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Abstract

In the first of two linked articles, we describe the development in the mechanisms
underlying allergy as described by Clinical & Experimental Allergy and other journals in
2018. Experimental models of allergic disease, basic mechanisms and clinical mecha-

nisms are all covered.
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1 | EXPERIMENTAL MODELS OF ALLERGIC
DISEASE

1.1 | Immune mechanisms of allergic diseases

Mast cells are a major allergic cell playing critical roles in the initia-
tion and exacerbation of numerous allergic inflammatory processes
including allergic asthma, atopic dermatitis (AD) and allergic rhinitis
(AR).Y® Engagement and cross-linking of IgE and the FceRI recep-
tor on the surface of mast cells lead to the release of mast cell-de-
rived mediators including histamine which drive vascular endothelial
permeabilization, chemokine production, and intensification of the
CD4+ type-2-dependent inflammatory response enhancing migra-
tion of inflammatory cells including eosinophils, macrophages and
neutrophils to the site of reaction.>* Recently, clinical studies have
demonstrated elevated levels of the pro-type-2 cytokine thymic
stromal lymphopoietin (TSLP) in AR.> TSLP is known to play an
important role in the exacerbation of allergic phenotypes through
regulation of mast cell function.®’ Indeed, TSLP-deficient mice are
resistant to anaphylactic shock.® Employing a murine model of AR,
investigators show that sensitization and intranasal challenge of mice
with the egg antigen ovalbumin (OVA) induces nasal symptoms.” The
authors show that administration of the mast cell degranulating
agent compound 48/80 induced symptoms of an allergic reaction
that was associated with increased scratching behaviour and associ-
ated serum histamine levels. Notably, intraperitoneal injection (IP)
of TSLP significantly evoked a stronger pruritic response that was
sensitive to H1 receptor in an NK-1 receptor antagonism suggesting
that TSLP-induced scratching behaviour was mediated by histamine,
substance P (SP) and PGD2. The demonstration that TSLP could ex-
acerbate mast cell-mediated allergic reaction leads investigators to
examine the effect of TSLP on in vitro human mast cells. TSLP stimu-
lation of human cord blood-derived mast cells and human mast cell
line HMC-1 evoked an increase in intracellular Ca?* and mast cell de-
granulation that was associated with increased p56'® activity. P56'%
is a tyrosine kinase p56ICk that has previously been shown to be asso-
ciated with mast cell-mediated allergic reactions.*® Pharmacological
and genetical knock-down of p5élck activity inhibited the TSLP-
mediated increase in intracellular Ca* ion and human and mouse
mast cell degranulation indicating that p56'® is required for TSLP-
evoked mast cell histamine secretion. Employing p56'*-deficient
mice, the authors demonstrated that indeed p56'®* deficiency ab-
rogated histamine-driven allergic responses and mast cell-mediated
swelling. Compelling mechanistic analyses revealed a requirement
for p56'°“ and STAT6 interaction TSLP-induced mast cell degranula-
tion and development of the AR symptoms. Importantly, the authors
were able to provide supporting clinical data, showing increased lev-
els of c-kit-positive p56'“-positive cells in the nasal mucosa tissues
of AR patients compared with control individuals. Also, the increase
in the frequency of these cells was associated with heightened TSLP
levels. Further studies are necessary to elucidate the possible re-
lationship between p56' STAT6 in driving TSLP-induced mast cell

degranulation and histamine release.

Recently, hypochlorous acid (HOCI) has been shown to possess
broad spectrum antimicrobial activity as well as anti-inflammatory
and wound-healing properties which has led to the development of
HOCI formulations for the treatment of inflammatory skin disorders
including pruritus skin wounds and atopic dermatitis.****? Early clin-
ical evaluations have revealed that treatment of patients with var-
ious skin disorders including AD with HOCI is clinically beneficial;
however, the underlying molecular basis of these effects remains
unclear.**? Fukuyama et al*®> employing a murine model of AD in-
vestigated the anti-pruritic and anti-inflammatory properties of
HOCI. Consistent with previous observations, the authors demon-
strated that topical treatment of a HOCI hydrogel on AD-like lesions
in NC/Nga mice reduced the development of lesions and evidence
of itch (scratching bouts). The efficacy of HOCI at suppressing the
clinical symptoms was comparable to betamethasone propionate
(WHO class 2) topical corticosteroid ointment. The authors con-
firmed that previously described anti-inflammatory properties of
HOCI showing that pre-treatment reduced inflammatory cytokine
production, evidence of mast cell activation and IgE at affected skin
tissue. However, the strongest anti-inflammatory impact of HOCI
was observed on suppression of DC-derived IL-12 production which
has important implications given the known transition of the AD in-
flammatory response to CD4+ Th1 phase during the chronic phase
of AD. Given that AD is a chronic allergic skin disease characterized
by inflammatory lesions and a chronic itch component, the authors
also investigated the ability of HOCI to alter sensory responses in
dorsal root ganglia (DRG) cultures. Interestingly, the authors show
that HOCI impaired several pruritogenic agent-induced activa-
tion of DRG neurons revealing that HOCL could directly reduce
the sensory response and thus significantly suppress DRG neuron
activation. These studies suggest that HOCI can directly reduce
sensory responses and significantly reduce AD-associated itch and
inflammation.

1.2 | Immune mechanisms of allergic asthma

Previous mechanistic-based studies have revealed a role for ubig-
uitin-modifying enzyme TNFAIP3 (TNFa-induced protein 3, also
known as A20) in the modulation of CD4+ IL-17+ T cells and myeloid
cell-driven pulmonary neutrophil inflammation.** TNFAIP3 expres-
sion in DCs is required for house dust mite (HDM)-specific TH17 cell
differentiation through expression of the Th17-instructing cytokines
IL-1B, IL-6 and 1L-2314. This led to the speculation that the CD4+ T
cell-derived IL-17 subsequently acted downstream on the myeloid
cell compartment to drive the neutrophilic inflammatory response.
In a follow-up study, Vroman and colleagues employing IL-17RA-
deficient mice and myeloid cell-specific TNFAIP3-deficient mice
(LysM®Tnaip3"/M) examined the requirement of IL-17RA signalling
in activation of the myeloid compartment and induction of the neu-
trophil inflammatory response and asthma phenotype. The authors
demonstrated that myeloid cell induction of neutrophil and eosino-

philic inflammation in HDM-challenged mice was unaltered in the
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absence of IL-17RA signalling.'® The authors demonstrated that loss
of IL-17RA signalling did not impact the production of pro-inflam-
matory cytokines, IL-1p and IL-6, and neutrophil chemoattractants
CXCL1, CXCL2 and CXCL12 which are likely sufficient to sustain
the neutrophilic response in the absence of IL-17RA signalling.
Interestingly, the authors found that the absence of IL-17 RA signal-
ling had limited effect of most components of the HDM-mediated
allergic airway inflammatory response including Th2 differentiation
and eosinophilic inflammation. This would suggest that a number
of the IL-17 family members including IL-17A a IL-17 A/F IL-17F and
IL-25 are dispensable in the induction of HDM-mediated Th2 eosino-
philic inflammation. These data would suggest the existence of two
independent pathways, IL-17RA dependent and independent in driv-
ing the myeloid cell-neutrophil and eosinophilic inflammation in the
asthma phenotype.

Dendritic cells are thought to play an obligatory role in both the
initiation and maintenance of the allergic inflammatory response of
the lung and induction of the asthma phenotype.“"17 To gain bet-
ter insight into the specific DC subsets that regulate components of
the inflammatory response, Liu and colleagues performed segmen-
tal allergen challenge (SAC) on allergic individuals to phenotypically
characterize the monocytoid and DC cell subsets in blood and bron-
choalveolar lavage (BAL).'® The authors demonstrated that SAC in-
duced an inflammatory cell infiltrate characterized by lymphocytes,
monocytoid macrophages, neutrophils and eosinophils. Cytometry
analysis revealed that the monocytoid macrophages were predom-
inantly CD14+ BDCA4+, and DC:CD4+ T cell co-cultures revealed
that mixed mononuclear population of the lung possessed compa-
rable APC function to BDCA4+ plasmacytoid DC (pDC) from the
blood. Interestingly, the authors observed that SAC induced prefer-
ential recruitment of allergen-specific T cells to the lung. The authors
concluded SAC induced the recruitment of monocytoid cells (CD14+
BDCA4+) to the lung with increased APC function. The monocyt-
oid cells with enhanced APC function include circulating pDCs and
monocytes transitioning into myeloid DCs likely driven by DC dif-
ferentiation cytokines including IL-4, GM-CSF and TGFa which are
induced by SAC.Y These studies suggest that allergen exposure is
likely to promote the rapid recruitment of DCs and monocytes that
possess the predominant APC function and drive the CD4-positive
proliferative and Th2 effector function in the onset of the clinical
manifestations of disease.

Subcutaneous and sublingual allergen immunotherapy (SCIT and
SLIT) are effective modalities for the suppression of allergen-induced
allergic manifestations providing long-term allergy relief.2>%! Recent
clinical studies have reported differences in the kinetics and magni-
tude of the immunological changes induced by SCIT and SLIT 2224,
however, the molecular basis by which SCIT and SLIT induce immu-

noprotective effects is currently unknown. Hesse et al?®

employing
a murine model of grass pollen (GP)-induced asthma and GP-specific
SCIT and SLIT treatment protocol to unveil the immunological mech-
anisms by which SCIT and SLIT therapy drive immune tolerance and
suppress symptoms of the asthma phenotype. The authors demon-

strate that GP-specific SLIT treatment suppressed the development
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of allergen-induced AHR in the absence of any impact on the allergic
inflammatory response. In contrast, GP-SCIT altered the immuno-
logical compartment stimulating dose-dependent decrease in BAL
and lung eosinophil levels and CD4+ Th2 cytokine production (IL-5
and IL-13), high levels of GP-specific IgG1 and increased CD4+ Thil
response any dramatic impact on AHR. The predominant differences
in these modes of AIT are route of allergy administration, duration of
treatment and allergen dosage. SCIT is dependent on direct injection
of high concentration of allergen for a short duration; in contrast,
SLIT involves sublingual administration of low concentration of aller-
gen for a sustained period. The difference in the immunological im-
pact of these two immunotherapy modalities may be related to the
targeted immune cells. SLIT has previously been shown to target oral
CD11b+ CD11c- APCs which are thought to possess strong tolero-
genic capacity.?% In contrast, SCIT treatment is thought to preferen-
tially promote allergen presentation by mPDCA+ CD11b+ pDCs25.
It is possible that these dosage differences and preferential target-
ing of different DC populations are sufficient to alter the immune
modulatory effects and activation of tolerogenic responses. These
observations are consistent with other models of allergic airway
disease whereby SLIT treatment has been shown to be effective at
suppressing airway eosinophiliaand AHR in the absence of any alter-
ation in antigen-specific immunoglobulin.?” Furthermore, it is clear
from clinical trials that SCIT treatment induces a more profound ef-
fect on the immunological component, driving a faster and stronger
protective response.?® Interestingly that slit treatment is effective
at suppressing the eosinophilic inflammation in the absence of any
effect on AHR which dissociates the respiratory inflammatory re-

sponse with the airways functional outcomes.

1.3 | Immune-targeted approaches for the
suppression of the allergic inflammatory response and
suppression of the asthma phenotype

Clinical and experimental evidence indicates that chronic airway
inflammatory disease is driven by a CD4+ Th2 and/or Th17 inflam-
matory response.?’ Recent dietary intervention studies have re-
vealed that dietary factors including polyunsaturated fatty acids
(eg omega-3), dietary fibres, short-chain fatty acids, vitamin D and
vitamin D3 can suppress CD4+ Th2 and Th17 inflammation and pro-
tect against the allergic disease phenotype.3°'34 One such dietary
factor Curcumin, a yellow pigment in Indian spice turmeric, is a nu-
traceutical that possesses anti-inflammatory and antioxidant prop-
erties.3* Administration of Curcumin capsules to human asthmatics
improved mean forced FEV, and airway obstruction.3® However,
the mechanism by which Curcumin modulates the allergic inflamma-
tory response is unclear. Employing a murine model of OVA-induced
asthma, Chen et al revealed that tetrahydrocurcumin (THC), a major
active metabolite of Curcumin, is able to suppress pulmonary eosin-
ophilia the airways remodelling (mucus hypersecretion and collagen
deposition).3¢ The authors show that THC significantly reduced the
level of CD4+ Th2 and Th17 cells in the allergic lung and this was
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associated with decreased levels of the cytokines, IL-13 and IL-17.
Mechanistically, the authors show that suppression of the allergic
phenotype was associated with suppression of both Th2-cell dif-
ferentiation pathways,>”#° IL-4Ra-JAK-1-STAT-6 and the Jagged1/
Jagged2-Notch-1/notch-2 pathway in the lung. THC was more ef-
fective than Curcumin in alleviating the nasal symptoms and sup-
pressing the asthma phenotype and allergic airway inflammatory
response (CD4+ Th2/ Thi17 cells) and the airway remodelling phe-
notype. The greater efficacy of THC versus Curcumin is likely due to
the increased bioavailability and plasma and tissue THC compared to
Curcumin, and it is anticipated that THC should have a comparable
safety profile to Curcumin.

Given the important role for eosinophils in driving the clinical
manifestations of the asthma phenotype,***? there has been signif-
icant focus on development of therapeutic agents to inhibit eosino-
phil migration. One such approach has been targeting the chemokine
receptor pathway predominately used by eosinophils to migrate into
the respiratory tissues, namely the Eotaxin family (CCL11, CCL24
and CCL26)-CCR3 pathway. Gauvreau and colleagues evaluated the
effect of repeated dose of the small molecule antagonist with high
specificity for binding to CCR3 (AXP1275) on allergen-induced late-
phase response and the development of eosinophilia in patients with
mild allergic asthma. The authors demonstrated that 50mg AXP1275
administered daily for 14 days to subjects with mild-to-moderate
asthma was safe and well tolerated and there is no effect on the
type, severity or frequency of treatment-emergent adverse events.
Twelve days of AXP1275 treatment significantly increased metha-
choline PC20 compared with placebo which was lost post-allergen
challenge. The authors did not observe any significant effect on the
allergen-induced late-phase response or eosinophil levels in blood
or sputum. Notably, AXP1275 plasma concentrations were variable
and low at the time of allergen challenge which may have contrib-
uted to the poor efficacy; however, these results provide support for
performing additional studies assessing enhanced exposure through
higher and longer duration of compound exposure. The improved
methacholine PC20 observed following 12 days of treatment in the
absence of any profound effect on airway or circulating eosinophil
levels highlights the possibility CCR3-dependent effects indepen-
dent of eosinophil-mediated AHR. Previous studies have reported
CCRS3 expression on human lung smooth muscle cells and that CCR3
antagonists inhibit CCR3-muscarinic acetylcholine (M3) receptor-in-
duced smooth muscle contraction.*®

Neutrophil infiltration in sputum is associated with increased
severe asthma phenotype.***> The molecular mechanisms under-
pinning the neutrophil-driven inflammatory response and severe
asthmatic manifestations and refractory phenotype are not yet
clear.*®*” One neutrophil-derived protein thought to play a role
in exacerbation of the asthma phenotype is neutrophil elastase. A
study by Ogawa and colleagues describes a new mechanism whereby
neutrophils induced smooth muscle hyperplasia via neutrophil elas-
tase-induced fibroblast growth factor 2 (FGF2)-dependent process.
Employing a murine model of HDM-induced asthma, investigators

show that HDM challenge induces a mixed allergic inflammatory

phenotype associated with the presence of eosinophils and neu-
trophils, elevated levels of IL-17A and airway remodelling including
bronchial smooth muscle hyperplasia. Neutralization of IL-17A ab-
lated the magnitude of the airway inflammation, neutrophil elastase
activity and airway remodelling including smooth muscle hyperpla-
sia suggesting a IL-17A-neutrophil-driven process. Antibody array
studies revealed increased levels of FGF2 in whole lung homoge-
nates from HDM-challenged mice and that increased levels of FGF2
positively correlated with increase in smooth muscle hyperplasia.
Treatment of mice with the anti-FGF2 mAb attenuated the HDM-
induced increase in smooth muscle thickness. Employing BEAS-2B
cells and primary cultural bronchial epithelial cells, the authors
showed that neutrophil elastase induced airway epithelial FGF2 ex-
pression and this was associated with increased airway epithelial cell
detachment. Given that neutrophil elastase promoted detachment
of epithelial cells, the investigators examined expression of epithelial
adhesion molecules, E-cadherin and -catenin and revealed that the
mixed neutrophil eosinophil and elevated FGF2 asthma phenotype
in the HDM-challenged mice was associated with significantly de-
creased epithelial E-cadherin and elevated nuclear translocation of
B-catenin. Notably, the altered epithelial adhesion pathway was at-
tenuated by IL-17A-neutralizing antibody treatment suggesting that
E-cadherin and p-catenin signalling in the epithelium was involved
in the IL-17-neutrophil elastase stimulation of FGF2 production. To
test this concept, investigators challenged mice with the neutrophil
elastase inhibitor sivelestat and showed that neutrophil elastase in-
hibition was associated with reduced FGF-2 production, altered air-
way epithelial E-cadherin and B-catenin translocation and reduced
bronchial smooth muscle thickness. These studies elegantly iden-
tify a mechanism whereby neutrophil elastase through FGF2 can
promote airway remodelling and smooth muscle hypertrophy. The
authors speculate that neutrophil elastase activation of the airway
epithelium leads to altered E-cadherin and f-catenin translocation
which seems to promote FGF-2 production and smooth muscle
hyperplasia. Taken together, these studies suggest that neutrophil
elastase-epithelial FGF-2 axis may be a critical mechanism driving
smooth muscle hypertrophy in neutrophil-dominant asthma.

The underlying molecular mechanisms involved in the recruit-
ment of neutrophils into the respiratory tract during an asthma ex-
acerbation have also been in intensive area of research focus. The
chemokine interleukin-8 (IL-8) is thought to be a critical chemokine
in the regulation of neutrophil migration.48 Indeed, interleukin eight
levels are elevated in asthmatic patients and small molecule antago-
nists and inhibitors of the IL-8 receptor, CXCR2, have been shown to
be effective in reducing neutrophil levels in the sputum and improve-
ment in clinical symptoms in severe asthmatics.*®*? Recent studies
have revealed that a 28-kDa protein fragment of the alpha-3 chain of
collagen IV (Tumstatin) plays an important role in the control of neu-
trophil inflammation in the asthmatic lung. The levels of Tumstatin
are markedly reduced in adult asthmatics, and studies in experimen-
tal mouse asthma model revealed that recombinant Tumstatin re-
sults in significant amelioration of the asthma phenotype.>® These

protein fragments have recently been shown to act independently of
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the parent ECM molecule and are collectively known as matrikines.>?

Nissen et al®?

employed a mouse model to examine the efficacy of
novel active region within the matrikine Tumstatin (CP17; a 17 amino
acid fragment Tumstatin 65-82) in inhibiting neutrophil infiltration
in the asthma phenotype. The authors show that treatment of neu-
trophils with CP17 inhibited reactive oxygen species (ROS) produc-
tion and IL-8-mediated neutrophil migration in vitro. In vivo studies
revealed that pre-treatment of mice with CP17 inhibited ovalbumin
(OVA)-induced asthma exacerbations including neutrophil inflam-
mation and airway remodelling including mucus hypersecretion. The
effect of CP17 appeared to specifically inhibit neutrophil accumula-
tion into the lung interstitium, and lumen as other inflammatory cells
was unaffected. The sustained eosinophilic infiltrate likely explains
the lack of effective CP17 on airway function. Previous reports sug-
gest that collagen IV isoform 3 fragments can interfere with neu-
trophil function via blockade of interaction with the o, 8;-integrin

pathway,>®>4

which leads to the speculation that o, $;-integrin may
be a crucial pathway in interstitial migration of neutrophils into the

airways during asthma exacerbations.

1.4 | Glycosaminoglycans

Glycosaminoglycans (GAGs) are a family of highly sulphated, com-
plex, polydisperse linear polysaccharides coupled to core proteins
that play an important role in regulating leucocyte migration from
the blood vessel to the site of inflammation. GAGs including hepa-
rin/heparan sulphate, chondroitin sulphate/dermatan sulphate, ker-
atan sulphate and hyaluronan have affinity for chemokines which
prevents chemokine diffusion and degradation and permits the es-
tablishment of the necessary chemokine haptotactic gradient to per-
mit directed leucocyte migration. Mechanistic studies have revealed
an important role for glycosaminoglycans (GAGs) in establishment
and maintenance of the chemokine haptotactic gradient required to
promote leucocyte recruitment and migration to the site of inflam-
mation.”>>’ Experimental studies have demonstrated that GAG-
chemokine interactions are critical for chemokine activity in vivo.”®
Given the importance of GAGs in the regulation of chemokine-medi-
ated leucocyte migration, this mechanism has become an attractive
target for therapeutic intervention to treat various inflammatory
disorders. This has led to the development of mutant chemokine
variants that have diminished chemokine receptor binding capacity,
however retain GAG binding properties, generating a competitive
inhibitor that competes with active chemokines for GAG interaction
to diminish the chemokine concentration gradient and inhibit leu-
cocyte migration.””"%! Repeated administration of allergens such as
dinitrofluorobenzene (DNFB) or trinitrochlorobenzene (TNFB) to the
skin of mice induces an inflammatory cell recruitment including DCs,
CD4+ Th1 cells and neutrophils eliciting a CHS response that mimics
human contact dermatitis.®? Previous reports suggest an important
role for neutrophils in both the sensitization and elicitation phase of
CHS in mice.3%* Recent studies have demonstrated that CXCL974-
103 the COOH terminal peptide of human CXCL9 binds with high
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affinity to GAGs and inhibits CXCL8- and monosodium urate crys-
tal (MSU)-induced neutrophil migration.®®> In a follow-up study,
Vanheule and colleagues examined whether the chemokine-GAG
antagonist CXCL974-103 inhibited inflammation and neutrophil-
dependent DFNB-induced contact hypersensitivity.® The authors
demonstrated that simultaneous treatment of mice with CXCL974-
103 and DNFB inhibited clinical symptoms of CHS, ear swelling and
that this was associated with a reduction in neutrophil infiltration
and the level of the neutrophil-derived proteolytic enzyme metal-
loproteinases MMP9. To define whether the antagonistic activity of
the CXCL974-103 on neutrophil chemoattraction was through inhi-
bition of CXCL6-GAG interactions, the authors examined CXCL6-
heparin interactions. Indeed, CXCL974-103 reduced CXCL6-heparin
binding by twofold. Consistent with this, using an in vitro endothelial
neutrophil migration essay the authors demonstrated that indeed
CXCL974-103 inhibited CXCL6-induced neutrophil chemoattraction
and migration across the endothelial layer. The authors showed that
the CXCL974-103 competed with CXCL1, CXCL6 and CCL3 inter-
action with GAG thereby inhibiting CXCL6-mediated transendothe-
lial neutrophil migration. Given the efficacy of the CXCL974-103
peptide in multiple different models of inflammation including CHS
and gout, this provides significant hope for further development of
therapeutic peptides or derivatives that antagonize chemokine-GAG

interactions and inhibit leucocyte migration in inflammation.

2 | BASIC MECHANISMS UNDERPINNING
ALLERGY

2.1 | Short-chain fatty acids as modulators of the
immune response

Microbial metabolites are potent modulators of immune responses.
Short-chain fatty acids (SCFAs), such as butyrate, propionate and
acetate, are well-characterized metabolites produced by the micro-
biota in the colon by fermentation of dietary fibre. They promote
local immunoregulation in the gut, but can also enter the circulation
and influence haematopoiesis and peripheral immune responses.
Most research has pointed towards an impact of SCFAs on myeloid
cells, T cells or intestinal epithelial cells and colonocytes.®” Imoto et
al®® have extended the potential impact of SCFA to airway epithe-
lial cells. Using immunohistochemistry, they first revealed that two
of the receptors for SCFA, GPR41 and GPR43, were expressed on
airway epithelial cells. They next showed that exposing these cells
to SCFAs, in particular propionate, induced tissue plasminogen ac-
tivator (t-PA) expression that was dependent upon both GPR41 and
GPRA43. t-PA is an important enzyme involved in the conversion of
plasminogen to plasmin, which degrades cross-linked fibrin. This ob-
servation could have particularly relevance in chronic rhinosinusitis,
where excessive fibrin deposition is associated with nasal polyps and
low expression of t-PA. Topically administered propionate could thus
have the potential to treat patients with chronic rhinosinusitis by re-

ducing fibrin deposition and consequently growth of nasal polyps.
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2.2 | Eosinophils as immunomodulatory cells

Recent advances in research of eosinophil biology have broad-
ened the role of these granulocytes beyond end-stage effectors
of allergic responses, to immunomodulatory cells with unique
context-dependent characteristics and functionality.‘” Geslewitz
and colleagues compared eosinophils from mice challenged in-
tranasally with Alternaria alternata (Aa) allergens to those of mice
transgenic for IL-5, which harbour high levels of eosinophils even
at steady state.”® Remarkably, exposure to Aa allergens over a
week led to persistence of eosinophils in the airways for nearly a
month. This sustained eosinophilia was IL-13-dependent in vivo;
however, ex vivo IL-13 conferred no survival benefit to the cells,
indicating that in vivo it acts upon another cell type to indirectly
support eosinophil survival. In addition to enhanced survival, the
Aa-induced eosinophils were cytokine enriched as compared to
eosinophils from IL-5 transgenic mice indicating their potency for
immunomodulation and tissue damage was far greater.70 Cafas
and colleagues reported a novel mechanism through which eosin-
ophils could play a pathogenic role in asthma.”? Eosinophils were
isolated from healthy or asthmatic individuals, and exosomes were
purified. When cultured with epithelial cells, the eosinophil ex-
osomes from asthmatic individuals induced greater epithelial cell
apoptosis, impaired wound repair and increased muscle cell prolif-
eration. Although the exact mediators of these disease-promoting
pathways were not described, transport of inflammatory media-
tors within exosomes could be a major mechanism of eosinophil
effector function. Eosinophils are typically linked with the magni-
tude of allergic responses; however, there are also reports that eo-
sinophils can elicit protective antiviral activity.”? Ma et al utilized
a mouse model of rhinitis to investigate whether nasal eosinophils
could provide a level of protection against subsequent influenza
infection. The nasal eosinophils, induced by repeated inoculation
with small volumes of Aa that restricted it to the upper respiratory
tract, did not protect mice against viral challenge; in fact, these
mice exhibited an exaggerated susceptibility to mortality. This se-
vere reaction was not due to an inability of the mice to control
the virus, but rather was linked with an exaggerated inflammatory
response characterized by IL-6 and neutrophils.”® Taken together
with the Geslewitz et al study,’® the function and implications of
eosinophils clearly need to be considered within the context of the

tissue and local inflammatory environment as a whole.

2.3 | Dendritic cells mediating gender differences
in asthma

There are clear gender differences in severity and prevalence of
asthma’*: however, little is known concerning the immunologi-
cal basis of this phenomenon. Masuda et al investigated the role
of dendritic cells in a mouse model as an underlying cause of in-
creased type 2 inflammation in females. The authors report that
there was an increase in the migration of CD11b"&" and CD103*

DCs to the draining lymph nodes in female mice as compared to
male mice. The CD103" DCs from female mice, in particular, ex-
hibited an increased activation state and a more potent ability
to activate CD4+ T cells to produce IL-4, IL-5 and IL-13. The au-
thors linked this type 2 enhancing capacity of the CD103* DCs to
oestrogen, as 17b-oestradiol enhanced the phenomenon in vitro,
identifying at least one pathway through which type 2 responses
could be enhanced in females.”®

3 | CLINICAL MECHANISMS

3.1 | Filaggrin gene as mediators of progression
from eczema to asthma

Although eczema has been implicated in the development of asthma,
the mechanisms for the sequential progression of atopic diseases are
complex and continue to be debated.”>”® Mutations in the filaggrin
gene, FLG, which encodes a protein pivotal to skin barrier integrity,
were a seminal discovery in the aetiology of atopic dermatitis (AD).””
Chan et al explored the time-dependent relationship between loss-
of-function (LOF) mutations in FLG and risk of asthma in childhood
in relation to eczema and aeroallergen sensitization.”® By applying
a path analysis strategy to the Isle of White birth cohort, it was de-
termined that the risk of asthma in later childhood that was linked
to LOF in FLG passed through eczema and allergic sensitization oc-
curring in the first few years of life. By contrast, LOF in FLG was di-
rectly linked to rhinitis. This study solidified the notion of increased
skin permeability as an important driver of sensitization to aeroal-
lergens and subsequent type 2 inflammation in the lower airways,
but also highlighted the distinct events involved in the development
of asthma and rhinitis.

3.2 | Triggers for asthma attacks

Other studies examined factors that trigger acute asthma epi-
sodes in childhood. Both aeroallergens and respiratory viruses are
known to exacerbate asthma in children.’ Shrestha and colleagues
looked at the impact of different pollen types according to daily
ambient concentrations, in relation to 2098 children and adoles-
cents hospitalized for asthma in South-West Sydney, Australia.”®
A notable finding of that study was the increased risk of asthma
among boys for grass, although grass, weeds and unclassified
pollen were triggers for all children, with those between 2 and
5 years of age being most susceptible. In other work, Guibas et al
studied 1207 children hospitalized for flu-like illness in order to
assess how infection with influenza virus (IFV) differs from rhi-
novirus (RV) in relation to acute asthma. Not unexpectedly, those
children who tested positive for RV also had increased wheeze
and diagnosis of acute asthma.®® By contrast, IFV positivity in
children was negatively associated with wheeze, whereas fever

was more prominent. Nonetheless, those with a history of asthma
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experienced “asthma-augmented influenza” characterized by more
severe systemic symptoms. This dichotomy highlighted the dis-
tinct presentation of acute illness with RV and IFV in children with

and without a history of asthma.

3.3 | Airway narrowing in asthma

Two studies examined airway narrowing in asthma from quite differ-
ent perspectives. The first focused on respiratory impedance, which
has broad applicability as a tool for asthma management since it re-
lies only on tidal breathing. Karayama tested how respiratory imped-
ance relates to airway narrowing by imaging the asthmatic airways
using quantitative computed tomography.81 The authors found that
while respiratory resistance was correlated with reduced airway cal-
ibre in adults with asthma, respiratory reactance was not. Notably,
respiratory impedance provided a sensitive tool, given that altered
airway structure in lower branching bronchi and impaired imped-
ance were present in those asthmatics who had normal spirometry.
The second study by Yu et al addressed the cellular basis of airway
narrowing from an epigenetic perspective. This tested the effect of
a selective inhibitor of histone demethylation (GSK-J4) in a mouse
model of allergic asthma, as well as on human airway smooth mus-
cle cells (ASMC) in vitro.®? The results implicated epigenetic regula-
tory mechanisms in promoting asthma through effects on ASMC.
Specifically, treatment with GSK-J4, which inhibits demethylation
of histone H3 lysine 27, attenuated airway remodelling in vivo.
Additionally, it reduced the proliferation of AMSC and their accumu-

lation of contractile proteins in response to cytokines.

3.4 | Therole of the innate immune response in
immunological diseases

From a cellular immunology angle, the role of the innate immune
response in immunological diseases continues to garner much at-
tention. Tsurikisawa et al explored the relationships between the
Th2-promoting cytokines, IL-33 and TSLP, type 2 innate lymphoid
cells (ILC2) and eosinophilic granulomatosis with polyangiitis (EGPA,
also known as Churg Strauss Syndrome). Increases in blood ILC2
counts and serum IL-33 levels were linked to disease activity in
EGPA.8 Notably, the different profiles of eosinophils and IL-33 at
disease onset and relapse indicated involvement of these compo-
nents at different stages of disease. Another study that focused
on aspects related to mast cell biology provided evidence that the
JAK1/JAK2 inhibitor ruxolitinib inhibited mast cell degranulation, as
well as production of pro-inflammatory cytokines.®* This work built
on recent evidence of a role for the JAK2-STAT5 pathway in mast cell
activation and the beneficial effects of ruxolitinib in a few cases of
mastocytosis. Although the study tested ruxolitinib in vitro in human
mast cell lines, the results bolstered the rationale for pursuing clini-
cal trials in this area. Finally, Lara-Marquez et al sought to distin-

guish bradykinin-mediated angioedema from histamine-mediated
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angioedema using a novel biomarker assay.®> This assay, which
measured plasma kallikrein activity using a fluorometric substrate,
identified those patients with angioedema who may be amenable to
bradykinin-targeted medication, based on a threshold dose of dex-
tran sulphate used to activate kallikrein. A unifying theme of these
cellular studies is their relevance to strategies for targeted therapies

in diverse inflammatory disorders.

4 | CONCLUSIONS

The year 2018 provided further advances in the field of aIIergy.86 We
look forward to publishing more interesting observations in 2020.
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