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NoOi dung:

1. TONG QUAT

2. FLT3 TRONG UNG THU MAU

3. EGFR TRONG UNG THU PHOI VA UNG THU PAI TRUC TRANG

4. HER-2/neu TRONG UNG THU VU

5. KIT VA PDGFRA TRONG U MO PEM PUONG TIEU HOA



Noi dung:

1. TONG QUAT

2. FLT3 TRONG UNG THU MAU

3. EGFR TRONG UNG THU PHOI VA UNG THU DAI TRUC TRANG
4. HER-2/mew TRONG UNG THU VU

5. KITVA PDGFRA TRONG U MO DEM DUONG TIEU HOA
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CAC NHOM THU THE BE MAT
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CAC NHOM THU THE TYROSINE KINASE
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TONG QUAT

FLT3 TRONG UNG THU MAU

FGFR TRONG UNG THU PHOI \
HER-2/neu TRONG UNG THU VI
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UNG THU MAU DONG TUY CAP TINH

» Acute Myeloid Leukemia (AML): La thé bénh ung
thw mau thwdng gap nhat & nguodi Ién
» Rbi loan NST rat phd bién, c6 y nghia tién lwong

* 30 — 40% cb ddt bién gen FLT3



Step 1: Cytogenetic prescreening

Step 2: Screening of gene mutations with
well established clinical significance

within CBF AML or CN-AML subsets

CBF AML: AML with
t(8:21)(g22;q22) or
inv(18)(p13q22) or

t(16;16)(p13:q22)

t(15;17)(g22;q12-21)

FAVORABLE
RISK-GROUP

I

INTERMEDIATE
RISK-GROUP
(of which CN-AML)

Cytogenetic
analysis

—>

J

UNFAVORABLE
RISK-GROUP

FLT3-ITD

(- PRI ELG . — 15-40% +

-

20 % NPM+ FLT3HTD+

25% MPM+ FLT3-ITD-

NPM1 mutation
FLT3-ITD 10% NPM- FLT3-TD+
__Q’?J, EM FLTEI-_:I'_HD

CEBPA mutation

'

20% +
(within patients
NPM-FLT3-1TD-)

Step 3: Screening of molecular alterations
with potential clinical relevance within
CBF AML or CN-AML subsets

L

Other gene mutations

RAS mutations

— 30% + in AML

- with irv({18)

FLT3-TKD mutations |—» 5-10% +

Other gene mutations
FLT3-TKD mutations

> 5-10% +

MLL-PTD — 5-10% +

WT1 mutations —» 10% +

RAS mutations — 10% +

Gene overexpression

EWVIt
ERG
MN1
BAALC




POT BIEN GEN THUONG GAP
TRONG UNG THU MAU

NPMI B Hypothetical class Il

mutations impairing
differentiation
CEBPA

Class | mutations con-
ferring a proliferative

advantage
MLL-PTD
FLT3-ITD 32%
FLT3.TKD 12%

NRAS 14%

Data for Each of the 438 Patients
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POT BIEN FLT3 TRONG UNG THU MAU

Frequenc
Extracellular q y

AML ALL MDS

Transmembrane :---f------}---- _
1. Insertion (ITD)

Juxtamembrane Y 15-35% rare 5-10%

2. Point mutations

Tyrosine kinase |

Tyrosine kinase |l i
<€— 3. Point mutations 5-10% 1-3% 2-5%

m . =

Cell proliferation and differentiation FLT3is target for

selective inhibition




Divergent cytotoxic effects of PKC412 in combination with conventional antileukemic
agents in FLT3 mutation-positive versus -negative leukemia cell lines

Y Furukawa', HA Vu’, M Akutsu®, T Ddhue T lzumi®, § Tsunoda®, ¥ Matsuo®, K Kirito®, Y Sato’, H Mano" and Y Kano®
Leukemia (2007) 21, 1005-1014

a MOLM13/14

ﬂTTTFHEHGﬁHTﬂTEﬂﬂTTTEﬂT TCAGA TATGA TEATCTCARAT GG
/|

Jlf”alp Y Jﬂ)[\ d\ II. Mo f
\ /\/\ . j /}\ ﬁ’}'ﬂ'{\# W

Wild-type AT TI'C AGA GAA TAT GAA TAT|GAT CTC AAA TGGGAG TTT CCA AGA GAA AAT TTA

sequence 594 595 596 597 598 [599|600 601 602 603 604 605 606 607 608 609 610
Phe Arg Glu Tyr Glu |Tyr|Asp Leu Lys Trp Glu Phe Pro Arg Glu Asn Leu

Internal

duplication AT[TTC AGA GAA TAT GAA [TTT|GAT|TTC AGA GAA TAT GAA TAT GAT CTC AAA TGG

point mutaton Phe Arg Glu Tyr Glu [Phe Asp Phe Arg Glu Tyr Glu Tyr Asp Leu Lys Trp

b MV4-11
|[IT|F[E|F|31'!T[I[HBHEHIIHH[lﬁ!llHiEIET[Ii[ﬁTTEHII][HEIIEIIHTHI GARTATGATCTCH

M l h

A .!L. ‘N\

Internal TC !EG GTT GAT TTC AGA GAA TAT GAA TAT GAT GI&C GTT GAT TTC AGA GAA TAT GAA TAT GAT CTCA

dup"cation TC 591 592 593 594 595 596 597 598 599 600 # 592 593 594 595 596 597 598 599 600 601
sequence TC Tyr Val Asp Phe Arg Glu Tyr Glu Tyr Asp His Val Asp Phe Arg Glu Tyr Glu Tyr Asp Leu




INTERNAL TANDEM DUPLICATION (ITD)

_/_\m_m ™ M TKl KI TK2 ———— COOH

711.3% 28.7%

579 510 ssr; ﬁtr[l 610 61!] %7 ﬁ:Tl @Tﬂ aT:f
AA QFRYESQLQMVQVTGSSDNEYFYVDFREYEYDLKWEFPRENLEFGKVLGSGAFGKVMNATAYGISKTGVSIQVAVKMLK
ITD-f ITD-r
JM domain R1-sheet NBL R2-sheet
AA 572-610 AA 610- AA 616- AA 624-
615 623 630

< Exon14 > < Exon15 >
AA 569-612 AA 613-647

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



Acute myeloid leukaemia blast cells with a tyrosine kinase
domain mutation of FLT3 are less sensitive to lestaurtinib than
those with a FLT3 internal tandem duplication

Adam J. Mead, Rosemary E. Gale,
Panagiotis D. Kottaridis, Satomi
Matsuda, Asim Khwaja and David C.

British Journal of Haematology, 141, 454-460

Linch
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Mutant FLT3: A Direct Target of Sorafenib in Acute
Myelogenous Leukemia

Weiguo Zhang, Marina Konopleva, Yue-xi Shi, Teresa McQueen, David Harris, Xiaoyang Ling, Zeev Estrov,
Alfonso Quintas-Cardama, Donald Small, Jorge Cortes, Michael Andreeff
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J Natl Cancer Inst 2008;100:184-198
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FLT3 is fused to ETV6 in a myeloproliferative disorder with hypereosinophilia
and a t(12;13)(p13;q12) translocation

HA Vu'?, PT Xinh"?, M Masuda®, T Momjifj‘, A Toyoda4, Y Sakaki?, K Tf::kuna.ga2 and Y Sato'

Leukemia (2006) 20. 1414-1421
- Ex3 2 6-7 ,
O S
18] 4547 19-24

24 EC 542 572 603 712 783 958 993 a.a
JM TK1 TK2
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ETV6/FLT3 GAY CHUYEN DANG TE BAO

a Cell lines
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The juxtamembrane domain in ETV6/FLT3 is critical for PIM-1 up-regulation
and cell proliferation

Hoang Anh Vu®P, Phan Thi Xinh®, Yasuhiko Kano 9, Katsushi Tokunaga ¢, Yuko Sato ®*

Biochemical and Biophysical Research Communications 383 (2009) 308-313
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TONG QUAT

FILT3 TRONG UNG THU MAU
EGFR TRONG UNG THU PHOI ' [/ THil ol e
HER-2/neu TRONG UNG THU VU

KIT VA PDGFRA TRONG U MO BEM DUONG TIEU HOA



CO CHE HOAT HOA EGFR

~ Ligand binding
and dimerization Other receptor tyrosine
kinases (e.g., IGF-1R, c-Met)

» Epidermal Growth Factor Receptor
« NST s6 7, 200 kb, 28 exon

« Receptor xuyén mang: ting sinh va biét hoa té bao, di dong, phat trién mé



CAC LOAI THU THE HER

HB-EGF
Epiregulin

Cell proliferation
Cell survival
Invasion and metastasis
Tumor-induced neoangiogenesis

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



LYC CHE HOAT TINH EGFR BANG THUOC

_Anti-EGFR
monoclonal

- " ’ antibody
* /

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



LYC CHE HOAT TiINH EGFR BANG THUOC
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Normal

Early-stage cancer

Advanced cancer

Smoking-related —-

Unknown factors

Not smoking-related —

co smoke

Tissue injury — Clonal patches Invasion, angiogenesis Metastatic spread
Molecul Common Genetic, Dysregulated
ke germ-line igenatic pathways,
foat genetic :Ia.ng'es proliferation,
variations apoptosis
A
_ ; . Ty
Treatment < Definitive local therapy with or Systemic therapy with or
[Ippmu:bu besyunhcn x without adjuvant therapy without radiation therapy 5
molecular | Cancer risk . Prognostic, predictive Predictive.
= v

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



Tumor, local environment

e

k(e.,«;.,sm' arrays)

profling

N\

" Blood-based profiing

Proteomics

Cytokine, angiogenic factors

Circulating DNA or RNA

Circulating cells (e.g., tumor,

| endothelial, lymphocytes) |

k Methylation

(Genjeﬁcor‘ep!gmeﬂ_ : ¢ |

Deletion

Mutation

Amplification
Translocation

{ Gene expression

. @

Expression arrays
MicroRNA profiling
PCR—based approad'les

\ Proteomics

IHC

e —re
[ Proteins \

)

’

Interactions involving
the host, tumor,
and therapy

Tumor sensitivity
\ to therapy

N\

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

l Personalized
medicine



PiEU TR| UNG THU PHOI BANG GEFITINIB

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

v EGFR tang biéu hién trong 40-80% NSCLC
v’ Gefitinib trc ché dac hiéu EGFR
v Chi 10% bénh nhan NSCLC c6 dap rng v&i gefitinib



POT BIEN EGFR TRONG UNG THU PHOI
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A

EGFRprotein 739 K I P V A | K E L RE A T S P K AN 756 856 F G L A K L L G 36
EGFR gene 2215 AAAATTCCCGTCGCTATCAAGGAATTAAGAGAAGCAACATCTCCGAAAGCCAAC 2268 2566 TTTGGGCTGGCCAAACTGCTGGGT 2589

Patient 1 AAAATTCCCGTCGCTATCAA === == === mmn nue AACATCTCCGAAAGCCAAC TTTGGGCTGGCCAAACTGCTGGGT
Patient 2 AAAATTCCCGTCGCTATCAAGGAAT === mmm e m m e CATCTCCGAAAGCCAAC TTITGGGCTGGCCAAACTGCTGGGT
Patients 3 and 4 AAAATTCCCGTCGCTATCAAGGAAT=mmmenmemanennnne=e CGAAAGCCAAC TTITGGGCTGGCCAAACTGCTGGGT
Patients 5 and 6 AAAATTCCCGTCGCTATCAAGGAATTAAGAGAAG CAACATCTCCGAAAGCCAAC TTTGGGCCGGCCAAACTGCTGGGT
Patient 7 AAAATTCCCGTCGCTATCAAGGAATTAAGAGAAGCAACATCTCCGAAAGCCAAC TITGGGCTGGCCAAACAGCTGGGT
T Exon 19 R Exon 21 o
B

delL747-P753insS
delE746-A750 — N-terminal lobe

dellL747-T751insS
L358R

Inhibitor

b
|

- C-terminal
J% € lobe

’

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



PAC DIEM BDOT BIEN EGFR TRONG UNG THU PHOI
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Ethnicity Sex Smoking Histology
History

- Carcindm tuyén > carcindm
gai-tuyén
* Nir > nam
- Khéng hut thuoc l1a > hat
thuoc
* Theo chung téc:
»Au, My: 3 — 5%
»>Nhat: 32%
»>Han Quoc: 36.4%
»Dai Loan: 55%
»Thai Lan: 57.4%

(Fukui T, Gen Thorac Cardiovasc Surg 2008; 56:97—-103) > Viét Nam ?



V| TRI BOT BIEN EGFR TRONG UNG THU PHOI

INACTIVE

Tyrosine
Kinase

C-Terminal

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



EGFR Mutations in Lung Cancer:
Correlation with Clinical
Response to Gefitinib Therapy

J. Guillermo Paez,'Z2* Pasi A. Janne,'2* Jeffrey C. Lee, '-3*

Sean Tracy’.'I Heidi Greulich, -2 Stacey Gabriel,®* Paula Hermzlun.'I

1200 Frederic J. Kaye.,® Neal Lindeman.,® Titus J. Boggon,"'
Katsuhiko Naoki,! Hidefumi Sasaki,” Yoshitaka Fl..|jii,.7
’ _ Michael J. Eck,’® William R. Sellers,’->*§

5 GGD__“ T i T o™ ‘I Bruce E. Johnson,'Z{ Matthew Meyerson'-3%}
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GEFITINIB VA ERLOTINIB NGAN, CHAN TIN HIEU
TU EGFR BOT BIEN

EGFR Mutated

Transmembrane ADD Gefitinib or Erlotinib
Domain

i Signaling | /

Regulatory Domain

Tyrosine
Kinase
Domain

37



Tumor response (%)

DAP UNG VOI THUOC UC CHE EGFR
PHU THUQC KIEU BOT BIEN

100

81 (153/188)

71 (87/123)

b
=)

h
o

0 (0/7)
G719X EX19 deletion EX20 insertion L858R

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



First-Line Gefitinib in Patients With Advanced Non—-Small-
Cell Lung Cancer Harboring Somatic EGFR Mutations

Lecia V. Sequist, Renato G. Martins, David Spigel, Steven M. Grunberg, Alexander Spira, Pasi A. Jinne,
Victoria A. Joshi, David McCollum, Tracey L. Evans, Alona Muzikansky, Georgiana L. Kuhlmann, Moon Han,

Jonathan S. Goldberg, Jeffrey Settleman, A. John lafrate, Jeffrey A. Engelman, Daniel A. Haber,
Bruce E. Johnson, and Thomas ]. Lynch
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Dap rng v&i gefitinib phu
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EGFR T790M: BOT BIEN KHANG THUOC
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Khang thuoc do

co’ ché khac

Khang thudc do doét bién

EGFR T790M

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



KHAO SAT BOT BIEN EGFR

gDNA

— - B ——— s/ /
> < -> < -> <

Genomic

PCR

Giai trinh tw chuéi DNA
RNA
-> <
RT-PCR

Giai trinh tw chuéi DNA



3. EGFR TRONG UNG THU PAI TRUC TRANG



« Pt bién EGFR trong ung thw dai trwc trang: rat hiém.

« 70% - 80% co biéu hién EGFR: Dich diéu tri cla khang thé
don dong

» Cetuximab cd hiéu qua hon trén bénh nhan cé biéu hién
manh EGFR dang hoat ddng (pEGFR) hodc c6 khuyéch dai
gen EGFR qua khao sat bang FISH



KHAO SAT BIEU HIEN EGFR BANG FISH
B G

Dual color FISH assays for probes of EGFR (green) and chromosome seven (CEP7, red). (A) Balanced disamy in
healthy colorectal mucosa. (B) Balanced disomy in tumor of patient 15. () Balanced low polysomy in tumor of patient 4. (D)
High pelysemy in tumor of patient |. (E) Amplification in a contrel tumor.



A polymorphism of EGFR extracellular domain is associated with
progression free-survival in metastatic colorectal cancer patients
receiving cetuximab-based treatment

(Goncalves A, BMC Cancer 2008;8:169)

Bénh pham 0
—EGFRR521K exon 13
l 0o - \ T EGFRWT
|
DNA |

"6 ] | 0=0.03

l

PCR: EGFR exons 6 - 14
02 - —

Sequencing i 5 10 15 20 25 30
Months after cetuximab

Probability of overall survival




KRAS Mutations As an Independent Prognostic Factor
in Patients With Advanced Colorectal Cancer Treated

With Cetuximab

Astrid Liévre, Jean-Baptiste Bachet, Valérie Boige, Anne Cayre, Delphine Le Corre, Emmanuel Buc,
Marc Ychou, Olivier Bouché, Bruno Landi, Christophe Louvet, Thierry André, Fréderic Bibeau,
Marie-Daniéle Diebold, Philippe Rougier, Michel Ducreux, Gorana Tomasic, Jean-Francois Emile,
Frédérique Penault-Llorca, and Pierre Laurent-Puig

J Clin Oncol 26:374-379. © 2008 by Amencan Society of Clinical Oncology
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Wild-Type BRAF Is Required for Response to Panitumumab
or Cetuximab in Metastatic Colorectal Cancer

Federica Di Nicolantonio, Miriam Martim, Francesca Molinari, Andrea Sartore-Bianchy, Sabrina Arena,
Prercarlo Saletts, Sara De Dosso, Luca Mazzucchell, Milo Frattini, Salvatore Siena, and Alberto Bardelli

J Clin Oncol 26:57056-5712. @ 2008 by American Society of Clinical Oncology

P — Wild-Type BRAF
90 ‘:i - - = Mutant BRAF
' P < .0001
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Wild-Type KARAS Mutant KRAS

= S0 PD

PR: partial response, SD: stable disease, PD: progressive disease 49



LIEN HE GilJA EGFR, KRAS VA BRAF

Vy EGF-receptor antibodies

\ 4
\ 4

v inhibit ligand binding
and activation of the
' intracellular signal

The KRAS
mutation leads
to permanent
activation—
independent of
the EGF receptor
’l

cascade
-+ yrosine kinase

- Proliferation

~ Migration
- Angiogenesis




DU DOAN BAP UNG VOI THUOC UC CHE EGFR
(Xam: nhay, den: khang)

TGFz [ Amphiregulin [ Heroguiin RS ADAM 17
iy
N o

I EGFR amplification HER2 ampilification
Receptors I o\
EGFR expression? | | | E-cadherin
Cell membrane r ||
EGFR-TKI Ras | E-cadherin
—l /4 | || overexpression
Exon 19 deletion, L858R K-ras mutation [N 'IUI'
: S0Ss
EGFR mutation
Exon 20 inserion, T790M ’f
¥ | GRB2
PTENL [ P13k l
Loas.ot FTEN ¥ j Signal tranducers I
AKT STAT3 MEK
Increased phospho AKT l

Factors associated with sensitivity

Factors associated with resistance

f Gene transcription
Cell-cycle progression

ff
DNA={] Myc =/ B Cyclin D1
\() N\

M;.rc CyclinD

o

Ay

_([J_ramojc(_)__H, British Journal of Cancer 2007;96,857 — 863)
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EGFR TRONG UNG THU PHOI VA Ul

HER-2/neu TRONG UNG THU VU

KIT YA PDGFRA TRONG U MO DEM 1
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‘McCracken et al., CA Cancer J Clin 2007
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Ung thw v dirng dau trong
s6 nhirng ung thw thwong
gap trén phu nir thuéc cac

chung toc khac nhau.

Theo co’ ché phan tir, ung thw va cé thé dwoc
xép vao 3 nhom, véi nhirvng hwéng diéu tri

khac nhau:

BREAST CANCER
S ——|

MOLECULAR BIOMARKERS

ER HER2 BRCA1 ?

1. Nhédm c6 estrogen receptor (+): 60-70%

2. Nhém HER-2/neu (+): 20-30% - - -
3. Nhém c6 mang dét bien BRCA1/2: 5-10% |
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PANH GIA HER2 BANG IHC VA FISH




Path\VWsion HER2 DNA probe

i i
Chromosome 17 Chromosome 17
HER2/ neu
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Trastuzumab dwo'c khuyén dung cho bénh nhan
ung thw vi cé tang biéu hién HER-2/neu qua khao sat

bang immunohistochemistry hodc FISH

Chi c6 30% bénh nhan cé

dap wrng v&i trastuzumab

\4

Ngoai HER-2/neu, yéu to nao giup dw

doan dap trng diéu tri?




Mot trong nhirng dong thac tin hiéu ndi bao lién quan dén ung thw va
receptor tyrosine kinase (HER-2/neu) la PTEN/PI3K/AKT.
Binh thwérng PTEN c6 chirc niang (rc ché ndi tai trong con dwéng nay.

Pét bién cuia PIK3CA gap trong 25-30%, mat chirc niang PTEN gép

trong 50% trwrorng hop ung thw vu.
59



Responss rale [%
2 =

=

OCR, PR
BNC, PD

N =37

NN NN

: PTEN (3+,2+) PTEN (1+,-)
100 M CRPR o9 E:g‘.:; ::‘ "P<0.01

g e Fujita et al., Brit J Cancer 2006
§ (L g

§«~ - Mat biéu hién PTEN la yéu

€ 2 to tién doan dap rng kém

e =% 0 A -M— ' v&i trastuzumab
FTENIRS PTEN IRS

60

Nagata et al., Cancer Cell 2004



PIK3CA a7y (H1047R
1068 aa Esf[gfﬁ N1044K 1?1#}? 139

PSIOR| Esask
C420R  12) (20) M1043V

BN oo (1) Hm;n
448K \ (1) T10258 (9]
(1) (1)
QROK K11IN NJMGK HTOIP Eggq, A 1049R

oM @
PSRN = |
f CBons Bxonz0 105

Phan I&n dot bién cia PIK3CA xay ra & exon 9 va 20

)

N

(1) b (1)

Dot bién PIK3CA lién quan véi tién lwong xau khi diéu tri bang trastuzumab

(Berns et al,. Cancer Cell 2007) 61
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Pandolfi et al

=

Trastuzumab
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,. N Engl J Med 2004
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Ung thw vu

1. Estrogen receptor
2. CYP2D6

v

Tamoxifen

Aromatase inhibitor

1. HER-2/neu
2. PTEN

3. PIK3CA

4. K-RAS

\4

Trastuzumab




Trastuzumab-Resistant HER2-Driven Breast Cancer Cells Are
Sensitive to Epigallocatechin-3 Gallate

“ 1 - - 2 - = . « 1
Sean F. Eddy, Susan E. Kane. and Gail E. Sonenshein

"Department of Binchemistry and Women 5 Health Interdisciplinary Research Center, Boston University School of Medicine, Boston,
Massachusetts and ‘Division of Molecular Medicine, Beckman Hesearch Institute of the City of Hope, Duarte, California

Cancer Res 2007; 67: (19). October 1, 2007
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EGCG c6 trc ché trwe tiep HER-2 khéng?



5. KIT VA PDGFRA TRONG U MO PEM PUONG TIEU HOA



U mo6 dém dwong tiéu hoa:

» Gastrointestinal Stromal Tumor (GIST)

« Diéu tri chinh: phau thuat

P

Khang v&i cac phwong thire hoa tri cd dién

Khodng 95% c6 mang ddt bién gen KIT hoac

DGFRA: Dap rng voi imatinib

Pot bién gen KIT:

» Gastrointestinal Stromal Tumor (GIST)

» U té& bao mam (budng trirng hodc tinh hoan)

« Ung thw mau cap



Gain-of-Function Mutations of c-kit in Human
Gastrointestinal Stromal Tumors

Selichi Hirota,” Koji Isozaki,” Yasuhiro Moriyama,

Kojl Hashimoto, Toshirou Nishida, Shingo Ishiguro,
Kiyoshi Kawano, Masato Hanada, Akihiko Kurata,
Masashi Takeda, Ghulam Muhammad Tunio, Yuji Matsuzawa,
Yuzuru Kanakura, Yasuhisa Shinomura, Yukihiko Kitamurat
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PHAN BO BDOT BIEN KIT TRONG GIST

Domalns

EC
M
TK

Kl

Type of Mutations

* Duplication of Ala-302 and Tyr-303

—* Various types of mutations between Lys-330 and Arg-586
— Point mutation of Lys-642 1o Glu

M —* Point mutation of Asn-822 to Lys or His

T

Frequency

-5%
~§0%
".Wu

"H":l

Exon 9
Exon 11
Exon 13

Exon 17

(Kitamura Y, Cancer Sci 2003; 94: 315-320)
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Thém 6 bp & exon 9

Pét bién & exon 13

N

502 642
Thr Ser Ala Tyr Phe Asn Phe Ala Phe Lys aGl‘u }‘fu( }.)rs‘ :’alc g-'?ua :

LT ICTT BECTORHY TTITHhIEET TFTe€aTsTree 6t

642

502 Glu Leu Glu Val Leu
Thr Ser Ala Tyr Ala Tyr Phe Asn Phe Ala Phe

S FPITY RE T RNAPESC CETET Y TR IRNE T OE &Y X

GA A C TrEETRAEETIT CTHANES




PIDGFRA Activating Mutations imn

Gastroimntestinmnal Stromal Tumors

Michaal . Hedimrich,"* Christopheaer L Corless_ =~
Anastte Duensing,.” Laura MoSreeweay,! Chamng-Jie Chemn,=
FMMora jJosaph,® Samuel Singer, Diana . Griffith, " Amndrea Haley "
A jim Town," Goorge D. Dermaetri,~ Christophar . M. Fletchar =
Jomatham &, Fletchers-=

Science 2003;299:708-710

- tyroairs A-= == 50
KIT-WT | 105
‘ 75
B
200 kD
KIT-mt == == o
PoGERA s 108
75
IB: PDGFRA
Z 2 Number
PDGFRA region Mutation of GISTs
Activation loop D842V 8
(exon 18) Del DIMH842-845 1
Del HDSIN845-848P 1
Juxtamembrane V561D 1
(exon 12) Ins ER561-562 1
Del RVIES560-564 1
Del SPDGHES566-57 1R 1
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PHAN BO BOT BIEN KIT VA PDGFRA
TRONG GIST

: 2 /
5 immunoglobulin-like loops
Extracellular (ligand-binding) domain
(EC) A

\
) X
Transmembrane domain
Juxtamembrane domain (JM)

First tyrosine kinase domain |:f',
(TK1)

Kinase insert (Kl)

Second tyrosine kinase domain |F1
(TK2)

Location of primary and secondary
KIT and PDGFRA activating mutations

KIT exon 8
KIT exon 9

KIT exon 11

P) KIT exon 13

KIT exon 14
KIT exon 15
KIT exon 16

KIT exon 17

Oncogenic activation of signalling networks

SFK/STAT

Rac/Rho-JNK
Ras/MAPF kinase

Decreased apoptosis
Increased proliferation

PDGFRA exon 12
PDGFRA exon 14

PDGFRA exon 18



Prmary KIT and POV FRA
mutatons identified in GISTs

Gene Exon from imatinib clinical trials (n) Sensitivity to imatinib mesyate
KIT a Alas02 Tyrad3dup Sensitive to imatinib in wito™
Compiete remesion in 5%, partial response in 29% , stable
disease in 47 %, progressive disease in 17 %% as eported by
EQRTC phase Il trial®*
A high-do=e regimen inoeased progression-fres survival®®
11 Deleton Adelel on—inserBon Most common mutants sersitive to imatinib in vitre™
Substitution Rare Val559lle mutant reSStant to IManmp in vito
Duplicaion Complete remission in 6%, paral resporee in 61% , stable
disease in 25% , progressive disease in 3% as reported by
ECRTC phase 1] trial®®
1= Ly 20 0u (B Sensitive to imatinib in witno™
Glus3SLys (1) Partial respornse or stable disease reported in all nine
caspetI-35.04
17 AspB My (1) ALnB22] we and A<nB22HE sersitive to imatinib in vitra™
ALAB22] we () Partial resporse reported in four mutants induding
Asn822His (2) AsnE20Tyr, AsnB22Lys, AsnB22 His™-** Primary resistance
re ported in AsnB822Lys mutant””
FOGFRA, 12 Aepse1Val (4 HAeps61Val and some other exon 12 mutants tested
Celetion Adelebon—inzerion sensiive to imatinib in vitro™ """ Objective response
Duplicaion, insertion rr:pum in the majorty of a few cases treated with
imatinib™**
14 Asne5alys This mutant tested sensitive to imatinib in vitrg™
Mo climcal expedence
18 AzpB47 HisB45del (2) come of these and similar mutants tested senstive to
AspB4? MetBaddel (1) imatinib in witro® 77 Objective response reported in the
lleg43del (1) majority of a few cases treated with imatinib® ™
lleB43 HisBa5del (1) AspB4AVal resistant to imatinib in vitro®=2=29117
BepBA R al (7 stance repo in seven ases induding
Aspaasval (1) AspBaeval™>"% dable disease in one case after 5 months
of imatinib treatment =5
KIT 9 11, 13, 17 Wild-type Partial resporee in 23% , stable disease in 50%, and
POGFRA 12, 14, 18 Wild-type progressive disease in 19% as reported by BEORTC phase (I
" 48

tri

(Lasota J, Histopathology 2008)
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Trwéce didu tri I

Imatinib (2 tuén)- |

September 27, 2000 -




Alive ( %)

HIEU QUA DIEU TRI GIST BANG IMATINIB

100
90 —
80 -
70 -
60 —

Mo. at risk Median duration 95% CIl

Treatment Months: O 12 24 36 48 60 {months) LL UL
400mg 732 BZ 64 42 34 26 57 35 MNSA

— G00mg 74 B6F 58 46 39 28 B7 A MNSA
mmem Pooled 147 129112 88 73 B4 B7 44 MSA

50
40 —
30 —
20 —
10 —

6 12 18 24 30 36 42 48 54 60 66 72

Time Post First Dose (months)

(Blanke CD, J Clin Oncol 2008;26:620-625) "



KHAO SAT BOT BIEN KIT VA PDGFRA

KIT
Exon 9-11 Exon 13-18

- < -> <«

RT-PCR

v
Giai trinh tw chuéi DNA

PDGFRA

- <-

RT-PCR

Giai trinh tw chuéi DNA



A Recurrent Duodenal Gastrointestinal Stromal

Tumor with a Frameshift Mutation Resulting in a
Stop Codon in KIT Exon 13

Hoang Anh Vu,'? Phan Thi Xinh,'? Makoto Kikushima,' Yi Zhu,' Makoto Tekuhara,’ Masayoshi Tani,’
Toshio Shimizu,? Kiyoshi Saito,” Katsushi Tﬂkunaga,z and Yuko Sato'’

A GENES, CHROMOSOMES & CANCER 42:179-183 (2005)

T h‘A i i |

Wild-type AAG GTT GIT GAG GAG ATA AAT GGA AAC AAT TAT GTT TAC ATA GAC CCA ACA CAA CTT|CCT TAT GAT

sequence 558 559 560|561 562 563 564 565 566 567 568 569 570 571 572 573 574 575 576
Lys Val Val [Glu Glu Ile Asn Gly Asn Asn Tyr Val Tyr Ile Asp Pro Thr Gin Ley

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

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

B C

Forward Reverse
Wild-type ~ ATG TCT GAA CTC AAJA] GTC CTG AGT TAC C G GTA ACT CAG GACTITT GAG TTC AGA CAT
Sequence 53 639 640 641 642 643 644 645 646
Met Ser Glu Leu Lys Val Leu Ser Tyr
Mutated ATG TCT GAA CTC AAGTCC TGA GTTACC T G GTA ACT CAG GAC TTG AGT TCA GAC ATG
sequence

Met Ser Glu Leu Lys Ser STOP



Cas-L was overexpressed in imatinib-resistant gastrointestinal stromal
tumor cells Cancer Biology & Therapy 8:8, 683-688; 15 April 2009]

Lle Ba Thao,!2 Hoang Anh Vu,! Kazuki Yasuda,?® Shigeki Taniguchi,® Fumiharu Yagasaki,? Takahire Taguchi,® Toshiki
Watanabe? and Yuko Sato!*

GIST-T1 GIST-T1 IR
Cas-L -
Anti-actin
p-SRC(tyr416)
total-SRC
p-FAK(Tyr397)

total-FAK




Green Tea (-)-Epigalocatechin-3-gallate Inhibits KIT Activity and Causes Caspase-
Dependent Cell Death in Gastrointestinal Stromal Tumor Including Imatinib-

resistant Cells

Hoang Thanh Chi'?, Hoang Anh Vu'. Reo Iwasaki'. Le Ba Thao'. Yukihiko Hara’.

Takahiro Taguchi®. Toshiki Watanabe”. Yuko Sato'

GIST-T1 GIST-T1IR
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Ovarian dysgerminomas are characterised by frequent KIT
mutations and abundant expression of pluripotency markers
Christina E Hoei-Hansen* 1, Sigrid M Kraggerudt2:>, Vera M Abeler3,

Janne Kern4, Ewa Rajpert-De Meyts! and Ragnhild A Lothe?>
Molecular Cancer 2007, 6:12

Normal blood 816 Case PT-49 816

TA G € R G ;';IT ¥ C| AT CA AG

Case PT-16

G GT CEK G




MO HINH XUAT HIEN U TE BAO MAM O BUONG TRUNG VA TINH HOAN

Nom al spermatogonia
male, XY %
CIs

TESTIS SEMINOMA

GONOCYTE (g) —» - O ()

é- o>
//' NON-SEMINOMAS

(dy=s ganetic gony)
® —> © P . ® GonapoBLASTOMA

o8
chromosome
P \composition* %@ \

17 proliferation, e.g. KIT mutation @ @®
QOCYTE @ > @ 0 DYSGERMINOMA

female, XX
Normal primordial follicles NON-DYSGE RMINOMAS
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