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Abstract

The colorectal cancer (CRC) is a most frequent cause of cancer-related deaths. Surgical tumor resection
remains the primary curative treatment for CRC but nearly 50% of patients with macroscopic clearance of the tumor
by surgery relapses. For this purpose new complementary treatments, such as immunotherapy, are being explored.
In this article, we analyze and discuss the clinical immunotherapy vaccine studies performed in patients treated for

colorectal cancer.

Introduction

Depending on gender, colorectal cancer (CRC) is the second (for
female) and third (for male) most frequent cause of cancer-related
deaths [1]. Surgical tumor resection remains the primary curative
treatment for CRC but, despite the fact that 80% of CRC patients have
complete macroscopic clearance of the tumor by surgery, 50% of them
will relapse [2].

Avenues for the clinical testing of rationally designed vaccination
strategies, including immunotherapy, are being explored as
complementary treatments.

Different investigation findings [3-5] suggest a role for the immune
system in the cancer treatment and particularly, positive correlation
between tumor infiltrating T cells and patients survival has been
observed [6].

As spontaneously as therapy-induced, tumor specific immune
responses need to be robust in order to attack and eliminate tumor
cells. For this purpose, it’s very important that the collaboration
between cells of the innate immune system and cells of the adaptive
immune system (B and T cells) [7]. Tumor-infiltrating T cells recognize
the tumor antigens that are presented in the MHC context while B cells
serve as local antigen presenting cells (APC), supporting and enhancing
T-cell responses by cytokines and chemokines [8]. Immunotherapy
should initiate responses against tumoral antigens and, about them, a
significant consideration is whether to use vaccines based on defined
antigens or tumor cell derivatives.

Many clinical trials have been conducted using active specific
immunotherapy (ASI) in CRC, including autologous tumor cell
vaccines, defined-tumor protein vaccines, monoclonal antibodies
(MoAbs), anti-idiotype vaccines, multi-peptide vaccines, viral vector
vaccine, DC (Dendritic Cells) vaccine, and naked DNA vaccine [9].
However, despite an abundance of preclinical data, relatively little is
known regarding the efficacy of ASI in CRC.

The aim of this review is to provide an overview of clinical
immunotherapy studies performed in CRC patients and speculate
on the development of therapeutic and prophylactic vaccination for
patient with colorectal cancer.

Vaccines using Defined Antigens

All antigens used in CRC vaccination studies consist of TAA
(tumor-associated antigens) and consequently are likely to be expressed
by normal cells [10-12]. Different TAA, such as p53, carcinoembryonic

antigen (CEA), MUCI, Sialyl-Tn, 5T4, SART3 and MAGE have been
applied in clinical trials to vaccinate patients with CRC [10-14].

The use of antigens potentially expressed by normal cells increase
the risk of immune tolerance. Murine models [15,16] in agreement
with human vaccination with the p53-SLP (synthetic long peptide)
[17] indicated that the p53-specific CD8* (not CD4*) T-cell repertoire
is strictly restricted by self-tolerance and might only consist of lower
affinity p53-specific CD8* T cells. By contrast, a blunted CD4* T-cell
repertoire was found for the T-cell response against the CEA in animal
models [18]. Also, studies in a MUCI-transgenic murine model
indicated that low antibody secretion and CTL responses to MUC1
peptides are due to CD4* T-cell tolerance [19-22]. In conclusion,
these data suggest that tolerance forms a potential obstacle for cancer
immunotherapies with TAA. To bypass tolerance and to induce tumor
specific T-cell responses, a solution is to plan vaccines that stimulate
responses against different TAA, able to induce complementary
reactivity of non-tolerized CD4* and CD8" T cells.

Essentially three different strategies have been used to immunize
patients against the above mentioned TAA:DC vaccination,
recombinant viruses and peptide vaccination.

(a) Dendritic cells play a central regulatory role in tumor immunity
through several mechanisms: recognition of tumor molecules by DC
precursors, (b) direct and IFN-y-mediated killing of transformed cells
by NK/NKT cells activated by DCs, (c) capture and cross-presentation
of released-TAA by immature DCs, (d) selection and activation of TAA
specific T cells as well as nonspecific effectors including macrophages
and eosinophils, and (e) homing of TAA specific T cells to the tumor
site and recognition elements leading to the elimination of tumor cells
[23].

Murine studies have shown that ex-vivo generated DCs can induce
antigen-specific T-cell immunity and are superior to other types of
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tools [24]. These studies promoted DC-based anti-cancer vaccines in
clinical trials.

To date, various clinical studies used the injection of autologous
DCs pulsed with MHC class I-restricted peptides derived from different
TAA: CEA [25-29], MAGE2/3 [26,30], Her2/neu [26]; alternatively DCs
expressing antigen via recombinant techniques (viral vectors) [31] or
mRNA encoding the CEA antigen [32]. DC vaccine has the advantage
of including patients irrespective of their HLA type, in contrast, as will
be explained later, to the use of defined HLA class I-restricted peptide-
epitopes. A potential disadvantage is the possibility that the viral vector
contains more immunogenic epitopes that compete for binding and
presentation with the TAA epitopes, thereby weakening the induction
of tumor-specific immunity.

A series of Phase I/II trials in CRC patients showed that DC
vaccines are safe and able to induce a T-cell response. An overall
immune response evaluating show that DC vaccines induce peptide-
specific IFN-y-producing T cells with variable efficiency. It is difficult
to compare the outcomes of peptide vaccines with peptide-pulsed DC
vaccines as generally the assays have not been harmonized and no gold
standard exists.

Interestedly, Fong et al. [29] found that objective clinical responses
correlated with the expansion of tetramer CD8'T cells [29]; the other
studies described only cases [26-32]. A remarkable study reported the
use of a vaccine with multiple targets [26] in order to prevent immune
escape. Unfortunately, only immune reactivity against CEA was tested
by the authors, limiting the interpretation of trial results [26].

Over the years, viruses have been optimized as vectors for the
TAA delivery. The vectors most used in treatment of CRC patients
are: canarypox virus (ALVAC) and Modified Vaccinia Ankara (MVA)
virus.

In general, these vaccines are not toxic and have been used to
induce immunity against p53 [33,34], CEA [35-40], 5T4 [41-44] and
EpCAM/KSA [45]. The use of these vaccines not only yielded antibody
and T-cell responses against tumor antigens but frequently also against
viral components. In most cases, the immune response to the tumor
antigens was somewhat disappointing. The foreign viral components
may have formed a more attractive target for the immune system.
Indeed, whereas only low p53-specific T-cell reactivity in patients
vaccinated with ALVAC-p53 was detected, a strong T-cell response
against the viral vector was found [34]. By contrast, the response to
p53 was much stronger and broader when patients were vaccinated
with p53 overlapping long peptides [17]. Interestingly, the MVA-5T4
vaccine did induce strong 5T4-specifc immune responses and also, the
group of patients with stronger 5T4-specific proliferative responses
showed significantly longer survival [43,44]. Unfortunately, to date,
only Phase I and II studies have been performed. Therefore, mainly
descriptive effects on survival and tumor mass have been reported.

As previously documented [46,47], an elegant vaccine approach is
to inject synthetic TAA peptides: minimal peptide vaccines [48] or SLP
(synthetic long peptide) vaccines [49].

Minimal peptide vaccines comprise the minimal cytotoxic T-cell
peptide-epitope sequence that can bind directly to its presenting HLA
class I molecule. Because each peptide can only bind to one specified
HLA class I subtype, the vaccination is limited to the patients expressing
that specific HLA type.

Direct injection of such peptide vaccines into patients have met
with limited clinical success, probably because the induced CD8*T-

cell responses aren’t very strong and effector. Also, in many times
the response is transient because of the lack of T-cell help. In some
vaccination strategies, these minimal peptide vaccines may induce
immunological tolerance rather than immunity [48]. To date, different
Phase I and IT vaccine studies used peptides derived from various TAA:
SART3 [50], survivin [51], CEA [52], and a personalized mixture of
antigens [53-55]. These minimal peptide vaccines were all well tolerated
with mainly grade I/IT adverse events at the injection site and induced
or boosted antigen-specific T-cell or IgG responses in the majority of
vaccinated patients.

Most interesting are the therapeutic effects, in fact a reduction
of tumor load was described in nearly all studies. Hattori et al. [53]
described a positive relation between the presence of vaccine-induced
IgG and overall survival [53], whereas others studies observed reduction
of tumor mass or a decrease in the level of serum tumor markers in
individual patients.

To improve the peptide immunogenicity, it was proposed to use
synthetic long peptides (SLP) that can be produced by chemical linkage
of multiple immunogenic epitopes including both HLA class I and
class II epitopes [56]. Different trials using multipeptide vaccines for
the treatment of solid malignancies have been performed showing
promising results. Moreover, the combination of these polyspecific,
peptide-based vaccines with reagents that modulate the immune
response by increasing its strength or duration (e.g. anti-CTLA4, anti-
PD-1) or impairing immune suppressive circuits (anti-Tregs and or
anti-MDSC) is generating effective clinical responses in this new wave
of clinical trials that will impact on the clinical outcome of cancer
therapy [57,58].

Long-peptide vaccines used in Phase I or II vaccination trials to
vaccinate CRC patients represented the TAA: p53 [17], hCG-b [59],
MUCI1 [60] and mutation specific Ras [61]. Only limited toxicity has
been found in these trials and two of these four studies determined
vaccine-induced immunity. In particular, Khleif et al. [61] after
vaccination with mutation-specific Ras peptide demonstrated a
mutated Ras-specific immune T response (CD4*/CD8") [61].

A latest study on p53-SLP vaccination revealed in 9/10 CRC
patients long-lasting vaccine-specific responses [17] and, in addition,
the p53-specific T cells were able to secrete both Th1 and Th2 cytokines
after P53 peptide stimulation [17]. However, multiparameter flow-
cytometry revealed that only a minor population of the p53-specific
CD4" T cells was optimally polarized, suggesting that the vaccine
strategy used was not optimal for the induction of p53-specific Thl
cells. These results emphasize the importance of immune monitoring
to further optimize vaccine strategies and to better understand clinical
responses after vaccination.

About the patient survival, most interesting are the data of
Moulton et al. [59]; they using a hCG-b long peptide vaccine, found
that patients with high levels of anti-hCG-b antibodies exhibited
significantly longer survival compared with patients who developed
low anti-hCG-b Ab levels [59]. Unfortunately, no efficacy study was
performed to determine the true effect of vaccination on survival. The
immunogenicity of peptide vaccines may be further increased by using
adjuvants (incomplete Freund’s adjuvant), or immunomodulators
(cytokines and/or agonists of innate immune receptors).

Despite many years of work, the number of identified antigens
recognized by tumor-infiltrating lymphocytes (TIL) of CRC is very
limited [62-65]. Consequently, vaccines to date have been developed
on the basis of proteins that are selectively expressed by tumor cells but
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for which immunity can be blunted, such as p53 where the CD8* T-cell
component suffers from central tolerance, or may lead to autoimmunity
such as has been observed with CEA [16,18].

The exception includes microsatellite instable (MSI-H) tumors that,
owing to numerous of frameshift mutations in microsatellites, express
neo-antigens. MSI-H is a molecular feature of tumors associated
with the familial Lynch or hereditary non-polyposis colorectal cancer
(HNPCC) syndrome, accounting for approximately 5% of all colorectal
cancer cases [66-68] and for approximately 15% of all sporadic
colorectal, gastric and endometrial cancers [69-73].

Since frameshift-mutated products (FSPs) are foreign to the
immune system, they represent a unique group of tumor-specific
antigens. No tolerance and consequently strong T-cell responses are
expected against this FSPs. Unfortunately, relatively little is known
on immunogenic behavior of such FSPs [65]. Few studies have been
performed to predict the immunogenic behavior of a selection of
frameshift-mutated genes that are frequently detected in MSI-H
cancers [65,74,75]. Speetjens et al. (2008) [74] recently developed a
methodology for predicting their immunogenic behavior that is based
on accumulation and MHC class I presentation. Their results indicated
that, out of the 15 FSPs examined, four (TGF-bR2-1, MARCKS-1,
MARCKS-2 and CDX2-2) are of primary interest [74] and four
additional antigens (TAF1B-1, PCNXL2-2, TCF7L2-2 and Baxa+1) are
of moderate interest for further tumor immunological research [74].
Other results suggested that FSP-specific T cells may be present in the
circulation of patients with MSI-H CRC, healthy HNPCC syndrome
mutation carriers, but not in patients with microsatellite stable CRC or
in healthy donors [75,76].

In general, most FSPs consist of a relatively small number of amino
acids downstream of the frameshift mutation, suggesting that the
FSPs may contain a sequence that can only be presented by a limited
number of HLA class I or HLA class II molecules. In order to treat
patients, knowledge of which HLA class I and IT molecules can present
epitopes comprised by the FSPs should be obtained. Although MSI-H
tumors comprise only about 15% of all colorectal tumors, patients with
a MSI-H tumor are very interesting vaccination candidates because
strong effector responses are expected after vaccination using nonself-
antigens. Notably, the amino acid length of the FMPs make them
perfect candidates for overlapping SLP-based vaccines that have been
shown to be highly immunogenic in human [49].

Strategies of Cell-Derived Vaccination

The TAA are poorly characterized and many remain to be
identified. It is believed that the best source of antigens is the tumor cell
itself, and a possible benefit of tumor cell derived vaccines is the ability
to induce responses against various and unidentified targets, may be
minimizing the tumor immune escape.

Problems related to these vaccines are: a) relevant TAA might
be under-expressed in the tumor cells and thus may result in feeble
immune responses compared with vaccination by defined antigens; b)
the poor possibility to monitor the patient immune response, because
the antigens which are presented to the immune system are unknown
[77]. As autologous as allogeneic tumor cell-derived samples have been
used in vaccination studies.

Vaccine preparations based on autologous tumor tissue frequently
consist of autologous single tumor cell suspensions, obtained from
tumor tissue. Before reinjection, the tumor cells are irradiated and
usually combined with immune-stimulating agents: heat shock proteins

[78], Ulster strain of the Newcastle disease virus (NDV) [25,79,80],
BCG [81-85] and IL-2-transfected fibroblasts [86].

An assured advantage of using autologous tumor cell preparations
is that all antigens are relevant for the immune recognition of the
tumor. However, the preparation of these vaccines is time consuming,
relatively expensive and, therefore, clinically difficult to apply outside
a clinical trial setting.

The use of autologous cancer cells doesn’t generate severe side
effects, but it’s very hard to perform an extensive immune monitoring.
Only a study reported a T-cell response that was either de novo-
induced or boosted in 15 of 29 patients [78]. The majority of the studies
used the delayed cutaneous hypersensitivity skin reaction as an indirect
parameter to measure vaccine-specific immunity and in two studies a
positive correlation was found between a positive skin test and survival
(80,84].

Six out of the eight clinical Phase II [25,80,83] and Phase III [80-
85] studies, determined the effect on prognosis and specifically, three
studies reported that tumor cell reinjection combined with BCG had
an effect on survival in two subgroups: stage II patients [81,82] and
patients with colon cancer [85]. Furthermore, one randomized Phase
III trial (where NDV-infected autologous tumor cells were injected)
reported a significant effect on survival when compared with non
vaccinated patients [80]. Other Phase II and randomized Phase III
trials using NDV-infected autologous tumor cells, described a positive
effect on survival of vaccinated patients when compared with historical
controls or in subgroups of only colon cancer patients [25,79]. Despite
these results with autologous tumor cell-derived vaccines, no new
clinical trials have been initiated. This is possibly due to the problems
to optimize the vaccines based on limited immunological data.

A different vaccination approach is the use of ex vivo antigen-
pulsed dendritic cells (DCs). Animal models support this strategy
showing that such DCs administered to tumor-bearing hosts were able
to elicit a successful antitumor T-cell response.

The dendritic cells are the most powerful professional APC at the
interface between innate and adaptive immunity with the ability to
activate many effector cells (NK, T, B and NKT cells), that have a key
role against cancer.

Because DCs can be simply generated from the patient blood, this
approach was translated to clinical trials planned to evaluate their
capacity to prime tumor-specific T cells (CD87/CD4") and clinical
efficacy. The advantage of using allogeneic tumor cells to pulse DCs is
that the allogeneic tumor cell component can become an oft-the-shelf
product. A potential disadvantage is that the immune system will be
aroused against tumor antigens that are not present in the patient’s
tumor and as such are irrelevant. Because, just about 40% of all CRC
expressed at least one of MAGE A-1 to -6 antigens [87-90], in some
trials, DCs were pulsed with an allogeneic melanoma cell lysate (rich
in the MAGE antigens) [91,92]. No severe toxic effects were found in
these clinical trials but the clinical effect has been limited to single cases
[91,92].

Combinatorial Treatments: Role of Cytokines in
Vaccine Therapies
In vaccination strategies for cancer, cytokines play a dual role. They

are critical for the ex vivo generation of the cell populations used in
vaccines and adoptive cell therapy, and they are also important in vivo
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as adjuvants to these therapies to augment the potency and duration of
anti-tumor response.

While cancer treatment vaccines have shown only modest activity
with simpler regimens, an area of intense focus has been the use of
cytokines as adjuvants to augment the immune response elicited
by the vaccine [93,94]. The Cytokine Working Group conducted a
study of high-dose IL-2 plus an HLA-A2-restricted gp-100 peptide
in HLA-A2-positive patients with metastatic melanoma. The initial
results have been mixed [95,96] and current therapies that appear
to have a superior therapeutic index and to be more widely available
(not requiring a specific HLA type as peptide vaccines do) are likely to
temper enthusiasm for this approach.

As mentioned previously, DC-based vaccination therapy for CRC
is a very promising strategy and the cytokines are used in several aspects
of dendritic cell-based vaccine strategies, including their elicitation
from peripheral blood monocytes obtained by leukapheresis, most
commonly with IL-4 (Interleukin-4) and GM-CSF (Granulocyte-
Macrophage Colony Stimulating Factor) and their maturation to potent
antigen-presenting cells [for example, with TNF-a and IL-1f] [20,97].
The safety of using autologous DC vaccines has been reported in clinical
trials enrolling over 1,000 cancer patients exposed to a wide variety of
types of DC product, route and schedule of administration [98]. The
only cancer vaccine that has been approved thus far—sipuleucel-T
for prostate cancer—relies on the fusion of a prostate cancer antigen
to GM-CSF, which is then loaded into autologous peripheral blood
monocytes thought to be predominantly dendritic cells.

The “built-in” GM-CSF provides a way to activate the dendritic
cells away from the cancer’s immunosuppressive microenvironment
so the dendritic cells can then present the cancer antigen to the T cells
and elicit an immune response.

A similar approach to incorporate cytokines into vaccine therapy
has been to transfect tumor cells or DC used in vaccination with the
gene for cytokines such as IL-2 or GM-CSF to localize the cytokine
effects to the sites of tumor and T cell activation. For this purpose
the results recently obtained in murine colon carcinoma are most
impressive, where murine DCs of an established JAWS II cell line were
transduced with a retroviral vector carrying murine IL-2 gene (JAWS
II/IL-2). JAWS II/IL-2 cells demonstrated slightly decreased tumor
antigen (Tag) uptake capacities. However, this modification resulted in
enhanced ability of the cells to migrate in vivo. The multiple injection
of vaccines containing JAWS II/IL-2 cells caused MC38 tumor growth
delay and prolonged mice survival. The immunological response was
manifested as cytotoxic natural killer (NK) and T cell activation and
tumor tissue infiltration by CD8* and CD4" cells, accompanied by
increased IFN-y production by spleen cells [99]. The authors propose
application of IL-2 transduced DCs as an adjuvant in immunotherapy
as well as chemo-immunotherapy but in these cases must be very
careful because the passage from animal models to patients in many
times generates discrepancies in the obtained results and this often
depends on an inappropriate choice of the experimental model.

The Role of Regulatory T Cells

In contrast to animal models, the history of constant interactions
between tumor and immune system shapes both the tumor and the
immune system of an individual patient in a way that is difficult to
mimic in animal tumor models. It is very crucial that vaccines only
boost the reactivity of immune cells that mediate an antitumor effect
and not that of immune cells that support tumor growth, such as the
regulatory T cells (Tregs). Therefore, to gain a thorough understanding

of the immunological events occurring in patients in vaccination trials,
it is essential to comprehensively perform immune monitoring during
vaccination trials. The results from immune monitoring make it possible
to understand possible clinical effects and to guide the optimization of
vaccination strategies [77]. Unfortunately, most immunotherapeutic
vaccine trials frequently report on one particular aspect of the desired
immune response (e.g. IFN-y-producing cells). They do not include
more detailed analyses of the total vaccine-modulated immune
response. CRC are infiltrated by both CD4* and CD8" Foxp3* Tregs,
and the number of Foxp3* Tregs negatively correlates with disease
stage and survival in colorectal cancer [100-102]. Notably, the analyses
of the antigens recognized by CRC infiltrating Tregs revealed that
they recognized CRC-associated antigens, especially Mucin, Her-2/
neu and CEA [63]. Hence, therapeutic vaccination with these antigens
may not only boost CD4*and CD8" effector T cells but also the Treg
population. Vaccine-induced expansion of such antigen-specific Tregs
has been observed as in animal models [103] as in humans [104]. More
specifically, the magnitude of the vaccine-enhanced antigen-specific
Treg response was related to clinical failure of an otherwise successful
therapeutic vaccine for premalignant disease [105]. In a recent trial,
in which CRC patients were vaccinated with overlapping p53 long
peptides, strong p53-specific CD4*T-cell responses were found but this
did not coincide with the expansion of p53- specific CD4*Foxp3*T cells
[17]. This fits with the observation that the spontaneous T-cell response
to p53 in CRC patients is not under control of Tregs [63]. In humans,
several approaches have been used to delete Tregs [106]. Notably,
decreases in CD4*CD25*Foxp3*cells have been detected when patients
with hepatocellular cancer were treated with low cyclophosphamide
[107], as well as in metastatic melanoma patients treated with the anti-
CD25 Ab daclizumab [108], or after using denileukin diftitox [109].
Whereas, the use of daclizumab did not enhance the efficacy of the
peptide-pulsed DC vaccine [110], multiple injections of denileukin
diftitox did result in enhanced CEA-specific T-cell responses [109].

Remarkable Considerations

Despite of advances both in diagnosis and in therapeutic
management, the prognosis of colorectal cancer remains poor but
encouraging results have shown that in colorectal cancer a favorable
clinical outcome, as assessed by disease free and overall survival is
associated with a coordinated Th1/cytotoxic memory T cell infiltration
[110].

For that all, it is essential to stop ignoring the immune control
as a prognostic factor [110] and to introduce the immune score as a
marker to classify cancers [111,112]. This marker has a dual advantage:
firstly, it appears to be the strongest prognostic factor for disease free
and overall survival particularly in early stage cancers and secondly,
it provides a tool or a target for novel therapeutic approaches such as
immunotherapeutic protocols. In this review, we have reported the
different immunotherapy vaccine-strategies experimentally used to
treat patients with colorectal cancer.

Analyzing the data obtained from the evaluated clinical trials, we
noted that good results were obtained in different studies especially
with peptide-vaccinations, where the authors observed reduction
of tumor mass or a decrease in the level of serum tumor markers in
individual patients [51,52]. In particular, most recent studies described
a positive relation between the presence of vaccine-induced antibodies
and overall patient survival [53,59].

At present, the major problem to make immunotherapy approach
successful for CRC remains the immune evasion of tumor cells.
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Understanding the hierarchical status of different tumor-immune
escape mechanisms at different stages of tumor progression will guide
the design of efficacious therapeutic strategies.

Thus, it will be of particular interest to investigate the kinetics of the
interactions between different inhibitory molecules and endogenous
factors that influence the expansion and trafficking of Tregs and
tolerogenic DCs within tumor-draining lymph nodes and the tumor
surroundings.

The current wealth of available data promises a future sce-
nario in which inhibition of tumor escape strategies and of cancer
immune-inhibitory signals will be successful in combination with
other therapeutic strategies to overcome immunological tolerance and
promote tumor rejection.

To conclude, successful innovative therapies for colorectal cancer
must involve combined approaches, which should involve systemic
chemotherapy and transplantation to reduce the burden or to eliminate
immune suppressive cells, together with tailor-made immunotherapies
customized to each single patient.

Acknowledgements

We thank Italian Ministry of University and Research and Ente Cassa di
Risparmio di Firenze for supporting our studies.

References

1. Jemal A, Siegel R, Xu J, Ward E (2010) Cancer statistics, 2010. CA Cancer J
Clin 60: 277-300.

2. Tebbutt NC, Cattell E, Midgley R, Cunningham D, Kerr D (2002) Systemic
treatment of colorectal cancer. Eur J Cancer 38: 1000-1015.

3. Goedert JJ (2000) The epidemiology of acquired immunodeficiency syndrome
malignancies. Semin Oncol 27: 390-401.

4. Challis GB, Stam HJ (1990) The spontaneous regression of cancer. A review of
cases from 1900 to 1987. Acta Oncol 29: 545-550.

5. Erdman SE, Poutahidis T (2010) Roles for inflammation and regulatory T cells
in colon cancer. Toxicol Pathol 38: 76-87.

6. Nagorsen D, Scheibenbogen C, Marincola FM, Letsch A, Keilholz U (2003)
Natural T cell immunity against cancer. Clin Cancer Res 9: 4296-4303.

7. Zitvogel L, Tesniere A, Kroemer G (2006) Cancer despite immunosurveillance:
immunoselection and immunosubversion. Nat Rev Immunol 6: 715-727.

8. Nelson BH (2010) CD20+ B cells: the other tumor-infiltrating lymphocytes. J
Immunol 185: 4977-4982.

9. Morse M, Langer L, Starodub A, Hobeika A, Clay T, et al. (2007) Current
Immunotherapeutic Strategies in Colon Cancer. Surg Oncol Clin N Am 16: 873-
900.

10. Mocellin S, Mandruzzato S, Bronte V, Lise M, Nitti D (2004) Part I: vaccines for
solid tumours. Lancet Oncol 5: 681-689.

11. Dalerba P, Maccalli C, Casati C, Castelli C, Parmiani G (2003) Immunology
and immunotherapy of colorectal cancer. Crit Rev Oncol Hematol 46: 33-57.

12. Parmiani G, De Filippo A, Novellino L, Castelli C (2007) Unique human tumor
antigens: immunobiology and use in clinical trials. J Immunol 178: 1975-1979.

13. Amato RJ (2010) 5T4-modified vaccinia Ankara: progress in tumor-associated
antigen-based immunotherapy. Expert Opin Biol Ther 10: 281-287.

14. Beatson RE, Taylor-Papadimitriou J, Burchell JM (2010) MUC1 immunotherapy.
Immunotherapy 2: 305-327.

15. Hernandez J, Lee PP, Davis MM, Sherman LA (2000) The use of HLA A2.1/
p53 peptide tetramers to visualize the impact of self tolerance on the TCR
repertoire. J Immunol 164: 596-602.

16. Lauwen MM, Zwaveling S, de Quartel L, Ferreira Mota SC, Grashorn JA, et al.
(2008) Self-tolerance does not restrict the CD4+ T-helper response against the
p53 tumor antigen. Cancer Res 68: 893-900.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

. Speetjens FM, Kuppen PJ, Welters MJ, Essahsah F, Voet van den Brink AM,

et al. (2009) Induction of p53-specific immunity by a p53 synthetic long peptide
vaccine in patients treated for metastatic colorectal cancer. Clin Cancer Res
15: 1086-1095.

.Bos R, van Duikeren S, van Hall T, Kaaijk P, Taubert R, et al. (2005) Expression

of a natural tumor antigen by thymic epithelial cells impairs the tumor-protective
CD4+ T-cell repertoire. Cancer Res 65: 6443-6449.

. Gerloni M, Castiglioni P, Zanetti M (2005) The cooperation between two CD4 T

cells induces tumor protective immunity in MUC.1 transgenic mice. J Immunol
175: 6551-6559.

Turner MS, Cohen PA, Finn OJ (2007) Lack of effective MUC1 tumor antigen-
specific immunity in MUC1-transgenic mice results from a Th/T regulatory cell
imbalance that can be corrected by adoptive transfer of wild-type Th cells. J
Immunol 178: 2787-2793.

Ding C, Wang L, Marroquin J, Yan J (2008) Targeting of antigens to B cells
augments antigen-specific T-cell responses and breaks immune tolerance to
tumor-associated antigen MUC1. Blood 112: 2817-2825.

Ryan SO, Viad AM, Islam K, Gariepy J, Finn OJ (2009) Tumor-associated
MUC1 glycopeptide epitopes are not subject to self-tolerance and improve
responses to MUC1 peptide epitopes in MUC1 transgenic mice. Biol Chem
390: 611-618.

Banchereau J, Briere F, Caux C, Davoust J, Lebecque S, et al. (2000)
Immunobiology of dendritic cells. Annu Rev Immunol 18: 767-811.

Celluzzi CM, Mayordomo JI, Storkus WJ, Lotze MT, Falo LD Jr (1996) Peptide-
pulsed dendritic cells induce antigen-specific CTL-mediated protective tumor
immunity. J Exp Med 183: 283-287.

Ockert D, Schirrmacher V, Beck N, Stoelben E, Ahlert T, et al. (1996) Newcastle
disease virus-infected intact autologous tumor cell vaccine for adjuvant active
specific immunotherapy of resected colorectal carcinoma. Clin Cancer Res 2:
21-28.

Kavanagh B, Ko A, Venook A, Margolin K, Zeh H, et al. (2007) Vaccination of
metastatic colorectal cancer patients with matured dendritic cells loaded with
multiple major histocompatibility complex class | peptides. J Immunother 30:
762-772.

Lesterhuis WJ, de Vries |J, Schuurhuis DH, Boullart AC, Jacobs JF, et al.
(2006) Vaccination of colorectal cancer patients with CEA-loaded dendritic
cells: antigen-specific T cell responses in DTH skin tests. Ann Oncol 17: 974-
980.

Babatz J, Rollig C, Lobel B, Folprecht G, Haack M, et al. (2006) Induction of
cellular immune responses against carcinoembryonic antigen in patients with
metastatic tumors after vaccination with altered peptide ligandloaded dendritic
cells. Cancer Immunol Immunother 55: 268-276.

Fong L, Hou Y, Rivas A, Benike C, Yuen A, et al. (2001) Altered peptide ligand
vaccination with Flt3 ligand expanded dendritic cells for tumor immunotherapy.
Proc Natl Acad Sci USA 98: 8809-8814.

Sadanaga N, Nagashima H, Mashino K, Tahara K, Yamaguchi H, et al. (2001)
Dendritic cell vaccination with MAGE peptide is a novel therapeutic approach
for gastrointestinal carcinomas. Clin Cancer Res 7: 2277-2284.

Morse MA, Clay TM, Hobeika AC, Osada T, Khan S, et al. (2005) Phase |
study of immunization with dendritic cells modified with fowlpox encoding
carcinoembryonic antigen and costimulatory molecules. Clin Cancer Res 11:
3017-3024.

Morse MA, Nair SK, Mosca PJ, Hobeika AC, Clay TM, et al. (2003)
Immunotherapy with autologous, human dendritic cells transfected with
carcinoembryonic antigen mRNA. Cancer Invest 21: 341-349.

Menon AG, Kuppen PJ, van der Burg SH, Offringa R, Bonnet MC, et al. (2003)
Safety of intravenous administration of a canarypox virus encoding the human
wild-type p53 gene in colorectal cancer patients. Cancer Gene Ther 10: 509-
517.

Van der Burg SH, Menon AG, Redeker A, Bonnet MC, Drijfhout JW, et al.
(2002) Induction of p53-specific immune responses in colorectal cancer
patients receiving a recombinant ALVAC-p53 candidate vaccine. Clin Cancer
Res 8: 1019-1027.

Kaufman HL, Lenz HJ, Marshall J, Singh D, Garett C, et al. (2008) Combination
chemotherapy and ALVAC-CEA/B7.1 vaccine in patients with metastatic
colorectal cancer. Clin Cancer Res 14: 4843-4849.

Single Cell Biol, an open access journal
ISSN: 2168-9431

Volume 1 ¢ Issue 2 * 1000102


http://www.ncbi.nlm.nih.gov/pubmed/20610543
http://www.ncbi.nlm.nih.gov/pubmed/20610543
http://www.ncbi.nlm.nih.gov/pubmed/11978525
http://www.ncbi.nlm.nih.gov/pubmed/11978525
http://www.ncbi.nlm.nih.gov/pubmed/10950365
http://www.ncbi.nlm.nih.gov/pubmed/10950365
http://www.ncbi.nlm.nih.gov/pubmed/2206563
http://www.ncbi.nlm.nih.gov/pubmed/2206563
http://www.ncbi.nlm.nih.gov/pubmed/20019355
http://www.ncbi.nlm.nih.gov/pubmed/20019355
http://www.ncbi.nlm.nih.gov/pubmed/14555498
http://www.ncbi.nlm.nih.gov/pubmed/14555498
http://www.ncbi.nlm.nih.gov/pubmed/16977338
http://www.ncbi.nlm.nih.gov/pubmed/16977338
http://www.ncbi.nlm.nih.gov/pubmed/20962266
http://www.ncbi.nlm.nih.gov/pubmed/20962266
http://www.ncbi.nlm.nih.gov/pubmed/18022550
http://www.ncbi.nlm.nih.gov/pubmed/18022550
http://www.ncbi.nlm.nih.gov/pubmed/18022550
http://www.ncbi.nlm.nih.gov/pubmed/15522656
http://www.ncbi.nlm.nih.gov/pubmed/15522656
http://www.ncbi.nlm.nih.gov/pubmed/12672517
http://www.ncbi.nlm.nih.gov/pubmed/12672517
http://www.ncbi.nlm.nih.gov/pubmed/20088718
http://www.ncbi.nlm.nih.gov/pubmed/20088718
http://www.ncbi.nlm.nih.gov/pubmed/20635898
http://www.ncbi.nlm.nih.gov/pubmed/20635898
http://www.ncbi.nlm.nih.gov/pubmed/10623800
http://www.ncbi.nlm.nih.gov/pubmed/10623800
http://www.ncbi.nlm.nih.gov/pubmed/10623800
http://www.ncbi.nlm.nih.gov/pubmed/18245492
http://www.ncbi.nlm.nih.gov/pubmed/18245492
http://www.ncbi.nlm.nih.gov/pubmed/18245492
http://www.ncbi.nlm.nih.gov/pubmed/19188184
http://www.ncbi.nlm.nih.gov/pubmed/19188184
http://www.ncbi.nlm.nih.gov/pubmed/19188184
http://www.ncbi.nlm.nih.gov/pubmed/19188184
http://www.ncbi.nlm.nih.gov/pubmed/16024649
http://www.ncbi.nlm.nih.gov/pubmed/16024649
http://www.ncbi.nlm.nih.gov/pubmed/16024649
http://www.ncbi.nlm.nih.gov/pubmed/16272309
http://www.ncbi.nlm.nih.gov/pubmed/16272309
http://www.ncbi.nlm.nih.gov/pubmed/16272309
http://www.ncbi.nlm.nih.gov/pubmed/17312122
http://www.ncbi.nlm.nih.gov/pubmed/17312122
http://www.ncbi.nlm.nih.gov/pubmed/17312122
http://www.ncbi.nlm.nih.gov/pubmed/17312122
http://www.ncbi.nlm.nih.gov/pubmed/18669871
http://www.ncbi.nlm.nih.gov/pubmed/18669871
http://www.ncbi.nlm.nih.gov/pubmed/18669871
http://www.ncbi.nlm.nih.gov/pubmed/19426130
http://www.ncbi.nlm.nih.gov/pubmed/19426130
http://www.ncbi.nlm.nih.gov/pubmed/19426130
http://www.ncbi.nlm.nih.gov/pubmed/19426130
http://www.ncbi.nlm.nih.gov/pubmed/10837075
http://www.ncbi.nlm.nih.gov/pubmed/10837075
http://www.ncbi.nlm.nih.gov/pubmed/8551233
http://www.ncbi.nlm.nih.gov/pubmed/8551233
http://www.ncbi.nlm.nih.gov/pubmed/8551233
http://www.ncbi.nlm.nih.gov/pubmed/9816085
http://www.ncbi.nlm.nih.gov/pubmed/9816085
http://www.ncbi.nlm.nih.gov/pubmed/9816085
http://www.ncbi.nlm.nih.gov/pubmed/9816085
http://www.ncbi.nlm.nih.gov/pubmed/17893568
http://www.ncbi.nlm.nih.gov/pubmed/17893568
http://www.ncbi.nlm.nih.gov/pubmed/17893568
http://www.ncbi.nlm.nih.gov/pubmed/17893568
http://www.ncbi.nlm.nih.gov/pubmed/16600979
http://www.ncbi.nlm.nih.gov/pubmed/16600979
http://www.ncbi.nlm.nih.gov/pubmed/16600979
http://www.ncbi.nlm.nih.gov/pubmed/16600979
http://www.ncbi.nlm.nih.gov/pubmed/16034561
http://www.ncbi.nlm.nih.gov/pubmed/16034561
http://www.ncbi.nlm.nih.gov/pubmed/16034561
http://www.ncbi.nlm.nih.gov/pubmed/16034561
http://www.ncbi.nlm.nih.gov/pubmed/11427731
http://www.ncbi.nlm.nih.gov/pubmed/11427731
http://www.ncbi.nlm.nih.gov/pubmed/11427731
http://www.ncbi.nlm.nih.gov/pubmed/11489802
http://www.ncbi.nlm.nih.gov/pubmed/11489802
http://www.ncbi.nlm.nih.gov/pubmed/11489802
http://www.ncbi.nlm.nih.gov/pubmed/15837756
http://www.ncbi.nlm.nih.gov/pubmed/15837756
http://www.ncbi.nlm.nih.gov/pubmed/15837756
http://www.ncbi.nlm.nih.gov/pubmed/15837756
http://www.ncbi.nlm.nih.gov/pubmed/12901279
http://www.ncbi.nlm.nih.gov/pubmed/12901279
http://www.ncbi.nlm.nih.gov/pubmed/12901279
http://www.ncbi.nlm.nih.gov/pubmed/12833131
http://www.ncbi.nlm.nih.gov/pubmed/12833131
http://www.ncbi.nlm.nih.gov/pubmed/12833131
http://www.ncbi.nlm.nih.gov/pubmed/12833131
http://www.ncbi.nlm.nih.gov/pubmed/12006514
http://www.ncbi.nlm.nih.gov/pubmed/12006514
http://www.ncbi.nlm.nih.gov/pubmed/12006514
http://www.ncbi.nlm.nih.gov/pubmed/12006514
http://www.ncbi.nlm.nih.gov/pubmed/18676757
http://www.ncbi.nlm.nih.gov/pubmed/18676757
http://www.ncbi.nlm.nih.gov/pubmed/18676757

Citation: Niccolai E, Amedei A (2012) Vaccine Immunotherapy Strategies in Colorectal Cancer Treatment. Single Cell Biol 1:102. doi: 10.4172/2168-

9431.1000102

Page 6 of 7

36.

37

38.

39.

40.

4

iy

42.

43.

44,

45.

46.

47

48.

49.

50.

5

a

52.

5

w

Horig H, Lee DS, Conkright W, Divito J, Hasson H, et al. (2000) Phase | clinical
trial of a recombinant canarypoxvirus (ALVAC) vaccine expressing human
carcinoembryonic antigen and the B7.1 co-stimulatory molecule. Cancer
Immunol Immunother 49: 504-514.

.von Mehren M, Arlen P, Tsang KY, Rogatko A, Meropol N, et al. (2000)

Pilot study of a dual gene recombinant avipox vaccine containing both
carcinoembryonic antigen (CEA) and B7.1 transgenes in patients with recurrent
CEA-expressing adenocarcinomas. Clin Cancer Res 6: 2219-2228.

Zhu MZ, Marshall J, Cole D, Schlom J, Tsang KY (2000) Specific cytolytic T-cell
responses to human CEA from patients immunized with recombinant avipox-
CEA vaccine. Clin Cancer Res 6: 24-33.

Marshall JL, Hoyer RJ, Toomey MA, Faraguna K, Chang P, et al. (2000) Phase
| study in advanced cancer patients of a diversified prime-and-boost vaccination
protocol using recombinant vaccinia virus and recombinant nonreplicating
avipox virus to elicit anti-carcinoembryonic antigen immune responses. J Clin
Oncol 18: 3964-3973.

Marshall JL, Hawkins MJ, Tsang KY, Richmond E, Pedicano JE, et al. (1999)
Phase | study in cancer patients of a replication-defective avipox recombinant
vaccine that expresses human carcinoembryonic antigen. J Clin Oncol 17: 332-
337.

.Harrop R, Connolly N, Redchenko I, Valle J, Saunders M, et al. (2006)

Vaccination of colorectal cancer patients with modified vaccinia Ankara
delivering the tumor antigen 5T4 (TroVax) induces immune responses which
correlate with disease control: a phase /Il trial. Clin Cancer Res 12: 3416-3424.

Harrop R, Drury N, Shingler W, Chikoti P, Redchenko |, et al. (2007) Vaccination
of colorectal cancer patients with modified vaccinia ankara encoding the tumor
antigen 5T4 (TroVax) given alongside chemotherapy induces potent immune
responses. Clin Cancer Res 13: 4487-4494.

Elkord E, Dangoor A, Burt DJ, Southgate TD, Daayana S, et al. (2009) Immune
evasion mechanisms in colorectal cancer liver metastasis patients vaccinated
with TroVax (MVA-5T4). Cancer Immunol Immunother 58: 1657-1667.

Elkord E, Dangoor A, Drury NL, Harrop R, Burt DJ, et al. (2008) An MVA-based
vaccine targeting the oncofetal antigen 5T4 in patients undergoing surgical
resection of colorectal cancer liver metastases. J Immunother 31: 820-829.

Giantonio BJ, Catalano PJ, Meropol NJ, O'Dwyer PJ, Mitchell EP, et al. (2007)
Bevacizumab in combination with oxaliplatin, fluorouracil, and leucovorin
(FOLFOX4) for previously treated metastatic colorectal cancer: results from the
Eastern Cooperative Oncology Group Study E3200. J Clin Oncol 25: 1539-
1544,

Amedei A, Niccolai E, D’Elios MM (2011) T cells and adoptive immunotherapy:
recent developments and future prospects in gastrointestinal oncology. Clin
Dev Immunol 2011: 320571.

.Amedei A, Niccolai E, Della Bella C, Cianchi F, Trallori G, et al. (2009)

Characterization of tumor antigen peptide-specific T cells isolated from the
neoplastic tissue of patients with gastric adenocarcinoma. Cancer Immunol
Immunother 58: 1819-1830.

Melief CJ, van der Burg SH, Toes RE, Ossendorp F, Offringa R (2002) Effective
therapeutic anticancer vaccines based on precision guiding of cytolytic T
lymphocytes. Immunol Rev 188: 177-182.

Melief CJ, van der Burg SH (2008) Immunotherapy of established (pre)
malignant disease by synthetic long peptide vaccines. Nat Rev Cancer 8: 351-
360.

Miyagi Y, Imai N, Sasatomi T, Yamada A, Mine T, et al. (2001) Induction of
cellular immune responses to tumor cells and peptides in colorectal cancer
patients by vaccination with SART3 peptides. Clin Cancer Res 7: 3950-3962.

. Tsuruma T, Hata F, Torigoe T, Furuhata T, Idenoue S, et al. (2004) Phase |

clinical study of anti-apoptosis protein, survivin-derived peptide vaccine therapy
for patients with advanced or recurrent colorectal cancer. J Transl Med 2: 19.

Weihrauch MR, Ansen S, Jurkiewicz E, Geisen C, Xia Z, et al. (2005) Phase I/1l
combined chemoimmunotherapy with carcinoembryonic antigen-derived HLA-
A2-restricted CAP-1 peptide and irinotecan, 5-fluorouracil, and leucovorin in
patients with primary metastatic colorectal cancer. Clin Cancer Res 11: 5993-
6001.

. Hattori T, Mine T, Komatsu N, Yamada A, Itoh K, et al. (2009) Immunological

evaluation of personalized peptide vaccination in combination with UFT
and UZEL for metastatic colorectal carcinoma patients. Cancer Immunol
Immunother 58: 1843-1852.

54.

55.

56.

57.

5

oo

5

©

60.

6

=

62.

63.

64.

6

(2]

66.

6

J

68.

69.

70.

7

N

72.

73.

74

75.

Sato Y, Fujiwara T, Mine T, Shomura H, Homma S, et al. (2007) Immunological
evaluation of personalized peptide vaccination in combination with a
5-fluorouracil derivative (TS-1) for advanced gastric or colorectal carcinoma
patients. Cancer Sci 98: 1113-1119.

Sato Y, Maeda Y, Shomura H, Sasatomi T, Takahashi M, et al. (2004) A
Phase | trial of cytotoxic T-lymphocyte precursor-oriented peptide vaccines for
colorectal carcinoma patients. Br J Cancer 90: 1334-1342.

Bijker MS, van den Eeden SJ, Franken KL, Melief CJ, van der Burg SH, et
al. (2008) Superior induction of anti-tumor CTL immunity by extended peptide
vaccines involves prolonged, DC-focused antigen presentation. Eur J Immunol
38: 1033-42.

Pilla L, Rivoltini L, Patuzzo R, Marrari A, Valdagni R, et al. (2009) Multipeptide
vaccination in cancer patients. Expert Opin Biol Ther 9: 1043-55.

. Klebanoff CA, Acquavella N, Yu Z, Restifo NP (2011) Therapeutic cancer

vaccines: are we there yet?. Immunol Rev 239: 27-44.

. Moulton HM, Yoshihara PH, Mason DH, Iversen PL, Triozzi PL (2002) Active

specific immunotherapy with a beta-human chorionic gonadotropin peptide
vaccine in patients with metastatic colorectal cancer: antibody response is
associated with improved survival. Clin Cancer Res 8: 2044-2051.

Goydos JS, Elder E, Whiteside TL, Finn OJ, Lotze MT (1996) A Phase | trial
of a synthetic mucin peptide vaccine. Induction of specific immune reactivity in
patients with adenocarcinoma. J Surg Res 63: 298-304.

. Knleif SN, Abrams SI, Hamilton JM, Bergmann-Leitner E, Chen A, et al. (1999)

A Phase | vaccine trial with peptides reflecting ras oncogene mutations of solid
tumors. J Immunother 22: 155-165.

Wagner P, Koch M, Nummer D, Palm S, Galindo L, et al. (2008) Detection and
functional analysis of tumor infiltrating T-lymphocytes (TIL) in liver metastases
from colorectal cancer. Ann Surg Oncol 15: 2310-2317.

Bonertz A, Weitz J, Pietsch DH, Rahbari NN, Schlude C, et al. (2009) Antigen-
specific Tregs control T cell responses against a limited repertoire of tumor
antigens in patients with colorectal carcinoma. J Clin Invest 119: 3311-3321.

Shichijo S, Ishihara Y, Azuma K, Komatsu N, Higashimoto N, et al. (2005)
ABCE1, a member of ATP-binding cassette transporter gene, encodes
peptides capable of inducing HLA-A2-restricted and tumor-reactive cytotoxic T
lymphocytes in colon cancer patients. Oncol Rep 13: 907-913.

. Saeterdal I, Bjorheim J, Lislerud K, Gjertsen MK, Bukholm IK et al. (2001)

Frameshift-mutation-derived peptides as tumor-specific antigens in inherited
and spontaneous colorectal cancer. Proc Natl Acad Sci USA 98: 13255-13260.

Boland CR (2006) Decoding hereditary colorectal cancer. N Engl J Med
354:2815-2817.

. Jass JR (2006) Hereditary non-polyposis colorectal cancer: the rise and fall of

a confusing term. World J Gastroenterol 12: 4943-4950.

Vasen HF, Moslein G, Alonso A, Bernstein |, Bertario L, et al. (2007) Guidelines
for the clinical management of Lynch syndrome (hereditary non-polyposis
cancer). J Med Genet 44: 353-362.

lonov Y, Peinado MA, Malkhosyan S, Shibata D, Perucho M (1993) Ubiquitous
somatic mutations in simple repeated sequences reveal a new mechanism for
colonic carcinogenesis. Nature 363: 558-561.

Thibodeau SN, Bren G, Schaid D (1993) Microsatellite instability in cancer of
the proximal colon. Science 260: 816-819.

.King BL, Carcangiu ML, Carter D, Kiechle M, Pfisterer J, et al. (1995)

Microsatellite instability in ovarian neoplasms. Br J Cancer 72: 376-382.

Risinger JI, Berchuck A, Kohler MF, Watson P, Lynch HT, et al. (1993) Genetic
instability of microsatellites in endometrial carcinoma. Cancer Res 53: 5100-
5103.

Keller G, Rotter M, Vogelsang H, Bischoff P, Becker KF, et al. (1995)
Microsatellite instability in adenocarcinomas of the upper gastrointestinal tract.
Relation to clinicopathological data and family history. Am J Pathol 147: 593-
600.

. Speetjens FM, Lauwen MM, Franken KL, Janssen-van Rhijn CM, van Duikeren

S, et al. (2008) Prediction of the immunogenic potential of frameshift-mutated
antigens in microsatellite instable cancer. Int J Cancer 123: 838-845.

Schwitalle Y, Kloor M, Eiermann S, Linnebacher M, Kienle P, et al. (2008)
Immune response against frameshift-induced neopeptides in HNPCC patients
and healthy HNPCC mutation carriers. Gastroenterology 134: 988-997.

Single Cell Biol, an open access journal
ISSN: 2168-9431

Volume 1 ¢ Issue 2 * 1000102


http://www.ncbi.nlm.nih.gov/pubmed/11092617
http://www.ncbi.nlm.nih.gov/pubmed/11092617
http://www.ncbi.nlm.nih.gov/pubmed/11092617
http://www.ncbi.nlm.nih.gov/pubmed/11092617
http://www.ncbi.nlm.nih.gov/pubmed/10873071
http://www.ncbi.nlm.nih.gov/pubmed/10873071
http://www.ncbi.nlm.nih.gov/pubmed/10873071
http://www.ncbi.nlm.nih.gov/pubmed/10873071
http://www.ncbi.nlm.nih.gov/pubmed/10656428
http://www.ncbi.nlm.nih.gov/pubmed/10656428
http://www.ncbi.nlm.nih.gov/pubmed/10656428
http://www.ncbi.nlm.nih.gov/pubmed/11099326
http://www.ncbi.nlm.nih.gov/pubmed/11099326
http://www.ncbi.nlm.nih.gov/pubmed/11099326
http://www.ncbi.nlm.nih.gov/pubmed/11099326
http://www.ncbi.nlm.nih.gov/pubmed/11099326
http://www.ncbi.nlm.nih.gov/pubmed/10458251
http://www.ncbi.nlm.nih.gov/pubmed/10458251
http://www.ncbi.nlm.nih.gov/pubmed/10458251
http://www.ncbi.nlm.nih.gov/pubmed/10458251
http://www.ncbi.nlm.nih.gov/pubmed/16740766
http://www.ncbi.nlm.nih.gov/pubmed/16740766
http://www.ncbi.nlm.nih.gov/pubmed/16740766
http://www.ncbi.nlm.nih.gov/pubmed/16740766
http://www.ncbi.nlm.nih.gov/pubmed/17671134
http://www.ncbi.nlm.nih.gov/pubmed/17671134
http://www.ncbi.nlm.nih.gov/pubmed/17671134
http://www.ncbi.nlm.nih.gov/pubmed/17671134
http://www.ncbi.nlm.nih.gov/pubmed/19221742
http://www.ncbi.nlm.nih.gov/pubmed/19221742
http://www.ncbi.nlm.nih.gov/pubmed/19221742
http://www.ncbi.nlm.nih.gov/pubmed/18833005
http://www.ncbi.nlm.nih.gov/pubmed/18833005
http://www.ncbi.nlm.nih.gov/pubmed/18833005
http://www.ncbi.nlm.nih.gov/pubmed/17442997
http://www.ncbi.nlm.nih.gov/pubmed/17442997
http://www.ncbi.nlm.nih.gov/pubmed/17442997
http://www.ncbi.nlm.nih.gov/pubmed/17442997
http://www.ncbi.nlm.nih.gov/pubmed/17442997
http://www.ncbi.nlm.nih.gov/pubmed/22110523
http://www.ncbi.nlm.nih.gov/pubmed/22110523
http://www.ncbi.nlm.nih.gov/pubmed/22110523
http://www.ncbi.nlm.nih.gov/pubmed/19319530
http://www.ncbi.nlm.nih.gov/pubmed/19319530
http://www.ncbi.nlm.nih.gov/pubmed/19319530
http://www.ncbi.nlm.nih.gov/pubmed/19319530
http://www.ncbi.nlm.nih.gov/pubmed/12445291
http://www.ncbi.nlm.nih.gov/pubmed/12445291
http://www.ncbi.nlm.nih.gov/pubmed/12445291
http://www.ncbi.nlm.nih.gov/pubmed/18418403
http://www.ncbi.nlm.nih.gov/pubmed/18418403
http://www.ncbi.nlm.nih.gov/pubmed/18418403
http://www.ncbi.nlm.nih.gov/pubmed/11751487
http://www.ncbi.nlm.nih.gov/pubmed/11751487
http://www.ncbi.nlm.nih.gov/pubmed/11751487
http://www.ncbi.nlm.nih.gov/pubmed/15193151
http://www.ncbi.nlm.nih.gov/pubmed/15193151
http://www.ncbi.nlm.nih.gov/pubmed/15193151
http://www.ncbi.nlm.nih.gov/pubmed/16115944
http://www.ncbi.nlm.nih.gov/pubmed/16115944
http://www.ncbi.nlm.nih.gov/pubmed/16115944
http://www.ncbi.nlm.nih.gov/pubmed/16115944
http://www.ncbi.nlm.nih.gov/pubmed/16115944
http://www.ncbi.nlm.nih.gov/pubmed/19396597
http://www.ncbi.nlm.nih.gov/pubmed/19396597
http://www.ncbi.nlm.nih.gov/pubmed/19396597
http://www.ncbi.nlm.nih.gov/pubmed/19396597
http://www.ncbi.nlm.nih.gov/pubmed/17459063
http://www.ncbi.nlm.nih.gov/pubmed/17459063
http://www.ncbi.nlm.nih.gov/pubmed/17459063
http://www.ncbi.nlm.nih.gov/pubmed/17459063
http://www.ncbi.nlm.nih.gov/pubmed/15054451
http://www.ncbi.nlm.nih.gov/pubmed/15054451
http://www.ncbi.nlm.nih.gov/pubmed/15054451
http://www.ncbi.nlm.nih.gov/pubmed/18350546
http://www.ncbi.nlm.nih.gov/pubmed/18350546
http://www.ncbi.nlm.nih.gov/pubmed/18350546
http://www.ncbi.nlm.nih.gov/pubmed/18350546
http://www.ncbi.nlm.nih.gov/pubmed/19591629
http://www.ncbi.nlm.nih.gov/pubmed/19591629
http://www.ncbi.nlm.nih.gov/pubmed/21198663
http://www.ncbi.nlm.nih.gov/pubmed/21198663
http://www.ncbi.nlm.nih.gov/pubmed/12114402
http://www.ncbi.nlm.nih.gov/pubmed/12114402
http://www.ncbi.nlm.nih.gov/pubmed/12114402
http://www.ncbi.nlm.nih.gov/pubmed/12114402
http://www.ncbi.nlm.nih.gov/pubmed/8667619
http://www.ncbi.nlm.nih.gov/pubmed/8667619
http://www.ncbi.nlm.nih.gov/pubmed/8667619
http://www.ncbi.nlm.nih.gov/pubmed/10093040
http://www.ncbi.nlm.nih.gov/pubmed/10093040
http://www.ncbi.nlm.nih.gov/pubmed/10093040
http://www.ncbi.nlm.nih.gov/pubmed/18521684
http://www.ncbi.nlm.nih.gov/pubmed/18521684
http://www.ncbi.nlm.nih.gov/pubmed/18521684
http://www.ncbi.nlm.nih.gov/pubmed/19809157
http://www.ncbi.nlm.nih.gov/pubmed/19809157
http://www.ncbi.nlm.nih.gov/pubmed/19809157
http://www.ncbi.nlm.nih.gov/pubmed/15809757
http://www.ncbi.nlm.nih.gov/pubmed/15809757
http://www.ncbi.nlm.nih.gov/pubmed/15809757
http://www.ncbi.nlm.nih.gov/pubmed/15809757
http://www.ncbi.nlm.nih.gov/pubmed/11687624
http://www.ncbi.nlm.nih.gov/pubmed/11687624
http://www.ncbi.nlm.nih.gov/pubmed/11687624
http://www.ncbi.nlm.nih.gov/pubmed/16807419
http://www.ncbi.nlm.nih.gov/pubmed/16807419
http://www.ncbi.nlm.nih.gov/pubmed/16937488
http://www.ncbi.nlm.nih.gov/pubmed/16937488
http://www.ncbi.nlm.nih.gov/pubmed/17327285
http://www.ncbi.nlm.nih.gov/pubmed/17327285
http://www.ncbi.nlm.nih.gov/pubmed/17327285
http://www.ncbi.nlm.nih.gov/pubmed/8505985
http://www.ncbi.nlm.nih.gov/pubmed/8505985
http://www.ncbi.nlm.nih.gov/pubmed/8505985
http://www.ncbi.nlm.nih.gov/pubmed/8484122
http://www.ncbi.nlm.nih.gov/pubmed/8484122
http://www.ncbi.nlm.nih.gov/pubmed/7640221
http://www.ncbi.nlm.nih.gov/pubmed/7640221
http://www.ncbi.nlm.nih.gov/pubmed/8221644
http://www.ncbi.nlm.nih.gov/pubmed/8221644
http://www.ncbi.nlm.nih.gov/pubmed/8221644
http://www.ncbi.nlm.nih.gov/pubmed/7677173
http://www.ncbi.nlm.nih.gov/pubmed/7677173
http://www.ncbi.nlm.nih.gov/pubmed/7677173
http://www.ncbi.nlm.nih.gov/pubmed/7677173
http://www.ncbi.nlm.nih.gov/pubmed/18506693
http://www.ncbi.nlm.nih.gov/pubmed/18506693
http://www.ncbi.nlm.nih.gov/pubmed/18506693
http://www.ncbi.nlm.nih.gov/pubmed/18395080
http://www.ncbi.nlm.nih.gov/pubmed/18395080
http://www.ncbi.nlm.nih.gov/pubmed/18395080

Citation: Niccolai E, Amedei A (2012) Vaccine Immunotherapy Strategies in Colorectal Cancer Treatment. Single Cell Biol 1:102. doi: 10.4172/2168-

9431.1000102

Page 7 of 7

76.

77.

78.

7

o

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

9

=

92.

9

w

Speetiens FM, Kuppen PJ, Morreau H, van der Burg SH (2008) Immune
response against frameshift-induced neopeptides in HNPCC patients and
healthy HNPCC mutation carriers. Gastroenterology 135: 711-712.

van der Burg SH (2008) Therapeutic vaccines in cancer: moving from
immunomonitoring to immunoguiding. Expert Rev Vaccines 7: 1-5.

Mazzaferro V, Coppa J, Carrabba MG, Rivoltini L, Schiavo M, et al. (2003)
Vaccination with autologous tumor-derived heat-shock protein gp96 after liver
resection for metastatic colorectal cancer. Clin Cancer Res 9: 3235-3245.

. Schulze T, Kemmner W, Weitz J, Wernecke KD, Schirrmacher V, et al. (2009)

Efficiency of adjuvant active specific immunization with Newcastle disease
virus modified tumor cells in colorectal cancer patients following resection of
liver metastases: results of a prospective randomized trial. Cancer Immunol
Immunother 58: 61-69.

Liang W, Wang H, Sun TM, Yao WQ, Chen LL, et al. (2003) Application of
autologous tumor cell vaccine and NDV vaccine in treatment of tumors of
digestive tract. World J Gastroenterol 9: 495-498.

Uyl-de Groot CA, Vermorken JB, Hanna MG Jr, Verboom P, Groot MT, et al.
(2005) Immunotherapy with autologous tumor cell-BCG vaccine in patients with
colon cancer: a prospective study of medical and economic benefits. Vaccine
23:2379-2387.

Vermorken JB, Claessen AM, van Tinteren H, Gall HE, Ezinga R, et al. (1999)
Active specific immunotherapy for stage Il and stage Il human colon cancer: a
randomised trial. Lancet 353: 345-350.

Baars A, Claessen AM, Wagstaff J, Giaccone G, Scheper RJ, et al. (2002)
A Phase Il study of active specific immunotherapy and 5-FU/Leucovorin as
adjuvant therapy for stage Il colon carcinoma. Br J Cancer 86: 1230-1234.

Harris JE, Ryan L, Hoover HC Jr, Stuart RK, Oken MM, et al. (2000) Adjuvant
active specific immunotherapy for stage Il and Il colon cancer with an
autologous tumor cell vaccine: Eastern Cooperative Oncology Group Study
E5283. J Clin Oncol 18: 148-157.

Hoover HC Jr, Brandhorst JS, Peters LC, Surdyke MG, Takeshita Y, et al.
(1993) Adjuvant active specific immunotherapy for human colorectal cancer:
6.5-year median follow-up of a Phase Il prospectively randomized trial. J Clin
Oncol 11: 390-399.

Sobol RE, Shawler DL, Carson C, Van Beveren C, Mercola D, et al. (1999)
Interleukin 2 gene therapy of colorectal carcinoma with autologous irradiated
tumor cells and genetically engineered fibroblasts: a Phase | study. Clin Cancer
Res 5: 2359-2365.

Alves PM, Levy N, Bouzourene H, Viatte S, Bricard G, et al. (2007) Molecular
and immunological evaluation of the expression of cancer/testis gene products
in human colorectal cancer. Cancer Immunol Immunother 56: 839-847.

Koketsu S, Watanabe T, Kazama S, Ishihara S, Komuro Y, et al.
(2004) What types of colorectal cancer overexpress the MAGE protein?
Hepatogastroenterology 51: 1648-1652.

Park MS, Park JW, Jeon CH, Lee KD, Chang HK (2002) Expression of
melanoma antigen-encoding genes (MAGE) by common primers for MAGE-A1
to -A6 in colorectal carcinomas among Koreans. J Korean Med Sci 17: 497-
501.

Li M, Yuan YH, Han Y, Liu YX, Yan L, et al. (2005) Expression profile of cancer-
testis genes in 121 human colorectal cancer tissue and adjacent normal tissue.
Clin Cancer Res 11: 1809-1814.

. Burgdorf SK, Fischer A, Myschetzky PS, Munksgaard SB, Zocca MB, et al.

(2008) Clinical responses in patients with advanced colorectal cancer to a
dendritic cell based vaccine. Oncol Rep 20: 1305-1311.

Toh HC, Wang WW, Chia WK, Kvistborg P, Sun L, et al. (2009) Clinical benefit
of allogeneic melanoma cell lysate-pulsed autologous dendritic cell vaccine in
MAGE-positive colorectal cancer patients. Clin Cancer Res 15: 7726-7736.

. Slingluff CL, Petroni GR, Yamshchikov GV, Barnd DL, Eastham S, et al. (2003)

Clinical and immunologic results of a randomized phase |l trial of vaccination
using four melanoma peptides either administered in granulocyte-macrophage
colony-stimulating factor in adjuvant or pulsed on dendritic cells. J Clin Oncol
21: 4016-4026.

94. Kirkwood JM, Tarhini AA, Panelli MC, Moschos SJ, Zarour HM, et al. (2008)
Next generation of immunotherapy for melanoma. J Clin Oncol 26: 3445-3455.

95. Schwartzentruber DJ, Lawson DH, Richards JM, Conry RM, Miller DM, et al.
(2011) Gp100 peptide vaccine and interleukin-2 in patients with advanced
melanoma. N Engl J Med 364: 2119-2127.

96. Sosman JA, Carrillo C, Urba WJ, Flaherty L, Atkins MB, et al. (2008) Three
phase Il cytokine working group trials of gp100 (210M) peptide plus high-dose
interleukin-2 in patients with HLA-A2-positive advanced melanoma. J Clin
Oncol 26: 2292-2298.

9

<

. Trepiakas R, Pedersen AE, Met O, Svane IM (2009) Addition of interferon-
alpha to a standard maturation cocktail induces CD38 up-regulation and
increases dendritic cell function. Vaccine 27: 2213-2219.

9

[e=]

. Ridgway D (2003) The first 1000 dendritic cell vaccinees. Cancer Invest 21:
873-886.

99. Rossowska J, Pajtasz-Piasecka E, Ry$nik O, Wojas J, Krawczenko A, et al.
(2011) Generation of antitumor response by IL-2-transduced JAWS |l dendritic
cells. Immunobiology 216:1074-1084.

100.Chaput N, Louafi S, Bardier A, Charlotte F, Vaillant JC et al. (2009)
Identification of CD8+CD25+Foxp3+ suppressive T cells in colorectal cancer
tissue. Gut 58: 520-529.

101.Deng L, Zhang H, Luan Y, Zhang J, Xing Q, et al. (2010) Accumulation of
Foxp3+ T regulatory cells in draining lymph nodes correlates with disease
progression and immune suppression in colorectal cancer patients. Clin
Cancer Res 16: 4105-4112.

102.Suzuki H, Chikazawa N, Tasaka T, Wada J, Yamasaki A, et al. (2010)
Intratumoral CD8(+) T/FOXP3 (+) cell ratio is a predictive marker for survival
in patients with colorectal cancer. Cancer Immunol Immunother 59: 653-661.

103.Zhou G, Levitsky HI (2007) Natural regulatory T cells and de novo-induced
regulatory T cells contribute independently to tumorspecific tolerance. J
Immunol 178: 2155-2162.

104.Welters MJ, Kenter GG, Piersma SJ, Vloon AP, Lowik MJ, et al. (2008)
Induction of tumor-specific CD4+ and CD8+ T-cell immunity in cervical cancer
patients by a human papillomavirus type 16 E6 and E7 long peptides vaccine.
Clin Cancer Res 14: 178-187.

105.Welters MJ, Kenter GG, de Vos van Steenwijk PJ, Léwik MJ, Berends-van
der Meer DM, et al. (2010) Success or failure of vaccination for HPV16-
positive vulvar lesions correlates with kinetics and phenotype of induced T-cell
responses. Proc Natl Acad Sci USA 107: 11895-11899.

106.Piersma SJ, Welters MJ, van der Burg SH (2008) Tumor-specific regulatory T
cells in cancer patients. Hum Immunol 69: 241-249.

107.Greten TF, Ormandy LA, Fikuart A, Hochst B, Henschen S, et al. (2010) Low-
dose cyclophosphamide treatment impairs regulatory T cells and unmasks
AFP-specific CD4+ T-cell responses in patients with advanced HCC. J
Immunother 33: 211-218.

108.Jacobs JF, Punt CJ, Lesterhuis WJ, Sutmuller RP, Brouwer HM, et al. (2010)
Dendritic cell vaccination in combination with anti-CD25 monoclonal antibody
treatment: a Phase I/ll study in metastatic melanoma patients. Clin Cancer
Res 16: 5067-5078.

109.Morse MA, Hobeika AC, Osada T, Serra D, Niedzwiecki D, et al. (2008)
Depletion of human regulatory T cells specifically enhances antigen-specific
immune responses to cancer vaccines. Blood 112: 610-618.

110.Pages F, Galon J, Dieu-Nosjean MC, Tartour E, Sautes-Fridman C, et al.
(2010) Immune infiltration in human tumors: a prognostic factor that should
not be ignored. Oncogene 29: 1093-1102.

111. Pages F, Kirilovsky A, Mlecnik B, Asslaber M, TosoliniM, et al. (2009) In situ
cytotoxic and memory T cells predict outcome in patients with early-stage
colorectal cancer. J Clin Oncol 27: 5944-5951.

112.Mlecnik B, Tosolini M, Kirilovsky A, Berger A, Bindea G, et al. (2011)
Histopathological-based prognostic factors of colorectal cancers are
associated with the state of the local immune reaction. J Clin Oncol 29: 610-
618.

Single Cell Biol, an open access journal
ISSN: 2168-9431

Volume 1 ¢ Issue 2 * 1000102


http://www.ncbi.nlm.nih.gov/pubmed/18619460
http://www.ncbi.nlm.nih.gov/pubmed/18619460
http://www.ncbi.nlm.nih.gov/pubmed/18619460
http://www.ncbi.nlm.nih.gov/pubmed/18251686
http://www.ncbi.nlm.nih.gov/pubmed/18251686
http://www.ncbi.nlm.nih.gov/pubmed/12960108
http://www.ncbi.nlm.nih.gov/pubmed/12960108
http://www.ncbi.nlm.nih.gov/pubmed/12960108
http://www.ncbi.nlm.nih.gov/pubmed/18488223
http://www.ncbi.nlm.nih.gov/pubmed/18488223
http://www.ncbi.nlm.nih.gov/pubmed/18488223
http://www.ncbi.nlm.nih.gov/pubmed/18488223
http://www.ncbi.nlm.nih.gov/pubmed/18488223
http://www.ncbi.nlm.nih.gov/pubmed/12632504
http://www.ncbi.nlm.nih.gov/pubmed/12632504
http://www.ncbi.nlm.nih.gov/pubmed/12632504
http://www.ncbi.nlm.nih.gov/pubmed/15755632
http://www.ncbi.nlm.nih.gov/pubmed/15755632
http://www.ncbi.nlm.nih.gov/pubmed/15755632
http://www.ncbi.nlm.nih.gov/pubmed/15755632
http://www.ncbi.nlm.nih.gov/pubmed/9950438
http://www.ncbi.nlm.nih.gov/pubmed/9950438
http://www.ncbi.nlm.nih.gov/pubmed/9950438
http://www.ncbi.nlm.nih.gov/pubmed/11953877
http://www.ncbi.nlm.nih.gov/pubmed/11953877
http://www.ncbi.nlm.nih.gov/pubmed/11953877
http://www.ncbi.nlm.nih.gov/pubmed/10623705
http://www.ncbi.nlm.nih.gov/pubmed/10623705
http://www.ncbi.nlm.nih.gov/pubmed/10623705
http://www.ncbi.nlm.nih.gov/pubmed/10623705
http://www.ncbi.nlm.nih.gov/pubmed/10499605
http://www.ncbi.nlm.nih.gov/pubmed/10499605
http://www.ncbi.nlm.nih.gov/pubmed/10499605
http://www.ncbi.nlm.nih.gov/pubmed/10499605
http://www.ncbi.nlm.nih.gov/pubmed/16960690
http://www.ncbi.nlm.nih.gov/pubmed/16960690
http://www.ncbi.nlm.nih.gov/pubmed/16960690
http://www.ncbi.nlm.nih.gov/pubmed/15532796
http://www.ncbi.nlm.nih.gov/pubmed/15532796
http://www.ncbi.nlm.nih.gov/pubmed/15532796
http://www.ncbi.nlm.nih.gov/pubmed/12172045
http://www.ncbi.nlm.nih.gov/pubmed/12172045
http://www.ncbi.nlm.nih.gov/pubmed/12172045
http://www.ncbi.nlm.nih.gov/pubmed/12172045
http://www.ncbi.nlm.nih.gov/pubmed/15756003
http://www.ncbi.nlm.nih.gov/pubmed/15756003
http://www.ncbi.nlm.nih.gov/pubmed/15756003
http://www.ncbi.nlm.nih.gov/pubmed/19020707
http://www.ncbi.nlm.nih.gov/pubmed/19020707
http://www.ncbi.nlm.nih.gov/pubmed/19020707
http://www.ncbi.nlm.nih.gov/pubmed/19996212
http://www.ncbi.nlm.nih.gov/pubmed/19996212
http://www.ncbi.nlm.nih.gov/pubmed/19996212
http://www.ncbi.nlm.nih.gov/pubmed/14581425
http://www.ncbi.nlm.nih.gov/pubmed/14581425
http://www.ncbi.nlm.nih.gov/pubmed/14581425
http://www.ncbi.nlm.nih.gov/pubmed/14581425
http://www.ncbi.nlm.nih.gov/pubmed/14581425
http://www.ncbi.nlm.nih.gov/pubmed/18612161
http://www.ncbi.nlm.nih.gov/pubmed/18612161
http://www.ncbi.nlm.nih.gov/pubmed/21631324
http://www.ncbi.nlm.nih.gov/pubmed/21631324
http://www.ncbi.nlm.nih.gov/pubmed/21631324
http://www.ncbi.nlm.nih.gov/pubmed/18467720
http://www.ncbi.nlm.nih.gov/pubmed/18467720
http://www.ncbi.nlm.nih.gov/pubmed/18467720
http://www.ncbi.nlm.nih.gov/pubmed/18467720
http://www.ncbi.nlm.nih.gov/pubmed/19428835
http://www.ncbi.nlm.nih.gov/pubmed/19428835
http://www.ncbi.nlm.nih.gov/pubmed/19428835
http://www.ncbi.nlm.nih.gov/pubmed/14735692
http://www.ncbi.nlm.nih.gov/pubmed/14735692
http://www.ncbi.nlm.nih.gov/pubmed/21676487
http://www.ncbi.nlm.nih.gov/pubmed/21676487
http://www.ncbi.nlm.nih.gov/pubmed/21676487
http://www.ncbi.nlm.nih.gov/pubmed/19022917
http://www.ncbi.nlm.nih.gov/pubmed/19022917
http://www.ncbi.nlm.nih.gov/pubmed/19022917
http://www.ncbi.nlm.nih.gov/pubmed/20682706
http://www.ncbi.nlm.nih.gov/pubmed/20682706
http://www.ncbi.nlm.nih.gov/pubmed/20682706
http://www.ncbi.nlm.nih.gov/pubmed/20682706
http://www.ncbi.nlm.nih.gov/pubmed/19908042
http://www.ncbi.nlm.nih.gov/pubmed/19908042
http://www.ncbi.nlm.nih.gov/pubmed/19908042
http://www.ncbi.nlm.nih.gov/pubmed/17277120
http://www.ncbi.nlm.nih.gov/pubmed/17277120
http://www.ncbi.nlm.nih.gov/pubmed/17277120
http://www.ncbi.nlm.nih.gov/pubmed/18172269
http://www.ncbi.nlm.nih.gov/pubmed/18172269
http://www.ncbi.nlm.nih.gov/pubmed/18172269
http://www.ncbi.nlm.nih.gov/pubmed/18172269
http://www.ncbi.nlm.nih.gov/pubmed/18486758
http://www.ncbi.nlm.nih.gov/pubmed/18486758
http://www.ncbi.nlm.nih.gov/pubmed/20736326
http://www.ncbi.nlm.nih.gov/pubmed/20736326
http://www.ncbi.nlm.nih.gov/pubmed/20736326
http://www.ncbi.nlm.nih.gov/pubmed/20736326
http://www.ncbi.nlm.nih.gov/pubmed/18519811
http://www.ncbi.nlm.nih.gov/pubmed/18519811
http://www.ncbi.nlm.nih.gov/pubmed/18519811
http://www.ncbi.nlm.nih.gov/pubmed/19946335
http://www.ncbi.nlm.nih.gov/pubmed/19946335
http://www.ncbi.nlm.nih.gov/pubmed/19946335
http://www.ncbi.nlm.nih.gov/pubmed/19858404
http://www.ncbi.nlm.nih.gov/pubmed/19858404
http://www.ncbi.nlm.nih.gov/pubmed/19858404
http://www.ncbi.nlm.nih.gov/pubmed/21245428
http://www.ncbi.nlm.nih.gov/pubmed/21245428
http://www.ncbi.nlm.nih.gov/pubmed/21245428
http://www.ncbi.nlm.nih.gov/pubmed/21245428

	Title
	Corresponding author
	Abstract
	Introduction
	Vaccines using Defined Antigens  
	Strategies of CellDerived Vaccination  
	Combinatorial Treatments: Role of Cytokines in Vaccine Therapies 
	The Role of Regulatory T Cells 
	Remarkable Considerations  
	Acknowledgements
	References

