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A B S T R A C T

Background: Although 8-iso-prostaglandin F2a has been proposed as a potential biomarker for oxidative stress
in airway diseases, its specific role in asthma remains poorly understood.
Objective: To evaluate the diagnostic potential of 8-iso-prostaglandin F2a in assessing airway inflammation, air-
way remodeling, airway hyperresponsiveness, and oxidative stress in asthma.
Methods: Blood and urine concentrations of 8-iso-prostaglandin F2a were quantified using liquid chromatogra-
phy−tandem mass spectrometry in 128 adults with asthma who had maintained antiasthma medications. Their
correlations with clinical data, sputum cell counts, lung function parameters, and serum markers of epithelial/
neutrophil activity and airway remodeling were then analyzed.
Results: The urinary 8-iso-prostaglandin F2a concentrations were significantly higher in patients with noneosi-
nophilic asthma than in those with eosinophilic asthma (P < .05). The area under the curve was 0.678, indicating
moderate diagnostic accuracy for noneosinophilic asthma. There were significant correlations with neutrophilic
inflammation markers and airway remodeling markers (all P < .05). Negative correlations were observed with
forced expiratory volume in 1 second (%), forced expiratory volume in 1 second/forced vital capacity, forced expi-
ratory flow at 25% to 75% of forced vital capacity, and serum club cell protein 16 levels (all P < .05). High 8-iso-
prostaglandin F2a concentrations were also noted in obese and smoking subgroups (all P < .05). However, the
serum 8-iso-prostaglandin F2a concentrations were not correlated with these asthma-related parameters.
Conclusion: Urinary 8-iso-prostaglandin F2a concentrations are a potential biomarker for phenotyping severe
asthma, particularly noneosinophilic asthma, offering oxidative stress-induced epithelial inflammation/remodel-
ing as an additional target in asthma management.
© 2024 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. This is an open access arti-
cle under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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e, 164 World cup-ro, Yeongtong-
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Introduction

Asthma, characterized by chronic airway inflammation and vari-
able expiratory airflow limitation, usually responds to treatment
with inhaled corticosteroids (ICS) and/or b2 agonists.1 Nevertheless,
a subset of patients continue to exhibit persistent airway inflamma-
tion despite treatment with ICS−long-acting b2 agonist (LABA) com-
binations, leading to ongoing symptoms, exacerbations, and
potential airway remodeling and fixed obstruction.2 This underscores
the need for new biomarkers to predict the persistence of inflamma-
tion and lung function decline in patients, despite optimal standard-
of-care controller therapy.
Eicosanoids are biologically active lipids, including prostaglan-
dins, leukotrienes, thromboxanes, and other inflammation and
immune response mediators. They are important in the pathophysio-
logic mechanisms underlying asthma and allergic diseases.3 Recent
research has underscored the utility of noninvasive urinary eicosa-
noid metabolite profiling for molecular phenotyping in asthma, pav-
ing the way for individualized treatment strategies.4 Among these, 8-
iso-prostaglandin F2a (8-iso-PGF2a), predominant among F2-iso-
prostanes, has gained attention as a potential biomarker for oxidative
stress in asthma.5,6 Increased levels of 8-iso-PGF2a in serum, urine,
and sputum are associated with airway inflammation and airway
hyperresponsiveness in asthma, indicating its potential association
with the type and severity of inflammatory airway diseases.6-10

However, the specific role of 8-iso-PGF2a in asthma remains
poorly understood. Thus, we hypothesized that 8-iso-PGF2a could be
a valuable biomarker for phenotyping asthma severity and
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inflammatory profiles. To explore this hypothesis, 8-iso-PGF2a con-
centrations in blood and urine samples from patients with asthma
undergoing ICS/LABA combination therapy were analyzed, poten-
tially guiding more effective management strategies.
Methods

Study Design and Participants

This cross-sectional observational study was conducted in a
cohort of adult patients with asthma who had maintained ICS/LABA
combinations according to asthma severity before participation.
Overall, 128 patients were diagnosed with asthma on the basis of typ-
ical symptoms, such as shortness of breath, wheezing, chest discom-
fort, cough, and airway reversibility (an increase in forced expiratory
volume in 1 second [FEV1] of at least 12% and 200 mL after broncho-
dilator [BD] use) or airway hyperresponsiveness (�16 mg/mL metha-
choline causing 20% decrease in FEV1) were enrolled in this study.
Blood and urine samples were collected from patients during their
visits to the clinics for asthma management, without being limited to
specific situations or conditions. This study also included a control
group of 18 healthy individuals without a history of asthma or other
chronic illnesses. Participants who had received systemic corticoste-
roids in the 30 days before enrollment or had a history of biologic
therapy or chronic diseases, including chronic obstructive pulmonary
disease, malignant diseases, or cystic fibrosis, were not included in
the study.

The institutional review board of Ajou University Hospital
approved this research (Reference numbers: AJIRB-BMR-SUR-15-
498). All participants provided written consent before being included
in this study.
Data Collection

Clinicodemographic data were collected, including age, sex, body
mass index (BMI), and history of smoking. The levels of fractional
exhaled nitric oxide and serum IgE were obtained using the NIOX
system (Aerocrine AB, Solna, Sweden) and the ImmunoCAP system
(Thermo Fisher Scientific, Waltham, Massachusetts), respectively.
Sputum was obtained through the inhalation of hypertonic saline
and subsequently treated with dithiothreitol for dispersion. Spirome-
try was used to assess lung function, measuring the forced vital
capacity (FVC), FEV1, the ratio of FEV1 to FVC, and the midrange expi-
ratory flow (forced expiratory flow at 25% to 75% of FVC [FEF25%-75%]).
Moreover, BD responsiveness was determined by calculating the per-
centage increase in FEV1 values before and after BD application.
Asthma symptom control and patients’ life quality were assessed
using the Asthma Control Questionnaire (ACQ)-6, Asthma Control
Test (ACT), and Asthma Quality of Life Questionnaire (AQLQ) scores.
Variable Definitions

Patients who underwent sputum analysis were classified into 4
groups, determined on the basis of the levels of eosinophils and neu-
trophils in their sputum, which were consistent with previously
established criteria.11-14 The eosinophilic group had at least 3% eosi-
nophils and less than65% neutrophils; the mixed granulocytic group,
with at least 3% eosinophils and at least 65% neutrophils; the neutro-
philic group, with less than3% eosinophils and at least 65% neutro-
phils; and the paucigranulocytic group, having neither. Patients with
at least3% eosinophils and less than65% neutrophils were identified
as having eosinophilic asthma; all others were categorized as having
noneosinophilic asthma.

Participants with asthma were categorized into high-urinary 8-
iso-PGF2a (≥1645.3 pg/mg creatinine, n = 54) and low-urinary 8-iso-
PGF2a (< 1645.3 pg/mg creatinine, n = 74) groups on the basis of the
cutoff point derived from the control’s mean and an addition of 2
SDs. In addition, the participants were grouped on the basis of the
ACQ-6, ACT, and AQLQ scores, with cutoff points set at 0.75, 20, and
6.0, respectively, as previously described.15-17 High and low ACQ-6
scores indicated poor and better asthma control, respectively. In con-
trast, low ACT and AQLQ scores indicated poor asthma control. Fur-
ther stratifications were made according to the smoking status as
follows: smokers (current or past smokers with a history of �5 pack-
years) and nonsmokers. Obesity was defined as having a BMI of at
least30 kg/m2, and overweight ranged between 25 and 29.9 kg/m2.
Measurement of Urine and Serum 8-Iso-Prostaglandin F2a
Concentrations

Urine and serum samples were rigorously analyzed following a
comprehensive protocol. These samples were initially stored at �70°
Cand subsequently thawed. Liquid chromatography−tandem mass
spectrometry was performed to accurately quantify and identify vari-
ous metabolites. The chromatographic separation of these metabo-
lites was performed using a Hypersil GOLD column (2.1
mm £ 100 mm, 1.9 mm) (Thermo Fisher Scientific, San Jose, Califor-
nia). Subsequently, the compounds were analyzed using an API5500
Triple Quadrupole mass spectrometer (AB Sciex, Framingham, Massa-
chusetts). A deuterated internal standard, 8-iso-PGF2a-d4 (Cayman
Chemical Company, Ann Arbor, Michigan), was used specifically to
calibrate the mass spectrometer and accurately quantify 8-iso-
PGF2a. In addition, urinary creatinine levels were quantified using
1,3-dimethyl-2-imidazolidinone (Sigma-Aldrich, St. Louis, Missouri)
as the internal standard, facilitating the normalization of biomarker
concentrations. Urinary 8-iso-PGF2a concentrations were catego-
rized into low and high on the basis of the cutoff point of
1645.3 pg/mg creatinine.
Measurement of Other Serum Biomarkers

Various laboratory variables, including serum biomarkers associ-
ated with neutrophils and epithelial-derived airway remodeling,
were also assessed. Specifically, serum levels of neutrophil-related
biomarkers (eg, myeloperoxidase [MPO] and monocyte chemoattrac-
tant protein [MCP]-1) and epithelial-derived airway remodeling bio-
markers (ie, matrix metalloproteinase [MMP]-9, tissue inhibitor of
metalloproteinase [TIMP]-1, and transforming growth factor [TGF]-
b1) were measured using enzyme-linked immunosorbent assay kits
(R&D Systems, Minneapolis, Minnesota). In addition, serum concen-
trations of club cell protein 16 (CC16), a biomarker indicative of anti-
inflammatory and antioxidant function in asthma and other respira-
tory diseases, were quantified using a standardized enzyme-linked
immunosorbent assay kit (BioVendor GmbH, Heidelberg, Germany).
Statistical Analyses

For normally distributed variables, results were expressed as the
mean with SD, and for nonnormally distributed data, the median,
along with the IQR, was reported. We used the 2-sample t test or
Mann-Whitney U test to analyze continuous data, and the x2 test was
performed to assess categorical data. The comparison of BMI was
analyzed using Welch’s t test. To determine correlations among the
variables, we used either Spearman’s or Pearson’s correlation coeffi-
cients, following the guidelines previously suggested for categorizing
correlation strengths: weak (0.1-0.3), moderate (0.3-0.5), and strong
(0.5-1.0).18 The utility of the receiver operating characteristic curve
was harnessed to determine the prognostic utility of urinary 8-iso-
PGF2a levels in predicting noneosinophilic asthma. Given the explor-
atory nature of this study, no adjustments were made for multiple
comparisons. The statistical analyses for this study were conducted



Table 1
Clinical Characteristics of the Study Participants

Study group Patients with asthma P value

Overall (n = 128) High urinary
8-iso-PGF2a
group (n = 54)

Low urinary
8-iso-PGF2a
group (n = 74)

Healthy controls
(n = 18)

high vs low
8-iso-PGF2a

patients with
asthma vs
control

Age (y) 50.0 § 14.8 52.8 § 15.4 48.0 § 14.0 44.8 § 10.6 .074 .154
Female sex (%) 83 (64.8) 35 (64.8) 48 (64.9) 13 (72.2) .995 .606
Body mass index (kg/m2) 23.9 § 3.7 24.8 § 4.5 23.2 § 2.8 24.3 § 3.1 .022 .631
�30 kg/m2 8 (6.3) 7 (13.0) 1 (1.4) 0 (0.0)
25-29.9 kg/m2 33 (25.7) 15 (27.8) 18 (24.3) 7 (38.9)
<25 kg/m2 87 (68.0) 32 (59.2) 55 (74.3) 11 (61.1)

Smoking history (pack-years) 12.5 (4.3-21.8) 20.0 (8.8-27.0) 5.0 (2.3-20.0) 0 (0.0) .073 NA
Current or former (�5 pack-years) 16 (12.5) 10 (18.5) 6 (8.1) 0 (0.0)
Never 112 (87.5) 44 (81.5) 68 (91.9) 0 (0.0)

Serum IgE level (kU/mL) 122.5 (35.0-399.8) 116.5 (44.0-384.0) 123.5 (34.0-406.0) 18.0 (7.0-37.5) .514 <.001
Blood eosinophil count (/mL) 224.4 (127.4-405.4) 245.4 (135.1-476.0) 209.0 (116.4-416.6) 152.7 (77.0-191.4) .368 <.001
FeNO (ppb) 31.7 (11.5-41.5) 23.5 (14.0-44.0) 17.0 (9.0-40.0) 20.5 (16.0-28.0) .116 .030
Sputum eosinophils (%), n = 79 8.0 (0.0-52.0) (n = 79) 1.0 (0.0-21.0) (n = 36) 18.0 (0.0-60.8) (n = 43) NA .042 NA
Sputum neutrophils (%), n = 79 77.0 (36.0-91.0) (n = 79) 83.0 (48.5-91.5) (n = 36) 63.0 (16.3-90.8) (n = 43) NA .092 NA

Abbreviations: 8-iso-PGF2a, 8-iso-prostaglandin F2a; FeNO, fractional exhaled nitric oxide; NA, not available; ppb, parts per billion.
NOTE. Data are presented as number (No.) and percentage (%), mean (§ SD), or median with IQR. For categorical variables, the x2 test was used, whereas the t test or the Mann
Whitney U test was applied for continuous variables. Participants with asthma were divided into high urinary 8-iso-PGF2a (≥1645.3 pg/mg creatinine, n = 54) and low urinary 8
iso-PGF2a (<1645.3 pg/mg creatinine, n = 74) groups on the basis of the cutoff point derived from the control’s mean and an addition of 2 SD.
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using IBM Statistical Package for the Social Sciences statistics for Win-
dows, version 25.0 (IBM Corporation, Armonk, New York) and the R
statistical software (version 3.6.1) (R Core Team, Vienna, Austria). Sta-
tistical significance was set at P less than .05.
Results

Patient Characteristics

Overall, 8 (6.3%) and 33 (25.8%) patients were obese and over-
weight, respectively. Furthermore, 16 (12.5%) patients had a history
of smoking greater than or equal to5 pack-years. In total, 79 patients
could produce induced sputum; among them, 30 (38.0%), 16 (20.3%),
30 (38.0%), and 3 (3.8%) patients had eosinophilic, mixed, neutro-
philic, and paucigranulocytic asthma phenotypes, respectively. Over-
all, 54 and 74 patients were classified into the high and low urinary
8-iso-PGF2a groups, respectively. Table 1 presents comparisons of
the clinical characteristics between the 2 groups. In addition, compar-
isons of serum markers of neutrophil activity and airway remodeling,
along with lung function parameters, are provided in eTable 1 and
eFigure 1.
Associations Between Urinary 8-Iso-Prostaglandin F2a Concentration
and Airway Inflammation

The urinary 8-iso-PGF2a concentrations were significantly higher
in the noneosinophilic asthma subgroup than in the eosinophilic
asthma subgroup (P < .05) (Fig 1A). When assessing the discrimina-
tory capability of urinary 8-iso-PGF2a for noneosinophilic asthma,
our receiver operating characteristic analyses revealed an overall
model predictive capacity with an area under the curve of 0.678
(Fig 1B).

A significant association was found between urinary 8-iso-PGF2a
concentrations and serum levels of MPO (Spearman r = 0.350, P <
.001) and MCP-1 (Spearman r = 0.315, P < .001) (Fig 2A,B). Individu-
als with higher urinary 8-iso-PGF2a concentrations exhibited sub-
stantially increased serum MPO and MCP-1 levels compared with
those with lower urinary 8-iso-PGF2a concentrations (all P < .001)
(eFig 1A,B).

Sputum eosinophils were significantly lower in the high urinary
8-iso-PGF2a group than in the low urinary 8-iso-PGF2a group (1.0
[0.0-21.0] vs 18.0 [0.0-60.8], P < .05); however, the difference in
-
-

blood eosinophil count between 2 groups was not significant
(Table 1).
Associations Between Urinary 8-Iso-Prostaglandin F2a Concentration
and Airway Remodeling

Urinary 8-iso-PGF2a concentrations were positively correlated
with serum levels of MMP-9 (Spearman r = 0.254, P < .005), TIMP-1
(Spearman r = 0.196, P < .05), and TGF-b1 (Spearman r = 0.321, P <
.001) (Fig 2C-E). Serum MMP-9, TIMP-1, and TGF-b1 levels were sig-
nificantly higher in the high urinary 8-iso-PGF2a group than in the
low urinary 8-iso-PGF2a group (all P < .05) (eFig 1C-E).

Meanwhile, urinary 8-iso-PGF2a concentrations were negatively
correlated with FEV1 (%) (Spearman r = �0.211, P < .05), FVC (%)
(Spearman r = �0.156, P = .079), FEV1/FVC (Spearman r = �0.200, P
< .05), and FEF25%-75% (Spearman r = �0.252, P < .005) (Fig 3A-D).
The high urinary 8-iso-PGF2a group exhibited significantly lower
FEV1 (%), FVC (%), FEV1/FVC, and FEF25%-75% values than the low uri-
nary 8-iso-PGF2a group (all P < .05) (eFig 1G-J).
Associations Between Urinary 8-Iso-Prostaglandin F2a Concentration
and Airway Reversibility

Urinary 8-iso-PGF2a concentrations were positively correlated
with post-BD FEV1 change (%) (Spearman r = 0.192, P < .05) (Fig 3E).
The post-BD FEV1 change (%) was significantly higher in the high uri-
nary 8-iso-PGF2a group than in the low urinary 8-iso-PGF2a group
(P < .05) (eFig 1K).
Associations Between Urinary 8-Iso-Prostaglandin F2a Concentration
and Asthma Symptoms

Patients with high ACQ-6 scores (�0.75) had significantly higher
urinary 8-iso-PGF2a concentrations than those with low scores (P <
.05) (Fig 4A). Furthermore, patients with low ACT and AQLQ scores
(<20 and <6.0, respectively) had significantly higher urinary concen-
trations of 8-iso-PGF2a than those with high scores (all P < .05)
(Fig 4B,C).



Figure 1. (A) Comparisons of urinary 8-iso-PGF2a concentrations among noneosinophilic and eosinophilic asthma groups and healthy control participants. (B) Receiver operating
characteristic curve analysis for distinguishing noneosinophilic asthma in patients with asthma. AUC, area under the curve; PGF2a, prostaglandin F2a.
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Urinary 8-Iso-Prostaglandin F2a Concentration as an Indicator of Oxi-
dative Stress

Urinary 8-iso-PGF2a concentrations were significantly higher in
the obese subgroup than in the nonobese subgroup (P < .05) (Fig 5A).
Figure 2. Spearman correlations of urinary 8-iso-PGF2a concentrations with serummarkers
(C-E), and antioxidant property (F) in patients with asthma. 8-iso-PGF2a, 8-iso-prostaglandin
idase; TGF-b1, transforming growth factor b1; TIMP-1, tissue inhibitor of metalloproteinase-
They were higher in smokers than in nonsmokers; however, the dif-
ference was not significant (P = .066) (Fig 5B). A weak positive corre-
lation was observed between urinary 8-iso-PGF2a concentrations
and aging (r = 0.117, P < .05) (Fig 5C). In contrast, negative correla-
tions were noted between the urinary 8-iso-PGF2a concentrations
associated with neutrophilic inflammation (A, B), epithelial-derived airway remodeling
F2a; CC16, club cell protein 16; MMP-9, matrix metalloproteinase; MPO, myeloperox-

1.



Figure 3. Spearman correlations of urinary 8-iso-PGF2a concentrations with lung function parameters (A-D) and airway reversibility (E) in patients with asthma. 8-iso-PGF2a, 8-
iso-prostaglandin F2a; FEF25%-75%, forced expiratory flow at 25% to 75% of FVC; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity.

Figure 4. Comparative analysis of urinary 8-iso-PGF2a concentrations according to asthma symptom scores in 114 patients with asthma by ACQ-6 (A), ACT (B), and AQLQ (C). 8-iso-
PGF2a, 8-iso-prostaglandin F2a; ACQ-6, asthma control questionnaire-6; ACT, asthma control test; AQLQ, asthma quality of life questionnaire.
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and serum CC16 levels (Spearman r = �0.276, P < .05) (Fig 2F). Indi-
viduals with higher urinary 8-iso-PGF2a concentrations had signifi-
cantly reduced serum CC16 levels compared with those with lower
urinary 8-iso-PGF2a concentrations (P < .05) (eFig 1F).
Serum 8-Iso-Prostaglandin F2a Concentrations

Patients with asthma exhibited significantly elevated serum 8-iso-
PGF2a concentrations compared with healthy controls (0.46 [0.28-
0.76] vs 0.22 [0.14-0.31] ng/mL, P < .05) (eFig 2A). Serum and urinary
8-iso-PGF2a concentrations correlated significantly (Spearman r =
0.260, P < .05) (eFig 2B). The serum 8-iso-PGF2a concentration was
higher in the obese subgroup than in the nonobese subgroup (P <
.05) (Fig 5D). However, no significant associations were observed
between serum 8-iso-PGF2a concentrations and other asthma-
related parameters.
Discussion

This study found that higher urinary 8-iso-PGF2a concentrations
are associated with noneosinophilic airway inflammation and worse



Figure 5. (A, D) Comparison of urine and serum concentrations between obese and nonobese asthma groups. (B) Comparison of urinary 8-iso-PGF2a concentrations between smok-
ers and nonsmokers asthma groups. (C) Pearson correlations of urinary 8-iso-PGF2a concentrations with age in patients with asthma. 8-iso-PGF2a, 8-iso-prostaglandin F2a; BMI,
body mass index.
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airway remodeling, as evidenced by their correlations with serum
type 2 (T2) lowmarkers (MPO andMCP-1) and lung function parame-
ters. High urinary 8-iso-PGF2a concentration is associated with air-
way remodeling markers (TIMP-1 and TGF-b1) and poorer symptom
control scores. Furthermore, higher urinary 8-iso-PGF2a concentra-
tions are observed in patients with asthma having obesity and smok-
ing history, suggesting their potential as indicators of
noneosinophilic asthma (oxidative stress-mediated airway inflam-
mation and remodeling) in adults. These findings support additional
treatment strategies beyond standard ICS/LABA therapy that need to
be developed to effectively address the persistent airway inflamma-
tion and remodeling for patients with asthma with higher urinary 8-
iso-PGF2a concentrations. This study’s findings provide a compre-
hensive insight into the diagnostic potential of urinary 8-iso-PGF2a
as a biomarker in adult asthma, particularly in the context of noneosi-
nophilic asthma refractory to conventional anti-inflammatory medi-
cations.

This study presents the clinical utility of urinary 8-iso-PGF2a as a
potentially promising biomarker for airway inflammation, remodel-
ing, and reversibility associated with oxidative stress in asthma. One
of the most notable results is the higher levels of urinary 8-iso-
PGF2a in the noneosinophilic asthma subgroup than in the eosino-
philic asthma subgroup. Currently, no accepted biomarkers exist for
this phenotype. Although several biomarkers, including interleukin-
17, neutrophil extracellular traps, YKL-40, and S100 calcium-binding
protein A9, have been suggested, their clinical applicability remains
constrained.14,19 Our result is distinct from that of previous research
as it uniquely identifies a biomarker in the urine of patients with
asthma undergoing ICS/LABA therapies in real-world practice. The
complexity of noneosinophilic asthma makes it challenging to define
a single biomarker that could be universally applied. Our results con-
tribute to a better understanding of underlying mechanisms and
identifying reliable biomarkers to effectively manage noneosinophilic
asthma.

Urinary 8-iso-PGF2a concentrations were significantly correlated
with markers of neutrophilic inflammation (serum MPO and MCP-1
levels and sputum neutrophilia) and airway remodeling (serum
MMP-9, TIMP-1, and TGF-b1 levels) in this study. Moreover, they
were negatively correlated with lung function parameters (FEV1, FVC,
FEV1/FVC, and FEF25%-75%). Furthermore, 8-iso-PGF2a, a marker of
oxidative stress, has been recognized for its role in cellular damage
and inflammation in the airways, particularly in asthma.6,9,20 The
MPO, predominantly found in neutrophils, is an enzyme critical for
defending against pathogens, such as bacteria, using hydrogen perox-
ide to produce potent oxidants that destroy these pathogens.21 The
oxidative stress generated in this process can damage epithelial and
smooth muscle cells.22 The MCP-1, a cytokine that attracts leukocytes
to the site of inflammation, also acts on epithelial and smooth muscle
cells, thereby augmenting the inflammatory response.23 In epithelial
cells, it can induce cell migration and proliferation, thereby facilitat-
ing inflammation-associated tissue remodeling.22 Overall, increased
urinary 8-iso-PGF2a levels may represent neutrophilic inflammation
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in adult asthma, contributing to treatment insensitivity and asthma
severity.

The MMP-9, TIMP-1, and TGF-b1 play pivotal roles in airway
remodeling. The MMP-9, a matrix metalloproteinase crucial in the
degradation of the extracellular matrix, contributes to airway remod-
eling by facilitating cell migration and proliferation.24 The TIMP-1
plays a pivotal role in airway remodeling by balancing extracellular
matrix synthesis and breakdown.25 Beyond their well-acknowledged
roles in structural alterations of the airways, MMP-9 and TIMP-1
have significant implications for inflammatory processes.26 The TGF-
b1, a growth factor that promotes fibrosis and cell proliferation, is
involved in altering airway structure by inducing smooth muscle cell
proliferation and fibrosis.27 Meanwhile, CC16 plays a role in asthma
by exerting anti-inflammatory properties and inhibiting airway
remodeling, thereby helping to reduce the inflammatory response in
response to oxidative stress.17,28 This study found increased levels of
MMP-9, TIMP-1, and TGF-b1; however, decreased CC16 levels were
observed in patients with higher levels of urinary 8-iso-PGF2a. Posi-
tive correlations were noted between 8-iso-PGF2a and MMP-9/
TIMP-1/TGF-b1. The role of MMP-9 is implicated in neutrophilic acti-
vation in patients with T2-low asthma.29 These findings indicate that
8-iso-PGF2a is implicated in the interconnected mechanisms of air-
way inflammation, remodeling, and oxidative stress−mediated by
MMP-9 and TIMP-1. New interventions targeting these pathways
may provide strategies that mitigate disease progression and
improve clinical outcomes.

Elevated levels of 8-iso-PGF2a were observed in the obese and
smoking subgroups of this study, suggesting their potential as an
indicator of oxidative stress in asthma. These results support previous
findings that link higher serum and urinary levels of 8-iso-PGF2a
with advanced age, obesity, and a history of smoking.6,10 However,
considering that high-density lipoprotein cholesterol plays a signifi-
cant role in mitigating oxidative stress,30 it becomes necessary for
our analysis to account for high-density lipoprotein cholesterol levels
as a confounding factor in future studies. Excessive accumulation of
adipose tissue promotes inflammatory responses and reactive oxy-
gen species production, potentially increasing 8-iso-PGF2a levels.
The chemicals in cigarette smoke also promote reactive oxygen spe-
cies production, leading to elevated 8-iso-PGF2a levels. Conse-
quently, smoking cessation and proper weight control are
fundamental strategies in asthma management. Furthermore, oxida-
tive stress is closely related to aging and can contribute to the devel-
opment of various aging-related diseases through cellular damage.
Therefore, this individualized and comprehensive approach is neces-
sary for asthma management, especially in older adults with asthma.

Asthma is characterized by a complex interplay of various inflam-
matory pathways, in which eicosanoids play a crucial role in mediat-
ing inflammatory responses.3 8-iso-PGF2a is recognized as an F2-
isoprostane eicosanoid, indicative of oxidative stress levels. In con-
trast to other eicosanoids that are formed enzymatically (eg, leuko-
trienes, prostaglandins, and thromboxanes), F2-isoprostanes,
including 8-iso-PGF2a are produced through nonenzymatic, free rad-
ical-driven peroxidation of arachidonic acid. This unique formation
pathway means that 8-iso-PGF2a may be a specific metabolomic
marker of T2-low airway inflammation in asthma, contrary to recent
data showing elevated urinary leukotriene E4 and prostaglandin D2
metabolites in T2-high severe asthma and aspirin-exacerbated respi-
ratory disease.4 By integrating 8-iso-PGF2a into the broader context
of the eicosanoid network in asthma, our research can enhance the
understanding of the mechanism of airway inflammation, potentially
guiding the development of more effective management strategies.
In this study, serum 8-iso-PGF2a concentrations were revealed to
have a significant relationship with obesity comparable to those of a
previous study reporting that obese asthma is characterized by T2-
low airway inflammation and poor clinical outcomes.31 In addition,
the short lifespan of eicosanoids and their rapid excretion by the
kidneys result in fluctuating and low serum levels, making it chal-
lenging to establish consistent associations with various variables.
The wide distribution of serum 8-iso-PGF2a concentrations observed
in our study may indicate not only significant variability in oxidative
stress among individuals but also the inherent difficulties in measur-
ing such eicosanoids. The measurement of urinary metabolite levels
represents the degree of systemic inflammation; however, urine col-
lection is uncomfortable compared with serum collection in clinical
practice. Therefore, more sensitive and specific assays for detecting
serum 8-iso-PGF2a concentrations should be developed to accurately
quantify their low and fluctuating levels.

This study had some limitations, particularly the limited sample
size. Despite this, our cohort involved patients with well-character-
ized asthma under standard-of-care treatment in real-world clinical
practice. Another limitation was the cross-sectional design. This
observational study contributes to the existing literature by propos-
ing a novel metabolomic biomarker in urine for the potential detec-
tion of T2-low/neutrophilic asthma. Future research should involve
larger, more diverse, and longitudinal cohorts to validate our findings
and strengthen the evidence on the discriminatory capability of uri-
nary 8-iso-PGF2a concentration for classifying noneosinophilic
asthma. In addition, our classification of correlation strengths is on
the basis of general guidelines, and interpretations of these terms
may vary depending on the specific criteria applied.

In conclusion, urinary 8-iso-PGF2a is a potentially promising bio-
marker for noneosinophilic and not well-controlled asthma. These
results may contribute to achieving personalized asthma manage-
ment by aiding patients’ stratification and guiding therapeutic deci-
sions.
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Supplementary Data
eTable 1
Comparison of SerumMarkers Associated With Neutophilic Inflammation, Epithelial-Derived
High and Low Urinary 8-iso-Prostaglandin F2a Groups

Study group High urine 8-iso-PGF2a level (n =

Serum biomarkers
SerumMPO (ng/mL) 541.4 (355.2-717.9)
SerumMCP-1 (pg/mL) 24.6 (6.5-56.9)
SerumMMP-9 (pg/mL) 361.8 (263.7-686.0)
Serum TIMP-1 (pg/mL) 142.5 (127.3-170.1)
Serum TGF-b1 (pg/mL) 55.2 (42.9-63.0)
Serum CC16 (ng/mL) 470.8 (390.3-596.1)

Lung function
FEV1 (% predicted) 91.6 (80.1-96.7)
FVC (% predicted) 90.8 (82.6-98.2)
FEV1/FVC ratio (%) 82.9 (75.1-88.4)
FEF25%-75% (% predicted) 68.2 (47.5-79.0)
Postbronchodilator FEV1 change (%) 6.1 (2.3-14.3)

Abbreviations: 8-iso-PGF2a, 8-iso-prostaglandin F2a; CC16, club cell protein 16; FEF25%-75
ond; FVC, forced vital capacity; MMP-9, matrix metalloproteinase; MPO, myeloperoxidase; T

eFigure 1. Comparison of serum markers associated with neutophilic inflammation (A, B), e
parameters (G-K) between the high and low urinary 8-iso-PGF2a groups. 8-iso-PGF2a, 8-is
FEF25%−75%, forced expiratory flow at 25−75% of FVC; FVC, forced vital capacity; MCP, monoc
TGF, transforming growth factor; TIMP, tissue inhibitor of metalloproteinase.
Airway Remodeling, Antioxidant Property, and Lung Function Parameters Between the

54) Low urine 8-iso-PGF2a level (n = 74) P value

315.5 (213.4-423.3) <.001
6.1 (0.0-30.7) <.001
277.5 (196.0-381.0) .005
132.3 (103.7-154.6) .039
39.8 (15.3-57.8) .004
608.4 (485.6-729.3) .013

96.3 (85.5-104.1) .030
94.3 (84.1-103.0) .059
86.0 (82.4-88.8) .031
79.0 (63.8-100.7) .004
3.8 (0.9-6.9) .012

%, forced expiratory flow at 25% to 75% of FVC; FEV1, forced expiratory volume in 1 sec-
GF-b1, transforming growth factor b1; TIMP-1, tissue inhibitor of metalloproteinase-1.

pithelial-derived airway remodeling (C-E), antioxidant property (F), and lung function
o-prostaglandin F2a. CC16, club cell protein 16; FEV1, forced expiratory volume in 1 s;
yte chemoattractant protein; MMP, matrix metalloproteinase; MPO, myeloperoxidase;



eFigure 2. Serum 8-iso-PGF2a concentrations in adult asthma. Comparisons of serum 8-iso-PGF2a concentrations between patients with asthma and healthy control participants
(A), and spearman correlations between serum and urinary 8-iso-PGF2a concentrations (B). 8-iso-PGF2a, 8-iso-prostaglandin F2a.
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