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KEYWORDS Summary To clarify the pathogenic and biological significance of EGFR mutations in lung
EGFR; cancer, we compared the status of ERBB family receptors, their downstream signal transductions
Mutation; and biological phenotypes between lung cancer cell lines with mutant and wild type EGFR. We
AKT; initially analyzed expression and phosphorylation of ERBB family receptors and their major
STAT3; downstream proteins, AKT, p44/42 MAPK and STAT3, in a series of lung cancer cell lines with or
Lung cancer without EGFR mutation. The expression levels of EGFR as well as of ERBB2 and ERBB3 proteins

in cells with EGFR mutation tended to be higher than those in cells with wild type EGFR.
There was no difference in stability between mutant and wild type EGFR proteins. EGF induced
phosphorylation of EGFR, AKT, p44/42 MAPK and STAT3 to various extents, but the level of
induction was not associated with the existence of EGFR mutation. These results implied that
the activation of AKT, p44/42 MAPK and STAT3 signaling transmitted by EGFR would be critical
for the growth and survival of lung cancer cells, but specific features of mutant EGFR in lung
cancer cells was not discriminated by these approaches. We therefore performed transfection
studies using PC-13 cells with no detectable endogenous EGFR expression. Exogenous expression
of wild type and mutant EGFR (delE746-A750) in the cells revealed that only in the mutant
EGFR transfected cells, EGFR itself as well as AKT and STAT3 were highly phosphorylated after
24h of serum deprivation. The survival time of mutant EGFR transfected cells was prolonged
under serum-free culture conditions, but not under standard culture conditions with 10% serum.
These results suggest that cells with a mutant EGFR survive through the activation of the AKT
and/or STAT3 pathways, even in low EGF microenvironments. This specific property due to EGFR
mutation could be an important step of multistage lung cancer progression.
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1. Introduction

Epidermal growth factor receptor (EGFR) is one of four mem-
bers of the ERBB family receptor tyrosine kinases; EGFR,
ERBB2 (also known as NEU, HER2 or EGFR2), ERBB3 and
ERBB4. A family of ligands, including epidermal growth fac-
tor (EGF), heregulin-1 (HRG-1; also known as neuregulin-
1) and transforming growth factor-alpha (TGF-«), bind the
extracellular domain of specific receptors and lead to the
formation of both homo- and hetero-dimers, and trans-
duce signals into the cell. The major downstream path-
ways that transduce signals from the ERBB receptors are
the RAS-p44/42 MAPK (also known as ERK1/2), PI3K-AKT
and STAT3/5, which regulate important cellular functions,
including cell proliferation, survival, migration and differ-
entiation. Amplification and overexpression of EGFRs are
frequently found in a variety of epithelial cancers, such as
breast, lung, colon, ovarian, and brain tumors, and play a
central role in the etiology and progression of these tumors
[1,2].

Recently, it was shown that the EGFR gene is mutated
in approximately 20% of non-small cell lung cancers
(NSCLCs) [3], and that mutations in the tyrosine kinase
domain of the EGFR gene strongly correlate with dra-
matic clinical response to EGFR inhibitors, such as gefi-
tinib, in patients with NSCLC [4,5]. An increased copy
number of the EGFR gene is detected in approximately
30% of NSCLC and is also associated with the sensitiv-
ity of EGFR inhibitors [6]. The mutations occur in a
selective subpopulation of NSCLC patients; adenocarci-
noma histology, never-smoker status, East Asian ethnicity
and female gender [7,8]. It was also reported that EGFR
mutations are present in atypical adenomatous hyperpla-
sia (AAH), which is considered to be a precursor lesion
of lung adenocarcinoma [9], suggesting that EGFR muta-
tions are involved in the early stage of multistep lung
cancer progression. However, the pathogenic and biolog-
ical significance of EGFR mutations in the development
of lung cancer is still unclear. EGFR mutations in the
kinase domain are very rare in common human cancers
besides NSCLCs [10]. Thirty to forty percent of glioblas-
tomas are known to have a specific EGFR mutant, EGFRvlII,
which is an in-frame deletion of exons 2—7. Thus, stud-
ies on the biological significance of EGFR alterations
have been extensively performed in glioblastomas. This
mutant confers enhanced tumorigenicity on glioblastoma
cells through elevated proliferation and reduced apoptotic
rates of the cells by activation of the PI3K/AKT pathway
[11,12].

To clarify the pathogenic and biological significance of
EGFR mutations in lung cancer, we took two approaches in
this study. One is an analysis of the expression and phos-
phorylation of the ERBB family receptors and their major
downstream proteins, AKT, p44/42 MAPK and STAT3, in a
series of wild type and mutant EGFR expressing NSCLC cell
lines. Another is a transfection study using a NSCLC cell
line, PC-13, with no detectable endogenous EGFR expres-
sion, as a recipient of wild type and mutant EGFR trans-
duction. We attempted to elucidate the differences in EGF
mediated signal transductions and biological phenotypes
between lung cancer cell lines with mutant and wild type
EGFR.

2. Materials and methods

2.1. Cell culture

Six cell lines derived from lung adenocarcinoma, PC-9,
11-18, Ma-24, PC-3, A549 and PC-14, and two cell lines
derived from lung large cell carcinoma, H1299 and PC-13,
were used in this study. A549 cells were maintained in
DMEM, whereas PC-9, 11-18, Ma-24, PC-3, PC-14, H1299 and
PC-13 were maintained in RPMI 1640 (Sigma—Aldrich, St.
Louis, MO). Media were supplemented with 10% fetal bovine
serum (Invitrogen, Carlsbad, CA) and cells were grown in 5%
C0,/95% air at 37°C.

2.2. Real-time reverse-transcriptase polymerase
chain reaction (RT-PCR) analysis

Total RNA from the cell lines was prepared as described
previously [13]. Expression of ERBB family receptors, EGFR,
ERBB2, ERBB3 and ERBB4, and their ligands, EGF, HRG-1,
and TGF-a, was assessed by quantitative real-time RT-PCR
analysis using a Quantitect Probe PCR kit (QIAGEN, Hilder,
Germany) and ABI Prism 7900HT (Applied Biosystems, Foster
City, CA) according to the supplier’s protocols. Sets of Tag-
Man probe and primers were purchased from Applied Biosys-
tems. A Pre-Developed TagMan Assay Endogenous Control of
a GAPDH kit (Applied Biosystems) was used for amplification
of a GAPDH cDNA fragment. mRNA expression was expressed
as a relative expression calculated by the ratio of the mRNA
amount in a sample compared with that in a standard sample
(cDNA from PC-9 for EGFR, ERBB2, ERBB3, EGF and TGF-q,
and cDNA from PC-13 for ERBB4 and HRG-1) using GAPDH as
an internal control.

2.3. Western blot analysis

The cells were grown to 80% confluence on the plate, washed
with PBS, and cultured for an additional 24h with serum-
free medium. The cells were then treated with 100 ng/ml
of recombinant human EGF (Sigma—Aldrich) for 10 min, and
cell lysates were prepared in ice-cold RIPA lysis solution
(10mM Tris—HCLl pH 7.5, 150 mM NaCl, 2 mM EDTA, 1% NP-
40, 1% sodium deoxycholate, 0.1% SDS). Debris was removed
by centrifugation at 12,000¢ for 5min at 4°C. Hundred
micrograms of proteins were subjected to SDS-PAGE using
2—15% or 7.5% poly-acrylamide gels (Daiichi Pure Chemi-
cals, Tokyo, Japan). Proteins were elecrotransferred to a
Hybond-P PVDF membrane (Amersham-Pharmacia Biotech,
Buckinghamshire, UK), and reacted with specific antibodies.
Phospho-EGFR (Y1068), phospho-ERBB3 (Y1289), phospho-
AKT (Ser473), phospho-p44/42 MAPK (Thr202/Thr204), and
total p44/42 MAPK antibodies were obtained from Cell Sig-
naling Technology (Beverly, MA). Phospho-STAT3 (Tyr705), as
well as total EGFR, ERBB2, ERBB3, ERBB4, AKT, STAT3 anti-
bodies were obtained from Santa Cruz Biotechnology (Santa
Cruz, CA). Phospho-ERBB2 (Y1248) and «-tubulin antibodies
were obtained from Upstate Biotechnology (Lake Placid, NY)
and EMD Bioscience (San Diego, CA), respectively. All anti-
bodies were used at a 1:1,000 dilution. Proteins were visual-
ized by treatment with horseradish peroxidase-conjugated
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