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Abstract

Capsaicin(8-methyl-N-vanillyl-6-nonenamide: CAP) is a major ingredient of hot pepper that has
been used as a spicy food additive, preservative, and medicine. In this study, we evaluated the effect
of dietary CAP on the selected proto—oncogene(c—jun, c—-myc, H-ras, erbB, p53) expressions in various
tissues of mice. Male ICR mice were divided into four groups and fed the experimental diets containing
CAP at the levels of 0, 5, 20 and 100ppm for four weeks. Steady state RNA levels in various tissues
were measured by slot blot hybridization assay. C—jun expression level was enhanced in stomach tissue
from mice fed 20ppm CAP and significantly reduced from mice fed 100ppm CAP. The c—jun expression
levels were differentially altered in organ-specific manner. Tumor suppressor gene p53 expression level
appeared to be slightly increased in the liver from mice fed 20ppm CAP. These results suggested that
dietarv CAP differentially modulates c—jun and p53 expression in various organs.
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S =

-3 AHoncogene)+= A E2] 33 A ZH(neoplastic
transformation)S FE4A1A = 3E &, & dold ¢
3= fAzE o]t} ¥, proto-oncogene2- BE A}
A 2] £ 5h ulole] 2 {4l v-oncogened o} f+
AR3t homology & 7FAl& A AL 241, 15 proto-onco-
geneo] ¥IAAAA 0 2 W3 A =d AYA XY= 7] F
o] t}2 tumor A EZ A e]7} defdrl(1,2). o1& proto-
oncogene-> $H&-ol whe} o (overexpression)
e Axe) FHEe] x|, 45 3t GAE
4] 53 proto-oncogene ‘L& o] tjEH o2 ZF73ic}
2 33xe} QIck3-9). & 9, c-myc celld] ¥
ste} F4] o] el Bt ol e}, AEFIE 2H3=
5 8% 92¢& 3 (10), adenocarcinoma celleilA]
2 3 e] Z713eH(10). C-erbB-2 gene-& mammary
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celld] 7] ¥5o} A X FA 6 F83 ITE dcka
48 A &l (1), st G, dgh, ez $id=
Aol 4 overexpression® t}(11,12). C-myc?} c—juns
% # 9] myoblastoll 4] overexpression® = (13), c-jun
2 A 2A M E o] Frgcky d3A i
(14). 39, <+ A] F3-2Htumor suppressor gene) p53
2 transcription factor2 #H4-3}9, cell cycled] 4 Gy
715 A9 A A apoptosisE Y-2.7)=d(8), p532) muta-
tione t}ef&t cancerdll A LA ETH(15). F&ZF, ik,
o, o], 2}, HF-FFoll A p539] viA A Wye] F
7Fal= (15), -2 A= A<bol| A1 (8), AHe] ¢t
A EAA & mutant p532] AT L& Ao B
axe] gleh(15).

A A zAht shsbA ]l wetEA-S 54 proto-on-
cogene ¥ A 0 2 B A7 TH16). AEEH,
- &3 Q1 N-methyl-N-nitro-N-nitrosoguanidine
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(MNNG)E c-myce} & 271471tk B o 9
204(17), aflatoxinell =25 3¢, Akzhe] 7hA 2ol A
A A A pa3e] W) FA o] wde] Frlg
I B aEe] gioh(17), 3, $9he] LR e gl
AL $8E 2 Qe 259 vt A4l capsaicin
(8-methyl-N-vanillyl-6-nonenamide, CAP) 25mg/kg
€ SD ratell Al 5813413t 7%, Al E9] transcription
factor2 4 A Sl cjund} cfos7t Aol A Hbd o)
F7¥eka o Eef glei(T). v, Wi2ut A2 CAP
o} in vivodll Al carcinogenesisell Foddl=A]dl 3
A& o}A & =3ho] w2 v (18-21), CAP°] 53 proto-
oncogeneE 2] VA AFZ Ql HE B BRLFdA e 4
35 2 s=A o dalA = ol Aol vl FE AR
ojch &3], W2 A& B 44 st 3L =54
CAP¢] proto-oncogenes] W& & g 5 Q&R °ﬂ
dislAde A3 deA abr) gldh

B Aol =, Alo|CAPo] QAo vz o33k
3k RApeEol o] 712 Au B fuss] 6, A
A AN A7 59| 4 ]CAPe] =H-
29 9 #7124 F proto-oncogene?] WA T
A& g g-g ZAIG O

HE o

HEZ

CAP-= Sigma*HSt. Louis, MO, USA)A| &2 A}-4-3}
Stk DNAZEA}o)) AR A 5 4F 3 EcoRI2- Amer-
sham Life Science(UK)9] A|&-& AH8-5}91.2 ™, Apal,
Pstl, BamHI, Pvull, Xbal ¥¢] &4 %2 Boehringer
Mannhein{Germany)AH] A1E-§ A3kt =3 DNA
Z7}o]] ARRE Tris A 2R International Biothechnologies
(USA)A}E] A} F-o] v, ethylenediaminetetraacetic acid
disodium salt(EDTA), phenol, chloroform, isopropanol,
agarose 9 Aeke Sigma*]—(USA)-c’% A &£, ethanol

£ Hayman LimitedAHUK)®] A& 21435151t} RNA
Z2F 7 FZ A o] X143} diethyl pyrocarbonate(DEPC)
2-mercaptoethanol, sodium acetate, sodium citrate,
lauryl sarcosine 52| A2F2 SigmarHUSA)2| A ¥EL
AL8-31e] oo, guanidine thiocyanate+= Fluka Bioch-
emika(USA)9] A& A1-&-314dc). PCROﬂ AH2-E Taq
polymerasex ¥t MedicalA}9] A &g AHgsiglen,
Slot blot hybridization<- Boehringer Mannheim(Germa-
ny)A}H] blocking reagent, CDP*StarTM, anti-digoxig-
enin-AP, digoxigenin-11-2'-deoxy-5’-triphosphate
(DIG-11-dUTP)..& 4383}93 2w, nylon membrane<

Amersham Life Science(UK) A && s}

S=AR # AlZEA|

A3 20~30g A =2 ICR mouse $3& 5724 4
group 2. 2 73}, Alo]CAPE 27} 0, 5, 20, 100ppm
2 ¥EE AR AAA AfAle] 2 FEAA
FF8, 4F Tt ARSEtg ok FEARSS AR (A
A AEL Spp o )T A9E TR o]
()7, dljo}, o FH-, A 34, A4, ik, ¥
ebel w2 2§83 glon, 2abillal 23.2% o)A,
ZA 4.0% oA}, A 6.0% © 3 23]& 10.0% °]
81, T4 0.6% ©) 4, 2l 0.45% o]Atolglch w4 qlAL R
Falgt ALz vle] A SFE CAPE Y& FE710, 5,
20, 100ppme) HEE Hrlste] & Egst AP4
A2 R Agstedth

Total RNA #d|

AL Z2 38 4 FoA) 5 HEsd S
=R _7-&14 = total RNA <+ guanidium thiocyanate-acid
phenol-chloroform #&HhY & AF8-3141cH(22). & &
9] 4] 1g-& denaturing solution(4M guanidine thi-
ocyanate, 2omM sodium citrate, 0.5% lauryl sarcosine,
0.1M 2-mercaptoethanol) el ‘¢ 3 4§ 3, o 7] o] 2M
sodium acetate 60ul, phenol 0.6ml, chloroform 120ul
E A71A7] vb-g vortexdte] F 4o F 5 1587 4
ol Yo Fglrh o] 32 14,000rpm, 40°Cell A 2087+ 4
Al A7 F 2A2HA A5 9E 351 phenol-
chloroform extraction® 583l ch. 434S # 8 06
vol9] isopropanol-& &E3§+3F thg -20°CellA] 34X 7k o]
Al FolFglrt. o1 2 thA] 14,000rpm, 4°Cell 4] 2087}
AR stz A AL 75% ethanolZ ) 2 & DEPC4
H& Ariete] b13] LA A 9714 8M LiClE A
7}3ted total RNAS ¥ 3F ¥ -80°C ¥ 51l Bats}
A} Total RNAZ-E 260nm 3ol 419 F33%(0.D.)
£ ZA 3l total RNA(ug/u)=0.D.x0.04 X 3] A uj
£ 24 AArstgl 2, 0.2% formamide agarose gelol]
A A7)gE o2 gelehedeh(23,24).

Probes} FHi

Plasmid & 3%3}7] 91§ E. coli9] w)k& 984
circle-grow(Biol01 Inc.) ¥} =] ol 50ug/mi2] ampicillin
& A7Vsle] ARS8t 2 37°Cell 4] 150rpm -2 &5
FHA 14412} kst o), Plasmidg 3593 7b7}2)
probelerbB, c—jun, H-ras, c-myc)%& A& &4 (Apa I3}
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Pst I, BamH I, EcoR I, EcoR I, Pvu II, Xbals} Pst D2
37°CollA] A =ksle] 0.8% agarose geloll A7) &3}
NA45 membrane(Schleicher & Schuell, U.S.A.)& A}
43t 2-2) 8 cH(25-27). pBluscript SK+/-vector
X probes} £UF A FPEAE ALl Ay F 2
Loz Belslgith 225 DNARAIE o ide A
22 2 ¥23}e probe DNAS} vector DNA2] 2-=}-8
2] B &% 3: 1= FA s T4 ligased o] 83149 16°C
oA} 247} ligationg 8}5.2., 0.8% agarose gel A
712358} ligation & %-& #1313 vH27,28). Ligation
= plasmid-Z -80°Cell ¥ %% 40u12] competent celldl]
101 8713 | progenetor ™ 11 (Hoefer scientific instru-
ments)Z A}-8-3}4 375 voltage, 100 capacitance, 2500
usec?] discharge interval®] F4 ol A} electroporation
£ 314 tH29). ElectroporationS- 3+ sampleel] 500u12]
ol A circle-grow& & 7}3le] 37°CollA] 1] 7k vl o)g}
F 2.4 circle-growsl]A] o] 50ul2] A &5 =234 37°C,
150rpm o2 EEof FHA4 15417} vt} Trans-
formationoll 4] {3l colony  probe”} £ 7} recom-
binant DNAE A 8}7] $] 814 B-galactosidased] 7]
A3 %4 <] X-gal(30ug/ml)3} IPTG(30ug/ml)E
AufR)ell Hrpstdot Az e a5 Lac Z7} 73
% white colony® A=) A F3te] 1542 37°C
oA ulj k] F AukA Q) alkaline lysis¥H 2 2 plasmid
DNAE %%3}4cH30,31). 2% pasmid DNA: &
#) restricion enzyme2 A-8-3F4 probe®} 5= &4l
3l cHFig. 1).

Genomic DNA £&
P53 probeg F11317] S8l A FES Aoz n

M1 23 45678910M

g

Fig. 1. Identification of insert size of cloned plasmids.
M: size marker, 1: pBS-bcl2, 2: pBS-erbB, 3: pBS-
Jjun, 4 pBS-myrc, 5: pBS-ras, 6: Digested pBS-bcl2
with Apa I and Pst I (400bp), 7: Digested pBS-
erbB with BamH 1 (700bp), 8: Digested pBS—jun
with EcoR 1 (2.0Kb), 9: Digested pBS-myc with
Xba I and Pst I (500bp), 10: Digested pBS-ras with
EcoR 1 (500bp).

] genomic DNAE &3} ch. Talapitel 7b4E ¢
L dry ice®} @A 2=o] FAFEE A el
ZHA) 8421 22]-2 microcentrifuge tubedl] 232 5001
9] lysis buffer(5M guanidine thiocyanate, 25mM sodium
citrate, 100mM 2-mercaptoethanol, pH 7.0)& ¥ & =
g} 22 0] A3 B2 lysis bufferel] 25012} phenol
3} 250u19] chloroform& ¥ 1 & EE1}-&, 14,000rpm
ol A} 537 QAR E SiA AEAT A tubeR &)
t}A] 500ul9] chloroform® golA 2 EE F 14,000
rpmol| A SR QAR E A AAENS A tubeR &
Aot &7 A3 FU3 o isopropanol® ¥
-20°Coll A1 1417} o] 4 E T, 14,000 rpm, 4°Cell A 154
ZH QA EE A 24392 2] 1 pellet 70% EtOH
2 29 A4 319l Pellet 0.5mg/mle] RNase A7} Sl
+ TE buffer® =<4 ¥ 260 nmol} 4] spectrophotometer
2 {335 E 2435 DNA 352 7o, A7
F3le] A E el ch22.27).

PCRoll 28t probe labelling

Proto-oncogene probe(erbB, c-jun, c-myc, pb3)<s
£ DIG-dUTP(Boehringer Mannheim, Germany)<} &7
PCR mixture(dNTP, 10X reaction buffer, 10X enzyme
dilution buffer, 5'primer, 3'primer, polymerase)dll A7}
3} capillary PCR¥M 2 2. labelling 3} cHFig. 2)(32).

Slot blot hybridization

7t §&4] 24 FZ3F total RNAE 2+7} 30
ng¥ Fshe] oul4 2 A4 0 2 3] A8 4 65°Cell A
158-7F §Ad A1 71 o} slot manifoldel] 2 ¢ nylon mem-
brane2.2 %71 th& UV cross-linker W 2.2 w143}
%1 ©H(33). Nylon membrane-$- prehybridization solution

M1 2 3 4 5 M

Fig. 2. Electrophoresis of amplified probe DNA by cap-
illary PCR.
T7 and T3 primers were used. M: size marker,
1: bcl2(400bp), 2: erbB(700bp), 3: c-myc(500bp),
4. p53(800bp), 5: A-ras(500bp).
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(0.3% SDS, 509 formamide, 5X SSC, 2% blocking so-
lution, 50mM phosphate buffer, 0.19% N-lauryl sar-
cosine)o] @7 tubedl] @ 32 42°Col| 4] 2417} 52t pre-
hybridization A %] ¥ DIG-dUTPX labeling¥ probe
E 93 1243 E3F hybridizations 4333} tH(33).
Hybridization-& ¥ membrane 2X SSC, 0.1X SDSZ
room tempratureol]| A4 5&4 2¥, 0.1X SSC, 0.1X SDS
Z 55°CellA] 1087k 24, A &9l 4] washing buffer (Bu-
ffer 1,0.3% Tween 20)2 5¥7} washing& ¥} 3 buffer
I (Buffer I with 1% blocking reagent)ell membrane2
o)A 37°Coll A 1417k A 2] 3l¢l e} o} A] antibody
solution(Buffer IT with 1 : 10000 diluted antidigoxigenin—-
AP)-&- 1417} A 2]’ 5, buffer 1(0.1M maleic acid, 0.15M
NaCl, pH 75) 2.2 A &4} 1587k 2, buffer T(0.1M
Tris-HCI, 0.1M NaCl, pH 95)2 A2 287} 291
A7 8} 31, CDP-star-solution(buffer I, 1 : 100 diluted
CDP-star)-¢ 2] 3}o§ 587} wH8-& A7) ¥ X-ray film
(AGFA CURIX-RP1)ol| #H3slgic,
An} o 2F
2.5=2] vf-g-=t A B-4] capsaicin(8-methyl-N-vanillyl-
6-nonenamide : CAP)°] in vivoell 4] carcinogenesis
o) ¥ g ol B ol E =Tho) EE3)r) o
251, 2] o]CAP2] 2] & Swiss albino miceel] 4] ] %]
A Fofo] wkAslg vty By HHH(18), W EA S
Aelg HolAA st AN = CAP F9A] 48t
£ Aoz Jepton(19-21), fusariumel 93 A=
o] WAL E CAP R4 o 93] Asjhdcty By
SATH20). o] ehzte] M2 Ak A7t FFFH = 8
Qo= AYFEESE CAP 58, Foduy o) 4
TFAbel| we} =A ch2r] dEd Ao olFs.
£ dFodMe 239 wf2st A8 CAPY A3#
7t & frodbake) fei A o] o F EAEFN A Q) 7 2F
BE grsly] 9, g=rqle] dAbH el A el A
AFE ¢ gl $39 AolCAPS 0, 5, 20, 100ppm 2]
FZ2 ICR mouse®ll AHf-2]e] Felz Fosled 45
T4 AMER ¥, CAPe| 582 4 F2 A7 x2x F9
proto-oncogene{c—jun, p53, c-myc, erbB, H-ras)2)
BAA T vlAje G3E AH 23hohFig. 3, 4).
Control probeZ A}-4-F 18SrRNA«= 2E 23] o] 4
d A shA v = 9] o v (Fig. 3), c-myc, erbB, H-ras
T2 & AY =A%t AEFHA Y9k} Tran-
scription factorZ 243t c—jun F-A219) A% F

8 7] A6l vl L Aol thz A vehd e

CAP Oppm  Sppm
e §EERLELILNN
somen § 44D EVRENNN
INEREREREEE N
ISR SRR NSRS N

Fig. 3. Effect of dietary capsaicin on 18SrRNA expres—
sion level in various tissues of ICR mice.
Total RNAs were isolated from liver, stomach,

kidney, spleen in mice fed dietary CAP 0, 5, 20,
100ppm for 4 weeks. Each well contains 25ug, Siig
and 1lpg of the total RNA, respectively.

20ppm  100ppm

Kidney

Spleen

CAP Oppm Sppm 20ppm

100ppm

Liver

Stomach

Kidney

Spleen

Fig. 4. Effect of dietary capsaicin on c-jun expression
level in various tissues of ICR mice.
Total RNAs were isolated from liver, stomach,
kidney, spleen in mice fed dietary CAP 0, 5, 20,
100ppm for 4 weeks. Each well contains 25ug, Sug
and 1ug of the total RNA, respectively. Expression
of c—jun mRNA was examined by solt blot
hybridization method as deacribed in “Materials
and mathods.”

(Fig. 4), 7Y3 A& elA CAP Azld & F713t=
7385 vebii e, v Aol A = 7{}:‘\_8}% 7138 Veh
StHTable 1). 3= Tomas Hokfelt 5, CAP-& 25mg/
kg BW.2 5315418} SD rate] & ‘MW cjun¥} cfos
oncogene?] Wrao] Zr13kchy B uslgel(T). £ A¥
ol A AL-£-3F 20ppme] B2 FEol A 2] Ae]CAPe] 7
3} AA9) cjun oncogened] B L F71A7) ALE
Ho} c—jun 8L 1 Tk Y £ o AA G ]
CAPdl 917tstA ubgste Aoz Atmslch

4, oFof g2 shte] shfAiake] wde] 21
ol & doluix] Evh29). S5, gy A
5, kst A o] Q) A c-met, k-sam, c-erbB-2 59
tyrosine kinase ~-8-A Ald 2] ¢FAAY ras 54

Ape} 437} B s, oAl frd Akl ps3s APC
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Table 1. Effect of dietary capsaicin on proto-onco-
genes expression in various tissues of ICR

mouse

i Probe

Organs Dietary CAP :
(ppm) 18SrRNA  c-jun  p53
0 et A -
Liver 5 R
20 e
100 o
0+ttt -
Stomach 5 Attt A -
>romac 20 Ftbtrtbt A —
10 A+ttt + -
0 NI -
. 5 TR
Kidney 20 ot -
100 FH+E A -
0 I
Solee 5 TR
pleett 20 T FIIFI -
100 RN + -

Total RNAs were isolated from liver, stomach, kidney,
and spleen in mice fed dietary CAP 0, 5, 20, 100ppm, re-
spectively. 30ug of total RNA was analyzed for mRNA
expression of c—jun, p53 by slot blot analysis. The expre-
ssionevels were determined by a scanning densitometry.
1X + =25 density unit

2] wolr} FE =] sle Aoz dA YrhE4). F,
A 2] genetic instabilityl] €] 3} intestinal metaplasia
7} e sy, o] o)l pb3, k-ras, APC 52 3 A&
we]7} deji} adenoma® WAl = ofAlch. o} 71l c-met
A7} Bod sl A bel2 A A Ao & 7
$, ZZIFRAR oloA Y, A&H R qPA /A
Zke] dZ<l DCC FAAE &A= A= ko
Y=, c-erbB-22] $Eo] doj i, Holst do]
e 59 gAY FA e AxEe ALz 48A gl
TtH34). o] 2} 7o), carcinogenesis #H < A= o} & 2
2 proto-oncogeneS9] v A AH Q] Wbl ¥k olz}
A ze] ZA A o] Fedste o] DAY AEHD 7}
Aol A 232 ghA o] 74A] vl AA Al A7) o] 23]
& 73§ sho] HAEAl F1ch(29,16). ubehAl, HA) & A
ol #AH cjund] LRAZIHE 3t BEAA A A
a7 = olg & Aoz Algx) w3 23] ¥
ZAAs dl2F A e]CAP FoJ F 7kl Aol7t gl
Ao Hol(rtEALR), B AF A A o]CAP
2 & c-jung] W 9] Z71= CAPS vhakgt Ajulatg
Zof, oz} ALekal, g4 Hetol= i
02 alF Az i} A3l 7]2lgt Aol
=l

'é‘
)2

,l

oﬁ ojft ml

—\‘i°°“ é

A - g

A A §A A1 p53E tumor suppressor gene o2
DNA®l £4¢ d9& A%, AxF7A Gi71 & A
A A AA DNAE 3| 5% 4 QA A, 42 i A
#5908 A $-odl= 2 cell®) apoptosisE fr=3H=
2.2 43 A grH®). B AYNA 2Tl = p53«]
o] AE= A ¢ghevt, CAP 20ppm, 100ppm-F-
29} 2AelA p53e) Aol Zrlele AL WAtk
(Table 1). Ztell 4] A1e]CAP A 2] ol 217 p532] & 2
Z7he 2 BRAES kel st Azl v 4
Z7hg Jo2 wel, CAPo] &3 84 & vhehd 7}
54e Adste Aoz g

Agdoz, o] CAPY $& 24 SolHal §
B2 cjund] BRREol G FE vlHE A2 A5
u Alo]CAPd &3} o] & £ proto-oncogene] &
Zxé_—— CAPS] A= 84 5 AAF AR S /M 2 3l&

22 F2E, o]l el FF A AT
7} 488 Ao Asdr)

(=] oF
A =

uf-&-ut A B (capsaicin, CAP)e] sPAl o v 2] &=
ol gk BAFA Ql FEoAe] 7|2 ARE QFEFVI

23], Alo]CAPY F<i7} & Z4] % proto-oncogene
2] ukgl o] v xj&= 45 241k} ICR mouses 4
groupS-2 #5-3ted 747+ A0|CAP ¥%71 0, 5, 20, 100
ppme] HEZ 2AF Yol 2 45 .k ALS3lg ek AL
$712t 8 F 5552 F8A71E A 231 total RNA
E ¥2}3}3, proto-oncogene(c-jun, c-myc, H-ras,
erbB, p53)¢] ¥t 454 slot blot hybridization assay
£ &3] Atg) Bt} o]d, control probeZ i 18SrRNA
E A3} ). L A7} c-jun proto-oncogene] ¥
L 7 F8 A7 244 ae} o2 F3E vHehlide
], Ao]CAP £ gko] Z713tel upeh b3} Al el A
1 kale] Z7)a)e, 9] dlAE CAP 20ppm7HAlE cjun
o] wkglo] Zr13lr} 100ppm Fod Aol = FHaste A
o2 vehyton v Aol A& A o]CAP T4 &) 7}
3ol we} Zha ke 43S R 9lc) jHH, tumor sup-
pressor gene<l p53¢] 7%, Zholl 4wt CAP 20, 100ppm
2] A] ofshA| A=) o] & AFAR Hof, 2o] CAP
o] 2]3} proto-oncogenes] Wd - CAP Foi = ot
2o ATE FElE, 2y AxE 238 EolAlS
el Aoz g

AL EEEERY



4AJeo] Capsaicin®] =F¢29 F8 A7) 23 )42 Proto-Oncogenes Expressionel] ©}x]i= 33

2 A(FA M 3. 94-2-15-05-01-3)¢l 2| & A}o]n],

E A7 3578 24 TR A S A=
Huit}. Probe FHAS #oFs) A FAtolsta $a}
AEe ZAFAILFA FA=H )

10.

11.

12

13.

Mo
e

. Lewin, B. : Genes V. Oxford University Press, p.1181

(1994)

. Glover, D. M. and Hames, B. D. : Oncogenes. Oxford

University Press(1989)

. Kim, S. W., Beauchamp, R. D., Townsend, C. M. and

Thompson, J. C. : Vasoactive intestinal polypeptide in—-
hibites c-myc expression and growth of human gastric
carcinoma cells. Surgery, 110, 270(1991)

. De. Bortoli, M., Dati, C., Antoniotti, S., Maggiora, P.

and Sapei, M. L. : Hormonal regulation of c-erbB-2
oncogene expression in breast cancer cells. J. Steroid
Biochem. Moles. Biol, 43, 21(1992)

. Dati, C., Antoniotti, S., Taverna, D., Perroteau, Z. and

De Bortoli, M. : Inhibition of c-erbB-Z oncogene expres—
sion by estrogenes in human breast cancer cells. Onco-
genes, 5, 1001(1990)

. Taverna, D., Groner, B. and Hymes, N. E. : Epidermal

growth factor receptor and c-erbB-2 receptor activation
all promote growth but have distinctive effects upon
mouse mammary epithelial cell differentiation. Cell
Growth Diff., 2, 145(1991)

Pelto-Huikko, M., Dagerlind, A., Ceddatelli, S. and
Hokfelt, T. : The immediate-early genes c—fos and ¢
jun are differentially expressed in the rat adrenal
gland after capsaicin treatment. Neuroscience Letters,
126, 163(1991)

. Levine, A. J.: Tumor suppressor genes. Scientific

American Science and Medicine, p.28(1995)

. Greenwald, P., Nixon, D. W., Malone, W. G., Kelloff,

G. J., Steron, H. R. and Witkin, K. M. : Concepts in cancer
Chemoprevention Research. Cancer, 65, 1483(1990)
Tatsuta, M., lishi, H., Baba, M., Nakaizumi, A., Uehara,
H. and Taniguchi, H. : Expression of c-myc mRNA as
an aid in histologic differentiation of adenoma from
well differentiated adenocarcinoma in the stomach
cancer. Cancer, T3, 1795(1994)

Bea, C. D, Park, S. E., Seong, Y. S. and Park, J. B. : The
mechanism of c¢c-erbB-2 gene product increase in
stomach cancer cell lines. J. Korean Medical Science,
2, 153(1993)

Mizutani, T., Onda, M., Tokunaga, A., Yamanaka, N.
and Sugiaski, Y. : Relationship of c-erbB-2 protein
expression and gene expression and gene amplification
to invasion and metastsis in human gastric cancer.
Cancer, 72, 2083(1993)

Abshire, M. K., Buzard, G. S., Shiraishi, N. and Waalkes,
M. P. : Induction of c-myc and c-jun proto-oncogene
expression in rat L6 myoblasts by cadmium is inhibited
by zinc preinduction of the metallothionein gene. J.
Toxicol. Enviorn. Health, 48, 359(1996)

14.

15.

16.

17.

18.

20.

21.

22

23.

24,

25.

26.

27.

28.

29.

30.

1029

Szabo, E., Riffe, M. E., Steinberg, S. M., Birrer, M.
J. and Linnolia, R. 1. : Altered c—jun expression : An
early event in human lung carcinogenesis. Cancer
Research, 56, 305(1996)

Ozbun, M. A. and Butel, J. S. : p53 tumor suppressor
gene; structure and function, encyclopedia of cancer
2. Academic Press, INC., p.1240(1996)

Cooper, G. M. : Elements of human cancer : Genetic
alterations in tumor development. Jones and Bartlett
Publishers. Inc., p.157(1992)

Furihata, C., Yamakoshi, A., Hatta, A., Tatematsu, M.,
Iwata, H., Hayashi, K., Umezawa, K. and Matsushima,
T. : Induction of c—fos and c-myc oncogene expression
in the pyloric mucosa of rat stomach by N-methyl-
N-nitro-N—-nitrosoguanidine and taurocholate. Cancer
Letters, 83, 215(1994)

Surh, Y. J. and Lee, S. S. : Capsaicin in hot chili pepper;
carcinogen, co-carcinogene or anticarcinogene? Fd.
Chem. Toxic., 34, 1(1996)

. Jang, J. J., Kim, S. H. and Yun, T. K. : Inhibitory effect

of capsicin on mouse lung tumor development. in vivo,
3, 49(1989)

Jang, J. J., Cho, K. J,, Lee, Y. S. and Bae, J. H. : Different
modifying responses of capsaicine a wide-spectrum
initation model of Fisher 344 rat. J. Korean Med. Sci.,
6, 31(1991)

Kang, J. Y., Alexander, B., Baker, F. and Man, W.
K. : The effect of chilli ingestion on gastrointestinal
mucosal proliferation and azoxymethane-induced
cancer in the rat. J. Gastroenterol Hepatol, 7, 194
(1992) -

Chomczymskip, S. N. : Single-step method of RNA
isolation by acid guanidium thiocyanate-phenol-chlo-
roform extraction. Anal. Biochem, 162, 156(1987)
Goldberg, D. A. : Isolation and partial characterization
of the drosophila alcohol dehydrogenase gene. Proc.
Natl. Acad. Sci., T7, 5794(1980)

Leharch, H., Diamond, D., Wozney, J. M. and Boedtker,
H. : RNA molecular weight determinations by gel elec—
trophoresis under denaturing conditions, a critical reex-
amination. Biochemistry, 16, 4743(1977)

Brimboin, H. C. and Doly, J. : A rapid alkaline extraction
procedure for screening recombinant plasmid DNA.
Nucleic Acids Res., 1, 1513(1979)

Ish~Horowicz, D. and Burke, J. F. : Rapid and efficient
cosmid cloning. Nucleic Acids Res., 9, 2989(1981)
Sharp, P. A., Sugden, B. and Sambrook, J. : Detection
of two restriction endonuclease activities in Haemophilus
parainfluenzae using analytical agarose-ethidium bro-
mide electrophoresis. Biochemistry, 12, 3055(1973)
Weiss, B., Jacquemin-Sablon, A., Live, T. R., Fareed,
G. C. and Richardson, C. C. : Enzymatic breakage and
joining properties of polynucleotide ligase from Esche-
richia coli infected with bacteriophage Ts. J. Biol
Chem., 24, 4543(1968)

Alberts, B., Bray, D., Lewis, J., Raff, M., Roberts, K.
and Watson, J. D.: Molecular Biclogy of The Cell.
Garland Publishing INC., p.1255(1994)

Vieira, J. and Messing, J.: The pUC plasmids, on



1030

31.

32.

M13mp7-derived system for insertion mutagenesis
and sequencing with synthetic universal primers. Gene,
19, 259(1982)

Norrander, T., Kempe, T. and Messing, J. : Construction
of improved M13 vectors using oligodeoxy nucleotide—
directed mutagenesis. Gene, 26, 101(1983)

Chien, A., Edgar, D. B. and Trela, J. M. : Deoxyribo-
nucleic acid polymerase from the extreme thermophile
Thermus aquaticus. J. Bacteriol, 127, 1550(1976)

AAw - ey - A - el

33. White, B. A. and Bancroft, F. C. : Cytoplasmic dot
hybridization simple analysis of relative mRNA levels
in multiple small cell or tissue samples. J. Biol. Chem.,
257, 8569(1982)

34. Morris, J. C. and Bruckner, H. W. : Gastric cancer;
Molecular and cellular abnormalitis, encyclopedia of
cancer. Academic Press, Vol. 2, p.681(1996)

(19964 84 269 A=)



