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ABSTRACT. Eukaryotic initiation factor 4E (elF4E) is a key element for cap-dependent protein
translation controlled by affinity between elF4E and 4E-binding protein 1 (4E-BP1). Rapamycin can
also affect protein translation by regulating 4E-BP1 phosphorylation. Tobacco-specific nitrosamine, 4-
(N-methyl-N-nitrosamino)-1-(3-pyridyl)-1-butanone (NNK) is a strong lung carcinogen, but its precise
lung cancer induction mechanism remains unknown. Relative roles of cap-dependent and -indepen-
dent protein translation in terms of NNK-induced lung carcinogenesis were elucidated using normal
human bronchial epithelial cells. NNK concentrations applied in this study did not decrease cell via-
bility. Addition of NNK restored rapamycin-induced decrease of protein synthesis and rapamycin-
induced phosphorylation of 4E-BP1, and increased expression levels of mTOR, ERK1/2, p70S6K,
and Raf-1 in a concentration-dependent manner. NNK also caused perturbation of normal cell cycle
progression. Taken together, NNK might cause toxicity through the combination of restoration of 4E-
BP1 phosphorylation and increase of elFAE as well as mTOR protein expression, interruption of
Raf1/ERK as well as the cyclin G-associated p53 network. Our data could be applied towards eluci-

dation of the molecular basis for lung cancer treatment.
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INTRODUCTION

Protein translation, a crucial regulatory step in the cel-
lular synthesis of protein in eukaryotic cells, is a mul-
tiphase process comprising initiation, elongation, and
termination, which, in turn, are affected and regulated
by their respective distinct factors (Bhandari et al,
2001). In eukaryotic cells, different modes of initiation of
translation are used depending on the nature of mRNA
fo be translated and physiclogical state of the cell
(Giraud et al., 2001), with two most frequently used
being “scanning mechanism” and “internal initiation”. In
scanning mechanism, initiation of translation requires
the formation of a “43S complex”, which binds to 5'-
m’G cap structure of mRNA and scans along 5 UTR
up to the initiator AUG. Subsequently, 60S subunit
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attaches to this complex, and translation is initiated
(Gingras et al.,, 1999). Internal initiation, a cap-indepen-
dent mechanism, was first demonstrated in picorna
viruses, which lack a 5-m’G cap and have long-struc-
tured 5 UTRs in their RNA (Giraud et al, 2001). In
addition, the presence of internal ribosome entry sites
(IRES) has been detected in different viruses, such as
encephalomyocarditis virus, human rhinoviruses, and
hepatitis A virus (Jackson et al., 1995). The IRES-medi-
ated mechanism requires secondary structures that
allow ribosomes to bind directly to the initiator AUG and
translation to start without prior scanning (Giraud et al.,
2001), and is used under conditions where cap-depen-
dent translation is inhibited (Mitchell et al., 2001). Sev-
eral genes whose protein products are associated with
apoptosis contain IRES (internal ribosome entry site),
including XIAP (X-linked inhibitor of apoptosis) (Holcik et
al., 1999), DAP5 (Death-associated protein 5) (Henis-
Korenblit et al, 2000), and c¢c-myc (Chappell et al,
1997), and can, therefore, be translated in a cap-inde-
pendent manner. As reported previously, 5 untrans-
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lated region of the mRNA encoding apoptotic protease-
activating factor 1 (Apaf-1) also contains IRES (Cold-
well et al., 2000). Thus, it can be translated via both
cap-dependent and -independent manners.

Rapamycin. forms a complex with immunophilin 'pro- v

tein FKBP (FK506-binding protein), which binds to
FRAP, a family of kinases (Brown et al., 1994). It inhib-
its cap-dependent, but not cap-independent translation
by modifying the phosphorylation status of elF4E-bind-
ing protein (elF4E-BP). Therefore, selective cap-inde-
pendent translation can be triggered in rapamycin-
treated cells.

Tobacco-specific nitrosamine 4-(methylnitrosamino)-1-
(3-pyridyl)-1-butanone (NNK) is formed through nitrosa-
tion of [-]-1-methy!-2-{3-pyridyl]-pyrrolidine (nicotine) dur-
ing maturation, air-curing, and storage of tobacco, as
well as during combustion of cigarettes (Hecht et al.,
1989). NNK can induce lung tumors in rodents, inde-
pendent of the route of administration, and has been
suggested as a causative factor in human lung cancer
(Hoffmann ef al., 1994). Recent work revealed that sus-
ceptibility to NNK tumorigenicity is increased in trans-
genic mice overexpressing c-myc, which can be
translated in a cap-independent manner (Ehrhardt ef al.,
2003), strongly suggesting that both cap-dependent and
-independent pathways may be important in NNK-
induced tumorigenesis. Therefore, this study was per-
formed to investigate the roles of cap-dependent and -
independent protein translations in NNK-induced toxic-
ity using normal human bronchial epithelial cells.

MATERIALS AND METHODS

Cell culture

Nontumorigenic human bronchial epithelial cells (NHBE,
ATCC, USA) were grown in RPMI 1640 (Sigma-Ald-
rich, USA) containing 5% FBS, HEPES, sodium bicar-
bonate, and antibiotics (5 pug/ml). Subculturing was carried
out by removing the medium, adding dissociation solu-
tion (0.25% trypsin), and allowing the flask to sit at 37°C
for 12 min or until the cells detached. After subculture,
fresh culture medium was added, and the cells were
dispensed into new culture flasks. Fluid was renewed
every 2 to 3 days.- Experiments were performed when
cell layers reached 80 to 90% confluence. The cells
were cultured in serum-free medium for 24 h. They
were then incubated, with or without pre-treatment of
20 nM rapamycin for 2 h and then, further incubation for
2 h with 50, 100 or 200 uM NNK.

MTT assay
After incubation, 50 pl of MTT [3(4,5-dimethylthiazol-2-

yl) 2,5-diphenyltetrazolium bromide; Sigma-Aldrich] in
PBS was added to each well of 96 well plates (final
concentration of 0.4 mg/ml), and the cultures were incu-
bated at 37°C in 5% CO, for 4 h. Subsequently, the
medium was carefully removed by pipetting, and forma-
zan crystals were dissolved in 150 ul DMSO. After
10 min agitation on a shaker, the absorbance was mea-
sured using a Thermomax micro plate reader and Soft-
max software (Molecular devices, USA) at wavelengths
of 490 for MTT assay and 620 nm for cell viability.

Measurement of de novo protein synthesis

NHBE cells were cultured in serum-free medium lack-
ing methionine for 24 h. Prior to adding to the cell cul-
tures, rapamycin at 20 mg/mi in ethanol was diluted
1:1,000 in the medium to a final concentration of
20 nM. NNK was used at final concentrations of 50,
100, and 200 uM after 2 h incubation with rapamycin.
Cells were randomized for 24 h incubation in the pres-
ence of 10 pCifflask of *S-methionine (specific activity
of 1000 pCi/mmol: Amersham, USA). At the end of
incubation, cells were washed in phosphate-buffered
saline containing 10 mmol/l methionine and lysed in
0.5 mol/l NaCl. Following precipitation in an equal vol-
ume of 24% trichloroacetic acid containing 20 mmol/l
methionine, the precipitates were washed in 5% trichlo-
roacetic acid and ethanol, and radioactivity was counted
using a liquid scintillation counter (Wallac, Finland).

Measurement of protein expression by Western
Blot

NHBE cells were made quiescent in serum-free
media for 24 h. Following incubation with 20 nM rapam-
ycin, the cells were then incubated with 50, 100, and
200 uM of NNK for 2 h. They were washed three times
with PBS buffer and harvested in 1 ml of lysis buffer
containing 50 mmol/l, Tris-HCI (pH 7.5), 150 mmol/l KCI,
1 mmol/l dithiothreitol, 1 mmal/l ethyl-enediaminetetraace-

tic acid (EDTA), 50 mmol/l B-glycerophosphate (pH 7.5),

1 mmolll EGTA, 50 mmol/l sodium fluoride, 0.1 mmol/l
sodium orthovanadate, 1 mmol/l, PMSF, 1 ug/ml aproti-
nin, 1 ug/ml leupeptin, and 10 pug/ml soybean trypsin
inhibitor. Cell lysates were then sonicated on ice. The
extracts were added into the sample buffer. Samples
were boiled for 10 min, and proteins were separated on
15% SDS-PAGE for 18 hr. The nitrocellulose mem-
brane was rinsed twice in Tween 20-TBS (T-TBS) with
5% skim milk. Subsequently, the membranes were incu-
bated with 1: 2,500 dilution of primary antibody used in
our experiment in T-TBS buffer for 3 h. They were then
washed twice for 10 min in T-TBS buffer, incubated with
1:5,000 dilution of secondary antibody conjugated to
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HRP (Santa Cruz, CA, USA) in T-TBS buffer for 1h,
and washed as previously mentioned. The signals were
detected using the enhanced chemiluminescence detec-
tion kit (Amersham-Pharmacia, USA).

Statistical analysis

Results are expressed as mean t standard error
(SEM) values for independence experiments. Statistical
analysis was performed on all groups using ¢ test.

RESULTS

Cell viability test by MTT

Cell viabilities of NHBE cells treated with NNK with or
without rapamycin pretreatment were measured through
MTT assay. Results revealed all groups maintained
over 90% cell viability (Fig. 1). Therefore, all treatment
did not cause any reduction of cell viability.

NNK recovered de novo protein synthesis blocked
by rapamycin in NHBE cells

Effects of rapamycin and NNK on the rate of incorpo-
ration of **S-translabel into trichloroacetic acid-precipita-
ble protein were determined as indices of de novo
protein synthesis in NHBE cells. Rapamycin incubation
for 24 h significantly decreased protein synthesis com-
pared to the untreated control cells. The reduction, how-
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Fig. 1. Dosage response curve of NNK treatments of 50,
100, and 200 uM, and NNK treatments of 50, 100, and
200 uM with pre-treatment of rapamycin by MTT assay in
NHBE cells. The NHBE cells were cultured in serum-free
medium for 24 h. All experiments were processed with or
without pre-treatment of 20 nM rapamycin within 2 h, fol-
lowed by incubation for 2 h with 50, 100, and 200 uM NNK.
Results are mean + SEM of three experiments. R, R+50,
R+100, and R+200 denote 20 nM rapamycin, and rapamy-
cin pretreatment followed by 50, 100, and 200 uM NNK|
respectively. NNK50, NNK100, and NNK200 denote 50,
100, and 200 uM NNK, respectively.
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Fig. 2. De novo protein synthesis assay measured through
the incorporation of **S- [Met] into NHBE cells. NHBE cells
were cultured in serum-free medium lacking cystein and
methionine for 24 h. The cells were then incubated with
10 pCitwell of *S-trans label (Amersham Biosciences, 74
MBqg, 2mCi) for 4h in NNK with rapamycin and 2 hours
with single NNK treatment. Results represent mean + SEM
of three experiments. R, R+50, R+100, and R+200 denote
20 nM rapamycin, and rapamycin pretreatment followed by
50, 100, and 200 uM NNK, respectively.‘ NNK50, NNK100,
and NNK200 denote 50, 100, and 200 uM NNK, respec-
tively. "P < 0.05 vs control, "P < 0.01 vs control. *P < 0.05 vs
rapamycin-treated group, #P<0.01 vs rapamycin-treated
group, ®°P < 0.05 compared with each group at equal con-
centration of NNK between single NNK-treated groups and
NNK combined with rapamycin-treated groups, °°P < 0.01
compared with each groups in same concentration of NNK
between single NNK treated groups and NNK combined
with rapamycin, ®P <0.05 compared with each groups in
single NNK treated groups, ®*®P < 0.01 compared with each
groups in single NNK treated groups.

ever, was recovered by co-treatment with NNK in a
concentration-dependent manner. This concentration-
dependent increase in de novo protein synthesis was
also observed in the group treated with NNK only (NNK
group). Overall de novo protein synthesis in NNK group
was higher than that of rapamycin-pretreated NNK
(R+NNK) group (Fig. 2).

NNK restored rapamycin-induced phosphorylation
of 4E-BP1 in NHBE cells via changed phosphoryla-
tion of Akt and related signal pathway

NNK single treatment and co-treatment with NNK did
not affect to the total Akt protein expression level, but
increased the phosphorylated Akt in Threonine and
Serine (Fig. 3 Akt).

The mTOR expression was increased by NNK in a
concentration-dependent manner in NNK' single treat-
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Fig. 3. Expression of Akt, p-Akt (Thr and Ser), mTOR, p-
mTOR, 4E-BP1, elF4E, p-elF4E, p70s6k and p-p70S6K
protein in NHBE cells determined by Western Blot. NHBE
cells were cultured in serum-free medium for 24 h. All
experiments were processed with or without of 20 nM rapa-
mycin in 2 hours and then, incubation for 2 hours with 50,
100, and 200 uM NNK. R, R+50, R+100, and R+200 denote
rapamycin of 20 nM, rapamycin pretreatment and 50, 100,
and 200 uM NNK, respectively and NNK50, NNK100 and
NNK200 denote 50, 100, and 200 uM NNK.

ment and co-treatment with NNK (Fig. 3 mTOR) but did
not increase the phosphorylation of mTOR. In contrary,
the reverse was observed in p70S6K; NNK did not
cause any change in p70S6K, but, did increase the
phosphorylation of p70S6K in a concentration-depen-
dent manner. Interestingly, however, NNK group did not
show such pattern (Fig. 4). Rapamycin changed the
phosphorylation of the 4E-BP1, as shown through fast
mobility of the protein band on Western blot. Rapamy-
cin treatment gave not two clear different bands of
elF4E-BP1, which appeared upon co-treatment with
NNK and NNK single treatment (Fig. 3 4E-BP1). Rapa-
mycin, in addition, reduced elF4E protein expression;
however, NNK co-treatment reversed this process. NNK
group also clearly showed such concentration-dependent
increase of elF4E protein expression (Fig. 3 elF4E).

NNK increased the expression level of Raf-1 and
related molecule

Co-treatment of NNK with rapamycin and single treat-
ment of NNK increased both total Raf-1 expression and
phosphorylated Raf-1 (Fig. 4 Raf-1). The similar pattern
was observed in MEK1, MEK2 and their phosphory-
lated form. Co-treatment of NNK with rapamycin and
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Fig. 4. Expression of Raf-1, p-Raf-1, MEK1, MEK2, pMEK1/2,
Erk1/2, p-Erk1/2 and c-myc protein in NHBE cells was
determined by Western Blot. NHBE cells were cultured in
serum-free medium for 24 h, then all experiments were pro-
cessed in with or without pre-treatment of rapamycin of
20 nM in 2 h and then, incubation for 2 h with 50, 100, and
200 uM NNK. R, R+50, R+100, and R+200 denote rapamy-
cin of 20 nM, rapamycin pretreatment and 50, 100, and
200 UM NNK, respectively and NNK50, NNK100 and
NNK200 denote 50, 100, and 200 uM NNK.
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single treatment of NNK increased Erk1/2 expression in
a concentration-dependent manner, however, the increase
of phosphorylated Erk1/2 was observed in NNK only
group. Co-treatment of NNK did not induce any changes
in the phosphorylation of Erk1/2 (Fig. 4 Erk1/2). Rapam-
ycin increased c-myc protein expression. However, such
rapamycin-induced c-myc expression was blocked by
the addition of NNK in a concentration-dependent man-
ner. Decreased c-myc protein expression was also
observed in NNK group as a function of concentration
(Fig. 4 c-myc).

Effect of NNK with or without rapamycin in cell
cycle

Rapamycin decreased the cyclin D1 protein level,
which, however, was restored by the addition of NNK.
The protein expression was also induced in NNK group
in a concentration-dependent manner. Similar pattern
was clearly observed on cyclin E protein expression.
Rapamycin increased p21 protein expression. Interest-
ingly, R+NNK group showed decreased p21 expres-
sion in a concentration-dependent manner, whereas
only high concentration of NNK showed such pattern.
No significant change was observed in the p53 protein
expression regardless of rapamycin pretreatment. NNK
with/without rapamycin did not cause changes in the
cyclin A and B protein expressions (data not shown). In
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Fig. 5. Expression of cyclin D1, cyclin E, cyclin G, p21, and
p53 protein in NHBE cells was determined by Western Blot.
NHBE cells were cultured in serum-free medium for 24 h,
then all experiments were processed in with or without pre-
treatment of rapamycin of 20 nM in 2h and then, incuba-
tion for 2h with 50, 100, and 200 uM NNK. R, R+50,
R+100, and R+200 denote rapamycin of 20 nM, rapamycin
pretreatment and 50, 100, and 200 uM of NNK, respec-
tively and NNK50, NNK100 and NNK200 denote 50, 100,
and 200 pM of NNK.

contrast, rapamycin decreased cyclin G protein expres-
sion significantly, although such decrease was reversed
by NNK treatment in a concentration-dependent man-
ner (Fig. 5 cyclin G).

DISCUSSION

Tobacco-specific nitrosamines are among the most
important and potent carcinogenic agents in tobacco
smoke. NNK, one of such nitrosamines, has been estab-
lished to induce lung tumors in smokers. As observed in
many .other countries, the high percentage of smokers
may be the main reason why lung cancer is the leading
cause of cancer-related deaths in Korea. Human bron-
chial epithelial cell lines permanently transformed by
human papilloma viruses are useful for studying growth
and differentiation in bronchial carcinoma and the identi-
fication of chemical and biological agents that may be
useful for the therapy of human lung cancer. Therefore,
this study was performed to elucidate the precise role of
NNK-induced iung tumorigenesis using normal human
bronchial epithelial cells (NHBE cells).

The mammalian target of rapamycin, mTOR is a pro-
tein Ser-Thr kinase that functions as a central element
in the regulation of protein translation, cell cycle pro-
gression, and cellular proliferation. Rapamycin is a
highly specific inhibitor of MTOR when complexed with
its cellular receptor, FKBP12, it binds directly to TOR to
inhibit the downstream signaling (Fingar et al., 2002).
Rapamycin, thus, affect the phosphorylation of elF4E-
BP1, a key member of the elF4E-cap complex, to induce

cap-independent protein translation. Our results indi-
cate that rapamycin affects the phosphorylation of 4E-
BP1 through band shift as well as decrease of elF4E
expression (Fig. 3), which, interestingly, was reversed
by NNK ftreatment, strongly suggesting that NNK
induced toxicity through downstream cascade of mTOR
signal pathway. In fact, R+NNK did not affect the
expression of Akt protein, upstream of mTOR (Data not
shown). Decreased de novo protein synthesis by rapa-
mycin and NNK-induced concentration-dependent resto-
ration of protein synthesis support our finding that NNK
can affect mTOR-related signal cascade in a positive
manner. In fact, mTOR is known to act as a sensor for
mitogenic stimuli to regulate cellular growth and divi-
sion. Several lines of evidences point out that tumor
cells might have an advantage in growth by exploiting
the rapid production of ATP to drive growth via mTOR
signal pathway (Jaeschke et al., 2004). Our findings in
combination with those of other groups suggest that
blocking of mTOR signal pathway may provide a ratio-
nale for anticipating tumor-selective suppression, because
strong carcinogen NNK restores rapamycin-induced 4E-
BP1 phosphorylation, and elF4E and mTOR protein
expressions. Thus, NNK might cause toxicity through
the combination of restoration of 4E-BP1 phosphoryla-
tion and increase of elF4E as well as mTOR protein
expression in our system.

NNK increased ERK1/2 protein expression only in
rapamycin-pretreated cells in a concentration-depen-
dent manner. The concentration-dependent decreased
effect of NNK was also observed on rapamycin-induced
phosphorylation of p-Erk1/2 (Fig. 4). Our data strongly
suggest that NNK affects the phosphorylation of elF4E-
BP1 and its subsequent dissociation from mRNA cap
binding protein elF4E as well as the ERK-dependent
phosphorylation. Recent finding indicate that inhibition of
PI3K and ERK-regulated protein syntheses using CD40,
a member of TNA receptor, might be responsible for
pro-apoptotic pathway (Davies et al., 2003). This find-
ing in combination with ours strongly suggests that NNK
may induce toxicity through unbalanced regulation of
protein synthesis machinery. In fact, we found that
NNK-induced apoptosis occurred initially through cap-
independent protein translation, which during later stage
was replaced by cap-dependent protein translation
(unpublished data). Moreover, although NNK did not
induce any significant change in p70S6K, it, however,
restored rapamycin-blocked phosphorylation of p70S6K
in a concentration-dependent manner (Fig. 4). Dubois
et al. (2003) reported that activation of both p70S6K
and Erk was essential for T cell proliferation. Together,
increased Raf-1, phospho-p70S6K as well as Erk1/2 pro-
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tein may be responsible for NNK-induced toxicity in our
study. Recent report revealed that inactivation of Raf/
MEK/Erk was responsible for the loss of cytoprotective
function in the induction of apoptosis (Yu et al., 2003).
Thus, interruption of Raf1/Erk pathways may be one of
the underlying mechanisms of NNK-induced toxicity.
Analysis of the signaling events linking to changes in
Ras/Raf/MEK/Erk cascade implicates the roles of cell
cycle regulatory machinery in cell homeostasis. Erk
activation was reguired for critical downstream effects
including cyclin D1 downregulation, p21 induction, and
cell cycle arrest (Clark ef al, 2003). NNK increased
rapamycin-induced reduction of cyclin D1 expression in
a concentration-dependent manner, and such concen-
tration-dependent pattern was also observed in NNK
group. Similar findings were also observed in cyclin E
expression (Fig. 5). Silibinin, n active component of nat-
ural flavonoids, has been shown to have potent cancer
chemopreventive efficacy. In addition, it is known to have
antiproliferative and apoptotic effects through upregula-
tion of p27 and p21 protein expressions and decreased
cyclin E and D1 protein expressions (Agarwal et al.,
2003). These findings support our data that increase in
cyclin D1 and E and decrease in p21and p53 may be
responsible for NNK-induced toxicity. Interestingly, NNK
also restored rapamycin-associated decrease of cyclin
G protein expression in a concentration-dependent
manner. Furthermore, NNK also increased cyclin G
expression. Perez et al. (2003) reported that cyclin G
overexpression was a frequent event in colorectal can-
cer and suggested cyclin G might be a target for gene
therapy. Our data also indicate that cyclin G might be
associated with downstream target of NNK, whereas
cycling A and B were not involved in NNK-induced tox-
icity. In fact, cyclin G is known as a key regulator of p53
network. Thus, increase of cyclin G expression may be
one of the key important events for NNK-induced toxic-
ity, because NNK decreased the corresponding pS3
protein expression (Fig. 5). Cyclin G is known to form a
quaternary complex in vivo and in vitro with enzymati-
cally active phosphatase 2A holoenzymes. Therefore,
cyclin G null cells have markedly higher levels of p53
protein when compared to wild-type cells. Thus, NNK
might affect the cyclin G-associated p53 network in a
negative manner, decreasing the expression of p50 while
increasing that of cyclin G. Such discrepancy may be also
one of the underlying causes of NNK-induced toxicity.
NNK is believed to be a causative agent of lung can-
cer in smokers. To exert its carcinogenic potential, NNK
is metabolically activated by cytochrome P450-cata-
lyzed alpha-hydroxylation (Keyler et al, 2003). Some
researchers reported that normal human bronchial

epithelial cells may have limited ability to catalyze the
metabolic activation of NNK. They used four different
transfected cell lines overexpressing P450s 2A6, 3A4,
2F1, and 2E1, and found that P450 transfection forti-
fies 3-methyl-indole toxicity. Several lines of evidences,
however, show that human lung cells contain some
degree of metabolic capability. Smith et al. reported
(2003) that peripheral human lung microsome pro-
duced total NNK bioactivation (represented by the sum
of the four alpha-carbon hydroxylation'endpoint metabo-
lites) ranging from 0.002100 to 0.005685% alpha-
hydroxylation/mg of protein/min. Such low amount of
NNK activation was nonetheless greater than that of the
detoxication products. Contributions of enzymes to NNK
oxidation were CYP2A6 and/or CYP2A13, as well as
CYP2B6. In addition, Agopyan et al. (2003) found that
airborne particulate matter is activated by immortalized
human bronchial epithelial cells, normal human bron-
chialftracheal epithelial cells, and normal human small
airway epithelial cells from the distal airways, suggest-
ing that such cell line may have some degree of meta-
bolic capability. Pohjola ef al. (2003) also found that
soluble extracts of particle matters produced dose-
dependent benzo(a)pyrene-DNA adduct in the normal
human bronchial epithelial cell line, indicating that the
cells used in this study contain metabolic capability. As
further revealed through high-density DNA microarray,
smoke-induced gene expression and regulation were
clearly observed in normal human epithelial cells (Yoneda
et al., 2003). Above results demonstrate complex genes
could be expressed in normal human bronchial epithe-
lial cells in response to the insult of environmental pol-
lutants including smoke (Yoneda et al., 2003).

In conclusion, NNK might cause toxicity through the
combination of 4E-BP1 phosphorylation restoration and
increase of elF4E as well as mTOR protein expres-
sion, interruption of Raf1/ERK, and cyclin G-associated
p53 network. Our data could be applicable for the eluci-
dation of the molecular basis for lung cancer treatment.
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