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Abstract

Background: Immune cells and immune proteins play a pivotal role in host re-

sponses to pathogens, allergens and cancer. Understanding the crosstalk between

allergic response and cancer, immune surveillance, immunomodulation, role of

immunoglobulin E (IgE)‐mediated functions and help to develop novel therapeutic
strategies. Allergy and oncology show two opposite scenarios: whereas immune

tolerance is desired in allergy, it is detrimental in cancer.

Aim: The current review provides an update on the role of immune cells and im-

mune proteins in allergy and cancer fields.

Methods: Authors investigated the role of relevant immunological markers and the

correlation with cancer progression or cancer suppression.

Results: Activated immune cells such as macrophages ‘M1’, dendritic cells (DCs),

innate lymphoid cells (ILC2), NK cells, Th1, follicular T helper cells (TFH), TCD8+,

B lymphocytes and eosinophils have inhibitory effects on tumourigenesis, while

tolerogenic cells such as macrophages ‘M2,’ tolerogenic DCs, ILC3, T and B regu-

latory lymphocytes appear to favour carcinogenesis. Mastocytes and alarmins can

have both effects. RIgE antibodies and CCCL5 chemokine have an anticancer role,

whereas IgG4, free light chains, Il‐10, TGF‐β, lipocalin‐2, CCL1 chemokine promote
cancer progression. Fundamental is also the contribution of epigenetic changes

regulated by the microRNA in cancer progression.

Conclusion: This knowledge represents the key to developing new anticancer

therapies.
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1 | INTRODUCTION

Immune cells have a relevant role in the allergic process and take

part in tumourigenesis. Stimulated immune cells, like classically

activated macrophages ‘M1,’ activated dendritic cells (DCs), IL‐33
and amphiregulin, innate lymphoid cells (ILC2), NK cells, Th1, follic-

ular T helper cells (TFH), IFN‐ϒ producing T CD8+ and B lymphocytes

have inhibitory effects on tumourigenesis and tumour progression.

While tolerogenic immune cells like alternatively activated macro-

phages ‘M2’ (M2a, M2b and M2c), tolerogenic DCs, ILC3, T regula-

tory and B regulatory lymphocytes, inhibiting allergic sensitization

and response, appear to favour carcinogenesis. Furthermore, M2

subtypes macrophages (M2a, M2b), IL‐25 stimulated ILC2 and Th2
lymphocytes have a role both in inducing allergic reactions and in
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favouring cancer progression. Also, mast cells have a different effect

on tumourigenesis based on multiple factors cancer‐related. Eosin-
ophils have shown a prevalent tumouricidal function mediated by

α‐defensins, TNF‐α, granzymes A and IL‐18.1 IgE antibodies showed
anticancer role while IgG4 induce immune tolerance and represent

an escape to antitumor immune response. Free light chains (FLCs),

regulatory cytokines such as IL‐10, TGFβ, lipocalin‐2 (LCN‐2) and
chemokines (e.g., CCCL1), promote cancer progression; however,

CCCL5 chemokine has demonstrated an anticancer role. The group

of alarmins (HGMB1, IL‐1α, S100 proteins and IL‐33) showed
a different role, promoting or inhibiting tumour progression,

depending on the type of the tumour, stage and their localiza-

tion.2,3 Finally, epigenetic changes regulated by microRNA (miRNA)

exert a notable contribution to the immune response and cancer

development.4

The European Academy of Allergy and Clinical Immunology

established a Task Force on AllergoOncology to evaluate the re-

lationships between cancer and allergy with the goal of studying both

allergic problems in clinical oncology and the immunomodulatory

mechanisms eventually protecting cancer to develop new oncological

immunotherapy (e.g., cellular vaccines expressing IgE‐binding tumour
antigens; recombinant antitumour IgE).2,3 Studies in this field are

constantly updated.

1.1 | Epidemiologic association between allergy and
cancer

Several epidemiological studies have suggested inverse associations

between allergic diseases and malignancies. Allergy published, in

2005, two well‐documented studies on this topic. The first, carried
out at the Stockholm Karolinska Institutet,5 analysed the possible

presence of neoplasia and the allergic condition of 70,000 patients,

reaching a neutral conclusion that allergy does not protect or pro-

mote the onset of tumours. The second, realized at the University of

Heidelberg in Germany,6 was a review based on 80 previous epide-

miological studies. In total, the clinical conditions of 52,000 patients

were analysed, reaching a conclusion that allergy has a certain pro-

tective activity (actually, with some discrepancies) for tumours of

colorectal cancer, breast, pancreas, brain (glioma, but not for me-

ningioma) and leukaemia. On the contrary, allergy could be a risk

factor for lung cancer. Other epidemiologic studies have explored the

potential association between allergy history and cancer (first brain,

lymphatic and haematopoietic cancers). However, most studies have

relied on self‐reported allergic history, being typically limited,

retrospective and associated with potential biases. Successive ob-

servations have reported an inverse association between allergy and

colorectal carcinoma,7 but not with haematopoietic or prostate

cancer.8,9 One study reported an inverse trend between increasing

blood eosinophil count and subsequent colorectal cancer risk.10

Other studies also evaluated biological indicators of allergy his-

tory and immune function. The level of total and specific IgE seems to

have an inverse relationship with the development of neoplasia such

as melanoma, glioma, gynaecological tumours and female breast

cancer.11 A potential correlation between allergies and risk of hae-

matologic malignancies (HMs) has been evaluated in numerous

epidemiological analyses. The greater part of investigations has

studied the relations between allergy and acute lymphoblastic

leukaemia or lymphomas.12 A report suggests a relatively augmented

risk of HMs in women but not in men with a story of allergies to

airborne allergens, particularly to grass, plants or trees,13 while, in a

population‐based report from the Swedish cancer registries, an

augmented possibility of lymphoplasmacytic lymphoma was stated in

subjects who had history of any form of allergy founded on previous

hospital discharge information.14 Moreover, numerous findings indi-

cate that asthma is a risk factor for acute leukaemia (AL) in children

with Down syndrome, while skin allergies appeared to defend subjects

from AL.15,16 In a US veterans report, a history of total allergic situ-

ations as verified in the hospital records was correlated with a diag-

nosis of non‐Hodgkin's lymphoma (NHL). Important correlations were
also reported in patients with allergic situations such as dermatitis,

alveolitis and erythema, but not asthma.17 Different analyses suggest

a positive correlation, especially for Hodgkin lymphoma (HL).18,19

Finally, a possible correlation has been proposed between allergy and

cutaneous lymphomas such as mycosis fungoides (MF). A story of

allergic rhinitis was reported for 25.5% of patients with typical MF and

31% of subjects with atypical MF. However, the incidence of asthma

and eczema was low. The total amount of IgE (IgE‐t) and eosinophil
counts were greater for subjects with typical MF than for controls and

for subjects with atopic diathesis than for subjects without atopy.20

Nevertheless, the findings were not always uniform. An inverse

correlation was described primarily in case–control design analyses.

For instance, an inverse relationship with a story of allergies has been

stated for HM, lymphomas, HL, NHL, acute lymphoblastic leukaemia

and multiple myeloma.21–30 The correlation between allergy and AL

proposes that the two pathologies may have a shared biologic

mechanism. Two hypotheses, such as ‘missing immune deviation’ and

‘decreased immune suppression,’ have been suggested to elucidate

the biological basis of this assumption. Epidemiological analyses have

demonstrated that changes of a microbial exposure are the main

element motivating the rising frequency of atopic diseases (the so‐
called ‘hygiene hypothesis’).31 However, the immunological cause of

this hypothesis is still debatable. The early explanations established

that a deficiency of shifting of allergen‐specific reactions from the

Th2 to the Th1 phenotype (missing immune deviation) was respon-

sible. This signifies that decreased stimulation of Toll‐like receptors
on natural killer (NK) cells and DCs induces a reduced generation of

cytokines, such as IFN‐α and IFN‐γ, and IL‐12 which not only stim-
ulate the expansion of Th1 cells but also disturbed the growth of Th2

cells. Lately, however, the relevance of diminished action of T cells

(reduced immune suppression) has been underlined. Agreeing to this

theory, the reduced microbial burden does not operate by causing a

diminished generation of Th1‐polarizing cytokines, but by reducing
the effects of Treg cells.32 In both cases, there is a profound alter-

ation in the functionality of the immune system. Moreover, to clarify

the role of allergies as a risk factor for haematological diseases, it is

possible considering the antigenic stimulation theory which suggests

that chronic stimulation of the immune system will cause accidentally

2 of 19 - DI GIOACCHINO ET AL.



occurring pro‐oncogenic mutations in proliferating cells.33 In

contrast, allergies as protective factors can be justified in terms of

the immune‐surveillance theory, which propose that allergic pathol-
ogies increase the immune system's capability to identify and eradi-

cate neoplastic cells. However, more studies will be necessary to

define which structure of the immune system of allergic patients may

constitute a risk factor for haematological neoplasms.

At present, no conclusive results have been achieved and liter-

ature data are inconsistent and contradictory, suggesting the

importance of immuno‐epidemiology studies on cancer, that consider
other interfering factors such as environment, lifestyle, age, sex, job,

alcohol, smoking use, type and duration of allergic disease other than

the simple allergic status.

2 | ROLE OF IMMUNE CELLS IN ALLERGY AND
CANCER

2.1 | Macrophages

Macrophages are an essential component of innate immunity and

play a leading role in inflammation and host defence.34 They explicate

their role through phagocytosis and generate reactive oxygen species

(ROS), nitrogen intermediates and other cytotoxic factors. ROS and

nitrogen intermediates are also responsible for the exacerbation of

allergy and asthma severity.35 They are professional antigen‐
presenting cells (APCs) involved in allergy and autoimmune

response, especially in delayed‐type hypersensitivity. Due to various
signals, macrophages may undergo classical M1 activation (stimu-

lated by TLR ligands such as LPS and IFN‐ϒ) or alternative M2 acti-
vation (stimulated by IL‐4/IL‐13). The M1 phenotype expresses

elevated levels of proinflammatory cytokines, reactive nitrogen and

oxygen intermediates promote Th1 response and strong microbicidal

and tumouricidal activity. In contrast, M2 macrophages are involved

in parasite containment and promotion of tissue remodelling, tumour

progression and to have immunoregulatory functions.36

M1 was observed in exacerbation of lung injury and airway

remodelling in allergic asthma via nitric oxide production. The pres-

ence of M1 macrophages in tumour microenvironment has been

associated with extended survival of certain cancers3 also through the

production of several angiogenic and lymphangiogenic factors.37

M2‐polarized macrophages can be further divided into three sub-
populations: M2a, M2b and M2c, according to specific stimulators

(cytokines, chemokines). M2a is triggered by IL4 and IL‐13 and posi-
tively correlate with the severity of airway inflammation in allergic

asthma.38 In cancer, a low M1/M2a ratio was associated with poor

prognosis in a variety of murine and human malignancies. M2b and

M2c are involved in immune regulation, tissue remodelling, angio-

genesis and tumour progression. M2b is induced by IgG immuno-

globulin complex and lipopolysaccharide (LPS) and are reported in the

context of allergy as well as cancer. In allergy, IgG4 can redirect pro‐
allergic M2a macrophages to an M2b‐like immunosuppressive

phenotype.39 This suggests a role of M2b in immune tolerance and so

in allergen immunotherapy. On the contrary, in cancer, this phenotype

seems to be correlated with disease progression. Recently, high serum

level of IgG4 was found in colorectal cancer patients turning M2

macrophages to tolerogenic states favouring cancer environment.40

M2c induced by glucocorticoids, TGF‐β and IL‐10 and support in-

duction of Tregs, correlate with tumour progression and poor prog-

nosis.41 Tumour‐associated macrophages (TAMs) differentiate from
circulating monocytes, enrolled to tumour sites by pro‐inflammatory
chemokines (CCL2, CCL3, CCL5, VEGF, colony‐stimulating factors
GM‐CSF and M‐CSF).42 The prevalence of macrophage phenotype in
tumour environment depends on the type of tumour, stage and the

place of the tumour. M1/M2 ratio determines the negative prognosis

in glioma and breast cancer and the best prognosis in carcinoma of the

stomach, colon, prostate and non‐small cell lung.43

Immune complexes with an antitumour IgE antibody or cross-

linking of surface‐bound IgE can polarize monocytes and macro-

phages to upregulate CD80 and the pro‐inflammatory mediator

TNFα. TNF‐α can then stimulate the production of the macrophage
chemoattractant protein 1 (MCP‐1) by both monocytes and tumour
cells, and trigger the recruitment of macrophages into tumour lesions

and restriction of tumour growth.44 In fact, it should be recalled that

TNFalfa takes its name from the identification in tumour necrosis.

The M2 phenotype predominates in hypoxic areas and seems to have

unfavourable effects in tumour growth.

New therapeutic strategies will be available to re‐educate these
macrophages promoting the positive effect of M1 phenotype.45

2.2 | Dendritic cells

DCs are ‘skilled’ cells responsible of uptake, proteolytic processing

and presentation of antigens to T cells. In an allergic condition, they

activate naïve CD4+ T cells to differentiate into Type 2 helper T cell

through the production of specific cytokines. Th2 cells and their

cytokine production driven by IL‐4 and IL‐13 promote/facilitate the
production of allergen‐specific immunoglobulin E (IgE) from B cells.

Therefore, IgE‐mediated antigen presentation supports DC‐based
immunity rather than leading to DC‐mediated tolerance.

On the contrary, activated DCs are converted into tolerogenic

phenotypes in the tumour microenvironment, where they promote

Tregs (and not T‐effector cells), with the production of TGFβ and

IL‐10 as an escape mechanism from immune clearance.1,2 Therefore,

allergy and cancer have different dendritic cell phenotypes, prevail-

ing the activated DC in atopic subjects, while the antigen presenta-

tion by tolerizing DCs is induced in cancer environment preventing

anti‐tumour T‐cell responses. The possibility to drive the activation
of effector DCs can be a key to stimulate anti‐tumour immunity by
the activation of cytotoxic CD8 + lymphocytes against tumour

antigens.46

2.3 | Natural killer cells

NK cells are a component of innate immune system expressing

eomesodermin and producing cytotoxic granzymes and perforin.
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Although the effect of NK cells in subjects with allergy is inad-

equately analysed, some reports propose a responsibility for NK cells

in allergic patients. Different experimentations confirmed that NK

cells participate in Th1 cell expansion, allergen‐specific immune

suppression, as well as IgE generation. With respect to non‐allergic
subjects, augmented NK cell proliferation has been reported in sub-

jects with allergic rhinitis. Moreover, the cytotoxic effect of NK cells

in allergic subjects was also greater with respect to healthy controls,

while the presence of NK cell costimulatory and inhibitory receptors

in allergic subjects displayed heterogeneity in immune control. NK

cells involve skin immune responses to hastens by producing type 1

cytokines. Finally, NK cells isolated from the skin of subjects with

allergic contact dermatitis presented specific phenotypes.47,48

Their cytotoxic role is important especially in the first phase of

cancer immunoediting, known as ‘elimination phase’. NK cells can kill

tumour or virally infected cells without any necessity to be primed

and proliferated by the first exposure. This is a promising feature for

developing new treatments against cancer. Indeed, the prominent

role of NK cells leads to future perspective in immunotherapy con-

sisting in adoptive transfer of allogenic NK cells, use of NK cell lines,

genetically modified NK cells and antibody therapies.49

2.4 | Innate lymphoid cells

Innate lymphoid cells (ILCs) that include cytotoxic NK play a signifi-

cant role in the early defence against infections, allergic inflamma-

tion, tissue repair and cancer editing.50 They reflect helper T‐cell
subsets, but they do not express specific antigen receptors. ILCs

are classified into three groups, based on their cytokine production.

ILC1s, phenotypically like Th1, are characterized by expression of the

transcription factor T‐bet and production of IFN‐ϒ, respond to IL‐12,
IL‐15 and IL‐18. ILC2s, Th2 cells like, are functionally regulated by
the transcription factor GATA‐3, respond to epithelium‐derived cy-
tokines, such as IL‐33, IL‐25, TSLP, eicosanoids and IL1‐β. ILC2s are
defined by the production of IL‐4, IL‐5, IL‐9 ed IL‐13. Activated ILC2s
participate in both initiation and in enhancement of allergy inter-

acting with other immune cells, as macrophages and DCs. In cancer,

the stimulation of ILC2s secreted by macrophages through IL‐33
induces the secretion of IL‐13 and IL‐5, which favour tumour pro-
gression. On the other hand, amphiregulin‐stimulated ILC2s can

establish an immunosuppressive tumour microenvironment.

ILC3s, resemble Th17 and Th22 cells, are characterized by

RORϒt transcription, respond to IL‐1β and IL‐23 and are defined by
the production of IL‐17 A ed IL‐22.51 Cells of the ILC3 subtype

secrete IL‐22 upon IL‐23 stimulation by macrophages and have

tumourigenic effects. Furthermore, ILC3 could induce tolerance by

increasing IL‐10 and retinoic acid secretion by DCs upon stimulation
by microbiota and macrophages or by enabling T‐cell tolerance
through the expression of MCH Class II in the absence of cos-

timulatory molecules. Among the ILCs type, ILC3s seems to favour

tumour growth and tolerance.52

2.5 | T and B lymphocytes

Th2 cells play an essential role in the induction and maintenance of

the allergic inflammatory modulation by the production of IL‐4, IL‐5,
IL‐6, IL‐9, IL‐10 and IL‐13. They induce differentiation, activation and
in situ survival of eosinophils (through IL‐5), stimulate B‐lymphocytes
to produce IgE (through IL‐4 or IL‐13), and favour mast cell and

basophil growth (through IL‐4, IL‐9 and IL‐10). Their role in cancer is
controversial. It has been observed that the shift in immune response

from Th1 to Th2 is characteristic of patients with more aggressive

tumours.53 In some cancers, including breast, gastric and pancreas

Th2 cells and associated cytokines (IL‐4 and IL‐13 and TSLP)

contribute to tumour progression.2 Thus, IL‐4 and IL‐13 receptors
are promising anticancer targets. However, in some types of cancer,

the Th2 have a protective role (Hodgkin's lymphoma and colon

cancer cells). Th1 and T CD8+ lymphocytes play a significant role in

the suppression of cancer cells both directly and through the pro-

duction of IFN‐y, which mediates the activation of macrophages, the
presentation and processing of antigens.54

B lymphocytes, stimulated by Th2 cytokines, produce IgE which

are essential in the development of allergy. On the contrary, B reg-

ulatory cells, parallel to Treg cells, inhibit allergic sensitization.55

Bregs are a major source of IgG4 that have a positive effect in allergy

as immunotolerance but not in cancer where they promote disease

progression. B cells are present in many solid tumours (melanoma,

colorectal and no small cell lung) and are associated with an improved

prognosis. Particularly, B cells associated with T CD8+ cells suggest a

cooperation between T and B lymphocytes in inducing an effective

anti‐tumour immune reaction.3

Tumour‐infiltrating B cells (TiBCs) are associated with improved
prognosis in different cancer types. They can mediate immune

response against tumours by several mechanisms: production of an-

tibodies, direct cytotoxicity, immunomodulation and promotion of

antigen presentation.56

Different types of T and B cells are the T and B regulatory cells

(Tregs and Bregs). Treg cells favour tumour progression by promoting

immune tolerance. They produce inhibitory cytokines (IL‐10, TGF‐β
and IL‐35), direct target of DCs via inhibitory PD‐1 and CTLA‐4 cell
surface checkpoint molecules and metabolic disruption of effector

cells.57

While Treg decreases the risk of allergic sensitization and pro-

mote immune tolerance, in cancer Tregs contribute to an immuno-

suppressive tumour microenvironment favouring tumour progression.

Tregs are associated with poor prognosis in many cancers, such as

ovarian, pancreatic, glioblastoma, lung cancer or melanoma. Cancer

immunotherapy targeting Tregs while breaking tumour tolerance can

also break tolerance to self, with the alteration of the immune balance

and the risk of autoimmunity.58,59 Bregs mediate allergen tolerance

by IL‐10 mechanism and restrain inflammatory responses. Other

mechanisms IL‐10 independent mediated by Bregs are the production
of TGFβ, IL‐35, the promotion of T‐cell apoptosis by Fas‐Fas ligand or
granzyme pathways, the production of inhibitory IgG4.
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B regulatory cells are poorly investigated in cancer. They have an

emerging role in cancer, promoting immune tolerance and potenti-

ating Treg responses, negatively regulating anti‐tumour immunity
and promoting cancer growth. Bregs should be considered in devel-

oping new strategies for cancer therapy, considering the immuno-

suppressive role of IgG4.

In the future, human Bregs can be eliminated by chimeric antigen

receptor T cell. In addition, while lack of Tregs causes severe auto-

immune reaction Bregs does not, and it should be considered the

ideal treatment.60,61

2.6 | T follicular helper cells

T follicular helper cells (TFH) are the primary T‐cell subset responsible
for directing the affinity, longevity and isotype of antibodies pro-

duced by B cells; they are responsible for IgE responses. Different

TFH cell subsets establish the outcome of antibody response. TFH1

cells elicited by type 1 immune response (bacterial or viral infections)

promote pathogen neutralizing IgGs via production of IL‐21 and

interferon‐ϒ (IFN‐ϒ), with limited IL‐4 production. During the type 2
immune responses to helminth infection, IL‐4– and IL‐21–producing
TFH2 cells are induced, resulting in the production of IgG and low‐
affinity IgE antibodies but not anaphylaxis. In contrast, TFH13 cells

are induced during allergic conditions and are necessary for the

generation of high‐affinity IgE, which results in anaphylactic re-

sponses. In allergy field, they represent a possible target for diagnosis

and therapy.62 Indeed, TFH cells are critical regulators of immune

responses in several human malignancies such as hepatocellular,

breast cancer, ovarian cancer and non‐small lung cancer (NSCLC).
According to current understanding, an optimal number of TFH cells

are essential for successful antibody secretion by B cells in germinal

centre (GC). Decreased percentage of TFH cells diminishes B‐cell
recycling, whereas excessive TFH cells drive aberrant B cell produc-

tion but compromise their affinity and specificity.63,64

In breast cancer, TFH cells distinguish extensive immune in-

filtrates, principally located in tertiary lymphoid structures (TLS) that

have been previously identified in lung and colorectal cancers, and

their presence has been linked with positive patient prognosis. TFH

signature, signifying organized antitumour immunity, robustly pre-

dicted survival or pre‐operative response to chemotherapy.65

The presence of CD4+ TFH cells in breast cancer represents a

positive prognostic factor. Gu‐Trantien et al. show in their study

that TFH cells are an important constituent of TLS in breast cancer.

Instead, in gastric cancer Th1‐follicular helper T cells seem to

contribute to inflammation and tumour development.66 In ovarian

cancer TFH cells PD‐1+ presented higher IL‐21 and IL‐10 secretion
and stronger proliferation from non‐cancer (NC) controls.67

T follicular helper cells and T follicular regulatory (TFR) cells are

identified as the new subset of immune cells. Taken together, there

was a significantly higher percentage of TFH and TFR cells in NSCLC

patients.

Data showed that the frequency of TFH cells in peripheral blood

was significantly lower in NSCLC patients than in healthy controls. In

both primary and metastatic tumours, infiltration of TFH cells was

observed, suggesting that they participated in the antitumour im-

munity of NSCLC patients. Compared to other T‐cell subsets, the TFH
cells from the peripheral blood and the resected tumours of NSCLC

patients presented elevated apoptosis and reduced proliferation

capacity. The TFH cells from NSCLC patients were also less effective

at downregulating IgD and upregulating CD27 expression in naive B

cells, and induced less IgM, IgG and IgA secretion, than those from

healthy controls. Overall, it can be concluded that TFH cells were

involved in the antitumour immunity and were associated with better

clinical outcomes but suffered strong immunosuppression in NSCLC.

Enhancing the TFH cell activity, therefore, represents a potential

therapeutic strategy in NSCLC.68

2.7 | Mucosal‐associated invariant T cells

Numerous investigations on mucosal‐associated invariant T (MAIT)
cells have recognized correlations between MAIT cell number and

clinical prognosis in different malignancies. MAIT cells are a group of

innate‐like T cells that present a T‐cell antigen receptor (TCR) that
identifies microbially originated non‐peptide antigens presented by
the MHC class‐1 such as molecule, MR1. Tumour subjects present
augmented rates of MAIT cells within cancerous tissues with respect

to controls, with a parallel reduction in the blood circulation, pro-

posing addition suggesting accretion of MAIT cells into the tumour

site. However, different analyses performed to study cancer metas-

tases stated reduced rates of MAIT cells. This could suggest that

there are dissimilarities in MAIT cell presence of primary tumour

with respect to metastatic sites. It is also imaginable possible that

MAIT cells in the metastases are ineffectual.

As far their effects, tumour‐infiltrating MAIT cells show reduced

IFN‐γ and TNF‐α generation, with augmented IL‐17 production, a

cytokine able to increase to tumour angiogenesis.69

As for the effects of these cells on allergic diseases, several

findings have demonstrated that MAIT cells may be involved in

asthma. A study reported that augmented rates of MAIT cells in

children was correlated with a decreased risk of asthma in subse-

quent years, while adult asthma patients presented reduced amounts

of MAIT cells in blood, bronchoalveolar lavage and sputum. More-

over, Ye et al. stated an effect for MAIT cells in reducing ILC2 re-

sponses and containing allergic airway inflammation. They proved

that Mr1−/− mice that were deficient in MAIT cells had intensified

ILC2 responses, augmented airway inflammation in response to

Alternaria inhalation. Transfer of MAIT cells reduced ILC2 activities

and decreased airway inflammation, probably via an augmented

expression of the anti‐inflammatory molecule IL4I1. Finally, MAIT
cells were reduced after reiterated allergen exposure. The reduction

of MAIT cells in asthma patients might participate in an augmented

inflammatory response to allergens.70
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2.8 | Mast cells

Mast cells are the main effector cells of allergy. They produce many

cytokines, chemokines, growth factors (IL‐1, IL‐3, IL‐4, IL‐5, IL‐6, IL‐8,
IL‐10, IL‐13, IL‐16, TNF‐α, MCP‐1, VEGF and NGF) and eicosanoids
(prostaglandin D2 and cysteinyl leukotrienes). These cells also release

preformed mediators, such as histamine, heparin and neutral pro-

teases (chymase and tryptase) when activated by both FcɛRI
dependent and FcɛRI independent stimuli. Mast cells can also be

activated by other stimuli (CD30 ligand, IL1 and TLR‐2), to release
selected cytokines and chemokines without degranulation. They have

a leading role not only as effector cells of an IgE‐dependent reaction,
but through released proteins, participate in the initiation of the

allergic immune response, providing signals inducing IgE synthesis by

B‐lymphocytes and Th2 lymphocyte differentiation. Beyond allergy,
mast cells have critical proinflammatory activity, as well as potential

immunoregulatory roles, in various immune and inflammatory dis-

orders. They are involved in host defence mechanisms against

parasitic infestations, tissue repair and angiogenesis. Human mast

cells produce VEGFs and have VEGF receptors on their surface;

therefore, they are both a source and a target of VEGF. In fact,

targeting mast cells and their angiogenic factors could be a strategy

to block inflammatory and neoplastic angiogenesis.71,72

In the tumour microenvironment (TME), multiple stimuli activate

mast cells including anti‐tumour antibodies, hypoxia, alarmins, cyto-
kines and chemokines.73

Stem cell factor (SCF) seems to be one of the most important

substances attracting mast cells into TME where they secrete

pro‐angiogenic factors, which promote tumour vascularization and
invasiveness. Products attracting mast cells in TME includes angio-

poietins and several chemokines (CXCL8, CXCL2, CXCL1, and

CXCL10, PGE2, TSLP and osteopontin). Furthermore, SCF stimulates

mast cells to produce matrix metalloprotease‐9 (MMP‐9) that facil-
itates the recruitment of other mast cells to the tumour and increases

tumour‐derived SCF production in an amplification feedback loop.
Mast cells may also suppress the development of protective anti-

tumour immune responses by promoting regulatory T‐cell‐mediated
suppression in the tumour microenvironment.1–3

Thus, mast cells can have both tumour‐promoting and tumour‐
inhibiting immunoregulatory effects. It seems that their role de-

pends on microlocalization, stage of tumour and on mast cells density

in intratumourally and/or peritumourally.1–3

In TME it is possible to distinguish anti‐tumourigenic mast cells
(MC‐1) and pro‐tumourigenic mast cells (MC‐2). MC‐1 can exert

anti‐tumourigenic effect through cytotoxic action (ROS, TNF‐α and
granzymes), production of IL‐9 that inhibit tumour cell engraftment,
release of histamine promotes dendritic cell (DC) maturation and

inhibits tumour growth; tryptase can be taken up into the nucleus of

human melanoma cells causing truncation of histones and inhibition

of cell proliferation. In addition, human mast cells also can release

lymphangiogenic factors (VEGF‐C and VEGF‐D). On the contrary,

mast cells can exert pro‐tumourigenic effect through angiogenic

molecules (VEGF‐A, VEGF‐B, FGF‐2 and Tryptase).

MMP‐9 can induce degradation of the extracellular matrix,

cancer cell invasion and metastasis. TGF‐β, CXCL8 and TNF‐α can

induce epithelial to mesenchymal transition. Proinflammatory cyto-

kines such as IL‐1β and IL‐6 can contribute to chronic inflammation in
tumour microenvironment. IL‐13 favours M2 polarization of tumour‐
associated macrophages. Adenosine can be released by activated

mast cells and potentiates the release of angiogenic and lym-

phangiogenic factors from human mast cells.74

In certain neoplasia (e.g., thyroid, gastric, bladder, pancreas,

Hodgkin's and non‐Hodgkin's lymphoma) mast cells play a pro‐
tumourigenic role, in others (e.g., breast cancer) a protective role,

whereas in yet others they are apparently innocent bystanders. In

stage I NSCLC, but not in stage II, peritumoural, but not intra‐
tumoural mast cell density is an independent favourable prognostic

factor; mast cells were pro‐tumourigenic in the initial stages of

prostate cancer but not in the later stages; in perilesional stroma of

melanoma play a protective role. In pancreatic ductal adenocarci-

noma, mast cell density in the intratumoural border zone, but not the

peritumoural or the intratumoural centre zone, was associated with a

worse prognosis. In prostate cancer, high intratumoural mast cell

density was initially associated with good prognosis. Generally, it was

reported that intratumoural mast cells inhibited tumour growth,

whereas peritumoural mast cells stimulated human prostate

cancer.75

These findings suggest that the microlocalization of mast cells

should be investigated in various stages of clinical and experimental

tumours. Last but not the least, the protumourigenic activities of

mast cells can be subverted by targeting cells to promote tumour

destruction. Furthermore, mast cells cause tumour cells death, in an

in vitro lymphoma model, when incubated with an anti‐CD20 IgE

antibody.76 These findings represent the potential to deviate the

response of these cells against cancer through immunotherapies.

2.9 | Eosinophils

Eosinophils are multifunctional cells with pleiotropic functions. They

are implicated in protection against parasitic infections, allergic re-

actions and chronic inflammatory diseases. Activated eosinophils

release cytotoxic proteins (e.g., ECP, MBP, EPX and EDN), growth

factors, cytokines, chemokines and lipid mediators contributing to

inflammation.

Recent experimental studies show that eosinophils are not ho-

mogenous population and like other immune cells have different

phenotypes. It is possible to distinguish inflammatory eosinophils

(iEos) and regulatory eosinophils (rEos) based on their surface marker

expression.77 Eosinophils are shaped by the morphogenetic plasticity

of their environment, so different subtypes of eosinophils depend on

maturation phase, organ location, morphogenetic activity of the tissue

and location within tissue. Murine eosinophil sub‐phenotypes as
falling within one of these four tissue‐based categories: (1) EoP.

Immature eosinophils recruited as precursors or undergoing in situ

haematopoiesis. (2) Steady state. True tissue residents in

6 of 19 - DI GIOACCHINO ET AL.



morphogenetically quiescent tissues. (3) Type 1. Typically, interstitial

(stromal in general) in acute inflammatory, innate defence and tran-

sient morphogenetic contexts. (4) Type 2. Eosinophils associated with

a Type 2 immune response are typically found in epithelial contexts.

Different eosinophil subsets may co‐exist and perform different

functions in the same tissue. For example, based on their location and

association with immune and morphogenetic environments, Type 1

eosinophils may preferentially interact with fibroblasts and assist in

building ECM scaffolds, while Type 2 eosinophils may directly interact

with the epithelium and participate in scaffold removal and resolution

of repair. Eosinophils have also been reported to participate in the

control of tumour growth and the formation of metastasis.78

In most epidemiological and clinical studies, eosinophils demon-

strate ‘tumouricidal’ action mediated by α‐defensins, TNF‐α, gran-
zymes A and IL‐18.79 Moreover, eosinophils might support

antitumour immune responses indirectly, for example, by facilitating

T‐cell migration into tumours.
Tumour cells themselves can attract eosinophils by producing

CCL1 and stimulating eosinophils to secrete IL‐8 that facilitates

eosinophil–cancer cell interaction leading to tumour cell death. In

allergic patients, they show a greater cytotoxic action, and this sug-

gests that the ‘‘allergy state’’ promotes anticancer processes. In

future, eosinophils can be activated by immunotherapy such as

checkpoint inhibitors or GM‐CSF‐based vaccines, or by adoptive

transfer of these cells in an appropriate setting.

In several neoplasias (e.g., melanoma, gastric, colorectal, oral and

prostate cancer), eosinophils play an anti‐tumourigenic role, in others
(e.g., Hodgkin's lymphoma, cervical carcinoma) have been linked to

poor prognosis, whereas in yet others, they are apparently innocent

bystanders. The role of eosinophils and their mediators appears to be

cancer dependent. The microlocalization (e.g., peritumoural vs.

intratumoural) of eosinophils could be another important aspect in

the initiation/progression of solid and haematological tumours.80

Recently, Holland et al. have demonstrated that the increased

expression of dipeptidyl peptidase 4 (also known as CD26) has been

observed in mouse and human tumours and is associated with worse

survival. On the contrary, the inhibition of CD26 can improve anti-

tumour immune response by enhancing the effect of eosinophils

through IL‐33‐depended eosinophil‐mediated control of tumour

growth. IL‐33, a tumour‐derived alarmin, in solid tumour induces

eosinophil migration and promotes CCL11‐mediated eosinophil

infiltration and degranulation, which in turn leads to tumour cell

cytotoxicity and reduced tumour growth. In addition, it has been

demonstrated that combined immunotherapy using checkpoint

blockade in the presence of CD26i inhibits tumour growth.81

2.10 | Epithelial cells

Epithelial barrier has an essential role to balance immune response.

Epithelial cells surface includes the high and low‐affinity IgE Fc re-
ceptors facilitating antigen passage and direct antigen presentation.

Epithelium constitutes a source of cytokine and contributes to

modulation of the immune response both in allergy and in cancer.

Intestinal epithelial cells of extracellular vesicles contribute to innate

immunosuppression that generate oral tolerance or cancer

progression.3,82

Role of different immune cells in cancer is listed in Table 1.

3 | ROLE OF IMMUNE PROTEINS

3.1 | IgE

IgE is an evolutionarily conserved member of the Ig family with the

highest determined affinity to receptors and antigens among all anti-

body classes.83 IgE is known as a biomarker in atopy, allergy and

parasitic infestations. Recently, epidemiological studies in vitro and in

vivo indicate that natural IgE has a surveillance function in cancer. IgE

antibodies directed against tumour‐associated antigens (TAA) could
mediate the cell‐to‐cell association between tumour and effector cells,
resulting inantibody‐dependent cellular toxicity (ADCC)andantibody‐
dependent cellular phagocytosis (ADCP). The prominent function of

IgEable tobindFc receptor (FcɛRI) on tumour‐associatedeffector cells,
such as eosinophils, mast cells and macrophages, promoting tumour-

icidal actions and a more favourable prognosis in cancer (Figure 1).

Since the potent anticancer role of IgE antibodies in vitro engi-

neering antibodies were created. The Fc regions of IgE class specific

for cancer antigens are designed and tested in vitro and in vivo.

Recombinant IgE can be generated by different cloning strategies:

classical restriction enzyme‐based cloning, human/mouse chimeric

IgEs; in future, fully human IgE antibodies could be generated.

Additionally, it should be considered the glycosylated structure of the

IgE antibody, which seems to be changed in healthy and in different

diseases. Recently, the anti‐HER2/neu, anti‐EGFR IgG1 antibodies

trastuzumab and cetuximab have been cloned and engineered

recombinantly as humanized and chimeric IgE antibodies84 and even

anti‐CD20 IgE antibody.85

Indeed, recombinant anti‐cancer IgE is under investigation in a
human trial (NCT02546921) with promising results [https://clin-

icaltrials.gov/ct2/show/NCT02546921].

Several epidemiological studies reported an inverse association

between atopy and cancer (pancreatic, prostatic, colorectal cancer,

brain tumour, melanoma, breast and gynaecological cancers, chronic

lymphocytic leukaemia, and multiple myeloma). However, one study

of postmenopausal women showed no association between self‐
reported environmental allergies and incident myeloid or lymphoid

malignancies.86,87 These findings suggest that the relationship be-

tween atopy and malignancy is complex and probably depends on

tumour types and the individual studied populations. Despite some

mixed results, a 2016 review tabulating the body of epidemiological

evidence of the relationship between atopy and cancer risk since

1995, suggested that atopy was associated with a reduced cancer

risk.88 Interestingly, IgE deficiency (IgE <2.5 kU/L or IgE <2 kU/L) is
associated with a higher risk of malignancies89 and ultra‐low IgE is a

potential novel biomarker in cancer.
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3.2 | IgG4

Allergen immunotherapy aims to achieve immune tolerance to a

specific allergen. IgG4 is a marker of immune tolerance supported by

IL‐10 and TGF‐β cells, such as T and B regulatory cells. While immune
tolerance is a goal in allergy field, in tumour microenvironment rep-

resents an antitumour immunity escape. IgG4 might repolarize M2a

macrophages to the immunosuppressive phenotype M2b, which

could be responsible for increased IL‐10 secretion. IgG4 is expressed
in tissues from patients with malignancies such as melanoma, in

whom it can impair antitumour immunity and correlates with shorter

survival and disease progression.90 There is also increasing evidence

to support positive correlations between IgG4‐related diseases, such
as sclerosing cholangitis associated with autoimmune pancreatitis,

with enhanced cancer risk. Elevated IgG4 has been detected in

extrahepatic cholangiocarcinoma, colorectal cancer, pancreatic can-

cer, melanoma and glioblastoma.91

3.3 | Free light chains

FLCs are a product of immunoglobulin heavy chains. FLC levels

have been measured in allergic diseases (asthma, rhinitis), chronic

obstructive pulmonary disease (COPD), rheumatoid arthritis, mul-

tiple sclerosis, diabetes, inflammatory bowel disease and cancer.92

In allergy fields, immunoglobulin FLCs induced non‐IgE‐mediated
mast cell activation and release of mediators without

degranulation.93

In the latter, FLC seems to contribute to cancer progression

through antigen‐specific mast cell activation and reduce neutrophil
apoptosis and stimulate the release of pro‐tumourigenic IL‐8. FLC
was found to be a biomarker for poor prognosis in basal‐like breast
cancer; it was demonstrated that FLC stimulated tumourigenesis

through mast cell activation in melanoma model.94

3.4 | Regulatory cytokines (IL‐10, TGF‐β) and
chemokines (CCCL1, CCCL5)

IL‐10 and TGF‐β are regulatory cytokines with a pivotal role in im-
mune tolerance in allergy field whereas promoting cancer growth and

progression. CCCL1 is a chemokine expressed by monocytes and by

tolerogenic M2b macrophages subtypes and have a regulatory role.

TAB L E 1 Role of immune cells in cancer

Cells Tumour‐promoting effect Tumour‐inhibiting effect Reference

Macrophages M2 phenotype (M2a, M2b, M2c) M1 phenotype 38–42

Dendritic cells

(DC)

DCs tolerogenic phenotype DCs activated phenotype 46

Natural killer (NK) Cytotoxic effect (granzymes, perforins) 49

Innate lymphoid

cells

IL‐25 stimulated (IL‐13, IL‐5) ILC2 ILC3 IL‐33 and amphiregulin stimulated ILC2 50,52

Lymphocytes Th2 (IL‐4, IL‐13, TSLP) Th2 (Hodgkin's lymphoma, colon cancer) Th1 2,3,53,54,56,58,59,61

Treg lymphocytes Breg lymphocytes TCD8+ (IFN‐ϒ)

Lymphocytes B Lymphocytes

T follicular helper

cells (TFH)

↓ TFH ↑TFH (antibody secretion by B cells; breast cancer,

colorectal cancer, NSCLC)

63–66,68

TFR (T follicular regulatory cells)

Th1 follicular helper (gastric cancer)

Mast cells Pro‐tumourigenic mast cells (MC‐2) trough angio‐genic
factors (VEGF‐A, VEGF‐B, FGF‐2, tryp‐ tase

Antitumourigenic‐ mast cells (MC‐1) trough
cytotoxic action (ROS, TNF‐α, granzymes)

3,73,74

Eosinophils rEOS, Type1 eosinophils Eosinophils (α‐defensins, TNF‐α, granzymes
A and IL‐18); iEOS

75,79

F I GUR E 1 Immunoglobulin E is able to bind Fc receptors on
tumour associated effector cells promoting tumouricidal actions
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In contrast, depending on the tumour environment, CCCL5 chemo-

kine has demonstrated an antitumour role, in particular, in-

terventions on CCR5 expressed by tumour cells resulted in

antitumour effect.3

3.5 | Lipocalins

Lipocalins are innate defence proteins. Lipocalin‐2 (LCN2) is upre-
gulated in various cancer types, while they are decreased in allergic

and atopic state and this, also has been proposed as a cancer

biomarker.3,95

3.6 | Alarmins (HMGB1, IL1‐α, S100 and IL‐33)

Alarmins are proteins released from host cells after activation or

when cells are damaged or died.96 They have shown a dual function

acting both intracellularly and extracellularly with various biological

functions: chemotaxis, direct binding to receptors (e.g., TLR or IL‐1R)
and inflammation97 (Figure 2). The name ‘Alarmins’ reflects their

nature as ‘dangers signals’ crucial for cancer, host defence and in-

flammatory response. This group of proteins includes the high‐
mobility group box 1 protein (HMGB1), interleukin (IL)‐1α, the
Ca2+‐binding S100 proteins and IL‐33.

3.6.1 | HMGB1

An important class of alarmins is the high mobility group (HMG)

proteins consisting of HMGA, HMGB and HMGN families, of which

HMGB1 is one the most studied alarmins.98 Under resting conditions,

HMGB1 is localized in the nucleus, where it contributes to chromatin

architecture and gene expression involved in chromosomal DNA

repair and genomic stability maintenance. HMGB1 exerts pleiotropic

functions, predominantly regulatory function, when it's localized in

the nucleus instead of extracellular localization. Its activities from cell

localization to extracellular functions are regulated by post‐
translational modifications such as acetylation, methylation and

phosphorylation.99 Monocytes and macrophages hyperacetylate

HMGB1 at nuclear localization sites, leading to its cytosolic re‐
localization.

F I GUR E 2 Role of HMGB1 in cancer development
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This mechanism was recently shown to be mediated by the

activation of the JAK/STAT1 (Janus kinase/signal transducer and

activator of transcription) pathway.100 The redox state of HMGB1

too is believed to orchestrate its extracellular function.101 Extracel-

lular HMGB1 mediates inflammation, cell migration, proliferation and

differentiation.102,103 Cytoplasmic HMGB1 is involved in immune

responses by increasing autophagy, inhibiting apoptosis and regu-

lating mitochondrial function104 (Figure 2).

In the extracellular space, HMGB1 binds to receptors like re-

ceptor for advanced glycation end products (RAGE), TLR4, TLR2,

IL‐1R, CXCR4, IL‐1β and CXCL12. In DCs, HMGB1 release and

sensing by RAGE was shown to be critical for homing to the lymph

nodes and further cross‐activation of T lymphocytes.105–107 In

endothelial cells, HMGB1 was shown to promote the expression of

RAGE and surface adhesion proteins (intercellular adhesion molecule

1 (ICAM‐1) and vascular cell adhesion molecule 1 (VCAM‐1) and to
induce RAGE‐dependent cytokine production.108 Interestingly, yet
another receptor of HMGB1, TIM‐3, expressed at the surface of

tumour‐associated DCs, was recently shown to compete with nucleic
acids for binding to HMGB1, thereby dampening the efficacy of

antitumour DNA vaccines or chemotherapy.109 Moreover, during

apoptotic cell death, ROS production induces the terminal oxidation

of HMGB1 that inhibits its proinflammatory function and switches

HMGB1 function toward tolerogenicity. Therefore, HMGB1 might be

a potential target for the treatment of inflammation.

In allergy field, HMGB1 could aggravate eosinophilic inflamma-

tion in the airway of acute allergic asthma through inducing a

dominance of Th2‐type response and promoting the neutrophilic

inflammation.110

For several years, HMBG1 was studied for his role in cancer

development and nowadays it is considered one of the most modu-

lators of cancer microenvironment.111 On the one hand, HMGB1 can

contribute to tumourigenesis. On the other hand, HMGB1 plays a

protective role in the suppression of tumour and tumour chemo-

radiotherapy and immunotherapy. HMGB1 expression increases in

many types of cancer, correlates with tumour invasion and metas-

tasis, and relates to worse prognosis.112

Combining role with RAGE, contribute to chronic inflammation

and tumourigenesis. Further emphasizing the role of the RAGE–

HMGB1 axis in cancer progression, blockade of either HMGB1 or

RAGE can reduce malignant mesothelioma and glioma tumour growth

and metastasis.113 In contrast, oxidized HMGB1 promoted cell death

and increased the efficiency of chemotherapeutic drugs. In addition,

HMGB1 has been implicated in the antitumour immune response

induced by radiation therapy or chemotherapy.114 In any case, further

studies are needed to ulteriorly clarify the role of this alarmin.

3.6.2 | IL‐1α

IL‐1α is a dual function cytokine with both nuclear and extracellular
functions. As HMGB1, it is involved in inflammation and cancer.115

IL‐1α precursor is expressed in the nucleus of non‐hematopoietic

cells (epithelial cells of gastrointestinal tract, kidney, liver and skin),

as a transcription factor, regulate gene expression and growth and

differentiation of cells.116

In stimulated cells, IL‐1α is processed by the membrane‐bound
protease calpain, a calcium‐dependent cysteine protease, and then
released into the extracellular space. Furthermore, to calpain‐ and
caspase‐1‐dependent pIL‐1α processing, other proteases, such as

granzyme B, elastase or chymase cleave pIL‐1α, producing the

mature form of IL‐1α and potentiating its proinflammatory activ-

ity.117 For instance, in melanoma patients, IL‐1α induced the MyD88‐
dependent activation of the NF‐κB and MAPK pathways as well as an
increase in ROS production, promotes tumour progression. Addi-

tionally, in pancreatic ductal adenocarcinoma, tumour‐associated
IL‐1α release, probably through cell damage, can also induce

tumour growth. IL‐1α is also implicated in tumour vascularization by
promoting the expression of vascular endothelial growth factor

(VEGF) in endothelial cells.118 Yet, clinical trials are underway using

MABp1 antibody to target IL‐1α in the treatment of refractory

cancers with metastasis.119

In contrast to the role of secreted IL‐1α, intracellular and

membrane‐bound IL‐1α activates immune mechanisms that lead to
tumour destruction. Indeed, in a large panel of cancer cell lines, pIL‐
1α modulates cell cycle and induces apoptosis.120 Drugs in clinical

use, such as anakinra, give hope for the targeting of IL‐1α in these
pathologies. However, the complex multifaceted functions of IL‐1α,
sometimes beneficial and at other times deleterious, make IL‐1α a

difficult clinical target.

In allergy field, IL‐1alpha administration during sensitization of
Th2‐mediated allergic reactions has been shown to suppress the

course of disease by shifting the immune response towards Th1.121

3.6.3 | S100

S100 is part of the S100 family of proteins composed of 25 members

with different intracellular and/or extracellular functions. They have

a high grade of similarity in sequence and structure, but they are not

interchangeable, and they have different biological functions. S100

proteins are crucial proteins for calcium homeostasis and the main-

tenance of sufficient intracellular concentration of Ca2++ for cell

metabolism.122

Such as HMB1, IL1‐α and IL‐33 are a dual‐function protein. They
are considered intracellular transcriptor factors and when they are

released in extracellular space interact with several receptors, the

most important are RAGE and TLR4, and mediate proinflammatory

state promoting cell migration, proliferation and differentiation. S100

proteins have several physiological functions such as scavenging of

ROS and nitric oxide, cytoskeleton assembly, membrane protein

recruitment and trafficking, transcriptional regulation andDNA repair,

cell differentiation, release of cytokines and antimicrobial agents,

muscle cell contractility, cell growth and migration, apoptosis123–125

S100A8/A9, S100A12 and S100 B are even considered bio-

markers of specific diseases, such as cancer, atherosclerosis and
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stroke.126 S100 proteins lack a signal peptide for secretion via the

conventional Golgi mediated pathway, and their secretion can occur

passively upon cell necrosis or actively after cell activation. S100A8/

A9 are extremely sensitive to oxidation and their redox state acts as

a molecular switch from a proinflammatory function (reduced) to a

protective wound‐healing and antioxidant function (oxidised).127

In contrast, oxidation of S100B was shown to be necessary for

binding to RAGE and the subsequent increase in the expression of

the angiogenic factor VEGF, an important player in the development

of macular degeneration.128

Innate cytokines such as IL‐1, IL‐33 and thymic stromal lym-

phopoietin (TSLP), as well as the alarmins HMGB1 and S100 proteins

programme DCs to mount Th2‐cell‐mediated immunity and stimulate
ILC2, basophil and mast cell function.129

Like other alarmins mentioned above, S100 proteins have a

significant role in cancer development promoting cell proliferation,

metastasis, angiogenesis and immune evasion. However, they have

different profile roles depending on type and stage of tumour.130–132

The dysregulation of S100 protein expression is a common

occurrence in many human cancers. Inhibitors directly targeting two

family members, S100 B and S100A9, are in clinical trials for mela-

noma and prostate cancer, respectively. S100 proteins expression are

also linked with drug resistance and are involved in chemotherapy

response. Every cancer has a specific S100 expression profile. S100

proteins are widely studied in breast cancer, lung cancer, melanoma,

ovarian cancer, colorectal and pancreatic cancer, and they represent

a source for therapeutic opportunities.133 Potential S100 inhibitors

are classified in small molecules inhibitors, neutralizing antibodies

and miRNA mimics. Small molecules inhibitors inhibit transcription of

S100A4, S100A9, S100A10, S100B and S100P. Also, several studies

with antibodies neutralizing S100A4, S100A7, S100A8/S100A9 and

S100P are in preclinical phase. Several miRNAs were introduced to

target the expression of S100 proteins. For instance, miR‐187‐3p and
miR‐149‐3p were found to downregulate S100A4 expression.134

Role of different S100 proteins is listed in Table 2.

3.6.4 | IL‐33

IL‐33 is IL‐1 family member of cytokines exerting pleiotropic func-
tions.135 IL‐33 is an ‘‘alarmin’’ that acts considered both as a nuclear
factor and a cytokine. During tissue damage, necrosis or injury is

released into extracellular space where bind is receptor suppression

of tumourigenicity 2 (ST2) express on the membrane of target cells

and activate an inflammatory cascade, predominantly T Helper 2

immune response. STL2 is expressed in fibroblasts, mast cells, eo-

sinophils, Th2 lymphocytes, DCs, basophils, NK, macrophages,

epithelial cells. IL‐33/ST2 can stimulate an atypical TH2 response

through production of IL‐5 and IL‐13 by ILC2 and TH2 cells, activa-
tion of NK, NKT and TH1 cells with production of IFN‐ϒ, CD107a
exposure and IFN‐ϒ production by CD8 activated, stimulation of T

and B reg cells, release of inflammatory cytokines (IL‐1β, IL‐6,
TNFβα) by DCs, macrophages and mast cells, M2 macrophage

polarization, degranulation of mast cells, basophils and eosinophils,

neutrophil migration and activation of DC and eosinophils.136

This pleiotropic nature of IL‐33 explain why IL‐33 has been

implicated in a wide variety of non‐allergic diseases, including in-
fectious diseases (fungal, helminth, protozoa, bacterial and viral

infection), cardiovascular diseases, COPD, fibrotic diseases, muscu-

loskeletal diseases, inflammatory bowel diseases, diseases of the

central nervous system (Alzheimer), graft versus host disease

(GVHD), obesity, diabetes and cancer. IL‐33 binding receptor ST2

activate Th2 pathway, inducing mast cell degranulation, producing IL‐
1β, IL‐3, IL‐6, TNF, CXCL2, CCL2, CCL3, PGD2, LTB4, IL‐5, IL‐13,
CCL5, CCL17, CCL‐24. IL‐33 is involved in allergic diseases such as
asthma, anaphylaxis, atopic dermatitis and allergic rhinitis.

IL‐33 can have opposite functions in cancer field, promoting or
dampening tumour immunity, depending on the tumour type, site of

expression and local concentration.137

It is known that chronic inflammation contributes to tumouri-

genesis. Recent findings have revealed an important contribution of

IL‐33 to several cancers, where it may exert pro and less frequently
anti‐tumourigenic functions. Targeting the IL‐33 pathway represents
a potential for cancer therapy.138

However, it is now clear that the action of IL‐33 is not limited to
the activation of type‐2 immune responses. Indeed, recent studies
have revealed important roles of IL‐33 in the activation of immune
cells involved in type‐1 immunity, such as Th1 cells, NK cells, CD8+
T cells, neutrophils, macrophages, B cells and NKT cells. Several

studies suggested that IL‐33 could be considered as a tumour

biomarker; IL‐33/ST2 signalling have a pro‐tumourigenic role in head
and neck squamous cancer, breast cancer, non‐small‐cell lung cancer,
cholangiocarcinoma, gastric cancer and myeloproliferative neoplasm.

On the contrary, IL‐33 has anti‐tumourigenic role in hepatocellular
carcinoma and colorectal cancer. In the latter, several studies

demonstrate also a pro‐tumourigenic role.139

The combination of PD‐1 checkpoint blockade with IL‐33 pro-
longed mice survival and induced leukaemia regression. This is

important evidence for combining IL‐33 with immunotherapy tar-

geting immune checkpoint inhibitors.140

IL‐33 promotes IgA production, preventing microbial dysbiosis

and IL‐1 dependent inflammation in the intestine. However, it is

currently known that manipulation of microbiota may represent a

therapeutic strategy for the treatment of colorectal cancer, inde-

pendently of IL‐33.141,142

Finally, IL‐33 has an ambiguous role preponderant on tumouri-
genic implications in tumour microenvironments and this implication

can be useful to adopt anti‐IL33 therapy.143

IL‐33 represents a promising immune adjuvant for vaccine

therapy, tumour biomarker and therapeutic target. Concluding, IL‐33
has an emergent significant role in cancer.

The controversial role depends on tumour microenvironment

and type of tumour. Further studies are needed to elucidate the role

of this pathway and the probable role as a biomarker predictive of

cancer progression and patient survival. Table 3 summarizes the role

of immune proteins in cancer.
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3.7 | RAGE signalling

The receptor for advanced glycation end‐products (RAGE) is a

transmembrane protein belonging to the immunoglobulin (Ig) su-

perfamily of receptors.144,145 It is considered a multiligand pattern

recognition receptor implicated in chronic inflammation states and it

is a key regulator of the innate immune response. RAGE binds and

mediates the cellular.

Response to a range of damage‐associated molecular pattern

molecules (DAMPs) including advanced glycation end‐products
(AGEs) that underlie diabetic complications, HMGB1, S100s and

DNA. Under normal conditions, RAGE is expressed at low level, but it

results up‐regulated under chronic inflammation such as diabetes,
cardiovascular diseases, cancer progression and metastasis.146 RAGE

is composed of an extracellular region containing three immuno-

globulin (Ig) domains, a single transmembrane domain, and an intra-

cellular cytoplasmic domain. The extracellular domain binds the

majority of ligands as AGEs, several S100 proteins (S100A4, S100A6,

S100A7, S100A8, S100A9, S100A8/9, S100A12, S100B and S100P),

HMGB, nucleic acids (DNA, RNA). Extracellular ligands are bacterial

LPS, dietary AGEs. As reviewed below, non‐AGE ligand HMGB1 and
S100 proteins bind RAGE with finally activation of intracellular sig-

nalling resulting in changes gene expression and altered cellular

functions including migration, survival, inflammation, and up‐
regulation of RAGE expression itself. This important mechanism

was a key to develop therapy blocking RAGE signals. Small‐molecule
RAGE inhibitors are under pre‐clinical investigations.147 Current

experimental data indicates that RAGE is a pivotal mediator of type 2

inflammatory reactions which drive the development of T2 high

allergic diseases. Clinical studies demonstrate that increased RAGE

ligands and signalling strongly correlate with asthma severity,

especially in severe neutrophilic asthma. These findings indicate a

possible role as a biomarker of disease and potential therapeutic

strategies.148

RAGE has been implicated in the pathogenesis of a variety of

cancer types including breast, glioma, bladder, melanoma, liver,

pancreatic, prostate, colorectal, gastric and lung.149

Increased RAGE protein expression has been associated with

increased tumour histological grade and poorer outcomes in a similar

set of cancers.150 RAGE alters properties associated with the ma-

lignant process, including increased cell migration and invasion,

proliferation and resistance to apoptosis. Blocking RAGE signalling in

cancer cells reduces tumour growth both in vitro and in murine

models, and therefore represents an attractive therapeutic target in

cancer. Importantly, RAGE inhibition and gene knockout have been

shown to impair tumour metastasis revealing a major new target for

treating metastatic diseases. However, studies are required to

translate these promising findings to human clinical trials now that

small‐molecule inhibitors of RAGE have been shown to be well

tolerated in humans.

4 | MiRNA, ALLERGY AND CANCER

miRNAs are short non‐coding RNAs that mediate sequence‐specific
repression of target messenger RNAs (mRNAs) inhibiting gene

expression at the post‐transcriptional level.151

They ensure the normal function of cells and are involved in

fundamental biological processes such as development, proliferation,

apoptosis, tumourigenesis and immune reactions.152

A single miRNA can have multiple mRNA targets, several miR-

NAs can regulate a single mRNA and the altered expression of a

TAB L E 2 Role of different S100 proteins in cancer

S100 protein

Type of

cancer

Tumour‐promoting
effect

Tumour‐inhibiting
effect Reference

S100A2 Oral cancer X 130–134

S100A1, S100A2, S100A3, S100A4, S100A6, S100A7, S100A8/S100A9,

S100A10, S10 G

Lung cancer X 130–134

S100 B X 130–134

S100A4, S100A7, S100A8, S100A9, S100A11, S100P Breast cancer X 130–134

S100A1, S100A6 X 130–134

S100A4, S100A8/A9, Melanoma X 130–134

S100 B X 130–134

S100A2, S100A10, S100A11, S100A15, S100A16, S100 B Ovarian

cancer

X 130–134

S100A1, S100A3, S100A5, S100A6, S100A13, S100 G, S100Z 130–134

S100A4, S100A8/S100A9, S100P Colorectal

cancer

X 130–134

S100A2, S100A6, S100A11, S100A4, S100A8/S100A9 Pancreatic

cancer

X 133
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single miRNA can change inflammatory response and cause disease.

That is why miRNA represents an attractive therapeutic target,

especially for cancer. For example, specific miRNAs that regulate

type 2‐mediated immunosuppression in the tumour microenviron-

ment might be altered to induce tumour surveillance and identifica-

tion of miRNAs involved in allergic sensitization and maintenance of

chronic inflammation might be utilised in novel prevention or treat-

ment strategies of allergic diseases in the future. Generally, miRNAs

have been classified either as oncogenic (e.g., miR‐155, miR‐17‐5p or
miR‐21) or having a tumour suppressor role (e.g., miR‐34, miR‐15a
and let‐7).153–171

miRNAs play essential roles in the regulation of carcinogenesis

and immune response. Besides, several studies have demonstrated

that ROS can regulate miRNA biogenesis, transcription factors and

epigenetic changes. On the other hand, miRNAs may, in turn,

modulate the redox signalling pathways, altering their integrity, sta-

bility and functionality, thus contributing to the pathogenesis of

multiple diseases. Both ROS and miRNAs have been identified to be

important regulators and potential therapeutic targets in cancers.172

The regulation of the immune system by miRNAs in cancer in-

cludes Type 2 immune reactions and the involvement of miRNAs in

the response initiated by allergens, parasites or other environmental

factors are just emerging.173

The major functions of miRNAs mediating the immune response

are shown in Table 4.

Interestingly, type 2 cytokines promote tumour metastasis and

contribute to chemoresistance, and miR‐126 has been shown to

promote tumour angiogenesis via a TH2‐dependent IL‐13 release

mechanism, in a model of breast tumour metastasis.174 Furthermore,

high miR‐126 expression in acute myeloid leukaemia patients has

been associated with a higher incidence of relapse and, additionally,

poor survival.175 Circulating miRNAs have been examined in

numerous cancers, type II diabetes, neurodegenerative diseases, lung

diseases, such as asthma and cardiovascular diseases.167–175

The relation between miRNA and cancer are shown in Table 5

and summarized in Figure 3.

Several studies have suggested a crosstalk between immune cells

and cancer via miRNAs. As changes to miRNA expression are seen in

numerous diseases from cancers to respiratory diseases, it is

becoming more apparent that they might be used as viable bio-

markers for new therapeutic treatments. Mimics of let‐7 and miR‐34
have been tried in murine models of lung cancer, leading to reduction

in the volume of the tumours.176

5 | CONCLUSIONS AND FUTURE PERSPECTIVES

The ‘‘immunebalance’’ is a delicate mechanism that immune system

uses to maintain homeostasis. Immune tolerance in allergy and cancer

could represent a valid key to develop new anti‐cancer therapies.
While allergen immunotherapy (AIT) may re‐establish tolerance

involving Tregs, IL‐10 and TGFβ, and class switching to anti‐
inflammatory IgG4 and IgA; in cancer, immune suppression and

development of constant immunoregulatory response favour cancer

progression. Checkpoint inhibitors are competent to break immune

tolerance and they have demonstrated efficacies in some cancer types.

Anti‐CTLA4 (anti‐cytotoxic T‐lymphocytes‐associated protein 4)

ipilimumab and anti‐PD1 (anti‐programmed cell death protein 1)

nivolumab and pembrolizumab are approved for the treatment of

advanced melanoma. Nivolumab is approved for metastatic (NSCLS,

renal cell carcinoma and classical Hodgkin lymphoma; pembrolizumab

for NSCLS, head and neck squamous cell carcinoma and classical

Hodgkin lymphoma. Anti‐PD1 ligand antibody avelumab is applied for
the treatment of NSCLC and other check‐point inhibitors, atezolizu-
mab and durvalumab are under investigation.177–179

Another recent anti‐cancer therapy is provided by CAR‐T‐cell
therapy which consists in the use of T cells engineered to express

chimeric antigen receptors (CARs) with tumour specificity.

TAB L E 3 Role of immune proteins in cancer

Immune proteins Tumour‐promoting effect Tumour‐inhibiting effect Reference

IgE antibodies ↓IgE antibody ultra‐low IgE IgE antibody against TAA; ADCC, ADCP 88,89

IgG4 antibodies IgG4 (IL‐10, TGF‐β, Treg e Breg) IgG4 (M2a◊M2b) 3,89,90

Free‐light chains (FLCs) ↓neutrophil apoptosis, pro‐tumourigenicIL‐8, mast cell
activation

92

Regulatory cytokines (IL‐10,
TGF‐β)

IL‐10, TGF‐β 3

Chemokines (CCCL1, CCCL5) CCCL1 CCCL5 3

Lipocalins Lipocalin‐2 (LCN2) 3,95

Alarmins (HMGB1, IL1‐α, S100,
IL‐33)

↑ HMGB1‐RAGE ↓HMGB1 110–113

Extracellular IL1‐α IL1‐α intracellular and membrane‐bound 119,120

S100 proteins (S100A8/A9, S100A12, S100 B) IL‐33 (in hepatocellular carcinoma, colorectal
cancer

130–133

Extracellular IL‐33 138–140

RAGE signalling ↑RAGE signalling (DAMPS, AGEs, HMGB1, S100s, DNA,
RNA)

↓ RAGE signalling 147–150
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The strong antitumour effect of IgE antibodies consented to

generate engineering antibodies, and a recombinant anti‐cancer IgE
has shown encouraging results in the clinical setting.84–86

Other interesting anti‐cancer strategies to be developed

possibly in the future: re‐education of macrophages favouring M1

phenotype; stimulation of DCs activated phenotype; potentiation of

NK cells action with transfer of allogenic NK cells genetically

modified NK cells and antibody therapies; promotion of T and B cell

activity, targeting IL‐4 and IL‐13 contrasting T and Breg cells ac-

tivity; enhancing of the TFH cells; targeting mast cells and their

TAB L E 4 Immune actions of MiRNA

MiRNA Immune functions related Reference

miR‐221 Release of IL‐6, proliferation 154,155,159

IgE‐mediated mast cells degranulation

miR‐19a Target of TGFβ‐receptor 154

miR‐34/449 Increase IL‐13 155

miR‐375 Increase IL‐13; amplification Th2 response 156

miR‐155 ILC2‐mediated inflammation; regulation of B cells; differentiation CD4+→Th1, Th2 158,159

Favour M1 macrophages phenotype; stimulate dendritic cells; stimulate mast cells;

miR‐21a, miR‐98, miR‐155 (high levels) Activation of ILC2 and TH2 159–161

Let‐7c, miR‐151, miR‐203 (low levels) Activation of ILC2 and TH2 159–161

miR‐17‐92 cluster family miR‐19a (high levels) Negative regulation of tumour necrosis factor alpha‐induced protein 3 (TNFAIP3) 154

miR‐125b‐5p, miR‐199b and miR‐378‐3p (high levels) Favour M2 macrophages inhibition of IL‐5 and IL‐13 158

miR‐193b, miR‐342‐3p (induction) Stimulated by IL‐4 in macrophages 158

miR‐99b, miR‐125a‐5p (repression) Stimulated by IL‐4 in macrophages 158

Mir‐378‐3p (high levels) Regulate macrophages apoptosis 158

miR‐124, miR‐324‐5p, miR‐511‐3p Macrophages function regulation 158

TAB L E 5 MiRNA and cancer

Type of cancer

MiRNA expression

ReferenceTumour‐promoting effect Tumour‐inhibiting effect

Pancreatic cancer ↑miR‐221 170

Colorectal cancer ↑miR‐17‐5p, miR‐20a, miR‐124, miR‐21, miR‐
29b

↑miR‐221 (greater survival) 170

Prostate, breast, lung

adenocarcinoma

↑miR‐379↑ miR‐409‐3p 171

Lung cancer ↑miR‐23a 174

Breast cancer ↑miR‐23a/‐27a/‐24‐2 cluster ↑miR‐126 (antitumour activity, inhibition of invasion
and metastasis)

176

↑miR‐10b, miR‐21, miR‐155, miR‐223 ↑miR‐19a‐3p

↓miR‐126, miR‐146 ↑miR‐155 (metastasis inhibition)

Ovarian cancer ↑miR‐21, ‐141, ‐411, ‐200a, ‐200b, ‐200c, ‐203,
‐205, ‐214

172

↑ miR‐20 ↓miR‐199a

Gastric cancer ↓miR‐146 173

Hepatocellular cancer ↑miR‐20a, miR‐96, miR‐106b ↓miR‐34 173

Melanoma ↓miR‐17 ↓miR‐34 173

Glioma ↓miR‐124 173

Others solid tumours ↑ miR‐29 and mir‐214 173
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angiogenic factors. In future, eosinophils can be activated by

immunotherapy such as checkpoint inhibitors or GM‐CSF‐based
vaccines, or by adoptive transfer of these cells in an appropriate

setting. It has been demonstrated that combined immunotherapy

using checkpoint blockade in the presence of CD26i inhibits tumour

growth. Therefore, contrasting HMGB1 actions, RAGE signalling and

others alarmin might be a potential target for the treatment of

cancer.
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