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1. 4 B

AFE 49U AFHY FAAE FAEY
A £59 4TE $3a 2 24, T4 2
Hol7|AE FHHLEN FFHOR IS d
waka 2710 Aasy AN FF JEHH
E46 gte HEE 87t beEA 2 o
HAE £ Yok H2 e udH TE AN
AAEo) ¢ MEW FAR o)) AN
FAAE GHNES WFHE ¥FFHA A
¥ ARos RFHR Atk olHF Al
#qsE FAAE A F AR e &
$ A (oncogene) o™ olE¢ ot wd, A
# P gduo) Fol AF /AR B
(activation) 7} &tAlel] 713, o& 3shut
£ A A AR (tumor suppressor gene) ol ™
olg9 AE B EdWold A% FAARA
k2] ¥ @43} (inactivation) 7} Al 714
o 4A2 ¢ DA (multistep) 2 LA
gohe Jhdel ¢ty A7 Ee gAY
24 (29 1-DA AFHE old odd &
AdME FF 47 FA FAAA AHAR

o R8st #stn od dAdME FE
AR A fAAA AR KA v R 2}
7b #jdA Boh AR A7E FARY
9 29 (29 1-2)% 2919 W3 29
ol Aol AAAM frAHte

GAEANN BAHE FARS o] Be £A
#x02 % A2 st 94 (dominant) &
2 FfARY 7% YFo| oo &3 &
s G4 (recessive) 22 FAIfAA
7% &4dol oo £ (R D. Fr2PAx
AR FeNE $402 TEHo2 I
Bojdhs GHAA B 4o FFEHOE
Aol Bejste GAARAAT B T2
¥ 9¥e s Aog gHARL Y (X 2),
FRARG QME dAAAAE ogu AdE
GRS e ARG YA ¥ AF
ool Ao BA AERH A7 F2 &
AAFAAY EAS 2 4T FR FFHL
Atk FARLE HIET g9 Az AN
AEAHY JAG R A& Yol e g @
RE AdolA BYHE A HEELS
A A3t YAk oldl ARG A
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Normal epithelium

¥ <5q: loss of FAP gene (tumor suppressor gene)
Hyperproliferative epithelium

v
Early adenoma

¥ <12p: mutation of k-RAS gene (oncogene)
Intermediate adenoma

¥ <18q: loss of DCC gene (tumor suppressor gene)
Late adenoma

¥ <17p: loss of p53 gene (tumor suppressor gene)
Carcinoma

Fig. 1-1. Multistep carcinogenesis in colon cancer

Tumor suppressor gene

9p- 3p- 17p-(p53) 13q-(Rb),8p-,6p-,18q
Normal d Dysplasia g Tis indindind
Oncogene 11q+(PRAD—1)

Fig. 1-2. Preliminary head & neck cancer progression model incoporating stages of clinical
progression with molecular alterations.

SRR dTE g9 QA AP 2 YL W ¥2A: & F Y] WE dPHe=
EHQ olslg tholrkA gte) A, el F AR, FFE7] ] AN oncogeneR T F 10 A
3oz N7 BFH £go 2 Rez o  ARA A7/ AFHAG 2HY H29
AAL gk, gene isolation ' Sl ¥Pol ol 2y
# o2l gol FHo| Hm 19807t FF #

A A7 FF7IAGE 199088 FAA

2. AAHFHXIL| AL fAe A7 F7b Ha o] 19939 v F

9] ScienceAE YAAFHA F p53E “Mo-

SJAGARY EAE % FAA%E B lecule of the Year” 2 A3t %irh

2 ME genomedld FAAFAA 24o] GAARAR S EAY FEFL GAH2=E

Table 1. Properties of oncogene and tumor suppressor gene

Property o) Tumor suppressor gene
Activity Active Inactive
Genetic type Dominant Recessive
Result of genetic damage Gain of function Loss of function
Affected allele Single allele Both allele
Affected gene Mutation Deletion
Hereditary cancer None Yes
Known number 100 10
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Table 2. Genetic lesions in human cancer

Cancer Oncogene  Tumor suppressor gene
Breast cancer NEU RB1
MYC 11p
3p
Colon cancer k-RAS FAP
DCC
P53
Lung cancer MYC P53
RAF RB1
3p
Head & Neck cancer 11q13 P53
RB1 3p

A A 7HA aTERE FREUL. RA=,
°F 25\ Harrist somatic cell hybridizationg
ol &% AWl FFAEY FIHMEY fu-
sionAlA THE hybrid cell® %% nontumori-
genic hybrid®] 43& Zashe AL LA
o BRAE el FF MES] F4L AqAls
€ R Edo] EARE BHHoR TP
o} Y% tumorigenic hybrid cell& &3 Lol
A frelE GAAZE A ol Las Qe
2ol WA o] 24 FAH o] M Lo
A FFAERZ QZAE Bl AL A}
gt

F wWAZ, 1971'd Alfred Knudson® vi¢
EE &0t & F99Q retinoblastoma®] %8}
ATE F3 o] g F A FH F fa-
milial type¥ sporadic type Abolol 23 4+
Aoty Aozt ALE BusAA o] retinobla-
stoma® EAE TG FAH W 0
e &9 “two-hit theory” S FR3 Y} =
familial type first hit= germ line, second
hite somatic celll 4] U™ sporadic typed
9l EF somatic celll X LA A <tat
%t o] 7ML YBHLE, FH EF somatic
cellel #84 Wzt F wol7t WASE spora-
dic type©] o] EX Aol F& HAA Wo
€ 7R &3] Fo 39 somatic cellol
Wolgt wysE  FFol WASE  familial
typeRtH A HAsH NEr ¢ =2 R

22 Mol ZkFHoz AFY & Qi

A A2 1983'd Webster Cabeneesoll 2] %
A Karyotype® X2 2 retinoblastoma® @
1A Knudson®] FWel #d3 wole 139
FAA AL (13q14) 9 A< (deletion) o2 8
AHAIL olojA] o] FAE HEE 4 e
anonymous DNA marker& probe2 A}&3}e]
FHLA oA MEME T HYER
(allele) ¢ heterozygocityS .ot} & Lo
A= homozygocity® W3 £ “loss of he-
terozygocity (LOH)"& #3 o & 533 ¢
A9 Sold AMNA markerol thste] whEs)
£ LOH7L 2HEW o] marker A %919
FAAFAR EANE FY3) AA@T g
EW9 chromosomal 18q DNA markere w$-
polymorphicdte] £} genomeol 4 hetero-
zygous®el  thAe) 70% A4  homozygous
state2 5o} of FAA marker A F9
o FF JA KA EA MeAe AR
o A e FAAFAAY locus?t ©] LOH
oz RHAG (X 3).

3. YRR ERS 75

1986'd FriendSol ol8) 44 13qu4l 9
X &= RB geneol ¢AARAA2ZA Hgoz
cloning FAth 1% dAAA FAAFARZ
U5 gene® Z cloningol o] FW AL BT
8742 RB1, WT1, p53, NF1, NF2, VHL, FAP,
DCC °ld, ¢dAAfARZ B2t o} clo-
ning®] ¢ € gene®EZ+E NBI1, MLM1, BCNS,
RCC, BRCAl 5¢& & + Ut

olEL MES A%, FAFAAY FYE
Fol AEY 4R, BE, BIE 2 o)F
FARY oldow AT AP Hgo] Y
T(E 9. o8 FYAA NHe A A 7
AZ AA, NF1& 4822 RASY negative
control ¥ = fAA AEL encodedtri
€4, RBL, p53, WT1 gene® #3A A&
DNA-binding protein® 2 transcriptional factor
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Table 3. Tumor suppressor genes detected through LOH

Ch 1 location Tumor type

1p Melanoma, MEN type 2, neuroblastoma, medullary thyroid ca,
pheochromocytoma

1q Breast ca

3p Small cell lung ca, cervical ca, renal cell ca von Hippel-Lindau
disease

5q Colon ca

9q Bladder ca

10q Astrocytoma, MEN type 2

11p Wilms tumor, breast ca, | bl rhabd; lung ca

11q MEN type 1

13q Retinoblastoma, osteosarcoma, small cell lung ca, breast ca,
stomach ca, bladder ca, colon ca

17p Small cell lung ca, colorectal ca, breast ca, osteosarcoma,
squamous cell lung ca

17q Neurofibromatosis type 1

18q Colorectal ca

22q Neruofibr type 2, acoustic neuroma,
pheochromcytoma

o G8L 3t FA AT HEEE F GO
stageol A G1 stage® DA &= A& TE cell
cycle controller?] &L 3t Aoz Yzd
. MAZ DCC gened cell adhesion mole-
cule? AR @A L encodedts Aoz
&2A Aok

o 71ME ¢dA A2 prototype ¢! RB1
# 714 AF7E ol o] Fol p539) ©iste
2.9 372 ok

#RB1 gene
1) RBI1 gene & pl05-RB
AAA 13q140] AN FE FIARAAEZ

180kbe} A71E 7bAH 27709 exono 2 T4
Ho] Aok /AR FEL 928719 amino
acid® T4 € 105KD9 nuclear phosphopro-
tein?! pl05-RB protein®|tt. RB gened} ¥ &
48} retinoblastoma®l #] ol &= osteosarcoma,
small cell lung carcinoma, bladder and breast
carcinoma$-ol X @AM thFEo] deletion
°l nonsense mutationo] ¥ etk p
105-RBE A EF7] (cell cycle)ol @&t hypo-
phosphorylated state®} phosphorylated state 2
ol A=d ©] % hypophosphorylated %€l
9] p105-RB%te] BFF <A o] vl Fastch
% MEF7] % GO, Gl phasel NE activedt

Table 4. Tumor suppressor gene in human tumors

Gene Chr location Possible function
RB1 13q14 transcriptional factor
p53 17p13 transcriptional factor
WT1 (Wilms tumor) 11p13 transcriptional factor
NF1 (Neuroblastoma) 17q11 ras GAPase activator
DCC (Deleted in colon cancer) 18q21 cell adhesion molecule
FAP (Familial ad lyposis) 5q21 ?
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hypophosphorylated 4 Bl 2 M Eo] 43¢ o
A&}, G1/S boundaryol Al cyclin/cdc2 kinase
complexol 213t} Q43R inactivedt pho-
sphorylated 3Bl 2 % ©hA] M/G1 boundary
ol A underphosphrylated el & Eolzich

2) Interaction with viral oncoprotein

RB genedl ©d #4& pl05 protein©l
DNA tumor virusol &3t} FAwgd Ax
ol ] o3 virus-encoded oncoproteins (adeno-
virus E1A, SV40 large T antigen, HPV E7) 3}
complex® ©]Fo] wRPoEH mxHUG
©] viral oncoproteine RB protein® Ao
Z# RB protein®] 71%5& &4 @} o] o
2% #%¥<Q underphosphorylated RB pro-
tein® ¥+ A@gch. EF ©] viral oncoprotein-
binding site= 17 FFNA BAHE 49
°]¥ 2] RB proteinol Al A9} ol9jglo] HEH
o] flH o RB protein®] T¥AA 715&
83871 1A= hostd cellular protein®
ZAgstedorgt 3= o] cellular protein®] vi-
ral oncoprotein® ¥l&£¥ TZE 1 glonm
2 mutant RB protein& ©] cellular protein®
A%S & FYeng FFYA V5L 24
A "He Aoz 390

3) Interaction with transcriptional factor

¥% ¥ underphosphorylated pl05-RBE
M XF7] ¥ GO, G1 phase°l E2F, DRTF13%
22 transcriptional factorst Z¥¥ RB pro-
tein/E2F (DRTF1) complex?] HEIZ ZA3}
£ adenovirus E1AY HPV E73 2-& viral
oncoprotein®] &= ¥ A €t § Go,
Gl phase’l 1= RB proteine transcriptional
factor E2F, DRFT19) 71%& <9AAA S
phaseZ A#&A st dA9 geneS 9 tran-
scription® AAFZAN AE HFE A}
£ Aoz 4zdn,

4) Interaction with oncogenes

pRBE FFAA QAL TGF-B receptorst
482 MYC, FOS9 transcription AFo]2]
AEALGAA (signaling pathway) ol A i 7} 2}
9 4% ¢ FYste Aoz PG F

mu-

tant pRBS 22 pRB 7159 &40 w¢Asa
1§ FHHAE TGF-2 2L negative re-
gulator2 ¥E A{F2HA Hol I gFel F
7t

#p53 gene

1) p53 gene & protein

AAA 17p130 AAFE FAAFARZ
11719 exono 2 TAHI 393748 amino
acid® ©]F917 53kD9 nuclear phosphopro-
teing ¥4k 1979 #HZEZ Lane, Craw-
fordel 93 o] geneo] LAF FAlolE SV40
large T oncoprotein® 2= o] THH SV
409 98 FFE FEY AL WS FAI
Z7be oncogenedl dFEoE ALY, ol
mutant type?] p53 ol ¥& A 19893 Fin-
lay$} Bakerol ©]3}o] wild type®] p53& %23
& AFAAS ARG AN S d}e
Aoz 93 At mutant p53 alleleS wild p
53 allele®] th3t dominant3}A 283t Al
EARFH FAREE 248 (dominant ne-
gative effect).

2) Biochemical function (specific transc-
riptional factor)

p53% specific DNA sequence$} binding® 2
24 transcriptional factors] &€& 3shedl
olw] pRBS} vw}A7kAZ 38 viral oncopro-
tein (SV40 large T antigen, adenovirus E1B,
HPV E6)% 23t ug4s ok oz
p53 proteing ol E| ¥ AYE T3t wpolax
o] gl A NP A SFA T}
FAEZ WAHE AE AqAde &S @
o 28y ps3f AR EAWIY L vl
29 ¢hird g AR Agg R Hol o
9 A& AAEHA REA Hol gHE=R
WAHE AL HstetA g 2 9 A cel-
lular protein® ZA¥3ta] ©]E 9 transcription
<€ z338A 8o (& 5). °] F HSC 70€ p53
3 Ags] I subunit?} oligomerization® &
A& FE 98¢ ¢

3) Biological function (cell cycle controller)
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Table 5. P53 target genes

genes functions
MDM-2 murine double minute oncogene
WAF1 wild type p53-activated fragment
BCL2/BAX  apoptosis
GADD45 growth arrest DNA damage

inducible gene

HSC 70 70-kD heat shock protein
MCK muscle creatinine kinase gene

p53 ¥ ‘Molecular policeman or guar-
dian’ 22 #2]=d ol p53°] genomed in-

L:7-21,-1996

tegrity® #HAE 71%S BT ps3E
DNA repair®t programmed cell death (apop-
tosis)ol "i$- Fodd wd AMEel DNAZH
o™ ojf2 &4 wod wild p537t ¢A
AN gare] Frkdoh o] FHE p53e
o2 genedt 43 A g0z &44¥ DNAE 5§
FIAY EEx BF7F AAsRe Avde
HE 222 2A4E F5387 3= apoptosis
2 At AT NS A oo &
s F8F gene2Z, MDM-2 gened
mouse double minute @4 Al EA3E on-

Fig. 2. Model of the p53 pathway induced by genotoxic stress.
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cogene2 2 AMge FAA) 12qo] EA 8t os-
teosarcoma®l A& A4 A 12q %919 amplifi-
cation® Rtk p53#E feedback loopE ¥
33l 4% antagonistZ #8389 ps539 G1
blocker 71%5& Waldch =8 U p212 &
A 5= WAF1, CiP1, SDI1 gene 2% S$U%
gene2 2 % CDK (cyclin dependent ki-
nase) inhibitor ¥1¥ p53E oS p21e BA
SAIAN MEZF 7N CDK/cyclin complex
A s AF Gl arrestd XY HE2
3t} F DNA repairdl B2 A+ ATH
ot Alel p21& PCNA inhibitor2% 2438}
] DNA replication& ## $t}h. BCL2 gened
AES] AE (surviva) & 2F3n, vz
BAX gene M X9 IA} (apoptosis) & ZF
shEd p53e olE P AEY #HL BAXES
2 71&7 3] apoptosis® Z#3HA o} (2
¥ 2).

4) p53 mutation

p53°] AtgHe) FFolA mBAIEHE 71H
& 3A M 7HNE WA p53 geneol X3
HHA 17p13%-919) deletiono]L} ©] gened]
rearangement’t IX F WAZ A£EF viral
oncoprotein# A#3t 7)gLMdo] HH, p53
] antagonist?] MDM29} 22 gene®| overe-
xpression¥| o A& Ffoln] A HAA=Z s
&3 714 p53 gene®l mutatione T 5
o Mutant p532 WZ717F & Ao 2 wild
p53el 208 F=ol Wldte] D3] A, wild
type®l DNA binding™ SV40 large T antigen
o] Agg et

A FPEF F o 50% A p53) so-
matic mutation®] LA =H ot ke o
AEF TN F bR E3 2AgE A
oltt. Edyol FHL YRE (9 80%)o]
A& (point mutation) o] ¥ I o B2
EE AAH 24 (deletion), insertion, frame
shift mutation °] Atk FEAWolE & A
] amino acid’} ©& amino acid2 X A7)
Al Hol AHHo 2 ps3uE T WYL
ZHsA FARARHERY J5e] 24HE

misssense mutation®. 2 R E (% 95%)<]
E9Hl7t exon 5914 exon 8Atolo A B
sn, 53] codon 173, 248, 273°] IZ =) A
o} o] &g “hot spot”d &t} ¥ fami-
lial retinoblastoma®t - germline mutation
< Li-Fraumeni syndrome] X %A g},

p53 HHAY Eddele ¢ FHot B
Edol et 2 Fol Aol7t Yk o BH
wgtel A4 Fdel Jal fuE ALE gua-
nine®l thymine® 2 ulAE @7)AE (trans
version) ¥ o] Wil aflatoxinol] 3 I 3+
%o AE cytosine©] thymineL 2 wlHE
AR Y o] B W, vFAz N BT
T golvt thgete] B9 2ol WA (endo-
genous) ¥ Z-$E guanine®l adeninel 2
AESE G710 (transition) o] @t} o] 2
vlFo] ps3E ol Fgoz Aol pe-
nzopyrene®|t aflatoxin® 2-& WHE Ao o
T A4 (erogenous) A W AA Lt A g
ARE 3 § o JAAG

FARG 9ol ps3 EAWolE WRE
°] codon 23841 24841°19] hot spotol A} %
Astr AgRoz Aolrt ey vTH 9
& 247} exon 7, exon 49149 WAo] I
e} FFe AL exon 59 F2 WY
o =G Edole) FHE A o7} 3l
€ w=# 49 F9$E G-T transversion
Fol e W Y9 H$E G-A transition
Fo] Wrh o G-T transversion® AEE §F
ol A HA H9ol e Rog v]Fof
ol ol Fdol FAS BLEHQ be-
nzopyrene®] f-H2 %3 (footprint) &2 oA
A

P53 mutation?] ZAMWHo 2= WYz
8 (immunohistochemical ~staining), PCR-
SSCP (polymerase chain reaction-single st-
rand confirmation polymorphism), %714 4 &
214 (nucleotide sequencing)$°] Y&dl, &
Q228 mutant p530] W77} Zol
ME ol p53 protein©] Ao HAl HE
ol 7Hed HE 18T NoE B F9 ¥
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Tumor

-

pl 05- Rb phosphatase

( prosme )

Fig. 3. A model for possible interaction between the products of oncogenes such as ras, src
and myc, fos and tumor suppressor genes RB and p53.

2o Ao gojaht 54 (F p539 &
Hel7k o= Edwdele] Fdel nonsense
mutation, frameshift mutation, deletion®] 7%
£ mutant protein ©] $1#} (absent), trunca-
ted, unstable proteing HAsle] wzo] ot
) oy AFN (F HE Mol FAukel
gk gk nonmutant p53 proteinol A4 ¥ of
Fhoz U ASER ps3dye] wpelzjx
9] oncoprotein® Z #3741t heat-shock pro-
tein? 22 AE gl Agste] Ao
& W, genotoxic agent®] <3}e] DNA da-
mage’t A& W wild p539] FHel T/t o,
p53 protein® degradation’d 2 ZAgHe] A3
Z9)el BotM A5 Sol4ol 60~70%
Axo ax9 AAZ clinopathological para-
metertt survival? J@BA7} W Fshe] ps3
Ego] Aoz A7 222 PCR-
SSCP oz 943 HALS AP, A4
oldel e Al FNMY Ao HE

st Aol wEHsia oA,
4. FE 2 B3

ot daA A4 (multistage carcinogene-
sis) % o] fHA AFolze A4 (cancer

is a genetic disease)> ol HEHo 2 AA
i o GRARe] Bgste FAA KU
o} vl &gt ey a5 e M2 4
3283t FFAMEY *§%+’£7|“° ]
Adte] hZae] oj2A He Aoz (29 3)
3% A= p53e MR AAA KA B
g ATt AT FAAA FHR Hol
Aok FAAFAR AFE o ALY
o} FAAfFARY F= o 5044700 o] & A
o2 FAHY, oo ATE it TPLA
714, el AW Aolr|d, e FHAA
EE ARG FEwA FHoR TEY
o, WY 2 gl e Ao o)fo] A

Ao A7

Glossary

Alleles : Duplicate copies of a gene (pater-
nal and maternal) encoding the same protein

Heterozygocity : The state in which an in-
dividual has two slightly different copies of a
given gene

Polymorphism : Minor variations in alleles
that are inherited in a Mendelian fashion and
usually do not significantly alter the function
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of the encoded protein

Chromosome : One of the threadlike struc-
tures in the nucleus of a cell that contain the
information of heredity. Genes are arranged
in linear order along the chromosomes, which
are made of DNA in association with protein

Gene - The fundamental unit of heredity. A
gene is a stretch of DNA that encodes the
creation of a specific protein or carries out a
specific function

Mutation : Any change that alters the se-
quence of nucleotide bases on a DNA strand

Dominant : A term applied to a gene that
manifest itself when present in a single copy.
In classical genetics, a dominant condition is
one in which it is impossible to see an ob-
vious difference a heterozygote, possessing
only copy of certain allele, and a homozygote,
possessing two copys of that allele

Recessive - A condition that is apparent
only when an individual inherits the same al-
lele from both parents; requiring two copies
of certain allele to be expressed .

RFLP : Restriction-fragment-length polymo-
rphism, a variation in the size of DNA seg-
ments cut by restriction enzymes in different
individuals within the same population. Mole-
cular geneticists can use many of these varia-
tions to specify locations on genetic linkage
maps
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