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a b s t r a c t

The immune system has the ability to control and destroy malignant calls. This has been
demonstrated by the graft versus leukaemia effect and the use of donor lymphocyte infu-
sions in peripheral blood stem cell transplantation. Dendritic cells are potent antigen pre-
senting cells and become activated after phagocytosing and processing antigen. During this
process they up-regulate MHC, co-stimulatory and adhesion molecules and have the ability
to stimulate naïve T-cells. Recent evidence has shown that dendritic cells can be loaded
with tumour specific antigens and can be used to generate specific anti-tumour T-cell
responses. Initial clinical studies using this technology have been promising and suggest
that dendritic cells and T-lymphocytes can be utilised in developing therapies which target
specific malignant clones.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

The immune system plays an important role in tumour
surveillance and the control of malignant cells. This has
been demonstrated in patients post stem cell transplanta-
tion, by the graft versus leukaemia effect and with the use
of donor lymphocyte infusions in patients who have
relapsed [1,2]. Utilising the immune system to treat malig-
nancy, is therefore, both a logical and attractive alternative
to traditional therapy. Research into this field has taken
many directions and these include both non-cellular and
cellular techniques. Cellular approaches have focussed on
the generation of tumour specific T-cells and dendritic cell
vaccines [3–5]. Dendritic cells comprise of a number of
specialised cell populations which all have the ability to
process antigen and stimulate naïve T-cells. They are the
most potent antigen presenting cells in the immune sys-
tem. This has been demonstrated in studies examining T-
cell proliferation after incubation with various antigen pre-
senting cells. These investigations have revealed that the
capacity for dendritic cells to stimulate T-cells is signifi-
cantly higher when compared to monocytes and B-cells
. All rights reserved.
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[6]. This property makes them ideal for generating tumour
specific T-cell responses. With this background in mind,
the aim of this article is to describe the characteristics
and biological function of dendritic cells and to review
their use as an alternate therapy in malignancy.

2. Characteristics and origin

Dendritic cells originate from CD34+ pluripotential
stem cells, can differentiate along either the myeloid or
lymphoid lineage and have been named because of their
distinct morphology. They are large with an irregular
shape and have numerous membrane protrusions called
spiny dendrites. Electron microscopy has revealed the
presence of prominent mitochondria, endosomes and
lysosomes, which are all involved in the up-take and pro-
cessing of antigen. Many of the enzymes present in mono-
cytes and macrophages are either decreased or lacking in
dendritic cells. These include non-specific esterase, which
decreases significantly after activation, and the lysosomal
enzyme acid phosphatase. Other lysosomal antigens such
as CD68 are also decreased [3].

Dendritic cells express a number of cell surface antigens
which allow them to be differentiated from both mono-
cytes and macrophages (see Table 1) These include lineage
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Table 1
Antigens expressed on the surface of dendritic cells, monocytes and
macrophages.

Dendritic cells Monocytes Macrophages

Lineage specific antigens
CMRF-44 +++ +/� +
CD83 + � �

Monocyte lineage
CD14 � ++ +
CD68 + +++ ++
CD11c ++ + +

Co-stimulatory antigens and others
CD40 ++ + +
CD80 ++ � +
CD86 ++ + +
HLA-DR +++ + ++
CD1a ++ � +
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specific antigens such as CMRF-44 and CD83, adhesion
molecules (CD11a, CD11c), co-stimulatory antigens
(CD80, CD40 and CD86) and MHC class I and class II [3].

3. Function and biology

Dendritic cells are positioned at the interface between
the peripheral tissues and lymphoid organs. Antigen recog-
nition and endocytosis by the cell is achieved by a number
of surface molecules and include Fc receptors, compliment
receptors and C-type lectins which recognise specific car-
bohydrate structures [3,7]. After taking up and processing
antigen they mature and migrate through the tissues to
secondary lymphoid organs, where the processed antigen
is presented to T-cells in association with MHC molecules.
The T-cells become activated, proliferate and initiate an
immune response.

However, recent evidence has indicated that antigen
presentation by dendritic cells can also induce unrespon-
siveness or anergy with the expansion of regulatory T-cells
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(Tregs) which down-regulate the immune response [8,9].
In order to become activated, T-cells require two signals.
In addition to recognition of antigen in association with
MHC, a variety of co-stimulatory molecules are needed.
These consist of CD80 (B7.1), CD86 (B7.2) and CD40.These
molecules are expressed by the antigen presenting cell and
bind to CD28 and CD40 ligand which are present on the
surface of the T-cell. Dendritic cells will however only
up-regulate these antigens if they recognise ‘‘danger sig-
nals”. ‘‘Danger signals” are molecules which indicate that
cells are stressed. These include inflammatory cytokines,
high levels of pathogen and prostaglandins. The dendritic
cell is instructed to mature by the recognition of ‘‘pathogen
associated molecular patterns (PAMPS)” which bind to a
variety of toll-like receptors present on the surface of the
cell. After recognition by the toll-like receptor an intracel-
lular signal cascade is induced. This activates nuclear-fac-
tor jD (NF–jD) and results in the maturation of the
dendritic cell with the up-regulation of co-stimulatory
molecules, adhesion molecules and the production of cyto-
kines (see Fig. 1). Toll-like receptors also determine which
cytokines are produced by the dendritic cell. This in turn
determines whether the T-cells induce a type1 (inflamma-
tory), type 2 (humoral) immune response or Th17 cells
which produce G-CSF and GM-CSF [3,4,7,8].

If antigen is recognised without the binding of a toll-like
receptor the dendritic cell remains immature, T-cells are
not activated and may be induced to proliferate into T-reg-
ulatory cells. These antigen presenting cells are tolerogenic
and suppress the immune response. This pathway is used
by the immune system to control autoimmunity, and clin-
ically, can be utilised to treat graft-versus-host disease and
transplant rejection [8,9].

In order for dendritic cells and T-cells to be used for
immunotherapy and stimulating specific anti-tumour re-
sponses, they must be activated and induced to up-regu-
late co-stimulatory and adhesion molecules.
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4. The isolation and generation of dendritic cells in vitro

To generate an immune response, mature, antigen-
pulsed dendritic cells must be generated. This is a compli-
cated process and numerous methods have been described.

Dendritic cells can be generated from CD34+ stem cells,
peripheral blood myeloid cells or monocytes. Monocyte-
derived dendritic cells can be easily cultured from periph-
eral blood monocytes. Monocytes are isolated from periph-
eral blood mononuclear cells by using either plastic
adherence or magnetic beads. Thereafter they are cultured
with GM-CSF and IL-4. After five to seven days immature
dendritic cells are produced [3,10]. Myeloid derived den-
dritic cells can be generated via density gradient centrifu-
gation and expanded in vivo with FLT 3-ligand. CD34+
derived dendritic cells are cultured using medium contain-
ing TNFa, GM-CSF/ IL-3 and stem cell factor [8,11]. Imma-
ture dendritic cells express low levels of co-stimulatory
molecules and have limited ability to activate T-cells.

In order to activate dendritic cells, they can be stimu-
lated with cytokines such as TNFa or toll-like receptor li-
gands such as PAMPs or lipopolysaccharide. It has been
suggested that a combination of both cytokines and
Toll-like receptor ligands would be ideal [8]. After activa-
tion, the expression of co-stimulatory and other antigens
can be measured using standard flow cytometric
techniques.
5. Loading dendritic cells with tumour antigen

Once the dendritic cells have been generated they must
be loaded or pulsed with tumour antigens. The aim of this
process is to induce dendritic cells to present tumour anti-
gens to T-cells in order for them to become activated and
eradicate malignant clones. Numerous antigen types and
methodologies have been used for this purpose. Dendritic
cells can be ‘‘pulsed” with specific synthetic peptides or
whole proteins. These include antigens such as telomerase
and MAGE [8]. In haematology, particularly B-cell malig-
nancy, it is possible to use the immunoglobulin idiotype
which is present on the membranes of the cells in most
B-cell lymphomas. This approach can also be used in Mul-
tiple Myeloma as the serum of patients contains high levels
of idiotype protein [12,13].

Another novel approach is the generation of Epstein-
Barr virus (EBV) specific T-cells in order to treat EBV asso-
ciated lymphomas. This has been utilised with some suc-
cess in patients post allogeneic stem cell transplantation
[5]. The immunogenicity of these antigens can be increased
if they are loaded with a carrier protein such as keyhole
limpet hemocyanin (KLH) [8,12].

However, the utilisation of tumour specific antigen can
induce malignant cells to escape the immune response by
down-regulating expression of the antigen. Therefore, it
has been suggested that proteins which cannot be down-
regulated be used. Examples of these are the BCR/ABL
and PML/RARAa fusion proteins which are leukaemia spe-
cific. Another alternative is to ‘‘pulse” the dendritic cells
with whole tumour material such as tumour lysates or
apoptotic and necrotic cells [4,8].
Once the cells have been successfully loaded with anti-
gen and have become activated they can be administered
to the patient or used to generate tumour specific T-cells
in vitro.
6. Clinical utilisation of dendritic cells

Dendritic cells have been used in the treatment of many
solid and haematological malignancies. Melanoma has been
frequently studied as it is extremely immunogenic. How-
ever other solid tumours such as renal carcinoma, breast
cancer, prostate and colorectal cancers have all been treated
with dendritic cell vaccines. These trials have all reported
successful immune responses against tumour antigens
and non-toxic safe in vivo administration of the cells [8].

Clinical studies have also been performed using both
lymphoma and myeloma patients. In 1996, Hsu et al. vac-
cinated four patients with Non-Hodgkin’s lymphoma using
autologous dendritic cells loaded with the idiotype immu-
noglobulin present on the surface of the B-cells. All four
developed T-cell immune responses. One patient had a
complete clinical response while two had a partial clinical
response [14]. This initial trial was followed in 2002 by a
further study which examined 35 patients with either re-
lapsed or resistant Non-Hodgkin’s lymphoma. 23 Patients
of 25 developed a T-cell response and seventy percent of
the patients had no tumour progression [12]. Both these
initial studies achieved promising results and paved the
way for further trials in other malignancies such as
Myeloma.

In 2000, Titzer et al. described the treatment of eleven
patients with advanced Myeloma. Five of these achieved
immunological responses however only one patient had a
decrease in the number of plasma cells [15]. This report
was followed in 2003 by another study of twelve pre-trea-
ted individuals. Only two achieved idiotype specific re-
sponses and the clinical results were disappointing [13].

Reasons for the poor clinical responses could be ex-
plained by the fact that in both trials, patients with ad-
vanced or heavily pre-treated disease were studied.
However, a more likely explanation was suggested in an
article by Wang et al. in 2006. This article examined the
function of monocyte-derived dendritic cells from Myelo-
ma patients and compared them to those of normal indi-
viduals. They found that the mature dendritic cells in
Myeloma expressed significantly decreased levels of co-
stimulatory molecules and were ineffective in activating
T-cells. They suggested that this could be the result of in-
creased production of cytokines such as IL-6, activated
P38 and STAT 3 [16].

This report highlighted the importance of investigating
the ability of autologous dendritic cells to induce T-cell
responses.
7. Reasons why malignant cells can escape the immune
response

Like Myeloma, the antigen presenting cells in many
haematological malignancies and other tumours are dys-
functional, form part of the clone or are being influenced
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by the tumour microenvironment. This could play a signif-
icant role in inhibiting and down-regulating the immune
response.

Many of the tumour associated antigens are normal
self-antigens and therefore the body will not mount an im-
mune response, but initiate protective immunity and in-
duce tolerance. This includes the stimulation and
proliferation of T-regulatory cells (Tregs). Tregs could be
naturally occurring or stimulated by tolerogenic dendritic
cells. Naturally occurring Tregs develop in the thymus
and express CD25 while induced Tregs develop outside
the thymus. Tregs express Foxp3 and are thought to inhibit
the immune response in a number of ways. These include
the stimulation of apoptosis, secretion of cytokines such
as IL-10 and TGF-b and killing via perforin and the gran-
zymes pathways [17]. It has also been demonstrated that
these cells can act directly on dendritic cells, suppressing
their function [7].

Cytotoxic T-lymphocyte associated antigen-4 (CTLA-4)
is an inhibitory molecule which competes with CD28 for
binding with CD80 and CD86. It has a higher affinity for
these molecules than CD28 and therefore when it is ex-
pressed it binds to CD28 and suppresses the T-cell re-
sponse. CTLA-4 plays an important role in preventing
autoimmunity [18].

Apart from melanoma, most tumours do not illicit a
strong immune response. Reasons for this are that malig-
nant cells escape immune surveillance by down-regulating
tumour associated antigen and MHC class I molecules.
They can also avoid destruction by suppressing apoptotic
mechanisms and down-regulating Fas expression on the
surface of the cell [17]. CD55 and CD59 inhibit components
of the compliment cascade. Many tumours have increased
expression of these surface antigens and can therefore also
escape antibody mediated compliment lysis [17].

In addition, malignant cells often secrete molecules
which suppress the immune response. An example of this
is the secretion of Vascular Endothelial Growth Factor
(VEGF) which prevents dendritic cell activation and matu-
ration. This in turn, can prevent the activation of T-cells
and promote anergy. Adenosine is also secreted by malig-
nant cells. This molecule stimulates the secretion of IL-10
and inhibits the production of IL-12 [17].

The bone marrow and tumour microenvironment also
plays a significant role in influencing the immune re-
sponse. Tumour stroma consists of different cells which in-
clude macrophages, immature dendritic cells, fibroblasts
and endothelial cells. Because the dendritic cells are imma-
ture they are tolerogenic and can induce the production of
Tregs. In addition, tumour associated macrophages can
produce a number of cytokines which also down-regulate
the immune response. These include IL-6 and IL-10. These
cells promote angiogenesis and clinical studies have re-
ported a correlation between increased macrophages and
a poor prognosis [19,20].

8. Conclusions

This article has attempted to give insight into the func-
tion and biology of dendritic cells. It has also examined
their use in the treatment of malignancy with particular fo-
cus on lymphoma and myeloma. Clinical studies using
dendritic cell vaccines have demonstrated effective T-cell
responses against tumour antigens and in some cases
promising clinical results. Future research directions
should focus on further understanding the complexities
and the role of the immune response in malignancy and
developing strategies that assist in overcoming the inhibi-
tion of the immune response by tumour cells.
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