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* Molecular network activation states alter dynamically in biology and diseases. 
In cancer stem cells (CSCs), epithelial-mesenchymal transition (EMT) 
networks play an important role to acquisition of the drug resistance and 
cancer malignant feature. To reveal the network pathways in EMT and CSCs, 
gene expression in diffuse- and intestinal-type gastric cancer (GC) have been 
analyzed. The several canonical pathways have been found to be altered in 
diffuse- and intestinal-type GC. Canonical pathway on Cell Cycle: G1/S 
Checkpoint Regulation was activated in diffuse-type GC, and Cyclins and Cell 
Cycle Regulation was activated in intestinal-type GC. In Cell Cycle: G1/S 
Checkpoint Regulation, DNA damage induces p53, which was predicted to be 
activated in diffuse-type GC. Canonical pathway related to Role of BRCA1 in 
DNA Damage Response was activated in intestinal-type GC, where BRCA1 
which is related to G1/S phase transition was up-regulated. Cell cycle 
regulation may be altered in EMT condition in diffuse-type GC.
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Canonical pathways altered in diffuse- and 
intestinal-type GC

Size shows the activation score in intestinal-type GC.
Color indicates the activation score in diffuse-type GC.

Size shows the activation score in diffuse-type GC.
Color indicates the activation score in diffuse-type GC.



Cell Cycle: G1/S checkpoint Regulation 
pathway was activated in diffuse-type GC

Diffuse-type GC Intestinal-type GC



Direct relationships of miRNAs and targeted 
molecules in Cell Cycle: G1/S checkpoint Regulation 

pathway in diffuse-type GC

From Molecule(s) To Molecule(s)

mir-10 SMAD4

mir-10 SUV39H1

mir-10 p53

mir-128 BMI1

mir-17 CyclinD

mir-17 RB

mir-17 p21Cip1

mir-19 SMAD4

mir-19 p21Cip1

mir-194 MDM2

mir-224 SMAD4

mir-25 MDM2

mir-25 p21Cip1

mir-25 p53

mir-34 CDK4/6

mir-34 c-MYC

mir-34 p53

mir-451 p19INK4

mir-605 MDM2

Direct Relationship Type
RNA-RNA interactions: microRNA targeting



Cyclins and Cell Cycle Regulation pathway 
was activated in intestinal-type GC

Diffuse-type GC Intestinal-type GC



Direct relationships of miRNAs and targeted 
molecules in Cyclins and Cell Cycle Regulation 

pathway in diffuse-type GC

From Molecule(s) To Molecule(s)
mir-101 ATM
mir-145 p53
mir-15 WEE1
mir-15 c-RAF
mir-17 ATM
mir-17 CyclinD1
mir-17 RB
mir-17 p21CIP1
mir-221 p27KIP1
mir-25 p21CIP1
mir-25 p53
mir-290 CDK2
mir-34 CDK4/6
mir-34 p53
mir-451 p19INK4D
mir-497 c-RAF

Direct Relationship Type
RNA-RNA interactions: microRNA targeting



Role of BRCA1 in DNA Damage Response 
pathway was activated in intestinal-type GC

Diffuse-type GC Intestinal-type GC



Role of BRCA1 in DNA Damage Response 
pathway was activated in intestinal-type GC

Diffuse-type GC Intestinal-type GC



Direct relationships of miRNAs and targeted 
molecules in Role of BRCA1 in DNA Damage 

Response pathway in diffuse-type GC

From Molecule(s) To Molecule(s)

miR-125b-2-3p (and other miRNAs w/seed CAAGUCA) p53

miR-302b-5p (and other miRNAs w/seed CUUUAAC) BARD1

miR-302b-5p (and other miRNAs w/seed CUUUAAC) CTIP

miR-302b-5p (and other miRNAs w/seed CUUUAAC) GADD45

miR-6074 (miRNAs w/seed AUAUUCA) FANCF

miR-6074 (miRNAs w/seed AUAUUCA) IFNG

miR-6074 (miRNAs w/seed AUAUUCA) NBS1

mir-101 ATM

mir-103 p53

mir-145 p53

mir-146 STAT1

mir-17 ATM

mir-17 RB

mir-17 p21CIP1

mir-25 p21CIP1

mir-25 p53

mir-30 (includes others) p53

Direct Relationship Type
RNA-RNA interactions: microRNA targeting



Direct relationships of miRNAs and BRCA1 in Role of 
BRCA1 in DNA Damage Response pathway in diffuse-

type GC

miR-125a-3p (miRNAs w/seed CAGGUGA)
miR-146a-5p (and other miRNAs w/seed GAGAACU)
miR-224-5p (miRNAs w/seed AAGUCAC)
miR-3615 (miRNAs w/seed CUCUCGG)
miR-4639-3p (and other miRNAs w/seed CACUCUC)
miR-5586-3p (miRNAs w/seed AGAGUGA)
miR-6516-5p (miRNAs w/seed UUGCAGU)
miR-6814-5p (miRNAs w/seed CCCAAGG)
miR-6875-3p (miRNAs w/seed UUCUUCC)
miR-99a-3p (and other miRNAs w/seed AAGCUCG)

Ten miRNAs which have direct 
relationships between BRCA1

(Direct Relationship Type
RNA-RNA interactions: 
microRNA targeting)



Cell Cycle: G2/M DNA Damage Checkpoint 
Regulation pathway in diffuse- and intestinal-

type GC

Diffuse-type GC Intestinal-type GC



Direct relationships of miRNAs and targeted 
molecules in Cell Cycle: G2/M DNA Damage 

Checkpoint Regulation pathway in diffuse-type GC

From Molecule(s) To Molecule(s)

mir-10 p53

mir-10 p90RSK

mir-101 ATM

mir-101 DNA-PK

mir-145 p53

mir-15 CHEK1

mir-15 PPM1D

mir-15 WEE1

mir-17 ATM

mir-17 p21Cip1

mir-194 MDM2

mir-25 MDM2

mir-25 p21Cip1

mir-25 p53

mir-32 MDM2

mir-34 MDM4

mir-34 p53

mir-605 MDM2

Direct Relationship Type
RNA-RNA interactions: microRNA targeting



・ The several canonical pathways have been found to be altered in diffuse- and 
intestinal-type GC. 
・ Canonical pathway on Cell Cycle: G1/S Checkpoint Regulation was activated in 
diffuse-type GC, and Cyclins and Cell Cycle Regulation was activated in intestinal-
type GC. 
・ In Cell Cycle: G1/S Checkpoint Regulation, DNA damage induces p53, which was 
predicted to be activated in diffuse-type GC. 
・ Canonical pathway related to Role of BRCA1 in DNA Damage Response was 
activated in intestinal-type GC, where BRCA1 which is related to G1/S phase 
transition was up-regulated. 
・ Cell cycle regulation may be altered in EMT condition in diffuse-type GC.

Summary



Acknowledgements

Maurice Whelan
Gladys Ouedraogo
Dan Villeneuve
Jason O’Brien
Ye Lin Jun
Nathalie Delrue
Christina Quaglio
Rex FitzGerald
Magdalini Sachana
Hristo Aladjov
Clemens Wittwehr
Mirjam Luijten
Tanja Burgdorf
Julija Filipovska
Bette Meek
Lidia Ceriani

・Members of EAGMST, WPHA, OECD
・Members of Division of Risk Assessment and All Divisions, National Institute of Health Sciences, Japan
・This research is supported by Platform Project for Supporting Drug Discovery and Life Science Research 
(Basis for Supporting Innovative Drug Discovery and Life Science Research (BINDS)) from Japan Agency for 
Medical Research and Development (AMED), and Ministry of Health, Labour and Welfare (MHLW), Japan.

http://pford.info/vapros/
Ed Perkins
Sabina Halappanavar
Masaaki Tsukano
Takashi Yamada
Iva Sovadicova
Josephine Kugler
Mike Wade
Lola Bajard
Anna Rourke
Ludek Blaha
Takao Ashikaga

Carlie LaLone
Brigitte Landesmann
Andrea Terron
Cinzia La Rocca
Olga Tcheremenskaia
Judy Choi
Russell Thomas
Michelle Angrish
Jinhee Choi
Joshua Harrill

Dries Knapen
Mark Viant
Carole Yauk
Tim Gant
Vinita Chauhan
Yasuhiro Yoshida
Shigeru Hisada
Ruthann Rudel
Jessica Helm

Shinpei Ijichi
Kohei Kessoku
Kengo Hayashi
Fabien Grasset
Naoko Ozaki
Masanori Uehara
Satoshi Uchida
Hiroaki Kinoh
Kazunori Kataoka


