
P2X7-Regulated Protection from Exacerbations
and Loss of Control Is Independent of Asthma
Maintenance Therapy

Loren C. Denlinger1, David M. Manthei1, Max A. Seibold2, Kwangmi Ahn3, Eugene Bleecker4,
Homer A. Boushey5, William J. Calhoun6, Mario Castro7, Vernon M. Chinchili3, John V. Fahy5,
Greg A. Hawkins4, Nicolina Icitovic3, Elliot Israel8, Nizar N. Jarjour1, Tonya King3, Monica Kraft9,
Stephen C. Lazarus5, Erik Lehman3, Richard J. Martin2, Deborah A. Meyers4, Stephen P. Peters4,
Dagna Sheerar1, Lei Shi1, E. Rand Sutherland2, Stanley J. Szefler2, Michael E. Wechsler8,
Christine A. Sorkness1, Robert F. Lemanske, Jr.1, and the NHLBI Asthma Clinical Research Network Investigators

1University of Wisconsin School of Medicine and Public Health, Madison, Wisconsin; 2National Jewish Health, Denver, Colorado; 3Pennsylvania State
University, Hershey, Pennsylvania; 4Wake Forest University Health Sciences, Winston-Salem, North Carolina; 5University of California, San Francisco,

San Francisco, California; 6University of Texas Medical Branch at Galveston, Galveston, Texas; 7Washington University, St. Louis, Missouri; 8Brigham

and Women’s Hospital and Harvard Medical School, Boston, Massachusetts; and 9Duke University Medical Center, Durham, North Carolina

Rationale: The function of the P2X7 nucleotide receptor protects
against exacerbation in people with mild-intermittent asthma during
viral illnesses, but the impact of disease severity and maintenance
therapy has not been studied.
Objectives: To evaluate the association between P2X7, asthma
exacerbations, and incomplete symptomcontrol in amorediverse
population.
Methods: Amatched P2RX7genetic case-controlwas performedwith
samples from Asthma Clinical Research Network trial participants
enrolled before July 2006, and P2X7 pore activity was determined
in whole blood samples as an ancillary study to two trials completed
subsequently.
Measurements and Main Results: A total of 187 exacerbations were
studied in 742 subjects, and the change in asthma symptom burden
was studied in an additional 110 subjects during a trial of inhaled
corticosteroids (ICS) dose optimization. AfricanAmerican carriers of
theminorGalleleof the rs2230911 loss-of-function singlenucleotide
polymorphismweremore likely to have a history of prednisone use
in theprevious 12months,with adjustment for ICS and long-acting
b2-agonists use (odds ratio, 2.7; 95% confidence interval, 1.2–6.2;
P ¼ 0.018). Despite medium-dose ICS, attenuated pore function pre-
dicted earlier exacerbations in incompletely controlled patients with
moderate asthma (hazard ratio, 3.2; confidence interval, 1.1–9.3; P¼
0.033). After establishing control with low-dose ICS in patients with
mild asthma, those with attenuated pore function had more asthma
symptoms, rescue albuterol use, and FEV1 reversal (P , 0.001, 0.03,
and 0.03, respectively) during the ICS adjustment phase.
Conclusions: P2X7 pore function protects against exacerbations of
asthma and loss of control, independent of baseline severity and
the maintenance therapy.
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The release of ATP during cell injury is a danger signal to the
airway inflammatory response (1). Levels of ATP in the airway

are elevated after allergen challenge in humans and mice, con-
tributing to production of dendritic cell–derived cytokines im-
portant to efficient recruitment of eosinophils and lymphocytes
and the subsequent development of airway hyperresponsiveness
to methacholine (2). In addition, airway ATP levels are likely
elevated during virus-induced asthma exacerbations in humans
(3) and serve as an airway biomarker of neutrophilic inflamma-
tion during infection (4). The nucleotide receptor P2X7 regulates
this process. This receptor is a trimeric, nonselective cation chan-
nel expressed by leukocytes and epithelial cells that opens a larger
pore on full activation (size restriction 900 Da) (5, 6). Data by
Müller and coworkers (7) in the ovalbumin-sensitized mouse
model suggest that inhibition of P2X7 partially attenuates den-
dritic cell–dependent influx of eosinophils and lymphocytes and
the development of airway hyperresponsiveness and remodeling.
Consistent with a role for this receptor in compartmental recruit-
ment of granulocytes, we have previously shown that P2X7 pore
function correlates with early recruitment of neutrophils in nasal
lavage samples from patients with asthma experiencing a viral-
induced cold (8).

The gene for this receptor (P2RX7) localizes to chromosomal
position 12q24 (9), a minor asthma locus containing multiple
related genes (10–16). P2RX7 is highly polymorphic with more
than 800 single nucleotide polymorphisms (SNPs) (17). At least
10 loss-of-function alleles have been validated in recombinant
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Previous literature shows that the nucleotide receptor P2X7

regulates the development of murine airway allergic hy-
persensitivity and yet protects against virus-induced exac-
erbations in patients with mild-intermittent asthma. The
influences of inhaled corticosteroids or other asthma ther-
apies have not been evaluated.

What This Study Adds to the Field

Attenuated P2X7 pore function occurs in approximately
35% of patients with asthma and increases the risk of ex-
acerbation or loss of control despite maintenance therapy.
These data suggest that this receptor may be involved in
the resolution of airway inflammation and that the immune
mechanisms contributing to exacerbations are distinct from
those related to asthma inception.
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expression systems (18–22); however, the frequency of the minor
alleles for most of these variants is rare (minor allele frequencies
,3%) and contributes to relatively small blocks of linkage dis-
equilibrium for this gene (23, 24). To circumvent these problems,
we have developed a functional screening assay for P2X7 pore
activity that detects the presence of five of the most common loss-
of-function genotypes, and now permits analyses of multicenter
studies (25, 26).

In patients with mild-intermittent asthma at baseline, attenu-
ated P2X7 pore function is associated with a 15-fold increased risk
of exacerbations in the setting of a rhinovirus cold (8). In accord
with this, bronchial epithelial expression of P2X7 confers a small
protective effect in terms of limiting human rhinovirus replication
(27). The direction of these effects in our human studies are in
some ways opposite to that predicted from the role of P2X7

in regulating ovalbumin-induced airway hypersensitivity and in-
flammation in the mouse. Additionally, the ability of maintenance
asthma therapy with inhaled corticosteroids (ICS) to reduce the
risk of exacerbation has not been evaluated with stratification by
P2X7 function. Given this background, and because early in vitro
experiments suggested that corticosteroids have minimal impact
on P2X7 pore activity, we predicted that normal P2X7 function
protects against asthma exacerbations in adults with established
disease, independent of the asthma maintenance therapy.

METHODS

Human Subject Participation

We studied three cohorts within the Asthma Clinical Research Network
(ACRN): (1) a cross section of participants enrolled in ACRN trials
before July 2006, with mild-to-moderate severity at baseline and a di-
verse mix of maintenance therapy; (2) incompletely controlled patients
despite medium-dose ICS during the run-in; and (3) well-controlled
patients using low-dose ICS followed during an ICS-adjustment strat-
egy trial. Details of these trials have been previously published (28–30).
Table E1 in the online supplement also has basic descriptors of these
cohorts. Briefly, ACRN enrolled adults with physician-diagnosed asthma;
harmonized phenotypic data and follow-up were available across the
studies. Asthma exacerbations were defined as new administration of oral
prednisone or other systemic corticosteroids. These analyses were ap-
proved by the ACRN Steering Committee and Data and Safety Moni-
toring Board. Sample collection was described in the trial consent form,
approved by the local Internal Review Board of each clinical center and
signed by each participant.

Measurement P2X7 Pore Activity in Whole-Blood Samples

in Multicenter Trials

Collection of a citrate-anticoagulated whole-blood sample from the sub-
jects in the two prospective cohorts was independent of the randomization
process for the parent trials. Themethods of our pore assay inwhole-blood
monocytes have been described, including refinements to accommodate
loss of viability caused by overnight shipping; nonviable cells were ex-
cluded after pore closure by the addition of propidium iodide (23,
25, 26). The median fluorescence intensity of YO-PRO-1 associated with
viable CD141 cells treated with the P2X7 ligand BzATP was used as the
measure of pore activity, with a receiver operator curve defined threshold
between low and normal pore activity of 382 median fluorescence inten-
sity (31). Pore function was independent of participant age, sex, ethnicity,
and ACRN Center (see Figure E1). Description of the genotyping meth-
ods is provided in the online supplement.

Statistical Analysis

Phenotype data were managed at Data Coordinating Centers of the
ACRN with a database that does not include P2RX7 genetic data. One
author from the Data Coordinating Centers (E.L.) remained masked to
the genetic data and performed matching of the cases with control sub-
jects lacking the history of prednisone. Matching was performed on the
basis of participant-reported ethnicity, sex, and percent predicted

FEV1 at the screening visits. Given our focus on validated loss-of-
function alleles for the ACRN analysis and the trimeric nature of the
receptor that allows cooperative ligand binding (32, 33), the dominant
model was chosen for the primary analysis. The Cochran-Mantel-Haenszel
test was used for a matched case-control analysis of allele frequencies in
the ACRN cross-sectional population. Multivariable logistic regression to
model case-control status was adjusted for the match identifier. For the
pore assay functional analysis, Kaplan-Meier models of the time to first
exacerbation was performed using the log-rank test, and the time to mul-
tiple events was evaluated by a repeated measures proportional hazards
regression model. The changes in secondary endpoints over the duration of
these trials were evaluated by a repeated measures analysis of covariance
model with comparisons made between the low and normal pore groups.
For all considerations, a P value less than 0.05 was considered significant
without adjustment for multiple comparisons.

RESULTS

P2RX7 Genetic Association with Exacerbations in a Cross

Section of ACRN Participants at Enrollment Is Independent

of Maintenance ICS

From 1,435 genotyped samples, we identified 170 case subjects
who were randomized in ACRN trials, and also had a history
of prednisone use in the 12 months before enrollment. Addition-
ally, 481 control subjects were matched from this cohort on the
basis of race, sex, and FEV1. The distribution of cases to control
subjects was as follows: 151 cases with three matched control
subjects each, nine cases with two matched control subjects each,
and 10 cases with one matched control subject. Table 1 shows the
distribution of ethnicity and the baseline phenotype variables.
There was a numeric trend for the cases to have slightly lower
percent-predicted FEV1 values and slightly higher exhaled nitric
oxide measurements. Methacholine responsiveness, sputum eosi-
nophils, and serum IgE values were not different, but the cases
were more likely to be taking ICS or long-acting b2 agonists
(LABA) before trial enrollment (Table 1).

The association of exacerbation status with the minor allele
frequencies of the 10 genotyped SNPs is shown in Table 2, with
adjustment for the matching variable. The minor allele for
rs2230911 was enriched in the cases compared with control sub-
jects, an effect that is driven largely by African American partic-
ipants. The presence of a minor allele for rs2230911 remained
significantly associated with a history of prednisone use in African
Americans using a multivariate logistic regression model with
adjustment for ICS and LABA use (odds ratio, 2.70; 95% confi-
dence interval, 1.18–6.17; P ¼ 0.018).

Attenuated Pore Function and the Time to Exacerbation

in Symptomatic Patients with Moderately Severe Asthma

on Medium-Dose ICS

Given that rs2330911 has been previously validated as a loss-of-
function allele (21, 22), we implemented our pore assay to in-
crease the sample size efficiency in a prospective trial. To assess
whether ICS treatment mitigates against this P2X7-dependent
risk of exacerbation, we performed an ancillary study to an ACRN
trial that targeted symptomatic patients with moderately severe
disease who were believed to be at risk for exacerbation. Par-
ticipants in this trial could not have had a cold within 6 weeks of
enrollment, but were required to have incompletely controlled
asthma symptoms despite medium-dose ICS at the end of the
run-in period (29). Sixty-one subjects had normal pore activity
and 27 had attenuated function; 28 and 33 of the normal pore
subjects were assigned to placebo and clarithromycin treatments
in the parent trial, respectively, whereas this distribution was 15
and 12 for the low pore group (P ¼ 0.403). During the course of
the trial, 17 exacerbations occurred in 14 participants who also
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had available pore assay data. Seven (25.9%) of 27 participants
with low pore function had an exacerbation despite maintenance
ICS, whereas this occurred in only 7 (11.5%) of 61 with normal
pore activity. Figure 1 shows a Kaplan-Meier analysis of the time to
the first exacerbation, with a trend toward an earlier exacerbation
time in the low pore group. Of note, four of these first-exacerbation
events occurred on the day of the bronchoscopy; excluding these
events results in a log-rank P value of 0.027. Additionally, by allow-
ing for multiple events including these procedure-associated pred-
nisone bursts, a proportional hazards model demonstrates a hazard
ratio of 3.2 (95% confidence interval, 1.1–9.3; P ¼ 0.033) asso-
ciating low pore activity with exacerbations. We also assessed
the impact of pore function on the change in asthma control dur-
ing the course of the trial in participants who were only receiving
ICS as their maintenance therapy. Specifically, a logistic regression

model showed an inverse relationship between continuous P2X7

pore function and the likelihood of not having symptomatic im-
provement (change in Juniper Asthma Control Questionnaire
score, .0.5) while on a fixed dose, medium-strength ICS (P ¼
0.049). The direction of this effect suggests that patients with
low pore activity are less likely than those with normal P2X7

function to receive symptomatic improvement on ICS during
the context of a clinical trial.

Attenuated Pore Function and the Return of Asthma

Symptoms in a Mild-to-Moderate Population during

Maintenance Therapy Adjustment

These genetic and functional data suggest that individuals with
low pore activity might have a greater propensity to have asthma

TABLE 1. ACRN PARTICIPANT SCREENING VARIABLES FOR THE MATCHED CASE-CONTROL ANALYSIS

Prednisone Use in the

Prior 12 Months (Cases)

No Prednisone Use in the

Prior 12 Months (Control Subjects) P Value

Total, n 170 481

White, n 103 305

African American, n 40 110

Hispanic, n 17 45

Asian/Pacific Islander, n 7 17

Other, n 3 4

% Female 67.6 67.2

Age, yr 33 6 10 32 6 11 0.581

% Predicted FEV1 80.4 6 14.6 82.7 6 13.5 0.067

Methacholine PC20, mg/ml 0.8 (0.3–2.1) 0.9 (0.4–2.3) 0.359

FENO, ppb (n ¼ 151, 421) 15.8 (10.8–25.8) 14.7 (9.3–22) 0.062

% Sputum EOS (n ¼ 67, 207) 0.3 (0–1.7) 0.4 (0–1.6) 0.987

IgE, IU/ml (n ¼ 52, 220) 156 (44–512) 141 (48–333) 0.288

ICS use, % 88.7 65.4 ,0.001

LABA use, % 50.3 26.7 ,0.001

LTRA use, % 13.9 13.2 0.819

Definition of abbreviations: ACRN ¼ Asthma Clinical Research Network; EOS ¼ eosinophils; FENO ¼ fraction of exhaled nitric

oxide; ICS ¼ inhaled corticosteroids; LABA ¼ long-acting b2 agonists; LTRA ¼ leukotriene receptor antagonists; PC20 ¼
provocative concentration of methacholine.

Cases were defined as the acute use of prednisone in the 12 months before ACRN trial entry. Control subjects were matched by

ethnicity, sex, and percent predicted FEV1. Spirometry data are reported as the means and standard deviations, whereas the

median values and interquartile ranges are shown for the variables requiring log transformation before analysis of variance. The

percent of sputum eosinophils is also reported as the median and interquartile range with comparison by the Kruskal-Wallis test.

Categorical use of any or no ICS, LABA, or LTRA was compared in the two groups by a chi-square test.

TABLE 2. LOSS-OF-FUNCTION P2RX7 MINOR ALLELE FREQUENCIES IN MATCHED ACRN CASES
AND CONTROL SUBJECTS

P2RX7 SNP (Minor Allele,

Genotyping Call Rate) MAF Cases MAF Control Subjects

Cochran-Mantel-Haenszel Odds

Ratio (95% Confidence Interval) P Value

rs656612 (C, 0.969) 0.348 0.390 0.76 (0.53–1.09) 0.121

rs1653583 (T, 0.975) 0.087 0.085 0.92 (0.56–1.50) 0.709

rs28360447 (A, 0.988)* 0.003 0.013 0.23 (0.03–1.79) 0.105

rs507085 (G, 0.985) 0.276 0.290 0.85 (0.60–1.21) 0.329

rs28360457 (A, 0.982)* 0.015 0.013 1.17 (0.41–3.38) 0.816

rs1718119 (T, 0.959) 0.352 0.393 0.74 (0.51–1.06) 0.139

rs2230911 (G, 0.978)* 0.154 0.109 1.74 (1.16–2.60) 0.012

911 White only 0.078 0.089 1.02 (0.55–1.89) 1.000

911 African American only 0.262 0.126 3.44 (1.61–7.38) ,0.001

911 Hispanic only 0.294 0.170 2.68 (0.88–8.49) 0.081

rs2230912 (G, 0.986) 0.132 0.131 0.96 (0.63–1.44) 0.791

rs3751143 (G, 0.972)* 0.151 0.156 0.96 (0.65–1.42) 0.814

rs1653624 (A, 0.982)* 0.018 0.013 1.42 (0.52–3.84) 0.416

Definition of abbreviations: ACRN ¼ Asthma Clinical Research Network; MAF ¼ minor allele frequencies; SNP ¼ single-nucleotide

polymorphisms.

The MAF are listed for the total population because ethnicity was a strict matching variable for the case-control pair definitions.

Blocking on the match variable, the Cochran-Mantel-Haenszel odds ratio, and confidence intervals for the dominant model are

presented with corresponding P values.

* SNPs that have previously been validated as loss-of-function variants (18–24).
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symptoms at baseline or be less responsive to ICS. To determine
whether patients with asthma and low P2X7 pore function are
more likely to have asthma symptoms return after a period of
control, we performed an ancillary study to an ACRN trial that
enrolled subjects with a mild-to-moderate asthma who could
achieve good symptom control during the run-in period while
taking a low-dose ICS as the only maintenance therapy (30).
This trial assessed provider-based, fraction of exhaled nitric
oxide–based, and symptom-based strategies for ICS dose adjust-
ment designed to guide decisions regarding step-up and step-
down therapy in this population, with the main result being
a similar number of treatment failures among the three arms

(30). Pore activity was assessed from 110 of the subjects in
this trial at the time of randomization to three different ICS-
adjustment strategies, and the proportion of subjects with low
pore activity did not differ among the three arms of the trial
(0.40, 0.35, and 0.34; P. 0.1). Table 3 shows the change in several
variables related to asthma control during the 36 weeks of follow-
up in these participants, stratified by pore function. Neither group
had a significant change in their Juniper Asthma Control Ques-
tionnaire score over the course of the trial. By contrast, the indi-
viduals with low pore activity experienced a small increase in their
daily symptom scores over the course of the trial, which corre-
sponded with an increase in rescue albuterol use and an increase
in the bronchodilator-induced percent reversal of FEV1; these
changes were smaller in the normal pore group such that the
comparison between low and normal status remained significant
(Table 3). Both groups had an increase in exhaled nitric oxide and
had trends toward being more responsive to methacholine over
the course of the trial, but these parameters did not differ accord-
ing to P2X7 pore status. Of note, the 30-day average exposure to
ICS was not different between the two groups (mean 6 standard
deviation of the natural log of 30-d ICS dose; low pore, 7.42 6
1.38, normal pore 7.25 6 1.21; P ¼ 0.488).

DISCUSSION

Our initial observations withmild-intermittent people with asthma
are extended in several ways by the main findings of this analysis.
First, adult African American carriers of a loss-of-function
rs2230911 G allele (attenuates P2X7 function in recombinant
expression systems [21, 22]) have an increased frequency of pred-
nisone use in the past year, even after adjustment for ICS and
LABA use. Second, attenuated whole-blood monocyte pore
function was associated with a more rapid rate of exacerbation
in a moderately severe population despite medium-dose ICS.
In contrast to our previous work in people with mild asthma
enrolled at the time of a cold experiencing a loss of control,
the present analysis focused on prednisone use, to be consis-
tent with guideline definition of severe exacerbation. These events
are likely representative of exacerbations from a diverse set of
triggers, particularly in that cold symptoms were not required for
study enrollment. Third, individuals with low pore activity have
a higher asthma symptom burden than those with normal P2X7

activity despite ICS in our prospective studies involving mild and
moderate populations. These data also confirm that attenuated
whole-blood monocyte pore function is common in patients with
asthma, representing 35% of the participants in the two trials
combined. Whether P2X7 function is a biomarker for ICS re-
sponsiveness is an intriguing possibility that requires further
study.

Our study has limitations. First, the genetic case-control de-
sign was retrospective and the prospective functional data were

Figure 1. Kaplan-Meier analysis of time to exacerbation in symptom-

atic patients with moderate asthma at baseline. The survival curves
are shown separated by categories of P2X7 pore function defined

by the receiver-operator curve generated threshold. The solid and

the dashed lines represent the normal and low pore groups, respec-
tively. Dots along these lines are the times of patient censure caused

by completing participation without an exacerbation, including both

the 16 weeks of the study medication and the run-out period; the

variable time of completion is caused by variability in the length of
the run-out. Six of 61 and 2 of 27 subjects in the normal and low pore

groups dropped out of the study before completion of the treatment

period (P ¼ 0.7). The comparison of event rates was performed with

correction for multiple events in a repeated measures proportional
hazards regression model.

TABLE 3. CHANGE IN ASTHMA CONTROL VARIABLES DURING ICS ADJUSTMENT IN PATIENTS WITH MILD ASTHMA
STRATIFIED BY PORE FUNCTION

Change in Endpoints during ICS Adjustment Low Pore (n ¼ 40) Normal Pore (n ¼ 70) Low to Normal

Juniper Asthma Control Questionnaire Average 0.10 (20.14 to 0.35); 0.41 20.07 (20.26, 0.11); 0.44 0.18 (20.13 to 0.48); 0.26

Daily Symptom Diary Scores 0.07 (0.05 to 0.09); ,0.001 0.00 (20.01 to 0.02); 0.97 0.07 (0.05 to 0.10); ,0.001

Rescue albuterol use (puffs/day) 0.26 (0.13 to 0.39); ,0.001 0.09 (0.01 to 0.18); 0.03 0.17 (0.01 to 0.32); 0.03

FEV1-albuterol reversal (4 puffs, %) 2.62 (0.75 to 4.50); 0.007 0.10 (21.28 to 1.48); 0.89 2.52 (0.19 to 4.85); 0.03

Natural log(FENO, ppb) 0.40 (0.10 to 0.70); 0.008 0.51 (0.29 to 0.73); ,0.001 20.11 (20.48 to 0.26); 0.57

Log2(PC20, mg/ml) 20.61 (21.24 to 0.01); 0.05 20.39 (20.85 to 0.07); 0.10 20.23 (21.00 to 0.55); 0.56

Definition of abbreviations: FENO ¼ fraction of exhaled nitric oxide; ICS ¼ inhaled corticosteroids; PC20 ¼ provocative concentration of methacholine.

All data are reported as estimate (95% confidence interval); P value. Data reflect the change in each endpoint from randomization to the end of the treatment period,

with the last column representing the differences between the low and normal pore groups. The P values and 95% confidence intervals are reported from repeated

measures analysis of covariance models.
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collected as an ancillary study. We did not detect differences in
baseline characteristics among subjects in the parent trial with or
without participation in the ancillary study (P. 0.1 in all cases).
Nonetheless, this design restricted our ability to collect addi-
tional samples for mechanistic studies. Second, we cannot rule
out a confounding influence of genetic admixture in our African
American cohort. The ACRN registry included participants from
11 centers across the country, and there were an average of 2.75
control subjects for each case, such that we think this potential
confounding is likely to be small. Finally, there are likely to be
other P2RX7 alleles associated with this effect. Our pore assay
robustly detects the five most common loss-of-function genotypes,
but has a relatively low positive predictive value because of the
presence of samples with additional loss-of-function variants (23).
As such, it is likely that replication efforts to test the P2RX7
genetic association to exacerbation risk will yield other SNPs,
an aspect of reproducibility that is more common for genes with
rare functional variants (34). Despite these limitations, our ge-
netic data in combination with the use of the whole-blood
monocyte P2X7 pore assay as an epidemiologic tool signifi-
cantly strengthens our findings. Deep sequencing of this gene
in a larger study with uniform participant entry criteria and
prednisone-dependent exacerbation data will likely define which
P2RX7 SNPs confer the most risk.

Several potential mechanisms are worth consideration regard-
ing P2X7-dependent protection from exacerbations and asthma
symptoms. First, activation of inflammasome-dependent caspases
leading to proteolytic cleavage of IL-1 family cytokines is a cardi-
nal feature of P2X7. How the production of more IL-1b or IL-18
by persons with normal P2X7 function would be protective from
exacerbations is unclear. Additionally, this effect on IL-1b pro-
duction is only notable at early time points in vitro, whereas
differences in IL-10 production between normal and low pore
groups are sustained for at least 24 hours (25, 35). Second, we
have shown that the early recruitment of neutrophils to the
upper airway directly correlates with P2X7 function and is pro-
tective of exacerbation, potentially by limiting the spread of
infection to the lung (8). Interestingly, P2X7 is involved in the
early steps of granulocyte extravasation before the activation of
the Mac-1/ICAM-1 integrin receptors involved in neutrophil
adherence to endothelial cells, such that the knock-out mouse
has diminished PMN adherence (36). Other possible P2X7-
dependent mechanisms that may be relevant during infectious
triggers of acute asthmatic inflammation include differences in
the rates of epithelial cell apoptosis or macrophage phagocy-
tosis of spent inflammatory cells (37–39). In this case, delayed
epithelial cell apoptosis in individuals with attenuated pore
function could provide an advantage to viral replication (40,
41). Similarly, inefficient P2X7-dependent macrophage phago-
cytosis of apoptotic epithelial cells or neutrophils would likely
prolong the inflammation in the lower airway, consistent with
observations in patients with severe asthma (42, 43). In conclu-
sion, P2X7 function helps protect a diverse group of patients with
asthma from exacerbation and may be important for baseline
symptom control while on maintenance ICS; the precise mecha-
nism warrants further study.
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