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Abstract

Background—We evaluated the mutation status of c-Met in small cell lung cancer (SCLC) and 

neuroendocrine tumors (NET), for which relatively limited therapeutic targets have been explored.

Materials and Methods—c-Met was re-sequenced using cell lines and clinical samples. For in 
vitro studies, DNA constructs containing a juxtamembrane domain (JMD) and tyrosine kinase 

domain (TKD) were generated. Detected mutations were introduced into the construct and effects 

on c-Met phosphorylation and interaction with tyrosine kinase inhibitor drugs BMS777607 and 

SU11274 were assessed.

Results—97 specimens were analyzed: 13 SCLC and 2 pulmonary carcinoid cell lines, 46 SCLC 

and 36 NET clinical specimens. Mutations were only detected in the JMD. No mutations were 

detected in the TKD. Found mutations consisted of the previously reported R988C and T1010I 

mutations. One novel JMD mutation, P996S, was detected in a SCLC specimen. The mutation rate 

in SCLC cell lines was 25% (31% including a derivative cell line), and 6.5% in clinical specimens. 

The mutation rate in NET was 8.3%. In vitro, there were no differences between wild type, R988C 

or T1010I mutants regarding c-Met phosphorylation at Y1003, located in the JMD, and at 

Y1234/1235, located in the TKD. BMS777607 and SU11274 were shown to inhibit 

phosphorylation of c-Met in wild type and R988C and T1010I mutants in a similar fashion.

Conclusions—In SCLC and neuroendocrine tumors MET mutations are relatively rare. 

Detected mutations were located in the juxtamembrane domain and were of no functional 

relevance as they did not influence c-Met phosphorylation, regardless of TKI treatment.
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INTRODUCTION

Receptor tyrosine kinases (RTKs) play a key role in carcinogenesis and have been shown to 

be a good target for therapeutic intervention, e.g. Epidermal Growth Factor Receptor 

(EGFR) targeted therapy in non-small cell lung cancer using EGFR tyrosine kinase inhibitor 

(TKI) drugs such as erlotinib (Tarceva®) [1]. Overexpression and mutations of RTKs have 

been reported, leading to constitutive activation. The c-Met family of RTKs consists of two 

members, RON and c-Met [2]. The MET proto-oncogene encodes the hepatocyte growth 

factor/scatter factor (HGF/SF) receptor, c-Met (or HGFR), which was originally identified as 

a fusion oncogene, TPR-MET, resulting from chromosomal translocation [3]. c-Met/ HGFR 

signaling is triggered by binding to its ligand HGF (or “scatter factor”) and is involved in 

numerous important biological processes, including cell growth, transformation, invasion 

and notably “cell scattering”, and epithelial to mesenchymal transition (EMT) resulting in 

increased mobility [4].

Overexpression of c-Met and its activation by autocrine HGF expression is found in a 

variety of human tumors indicating coexpression of HGF and c-Met may be involved in 

tumor metastasis [5, 6]. Cross talk between c-Met and other RTKs has been reported and c-

MET signaling is activated in some non-small cell lung cancer (NSCLC) tumors harboring 

EGFR activating mutations [7, 8]. Moreover, acquired resistance to EGFR-tyrosine kinase 

inhibitors in NSCLC has been associated with focal amplification of the MET proto-

oncogene [9, 10].

Accumulating evidence suggests that targeting c-Met is a potentially effective cancer therapy 

and currently numerous compounds targeting c-Met signaling are in clinical development 

[11, 12]. Activating mutations in the c-Met tyrosine kinase domain have been reported. 

Hereditary papillary renal cell carcinoma was the first cancer for which germ line mutations 

were identified [13]. These mutations have been shown to result in constitutive activation of 

the tyrosine kinase without ligand stimulation and are involved in malignant transformation 

[14, 15]. In contrast, in small cell lung cancer, mutations have been predominantly found in 

the juxtamembrane domain of the c-Met protein [16, 17]. The juxtamembrane domain is of 

importance in c-Met signaling as it contains a c-Cbl (“Casitas B-lineage Lymphoma”)-

binding domain which includes tyrosine 1003 (“Y1003”). Recruitment of c-Cbl, an E3 

ubiquitin-protein ligase, induces polyubiquitination and subsequent degradation of the 

receptor [18]. Accordingly, the juxtamembrane domain is thought to negatively regulate c-

Met activity and deletion of the juxtamembrane domain was reported in lung cancer [19, 

20]. Missense juxtamembrane mutations, R988C and T1010I, have been reported in small 

cell lung cancer (SCLC) and non-small cell cancer (NSCLC) as oncogenic mutations [16]. 

However, others reported recently that the mutations were rather irrelevant “passenger” 

mutations without evidence of increased phosphorylation or transformative capacity [21]. 

Voortman et al. Page 2

Curr Pharm Des. Author manuscript; available in PMC 2020 October 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Other mutations in the extracellular semaphorin domain and the immunoglobulin plexin 

transcription (IPT) domain have also been reported [13].

It was our aim to perform c-Met mutation analysis in an additional, larger cohort of small 

cell lung cancer specimens. As a potential therapeutic target, with specific TKI drugs 

available or in development, we wanted to achieve a more accurate estimation of the type 

and incidence of c-Met mutations in SCLC. Recently we have shown by array comparative 

genomic hybridization (aCGH)-based characterization the existence of shared copy number 

variations in small cell lung cancer as well as bronchial carcinoids and carcinoids of 

gastrointestinal origin, suggesting common oncogenic events in the carcinogenesis of 

neuroendocrine tumors [22]. Therefore, we also assessed the occurrence of c-Met mutations 

in our cohort of NETs. Few molecular targets for these less common tumors have been 

explored so far.

Functional implications of found mutations in terms of c-Met activation and interaction with 

the effects of c-Met tyrosine kinase inhibitor drugs BMS777607 and SU11274 were assessed 

in in vitro studies.

MATERIAL AND METHODS

Sample Acquisition

Thirteen SCLC cell lines were selected for this study: GLC4 and GLC4-CDDP (kindly 

provided by Dr. S. de Jong, Groningen, Netherlands), NCI-H69, NCI-H82, NCI-H128, NCI-

H146, NCI-H187, NCI-H526, NCI-H592, NCI-H620, NCI-H678, NCI-H792, NCI-H1173 

and 2 pulmonary carcinoid cell lines: H720 and H727 (all from National Cancer Institute, 

NIH, Bethesda, MD). Eightytwo formalin fixed paraffin-embedded (FFPE) and cytospin 

SCLC or neuroendocrine tumor samples were included. Samples originated from the 

Suburban Hospital and the National Cancer Institute, NIH, Bethesda, MD, the University of 

Pisa, Pisa, Italy, and the VU University Medical Center, Amsterdam, Netherlands. Use of 

human samples was approved by Institutional Review Boards according to the legal 

regulations of the participating countries.

DNA Isolation and Re-sequencing of the MET Gene

Total genomic DNA was isolated from cell lines, cytospins or formalin fixed paraffin 

embedded (FFPE) tissues using reagents of the DNeasy Blood and Tissue Kit, QIAquick 

PCR Purification Kit (Qiagen, Gaithersburg, MD) as well as Dako Target Retrieval Solution 

(Dako, Carpinteria, CA) in protocols optimized for maximum yield from the various types 

of sample preparations [23]. For cell lines, the codon regions of all 21 exons of the MET 
proto-oncogene (GenBank accession no. NM_000245) were re-sequenced, divided over 32 

amplicons.

For clinical samples, re-sequencing was limited to either exons 11–19 (juxtamembrane 

domain and tyrosine kinase domain) or exon 14 only (juxtamembrane domain). A 

customized 96-well plate based protocol was used, allowing re-sequencing according to the 

VariantSEQr™ method (Applied Biosystems, Foster City, CA). PCR primers, based on 

sequences from the Oncogenomics Primer Database (http://ntddb.abcc.ncifcrf.gov/cgi-bin/

Voortman et al. Page 3

Curr Pharm Des. Author manuscript; available in PMC 2020 October 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://ntddb.abcc.ncifcrf.gov/cgi-bin/Primers.pl


Primers.pl) were further optimized and contained priming sites for M13 forward or reverse 

primers for subsequent sequencing reactions. The PCR cycling conditions were as follows: 

one cycle of 5 min at 96 °C/40 cycles of 30 s at 94 °C, 45 s at 60 °C and 45 s at 72 °C/one 

cycle at 72 °C for 10 min. Samples were sequenced using BigDye Terminator Cycle 

Sequencing Kit (Applied Biosystems) and analyzed on an ABI 3700 sequencer (Applied 

Biosystems), according to manufacturer’s guidelines. ExoSap-IT (USB Corp., Cleveland, 

OH) and the DyeEx 96-kit (Qiagen) were used for PCR-product and sequencing reaction 

clean-up, respectively, both according to the manufacturer’s guidelines. Dual directional 

sequence traces were analyzed for potential variants using Mutation Surveyor software 

(Softgenetics, State College, PA).

Antibodies and Compounds

The following antibodies were used: rabbit polyclonal anti-Met (c12) (Santa Cruz 

Biotechnology, Santa Cruz, CA); rabbit monoclonal anti-phospho-Met (Tyr1234/1235) 

(D26) (Cell Signaling Technology, Danvers, MA); rabbit polyclonal anti-phospho-Met 

(Tyr1003) (Invitrogen, Carlsbad, CA); mouse monoclonal anti-beta-actin (AC-74) (Sigma, 

St. Louis, MO). Met inhibitor BMS777607 was obtained from Bristol-Myers Squibb (New 

York, NY). SU11274 was purchased from Sigma.

Plasmid Construction and Site-directed Mutagenesis

For functional in vitro studies, DNA constructs containing a YFP-tagged juxtamembrane 

(JM) domain and tyrosine kinase domain (TKD) were generated according to our previously 

described method [24, 25]. In order to generate the MET juxtamembrane-tyrosine kinase 

domain containing construct, a DNA fragment encoding MET residues 956–1408 was 

amplified by PCR using primers 5’-CCGGAATTCTGTTGTCTCAATATCAACAGC-3’ and 

5’-CGCGGATCCCTATGA

TGTCTCCCAGAAGGAG-3’ and full-length human MET cDNA (kindly provided by Dr. 

D. Bottaro, National Cancer Institute) as template. The amplified product was digested with 

EcoRI and BamHI and cloned into the pEYFP-C1 mammalian expression vector (Clontech, 

Palo Alto, CA). SCLC- associated mutations were subsequently introduced into the YFP- 

MET construct using the QuickChange II Site-Directed Mutagenesis Kit (Stratagene, La 

Jolla, CA) following manufacturer’s protocol. In all cases, the sequence of the inserts was 

verified by DNA sequencing. The primers for R988C mutation were 5’- 

CTGGGCAGTGAATTAGTTTGC TACGATGCA AGAGTAC-3’and 5’-

GTACTCTTGCATCGTA GCAAACTAATTCACTGCCCAG-3’.

The primers for T1010I mutation were 5’-GCCCGAAGTGT AAGCCCAATTACAGA 

AATGGTTTCAAATG-3’ and 5’-CATTTGAAACCATTTCTGTAATTGGGCTTAC 

ACTTCGGGC-3’. It must be noted that there are two isoforms of the MET gene. Isoform 2 

is the longer variant with an additional 18 amino acids following S755. The amino acids are 

numbered according to isoform 2 in this report. For example, according to isoform 1, the 

R988C and T1010I mutations are numbered R970C and T992I, respectively (http://

www.uniprot.org) [26].
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Cell Culture, Transfection and drug Treatment

SCLC, pulmonary carcinoid cell lines and human breast cancer cells MCF-7 were grown in 

RPMI or Dulbecco’s modified Eagle’s medium (DMEM) (Invitrogen), supplemented with 

10% fetal calf serum (FCS), 100 units/ml penicillin, and 100 μg/ml streptomycin (Gibco-

Invitrogen). Cells were seeded onto twelve-well trays, and transfected with 0.3 μg of 

plasmid DNA using the Effectene reagent (Qiagen), according to the manufacturer’s 

protocol. The drugs were added at the indicated concentration 24 hours after transfection, 

and the cells were incubated for 1 hour before being processed for Western blot analysis. 

Drug treatment was always performed in standard culture medium containing 10% FCS.

RESULTS

Mutation analysis of the MET Gene in Small Cell Lung Cancer and Neuroendocrine Tumors

The MET gene was re-sequenced in 97 specimens consisting of 13 SCLC cell lines, 2 

pulmonary carcinoid cell lines, 46 SCLC clinical specimens and 36 neuroendocrine tumor 

(NET)/ carcinoid tumor clinical specimens (Table 1). Excluding repeat samples 1164 

amplicons were re-sequenced.

In cell lines, all 21 exons were re-sequenced. The previously identified heterozygous 

missense mutation R988C was identified in the NCI-H69 cell line (“classic SCLC”), which 

was used as a positive control [16]. Additionally, the R988C mutation was detected in the 

NCI-H592 (“classic SCLC”), GLC-4 (“variant SCLC”) and GLC-4 CDDP cell lines (Fig. 

(1). GLC-4 CPPD is a cisplatin resistant cell line, derived from the parental GLC-4 cell line, 

which retained the R988C mutation. Mutation rate was 25% (3/12) in tested cell lines, 31% 

(4/12) when including the GLC-4 CDDP cell line. For the results listed in (Table 1) the 

GLC-4 CDDP cell line was excluded. Hence in (Table 1) the total number of cell lines is 12 

and the total number of specimens 96.

After re-sequencing the first batch of 52 clinical specimens (26 SCLC and 26 NET) for the 

JM and TKD domains (exons 11–19), mutations were again detected exclusively in the JM 

domain. Therefore, in remaining clinical samples, only the JM domain (exon 14) was re-

sequenced (20 SCLC and 10 carcinoid). In clinical SCLC specimens the R988C 

heterozygous missense mutation was detected in 2 samples, one from a cerebellar SCLC 

metastasis and one from a mediastinal tumor mass of small cell anaplastic/ undifferentiated 

lung cancer histology. One novel heterozygous missense juxtamembrane domain mutation, 

P996S, giving rise to an amino acid change of a proline to a serine, was also detected in a 

left lower lobe localization of small cell lung cancer. The total mutation rate in SCLC 

clinical samples [n = 46] was 6.5%. The R988C mutation rate in SCLC clinical samples was 

4.3%. No mutations were detected in the two pulmonary carcinoid cell lines. In NET [n = 

36] the T1010I juxtamembrane mutation was identified in 3 out of 36 samples (8.3%), 

consisting of a bladder paraganglioma, a pulmonary typical carcinoid specimen and another 

pulmonary carcinoid specimen. In pulmonary carcinoid tumors [n = 16] the mutation rate 

was 12.5%. Prior studies have reported mutation rates of 12.5% and 2.3% in clinical SCLC 

samples as well as higher mutation rates in SCLC cell lines [16, 17]. No prior reports exist 

on the mutation rate in carcinoids or other neuroendocrine tumors. See (Table 2) for an 
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overview of reports on MET mutation analysis in SCLC (including current report). The 

mutation rate in clinical specimens is much lower compared to cell lines. In 32 matched 

tumor/ normal tissue SCLC specimens all found mutations were tumor specific (somatic 

mutation) [16]. Mutations were predominantly located in the JM domain.

Functional Implications of R988C and T1010I Mutations on c-MET Activation Status with or 
without Exposure to c-Met Tyrosine Kinase Inhibitors BMS777607 and SU11274

Juxtamembrane domain mutant forms, R988C and T1010I, were reported as oncogenic 

mutations [16]. To elucidate the mechanism of c-Met activation, we made truncated YFP-

tagged c-Met constructs, containing only the juxtamembrane, the tyrosine kinase and C-

terminal regulatory domains. Using these constructs and by introducing found mutations 

into the construct, we were able to observe the effects of mutations without the influence of 

ligand stimulation. Autophosphorylation of Y1234/1235 in the activation loop is an indicator 

of and required for c-Met activation [27]. c-Met phosphorylation status was determined by 

Western blot analysis. In untreated condition, there were no differences between wild type 

and mutant c-Met phosphorylation status at Y1003 and Y1234/1235 (Fig. 3).

A great variety of agents targeting c-Met are currently in clinical development. 

BMS-777607, an ATP-competitive MET inhibitor binds to c-Met ATP-binding site, 

disrupting the MET signaling pathway, and potentially inducing cell death in tumor cells 

expressing c-Met. It is currently being investigated in a phase 1/2 study and has been shown 

to suppress the HGF-stimulated prostate cancer metastatic phenotype [28, 29]. SU11274 is 

an ATP-competitive small molecule inhibitor of the catalytic activity of the c-Met tyrosine 

kinase. Selective Met inhibitors, BMS777607 and SU11274, inhibited c-Met 

phosphorylation at indicated concentrations. First we wanted to demonstrate if the model 

was effective in showing a functional effect of mutations on phosphorylation status and drug 

sensitivity in terms of dephosphorylation. For this purpose YFP-tagged TK domain 

constructs were transfected transiently into MCF-7 cells. We used wild type as well as 

constructs harboring known activating TKD mutations, D1246, Y1248H and M1268T, all 

described to occur in hereditary papillary renal cell cancer. (Fig. (2) shows that c-Met 

phosphorylation is increased in mutants, e.g. D1246H, while the total c-Met levels are 

comparable to wild-type c-Met. BMS777607 inhibited c-Met phosphorylation in the wild 

type and Y1248H mutant at 0.3μM concentration with Y1248H being more sensitive to the 

drug than its wild type counterpart. At that concentration, phosphorylation of c-Met was not 

decreased in D1246H and M1268T mutants, which required a 3μM concentration of 

BMS777607. This suggests that the D1246H and M1268T mutants are less sensitive to 

BMS777607 than wild type or the Y1248 mutant c-Met.

Next, we assessed the effects of the juxtamembrane domain mutations R988C and T1010I in 

our model. There were no differences between R988C or T1010I mutants of c-Met 

phosphorylation at Y1003, located in the juxtamembrane domain, and at Y1234/1235, 

located in the tyrosine kinase domain (Figs. (2 and 3). In Western blots BMS777607 and 

SU11274 showed concentration-dependent inhibition of c-Met phosphorylation in both wild 

type and R988C and T1010I mutants.
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We previously reported on array comparative genomic hybridization (aCGH)-based genome 

wide copy number analysis in the currently described cohort of SCLC and neuroendocrine 

tumors. A copy number gain of the MET gene was detected in 18.2% of SCLC tumors, 

53.8% of SCLC cell lines and in 26.3% of bronchial carcinoids [22]. Of 97 samples re-

sequenced for the critical domains of the MET gene, array CGH data was available in 80 

cases. There was no association between c-Met mutation status and copy number gain of the 

MET gene.

DISCUSSION

c-Met is a potential therapeutic target and currently many therapeutic interventions are 

developed aimed at disrupting c-Met signaling. Specific tyrosine kinase inhibitor drugs and 

monoclonal antibodies have become available for clinical testing and development. MET 
mutations have been described in various tumor types, spanning all domains of the MET 
gene. Tyrosine kinase domain gain-of-function mutations are known oncogenic drivers in 

hereditary papillary renal cell cancer and mutations status may be an important factor 

influencing therapeutic outcome with inhibitor drugs.

We aimed to evaluate the mutation status of c-Met in neuroendocrine tumors, notably small 

cell lung cancer and carcinoid tumors, for which relatively limited therapeutic targets have 

been explored so far. In our study we have detected only mutations in the c-Met 

juxtamembrane domain. We observed an increased mutation rate in cell lines compared to 

clinical specimens. However, this difference may be due to the limited number of samples 

and therefore no definite conclusions can be drawn in this regard. We describe for the first 

time c-Met mutation analysis in a variety of neuroendocrine tumors including pulmonary 

and gastrointestinal carcinoid tumors.

As reviewed by Sattler et al., juxtamembrane domain mutations of c-Met have been 

described in an increasing number of malignancies, including small cell and non-small cell 

lung cancer, mesothelioma, melanoma, breast cancer, gastric cancer, renal cancer and acute 

myeloid leukemia [13]. Recently it has been shown as well that novel juxtamembrane 

mutations in RON (MST1R), one of the two members of the MET receptor tyrosine kinase 

family, were found in 11% of cases of gastrosoephageal cancer [30].

Prior reports have described somatic as well as germline juxtamembrane mutations of c-Met. 

In Rottweiler dogs the G966S juxtamembrane mutation was reported to predispose to the 

development of a variety of cancers [31]. Interestingly, in humans, there seem to be ethnic 

differences in the occurrence of c-Met mutations. In a study in NSCLC patients it was 

demonstrated that a germline R988C mutation occurs in Caucasians (1.3%, n = 76) as well 

as African Americans (1.5%, n = 66), but not in Asians (n = 144) [26]. In an association 

study in autistic vs. healthy individuals, the R988C and T1010I germline mutation was 

found in 1.8% of autistic individuals (5/277) and in 0.6% of healthy controls (2/319) (no 

significant difference) [32].

The exact molecular sequelae of juxtamembrane mutations are yet to be elucidated. In the 

current study we aimed to assess whether there was an effect of c-Met juxtamembrane 
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mutations on c-Met phosphorylation following treatment with c-Met tyrosine kinase 

inhibitor drugs. We could not demonstrate such an effect.

The oncogenic effect of juxtamembrane mutations is controversial. The T1010I and R988C 

mutations have been associated with enhanced tumor formation and lung tumorigenesis in 

animal studies [33, 34]. Ma et al. showed in vitro that introduction of the R988C and T1010I 

mutation resulted in a more aggressive phenotype with a “small but significant” growth 

factor independence, enhanced tumorigenicity and increased phosphorylation of focal 

adhesion protein paxicillin on tyrosine residue Y31, resulting in increased motility [16]. 

Both the R988C and T1010I mutation have been associated with increased reactive oxygen 

species formation [35]. However, in another study no evidence of increased phosphorylation 

or transformative capacity of the R988C and T1010I mutation was found in a variety of 

tumor types and it was proposed that these mutations are merely passenger mutations [21]. 

Finally, a mutation of the juxtamembrane tyrosine residue 2 (Y1001) was shown to result in 

constitutively mobile, fibroblastoid cells [36]. See (Table 3) for an overview of literature 

including current study results.

The Y1003 residue is a binding site for ubiquitin E3 ligase c-Cbl. Ubiquitination of c-Met is 

important in the regulation of c-Met signaling. The effects of juxtamembrane domain 

mutations, e.g. by potential conformational changes, on c-Met ubiquitination are unknown 

and should be investigated in future studies as they might contribute to the more aggressive 

phenotype of the juxtamembrane mutants. It was shown by Peschard et al. that reduced c-

Met ubiquitination in their Y1103F mutant led to oncogenic transformation [18]. 

Furthermore, it should be investigated whether juxtamembrane mutations lead to an 

enhanced or altered response to hepatocyte growth factor exposure which was described for 

the P991S mutation in gastric carcinoma [33]. In our model however we made use of a 

truncated c-Met construct lacking the extracellular domain. Therefore we could not assess 

the effects of HGF stimulation in this model.

CONCLUSION

In SCLC and neuroendocrine tumors mutations in the MET gene are relatively rare. Found 

mutations were all located in exon 14, which encodes the juxtamembrane domain. Detected 

mutations are of no functional relevance as they did not influence c-Met phosphorylation, 

regardless of TKI treatment, as determined by functional assays in vitro. Functional 

implications of juxtamembrane domain mutations need to be further elucidated in future 

studies.
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HGFR Hepatocyte growth factor receptor

IPT Immunoglobulin-like regions, plexins and transcriptional factors
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JMD Juxtamembrane domain

NET Neuroendocrine tumor

sema Semaphorin

RTKI Receptor tyrosine kinase inhibitor

SF Scatter factor

TKD Tyrosine kinase domain

TMD Transmembrane domain

Y Tyrosine
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Fig. (1). 
c-MET re-sequencing in SCLC and neuroendocrine tumors. A, JM heterozygous missense 

mutation of c-MET in SCLC cell line NCI-H69 and B, in a SCLC tumor. C, novel JM 

heterozygous missense mutation P996S in a SCLC tumor. D, JM heterozygous missense 

mutation T1010I in a carcinoid tumor.

Note: mutations confirmed by bi-directional sequencing, only forward sequences displayed.
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Fig. (2). 
MET TK domain constructs, wildtype or harboring either the D1246H, Y1248H, or M1268T 

mutation (all previously detected in renal cancer), were transfected into MCF-7 cells. 

Transfected cells were treated with the TKI BMS777607 and Western blot analysis was 

performed using a c-Met or phoshorylated c-Met antibody. The Y1248H mutant was shown 

to be most sensitive.
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Fig. (3). 
MET JM-TK domain constructs, wild type or harboring either the R988C or T1010I 

mutation, which were detected in several clinical specimens, were transfected into MCF-7 

cells. Transfected cells were treated with c-Met TKIs BMS777607 (A) or SU11274 (B). Met 

phosphorylation was determined by Western blot analysis. The drug response did not differ 

between wild type and juxtamembrane mutants.
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