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Abstract

The histopathology of severe persistent asthma and chronic
obstructive pulmonary disease is predominantly characterized by
neutrophilic inflammation. It is posited that chronic hypoxia from
hypoventilation in combination with hypoperfusion and hypercapnia
are associated with induction of pulmonary tissue acidosis in
SPA and COPD, which in turn provide ideal conditions to induce
danger-associated molecular patterns, i.e., crystallized and calcium
pyrophosphate. These stimuli in combination with other danger-
related biochemical signals are capable of stimulating an innate
immune receptor (cryopyrin inflammasome, NALP3) and cause
interleukin-1p secretion with subsequent neutrophilic inflammation.
There is evidence to suggest that the mechanisms and pathobiology
associated with chronic hypoxia, reduced perfusion and reoxygenation
in SPA/COPD may exhibit similarities to the biphasic pathobiology
involved in ischemia-reperfusion injury. A rationale is suggested for
trials of IL-1B targeted therapies as an adjunct strategy to control
neutrophilic inflammation in these conditions.
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Bronchial asthma is a heterogeneous inflammatory disorder of
the bronchial airways that is mediated by activated eosinophils.
Evidence supporting this concept includes responsiveness to
corticosteroids in the majority of asthmatics with attenuation
of eosinophilic inflammation. However, the central role of eo-
sinophils in severe persistent asthma has been contested by
data from anti-interleukin-5 monoclonal antibody trials [1] that
demonstrated reduction of eosinophilic inflammation without
improvement in asthma symptomatology. About 10% of asthmat-
ics are refractory to corticosteroid therapy and many of these
patients exhibit neutrophilic and/or a combination of neutrophilic
and eosinophilic inflammation. Observations from a murine
model of steroid-resistant asthma with neutrophilic inflammation
indicated that treatment with dexamethasone was associated with
an increased number of neutrophils in lung tissue and unchanged
numbers of macrophages in broncho-alveolar lavage fluid [2].
Wenzel et al. [3] provided evidence of high neutrophil counts
in bronchoalveolar lavage fluid and bronchial biopsies (endo,

SPA = severe persistent asthma
COPD = chronic obstructive pulmonary disease
IL = interleukin

trans) obtained from corticosteroid-resistant severe asthmatics.
Likewise, patients with chronic obstructive pulmonary disease
exhibit predominantly neutrophilic inflammation and are generally
refractory to beneficial effects of corticosteroids. Consequently,
accumulating evidence suggests that neutrophilic inflammation
may be of significant importance in both conditions. In particular,
SPA (4] is frequently characterized by minimal atopy with low
levels of immunoglobulin E, late onset in life, chronic airflow
obstruction with labile symptomatology, and resistance to high
dose corticosteroid therapy [5]. Traditionally, both conditions are
difficult to treat and are associated with high rates of morbidity,
medical interventions, health costs, and death.

IL-1 family, neglected mediators of neutrophilic inflammation in
SPA and COPD

SPA and COPD have been extensively studied and there ap-
pear to be many interactive molecular events involved in the
pathobiology of these conditions. Several reviews [5,6] have
identified molecular targets to potentially control neutrophilic
inflammation, such as neutrophilic chemotactic factors (leukot-
riene B4, anaphylatoxins C3a and C5a, IL-6, IL-8, IL-17A, and
tumor necrosis factor-alpha), epithelial growth factor receptor,
activated adhesion molecules (integrins, selectins), growth factors
(granulocyte macrophage-colony stimulating factor), and signal
transduction/transcription pathways (nuclear factor-x p, MAP ki-
nases). Surprisingly, the role of IL-1 family members (IL-1p, IL-1a,
IL-18, IL-IR) as potential mediators of neutrophilic inflammation
in SPA/COPD was not mentioned in the cited reviews. A primary
purpose of the present review is to emphasize the involvement
of IL-1p in the pathobiology of these pulmonary disorders based
on new information involving innate immune mechanisms that
stimulate IL-§ secretion and in turn induce neutrophilic inflam-
mation [7].

This discussion will focus on IL-B as the prominent member
of the IL-1 family that causes neutrophilic inflammation. IL-la
and IL-1B are isoforms with similar biological activity, and both
require IL-1R for expression of their biological activity, such as
neutrophilic influx that can be neutralized with IL-IR antagonists.
There are conflicting data regarding the role of IL-18 as a mediator
of neutrophilic inflammation in pulmonary disorders. IL-18 was
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not detected in a murine model of bleomycin-induced neutrophilic
lung inflammation that was shown to be primarily mediated by
IL-1B [8]. Additionally, neutrophilic inflammation was not reduced
in IL-18 receptor knockout mice [8]. In contrast, a murine asthma
model [9] induced by ovalalbumin demonstrated a reduction of
early neutrophil influx in BALF following ovalalbumin challenge if
mice were pretreated with anti-IL-18 or IL-Ira, suggesting media-
tion by IL-1p and IL-18. These different results may reflect varied
biological actions of IL-18 depending on the type of experimental
model as well as intrinsic biological differences between [L-18
and IL-1B [10]. However, there is apparent redundancy in the IL-1
family suggesting that IL-18 may also mediate neutrophilic inflam-
mation. Nevertheless, this article will primarily focus on IL-1B since
the evidence is more substantial and compelling regarding its role
inducing pulmonary neutrophilic inflammation.

Innate immune mechanisms capable of inducing IL-1p secretion

It is known that IL-1B secretion from mononuclear cells can occur
by microbial pathogen-associated molecular pattern stimulation
of innate immune receptors, namely the cytoplasmic cryopyrin
(NALP-3), NALP-1 and Ipaf inflammasomes, and cell membrane
toll-like receptors. PAMPs can also stimulate TLRs 2 and 4 to
secrete TNFa, which in turn can increase transcription of pro-
inflammatory IL-1 genes and subsequent IL-1 o/f production.
All these and other pathways, such as host-derived RNA and
DNA stimulation, can cause secretion of IL-1B [7]. In addition,
a new important pathway for IL-1B secretion was recognized
from the discovery of the cryopyrin inflammasome (NALP-3) by
Hoffman et al. [11] and Martinon et al. [12] who investigated
hereditary cryopyrin auto-inflammatory periodic fever syndromes,
and from in vitro data gathered by other investigators [13,14]. The
combined studies demonstrated that IL-1p secretion can occur
from stimulation of the cryopyrin inflammasome and TLRs 2 and
4 by danger-associated molecular patterns, i.e., crystals of uric
acid and calcium pyrophosphate. The cryopyrin inflammasome
is now considered to be an innate immune sentinel located in
the cytoplasm of monocytes and neutrophils that can detect
the presence of many diverse danger signals, such as intrinsic
particulates (cUA, cCaPP), extrinsic particulates (asbestos, silica,
toxins, alum) [15], and varied biochemical signals, which in turn
induce pro-inflammatory responses by secretion of IL-1.

Proposed pathobiology causing DAMPs formation in SPA/COPD

SPA/COPD exhibit hypoxic tissue environments, primarily due to
impaired ventilation from mucus inspissation, reduced airway
caliber and regional atelectasis. It has also been observed that
hypoperfusion causes pulmonary tissue hypoxia. Harris and co-
workers [16], using positron emission tomography in asthmatics

BALF = broncho-alveolar lavage fluid

PAMP = pathogen-associated molecular pattern
TLR = toll-like receptor

TNFo, = tumor necrosis factor-alpha

cUA = crystals of uric acid

cCAPP = crystals of calcium pyrophosphate
DAMP = danger-associated molecular pattern

with bronchoconstriction induced by methacholine challenges,
observed reduced pulmonary perfusion in localized hypoventilated
regions. Abnormal Va/Q ratios in regions with hypoventilation
revealed hypoxemia with calculated PaO, levels of less than 50
mmHg, caused by hypoxic reflex pulmonary vasoconstriction due
to hypoventilation. Freyschuss et al. [17] reported on hypoxemia
associated with exercise-induced asthma. Abnormal V/Q ratios
during bronchospasm from exercise were attributed to a mixture
of hypoperfusion in hypoventilated regions and hyperinflation
impeding blood flow in other pulmonary locations. Consequently,
chronic hypoxia in SPA/COPD is likely caused by a combination
of ventilation impairment and hypoperfusion, which is essentially
ischemia in this setting.

Numerous studies have demonstrated that hypoxia caused
by ischemia in other organ systems can induce anaerobic me-
tabolism with intracellular and tissue metabolic acidosis from
a combination of lactic acidosis, release of hydrogen ions from
hydrolysis of ATP and accumulation of CO, [18,19]. Ischemic-
induced hypoxia lasting just 2 minutes is known to cause a pH
decrease of several logarithms. Hypoxia induced by the combina-
tion of hypoventilation and hypoperfusion in SPA/COPD is likely
to cause focal anaerobic metabolism and subsequent acidosis.
Support for the presence of acidosis in hypoxic pulmonary tissues
is based on studies by Hunt et al. [20], who described endog-
enous bronchial airway acidification with pH measurements in
the range of 5-6 for symptomatic asthmatics as compared to 7-8
in normal individuals. Similar findings of airway acidification have
been observed in COPD in which pH values were lower compared
to normal (controls) — 7.16 mean value for COPD vs. 7.43 mean
value controls [21] and 6.97 mean value for COPD vs. 7.6 mean
value controls [22]. It appears that acidic conditions exist in SPA/
COPD, providing ideal conditions for crystallization of cUA and
cCaPP, as crystallization and insolubility of UA increase inversely
with pH and CaPP can crystallize optimally in a pH range of 6-7
[23]. Consequently, it is posited that formation of DAMPs is likely
in SPA/COPD, which could cause secretion of IL-1f by stimulation
of the cryopyrin inflammasome.

Other danger-associated biochemical signals associated with
hypoxia and acidosis may occur in these pulmonary conditions.
Reduced pH can disrupt cell mitochondrial ATP production,
creating alterations in ion channels and membrane dissolution.
This can result in intracellular sodium and calcium ion influx
with intracellular hypotonic stress, potassium ion efflux and
subsequent intracellular hypokalemia, which is another powerful
inducer of IL-1B secretion by the cryopyrin inflammasome. In ad-
dition, free ATP from cytotoxic injury can activate purinergic P2X
receptors and cause further efflux of potassium ions. Reactive
oxygen species can be formed during phagocytosis of cUA and
in turn stimulate secretion of IL-1B [15] via the cryopyrin inflam-
masome. The concentrations of UA may increase due to the
combination of xanthine oxidase activation by hypoxia and low
pH, and from purine catabolism in stressed and dying cells.
Higher concentration leads to super-saturation causing spontane-

UA = uric acid
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ous crystallization, especially at low pH [23], which provides
increased cUA mass for cryopyrin inflammasome stimulation.
Pyrophosphates, which are derived from ATP degradation, can
combine with higher intracellular calcium ion concentration to
form calcium pyrophosphates that can crystallize at low pH and
stimulate secretion of IL-1B by the cryopyrin inflammasome.
Moreover, ATP released from cytotoxic injury can bind directly
to cryopyrin, which has ATPase activity that can further induce
hydrolysis of ATP to pyrophosphates. Consequently, conditions
of hypoxia, hypercapnia, focal hypoperfusion and pulmonary tis-
sue acidification circumstantially support the posited hypothesis
that danger signals may be formed - i.e., cUA/cCaPP [13,14],
ATP-dependent activation of the purinergic P2x receptor causing
intracellular hypokalemia ROS [15] in SPA/COPD and cause secre-
tion of IL-1B by stimulation of the cryopyrin inflammasome and
to some extent TLRs 2 and 4.

Evidence for presence of UA in human lung

As previously described, a fundamental part of the posited hy-
pothesis is that pulmonary neutrophil inflammation can be indi-
rectly caused by an increase in DAMPs, particularly UA. A review
of the literature reveals no reports of UA measurements in lung
tissue specimens from patients with SPA/COPD. However, several
investigators detected UA in BALF of humans and suggested
it functions as an antioxidant to neutralize airborne oxidants,
such as nitrogen oxides, ozone and oxidants trapped in cigarette
smoke. Slade et al. [24] measured antioxidants in BALF from 13
healthy volunteers aged 18 to 35 years with no history of allergy,
asthma, acute or chronic respiratory disease or cardiac disorder,
and found a mean UA concentration of 15.88 nanomoles/mg
protein. Crissman et al. [25] demonstrated higher UA in BALF of
smokers (206 ng/ml) vs. non-smokers who were healthy volunteers
(146 ng/ml). Yigla and team [26] reported increased UA concen-
tration in BALF from COPD patients who smoked (mean 0.85 mg/
dl or 5.3 mmoles/L) compared to subjects without COPD who
smoked (mean 0.45 mg/dl or 2.8 mmoles/L). Furthermore, Kelly
et al. [27] demonstrated elevated UA in BALF of asthmatics. It is
of special interest that increased UA in BALF has been shown to
be associated with increased UA concentration in the lung tissue
of an animal model exposed to ozone. In summary, these studies
suggest that uric acid is one of several antioxidants present in
human BALF that can increase in response to inhaled oxidants,
such as cigarette smoke. They also support the concept that
increased UA formation may occur in COPD and asthma, lending
credence to the possibility of increased UA in hypoxic-acidic
neutrophilic pulmonary conditions.

UA's function as an antioxidant to neutralize intrinsic and
extrinsic ROS

It has been proposed that UA in lungs of humans functions
as an antioxidant to neutralize environmental oxidants, such as
ozone, nitric oxides and oxidants in cigarette smoke [24,28]. In
addition, there are animal data [29] supporting the concept that

ROS = reactive oxygen species

UA represents one of several antioxidants present in BALF that
neutralize ROS formed during hypoxic/ischemic conditions and
during oxygenation. Schmidt and co-workers [29], using an ex vivo
model of rabbit lungs, demonstrated that UA concentrations in
BALF increased over time during ischemia in combination with
either anoxia or hyperoxia. Extrapolation of these data to SPA/
COPD is obviously difficult, although it is probable that anoxia
would be present in atelectatic regions and hyperoxia could occur
in regions of improved ventilation from therapeutic interventions
involving oxygen administration, bronchodilators, corticosteroids,
etc. Nevertheless, if anoxia and/or hyperoxia and possibly even
hypoxia exist in areas of reduced or absent perfusion (i.e., isch-
emia), it would be reasonable to speculate that elevated UA
concentrations may occur in SPA/COPD during those conditions.
This concept fits with the posited pathobiology of SPA/COPD that
tissue and cell damage from hypoxia-induced acidosis can result
in increased DAMPs formation, particularly cUA.

Detection of IL-1§ in SPA and COPD

In order to posit the involvement of IL-1p in induction of neutro-
philic inflammation in SPA/COPD, its presence in these conditions
needs to be demonstrated. Borish et al. [30] observed elevated
IL-1B in BALF samples obtained from patients with asthma.
Brasier and associates [31] investigated SPA cytokine profiles
in BALF from patients with mild to severe asthma. Markedly
reduced levels of IL-1B receptor agonist were observed in the
severe asthma phenotype, suggesting enhanced IL-1p signaling.
Tonnel et al. [32] presented evidence of markedly elevated IL-1B
along with other cytokines in BALF from patients with status
asthmaticus. Chung et al. [33] demonstrated the presence of
IL-1B in COPD, and Gessner et al. [34] noted increased IL-1f in
exhaled breath condensates of COPD patients as compared to
normal volunteers. Although other cytokines were elevated in
both conditions, the presence of IL-1p is important as it provides
a trail of evidence for its involvement as a potential mediator of
neutrophilic inflammation in these pulmonary disorders.

Evidence that IL-1f may induce neutrophilic inflammation and
remodeling in SPA/COPD

Results from an animal model support the notion that IL-1f can
cause pulmonary neutrophilic inflammation. Lappalainen and
team (35| studied transgenic mice with human IL-1B expression
in lung epithelium. Induction of IL-1B secretion in murine lungs
caused pulmonary inflammation characterized by neutrophil and
macrophage infiltrates. The histopathology included elastin fiber
disruption, fibrosis in airway walls with increased thickness of
conducting airways, and enhanced mucin production, all features
of SPA and COPD pathobiology.

Ample studies support the relationship between IL-1p-induced
cascade of pro-inflammatory events [36] and neutrophilic inflam-
mation, such as up-regulation of vascular adhesion molecules,
IL-6, IL-8 and IL-17A release, increased neutrophil and monocyte
chemokines (MCP-1), stimulation of phospholipase-A, activation,
and prostaglandin E release.

In addition, there are specific inmune and biochemical path-
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ways that can contribute to neutrophilic inflammation in SPA/

COPD, such as:

e Stimulation of innate immune receptors by microbes/PAMPs
in combination with DAMPs can cause synergistic secretion
of IL-1p with subsequent amplification of neutrophilic in-
flammation. The likelihood of this synergism involving SPA/
COPD is considerable, as microbial infections are commonly
associated with these conditions.

e Dostert et al. [15] provided evidence that cytoplasmic
phagocytosis of cUA, asbestos particles, and silica can
activate NADPH oxidase with generation of ROS, which
in turn stimulate the cryopyrin inflammasome to secrete
IL-1B. The obvious import of these observations is that
generated ROS can induce IL-1p secretion as well as leak
extracellularly to cause direct cell damage and subsequent
neutrophilic inflammatory necrosis.

e IL-1p and other chemotactic stimuli can cause an influx of
neutrophils that may disintegrate at low pH environment
and release lysozymes (i.e., elastase), causing further dam-
age to tissues.

e Experimental asthma studies indicate that IL-1p can induce
differentiation of Th17 cells with secretion of IL-17A that
induces pulmonary neutrophilic inflammation [37].

o Results of exhaled breath condensates from cigarette smok-
ers have demonstrated elevated IL-6 and leukotriene B4,
indicating a correlation between these chemotactic factors
and induction of neutrophilic inflammation in smokers. IL-6
is induced by IL-1B stimulation, suggesting that the latter
has a primary influence in causing neutrophilic inflamma-
tion in lungs of smokers.

o Data suggest that induction of IL-8 (CXCL-8) can be syner-
gized by the combined action of IL-17 and IL-1B on human
airway smooth muscle and cause increased neutrophil mobi-
lization, hyper-responsiveness of the airways and remodeling
in asthma [38]. Increased IL-8 secretion is also common in
the pathobiology of COPD.

e Evidence exists that IL-1B can orchestrate pro-fibrotic and
remodeling events by enhancing fibrosis [8], possibly by
synthesis of hyaluronan [39] and by amplification of IL-13
up-regulation of platelet-derived growth factor that can
stimulate growth of lung fibroblasts.

Inflammasome activation, IL-1B secretion and induction of
pulmonary neutrophilic inflammation

In a unique murine model of bleomycin-induced lung injury,
Gasse et al. [8] demonstrated that IL-1p secretion caused neu-
trophilic chemokine/cytokine (i.e., KC and IL-6) production and
subsequent neutrophilic inflammation with remodeling and
fibrosis. The study also provided conclusive evidence that IL-18
and TLRs were not involved as a cause of this pathobiology.
Additionally, the study demonstrated that IL-1B secretion and
neutrophilic inflammation were dependent on the presence of
the ASC adaptor protein, as ASC knockout mice exhibited no
neutrophilic inflammation or IL-1p secretion. ASC is an essen-
tial adaptor protein involved in oligomerization and activation

of intracellular multi-protein complexes to form cytoplasmic
inflammasomes (NALP-1, NALP-2, NALP-3, and Ipaf), which
require ASC for their function. All but NALP-2 are stimulated by
PAMPs and only NALP-3 is stimulated by DAMPs. Stimulation
of inflammasomes in turn activate caspase-1 to convert stored
pro-IL-1f to 1I-1B that is then secreted from phagocytic cells. The
investigators stated that “bleomycin-induced cell injury resulted
in the release and sensing of DAMPs by the inflammasome.”
Based on this statement from the study authors, it would appear
that cryopyrin NALP-3 was involved in this model since it is the
only ASC-dependent inflammasome activated by DAMPs for IL-1[3
secretion. The type of DAMPs involved in this model was not
established in the study. However, it is known that bleomycin is
a chemotherapeutic agent that interferes in DNA/RNA synthesis
and can cause tumor lysis with degradation of purines and
increased formation. Based on this information, UA [10] would
likely be one of the DAMPs that could stimulate NALP-3. This
investigative model serves as an important template for pulmo-
nary neutrophilic inflammation that may be applicable to SPA/
COPD and other pulmonary neutrophilic inflammatory disorders
as it demonstrated the likely relationship between activation of
NALP-3 inflammasome by DAMPs, i.e., cUA, followed by IL-1f
secretion and subsequent neutrophilic inflammation. Further
validation in animal models of SPA/COPD is warranted.

Parallels between biphasic pathobiology of SPA/COPD and
ischemia-reperfusion injury

Based on composite data from several sources [Table 1] it is
suggested that the phase of hypoventilation/hypoperfusion [29]
with hypoxic-acidosis in SPA/COPD causes increased formation
of DAMPs (cUA), ROS, and IL-1p with subsequent neutrophilia.
It is further suggested that similar pathobiology occurs during
the re-oxygenation phase based on animal studies [29] in which
increased UA production occurred during hyperoxia in combina-
tion with hypoperfusion (ischemia), conditions that are likely
present in SPA/COPD. Several investigators have speculated that
increased UA formation is a homeostatic response to intrinsic

Table I. Similarities between biphasic pathobiology of pulmonary
neutrophilic inflammation and ischemia-reperfusion injury

Pulmonary neutrophilic Ischemia-reperfusion

inflammation injury
Hypoxia Yes [16,17] Yes [7]
Acidosis Yes [20-22] Yes [7,19]
DAMPs, cUA formation Probable (8,23-29] Probable [7]
Inflammasome Probable (8] Unknown, but
stimulation-NALP-3 probable (7]
Evidence of biphasic Yes [2,8,26-29) Yes [2,7,41]

inflammation (increased UA &
neutrophilic inflammation)

During hypoxia Yes [26-29,31,32] Yes [741]

During re-oxygenation with Yes [2,28,40] Yes (during

resistance to treatment reperfusion) [7,41]
Neutrophilic inflammation Yes [2-4) Yes |7)

Numbers represent citations
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ROS formed during phases of hypoxic acidic stress and during
re-oxygenation [24-29]. Increased UA formed during both phases
can transform into particulate urates in low pH conditions, and
with other DAMPs from cell damage cause increased ROS for-
mation, NALP-3 inflammasome stimulation, IL-1} secretion and
progressive neutrophilic inflammation. Thus it is posited that
there are biphasic recurring pathobiological cycles characteristic
of pulmonary neutrophilic inflammation, which may partially
explain slow responsiveness to treatment with oxygen supple-
mentation, bronchodilators, and corticosteroids [3] in SPA and
COPD. Supporting this concept is the likelihood of hypoventila-
tion/hypoperfusion with hypoxic acidosis in SPA/COPD, which can
cause increased formation of DAMPs, particularly UA. Increased
UA has been demonstrated in BALF from COPD subijects [26],
and in BALF from mild asthmatics [27]. Hyperoxic conditions
from high concentrations of administered oxygen in acutely ill
asthmatics and in severe COPD [40] can cause deteriorating
gas exchange and worsening symptomatology. Traditionally, the
explanation for clinical deterioration by oxygen supplementation
has been dampening of hypoxic respiratory drive. However, other
mechanisms may be involved as there is evidence that oxygen
supplementation can increase ventilation-perfusion mismatch.
This could cause localized regions of hypoperfusion with hyper-
oxia, conditions likely to stimulate UA formation and subsequent
neutrophilic inflammation.

Further support is based on observations from the murine
model of Gasse et al [8], which indicates that bleomycin-induced
pulmonary neutrophilic inflammation is caused by IL-1p secretion.
Humans treated with bleomycin often experience lung disease
from this medication and they are at high risk of progressive
lung inflammation following oxygen supplementation during
anesthesia. Based on the posited hypothesis, progressive neu-
trophilic inflammation could evolve from hyperoxia due to oxygen
supplementation during anesthesia, and cause increased ROS, UA
and IL-1p secretion. If this is validated, use of preoperative al-
lopurinol or even IL-1f targeted therapy could potentially reduce
or even prevent postoperative lung injury in bleomycin-treated
patients.

The posited mechanisms for neutrophilic pulmonary con-
ditions, such as SPA/COPD and bleomycin lung injury, have
many similarities to those observed and proposed in ischemia-
reperfusion syndromes [7]. Several ischemia-reperfusion injury
models involving multi-organ systems (pulmonary, cardiac, brain,
renal) [7,41] have demonstrated similar biphasic pathobiol-
ogy with neutrophilic inflammation, characterized by a first
phase during ischemia from hypoxia-induced acidosis and a
second phase during reperfusion (i.e., reoxygenation). Causes
for paradoxical increased neutrophilic inflammation during
reperfusion remain unproven, but one hypothesis suggests it is
caused by increased ROS from improved oxygenation and from
microvascular plugging by stagnant neutrophils and platelets
that cause focal ischemic hypoxic acidosis, DAMPs formation,
activation of NALP3 inflammasome and more IL-1B secretion
[7]. The biphasic pathobiology of ischemia-reperfusion injury
has many similarities with neutrophilic pulmonary conditions,

suggesting that the latter may represent an atypical form of
ischemia-reperfusion injury.

IL-1B targeted therapy in animal models and in SPA/COPD

A review of the literature does not reveal trials with biologic IL-
1B targeted therapy (anakinra, IL-1 TRAP) in patients with asthma
of all severity levels. There is one ongoing study involving COPD
sponsored by a pharmaceutical company but results are not
currently available to the public. One animal study [42] used a
recombinant human IL-1 receptor antagonist in rat and guinea
pig models of allergic asthma. This molecule was administered
by ultrasonic spraying with a reported 94.3% bioavailability via
the intratracheal route. The investigators reported attenuation
of asthmatic symptoms (cough, wheezing, rapid breathing, nod-
ding, jumping and tumbling) following ovalbumin challenge
to ovalbumin-sensitized guinea pigs that were pretreated with
rhiL-ra. Objective data, namely down-regulation of sICAM-1 and
P-selectin expression in the rhiL-ra pretreated guinea pigs, were
consistent with the symptomatic improvement of the rhiL-Ira
treated animals.

Anakinra and IL-1$ TRAP treatment of syndromes characterized
by neutrophilic inflammation, such as cryopyrin auto-inflammatory
periodic fever syndromes, Schnitzler's syndrome, Still's disease
and gout, have been effective with minimal serious adverse
events |7]. Despite these results, the lack of respiratory trials
with IL-1p targeted therapy reflects the current pharmacological
focus on other biologicals, such as TNFa. Recently there has
been a resurgence of interest in IL-1P targeted therapy due to
commercial availability of Kineret®, i.e., anakinra (IL-1 receptor
blocker), and Rilonacept® (IL-1 TRAP).

Summary

The experimental evidence supporting the proposed similarities
between the biphasic pathobiology of neutrophilic inflamma-
tory pulmonary disorders and ischemia-reperfusion injury is
based on a composite of data from varied sources. The author
recognizes that the evidence is not entirely conclusive but sug-
gests there are compelling similarities to encourage validation
of this observation. Hopefully the posited hypothesis involving
IL-1B secretion will encourage trials of IL-1p targeted therapy
in chronic pulmonary neutrophilic inflammatory conditions,
particularly in corticosteroid-resistant SPA/COPD. The author
recognizes that the pathobiological mechanisms involved in SPA/
COPD are complex, multiple and interactive and there is a low
likelihood that interference in one molecular pathway will be
pivotal enough to attenuate all symptomatology. Nevertheless,
there is ample evidence to recommend IL-1p targeted therapy as
an adjunct treatment in combination with established controller
medications.
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rhiL-ra = recombinant human IL-1 receptor antagonist

IMAJ ¢ Vol 10 * December 2008

IL-1pB for SPA and COPD 841



Allergy and Clinical Immunology

References

1.

20.

21.

22.

23.

Leckie MJ, Brinke AT, Khan |, et al. Effects of an interleukin-5
blocking monoclonal antibody on eosinophils, airway hyper-
responsiveness, and the late asthmatic response. Lancet 2000;
356:2144-8.

Ito K, Herbert C, Siegle |S, et al. Steroid resistant neutrophilic
inflammation in a mouse model of an acute exacerbation of
asthma. Am | Respir Cell Mol Biol 2008;39:543-50.

Wenzel SE, Szefler S], Leung DY, Sloan SI, Rex MD, Martin RJ.
Bronchoscopic evaluation of severe asthma. Persistent inflamma-
tion associated with high dose glucocorticoids. Am | Respir Crit
Care Med 1997:156:737-43.

Jatakanon A, Uasaf C, Maziak W, Lim S, Chung KF, Barnes PJ.
Neutrophilic inflammation in persistent asthma. Am | Respir Crit
Care Med 1999;160:1532-9.

Moore WC, Peters SP. Severe asthma: an overview. | Allergy Clin
Immunol 2006;117:487-94.

Barnes PJ. New molecular targets for the treatment of neutro-
philic diseases. | Allergy Clin Immunol 2007;119:1055-62.

Wanderer A. Ischemic-reperfusion syndromes. Biochemical and
immunologic rationale for IL-1 targeted therapy. Clin Immunol
2008;128:127-32.

Gasse P, Mary C, Guenon I, et al. IL-IR1/MyD88 signaling and
the inflammasome are essential in pulmonary inflammation and
fibrosis in mice. | Clin Invest 2007;117:3786-99.

Taube C, Nick JA, Siegmund B, et al. Inhibition of early airway
neutrophilia does not affect development of airway hyperrespon-
siveness. Am | Respir Cell Mol Biol 2004;30:837-43.

. Dinarello CA. Interleukin 1 and interleukin-18 as mediators of

inflammation and the aging process. Am ] Clin Nutr 2006;83:
447-55S.

. Hoffman HM, Wright FA, Broide DH, Wanderer AA, Kolodner RD.

Identification of a locus on chromosome 1qg44 for familial cold
urticaria. Am ] Hum Genet 2000;66:1693-8.

. Martinon F, Burns K, Tschopp J. The inflammasome: a molecular

platform triggering activation of inflammatory caspases and pro-
cessing of prolL-1P. Mol Cell 2002;10:417-26.

. Shi Y, Evans JE, Rock KL. Molecular identification of a danger

signal that alerts the immune system to dying cells. Nature 2003;
425:516-21.

. Chen CJ, Kono H, Golenbock D, Reed G, Akira S, Rock K.

Identification of a key pathway required for the sterile inflamma-
tory response triggered by dying cells. Nature Med 2007;13:851-6.

. Dostert C, Petrelli V, Van Bruggen R, Steele C, Mossman BT,

Tscopp J. Innate immune activation through Nalp3 inflammasome
sensing of asbestos and silica. Science 2008;320:674-7.

. Harris RS, Winkler T, Tgavalekos T, et al. Regional pulmonary

perfusion, inflation and ventilation defects in bronchoconstricted
patients with asthma. Am | Respir Crit Care Med 2006;174:245-53.

. Freyschuss U, Hedlin G, Hedenstierna G. Ventilation-perfusion

relationships during exercise-induced asthma in children Am Rev
Respir Dis 1984;130:889-94.

. Boutilier RG. Mechanisms of cell survival in hypoxia and hypo-

thermia. | Exp Biol 2001;204:3171-81.

. Weinberg JM. The cell biology of ischemic renal injury. Kidney Int

1991;39:476-500.

Hunt J. Fang K, Malik R, et al. Endogenous airway acidification.
Am ] Respir Crit Care Med 2000;161:694-9.

Kostikas K, Papatheodorou G, Ganas K, Psathakis K, Panagou P,
Louikides S. pH in expired breath condensates of patients with
inflammatory airway diseases. Am | Respir Crit Care Med 2002;
165:364-70.

Borrill Z, Starkey C, Vestbo ], Singh D. Reproducibility of exhaled
breath condensate pH in chronic obstructive pulmonary disease.
Eur Respir | 2005;25:269-74.

Grades F Villacampa Al, Costa-Bauza A, Sohnel O. Calculi. Scan
Microscopy 1999;13:223-4.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Slade R, Crissman K, Norwood ], Hatch G. Comparison of an-
tioxidant substances in bronchoalveolar lavage cells and fluid
from humans, guinea pigs and rats. Exp Lung Res 1993;19:469-84.
Crissman KM, Slade R, Norwood |, Koren H, Hatch GE.
Differences between cigarette smokers and non-smokers in bron-
choalveolar lavage fluid fatty acids, protein and anti-oxidants. Am
Rev Respir Dis 1990;141:A781.

Yigla M, Berkovich Y Nagler RM. Oxidative stress in COPD
broncho-alveolar lavage and salivary analysis. Arch Oral Biol 2006;
52:36-43.

Kelly FJ, Mudway I, Blomberg A, Frew A, Sandstrom T. Altered
lung antioxidant status in patients with mild asthma. Lancet
1999;354:483-4.

Kelly FJ, Tetley TD. Nitrogen dioxide depletes and ascorbic
acid but not glutathione from lung lining fluid. Biochem | 1997,
325:95-9.

Schmidt R, Schafer C, Luboeinski T, et al. Increase in alveolar
antioxidant levels in hyperoxic and anoxic ventilated rabbit lungs
during ischemia. Free Radic Biol Med 2004;36:78-89.

Borish L, Mascali JJ, Dishuck |, Beam WR, Martin R, Rosenwasser
L]. Detection of alveolar macrophage-derived IL-1f in asthma.
Inhibition with corticosteroids. | Immunol 1992;149:3078-82.
Brasier AR, Victor S, Boetticher G, et al. Molecular phenotyping
of severe asthma using pattern recognition of bronchoalveolar
lavage-derived cytokines. | Allergy Clin Immunol 2008;121:30-7.
Tonnel AB, Gosset P, Tillie-Leblond 1. Characteristics of the
inflammatory response in bronchial lavage fluids from patients
with status asthmaticus. Int Arch Allergy Immunol 2001;124:267-71.
Chung KF. Cytokines in chronic obstructive pulmonary disease.
Eur Respir ] 2001;34(Suppl):50-9s.

Gessner C, Scheibe R, Wotzel M, et al. Exhaled breath conden-
sate cytokine patterns in chronic obstructive pulmonary disease.
Respir Med 2005;99:1229-40.

Lappalainen U, Whitsett JA, Wert SE, Tichelaar JW, Bry K.
Interleukin-1p causes pulmonary inflammation, emphysema, and
airway remodeling in the adult murine lung. Am ] Respir Cell Mol
Biol 2005;32:311-18.

Furuichi K, Wada T, Iwata Y, et al. Interleukin-1-dependent
sequential chemokine expression and inflammatory cell infiltra-
tion in ischemia-reperfusion injury. Crit Care Med 2006;34:2447-55.
He R, Oyoshi MK, Jin H, Geha RS. Epicutaneous antigen ex-
posure induces a Th 17 response that drives airway inflamma-
tion after inhalation challenge. Proc Natl Acad Sci USA 2007;104:
15817-22.

Dragon S, Rahman MS, Yang J, Unruh H, Halayko AJ, Gounni
AS. IL-17 enhances IL-1p mediated CXCL-8 release from human
airway smooth muscle cells. Am | Physiol Lung Cell Mol Physiol
2006;292:1.1023-9.

Wilkinson TS, Potter-Perigo S, Tsoi C, Altman LC, Wight TN.
Pro- and anti-inflammatory factors cooperate to control hyaluro-
nan synthesis in lung fibroblasts. Am | Respir Cell Mol Biol 2004;
31:92-9.

Aubier M, Murciano D, Milec-Emili ], et al. Effects of administra-
tion of oxygen on ventilation and blood gases in patients with
chronic obstructive pulmonary disease during acute respiratory
failure. Am Rev Respir Dis 1980;122:747-54.

Chang DM, Hsu K, Ding YA, Chiang CH. Interleukin-1 in ischemia-
reperfusion acute lung injury. Am | Respir Crit Care Med 1997;156:
1230-4.

Li T, Lu W-L, Hong H-Y, et al. Pharmacokinetics and anti-
asthmatic potential of non-parenterally administered recombinant
human interleukin-1 receptor antagonist in animal models.
J Pharmacol Sci 2006;102:321-30.

Correspondence: Dr. A A. Wanderer, 2055 North 22nd. Ave., Boze-
man, MT 59718, USA.
email: aw@aacmt.com

842

A.A. Wanderer

IMAJ ® Vol 10 ® December 2008



