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Summary

In this project we have used biomarkers to investighe effects of
environmental stressors, to which we are daily egdp on the nasal
epithelium integrity and explored the possible aggmns between nasal
epithelium changes and the development of allesgositization. The
integrity of the nasal epithelium of children waseassed non-invasively by
measuring two proteins in nasal lavage fluid (NALFhe first protein is
albumin, a plasma-derived albumin that is a weliglsshed biomarker of
epithelial permeability in respiratory tract-deriveluids, including the
NALF. The second protein is the 16 kDa Clara ceaibt@n, an anti-
inflammatory protein secreted in large amounts by bhasal epithelium,
which increasingly appears to play a central rolethie development of
asthma and allergic diseases. We conducted twe-sexdional studies on
pediatric populations: the first among 474 secopdahool adolescents
(mean age, 15.5 yrs; girls N=263, boys N=211) dedsecond among 288
kindergarten children (mean age, 5.7; girls N=18§;s N=152).

In the study on adolescents, we measured albunb) éad Clara cell
protein (CC16) in NALF from each nostril of subgetho had no signs of
rhinitis and were not under medication for asthmaltergies. We adjusted
the concentrations of Alb and CC16 in NALF for dexum/NALF urea ratio
and calculated the means and ratio of CC16 and\&balso measured total
and aeroallergen-specific IgE in serum. Stepwise emultiple regression
analyses were used. Attendance at indoor chlodnpt®ls was the only
factor influencing, both negatively, CC16 levelsighe CC16/Alb ratio in
NALF (both P=0.01). Active smoking decreased CO1&ALF (P=0.005)
but had no influence on the CC16/Alb ratio. Thesetdrs did not affect Alb
in NALF which varied only with age and sex. Amondokescents with

serum IgE>30 kUI/l, those in the lowest quartile 6C16 or of the



CC16/Alb ratio in NALF had greater risk of sensitibn to aeroallergens as
compared to subjects in the highest quartiles &efiORs 2.16, 95ClI
1.05-4.41 and 2.52, ¥5CI 1.09-5.83, respectively). These associations
persisted when excluding adolescents with doctagitised hay fever or
allergic rhinitis.

In the study among kindergarten children, we measaeroallergen-
specific IgE in nasal mucosa and the concentrataingrea, albumin and
Clara cell protein (CC16) in NALF. Albumin and CCv&re expressed per
liter or as a ratio to urea. We also calculated@l@16/albumin ratio as an
index integrating the permeability and the secyetoinction of the nasal
epithelium. The median NALF concentration of albon{B4.5 mg/l) in
children was three times higher than in adolescehite that of CC16 (8.2
pg/l) and the CC16/albumin ratio were respectivdlyeé and 10 times
lower. Median NALF concentrations of CC16 and albumere 8.2ug/l and
34.5 mgl/l, respectively. While there were no siigaifit gender differences
when proteins were expressed per liter, the NALEL&@&Ibumin ratio was
significantly higher in girls than in boys and artd for higher values was
seen for the NALF CC16/urea ratio of girls (p=0.05bhe nasal epithelial
barrier function, as reflected by these NALF biokeas, was positively
influenced by probiotics and age, and negativelyebyironmental stressors
such as pool chlorine. The risk of house dust fit®M) sensitization
increased with decreasing log NALF CC16 concemtnativhether expressed
per liter (OR, 2.59, 95% CI: 1.15-5.82, P=0.02)aastio to urea, (OR, 1.98,
95 % CI: 0.96-4.06, P=0.06) or as a ratio to albuf®R, 2.03, 95% CI:
1.10-3.74, P=0.02). Children in the highest anérimediate tertiles of the
NALF albumin/urea ratio were three times more §k&b be sensitized to
HDM than those in the lowest tertile (both P=0.04).

In both studies, defects in the nasal epitheliunridrafunction, as
reflected by the concentrations of CC16 and albuimnNALF, are

associated with environmental factors, includinglpohlorine, and with



increased risks of HDM sensitization. Levels of &CGind albumin in the
NALF of young children were suggestive of an immatepithelial barrier
function. However, these results do not allow ugdtablish a cause/effect
relationship between epithelial injury and allergensitization; therefore it
seems to us necessary to carry out mechanistigesttigiat could explain

what happens in the epithelium during the toxia¥/@nallergens exposure.
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1. Introduction

1.1 Allergicrhinitis

Allergic rhinitis is an IgE-mediated inflammatiori the nasal mucosa,
triggered by contact with certain substances foreig the body called
allergens. The symptoms are mainly representedhimnomrea, congestion
and sneezing. In their most severe forms, the leyahptoms may be
accompanied by other systemic ones, including alaind fatigue. The
allergic rhinitis can also occur in isolated formh®e associated with other
illnesses of allergic type, such as eczema, astndallergic conjunctivitis.

The allergens may be of a different type, and thgod of exposure
may be continuous or limited to a certain timelae# year. For this reason,
allergic rhinitis is classified into three broadtegories: the perennial,
seasonal and occupational rhinitis. The first isarabterized by the
persistence of symptoms in a more or less constamner throughout the
year, following exposure to allergens such as halust mite, pet dander,
molds, which are present in homes regardless ofsé@son. In seasonal
allergic rhinitis, symptoms appear instead in acHjmeperiod of the year,
which is usually the time of pollination. In fact ihis period there are in the
air numerous pollens, which act as allergens. Qneeollination period is
over, the symptoms disappear. Occupational rhirstisowever due to the
combined exposure to irritants and allergens (deff€K and Haahtela T,
2006; Quillen DM and Feller DB, 2006).

In short, the allergens, once in contact with thecosa, cross the
epithelial barrier and enter in contact with theigen presenting cells
(APCs), which process and present the allergefi®i2dymphocytes. This is
the initial phase of an allergic reaction, whichkes the name of
sensitization. After the first contact with theeajen Th2, lymphocytes



produce IL-4 and IL-13, which allow the activatioh B lymphocytes and
consequently the production of IgE. The presencdg&f at this point
activates the cells that have receptors for Igke thast cells. These
degranulate and release inflammatory mediatorsateatesponsible for the
onset of symptoms and the first phase of the aflamgaction called early
phase response (Rombaux P et al, 2005). This eppeang the first 10
minutes after the encounter with the antigen, angically lasts
2-3 hours. The proinflammatory mediators, produtedng the early phase
response, act in such a way as to prolong thenimflation and thus give rise
to the late phase response that appears 4-9 hftarsaatigen stimulation,
and lasts between 18 and 24 hours (Jefferey PKdaatitela T, 2006).

The cells mainly involved in allergic reactions :dsanphocytes, mast
cells and eosinophils (Figure 1). The Th2 phenotigpeharacteristic of
atopic subjects, and the activation of T helpes 2 hecessary condition for
an allergic reaction can come about. In fact, th@ Tymphocytes mainly
produce IL-4 and IL-5 that stimulate, respectivelye IgE production by
plasma cells and the activation of eosinophils (Masn TR and Sad S,
1996). In the case of an inflammatory responsenefThl type cytokines,
that are more present, are the IL-2 and the {NRhich counteract the
action of IL-4 and therefore limit the effects bktallergic reaction (Erb KJ,
1999; Karmaus W and Botezan C, 2002). In the casdlergic rhinitis, the
mucosa is intensely infiltrated by T lymphocytedD@+ and CD25 + T
cells) and B cells (Pawankar RU et al, 1995). Tikisassociated with a
parallel increase in the number of IL-4, IL-5, IB-Dositive cells, which
suggests that it is a reaction of Th2 type (VarlybeE al, 1999).

Even the mast cells (MCs) are part of the grouphafracteristic cells
of allergic reactions, so as to be present in aifstgntly larger number in
the mucosa of allergic subjects than in that oflthgasubjects. Once
activated, the mast cells degranulate and releaseermous inflammatory

mediators, including histamine, prostaglandin Dgsteinyl leukotrienes,



and neutral proteases (Bousquet J et al, 2001§hwhcting on the sensitive
nerve endings, on the walls of blood vessels, andthe glands, are
responsible for the itching, the nasal congestom, the rhinorrhea (Jefferey
PK and Haahtela T, 2006). The mast cells are diighto two groups: the
MCs (T) that produce only tryptase, and MCs (T@jttin addition to
tryptase, contain chymase, cathepsin G and carlemtigase. In subjects
with allergic rhinitis, the MCs (T) are the predorant group. In addition to
the most well-known substances, the mast cellsym®a large number of
mediators, such as IL-4, IL-5, IL-6, IL-8, IL-10L-13, and TNF-_, which
explains how these cells are not involved only anyephase response, but
also modulate the inflammatory response in latesphrasponse (Pawankar
R et al, 2011).

To increase the action of the mast cells therebasephils, which are
blood cells that under normal conditions are natoemtered in the tissues,
but  which are abundant in allergic subjects. Their
number is proportional to the severity of the diseaThey produce
histamine and cytokines like IL-4 and IL-13, butt ibryptase, and are
involved in the late phase response (PawankaraR 2011).

Eosinophils are typical cells of allergies, and dvéecome the main
object of mechanistic and therapeutic studies. &leefis are of blood origin
and are recruiteth situ thanks to some chemokines, such as vascular cell
adhesion molecule 1 (VCAM-1), RANTES, eotaxin, M&Rxnd Thymus-
and activation regulated chemokine (TARC) (Lilly G al, 1997; Li L et
al, 1999; Sekiya T et al, 2000) produced by epigheklls, which also serve
as chemoattractants for basophils and lymphocytesOfice in situ,
eosinophils begin to produce some of the most itapbrmediators of the
allergic reaction: MBP, ECP (Pawankar R et al, 20&bsinophil-derived
neurotoxin (EDN) (Broide DH et al, 1992), eosindplieroxidase.
Eosinophils also produce cytokines such as IL-35,land GM-CSF, able to

prolong the survival of eosinophils in the mucoea days or even weeks



(Pawankar R et al, 2011).
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Figure 1: Ongoing inflammation in allergic rhinitis (from Pawankar R et al, 2002).

Subjects with allergic rhinitis experience many kgemns, related to
both local and general symptoms of allergic rhénitvhich restrict patients
in their daily activities. Often the difficulty ibreathing makes it difficult to
sleep, which results in daytime fatigue and hasegative effect on the
performance both at school and work. These indaiglare forced to avoid
certain activities (sports, outdoor activities,. ptehich might expose them to
allergens. In addition, some of them find annoydngmbarrassing the need
of having to blow their nose frequently. To thise tdirect and indirect costs
of the disease must be added. The direct costhareosts of the treatment
while the indirect costs relate to the reduceccidficy in the workplace. For
these reasons, allergic rhinitis has become malevare an object of study
and research, particularly in industrialized coiestr where cases have
increased in recent years (Camelo-Nunes IC and3d€10).



1.2 Epidemiology

The history of allergic rhinitis begins in 1819, evhBostock described
for the first time his "periodical affection of tges and chest," to which he
gave the name of "summer catarrh" (Garrelds IM,et@96). Currently, the
prevalence of allergic rhinitis ranges from 9% ta% in the general
population worldwide (Tang XF et al, 2012), andtle infant population,
values oscillate between 20% and 40% (Hardjojo &,e2011; Penaranda A
et al, 2012; Nahhas M et al, 2012; Siriaksorn 8l,€2011; Castro LK, et al,
2010). Over the last 30-40 years, the prevalencealigrgic diseases,
including allergic rhinitis, has continued to inase, so that in industrialized
countries 25% of childhood diseases are allergimrré€s-Borrego J et al,
2008).

Most of the information available to us comes frstudies conducted
in Western countries, mainly in Europe and in tt& Where the prevalence
of allergic rhinitis ranges between 10 and 30%. aD&ir developing
countries are less consistent probably becausdaakeof information in the
public domain and changes in socio-economic sitnatin China and in the
Middle East, the prevalence of allergic rhinitigises to have increased most
likely because of an increasing exposure to thastofs linked to Western
lifestyle that promote the development of allerdiiggure 2) (Katelaris CH
et al, 2012). In Europe, the prevalence of rhingigusually higher in the
Northern than in Southern countries: 28.5% in Befgi(Mullol J et al,
2008), 26.0% in UK (Bauchau V and Durham SR, 20@4)5% in France
(Bauchau V and Durham SR, 2004), 21.5% in Spaimdl$€z-Lerma B et
al, 2009), 20.6% in Germany, 16.9% in Italy (Bauchaand Durham SR,
2004), 5.2% in Cyprus (Kolokotroni O et al, 2011).

This ’allergic epidemic' appears to involve peoplho do not
necessarily have a history of atopy in the famifjch has led scientists to

direct their attention away from a possible genptidisposition, towards a



change in the surrounding environment and conselyuexposure to certain
‘environmental factors’.

Figure 2: Prevalence of AR or AR/C in different regions of the world (adapted from
Katelaris CH et al, 2012).



1.3 Main risk/protective factors

1.3.1 Inhalant factors

1.3.1.1 Air pollution/ endotoxins

Several studies report a higher prevalence ofgadlerin the city than in
the countryside (Trigg CJ and Davies RJ, 1991; Anet al, 2011). In
particular, it seems that children who have parertis are farmers exhibit
lower rates of sneezing attacks, allergic sensitimawheezing, itchy skin,
and allergic rhinitis (Braun-Fahrlander C et al929Von Ehrenstein OS et
al, 2000 ; Riedler J et al, 2000 ). Moreover, alwho grew up in a farm
environment have a reduced risk of allergic rhénifKarmaus W and
Botezan C, 2002). These results are even more rdvideorganic farmers
(Smit LA et al, 2007). No definite cause has beeatdished; two
hypotheses have been formulated: one that invéstighe cause in the air
pollution of the cities, the second in the expodiorendotoxin in the farm
environment.

The impact of air pollutants (diesel exhaust, ozoet.) on the
airways can be summarized as: irritation, inflamargtbronchoconstriction
and sensitization. A pollutant can be responsibieniore than one of these
effects, the severity of which depends on the cotmagon of the chemical
in the environment, and the health condition othemclividual (Karol MH,
1991). Ultra-fine particulate matters can be ddpdsin the intercellular
spaces and in transudate between epithelial callsing a transformation of
the normal nasal epithelium in a squamous metaplagtithelium. This
results in a reduced ability to filter out inhalgalses and particulate matters,
which remain therefore in contact with the nasakosa a period of time

longer than normal (Garciduenas Calderon L et @072 But the main



mechanism by which the pollutants facilitate thiergic response is the
absorption of aeroallergens, which causes a longenrmanence and
concentration of these in the atmosphere and coesdly a greater risk of
exposure. In addition, the tissue damage causequbliytants facilitates the
absorption of allergens (Torres-Borrego J et 8080

According to the second hypothesis, the cause oele in exposure
to pollutants, but rather in exposure to endotgxingre prevalent in a farm
environment rather than in the city. The endotoxétimulate an immune
response of Thl type, at the expense of that of mbfriously associated
with allergic reactions. However, recent studiegehguestioned the latter
hypothesis, showing an increase in respiratory lprob in people living in
the countryside (Karmaus W and Botezan C, 2002;el\fmyng PF et al,
2000; Sprince NL et al, 2000; Douwes J et al, 2000)

1.3.1.2 Allergens

Some studies emphasize the protective aspect olkaxp to pets (R de
Marco et al, 2004; M Waser et al, 2005; B HolscBeet al, 2002). This
protection might be result of a bias related to getidance because of
allergic diseases in the family. In any case, the af first exposure (for
example, the window of immune maturation) is fundatal for the
development of allergies (Tanaka K et al, 2007).

Dampness in the home is linked with an increasell of allergic
rhinitis (Tamay Z et al, 2007; Kuyucu S et al, 20B&gini JM et al, 2006;
Stark PC et al, 2005; Chen WYet al, 2003; Stazi &Al, 2002): in fact, it
promotes the development of dust mites, fungi aaaldsia and increases the
number of cockroaches (Jaakkola MS et al, 2006dHtition, moisture may
come from chemical emissions from building matstiavhich, as irritants,

may indirectly promote allergies.



1.3.1.3 Smoking

Numerous studies have shown that smoking is a faskor in the
development of allergic diseases. The issue ofiyssnoking is less clear-
cut: the results are contradictory. In Trinidad ahdbago, where the
temperate climate allows children to play outsided( are therefore less
exposed to passive smoke), Monteil (Monteil MA le@04) found a strong
correlation between passive smoking exposure am@rtvalence of asthma
and rhinitis. Another study conducted in Swedengssts the opposite: a
lower risk of rhinitis in children exposed to sedbhand smoke (Hjern A et
al, 2001). Contradictions were also found witharel to maternal smoking
during pregnancy: half of the studies did not aonfan influence on the risk
for children to develop atopic disorders. (TanakaeKal, 2007). These
results can put down to bias, mainly due to theilita to quantify the
exposure from maternal smoking, and then to a tdatontrol for potential
confounders in most of the published analyzes, siscthe potential of the
bias towards an inverse association if parents topi@a children avoid
smoking (Strachan DP and Cook DG, 1998).

1.3.1.4 Swimming pool

Chlorination is the name given to the process daffipation effected
through the use of chlorine. The first time thabdne was used to disinfect
the water at the beginning of the last century, wtidorine allowed making
drinking water safe. Chlorine has been adoptedwater disinfection in
swimming pools more recently, mainly in the formhyfochlorite, chlorine
gas or chloroisocyanurates. These products oncéhénwater release
hypoclorous acid, a non selective biocide that iagsl all forms of organic
matter, including that brought by swimmers, suckwaeat, tears, urine, ect.,
releasing a mixture of harmful byproducts, inclglisuch irritants as



chloramines and haloacetic acids (Figure 3) (Kirettal, 2002; Bernard A,
2007).

Among the chloramines, the mono- and di-chlorangreain in the
water or on the surface in the form of aerosolsilavthe highly volatile
trichloramine is released in the air of indoor swiing pools, giving them
their characteristic "chlorine smell". The irritamttion of these substances
has long been underestimated or otherwise considesenificant

| Air | [

Indoor <;

S E—

Figure 3: Main chlorination products in the water and air of indoor and outdoor
pools (adapted from Voisin C and Bernard A, 2008).

compared to the advantage of ensuring water didinfe

Only recently studies have been conducted to exaurifie potential
effects swimming pool water chlorination on theltreaf swimmers. In fact,
a higher incidence of asthma was observed in sishjatio practice
swimming (Bernard A, 2007). This result was consdeto be a selection
bias due to the fact that swimming is a sport revemded for asthmatics
because of its low asthmagenecity, and therefa@dpulation of swimmers



has a higher rate of asthma than other sports. Hewthis explanation does
not hold for cases of allergic rhinitis, or in asistion with some respiratory
symptoms (cough and shortness of breath) in thenglesof a diagnosis of
asthma. Moreover, these associations may not hbuaible to the simple
sporting activity, since they are not found in swiers of copper-silver
pools (Bernard A et al, 2009). The hypothesis dof tlritant effect of
chlorine on the nasal mucosa is accredited by élalts of a recent study
carried out on a population of swimmers with allergnd non-allergic
rhinitis (Gelardi M et al, 2012). In this studyetluse of a nose clip for 30
days caused a symptomatic improvement in all ppeits and a reduction
of the nasal resistance and of the neutrophilicpmment of inflammation in
subjects with neutrophilic rhinitis. According torse authors the attendance
of chlorinated pools iger se not sufficient to cause the development of an
allergic disease but can exert an adjuvant effgcinieracting with the
atopic status. Helenius | et al. (1998) showed thatrisk of asthma was 10
times higher among the competitive swimmers whoewatopic than in
those who were not. Nystad W et al. (2003) alsoenlesl a higher
prevalence of wheezing among swimming children \whd atopic parents
than those without.

To explain these results, it was hypothesized that chlorination
byproducts are able to destroy the intercellulacjions and thus promote
the penetration of allergens across the epithkhalier and their interaction
with cells of the immune system, using a mechanssmilar to that of

allergens presenting a proteolytic activity (Figdje
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Figure 4 : Effects of chlorination by products on the respiratory epithelium.

1.3.2 Non-inhalant factors

1.3.2.1 Birth period

It has been speculated that the time of birth nzyelan influence on the
development of allergic rhinitis, the consensusipehat the spring was the
time of greatest risk, because it is the most ingmbrpollination period of
the year, and the period of greatest risk of expodo aeroallergens.
Disparate studies have been conducted on the subfgaining results that
confirm the initial hypothesis: children born irrsy in Scandinavia have an

increased risk of birch pollen rhinitis (BiorkstEret al, 1991). In Tasmanian



children born during the pollen season, early\ifal upper respiratory tract
infections were found to interact with ryegrasemen exposure to promote
the ryegrass allergen sensitization (Kemp A e2@09).

However, Sibbald and Rink (1990) observed thatghigiects most at
risk were those born in the summer, and conclulatithis result was due to
winter respiratory tract infections at a time wheansferred maternal

immunoglobulin concentrations have fallen belowtpctive levels.

1.3.2.2 Breastfeeding

The effect of breastfeeding on the development ligffgies remains
controversial, some studies report a positive d¢atioe, others no
correlation, others a negative correlation (Gdalew et al, 2001 ; Wright
A et al, 2001; Obihara CC et al, 2005 ). The intzieacy of these results is
probably derived from a bias: in a family with ato@c history, mothers
have a tendency to prolong the breastfeeding tleat mistakenly be as a
predisposing factor for the development of alledjaeases. (Torres-Borrego
J et al, 2008).

1.3.2.3 Diet

1.3.2.3.1 Antioxidants and fats

The intake of antioxidants seems to be linked teeduction in the
prevalence of asthma; on the contrary, a diet inclnonounsaturated fatty
acids is associated with a higher risk (Trak-Feligier MA et al, 2004).

However, these results may be biased by other girs¢efactors that
are associated with healthy eating habits, such bgyher socioeconomic
level, a longer duration of breastfeeding or a tegssure to tobacco smoke,
among others. (Torres-Borrego J et al, 2008).



1.3.2.3.2Fish

The risk of allergic rhinitis in children appears decrease when they
were eating fish in their earliest months of life;is not so much the
frequency of intake that has an influence on thergence of allergies, but
rather the precocity of ingestion. Probably thalket of omega-3 in fish has
implications on the development of the immune systnd the Th1/Th2
balance, although the possibility of the actionotfer components of the
fish cannot be excluded (Alm B et al, 2011).

1.3.2.3.3 Probiotics

It has been demonstrated that the intestinal fdas an important role
in Th1/Th2 balance. In fact, there are differenoceghe composition of
intestinal microflora, between allergic and noreadic subjects: the former
has a prevalence of Clostridium difficile and ool species and S. aureus,
while the latter of Lactobacillus. Kimoto et al2004), studied the immune
modulatory activity of 15 strains of Lactobacillas murine macrophages: 6
strains induced the production of IL-2, IL-6 and . Among these 6
strains, there is one (the G50 strain) that induere cytokine production.
Although destroyed by heat, G50 continues to stweuthe production of
cytokines, which suggests that this activity ikéd to some elements of the
bacterial wall. (Rodrigues Nogueira JC and da Cigdce Rodrigues
Gongalves M, 2009).

In recent years, numerous studies have been paxtbtmanalyze the
influence of the intake of probiotics on the emaigeof allergic diseases,
even if there still remains the problem of the ckobf probiotics, not
knowing the exact composition of the intestinal moflora in healthy

subjects (J Torres-Borrego et al, 2008).



Probiotics are supplements of microorganisms whmsstence has
known for 100 years: the first, who discovered theras Metchnikoff that
found a higher life expectancy among the Bulgandlagers who drank
fermented milk. The main probiotics aré:actobacillus acidophilus,
Lactobacillus casei, Lactobacillus plantarum, Lactobacillus reuteri,
Lactobacillus rhamnosus, Lactobacillus paracasel, Bifidobacterium bifidum,
Bifidobacterium breve, Bifidobacterium infantis, Bifidobacterium lactis,
Bifidobacterium longum, Bifidobacterium adolescentis, Saccharomyces
bourlardii, Propionibacterium freudenreichii; and also Escherichia,
Enterococcus and Bacillus and the Saccaromyces boulardii fungus. By
definition, a probiotic must comply with specifidgteria: it must be a natural
dweller of the gastrointestinal system, must béstast to gastric juice and
the bile, must have a precise taxonomic definitiom,able to colonize the
intestinal mucosa and be active before being iegegtiC Rodrigues
Nogueira da Conceicao Rodrigues and Goncalves BB)20

Giovannini et al. (2007) in a randomized study {gpchool children
with asthma and/or AR, who received either placebbdactobacillus casei
for 12 months) discovered a reduction in allergisedes during the year,
and an increase in the length of asthma- and AR freriods. In 2007,
Odamaki et al. observed in allergic individuals,ridg the period of
pollinosis, a change in the intestinal microflondyich was reduced by the
intake of probiotics. This microbiota fluctation svanost evident at the
beginning and at the end of pollinosis, perhaps tduihe stress caused by

symptoms of AR; no valid scientific explanation Heeen found.



1.3.2.4 Gender

It is known that prepubescent males exhibit a highevalence of
allergic sensitization, rhinitis and asthma (SeaMR et al,
1993; Mensinga T et al, 1994; Torres-Borrego J |gt2808) (with the
exception of atopic dermatitis, which is more ptemd among females at
any age). This trend is reversed during adolescéBbamssain MH and
Shamsian N, 2001) and seems to be due to the effedtrogen hormones,
which are proinflammatory, unlike the steroids ths immunosuppressants
(Torres-Borrego J et al, 2008). Navarrete-PalaEiagt al. (2003) observed
that the various phases of the menstrual cycle vassociated with the
cytological changes at the level of the nasal maicesich corresponded to
similar changes at the level of vaginal mucosagesting that cell turnover
in the nasal epithelium is influenced by hormortates Moreover, women

seem to have smaller nasal dimensions than menr#¢alrR et al., 2000).

1.3.2.5 Infections

Strachan formulated in 1989 the hygiene hypothesisprding to which
the increasing incidence of allergic diseases @ western world must be
sought in a reduction in exposure to common inbectiagents. According to
this theory, frequent infections lead to an inceglagroduction of 1L-12, IL-
18 and IFN-_, all cytokines that inhibit the ThXpense, responsible for
allergic reactions. A study on 24,341 mother-ofispicouples has observed
that the predisposition to develop allergic disedsenot so much associated
with infections in infancy, as it is with a numbefr factors associated with
exposure to pathogens (such as number of siblingssery attendance,
living on farms or having pets in the home), whigbuld seem to have a
protective effect. These results suggest that thecept of "microbial
burden" is more important than the existence ofcifipeinfections as a



protective factor in childhood (Torres-Borrego akt2008).

1.3.2.6 Siblings

The phenomenon known as the "siblings’ effect” cdbed for the first
time by Golding and Peters (1986), derived fronemes of studies carried
out with the aim of assessing whether the factanfirig older siblings could
have an influence on the development of diseasesa Pesult, asthma and
allergic rhinitis are negatively correlated withetmumber of siblings, a
correlation that becomes even stronger with regardolder siblings.
(Karmaus W and Botezan C, 2002). For each pregnaacynother's
increased tolerance to allergens and a reductiothenlevels of IgE in
umbilical cord were also observed (Torres-Borregat &l, 2008; Karmaus
W et al, 2004; Karmaus W et al, 2001). Howeveg thechanism that
underlies this phenomenon still remains unknown.

1.3.2.7 Vaccinations

Even this is a controversial subject, for some siystematic vaccination,
especially against whooping cough and measlegsigonsible on the one
hand of a lower susceptibility to infections anéréfore of a reduction of
the protective effect of the latter and on the pthend of an increased
production of IgE (Farooqi IS and Hopkin JM, 199&mp T et al, 1997).
However, other studies do not confirm these dath dm not observe any
correlation between vaccination and allergic diesa@Bernsen R et al,
2005). According to Anderson et al. (1995), thishis result of the different
vaccination methods used in different countriesr@®Borrego J et al,
2008).



1.4 Epithelium

The nose is a very important organ in the protectibthe distal airways
from harmful pathogens and toxic substances. Eegrabout 12,000 liters
of air pass through the nose where they are hydleatid filtered.

The nasal cavity is carpeted with 120 cm2 of aireBpy mucosa
having a thickness between the 0.3 and 5 mm. Thegliepithelium is a
pseudostratified columnar ciliated epithelium fodey different cell types.
The basal cells rest on the basement membraneeaont the surface, while
the columnar cells extend for the whole heighthef épithelium. On the pole
apical, numerous cilia can be observed with a 6 lgmght and a width
around 200 nm (Widdicombe JH et al, 1997). On tis&lie, they are crossed
by 9 double tubules around two central tubuleserpised between the
ciliated cells, there are goblet cells and intrdegial mucous glands,
involved in the production of nasal mucus.

The epithelium rests on a basement membrane théek@ pm below which
there is a connective tissue rich in capillaried glands. Among these the
majority is represented by seromucous glands, telwthe serous glands
and the mucous glands must be included (Beule AG)R

One of the main functions of the nose is to clémndir entering the airways.
The nose is capable of removing 95% of particlesvall5 pm, while for
those of lower size effectiveness is reduced (BAWe 2010). The mucus is
formed by a network of linear, hydrated mucin males capable of forming
unspecific secondary connections, e.g. with pathegeor drugs.
Furthermore, the protective action against infectoincreased by the slight
acidity of the nasal mucus, where the PH is arduBdind 6.5. The mucus is
produced mainly by glands, the goblet cells, thengudation of blood
plasma, mucosal tissue fluid and tear fluid (Beff®, 2010). In the the
mucus cilia beat in synchronous at a speed of Z¥#2B / min. The

mechanism that controls the speed of the beatimgiafis not yet clear, but



some substances such as the NO or the IL-13 chreinde the frequency of
the beats (Laoukili J et al, 2001; Beule AG, 2010).

Once damaged, the epithelium may need a more ®itdag period to
reform depending on whether the basement membsainéact or not: in the
first case the restoration is rapid, in the secitrmhn take weeks or even
months (Beule AG, 2010). The nostrils are subjedaytlical changes of the
state of the mucosa congestion, a phenomenon kaevime nasal cycle. The
nasal cycle is regulated by the hypothalamus aadvib phases of the cycle
(working and resting) are easily recognizable:hia working phase there is
an increase of the hydraulic diameter and of thesgge of airflow and
turbulence, while the resistance decreases. Thestppoccurs during the
resting phase. Even the mucociliary clearance 5stitnes greater in the
nostril working that in the resting (Lang C et2003; Beule AG, 2010).

The proper functioning of the mucociliary apparadns the epithelial
integrity provide a mechanical barrier that limitee encounter between
defense cells and allergens. The epithelial intgegé@n be ensured only by
the integrity of tight junctions. These are macrtenolar assemblies of
proteins that form continuous rings at the apidespathelial cell. The tight
junctions proteins ZO-1, Z0-2, Z0O-3, AF-7, symplekivH6 and cingulin
are located within the cytoplasm (Anderson JM arach Mtallie CM, 1995;
Haskins J et al, 1998; Denker BM and Nigam SK, 198@8ile occludin and
claudins are transmembrane proteins (Furuse M, 498B; Ando-Akatsuka
Y et al, 1996; Furuse M et al, 1994; McCarthy KMakt1996; Furuse M et
al, 1998). External perturbing factors can destifog tight junctions and
thereby alter epithelial permeability. Among thdaetors there are some
allergens having a proteolytic activity, such asgedust mite (HDM). The
HDM allergen Derpl can act enzymatically breakimgl anaking displace
the tight junctions from their normal apical pasition the desmosomes
(Farquhar M and Palade GE, 1963).



The mechanism of action has long been discussedD#rpl acts
directly on the tight junctions or activates a cliface zymogen that then
degrades occludin. Wan H. et al., in 2000, fourd filst hypothesis the
most realistic, taking into account the action,ibiting the degradation, of
occludin itself and the ineffectiveness of serinaspartic and
metalloproteinase inhibitors to block the degramatof occludin by the
Derpl. However, several studies have shown thatHDM allergens
Derpl, Derp3 and Derp9 are able to activate PAR#Dt¢ase-activated
receptor-2) in lung epithelial cells (Sun G et2001; Asokananthan N et al,
2002). Cockroach allergens stimulate PAR-2 in mdusg fibroblasts and
in human respiratory epithelial cells (S Kondo kt2804; JH Hong et al,
2004; Jeong SK et al, 2008).

The injury leaves the junctional epithelium expogedthe harmful
action of toxic agents and infectious environmefaators that aggravate the
wound tissue and slow the repair process (HerardeAlal, 1996). The
increased sensitivity to the action of externatdex has been demonstrated
by the fact that the cultured cells from asthmatibjects have a reduction of
transepithelial resistance at much lower concentratof smoke extract than
that necessary to obtain the same results in nogpidielium (Holgate ST,
2008).

However, it is a mistake to consider the nasalhefiim only as a
mechanical barrier against external agents, receihtiwas discovered
that the role of the epithelial cells in allergi®actions is much
more complex. First, epithelial cells are capalflproducing inflammatory
agents, such as eicosanoids, endopeptidases, rmg$oki and
chemokines (IL-6, IL-8, GM-CSF, TNk; RANTES, TARC, eotaxin, SCF),
release the matrix metalloproteinases 2,9,13 apdesg adesion molecules
as ICAM-1 (Pawankar R et al, 2004). They can alsb a antigen-
presenting cells to T cells. Some studies have shbat HDM allergens can
activate the epithelial cells in vitro, without thetervention of an IgE



mediated reaction (Thompson PJ, 1998, King C eil@98). Furthermore
epithelial cells produce cell-derived thymic stréryanphopoietin (TSLP),
IL-25, IL-33 that amplify the Th2-type allergic ialmation (Wang YH et
al, 2007; Préfontaine D et al, 2009). Even theoémelium participates
actively in the allergic response: it, as the nasdthelium, presents H1-
receptor for histamine through which it is activhtén addition, they are
actively involved in the recruitment of inflammagocells, overexpressing
VCAM-1 and producing various cytokines and chemekinsuch as
RANTES and eotaxin (Pawankar R et al, 2011).

Remodeling may be defined as the process of rahgilbllowing a
tissular lesion, which may result in a completesues repair or in a
replacement of the healthy tissue with a pathobdgime. Despite the fact
that inflammation between upper and lower airwaygary similar, the same
can not be said for the remodeling, which appeatsetless pronounced in
the nasal mucosa. In fact, when the asthma makéissit appearance, on the
mucosa phenomenon of the so-called remodeling @mbserved. The
remodeling is a structural change of the tissueckwhtonsists of an
infiltration of macrophages and lymphocytes, thegiagenesis, the
thickening of the basal lamina and the epithellaldsis. The latter is due to
the proliferation of fibroblasts, and subepithetiafofibroblasts that produce
new matrix including tenasin C, fibronectin andegl, 11l and V collagens.
Recent studies have shown the ability of some elwlcells to differentiate
into fibroblasts under the action of some profilargytokines such as TGfF-
(Leung SY et al, 2006; Locke NR et al, 2007; HotgaT et al, 2008).

At the nasal level apparent structural changes rere observed,
probably because of the absence of an intense mieahdaraumatic event
such as bronchoconstriction in the lungs, or alscabse of the different
patterns of remodeling due to the different emhogadal origins of the two
organs (ectodermal for the nose, endodermal for Iting). The most

important changes in the mucosa are observableghrthe use of electron



microscopy: cytoplasmic vacuoles and increaseddelielar spaceCiliated
cells dysplasia or metaplasia can be found (Gludnd Gebbers J, 2000).
Similarly to asthma, also in allergic rhinitis, hiadkening of the reticular
portion of the basement membrane and a deposiaaflillll collagens can
be observed. Perhaps the thickening of the basdahtahelps stabilize the
epithelium mechanically, as well as collagen degow avoid excessive
expansion of the nasal mucosa, thus keeping thal nasity patent. Other
alterations are a compression, atrophy and dilatibrihe glands in the
submucosa, while the phenomenon of angiogeneswonfirmed by the
presence of high levels of angiogenic factors sashplatelet derived
endothelial cell growth factor and the VEGF in pats with rhinitis (Salib
RJ and Howarth PH, 2003; Bousquet J et al, 2004staatino G de T and
Mello Jr JF, 2009).

1.5 Biomarkers

1.5.1 Clara cell protein (CC16)

The Clara cell protein (CC16) is a small proteigka) produced by
non-ciliated cells of the distal airways. The fuostof this molecule has not
yet been completely elucidated; however, it haslmonstrated that the
CC16 is able to inhibit the activity of numerousmgmnents of the
inflammatory response, such as phospholipase AR2;_INTNF-_, as well as
platelet derived growth factor and modulate Thdoeses (Dierynck | et al,
1995; Ramsay PL et al, 2003; Hung CH et al, 20@Bdrbure C at al,
2007; Johansson S et al, 2007). The CC16 in brahebolar lavage (BAL),
serum and sputum, has been used as biomarkersitbélgg integrity in
pulmonary disease in numerous states, such aesi#rsarcoidosis, COPD,

asthma, occupational and environmental lung injive Q et al, 2004;



Hermans C et al, 2001; Gioldassi XM et al, 2004¢cBamski C et al, 2005;
Shijubo Net al, 1999; Blomberg A et al, 2003, Michkeet al, 2005; Pilette
C et al, 2001).

Airways Ep. In. En. Blood

Normal

Increased
epithelial 1
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/V

Loss of
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Figure 5: Schematic representation of the passage of albumin and CC16 through the
epithelial barrier. En., endothelium;Ep., epithelium;In., interstitium;Cc, Clara
cell;Ci, ciliated cells,ELF, epithelial lining fluid.

A decrease of CC16 in the airways is due to: &rdetson of the Clara
cell, an increase in the permeability of the episthdarrier with consequent
leakage of protein, changes in transcriptionalvégtivithin remaining Clara

cells.



Figure 6: CC16 immunostaining in human nasal biopsy (Sardella A et al,
unpublished).

In mice, lung injury is characterized by a dedifgtiation of epithelial
cells and an alteration of the transcriptional \aisti of ciliated and non-
ciliated cells (Park KS et al, 2006; Kropski JAa&t2009; McAuley DF and
Matthay MA, 2009). In all these cases a reductibthe concentration of
CC16 in BAL is observed, but, only in case of agréase in epithelial
permeability, this is accompanied by an increaseC6fl6 in the blood
(Figure 5) (Determann RM et al, 2009; McAuley DFagt2009; Broeckaert
F et al, 2000; Bernard et al, 1994).

CC16 were found in subjects with allergic rhiniind nasal polyps
compared to healthy subjects (Benson M et al, 2D8@smar C et al, 2000;
Lindahl M et al, 1999; Johansson S et al, 2005) tBa most interesting
discovery regarding nasal CC16 was made by BensoretMal., who
performing an immunostaining on the nasal biopsiEgllergic subjects,
discovered that CC16 is produced by the cells efridsal epithelium, which
does not contain Clara cells (Figure 6).



1.5.2 Albumin

Albumin is a plasma protein produced by hepatocytes
Albumin present in the nasal cavity comes from hteod, and its increase
reflects an alteration of epithelial permeabilithis is why it has been used
in several studies as biomarkers to quantify thithelml damage upon
exposure to infectious agents or irritants or
to monitor the action of various drugs. The album higher in
nasal lavage of patients with allergic rhinitis quared to healthy subjects,
but tends to decrease after administration ofdhgbne propionate (Schaper
C et al, 2010), fexofenadine (Shaper C et al, 2@0@)omalizumab (Hanf G
et al, 2004). Probably this is due to the inhiljiteffect of these medicines
on mediators of allergy such as histamine, kinlieskotrienes or cytokines,

which contribute to the vascular hyperpermeability.

1.5.3 Urea

Urea concentrations in NALF are usually employedestimation of the
nasal epithelial lining fluid and dilution of NALESemple MG et al, 2007,
Cavaliere F, 1986). A study managed by Kaulbach. idt@l. has confirmed
that, after the collection of undiluted nasal seores, plasma urea and nasal
urea concentrations are equivalent even after glandstimulation or
induction of vascular permeability. One can reabbnaonsider the nasal
urea to plasma urea ratio as a dilution factor thust biomarker

concentrations in NALF.






2. Objectives

The goal of this project is to develop a systemnf@nitoring the health
and the integrity of the nasal epithelium, throdgh measurement of non-
invasive biomarkers, and to use it to assess tpadirof environmental risk
factors on the nasal mucosa. The second aim oprbject is to find out
when the epithelial lesions appear for the firstetj and since the age of
onset and the severity of damage can act as posiigpfactors for allergic
sensitization.

The technique, that we have chosen, is the nagafiéa which is a
non-invasive method that allows the recovering gioaion of the proteins
contained in the nose. Among these, we decidedntyze the CC16,
albumin and urea. CC16 was chosen because it teflee damage to the
epithelial cells, albumin was chosen as it is adein of epithelial
permeability, and urea because it allows correcéing bias due to sample
dilution.

The first population is represented by 474 adoletscaged between
15 and 18 years, from three different schools ilgiBen: Louvain-la-Neuve,
Lessine and Bastogne. Parents received a quedtientoafill out, with
guestions on health status, on allergic diseases)se of medicines, on
family history and on exposure to risk factors fitweir children. The
volunteers were subjected to a nasal lavage, ichwtiie concentrations of
biomarkers were analyzed.

In the second study, the cohort is made up of 288ren between 4 and 6
years, from different schools in the south of Befgi The same protocol as
in the first study was applied to this population.

The purposes of the first study are to test thdicgdplity of the nasal
lavage as non-invasive test in studies involvinglasge number of

participants and further to analyze the correlaidretween epithelial



lesions, exposure to environmental stressors andetorof allergic
sensitization.

The goals of the second study are to find whether the epithelial
lesions appear already in a very young age antlitty sissociations between
tissular damage, environmental risk factors andelb@ment of allergic
sensitization. At the same time we want to analfzbe immaturity of the
nasal epithelium may explain its susceptibilityal@ergic sensitization at a

very young age.



3. Resaults

31 Study 1. Nasal epithelium integrity,
environmental stressors, and allergic sensitization: a

biomarker study in adolescents.

3.2 Study 2: Nasal epithelium biomarkers in young
children: Associations with allergic sensitization and

environmental stressors.






4. Discussion and per spectives

The purpose of our study was to analyze the cdivels between
exposure to environmental stressors, nasal epithelesions and allergic
sensitization.

In order to assess the damage to the nasal muceskeeided to use
some specific biomarkers in nasal lavage, as #ubrique of sampling is
not invasive. The biomarkers chosen are the CCI5tha albumin. The
CC16 of the nose is produced by pseudostratifigthepm cells, as in the
nasal mucosa Clara cells are absent. A reducticordentration of CC16 in
the nose can be caused by the destruction of itlgekal cells that produce
the protein or by the leakage of the protein actbssdisrupted epithelial
barriers of the nasal cavity or by a decreasedymtimh/secretion. Albumin
being not produced by the nasal epithelium, it caly originate from the
nasal blood as a consequence of transudation daggnfrom capillaries.

The results, that are common to both studies, shiomi nasal
epithelium defects as reflected by a decreaseeoCth16/alb ratio in NALF
are associated with an increased risk of sensdizdb the house dust mite
(HDM). Unfortunately, since both studies are cresstional, we cannot
determine the direction of causality in these assions. The question that
remains to be resolved is whether the damage todbkal epithelium is due
to the action of proteolytic allergens or if it & pre-existing damage
facilitating the penetration of allergens acrossepithelial barrier.

Several studies have suggested that the causédfi@lsensitization
may be an alteration of the epithelial barrier. i/lproteolytic activity has
been shown for some allergens (Jeong KY et al, ROth2 exposure to
certain toxic or irritating induces changes in tlaues of the biomarkers

that reflect the epithelial permeability (Calder@arciduenas L et al, 2001).



For this reason, we considered several factorscHraglter the balance
of the epithelial barrier and we analyzed theiracon the nasal biomarkers.
In both studies, we were able to highlight the ommce of certain
environmental factors that seem to influence ththelial permeability: the
distance from a busy road, the nasal pathologiesparental smoking and
the chlorinated pool attendance. While the firseé cases were, in some
way, predictable, given the proven harmful actidreio pollution, passive
smoking and inflammation on the respiratory epithel (Madsen C et al,
2008; Sokolo Gedikondele J et al, 2011), the efithégamage related to the
swimming pool attendance seems to be a new ance#titeg outcome. This
result can be explained by the action of the bypetslof chlorination on the
cells of the respiratory epithelium. Chloramines dandeed powerful
oxidants that react with sulphydryl groups of phnate causing cell
retraction, disruption of tight junction and an rease in endothelial and
epithelial permeability (Carbonelle S et al, 2002¢cent studies have shown
that elite swimmers have a higher incidence ofrgiteand non-allergic
rhinitis and, more generally, of symptoms of inflaation of the upper and
lower airways that other athletes or control suigjeSome symptoms might
be related to the intensity of the sport, but isteexercise can not explain
the persistence of symptoms and epithelial damdtgr &inishing the
exercise in the pool (Bougault V et al, 2009). Mwer the evidence of
epithelial damage is observed only in the case ldbrinated pools
attendance, not in the case of swimming in cupipeers

Another common aspect to the two studies is thegmree of different
results, sometimes even contradictory, betweenwesexes. It would be
possible to evoke the anatomical differences betvilee sexes, with females
having a smaller size of the nose (even though,nw&djusted for the
difference of body size, the difference betweenesi@nd females seem to
disappear (Pohunek P,2004)), and the physiologi¢Brences, which are

the result of the action of sex hormones on thealnapithelium (this



consideration cannot of course be applied to theuladion of children),
however, these considerations do not seem suftidenexplain some
inconsistencies, such as the exposure to enviromngbacco smoke and
the proximity to a busy road, which show a negatffect on males and
beneficial on females. These results are perhape twonsidered due to the
action of some cofactors, that we have not beee tabidentify, or to the
small number of subjects in each subgroup and dok bf information
concerning the degree of exposure to environméoals.

Comparing the results of the two studies, we alsticed a big
difference between the two populations: the comeginhs of biomarkers.
The children in fact have lower amounts of CC16 dmgher ones of
albumin. The first difference could be interpresedbeing due to the reduced
dimensions of the nose of children and, consequeoitlthe mucosa, which
thus has a lower number of cells secreting the CG1%, we would have
found even lower concentrations of albumin. Ondbmtrary this is 4 times
higher in children and this data can be interpretedour opinion, as the
result of a higher epithelial permeability durirg tchildhood. In fact during
childhood the nasal epithelium in children is exqbso conditions that are
no longer detectable in adulthood. First, amonglestents and children,
there are large differences in anatomy. From the af two years,
pneumatization of the paranasal sinuses beginswalhdast until puberty
(Scuderi AJ et al, 1993; Shah RK et al, 2003). ©héhe most important
roles of the sinuses is the production of nitriecdex(NO) and it was shown
that most of NO present in the nasal cavities cofm@s the paranasal
sinuses. NO contribute significantly to non-specifiost defence against
bacterial, viral and fungal infections. It inhikitsome metalloproteins
oxidase and catalase, the lipid peroxidation angs tthe formation of
proinflammatory lipids and affects positively muti@ey clearance. It is
therefore considered that NO is responsible forntaaiing a sterile

environment inside the sinuses. Being also a patastdilator, it seems to



play a role in the regulation of nasal airway resise to airflow and in the
process of heating and humidification of the inspiair (Maniscalco M et
al, 2007). Since the paranasal sinuses in childrenless well developed,
probably the nasal mucosa can not fully benefinftbe protective action of
NO. It should be also added that infections amami¢gdieen by rhinovirus
(RV) are very frequentn vitro studies have demonstrated that RV infection
of cells of the nasal epithelium causes a decrgaiee expression of some
structural proteins of tight junctions and adher@nsctions, such as the
claudin-1, the occluidin, the ZO-1 and the E-cadheand consequently an
increase in epithelial permeability (Yeo NK and ganJ, 2010). These
results, together with a possible immaturity of tlasal epithelium, may help
explain the different concentration of biomarkeraNALF among children
and adolescents and the epithelial vulnerabilittheallergic sensitization at
a very young age.

To the best of our knowledge, our study is thetfits have
investigated the nasal epithelium integrity in plagions of school children
or adolescents. We were also the first to compae urea-adjusted
concentrations of CC16 and albumin between thertagirils. Our studies
present however several limitations. First, becaakepractical reasons
linked to the very young age of children, we contd perform an extensive
exploration of the nasal cavity. The determinatminthe nasal patency
would have certainly provided useful information toderstand the
differences between children and adolescents. Ben ghe measurement of
the peak nasal inspiratory flow revealed very diffi in our 5-years old
children who often did not understand the diffeeebetween exhaling and
inhaling though the nose only. Another limitatiom the relatively small
numbers of subjects that were achieved when gfirsgithe population for
gender and/ or total serum IgE. This reductiorhsiumber of subjects has
resulted in a diminished statistical power of ouralgses and some

associations, in particular concerning pollen seadion, might have



reached the level of statistical significance if lned had access to larger
populations. Because of this limitation, we coutd assess the associations
with less frequent allergies such as allergiesatame dog. Another limitation
is the fact that our studies were cross-sectiomaich, as mentioned above,
prevents us to assess the causality of associatiorsging between the
various events. We cannot determine whether theerebd epithelial
changes are the cause or the consequence of alsemgitization. There are
two possible explanations for the fact that in stwdies nasal epithelial
defects were significantly associated with HDM s$egtion but not with
pollen sensitization. The first is that the HDM sas more damage to nasal
epithelium because this allergen would have a ggpproteolytic capacity
as compared to the pollen allergens. The secotftatsto promote allergic
sensitization, defects in the nasal epithelium ireqa concomitant and
sufficient exposure to the allergen, a conditionreneasily met with a
perennial allergens such as HDM than with seasaliatgens linked to
pollination. A last limitation of our studies isahexposure assessment was
entirely based on questionnaires filled by the p@xewith the risk of
memory bias.

If biomarkers in NALF can provide a non-invasivesessment of the
nasal epithelium function or integrity, the exaature of the defects
evidenced by these biomarkers remains to be eligtldd@he best approach
would be of course the "direct” observation of ép&helial changes induced
under experimental conditions. Various studies eh cultures, obtained
from nasal biopsies, were performed to analyzeatii®n of environmental
toxics. Carson JL et al. (2010) observed an acteérciliary beat frequency
in cultured human nasal epithelium obtained fronolsens and individuals
exposed to secondhand tobacco smoke. These autlswsreported a
phenotypic modification favoring the expressionnmin-ciliated epithelial
cell types in specimens deriving from smokers aadosdhand smoke-

exposed subjects. Auger F et al. (2006) exposedres! of nasal cells for



24h to diesel exhaust particles and Paris urbapaaticles and observed an
increase in local inflammation, expressed as arrease in certain
inflammatory mediators, such as IL-8, IL-6 and GIg# With regard to
exposure to products of chlorination, no study thesn carried out so fan
vitro cultures of nasal cells. An experimental study Wwasever performed
on lung cells exposed to trichloramine (Schmalzt @lg2011). The results
show a harmful effect of trichloramine at concetirzs higher than those
normally present in the air of indoor swimming olThe authors
concluded that the harmful effect on the epitheliismot due solely to
trichloramine, but to a mixture of trichloraminedanther disinfection by-
products present not only in the air, but alsodrosol on the surface of the
water. It would therefore be interesting to expasailture of nasal cells to
these substances and to assess the level of ttreelggi damageMore
complexin vitro models might also be used to evaluate permegabilit
changes of the nasal epithelium by measuring tne d¢f Evans blue (EB)
dye-labeled bovine serum albumin through an endiathepithelial cell
nasal bilayers (Wang L et al, 2013).

Experimental studies might also be conducted tosoreathe trans-
epithelial passage of allergens, as Rusznak C. etiglin 1999. Exposing
primary cultures of human bronchial epithelial s¢bt cigarette smoke in the
absence or presence of Derp extracts, these authsesved an increased
passage of Derp through the epithelium in the cedtiexposed to tobacco
smoke as compared to non-exposed cultures. A stthys kind could help
to understand if the epithelial damage induced,rfistance by chlorination
products, might promote the penetration of allesgen
Another avenue of research would be the immunath&imical exploration
of biopsies of nasal epithelium from subjects ergosto various
environmental stressors (e. g. with the immunoBsigiof CC16 and proteins
of the tight junctions such as claudin-1, the odiriiand the ZO-1)



In conclusion, our studies suggest that the armlyasi the
concentrations of CC16 and albumin in NALF mightuseful to assess non-
invasively the integrity of the nasal epitheliunurther studies are needed
however to identify the type of epithelial defeotflected by these NALF
biomarkers and their exact biological significafceparticular with respect
to the risks of allergic sensitization.
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