
[F1-4/C]
Letter to the Editor
Biomatrix for upper and lower airway
biomarkers in patients with allergic
asthma
To the Editor:
Although many biomarkers have been proposed for asthma

monitoring, only the noninvasively accessible fraction of
exhaled nitric oxide has been established into clinical routine,
whereas implementation into guidelines is pending.1 The upper
and lower airways are considered a morphologic and func-
tional unit and share air transport, physical barrier, mucociliary
clearance, and immune interface as common features.2

Furthermore, not only do allergic rhinitis and asthma share
mechanisms of allergic inflammation, but also, transition of
allergic rhinitis into asthma can represent a steady continuum
depending on endotype. Therefore nasal secretions of the up-
per airways can prove useful as noninvasive and easily acces-
sible proxies mirroring lower airway inflammation.3 The
objective of the current study was to visualize the relationship
of elementary protein biomarkers of the upper against the
lower airways to identify potential nasal proxy candidates for
the lower airways.

Nasal lining fluids and induced sputum were collected to
find practical solutions to assess airway inflammation by
using noninvasive methods because sputum opens another
window to assess lower airway inflammation.4 We included 15
patients with seasonal allergic asthma and 16 healthy partici-
pants, all of them nonsmokers, into the study (see Table E1 in
this article’s Online Repository at www.jacionline.org) and
analyzed sputum supernatants and nasal secretions by using
multiarray technology (see the Methods section in this arti-
cle’s Online Repository at www.jacionline.org). Furthermore,
we assessed clinical scores as follows: Rhinoconjunctivitis
Quality of Life Questionnaire (RQLQ), Asthma Control Score
(Global Initiative for Asthma [GINA]), and Perceived Stress
Questionnaire (PSQ). Standard sputum differential cell
counts (see Table E2 in this article’s Online Repository at
www.jacionline.org) and additional sputum flow cytometry
(fluorescence-activated cell sorting) were included.

To identify potential proxy biomarkers, we displayed the
strength of the interaction of the biomarker signal of the upper
and lower airways in a chessboard pattern (2-sided Spearman
rank correlation; Fig 1). Known pathomechanisms, such as
cellular source of biomarkers and sputum cell counts, were
used to augment these patterns and enrich for best biomarker
selection.

Levels ofmany cytokines and chemokines in sputum correlated
moderately to strongly (r > 0.5) with other mediators of sputum
(intraorgan comparison; Fig 1, A and B), whereas the correlation
of these mediators between sputum and nasal secretions showed a
low to moderate relationship (interorgan comparison, r < 0.5).
These correlations are mainly seen diagonally (Fig 1, C), which
displays the correlation of one cytokine in the lower airways to
the same cytokine in the upper airways. IL-24 seemed to be of
special interest as a proxy because it showed moderate correla-
tions between the upper and lower airways (r 5 0.53, P 5 .001;
Fig 1, C, and see Table E3 in this article’s Online Repository at
www.jacionline.org). Interestingly, the GINA score showed a
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strong negative correlation to nasal IL-24 levels (r 5 20.85,
P 5 .001). Furthermore, sputum IL-24 levels were increased in
asthmatic patients in season (1084.0 6 199.6 pg/mL) compared
with out of season (641.2 6 131.7 pg/mL; P 5 .07; Fig 2, G).
Flow cytometric analysis of cellular components in sputum re-
vealed a moderate negative correlation of CD251/CD1272 regu-
latory T (Treg) cell counts to sputum IL-24 levels (r 5 20.50,
P 5 .002). We speculate that this decrease in numbers of Treg
cells could be caused by TH2-mediated suppression at the
site of inflammation. This interpretation is supported by the
finding that numbers of Treg cells in asthmatic patients were
diminished independently of season (Fig 2, C). From a mecha-
nistic point of view, this result supports our previous findings
showing that type 2 immune responses inhibit induction of
regulatory cell.5

As expected, correlation of levels of one cytokine with those of
one of the other mediators was observed frequently in the
intraorgan correlation grid (Fig 1, A and B); for example, levels
of the type 2 cytokine IL-5 correlated with levels of the type 2
IL-4–inducible CCL-26 (eotaxin-3; nasal: r 5 0.726,
P < .0001; bronchial: r5 0.771, P < .0001). A moderate correla-
tion was also observed for nasal CCL-26 and nasal IL-13 levels
(r5 0.57,P< .0001). It is well known that IL-13 is able to season-
ally promote IgE and IgG4 production.

6 In fact, a weak correlation
of sputum IL-13 levels and sputum CD191 B-cell counts was
observed (r5 0.41, P5 .011; Fig 2,H). In general, the proportion
of total B cells in sputum within asthmatic patients showed a sig-
nificant increase during the grass pollen season
(20.03% 6 3.85%) compared with off season (9.80% 6 1.18%;
P 5 .036; Fig 2, A).

Levels of the regulatory cytokine IL-10 moderately correlated
with TNF-a expression levels in both the upper and lower
airways (r 5 0.38, P 5 .024; Fig 1, C) and even more so in the
intraorgan comparison (lower airways: r 5 0.61, P < .0001; up-
per airways: r 5 0.61, P < .0001; Fig 1, A and B). Sputum IL-10
levels correlated weakly with the presence of CD191 B cells
(r 5 0.36, P 5 .027) in sputum (Fig 2, I). IL-10 in airway lining
fluid can originate from previously described IL-10–producing
regulatory B cells, which are capable of regulating type 2
inflammation or promoting the IgE to IgG4 switch.6 Further-
more, regulatory B cells are known to play a pivotal role in
allergen-specific immunotherapy.7 Surprisingly, we observed
weak to moderate correlation for nasal IL-10 expression with
the perceived stress burden of asthma patients assessed by
PSQ score (r 5 0.42, P 5 .01; see Fig E1 in this article’s Online
Repository at www.jacionline.org), which showed a strong cor-
relation with GINA score (r 5 0.78, P 5 .003) and moderate
correlation with RQLQ score (r 5 0.58, P < .0001). Nasal
IL-10 levels also negatively correlated with total sputum leuko-
cyte count (r 5 20.65, P < .0001), which is considered a
marker for inflammation in the lower airways (see Table E2).
Although IL-10 levels in the upper airways can display clini-
cally relevant marker functions, it shows only few or even nega-
tive (eg, periostin) correlations between the upper and lower
airways.

Periostin has been proposed as a biomarker for comorbid
chronic rhinosinusitis in patients with asthma, revealing its
relevance in TH2-driven diseases also in patients with local tissue
1
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FIG 1. Biomarker grids reflecting correlations between upper and lower airways cytokine levels. Intraorgan

correlations for upper (A) and lower (B) airways and interorgan correlations (C) were depicted by using

respective correlation coefficients (r) from negative (dark blue) to positive (red) values. Intraorgan correla-

tions seemed to be predominantly strong, whereas interorgan relations were most visible by using nasal

and sputum IL-24 measurements. G-CSF, Granulocyte colony-stimulating factor; TSLP, thymic stromal

lymphopoietin.
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inflammation.8 Expression pattern differed frommarkers because
it was mostly correlated negatively with other mediators,
including itself, when compared with the upper airways. This
negative interaction was not observed in intraorgan comparison
with one exception, namely IL-1a. The important role of periostin
in the lower airways is implied by the finding that periostin
expression in sputum negatively correlated with CD251CD1272

Treg cell (r 5 20.65, P < .0001; Fig 2, J) and positively with
sputum eosinophil (r 5 0.36, P < .034) counts, whereas RQLQ
SCO 5.5.0 DTD � YMAI13561_proof_–18
scores seemed to be associated to levels of lower airway periostin
(r 5 0.38, P 5 .021; see Fig E1). Taken together, local periostin
might prove useful to assess disease progression in the lower air-
ways, but our data suggest periostin to be a less favorable proxy in
the upper airways because of its negative relationship to the lower
airways.

In conclusion, the concept of united airways and consequently
representative nasal proxy biomarker analytes holds particularly
true for type 2 cytokines, specifically IL-24, which we have
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FIG 2. Airway cytokines and cell populations. A-C, Although numbers of B lymphocytes and natural killer

cells were upregulated in asthmatic patients during the grass pollen season, in Treg cells there was only

a difference between patients and healthy control subjects. D-G, Type 2 cytokines were differentially regu-

lated in asthmatic patients out of the grass pollen season, as well as in the grass pollen season. H-J, Positive

correlations were visible for B-cell counts and sputum IL-13 and IL-10 levels, respectively, whereas a strong

negative correlation was seen for sputum periostin levels and Treg cell counts. AiS, Asthmatic patients in

the grass pollen season; AoS, asthmatic patients out of the grass pollen season; HC, healthy control

subjects.
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previously shown to be an epithelial type 2 cytokine.1 Periostin
and IL-10 levels correlate moderately with clinical symptoms
and might be of limited use as proxy biomarkers because of the
conflicting correlations betweenmediators of the upper and lower
airways. These findings provide not only promising biomarker
candidates but also correlation matrices, which might be reflec-
tive of underlying asthma endotypes. Larger clinical studies are
needed to fully assess the validity and practability of cytokine
measurements in nasal lining fluid to characterize asthmatic
patients.
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