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Abstract
Environmental tobacco smoke (ETS) is a key mediator of several diseases. Tobacco smoke contains
a mixture of over 4700 chemical components many of which are toxic and have been implicated in
the etiology of oxidative stress related diseases such as chronic obstructive pulmonary disease,
Parkinson’s disease, asthma, cancer and cardiovascular disease. However, the mechanism of action
of cigarette smoke in the onset of these diseases is still largely unknown. Previous studies have
revealed that the free radicals generated by cigarette smoke may contribute to many of these chronic
health problems and this study sought to address the role of environmental tobacco smoke in oxidative
stress related damage in different regions of the mouse brain. In this study, male mice were exposed
for 7 h/day, 7 days/week, for 6 months. Our results show that tobacco smoke led to increased
generation of reactive oxygen species with an increase in NF-κB activation. Gel shift analysis also
revealed the elevated level of the oxidative stress sensitive proinflammatory nuclear transcription
factor-kappa B and activator protein-1 in different regions of the brain of cigarette smoke exposed
mice. Tobacco smoke led to activation of COX-2 in all the regions of the brain. Activation of mitogen
activated protein kinase and c-Jun N-terminal kinase were also observed in various regions of brain
of ETS exposed mice. Overall our results indicate that exposure to long-term cigarette smoke induces
oxidative stress leading to activation of stress induced kinases and activation of proinflammatory
transcription factors.
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1. Introduction
Over 6000 reports have examined the connection between cigarette smoking and disease.
Smoking is now identified as a major cause of heart disease, stroke, several different forms of
cancer, and a wide variety of other health problems [1]. Most of the smoking related deaths
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are attributed to heart disease and lung cancer, followed by chronic bronchitis, stroke,
peripheral vascular disease and other circulatory diseases [2]. Although the effects of
environmental tobacco smoke (ETS) related research has been reported in approximately 1000
articles in peer reviewed journals, however, the complexity of the effects of ETS is still not
well understood and requires more research because of the presence of approximately 4000
individual compounds in the mixture and the duration of exposure seems detrimental to the
outcome of the effects on health [3].

Tobacco smoke is a complex mixture containing at least 40 different carcinogens that mediate
tumor initiation and promotion. These carcinogens include nicotine, nitrosamine, polycyclic
aromatic hydrocarbons (PAH), aromatic amines, unsaturated aldehydes (e.g., crotonaldehyde),
and some phenolic compounds (acrolein) [4]. Oxidative effects via free radical generation in
smokers causes lipid peroxidation, oxidation of proteins and damage to tissues mainly that of
lung. The antioxidant enzymes superoxide dismutase (SOD), glutathione peroxidase (GSH-
Px) and melatonin are also severely affected by ETS resulting in deleterious effects [5]. In
addition children who are exposed to passive smoking are exposed to oxidative stress that has
been implicated in the etiopathogenesis of over 100 disorders [6,7].

Nicotine alone has been shown to induce an increase dopamine and its metabolites in brain,
an increase of norepinephrine in the cortex, norepinephrine metabolite 4-hydroxy-3-methoxy-
phenylglycol in all areas [6], and apoptotic markers in the brain. Maternal nicotine
administration has been shown to cause fetal brain stem damage [8] and an in utero exposure
to N-nitroso compounds and their precursors may lead to brain tumor in adults [9,10]. Whereas
nicotine by itself can behave as a pharmacological agent, however, as an active component of
ETS, its effects might be altered due to the presence of other compounds in ETS [7–9,11].
Microarray analysis of brain exposed to ETS through inhalation have shown down-regulation
of genes associated with synaptic function, neurotransmission, and neurotrophic support, and
upregulated genes associated with stress responses, nitric oxide synthesis, antioxidant defenses,
proteolysis, inflammatory response, and glial activation [12].

The gas phase of ETS contains free radicals such as superoxide radicals, hydroxyl radicals and
H2O2 [13,14] that are known to activate redox sensitive transcription factors, such as nuclear
factor-kappa B (NF-κB) and activator protein-1 (AP-1), which lead to transcription of pro-
inflammatory genes namely interleukin (IL)-8, tumor necrosis factor-alpha (TNF-α), and
cycloxygenase (Cox)-2 [15–19]. In this report, we have examined the long-term effect of ETS-
induced oxidative stress on activation of stress related transcription factors in different regions
of the mice brain. We report that ETS induces the reactive oxygen species, lipid peroxidation,
NF-κB activation, AP-1 activation, c-Jun N-terminal kinase (JNK), activation, MAPK
activation and COX-2 activation in various regions of the brain of mice.

2. Materials and methods
2.1. Materials

Glycine, bovine serum albumin, leupeptin, PMSF, and pepstatin were obtained from Sigma
(St. Louis, MO). NF-κB oligonucleotides were synthesized from Gibco-BRL. Antibodies
against p65, p50, cyclin D1, c-Rel, JNK1, c-Jun, c-Fos, ERK and oligonucleotide for AP-1 and
NF-κB were obtained from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA). Antibody against
phosphorylated-MAPK and phosphorylated p38MAPK was obtained from cell signaling
technology (Beverly, MA).
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2.2. Animals and care
Mice were fed with AIN-76A diet and water ad libidum and housed under control conditions
(23 ± 2° C; 12/12 h light/dark periods). All experimental protocols conducted in the mice were
performed in accordance with the standards established by the US Animal Welfare Acts, set
forth in NIH guidelines and the Policy and Procedures Manual (Johns Hopkins University
School of Public Health Animal Care and Use Committee).

2.3. Exposure to ETS
Exposure ETS was performed as described by Rangaswamy et al., [20]. Briefly, male A/J mice
(8 weeks old) were purchased from Jackson laboratories. Mice were divided in to two groups
(n = 25). Group I was control mice; group II, experimental mice. Group I was kept in a filtered
air environment and groups II was subjected to environmental tobacco smoke for 6 months (7
h/day, 7 days/week) generated by burning 2R4F reference cigarettes (2.45mg nicotine per
cigarette; purchased from Tobacco Research Institute, University of Kentucky, Lexington, KY)
using a smoking machine (ModelTE-10,Teague Enterprises, Davis, CA). Each smoldering
cigarette is puffed for 2 s, once every minute for a total of eight puffs, at a flow rate of 1.05 l/
min to provide a standard puff of 35 cm3. The smoking machine was adjusted to produce a
mixture of sidestream smoke (89%) and mainstream smoke (11%), mimicking an exposure to
(ETS), by burning five cigarettes at one time. Chamber atmosphere were monitored for total
suspended particulates (TSP) and carbon monoxide (CO) every hour. The concentration of
TSP and CO was an average of 90 mg/m3 and 350 ppm, respectively [21]. After 6 months of
exposure the brain was dissected and different regions were stored at −80 °C for future use.
For analysis a set of five animals were used and three such sets were performed as independent
experiments. The data represents results from one set of experiment.

2.4. Assay of reactive oxygen species (ROS)
Oxidative species plays role in ETS -induced neuronal toxicity. The formation of ROS was
measured by using the ROS sensitive dye, 2, 7-dichlorodihydrofluorescein diacetate (DCF),
as an indicator [22]. The assay was performed on freshly dissected brain tissue samples. ETS
treated and untreated brain tissue regions namely brain stem, cerebellum, frontal cortex,
hippocampus and striatum tissue extracts (50 µg) were incubated with 10 µl of DCF-DA (10
µM) for 3 h at 37 °C. The fluorescent product formed was quantified by spectrofluorometer at
the 485/525 nm. Changes in fluorescence were expressed as arbitrary unit.

2.5. Determination of lipid peroxidation
ETS induced lipidperoxidation was determined by detection of thiobarituric acid–reactive
malondialdehyde (MDA), an end product of the peroxidation reaction of polyunsaturated fatty
acids and related esters [23]. In brief tissue homogenates were made as described for ROS
determination. Three-hundred micrograms of proteins was added to 800 µl of assay mixture
containing 0.4% thiobarbituric acid, 0.5% Sodium dodeycl sulphate and 9.4% acetic acid. After
1 h incubation at room temperature at 95 °C, samples were cooled to room temperature,
centrifuged at 14,000 × g for 10 min and the absorbance of the supernatant was measured at
532 nm. Results were normalized to MDA equivalent/mg protein and expressed as a percentage
of thiobarbituric-reactive substances above control.

2.6. Preparation of nuclear extracts and assays for NF-κB and AP-1
To prepare nuclear extract 150 µg of each brain region was incubated on ice for 1 h in 0.4 ml
of lysis buffer containing 20 mM Tris, pH 8, 2mM EDTA, 250 mM NaCl, 0.1% NP-40, 2 µg/
ml leupeptin, 2 µg/ml aprotinin, 1mM PMSF, 0.5 µg/ml benzamidine, 1mM DTT, and 1mM
sodium vanadate. The lysate was centrifuged, and the supernatant collected was used for
electrophoretic mobility shift assays (EMSA).
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To measure NF-κB activation, electrophoretic mobility shift assays (EMSA) was carried out
essentially as described by Manna and Ramesh [19]. Briefly, 20 µg of nuclear extract from
different regions of mice brain as indicated above was incubated with 32P-end-labeled 45-mer
double-stranded NF-κB oligonucleotide (20 µg protein with 16 f moles DNA) from the HIV-
LTR, 5′-TTGTTACAAGGGACTTTCCGCTGGG GACTTTCCAGGGA GGCGT GG-3′
(bold indicates NF-κB binding sites) for 15 min at 37 °C, in binding buffer. A double-stranded
mutated oligonucleotide, 5′-TTGTTACAACTC ACTTTCCGCTGCTCACTTTCCAGGGA
GGCGT GG-3′, was used to examine the specificity of binding of NF-κB to the DNA. To
perform the supershift assays, specific antibodies were added to the nuclear extract in the
binding buffer and incubated for 1h at 37 °C followed by the addition of labeled probe for
further incubation. The DNA–protein complex formed was separated from free oligonucleotide
on 4.5% native polyacrylamide gels. To determine the activation of AP-1, 20 µg of protein,
extracted from different regions of mice brain as indicated above was incubated with 16 f mol
of the 32P-end-labeled AP-1 consensus oligonucleotide 5′-
CGCTTGATGACTCAGCCGGAA-3′ (bold indicates AP-1 binding sites) for 15 min at 37 °
C in binding buffer followed by resolving the complex in 4.5% polyacralamide gels. The gels
were visualized in a Phosphor Imager (Bio Rad, Hercules, CA) using ‘Quantity One’ software.

2.7. JNK assay
The c-Jun kinase assay was performed by a modified method as described earlier [24]. Briefly,
brain extract proteins (250 µg/sample) from control and experimental mice were
immunoprecipitated with 0.3 µg anti-JNK antibody for 60 min at 37 °C. Immune complexes
were collected by incubation with protein A/G sepharose beads for 45 min at 37 °C. The beads
were extensively washed with lysis buffer (4 µl × 400 µl) and kinase buffer (2 µl × 400 µl: 20
mM HEPES, pH 7.4, 1 mM DTT, 25 mM NaCl). Kinase assays were performed for 15 min at
30 °C with GST-Jun (1–79) as a substrate in 20 mM HEPES, pH 7.4, 10 mM MgCl2, 1 mM
DTT, and 10 µCi [γ32P] ATP. Reactions were stopped with the addition of 2 × SDS sample
buffer, boiled for 5 min, and subjected to SDS-PAGE (9%). GST-Jun (1–79) was visualized
by staining with Comassie Blue, and the dried gel was analyzed in a Phospho Imager to observe
the product of the kinase reaction.

2.8. Immunoblot analysis of MAP kinase and Cox-2
Phosphorylated MAP kinase,Cox-2 and p38MAP kinase was measured as described by Manna
et al., [25]. In brief 50 µg aliquot of brain protein from different regions was resolved on 10%
SDS-PAGE, electrotransferred onto nitrocellulose membrane, and probed with the phospho-
specific anti-p44/42 MAP kinase (Thr 202/Tyr 204) antibody (New England Biolabs, Inc)
raised in rabbit (1:3000 dilution) and Cox-2 antibody (1:250 dliution) (BD Biosciences, Inc).
The membrane was then incubated with peroxidase-conjugated anti-rabbit IgG (1:3000
dilution), and bands were detected by chemiluminescence (ECL, Amersham).

3. Results
3.1. ETS induces ROS

Oxidative stress is known to mediate apoptosis and previous studies have indicated tobacco
smoke induced apoptosis in rat and human cell lines was due to ROS contained in tobacco
smoke or generated by cells exposed to tobacco smoke [14]. In order to access the effects of
environmental tobacco smoke on induction of reactive oxygen species, ETS exposed and
control brain tissue from different regions were incubated with 10 µM of DCF-DA and then
were assayed by spectrofluosremeter Results indicate that ETS causes a two- to three-fold
increase in reactive oxygen species generation as compare to the control groups and were
statistically significant (Fig. 1A). The maximum induction of ROS occurred in frontal cortex
followed by cerebellum, hippocampus and striatum and all were significantly high in ETS brain
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as compared to control. The results indicate that long-term exposure to ETS induces ROS in
brain and this induction varied across various regions of the brain.

3.2. ETS up-regulates lipid peroxidation in different regions of the brain
As previously shown that exposure to ETS resulted in increased ROS in brain, which implicates
that such an event could result in lipid peroxidation. Therefore we investigated the lipid
peroxidation level in various regions of the brain. The level of MDA reflecting the measure of
lipid peroxidation was significantly increased in different regions of ETS-exposed mice brain
as compared to control (Fig. 1B). Thus, ETS exposure increased lipid peroxidation may result
in brain tissue damage.

3.3. ETS induces NF-κB activation in different regions of the brain
NF-κB activation is also dependent upon oxidative stress, which then can lead to cell death by
apoptosis [26,27]. To investigate this effect of ETS induced activation of NF-κB
electrophoretic mobility shift assay (EMSA) was done in tissue extracts obtained from various
regions of the brain. NF-κB binding was elevated significantly in all the regions of the brain
exposed to ETS for 6 months 7 h/day as compared to control tissues (Fig. 2A). Since all the
regions in the brain showed a similar profile of NF-κB activation it suggests a common
signaling mechanism being responsible across the whole brain being induced by ETS.

3.4. ETS activated NF-κB consists of p50 and p65 subunits
The classic NF-κB complex comprises of p50/p65 that are sequestered in the cytoplasm by
interaction with a family of inhibitor proteins or IκBs [28]. Therefore to investigate whether
or not the NF-κB complex is actually comprised of p50/p65 proteins we performed EMSA
coupled to supershift assay in presence of specific antibodies. To show that the retarded band
visualized by EMSA in ETS-exposed tissue was indeed NF-κB, we incubated the tissue extracts
from control and ETS exposed brain tissue with antibody to either p50 or p65 subunits and
then conducted EMSA. Antibodies to both the subunits of NF-κB shifted the band to a higher
molecular weight (Fig. 2B), thus suggesting that the ETS-activated complex consisted of p50
and p65 subunits. Neither pre-immune serum nor any irrelevant antibodies as anti-c-Rel or
anti-cyclinD1 had any effect on the mobility of NF-κB band. In addition of excess of unlabelled
NF-κB (100-fold) oligonucleotide almost completely abolished the binding, indicating the
specificity of NF-κB binding to the oligonucleotide. Mutant oligonucleotide did not suppress
the NF-κB binding further indicating its specificity. These results suggest that the active NF-
κB complex induced by ETS in the brain was composed of p50/p65 and represents the classical
NF-κB complex as reported by us and elsewhere [14,19].

3.5. ETS induces AP-1 activation in different regions of brain
The gas phase of ETS contains free radicals such as superoxide radicals, hydroxyl radicals and
H2O2, all of which can activate AP-1. AP-1 regulates multiple cellular functions, including
proliferation, differentiation, and cell death [19]. In order to access the extent of this
relationship we examined the effect of ETS on AP-1 activation. 20 µg of protein extract was
incubated with 10 f mol of 32P-labeled AP-1 oligonucleotide and AP-1 binding was assayed
by EMSA. The result indicated that AP-1 binding was increased in all different regions of the
brain exposed to ETS as compared to its paired control (Fig. 3A). Further, we examined the
specificity of AP-1 DNA binding by supershift assays. We observed that the protein- DNA
complex was supershifted by both anti-c-Fos and anti-c-Jun antibodies during AP-1 activation.
Neither pre-immune serum nor any irrelevant antibodies as anti-cyclinD1 had any effect on
the mobility of AP-1 band (Fig. 3B).
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3.6. ETS induces COX-2 expression in different regions of brain
Because COX-2 is known to be regulated by both NF-κB and AP-1, we next investigated
whether ETS induced the expression of COX-2 in various regions of the brain [29].Whole-cell
extracts were prepared from the brain tissue and analyzed for COX-2 expression by Western
blotting. The results indicated that COX-2 protein expression was increased in all different
regions of the brain exposed to ETS as compared to its paired control (Fig. 3C).

3.7. ETS induces JNK activation
Activation of JNK is prior step of induction to AP-1 and NF-κB. The AP-1 transcription factor
consists of homodimer of members from the Jun and hetrodimer of Jun and Fos family and
these are regulated at least in part with JNK. It has also been suggested that the activation of
NF-κB is regulated by upstream MAP kinase, which in turn regulate JNK activation [28,30].
As ETS activates transcription factors like NF-κB and AP-1, we also assayed the JNK upon
exposure to ETS. ETS activated JNK almost in all the regions of the brain that were exposed
to ETS as compared to control (Fig. 4A). The results show that ETS exposure causes sustained
activation of JNK. As a control, total levels of JNK protein were assayed using western blot
in control and in ETS treated brain. The results indicate unchanged levels of total JNK protein.

3.8. ETS induces MAPK activation
Activation of mitogen activated protein kinase is the prior step to JNK activation. Several lines
of evidence suggest that phosphorylated MAPKs can participate in the regulation of NF-κB
transcriptional activity [30]. To see the phosphorylation of MAPK by ETS, the control and
ETS-exposed brain tissues were extracted and 100 µg proteins were analyzed by 10% SDS-
PAGE and phosphorylated form of MAPK was detected by Western blot using anti-phospho-
MAPK antibody. The result shown in Fig. 4B indicates that phosphorylated MAPK was
increased in all the regions of the brain exposed to ETS as compared to control brain tissue.
The same extracts were probed with anti-ERK antibody and the level of ERK was unchanged
in all the lanes indicating equal loading of proteins as well as specificity of the phosphorylation
of the MAPK because ERK also undergoes phoshorylation but through different signaling
pathway [31]. These results therefore strongly suggest that ETS induces MAPK
phosphorylation and that the level of phosphorylation was similar across all the regions of the
brain. We next examined the effect of ETS on p38MAP kinase in various regions of the brain.
We found that ETS induced the phosphorylation of the p38MAP kinase in all the regions of
the brain examined without altering the levels of the p38 MAP kinase protein expression (Fig.
4C).

4. Discussion
The present study was designed to investigate the effect of long-term exposure of ETS on
various regions of the brain of mice. We report that 6 months ETS exposure led to an increased
ROS in cerebellum, frontal cortex, hippocampus and striatum with concomitant increase in
lipid peroxidation. Long term exposure of ETS also led to an increase in the levels of the
proinflammatory transcription factors NF-κB and AP-1 and a concomitant increase in COX-2
in all the regions of the brain examined. ETS also activated JNK and ERK signaling pathways
in the brain of mice.

The effect of long-term exposure to ETS, affects brain regions by inducing oxidative stress
leading to activation of redox sensitive transcription factor NF-κB, activator protein-1 via
activation of signal responsive kinases namely JNK and MAP Kinase. Our first observation
shows that brain tissues exposed to ETS showed increased ROS as compared to the control
tissue. Since there is no report suggesting the extent of ROS induced by ETS in different regions
of the brain, this data carries significant importance to the effect of ETS in brain. Frontal Cortex
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showed maximum ROS induction followed by brain stem, indicating thereby the sensitive
response of these regions to ETS. Increased induction of ROS leads to significantly high level
of lipid peroxidation in all the regions of the brain exposed to ETS. It has been reported that
acute smoking can result in tissue damage due to increased production of lipid peroxidation
and degradation products of extracellular matrix proteins [32]. There are also reports
suggesting that oxidative stress leads to the induction of inflammatory signals as a defense to
remove the damaged cells from the tissue via apoptosis [27,33]. Our study indicates that ETS
leads to an increase in ROS production in different regions of the brain and activates the redox-
sensitive transcription factor NF-κB in all the regions of the brain. Therefore the results are in
agreement with previous studies where ETS induced stimulation of inflammatory signals has
been reported through the involvement of NF-κB resulting from the decrease in HDAC2
activity in rat lung exposed to cigarette smoke [33].

Tobacco smoke has been shown to induce inflammatory cytokines and NF-κB activation
[34,35]. Therefore, ROS induced NF-κB activation may be one of the initial event for the
expression of cytokines involved in the inflammatory response. NF-κB regulates the expression
of many genes involved in immune and inflammatory responses [30]. Our study shows that
long-term exposure to ETS induces NF-κB activation in different regions of the brain.
However, our results are different from a recent report where no apparent change in NF-κB
activation was observed in cigarette smoke condensate treated lung carcinoma (A549) cells
exposed to cigarette smoke condensate for 24 h [32]. This difference could be attributed to the
duration of exposure and the nature of the cell type. Thus we conclude that the length of
exposure is potentially an important factor in determining the activation of NF-κB by ETS.
Since, we do not have any data co-relating the exposure to this measured effect, it is not feasible
to comment, which region(s) of the brain is/are sensitive to the ETS at short duration of
exposure. The 6 months period of 7 h/days exposures to ETS might have saturated the brain
tissue across all regions and therefore we do not see any obvious differences in NF-κB
activation in the various regions of the brain.

It has been also been reported that cigarette smoke activates another proinflammatory
transcription factor, AP-1 [30,35]. Since it is known that most agents that activates NF-κB also
activates AP-1 so we examined the effect of long term exposure to ETS on AP-1 expression
in various regions of the brain. We show that ETS activated AP-1, as observed by strong binding
to DNA in brain tissues exposed to ETS as compared to their respective controls. This
observation is in agreement with Marwick et al., who also have reported AP-1 activation in rat
lung after 8 weeks of exposure to cigarette smoke [34]. Activation of AP-1 requires JNK
activation, which is an early event in this signaling pathway [19]. We assayed for JNK
activation and observed activated JNK in almost all the regions of the brain in STE exposed
animals. Cigarette smoke has been shown to induce MAPKand this activation was co-related
with concomitant increase in histone 3 phospho-acetylation, histone 4 acetylation, and
increased DNA binding of the redox-sensitive transcription factor NF-κB in rat lung [34].
Activated MAPK was observed in all the regions of the brain of ETS-exposed animals. These
results indicated that the brain is susceptible to MAPK activation by ETS. p38MAP kinase was
also found to be phoshorylated by ETS in various regions of the brain tested. These results are
in agreement with a study where nicotine has been shown to stimulate the phosphorylation of
p38MAPK in rat aortic vascular smooth muscle cells [36]. As both MAPK as well as NF-κB
are activated by oxidative stress, therefore, the results showed a co-relation between NF-κB
and MAPK in the brain tissues as compared to control.

We also report that COX-2 was overexpressed in all the regions of the brain of ETS-treated
animals. COX-2 is a proinflammatory enzyme whose expression is regulated by both NF-κB
and AP-1. Our results are in agreement with previous reports where cigarette smoke condensate
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has been shown to induce the expression of both COX-2 mRNA and protein in lung cancer
cell lines [37].

In summary, this is the first report showing the toxicological effect and the signaling
mechanism of long-term exposure of ETS in mice brain. A significantly increased lipid
peroxidation across all the regions of the brain did indicate tissue damage as a result of long
term ETS exposure. The activation of proapoptotic molecules such as different kinases and
transcription factors through up-regulation of oxidants coupled with possible down regulation
of natural anti-oxidants indicates the probable mechanism of ETS-mediated toxicity. This study
further contributes to the understanding of the deleterious effects of long-term exposure of ETS
in brain.
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Fig. 1.
(A) ETS induces ROS generation in mice brain. Fifty micrograms of protein from freshly
prepared extracts from control and ETS treated brain tissue was incubated with DCF-DA (10
µM) for 3 h at 37 °C. The formation of ROS was measured by monitoring the change in
fluorescence at wavelength of 485/525 nm. Values are mean ± S.D. (n = 5) and are significant
at *P < 0.01 as compared to their respective controls. (B) ETS induces lipid peroxidation in
mice brain. Control and ETS exposed mice brain were used to determine lipid peroxidation as
described in Section 2. The results indicated are in percentage above control value and is
representative of five independent experiments. Values are mean ± S.D. (n = 5) and are
significant at *P < 0.01 as compared to their respective controls.
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Fig. 2.
(A) ETS induces NF-κB activation in mice brain. ETS increases NF-κB DNA binding in mice
brain. Twenty micrograms nuclear proteins were analyzed in 7.4% native PAGE to detect NF-
κB by electrophoretic mobility shift assay. The data shown is a representative of five
independent experiments performed on extracts obtained from control and ETS exposed mice
brain regions. (B) Supershift and specificity of NF-κB activation. Brain tissue extracts prepared
from brain region of control and ETS exposed mice were incubated for 15 min with different
antibodies, cold and mutant NF-κB oligonucleotides, and then assayed for NF-κB, as described
in Section 2. The data shown is a representative of five independent experiments performed
on extracts obtained from control and ETS exposed mice brain regions.
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Fig. 3.
(A) ETS induces AP-1 activation. ETS increases AP-1 DNA binding in mice brain. Twenty
micrograms nuclear proteins were analyzed in 6.6% native PAGE to detect AP-1 by
electrophoretic mobility shift assay. The data shown is a representative of five independent
experiments performed on extracts obtained from control and ETS exposed mice brain regions.
(B) Supershift and specificity of AP-1 activation. Brain tissue extracts prepared from brain
region of control and ETS exposed mice were incubated for 15 min with different antibodies,
cold AP-1 oligonucleotides, and then assayed for AP-1, as described in Section 2. (C) ETS
induces COX-2 activation in mice brain. Tissue extracts from different regions of brain were
collected, 100 µg of the protein was analyzed by 10% SDS-PAGE and detected for COX-2

Manna et al. Page 13

Biochem Pharmacol. Author manuscript; available in PMC 2009 August 21.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



using anti-COX-2 antibody by Western blot. The same blot was stripped off and re-probed
with β-actin by Western blot.
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Fig. 4.
(A) ETS induces JNK activation. Tissue extracts from different regions of brain were collected
and 300 µg proteins were immunoprecipitated with anti-JNK (0.3 µg/sample) antibody, and
the kinase reaction was performed using 32P-labeled ATP and GST-Jun as substrate protein.
The radiolabeled GST-Jun was detected in 9% SDS-PAGE. The level of JNK was detected
using 50 µg of same extract proteins and analyzed in 10% SDS-PAGE by Western blot. (B)
ETS induces activation of MAPK. Tissue extracts from different regions of brain were
collected, (100 µg) of the protein was analyzed by 10% SDS-PAGE and detected
phosphorylated MAPK using anti-phospho MAPK antibody by Western blot. The same blot
was stripped off and re-probed with anti-ERK1 antibody to detect the ERK1 by Western blot.
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(C) ETS induces activation of p38MAPK. Tissue extracts from different regions of brain were
collected, (100 µg) of the protein was analyzed by 10% SDS-PAGE and detected
phosphorylated p38MAPK using anti-phospho p38MAPK antibody by Western blot. The same
blot was stripped off and re-probed with anti-p38MAPK antibody to detect the levels of
p38MAPK by Western blot.
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