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Abstract: Cancer is a worldwide issue and one of the most relevant death
causes in child and adults. There are several causes that can lead to cancer
development. It is well known that inflammation is one known hallmark of
cancer and it favors tumor cells growth. Several alterations in
immunological and inflammatory processes are caused in response to tumor
presence and both innate and adaptive immunity have effective mechanism
to destroy tumor cells. Nevertheless, distinct tumor types developed
mechanisms to evade anti-tumor immunological responses. Here, we revise
researches regarding inflammation and immune response during cancer
development, as well as cancer signaling pathways and immunotherapy that
have been performed in Brazil. The better understanding of the mechanisms
regarding cancer and immunological processes is of huge importance and it
may support the development of new cancer targets.
Keywords: Cancer, Inflammation, Immune Response, Cancer Signaling,
Immunotherapy

Introduction
Cancer is considered a worldwide health issue. According to World Health Organization (WHO, 2014),
deaths by malignant neoplasms reached a population of
7, 583, 252 and its incidence increased 20% in all
world. Developing countries are the most affected ones
by the disease and Brazil is among them. Brazil has a
total population of 199,000,000 and WHO estimates a
death rate by malignant neoplasm of 125 per 100,000
for men and 101 per 100,000 for women.
The Instituto Nacional do Câncer (INCA, 2014)
estimates a rate of 576,000 new cases of cancer in Brazil
for 2014, available for 2015. Among them, for male
population, prostate cancer is the main neoplasm (70.42
new cases per 100,000 men), followed by lung cancer
(16.79 new cases per 100,000 men) and colon cancer
(15.44 new cases per 100,000 men). For female
population, breast cancer is the most frequent malignancy
(56.09 new cases per 100,000 women), followed by colon
cancer (17.24 new cases per 100,000 women) and cervical
cancer (15.33 new cases per 100,000 women).
Despite the large significance of health issues, the
Brazilian general government expenditure on health as
a percentage of total expenditure on health is of 45.7,
while the general government expenditure on health

as a percentage of total government expenditure is of
8.7 for the year 2011 (WHO, 2014).

Inflamation and Cancer
Inflammation is a well-known hallmark of cancer.
About 20% of cancer deaths can be related to
inflammation and infection (Osório-Costa et al.,
2009). The seven hallmarks of cancer includes cancerrelated inflammation, enable the replicative immortal,
resist to cell death, sustain a proliferative signaling,
evade growth suppressors, induction of angiogenesis
and activate invasion and metastasis. As well, it is
known that chronic inflammation is associated with
increased risk of cancer development and an
inflammatory microenvironment favors proliferation
of mutated cells during initiation. The tumor
microenvironment is surrounded by innate immune
cells, adaptive immune cells, cancer cells and stroma.
It is also stated that there is a strong association
between immune system and tumor during every step
of its development (Fan et al., 2013).
Therefore, the nexus among inflammation, immune
system and cancer is well strait. Thus, this article aims to
review new insights related to inflammation and cancer,
as well as the importance of immune system response
and cellular signaling during tumor development and
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immune therapies focusing in research of Brazilian
laboratories, a developing country.

The Influence of Obesity in Cancer Development
It is well known that obesity increases sex and
metabolic hormones and inflammation. Therefore, obesity
may be related to the increased risk rate of several types of
cancer and disease outcome (Osório-Costa et al., 2009).
Adipose tissue regulates the body energy homeostasis
secreting cytokines, hormones and inflammatory
markers, together called adipokines. The inflammatory
process in obesity comprises activation of JNK (c-Jun Nterminal kinase) and NF-κB (factor nuclear kappa B).
The expansion of adipose tissue is combined to
infiltration of several types of innate and adaptive
immune cells, both secreting pro-inflammatory markers
that may favor tumor development. Angiogenesis may
be also regulated by adipocytes through production of
leptin, TNF-α, IL-6, IL-8, VEGF (vascular endothelial
growth factor) and TGF-β (transforming growth factor
beta) (Catalán et al., 2013).
Flores et al. (2012) showed that obesity increased the
size and incidence of colorectal cancer. In their research
model, an inflammatory state was observed in the colon
of obese mice. Moreover, increased TNF-α derived from
adipocytes and macrophages of adipose tissue
accompanied by increased IKK-β (inhibitor of nuclear
factor kappa-B kinase subunit beta) phosphorylation,
decreased IκBα (inhibitor of kappa B) expression,
increased JNK and c-jun phosphorylation in colonic
tissues were observed. Also, genetic obesity promoted
colon carcinogenicity associated with inflammation.
Bozza and Viola (2010) revised the role of lipid droplets in inflammation and cancer. Lipid droplets are endoplasmic reticulum-derived organelles expressed in fatstoring cells. Several studies emerged showing increased
number of cytoplasmic lipid droplets in inflammatory
and neoplastic process and that they can be regulated in
cell activation and metabolism. Also, lipid droplets are
sites for eicosanoids formation, which has key role in
inflammation and cancer. This organelle has a role in
cell metabolism and proliferation as mediating
signaling of PI3K (phosphoinositide 3-kinase), ERK1
(extracellular signal regulated kinase), ERK2, p38 and
Protein Kinase C (PKC). Employing animal model of
obesity, Ribeiro et al. (2012) found increased
epithelium and stroma cell proliferation and PI3K in
prostate of obese rat as compared to non-obese.
Adiponectin has been employed as important
media-tor also in non-overweight women bearing
breast cancer. Panis et al. (2014) showed a decrease in
adiponectin levels in non-obese breast cancer patients
compared to non-obese healthy women. Also, after 2
cycles of chemotherapy treatment, adiponectin levels
increases significantly demonstrating a great
chemotherapy response. Moreover, adiponectin levels
were altered during disease outcome.

The Role of Inflammation in Cancer Development
Rudolf Virchow, a German doctor, who is
considered the father of modern pathology, first
proposed a relationship between inflammation and
cancer. Virchow showed that leukocytes were present
in malignant tissue, stating that tumors arise from
chronic inflammatory sites. As suggested by Balkwill and
Mantovani (2001), the inflammatory cells and
cytokines found in tumors may contribute more to
tumor development than to host antitumor response.
Distinct tumor types display distinct inflammation
grades. Viana et al. (2013) inoculated melanoma, colon
and mammary cancer cells in the flank of syngeneic
mice. The assessed tumors displayed different grades of
inflammation and angiogenesis. Among them,
mammary tumors exhibited the higher inflammatory
content and melanoma was the most angiogenic.
Panis et al. (2012a) reported that in early (TNMtumor, node, metastasis- I and II) and advanced (TNM
III and IV) stages of human breast cancer there is an increase in C reactive protein levels, indicative of
increased inflammatory activity as compared to matched
healthy individuals. They also showed increased of the
pro-inflammatory cytokines TNF-α (tumor necrosis
factor alpha) and IL-1β (interleukin 1β) in the advanced
stages of the disease. Concerning data indicate us that in
breast cancer are observed an enhancement of proinflammatory markers during tumor development.
Nevertheless, Panis et al. (2012b) showed that the
enhancement of the pro-inflammatory cytokines TNF-α and
IL-1β in human breast cancer is inhibited after
chemotherapy treatment with doxorubicin. Herrera et al.
(2012) also characterized the inflammatory status of distinct
molecular subtypes of breast cancer patients and found a
correlation between clinical data and inflammatory
findings. Likewise, the inflammatory status differs among
the distinct molecular subtypes of breast cancer, which is of
great significance for future treatments.
The anti-inflammatory status in cancer has also been
reported. Jorge et al. (2013) showed increased expression
of anti-inflammatory protein annexin I and also galectin 1,
in human gastric cancer. Yoshimoto et al. (2012)
demonstrated that the Hh (Hedgehog) pathway
activation, which is involved in processes like cell
survival and proliferation, has anti-inflammatory and
anti-apoptotic effects on colon cancer cells and it is a key
controller of the cells function.
Regarding data from Brazilians laboratories, it is
clear that inflammatory response may depends on its
kind of tumor and the response favors tumor
development. The results show that tumors displays
distinct grades of inflammatory profile and even tumor
grade or subtype are responsible for a diverse response.
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(Garay et al., 2007; Maccalli et al., 2009). Once
activated, NK cells release several cytokines,
especially IFN-γ. Moreover, NK cells release perforin
inducing pores formation in tumor cells during the
process of cytotoxicity, similarly to that played by CD8+
T lymphocytes (Abbas et al., 2011; Maccalli et al., 2009).
NK cells also produce TNF-α, TNF-β and GM-CSF
(granulocyte macrophage-colony factor) stimulant
(Vivier et al., 2011). NK cells express CD56 and
CD16. Dalmazzo et al. (2009) associated the
expression of CD56/CD16 with worse prognosis for
T-cell acute lymphoblastic leukaemia.
Regarding innate immune system, macrophages
also play a central role in fighting neoplastic cells.
Macro-phages activation occurs through the recognition
of anti-gens on the tumor surface or, indirectly, by the
production of IFN-γ by specific-T lymphocytes. After
maturation and expression of co-stimulatory molecules
on the surface, these cells produce several cytokines,
release lysosomal enzymes and Reactive Oxygen
Species (ROS) to destroy tumor cells. These cells also
produce large amounts of TNF-α, which induces
apoptosis of tumor cells through the activation of
effector caspases coupled via TNF receptor (Dudley et al.,
2002; Sica et al., 2008, Maccalli et al., 2009).
Inflammation status present in the tumor microenvironment is characterized by leukocyte infiltration,
which varies in subset composition and distribution
(Liotti et al., 2012). Cancer cell recruit monocytes from
circulation. Herein, monocytes are induced to
differentiate into macrophages by chemotactic factors
(Vendramini-Costa
and
Carvalho,
2012).
Phenotypically, macrophage can be recognized by the
expression of CD68. Functionally, there are two
different subsets of macrophages population: M1 and
M2. M1 main function is phagocytes is in response to
bacterial stimuli and/or Th1 (T helper) cytokines and
it is highly pro-inflammatory, while the main function
of M2 is immune suppression and trophic activity in
response to Th2 cytokines and it presents an antiinflammatory profile (Mantovani et al., 2002;
Caillou et al., 2011). Therefore, the tumor associated
macrophages may acts in host defense or in tumor defense
according to its phenotype (Becker et al., 2013).
Researches aiming to characterize M1 and M2
population in tumors have been recently developed in
Brazil. Costa et al. (2013) showed a predominance of
M2 phenotype in the tumor microenvironment of oral
cavity squamous cell carcinoma characterized by higher
percentage of macrophages expressing IL-10 and TGF-β
compared with healthy individuals. The predominance of
M2 phenotype was related to local immunosuppression
and reduced survival. Similarly, Lepique et al. (2009)
also showed a predominance of M2-like macrophages in
HPV (human papiloma virus) 16-associated tumors
leading to a suppression of antitumor T-cell response, as

The several results regarding inflammation and
obesity report its relation with cancer. The emerging
data show us the great importance of the inflammatory
status observed in obese individuals as a potent site
for arising tumors.

The Immune System
The process of tumor elimination encompasses both
innate and acquired immunity, leading to an integrated
host defense against tumors in which various cells and
molecules mutually work. Innate immunity is the first
line of host defense against pathogens and tumor cells.
The major cell types involved in innate immune
response includes Natural Killer (NK) cells and
macrophages. The adaptive immune response is
involved in the elimination of invading microorganisms
and host defense in later stages of tumor growth. The
adaptive immune response includes T lymphocyte as
specific cell type and against tumor antigens
responsible for immune memory (Ramos et al., 2013;
Lehrnbecher et al., 2008; Loose and Wiele, 2009).
Tumors can evade the immune system by a variety of
mechanisms. Their ability to interfere with immune
cells is one of the main reasons for the host failure to
control tumor suppression (Dunn et al., 2004).

Innate Immune System and Cancer
Innate immunity is associated with the early stages
of the immune response and acts against the pathogenic
agent in a non-specific way, suffering no alteration
with repeated exposure to this agent (Janeway and
Medzhitov, 2002). Innate immune response is sustained
by cells such as neutrophils, eosinophils and mast cells,
constituting the first line of defensive response
(Davoine et al., 2013). The tumor development is
controlled mainly by cytokines (interferon-IFN, IL and
TNF), macrophage and NK cells. As the immune
system is stimulated first, there is activation and
recruitment of inflammatory cells and lymphocytes
through the release of cytokines and specific
chemokine (Shi et al., 2003).
The recognition and lyses of tumor cells by NK cells
are extremely important in innate immunity against
tumors. Since their discovery, a large number of studies
have demonstrated that NK cell-mediated lyses of
different types of tumor cells in vitro, as well as NK
cell-dependent elimination of many tumors in vivo
(Ljunggren, 2008). NK cells are capable of inducing
lyses of cells showing decreased expression of MHC
(major histocompatibility complex) class I on their
surface (e.g., tumor cells). The decrease of MHC I
molecules on the cell surface prevents it to be recognized
and lysed by specific CD8+ (cluster of differentiation)
T lymphocytes. In this context, the function of NK
cells becomes necessary in combating carcinogenesis
191
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The Treg-mediate suppressive activity may contribute
to the immune evasion of tumors. During tumor
development, the systemic tolerogenic status of DCs
(dendritic cells) is favored in-creasing the recruitment
of Tregs. The mechanisms which DCs recruit Tregs
remains to be elucidated.
Peghini et al. (2012) reported that in cervical
intraepithelial cancer bearing women, with no coinfection, the tumor progression was dependent on
suppression of cellular immunity, as characterized by
a Th1 cytokine response and development of an
immunosuppressive Treg profile for neoplastic
progression. Thus, an imbalance in cytokine appears
to be the major mechanism by which tumor cells
could escape of the immune surveillance system to
facilitate the tumor progression.
The investigation about the inflammatory infiltrate
and characterized the Tregs and Th17 cells in patients
with invasive ductal carcinoma of the breast was performed by Benevides et al. (2013). The authors found a
decrease in T-cell proliferative response in breast
cancer patients that could be related to the increased
frequency of Tregs found in the circulation. The
increased frequency of Tregs cells found in the tumor
microenvironment was associated with the tumor
aggressiveness and its increased presence may occur in
response to the C-C motif Ligand 22 (CCL22)
chemokine. Moreover, higher messenger RNA
(mRNA) expression of IL-10 and TGF-β was found in
the breast tumor that could contribute to differentiation
and functionality of Tregs. Regarding Th17 cells,
authors reported also an increased mRNA expression of
IL-17A and accumulation of Th17 cells within the
tumor that may contribute to cancer development.
Cunha et al. (2012) found increased immune cells
in-filtrating in the malignant tissue of patients with
differentiated thyroid carcinoma than in benign lesion. They
observed increased Th17 and Tregs cells in the malignant
tissue associating with favorable prognostic features.
The role for Tregs in oral squamous cell carcinoma
was reported by Gasparoto et al. (2010). The authors
showed the presence of Tregs in oral squamous cell
car-cinoma lesions and in the peripheral blood
mononuclear cell from patients, where Tregs seem to act
as suppressor of immune system response. Also,
Carneiro et al. (2013) showed that increased TGF-β
secretion in oral squamous cell carcinoma may be due to
a C allele, suppressing antitumor immune response and
affecting the risk rate of this carcinoma. Ramos et al.
(2012a) showed the importance of Tregs in murine
squamous cell carcinoma. The authors suggest that Tregs
blockage impairs the tu-mor progression by modulating the
immune response in tumor microenvironment. Thereby, it
is evident that the established Th17 and Tregs profile acts in
tumor favor, leading to tumor progression and growth.

a higher level of IL-10 was produced. Thus, this
phenotype favors tumor growth and should be
considered for immunotherapy interventions.

Adaptative Immune and Cancer
After the induction of the first line of host defense,
the interactions between mature Antigen-Presenting
Cells (APCs) and cytokines lead to a more efficient and
targeted immune response. The cells of acquired immune
response, such as B lymphocytes, T lymphocytes and
leukocytes are distinguished from innate immunity by
expression of antigen receptor produced by genetic
rearrangements (De Visser et al., 2006). The interaction
of tumor cells with the immune system plays a crucial
role in the process of carcinogenesis (Dranoff, 2004).
The immune response against cancer cells has been
shown to involve a tight balance of cytokines.
Further-more, depending on the type and levels of
secreted cytokines, lesion progression or regression
may be improved. It is for a long known that the
complex cytokine network that participates in the
immune response is controlled by genetic programs
(Mossmann et al., 2005).
Cytokine production derives mainly helper cells (e.g.,
CD4+) that are central of a successful immune response.
Naive CD4+ T cells differentiate into one, of at least four,
functionally distinct forms: Th1, Th2, Th17 and Tregs
(regulatory T cells). Th1 cells secrete cytokines involved
in the activation of a cellular response, whereas Th2 cells
promote mainly the development of a humoral immune
response. In general, Treg are identified as FoxP3+
(forkhead box P3) lymphocytes and is thought to
contribute to tolerance of tumor specific T cells (Zhou and
Levitsky, 2007; Josefowicz and Rudensky, 2009). The
cytokines produced by the Treg profile has been
described as potent inhibitors of antitumor immune response and are associated with poor prognosis for many
types of cancer (Hiraoka et al., 2006; Downey et al.,
2007; Fecci et al., 2007; Fu et al., 2007). The discovery
of Th17 cells and their role in protecting the host against
infectious agents and pathogenesis of several
inflammatory and autoimmune diseases resulted in the
raise of immunological research and its role in human
cancer is still under investigation (Park et al., 2005; Yang
and Ansell, 2009; Su et al., 2010).
In the past few years, a great number of researches
have been published in Brazil regarding immune
response and cancer.
The review conducted by Watanabe et al. (2010)
shows that although T cells present the most important
immunological response in tumor growth in the early
stages of cancer, they become CD4+ and CD8+
suppressive Tregs after chronic stimulation and
interactions with tumor cells, thus promoting cancer
development and progression. Ramos et al. (2013)
revised the role of Tregs during cancer development.
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The main players of innate and adaptive immunity
are DCs (Banchereau et al., 2000). DCs are highly potent
APCs and they are able to migrate into the lymph nodes
and present antigens to naive T lymphocytes and thus
induce a cellular immune response involving CD4+ Th1
cells, cytotoxic CD8+ T cells and B cells (Schott, 2006).
Since DCs can modulate the whole immune repertoire,
these cells are essential in the understanding of
inflammatory tumor microenvironment. The production
of immunosuppressive cytokines as IL-10 and VEGF in
the tumor microenvironment can inhibit the DC function
by inhibiting effector T cell response and increasing
regulatory T cells function (Gabrilovich, 2004).
Immature DCs recognizes PAMPs and DAMPs
(pathogens or danger-associated molecular patterns,
respectively) and migrates to lymphoid organs and
activates T lymphocytes. They induce T cell tolerance to
antigens acquired in healthy tissue and has key role in
the prevention of autoimmunity (Ramos et al., 2013).
There are many research embracing DCs and cancer
being developed in Brazil. Matias et al. (2013) showed
that the autologous DC vaccine stimulated the immune
cells from the peripheral blood of patients with cancer
and generally increased the production of Th1
cytokines, which are related to immune-modulatory
responses against cancer. Baleeiro et al. (2008)
analyzed the microenvironment of primary lung cancer
and found that in the tumor-affected lung there was a
higher incidence of immature DCs and TNF-α positive
cells, thus influencing an effective immune response
against tumor. CD83 is a marker of DC maturation.
Borges et al. (2011) evaluated the expression of CD83
in breast cancer tissue. CD83 expression was analyzed
in histopathological samples of the breast by
immunohistochemistry and its expression was greater
in fibroadenoma than in adjacent breast tissue. Also,
Ramos et al. (2012b) showed that breast cancer patients
displayed altered phenotype of monocyte-derived DCs,
which induces preferentially Tregs.
Data from diverse research laboratories converge to
the knowledgement that the tumor presence induces
several stimuli to inflammatory and immunological
changes to favor its growth and development. Also, there
is increased incidence of cancer among patients who
developed immunodeficiencies (Block and Markovic,
2009). The understanding of the mechanism by it occurs
involves several stimuli and a complex cellular signaling.
In the next topic, main cellular signaling involved in
tumor development will be performed.

The NF-κB and Signal Transducer and Activator of
Transcription 3 (STAT3) play key role linking
inflammation to cancer (Fan et al., 2013). As revised by
Osório-Costa et al. (2009), the NF-κB signaling pathways
have important role in immunity and inflammation. Several
stimuli can induce NF-κB transcription factors activation,
mediating immune and inflammatory responses,
developmental processes, cellular growth and survival. NFκB may promote cell proliferation, suppresses cell death,
can control cell cycle regulatory genes and interacts with
PI3K-AKT-mTOR (mammalian target of rampamycin)
signaling pathway (Fan et al., 2013). Silva et al. (2013)
revised important signaling pathways described for prostate
cancer, the most frequent malignancy found in men.
Among them, activation of NF-κB by canonical pathway
plays important role in prostate cancer, as it is often
constitutively activated due to increased levels of specific
receptors like TNF receptors, leading to activation of genes
involved in the development and progression of the tumor.
The STAT signaling transduction pathways is involved
in the regulation of cellular growth, survival and
differentiation. There are seven known mammalian STAT
family members and STAT3 seems to have a particular
role in inducing oncogenesis and maintaining a procarcinogenic inflammatory environment. Besides, STAT3
can suppress anti-tumor immunity by antagonizing the
expression of anti-tumor Th1 cytokines and promoting
tumor growth through Tregs expansion in tumor and the
development of Th17 T cells (Fan et al., 2013). In prostate
cancer it is found to be constitutively activated inducing
cell proliferation and apoptosis inhibition mediated by
STAT3 activation (Silva et al., 2013).
The PI3K/AKT (protein kinase B) pathway mediates
cellular functions as cell survival, proliferation and
differentiation. PI3K/AKT influences the action of ERKs
favoring androgen receptor-independent growth and it
can enhance the presence of stable metalloproteinase
receptor favoring invasiveness and metastatic
phenotypes of prostate cancer cells and in later stages of
prostate cancer, Mitogen-Activated Protein Kinases
(MAPK)/ERK signaling pathway seems to be also
activated (Silva et al., 2013).
Sgnaolin et al. (2013) described a function for B1
and B2 receptors in bladder cancer. B1 and B2
receptors are stimulated during inflammatory stimuli.
Authors showed that B1 and B2 receptors stimulation
induces cancer cell proliferation in vitro. The
expression of B1 receptor in bladder cancer human
biopsies and under conditions of chronic inflammation
was also increased and it may represent a marker of
tumor progression. Moreover, in this model,
PI3K/AKT and ERK1/2 signaling pathways seem to
be involved in the cell proliferation.
Toricelli et al. (2013) reported a Tissue Inhibitor of
Metalloproteinase-1 (TIMP1) -CD63-β1 integrins
containing-supramolecular complex in cell surface of
melanoma cells. The over-expression of TIMP1 was shown

Cancer Signaling Pathways
The understanding of cellular signaling pathways and
cellular interactions of cancer development is of extremely
importance. For this purpose, Acencio et al. (2013)
developed a new computational approach for investigation
in cancer research for detecting signaling networks.
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create synthetic molecules to attack the tumor, or may help
the immune system to do its job more effectively. Also
important, this improved the understanding of
immunotherapy and about the mechanisms underlying
immunity in cancer has fueled an expanding array of new
therapeutic agents for a variety of cancers (Kirkwood et al.,
2012). Besides, it has also been suggested studies to
evaluated the combination of immunotherapy to traditionals
chemotherapies (Barrett and Blanc, 2009).
Table 1 summarizes several immunotherapies in
clinical trials and in current use. Here, we focuses on
active therapies and passive therapies using
monoclonal antibodies.

to be involved in the acquisition of anoikis-resistant
phenotype in melanoma cells through PI3K signaling
pathway independently of AKT activation.
A quinone induced- biochemical and morphological
alterations of apoptosis in melanoma cells mediated by
ROS was shown by Massaoka et al. (2012). They
demonstrated that the antiproliferative and proapoptotic
response observed with this quinone treatment were
mediated by up-regulation of proapoptotic Bax, downregulation of AKT and activation of p38 MAPK signal-ng
pathways through ROS generation and it also induced
mitochondrial depolarization.
Vidal et al. (2013) analyzed human papillary
thyroid cancer specimens. They demonstrated that in
the cancer tissue there was an increased expression
and phosphory-lation of Adenosine Monophosphate
Kinase (AMPK) signal.
Rossa et al. (2012) reported a role for Suppressor Of
Cytokine Signaling 3 (SOCS3). Authors found a
nuclear localization for SOCS3 in head and neck
squamous cell carcinoma cell lines, where in noncancerous cells it was located in cytoplasm. The
induced-over-expression of SOCS3 in cancerous cells
reduced proliferation, migration and invasion and, also,
the decreased SOCS3 levels observed in cancerous
cells is an early event suggesting that its loss may
regulate the signaling involved in carcinogenesis.
In Brazil, a higher incidence of childhood adrenocortical tumors compared to others countries is found due to a
higher frequency of R337H TP53 mutation. Letouzé et al.
(2012) identified different patterns of oncogenic routes
between southern Brazilian children and non-Brazilian
children related to inheritance of the R337H TP53
mutation, loss of wild-type TP53 allele in the tumor and
defective function of TP53 and genomic aberrations.
There are several signaling pathways altered in cancer
signaling and many pathways involved during tumor
development. Here, we revised the major pathways and
the news researches developed in Brazil and found their
particularly specificity for each tumor type. Again, it is
observed that specific signaling pathway may be superactivated or inhibited by tumor signaling in order to favor
tumors growth and development.

Active Therapies
First, researches attempted to developed new therapies to increase immunity against tumors were based on
non-specific stimulation.
One of the most effective therapies for cancer is the
bladder intravesical Bacilo Camette Guérin (BCG)
(Shah et al., 2006). BCG for cancer immunotherapy
activity may have its function enhanced by addition of
IL10 blocking monoclonal antibody (Luo et al., 2012).
Favaro et al. (2012) published an interesting article where
they compared and characterized the effects of intravesical
BCG and/or staphylococcal enterotoxin B for non-muscle
invasive bladder cancer. The results showed that both
therapies presented similar anti-angiogenic effect and
they observed additional activity compared to
monotherapy. Also, it was more effective in restoring
apoptosis and balancing cellular proliferation and it
correlated with increased endostatin and decreased
VEGF, matrix metalloproteinase-9, Ki-67 and insulinlike growth factor receptor-1 reactivity.
Macedo et al. (2009) described a case report about
topical immunotherapy for the treatment of periocular basal
cell carcinoma and showed that one year after treatment the
patient showed no signs of disease recurrence. The
Brazilian Journal of Oncology encloses two review articles
about several reported tumor markers (Almeida et al., 2007)
and tumor markers in breast cancer (Eisenberg and
Koifman, 2001) attempting for the importance of clinical
diagnostics. Pacheco et al. (2002) reviewed the role of some
traditionally known tumor markers (CEA, p53, NSE, K-ras)
for lung cancer. Also, an interplay between the tumor
marker p53 and p21 was shown to have a key role in
colorectal cancer (Abdulamir et al., 2008).
Onuchic et al. (2012) used a model of human
melanoma cell lines to investigate the role of Pla-Quette
Aggregation Factor Receptor (PAFR) and evaluate the
mechanisms of microenvironment response. They
showed that the treatment with cisplatin lead to increased
expression of PAFR. The accumulation and inhibition of
PAFR-dependent signaling pathways by a PAFR
antagonist (WEB2086) seemed to chemo-sensitize
melanoma cells in vitro, therefore constituting a
promising target for combination therapy for melanoma.

Immunotherapy in Cancer
The pillars of human cancer therapy have historically
been surgery, radiotherapy and chemotherapy, but a fourth
modality, immunotherapy (Kirkwood et al., 2012), has
been well documented since 1890 s by Coley, who treated
sarcoma patients with bacterial preparations, commonly
referred to as “Coley’s toxin” (Coley, 1991). In the last
decades a range of cancer therapies that exploit the complex
interactions between tumors and immune cells has been
studied by several research groups. Others studies have
made significant progress in our knowledge of the immune
system. Thus using all this information, scientists could
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Table 1. Current use and clinical trials for cancer immunotherapy
Cancer immunotherapy
-----------------------------------------------------------------------------------------------------------------------------------------------Active
Specific
Vacines
Sipuleucel-T
Prostate cancer
Dendritic cells-melapuldencel-T
Melanoma
Dendritic cells-sipuleucel-T
Prostate
Dendritic cells-DC-VAX-L
Brain
PROSTVAC-VF/PSAProstate cancer
TRICOM, JBT 1001
MAGE-A3
Melanoma
Non-specific
Immuneadjuvants
BCG
Bladder cancer

Passive

Monoclonal
Antibodies

Cytokines
Checkpoint
blocking
antibodies

Co-stimulatory
Adoptive
immunotherapy

Adoptive cell transfer

interleukin-2
Anti-cytotoxic T-lymphocyte
antigen 4 (anti-CTLA-4) (ipilimumab)
Anti-cytotoxic T-lymphocyte antigen
4 (anti-CTLA-4) (tremelimumab)
Anti-programmed death 1 receptor
(anti-PD-1) (nivolumab)
Anti-GD2
Anti-HER2 (trastuzumab)
Anti-CD40 monoclonal antibody
(mAb) CP-870,893
Tumor Infiltrating Lymphocyte (TIL)
+ IL-2+ lymphodepletion
Nonmyeloablative chemotherapy
+ infiltration lymphocytes + interleukin-2

The new vessel formation is closely linked to neoproliferation of cells by the bone marrow and
contributes to tumor development. Pereira et al. (2008)
described the role of endothelial cells in hematologic
malignancies and reported the anti-angiogenic drug
therapy with VEGF as the possible targets. In this
model, the directly blocking of VEGFR prevented the
mobilization and recruitment of these cells to tumor
neovascularization. Another route could be the capacity
of Endothelial Progenitor Cells (EPCs) and proangiogenic hematopoietic cells to release toxins into
the tumor after migration and vascular adhe-sion,
causing local toxicity (Rafii et al., 2002).
Vulcani-Freitas et al. (2011) accomplished the profile
of gene expression of Preferentially Expressed Antigen
of Melanoma (PRAME). PRAME was present in several
tumors including medulloblastoma and it has low
expression in normal tissue of patient samples. The
PRAME gene was overexpressed in 84% of samples,
allowing it to be a strong candidate for immunotherapy.
Paiva et al. (2013) published an article about oncolytic virotherapy showing its innovative and highly
promising route for treating cancer. Authors proposed a
multi-scale mathematical model to study how the
immune response interferes with the viral oncolytic
activity. They concluded that given the complexity of
tumor-stroma-immune
system
interactions,
a
mathematical modeling could help researches to
evaluate quantitatively these strategies or even the
result of their combination.
Favaro et al. (2012) characterized the effects of PMAPA (Protein Aggregate Magnesium-Ammonium
Phospholinoleate-Palmitoleate Anhydride) on TLRs in
vitro and in vivo, as well as to assess its potential as
adjuvant therapy for infectious diseases and cancer. The
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Anguille et al., 2014
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Favaro et al., 2012
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Kyi and Postow, 2014
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Kyi and Postow, 2014
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Multiple cancer
Breast cancer
Advanced solid tumors

Clinical trial
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Clinical trial
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Clinical trials

Ahmed and Cheung, 2014
Mohit et al., 2014
Ruter et al., 2010
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Clinical trial

Saied et al., 2014

Melanoma

Clinical trial

Barker and postow, 2014

results evidenced that P-MAPA acted as TLR ligand in
vitro and improved the immunological status in model
for bladder cancer, increasing TLR2 and TLR4 protein
levels. The results may encourage the further
investigation of P-MAPA as a potential candidate for the
treatment of cancer and infectious diseases.
Coppin et al. (2005) compiled articles that evaluated
immunotherapy for advanced renal cell carcinoma
comparing administration of high-dose interleukin
versus other options and IFN-α administration against
other options. The authors concluded that IFN-α
provided a modest survival benefit compared to other
commonly used treatments. In patients with metastases
at diagnosis with minimal symptoms, nephrectomy
followed by IFN-α gave the best survival strategy and it
is fully validated therapies.

Vaccines
Vaccines are developed from cancer cells, parts of
cells or antigens (Elert, 2013) and it can be
administrated with adjuvants in order to improve the
response (Capitini et al., 2009). DCs are the most
potent antigen presenting cells and it has been used as
vector in the construction of vaccines (Palucka and
Banchereau, 2013; Diniz and Ferreira, 2010). DCs not
only induce protection against pathogens, but also
increase immunity in various diseases, such as cancer
(Melief, 2008). It is believed that the administration of
different forms of antigens (DNA, RNA, proteins, peptides,
viruses, cell lysates) as a vector together with DCs,
increases the immunity from presentation to T lymphocytes
(Pinho et al., 2013) and Tregs (Ramos et al., 2013).
Among the several cancer types testing DCs as
vector vaccine, melanoma is the most studied
(Ellebaek et al., 2012), followed by human breast
195

Vanessa Jacob Victorino et al. / American Journal of Immunology 2014, 10 (4): 189.201
DOI: 10.3844/ajisp.2014.189.201

cancer, human leukae-mia and human glioblastoma
(Romagnoli et al., 2013). Antunes et al. (2006)
reported a case of a 66 years old woman with renal
cell carcinoma with sarcomatous differentiation. They
reported that 3.5 years after radical nephrectomy and
DC vaccination there was a retroperitoneal pure
sarcomatous recurrence of the tumor.
Dall’Oglio et al. (2011) treated two male patients
with metastatic renal cell carcinoma with DC vaccine
immediately after surgery and standard treatment. After
9 and 10 months, the patients showed a stable disease.
Thereby, DC treatment seems to be a potential vaccine
in the cancer treatment.
Most of the experiments comprise the isolation of DCs
in vitro and later loading with these with tumor antigens.
However, several types of antigens have been tested.
Among them, it can be mention the antigens de-rived from
apoptotic or necrotic tumor cells, tumor cell lysates,
synthetic peptides and MHC class I restricted DNA or
RNA coding for tumor antigens (Banchereau et al., 2001).
Immunological adjuvants that induce T cellmediate immunity comprising the least side effects are
needed for the development of human vaccines. Thus,
Junqueira et al. (2012) used a melanoma mouse
models to investigate the role of antigens derived of
plasmatic membrane of the Trypanosoma cruzi as
immunological adjuvants in an antitumor vaccine.
Obtaining favorable results, the antigens of
Trypanosoma cruzi were considered an efficient
immunological adjuvant. Thus, parasite adjuvants
should be further explored in the development of
vaccine formulations, aiming to induce both humoral
and cellular mediated immune responses.

Conclusion
For a long time inflammatory processes have been
recognized to contribute to cancer development. Since
then, several research groups evolve in order to unveil
the mechanisms by it occurs. It is also known that
immunological processes have an important role in
tumor destruction. Thus, this review shows several
mechanisms studied in Brazil by which tumor acts in
its own favor. Some of them acts increasing a Th2
profile and inducing Tregs cells in tumor
microenvironment. Also, several signaling pathways
related to tumor growth, development, resistance,
differentiation, survival and proliferation are strongly
activated. Thereby, many researches are focusing in
new approaches for cancer immunotherapy, which
aims to amplify the host immunological response
against tumors. As stated, non-specific therapies,
monoclonal antibodies and vaccines constitute the
main kinds of immunotherapy. The analyzed articles
here cited may help to better understand the state of
the art regarding cancer, inflammation and immunity.
Despite we are far from the completely understand of
the mechanisms by which tumor cells influence the
complex host response, we hope to highlight the
insights to new researches in the field with consequent
improvement of target cancer immunotherapies.
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Monoclonal Antibodies
During the last decade, the clinical use of monoclonal
antibodies was effective and antibodies are now the
frontline in the treatment of cancer. The antibodies have
the unique ability to recognize surface antigens expressed on tumor cells, target them and kill tumor cells
while simultaneously activating the immune response to
attack tumor cells through the complement cascade or
Antibody-Dependent Cellular Cytotoxicity (ADCC)
conferring specificity and minimizing adverse effects
(Shuptrine et al., 2012; Weiner et al., 2012).
In Brazil, a review about the use of monoclonal
antibodies for diagnosis and therapy of squamous cell
carcinoma of the head and neck was first published
Gripp et al. (1994). Emphasizing the clinical analysis
about immunoglobulin IgY, the main antibody produced
by hens (Gallus domesticus), Silva and Tambourgi (2010)
presented an overview of the generation, structure and
properties of IgY, as well as the advantages of chicken
antibodies use over mammalian antibodies in
immunodiagnostics and immunotherapy.

References
Abbas, A.K., A.H. Lichtman and J.S. Pober, 2011. Cellular
and Molecular Immunology. 7th Edn., Saunders,
Immunity to Tumors, ISBN-10: 1437715281, pp: 560.
Abdulamir, A.S., R.R. Hafidh, L.K. Mahdi, T.R. Al-jeboori
and F. Abubaker et al., 2008. The interplay between p53
and p21 tumor suppressor proteins in the transformation
of colorectal adenoma to carcinoma. Am. J. Immunol.
4: 14-22. DOI: 10.3844/ajisp.2008.14.22
Acencio, M.L., L.A. Bovolenta, E. Camilo and N.
Lemke, 2013. Prediction of oncogenic interactions
and cancer-related signaling networks based on
network topology. PLoS ONE.
DOI: 10.1371/journal.pone.0077521
Ahmed, M. and N.K. Cheung, 2014. Engineering antiGD2
monoclonal
antibodies
for
cancer
immunotherapy. FEBS Lett, 588: 288-97.
DOI: 10.1016/j.febslet.2013.11.030
196

Vanessa Jacob Victorino et al. / American Journal of Immunology 2014, 10 (4): 189.201
DOI: 10.3844/ajisp.2014.189.201

Almeida, J.R.C., N.L. Pedrosa, J.B. Leite, T.R.P.
Fleming and V.H. Caravalho et al., 2007. Tumor
markers: A literature review. Revista Brasileira de
Cancerol., 53: 305-316.
Anguille, S., E.L. Smits, E. Lion, V.F. Van Tendeloo
and Z.N. Berneman, 2014. Clinical use of dendritic
cells for cancer therapy. Lancet Oncol, 15: 257-67.
DOI: 10.1016/S1470-2045(13)70585-0
Antunes, A.A., M.F. Dall'Oglio, J.A.M. Barbuto, K.R.M.
Leite and M. Srougi, 2006. Pure sarcomatous
recurrence of clear cell renal carcinoma following
radical
nephrectomy
and
dendritic
cell
vaccination. São Paulo Med. J., 124: 161-162.
DOI: 10.1590/S1516-31802006000300011
Baleeiro, R.B., L.B. Anselmo, F.A. Soares, C.A. Pinto and
O. Ramos et al., 2008. High frequency of immature
dendritic cells and altered in situ production of
interleukin-4 and tumor necrosis factor-alpha in lung
cancer. Cancer Immunol. Immunoth., 57: 1335-45.
DOI: 10.1007/s00262-008-0468-7
Balkwill, F. and A. Mantovani, 2001. Inflammation and
cancer: Back to Virchow? Lancet, 357: 539-45.
DOI: 10.1016/S0140-6736(00)04046-0
Banchereau, J., B. Schuler-Thurner, A.K. Palucka and
G. Schuler, 2001. Dendritic cells as vectors for
therapy. Cell, 106: 271-4.
DOI: 10.1016/S0092-8674(01)00448-2
Banchereau, J., F. Briere, C. Caux, J. Davoust and S.
Lebecque et al., 2000. Immunobiology of
dendritic cells. Ann. Rev. Immunol., 18: 767-811.
DOI: 10.1146/annurev.immunol.18.1.767
Barker, C.A. and M.A. Postow, 2014. Combinations of
radiation therapy and immunotherapy for melanoma: a
review of clinicaloutcomes. Int. J. Radiat. Oncol. Biol.
Phys., 88: 986-97. DOI: 10.1016/j.ijrobp.2013.08.035
Barrett, J. and K.L. Blanc, 2009. Cancer Chemotherapy
and Immune Regulation. Am. J. Immunol. 5: 8-16
DOI: 10.3844/ajisp.2009.8.16
Becker, M., C.B. Müller, M.A. de Bastiani and F.
Klamt, 2013. The prognostic impact of tumorassociated macrophages and intra-tumoral
apoptosis in non-small cell lung cancer. Histol.
Histopathol.. 29: 21-31.
Benevides, L., C.R. Cardoso, D.G. Tiezzi, H.R. Marana
and J.M. Andrade et al., 2013. Enrichment of
regulatory T cells in invasive breast tumor correlates
with the upregulation of IL-17A expression and
invasiveness of the tumor. Eur. J. Immunol., 43:
1518-28. DOI: 10.1002/eji.201242951
Block, M.S. and S.N. Markovic, 2009. The
tumor/immune interface: Clinical evidence of cancer
immunosurveillance,
immunoediting
and
immunosubversion. Am. J. Immunol., 5: 29-49.
DOI: 10.3844/ajisp.2009.29.49

Borges, M.N., G. Facina, I.D. Silva, A.F. Waitzberg and
A.C. Nazario, 2011. Analysis of CD83 antigen
expression in human breast fibroadenoma and
adjacent tissue. Sao Paulo Med. J., 129: 402-409.
DOI: 10.1590/S1516-31802011000600006
Bozza, P.T. and J.P.B. Viola, 2010. Lipid droplets in
inflammation and cancer. Prostaglandins LeukoTrienes Essential Fatty Acids, 82: 243-250.
DOI: 10.1016/j.plefa.2010.02.005
Caillou, B., M. Talbot, U. Weyemi, C. Pioche-Durieu and
A. Al Ghuzlan et al., 2011. Tumor-Associated Macrophages (TAMs) form an interconnected cellular
supportive network in anaplastic thyroid carcinoma.
PLoS One. DOI: 10.1371/journal.pone.0022567.
Capitini, C.M., Fry, T.J. and C.L. Mackall, 2009.
Cytokines as Adjuvants for Vaccine and Cellular
Therapies for Cancer. Am. J. Immunol.. 5: 65-83.
PMID: 2826803
Carneiro, N.K., J.M. Oda, R. Losi Guembarovski, G.
Ramos and B.V. Oliveira et al., 2013. Possible
association between TGF-β1 polymorphism and
oral cancer. Int. J. Immunogenet., 40: 292-298.
DOI: 10.1111/iji.12037
Catalán, V., J. Gómez-Ambrosi, A. Rodríguez and G.
Frühbeck, 2013. Adipose tissue immunity and
cancer. Frontiers Physiol., 4:275.
DOI: 10.3389/fphys.2013.00275
Coley, W.B., 1991. The treatment of malignant tumors
by repeated inoculations of erysipelas: With a report
of ten original cases. Clinical Orthopaedics and
Related Research. 262: 3-11. PMID: 1984929
Coppin, C., F. Porzsolt, J. Kumpf, A. Coldman and T. Wilt,
2005. Immunotherapy for advanced renal cell cancer.
Cochrane Database Syst. Rev., 25: CD001425CD001425. DOI: 10.1002/14651858.CD001425.pub2
Costa, N.L., M.C. Valadares, P.P. Souza, E.F. Mendonça
and J.C. Oliveira et al., 2013. Tumor-associated
macrophages and the profile of inflammatory cytokines
in oral squamous cell carcinoma. Oral Oncol., 49: 21623. DOI: 10.1016/j.oraloncology.2012.09.012
Cunha, L.L., E.C. Morari, A.C. Guihen, D. Razolli
and R. Gerhard et al., 2012. Infiltration of a
mixture of immune cells may be related to good
prognosis in patients with differentiated thyroid
carcinoma. Clinical Endocrinol. Oxf., 77: 918-25.
DOI: 10.1111/j.1365-2265.2012.04482.x
Dall'Oglio, M.F., J.M. Sousa-Canavez, F.Y. Tanno,
B.C. Tiseo and A. Crippa et al., 2011. Early
experience with targeted therapy and dendritic
cell vaccine in metastatic renal cell car-cinoma
after nephrectomy. Int. Braz J. Urol., 37: 180-5.
DOI: 10.1590/S1677-55382011000200004
197

Vanessa Jacob Victorino et al. / American Journal of Immunology 2014, 10 (4): 189.201
DOI: 10.3844/ajisp.2014.189.201

Favaro, W.J., O.S. Nunes, F.R.F. Seiva, I.S. Nunes and
L.K. Woolhiser et al., 2012. Effects of P-MAPA
immunomodulator on toll-like receptors and p53:
potential therapeutic strategies for infectious
diseases and cancer. Infec. Agents Cancer, 7: 1-15.
DOI: 10.1186/1750-9378-7-14
Fecci, P.E., H. Ochiai, D.A. Mitchell, P.M. Grossi and
A.E. Sweeney et al., 2007. Systemic CTLA-4
blockade ameliorates glioma-induced changes to the
CD4+ T cell compartment without affecting
regulatory T-cell function. Clin. Cancer Res., 13:
2158-2167. DOI: 10.1158/1078-0432.CCR-06-2070
Flores, M.B., G.Z. Rocha, D.M. Damas-Souza, F.
Osório-Costa and M.M. Dias et al., 2012. ObesityInduced Increase in Tumor Necrosis Factor-α Leads
to Development of Colon Cancer in Mice.
Gastroenterology,
143:
741-53.e1-4.
DOI:
10.1053/j.gastro.2012.05.045
Fu, J., D. Xu, Z. Liu, M. Shi and P. Zhao et al., 2007.
Increased regulatory T cells correlate with CD8 Tcell impairment and poor survival in hepatocellular
carcinoma patients. Gastroenterology, 132: 23282339. DOI: 10.1053/j.gastro.2007.03.102
Gabrilovich, D., 2004. Mechanisms and functional
significance of tumour-induced dendritic-cell defects.
Nat. Rev. Immunol., 4: 941-52. DOI: 10.1038/nri1498
Garay, R.P., P. Viens, J. Bauer, G. Normier and M.
Bardou et al., 2007. Cancer relapse under
chemotherapy: Why TLR2/4 receptor agonists can
help. Eur. J. Pharmacol., 563: 1-17. DOI:
10.1016/j.ejphar.2007.02.018
Gasparoto, T.H., T.S.D.S. Malaspina, L. Benevides,
E.J.D. Melo and M.R. Costa et al., 2010. Patients
with oral squamous cell carcinoma are characterized
by increased frequency of suppressive regulatory T
cells in the blood and tumor microenvironment.
Cancer Immunol. Immunotherapy, 59: 819-28. DOI:
10.1007/s00262-009-0803-7
Gripp, F.M., J. Quak, H. Leverstein, A. Schrijvers and
M. Gerretsen et al., 1994. Monoclonal antibodies for
diagnosis and therapy of squamous cell carcinoma
of the head and neck. São Paulo Med. J., 112: 612621. PMID: 7638523
Herrera, A.C., C. Panis, V.J. Victorino, F.C. Campos and
A.N. Colado-Simão et al., 2012. Molecular subtype
is determinant on inflammatory status and
immunological profile from invasive breast cancer
patients. Cancer Immunol. Immunotherapy, 61:
2193-201. DOI: 10.1007/s00262-012-1283-8
Hiraoka, N., K. Onozato, T. Kosuge and S. Hirohashi,
2006. Prevalence of FOXP3+ regulatory T cells
in-creases during the progression of pancreatic
ductal adenocarcinoma and its premalignant
lesions. Clin. Cancer Res., 12: 5423-5434.
DOI: 10.1158/1078-0432.CCR-06-0369

Dalmazzo, L.F., R.H. Jácomo, A.F. Marinato, L.L. Figueiredo-Pontes and R.L. Cunha et al., 2009. The
presence of CD56/CD16 in T-cell acute lymphoblastic
leukaemia correlates with the expression of
cytotoxic molecules and is associated with worse
response to treatment. Brazilian J. Haematol., 144:
223-9. DOI: 10.1111/j.1365-2141.2008.07457.x
Davoine, F., A. Sim, C. Tang, S. Fisher and C. Ethier et al.,
2013. Eosinophils in human oral squamous
carcinoma; role of prostag-landin D2. J. Inflammat.
DOI: 10.1186/1476-9255-10-4
De Visser, K.E., A. Eichten and L.M. Coussens, 2006.
Paradoxical roles of the immune system during
cancer development. Nat. Rev. Cancer, 6: 24-37.
DOI: 10.1038/nrc1782
Diniz, M.O. and L.C.S. Ferreira, 2010. Biotechnology
applied to the development of vaccines. Estudos
Avançados, 24: 19-30.
Downey, S.G., J.A. Klapper, F.O. Smith, J.C. Yang and
R.M. Sherry et al., 2007. Prognostic factors related
to clinical response in patients with metastatic
melanoma treated by CTL-associated antigen-4
blockade. Clinical Cancer Res., 13: 6681-668.
DOI: 10.1158/1078-0432.CCR-07-0187
Dranoff, G., 2004. Cytokines in cancer pathogenesis and
cancer therapy. Nature reviews. Cancer, 4: 11-22.
DOI: 10.1038/nrc1252
Dudley, M.E., J.R. Wunderlich, P.F. Robbins, J.C. Yang
and P. Hwu et al., 2002. Cancer regression and
autoimmunity in patients after clonal repopulation
with antitumor lymphocytes. Science, 298: 850-4.
DOI: 10.1126/science.1076514
Dunn, G.P., L.J. Old and R.D. Schreiber, 2004. The
immunobiology of cancer immunosurveillance and
immunoediting. Immunity, 21: 137-48. DOI:
10.1016/j.immuni.2004.07.017.
Eisenberg, A.L.A. and S. Koifman, 2001. Breast cancer:
tumor markres. Revista Brasi-leira de Cancerol., 47:
377-388.
Elert, E., 2013. Calling cells to arms. Nature, 504: 2-3.
DOI: 10.1038/504S2a
Ellebaek, E., L. Engell-Noerregaard, T.Z. Iversen, T.M.
Froesig and S. Munir et al., 2012. Metastatic
melanoma patients treated with dendritic cell
vaccination,
Interleukin-2
and
metronomic
cyclophosphamide: Results from a phase II trial.
Cancer Immunol. Immunoth., 61: 1791-1804. DOI
10.1007/s00262-012-1242-4
Fan, Y., R. Mao and J. Yang, 2013. NF-κB and STAT3
signaling
pathways
collaboratively
link
inflammation to cancer. Protein Cell, 4: 176-185.
DOI 10.1007/s13238-013-2084-3
198

Vanessa Jacob Victorino et al. / American Journal of Immunology 2014, 10 (4): 189.201
DOI: 10.3844/ajisp.2014.189.201

Ljunggren, H.G., 2008. Cancer immunosurveillance:
NKG2D breaks cover. Immunity, 28: 492-494.
DOI: 10.1016/j.immuni.2008.03.007
Loose, D. and C.V.D. Wiele, 2009. The immune sys-tem
and cancer. Cancer Bioth. Radiopharmaceut., 24:
369-376. DOI: 10.1089/cbr.2008.0593
Luo, Y., E.J. Askeland, M.R. Newton and M.A. O’Donnell,
2012. Role of IL-10 in urinary bladder carcinoma and
bacillus calmette-guerin immunotherapy. Am. J.
Immunol. 8: 1-9. DOI: 10.3844/ajisp.2012.1.9
Maccalli, C., S. Scaramuzza and G. Parminani, 2009.
TNK cells (NKG2D+ CD8+ or CD4+T
lymphocytes) in controlo f human tumors. Cancer
Immunol. Immunotherapy, 58: 801-808.
DOI: 10.1007/s00262-008-0635-x
Macedo, E.M.S., R.C. Carneiro and S. Matayoshi,
2009. Imunoterapia tópica no tratamento do
carcinoma
basocelular
periocular.
Revista
Brasileira de Oftalmol., 68: 355-358.
Mantovani, A., S. Sozzani, M. Locati, P. Allavena and
A. Sica, 2002. Macrophage polarization: Tumor
associated macrophages as a paradigm for polarized
M2 mononuclear phagocytes. Trends Immunol., 23:
549-555. DOI: 10.1016/S1471-4906(02)02302-5
Massaoka, M.H., A.L. Matsuo, C.R. Figueiredo, C.F.
Farias and N. Girola et al., 2012. Jacaranone
induces apoptosis in melanoma cells via ROSmediated downregulation of Akt and p38 MAPK
activation and displays anti-tumor activity in vivo.
PLoS ONE, DOI: 10.1371/journal.pone.0038698
Matias, B.F., T.M. Oliveira, C.M. Rodrigues, D.R.
Abdalla and L. Montes et al., 2013. Influence of
immunotherapy with autologous dendritic cells on
innate and adaptive immune response in cancer.
Clin. Med. Insights Oncol., 7: 165-172.
DOI: 10.4137/CMO.S12268
Melief, C.J., 2008. Cancer immunotherapy by dendritic
cells. Immunity, 29: 372-383.
DOI: 10.1016/j.immuni.2008.08.004
Mohit, E., A. Hashemi and M. Allahyari, 2014. Breast
cancer immunotherapy: Monoclonal antibodies and
peptide-based vaccines. Expert Rev. Clin. Immunol.,
10: 927-61. DOI: 10.1586/1744666X.2014.916211
Mossmann, T.R., H. Cherwinski, M.W. Bond, M.A.
Giedlin and R.L. Coffman, 2005. Two types of
murine helper T cell clone. I. Definition according
to profiles of lymphokine activities and secreted
pro-teins.1982. J. Immunol., 175: 5-14.
Onuchic, A.C., C.C.L. Machado, R.F. Saito, F.J. Rios
and S. Jancar et al., 2012. Expression of PAFR as
part of a prosurvival response to chemotherapy: A
novel target for combination therapy in melanoma.
Mediat. Inflammat. DOI: 10.1155/2012/175408

INCA, 2014. Instituto Nacional de Câncer José Alencar
Gomes da Silva. Coordenação Geral de Ações
Estratégicas, 2014. Coordenação de Prevenção e
Vigilância. Esti-mativa 2014: Incidência de câncer
no Brasil/Institu-to Nacional de Câncer José Alencar
Gomes da Silva, Coordenação Geral de Ações
Estratégicas, Coorde-nação de Prevenção e
Vigilância. Rio de Janeiro: Inca.
Janeway, C.A.J.R. and R. Medzhitov, 2002. Innate immune
recognition. Annual Rev. Immunology, 20: 197-216.
DOI: 10.1146/annurev.immunol.20.083001.084359
Jorge, Y.C., M.M. Mataruco, L.P. Araújo, A.F. Rossi and
J.G. Oliveira et al., 2013. Expression of annexin-a1
and galectin-1 anti-inflammatory proteins and mrna
in chronic gastritis and gastric cancer. Mediators
Inflammat., 2013: 11-11. DOI: 10.1155/2013/152860
Josefowicz, S.Z. and A, Rudensky, 2009. Control of
regulatory T cell lineage commitent and
maintenance. Immunity, 30: 616-25.
DOI: 10.1016/j.immuni.2009.04.009
Junqueira, C., A.T. Guerrero, B. Galvão-Filho, W.A.
Andrade and A.P.C. Salgado et al., 2012.
Trypanosoma cruzi adjuvants potentiate T cellmediated immunity induced by a NY-ESO-1 based
antitumor
vaccine.
PLoS
ONE.
DOI:
10.1371/journal.pone.0036245
Kirkwood, J.M., L.H. Butterfield, A.A. Tarhini, H.
Zarour and P. Kalinski et al., 2012. Immunotherapy
of cancer in 2012. CA: A cancer. J. Clin., 62: 309335. DOI: 10.3322/caac.20132
Kono, K., 2014. Current status of cancer immunotherapy. J.
Stem. Cells Regen. Med., 10: 8-13.
Kyi, C. and M.A. Postow, 2014. Checkpoint blocking
antibodies in cancer immunotherapy. FEBS Lett,
588: 368-76. DOI: 10.1016/j.febslet.2013.10.015
Lehrnbecher, T., U. Koehl, B. Wittekindt, K.
Bochennek and L. Tramsen et al., 2008. Changes
in host defense induced by malignancies and
antineoplastic
treatment:
Implication
for
immunotherapeutic strategies. Lancet Oncol., 9:
269-278. DOI: 10.1016/S1470-2045(08)70071-8.
Lepique, A.P., K.R. Daghastanli, I.M. Cuccovia and L.L.
Villa, 2009. HPV16 tumor associated macrophages
suppress antitumor T cell responses. Clin. Cancer Res.,
15: 4391-400. DOI: 10.1158/1078-0432.CCR-09-0489
Letouzé, E., R. Rosati, H. Komechen, M. Doghman and
L. Marisa et al., 2012. SNP array profiling of
childhood adrenocortical tumors reveals distinct
pathways of tumorigenesis and highlights candidate
driver genes. J. Clin. Endocrinol. Metaboli., 97:
1284-93. DOI: 10.1210/jc.2012-1184
Liotti, F., C. Visciano and R.M. Melillo, 2012.
Inflammation in thyroid oncogenesis. Am. J. Cancer
Res., 2: 286-297. PMID: 22679559
199

Vanessa Jacob Victorino et al. / American Journal of Immunology 2014, 10 (4): 189.201
DOI: 10.3844/ajisp.2014.189.201

Rafii, S., D. Lyden, R. Benezra, K. Hattori and B.
Heissig, 2002. Vascular and haematopoietic stem
cells: Novel targets for anti-angiogenesis therapy?
Nat. Rev. Cancer, 2: 826-35. DOI: 10.1038/nrc925
Ramos, R.N., C.E. Oliveira, T.H. Gasparoto, T.S.
Malaspina and E.B. Belai et al., 2012a. CD25+ T
cell depletion impairs murine squamous cell
carcinoma development via modulation of antitumor
immune responses. Carcinogenesis, 33: 902-909.
DOI: 10.1093/carcin/bgs103
Ramos, R.N., L.S. Chin, A.P.D. Santos, P.C. BergamiSantos and F. Laginha et al., 2012b. Mono-cytederived dendritic cells from breast cancer patients
are biased to induce CD4+CD25+Foxp3+
regulatory T cells. J. Leukocyte Biol., 92: 673-682.
DOI: 10.1189/jlb.0112048
Ramos, R.N., C.J. de Moraes, B. Zelante and J.A.M.
Barbutom, 2013. What are the molecules involved
in regulatory T-cells induction by dendritic cells
in can-cer? Clin. Develop. Immunol.
DOI: 10.1155/2013/806025
Ribeiro, D.L., M.E. Pinto, A. Rafacho, J.R. Bosqueiro
and S.Y. Maeda et al., 2012. High-fat diet obesity
associated with insulin resistance increases cell
proliferation, estrogen receptor and pi3k proteins
in rat ventral prostate. J. Androl., 33: 854-865.
DOI: 10.2164/jandrol.111.016089
Romagnoli, G.G., P.A. Toniolo, I.K. Migliori, E.G.
Cal-dini and M.A. Ferreira et al., 2013. Tumour
cells incorporate exosomes derived from dendritic
cells through a mechanism involving the
tetraspanin CD9. Exosomes Microvesicles, 1: 2132. DOI: 10.5772/52069
Rossa, C., G. Sommer, L.C. Spolidorio, S.A. RosenzWeig and D.K. Watson et al., 2012 Loss of
expression and function of socs3 is an early event
in HNSCC: Altered subcellular localization as a
possible mechanism involved in proliferation,
migration and invasion. PLoS ONE, 7: e45197e45197. DOI: 10.1371/ journal.pone.0045197
Ruter, J., S.J. Antonia, H.A. Burris, R.D. Huhn and R.H.
Vonderheide, 2010. Immune modulation with weekly
dosing of an agonist CD40 antibody in a phase I study
of patients with advanced solid tumors. Cancer Biol.
Ther., 10: 983-93. DOI: 10.4161/cbt.10.10.13251
Saied, A., V.G. Pillarisetty and S.C. Katz, 2014.
Immunotherapy for solid tumors-a review for
surgeons. J. Surg. Res., 187: 525-35.
DOI: 10.1016/j.jss.2013.12.018.
Schott, M., 2006. Immunesurveillance by dendritic cells:
Potential implication for immunotherapy of
endocrine cancers. Endocrine-Related Cancer, 13:
779-795. DOI:10.1677/erc.1.01133

Osório-Costa, F., G.Z. Rocha, M.M. Dias and J.B.C.
Carvalheira, 2009. Epidemiological and molecular
mechanisms aspects linking obesity and cancer. ArQuivos Brasileiros Endocrinol. Metabol., 53: 213226. DOI: 10.1590/S0004-27302009000200013
Pacheco, F.A., M.E.M. Paschoal and M.G.C. Carvalho,
2002. Marcadores tumorais no câncer de pulmão: um
caminho para a terapia biológica. J. Pneumol., 28:
143-149. DOI: 10.1590/S0004-27302009000200013
Paiva, L.R., H.S. Silva, S.C. Ferreira and M.L.
Martins, 2013. Multiscale model for the effects of
adaptive immunity suppression on the viral
therapy of cancer. Phys. Biol., 10: 1-8.
DOI: 10.1088/1478-3975/10/2/025005
Palucka, K. and J. Banchereau, 2013. Dendritic-cellbased therapeutic cancer vaccines. Immunity, 39:
38-48. DOI: 10.1016/j.immuni.2013.07.004
Panis, C., A.C. Herrera, A.M. Aranome, V.J. Victorino
and P.L. Michelleti et al., 2014. Clinical insights
from adiponectin analysis in breast cancer patients
reveal its anti-inflammatory properties in nonobese women. Molecular Cell Endocrinol., 25:
190-6. DOI: 10.1016/j.mce.2013.09.030
Panis, C., V.J. Victorino, A.C. Herrera, L.F. Freitas
and T.D. Rossi et al., 2012a. Differential
oxidative status and immune characterization of
the early and advanced stages of human breast
cancer. Breast Cancer Res. Treatm., 133: 881-8.
DOI: 10.1007/s10549-011-1851-1
Panis, C., A.C. Herrera, V.J. Victorino, F.C. Campos and
L.F. Freitas et al., 2012b. Oxidative stress and
hematological profiles of advanced breast cancer
patients subjected to paclitaxel or doxorubicin
chemotherapy. Breast Cancer Res. Treatm., 133: 8997. DOI: 10.1007/s10549-011-1693-x
Park, H., Z. Li, X.O. Yang, S.H. Chang and R.
Nurieva et al., 2005. A distinct lineage of CD4 T
cells re-gulates tissue inflammation by producing
interleukin 17. Nat. Immunol., 6: 1133-1141.
DOI: 10.1038/ni1261
Peghini, B.C., D.R. Abdalla, A.C.M. Barcelos, L.G.V.L.
Teodoro and E.F.C. Murta et al., 2012. Local cytokine
profiles of patients with cervical intraepithelial and
invasive Neoplasia. Human Immunol., 73: 920-926.
DOI: 10.1016/j.humimm.2012.06.003.
Pereira, J., A.L.L.P. Meireles, C.R.T. Godoy and D.A.F.
Chamone, 2008. Papel da célula endotelial em
neoplasias malignas hematológicas. Revista Brasilei-ra
de Hematol. Hemoterapia, 30: 223-228.
Pinho, M.P., P.C. Bergami-Santos and J.A.M.
Barbuto, 2013. T cell stimulation by dendritic celltumor cell hybrids is enhanced in the presence of
free dendritic cells. J. Immunoth. Cancer, 1: 232.
DOI: 10.1186/2051-1426-1-S1-P232
200

Vanessa Jacob Victorino et al. / American Journal of Immunology 2014, 10 (4): 189.201
DOI: 10.3844/ajisp.2014.189.201

Sgnaolin, V., T.C.B. Pereira, M.R. Bogo, R. Zanin and
A.M.O. Battastini et al., 2013. Functional and
molecular characterization of kinin B1 and B2
receptors in human bladder cancer: Implication of
the PI3Kγ pathway. Investigat. New Drugs, 31: 812822. DOI: 10.1007/s10637-012-9907-6
Shah, S.C., A. Kusiak and M.A. O'Donnell, 2006.
Patient-recognition data-mining model for BCGplus interferon immunotherapy bladder cancer
treatment. Comput. Biol. Med., 36: 634-655.
DOI:10.1016/j.compbiomed.2005.03.007
Shi, Y., J.E. Evans and K.L. Rock, 2003. Molecular
identification of a danger signal that alerts the
immune system to dying cells. Nature, 425: 516521. DOI: 10.1038/nature01991.
Shuptrine, C.W., R. Surana and L.M. Weiner, 2012. Monoclonal antibodies for the treatment of cancer.
Seminars Cancer Biol., 22: 3-13. DOI:
10.1016/j.semcancer.2011.12.009
Sica, A., P. Larghi, A. Mancino, L. Rubino and C.
Porta et al., 2008. Macrophage polarization in
tumour progression. Seminars Cancer Biol., 18:
349-355. DOI: 10.1016/j.semcancer.2008.03.004
Silva, D.D., D.V. Tambourgi, 2010. IgY: A promising
antibody for use in immunodiagnostic and in
immunotherapy. Vet. Immunol. Immunopathol.,
135: 173-180. DOI: 10.1016/j.vetimm.2009.12.011
Silva, D.H.B., E.P. Amaral, E.L. Nolasco, N.C. de Victo
and R. Atique et al., 2013. Dissecting Major
signaling pathways throughout the development of
prostate cancer. Prostate Cancer, 2013: 920612.
DOI: 10.1155/2013/920612
Su, X., J. Ye, E.C. Hsueh, Y. Zhang and D.F. Hoft et al.,
2010. Tumor microenvironments direct the recruitment
and expansion of human Th17 cells. J. Immunol., 184:
1630-1641. DOI: 10.4049/jimmunol.0902813
Toricelli, M., F.H. Melo, G.B. Peres, D.C. Silva, M.G.
2013. Jasiulionis. Timp1 interacts with beta-1 integrin
and CD63 along melanoma genesis and confers
anoikis resistance by activating PI3-K signaling
pathway independently of Akt phosphorylation.
Molecular Cancer. DOI: 10.1186/1476-4598-12-22
Vendramini-Costa, D.B. and J.E. Carvalho, 2012.
Molecular link mechanisms between inflammation
and cancer. Current Pharmaceut. Des., 18: 38313852. DOI: 10.2174/138161212802083707.
Viana, C.T.R., P.P. Campos, L.A. Carvalho, J.M.
Cenedezi and L. Lavall et al., 2013. Distinct types
of tumors exhibit differential grade of inflammation
and angiogenesis in mice. Microvascular Res., 86:
44-51. DOI: 10.1016/j.mvr.2012.12.002.

Vidal, A.P., B.M. Andrade, F. Vaisman, J. Cazarin
and L.F. Pinto et al., 2013. AMP-activated protein
kinase signaling is upregulated in papillary
thyroid cancer. Eur. J. Endocrinol., 169: 521-8.
DOI: 10.1530/EJE-13-0284
Vivier, E., D.H. Raulet, A. Moretta, M.A. Caligiuri and
L. Zitvogel et al., 2011. Innate or adaptive
immunity? The example of natural killer cells.
Science, 331: 44-49. DOI: 10.1126/science.1198687
Vulcani-Freitas, T.M., N. Saba-Silva, A. Cappellano, S.
Cavalheiro and S.R.C. de Toledo, 2011. PRAME
gene expression profile in medulloblastoma.
Arquivos de Neuro-Psiquiatria, 69: 9-12.
DOI: 10.1590/S0004-282X2011000100003
Watanabe, M.A., J.M. Oda, M.K. Amarante and C.J.
Voltarelli, 2010. Regulatory T cells and breast
cancer: Implications for immunopathogenesis.
Cancer Metastasis Rev., 29: 569-79.
DOI: 10.1007/s10555-010-9247-y
Weiner, L.M., J.C. Murray and C.W. Shuptrine, 2012.
Antibody-based immunotherapy of cancer. Cell,
148: 1081-1084. DOI: 10.1016/j.cell.2012.02.034
Westdorp, H., A.E. Sköld, B.A. Snijer, S. Franik and
I.J. De Vries, 2014. Immunotherapy for prostate
cancer: Lessons from responses to tumorassociated antigens. Front Immunol, 5: 191-191.
DOI: 10.3389/fimmu.2014.00191
WHO, 2014. World health organization.
Yang, Z.Z. and S.M. Ansell, 2009. The role of treg cells
in the cancer immunological response. Am. J.
Immunol., 5: 17-28. DOI: 10.3844/ajisp.2009.17.28
Yoshimoto, A.N., C. Bernardazzi, A.J.V. Carneiro,
C.C.S. Elia and C.A. Martinusso et al., 2012.
Hedgehog pathway signaling regulates human
colon carcinoma HT-29 epithelial cell line
Apoptosis and cytokine secretion. PLoS ONE.
DOI: 10.1371/journal.pone.0045332
Zhou, G. and H.I. Levitsky, 2007. Natural regulatory T
cells and de novo-induced regulatory T cells
contribute independently to tumor-specific tolerance.
J. Immunol., 178: 2155-2162. PMID: 17277120

201

