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Toward high-quality clinical trials and 
implementation of genomic medicine
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Takashi KOHNO
Chief, Division of Genome Biology
National Cancer Center Research Institute

Dr. Kohno graduated from Kyoto University in 1989. He
received his PhD from Tokyo University. Since 1995, he has
studied lung cancer genetics and genomics at the National
Cancer Center. His main research finding involves RET fusion
in lung adenocarcinoma and its clinical translation. He is also a
Chief of Division of Translational Research, Exploratory
Oncology Research and Clinical Trial Center (EPOC), National
Cancer Center, and a Section Head of the Section of Data
Science Strategy, Center for Cancer Genomics and Advanced
Therapeutics (C-CAT). He is the project leader for
development of the NCC Oncopanel gene panel test, which is
currently implemented in daily oncology practice. His research
areas include genomics, genetics (polymorphisms), and
precision cancer medicine.

Specialty and Research Field of Interest
Precision genomic medicine
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Gene mutation & amplification Gene fusion

Genomic Profiling Test to Detect Actionable Mutations/Alterations: 
DNA Changes with an Expected (or Predicted) Impact on Response to Treatment
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Gene
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Central dogma of molecular biology
The flow of genetic information within a biological system 

is often described as "DNA makes RNA, and RNA makes protein”.
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Central dogma of molecular biology
The flow of genetic information within a biological system 

is often described as "DNA makes RNA, and RNA makes protein”.
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Central dogma of molecular biology
The flow of genetic information within a biological system 

is often described as "DNA makes RNA, and RNA makes protein”.

Secondary use of any contents of this site for commercial purposes is prohibited. ICRweb: https://www.icrweb.jp/icr_index.php?lang=en



2021/7/14

4

Gene

mRNA

Promoter

Exon

Protein
N-terminus C-terminus

Central Dogma

Amino acid

AAAAA

Transcription

Splicing

AAAAA

AAAAA

Central dogma of molecular biology
The flow of genetic information within a biological system 

is often described as "DNA makes RNA, and RNA makes protein”.
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N-terminal C-terminal

RET Protein Functions as a “Druggable” Protein Kinase

RET bound to selpercatinib (7JU6) (Drilon et al, NEJM, 2020)
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Detecting Actionable Mutations/Alterations of Oncogenes: 
DNA Changes with an Expected (or Predicted) Impact on the Response to Treatment
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Detecting Actionable Mutations/Alterations of Oncogenes: 
DNA Changes with an Expected (or Predicted) Impact on the Response to Treatment

Occurring on either maternal or paternal allele
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Detecting Actionable Mutations/Alterations of Oncogenes: 
DNA Changes with an Expected (or Predicted) Impact on the Response to Treatment

Wild-type allele Mutant allele
Secondary use of any contents of this site for commercial purposes is prohibited. ICRweb: https://www.icrweb.jp/icr_index.php?lang=en



2021/7/14

7

Gene fusion (RET Fusion)

Chromosome 10

Inversion

Transcription & Splicing

Fused mRNA

KIF5B-RET 
Fusion Protein

Fused Genomic DNA

Translation

Locus/loci

“Constitutively Active Kinase”
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Next-Generation Sequencing (NGS) to Detect 
Gene Fusion

Whole-genome sequencing
Determining the complete nucleotide sequence 

of genomic DNA

Whole exon sequencing
Determining the complete nucleotide sequence of

the exons present in a genome 

RNA sequencing
Determining the complete nucleotide sequence of 

RNAs present in a cell/tissue

Target(ed) sequencing
Determining the nucleotide sequence of the genes of 

interest

Genome DNA

mRNA
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Target 
sequencing

RNA
sequencing

Samples: 30 Samples: 24

Whole‐genome 
sequencing

Samples: 1

DNA

NCC, Japan Foundation Med, USASeoul Natl Univ

RNA

(Kohno et al, Nat Med, 2012; Ju et al, Genome Res, 2012; Lipson et al, Nat Med, 2012)

KIF5B-RET fusion was discovered using three different NGS methods  

DNA of 
150 genes

Discovery of RET and KIF5B Fusion using NGS 
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KIF5B RET

ATGC

ATGC

RET ex 12KIF5B ex 15

RET
KIF5B

12 Junction reads

30 Chimera 
paired end reads

RNA Sequencing Data Indicating KIF5B‐RET Fusion

(Kohno et al, Nat Med, 2012)
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KIF5B exon 15 RET exon 12

Sanger Sequencing Validates KIF5B-RET Fusion

Sanger Sequencing

Forward primer

Reverse primer
PCR

Reverse 
transcription

mRNA

cDNA

(Kohno et al, Nat Med, 2012)
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Whole-Genome Sequencing to Detect KIF5B-RET Fusion

(Ju et al, Genome Res, 2012)

PCR of genome DNA followed by Sanger sequencing

KIF5B-RET fusion

Secondary use of any contents of this site for commercial purposes is prohibited. ICRweb: https://www.icrweb.jp/icr_index.php?lang=en

Target 
sequencing

DNA of 
150 genes

RNA
sequencing

Samples: 30 Samples: 24

Whole‐genome 
sequencing

Samples: 1

DNA

NCC, Japan Foundation Med, USASeoul Natl Univ

RNA

(Kohno et al, Nat Med, 2012; Ju et al, Genome Res, 2012; Lipson et al, Nat Med, 2012)

KIF5B-RET fusion was discovered using three different NGS methods  

Discovery of RET and KIF5B Fusion using NGS 
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DNA
sample

Probe hybridization with the nucleotide sequence 
of the genes of interest

Purification of the DNA that had hybridized with the 
probes
⇒ NGS (KIF5B-RET fusion discovery) 

http://www.chem-agilent.com/contents.php?id=1001184

Target Capture Sequencing

(Lipson et al, Nat Med, 2012)
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Reference 
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Sequencing
depth

Sequencing depth

Tumor-normal ratio
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Exon 1 Exon 2 Exon 3
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Protein

DNA Intron Intron
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N-terminus C-terminus

5′UTR 3′UTR

Central Dogma

c.1

p.1

Secondary use of any contents of this site for commercial purposes is prohibited. ICRweb: https://www.icrweb.jp/icr_index.php?lang=en

Gene Mutation

Intron intron5′UTR

Amino acid

DNA

Mutation (Nucleotide change) 

Amino acid change

mRNA ーAAAAAA

3′UTR

5′UTR 3′UTR

Protein

c.1

c.1

p.1
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Exon 20 Exon 21 Exon 22

mRNA

Amino acid change

EGFR protein

EGFR

Codon 858
L (Leucine)→ R (Arginine)

859 860858856 857855853 854852 862851 861

Exon 19

c.2573
T → G

c.2573T>G p.L858R＝

c.1

p.1

EGFR L858R Mutation (“Hotspot” Missense Mutation)
Nucleotide change Amino acid change
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Exon 3 Exon 4 Exon 5

mRNA

Amino acid

BRCA1 
protein

BRCA1

63

Exon 2

c.188
T → A

c.188T>A pL63X＝

c.1

p.1

Nonsense Mutation (Truncating BRCA1 Mutation)

STOP

Nucleotide change Amino acid change
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Single nucleotide variant：SNV

Amino acid change: Nonsynonymous SNV/mutation

No amino acid change: Synonymous SNV/mutation

T G G G C T G G C C A

T G G G C G G G C C A

Duplication

Duplication of same nucleotide(s)

T G G G C T G G C C A

T G G G C T A A C G G

T G G G C T G G C C A

T G G G C T G C T G G

Insertion

Insertion of nucleotide(s)

T G G G C T G G C C A

T G G G C T C C A A C
Deletion

Loss of nucleotide(s)

Insertion/Deletion: Indel

Substitution

Type of Mutations

(Silent SNV/mutation)

Secondary use of any contents of this site for commercial purposes is prohibited. ICRweb: https://www.icrweb.jp/icr_index.php?lang=en

置換 A T G G G C T G G C C

A T G G G C G G G C C

重複
（Duplication）

挿入 A T G G G C T G G C C

A T G G G C T A A C G

A T G G G C T G G C C

A T G G G C T G C T G

欠失 A T G G G C T G G C C

A T G G G C T C C A A（Deletion）

ｃ.7T>G

ｃ.5_7dupGCT

ｃ.7_8insAAC

ｃ.8_9delGG

How to Describe Mutations

Duplication

Insertion

Deletion

Substitution
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Exon 3 Exon 4 Exon 5

mRNA

Amino acid

TP53 
protein

TP53

91

Exon 2

c.273
G → -

c.273delG pW91fs*32＝

c.1

p.1

Frameshift Mutation (Truncating TP53 Mutation)

STOP

Nucleotide change Amino acid change

32
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Exon 13 Exon 14 Exon 15

mRNA

Amino acid

MET 
protein

MET

Exon 12

c.3082+1
G → T

c.3082+1G>T ＝

c.1

p.1

Splicing Aberration Mutation (MET Exon 14 Skipping Mutation)
Nucleotide change Amino acid change

ag gt ag gt ag

p.? 

Amino acids encoded by the exon 14 sequence are lacking.
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Sequence read

Reference 
human genome sequence

Somatic Mutation

White blood cell DNA

Tumor DNA
Nucleotide substitution
present in tumor DNA

Absent from blood cell DNA

Visualized by IGV (Integrative Genomics Viewer)

Secondary use of any contents of this site for commercial purposes is prohibited. ICRweb: https://www.icrweb.jp/icr_index.php?lang=en

BRCA1
Exon10: c.3289_3290 delGA, E797ｆｓ*3

E797

Frameshift mutation

Blood DNA

Tumor DNA

Frameshift mutation

Germline BRCA1 Mutation in Breast Cancer
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Somatic 
Mutation

Germline 
Mutation

Sporadic tumor

Hereditary tumor

Somatic Mutation & Germline Mutation
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Oncogene examples Tumor suppressor gene 
examples

EGFR
HER2
BRAF
ALK
ROS1

BRCA1/2
APC
TP53
RB
NF1

Driver mutation (⇔Passenger mutation)
Gene alterations driving tumor development

Targets of molecular targeted therapy

Accelerator Brake

Driver Mutation/Gene

Mostly, somatic 
Activating mutations
(Hot spot mutations)
Fusion
Amplification (copy gain)

Somatic & germline
Deleterious mutations
(=Inactivating mutations)
(=Loss-of-function mutations)
Truncating mutations
Deletion (copy loss)
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2‐7

Targeting Addiction/Vulnerability of Cancer Cell

Nuclei

Action: Molecular targeted therapy using EGFR inhibitors

“Oncogene addition”

EGFR mutation
(activating mutation)

M
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Finding and Targeting Addiction/Vulnerability of Cancer Cell

Nuclei

Action: Molecular targeted therapy using MET inhibitors

“Oncogene addition”

MET exon 14 skipping
(activating mutation)

2‐7
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Finding and Targeting Addiction/Vulnerability of Cancer Cell

Nuclei

Action: Molecular targeted therapy using ALK inhibitors

“Oncogene addition”

ALK fusion
(activating alteration)

2‐7
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https://www.thermofisher.com/content/dam/LifeTech/Documents/PDFs/Ion-Torrent-sequencing-in-Oncology.pdf

Genomic Profiling to Identify “Actionable” Mutations in Each Case

RET

BRAF

Secondary use of any contents of this site for commercial purposes is prohibited. ICRweb: https://www.icrweb.jp/icr_index.php?lang=en



2021/7/14

21

https://www.thermofisher.com/content/dam/LifeTech/Documents/PDFs/Ion-Torrent-sequencing-in-Oncology.pdf

Genomic Profiling to Identify “Actionable” Mutations in Each Case

RET

APC

RB1

CDKN2A

PTEN
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2‐7

Finding and Targeting Addiction/Vulnerability of Cancer Cells

Action: Molecular targeted therapy using PARP inhibitors

“Homologous recombination deficiency (HRD)”

DNA
replication

Single-strand break Double-strand break

Intact DNA

Repair 
by PARP1 

Homologous
recombination 

repair by BRCA1/2 

Deleterious
BRCA1/2
mutation
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Genome Profiling to Identify Cases with “HRD” Phenotype

LOH: Loss of heterozygosity TAI: Telomeric allelic imbalance LST: Large-scale transition

Indicators of HRD phenotype
・ Deleterious mutations in BRCA1/2 genes
・ Deleterious mutations in other HR genes (e.g., PALB2) 
・ High LOH score = No. of LOH 
・ High HRD score = No. of LOH + TAI + LST

(Reviewed in de Brok et al, JCO Prec Oncol, 2017)
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Finding and Targeting Addiction/Vulnerability of Cancer Cells

Action: Immune checkpoint blockade therapy 

“Mutator phenotype”

DNA
replication

CACACA
GTGTGT

CACACACA
GTGTGT

C
G

A
G

Mismatch
repair
(MMR)

Proofreading 
by POLE 

CACACACA
GTGTGTGT

A
T

Microsatellite instability (MSI) Tumor mutational 
burden (TMB)-high

Many “neoantigens” produced by mutations

POLE
MMR 

deficiency
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Genome Profiling to Identify Cases with “Mutator” Phenotype
Indicators of HRD phenotype
・ Deficient mismatch repair (dMMR)
・ Deleterious mutations in POLE & other proofreading DNA polymerases
・ Microsatellite instability (MSI)
・ Tumor mutational burden-high (TMB-high)

(Reviewed in Eso et al, J Gastroenterol, 2020)
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Genome Profiling to Identify “Actionable” Mutations in Each Case

RET

BRAF
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VUS: Variants of Unknown Significance

(Kohno et al, Carcinogenesis, 2020)

Functional annotation of VUS will facilitate genomic medicine for cancer by prioritizing actionable mutations

CLD: cadherin-like domain; CRD: cysteine-rich domain

Hotspot mutationHotspot mutation
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