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gastric or Taku K, Nishikawa K,
esophagogastric junction |Moriwaki T, Yoshimura
(EGJ) cancer: WJ0G7212G K, Boku N, Hyodo.
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trastuzumab (T-mab) Masato 0, Matsusaka S, |ASCO.
efficacy in HER2 positive |Takahari D, Ichimura T,
-gastric cancer (GC). Kumekawa Y, Nakayama I,

Matsushima T, Mizunuma

N, Sano T, Yamagushi T,

Ishikawa Y.
First line treatment of Hironaka S. The 11th Annual 2014%10H [Z 4t
metastatic gastric Meeting of the
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(SSZ) on cancer stem—like |Nakajima T, Hironaka S, |Meeting.
cells (CSCs) via Nagano 0, Imamura C,
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Abstract: Certain genetically defined cancers are dependent on a single overactive
oncogene for their proliferation and survival, a phenomenon known as “oncogene addiction”.
A new generation of drugs that selectively target such “driver oncogenes” manifests a
clinical efficacy greater than that of conventional chemotherapy in appropriate genetically
defined patients. MET is a proto-oncogene that encodes a receptor tyrosine kinase, and
aberrant activation of MET signaling occurs in a subset of advanced cancers as result of
various genetic alterations including gene amplification, polysomy, and gene mutation. Our
preclinical studies have shown that inhibition of MET signaling either with the small-molecule
MET inhibitor crizotinib or by RNA interference targeted to MET mRNA resulted in marked
antitumor effects in cancer cell lines with MET amplification both in vitro and in vivo.
Furthermore, patients with non-small cell lung cancer or gastric cancer positive for MET
amplification have shown a pronounced clinical response to crizotinib. Accumulating
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preclinical and clinical evidence thus suggests that MET amplification is an “oncogenic
driver” and therefore a valid target for treatment. However, the prevalence of MET
amplification has not been fully determined, possibly in part because of the difficulty in
evaluating gene amplification. In this review, we provide a rationale for targeting this
genetic alteration in cancer therapy.

Keywords: MET; gene amplification; non-small cell lung cancer; gastric cancer;
fluorescence in situ hybridization (FISH); polymerase chain reaction (PCR); crizotinib

1. Introduction

Certain genetically defined cancers are dependent on a single overactive oncogene for their
proliferation and survival, a phenomenon known as “oncogene addiction” that is exemplified by the
BCR-ABL fusion gene in chronic myeloid leukemia as well as by mutant forms of the epidermal growth
factor receptor (EGFR) gene and by the EML4-ALK fusion gene in non-small cell lung cancer (NSCLC).
A new generation of drugs that selectively target such “driver oncogenes” and which include tyrosine
kinase inhibitors (TKIs) has shown a therapeutic efficacy greater than that of conventional chemotherapy
in individuals with these specific molecular alterations [1,2]. The identification of additional kinase
oncogenes would thus be expected to facilitate the development of new molecularly targeted therapies.

The proto-oncogene MET encodes the receptor tyrosine kinase c-MET (or MET). The binding of its
ligand—the hepatocyte growth factor (HGF)—to MET results in tyrosine phosphorylation of the
receptor and activation of downstream signaling pathways mediated by phosphoinositide 3-kinase
(PI3K) and AKT, by signal transducer and activator of transcription 3 (STAT3), or by RAS and
mitogen-activated protein kinase (MAPK). Whereas normal activation of MET is essential for wound
healing and embryonic development [3,4], excessive activation of MET signaling in a subset of
advanced cancers [5-9] results in the up-regulation of cell proliferation, motility, migration, and
invasion [3,10]. Although such aberrant MET signaling potentially arises from genetic alteration or
dysregulation of MET [11], the target potential of MET alterations including polysomy, gene
amplification, and gene mutation has not been well established.

2. Preclinical Findings

To investigate the biological impact of MET amplification or mutation, we have examined the effects
of a MET-TKI and of a small interfering RNA (siRNA) specific for MET mRNA on cell survival and
signal transduction in NSCLC cells with or without such genetic alterations of MET [12]. Several types
of MET mutation, including those that affect the kinase domain or other domains of the encoded protein,
have been identified in tumors. The small-molecule drug crizotinib (PF-02341066) inhibits the tyrosine
kinase activity of MET as well as that of oncogenic fusion variants of anaplastic lymphoma kinase
(ALK) [13,14]. We found that inhibition of MET signaling with crizotinib or MET siRNA induced
apoptosis that was accompanied by attenuation of the phosphorylation (activation) of AKT and the
MAPK extracellular signal-regulated kinase (ERK) in NSCLC cells with MET amplification but not in
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those positive for a non-kinase domain mutation (N375S or deletion of exon 14) of MET [12]. These
results suggest that MET signaling is essential for the survival of NSCLC cells with MET amplification
but not for that of those without this genetic alteration, including those with a non-kinase domain
mutation of MET, although MET-TKIs have been shown to be active against MET with mutations in the
kinase domain [15]. Crizotinib also showed a marked antitumor effect on lung cancer xenografts
positive for MET amplification, whereas it had little effect on those negative for MET amplification,
including those with a MET mutation, consistent with our results obtained in vitro. Together, these
findings suggest that gene amplification, but not gene mutation, renders MET active as a driver oncogene.

In gastric cancer, in which gain-of-function mutations of MET are exceedingly rare [16-18],
activation of MET has been attributed to gene amplification [19-21]. A highly selective MET-TKI,
PHA-665752, was shown to have potential antitumor efficacy in gastric cancer cells with MET
amplification [22]. We therefore also examined the potential antitumor action of crizotinib or MET
siRNA in gastric cancer cells positive or negative for MET amplification [23]. Consistent with our
results obtained with NSCLC cells [12], we found that inhibition of MET signaling by either of these
agents resulted in induction of apoptosis associated with inhibition of AKT and ERK phosphorylation in
gastric cancer cells with MET amplification but not in those without it, suggesting that MET signaling is
essential for the survival of MET amplification-positive cells. Crizotinib also manifested a marked
antitumor effect on gastric cancer xenografts positive for MET amplification, whereas it had little effect
on those negative for this genetic change. Crizotinib thus showed a pronounced antitumor action both
in vitro and in vivo specifically in gastric cancer cells positive for MET amplification.

In summary, our preclinical studies have shown that gene amplification, but not gene mutation,
confers “oncogenic driver” potential on MET. Tumor cells positive for MET amplification are thus
dependent on (“addicted to”) sustained MET activity for their growth and survival, with the result that
inhibition of MET signaling either with a small-molecule MET inhibitor or by RNA interference
targeted to MET mRNA has marked antitumor effects both in vitro and in vivo. These findings provide a
rationale for targeting MET amplification with MET-TKIs in the clinical setting.

3. Prevalence of MET Amplification in Cancer Patients

Given the potential of MET-targeted therapy for cancer with MET amplification, it is important to
determine the prevalence of this gene alteration in patients with advanced cancer. Unfortunately,
however, different studies have used different methods and criteria to detect MET amplification
(Tables 1 and 2). Studies based on fluorescence in situ hybridization (FISH) analysis have identified
MET amplification in up to ~5% of patients with NSCLC [24-27] or gastric cancer [20,28,29], whereas
an increase in MET copy number was found in up to ~20% of NSCLC [30-35] and gastric cancer [36—40]
patients by Southern blot analysis or with a polymerase chain reaction (PCR)-based assay. To understand
the reason for this discrepancy, it is important to recognize the difference between the two genetic
mechanisms—gene amplification and polysomy—that can give rise to an increase in gene copy number
in malignant tumors. Gene amplification is defined as a copy number increase for a specific gene (or
group of genes) on a given chromosome arm without a change in copy number for genes located in other
regions of the chromosome [41]. On the other hand, polysomy gives rise to a copy number gain for a
given gene as a result of the presence of extra copies of the entire chromosome. Of note, polysomy for
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