Letter to the Editor

Decreased expression of acetaminophen-
metabolizing enzymes and glutathione in asth-
matic children after acetaminophen exposure

To the Editor:

We have read, with interest, the growing body of literature on
the potential risk of acetaminophen in children with asthma
summarized in the Journal' and elsewhere.? While the causal (or
potentially confounded) nature of the association between aceta-
minophen and asthma remains controversial, we were intrigued
by reports of increased disease severity in asthmatic children
with frequent acetaminophen exposure.”* Others have hypothe-
sized that these findings may be related to alterations in key
antioxidant enzymes such as glutathione S-transferases that
increase acetaminophen risk through decreased glutathione
bioavailability.>

In keeping with this hypothesis, we previously demonstrated
significant depletion of glutathione in children with severe asthma
associated with inhibition of the transcription factor nuclear
factor (erythroid-derived 2)-like 2 (Nrf).” Because Nrf2 also pro-
tects against acetaminophen toxicity through transcriptional reg-
ulation of genes important for phase I and phase II xenobiotic
metabolism, we questioned whether acetaminophen-related

gene expression was similarly impaired in these children. We re-
port that children with moderate-to-severe symptomatic asthma
have decreased mRNA expression of genes encoding the aryl hy-
drocarbon receptor (AHR)/aryl hydrocarbon receptor nuclear
translocator (ARNT) heterodimer, a transcriptional regulator of
toxin metabolism, after ex vivo acetaminophen exposure. These
observations were also associated with decreased expression of
several phase II enzymes such as glutathione S-transferase pi
1 (GSTPI) and blunted extracellular glutathione release. These
findings lend potential biologic plausibility to previously reported
acetaminophen-asthma associations.

Venipuncture for peripheral blood mononuclear cell isolation
was performed in asthmatic children aged 6 to 17 years (n = 11,
64% males) and healthy young adults aged 18 to 30 years (n = 8,
75% males).” CD14" monocytes were isolated with magnetic
beads (Miltenyi Biotec, Cologne, Germany) and recovered for 3
hours at 37 C. Monocytes were treated with =15 pg/mL aceta-
minophen (Sigma-Aldrich, St Louis, Mo) for 1 hour in keeping
with peak plasma concentrations observed in febrile children after
a single 12.5-mg/kg dose.® Cell viability was assessed by using
trypan blue staining and was at least 95% for all experiments.
RNA was isolated,” and mRNA gene expression was determined
by using a real-time PCR array containing 84 genes (Human Drug

TABLE I. mRNA gene expression (2724€T values relative to controls) of phase |l metabolizing enzymes and other related genes in
healthy adult controls and children with moderate-to-severe asthma before and after acetaminophen exposure

Baseline

Acetaminophen (15 pg/mL)

Gene symbol Healthy controls

Moderate-to-severe asthma

Healthy controls Moderate-to-severe asthma

Decarboxylases

GADI 1.30 = 0.79 3.00 £ 341
Dehydrogenases

ALDHIAI 1.06 = 0.34 0.28 = 0.32}
Glutathione peroxidases

GSTM2 1.31 = 1.09 3.66 = 3.30

LPO 1.30 = 1.95 427 £ 3.54
Glutathione S-transferases

GSTPI 1.01 = 0.17 0.87 = 0.35
Hydrolases

EPHXI 1.16 = 0.64 0.50 = 0.30*

FBPI 1.24 = 0.84 0.82 = 0.39
Kinases

HK2 1.11 = 0.44 0.30 = 0.34}

PKM?2 1.02 = 0.26 0.89 = 0.51
Oxidoreductases

BLVRA 1.03 = 0.28 0.58 = 0.24}

BLVRB 1.02 = 0.22 0.58 = 0.34}

MTHFR 1.09 = 0.44 0.59 = 0.37*
Paraoxonases

PONI 1.61 = 1.83 6.35 = 0.39
Transferases

CcoMT 1.04 = 0.30 0.85 = 0.47
Other

MARCKS 1.13 = 0.51 0.59 = 0.53*

SNN 1.05 = 0.35 0.80 = 0.39

ABCBI 1.06 = 0.38 3.33 £ 2.79*

133 = 1.11 19.73 + 21.24*
1.05 = 0.34 0.24 *+ 0.18+
141 = 1.04 6.43 = 5.36%
1.81 = 1.62 29.06 = 2.261
1.01 = 0.13 0.79 = 0.17+
1.17 + 0.54 0.52 = 0.35%
1.14 = 0.68 0.60 = 0.36*
1.10 = 0.41 0.48 = 0.45%
1.13 = 0.20 0.84 = 0.24*
1.05 = 0.33 0.53 = 0.25%
1.03 * 0.25 0.62 = 0.41%
1.34 = 1.08 0.43 = 0.28%
1.05 + 1.04 69.9 + 49.1+
1.02 + 0.20 0.59 = 0.24%
1.24 + 0.65 043 = 0361
1.10 = 0.45 0.53 = 0.34*
111 = 0.55 2.90 * 1.89%

CT, Cycle threshold.
*P <.01 versus controls.
TP <.001 versus controls.
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Metabolism RT? Profiler, SABiosciences, Frederick, Md). Data
were normalized to 5 housekeeping genes (B2M, GAPDH,
ACTB, HPRTI, and RPLI3A), which were used to calculate
change in cycle threshold values for each subject. Extracellular
glutathione release was quantified in the cell culture media by us-
ing HPLC.” Group differences were assessed by using t tests with
a significance level of .01. Pathway analysis was performed with
GNCPro software (SABiosciences).

Asthmatic children (11 = 3 years) had moderate-to-severe
symptomatic asthma with symptoms at least twice weekly or a
history of an emergency visit or hospitalization for asthma within
the preceding 6 months. These children were treated with 455 =
310 pg inhaled fluticasone per day and at least 1 additional
controller medication (montelukast, n = 7; long-acting [3-agonist,
n = 5) and were further characterized by mild airflow limitation
(FEV /forced vital capacity = 0.75 = 0.06) and increased online
exhaled nitric oxide concentrations (48 * 34 ppb). Given age dif-
ferences between the asthmatic and control groups, confirmatory
experiments were also performed on banked RNA samples from 6
atopic, nonasthmatic children with allergic rhinitis (10 = 4 years,
50% males). The atopic nonasthmatic children and the healthy
young adults were not receiving medications.

mRNA expression of cytochrome p450 enzymes did not differ
between children with moderate-to-severe symptomatic asthma
and healthy controls either at baseline or after acetaminophen
exposure. However, children with asthma were characterized by
lower expression of several phase II metabolizing enzymes,
including dehydrogenases, hydrolases kinases, and oxidoreduc-
tases both at baseline and after acetaminophen exposure (Table I).
Although acetaminophen increased the expression of glutathione
peroxidases and paraoxonases in children with moderate-to-
severe asthma, it decreased the expression of other phase II
metabolizing enzymes, including GSTPI, in these children
(Table I). Furthermore, whereas extracellular glutathione release
did not differ between groups at baseline (11 = 6 vs 13 = 6 nM
for control vs asthma), glutathione release increased in controls
after acetaminophen exposure (26 = 4 nM, P = .018) but re-
mained unchanged in children with asthma (17 = 9 nM). This ob-
servation was accompanied by a significant decrease in the
expression of the transcription factor AHR, as well as its hetero-
dimer, ARNT, and a downstream gene, arsA arsenite transporter,
ATP-binding, homolog 1 (bacterial) (ASNAT) (Fig 1, A-C). Path-
way analysis further suggested that impaired AHR/ARNT signal
transduction may underlie the alterations in phase Il metabolizing
enzyme gene expression.

These preliminary observations suggest that acetaminophen
detoxification by AHR/ARNT-mediated signal transduction may
be impaired in symptomatic children with moderate-to-severe
asthma as a function of altered glutathione homeostasis. Given
that AHR also regulates Nrf2, which upregulates genes responsi-
ble for glutathione synthesis and antioxidant defense, these find-
ings are in keeping with our previous observations of impaired
Nrf2 activation and signaling and decreased glutathione availabil-
ity in this population.” Indeed, the mechanisms of AHR and Nrf2
transcription factors are similar, in that both undergo nuclear
translocation upon activation and bind to specific response ele-
ments in the DNA to promote gene transcription. Whether there
is a common mechanism underlying AHR and Nrf2 dysfunction
in children with moderate-to-severe symptomatic asthma is not
clear. Furthermore, because the children enrolled in this study
were treated with a number of asthma-controller medications,
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FIG 1. mRNA expression of (A) AHR, (B) ARNT, and (C) ASNAT1 in healthy
adult controls (AC) and children with moderate-to-severe asthma after 15
ng/mL acetaminophen (APAP) exposure. Baseline expression data from
age-matched, atopic pediatric controls (PC) are also shown for comparison.
*P < .05.

the effect of current asthma treatment as well as other key
asthma-related phenotypic variables on AHR/ARNT signaling
and phase II enzyme-mediated acetaminophen metabolism is
not understood. While we were unable to obtain liver samples
from participating children because of ethical limitations, the
monocytes used here do express cytochrome p450 2E1 and other
phase I metabolizing enzymes similar to other extrahepatic tis-
sues’ and therefore may be useful for future mechanistic studies
of drug metabolism in this population. Although additional
in vivo pharmacokinetic studies are also clearly warranted, these
preliminary findings are intriguing and beg the question whether
there is indeed a vulnerable group of children with moderate-to-
severe symptomatic asthma for whom acetaminophen may pose
an increased risk. However, we caution against the extrapolation
of these findings to the larger population of children with asthma
given limited mechanistic data to either support or refute previ-
ously reported acetaminophen-asthma associations.



J ALLERGY CLIN IMMUNOL
VOLUME mmm, NUMBER um

Susan T. Stephenson, PhD*
Graham Hadley, BS*

Lou Ann S. Brown, PhD*?

Anne M. Fitzpatrick, PhD, MSCR*"

From °the Department of Pediatrics, Emory University School of Medicine, and "the
Children’s Healthcare of Atlanta Center for Developmental Lung Biology, Atlanta,
Ga. E-mail: anne.fitzpatrick @emory.edu.

This work was funded by RO1 NR012021 and was supported in part by PHS grants UL1
RR025008 from the Clinical and Translational Science Award Program, National
Institutes of Health, National Center for Research Resources.

Disclosure of potential conflict of interest: The authors declare that they have no relevant
conflicts of interest.

REFERENCES

1. Allmers H. Frequent acetaminophen use and allergic diseases: is the association
clear? J Allergy Clin Immunol 2005;116:859-62.

2. Holgate ST. The acetaminophen enigma in asthma. Am J Respir Crit Care Med
2011;183:147-8.

3. Beasley RW, Clayton TO, Crane J, Lai CK, Montefort SR, Mutius E, et al. Aceta-
minophen use and risk of asthma, rhinoconjunctivitis, and eczema in adolescents:

LETTER TO THE EDITOR 3

International Study of Asthma and Allergies in Childhood Phase Three. Am J Respir
Crit Care Med 2011;183:171-8.

. Beasley R, Clayton T, Crane J, von Mutius E, Lai CK, Montefort S, et al. Associ-

ation between paracetamol use in infancy and childhood, and risk of asthma, rhino-
conjunctivitis, and eczema in children aged 6-7 years: analysis from Phase Three of
the ISAAC programme. Lancet 2008;372:1039-48.

. Perzanowski MS, Miller RL, Tang D, Ali D, Garfinkel RS, Chew GL, et al. Prenatal

acetaminophen exposure and risk of wheeze at age 5 years in an urban low-income
cohort. Thorax 2010;65:118-23.

. Shaheen SO, Newson RB, Ring SM, Rose-Zerilli MJ, Holloway JW, Henderson AJ.

Prenatal and infant acetaminophen exposure, antioxidant gene polymorphisms, and
childhood asthma. J Allergy Clin Immunol 2010;126:1141-8.e7.

. Fitzpatrick AM, Stephenson ST, Hadley GR, Burwell L, Penugonda M, Simon DM,

et al. Thiol redox disturbances in children with severe asthma are associated with
posttranslational modification of the transcription factor nuclear factor (erythroid-
derived 2)-like 2. J Allergy Clin Immunol 2011;127:1604-11.

. Wilson JT, Brown RD, Bocchini JA Jr, Kearns GL. Efficacy, disposition and phar-

macodynamics of aspirin, acetaminophen and choline salicylate in young febrile
children. Ther Drug Monit 1982;4:147-80.

. Hutson JL, Wickramasinghe SN. Expression of CYP2E1 by human monocyte-

derived macrophages. J Pathol 1999;188:197-200.

doi:10.1016/j.jaci.2011.10.021


mailto:anne.fitzpatrick@emory.edu

	Decreased expression of acetaminophen-metabolizing enzymes and glutathione in asthmatic children after acetaminophen exposure
	References


