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Abstract
Hyperoxia contributes to the development of bronchopulmonary dysplasia in premature infants.
Earlier we observed that aryl hydrocarbon receptor (AhR)-deficient mice are more susceptible to
hyperoxic lung injury than AhR-sufficient mice, and this phenomenon was associated with a lack
of expression of cytochrome P450 1A enzymes. Omeprazole, a proton pump inhibitor, used in
humans with gastric acid related disorders, activates AhR in hepatocytes in vitro. However, the
effects of omeprazole on AhR activation in the lungs and its impact on hyperoxia-induced ROS
generation and inflammation are unknown. In this study, we tested the hypothesis that omeprazole
attenuates hyperoxia-induced cytotoxicity, ROS generation, and expression of monocyte
chemoattractant protein-1 (MCP-1) in the human lung derived H441 cells via AhR activation.
Experimental groups included cells transfected with AhR small interfering RNA (siRNA).
Hyperoxia resulted in significant increases in cytotoxicity, ROS generation, and MCP-1
production, which were significantly attenuated with the functional activation of AhR by
omeprazole. The protective effects of omeprazole on cytotoxicity, ROS production, and MCP-1
production were lost in H441 cells whose AhR gene was silenced by AhR siRNA. These findings
support the hypothesis that omeprazole protects against hyperoxic injury in vitro via AhR
activation that is associated with decreased ROS generation and expression of MCP-1.
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Introduction
Supplemental oxygen is commonly administered as an important and life-saving measure in
patients with impaired lung function. Although delivery of enriched oxygen relieves the
immediate life-threatening consequences transiently, it may also exacerbate lung injury [1].
Excessive oxygen exposure and lung-stretching lead to increased reactive oxygen species
(ROS) production and expression of proinflammatory cytokines [2]. ROS react with nearby
molecules (e.g., protein, lipids, DNA, and RNA) and modify their structure and function [3],
resulting in both acute and chronic pulmonary toxicities. The antioxidant defense system
develops late in gestation, making preterm neonates highly susceptible to oxidative stress [4,
5]. Despite significant improvements in the neonatal intensive care management of
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premature neonates, bronchopulmonary dysplasia (BPD) remains the most prevalent, and
one of the most serious long-term sequelae of preterm birth, affecting approximately 14,000
preterm infants born each year in United States [6, 7]. Evidence implicates hyperoxia
induced generation of ROS as a major contributor in the development of BPD and its
sequelae [8]. Infants with BPD are more likely to have long-term pulmonary problems,
increased re-hospitalizations during the first year of life, and delayed neurodevelopment [6,
9]. Hence, there is an urgent need for improved therapies in the prevention and treatment of
BPD.

The aryl hydrocarbon receptor (AhR) is a member of basic - helix – loop – helix / PER –
ARNT – SIM family of transcriptional regulators [10, 11 12]. In humans, the AhR is highly
expressed in the lungs, thymus, kidney and liver [13]. The AhR is predominantly cytosolic,
held in a core complex comprising two molecules of 90-kDa heat shock protein and a single
molecule of the co-chaperone hepatitis X-associated protein-2 [14, 15]. AhR activation
results in the translocation of the cytosolic AhR to the nucleus, where it dimerizes with the
AhR nuclear translocator, to form a heterodimeric transcription factor. The heterodimeric
transcription factor initiates transcription of many phase I and phase II detoxification
enzymes such as cytochrome P450 (CYP) 1A1, CYP1A2, glutathione S-transferase-α,
NAD(P)H quinone reductase-1, UDP glucuronosyl transferase, and aldehyde
dehydrogenase, which are encoded by the Ah gene locus [16-19]. We reported that mice
deficient in AhR are more susceptible to hyperoxic lung injury due to lack of expression of
pulmonary and hepatic CYP1A subfamily of enzymes [20, 21]. Recently, it was observed
that AhR deficient mice have an increased inflammatory response in their lungs on exposure
to cigarette smoke or bacterial endotoxin [22], suggesting that AhR-mediated processes
suppresses inflammation. However, the impact of activated AhR on hyperoxia-induced
generation of ROS and inflammation in the lungs is not clear.

Omeprazole, a substituted benzimidazole derivative, is a proton pump inhibitor that inhibits
gastric acid secretion in humans [23]. It has been widely used in the management of gastric
acid related disorders in humans for about 15 years [24]. Previous studies have shown that
omeprazole is an activator of AhR in human and rat hepatocytes [25-28]. Whether
omeprazole activates AhR in the lungs and mitigate hyperoxia-induced generation of ROS
and inflammation in the lungs has not been studied. The goals of this study, therefore, were
to investigate the effects of omeprazole on the activation of the AhR in a pulmonary cell
line, and its impact on hyperoxia-induced injury in these lung cells in vitro. The human
pulmonary adenocarcinoma cell line H441, which has both type II and Clara cell
characteristics, was used in this study to test the hypothesis that omeprazole attenuates
hyperoxia-induced cytotoxicity, ROS generation, and expression of monocyte
chemoattractant protein-1 (MCP-1) in vitro via AhR activation.

Materials and Methods
Cell culture and treatment

H441 cells, a human lung adenocarcinoma epithelial cell line, obtained from American Type
Culture Collection (Manassas, VA), were grown in RPMI −1640 medium (Invitrogen,
Carlsbad, CA; 21870) containing 10% fetal bovine serum, 50 U/ml penicillin and 50 U/ml
streptomycin, in 95% air and 5% CO2 at 37°C. Cells were treated with either
dimethylsulfoxide (DMSO) (Sigma-Aldrich, St. Louis, MO; 276855), or omeprazole 2μM
(OM2) or omeprazole 5μM (OM5) (Sigma-Aldrich, St. Louis, MO; O104) for 4 h, followed
by exposure to room air or hyperoxia for up to 72 h.
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Exposure of cells to hyperoxia
Hyperoxia experiments were conducted in a plexiglass, sealed chamber into which a mixture
of 95% O2 and 5% CO2 was circulated continuously. The chamber was placed in a Forma
Scientific water-jacketed incubator at 37°C. Once the O2 level inside the chamber reached
95%, the cells were placed inside the chamber for the desired length of time.

Determination of Functional Activation of AhR
It is widely established that functional activation of AhR results in its translocation into the
nucleus, which results in transcriptional activation of a number of CYP1 genes such as
CYP1A1, CYP1A2 and CYP1B1. Therefore, we determined the functional activation of
AhR by analyzing the expression of nuclear AhR apoprotein and CYP1A1 apoprotein and
mRNA levels.

Western Blot Assays
Whole-cell, nuclear and cytoplasmic protein extracts from the cells were obtained by using
nuclear extraction kit (Active Motif, Carlsbad, CA; 40010) according to the manufacturer's
instructions. β-actin and histone deacetylase class 1 (HDAC1) were used as reference
proteins for the cytoplasmic and nuclear fractions, respectively. Five or 40 μg of protein
extracts was separated by 10% SDS-polyacrylamide gel electrophoresis for detection of
AhR and CYP1A1 apoproteins, respectively, and transferred to polyvinylidene difluoride
membranes. The membranes were incubated overnight at 4°C with the following primary
antibodies: anti-AhR antibody (Santa Cruz Biotechnologies, Santa Cruz, CA; sc-5579,
dilution 1:500), anti-CYP1A1 antibody (gift from P.E. Thomas, Rutgers University,
Piscataway, NJ, dilution 1:500), anti-β-actin antibody (Sigma-Aldrich, St. Louis, MO;
A5316, dilution 1:2000), and anti-HDAC1 antibody (Santa Cruz Biotechnologies, Santa
Cruz, CA; sc-7872, dilution 1:500). The primary antibodies were detected by incubation
with the appropriate horseradish peroxidase-conjugated secondary antibodies. The immuno-
reactive bands were detected by chemiluminescence methods and the band density was
analyzed by Kodak 1D 3.6 imaging software (Eastman Kodak Company, Rochester, NY).

Real-time RT- PCR assays
Cells were grown on 6 well plates to 50-60 % confluence, after which they were treated with
DMSO or omeprazole, and exposed to room air or hyperoxia. At 12, 48, and72 h of
exposure, total RNA was isolated using RNeasy kit (Qiagen, Hilden, Germany; 74104) and
reverse transcribed to cDNA with SuperscriptIII reverse transcriptase enzyme (Invitrogen,
Carlsbad, CA; 11752). Real-time quantitative RT-PCR analysis was performed with
7900HT Fast Real-Time PCR System using SYBR Green qPCR Supermix-UDG
(Invitrogen, Carlsbad, CA; 11733). The PCR reaction was performed using the indicated
primers after an initial 2-minute denaturation at 94°C, followed by the indicated annealing
temperatures for 10 s, and 20 s extension at 72°C. The thermal cycling step was for 40
cycles at 95°C for 15 s, and 40 cycles at 60°C for 1 minute. The annealing temperatures
used were 65, 62 and 60°C for CYP1a1, AhR and OAZ1 respectively. The sequences of the
primer pairs were hAhR: 5′- CACCGATGGGAAATGATACTATCC-3′ and 5′-
GGTGACCTCCAGCAAATGAGTT -3′; hCYP1a1: 5'-TGGATGAGAACGCCAATGTC-3'
and 5'-TGGGTTGACCCATAGCTTCT-3'; hOAZ1: 5’-
AAACGCATTAACTGGCGAAC-3’ and 5’-GAACTCCAGGAGAACTGCAAA-3’. OAZ1
was used as the reference gene. The ΔΔCt method was used to calculate the fold change in
mRNA expression: ΔCt = Ct (target gene) - Ct (reference gene), ΔΔCt = ΔCt (treatment) -
ΔCt (control), fold change = 2(−ΔΔCt).
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Cell Viability Assay
Cell viability was determined by a colorimetric assay based on the ability of viable cells to
reduce the tetrazolium dye, 2, 3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-
carbox-anilide (XTT) (Invitrogen, Carlsbad, CA; X6493) to formazan. H441 cells were
seeded onto 96-well microplates at a density of 1×104 cells per well in 100 μl of phenol red
free RPMI medium (Invitrogen, Carlsbad, CA; 11835), and treated with DMSO or
omeprazole, followed by exposure to room air or hyperoxia for up to 72 h. The cell viability
was assessed by XTT reduction assays as outlined in the XTT Assay protocol (American
Type Culture Collection, Manassas, VA). The XTT reduction activities in cells exposed to
hyperoxia were expressed as a percentage of the reduction activities in corresponding cells
incubated in normoxia, calculated as: (absorbance of cells exposed to normoxia)-
(absorbance of cells exposed to hyperoxia)/(absorbance of cells exposed to normoxia) × 100.

Measurement of ROS generation
Intracellular level of reactive oxygen species was quantified by the ROS sensitive
fluorophore 5-(and-6)-chloromethyl-2’, 7’-dichlorodihydrofluorescein diacetate (CM-
H2DCF-DA) according to the manufacturer's recommendation (Invitrogen, Carlsbad, CA;
C6827). Briefly, cells were grown on 6-well plates to 60-70% confluence in phenol red free
RPMI-1640 medium, after which they were treated with DMSO or omeprazole, and exposed
to room air or hyperoxia for up to 48 h. The cells were then incubated with 5μM CM-
H2DCF-DA in PBS for 30 min at 37°C in 5% CO2. The stained cells were washed with PBS
and allowed to recover in the growth media for 30 min at 37°C in 5% CO2, and then
analyzed by flow cytometry on a FACScan (BD Biosciences, San Jose, CA) with the
associated software (Cell Quest).

Measurement of MCP-1 production: enzyme-linked immunosorbent assay (ELISA)
The levels of MCP-1 in culture supernatants of cells treated with DMSO or omeprazole, and
exposed to room air or hyperoxia for up to 72 h, were determined by an ELISA Kit
according to the manufacturer's instructions (R&D Systems, Minneapolis, MN; USA).

siRNA transfections
H441 cells were seeded on 6-well plates at 50-60% confluence 24 h before transfection.
Transfection was performed with either 50 nM control siRNA (Dharmacon, Lafayette, CO;
d-001810) or 50 nM AhR specific siRNA (Dharmacon, Lafayette, CO; L-004990) using
Lipofectamine (Invitrogen, Carlsbad, CA; 11668). After 24 h of transfection, the medium
was replaced, and the cells were treated with DMSO or omeprazole, and exposed to room air
or hyperoxia for 48 h. siRNA mediated knockdown of AhR was validated by determining
the expression of AhR mRNA by real time RT PCR and protein by western blotting. After
48 h of exposure, cells were harvested and analyzed for functional activation of AhR,
viability, ROS generation, and MCP-1 production as described above.

Analyses of data
The results were analyzed by computerized statistical package (SPSS version 19). At least
three separate experiments were performed for each measurement, and the data are
expressed as means ± SEM. Differences between the various groups were compared by
ANOVA followed by post hoc Tukey's test. A p value of <0.05 was considered significant.

Results
In this study, we investigated the effects of omeprazole on the functional activation of AhR,
and its impact on hyperoxic injury in the human lung derived H441 cells in vitro.
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Omeprazole increased nuclear AhR protein levels in H441 cells
It has been observed that activation of AhR results in its translocation from the cytoplasm to
the nucleus. So, we fractionated the cytoplasmic and nuclear proteins of the cell lysates and
then analyzed the amounts of AhR in each fraction by western blotting. Omeprazole
significantly augmented AhR apoprotein expression in the nucleus compared to controls in
H441 cells exposed to room air and hyperoxia (Figs. 1 C and D). The cytoplasmic levels of
AhR did not differ between omeprazole and control groups both in room air and hyperoxic
conditions (Figs.1A and B). Hyperoxia independently increased nuclear localization of AhR
protein in H441 cells (Figs. 1C and D).

Omeprazole increased CYP1A1 apoprotein and mRNA levels in H441 cells
To provide further evidence on functional activation of AhR by omeprazole, we next
determined the effects of omeprazole on CYP1A1 apoprotein and mRNA levels by western
blot assay and real-time RT-PCR analysis, respectively. Hyperoxia increased CYP1A1
apoprotein and mRNA expression compared to corresponding room air groups at 24-h time
point (Fig 2). Interestingly, the CYP1A1 apoprotein and mRNA expression decreased to
below that of the corresponding room air groups in the samples exposed to 48 – 72 h
hyperoxia. However, omeprazole significantly increased CYP1A1 apoprotein (Figs. 2 A and
B) and mRNA (Fig. 2 C) levels in a dose-dependent manner compared to controls both in
room air and hyperoxic conditions

Omeprazole protected against hyperoxia-induced cytotoxicity in H441 cells
The XTT activity reflects the mitochondrial activity of the cells, and thus the absorbance
measured reflects the cell viability. Exposure to hyperoxia caused cytotoxicity, as reflected
by a decrease in the cellular capacities to reduce XTT, in a time-dependent manner.
However, omeprazole significantly attenuated hyperoxia-induced cytotoxicity compared to
controls (Fig. 3).

Omeprazole decreased hyperoxia-induced generation of ROS in H441 cells
Hyperoxia-induced generation of ROS has been widely implicated in the pathogenesis of
hyperoxic lung injury. To determine if omeprazole exerts its protective effects by decreasing
ROS production, intracellular ROS levels were measured by flow cytometry after the cells
were stained with the redox-sensitive dye CM-H2DCF-DA. Not surprisingly, hyperoxia
increased ROS generation. However, omeprazole significantly decreased hyperoxia-induced
generation of ROS compared to controls (Fig. 4).

Omeprazole suppressed hyperoxia-induced production of MCP-1 in H441 cells
We determined the levels of MCP-1 in the cell culture supernatants by ELISA to evaluate
the impact of omeprazole on the inflammatory response generated during hyperoxia. As
expected, hyperoxia increased the secretion of MCP-1 in a time-dependent manner.
Consistent with protective effects of omeprazole against hyperoxia-induced cytotoxicity and
ROS generation, omeprazole significantly suppressed hyperoxia-induced production of
MCP-1 (Fig. 5).

siRNA-mediated knockdown of AhR abrogates the protective effects of omeprazole
against hyperoxia in human lung derived H441 cells

To ascertain whether the AhR is a crucial regulator of the protective effects of omeprazole
against hyperoxic injury in human lung cells in vitro, we performed the experiments after
AhR expression was downregulated with AhR siRNA. We validated the knockdown of AhR
by evaluating the expression of AhR protein (Figs. 6A and B) and mRNA (Fig. 6C). As
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expected, AhR knockdown resulted in failure of omeprazole to induce CYP1A1, which is a
downstream target gene of AhR (Fig. 6D). In AhR deficient H441 cells, omeprazole failed
to protect against hyperoxia induced - cytotoxicity (Fig. 7A), ROS generation (Fig. 7B), and
MCP-1 production (Fig. 7C) compared to controls.

Discussion
The present study demonstrates that the proton pump inhibitor, omeprazole, attenuates
hyperoxic injury in vitro via the AhR, which is associated with decreased ROS generation
and MCP-1 production. In human lung-derived H441 cells in vitro, omeprazole-mediated
protection against hyperoxic injury correlated with the functional activation of the AhR by
omeprazole compared to control. Whereas, in H441 cells, whose AhR gene was silenced
with AhR siRNA, the lack of omeprazole-mediated protective effects against hyperoxic
injury correlated with the absence of the functional activation of the AhR.

The AhR is a versatile transcription factor that has important physiological functions in
addition to its widely established role in the induction of a battery of genes involved in the
metabolism of xenobiotics. Studies from our laboratory and others have reported that AhR
may be a crucial regulator of oxidant stress and inflammation through the induction of
several detoxifying enzymes or via “cross-talk” with other signal transduction pathways.
Several in vitro studies suggest that omeprazole activates AhR in human and rat hepatocytes
[25-28]. However, whether omeprazole activates AhR in the lung cells, and its impact on
hyperoxic injury has not been investigated. Therefore, we conducted experiments with
omeprazole in human lung derived H441 cells in vitro, both in the presence and absence of a
functional AhR, to investigate whether omeprazole protects against hyperoxic injury via
activation of the AhR. Functional activation of AhR results in the transcriptional activation
of various target genes referred to as AhR gene battery, of which the best studied example is
CYP1A1 gene [29]. Therefore, we analyzed the expression of pulmonary CYP1A1 to
determine the functional activation of AhR. Strikingly, omeprazole induces an AhR-
dependent gene expression in H441 cells in vitro, as evidenced by enhanced expression of
CYP1A1 apoprotein (Figs. 2 A and B) and mRNA (Fig. 2 C). Our results suggest that
hyperoxia on its own does cause translocation of the AhR into the nucleus (Figs. 1C and D).
Although, hyperoxia for 24 h increases the expression of the AhR target gene, CYP1A (Fig.
2), with continued exposure to hyperoxia beyond 48 to 72 h, CYP1A expression declines
(Fig. 2). This time period coincides with increased hyperoxia-mediated cytotoxicity (Fig. 3)
and ROS generation (Fig. 4), suggesting that AhR – mediated CYP1A1 expression may
protect against hyperoxic injury in H441 cells. These findings are consistent with the
previous work from our laboratory [21, 30, 31]. In contrast to CYP1A1 expression,
hyperoxia increased nuclear AhR apoprotein content beyond 48 to 72 h. The discrepancies
in our observations between nuclear AhR apoprotein content and the AhR target gene,
CYP1A1, expression beyond 48 to 72 h of hyperoxia suggest post-translational mechanisms
(e.g., protein stabilization), although the exact mechanisms are unknown at this time.
Although, hyperoxia beyond 48 to 72 h decreased CYP1A1 expression compared to their
corresponding room air groups, CYP1A1 expression was higher in omeprazole-treated cells
exposed to hyperoxia compared to room air-exposed DMSO-treated cells. These findings
suggest that under hyperoxic conditions, omeprazole increased CYP1A1 expression
compared to the constitutional expression seen under room air conditions. To the best of our
knowledge, only one study has reported that omeprazole induces pulmonary CYP1A1
mRNA in the lungs. However, the mechanism of induction of CYP1A1 was not investigated
in that study [32]. Our data provide direct evidence that pulmonary CYP1A1 is induced by
omeprazole via functional activation of the AhR.
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Previous studies have demonstrated that exposure to hyperoxia results in increased
generation of ROS [34] and decreased cell viability [30]. Similarly, we observed increased
ROS generation as determined by enhanced CM-H2DCF-DA fluorescence (Figs. 4 and 7B)
and decreased cell viability as determined by decreased XTT reduction (Figs. 3 and 7A)
upon exposure to hyperoxia. Importantly, studies have shown that ROS and inflammatory
responses are the key mediators in the pathogenesis of hyperoxia-induced lung disorders
such as BPD in preterm infants, and acute respiratory distress syndrome (ARDS) in older
children and adults [8, 35, 36]. MCP-1 is a CC chemokine that is increased in the
bronchoalveolar lavage fluid and plasma of infants with oxidant injury, who later on develop
BPD [37]. Our study demonstrates that omeprazole attenuates hyperoxia induced: (i)
cytotoxicity (Fig. 3); (ii) ROS generation (Fig. 4); and (iii) inflammation as indicated by
MCP-1 expression (Fig. 5) in H441 cells in vitro. Our data suggests that omeprazole protects
against hyperoxic injury by decreasing ROS and inflammation. In this study, the
concentrations of omeprazole that was used were similar to the plasma concentrations
documented in humans after conventional oral and intravenous administration of
omeprazole [24, 33]. Omeprazole has a proven safety profile in humans for over a decade,
and it is important to note that omeprazole protects against hyperoxic injury in H441 cells in
vitro at concentrations similar to that documented in humans after conventional doses of
omeprazole.

Our observation that omeprazole fails to protect against hyperoxic injury in H441 cells
lacking AhR (Fig. 7) demonstrates that AhR plays a crucial role in omeprazole-mediated
protection against hyperoxic injury. The protective effects of AhR against hyperoxic lung
injury in rodents have been documented, as evidenced by (i) attenuation of hyperoxic lung
injury in rodents treated with the AhR agonists, beta-naphthoflavone or 3-
methylcholanthrene [38, 39] and (ii) increased susceptibility of AhR deficient rodents and
human lung derived cells to hyperoxic injury [20, 21, 30]. Because the AhR regulates the
induction of CYP1A enzymes that may detoxify ROS [38, 40], it is possible that suppression
of these enzymes may have contributed to the failure of omeprazole to protect AhR deficient
H441 cells against hyperoxic injury. Because AhR also induces other enzymes such as
NAD(P)H quinone reductase, glutathione S-transferase-α, aldehyde dehydrogenase, and
superoxide dismutase [41], the beneficial role of these enzymes against hyperoxic injury are
not excluded. However, the reduction of ROS generation and inflammation is well
established in the studies reported herein and the molecular mechanisms could well work
through any one of the enzymes induced by AhR.

Interestingly, it has been postulated that the antiulcer and gastroprotective effects of
omeprazole may also involve acid-unrelated mechanisms, which include inhibition of
neutrophil infiltration and of oxidative tissue damage [42, 43]. To support this, several
studies in vitro have revealed that omeprazole has a direct scavenging activity against
oxygen free radicals and it inhibits neutrophil function [44, 45]. Thus, it is plausible that the
antioxidant properties of omeprazole may be beneficial in other pathologic conditions
associated with oxidative damage [46, 47]. Omeprazole has also been shown to protect
against necrotizing enterocolitis in newborn rats subjected to hypoxia/reoxygenation [48].
All of these data strongly imply that omeprazole has antioxidant and anti-inflammatory
properties. However, the molecular mechanism(s) of the antioxidant and anti-inflammatory
effects of omeprazole remains obscure. Our results support the concept that one of the main
mechanisms of omeprazole-mediated protective effects against hyperoxic injury may be
related to activation of the AhR. To the best of our knowledge, this is the first study to report
a novel finding that omeprazole protects against hyperoxic injury in vitro via the AhR that is
associated with decreased ROS generation and expression of MCP-1.
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In summary, we provide evidence that omeprazole protects against hyperoxic injury in vitro
via the AhR that is associated with decreased ROS generation and expression of MCP-1. We
propose that the protective effects of omeprazole may be due to AhR mediated induction of
enzymes such as CYP1A1 that may detoxify lipid peroxides and hydroperoxides generated
by ROS, and/or due to cross talk with other transcription factors such as NF-κB that
modulate hyperoxic injury (Fig. 8). Our results suggest that omeprazole is a potential
therapeutic agent in the prevention and treatment of hyperoxia-induced lung disorders in
humans such as BPD in premature infants and ARDS in older children and adults. Further
studies are needed to investigate the safety and efficacy of omeprazole against hyperoxic
lung injury in neonatal mice in vivo and in human neonatal lung derived cells in vitro. These
studies may provide additional insight into the mechanism(s) of protection and the
feasibility of the use of omeprazole for BPD in human premature infants.
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AhR aryl hydrocarbon receptor

ARDS acute respiratory distress syndrome

BPD bronchopulmonary dysplasia

CM-H2DCF-DA 5-(and-6)-chloromethyl-2’, 7’-dichlorodihydrofluorescein diacetate

CYP cytochrome P450

DMSO dimethylsulfoxide

HDAC1 histone deacetylase class 1

MCP-1 monocyte chemotactic protein-1

OM omeprazole

OM2 omeprazole 2μM

OM5 omeprazole 5μM

ROS reactive oxygen species

XTT 2, 3 bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carbox-
anilide
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Figure 1. Omeprazole increases nuclear translocation of AhR
H441 cells were treated with dimethylsulfoxide (DMSO) or omeprazole (OM) at
concentrations of 2μM (OM2) or 5μM (OM5), followed by exposure to room air or
hyperoxia for up to 72 h. The cell lysates were separated into cytoplasmic and nuclear
fractions at the indicated time points, and Western blotting was performed using anti-AhR,
anti-β-actin, or anti- HDAC1 (histone deacetylase class 1) antibodies. (A). Representative
western blot showing cytoplasmic AhR apoprotein expression. (B). Densitometric analysis
of the cytoplasmic AhR apoprotein and β-actin. (C). Representative Western blot assay
showing nuclear AhR apoprotein expression. (D). Densitometric analysis of the nuclear AhR
apoprotein and HDAC1. Values are presented as means ± SEM (n=4). *P < 0.005. Data are
representative of at least three independent experiments. Bars: Controls (blue), OM2
(lavender), and OM5 (purple).
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Figure 2. Omeprazole is a transcriptional activator of the AhR target gene, cytochrome (CYP)
1A1
H441 cells treated with DMSO, OM2 or OM5 were exposed to room air or hyperoxia for up
to 72 h. (A) Cytoplasmic fractions of the cells were extracted at 24, 48 and 72 h of exposure,
and Western blot assays were performed using anti-CYP1A1 and anti-β-actin antibodies. (B)
CYP1A1 band intensities were quantified and normalized to β-actin. (C) RNA, isolated at
12, 48 and 72 h of exposure, was subjected to real-time RT-PCR analysis of CYP1A1
mRNA. Data are representative of at least three independent experiments. Values are
presented as means ± SEM (n=4). *P < 0.005, †P < 0.05.
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Figure 3. Omeprazole decreases cytotoxicity in H441 cells exposed to hyperoxia
The viability of H441 cells treated with DMSO or OM and exposed to room air or hyperoxia
was assessed by 2, 3 bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carbox-
anilide (XTT) assay, at 24, 48 and 72 h of exposure. The graph shows XTT reduction
activities in cells exposed to hyperoxia, expressed as a percentage of the reduction activities
in corresponding cells incubated in normoxia. Values are presented as means ± SEM (n=4).
Data are representative of at least three independent experiments. *P < 0.005.
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Figure 4. Omeprazole attenuates ROS generation during exposure to hyperoxia
H441 cells were treated with DMSO or OM, and exposed to room air or hyperoxia for up to
48 h. At 24 and 48 h of exposure, the oxidation of the fluorescent dye, CM-H2DCF-DA, was
measured by flow cytometry. The graph represents the mean CM-H2DCF fluorescence
intensity compared to corresponding room air groups for at least three independent
experiments. Values are presented as means ± SEM (n=4). *P < 0.005, †P < 0.05.
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Figure 5. Omeprazole decreases hyperoxia-induced monocyte chemoattractant protein-1
(MCP-1) production
H441 cells were pretreated with DMSO or OM at two different concentrations (2 and 5 μM)
for 4 h before exposure to room air or hyperoxia for up to 72 h. At 24, 48 and 72 h of
exposure, the cell-free supernatants were analyzed for MCP-1 by ELISA. The graph
represents the mean MCP-1 concentrations for at least three independent experiments.
Values are presented as means ± SEM (n=4). *P < 0.005, †P < 0.05.
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Figure 6. Validation of siRNA mediated knockdown of AhR in H441 cells
H441 cells were transfected with either 50 nM negative control siRNA or 50 nM AhR
siRNA. Twenty-four hours after transfection, cells were treated with DMSO or OM, and
exposed to room air or hyperoxia for up to 48 h. (A) At 48 h of exposure, whole-cell extract
was used for Western blot analysis (A) with the anti-AhR or anti-β-actin antibodies. (B)
AhR band intensities were quantified and normalized to β-actin. At 12 h of exposure, RNA
was extracted for real-time RT-PCR analyses of AhR mRNA (C), and CYP1A1 mRNA (D)
expression. Data are representative of at least three independent experiments. Values are
presented as means ± SEM (n=4). (B,C) *P < 0.005 vs. control siRNA. (D) *P < 0.005.
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Figure 7. siRNA knockdown of AhR mitigates the protective effects of omeprazole against
hyperoxic injury
(A). Assesment of cell viability by XTT assay. (B). Determination of ROS generation by
measuring the MFI of CM-H2DCF-DA with flow cytometry. (C). Quantification of MCP-1
protein (pg/ml) in cell culture supernatants by ELISA. Data are representative of at least
three independent experiments. Values are presented as means ± SEM (n=4). *P < 0.005 vs.
control.
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Figure 8. Proposed mechanism(s) of omeprazole-mediated protective effects against hyperoxic
lung injury
OM activates AhR, which in turn may decrease hyperoxia-induced ROS generation and
inflammation, either by inducing phase I & II detoxifying enzymes and/or by modulating
NF-κB activation.
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