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2. Oncogene

1) JEIEIGF OncogenesDHEEE
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Cell Membrane
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MNABEELRF

(1) DAEEF
i e 1 JiE
IBE. RE. BB

(2) BAHIHELEIRF

Gatekeeper genes

HRRIEEE., 7Rb— R
R&.EE

(3)Ea—TFT—A—EIEF
B A ZEIREE 22 D il 1] Caretaker genes
SAVYFIEE. REEE
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2. Oncogenes MNAEILF

JZ1821{5F Oncogenes

SEMHEABIZEVIEIEIZEGEIZF DT
FHRRIBEDT It

Proto—oncogenes JE[RI1E{EF
L e

Oncogenes
Cellular oncogenes (c—onc)
Viral oncogenes (v—onc)
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ENAVEELEFEE (Oncogenes)

B = T (1S / Chemical C cinoi, ens

(i} =12 ‘ »

DNA Damage <«— Radiation { L
/ RInfoctiousAgcntsm

S

Point Mutation Translocallon Amplification
REE SR IEIE

Transformatlon
5 B ERiR
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ERETEN

- Autocrine
*Paracrine
Growth factor receptors
Growth factors
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i e 15 9B & ez i A

RN R FZ A

18 5E

. 1

X

- Autocrine (B2 %))
‘Paracrine ({E5 i)

%

inactive growth
factor receptor

inactive
intracellular
signaling
proteins

nucleus

inactive gene

‘regulalory protein

(A)

NORMAL RESTING CELL

growth
factor

gene required
for cell proliferation

activated growth

1 5l Rl F D 18 00 [ &
AR DIETEE
JLET S

activated
intracellular
signaling
proteins

-

activated gene
“r‘cgulatory protein
/

r'—. i

transcription

(B) NORMAL PROLIFERATING CELL
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(1) ¥85E[EF Growth Factors

e [M/]Mfx B SKRIEFEEA F platelet-derived
agrowth factor (PDGF)

— §Is : Overexpression
— astrocytoma VEGF: Bevacizumab (KN A)

. {843 MRS ETEE T fibroblast growth
factor (FGF)

— hst-1, int-2 : overexpression

— osteosarcoma, stomach ca., breast ca, ......

I AOXZEZERRE
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R T 2k

inactive growth
factor receptor

1558 EF

growth
factor

activated growth
factor receptor

i

! 4

N
N
"

inactive
intracellular

activated
signaling intracellular
proteins :U signaling

proteins
nucleus

¢
¥
L

inactive gene

‘regula!ory protein

activated gene
regulatory protein
W Wy
~

-~ "—. i

transcription

gene roquired
for cell proliferation

(A) NORMAL RESTING CELL

(B) NORMAL PROLIFERATING CELL
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(2)  Growth Factor Receptors

RREFZER

* EGF receptor EGFR: cetuximab (KEFhHYA/)

— ¢c-erb B-1 : overexpression

— lung SCC (80%), gliomas

HERZ2: Trastuzumab
(344
— c-erb B-2 (neu) : amplification

* EGF receptor family

— breast ca., ovary ca., stomach ca.
— ret : point muation

— thyroid medullary ca.
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HERZ2 Gene Assessment by FISH

<2.0 Not Amplified =20 Amplified 17912 J§
(FISH-) (FISH+) oh 17
I OXZFEFERRE
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(3) S1gnal-Transducing Proteins

T FIGE

e c-abl : translocation
—ch.9q IZTRFTE Philadelphiast & {& (Ph1)
—ch. 22q D bcrBME T B EREA#C T

— ber-c-abl gene — tyrosine kinaseEE 4

s RS LA

— chronic myeloid leukemia (CML),
acute lymphoblastic leukemia (ALL)

Chimera gene — fusion protein
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IR F AR 18 5il (K] 7
inactive growth h activated growth
factor receptor ?;;: factor receptor

B

inactive
intracellular
signaling
proteins

activated
intracellular
signaling

proteins

nucleus

inactive gene

‘regulatory protein

activated gene
“t‘egulatory protein
/

/'—.

N
-~

transcription

gene required
for cell proliferation

(A) NORMAL RESTING CELL

(B) NORMAL PROLIFERATING CELL
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inactivate growth
factor receptor

inactive
., intracellular
signaling protein

abnormally active
intracellular
signaling protein

activated gene
regulatory protein

Wiy
& |

N
-

transcription

CELL PROLIFERATION
IN ABSENCE OF GROWTH FACTOR

(C) PROLIFERATING CANCER CELL



(4) Nuclear Transcription Factors

LIRCAPN e

« Z I Doncoproteins: myc, myb, jun, fos, rel
e myc  (FEAEETDHMRRTHEHTLNS
—signal > mycER T — DNA&KGE

— MERERE R EF (cyelin D173 &) &1k
— mycEEB DA EIE

— ¢c-myc : translocation — Burkitt’s lymphoma

— c-myc : amplification — neuroblastoma (N-
myc), lung small cell carcinoma (L-myc)

WO RZFEFERRE



FISHIZ &K AMYCiE{zFIEIEDIR A

Homogeneous staining regions (HSHKS
lDouble minutes (DM)

l

v’ c—myc
~
S ‘ /’0
N

c—myc 3 4

@ ~_ /' ', c—myc
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2. Oncogene

2) 75§/Ui§{£?0)5§1$1t*%ﬁ; -Autocrine (HC2 %)

-Paracrine ({E5 i)

Growth factor receptors

Growth factors
@) HABRF O O O®m*37

O LB ) Bt

:/77_ iﬁ/ Transcription faQtors ﬁﬂ?ngﬂﬂz

@ GEE
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ENALEEEEFEE (Oncogenes)
‘/ Chemical Carcinogens

/ W~ Infectious Agents
@ (‘% & )

mt Mutation Translocahon Amplification
REE BrEE g

Transformation @ EELTFDEE

W AXRZEFERE




(1) Chromosomal Translocations

Rearrangement (F

o+ REETH MO REBIRICHTE
- faR: HEDEGFORERERNIG R

» ENERIZE TS5

T iE Rk )

— Burkatt’s lymphoma : t(8:14) ..... c-myc
— Follicular lymphoma : t(18:14) ..... bc/-2
— CML : t(9:22) .....

(Philadelphia chromosome) t(9;22)(g34:q11)

ber-c-abl

W ARZEFERRE
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CML 21

=B RETE B MR

\-

Chronic myelogenous leukamia

W
b
;

L

B 10
e
-g_‘.
16
(R
La gy
21 2
N eteit e

¥
.

K

44

12

-“-c-abl U - I

(9;22)(q34;q11)
Philadelphia chromosome (Ph1)

m 0]

~ ~

bcr

Phl
£22

9

N

der 9

Reciprocal translocation betyeen one ¥ 9 and one #22
chromosome forms an extra-long chromosome 9 (“der 9%)
and the Philadelphia chromosome (Ph1) containing the
fused abl-bcr gene. This is a schematic viev representing
metaphase chromosomes.



Philadelphia chromosome  cu = v—H—

The Philadelphia Chromosome and Chronic Myelogenous Leukemia (CML)

Normal Chromosomes Translocated Chromosomes

=
ﬁaumisﬂs (Glivec)h\ EBHNT 3
Imggitib (5 FLREI5E) B

- ...location - fused
bl gen abl-ber
a g e bcr gene = gene _) —
9 22 9 22 (Philadelphia
elongated chromosome)

The translocated abl gene inserts into the bcr gene.The two genes fuse.
The altered abl gene functions improperly, resulting in CML.

Chimera gene Cell proliferation

Fusion protein ==pP9{ ()bcr abl Decreased apoptosis
AKX FEZERHE
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EﬁEZJ (Follicular B—cell lymphoma JERITEBHAAIE) /N

[Tl
1]
N

In the cancerous B cells, the portion of chromosome 18 containing the BCL-2 locus(18q21)
has undergone a reciprocal translocation with the portion of chromosome 14 (14q32)
containing the antibody heavy chain locus. This t(14;18) translocation places the BCL-2

gene close to the heavy chain gene enhanegto, = o osm
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ENALEEEEFEE (Oncogenes)

DNA Da:y

/ Chemical Carcinogens

44— Radiation
W~ Infectious Agents

@ / (a)

Q’oint Mutation

(b) (c) \

-
Translocation Amplification /

Transformation @

X6 W AXRZEFERE



(2) ng}t Mutations
« B FESEIZ. DNAOTEDXY
LAFRIZRE IEA.ZENRAE
R SRV RAEER, UV RER,
JL—LIDNER

Ve Glycine to varine

* ras point mutation (arF>12,61)

— pancreas ca. (90%), colon ca.(50%),
thyroid ca. (50%), lung ca. (30%), AML

(30%)
GTPaseD;EFHET = HHAZIEIE

Cetuximab (JiEGFRIAR) [IK-rasIZZEE DLV KIGIEIZHB®h WAXRFEFERE



Guanine nucleotide
Exchange Factor

GRB2
%
GDP GTP
E Ras cycle

Inactive EFFECTOR
hydlolyms ’_/ Raf
R
RasGAP

GTPase Activating Protein \

RasGAP @

SR Al

GTPaseD;EMHET = HHEIE5E i
Cetuximab (JIEGFR}LIA) [XK-rasIZZEE DLV KIGIEIZHA D
O AREFEBRE

SOS

Glycine to varine

(ak>12.61)

RTK
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ENAELEEIEFEE (Oncogenes)
/ Chemical Carcinogens

DNA Damage

o

@)

«4— Radiation
W~ Infectious Agents

@ (b)
h & i

Q’oint Mutation Translocation

(c)

Ampliﬁcation/

Transformation @
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(3)

« DNABEHIDEEEIBIF

. ERIEE D

— neuroblastoma (30%) : N-myc
— breast ca. (40%) : c-neu

— lung small cell ca. : L-myc, N-myc

Gene Amplification

E{nFIEE

— f58 : double minute chromosome (DM),
homogencously staining region (HSR)
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FISHIZ &K AMYCiE{zFIEIEDIR A

Homogeneous staining regions (HSHKS
lDouble minutes (DM)

l

v’ c—myc
~
S ‘ /’0
N

c—myc 3 4

@ ~_ /' ', c—myc

LaESEAAT
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HER? Gene Assessment by FISH(17g12)

Trastuzumab; HerceptinM E A D A

\

:

. . : : Y] v MY 5 RN
<2.0 Not Amplified >2.0 Amplified Z|.Je= #E 5%

(FISH-) (FISH+) HER-2% =3
W OAFESRE R




NABREBREF
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/ AL IEIE D (R | FHAZSED

B, £E. BiEK

(2) BANFLER T
MRAIEIE ., 7Rh—2 R

Gatekeeper genes

(3)2a—T—4F—EEF
B IAZEIR T BB ) #l| 1] Caretaker genes
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Evidence for tumor suppressor genes

TSGHOTFHET HELVDEFHL

- Cell fusion studies(FHfa Rt & EER) -

A normal cell fused to a tumor cell
produces a nontumorigenic hybrid cell

[EREHflEfRzmestEsHE?
*Human hereditary cancer syndromes

EIRE. RIEEICHALNDEE

EEEGFICEALTOREEEVN DD FFELEOIBIEE)
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Tumor Suppressor Genes

eSS T

* Genes which code for proteins that

suppress tumor formation

- FHAIEIBI XL TIXTL—F D& H (5
-5 1E D HH

15)

* A mutation that creates a deficiency in the
‘suppressor’ gene product would contribute

to carcinogenesis

ZTDEGEFEVDEETHNIIEIEZHSIED TELHELFH

= EE[REzbl0T

W AXRZFEFERE



NAHHLERFEREENA

WMADT)ILNEE
(REMNEE)

.

M AANFIEILF

Mallele D R 5

MmalleleDZEE

: allele D REKLEE
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\

WOXFEZERE
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NORMAL COLONIC EPITHELIUM j(ﬂ%ﬁ:% [:j% ('j-é %EXB %J:;

(OI QIo] >

{omozygous loss of APC locus on 5q

U}'J D a B Cels look norme Mutation of ras on 12p
&) M ﬂ 8 Cells proliferate and
'-.U °..UJQJ : 1

form an adenoma
R . | en * 6 mwuymmo'occ“‘18q
0 e v More pfO“Qratbn. largor '
aa . - cells look abnormal adenoma

i CEp. >

INVASIVE CARCINOMA




Inherited cancer syndromes

BG4 IEEIERE

BREECEAZEVESIEREN —REETHLIRIKEES

*Li-Fraumeni syndrome — p53, breast, bladder,
sarcoma

Familial retinoblastoma — Rb, retinoblastoma

Breast, ovarian cancer — BRCA1, BRCAZ2

W AXRZEFERE
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Oncogeneld 7 ILD—ANREETHNIL., FILIZHF ST 5
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Multi—step carcinogenesis (ZEZBEFHA)

@) gglflma' — HEDEFDFEEBIEFISCHERE—
Persons with hereditary cancer
— —HDTIIVICEFENGENEERHD !
|ﬂ \\ //*\\] First =Germline COEE
&._//' &// Mutation
;¥ ) Oncogene @ germinal mutation|ZEFE Y
/o =N T
AN ,/ \‘ \ / S d =] 2T
() (3% ) @/ Second ——— [BELLTORE—|
S ,—\-_. o ‘:-\
0O @) @) @ ms
/) &/ \ ¥/ \ S Mutation
— ~N\ /= “ G ) Fourth
(O)) (@) (&) (3 D) Later
\ \,__// \// \ = / \- / e Mutation
gallignant
ell

Cancer usually arises in a single cell. The cell's progress from normal to malignant to
metastatic appears to follow a series of distinct steps, each controlled by a different gene
or set of genes. Persons with hereditary cancer already have the first mutation.

LI O K 5 [ SEATREE






A AMAGIEE Retinoblastoma

* Rare malignant tumor arising from immature neurons in
the retina

13vs. 30 B A

* About 40% of cases are associated with a germline
mutation (60% are sporadic)

RIRIE. BEIRE

Phosphorylation
of Rb by Cdk/cyc
releases E2F

r2F

Free E2F can activate S
(200kb, 27 exons, 928 amino acids) phase genes




Inherited germline Rb

Affected child inherits one defective Rb allele, together
with one normal gen

HER: —ADT7LILNEE, 1A XEE

If the remaining normal allele 1s inactivated by deletion
or mutation, the loss of its suppressor function leads to
development of a retinoblastoma

e i =5 i e

Thus, susceptibility to retinoblastoma is inherited in a
dommant fashion  _x g7y ) stimsic e noTIS

~
13q14. 2 - — "W 48 4% o 5
(200kb, 27 exons, 928 amino acids., 110kD)Rb L s&m

W AOKRZFEFERRE



Sporadic retinoblastoma
BT T4 A I SF il A A

* Child 1s homozygous for two normal Rb alleles
HAER: 2 7YILEDLER!
- Both alleles must be 1nactivated in a retinal cell

for disease to develop
2 FYIVEBICERLGDIENREICEIDLE

- Sporadic disease 1s rare (1/30,000)
HREFEILIHBAIZTA

13q14. 2 xx > xx 13q14. 2 :: :>::
: W W q W WY

W AXRZFEFERE
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SADY IRt A EIE S )

* pRb : retinoblastoma gene product

= %cgve (pRb) <—— inactive (pRb-P)
q

— G, — S transition % H]1l]
. p33
—ch. 17p13.1
— B FDIEZFRIC G, arrest, DNA repair

— one mutant p53 allele ..... Li-Fraumeni
syndrome

(breast cancer, sarcoma, adrenal carcinoma at young age)

W AR EFERRE



e JEHEE{EF P53

lonizing radiation
Activated oncogenes

e o U HPV (human papilloma virus)

=

|
r | | *Aflatoxin B1/£3K>249Dtransversion&
| AT TR by
| L CG=TA

>

P53(LABIKELTHETS

Nature Reviews | Cancer
I O K EZF AR E



DNA Damage Response

v A < DNARIGIEE

=] [
\ J 4 FHOR

o°-=>P21 cycli

I. inhibitor

expressed

pS3 DK-Cye¢lin
Cancer HiRa A% .
or G1-S boundary C{=1E Tal/xacr\ B??i{f;;—n
apoptosis
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Oncogenes vs. Tumor Suppressors

Oncogene concept - Tumor suppressor concept
Mutant gene product is - Normal suppressor gene
dominant product is dominant

—FHDTLUITLEEST S

Results in synthesis of an

abnormally active mutant - Both alleles must be lost to
protein produce a deficit in a cell
— e.g., mutant ras21 - e.g., pRb, p53

;¥ ) dominant negative effects

W AXRZFEFERE



EAABEEETEEERT 2EE

Cancer related genes Associated Neoplasms

ERB-B2 Breast and ovarian carcinomas

RAS Many carcinomas and leukemias

SIS Gliomas

ABL Chronic myelogenous leukemia,
Acute lymphocytic leukemia

c—MYC Lymphomas

BRCA-1 Breast and ovarian carcinomas

APC Colonic adenocarcinomas

NF-1 Neurofibromas and neurofibrosarcomas

Rb Retinoblastomas, osteosarcomas,
Small cell lung carcinomas

po3 Many carcinomas

BCL-2 Chronic lymphocytic leukemia, lymphomas

W ORZFEFERRE



Cellular Genes Associated with Human Cancer Susceptibility and Expression

Human Genes Associated with Cancer Susceptibility and Expressions

Affected Gene Chromosome Associated Cancer
Oncogenes:
ABL 9(g24) Chronic myeloid leukemia
c-MYC 8(q24) Burkitt's lymphoma
RAS 12(p) Variety of cancers: colon, lung,
pancreas, leukemia
N-MYC 2(p) Neuroblastoma, small cell cancer
of lung
RET 10(q11) Medullary thyroid carcinoma,

PML/RAR-alpha

Tumor Suppressor Genes:

multiple endocrine neoplasias
t (15;17) Acute promyelocytic leukemia

APC 5(g21) Colon carcinoma
BRCA 1 17(g21) Breast and ovarian carcinoma
BRCA 2 13(q12-13) Breast carcinoma
p53 17(p13) Variety of cancers,
Li—-Fraumeni syndrome
NF1 17(q11) Neurofibromatosis type 1
RB 13(q14) Retinoblastoma, osteosarcoma
WTH1 11(p13) Wilms’ tumor
Mismatch Repair Genes:
hMSH2 2 (p16) Colon carcinoma

W AXRZFEFERE




FhYA Eepigenetics

FIZ X
Genetic changesé&epigenetic changes&[Z k5

MR RITFRL TR EITRFSNHDNAREELI DXL
FOGEWEEFRIRICET A E

‘DNAD A*F )1t
"ERRDRRAFILAE
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BIGFAF IV EEEFFIRHNH

A E AR “Overall hypomethylation and
Regional hypermethylation”

e MG S ®
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(2) BRAHIFIEEF
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Cooy nurnoar gz (2rnolifieztion) Fusion GIIGENES
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Cooy nurrnozr loss DNA LIEaK
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Cooy nurnoar gz (2rnolifieztion) Fusion GIIGENES
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Cooy nurrnozr loss DNA LIEaK

(GO AUMGEREElT)
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PRI
Xeroderma
pigmentosum




Xeroderma Pigmentosa (2 3= 1452 B2 fiE)
FI2EH

A
.,.FH..H...f.,.%"lli“ T

l Hucleasze cuts out large damaged

DHA section.[azzizted by DHA helicase)
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uy light cauzes
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lDHFI ligase fills in backbone.

OHA has become disrupted by

A frmten bl o

Excision repairs



DNA Damage Response

o°-=>P21cyclin
inhibitor
expressed

DK-Cy

Cancer . _ RILAF RIBEEE
c Inhibition of cell cycle progression

or at the G1-S boundary
apoptosis



3z = ViR
DNA fEELEE™S Autosomal recessive disorder
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