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1. M =2

oF-2 #2122} ¥ (Bishop, 1987) ] 2}aL 3 & FHA
&L @A Aol E Yol E FHA ] o], DNASY
AME 2 o] Fog 98t AR FHG
AeaE Fgo ditdivke AL 0w FHEH9
itk 28 dEgE fRAY AAE ooy o
A ol# ¥RE AR FEoE AFANESF
A=tk ? BT Zo] o] AlHAA & AFY 7+
SEFQ ATy 4 A 2ok FHAe &4
Bow i o AdEx gog dvu 49y
Hol vk A, MPAH e §AHRY Hel Y&
Aol A gro] Wo] BAI ¥ (4, Bloom’s syndrome ;
Lynch¥, 1976) &4, ¢HEdMe QN3] o] do]
FutEn AlA], DNAS) &3¢ &9e o $88
A& 583 ¢ 74l (cancer susceptability) o] =) $-
DI BAE 21 dor A, g3zl glolN
Hhot-5-4 o] 1 o] %53 (mutagenic potential)o] T
I 9ith ol BE AL AF SRR} Pf
Ao o s ok AE HAEE £ YA HULh
AlgelA BaHez EAsle FAAV &4 B
A MHFHo =2 ool AA fAA =Hgol vy
22 ¢to g v e mysteryE £7) 95t $4
ol fHAte tig HEF o] oY Aoz
Azt HZ 5ol RARESH 7)o H
oAl dAEHEA of W d7rt 9w o
FolAL o HEe Fdol A HiRo] TEx
H7IE A O 22301 72 AL AfE
o R Aok 21 oy MEFAGY FoAE 7
%% ¥l ledl(Chang, 1991) ZAF tiEo] o
o #Y FHA FHIZo] LY WS 2o 4
A7 L qol 7I&dtaz g REH: He
A& 7haAeld A ud AL 7igg A

ol
=

%& AAolth AukstE SR g 5F ¢f
At FdfAaxte #de o AFdANE 8 9
b g17] wjEolth.

2. y&o| He|

1) Retroviral oncogene(v-onc) ; EX A XS o+
o2 FARHANY & e F4 RNA virus?]
Az

2) Proto-oncogene(cellular oncogene : c-onc) : &
FHo g Algol ERFEY EAFE FAARA
AulolU MY oz F43tso] T FAAE
FARE € & Je F32

3) Cellular transforming gene(activated proto-on-
cogene) : $A L2 I L3 FAABA BHAEE
Aoz FAAFA I FHR

4) Antioncogene(tumor suppressor gene) ; G4
FRAARA o] F21A7 PAY 715FAE doA
Ax7E A4 4FE B33 45 oz o|dHA
e f1A

5) Modulating gene; ¢t E 8l &FA EALo]E
ZE3e FAARA dEEY A ES ZRAE
oA WHuGo] EA JVEhE H Folth

3. Retrovirus2| &I{FEX}

& FHAE o)BE 7] At s ¢4 retrovirus®
golop gtk St virsFYo R Y FFH
A A XU 243+ ¢ =2 (oncogenic pote-
ntia) o] BAE GAANA F7] WEolt}h, ZE RNA
Z < virus retrovirus©] W 2E retroviruse & %3}
ARG AL W) F2.38)). Retrovirus?t &
dozithe A& 94o] Rous(1911) ) 93t Ho}
29l sarcoma® ¥.2.71+ Rous sarcoma virus(RSV)
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o whezRE AlZE ¥ AR F 2059 ¢S
A I retrovirus?] SRR EAE ] ih
(Table 1).

Retrovirus®] &AL o¢ 343 RNA ge-
nomel2 2 FAEHoO ¢em 21 A7) E 3594 9.0
kbR ER thoFsieh, QutEgo g o 9% gl T 371

FRAR A gJed &, gagH A= (group spe-
cific antigen), pol#% =}(reverse transcriptase) %
env&- A} (envelop antigen)olth, &-FHA= o]
370 e] f3Rtol 9] 2] RNA virusoll e 5%
Ao}, RetrovirusE 47 #¥ 8t £57-319 v}
Zt}(Table 2).

oo o
B oo W

Table 1. Retroviral oncogenes

Oncogene Prototype virus(es) Species of origin
abl Abelson murine leukemia virus(Ab-MLA) Mouse
erb A, erb B Avian erythroblastosis virus(AEV) Chicken
ets E26 Chicken
fes, fps Fuginami sarcoma virus(FuSV) Chicken

Snyder-Theilen feline sarcoma virus(St-FeSV) Cat
Feline sarcoma virus(GA-FeSV) Cat
fgr, yes Gardner-Rasheed feline sarcoma virus(GR-FeSV) Cat
Yamaguchi 73 sarcoma virus(Y73) Chicken
Esh sarcoma virus(ESV) Chicken
fms Susan McDonough feline sarcome virus Cat
(SM-FeSV)
fos FBJ-murine sarcoma virus Mouse
FBR-murine sarcoma virus Mouse
mos Moloney murine sarcoma virus(Mo-MSV) Mouse
myb Avian myeloblastosis virus(AMV) Chicken
E26 Chicken
myc Myelocytomastosis-29 virus(MC29) Chicken
Mill-Hill-2 virus(MH2) Chicken
CMII/OK10 viruses Chicken
raf Mill-Hill-2 virus(NH2) Chicken
Murine sarcoma virus strain 3611(MSV-3611) Mouse
ras Ha Harvery murine sarcome virus(Ha-MSV) Rat
Rasheed rat sarcoma virus(RaSV) Rat
(bas) BALB murine sarcoma virus Mouse
ras Ki Kirsten murine sarcoma virus(Ki-MSV) Mouse
rel Reticuloendothelial virus strain T Turkey
ros UR2 Chicken
sis Simian sarcoma virus(SSV) Woolly monkey
Parodi-Irgens feline sarcoma virus(Pl-FeSV) Cat
ski SKV770 Chicken
src Rous sarcoma virus(RSV) Chicken

Table 2. Classification of retrovirus associated with tumour

Name Replication Indusing Tumour
Complete transforming virus Competent Rapidly, high frequency
Slow transforming virus Competent Long latent period low frequency

Defective transforming virus

Not competent

Rapidly high frequency
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o] F 4] RSVE complete viruswol™ o2
HAAF viruse slow type©]th. Defective transfor-
ming virus7t Aol Al ZFEE Y] il e 49
helper virus7} ¥ &3] 22-& thH-& slow transfo-
rming virus’} 8% cH Burcks, 1988). ThA] kA
)59 slow transforming virus®ll A= envf-3 A}

7b AEHo Jov AHES gagst pold FAAT}

A< H virusE A H(Fig 1). Retrovirus?} S A Eo
Soj7}d o]Z1}412] DNAE ¥ 5o 5 DNAY
7319|244 (integration) =% SFHEE FolAl
21 PolA BE A AXA= Zdzhe] {AA7}
vek A 283 9 HE ez U&ti(Varmus,
1982). 18A retrovirus®] HARE FAA}?
o] AL virusE EAANE A FHIH SF4

cap® 3
@Rﬂ gag l pol I eny | src §R§ poly A

Rous sarcomas virus (RSV)
complete transforming virus

(&Rﬁ gas l pol | eny ﬁR\g poly A

Avian leukosis virus (ALV)
slow transforming virus

(REEE 1 R

Snyder-Thelien feline sarcoma

. defective
@Rq -il ImOSRRg poly A transforming
Moloney murine sarcoma virus

=

Harvey murine sarcoma

repeated region
[:I structural gene

. deleted sequences

E rat sequences

Fig 1. Examples of RNA tumor viruses,

c-sre
L - -

c-Ha ras

c-myc

!

c-myb

l

c-fos

Fig 2. Examples of cellular proto-oncogenes.
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%g FAAFANE SdAYel 2HHJHBE-  EAE virusdl JUE FHARE HolE I} Yo
shop, 1985). Bishop(1985)& virus®) <327} & SFEAEE FAABA 7] giolet Fot vt
FALE SFAH F e oJFEAM AHE 55 FFHATE YE retrovirus®E & FEAIGE
ANEY FHAREH viruse FHAA o314 3 AHdE dA HUeH(Varmus, 1982), o] AL &
A E SFAE o8 2HE 4 ¢V Wy F83% A=A dR-E9 retroviruse YHAR7}

Table 3. Retroviral oncogenes

Protein

Oncogene virus Species product Action ﬁ)l::glciezg:li?rf
SRC family
src Rous sarc, v.? Chicken pp60 Tyrosine kinase Plasma membrane®
yes Y73 avian sarc. v. Chicken Tyrosine kinase
ros UR2 avian sarc.v. Chicken Tyrosine kinase Cytoplasm, Plasma
membrane
rel Reticuloendotheliosis Chicken
fes(fps) Snyder-Theilen feline Cat(chicken) p92(p98)  Tyrosine kinase Cytoplasm, Plasma
sarc. v. membrane
(Fujinami sarc.)
fms McDonough feline sarc.v. Cat
fgr Gardner-Rasheed feline Cat Tyrosine kinase
sarc. v.
abl Abelson murine leuk.v. Mouse pl50 Tryosine kinase Plasma membrane
mos Moloney murine sarc.v.  Mouse Cytoplasm
RAS family
H-ras Harvey murine sarc.v. Mouse p2l Tyrosine kinase Plasma membrane
binds GDP or
GTP
K-ras kirsten murine sarc. v. Mouse p21
Other
myc Avian myelocytomatosis v. Chicken p58 Binds DNA Nucleus
MC29
myb Avian myeloblastosis v. AMV  Chicken P75 Nucleus
ets Avian erythroblastosis v.  Chicken
E26
erb B Avian erythroblastosis v.  Chicken Truncated Growth factor Plasma membrane
EGF¢ receptor analog
receptor '
fos FBJ] murine leuk. v. Mouse p55 Nucleus
raf(mil) 3611 Murine sarc.v. Mouse(chicken)
(avian MH2 v.)
sis Simian sarc. v. Monkey PDGF*-$  Growth factor Cytoplasm
chain analog

a Sarc. v.=sarcoma virus

b Located on inner surface of plasma membrane
¢ Leuk. v.=leukemia virus

d EGF=epidermol growth factor

e PDGF=platelet-derived growth factor
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Q7 Yo £FAX v FEA} RS
sed Fdsojoryt dgo] hedith 1 RFHS
A¥ e ol oA avian leukosis virusel &3 ery-
throleukemiat= c-erbB7F A YHHEA FH=H A=
cerbBE  AAMEAGA  FIA AU A epidermal
growth factor, EGF) & #&A2 &3 MEA
St AAlolt), o} 9] d £ c-mos, c-myb, c-myc B ¢-H-
ras 59 AEA GHAA7 BEEH S Aol HHA
91 th(Hayward 5, 1981; Payne's, 1982; Lowy, 1985).
AXA GHAA ool YLANG FAAA
interleukin 29} interleukin 3o} WEHA XA &
A= AH( Mowat 5, 1985). o}3 #FEr|de Rau
AR Qe retrovirus?t 5 ol FAystd
SFA 2 e AEA A7 BASEHS &
o2 gAANEHE AL Yl glv AHd ol th(inter-
stitial mutagenesis 7} ; Bishop, 1987).

4, MEAM 27X XH(Proto-oncogene, c-one)

Table 4. Oncogene locations on the human chromosome

Retrovirus®] ¢Hfdze AXEAA 719530
ag7) &, A2 FZ7 exon® intrond
WA 23 gem 1 FEE 4749 GeAAe F
Fol Wt 27 2 vh(Fig 2). =8 &9 HX¥A
o} 4 A}9} retrovirus AR 1 F2IL A2
H| &3t} o] & ¢FAe O g5t F9Ho wel
protein kinase(tyrosine™ serine/threonin), growth
factor$} growth factor receptor, GTP binding protein,
membrane bounding protein 18] 3 nuclear protein
For ERYY, 2 2% AES =434 table
33 2t} Arghe) JlolA] M EA SRtE dAAA
56%c] waA glom AR A= Ux
ATHTable 4). FAA TN AEA HFAALY 7]
T2 AXy A% EIE FAANIE AR
Z-8-3ch(Bishop, 1987). B2 FHA7F ddte
old #¥e] Ae7t? I A oJF AYFe=
Fgae FHAI ofH Ao ot gAF A
AFAEE o2 FAAFANIE Aog 29
Hol itk gAHAE E43ATE A99L 3A,

Location Oncogene Location Oncogene
1p36—p34 fgr 8q13—qter lyn
1p35—p32 Ick 8q24 myc
1p32 myc 8q24 pvt 1
1p32 blym 9934 abl
1p22 &/or 1pl2—cen nras 11p15.5 hras 1
2p24—p23 nmyc 11q13 int2
2p13—cen rel 11p13 sea
3pter—p21 or 17 erbA2 119233 ets 1
3p25 raf 1 12p12.1 kras2
4ql1—q22 kit 12q12—q13 fos
5pl4—pl3 mlv 12 13q12 fit
5q33—q34 cs 1 14¢24.3—q31 fos

6 yes2 14932 akt 1
6p21 pim 15q25—q26 fes
6q12—pll kas 1lp 17q11—q21 erbB
6q21 syr 17q21—q22 ngl
6q22 ros 18¢21.3 yes 1
6q22—q23 myb 20q11—ql2 hck
7p22-—plb ral 20q12—q13 src
Tpld—q21 araf2 21q22.3 ets2
7p13—-pl2 egfr 22q12.3—q13.1 pdgfb
7931 met Xp21—ql1 araf 1
8q11 or 22 mos Xq27 mcf2




- 138 —

IR CHRTE #1105 H 25 1991

Table 5. Single nucleotide exchanges in human transforming genes of the ras gene famify

Tumosigric il folton ol - Nukodde it
Ha-rasl Bladder carcinoma 12 G-T gly—val
EJ/T24/]82
Ha-rasl Spontaneous 12 G—A gly—>asp
Ha-rasl Lung carcinoma Hs 242 61 A-T glu—leu
Ki-ras2 Lung carcinoma Calu-1, 12 G-T gly—cys
Ki-ras2 Colon carcinoma SW 480 12 G-T gly—val
N-ras Neuroblastoma SK-N-SH 61 C-A glu—lys

o] (point mutation) (Tabins, 1982 : Capon’s,
1982) £, AXA A= e 23 22 (promo-
tor)7} ¥-2e w(Chang%, 1982) A&, A XA ¢
FAz A 2AA7 AAEAS W(Duesbers,
1983) WA, AEA FHHA genomes] Aujdeol
214 ) (Schaffers, 1984) TA A, Al XA & A=7t
A A A=yt & wW(Rowley, 1983 : Yunis,
1983) 23 XA, AEG FFHRS FZ(Ali-
talos, 1983) 5 ojth A Wol& rasio YHH=7t
7b3 fBEE Ao2A NIH 3T3AI 22 483 24
#E e Table 54 2o Fzuidoh Ras®
FARTY A Holrt oA doz AN
ko] 71RAE ofy a3 gt a2t olE A
Ae 4o FAABAIET slojA A% (ini-
tiation) 2.2 Z-88}3 <4 (progression) 2% &
£33 AL YR AEA AR AF &
A7 RAEHQSW oz FAAREE
c-mos@H- &bl digk Ago] tEA U o]
#+9} Mo-MSV(Molony Murine Sarcoma Virus) £
LTRE FA9) NIH/3T3 AT FIHRE H ¢
AE2 FAHFe] dortti(Changs., 1982). Al X%
SRR 2A N FZATE Eold B FAQRYHE
28 c-erbB2 A ol ALVE FU RS o o} M3 3]
HAAEE Lt (Duesberg, 1983). AEA ¢&
A4 genome?] A Fol & FHAIFE & WH-
gory EQ9 HIFNNE HLd dEZgNA K-
ras7}, dAgelA erbB27F Zt7F Aul el fUfich
SRR A AN AFE L] B
A& CMLoI A c-abl+-A4} t(9: 22)(q34 © q1D). ¢
AYgFolA cmycHAzE t(8:14)(q24 : q32)7}
tE Aoty mpAgte g dFHRlY FFog HA
o] 473 XPE ARE HAgL ed F2
cmyc® c-erbB7} 7} Bou 180 table 654

Fo »

o ox 1o ﬂO

Table 6. Amplification of proto-oncogenes in human
tumor cells

Proto-

oncogene B Tumor

c-abl Chronic myelogenous leukemia(K562)

c-erbB Epidermoid carcinoma(A431)
Squamous carcinoma
Glioblastoma

c-erbB-2 Adenocarcinoma of the salivary gland
Gastric carcinoma
Mammary carcinoma

c-ets-1 Acute myelomonocytic leukemia

c-myb Adenocarcinoma of colon
Acute myelogenous leukemia

c-myc Promyelocytic leukemia(H160)
Colon APUDoma(COLO 320)
Small cell carcinoma of the lung
Carcinoma of the breast(SKBr-3)
Carcinoma of the breast
Gastric adenocarcinoma

L-myc Small cell carcinoma of the lung

N-myc Neuroblastoma
Small cell carcinoma of the lung
Retinoblastoma

K-ras Carcinoma of the lung
Gastric carcinoma

N-ras Mammary carcinoma(MCF-7)

ol EAG izt B3 qHdAte) FZFo) ol
Eango] gk &RRA7E AEWAA Ay
FEAR FeEs A 8osd table 73 o
Fz87) vrEbe 2 A4 AHe AFsaAd =3
AdAz F43= AFges U Fgseils
2}z} table 83 table 99F B oy FZutdch #A}7=
A BR 249 dHAARY #AV o= A=
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Table 7. Growth factors and their receptors

Enax name(s)

Emsx primary
translation product

Enx mature
factor size

Eyax cell source

Enax target cell

Enax veceptor

PDGF

EGF

TFGa

CSF-1

CSF-2(gra-
nulocyte-
macrophage
CSF)
Multi-CSF
(IL-3)

IGF-1

IGF-11
180 aa

IL-1

IL-2 153 aa
(human)

FGF Unknown

B-NGF
307 aa

241 aa(B chain):
A chain unknown;
B chain encoded
in c-sis proto-
oncogene

1168 or 1217 aa

160 aa

252 aa.

144 aa

144 aa

130 aa

7 KD (67 aa)

(mouse); 169 aa

14—18 KD(basic
FGF is 146 aa)
26 KD(1X 118 aa)

32 KD(16KD B
chain; 1418
KD A chain),
+ CHO

6 KD (53 aa)

56 KD (50 aa)

70 KD(2X 35KD);
60% CHO

15—28 KD
(127 aa)
(1-50% CHO)

28 KD (134 aa)
(50% CHO)

7 KD (70 aa)

Fetal liver,
placenta
(somatomedin A)

15 KD(133 aa);
some CHO

Brain, pituitary,
chondrosarcoma
Submaxillary
gland

Blood platelets,
endothelial cells,
placenta

Submaxillary
gland, Brunner’s
gland, possibly
parietal cells
Transformed cells,
placenta,

embryos

Mouse L-cells

Endotoxin-induced
lung;placenta

T-lymphocytes

Adult liver and
(somatomedin C)

Mononuclear
phagocytes

T-helper cells

Mesenchymal cells
smooth muscle,
placental trop-
hoblast

Wide variety of
epithelial and
mesenchymal
cells

Same as EGF

Macrophage
progenitors

Macrophage and
granulocyte
progenitors

Eosinophil, mast
cell, granulocyte,
macrophage proge-
nitor,
T-lymphocytes
Epithelial, mesen-
chymal

Epithelial, mesen-
chymal

Wide variety;
fibroblasts,
T-cells,
endothelial cells
Cytotoxic
T-lymphocytes

Endothelial,
fibroblasts
Sympathetic and
sensory neurons

185 KD
tyrosine
kinase

c-erb B gene;
170KD tyro-
sine kinase

Binds to EGF
receptor, may
have separa-
te one

c-fms proto-
oncogene; 170
KD tyrosine
kinase
Unknown

Unkown

450 KD com-
plex (2 a
chains of 130
KD;2 B chains
of 85 KD)
Single poly-
peptide

chain of

260 KD

55 KD(33KD
protein +
22 KD CHO)
Unknown

130 KD
(possibly
kinase)
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Table 8. Tyrosine protein kinases

Proto-oncogene

Viral oncogene

. Intraceilular . Intracellular
Oncogene Exax protein ) Oncogene Protein .
location location
Virus-related
c-sre pp60—© Membrane V-SI'C pp60¥-* Membrane/cy-
toskeleton
c-abl p150=2! Cytoplasm v-abl ple0eEa! Membrane
c-yes pp62eyes - v-yes pogsesyes Membrane
c-fps pogetes Soluble v-fps plageasts Membrane/so-
luble
c-fes pa2etes - v-fes pa5stes Cytoplasm
c-fgr - - v-fgr prOs e Cytoplasm
c-ros - - V-ros pogEeTes Membrane
c-kit - - v-kit p8Qseekit -

Table 9. Nuclear oncogenes

c-myc Family(v-myc)
c-myc
N-myc
L-myc
R-myc
c-myb(v-mvb)
c-fos(v-fos)
c-ski(v-ski)
p53
SV40 large T antigen
polyoma large T antigen
Adenovirus E1A protein
Papilloma virus Eb

Bas=o] JdeAE 2ok table 10574 ot

5. 2t npyof AojM AREAL EHE

A gAAT} Aol EHFE] glolA A
¥o] ZA o} Bild BAFve AL F FEA
e Apdelth E3) B A FFAAT}
oW HYTE wjL 22 I9FL Y AeE Uy
s ot obAztA AFE AL M givk ¢f
AR} 2|4 c-erbB/EGF receptorgd& 4FzdH
AR} protein kinase$] &4, phosphoinositide tAE,
iron F4 2 9%EA o5 #H% e A
o2 ZRHed o fAAE 45 B4 &

Table 10. Associations; oncogenes and human can-

cer
Oncogene Cancer
Unequivocal
association
abl-bcl Chronic myelogenous leukemia
c-myc Burkitt's lymphomas
N-myc Neuroblastoma
erb B-2 Breast carcinoma
Moderate
association
ras Epithelial tumors, sarcomasa,
hematopoietic malignancies
EGF-R/erb B Gliomas, squamous cell carcinomas
erb B-2 Salivary gland adenocarcinomas
myb Acute leukemias
bel 1, bel 2 Non-Hodgkin's lymphomas
Speculative
association
sre Increased protein kinase activity
in some colon carcinomas
fms 5q- syndrome(hematopoietic),

malignant histocytosis

B FEAEOR o] RoA L Yth cablH #
o ot AAE B3 Ao Bt DAY
AEEs e FaF thAR gl HAgo] FHEsta 3l
on doj £k ATA A-AAE FARAEDS
zAsE 71%e 44 93se ez RuEd
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AtH(Sambucetti®} Curran 1986 ; Renz'g, 1987). ©| 6. EetFX X antioncogene, tumour suppres-

5 orgdRY HE AL td model 2A15Hd sor gene, recessive cancer gene)
Fig 33} Zom AR o A Fdsle &L Table
113 A, gor5-A2el 70 (Knudson, 1985)2 E3#-43}

Table 11. Some proto-oncogenes their protein products and possible roles

c-one Protein identity homology or size Possible roles

I. Tyrosine kinase and rellated c-onc
c-erb-B EGF receptor Signal transduction for
170 K mitogenesis and differ.
Stim of tooth eruption,
eye-opening, lung devel.

c-neu 185K Receptor for an
Homology to EGF-R unknown ligand?
cfms CSF-1 receptor Signal transduction for
140 K mitogenesis and differ.
c-sre 60 K Neuron &
muscle development?
C-mos 37 K
c-abl 150 K B-cell differ?
cfes 92 K Macrophage devel.”
cfps 98 K
IT. GTPases
c-ki-ras-2 21 K Adenylate cyclase
¢-H-ras-1 regulation?
N-ras

. Nuclear products

c-fos 55 K GO to Gl transition.
Differentiation,
c-myc 62 K ' Proliferation.
66 K Regulates DNA
N-myc synthesis.
L-myc
c-myb 75 K Differentiation of
haematopoietic cells?
N. Others
c-erb-A T3 receptor, Matabolic regulator?
homology to
glucocorticoid
receptor
C-sis PDGF B chain Mitogenesis
14 K Wound healing

Early embryonic
growth fator?
K, 1Mr
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TGF B

l

PDGF ——=PDGR-R— c-fos —— c-myc — ras

!

proliferation

TPA —= pK-C —— c¢fos — cmyc —= c-fms ’ or

|

EGF ——= EGFR — c¢fos — cmyc —=

// l?

TGF a ras

differentiation

Fig 3. Correlations between growth factors or growth factor receptors and oncogenes in cell

proliferation or differentiation.

7b h& HAlEE $EE Z2a e o] fHAL
ol dlew Qe 2g& oA R dstd
the AezA A ¢aaAE olsfdh=d wi§-
FLE M er SREA HAG o] APY FEE
GAE} BIANEE Fot AxujFa £ 2o

A AERE] dojd A& SAFHHA REoth
(Stanbridge, 1984). R& 34w 249 g £3
A2 T80 e 270 57 A4 W) homozy-
gous(+/+)olm AN FHEH) YZete 15
1747F ¥ A4 o) heterozygous(+/—) 7} ¥1 &

? point‘
‘ . mutation ~——— tumor
no tumor Prbi tb
1 T gene
1
chrorrllgsome »rb: i b ~—"  conversion ~— tumor
9
B
=+ U ~—  deletion -  tumor
rh deletion
e 11
th! t rb e mitotic ¢
+ + e recombination <~  tumor
bt (:? ? chromosomal
. | b > loss and — —  tumor
. .
. reduplication
no tumor
Q@
III|>rbi —_— (Ijnl;)enosomy 13 tumor
‘ chromosomal
loss

Fig 4. chromosomal mechanisms leading to neoplasia in retinoblastoma.
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NAE 50%7F FAdErh W) heterozygous”| €l
T a2 ZEe 25% o)A homozygous(—/—) 2]
AN FAAE 2 Fw (sickle cell trait$} sickle
cell anemia AT 28) & Hddte G2 g
FolAn), AolF AN BAH e PtobF (retinob-
lastoma) o] L} Wilm F %ol A& v A 354 E 2=
homozygous(~/—) R AA7} £%F @dAHEH oA
& A9 AMA Dol dFed AR
v g5l o] ¢ R o AL thFE heteroz-
ygous(+/—)Aele] FHAE 21 & WHE TF
. 2 8 AHQ] Ae| Pefolg o] Hgo|rt PtolF
(RB)&7#te] gla7 d4A A 1314 FHol A&
(Yunis, 19833 484<& <ulgh o] Ao RBA
FME 2 Aol @&4o g $4E RB9
A2 E4A 13qi4F9 o Aol ANTH Motegi s,

Table 12. Recessive genetic lesions in human can-

cer
Tumor chromosome
locus
Ratinoblastoma, Osteosarcoma 13q14
Wilms’ tumor, Nephroblastoma 11p13
Neuroblastoma 1pter
Acoustic neuroma, Meningioma 22q
Ewing’s sarcoma 11p
Embryonal tumor of the kidney, 11p13
muscle and adrenal gland
Bladder carcinoma 11p
Hepatocellular carcinoma 4p
Colo-rectal carcinoma 5p, 17p, 18p

1982). ©] R 9o esterase DEAY FAAI} &

Table 13. Loss of constitutive heterozygosity with solid neoplasms

Tumor histology

Chromosome marker

Smallest common deletion

Melanoma

Neuroblastoma

Hereditary colorectal adenomatosis
Neuroblastoma

Non-small-cell lung cancer
Small-cell lung cancer

Ovarian adenocarcinoma

Renal cell carcinoma
Rhabdomyosarcoma

Familial adenomatous polyposis;
colon cancer

Pancreatic carcinoma secondary to
refractory macrocytic anemia
Metastatic melanoma

Ovarian carcinoma

Prostatic carcinoma

Aniridia, Wilms’ tumor
Beckwith-Wiedemann syndrome
Ewing’s tumor

Superficial transition cell bladder cancer
Colorectal carcinoma
Osteosarcoma

Retinoblastoma

Colonic carcinoma

Multiple cutaneous leiomyomas
Multiple endocrine neoplasia
meningioma

del 1
Nonspecific(del)
del 1
RFLP2121.3
del 2

del 3

del 3

del 3

del 3

del 3

del 5

del 5

del 6

del 6

del 7

del 11

del 11p
hypodiploid

del 12
del 13
del 13
rear 17qll, del 13
del 18
del 20
del 22

1p

1p31-qter
2p21

3p
3p14-p23
3p

3p

3p21
5q12-qg22

5q

6q
6q
7922
11p23

11p—

12p
13q22
13q14.11
—18
18pter
20p12.2
—22
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Table 14. Comparision of group characteristics between oncogenes and antioncogenes

Oncogenes

Antioncogenes

Gene active

Specific translocations

Translocations not hereditary
Dominant

Tissue specificity broad?

Especially leukemias and lymphomas?

Gene inactive

Deletions of invisible mutations

Mutations autosomal dominant or nonhereditary
Recessive(at the cellular level)

Considerable tissue specificity?

Especially solid tumors?

Aol 2@ A 2(Murphree$} Benedict, 1984), RB
Lo M o] 4o Aol EFHoE JEIL
itk o= RFLP 9124 esterase D #2329
2% “loss of heterozygosity””} 18-S 244 =
o ™ Friend 5(1986) ol o8t 4.7kbe} RB {- A =}<]
¢DNA #Adel 4F8A =HAer o RB {349
Ago gz FZ(osteosarcoma)E TAET UL
<A = Atk RBY heterozygous(+/—) FAAE
A A7t | 4ol &t o] HAE A
7ol st 9918 28] B Fig 49} Zo] AHdE
4 QUth RB ©]9]¢] #4/-AA Mdez dHEe
o2 table 129} #t},

719} RFLP 972X loss of heterozygosity’} &
Aol FHE AFAFAE EAHRY o3 2o
(Table 13). A Arizona $83(1991) o) AEH
LOH7I §44< <3 #dvn RodE L o
Aehe A 9] A5, 17 L] 2L 18W T H Y& A34,
119, 139 Jeja 17989 Sukehe A1 3 119
139 283 1739 WS AW, 119 28 17
Hol gl 429 LOHY oY o] WAel 4937}
Stz @us]d Aog F2HEr

7. ARTKIL} SARTIRIf| 2A)

dHHA] @487t oz ojdEE HEAHQ
A& c-abl A8 A9} CML 18 I c-myc ¢HH- A 29}
A JutFoln FUdf-HAzZE RB7F thEH o T}
FAF AR g A7 obA uE3A|gE Aetop
ZoA N-myc 227 48150 g0 Hx
Hol(Lees, 1984) AAME wl7t Ak &, ¢ §3
LY Beode FIHARY v gAY} gl
$2.& initiation =o] ¢FHA 93t progres-
siondtx] ¥-&7h L AXSHA HIdm Utk
(Chang, 1991). &3] Vogelsteins (1989) ) #| A §
gl A el d9e o AldeA b3

E4Y Qe AP ATl & FPHAAG A4
A7} 7 A8 p53e HHHAZE BT
YHAAZE FEITHE Rolch AFAA wE
% GHAAS YAsAAE 5L vlmalo]
EEE W5 HH thgd 2oi(Table 14),

8.8 E

o] FAzte FAWow AFHAA 4@ FA
A9 AF7E W it GedAe $Aew
283 FAREA HE 9499 95le gAjslg
o FAANEE o2 FHAFAI Y FAM A
A R9E 34 ga FYHAE 4o
2 43 FAREA o] A7 v gAsE
go Hul REY ndgddse §geAxiet
FFHA7E BAN BAdte] 49 mutistep oncoge-
nesis?] FYL Axthe o) FA7tA o] FHojr),
o)E FAAVL AGAENNE AEEI} F) 4
HA3EE FYE olfster oA HAyste @
T Hag R 2o G o] WA e A7 A
o) §- &g, ks 1Yg odsled e fA
2} Zrg-of) gk A 4o] My ojof sl ojH 3
A 718, ou FAAE 4o FEHERAE vin
AT Aol o 43 wo] @ 4 QY] wjFolt}.
o2y olE FAAEAM ¢ Aoyt 3zle]
AEHAA Yoyl ARAE SE£E F e Aoz
FZF}

Ao E
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=Abstract=
Cancer Relevant Genes
Sung Ik Chang, MD

Department of Anatomy, Keimyung University,
School of Medicine, Taegu, Korea

Cancer may be a disease of genes, arising from genetic damage of diverse sorts-recessive and dominant
mutations, large rearrangement of DNA and gene translocation on chromosomes, all leading to distorsions
of either the expression or biochemical function of genes. The search for these genetic damage in neoplastic
cells now is the most important in cancer research. The oncogenes, appear to act dominantly, may directly
induce neoplastic growth in experimental animals or malignant transformation in appropriately selected cultured
cells. The antioncogenes are recessive at the level of individual cells operating through gene inactivation
in tumorigenesis. The carcinogenic process have multistep involving in oncogene and antioncogene at least
in the solid cancers. Cancer genes may have roles in regulating differentiation or in the maintenance of
fully differentiated cells in normal cells. It is needed now to understand the roles of cancer genes in embryoge-
nesis. Because some genes between relevant to teratology and relevant to oncology have quite genes to clinical
tools for early diagnosis, prognosis and therapy.

Key Words: Multistep carcinogenesis, Oncogenes and antioncogenes, Recessive and dominant muta-
tions.



