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Executive summary

e MET is a tyrosine kinase receptor for the ligand heptocyte growth factor (HGF) that controls
essential cellular responses such as cell proliferation, motility, morphogenesis and
differentiation.

e Orthologs of human MET have been reported in several mammalian species including
chimpanzee, dog, cow, mouse and rat and it is a highly conserved protein.

e METencodes a canonical isoform of 1408 aa and a major alternative transcript that skips
exon 10 and encodes a protein of 1390 aa. Additional alternate transcripts involving splicing
events in exons 2, 12 and 14 have also been reported.

e METis expressed in the epithelial tissues of many organs.

e 568 polymorphisms are reported in databases for MET of which 91 are coding SNPs. 5
polymorphisms are reported in association with cancer, 3 with autism, 8 with schizophrenia, 5
with retinal disorders, 1 with multiple sclerosis and 2 with type-Il diabetes.

e Atleast 55 somatic mutations in human METare associated with different cancers and 8
germline mutations are reported to be causative of hereditary papillary carcinomas.

e The mouse METknockout mutants are hypersensitive to Fas-induced apoptosis with
developmental defects of the skeletal muscles and liver; The mouse knock-in mutants are
embryo lethal, with placenta, liver, and limb muscle defects; They develop sarcomas and
lymphomas, limb nerve deficiencies and have a reduced cerebellar size.

e Chromosomal aberrations such as loss of heterozygosity, duplication or deletion involving the
METlocus have been observed in cancers.

e Multiple miRNAs behave as oncosuppressors and negatively regulate MET expression. The
frequently reported microRNA-34a inhibits METin brain tumors and glioma stem cells.

e The core promoter of METis a 300 bp region upstream of the TSS; The TSS is located -353 bp
from the start codon ATG. Several transcriptional activators and transcriptional repressors
bind to the METpromoter. The promoter SNP rs1858830 is associated with autism.

e MET has 6 paralogs of which MST1R is the closest homolog.

e The METproteinisadisulfide-f Ay 1 SR KSGSNRBRAYSNI O2yaradtGAy3da 27
chain. Thei O Kompriges the tyrosine kinase domain of the receptor.

e Overexpression of METin cancers causes dysregulated cell migration, proliferation, altered
signaling and malignant transformation. Aberrant expression of METhas also been reported
in non-neoplastic diseases like amyotrophic lateral sclerosis, systemic sclerosis and ulcerative
colitis. METpolymorphisms have been associated with several neuropsychiatric disorders.
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3. Alternate transcription inlMET

Sources of informationbniGene, EntrezGene, Ensembl , Aceview, ASTD, ECGene, Genome Channel,
ProSplicer, SpliceNest, ASAP, Splicelnfo, NCBI-PubMed, GoogleScholar

3A. Alternate transcription in humans

e There are two major METtranscripts in RefSeq with evidences from literature and databases.

e Literature reports an additional four alternately spliced isoforms that occur due to splicing events
in exons 2, 10, 12 and 14.

e One alternative splice variant that skips exon 2 has been reported by Lin et al (1998). This
transcript is expressed in normal tissues but encodes a non-viable protein.

e A shorter isoform coded by exons 1-12, that lacks the tyrosine kinase domain has been reported
by Tiran et al (2008).

e Alternative splicing that skips the entire exon 10 along with insertion mutations has been
reported by Ma et al (2003) in a lung cancer cell line. These insertion mutations are reported to
be somatic in nature.

e A splicing event that skips exon 14 entirely, has been found in tumor cell, but absent in adjacent
normal cells by Christensen and Salgia (2005), Kong-Boltran et al (2006) and Okuda et al (2008).

e Additional splice variants with partial protein domains have been reported by multiple databases.

There are two major transcripts of MET.consisting of 21 exons and representing all major protein
domains. Both isoforms are reported in the,RefSeq and Uniprot databases as well as in literature.
Literature reports an additional 4 “alternative transcripts, of which 3 encode viable proteins (2
represent all major domains;»1 represents aireceptor encoding only the extracellular domain of the
protein), and one that represents a transcript with no evident protein product as shown in figure 3.1.

In addition, databases report:8 putative alternative transcripts with multiple clones as evidence.
However, only the transeripts corresponding to the long isoform (NM_001127500.1) and the short
isoform (NM.000245.2)\are reported by multiple databases (Table 3.1). The Ensembl transcript MET-
005 and the ‘Aceview, transcript dAprO7 encode protein isoforms which represent only the signal
peptide and partof the sema domain. These transcripts span across exon 1 and part of exon 2. Their
protein sequences differ only by 2 amino acids -the Ensembl isoform is 190 amino acids long and the
Aceview isoform is 192 amino acids long. None of the other transcripts reported by the different
databases encode all major domains. They are not reported in more than one database and do not
have supporting experimental evidences.
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http://www.ncbi.nlm.nih.gov/UniGene/clust.cgi?UGID=149788&TAXID=9606&SEARCH=MET
http://gvs.gs.washington.edu/GVS/PopStatsServlet?searchBy=Gene+Hugo&target=MET&upstreamSize=2000&downstreamSize=2000&x=59&y=6
http://www.ensembl.org/Homo_sapiens/Gene/Summary?g=ENSG00000105976
http://www.ncbi.nlm.nih.gov/IEB/Research/Acembly/av.cgi?exdb=AceView&db=36a&term=MET&submit=Go
http://www.ebi.ac.uk/astd/searchresult.html
http://genome.ewha.ac.kr/ECgene/
http://splicenest.molgen.mpg.de/cgi-bin/splicegraph.cgi?cluster=MET&db=Hs8&stdopt=1
http://www.ncbi.nlm.nih.gov/pubmed/?term=MET
http://scholar.google.co.in/scholar?hl=en&q=MET+Splice&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.ncbi.nlm.nih.gov/nuccore/NM_000245.2
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RefSeq{NM_001127500.1), Ensembl (001), ASTD{TRANO0000079699), Uniprot (P08581-2), Genome Channel(SV(980)2, Rodrigues Park(1993)
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Coded by 21 exons - 1408 residues

RefSeq(NM_000245.2), Ensembl (002), ASTD{TRANO0000079700}), Uniprot (P08581-1), EC Gene (H7C15061.2)Aceview(bApr07), Genome Channel(SV{980)3), Rodrigues&Park(1993
—B- — S - — 2 & & ® " " 3 = 5 = .- = . ..,
Coded by 21 exons [Deletion of 52bp in exon 10) > 1390 residues

Ma et al.,(2003)
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Coded by 20 exons (Deletion of exon 10)> 1359 residues

Christensen and Salgia (2005), Okuda et al.,{2008)
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Coded by 20 exons (Deletion of exon 14) > 1361 residues

Vidal—Finkelstein et al.,(2008) N
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Coded by 12 exons (Extended exon 12) > 934 residues

Ensembl(005), Aceview(dApr07)

— - e—

Coded by2 exons - 192/190 residues

Figure 3.1: Graphical representations of alternate transcripts ohhumateT.

The figure represents the 6 major transcripts comprising 21 exons in MET. The arrows indicate
the alternate exons (Red arrow represents sherter exon 104blue arrow shows a missing exon10,
pink arrow indicates the skipping of the entire exon 14, gereow points to the longer exon 12

and the cyan arrow indicates termination after exon2).

Table3.1: Mapping majortranscript IDs across databases

Genome

NCBI Ensembl Aceview ASTD ECGene Uniprot Chanel
MET-001 | ENSTO0000318493 | P0O8581-2

NM_001227500.1 | (ENST0000
Long iseform 0318493) TRANO00000079699 isoform-2 SV(980)2
NMz000245.2 MET-002

(ENSTO000 P08581-1

Short isoform 0397752) bApro7 TRANO00000079700 H7C15061.2 isoform-1 SV(980)3
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http://maple.lsd.ornl.gov/cgi-bin/GCat/GetGene.cgi?org=human&chr=7&sequence=NT_007933.13&type=grailexp&gene_num=980
http://www.ncbi.nlm.nih.gov/nuccore/NM_000245.2
http://www.uniprot.org/uniprot/P08581#P08581-1
http://www.uniprot.org/uniprot/P08581#P08581-1
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Canonical long isoform NM_001127500R085812)

The RefSeq longer isoform (a) which is identical to the Uniprot protein isoform-2 P08581 is 1408 aa
long and is also reported in Ensembl (MET-001) and ASTD (TRAN00000079699) databases with
multiple clones as evidence and in Aceview (aApr07) with only a single clone as evidence. This
protein is also reported in literature as the longer isoform (Rodrigues and Park, 1993). However, the
Ensembl and ASTD tanscripts differ from the RefSeq transcript, in the untranlsated région encoded by
exon 21. This transcript encodes a 170 kDa MET protein in which the presence’ of.the additional 18
amino acids prevents cleavage of the receptor and is thereby processed in_a.mannerthat allows cell
surface expression (Rodrigues et al., 1991).

Short isoformNM_000245.2P085811)

A second major splice variant is the RefSeq shorter isoform (b)‘which is identical to the Uniprot

canonical isoform-1. This transcript encodes a 1390 aa longqorotein, and is alsa reported in Ensembl,

ASTD, Aceview and GenomeChannel. This protein isoform contains  a deletion of 18 residues due to

an alternatively spliced short exon 10. It is supported by multiple clones as evidence. The protein is

also reported as the shorter isoform by Rodrigues et alh(1992 and Rodrigues and Park (1993). This

variant is reported by the authors as the mostiabundant of the METmMRNA transcripts. The different
RFEGlFIolFasSa NBLR2NI (GKSuMmMyw FYAY2 FFOAR RSI78Sths2y | a
transcript, where 6 2 4 K (i K $METfthains grdRencbded by a single RNA, encodes a 190 kDa MET

protein heterodimer (Rodrigues et al., 1991).

Exon 2 skipping variant

MET contains a large second exon.of 1214 nucleotides. This exon, containing a start codon (AUG), is
frequently skipped ingnormal, human tissues and cell lines, and corresponds to a ubiquitously
expressed 7 kb MET transeript. This transcript yields no detectable protein product in viva Thus,
unlike other genes,.in which alternative splicing often gives rise to proteins with distinct activities,
exon 2 -skipping of METis predicted to decrease the abundance of the mRNA encoding a functional
MET receptor (Lin et al.;1998).

Exon 10 skipping«variant

Alternative splicing leading to skipping of the entire exon 10 corresponding to the IPT/TIG 3 domain
of the extracellular region, has been reported by Ma et al (2003) in a non small cell lung cancer cell
line. They also report insertion mutations which are responsible for this alternative splicing event.
These insertion mutations are reported to be somatic in nature.
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Modified 12 exon variant

A shorter isoform lacking the tyrosine kinase domain has been reported by Tiran et al (2008). The
authors report a 934 amino acid long MET isoform consisting of the 910 amino acid long extracellular
domain. This short isoform is reported to be encoded by an alternative transcript consisting of a
sequence coded by exons 1-12 and an extension of exon 12. The splicing event introduces a stop
codon upstream of the transmembrane domain.

Exon 14skipping variant

Exon 14 tumor-specific deletion variants were not identified in non-neagplastic:lung tissue from the
same individuals. Christensen and Salgia (2005) found an alternative transcript that skipped the
entire exon 14, leading to deletion of 47 amino acids in the juxta/membrane of the variant protein.
This splice variant was found in lung adenocarcinoma tissues (0.79%). The wild type sequence was
found in the normal samples, suggesting the somatic nature©f this alteration.

In 2008, Okuda et al. reported the same somatic exond4 deletion splice variant in 1.7% of the non-
small cell lung cancer samples investigated. Two mutations_are possibly responsible for this splice
variant. The first is a deletion of TCTCTCTTTT (9.99433-99442) withinithe intronic region upstream of
exon 14, found in 1.12% of the lung tumours. The second is‘a substitution of G A A (g.99587) found
within the intronic region downstream, of exon 14 n0.562% of the lung tumours. Previously
unidentified somatic heterozygous mutations in primary lung tumors in the intronic regions flanking
exon 14 were observed by Kong-Boltran et al (2006). The mutations mapped exclusively to the
intronic region upstream of the'5' splice site or encompassed the 3' splice site junction and the
surrounding intron at the 3° end,. These deletions were tumor specific and not identified in non-
neoplastic lung tissue fromithe same individuals. The deleted form of the receptor is expressed
predominantly despite the,tumeor samples being heterozygous for the exon 14 deletion. Loss of Cbl
binding to the METdeletion mutant,affects receptor ubiquitination and down-regulation, leading to
sustained METactivation and oncogenesis.

Other splice variants

Alternative splice variants (ASVs) of MET were detected by RT-PCR in mRNA samples representing
major.human tissue types and tumors (Jin et al., 2008) . 15 novel human ASVs from MET were
cloned as a subset of 60 clones that included other genes from the receptor tyrosine kinase super
family. These MET isoforms are deposited in GenBank with accessions EU826567, EU826568,
EU826569, EU826570, EU826571, EU826572, EU826573, EU826574, EU826575, EU826576,
EU826577, EU826578, EUB26579, EU826580 and EU826581. ASVs in MET were identified by
alignment of each cloned sequence to its respective genomic sequence in comparison with full-
length transcripts. One of the MET variants, Met-877, with a C-terminal sequence VRNALNTVLN
HQLKLN was tested for expression in normal and cancer tissues. Preliminary data indicates that

L ] O
L1 ol o] © 2010 Strand Life Sciences Pvt. Ltd. 5



Strand

Target analysis of human MET Life Sciences
expression of this transcript is tissue-specific and occurs more frequently in tumors compared to
normal tissues.

Tsao et al (1998) analyzed non-small lung cancers and lung squamous cell cancers and found the 8kb,

7 kb and a smaller 5 kb transcript. They also found that the 8 kb transcript is the most abundant

variant of METfound in lung cancers. They found thatthe 71 6 G NJ YAONAR LG A& I+ pQ
transcript generated by alternative splicing and prominently expressed in squamaous cell carcinomas

of the lung. These transcripts have not been characterized further.

U Details of the alternative transcripts reported in databases are provided in.the Appendix.
0 Multiple sequence alignment of major splice variants is provided in the Appendix.
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Strand Life Sciences (Strand) is a technology innovation
company that has pioneered the practice of Scientific
Intelligence in health sciences. Leveraging its unmatched
interdisciplinary scientific expertise with its decision enabling
technologies, Strand empowers biomedical and research
scientists gain deep insights from raw data. Strand offers
products and services in the areas of omics-based
technologies, drug discovery, predictive systems modeling
and knowledge management.

Seven of the top ten pharmaceutical companies, three of the
top six biotechnology companies, and numerous academic
institutions across the globe, are part of Strand's esteemed
customer profile. Strand is a portfolio company of UTI
Venture Funds, Sequoia Capital, and MediBIC group (Japan)
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