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Background and Objectives. Vaccination is an effec-
tive medical procedure of preventive medicine
based on the induction of a long-lasting immunolog-
ic memory characterized by mechanisms endowed
with high destructive potential and specificity. In the
last few years, identification of tumor-associated anti-
gens (TAA) has prompted the development of differ-
ent strategies for antitumor vaccination, aimed at
inducing specific recognition of TAA in order to elic-
it a persistent immune memory that may eliminate
residual tumor cells and protect recipients from
relapses. In this review characterization of TAA, dif-
ferent potential means of vaccination in experimen-
tal models and preliminary data from clinical trials in
humans have been examined by the Working Group
on Hematopoietic Cells.

Evidence and Information Sources. The method
employed for preparing this review was that of infor-
mal consensus development. Members of the Work-
ing Group met four times and discussed the single
points, previously assigned by the chairman, in order
to achieve an agreement on different opinions and
approve the final manuscript. Some of the authors of
the present review have been working in the field of
antitumor immunotherapy and have contributed orig-
inal papers to peer-reviewed journals. In addition, the
material examined in the present review includes
articles and abstracts published in journals covered
by the Science Citation Index and Medline. 

State of the art. The cellular basis of antitumor
immune memory consists in the generation and
extended persistence of expanded populations of T-
and B-lymphocytes that specifically recognize and
react against TAA. The efficacy of the memory can
be modulated by compounds, called "adjuvants",
such as certain bacterial products and mineral oils,
cytokines, chemokines, by monoclonal antibodies
triggering co-stimulatory receptors. Strategies that
have been shown in preclinical models to be efficient
in protecting from tumor engraftment, or in prevent-
ing a tumor rechallenge, include vaccination by
means of soluble proteins or peptides, recombinant
viruses or bacteria as TAA genes vectors, DNA injec-

tion, tumor cells genetically modified to express co-
stimulatory molecules and/or cytokines. The use of
professional antigen-presenting cells, namely den-
dritic cells, either pulsed with TAA or transduced with
tumor-specific genes, provides a useful alternative
for inducing antitumor cytotoxic activity. Some of
these approaches have been tested in phase I/II clin-
ical trials in hematologic malignancies, such as lym-
phoproliferative diseases or chronic myeloid
leukemia, and in solid tumors, such as melanoma,
colon cancer, prostate cancer and renal cell carci-
noma. Different types of vaccines, use of adjuvants,
timing of vaccination as well as selection of patients
eligible for this procedure are discussed in this
review.

Perspectives. Experimental models demonstrate the
possibility of curing cancer through the active induc-
tion of a specific immune response to TAA. However,
while pre-clinical research has identified several pos-
sible targets and strategies for tumor vaccination the
clinical scenario is far more complex for a number
of possible reasons. Since experimental data sug-
gest that vaccination is more likely to be effective on
small tumor burden, such as a minimal residual dis-
ease after conventional treatments, or tumors at an
early stage of disease, better selection of patients
will allow more reliable clinical results to be obtained.
Moreover, a poor correlation is frequently observed
between the ability of TAA to induce a T-cell response
in vitro and clinical responses. Controversial findings
may also be due to the techniques used for monitor-
ing the immune status. Therefore, the development
of reliable assays for efficient monitoring of the state
of immunization of cancer patients against TAA is an
important goal that will markedly improve the
progress of antitumor vaccines. Finally, given the
promising results, identification of new or mutated
genes involved in neoplastic events might provide the
opportunity to vaccinate susceptible subjects against
their foreseeable cancer in the next future.
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Antitumor vaccines: the meaning 
As illustrated in a previous paper of this series,

many strategies are being used to try to cure
cancer, each one based on different theoretical
and experimental grounds.1 Active immunother-
apy strategies elicit specific or non-specific anti-
tumor reactions by stimulating the patient’s
immune system. Alternatively, lymphocytes col-
lected from patients are stimulated in vitro and
re-injected into the patient (adoptive immuno-
therapy). Lastly, passive immunotherapy con-
sists in the administration of antitumor anti-
bodies to the patient. However, dealing with
such a dramatic issue as is cancer, emotional
empiricism spurs the adoption of distinct strate-
gies or their mixing in an apprehensive pursuit of
efficacy. Indeed, emotional empiricism has been
and still is a deadly sin of tumor immunology. In
the long run, only rational considerations lead
to clinical progress.

The issue
Vaccination is an effective medical procedure

characterized by being a) predominantly a
maneuver of preventive medicine; b) based on
the induction of a long-lasting immunologic
memory that is c) characterized by mechanisms
endowed with high destructive potential and
specificity.2 It rests on an artificial encounter of a
sham pathogen with the immune system. The
sham pathogen elicits a strong host reaction and
leaves a persistent memory of this first artificial
fight. If the real pathogen enters the immunized
organism it becomes the target of a much
stronger and precise reaction than that put up
by a non-immunized organism. If the pathogen
had a small possibility of escaping the reaction of
a naive immune system, very seldom would it
evade a memory reaction.3 The cellular basis of
immune memory consists in the extended persis-
tence of expanded populations of T- and B- lym-
phocytes that specifically recognize and react
against the pathogen. Memory lymphocytes are
also experienced veterans, able to detect a
pathogen promptly and fight effectively against it.

There is a large universe of sham pathogens
that are used for vaccination, named antigens or
immunogens. A killed or inactivated pathogen, or
a non-pathogenic organism sharing critical mol-
ecules with the real thing can be a good
immunogen. Memory can also be induced by a
protein from the pathogen. In addition, a virus
engineered with the DNA coding for a protein of
the pathogen or even the mere naked DNA
induces an effective memory.4

The efficacy of the memory is modulated by
numerous compounds, called adjuvants and dan-
ger signals.5,6 These provide additional activation
signals, recruit reactive leukocytes at the immu-

nization site and delay antigen catabolism. Bac-
terial products and mineral oils are typical con-
ventional adjuvants. Cytokines and chemokines
also act as adjuvants. As will be discussed in
detail, their use allows the induction of selective
mechanisms of immune memory.7

Antitumor vaccination has a defined goal: to
provoke specific recognition of tumor-associat-
ed antigens (TAA) in order to elicit a persistent
immune memory. Many experimental data have
shown that following immunization, the growth
of tumor cells expressing the same TAA as the
vaccine can be impaired. In patients, the
immune memory elicited by vaccines is some-
times fast and strong enough to hamper the
growth of their tumor.8

A brief history
Interest in antitumor vaccination arose around

1900 when a series of microbial vaccines proved
to be effective. The idea was straightforward: to
apply the same intervention to tumor. «If .........it
is possible to protect small laboratory animals in an easy
and safe way against infectious and highly aggressive
neoplastic specimens, then it will be possible to do the
same for human patients». These words of 1897 by
Paul Ehrlich9 ignited a series of studies with
transplantable mouse tumors. However the
underlying issue turned out to be more complex
than had first been presumed. More than one
century was required to elucidate its molecular
and genetic features.

The first outcome was not a progress in anti-
tumor vaccination, but instead the definition of
a few rules of allograft rejection. Transplanted
tumors were rejected by immunized host not
because they expressed a particular TAA but
because they were from histoincompatible mice
and displayed normal allogeneic histocompati-
bility antigens.10 Later studies with syngeneic
mouse strains showed the feasibility of immu-
nizing a mouse against a subsequent tumor
challenge.11 However, the suspicion that residual
unnoticed histocompatibility differences were
involved in these vaccination-rejection studies
was not ruled out until experiments by George
Klein in 1960.12 Carcinoma was induced by
methylcholanthrene in syngeneic mice. The car-
cinoma was then surgically removed, and its
cells were cultured in vitro and used to repeated-
ly immunize the mouse in which the tumor had
arisen. Finally the immunized mouse and a few
control syngeneic mice were challenged with the
carcinoma cells of the original tumor main-
tained in vitro. While these cells gave rise to a car-
cinoma in control mice, they were rejected by
the immunized mouse in which the carcinoma
had arisen originally. This evidence of the possi-
bility of immunizing against a lethal dose of own
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tumor was of seminal importance and had
notable consequences. A very large series of sub-
sequent studies established a few basic founda-
tions of tumor vaccination.13

Looking back at tumor immunology over the
last 20-30 years, the importance of models in
influencing immunologic beliefs is strikingly evi-
dent. Inappropriate use of an experimental
model may produce wrong beliefs, from which
it is then very hard to escape. Virus- and chemi-
cally-induced tumors form highly immunogenic
models. Since they are easy to handle, these were
used to establish the rules of tumor vaccination.
However, it was disputable whether the infor-
mation from these models was relevant to the
situation of patients with cancer. Using a series
of murine spontaneous tumors, Hewitt concluded
that it was not possible to immunize against
these tumors.14 This observation had crucial
importance in shaping subsequent studies. The
possibility that the experimental work done with
high immunogenic transplantable tumors had
little relevance to human tumors was a dark
shadow that hindered the progress of tumor
immunology. Later, more careful use of these
spontaneous tumors and more refined immu-
nization techniques showed that Hewitt's con-
clusions were wrong.15

Boon led the genetic and molecular identifi-
cation of a large series of TAA. Initially his stud-
ies were performed using conventional trans-
plantable mouse tumors.16 Then, tumor anti-
gens were detected on the same spontanous
tumors that had previously been classified as
non-immunogenic by Hewitt.15 Now many anti-
gens associated with human tumors have been
identified.17,18

The targets
Boon and others18,19 provided an unambigu-

ous definition of TAA, an important finding that
definitively laid to rest the doubts on the foun-
dations of tumor immunology in man.20 In many
cases TAA are peptides presented by class I and
class II glycoproteins of the major histocompat-
ibility complex (MHC). Things that may give rise
to these tumor-associated peptides are
enhanced or diminished expression of some nor-
mal proteins and the new expression of altered
or normally repressed molecules. Less frequent-
ly these antigens are tumor-specific as they
derive from mutated proteins. Lastly, various
TAA are shared by tumors with distinct histology
and origin (Table 1). Telomerase catalytic sub-
unit looks like another widely expressed TAA rec-
ognized by T-lymphocytes. It is markedly acti-
vated in most human tumors while it is silent in
normal tissues.21

Why?
The central tenet of antitumor vaccination is

that the immune system is able to destroy tumor
cells and to retain a long-lasting memory pro-
vided that TAA are first efficiently recognized.
While the studies aimed at the definition of TAA
progressed quickly, investigations of lymphocyte
receptors and their idiotype network, co-stimu-
latory molecules, and cytokines were leading to
a more exact description of the requirements for
the induction of an immune response.22 Finally,
technical refinement of genetic engineering is
making the development of new cancer vaccines
easier .23 The convergence of these issues is once
again placing antitumor vaccination at the cut-
ting edge of biological research. A survey by Sci-
ence24 indicates that antitumor vaccination is
expected soon to become an established thera-
peutic option.

When?
Whereas individuals are immunized with

microbial vaccines prior to encountering the
pathogen, cancer patients have to be immunized
when a tumor has been already detected. It is
not yet possible to predict which combination of
gene mutations will give rise to cancer. There-
fore, the common clinical setting is elicitation
of an immune response in a tumor-bearing
patient, rather than prior to tumor develop-
ment. The very concept of vaccine is somewhat
distorted since it has moved from being preven-
tive to being therapeutic.23

The kind of patients who should be considered
eligible for tumor vaccination is not a minor
issue. In many trials patients with advanced dis-
eases are enrolled both for compassionate rea-
sons and because of the constraints imposed by
ethical considerations. But, do experimental
data suggest that vaccination could be effective
in advanced stages of neoplastic progression?
The experimental data provide an unambiguous
picture of the potentials and limits of vaccina-
tion. This picture is not, however, generally tak-
en into account. Perhaps unconscious reasons
lead to experimental data being assessed with
optimistic superficiality.25 Many experimental
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Table 1. Cross-expression of some tumor-associated anti-
gens among histologically different human tumors from dis-
tinct organs.

bladder BAGE GAGE
breast BAGE MAGE CEA p53 ras MUC-1
colon CEA p53 ras
lung BAGE CEA p53
melanoma BAGE GAGE MAGE ras
pancreas CEA p53 ras MUC-1
sarcomas GAGE



studies have shown that an antitumor response
can be elicited by new vaccines. This results in
strong resistance to a subsequent tumor chal-
lenge and inhibition of minimal residual disease
remaining after convention therapy. The pitfall
hidden in the evaluation of these vaccine-re-chal-
lenge experiments is that successful immuniza-
tion of healthy mice against a subsequent re-
challenge with tumor cells does not demonstrate
a true therapeutic effect.26 Examination of more
realistic studies of the ability of vaccines to cure
existing tumors shows that only a minority of
tumor-bearing mice could be cured. Further-
more, the limited therapeutic efficacy of vaccines
was lost when they were not given in the first few
days after the implantation of tumor cells.26

A similar picture is emerging from phase I
studies on vaccination of cancer patients. The
vaccination is safe, but the results suggest that
only a minority of patients (about 10%) display
an objective response. The immunologic perfor-
mance status of these patients is obviously sub-
optimal for this type of therapy. Even so, one
would have expected a greater number of
responders to support the promise of new
sophisticated vaccines.23

Therapeutic vaccination has not had much suc-
cess in the management of infectious diseases.
Its use against the progression of an established
tumor is very challenging, since it must secure an
effective immune response capable of getting
the better of a well-established, proliferating
tumor. Of the several objectives that have been
made approachable by antitumor vaccines, the
cure of advanced tumors is both the most diffi-
cult and at the same time the most common in
clinical trials. The strong emotions kindled by
cancer suffering provide the main justification
for these attempts.27 Perhaps, major improve-
ments in antitumor vaccination will make this
goal approachable. However, the data reviewed
show that this is far from the present reality.

Nevertheless it should be considered that most
tumor lethality depends on a few neoplastic cells
remaining after surgical excision of a tumor
mass or after having escaped direct killing by
chemo- and radiotherapy. Many experimental
findings28-30 suggest that a stage of minimal
residual disease is one in which it is possible to
foresee a significant cure by immunization. After
successful conventional management the tumor
burden may be low, and the tumor may reap-
pear after a long dormancy. This is a realistic
setting in which vaccination could lead to the
induction of anti-tumor immunity capable of
extending the survival of patients. As there are
grounds for believing that antitumor vaccines
could be used as an effective anticancer tool, the
purpose of this review is to describe the types of

vaccines that are being experimented, emerging
clinical results and the new perspectives opened
by this scientific endeavor.

Common tools

Cytokines and cellular signals
The immunologic attempt of the immune sys-

tem to prevent the development of a neoplastic
disease may be ineffective due to either a lack of
immunogenicity of tumor cells, or to a weak
reaction unable to contrast the neoplastic pro-
liferation. In both cases, it is likely that most of
the physiologic mechanisms of priming of the
immunologic effector cells may be impaired or
absent. In fact, initiation of immune responses
requires that professional antigen-presenting
cells (APC) deliver a first signal to T-lymphocytes
through the binding of the T-cell receptor by the
peptide enclosed in the HLA molecule, that is
responsible for the specificity of the immune
response, and a second or co-stimulatory signal
that is not antigen-specific but it is required for
T-cell activation31,32 mainly through CD80 (B7-
1) and CD86 (B7-2) binding to CD28 receptor,
or the CD40:CD40L pathway. Moreover, the
capacity of dendritic cells (DC) to activate nat-
ural killer (NK) cells by ligation of the CD40
molecule with its counter-receptor has recently
been demonstrated.33,34 Immunocompetent
cells may also determine the type of immune
response by the expression of chemokines and
by the release of pro-inflammatory, or anti-
inflammatory cytokines which drive T-cells to
different activities or even to suppression.35

Therefore, given the complex network of reg-
ulatory signals by professional APC and naive
and memory lymphocytes occurring in antigen-
specific immune responses, it is not surprising
that tumor cells may fail to induce efficient
humoral and cellular immune reactions even
when a well known TAA is present. In this review,
several strategies to overcome the immune
escape mechanisms of tumor cells will be con-
sidered, such as the direct use of TAA to elicit
specific reactions, the use of dendritic cells to
present TAA in order to enhance the immune
response, and the use of tumor cells genetically
modified to function as professional APC or to
release soluble factors. Animal models have
been widely used for many years to demonstrate
the effect of different cytokines, added to or
secreted by tumor cell-based vaccines, in
increasing the in vitro and in vivo cytotoxicity
against tumor challenge. The role of the main
cytokines involved in activation of humoral and
cellular immune responses is represented in Fig-
ure 1. On the basis of cytokine functions it has
been previously shown in experimental models
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that: the number of APC in the site of tumor
infiltration can be increased by cytokines such as
granulocyte-macrophage colony-stimulating
factor (GM-CSF) and interleukin (IL)-4, which
should allow also the differentiation of DC pre-
cursors; B- and T-cell responses are potently
increased by IL-2, IL-12, or GM-CSF;36 and in
particular T-cell cytotoxicity is enhanced by GM-
CSF, IL-2, IL-12, interferon (IFN-γ), tumor necro-
sis factor (TNF-α), while NK activity is enhanced
by IL-12 or FLT 3-L.36,37 However, different mod-
els and different TAA resulted in controversial
findings. Furthermore, since these cytokines are
likely to be more effective when released within
the tumor area, the transduction of cytokine
genes into tumor cells and their use as cellular
vaccines after irradiation has been tested in ani-
mal models and in humans.38-40

Initial clinical experiences in patients with
advanced melanoma or renal cell carcinoma
suggest that tumor cell-based vaccines, either
engineered to produce GM-CSF or IL-12 or with
exogenous GM-CSF, may facilitate marked infil-
tration of DC and CD4+ and CD8+ T-lympho-
cytes into tumor lesions, potentially improving
the antitumor effect. These data provided evi-
dence of the feasibility of the approach but were
unlikely to be able to address the point of effi-
cacy, due to the large tumor burden of these
patients. Future immunotherapy attempts
should, in fact, focus on the possibility of erad-
icating minimal residual disease. More recent

data demonstrated the role of GM-CSF as a use-
ful adjuvant in peptide-based vaccines in ovari-
an and breast cancer and in follicular lym-
phoma, as will be described later in this review.

Figure 1 also shows that cell-to-cell contact
via CD40:CD40L plays a pivotal role in activat-
ing specific T-cell, B-cell and NK-cell responses.
On the other hand, T-cell tolerance can be
obtained by blockade of CD40L receptor in non-
human primates undergoing solid organ allo-
geneic transplantation, and in mice receiving
either allogeneic bone marrow or solid organ
transplantation.41-43

Recent experiments demonstrated that stimu-
lation, via an activating anti-CD40 antibody,
resulted in the activation of host APC and could
convert lymphocytes of mice treated with a
tolerogenic peptide vaccine into cytotoxic T-
cells. Moreover, this stimulation induced the
regression of established tumors that had not
been affected by previous vaccination alone,44,45

thus showing that triggering the CD40 molecule
may both overcome T-cell tolerance in a tumor-
bearing animal and greatly potentiate a peptide-
based vaccine. Moreover, gene transfer by an
adenovirus vector of CD40L in human B-cell
chronic lymphocytic leukemia (B-CLL) allowed
the activation of bystander non-infected B-CLL
cells that upregulated co-stimulatory molecules
such as CD80 and CD86 and stimulated autol-
ogous cytotoxic T-cells.46

Another important issue concerns the way T-

Figure 1. Principal cytokines
involved in the antitumor immune
response.
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cells are turned off by CTLA-4 receptor following
activation via CD28. In fact, both CD28 and
CTLA-4 bind with high affinity to CD80 and
CD86 and CTLA-4 physiologically blocks T-cell
activation. In the case of antitumor T-cell
response it has been demonstrated that block-
ade of negative regulatory signals by an anti-
CTLA-4 monoclonal antibody may retard tumor
growth in experimental systems.47,48 More recent
studies in mice suggested that this molecule was
extremely efficient in causing tumor regression
when used in combination with subtherapeutic
doses of melphalan, or with a GM-CSF-express-
ing tumor.49,50

Altogether, these studies strongly support the
role of cytokines or immunomodulatory mole-
cules in anticancer vaccine strategies. However,
they do not clarify whether a strict T-helper
(Th1) response is required to achieve tumor
killing, or whether a humoral response induced
by anti-inflammatory cytokines should also  be
pursued. Finally, future directions of anticancer
vaccine research are likely to deal with mono-
clonal antibodies enhancing or blocking specif-
ic receptors.

Dendritic cells as initiators of immune
response

Dendritic cells (DC) represent a heteroge-
neous population of leukocytes defined by mor-
phologic, phenotypic and functional criteria
which distinguish them from monocytes and
macrophages.32 From among the professional
APC, DC are the most potent stimulators of T-
cell responses and play a crucial role in the ini-
tiation of primary immune responses.32

The DC system comprises at least three dis-
tinct subsets, including two within the myeloid
or non-lymphoid lineage, and a third represent-
ed by lymphoid DC.32,51 There is also a continu-
um of differentiation within each of these sub-
sets, from precursors circulating through blood
and lymphatics, to immature DC resident in
peripheral tissues, to mature or maturing forms
in the thymus and secondary lymphoid organs.
Recent studies have focused on the different
roles of lymphoid and myeloid DC: more resi-
dent lymphoid DC induce tolerance to self,
whereas migratory myeloid DC, including
Langherans cells, are activated by foreign anti-
gens in the periphery and move to lymphoid
organs to initiate an immune response.32

DC have always been described as having two
distinct functional stages: 1) immature, with
high antigen uptake and processing ability, and
poor T-cell stimulatory function; 2) mature, with
high stimulatory function and poor antigen
uptake and processing ability. Bacterial prod-
ucts such as lipopolysaccharides, and inflam-

matory cytokines such as IL-1, TNF-α, type I
interferons (IFN α or β) and prostaglandin E2

(PGE2) stimulate DC maturation, whereas IL-10
inhibits it.52 Interestingly, human and murine DC
upregulate the synthesis of HLA class I and II
molecules, and B7-1, B7-2 and CD40 molecules,
after ingestion of bacteria or bacterial products,
such as lipopolysaccharides, can prime naive T-
cells.

An emerging concept is that APC activate T-
helper (Th) cells not only with antigen and co-
stimulatory signals, but also with a polarizing sig-
nal (signal 3). This signal can be mediated by
many APC-derived factors, but IL-12 and PGE2

seem to be of major importance. As for Th cells,
APC can be functionally polarized. In vitro exper-
iments with monocyte-derived DC showed that
the presence of IFN-γ during activation of imma-
ture DC induces mature DC with the ability to
produce large quantities of IL-12 and, conse-
quently, a Th1-driving capacity (APC1 or DC1).
In contrast, PGE2 primes for a low IL-12 produc-
tion ability and Th2-driving capacity (APC2 or
DC2).32,53 DC-stimulated CD4+ cells upregulate
CD40L/ CD154 that reciprocally activates DC via
CD40. This renders DC more potent stimulators
of CD8+ cytotoxic T-cell (CTL).54 This novel con-
cept is in contrast to simultaneous stimulation
of CD4+ and CD8+ T-cells by DC, whereby the
CD4+ T-cells secrete helper lymphokines in sup-
port of CD8+ CTL development.55 Together with
CD40 L and CD40, two different groups have dis-
covered another paired member of the TNF-TNF
receptor family. This factor, termed TNF-related
activation induced cytokine (TRANCE) or recep-
tor activator of NF-kB ligand (RANK-L), is
expressed by T-cells.56 Its corresponding recep-
tor, receptor activator of NF-kB (RANK7) or
TRANCE R, is expressed by mature DCs but not
on freshly isolated B-cells, macrophages, or T-
cells.57 Ligation to this receptor causes either acti-
vation of T-lymphocytes or enhancement of DC
survival. In addition, IL-12 is a critical mediator of
DC-supported differentiation of naive, but not
memory, B-cells,58 indicating that direct interac-
tions occur between DC and B-cells, apart from
those that occur via cognate CD4+ T-cell help.

Lastly, it should be mentioned that the prima-
ry and secondary B cell follicles contain another
population of DC, the follicular DC  (FDC). The
origin of these cells is not clear, and most inves-
tigators believe that they are not leukocytes. FDC
trap and retain intact native antigen as immune
complexes for long periods of time, present it to
B-cells and are likely to be involved in the affini-
ty maturation of antibodies, the generation of
immune memory and the maintenance of
humoral immune responses.59

In conclusion, there is a general agreement in
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considering DC as very important players in the
game of immune responses against foreign anti-
gens either of infectious agents or of neoplastic
cells. Many developing immunotherapeutic
strategies against danger antigens are aimed at
exploiting the powerful antigen-presenting prop-
erties of DC by an in vivo or ex vivo engineering of
the DC system. In fact, subcutaneous or intra-
muscular injection of antigens relies on the local
recruitment and activation of DC to capture and
present antigens to the immune system. Although
the techniques for targeting tumor antigens to
DC in situ might eventually obviate the need for ex
vivo manipulation of DC, novel methods for ex vivo
generation and activation of large amounts of
human DC have been developed.

Antitumor vaccination: types 
and formulations

Killing for priming and killing to destroy
The way cell vaccines die when injected in vivo

influences DC loading. The initial activity of
cytokines transduced into the cell vaccine is to
select the leukocyte type recruited and stimulat-
ed at the site of injection. Tumor cells are killed
by effectors of the innate response; NK and poly-
morphonuclear cells also produce secondary
cytokines that set up a local inflammation
recruiting DC, whereas T-cell response is acti-
vated later. Of note, gene engineering allows the
manipulation of the first phase of the process
through the choice of cytokine and/or co-factor
and by deciding the level of cytokine to be pro-
duced. Once the infiltrate leukocytes are activat-
ed, their response to the triggering cytokine is
physiologic and independent. They produce oth-
er cytokines thus amplifying the magnitude and
the complexity of response. The initial stage is
finalized to T- and B-cell activation, killing of cell
vaccine is to provide the antigen(s) and the
inflammatory response should provide the right
environment for such activation.60

The final stage is aimed at the destruction of
existing tumor. Specific immune response is
often insufficient to fight solid tumor nodules.
Among the possible causes, immunosuppres-
sion, low effector-target ratio, MHC downregu-
lation on tumor cells are the most common. Ani-
mal studies have shown that these problems can
be overcome by general inflammation associat-
ed with neutrophil influx. This combination may
destroy the tumor-associated blood vessels61 in
a way that may resemble tissue damage in vas-
culitis. In this setting a specific immune response
is not directly responsible for tumor elimination
but should be strong enough to at least begin
and direct the inflammatory response to the
tumor site. In this perspective, tumor vessels are

the main target of a non-specific immune
response, their functional impairment increas-
ing the effect of either T- or B-cell-mediated spe-
cific immune responses.

An add to DC-common link?
Although DC have been indicated as central in

alerting and activating the immune system, it is
now clear that certain peptides are not and can
not be presented by mature DC. This observa-
tion, made by Van den Eynde and colleagues,62

concerns autoantigens and T-lymphocytes that
recognize them without being deleted in the thy-
mus and normally without provoking autoim-
munity. In fact, APC differ from other cell types
by the proteosome that digests protein into
immunogenic peptides to fit the MHC groove.
APC immunopreoteosomes have three catalytic
subunits substituted by those induced by IFN-γ,
thus generating slightly different peptides from
those generated by non-APC cells.

Several self-antigens identified as tumor-asso-
ciated because of CTL recognition may not be
processed by immunoproteosome. The implica-
tion is that such CTL were not generated
through DC presentation or at least not through
DC processing unless this happened during
transition from immature to mature DC.63 Per-
haps free peptides can be captured on the sur-
face of DC for presentation, or perhaps other
as yet unknown mechanisms are involved.

Genetically modified tumor cell vaccines
Old and recent discoveries confirm the possi-

bility of a cancer vaccine made of tumor cells. 
An empirical approach, such as the use of allo-

geneic whole-cell vaccine composed of 3 allo-
geneic melanoma cell lines established in vitro,
allowed a 3-fold increase of the five-year survival
of patients with stage IV melanoma as reported
by Morton et al.64 The most active component of
Morton’s vaccine has been identified by Liv-
ingston and colleagues65 to be a ganglioside
(GM2). Patients who develop antibody response
to ganglioside showed a significant survival
advantage. Whether a CTL response was also
activated has not been investigated but does
probably exist. However, this finding prompted a
phase III study in patients with stage III disease. 

In the autologous setting, irradiated melanoma
cells were modified with dinitrophenyl and used
to treat patients with metastatic disease. Clinical
evidence of inflammatory response to superficial
metastases was reported. The same treatment
administered to phase III patients who remain
tumor-free after resection of lymph node metas-
tases has resulted in 50 and 60% 4-year relapse-
free and overall survival, respectively.66 Immuno-
staining, TCR repertoire analysis and functional
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data of node-metastases post-vaccination have
shown that treatment with autologous dinitro-
phenyl-modified melanoma cells can expand cer-
tain T-cell clones at the tumor site.67

The above results bring up two issues: autolo-
gous versus allogeneic tumor cells and chemical
or genetic (see below) modifications of tumor
cells to be used as cancer vaccines.

Before discussing these issues we should, how-
ever, address a more basic question, that is how
to use cancer cells as vaccine. Well before identi-
fication of tumor antigens, their existence was
inferred in melanoma on the basis of expansion
and characterization of cytotoxic T-lymphocytes
recognizing autologous tumor,68 whereas anti-
bodies against a variety of tumor types were iso-
lated from patient sera. Antigens recognized by
CTL can be tumor-specific and even restricted to
the autologous tumor or cross-react among dif-
ferent neoplasms of the same or different tissue
origin depending on the mechanism generating
such an antigen: point mutation, incorrect splic-
ing, over-expression, translocation and other (see
Table 2). The number of tumor antigens is always
increasing thus suggesting that our knowledge of
the antigenic repertoire of tumor cells is partial. In
addition, which antigen among those already
characterized should be used in a vaccine?

These problems can be solved altogether by
using tumor cells that would represent the entire
antigenic repertoire with a single drawback, that
is immunoselection of certain antigens. Tumor
cells from different patients may undergo differ-
ent processes of immunoselection and therefore
a pool of these tumors would be ideal for prepar-
ing an allogeneic vaccine. The finding that anti-
gens belonging to allogeneic cells are processed
by host antigen-presenting cells,69 so that they
can be recognized by host T-lymphocytes (a phe-
nomenon called cross-priming), removes any con-
ceptual obstacles to the use of allogeneic cells.
Allovaccines have several advantages over autol-
ogous vaccines: cell lines that are extensively
characterized in vitro can be used to treat all the
patients included in a clinical study. Genetic
modifications of tumor cells have been widely
studied as a way to increase immunogenicity.
These modifications can be easily made to a cell
line, thus avoiding the need to isolate cells from
every tumor. The rate of success in culturing
tumor cells from a primary tumor varies accord-
ing to the type of tumor and experience of the
operator. Transduced cell lines can be selected
for production of a certain amount of transgene
thus assuring that the same vaccine will be given
to all patients. Which modification is most effi-
cient in inducing tumor immunity has not been
unequivocally determined since variability
among different tumors has been described.

Chemical modification, also called hapteniza-
tion, aims at adding helper determinant to
tumor cells,70 although the exact mechanism and
the downstream pathways activated in this way
are not clearly understood. Genetic modification
is now preferred since the effect of several
cytokines and co-stimulatory molecules are
known at molecular level. Their genes can be

Antitumor vaccination

Table 2a. Tumor-associated antigens recognized in class I
HLA restriction.

Antigen defined Type of antigen Type of tumor HLA-restriction
and distribution allele

gp 100 Melanocyte diff. Melanoma A2, A3, A24, Cw8
Melanocortin receptor 1 Melanocyte diff. Melanoma
MART-1/MelanA Melanocyte diff. Melanoma A2, B45
Tyrosinase Melanocyte diff. Melanoma A1, A2, A24, B44
TRP-1 (gp 75) Melanocyte diff. Melanoma A31
TRP-2 Melanocyte diff. Melanoma A2, A31, Cw8
p15 Widely expressed Melanoma A24
SART-1 Widely expressed Lung carcinoma A2601
PRAME Widely expressed Melanoma, renal A24
NAG-V* Melanoma sheared Melanoma A2.1
β catenin Unique tumor specific Melanoma A24
CDK4-Kinase Unique tumor specific Melanoma A2
MUM-1 Unique tumor specific Melanoma B44
TRP2/INT2 Unique tumor specific Melanoma A6801, Cw8
CASPASE-8 Unique tumor specific Head/neck cancer B35
HLA-A*201 mutated Unique tumor specific Renal cancer A2.1
KIAA0205 Unique tumor specific Bladder cancer B44*03
BAGE Cancer/ testis Melanoma Cw 1601
GAGE-1/2 Cancer/ testis Melanoma Cw 6
MAGE-1 Cancer/ testis Melanoma A1, Cw16
MAGE-3 Cancer/ testis Melanoma A1, A2, B44
RAGE Cancer/ testis Renal cancer B7
NY-ESO-1 Cancer/ testis Melanoma, ovarian, A2

esophageal cancer
K-RAS-D13 mutated Shared tumor-specific Colon cancer A2.1
p53 mutated Shared tumor-specific Colon and lung A2.1
Bcr/abl Shared tumor-specific CML A2.1, A3, 

A11, B8 
MUC-1 Shared tumor-specific Breast, colon, A11

pancreatic cancer
HPV16E7 Viral related Cervical cancer A2.1

Table 2b. Human tumor antigens recognized by HLA class
II-restricted CD4+ T cells.

Antigen Tissue distribution Class II restriction

Tyrosinase Melanoma/melanocytes DRb1*0401

Tyrosinase Melanoma/melanocytes DRb1*1501

Triosephosphate isomerase Melanoma, unique DRb1*0101
mutated form

MAGE-3 Melanoma and other tumors, testis DRb1*1301

MAGE-1, -2 or -6 Melanoma and other tumors, testis DRb1*1301

MAGE-3 Melanoma and other tumors, testis DRb1*1101

RAS-D12 mutated Colon and pancreatic cancer DR1

HER-2/neu Breast and ovarian cancer DR11

PML/RARα Acute promyelocytic leukemia DR2

Bcr/abl Chronic myeloid leukemia DR1, DR4, DR11

CDC27 Melanoma DR4

*N-acetylglucosaminyl transferaseV. CML: chronic myeloid leukemia.



transduced into tumor cells that acquire new
immunoregulatory functions. In this way a
desired immune response can be fine-tuned
through gene dosage, recruitment of certain cell
types, deflection of Th1 or Th2 type of response
and several others mechanisms.60

To summarize the most recent and promising
approaches we may consider two strategies
aimed at favoring vaccine interaction with DC or
directly with T-lymphocytes. The two approach-
es can be viewed for priming or boosting (Figure
2). A combination of cytokine and co-stimula-
tory factors is likely to be synergistic as general-
ly occurs when soluble and cell-contact signals
are given together. Tumor cells transduced with
both GM-CSF and CD40L have been shown to
be heavily infiltrated by DC. GM-CSF induces
proliferation and maturation of hematopoietic
cells, and has been shown to stimulate DC
accessory properties and enhance the immune
response initiated by these cells.71

The CD40/CD40L interaction plays a critical
role in cell-mediated immunity, and in prolifer-
ation and activation of APC, as shown for B-
cells, monocytes and, more recently, DC.72 Lig-
ation of CD40 on monocytes and DC results in
the secretion of several cytokines, including IL-1,
IL-6, IL-12, and TNF-α. The murine tumor trans-
duced with both GM-CSF and CD40L genes

showed that tumor infiltrating DC can take up
cellular antigen from the tumor and can present
it to T-lymphocytes in vitro.73 In this setting, DC
bridges cell vaccine-T lymphocytes interaction
and can be envisaged as the way to prime
patients against weaker antigens otherwise
ignored by the immune system. A complemen-
tary approach would consider the possibility of
boosting the primed or the existing immune
response. In this case DC that re-encounter acti-
vated T-cells can be lysed and may not be appro-
priate for boosting. Boosting can be done using
tumor cells transduced with IL-2 and B7-1 such
as to provide both cell expansion and co-stimu-
lation from the tumor cell vaccine directly to T-
lymphocytes (Figure 2). The way cellular antigen
can be captured by DC for priming of T-lym-
phocytes depends on how tumor cells die after
injection. Irradiation of the cell vaccine induces
apoptotic cell death and apoptotic bodies can
be captured by DC.74 Others suggest that pep-
tides of cellular protein complexed to heat shock
protein (HSP), the natural chaperon of peptide
from proteosome to membrane-associated TAP,
leave the cells upon necrosis to be taken up by
DC.75,76 DC loading must be followed by DC
maturation and migration to the lymph node to
ensure correct antigen presentation.32

The way cytokines and co-signals modulate
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Figure 2. Priming of DC and boosting of T-cell responses by transduced tumor cells as vaccine.



vaccine-host interactions may determine the
extent and the efficacy of treatment. Systemic
activation of the immune response (T-cell cyto-
toxicity, antibodies) is easy to measure but can
not be used as a read-out system to predict
whether the tumor will be rejected. Tumor nod-
ules might be reached by circulating lympho-
cytes which, however, may be neutralized
because of either immunosuppression or periph-
eral tolerance. The former is likely dependent on
tumor size and is less expected when a small
tumor, minimal residual disease or prevention
of recurrence is the target to be treated. The lat-
ter could be surmounted by appropriate co-sig-
nals, for example CD40L.45

Soluble proteins as immunogens
Soluble proteins derived from autologous can-

cer cells are not as immunogenic as proteins
derived from infectious agents. The degree of
foreign-ness, which depends on the reciprocal
distribution between epitopes subject and not
subject to self-tolerance, is low in TAA. More-
over, TAA do not have the particulate nature of
infectious agents that is a key factor in increas-
ing their immunogenicity. Finally, infectious
agents are rich in molecules that are able to raise
immune responsiveness without being them-
selves immunogenic. A significant effort has
been made over the last few years to translate
the immunogenic properties of infectious agents
into cancer vaccines for clinical use. The most
suitable TAA should be directly involved in the
malignant behavior of tumor cells; contain mul-
tiple immunodominant B cell and T cell epi-
topes, including both helper and cytotoxic T-cell
epitopes; contain a very high degree of foreign-
ness; be unprotected by self-tolerance mecha-
nisms. Of course, HLA haplotype remains a
major constraint in determining whether TAA-
derived immunodominant peptides can elicit
tumor-specific immune responses in a given indi-
vidual (see also below).

Building up immunogenicity of soluble proteins
Even the most suitable TAA is not immuno-

genic unless it is processed and presented by pro-
fessional APC to the host immune system. To
this aim, TAA should interact with APC directly.
The route of administration and adjuvants are
key factors in determining the final outcome of
immunization. Intravenous injection of soluble
antigens induces tolerance, whereas subcuta-
neous or intramuscular injection of the same
antigens results in immunity because of the inter-
action with epidermal Langerhans cells or der-
mal dendritic cells. Accordingly, delivery of anti-
gens via mucosal surfaces may result in immuni-
ty because antigens may interact with the numer-

ous DC located just beneath the epithelium of
mucosal lymphoid organs. The association
between soluble antigens and APC is made much
more intense by adjuvants. Adjuvants act via dif-
ferent principles and pathways, but the common
goals are to prolong the interaction with APC by
promoting a slow antigen release, and function-
ally activate APC themselves by delivering danger
signals. Cytokines have also  emerged as potent
immunoadjuvants since they can influence the
immune responses at different levels (see above). 

Particulation of soluble proteins
Precipitation with aluminium hydroxide or alu-

minium phosphate has been used to particulate
antigens in diphtheria, tetanus, hepatitis B, and
other vaccines. These types of vaccines induce
antibody formation, but very little delayed cuta-
neous hypersensitivity (DTH) or cell-mediated
cytotoxicity. In a pilot study, five stage I-III
patients with multiple myeloma were immunized
with autologous idiotype (Id) precipitated in alu-
minium phosphate suspension. Three patients
developed idiotype-specific T- and B- cell
responses, but these responses were transient
and their amplitude was low.77

The use of immunostaining complexes
(ISCOMs) is another strategy that has been used
to particulate antigens.  ISCOMs are cagelike
structures made of cholesterol, saponin, phos-
pholipid, and viral envelope proteins to which
other proteins can be associated. Saponin is a
plant derivative that is critical to the efficacy of
ISCOMs. QS21 is the most effective fraction of
saponin and is currently under clinical investi-
gation in several trials.78 ISCOMs may reach the
endocytic pathway and induce DTH and CTL
responses other than antibody production.
Liposomes, virosomes, and proteasomes are
alternative strategies to ISCOMS. Experimental
data have recently shown in the 38C13 mouse B-
cell tumor that liposomal formulation of autol-
ogous Id converts this weak self-antigen into a
potent tumor rejection antigen.79

Promoting slow release of soluble antigens
A slow release of antigen is one of the major

goals of adjuvants. Antigen polymerization and
emulsifying agents have been put together to
achieve this goal. Polymerization can be obtained
by association with non-ionic block polymers or by
association with carbohydrate polymers. Non-ion-
ic block polymers have been used as components
of water-in-oil or oil-in-water emulsions. SAF-1
(Syntex Adjuvant Formulation-1) is an oil-in-water
adjuvant formulation containing non-ionic block
polymers, squalene, and Tween 80. SAF-1 has
been used by Kwak et al. in their pioneering study
on idiotype vaccination in follicular lymphoma
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patients.80 Chemical immunomodulators such as
derivatives of muramyl dipeptide, the smallest sub-
unit of the mycobacterial cell wall that retains
immunoadjuvant activity, can be added to oil-in-
water adjuvants.81 This approach was used in the
study by Hsu et al. in which idiotype/KLH conju-
gates were delivered to follicular lymphoma
patients after mixing with SAF-165 that contained
muramyl dipeptide as immunomodulator.82 Lipid
components of bacteria have also been used as
adjuvants in experimental models. These are por-
tions of the LPS endotoxins of Gram-negative bac-
teria. These molecules are, however, too toxic and
chemically modified derivatives have been devel-
oped for clinical use. So far, monophosphoryl lipid
A is the least toxic derivative capable of promoting
cell-mediated immunity.83

Polysaccharide polymers have also been used
as a sustained-release vehicle for TAA. Poly-N-
acetyl glucosamine is a highly purified, biocom-
patible polysaccharide matrix that has recently
become available for this purpose.84

Peptide vaccines
T-lymphocytes recognize small peptides that

represent the degradation products of a com-
plex intracellular process and are presented on
the cell surface complexed to 1 of 2 types of his-
tocompatibility leukocyte antigen molecules
(HLA classes I or II). CTLs (CD8+) mainly recog-
nize peptides of 8 to 10 amino acids derived
from intracellular or endogenous proteins and
complexed to HLA class I molecules.85-89 CD4+ T-
lymphocytes recognize exogenous proteins
which are ingested by APC, degraded to pep-
tides of 12-24 amino acids and complexed to
HLA class II molecules.90,91

Class I and Class II peptides that are present-
ed on the cell surface, although randomly
derived from the original protein, must contain
specific amino acids in 1 or 2 critical positions
in order to be able to bind the appropriate HLA
molecules. Thus, peptide binding is HLA-
restricted. The amino acid motifs responsible for
the specific peptide-binding to HLA class I and
class II molecules have been determined for the
common HLA types by analyzing acid-eluted
naturally processed peptides and by using cell
lines defective in intracellular peptide loading
and processing.92-94

Several tumor-specific and some leukemia-spe-
cific peptides have so far been identified, and
studies aimed at evaluating the potential clinical
benefit of peptide vaccines in cancer patients
have begun.  Among the reasons that make a
peptide vaccine strategy interesting are several
unique advantages that peptide immunization
offers over other vaccine approaches: 1) peptide
vaccines permit specific targeting of the immune

response against 1 or 2 unique antigens (thus
limiting the potential autoimmune cross-reactiv-
ity or immunosuppressive activity often observed
with more complex immunogens); 2) emerging
technology has made it simple, rapid and inex-
pensive to sequence and prepare larger quantities
of tumor antigen peptides for both laboratory
and clinical use; 3) use of synthetic peptides
greatly reduces the possible risk of bacterial or
viral contamination that might derive from autol-
ogous or allogeneic tissue for immunization. On
the down side, the main disadvantages of peptide
immunization are: 1) lack of universal applica-
bility as each peptide is restricted to a single HLA
molecule; 2) poor immunogenicity of most native
peptides; 3) risk of inducing antigenic tolerance.
Successful attempts to enhance HLA binding
affinity have been based on synthetically gener-
ating peptides with amino acid deletions or sub-
stitutions while maintaining antigen specifici-
ty.95,96 In initial studies, synthetic substituted pep-
tides appeared to enhance immunogenicity and
also to overcome the host immune tolerance that
exists to native peptides.97,98 Conversely it has
been reported that changes in the fine specificity
of modified peptide-reactive T-cells following vac-
cination may occur with subsequent loss of
tumor cell recognition.99

A peptide vaccine approach involves several
steps which are aimed firstly at identifying the
appropriate peptide, secondly at checking for its
immunogenicity and relevance as a tumor-asso-
ciated antigen (TAA) in vitro, and thirdly at for-
mulating a safe product to be used clinically.

Identification of the appropriate peptide
1) From protein to peptide. This approach involves

the screening of potentially HLA-binding peptides
within the sequence of a known tumor-specific
protein by using HLA anchor motifs and epitope
selection. Peptides derived by mut RAS,100

melanoma-associated MAGE protein,101 prostate
specific antigen102 and chronic myelogenous
leukemia (CML) specific P210 were identified by
this approach.103,104 In CML, for example, a pos-
sible total of 76 peptides, 8 to 11 amino acids in
length, spanning the b2a2 and b3a2 junctional
regions of bcr-abl were screened for HLA class I-
binding motifs and tested for the effective binding
property to purified HLA molecules. Four of them,
all derived from the b3a2 breakpoint, were found
to be able to bind with either intermediate or high
affinity to purified HLA A3, A11 and B8.103 A sim-
ilar approach allowed identification of class II
b3a2 breakpoint peptides capable of  binding
HLA DR11,105 DR4106 and DR1107 This method for
identifying tumor-specific peptides is relatively
simple, fast and suitable for any known intracel-
lular protein that may be a potential TAA. Never-

1182

Haematologica vol. 85(11):November 2000

M. Bocchia et al.



theless, it bears the disadvantage that it cannot,
by itself, predict whether the identified peptide is
found on HLA molecules of the leukemia or can-
cer cells that contain the parent protein.

2) From peptide to protein. Another strategy used
to identify suitable peptides for cancer vaccines
involves the structural analysis of naturally
processed peptides (NPPs) bound to HLA class I
and class II molecules of cancer cells. NPPs were
first isolated and sequenced by acid-elution from
immunoaffinity purified HLA molecules and sub-
sequently compared with existing protein
sequences.108 Alternative approaches are to
obtain NPPs by mechanically destroying and
acid-treating whole tumor cells and/or by expos-
ing living tumor cells to rapid acid treatment.109

These procedures should characterize tumor-,
differentiation stage- and tissue-specific self-anti-
gen MHC-bound peptides as well as the natural-
ly processed proteins from which they are derived
and use them as tools for immunotherapy. The
main disadvantage of this approach is that many
tumor cells express low levels of HLA molecules
and the yield of NPPs can be scarce. Nevertheless
some immunogenic peptides derived from wild-
type p53 protein, melanoma associated MART-
1 and gp100 proteins were identified by these
methods,110,111 and naturally processed peptides
from acute myeloblastic leukemia cells and CML
blasts are now under evaluation.112,113 Advantages
and disadvantages of synthetic versus natural
tumor peptides have been recently reviewed.114

3) From tumor infiltrating lymphocytes to peptide.
Probably the most clinically relevant tumor pep-
tides are those identified from the epitope analy-
sis of tumor infiltrating lymphocytes (TIL).115-118

In preliminary experiments HLA class I restricted
CTL lines were derived by repetitive in vitro stimu-
lation of TIL with autologous tumor cells. Subse-
quently, by transfection of a tumor cDNA library
and in vitro sensitization assays, the peptide
sequences recognized by the tumor-specific CTLs
were identified as were the parent proteins (i.e.
peptides derived from melanoma associated
gp100, tyrosinase and the MAGE family). Most
TIL-derived tumor peptides found in the past few
years are MHC class I-restricted; however, a nov-
el melanoma antigen resulting from a chromo-
somal rearrangement and recognized by a HLA-
DR1-restricted CD4+-TIL has recently been iden-
tified.119

Checking for peptide immunogenicity
Except for TIL-derived peptides, all other

tumor-specific, HLA binding, synthetic or natu-
rally expressed peptides still need to be tested
for immunogenicity. The ability of inducing CTL
or specific CD4+ proliferation has been evaluat-
ed for all tumor-specific peptides that were sub-

sequently used in clinical trials. P210-derived
peptides, for example, were able to elicit pep-
tide-specific T-cell immunity both in normal
donors,105,120 and CML patients.121 Their rele-
vance as TAAs has been further confirmed by
observing peptide-specific HLA restricted CTLs
and CD4+ cells able to mediated killing of b3a2-
CML cells and proliferation in the presence of
b3a2 containing cell lysates, respectively.106,107

The latter findings were the indirect proof of nat-
ural processing of P210 and of HLA presentation
of breakpoint-derived peptides. Although strong
peptide-specific CTL and CD4+ responses have
been shown in vitro for most tumor peptides so
far identified, few data on T-cell induced immu-
nity after peptide vaccination in patients have
been generated.100,122,123 Thus, strategies to
improve peptide immunogenicity, by using dif-
ferent adjuvants and delivery systems, are cur-
rently under evaluation.

Peptide vaccine formulation
The goal of experimental clinical protocols

using peptide antigens for active vaccination is
to induce a strong CTL response against the
immunizing antigen and thereby against tumor
cells expressing the antigen. The mode of pep-
tide-based cancer vaccination critically affects
the clinical outcome. The synthesis of a peptide
on a large scale, its purification and testing for
common Quality Control/Quality Assurance
compliance are simple and fast procedures but
the choice of an effective delivery system for the
peptide is crucial. Peptide vaccination strategies
currently being evaluated include: 1) direct pep-
tide vaccination with immunologic adjuvants
and/or cytokines;124 2) lipopeptide conju-
gates;125 3) peptide loading onto splenocytes or
DC;126 4) lysosomal complexes.127 Recently, a
specific formulation of the polysaccharide poly-
N-acetyl glucosamine has been found to be an
effective vehicle for sustained peptide delivery in
a murine vaccine model able to generate a pri-
mary CTL response with a minimal peptide
dose.84 Finally, triggering CD40 in vivo with an
activating antibody considerably improved the
efficacy of peptide-based anti-tumor vaccines in
mice, converting a peptide with minimal
immunogenicity into a strong CTL inducer.44

Recombinant viruses
The molecular identification of the antigens

on human tumors recognized by T- and B-lym-
phocytes  offers the opportunity to design nov-
el cancer vaccines based on recombinant forms
of TAA. Genes coding for TAA can be inserted
into the genome of attenuated micro-organisms
such as bacteria and viruses. Viruses are among
the most interesting vectors since they are able
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to induce antibody, Th, and CTL responses in
the absence of co-stimulation.128 Their long-last-
ing cohabitation with human beings has likely
favored the evolution of specific patterns recog-
nized by the innate immune system which create
an immunostimulatory environment for optimal
immune responses. The vector choice, however,
is limited by the possible disadvantages of
recombinant virus utilization, such as recombi-
nation with wild-type viruses, oncogenic poten-
tial, or virus-induced immunosuppression.

Vaccinia virus (VV) belongs to the Poxviridae
family, and its worldwide use in the smallpox
eradication campaign demonstrated that it was
safe and very effective. To date, no other large-
scale vaccination program has had such an
impact on human diseases, because smallpox
has been virtually eliminated from the world
population. Large amounts of foreign DNA can
be stably inserted into the VV genome by homol-
ogous recombination.129 VV employs a built-in
transcriptional and post-translational apparatus
to produce large amounts of the protein encod-
ed by the inserted gene. VV sojourns within the
host cell cytoplasm and does not integrate nor is
it oncogenic.129 The induction of potent cellular
and humoral immune responses with recombi-
nant (r)VV was observed in several tumor sys-
tems.130-132 Preclinical studies in models of pul-
monary metastatization caused by tumors bear-
ing a prototype TAA have revealed some features
of rVV that are important in determining suc-
cessful therapy. In particular, TAA gene must be
expressed under the control of a strong, early
promoter which allows its expression in profes-
sional APC such as DC.133 Moreover, while pre-
vention from tumor challenge requires only the
synthesis of the TAA by the recombinant virus,
genes encoding immunostimulatory molecules
inserted in the recombinant poxvirus,134 exoge-
nous cytokines,131,135 or their combination136 are
required to induce eradication of established
tumors.

Encouraging results have also been obtained in
mouse models more relevant to the therapy of
human cancer. Immunization of mice transgenic
for the human HLA-A*0201 allele with an rVV
encoding a form of the melanoma antigen
gp100, which had been modified to increase epi-
tope binding to the restricting class I molecule,
elicited CD8+ T-lymphocytes specific for the epi-
tope that is naturally presented on the surface of
an HLA-A*0201-expressing mouse melanoma.137

Repeated inoculations of an rVV encoding the
mouse tyrosinase-related protein-1 (TRP-
1/gp75) caused autoimmune attack of normal
melanocytes manifested by hair depigmentation
(vitiligo) and CD4+-mediated melanoma destruc-
tion in mice.138 In a clinical trial, administration

of VV encoding human carcinoembryonic anti-
gen (CEA) proved effective in inducing both
humoral and cellular immune responses in
patients with colorectal cancer.139

Poxviruses are not the only choice for tumor
immunologists. Adenoviruses in which critical
genes that enable viral replication have been
deleted and replaced by genes encoding het-
erologous antigens, have been generally used in
gene therapy studies, but have also provided
antitumor activity when employed as immuno-
gens.140 Liver toxicity was described following
systemic administration of high titers of first
generation E1-deleted Adenovirus vectors opti-
mized for gene therapy.141 These side effects,
which certainly raise some concerns about Ade-
novirus administration in patients, might not
restrain their use in cancer immunotherapy since
systemic delivery of high viral titers would cer-
tainly not be the favored immunization route.

Initial clinical trials have unveiled some of the
intrinsic limitations of recombinant viruses. Many
patients, in fact, have high neutralizing antibod-
ies against VV as a consequence of its use as a
vaccine for smallpox prevention, and against Ade-
noviruses, which cause upper respiratory tract
infections throughout life. High doses of recom-
binant adenoviruses expressing the human
melanoma antigens MART-1 and gp100 could
be safely administered to cancer patients, but the
high levels of neutralizing antibodies present in
their sera likely impair the ability of these viruses
to immunize against the melanoma antigens.142

These results, largely expected, have not put an
end to the clinical use of recombinant viruses, as
various strategies have been exploited to over-
come pre-existing immunity. Several groups have
engineered non-replicating viruses which nor-
mally do not infect human beings. The Avipox-
viridae family comprises viruses, such as fowlpox
and canarypox, which can productively infect
avian but not mammalian cells, and are not
cross-reactive with VV.143 A recombinant
fowlpox virus expressing a model TAA was able
to cure established tumors in mice;144 an impor-
tant aspect of this study was the observation
that prior exposure to VV did not abrogate the
immune responses induced by the recombinant
fowlpox virus. A different non-replicating virus,
canarypox virus (ALVAC), has also been
employed to elicit immune responses against a
variety of antigens.145,146 

A highly attenuated strain of VV, known as
modified VV Ankara (MVA), has been inoculated
as smallpox vaccine into more than 120,000
recipients without causing any significant side
effect.147 Replication of MVA is blocked at the
step of virion assembly and for this reason the
MVA vectors produce recombinant proteins
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expressed under the control of both early and late
viral promoters, thus mimicking the expression
in wild-type virus. An MVA vector, and a fowlpox
virus vector expressing a model TAA showed bet-
ter therapeutic effects on pulmonary metastasis
than a VV encoding the same TAA.148 MVA is a
very promising vector for the development of
recombinant vaccines for cancer, and can be effi-
ciently used in combination with DNA vac-
cines.149

As an alternative approach, the mucosal route
of administration was recently shown to over-
come pre-existing immunity to VV. Intrarectal
immunization of vaccinia-immune mice with rVV
expressing HIV gp160 induced specific serum
antibody and strong HIV-specific CTL respons-
es in both mucosal and systemic lymphoid tis-
sue, whereas systemic immunization was inef-
fective under these circumstances.150

Direct immunization of mice with recombinant
adenoviruses resulted in the induction of high
titers of neutralizing antibodies, which precluded
a boost of CTL responses after repeated inocula-
tions. The presence of neutralizing antibodies did
not, however, affect the immunogenicity of
infected DC, as repeated administration of virus-
infected DC boosted the CTL response even in
mice previously infected with the recombinant
vector.151 It was also shown that protective immu-
nity against mouse melanoma “self” antigens,
gp100 and TRP-2, could be obtained by DC
transduced with Adenovirus vector encoding the
antigen. Importantly, immunization with Aden-
ovirus-transduced DC was not impaired in mice
that had been pre-immunized with Adenovirus.152

With the help of these novel strategies, recombi-
nant vectors could be used in the general popu-
lation, including those individuals previously
exposed to the viruses. Gene transfer to different
human DC subpopulations by vaccinia and ade-
novirus vectors is a conceivable strategy for TAA
loading.153

DNA vaccines
Following the first and somewhat shocking

demonstration that the intramuscular injection
of naked DNA (i.e., DNA devoid of a viral coat)
encoding the influenza A nucleoprotein could
induce nuceloprotein-specific CTL, and protect
mice from challenge with heterologous influen-
za strains,154 DNA immunization has become a
rapidly developing technology. This vaccination
method provides a stable and long-lasting
source of antigen, and elicits both antibody- and
cell-mediated immune responses. Compared to
recombinant viruses, DNA vaccines offer a num-
ber of potential advantages because they are
cheap, easy to produce, and do not require spe-
cial storage or handling. DNA vaccines express

virtually only the heterologous gene, therefore,
they should induce an immune response selec-
tive for the antigen and not the vector, thus sup-
plying a source of antigen suitable for repeated
boosting. DNA vaccination has proven to be a
generally applicable approach to various pre-
clinical animal models of infectious and non-
infectious diseases,155 and several DNA vaccines
have now entered phase I/II human clinical tri-
als. Although the clinical application of DNA
vaccines is a very young practice, some trials
have already demonstrated that is possible to
elicit a specific CTL response against malaria
and HIV proteins in human volunteers.156,157

This novel vaccination approach involves dif-
ferent steps: 1) cloning of a heterologous gene
under the control of a viral promoter (ordinari-
ly derived from the CMV immediate early
region); 2) purification of the endotoxin-free
DNA plasmid from bacteria factories; 3) admin-
istration of the expression vectors by direct intra-
muscular or intradermal injection with a hypo-
dermic needle or using a helium-driven, gene gun
to shoot the skin with DNA-coated gold beads.
Heterologous DNA can also be introduced into
recombinant Salmonella,158,159 or Listeria
strains160 that can be thus administered by a
mucosal route (Figure 3). In addition to these
classic routes of DNA delivery, plasmid-based
gene expression vectors have also been admixed
with polymers and administered with a needle-
free injection device, achieving high and sus-
tained levels of antigen-specific antibodies.161

The route of DNA delivery can profoundly influ-
ence the type of immune response by preferen-
tially activating different Th populations: gene
gun bombardment elicits a Th2 response, while
intramuscular inoculation induces Th1 activa-
tion, even though the antigen form (i.e., mem-
brane-bound vs secreted) can also exert some
effect.162,163

The immunostimulatory activity of DNA vac-
cines has been associated with the prokaryotic-
derived portion of the plasmid, which contains
a central CpG motif in the sequence PuPuCpG-
PyPy.164,165 In their unmethylated form, these
hexamers stimulate monocytes and macro-
phages to produce different cytokines with a
Th1 promoting activity including IL-12, TNF-α,
and IFN-γ.166,167 A plasmid that incorporated
several CpG islands in the prokaryotic ampi-
cillin-resistance gene induced a stronger immune
response when compared to a second plasmid
carrying the kanamycin-resistance gene which
possesses none.168 To date, it is not known
whether the CpG motifs will have the same
immunostimulatory properties when applied to
vaccination of human beings. However, it was
recently reported that CpG motifs can activate
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in vitro subsets of freshly isolated human DC to
promote Th1 immune responses.169

The mechanism of DNA-induced immunization
has not yet been fully elucidated. An exclusive role
for the direct transfection of normal tissue cells,
such as myocytes or keratinocytes, has been
debated because surgical ablation of the inject-
ed muscle within 1 minute of DNA inoculation
did not affect the magnitude and longevity of
DNA-induced antibodies.170 Moreover, studies
with bone-marrow chimeras clearly indicated
that bone-marrow-derived APC, either transfect-
ed by the DNA plasmid or able to capture the
antigen expressed by other transfected cells, were
necessary to prime T- and B-lymphocyte respons-
es.171 Indeed, more recent evidence suggests that
Th and CTL are activated by DC directly trans-
fected in vivo following DNA immunization.172,173

The first applications of DNA immunization to
preclinical models of tumor growth revealed
some interesting aspects. In general, the potency
of naked DNA does not equal that of recombi-
nant viruses, probably because DNA does not
undergo a replicative amplification in the trans-
fected cells, which in turn limits the amount of
heterologous antigen produced. Inflammatory
responses caused by DNA inoculation are more
contained than those occurring during infection
with viruses; for this reason, repeated inocula-
tions of plasmid DNA, or the use of adjuvants
such as cardiotoxin are generally required for the

induction of an optimal response. Another
emerging issue is that the efficacy of the vaccina-
tion approach depends more on the type of anti-
gen than on the route of administration (Table
3). Vaccines based on shared viral antigens, or
model TAA artificially introduced in the experi-
mental tumors can be used to induce a strong,
and often therapeutic immune response. Using a
gene gun for DNA immunization, Irvine et al.174

observed effective treatment of established pul-
monary metastases, but recombinant cytokines
were necessary to enhance the therapeutic
effects. Unlike viral and model TAA, self TAA fail
to induce sterilizing immunity since therapy of
established tumors has been rarely reported, and
prevention from challenge is often partial.175-178

Central and peripheral tolerance to self antigen
has thus emerged as the main limitation to the
successful application of DNA vaccines to the
therapy of cancer. This conclusion seems to apply
to several mouse melanocyte differentiation anti-
gens, a class of molecules that is expressed in
both melanomas and melanocytes and includes
tyrosinase, TRP-1/gp75, TRP-2, and gp100/pmel
17. However, tolerance can be broken by the use
of a xenogeneic source of TAA. While immuniza-
tion with mouse TRP-1/gp75 or TRP-2 antigens
failed to induce a detectable immune response,
vaccination with a plasmid DNA encoding the
human homologous antigens elicited autoanti-
bodies and CTL in C56BL/6 mice:178,179 immu-
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nized mice rejected metastatic melanoma and
developed patchy depigmentation of their coats
(vitiligo). This “obligatory” association of vitiligo
and antitumor response was recently questioned
by a study showing that immunization with
mouse TRP-2-encoding plasmid could protect
CB6 F1 mice in the absence of overt vitiligo, sug-
gesting a role for the genetic background in con-
trolling both the extent and the consequences of
the immune activation against self TAA.180

A novel vaccine that combines the properties
of viruses and DNA is based on antigen pro-
duction in the context of an alphavirus replicon.
These new vectors rely on the ability of the
alphavirus RNA replicase to drive the replication
of its own gene, as well as of subgenomic RNA
encoding the heterologous antigen. This loop of
self-replication results in a several-fold amplifi-
cation of protein production in infected cells.181

Compared with traditional DNA vaccine strate-
gies, in which vectors are persistent and the
expression constitutive, the expression mediated
by the alphaviral vector is transient and lytic,
resulting in a decrease of biosafety risks as well
as the risk of inducing immunologic tolerance
due to long-lasting antigen expression. A single
intramuscular injection of a self-replicating RNA
immunogen at doses lower than those required
for standard DNA-based vaccines elicited anti-
bodies, CD8+ T-cell responses, and prolonged
the survival of mice with established tumors.182

Interestingly, the enhanced immunogenicity of
these vectors correlated with the apoptotic
death of transfected cells, which facilitated their
uptake and presentation by DC.

Methodology for ex vivo generation of DC
Investigators working in human and murine

systems have discovered culture conditions that
use hematopoietic cytokines to support the
growth, differentiation, and maturation of large
amounts of DC. Therefore, DC can also be puri-
fied from peripheral blood after removal of oth-
er defined T, B, NK and monocyte populations by
using antibodies and magnetic beads or a cell-
sorter.183 However, the very low frequencies of DC
in accessible body samples, especially blood, lim-
its the use of these DC for vaccination protocol.
The ex vivo differentiation of DC progenitors can
be traced easily by monitoring changes in some
key surface molecules such as CD1a (acquired by
DC) and CD14 (expressed by monocytes and lost
by DC). Furthermore expression of co-stimulato-
ry molecules such as CD40, CD80, CD86, as well
as HLA antigens, can be used to evaluate the
stage of differentiation and the degree of matu-
ration of DC during in vitro culture. In addition,
two new markers, CD83 and p55, have been
shown to be selectively expressed by a small sub-
set of mature DC differentiated in in vitro cul-
ture.184,185 According to the knowledge of DC
ontogeny, two major strategies are used. The first
is based on the ability of CD34+ progenitors iso-
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Table 3. DNA vaccines in active immunotherapy of experimental mouse tumors.

TAA Experimental tumor Route of inoculation Adjuvant Vaccine effects Reference

Beta-galactosidase adenocarcinoma gene gun bombardment cytokines treatment of 2-day-old (47)
(model TAA) followed by cytokine i.p. (IL-2, IL-12) pulmonary metastases

gag from M-MuLV leukemia i.m., 3 inoculations every 10 days none complete protection (56)
from challenge

HPV-E7 sarcoma 3 gene gun bombardments, none complete protection (48)
every 2 weeks from challenge

Neu spontaneous mammalian i.m., 4 weekly inoculations IL-2-encoding plasmid partial protection (50)
tumor from challenge

P1A mastocytoma i.m., 3 inoculations every 10 days none partial protection (49)
from challenge

Idiotype/GM-CSF B-cell lymphoma i.m., 3 inoculation every 3 weeks none partial protection (57)
fusion protein from challenge

mouse TRP-2 melanoma 3 gene gun bombardments, IL-12-encoding plasmid partial protection (48)
every 2 weeks from challenge

human TRP-1 melanoma 5 gene gun  bombardments, weekly none reduction of pulmonary (52)
metastases upon challenge; 
vitiligo

human TRP-2 melanoma 1-4 gene gun  bombardments GM-CSF (in therapy setting) reduction of pulmonary (51)
metastases (prevention
and therapy); vitiligo

mouse TRP-2 melanoma i.m. cardio-toxin protection from challenge; (53)
no vitiligo 



lated from bone marrow,186 peripheral blood,187

or neonatal cord blood188 to differentiate ex vivo
within 12-14 days into mature CD1a+/CD83±
HLA-DR+ DC in the presence GM-CSF and TNF-
α. Both stem cell factor (SCF) and FLT3 ligand
are able to augment the DC yield if these key fac-
tors are present in the culture.189

The maturation of DC from progenitors is influ-
enced not only by cytokines, but also by extra-
cellular matrix (ECM) proteins, such as
fibronectin which has been reported to enhance
DC maturation by mediating a specific adhesion
through the a5b1 integrin receptor.190 The choice
of culture conditions, especially the cytokine
combination, will influence DC purity, matura-
tion and function, and this is a consideration of
prime importance before starting a DC-based
immunotherapy strategy. A more practical
approach is the production of DC from CD14+

monocytes, in the presence of GM-CSF and IL-4.
A future strategy for easy achievement of large

amounts of DC is the in vivo injection of the same
cytokines utilized for ex vivo DC generation. In
fact, the administration of FLT3 ligand either in
animals191 or in humans192 results in a reversible
accumulation of functionally active DC in both
lymphoid and non-lymphoid tissues. Therefore,
in murine models it has been demonstrated that
FLT3 ligand caused the regression of various
tumors supporting the suggestion that DC may
be directly involved in the antitumor effect of
FLT3 ligand.193,194

Strategies for delivery of TAA into DC
Several approaches for delivery of TAA into DC

have been utilized. To date, in the clinical pro-
tocol of vaccination by DC both synthetic pep-
tides corresponding to known tumor antigens
and tumor-eluted peptides have been used for
DC-mediated antigen presentation.195 While
synthetic peptides represent only the limited
antigenic repertoire of the presently known
tumor antigens, tumor-eluted peptides, though
originating from unknown proteins, may reflect
a wider antigenic spectrum. Another potential
disadvantage of using defined synthetic peptides
to activate tumor-reactive T-cells is that the gen-
erated peptide-specific T-cells may not recognize
autologous tumor cells expressing the antigen
of interest. Loading DC with cocktails of differ-
ent synthetic peptides, corresponding to differ-
ent tumor antigens expressed by the same
tumor, has been demonstrated to be a clinical-
ly effective procedure. Nevertheless it is possible
that the synthetic peptide-approach will limit
patient selection, on the basis of the HLA phe-
notype, and will prevent the possibility of acti-
vating both CD4 and CD8 T-cells directed to dif-
ferent epitopes of the same antigen. To by-pass

these disadvantages, several alternative method-
ologies using a mix of TAA have been developed.
DC are able to internalize complete tumor
lysates or apoptotic cells and to present derived
antigen in an HLA I-restricted manner.196 In
addition, DC secrete antigen-presenting vesicles,
called exosomes, which express functional HLA
class I and class II, and T-cell co-stimulatory
molecules. Tumor peptide-pulsed DC-derived
exosomes prime specific cytotoxic T-lympho-
cytes in vivo and eradicate or suppress growth of
established murine tumors in a T-cell-dependent
manner.197 However, a possible limitation of
these approaches is the need for large numbers
of primary samples or tumor cell lines and the
complete lack of control of the nature of the
antigens that are being presented by the DC. The
use of RNA instead of protein could constitute
a good alternative since it could be amplified in
vitro. In addition, substractive hybridization
could allow the enrichment of tumor-specific
RNA, thus limiting immune response against self
antigen.198 A further possibility is the engineering
of DC with expression vectors carrying TAA
genes. Among the viral vectors, retroviral, aden-
oviral, and vaccinia vectors have been widely uti-
lized to transduce either monocyte or CD34+

cell-derived DC. Many authors have chosen
retroviral vectors because retroviral transduced-
DC should be able to constitutively express and
process TAA to produce long-term antigen pre-
sentation in vivo. Specific CTLs against trans-
duced-TAA are elicited by retrovirus-engineered
DC.199 However, their low efficiency of trans-
duction limits the clinical use of retroviruses.

In contrast, adenoviral vectors infect replicat-
ing and non-replicating cells, are easy to handle,
and supernatant with clinical grade high titer is
readily achievable. Both monocyte and CD34+

cell-derived DC can be transduced with high effi-
ciency by adenovirus combined with polyca-
tions.200,201 Moreover, DC transduced by aden-
ovirus maintain their APC functions.202 However,
the use of adenovirus vectors is hampered by
their immunogenicity which causes the rapid
development of a CTL response that eliminates
virus-infected cells and generation of neutralizing
antibodies in recipients. Moreover, vaccinia virus
which is a member of the poxvirus family, is not
oncogenic, does not integrate into the host
genome, is easy to manipulate genetically and is
capable of accepting large fragments of heterol-
ogous DNA.203 The transduction of CD34+ cell-
derived DC is feasible but their use is limited by
the narrow therapeutic index between optimal
transduction and target cell viability.153 The pres-
ence of acquired genetic abnormalities in
myeloid hematologic malignancies might repre-
sent the basis for innovative immune-based anti-
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leukemic strategies. In fact, intracellular proteins
can be processed and presented on the cell sur-
face by HLA molecules indicating the possibility
that leukemia-specific genetic abnormalities may
be targets for cytotoxic T-cells. The generation
of functional monocyte-derived DC carrying the
specific genetic lesion has been reported for both
acute myeloid and lymphoid leukemia
(AML),204,205 as well as chronic myelogenous
leukemia (CML).206 Current protocols for ex vivo
DC generation from CD34+ cells does not allow
large numbers of leukemic DC to be produced,
probably because of a defective proliferative
and/or maturative capacity of transformed
CD34+ cells.

Recently, a protocol which allows the optimal
generation of BCR/ABL-positive DC from CML-
derived CD34+ cells has been reported.207

Antitumor vaccination: 
emerging clinical results

Clinical trials in solid tumors
Despite the fact that the large number of ongo-

ing clinical trials which can be derived from the
Physician Data Query (PDQ) of NCI (Figure 4)
suggests a diffuse interest in immunotherapy,
there is still a strong need to define the clinical
impact of immunotherapy in the treatment of
solid tumors. Table 4 summarizes the already
published vaccination trials carried out using a)
autologous or allogeneic neoplastic cells, b) syn-
thetic peptides corresponding to defined TAA,
alone or pulsed on autologous monocytes or
DC.

Melanoma
Melanoma is the most striking example of a

non-virus-induced immunogenic tumor in man
that is able to elicit T-cell-mediated antitumor
immunity. The majority of tumor antigens
defined by T-cells have been identified utilizing
patients’ T-lymphocytes as effector cells and
tumor cells obtained from autologous (metasta-
tic) tumor deposits as the target.68 Several inves-
tigators have isolated cross-reactive tumor-spe-
cific CTLs from peripheral blood, lymphocytes,
or tumor-infiltrating lymphocytes of melanoma
patients, and these CTLs are able to recognize
common tumor antigen expressed in melanomas
that share the restricting HLA class I allele.19

Thus, large numbers of ongoing or published
clinical trials have been carried out on patients
with metastatic melanoma. Experimental strate-
gies are encouraged since with current standard
therapies the prognosis of patients with metasta-
tic melanoma is poor with a median survival of
about 6 months.208 Several approaches to induce
antitumor immune response have been report-
ed.

Irradiated tumor cells. The initial anti-melanoma
vaccines were similar in their preparation to the
vaccines against infectious diseases. Crude
preparations of homogenized tumor cells were
mixed with immune-stimulating adjuvants such
as viral or bacterial particles. Some of these ear-
ly vaccines were tested in clinical trials and
induced objective clinical responses in about
25% of the cancer patients.209 The most impres-
sive trial was reported by Morton et al.64 who
administered, to 136 stage IIIA and IV (American
Joint Commitee on Cancer, AJCC) melanoma
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patients, a polyvalent melanoma cell vaccine
(MVC) comprising 3 allogeneic melanoma cell
lines. Of 40 patients with evaluable disease, 9
(23%) had regressions (3 complete). Induction
of cell-mediated and humoral immune respons-
es to common melanoma-associated antigens
present on autologous melanoma cells was
observed in patients receiving the vaccine. Sur-
vival correlated significantly with DTH and anti-
body response to MCV and there was a 3-fold
increase in 5-year survival of patients with stage
IV melanoma. Livingston et al.65 randomized 122
stage III melanoma patients free of disease after
surgery to receive treatment with the ganglioside
GM2/BCG vaccine or with BCG alone. All
patients were pretreated with low-dose cyclo-
phosphamide. In most patients vaccinated with
GM2/BCG, an antibody production against gan-
glioside was demonstrated and this was associ-
ated with a prolonged disease-free interval and
survival, although the improvement did not
reach statistical significance.

Gene-modified tumor cell vaccine. Autologous or
allogeneic tumor or fibroblast cells have been
modified to express cytokines and/or co-stimula-
tory molecules and/or a suicide compound. This

genetic engineering is mainly performed ex vivo
using retroviral vectors. In the published human
trials, tumor cells have been transduced to express
several cytokines. Arienti et al.210 described 12
stage IV melanoma patients who underwent vac-
cination with HLA-A2-compatible allogeneic
human melanoma cells (5x107 or 15x107 cells)
engineered to release IL-2. Little toxicity with three
mixed clinical responses was recorded. Among the
nine patients immunologically evaluated, periph-
eral blood lymphocytes from three patients dis-
played enhanced non-HLA-restricted cytotoxici-
ty, and two of those individuals had an increased
reactivity against tyrosinase peptide or gp-100
peptide after immunization. In the only patient
for whom the autologous melanoma line was
available, and following in vitro stimulation of the
PBLs after vaccination, the frequency of CTL pre-
cursor (CTLp) was significantly enhanced. Other
groups utilized a similar approach transducing
different cytokines, i.e. IL-12,40 IL-7,211 and GM-
CSF.39 Despite documented specific antitumor
reactivity with an increased frequency of anti-
melanoma cytolytic precursor cells, negligible clin-
ical results were demonstrated. To summarize, the
advantage of a genetically modified autologous
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Disease Stage Pts Vaccine
Route of 
Admin. TA Ads Side Effects Clinical Results

Immunol 
Results Authors

Melanoma IIIA/IV 136
 Melanoma Cell 
Vaccine (MCV)  

ID
Human 

Melanoma Cell 
Lines

Yes/No
Mild (Erithema, 

Fever)
9/40 evaluable pts        

(3 CR,  6 PR)

↑Cell mediated and 
humoral responses to 
MCV ; ↑  Activation of 
TIL 

Morton, 1992

IV 12
IL-2 Transduced-

Melanoma Cell Line 
SC

Melanoma Cell 
Line

No
Mild (Erithema, 

Fever)
3 MR; 1 SD ↑  Melanoma-Specific 

CTLp
Arienti, 1996

IV 10
IL-7 Transduced-

Autologous 
Melanoma Cells

SC
Autologous 
Melanoma 

Cells
No Mild (Fever) 2 MR 5 SD ↑ Melanoma-Specific 

CTLp 
Moller, 1998

IV 21
GM-CSF Transduced-

Autologous 
Melanoma Cells

ID and SC
Autologous 
Melanoma 

Cells
No

Mild (Erithema, 
Induration, Itching)

1 PR; 1 MR; 3 Minor Res

↑ Melanoma-Specific 
CTLp; 80% Tumor 
Destruction into 
Metastases

Soiffer,1998

IV 31
Peptide+IL-2 

SC
 modified g209-

2M 
IL-2 and 

IFA
Mild (Erithema)  6 PR, 3 MR, 3 SD ↑  Melanoma-Specific 

CTLp
Rosenberg, 1998

IV 39
Peptide 

SC and ID
MAGE-3 (HLA-

A1)
No Mild 3 CR; 4 PR

No Increase of anti 
MAGE-3 CTLs even 

in Responders
Marchand,1999

IV 16

Ag Pulsed Autologous 
Monocyte- derived 

DCs 
Lymph nodes

Peptide 
Cocktail or 
Autologous 

Tumor Lysate 

KLH Mild (Fever) 2 CR; 3 PR;1 MR
DTH to KLH in 16;  
DTH to peptide-
pulsed DCs in 11

Nestle, 1998

IV 17
Ag Pulsed Autologous 

Monocyte- derived 
DCs

ID
Autologous 

Tumor Lysate 
No No 1 PR

DTH to Vaccine in 
9/17;  CD8 Cells in 

expanded-VIL
Chakraborty, 1998  

Colon 
Cancer

II and III 254
Irradiated Autologous 

Tumor Cells 
ID

Autologous 
Tumor Cells

BCG Mild 

Stage II: 61% Risk 
Reduction for Recurrences; 

Stage III: no Significant 
Benefits

DTH+: ≥90% Pts Vermorken,1999

Prostate 
Cancer

Locally 
Advanced 

82

Ag Pulsed Autologous 
Monocyte- derived 

DCs 
Lymph nodes

Peptide 
Cocktail or 
Autologous 

Tumor Lysate 

KLH Mild (Fever) 2 CR; 3 PR; 1 MR
DTH to KLH in 16;  
DTH to peptide-
pulsed DCs in 11

Salgallar, 1998

Renal Cell 
Cancer

IV 12
Ag Pulsed Monocyte 

derived-DCs 
IV

Autologous 
Tumor Lysate

KLH Mild (Fever) 1 PR
DTH to KLH after 1° 
and 2° Vaccination 

Holt, 1999

Pts: Patients; TA: Tumor Antigens; Ads: Adjuvants; SC: Subcutaneous; MR: Mixed Response; SD: Stable Disease; CTLp: Cytotoxic T Lymphocyte precursor; ID: Intradermic; PR: Partial Response;

 TIL: Tumor-Infiltrating LymphocytesIFA: Incomplte Freund's Adjuvant; KLH: Keyhole Lympocianin; DTH: Delayed Type Hypersensitivity; IV: Intravenous

Table 4. Phase I/II  trials of vaccination in patients with solid tumor.



cell vaccine is that it contains the whole collec-
tion of tumor proteins and therefore has the
greatest chance of inducing an immune response
against relevant tumor antigens. However, grow-
ing autologous tumor cells in vitro to establish
tumor cell lines is time-consuming and often
unsuccessful. These studies are relevant since they
show that injection of gene-modified cells into a
patient a) is safe; b) is followed by efficient and
variable transduction rate of host tissues; c) is
associated with transgene expression in the
patient; d) is associated with biological activity of
the transgene product in most instances.

Synthetic and natural peptides. Phase I clinical tri-
als have been carried out using synthetic pep-
tides corresponding to defined TAA. The clinical
trial using melanoma differentiation antigen
(MAGE-3.A1) by Marchand et al.,123 enrolling
39 chemoresistant stage IV melanoma patients,
was encouraging because monthly injection of
100-300 µg peptide alone was associated with
tumor regression in 7 out of 26 patients who
received the complete treatment. All but one of
these regressions involved cutaneous metas-
tases. No evidence for CTL response was found
in the blood of the 4 patients who were ana-
lyzed, including 2 who displayed complete
tumor regression. In contrast, Jager et al.212

immunized similar patients with gp100 peptide
along with GM-CSF and, in some patients, were
able to document an increase in the specific CTL
activity against the immunizing peptide. Rosen-
berg et al.213 reported that 31 metastatic
melanoma patients were immunized with the
modified g209-2M peptide in incomplete Fre-
und’s adjuvant (IFA) along with IL-2 obtaining
tumor regression in 42% of patients. Peripheral
blood mononuclear cells harvested from these
patients after, but not before, immunization
exhibited a high degree of reactivity against the
native g209-217 peptide, as well as against HLA-
A2+ melanoma cells.

These studies indicate that vaccination with
synthetic peptides is well tolerated, with occa-
sional occurrence of mild fever and inflamma-
tion at the site of injection. Nonetheless, it
should be pointed out that there is usually a
poor correlation between induction of specific
T-cells and the clinical response. The reasons for
this discrepancy might be the selection of the
patients enrolled in the trials since the majority
of patients were in stage IV with large amounts
of disease.

Dendritic cells. Autologous DC generated from
peripheral blood monocytes have been utilized
as antigen-presenting cells after their loading
with specific melanoma antigens. Chakraborty
et al.214 found that intradermal administration
of DC pulsed with a MAGE-1 HLA class I-

restricted peptide could elicit peptide and
autologous melanoma reactive-CTLs in patients
with advanced melanoma. However, despite the
presence of these CTLp in the vaccination site,
peripheral blood, and distant tumor sites, no
significant therapeutic responses were seen.

Nestle et al.195 recently described the immu-
nization of 16 melanoma patients using DC
loaded with melanoma peptides or tumor lysates.
DC were pulsed with a cocktail of gp100, MART-
1, tyrosinase, MAGE-1, or MAGE-3 peptides cho-
sen to suit the individual patient class I HLA mol-
ecules. Four patients whose HLA haplotype was
inappropriate for peptide pulsing received DC
pulsed with autologous tumor lysate. Keyhole
limpet hemocyanin (KLH) was included during
antigen pulsing. DC were administered by direct
injection into uninvolved lymph nodes via ultra-
sound guidance to facilitate entry into the lym-
phatics and to minimize DC loss. Patients
received 6-10 injections of 1x106 cells every 1-4
weeks. Toxicity was limited to mild local reactions
at the injection sites. Immunologic monitoring
revealed DTH skin reactions to peptides in 11
cases, and peptide-specific CTLs could be recov-
ered from the skin biopsies of some patients.
Regression of tumor was seen in 5 out 16
patients, including 2 complete responses lasting
over 15 months. Responding tumor sites includ-
ed skin, lung, soft tissue, bone, and pancreas.
Importantly, two of the responding patients
received only tumor lysate-pulsed DC, suggesting
an approach applicable to cancers lacking
defined tumor antigens.

In a similar but smaller trial at the University
of Pittsburgh,215 6 HLA-A2+ patients with
metastatic melanoma received four weekly intra-
venous injections of 1-3x106 monocyte-derived
DC pulsed with HLA-A2-restricted peptides
derived from MART-1, gp100, and tyrosinase.
Complete regression of a subcutaneous mass
lasting more than one year has been observed in
one patient.

Colon cancer
Colon cancer is potentially curable by surgery;

the cure rate is, however, moderate to poor
depending on the extent of disease. Adjuvant
chemotherapy with 5-fluorouracil plus lev-
amisole or folinic acid is the standard treatment
for stage III colon cancer based on the results of
numerous co-operative and intergroup clinical
studies. In contrast, adjuvant chemotherapy for
stage II disease has no benefit.216 Despite sever-
al immunotherapeutic approaches having been
tested for colon cancer patients, only one study
has reported clinical results. In a prospective
randomized study,217 254 patients with stage II
or III post-surgery colon cancer were randomly
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assigned to receive active specific immuno-
therapy, namely autologous tumor cell-bacille
Calmette-Guèrin (BCG) or no adjuvant treat-
ment. The immunotherapy program comprised
three weekly intradermal injections starting 4
weeks after surgery, with a booster vaccination
at 6 months with 107 irradiated autologous
tumor cells. The first vaccination contained 107

BCG organisms. The 5-year median follow-up
showed a 44% reduction of risk of recurrence in
all patients receiving the vaccinations. The major
impact of immunotherapy was evident in
patients with stage II disease, who had a signif-
icantly longer disease-free period and 61% risk
reduction. In addition, no patient discontinued
treatment early because of side effects.

Recently, Foon et al.218 generated anti-idiotype
antibody, designated CeaVac, that is an inter-
nal image of CEA. Thirty-two patients with
resected Dukes’ B, C, and D, and incompletely
resected Dukes’ D disease were treated with 2
mg of CeaVac every other week for four injec-
tions and then monthly until tumor recurrence
or progression. Fourteen patients were treated
concurrently with a 5-FU chemotherapy regi-
men. All 32 patients entered into this trial gen-
erated a potent anti-CEA humoral and cellular
immune response. Interesting, the 5-FU regimen
did not affect the immune response. A phase III
trial for patients with resected colon cancer is
ongoing.

Prostate cancer
Several prostate-tissue-associated antigens,

including prostatic alkaline phosphatase (PAP),
prostate-specific membrane antigen (PSMA),
and prostate-specific antigen (PSA), are now
being explored as targets for prostate cancer
immunotherapy.219-221 Valone et al.221 have car-
ried out a dose-escalation trial of peripheral
blood DC pulsed with recombinant PAP protein
in 12 patients with advanced prostate cancer.
Intravenous administration of 0.3, 0.6, and
1.2x109 pulsed cells/m2 monthly for three
months resulted in T-cell proliferative responses
against PAP in all patients, the magnitude of
which was related to cell dosage. Toxicity was
limited to myalgias in three patients. Clinical
outcomes have not been reported.

Salgallar et al.222 have recently updated the
results of another trial223 in which monocyte-
derived DC pulsed with HLA-A2-binding pep-
tides derived from PSMA were administered to
82 patients with advanced, hormone-refractory
prostate cancer. Six infusions of up to 2x107 DC
were administered every six weeks, with half of
the patients also receiving systemic GM-CSF.
The treatment was well tolerated. However, only
two patients mounted T-cell responses against

the PSMA peptides as measured by enzyme-
linked immunospot (ELISPOT) and DTH skin
testing. Although four patients had reductions in
serum tumor markers following vaccination, the
concurrent administration of radiotherapy and
hormonal therapy makes interpretation of the
vaccine’s effects difficult.

Renal cell carcinoma
Renal cell carcinoma accounts for 2% of all

malignancies and many patients have metasta-
tic disease at diagnosis and the prognosis is
unfavorable. At present, neither chemotherapy
nor radiation therapy has any significant influ-
ence on the course of disease or the survival
time. Immunotherapy using recombinant IL-2
alone224 or combined with interferon-α225 is cur-
rently the standard therapy for metatastic renal
cell carcinoma. Cellular immunotherapy
includes the adoptive transfer of in vitro expand-
ed tumor infiltrating lymphocytes226 as well as
active immunotherapy with an autologous
tumor cell vaccine engineered to secrete GM-
CSF.38 Although each of these attempts gener-
ated promising results neither attempt met the
expectations. Recently, Holtl et al.227 have admin-
istered, to 4 metastatic renal cell carcinoma
patients, autologous monocyte-derived DC
pulsed with autologous tumor cell lysate. Each
patient received 3 monthly intravenous infusions
with the immunogeneic KLH. Initial results have
shown that a potent immunologic response to
KLH and, most importantly, against cell lysate
could be measured in vitro after the vaccinations.
In addition, the treatment was well tolerated
with moderate fever as the only side effect. In
contrast, only one partial response after 2 vac-
cinations was observed.

Recently, Kugler et al.228 vaccinated 17 patients
with metastatic renal cell carcinoma using
hybrids of autologous tumor and allogeneic DC
generated by an electrofusion technique. After
vaccination, and with a mean follow-up time of
13 months, four patients completely rejected all
metastatic tumor lesions, one presented a mixed
response, and two had a tumor mass reduction of
greater 50%. These promising data indicate that
hybrid cell vaccination is a safe and effective ther-
apy for renal cell carcinoma and may provide a
broadly applicable strategy for other malignan-
cies with unknown antigens.

Hematologic malignancies
Tumor vaccines in B-cell lymphoproliferative 
disorders

Multiple myeloma (MM) and low-grade non-
Hodgkin’s lymphomas (NHL) are clonal expan-
sions of lymphoid cells that have rearranged
immunoglobulin (Ig) genes. Early during devel-
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opment, pre-B-cells become committed to the
expression of a heavy and light chain Ig variable
region. The heavy chain derives from the recom-
bination of variable (V) with diversity (D) and
joining (J) region genes with a constant region
(C). The V-D-J joins occur with a variable num-
ber of nucleotide insertions or deletions result-
ing in a unique sequence which creates the third
hypervariable region (CDR III) and contributes
to the antigen-binding site. These antigenic
regions (idiotype; Id) are characteristic for any
given Ig-producing tumor (e.g. MM and NHL)
and can be recognized by an immune response
consisting of anti-Id antibodies and/or by Id
reactive T-cells.229-235 The tumor-derived Id is a
self protein which, in most circumstances, is
poorly immunogenic. However, haptens and
adjuvants, including cytokines, have been used
in several animal models to increase Id immuno-
genicity and establish protective anti-Id-immu-
nity.236 Lately, Id vaccines have come into med-
ical use in patients with lymphoma and MM.

Idiotype vaccination in human lymphoma 
A pioneering study was carried out in 9 lym-

phoma patients in CR or partial remission. They
were immunized with subcutaneous injections of
autologous Id, conjugated to KLH and emulsi-
fied in an oil-in-water emulsion containing non-
ionic block polymers.80 Specific anti-Id humoral
and/or cellular responses were observed in 7/9
patients. Two patients with measurable disease
showed a clinical improvement. These results
have been confirmed in a larger series of
patients.82 Following standard chemotherapy, 41
patients with B-cell lymphoma received subcuta-
neous injections of autologous Id-KLH conju-
gates mixed with an oil-in-water emulsion con-
taining non-ionic block polymers and threonyl-
muramyl dipeptide. Approximately 50% of the
patients generated specific anti-Id responses and
isolated tumor regressions were observed. In par-
ticular, 11/16 patients had a significant increase
in the frequency of tumor-specific cytotoxic T-
lymphocytes precursor (CTLp).237 The median
duration of freedom from cancer-progression
was significantly prolonged and this resulted in a
survival advantage, especially in patients who
generated cell-mediated anti-Id immunity.

These pioneering studies did not prospective-
ly investigate the effect of Id vaccines on tumor
burden, since most patients were already in clin-
ical remission, and standard tumor regression
criteria could not be used. A recent study has
directly evaluated the ability of Id vaccines to
eradicate residual t(14;18)+ lymphoma cells in
20 patients in first remission after ProMACE-
based chemotherapy.238 These patients received
multiple injections of Id /KLH conjugates in the

presence of GM-CSF.  Eight of eleven patients
with detectable translocations in the peripheral
blood converted to a PCR negative status after
vaccination. Tumor-specific cytotoxic CD8+ and
CD4+ T-cells were uniformly seen in most
patients. Antibodies to autologous Id were also
detected, but they were apparently not required
for molecular remission since the latter was
achieved in some patients without a detectable
antibody response. Clinical monitoring indicates
a 90% disease-free survival after a median fol-
low-up of 3 years. This is encouraging compared
with the 44% disease-free survival (after a medi-
an follow-up of 3 years) in another series of
patients treated at the same Institution with
anti-B4-blocked ricin in first remission after Pro-
MACE-based chemotherapy. The encouraging
results obtained in lymphoma patients have pro-
vided the rationale for exploring the use of Id
vaccination in MM.

Id vaccination in human MM 
MM has several biological features that can

advantageously be exploited in the setting of
active specific immunotherapy. Among others,
pre-existing tumor-specific T-cell immunity,229-232

the possibility of using clonal markers to track
the fate of residual tumor cells,239 and the pre-
served susceptibility of chemoresistant myelo-
ma cells to the effector mechanisms of cytolytic
T-cells240 may, together, represent a favorable
basis for the efficacy of Id vaccines.

In a pilot study, five MM patients were repeat-
edly immunized with autologous Id precipitated
in aluminium phosphate suspension.77 Four
patients were previously untreated and one
patient was in stable-partial remission follow-
ing chemotherapy. Three patients developed
specific anti-Id T- and B-cell responses, but these
responses were transient and their magnitude
was low. A more effective immunization sched-
ule was developed with the goal of achieving
long-lasting T-cell anti-Id immunity. This effort
was focused on early stage MM, based on the
assumption that Id-specific T-cells are present
at higher frequency mainly in patients with ear-
ly stage MM or MGUS.231 Most of these Id-reac-
tive T-cells are Th1-type cells in early stage MM,
whereas they are predominantly Th2-type in
patients with advanced disease. Thus, a more
effective antitumor T-cell immune response may
be expected if vaccines are delivered when the
frequency of T-cells with the potential to devel-
op cytotoxic activity is higher. In this series,
patients received subcutaneous injections of
autologous Id precipitated in aluminium phos-
phate suspension, together with free GM-CSF.241

Long-lasting Id-specific T-cell responses were
induced in all five immunized patients. More-
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over, one patient showed a decrease of circulat-
ing Id upon immunization.

A vaccination trial in which Id/KLH conjugates
and GM-CSF were administered subcutaneous-
ly as a maintenance treatment after high-dose
chemotherapy and PBPC infusion has recently
been published.242 Most patients generated Id-
specific DTH reactions. DTH specificity was con-
firmed in one patient by investigating the reac-
tivity to synthetic peptides derived from the VDJ
sequence of the tumor-specific Ig heavy chain. In
3 patients with minimal residual disease, the
DTH skin tests remained positive up to two years
after the last immunization, but residual tumor
cells were not eliminated by these long-lasting
immune responses. Nevertheless, these patients
remained in clinical remission without any fur-
ther maintenance treatment. Thus, it is possible
to generate anti-Id immune responses that are
not potent enough to eliminate residual tumor
cells, but are sufficient to hold the disease in
check for extended periods.

These results have been confirmed in a prelim-
inary report of 18 patients with MM receiving
Id/KLH conjugates and GM-CSF in first remis-
sion after high-dose chemotherapy and tandem
transplantation followed by PBPC infusions. In
particular, 50% of the patients generated positive
DTH reactions and 2 patients, in partial remis-
sion at the time of vaccination, achieved a com-
plete remission following vaccination. A retro-
spective pair-mate analysis has shown a trend
for a better clinical outcome in MM patients
receiving Id vaccines compared to those receiving
IFN-α alone. This tendency is particularly evident
in patients who generated positive Id-specific T-
cell responses. Although preliminary and retro-
spective, this is the first study providing clinical
evidence that the generation of T-cell immune
response against tumor cells may positively influ-
ence the clinical outcome of MM patients in the
remission phase (N. Munshi and L. Kwak , personal
communications).

DC-based anti-Id vaccination
As previously discussed, a proportion of lym-

phoma and MM patients enrolled in clinical tri-
als mounted an Id-restricted antibody and T-cell
response and some of them showed tumor
regression. However, there are important differ-
ences between lymphoma cells and MM plasma
cells. In the case of lymphomas, the cells are
characterized by high surface expression and lit-
tle antibody secretion whereas myeloma cells
have very low levels of cell surface Ig with high
levels of antibody secretion. Thus, it is unlikely
that the sole generation of an antibody-based
anti-Id immune response will be beneficial for
MM patients. In fact, anti-Id antibodies may be

blocked from reaching the tumor cells by the
high levels of circulating Id. Moreover, despite
the existence of a pre-plasma cell stem cell com-
partment in MM with a higher expression of sur-
face Ig, it is possible that tumor cells would not
express enough target protein for the antibodies
to be effective. Conversely, an Id specific T-cell
response would not need to bind to cell surface
Ig to be active. T-cells do not recognize intact
protein, but are specific for processed peptide
fragments of the Id expressed on class I or II mol-
ecules. The advantage of a cytotoxic T-cell
response is that it would not be blocked by free
circulating paraprotein and would not depend
on the expression of the native protein on the
surface of tumor cells. Moreover, B-cells, includ-
ing putative myeloma stem cells, are known to
process and present peptides of the Ig on their
membrane associated with class I and II mole-
cules. Therefore, optimal strategies for Id vacci-
nation may require the induction of a T-cell-
mediated immune response which is best
achieved by the use of APC. In this view, the
rapid generation of a T-cell immunity in healthy
volunteers after a single injection of mature DC
has recently been described.243 Nine normal sub-
jects were given subcutaneous injections of
monocyte-derived mature DC unpulsed or
pulsed with KLH, tetanus toxoid (TT) or HLA-
A*0201-positive restricted influenza matrix pep-
tide. Four other individuals received these anti-
gens without DC. Of note, administration of
unpulsed DC or antigens alone failed to induce
any T-cell response. Conversely, a CD4+ T-cell
response was observed in 9/9 and 5/6 subjects
injected with KLH or TT-pulsed DC, respective-
ly. Moreover, a significant stimulation of effec-
tor and memory CD8+ CTLs was also reported.
This feasibility trial provides the first controlled
evidence of the capacity of DC to stimulate T-cell
immunity.

DC-based anti-Id vaccination has been report-
ed In B-cell malignancies in a few papers. Hsu et
al. have244 described 4 low-grade non-Hodgkin’s
lymphoma (NHL) patients resistant to conven-
tional chemotherapy or relapsed who were
injected intravenously with Id-pulsed DC fresh-
ly isolated from PB by subsequent enrichment
steps. A tumor-specific T-cell response was
observed in all cases associated, in one case,
with tumor regression. Sixteen patients have
been treated so far and an anti-Id restricted cel-
lular response has been observed in 8 subjects
(R. Levy, personal communication). The same strat-
egy of targeting the Id has been applied by the
same group to induce a T-cell immune response
in MM patients.245 Twelve patients were inject-
ed, 3 to 7 months after autologous stem cell
transplantation, with Id-pulsed DC followed by
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5 subcutaneous boosts of Id/KLH administered
with adjuvant. Whereas 11/12 patients devel-
oped a strong KLH-specific cellular proliferative
response, thus suggesting immunocompetence
after high-dose chemotherapy, only 2 individu-
als generated an anti-Id restricted T-cell prolif-
eration and only 1/3 patients showed a tran-
sient Id-specific CTLs response. This approach
raises concerns about the efficacy of uncultured
blood DC of stimulating efficiently T-cells, the
capacity of Id-loaded DC to reach secondary
lymphoid tissues to prime T-cells escaping the
entrapment of the lungs and the role of Id-KLH
boosts after DC administration.

Wen et al.246 reported immunization of one MM
patient injected with Id-pulsed DC derived from
adherent mononuclear cells in the presence of
appropriate cytokines. In this paper, Id-specific T-
cell proliferation and secretion of IFN-γ were
reported, as were the production of anti-Id anti-
bodies. Similar results have recently been report-
ed by Cull et al. who treated two patients with
advanced refractory myeloma with a series of four
vaccinations using autologous Id-protein pulsed
DC combined with adjuvant GM-CSF.247 DC were
derived from adherent mononuclear cells. Both
patients generated a specific T-cell proliferative
response that was associated with the produc-
tion of IFN-γ, indicating a Th-1-like response.
However, no Id-specific cytotoxic T-cell response
could be demonstrated. Lim and Bailey-Wood
have also treated 6 MM with DC generated from
adherent mononuclear cells.248 DC were pulsed
with the autologous Id and KLH as a control vac-
cine. All patients developed both B- and T- cell
responses to KLH, suggesting the integrity of the
host immune system. Id-specific responses were
also observed. In one patient, a modest but con-
sistent drop in the serum Id level was observed.
Lastly, a vaccine formulation based on CD34
stem cell-derived DC pulsed with Id-derived pep-
tides has recently been used in 11 MM patients
with advanced disease.249 Five patients generated
Id-specific immune responses and one patient
showed a decreased plasma cell infiltration in the
bone marrow.

New strategies in Id vaccination
The generation of an effective antitumor

response greatly depends on the final activation of
tumor-specific cytolytic CD8 cells. This is the final
event resulting from a series of cognate and non-
cognate interactions occurring among tumor
cells, professional APC, CD4, and CD8 cells. Each
of these cell populations plays a unique role, and
may represent a possible target of immune inter-
vention to improve the efficacy of vaccination.
Malignant B-cells can be modified to become effi-
cient APCs themselves and present peptides from

their own tumor-specific antigens to autologous
T cells. To this end, a number of strategies are cur-
rently under preclinical and clinical evaluation.
One possibility is to fuse tumor cells with den-
dritic cells. The fusion product will combine the
functional properties of DC with the full antigenic
repertoire of tumor cells.250 As an alternative,
malignant B-cells can be turned into effective APC
by stimulating cell surface CD40 with its specific
counter-receptor CD40 ligand.251,252 Genetic engi-
neering is another approach that may turn malig-
nant B-cells into effective APC. Transfection with
immunologically relevant DNA sequences coding
for cytokines or co-stimulatory molecules greatly
enhances the ability of malignant B-cells to acti-
vate antitumor immune responses. This approach
has recently been used in MM taking advantage of
the selective expression of functional adenoviral
receptors on the cell surface of myeloma cells.253

Interestingly, there has been a description254 of
the immunization of a matched related donor of
allogeneic bone marrow with the myeloma
derived Id (conjugated with KLH) isolated pre-
transplant from patients. After transplantation,
a CD4+ T-cell line was established from the
peripheral blood of the recipient and found to
be of donor origin and proliferate specifically in
response to the myeloma Id. Thus, this experi-
ence demonstrates the principle of transfer of
donor immunity with the advantage of immuniz-
ing a tumor naive donor who may be more likely
to be able to generate an immune response
against the tumor Ig without interference or sup-
pression by the malignant cells. However, the lack
of an anti-Id CTL response and ethical concerns
on the immunization of healthy donors with
tumor-derived products, suggest that in the
future an alternative strategy based upon the gen-
eration, ex vivo, of Id-reactive CTL clones by means
of APC, will be needed.

The prerequisite for any vaccine-based strategy
is the possibility of differentiating tumor cells
from normal cells. Id is absolutely tumor-specif-
ic, but is not directly related to the malignant
phenotype of myeloma cells, and is self-Ag. As
such, it is protected by self-tolerance mecha-
nisms. There is a growing list of alternative tumor-
specific antigens that can be exploited as targets
for active specific immunotherapy. Among oth-
ers, the core protein of Muc-1,255,256 antigens
encoded by MAGE-type genes,257 overexpressed
or fusion proteins resulting from chromosomal
abnormalities may all represent alternative
immunogens.258,259 Compared to Id, some of
these antigens may be more intrinsically related
to the malignant phenotype of tumor cells.

Polymorphism of the HLA molecules is a major
obstacle in the outcome of vaccines aimed at trig-
gering cytolytic T-cell responses. By combining
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amino acid sequencing of tumor-specific antigens
and HLA typing, it is now possible to predict
whether the HLA alleles of a given individual can
bind tumor-derived peptides. Several groups are
planning to use Id vaccination only in those
patients for whom preliminary sequencing
demonstrates a compatible restriction between
HLA and peptides.

Finally, a new generation of immunogens has
been developed using DNA-based technologies.
The whole tumor-specific immunoglobulin or the
variable region sequences of both heavy- and
light-chains have been used as immunogens or to
produce recombinant proteins in bacteria. How-
ever, it has soon become clear that naked DNA is
not immunogenic per se and additional sequences
are required to elicit protective immune respons-
es.260 Sequences coding for cytokines, chemokines
or xenogeneic proteins have been included in
these constructs and used as adjuvants.261-264

Experimental data indicate that these fusion genes
have indeed the potential to raise protective
immunity in both NHL and MM.

Vaccine trials in chronic myelogenous
leukemia

Chronic myelogenous leukemia (CML) is a
biphasic neoplastic disorder with a prolonged
indolent phase lasting an average of 4 years fol-
lowed by an acute phase of blastic transforma-
tion which inevitably leads rapidly to death.
There is no curative therapy for CML other than
allogeneic bone marrow transplantation, an
option that is available only to a small fraction
of patients who have both a matched donor and
are young enough to tolerate the procedure.

Recently, IFN-α has been shown to induce
hematologic remissions in most CML patients,
with a relevant portion of them also experiencing
several degrees of cytogenetic response and ulti-
mately a statistically significant prolongation of
their chronic phase. However, still too few CML
patients are long survivors if not cured regardless of
the treatment option they received. Because of the
unique features of this disease, the hallmark
translocation that characterizes all neoplastic cells,
a therapeutic targeting approach only the Ph+
clone could be a powerful tool in the treatment of
CML.

The first direct evidence of the immune system’s
crucial role in recognizing and eliminating Ph+
CML cells came from the demonstration that
infusion of large doses of peripheral blood leuko-
cytes from the marrow donor induced durable
remission in patients with CML who had relapsed
following a T cell depleted marrow allograft.265,266

This latter finding proved that in CML the graft-
versus-tumor effect is mediated by the cellular
arm of the immune system. While the nature of

the response is likely to be largely allogeneic a
possible role for specific anti-CML responses is
suggested by the lack of this observation in
patients with other myeloid leukemias undergo-
ing the same treatment.267

The hypothesis that CML cells could be recog-
nized by the immune system through the presen-
tation of P210, the tumor-specific product of the
bcr/abl hybrid gene, was first tested. The evidence
that P210 b3a2-breakpoint peptides were able
to bind HLA class I and HLA class II molecules
and to elicit specific T cell responses in normal
donors provided the rationale for a peptide vac-
cine in CML patients.103-106 Pinilla-Ibarz et al.124

have recently completed a phase I dose escalation
trial (5 doses over 10 weeks) of a multivalent pep-
tide vaccine (5 peptides) plus QS21 in patients
with CML and b3a2 breakpoint. Patient charac-
teristics included hematologic remission, IFN-α
therapy and no HLA restriction. In a preliminary
report the peptide vaccine appeared safe with
patients experiencing only minimal discomfort at
the site of injection.

With regards to the immune response, peptide-
specific delayed hypersensitivity (DTH) in vivo and
peptide-specific proliferation in vitro were shown
but no peptide-specific CTL response was
induced. Bocchia et al. are currently conducting a
multicenter phase I/II trial of a pentavalent pep-
tide vaccine plus QS21 and GM-CSF in b3a2-
CML patients expressing any of HLA A3, A11 B8
or DR11. Patient characteristics also include
major or complete cytogenetic response with or
without IFN-αmaintaining therapy. The protocol
comprises 6 s.c. vaccinations with peptides +
QS21 at 2 weekly intervals, with GM-CSF inject-
ed at the vaccine site for 4 consecutive days start-
ing the day before each vaccination. Goals of the
study are the evaluation of the induction of pep-
tide-specific T-cell response, of the role of GM-
CSF as immunologic adjuvant in CML patients
and the impact of the peptide vaccine on minimal
residual disease.

As in other cancers, the use of DC as powerful
inducers of an active specific immune response
in CML is now under in vitro evaluation.107,268

Interestingly, most CML-derived DC carry the
t(9;22) translocation and therefore could natu-
rally present P210 derived peptides. In fact, CML
derived Ph+ DC were able to strongly stimulate
autologous T-cells that displayed vigorous cyto-
toxicity activity against autologous CML cells but
low reactivity to HLA-matched normal bone
marrow cells or autologous remission state bone
marrow mononuclear cells.206 P210-derived pep-
tides could have a role in inducing this leukemia-
specific response and a vaccine strategy which
combines Ph+ DC and breakpoint peptides will
be investigated.
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Conclusions
This review shows that there are many

prospects of curing cancer through the active
induction of a specific immune response to TAA.
The terms of the matter are now defined with
molecular and genetic details for melanomas.
Ongoing research is aimed at defining TAA on
other forms of tumors. Indeed, experimental
data and very recent clinical evidence suggest
that antitumor vaccines will soon be a new form
of tumor treatment that will be able to be adopt-
ed for the management of defined stages of neo-
plastic disease, in sequential association with
conventional treatments.269

Prediction of when the efficacy of antitumor
vaccination will be assessed and will become a
routine procedure is beyond a simple scientific
evaluation. While pre-clinical research has iden-
tified several possible targets and strategies for
tumor vaccination, the clinical scenario is far
more complex and as yet no specific clue has
emerged to clearly envisage a clinical develop-
ment strategy which could make biotechnology
investments in this area attractive enough to
pharmaceutical companies. Patent issue com-
plexity further contributes to slowing down the
development of expensive clinical trial programs.
A cautious, yet attentive attitude seems, at the
moment, to be the general behavior of the phar-
maceutical industry.

At present peptide vaccination may appear of
more immediate application. Several phase I clin-
ical trials have already been carried out using syn-
thetic peptides from defined TAA. These peptides
have been administered alone123 or combined
with adjuvants, or presented by monocytes or
DC.269 Nearly all studies indicate that this form of
vaccination is well tolerated, mild fever and
inflammation at the site of injection being the
only occasional side effects observed. Nonethe-
less it should be pointed out that there is usual-
ly a poor correlation between peptide ability to
induce a T-cell response and clinical response.
Among the several reasons that may account for
this discrepancy, the choice of the peptides may
have a critical importance. Most peptide-based
vaccines have considered HLA class I restricted
peptides only, whereas there is increasing evi-
dence that tumor-specific CD4+ T-cells may be
important in inducing an effective antitumor
immunity. The addition of peptides that bind
class II HLA glycoproteins to peptide vaccines
could lead to an amplification of the immune
response as well as to better clinical effect.

A survey of the outcomes of vaccination trials
shows that the poor correlation between induc-
tion of immunologic responses and the clinical
results is a consistent finding, independently of
the immunizing strategy adopted. Many factors

may contribute to this poor correlation, e.g.:
a) the selection of the patients enrolled in the

trial: tumor burden, stage of disease, and others,
as discussed above;

b) the techniques used for the immune moni-
toring in vitro: most of the current studies evalu-
ate T-cell induction through in vitro peptide stim-
ulation of PBMC, while the use of tetrameric sol-
uble class I-peptide complexes270 or reverse sol-
id phase ELISPOT analysis271 may provide com-
plementary information;

c) the assays for immune monitoring in vivo:
often a positive DTH test does not correlate with
evident tumor regression.

Perhaps, fine needle biopsies at the site of
regressing and non-regressing tumors could pro-
vide a more direct insight into the events asso-
ciated with the clinical outcome. The immune pat-
tern within the tumor should be compared to
the one found in the skin. This should allow eval-
uation of the exact role of vaccine-induced T-
cells. Which of the existing in vitro and in vivo
assays correlates most accurately with clinical
responses remains to be established.

Several recent studies showing that the
immune system recognizes TAA during tumor
growth did not clarify whether such recognition
was indeed associated with subsequent tumor
cell destruction. The development of reliable
assays for efficient monitoring of the state of
immunization of cancer patients against TAA is
as an important goal that will markedly affect
the progress of antitumor vaccines. A major
problem in testing the efficacy of antitumor vac-
cination in adjuvant settings depends on both
the long period of time and large number of
patients required. The possibility of effectively
monitoring the immune response induced
acquires critical importance since it may provide
a much earlier surrogate end-point, predictive
of the clinical outcome.

The downregulation of the expression of TAA
represents another crucial issue for vaccination
therapies, since it may lead to the immunose-
lection of tumor cell clones that hide the target
TAA. An ideal TAA is a protein that is essential
for sustaining the malignant phenotype, and
that is not stripped or downmodulated by the
immune reaction. Mutations that give rise to
TAA of this kind have been described.272 How-
ever, they will be an appropriate target only for
the tumors expressing these particular muta-
tions and will not be suitable for more general
cancer vaccines. Improvements in the identifi-
cation of tumor-associated mutations that may
be potentially recognized by the immune system
may also open up the possibility of tailoring indi-
vidual cancer vaccines. The recent report of the
construction of fusion cells composed of autol-
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ogous tumor cells and DC or TAA pulsed-DC
represents a step forward towards the quick
manufacture of tumor-specific and individual-
ized vaccines. In contrast, the characterization of
the telomerase catalytic subunit (hTERT)
expressed in more than 85% of human cancers
appears to open the way to a novel strategy for
a general anticancer vaccination targeting a
widely distributed TAA.273 

The in vivo or ex vivo introduction of TAA genes
into DC through recombinant viral vectors is still
hampered by the lack of an ideal viral vector and
by the induction of an immune response against
the viral proteins. Nonetheless, many viral vec-
tors successfully used in animal models and cur-
rently tested in clinical trials appear to be safe
vehicles for gene transfer, without any major tox-
icity. To control transgene expression levels bet-
ter, investigators are exploiting tissue- or cell-spe-
cific regulatory elements such as cytomegalovirus
promoters and enhancers that are preferentially
expressed in tumor cells.

Certainly the new prospects opened by anti-
tumor vaccines are fascinating. When compared
with conventional cancer management, vacci-
nation is a soft, non-invasive treatment free from
particular distress and iatrogenic side effects.
Antitumor vaccines can be expected to have a
considerable social impact, but a few large clin-
ical trials enrolling the appropriate patients are
now necessary to assess their efficacy.

This review will end considering their use not
in the treatment of cancer patients but to pre-
vent cancer in healthy persons, a so far neglect-
ed prospect. Current studies are leading to the
detection of gene mutations that predispose to
cancer.274 Identification of the gene at risk and
its mutated or amplified products would pro-
vide the opportunity to vaccinate susceptible
subjects against their foreseeable cancer. Mole-
cular characterization of altered gene products
predictably destined to become a tumor anti-
gen will be the first step towards the engineering
of effective vaccines to be used for this pur-
pose.25

An unrestrained imagination may picture an
even broader application of antitumor vaccines,
i.e. their use to prevent tumors in the general
population. Molecular and genetic data suggest
that the number of TAA is not endless. Several of
the TAA detected so far are shared by histolog-
ically distinct tumors arising in different organs
(Table 1). The possibility of vaccinating against
most common human cancers by using not
many more than twenty TAA may perhaps be
conceivable. Experimental data suggest that the
immunity elicited by specific vaccination is much
more effective in the inhibition of incipient
tumors than in the cure of those that have

already progressed.275 The risk of inducing an
autoimmune disease would be a major worry
since not rarely antigens acting as TAA are
expressed by normal tissues.276 This risk would
be much harder to accept when treating healthy
individuals than in the vaccination of cancer
patients, where the scales of risk-benefit are
biased by a short life-expectancy. On the other
hand failure to intervene when a disease so dif-
fuse and dramatic as cancer can be prevented
could also be viewed as harmful.277 Lastly, it
should be considered that the same or even a
higher risk of inducing autoimmune reactions is
associated with many antimicrobial vaccines.
Fortunately, they started to be used when this
risk was not yet perceived.

In conclusion, even if cancer vaccines are an
old dream,278 only recently has their design
become a rational enterprise. There are now
many ways of constructing vaccines able to elic-
it a strong protective immunity. This progress is
offering ground for optimism.
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