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A major question regarding the sensitivity of solid tumors to
targeted kinase inhibitors is why some tumors respond and others
do not. The observation that many tumors express EGF receptor
(EGFR), yet only a small subset with EGFR-activating mutations
respond clinically to EGFR inhibitors (EGFRIs), suggests that respon-
sive tumors uniquely depend on EGFR signaling for their survival.
The nature of this dependence is not understood. Here, we inves-
tigate dependence on EGFR signaling by comparing non-small-cell
lung cancer cell lines driven by EGFR-activating mutations and
genomic amplifications using a global proteomic analysis of
phospho-tyrosine signaling. We identify an extensive receptor
tyrosine kinase signaling network established in cells expressing
mutated and activated EGFR or expressing amplified c-Met. We
show that in drug sensitive cells the targeted tyrosine kinase drives
other RTKs and an extensive network of downstream signaling
that collapse with drug treatment. Comparison of the signaling
networks in EGFR and c-Met-dependent cells identify a ‘‘core
network’’ of �50 proteins that participate in pathways mediating
drug response.

EGF receptor � c-Met � oncogene dependence � proteomics � stable isotope
labeling with amino acids in cell culture

Selective tyrosine kinase inhibitors have shown promise in treat-
ing cancers driven by activated tyrosine kinases such as Bcr-Abl

in chronic myelogenous leukemia (CML), c-Kit in gastrointestinal
stromal tumors (GIST), and EGF receptor (EGFR) in non-small-
cell lung cancer (NSCLC). Gefitinib (Iressa) and erlotinib
(Tarceva) are selective inhibitors of the EGFR receptor tyrosine
kinase currently used to treat NSCLC patients. Although most
NSCLC patients express EGFR in their tumors, only a subfraction
of patients with tumors dependent on EGFR for growth and
survival respond clinically to EGFR inhibitors (EGFRIs). These
patients appear to contain EGFR-activating mutations or have
undergone amplification of EGFR gene copy number (1–3). Similar
to EGFR and NSCLC, a subfraction of gastric cancers are known
to exhibit amplification at the c-Met locus. Recently, it has been
shown that gastric cancer cell lines exhibiting c-Met amplification
are sensitive to the c-Met inhibitor PHA-665752, suggesting that
patients with c-Met-amplified tumors may respond to selective
c-Met inhibitors (4).

Why activating mutations in EGFR or amplification of c-Met
predict response to targeted kinase inhibitors is not well under-
stood (5). For EGFR, increased affinity of mutant receptor for
drug (6, 7) and altered signaling from mutant EGFR have been
observed (8), and the production of positive and negative signals
that differ in time course of activity have been proposed (9). The
dependence of cancer cells on oncogenic tyrosine kinases such
as activated Bcr-Abl, EGFR, or c-Met has been proposed to
result from adaptations in cell circuitry that create dependence
on the activated tyrosine kinase (10). Because oncogenic ty-
rosine kinases sit at the top of many different signaling pathways,
the key drug-induced changes that confer sensitivity and depen-
dence have been difficult to identify and remain largely un-
known.

In this study, we characterize phosphotyrosine signaling down-
stream of the EGFR receptor in EGFRI-sensitive and -resistant
NSCLC cell lines and downstream of c-Met in the gastric cancer
cell line MKN45. We use a global phosphoproteomic method to
identify hundreds of downstream targets of the activated ty-
rosine kinases. Although other studies have investigated signal-
ing downstream of EGFR (11–13), our study focuses on signaling
in EGFRI-sensitive cell lines. We identify large signaling net-
works present in sensitive cell lines, and show that the oncogenic
kinase drives multiple receptor tyrosine kinases and a large
downstream network that collapse upon drug treatment.

Results
Profiling Phosphotyrosine Signaling in EGFRI-Sensitive and -Resistant
NSCLC Cell Lines. To understand signaling differences underlying
drug sensitivity, we measured the sensitivity of seven NSCLC cell
lines with different EGFR and KRAS mutational status (see
Table 1) to the EGFR inhibitor gefitinib. Growth inhibition
assays [supporting information (SI) Fig. 5A] show that two
EGFR mutant cell lines, H3255 and HCC827, are sensitive to
gefitinib, with IC50 �0.1 �M, and two other EGFR mutant cell
lines, H1650 and H1975, are resistant to gefitinib. The KRAS
mutant cell lines H358 and H1734 are also resistant to gefitinib,
with IC50 �5 �M. The EGFR WT and BRAF mutant (G466V)
cell line H1666 was resistant to gefitinib, with an IC50 value close
to 4 �M.

We next profiled tyrosine phosphorylation in the seven
NSCLC cell lines using PhosphoScan, a recently established
phospho-proteomics method (14). The total number of tyrosine
phosphorylated peptides observed as well as the number of
different phosphosites and different phosphoproteins identified
are shown in Table 1. More phosphoproteins were found in the
gefitinib-sensitive and EGFR mutant cell lines. Western blot
analysis with phospho-tyrosine antibody (Fig. 1A) confirms that
the EGFR mutant cell lines HCC827 and H3255 have stronger
p-Tyr intensity, supporting the PhosphoScan results.

Signaling Associated with EGFR Dependence. We used a semiquan-
titative spectral counting approach (15) summing all phospho-
tyrosine-containing peptides observed for a given protein and
comparing total protein phosphorylation between different
NSCLC cell lines. SI Table 3 shows a selected set of differentially

Author contributions: J.R., R.D.P., and M.J.C. designed research; A.G., J.V., K.A.L., M.P.S.,
K.R., A.P., G.I., R.W., J. MacNeill, and J. Mitchell performed research; S.P.G. and J.R.
contributed new reagents/analytic tools; J.K., J.N., and Y.W. analyzed data; and M.J.C.
wrote the paper.

The authors declare no conflict of interest.

This article is a PNAS Direct Submission.

Data deposition: Data reported in this paper were deposited in the PhosphoSite database
and can be dowloaded from http://ms.phosphosite.org:5080/.

‡To whom correspondence should be addressed. E-mail: mcomb@cellsignal.com.

This article contains supporting information online at www.pnas.org/cgi/content/full/
0707270105/DC1.

© 2008 by The National Academy of Sciences of the USA

692–697 � PNAS � January 15, 2008 � vol. 105 � no. 2 www.pnas.org�cgi�doi�10.1073�pnas.0707270105

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.p
na

s.
or

g 
by

 3
1.

10
.1

52
.6

6 
on

 N
ov

em
be

r 
23

, 2
02

5 
fr

om
 I

P 
ad

dr
es

s 
31

.1
0.

15
2.

66
.

http://www.pnas.org/cgi/content/full/0707270105/DC1
http://www.pnas.org/cgi/content/full/0707270105/DC1
http://www.pnas.org/cgi/content/full/0707270105/DC1
http://www.pnas.org/cgi/content/full/0707270105/DC1
http://crossmark.crossref.org/dialog/?doi=10.1073%2Fpnas.0707270105&domain=pdf&date_stamp=2008-01-15


tyrosine phosphorylated proteins, and the complete phospho-
peptide information is shown in SI Table 4. H3255 and HCC827
cells show higher levels of tyrosine phosphorylation on many
proteins than two other EGFR mutant cell lines, H1975 and
H1650 (Table 1 and confirmed in Fig. 1 A), possibly because of
EGFR gene amplification. EGFR tyrosine phosphorylation is
higher in cell lines with EGFR kinase domain-activating muta-
tions (SI Table 3 and confirmed in Fig. 1B) and several sites on
EGFR appear to be phosphorylated only in mutant cell lines (SI
Fig. 5B). Two KRAS mutant cell lines H358 and H1734 show
lower-level EGFR phosphorylation (Fig. 1B and SI Table 3),
suggesting mutually exclusive activation of EGFR and KRAS
(16, 17). EGFR family members Her2 and Her3 as well as c-Met
showed higher levels of tyrosine phosphorylation in gefitinib-
sensitive EGFR mutant cell lines HCC827 and H3255 (SI Table
3) that was confirmed by Western blot analysis (Fig. 1B).

Adaptor proteins differentially phosphorylated include Her3,
Gab1, and Shc1, important transmitters of growth and survival
signals downstream of EGFR (18). Western blot analysis using
antibodies to specific tyrosine phosphorylated sites confirm that
EGFR, Her3, Gab1, Shc1, and Akt are all highly phosphorylated
only in the four EGFR mutant cell lines (Fig. 1B). In agreement
with MS results (SI Table 3) phosphorylated Erk1/2 is present in
all seven cell lines (Fig. 1B).

The effects of gefitinib at three different concentrations on
EGFR, Akt, and Erk phosphorylation in each of the NSCLC cell
lines (SI Fig. 6A) confirmed previously reported sensitivities for
HCC827 and H3255 and showed that, in H1650 cells, gefitinib
blocked Erk phosphorylation but not Akt phosphorylation,
suggesting additional inputs to the Akt pathway, such as possible
inactivation of PTEN. PTEN status was determined in the seven

NSCLC cell lines by Western blot analysis, and H1650 was found
to be PTEN null (SI Fig. 6B). This is consistent with observations
from glioblastoma patients, where sensitivity to EGFRIs require
functional PTEN (19). Interestingly, RAS mutant cell lines H358
and H1734 show decreased sensitivity of p-ERK to gefitinib,
especially in H1734 cells, suggesting that ERK is driven by
deregulated RAS in these cells (SI Fig. 6A).

In addition to the well described signaling of EGFR to Akt and
Erk, many other proteins were phosphorylated on tyrosine in
mutant EGFR cell lines. Highly phosphorylated proteins include
adhesion and scaffolding molecules and cytoskeletal proteins
such as CTNND1, plakophilin 2, 3, 4, DCBLD2, Erbin, and
occludin (SI Table 3). Another class of proteins highly phos-
phorylated in mutant EGFR cell lines are negative regulators of
EGFR including Spry1, 2, 4, and Mig6. We observed Spry1
(Y53), Spry2 (Y55), and Spry4 (Y75) in H3255 and HCC827
cells but not other cell lines (SI Table 3). Mig6 has been reported
to be a negative regulator of EGFR and may function as a tumor
suppressor (20). Mig6 is tyrosine phosphorylated at Y394 in
mutant EGFR cell lines (SI Table 3 and SI Fig. 5C), but not in
H1666 or H358. Many proteins not previously known to be
involved in EGFR signaling are also differentially phosphory-
lated between EGFR mutant and WT cell lines. Examples are:
serine/threonine kinases MINK and NRK, cell cycle regulators
septin 2/7/9, G protein regulators ARHGAP5, ARHGEF5,
Rab7, RAB34, and lipid-binding proteins PLEKHA5, PLE-
KHA6, and the cell-surface proteins LDLR and cx43.

Effects of EGFR Inhibitors on Downstream Signaling. To quantita-
tively measure changes induced by the EGFR inhibitor gefitinib,
we merged our immunoaffinity method (PhosphoScan) with

Table 1. Summary of phospho-tyrosine profiling of 7 NSCLC cell lines

Cell line
Mutation status of

EGFR, KRAS

Gefitinib
sensitivity
(IC50, �M)

Phospho-
peptides

Nonredundant
phospho-proteins

Nonredundant
phospho-peptides

Nonredundant
phospho-sites

H358 KRAS: G12V �10 222 72 89 84
H1650 EGFR: E746-A750del �10 321 180 251 220
H1666 EGFR: wt; KRAS: wt �4 374 219 303 278
H1734 KRAS: G13C �10 317 201 270 249
H1975 EGFR: L858R, T790M �10 371 202 302 275
HCC827 EGFR: E746_A750del �0.1 762 369 575 508
H3255 EGFR: L858R �0.1 754 373 547 509

Fig. 1. Comparison of phosphotyrosine signaling among EGFRI-sensitive and -resistant cell lines. (A) Western blot analysis of phospho-tyrosine (pY) signaling
in serum-starved NSCLC cell lines. (B) Western blot confirmation of specific signaling molecules and selected phosphorylation sites identified by PhosphoScan
experiments.
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quantitative MS method SILAC (stable isotope labeling with
amino acids in cell culture) (21). We measured the effects of
gefitinib on hundreds of different tyrosine phosphorylation sites
after 3 and 24 h of drug treatment in two gefitinib-sensitive
EGFR mutant cell lines, HCC827 and H3255. Both cell lines
gave similar results, and the results for H3255 (Table 2 and SI
Tables 5 and 6) show that tyrosine phosphorylation of many
proteins decrease dramatically at 3 and 24 h after Iresssa
treatment. After 3 h of gefitinib treatment, we identified 110 sites
that were reduced by at least 2.5-fold, and 84 sites that were
reduced by at least 5-fold (Table 2). Western blot analysis and
immunofluorescence using a phospho-tyrosine antibody sup-
ports these findings (Fig. 2 A and B). The majority of tyrosine
phosphorylation is found at cell membrane and cell–cell junc-
tions and is blocked by drug treatment in HCC827 and H3255
cell lines.

We immediately noticed that the set of proteins showing
higher phosphorylation in mutant EGFR cell lines was inhibited
by gefitinib treatment. Examples are shown in SI Table 5. As
expected, EGFR phosphorylation decreased dramatically (5- to
200-fold) after gefitinib treatment. The adaptor proteins Her3,
Gab1, and Shc1 all showed decreased phosphorylation by ge-
fitinib, as did adhesion, scaffolding, and cytoskeletal proteins
such as CTNND1, plakophillins, claudin, and desmoplakin 3.
Fig. 2C shows Western blot confirmation of phosphorylation
change for some sites in HCC827, H1666, and H3255 cell lines.
Most sites differentially phosphorylated between mutant and
WT cell lines responded to gefitinib treatment, whereas shared
sites such as Stat3 (Y705) in general did not respond.

SILAC experiments also identified decreased phosphoryla-
tion on many proteins not previously associated with the EGFR
signaling pathway. For example, the MAGUK family proteins
DLG3, SAP97, and MPP7 all showed dramatic dephosphoryla-
tion upon drug treatment. These proteins cluster active NMDA
receptors together at the neuronal synapse and play organiza-
tional roles in the assembly of membrane specializations such as
tight junctions (22, 23) and could conceivably serve to cluster
activated receptor tyrosine kinase and other activated signaling
molecules. Other proteins effected by drug treatment include the
protease CPD, the Ser/Thr kinase MINK, surface protein CD46,
LDLR, transcription regulator calgizzarin, EBNA-2 coactivator,
and other proteins of unknown function such as LISCH,
LISCH7, CRIP2, and LMBRD2.

Inhibiting EGFR with gefitinib also inhibited phosphorylation
of Her2, Her3, and c-Met. These results were confirmed by
Western blot analysis (Fig. 2C). Interestingly, c-Met phosphor-
ylation was inhibited only in gefitinib-sensitive mutant EGFR
cell lines. In H1666 cells, Met is not phosphorylated and is not
down-regulated by gefitinib treatment (Fig. 2C). Furthermore,
c-Met associates with EGFR in HCC827 and H3255, and the
association is decreased by gefitinib treatment (Fig. 2D), possibly
because of the reduced level of c-Met after gefitinib treatment.

Fig. 2. Western blot analysis confirms PhosphoScan-SILAC results. Cells were
serum-starved overnight and then treated with 1 �M gefitinib for 3 or 24 h. (A)
Phospho-tyrosine Western blot analysis of HCC827, H1666, and H3255 cells
treated with gefitinib. (B) Immunofluorescence staining using a phosphoty-
rosine antibody shows membrane and cytoskeleton staining in H3255 cells
that is reduced by 3-h gefitinib (1 �M) treatment. Green shows p-Tyr antibody
staining, red shows �-tubulin antibody staining, and blue shows staining of
nucleus. (C) The effect of gefitinib (1 �M) on selected phosphorylation sites
and protein levels in HCC827, H1666, and H3255 cells. (D) Coimmunoprecipi-
tation reveals association of Met and EGFR in gefitinib-sensitive cell lines
HCC827 and H3255.

Table 2. Summary of the PhosphoScan-SILAC results for H3255
treated with gefitinib and for MKN45 treated with Su11274

H3255 (gefitinib) MKN45 (Su11274)

3-h and 24-h
combined 3-h 24-h

3-h and 24-h
combined 3-h 24-h

p-Peptides 393 308 337 1181 976 903
p-Proteins 185 160 167 535 469 447
p-Sites 301 245 267 945 793 756
Sites affected

�2.5-fold
110 161 586 603

Sites affected
�5-fold

84 133 423 462

694 � www.pnas.org�cgi�doi�10.1073�pnas.0707270105 Guo et al.
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Control IgG did not pull down either protein in coimmunopre-
cipitation experiment (SI Fig. 6C). In the gefitinib-resistant and
EGFR mutant cell line H1650, c-Met is not associated with
EGFR and is not phosphorylated (Fig. 2D). Several other RTKs
including EphA2, EphB4, and Tyro3, also showed decreased
phosphorylation at tyrosine sites after 24 h of gefitinib treatment
(SI Table 6). Surprisingly, although we observed phosphoryla-
tion of many nonreceptor tyrosine kinases including Src, FAK,
Lyn, and Pyk2, their phosphorylation was not decreased by drug
treatment (SI Fig. 7 and Table 6), suggesting they are not drug
sensitive. Although Stat3 acts downstream of EGFR (13), as
measured by PhosphoScan-SILAC, Stat3 phophorylation at
Y705 did not change upon gefitinib treatment in both HCC827
and H3255 cells (SI Table 6) and was confirmed by Western blot
analysis (Fig. 2C).

Signaling Networks Downstream of c-Met. To explore whether
similar changes occur in other RTK-dependent cell lines, we
investigated a c-Met-driven gastric cancer cell line, MKN45,
where genomic amplification of c-Met confers sensitivity to the
c-Met inhibitor PHA-665752 (4). We profiled MKN45 cells using
phosphotyrosine PhosphoScan and identified 516 nonredundant
phosphosites from 355 phosphoproteins (SI Table 7). Many
proteins phosphorylated in HCC827 and H3255 cells were also
phosphorylated in MKN45 cells, including EGFR, Her2, Her3,
etc. PhosphoScan (SI Tables 4 and 7) and Western blot analysis
(Fig. 3 A and B) show that MKN45 cells, like HCC827 cells,
express both c-Met and EGFR but respond differently to EGFR
and c-Met inhibitors as assessed by cell growth inhibition assay
(SI Fig. 8). MKN45 cells respond dramatically to the c-Met
inhibitor Su11274 (24) but not to gefitinib, whereas the EGFR
mutant cell line HCC827 responds to gefitinib but not to
Su11274.

We next performed PhosphoScan-SILAC experiments to
characterize tyrosine phosphorylation in Su11274-treated
MKN45 cells (SI Table 8). In agreement with Western blot
analysis (Fig. 3A), the majority of identified phosphotyrosine
sites decreased dramatically with Su11274 treatment (Table 2
and SI Tables 5 and 8). Of 793 tyrosine phosphorylation sites
identified at 3 h of Su11274 treatment, 423 sites decreased
�5-fold. The majority of sites that changed with gefitinib
treatment in H3255 cells also changed with Su11274 treatment

of MKN45 cells, revealing networks that overlap extensively in the
areas of adhesion and cytoskeletal reorganization, vesicle traffick-
ing, and survival and proliferation (Fig. 4A and SI Figs. 9 and 10).

Western blot analysis confirmed changes in many sites iden-
tified in our PhosphoScan-SILAC analysis (Fig. 3B). Src family
tyrosine kinases, although highly phosphorylated, were not
significantly inhibited as observed in EGFR-dependent cell lines
(SI Fig. 7A). Su11274 inhibits phosphorylation of EGFR, Her2,
and Her3 in MKN45 cells but not in HCC827 or H3255 cells (Fig.
3B and data not shown). Coimunoprecipitation experiments
(Fig. 3C and data not shown) show that Met, EGFR, and Her3
appear to interact or exist in a protein complex in MKN45 cells.
Tyrosine phosphorylation of Ron, DDR1, EphA2, and Tyro3
also decreases after 3 h of treatment with Su11274, suggesting
that c-Met regulates the phosphorylation of multiple receptor
tyrosine kinases in MKN45 cells (Fig. 4B and SI Table 8). Sites
on receptor tyrosine kinase inhibited by Su11274 all occur on the
activation loop (Fig. 4B).

Discussion
Quantitative and semiquantitative MS/MS comparison of EGFR
mutant and WT EGFR cells identified a large network of
activated signaling molecules sensitive to EGFRIs present in
EGFR mutant cells but not in WT EGFR cells. The signaling
networks activated and assembled by mutant EGFR are blocked
by EGFRIs in sensitive cell lines and provide insights into the
unique dependence and drug sensitivity these cell lines demon-
strate. We also show similar effects in a gastric cancer cell line,
MKN45, dependent on amplified c-Met. As observed for EGFR
cell lines, c-Met also assembles a large signaling network that is
blocked by treatment with the c-Met inhibitor Su11274, and this
network shares many signaling components with the gefitinib-
sensitive network that may underlie common aspects of drug
sensitivity.

Our studies also show that amplified c-Met drives the activity
of EGFR family members and, conversely, that mutated and
amplified EGFR can drive c-Met activity. In both cases, we find
that the oncogenic kinase sits at the top of a hierarchical network
driving the phosphorylation and activity of additional receptor
tyrosine kinases, potentially explaining why in these cell lines the
inhibitors so effectively block Akt phosphorylation and down-
stream survival signaling. This relationship may also explain the

Fig. 3. The sensitivity of MKN45 cells to tyrosine kinase inhibitors correlates with extensive changes in tyrosine phosphorylation. MKN45 and HCC827 cells were
serum-starved overnight, treated with 1 �M Su11274 or 1 �M gefitinib for 3 or 24 h, respectively. (A) Phosphotyrosine Western blot analysis of MKN45 and HCC827
cells treated with Su11274 and gefitinib. (B) The effects of Su11274 and gefitinib on selected phosphorylation sites and proteins in MK45 cells (Left) and HCC827
cells (Right). (C) Coimmunoprecipitation and Western blot analysis of c-Met and Her3 association in MKN45 cells. M indicates the protein marker lane.
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perplexing observation that EGFR- and c-Met-dependent cell
lines express many other phosphorylated and presumably active
receptor tyrosine kinases that could substitute survival signaling
to Akt and ERK pathways and render EGFR and c-Met inhib-
itors ineffective (25).

Although most tumors responsive to EGFRIs carry EGFR-
activating mutations, these mutations alone may be insufficient
to drive high-level EGFR signaling and dependence on EGFR.
Of the four mutant EGFR cell lines we examined, all contain
additional genetic alterations that boost EGFR signaling, and
some of these changes also confer resistance to EGFRIs. For
example, both HCC827 and H3255 exhibit amplification at the
EGFR locus, dramatically enhancing EGFR signaling, whereas
H1975 carries the T790M mutation that, when combined in cis
with L858R or del746–750 mutations, boosts EGFR signaling
(26). The T790M mutation also confers resistance to gefitinib by
blocking drug binding (SI Fig. 11 and ref. 27) but not to the
irreversible EGFR inhibitors EKB569 and CI-1033 (SI Fig. 11 A
and B and ref. 28). For these reasons, H1975 can be considered
dependent on EGFR signaling and sensitive to EGFRIs, con-

sistent with signaling similarities to other sensitive cell lines (Fig.
1B, SI Fig. 11C, and SI Tables 3 and 4). H1650 cells have
inactivated the tumor suppressor PTEN, amplifying EGFR
signals through enhanced PI3K signaling. The resistance of
H1650 to EGFRIs may result from the absence of a EGFR-
organized network (SI Fig. 11C) and the presence of parallel
RTK activity as observed in glioblastoma (29). Taken together,
our data suggest that drugs targeting a single kinase will be most
effective when the targeted kinase assembles and uniquely
controls the downstream signaling networks as observed in
HCC827, H3255, and MKN45 cells.

Because drug-sensitive cell lines studied here were derived
from late-stage disease, the altered signaling networks identified
may result from changes underlying both early and late aspects
of cancer development. Activation of c-Met has been associated
with metastasis, and many elements shared between H3255 and
MKN45 signaling networks may represent pathways important
for cell adhesion, motility, and invasion. The observation that
EGFR drives c-Met and that gefitinib blocks both EGFR and
c-Met signaling may explain important clinical benefits in pa-
tients with tumors driven by similar signaling networks.
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Fig. 4. Regulatory networks sensitive to tyrosine kinase inhibitors in H3255 and MKN45 cells revealed by PhosphpScan-SILAC study. (A) Core signaling molecules
inhibited by both gefitinib in H3255 cells and Su11274 in MKN45 cells. The proteins indicated show at least one phosphotyrosine site reduced �2.5-fold at 3 h
of drug treatment. Signaling pathway connections are from PhosphoSite (31), with additional protein–protein interactions extracted from PROTEOME. (B) RTK
networks revealed by PhosphoScan-SILAC in MKN45 cells (Left). Receptor tyrosine kinase activation loop tyrosine sites inhibited by Su11274 in MKN45 cells
(Right). (C) RTK networks revealed by PhosphoScan-SILAC in H3255 cells. In B and C, WB indicates the sites identified by Western blot analysis. All other sites are
from PhosphoScan-SILAC study. Solid arrow, known interaction; dashed arrow, predicted interaction.
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Materials and Methods
Cell Culture and Reagents. All cell culture reagents were purchased from
Invitrogen. H358, H1650, H1666, H1734, and H1975 were obtained from
American Type Culture Collection. HCC827 and gastric cancer cell line MNK45
were purchased from DSMZ (German Collection of Microorganisms and Cell
Cultures). For the immunoaffinity precipitation and immunoblot experi-
ments, cells were grown to 80% confluence and then starved in medium
without FBS overnight before harvesting.

Western Blot and Protein Immunoprecipitation Analysis. Total Her3 antibody
was purchased from Santa Cruz, all other antibodies were from Cell Signaling
Technology, Inc. (CST). Western blot and protein immunoprecipitation anal-
ysis were performed after the CST protocol. Details are in SI Methods.

Immunofluorescence Analysis. Immunofluorescence staining with pTyr-100,
�-tubulin, and Draq5 DNA dye in untreated and gefitinib-treated H3255 cells
was done after CST protocols, for details see SI Methods.

Phosphopeptide Immunoprecipitation and Analysis by LC-MS/MS. Phosphopep-
tide immunoprecipitation from different cell lines was performed as described
(14) by using PhosphoScan Kit (P-Tyr-100) from CST. Cells were serum-starved
overnight before harvesting. The enriched phospho-peptides were concentrated
by using a ZipTip column (Millipore) and analyzed by LC-MS/MS. Mass spectra
were collected with an LTQ ion trap mass spectrometer (ThermoFinnigan).

PhosphoScan-SILAC Analysis of H3255 Cells and MKN45 Cells Treated with
Gefitinib and Su11274. Equal numbers of cells were grown in either light
(supplemented with regular L-lysine and L-arginine (Sigma) or heavy [supple-

mented with L-arginine (U-13C6,98%) and L-lysine (U-13C6,98%; U-15N2,98%)
(Cambridge Isotope Laboratories) SILAC medium]. The cells were grown for at
least five generations to reach 100 million cells in each medium type. Cells
grown in the light medium were serum-starved overnight and treated with 1
�M gefitinib for 3 or 24 h. Cells grown in the heavy medium were starved but
not treated with drug. Lysate was prepared after the PhosphoScan kit proto-
col. Equal amounts of untreated and treated lysate were combined for phos-
phopeptide immunoprecipitation experiments as described above.

MS analysis and data acquisition are described in ref. 30. Peptides were
analyzed by using a hybrid linear ion trap-7 Tesla ion cyclotron resonance
Fourier transform instrument (LTQ-FT; ThermoFinnigan). MS2 spectra were
searched against a human database by using Sequest with methionine oxi-
dation and heavy lysine and arginine as dynamic modifications. A composite
target/decoy database approach was used to establish filtering criteria such
that estimated peptide false-positive rate was �1%. Peptide hits passing those
criteria were submitted to an in-house quantification program, Vista (C. E.
Bakalarski and S.P.G., unpublished data) to calculate peak areas and an
abundance ratio between light and heavy forms of each peptide. Identified
peptides with signal-to-noise in the MS scan �10 were not considered for
quantification. Peptide ratios (H/L) were manually inspected and averaged for
each peptide; these values are referred to as SILAC ratio (H/L).
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