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Abstract
Immunotherapy has become a novel therapeutic alternative for various kinds of tumours. Recently, we have
ﬁnalized the ﬁrst phase I clinical study in Chile for the treatment of advanced malignant melanoma, using dendritic
cells (DCs) loaded with allogeneic melanoma cell lysate.
This study included 20 patients and the obtained results, pioneer in Latin America, showed that DC-based
immunotherapy is innocuous, even provided in combination with IL-2. In addition, immunological responses were
detected in 50% of the treated patients, establishing a positive correlation between the delayed type hypersensitivity
(DTH) reaction, which indicates induction of in vivo immunological memory, and patients surviving. Nevertheless,
objective clinical responses in vaccinated patients are still insufﬁcient. Only sporadic objective metastasis regressions
have been registered and an important proportion of the treated patients did not respond, or their responses were
weak. Several strategies have been described to be used by tumours to escape from the immune response. Actually, we
have demonstrated that IL-10 inhibits antigen presentation in melanoma, reducing tumour sensitivity to melanomaspeciﬁc cytotoxic T lymphocytes (CTLs). Regulation of the immunological response by inhibitory cells could be
another possible cause of clinical unresponsiveness. Lately, the existence of subpopulations of regulatory T
lymphocytes (RTL) able to limit the immune response in a speciﬁc form has been established, specially inhibiting the
proliferation and activity of CD4+ and CD8+ effector T lymphocytes. These cellular subpopulations, mostly CD4+/
CD25+/Foxp3+ T lymphocytes (Treg) of thymic origin, or TR1 lymphocytes able to release IL-10, and tumour
growth factor b (TGF-b) producing TH3 lymphocytes, would be accumulated in the body during tumour growth,
inhibiting the immune response. In relation to RTL and cancer, evidence indicates that Treg cell numbers are increased
in blood and other tissues in different types of cancer. Additionally, it has been demonstrated that in patients with
refractory metastatic melanoma, the adoptive transference of anti-tumour CD8+ T lymphocytes after nonmyeloablative chemotherapy was able to induce important tumour regressions that would be due to elimination of
RTL populations. Additionally, chemotherapeutical drugs like decarbazine, besides their effect on tumour
proliferation, also have an immunosuppressive effect on T lymphocyte populations, as well as on accumulated
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RTL. In this article, a novel strategy for the study of RTL is proposed, including potential therapeutic innovations,
which is being pioneered in current clinical trials.
r 2005 Elsevier GmbH. All rights reserved.
Keywords: Dendritic cells; Immunotherapy; Regulatory T lymphocytes; Vaccines; Cancer

Contents
Introduction . . . . . . . . . . . . . . . . . . . . . . .
The immune system and cancer . . . . . . . . . .
Dendritic cells: the main professional antigen
Dendritic cells as melanoma vaccines . . . . . .
Regulatory T lymphocytes . . . . . . . . . . . . .
Functional properties of RTL . . . . . . . . . . .
Regulatory T cells and cancer . . . . . . . . . . .
Immunosuppression by drugs . . . . . . . . . . .
Therapeutic perspective. . . . . . . . . . . . . . . .
Acknowledgements . . . . . . . . . . . . . . . . . . .
References . . . . . . . . . . . . . . . . . . . . . . . . .

..................
..................
presenting cells (APCs) .
..................
..................
..................
..................
..................
..................
..................
..................

Introduction
Cancer is a disease characterized by the uncontrolled
division and growth of transformed cells. These cells
have the capacity to invade other tissues different from
those where they originated. Tumour cells migrate
through the lymph and the blood producing metastasis
in distant organs. The scientiﬁc and technological
advances developed during the last years have provided
new knowledge about the origin, development and
growth of cancer, which has translated into better
treatments for the disease. However, at the present time,
cancer is still the main cause of death in developed
countries. In Chile, malignant tumours constitute the
second cause of death in the population aged over 15
years old (Medina and Kaempffer, 2001), preceded only
by cardiovascular diseases. The incidence is considered
to be 220–240 per 100,000 inhabitants, which results in
36,500 new cases per year. According to the statistics
from the Ministry of Health, the mortality rate from
cancer in 2002 was 1122.48 per 100,000 adults, with a
total of 19,146 deaths (http://deis.minsal.cl/indexmc.asp). Furthermore, melanoma is a malignant tumour
of neuroectodermal origin, whose incidence has increased progressively in the last decades. In the worldwide scope, in Europe, the United States, and especially
in Australia, melanoma is the type of cancer of fastest
expansion and highest mortality among cutaneous
tumours. In Chile, between 1992 and 2002, 2425 deaths
were caused by malignant melanoma, and its incidence
increased from 1.1 in 1992 to 1.7 cases per 100,000
inhabitants in 2002 (http://deis.minsal.cl/indexmc.asp).
The only way to cure malignant melanoma is early
detection and suitable surgical treatment. Although
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more than 95% of patients survive when they are
diagnosed in stage I, once the tumour metastasizes it
becomes highly resistant to conventional treatments
such as surgery, irradiation and chemotherapy, so that
less than 10% of patients experience long-term survival,
with an average survival span of 4–6 months (Lawson,
2004). This fact indicates that cancer is a relevant
pathology that requires basic, preclinical and clinical
investigation for its understanding, and also the
application of this knowledge in the elaboration of
more effective and secure therapies to defeat it.

The immune system and cancer
The utilization of the immune system for the
treatment of cancer is denominated immunotherapy.
This therapeutic approach is based on the control of
tumour growth through the activation of the immunological system. The narrow link between immunity and
cancer has been known for more than a century, when
the scientist William Coley obtained sporadic antitumour responses, injecting patients with bacteria
extracts (Coley, 1991). In addition, experiences in
animal models opened interesting perspectives for
vaccine design against diverse human cancers (Jaffee
and Pardoll, 1996). Nowadays, it is known that T
lymphocytes have highly speciﬁc receptors that are able
to recognize tumour-speciﬁc antigens (TSA) or tumourassociated antigens (TAA), in the context of the major
histocompatibility complex (MHC) and mediate the
destruction of cancer cells (Boon et al., 1994). The interrelation between the immune system and tumour cells
was explained in the context of the tumour immune
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surveillance theory proposed by Burnet in 1970. There,
it was established that one of the main functions of the
immune system is to recognize and destroy tumour cells.
At the present time, the original concept has been
adapted to observations demonstrating that lethal
tumours are able to appear in immunocompetent
individuals although immune-deﬁcient individuals truly
have a major predisposition to develop some kinds of
tumours. For example, patients affected by AIDS
develop lymphomas and sarcomas, and immunosupressed transplanted patients can develop scamous cell
carcinoma, conﬁrming a role for the immune system in
the control of cancer (Dal Maso et al., 2005).

Dendritic cells: the main professional antigen
presenting cells (APCs)
The capacity to activate cytotoxic T lymphocytes
(CTLs) against tumour cells in vivo requires a previous
antigen presentation in a special cell context given by
professional APCs, which include macrophages, B cells
and dendritic cells (DCs) (Alvarez et al., 2004). DCs are
characterized for having a great functional plasticity
against the antigen, determining the type of immune
response that should be generated (Bell et al., 1999).
DCs are bone marrow-derived mononuclear cells
located in most peripheral tissues in the body as resident
DCs, where they perform a sentinel function. DCs
capture invading pathogens and receive inﬂammatory
signals generated in the inﬂammatory process, acquiring
antigens, starting a maturation process and migrating
toward the secondary lymphoid organs. There, DCs
provide activation signals to T cells, inducing their
proliferation, cytokine release and migration to peripheral tissues, where they carry out their effector functions.
DCs also express many co-stimulatory molecules, which
provide crucial signals that guarantee an effective
immune response mediated by T cells (Bell et al.,
1999). Based on phenotypic and functional properties,
human DCs are commonly divided into two populations, myeloid DCs (MDCs) and plasmocytoid DCs
(PDCs) (Table 1). Both populations differ in many
ways, including their cytokine production, tissue distribution and growth requirements. PDCs are
CD11c CD123hi, and are mostly found in blood and
lymphoid organs. PDCs are involved in immune
responses against viruses, producing large amounts of
interferon a, whereas MDCs are CD11c+CD123lo and
include Langerhans cells, resident in the epidermis, and
interstitial DCs located in the peripheral tissues. The
latter population has the capacity to secrete large
amounts of IL-12 in response to components of
bacterial wall, and also express the surface adhesion
cellular receptor CD209 (DC-SIGN) and the macro-
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Table 1. Phenotypic characterization of different dendritic
cell subtypes
Marker

CD1a
CD1d
CD11b
CD11c
CD52
CD83
e-cadherin
CD207, langerin
CD208, DCLAMP
CD123
BDCA-2,4

MDCs

PDCs

Interstitial
DCs

Langerhans
cells

+
+
+
+

+

+

+

+
+
+
+

+
?

+
?

Plasmocytoid
DCs
?

+
7
+

++
+

phage mannose receptor, CD206 (Rossi and Young,
2005). These antecedents would indicate that the
different populations of DCs are specialized in the
recognition of distinct types of pathogens and, as a
consequence, to carry out different innate functions.

Dendritic cells as melanoma vaccines
The capacity of DCs to induce a primary immune
response has made them the best candidates to be used
in vaccine protocols in cancer (Ardavin et al., 2004). In
fact, DCs adequately loaded with TAA have induced
tumour elimination and an efﬁcient protective immune
response in animal models (Porgador and Gilboa, 1995).
Clinical trials have shown the possibility to supply DCs
loaded with antigenic peptides to induce T cell peptidespeciﬁc responses in patients with lymphoma, malignant
melanoma and prostatic carcinoma (Svane et al., 2003).
Clinical studies based on DC vaccination have been
possible because of the development of ex vivo methods
that permit obtaining a high number of DCs. Currently,
relatively high amounts of immature DCs can be
obtained from CD14+ monocytes isolated from peripheral blood by leukapheresis, density gradients, centrifugation and plastic adhesion (Svane et al., 2003), and
then stimulated with GM-CSF and interleukin-4 (IL-4)
for 5–7 days (Sallusto and Lanzavecchia, 1994). The
immature DCs can be differentiated into mature DCs by
adding maturation stimuli, like pro-inﬂammatory cytokines such as TNF-a, or other factors such as, Flt-3
ligand (Flt3L), LPS or CD40L (Banchereau and Steiman, 1998). The maturation process allows for immature DCs with a high capacity to capture antigens to be
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transformed into a prominently APC, expressing high
levels of MHC class I and class II and co-stimulatory
molecules. Additionally, this process can induce the
expression of chemokine receptors, like CCR7, allowing
DC migration to the lymph nodes for encountering
naive T cells (Banchereau and Steiman, 1998). Many of
the pioneer vaccination studies with DCs have been
carried out in melanoma, due to the well-deﬁned TAA
expressed in this tumour (Shuler et al., 2003). The ﬁrst of
these studies, carried out by Nestle et al. (1998), used
DCs loaded with tumour peptides or autologous tumour
cell lysate in the presence of keyhole limpet hemocyanin
(KLH) as adjuvant, supplied intranodally to patients
with advanced melanoma. This study demonstrated
objective clinical responses in 5 of 16 evaluated patients
(two complete responses and three partial responses). A
later report related to the same study established that
the observed clinical response has been maintained for
some years (Nestle et al., 2005). We have recently
ﬁnished in Chile the ﬁrst Phase I clinical trial for the
treatment of advanced malignant melanoma, using DC
vaccines loaded with an allogeneic tumour cell lysate
(Escobar et al., 2005). The study, pioneer in Latin
America, was previously approved by the University of
Chile Bioethical Committee for Human Studies. The
DC production and vaccination scheme took approximately 2 months. In this protocol, 20 patients with
advanced melanoma were included, and those results
have been recently published (Escobar et al., 2005). In
general, this study demonstrated that DC vaccines
loaded with tumour cell lysate are innocuous, even
when these are supplied in combination with IL-2. In
addition, we have detected a positive immune response
in 50% of the treated patients. The delayed type
hypersensitivity (DTH) reaction is indicative of in vivo

immunological memory induction. The use of a tumour
lysate obtained from allogeneic melanoma cell lines
provides a standardized and widely applicable source of
melanoma speciﬁc antigens for clinical use, independently of the patient MHC haplotype. In the mentioned
study, we established a direct correlation between the
DTH response against tumour antigens and the median
time to disease progression (TTP), as well as to patient
survival (Fig. 1; Escobar et al., 2005). Our results and
those reported for other authors demonstrated that
vaccines based on modiﬁed DCs can induce a signiﬁcant
immunological response in diseases like malignant
melanoma, non-Hodgkin’s lymphoma, prostatic carcinoma and other cancers, in phases of the illness where
effective alternative therapies do not exist. However,
and despite the advances achieved, the induced immune
responses in vaccinated patients have not been optimal.
An important percentage of patients did not show
clinical responses or these responses are weak. In our
study, almost 50% of the treated patients did not show
immunological positive responses using ELISPOT or
DTH assays. The utilization of IL-2 as adjuvant did not
enhance the obtained immune responses. Moreover,
those patients who gave negative DTH for the tumour
lysate have progressive and more aggressive disease than
those that showed positive reactions (Escobar et al.,
2005). There are several explanations for these results.
For example, it has been established that tumour cells
are able to use some strategies to evade the immune
response, such as the inhibition of antigen presentation
or the production of anti-inﬂammatory cytokines, like
IL-10 (Salazar-Onfray, 1999). In this line, we have
demonstrated that murine tumour cells treated with
recombinant IL-10 (rIL-10) or transfected with the IL10 gene showed a changed phenotype, characterized by

A

B
DTH responders
DTH non-responders
100

100

Patients survival (%)

Patients with stable disease (%)

DTH responders
DTH non-responders

80

* p= 0.001362
60
40
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0
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10
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15
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* p= 0.0261
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Fig. 1. Patients who showed in vivo immunological response after DC vaccination had longer stability of the disease and major
survival. Correlation between delayed hypersensitivity reaction type IV (DTH) to melanoma cell lysate after vaccination with cell
lysate loaded DCs and (A) time to progression (stable disease) and (B) post-vaccination patient survival.
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a down-regulation in MHC class I expression, resistance
to lysis by tumour-speciﬁc CTLs, and increased sensitivity to lysis by NK cells. These observations were
related to an inhibition in the function and expression of
TAP molecules (Petersson et al., 1998; Salazar-Onfray
et al., 1995, 1997). We conﬁrmed these ﬁndings in
human melanoma cells, where rIL-10 turned melanoma
cell lines less sensitive to tumour-speciﬁc CTLs associated to a signiﬁcant reduction of MHC class I
expression (Matsuda et al., 1994). Moreover, we recently
published that a nanomeric peptide, homologous to the
C-terminal of the human IL-10 sequence, can mimic
several described effects of the cytokine, including
down-regulation of MHC I and TAP1/TAP2 expression
in human melanomas, related to an increase of
tumour sensitivity to NK cell mediated lysis (Kurte
et al., 2004).
On the other hand, other tumour escape mechanisms
have recently been described, such as the existence of T
cell sub-populations, capable to inhibit, in a speciﬁc
way, the immune response against chronic infections or
tumour growth (Schwartz, 2005).

Regulatory T lymphocytes
The complex network of interactions in the immune
system involves molecules, cells and tissues ﬁnely
regulated and whose stimulation leads to activation of
diverse effector mechanisms. In addition, the normal
immune system is able to be self-regulated to inhibit
autoimmune responses. The generation and maintenance of functional T and B cell repertoires that are able
to discriminate between own and foreign antigens are
carried out in the primary lymphoid organs (central
tolerance), and also in the periphery (peripheral
tolerance). The presence of reactive lymphocytes against
self-antigens in healthy humans and the existence of
autoimmune diseases indicate that the central selection
does not eliminate the totality of the self-reactive cells
from the normal repertoire. In effect, T and B cells
recognizing speciﬁc self-antigens can be isolated from
healthy individuals (Yan and Mamula, 2002). Certain
peripheral mechanisms for the control of immune
responses by these cells are the generation of clonal
anergy mediated by regulatory DCs and the presence of
regulatory T lymphocytes (RTL) (Steinbrink et al.,
2002). The idea of speciﬁc cell populations able to
control the activation of T helper cells and antigenspeciﬁc effector cells preventing the development of
autoimmune diseases was proposed 30 years ago for the
ﬁrst time (Gershon and Kondo, 1971). Nevertheless,
during later years the molecular and biochemical
mechanisms explaining the immune response regulation
were contradictory and this theory started to be
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abandoned by many investigators (Moller, 1988). In
the last decade, a group of CD4+ T lymphocytes that
constitutively express the alpha chain of the IL-2
receptor (CD25) on their surface was described to be
capable of preventing the development of autoimmune
diseases in experimental models (Walker, 2004). CD4+
CD25+ RTL (Treg) constitute 5–15% of the total
population of CD4+ T lymphocytes in human peripheral blood (Baecher-Allan et al., 2005), and express
other markers that are useful for their characterization
and enrichment like CD5high, GITRhigh, CD45RBlow,
CD25high, CD62L and the recently described Foxp3
(Sakaguchi, 2005). Mutations of Foxp3 transcriptional
factor in humans and mice cause a devastating
immunoproliferative syndrome associated with autoimmunity (Bennett et al., 2001). Foxp3 binds to DNA and
is able to act as a repressive transcriptional factor,
probably antagonizing the NFAT function, and thereafter inhibiting the production of several proinﬂammatory cytokines (Schubert et al., 2001). Foxp3 is highly
expressed in thymocytes and peripheral CD4+ CD25+
T lymphocytes, but it is also expressed at lower levels in
naive T cells and activated CD4+ CD25 T cells
(Fontenot et al., 2003). Finally, the retroviral transduction of CD4+ CD25 cells with Foxp3 transform these
cells into a regulatory phenotype (Hori et al., 2003)
suggesting that it could act like a factor for the
development of a particular population of T cells with
regulatory properties.

Functional properties of RTL
Classically, it was paradoxical that either induced or
congenital lymphopenia was associated with autoimmune diseases (Bennett et al., 2001), until experimental
evidence demonstrated that such diseases could be
prevented with speciﬁc regulatory T cell population
transference, offering a immunological explanation
(Malek et al., 2002). Moreover, it has been demonstrated that the transference of regulatory CD4+ T cells
can induce tolerance to allogeneic grafts in murine
models (Benghiat et al., 2005). Although tolerance is
mainly antigen speciﬁc, this condition can be actively
spread to other antigens located at the same cellular
microenvironment (Gershon and Kondo, 1971). The
phenotypic characterization of Treg cells allowed the
study of its functional properties (Baecher-Allan et al.,
2005). Treg cells proliferate weakly and do not produce
IL-2 in vitro; however, a protocol has been developed
for the in vitro expansion of Treg cell populations after
TCR and CD28 engagement in the presence of very high
concentrations of IL-2 (de la Rosa et al., 2004).
Adoptive transference experiments suggest that Treg
cells can be activated and proliferate in vivo, because the
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transfer of relatively small numbers of Treg cells can
afford a long-lasting protection against autoimmunity in
mice (Thornton and Shevach, 1998), inhibiting proliferation and cytokine production by effector T cells. This
effect possibly will be IL-10 and soluble tumour growth
factor b (TGF-b) independent (Thornton and Shevach,
1998). Nevertheless, cell surface-associated TGF-b has
an important role in the contact inhibition induced by
the Treg cells on effector cells (Green et al., 2003).
Reverse signalling through cross-linking of B7 (CD80
and CD86) on the cell surface of APCs or activated T
cells, mediated by CTLs-associated antigen 4 (CTLA-4)
expressed by Treg cells, has been proposed as an
additional suppression effector mechanism. The absence
of these molecules markedly diminishes the regulatory
activity of Treg in graft versus host models (Paust et al.,
2004). Additionally, polymorphisms of the gene that
codiﬁes for CTLA-4 have been associated with alterations in the number of Treg cells in different models
(Atabani et al., 2005).
Besides Treg cells, other types of RTL have the
capacity to generate regulatory responses in the
periphery, mainly through increasing the secretion of
immunosuppressive cytokines like TGF-b and IL-10.
These cells can be classiﬁed in different cellular
subpopulations by surface markers and secreted cytokines (Table 2). T regulatory lymphocytes type 1 (TR1)
secrete high amounts of IL-10 when they are stimulated
in vitro with dexamethasone or vitamin D3. Another
population of RTL is constituted by the TH3 cells that
produce high amounts of TGF-b, another cytokine with
suppressor properties (O’Neill et al., 2004). Other
Table 2.

subsets of CD4+ and CD8+ cells, natural killer T cells,
and gd T cells also have shown suppressor activity. In
the periphery, suppressor T cells generated in response
to environmental antigens protect their hosts from
immune-mediated tissue injury by the production of
immunosuppressive cytokines (O’Neill et al., 2004).
Therefore, it is probable that in a physiological setting,
two general mechanisms of peripheral suppression are
present; on one side, the existence of naturally occurring
regulatory T cells generated in the thymus, and on the
other side, T cells that acquire a regulatory phenotype as
a product of the dynamic balance between immunoregulatory cytokines and the cells expressing distinct
levels of surface receptors.

Regulatory T cells and cancer
T lymphocytes that recognize TAA have been
identiﬁed in blood, lymph nodes and at the tumour site
of patients with advanced cancer. Expansion of these
anti-tumour T cells in vitro is used to establish tumourspeciﬁc T cell lines, which have the ability to destroy
tumour cells both in vitro and in vivo (Coulie and
Connerotte, 2005). However, spontaneous tumour
regression is rare, and although many immunotherapeutic trials have shown their ability to enhance the
number of anti-tumour T cells, this strategy does not
always coincide with metastasis eradication (Escobar
et al., 2005; López et al., 2004; Nestle et al., 1998, 2005).
Since the in vitro characterization of Treg cells by coexpression of CD4 and CD25 markers, considerable

Phenotypic and functional characterization of regulatory T lymphocyte subpopulations

Marker
CD25
GITR
CTLA-4
CD103
CD122
Foxp3
Nrp1
CD45 RA
CCR 7
CD28
Cytokine secretion
IL-10
TGF-b
IL-4
IL-5
IL-2
IFN-g
Differentiation factor (s)

Treg

Tr1

Th3

CD8+CD28

++
++
+++
++
++
++
++
++
++
+

+

?
?
?
?

+
?
++
?
?
?
?
?
?
?

+
+
+
+
?
+
?
+

7
+

++++
++

+

7

++
7
++

7
++++
7
?
7

+

TGF-b

IL-10, IFN-a

TGF-b, IL-10, IL-4, Anti-IL-12

IL-10

+
?
++
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indirect evidence about their immunopathological role
in the anti-tumour responses has been collected. Patients
with different types of cancer have shown an increase of
CD4+ CD25+ T cells in peripheral blood, lymph nodes,
tumour ascites and tumour tissue (Nomura and
Sakaguchi, 2005). Recently, a new melanoma antigen
(ARTC1) has been identiﬁed as being recognized by a
speciﬁc-Treg clone established from tumour-inﬁltratinglymphocytes of a melanoma patient (Wang et al., 2005).
In addition, studies in ovarian carcinoma affected
women indicate that Treg cells, present in tumour tissue
and ascites liquid, are able to inhibit the anti-tumour
responses to Her2/neu-derived antigens, correlating with
a reduced survival (Nomura and Sakaguchi, 2005). It is
not clear yet whether this inhibitory effect is due to
abnormal priming of naive T cells, or a regulatory effect
on activated T cells at the tumour site (Nomura and
Sakaguchi, 2005).
Recently, Rosenberg and colleagues (Dudley et al.,
2005) showed that adoptive transfer of autologous
tumour reactive CD8+ T cells after non-myeloablative
but lymph depleting chemotherapy generates objective
regressions of extensive-vascularized tumour tissues in
50% of patients with refractory metastasic melanoma,
including complete responses in 11% of patients.
Compared with other T cell transfer therapy trials in
absence of non-myeloablative treatment, this study
showed signiﬁcantly better anti-tumour responses. The
authors suggested that previous immunoinhibition
probably eliminates RTL populations, favouring a less
hostile immune system for transfused T lymphocytes,
leading to a remarkably improved elimination of major
tumour masses (Dudley et al., 2005). Further support to
this theory came from studies in murine cancer models
and T cell transfer therapy plus IL-2, after immuneinhibition with radiation or chemotherapy, showing a
relationship between the depletion of Treg cells and
effective anti-tumour responses (Antony et al., 2005).
This evidence is very important for melanoma antitumour immunotherapy, because it demonstrates the
capacity of the immune system to eliminate considerable
tumour accumulations in melanoma patients, opening
the debate about the central role that the Treg cell
population has in the immune-inhibition of anti-tumour
responses.
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cancer cells and other fast-growing cells. This lack of
speciﬁcity generally produces adverse effects with a
broad variety and intensity. For example, normal cells
can be destroyed causing hair loss or hepatic dysfunction. Different drug combinations have been used in
patients with melanoma stage IV; nevertheless, this
systemic palliative therapy has not demonstrated a
major average survival for patients (Huncharek et al.,
2001). Decarbazine (DTIC-Domes) is an alkylant agent
introduced in the 1970s for the treatment of malignant
melanoma and it is the only one showing certain
objective tumour regressions in approximately 13–20%
of treated patients (Huncharek et al., 2001). The
majority of observed responses are partial, although
durable complete remissions have also been observed
(Huncharek et al., 2001). Although many studies use
decarbazine combined with other drugs, including the
biotherapeutic drugs IL-2 and IFN-g, they do not show
better effects than monotherapy with decarbazine
(Huncharek et al., 2001). Recently, a new drug
Temozolomide (TMZ) for oral use has been approved
by the Food and Drugs Administration (FDA). This
drug is converted spontaneously to the active metabolite
of decarbazine and shows similar effects to the original
drug (Su et al., 2004). A current retroactive analysis of
several clinical studies found that an important collateral effect observed during the treatment with decarbazine was lymphopenia (60% of the patients) and the
appearance of opportunistic infections, mainly Pneumocystis and Aspergillus pneumonia, indicating lymphocyte dysfunction (Su et al., 2004). In addition,
cellular subpopulations showed that CD4+ T lymphocytes were the most affected cellular subtype, whereas no
neutropenia or thrombocytopenia was observed (Su
et al., 2004). These changes were completely reversed
within 3–6 months after treatment ﬁnished. Accumulated evidence indicates that palliative treatment of
advanced melanoma with chemotherapeutical drugs can
affect the CD4+ T lymphocyte compartment, including
RTL, making possible to propose the use of a
chemotherapeutic protocol before vaccination with
DCs loaded with tumour cell lysate for melanoma
treatment. This strategy should be implemented with the
purpose of eliminating RTL accumulation, creating a
propitious atmosphere for the maximal development of
the vaccine potential and probably increasing the
beneﬁcial effect of clinical immunization for patients
(Fig. 2).

Immunosuppression by drugs
Chemotherapy is a generic expression that includes
many drugs that have the capacity to destroy tumour
cells. In general, cancer cells are destroyed or their
growth is stopped by intervention at different cell cycle
checkpoints. Chemotherapy works by killing fast-growing cells, but the drugs cannot discriminate between

Therapeutic perspective
Finally, there is no data concerning the relation
between DC-based immunotherapy and activation/
proliferation of RTL. Immunizations with TAA, able
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Fig. 2. Model for combination of chemotherapy and DC-based vaccines. (A) Slow tumour growth causes migration of tolerogenic
DCs to the lymph nodes where T regulatory cell populations (TR) are induced, inhibiting an effective immune response. (B) DCbased vaccines placed in mature DCs elicit effector T cell (TE) populations speciﬁc for tumour antigens; however, pre-existing TR
cells limit an efﬁcient immune response. (C) Pre-treatment of patients with decarbazine, an anti-melanoma drug, may eliminate TR
cell populations, allowing DC-vaccines to develop a successful immune response against tumour cells.

to induce cytotoxic activity against tumour, may be
restricted by RTL populations. Thus, the clinical
effectiveness of the induced immune response will be
limited (Fig. 2B). Therefore, it is very important to study
the presence of RTL populations, before and after
vaccines in patients treated with DC-based immunotherapy. In our laboratory, we have initiated studies in this
line with samples obtained from 40 treated patients.
Accumulated evidence in clinical studies and murine

models indicates that pre-treatment with immunoinhibitory drugs may favour the immune response induced
by DC therapy, eliminating accumulated regulatory cell
populations, improving immunological and clinical
responses (Antony et al., 2005; Dudley et al., 2005).
Studies in this ﬁeld will allow us to understand better the
RTL role in DC-based immunotherapy and to design
therapeutic strategies that will permit us to improve the
clinical effectiveness of the induced anti-tumour speciﬁc
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immune response in patients with melanoma and other
cancers.
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