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In cancer, proto-oncogenes are often altered by genomic amplification. Here we report recurrent
focal amplifications of chromosomal segment 4q12 overlapping the proto-oncogenes PDGFRA
and KIT in non-small cell lung cancer (NSCLC). Single nucleotide polymorphism (SNP) array and
fluorescent in situ hybridization (FISH) analysis indicate that 4q12 is amplified in 3–7% of lung
adenocarcinomas and 8–10% of lung squamous cell carcinomas. In addition, we demonstrate that
the NSCLC cell line NCI-H1703 exhibits focal amplification of PDGFRA and is dependent on
PDGFRα activity for cell growth. Treatment of NCI-H1703 cells with PDGFRA-specific shRNAs
or with the PDGFRα/KIT small molecule inhibitors imatinib or sunitinib leads to cell growth
inhibition. However, these observations do not extend to NSCLC cell lines with lower-amplitude
and broader gains of chromosome 4q. Together these observations implicate PDGFRA and KIT as
potential oncogenes in NSCLC, but further study is needed to define the specific characteristics of
those tumors that could respond to PDGFRα/KIT inhibitors.
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Introduction
In the United States, as well as worldwide, lung cancer is the leading cause of cancer
mortality. The majority of lung cancer cases are non-small cell lung cancers (NSCLC), the
most common forms of which are the two histological subtypes, adenocarcinoma and
squamous cell carcinoma. Despite advances in systemic therapies and surgical techniques, 5-
year survival rates for all types and stages of lung cancer remain low (16%).1

Like other solid tumors, NSCLC cases are subject to large scale rearrangements leading to
copy number gains and losses across the genome.2–4 Systematic analyses of copy number
alterations in lung adenocarcinoma have identified genes such as EGFR, MYC, MDM2,
TERT, NKX2-1, PIK3CA and MET to be selectively amplified.5–8 Other studies focusing on
oncogenic point mutations have identified recurrent mutations leading to aberrant activation
of EGFR, KRAS, PIK3CA, ERBB2 and BRAF among other genes.9–12 Furthermore,
inactivating point mutations and deletions in TP53, STK11, NF1, CDKN2A and PTEN have
been reported.13–17 Most recently, mutations in several tyrosine kinase genes including
PDGFRA and KDR have also been reported.15 Compared to lung adenocarcinoma, the range
of genetic alterations in lung squamous cell carcinoma is less understood. Activating
deletions in the extracellular domain of EGFR (EGFRvIII mutation) have been identified in
5% of lung squamous cell carcinoma samples examined.18 In addition, chromosome 3q
amplifications have been found in 18% of lung squamous cell carcinoma samples.19

Nonetheless, despite these efforts to characterize the NSCLC genome, further work is
needed to identify the complete spectrum of genetic lesions involved in NSCLC
pathogenesis.

Importantly, a recent study using a proteomic approach to discover kinases activated in lung
cancer identified phosphorylation of the receptor tyrosine kinase PDGFRα in 5% (8/150) of
primary NSCLC cases and in the cell line NCI-H1703.20 Treatment of NCI-H1703 cells
with imatinib, an FDA-approved PDGFRα and KIT inhibitor, resulted in apoptotic cell
death. Furthermore, while this manuscript was in review, an independent study
demonstrated PDGFRA and PDGFC amplification and consequent PDGFRα activation in
this cell line.21 In other tumors, aberrant activation of PDGFRα and KIT has been shown to
play a tumorigenic role in gastrointestinal stromal tumors (GIST) and several brain tumor
types.22,23 Constitutively activating point mutations in PDGFRA are found in 5% of GIST
cases. Additionally, chromosomal region 4q12 harboring PDGFRA and KIT is often
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amplified in glioblastoma multiforme (GBM) and other malignant brain tumors. Thus, there
is evidence for a role for PDGFRα and KIT activation in NSCLC and other tumors, but the
spectrum and impact of copy number alterations of these genes in NSCLC has not been
characterized. We therefore sought to characterize PDGFRA in NSCLC using a combination
of copy number analyses in primary samples and in vitro experiments in cell line models.

Results
Chromosomal segment 4q12 is recurrently amplified in non-small cell lung cancer

To characterize 4q12 copy number status in NSCLC, both previously published5,24,25 and
unpublished Affymetrix 250K SNP array data for 733 NSCLC samples (628 primary
samples, 105 cell lines) were evaluated for copy number aberrations (Fig. 1A; Suppl. Table
S1).5,24–26 4q12 amplifications overlapping the PDGFRA/KIT locus were observed in 31
(4.2%) NSCLC samples (Fig. 1B; Suppl. Table S2). The majority (93%; 29/31) of these
amplifications were relatively focal events (<50% of the length of chromosome 4q)
suggesting that selective amplification of target genes is occurring. The inferred copy
number of the amplifications, normalized to a copy number of 2 for each sample, ranged
from 2.5 to 10.2 copies (median = 2.8 copies); please note that these numbers are
approximations that are both attenuated and non-integer for multiple reasons including
stromal admixture, saturation of the SNP array at higher copy numbers, normalization to
diploid normal control samples, and microarray signal measurement error.

The size of the focal amplifications ranged from 0.45 to 48.4 Mb (median = 7.55 Mb),
respectively. Using the GISTIC (Genomic Identification of Significant Targets in Cancer)
algorithm,27 a 600 Kb region on 4q12 (54.76 to 55.36 Mb) was found to be significantly
amplified. The sole genes within this region are PDGFRA and the closely related receptor
tyrosine kinase KIT. Interestingly, our group has recently reported recurrent point mutations
in KDR, a VEGFR family receptor tyrosine kinase located adjacent to KIT, as well as in
PDGFRA and rarely in KIT.15 In our copy number data, KDR is often amplified with
PDGFRA and KIT (28/31 samples) but it does not fall within the GISTIC region of
statistical significance.

Comparing NSCLC subtypes, 3.5% (21/588) of adenocarcinomas and 8.7% (5/57) of
squamous cell carcinomas harbored 4q12 amplifications, indicating that 4q12 is amplified at
appreciable frequencies across both major NSCLC subtypes. No statistically significant
correlations were observed between the presence of 4q12 amplification and available
clinical parameters, including the histology, degree of histological differentiation, and stage
at surgical resection of the tumors; and the age, gender, and reported ethnicity of the patients
(Suppl. Table S3).

Most of the samples (26/29) with focal amplification at 4q12 had amplicons spanning both
PDGRA and KIT (Fig. 1B). However, three samples had amplicon breakpoints between
PDGFRA and KIT and only amplify one of the two genes. Two primary adenocarcinoma
samples, SM-11SU and SM-11U9, are PDGFRAWT/KITAMPLIFIED while the lung squamous
cell carcinoma cell line NCI-H1703 is PDGFRAAMPLIFIED/KITWT (Suppl. Fig. S1).
Importantly, the lung squamous cell carcinoma cell line NCI-H1703 has been shown to
overexpress phosphorylated PDGFRα and to exhibit activated MAP kinase pathway
signaling. 20 To identify any possible activating point mutations or insertion/deletions in
NCI-H1703, the coding region of PDGFRA cDNA was sequenced but the only somatic
alteration found was a G79D missense mutation listed in the dbSNP database
(http://www.ncbi.nlm.nih.gov/SNP/) and unlikely to be activating (data not shown).
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To validate our initial findings, we performed FISH in an independent set of 498 primary
NSCLC tumor samples using a bacterial artificial chromosome (BAC) probe overlapping
PDGFRA (Fig. 1C; Table 1). A BAC probe overlapping a non-amplified genomic region
(4q21), as indicated by SNP array analysis, was used as a control. Of the 498 NSCLC
samples evaluated, 39 (7.83%) were found to have amplification of the PDGFRA locus.
Within subtypes, PDGFRA amplification was detected in 6.71% (21/313) of
adenocarcinoma and 10.56% (9/161) of squamous cell carcinoma samples, closely mirroring
the results ascertained by SNP array analysis (Table 1). Interestingly, two different
amplification phenotypes were observed. Twenty-seven samples exhibited high-level
amplification (CN > 10) of PDGFRA while 12 samples harbored lower levels of PDGFRA
gain (CN 4–8).

To determine if samples with amplification of 4q12 also express PDGFRα or KIT, IHC was
performed on 63 samples in TMAs in which 4q12 copy number status was known by FISH
(Suppl. Table S4). We obtained high quality data for KIT staining, with clear membrane/
cytoplasmic staining (Suppl. Fig. S2A). In total, 73% of samples were positive for KIT
(46/63), with strong KIT staining (an IHC score of 3) seen in 6% (4/63) of cases. Of the four
samples with strong KIT staining, one exhibited high-level 4q12 amplification, while three
were diploid at 4q12. Overall, the intensity of KIT immunostaining was not correlated with
4q12 amplification status (Suppl. Fig. S2B). These results are consistent with a study by
Holtkamp et al. showing frequent KIT expression independent of 4q12 amplification status
in GBM samples.28 We attempted anti-PDGFRα immunostaining on the same TMAs with
multiple antibodies, but did not observe clear cytoplasmic/membranous staining that
excluded the nuclei; we therefore have some concern that there may be non-specific nuclear
immunoreactivity for the anti-PDGFRα antibodies used. Similar observations have been
observed by others who have reported that anti-PDGFRα immunostaining is unreliable.29

Observed non-nuclear IHC staining for PDGFRα is reported in Supplementary Table S4.

PDGFRα is essential for tumor cell survival in NCI-H1703 cells
Unregulated expression of oncogenes is necessary for tumor cell proliferation and viability.
Given this dependency upon continued oncogenic signaling, termed oncogene addiction,
tumor cells with genetically altered oncogenes can often be effectively treated with targeted
agents.30 Six cell lines harboring 4q12 copy number gain, whether broad or focal, were
tested for PDGFRα expression (Suppl. Fig. S3A). Of these, only NCI-H1703 cells highly
expressed PDGFRα. Notably, when compared against the five 4q12-amplified cell lines that
did not express PDGFRα, the 4q12 amplicon in NCI-H1703 cells is considerably more focal
and is present at much higher copy number (24.2 vs. maximum of 13.2 for other cell lines)
as determined by quantitative PCR (Suppl. Fig. S3B), suggesting that 4q12 amplicon size
and amplification level may play a role in predicting gene overexpression. In support of this,
we failed to observe any strong IHC staining for PDGFRα or KIT in primary samples
harboring low-level gains of 4q12 (Suppl. Table S4).

In order to demonstrate a role for PDGFRA in the survival of NSCLC cells with high-level
focal 4q12 amplification, we tested a series of shRNA constructs in NCI-H1703 cells and
control HCC15 cells without 4q12 amplification. Three out of five short hairpin RNAs
significantly knocked down PDGFRA expression in NCI-H1703 cells (Fig. 2A). This knock
down of PDGFRA inhibited cell survival and anchorage-independent growth in NCI-H1703
cells, but not in the HCC15 cells (Fig. 2B and C; Suppl. Fig. S4A and B). Together, these
observations implicate PDGFRA as an essential gene in a subset of NSCLC samples; similar
to other known oncogenes, such as EGFR and FGFR2, that can render tumor cells
dependent upon their activation.31,32
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Effect of PDGFRα kinase inhibitors on cells with 4q12 amplification
We then investigated whether inhibition of PDGFRα kinase activity with small molecule
inhibitors could be effective against lung cancer-derived cell lines with 4q12 amplification.
To this end, we examined the effect of two small molecule tyrosine kinase inhibitors,
imatinib and sunitinib, that are approved for the treatment of leukemia, GIST and advanced
renal cell carcinoma. 33–35 While imatinib specifically inhibits tyrosine kinase activity of
Abl, KIT and PDGFRα; sunitinib is a multi-targeted tyrosine kinase inhibitor of VEGFR-
family receptors, PDGFR-family receptors, KIT, Ret, Flt3 and CSF-1R.36,37 Treatment with
imatinib or sunitinib resulted in a marked decrease of cell survival in NCI-H1703 cells (IC50
of 20 nM and 74 nM) but not the other cell lines tested including five with 4q12 gain (Fig.
3A and B; Suppl. Fig. S5A and B) and also led to decreased colony formation in NCI-
H1703 cells (Suppl. Fig. S6A and B). Consistent with this in vitro effect, treatment with 2
µM imatinib or sunitinib for 40 minutes at 37°C inhibited the constitutive phosphorylation
of PDGFRα in NCI-H1703 cells (Fig. 3C).

Discussion
We have identified recurrent focal amplifications of chromosomal region 4q12 in NSCLC.
Systematic statistical analysis suggests that the proto-oncogenes PDGFRA and KIT are the
target of these copy number gains. High-level focal amplifications of 4q12 have been widely
described in GBM and are observed in 10–15% of cases.38 Our results indicate 3–10%
frequencies of 4q12 amplification in both lung adenocarcinoma and lung squamous cell
carcinoma. A genome wide copy number analysis by our group in a diverse dataset of 13
different tissue types detects recurrent 4q12 amplification only in glioma and NSCLC
tumors (Beroukhim, Mermel et al. in preparation), suggesting that PDGFRA and KIT
amplification may play a tumorigenic role in only a few cancer types.

In brain tumors, PDGFRA and KIT are often amplified together, however expression of the
protein products is independent of gene amplification status.28,39,40 We report comparable
findings in both primary and cell line NSCLC samples. Of the six cell lines with 4q12
amplification that were tested, only NCI-H1703 cells expressed and activated PDGFRα. It is
uncertain what determinants are driving PDGFRα overexpression and activation in the
context of 4q12 amplification. We have recently identified PDGFRA and KDR as
significantly mutated genes in lung adenocarcinoma however all 14 samples (n = 188) with
PDGFRA or KDR mutation did not harbor 4q12 amplification suggesting that mutation and
amplification are mutually exclusive events.15 Recently, McDermott and colleagues have
shown that endogenous co-amplification and overexpression of PDGFC, which encodes a
ligand of PDGFRα, in NCI-H1703 cells is also involved in this cell line’s oncogenic
signaling.21 We confirm PDGFC amplification in NCI-H1703 cells but fail to find focal
PDGFRA and PDGFC co-amplification in our dataset of 628 primary samples (data not
shown). It is likely that 4q12 amplification alone is not sufficient for PDGFRα activation
and additional factors may be required for PDGFRα-mediated signaling. Additional
experiments will be necessary to characterize the complete spectrum of genetic alterations
and protein interactions underlying PDGFRα activation in the context of 4q12 amplification.

In this study we also demonstrate that the lung cancer cell line NCI-H1703 focally amplifies
PDGFRA and is dependent on PDGFRα signaling for cell growth. Treatment of NCI-H1703
cells with PDGFRA-specific shRNAs and the small molecule inhibitors imatinib or sunitinib
leads to cell death suggesting that targeted therapy of PDGFRα may be clinically feasible in
a molecularly defined subset of NSCLC patients. However, our FISH and IHC findings
suggest that high-level 4q12 amplification alone will not sufficiently predict response to
imatinib or sunitinib. Moreover, since the co-amplification of PDGFRA and PDGFC seen in
NCI-H1703 cells is a rare event, further work is needed to identify additional NSCLC
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models that more accurately mimic the aberrant PDGFRα signaling observed in primary
samples. Future genomic and functional work in such models will greatly aid in deriving
more robust biomarkers of imatinib and sunitinib sensitivity. In addition, the role of KIT in
NSCLC tumorigenesis is unclear due to the lack of lung cancer cell line models that display
KIT expression concomitant with endogenous KIT amplification in which to perform
functional testing.

The advent of targeted cancer therapeutics emphasizes the significance of identifying
genetic alterations that lead to oncogene dependency in tumors. Notably, discovery of
tumorigenic NSCLC somatic alterations in proto-oncogenes with existing targeted
therapeutic approaches in other cancer types could provide opportunities for immediate
adoption of clinically approved treatments. In particular, a subset of NSCLC patients with
high-level focal amplifications of 4q12 present an opportunity for successful targeted
therapy with sunitinib, a compound that is FDA approved for several other cancer types.
Interestingly, a phase II clinical trial of sunitinib in previously treated NSCLC patients
demonstrated an objective response rate of 11% (7/63 patients).41 It remains to be seen
whether NSCLC patients responsive to sunitinib harbor 4q12 amplification and aberrant
PDGFRα/KIT activation.

In conclusion, our results identify chromosomal segment 4q12 as a region selected for
amplification in NSCLC. Importantly, aberrant activation of PDGFRα and KIT in NSCLC
presents potentially attractive prospects for successful targeted therapy with clinically
approved kinase inhibitors. Our data indicate that amplification alone will not predict
sensitivity to imatinib or sunitinib. It is possible that other genetic alterations such as small
insertion/deletions and translocations could be involved in gene activation. Further work is
needed to fully characterize the role of PDGFRα and KIT in NSCLC biology.

Materials and Methods
NSCLC primary samples and cell lines

For SNP array experiments, genomic DNA was extracted from 25 fresh frozen primary
tumors and 5 cell lines. Primary samples were collected from six different sites: Memorial-
Sloan Kettering Cancer Center (2 tumors), University of Michigan (1 tumor), Washington
University in St. Louis (3 tumors), Dana-Farber Cancer Institute/The Broad Institute (8
tumors), Brigham and Women’s Hospital tissue bank (4 tumors), and from the University
Health Network in Toronto (7 tumors). Five cell lines were obtained from ATCC. Processed
SNP array data and raw cel files are publicly available in the Gene Expression Omnibus
(GEO) repository (GEO accession number GSE17429). Additionally, raw Affymetrix 250K
SNP array data from 556 primary adenocarcinomas as published in Weir et al.
(http://www.broadinstitute.org/tsp/), 79 NSCLC cell lines as published in Sos et al. (GEO
accession number GSE17247), 47 primary squamous cell carcinomas as published in Bass et
al. and 21 NSCLC cell lines from the NCI caBIG database were utilized
(https://cabig.nci.nih.gov/caArray_GSKdata/).5,24–26 Histological subtype for all cases was
determined by the original pathologist at tumor resection, confirmed by a review group led
by Dr. William Travis for the 554 primary adenocarcinomas described by Weir et al.5

For FISH and IHC experiments, tissue microarrays (TMAs) were provided by L.R.C.,
N.I.L., T.G., and I.I.W. Histology was confirmed by S.P. prior to FISH and IHC evaluation.
In total, 15 TMAs comprising 901 cases were analyzed with I-FISH. 498 of these cases had
a FISH amplification status that was assessable (403 cases either showed no tumor on the
tissue cores or had insufficient hybridization).
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SNP array experiments and analysis
SNP array experiments were performed on 733 NSCLC tumor and cell line samples as
described in Weir et al.5 Data was analyzed using GISTIC as described in Beroukhim et al.
27 A description of our analysis using the GenePattern software package is provided in the
Supplementary Materials under the heading, “Description of 250K SNP Array Analysis”.
Briefly, genomic DNA was genotyped using the Sty I chip of the 500K Human Mapping
Array set (Affymetrix Inc.,) at the Broad Institute. Raw probe intensities were processed
using modules in GenePattern; copy number was computed by dividing the intensity of each
probeset by the mean value of that probeset in the five closest normals by Euclidean distance
(see Beroukhim et al.). Normalized data was segmented with GenePattern modules based on
the GLAD algorithm. G-scores derived from GISTIC were obtained for each SNP probe
across chromosome 4. Only amplifications exceeding log2 ratio of 0.3 were included. G-
scores were compared against a null model generated by random permutations to determine
a false discovery rate (q-value). Peaks with q-values below 0.25 were considered significant.
Both the peak region determined by minimal common overlap (chr4:54781155–54868471,
probes 57234:57238) and the wide peak determined by a leave-one-out approach
(chr4:54758116–55357275, probes 57231:57300) are reported (q-value = 0.08).

Dual-color interphase fluorescent in-situ hybridization on tissue microarrays (I-FISH on
TMAs)

To assess for PDGFRA amplification, probe spanning PDGFRA (chr4q12, 99.3 kb) and a
reference probe spanning a stable region identified by SNP data in NSCLC (chr4q22.3–q23,
193 kb) were used. For the PDGFRA target probe, the Biotin-14-dCTP labeled BAC clone
CTD-2054G11 (conjugated to produce a red signal) was applied. For the reference probe,
the Digoxigenin-11-dUTP labeled BAC clone RP11-799A12 (conjugated to produce a green
signal) was applied. Correct chromosomal probe localization was confirmed on normal
lymphocyte metaphase preparations. BAC clones were obtained from the BACPAC
Resource Center, Children’s Hospital Oakland Research Institute (CHORI) (Oakland, CA)
and Invitrogen (Carlsbad, CA). Tissue hybridization, washing and color detection were
performed as described previously.42 PDGFRA amplification by FISH was assessed in 498
samples (represented by 1442 TMA cores). At least one TMA core could be evaluated per
case. The samples were analyzed under a 60x oil immersion objective using an Olympus
BX-511 fluorescence microscope, a CCD (charge-coupled device) camera and the
CytoVision FISH imaging and capturing software (Applied Imaging, San Jose, CA). Semi-
quantitative evaluation of the tests was independently performed by three evaluators (A.R.,
S.P., and L.A.J.). For each case, we attempted to analyze at least 100 nuclei.

Immunohistochemistry
Immunohistochemistry for PDGFRα and KIT (CD117) was performed on 63 cases for
which PDGFRA amplification status was known. Antibodies used for
immunohistochemistry were anti-PDGFRα monoclonal antibody (1:50; clone: SPM473,
Zytomed Systems), and anti-KIT polyclonal antibody (1:200; Dako Denmark A/S).
Immunohistochemistry was performed as previously described.43 At least one tissue
microarray core was assessable per case. Each core was semi-quantitatively evaluated and
scored for non-nuclear staining of PDGFRα and KIT. For KIT staining, cores were scored 0,
1, 2 and 3 according to the following criteria: 0, no staining; 1, weak staining in <50% of
tumor cells; 2, moderate staining in >50% of tumor cells; and 3, strong staining in >90% of
tumor cells. For PDGFRα staining, cores were scored 0, 1 and 2 according to the following
criteria: 0, no staining; 1, weak staining in <50% of tumor cells; 2, strong staining in >50%
of tumor cells. Mean IHC scores were used for cases in which multiple cores were
assessable. Non-integer mean IHC score values were rounded to the nearest integer value.
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Cell culture and reagents
The NSCLC cell lines, NCI-H1703 and HCC15 were obtained from ATCC (Manassas,
Virginia, United States) and DSMZ (Braunschweig, Germany), respectively. Cells were
maintained in RPMI 1640 complete media supplemented with 10% calf serum (Gibco/
Invitrogen, Carlsbad, California, United States) and penicillin/streptomycin (Gibco/
Invitrogen). Unless otherwise noted, cells were placed in media containing 0.5% calf serum
24 h prior to 100 ng/mL PDGF (#9909, Cell Signaling Technologies, Danvers, MA, United
States) stimulation for 20 minutes at 37°C. Imatinib and Sunitinib were purchased from LC
Laboratories (Woburn, Massachusetts, United States) and diluted in DMSO to the indicated
concentrations.

shRNA mediated PDGFRA knockdown
shRNA vectors targeted against PDGFRA and GFP were obtained from TRC (The RNAi
Consortium). The target sequences of the PDGFRA shRNA constructs are:

PDGFRA#1 (TRCN0000001422): 5'-CCC AAC TTT CTT ATC CAA CTT-3'.

PDGFRA#2 (TRCN0000001423): 5'-CCA GCC TCA TAT AAG AAG AAA-3'.

PDGFRA#3 (TRCN0000001424): 5'-CCA GCT TTC ATT ACC CTC TAT-3'.

PDGFRA#4 (TRCN0000001425): 5'-CGG TGA AAG ACA GTG GAG ATT-3'.

PDGFRA#5 (TRCN0000001426): 5'-CAA TGG ACT TAC CCT GGA GAA-3'.

The sequence targeted by the GFP shRNA is 5'-GCA AGC TGA CCC TGA AGT TCA
T-3'. Lentiviruses were made by transfection of 293T packaging cells with these constructs
using a three plasmid system as previously described.44 Target cells were incubated with
lentiviruses for 6 hours in the presence of 8 µg/ml polybrene and left in fresh media. Two
days after infection, puromycin (2 µg/ml for NCI-H1703 and HCC15) was added. Cells
were grown in the presence of puromycin for four days. Fifty micrograms of total cell
lysates prepared from the puroselected cell lines was analyzed by western blotting using
anti-PDGFRα monoclonal antibody (#sc-31166, Santa Cruz Biotechnology), anti-phospho-
PDGFRα monoclonal antibody (#sc-12910, Santa Cruz Biotechnology), and anti-Actin
monoclonal antibody (#sc-1615, Santa Cruz Biotechnology).

Cell survival assays with tumor cell lines expressing shPDGFRA and shGFP constructs
800 cells for each tumor cell line expressing shRNAs targeting PDGFRA or GFP along with
uninfected cells were seeded in 6 wells on a 96 well plate. Cell viability was determined at
24 hour time points for 4 consecutive days using the WST-1 assay (Roche Applied Science).
The percentage of cell viability is plotted for each cell line of readings obtained on Day 3
relative to Day 1.

Soft agar anchorage-independent growth assay with tumor cell lines expressing
shPDGFRA and shGFP constructs

NCI-H1703 and HCC15 cells expressing shPDGFRA and shGFP were suspended in a top
layer of RPMI1640 containing 10% calf serum and 0.4% Select agar (Gibco/Invitrogen,
Carlsbad, California, United States) and plated on a bottom layer of RPMI1640 containing
10% calf serum and 0.5% Select agar. Imatinib or sunitinib were added as described to the
top agar. After 3 weeks incubation for HCC15 cells and 5 weeks for NCI-H1703 cells,
colonies were counted in triplicate. IC50s were determined by nonlinear regression using
Prism 5 software (GraphPad Software).
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Cytotoxicity assays
Lung cancer cell lines were treated with imatinib or sunitinib one day after plating and cell
survival was assessed 4 days later using the WST-1 assay (Roche Applied Science). Each
data point represents the median of six replicate wells for each tumor cell line and inhibitor
concentration. IC50s were determined by nonlinear regression using the Prism Graphpad
software.

Immunoblotting
Cells were lysed in a buffer containing 50 mM Tris-HCl (pH 7.4), 150 mM NaCl, 2.5 mM
EDTA, 1% Triton X-100 and 0.25% IPEGAL. Protease inhibitors (Roche Applied Science)
and phosphatase inhibitors (Calbiochem) were added prior to use. Samples were normalized
for total protein content. Lysates were boiled in sample buffer, separated by SDS-PAGE on
8% polyacrylamide gels, transferred to PVDF membrane, and probed as described.
Antibodies used for immunoblotting were: anti-PDGFRα monoclonal antibody (# sc-31166,
Santa Cruz Biotechnology), anti-phospho-PDGFRα monoclonal antibody (# sc-12910, Santa
Cruz Biotechnology), and anti-Actin monoclonal antibody (# sc-1615, Santa Cruz
Biotechnology).

Quantitative real-time PCR
Relative gene copy number of PDGFRA was determined by quantitative real-time PCR as
previously described.2 Primer sequences used were:

PDGFRA 5': 5'-GTG GGA TAC TGA ATC TGG AAG G-3'.

PDGFRA 3': 5'-CGT GTT GGA GGT GTT AGC TGT A-3'.

LINE-1 5': 5'-AAA GCC GCT CAA CTA CAT GG-3'.

LINE-1 3': 5'-TGC TTT GAA TGC GTC CCA GA-3'.

PDGFRA transcript levels were determined by quantitative reverse transcriptase PCR using
the ΔΔCt method. Actin and the cell line LN-382 (known to express PDGFRα)45 were used
as controls. Primer sequences used were:

PDGFRA 5': 5'-GGC ACG CAT GCG TGT GGA CTC AG-3'.

PDGFRA 3': 5'-GTC TAT GCC GAT GTC ATC CAT-3'.

ACTIN 5': 5'-ACC AAC TGG GAC GAT ATG GAG AAG A-3'.

ACTIN 3': 5'-TAC GAC CAG AGG CAT ACA GGG ACA A-3'.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Recurrent genomic amplifications of PDGFRA and KIT in NSCLC samples. (A) Smoothed
copy number estimates within chromosome arm 4q in top 200 NSCLC samples (columns;
ordered by amplification of 4q12). The color scale ranges from blue (deletion) to red
(amplification) with estimated copy numbers shown. Grey regions represent the absence of
SNP copy number data. Plotted GISTIC G-scores on the right are from all available
samples. The green line on the GISTIC plot represents a significance threshold of 0.25 false
discovery rate q-value. (B) Magnified view of smoothed copy number estimates from the
centromere to 61 Mb on chromosome 4 from 31 NSCLC samples having amplification
greater than 2.46 copies (log2 ratio of 0.3) at 4q12. Samples are sorted according to the
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maximum copy number estimate for PDGFRA and KIT. Solid and dashed lines indicate
positions of PDGFRA and KIT, respectively. Color scale as in (A). (C) FISH for PDGFRA
(red) and chromosome 4 reference probe (green) displaying low-level and high-level gain of
PDGFRA in two different lung squamous cell carcinoma samples, Case 1 and Case 2
respectively. A lung adenocarcinoma sample, Case 3, with no amplification at PDGFRA is
shown on the right for reference. Nuclei are stained with 4,6-diamidino-2-phenylindole
(DAPI; blue).
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Figure 2.
NCI-H1703 cells are addicted to PDGFRα activity. (A) PDGFRα expression in NCI-H1703
and HCC15 was confirmed by immunoblotting using actin as a loading control (left).
shRNA constructs used to knockdown PDGFRA expression were packaged into lentivirus
and used to infect NCI-H1703 and HCC15 cells. Anti-PDGFRα immunoblot shows that
hairpins #1, #3 and #5 efficiently knock down endogenous PDGFRα expression in NCI-
H1703 cells. Actin is included as a loading control. NI, no infection. shGFP, control hairpin
specific for green fluorescent protein used as a negative control (right). (B and C) Infection
with three independent hairpins (#1, #3 and #5) did not inhibit cell survival of HCC15 cells
as assessed by WST assay (B) but did inhibit survival of NCI-H1703 cells overexpressing
PDGFRA (C). All results normalized to survival of cells infected with shGFP.
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Figure 3.
PDGFRα tyrosine kinase activity is essential in NCI-H1703 cells. (A) PDGFRα is
constitutively phosphorylated, with or without PDGF ligand, in NCI-H1703 cells, as
compared with HCC15 cells. Stimulation with PDGF was carried out for 20 minutes at 37°C
with 100 ng/ml of PDGF. Treatment of these cell lines for 40 minutes with 2 µM PDGFR
kinase inhibitor imatinib and sunitinib inhibits basal phosphorylation, as evidenced by
immunoblotting with anti-phospho-PDGFRα (upper). Similar levels of expression of
PDGFRA are confirmed by immunoblotting with anti-PDGFRα (middle) using actin as a
loading control (lower). (B and C) Treatment with the indicated concentrations of imatinib
and sunitinib inhibited survival of NCI-H1703 cells, but not of HCC15 cells, as determined
by WST assay performed after 4 days treatment. IC50s are indicated.
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Table 1

Fluorescent in situ hybridization evaluation of PDGFRA in NSCLC samples

Tumor type Cases evaluated High-level PDGFRA amplification
(CN > 10)

Low-level PDGFRA amplification
(CN = 4–10)

Adenocarcinoma 313 12 (3.8%) 9 (2.9%)

SCC 161 14 (8.7%) 3 (1.9%)

Adenosquamous 8 0 0

BAC 2 0 0

Sarcomatoid 1 0 0

NSCLC 13 1 (7.7%) 0

Total 498 27 (5.4%) 12 (2.4%)

Summary of fluorescent in situ hybridization (FISH) from tissue microarrays of NSCLC samples. Number of evaluable cores with high-level gains
of PDGFRA (>10 copies) or low-level gain (4–10 copies) are shown for each subtype. SCC, squamous cell carcinoma; BAC, bronchio-alveolar
carcinoma; NSCLC, non-small cell lung cancer (histological type not specified).
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