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The in�ammation is the protective response of the body against various harmful stimuli; 

however, the aberrant and inappropriate activation tends to become harmful. The acute 

in�ammatory response tends to resolved once the offending agent is subside but this 

acute response becomes chronic in nature when the body is unable to successfully 

neutralized the noxious stimuli. This chronic in�ammatory microenvironment is asso-

ciated with the release of various pro-in�ammatory and oncogenic mediators such as 

nitric oxide (NO), cytokines [IL-1β, IL-2, interleukin-6 (IL-6), and tumor necrosis factor-α 

(TNF-α)], growth factor, and chemokines. These mediators make the in�ammatory 

microenvironment more vulnerable toward tumorigenesis. The pro-in�ammatory media-

tors released during the chronic in�ammation tends to induce several molecular signaling 

cascades such as nuclear factor kappa B, MAPKinase, nuclear factor erythroid 2-related 

factor 2, phosphoinositide-3-kinase, Janus kinases/STAT, Wnt/B-catenin, and cyclic 

AMP response element binding protein. The immune system and its components have a 

pleiotropic effect on in�ammation and cancer progression. Immune components such as 

T cells, natural killer cells, macrophages, and neutrophils either inhibit or enhance tumor 

initiation depending on the type of tumor and immune cells involved. Tumor-associated 

macrophages and tumor-associated neutrophils are pro-tumorigenic cells highly prev-

alent in in�ammation-mediated tumors. Similarly, presence of T  regulatory (Treg) cells 

in an in�ammatory and tumor setting suppresses the immune system, thus paving the 

way for oncogenesis. However, Treg cells also inhibit autoimmune in�ammation. By con-

trast, cytotoxic T cells and T helper cells confer antitumor immunity and are associated 

with better prognosis in patients with cancer. Cytotoxic T cells in�ict a direct cytotoxic 

effect on cells expressing oncogenic markers. Currently, several anti-in�ammatory and 

antitumor therapies are under trials in which these immune cells are exploited. Adoptive 

cell transfer composed of tumor-in�ltrating lymphocytes has been tried for the treatment 

of tumors after their ex vivo expansion. Mediators released by cells in a tumorigenic 

and in�ammatory microenvironment cross talk with nearby cells, either promoting or 

inhibiting in�ammation and cancer. Recently, several cytokine-based therapies are either 

being developed or are under trial to treat such types of manifestations. Monoclonal 

antibodies directed against TNF-α, VEGF, and IL-6 has shown promising results to 

ameliorate in�ammation and cancer, while direct administration of IL-2 has been shown 

to cause tumor regression.

Keywords: immune system, cancer, in�ammation, cytokines, tumor-associated neutrophils, tumor-associated 

macrophages, T cytotoxic cells, T helper cells
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INTRODUCTION

In�ammation has become an important hallmark of cancer, and 
elevated in�ammatory mediators are related to poor prognosis 
in patients with cancer (1). Similarly, an increase in the number 
of immune cells such as tumor-associated neutrophils (TANs) 
are related to poor outcomes in patients with glioblastoma, renal 
cell carcinoma (RCC), melanoma, colorectal cancer, hepatocel-
lular carcinoma (HCC), pancreatic ductal carcinoma, and head 
and neck cancer (2, 3). Furthermore, in�ammation secondary 
to prolonged infection is also linked to oncogenesis. Several 
experimental and clinical studies have demonstrated that the 
majority of deaths that occur from cancer are connected with 
chronic unresolved infections (4). Similarly, some types of 
chronic in�ammation that are not caused by infectious agents 
can also initiate tumor development. Pancreatic, esophageal, and 
gall bladder tumors are promoted by in�ammatory conditions, 
including Barrett’s metaplasia, esophagitis, and chronic pancrea-
titis, respectively (4).

According to numerous reports, several researchers have 
attempted to establish a formal relationship between in�am-
mation and cancer since the eighteenth century (5). However, 
this connection was only formalized by the observation of 
uncontrolled cell proliferation at the site of in�ammation and 
the existence of in�ammatory cells at the tumor site (6). Likewise, 
in�ammatory mediators and reactive nitrogen oxygen species 
(RNOS) with resultant elevation of the nuclear factor kappa 
B (NF-κB) pathway and cyclooxygenase-2 (COX-2) activity 
may facilitate in�ammation-mediated tumorigenesis. Prolong 
in�ammation may also trigger altered expression of oncogenes 
and tumor suppressor genes (5). �e occurrence of germline 
mutations is rare, while their association with somatic and envi-
ronmental factors is more common (7). Chronic in�ammation is 
the most important environmental factor, posing higher risk of 
tumor initiation (7).

According to the previous studies, it is established that in�l-
tration of the tumor microenvironment by leukocytes promotes 
the development and progression of various tumors, including 
epithelial tumors (8). Conversely, some subsets of leukocytes 
such as natural killer (NK) cells and cytotoxic T  cells (CTLs) 
have established antitumor activity (9). Certain tumors such as 
breast cancer have shown increased levels of cells of both the 
innate and acquired immune systems, such as B cells, T cells, and 
macrophages (10). Similarly, the level of in�ammatory cytokines 
such as interleukin-6 (IL-6) was increased in carcinoma of the 
pancreas (11). Furthermore, marked elevation of the level of 
IL-1β was related to a more advanced and aggressive nature of 
the disease (12). �e in�ammatory immune response may be 
tumorigenic or anti-tumorigenic, depending on the appropri-
ate and balanced activation of both adaptive and innate arms 
of the immune system (5). A well-regulated acquired immune 
response is considered to be anti-tumorigenic, whereas inappro-
priate innate or acquired immune system stimulation can cause 
chronic in�ammation and resultant progression toward onco-
genesis (5). �e in�ammatory response is resolved a�er down-
regulation of pro-in�ammatory cytokines and by expression of 
IL-10 anti-in�ammatory cytokines (13). An anti-in�ammatory 

role of IL-10 has been demonstrated in mice lacking the IL-10 
gene, wherein colonic in�ammation spontaneously develops 
into colon cancer (13).

TYPES OF INFLAMMATION AND 

INVOLVEMENT OF IMMUNE CELLS

In�ammation is a protective mechanism initiated in response to 
tissue damage caused by infection, trauma, and chemical exposure 
(4). At the beginning of in�ammation, neutrophils are the �rst 
cells to in�ltrate under the direction of in�ammatory mediators 
released at the site of in�ammation (1). As the process of in�am-
mation proceeds, various other players of in�ammation such as 
lymphocytes and macrophages are stimulated and recruited to 
the in�ammatory setting. �is immune in�ltration is facilitated 
by the increased expression of chemokines, growth factors, and 
cytokines released (14). �e major aim of these cells is to boost 
the body’s defense process with the addition of neutralizing the 
o�ending agent (14).

However, when the body is unable to resolve the acute 
in�ammatory response, this leads to chronic and persistent 
in�ammation (15). �is chronic and persistent in�ammation 
can trigger the development of various types of tumors such as 
colorectal carcinoma a�er chronic in�ammatory bowel disease 
(IBD) (15). Similarly, the chronic in�ammatory microenviron-
ment set by persistent Helicobacter pylori infection induces 
gastric cancer and mucosa-associated lymphoid tissue cancer. 
Chronic HBV and HCV virus infections increase the likelihood 
of HCC development (16–18). Similarly, a connection between 
colon cancer and bladder cancer in patients with chronic and 
persistent Schistosoma and Bacteroides infections has been 
reported (15). In addition, several environmental factors such as 
tobacco smoking cause chronic obstructive pulmonary disease 
increasing the likelihood of lung cancer development (7, 19). 
Similarly, other environmental factors such as silica or asbestos 
exposure can also trigger cancer by inducing the synthesis 
of pro-in�ammatory cytokines (20), and even in�ammation 
associated with obesity increases cancer risk by 1.6 times (21). 
By contrast, administration of non-steroidal anti-in�ammatory 
drugs (NSAIDs) in randomized controlled studies has reduced 
the incidence of colon cancer in familial adenomatous poly-
posis patients. Similarly, a notable decline was observed in the 
incidence of lung cancer in chronic smokers following NSAID 
usage (22).

�e macrophages and neutrophils are competent phagocytic 
cells and considered �rst line of defense against the o�ending 
agent. Generally, it was believed that neutrophils are the cells of 
acute in�ammation, whereas monocytes were recognized the 
cells of chronic in�ammation. However, several studies reported 
that involvement of neutrophils in adaptive immune response 
to resolve the chronic in�ammation and also implicated the 
involvement of monocyte/macrophages in acute in�ammatory 
response (23). �e neutrophils following recruitment to the acute 
in�ammatory site are activated, kill and phagocytes the invading 
agent and associated with the release of in�ammatory mediators 
such as cytokines to recruit monocytes. �e recruited monocytes 
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undergo di�erentiation to macrophages and propose a bimodal 
transformation of immune cells from neutrophils to monocytes 
(24, 25). However, several studies suggest that chemoattractant 
like MCP-1 produced at the in�ammatory site by tissue mac-
rophages induces the recruitment of monocytes regardless of the 
presence of neutrophils at in�ammatory site (25). �us, it can 
be postulated that neutrophils and monocytes interplay between 
innate and immune system and trigger several functions such 
opsonization, release of in�ammatory mediators, di�erentiation 
of �1  cells, and the chemotaxis of �1 and �17  cells (26). 
NK  cells are considered lymphocytes based on their morphol-
ogy, their origin from the bone marrow, and the expression of 
lymphoid-associated molecules. However, NK cells lack antigen-
speci�c cell surface marker and are also considered the cells of 
innate immune defense system. NK  cells are non-speci�c in 
nature and works against the virus infection such as infection of 
herpesvirus (27). CD4+ �1 cells and CD8+ T cells associated with 
the release of INF-γ critically regulate the tumor immunity by kill-
ing and impending cancer growth. Furthermore, the lymphocytic 
in�ltration into the tumor microenvironment is related to better 
prognosis (22, 28). �e CD8+ T cells also mediate antitumor e�ect 
by direct cytotoxicity. However, all T cells are not associated with 
antitumor immunity because CD4+ T  cells expressing master 
transcription factor Foxp3 (CD4+CD25+Foxp3+) and CD25 
termed as regulatory T cells (Tregs), promote tumor growth by 
reducing the immune responses (22). �e basic aim of these cells 
is to inhibit the activation of e�ector immune cells against the 
self-antigen, reduce the chances of autoimmune responses, and 
inhibit in�ammatory responses during the normal conditions. 
�e studies shows that Tregs cells is associated with the inhibi-
tion of both CD4+ and CD8+ T cells mediated immunity and this 
inhibition of CD4+ and CD8+ T cells within the tumor microen-
vironment reduces tumor immunity (22). �17 producing CD4+ 
cells are involved in the severe autoimmune disease and chronic 
persistent in�ammatory conditions. Furthermore, �17 secreted 
IL-23 is key factor maintaining and expanding �17 in�amma-
tory cell count. �e IL-23 has been recently reported to have pro-
tumorigenic e�ect, promoting in�ammation, angiogenesis, and 
reducing the CD8+ T cell within the cancer microenvironment. 
Furthermore, the existence of �17 within the tumor microen-
vironment is associated with the inhibition of INF-γ producing 
CD4+ cell (22).

INFLAMMATORY MEDIATORS MEDIATED 

GENETIC ALTERATION; PAVING THE WAY 

FOR TUMORIGENESIS

During in�ammation, the in�ltration of immune cells such as 
neutrophils, macrophages, and eosinophils is associated with the 
generation of superoxide ( )• −O2 , nitric oxide (∙NO), hydrogen per-
oxide (H2O2), hydroxyl radical (∙OH), peroxynitrite (ONOO−), 
and hydrochlorous acid (HOCl∙) to eliminate the pathogens and 
biological insult and these reactive species are called as RNOS 
(29). However, the constant presence of injurious stimuli is asso-
ciated with continuous expression of these reactive species which 
tends to interact with the DNA, resulting in permanent genomic 

alterations such as point mutations, deletions, or rearrangements 
(29). Similarly, the RNOS synthesis facilitated by chronic in�am-
mation, being highly reactive, interacts with DNA, protein,  
and lipid components of the cells and enhances cell transfor-
mation into malignancy (30). In addition, the DNA damage 
response in human gastric cancer was shown to be elevated by 
chronic in�ammation (31). Investigation of chronic in�amma-
tion, DNA damage, and oncogenesis in human esophageal tissue 
revealed a direct relationship between chronic in�amma tion-
mediated DNA damage and tumor transformation (31). Biopsies 
of 109 esophageal tissues stained with anti-8-OHdG antibody  
and immunostaining demonstrated that tissue with chronic 
in�ammation was stained more densely than the non-in�amed 
tissue (31). �us, from the above discussion, it is suggested that 
greater DNA damage is conferred by the RNOS in a chronic 
in�ammatory microenvironment (31). �e predominant mac-
rophages and other leukocytes in in�ammatory tissue generate 
RNOS to cope with the microbial invasion (4). Prolonged in�am-
mation may be oncogenic by causing genomic instability and 
enhancing cellular proliferation and angiogenesis as described 
in Figure 1 (32, 33).

Patients with chronic IBD, including Crohn’s disease and 
ulcerative colitis, have shown increased progression toward 
cancer and were reported that the probability of developing 
CRC (colorectal cancer) 10  years a�er diagnosis with IBD 
was 2%, reaching the level of 8% a�er 20 years and 18% a�er 
30 years (34, 35). Similarly, chronic in�ammatory environment 
can drive tumor progression, because such a hostile environ-
ment is associated with increased growth factor secretion by 
in�ammatory cells, and such proliferating cells are more prone 
to acquire genetic mutation and DNA damage, with resultant 
cell progression toward cancer (36). In addition, tumor necrosis 
factor-α (TNF-α) and migration inhibitory factor synthesized 
by in�ammatory cells further exacerbate DNA damage (4). 
Immune cells in�ltrate the tumor microenvironment, impli-
cated in both early and advance cancer stages, and are involved 
in cross talk with the metastasizing cells. Correspondingly, the 
immune cells and their cytokines in�uence various stages of 
the metastatic process. Epithelial–mesenchymal transition, a 
critical stage in the metastatic process, is in�uenced by various 
cytokines such as transforming growth factor-β (TGF-β), IL-1β, 
IL-6, and TNF-α, which consequently stimulate NF-κB and 
signal transduction and activation of transcription (STAT3) 
in�ammatory cascades. Similarly, the synthesis and activity 
of several proteases are enhanced by in�ammatory mediators 
that are involved in tissue and extracellular matrix destruc-
tion, subsequently paving the way for tumor invasion. TNF-α 
and chemokines increase vascular permeability and promote 
the extravasation and migration of tumor cells (as shown in 
Figure 1) (37).

Cancer development is a multistep process characterized by 
self-su�cient and uncontrolled growth and proliferation, evasion 
from apoptosis and the immune system, increased angiogenesis, 
unresponsiveness to the e�ect of anti-growth signals, and the 
ability to metastasize to distinct sites (4). Epidemiological studies 
have reported that approximately 25% of cancer cases are related 
to chronic in�ammation (38).
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MAJOR SIGNALING PATHWAYS AND 

THEIR INTERPLAY IN CANCER, 

INFLAMMATION, AND IMMUNITY

Various molecular signaling pathways are involved in in�amma-
tion-mediated cancer and immune activation, and therapeutic 
approaches targeting these pathways are discussed below.

NUCLEAR FACTOR-κB

Nuclear factor kappa B activation is central to both in�ammation 
and oncogenesis, since NF-κB in�uences the expression of vari-
ous genes related to malignancy and in�ammation (39). NF-κB 
comprises a family of conserved and structurally related proteins 
including RelA/P65, Rel/cRel, RelB, NF-κB1/p50, and NF-B2/p52 
proteins. NF-κB is kept inactive in the cytoplasm by inhibitory κB 
(iκB; IκBα, IκBβ, and IκBε), and to execute its functions it needs 
to be free from the inhibitory in�uence of iκB. All heterodimeric 
NF-κB complexes enhance the process of transcription; how-
ever, the homodimeric units, p50/50 and p52/52, suppress the 
process of transcription (40). Mitogen-activated protein kinases 
(MAPKs) and NF-κB signaling cascades are well-known classical 
pathways that regulate various cellular processes. NF-κB, being 
the hub of many signaling pathways, activates the expression of 
various genes and hence their products; for example, inducible 
cyclooxygenase (COX) and inducible nitric oxide produce pros-
tanoids and nitric oxide (NO), respectively (41). Furthermore, 
NF-κB increases the expression of IL-2, a pro-in�ammatory 
mediator, which ampli�es T cell proliferation and di�erentiation. 
NF-κB activation in B-lymphocytes not only induces isotype class 
switching but also converts these cells into antibody-producing 
mature plasma cells (41).

Nuclear factor kappa B also acts at the promoter region of cyclin 
D1 and ampli�es its expression. Cyclin D1 increases cell division, 

and under its in�uence, favors the cell cycle progression from 
G1 phase to S phase (42). NF-κB makes the cell more resistant 
to apoptosis and necrosis by ampli�cation of c-Jun-N-terminal 
kinase (JNK); this gene not only inhibits apoptosis protein 1 and 
2 but also inhibits caretaker gene P53. �is signaling pathway 
also promotes tumor metastasis via increasing the expression 
of chemokine 4 receptor receptors (5). �e lipopolysaccharide 
(LPS)-mediated NF-κB signaling cascade follows two pathways: 
canonical and non-canonical/alternate. NF-κB is inactive in the 
cytosol until and unless it is complexed with inhibitory iκB. In 
the canonical pathway of NF-κB activation, the IKK complex 
having catalytic kinase subunits (IKKα and IKKβ) and scaf-
folding regulatory non-enzymatic protein IKKγ, also known 
as NF-κB essential modulator (NEMO), phosphorylates iκB. 
�us, phosphorylated iκB undergoes subsequent proteasomal 
degradation. In the canonical pathway, Rel-A, c-Rel, RelB, and 
P50 NF-κB dimers are activated following TRAF recruitment 
by toll-like receptors (TLRs) and IKK complex-mediated iκB 
phosphorylation. �is pathway is also regarded as the classi-
cal pathway and is the most vital pathway of NF-κB activation 
(43). Although the alternative pathway utilizes an IKK complex 
consisting of two IKKα units, NEMO is not involved. TRAF 
recruits NF-κB-inducing kinase (NIK), which phosphorylates 
and induces the IKKα complex. �e IKK complex then activates 
the P52/Rel heterodimer a�er processing and cleavage following 
P100 phosphorylation (43). Alternative pathway involvement in 
carcinogenesis has been focused on in recent years, and its dys-
function has been implicated in several cancers. TRAF3 and NIK 
mutation in multiple myeloma (MM) resulted in NF-κB consti-
tutive activation (44). Similarly, alternative pathway involvement 
in mammary carcinogenesis has also been documented (43). 
NF-κB activation is also in�uenced by Tir8 (also known as single 
immunoglobulin IL-1 receptors-related molecule), a member 
of the IL-1R family expressed in intestine (45). Tir8 negatively 
regulates the IL-1R/TLR complex signaling pathway, and this 
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FIGURE 2 | Whenever there is any in�ammatory stimulus to the cell, there is activation of several molecular cascades such as NF-κB, Nrf2, MAPKinase, JAK/

STAT, p53, PI3K/mTOR, CREB, and Wnt/Beta catenin. The appropriate activation of these molecular cascades is associated with the resolution of in�ammation; 

however, inappropriate activation of such pathway causes persistent and chronic in�ammation followed by tumor initiation, progression, invasion, and metastasis. 
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inhibition may be caused by possible trapping of IRAK-1 and 
TRAF-6 (Figure 2) (45).

NUCLEAR FACTOR ERYTHROID 

2-RELATED FACTOR 2 (Nrf2) PATHWAY

Cells and tissues are constantly exposed to oxidative stress gener-
ated inside and outside of the body, posing a threat to the integrity 
of the genome, and membrane lipids and proteins (46). �is 
oxidative stress comprises reactive oxygen species (ROS) such as 
hydrogen peroxide (H2O2) and superoxides, and nitrogen spe-
cies such as NO. ROS are neutralized by glutathione peroxidase, 
catalases, and peroxiredoxins (46). Moreover, protein-based cell 
defenses are also present, of which the expression is elevated in 
an oxidative hostile state. Among them, Nrf2 is a primary cell 
inducible transcriptional factor, present in many tissues of the 
body (46).

Nuclear factor erythroid 2-related factor 2 is kept inactive in 
the cytosol by Kelch-like erythroid cell-derived protein with CNC 
homology-associated protein 1 (Keap 1) (47). Upon stimulation, 
Nrf2 is liberated from the inhibitory e�ect of Keap 1 and trans-
locates into the nucleus, where it interacts with cis-acting DNA 
enhancer antioxidant response elements (AREs) (48). Nrf2, a�er 
dissociation from Keap 1, forms a complex with Maf, a small pro-
tein family, to activate AREs (49). Initially, it was identi�ed that 
Nrf2 induces phase 2 enzymes and antioxidant molecules that 
inactivate oncogenic reactive species and thus exert an antitumor 
e�ect (Figure 2) (50). Keap1–Nrf2 dysregulation via mutation in 
either Nrf2 or its inhibitor Keap1 has been associated with the 
initiation of various tumors, including adenocarcinoma, and gall 
bladder and liver cancers. Keap1 mutation stabilizes Nrf2, which 
in turn, causes increased synthesis of cytoprotective antioxidant 
proteins in normal body cells and transformed cells. Nrf2 over-
expression secondary to Keap1 dysfunction, on the one hand, 
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protects the normal cells from carcinogenic reactive substances, 
but on the other hand, promotes cancer by protecting the cells 
from anticancer drugs, especially those acting by generating fatal 
oxidative molecules; thus, the Keap1–Nrf2 pathway acts as a 
“double-edged sword” (51).

MAPK PATHWAY

Mitogen-activated protein kinase activation is concerned with 
cell growth, di�erentiation, survival, and immune and stress 
responses (52). MAPKs exhibit a unique character in the sense 
that they are phosphorylated at three stages, from upstream to 
downstream, and each step is regulated by di�erent kinases, 
hence known as “core signaling modules.” In the initial step of 
phosphorylation, MAP3Ks/MAPK kinase kinases (MAPKKKs) 
govern the phosphorylation of MAPKKs (MAP2Ks/MAPK 
kinase) at serine/threonine amino acid residues. Once phos-
phorylated, the MAP2Ks phosphorylate the MAPKs. MAP2Ks 
and MAPKs have few kinases, while MAPKKKs comprise many 
kinase protein families. �ree MAPK-mediated pathways are 
well studied, including extracellular signal-regulated kinase 
(ERK1/2), and this pathway is triggered by cytokines, growth 
factors, hormones, and osmotic stress (53). A�er activation, 
ERK1/2 then translocates into the nucleus and phosphorylates 
and activates mitogen-activated protein kinase activated protein 
kinase, and consequently increases cell growth and prolifera-
tion (54). �e P38 MAPK activation is under the in�uence of 
in�ammatory cytokines, stress, pathogen-associated molecular 
patterns (PAMPs), and damage-associated molecular patterns 
(DAMPs). MKK3, MKK4, and MKK6 phosphorylate and 
hence activate p38 MPAKs. MAP3Ks involved in p38 activa-
tion include MAPK/ERK kinase kinase 3/4, TGF-β-activated 
kinase-1 (TAK1), mixed lineage kinase 3, tumor progression 
locus 2 (TPL2), thousand-and-one kinases 1/2 (TAO1/2), leucin 
zipper and sterile-α motif kinase 1, dual leucine zipper kinase 
(DLK), and apoptosis signal-regulating kinase 1/2 (ASK1/2). 
�e activated p38 is dephosphorylated by MPK1 phosphatase, 
having high speci�city for p38; however, other phosphatases 
also dephosphorylate p38 such as MPK2/4 and MPK5/7 (54). 
JNK activation is triggered by genotoxins, in�ammatory cyto-
kines, protein synthesis inhibitors, mitogens, DAMPs, and 
PAMPs. JNK is phosphorylated and activated by various types 
of MAP2Ks including MKK4 and MKK7. However, MAP2Ks 
are phosphorylated upstream by various isoforms of MP3Ks 
including TPL2, TAK1, ASK1/2, DLK, TAO1/2, and MLK1/2/3. 
Once activated, JNK is shuttled into the nucleus to regulate the 
expression of genes involved in growth and proliferation, such 
as c-Myc, c-Jun, Jun-B, EIK, P53, and NFAT. �e role of JNK 
has also been elucidated in in�ammatory cytokine production, 
tumorigenesis, and insulin resistance (Figure 2) (54).

TRANSFORMATION-RELATED PROTEIN 

53/p53

Cells under stressful conditions increase P53 expression to 
generate ROS for cell apoptosis, whereas in normal physiological 

conditions, P53 expression reduces ROS production and protects 
the cell from the deleterious e�ects of ROS, thus acting as a 
double-edged sword (55). By inhibiting ROS and inducing the 
synthesis of TGF-β, P53 acts as tumor-suppressor gene (56). P53 
is subjected to very strict control by inhibitory molecules includ-
ing mouse double minute 2 homolog (MDM2) and MDMX, also 
known as MDM4 (57). P53 activation is directed by speci�c stress 
signals in a tissue-speci�c manner and undergoes extensive post-
translational modi�cations such as acetylation, phosphorylation, 
neddylation, and monoubiquitination. �is signal-speci�c P53 
modi�cation activates di�erent sets of genes, such as expres-
sion of Puma genes (P53-upregulated modulator of apoptosis), 
Bax (Bcl-2 associated x-protein), Noxa, and Apaf-1 (apoptotic 
protease activating factor-1) to induce apoptosis. Activation of 
14-3-3δ, cyclin-dependent kinase inhibitor 1, Cdc25c, and P21/
WAF1, results in reversible cell cycle arrest, while induction of 
Pai-1 (plasminogen activator inhibitor type 1) and P21 causes 
complete cell cycle arrest (57). A National Institute of Health 
study reported that 61% of bladder cancer cases showed P53 
mutation, and its mutation was associated with invasive types of 
tumors (58). Several studies demonstrated that P53 nulli�es the 
activation of the major in�ammatory NF-κB signaling cascade 
by competing with cyclic AMP response element binding protein 
(CREB) and P300 coactivator protein. P53 directly inhibits the 
P65 NF-κB unit, and indirectly suppresses the IKKα-mediated 
activation of NF-κB. �is P53-mediated NF-κB suppression 
inhibits the synthesis of pro-in�ammatory mediators such as 
COX-2, IL-6, and iNOS (Figure 2) (59).

JANUS KINASES (JAK)/SIGNAL 

TRANSDUCING AND ACTIVATION OF 

TRANSCRIPTION (STAT) PATHWAY

�e STAT pathway is linked upstream with the family of protein 
kinases known as JAKs. Cytokines interact with their cognate 
surface receptor and receptor-associated JAK molecules, 
which cross-phosphorylate each other at tyrosine residues. �e 
phosphorylated JAK molecules recruit STAT protein via their 
SH2 domain and undergo phosphorylation and activation. 
Following phosphorylation, the STAT proteins are shuttled into 
the nucleus either in homo or heteromeric form to regulate the 
transcription of various genes (60). �e STAT signaling pathway 
is �nely tuned at various steps. Protein inhibitors of activated 
STATs inhibit STAT activity via interfering with its DNA bind-
ing domain. Another protein, small ubiquitin-like modi�er 
E2 ligase, increases STAT protein degradation and hinders its 
activation (61).

Despite being under such tight regulation, this signaling path-
way is subjected to mutations. STAT5b somatic mutation is found 
in lymphoid malignancies (62); however, STAT5 also exerts an 
antitumor e�ect. In NK cells, STAT5 inhibits the production of 
pro-tumorigenic and angiogenic factor VEGF-A (63). IL-6 in 
prostate gland epithelial cells interacts with its receptor to form 
an IL-6R gp130 protein hexameric complex, causing downstream 
activation of the JAK2/STAT pathway. JAK2 gain-of-function 
mutation has been observed in thrombocytopenia, polycythemia 
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vera, and myelo�brosis neoplasia (61). �e JAK/STAT pathway 
is dephosphorylated and downregulated by protein tyrosine 
phosphatases (PTPs) such as PTP1B (PTPN1) and TC-PTP 
(PTPN2). PTPs have a total of 107 genes in humans, which are 
divided into 4 sub-classes: class I, class II, class III, and class IV; 
however, class I and class III are involved in JAK/STAT pathway 
regulation. PTP1B exerts anti-in�ammatory activity, and it is 
reported that mice lacking PTPB1 are susceptible to developing 
a chronic in�ammatory state. In contrast with this, PTP1B coun-
teracts IL-10-mediated STAT3 downstream anti-in�ammatory 
responses. PTP1B has demonstrated both tumorigenic and 
antitumor behavior in various studies, since mice lacking PTP1B 
were tumor resistant; however, PTP1B de�ciency has also been 
observed in colon, breast, gastric, and prostate tumor develop-
ment. Mice with de�ciency of CT-PTP (PTPN2) within 1–2 weeks 
of birth not only developed an in�ammatory state, characterized 
by mononuclear in�ltrates, but also showed increased synthesis 
of TNF-α, IFN-γ, and NO. Six percent of T  cell lymphoblastic 
leukemia cases show de�ciency of the PTPN2 gene; however, 
its overexpression has also been reported in B-cell lymphoma 
(Figure 2) (60).

PHOSPHOINOSITIDE-3-KINASE (PI3K) 

PATHWAY

Phosphoinositide-3-kinase receives signals upstream from G 
protein-coupled receptors and receptor tyrosine kinases (64). 
PI3K acts upon phosphatidylinositol-4,5-biphosphate substrate 
and phosphorylates it to phosphatidylinositol-3,4,5-triphosphate 
(PIP3), and the reaction is negatively regulated by phosphatase 
and tensin homolog (PTEN) tumor suppressor phosphatase, 
SHIP1/2, and INPP4B. �e PIP3 product of the PI3K pathway acts 
on PREX1/2, Akt, and 3-phosphoinositide-dependent protein 
kinase 1 (PDK1) members of pleckstrin homology domain-
containing proteins. Akt undergoes phosphorylation-dependent 
activation by PDK1 at threonine 308 residues and mTORC2 
complex at serine 473. Once activated, Akt triggers downstream 
activation of numerous substrate molecules concerned with cell 
growth, protein synthesis, survival, and metabolism (Figure 2) 
(65). PI3K mutations have been observed in various tumors, and 
its alteration may take place at several steps including gain-of-
function mutations in genes encoding the P110α catalytic unit 
and rarely the P110β catalytic unit. �e P85α regulatory subunit 
and loss-of-function mutations in PI3K inhibitor phosphatases 
such as PTEN and INDP4B are implicated in various tumors (65). 
PTEN loss-of-function mutation followed by increased activity of 
PI3K elevates programmed death ligand 1 (PD-1), an immune cell 
suppressant factor, whereas PI3K inhibitors increase the immune 
cell response to tumors (66). Patients with pancreatic cancer show 
the lowest 5-year survival rate among all other cancers, which 
is initiated by various genetic alterations; however, K-Ras is the 
most commonly implicated gene in pancreatic adenocarcinoma, 
with a 70–90% contribution. �e K-Ras family of proteins acti-
vate the PI3K/Akt signaling cascades downstream, and this Akt 
downstream activation is thought to be the main cause of worse 
prognosis with pancreatic tumors (67).

CREB SIGNALING PATHWAY

Cyclic AMP response element binding protein family members, 
when activated, bind to cAMP response elements (CRE), and pro-
mote the recruitment of coactivator proteins such as CBP/p300, 
thereby initiating transcriptional machinery and inducing CREB 
target genes (68–74). �e role of CREB in cell survival has also 
been described in a number of tissues, such as nerve growth factor 
(NGF)-induced phosphorylation of CREB, and it was proposed 
that phosphorylated CREB induces genes that confer speci�city 
to NGF signals that are associated with increased survival and 
di�erentiation of neurons. Furthermore, CREB-mediated gene 
expression is essential for NGF-dependent cell survival and is 
critical to promote survival of sympathomimetic neurons (68–74). 
Bcl-2 is also activated by NGF in a CREB-dependent manner, and 
this Bcl-2 expression is associated with increased cell survival. 
�us, it is apparent that activation of CREB induces the survival 
of neurons via activating downstream target genes that encode 
prosurvival factors (68–74). Recently, numerous reports have 
revealed a signi�cant emerging role of CREB in various cancers. 
For example, patients with acute lymphoid leukemia or acute 
myeloid leukemia show increased CREB expression in samples of 
their bone marrow, and this CREB expression is associated with 
worse prognosis in patients with AML (68–74). Overexpression 
of CREB promotes increased survival in myeloid cells, while 
CREB downregulation tends to decrease cell proliferation and 
survival. One-fourth of CRE-containing sequences regulate 
cellular metabolism. In liver, CREB regulates the process of glu-
coneogenesis via the phosphoenolpyruvate carboxylase enzyme. 
Similarly, enzymes such as pyruvate carboxylase, ornithine decar-
boxylase, and lactate dehydrogenase also contain CRE sequences 
in their promoter region (68–74). CREB involvement in cancer 
was �rst implicated in clear-cell sarcomas of so� tissues (CSSTs). 
Most CSSTs contain a chromosomal translocation that fuses the 
DNA binding and bZip domains of ATF1 to the Ewing’s sarcomas 
gene EWS. �is Ewing gene and ATF1 protein interaction leads to 
stimulation of proliferation and suppresses the apoptotic process. 
More recently, a EWS–CREB fusion protein was implicated in a 
subset of patients with CSST. EWS–ATF1 and EWS–CREB fusion 
proteins are constitutively stimulated and promote the expression 
of CREB target genes independently of a growth signal stimulus 
(Figure 2) (68–74).

Wnt/BETA CATENIN PATHWAY

�e Wnt signaling pathway has an important contribution to 
embryonic development and homeostasis of mature tissues. 
�e role of this pathway is also implicated in cell di�erentiation, 
controlling cell proliferation, apoptosis, polarity, and migration 
(75–80). In the absence of speci�c Wnt ligands, the β-catenin 
located within the cytosol is destroyed by the destruction com-
plex composed of three proteins, such as antigen-presenting 
cell (APC), AXIN, and GSK3B, following phosphorylation. 
Wnt protein induces the expression of the intracellular pathway 
a�er interaction with the FZD seven-pass receptor and its 
single-pass transmembrane coreceptors such as low-density 
lipoprotein receptor-related protein 5/6 (LRP5/6) or receptor 

https://www.frontiersin.org/Immunology/
https://www.frontiersin.org
https://www.frontiersin.org/Immunology/archive


8

Qu et al. Immunological Approaches Towards Cancer

Frontiers in Immunology | www.frontiersin.org March 2018 | Volume 9 | Article 563

tyrosine kinase-like orphan receptor 2 (75–80). Wnt protein 
binds the FZD receptor at its cysteine-rich domain and triggers 
the phosphorylation of LRP5/6, with subsequent formation of 
a FZD–LRP5/6 heterodimeric complex. �is phosphorylated 
LRP5/6 facilitates the recruitment of the Axin–GSK3–CK1 
complex to the Wnt–LRP5/6–Dv1 complex at the cell membrane 
(75–80). Recruitment of the Axin–GSK3–CK1 complex inhibits 
the interaction between this complex and APC and β-catenin to 
form the destruction complex. As a result, the level of β-catenin 
will be increased in the cytosol, and this surge will enhance the 
translocation of β-catenin into the nucleus (75–80). Following 
translocation into the nucleus, β-catenin binds to the N-terminal 
T-cell factor/lymphoid enhancing factor and induces the expres-
sion of Wnt-directed genes involved in cellular development and 
maintenance (75–80).

�e Wnt signaling pathway is regulated by several means, 
such as by two serine/threonine phosphatases: protein phos-
phatase 1 (PP1), and protein phosphatase 2A (PP2A) (75–80). 
�ese phosphatases bind Axin, APC, GSK3, and CK1 to inhibit 
their interaction with β-catenin. PP1 enhances the dephospho-
rylation of Axin and leads to the disruption of the GSK3–Axin 
interaction, and ultimately inhibits the formation/disruption of 
the multi-protein destruction complex, whereas PP2A dephos-
phorylates β-catenin directly (75–80). However, despite being 
subjected to such tight regulation, alterations in genes encoding 
various components of Wnt/B-catenin signaling such as Wnt, 
Fzd, APC, and LRP5/6 have been reported in numerous studies. 
Alterations in genes encoding APC have been described in spo-
radic colorectal cancer development. On the other hand, altera-
tion in the porcupine enzyme-encoding gene, which resides in 
the endoplasmic reticulum (ER) and facilitates the process of 
Wnt secretion, has also been demonstrated in focal dermal 
hypoplasia (75–80). Canonical Wnt pathway involvement in 
head and neck squamous cell carcinoma (HNSCC) has also 
been reported in various studies. Evidence for this association 
has been provided by cDNA arrays on a patient sample, which 
showed that expression of Fzd, Fzd homolog 3, and Dv1 homolog 
genes, key components of the Wnt signaling pathway, were two-
fold to �vefold raised in patients with HNSCC compared with 
normal patient tissue (75–80). Similarly, increased expression 
of Fz has also been observed in gastrointestinal carcinomas. 
�is Fz upregulation is associated with increased interaction of 
Wnt-Fz and has been demonstrated in several GIT carcinomas 
(Figure 2) (75–80).

INNATE AND ADAPTIVE IMMUNITY: 

INFLAMMATION AND CANCER

�e innate immune system confronts pathogens via a large 
number of diverse pathogen-recognition receptors (PRRs) and 
by the generation of nonselective and random antigen-speci�c 
receptors molecules (81). �e innate immune system comprises 
mucosal epithelial barriers, immune molecules, and immune 
cells. Innate immunity is without memory and is non-speci�c 
in nature and is involved in the presentation of antigens to the 
adaptive immune cells (81). �e innate immune system generally 

recognizes the PAMPs expressed by the pathogen via PRRs and 
induces the activation of transcriptional factors including NF-κB 
(81). PRRs comprise nucleotide-binding domain-like receptors 
(NLRs), TLRs, and retinoid inducible gene-1-like receptors, 
which are involved in PAMP recognition. PAMPs induce innate 
immune responses and increase the expression of in�ammatory 
cytokines such as IFNs, ILs, and TNFs. TLRs are vital members 
of the PRR family, expressed by numerous cells of the body. 
TLRs mediate the induction of downstream signaling cascades 
in dendritic cells (DCs) such as NF-κB via the MyD88 pathway 
followed by activation of the acquired immune system. �e NLR 
component of the PRRs resides in the cytoplasm and is con-
cerned with the sensing of internal signals. �e NLR and TLR 
pathways overlap when activated by their ligands, such as LPS 
(82–84). NOD proteins NOD1 (CARD4) and NOD2 (CARD15) 
are regarded as the �rst reported PRRs located intracellularly 
for the recognition of PAMPs. �e NLR family is also known as 
NATCH–LRR, NOD–LRR, and CATERPILLAR and is involved 
in various host immune responses (82–84). NLRs composed of 
three well-distinguished domains: pyrin (PYD) e�ector domain, 
or amino-terminal CARD (caspase recruiting domain), of which 
NAIP and NOD5 are exceptional cases in which these domains are 
absent; NACHT domain or nucleotide-binding and oligomeriza-
tion domain; and carboxy-terminal LLRs with varying numbers 
(82–84). NLR proteins are divided into two major sub-classes, 
the NOD proteins having 5 members including NOD1, NOD2, 
NOD3, NOD4, and NOD5 (they have a CARD e�ector domain) 
and 14 members of the NALP clan (they have a PYD e�ector 
domain in contrast to a CARD domain) (82–84). Of the two 
CARD-containing domains, CIITA, IPAF, and a BIR-containing 
(baculovirus IAP repeat) NAIP domain comprise 22 members of 
the NLR protein family that are known to date. NOD1 and NOD2 
proteins recognize bacterial peptidoglycan-derived components 
such as meso-diaminopimelic acid (DAP) and muramyl dipeptide 
(MDP), respectively (82–84). Following recognition of DAP and 
MDP, NOD2 recruits RIP2, which in turn activates MAPKs and 
the NF-κB pathway (82–84). �e mechanism of MDP entry into 
the cytoplasm is still unknown. Furthermore, it is also unknown 
how MDP is recognized by NOD2; however, the LRR domain is 
necessary for MDP-mediated signaling (82–84).

Acquired immunity is more speci�c compared with innate 
immunity and possesses memory immune cells, which upon 
subsequent exposure to the same antigen, result in robust acti-
vation of the immune machinery (84). T  cells, a�er encounter 
with pathogens, are clonally expanded and are di�erentiated 
into various subsets, such as �1, �2, �17, and Treg cells (85). 
�1  cells are active against intracellular bacteria, whereas �2 
cells are involved in allergic reaction and also confer protection 
against parasitic infections (85). �17 cells respond to extracel-
lular bacteria and fungi, whereas Treg cells aid in tissue repair 
and remodeling. However, inappropriate activation of T cells is 
also implicated in various in�ammatory conditions by produc-
ing excessive pro-in�ammatory cytokines (86). �e various cells 
involved in innate immunity include macrophages, neutrophils, 
and DCs. Both components of the immune system, innate and 
adaptive, augment the e�ect of each other to resist and protect the 
body against the invading microorganism (83).

https://www.frontiersin.org/Immunology/
https://www.frontiersin.org
https://www.frontiersin.org/Immunology/archive


9

Qu et al. Immunological Approaches Towards Cancer

Frontiers in Immunology | www.frontiersin.org March 2018 | Volume 9 | Article 563

ROLE OF VARIOUS IMMUNE CELLS IN 

INFLAMMATION AND CANCER

Various immune cells partake in tumor immunity either to 
inhibit or promote cancer initiation (87). However, the exact role 
of immune cells in tumor immunity is yet to be determined. In 
tumor immunity, e�ectors cells such as NK cells, and CD4+ and 
CD8+ cells are in competition with Treg cells, because Treg cells 
strongly inhibit e�ector cells that mediate antitumor immunity 
(87). T  lymphocyte penetration into the tumor microenviron-
ment is found to have a signi�cant impact on tumor suppres-
sion and an improved patient condition. However, tumors still 
grow and survive despite lymphocyte in�ltration into the tumor 
microenvironment (88). Following the activation and maturation 
of T cells into either CD4+ T helper or CD8+ cytotoxic T cells, they 
play a critical role in in�ammation and tumorigenesis. Similarly, 
the stimulation of CD4+ helper and CD8+ cytotoxic T  cells by 
immunotherapy has shown encouraging results in cancer therapy 
(89). CD4+ T helper cells and CD8+ T cells that synthesize INF-
γ cytokines are believed to exert an antitumor e�ect by killing 
tumor cells and restricting tumor growth (28). �e presence of 
INF-γ cytokines at the tumor microenvironment has a positive 
impact on tumor prognosis (28). However, the role of T cells has 
also been implicated in the development of gastric cancer second-
ary to H. pylori infection (90–92).

Macrophages are a primary component of the innate immune 
system and the �rst cells to initiate in�ammation a�er engulf-
ing foreign product; thus, they are utilized in many in  vitro 
in�ammatory studies (93). Macrophages predominate in chronic 
in�ammation and reside in the tissue, a�er circulating monocytes 
leave the circulation and become part of the tissue macrophages. 
Macrophages exist in two polarized states: M1 polarized mac-
rophages produce pro-in�ammatory cell-mediated responses, 
whereas M2 polarized macrophages play a role in immune 
suppression, tissue regeneration, and wound healing (94). 
Macrophages are involved in phagocytosis, cellular and microbial 
product degradation, and apoptosis (95). M2 macrophages syn-
thesize IL-10 anti-in�ammatory cytokines at a higher concentra-
tion when compared with M1 macrophages, thus maintaining a 
proper and balanced immune response (96). Neutrophils, also 
known as polymorphonuclear leukocytes, contribute at the highest 
concentration to the leukocyte pool. Previously, neutrophils were 
only known to be involved in anti-microbial activity. However, 
diverse functions of neutrophils have subsequently been identi-
�ed, including regulation of innate and acquired immunity and 
its promising role in tumor immunity (97). TANs are shown to 
be involved in primary tumor progression; however, inhibition 
of the TGF-β signal recruits antitumor TAN cells. Similarly, neu-
trophils in patients with cancer prevented tumor metastasis by 
eradicating the metastatic cancer cells (98). �e contribution of 
TANs to tumor development ranges from its initiation, invasion, 
and metastasis to angiogenesis. TANs have a negative impact on 
various tumors in patients, such as renal cancer, glial cell cancer, 
melanoma, hepatic carcinoma, colon tumor, and gastric and cer-
vical cancers (99). In the case of the immune response, both neu-
trophils and macrophages act together against tumors. TANs and 
tumor-associated macrophages in the tumor microenvironment 

show a signi�cant plastic nature. Dysfunctional macrophages 
at the tumor site attract neutrophils to initiate and sustain the 
process of angiogenesis and tumor progression in a paracrine 
fashion (100). Di�erent studies reported that a high number of 
neutrophils and a high neutrophil/lymphocyte ratio (NLR) are 
related to poor outcome. Patients with T4 head and neck cancer 
exhibit a higher neutrophil count than patients with T1 and T2 
types (101). A low concentration of TANs was associated with a 
better 5-year survival in stages III and IV cancer patients than 
a higher concentration of TANs in patients with squamous cell 
carcinoma. Similarly, high NLR has been correlated with poor 
cell di�erentiation, advanced stage tumors, worse prognosis, 
metastasis, and relapses (102).

MEDIATORS: CANCER, INFLAMMATION, 

AND THE IMMUNE SYSTEM

Cytokines are key signaling molecules of in�ammation and 
the immune system. Cytokines are synthesized in response to 
an altered homeostatic environment and take part in diverse 
cellular functions. �ey are usually classi�ed into two classes: 
anti-in�ammatory cytokines, such as IL-4, IL-10, IL-13, IFN-α, 
and TGF-β, and pro-in�ammatory cytokines, such as IL-1β, IL-6, 
IL-15, IL-17, IL-23, and TNF-α (103). TGF-β highly in�uences 
various functions of the immune system. It has a plethora of 
e�ects on the cells of the acquired immune system, especially 
on CD4+ T  cell e�ectors and regulatory responses (104). In 
normal embryological body development, TGF-β induces potent 
apoptosis (105). However, it also regulates apoptotic, angiogenic, 
immunogenic, and anti-tumorigenic responses in the adult 
(106). Despite its pro-apoptotic role in the initial tumor setting, 
a controversial tumorigenic role of TGF-β has been reported in 
the late phase, owing to cell resistance to its inhibitory signals 
(107). TGF-β negatively a�ects the activity of various immune 
cells including NK cells. It suppresses NK cell growth and activ-
ity and induces the synthesis of IFN-γ (108). Although TGF-β 
suppresses the growth of normal as well as transformed cells, in 
pancreatic ductal adenocarcinoma, it is tumorigenic by promot-
ing angiogenesis and immune suppression, and also by rendering 
chemoresistance and facilitating invasion and metastasis (109). 
Similarly, TNF-α is considered as an anti-tumorigenic factor at 
high concentration (110); however, at moderate concentration, 
TNF-α can stimulate angiogenesis, metastasis, and cause damage 
to the DNA as shown in animal models (111). TNF-α is mostly 
synthesized by macrophages as well as by cancerous cells in 
small amounts (110). Several studies have reported that the pro-
tumorigenic e�ect of TNF may be mediated by inhibiting DNA 
proofreading and DNA repair mechanisms (4). �e IL-1β family 
of cytokines consists of several members and is implicated in the 
growth and development of several human tumors including 
esophageal, gastric, colorectal, and ovarian cancers (112). IL-1 
together with TNF-α are alarming cytokines, secreted by various 
immune cells. IL-1β potentiates its own as well as the produc-
tion of other pro-in�ammatory factors including NO, COX-2, 
chemokines, cytokines, and metalloproteinases (MMPs) (113). 
IL-1 produced under the in�uence of leptin indirectly increases 
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the expression of VEGF/VEGFR-2. �is triad of cross talk 
between leptin, IL-1, and VEGF increases growth and survival in 
breast tumors and promotes angiogenesis (114). IL-2 is synthe-
sized mainly by T helper cells (115). At high doses, IL-2 activates 
CD8+ cytotoxic T cells and is thus approved for the management 
of various tumors (115). IL-2 is an important factor in promot-
ing the growth and stimulation of CD8+ T cells and NK cells. In 
a study of CD8+ T  cell di�erentiation into long-lived memory 
precursor e�ector cells (MPECs), T cells expressing CD127hi and 
KLRG1lo and short-lived e�ector cells (SLECs) expressing KLRGhi 
and CD127lo are regulated by B-lymphocyte-induced maturation 
protein 1 (Blimp-1). However, IL-2 increases Blimp-1 expression 
in CD8+ T cells. �is Blimp-1 expression favors the di�erentia-
tion of CD8+ T cells into SLECs during acute infection, whereas 
Blimp-1-de�cient CD8+ T cells are di�erentiated into long-lived 
MPECs (116).

Among, IL-6 is a pro-tumorigenic cytokine by engaging with 
the K-Ras oncogene in pancreatic and lung cancers. Lung adeno-
carcinoma shows an increased level of IL-6 and was related to 
poor patient quality of life (117). High serum levels of IL-6 were 
observed in 37% of MM cases. In patients with increased levels of 
IL-6, MM behaves more aggressively, exhibiting a higher growth 
rate and worse prognosis (112). �e pro-tumorigenic nature of 
IL-6 has been studied in various cancers including breast, pan-
creas, renal, and prostate tumors. Similarly, various researchers 
found an increased blood IL-6 level in individuals with colorectal 
cancer, while its concentration was directly correlated with colo-
rectal cancer size, stage, metastatic state, and patient survival. 
Concordantly, IL-6 is a major contributor in IBD, mainly by 
acting on GIT immune cells, and activates mucosal immune cells 
and renders them more resistant to apoptosis. �is resistance to 
apoptosis is conferred by activating anti-apoptotic genes such as 
Bcl-x and Bcl-2 (118). IL-6 performs various pro-in�ammatory 
functions in di�erent pathophysiological conditions including 
Crohn’s disease and rheumatoid arthritis (RA)-associated in�am-
mation (119).

In contrast to other pro-in�ammatory cytokines, IL-10 plays 
a critical role in the in�ammatory response by restricting the 
synthesis of several pro-in�ammatory mediators including TNF-
α, IL-6, and IL-12. IL-10 hinders many immune cell functions 
including macrophage-mediated pro-in�ammatory cytokines. 
Lack of IL-10 has been shown to predispose individuals to vari-
ous pro-in�ammatory conditions such as IBD, while exogenous 
IL-10 administration in  vitro resolved the in�ammation and 
also inhibited autoimmune responses (94). IL-10 synthesized 
by anti-in�ammatory macrophages inhibits the cardinal anti-
in�ammatory signaling pathway of NF-κB, thus limiting in�am-
mation and facilitating tissue repair and remodeling (120).

Similar to other cytokines, VEGF is also implicated in various  
tumorigenic conditions and regulates the process of angiogenesis. 
Endothelial cells divide only in disease states such as tumors, 
endometrial growth, and injury. Angiogenesis is triggered by 
various angiogenic factors including VEGF, EGF, TNF-α, and 
IL-8; however, VEGF is a critical angiogenic factor (121). Studies 
show that VEGF enhances cell proliferation, permeability, 
migration, and increases cell survival by inhibiting apoptosis. 
On the other hand, VEGF-targeted therapies have been shown 

to inhibit tumor growth, angiogenesis, and permeability (122). 
VEGF receptors are expressed by human colorectal cancer cells. 
One study showed that VEGF exhibits anti-apoptotic activity in 
colorectal carcinoma (CRC) cells via a novel intracrine pathway 
rather than by paracrine and autocrine canonical pathways. �is 
novel intracrine signaling pathway has been exploited to treat 
VEGF-mediated angiogenesis (Figure 3) (123).

NOVEL IMMUNOTHERAPEUTIC 

APPROACHES TOWARD CANCER

Immune therapeutic-based current approaches comprise vaccines, 
chimeric antigen receptor (CAR)-expressing T  cells, immune 
checkpoint inhibitors, and bispeci�c antibodies. �e basic aims of 
all these therapies are to amplify the “killing power” of various 
immune cells and to target the malignantly transformed cells (124).

IMMUNE CELL-MEDIATED 

IMMUNOSTIMULATORY APPROACHES 

TOWARD CANCER

�e basic focus of the immunotherapeutic approach is to amplify 
the immune response speci�cally against tumor cells (125). 
Various immune cells such as macrophages, neutrophils, and 
microglial cells have been tried for drug delivery to treat tumors. 
Similarly, T cells secreting IL-2 have been used to treat tumors 
in the past. Recently, adoptive cell transfer (ACT) has utilized 
tumor-in�ltrating lymphocytes (TILs) obtained from the tumor 
microenvironment or from circulating peripheral T cells. ACT is 
infused back into lymphodepleted patients a�er ex vivo expan-
sion (126). However, TILs expressing a T-cell receptor (TCR) 
population of a heterogeneous nature have been directed against 
various antigens. To overcome this problem and improve TIL 
tumor targeting, T cells are modi�ed by genetic engineering to 
express α/β-TCR or CARs along with native TCRs. CARs have 
two domains, including an extracellular domain speci�c for anti-
gen binding plus one or two intracellular T cell signaling domains 
(126). �ese arti�cial recombinant CARs cause the production of 
reactive T cells directed against the tumor antigen. Furthermore, 
these arti�cial CARs do not require MHC molecule and T cell 
interaction, instead acting directly against cells expressing tumor 
antigens. However, this therapy has certain limitations such as to 
produce CAR cells in higher amounts ex vivo, which may com-
promise its in vivo activity and endurance (126). Finally, α/β-TCR 
and CARs can also bind target protein on normal (non-tumor) 
cells and exhibit toxicity (126).

Furthermore, the current regimen using autologous ACT is 
quite time-consuming, expensive, and very di�cult to obtain 
su�cient CAR-T  cell with appropriate quality for the elder 
and newborn patients. �us, to ensure the easy availability of 
CAR-T therapy, the development of allogeneic adoptive transfer 
approach is highly desirable, which utilizes the universal CAR-T 
obtained from the healthy donor derived T cells to exploit against 
multiple diseases (127). To make this approach workable, the αβ 
TCR on allogeneic CAR-T cells should be removed to inhibit the 
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gra�-versus-host responses and human leukocyte antigens class 
I (HLA-Is) should be eliminated to render their immunogenicity 
minimized. It was previously reported that TCRα subunit constant 
(TRAC) mutation trigger the loss of αβ TCR on T-cell surface and 
beta-2 microglobulin (B2M) is necessary for the HLA-I heterodi-
mers expression on cell surface (127). �us, to develop the most 
potent and universal CAR-T cells, multiple genes elimination will 
be required simultaneously as described. �e multiple gene edit-
ing within CAR-T induced by (CRISPR) and CRISPR-associated 
protein 9 (Cas9) system (CRISPR-Cas9), e�ciently leads to the 
development of TRAC and B2M, and was evaluated in vivo as well 
as in vitro and exhibited signi�cant inhibitory activity against the 
lymphoma xenogra� mouse model (127).

Multiple myeloma is the malignancy of mature B-cells, con-
�ned to bone marrow. In MM, the tumor microenvironment 
is in�ltrated by various cells and their intercommunication 
leads to the ampli�cation of MM cell growth and survival (128).  
In MM, type 1 NK  cells were found to be functionless and 
unable to produce IFN-γ, despite their detectable level in the 
body. A study was conducted to evaluate the role of NK type 
1 cells on the growth of MM cells. DCs loaded with α-GalCer 
were injected into patients with MM myeloma (two doses per 
month). �e results demonstrated that the NK  cell number 
was increased up to 100 times and the patient overall condi-
tion was improved. �e MM cells expressed CD1d molecules 
at the early stage and were sensitive to the NK cells. However, 
as the tumor advanced, the CD1d expression was decreased 

and correlated with decreased survival and poor outcome. �e 
monoclonal anti-CD1d antibodies directed against the CD1d 
in vitro induced apoptosis via increasing the expression of Bax 
pro-apoptotic genes (128). �e murine study revealed that DCs 
loaded with α-GalCer signi�cantly increased invariant NK cells 
synthesizing IFN-γ, while increasing the survival of MM mice 
by up to 1  week. Similarly, a vaccine composed of α-GalCer-
loaded MOPC315BM myeloma cells signi�cantly reduced 
tumor growth and proliferation. Furthermore, the vaccine also 
increased overall survival and upregulated antibody-mediated 
and cellular responses such as CD8+ T cytotoxic activity, induced 
memory cells, and suppressed Treg cells (129).

Dendritic cell-mediated immune activation o�ers several 
advantages, including a good safety pro�le and rare association 
with immune-related toxicities. DCs can be administered alone 
a�er chemotherapy or they can be loaded with various types 
of antigens such as peptides, proteins, whole tumor lysate, or 
genetic material delivering the desired antigen (electroporated 
DNA, RNA, or transduced virus) ex vivo before infusion into the 
patients. �e use of whole cell as an immunotherapy o�ers an 
advantage that will present a range of tumor-associated antigens 
from that particular tumor to the immune system, therefore pre-
dicting a better immune response. DCs loaded with hypochlor-
ous acid-oxidized whole tumor lysate (inducing primary necrosis 
and enhancing the immunogenicity of lysed tumor cells) show 
encouraging results in patients with ovarian cancer. �e whole 
tumor cells that were tried for the treatment of ovarian cancer 
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were autologous tumor cells electroporated with FANG vector, 
i.e., gemogenovatucel-T (FANG vaccine), plasmid-encoded 
granulocyte macrophage-colony stimulating factor (GM-CSF; 
a potent stimulator of DC maturation), and a bi-shRNA target-
ing furin convertase, thereby downregulating TGF-β1 and -β2 
endogenous immunosuppressive growth factors (130).

CYTOKINE-MEDIATED 

IMMUNOSTIMULATORY APPROACHES 

TOWARD CANCER

Currently, research is in progress to target cancer by enhancing 
the immune system. �e introduction of antibodies against 
immune checkpoint inhibitors such as PD-1 and cytotoxic T lym-
phocyte antigen-4 (CTLA-4) instead of targeting the tumor is a 
novel approach for cancer treatment (131). Similarly, the hypoxic 
and adenosine-rich “hypoxia-A2-adenosinergic” (A2AR) tumor 
microenvironment inhibits T  cell and NK  cell in�ltration into 
the tumor microenvironment. In the tumor microenvironment, 
hypoxia induces the synthesis of hypoxic inducible factor-1α 
(HIF-1α). In turn, HIF-1α tends to convert ATP/ADP into aden-
osine extracellularly via CD73/CD39 enzymes. �is adenosine, 
concentrated extracellularly, acts on A2AR and A2BR (hypoxia- 
A2-adenosinergic receptors) to induce the synthesis of immu-
nosuppressive cAMP. A study reported that antagonists that 
target the A2AR and A2BR, on one hand, enhance the T  cells 
e�ector function against the tumors, while on the other hand, 
also induce apoptosis in the cancerous cells and INF-γ, which 
further prevented angiogenesis (131). To overcome pathways 
of immune evasion, di�erent strategies have been devised, 
particularly to target CTLA-4 and PD-1 inhibitors expressed by 
activated immune cells. CD28 molecules expressed by T cells give 
out a costimulatory signal to APC B7 molecules, while CDLA-4 
interrupts this costimulatory signal between activated T cells and 
APCs, thus suppressing the immune system. �erefore, CTLA-4 
inhibitors reverse the immune suppression and T cell responses 
against tumors cells. PD-1 interacts with two ligands, such as 
PD-L1 and PD-L2. PD-1 interacts with stimulated cytotoxic 
CD8+ cells, rendering them unable to perform cytotoxicity, while 
PD-1 inhibitors activate CTLs to respond against the tumorigenic 
cells (132).

�e chemokines CXCL1, CXCL2, CXCL3, CXCL4, CXCL5, 
CXCL6, CXCL7, and CXCL8 interact with their respective 
receptors. �is interaction facilitates the chemotaxis of various 
in�ammatory cells toward the site of in�ammation. CXCR2 
promotes the migration of neutrophils from bone marrow 
to the circulation and recruits the neutrophils to the site of 
in�ammation. Myeloid-derived suppressor cells (MDSCs) are 
also in�uenced by CXCR2. CXCR2 is implicated not only in 
cancer development but also facilitates the process of metastasis. 
CXCR2 is essential for colon and skin tumorigenesis and lung 
cancer metastasis. CXCL1 and CXCL2 produced at the site of 
cancer enhance MDSC in�ltration and metastasis (133). �e role 
of the triad of neutrophils, MDSCs, and CXCR2 has been impli-
cated in pancreatic tumors, and an elevated neutrophil count 
showed poor outcome in patients with pancreatic tumors (133). 

Furthermore, an increased level of CXCL5 chemokines not only 
promotes metastasis but is also related to worse prognosis (133), 
while CXCR2 inhibitors regress pancreatic tumor development 
in mice model (133).

IL-24 is synthesized by various cells including monocytes, 
T cells, B cells, dermal keratinocytes, and by stimulated colonic 
sub-epithelial myofibroblasts under the influence of IL-1 
cytokines (134). IL-24 induces cancer cell death at high con-
centrations, triggers autoimmune responses, cardiovascular  
protection, inhibits keratinocyte growth, and possesses anti-
bacterial activity (134, 135). IL-24-binding receptors such as 
Sigma-1 receptor (Sig1R) are highly expressed by cancerous 
cells and are involved in inflammation and cancer-related 
apoptosis. In view of the above discussion, Sig1R could poten-
tially be a target for both inflammatory disease and cancer 
treatments. Recent evidence suggests that Sig1R is highly 
expressed on tumor cells and is associated with cancer invasion 
and metastasis. Correspondingly, IL-24 interaction with Sig1R 
offers a possible novel approach to cancer therapy via targeting 
IL-24 Sig1R. IL-24 exerts an antitumor effect by sensitizing 
transformed cell chemotherapy, facilitating cancer cells apop-
tosis, and hindering the process of angiogenesis (134). IL-24 
inhibits angiogenesis by decreasing the count of the CD31+ 
angiogenic marker on T cells. In addition, IL-24 suppresses the 
synthesis of angiogenic factors including FGF, VEGF, TGF-β, 
and IL-8 synthesized by cancer cells, in turn inhibiting the 
differentiation of endothelial cells (136). Similarly, IL-24 also 
inhibits metastasis by inhibiting the synthesis of focal adhesion 
protein-2 and -9 and amplifying the synthesis of E-cadherin 
membrane family receptors. E-cadherin receptors are respon-
sible for cell-to-cell adhesion (134). IL-2 is fundamental for the 
differentiation of naïve T cells into either effector or memory 
cells, and for Treg cell maintenance and maturation. IL-2 also 
regulates NK cells and T cell development and maturity. IL-2-
mediated stimulation of NK cells and cytotoxic T cells secrete 
IFN-γ, which further facilitates the infiltration and activation 
of T cells into the tumor microenvironment. IFN-γ not only 
favors cancer cell apoptosis but also increases MHC-1 and 
MHC-2 molecule expression, thus helping the cytotoxic cells 
to recognize the tumor cells expressing the CD80 marker and 
target for cytotoxicity (115). Furthermore, the administration 
of IL-2 can lead to durable, complete, and apparently curative 
regressions in patients with metastatic melanoma and renal 
cancer (137).

VEGFRs are conjugated with tyrosine kinase activity intracel-
lularly. Drugs such as sunitinib that target VEGFRs have improved 
overall survival in patients with RCC (138). IL-6 and TNF-α are 
o�en synthesized together during in�ammation, stress, RA, and 
are even induced together by IFNs. Antibodies directed against 
TNF-α are considered as a �rst target and have proved clinically 
e�ective against RA (139, 140). Elevated levels of IL-6 have been 
observed in pathological conditions including RA, juvenile idi-
opathic arthritis (JIA), IBD, allergic asthma, multiple sclerosis, 
and serum lupus erythematosus (SLE). Monoclonal antibody 
blockade of IL-6 proved e�ective in the treatment of RA and JIA. 
However, anti-IL-6 monoclonal antibodies are under trial for the 
treatment of SLE and Crohn’s disease (139, 140).
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VACCINE-BASED IMMUNOSTIMULATORY 

APPROACHES TOWARD CANCER

Over time, the concept of a link between cancer and immune 
system has emerged. �is concept lead to the use of bacillus 
Calmette–Guérin (BCG) in mice with an implanted tumor, 
which confers protection against tumor progression (141–143). 
Consequently, BCG injection under the direction of endoscopy 
into the bladder lesion caused successful complete remission 
(CR) of melanoma secondary to bladder tumor metastasis. BCG 
use as an immunotherapeutic agent was �rst reported by Alvaro 
Morals in 1976 and is the most successful event in the history of 
tumor immunotherapy, used against urothelial carcinoma (UC). 
It is still one of the most fascinating areas in ongoing urological 
research. BCG is considered a standard therapeutic modality in 
patients with non-muscle invasive bladder cancer with high risk 
and provides evidence that the immunotherapeutic approach 
in UC could be e�ective. Immunotherapy o�ers one of the best 
options for the treatment of bladder carcinoma, owing to several 
reasons, such as that bladder tumor is associated with a greater 
mutation rate and exhibits a high antigenic nature (141–143). 
Similarly, the immunotherapeutic agent is administered directly 
into the bladder (intravesical route), causing selective tumor 
cell death. Despite being used as immunotherapeutic agent in 
various malignancies, its exact mechanism is still unknown (141). 
However, it is proposed that BCG stimulates the immune system 
and triggers an in�ammatory response (141–143). Following 
these events, BCG becomes attached and internalized via macro-
pinocytosis by uroepithelial cells, and in response, increases 
MHC-2 molecule and cytokine expression. Under the in�uence 
of cytokines, the tumor microenvironment is in�ltrated by 
lymphocytes. �e lymphocytic in�ltration is dominated by �1, 
which is associated with the release of cytokines that induce the 
activation of CTLs and NK cells to exert cytotoxic activity. Several 
strains of BCG modi�ed by recombinant technology have been 
develop that cause the synthesis of IL-2, IL-12, IL-18, IFN-α, and 
IFN-γ. With the intention to enhance its therapeutic potential, it 
is, however, currently in the preclinical phase and no human trials 
have yet been conducted (141–143).

Another immunomodulatory approach is the use of oncolytic 
viruses. Oncolytic viruses cause the death of the speci�c cells in 
which it is replicating and releases additional oncolytic viruses 
and tumor antigens. �e serotype-5 oncolytic adenovirus CG0070 
has been developed and tested in mice. �ese viruses speci�cally 
replicate in cells de�cient for the RB pathway and have the gene 
for GM-CSF, an immunomodulatory cytokine. �is virus vaccine, 
during a phase 1 trial in 35 human subjects with UC a�er intravesi-
cal administration, demonstrated that with a 10.4-month median 
duration, 49% of patients responded completely. In patients with 
RB status, the response was higher than 80%, whereas in those 
receiving six weekly doses, the response was 70%. However, 
phase 2/3 trials are underway for its complete evaluation (141, 
142, 144). Correspondingly sipuleucel-T is the �rst FDA-licensed 
cellular immune therapy vaccine against non-viral cancer (145). 
�e vaccine-based cellular approach composed of autologous or 
allogeneic tumor cells, which have limited immunogenicity and 
are genetically engineered to express cytokines, chemokines, and 

costimulatory signaling molecules. In particular are cytokines 
such as IL-4 and GM-CSF and costimulatory molecule CD80, 
which stimulate APCs to increase the expression of tumor 
antigens. As compared to immunization with GM-CSF, IFN-α 
and IL-12 peripheral immunization of rats with IL-4-transfected 
9L cells achieved greater therapeutic outcome in rats having 9L 
gliosarcoma in preclinical studies. Similarly, IL-4 ampli�es the 
�1-type antitumor response when secreted locally at the vaccine 
site (125), and a more potent response was observed when IFN-α 
was locally administered along with IL-4 in intracranial tumor 
(125, 146).

Similarly, two viral vaccines are exploited for ovarian vaccine 
tumor treatment. One group of vaccines targets the “cancer-
testis” antigen NY-ESO-1, engineered into fowlpox (rF) as 
a booster and vaccinia (rV) as a prime and as a vaccination.  
A phase 2 clinical trial of the stated vaccine in 22 subjects with 
advanced ovarian cancer expressing NY-ESO-1, associated with 
high risk of recurrence, showed encouraging results (147). �e 
second group of viral genetic vaccines tested in ovarian cancer 
(PANVAC-C  +  PANVAC-V) involved a poxviral vaccine that 
is genetically engineered with CEA-MUC1-TRICOM (B7.1, 
ICAM-1, LFA-3) into fowlpox (PANVAC-C) as a booster and 
vaccinia (PANVAC-V) as a prime vaccination. �e second genetic 
vaccine tested in ovarian cancer (PANVAC-C + PANVAC-V) was 
a poxviral vaccine, in which the CEA-MUC1-TRICOM (B7.1, 
ICAM-1, LFA-3) was engineered into vaccinia (PANVAC-V) 
as a prime and fowlpox (PANVAC-C) as a booster vaccination. 
Currently, these vaccines are also under clinical trials, in di�erent 
phases (130).

TARGETED APPROACHES TOWARD 

CANCER

Currently, available therapeutic agents have an inadequate distri-
bution and pharmacokinetic pro�les. �e anticancer drugs used 
have a small molecular weight and are thus rapidly distributed 
and cleared from the circulation (148, 149). Owing to rapid 
clearance, anticancer drugs are eliminated before showing suf-
�cient intended therapeutic action, while poor accumulation 
in cancerous tissue and distribution to non-cancerous tissues 
is associated with high toxicity (149). �us, various strategies 
have been devised to make cancer therapy more e�ective by 
targeting speci�cally expressed biomarkers including protein, 
lipid, mutated genes, carbohydrate, and RNA and by using 
nanoparticulate systems (150). Nanoparticles concentrate in 
tumor tissue passively via an enhanced permeation and reten-
tion e�ect. �is accumulation of drug (nanoparticle) in the 
tumor microenvironment is facilitated by the inappropriate 
angiogenesis related to the tumor (151). Angiogenesis is an 
important hallmark of cancer progression. �us, the process of 
angiogenesis can be inhibited by using a liposome-based targeted 
drug delivery system (152). In addition, the discovery of cancer 
stem cells (CSCs) has been a major milestone in the development 
of e�ective therapies against cancers (153). Normal stem cells 
and CSCs share similar properties via di�erentiation into all 
cell types. However, CSCs are tumorigenic cells, and all types 
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of cells are present only within the tumor microenvironment  
(153, 154). CSCs not only di�erentiate into multiple cell types 
but also maintain their population at similar levels to normal 
stem cells (153). Researchers have focused on CSCs owing to 
their ability to generate new tumor cells. �us, CSCs are a major 
hurdle for tumor CR and are associated with relapses. �e use of 
conventional cytotoxic agents to target CSCs is lacking speci�city, 
and increasing the dose also increases the risk of adverse e�ects 
(153, 154). However, these problems could be overcome by 
using either nanoparticles or increasing the transport e�ciency 
of drug into the tumor microenvironment. �e transfer of drug 
into the cell is a�ected by the transporter that pumps the drug 
out of the cells and hence decreases its concentration within the 
cell. One of the most important drug transporters is the ABC 
transporter system, which pumps the di�used drug out of the cell 
(155, 156). However, nanoparticles enter the cell by the process 
of endocytosis and by bypassing these transport mechanisms. In 
addition, nanodrugs can be exploited to target cancer cells, either 
actively or passively (155, 156). Active drug delivery involves 
the binding of ligand directed against speci�c receptors, while 
passive targeting involves altering the blood supply toward the 
tumor microenvironment (155, 156).

�e standard therapeutic protocol against the advanced small 
cell lung cancer is cispaltin + etoposide (C + E); however, most 
patients treated with this protocol have limited survival rate and 
showed higher relapse rate (157). However, this protocol proved 
fruitful when used in combination with the histone deacetylase 
inhibitor belinostat an epigenetic agent and exhibited less side 
e�ects (157). Furthermore, the tumor necrosis factor-related 
apoptosis-inducing ligand has been implicated in inducing the 
process of apoptosis and the recombinant TRAIL (rTRAIL) was 
evaluated by Kim et  al. (158) against colitis-associated cancer 
(CAC) (158). �e early rTRAIL administration was related to the 
signi�cant inhibition of the colitis and CAC via reducing the in�l-
tration of the macrophages into the mucosa of the colon, inducing 
the scavengering with e�erocytosis and the synthesis of several 
growth factors compared with the late rTRAIL administration 
(158). Furthermore, the rTRAIL administration tends to acceler-
ate the process of tissue regeneration and trigger the resolution 
of in�ammation by NLRP3 (NACHT, LRR, and PYD domains-
containing protein 3) in�ammasome pathway. �e study revealed 
that rTRAIL can be used as chemopreventive agent because of 
inhibition of the colitis and colitis-related cancer rather than 
using as therapeutic agent (158).

�e resistance o�ered to the conventional chemotherapy is 
the major problem against the breast cancer. �e microRNA-
27b-3p (miR-27b) is a miRNA which is absent/deleted in the 
tissue of the patients with breast cancer and breast cancer cell 
lines which makes these cells chemoresistance, while its presence 
is related to the sensitization of the breast cancer cell to various 
chemotherapeutic agents (159). �is miR-27b administration 
reversed the resistance to paclitaxel treatment and produced 
synergistic e�ect via direct interaction with the CBLB and GRB2 
gene to inhibit the anti-apoptotic PI3K/Akt and MAPK/Erk 
signaling cascade and the combination of miR-27b with other 
chemotherapeutic agent have shown promising result against 
the breast cancer (159). �e conventional anticancer therapies 

are based on the inducing the cell apoptosis. But most cancer 
cells show resistance to the anticancer therapy and are defective 
in apoptotic induction (160). �us, to deal with this debilitating 
condition, the researchers have focused their attention on natural 
products such as Matrine, Saponins, Glabridin, and Platycodin 
D, which exhibit non-apoptotic programmed cell death (160).  
In addition, ribosome-inactivating proteins (RIPs) were exploited 
as potent cytotoxins that have potential anticancer properties. 
Mistletoe lectin 1 (ML1) is a heterodimeric cytotoxic protein 
present in European Mistletoe and belongs to RIP class II (161). 
�is compound mediates it anticancer activity via uptake into  
(i) glycan binding on the cell surface; (ii) clathrin-dependent and 
-independent endocytosis; (iii) redirection of the protein from 
endocytic vesicles to Golgi network and presumably its subse-
quent retrograde transport to the ER (161). �e ML1 follows 
this pathway for interacting with its molecular target to confer 
anti-proliferative and pro-apoptotic activity. �us, this targeted 
approach can be used for eradication of multidrug resistant 
tumor cells which respond poorly to anticancer drugs that are 
transported via ABC transporters (including P-glycoprotein and 
multidrug resistance proteins) (161).

�e endogenous immunity such as circulating anticancer 
antibodies or tumor reactive B cells within the cancer patients is 
historic and partly described concepts (162). �us, by identifying 
the speci�c tumor antigens, the discovery of antitumor antibody 
can be a breakthrough in the �eld of cancer immunotherapy 
(162). Moreover, the e�cacy of the most anticancer drugs is 
related to DNA damage induction. �e cancer tissues and cells 
associated with the expression of abnormal type of genes and 
the product of these abnormal genes are vital for the DNA repair 
mechanism o�er favorable target for the synthetic lethality (163). 
�is occurs when there is inactivation of two genes concurrently 
or the product of these genes induces cell death; however, the 
inactivation of these genes individually is not lethal in nature. �e 
evolution of this concept will lead to the developing of e�ective 
and personalized anticancer therapy (163). Currently, most of the 
tumors are treated by the systemic administration of anticancers. 
However, the e�cacy of these chemotherapeutic is hampered 
by various attributes (164). To improve the drug delivery to 
the tumor microenvironment (cell to tissue scale or single cell 
pharmacology), microscale pharmacokinetics/pharmacody-
namics (microPKPD) modeling framework was adopted. �is 
microPKPD modeling approach takes into account the explicit 
tumor tissue morphology, its metabolic landscape and/or speci�c 
receptor distribution (164).

FUTURE PROSPECTIVE

�e appropriate role of the immune system in both in�ammation 
and cancer is not yet absolutely established. However, immune 
cells inhibit or promote both in�ammation and cancer depend-
ing on the type of cells involved and an in�ammatory and tumor 
microenvironment. Furthermore, cytokines released by di�erent 
cells in response to cancer and in�ammation exert a plethora of 
e�ects on in�ammation and the cancer prognosis. �ese cytokines 
also modulate responses of the immune cells involved in in�am-
mation and tumor surveillance. Recently, several therapeutic 
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approaches have been developed to target the immune cells and 
in�ammatory cytokines. �e basic aim of all these strategies is to 
augment the response of the immune system toward in�amma-
tion and cancer. Immunotherapeutic approaches using immune 
cells or targeting immune cells involved in cancer and in�amma-
tion o�er novel approaches to treat these anomalies. Currently, 
cell- and vaccine-based therapies are under di�erent stages 
of development; during initial trials, they have shown positive 
outcomes. NK cells, T cytotoxic cells, and T helper cells are the 
focus of these therapies. Similarly, Treg immunosuppressant cells 
implicated in pathogenesis of several tumors and in�ammation 
also o�er a novel approach to treat several tumors. Immune cells 
loaded with antitumor drugs are also exploited for the treatment 
of various malignancies. In addition, the inhibitory molecules 
expressed by immune cells such as PD-1 and CTLA-4 expressed 
on cytotoxic T cells have been a focus of researchers to treat various 
tumors. Consequently, vaccine-based therapies are also evaluated 
to combat an in�ammatory and tumorigenic environment. BCG 

and several other vaccines are currently in clinical use, in one 
way or the other, for the treatment of tumors and other diseases. 
Currently, several monoclonal antibody therapies directed against 
cytokines are in clinical use, while many more are under di�er-
ent stages of development. Similarly, oncolytic viruses targeting 
tumors cells comprise another approach to deal with in�amma-
tion and cancer. However, to put the role of the immune system in 
in�ammation and cancer into proper perspective requires further 
evaluation.

AUTHOR CONTRIBUTIONS

All the authors contributed equally to this work.

FUNDING

�is work was funded by �e Norman Bethune Program of Jilin 
University (grant no. 2015328).

REFERENCES

1. Coussens LM, Werb Z. In�ammation and cancer. Nature (2002) 420(6917): 
860. doi:10.1038/nature01322 

2. Bekes EM, Schweighofer B, Kupriyanova TA, Zajac E, Ardi VC, Quigley JP, 
et al. Tumor-recruited neutrophils and neutrophil TIMP-free MMP-9 regu-
late coordinately the levels of tumor angiogenesis and e�ciency of malign-
ant cell intravasation. Am J Pathol (2011) 179(3):1455–70. doi:10.1016/j.
ajpath.2011.05.031 

3. Powell DR, Huttenlocher A. Neutrophils in the tumor microenvironment. 
Trends Immunol (2016) 37(1):41–52. doi:10.1016/j.it.2015.11.008 

4. Lu H, Ouyang W, Huang C. In�ammation, a key event in cancer development. 
Mol Cancer Res (2006) 4(4):221–33. doi:10.1158/1541-7786.MCR-05-0261 

5. Schetter AJ, Heegaard NH, Harris CC. In�ammation and cancer: inter-
weaving microRNA, free radical, cytokine and p53 pathways. Carcinogenesis 
(2010) 31(1):37–49. doi:10.1093/carcin/bgp272 

6. Patel SA, Heinrich AC, Reddy BY, Rameshwar P. In�ammatory media-
tors: parallels between cancer biology and stem cell therapy. J In�amm 

Res (2009) 2:13. 
7. Grivennikov SI, Greten FR, Karin M. Immunity, in�ammation, and cancer. 

Cell (2010) 140(6):883–99. doi:10.1016/j.cell.2010.01.025 
8. De Visser KE, Eichten A, Coussens LM. Paradoxical roles of the immune 

system during cancer development. Nat Rev Cancer (2006) 6(1):24–37. 
doi:10.1038/nrc1782 

9. Dunn GP, Koebel CM, Schreiber RD. Interferons, immunity and cancer 
immunoediting. Nat Rev Immunol (2006) 6(11):836–48. doi:10.1038/nri1961 

10. DeNardo DG, Coussens LM. In�ammation and breast cancer. Balancing 
immune response: crosstalk between adaptive and innate immune cells during 
breast cancer progression. Breast Cancer Res (2007) 9(4):1. doi:10.1186/ 
bcr1746 

11. Martignoni ME, Kunze P, Hildebrandt W, Künzli B, Berberat P, Giese T,  
et al. Role of mononuclear cells and in�ammatory cytokines in pancreatic 
cancer-related cachexia. Clin Cancer Res (2005) 11(16):5802–8. doi:10.1158/ 
1078-0432.CCR-05-0185 

12. Ben-Baruch A. Host microenvironment in breast cancer development: 
in�ammatory cells, cytokines and chemokines in breast cancer progression: 
reciprocal tumor-microenvironment interactions. Breast Cancer Res (2002) 
5(1):1. doi:10.1186/bcr554 

13. Berg DJ, Davidson N, Kühn R, Müller W, Menon S, Holland G, et  al. 
Enterocolitis and colon cancer in interleukin-10-de�cient mice are associ-
ated with aberrant cytokine production and CD4 (+) TH1-like responses. 
J Clin Invest (1996) 98(4):1010–20. doi:10.1172/JCI118861 

14. Nathan C. Points of control in in�ammation. Nature (2002) 420(6917):846. 
doi:10.1038/nature01320 

15. Nickolo� BJ, Ben-Neriah Y, Pikarsky E. In�ammation and cancer: is the link 
as simple as we think? J Invest Dermatol (2005) 124(6):x–xiv. doi:10.1111/ 
j.0022-202X.2005.23724.x 

16. Beasley RP, Lin C-C, Hwang L-Y, Chien C-S. Hepatocellular carcinoma and 
hepatitis B virus: a prospective study of 22 707 men in Taiwan. Lancet (1981) 
318(8256):1129–33. doi:10.1016/S0140-6736(81)90585-7 

17. Takano S, Yokosuka O, Imazeki F, Tagawa M, Omata M. Incidence of hepato-
cellular carcinoma in chronic hepatitis B and C: a prospective study of 251 
patients. Hepatology (1995) 21(3):650–5. doi:10.1002/hep.1840210308 

18. Sherman M. Risk of hepatocellular carcinoma in hepatitis B and prevention 
through treatment. Cleve Clin J Med (2009) 76:S6–9. doi:10.3949/ccjm. 
76.s3.02 

19. Punturieri A, Szabo E, Croxton TL, Shapiro SD, Dubinett SM. Lung cancer 
and chronic obstructive pulmonary disease: needs and opportunities for 
integrated research. J Natl Cancer Inst (2009) 101(8):554–9. doi:10.1093/
jnci/djp023 

20. Dostert C, Pétrilli V, Van Bruggen R, Steele C, Mossman BT, Tschopp J. Innate 
immune activation through Nalp3 in�ammasome sensing of asbestos and 
silica. Science (2008) 320(5876):674–7. doi:10.1126/science.1156995 

21. Sjöström L, Narbro K, Sjöström CD, Karason K, Larsson B, Wedel H, et al. 
E�ects of bariatric surgery on mortality in Swedish obese subjects. N Engl 

J Med (2007) 357(8):741–52. doi:10.1056/NEJMoa066254 
22. Zamarron BF, Chen W. Dual roles of immune cells and their factors in cancer 

development and progression. Int J Biol Sci (2011) 7(5):651. doi:10.7150/
ijbs.7.651 

23. Amulic B, Cazalet C, Hayes GL, Metzler KD, Zychlinsky A. Neutrophil 
function: from mechanisms to disease. Annu Rev Immunol (2012) 30:459–89. 
doi:10.1146/annurev-immunol-020711-074942 

24. Petrofsky M, Bermudez LE. Neutrophils from Mycobacterium avium-infected 
mice produce TNF-α, IL-12, and IL-1β and have a putative role in early host 
response. Clin Immunol (1999) 91(3):354–8. doi:10.1006/clim.1999.4709 

25. Henderson RB, Hobbs JA, Mathies M, Hogg N. Rapid recruitment of in�am-
matory monocytes is independent of neutrophil migration. Blood (2003) 
102(1):328–35. doi:10.1182/blood-2002-10-3228 

26. Navegantes KC, Gomes RS, Pereira PAT, Czaikoski PG, Azevedo CHM, 
Monteiro MC. Immune modulation of some autoimmune diseases: the criti-
cal role of macrophages and neutrophils in the innate and adaptive immunity. 
J Transl Med (2017) 15(1):36. doi:10.1186/s12967-017-1141-8 

27. Vivier E, Raulet DH, Moretta A, Caligiuri MA, Zitvogel L, Lanier LL, et al. 
Innate or adaptive immunity? �e example of natural killer cells. Science 
(2011) 331(6013):44–9. doi:10.1126/science.1198687 

28. Bui JD, Schreiber RD. Cancer immunosurveillance, immunoediting and 
in�ammation: independent or interdependent processes? Curr Opin 

Immunol (2007) 19(2):203–8. doi:10.1016/j.coi.2007.02.001 

https://www.frontiersin.org/Immunology/
https://www.frontiersin.org
https://www.frontiersin.org/Immunology/archive
https://doi.org/10.1038/nature01322
https://doi.org/10.1016/j.ajpath.2011.05.031
https://doi.org/10.1016/j.ajpath.2011.05.031
https://doi.org/10.1016/j.it.2015.11.008
https://doi.org/10.1158/1541-7786.MCR-05-0261
https://doi.org/10.1093/carcin/bgp272
https://doi.org/10.1016/j.cell.2010.01.025
https://doi.org/10.1038/nrc1782
https://doi.org/10.1038/nri1961
https://doi.org/10.1186/
bcr1746
https://doi.org/10.1186/
bcr1746
https://doi.org/10.1158/
1078-0432.CCR-05-0185
https://doi.org/10.1158/
1078-0432.CCR-05-0185
https://doi.org/10.1186/bcr554
https://doi.org/10.1172/JCI118861
https://doi.org/10.1038/nature01320
https://doi.org/10.1111/
j.0022-202X.2005.23724.x
https://doi.org/10.1111/
j.0022-202X.2005.23724.x
https://doi.org/10.1016/S0140-6736(81)90585-7
https://doi.org/10.1002/hep.1840210308
https://doi.org/10.3949/ccjm.
76.s3.02
https://doi.org/10.3949/ccjm.
76.s3.02
https://doi.org/10.1093/jnci/djp023
https://doi.org/10.1093/jnci/djp023
https://doi.org/10.1126/science.1156995
https://doi.org/10.1056/NEJMoa066254
https://doi.org/10.7150/ijbs.7.651
https://doi.org/10.7150/ijbs.7.651
https://doi.org/10.1146/annurev-immunol-020711-074942
https://doi.org/10.1006/clim.1999.4709
https://doi.org/10.1182/blood-2002-10-3228
https://doi.org/10.1186/s12967-017-1141-8
https://doi.org/10.1126/science.1198687
https://doi.org/10.1016/j.coi.2007.02.001


16

Qu et al. Immunological Approaches Towards Cancer

Frontiers in Immunology | www.frontiersin.org March 2018 | Volume 9 | Article 563

29. Azad N, Rojanasakul Y, Vallyathan V. In�ammation and lung cancer: roles of 
reactive oxygen/nitrogen species. J Toxicol Environ Health B Crit Rev (2008) 
11(1):1–15. doi:10.1080/10937400701436460 

30. Kundu JK, Surh Y-J. In�ammation: gearing the journey to cancer. Mutat Res 
(2008) 659(1):15–30. doi:10.1016/j.mrrev.2008.03.002 

31. Lin R, Zhang C, Zheng J, Tian D, Lei Z, Chen D, et al. Chronic in�ammation- 
associated genomic instability paves the way for human esophageal carci-
nogenesis. Oncotarget (2016) 7(17):24564. doi:10.18632/oncotarget.8356 

32. Gasche C, Chang CL, Rhees J, Goel A, Boland CR. Oxidative stress increases 
frameshi� mutations in human colorectal cancer cells. Cancer Res (2001) 
61(20):7444–8. 

33. Chang CL, Marra G, Chauhan DP, Ha HT, Chang DK, Ricciardiello L, 
et al. Oxidative stress inactivates the human DNA mismatch repair system. 
Am J Physiol Cell Physiol (2002) 283(1):C148–54. doi:10.1152/ajpcell. 
00422.2001 

34. Eaden J, Abrams K, Mayberry J. �e risk of colorectal cancer in ulcerative 
colitis: a meta-analysis. Gut (2001) 48(4):526–35. doi:10.1136/gut.48.4.526 

35. Trianta�llidis JK, Nasioulas G, Kosmidis PA. Colorectal cancer and in�am-
matory bowel disease: epidemiology, risk factors, mechanisms of carcinogen-
esis and prevention strategies. Anticancer Res (2009) 29(7):2727–37. 

36. Grimm M, Kim M, Rosenwald A, Heemann U, Germer C-T, Waaga-Gasser AM,  
et al. Toll-like receptor (TLR) 7 and TLR8 expression on CD133+ cells in 
colorectal cancer points to a speci�c role for in�ammation-induced TLRs 
in tumourigenesis and tumour progression. Eur J Cancer (2010) 46(15): 
2849–57. doi:10.1016/j.ejca.2010.07.017 

37. Grivennikov SI, Karin M. In�ammation and oncogenesis: a vicious con-
nection. Curr Opin Genet Dev (2010) 20(1):65–71. doi:10.1016/j.gde.2009. 
11.004 

38. Perwez Hussain S, Harris CC. In�ammation and cancer: an ancient link with 
novel potentials. Int J Cancer (2007) 121(11):2373–80. doi:10.1002/ijc.23173 

39. Dmitrieva O, Shilovskiy I, Khaitov M, Grivennikov S. Interleukins 1 and 6 
as main mediators of in�ammation and cancer. Biochemistry (Mosc) (2016) 
81(2):80–90. doi:10.1134/S0006297916020024 

40. Pal S, Bhattacharjee A, Ali A, Mandal NC, Mandal SC, Pal M. Chronic 
in�ammation and cancer: potential chemoprevention through nuclear 
factor kappa B and p53 mutual antagonism. J In�amm (2014) 11(1):1. 
doi:10.1186/1476-9255-11-23 

41. Yamamoto Y, Gaynor RB. �erapeutic potential of inhibition of the NF-κB 
pathway in the treatment of in�ammation and cancer. J Clin Invest (2001) 
107(2):135–42. doi:10.1172/JCI11914 

42. Guttridge DC, Albanese C, Reuther JY, Pestell RG, Baldwin AS. NF-κB 
controls cell growth and di�erentiation through transcriptional regulation 
of cyclin D1. Mol Cell Biol (1999) 19(8):5785–99. doi:10.1128/MCB.19. 
8.5785 

43. Maeda S, Omata M. In�ammation and cancer: role of nuclear factor-kappaB 
activation. Cancer Sci (2008) 99(5):836–42. doi:10.1111/j.1349-7006.2008. 
00763.x 

44. Sun S-C. Non-canonical NF-κB signaling pathway. Cell Res (2011) 21(1):71. 
doi:10.1038/cr.2010.177 

45. Colotta F, Allavena P, Sica A, Garlanda C, Mantovani A. Cancer-related 
in�ammation, the seventh hallmark of cancer: links to genetic instability. 
Carcinogenesis (2009) 30(7):1073–81. doi:10.1093/carcin/bgp127 

46. Zhang DD. Mechanistic studies of the Nrf2-Keap1 signaling pathway. Drug 

Metab Rev (2006) 38(4):769–89. doi:10.1080/03602530600971974 
47. Copple IM. �e Keap1-Nrf2 cell defense pathway – a promising therapeutic 

target? Adv Pharmacol (2011) 63:43–79. doi:10.1016/b978-0-12-398339- 
8.00002-1

48. Paul N, McMahon M, Ken I, Yamamoto M, Hayes JD. Identi�cation of a novel 
Nrf2-regulated antioxidant response element (ARE) in the mouse NAD (P) 
H: quinone oxidoreductase 1 gene: reassessment of the ARE consensus 
sequence. Biochem J (2003) 374(2):337–48. doi:10.1042/bj20030754 

49. Satoh T, Okamoto S-I, Cui J, Watanabe Y, Furuta K, Suzuki M, et al. Activation 
of the Keap1/Nrf2 pathway for neuroprotection by electrophillic phase 
II inducers. Proc Natl Acad Sci U S A (2006) 103(3):768–73. doi:10.1073/
pnas.0505723102 

50. Rangasamy T, Cho CY, �immulappa RK, Zhen L, Srisuma SS, Kensler TW, 
et al. Genetic ablation of Nrf2 enhances susceptibility to cigarette smoke-in-
duced emphysema in mice. J Clin Invest (2004) 114(9):1248–59. doi:10.1172/
JCI200421146 

51. Taguchi K, Motohashi H, Yamamoto M. Molecular mechanisms of the 
Keap1–Nrf2 pathway in stress response and cancer evolution. Genes Cells 
(2011) 16(2):123–40. doi:10.1111/j.1365-2443.2010.01473.x 

52. Khan S, Kim YS. Molecular mechanism of in�ammatory signaling and pre-
dominant role of Saposhnikovia divaricata as anti-in�ammatory potential. 
Nat Prod Sci (2013) 19(2):120–6. 

53. Zhou X, Naguro I, Ichijo H, Watanabe K. Mitogen-activated protein kinases 
as key players in osmotic stress signaling. Biochim Biophys Acta (2016) 
1860(9):2037–52. doi:10.1016/j.bbagen.2016.05.032 

54. Soares-Silva M, Diniz FF, Gomes GN, Bahia D. �e mitogen-activated pro-
tein kinase (MAPK) pathway: role in immune evasion by trypanosomatids. 
Front Microbiol (2016) 7:183. doi:10.3389/fmicb.2016.00183 

55. Cooks T, Harris CC, Oren M. Caught in the cross �re: p53 in in�ammation. 
Carcinogenesis (2014) 35(8):1680–90. doi:10.1093/carcin/bgu134 

56. Das L, Vinayak M. Long term e�ect of curcumin in restoration of tumour 
suppressor p53 and phase-II antioxidant enzymes via activation of NRF2 
signalling and modulation of in�ammation in prevention of cancer. PLoS 

One (2015) 10(4):e0124000. doi:10.1371/journal.pone.0124000 
57. Gong Z, Yang Q, Zeng Z, Zhang W, Li X, Zu X, et al. An integrative tran-

scriptomic analysis reveals p53 regulated miRNA, mRNA, and lncRNA 
networks in nasopharyngeal carcinoma. Tumor Biol (2016) 37(3):3683–95. 
doi:10.1007/s13277-015-4156-x 

58. Zhang X, Zhang Y. Bladder cancer and genetic mutations. Cell Biochem 

Biophys (2015) 73(1):65–9. doi:10.1007/s12013-015-0574-z 
59. Guo G, Cui Y. New perspective on targeting the tumor suppressor p53 

pathway in the tumor microenvironment to enhance the e�cacy of immu-
notherapy. J Immunother Cancer (2015) 3(1):1. doi:10.1186/s40425-015- 
0053-5 

60. Pike KA, Tremblay ML. TC-PTP and PTP1B: regulating JAK–STAT signaling, 
controlling lymphoid malignancies. Cytokine (2016) 82:52–7. doi:10.1016/j.
cyto.2015.12.025 

61. Pencik J, Pham HTT, Schmoellerl J, Javaheri T, Schlederer M, Culig Z, et al. 
JAK-STAT signaling in cancer: from cytokines to non-coding genome. 
Cytokine (2016) 87:26–36. doi:10.1016/j.cyto.2016.06.017 

62. Nieborowska-Skorska M, Slupianek A, Xue L, Zhang Q, Raghunath PN, 
Hoser G, et al. Role of signal transducer and activator of transcription 5 in 
nucleophosmin/anaplastic lymphoma kinase-mediated malignant transfor-
mation of lymphoid cells. Cancer Res (2001) 61(17):6517–23. 

63. Gotthardt D, Putz EM, Grundschober E, Prchal-Murphy M, Straka E, 
Kudweis P, et al. STAT5 is a key regulator in NK cells and acts as a molecular 
switch from tumor surveillance to tumor promotion. Cancer Discov (2016) 
6(4):414–29. doi:10.1158/2159-8290.CD-15-0732 

64. Akinleye A, Avvaru P, Furqan M, Song Y, Liu D. Phosphatidylinositol 
3-kinase (PI3K) inhibitors as cancer therapeutics. J Hematol Oncol (2013) 
6(1):1. doi:10.1186/1756-8722-6-88 

65. Stratikopoulos EE, Parsons RE. Molecular pathways: targeting the PI3K 
pathway in cancer-BET inhibitors to the rescue. Clin Cancer Res (2016) 
22(11):2605–10. doi:10.1158/1078-0432.CCR-15-2389 

66. Brown KK, Toker A. �e phosphoinositide 3-kinase pathway and therapy 
resistance in cancer. F1000prime reports 7 (2015). doi:10.12703/p7-13

67. Edling CE, Selvaggi F, Buus R, Ma�ucci T, Di Sebastiano P, Friess H, et al. Key 
role of phosphoinositide 3-kinase class IB in pancreatic cancer. Clin Cancer 

Res (2010) 16(20):4928–37. doi:10.1158/1078-0432.CCR-10-1210 
68. Sandoval S, Pigazzi M, Sakamoto KM. CREB: a key regulator of normal and 

neoplastic hematopoiesis. Adv Hematol (2009) 2009:634292. doi:10.1155/ 
2009/634292 

69. Amelio AL, Fallahi M, Schaub FX, Zhang M, Lawani MB, Alperstein AS, 
et al. CRTC1/MAML2 gain-of-function interactions with MYC create a gene 
signature predictive of cancers with CREB-MYC involvement. Proc Natl  

Acad Sci U S A (2014) 111(32):E3260–8. doi:10.1073/pnas.1319176111 
70. Ha JH, Ward JD, Varadarajalu L, Kim SG, Dhanasekaran DN. �e gep proto- 

oncogene Gα 12 mediates LPA-stimulated activation of CREB in ovarian can-
cer cells. Cell Signal (2014) 26(1):122–32. doi:10.1016/j.cellsig.2013.08.012 

71. Rittase WB, Dong Y, Barksdale D, Galdzicki Z, Bausch SB. Dynorphin 
up-regulation in the dentate granule cell mossy �ber pathway following 
chronic inhibition of GluN2B-containing NMDAR is associated with 
increased CREB (Ser 133) phosphorylation, but is independent of BDNF/
TrkB signaling pathways. Mol Cell Neurosci (2014) 60:63–71. doi:10.1016/j.
mcn.2014.04.002 

https://www.frontiersin.org/Immunology/
https://www.frontiersin.org
https://www.frontiersin.org/Immunology/archive
https://doi.org/10.1080/10937400701436460
https://doi.org/10.1016/j.mrrev.2008.03.002
https://doi.org/10.18632/oncotarget.8356
https://doi.org/10.1152/ajpcell.
00422.2001
https://doi.org/10.1152/ajpcell.
00422.2001
https://doi.org/10.1136/gut.48.4.526
https://doi.org/10.1016/j.ejca.2010.07.017
https://doi.org/10.1016/j.gde.2009.11.004
https://doi.org/10.1016/j.gde.2009.11.004
https://doi.org/10.1002/ijc.23173
https://doi.org/10.1134/S0006297916020024
https://doi.org/10.1186/1476-9255-11-23
https://doi.org/10.1172/JCI11914
https://doi.org/10.1128/MCB.19.8.5785
https://doi.org/10.1128/MCB.19.8.5785
https://doi.org/10.1111/j.1349-7006.2008.
00763.x
https://doi.org/10.1111/j.1349-7006.2008.
00763.x
https://doi.org/10.1038/cr.2010.177
https://doi.org/10.1093/carcin/bgp127
https://doi.org/10.1080/03602530600971974
https://doi.org/10.1016/b978-0-12-398339-8.00002-1
https://doi.org/10.1016/b978-0-12-398339-8.00002-1
https://doi.org/10.1042/bj20030754
https://doi.org/10.1073/pnas.0505723102
https://doi.org/10.1073/pnas.0505723102
https://doi.org/10.1172/JCI200421146
https://doi.org/10.1172/JCI200421146
https://doi.org/10.1111/j.1365-2443.2010.01473.x
https://doi.org/10.1016/j.bbagen.2016.05.032
https://doi.org/10.3389/fmicb.2016.00183
https://doi.org/10.1093/carcin/bgu134
https://doi.org/10.1371/journal.pone.0124000
https://doi.org/10.1007/s13277-015-4156-x
https://doi.org/10.1007/s12013-015-0574-z
https://doi.org/10.1186/s40425-015-0053-5
https://doi.org/10.1186/s40425-015-0053-5
https://doi.org/10.1016/j.cyto.2015.12.025
https://doi.org/10.1016/j.cyto.2015.12.025
https://doi.org/10.1016/j.cyto.2016.06.017
https://doi.org/10.1158/2159-8290.CD-15-0732
https://doi.org/10.1186/1756-8722-6-88
https://doi.org/10.1158/1078-0432.CCR-15-2389
https://doi.org/10.12703/p7-13
https://doi.org/10.1158/1078-0432.CCR-10-1210
https://doi.org/10.1155/2009/634292
https://doi.org/10.1155/2009/634292
https://doi.org/10.1073/pnas.1319176111
https://doi.org/10.1016/j.cellsig.2013.08.012
https://doi.org/10.1016/j.mcn.2014.04.002
https://doi.org/10.1016/j.mcn.2014.04.002


17

Qu et al. Immunological Approaches Towards Cancer

Frontiers in Immunology | www.frontiersin.org March 2018 | Volume 9 | Article 563

72. Westbom CM, Shukla A, MacPherson MB, Yasewicz EC, Miller JM, 
Beuschel SL, et al. CREB-induced in�ammation is important for malignant 
mesothelioma growth. Am J Pathol (2014) 184(10):2816–27. doi:10.1016/j.
ajpath.2014.06.008 

73. Ortega-Martínez S. A new perspective on the role of the CREB family of 
transcription factors in memory consolidation via adult hippocampal 
neurogenesis. Front Mol Neurosci (2015) 8:46. doi:10.3389/fnmol.2015. 
00046 

74. Steven A, Seliger B. Control of CREB expression in tumors: from molec-
ular mechanisms and signal transduction pathways to therapeutic target. 
Oncotarget (2016) 7(23):35454. doi:10.18632/oncotarget.7721 

75. Saito-Diaz K, Chen TW, Wang X, �orne CA, Wallace HA, Page-McCaw A,  
et  al. �e way Wnt works: components and mechanism. Growth Factors 
(2013) 31(1):1–31. doi:10.3109/08977194.2012.752737 

76. Wang Y, Li Y-P, Paulson C, Shao J-Z, Zhang X, Wu M, et al. Wnt and the Wnt 
signaling pathway in bone development and disease. Front Biosci (Landmark 

Ed) (2014) 19:379. doi:10.2741/4214 
77. Aminuddin A, Ng PY. Promising druggable target in head and neck squamous 

cell carcinoma: Wnt signaling. Front Pharmacol (2016) 7:244. doi:10.3389/
fphar.2016.00244 

78. Liu L-J, Xie S-X, Chen Y-T, Xue J-L, Zhang C-J, Zhu F. Aberrant regulation 
of Wnt signaling in hepatocellular carcinoma. World J Gastroenterol (2016) 
22(33):7486. doi:10.3748/wjg.v22.i33.7486 

79. Mohammed MK, Shao C, Wang J, Wei Q, Wang X, Collier Z, et al. Wnt/β-
catenin signaling plays an ever-expanding role in stem cell self-renewal, 
tumorigenesis and cancer chemoresistance. Genes Dis (2016) 3(1):11–40. 
doi:10.1016/j.gendis.2015.12.004 

80. Yang K, Wang X, Zhang H, Wang Z, Nan G, Li Y, et al. �e evolving roles 
of canonical WNT signaling in stem cells and tumorigenesis: implications 
in targeted cancer therapies. Lab Invest (2016) 96(2):116–36. doi:10.1038/
labinvest.2015.144 

81. Iwasaki A, Medzhitov R. Control of adaptive immunity by the innate immune 
system. Nat Immunol (2015) 16(4):343–53. doi:10.1038/ni.3123 

82. Akira S, Uematsu S, Takeuchi O. Pathogen recognition and innate immunity. 
Cell (2006) 124(4):783–801. doi:10.1016/j.cell.2006.02.015 

83. Meylan E, Tschopp J, Karin M. Intracellular pattern recognition receptors in 
the host response. Nature (2006) 442(7098):39–44. doi:10.1038/nature04946 

84. Huang Y, Chen Z. In�ammatory bowel disease related innate immunity and 
adaptive immunity. Am J Transl Res (2016) 8(6):2490. 

85. Fietta P, Delsante G. �e e�ector T helper cell triade. Riv Biol (2009) 
102(1):61–74. 

86. Kmieć Z, Cyman M, Ślebioda TJ. Cells of the innate and adaptive immunity 
and their interactions in in�ammatory bowel disease. Adv Med Sci (2017) 
62(1):1–16. doi:10.1016/j.advms.2016.09.001 

87. Johnson DB, Estrada MV, Salgado R, Sanchez V, Doxie DB, Opalenik SR,  
et  al. Melanoma-speci�c MHC-II expression represents a tumour- 
autonomous phenotype and predicts response to anti-PD-1/PD-L1 ther-
apy. Nat Commun (2016) 7:10582. doi:10.1038/ncomms10582 

88. Somasundaram R, Jacob L, Swoboda R, Caputo L, Song H, Basak S, et al. 
Inhibition of cytolytic T  lymphocyte proliferation by autologous CD4+/
CD25+ regulatory T cells in a colorectal carcinoma patient is mediated by 
transforming growth factor-β. Cancer Res (2002) 62(18):5267–72. 

89. Fromm G, de Silva S, Gi�n L, Xu X, Rose J, Schreiber TH. Gp96-Ig/costi-
mulator (OX40L, ICOSL or 4-1BBL) combination vaccine improves T-cell 
priming and enhances immunity, memory and tumor elimination. Cancer 

Immunol Res (2016) 4:766–78. doi:10.1158/2326-6066.CIR-15-0228 
90. Eaton KA, Me�ord M, �evenot T. �e role of T cell subsets and cytokines 

in the pathogenesis of Helicobacter pylori gastritis in mice. J Immunol (2001) 
166(12):7456–61. doi:10.4049/jimmunol.166.12.7456 

91. Martin M, Rehani K, Jope RS, Michalek SM. Toll-like receptor-mediated 
cytokine production is di�erentially regulated by glycogen synthase kinase 
3. Nat Immunol (2005) 6(8):777–84. doi:10.1038/ni1221 

92. Mikami T, Asano N, Imatani A, Jin X, Kondo Y, Hatta W, et  al. Sa1375 
NOD1 expression in gastric epithelial cells is down-regulated by 
Helicobacter pylori infection through the methylation of its CpG island by 
DNA methyltransferases. Gastroenterology (2016) 150(4):S299. doi:10.1016/
S0016-5085(16)31045-9 

93. Yu Q, Zeng K, Ma X, Song F, Jiang Y, Tu P, et  al. Resokaempferol-
mediated anti-in�ammatory e�ects on activated macrophages via the 

inhibition of JAK2/STAT3, NF-κB and JNK/p38 MAPK signaling pathways. 
Int Immunopharmacol (2016) 38:104–14. doi:10.1016/j.intimp.2016.05.010 

94. Hörber S, Hildebrand DG, Lieb WS, Lorscheid S, Hail�nger S, Schulze-
Ostho� K, et  al. �e atypical inhibitor of NF-κB, IκBζ, controls macro-
phage interleukin-10 expression. J Biol Chem (2016) 291(24):12851–61. 
doi:10.1074/jbc.M116.718825 

95. Belgiovine C, D’Incalci M, Allavena P, Frapolli R. Tumor-associated mac-
rophages and anti-tumor therapies: complex links. Cell Mol Life Sci (2016) 
73:2411–24. doi:10.1007/s00018-016-2166-5 

96. Sica A, Mantovani A. Macrophage plasticity and polarization: in vivo veritas. 
J Clin Invest (2012) 122(3):787–95. doi:10.1172/JCI59643 

97. Bonavita O, Massara M, Bonecchi R. Chemokine regulation of neutrophil 
function in tumors. Cytokine Growth Factor Rev (2016) 30:81–6. doi:10.1016/j.
cytogfr.2016.03.012 

98. Fridlender ZG, Sun J, Kim S, Kapoor V, Cheng G, Ling L, et al. Polarization 
of tumor-associated neutrophil phenotype by TGF-β: “N1” versus “N2” TAN. 
Cancer cell (2009) 16(3):183–94. doi:10.1016/j.ccr.2009.06.017 

99. Carus A, Ladekarl M, Hager H, Pilegaard H, Nielsen PS, Donskov F. Tumor-
associated neutrophils and macrophages in non-small cell lung cancer: no 
immediate impact on patient outcome. Lung Cancer (2013) 81(1):130–7. 
doi:10.1016/j.lungcan.2013.03.003 

100. Pahler JC, Tazzyman S, Erez N, Chen Y-Y, Murdoch C, Nozawa H, et  al. 
Plasticity in tumor-promoting in�ammation: impairment of macrophage 
recruitment evokes a compensatory neutrophil response. Neoplasia (2008) 
10(4):329–40. doi:10.1593/neo.07871 

101. Trellakis S, Bruderek K, Dumitru CA, Gholaman H, Gu X, Bankfalvi A, 
et  al. Polymorphonuclear granulocytes in human head and neck cancer: 
enhanced in�ammatory activity, modulation by cancer cells and expansion 
in advanced disease. Int J Cancer (2011) 129(9):2183–93. doi:10.1002/
ijc.25892 

102. Caldeira PC, Sousa A, Aguiar MCF. Di�erential in�ltration of neutrophils 
in T1-T2 versus T3-T4 oral squamous cell carcinomas: a preliminary study. 
BMC Res Notes (2015) 8(1):1. doi:10.1186/s13104-015-1541-x 

103. Balkwill F. Tumour necrosis factor and cancer. Nat Rev Cancer (2009) 
9(5):361–71. doi:10.1038/nrc2628 

104. Travis MA, Sheppard D. TGF-β activation and function in immunity. Annu 

Rev Immunol (2014) 32:51. doi:10.1146/annurev-immunol-032713-120257 
105. D’Inzeo S, Nicolussi A, Donini CF, Zani M, Mancini P, Nardi F, et al. A novel 

human Smad4 mutation is involved in papillary thyroid carcinoma progres-
sion. Endocr Relat Cancer (2012) 19(1):39–55. doi:10.1530/ERC-11-0233 

106. Heldin C-H, Landström M, Moustakas A. Mechanism of TGF-β signaling to 
growth arrest, apoptosis, and epithelial-mesenchymal transition. Curr Opin 

Cell Biol (2009) 21(2):166–76. doi:10.1016/j.ceb.2009.01.021 
107. Karkampouna S, ten Dijke P, Dooley S, Kruithof-de Julio M. TGFβ 

signaling in liver regeneration. Curr Pharm Des (2012) 18(27):4103–13. 
doi:10.2174/138161212802430521 

108. Viel S, Marçais A, Guimaraes FS-F, Lo�us R, Rabilloud J, Grau M, et  al.  
TGF-β inhibits the activation and functions of NK  cells by repressing the 
mTOR pathway. Sci Signal (2016) 9(415):ra19. doi:10.1126/scisignal.aad1884 

109. Genrich G, Kruppa M, Lenk L, Helm O, Broich A, Freitag-Wolf S, et al. �e 
anti-oxidative transcription factor Nuclear factor E2 related factor-2 (Nrf2) 
counteracts TGF-β1 mediated growth inhibition of pancreatic ductal epithe-
lial cells-Nrf2 as determinant of pro-tumorigenic functions of TGF-β1. BMC 

Cancer (2016) 16(1):1. doi:10.1186/s12885-016-2191-7 
110. Candido J, Hagemann T. Cancer-related in�ammation. J Clin Immunol 

(2013) 33(1):79–84. doi:10.1007/s10875-012-9847-0 
111. Pasparakis M, Alexopoulou L, Episkopou V, Kollias G. Immune and in�am-

matory responses in TNF alpha-de�cient mice: a critical requirement for 
TNF alpha in the formation of primary B cell follicles, follicular dendritic 
cell networks and germinal centers, and in the maturation of the humoral 
immune response. J Exp Med (1996) 184(4):1397–411. doi:10.1084/jem.184. 
4.1397 

112. Saito H, Yamada Y, Takaya S, Osaki T, Ikeguchi M. Clinical relevance of the 
number of interleukin-17-producing CD 8+ T cells in patients with gastric 
cancer. Surg Today (2015) 45(11):1429–35. doi:10.1007/s00595-015-1165-8 

113. Voloshin T, Alishekevitz D, Kaneti L, Miller V, Isakov E, Kaplanov I, et al. 
Blocking IL1β pathway following paclitaxel chemotherapy slightly inhibits 
primary tumor growth but promotes spontaneous metastasis. Mol Cancer 

�er (2015) 14(6):1385–94. doi:10.1158/1535-7163.MCT-14-0969 

https://www.frontiersin.org/Immunology/
https://www.frontiersin.org
https://www.frontiersin.org/Immunology/archive
https://doi.org/10.1016/j.ajpath.2014.06.008
https://doi.org/10.1016/j.ajpath.2014.06.008
https://doi.org/10.3389/fnmol.2015.00046
https://doi.org/10.3389/fnmol.2015.00046
https://doi.org/10.18632/oncotarget.7721
https://doi.org/10.3109/08977194.2012.752737
https://doi.org/10.2741/4214
https://doi.org/10.3389/fphar.2016.00244
https://doi.org/10.3389/fphar.2016.00244
https://doi.org/10.3748/wjg.v22.i33.7486
https://doi.org/10.1016/j.gendis.2015.12.004
https://doi.org/10.1038/labinvest.2015.144
https://doi.org/10.1038/labinvest.2015.144
https://doi.org/10.1038/ni.3123
https://doi.org/10.1016/j.cell.2006.02.015
https://doi.org/10.1038/nature04946
https://doi.org/10.1016/j.advms.2016.09.001
https://doi.org/10.1038/ncomms10582
https://doi.org/10.1158/2326-6066.CIR-15-0228
https://doi.org/10.4049/jimmunol.166.12.7456
https://doi.org/10.1038/ni1221
https://doi.org/10.1016/S0016-5085(16)31045-9
https://doi.org/10.1016/S0016-5085(16)31045-9
https://doi.org/10.1016/j.intimp.2016.05.010
https://doi.org/10.1074/jbc.M116.718825
https://doi.org/10.1007/s00018-016-2166-5
https://doi.org/10.1172/JCI59643
https://doi.org/10.1016/j.cytogfr.2016.03.012
https://doi.org/10.1016/j.cytogfr.2016.03.012
https://doi.org/10.1016/j.ccr.2009.06.017
https://doi.org/10.1016/j.lungcan.2013.03.003
https://doi.org/10.1593/neo.07871
https://doi.org/10.1002/ijc.25892
https://doi.org/10.1002/ijc.25892
https://doi.org/10.1186/s13104-015-1541-x
https://doi.org/10.1038/nrc2628
https://doi.org/10.1146/annurev-immunol-032713-120257
https://doi.org/10.1530/ERC-11-0233
https://doi.org/10.1016/j.ceb.2009.01.021
https://doi.org/10.2174/138161212802430521
https://doi.org/10.1126/scisignal.
aad1884
https://doi.org/10.1186/s12885-016-2191-7
https://doi.org/10.1007/s10875-012-9847-0
https://doi.org/10.1084/jem.184.
4.1397
https://doi.org/10.1084/jem.184.
4.1397
https://doi.org/10.1007/s00595-015-1165-8
https://doi.org/10.1158/1535-7163.MCT-14-0969


18

Qu et al. Immunological Approaches Towards Cancer

Frontiers in Immunology | www.frontiersin.org March 2018 | Volume 9 | Article 563

114. Lipsey CC, Harbuzariu A, Daley-Brown D, Gonzalez-Perez RR. Oncogenic 
role of leptin and Notch interleukin-1 leptin crosstalk outcome in cancer. 
World J Methodol (2016) 6(1):43. doi:10.5662/wjm.v6.i1.43 

115. Valle-Mendiola A, Gutiérrez-Hoya A, Lagunas-Cruz MDC, Weiss-Steider B, 
Soto-Cruz I. Pleiotropic e�ects of IL-2 on cancer: its role in cervical cancer. 
Mediators In�amm (2016) 2016:2849523. doi:10.1155/2016/2849523 

116. Boulet S, Daudelin J-F, Labrecque N. IL-2 induction of Blimp-1 is a key 
in vivo signal for CD8+ short-lived e�ector T cell di�erentiation. J Immunol 
(2014) 193(4):1847–54. doi:10.4049/jimmunol.1302365 

117. Brooks GD, McLeod L, Alhayyani S, Miller A, Russell PA, Ferlin W, et al. 
IL6 trans-signaling promotes KRAS-driven lung carcinogenesis. Cancer Res 
(2016) 76(4):866–76. doi:10.1158/0008-5472.CAN-15-2388 

118. Tomasello G, Tralongo P, Damiani P, Sinagra E, Di Trapani B, Zeenny MN, et al. 
Dismicrobism in in�ammatory bowel disease and colorectal cancer: changes 
in response of colocytes. World J Gastroenterol (2014) 20(48):18121–30.  
doi:10.3748/wjg.v20.i48.18121 

119. Mercadante ER, Lorenz UM. Breaking free of control: how conventional 
T cells overcome regulatory T cell suppression. Front Immunol (2016) 7:193. 
doi:10.3389/�mmu.2016.00193 

120. Wei Y, Schober A. MicroRNA regulation of macrophages in human patholo-
gies. Cell Mol Life Sci (2016) 73:1–23. doi:10.1007/s00018-016-2254-6

121. Kumar A, Sunita P, Jha S, Pattanayak SP. Daphnetin inhibits TNF-α and 
VEGF-induced angiogenesis through inhibition of the IKKs/IκBα/NF-κB, 
Src/FAK/ERK1/2 and Akt signaling pathways. Clin Exp Pharmacol Physiol 
(2016) 43(10):939–50. doi:10.1111/1440-1681.12608 

122. Hafez NH, Tahoun NS. Expression of cyclooxygenase 2 and vascular endo-
thelial growth factor in gastric carcinoma: relationship with clinicopatholog-
ical parameters. J Egypt Natl Canc Inst (2016) 28(3):149–56. doi:10.1016/j.
jnci.2016.05.005 

123. Bhattacharya R, Ye X-C, Wang R, Ling X, McManus M, Fan F, et al. Intracrine 
VEGF signaling mediates the activity of prosurvival pathways in human 
colorectal cancer cells. Cancer Res (2016) 76(10):3014–24. doi:10.1158/0008-
5472.CAN-15-1605 

124. Sharma P, Allison JP. Immune checkpoint targeting in cancer therapy: 
toward combination strategies with curative potential. Cell (2015) 161(2): 
205–14. doi:10.1016/j.cell.2015.03.030 

125. Lin Y, Okada H. Cellular immunotherapy for malignant gliomas. Expert 

Opin Biol �er (2016) 16(10):1265–75. doi:10.1080/14712598.2016. 
1214266 

126. Tsai AK, Davila E. Producer T cells: using genetically engineered T cells as 
vehicles to generate and deliver therapeutics to tumors. Oncoimmunology 
(2016) 5(5):e1122158. doi:10.1080/2162402X.2015.1122158 

127. Liu X, Zhang Y, Cheng C, Cheng AW, Zhang X, Li N, et al. CRISPR-Cas9-
mediated multiplex gene editing in CAR-T cells. Cell Res (2017) 27(1):154. 
doi:10.1038/cr.2016.142 

128. Favreau M, Vanderkerken K, Elewaut D, Venken K, Menu E. Does an NKT-
cell-based immunotherapeutic approach have a future in multiple myeloma? 
Oncotarget (2016) 7:23128–40. doi:10.18632/oncotarget.7440 

129. Hong S, Lee H, Jung K, Lee SM, Lee S-J, Jun HJ, et al. Tumor cells loaded 
with α-galactosylceramide promote therapeutic NKT-dependent anti- 
tumor immunity in multiple myeloma. Immunol Lett (2013) 156(1):132–9. 
doi:10.1016/j.imlet.2013.10.002 

130. Martin Lluesma S, Wolfer A, Harari A, Kandala� LE. Cancer vaccines 
in ovarian cancer: how can we improve? Biomedicines (2016) 4(2):10. 
doi:10.3390/biomedicines4020010 

131. Hat�eld SM, Sitkovsky M. A2A adenosine receptor antagonists to weaken 
the hypoxia-HIF-1α driven immunosuppression and improve immuno-
therapies of cancer. Curr Opin Pharmacol (2016) 29:90–6. doi:10.1016/j.coph. 
2016.06.009 

132. Zhong Z, Sanchez-Lopez E, Karin M. Autophagy, in�ammation, and immu-
nity: a troika governing cancer and its treatment. Cell (2016) 166(2):288–98. 
doi:10.1016/j.cell.2016.05.051 

133. Steele CW, Karim SA, Leach JD, Bailey P, Upstill-Goddard R, Rishi L, 
et  al. CXCR2 inhibition profoundly suppresses metastases and augments 
immunotherapy in pancreatic ductal adenocarcinoma. Cancer Cell (2016) 
29:832–45. doi:10.1016/j.ccell.2016.04.014 

134. Persaud L, De Jesus D, Brannigan O, Richiez-Paredes M, Huaman J, Alvarado G,  
et al. Mechanism of action and applications of interleukin 24 in immuno-
therapy. Int J Mol Sci (2016) 17(6):869. doi:10.3390/ijms17060869 

135. Wang M, Tan Z, Zhang R, Kotenko SV, Liang P. Interleukin 24 (MDA-7/
MOB-5) signals through two heterodimeric receptors, IL-22R1/IL-20R2 
and IL-20R1/IL-20R2. J Biol Chem (2002) 277(9):7341–7. doi:10.1074/jbc.
M106043200 

136. Ramesh R, Mhashilkar AM, Tanaka F, Saito Y, Branch CD, Sieger K, et al. 
Melanoma di�erentiation-associated gene 7/interleukin (IL)-24 is a novel 
ligand that regulates angiogenesis via the IL-22 receptor. Cancer Res (2003) 
63(16):5105–13. 

137. Rosenberg SA. IL-2: the �rst e�ective immunotherapy for human cancer. 
J Immunol (2014) 192(12):5451–8. doi:10.4049/jimmunol.1490019 

138. Beuselinck B, Jean-Baptiste J, Schö�ski P, Couchy G, Meiller C, Rolland F, 
et al. Validation of VEGFR1 rs9582036 as predictive biomarker in metastatic 
clear-cell renal cell carcinoma patients treated with sunitinib. BJU Int (2016) 
118:890–901. doi:10.1111/bju.13585 

139. Möller B, Villiger PM. Inhibition of IL-1, IL-6, and TNF-α in immune- 
mediated in�ammatory diseases. Springer Semin Immunopathol (2006) 
27:391. doi:10.1007/s00281-006-0012-9

140. Kishimoto T. IL-6: from its discovery to clinical applications. Int Immunol 
(2010) 22(5):347–52. doi:10.1093/intimm/dxq030 

141. Donin NM, Lenis AT, Holden S, Drakaki A, Pantuck A, Belldegrun A, et al. 
Immunotherapy for the treatment of urothelial carcinoma. J Urol (2017) 
197(1):14–22. doi:10.1016/j.juro.2016.02.3005

142. Oughton JB, Poad H, Twiddy M, Collinson M, Hiley V, Gordon K, et  al. 
Radical cystectomy (bladder removal) against intravesical BCG immu-
notherapy for high-risk non-muscle invasive bladder cancer (BRAVO): 
a protocol for a randomised controlled feasibility study. BMJ Open (2017) 
7(8):e017913. doi:10.1136/bmjopen-2017-017913 

143. Pang KH, Noon AP. Re: radical cystectomy (bladder removal) against 
intravesical BCG immunotherapy for high-risk non-muscle invasive bladder 
cancer (BRAVO): a protocol for a randomised controlled feasibility study. Eur 

Urol (2017). doi:10.1016/j.eururo.2017.12.007 
144. Lundstrom K. New frontiers in oncolytic viruses: optimizing and selecting for 

virus strains with improved e�cacy. Biologics (2018) 12:43–60. doi:10.2147/
BTT.S140114 

145. Kanto� PW, Higano CS, Shore ND, Berger ER, Small EJ, Penson DF, et al. 
Sipuleucel-T immunotherapy for castration-resistant prostate cancer. N Engl 

J Med (2010) 363(5):411–22. doi:10.1056/NEJMoa1001294 
146. Nemunaitis JJ, Senzer N, Maples PB, Rao D. Furin-knockdown and GM-CSF-

augmented (FANG) cancer vaccine. U.S Patent (2017). 
147. Gri�ths EA, Srivastava P, Matsuzaki J, Brumberger Z, Wang ES, Kocent J,  

et al. NY-ESO-1 vaccination in combination with decitabine induces antigen- 
speci�c T-lymphocyte responses in patients with myelodysplastic syndrome. 
Clin Cancer Res (2017) 24(5):1019–29. doi:10.1158/1078-0432.CCR-17-1792 

148. Lammers T, Subr V, Ulbrich K, Hennink WE, Storm G, Kiessling F. Polymeric 
nanomedicines for image-guided drug delivery and tumor-targeted com-
bination therapy. Nano Today (2010) 5(3):197–212. doi:10.1016/j.nantod. 
2010.05.001 

149. Sun T, Zhang YS, Pang B, Hyun DC, Yang M, Xia Y. Engineered nanoparti-
cles for drug delivery in cancer therapy. Angew Chem Int Ed (2014) 53(46): 
12320–64. doi:10.1002/anie.201403036 

150. Ahmad A, Wang Z, Ali R, Maitah MIY, Kong D, Banerjee S, et al. Apoptosis-
inducing e�ect of garcinol is mediated by NF-κB signaling in breast cancer 
cells. J Cell Biochem (2010) 109(6):1134–41. doi:10.1002/jcb.22492

151. McCarthy JR, Bhaumik J, Karver MR, Sibel Erdem S, Weissleder R. Targeted 
nanoagents for the detection of cancers. Mol Oncol (2010) 4(6):511–28. 
doi:10.1016/j.molonc.2010.08.003 

152. Mukherjee P, Bhattacharya R, Bone N, Lee YK, Patra CR, Wang S, et  al. 
Potential therapeutic application of gold nanoparticles in B-chronic lym-
phocytic leukemia (BCLL): enhancing apoptosis. J Nanobiotechnology (2007) 
5(1):4. doi:10.1186/1477-3155-5-4 

153. Schätzlein AG. Delivering cancer stem cell therapies – a role for nanomed-
icines? Eur J Cancer (2006) 42(9):1309–15. doi:10.1016/j.ejca.2006.01.044 

154. Kim S-S, Harford JB, Pirollo KF, Chang EH. E�ective treatment of glio-
blastoma requires crossing the blood–brain barrier and targeting tumors 
including cancer stem cells: the promise of nanomedicine. Biochem Biophys 

Res Commun (2015) 468(3):485–9. doi:10.1016/j.bbrc.2015.06.137 
155. Samarasinghe RM, Kanwar RK, Kanwar JR. �e role of nanomedicine in cell 

based therapeutics in cancer and in�ammation. Int J Mol Cell Med (2012) 
1:133–44. 

https://www.frontiersin.org/Immunology/
https://www.frontiersin.org
https://www.frontiersin.org/Immunology/archive
https://doi.org/10.5662/wjm.v6.i1.43
https://doi.org/10.1155/2016/2849523
https://doi.org/10.4049/jimmunol.1302365
https://doi.org/10.1158/0008-5472.CAN-15-2388
https://doi.org/10.3748/wjg.v20.i48.18121
https://doi.org/10.3389/fimmu.2016.00193
https://doi.org/10.1007/s00018-016-2254-6
https://doi.org/10.1111/1440-1681.12608
https://doi.org/10.1016/j.jnci.2016.05.005
https://doi.org/10.1016/j.jnci.2016.05.005
https://doi.org/10.1158/0008-5472.CAN-15-1605
https://doi.org/10.1158/0008-5472.CAN-15-1605
https://doi.org/10.1016/j.cell.2015.03.030
https://doi.org/10.1080/14712598.2016.1214266
https://doi.org/10.1080/14712598.2016.1214266
https://doi.org/10.1080/2162402X.2015.1122158
https://doi.org/10.1038/cr.2016.142
https://doi.org/10.18632/oncotarget.7440
https://doi.org/10.1016/j.imlet.2013.10.002
https://doi.org/10.3390/biomedicines4020010
https://doi.org/10.1016/j.coph.2016.06.009
https://doi.org/10.1016/j.coph.2016.06.009
https://doi.org/10.1016/j.cell.2016.05.051
https://doi.org/10.1016/j.ccell.2016.04.014
https://doi.org/10.3390/ijms17060869
https://doi.org/10.1074/jbc.M106043200
https://doi.org/10.1074/jbc.M106043200
https://doi.org/10.4049/jimmunol.1490019
https://doi.org/10.1111/bju.13585
https://doi.org/10.1007/s00281-006-0012-9
https://doi.org/10.1093/intimm/dxq030
https://doi.org/10.1016/j.juro.2016.02.3005
https://doi.org/10.1136/bmjopen-2017-017913
https://doi.org/10.1016/j.eururo.2017.12.007
https://doi.org/10.2147/BTT.S140114
https://doi.org/10.2147/BTT.S140114
https://doi.org/10.1056/NEJMoa1001294
https://doi.org/10.1158/1078-0432.CCR-17-1792
https://doi.org/10.1016/j.nantod.
2010.05.001
https://doi.org/10.1016/j.nantod.
2010.05.001
https://doi.org/10.1002/anie.201403036
https://doi.org/10.1002/jcb.22492
https://doi.org/10.1016/j.molonc.2010.08.003
https://doi.org/10.1186/1477-3155-5-4
https://doi.org/10.1016/j.ejca.2006.01.044
https://doi.org/10.1016/j.bbrc.2015.06.137


19

Qu et al. Immunological Approaches Towards Cancer

Frontiers in Immunology | www.frontiersin.org March 2018 | Volume 9 | Article 563

156. Zhang G, Li C, Liu Z, Ma S, Chen H. Cancer stem cell targets – a review. Eur 

Rev Med Pharmacol Sci (2016) 20(10):2045–51. 
157. Balasubramaniam S, Redon CE, Peer CJ, Bryla C, Lee M-J, Trepel JB, et al. 

Phase I trial of belinostat with cisplatin and etoposide in advanced solid 
tumors, with a focus on neuroendocrine and small cell cancers of the lung. 
Anticancer Drugs (2018). doi:10.1097/CAD.0000000000000596 

158. Kim J-Y, Kim Y-M, Park J-M, Han YM, Lee KC, Hahm KB, et al. Cancer pre-
ventive e�ect of recombinant TRAIL by ablation of oncogenic in�ammation 
in colitis-associated cancer rather than anticancer e�ect. Oncotarget (2018) 
9(2):1705. doi:10.18632/oncotarget.23083 

159. Chen D, Si W, Shen J, Du C, Lou W, Bao C, et al. miR-27b-3p inhibits prolif-
eration and potentially reverses multi-chemoresistance by targeting CBLB/
GRB2 in breast cancer cells. Cell Death Dis (2018) 9(2):188. doi:10.1038/
s41419-017-0211-4 

160. Ye J, Zhang R, Wu F, Zhai L, Wang K, Xiao M, et  al. Non-apoptotic cell 
death in malignant tumor cells and natural compounds. Cancer Lett (2018) 
420:210–27. doi:10.1016/j.canlet.2018.01.061 

161. Obaid G. Targeted Nanoparticle Platforms for Selective Photodynamic �erapy 

of Cancer. Norwich, UK: University of East Anglia (2013).
162. McDaniel JR, Pero SC, Voss WN, Shukla GS, Sun Y, Schaetzle S, et  al. 

Identi�cation of tumor-reactive B  cells and systemic IgG in breast cancer 

based on clonal frequency in the sentinel lymph node. bioRxiv (2017):212308. 
doi:10.1007/s00262-018-2123-2

163. Bhattacharjee S, Nandi S. Synthetic lethality in DNA repair network: a novel 
avenue in targeted cancer therapy and combination therapeutics. IUBMB Life 
(2017) 69(12):929–37. doi:10.1002/iub.1696 

164. Karolak A, Rejniak KA. Micropharmacology: an in  silico approach for 
assessing drug e�cacy within a tumor tissue. Bull Math Biol (2018):1–19. 
doi:10.1007/s11538-018-0402-x 

Con�ict of Interest Statement: �e authors declare that the research was con-
ducted in the absence of any commercial or �nancial relationships that could be 
construed as a potential con�ict of interest.

Copyright © 2018 Qu, Tang and Hua. This is an open-access article distributed 

under the terms of the Creative Commons Attribution License (CC BY). The 

use, distribution or reproduction in other forums is permitted, provided the 

original author(s) and the copyright owner are credited and that the original 

publication in this journal is cited, in accordance with accepted academic prac-

tice. No use, distribution or reproduction is permitted which does not comply 

with these terms.

https://www.frontiersin.org/Immunology/
https://www.frontiersin.org
https://www.frontiersin.org/Immunology/archive
https://doi.org/10.1097/CAD.0000000000000596
https://doi.org/10.18632/oncotarget.23083
https://doi.org/10.1038/s41419-017-0211-4
https://doi.org/10.1038/s41419-017-0211-4
https://doi.org/10.1016/j.canlet.2018.01.061
https://doi.org/10.1007/s00262-018-2123-2
https://doi.org/10.1002/iub.1696
https://doi.org/10.1007/s11538-018-0402-x
https://creativecommons.org/licenses/by/4.0/

	Immunological Approaches Towards Cancer and Inflammation: A Cross Talk
	Introduction
	Types of Inflammation and Involvement of Immune Cells
	Inflammatory Mediators Mediated Genetic Alteration; Paving the Way for Tumorigenesis
	Major Signaling Pathways and their Interplay in Cancer, Inflammation, and Immunity
	Nuclear Factor-κB
	Nuclear Factor Erythroid 2-Related Factor 2 (Nrf2) Pathway
	MAPK Pathway
	Transformation-Related Protein 53/p53
	Janus Kinases (JAK)/Signal Transducing and Activation of Transcription (STAT) Pathway
	Phosphoinositide-3-Kinase (PI3K) Pathway
	CREB Signaling Pathway
	Wnt/Beta Catenin Pathway
	Innate and Adaptive Immunity: Inflammation and Cancer
	Role of Various Immune Cells in Inflammation and Cancer
	Mediators: Cancer, Inflammation, and the Immune System
	Novel Immunotherapeutic Approaches toward Cancer
	Immune Cell-Mediated Immunostimulatory Approaches toward Cancer
	Cytokine-Mediated Immunostimulatory Approaches toward Cancer
	Vaccine-Based Immunostimulatory Approaches toward Cancer
	Targeted Approaches toward Cancer
	Future Prospective
	Author Contributions
	Funding
	References


