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Transmembrane

Tyrosine kinase I

Tyrosine kinase II

Extracellular

Juxtamembrane

Cell proliferation and differentiation FLT3 is target for 
selective inhibition

FLT3

1. Insertion (ITD)

2. Point mutations

3. Point mutations

Frequency

AML MDSALL

2-5%5-10% 1-3%

5-10%15-35% rare





INTERNAL TANDEM DUPLICATION (ITD)

(Breitenbuecher F, Blood 2008;113:4074-7)





(D: Aspartic acid, G:Glycine, Y: Tyrosine)





ETV6/FLT3
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Epidermal Growth Factor Receptor 



(Ciardiello F, N Engl J Med 2008;358:1160-74)



(Ciardiello F, N Engl J Med 2008;358:1160-74)





(Herbst RS, N Engl J Med 2008;359:1367-80)



(Herbst RS, N Engl J Med 2008;359:1367-80)



-80% NSCLC

(Lynch TJ, N Engl J Med 2004;350:2129-39)



(Lynch TJ, N Engl J Med 2004;350:2129-39)



(Lynch TJ, N Engl J Med 2004;350:2129-39)



(Fukui T, Gen Thorac Cardiovasc Surg 2008; 56:97 103)

gai-

5%



(Kumar A, J Clin Oncol 2008;26:1742-1751)



(Science 2004;304:1497-1500)
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(Fukui T, Gen Thorac Cardiovasc Surg 2008; 56:97 103)



MET

EGFR

EGFR





(Engelman JA, Clin Cancer Res 2008;14(10):2895-2899)

EGFR T790M



Exon 18 Exon 19 Exon 20 Exon 21

RT-PCR

RNA

gDNA
Exon 18 Exon 19 Exon 20 Exon 21

Genomic 
PCR

EGFR
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EGFR

70% -

gen EGFR





DNA

PCR: EGFR exons 6 - 14

Sequencing

(Goncalves A, BMC Cancer 2008;8:169)
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49PR: partial response, SD: stable disease, PD: progressive disease





(Uramoto H, British Journal of Cancer 2007;96,857 863)
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-70%

-2/neu (+): 20-30%

BRCA1/2: 5-10%

McCracken et al., CA Cancer J Clin 2007



TARGET

HER-2
Protein

HER-2
Genes

FISH :  DNA
IHC :   Protein



High 
amplification

1+2+ Negative/0

Normal Normal 

3+

Low 
amplification

NG IHC VÀ FISH



Chromosome 17
Centromere

Chromosome 17
HER2/neu

PathVysion HER2 DNA probe



Signal Enumeration

HER-2  orange signal : 2
CEP 17 green signals : 2
Ratio = 1.0

HER-2  orange signal : 10
CEP 17 green signals :   4
Ratio = 2.5

>=
HER2   signal # X 20 nuclei
CEP 17 signal # X 20 nuclei

2.0 (positive)
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receptor tyrosine kinase (HER-

-



60
Nagata et al., Cancer Cell 2004

Fujita et al., Brit J Cancer 2006

N = 37



61(Berns et al,. Cancer Cell 2007)

Exon 9 Exon 20



62
Pandolfi et al,. N Engl J Med 2004
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Tamoxifen

Aromatase inhibitor

1. Estrogen receptor

2. CYP2D6

Trastuzumab

1. HER-2/neu

2. PTEN

3. PIK3CA

4. K-RAS
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Gastrointestinal Stromal Tumor (GIST)

KIT

PDGFRA

KIT:

Gastrointestinal Stromal Tumor (GIST)
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68(Kitamura Y, Cancer Sci 2003; 94: 315 320)

Exon 9

Exon 11

Exon 13

Exon 17

KIT TRONG GIST
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KIT-WT

KIT-mt

Science 2003;299:708-710



KIT
TRONG GIST



(Lasota J, Histopathology 2008)
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75(Blanke CD, J Clin Oncol 2008;26:620-625) 



Exon 12 Exon 18

RT-PCR

PDGFRA

KIT
Exon 9-11 Exon 13-18

RT-PCR

KIT PDGFRA



Wild-type 
sequence

Mutated 
sequence

A

AAG GTT GTT
558   559    560
Lys Val    Val

GAG GAG ATA AAT GGA AAC AAT TAT GTT TAC ATA GAC CCA ACA CAA CTT
561   562    563    564   565    566   567   568   569   570   571   572    573   574    575   576
Glu Glu Ile Asn Gly Asn Asn Tyr Val   Tyr Ile Asp    Pro   Thr Gln Leu

CCT TAT GAT

AAG GTT GTT CCT TAT GAT CAC AAA TGG GAG TTT CCC AGA AAC AGG CTG AGT TTT G

Lys Val   Val    Pro   Typ Asp   His    Lys Trp Glu Phe Pro   Arg Asn Arg Leu Ser   Phe

Wild-type 
sequence

Mutated 
sequence

A

AAG GTT GTT
558   559    560
Lys Val    Val

GAG GAG ATA AAT GGA AAC AAT TAT GTT TAC ATA GAC CCA ACA CAA CTT
561   562    563    564   565    566   567   568   569   570   571   572    573   574    575   576
Glu Glu Ile Asn Gly Asn Asn Tyr Val   Tyr Ile Asp    Pro   Thr Gln Leu

CCT TAT GAT

AAG GTT GTT CCT TAT GAT CAC AAA TGG GAG TTT CCC AGA AAC AGG CTG AGT TTT G

Lys Val   Val    Pro   Typ Asp   His    Lys Trp Glu Phe Pro   Arg Asn Arg Leu Ser   Phe

ATG TCT GAA CTC
638  639  640   641
Met  Ser  Glu Leu

AAA
642
Lys

GTC CTG AGT TAC C
643  644  645   646
Val   Leu Ser   Tyr

AAG
Lys

ATG TCT GAA CTC
Met   Ser  Glu Leu

TGA
STOP

TCC
Ser

GTT ACC T

Wild-type 
sequence

Mutated 
sequence

G GTA ACT CAG GAC TTT GAG TTC AGA CAT

G GTA ACT CAG GAC TTG AGT TCA GAC ATG

Forward Reverse

B C

ATG TCT GAA CTC
638  639  640   641
Met  Ser  Glu Leu

AAA
642
Lys

GTC CTG AGT TAC C
643  644  645   646
Val   Leu Ser   Tyr

AAG
Lys

ATG TCT GAA CTC
Met   Ser  Glu Leu

TGA
STOP

TCC
Ser

GTT ACC T

Wild-type 
sequence

Mutated 
sequence

G GTA ACT CAG GAC TTT GAG TTC AGA CAT

G GTA ACT CAG GAC TTG AGT TCA GAC ATG

Forward Reverse

B C










