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KEGG: Kyoto Encyclopedia of Genes and Genomes

Basic understanding Practical applications
of biological systems for use in society
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https://www.kegg.jp/ https://www.genome.jp/kegg/
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Blueprints of life

» Genetic blueprint — molecules (parts) encoded in the genome
« Chemical blueprint — molecular networks (wiring diagrams) encoded in the cell

Animal (Homo sapiens) Bacteria (Escherichia coli)

Plant (Arabidopsis thaliana) Archaea (Methanococcus maripaludis)



KEGG PATHWAY: Database of molecular networks

Basic network 1. Metabolism
2. Genetic information processing
3. Environmental information processing
Cell-level network 4. Cellular processes
Organism-level network 5. Organismal systems
Perturbed network 6. Human diseases

hsa05223 Non-small cell lung cancer
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| = ey D_:}t KEGG NETWORK: Details of perturbed molecular networks
| | [TGFe EREEZ i ;
| | N /
I I \\ FIF: H NOQ001 EGF — EGFR — GRBZ — 505 — RAS — RAF — MEK — ERK — CCND1
¥ | AN O IND0O14 EGFR* — GRBZ — 505 — RAS — RAF — MEK — ERK — CCND1
FOKIL
Prtary alsorathons M Oveseigession NODD22 EGF - (ERBB2*+EGFR) — GRB2 — SOS — RAS — RAF — MEK — ERK
SOUATONS
I CBUCﬂlrU?IIDm NOQOO07 EML4-ALK — RAS — RAF — MEK — ERK — CCND1
I I NOOD23 EGF —= EGFR - PLCG — (Ca2+,DAG) — PKC — RAF — MEK — ERK — CCND1
* I o Cenetic alterations)  NOQ024 EGFR* - PLCG — (Ca2+,DAG) — PKC — RAF — MEK — ERK — CCND1
IMetastatic adenccarcinoraa | e NOOD25 EML4-ALK - PLCG — (Ca2+,DAG) — PKC — RAF — MEK — ERK — CCND1
SV A Tumorsuepnd NOQQ33  EGF - EGFR - PI3K - PIP3 -~ AKT 4 BAD
cell careincana NOQO036 EGFR* — PI3K — PIP3 —= AKT 4 BAD
05223 725017 NOQOD47 EML4-ALK — PI3K — PIP3 — AKT -+ BAD
(&) Kenchisn Laboratoris NOOO53 Cytokine — Receptor — JAK - STAT = PIM1
NOQ105 EML4-ALK —= JAK3 — STAT3 STATS



https://www.kegg.jp/pathway/hsa05223
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Network Element Entry

NETWORK: N00014

Help
Entry NOOQOD14 Network
Name Mutation-activated EGFR to RAS-ERK signaling pathway
Definition|EGFR* -> GRB2 -> 505 -» RAS -> RAF -» MEK -> ERK -» CCND1
Expanded|(1956v2,1956v3) -> 28B5 -» (6654,6655) -> (3265,3845,4893) -> (369,673,
5894) -> (56@4,5605) -> (5594,5595) -> 595
Class Cancer network; Signaling network; 86218 MAPK (ERK) signaling
Type Variant
Pathway hsa®5223 Non-small cell lung cancer
Disease Hee@l4 Non-small cell lung cancer
Gene 1956 EGFR; epidermal growth factor receptor .
2885 GRB2; growth factor receptor bound protein 2 Vanant Entry
6654 5051; 505 Ras/Rac guanine nucleotide exchange factor 1
6655 5052; 505 Ras/Rho guanine nucleotide exchange A1 cc VARIANT: 1956v2
3265 HRAS; HRas proto-oncogene, GTPase Help
3845 KRAS; KRAS proto-oncogene, GTPase Entry _'1956v2 variant
4893 NRAS; NRAS proto-oncogene, GTPase v :
Nai EGFR mutation
369 ARAF; A-Raf proto-oncogene, serine/threcnine kir4/mi’/" _
673 BRAF; B-Raf proto-oncogene, serine/threoni 1;|Gene EGFR; epidermal growth factor receptor [KO:K@4361]
5894 RAF1; Raf-1 proto-oncogene, serine eonine k:|Organism (hsa_var Human gene variants (Homo sapiens)
5684 MAP2K1; mitogen-activated protein kinase kinas¢|Variation|exon 19 deletieon
5685 MAP2K2; mitogen-actiw protein kinase kinas¢|yariation|mutation L858R
5594 MAPK1; mitogen- vated protein kinase 1 ClinVar: 16689 376282 376288
5595 MAPK3; mi n-activated protein kinase 3 dbSNP: 121434568 1@57519848 1857519847
595 CCNDl3Tyclin D1 Network |Nee®14 Mutation-activated EGFR to RAS-ERK signaling pathway
Variant 1856v2 |EGFR mutation Ne@B24 Mutation-activated EGFR to PLCG-ERK signaling pathway
1956v3 First generation TKI-resistant EGFR mutation NeeB36 Mutation-activated EGFR to PI3K signaling pathway
Reference |PMID:12379883 N1eeB5 First/second-generation tyrosine kinase inhibitor to EGFR
Authors [0Osada H, Takahashi T. mutation
Title Genetic alterations of multiple tumor suppressors and|Reference|PMID:2185@578
carcinogenesis and progression of lung cancer. Authors|Toyooka 5, Mitsudomi T, Soh J, Ackage K, Yamane M, Otoc T, Kiura K,
Journal [Oncogene 21:7421-34 (2002) Miyoshi S
DOI:18.1838/sj.onc.1285882 Title |Molecular oncology of lung cancer.
Reference |PMID:1286786€ Journal|Gen Thorac Cardiovasc Surg 59:527-37 (2811)
Authors [Hirsch FR, Scagliotti GV, Langer CJ, Varella-Garcia M DOI:1@.1887/s11748-818-8743-3
Title Epidermal growth factor family of receptors in prenec|Reference|PMID:28167215
cancer: perspectives for targeted therapies. Authors|Lee DH
Journal |Lung Cancer 41 Suppl 1:529-42 (2883) Title |Treatments for EGFR-mutant non-small cell lung cancer (NSCLC): The road
DOI:18.1816/50165-50882(083)88137-5 to a success, paved with failures.
LinkDB All DBs Journal|Pharmacol Ther 174:1-21 (2017)
DOI:18.18l16/].pharmthera.2@17.082.801
LinkDB All DBs




KEGG NETWORK database
Collection of network elements + Network variation maps

Nodes and edges of network elements

Node Identifier Coloring
Human reference gene/protein hsa ID None
Human gene variant variant ID Red
Viral or other pathogen gene/protein K number Purple
Metabolite and other chemical compound C number None
Drug D number  Blue

Edge
Signaling network ° Metabolic network Text Symbol
Activation (single- or multi-step) Enzymatic reaction -> —
Inhibition (single- or multi-step) = | —
Complex formation Substrate binding -= —
Missing interaction Missing reaction // 74
Expression (single-step) Enhanced reaction => =
=

Repression (single-step) = |

Coloring of nodes and symbol representation of edges are used in network variation maps



KEGG NETWORK: Cancer Network

MNOD001 EGF — EGFR — GREZ — S05 — RAS — RAF — MEK — ERK — CCND1
nooz7e |l EGF* — EGFR — GREZ — S05 — RAS — RAF — MEK — ERK
M10005 (GefitinibErlotinib, Afatinib)

1
MN10006 Osimertinib

1
MNOD014 | EGFR* — GREZ — S05 — RAS — RAF —= MEK — ERK — CCND1
MOD021 EGF — (ERBE24EGFR) — GRE2 — 505 — RAS — RAF — MEK — ERK
MN10009 (Trastuzurnakb, Trastuzurnab_ermtansine Pertuzumals, Lapati nib Meratinik)

1
MNOD022 [ | | | EGF — (ERBE2*4+EGFR) — GRE2 — 505 — RAS — RAF — MEK — ERK
MNOD015 POGF — PDGFR — GREZ — S05 — RAS — RAF — MEK — ERK
MNOD016 POGF* — PDGFR — GREZ — S05 — RAS — RAF — MEK — ERK
MNODO018 PLGFR* — GREZ — S05 — RAS — RAF — MEK — ERK
MNODZ215 KITLG — KIT — GREZ — S05 — RAS — RAF — MEK — ERK
MNOD003 | KIT* — GREZ — S05 — RAS — RAF — MEK — ERK
M10001 Imatinib

1
MN10002 {Dasatinib, Milatinib,Bostinib,Ponatini )

1
NOQO02 | BCR-ABL — GREZ — S05 — RAS — RAF — MEK — ERK
N10003 Crizotinib

1
M10004 iAlectinib, Ceritinib, Brigatinilk)
1
NOQOO7 | EML4-ALK — RAS — RAF —= MEK — ERK — CCND1
NOO160 | kshwiKl — RAS — RAF — MEK — ERK
woooiz HER B i (KRAS* NRAS*) — RAF  — MEK — ERK — CCND1
MN10007 ermurafenib, Dabrafenib, Encorafenik)
1
MN10008 Trametinib, Cobimetinib, Binimetinik)
1
NOOOD13 ERAF* — MEK — ERK
Cancer types Reference network

Perturbations: gene variants, viral proteins, drugs




KSHV (Kaposi sarcoma-associated herpesvirus) K1 protein

KEGG NETWORK: Virus Network (1)
Viral Oncoprotein

in comparison with
EML4-ALK fusion gene in non-small cell lung cancer
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KEGG NETWORK: Virus Network (2)
Viral Mimicry

Chemokines and chemokine receptors

KSHV vCCL1, vCCL2, vCCL3
KSHV vGPCR
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KEGG NETWORK: Endocrine Network

CRH-ACTH-Cortisol network
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Sato Y, et al. Recurrent somatic mutations underlie corticotropin-independent Cushing's syndrome. Science 344:917-920 (2014).
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I([“ ICD-11 K& 2 HEENE

[ Brite menu | Download htext | Download json ]

ICD-1 £ & &FEEA - Go

+| One-click mode

¥ 01 Certain infectious or parasitic diseases
¥ Gastroenteritis or colitis of infectious origin

¥ Bacterial intestinal infections

¥ 1a00 Chelera
HOO110 L7
¥ 1a01 Intestinal infection due to other Vibrio

HO0307T BR#E T UARERE
HOO308 EFURA - JULZ 7+ h ARMBEE
¥ 1a02 Intestinal infections due to Shigella

HO0299 SRR

¥ 1a03 Intestinal infections due to Escherichia coli
HO0278 BREWIRIEAAREBEE
HO0280 [EREHFRREAREBRE
HO1311 GREHEERMERRERE
HO0277 BRI R S RS
HO1312 [REERENEAREEEE
¥ 1a04 Enterocolitis due to Cleostridium difficile

HO0338 {REMEAERS
¥ 1a05
HO0298 TJLi = FEEEE

¥ 1a06 Gastroenteritis due to Campylobacter
HO0321 HhEO/e & —@EESE
¥ 1a07 Typhoid fever

HOO111 BRFI7 R

¥ 1a08 Paratyphoid Fever
HOO112 MSF7A
¥ 1a09 Infections due to other Salmonella

HO0113 HILERTERE
¥ 1a0¥ Other specified bacterial intestinal infections
HOL1454 BBRACLO~A—FEE
1a0Z Bacterial intestinal infections, unspecified
¥ Bacterial foodborne intoxications

¥ 1a10 Foodborne staphylococcal intoxication
HO1175 J EoiRisass

¥ 1all Botulism
HO0339 7R U R AEE

¥ 1al12 Foodborne Clostridium perfringens intoxication
HO0335 Trx/liaEghsE

¥ 1al13 Foodborne Bacillus cereus intoxication

HO0329 EL7ARRDE
¥ 1al¥Y oOther specified bacterial foodborne intoxications
HO0300 IXFO/ZS—EEE
1a1Z Bacterial foodborne intoxications, unspecified

Intestinal infecticns due to Yersinia enterccolitica
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ICD-11 ICLBEEHE [BR: jp08403)
01 Certain infectious or parasitic diseases
Gastroenteritis or colitis of infectious origin
Bacterial intestinal infections
1A00 Cholera
HOO110 L2

BRERIC L BBHEDSE [jp08406.html]
HO0110
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Vibrio cholerae 01 [GN:vch vcf ves wece weg ve] vel veo ver vem]

MO0B52
pilus
MO0B50

Vibrio cholerae pathogenicity signature, toxin coregulated

Vibrio cholerae pathogenicity signature, cholera toxins
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ICD-11: 1AD0
ICD-10: A0DO

MeSH: DO02771
MedlinePlus: 000303
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]p08403 e

PMID:7704895
Kaper JB, Morris JG Jr, Levine MM
Cholera.

Clin Microbiol Rew B:48-86 (1995)
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https://www.kegg.jp/brite/jp08403
https://www.kegg.jp/entry/ds_ja:H00110
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