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AtEe X3 ERHFEY genomede 3F
#9 ras AR EAT 2 I H=HY 2
ZA& H-ras 1, K-ras 2 @ N-ras §4A2 &
2ln], T3k H-ras 29} K-ras 1o]gh= 7H -4
A 7F WA e} Apgel] EAlde A2 W MY
Y 0lE 3% 9 ras FAAEL EA8F 21,0009
p212 ¢#EZ 9 Eg 7| v Zzte]
WHAEL 7 ofu it vjgo] tE Aoz ¢+
AP K-ras 2 FAAE A3 YA A ras &

0] =& 19979 NS WA XIAeI7d|(02-
97-239) K|&01l 25l OIF 0T A,

19984 18 139

AHEHQ:199814 12 24Y

A2} coding Bl E-& 471 9] exonoll FE =
on® o] e X{HEFEY ras FAAE 2
coding M€ WA A Aol 2aiA FA
AL fFrdte 43S 7 UAY°. AAH
o7 MAEE 9ol codon 12, 13, 594
6104 Q1WA 3LA S SR T in vitrool A} Wt
Aol gk Aol 9] &2 codon 12, 61, 63,
1163} 11904 A5 @A =) =) 53 codon 12
96104 71 =& M2 B, o]} 72
& ras frAAe] @48 p2l o] e F 715 S
HSIA A 242 AL FEoopo,

ras @A (p21) 9 843}= ras FAAN Y
A 9ol AFAZMN o]F ofnjiAt st
g5 oV dojued] Al 79 23 F
Fol et 435 € ras GHAA FR7HOE
o}, Wgoju A7) 9] FYol= F2 H-rasvl,
¥} e FYole K-ras7), 28 EYE
%ol M= F& N-ras7t A8 H & Ao 2 ¥4
Ao Algte] W39t DNAE polymerase
chain reaction(PCR) Al3) £ol] 2 4H&9] &
AR MEE ¢lo) ras FARAE ZAEES W
H-ras §-82+2] 1285 codonol E¢EHo| =
= A7 ZAM AA) 95 18% 929 4
Wolo YEEL glycine(GGC)o] valine
(GTC) 2.2 wists o] dojyd} ™,

Atz o2 o fE9 sahdgAls 8ol
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FEEAEAN F EGHOIE FRAINAY
DNA 9718 #7He & A8 ras H-3AAE
Ay APFENA FehdeAl o] fof 23y
A A3t RoE HHFAD. o) o] T
A= $UE 543 2dA 9] ST/ 23
wet $A3tH = RFEAY SR UEN 9
A9 fd3% A o] N-nitroso-N-methy-
lurea (NMU) 9| FoA] fuetst Aot ol
g 5 e, ojuf ko] LA H-ras
1 fAzLe] A stol ofsl, Yupagel AL
N-ras®} H-ras 8% @43} 9§ A2
2 UHAGY. =3 WA AF Y Fi 7,
12-dimethylbenz[a]anthracene(DMBA) ¢}
dibenz (c,h) acridine(DBACR) 9] A2j=
H 2GS {FET o, o] TFHANEH-
ras 1 frAA 4371 99 Ao R d=A
g g2y WA AH 2 Hol tetrani-
tromethane (TNM) §4& H$%& A2
a4 o ol K-ras 2449 84437 1 9
Ao 2 dHAHY, o9} Z-& NMU 24§ &+
Az g3t FRAAN Y F7] guanined
adenine 2.2 AFAA ras F4 29| codon 129
2HA 97171 A 5990l Ho dojus= F2
Z ZAEJAY”. £33 DMBAE ras F-3 A9
codon 61914 R7HES FA S E U2
71e AL E ZAEAS B ol EP?, codon 61
o] & WA @) adenineS thymine. & AE
AA A EQHE fEds AR EIHA
q_ls.zo.m.

ras AR AHEQ p212 B E Foll A
25 2835t A (modification) Ho]** €
Aol N xd "ol YR gt} p21& GDP &
GTP) th& 38l=7} 3 GTPase 8YEE
7= G @3 54 7P AP, ras
$Az}e] codon 129 612 A Aol 2%
Bhke] ofm| At X -2 p21¢] YA, lipidation
9 guanine nucleotide®}2] A{ EAlo) W3l
£ FAE Yo YAAF S AT
I GTP 7838 £58 IA ZaAdgx*
7 G R A FAMAQ ras F-AAe] EQH
olo] 93 p212] A= GTP 7IFE3E 9o
A sty Ge A AU BEASE JA T
1= '
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AHd 2 o8 APFEAA ol 7A el M
AN AAFHo T dAHA Y sHehaetAl el ¢
] FrEE FYo] ofd /Y AR &
Azle)) o5 doju=A o] gt AL vjn| &}
q_a.a\)' .
et B =X WA et Mo sishd
9FA1 Q! DMBA w4 & DMBA ujj4] @ ukA}
A ZAHE WY 2 By M FEA o
& FR/Y & A3AF H-ras FAAL
EdRo] G RE ZASIL, F 27 H-ras &
AR 43 A9 2ozt A=A E FHE
IA & AFE FPIAh

I. 7Nz S ey
1. HeEE

A Z 100g W 2] ¢ Sprague-DawleyAl 4
MNE QAFFTER AMEEen 49717 7 #
AR (A YA F) B ALS3R T

2 EloiM EQ R

Cataldo$} Shklar®] W™ wle} A¥
AgA 7} flo] &45 Pul 2] DMBA 40mgS
vl & WA o] st v B2N FTF F
W717HE @53 TF TANEES UG E
3 DMBAE w23t 3 A7} sp3 ol A 7ot
A & Aol A A& ZATSEIS T DMBA
£ )3 45 FHEY 305714 23 FHHoE
2-3vt8]l4y YA E FAAIA DMBAE w4
Bl AL Wolulo} -70Ce] BRsAL vz
DNAE £33

HFALA ZALE Guerrero S 3%} Yuan £ ¢]
g ety SR lem FA 9 A
22 THE I (bolus) & Yol ExF &35 €2
%5 ¥bA}A ZE A7) (Philips linear accelerator
SL-75-5)& Ah&-3te] A&oAx FE 350
cGy/min 2 20GyE€ wF 134 35 A F =
AL 60 Gy & AR



3. Genomic DNA 224

WA E SYAIA dold etl M 23, A4 &
HAHSE NIH 3T3 4| ZZHE 2] DNA 2
+ Sinha 5¥¢] Wyl e} o33 ZFo] A5
stk el E WAMZRE Feldo] 7IYE
ot FAA AE F &F9Y [10mM EDTA,
100mM Tris-HCl (pH 7.5), 50mM NaC],
2% SDS, 100ug proteinase K/mlleol ¥ o] 55
Coll A 2AIZH( B 37Coll A 18AI1Zh) 5<% I
3+ ¥ 4314 o}, Phenol/chloroform &Y
o w2} DNAE #2383 5mM Tris-HCl(pH
75), ImM EDTA, 10mM NaCi £ 24
AN Zr ol BEXAFY £94 1mlF 100 mg
RNase& gol 1A ¥H5-A1A RNAE ¥
8} A171 & phenol/chloroform . DNAE &
&% o+ TE ¢394(10mM Tris-HCl, 1mM
EDTA, pH 7.5) 2.2 4Co| A s}FFt F4A]
Ak 283 DNAY 0.4% agarose gel 1719
=2 A I AN % RAIYE R
transfection®@ EFEA dur-g-o] AJEZE A}
£317] Y& 4Coll A BA3tHTh

4. Transfection

DNAE transfectionAl717] 48] American
Type Culture Collection(ATCC)olA F¢
g NIH 3T3 M & AME-R o™ 10% F-Ho}
A (Gibco Co.)o)] E FE Dulbecco s
Modified Eagle’ s Medium(DMEM) ol A

5% COz, 37CE W}t h BN TF2=2
HE od& DNAE calcium-phosphate
precipitation HPH*®e] wel NIH 3T3 A Z0
transfectionA] At} VA vl S A NA
A& NIH 3T3 Al£& 0.1% trypsin (Gibco
Co.)o] £5¥ DMEMOZ ZgtA 3 ulgoA
H oJU] ¥, hemocy-tometerE A}M&3}o] 5X
10°78 8] M EE 60mm wl % F A9 A 10% Sl
o} ¥3o] ¥3¥ DMEMOZ 24A17F ¢t vl
FIAATH A AN B BAH SN 2E
¥ DNAE Z+Z 20g¥ 2M CaCl$} 2x
HEPES-buffered saline(HBS :140mM NaCl,
5mM KCl, 0.75mM Na2HPO4 - 2H20, 6mM
dextrose, 50mM HEPES, pH 7.05) 2.2 &
327} 0.125M CaCe9} 1 XHBSE HEE & 4
< F 20-3087 F20 WA v 10% T
o} Ho] ¥3d DMEM 5mi¥ < H71et
247k F wokat ATk 24N Wi F 5%
$elo} 3o] XY DMEM 5mlZ WY&
ZolF 3-49 ZHA0 B HEolgon 2-3F
Zot A MG ¢4 (transformation foci) &
#FstATh

5. Hras REXIQI &%

H-ras S A A= Table 10 FAIT AJdbA] %
& ALEEt FR}ES G -S M F A
ol AAAN £Z3lged 1 AL oS4 7
o R AR SHES AV sense AIEA]
10pmole, antisense A]@A 10pmole, 2.5mM

Table 1. Oligonucleotide primers for the detection of H-ras gene.

Position Sequence(5 —3')
12th codon outer, sense AGGAGCGATGACGGAATATAAGC
antisense GGCTCACCTCTATAGTGGGGTCGTATT
inner, sense AATATAAGCTGGTGGTGGTGGGCGC
antisense GGGGTCGTATTCGTCCACAAAATC
61th codon outer, sense GTGGTCATTGATGGGGAGACGTGC
antisense CTCACGGGGTTCACCTGTACTGGT
inner, sense TGCCTGTTGGACATCCGGGATACCGCC
antisense CTGGTGGATGTCCTCAAAAGACTTG
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Normal Mutant
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First PCR B B
Restriction enzyme L * —
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Y Y
Y '

Figure 1. H-ras mutation analysis using two-step PCR-RFLP.

The DNA, which may contain a mutation(*), is amplified using
outer primers A and B. Incubation with the restriction enzyme
cleaves the amplified wild type sequence and leaves mutant
sequence intact. The inner primers C and D are used in a
second PCR, and now the uncleaved mutant sequence is
amplified. The products of the second PCR are incubated with
the restriction enzyme. The restriction enzyme-resistant DNA
fragment is diagnostic for the presence of a mutant

dNTPs 2x 1, Tagq DNA polymerase
(Promega) 0.5unit, 25mM MgCe 241, Taq
DNA

polymerase &&29%(10mM Tris-HCl, pH
9.0, 40mM KCl, 0.1% Triton X-100)¢°]
DNA 0.2pg2 A7} 23 SH/HSTE AF F
o7} 207t S 2E AT ¥HEYS 95°ColA
587 7143l DNAE HAAF L $#ESD
A Y32 95°Coll A 187 WAL, 55°CollA 18
7y A Al (annealing), 72C ol A 18 7+
extension® & 103] Thermal Cycler(MJ
Research) oAl A&ttt A AA FHEL
AHSE 104 E F AR THES A4S
A5 2 AFEEEAY Al A4 (Nae I, Msp I,
Bst NI, Eae D2 A@3ty 5 A TdE4L <A
S FYO R AU F HA FHEA
QS ¥hg AFE 3032 33 UeAE

oOuw w.o

A Aot U 2AoE APEAt A
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4 A8 10p1E 2.0% agarose gel A71%9
& A# 3} ethidium bromide®2 g4 3 o
<9l UV illuminatordlol A 11 3718 ¥ 8+3
q_:m.

6. H-ras REAIQI & =AHB0I AL

H-ras §3A 1295 codon®] 3 EQW9
+ Nae I°|\} Msp 19| oJsiA AdE + A7,
61 ¥ A codon< Bst NI o]t} Eae 19 )34 &
@E & 310} agarose gel A7 FFdANA 1
IA7NE 9o HFE FUT + Ut Wty
A Eduo] 25 2ALE7) $189 Figuredl
Al A $ 2¢HA] polymerase chain reaction-
restriction fragment length polym orphism
(PCR-RFLP)& | &3Aqt*®. 12 81X
& Aaubgo]l Buhd WHEE 104 E AT A
2 Aty 22 FHEAA AL A AY



13} 9he AHE S ¥HE 27 WS AIFT 27} 9
$BE AW BAT AT AV 478 Fa
Ssic.

W A} g}l Mo DMBA uj4]o]1} DMBA wji24]
2 AL TALE et S W BE el
A Fgol F=HULH (Figure 2), %ol
ZHE gols H4F 105 o]4do] A2 U
DMBA wl2] ¥ 4F0]| A 305 Ale]o] YA & 2
Z Aoz BAAA genomic DNAE £3
gled NIH 3T3 Al X9 transfection A71AV
FHAEL Ao F¥ (template) 2 & A}
£

2. Transfection assay

DMBAE vl 4] A8+ DMBA uj4] &
FAD ZARE AT A¥2oM A5E A

Bl Y =oko 2 HE B3 genomic DNAES
NIH 3T3 A2 transfectionA|H& o §2
A NIH 3T3 A 27t FFH A Y (Figure
3) A etg Mo E2]3 genomic DNAE
NIH 3T3 A} ® o] transfectionA] H < ol &=
PR A8 o] YoJuhA] gkttt DMBAE w2 &
AP ZANM AR FHH L £ DNApg?
0.01-0.02 foci®] MEE WA 5497 DMBA
o) & 3 PALE ZALE BT AP FAAME
0.01-0.03 foci®] ¥IE 2 WA &% t}H(Table 2).

3. Hras RISl SEIZA HMEIE M

0

H-ras 349 1284 2} 61HA codonE
Ztzt 238HE HolA e ALA g A3y
22 FHEL A AAPYE AVE
agarose gel A7]GEA A 1 718 FAVSH
RS @ Table 3] BAIG A== A7
95bps} 135bpe] DNA ZZe Zhzh &9stg
719 SHES AHRES-EE Figure 19] A
3 AAY 9T = AUk

Table 2. Incidence of the transforming genes and the transformation efficiency in the normal
salivary glands and the salivary gland tumors.

Source of DNA

Transforming genes

Transformation efficiency

/samples tested (foci / p#g DNA)

Normal salivary gland 0/10 0
Salivary gland tumors induced by DMBA 9/30 0.01-0.02
implantation
Salivary gland tumors induced by DMBA 10/30 0.01-003

implantation and irradiation

Table 3. DNA fragments by two step PCR-RFLP for the detection of H-ras mutations

Mutation position PCR DNA fragment of Restricted size with
of H-ras PCR product enzyme
Point 12 1st PCR 125 85,40

2nd PCR 95 69,26
Point 61 ist PCR 175 127,48
2nd PCR 135 108,27
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Table 4. Frequency of H-ras point mutations using two step PCR-RFLP

Position of codon

Salivary gland tumors induced by
DMBA -implantation (n=36)

Salivary gland tumors induced by
DMBA -implantation and irradiation(n=239)

Codon 12 2( 56%) 3( 7.7%)
Codon 61 3( 8.3%) 3( 7.7%)
Total 5(13.9%) 6(154%)

4. Hras REAICI & SHHH0| &0l

Table 39 A5 H-ras§2A 2] 129} 614
A codon®] A EFWl FF-& A 9
3o 2X FHES QYN ES ATELE A
@3} agarose gel A71YF5S A&t 1 2
71§ ZAFSIA .

H-ras §4#r9] 1244 codond] H &3
o] 7§ Yolr 7] #3l AFEA Nae 10|
Y Msplo2 2zt SHES AH S ES A
39S o A4 et A3 EEY gAN FF
oA BF IAAHJAT AGHA G= dF B
AN Fgo] THFHA}H(Figure 634 7).
DMBA vjj2]o) o8 §x ¢ 2719 et F4
o4 1284 codon?] H E@Holrl oo
DMBA w43} WAL ZAbel o8] fr € 378
9] £ gl Mo A a7 FEF AT
38l Bst NI} Eae IS 0]€31 619 codond|
A9 A Bl TAE Y& ol DMBA 1ii4]
o o3 Fx € EHAAH FFAAE 37871

DMBA w43 AR ZALE =28 BPo=

M7t 42k A QMg godle AR U
e}stci(Figure 8, 9, Table 4).

ol9} 7+& AIE Y&y st 14 F§
B4 QNS ES ARELE A 23 F
FaAs QS ARSI E wl Adolt 12
9} 61UA codonoA] A EQMIE HL7IA
e 7%= Figure 1614 dAMst ZAAH
DNA AAES 3FF & PAUAT A 594
olZ 4ol AL 95bp2t 135bp 2719 4
A== DNAE U8 & UK Figure 10).

5. Hras Al & SAHBI0| 2HAE
8 ) e}ej Mol DMBA wj2}o]\} DMBA =4
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AR FALe) 93] s = S9N H-
ras 2212 1294 9} 619 A codond] H EA
#o] 7t WA 3= WIS E Table 49 EA|5Hth
DMBA vj 2o 2J3] =8 et F4 3670 F
570(13.9%) o} 4, DMBA 4] 2} ¥FALA Z A}
o8 fe eA M FF 3978F 670(15.4%)
o A H-ras f-A 2} 124 2} 61 A codon?] A
Eddolrt FEHAU

V. S& ¥ Jet

ras A A= Harvey$} Kirstein murine
sarcoma HlO|H 2R E A EHHUILY o
Aol 71 EE murine retrovirusol] 2] 3
A= Y4 79 DNAMA ZFAE Q. H-rast
K-ras 429 971442 AL, A9 3%
TE9 genomedl A ZAIH UL N-rase Abg
o AHARMEZ 3 §F A EFo ZAFH AT,
ras FARAFEL exon-intron F+X7} FAMHH
Ztz} 21 kDa 9] T A (p21) & encoding 3t} H-
ras FARE ¥ 27 BA) FEo A N-rasth K-
ras FRAAE Y 5 A5 FAstH TP 129} 61H
A codonoll A A EAW|7l & AojyE AL
2 ZAE AT,

F4E FEAFI= e A 9 o B2
DNA ¢ A3 4543ty EdHolE F =8t
= Ao E dEjF e, ol EFdHlE g
AA 9] exonolyt introndloll A S}
R71E A4S FEAA 278 FEs)
o) Zolt}t §3) o]} 722 EdHolE F=E
exonW ol dojib= Aol BEFOIAT® intron
el A Eddolrt dojdths Bk AT,

shehrgtAlol] 9§ F4o| o] DNAAS
Eduolrt I 99e] = R g F
Q= ¥bY o) = transfection assay @t &AL G



Hur2-& o] 83l single strand conformation
polymorphism (SSCP), dot hybridization,
sequencing @ RFLPEo] Ao} & =F9
4] DMBA vfj2joj] 93] {28 gt AdF FollA
DNA & ¥a] 3t NIH 3T3 Al £ ]| transfec-tion
NZE 9 DNAug 3 0.01-0.02 FAHE 58
A& #FAT F UL, DMBA w27 ALY
ZAIZ 2 el MF kol A= 0.01-003 32
AE FHH L AU (Table 2). DMBA vi4]
off olaiA Tt fdd At DMBA w4 3} AL
A ZAb os] faE dF A o g2
237 (0.03) o] FAFHAAT FAHYA & 9
¢]= ¢l t). Balmain® Pragnell®2 A3 3
BzorojA] Eagk DNApgS 0.04-0.09 ¥3
A FeH L AdJohT B8 20 Sukumar
=00 Wi £ DNAZEE 0.01-0.08 3
A FHFL APt 2RI &P a2d8d
o2 N3 FY¥ F F 10-15%7 ras HA
A7} A stEo] £U4S 4 AoE LA
on T3 o= MEd FU F 10-20%7to]
transfection AIHE W FAAE 8L 7HRA
T Aot AP, o)A H HAAG I3
WAy go] IA Aozt e 9L obF F§s}
Al g2 AL YA Brown EVL §AAE
Z71GA dAAES doyle g9l &
Azt Lgo] muldte AR AY FIAE
< FET F e SRR FASHAY F
F oA FAAe u @A SV I YU R FF
It} E3) ras FAAY EA 3] g7 F
F L F A S48 30E AX 9o
Uz R HA DAY F HA &A 99 ras F
Aol gdo] £F77} & Aoz Azdd

APFE F ZALF 60Gy ] A& ZA}
S o 4-670Y Foll AEFE <F 25% A
Foko] WIS Yol T H 7o WA Efef M
of DMBA vjda} FAje] ALY ZALE 8Hd
DMBA 4 ghg g Aol ¥ld] 4 2 717+
< &3ty FEE Fdsie ¢4 TR OGS
Aoz A3 I £ AFZA A o
A Bl Mol DMBAE 435S off fud
Z9ko] 13.9% A, 2182 DMBA o4} 4t
AR ZAME E13S o f-2E $99 15.4%9
A H-ras A9 A g7t BFH F

AP Z Atolo] FA & g ztol7t A
o). wetA A el He] FoF 2L AR
Z Aol 23 & H t} DMBA w4 o] $4 {2
o) EFFOIUY ALE AZdct.

DMBAE w43t ¥ &2 £ T 574oA
H-ras A Egdolsl &= A oA
DMBA w3} & 14F 163, 185, 245 ¥ 26F
9 F%oA 4y Yelg, DMBA 9 A}
A ZALE 3 FFA A 14F0A F 70, 165,
205, 22F, 2850 A 14 JElEA] 9} codon
129} 610114 EAlo) A S Ho|7F Yolnd F%
< AFY F YA FTE FL F LA E Horas
F EAWo] FolA 14F oA 205 Alojd]
63.6% (7/11) 7} VELR S ol R o] Fok SR A
719} of® o] sl A& ofF 4EA UA
AT, o9} 71 H-ras §HAS Sdwo7t
yehd Zgoll A 4 H-ras A7 25 4
25 A&l (Figure 4-7) 1AL P KAA
Z st g9olrt dojuy & YA
A= AAto]7]) wjEolth AT} SU A X
Z dAARHE T4t A Fol A4 dHF
A7 AT E B3 glon® A gy
UAHE Eddold dAAAY FAHAE 9
< At AUt YE AL FAHHY AT
% H-ras FARA AWl E Yo F%E 2
@Al PCR-RFLPE A8t A71F54
Eld DNA band$®] =& Al8vith 2] 7t §l
3 A3 il AR Aol x Ate]7}
AN (Figure 4-7). o] 2 Aol FE AX
ol Eduold #Adze vlgo] TaA B2
ol AU Az 23 F=7t =27 o
Folalz AZdcth

B Ao E AN SAHE RE G X
AMA] ok 20% Ao BA ST YTk LA
A" ras GHAALE ZASIY L, S
o] ras YHARTE FANME H-ras G2 Aol
A 7 2 NIEE H g9 godny
222 codon 129} 615+ FAMEA T} whabA
DMBA wj4] 2 ¥abd ZAo) o8] §-= € EF
A A Fg DAV A GHAAL Al 9] B} »
AE BAYL ZAE] AN E T ras -
Azpol thgk ZAPT Ald)Eojof & Wl oy
g olul 2 g A s o 309 T/ &
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Aste] ABYS TR & RO AEE

v.d 2

318} 29kAIQl DMBA & WA Bl Aof wf4
dta] F¥E FEA 4823 DMBA w43
WAL ZALR B $4E FEA AEE
oA Ztz} DNA & #2319 transfection ¥4
3} 294 PCR-RFLPS A13314 S o o234
Z2E AEE 4T

1. ¥ AN £% DNAE 747 3y
NIH 3T3 A X)) transfectionA1 - o &3
Ag Fggo] FA s

2. Transfection 242 Aj3st92 of A AS
U4 E&S DMBAE w3 HEZAA
DNA g% 0.01-0.02 focil3Z, DMBA uj2]
3 AR ZALE 3 A ¥ FelA 0.01-0.03
focig o}

3. 294 PCR-RFLPE ©]4-8¢] H-ras §-3 2}
9 A EdRic] TAES ZAEAS 9
DMBAE "4 & A2l 13.9% (5/36)
2 YElNY, DMBA "33 HAM ZALE
B3 e AP FAAE 15.4%(6/39) 2 e
pre=2

4. DMBAE v )3t AP 2ol H-ras AR
9] 124 codond A W7} 5.6%
(2/36)2 eI 61¥MA codond] A &
8.3%(3/36) 2 \E}siT}.

5. DMBA w43 AR ZAME N AE 439
Zo A H-ras 82 12HA codon®] A &
AWol7} 7.7%(3/39) 2 YEIG T 619 A
codond XX 7.7% (3/39) & Hebstth
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-ABSTRACT-

ACTIVATION OF H-RAS ONCOGENE IN RAT SALIVARY GLAND TUMORS
INDUCED BY DMBA AND IRRADIATION

Key-Soon Hu, Jong-Whan Choi*, Soon-Chul Choi, Tae-Won Park, Dong-Soo You

Department of Oral and Maxillofacial Radiology & Dental Research Institute,
College of Dentistry, Seoul National University, Seoul, Korea
* Department of Biochemistry, Wonju College of Medicine, Yonsei University, Wonju, Korea

Cellular transforming genes have been identified in a number of different tumor cell lines and tumor
types. A significant number of these oncogenes belong to the ras gene family. The ras gene family
consists of three closely related genes:H-ras, K-ras and N-ras which code for a related 21 kDa protein,
Mutations in codon 12, 13 and 61 of one of the three ras genes convert these genes into acute oncogenes.
The presence of H-ras gene mutations has important prognostic implications in various tumors,

Each genomic DNA was isolated from tumors induced by implantation with DMBA, or by treatment
with DMBA-implantation/irradiation. When genome DNA was transfected into NIH 3T3 cells and
investigated by two-step PCR-RFLP, the following results were concluded:

1. Transformation foci developed in two groups when the genome DNA of two experimental groups were
transfected into NIH 3T3 cells.

2. Transformation efficiency was 0.01-0.02 foci/#gDNA in the experimental group with the DMBA-
implantation, 0.01-0.03 foci/#gDNA in the experimental group with the DMBA -implantation/irradiation
according to results of transfection assay.

3. When the point mutation of H-ras gene was investigated by a two-step PCR-RFLP, there was
13.9%(5/36) in the experimental group with the DMBA implantation, 15.4%(6/39) in the expermetal
group with the DMBA -implantation/irradiation.

4. The point mutation in codon 12 and 61 of H-ras was 5.6%(2/36) and 8.3%(3/36) in the experimental
group with the DMBA implantation.

5. The point mutation in codon 12 and 61 of H-ras gene was 7.7%(3/39) in the experimental group with
the DMBA ~implantation/irradiation.

Key words:Irradiation, 7,12-Dimethylbenzfalanthracene, H-ras oncogene, Point mutation
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Normal(A) and tumor-induced(B) salivary gland of rats.

Tumor salivary gland of rats was induced by DMBA-implantation or DMBA-
implantation/irradiation.

Morphological changes of NiH 3T3 cells transformed by DNA isolated from tumor
induced salivary gland of rat.

Control NIH 3T3 cells and transformed NIH 3T3 cells were maintained in Dulbecco’ s
modified Eagle' s medium(DMEM) containing 10% fetal calf serum. NIH 3T3 cells were
seeded (2x105 cells/60mm plates), cultured for 24 hours, and transfected with 20ug
of DNA according to calcium-phosphate precipitation method.

Panel A: Control NIH 3T3 cells

Panel B: Transformed NIH 3T3 cells

Analysis of amplified DNA including codon 12 of H-ras gene.

PCR products of DNA isolated from normal(lane N) or tumor-induced salivary glands
10(lane 1), 14(lane 2), 18(lane 3), and 22 weeks(lane 4) after DMBA-implantation, and
tumors 10(lanes 5), 14(lane 6), 18(lane 7), and 22 weeks(lane 8) after DMBA-
implantation/irradiation. The DNA bands were analyzed by 2% agarose gel
electrophoresis and stained with ethidium bromide. Size marker(M) was used with 1
kbp ladder.

Analysis of amplified DNA including codon 61 of H-ras gene.

PCR products of DNA isolated from normal(lane N) or tumor-induced salivary glands
10(lane 1), 14(lane 2), 18(lane 3), and 22 weeks(lane 4) after DMBA-implantation, and
tumors 10(lanes 5), 14(lane 6), 18(lane 7), and 22 weeks({lane 8) after DMBA-
implantation/irradiation. The DNA bands were analyzed by 2% agarose gel
electrophoresis and stained with ethidium bromide. Size marker(M) was used with 1
kbp ladder.

Detection of point mutation at codon 12 of the H-ras gene.

Point mutation was detected using two-step PCR-RFLP. The amplified DNAs were
cleaved by Nae |, and analyzed by 2% agarose gel electrophoresis and stained with
ethidium bromide. One or two bands were generated from tumor samples with DMBA-
implantation(lane 1-4) or DMBA-implantation/irradiation(lane 5-8). Lane N; normal,
lane 1, 12 weeks, lane 2, 16 weeks, lane 3; 24 weeks, lane 4; 28 weeks, lane 5; 12
weeks, lane 6, 14 weeks, lane 7, 16 weeks, and lane 8 22 weeks. Size marker M
and M1 was used with 1 kbp tadder and 50 bp ladder.

Detection of point mutation at codon 12 of the H-ras gene.

Point mutation was detected using two-step PCR-RFLP. The amplified DNAs were
cleaved by Msp |, and analyzed by 2% agarose gel electrophoresis and stained with
ethidium bromide. One or two bands were generated from tumor samples with DMBA-
implantation(lane 1-4) or DMBA-implantation/irradiation(lane 5-9). Lane N; normal,
lane 1, 12 weeks, lane 2,16 weeks, lane 3; 24 weeks, lane 4, 26 weeks, lane 5 12
weeks, lane 6, 14 weeks, lane 7; 16 weeks, lane 8, 28 weeks, and lane 9; 30 weeks.
Detection of point mutation at codon 61 of the H-ras gene.

Point mutation was detected using iwo-step PCR-RFLP. The amplified DNAs were
cleaved by Bst NI, and analyzed by 2% agarose gel electrophoresis and stained with
ethidium bromide. One or two bands were generated from tumor samples with DMBA-



Figure 9.

implantation(lane 1-5) or DMBA-implantation/irradiation(lane 5-10). Lane N; normal,
lane 1, 12 weeks, lane 2, 14 weeks, lane 3. 18 weeks, lane 4, 26 weeks, lane 55 30
weeks, lane 6; 12 weeks, lane 7, 14 weeks, lane 8, 20 weeks, lane 9; 22 weeks, and
lane 10; 26 weeks.

Detection of point mutation at codon 61 of the H-ras gene.

Point mutation was detected using two-step PCR-RFLP. The amplified DNAs were
cleaved by Eae |, and an alyzed by 2% agarose gel electrophoresis and stained with
ethidium bromide. One or two bands were generated from tumor samples with DMBA-
implantation{lane 1-4) or DMBA-implantation/irradiation(lane 5-8). Lane N; normal,
lane 1. 12 weeks, lane 2; 14 weeks, lane 3. 18 weeks, lane 4; 26 weeks, lane 55 30
weeks, lane 6 12 weeks, lane 7. 14 weeks, lane 8, 20 weeks, lane 9 22 weeks, and
lane 10; 26 weeks.

Figure 10.Analysis of H-ras point mutation from tumor sampies.

ist PCR products were cleaved by Nae l{lane 1-5) or Bst Ni(lane 6-10), and it was
performed 2nd PCR. One band was generated from mutated H-ras tumor samples,
but a band was not amplified in tumor samples with normal H-ras gene and normal
samples. Lane 1, 6, normal, lane 2-5; tumor samples 14, 16, 24, and 26 weeks after
DMBA-implantation, lane 7-10; tumor samples 12, 14, and 18 weeks after DMBA-
implantation.
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