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Background: Exhaled condensates contain inflammatory biomarkers; however, their Accepted Oct. 3, 2023
roles in the clinical field have been under-investigated. Published online Oct. 12, 2023
Methods: We prospectively enrolled subjects admitted to pulmonology clinics. We “These authors contributed
collected exhaled breath condensates (EBC) and analysed the levels of six and 12 equally to the manuscript as first
biomarkers using conventional and multiplex enzyme-linked immunosorbent assay, re- author.
spectively.
Results: Among the 123 subjects, healthy controls constituted the largest group (81
participants; 65.9%), followed by the preserved ratio impaired spirometry group (21 © Itis identical to the Creative

. i % d th h . bst - | o COPD 21 Commons Attribution Non-
patients; 17.1%) an e chronic obstructive pulmonary disease ( ) group ( Commercial License (http:/
patients; 17.1%). In COPD patients, platelet derived growth factor-AA exhibited strong creativecommons.org/licenses/

positive correlations with COPD assessment test (p=0.56926, p=0.0423) and COPD-spe- by-nc/4.0/).

cific version of St. George's Respiratory Questionnaire (SGRQ-C) score (total, p=0.6725,
p=0.0166; activity, p=0.7176, p=0.0086; and impacts, p=0.6151, p=0.0333). Granzyme
B showed strong positive correlations with SGRQ-C score (symptoms, p=0.6078,
p=0.0360; and impacts, p=0.6007, p=0.0389). Interleukin 6 exhibited a strong positive
correlation with SGRQ-C score (activity, p=0.4671, p=0.0378). The absolute serum eo-
sinophil and basophil counts showed positive correlations with pro-collagen | alpha 1
(p=0.6735, p=0.0164 and p=0.6295, p=0.0283, respectively). In healthy subjects, forced
expiratory volume in 1 second (FEV,)/forced vital capacity demonstrated significant
correlation with CC chemokine ligand 3 (CCL3)/macrophage inflammatory protein 1
alpha (p=0.3897 and p=0.0068). FEV, exhibited significant correlation with CCL11/eo-
taxin (p=0.4445 and p=0.0017).

Conclusion: Inflammatory biomarkers in EBC might be useful to predict quality of life
concerning respiratory symptoms and serologic markers. Further studies are needed.
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Introduction

Exhaled breath condensate (EBC) can be noninvasively
collected from the respiratory tract with simple proce-
dures. EBC contains detectable various inflammatory
biomarkers and might reflect airway inflammation. In
EBC, measurable biomarkers and parameters include
pH, magnesium, H,0,, cytokines, leukotrienes, and ni-
tric oxide products’. Studies have attempted to define
the roles of inflammatory biomarkers in clinical fields.
Chronic obstructive pulmonary disease (COPD) and
idiopathic pulmonary fibrosis have been examined, and
several studies demonstrated the clinical meaning of
EBC*®. Gessner et al.” reported significantly elevated
levels of EBC cytokines (interleukin [IL]-18, IL-6, IL-
8, IL-10, IL-12p70, tumor necrosis factor oo [TNF-a]) in
acute exacerbation compared to stable COPD patients.
Jaskiewicz et al.’ reported the potential usefulness of
vascular endothelial growth factor (VEGF)-A as a mark-
er in idiopathic pulmonary fibrosis. In addition, previous
studies have reported on the role of EBC in asthma.
Among EBC biomarker, the fractional exhaled nitric
oxide (FeNO) reflects eosinophilic inflammation in the
airway and has been used to guide asthma treatment”.

These studies reported the potential utility of EBC
biomarkers in various respiratory conditions, offering
valuable insights for future research and clinical appli-
cations. However, the roles of EBC in the clinical field
have not been sufficiently investigated to date. Beyond
specific respiratory diseases, the clinical characteris-
tics reflected by EBC biomarkers are unknown. There is
a lack of pilot studies on whether EBC biomarkers will
represent other physiological and serological markers
in the future.

This pilot study aims to assess the potential clini-
cal value of EBC in individuals with COPD and those
who are healthy. The study focuses on analysing cor-
relations between EBC and various factors, including
symptoms, lung function, and clinical indicators.

Materials and Methods

1. Subjects

The Korean Chronic Obstructive Pulmonary Disor-
ders Subgroup Study (KOCOSS) cohort is a multi-
centre-based, prospective cohort in Korea. Enrolment
of this cohort started in December, 2012. This cohort
includes a range of clinical and laboratory data. Since
September 2021, this cohort extended enrolment
criteria and enrolled healthy controls, preserved ratio
impaired spirometry (PRISM), COPD in young age, and
COPD patients. Exhaled condensates have been col-
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lected at available institutes. We used data from 123
subjects enrolled in this cohort between September,
2021 and December, 2022.

2. Exhaled breath condensates

We prepared the cooling sleeve and RTube before
taking samples. We placed the cooling sleeve over
the outside of the collection chamber. The subjects
immediately begin breathing in and out through the
RTube mouthpiece. The one-way valve directed the ex-
haled air through the cooling sleeve where the sample
were collected. After 5 to 7 minutes of tidal breathing,
sample collection was ended. After detachment of
the mouthpiece, we placed the cap on the end of the
RTube. We used the plunger to collect EBC into the cap
at the top of the RTube. Collected samples were stored
in a freezer (0°C).

3. Cytokines

We analysed levels of six biomarkers using convention-
al enzyme-linked immunosorbent assay (ELISA) and
12 biomarkers using multiplex ELISA. Levels of IL-6, IL-
5, IL-8, IL-1B, transforming growth factor g (TGF-B), and
TNF-o in EBC were measured using an ELISA (R&D
system, San Diego, CA, USA). We prepared all reagents
for chitinase 3-like 1, CC chemokine ligand 3 (CCL3)/
macrophage inflammatory protein 1 (MIP-1) alpha,
CCL11/eotaxin, CXC chemokine ligand 2 (CXCL2)/
growth-regulated protein (GRO)-B/MIP-2/cytokine-in-
duced neutrophil chemoattractant 3 (CINC-3), matrix
metalloproteinase 12 (MMP-12), pro-collagen | alpha
1, IL-33, granulocyte-macrophage colony-stimulating
factor (GM-CSF), VEGF, IL-17/IL-17A, platelet derived
growth factor (PDGF)-AA, and thymic stromal lympho-
poietin, as instructed. We added 50 puL of standard or
exhaled condensates and 50 ulL of diluted microparti-
cle cocktail to each well. Incubation was conducted for
2 hours at room temperature on shaker at 800 rpm. We
repeated washing thrice and added diluted biotin-an-
tibody cocktail to each well. Incubation on the shaker
and washing were conducted thrice. Streptavidin-phy-
coerythrin was added, incubated, and washed. After
incubation with wash buer, we read within 90 minutes
using a Luminex (Austin, TX, USA) or Bio-Rad analyser
(Hercules, CA, USA).

4, Clinical data

Additionally, we used electronic medical records, in-
cluding demographics and characteristics. COPD as-
sessment test (CAT) and the COPD-specific version of
St. George's Respiratory Questionnaire (SGRQ-C) were
used to assess the severity of symptoms recorded
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0.168
0.625
0.366

0.7 (0.5-0.8) 0.5 (0.4-0.7) 0.7 (0.4-0.9)

0.6 (0.4-0.8)

Basophil fraction, %

4.5+0.6

13.5+1.6
232.0(197.0-269.0)

Red blood cell, 10°/uL
Hemoglobin, g/dL
Platelet, 10%/uL

14.1+1.3
256.0 (212.0-321.0)

13.9+1.6
234.5(195.5-271.0)

13.9+1.6
235.0 (197.0-274.0)

0.356

Values are presented as median (interquartile range), number (%), or meanzstandard deviation.

*p-value less than 0.05.

PRISM: preserved ratio impaired spirometry; COPD: chronic obstructive pulmonary disease; CAT: COPD assessment test; SGRQ: St. George's respiratory questionnaire; FVC: forced

vital capacity; FEV,: forced expiratory volume in 1 second; FEF ., ;s.,: forced expiratory flow from 25% to 75%.

in KOCOSS®. The SGRQ-C is a 14-item questionnaire
that can be summarised as a total score as well as in
three component scores: symptoms, activities, and
impacts. Total and component scores were calculat-
ed according to algorithms provided in the SGRQ-C
instruction manual. The CAT score was used to eval-
uate dyspnoea. It consists of eight items, each scored
from O to 5, with higher scores indicating more severe
symptoms. Furthermore, pulmonary function and se-
rologic test results, which were included in KOCOSS,
were analysed. COPD in young age, COPD, and PRISM
were defined based on KOCOSS. COPD was diagnosed
when post-bronchodilator forced expiratory volume in 1
second (FEV,)/forced vital capacity (FVC) was less than
0.7. Young COPD was defined as the COPD subject
being younger than 50 years old®. PRISM was defined
as post-bronchodilator FEV, <80% predicted and FEV,/
FVC =0.7".

5. Ethics

This study was approved by the Institutional Review
Board of Gangnam Severance Hospital (number: 3-
2012-0284 and 3-2022-0298), and we obtained written
informed consent from all subjects.

6. Statistical analysis

Between-group comparisons of categorical variables
were performed using the chi-square test or Fisher's
exact test. Based on the Shapiro-Wilk test, parametric
and non-parametric continuous variables were com-
pared using one-way analyses of variance with Bonfer-
roni post-hoc tests and Kruskal-Wallis rank sum test,
respectively. Spearman rank correlation coefficient
(Spearman’s rho: p) was analysed for non-parametric
correlation®. Additionally, local regression analysis (lo-
cally estimated scatterplot smoothing [LOESS]) was
performed to assess non-monotonic correlation and
fit a spline curve on the scatter plot of the variables.
R-squared (R®) value was analysed using Efron’s pseu-
do-R-squared, also known as Efron’s R%. All correlation
analyses were also conducted using subgroup analysis
for healthy control and COPD group. Receiver operat-
ing characteristic (ROC) curve analysis was performed
to assess the ability of biomarkers in predicting abnor-
malities in pulmonary function tests or serologic tests.
The area under the curve (AUC) was calculated to as-
sess the sensitivity and specificity of biomarkers. The
optimal cut-off was defined using Youden's J statistic.
A p<0.05 was regarded as indicating statistical signif-
icance. In Spearman correlation analysis, correlations
with p<0.4000 are regarded as indicating weak or neg-
ligible correlation®.
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Statistical analyses were conducted using R version
4.0.2 (R Foundation for Statistical Computing, Vienna,
Austria) software. Spearman correlation and local re-
gression (LOESS) were analyzed using the “stats” (ver-
sion 4.3.1) package. The Efron’s pseudo-R-squared was
analyzed using the “rcompanion” (version 2.4.30) pack-
age. For ROC curve analysis, the “ROCR” (version 1.0-
11) and “pROC" packages (version 1.18.0) were used.

7. Availability of data and material

The datasets used and analysed during the current
study are available from the corresponding author on
reasonable request.

Results

1. Baseline and clinical characteristics of subjects
Among 123 subjects, 94 (76.4%) were male. The mean
age of all subjects was 60.2 years. Healthy controls
constituted the largest portion of the total subjects (81
participants; 65.9%), followed by PRISM (21 patients;
17.1%), COPD (17 patients; 13.8%), and COPD in young
age (four patients, 3.3%) group.

The baseline characteristics of the participants are
described in Table 1. There were no significant differ-
ences in age, sex, weight, height, body mass index (BMI),
and smoking history among the control, PRISM, and
COPD groups. In symptom evaluation, the CAT scores
(median [interquartile range, IQR]) increased signifi-
cantly in the order of healthy control, PRISM, and COPD
groups (5.0 [IQR, 3.0 to 9.0], 9.0 [IQR, 5.0 to 14.0], and
12.5 [IQR, 5.0 to 15.5], p=0.011; respectively). Similarly,
the SGRQ scores also showed a significant increase
from the healthy control to PRISM and COPD groups
(19.9 [IQR, 6.1 to 30.7], 26.4 [IQR, 15.3 to 44.3], and 32.7
[IQR, 22.8 to 44.2], p=0.015; respectively).

In pulmonary function test, significant differences
were observed among the healthy control, PRISM, and
COPD groups, including FVC, FEV,, FEV,/FVC, FEF ,5y,_750,
(Table 1). Moreover, there were significant differences in
serologic tests among the healthy control, PRISM, and
COPD groups, including white blood cell (WBC) count,
neutrophil count, neutrophil fraction, lymphocyte frac-
tion, monocyte count, and monocyte fraction (Table 1).

Table 2 presents the mean and range of biomarker
levels. No significant differences were observed in
EBC biomarkers among the healthy, PRISM, and COPD
groups (Table 2). The inflammatory biomarkers in EBC
could not predict the results of sex, smoking status,
and disease category.

https://doi.org/10.4046/trd.2023.0028

2. Correlation between EBC biomarkers and
demographic variables

In Table 3, we present biomarkers and clinical vari-
ables that exhibit a significant correlation greater than
moderate (p>0.400) across the total, healthy control,
and COPD groups. In the demographic variables, age
exhibited weak negative correlations with TGF-p in
the healthy group (p=-0.3458, p=0.0200). However,
in COPD patients, TGF-B showed a strong positive
correlation (p=0.9524 and p=0.0011), contrasting the
results observed in healthy subjects (Figure 1A, B).
Weight demonstrated a moderate negative correlation
with TNF-a in COPD patients (p=-0.5604, p=0.0298)
(Figure 1C, D). BMI exhibited a negative correlation
with VEGF in COPD patients (p=-0.7094, p=0.0145)
(Figure 1E, F).

3. Correlation between EBC biomarkers and
symptomatic variables

In symptomatic variables, PDGF-AA showed strong
positive correlations with CAT (p=0.5926, p=0.0423)
(Table 3 and Figure 2A, B) and SGRQ-C score (total,
p=0.6725, p=0.0166; activity, p=0.7176, p=0.0086; and
impacts, p=0.6151, p=0.0333) in COPD patients (Table
3 and Figure 2C, D). Granzyme B also exhibited strong
positive correlations with SGRQ-C score (symptoms,
p=0.6078, p=0.0360; and impacts, p=0.6007, p=0.0389)
in COPD patients. IL-6 showed positive correlations
with SGRQ score (activity) in PRISM patients (p=0.5144,
p=0.0203) and COPD patients (p=0.4671, p=0.0378),
but not in healthy individuals (p=0.0187, p=0.8690).
GM-CSF exhibited a negative correlation with CAT
score only in COPD patients (p=—0.5777, p=0.0491)
(Figure 2E, F).

4, Correlation between EBC biomarkers and

pulmonary function
In the total subjects, the highest correlation was ob-
served between predicted FEV,/FVC and CCL3/MIP-
1 alpha (p=0.4061 and p<0.0001). While this positive
correlation was present in healthy controls, it was not
significant in COPD patients (p=0.3897, p=0.0068; and
p=0.2010, p=0.5534, respectively) (Table 3 and Figure
3A, B). Among healthy subjects, the strongest correla-
tion was found between predicted FEV, and CCL11/
eotaxin (p=0.4445, p=0.0017). However, no significant
association was found in COPD patients and the total
subjects (p=0.2305, p=0.0567; and p=0.0549, p=0.8726,
respectively) (Figure 3C, D).

In COPD patients, FEV,/FVC and IL-8 showed strong
positive correlation (p=0.6227, p=0.0174). However, this
correlation was not significant in the total and healthy

https://e-trd.org/ 70



Inflammatory biomarkers in exhaled condensates

Table 3. Biomarkers and clinical variables with significant correlations above moderate

. . Total Healthy COPD
Variable Biomarkers
p p-value p p-value p p-value
Demographic variables
Age, yr TGF-B -0.0834 0.5055 -0.3458  0.0200*  0.9524*" 0.0011*'
Weight, kg TNF-o. -0.0276  0.7873 0.0497 0.6829  -0.5604"  0.0298*'
BMI, kg/m? VEGF -0.2285  0.0553 0.0394 0.7904  -0.7094"  0.0145*"
Symptomatic variables
CAT score PDGF-AA 0.1757  0.1371  -0.0003  0.9986 0.5926*"  0.0423*'
GM-CSF -0.0522  0.6608 0.0476  0.7506  -0.5777"  0.0491*
SGRQ score (total) PDGF-AA 0.0987 0.4095 -0.1429  0.3378 0.6725*"  0.0166*"
Symptoms Granzyme B 0.1583 0.1843 0.0176 0.9067 0.6078*"  0.0360*"
Activity PDGF-AA -0.0792 0.5082 -0.3051 0.0371*  0.7176*" 0.0086*'
IL-6 0.1985  0.0298* 0.0187  0.8690 0.4671*"  0.0378*!
Impacts PDGF-AA 0.0148  0.9020 -0.1663  0.2640 0.6151*"  0.0333*
Granzyme B 0.1562  0.1902 0.0120  0.9360 0.6007*"  0.0389*
Pulmonary function test
Predicted FEV,, % CCL11/eotaxin 0.2305  0.0567 0.4445*" 0.0017*"  0.0549 0.8726
IL-17/1L-17A -0.1409  0.2481 -0.0765 0.6095  -0.7024*" 0.0159*'
FEV,/FVC, % IL-8 0.1395  0.1872 0.0366  0.7704 0.6227*"  0.0174*!
CCL3/MIP-1 alpha 0.4061*" 0.0005*" 0.3897  0.0068*  0.2010 0.5534
White blood cell differential count
White blood cell, 10°/uL  IL-5 -0.0919 0.3486 -0.0365 0.7606  -0.6659*"  0.0035*'
Neutrophil, 10°/pL IL-5 -0.0955  0.3303 0.0122 09187  -0.7080*" 0.0015*
Eosinophil, 10°/uL Pro-collagen | alpha1 0.1030  0.3825 0.1850  0.2081 0.6735*"  0.0164*
MMP-12 0.2173  0.0629 -0.0504 0.7338 0.7004*"  0.0112*!
Basophil, 10°/pL Pro-collagen lalpha1 0.2151  0.0657 0.2166  0.1392 0.6295*"  0.0283*'
Hemoglobin, g/dL PDGF-AA -0.0428 0.7176 -0.1989  0.1754 0.6056*"  0.0369*'

*p<0.05 or |p|>0.4. 'Values represent correlations with equal to or greater than moderate significance.

COPD: chronic obstructive pulmonary disease; TGF-: transforming growth factor ; TNF-a.: tumor necrosis factor a; BMI: body mass
index; VEGF: vascular endothelial growth factor; CAT: COPD assessment test; PDGF: platelet derived growth factor; GM-CSF: gran-
ulocyte-macrophage colony-stimulating factor; SGRQ: St. George's respiratory questionnaire; IL: interleukin; FEV,: forced expiratory
volume in 1 second; CCL: CC chemokine ligand; MIP: macrophage inflammatory protein; FVC: forced vital capacity; MMP: matrix me-

talloproteinase.

control groups (p=0.1395, p=0.1872; and p=0.0366,
p=0.7704, respectively). Additionally, we observed a
negative correlation between FEV, and IL-17/IL-17A in
COPD patients (p=—0.7024, p=0.0159) (Table 3 and Fig-
ure 3E, F).

5. Correlation between EBC biomarkers and WBC
differential counts

In COPD patients, both WBC total count and serum

neutrophil count showed significant negative correla-

tions with IL-5 (p=—0.6659, p=0.0035; and p=-0.7080,

p=0.0015, respectively) (Table 3 and Figure 4A, B).

Tuberc Respir Dis 2024;87:65-79

The serum eosinophil count showed a strong posi-
tive correlation with pro-collagen | alpha 1 (p=0.6735,
p=0.0164) (Figure 4C, D) and MMP-12 (p=0.7004,
p=0.0112) (Figure 4E, F). However, these correlations
were not significant in healthy subjects (p=0.1850,
p=0.2081; and p=—0.0504, p=0.7338; respectively).
Similarly, the absolute serum basophil count showed
a strong positive correlation with pro-collagen | alpha 1
in COPD patients (p=0.6295, p=0.0283), but this correla-
tion was not significant in healthy subjects (p=0.21686,
p=0.1392). The serum hemoglobin exhibited a strong
positive correlation with PDGF-AA in COPD patients
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Figure 1. Correlation between exhaled breath condensate biomarkers and demographic variables. (A) Local regression
analysis between age and transforming growth factor § (TGF-B). (B) Spearman correlation between age and TGF-. (C)
Local regression analysis between body weight and tumor necrosis factor a. (TNF-a). (D) Spearman correlation between
body weight and TNF-a. (E) Local regression analysis between body mass index and vascular endothelial growth fac-
tor (VEGF). (F) Spearman correlation between body mass index and VEGF. PRISM: preserved ratio impaired spirometry;
COPD: chronic obstructive pulmonary disease.
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Figure 2. Correlation between exhaled breath condensate biomarkers and symptomatic variables. (A) Local regression
analysis between chronic obstructive pulmonary disease (COPD) assessment test (CAT) score and platelet derived
growth factor (PDGF)-AA. (B) Spearman correlation between CAT score and PDGF-AA. (C) Local regression analysis
between COPD-specific version of St. George's Respiratory Questionnaire (SGRQ-C) and PDGF-AA. (D) Spearman cor-
relation between SGRQ-C and PDGF-AA. (E) Local regression analysis between CAT score and granulocyte-macrophage
colony-stimulating factor (GM-CSF). (F) Spearman correlation between CAT score and GM-CSF. PRISM: preserved ratio

impaired spirometry; COPD: chronic obstructive pulmonary disease.
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Figure 3. Correlation between exhaled breath condensate biomarkers and pulmonary functions. (A) Local regression
analysis between forced expiratory volume in 1 second (FEV,)/forced vital capacity (FVC) (%) and CC chemokine ligand 3
(CCL3)/macrophage inflammatory protein 1 (MIP-1) alpha. (B) Spearman correlation between FEV,/FVC (%) and CCL3/
MIP-1 alpha. (C) Local regression analysis between FEV, and CCL11/eotaxin. (D) Spearman correlation between FEV,
and CCL11/eotaxin. (E) Local regression analysis between FEV, and interleukin 17 (IL-17)/IL-17A. (F) Spearman correla-
tion between FEV, and IL-17/IL-17A. PRISM: preserved ratio impaired spirometry; COPD: chronic obstructive pulmonary

disease.
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Figure 4. Correlation between exhaled breath condensate biomarkers and demographic white blood cell differential
counts. (A) Local regression analysis between serum neutrophil count and interleukin 5 (IL-5). (B) Spearman correlation
between serum neutrophil count and IL-5. (C) Local regression analysis between serum eosinophil count and pro-colla-
gen | alpha 1. (D) Spearman correlation between serum eosinophil count and pro-collagen | alpha 1. (E) Local regression
analysis between serum eosinophil count and matrix metalloproteinase 12 (MMP-12). (F) Spearman correlation between
eosinophil count and MMP-12. PRISM: preserved ratio impaired spirometry; COPD: chronic obstructive pulmonary dis-

ease.
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(p=0.6056, p=0.0369). However, this correlation was
not significant in healthy control subjects (p=—0.1989,
p=0.1754).

6. Prediction value of exhaled breath condensate
biomarkers for clinical parameters

In the ROC analysis for predicting airway obstruction
pattern (FEV,/FVC <70 in pulmonary function test),
only IL-8 demonstrated a significant predictive capa-
bility in the total subjects (AUC of ROC, 0.6762; 95%
confidence interval, 0.5474 to 0.8050; p=0.0280). The
optimal cutoff value for IL-8 was 11.5 pg/mL, with a
sensitivity of 72.22% and a specificity of 61.64%. In the
ROC analysis for predicting FEV, <80% or FVC <80% of
predicted, no significant biomarkers were found.

Discussion

In this pilot study, we explored the potential role of
exhaled EBC across various spectrums of patients in
respiratory clinical fields. The results demonstrated
that several inflammatory biomarkers in EBC could
be useful to predict quality of life concerning respi-
ratory symptoms, serologic markers, and pulmonary
functions. The relationships between biomarkers and
clinical parameters exhibited diverse patterns across
patient groups, indicating the complex nature of asso-
ciations between biomarkers and clinical parameters.
These findings highlight the imperative to develop per-
sonalized approaches for treatment and monitoring,
customized to individual patient characteristics in the
field of respiratory clinical care. As a pilot study, this re-
search is suggesting possible clinical significance for
several biomarkers.

The current study highlighted light on the potential
role of PDGF-AA in COPD patients. PDGF is a major mi-
togen and chemotactic factor for mesenchymal cells'®.
It promotes the proliferation and migration of airway
smooth muscle cells into the epithelium, as well as en-
hanced collagen synthesis by lung fibroblasts in asth-
ma''. Therefore, PDGF and PDGF receptor (PDGFR)
inhibitors have emerged as potential pharmacological
targets for asthma. However, the role of PDGF in COPD
remains poorly understood. Some animal experiments
have reported the potential utility of PDGF in COPD'*"?,
In this study, PDGF-AA demonstrated a strong correla-
tion with symptoms in both CAT and SGRQ-C among
COPD patients, suggesting that PDGF could serve as a
potential therapeutic target for COPD or a valuable bio-
marker for symptom monitoring and exacerbation pre-
diction. However, further research is needed to validate
these findings.

https://doi.org/10.4046/trd.2023.0028

Pro-collagen | alpha 1 exhibited a notable correla-
tion with eosinophils and basophils in individuals with
COPD. Although evidence for related mechanisms is
limited, Janulaityte et al.”* demonstrated allergen-ac-
tivated eosinophils induce collagen | and fibronectin
gene expression in airway smooth muscle cells. Con-
sidering that basophil infiltration and eosinophil migra-
tion are integral components of allergic inflammation,
proposing a correlation is reasonable’. However, the
role of basophils and eosinophils in COPD remains not
fully understood. Jogdand et al.'® detected significant
focal lung infiltrations of these cells in a noteworthy
proportion of COPD patients. More recently, Winter
et al."’ reported associations between basophils and
eosinophilic inflammation in COPD. Furthermore, re-
searches are advancing for treating eosinophilic COPD
by targeting eosinophils and basophils through the T2
inflammatory pathway, including the use of anti-IL-5
agents. In this context, pro-collagen | alpha 1 could
serve as a potential monitoring or diagnostic tool for
eosinophilic COPD patients. However, additional stud-
ies are necessary to substantiate these findings.

In this study, MMP-12 showed a correlation with eo-
sinophil count in COPD patients. MMP-12 was shown
to have an important function in the process of airway
eosinophil accumulation in previous studies'®. This
suggests that MMP-12 could also be a potential eosin-
ophil marker.

Conversely, in total and healthy individuals, these
biomarkers can demonstrate different patterns or sig-
nificance when compared to specific conditions such
as COPD. These biomarkers usually play roles in vital
biological pathways within the organisms, indicating
that both deficiencies and excesses can be linked to
disorders and abnormalities. As a result, correlations
might not follow a simple linear or monotonic pattern
due to the complex connections involved.

In healthy control, CCL11/eotaxin exhibited a mod-
erate correlation with FEV,. Eotaxin serves as a potent
eosinophil chemoattractant and is highly correlated
with exacerbation and severity in asthma patients'®*.
Furthermore, it is acknowledged to demonstrate an
inverse relationship with FEV, in asthma patients. How-
ever, the reported relationships in normal control and
COPD patients are contradictory®®*'. In the context of
normal subjects, research on the association with FEV,
is notably limited. Coleman et al.”® reported no signifi-
cant association between FEV, and eotaxin in a study
involving 27 normal subjects. In contrast, Bradford et
al.?" identified a negative correlation between FEV, and
eotaxin in a larger cohort comprising both non-COPD
(n=551) and COPD (n=566) individuals with a smoking
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history. In our study, we observed a positive correlation
among healthy controls without COPD and PRISM.
However, the overall subjects showed a regression
with a non-monotonic concave curve.

The relationship between CCL3/MIP-1 alpha and
FEV,/FVC in healthy controls is also not well estab-
lished. In our study, positive correlations were observed
among healthy controls and total subjects. However, a
non-linear regression analysis indicated that both low
and high levels of CCL3/MIP-1 alpha might be linked to
FEV,/FVC impairment. Additional research is needed
to understand and clarify these inconsistencies.

In this study, it was also suggested that IL-8 could
be beneficial for diagnosing obstructive pattern lung
diseases. The correlation between IL-8 and pulmonary
function in healthy subjects remains unclear. In certain
experimental studies, IL-8 has been noted to elevate
airway contractility and correlate with hyperresponsive-
ness’*?*, Notably, several studies have highlighted its
usefulness in differentiating between asthma patients
and those with asthma-COPD overlap syndrome®*?’.

EBC is collected from exhalated gas; however, bio-
markers in EBC were significantly correlated with se-
rologic markers. EBC has been examined in various
respiratory diseases, including asthma®, COPD**, coro-
navirus disease 2019 (COVID-19)*°, and lung cancer™.
Some biomarker in EBC have shown significant roles
in other diseases, including helicobacter pylori infec-
tion®', liver disease®, kidney disease®’, and systemic
vasculitis*. EBC could be used in research of various
disease beyond respiratory diseases. Further studies
will be needed to confirm the range of clinical fields in
which EBC markers can be used.

This study has several limitations. First, this was a
pilot study, and the sample size was small, especially in
sub-group analyses. The pilot study outcomes will be
pivotal in providing the effect size, allowing us to deter-
mine statistically significant sample sizes for individual
patient subgroups and variables. Second, we did not
collect sputum eosinophil count, which could be more
reliable to reflect airway status than serum eosinophil.
Third, we could not establish long-term clinical signifi-
cance of EBC. Lastly, this study sample included many
healthy control subjects. COPD and PRISM subjects
were not recruited sufficiently so that a statistically sig-
nificance was not proven. The mean of lung function
was within the normal range, and the range of value
was quite narrow. This could have led to insignificance
of the correlation between some EBC and clinical pa-
rameters. Therefore, we could not suggest specific
clinical applications.

We conducted a pilot study to reveal the roles of EBC

Tuberc Respir Dis 2024;87:65-79

Inflammatory biomarkers in exhaled condensates

in the clinical field. Several inflammatory biomarkers in
EBC could be useful to predict quality of life concern-
ing respiratory symptoms and serologic markers. Fur-
ther studies are needed to confirm the usefulness of
them in various respiratory clinical fields.
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