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Abstract

Changes in the airways epithelium caused by environmental insults might play a role in the development of allergic
rhinitis. We measured albumin and Clara cell protein (CC16) in the nasal lavage fluid (NALF) from 474 adolescents
(263 girls and 211 boys). The NALF CC16/albumin ratio, integrating the permeability and cellular integrity of the nasal
epithelium, decreased mostly with time spent in chlorinated pools. In boys, a lower CC16/albumin ratio in NALF was
associated with an increased risk of house dust mite sensitization. The results suggest that the CC16/albumin ratio in
NALF can be used to detect nasal epithelium alterations linked to allergic sensitization.

Keywords: Nasal epithelium, environmental tobacco smoke, Clara cell protein, albumin, chlorine, allergy,

permeability, biomarkers

Introduction

Allergic rhinitis and atopic asthma are chronic inflam-
matory diseases of the airways that develop following
sensitization to air-borne allergens and progressively
lead to an impairment of lung function. Patients with
allergic asthma frequently also suffer from an allergic
rhinitis, which frequently precedes the onset of asthma.
Both diseases also share the same genetic traits and the
same triggers including allergen exposure, viral infec-
tion, and air pollution, which suggest that they might
be the manifestations of the same underlying allergic
disease (Marple 2010, Spergel 2010, Murphy & O’Byrne
2010). Although allergic diseases are driven by the
immune system, in particularly by the activation of Th2-
type lymphocytes, the idea now progressively emerges
that the primary cause of these diseases might not lie in
the immune processes but in some functional or struc-
tural defects of the airways epithelium (Cookson 2004,
Holgate et al. 2009). When occurring in certain win-
dows of exposure or susceptibility, in particular during
early life, these airways epithelium defects might create

conditions promoting the IgE sensitization and later the
transformation of the atopic phenotype into rhinitis and
then asthma (Holgate et al. 2009).

Changes in airways epithelium, which might pre-
dispose to allergic diseases, are largely unknown. One
possible type of change might be an epithelial hyper-
permeability facilitating the transepithelial delivery of
allergens to the antigen-presenting cells (Bernard et al.
2003). This mechanism is suggested by the fact that most
potent allergens such as the house dust mite (HDM)
present a proteolytic activity enabling them to open
the tight junctions and thus to move more easily across
epithelial barriers toward immunocompetent cells
(Roelandt et al. 2008). Ambient air pollutants or lifestyle-
related stressors with a membrane disrupting potential
such as ozone, tobacco smoke, chlorination products, or
endotoxins are also capable of opening tight junctions
and thus of exerting a similar adjuvant effect in allergic
sensitization (Carbonnelle et al. 2002, Bernard et al.
2003, Schelegle et al. 2003, Michel et al. 2005, Chimenti
etal. 2010).
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Another possible mechanism that might be triggered
by above stressors would be a damage or dysfunction
of epithelial cells secreting proteins downregulating the
allergic or inflammatory responses. The reduced secre-
tion of the anti-inflammatory Clara cell protein (CC16,
SCGBI1Al, or secretoglobin 1A1) (Jackson et al. 2011,
Miele et al. 1987) in subjects exposed to chlorination
products (Lagerkvist et al. 2004, Bernard et al. 2007) and
in patients with asthma (Laing et al. 2000) or allergic
rhinitis (Benson et al. 2007, Johansson et al. 2005) might
illustrate such a mechanism. Since cell damage in the
airways is frequently accompanied by an increased epi-
thelial permeability, the pulmonary pool of anti-inflam-
matory proteins might be further reduced by the leakage
of lung proteins across the disrupted bronchoalveolar
blood barriers (Hermans & Bernard 1999).

The purpose of this population-based study conducted
among school adolescents was to test these different
hypotheses by assessing the associations between nasal
epithelium integrity, possible environmental insults, and
the risks of allergic sensitization. We evaluated the integ-
rity of the nasal epithelium by measuring in nasal lavage
fluid (NALF) albumin as a marker of epithelial permeabil-
ity and CC16 as a marker of cell damage or dysfunction.

Materials and methods

Population studied

After approval by the ethics committee of the Faculty of
Medicine of the Catholic University of Louvain, a total
of 870 adolescents, aged between 15 and 18 years were
recruited from three secondary schools in the south-
ern part of Belgium (in the cities of Louvain-la-Neuve,
Bastogne, and Lessines). Participation rates were very
similar between the three schools as well as between
girls and boys (between 70.6% and 72.1%). The study
protocol was described in detail previously (Bernard
et al. 2008, 2009). Briefly, the adolescents’ parents were
asked to complete a questionnaire about the personal
or familial characteristics, the in-house and out-house
environment, medical characteristics and antecedents,
and self-reported symptoms. The questionnaire also
included specific items to estimate the lifetime atten-
dance of outdoor or indoor chlorinated swimming pools.
The examination, which took place in schools, included
the collection of a blood sample and a NALF sample from
both nostrils. To avoid acute effects caused by irritants or
inflammation and thus detect chronic changes in NALF
biomarkers, we excluded subjects who had signs of rhini-
tis or who were under medication at the time of examina-
tion. The final population retained for the study included
263 girls and 211 boys.

Nasal lavage sample collection analysis

NALF samples were obtained from both nostrils using
a procedure similar to that described by Tossa et al.
(2009). Participants were asked to sit down, bend for-
ward, and put their heads down. About 2.5 mL of sterile

physiological saline at 37°C were instilled into each nos-
tril by a disposable tip connected to a peristaltic pump.
After 10 s, students were asked to lift their head and the
NALF was collected using a small funnel. Participants
were free to start the NALF collection with the left or right
nostril. As majority of participants were right-handed,
most of them started with the right nostril. CC16 was
quantified by a semi-automated nonisotopic immunoas-
say based on the agglutination of latex particles coated
with a polyclonal antibody (Bernard et al. 1992a,b). We
used a rabbit antihuman CCI16 polyclonal antibody
(A0257; DAKO, Glostrup, Denmark), and as standards,
the protein purified in our laboratory was used. The
immunoassay was validated by comparison with a fluo-
rescence enzyme immunoassay using monoclonal anti-
bodies (Hermans et al. 1998). Albumin and urea were
quantified by the Beckman Synchron CX5 Delta Clinical
System. The reproducibility of protein determination in
NALF was assessed in four healthy subjects (2 men and 2
women, aged 27-59 years), who provided twice a day for
five consecutive days a NALF sample from each nostril.
The mean NALF protein concentrations in these subjects
ranged from 89 to 248 ng/L for CC16 and from 6.8 to
18.8 mg/L for albumin. The coefficients of variation (CVs)
of CC16 and albumin determinations in the 10 samples
from each nostril averaged 42.6% (range 29.0%-58.2%)
and 35.2% (range 16.7%-55.1%), respectively. Adjustment
for the NALF/plasma urea concentration ratio yielded
rather similar values, with mean CVs of 42.8% for CC16
and of 33.2% for albumin. These overall CVs appear quite
acceptable considering that they integrate the analytical
variation of immunoassays (CVs between 5%-10%), the
variable recovery of proteins from the nasal epithelial
lining fluid (ELF) and probably also some biological vari-
ations in the ELF composition in the course of the experi-
ment (5 days). Of note, the mean protein concentration
ratio between the two nostrils, even after adjustment for
the NALF/plasma urea ratio, was not necessarily equal
to 1 but ranged from 0.91 to 1.55 for CC16 and from 0.88
to 1.37 for albumin. This means that the NALF has to be
sampled in the two nostrils for a reliable assessment of
the nasal epithelium integrity of an individual.

Total and specific IgE analysis

Total and aeroallergen-specific IgE (HDM, cat epithe-
lium, dog dander, mould, tree pollen, grass pollen, and
herbaceous pollen mixture) concentrations in serum
were determined using the Immulite® IgE kit (Diagnostic
Products Company, Los Angeles, CA, USA). A sensitiza-
tion against aeroallergen-specific IgE was defined as a
serum concentration >0.35 kIU/L. For total serum IgE,
we used the same cut-off of 30 kIU/L as in our previous
studies (Bernard et al. 2008, 2009). This cut-off value
corresponds approximately to the 50" percentile (27.5
kIU/L) or the geometric mean (27.3 kIU/L) observed in
adolescents who had no detectable aeroallergen-specific
IgE in serum. This low total serum IgE threshold was used
in order to identify most subjects likely to be sensitized

Biomarkers

RIGHTS LI MN Kiy



Biomarkers Downloaded from informahealthcare.com by Changhua Christian Hospital on 11/14/12
For personal use only.

to aeroallergens (Kerkhof et al. 2003). Concentrations of
proteins in NALF were adjusted for the variable dilution
of the ELF using the NALF/plasma concentration ratio of
urea (Cavaliere et al. 1986, Kaulbach et al. 1993).

Statistical analyses

Except for age and cumulative pool attendance (CPA), all
continuous variables were log-transformed before statis-
tical analysis. Differences between boys or girls were com-
pared by the Chi-squared test, the Mann-Whitney U-test,
or the Student’s t-test depending on the type of variable.
Univariate associations were assessed using the Pearson’s
correlation coefficient. Multiple linear regression analysis
was used to identify factors associated with biomarker
concentrations in NALE Regression models were run
by testing a total of 23 independent variables, including
among others, age, body mass index (BMI), breastfeed-
ing, tobacco smoking, exposure to environmental tobacco
smoke (ETS), vicinity to a busy road, aeroallergen sensiti-
zation, and doctor-diagnosed diseases of the upper air-
ways. In these analyses, attendance of the different types
of chlorinated pool (indoor, outdoor residential, outdoor
during holidays) was stratified in three categories of
increasing lifetime CPA (CPA < 100, CPA 100-500, and CPA
> 500h). These categories were transformed in dummy
variables using as referents subjects who never swam in
the considered swimming pool. We used backward logis-
tic regression models to calculate the odds ratios of being
sensitized against HDM or pollen according to the levels
of CC16, albumin, and of the CC16/albumin ratio in NALE
The p values were two-sided, and results were considered
as statistically significant at p values below 0.05.

Results

The characteristics of participants are presented in
Table 1. With the exception of parental asthma, which
was more frequent in girls than in boys, there were no
significant sex differences in the major risk factors of
allergic or respiratory diseases. Prevalence of doctor-
diagnosed asthma, hay fever, and allergic rhinitis also
did not differ between sexes. The only noticeable dif-
ferences concerned the total serum IgE levels and the
sensitization rates to aeroallergens and especially to
HDM, which were both significantly higher in boys
than in girls.

We first analyzed our data by comparing the con-
centrations of biomarkers in the NALF from the two
nostrils. To assess the influence of the variable dilu-
tion of the ELF during nasal lavage, the comparisons
were made with concentrations of CC16 and albumin,
unadjusted or adjusted for the NALF/plasma urea
concentration ratio. As shown in Figure 1, concentra-
tions of CC16 and albumin expressed per liter as well
as their ratio in the two nostrils were rather well corre-
lated (CC16, r=0.65; albumin, r=0.57; CC16/albumin
ratio, r=0.58, all p<0.001) with however a considerable
inter-individual variations over more than four orders
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of magnitude. Concentrations of urea in the NALF
from both nostrils were also well correlated (r=0.64,
p<0.001). Adjustment of protein concentrations for the
NALF/plasma ratio did not improve these correlations
(CC16, r=0.36; albumin, r=0.57, p<0.001) nor did this
adjustment reduce the inter-individual variations. We,
therefore, pursued our analyses by using the means of
values measured in the NALF from the two nostrils,
both with and without adjustment for the NALF/plasma
urea ratio.

Table 2 compares the NALF levels of CC16 and albu-
min between boys and girls. The concentration of urea
in the NALF of boys was slightly higher than that of girls,
but there was no significant sex difference in the NALF/
plasma urea ratio. Concentrations of CC16 in NALE
adjusted or not for the NALF dilution, did not differ sig-
nificantly between boys and girls. This is in contrast to the
albumin concentration, which on average was about 30%
greater in boys than in girls.

As shown in Table 3, the determinants of NALF
epithelial markers differed noticeably between the
two sexes. In boys, the NALF concentration of CC16,
adjusted or not for the NALF/plasma urea ratio, cor-
related negatively with age and positively with paren-
tal smoking. Also in boys, the NALF concentration of
albumin, whether adjusted or not for the urea ratio,
decreased with the number of siblings, the BMI, and
the proximity to a busy road. Albumin in the NALF of
boys also decreased with age, but this association dis-
appeared after adjustment for the urea ratio. The only
positive association with NALF levels of albumin, sug-
gesting an increased epithelial permeability, was that
between the urea-adjusted concentrations of albumin
and the lifetime attendance at public chlorinated
pools (CPA > 500h). Quite interestingly, the CC16/
albumin ratio in the NALF of boys, an index integrat-
ing changes in CC16 secretion and nasal epithelium
permeability, decreased dose-dependently with the
lifetime attendance of indoor chlorinated pools (CPA
100-500 and CPA > 500h). Like for the CC16 concen-
tration, the CC16/albumin ratio in the NALF of boys,
showed a positive association with parental smoking.
In girls, by contrast, the NALF concentration of CC16
decreased with both parental smoking and the vicin-
ity of a busy road, irrespectively of the adjustment for
the urea ratio. There was also a negative association
between the urea-adjusted CC16 concentration in the
NALF of girls and the lifetime attendance of residential
outdoor chlorinated pools (CPA > 500h). None of the
other tested factors was associated with albumin levels
or the CC16/albumin ratio in the NALF of girls.

When tested separately, the concentrations of CC16
and albumin in NALE expressed per liter or adjusted for
the NALF/plasma urea ratio, showed no significant asso-
ciations with the risk of sensitization to HDM or pollen.
However, as shown in Table 4, the CC16/albumin ratio in
the NALF of boys, whether tested as a continuous vari-
able or stratified in tertiles, was inversely related to the
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Table 1. Characteristics of adolescents.

Girls (n=263) Boys (n=211) p
Age, mean (SD), years 15.4 (0.78) 15.6 (0.93) 0.18
BMI, mean (SD), Kg/m? 20.7 (3.06) 20.5 (2.86) 0.5
Parental asthma, N° (%) 43 (16.4) 20(9.5) 0.03
Parental allergy, N° (%) 105 (39.9) 69 (32.7) 0.11
Birth weight, mean (SD), g 3218 (545) 3432 (557) <0.001
Breastfeeding, N° (%) 175 (66.5) 142 (67.3) 0.86
Day-care attendance, N° (%) 72 (27.4) 59 (28.0) 0.89
Smoking, active, N° (%) 20(7.6) 18 (8.5) 0.71
Exposure to smoking during pregnancy, N° (%) 35(13.3) 22(10.4) 0.34
Parental smoking at home, N° (%) 96 (36.5) 73(34.6) 0.67
Number of older siblings, mean (SD) 0.97 (0.94) 0.97 (1.03) 0.94
House cleaning with bleach, N° (%) 72 (27.4) 61 (28.9) 0.71
Mould on bedroom wall, N° (%) 20(7.6) 13 (6.2) 0.54
Living at <100 m from a busy road, N° (%) 49 (18.6) 44 (20.9) 0.54
Exposure to pets since birth, N (%) 25(9.5) 27(12.8) 0.25
Attendance at indoor chlorinated pool
Ever, N (%) 223 (56.0) 175 (82.9) 0.16
CPA, median (IQR), h 302 (158-549) 271 (121-526) 0.21
Attendance at outdoor residential chlorinated pool
Ever, N (%) 47(17.9) 41(19.4) 0.69
Median (IQR), h 192 (81-450) 192 (54-640) 0.78
Attendance at outdoor chlorinated pool during holidays
Ever, N (%) 133 (50.6) 112 (53.1) 0.13
Median (IQR), h 126 (45-280) 186 (65-385) 0.22
Total serum IgE, median (IQR), kTU/L 43.1 (15.2-155) 34.0 (15.4-98.7) <0.001
Sensitization to aeroallergens At least one aeroallergen, N° (%) 77 (29.3) 84(39.8) 0.016
House dust mite, N° (%) 55(20.9) 68 (32.2) 0.005
High sensitization, N° (%) 22(8.4) 31(14.7) 0.03
Low sensitization, N° (%) 33(12.5) 37(17.5) 0.13
Cat, N° (%) 23(8.8) 25(11.8) 0.27
Pollen, N° (%) 33 (12.5) 40 (19.0) 0.055
Ever diagnosed respiratory diseases
Asthma, N° (%) 15 (5.7) 17 (8.1) 0.31
Hay fever, N° (%) 25(9.5) 17 (8.1) 0.58
Allergic rhinitis, N° (%) 28 (10.6) 19 (9.0) 0.55
Bronchitis, N° (%) 110 (41.8) 81 (38.6) 0.47
Bronchiolitis, N° (%) 39(14.8) 28(13.3) 0.64
Sinusitis, N° (%) 48(18.3) 38(18.1) 0.97
Cold, N° (%) 75 (28.5) 50 (23.8) 0.25
Abbreviations: CPA, cumulative pool attendance; IQR, interquartile range; SD, standard deviation.
Table 2. Biomarkers in the NALF of girls and boys.
Parameters Boys (n=211) Girls (n=263) p
Urea (mg/L)
Crude 43.5(33.0-59.9) 40.0 (31.1-51.0) 0.03
NALF/plasma urea ratio 0.18 (0.13-0.23) 0.17 (0.13-0.23) 0.94
CC16 (ng/L)
Crude 24.5 (8.80-67.7) 18.7 (7.50-70.4) 0.33
Adjusted for the NALF/plasma urea ratio 149 (59.9-327) 121.9 (46.0-370) 0.30
Albumin (mg/L)
Crude 10.5 (6.4-19.8) 6.90 (3.61-14.4) <0.001
Adjusted for the NALF/plasma urea ratio 57.2(35.8-107) 41.0 (22.8-81.5) <0.001
CC16/albumin ratio (x10%) 25.3 (9.01-77.7) 32.9(10.6-98.7) 0.08
Concentrations are expressed as median with interquartile range.
Abbreviations: CC16, Clara cell protein; NALFE, nasal lavage fluid.
Biomarkers
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Figure 1. Correlations between biomarkers levels in the nasal lavage fluid (NALF) from the right and left nostril. CC16, Clara cell protein;

Alb, albumin.

risk of sensitization to HDM, especially when total serum
IgE was >30 kIU/L. Among boys with higher total serum
IgE, those in the lowest tertile of the CC16/albumin ratio
in NALF were three times more likely to be sensitized
against HDM than those in the highest tertile. There was

© 2012 Informa UK, Ltd.

also a tendency for boys in the lowest tertile of the NALF
CC16/albumin ratio to be more frequently sensitized to
pollen, an association that again emerged only when
total serum IgE > 30 kIU/L. Such associations were not
seen in girls, even among those with higher serum IgE.

RIGHTS LI MN Kiy



314 A.Sardella et al.

‘pmyj 93eAe] [BSBU ITYN ‘@ouepusne [00od dAnB[NWIND ‘YJD ‘[BAISIUI 9OUIPHUO0D 1) ‘urdroid [[92 eIR[D ‘91DD ‘Xopul Ssew Apoq ‘TJAg :SUONBIAIqQY
‘UONBWLIOJSURI) OTWIIIR30] AqQ PazZI[euLIOUu a1om s1a)awered [esrdofoiq [V

100 (5%°00190°0) 92°0 Supjows [eyuared
200 (€0°0— 03 G%°0-) ¥2'0— (4005-00T VdD) 100d 100pur a1[qnd
100°0 (21°0-0189°0-) "0~ (4 00S < vdD) [ood 1oopur o11qnd onel uruNqre/91d0d
700 (sz'0-10°0) €10 (4 00 < vdD) [0od 100put o1jqng
100°0 (59'0- 01 68'2-) €T°0— peoI Asng e woxj w 01> SUIAIT
20°0 (€0°0-0182°0-) ST~ INg one1 garn ewse[d/JTYN
800°0 (20'0- 03 1T°0-) L0°0— s3ur[qIs I19pJo Jo IaquIny 9y} 10§ pajsn(pe urwnqry
€0°0 (20'0- 01 $%°0-) €2°0~ S[[eM WO0IPaq U0 PIOIA
€0°0 (10'0-0321°0-) 90°0— a3y
€00 (20°0—0122°0-) ST'0— peo1Asnq e woiy w 00> SUIAIT
9%0°0 (c0'0-0108'1-) 16°0— INd
%00°0 (€0'0-0321°0-) L0°0— s3ur[qrs 19p[o Jo IequInN (1/8w) urwunqry
¥0°0 (c0'0—01€8°0-) €7°0— (4005 < vdD) 100d 100pIno [enuapisay
%00°0 (00— 01 0%°0-) S2'0— Supjows [eyudred 1000 (20°0-0152°0-) 91°0— a3y one1 ean ewse[d/JTYN
¥0°0 (T0°0- 03 1%°0-) 120~ peor4snq e woy w 001> SUIAIT  ZH0'0 (5€°00110°0) 810 Supjows [eyuareq ay) 10§ paysn(pe 9100
S%0°0 (500°0- 02 ¥¥°0-) ¢2'0- peo1 dsnq e woyy w 001> SUIAIT  6%0°0 (8€°0 01 %00°0) 61°0 Supjows [e1UaIE]
10°0 (¥0°0- 03 0%°0-) 220~ Supjows [e1UATRd 2000 (90°0- 0162°0-) 9T°0— a8y (1/81) 9100
20°0 (¥2°0-20°0) €T°0 (4005 < vdD) 100d 100pINo [eNUIPISAY  8%0°0 (200°0— 01 50°0—) 20°0— s3ur[qrs 19pjo Jo rqUINN oner eain ewse[d/ITYN
100 (60°0—032L0-) 190~ 1ySrom g
20°0 (20'0—0181°0-) OT°0— SOIUIYI J1319[ [y (1/8w) 21N
d (10 %S6) J[qereA Juspuadapuf d (1D %S6) arqerrea yuopuadepuy a[qeLea Juspuadaq

JUSIOLJO0 UOISSaIZY

JUSIOIJ200 UoISsaIZoY

SHID

shog

*s[118 pue s£0q Jo JTYN UI SIDMIBWOI] JO SUOHBIUIIUO0D Y} YIIM PIIBIOOSSE SI0}OB] ‘€ [qRL,

*Ajuo asn feucssed Jo4
ZTVT/TT Uo [edidsoH uensuyd enyfueyd Ag Wodaeoyiealjelliojul Wolj pepeo|umod sieyewolg

Biomarkers

RIGHTS LI MN Kiy



315

Nasal epithelium biomarkers

‘gouepusne a1ed-Aep pue sjad 10§ paisn(py;

'syad 10§ paisn(py,

‘9duBpUa)IE 9IBD-ARp pUR ‘SUuIpasjisealq ‘eurylse [eruaied 10J paisnipy,
‘peo1Asng e woxy w 00> SUIAI] pue ‘@ouepualie a1ed-Aep ‘syod ‘Burpasjiseaiq 10y paisnlpys
‘19puagd pue syad 10J paisnipy,

‘peo1Asnq e woiy w 09> Sulal] pue ‘s3ad ‘T]Ag 10§ paisnipy,
-Surpaapisealq pue sjad 10j paisn(py,

*S[[em WI00IPaQ U0 P[NOW pue YIes[q 1M SUTUBI[D asnoy 10j paisn(py,
‘aouepuLa)Ie 91BI-ARp pUE ‘s1ad ‘Surpespisealq ‘ewrylse [ejuared 10J paisnipy,
-1opuad pue ‘ewpse [eyuared ‘s1ad TN 10 parsn(py.

"ejep paurLIojsuen) S0[ UO paseq dIe S[PPOU SNONUIIUO0I YT,

2€0 ¥5°0 6L°0 L0°0 68°0 S60°0 12°0 puan 1oy d
(o¥'0)8c'1 (€0°0) 050 (s€0) 260 (sL0)00c (¥8'0) 002 (69°0) L£'T € 9y,
(9s°0) sS°1T (s0°0) 290 (65°0) 67'T (,2°0) 180 (sv0)otT'T (sL'0)8v'T 29[nIaL,
(00°1) 00T (00°1) 00T (00°1) 00T (00'1) 00°'T (00'T) 00°'T (00'1) 00T (00°'T) 00°'T 1 9[mIaL,
(69'2-€L°0) OF'T ($9°€-91°0) SL°0 (sT'2-290) 02’1 (82L72-980) ¥S°'1 (c¥'8-21°0) 10'T (¥5'2-58'0)9%'T  (26°1-28'0) 6C'T snonupuo) ua[iod
L1°0 00°'T 150 20°0 85°0 200 €0°0 puan 1oy d
(¥S°0) 8%°'1 (€1°0)92°0 (os0)er't (Fruese (TT1)%S°C (96°0) L9°'T € 9[IIJL,
(L¥'0)SsT'T (t12°0)92'1 (c9'0)¥€'1 (59°0) 791 (220)e8'1 (99°0) LT°T 29[nIaL,
(00'1) 00'T (00'1) 00'T (00'1) 00'T (00°1) 00°1 (00°1) 00'T (00'T) 00'T (00°1) 00'T T 9B
(c0'2-29°0)9T'T (€9'2-62°0) 88°0 (92'1-69°0) OT'T (Tore-e1°1) ¥8°1 (€0°e-¥T1°'T)98'T  (L8'1-26'0) ¥€'T snonupuo) soprogeydojewrtag
p(ID %S6) HO -(ID %S6) 4O o(ID %S6) 4O o(ID %S6) 4O (1D %56) 4O o(ID %56) 4O (ID %S6) 4O onex uonezZNRISuUsg
(Fe1=u)1/NP10E<  (62T=Uu)T/NDP0E> (e9z=u) v (8v1=u)T/NPI0E<  (€9=u)T/NDI0E> (TTe=u) v (FLP=u) IV uramqre/910D

SHID

shog

*q3] WInas [0} Y31y 10 MO[ YIIM sAoq pue S[113 Jo JTVN @Y} Ul onel urwnge/91D) SuIsea1dap YIm uafjod 10 91Ul }snp asNoy 0} UONBZNISUIS JO SYSTY ¥ d[qeL

*Ajuo asn feucssed Jo4
ZTVT/TT Uo [edidsoH uensuyd enyfueyd Ag Wodaeoyiealjelliojul Wolj pepeo|umod sieyewolg

RIGHTS LI MN Kiy

© 2012 Informa UK, Ltd.



Biomarkers Downloaded from informahealthcare.com by Changhua Christian Hospital on 11/14/12
For personal use only.

316 A.Sardella et al.

Discussion

Our study shows that concentrations of CC16 and albu-
min in the NALF greatly vary despite adjustment for the
variable dilution of the recovered ELF on the basis of the
NALF/plasma urea ratio. Variations were just important
as for the CC16/albumin ratio, which theoretically should
be independent of the dilution of ELE There were also
some variations between the two nostrils, the protein
concentrations in the right nostril being on average about
30% lower than in the left one. We think that this system-
atic difference stems from the fact that the left nostril was
in most cases the second one sampled with presumably a
better ELF recovery because of some training effect or of
a carry-over of proteins from the first nostril. The adjust-
ment made for the NALF/plasma urea ratio ensured a
complete elimination of the variations due to the vari-
able recovery of ELF proteins. Variations in the levels of
albumin and CC16 in NALF observed under these condi-
tions can thus be assumed to reflect true variations in the
permeability (albumin) or the cellular integrity (CC16) of
the nasal epithelium.

One of the most prominent observations in this
study is the inverse association found between the
CC16/albumin ratio in the NALF and the risk of hav-
ing aeroallergen-specific serum IgE, in particular, IgE
specific of HMD. The fact that this association emerges
only in boys is interesting from a mechanistic point
of view. This suggests indeed that the association
between the NALF CC16/albumin ratio and the risk of
allergic sensitization is driven by interactions with some
gender-related risk factors. Clearly, one interacting fac-
tor appears to be the atopic status as assessed on the
basis of the total serum IgE level, which was significantly
higher in boys than in girls (by 25% on average). Total
serum IgE strongly influences the association between
the CC16/albumin ratio in NALF and the risk of allergic
sensitization, which was increased only among boys
with serum IgE > 30 kIU/L. Another source of interac-
tion appears to be related to the response of nasal epi-
thelium to some environmental stressors. The CC16/
albumin ratio in NALF of boys was indeed significantly
lower than that of girls, a difference that might be linked
to the exposure to chlorinated pools. While no predic-
tor could be identified for the CC16/albumin ratio in the
NALF of girls, the attendance of public chlorinated pools
emerged as a very significant predictor associated with a
dose-dependent decrease of the CC16/albumin ratio in
the NALF of boys.

Predictors of CC16 and albumin levels in NALF were
mostly factors that have been associated with the risk
of respiratory diseases such as age, gender, ETS, BMI,
traffic-related air pollution, or attendance at chlorinated
swimming pools (Bernard et al. 2008, 2009). Associations
found between these predictors and the NALF biomark-
ers were, however, not necessarily pointing to the same
direction as those reported with respiratory diseases, and
in some cases, they were totally inconsistent between

sexes. While in girls parental smoking was associated
with a decrease of NALF CC16, suggesting some epi-
thelial damage, opposite associations were seen in boys
exposed to ETS who had higher NALF levels of CC16 and
of the CC16/albumin ratio. The same inconsistency was
observed with the vicinity of a busy road. In girls, this
factor was associated with a decrease of NALF CC16,
suggesting an impaired CC16 secretion, while in boys, it
was associated with a decrease of NALF albumin, which
on the contrary points to a more efficient barrier func-
tion. These inconsistencies might reflect gender-related
differences in the response of the nasal epithelium to
ETS or to the ambient air pollution. Women for instance
are known to be more vulnerable to the harmful effects
of tobacco smoke than men when being actively or pas-
sively exposed to tobacco smoke (Dransfield et al. 2006,
Li et al. 2000, Chen et al. 2005). These opposite asso-
ciations might also merely reflect the influence of some
unidentified confounders or a distortion of our analyses
by the lack of quantitative exposure data. The apparently
protective effects of BMI and number of siblings on the
permeability of nasal epithelium to albumin observed in
boys might also arise from confounding.

Actually, the predictor that was most consistently
associated with nasal epithelium alterations in both
sexes was the attendance of chlorinated swimming
pools. Changes observed with CC16 (decrease) or
albumin (increase) observed in boys and girls were all
suggestive of functional or structural alterations of the
nasal epithelium. Attendance at chlorinated pools was
also the only predictor to display a significant dose-
response relationship, in particular with the CC16/
albumin ratio. There were yet still some inconsistencies
between sexes as NALF biomarkers were associated in
boys with indoor public pools and in girls with outdoor
chlorinated pools. We think that these inconsistencies
might reflect gender-related differences in the exposure
patterns or in the deposition of chlorination products
in the nasal cavity. Because of their higher activity, boys
might behave differently from girls when attending
indoor or outdoor pools. For instance, it is possible that
boys remain less time in the water of residential outdoor
pools than girls and consequently are less exposed to
the chlorine-based irritants building up at the surface
of the pool. By contrast, in indoor public pools, where
it is really possible to develop own swimming capac-
ity, boys might train more intensively than girls and
thus be more exposed to chlorination products. These
gender-related differences in the response of the nasal
epithelium to chlorinated pools might also be linked to
differences in the anatomic features of the nasal cavity.
Women are indeed known to have smaller nasal dimen-
sions than men, which may favor the deposition of aero-
solized and gaseous chlorination products in the nasal
cavity. The existence of gender difference in response
to chlorinated pools is supported by a recent study
among teenagers, showing that attendance at outdoor
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pools increases the risk of asthma in girls but not in boys
(Siegel et al. 2010).

In agreement with previous studies based on serum
CC16 and surfactant-associated proteins (Carbonnelle
et al. 2002, Bernard et al. 2003, Lagerkvist et al. 2004,
Bernard et al. 2007), our data provide further evidence
that chlorination products can affect the cellular integ-
rity and permeability of airways epithelium. A decrease
of CC16 as found in girls having attended outdoor pools
can be interpreted only as the consequence of a loss of
CC16-secreting cells in the nasal cavity since the urea
corrected concentrations of CC16 in NALF are approxi-
mately 10 times higher than the serum concentrations
of CC16. The concentration of plasma-derived albumin
in NALF is commonly used as an indicator of the nasal
epithelium permeability (Douwes et al. 2000, Mochca-
Morales 2000, Proud et al. 2010, Pupek et al. 2003). The
higher concentrations of albumin in the NALF of boys
who regularly visited indoor chlorinated pools might thus
be the reflection of an increased epithelial permeability
due to the disruption of tight junction by hypochlorous
acid and chloramines.

While no association was found with the concentra-
tions of CC16 and albumin in NALF when tested sepa-
rately, in the NALF of boys, the ratio between the proteins
correlated with anincreasedrisk of sensitization to aeroal-
lergens. This finding suggests that changes of the nasal
epithelium facilitating atopic sensitization might consist
in an increased epithelial permeability associated to a
decreased secretion of proteins with anti-inflammatory
properties such as CC16. In other terms, this suggests
that only stressors or combinations of stressors capable
of causing such epithelial defects are implicated in the
development of allergic sensitization. Our study points
to chlorination products as important drivers of this type
of epithelial defect, but of course, other stressors such
as dry air, ambient air pollutants, or infectious diseases
might also contribute to these epithelial changes (Simoni
et al. 2010, Walinder et al. 2000).

This study has some limitations. The first limitation is
the relatively small size of the subpopulations obtained
after stratification for sex, which has reduced the statisti-
cal power of some analyses. The initial cohort included
more than 800 subjects, but we lost about half of them
after excluding subjects with signs of rhinitis or who
were under medication for allergic diseases at the time
of examination. The second limitation is the lack of
exposure levels data, in particular for environmental risk
factors. It was of course impossible to perform air mea-
surements for assessing the individual exposure to ETS
or to chlorination products and a fortiori to obtain such
data for the past exposure when adolescents were infants
or children.

Conclusion

In conclusion, this study shows that the concentrations
CC16 and albumin in NALF might serve as noninvasive

© 2012 Informa UK, Ltd.
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biomarkers to detect nasal epithelium damage caused
by air pollutants and other stressors. In our adolescents,
defects in nasal epithelium detected by the CC16/
albumin ratio appear to be mostly caused by the atten-
dance of chlorinated pools. In boys, these effects were
associated with an increased risk of IgE sensitization
to HDM.
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