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ABSTRACT : Nicotine has been implicated as a potential factor in the pathogenesis of human lung cancer, how-
ever its mechanism of action in the development of lung cancer remains largely unknown. To explore the role of
nicotine in the development of lung cancer, we first investigated the effects of nicotine on the expression of tumor
associated genes by treating Sprague-Dawley rats with nicotine (10 mg/kg) by gavage once daily for 10 days. We
determined the expression of proteins and mRNAs of the ras, raf, myc, jun, fos oncogenes and p53, Rb tumor
suppressor genes by Western and Northern blotting, respectively. We did not detect any changes on the levels of
proteins and mRNAs of these tumor associated genes in the lung of Sprague-Dawley rats from 3 days to 12
weeks after the last treatment of nicotine, indicating that nicotine appears to have no effect on expression of
these oncogenes and tumor suppressor genes at an early stage in multistage chemical carcinogenesis. In a sec-
ond experiment, we investigated the possibility that 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK)
could be formed endogenously by treating with nicotine and sodium nitrite. We treated groups of Fischer 344
rats with nicotine (60 umol/kg) and sodium nitrite (180 pmol/kg), nicotine, sodium nitrite and NNK (120 nmol/
kg) alone by gavage once daily for 7 days, respectively and determined the 8-hydroxydeoxyguanosine (8-OHdG),
as an indicator of NNK formation, in the lungs of rats 24 hours and 48 hours after the last treatment by HPLC/
ECD method. We detect increased level of 8-OHdG in the lungs of rats treated with NNK, but in the case of nic-
otine plus sodium nitrite, nicotine and sodium nitrite alone we could not detected any changes of 8-OHdG,
respectively.
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2F A= nicotine 219l tobacco-specific nitrosamine
(TSNAYS: S o) clko2 229 2t offe} o
FEAAA ] 22 5o]Hl WS Ve 9l AR
(Hecht et al,, 1987, Hoffiman er al, 1981; Rivenson et al.,
1988) 502 o} FHo& qIgh qlzke] HtaiAel = of
3] Fag AL 7L SIS LR —%"451017‘1;’ Wt

A7 el FollM A" TSNAE oF 73557 Hilw
o] glen], o] Fol= 4-(methyln1trosamm0)-1-(3-pyr1dyl)-
1-butanone (NNK), 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanol (NNAL), N-nitrosonornicotine (NNN)Ys-o] A%%
ol digt wdAdo] vy 22 Alw deA gl
(Hecht et al., 1988; Hoffiman et al., 1994). 18]3 A}t
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NAE FUE T3l FulFe] TSNAZE Aol AAZ F5
He Zox ¥ageix] glut (Carmella et al., 1993).
NicotineZ in vitro A F713 el A L EZ 3} ul-8-8 E3
TSNAZ 47 NNK, NNN %2 4-(methylnitrosamino)-4-(3-
pyridyDbutanol (NNA)Z. ®H 3=+ 7o ¢=A glen
(Hecht et al., 1978), °|5 TSNAZ S Wigle: 48 o
YE=Z 3} ueE v 27olele] nornicotine -2 anabasine
He} 43 w2 Ao o] glc) (Caldwell e al,
1991; Mirvish et al., 1977). =3t Gl32] 92 alkaloid
Ql  cotinine?] AH$HE YE=R3 vlgE 23 4
(methyinitrosamino)-4-(3-pyridyl)butyric acid (iso-NNAC)
= 47 H3HE Aol &=A = (Djordjevic er al,
1991). =3k AA| T35 AMEFE in vivo AP E RES)
29 oF1F nitriteE FEo T A dFEA] YER
2epdlo] FEA WM A= AML (Mirvish e al,
1975) 522 w|Fo] & o] Algh Aol M= el Fol o}
gog EAske nicotine?t FE oF Fof wWel 9= A
A AHE B3 A7) nititerh 1A FellM M2 kg
dlod TSNAZF A4 715Ad-& 18t 333 A7)=e] $t
o} (Tricker et al., 1988). 19974 nicotineo] HAI=} =]
AAel #Ago] Qlvh= F77F AeSE nlF Minnesota
Cancer Center®] S.S. Hecht 8o 23] X u=Egld
(Carmella et al., 1997). Hecht 152 nicotine?} sodium
nitrite’ & Fischer 344 # =of -4 Fof %]—04 ukol27l o]
NNNo| = Aol AR AREE A4S Stelsion
NNNz} F24 22 §-A15}2| 9t NNNel| H] 3] g 7325} b
Q2] NNKE S2AMeIN 442 7P Atsiget.
Nicotine® 19} elxd)) 2 FEAL-L 7IA1 9=
Aeg odux 9\1__111 nicotine SFo4 & QI8 FAA} W
32 A7 AL A7 FE A EL] 4 okt
of gste] 3] AgH Lz HuFHH GI& ¥ (Pelto-
Hukko et al., 1995; Ren et al, 1992), FH L 213t
PGl nicotinee] oW A 3R= Aol tsir:=
AAA R 2AE ] 1A ot
uelr] B e FollAE nicotines Sprague-Dawley ZZo]]
Foi3t £ 5 2259 dFEA AR ras, raf, myc,
jun, fos Ak} sbAl-F21AkQ] ps3, Rb FAAke] &l
W3HE FARRKC2H nicotineo] WATHA | vlX S
F4AL glellM ZESET, nicotine sodium nitrite}
7l Fischer 344 # o Foi3]g o] AAZ A oA
TSNAS! NNKE 7 f3le] DNA 371d¢l  8-hydroxy-
deoxyguanosine (§-OHdGYI A== %5 7 HE
&ke] nicotineo] FFRAYAA | w|A|= ol A3 2Als)
s,

ME ¥

Az % Aot

AR A (+/-) nicotine & nuclease P1, 8-OHdGE
Sigma Chemical #A} (St. Louis, MO, USAZEHE 7Y
39l 2m] NNK= Chemsyn Science Laboratories 3 A}
(Lenexa, KS, USA), DNA purification kit= Promega 3
A} (Madison, WI, USA), RNAzol B solution Biotecx
Lab. 3)A} (Houston, TX, USA)EY¥ 77t 74314
Western blot £ 12} 3 ZA] p53 monoclonal antibody,
Rb polyclonal antibody, H-ras monoclonal antibody, raf
polyclonal antibody, myc monoclonal antibody, jun polyclonal
antibody, fos monoclonal antibody: Santa-Cruz Biotech-
nology 24} (Santa-Cruz, CA, USA)ENE] ZHt slsla
o}, Western blot & 22} 3+A]2] horseradish peroxidase
conjugated anti-mouse Ig¢} Hybond N+-Nylon membrane,
ECL Plus system, random primer labelling kit Amersham
3)A} (Arlington Heights, 1L, USA)ZF-€] FY3oion
Northem blot& c-mye, cfos @ Rb®] cDNAE Oncogene
Science A} (Cambndge MA, England)2%€] 22 14
sjsiet. 1 219} Aloke 7 A|oke AMSsisict

AESE ¥ AExd

2 Aol AME AP EY ST AREER
A M YA 8~107-39] 3 Sprague-Dawley H=
3 Fischer 344 NE=F ARslgd. A8d7)7H84t =7l
Ho|E ?ﬂ‘”]X]‘ﬂ] ZVL 4~y gl om 259 FE
& AlRet B8 AR AR sl AREEE &
5 23 - 2°C, F= 55 +— 10%, 1227k k5] &)
o]+ A& RA.

AgERe =X & £04
Nicotine & NNK&= 0.17 M A|E2Al]] 3od Al-3}9d 3
sodium nitritel= ZFoll Fof AM3IATh AA AdE
©24] nicotine Fodol] 25t AL L AR
W 3hE A7) el 85-9] ¢l Sprague-Dawley
A= () 2T RIE2ARE B5F) ) A (=
BN 5] )08 Wipo] pslgitt. 2 e} AT
o] FE % MHEE 9o FodNRRE 10 mlkeE 3}
QI Fodgake 31Fe] 10mgkeE 28| Fo{dp 10
dzke = 3igieth Foul-E 317l & Wl 1ol gavage
FodZ 31929 nicotine ¥ ¥ QR sodium nitriteS
%ﬂ%}?iﬁ} AREA Fo F 393 1F5E 1574 )
TRk H2Ae] A P mRNAE &390
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EHR Ao 2 A nicotinei’—]- sodium nitriteZ *-& T
3 F NNK AT Elslr] Halx 10739 Fischer
344 REZ (1) tﬂﬁ"‘ﬁ- A EZ2A SFod) (2) nicotine
= sodlum nitriteg %4593 7 (3) nicotine THEFo -
(4) sodium nitrite 5T (5) NNK 5H5Fo] 7 (120
nmol/kg)2. 2 Z7}h vre] S3)alodut. 7h djxgal A%E
o] TE 7 mEE e FoddEke 10 mlkeg® 39
3 nicotines 60 umolkg, sodium nitriteZ- 180 umol/kg,

S 120 nmolkg &2 27} 737t Fo{3lsi}. Fo
W ool 2 8 Sl gavage FIE 9105 Fof
F 193} 390 ¥alo] #245) DNAZ F33)900),

CHYE F2|2t Western blot 844

Sprague-Dawley = ¥ 2] ¢F 0.1 g& homogenization
buffer (20mM TrisHCl, pH 7.5, 1% Triton X-100, 1%
sodium deoxycholate, 0.1% SDS, 0.15M NaCl, 1 mM
EDTA, 100mM PMSF, 20 U/ml aprotininys A7}sle] o
Aoz gk F 10,000 pmoll A 3087 YAJEe] sled A
AL FHsldel AL bovine serum albuming &
=3 = Bio-Rad protein assay kits AFE3}e] Bradford
(Bradford er al., 19760l we} ks, 80 nge| =hy
AL B3 F 2X SDS sample bufferE Y3 100°Ce)
A 582 7HERE F AR R AMSllE 2 shale 7.5%
22 10% SDS polyacrylamide gellA] 100VE K7]3%
g ¥ nitrocellulose membrane®-Z transfer 4171 ¥ 5%
nonfat dry milkE g8 blocking solutionell A 14175t
Aol A vRgA AT 12 FAZE= 271A 2] tumor
suppressor T8 (ps53, Rb) ¥ 571x|9) ri-xia) A
(jun, fos, myc, ras, raf)o] 3t monoclonal antibodyZ
1 ug/mi2 3|4 sled ARSI 14754 Al eola] Hhg-A)
71 F 0.1% Tween 205 H74&H 10mM Tris-HCI0.9%
NaCl (TTBS)Z 1584 3 washingdldet 2 o5 1
500002 M5 23} 34 (horseradish peroxidase conjugated
anti-mouse [1gG)E. A-2ollA 1A 7Hs<t w3l § TTBSE
3 washing 9ol 22]32 H$H O 2 enhanced chemi-
luminescent system (ECL Plus system)S- o|-&8}o] whazl
o] A =8 Aot

RNA £2|2} Northen blot 24

Sprague-Dawley FE 0.1 g8 #HF2] 22 HE] RNAzol B
solutionS ©]-4-3te] total RNAS E2)a}elth. 20 g
RNAE 1% agarose/22 M formaldehyde/2 M MOPS gel
oAl 40VE 4x|7t #71°dE3F F Hybond N +/~ Nylon
membrane® & transfer AJF . UV crosslink 3t ¥ rapid
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hybridization buffer® 307} 45°Cell A pre-hybridizations}

St ProbeE A4 cfos E c-mye oligonucleotide:
[PlCTP (250 uCi)®  random primer label  kitS.5.
labeling*]Z] ¥ QIAquick nucleotide removal kit (Germany)
£ o]$83}ted unincorporated nucleotideS A|7)3ldc}. F1)
% probeE Wil 45°CellA 2A)7HE3} hybridizationX) it}
2X SSC/0.1% SDS solution®E 2087} washingdt ¥ o}
Al 0.7X SSC/0.1% SDS solution® 2. 1587+ washing3}
At Xeray filmeE exposurer|Z] ¥ A7} Law 3E
s

DNA £2[2} 8-OHdG 24

Fischer 344 = #2220 DNAS &&3l= Alge
Juke] Phenol 3539 Sl A2 4 = DNAY Ab3}
Z #3&7] Hsled Wizard Genomic DNA Purification
SystemZ F2|3l3it}. #5422 TE buffer (10mM Tris-
HCI, 1mM EDTA, pH 7.0)] %<1 ¥ DNA (150 pg)ol
nuclease P1 (7.5 Uy 7}l 65°C, pH 5.0014 3037+ 1t
A ExpEd e =R sRasiedel. 2 ok Tris-
HCl 402 nhgole] pHE 8002 AT 37°Col|A
1A]7+5¢t  alkaline phosphatase (4.5 U)Z ] 2] 3}¢]
phosphate %5 A% F HPLC/ECD o2 4559

FEHAE 9 8-OHIGE #4319}, & Ageilr A
g HPLCE =29 Gilson 3AF] AE (model 805
solvent delivery pump, model 832 auto-sample injector
2 model VE 5/133 absorbance detector)S AH&3}9 2
ECD (elecirochemical detectory= 2] 32] ESA (model 5020)
2 AHgslgon, 94 coumne AR YMC 319 CIg
ODC H-80 (4.6x46 mm)S& AM&3lsdch, =2e]m 4% 50

FEHLLAE W 8-OHIGE UV 254nm = ECD 320
mVellA 2 EAE9I flow rates 0.5 ml/min, mobile
phase= 10 mM sodium acetate, 10% methanol®. 3}<ic}.
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Nicotine F0{7| 2AFXX A AN FEX} chyE wh
ol Xl HyE

NicotineFedol] &J3h sh-irxizl 9 hejall-f-2ixte] ghyzl
wEm e Esly) $leiAM 85ed) 9l Sprague-Dawley
YPoE g2y AFEF0E o] nicotineE 10 Sk
ALH o7 Foigt F 347 1F5E 129714 wlF HAls)
o H2AFe] hiAS FE3190vt. Western blot M.O2
i #A hAAIe] Heras, raf, c-mye, c-jun, c-fos YA
o] WHWss At A3, o5 559 whizle] wile

g
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Fig. 1. Western blot analysis of the expression of oncopto-
teins, c-H-ras, c-raf, c-myc, fos, jun, respectively. Total pro-
teins were extracted and analyzed, as described in Materials
and methods.

Fol 12F7HA] M fo]Hel Ko7} gl AR el
o} (Fig. 1). =8 tJAA=k] ps3, Rbe| AE v}
WA Fo] 127714 WOk f2o]3el Zlol7t glE AL
2 velyd} (data not shown).

Nicofine F0{7} tREX W AAKFTXL mRNA 23
of ojxl= A&

Nicotine SFodoll 218 shfxix 2 A FA Ak
mRNA 28315 #3317] $J3iA 857939] 47l Sprague-
Dawley =S 3273} AFPFORE o] nicotines 10
o] Fob vlE Foid ¥ 3da} 1F5E 12574 wiF F
73} H)232]52] total RNAZ &390}, Northern blot
Wog okl cmye, cjun whAR} FAlfA AL
p33 WA S BAE A} o]F 3% FIHAFFAA
mRNAS] ¥3k= Fo] 125712 W2 A9l Ae)7} ¢l
= 7eg Ve (Fig. 2).

Nicotine ¥ sodium nitrite HEF0{7} LWelEE NNK
MM ojxl= A

Nicotine & sodium nitrite ¥-8-5o{7} 2EA NNK
AR P AE g HAsy] HeiA 10552 A
F344 P=2 d273) APZeR el 79 F% NNK
2 nicotin?} sodium nitrite® T - W4 Foislgh
% nicotine o] 24217 F 48x]7F F HAEl 2
%] DNAZ #2319}, HPLC/ECD 22 DNA 52
8-OHAGZ #A3F 23} NNK ©F FoiFolA 8-OHAG
o} 1.8ufell A 23 =2 T Bls] K24 A
Z7F81%1 3 nicotine Fo1 F 24A|7kell w3l 48Xk} -5
8-OHdG #e] ¥z} 7+4sledvt. 22wt nicotine®} sodium
nitrites W5 2 W4 Folgt 1Folre 8-OHAG =

4 5 6 7 8 910 11 (wk)

Cc-fos

-

c-myc

Fig. 2. Northern blot analysis of expression of mRNA for
c-myc, jun oncogenes and Rb tumor suppressor gene, respec-
tively. Total RNA were isolated and analyzed, as described in
Materials and methods.
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Fig. 3. Formation of 8-OHdG in the lung of Fischer 344
rats treated with nicotine, sodium nitrite and NNK, respec-
tively. 8-OHdG were extracted and analyzed, as described
in materials and methods.

o] Wz} Qe AeE AHA (Fig. 3).
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Azlell ]3] wiS- T WSS VepE HoR ¥y
o7 et Fdol ¢S dod= M E Wl wl F
ol B0 slE oJel FRe] A A F A A
22 FAFIR L 9lom TE}Fe] AR Kol )
Zoll= oF 4000 %] ptEAe] Sy ALE Ak
Ut Grlolgl Eof 31 TSNAE 5B o-£3F 1Ay
oAl Foiui o A2 det A= A ¥, w7, 7 A
Z22] Soll F93) A 4% kS dovle R Bu
Fo]x 9} (Hecht et al, 1987; Hoffman et afl., 1981;
Rivenson et al., 1988). ©]5 #etAl 33HEalel TSNAY
HATAZE nicotine®Z &z glom ) Fol=
nicotinee] TSNART} $:3ojlA ahul) ol EA3= 7o
2 Huse}A glch (Anderson et al., 1987). = BAE-
2150 FAAEE 2y fehlele] S FAAe] o o
110053 22 FAx|e]A] 1 9l A-S 183l & o VF
elo] iAo oJulgt J&E sl Al EArE
NA 71AE deRs A2 SRR vfg- F4%
dFAlEl L AlRE.

NicotineZ &2 &3] Aol FrE] x2S vE3t
FAL, o, g, FAlm)A ol £E3137 3l nicotine
239l nicotine acetylcholine receptor (nAChRs)S -5}
F2 FF47A A Agshe ALE Haso|#] g5t (Chin
et al, 1992). 159+ BTl 9f3lH AAA Eo]
nicotined A3t F shrAAle] aEwEE d7gt el
ol B Ee] 9l (Pelto-Hukko er al., 1995; Ren et
al., 1992), TSNAQl NNKZ- v}l Fed3k 7§ Z7]0]
A AxAFAA shPaAR] ras H mye & HFoR
sl AFE T 9T} (Hu ef al, 1995). T2} nicotine
A F #2259 R HEEsE 973 AE
7} A3 e A oA b Sl shAiA ¥
HAAFAAP} oA He AL Tesl] £ dTelMe
4 nicotine® Sprague-Dawley E=Z thE73} AL
2 pro] d&Hoz 109 B9 TS o A H2A
ol it H sk ake] el cggke] Aol
H5le] HESIT}. Nicotine®] FolsTE Al (60 kg)ol
9= 85 F9% (20 AMEE)E 71Esle] 3mE 3l
] Fof 3UFHE 12571K] w9 R 22T i 7A
oh+A2el Heras, raf, c-myc, c-jun, c-fos Tz} ghe]
AfrAARe] p53, Rb Al S BAsldet. o A3} o] F 7
SO ghifAlAl duzle] W Fof 125 F7k] o
2 94 e ¥} g Ao viepdom oA Wb
& FHe AHE SE7 2 elA comyc, cjun H pS39)
mRNAZ 243 A= Fof 1257 3714 f2lAd oA
el chilal ke A A sl dxsh= o2 Yepde of

23]

2g A7AIE 4% GHE] nicotines FAHE = &
MNES7V FV81AL (Caffaneo e al., 1993; Maneckjee er
al., 1990; Schaller et al, 1994), N Ed| Az 2
thedA] el F ddEAgA o F83 JE88
Ao 2 otelx] protein kinase C (PKC)2] o] Zrlglch
I RuE o AHE3} (Wright er al, 1993)2} Bv]ws}
o B o nicotinex SEAAAM oln] F3p7t AR A
X (initiated cel)ol]¥&= L4ZAA] (tumor promoter)ZA
248t 7lsAdol wAut 7] AN 2AN T B WoE
oJgke] ol Ao Al et E AlgelM ARt
nicotine?] FoZ7lo] FF Fol-LaFo | HE Aelo]
30uol| AbdslA]RE Foi7]7ke] v WA FIL FoIF 125 9
73 olE A AL e 3E PR
okol SFF olol] 3t ool Bas ZloR Heixld

TSNAGl NNN, NNK % NNAL 52 HE% in virool
A} nicotine@} sodium nitriteZ- AMIFZ A ZA ¥FE-A]7]
7} nicotine®] WAMFES 81-}<] nornicotine®] VJE 23}
S B8l AE 4 Aol dEA siot (Caldwell e
al., 1991). 12|30 Fel] m)=9] Hecht 1F nicotine}
sodium nitriteZ F344 H o WL Fof Al Aol
TSNA®] %<l NNNeo| AAE 4 S-S Bt A4S v
Fo] E w nicotine?} sodium nitrite®] H-8-Foiol] 2]
NNNEC} "4 73gh wekEd ol NNKE SEA WA A
AE P US ALE AL R & A FelME
9] Hecht 5] NNN& 7&317] $13lA] T2 A
438 22 APEZSIA NNKE HE3h2t shglent
NNKE SEA WM wi7)7) o - B2 A o2 Rusyw
el NNK¢ #F hAAEEZ2] shdal 8-OHAGS] A%
< NNK9] A= o4l S48, 1 23 NNK ?5-F
of 2] 75olli= 8-OHdG o] Hzel vzl 1.89]1| A
239747 @A &A 2718t 2t nicotine F sodium
nitrites- 247t @5 32 W8 T3k 254 8-OHAG
gle] fo) 8k Wiske FaskA]. X3

Nitrite AJF &l gt ZARE 25310 ¥ty 2J3)y n]
=12l A% nitite HFE B 3T 4 mg =M o
nirite= 2 ofH Foll EXNEe nitrateZFE] Aol A
Waleo] AT o2 d=A vt Marletta e al.,
1988). Nicotine 94l 213 & HFAS B3l ¢ &
7 Foll GA =2 gle] Aol nicotine?}t nitriteol] &
Al =€ 7 fA =07 JEZ) kS B3
AA W= 447 TSNAZE AAE 7FsAdel o #&
Aeg Ag¥d, vl% 2 dFF 53 Fischer 344 A=
A A NNK2| A o7 &lg 4 qatAIRE 22l
u]=2] Hecht 25l 2}3] nicotines} nitritel] 2] HE
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2]

2] NNNe| ¥4% APd-E v2}abs nicotine?] HtAdel] o
& A7 FF AAHLE A&Hojof & A o2 AR EH

Aol 2

B Qe AEelorEge) 1EaFAE S5
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