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Creation of next-generation reference materials
— Preparation of reference materials for cancer gene panel tests by genome editing —

Takayoshi Suzuki®

Reference materials for the evaluation of next-generation medicines, which are increasingly complex
and important, are defined as next-generation reference materials (NGRM). Developments of cell
standards for the cancer gene panel test (NCC OncoPanel) are introduced as an example of such
NGRM. By using existing cell lines based on mutation information in public databases (COSMIC and
CCLE) and creating new mutant cell lines by genome editing, we have developed a NGRM which
comprehensively covers the cancer gene panel. For the creation of standards by genome editing with
CRISPR/Cas9, we introduced the point mutations by the replacement of mutated oligo and created
translocated fusion genes by simultaneous cleavage of target genes. The development and maintenance
of NGRM will again be highlighted as one of the important roles of the National Institute of Health

Sciences in regulatory science.
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WIS 5. Table1 HEK293T/17 cell lines with targetted
mutations introduced by genome editing
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Table 2 27 cell lines and their mutations which cover 90 genes on NCC OncoPanel (ver2)

Cell Line Genes _Gene Name
A3-KAW 2 IL7R MYC
A549 1 STK11
CCK-81 11 BRAF JAK1 BRCA1 SMARCA4 CHEK2 EGFR PIK3CA  MAP3K1 FBXW7 ABL1 CTNNB1
GCCRF-CEM 5 FGFR3 ALK CCND1 NOTCH2 DDR2
HCT-15-Luc#1 4 RAC1 JAK3 PALB2 KIT
HEC-1 16 AKT2 CuL3 KEAP1 PDGFRB ERBB3  NOTCH1 HRAS ARID1IA  RAC2 SMAD4 ATM FLT3 KRAS BAP1 NOTCH3 ERBB2
HEL 2 APC JAK2
K562 1 AKT3
KOSGC-2_cI3-43 3 AKT1 MTOR CDKN2A
KURAMOGHI 2 TP53 AXIN1
LK-2 3 BCL2L11 ROS1 NFE2L2
LU9SA 3 CREBBP ENO1 EP300
Mewo 9 SMO PDGFRA FGFR1 FGFR2 MET NRG1 RET VHL
no-10 . 27 cell lines can cover all 90
NUGC-3 4 PBRM1 EZH2 ARID2 CDK4
NY 1 PIK3R1 ’ H
P30-OHK 2 PTEN NT5C2 gene S mUtatlons
SBC-3 2 TSC1 RAD51C
SCC-3 3 FGFR4 MAP2K1 MAP3K4
TGW 2 STAT3 ERBB4
SKM-1 6 BRCA2 RB1 PTCH1 NF1 SETD2 MAP2K4
HL60 7 IDH1 BIRD1 ALK ERBB2 FLT3 NOTCH1 CDKN2A
HEK293T/IDH2 1 IDH2
HEK293T/NRAS 1 NRAS - . . .
HEK293T/MDM2 1 MDM2 Confirmed mutations in JCRB cell lines registered in COSMIC database
HEK293T/IGF2 1 IGF2 Created mutations in missing genes by genome editing in HEK293T/17 cell
HEK293T/MYCN 1 MYCN
AKT3 232 C—A (G—T)
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Table 3

16 cell lines which cover point mutations in 114 genes on the NCC OncoPanel (ver4)

Cell Line Genes Gene Name
A3-KAW 11 ARIDIA BAP1  CREBBP FGFR4  IL7R MAP3K4 MSH2 ~ MYC  NTRKI NTRK2 ROS1
ccK-81 a3 AB AR BAP1  BRAF  BRCA1 BRCA2 CHEK2 CTNNB1 EGFR  ERBB2 ERBB4 FBXW7 JAKI  MAP3KI MTOR  NOTCH1 NOTCH2 NOTCH3 PALB2  PDGFRA
PIK3CA  SMARCA4 TP53
CCRF-CEM 13 A ARIDIA CCND1 DDR2  EGFR  EZH2  FLT3 HRAS  IGFIR  KRAS  NOTCH2 PBRM1 TP53
ALK APC ARIDIA ARID2  AXIN1  AXL BAP1  BARDL BRCA1 BRCA2 CHEK2 CREBBP DDR2  ENO1  EP300 ERBB3 ERBB4 EZH2  FBXW7 FGFR1
@ HCT-15 5g 'OfRZ FGFR3  FGFR4 FLTS  GNAS  IDHI  IGFIR JAK2  JAKS  KEAPL  KIT KRAS ~ MAP3K1 MAP3K4 MDM4 MLH1I ~ MYCN  NF1 NFE2L2  NOTCH1
KIT KRAS ~ MAP3K1 MAP3K4 MDM4 MLH1 ~ MYCN  NF1 NFE2L2 NOTCH1 NOTCH2 NOTCH3 NRG1  NTRKI PALB2  PDGFRA PIK3CA PIK3R1 PIK3R2  POLD1
POLE  RET SETBP1 SETD2  SMARCA4 TP53
ABL1 AKT2 ARID1IA  ARID2 ATM AXL BAP1 BRCA2 CD274 cuL3 ERBB2 ERBB3 ERBB4 FLT3 HRAS JAK1 JAK3 KDM6A  KEAP1 KRAS
@ HEC-1 42  MAP2K2 MAP3KI MDM4  MET NF1 NFE2L2 NOTCH1 NOTCH3 NRG1  PBRM1 PDGFRB PIK3CA PIK3R2 POLD1 POLE  PTCH1 RAC2  SETBP1 SMAD4 TP53
TSC1  VHL
HL-60 2 BARDL NRAS
@ Jurkat 3g MBLL  ACINA ARIDIA AXINL AL BRAF  BRCA1 BRCA2 CREBBP CRKL  DDR2  EP300 ERBB3 ERBB4 FBXW7 FGFR1 FGFR3 GNAS  IL7R KEAP1
MDM4  MET MSH2  NOTCH1 NOTCH2 NRG1  NTRK2 PIK3R2 POLE  PRKCI  PTEN  RAD5IC RAF1  RHOA  SMARCA4STKI1  TP53  TSC1
K562 6 AKT3 NFE2L2 NOTCH1 PDGFRA ROS1 TP53
KMRC-1 7  AXINL ERBB3 PBRM1 POLE  PTEN  SMARCBI VHL
KON 10 ABLL  GNAQ KEAP1 MDM4 MSH2  NOTCH1 PDGFRB SETBP1 TP53  TSC1
KURAMOCHI 7 ATM  BRCA2 GNAS  NOTCH1 NTRK3 RAF1  TP53
LK-2 9 Arc BCL2L11 CDK4  CDKN2A MAP2K1 NFE2L2 NOTCH1 PDGFRB TP53
@ Mewo 35 ACNe Al ARIDIA ARID2  AXIN1 ~ BRAF  EP300 ERBB4 ESR1  FGFR1L FGFR2 FGFR4 GNAS  IGFIR  KIT MAP3K4 MET MLHI ~ MTOR  NF1
NFE2L2 NOTCH1 NOTCH3 NRG1  NTRKI PDGFRA PDGFRB POLD1 PTCH1 ROS1  SETBP1 SETD2 SMO  TP53  VHL
NUGC-3 14 AKT1I  ARAF  ARID2 BARD1 CDK4  ERBB3 EZH2  MAP3K1I NOTCH1 PBRM1 PIK3R2 POLE  PTCH1  TP53
HEK293/IDH2 2 IbH2  TRS3
HEK293/MDM2 2 mDM2  TPs3
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Table 4 List of candidate JCRB cell lines for standrds of translocated fusion genes

Cell Name Cell ID Origin Translocated Fusion Genes

NCI-H2228-Luc JCRB1492 Lung CSGALNACT1-NCBP1STXBP5L-PTPN3 SENP7-CSGALNACT1  SENP7-CSGALNACT1 SENP7-TNC DCBLD2-TNC CPOX-PTPN3
MAP4K3-NCBP1 ALK-PTPN3 NPL-USP20 STXBP5L-PALM2 DCBLD2-LPARL ALK-SHC3 EML4-ALK

KYSE-520 JCRB1439 Oesophagus CUX1-GINS3 COMMD10-KCNB2 HHLA2-TAF4 TANC1-SYT7 LAMC2-CASP10 UBE2J2-EGFR KCNB2-KCNMA1
CABIN1-VSTM2A NDFIP2-MLLT10 AKT3 -CEP170

KNS81 IFO50359 Central Nervous IL34-SLC47A1 LAMC3-LAMA3 GPBP1-GAPDH ERBB4-PPP1R12A ASXL2-MSI2 KPNA6-GNG7 RAD18-EML6

KATOIII JCRBO0611 Stomach PIBF1-ANXA2 DUX4L2-CPXM2 GABRB1-EIF3F MRPS22-BCAS1 RHOA-BRAT1 E2F5-DLST KCNB2-RNGTT
CTNNB1-FGFR2

HEPG2 JCRB1054 Liver ESRRG-MYA5

SBC5 JCRB0819 Lung STK11-PPP4R1L NRG1-TAF4B FIP1L1-GPALPP1 ERBB4-WDR60 C20rf80-SPECC1 FAM168B-SIL1 FAM168B-SIL1
LRRC53-TDG AGBL4-DLG2 STK11-KAZN

JHH-1 JCRB1062 Liver XPOT-AATF TMCC1-INTS10 CCDC148-CIC KPNAG-TNFRSF10A  MECOM-SCN9A AGO2-STRN3 CNKSR2-SIK2
PAX5-ZSWIM5 TANC1-CRLF1 TMEM241-CATSPER1  PARP12-BRAF

8305C JCRB0824 Thyroid SCFD2-PDGFRA

THP-1 JCRB0112.1 Hematopoietic DDX39B-CSNK2A1 ~ ZMPSTE24-ATF1 SNAPC3-KMT2A

BT-474/CMV-Luc JCRB1450 Breast IKZF3-VAPB STARD3-DOK5 KCNK10-GABRB3 FCHSD2-0CA2 NUMA1-OCA2 RNF141-ARL5C ~ SLC2A8-TSHZ2
BMP2K-TSHZ2 SLCY9A9-TTC28 PLEKHA6-BMP2K ZC3H11A-CNOT6L FMOD-SCARB2 NAV1-CXCL13 TOX2-DAB2IP
TMEM68-POLA2 XKR4-POLA2 NEIL3-CACNB1

OVSAHO JCRB1046 Ovary FDXR-GARNL3 RNF8-GRID1 SNED1-STARD9 STARDY-SNED1 MARK2-TONSL MGAM-NOL4 HIVEP3-NMT1
HIVEP3-FMNLI1 PRKCE-FBXO24 OSBPL10-SCAMP5 CNOT10-CCDC33 CT70rf50-LASP1 MADILI-LASP1 BTBDI16-ANKS3
PAN3-FBXO27 SCAMP5-APOL3

HCC-1937/CMV-Luc JCRB1508 Breast ANO10-PROM1 SGK3-RP11-724016.1  FHAD1-HADHB CTNNA2-KCNK2 NFIA-EHF DERL1-FKBP5 FKBP5-DERL1

FBXO38-ATGAC

ODF2-ARNTL2

ATG4C-FBX038

GUCY1A2-ANXA2

PROM1-ANO10

WNT5B-CPEB1

RYR2-SLITRKS

SNX29-ZNF331
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