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Current Prospective of Aldose Reductase Inhibition in the Therapy
of Allergic Airway Inflammation in Asthma
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Abstract: The prevalence of asthma and costs of its care have been continuously increasing, but novel
therapeutic options to treat this inflammatory disease have not been brought to the US market. Current
therapies such as inhaled steroids, long-acting beta-agonist bronchodilators, antihistamines and
immunomodulators may control the symptoms of allergic asthma but fail to modify the underlying disease.
Excessive use of steroids and other immunosuppresents alter the patient’s quality of life, produce undesirable
toxicities, and increase the risk of other pathologies such as diabetes. Hence novel therapeutic options to
manage asthma are desirable. In the present review, we have discussed the role of the polyol pathway
enzyme aldose reductase (AR) in the amplification of allergic airway inflammation. Recent studies have
indicated that AR inhibition prevents the NF-kB-dependent generation of pro-inflammatory cytokines and
chemokines in mouse models of allergic airway inflammation indicating the potential use of AR inhibition as a
novel tool to control allergic responses. Since orally available AR inhibitors have already undergone phase Il
clinical trials for diabetic neuropathy and appear to have a manageable side effects profile, they could be

readily developed as potential new drugs for the treatment of asthma and related complications.
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INTRODUCTION

Asthma is characterized by inflammation of the
airway, variable bronchospasm, airway obstruction and
airway hyperresponsiveness, which collectively cause
symptoms of wheezing, cough, chest tightness, and
shortness of breath. In the past century understanding
of the asthma pathogenesis has heavily relied on
cellular and molecular biology, immunology,
microbiology, and genetics/genomics as well as
pathophysiology. These studies helped define asthma
heterogeneity in quantitative and molecular stipulations
and in determining the precise role of the airway
inflammation in disease initiation and progression [1].
The inflammatory component of asthma was broadly
recognized in later part of 20" century which led to the
addition of anti-inflammatory medications in the
treatment and management of the disease [1]. Besides
growing understanding and modern therapeutic
interventions, the number of asthma patients is on rise
and they still suffer from activity limitations, which
suggest that the understanding of asthma
pathogenesis is still incomplete, and there may be
mechanisms which are obscure or not fully defined.
Oxidative stress- induced inflammation has been
identified in a number of pathologies and
understanding of its role in asthma pathogenesis has
just begun. Here we will discuss how inhibition of
oxidative stress signaling may be a unique and novel
therapeutic approach in asthma.

*Address correspondence to this author at the Department of
Biochemistry and Molecular Biology, University of Texas Medical
Branch, Galveston, TX 77555-0647, USA; Tel: (409) 772-3926; Fax:
(409) 772-9679; Email: ssrivast@utmb.edu

1566-5240/11 $58.00+.00

PATHOGENESIS OF ASTHMA
Epidemiologic Considerations

Asthma affects approximately 300 million individuals
world-wide [2]. More than 22 million people suffer from
asthma-related pathologies and approximately 5000
people die due to asthma each year in the United
States [3]. The annual direct medical expenditure
attributable to asthma treatment increased from
approximately 11.3 billion U.S. dollars in 1998 to an
estimated $37.2 billion in 2007 [4]. Beside the growing
trend in the prevalence of asthma, the uncertainty
remains regarding the cause of asthma [5] because
asthma pathogenesis is multi-factorial in nature and
involves neural, immune, allergic, viral, inflammatory,
environmental, and genetic paradigms [1].

The Inflammatory Nature of Asthma

It is becoming evident that decrease in the airway
antioxidant capacity and resultant increased oxidative
stress either due to exposure to the external stimuli
such as environmental pollutants, allergens, gases,
particulate matters, pets, exercise, and cold or intrinsic
components such as inappropriate immune response,
genetic predisposition or compromised host-pathogen
interaction could play a significant role in asthma
pathogenesis [6-11]. The mechanisms that regulate the
airway inflammatory response are not completely
elucidated, but the intensity of the response could be
related to the redox status of the airway via enhanced
generation of pro-inflammatory cytokines and the
activation of redox-sensitive molecular signaling.
Inflammatory mediators and cytokines may be
generated by resident cells within the airways and
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lungs, as well as by cells that infiltrate into the airway,
especially Th2 polarized T-helper cells, that play a
major role in asthma pathogenesis [12]. The release of
pro-inflammatory mediators such as chemokines
including G-CSF, MCP-1, IL-8, and KC (in murine
models) acts as chemoattractants for the inflammatory
cells in the lung and attracts eosinophils, T-
lymphocytes, macrophages, and neutrophils. The Th-2
cytokines including IL-4, IL-5, and IL-13, primarily
secreted by infiltrated Th-2 lymphocytes, can induce
airway hyper-responsiveness, metaplasia of epithelial
cells, and airway remodeling [13-15]. Additionally,
these mediators may further help in the recruitment and
activation of additional inflammatory cells, which would
augment the inflammatory cascade.

Mechanisms of Asthma and the Use of Anti-
Inflammatory Agents

The etiology of asthma is though not clearly
understood, oxidative stress has been implicated in
asthma pathogenesis. Besides asthma, oxidative
stress has also been implicated in many other
respiratory diseases including pulmonary fibrosis, and
chronic obstructive pulmonary disease (COPD) [1].
Oxidative stress in the airway could be induced by
multiple factors including environmental pollutants,
allergens, and infectious agents such as bacteria, virus,
and fungus, chronic inflammation, obesity and
emotional stress [16-25]. The influence of viral
infections, particularly those early in life, has been well
demonstrated, as risk factor for the development of
asthma [26, 27]. ROS which include reactive free
radicals with at least one unpaired electron are the
main mediators of oxidative stress-induced inflam-
mation. The ROS are highly reactive molecules which
react readily with various biomolecules including
cellular lipids and proteins and form toxic byproducts
such as lipid aldehydes and their protein adducts
resulting in pathophysological changes [28-30].
Additionally, the altered redox status of the cell leads to
activation of signaling kinases that eventually activate
redox-sensitive transcription factors, which translocate
to the nucleus and transcribe various inflammatory
genes [31, 32]. The synthesis of excessive amounts of
inflammatory cytokines, chemokines and growth factors
leads to a vicious cycle of activation of signaling
intermediates and further synthesis of inflammatory
markers causing disease. We and others have
demonstrated that redox-sensitive transcription factors
such as NF-xB and AP1 regulate the expression of an
array of pro-infammatory genes associated with
asthma pathogenesis [33, 34], suggesting that
antioxidants and other drugs that could inhibit
inflammation may become valuable therapeutic agents
to treat asthma pathogenesis [35-37].

Currently corticosteroids are the main drugs for
asthma management, since in a large percentage of
asthmatics they effectively prevent inflammation and
ameliorate acute asthma exacerbation. However, a
significant  percentage of asthmatics besides
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developing severe side effects become steroid-
resistant. Additionally, anti-inflammatory effects of
steroids are not disease specific and they also cause
adverse side effects. Since IgE, IL-5 and IL-13 are
known mediators of inflammation and play a major role
in exacerbation, eosinophils infiltration and mucus cell
metaplasia in allergic asthma, antibodies against these
key mediators have been tried in patients. For
example, omalizumab, anti IgE antibodies, has been
demonstrated to be effective in preventing exacer-
bation and eosinophils infiltration in difficult-to-control-
allergic asthma [38]. However, its effect on intrinsic
asthma is not known. Similarly, humanized anti-IL-5
antibodies, mepolizumab, had mixed results in
preventing the eosinophils infiltration and prevention of
exacerbation of asthma even when given along with
anti-inflammatory corticosteroids. In one clinical study
involving broad population of asthma patients,
mepolizumab had no clinically significant effect on lung
functions [39]. In a selected group of patients with
prednisone—dependent refractory eosinophilic asthma,
mepolizumab significantly reduced exacerbation rates
[40, 41]. Anti IL-9 antibodies have also been shown to
inhibit airway inflammation and hyper-responsiveness
in ovalbumin-induced asthma in mice [42]. Suppressors
of the effects of IL-13, a key regulator of asthma
pathogenesis by regulating IgE synthesis, mucus
hypersecretion, subepithelial fibrosis and eosinophil
infiltration, could be potential candidates for the therapy
or prevention of asthma [43]. Although investigators
have shown some positive outcomes when IL-13
suppressors were used in animal model [44-46], the
clinical trials are awaited. While these approaches have
potential in controlling asthma, their effects on the
upstream inflammatory cascade that mediates
oxidative stress-induced pathology remains unknown.

Oxidative stress is well known to induce
inflammation by activating and up-regulating pro-
inflammatory  signaling intermediates [47-49].
Therefore, antioxidant(s) or other agents that could
block the inflammatory signals and/or the transcription
of pro-inflammatory markers could be excellent agents
in the prevention and therapy of asthma [50]. Some
improvement in the lung function in asthmatics has
been demonstrated upon dietary intake of an
antioxidant, ascorbic acid [51]. Similarly, in one study
antioxidant therapy using N-acetylcysteine [NAC] has
been found to be effective in decreasing human
eosinophils functions [52]. However, other studies
suggest that NAC increases airway resistance and
exacerbates asthma [53, 54]. Various other anti-
inflammatory agents that inhibit specific kinases and/or
transcription factors have also been tried for the
amelioration of airway inflammation in asthma [55-61].
However, these efforts have not resulted in the
development of effective therapeutic interventions.
Moreover, all the known antioxidants at therapeutic
doses act as oxidants which may exacerbate the
inflammation and aggravate the pathology.

We have recently shown that AR inhibitors have
excellent anti-inflammatory effect in various models of
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inflammatory disorders including asthma [62]. Inhibition
of AR prevents the activation of oxidative stress-
induced signaling cascade that activates redox
sensitive transcription factors such as NF-kB and AP-1
which results in the prevention of the transcription of
inflammatory mediators and prevents inflammation. In
the following sections we will discuss the potential of
AR inhibitors in the prevention and therapy of asthma.

ALDOSE REDUCTASE IN ALLERGIC AIRWAY
INFLAMMATION

Biochemical Considerations

Aldose reductase (AR; AKR1B1) is the rate limiting
enzyme of polyol pathway that catalyzes the
conversion of glucose into sorbitol at the expense of
NADPH. Hyperglycemia in diabetes results in
increased flux of glucose through polyol pathway that
leads to increased levels of intracellular sorbitol. The
sorbitol, being relatively impermeable through the
biological membranes, accumulates inside the cells
and causes osmotic stress, which has been implicated
as a major contributor to diabetic complications. In late
90s we and others have demonstrated that besides
reducing glucose (Km >50mM), AR efficiently (Km 10-
30 uM range) reduces a wide array of aldehydes and
their glutathione conjugates to corresponding alcohols
which could then be transported out of the cells [63,
64]. These evidences suggest that lipid aldehydes are
better substrates for AR than glucose. Therefore,
increased expression and activation of AR under
oxidative stress, which cause lipid peroxidation, point
towards a potential detoxification role of this enzyme.

Regulation of Aldose Reductase Expression

Extensive evidences have been presented during
the past decade which suggest that AR mediates
inflammatory signals that are induced during oxidative
stress [64]. Inflammation is involved in the
pathophysiology of diseases such as diabetes, cardio-
vascular, bacterial sepsis, autoimmune disorders, and
tumorigenesis. It has been observed by several
investigators that abundance of the AR mRNA and
protein is significantly increased in response to growth
stimuli e.g. Fibroblast growth factor (FGF)-1 has been
shown to increase the expression of AR in NIH 3T3
cells [65, 66]; FGF and epidermal growth factor (EGF)
induce AR expression in astrocytes [67, 68]; high
glucose, TNF-alpha, thrombin, and FGF-2 also
enhance the expression of AR in vascular smooth
muscle cells (VSMC) [69]. In addition, various oxidants
such as H,0,, oxidized low-density lipoprotein (ox-
LDL), 4-hydroxy trans-2-nonenal (HNE) have also been
shown to induce AR in VSMC [70]. HNE also induces
AR expression in T-lymphocytes and macrophages as
has been shown in vivo during giant cell arthritis [71].
Further, bacterial infection and bacterial endotoxin,
LPS also stimulate AR in animal models [72]. These
evidences suggest that AR plays a critical role in
regulation of redox signals.
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Efficacy of AR Inhibition in the Ragweed Pollen
Model of Airway Inflammation

Because of the consequences of AR activation,
including facilitation of NF-kB signaling, we postulated
that products of the AR pathway might participate in the
pathogenesis of allergic inflammation. Accordingly, we
have recently demonstrated that allergic airway
inflammation caused by ragweed pollen extract (RWE)-
in mice could be ameliorated by treatment with AR
inhibitors. AR inhibition significantly prevents RWE-
induced allergic responses, airway inflammation, and
hyper-responsiveness in a murine model of allergic
asthma [73]. Mice were sensitized on day 0 and 4 and
were treated without or with AR inhibitor before they
were challenged with RWE or carrier on day 11
followed by determination of various pathological and
physiological parameters of airway inflammation. A
robust airway inflammation, as measured by
accumulation of inflammatory cells in BAL fluid and
airway sub-epithelium, was observed in RWE-
sensitized and challenged animals. When the mice
were treated with AR inhibitor before challenge, the
peri-vascular and peri-bronchial inflammation and
eosinophils accumulation in the BAL fluid induced by
RWE- challenge were significantly reduced [73]. A
principal pathology in human asthma exacerbations is
mucus hypersecretion. In our experimental model, the
mucin level increased ~25-folds in BAL fluid in RWE-
challenged mice as compared to control and treatment
with AR inhibitor significantly reduced the mucin level in
BAL fluid [73]. Similarly, the number of mucin
producing goblet cells in the airway epithelia, as
assessed by periodic acid Schiff (PAS)-staining of lung
sections, was also significantly reduced in mice treated
with AR inhibitor [73]. The polarization of T cells
towards Th2 phenotype which secrete Th2 cytokines is
characteristic of allergic asthma. Therefore we
determined the expression of Th2 cytokine genes in the
lung tissues approximately 16 h after RWE-challenge.
The levels of mRNA of inflammatory cytokines
increased in RWE-challenged mice and AR inhibitor
treatment significantly reduced these changes (Fig. 1).
Additionally, a quantitative non-invasive measurement
of airway hyper-responsiveness in response to
methacholine inhalation showed a dose-dependent
increase in enhanced pause (Penh) in RWE-sensitized
and challenged mice, and in mice treated with AR
inhibitor a significant decrease in the Penh value was
observed which was similar to that of control mice at all
the methacholine doses [73]. These data demonstrate
that patho-physiological effects of allergic asthma
caused by a common allergen relevant to human
disease, ragweed pollen, could be prevented by AR
inhibition in murine model.

Efficacy of AR Inhibition in the Ovalbumin Model of
Airway Inflammation

In order to confirm that efficacy of AR inhibitors was
not allergen specific; we have also investigated the
effectiveness of AR inhibitors, sorbinil and fidarestat in
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Fig. (1). Prevention of RWE-induced mRNA expression of inflammatory cytokines and chemokines in lung tissues by AR
inhibition. The mice were sensitized with two intra-peritoneal (i.p.) injections of endotoxin-free RWE 150 pg/100pl, combined
with Alum adjuvant in a 3:1 ratio, on days 0 and 4. On days 9 and 10, animals were administered AR inhibitor dissolved in
DMSO (i.p. 25 mg/kg body weight) every 12 h for a total duration of 48 h. On day 11, mice were challenged intranasally with
RWE (100 pg). Control groups of mice were challenged with equivalent volumes of PBS. Eighteen hours after the RWE-
challenge, mice were killed and lungs were harvested. The total RNA was isolated from lungs and one microgram of total RNA
from each sample was transcribed into first-strand cDNA and amplification of selected genes was quantified by RT-PCR using
specific forward and reverse primers. The levels of RNA for the target sequences were determined by melting curve analysis.
The bars (SEMt SD) represent fold-change over the control. (n=6); 'p<0.001; "p<0.05; #p<0.01 Vs RWE-challenge. RWE,

ragweed pollen extract; ARI, aldose reductase inhibitor.

ovalbumin (OVA)-induced airway inflammation in
mice [74]. The sensitization and challenge with OVA
induced a marked infiltration of eosinophils in mice
lungs and increased the levels of OVA-specific IgE in
BAL fluid which were significantly reduced when AR
inhibitor, administered before the challenge. Further,
AR inhibitor treatment prior to OVA-challenge
significantly (p<0.005) reduced the levels of Th2
cytokines including IL-4, IL-5, IL-13 and chemokines
such as keratinocyte-derived chemokine (KC),
Granulocyte colony stimulating factor (G-CSF) and
MCP-1 in the BAL fluid as compared to untreated mice
(Fig. 2). As observed in the RWE model, AR inhibitor
significantly decreased the airway hyperrespon-
siveness in OVA-challenged mice as they exhibited a
reduced Penh value in response to methacholine
challenge compared to untreated mice [74]. Thus our
results from two distinct animal models of allergic
airway inflammation demonstrate that inhibition of AR
ameliorates allergen-induced airway inflammation and
presents a novel mechanism for therapeutic inter-
vention in asthma pathogenesis in human.’

Efficacy of AR Inhibition in the Prevention of
Goblet Cell Metaplasia

Mucous glycoconjugate-containing goblet cells are
the important source of mucous hypersecretion in
patients with acute asthma. In general, the airways of
healthy subjects contain very few goblet cells, but their

numbers are significantly increased in the airways of
patients who die of asthma. However, the mechanisms
that control the differentiation of epithelial cells into
goblet cells are not clear. Our recent studies have
demonstrated that AR inhibitors prevent differentiation
of epithelial cells into mucous secreting goblet cells in
cultured SAEC as well as in RWE —induced metaplasia
in mice [73, 75]. Stimulation of SAEC with IL-13
transformed majority of the epithelial cells into mucus-
filled goblet cells which lacked cilia. However, when the
airway cells in monolayer were incubated with AR
inhibitor prior to IL-13 stimulation, the number of cells
with PAS staining and over-expressing Muc5AC were
significantly decreased [75]. Further, SAEC in
monolayer maintained ciliated morphology indicating
that AR inhibitors prevent goblet cells metaplasia.
Prevention of goblet cell metaplasia by AR inhibition
observed in SAEC was further confirmed by using a
mouse model of RWE-induced allergic asthma. Our
results indicate that the population of PAS positive
goblet cells and expression of Muc5AC in the RWE-
challenged mice lung were significantly decreased in
the mice treated with AR inhibitor, fidarestat [75].
Similarly, our studies also indicate that AR-knockout
mice were resistant to RWE -induced goblet cell
metaplasia in airway epithelium. Furthermore, we have
shown that AR inhibition prevents goblet cell
metaplasia by regulating the redox-signals mediated by
JAK-1, ERK1/2 and STAT-6. Thus our studies indicate
potential therapeutic role of AR inhibition in prevention
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Fig. (2). Prevention of OVA-induced increase in inflammatory cytokines and chemokines in BAL fluid by AR inhibition. The mice
were sensitized with injections (i.p.) of 100 pyg Grade V chicken OVA, mixed with 2 mg aluminum hydroxide in saline, once a
week for two consecutive weeks followed by challenge with aerosolized OVA, a week after the second sensitization. The mice in
control groups were not sensitized or challenged. In Ova +ARI group, the mice received an injection of AR inhibitor (i.p.; 25
mg/kg body weight) before challenge. Animals were killed by CO, asphyxiation and lungs were subjected to branchoalveolar
lavage (BAL) using PBS. The collected BAL fluids were centrifuged at 1000 x g for 10 min at 4°C, and the supernatants was
stored immediately at -80°C until used for cytokines and chemokines analysis. The levels of cytokines and chemokines in the
BAL fluid were measured using the Bio-Rad Bioplex system and specific ELISA kits. Data are given as means + SD (n = 4). *p<
0.001 vs unchallenged mice; #p<0.005 vs OVA-challenged mice; ##p<0.05 vs OVA-challenged mice. OVA, Ovalbumine; ARI,

aldose reductase inhibitor.

of goblet cell metaplasia [75], which would significantly
ameliorate asthma pathogenesis.

The Effects of AR Inhibition in other Inflammatory
Models

In the acute airway inflammation models various
other investigators have also implicated the
significance of AR. Ravindranath et al. (2009) have
demonstrated that transgenic mice over-expressing AR
showed a greater inflammatory response in cecal
ligation and puncture (CLP) model as evaluated by
increased circulating cytokine levels, neutrophil
accumulation in the lungs, and activation of Rho kinase
in lung endothelial cells (ECs) [76]. In response to
bacterial endotoxin, LPS, lung cells from AR transgenic

mice produced more IL-6 and showed augmented JNK
activation compared to wild-type. Further, AR activity
was crucial for fMLP-included CD11b activation,
respiratory burst, and shape changes in human
neutrophils, and TNF-alpha-induced activation of the
Rho kinase/MKK4/IJNK pathway and IL-6 production in
human pulmonary microvascular ECs as well as
neutrophils adhesion to TNF-o-stimulated ECs [76].
These evidences attribute an important role to AR in
the mediation of acute inflammation in lung.

Our recent findings with AR null mice showed that
inflammatory cells infiltration and eosinophilia in the
lung, and airway hyperresponsiveness by RWE
sensitization and challenge were significantly less in
AR-null mice as compared to wild type mice
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(unpublished data). These results corroborate our
earlier results with AR inhibitors suggesting that AR
indeed is involved in the allergen-induced airway
inflammation, and thus could be an important
therapeutic target to ameliorate airway inflammation.

Human In vitro Studies

Using SAEC, we have shown that inhibition or
genetic ablation of AR could prevent RWE-, TNF-a-
and LPS —induced oxidative stress and subsequent
inflammatory changes. Incubation of SAEC with
various stimulants such as RWE, TNF-a and LPS with
or without AR inhibitors showed that inhibition of AR
could prevent SAEC-death induced by RWE, TNF-
alpha or LPS [73, 74]. Further, inhibition of AR also
prevented the RWE-, TNF-alpha- or LPS-induced
increase in inflammatory markers such as iNOS, Cox-
2, Prostaglandins, IL6 and IL8. Since the expression of
these inflammatory markers is dependent on the
activation of transcription factor NF-kB, the effect of AR
inhibition on RW-, TNF-alpha- or LPS-induced NF-kB
activation was examined. It was observed that the
inhibition of AR significantly prevented RW-, LPS- or
TNF-alpha-induced activation of NF-kB as well as its
upstream signaling kinases such as MAPK, ERK, JNK
and PKC [73, 74].

Suppression of Inflammation

Inhibition

It is well known that cytokines and growth factors
play an important role in accelerating inflammation.
Cytokines such as IL-4, IL-5 and TNF-a, and growth
factors such as EGF, FGF and VEGF play key role in
inflammation by increasing ROS [77, 78]. The ROS,
generated by cytokines and growth factors via NADPH
oxidase, attack the cell membrane lipids resulting in the
formation of lipid-derived aldehydes (LDAs) [79].
Several reports have implicated LDAs as contributors
to oxidative stress-induced patho-physiologies such as
proliferation, apoptosis, and activation of signaling
pathways which could lead to airway inflammation in
asthma and its associated complications [80-83]. We
have demonstrated that in the presence of NADPH, AR
readily reduces LDAs, including the most abundant and
toxic lipid aldehyde, 4-hydroxynonenal (HNE), to
respective alcohols with a K, value of 10-30 yM [38].
Further, the that reduction of glutathione (GSH)- lipid
aldehyde conjugates by AR is 10 to 100-fold more
efficient than their parent aldehydes because active
site of AR has high affinity for GSH-conjugates [64, 84].
We have also demonstrated that besides carbonyl
binding site in the active site of AR, there is a specific
binding site for GSH [85]. Several studies have
suggested that xenobiotics, cigarette smoke and
environmental pollutants cause pathophysiological
changes in COPD and asthma through generation of
ROS, which increases lipid peroxidation resulting in
increased levels of lipid aldehydes such as HNE in
cells [16, 17, 86, 87]. Our hypothesis is that AR plays a
pivotal role in airway inflammation via oxidants-induced
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lipid aldehydes signals that activate a cascade of
protein kinases leading to NF-kB activation which in
turn transcribes a number of pro-inflammatory genes
(Fig. 3). We have indeed demonstrated that GS-DHN,
a representative of GS-lipid alcohols, which are AR-
catalyzed reduced products of GS-lipid aldehydes,
mediates NF-kB-dependent expression of inflammatory
markers in vascular smooth muscle cells and
macrophages [88, 89].

Ever increasing evidences suggest the role of ROS-
induced lipid aldehydes in various inflammatory
pathologies. Since oxidants and allergens such as
RWE, and bacterial endotoxin, LPS, are known to
cause increase in inflammation via increased
generation of ROS and lipid aldehydes [72, 73], we
reasoned that AR-catalyzed reaction products should
play an important role in eliciting allergen-induced
airway cytotoxicity and inflammation. Since AR
inhibitors prevent the formation of inflammatory
markers as well as their cellular effects and
inflammation is one of the major component of asthma,
we contemplate that AR inhibitors should be excellent
drugs to treat airway inflammation irrespective of the
source or causative factor.

POSSIBLE CLINICAL IMPLICATIONS FOR AR
INHIBITOR THERAPY IN ASTHMA

Several lines of evidence suggest a potential place
for AR inhibition therapy in the armamentarium of
asthma therapeutics, and support proof-of-concept
trials in human asthma. First, the mechanism of action
has biologic plausibility — that is, NF-kB activation leads
to transcription and secretion of inflammatory
mediators relevant to the pathogenesis of asthma, and
inappropriate activation of NF- kB by means of sorbitol,
lipid alcohols, or other intracellular consequences of
AR activity might plausibly lead to a coordinated
program of inflammatory cytokine secretion and
subsequent airway inflammation. Second, although
mechanisms and findings in animal models have not
been perfectly predictive for human disease, the
remarkable suppression of eosinophilic inflammation in
our murine model of allergic airway inflammation, both
in the setting of ovalbumin sensitization and challenge
(an extensively studied model) [74], and in the RWE
(relevant to pollen allergy) [73] suggests a strong
possibility of a similar effect in human asthma. Third,
the magnitude of suppression of allergic inflammation
by AR inhibitors treatment is comparable to that
observed with corticosteroids, the most potent anti-
inflammatory agents used in asthma. This degree of
anti-infammatory effect exceeds by 3-6 fold the
suppression of inflammation achieved with anti-
leukotrienes or omizumab, an anti-lgE monoclonal
antibbody and is therefore of potential clinical
importance [90, 91]. Fourth, these agents are small
molecules, suitable for oral administration. This route of
delivery has several advantages for asthma
management, including treatment of the entire airway
from large to small and simple oral dosing not requiring



Aldose Reductase in Asthma

Pollutants/weed pollens/allergens/LPS/GF/cytokine

Receptor

Membrane

GSH
AR| —i l

Current Molecular Medicine, 2011, Vol.11,No.7 7

§—

Lipid aldehydes (HNE) 2
/——al S
o
GS-HNE g
3
£
GS-DHN g
1 ]
: <
v

Protein kinases cascade

Lipid peroxidation

.

I
v
NF-xB; AP1

C Gene expression
%Inﬂummamry cytokines,
Chemokines and other

mediators

Fig. (3). Prevention of redox signaling by AR inhibition. We have discovered that AR is the key mediator of the signaling initiated
by different stimuli including pollens, allergens, growth factros, cytokines and bacterial endotoxins which are know to induce
increased ROS generation inside the cells. The ROS react with membrane lipids and oxidize them into lipid aldehydes such as
4-hydroxynonenal (HNE), which readily react with glutathione and forms GS-lipid aldehyde conjugates (GS-HNE). AR catalyzes
the reduction of GS-HNE to GS-DHN with great efficiency (Km=10-30 yM). GS-DHN is known to activate PLC, PKC and various
other downstream protein kinases, eventually activating transcription factors NF-xB and AP-1. The activated transcription
factors then translocate to the nucleus and transcribe various inflammatory genes. The newly formed inflammatory markers then
start vicious cycle by an autocrine and/or paracrine manners and cause inflammation and pathogenesis. Inhibition of AR could
block this cascade upstream of various kinases and shunt the inflammatory circuitry.

an inhaler. Finally, at least one AR inhibitor has been
studied in humans for the prevention and treatment of
diabetic neuropathy, so a robust dataset confirming the
relative safety of that compound in humans over a
period of a year or more is available [92]. Accordingly,
an appropriately powered proof-of-concept clinical trial
of AR inhibitor in mild asthma, using standard asthma
endpoints in addition to measures of airway
inflammation, may provide compelling new data on
which the development of a new class of therapy for
asthma may be based.

CONCLUSIONS AND FUTURE PERSPECTIVES

Use of corticosteroids, specifically inhaled
corticosteroids as first-line choice drugs to treat asthma
and COPD is now considered unpleasant as they
cause adverse systemic effects including increase in
the risk of diabetic onset and progression. Hence,

novel therapeutic approaches are mandatory in
controlling respiratory complications. Recent studies
have demonstrated that polyol pathway enzyme AR
plays a pivotal role in the pathophysiology of airway
inflammation leading to asthma pathogenesis in
experimental animal models. Further, studies from our
laboratory and others have also shown the therapeutic
potential of AR inhibitors in preventing many
inflammatory diseases such as sepsis, colon cancer
and uveitis besides diabetic complications [6, 11-13].
These studies indicate entirely novel and unanticipated
participant, AR, in many inflammatory pathologies
including allergic asthma. The findings could be readily
translated from ‘bench to bedside’ in a relatively short
time, since AR inhibitors have already undergone
Phase-lIll clinical studies for diabetic neuropathy and
been found to be relatively safe even for long-term use.
Because of their low toxicity, these drugs are ideally
suited for future translational studies to devise
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strategies for preventing and treating inflammatory
pathologies including asthma.
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ABBREVIATIONS

AR = Aldose reductase

ARI = Aldose reductase inhibitor
AP-1 = Activating protein-1

BAL = Bronchoalveolar lavage

COX-2 = Cyclooxygenase-2

ERK = Extracellular signal-regulated kinase
IL = Interleukin

kB = Inhibitor of NF-kB

IKK = |kB kinase

IFN-g = Interferon-g

IP-10 = Inducible protein-10

JNK = c¢-Jun N-terminal kinase

MAPK = Mitogen-activated protein kinases

NO = Nitric oxide
NOS-2 = Inducible nitric oxide-synthase

LPS = Lipopolysaccahride
LXR = Liver X receptors
MIP-1la = Macrophage inflammatory protein-1la

MMPs = Matrix metaloproteases

NF-kB = Nuclear transcription factor-kappa B

OVA = Ovalbumine

RWE = Ragweed pollen extract

PGE2 = Prostaglandin E2

STAT = Signal transducers and activators of
transcription

TLRs = Toll-like receptors

TNF-oo = Tumour necrosis factor-o

COPD = Chronic obstructive pulmonary disease
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