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Abstract

Both innate and adaptive arms of immune system play role in tumor development. Moreover, genetic and
epigenetic alterations, widely demonstrated in cancer cells, result in disturbances in molecular pathways
regulating cell growth, survival, and metastasis. Knowledge of molecular and cellular mechanisms involved
in carcinogenesis leads to improvement of targeted treatments for cancers. Similarly, allergies are immune
related entities and are treated according to the molecular mechanisms of hypersensitivity reactions. Some
studies support the hypothesis of inverse association between cancer and susceptibility for allergies but the
correlation is not simple and some demonstrate positive relation. For example, in some studies histamine
released in response to allergens plays a role in tumor progression, probably through maintaining survival
of myeloid derived suppressor cells (MDSCs). However, in other studies, the protective role of IgE against
carcinogenesis have been reported. In this review, the role of immune system and specific molecular
mechanisms in cancer and allergy will be discussed. Based on separately mentioned factors, interactions
between these two seemingly disparate entities will also be presented. We conducted this review to illustrate
potential molecular and cellular mechanisms underlying the association of cancer and allergy and make a
basis for future interventions.
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Introduction

Cancer cells are normally recognized and de-
stroyed by immune system in order to prevent
tumor development. However, natural immune
mechanisms may fail to keep up with the progres-
sion of cancer cells a part of which may be due to
some immunity inhibiting cells enhanced in can-
cer patients such as myeloid derived suppressor
cell (MDSC), regulatory T cells (Treg), etc (1).
Indeed, cancer cells are self-cells with malignant
alterations, hence, self-tolerance might play role
in weakened immunity against cancer.(2) A num-
ber of molecular mechanisms underlying malig-
nancy and uninterrupted proliferation of these
cells have been investigated.

Being self-sufficient in growth signals and in-
sensitive to growth-inhibitory signals can illus-
trate critical steps in transformation of normal
cells into malignant cells (3). Continuous growth
signaling can be an outcome of mutations in cell
surface receptors or intracellular signal transduc-
ers, like the Epidermal Growth Factor (EGF) re-
ceptor (EGFR) and Phosphatidylinositol 3 kinase
(PI3K) and some special pathways in Cancer
Stem Cells (CSC) (4-6).

In addition, epigenetic, as the heritable chang-
es in gene expression, which are not accompa-
nied by changes in DNA sequence, including
covalent modification of DNA and histone pro-
teins, as methylation, plays an important role in
inducing cancer (7). Environmental factors such
as cigarette smoke in lung cancer as a chemi-
cal carcinogens, are reported to induce cancer
through influencing epigenetic mechanisms of
DNA methylation (8).

Aside from molecular researches on cancer
itself, other studies have been conducted to de-
fine the correlation of cancers with other chron-
ic diseases like allergies, yielding a new area of
research known as “allergooncology" associated
with the basic mechanisms of allergic diseases af-
fecting specific cancers (9).

Considering immunologic factors and toler-
ance, the immune system often underreacts in
cancer as cancer cells are originally normal cells
with the previous antigenic feature and damaged
DNA. However, in the case of allergies, the im-
mune system becomes hyper-sensitive to a nor-
mally harmless substance, and immune cells over-
react to that substance, resulting in inflammation
and allergy symptoms. Different immunologic
factors and immune tolerance underlying these
two phenomena may explain how their genuine
mechanism of disease can influence each other
when they concomitantly occur or mimicked in

therapies. On the other hand, multiple genetic
and environmental factors are involved in both
allergic reactions and cancers, in which mutual
findings may illustrate how they are associated.
There are broad panel of molecular events before
and during IgE mediated reactions. Before the
initiation of reactions, processing allergen by an-
tigen presenting cells (APC) and their subsequent
secreted cytokines regulates transcription factors
like Fork head box P3 (FOXP3) and GATA-bind-
ing protein 3 (GATA3). Regulation of these fac-
tors take part in determination of T cell subsets
required for allergy induction (GATA3 for Th2)
or suppression (Foxp3 in Treg cells). During the
process, IgE priming on mast cells or basophils
through Ig-E Fc portion receptor 1 (FceR1) and
signaling events followed by secondary exposure
of allergens would trigger degranulation and re-
lease of mediators like histamines, leukotrienes
(LTs), prostaglandins and ultimately anaphylax-
is (10). Histamine affects target cells and subse-
quently, induces excess mucus production, va-
sodilation, vasopermeability and smooth muscle
contraction (11).

Products of allergic reactions and associated
cytokines can additionally participate in pathways
involved in tumorigenesis, as both occur regard-
ing the immune system dysfunction. Respiratory
system cancers seem to exhibit clear associations
with allergies as they occur in the principal site
affected in asthma. Therefore, mechanisms dis-
cussed in separate sections are mainly focused on
lung cancers and asthmatics allergies.

Important Molecular and Cellular

Mechanisms of Cancer
Immune system and cancer

Both innate and adaptive immune reactions
are important for antitumor responses (12). Nat-
ural killer (NK) cells, as a part of innate immune
system, are reported to have important roles in
clearance of lung tumor cells through interferon
gamma (IFNy) secretion or induction of apop-
tosis  (13). In the adaptive immune system, T
cells and their secreted cytokines play an essen-
tial role in immune system’s antitumor effects
(14). Tumor cell death is usually mediated by
CD8+ cytotoxic T cells and CD4+T helper (Th)
cells via IFNy secretion especially by Th1l. Th17
also represents important antitumor responses
by producing inflammatory cytokines like IL17
and associated tumor cell death (15). Enhancing
the antitumor immunity by IL17 may be related
to its role in increasing the generation of cyto-
toxic T cells (16). However, IL17 may also have
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negative effects on tumor immune surveillance
through inducing tumor vascularization. This
tumorigenic function of IL17 contradicts disrup-
tive effects of IFNy on tumor’s vasculature (17).
Another important cytokine in cancer immuni-
ty is transforming growth factor-beta (TGF-)
which initially induces apoptosis in early stages
of tumor. However, at later stages it demonstrates
protumor activities due to the resistance of tumor
cells to growth inhibitory signals by this cytokine
(18). Increased TGF-B in tumor microenviron-
ment leads to epithelial transition of cancer cells
and consequent invasiveness and metastasis (19).
However, some components of immune system
may counteract the antitumor effects of immune
system by protecting tumor cells or suppressing
immune reactions. For example, a special subset
of T cells called Tregs suppress immunity against
tumors by inhibitory cytokines (20). Prolifera-
tion of Tregs cells are reported to be stimulated
by TGF-B which indicates its immunosuppres-
sive mechanism in tumor microenvironment
(21). Another type of cells promoting tumor pro-
gression is MDSCs. MDSCs are very similar to
monocytes and granulocytes. They are a kind of
immature myeloid cells characterized by their
potent immune suppressive activity, especially
through inhibiting T-cell and proliferation of cy-
tokine-producing cells (22). They might indurate
immunotherapy of cancer as well as the natural
immune responses against tumors(23). Abolition
of MDSC in both preclinical and clinical settings
has led to more effective immune responses. Sur-
prisingly, a direct antitumor effect was observed
in some studies as well. (22). The most substan-
tial mechanisms of immunosuppressive activity
of MDSC include contribution of arginase, nitric
oxide (NO) and reactive oxygen species (ROS)
(24).

Signaling pathways

Various molecular mechanisms are involved in
tumor progression, and signaling pathways are
major operators of initiation and maintenance of
this malignant process. The most important path-
ways in cancer include Wnt and Notch in cancer
stem cells, PI3K and ERK- MAPK which will be
described herein. Cancer stem cells are a type of
malignant stem cells in cancerous milieu, which
share the characteristics of normal stem cells, spe-
cifically their pluripotent feature to produce all
cell types (25). They have been found in a grow-
ing number of hematopoietic cancers and solid
tumors and could be among the key factors of tu-
mor survival (26). There are important pathways

acting in renewable cells such as Wnt and Notch,
which are related to extracellular ligands and re-
ceptors so that special transcription pathways can
be activated. Similar pathways play role in cancer
stem cells as well.  Particular characteristic of
Notch pathway is the enzyme y-secretase, which
can bind to the Notch Intracellular domain and
be transferred to nucleus in order to activate or
mutate some specific genes. Improper signaling
pathway causes wide range of human genetic dis-
orders and cancers. The other one, Wnt, is a para-
crine signaling pathway active in cell growth and
evolution. It functions through regulating a tran-
scription co-activator “B-catenin”. As the main
role of Wnt is keeping stem cell pools in tissues,
inappropriate activation of this signaling leads to
tumor formation (25, 27).

PI3K PATHWAY The phosphatidylinositol
3-kinase (PI3K)/Akt pathway is proven to be ac-
tivated in various cancers, including non-small
cell lung cancer (NSCLC) (28). Activation oc-
curs mostly in the helical or kinase domains of
the alpha p110 catalytic subunit, PIK3CA, lead-
ing to increase in PIP3 levels. It induces mitosis,
anti-apoptotic response, and phosphorylation of
AKT which is a serine/threonine-specific protein
kinase playing a key role in many cellular pro-
cesses such as apoptosis, cell proliferation, tran-
scription and cell migration. Other processes like
higher protein translation are also induced as a
subsequent event through mTOR activation, a
phosphatidylinositol 3-kinase-related kinase pro-
tein family (29). Observations of PI3K in squa-
mous cell cancer (SCC) and adenocarcinoma
(AC) of lung showed alterations in this pathway
according to the mutations in three genes — PIK-
3CA, PTEN, and AKT. Most of the SCC cases
are developed due to PIK3CA gene amplification
rather than activating mutations (30).

Tumor suppressor PTEN, a lipid phosphatase
and tensin homolog in which deletions or muta-
tions result in a wide variety of tumors, down-
regulates the PI3K pathways activity through
dephosphorylating PIP3 (28, 31). A study has
demonstrated that a low level of PTEN expres-
sion does not necessarily lead to high activity
of AKT. Logically, signaling from insulin like
growth factor receptor (IGF1R) and other factors
in PTEN-low cells affect AKT activation (32).
EGFR is a tyrosine kinase receptor activated by
binding to growth factor ligands including epi-
dermal growth factor (EGF). Subsequently, it ac-
tivates downstream pathways including MAPK
and PI3K and results in DNA synthesis and cell
proliferation (33). It also participates in tumors
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immune escaping and suppression of autophagy,
illustrating clinical implications for immunother-
apy (29). EGFR has been shown to be deregu-
lated by different mechanisms including overex-
pression, amplification, and mutation in a variety
of cancers. Activating mutations in tyrosine ki-
nase domain of EGFR are proven to occur in NS-
CLC. There have been clinical trials indicating
that patients treated with EGFR inhibitors show
better results than ones treated only with standard
cytotoxic chemotherapies (34).

Epigenetics

As environmental factors are increasingly stud-
ied, deregulation of the epigenome seems to have
a common role in cancers. Epigenetics compris-
es several processes, such as DNA methylation,
histone modifications and RNA interference (35).
SETD?2 is a trimethyl transferase having a role in
methylation of histone H3 on Lys36 (H3K36me3).
During replication process, it ensures DNA mis-
match repair (36).

CREBBP/CBP and EP300, histone acetyltrans-
ferase coactivators participating in many tran-
scriptional and biological programs by acetyla-
tion of lysine residues on histones, are reported
to be mutated in lymphoblastic leukemia (29).

KDM2A, histone H3 lysine 36 demethylase, is
necessary for tumorigenesis and invasiveness of
KDM2A-overexpressing NSCLC cells (37).

Some therapies use targeting epigenetic al-
terations. DNA methylation inhibitors, typically
nucleoside analogs like 5-azacytidine and 5-aza,
2'-deoxycytidine that target DNA methyltrans-
ferases, lead to demethylation of DNA and gene
re-expression. These molecules were found to
be effective in the treatment of myelodysplastic
syndromes and leukemia. Histone deacetylase
(HDAC) inhibitors targeting acetyltransferases
are also possible treatments for targeting genes
(29, 38).

Molecular and cellular mechanisms of
allergy

Development of T cells and associated cyto-
kines

Cytokines can be categorized into two groups:
pro-inflammatory and those that are essentially
anti-inflammatory but may induce allergic re-
sponses. T lymphocytes are important sources
of cytokines. These cells have antigen specif-
ic receptors on their surface to identify foreign
pathogens presented on APCs like macrophages
and dendritic cells (39). There are two main types
of T lymphocytes according to their cell surface

molecules known as CD4 and CD8. T lympho-
cytes expressing CD4 are also known as helper T
cells being the most plentiful cytokine producers.
When CD4 T cells receive IL-12 signals during
their activation, Thl cells are derived from them
and the cytokines produced following this differ-
entiation are known as Th1-type cytokines (40).

Interferon gamma (IFNy), as one of the main
Thl-type cytokines, produces the pro-inflamma-
tory responses for killing parasites, which exces-
sively result in tissue damage. In this case, Th2
responses have to counteract the Thl mediated
microbicidal action through excessive amounts of
anti-inflammatory interleukin-10 (39, 41). Other
Th2-type cytokines, comprising interleukins 4, 5,
and 13 are associated with the promotion of IgE
and eosinophilic responses as a prominent feature
of allergic asthma (39).

Th17, Th9 and Th22 cells are differentiated
from naive CD4+ T cell depending on conditions
at the time antigen is primarily introduced (42).
ThO cells secrete IL-9 which is regulated in the
presence of 1L-25 (43). IL-9 plays a role in the
growth of mast cells. Inflammation in the lung
and intestines, such as intestinal anaphylaxis can
be induced under influence of IL-9 (44). This cy-
tokine in combination with TGF-f acts as an in-
ducer for development of Th17 cells (45).

Producing IL-17 and IL-22, Th17 cells increas-
es recruitment of neutrophils and combat bacteri-
al infections (46). IL-17 is also tracked in aller-
gic conditions such as in patients with asthma, in
association with neutrophils, and in the skin of
patients with chronic atopic dermatitis (47). The
other source of IL-22 production is Th22 cells
(48). They only produce IL-22, a member of IL-
10 cytokine family which shows immune activi-
ty through production of anti-microbial peptides
and enhancement of survival of epithelial cells
in skin, lung, and intestine. (49). However, IL-
22 showed a role in the inflammation of skin in
psoriasis (50). Similar to IL-17, high level of IL-
22 is present in the skin of patients with atopic
dermatitis (51).

CD4 Th cells are critical for organizing adap-
tive immune responses. During Th2 or Thl cell
differentiation, the expression of the transcrip-
tion factor GATA3 is respectively up-regulat-
ed or down-regulated. GATA3 up-regulation
is induced by IL-4-STAT6-mediated signaling.
IL-4-independent GATA3 up-regulation is a se-
quel of low dose but not high dose of antigen
stimulation through TCR (T cell receptors) and
this also results in IL-4 production (52).

GATA3 suppresses IL-12-STAT4 signaling,
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a pathway for Thl cell differentiation (53). IL-
12RB2(IL12 receptor B chain) is undetectable in
naive CD4 T cells but T-cell activation triggers
its expression (54). In ectopic GATA3-express-
ing cells, the reduced IFN-y production (which
is related to a failure of T-box expressed in T
cells, T-bet, up-regulation) could be explained by
a failure to responding IL-12 because of GATA3
suppressing IL-12Rp2 expression. However, in-
creased GATA3 expression inhibits IFN-y pro-
duction even in developing Thl with restored
expression of IL-12RB2. Indeed, GATA3 exert
this function through decreasing the expression
of STAT4 as well as reduction in the expression
of IL-12RP2. Expression of STAT4 is predomi-
nant in Thl than in Th2 cells (55, 56). In the
IL-12 signaling pathway, STAT4 plays a central
role and promotes induction of Thl cells. Ow-
ing to this fact, decrease in expression of STAT4,
developed by increase in expression of GATA3
leads to failure in induction of Thl cell despite
the enforced expression of IL-12RB2. Inverse-
ly, GATA3 deletion during Th2 differentiation
results in up-regulation of both STAT4 and IL-
12RB2 (56).

Another mechanism through which GATA3
inhibits Thl cell differentiation is by binding to
Runx3 and therefore, blocking Runx3-mediated
[FN-y production in both CD4 and CD8 T cells.
Interestingly, blocking Runx3 diminishes IFN-y
production in GATA3-deficient ‘Th2’ cells, indi-
cating the role of Runx3 in IFN-y- and IL-12-in-
dependent IFN-y production. Runx3 has been re-
ported to bind to the IFNy promoter and multiple
sites across the IFNy gene locus some of which
overlap with T-bet binding. These results imply
that Runx3 can induce IFN-y either by itself or
by collaborating with T-bet family members to
induce full levels of IFN-y production (57).

As peripheral immune tolerance maintaining
cell subsets, Tregs suppress the effector Thl,
Th2, Th17 cells which is mediated by produc-
ing anti-inflammatory cytokines such as IL-10
and TGF-B (58). TGF- inhibits the function of
both Th1 and Th2 cells, and induces suppression
of eosinophils, mast cells and basophils (59, 60).
This accounts for an endogenous anti-allergy re-
sponse.

There are two types of Tregs: the first one is
called natural TReg (nTRegs) cells which make
nearly 10-15% of blood cells lymphocytes (61).
They’re selected in the thymus as Foxp3+C-
D4+CD25+ TReg cells due to the effect of TGF-f3
on the conversion of naive CD4+CD25- T cells
into CD4+CD25+ T cells mediated by the ex-

pression of Foxp3, a member of the fork head/
winged-helix family of transcriptional regulators,
crucial for differentiation of naive T cell towards
the Treg phenotype (62, 63). These cells control
both pathogenic Th2 cells and Thl cells, there-
fore prevent the development of autoimmune
diseases (64). The number of local FOXP3+C-
D25+CD3+ cells in the nasal mucosa increases
after allergen immunotherapy (65). Loss-of-func-
tion Foxp3 mutations can lead to severe allergic
inflammation manifested as food allergy, asthma,
atopic dermatitis, increased IgE levels and eosin-
ophilia (61).

The other TReg cell type is produced after
antigen exposure and is called inducible TRegs
(iTRegs) cells. Inducible TRegs suppress and
strict the function of Th2 cells, mast cells, baso-
phils, eosinophils and dendritic cells. They in-
hibit mast cell degranulation and further pro-in-
flammatory cytokine release, by an OX40/0X40
Ligand interaction and IL10 production (61, 66,
67). IL-10 down-regulates T cells by blocking
CD2, CD28 and inducible co-stimulator signal-
ing (ICOS) (68). ITReg cells inhibit allergic eo-
sinophilia and Th2 IL5 expression both through
IL10 in murine lung as an indicator of its role in
suppressing airway inflammation (69, 70). By
producing IL-10 and TGF-f, they may also par-
ticipate in IgA and IgG4 production and regulat-
ing allergen-specific-IgE (71).

Mast cells and allergy reaction

Mast cells are specialized cells defending
against invading pathogens and are mostly locat-
ed in mucosal and epithelial tissues near small
blood vessels. The major growth factor for mast
cells is stem-cell factor (SCF), which acts on the
cell-surface receptor c-Kit (72). For development
of allergic and anaphylactic reactions of type |
hypersensitivity, mast cells play a central role.
The high- and low-affinity IgE receptors (FceRI
and FceRIl) are targets for IgE binding via its
Fc component expressed on mast cells and ba-
sophils. Release of histamine and IL-4 from the
basophilic granules is the following event. The
low-affinity FceR, CD23, which is expressed in
many types of immune cells such as lympho-
cytes, monocytes, and eosinophils, shows intri-
cate function. However, CD23 coupled with IgE
bring about presentation and transport of aller-
gen, modulation of IgE synthesis, and cell-medi-
ated effector functions (73-75). Bi- or multivalent
antigen—IgE complex binding activates mast cells
which leads to cross-linking of FceRI and trans-
ducing an activating signal. Within minutes, mast
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cells release preformed histamine, heparin, other
proteoglycans, prostaglandins, several protease
such as mast-cell chymase, tryptase and serine
esterase for tissue destruction and cytoplasmic
granule-associated cytokines such as IL-2, IL-4,
IL-21, TNF, G-CSF and IL-13 which perpetuate
the Th2 (76, 77). Cytokine and chemical media-
tor releasing leads to a second phase of allergic
symptoms, also called late-phase reactions fol-
lowing immediate allergic reaction. This late re-
sponse involves influx and activation of other ef-
fector cells contributing in the immune response,
notably eosinophils, Th2 lymphocytes and baso-
phils. Th2 activation results in accumulation of
eosinophils in chronic inflammation. There is an
interactive network between eosinophils, mast
cells, and basophils (78). Major basic protein
(MBP) released following the eosinophil degran-
ulation, leads to another degranulation, this time
from mast cells and basophils (73). Cytokines
which are common growth factor for both eosin-
ophils and basophils such as GM-CSF, IL-3, and
IL-5 foster this interaction (79). Potentially, there
is a reciprocal control of the stem-cell maturation
into basophils or eosinophils. For example, TGF[3
in the presence of IL-3 indicates suppression of
eosinophil differentiation and enhancement in ba-
sophils’(78).

Mast cells also release high levels of tumor
necrosis factor (TNF)-a either from its storage
in cells or synthesis after activation. TNF-a pro-
motes the influx of inflammatory leukocytes and
lymphocytes into tissues through activation of
endothelial cells and their increased expression
of adhesion molecules (78, 80).

High levels of IgE can result in a dramatic in-
crease in FceRI on the surface of mast cells and
resulted hypersensitivity of such cells to low
concentrations of specific antigen. Ultimately,
markedly increased IgE-dependent release of cy-
tokines is noticeable (81).

Allergy & Epigenetic

Environmental factors and epigenetics, also
play a role in deregulation of immune system re-
sulting in allergy (82). For instance, air pollution
can be a potential risk factor for asthma, although
its role in the onset of the disease needs further
studies (83). A study has shown increased DNA
methylation of the FoxP3 transcription factor
promoter and impaired T-regulatory (Treg) func-
tion in those patients, supporting the idea that
methylation variations play a crucial role in T cell
differentiation and plasticity (84). Chromatin re-
modeling in Th2 cytokine loci also shows a great

importance. It was shown that mice undergone
loss of histone H3-K4 methylation, general H3
acetylation and demethylation of the DNA in the
Th2 cytokine locus, show marked reduction in
the recruitment of leukocytes like eosinophils and
decreased IgE levels and hyperreactivity mainly
occurring in airways (85). Another study implies
importance of HDAC for the development of Th2
cytokine production, allergic airway inflamma-
tion and early T-cell differentiation through bind-
ing to IL-4 gene locus (86). As mentioned, sever-
al common epigenetic features are noticeable in
cancer and allergy which requires further studies
to be investigated integratedly based on specific
genes and their modifiers.

H3 methylation variations in both lung cancer
(usually upregulated) and asthma (reported to be
downregulated) may represent the epigenetic fun-
damental of associations between these two phe-
nomena with enzymes like KDM2A and SETD2.
Also, HDAC is supposed to be overexpressed in
tumors, aside from its essential role for Th2 de-
velopment and subsequent allergy induction (12).

Interactions of cancer and allergy
Histamine and tumor immune escape

Histamine can sustain NK cell function and
indirectly promote clearance of malignant cells
under conditions of phagocyte-induced oxida-
tive stress mediated by these cells. These results
suggested that histamine could be used in cancer
immunotherapy protocols (87). However, anoth-
er evidence indicated that histamine could aug-
ment proliferation of different normal and malig-
nant cells. High histamine biosynthesis, linked to
allergic reactions, infections, and tumor growth,
together with histamine receptors have been re-
ported in different human neoplasia including
melanoma, colon and breast cancer, as well as in
experimental tumors in which histamine has been
considered as an important paracrine and auto-
crine proliferation regulator (88, 89).

Histamine acts on a variety of cell types with
histamine receptors (HR1-4). Effects of hista-
mine on cell growth, motility, phenotypic alter-
ations and signaling mechanisms, are determined
by the expression of specific HRs. Myeloid cells
have been reported to express HRs and Histidine
Decarboxylase (HDC), the enzyme required for
histamine synthesis. Culturing monocytes with
histamine can alter the cytokine production such
as increase in IL-10 and inhibiting IL-12 which
leads to Th2 immunity. It also alters signaling
pathways important for MDSC accumulation and
protects them against apoptosis; therefore, due
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to higher levels of histamine in allergic asthma
patients, they have more MDSCs in their blood-
stream than non-allergic patients. Trafficking the
MDSCs to tumors, as a site of inflammation, is
mediated by their migration toward mast cells
in tumor microenvironment. MDSCs have two
subpopulations including monocytic and poly-
morphonuclear MDSC and this occurs mainly in
monocytic subpopulations (11).

Allergy inducing components and cancer

IgE isotype class could show high tumoricidic
efficacy in some passive immunotherapies per-
formed with monoclonal antibodies of the IgM,
IgG, IgA and IgE classes specifically against tu-
mor-associated antigens. IgE is able to mediate
high levels of the antibody-dependent cell-me-
diated cytotoxicity (ADCC). For example, fo-
late receptor-a is a tumor target and biomarker
in epithelial ovarian cancers with a role of de-
livering 5-methyltetrahydrofolate into the cell
for DNA synthesis (90). Recombinant IgE an-
tibodies targeting folate receptor-a revealed the
FceRI-dependent nature of ADCC by monocytes.
Interdiction of IgE-FceRI coupling on monocytes
through applying a soluble a-chain of FceRI or
blocking monoclonal antibodies, subsequently
decreased ADCC. The mechanism of reducing
ADCC is upregulated upon incubation with 1L-4
and IL-13. Moreover, CD23 on monocytic cells
has the function to clear I[gE—antigen complexes
from the circulation (76, 91).

IgE can also involve a broad spectrum of effec-
tor cells in tumor defense, with a high cytotoxici-
ty via binding to IgE receptors as well as restimu-
lating the immune system through IgE-mediated
facilitated antigen uptake and presentation. IgE
effector cells like Eosinophil were described to
be found in several cancer regions including ma-
lignancies of the head and neck, uterine, cervix,
esophagus, and the gastro-intestinal tract. Ac-
cording to their IgE-mediated tumoricidic mech-
anisms, the term ‘tumor-associated tissue eosino-
philia’ (TATE) was introduced (76).

Upon IgE activation, eosinophils can release
cytotoxic mediators such as major basic protein
(MBP), eosinophil cationic protein (ECP), eosin-
ophil-derived neurotoxin (EDN), and eosinophil
peroxidase (EPO). These proteins are also well
investigated in their cytotoxic action in respira-
tory epithelium and cancer cells. EPO as a halo
peroxidase enzyme catalyzing metabolites shows
dual role at different levels. Although it is respon-
sible for apoptotic or necrotic cell death through
promotion of oxidative stress, it utilizes the tu-

mor-associated receptor tyrosine kinase HER-
2 for cell cycle progression and proliferation at
non-cytotoxic levels (73, 76). Eosinophils also
play role in cytotoxicity against colon cancer cells
through release of TNF-a and granzyme A (92).
These data support the idea of exploiting IgE for
cancer immunotherapies. Aside from that, as IgE
overproduction is considered to be a hallmark of
allergic reactions, cross reactions of this immune
component with some special tumor associated
antigens may be related with cancer prognosis, as
if the tumor antigen was formerly an allergic an
antigen. Therefore, it may be intriguing to design
an oral vaccine containing tumor antigens to in-
duce IgE antibodies through an indigestible gas-
tric passage (9).

Eosinophils also play a role in tissue remod-
eling in allergic and cancerous diseases through
mediators such as basic fibroblast growth factor
(b-FGF), platelet-derived growth factor (PDGF),
granulocyte-macrophage colony-stimulating fac-
tor (GM-CSF), TGF-$, IL-8 and IL-6. Therefore,
they may demonstrate an ambivalent feature,
which needs further studies with recombinant an-
titumor IgG vs IgE antibodies (76).

Mast cells, as IgE effector cells, were reported
in tumor-surrounding tissues. Mast cell-specific
serine protease-6 (MCP-6, tryptase) is an acti-
vator of tumor growth which exert the effect via
coupling to protease-activated receptor-2 (PAR-
2) expressed on the outside of carcinoma cells.
Moreover, tryptase improved the growth of a co-
lon adenocarcinoma cell line, DLD-1, through
coupling to PAR-2 and involvement of mito-
gen-activated protein kinase (MAPK)

Proangiogenic effects can likewise stimu-
late the tumor growth. Mast cell-specific serine
protease-4 (MCP-4, chymase) shows this effect
through activation of progelatinase B. In vitro
formation of blood vessels stimulated by MCP-6
is another proof for the effects of mast cells on the
augmentation of angiogenesis and tumor growth
(11, 76, 93, 94).

Of the cells in IgE-based immunotherapies are
basophils. Basophils share many features with
mast cells, whereas mast cells are located primar-
ily in the tissue, basophils can be found in circu-
lation as the least abundant immune cell popula-
tion. As a consequence of being a main source
of histamine, Basophils are of major concerns in
passive immunotherapy of cancer with monoclo-
nal IgE antibodies sensitizing FceRI on them and
could potentially be cross-linked by soluble tu-
mor-associated antigens in the circulation, which
are shed by tumors (76).
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Allergy associated cytokines and tumor devel-
opment

Some experimental studies observed attenu-
ating effects of Wnt overexpression on allergic
airway diseases like asthma. The probable mech-
anism is reduction in dendritic cell (DC) migra-
tion to lung draining lymph nodes in order to in-
duce T cell activities (95). It has been reported
that Notch signaling promotes GATA3 in Th2
cells (with prominent effect on mast cells in al-
lergy) through IL4-STAT6 independent mecha-
nism (96). Another experimental study on asth-
matic model of mice indicated reduced level of
Th17/IL17 by blocking Notch signaling pathway
through y-secretase inhibitors, which can demon-
strate an effective administration of these inhibi-
tors for asthma patients as well as promoting an-
titumor effects through blocking the tumorigenic
pathways in CSC (97, 98). Therefore, specific ge-
netic mutations in cancer cells and administration
of therapies like Wnt/Notch inhibitors in cancer
may represent different prognosis in allergic pa-
tients.

TGF-B, produced by Foxp3* Treg cells for at-
tenuating immune responses, is activated by ret-
inoic acid and fibroblast growth factor-2 (FGF-2)
in endothelial cells or by endotoxins and bleo-
mycin in macrophages (99, 100). TGF-f is sup-
posed to suppress effector cells in allergy such as
mast cells, eosinophils and basophiles; howev-
er elevated levels of this factor may exacerbate
the condition of allergic patients through other
mechanisms such as airway structural changes
in chronic asthma, which emanates from fibro-
genicity and immunomodulating effects of this
factor. Aside from tissue alterations, it medi-
ates leukocyte chemotaxis to pulmonary tissues
(101). Activation of the TGF-B receptor results
in phosphorylation of serine/threonine residues,
which induces phosphorylation of intracellular
effectors (Smads). Smad proteins translocate to
the nucleus and act as transcription factor of their
target genes responsible for regulating various
processes and cellular functions. TGF-f, through
activating other non-Smad or Smad-independent
signaling pathways such as p38, MAPK, PI3K-
Akt, has an indirect role in apoptosis, mesenchy-
mal-epithelial transition, migration, proliferation,
differentiation, and extracellular matrix forma-
tion. Investigation on these activities can enhance
the knowledge of TGF-B‘s role in both cancer
and allergy. In advanced cancer, the ERK-MAPK
pathway is activated by different growth factors
including oncogenic RAS and TGF-f, which are
frequently upregulated in cancer. Ambivalently,

TGF-f acts as an antitumor agent in primary can-
cer stages probably through apoptosis of tumor
cells (102). Moreover, TBRII and TPRI seem to
be essential for activation of PI3K-Akt signaling
pathway which was mentioned to be upregulated
in NSCLC. Investigating precise role of TGF-f3 in
mediating these mutual pathways, has the pros-
pect of administering new therapeutic targets in
cancer and allergy treatment. It also indicates that
higher TGFp in asthmatic patients have a progno-
sis of cancer development (99).

Atopic dermatitis (AD) is associated with im-
munologic responses, which make the most of
the patients susceptible for asthma development.
The condition is associated with elevated levels
of Th17 and cytokine expression in peripheral
blood, indicating the potential pathological role
of this type of T helper cell. (103, 104). EGFR
upregulation is also seen in inflammatory skin
disorders, sharing a common feature with particu-
lar cancers like lung cancer and metastasis (105).
This upregulation is hypothesized to have a pro-
tecting role as experimental studies have demon-
strated that EGFR signaling suppresses Th17
cell differentiation and therefore, attenuates AD
relapses. It’s been reported that cancer patients
treated with EGFR tyrosine kinase inhibitor are
prone to cutaneous inflammatory rash and asso-
ciated increased IL17 serum level (106). These
data can lead to a hypotheses that mechanisms
involved in higher levels of EGFR signaling in
AD patients may later participate in lung cancer
development (107)(Figure 1).

Aside from associations of IL17 and TGF-3
with tumorigenic pathways, these pleotropic cy-
tokines could also influence components of im-
mune system involved in both cancer and allergy.
Enhanced levels of TGF-B in tumor microenvi-
ronment alternates the amount of antigen pre-
sentation and proliferation of Thl, cytotoxic T
cells (CTL), etc. The effect of TGF-f3 on CTLs
is shown to be mediated by IL17 secreting path-
way as Th17 differentiation requires TGF-§ (17).
Therefore, allergic reactions to chemotherapies
in cancer patients may be due to the high levels
of [IL17 which also exacerbates the tumor growth
by inducing angiogenesis and cancer-associated
inflammation. Angiogenesis in tumors can be
inhibited by IFNy secretion by NK cells, CTLs
and Thl. But GATA3 overexpression (in allergy
development) shunts the helper T cell differentia-
tion from Th1 to Th2 cells. Therefore, decreased
number of Thl cells and their secreted IFNy may
result in defective antitumor responses and sub-
sequent tumor progression (108-110)(Figure 2).
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Figure 1. Interaction of allergy and tumorigenic pathways. Naive CD4 T helper cells are activated
through binding antigens presented on APCs. Sites of this activation could be in both thymus and pe-
ripheral lymph nodes. Migration of Dendritic cells to peripheral lymph nodes are required for antigen
presentation. It has been studied that Wnt overexpression (A hallmark of specific cancers) could inter-
fere with DCs' migration and T cell subsets differentiation. Activated CD4 T cells would differentiate
to T helper subsets according to the cytokines they receive during activation. T helper cells, which
receive IL12 would differentiate into Thl cells due to the reduction in GATA3 expression. In the
case of tissue damage resulted from Thl excessive activity, GATA3 overexpression in helper T cells
suppresses the effect of IL12 which would result in Th2 subset differentiation. Th2 are responsible
for allergic responses due to the cytokines they produce (IL4, 5, 13). It has been studied that Notch
pathway (an embryonic pathway upregulated in specific cancers) promotes GATA3 overexpression
and subsequent Th2 differentiation and allergy developing. According to the time of antigen presen-
tation, other subsets like Th9 and Th17 are also derived from Naive CD4 T helper cells. Th9 secretes
IL9 whose combination with TGFP would induce Th17 differentiation and its IL17 secretion. IL17 is
demonstrated to have roles in asthma and atopic dermatitis patients.

IL17 and TGFP seem to bridge specific allergic diseases and cancers with multiple mechanisms.
Overproduction of TGFp and its receptors in advanced cancers could be responsible for upregula-
tion of pathways involved in lung cancer such as PI3K-Akt. On the other hand, elevated levels of
IL17 and Th17 in AD is hypothesized to be suppressed by EGFR pathway upregulation as a protec-
tive mechanism. Constant upregulation of this pathway may result in lung cancer in AD patients.
Blocking embryonic pathways in cancer therapies like y secretase inhibitors is reported to reduce
levels of IL17; therefore, it attenuates allergy in these cancerous patients.

Conclusion

Determining a definite relationship between
cancer and allergy on the basis of epidemiolog-
ical studies is difficult because of interpersonal
variations in cellular pathways and remarkable
epigenetic differences in specific types of the
allergy and cancers and methodological lim-
itations. This can explain why epidemiological
studies couldn’t provide adequate data for sig-
nificant association between these two diseases.
Therefore, it will be more plausible to conduct

further studies on biological mechanisms cor-
related between cancer and allergy concurrent
with epidemiological studies which are still
needed to be conducted. Examples of biological
basis narrated in this article are cells and their
associated molecules involved in allergic mech-
anisms, which also participate in some molecular
pathways whose deregulation can lead to tumor-
igenicity such as TGF-B, important molecule in

various immunologic events, effecting pathways
like PI3K-Akt,
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Figure 2. Associations of cytokines with allergy and cancer immunity. Several mechanisms are
responsible for enhanced cancer progression such as metastasis, angiogenesis and reduced antitumor
immunity. High levels of TGFp leads to advanced cancer by inducing cancer cell invasiveness and
metastasis. Another mechanism may be due to its role in inducing IL-17 secreting pathways and
subsequent increase in angiogenesis by IL17. Increased levels of IL17 has also been reported to have
pathological roles in allergy development. Aside from its cancer promoting roles, TGFp participates
in tissue remodeling in allergic patients like asthmatic differentiation of airway structures. Allergy
development by these cytokines could result in defective IFNy production. IFNy has important roles
in mediating immune responses against tumor cells. Therefore, decreased levels of IFNy enhance

cancer progression.

Wnt/Notch regulating T cell development and
EGFR on Th17. Aside from that, environmental
factors play a crucial role in occurrence of both
cancer and allergy and this can be a basis of re-
searches on mechanisms of correlation between
these two phenomena. Due to the counteracting
immune reactions, it has also been hypothesized
that concurrence of these diseases may influence
the prognosis of cancer in specific sites and its
response to various targeted therapies as a result
of allergic components or subsequent effects like
accumulation of MDSCs.

Consequently, as there have been a lot of pro-
gresses in studying and understanding molecular
mechanisms of allergy and cancer, understanding
their exact interactions about how and up to what
extent they influence each other can also help us
to understand the diverse responses of patients
to treatments, and clarify the role of various im-
mune components in cancer immunotherapy.

Key issues

e Association of cancer with more easily diag-
nosed diseases like allergies can introduce new
methods to detect cancer predisposing factors
and prognosis in patients.

e Possible interactions of tumorigenic pathway

deregulations and factors with concomitant
allergies can lead to designing personalized
therapies which consider the immunologic phe-
notype of patients which affects response to
treatment and adverse events.

e Specific molecular and experimental researches
through already hypothesized potential interac-
tions need to be conducted to illustrate the ef-
fect of these two diseases on each other.
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