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Abstract

Molecular resistance mechanisms affecting the efficiency of receptor tyrosine kinase
inhibitors such as gefitinib in Non-Small Cell Lung Cancer (NSCLC) cells are not fully
understood. Amphiregulin overexpression has been proposed to predict NSCLC resistance to
gefitinib and we have established that amphiregulin-overexpressing H358 NSCLC cells resist
apoptosis. Here, we demonstrate that amphiregulin prevents gefitinib-induced apoptosis in
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NSCLC cells. We show that H358 cells are resistant to gefitinib in contrast to H322 cells,
which do not overexpress amphiregulin. Inhibition of amphiregulin expression by siRNAs
restores gefitinib sensitivity in H358 cells, whereas addition of recombinant amphiregulin
confers resistance in H322 cells. Amphiregulin knockdown overcomes resistance to gefitinib
and induced apoptosis in NSCLC H358 cells in vitro and in vivo. Under gefitinib treatment,
amphiregulin decreases the expression of the proapoptotic protein BAX, inhibits its
conformational change and its mitochondrial translocation. Thus, in the presence of
amphiregulin, gefitinib-mediated apoptosis is reduced because BAX is sequestered in the
cytoplasm. This suggest that treatments using Epidermal Growth Factor Receptor inhibitors
may be poorly efficient in patients with elevated levels of amphiregulin. These findings
indicate the need of inhibit amphiregulin to enhance the efficiency of the Epidermal Growth
Factor Receptor inhibitors in patients suffering NSCLC.

*Manuscript

Introduction

Lung cancer is the leading cause of cancer mortality in the world. Non-Small Cell Lung
Cancers (NSCLC) account for approximately 80% of lung cancers. Once diagnosed, the 5year survival rate of NSCLC reaches no more than 12% despite different treatments such as
chemotherapy, radiotherapy and surgery [1]. Therefore, novel therapeutic strategies
improving the prognosis of lung cancer patients are urgently needed.
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Epidermal Growth Factor Receptor (EGFR) is involved in the development of various human
cancers. In NSCLC, EGFR is frequently overexpressed and associated with a poor prognosis
of patients [2]. In the last decade, a novel class of inhibitors targeting the kinase activity of the
EGFR (the EGFR-TKI family) was developed to overcome the poor successes of classical
chemotherapy. A member of this family, gefitinib, showed potent anti-tumor effects in
clinical trials for NSCLC treatment after previous chemotherapy [3], but failed to improve the
overall survival benefit in an unselected population [4]. Predictive markers of gefitinib
treatment sensitivity have therefore been extensively studied in order to identify patients
likely to respond to EGFR-TKIs. EGFR gene somatic mutations have been found associated
with response to gefitinib [5]. These mutations activate the EGFR tyrosine kinase and are
mainly associated with adenocarcinoma histology, never-smoking status, female gender and
Asian descent [6]. An increased ErbB2/Her-2 gene copy number is another marker associated
with gefitinib sensitivity [6]. Other factors such as KRAS activating mutation [6], MET
amplification [7] and Insulin-Like Growth Factor-1 Receptor (IGF1R) expression [8] are
predictors of resistance to gefitinib treatment in NSCLC. Unfortunately, no single factor
examined so far, has been able to perfectly predict the sensitivity of patients to gefitinib
treatment.

1

Amphiregulin (Areg), an EGF-related growth factor, is associated with shortened survival of
patients with NSCLC and poor prognosis [9]. A high level of Areg in the serum of patients
with advanced NSCLC might have a diagnostic value for predicting a poor response to
gefitinib. This suggests that Areg may induce gefitinib resistance in NSCLC. Our group
previously reported the anti-apoptotic activity of Areg in NSCLC cell lines [10], through the
inactivation of the proapoptotic protein BAX [11]. In this study, we show that gefitinib
antitumor activity in NSCLC is significantly reduced in the presence of Areg, because of the
inactivation of BAX. In addition, using in vivo models of NSCLC in mice, we present
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evidence that gefitinib efficiency is improved if expression of Areg is inhibited by siRNAs
cotreatments.

Results

Areg inhibits gefitinib-induced apoptosis in NSCLC cell lines.
The H358 and H322 NSCLC cell lines, expressing wild-type EGFR, were chosen for an
initial study on the effect of gefitinib. We firstly measured the effect of gefitinib on H358 and
H322 cell proliferation. A MTT assay revealed that H322 cells were slightly more sensitive
than H358 cells to this drug (Fig. 1a). Approximately 1 µM gefitinib inhibited proliferation of
H322 cells after 96 h of treatment. In contrast, the IC50 was three to four times higher in H358
cells. Flow cytometry analysis of propidium-iodide-stained H322 and H358 cells revealed
that treatment with 1 µM gefitinib for 4 days resulted in no marked change in the cell cycle
distribution (data not shown). However, 0.5 and 1 µM gefitinib induced significant and dosedependent apoptosis in H322 cells but not in H358, as shown with an active caspase-3
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labeling assay (Fig. 1b) or by counting the number of apoptotic cells with condensed nuclear
DNA after Hoechst staining (Fig. 1c).
We previously showed that H358, but not H322 cells, secrete high levels of Areg, which
induce an inhibition of apoptosis [10]. To assess the involvement of Areg in gefitinib
resistance, we added recombinant Areg in the culture medium of H322 cells. Areg prevented
gefitinib-induced apoptosis (Fig. 2a), in a dose-dependent manner (Fig. 2b). To confirm the
role of Areg, we transfected the Areg-overexpressing H358 cells with anti-Areg small
interfering RNAs (Areg siRNAs), which inhibited 83% of secreted Areg level 96 h after
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transfection, compared to control siRNAs (Fig. 2c). Interestingly, while Areg siRNAs did not
directly induce apoptosis, they significantly sensitized H358 cells to gefitinib, inducing three
times more apoptosis than control siRNAs (Fig. 2d). Again, Areg abolished this effect,
demonstrating the specificity of the siRNAs. Altogether, these results show that Areg strongly
reduces gefitinib pro-apoptotic activity.

Areg inhibits gefitinib-induced apoptosis through BAX downregulation.
We previously showed that Areg prevents apoptosis by inactivating the Bcl 2 family member
BAX [10-12]. Recent data linked gefitinib antitumor activity to proapoptotic protein of the
Bcl2 family [13-15]. We therefore investigated the relationship between gefitinib activity,
Areg and BAX in H358 cells. We first studied BAX mRNA and protein levels following
exposure to gefitinib. Upregulation of BAX mRNA was observed by real-time RT-PCR in
gefitinib-treated H358 cells (Fig. 3a), but, surprisingly, gefitinib significantly decreased the
BAX protein level (Fig. 3b). In parallel, we demonstrated that the Areg knockdown did not
change the level of BAX mRNA, but prevented the disappearence of the BAX protein. These
results suggest that gefitinib augments BAX mRNA transcription independently of Areg,
while Areg decreases the level of BAX protein in the presence of gefitinib by a post-
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transcriptional mechanism. Since we know that BAX proapoptotic function is regulated by
proteasomal degradation [16], we studied the effect of the proteasome inhibitor MG132.
Figure 3c shows that MG132 prevented BAX downregulation in gefitinib-treated H358 cells,
suggesting that Areg augments BAX proteasomal degradation.

Areg inhibits gefitinib-induced apoptosis by inactivation of BAX.
We analyzed the activation of BAX by flow cytometry using an antibody that recognizes the
exposed N-terminus extremity of the activated form of BAX but not the protein in its inactive
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conformation [11, 17]. BAX immunofluorescence and the percentage of stained H358 cells
(Fig. 4a) were not modified by the gefitinib treatment, showing that BAX is not activated in
these conditions. As well, inhibition of Areg expression using siRNAs had a limited influence
on the exposure of the N-terminus moiety of BAX. However, the intensity of fluorescence
and the percentage of stained cells were significantly increased when the cells were co-treated
by Areg siRNAs and gefitinib (Fig. 4a), suggesting that Areg inhibits BAX conformational
change under a gefitinib treatment and thus confers resistance to BAX-mediated apoptosis.
Activated BAX translocates from the cytoplasm to the mitochondria, leading to cell
apoptosis. To further analyze the influence of Areg on BAX subcellular localization, H358
cells were fractionated into cytosolic and mitochondrial fractions. In untreated H358 cells,
BAX was present mainly in the cytosolic fraction and to a lower extent in the mitochondrial
fraction (Fig. 4b). Consistent with BAX activation detected by flow cytometry, gefitinib or
Areg siRNAs alone did not modify BAX subcellular distribution, but the combination of Areg
knockdown and gefitinib treatment induced its accumulation in the mitochondrial fraction.
These results suggest that Areg inhibited BAX conformational change, and its mitochondrial
translocation (Fig. 4a and 4b). Interestingly, treating the cells with 10 µM of the pan-caspase
inhibitor z-VAD-fmk inhibited the gefitinib-induced apoptosis in Areg siRNAs-transfected
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H358 cells, but not BAX activation. This demonstrated that Areg prevents apoptosis by
inactivating BAX and the subsequent caspase activation (Fig. 4c).
To confirm our data, we further analyzed BAX activation and subcellular localization in the
gefitinib-sensitive H322 cells. As expected, 0.5 µM gefitinib treatment induced BAX
activation in H322 cells. This effect was abolished in the presence of recombinant Areg (Fig.
5a). Investigation of BAX subcellular localization showed that in untreated or Areg-treated
H322 cells, BAX was present in the cytosolic and mitochondrial fractions (Fig. 5b). However,
Areg strongly inhibited BAX accumulation in the mitochondrial fraction in gefitinib-treated

inserm-00425468, version 1 - 21 Oct 2009

H322 cells. In addition, and as observed in H358 cells, 10 µM z-VAD-fmk did not modify
BAX activation in gefitinib-treated H322 cells, whereas apoptosis was inhibited (Fig. 5c).
These observations strongly suggest that Areg inhibits the gefitinib-induced apoptosis by
proteasomal degradation of BAX, but also by inhibition of BAX conformational activation
and capacity to translocate to the mitochondria.

Antitumor efficacy of Areg and EGFR dual targeting in vivo.
We then wanted to determine whether Areg depletion could enhance the antitumor activity of
gefitinib in vivo. We tested the effects of gefitinib, Areg siRNAs, and their combination on
the growth of H358 NSCLC xenograft tumors established in nude mice. Groups of mice
treated with gefitinib or Areg siRNAs alone showed reduced tumor growth as compared with
the control group (Fig. 6a). This effect was significantly more pronounced in the group of
mice treated with gefitinib and Areg siRNAs. At the end of the study, the mean tumor volume
in the combined treatment group was 33% (p < 0.01) of the mean volume of the control
group. As expected, western blot analysis of total protein extracts harvested from the H358
tumors at the end of this experiment showed that the levels of Areg were substantially
decreased by Areg siRNAs (Fig. 6b). Gefitinib or Areg siRNAs alone, as well as combined
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treatment, increased the level of cleaved-caspase-3 as compared to control. No significant
difference between the treatments was observed in the proliferation index of tumoral cells
(Ki67 nuclear protein immunolabelling, data not shown). Together, these findings suggest
that gefitinib antitumor activity is more pronounced when Areg is knocked down.
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Discussion

In this study, we show that Areg prevents gefitinib-induced apoptosis in NSCLC cells through
BAX inactivation. In the presence of gefitinib, Areg decreases BAX expression and inhibits
its conformational change and its mitochondrial translocation. Areg knock down by siRNAs
restores the BAX expression level and its functional activation. This leads to a higher
concentration of the active form of BAX in the mitochondria and thus to a stronger antitumor
activity of gefitinib in NSCLC cells in vitro and in vivo.

Gefitinib is a major molecule used in NSCLC treatment. However, resistance mechanisms to
EGFR-TKI have limited its efficiency to a restricted group of patients, especially those
presenting activating mutation in the ATP-binding site of EGFR-TKI [5, 18]. An increasing
amount of evidence has suggested, however, that several pathways can confer resistance to
EGFR-TKI therapy [6]. We observed that H322 cells have gefitinib IC50 around 1 µM, as
already described [8], whereas various gefitinib sensitivities with IC50 ranging from ≤ 1 µM to
≥ 10 µM are reported for H358 cells [8, 15, 19-21]. Accordingly, we observed gefitinib IC50
around 4 µM for H358 cells. Our data revealed that Areg-expressing H358 cells are less
sensitive to apoptosis induced by 1 µM gefitinib than H322 cells that do not secrete Areg.
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Moreover, Areg knockdown overcomes the resistance of H358 cells to gefitinib, whereas
Areg protects the H322 cells from gefitinib-induced apoptosis, demonstrating the involvement
of Areg in NSCLC cell resistance to gefitinib. The Areg autocrine loop is well characterized
in the growth and survival of lung cancer cells [10, 11]. Areg is hardly detectable in lung
tumor cells that are sensitive to gefitinib and is significantly overexpressed in gefitinibresistant lung tumor cells [22]. Overexpression of Areg is associated with shortened survival
of patients with NSCLC, and a high level of Areg in the serum of patients with advanced
NSCLC might have a high diagnostic value for predicting poor response to gefitinib [9]. Areg
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might be a principal activator of the ligand-receptor autocrine pathway leading to the gefitinib
resistance of NSCLC cells, independently of EGFR mutations.

Our results underline that Areg prevents gefitinib-induced apoptosis by decreasing BAX
expression and activation. Both phenomena are additive and may explain the low sensitivity
of H358 to gefitinib. Protein p53 is a major regulator of BAX [23]. In our model, the
mechanism of BAX regulation by Areg is independent of p53 because H358 cells are deleted
for p53 and H322 cells express a nonfunctional mutated p53. The difference between BAX
mRNA and its protein concentration suggested that Areg works at the post-transcriptional
level. This is sustained by our result using a treatment with the proteasome inhibitor MG132,
which prevented BAX degradation, suggesting that Areg stimulates BAX proteasomal
degradation. Interestingly, the regulation of BAX proapoptotic function by its ubiquitylation
and subsequent proteasomal degradation has already been described [16]. We previously
showed that H358 NSCLC cells resist BAX-mediated apoptosis due to the inhibition of its
conformational change and of its translocation from the cytosol to the mitochondria [12].
Here, we show that this phenomenon is strongly reducing the sensibility of NSCLC to
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gefitinib if Areg is present. In contrast, without Areg, gefitinib induces apoptosis by
enhancing BAX expression and activation.
The relation between Areg and BAX activation is not fully understood. We previously
observed that Areg stimulates cross-talk between EGFR and IGF1R through a PKCdependent pathway that leads to BAX inactivation in NSCLC cells [10, 11]. Under gefitinib
treatment, Morgillo et al. demonstrated that an EGFR/IGF1R heterodimer confers resistance
to EGFR-TKI in NSCLC cell lines [8, 24]. We hypothesized that Areg confers resistance to
gefitinib-induced apoptosis through EGFR/IGF1R cross-talk and the protein kinase C-
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dependent survival pathway. In agreement, we observed the heterodimerization of IGF1R
with EGFR in gefitinib-treated Areg-overexpressing H358 cells, but not in Areg-lacking
H322 cells (Fig. S1). In addition, BAX can be sequestered in the cytoplasm in an inactive
conformation by the auto-antigen Ku70 [25, 26]. Moreover, we have investigated the
relationship between Areg and Ku70 in our NSCLC model and have demonstrated that Areg
enhances BAX sequestration and inactivation by Ku70 (see supplementary file S2).

Our results have a direct impact on the efficiency of NSCLC treatment with gefitinib. The
data showing enhanced apoptosis by Areg siRNAs suggest that Areg expression is an
important factor for gefitinib sensitivity. In the recent literature, Areg has already been
associated with resistance to anticancer treatments such as exemestane-based hormonotherapy
[27] and cisplatin-based conventional chemotherapy [28] in breast cancer. Areg expression is
associated with NSCLC's poor response to gefitinib [9, 22]. Here, we demonstrated that Areg
is also involved in resistance to gefitinib. Areg might therefore be a new biomarker of
NSCLC cell resistance to targeted therapies, such as the EGFR-TKI molecule gefitinib, and
could be used to identify patients likely to respond to EGFR-TKI.
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In addition to being a potential biomarker, Areg might also be a therapeutic target, especially
in NSCLC. Indeed, Areg siRNAs treatment significantly reduced H358 tumor growth in vivo.
SiRNAs-based treatments in vivo are usually poorly efficient, because they are difficult to
deliver and can be toxic [30]. In our study, the significant antitumor efficacy of Areg siRNAs
has shown neither weight loss nor treatment-related toxicity, indicating that appropriate
amounts of siRNAs were used. In agreement, no inflammation and toxicity were reported
with PEI-complexed siRNAs in vivo [31]. Moreover, specific anti-human-Areg siRNA were
administered systematically (i.p.) and managed to successfully silence in situ Areg production
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in tumors, demonstrating a suitable vectorization and efficacy. Several clinical trials are
currently based on siRNAs administration or PEI vectorization (www.clinicaltrials.gov).
Results of these studies may help to foresee the safety and efficacy of siRNAs and PEI
delivery for the treatment of human malignancies. SiRNAs might thus play an increasing role
in molecular therapies, especially in cancer treatment, after validation of human clinical trials.
The combination of Areg siRNAs and gefitinib cotreatments provides greater reduction of
tumor growth in the absence of non-specific toxicity. The 10 mg/kg dose of gefitinib used in
this study was determined in preliminary experiments (not shown) and was selected as the
dose which provided sub-optimal gefitinib antitumor activity without side-effects. To our
knowledge, this is the first study with combined treatments targeting both Areg and EGFR.
These results demonstrate the value of specific anti-Areg targeting, alone or associated with
EGFR-TKI, although the efficiency of systemic non-viral delivery of these siRNAs in vivo is
still an issue. It is actually necessary to inject large and expensive quantities of siRNAs and
this may limit their utilisation in clinical oncology unless they are delivered by viral vectors
[32, 33]. SiRNAs directed against Areg delivered by adenovirus would be a suitable and
potent strategy to inhibit its expression in gefitinib-based NSCLC therapy. Further studies are
needed to validate whether the gefitinib combined with Areg targeting could enhance the

9

objective response and survival rates in NSCLC patients. In addition, since the tumor
regression was not complete, it will be important to investigate whether the surviving tumoral
cells are resistant to gefitinib in vivo, in the same way as observed with 10 µM gefitinib in
vitro (Fig. 1a). The development of a specific anti-Areg therapy would thus be suitable for
treating these resistant cancers but could also benefit to other diseases where Areg is known
as a bad prognostic biomarker [34].
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Material and Methods

Cell Culture and drug treatments
The human H358 and H322 NSCLC cell lines were from the American Type Culture
Collection (Manassas, VA) and maintained in RPMI 1640 medium (Gibco, Cergy Pontoise,
France) supplemented with 10% heat-inactivated Fetal Bovine Serum (FBS) in a humidified
atmosphere with 5% CO2. Gefitinib was kindly provided by Astra-Zeneca France (Paris,
France) and was prepared as 10 mM stock solution in DMSO and stored at -20°C.
Recombinant human amphiregulin (Areg) was from Sigma-Aldrich (St Quentin Fallavier,
France) and stored at -80°C in DMSO and dissolved in fresh medium just before use. MG132
and z-VAD-fmk were from Sigma-Aldrich, prepared as 25 µg/ml stock solution and stored at
-20°C. Cells were treated as indicated in figures legends.
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Cell proliferation assay
Cells were seeded in 96 well plates overnight and treated with gefitinib for 96 hours. Cell
proliferation was measured with the 3-(4,5-dimethyl thiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay, in accordance with the method described previously [35].

Transfections
Small interfering RNAs (siRNAs) targeting human Areg and non-specific control siRNAs
were synthesized by MWG Biotech (Roissy, France). Sequences of siRNAs targeting Areg
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were 5’-CGA-ACC-ACA-AAU-ACC-UGG-CTT-3’ and 5’-CCU-GGA-AGC-AGU-AACAUG-CTT-3’, and control siRNA sequence was 5’-CUU-ACG-CUC-ACU-ACU-GCG-ATT3’. Transfection of duplex siRNAs was performed with OligofectamineTM reagent (Invitrogen,
Cergy Pontoise, France), following the manufacturer's instructions. SiRNAs were transfected
into 60% confluent cells at the final concentration of 200 nM. After transfection, the
efficiency of Areg knockdown was assessed by ELISA as previously described [10].

Apoptosis assays
Cells were harvested and pooled. The morphological changes related to apoptosis were
assessed by fluorescence microscopy after Hoechst 33342 (5 µg/ml, Sigma) staining of cells
and the percent of apoptotic cells was scored after counting at least 500 cells. Active caspase3 was detected by flow cytometry using phycoerythrin-conjugated monoclonal active caspase3 antibody kit (Becton Dickinson Pharmingen, Pont de Claix, France), following
manufacturer’s instructions. Analysis was performed on a Becton Dickinson FACScan flow
cytometer with CellQuest Software (Becton Dickinson).
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RT-qPCR
Total RNA was extracted using RNeasy Mini Kit (Qiagen). RNA concentration was
determined using Eppendorf Biophotometer AG22331 (Hamburg, Germany) and RNA
integrity was assessed using the Bioanalyzer 2100 (Agilent Technologies). Quantitative
realtime

RT-PCR

for

BAX

mRNA

(specific

primers:

forward

5’-

ACTCCCCCCGAGAGGTCTT-3’; reverse 5’-CAAAAGTAGAAAAGGGCCGACAA-3’)
was performed on Stratagene 14 MX3005P apparatus. Eight hundred ng of total RNA was
subjected to cDNA synthesis with Superscript III First-Strand Synthesis SuperMix for qPCR
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(Invitrogen) and subsequently amplified during 40 PCR cycles (10 min at 95°C, cycles: 15 s
at 95°C, 1 min at 60°C) using Power SYBR Green PCR Master Mix (Applied Biosystems).
Relative gene expression was calculated for each sample, as the ratio of BAX to GAPDH
mRNA copy number, thus normalizing BAX mRNA expression for sample-to-sample
differences in RNA input.

Protein immunostaining by flow cytometry
Activated BAX immunostaining analysis was performed as previously described [11, 17].
Briefly, cells were fixed in paraformaldehyde 0.5% for 5 min at room temperature, washed
and nonspecific binding sites were blocked with 2% BSA in PBS/saponin 0.1% for 30 min at
room temperature. Cells were then incubated for 2h at room temperature in the presence of an
anti-BAX rabbit polyclonal antibody (N-20, Santa Cruz Biotechnology, Tebu, 1:100) raised
against the peptide sequence amino acids of N-terminus BAX protein or rabbit irrelevant IgG
(Pharmingen, Becton Dickinson), washed, incubated for 30 min with AlexaTM 488 goat antirabbit IgG (H+L) conjugate (Interchim, 1:1000), washed again and resuspended in PBS. All
antibodies were diluted in PBS containing 0.1% saponin and 1% BSA. Analysis was
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performed on a FACScan flow cytometer (Becton Dickinson) using Cellquest software.
Green fluorescence was excited at 488 nm and detected at 500-550 nm.

Immunoblotting
Cells were harvested, washed in PBS and incubated in lysis buffer (10 mM Tris-HCl pH 7.5,
120 mM NaCl, 1 mM EDTA, 1 mM Dithiothreitol, 0.5% Nonidet P-40, 0.05% SDS,
supplemented with protease and phosphatase inhibitors). Protein content was assessed by the
Bio-Rad D C Protein Assay kit (Bio-Rad Lab., Ivry sur Seine, France). Western blotting was
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done using anti-BAX (BD Pharmingen, 1/3000), anti-Areg (Abcam, 1/100), anti-HSP70
(Affinity BioReagent, 1/5000), or anti-cleaved caspase-3 (Asp 175, Cell Signaling, 1:1000)
antibodies. To ensure equal loading and transfer, membranes were also probed for actin using
anti-actin antibody (Sigma, 1/1000). Western blotting was further processed by standard
procedures and revealed by chemiluminescence (ECL, Amersham, Orsay, France).

Subcellular fractionation
Cells were fractionated into cytosolic and mitochondrial fractions using the Pierce
Mitochondria Isolation Kit (Pierce, Thermo Fisher Scientific, Brebières, France) according to
manufacturer’s instructions. Both fractions extracts were assessed for protein content using
the Bio-Rad D C Protein Assay kit, and 20 µg of proteins were subjected to electrophoresis
and analyzed by western blotting for BAX content. The relative purity of fractions was
ascertained by western blotting using anti-mitochondrial HSP70 as a marker of mitochondria.
The equal loading and transfer were ensured by reprobing the membranes using anti-actin
antibody.
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In vivo model
The effect of the combination of gefitinib and anti-Areg siRNAs was measured on established
subcutaneous tumor bearing mice. All the animal experiments were performed in agreement
with the EEC guidelines and the “Principles of laboratory animal care” (NIH publication
N°86-23 revised 1985). The experimental protocol was submitted to ethical evaluation and
the experiment received the accreditation number was #0128. Human lung adenocarcinoma
H358 cells were harvested, and 20x106 cells in PBS were injected subcutaneously into the
flank of female NMRI nude mice (6-8 weeks old, Janvier, Le Genest Saint Isle, France).
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When tumor diameters reached 5 mm, the mice were randomised in four experimental groups
(10 mice/group). Group 1 (control mice) received control siRNAs and a vehicle (tween 80/5%
glucose), group 2 received gefitinib and control siRNAs, group 3 received Areg siRNAs and a
vehicle, and group 4 received both Areg siRNAs and gefitinib. In vivo transient transfections
were carried out using jetPEI™ (PolyPlus Transfection, Strasbourg, France) according to the
manufacturer's protocol. Complexes resulted in siRNA/PEI (N/P) ratio of 8 as suggested for
DNA by the manufacturer and as determined as optimal for siRNAs in pilot experiments (data
not shown). Sixteen µg/day of PEI-complexed siRNAs were injected intraperitoneally, 4
times a week. Ten mg/kg/day of gefitinib in tween 80/5% glucose was administered per os 5
times a week. Tumor growth was quantified by measuring twice a week the tumors in two
dimensions with a Vernier caliper. The volume was calculated as follow: a x b2 x 0.4, where a
and b are the largest and smallest diameters respectively [36]. Results are expressed as
volume ± S.E.M. Mice bearing necrotic tumors or tumors ≥ 1.5 cm in diameter were
euthanized immediately. On day 47, all mice were sacrificed and tumors were collected to
determine whether the combination of gefitinib and Areg siRNAs induced apoptosis by
western blotting.
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Statistical analyses
Statistical significance of differences in control cells versus treated cells was analyzed by the
Mann-Whitney test. Means comparisons among mice groups and statistical significance of
differences in tumor growth in the combination treatment group and in single-agent treatment
groups were analyzed by ANOVA test. Statistics were done using the Statview 4.1 software
(Abacus Concept Inc.). In all statistical analyses, two-sided p values < 0.05 were considered
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statistically significant.
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Figure legends

Figure 1. Gefitinib effect in NSCLC cells.
(a) The MTT assay in H358 and H322 NSCLC cells treated with the indicated concentrations
of gefitinib for 96 h. (b, c) Effect of 0.5 or 1 µM gefitinib on H358 and H322 cells. Apoptosis
was analyzed after 96 h by detection of the active caspase-3 and flow cytometry (b) or after
24 h to 96 h after counting Hoechst stained cells (c). Results are expressed as mean  SD
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(n≥3). * p<0.05, ** p<0.01, *** p<0.001, for comparison between H358 and H322 cells.

Figure 2. Areg inhibits gefitinib-induced apoptosis.
(a) H322 cells were treated with 50 ng/ml recombinant human Areg and/or gefitinib as
indicated. (b) H322 cells were treated with the indicated concentrations of Areg and 0.5 µM
gefitinib. (c) H358 cells were transfected with Areg or control siRNAs. The efficiency of
Areg knock down was assessed by ELISA. Results are expressed as a rate of Areg released 48
h after control siRNAs transfection and as mean  SD (n=3). (d) H358 cells were transfected
with control or Areg siRNAs and treated with gefitinib and/or 50 ng/ml Areg. Apoptosis was
scored after counting Hoechst stained cells (a, b, d). Results are expressed as mean  SD
(n≥3). * p<0.05, ** p<0.01, for comparison between treated and control cells.

Figure 3. Areg decreases the BAX protein level.
H358 cells were transfected with control or Areg siRNAs. As indicated, 0.5 µM gefitinib
and/or 3 µM MG132 were added. (a) Quantitative real-time RT-PCR for BAX mRNA on
total RNA extracted from H358 cells. Relative gene expressions are expressed as a rate of
BAX mRNA level after control siRNAs transfection. (b, c) Total cell lysates were subjected
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to western blotting using BAX antibody. Actin was used as protein level control. The values
represent the relative intensity, quantified with ImageJ software, of BAX bands of treated
samples to that of control cells, after being normalized to the respective actin and are
represented by the mean  SD (n=4). * p≤0.05 or ** p≤0.01 for comparison between control
siRNAs in gefitinib-treated cells and the other treatments as indicated.

Figure 4. Areg inactivates BAX in H358 cells.
H358 cells were transfected with control or Areg siRNAs. As indicated, 0.5 µM gefitinib
inserm-00425468, version 1 - 21 Oct 2009

and/or 10 µM z-VAD-fmk were added. (a) Flow cytometry analysis of BAX immunostaining
using activated-BAX antibody. Dotted histogram and IgG, irrelevant antibody; open
histogram, control cells; filled histogram, treated cells as indicated. Percentages of activated
BAX stained cells were expressed as mean  SD (n≥3). * p<0.05, more significant than
control. (b) H358 cells were fractionated into cytosolic and mitochondrial fractions. Both
fractions extracts were subjected to western blotting using BAX antibody. Mitochondrial
HSP70 was used for checking that cytosolic extracts were mitochondria-free and actin for
loading control. (c) Apoptosis was scored after counting Hoechst stained cells. Flow
cytometry analysis of BAX immunostaining as described in (a).

Figure 5. Areg inactivates BAX in H322 cells.
H322 cells were treated with 50 ng/ml Areg and/or 0.5 µM gefitinib and/or 10 µM z-VADfmk were added as indicated. (a) Flow cytometry analysis of BAX immunostaining using
activated-BAX antibody. Dotted histogram and IgG, irrelevant antibody; open histogram,
control cells; filled histogram, treated cells as indicated. Percentages of activated BAX stained
cells were expressed as mean  SD (n≥3). ** p<0.01, more significant than control. (b) H322
cells were fractionated into cytosolic and mitochondrial fractions. Both fractions extracts were
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subjected to western blotting using BAX antibody. Mitochondrial HSP70 was used for
checking that cytosolic extracts were mitochondria-free and actin for loading control. (c)
Apoptosis was scored after counting Hoechst stained cells. Flow cytometry analysis of BAX
immunostaining as described in (a).

Figure 6. Effects of combined treatment with gefitinib and Areg knockdown in vivo.
Effects of combined treatment with gefitinib and Areg siRNAs on growth of H358 xenograft
tumors in athymic nude mice. The mice were randomly assigned to one of four treatment
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groups. (a) Effect of gefitinib (10 mg/kg body weight) or vehicle, administered p.o. 5
days/week, and control or Areg siRNAs (16 µg/day, administered i.p. 4 days/week) on tumor
volume. Points, mean tumor volume (n = 8); bars, SE. *, p<0.05, **, p<0.01, ***, p<0.0001
for comparisons between treated and control for each series of experiments. (b) Effect of
gefitinib and Areg siRNAs on the expression of Areg and activated-caspase-3 in H358
xenograft tumors, assessed by western blotting. Actin was used as loading control.
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Supplemental Information (text) S1

Supplementary material and methods

Figure S1. Co-immunoprecipitation of EGFR and IGF1R.
Whole-cell extracts from H358 and H322 cells treated with 0.5 µM gefitinib for 96 h were
immunoprecipitated (IP) with EGFR antibody (Santa Cruz) and subjected to immunoblot
analysis with IGF1R (Santa Cruz) or EGFR antibodies. IgG: immunoglobulin control for
immunoprecipitation, used as negative control. Input: cell lysates that are not subjected to

inserm-00425468, version 1 - 21 Oct 2009

immunoprecipitation.

