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Cancer therapeutics that target a sig-
naling pathway to which the cancer

cells are addicted can deliver dramatic
initial responses, but resistance is nearly
always inevitable. A variety of mecha-
nisms that cancer cells employ to escape
from targeted cancer drugs have been
described. We review here the role of
Hepatocyte Growth Factor (HGF) and
its receptor MET in drug resistance. We
present data demonstrating that HGF
can confer resistance to a number of
kinase inhibitors in a variety of cancer
cell lines and discuss our results in rela-
tion to the findings of others. Together,
these data point at a major role for HGF/
MET signaling in resistance to a variety
of targeted cancer drugs.

Introduction

In the last decade, cancer treatment has
entered a new era with the introduction of
therapeutics that specifically target onco-
genic driver. Well-known examples
include BCR-ABL (imatinib), EGFR
(erlotinib, gefitinib), HER2 (trastuzumab)
and BRAF (vemurafenib). These targeted
therapies can lead to considerable inhibi-
tion of tumor growth by blocking impor-
tant signaling pathways required for
proliferation and/or survival. However,
very often the tumor quickly becomes
resistant to the therapy. It poses a formi-
dable challenge to prolong the progression
free survival of such patients. The molecu-
lar mechanisms of drug resistance have
been studied extensively and have been
reviewed equally extensively in the recent
past.1-3 Understanding the underlying
mechanism of resistance has already con-
tributed to development of second-

generation drug inhibitors that overcome
resistance mechanisms that involve sec-
ondary mutations of the drug target. Here
we focus on the role of Hepatocyte
Growth Factor (HGF) and its receptor
MET in resistance to targeted cancer
drugs as this growth factor is emerging as
an important factor in mediating resis-
tance to these drugs.

A Short History of Hepatocyte
Growth Factor

Hepatocyte growth factor, also known
as Scatter Factor (SF), is a growth factor
that was discovered as a mitogen for hepa-
tocytes and other tissues.4,5 Roughly at
the same time it was also found to be a
protein secreted by fibroblasts that
increased the motility of epithelial cells.6-8

In addition, HGF was recognized as the
ligand for the MET tyrosine kinase recep-
tor.9,10 Activation of the MET receptor by
HGF can activate the MAPK and PI3-
kinase/AKT pathways.

HGF/MET signaling plays an impor-
tant role in many processes during
embryogenesis. Proper development of
the liver,11 placenta12, neurons13 and skel-
etal muscles of the limbs14 are just a few
examples. In adult tissues, it is among
others involved in wound healing15 and
organ regeneration, including liver regen-
eration.16,17 In part, the importance of
HGF in these processes lies in its ability to
induce an Epithelial-to-Mesenchymal-
Transition (EMT).18 This transformation
of epithelial cells into cells with mesenchy-
mal characteristics explains in part the
increased capacity to migrate (hence the
name ‘Scatter Factor’). In normal cells,
EMT is vital for certain embryonic cells to
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enable them to migrate to other parts of
the embryo where they subsequently can
develop into new structures.19 HGF can
induce EMT by inducing expression of
SNAIL1 or SNAIL2 transcription factors
via the MAPK pathway.20,21 The SNAIL
transcription factors play a vital role in the
execution of the EMT program.22

HGF Signaling in Drug Resistance

EMT also appears to play an important
role in cancer progression. Cancer cells are
thought to undergo EMT to acquire the
migratory abilities necessary to invade and
metastasize. Carcinoma cells that become
more mesenchymal through EMT can
invade surrounding tissue and eventually
metastasize distantly. Also, EMT makes
cancer cells less prone to apoptosis and
senescence, which is associated with resis-
tance to cancer therapies.19 Indeed, EMT
has been implicated in resistance to several
targeted therapies.23-26 Since HGF can
induce an EMT as well as activate pro-sur-
vival pathways via its receptor MET, a link
between HGF and resistance to targeted
therapies can be readily made. For
instance, activation of HGF or MET as
well as amplification of MET have been
shown to mediate resistance to EGFR
Tyrosine Kinase Inhibitors (TKIs) in
NSCLC.27-29 Recently, it was shown that
HGF/MET signaling also plays a role in
resistance to EGFR inhibition in colorec-
tal cancer in vitro and in vivo.30,31 This
was also described in a colorectal cancer
stem cell-like population derived from pri-
mary human colon cancers transplanted in
mice (referred to as xenopatients).32

In melanoma, stromal secretion of
HGF has been associated with resistance
to BRAF inhibitors.33 Interestingly, immu-
nohistochemistry experiments showed that
stromal cell expression of HGF in patients
with BRAF mutant melanoma was corre-
lated with innate resistance to BRAF inhib-
itor treatment. Wilson et al. found that
increased pre-treatment plasma HGF levels
were associated with worse outcome as
measured by progression-free survival in
the BRIM2 study of metastatic melanoma
treated with BRAF inhibitor.34 Similarly,
high pre-treatment HGF levels were associ-
ated with resistance to EGFR antibody

therapy in metastatic colorectal cancer
patients.35

These latter 3 studies highlight the
potential of HGF to limit the effect of
kinase inhibitors in patients and highlight
the role of paracrine HGF/MET signaling
in mediating resistance to multiple tar-
geted therapies. More generally, these
studies indicate that interactions between
tumors and their microenvironment can
play a pivotal role in drug resistance.

A gain-of-Function Screen
Confirms Autocrine HGF

Production as a Resistance
Mechanism to Gefitinib in NSCLC

To study mechanisms of resistance to
targeted cancer drugs, we performed an
unbiased genetic screen to identify genes
whose increased expression confers resis-
tance to the EGFR inhibitor gefitinib in
the NSCLC cell line PC9. This cell line
carries a mutated EGFR gene and is conse-
quently very sensitive to gefitinib. We
used the lentiviral VBIM (Validation-
Based Insertional Mutagenesis) vector sys-
tem. This vector upon integration inserts
the strong cytomegalovirus (CMV) pro-
moter into the genome of mammalian
cells. This method allows the identifica-
tion of any protein or RNA whose overex-
pression confers a selectable phenotype
through the use of 3 different reading
frame vectors (SD1, SD2 and SD3).36

Three pools of 3£106 PC9 cells were
infected with the 3 different VBIM read-
ing frame vectors. After infection each
pool was plated in 15 dishes at low density
(150,000 cells per dish) in medium con-
taining 400 nM gefitinib. The cells were
cultured for 3 weeks to allow drug-resis-
tant colonies to form. Uninfected PC9
cells were cultured in 400 nM gefitinib
containing medium as a negative control
(Fig. 1A). Drug-resistant clones were
picked for further analysis. This yielded 8
clones for SD1, 0 for SD2 and 2 for SD3.
PC9 parental cells did not yield any gefiti-
nib resistant colonies (Fig. 1B).

To identify the integration sites of the
virus in drug-resistant cells, an inverse
PCR was performed on the genomic
DNA isolated from these resistant clones.
We could only recover a PCR product

for clone SD1.1. In this clone, the inte-
gration site was situated approximately
»30 kb upstream of the HGF gene. To
validate the drug resistant phenotype,
clone SD1.1 was once more subjected to
gefitinib treatment. Indeed, these cells
were able to grow in gefitinib concentra-
tions up to 800 nM (Fig. 1C). In addi-
tion, a growth curve shows the
differential growth between PC9 parental
and SD1.1 cells upon gefitinib treatment.
Untreated PC9 parental cells grew to
confluency, but upon treatment with
400 nM gefitinib their growth was largely
inhibited (Fig. 1D). In contrast, SD1.1
cells were growing as fast in 400 nM gefi-
tinib as the untreated cells (Fig. 1E). To
evaluate pathway activity downstream of
the EGF receptor and to confirm overex-
pression of HGF in clone SD1.1, western
blotting was performed on cell lysates of
PC9 parental and SD1.1 cells, either
untreated or treated with gefitinib for
6 hours. Indeed, HGF was found to be
overexpressed in clone SD1.1. MET
receptor activity was evaluated through
measurement of the phosphorylation lev-
els of its tyrosines 1234 and 1235, which
are critical for the kinase activation.37 In
SD1.1 cells, the MET receptor showed
higher phosphorylation than in the
parental PC9 cells. Total MET levels
seem slightly lower in SD1.1. This can
be explained by increased internalization
of the activated receptor. Assessment of
signaling downstream of EGFR upon
gefitinib treatment indicated phosphory-
lation of both ERK and AKT are inhib-
ited in PC9 parental cells. However, in
SD1.1 cells both ERK and AKT phos-
phorylation levels are hardly decreased
after treatment, providing a biochemical
explanation for the drug-resistant pheno-
type (Fig. 1F).

As described in the introduction,
MET receptor gene amplification or acti-
vation of its ligand HGF have previously
been described as mechanisms of resis-
tance to gefitinib.27-29 With this unbiased
genetic screen we confirm that endoge-
nous upregulation of HGF activates
MET and can indeed confer resistance to
gefitinib. However, the pathways acti-
vated by HGF-MET signaling are poten-
tially relevant in resistance to other
targeted therapies as well. We therefore
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Figure 1. A gain-of-function screen to identify genes that mediate gefitinib resistance in NSCLC cell line PC9. (A) Setup of the screen. PC9 cells were
infected with VBIM lentivirus, plated at low density in 400 nM gefitinib and gefitinib resistant colonies were picked after 3 weeks selection. Uninfected
PC9 cells were used as negative control. (B) Gefitinib resistant colony SD1.1 after 3 weeks selection. Parental PC9 cells are sensitive to gefitinib and do
not form colonies. (C) Conformation of the gefitinib resistant phenotype of clone SD1.1. PC9 parental cells are sensitive to 200, 400 and 800 nM gefitinib,
whereas SD1.1 cells can grow in gefitinib containing medium. (D) Growth curves of PC9 parental cells that were either untreated (blue) or treated with
400 nM gefitinib (red). (E) Growth curves of PC9 SD1.1 cells that were either untreated or treated with 400 nM gefitinib. (F) Western blotting on lysates
of PC9 parental and PC9 SD1.1 cells that were untreated or treated for 6 hours with 400 nM gefitinib. In PC9 parental cells MAPK and AKT signaling is
abrogated upon gefitinib treatment, inhibiting proliferation. In SD1.1 cells, MAPK and AKT signaling is sustained after gefitinib treatment, resulting in
continued proliferating. This is explained by overexpression of the HGF gene, which re-activates the MAPK and PI3K/AKT pathways by activating MET.
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extended our analysis to the potential role
of HGF signaling in resistance to other
kinase inhibitors.

HGF Can Confer Resistance to
Multiple Kinase Inhibitors

We set out to investigate the possible
role of HGF in mediating resistance to
targeted therapies beyond gefitinib as well
as in cancer cells originating in other tis-
sues than the lung. We selected 6 kinase
inhibitors, each acting against different
oncogenic driver proteins that interfere
with signaling at different levels in signal-
ing cascades. We used the second genera-
tion EGFR inhibitor afatinib, the
monoclonal antibody against EGFR
cetuximab, the ALK inhibitor TAE684,
the MEK inhibitor selumetinib
(AZD6244), the PDGFR/VEGFR inhibi-
tor sunitinib and the BRAF inhibitor
PLX4032. To assess the potential of HGF
to confer resistance to these drugs we used
a cell line panel with sensitivity to the
respective drugs. NSCLC cell lines PC9,
H1975 and H3122 are sensitive to gefiti-
nib, afatinib and TAE684 respectively.
Proliferation of colon cancer cell lines Difi
and SKCO-1 is inhibited by cetuximab
and AZD6244. 768O is a renal cancer cell
line that responds to sunitinib and
Mel888 is sensitive to BRAF inhibition by
PLX4032. In addition, we evaluated the
capacity of crizotinib, a MET inhibitor, to
reverse drug resistance mediated by HGF.

We first asked whether autocrine HGF
signaling could cause drug resistance in
each of the 6 situations described above as
it is known that autocrine production of
growth factors and the subsequent activa-
tion of their receptors can lead to insensi-
tivity to EGFR inhibitors. One such
example of autocrine growth factor resis-
tance is production of Fibroblast Growth
Factors in NSCLC cells, rendering these
cells resistant to gefitinib.38 Indeed, also
autocrine HGF signaling can lead to resis-
tance to gefitinib in NSCLC.39 To assess
if autocrine HGF production can cause
resistance to the drugs we selected, the cell
line panel described above was infected
with either the empty pBabePuro vector
as a control or the same vector carrying
the HGF cDNA. This mimics the

situation in our insertional mutagenesis
screen and reflects a process in which can-
cer cells create an autocrine loop by upre-
gulating the endogenous expression of
HGF.

Using protein gel blotting, we con-
firmed that HGF was overexpressed in the
cells infected with the pBp-HGF vector,
but not the cells infected with the empty
vector. (Fig. 2A) Subsequently, we tested
if the HGF overexpressing cell lines were
resistant to the selected inhibitors. In
long-term colony formation assays, HGF
overexpression could indeed confer resis-
tance to all drugs tested (Fig. 2B, second
column of each colony formation panel).
The MET inhibitor crizotinib was tested
for its potential to reverse the HGF
induced resistance. Where crizotinib alone
had no effect on proliferation, it potently
reversed the resistance in the HGF overex-
pressing cells in combination with the
kinase inhibitors (Fig. 2B, third and
fourth columns of each panel). An excep-
tion here was the EML4-ALK driven
H3122 cell line, where crizotinib treat-
ment alone inhibits proliferation, since
crizotinib also inhibits the oncogenic
driver in these cells: EML4-ALK. These
experiments show that autocrine HGF
expression can lead to resistance to 7
kinase inhibitors in different cell types and
that blocking of the MET receptor reverts
this drug resistance.

Next, we repeated the colony forma-
tions with the cell line panel, now using
recombinant HGF to mimic HGF para-
crine MET receptor signaling. This would
reflect a situation in which cancer cells use
HGF secreted by stroma cells or that is
otherwise available in the tumor microen-
vironment. Wilson et al. tested a variety
of recombinant growth factors, among
which HGF, and found that they can
induce resistance to a range of inhibi-
tors.34 This shows that activation of sev-
eral individual RTKs can be a potent
mechanism to reactivate or bypass inhib-
ited driver pathways and hence acquire
drug resistance. We confirm their findings
for HGF and extend these findings to
include the kinase inhibitors afatinib,
cetuximab and AZD6244. Our data indi-
cate that recombinant HGF confers resis-
tance to all kinase inhibitors tested in a
concentration dependent fashion (Fig. S1,

upper rows). Higher concentrations of
HGF almost completely nullify the effect
of the inhibitors. However, as expected,
combination with crizotinib reverses the
resistance effectively (Fig. S1, lower rows).

Tumor cells interact actively and inti-
mately with their surrounding stroma
cells. This can potentially affect the
response of tumor cells to drugs.40 For
instance, stromal cells can produce growth
factors and cytokines that could be
exploited in a paracrine fashion by the
tumor cells. HGF produced and secreted
by the stroma cells is such a growth factor.

As a second model to study the effects
of paracrine HGF signaling, we created
HGF-overexpressing mouse NIH3T3
fibroblasts through retroviral infection
with the pBp-HGF vector. This created
NIH3T3 cells that produced HGF
(Fig. S2B). These NIH3T3 cells were
then co-cultured with the cells from the
panel, following treatment of the
NIH3T3 cells with mitomycin C to pre-
vent their proliferation. Clearly, HGF
secreted by the NIH3T3 cells was able to
make the cancer cell lines resistant to all
kinase inhibitor treatments, whereas com-
bination treatment with crizotinib coun-
teracted the HGF and resensitized the
cells to the drugs (Fig. S2A). This shows
that resistance to multiple kinase inhibi-
tors can also be mediated by HGF secreted
by cells in proximity of cancer cells or pos-
sibly by HGF that is made available by
cells elsewhere in the body via the
circulation.

All these data point toward HGF/MET
signaling being a very powerful and gen-
eral mechanism for cancer cells to evade
kinase inhibitor treatment. Our data show
that the source of the HGF appears to be
relatively unimportant as, at least in vitro,
both autocrine and paracrine signaling
results in potent drug resistance.

HGF Induces Resistance to Kinase
Inhibitors by (re)Activation of the

MAPK and AKT Pathways

To evaluate the effects of HGF at a
biochemical level, we performed western
blotting on protein lysates taken from the
cell line panel treated with one of the
selected inhibitors, crizotinib, HGF or a
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combination thereof. All the inhibitors
tested block MAPK and/or AKT signal-
ing (in addition, sunitinib also inhibits
STAT3 signaling in 786O cells), which

was verified by decreased pERK and
pAKT levels (and pSTAT3 in 786O
cells) compared to the untreated control
condition (Fig. 3, first and second

columns in each protein gel blot panel).
However, activation of the MET receptor
with HGF in cells that were treated with
drug resulted in (re)activation of the

Figure 2. Autocrine production of HGF induces resistance to multiple kinase inhibitors in a cancer cell line panel. (A) Western blot showing overexpres-
sion of HGF in pBp-HGF infected cells. pBp empty vector serves as control. (B) Overexpression of HGF confers resistance to 7 kinase inhibitors in a drug
sensitive cell line panel. Control pBp empty vector infected cells remain drug sensitive. MET inhibitor crizotinib has no effect as a single drug (except in
EML4-ALK driven H3122 cells, which crizotinib also inhibits), but reverts HGF induced drug resistance.
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Figure 3. HGF (re-)activates MAPK and AKT signaling upon drug treatment. Western blotting on lysates of the cell line panel shows the effect on the
MAPK and AKT signaling pathways after 6 hours of drug treatment with or without addition of HGF. Addition of HGF during drug treatment consistently
results in (re-)activation of the MAPK and AKT pathways, evidenced by the increase in phosphorylated ERK and phosphorylated AKT. Crizotinib reversed
this effect potently.
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MAPK and AKT pathways, as pERK and
pAKT levels increased (Fig. 3, sixth col-
umn). Treatment with crizotinib alone
had hardly effect on either pERK or
pAKT, except in H3122 as crizotinib
potently inhibits the EML4-ALK onco-
protein present in these cells. However,
crizotinib was able to block the increased
phosphorylation of ERK and AKT
induced by HGF, explaining the reversal
of drug resistance.

(Re-)activation of proliferation and
pro-survival signaling pathways upon
inhibition is a recurrent theme in drug
resistance. Activation of RTK signaling
plays an important role in such reactiva-
tion.41-43 We show that the HGF/MET
axis can very potently reactivate initially
inhibited ERK and AKT signaling upon
treatment with a number of kinase inhibi-
tors, which has also been shown by others
for various kinase inhibitors.27,33,34 This
makes it an attractive pathway for cancer
cells to activate. Since many carcinoma
cells express the MET receptor, its activa-
tion seems a common mechanism through
which cancer cells can acquire drug resis-
tance and could explain why this axis is
involved in an increasing number of resis-
tance mechanisms against a divergent
series of drugs.

Conclusions and Future
Perspectives

The findings reported here support
and extend those described by others in
showing that HGF/MET signaling can
be a potent mediator of resistance to a
diverse set of (tyrosine) kinase inhibitors
in multiple tumor models via (re)activa-
tion of survival and proliferation path-
ways. We also show that simultaneous
inhibition of MET and a kinase inhibitor
reverses HGF driven resistance. Indeed,
combination of the irreversible EGFR
inhibitor afatinib with crizotinib has
already been described to be effective
against MET amplified and HGF overex-
pressing lung cancer cells both in vitro
and in vivo.44 Therefore, in case of acti-
vation of the HGF/MET axis during
kinase inhibitor treatment, simultaneous
inhibition of MET could prove to be a
viable strategy to overcome resistance and

prolong therapeutic benefit for patients.
Since HGF/MET signaling seems to be
so potent in mediating resistance to
many TKIs and is already found in a
considerable proportion of EGFR TKI
resistant tumors, it could be worthwhile
to routinely check MET activation in
patients with TKI resistant tumors. If so,
exploring combination treatment with
MET inhibitors could be a good option
to treat such drug resistant tumors. Clini-
cal trials exploring combination of crizo-
tinib with another TKI have already
started. One example is a phase I/II trial
to combine erlotinib with crizotinib.45

Another phase 1b trial will try to enhance
the effect of anti-angiogenic VEGF thera-
pies, where HGF/MET signaling also
seems to play a role in resistance, by co-
administering crizotinib.46 However,
these trials are currently only in safety
and dosing assessment stages.

Apart from resistance to kinase inhibi-
tors, there is evidence that EMT can also
make cancer cells resistant to conventional
chemotherapy. For instance, colon carci-
noma cells made resistant to oxaliplatin
exhibited features of EMT.47 Similarly,
EMT was observed in ovarian carcinoma
cells that were resistant to paclitaxel.48 In
our own lab, TGFb was shown to confer
resistance to chemotherapy in colorectal
carcinoma cells as well as to targeted thera-
pies and this was accompanied by
EMT.49,50 Because HGF has an ability to
induce EMT, a role for HGF in chemore-
sistance is also plausible. Indeed, HGF has
been implicated in chemoresistance.51-54

Targeting MET with inhibitors has
recently been shown to revert chemoresist-
ance in Small Cell Lung Cancer,55 show-
ing the potential of MET inhibition
beyond targeted therapies. Checking
MET activity in chemoresistant tumors
could therefore be an opening in attempt-
ing to resensitize such tumors to
chemotherapy.

In conclusion, HGF/MET signaling
has by now emerged as a factor with a
seemingly extensive capability to make
tumor cells resistant to many targeted and
possibly conventional chemotherapies and
should therefore be considered widely as
an attractive drug target in combination
strategies designed to overcome resistant
tumors.

Materials and Methods

Cell culture and retroviral
transduction

PC9, H1975, H3122, Difi, SKCO-1
and Mel888 cells were cultured in RPMI
medium supplemented with 10% FBS,
1% glutamine and 1% penicillin/strepto-
mycin. HEK293T, phoenix and 786O
cells were cultured in high glucose
Dulbecco’s Modified Eagle Medium sup-
plemented with 10% FBS, 1% glutamine
and 1% penicillin/streptomycin. NIH3T3
cells were cultured in high glucose
Dulbecco’s modified Eagle medium sup-
plemented with 10% NCS (newborn calf
serum), 1% glutamine and 1% penicillin/
streptomycin. All cell lines were cultured
at 37�C and 5% CO2.

To perform the gefitinib resistance
screen, VBIM-SD1, -SD2 and –SD3 len-
tivirus was produced by transfection of
HEK293T cells using polyethylenimine
(PEI). Lentivirus containing supernatant
was used to infect 3 pools of 3 £ 106 PC9
cells (1 pool for each VBIM-SD) in 3 con-
secutive rounds. Infection efficiency was
assessed by GFP expression in the PC9
cells. Subsequently, cells were plated at
low density (150,000 per 10 cm dish) in
400 nM gefitinib containing medium.
For each VBIM-SD, 15 dishes were
plated. 10 dishes of uninfected PC9
parental cells were plated as control, also
at 150,000 cells per dish. After 3 weeks of
drug selection resistant colonies were
picked and expanded in drug-free
medium for further analysis.

pBp or pBp-HGF retrovirus was pro-
duced by transfection of phoenix cells
using PEI. Retrovirus containing superna-
tant was used to infect target cells in 3
consecutive rounds and target cells were
then selected for successful infection with
2 mg/ml puromycin.

Colony Formations
Cells were plated in 6-well plates.

Recombinant HGF and drugs were added
as indicated the next day and refreshed
every 3 days. Cells were grown until the
well with untreated control cells was con-
fluent. Cells were fixed in 3.7% parafor-
maldehyde and stained with 0.1% crystal
violet.
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The plating densities for recombinant
HGF and pBp-HGF colony formations
were 20,000 cells per well for PC9,
H1975, H3122, 786O and Mel888 and
50,000 cells per well for Difi and SKCO-1.

NIH3T3 co-culturing experiments:
NIH3T3 cells were plated 1 day prior to
start of co-culturing at 50,000 cells per
well. On the next day, the NIH3T3 cells
were treated with 10 mg/ml mitomycin C
in serum-free medium for 3 hours. Subse-
quently, the NIH3T3 cells were washed
twice with PBS and the cell lines to be co-
cultured were plated on top. Cells were
then co-cultured in presence or absence of
drug as indicated for 5 days and subse-
quently fixed and stained. Plating densities
for the NIH3T3 co-culture colony forma-
tions: 50,000 cells per well for PC9,
H1975, H3122, 786O and Mel888.
100,000 cells per well for Difi and
200,000 cells per well for SKCO-1.

IncuCyte
PC9 parental and SD1.1 cells were

plated in triplicates in 384-well plate at
1500 cells/well and either untreated or
treated with 400 nM gefitinib. The plate
was incubated in the IncuCyte (Essen Bio-
Science) and cells were allowed to grow to
confluency. The IncuCyte measured and
recorded confluency every 4 hours. This
data was subsequently converted into
growth curves.

Plasmids
Plasmids pBp and pBp-HGF plasmid

were purchased from AddGene.

Reagents
Gefitinib (S1025), TAE684 (S1108),

AZD6244 (S1008), PLX4032 (S1267),
sunitinib (S1042) and crizotinib (S1068)
were purchased from Selleckchem. Afati-
nib (SM-101000) from Alpha Diagnostic
International and cetuximab was obtained
from the pharmacy at The Netherlands
Cancer Institute.

Human recombinant HGF (H9661)
and mitomycin C (M4287) were pur-
chased from Sigma-Aldrich.

Protein Lysate Preparation and
Western Blotting

Cells were lysed in RIPA buffer con-
taining 150 mM NaCl, 50 mM Tris pH

8.0, 1% NP-40, 0.5% sodium deoxycho-
late and 0.1% SDS supplemented with
protease inhibitors (Complete, Roche)
and phosphatase inhibitor cocktails II and
III (Sigma). 10x reducing agent and 4x
sample preparation buffer (NuPage) was
added. Subsequently, the samples were
boiled for 5 minutes and centrifuged at
14,000 rpm for 5 minutes. Equal
amounts of protein were subjected to SDS
gel electrophoresis using NuPage precast
gels and MOPS buffer. This was followed
by western blotting.

Antibodies
MET (8198) pMET (3077), AKT

(2920), pAKT (4060), STAT3 (4904)
and pSTAT3 (9145) antibodies were pur-
chased from Cell Signaling. HSP90
(7947), ERK1 (93), ERK2 (154),
pERK1/2 (7383) were purchased from
Santa Cruz Biotechnologies. HGF (MA5-
14160) was purchased from Thermo
Scientific.

Inverse PCR
Genomic DNA was prepared from

cells using DNAzol. gDNA was used
for subsequent nested PCR reaction.
Primers for nested PCR reaction 1: for-
ward 50-GTAAGACCACCGCACAGC-
30, reverse 50-CCAGAGTCACACAACA-
GACG-30. For nested PCR reaction 2:
forward 50-GATCTTCAGACCTGGAG-
GAG-30, reverse 50-CCAGAGAGACC-
CAGTACAAGC-30. PCR products were
purified with Qiagen Gel Extraction Kit
(28706). PCR products were Sanger
sequenced using nested PCR reaction 2
forward primer. The resulting sequences
were aligned to the human genome
using BLAST.
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