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Interestingly, even though significantly fewer IL-17
protein1 cells were seen in ILC3-injected xenografts compared
with positive control grafts injected with IL2-activated PBMCs or
TH17/Tc17 cells (P < .002), ILC3 injection sufficed to induce
psoriatic lesions (Fig 2, A and B).

As expected, the upregulation of T-cell–related dermal
infiltrate markers (ie, CD4, CD8, and plasmacytoid dendritic
cells) (P < .005)9 (Fig 1, J-M) was restricted to positive control
grafts injected with IL2-activated PBMCs or TH17 cells. These
quantitative immunohistomorphomety data at the protein level
were essentially confirmed at the mRNA level by extensive
quantitative RT-PCR analyses for the read-out parameters listed
above (for details, see text in this article’s Online Repository at
www.jacionline.org and Fig E3, D).

To ensure that dermal resident cells or residual CD31 cells
within the purified ILC3s were not involved in psoriasis
induction, a group of grafted mice was sublethally irradiated
before the injection of cultured cells or treated daily with
anti-CD31 cell (OKT3) antibodies for 30 days just after the
cell injections. This demonstrated that neither irradiation nor
injections of anti-CD31 antibodies prevented the induction of
the psoriatic lesions in human skin xenotransplants in vivo by
autologous ILC3s (Fig 2, F-L). Furthermore, the psoriasis-
inducing activity in human skin in vivo appeared to be
T-cell–independent and was specific to ILC3, but not to ILC1
or ILC2 cells (Fig E4, A-D).

To our knowledge, the current study provides the first
functional evidence that ILC3 cells are not only numerically
increased in human psoriatic skin but can actually drive
development of the human psoriatic phenotype and are suffi-
cient to do so, even in the absence of TH17 cells. This obser-
vation, combined with the fact that ILCs promote T-cell
activation,E8 strongly supports the assumption that ILC3s
and not TH17 may play an initiating role in the pathogenesis
of psoriasis1 and thus the clinical utility of targeting ILC3
cells.
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Glutathione and arginine levels:
Predictors for acetaminophen-
associated asthma exacerbation?
To the Editor:
We recently demonstrated that as-needed use of acetamin-

ophen (vs ibuprofen) was not associated with a higher
incidence of asthma exacerbations or worse asthma control
in young children with mild persistent asthma.1 However,
given prior epidemiological observations of more frequent
acetaminophen use and greater asthma impairment in
children,2 it remains unclear whether there are subgroups of
children with asthma at increased risk for poorer outcomes
with acetaminophen exposure. The purported mechanism link-
ing asthma and acetaminophen is a reduction in the antioxidant
glutathione, which conjugates acetaminophen for excretion.
While this process is crucial for detoxification, it also irrevers-
ibly consumes glutathione stores, resulting in increased and
prolonged circulation of highly reactive intermediates (ie,
‘‘oxidant stress’’).

Abnormalities in glutathione and arginine metabolic pathways
have been described in asthma, albeit in isolation,3,4 but each may
potentially disrupt the balance of endogenous oxidation-
reduction (redox) reactions and contribute to oxidant stress.
Whereas glutathione is a tripeptide thiol antioxidant, arginine is
a conditionally essential amino acid that functions as the obligate
substrate for nitric oxide production through the actions of the ni-
tric oxide synthase (NOS) enzymes. The paradigm uniting these
mechanisms involves S-nitrosoglutathione, an endogenous
airway smooth muscle relaxant that is decreased in the airways
of patients with asthma. Low glutathione contributes to dysfunc-
tion of NOS enzymes, resulting in decreased coupling of nitric ox-
ide to glutathione to form S-nitrosoglutathione, with increased
reactive nitrogen species formation. In addition, low arginine
bioavailability results in decreased substrate availability for
NOS isoforms, resulting in less S-nitrosothiol formation and
increased bronchoconstriction.

Inflammation simultaneously upregulates NOS and the
arginine-consuming enzyme arginase, found to be elevated in
children with asthma.4 Arginase metabolizes arginine away from
nitric oxide production toward ornithine and downstream byprod-
ucts of proline and polyamines, which can contribute to airway
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TABLE I. Plasma and erythrocyte glutathione, arginine, and ornithine concentrations according to baseline features

Variable Grouping N

Plasma (mmol/L) Erythrocyte (mmol/g hemoglobin)

Glutathione Arginine Ornithine Glutathione Arginine Ornithine

Age (mo) 12-24 36 1.4 6 1.0 33.5 6 14.0 29.0 6 10.3 3.0 6 0.9 0.07 6 0.05 1.5 6 0.6

24-36 51 1.2 6 0.8 38.3 6 15.2 30.1 6 9.9 2.6 6 1.0 0.06 6 0.04 1.6 6 0.7

36-48 77 1.3 6 0.9 41.7 6 19.3 36.2 6 14.4 2.7 6 1.2 0.06 6 0.06 1.5 6 0.7

48-60 96 1.3 6 0.7 43.3 6 19.5 34.9 6 14.0 2.6 6 1.1 0.08 6 0.08 1.7 6 0.8

Sex Female 102 1.2 6 0.9 40.7 6 18.6 34.4 6 14.8 2.9 6 1.1 0.07 6 0.07 1.6 6 0.7

Male 158 1.3 6 0.8 40.4 6 18.0 33.0 6 12.0 2.6 6 1.1 0.07 6 0.06 1.6 6 0.7

Race White 129 1.3 6 0.9 39.8 6 17.8 34.9 6 13.2 2.7 6 1.0 0.06 6 0.04 1.6 6 0.6

Nonwhite 131 1.2 6 0.8 41.2 6 18.7 32.2 6 13.1 2.7 6 1.1 0.08 6 0.08 1.6 6 0.8

Tobacco exposure No 167 1.3 6 0.8 39.9 6 18.8 33.8 6 13.3 2.6 6 1.0 0.06 6 0.04 1.6 6 0.7

Yes 93 1.2 6 0.9 41.6 6 17.1 33.0 6 13.1 2.8 6 1.1 0.08 6 0.08 1.6 6 0.7

Wheezing episodes (past year) 0 6 1.4 6 0.9 43.8 6 13.2 36.3 6 10.4 3.3 6 1.0 0.08 6 0.07 1.7 6 0.6

1-3 68 1.2 6 0.7 43.6 6 18.2 34.0 6 12.3 2.3 6 0.9 0.08 6 0.08 1.6 6 0.6

4-6 107 1.2 6 0.8 39.7 6 18.8 33.8 6 12.7 2.8 6 1.1 0.06 6 0.06 1.6 6 0.7

>6 79 1.5 6 1.0 38.7 6 17.6 32.6 6 14.8 2.9 6 1.1 0.07 6 0.05 1.7 6 0.8

Emergency department visits (past year) 0 38 1.2 6 1.0 37.1 6 19.3 33.9 6 13.9 2.3 6 1.0 0.07 6 0.08 1.4 6 0.6

1-2 91 1.3 6 0.7 42.0 6 17.0 34.0 6 14.0 2.7 6 1.1 0.07 6 0.06 1.6 6 0.6

3-4 67 1.3 6 0.8 40.5 6 20.2 34.1 6 12.7 2.8 6 1.1 0.07 6 0.06 1.6 6 0.6

>4 64 1.3 6 1.0 40.3 6 17.2 32.0 6 12.4 2.8 6 1.0 0.06 6 0.05 1.8 6 0.9

Systemic corticosteroid courses (past year) 0 67 1.3 6 0.8 41.9 6 19.2 35.1 6 14.1 2.6 6 1.2 0.07 6 0.08 1.5 6 0.7

1-2 138 1.3 6 0.9 40.1 6 17.1 33.2 6 13.0 2.7 6 1.0 0.06 6 0.06 1.6 6 0.6
>_3 54 1.2 6 0.7 40.1 6 19.9 32.4 6 12.8 2.8 6 1.1 0.07 6 0.05 1.8 6 0.8

Run-in asthma control days (% of days)* <70 37 1.4 6 0.9 42.5 6 22.6 38.4 6 15.7 2.8 6 1.1 0.05 6 0.03 1.5 6 0.5

70-90 79 1.2 6 0.8 38.8 6 17.3 32.1 6 12.7 2.7 6 1.1 0.07 6 0.05 1.5 6 0.6

>90 132 1.3 6 0.8 40.7 6 17.5 32.8 6 12.4 2.7 6 1.1 0.07 6 0.07 1.7 6 0.7

Blood eosinophils (per mL) <200 97 1.2 6 0.9 41.2 6 17.6 33.8 6 13.3 2.6 6 1.0 0.08 6 0.07 1.7 6 0.8

200-400 62 1.3 6 0.9 39.9 6 20.6 33.5 6 15.2 2.7 6 1.0 0.06 6 0.05 1.5 6 0.6

>400 73 1.2 6 0.8 40.5 6 15.4 33.5 6 12.6 2.8 6 1.2 0.07 6 0.06 1.6 6 0.7

Serum IgE (kU/L) <50 103 1.3 6 0.8 42.1 6 21.2 34.7 6 14.0 2.7 6 1.0 0.07 6 0.07 1.7 6 0.8

50-150 78 1.2 6 0.9 37.4 6 14.3 32.9 6 13.5 2.8 6 1.1 0.07 6 0.05 1.6 6 0.6

>150 77 1.2 6 0.8 42.0 6 17.1 32.8 6 11.8 2.6 6 1.1 0.07 6 0.06 1.5 6 0.6

Aeroallergen sensitization� No 145 1.3 6 0.8 40.5 6 19.9 34.0 6 13.9 2.6 6 1.0 0.07 6 0.06 1.6 6 0.7

Yes 113 1.3 6 0.9 40.8 6 15.7 33.0 6 12.3 2.8 6 1.2 0.07 6 0.06 1.5 6 0.6

Data represent the mean 6 SD. Results are not statistically significant at P < .05.

*Defined as full calendar days without asthma symptoms, rescue medication use, or unscheduled health care visits.

�Defined as a specific IgE value of >_0.35 kU/L.
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remodeling and smooth muscle proliferation. Arginine/ornithine
is a biomarker of arginase activity found to be a better reflection
of arginine bioavailability than arginine alone.5

We therefore questioned whether systemic glutathione,
arginine, and ornithine might be useful biomarkers for prediction
of asthma exacerbation in children. We hypothesized that
systemic glutathione levels would associate with measures of
arginine bioavailability, and decreased glutathione and arginine
availability would associate with more frequent asthma
exacerbations in children treated with acetaminophen. We
performed a secondary analysis of our aforementioned clinical
trial in preschool children with mild persistent asthma
(NCT01606319).1 Details of that study are provided in this
article’s Online Repository at www.jacionline.org. Blood samples
were obtained at randomization after a 2- to 8-week run-in with
inhaled fluticasone or placebo; parents were also discouraged
from administering over-the-counter acetaminophen or ibuprofen
during the run-in period. Blood samples were analyzed for
glutathione (reduced plus oxidized forms) and arginine and
ornithine as previously described.6
Plasma and erythrocyte samples were available from 261 of
300 children; features of these children and baseline
glutathione, arginine, and ornithine values are presented in
Table E1 in this article’s Online Repository at www.jacionline.
org. Correlations between these values are shown in Fig E1
in this article’s Online Repository at www.jacionline.org.
Glutathione values were modestly positively correlated with
ornithine in the plasma, whereas arginine and ornithine values
were highly positively correlated in both the plasma and
erythrocytes in raw analyses and after logarithmic transforma-
tion to account for outliers (Fig E1). Baseline glutathione,
arginine, and ornithine values did not differ between
children treated with fluticasone versus placebo during the
run-in period (see Fig E2 in this article’s Online Repository at
www.jacionline.org) and were also not associated with
demographic characteristics such as age group or features of
allergic sensitization or asthma impairment (Table I). There
were also no associations between baseline glutathione,
arginine, and ornithine values and asthma exacerbations over
the 48-week treatment period in univariate analyses (Fig 1) or
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FIG 1. Baseline plasma (A) glutathione, (B) arginine, and (C) ornithine concentrations (mmol/L) and

erythrocyte (D) glutathione, (E) arginine, and (F) ornithine, concentrations (mmol/g hemoglobin), stratified

by the number of exacerbations over 48 weeks. Circles represent individual participants; bars represent the
median.
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after adjustment for age group and acetaminophen versus
ibuprofen treatment assignment (see Table E2 in this
article’s Online Repository at www.jacionline.org). Plasma
and erythrocyte values, stratified by acetaminophen versus
ibuprofen treatment assignment and the number of
exacerbations, are provided in Tables E3 and E4 in this article’s
Online Repository at www.jacionline.org. Baseline levels of
glutathione, arginine, and ornithine also failed to predict the
time to first exacerbation in univariate analyses or after
adjustment for as-needed acetaminophen versus ibuprofen
treatment and asthma controller medication receipt (ie, daily
inhaled fluticasone, as-needed inhaled fluticasone, or
montelukast) before the exacerbation onset (see Fig E3 in
this article’s Online Repository at www.jacionline.org).
Logarithmic transformation of the biomarkers did not yield
different results in time to exacerbation analyses (data not
shown).

In this secondary analysis, we failed to detect associations
between baseline systemic measures of glutathione, arginine, and
ornithine and asthma exacerbations in young children with mild
persistent asthma. A strength was the prospective assessment of
exacerbations in the context of highly supervised asthma
controller therapy, thus reducing the potential confounding
effects of asthma medication adherence or other factors that
might contribute to poor asthma control. To our knowledge, this is
also the first study to characterize plasma and erythrocyte
concentrations of glutathione, arginine, and ornithine in young
children with mild persistent asthma. Although variability in the
concentrations was noted, the plasma levels are similar to those
reported in children with asthma.4,7
Nonetheless, there are limitations, including the lack of a
healthy control group and the cross-sectional nature of the
sample collection. We are therefore unable to comment on the
longitudinal stability of the measures during health or acute
exacerbations. Our focus on systemic samples is also a
limitation because airway and systemic redox pools are not
necessarily in equilibrium, particularly in cases of milder
asthma in which inflammation is likely localized to the
airways. Because this study evaluated young children with
mild persistent asthma only, associations in older children or
in children with more severe asthma remain unknown.
Indeed, other reports have noted decreased expression of
acetaminophen-metabolizing enzymes and glutathione in
children with severe asthma after acetaminophen exposure.8

These previous reports do provide mechanistic feasibility to
reports of asthma-related complications associated with
frequent acetaminophen use. Likewise, arginine bioavail-
ability has also been associated with airflow abnormalities in
severe asthma9 and may play an important role during acute
exacerbations.4

Our findings are not definitive, but we have provided some
novel insight regarding glutathione and arginine bioavailability in
young children with mild asthma. Further studies are still
needed in heterogeneous populations to better understand
temporal associations between these biomarkers, developmental
maturation, and exacerbations of asthma in early childhood.

Claudia R. Morris, MDa

David T. Mauger, PhDb

Jung H. Suh, PhDc

Wanda Phipatanakul, MD, MSd

William J. Sheehan, MDd
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A type III complement factor D
deficiency: Structural insights for
inhibition of the alternative pathway
To the Editor:
We investigated an alternative complement pathway (AP)

deficiency in a patient with absent alternative pathway hemolytic
activity but normal classical pathway hemolytic activity
recovering from invasive meningococcal infection (for patient
and sibling details, see Patient details in this article’s Online
Repository at www.jacionline.org). Serum reconstitution with
proximal AP components suggested a factor D (FD) deficiency
(Fig 1, A). Sanger sequencing of CFD identified a rare
homozygous missense mutation (c.602G>C) in exon 4 in the
patient (II-1) and sibling (II-2), resulting in an arginine to proline
substitution (p. R176P) (see Fig E1, A, and reference E9 in this
article’s Online Repository at www.jacionline.org). This
genotype cosegregated with an alternative pathway hemolytic
activity–null phenotype, as the parents, both heterozygotes, had
normal alternative pathway hemolytic activity (Fig 1, B). In
contrast to previously confirmed FD deficiencies,1-3 all members
of the pedigree had normal levels of circulating FD, as
corroborated by Western blot (see Fig E1, B). Meanwhile,
identical circular dichroism spectra and melting curves of
recombinant wild-type (WT) and R176P FD precluded gross
changes in FD structure or stability, suggesting a functional
deficiency (Fig 1,C, and see Fig E1,C). We assessed the cleavage
of C3b-bound factor B (FB) by recombinant WT and mutant FD
(R176P, R176A, R176Q). WT FD could cleave C3b-bound FB to
produce fragments Bb and Ba. Conversely, R176P FD
demonstrated diminished in vitro catalytic activity at all
concentrations and had negligible activity at physiological
concentration (0.04 mmol/L) (Fig 1, D, and see Fig E1, D).
Reconstitution of FD-depleted serum with R176P FD also
demonstrated impaired AP-mediated hemolysis (see Fig E1, E).

FD’s serine protease activity depends on obligatory binding to
the C3bB complex via 4 exosite loops (residues 132-135,
155-159, 173-176, 203-209). This leads to rearrangement of the
self-inhibitory loop (199-202), allowing realignment of His41
and Asp89 with Ser183 to form the active catalytic triad (see Fig
E2,A andB, in this article’s Online Repository at www.jacionline.
org).4,5 Mutation R176P lies outside the active site, within one of
the FB-binding exosite loops.We used molecular dynamics (MD)
stimulations to study how the R176P mutation affects the FD
protein fold (see Fig E2, C). In mutant FD, we observed a
rearrangement of the exosite loop 155-161within 50 nanoseconds
of simulation (Fig 2, A). This was unexpected because loop
155-161 was not in direct contact with residue 176. Average
structures generated from the final 50 nanoseconds of simulation
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METHODS
The Acetaminophen versus Ibuprofen in Children with Asthma (AVICA)

trial was a multicenter, randomized, double-blind, parallel trial of as-needed

acetaminophen versus ibuprofen for fever and pain in children aged 12 to

59 months with mild persistent asthma (ClinicalTrials.gov number,

NCT01606319).E1 Asthma medications were controlled in a simultaneous,

factorially linked, randomized, double-blind, double-dummy, triple-crossover

trial (ClinicalTrials.gov number, NCT01606306).E2 After a 2- to 8-week run-

in period, which varied according to symptom presentation and prior medica-

tion exposure, children entered the treatment portion of the study, where they

were randomized to 3 sequential 16-week treatment periods with 1 of the

following agents: (1) fluticasone propionate-HFA (Flovent-HFA 44 mg/actua-

tion), 2 inhalations twice daily, (2) montelukast 4 mg granules (or chewable

tablet) once daily at night, and (3) fluticasone propionate-HFA (Flovent-

HFA 44 mg/actuation), 2 inhalations plus 2 inhalations of albuterol sulfate

(90mg/actuation) administered as needed for symptom relief. Inhaledmedica-

tionswere deliveredwith a valved holding chamber and facemask. Therewere

nowashouts between study treatments. Participants were randomized in 2 pro-

cesses: one to determine the sequence of asthma controller therapy, and the

other to determine which blinded antipyretic/analgesic medication was to be

administered as needed during the course of the 48-week trial.

Acetaminophen suspension (160 mg per 5 mL; Little Fevers by Little

Remedies [grape flavor], Medtech Products, Irvington, NY) and ibuprofen

suspension (100 mg per 5 mL; Children’s Advil [grape flavor], Pfizer

Consumer Healthcare, New York, NY), which had similar taste and

appearance, were placed in identical packaging for the 2 treatment groups.

Parents or legal guardians were also provided with clear oral and written

instructions for administering themedication according to the typical indicated

use in home care as needed for pain, fever, or discomfort, with no more than 1

dose every 6 hours. The dosing strategy was in accordance with dosing

guidelines of the American Academy of Pediatrics3 (15mg/kg acetaminophen

or 9.4mg/kg ibuprofen every 6 hours as needed) and ensured that thevolume of

a single dose was the same for each medication (0.47 mL/kg per dose).

The Asthma Network (AsthmaNet) of the National Heart, Lung, and Blood

Institute (NHLBI) funded the studies. The protocol was developed by the

AsthmaNet Steering Committee and was approved by an NHLBI protocol

review committee and data and safety monitoring board, as well as the

institutional review board at each participating site. Parents or legal guardians

provided written informed consent for all participants.

Trial participants
Inclusion criteria for study entry varied according to current asthma

medication usage. To encourage recruitment and generalization of results, this
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protocol enrolled inhaled corticosteroid (ICS) and leukotriene receptor

antagonist (LTRA)-naive children treated only with intermittent short-acting

beta-agonists (SABAs) who required step-up therapy, as well as children

currently treated with daily low-dose ICS, daily LTRA, or intermittent ICS or

LTRA. Children not receiving an ICS or LTRA at any time over the preceding

6 months were eligible for inclusion if they had at least 1 of the following

features: (1) daytime asthma symptoms more than 2 days per week (averaged

over the preceding 4 weeks), (2) at least 1 nighttime awakening from asthma

over the preceding 4 weeks, (3) 2 or more asthma exacerbations requiring

systemic corticosteroids in the preceding 6 months, or (4) 4 or more wheezing

episodes, each lasting 24 hours or more, in the preceding 12 months. Children

receiving an ICS or LTRA at any time (ie, daily or intermittently) over the

preceding 6 months were eligible for inclusion if they had at least 1 of the

following features: (1) receiving ICS or LTRA for more than 3 months (or

more than 90 days) out of the preceding 6 months (or 180 days), (2) daytime

asthma symptoms more than 2 days per week (averaged over the preceding

4 weeks), (3) at least 1 nighttime awakening from asthma over the preceding

4 weeks), (4) 2 or more asthma exacerbations requiring systemic corticoste-

roids in the preceding 12 months, or (4) 4 or more wheezing episodes, each

lasting 24 hours or more, in the preceding 12 months.

A child was considered ineligible for initial study entry if he or she had a

history of allergic reaction to the study medications or any component of the

study drugs, other chronic medical disorders that could interfere with drug

metabolism or drug-related safety, comorbid wheezing disorders associated

with wheezing such as premature birth before 35 weeks’ gestation or airway

anomalies, failure to thrive, or history of a near-fatal asthma exacerbation

requiring assisted ventilation. During the run-in period, children were

considered ineligible for randomization if they (1) displayed inadequate

adherence to the study protocol (ie,<75% of electronic diaries completed), (2)

experienced an asthma exacerbation requiring systemic corticosteroids, (3)

had daily asthma symptoms if not taking asthma controller therapy, or (4) had

asthma symptoms more than 2 days per week if taking asthma controller

therapy.

Trial run-in period
During the run-in period, each child received 1 oral medication and 1

inhaled medication for daily use. Each participant also had access to an

open-label short-acting bronchodilator (albuterol sulfate, 90 mg each,

GlaxoSmithKline, Research Triangle Park, NC) and open-label prednisolone.

Open-label, over-the-counter acetaminophen or ibuprofen products were

discouraged during the run-in period. The run-in duration was based on

whether or not the child was currently receiving step 2 therapy (ie, daily low-

dose ICS or LTRA) according to national treatment guidelinesE4 and whether

or not the child qualified on the basis of exacerbation history. Children not on

step 2 therapy during the 6 months before enrollment (including children who

received ICS or LTRA intermittently) received placebo oral and inhaled ther-

apy during the run-in. The run-in was completed in 2 weeks if the participant

had a previous exacerbation requiring systemic corticosteroids. If the

participant did not have an exacerbation, the run-in period could be extended

up to 8 weeks to elicit symptoms. Children who were receiving step 2 therapy

received active ICS or active LTRA during the run-in period. If the participant

had a previous exacerbation requiring systemic corticosteroids, the run-in was

completed in 2 weeks. If not, the run-in lasted 4 weeks in total. Caregivers re-

corded symptoms, health care utilization, and medication use in electronic di-

aries each day at bedtime (Spirotel, Medical International Research, Rome,

Italy). Children were ineligible for randomization if they (1) completed less

than 75% of daily electronic diaries, (2) received systemic corticosteroids

for an asthma exacerbation, (3) had daily asthma symptoms if not receiving

active therapy, or (4) had asthma symptoms more than 2 days per week if

receiving active therapy.

Statistical methods
Statistical analyses were performed with IBM SPSS software (version 24).

Glutathione, arginine, and ornithine variables were analyzed as raw variables

and also after logarithmic transformation to normalize highly skewed

variables. Baseline features of the participants and differences in baseline

glutathione, arginine, and ornithine values were assessed with chi-square tests

and ANOVA. Post hoc tests were not performed given nonsignificant group

differences. Pearson correlations were used to assess associations between

baseline plasma, arginine, and ornithine measures. Linear regression was used

to assess associations between baseline glutathione, arginine, and ornithine

values and the number of exacerbations over 48 weeks of follow-up. Models

were adjusted for age group (12-24 months, 24-36 months, 36-48 months, and

48-60 months) and as-needed acetaminophen versus ibuprofen use over

48 weeks. Cox regressions were used to assess associations between

glutathione, arginine, and ornithine tertiles and the time to first exacerbation.

Models were adjusted for as-needed acetaminophen versus ibuprofen

treatment and asthma controller medication receipt (ie, daily inhaled

fluticasone, as-needed inhaled fluticasone, or montelukast) before the

exacerbation onset. A significance threshold of .05 was used for all statistical

tests. P values were not corrected for multiple comparisons given the explor-

atory nature of this analysis.
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Raw, R2=0.015, p=0.050
Transformed, R2=0.031, p=0.005
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Raw, R2=0.212, p<0.001
Transformed, R2=0.197, p<0.001

FIG E1. A-F, Associations between plasma and erythrocyte glutathione, arginine, and ornithine concentra-

tions. Plasma and erythrocyte concentrations are expressed as mmol/L and mmol/g hemoglobin, respec-

tively. Solid and dashed lines represent the line of best fit and the 95% CI, respectively. R2 values were

obtained from Pearson correlation coefficients.

J ALLERGY CLIN IMMUNOL

JULY 2018

311.e3 LETTERS TO THE EDITOR



0

2

4

6

0

25

50

75

100

125

0

25

50

75

100

0

2

4

6

0.0

0.1

0.2

0.3

0.4

0.5

0

2

4

6

Placebo Fluticasone Placebo Fluticasone Placebo Fluticasone

Placebo Fluticasone Placebo Fluticasone Placebo Fluticasone

P
la

sm
a 

gl
ut

at
hi

on
e

P
la

sm
a 

ar
gi

ni
ne

P
la

sm
a 

or
ni

th
in

e

E
ry

th
ro

cy
te

 g
lu

ta
th

io
ne

E
ry

th
ro

cy
te

 a
rg

in
in

e

E
ry

th
ro

cy
te

 o
rn

ith
in

e

Raw, p = 0.193 
Transformed, p = 0.190 

Raw, p = 0.935 
Transformed, p = 0.697

Raw, p = 0.552 
Transformed, p = 0.361 

Raw, p = 0.291 
Transformed, p = 0.211 

Raw, p = 0.360 
Transformed, p = 0.346 

Raw, p = 0.570 
Transformed, p = 0.560 

A B C

D E F

FIG E2. A-F, Plasma (mmol/L) and erythrocyte (mmol/g hemoglobin) glutathione, arginine, and ornithine

stratified by placebo versus inhaled fluticasone receipt during the run-in period before sample collection.

Dots represent individual participants; bars and whiskers represent the mean and SD, respectively.
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FIG E3. Time to first asthma exacerbation, stratified by tertile of baseline (A) plasma glutathione, (B) plasma

arginine, (C) plasma ornithine, (D) erythrocyte glutathione, (E) erythrocyte arginine, and (F) erythrocyte orni-

thine. Black hash marks reflect censoring. Models were adjusted for age group (12-24, 24-36, 36-48, and 48-

60 months) and as-needed acetaminophen versus ibuprofen treatment during the 48-week follow-up

period.
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TABLE E1. Features of the participants, as n (%) or mean 6 SD

Feature All trial participants (N 5 300) Participants with blood sample (N 5 261)

Age at enrollment (mo) 39.9 6 13.1 41.0 6 12.9

Age at symptom onset (mo) 13.1 6 10.2 12.9 6 10.3

Males 179 (59.7) 158 (60.5)

White race 148 (49.3) 129 (49.4)

Tobacco smoke exposure 110 (36.7) 93 (35.6)

Wheezing episodes (past year) 5.9 6 5.0 5.9 6 5.1

Emergency department visits (past year) 3.0 6 2.4 3.1 6 2.4

Systemic corticosteroid courses (past year) 1.6 6 1.4 1.6 6 1.5

Run-in characteristics

Fluticasone treatment 189 (63.0) 167 (64.0)

Asthma control days (% of days)* 85.5 6 17.6 85.5 6 17.4

Blood eosinophils (per mL) — 356.2 6 307.2

Aeroallergen sensitization� — 113 (43.3)

Plasma measures (mM)

Glutathione — 1.3 6 0.8

Arginine — 40.5 6 18.2

Ornithine — 33.5 6 13.2

Erythrocyte measures (mmol/g hemoglobin)

Glutathione — 2.7 6 1.1

Arginine — 0.07 6 0.07

Ornithine — 1.6 6 0.7

Features of the participants with available blood samples were not significantly different from those of the larger sample.

*Defined as full calendar days without asthma symptoms, rescue medication use, or unscheduled health care visits.

�Defined as a specific IgE value of >_0.35 kU/L.
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TABLE E2. Linear regressions results with plasma (mmol/L) and erythrocyte (mmol/g hemoglobin) glutathione, arginine, and ornithine

as predictors and the number of exacerbations over 48 weeks as an outcome variable

Model Biomarker

Raw data Transformed data

Unstandardized

coefficient

P value

Unstandardized

coefficient

P valueB SE B SE

Model 1 (univariate) Plasma glutathione 20.043 0.074 .561 20.152 0.188 .418

Plasma arginine 20.002 0.003 .498 20.126 0.142 .377

Plasma ornithine 0.003 0.005 .509 0.080 0.142 .573

Erythrocyte glutathione 0.001 0.058 .987 20.049 0.203 .808

Erythrocyte arginine 20.492 1.024 .631 20.522 1.181 .659

Erythrocyte ornithine 0.154 0.092 .097 0.418 0.249 .094

Model 2 (adjusted)* Plasma glutathione 20.045 0.074 .543 20.149 0.187 .426

Plasma arginine 20.001 0.003 .678 20.090 0.144 .532

Plasma ornithine 0.004 0.005 .354 0.108 0.142 .449

Erythrocyte glutathione 20.007 0.058 .903 20.082 0.203 .686

Erythrocyte arginine 20.352 1.023 .731 20.368 1.179 .755

Erythrocyte ornithine 0.159 0.092 .085 0.429 0.248 .084

Model 3 (adjusted)� Plasma glutathione 20.045 0.074 .542 20.147 0.187 .433

Plasma arginine 20.001 0.003 .689 20.091 0.144 .531

Plasma ornithine 0.004 0.005 .372 0.103 0.143 .471

Erythrocyte glutathione 20.005 0.058 .931 20.075 0.203 .714

Erythrocyte arginine 20.361 1.024 .724 20.376 1.181 .751

Erythrocyte ornithine 0.159 0.092 .085 0.426 0.248 .087

*Adjusted for age group (12-24 mo, 24-36 mo, 36-48 mo, and 48-60 mo).

�Adjusted for age group and as-needed acetaminophen vs ibuprofen treatment assignment over 48 weeks.
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TABLE E3. Plasma glutathione, arginine, and ornithine concentrations (mmol/L) and asthma exacerbations over 48 weeks, stratified by

acetaminophen vs ibuprofen treatment

Biomarker Exacerbations

Acetaminophen Ibuprofen

N

Median (25, 75

percentile) Mean 6 SD N

Median (25, 75

percentile) Mean 6 SD

Glutathione 0 65 1.11 (0.75, 1.65) 1.32 6 0.88 72 1.00 (0.69, 1.47) 1.19 6 0.71

1 35 1.10 (0.61, 1.44) 1.29 6 1.03 30 1.42 (1.02, 2.08) 1.54 6 0.82

2 14 0.84 (0.46, 2.09) 1.22 6 1.00 19 0.89 (0.56, 1.68) 1.15 6 0.83

3 14 1.05 (0.61, 1.36) 1.06 6 0.54 10 1.20 (0.68, 1.47) 1.18 6 0.79

Arginine 0 65 40.68 (31.66, 52.26) 42.78 6 16.94 72 38.03 (27.55, 51.98) 41.76 6 20.07

1 35 33.95 (27.70, 45.54) 37.88 6 15.38 30 32.33 (25.48, 45.83) 34.56 6 12.98

2 14 31.89 (23.87, 43.95) 41.30 6 25.31 19 36.55 (28.01, 45.05) 41.30 6 19.17

3 14 33.79 (23.90, 43.61) 34.41 6 13.55 10 57.70 (27.13, 73.85) 50.85 6 25.57

Ornithine 0 65 33.02 (27.83, 38.95) 35.06 6 12.01 72 29.52 (22.63, 38.38) 31.03 6 12.33

1 35 30.13 (21.67, 39.36) 32.87 6 15.30 30 33.04 (24.65, 40.40) 33.69 6 12.01

2 14 34.62 (25.30, 42.91) 35.25 6 13.86 19 33.24 (23.86, 44.76) 34.81 6 13.21

3 14 33.00 (22.17, 37.61) 30.65 6 10.62 10 38.82 (22.57, 49.33) 38.80 6 15.55

Differences were not significantly different.
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TABLE E4. Erythrocyte glutathione, arginine, and ornithine concentrations (mmol/g hemoglobin) and asthma exacerbations over

48 weeks, stratified by acetaminophen vs ibuprofen treatment

Biomarker Exacerbations

Acetaminophen Ibuprofen

N

Median (25, 75

percentile) Mean 6 SD N

Median (25, 75

percentile) Mean 6 SD

Glutathione 0 65 2.59 (1.59, 3.47) 2.64 6 1.12 72 2.65 (1.99, 3.55) 2.80 6 1.05

1 35 2.74 (1.86, 3.18) 2.64 6 0.98 30 2.37 (1.85, 3.20) 2.57 6 0.91

2 14 2.12 (1.58, 3.51) 2.27 6 1.14 19 3.17 (2.28, 4.01) 3.05 6 1.28

3 14 3.23 (1.70, 3.91) 2.97 6 1.13 10 2.48 (1.41, 3.01) 2.49 6 1.03

Arginine 0 65 0.07 (0.03, 0.10) 0.08 6 0.08 72 0.06 (0.04, 0.08) 0.07 6 0.05

1 35 0.05 (0.03, 0.08) 0.06 6 0.05 30 0.05 (0.03, 0.08) 0.06 6 0.04

2 14 0.05 (0.03, 0.10) 0.07 6 0.06 19 0.05 (0.04, 0.11) 0.08 6 0.06

3 14 0.03 (0.02, 0.10) 0.06 6 0.05 10 0.07 (0.04, 0.12) 0.08 6 0.05

Ornithine 0 65 1.42 (1.13, 1.83) 1.57 6 0.58 72 1.41 (0.94, 1.82) 1.51 6 0.71

1 35 1.47 (1.09, 1.94) 1.59 6 0.68 30 1.51 (1.08, 1.96) 1.59 6 0.68

2 14 1.48 (1.24, 2.14) 1.62 6 0.52 19 1.68 (1.34, 2.11) 1.84 6 0.62

3 14 1.34 (1.08, 2.51) 1.70 6 0.87 10 1.75 (1.24, 2.63) 2.03 6 1.23

Differences were not significantly different.
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