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Objective. Leukocyte persistence during chronic (quiescent) phases of asthma is a major hallmark of the disease. The mechanisms regulating
these persistent leukocyte populations are not clearly understood. An alternative family of chemoattracting proteins, cyclophilins (Cyps), has
recently been shown to contribute to leukocyte recruitment in animal models of allergic asthma. The goals of this study were to determine
whether Cyps are present in asthma patients during the chronic phase of the disease and to investigate whether levels of Cyps associate with
clinical parameters of disease severity. Methods. Nasal wash samples from an urban cohort of 137 patients of age 6-20 years with physician-
diagnosed asthma were examined for the presence of cyclophilin A (CypA), cyclophilin B (CypB), as well as several other classical chemokines.
Linear, logistic, or ordinal regressions were performed to identify associations between Cyps, chemokines, and clinical parameters of asthma.
The asthma cohort was further divided into previously established phenotypic clusters (cluster 1: n = 55; cluster 2: n = 31; and cluster 3: n = 51)
and examined for associations. Results. Levels of CypB in the asthma group were highly elevated compared to nonasthmatic controls, while a
slight increase in Monocyte Chemotactic Protein-1 (MCP-1) was also observed. CypA and MCP-1 were associated with levels of eosinophil
cationic protein (ECP; a marker of eosinophil activation). Cluster-specific associations were found for CypA and CypB and clinical asthma
parameters [e.g. forced expiratory volume in 1 second (FEV{) and ECP]. Conclusions. Cyps are present in nasal wash samples of asthma

patients and may be a novel biomarker for clinical parameters of asthma severity.

Keywords

INTRODUCTION

Cyclophilins (Cyps) are ubiquitous intracellular proteins
commonly known as the target of the immunosuppressive
drug cyclosporine A (1). In addition to their intracellular
role, increasing evidence has suggested a role for Cyps
in intercellular communication (2). We (3—6) and others
(7-9) have shown that cyclophilin A (CypA) and/or
cyclophilin B (CypB) are potent chemoattractants for
a variety of human and mouse leukocyte subsets. In
light of these findings, we have previously proposed that
extracellular Cyps may be important alternative regulators
of leukocyte migration (2, 10). Indeed, elevated levels
of Cyps have been reported in several inflammatory
diseases, including rheumatoid arthritis (11, 12), vascular
smooth muscle disease (13, 14), and severe sepsis (15).
Evidence that extracellular Cyps not only are present,
but also contribute to leukocyte recruitment during
inflammatory responses was demonstrated in several
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animal models of inflammation, including acute lung
injury (3) and acute allergic asthma (4, 6).

A major hallmark of chronic allergic asthma is the
persistence of proinflammatory leukocytes within the
airways, submucosa, and mucosal epithelium during these
quiescent (or chronic) periods of the disease. The factors
that regulate leukocyte persistence in human asthma are
not clearly understood. Levels of classical chemokines
responsible for leukocyte influx into the lung, such
as eotaxins 1-3, Macrophage Inflammatory Protein lo
(MIP-1a), and MCP-1, have been shown to increase
rapidly in airways after acute allergen exposure, but return
to baseline levels by 24 hour after exposure (16, 17).
In other studies, levels of eotaxin were found to be
equivalent between asthma patients in the chronic phase
of the disease and healthy controls, despite the former
group having elevated airway eosinophil numbers (18).
Such findings suggest that factors other than classical
chemokines may contribute to the persistent recruitment
of proinflammatory leukocytes during chronic asthma.

The presence of cytokines, chemokines, and other
inflammatory proteins has been demonstrated in nasal
wash samples from infants and children with several types
of respiratory inflammation (19-22). It has also been
shown that changes in these protein levels in nasal wash
samples correlate well with changes seen in the lower
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airways [for review see Frischer and Baraldi (23)]. Studies
in our laboratory examining the role of Cyps in acute
allergic asthma demonstrate that blocking the activity of
extracellular Cyps reduced leukocyte influx into airways
and tissues by up to 80% (4). Other recent studies in
our laboratory using a new mouse model of chronic
allergic asthma show elevated levels of extracellular Cyps
present in airways, not only following acute allergen
exposure, but also during the chronic phase of the
disease (24). Based on these observations, extracellular
Cyps are potential candidates for regulating the persistent
leukocyte infiltration observed during chronic phases of
human asthma. Further, the association shown between
Cyps and inflammation severity in other inflammatory
diseases may suggest similar associations for Cyps in
asthma. In the current study we investigated whether
extracellular Cyps are present in nasal wash samples
collected from asthma patients in the chronic phase
of their disease and whether those levels demonstrate
any specific associations with parameters of disease
phenotype and/or severity.

METHODS

Study Cohort

Study subjects were enrolled in the Asthma Severity
Modifying Polymorphisms (AsthMaP) Project, a study
of asthma in urban children and adolescents based at
the Children’s National Medical Center (Washington,
DC, USA). The AsthMaP Project is described in detail
elsewhere (25-28). Briefly, 154 participants aged 6-20
years, with physician-diagnosed asthma for at least 1 year
(with varying chronic asthma therapy), were recruited
from the Children’s National Emergency Department.
Participants then returned to the Clinical Research Center
for a study visit at least 4 weeks after completion of their
most recent oral steroid dose. If subjects arrived at the
Clinical Research Center with current symptoms, they
were deferred to return when asymptomatic. Informed
consent and assent were obtained from participants and/or
guardians. Healthy nonsmoking, nonasthmatic subjects
without seasonal nasal allergies (n = 22) were recruited
from adult volunteers to provide control nasal wash
samples. These studies were approved by our Institutional
Review Board.

Clinical Data Collection

Clinical characteristics were measured in each study
participant. Parental interviews using the Integrated
Therapeutics Group (ITG) Child Asthma Short Form
(29) and the National Institutes of Health National
Asthma Education and Prevention Program (NAEPP)
2007 criteria (30, 31) were conducted at least 4 weeks
after the most recent oral corticosteroid dose. Spirom-
etry measurements were performed with a MedGraph-
ics CPSF/D™ USB PC-based system (MedGraphics,
St. Paul, MN, USA) before and after short-acting

B-agonist treatment. Levels of serum immunoglobulin-E
(IgE) were measured by Quest Diagnostics (Herndon, VA,
USA). Details of S-agonist, inhaled corticosteroid, and
leukotriene agonist use were also recorded. Only limited
clinical data were collected from the anonymous healthy
control volunteers (n = 22) in whom nasal washes were
performed.

Nasal washes were performed by instilling 3 mL of
sterile isotonic saline into each nare, holding for 10
seconds, and then collecting in a specimen collection
container. For comparison, nasal washes were also
performed on 22 control individuals without asthma.
The collected material was then centrifuged to separate
cells and soluble factors. Analyses were conducted on
individual samples. Nasal washes were performed as a
minimally invasive alternative to bronchoalveolar lavage.
Other studies have shown that nasal samples correlate
well with samples collected from the lower airways (23).

Eosinophil and neutrophil numbers were counted
from nasal wash samples on slides stained with
Wright’s stain. P-selectin, MIP-1o¢e Chemokine (C-C
motif) Ligand (CCL)3, MCP-1 (CCL2), and Regulated
upon Activation, Normal T-cell Expressed, and Secreted
(RANTES) (CCL5) were measured in the soluble fraction
(previously frozen) using a FlowCytomix Simplex Kit
and analyzed using FlowCytomix Pro software v2.3
(eBioscience, San Diego, CA, USA). Eotaxin-1 (CCL11),
eotaxin-2 (CCL24), and eosinophil cationic protein (ECP)
were measured by ELISA (eotaxins: R&D Systems,
Minneapolis, MN, USA; ECP: Medical & Biological
Laboratories, Nagoya, Japan). Levels of extracellular
CypA and CypB were measured by Western blot analysis:
several concentrations of recombinant CypA and B were
used to establish a standard curve of Cyp concentrations,
which was then used to quantify the amount of Cyp
present in each sample.

Asthma Phenotypic Clustering

The 154 AsthMaP participants were grouped into four
phenotypic clusters based on groupings of clinical
variables as we previously described (26). One cluster
consisted of six subjects displaying a mild asthma
phenotype and was excluded from further analyses. An
additional 11 participants lacked nasal wash samples and
were also excluded from analyses. The remaining 137
participants were grouped into the clusters summarized
in Table 1. The first cluster (n = 55) was predominantly
male (80%), with a preponderance of neutrophils in
their nasal wash. Cluster 2 (n = 31) was predominantly
female (67.7%) with a high mean body mass index
(BMI) percentile (86), as well as later onset asthma.
The third cluster (n = 51) is a typical allergic asthma
phenotype characterized by elevated eosinophils in nasal
washes (Table 1). The phenotype of cluster 2 is important
because the combination of high BMI and late age
of onset (8.0-year-olds, compared to 2.0 and 3.3 for
clusters 1 and 3, respectively) of asthma is frequently
seen in the clinic. Further, studies have suggested a
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TABLE 1.—Associations between cyclophilins, classical chemokines, and asthma.
(neutrophilic) (female late onset) (allergic asthma)
Healthy controls All asthma Cluster 1 Cluster 2 Cluster 3
Variable (n=22) (n=137) (n=155) (n=31) (n=>51) p—valueJf
Sex, % Male 41 58 80 32 51 <.001
Age, years (SE) 31.6 (2.4) 11.5(0.3) 11.2 (0.6) 13.5 (0.6) 10.0 (1.0) .002
Age of onset, years (SE) - 3.9 (0.3) 3.3(0.4) 8.0 (0.7) 2.0(0.4) <.001
Body Mass Percentile, % (SE) - 72 (2) 50 (3) 86 (3) 87 (2) <.001
Prebronchodilator FEV, %predicted - 87 (2) 86 (3) 99 (3) 82 (2) <.001
FEV| change with bronchodilator (SE) - 8 (1) 702) 6(1) 10 (2) .38
NAEPP severity classification (IQR) - 32,4 3(2,3) 32,4 3(2,4) .28
ITG-composite score (IQR) - 81(67,92) 83 (67,94) 81.0(67,92) 79 (65,88) .26
Nasal eosinophils, % (IQR) - 52 (3,92) 10 (0,63) 56 (14,91) 82 (45,96) <.001
Nasa neutrophils, % (IQR) - 33 (5,71) 50 (8,95) 38 (3,49) 13 (3,50) .014
Nasal wash ECP, pg/mL (IQR) - 9.0 (1.3,47.2) 27.0 (1.3,51.8) 3.6 (0.6,38.1) 6.9 (1.3,37.5) .06
Nasal wash P-selection, pg/mL (SE) - 1.4 (0.2) 1.3(0.2) 14 (0.13) 1.0 (0.2) 31
Nasal wash CypA, pg/mL (IQR) 0(0,0) 0(0,0) 0 (0,0) 0(0,0) 0(0,0) .14
Nasal wash CypB, pg/mL (IQR) 1.2 (0.9,3.9) 7.9 (5.3,14.4)* 8.6 (5.1,14.5) 8.9 (5.3,15.5) 7.6 (5.6,12.0) 75
Nasal wash MCP-1, pg/mL (IQR) 16.3 (0,104.5) 58.9 (0,149.8)* 80.4 (20.6,172.2) 51.9 (0,105.0) 48.7 (0,113.7) .16
Total serum IgE, IU/mL (IQR) - 248 (70,512) 210 (59,202) 265 (28,531) 248 (95,577) .55
Current S-agonist use (%) - 69 62 74 75 29
Current inhaled steroid use (%) - 34 24 36 45 .07
Current leukotriene antagonist use (%) - 4 4 7 4 81

Notes: SE, standard error; FEV, forced expiratory volume in 1 second; NAEPP, National Asthma Education and Prevention Program, 2007 criteria; IQR, interquartile range; ITG,

Integrated Therapeutics Group’s Child Asthma Short Form; ECP, eosinophil cationic protein.

*Indicates significant difference (p < .05) compared to control group.

**Significant values among the three clusters were derived using one-way ANOVA for normally distributed continuous variables, or Kruskal-Wallis for nonparametric continuous

variables, and chi-square for nominal variables.

connection between obesity and asthma, particularly in
females during adolescence (32, 33). B-Agonist, inhaled
corticosteroid, and leukotriene agonist use was similar
among the three clusters (Table 1). There were no
significant differences in the variables summarized in
Table 1 between the clustered participants and those
lacking nasal wash samples.

Statistical Analyses

Associations between the variables summarized in Table 1
were investigated between the asthma and healthy
nonasthmatic control groups as a whole, as well as
between the clusters within the asthma group. Data
were logjg transformed when not normally distributed.
t-Tests were used to compare Cyp and chemokine levels
between the asthma and control groups. To identify
associations between the variables and cluster groups
we used logistic, linear, or ordinal regression. All beta
coefficients and p-values were corrected for age, race,
gender, and BMI percentile during analysis. Statistical
tests were performed using SPSS Statistics 18 (SPSS,
Chicago, IL, USA).

RESULTS

Associations between Cyclophilins, Classical
Chemokines, and Asthma

This study examined nasal wash samples from 137
participants in the AsthMaP project for whom nasal wash
samples were available (Table 1). In the asthma cohort as
a whole, 58.4% were male and the average age was 11.5

[standard error (SE), 0.3] years. The mean BMI percentile
was 72 (2.0). Of the participants, 90% self-identified as
African American, and 89% had persistent asthma as
defined by NAEPP 2007 criteria.

We first measured levels of extracellular CypA and
CypB, as well as the classical chemokines MCP-1,
MIP-1a, RANTES, eotaxin-1, and eotaxin-2, in nasal
wash samples collected from the AsthMaP cohort and 22
healthy nonasthmatic control participants. As shown in
Figure 1, levels of both CypA and CypB were elevated
in asthma patients, relative to control donors. In the case
of CypB, this difference was significant (p < .001);
however, in the case of CypA, levels of the protein
were undetectable in many samples. Levels of MCP-1
were also significantly increased in the asthma group
(p < .05). RANTES, MIP-l«, and eotaxin-2 were not
different between the two groups (Figure 1) and levels of
eotaxin-1 were below the sensitivity threshold of the assay
in all samples (data not shown).

We next compared levels of CypA, CypB, and MCP-1
between the asthma and control groups in the context
of the phenotypic clusters of asthma. We observed
no significant associations between any of these three
chemotactic agents and the AsthMaP clusters, nor were
there any significant increases in these variables in the
cluster groups (Figure 2).

Associations between Cyclophilins, MCP-1,
and Parameters of Asthma Severity

We next examined whether the observed levels of CypA,
CypB, or MCP-1 associate with parameters associated
with disease severity (Table 2). After correcting for
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FIGURE 1.—CypB and MCP-1 increased in asthma patients during the chronic phase of the disease. Levels of extracellular CypA, CypB, and other classical
chemokines were assessed in nasal wash samples from asthma patients and healthy control volunteers. CypA and CypB were measured by Western blot
analysis, and classical chemokines were measured by cytometric bead array or ELISA (eotaxin-2). Asthma group: n = 137; and control group: n = 22. For
the analysis, data were log|( transformed, and a 7-test was used to identify significant differences from the control group. (A) CypA, (B) CypB, (C) MCP-1,

(D) MIP-1«, (E) RANTES, and (F) eotoxin-2.
Notes: CypA, cyclophilin A; CypB, cyclophilin B; MCP.
*p < .05; **p < .0001.

age, gender, BMI, and race, we found significant
associations with several clinical parameters. Despite a
failure to observe a statistically significant difference in
levels between asthma and control groups, we observed
associations between levels of CypA and several different
parameters of the disease. For every logjp unit increase
in CypA there was a 0.204 unit increase in log;o ECP
{B = 0.204 [95% confidence interval (CI): 0.089, 0.319],
adjusted p = .001}, a marker of eosinophil activation.
CypA levels were also negatively associated with a
spirometry measurement: forced expiratory volume in 1
second (FEV)), change with bronchodilator. For every
logip unit increase in CypA there was a 2.973 unit
decrease in logjg FEV;| change with bronchodilator
[—2.973 (—4.887, —1.059); adjusted p = .003], indicating
a worse response to the bronchodilator drug. Based on
recently published observations that platelet activation
correlates with airway eosinophilia in asthma (25), we
also examined whether levels of CypA or CypB might be
associated with platelet activation in asthmatic airways.

Both Cyps were associated with levels of P-selectin,
which is a measurement of platelet activation [CypA:
0.418 (0.153, 0.683), adjusted p = .002; CypB: 0.842
(0.018, 1.665); adjusted p = .045]. For every logjo unit
increase in Cyp, there was a corresponding increase in
P-selectin (0.418 for CypA; 0.842 for CypB), indicating
that greater levels of Cyps are associated with more
platelet activation. In the case of CypB, this was the only
significant association in the asthma cohort as a whole.
Levels of MCP-1 were associated with ECP [0.209
(0.10, 0.318); adjusted p < .001] and P-selectin [0.349
(0.113, 0.585); adjusted p = .004]. Additionally, MCP-1
was associated with increases in NAEPP step level. For
every logjo unit increase in MCP-1 there was a 0.232 unit
increase in NAEPP step level [(0, 0.64) adjusted p = .05].
We next looked within each phenotypic cluster for
associations between levels of CypA, CypB, MCP-1,
and disease parameters associated with asthma severity
(Table 2). In cluster 1 we observed associations between
CypA and P-selectin [0.553 (0.142, 0.965), adjusted



990

(A)

= 3000 1

E

87 L]

= 2000 1 .

c

2

©

£ 1000 1 -

8 [o] L Y ° eg0
S o %e® ®%¢ o0
O 0 S TACT M. SeSume.  m——

Control 1 2 3
AsthMaP cluster

(&)

~ 1800 7

S

>

£ 1200

c

Re]

o o
2 6001 o
(8]

c

(o]

O

Control

E.J. STEMMY ET AL.

C

~ 600 °
£ 400

> 100

S

5 S . .

© .
= 50 N . ™
g 25 P [ re
o)

© 0

Control 1 2 3
AsthMaP cluster

o
©
o
[ ]
L ]

1 2 3

AsthMaP cluster

FIGURE 2.—Compared levels of CypA, CypB, and MCP-1 by asthma cluster. Levels of extracellular CypA, CypB, and MCP-1 were measured in nasal wash
samples and then grouped according to asthma phenotype (Table 1). Asthma cluster 1: n = 55; cluster 2: n = 31; cluster 3: n = 51; control group: n = 22. Data
were logq transformed, and z-tests were used to identify significant differences from the control group. No significant differences were observed. (A) CypA,

(B) CypB, and (C) MCP-1 clusters,
Note: CypA, cyclophilin A; CypB, cyclophilin B; MCP.

p = .01] and between CypB and P-selectin [2.685 (0.497,
4.874), adjusted p = .018], indicating that for each logjg
unit increase in Cyp there was a corresponding increase
in P-selectin (0.553 for CypA, 2.685 for CypB). Also in
cluster 1, for every logjp unit increase in MCP-1 there
was a 0.215 logjo unit increase in ECP [(0.051, 0.380),
adjusted p = .011]. In cluster 2 we also observed a similar
association between MCP-1 and nasal wash ECP [0.322
(0.033, 0.612), adjusted p = .032]. The only significant
association in cluster 3 was a 0.274 logo increase in ECP
for every logjp unit increase in CypA [(0.0.07, 0.478),
adjusted p = .01].

DISCUSSION

Asthma is characterized by recurrent periods of acute
airway constriction, mucus hypersecretion, and lung
inflammation in response to inhaled allergen or other
environmental stimuli (34). This inflammation is driven
by specific subsets of leukocytes, such as antigen-specific
T-cells and IgE-switched B-cells, mast cells, and
eosinophils (35). CD4™" T-cells expressing the activation
markers CD25 and major histocompatibility complex
(MHC) class II have been reported to be increased in the
airways of asthmatic patients and have also been shown
to correlate with disease severity (36, 37). These activated
CD4" T-cells promote and perpetuate the asthmatic
response by secreting Ty2-associated cytokines such as
interleukin (IL)-4, IL-5, and IL-13, which drive isotype
switching in B-cells and help recruit activated eosinophils
into airways (35, 38, 39).

However, asthma is also a chronic disease in that
the inflammation observed during acute responses never
completely resolves, even in the absence of allergen
stimulation. A major hallmark of chronic allergic asthma
is the persistence of proinflammatory leukocytes within
the submucosa and mucosal epithelium during these
chronic periods of the disease. Indeed, bronchial biopsies
in asthma patients sampled during the chronic phase show
elevated numbers of eosinophils, activated lymphocytes,
and mast cells, compared to biopsies of healthy control
subjects (18). These persistent inflammatory cells are
thought to contribute to the tissue injury and remodeling
that mediate the pathology of chronic asthma (40).
Importantly, activated effector leukocytes recruited to the
lung have a limited lifespan (41-43) and do not proliferate
at sites of inflammation (44). Therefore the persistent
inflammation seen during chronic phases of asthma likely
requires recruitment stimuli to replenish these populations
of leukocytes.

The specific factors regulating leukocyte persistence
in the absence of allergen stimulation are not known.
Obvious candidates are chemokines typically associated
with allergic responses, including eotaxins 1-3, RANTES,
MIP-1o, and MCP-1. However, while levels of these
chemokines are greatly increased after acute allergen
challenge, they have been shown to return to baseline
levels by 24 hour after exposure (16, 17). In other
studies, levels of eotaxin were found to be equivalent
between asthma patients in clinical remission and healthy
controls, despite the former group having elevated airway
eosinophil numbers (18). Such findings suggest that



991

EXTRACELLULAR CYCLOPHILINS ASSOCIATE WITH ASTHMA

"ploq ut paisyy are go° > d

BN /00 ‘WweiSold UonuaAdIq pue UONEINpH BWYISY [RUONEN ‘dJdAVN pPuodes | ur dwnjoa K1ojendxa paoiof ‘I A7 curajoxd oruones [rydoursos qOH :SAION

UuoneoyIsse[)
1€0° ($60°0°S¥0°0) 861°0 wr (616°0°THP'0 —) 6£T°0 €Ty ($T€°0°601°0 —) THO'0— S0 (#9¥°0°0) TET0 K10A0S ddHVN
J0JR[IPOYOU0Iq
L6 (018°€PEr'€ —) 881°0 08 (P6£TH90°€ —) SEC0— viL (Tre¥'L66T —) TLY0 €LS (I€7'TTSET =) +5°0 qim d3ueyd I AF] 0T
J103R[1IpOYOUOIqRId
61’ (66T'1°S1T'9 —) 8SH'T—  6£8° (L8EH°9SE°S —) ¥81°0— 1sT (LSL'T°'996'9 =) +Ov'T— 860" (09€°0°TLT'T —) 9061°0— ‘IA"d S0
9¢ (L¥S'0°80T°0 —) OLT'0 L (868°0°8L1°0 —) O¥E°0 L90° (196°0'7€0°0 —) €9+°0 $00° (S8S°0°CIT°0) 6¥€°0 uondAas-d
996" (TOE'0°691°0 —) 990°0 €0 (T19°0°€€0°0) TTE0 110 (08€°0°1S°0) S1T0 100"> (81€°0°01°0) 60T°0 dod 301
s1o1owered BUIYISE PUB S[OAJ] [-dDIA U99MI2Q SUOTIRIDOSSY
uonesIJIsse[D
699° (€00'1°T9S'T —) 6LT0— 11T (LL'SEL6'E —) 8PS T— 899 (190°T° 12T —) OLEO 81¢ (FrP°0°L9€'T —) T9F'0 A1oadS dJAVN
JOJR[IPOYOU0Iq
L66"  (€£8°01699°T6L01 —) TO0 or6™  (8T9°01°9SET1 —) +9€°0— 8 (616'81°TLYY1 —) ¥TI'T 76" (T6TL0°8T8L0 —) 89T 0— qim aSueyd IAF] 0T
Joye[IpOoydUOIqaId
w06 (800°C1968°01 —) 9L5°0 LT (9EL'1€°656°S —) 688°C1 €6 (F09'81°T86'61 —) 689°0—  8TH° (98L°TISH'S —) 899°¢ ‘IA"A 501
¥8C (LOL'T°LTS'0 =) 065°0 18 (180C°8SS'T—) 6£T0— 810 (PL8'T°L6¥°0) S89°'C Sho° (S99°1°810°0) T#8°0 UonII[As-d
960’ (TETT°LOT'0 —) T9S'0 see (#86'1°60L°0 —) 8€9°0 856’ (I16L°0°€€8°0 —) 12°0— o8I’ (TLL'OTST0—) 1€°0 dDd 8071
s1o)owered ewy)se pue sfoad] gdAD) usamiaq SUONBIOOSSY
uoneowIsse)
Se6 Ot 0°01%°0 —) 8100 6v8° (899°0°C18°0 —) TL'0O— 6cl (619°0°6L0°0 —) 0LTO 6CT (68€°0°€60°0 —) 8%1°0 K110AdS dJAVN
JOJRIPOYOUOIq
¢ (69°1°9€€°6 —) €28 1— 19T (SESTOI¥'S =) LEG T— 10 (TI0'T — °L00'L =) 600'7—  €00"  (6S0'T — L83t —) €L6'T— im a3ued [AHq S0
J03R[IpOYSUOIqRId
Sh6 (T68°€1€9°¢ —) €1°0 1429 (961°8°CEr+ —) 7881 8€0° (8T'L'8IT0) 6¥L'E LO' (9TS+¥T1T0—) LST'T ‘IAH 80T
yIT (885°0°0%1°0 —) ¥2T'0 86T (FSO'T°€9€°0 —) 9¥€°0 10 (S96°0°TH1°0) €570 200 (€89°0°¢S1°0) 81+°0 unodes-d
10° (8L1°0°L0°0) ¥LTO 101 (I¥L0°SL00 —) €££€°0 901 (LLT0°LT00 —) €21°0 100 (61€°0°680°0) ¥0T'0 doda 8071
s1o)owered ewyise pue s[oAd] YLD uU2am)aq SUONRIOSSY
d (1D %S6) d (ID %56) d (ID %56) d (ID %56) SO[qELIEA SNONUNUOD)
(16 = u) ¢ 180D (1€ = u) g 180 (SG = u) 1 198N LE1=u

*A110A9S BUIYISE JO s1jowrered pue ‘[-JDIA ‘surrydooLo uoamieq suoneroossy—:g a14vy,



992 E.J. STEMMY ET AL.

factors other than classical chemokines may instead con-
tribute to the persistent recruitment of proinflammatory
leukocytes during chronic asthma.

Our investigations of extracellular Cyps in nasal wash
samples from human asthma patients revealed significant
increases in CypB compared to classical chemokines in
the asthma group, relative to healthy controls (Figure 1).
In fact, the levels of most classical chemokines measured
were either comparable between control and asthmatic
groups or below the sensitivity threshold of the assay used
for detection. One interesting finding was that although
levels of CypA were not significantly elevated in the
asthma group compared to the control group, CypA
showed significant associations with several parameters
of the disease (Table 2). Of particular interest is that levels
of CypA were negatively associated with a parameter
of lung function: as levels of CypA increased, patients’
response to bronchodilator drugs decreased. It should be
noted that while interesting, the biological and clinical
relevance of associations with CypA remains unclear
since there was no difference in CypA between the control
group and the asthma groups as a whole. Nonetheless, in
light of our recent findings in animal models of asthma
(24, 45), we believe these interesting associations warrant
further investigation.

These associations and findings of elevated levels of
Cyps in clinical patients provide the first evidence that
Cyps may play a role in human asthma, particularly in
the chronic phase of the disease. This may extend beyond
leukocyte recruitment to other mediators of asthma such
as airway remodeling. For example, we observed that
increases in CypA and CypB associated with increased
levels of eosinophil (measured by ECP levels) and platelet
(measured by P-selectin levels) activation. Studies have
demonstrated not only that CypA can be released from
activated platelets (46), but also that CypB increases
platelet adhesion to collagen (47). Further, platelet
activation has also been shown to be important for
leukocyte activation and recruitment into tissues (25, 48).
Thus, Cyps have the potential to be involved in many
aspects of asthma pathology, from leukocyte activation
and recruitment, to airway remodeling. This could also
extend to lung function, since CypA was also associated
with a worse response to bronchodilator drugs. An
important caveat to these studies is the relatively small
sample size available for our analyses, particularly after
subdividing the asthma group into phenotypic clusters.
Studies of larger cohorts will allow a more powerful
analysis of clinically relevant asthma parameters and
could further investigate the role of Cyps in human
disease.

CONCLUSIONS/KEY FINDINGS

Extracellular Cyps have been shown to associate with
inflammation in a variety of human diseases. Further,
recent studies have demonstrated a potential role for Cyps
in leukocyte recruitment in animal models of acute (45)

and chronic (24) allergic asthma. This study provides the
first evidence that Cyps are elevated in human asthma
patients and that increases in levels of Cyps associate with
several clinical parameters of disease severity.
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