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Abstract

Background: The purpose of this study was to investigate how 8-isoprostanes, used as a marker
of airway oxidative stress, were related to sinus disease and asthma.

Methods: We analyzed samples and data from two separate studies, one investigating sinonasal
disease in asthma, the other investigating the effect of BMI on airway disease. We measured
airway (nasal lavage) 8-isoprostanes and investigated the relationship with measures of sinus and
asthma symptoms, asthma control and lung function.

Results: The study of people with sinonasal disease and poorly controlled asthma included 48
obese, 31 overweight and 23 lean participants. In multivariate analysis, nasal lavage 8-isoprostane
levels increased with increasing BMI (p<0.01), and were higher in Caucasian than African
American participants (p=0.01). Sinus symptoms were inversely related to nasal 8-isoprostanes
(p=0.02) independent of BMI and Race. In the study investigating the effect of BMI on

airway disease, we enrolled 13 controls with obesity and 21 people with obesity and asthma:
8-isoprostane levels were higher in obese controls than in obese people with asthma (p<0.01), and
levels were inversely related to sinus symptoms (p=0.02) and asthma control (p<0.01).

Interpretation: 8-isoprostanes in nasal lavage are increased in obesity, and increased in
Caucasians compared with African Americans. However, levels are higher in obese controls than
obese people with asthma, and appear inversely related to symptoms of airway disease.

Clinical Implication: Airway 8-isoprostanes likely reflect complex oxidative signaling
pathways, which are altered in obesity and those of different race, rather than being a simple
marker of airway oxidative injury.

Capsule Summary: Increased airway oxidative signaling (8-isoprostanes), may reflect normal
physiology in the setting of obesity, as decreased levels are associated with disease activity in
people with chronic sinonasal disease and asthma.
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INTRODUCTION

Oxidative stress refers to the presence of increased levels of reactive oxygen species (ROS)
which may cause cell and tissue damage in a variety of conditions.(1) Many studies have
investigated airway oxidative stress using a biomarker of lipid peroxidation, 8-isoprostanes,
(2) to investigate how ROS might contribute to airway disease in people with asthma. Obese
people with asthma have higher levels of 8-isoprostanes in exhaled breath condensate than
lean people with asthma,(3) and it is hypothesized these higher levels could contribute

to increased disease severity in obesity.(3-5) Other studies have found higher levels of
8-isoprostanes in people with severe asthma, though did not report BMI.(6) Combined, prior
studies suggest that 8-isoprostanes are increased in those with severe asthma, and in those
with higher BMI, though whether the association with severe asthma is related to higher
BMI is not known, and the relationship to symptoms and physiology is unclear.

Oxidative stress levels may also differ by race, and might contribute to differences in disease
patterns. For example, oxidative stress might contribute to more severe cardiovascular
disease in the African American population,(7) and environmental factors may drive
differences in oxidative stress that contribute to racial disparities in health.(8) African
American people tend to have more severe asthma than Caucasians,(9) and increased
oxidative stress could be one factors contributing to this, though we are not aware of prior
studies examining the relationship between airway 8-isoprostanes and race.

A limitation to the routine measurement of 8-isoprostanes is access to airway samples.
Bronchoalveolar lavage is not suitable for routine monitoring, and exhaled breath condensate
and induced sputum are not readily available outside of a research setting. The nasal cavity,
as the first part of the respiratory symptom, is often used as a marker of lower airway disease
in people with asthma. (10, 11) We were interested in whether nasal lavage might be suitable
to measure 8-isoprostanes, and how this might be related to airway disease activity.

The current study was designed to investigate the relationship of nasal lavage 8-isoprostanes
with demographic factors, and then airway disease activity. We hypothesized that 8-
isoprostanes would be elevated in the nasal lavage in proportion to BMI, and associated with
worse lung function and increased nasal and asthma symptoms. A secondary hypothesis was
that levels of ROS would be higher in African American than Caucasian participants, and so
might contribute to more severe disease in this population.

METHODS

Study Design

We assessed samples and disease activity in two separate populations. Studies were
approved by local institutional review boards, and informed consent obtained from all
participants.

Data and samples from people with sinonasal disease and poorly controlled asthma were
collected as part of the Study of Asthma and Nasal Steroids (STAN), a multi-center,
randomized, placebo-controlled, double-blinded trial conducted by the American Lung
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Association — Airways Clinical Research Centers Network; comprehensive details of

the STAN trial have been described elsewhere.(12) In short, this was a 24-week trial
investigating whether treatment of chronic sinonasal disease with intranasal corticosteroids
(mometasone 50mcg, 2 sprays per nostril per day) improved asthma control in adults and
children with poorly controlled asthma. The current study included baseline data, and data
obtained after 24 weeks of treatment.

In a separate single center study, the “Effect of BMI on Airway Disease” (EBAD study),
people with and without asthma were enrolled in an observational study prior to bariatric
surgery and asthma control, sinus symptoms and lung function were assessed.

Eligibility criteria

Inclusion criteria for the STAN study were poor asthma control (as defined by a score of 19
or less on the asthma control test),(13) and chronic symptoms of rhinitis and sinusitis (as
defined by a mean score of = 1 on the Sinonasal Questionnaire).(14) Exclusion criteria for
the STAN study were history of an upper respiratory infection within the last 8 weeks; fever
> 38.3-°C within the last 10 days; sinus surgery within the last 6 months; use of systemic

or nasal corticosteroids within the last 4 weeks, or anti-leukotriene medication within the
last 2 weeks; or, a greater than 10 pack year smoking history or smoking within the last 6
months. The current study was limited to adults aged 18 years and older of both sexes who
had airway hyperresponsiveness to methacholine.

Inclusion criteria for the EBAD study for asthmatic participants were as follows: age 18

> years, physician diagnosis of asthma, positive methacholine challenge, and an FEV; of

at least 60%. Inclusion criteria for non-asthmatic participants included age = 18 years, no
physician diagnosis of asthma, negative methacholine challenge test, undergoing bariatric
surgery and an FEV1 > 60%. Exclusion criteria for the EBAD study were chronic lung
disease other than asthma, = 20 pack year smoking history, smoking within the last 6 months
and pregnancy.

Spirometry, methacholine challenge, and nasal lavage

Spirometry (Koko, Ferraris Respiratory Inc., Louisville, CO, USA) and methacholine
challenge were performed as previously described; trial participants in the STAN study
with an FEV4 < 70% did not perform a methacholine challenge.(12) Closing index was
calculated as percent decrease in FVC divided by the percent decrease in FEV1, and airway
narrowing was calculated as percent decrease in FEV divided by FVC during maximal
methacholine induced bronchoconstriction.(15) Nasal lavage was performed as previously
described.(16) Exhaled nitric oxide was measured as previously described and according to
ATS guidelines.(16, 17)

8-isprostane measurement

In the STAN study, 8-isoprostane levels were measured in the nasal lavage fluid at baseline
and end of study (after treatment with nasal placebo or nasal corticosteroid). In the EBAD
study, 8-isoprostanes were measured prior to bariatric study. Levels were measured by assay
of 8-isoprostane levels using the OxiSelect 8-iso-Prostaglandin F2a. ELISA Kit (Cellbio
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Labs, San Diego, CA, USA),(4) The ELISA was run according to manufacturer instructions
—however, to avoid over dilution of the already dilute nasal lavage samples, specimens were
pH balanced using 10N HCI and 10N NaOH prior to addition of any diluent.(20)

Statistical analysis

Data are shown as mean + SD. All data were assessed for homogenous variability using

the Brown and Forsythe’s Test for Homogeneity. All data were found to have homogenous
variability with the exception of 8-isoprostane levels, which required logyq transformation.
Differences between groups were analyzed using T-test, ANOVA or Chi-squared test where
appropriate. Multivariate linear regression was used to investigate the relationship between
8-isoprostane levels with demographic factors (including age, race and sex), and then
markers of disease activity in the STAN study. Univariate regression between 8-isoprostane
levels and markers of disease activity was performed for the EBAD study. Data were
analyzed with GraphPad Prism 8.0.0 (GraphPad Software Inc, La Jolla, CA, USA), SAS 9.4
(SAS, Cary, NC, USA) or STATA 16 (StataCorp, College Station, TX, USA).

RESULTS

Demographics

In participants in the study of sinonasal disease and asthma (STAN), one hundred and two
adult participants completed methacholine challenge testing and had nasal lavage samples.
Table | presents the baseline demographics of those included in the current study according
to BMI group. There was a higher proportion of African Americans in the obese category.
There was a numerically higher closing index in obese participants, as has been previously
described.(18)

In a separate study of the effect of BMI on airway disease (EBAD), there were 34
participants: 13 obese controls and 21 obese people with asthma. Demographics of these
participants can be found in Table I1. There was a majority of females participating

in this study, however the proportions of females did not differ between groups. All
participants were enrolled prior to bariatric surgery, BMI’s were higher than the STAN
study participants, but similar in controls and in participants with asthma.

Airway 8-isoprostanes

We performed a multivariate analysis to determine how demographic factors related to
8-isoprostanes including sex, age, BMI category and race in the model (Table I11). BMI
category and Race were significantly related to levels of 8-isoprostanes in nasal lavage, with
increased BMI associated with higher levels of 8-isoprostanes (Figure 1a), and Caucasian
versus African American Race (Figure 1b) associated with higher levels of 8-isoprostanes.

In the EBAD study—in which all participants were morbidly obese—8-isoprostanes were
not related to BMI (r2=0.01, p=0.66) (Figure E1). As most participants were Caucasian, we
could not determine effects of race. Overall, levels of 8-isoprostanes were significantly
higher in obese controls compared to participants with asthma (T-test, 2.40+0.15 vs
1.81+0.60 logy 8-isoprostane pg/mL, p<0.01) (Figure 2).
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Effect of corticosteroid treatment on 8-isoprostane levels

Association

Association

In the STAN study, 8-isoprostanes were unaffected by the study intervention: there was no
change in 8-isoprostanes in participants receiving 6 months of nasal mometasone (2.15+0.57
logqg pg/mL vs 2.33+0.66 logyp pg/mL; p=0.71), or placebo (2.41+0.53 logyg pg/mL vs
2.32+0.63 logyp pg/mL; p=0.89) (Figure E2).

of 8-isoprostane with lung function

There was no relationship between serum 8-isoprostanes and any lung function parameter in
either study (data not shown).

of 8-isoprostane with nasal and asthma symptoms

In the STAN study, sinus symptoms were quantified using the SNOT22 questionnaire.(19)
8-isoprostane levels were inversely associated with sinus symptoms, independent of BMI
and Race category (p=0.02) (Figure 3). In the EBAD study, sinus symptoms were measured
by the SNQ questionnaire and were inversely correlated with sinus symptoms (r2=0.17;
p=0.02) (Figure 3).

In the STAN study, asthma symptoms were quantified using the Asthma Symptom Utility
Index (20) and the Asthma Control Test.(13) In multivariate regression, including BMI and
Race, 8-isoprostanes appeared to be associated with fewer asthma symptoms, though this did
not reach statistical significance. In the EBAD study, higher 8-isoprostane correlated with
fewer asthma symptoms (r2=0.37; p=0.006) (Figure 4).

DISCUSSION

The lipid peroxidation marker, 8-isoprostane is reported to be increased in people with
severe asthma (21, 22) and also in obese people with asthma.(3) The functional significance
of increased levels of 8-isoprostanes in the airway are not known, but are assumed to

reflect oxidative stress and damage. The goal of the current study was to determine if
8-isoprostanes were associated with pathophysiology of airway disease, particularly in
people with obesity and asthma. We found that nasal lavage 8-isoprostanes are significantly
elevated in proportion to BMI in people with asthma and sinonasal disease, though lower

in African Americans compared with Caucasians (when controlled for BMI). We also found
that levels were higher in obese people without asthma than they were in obese people

with asthma. Levels were not related to lung function abnormalities; higher levels were
associated with fewer sinus symptoms, and also appeared related to fewer asthma symptoms.
Our study suggests that 8-isoprostane levels in the airway do not simply reflect damage and
disease severity, but are likely to be a marker of redox signaling pathways involved in airway
homeostasis that are altered in obesity.

A number of prior publications have measured 8-isoprostanes in the airways of people
with asthma, in exhaled breath condensate, (23) induced sputum(24) and bronchoalveolar
lavage.(21) These studies have reported that 8-isoprostane levels are associated with severe
asthma, but have not determined if this is independent of BMI (obese people tend to have
more severe asthma).(6) Komakula et al found exhaled breath condensate 8-isoprostanes
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levels increased in relation to BMI, but did not determine if levels were related to asthma
severity.(3) Our study shows that while obese people with asthma have higher levels of
airway 8-isoprostanes than lean people with asthma, obese controls have higher levels than
obese people with asthma. These data suggest that the relationship between airway disease
and 8-isoprostanes is driven by BMI rather than asthma.

We found lower levels of nasal lavage 8-isoprostanes in African Americans compared

with Caucasians when controlling for BMI. We are not aware of any previous reports
investigating racial differences in airway 8-isoprostanes. However, others have found lower
systemic levels of 8-isoprostanes in African Americans compared with Caucasians, and
that these lower levels are associated with an increased risk of developing diabetes(25) and
weight gain.(26) It has been suggested that lower levels of 8-isoprostanes might reflect
slower mitochondrial oxidative metabolism, which has been linked to African ancestry.(27)
African Americans have more severe asthma than Caucasian counterparts.(9) Given that
previous work has found that lower 8-isoprostane levels are associated with a predilection
for the development of disease, and our study found that lower 8-isoprostane levels were
associated with worse nasal and asthma symptoms it could be that lower levels of 8-
isoprostane for a given BMI might reflect a maladaptive response rather than be an indicator
of disease activity.

Some prior studies have investigated the relationship between 8-isoprostanes with asthma
symptoms and lung function. Levels in induced sputum increase during exacerbations (28),
this differs from our study which did not assess participants during exacerbations. A few
small studies have assessed the relation between 8-isoprostanes and asthma control, and
found inconsistent results, though none controlled for BMI.(29-31) Our study is the first,

of which we are aware, to investigate the relationship between markers of lung function

and asthma symptoms when controlling for BMI, and suggest that while levels go up in
relation to BMI, there is no relationship to lung function, and perhaps an inverse relationship
with asthma symptoms. Together, our current study and prior publications suggest that
8-isoprostanes are not useful to monitor chronic disease activity in people with asthma.

We found that higher levels of 8-isoprostanes correlated with fewer sinus symptoms (all
participants in the STAN study had chronic sinonasal disease and asthma), and were
unaffected by topical corticosteroids. We are not aware of any prior studies investigating
the relationship between chronic sinus symptoms and levels of nasal lavage 8-isoprostanes.
Prior studies suggest that nasal lavage 8-isoprostanes are increased during pollen season,
(32) and nasal lavage and exhaled breath 8-isoprostanes are increased after nasal allergen
challenge.(11) This may reflect acute inflammatory changes, and perhaps mirrors the
finding of increased 8-isoprostanes during asthma exacerbations.(28) Our data suggest
that chronically, higher levels of 8-isoprostanes levels are associated with lower levels of
sinonasal symptoms.

It is perhaps unexpected that a marker usually utilized to measure oxidative stress should
have an inverse relationship to symptoms. However, a study describing 8-isoprostane in
exhaled breath condensate levels in adults participating in the Epidemiological Study of
the Genetics and Environment of Asthma found that higher levels tended to be associated
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with a lower risk of poor asthma control (odds ratio 0.86 [Cl 0.61-1.22] adjusted for

age, sex and smoking status), whereas fluorescent oxidation products were associated with
in an increased risk of poor asthma control (adjusted odds ratio 1.30 [C] 1.02-1.66]).

(33) This suggests that measuring markers of oxidative signaling may yield different
insights depending on the end product being measured. It is possible that 8-isoprostanes
chronically reflect homeostatic pathways. 8-isoprostanes are formed by peroxidization

of arachidonic acid by free radicals,(34) while in acute inflammatory states these may

be produced by inflammatory cells, chronically one of the major sources of reactive
oxygen species contributing to peroxidation of lipids is ROS production during oxidative
phosphorylation. Higher levels of peroxidation may reflect increased mitochondrial function
rather than inflammation. Oxidative signaling is involved in many critical pathways, and
interpreting increased levels of a single marker as an indicative of damage is clearly an
oversimplification of complicated biologic pathways.

There are some important limitations to the current study. We included only STAN
participants who had a baseline FEV1=70% (and were eligible for methacholine), and the
EBAD study only included those with a baseline FEV1=60%, and so how these data might
relate to those with lower lung function is unclear. Additionally, as all participants had both
severe asthma and chronic sinonasal disease and we do not have controlled groups of asthma
without sinonasal disease and sinonasal disease without asthma, we are unable to determine
whether the changes seen in 8-isoprostane levels are primarily due to asthma, sinonasal
disease or both; however our results are generalizable to those with concomitant sinonasal
disease and asthma. The STAN measurements were on stored samples since the end of the
study: levels of 8-isoprostane might increase with significant storage time and the stability
of 8-isoprostane levels have only been assessed in urine and serum (35, 36); however, we
would anticipate this would affect all samples in a similar manner in this study. The EBAD
study was small single center study and predominately consisted of females. However, the
fact that these two very different populations showed similar results supports the validity of
the findings.

In summary, we have shown that 8-isoprostanes in nasal lavage are increased in proportion
to BMI, and lower in African Americans than in Caucasians. Levels are higher in obese
people without asthma than in obese people with asthma. 8-isoprostane levels are inversely
associated with sinus symptoms, and perhaps asthma symptoms. Our study suggests that
8-isoprostanes are not simply a marker of oxidative damage; high levels in obese subjects
may reflect normal airway homeostasis in obesity rather than active airway disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviation list

ACT asthma control test

ACQ Juniper asthma control questionnaire

ASUI asthma symptoms utility index

BMI body mass index

EBAD Effect of BMI on Airway Disease

FeNO fractional excretion of nitric oxide

FEVq forced expiratory volume in 1 second

FvC forced vital capacity

ICS inhaled corticosteroid

ROS reactive oxygen species

STAN Study of Asthma and Nasal Steroids

SNOT 22 sino-nasal outcome test

SNQ sinonasal questionnaire
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Figure 1: Nasal lavage 8-isoprostane levelsin relation to BM| and Race:
Multivariate regression adjusted for sex, age and race in the model; N=102, Adj R?=0.22 (a)

levels are significantly increased in obese compared with lean and overweight people (p<
0.0001), and (b) levels are higher in Caucasian than African American participants (p=0.01).
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Figure 2. Nasal L avage 8-isoprostane levelsin obese healthy and obese people with asthma.
Overall levels were significantly higher in people without asthma (N=13, 2.40 £ 0.15

logq 8-isoprostane pg/mL) as compared to those with asthma (N=21, 1.81 + 0.60 log1g
8-isoprostane pg/mL), p<0.001, T-test).
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Figure 3: Relationship between sinus symptoms and nasal lavage 8-isoprostane levels.
a) In the STAN study, higher levels of nasal lavage were significantly associated with fewer

sinus symptoms (SNOT 22 questionnaire), (Multiple regression adjusted for BMI and race,
N=101, Adj R?=0.17, p=0.02), and b) in the EBAD study, higher levels of nasal lavage
8-isoprostane were associated with fewer sinus symptoms (Simple linear regression, N=29,
r2=0.21, p= 0.02).
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Figure 4. Relationship between asthma symptoms and nasal lavage 8-isoprostane levels.
a) STAN study: relationship between ASUI scores (higher levels indicate fewer symptoms)

and 8-isoprostane levels, (Multivariate regression including BMI and race, N=102, Adj
R2=0.12, p=0.09). b) STAN study: relationship between ACT scores (higher levels indicate
better control) and 8-isoprostane, (Multivariate regression including BMI and race, N=102,
Adj R?2=0.12, p=0.08). ¢) EBAD study: relationship between 8-isoprostanes and ACQ scores
(lower scores indicate better control) (Simple linear regression, N=15, r2=0.37, p=0.006).
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Table I.
Demographics of STAN study participants
BMI category Lean Overweight Obese p
n 23 (22%) 31 (31%) 48 (47%)
% Female 56.5 62.5 74.5 0.28
Age 37.35+15.95 | 36.78+£12.79 38.6 +13.48 0.84
Race <0.01
Caucasian | 20 (86.9%) 20 (62.5%) 23 (48.9%)
African American 2 (8.7%) 9 (28.1%) 22 (46.8%)
Other 1 (4.4%) 3 (9.4%) 2 (4.3%)

Age of asthma onset 14.09 +16.32 | 13.47+12.44 | 15.85+14.17 0.74
FEV; (%predicted) 89.97+13.16 | 90.82+14.10 | 88.13+15.99 | 0.71
FVC (%predicted) 97.34 +13.24 | 103.10 £14.58 | 96.88 +15.24 | 0.15

FEV,/FVC 0.92 +0.08 0.88 +0.09 0.90 +0.08 0.08
Closing Index 0.70 £ 0.26 0.68 +0.23 0.81+0.18 0.05
Airway Narrowing 0.07 £0.08 0.11+0.06 0.07 £0.08 0.11
PCy 3.31+3.78 2.23+2.88 2.50 + 3.64 0.54

Peak Flow (%predicted) | 87.65+16.22 | 89.13+17.81 | 84.40+18.07 | 0.48
FeNO (ppb) 39.42 £ 27.7 37.69 £33.3 32.10 £ 29.2 0.22
AcT? 1565+2.72 | 1584330 | 1572+342 | 097

Asul® 0.69+0.20 0.72+0.16 073019 | 0.70
SNOT22 41.5+23.9 39.9+217 43.0+22.7 0.83

Values are mean + SD

p-values shown for one-way ANOVA, except for gender and race where a Fischer’s exact test was used.

¥Higher values indicative of better health

Page 15

BMI, body mass index; FEV1, forced expiratory volume in 1s; FVC, forced vital capacity; ACT, Asthma Control Test; ASUI. Asthma Symptom

Utility Index.
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Table Il.

Demographics of EBAD study participants

Controls People with asthma p
n 13 21

Female n (%) 10 (77) 17 (81) 0.79
BMI 456+79 46.9+84 0.90
Age 41.4+85 444 +123 0.45

Age of asthma onset - 23.0+13.7
FEV; (%predicted) ” 97 (78-114) 89 (76-108) 0.07
FVC (%predicted) 935+10.8 90.0+75 0.28
Sinonasal Questionnaire * 0.2 (0-1.2) 1.0 (0-2.4) <0.01

Asthma Control Questionnaire - 0.57 (0-3.3)

Values shows are mean +SD or median (range) for continuous variables

T-Test used to compare continuous variables, except where indicated, and

7LChi—squared analysis to compared proportions

*
Wilcoxon rank-sum used to compare non-normally distributed variable
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Factors affecting 8-isoprostane levels in multivariate regression in STAN study participants

Table Ill.

coefficient (¢]] p
Overweight 0.19 -1.00-0.48 0.17
Obese 0.66 0.38-094 | <0.001
Race ™ -031 -055--0.08 | 001
Sex” -0.07 -0.90-0.15 | 0.5
Age 0 -0.01-0.0 0.45

8-isoprostanes log1( transformed for the analysis

*
Race refers to African American versus Caucasian

f, - .
Sex refers to female versus male in this analysis

Adj R for model=0.22, p< 0.0001
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