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KEGG: Kyoto Encyclopedia of Genes and Genomes
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KEGG DISEASE KEGG DRUG
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KEGG PATHWAY: Non-small cell lung cancer (hsa05223)

NON-SMALL CELL LUNG CANCER
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KEGG NETWORK

Linking disease-related gene variants to network variants
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DV ATLOHEE (1)

NETWORK I kU Dl

ENTRY

NAME

DEFINITION
EXPANDED

CLASS
PATHWAY

DISEASE
GENE

VARTANT

REFERENGE
AUTHORS
TITLE
JOURNAL

REFERENGE

NOOOO7/ NETWORK

EML4-ALK fusion kinase to RAS-MAPK signaling pathway
EML4-ALK —> RAS -> RAF -> MEK -> ERK -> CCND1

(238v1, 238v2) -> (3265, 3845, 4893) —> (5894, 673, 4342) —-> (5604, 5605)
—> (6594, 5595) > 595

MAPK (ERK) signaling pathway

hsa05223 Non-small cell lung cancer

HO0014 Non-small cell lung cancer

238 ALK; ALK receptor tyrosine kinase

3265 HRAS; HRas proto-oncogene, GTPase

5605 MAP2K2; mitogen—activated protein kinase kinase 2
5594 MAPK1; mitogen-activated protein kinase 1

5595 MAPK3; mitogen-activated protein kinase 3

595 CCND1; cyclin

238v1  EML4-ALK fusion

238v2 EML4-ALK crizotinib resistant mutation
PMID:22154278

Reungwetwattana T, Weroha SJ, Molina JR

Oncogenic pathways, molecularly targeted therapies, and highlighted
clinical trials in non-small-cell lung cancer (NSCLC).
Clin Lung Cancer 13:252-66 (2012)
DOI:10.1016/j.cllc.2011.09. 004




DEVAT L O (2)

VARIANT > b Y Dl

ENTRY 238v1 VARTANT
NAME EML4-ALK fusion
GENE 238 ALK; ALK receptor tyrosine kinase [KO:K05119]
VARIATION  EML4-ALK fusion
NETWORK NOOOO/ EML4-ALK fusion kinase to RAS-MAPK signal ing pathway
NO0025 EML4-ALK fusion kinase to PLCG-MAPK signaling pathway
NOO105 EML4-ALK fusion kinase to Jak-STAT signal ing pathway
NOOO4/ EML4-ALK fusion kinase to PI3K signaling pathway
REFERENCE ~ PMID:26755435
AUTHORS Bayliss R, Choi J, Fennell DA, Fry AM, Richards MW
TITLE Molecular mechanisms that underpin EML4-ALK driven cancers and their
response to targeted drugs.
JOURNAL  Cell Mol Life Sci 73:1209-24 (2016)
DOI:10.1007/s00018-015-2117-6
REFERENCE - -----
ENTRY 238v?2 VARTANT
NAME EML4-ALK crizotinib resistant mutation
GENE 238 ALK; ALK receptor tyrosine kinase [KO:K05119]
VARIATION mutation F1174L

VARIATION

ClinVar: 217851
dbSNP: 863225281




DE AT L O (3)

E MEEGEFI MYIZNETWORK, VARIANT 7 4« —)b KB

ENTRY 238 GDS T01001
NAME ALK, CD246, NBLST3
DEFINITION (RefSeq) ALK receptor tyrosine kinase
ORTHOLOGY KO05119 anaplastic |ymphoma kinase [EC:2.7.10.1]
ORGANISM hsa Homo sapiens (human)
PATHWAY hsa05223 Non-small cell lung cancer
DISEASE HO0014 Non-small cell lung cancer
HO1601 Anaplastic large-cell |ymphoma
HO1892 Peripheral T cell lymphoma (PTCL)
DRUG_TARGET Alectinib (DGO1625) : D10450 D10542
Ceritinib: D10551
Crizotinib: D09731
NETWORK NOOOO/ EML4-ALK fusion kinase to RAS-MAPK signal ing pathway
NO0025 EML4-ALK fusion kinase to PLCG-MAPK signal ing pathway
NOO105 EML4-ALK fusion kinase to Jak-STAT signal ing pathway
NOOO4/ EML4-ALK fusion kinase to PI3K signaling pathway
VARTANT 238v1  EML4-ALK fusion
238v2 EML4-ALK crizotinib resistant mutation




Hallmarks of Cancer

Sustaining proliferative signaling
Evading growth suppressors
Resisting cell death

Enabling replicative immortality
Inducing angiogenesis

Activating invasion and metastasis
Reprogramming of energy metabolism
Evading immune destruction

Hanahan D, Weinberg RA. Cell 100:57-70 (2000)
Hanahan D, Weinberg RA. Cell 144:646-74 (2011)

MAPK (ERK) signaling pathway (proliferation)

EGF -> EGFR - GRB2 > SOS - RAS - RAF - MEK - ERK - CCND1

PI13K-AKT signaling pathway (anti-apoptosis)

EGF > EGFR > GRB2 - SOS -> RAS - PI3K - PIP3 > AKT 4 BAD



MAPK (ERK) signaling pathway (proliferation)

NOOOO1 EGF — EGFR

NOOO0O06
NO0041
NOOOO04
NOOO0O03
NOOOOS5
N00002
NOOOO07
NOOO0O8
NOOOO0S
NOOO11
N00O012
NOOO13

NO0O15 PDGF — PDGFR
N0O0016 PDGF — PDGFR

NO0O18

N00020 FGF — FGFR1
NO0021 EGF — ERBB2
N00022 EGF — ERBB2

N0O0023
N0O0024
NO0025

— GRB2

EGFR — GRB2
EGFR — GRB2
FLT3 — GRB2
KIT GRB2
MET — GRB2
BCR-ABL — GRB2
— GRB2

— GRB2

PDGFR — GRB2
— GRB2

— GRB2

— GRB2

EGFR

EGFR

— SOS
— SOS
— SOS
— SOS
— SOS
— SOS

—+ RAS — RAF — MEK — ERK — CCND1
—+ RAS — RAF — MEK — ERK
—+ RAS — RAF — MEK — ERK
—+ RAS — RAF — MEK — ERK
—+ RAS — RAF — MEK — ERK
—+ RAS — RAF — MEK — ERK — CCND1
—+ RAS — RAF — MEK — ERK

EML4-ALK — RAS — RAF — MEK — ERK — CCND1
RET/PTC — RAS — RAF — MEK — ERK

TRK
FGFR3

— SOS
— SOS
— SOS
— SOS
— SOS
— PLCG
— PLCG

EML4-ALK — PLCG

—+ RAS — RAF — MEK — ERK
—+ RAS — RAF — MEK — ERK — MSK1 — MYC
KRAS — RAF — MEK — ERK — CCND1
BRAF — MEK — ERK
—+ RAS — RAF — MEK — ERK
—+ RAS — RAF — MEK — ERK
—+ RAS — RAF — MEK — ERK
—+ RAS — RAF — MEK — ERK
—+ RAS — RAF — MEK — ERK
—+ RAS — RAF — MEK — ERK
— PKC — RAF — MEK — ERK — CCND1
— PKC — RAF — MEK — ERK — CCND1
—+ PKC — RAF — MEK — ERK — CCND1




PI13K-AKT signaling pathway (anti-apoptosis)

NO0030 EGF — EGFR — GRB2 — SOS — RAS — PI3K — PIP3 — AKT -+ BAD
NOOO31 FLT3 — GRB2 — SOS — RAS — PI3K — PIP3 — AKT < BAD
NO0032 KRAS — PI3K — PIP3 — AKT = BAD
NOOO036 EGFR — PI3K — PIP3 — AKT -+ BAD
NOOO047 EML4-ALK — PI3K — PIP3 — AKT -+ BAD
NO0046 KIT — PI3K — PIP3 — AKT < BAD
NOOO38 MET — GAB1 — PI3K — PIP3 — AKT

NO0O048 BCR-ABL — CRK/CBL — PI3K — PIP3 — AKT -+ BAD

Crizotinib (Xalkori) | D09731 4 238v1 | EML4-ALK fusion
Alectinib (Alecensa) | D10450 4 238v2 | ALK crizotinib resistant mutation

Gefitinib (Iressa) | D01977 4 1956v2 | exon 19 deletion or
Erlotinib (Tarceva) | D04023 exon 21 L858R mutation

Osimertinib (Tagrisso) | D10766 4 1956v3 | EGFR drug resistant mutation




BEDHALERY N7 -0 DEE

Non-small cell lung cancer

N00014 EGFR — GRB2 — SOS — RAS — RAF — MEK — ERK — CCND1
N00024 EGFR — PLCG — PKC — RAF — MEK — ERK — CCNDT
NO0036 EGFR — PI3K — PIP3 — AKT - BAD
NO0007 EML4-ALK — RAS — RAF — MEK — ERK — CCND1
N00025 EML4-ALK — PLCG — PKGC — RAF — MEK — ERK — CCND1
NO0047 EML4-ALK — PI3K — PIP3 — AKT - BAD
NOO105 EML4-ALK — JAK3 — STAT3, STATS
NO0012 (KRAS, NRAS) — RAF — MEK — ERK — GCND1
N00032 (KRAS, NRAS) — PI3K — PIP3 — AKT - BAD
NO0097 RAS # (RASSF1+RASSF5) -+ STK4
N00070 CDKN2A +# (CCND+CDK4/6) — RB1 —# E2F
— activation (single- or multi-step) red gain of function by activating mutation,
- inhibition (single- or multi-step) amplification, etc.
_  complex formation blue loss of function by inactivating mutation,
o : deletion, etc.
~ missing interaction _
_ _ purple overexpression
= expression (single-step)
= repression (single-step)




Xy bU—=0 LDBADEEDEE

NO0014
NO0024
NOOO36
NOOOO7/
NO0025
NO0047
NO0105
NO0012

NO0032

NOO0S7/
NOOO070

hsa05223 Non-small cell lung cancer
hsa05223 Non-small cell lung cancer
hsa05223 Non-small cell lung cancer
hsa05223 Non-small cell lung cancer
hsa05223 Non-small cell lung cancer
hsa05223 Non-small cell lung cancer
hsa05223 Non-small cell lung cancer

hsa05210 Colorectal cancer
hsa05212 Pancreatic cancer
hsa05216 Thyroid cancer

hsa05221 Acute myeloid leukemia
hsa05218 Melanoma

hsa05213 Endometrial cancer
hsa05223 Non-small cell lung cancer
hsa05210 Colorectal cancer
hsa05212 Pancreatic cancer
hsa05221 Acute myeloid leukemia
hsa05218 Melanoma

hsa05223 Non-small cell lung cancer
hsa05223 Non-small cell lung cancer
hsa05212 Pancreatic cancer
hsa05220 Chronic myeloid leukemia
hsa05218 Melanoma

hsa05223 Non-small cell lung cancer
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Three types of molecular networks in KEGG
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KEGG MEDICUS 74 & X%

GEER  BEE < OB
(A ¥19) (A ¥15) (A F15)
2014 | 43661 109210 689,593
20124 | 113651 182777 359,317
2013%f | 201,586 322,831 581,933
20144 | 295216 515004 905,523
20154/ | 324072 561,183 1,049,973
20164 | 252491 419254 892,986
017%E | 530500 937,009 1,682,411

(4B~6AH)

2017 FEHFEEN

KEGG KEGG .

MEDICUS % =&
18 | 194,598 486,271 0.40
28 | 347,192 628,046 0.55
38 | 405,803 749,331 0.54
48 | 451,046 769,088 0.59
58 | 512,655 833,118 0.62
68 | 627,866 918,305 0.68
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Web of | Google Web of Science
Science | Scholar
NAR 1999 1,382 2,225 3000—

NAR2000 | 5878 | 9,176
NAR 2002 694 | 1,238 | 5000
NAR2004 | 1746 | 2,795
NAR2006 | 1,576 | 2,549

1000+
NAR 2008 1,888 2,750
NAR 2010 1,178 1,742

0_

NAR 2012 1,732 2,521 2000 2005 2010 2015
NAR 2014 1,108 1,581
NAR 2016 418 646
NAR 2017 25 73
Total 17,625 27,296 As of June 30, 2017

NAR 2006: Thompson Scientific: Fast breaking paper in “Biology and Biochemistry”
Google Scholar: Classic paper in “Bioinformatics and Computational Biology”



