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KEGG: new perspectives on genomes, pathways, diseases and drugs

From gene-disease association to network-disease association
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KEGG NETWORK

Linking disease-related gene variants to network elements

KEGG PATHWAY <:>

i

KEGG NETWORK

1

KEGG GENES / KO |
— Homo sapiens

Animals —

— Plants
— Eukaryotes —

— Fungi
— — Protists

— Bacteria

— Prokaryotes —
— Archaea

— Variant groups

KO annotation

i

Genome sequence data
Metagenome sequence data

Variant annotation

i

Clinical sequence data



MAPE SIGHNALING PATHWAY
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Gl2 | Gapln MKP
MOQ001 EGF — EGFR —+ GREZ — S0S5 — RAS — RAF — MEK — ERK — CCND1
nooz27e | EGF* —= EGFR —+ GRBEZ2 — S05 —= RAS — RAF — MEK — ERK
MO0229 TGFA — EGFR —+ GREZ — S0S5 — RAS — RAF — MEK — ERK
nooz30 00 TGFA* — EGFR —+ GRBEZ2 — S05 —= RAS — RAF — MEK — ERK
MNOQ277 EREG — EGFR —+ GREZ — S0S5 — RAS — RAF — MEK — ERK
nooz7e | EREG¥ — EGFR —+ GRBEZ2 — S05 —= RAS — RAF — MEK — ERK
MO0279 AREG — EGFR —+ GREZ — S0S5 — RAS — RAF — MEK — ERK
noozeo AREG*¥ — EGFR —+ GRBEZ2 — S05 —= RAS — RAF — MEK — ERK
MOO014 | EGFR* —+ GREBEZ — S0S — RAS — RAF — MEK — ERK — CCND1
MNOO00G | EGFR* —+ GRBEZ2 — S05 —= RAS — RAF — MEK — ERK
nooo41 [ | | | EGFR* —+ GREBEZ — S0S — RAS — RAF —+ MEK — ERK
MNO0D21 EGF —+ (ERBE2+4EGFR) — GREZ — 505 — RAS — RAF — MEK — ERK
MOQ022 [ | | | EGF —+ (ERBE2*+EGFR) — GRB2 — 505 — RAS — RAF —+ MEK — ERK
MNOD252 | EGF —+ (EREE2*+EGFR) — GRE2 — 505 —= RAS — RAF — MEK — ERK
MOQ015 PDGF — PDGFR —+ GREZ — S0S5 — RAS — RAF — MEK — ERK
MNO001& FODGF¥ — PDGFR —+ GRBEZ2 — S05 —= RAS — RAF — MEK — ERK
MOOO018 PO GFR* —+ GREBEZ — S0S — RAS — RAF — MEK — ERK
MNO0DZ215 KITLG — KIT —+ GREZ — 505 — RAS — RAF — MEK — ERK
MNOQ003 | KIT* —+ GREBEZ — S0S — RAS — RAF — MEK — ERK
MNOO019 FGF —= FGFR —+ GREZ — 505 — RAS — RAF — MEK — ERK
MOQ020 | | FGFR* —+ GREBEZ — S0S — RAS — RAF —+ MEK — ERK
MOO011 | FGFR3* —+ GRBEZ2 — S05 —= RAS — RAF — MEK — ERK — MSK1 — MYC
MO0217 FLT3LG — FLT3 —+ GREZ — S0S5 — RAS — RAF — MEK — ERK
MNOO004 | FLT3# —+ GRBEZ2 — S05 —= RAS — RAF — MEK — ERK nt06210



https://www.kegg.jp/kegg-bin/show_network?id=nt06210&align=1&cancer=1
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Reference network elements 109

Variant network elements

caused by gene variants 185
caused by viruses 145
caused by drugs 9
Total 448

As of August 21, 2018



KEGG NETWORK: Cancer Networks

06201 Signaling network
06210 MAPK (ERK) signaling
06211 MAPK (INK) signaling
06212 MAPK (p38) signaling
06213 Other RAS signaling
06214 PI3K signaling
06215 WNT signaling
06216 NOTCH signaling
06217 HH signaling
06218 TGFB signaling
06219 JAK-STAT signaling
06220 Calcium signaling
06221 TLR signaling
06222 IFN signaling
06223 TNF-NFKB signaling
06224 CXCR signaling
06225 HIF-1 signaling
06226 KEAP1-NRF2 signaling
06227 NR signaling
06229 MHC presentation
06228 Autophagy
06230 Cell cycle G1/S
06231 Apoptosis
06232 Telomerase activity

06202 Transcription
06240 All cancer types
06241 Leukemia and lymphoma
06242 Carcinoma
06243 Sarcoma
06244 Other

Cancer Types
Gastric cancer
Pancreatic cancer
Hepatocellular carcinoma
Renal cell carcinoma
Bladder cancer
Non-small cell lung cancer
Small cell lung cancer
Melanoma
Basal cell carcinoma
Breast cancer
Endometrial cancer
Prostate cancer
Glioma
Thyroid cancer
Acute myeloid leukemia
Chronic myeloid leukemia




KEGG NETWORK

Endocrine Networks

Virus Networks

06301 CRH-ACTH-Cortisol network
06310 ACTH-cortisol signaling
06311 CRH-ACTH signaling
06312 EGFR-ERK-ACTH signaling
06313 NR-CYP regulation
06314 Cortisol biosynthesis
06315 Cortisol transport

06302 Aldosterone network

06316 Angiotensin-aldosterone signaling

06303 Parathyroid hormone network
06317 PTH-cAMP-PKA signaling
06318 CaSR-PTH signaling

06304 Aryl hydrocarbon receptor network

06319 AHR-cell cycle regulation
06305 Cholesterol network
06320 APOB-LDLR signaling

06101 Signaling network (virus)
06110 MAPK signaling (virus)
06111 PI3K signaling (virus)
06112 WNT signaling (virus)
06113 NOTCH signaling (virus)
06114 JAK-STAT signaling (virus)
06115 Calcium signaling (virus)
06116 TLR signaling (virus)
06117 CGAS-STING signaling (virus)
06127 Complement activation (virus)
06118 IFN signaling (virus)
06119 TNF signaling (virus)
06120 Chemokine signaling (virus)
06121 MHC presentation (virus)
06122 Autophagy (virus)
06123 Cell cycle (virus)
06124 Apoptosis (virus)
06125 Cytoskeletal regulation (virus)




Viral Oncoprotein

NOO160
NOO159
NOO179

kshvk1l
kshvk1l
kshvk1l

Ll

KSHV (Kaposi sarcoma-associated herpesvirus) K1 protein hsa05167
RAS — RAF — MEK — ERK
PI3K — PIP3 — AKT — MTOR
PI3K — PIP3 — AKT — IKK — NFKBIA — NFKB — VEGFA
PLCG2 — IP3 — Ca2+ — CALM — CN — NFAT

NOO180

kshvk1l

EML4-ALK fusion gene in colorectal cancer

hsa05223

NOQODOY7
NOQD25
NOQD47
NOO105

EML4-ALK
EML4-ALK
EML4-ALK
EML4-ALK

bl

RAS

PLCG

PISK
JAK 3

bl

RAF
(Ca2+,DAG)
PIP3

STAT3, STATS

— MEK — ERK — CCND1
— PKC — RAF — MEK
— AKT 4 BAD

— ERK — CCND1



https://www.kegg.jp/kegg-bin/show_pathway?hsa05167
https://www.kegg.jp/kegg-bin/show_pathway?hsa05223

Viral Mimicry

Chemokines and chemokine receptors

KSHV vCCL1, vCCL2, vCCL3
KSHV vGPCR

nt06120

NOO401
NOO432
NOO402
NOO407
NOO410
NOO411
NOO403
NOO404
NOO412
NOO430
NOO431
NOO405
NOO406
NOO408
NOO409
NOO152
NOO157
NOO433
NOO434
NOO399
NOO400
N0OO153
NOO462
NOO212
NOO178
NOO154
NOO427
NOO158
NOO413
NOO414
NOO428
NOO429

CXCL12
hivEnv

DA

Cx3CL1

CXCL12
hivEnv
CXCL12
(CCL2,CCL3..
LPA

CxCLB
CxCL12
hivEny

CCL2
(CC,CXC)
(kshwCCL1,..
kshvCCL2

CXCLB
hemvCxCL1

CxCL12

CCL5
hemvlUL224 4 CCLS

L A )

1

—

CHCR4
(CXCR4,CCR..
hemvlUS28
hemvUL 33
DRD1
hermvlL 33
CX3CR1
hemvlS28
hermvlL 33
CXCR4
(CXCR4,CCR..
CXCR4
hemvlUS28
LPAR
hecmvUL 33
CXCR2
kshvGPCR
CXCR4
(CXCR4,CCR..
CCR2
hemvlsS28
(CCR,CXCR)
(CCR3,CCR4..
(CCR1,CCRS..
kshvGPCR
CHCR2
CXCR2
kshvGPCR
CXCR4

CCR5

L S N A e

1

I

GNAQ
GNAQ

GNAQ
(GNAQ, GNAL.
GNAS

GNAS

GNAI

(GNAI, GNAO..
(GNAI, GNAO..
GNAI

GNAI
GNA12/13
GNA12/13
GNB/G
GNB/G
GNB/G
GNB/G
GNB/G
GNB/G
GNB/G
GNB/G
GNB/G

GNB/G
GNB/G

GNB/G
GNEB/G

GNE/G

L L T T T S S R A A

1

(PLCB,PLCG.
PLCG

PLCB

PLCB

ADCYS
ADCY

ADCY

ADCY

ADCY

PI3K

PI3K
(ARHGEF12,.
(ARHGEF12,.
RHOA

RHOA

PIGK
PIGK
PI3Kgamma

PI3Kgamma
PIZKgamma

PI3Kgamma
PLCBE
hemwlls27
PLCB

1l

1

L A

L A

1

I

Ll

IP3
IP3
IP3

cAMP
cAMP
cAMP
cAMP
cAMP
PIP3
PIP3
RHOA
RHOA

MAP2KE
RAF1
RAF1
PAK
PAK
PIP3
PIP3
PREX1

PREX1
PIP3

PIP3
(Ca2+,DAG)
Ca2+
(Ca2+,DAG)

1

1

L A

L A

1

I

Ll

Caz+
Caz+
Caz2+

PKA
PKA
PKA
PKA
PKA
AKT
AKT
ROCK 1/2
ROCK 1/2

p38
MEK.
MEK.
LIMK 1
LIMK 1
AKT
AKT
RACI

RAC1
AKT

AKT
PKC
PKC
PKC

CALM
CALM
CALM

CREB
CREB

— CREBE

1 L

bbbl

BAD
BAD

CTNNE1

CREB
ERK
ERK
CFL
CFL
IKK
IKK

INK
MTOR

MTOR
PTKZE
PTKZE

1

l

1

1

1

CN — NFAT
CN — NFAT
CN —+ NFAT

(HIF1A,FOS.. = (VEGFA,PDG..

MNFKEIA — NFKEB

NFKEIA — NFKB

(NFKB1+REL.= (IL6,CXCLS..

(PTK2+BCAR..
(PTK2+BCAR..

= (CXCLB,PTG..

= (IL6,CXCLS..



https://www.kegg.jp/kegg-bin/show_network?id=nt06120&align=1
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https://www.kegg.jp/kegg-bin/show_pathway?hsa04934

Endocrine Network

CRH-ACTH-Cortisol network

nt06301

NO0297 ACTH —= (MC2ZR+MRAP) — GNAS —= ADCY - cAMP —= PKA —= (NR5ALNR4A1,SP1,P.. = (STAR,CYP11E1l) — Cortisol
NOO299  ACTH #  (MC2R*4+MRAP) £ GNAS

NOO300  ACTH #  (MC2R4+MRAP*) # GNAS

NOO321 GMNAS* — ADCY — CAMP —= PKA — (NR5AL,NR4A1,5P1,P.. = (STAR,CYP11BE1l) — Cortisol
N0OD323 (PDE11A% PDESB*) f CAMP — (PRKAR1A4PRKACA) — (NRSA1NR4A1,5P1,P.. = (STAR,CYP11B1) — Cortisol
NOO320 PRI ACA®* — (NR5A1,NR4A1,5P1P.. = (STAR,CYP11B1) — Cortisol
NDO322 (PRICAR1A*4+PRKACA) — (NRSAL1,NR4A1,5P1,P.. = (STAR,CYP11E1l) — Cortisol
NOO298  ACTH —+ (MC2R+MRAP) — GNAS — ADCY — CcAMP —= PKA —= (NR3ALNR4A1,5P1,P.. = CYPllE2* — Aldosterone
NOO324 CRH —+ CRHR — GNAS — ADCY — CAMP —= PKA —+ CREB —= ACTH

NOO325 RASD 1% # GNAI # ADCY —= CcAMP —= PKA — CREB —= ACTH

NOO326 GMNASH —= ADCY —= CcAMP —= PKA —= CREB —= ACTH

NOO327 CRH — CRHR —= GNAS —= ADCY - CAMP — (PRKAR1A*4PRKACA) — CREB —= ACTH

NOO318 EGFR —= ERK1/2 — ACTH

NOO319 uspe* — EGFR — ERK1/2 —= ACTH

NOO306 NROB1 - NR5A1 = (CYP11B1,CYP17A1)

NOO307 MNROB1#* # MNRS5A1 = (CYP11B1,CYP17A1)

NOO308 NROE1 - NR3A1* # (CYPL1B1,CYP17A1)

NO0O339 Cholesterol — CYP11A1l — Pregnenoclone — (HSD3B4+CYP21A24CYP., — Aldosterocne

NOO338 Cholesterol — CYP11A1l — Pregnenclone  — (HSD3B+CYP17A1+4+CYP., — Cortisone — HSD11B — Cortisol

NOO309 (Cortisone+NADPH) — HSD11B — (Cortisol+NADP+)

NOO310 Cortisone # HSD11B1* # Cortisol

NOO311 NADP — HGPD —= MNADPH

NOO312 MNADP # HGPD* # MNADPH

NOO313 SERPINAG — Cortisol

NOO314 SERPINAG* # Cortisol

Cushing's syndrome H01431

N0O0321 GNAS* — ADCY —= CcAMP —= PKA —+ (NR5A1,NR4A1,SP1,P.. = (STAR,CYP11B1) — Cortisol

NO0323 (FDE11A* PDESB*) ¢ CcAMP — (PRKAR1A+PRKACA) — (NRS5A1,NR4A1,SP1P.. = (STAR,CYP11B1) — Cortisol

NO0320 PRI ACA* — (NR5A1,NR4A1,5P1,P.. = (STAR,CYP11B1) — Cortisol

NOD322 (PRKAR1A*4+PRKACA) — (NRS5A1NR4A1,SP1,P.. = (STAR,CYP11B1) — Cortisol

MN0OO0325 RASDI* # GNAI #  ADCY —= CcAMP —= PKA — CREB —= ACTH

N0O0326 GMNAS* — ADCY — cAMP —= PKA — CREB —= ACTH

M00327 CRH — CRHR — GNAS — ADCY —= CcAMP — (PREAR1A*+PRKACA) — CREB —= ACTH

N0O0319 Uspg#* —= EGFR — ERK1/2 —= ACTH

MOO315 AIP* £ AHR

NO0290 (MEN1*+KMT2A) # [CDKN1B,CDKN2C)

MNOO316 CDKM 1B * # (CCNE+4+CDK2) — RB1 # E2F



https://www.kegg.jp/kegg-bin/show_network?id=nt06301&align=1
https://www.kegg.jp/kegg-bin/show_network?id=H01431&align=1

K[“ Target-based Classification of Drugs

[

Brite menu | Download htext | Download json ]

Target-based classification of drugs

Drug-Target Network

YYTYVYY ~| One-click mode

L |

G Protein-coupled receptors
Ion channels
Nuclear receptors

Protein kinases

* serine/threonine kinases

* Receptor serine/threonine kinases (RSTK)
¥ Receptor tyrosine kinases (RTE)

EGFR family

INSR family

PDGFR family

FGFR family

VEGFER family

MET family

TRE family

EPH family

BXL family

ALE family

» ALK (CD246) [HSA:238] [KO:K05119)

4 Yy ¥ Y Y VYFYIYVYY

N10003 Crizotinib
1
NOQDO? EML4-ALK — RAS — RAF —= MEK — ERK — CCND1
N10002 Crizetinib
1
NOD025 EML4-ALK — PLCG — (Ca2+,DAG) —+ PKC — RAF - MEK — ERK — CCND1
N10002 Crizotinib
1
NOQO47 EML4-ALK — PI3K — PIP3 — AKT 4 BAD
N10003 Crizotinib
1
MNOD105 EML4-ALK — JAK3 — STAT3,STATS
N10004 (alectinib,Ceritinib, Brigatinik)
1
NOQDO? EML4-ALK — RAS — RAF —= MEK — ERK — CCND1
N10004  (Alectinib, Ceritinib,Brigatinik)
1
NO0OD25 EML4-ALK — PLCG — (CalZ+,DAG) — PKC — RAF — MEK — ERK — CCND1
N10004  (alectinib,Ceritinib,Erigatinik)
1
MNOQ047 EML4-ALK — PI3K — PIP3 —= AKT 4 BAD
N10004  (alectinib, Ceritinib,Brigatinik)
1
NOO105 EML4-ALK — JAK3 — STAT3,STATS

¥ EML4-ALK [HSA VAR:238v1] [HSA:238] [KO:K05119]
009731 Crizotinib (JAN/USAN/INN) <JB/US>

¥ EML4-ALK [HSA VAR:238Bv2] [HSA:238] [KO:K05119]
010551 cCeritinib (JAN/USAN/INN) <JB/US>
010450 Alectinib hydrochloride (JAN) <JP/US>

Dl0B66 Brigatinib (USAN) <US>
# TIE family
# RET family
* Non-receptor tyrosine Xinases
Cytokines and receptors
Cell surface molecules and ligands
Transporters

Enzymes

Not elsewhere classified

br08310



https://www.kegg.jp/brite/br08310
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DRUG: Crizotinib D09731

Entry D093l Drug
Name Crizotinib (JAN/USAN/INN);
Xalkori (TN)
Product XALKORI (Pfizer Laboratories Div Pfizer)
Formula C21H22C12FN50
Exact mass 449,1185
Mol weight 458. 3367
Structure
I
i
N /
J
L=l
Mal file KCF file || DB search
Class Enzyme inhibitor
DGB2852 CYP2B6 inhibitor
Transporter inhibitor
DGe1622 ABCBl (P-GP) inhibitor
DGB2863  S5LC22A2 (0CT2) inhibitor
Remark Therapeutic category: 4291
ATC code: LB1XEl6
Product: D@9731<IP/US>
Efficacy Antineoplastic, Tyrosine kinase inhibitor
Disease Mon-small cell lung cancer (ALK or ROS1-positive) [DS:H@8e14]
Target EMLA-ALK [HSA_VAR:238v1] [H5A:238] [KO:K@5119]
ROS1* [HSA_VAR:6898v1] [HSA:6898] [KO:KB5088]
Network N18e83 First-generation tyrosine kinase inhibitor to ALK fusi
Pathway hsa@52@® Pathways in cancer
hsa@5223 Non-small cell lung cancer
Metabolism Enzyme: CYP3A4 [HSA:1576], CYP3AS [HSA:1577]
Interaction |CYP inhibition: CYP2B6 [HSA:1555]

Transporter inhibition: ABCB1 [HSA:5243], SLC22A1 [HSA:6588],
[HsA:6582]

DDI search

Structure map

mape7a45 Antineoplastics - protein kinases inhibitors

K[GG ICD-11 K& 3HEEME

jp08403

[ Brite menu | Download htext | Download json ]

ICD-11 i & SEB - Go

¥¥ ¥y¥rv¥r¥y¥yrr

¥ One-click mode

¥ 01 Certain infectious or parasitic diseases
¥ Gastroenteritis or colitis of infectiocus origin
¥ Bacterial intestinal infections

v

v

1a00 Chelera
HOOl10 L3

1a01 1Intestinal infection due to other Vibrio
00307 ER#E U A RRE
HO0308 EFUSA - JULZ 7+ hABRE

1A02 Intestinal infections due to Shigella
HO0299 SEEMERH

1a03 Intestinal infections due to Escherichia celi
HOD278 BREWERIEAREERE
HOD280 BREHHRREASESRE
HO1311 GREiESEMEARERRE
HO0277 BREHMEAEREERE
HO1312 GREARIEAREERRE

1a04 Enteroceclitis due to Clostridium difficile
HO0338 {REMEARME

1a05 Intestinal infecticons due to Yersinia enterccolitica
HOD298 LIl ZFEEE

1A06 Gastroenteritis due to Campylobacter
H00321 A2 EO/CY S —REERE

1A07 Typhoid fever
HOOL111 BRF TR

1A08 Paratyphoid Fever
HOO112 JEZFT7R

1a09 Infecticns due to other Salmeonella
HO0113  HILERSRPE

1A0Y Other specified bacterial intestinal infections
HO1454 HRAEO~N—FIE

1A0Z Bacterial intestinal infecticns, unspecified

¥ Bacterial foodborne intoxicaticns

v

v

1Al0 Foodborne staphylococcal intoxication
HO1175 JFEUiREBmRE

1all Botulism
HO0338 AR U X AHE

1al2 Foodborne Cleostridium perfringens intoxication
HO0335 T xiliadifdE

1813 Foodborne Bacillus cereus intoxication
HOD328 Tl UAEESH

1AlY Other specified bacterial foocdborne intoxications
HOD300 ITMFOJUY Y —RESE

1alZ Bacterial foodborne intoxications, unspecified



https://www.kegg.jp/entry/D09731
https://www.kegg.jp/brite/jp08403
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