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Abstract
MEK/ERK activities are increased in many primary lung cancers, and MEK inhibitors have been
tested clinically for treatment of non-small cell lung cancers. The molecular mechanisms of resistance
to MEK inhibitors have not been clearly demonstrated, however, and no molecular biomarker that
can predict lung cancer response to MEK inhibitors is available. By determining the dose-responses
of 35 human lung cancer cell lines to MEK-specific inhibitor AZD6244, we identified subsets of
lung cancer cell lines that are either sensitive or resistant to this agent. Subsequent molecular
characterization showed that treatment with AZD6244 suppressed ERK phosphorylation in both
sensitive and resistant cells, suggesting that resistance is not mediated by the activities of MEK/ERK
themselves. Interestingly, we found that levels of phosphorylated AKT were dramatically higher in
the resistant cancer cells than in the sensitive cells. Stable transfection of dominant-negative AKT
into resistant cells by retroviral infection restored their susceptibility to AZD6244. These results
indicate that phosphorylated AKT may be a biomarker of response to AZD6244 and that modulation
of AKT activity may be a useful approach to overcome resistance to MEK inhibitors.
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Introduction
The recent advent of pathway-targeted chemotherapeutic agents, such as gefitinib1 and
erlotinib,2 has led to improved therapy for a small subgroup of patients with advanced lung
cancer. However, research findings have demonstrated that tumors with similar clinical
characteristics (location, pathology, size, stage) may respond differently to the same drug. The
discovery that mutations in the tyrosine kinase domain of epidermal growth factor receptor are
associated with response of non-small cell lung cancer (NSCLC) to gefitinib3–5 or
erlotinib3 made it possible to identify patients who may benefit from treatment with one of
these agents.
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The mitogen-activated protein kinase kinase (MEK) is one of the critical molecules in the Ras/
Raf/MEK/ERK cascade, which mediates signal transduction from Ras/Raf to extracellular
signal-regulated kinases (ERK) through phosphorylation of both tyrosine (Tyr185) and
threonine (Thr183) residues of ERK proteins. Humans and other mammals have two MEK
proteins, MEK1 and MEK2, which are encoded by their corresponding genes and are expressed
ubiquitously.6 The constitutively active form of MEK is sufficient for cellular transformation,
as reflected in a number of highly tumorigenic cell lines.7,8 Moreover, activation of MEK/
ERK has been implicated in development of a broad range of human tumors, including lung
cancers.9,10 Enhanced activation of MEK/ERK has been detected in 30–60% of primary lung
cancers,9,11–14 is associated with hyperactivation rather than overexpression of ERK, and is
linked to poor survival.12

The important role of Ras/Raf/MEK/ERK pathway in tumorigenesis has led to clinical trials
of MEK inhibitors for treatment of various solid tumors, including lung cancers.15,16 Treatment
has resulted in stabilization of disease in a small subset of patients with lung cancer, melanoma,
pancreatic cancer or colon cancer. The clinical studies showed, however, that inhibition of
phosphorylated ERK in tumor tissues from patients receiving MEK inhibitor therapy did not
correlated with clinical benefit,17 indicating that both the presence of activated ERK before
treatment and suppression of ERK activation after treatment are not sufficient to guide patient
selection or to predict the response to treatment with MEK inhibitors. Therefore, molecular
biomarkers that can be used for predicting response to MEK inhibitors are needed to improve
the design of future clinical trials of those agents and evaluation of the results, and to optimize
outcomes of targeted lung cancer therapy with MEK inhibitors. The identification of molecular
mediators of resistance may also facilitate the design of drugs to overcome resistance.

In our search for molecular biomarkers that can be used to predict response to MEK inhibitors,
we evaluated the dose-responses of human lung cancer cell lines to AZD6244, a highly
selective MEK inhibitor that is used in clinical trials for treatment of solid tumors, including
lung cancers.18–20 Subsets of AZD6244-sensitive and -resistant human lung cancer cell lines
were identified and evaluated for their molecular differences.

Results
Effect of AZD6244 on viability of lung cancer cells in vitro

We first tested the antiproliferative effect of AZD6244 on 35 lung cancer cell lines by SRB
assay and determined their median inhibitory concentrations. The response to AZD6244 varied
greatly (up to more than 1,000 fold) among the cell lines (data not shown). On the basis of their
response to AZD6244, we selected the four most sensitive cell lines (Calu-6, H2347, H3122
and H2009) and the four most resistant cell lines (H196, H522, HCC2450 and Calu-3) for
further studies. The dose-responses of those eight cell lines are shown in Figure 1A. We also
performed clonogenic assays to verify the responses of those eight cell lines to AZD6244 (Fig.
1B). As in the cell viability assay, treatment with AZD6244 resulted in a dramatic dose-
dependent reduction of colony formation in cell lines Calu-6, H2347, H3122 and H2009.
Colony formation was suppressed by more than 50% in those sensitive cells at of 5 µM or less
which is in the range of concentrations achieved in the serum of patient receiving oral
AZD6244. In contrast, colony formation by cell lines H196, H522, HCC2450 and Calu-3 was
either not affected or only mildly suppressed even at doses of 50 µM or higher (Fig. 1B). The
median inhibitory concentrations determined by either cell viability assay or clonogenic assay
were comparable in those eight cell lines, and varied from less than 0.5 µM to more than 100
µM (Table 1). The mutation status of Braf, EGFR and KRAS for each cell lines is shown in
Table 1. Among four sensitive cell lines, two (Calu-6 and H2009) have KRAS mutations. Most
of cell lines used in this study have wild-type Braf and EGFR genes. The Braf mutation status
in H196 and H3122 cell lines were unreported. We performed a PCR-based sequence analysis
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for exon 11 and 15 of Braf gene, exon 18–21 of EGFR gene, and exon 1–2 of KRAS gene,
which contains hot-spot mutations are reported to be associated with sensitivity of
chemotherapy.21 The results showed that both cell lines are wild-type for all genes.

Induction of apoptosis by AZD6244 in sensitive lung cancer cells lines
To investigate whether AZD6244-mediated reduction of viability of sensitive cells was caused
by suppression of cell growth or induction of apoptosis, we analyzed apoptosis and cell cycle
profiles after treatment with AZD6244. Sensitive or resistant cells were treated with 10 µM of
AZD6244 for 72 h, and cells were harvested for cell cycle analysis. The results show that
treatment with AZD6244 led to a dramatic increase in apoptotic (sub-G1) cells in a time-
dependent manner in the sensitive Calu-6, H2347, H3122 and H2009 cells but not in the
resistant HCC2450 cells (Fig. 2A). The apoptosis induced by AZD6244 in sensitive lung cancer
cells was confirmed by western blot analysis. Treatment with AZD6244 resulted in a dramatic,
time-dependent increase of caspase-3 cleavage in the sensitive Calu-6 cells but not in the
resistant HCC2450 cells (Fig. 2B). Moreover, we also detected that AZD6244 could induce
apoptosis in sensitive cell line Calu-6 in dose response (Fig. 2C). Together, those results
demonstrate that treatment with AZD6244 induced apoptosis in sensitive lung cancer cells.

Phosphorylated AKT is elevated in AZD6244-resistant cell lines
To investigate the mechanism of intrinsic resistance of lung cancer cells to MEK inhibitor
AZD6244, we harvested resistant and sensitive cells during log-phase growth and tested their
endogenous expression of molecules in the Ras/Raf/MEK/ERK pathway and the
phosphatidylinositide-3 kinase (PI3K)/AKT pathway, both of which mediate signal
transduction from growth factor receptors. Western blot analysis showed no obvious difference
in expression of B-Raf and p-ERK among the sensitive and resistant cells. Interestingly, all
four resistant cell lines expressed high levels of p-AKT (Ser473), which was barely detectable
in the sensitive cells (Fig. 3). Furthermore, patterns of p-AKT (Thr308), p-p38 and p-mTOR
expression were similar, although to a less dramatic degree (Fig. 3). This observation was
verified by AKT activity assay. AKT kinase activity was higher in resistant cell lines than in
sensitive cell lines (Fig. 3).

We then tested whether treatment with AZD6244 would alter levels of p-AKT, p-ERK and p-
MEK. Because ERK is phosphorylated by MEK, inhibiting MEK by AZD6244 is expected to
suppress p-ERK. As expected, treatment with 10 µM of AZD6244 resulted in suppression of
p-ERK at all time points tested (4, 24 and 72 h) in the sensitive Calu-6 and H3122 cells. Also
as expected, treatment with AZD6244 had no obvious impact on levels of p-AKT in either
sensitive or resistant cells. Interestingly, the level of p-ERK was suppressed in resistant cell
lines HCC2450 and H522 to the same degree as in the sensitive cells (Fig. 4A). A dose-response
analysis showed that both sensitive Calu-6 cells and resistant HCC2450 cells responded
similarly in term of suppression phosphorylated ERK (Fig. 4B). This indicates that MEK was
inhibited by AZD6244 in both sensitive and resistant cells, regardless of the different responses
in their cell growth profile or apoptosis induction. We also investigate p-MEK expression after
treatment with AZD6244. An obvious upregulation of p-MEK was detected in sensitive cell
lines Calu-6 and H3122 after AZD6244 treatment. This upregulation was much weaker in
resistant cell lines H522 and HCC2450. This result indicated that p-MEK upregulation might
not contribute to resistance to AZD6244.

AZD6244-resistant phenotype reversed by dominant-negative AKT
To further investigate the role of AKT in resistance to AZD6244, we infected resistant
HCC2450 and H522 cells with a retroviral vector expressing HA-tagged dominant-negative
AKT (dnAKT). Cells infected with an empty vector were used as a control. After brief selection
with Geneticin, expression of dnAKT was verified in dnAKT-transfected cells by anti-HA tag
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antibody (Fig. 5A). We then treated parental, vector-transfected and dnAKT-transfected cells
with various doses of AZD6244 and determined cell viability at 96 h after the treatment. The
results showed that transfection with dnAKT sensitized both HCC2450 and H522 cells to
AZD6244 (Fig. 5B). IC50 values for AZD6244 in parental or vector-transfected HCC2450 cells
were 189.6 µM and 167.2 µM, respectively, whereas the IC50 for dnAKT-transfected cells was
1.9 µM. Similarly, transfection of dnAKT reduced IC50 from 169.3 µM to 1.8 µM in H522
cells. Cell cycle analysis on those cells revealed that transfection with dnAKT led to a dramatic
increase in apoptosis induction by AZD6244. In both HCC2450 and H522 cells, treatment with
10 µM of AZD6244 for 3 days resulted in only background levels of apoptotic cells (3.5%–
6.5%) in parental and vector transfected cells. In contrast, the apoptotic cells increased to 22%–
29% in the dnAKT transfected cells (Fig. 5C), similar to those observed in sensitive cell lines.
This result demonstrates that inhibition of AKT can restore susceptibility to AZD6244 in
resistant cells.

Discussion
AZD6244 is a synthetic small-molecule tyrosine kinase inhibitor that is selective for MEK1/2.
It has been investigated in clinical trials for treatment of melanoma, advanced NSCLC, or
colorectal cancer. Although cancer cell cytotoxicity of AZD6244 has been observed,18–20

intrinsic and acquired resistance to this compound occurs, and molecular biomarkers that are
able to predict response to this agent may be useful clinically. It has been reported previously
that Braf mutations, especially Braf (V600E) mutation, correlated with sensitivity to MEK
inhibitors in various cancer cells.21 Activating mutations in Raf proteins, direct upstream
activators of MEK, are expected to lead to elevations in MEK/ERK activity. It is thus
conceivable that suppression of MEK can inhibit the pro-survival functions derived from
activation of Raf proteins. Clinical studies indicated, however, that both presence of activated
ERK and suppression of ERK activation after the treatment are not sufficient to predict the
benefit of treatment with MEK inhibitors.17 We found that phosphorylation of ERK was
suppressed by AZD6244 in both sensitive and resistant cells, suggesting that resistance to MEK
inhibitors is not caused by MEK/ERK activities themselves. In fact, Solit et al. observed a
similar degree of p-ERK suppression in both sensitive and resistant cells treated with MEK
inhibitor CI-1040, even though the downstream molecule cyclin D1 was suppressed in sensitive
cells but not in resistant cells.21 In this study, we did not observe association between AZD6244
sensitivity and Braf mutations, as all cell lines analyzed here were Braf wild type.

Recent studies showed that a lack feedback inhibition between ERK and Raf, resulting in
activated MEK upregulation in Braf mutant cells are associated with resistant to
AZD6244.22,23 Our study revealed that upregulation of p-MEK after treatment with AZD6244
was more dramatic in sensitive cell lines than in resistant cell lines, suggesting that feedback
upregulation of MEK may not play roles in the resistance to AZD6244.

In this study, we found that AZD6244-resistant cells express higher levels of p-AKT than
sensitive cells. Both the Ras/Raf/MEK/ERK pathway and the PI3K/AKT pathway mediate
signals from various growth factor receptors. Interestingly, these two pathways regulate several
common downstream molecules that are critical in cell survival and cell cycle progression. For
example, both pathways regulate expression of cyclin D1,24,25 and both phosphorylate or
regulate expression of forkhead transcriptional factors,26–28 Bad29–31 and caspase-9,32,33 all
of which play critical roles in apoptosis. Thus, it is possible that, in cells with low levels of
AKT, suppression of MEK is sufficient to alter the expression or function of those downstream
molecules and to induce apoptosis. In cells with elevated AKT activity, however, suppression
of MEK is insufficient to induce those effects because the expression or functions of the
downstream molecules can be maintained by the PI3K/AKT pathway. This hypothesis is
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supported by our data showing that suppression of AKT with expression of a dominant-
negative AKT can dramatically restore the susceptibility of resistant cells to AZD6244.

Amplification, overexpression or mutational activation in the p110 or p85 subunits of P13K
is observed frequently in solid tumors. Deletion of PTEN has been observed in a widely varying
group of cancers, and results in increased PI3K activity and overdependence on this pathway.
34,35 Amplification and overexpression of p-AKT are common in solid cancers. Although
mutations in AKT genes are rare in human cancers, AKT can be aberrantly activated via
numerous mechanisms that affect elements upstream of AKT. These include mutation or
amplification of PI3K, loss of PTEN function, and mutational activation of receptor kinases
and oncogenes. Previous in vitro and in vivo studies implicated AKT as a participant in
progression in the early stages of human lung tumorigenesis. AKT is activated by tobacco-
specific carcinogens in lung epithelial cells and is constitutively active in premalignant and
malignant bronchial cell lines but not in their normal counterparts.36,37 Clinical studies showed
that AKT is an indicator of poor prognosis and may increase the risk of lung cancer relapse
with distant metastasis.38,39

Constitutively active AKT has been shown to be related to resistance to chemotherapeutic and
molecular targeted drugs, including paclitaxel, tumor necrosis factor-related apoptosis-
inducing ligand and cisplatin.40–44 Strategies for overcoming chemotherapy resistance caused
by the constitutively activated PI3K/AKT pathway have been investigated by using various
inhibitors. For example, administration of LY294002, which inhibits the catalytic activity of
p110, has been shown in mouse tumor models to induce antitumour activity and to enhance
the cytotoxicity of therapeutic antimicrotubule agents.45 Derivatives of rapamycin, such as
CCI-779, have been shown to inhibit the growth of several lines of PTEN-negative tumor cells
in vitro and to increase the cytotoxic activity of traditional therapies.46 Together, those findings
and the results reported here strongly support a role for constitutively active AKT in resistance
to anticancer chemotherapies. In conclusion, our results suggest that active AKT in cancer cells
may serve not only as a biomarker for predicting response to treatment but also as a molecular
target for overcoming resistance to chemotherapeutic agents, including MEK inhibitor
AZD6244.

Materials and Methods
Materials

AZD6244 was provided by AstraZeneca Pharmaceuticals. It was dissolved in dimethyl
sulfoxide (DMSO) at 25 mM and stored at −80°C. Antibodies against caspase-3, p-AKT
(Ser473), p-AKT (Thr308), p-MEK, MEK, p-Erk, pTEN, p-p38 and p-mTOR, and the AKT
kinase assay kit, were purchased from Cell Signaling Technology, Inc., Raf-B antibody was
purchased from Santa Cruz Biotechnology, Inc., and hemagglutinin (HA)-tag and α-tubulin
antibodies, protease inhibitor cocktail, and sulforhodamine B (SRB) from Sigma Chemical
Corporation. Protein assay materials were purchased from Bio-Rad, and Geneticin from Life
Technologies, Inc.

Cell culture
All lung cancer cell lines were maintained at 37°C in high-glucose Dulbecco’s modified
Eagle’s medium (DMEM), supplemented with 10% fetal bovine serum (FBS) containing 100
µg/ml ampicillin and 0.1 mg/ml streptomycin, in a humidified atmosphere containing 5%
CO2 and 95% air.
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Cell viability assay
Cell viability was assessed by using the Sulforhodamine B (SRB) assay; each assay was carried
out in quadruplicate. Lung cancer cells were seeded at about 3,000 per well in 96-well plates
and incubated for 24 h in 10% FBS-supplemented DMEM. The cells were then treated with
AZD6244 at the indicated concentrations. Cells treated with DMSO were used as controls.
Cells were fixed 96 h after treatment by adding 50 µL of 10% trichloroacetic acid at 4°C for
1 h. They were then stained with 70 µL of 0.4% SRB for 60 min and washed with 1% acetic
acid; 200 µL of Tris base (10 mmol/L; pH, 10.5) was added. Absorbance readings at 570 nM
were determined by using a microplate analyzer. The relative survival rate was calculated by
the following equation: relative cell viablity (%) = ODT/ODC × 100% (ODT is the absorbance
of treatment groups and ODC the absorbance of control groups). Median inhibitory
concentrations (IC50 values) were determined by using CurveExpert 1.3 software according
to dose-response curves. Experiments were repeated at least three times.

Colony-forming assay
Cells were seeded into 60-mm dishes (2,000 cells/dish in triplicate) and allowed to attach
overnight to initiate log-phase growth. The cells were then cultured in 10% FBS-supplemented
DMEM containing various concentrations of AZD6244 (0, 1, 5, 10, 50 or 100 µM) for 96 h,
and then in fresh drug-free medium for an additional 5–7 days to allow clonogenic growth. At
the end of this period, the plates were washed with cold phosphate-buffered saline solution
(PBS) and the contents stained with 4% crystal violet in 50% methanol. Colonies of >50
normal-appearing cells were then counted via microscopy. Experiments were repeated at least
three times.

Western blot analysis
Whole-cell lysates were prepared by washing the cells with PBS and subjecting them to lysis
with Laemmli sample buffer supplemented with protease inhibitor cocktail. After the lysates
were sonicated for 15 sec, the protein concentrations were quantified using the Bio-Rad protein
assay kit. Equivalent proteins were loaded, separated by 10% or 12% sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE), and then transferred to nitrocellulose
membranes at 80 V for 2 h. The membranes were blocked for 1 h with 5% nonfat dried milk
in Tris buffer containing 0.1% Tween (TBST) and probed with diluted primary antibody at 4°
C overnight. The membranes were then washed three times in TBST buffer and probed with
horseradish peroxidase-linked goat anti-mouse or goat anti-rabbit IgG, and the immunoreactive
bands were visualized with the enhanced chemiluminescent detection system (Ampharmacia
Biotech). Experiments were repeated at least three times.

Plasmid transfection
The cDNA encoding a dominant-negative form of AKT1 (dnAKT) (mutations: K179A, T308A
and Y473A) was cloned into pLNCX vector (Strategene, La Jolla, CA) to generate plasmid
pLNCX-dnAKT. The empty pLNCX vector was used as control. Plasmids were isolated and
purified by using a plasmid maxi kit from Qiagen. The day before transfection, 1 × 105

HEK-293 phoenix cells were plated in 35-mm plates. The cells were transfected with pLNCX-
dnAKT or pLNCX by using the FuGENE HD transfection reagent (Roche, Mannheim,
Germany) according to the manufacturer’s instructions. Cell culture medium was collected 48
h after transfection and filtered through a 0.45-µm filter. The medium was stored at −80°C or
used fresh. Target HCC2450 or H522 cells were seeded at 1 × 105 cells/plate in 35-mm plates
and allowed to attach overnight. The following day, 3 ml of medium containing retrovirus was
added to each dish. Cells were selected for growth in 1,000 µg/ml G418. Surviving cells were
pooled together after approximately 3 weeks, and subsequent clones were isolated by limiting
dilution cloning.
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Cell cycle and apoptosis assay
Cells were harvested by trypsinization. They were washed twice in cold PBS, and then were
fixed with ice-cold 70% methanol and incubated at 4°C overnight. Cells were then washed
with PBS and incubated with 25 µg/ml propidium iodide containing 30 µg/ml RNase for 30
min at room temperature. Cells were analyzed on an EPICS Profile II flow cytometer (Coulter
Corp., Hialeah, FL) with the Multicycle Phoenix Flow Systems program (Phoenix Flow
Systems, San Diego, CA). Experiments were repeated at least three times.

Akt kinase activity assay
Cell were washed twice with PBS, subjected to lysis in cell lysis buffer, and sonicated for 15
sec. The extracts were centrifuged to remove cellular debris, and the protein concentrations of
the supernatants were determined by using the Bio-Rad protein assay reagent. Two hundred
µl cell lysate sample was incubated with 20 µl immobilized anti-Akt antibody at 4°C overnight
with gentle rocking. The resulting immune-precipitates were washed three times with lysis
buffer and twice with Akt kinase buffer. Kinase assays were performed for 30 min at 30°C
under continuous agitation in kinase buffer containing 200 µM ATP and 1 µg of GSK-3 fusion
protein. Reaction products were resolved by 10% SDS-PAGE followed by western blotting
with an anti-phospho-GSK-3α/β antibody (Cell Signaling Technology, Inc., Danvers, MA)
according to the manufacturer’s instructions for the nonradioactive Akt kinase assay.
Experiments were repeated at least three times.

Statistical analysis
Data were expressed as the mean ± SE and calculated as the mean values with 95% confidence
intervals. Statistical comparison between experimental groups was performed by two-way
ANOVA test using Microsoft Excel software. Values of p < 0.05 were considered statistically
significant.

Abbreviations

NSCLC non-small cell lung cancer

DMSO dimethyl sulfoxide

SRB sulforhodamine B

IC50 median inhibitory concentration

dnAKT dominant-negative AKT
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Figure 1.
Dose-response to AZD6244 in various NSCLC cell lines. (A) Cell viability assay. Cells were
treated with medium containing different concentrations of AZD6244 for 96 h. Cell viability
was determined by SRB, and relative cell viability was plotted as described in Materials and
Methods. Values represent mean ± SE of three independent triplicate assays. (B) Clonogenic
assay. Cells were treated with medium containing various concentrations of AZD6244 for 96
h. The medium was then removed, and fresh drug-free medium was added to allow clonogenic
growth. The values represent the mean ± SE of three independent experiments performed in
triplicate.
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Figure 2.
Apoptosis induction by AZD6244 in cultured lung cancer cells. (A) Representative flow
cytometric histograms of cells stained with propidium iodide. The numbers represent
percentages of sub-G1 phase cells. (B) Western blot analysis. Calu-6 and HCC2450 cells were
exposed to 10 µM AZD6244 for 0, 4, 24 or 72 h. Whole-cell extracts were analyzed by western
blot with antibody to caspase-3. The figure represents one of three western blots with similar
results. (C) Calu-6 Cells were treated with increasing doses of AZD6244 for 72 h. Apoptosis
was analyzed with flow cytometry.
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Figure 3.
Expression of various molecules in AZD6244-sensitive and -resistant cell lines. Western blot
analysis of eight lung cancer cell lines. The name of the cell line is at the top of the appropriate
lane, while the names for each molecule or its phosphorylation sites are marked on the right.
α-Tubulin was used as a loading control. Akt activity assay was performed as described in
Materials and Methods, using GSK-3α/β as substrate for phosphorylation. Experiments were
repeated three times with similar results.
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Figure 4.
Effect of AZD6244 on phosphorylation of ERK and AKT. (A) AZD6244-sensitive Calu-6 and
H3122, and -resistance HCC2450 and H522 cells were treated with 10 µM AZD6244 for 0, 4,
24 or 72 h as indicated. Cells were collected for western blot analysis for levels of p-AKT, p-
ERK and p-MEK. (B) Calu-6 and HCC2450 cells were treated with AZD6244 at doses range
of 0.6 to 10 µM for 36 h as indicated. Cells were collected for western blot analysis for levels
of p-ERK and p-MEK. α-Tubulin was used as a loading control. The figure represents one of
three western blots with similar results.
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Figure 5.
Effect of dominant-negative AKT (dnAKT). (A) Lung cancer cell line HCC2450 and H522
was infected with an empty retroviral vector or a dnAKT-expressing vector. After a brief
selection, dnAKT expression was detected by anti-HA-tag antibody. α-Tubulin was used as a
loading control. (B) Dose-response of AZD6244 in vector-transfected and dnAKT-transfected
HCC2450 cells. Cells were exposed to increasing concentrations of AZD6244 for 96 h. Cell
viability was determined by SRB as described in Figure 1. (C) Apoptosis induction by
AZD6244. Cells were treated with 10 µM AZD6244 for 72 h. Apoptosis was analyzed as
described in Figure 2. The numbers represent percentages of apoptotic sub-G1 phase cells.
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