IL-1

 

b

 

, IL-6 and TNF-

 

a

 

, together with PGE

 

2

 

 is conven-
tionally used to induce maturation of monocyte derived DC
(MDC) [12]. The optimal combination, however, of matu-
ration stimuli for the best possible anti-tumour response is
as yet unclear. Recent studies have revealed the potent mat-
uration effects of type I IFNs on MDC [13] and subsequent
enhancement of cytotoxic T cell responses [14]. In addition
to effects on maturation, Renneson 

 

et al

 

. [15] in the present
issue have demonstrated that monocytes differentiated in the
presence of IFN-

 

b

 

 in combination with the survival factor,
IL-3, are effective inducers of antigen-specific cytotoxic T
cells. The optimal timing of exposure to Type I IFNs during
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differentiation and maturation of DC has still to be resolved,
but these studies complement trials demonstrating the clin-
ical promise of type I IFNs as therapies for selected malig-
nancies [16].

Most currently published trials of DC vaccines have uti-
lized MDC or DC derived from CD34 

 

+

 

 haematopoietic pro-
genitor cells loaded with tumour antigen, peptide, idiotype
or tumour cells [17]. Most studies demonstrated some
degree of enhanced systemic anti-tumour immunity and
critically, the absence of serious side-effects. Bhardwaj and
colleagues have suggested that the most impressive clinical
response was associated with immunization with whole pro-
tein, killed tumour cells or tumour lysates [12]. These
sources of antigen can target the MHC class II pathway and,
via cross presentation, the class I pathway, and thus generate
both Th1 and Tc1 immunity. There is, however, limited evi-
dence relating to migration of DC to the tumour site or the
presence of cytotoxic T cells infiltrating the tumour [18,19].
It is probable that both these criteria must be fulfilled for
successful clearance of tumour load. Moreover, limited
access to central lymph nodes probably accounts for the rel-
ative lack of efficacy of DC vaccination in controlling solid
tumours such as lung cancer [17]. In addition, because of
technical difficulties in isolating sufficient numbers of DC
directly from peripheral blood, the potential therapeutic
benefits of such DC populations have only begun to be eval-
uated [20].

Since DC are critical for induction of tumour immunity
the reasons for their failure to eliminate tumour burden
must be considered. Firstly, tumour-derived inhibitory fac-
tors such as IL-10, TGF-

 

b

 

, VEGF and prostaglandins have all
been implicated in the down regulation of DC function [21].
Secondly, T cells expressing a CD4

 

+

 

CD25

 

+

 

 regulatory phe-
notype (T

 

reg

 

), which can suppress DC function, have been
detected in cancer draining lymph nodes [22,23]. Thirdly,
DC may fail to be recruited in adequate numbers to draining
lymph nodes or intratumorally [24]. Therefore, procedures
such as depletion of T

 

reg

 

 cells, neutralization of inhibitory
factors, and gene targeting of tumours and cancer draining
lymph nodes with DC chemoattractants should be consid-
ered as adjuvant therapies prior to vaccination.

Direct enhancement of DC competence at the site of the
tumour and in cancer draining lymph nodes represents an
alternative to therapeutic vaccination. This strategy may be
advantageous as mature DC derived 

 

ex vivo

 

 secrete low levels
of IL-12 [9]. Methods such as injecting Bacillus-Calmette-
Guerin into tumours or systemic administration of DC
growth and maturation factors such as GM-CSF and CD40
ligand have not convincingly demonstrated either expansion
or maturation of tumour infiltrating or draining DC popu-
lations [25]. Novel approaches to immunotherapy are there-
fore urgently required. Srivastava and colleagues have
demonstrated that heat shock proteins (HSP)-peptide com-
plexes isolated from a specific tumour can be used to elicit
prophylactic and therapeutic immunity against the cancer

from which the immunizing preparation was isolated [26].
Internalization of HSP-peptide complexes generates
extremely efficient access to the MHC class I pathway and
activates DC competence in spite of exogenous administra-
tion of the complex. Steinman 

 

et al.

 

 [27] have reported that
targeting antigen to the DEC-205 endocytic receptor on DC
mediates antigen uptake and presentation to CD4

 

+

 

 and
CD8

 

+

 

 T cells which, in conjunction with CD40 ligation,
induces maturation of DC and strongly activating signals to
CD8

 

+

 

 T cells.
Two main dendritic cell populations have been identified

in humans; myeloid DC, which include interstitial DC, and
plasmacytoid DC, which are primarily located in blood and
secondary lymphoid organs [28]. Most forms of therapy
designed to boost DC function have been, whether inten-
tionally or not, directed to the myeloid subset. Plasmacytoid
DC have recently been reported to prime tumour-specific
CD8

 

+

 

 T cells and to infiltrate tumour tissues [29,30]. As plas-
macytoid DC are the principal type I IFN-producing
immune cell they represent an extremely attractive therapeu-
tic target. Plasmacytoid DC of human origin specifically
express the toll-like receptor, TLR 9, one of a family of recep-
tors which recognize components of microorganisms and
thus transmit a ‘danger’ signal to DC in peripheral tissues
[31]. Ligation of TLR9 by unmethylated CpG oligodinucle-
otides (CpG) has been shown to generate potent anti-tumour
immunity including reversal of impaired DC function and
elimination of cancerous cells in lung tumour-bearing mice
[32]. These effects were optimal when DC were stimulated in
conjunction with neutralization of IL-10. CpG conjugated to
tumour peptide or in conjunction with tumour peptide are
now subject to trial in several forms of cancer and initial pub-
lished results are eagerly anticipated.

DC are an attractive target for therapeutic manipulation
of the immune system in cancer. However, the lack of gen-
erally accepted protocols for conducting and evaluating the
results of clinical trials is hindering the progress of immu-
notherapy. This is probably inevitable at present, considering
the multitude of parameters, an indication of which is given
in this review, whose rational manipulation will be required
to optimize design of intervention strategies. It is probable
that no single approach, therapeutic vaccination, boosting
the immunostimulatory profile of endogenous DC or neu-
tralization and depletion of inhibitory factors and cells, will
be sufficient to provide long-lasting antitumour immunity.
A multitargeted approach based on a greater understanding
of DC biology will be required to attain the goal of effective
immunotherapy in cancer.
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