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Kinase inhibitors constitute an important new class of cancer drugs,
whose selective efficacy is largely determined by underlying tumor
cell genetics. We established a high-throughput platform to profile
500 cell lines derived from diverse epithelial cancers for sensitivity to
14 kinase inhibitors. Most inhibitors were ineffective against uns-
elected cell lines but exhibited dramatic cell killing of small nonover-
lapping subsets. Cells with exquisite sensitivity to EGFR, HER2, MET,
or BRAF kinase inhibitors were marked by activating mutations or
amplification of the drug target. Although most cell lines recapitu-
lated known tumor-associated genotypes, the screen revealed low-
frequency drug-sensitizing genotypes in tumor types not previously
associated with drug susceptibility. Furthermore, comparing drugs
thought to target the same kinase revealed striking differences,
predictive of clinical efficacy. Genetically defined cancer subsets,
irrespective of tissue type, predict response to kinase inhibitors, and
provide an important preclinical model to guide early clinical appli-
cations of novel targeted inhibitors.

Advanced epithelial tumors are largely refractory to curative
treatment with conventional chemotherapy drugs, which re-

main the standard therapy for these cancers. Although it has been
suggested that their genetic complexity may render them resistant
to pharmacologic treatment, recent findings indicate that many
solid tumors are ‘‘addicted’’ to particular mutationally activated
kinases and that targeting such kinases with selective inhibitors
provides an important treatment paradigm. This phenomenon of
‘‘oncogene addiction’’ (1) appears to underlie the clinical success of
several selective kinase inhibitors, including imatinib, trastuzumab,
gefitinib, and erlotinib (2).

Although kinase inhibitors hold much promise for cancer ther-
apy, their successful application requires preclinical strategies to
identify molecular markers that define susceptible subtypes, which
may constitute small fractions among common epithelial cancers.
Analysis of tumor-derived cell lines provides an effective, manip-
ulable system for establishing the link between specific tumor
genotypes and the response to molecularly targeted drugs. Indeed,
recent findings indicate that breast cancer-derived cell lines faith-
fully recapitulate the genomic features of primary tumors, with
trastuzumab sensitivity correlating with HER2 gene amplification
(3), indicating that clinically observed genotype-associated drug
sensitivities can be successfully modeled in cancer cell lines.

We reasoned that high-throughput analysis of a large number of
tumor cell lines representing the broad genetic heterogeneity in
human cancer could provide a robust system for preclinical assess-
ment of novel targeted drugs. Therefore, we developed a system for
determining sensitivity to putative anticancer compounds in a large
collection of human cancer cell lines representing diverse tumor
histologies. Genotype-dependent drug susceptibilities were readily

apparent through this strategy. This broadly generalizable approach
allows for effective preclinical screening of novel agents and reveals
previously unrecognized subsets of tumors likely to respond to
established anticancer drugs.

Results
Establishment of a High-Throughput Cancer Cell Line Profiling
Platform. To capture the broad genetic heterogeneity inherent
among various cancers, we developed an automated platform to
examine the sensitivity of 500 solid tumor-derived human cell lines
to 14 selective kinase inhibitors, including FDA-approved and
investigational drugs [supporting information (SI) Figs. 6 and 7].
The majority of cell lines were largely ‘‘refractory’’ to each inhibitor,
but for most inhibitors, a small subgroup of exquisitely sensitive cell
lines could be readily identified (Fig. 1A). Hierarchical clustering of
sensitivity data revealed that cell lines could be grouped according
to their response profile to multiple inhibitors, with overlapping
sensitivity to related compounds (Fig. 1B). These findings are
consistent with clinical data indicating that selective kinase inhib-
itors typically produce clinical responses in a relatively small frac-
tion of treated patients.

Responsiveness to Erlotinib in EGFR Mutant Cell Lines. To determine
whether high-throughput tumor cell line profiling could be used to
model the genotype-correlated drug sensitivity observed clinically
with several kinase inhibitors, we first tested erlotinib, an EGFR
kinase inhibitor whose clinical activity is well correlated with
activating EGFR kinase domain mutations in �10% of non-small-
cell lung cancers (NSCLCs) (4). Among 131 NSCLC lines profiled,
98 (75%) are insensitive to erlotinib, whereas 26 (20%) display
minimal growth inhibition, and 7 (5%) exhibit exquisite sensitivity
(Fig. 2A). Of these highly sensitive lines, six harbor activating EGFR
mutations, whereas the seventh has HER2 gene amplification,
which has also been correlated with erlotinib responses in NSCLC
(5). These lines were determined to be genetically distinct by using
comparative SNP-based ‘‘fingerprinting’’ (SI Fig. 8). Among the
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erlotinib-insensitive lines, 96 of 98 examined harbor wild-type
EGFR. Overall, there was a highly significant correlation between
the presence of activating EGFR mutations and sensitivity to
erlotinib (P � 0.001). The remaining two lines harbor EGFR
mutations in the context of the known T790M drug-resistance
mutation (NCI-H1975) or deletion of PTEN, a known modulator
of cell survival (NCI-H1650). As reported (6), mutations in EGFR
and KRAS are mutually exclusive, and no erlotinib-sensitive cell
lines harbor KRAS mutations (Fig. 2A). Thus, analysis of NSCLC-
derived cell lines recapitulates clinical observations with respect to
genetically defined subsets susceptible to EGFR inhibitors.

We extended the profiling to an additional 369 cell lines derived
from other tissues. Again, the vast majority of lines were erlotinib-
insensitive (Fig. 2B), consistent with data indicating that EGFR
mutations and clinical responses arise at very low frequency outside
of NSCLC. However, 9 of 369 (2%) additional drug-sensitive cell
lines were identified, derived from esophageal, ovarian, head and
neck, cervical, liver, and stomach cancers. Of these nine cell lines,
two had erlotinib-sensitizing EGFR mutations (Nugc-4 and Kyse-
450) (7), and two others had high-level amplification of wild-type
EGFR, a known determinant of erlotinib sensitivity in lung cancer
(8) (Fig. 2B; SI Fig. 9). Thus, of the 16 most erlotinib-sensitive cell
lines identified, 11 harbor either EGFR mutations or EGFR/HER2
gene amplification—a highly significant correlation with sensitivity
to erlotinib (P � 0.001). In EGFR-mutated cell lines not derived
from NSCLC, erlotinib sensitivity is well correlated with its ability
to suppress EGFR signaling to survival effectors (SI Fig. 10),
suggesting that, as in erlotinib-sensitive NSCLCs, activated EGFR
is coupled to downstream survival signals in these additional cancer
types. Thus, high-throughput screening of cancer cell lines for
erlotinib sensitivity faithfully recapitulates the genotype-correlated
drug responses observed clinically in NSCLC and suggests that
these may extend to genetically defined subsets of other epithelial
cancers.

Sensitivity to an Inhibitor of the Growth Factor Receptor MET.
Amplification of the MET tyrosine kinase gene occurs in �20% of
gastric cancers and has been well correlated with sensitivity to the
selective MET kinase inhibitor PHA665752 in gastric cancer cell
lines (9). Profiling 500 tumor cell lines readily identified the five
gastric cancer lines in the panel with amplified MET among the
seven most PHA665752-sensitive lines (Fig. 3). However, the most
sensitive line was a NSCLC line (EBC-1) that also harbors sub-
stantial MET amplification. These cells express phospho-MET, and
PHA665752 treatment efficiently suppresses MET signaling (SI
Fig. 11 A and B). A second NSCLC line (H1993) with high-level
MET amplification is also very sensitive to PHA665752 treatment,
consistent with a recent report (10). Ranking the tested cell lines
according to MET amplification revealed a strong correlation with
drug sensitivity (P � 0.001) (SI Fig. 12). In the few lines in which
MET amplification was not linked to drug sensitivity, further
analysis revealed either absent MET expression or failure of MET
to couple to downstream survival signals (SI Fig. 11 C and D).
Together, these findings suggest that sensitivity to MET inhibition
is strongly linked to MET amplification in gastric cancer as well as
in a smaller subset of lung and esophageal cancers.

Sensitivity to an Investigational B-RAF Inhibitor. The discovery of
recurrent BRAF kinase mutations in 70–80% of melanomas is
among the most significant discoveries of cancer kinome sequenc-
ing efforts (11). Somatic BRAF mutations are most frequently seen
in melanomas (70–80%), thyroid cancers (40%), and colorectal
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Fig. 1. Profiling 500 tumor cell lines with a variety of selective kinase
inhibitors reveals a wide range of sensitivities for most compounds. (A) Pie
chart representation of the sensitivity of 500 cancer cell lines to inhibitors of
the indicated kinases after treatment for 72 h. Sensitivity is calculated as the
fraction of viable cells relative to untreated controls. The complete set of
sensitivity data is presented in SI Fig. 18. (B) Hierarchical clustering of the
sensitivity of 500 human cancer cell lines to a single concentration of each of
the 14 protein kinase inhibitors indicated in A. The concentration selected for
each compound was that which most clearly discriminated between sensitive
and resistant cell lines. The ‘‘subclusters’’ with the highest correlation coeffi-
cients are displayed adjacent to the clustering profile and are further explored
in Results. The kinase inhibitors are numbered as indicated in A. The subclus-
ters highlight (from top to bottom) those compounds targeting MET, EGFR,

HER2, and BRAF, with correlation coefficients of 0.85, 0.92, 0.86, and 0.87,
respectively. The sensitivity of each cell line is indicated by the increasing
intensity of the green signal. Resistant cell lines are indicated in black. Cell lines
not screened with a particular compound are indicated in gray.
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cancers (20%) (11), and a recurrent kinase domain mutation,
V600E, accounts for 90% of BRAF mutations (12). However,
clinical trials of a putative BRAF inhibitor, sorafenib, failed to
demonstrate responses in melanoma (13). Profiling sorafenib
against 500 cell lines demonstrated limited activity (Fig. 4A) and
was primarily seen in tumor cells not typically associated with
BRAF mutations. In marked contrast, a similar analysis of AZ628,
an investigational selective BRAF inhibitor (IC50 for WT BRAF
2.14 �M, mutant BRAF 196 nM) revealed remarkable sensitivity
among melanoma, thyroid, and colorectal cancer cell lines. Thus, 28

of 37 of the most sensitive cell lines belonged to these three tumor
types, and 29 of these lines harbor BRAF mutations (Fig. 4A).
Significantly, four of the remaining sensitive lines harbor an acti-
vating mutation in NRAS, a functional component of this pathway.
Among the AZ628-insensitive cell lines (white category), only nine
lines with BRAF V600E mutation and five with NRAS mutations
were present among 241 genotyped lines. Overall, NRAS mutations
were correlated with AZ628-sensitivity (nine occurrences in the
15% most sensitive lines and only five occurrences in the remaining
85% insensitive lines; Fig. 4 and SI Fig. 13). Rare AZ628-sensitive
lines from lung, brain, bladder, gastric, kidney, and ovarian cancer,
were also identified, with several harboring BRAF or NRAS
mutations (Fig. 4 A and B). No mutations in HRAS or KRAS are
present among the AZ628-sensitive lines. Comparing AZ628 and
sorafenib, mutations in BRAF or NRAS were found in 86% (32 of
37) of the AZ628-sensitive lines (top 7%), whereas they were
present in only 11% (4 of 37) of the sorafenib-sensitive lines (top
7%) (P � 0.001) (Fig. 4A). Moreover, there was virtually no overlap
in the cell line sensitivity profile to AZ628 and sorafenib, under-
scoring functional differences.

These observations also indicate the importance of the BRAF
genotype. Thus, melanoma cells lacking the V600E BRAF muta-
tion are largely AZ628-insensitive, as are cell lines with distinct
BRAF mutations, such as G466V and G469A (exon 11) (SI Fig. 13).
In the cell line panel, exon 11 mutations of BRAF featured in only
five lines, four of which were AZ628-insensitive. Biochemical
studies revealed that AZ628 sensitivity is well correlated with its
ability to suppress the downstream pathway component, ERK (SI
Fig. 13). Sensitivity to MEK inhibition has been correlated with
BRAF mutations in tumor cell lines (14). Consistent with cell line
sensitivity findings, we observed that, in BRAF mutant melanoma
cells, ERK activation is suppressed by a MEK inhibitor but not by
sorafenib (SI Fig. 13). Our results predict that clinical responses to
selective BRAF inhibitors are likely to appear in multiple tumor
types, specifically in tumor subsets that harbor the BRAF V600E
mutation and in a significant fraction of NRAS mutant tumors.
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PC-9 0.07 E746_A750 del 2235_2249 4.30 1.92
H3255 0.09 L858R 2573 6.41 2.01
KHM-3S 0.20 E746_A750 del 2235_2249 2.32 2.59
PC-14 0.24 E746_A750 del 2235_2249 3.51 1.95
HCC-827 0.28 E746_A750 del 2236_2250 5.62 1.94
NCI-H2170 0.40 Wild-type n/a 2.21  6.49
PC-3 [JPC-3] 0.49 E746_A748 del 2237_2245 3.64 1.96

Erlotinib 0.2µM (n=500) Cell Line Organ
Cell

Viability EGFR mutation
Nucleotide

Position
EGFR

copy no.*
HER2

copy no.*

PC-9 Lung 0.07 E746_A750 del 2235_2249 4.30 1.92
H3255 Lung 0.09 L858R 2573 6.41 2.01
KHM-3S Lung 0.20 E746_A750 del 2235_2249 2.32 2.59
PC-14 Lung 0.24 E746_A750 del 2235_2249 3.51 1.95
NUGC-4 Stomach 0.25 E746_A750 del 2235_2249 3.57 2.90
HCC-827 Lung 0.28 E746_A750 del 2236_2250 5.62 1.94
SKG-IIIa Cervix 0.37 Wild-type n/a 2.14 2.11
JHH-1 Liver 0.39 Wild-type n/a 2.00 1.98
NCI-H2170 Lung 0.40 Wild-type n/a 2.21  6.49
KYSE-520 Esophagus 0.41 Wild-type n/a 6.72 1.69
OE21 Esophagus 0.46 Wild-type n/a  6.59 2.05
JR 029 Head & Neck 0.46 Wild-type n/a 3.00 2.00
DoTc2 4510 Cervix 0.48 Wild-type n/a 2.16 1.98
OVMIU Ovary 0.48 Wild-type n/a 2.00 2.00
PC-3 [JPC-3] Lung 0.49 E746_A748 del 2237_2245 3.98 1.96
KYSE-450 Esophagus 0.49 S768I 2483 4.13 2.42
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Fig. 2. Profiling for erlotinib sen-
sitivity reveals EGFR genotype-
correlated sensitivity in multiple
tissue types. (A) Pie chart represen-
tation of the sensitivity of 131 hu-
man lung cancer cell lines to treat-
ment with 200 nM EGFR kinase
inhibitor erlotinib. The drug effect
was calculated as the fraction of un-
treated cells present after 72 h of
treatment. Details regarding the
most sensitive cell lines identified
are shown in the chart. EGFR muta-
tions are highlighted in the table in
yellow, and amplifications (copy
no. � 4) are highlighted in blue. The
mutation status of K-Ras (the Lower
chart) was obtained from the Well-
come Trust Sanger Institute web
site, and K-Ras mutants were
present only in the erlotinib-
insensitive lines. (B) Pie chart repre-
sentation of the sensitivity of 500
human cancer cell lines to treat-
ment with 200 nM erlotinib. The
drug effect was calculated as the
fraction of untreated cells present
after 72 h of treatment. Details re-
garding the most sensitive cell lines
identified are shown in the chart,
and the cell lines are shown in order
of decreasing sensitivity (from top to bottom) (*, copy numbers were estimated from SNP array profiles). EGFR mutations are highlighted in the table in yellow,
and amplifications (copy no. � 4) are highlighted in blue.
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MKN45 Stomach 0.25 5.99
GTL-16 Stomach 0.30 6.10
KATO II Stomach 0.33 6.25
Hs 746T Stomach 0.35 6.35
SNU-5 Stomach 0.41 5.63
NCI-H1993 Lung 0.42 8.66
OE33 Esophagus 0.53 5.22
NCI-H2170 Lung 0.59 2.84
CL-34 Intestine 0.61 2.00
KMRC-1 Kidney 0.65 2.24
IM-95 Stomach 0.66 2.59
VMRC-RCW Kidney 0.70 2.32
DMS 273 Lung 0.70 2.62
RERF-LC-Sq1 Lung 0.70 1.57
SW 156 Kidney 0.70 2.90
VMRC-RCZ Kidney 0.73 1.95
SW 1088 Brain 0.73 1.89
IGR-37 Skin 0.73 2.58
MCAS Ovary 0.75 2.14

Fig. 3. Sensitivity to a MET kinase inhibitor is well correlated with MET gene
amplification. Pie chart representation of sensitivity of 500 human cancer cell
lines to treatment with 200 nM MET-selective kinase inhibitor PHA665752. The
drug effect was calculated as the fraction of untreated cells present after 72 h
of treatment. The most sensitive cell lines are detailed in the chart together
with their MET gene copy number (*, copy numbers were estimated from SNP
array profiles). Those cell lines exhibiting MET amplification (copy no. � 4) are
highlighted in blue.
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Tumor Cell Line Profiling Reveals Similarities Between Compounds
with Putatively Distinct Targets. Whereas the comparison of AZ628
and sorafenib highlights the value of this strategy to reveal differ-
ences between two compounds thought to have a common target,
the converse is also true. Among the tested inhibitors, KIN001–045
(also known as AZD0530) is a dual Src/ABL inhibitor undergoing
Phase 1 clinical testing (15). However, hierarchical clustering data
(Fig. 1B) revealed that AZD0530 is one of four inhibitors (along
with erlotinib, HKI-272, and CL-387,785) that exhibit substantial
overlap in activity against a common subset of cell lines. Although
the other three inhibitors are known to target EGFR, AZD0530
had not been identified as an EGFR inhibitor. A direct comparison
of sensitivity profiles for erlotinib and AZD0530 across 500 cell
lines revealed substantial overlap (Fig. 5). Thus, 13 of 16 of the most
erlotinib-sensitive cell lines are found within the top 8% of
AZD0530-sensitive lines, and 7 of 8 of the EGFR mutant lines are
within this group. Given this similarity, we tested the ability of
AZD0530 to inhibit EGFR activity in two prototype EGFR mutant
cell lines. Indeed, we observed potent suppression of EGFR and
downstream signaling, comparable with that seen with erlotinib (SI
Fig. 14), confirming that AZD0530 is an effective EGFR inhibitor
in tumor cells at a clinically achievable concentration (15). Notably,
the AZD0530-sensitive cell lines are refractory to several other

tested Src inhibitors, indicating that their response is not due to Src
inhibition (data not shown). These results indicate that high-
throughput cancer cell line profiling can identify unsuspected
functional relationships among distinct kinase inhibitors, findings
that may have substantial impact on clinical testing strategies.

Discussion
We have described the profiling of a large panel of cell lines derived
from a broad range of human cancers to reveal subsets with extreme
sensitivity to selective kinase inhibitors. Using this approach, we
confirmed clinically observed genotype-response correlations, and
we established additional correlations that predict tumor subsets
likely to respond to novel inhibitors. This platform may provide an
important preclinical approach to guide the design of early-phase
clinical trials in which patients are stratified for treatment based on
genotypes.

Significantly, despite their prolonged culture history, most cancer
cell lines clearly retain genetic features that relate to their original
driving oncogenes, faithfully recapitulating clinical responses to
inhibitory drugs. Typically, preclinical analysis of novel anticancer
compounds involves testing them on a small number of cancer cell
lines, and our findings suggest that this will generally be insufficient

B Cell Line Viability (0.2µM) Mutation Tumor type
DBTRG-05MG 0.45 BRAF:V600E Brain
KU-19-19 0.57 NRAS:Q61R Bladder
MKN74 0.59 BRAF:G466V Gastric
KG-1-C 0.63 BRAF:V600E Brain
SK-N-AS 0.64 NRAS:Q61K Brain
NCI-H2087 0.67 BRAF:L597V/NRAS:Q61K Lung
BFTC-905 0.74 NRAS:Q61L Bladder
TYK-nu 0.74 NRAS:G12D Ovary
NCI-H2347 0.77 NRAS:Q61R Lung
NCI-H1299 0.86 NRAS:Q61K Lung
C3A 0.87 NRAS:Q61L Liver
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IGR-37 0.12 V600E Melanoma
SK-MEL-30 0.15 wt(NRAS:Q61K) Melanoma
A373-C6 0.19 V600E Melanoma
HMVII 0.25 G469V(NRAS:Q61K) Melanoma
M-14 0.34 V600E Melanoma
COLO 201 0.34 V600E Colorectal
BCPAP 0.41 V600E Thyroid
COLO-818 0.42 V600E Melanoma
DBTRG-05MG 0.45 V600E Brain
COLO-206F 0.46 V600E Colorectal
BHT-101 0.47 V600E Thyroid
WM 266-4 0.49 V600E Melanoma
A375.S2 0.51 V600E Melanoma
HTC-C3 0.52 V600E Thyroid
WM793B 0.52 V600E Melanoma
WM278 0.53 V600E Melanoma
COLO 741 0.54 V600E Colorectal
COLO 858 0.55 V600E Melanoma
NCI-H1703 0.55 wt Lung
G-361 0.55 V600E Melanoma
COLO 205 0.56 V600E Colorectal
NB69 0.57 wt Brain
RPMI-7951 0.57 V600E Melanoma
KU-19-19 0.57 wt(NRAS:Q61R) Bladder
IPC-298 0.58 wt(NRAS:Q61K) Melanoma
MKN74 0.59 G466V Gastric
NCI-2135 0.59 wt Lung
CL-34 0.60 V600E Colorectal
G-402 0.60 wt Kidney
COLO 853 0.61 V600E Melanoma
RKN 0.61 wt Ovary
C32 0.61 V600E Melanoma
COLO 857 0.61 V600E Melanoma
RVH-421 0.62 V600E Melanoma
1205Lu 0.62 V600E Melanoma
8305C 0.62 V600E Thyroid
KG-1-C 0.63 V600E Brain

LN-18 0.43 0.01 Unknown Brain
DU 145 0.88 0.01 wt Prostate
SVG p12 0.92 0.03 Unknown Brain
Hs 633T 0.98 0.03 Unknown Miscellaneous
A172 0.97 0.04 wt Brain
PC-3 1.00 0.04 wt Prostate
Daoy 0.63 0.04 wt Brain
HT 1080 0.67 0.04 wt(NRAS:Q61K) Miscellaneous
HuCCT1 0.82 0.06 wt Liver
DBTRG-05MG 0.88 0.06 V600E Brain
C-33-A 0.96 0.07 wt Cervix
SVts-8 1.00 0.08 Unknown Lung
HeLa S3 (sc) 1.13 0.09 Unknown Cervix
SNU-449 0.99 0.09 wt Liver
SNU-398 1.05 0.09 Unknown Liver
GAMG 0.74 0.10 wt Brain
G-361 0.98 0.10 V600E Melanoma
Ishikawa (H02) 1.17 0.10 Unknown Uterus
HeLa AG 1.05 0.10 Unknown Cervix
MFE-296 0.80 0.10 wt Uterus
HeLa 229 1.16 0.13 Unknown Cervix
WI-26 VA4 1.04 0.14 Unknown Lung
LoVo 0.88 0.15 wt Colorectal
SNG-M 0.94 0.16 wt Uterus
NCI-H1581 0.86 0.19 wt Lung
MS751 1.13 0.20 Unknown Cervix
HeLa TG Cap 1.01 0.20 Unknown Cervix
EPLC-272H 0.88 0.21 wt Lung
MC-IXC 0.99 0.22 wt Brain
Ishikawa 1.12 0.22 Unknown Uterus
TGW 1.07 0.22 wt Kidney
MES-SA 1.13 0.22 wt Uterus
RKN 1.15 0.24 Unknown Ovary
NCI-H2135 0.82 0.25 Unknown Lung
SK-N-AS 0.88 0.26 wt(NRAS:Q61K) Brain
C170 0.95 0.27 Unknown Colorectal
HEC-1 1.01 0.29 wt Uterus

Cell
Line

BRAF
mutn

Tumor
type

Viability

0.2 & 2µM

AZ628
0.2µM

Sorafenib
2µM

1%
2%

12% 85%

64%

19%

12%

5%

Fig. 4. Sensitivity to a selective BRAF kinase inhibitor is well correlated with BRAF mutational status in tumor cell lines, irrespective of tissue of origin. (A) Pie
chart representation of the sensitivity of 500 human tumor cell lines to treatment with 200 nM BRAF inhibitor AZ628 and 2 �M sorafenib for 72 h. The drug effect
was calculated as the fraction relative to untreated controls, and values for the top 7% of responders were tabulated, as shown in the chart. The mutational status
of BRAF, where known, is indicated. The tumor type is also indicated. For comparison, the sorafenib table also shows the sensitivity of cell lines to 200 and 2 �M
sorafenib. The only sorafenib-sensitive cell lines with a V600E mutation in BRAF (melanoma G-361) were also sensitive to AZ628. However, the sensitivity of G-361
placed it at position 57, which falls outside of the top 34 AZ628-sensitive cell lines shown in the table. (B) Sensitivity to AZ628 of nonmelanoma cell lines harboring
BRAF or NRAS mutations.
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for capturing the genetic heterogeneity that appears to underlie
clinical sensitivity to targeted kinase inhibitors.

Our findings highlight the importance of verifying the biological
activity of novel inhibitors, as demonstrated by two striking exam-
ples relating to recent clinical trials. First, the correlation between
EGFR mutations and sensitivity to EGFR kinase inhibitors is
readily evident in the cancer cell line analysis. Establishing this
genotype–therapeutic relationship preclinically would likely have
altered the initial clinical trials of gefitinib, directing them toward
selected patient cohorts most likely to respond. Gefitinib was
recently withdrawn in the U.S. for failure to demonstrate clinical
benefit in a large clinical trial of unselected NSCLCs (16). Second,
the discovery of recurrent BRAF mutations in most melanomas
was followed by clinical trials showing minimal responses to the first
available putative BRAF inhibitor, sorafenib, thereby raising
doubts about the therapeutic significance of BRAF mutations (13).
However, our analysis clearly demonstrates that melanoma cell
lines harboring the V600E BRAF mutation are exquisitely sensitive
to AZ268, an investigational BRAF inhibitor, whereas sorafenib is
inactive against the vast majority of these lines. Again, a preclinical
testing strategy to identify such genotype-associated sensitivities
would have predicted the lack of clinical efficacy of sorafenib.

High-throughput cell line profiling can also reveal other unan-
ticipated properties of investigational anticancer agents. For exam-
ple, we found that AZD0530, a putative Src/ABL inhibitor cur-
rently undergoing early phase clinical study, exhibits a sensitivity
profile remarkably similar to that of several selective EGFR
inhibitors, thereby revealing its activity as an EGFR inhibitor, a
finding that could significantly impact the design of Phase II clinical
studies.

Although the genotype-correlated sensitivities to kinase inhibi-
tors observed in our profiling platform are very strong, they are not
absolute. Similarly, these correlations are imperfect in clinical
studies of currently available kinase inhibitors (4). In some cases,
kinase activity appears to have been uncoupled from survival

pathways. In these cases, additional oncogenes may contribute to
survival, potentially necessitating inactivation of multiple kinases to
induce cell killing. The recent demonstration of secondary MET
gene amplification in EGFR-mutant NSCLC with acquired erlo-
tinib resistance illustrates this mechanism (17).

Perhaps the most provocative observation from our analysis is the
detection of low-frequency drug-sensitizing genotypes outside of
expected histologically defined cancer types. For example, our
analysis of a MET kinase inhibitor points to its potential utility in
a subset of esophageal and lung cancers, in addition to the �20%
of gastric cancers with MET gene amplification (9, 18). We also
found that HER2 gene amplification is well correlated with sensi-
tivity to a HER2 inhibitor (P � 0.001) and suppression of down-
stream signaling by drug treatment, not only in the �20% of breast
cancers known to have this genotype but also in a small percentage
of esophageal (18%), lung (7%), and gastric (4%) cancers that also
display HER2 amplification (SI Fig. 15). Our findings with a
selective BRAF inhibitor revealed a strong correlation between
BRAF mutational status and sensitivity, irrespective of tissue type,
again highlighting the potential importance of using this inhibitor in
genotype-selected cancers, without consideration to tissue of origin.
Our study suggests that BRAF inhibitors may prove effective in the
subset of melanomas, colorectal, and thyroid cancers with V600E
BRAF mutation, and at a lower frequency in BRAF mutant brain,
gastric, and lung tumors. Finally, for EGFR mutations, drug
responses are evident in cell lines from NSCLC (5%), esophageal
(14%), and gastric (4%) cancers. Notably, dramatic responses to
gefitinib or erlotinib have been reported outside of NSCLC,
including a patient with head and neck cancer harboring a HER2
mutation (19) and two patients with EGFR-mutant ovarian cancer
(20). Recognition that drug sensitizing mutations are distributed at
low frequency across different types of cancer suggests that a
primary genotype-based diagnostic strategy aimed at identifying
these rare cases may have significant impact in the treatment of
diverse human cancers.

<0.2

<0.5

0.75-1.5

0.5-0.75

Fraction of Control

<1%
63%

30%

7%

AZD0530 2µM (n=500)

Cell Line Organ
AZD0530

effect
Erlotinib

effect
EGFR

mutation

KHM-3S Lung 0.11 0.20 E746_A750 del
JHH-1 Liver 0.20 0.39 WT
PC-14 Lung 0.21 0.24 E746_A750 del
SNG-M Uterus 0.23 0.90 WT
H3255 Lung 0.24 0.09 L858R
PC-9 Lung 0.24 0.07 E746_A750 del
NUGC-4 Stomach 0.26 0.25 E746_A750 del
EGI-1 Liver 0.26 0.59 WT
Takigawa Stomach 0.30 0.70 Unknown
OVMIU Ovary 0.31 0.48 WT
SK-OV-3 Ovary 0.32 0.67 WT
JR 029 Head & Neck 0.32 0.46 WT
HCC-827 Lung 0.32 0.28 E746_A750 del
OVTOKO Ovary 0.35 0.52 Unknown
MFE-296 Uterus 0.35 0.74 WT
OE21 Esophagus 0.36 0.46 WT
DoTc2 4510 Cervix 0.36 0.48 WT
C-33 A Cervix 0.37 0.92 WT
NCI-H322 Lung 0.39 0.58 WT
TGW Kidney 0.41 1.13 WT
HeLa S3 Cervix 0.41 0.86 Unknown
RMG-I Ovary 0.42 0.63 WT
NB69 Brain 0.42 1.02 WT
SK-LU-1 Lung 0.44 0.74 WT
SNU-449 Liver 0.44 0.75 WT
EFM-192B Breast 0.45 0.94 Unknown
SCCH-26 Brain 0.45 0.90 WT
Capan-2 Pancreas 0.46 0.76 WT
KP-3 Pancreas 0.46 0.50 Unknown
CAL-12T Lung 0.46 0.65 WT
CAL-54 Kidney 0.46 0.75 WT
5637 Bladder 0.47 0.78 WT
HT115 Intestine 0.48 0.67 Unknown
NCI-H838 Lung 0.48 0.98 WT
PLC/PRF/5 Liver 0.49 0.65 WT
PC-3 [JPC-3] Lung 0.49 0.49 E746_A748 del
769-P Kidney 0.50 0.61 WT

Fig. 5. Sensitivity to a Src/ABL kinase in-
hibitor demonstrates overlap with erlotinib
sensitivity and EGFR mutation status. Pie
chart representation of the sensitivity of
500 human cancer cell lines to treatment
with 2 �M Src/ABL kinase inhibitor
AZD0530. The drug effect was calculated as
the fraction of untreated cells present after
72 h of treatment. The most sensitive cell
lines are detailed in the chart together with
their sensitivity to a similar duration of
treatment with 200 nM EGFR inhibitor er-
lotinib, including their EGFR kinase domain
mutation status where known.
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Methods
Human Cancer Cell Lines. Human cancer cell lines were obtained
from the American Type Culture Collection (ATCC), the Deutsche
Sammlung von Mikroorganismen und Zellkulturen GmbH
(DSMZ), the Japanese Collection of Research Bioresources
(JHSF), or the European Collection of Cell Cultures (ECACC).
Cells were grown in RPMI medium 1640 or DMEM/F12 growth
medium (GIBCO–Invitrogen) supplemented with 5% FBS and
maintained at 37°C in a humidified atmosphere at 5% CO2.

Protein Detection. Immunodetection of proteins after SDS/PAGE
was performed by using standard protocols. Equal lane loading was
assessed by using a �-tubulin antibody (Sigma). The Akt, Erk1/2,
phospho-Erk1/2(T202/Y204), HER2, phospho-HER2 (Y1248),
phospho-MET (Y1234/Y1235), STAT3 and phospho-STAT3
(S727) antibodies were from Cell Signaling Technology. The phos-
pho-EGFR (Y1068) antibody was from Abcam. The phospho-Akt
(S473) antibody was from BioSource International. The MET
antibody (C-12) was from Santa Cruz Biotechnology. The PARP
antibody was from BD Biosciences. All antibodies were used at a
1:1,000 dilution, except for the �-tubulin antibody, which was used
at 1:10,000 dilution.

Kinase Inhibitors. PHA-665752 was kindly provided by Pfizer Inc.
Erlotinib was obtained from the MGH pharmacy. The BRAF
inhibitor, AZ628, was synthesized by Astra Zeneca. The additional
inhibitors were either obtained from the MGH pharmacy or were
synthesized at the Dana–Farber Cancer Institute, based on pub-
lished structures.

Cell Growth/Viability Assays. Cells were seeded at �15% confluency
in 96-well microplates (BD Biosciences) in medium supplemented
with 5% FBS. After overnight incubation, cells were treated with
three concentrations of each compound by using a Caliper Sciclone
ALH3000 multichannel liquid-handling workstation (Caliper Life
Sciences). After 72 h, cells were fixed in 4% formaldehyde in PBS
and stained in a 1:5,000 solution of the fluorescent nucleic acid stain
Syto60 (Molecular Probes). Quantitation of fluorescence was car-
ried out at excitation and emission wavelengths of 630 and 695 nM
respectively by using the SpectraMax M5 plate reader (Molecular
Devices). The mean of triplicate values for each drug concentration
was compared with untreated wells, and a ratio was calculated.

DNA Sequencing. Genomic DNA was isolated from cell lines by
using the Gentra purification system according to the manufactur-
er’s protocol. The EGFR kinase domain (Exons 18–24) was
amplified from genomic DNA by PCR with primers listed below.
PCR products were purified and subjected to bidirectional sequenc-

ing by using BigDye v1.1 (Applied Biosystems) in combination with
an ABI3100 sequencer (Applied Biosystems). Primers used for
sequencing of EGFR exons 18–21 and MET exons 15–21 are listed
in SI Fig. 16. For exons 22–24 sequencing primers were identical to
PCR primers. BRAF exons 11 and 15 were sequenced by using
primers listed in SI Fig. 16. Electropherograms were analyzed by
using Sequence Navigator software (Applied Biosystems). All
mutations were confirmed by at least two independent PCR
amplifications. Some of the recurrent mutations described in cell
lines were based on information reported on the Wellcome Trust
Sanger Institute’s Cancer Cell Line Project website (www.sanger.
ac.uk/genetics/CGP/CellLines).

Gene Copy and GeneChip Mapping Assays. Gene copy numbers were
determined as described by using the GeneChip Human Mapping
250K (Affymetrix). The array was then scanned on the GeneChip
Scanner 3000 7G and analyzed by using GTYPE version 4.0 with
the Dynamic Model Mapping Algorithm and the GeneChip Hu-
man Mapping 500K Set library files (Mapping 250K�Nsp or Map-
ping 250K�Sty) (SI Fig. 17). Copy number data were available for
the 374 cell lines listed in SI Fig. 17.

Data Analysis. The sensitivity of each cell line to a given
concentration of compound is calculated as the fraction of
viable cells relative to untreated cells. The Cluster software
package was used to adjust data before hierarchical clustering.
Sensitivity data were centered by subtracting the cell line
sensitivity median and the compound sensitivity median from
the values in the respective rows and columns, such that the
median value of each row and column is 0. The data were then
organized by using average linkage hierarchical clustering to
facilitate visualization of similarities and differences in cell
line sensitivity to various compounds across the entire set of
cell lines. Resulting clusters were visualized by using Java
Treeview. The Cluster and TreeView software programs are
available from the Eisen laboratory (http://rana.lbl.gov/
EisenSoftware.htm) (21). Pearson’s Goodness of Fit �2 was
used to assign P values at 95% confidence interval to describe
the correlations between gene mutations/amplifications and
drug sensitivity.
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