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Ab$fraet. Animal modeis af oral c01ti.nogenesis lio.ve been 
developed but mo.~t use the ham.Mer buccal pouch or '/'flt oral 
mucosa. With completion qf human and murinJ: gellQmll 
sequencing. the ck.velcpmenr of a molJSI! m(>(}el of oral 
cllTtinogenesis may plYYllt u.wefu! for futw-e genomic studie.~ of 
oral carcinogenesis. To adiieWI dli.t objeelive, JO SENCAR mice 
were initiated by brush applicafrl)r(. of paUJ.tal buccal and tQngue 
mucosa with 200 nmo/. 7, 12-dimethylhenz/ a Janthroane 
(DMBA) usi1lg 3 ~atmerli regimens, and promoted by bru.rh 
application with 5 nmol J:J..0-tetradtamoylphorbol- 13 -acetau 
(TPA) for a total of 28 wttks. Alie~ 5 mice were trt!fll&l 
with 05% 4--nitroquinoh-1 -fJ'Xick (4NQ0) tWllf by brush 
application for 28 weeks. There were aruJthu 6 control mice 
treated with vehicle alone. The rumor Sllmp/es were analyzed for 
die presence of H-ro.t codon. 61 ~ mlltatitHl!l using a mutant•. 
alkk-specif1.e amplifia,.tioti-polyrneruse chai,1 reaction (MA.SA.­
PCR) technique. The re.tults ,rhowed tluu among die group of 24 
mice initiated witlt DMBA fQT 2 or -6 weeks, a range_ of 
papilJife,rous laiotis wm seen cm the buccal mucQ.ftl comprising 
po.pillomt11, PdfJillomas with dysp/asia and 7 !Zqutlll'IOUS cell 
carcinomas (SCC). lri those 6 mice initiskd with 1 week of 
DM.BA. on!, papilloma~· develt>ped. In the 5 mice lretlU'.d with . 
4NQO, one de11eloped papil/umas with dysp/a.'US arn1 two had 
SCC$ in die tong,.,,e ntueOS4 bul not the bucail mucosa. &th 
~' tnduced codon 61 mutation of the H-JtJS gene ar a 
high frequency. 11,e results indicated that DMBAffPA and 
4NQO in SENCAR mice reliably pl'OtUlced preneopla.stic: ond 
molig,umt oral cavity 1.esions, which ~ tlui multistD,ges fr,r 
human ,>taJ C~\ and ta,gded to sife.specifu: 1'nlil$ of 
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the oral muw.~a, ,wnely die. buccal mucosa and tongue. 
rapectively. These /'t!.$WIY :thaw that SENCAR mire cM be used 
as a unique 11iOfkl af oral carciMgfPJf!Sis with the pot,ential for 
detailed molecular studi& of ,reoplustic progression to sec. 

Oral cancer is the si,cth most common cancer worldwide and 
is the m0$t frequent form of head and neck cancer. It remains 
a serious public health problem, with more lhan 300,0C() new 
cases ur,111uallyworldwide (l). Over 90% of these cancers are 
squamous cell carcinomas ($CC). However, the molecular 
mechanisms leading to the development of oral SCC are 
p_oorly unde.n;tood, and more studies are nee.dell to define 
which specific genes are altered d1.1ring oral tumor 
progrcssipn. 

It is widely uccepted that epithelial tumorigcnesis involves 
a multistep pfOC'.e8S of genetic alteration.~- Bai;ed on their 
studies on colon tumon. Vogclstein and others have 
advanced the idea that certain tumors form a:; a oon..-1equenre 
of sequential genetic change.-. (2, 3). There is now evidence 
that, the development of sec also OCCW'll as a mult:isaep -
pr~ A· nwnbe.r of molecular alter.ttions have been 
identified in the development of oral cancer (4). Many of 
these occur in known oncogenes and tumor supprtlSIIOr genes 
resulting in dym;gulatcd cell proliferation and apoptosis, and 
tissue invagion (4). 

In both human and mwine squamous carcinogenesis, ras 
gene is ll frequent target of mncation (5,6). indeed, in human 
head and n~ cancers, H-ras mutations are detected i.n 
approximately 10% of carcinomilS in Western countries (7). 
Mnreover, H-ra.s mutations at oodons 12 and 61 occur iD 35% 
of oropharyngeal SCC in IPdia (8--10). In animal modeL~, 
DMBA-indll(;ed sec of the :.kin and oral ca\l:ity are 
frequently associated witb H"mt mutatioT1$ (11, 12); 4NQO­
induced oral cavity lesions in 1J1icc aR10 frcquel\tly contain H­
ra:, mutations (13). Aetiwtion of the ,as oncocene occu~ 
during the eaJ:lY stages of skin carcinogenesis induced by the 
carcinogen DMBA and the promoter 12-0-tettadc­
caooylpborbol-13-acctatc (TPA) (14,15). Continuous eq:io­
su:re of squanl\lUs cells to DMBA and TPA induce H-rJ.'I 
mutations on clu:omosome 7 in more than 90% ofinice: (11). 

Past studies have shown that carcinogenesis plays a critical 
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role in the malignant transfonnation of oral epithelial celh; 
(t6--l8). To fudlitate the study of oral sec carcinogenesis, 
sevcntl animal inodels have been deVe\oped dming the last 
two dc:cades. Ainong the best studied are the 7,12-
dimuhylbenz(a)anthrdcene (DMBA)·indured hamster cbeek 
pooch model (14,19-21) and I.be 4-nitroq11inolone-N-l-oxide 
(4NQ0) mt oral model (22-24). 

However, it blll! not been previously l'Cponcd that DMBA 
could induce oral tumors in mire. Moreover, the availability 
of murinc models with differing genetic or transgenic 
bactgroun<m using OMBA would permit detailed analysis of 
factorS related to scnsiti\lity of tumor progre.-;.~ion U$nlg this 
carcinogen. In addition, a mouse model of oral carcinogenesis 
is desirable because the mouse genome has been sequenced 
offering the potential to detect and analyze sequence genetic 
alterations during C111cer developme.Rt. 

SENCAR (SENsitivc to CARcinogenesis) mice are widely 
used in skin can;inogenesis studies because of their enhanced 
suscep1ibility when initiated with DMBA and pr(lm.Oted with 
I.be phoibol CIiia TPA (25). Rcceat 5tudies also showed that 
mammary cancer and lymphoma caii be induced by 
intr.igruttric u.ote of DMBA in SENCAR mice (2.6). However, it 
bll8 not pccviously been used ro SLUdy or.i.1 carcinogenesis. 
Thei:efure, the. purpose of rhe current study was to establish . 
an alternative sensitive and reproducible a11imal model for 
oral carcinogenesis using SENCAR mice fur the elucidation 
of molecular 1."Vents leading to oral cancer. Our results show 
that DMBA{fPA and 4NQO are etleaive otal carcinogens 
and induce sec in buccal mucosa and tongue, respectively, in 
the SENCAR mouse. 

Materials and Methods 

AniHllll.'t. ~--Old fanak: SENCAR micew.n ~ from I.he 
Natmnal CllnClcr Imrutute (8el:tlesda, MO, USA) and acdi1111tizcd for at 
leaol one weelt in the UCSF Animal (.'are facility before U!IC- Toll mice 
were fed Lah. diet #SOOK (PMI Nutrition International. Inc.., St. I.Otid, 
~. USA) iind wat..T ,,,;t /ibitl.rm. The mite were kepL on com rob 
beddi.og and plaec-d on il 12.~ ligl:lt/dnlc~ 

Chcniir.flk ~NQO, DMBA and RNase A werv pun:hascd from S~a 
(SL Loui,;, MO, liSA). TPA w-..i,; puld,asoo from Alelml Bi«llemical,;,, 
(San Oieg,:, CA, USA). Amp1IT11q DNA polymerase w~ pun;1wcd 
rrom Perkin-Eimer, Applied B~ Fnomc City,. CA, USA. 

Dm,ig. Mice-were nuldomly placed into 011() <fi lhe fiftl ~ (Tilblc I). 
Oroup 1 wu initiated with 200 MJol DMn;>. in 50 µI acerotlo three tima 
weekly tor I week and ptumoti:d with S nmol TP .I\ in 501il acetone lhr~ 
tilnclG ~ly ror 27 weeks (n=6). Group 2 WIiii initill!cil witll ,00 nmol 
DMSA in S:O fl.I _,._ thme timeR week!J for 2 .-eeb ,w1 pnmKI~ 
with 5 BJill.ll Tl'/\ in SO I'-' ucmone lhree ti111~$ '#eeltly lbr 2n wecb 
(n= 12). Group 3 was initialed with 200 II.D10I DMBA in ~ pl ~tooe 
three times weekly for n weeks and promotllll with 5 nmol TPA in 50 µl 
at:elone lfiree limes~ for 22 wee.ks (n=l1). Group•- tteatcd 
with 50 jll ac..1onc QC 4N00 (6.5% wJ.,) three. limes-kly £or 28 ...,eks 
(a=5). Gro"f) S - gmn applica.tiuns of ooly the -Lone vehicle lhrec 
times per wuot. for Ot>e week followed by TP A .!IS ab~ ror 27 weeks 
(n=6) IL> se1vc llli a oonltOl, OM8A. TPA md 4NQO were d~ivcd in 
:iccrone and applied lO ~ palaral muruu.. h1ictal m11aisa and tongue of 
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the mi.:e u:,;ng II N1,. 3 ~bit paint oh. PreYious!y, this method had 
bel.'ll shown to deliwt relatively con.o;tan1. lllllQlnlts or carcillogen. to tlle 
m11oos& (27,28), The tol:al dose of ellCb carcinogen Willi based on the 
ddMl-y of SO id of dulioo. The oral -painting protoc(ll used in the 
prtllelll studies ~ similar lu pTtlViOUll inodllls whete DMBA was used to 
iniciate ean;ino,nas in Ihc ~ d\eek pouch mndel (1.8), or where 
4NQO wru, lllil.U to induce carci11r:11nas in ral OJl1I mucosa (211). 
Furthermore, a i.imil.Jr pmtueol was used in the ~ mouse where 
mutagene.'!il; MS silQWR lo be induQed by treatment with DMaA a. 
4NQO in oral cavity tis.'iuCS (29). R~er, lhe precise amount or 
careloog-eii applied in our study QIB only bt t;$timlned ~i; cmall 
amounts llllly have remained on the brush and !l01ll0 ll1IIY havo bee» 
S\lb!ieqUCntly sw-.dlawed. HOWC"l'¢f, a signffkant !be of drug appet1Ill to 
have been dclwe:rcd sina, thcte WI$ a coosiste!l1.ly high incidence of 
can:i111nna in llwsc mice. 

Htst{1loi:,. A~ter ,S week$ or treaUilcJJt, the mire Wilt& llilled by cervical 
di~localion IS hours al't.er the last dose. Specimells takc.o. from tbe 
ton(lue.. huccat mUQJSII and hard palattc were m<ed in 10% tie111n!l 
buffered- mnnalin fur 18-24 IIOOr... Noi:mfll aGJatlmt timues ~ llliCd 
fof bi:stological e,;,mpam0II. Specimens ~ then ~ 11M 
cmbcddc:J ill par.aflin. F"wo-11m sections were cut and 51:ail'led with 
lwmatoxylia 1!lll eos.iu. Step ~iOI\$ were CVBluanxl for 1111 lesioPi by an 
cxpcneooed patholt11,iia.'t (J.R). Cri~ill required fot Ibo diagoosis of 
dysplasia lncluded disorocccd epithelial ~ nudem­
e11largcmem and bJpcn:hrornBlila, and ~ n~ kl cytoplat;nl 
ratio. The dia~osl!. of carcinoma was bued UPOIJ km of basement 
merobranc and clear .,;vider,ce of atypiClll epithelium within subtllllCO!lil. 

DNA l:olluion. DNA isolation front panft"1,1t-embedded l:i$sue ~lions 
w-.is pcnormed ilS ~ desc:n'bed (30). with modffic;:ation. 
Unstained secti!.it1.~ wen: deparaflinizcd lwi£e with xylene, rimed twice 
wJth 95% ethanol, brietly stained with eo:sin, ilDd air-dm:d. Specitk 
hi51Qlogii:al fields of inreresl (t.g., rccron of tlyspla$ia_ papilloma or 
SCC) wore seleded after examlna!ioo by an om palhologisl (J.ll.) 
tllld mic::rod~ed under the light micn:itscope, 11sing an 18Glln. 
Q.CQdle . .Procured ti!1$11e& were immediately resuspended in 10 jAI buffer 
(Tris•HCI, pH 1.1.0. 0.1 moVL EDTA, pH 8.0, l'Jt> lween 20, und 0,1 
myllll pro1cilmc K) ind incubated 011emight. DNA was then 
cxtraetllll from ti.sues with pbcnol/ctitoroform 11"11d preclpiWe(I with 
emimol I 

•• 
MASA SllllJ, The mutant-allclc-spccilie WPplifk.ation (MA.SA) a-, for 
derectioo of H"IIB mutatian6 WWI IJ¥nied 011t (Figme 3) lllling tile 
mcthod dcllcribed byTab:dadal (31) andShuaishieJ. al. (32) Dilfen:nt 1 
,eis of pol~ chain reaction (PCR) primers were meo to ampllf~ 
tile ~ 2 of the nu gene. ()ding cooditiull.!I of MASA COllSisted of .aJ1 

foitial denaturaoon ar 99'C for 10 millu~ 40 cydes of 114'C for 20 
11«0nds, 57.Cfor 15 sea:mds. n·c for 30 stt.Ol'IOS, and a ~nlll exten.'iiun . ,:, 
a[ 11:c £or 5 minutes- Ampli'l'aq Dl'lA po!Jmerue (Pm'.in·Elrner) MS :I 
used to dii;cl. a 'hot start' l>CR to pnm1nt IIOHp:afic annealing of 
primers dmiog l!Cl-ilp, After MA$A-PCR w.u c,:impleled, 9Blllpies with 
pos\tM: resullli lbr the H""" c.odo!1 61 mulation were wqUICflCCd to l 
C(lfll'inn the A-•T uansidon. All specinlt:llli ~ analyze.d Ill: lc:IISt twi.e" ~ 
to confirm rbc M1,WIS. .I 

Results I 
Four different treatment protocols were evaluated for ; 
inducti<m of or1ll carcinomas, using DMBA/I'PA or 4NQO 11& ! 
the carci®gen (Table I). After e total of 28 ~ of · • 
treatment. papilfomas, papinomas witb dysplasia, and SCC.S 
were found m the different group& of mice ('Table TI). The _] 
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1'abk I. fuperil!lfl'lal tlesig11 ILn'd ill lllt -"~-

Group l.nltialilm l'nltll(ltllltt No.ofmicc 

Gn)UI) I DM9A • lwcel:: Tl'A •17wecks 6 

Gronp2 DMBA · • 2 weeks TPA · • 26 weeks 12 

Group3 OM'BA ► (l "keeb TPA...,.22-wulc< I;! 

Oniup4 4NQO • 28 weeb 5 

GroupS AcetOPe · ► I week TPA ·~27wet:k5 6 

re.'llllts for DMBA/T.P A are mru1ar to those of previous 
srudic.~ of skin carcinogenesis in SENCAR. mice. The 
incidence of papillomas was 18 oul of 35 animals (50% ), while 
the in1,idenee of SCC.S was 9 out of 35 animalfi (26% ). 
IntereAf:iogly, more than one distinct tumor could frequently 
be observed in the oral cavity of DMBA-TPA-treated mice, 
suggcsting that multiple simultane0"\1$ tnmor induction w!lll 

occurring. 
Microscopic ClWDiJJarion of specimens frQm different 

groups identified abnormal changes ranging from papillomas 
to invasive sec in both bu(X'.lll muc:o.c;a and tongue {Figum, 1 
and 2). In group .I, only papillomas were found on the bucca.l 
mucosa in 50% of the mice. However, in groups 2 and 3, 
papillomas with dysplasia a.ad SCCl! were evident in bu.ceal 
nrucosa. This may indicate that 1 week. of initiation with 
DMBA i~ not sufficient to convert a papilloma to sec. 
Multiple tumors in the same oral cavity-were a freq11ent event 
and US1.1ally these were of different sizes. In group 4, both 
papilloma.~ il1ld SCCs were detected in the tongue, but not in 
lhe hard palate or buccaJ mucosa (Table II). Chmnic 
inllammal.Oty cell infill.radon varied from ~tight in dysplasia to 

inteose in curcinomas. Morphologically, the changes that 
developed in response to these carcinogens suggested a 
progrt-'11.iion from dyspL111ia to sec, similar to neoplastic 
transformation seen in many human oral cancers. Typically, 
the en.tire spectrum of hislOlogical changes consistent w,th 
ttam,fonnation could be obsetved in the region of invasive 
SCC (Figure 1). Of the SCC lc..~ions m the OMBA/TPA­
treated mice, two showed progrc.,sion to :spindle cell 
carcinnma. Mice i:n co111.rol group 5, treated with vehicle 
alo.n.e, had histologically nonnal-appearing bnccal, palate and 
toogue mucosa al 18 WCCP. 

We next studied the incidence of the codon 61 mutation of 
the H-ras gene in or;1! cm:~nogencsis indured by DMBA or 
4NOO, ~ince this a.Jtcralion is common in DMBA-inrJuced 
hamster check pooch cancers (33) and mouse ski11 l,esjons 

(11). We isolated genomic DNA from each tumor specimen 
and amplified codon 61 mutations in the o-HlHtJS genes 
by MASA-PCR, usi\'\g primers i.pccific for ex.on 2 (Figure 3}. 
The amplification products were then examined using MASA 

Table ti. Histrtlogical findin!J,s in DM8All'PA- and 4NQO-intlucl!d 

rtut:uwrnas. 

Group 1 Group 2 Group 3 Group 4 Group 5 
H~tology DMBA DMBA DMBA 4NQO Control Toti!I. 

l wea 2 week!: 6 wul::s 

NodiilJ!go J 1 2 2 6 14 

P:IPilloma J 5 1 9 

PaplJIOOl!I 2 6 !I 

w/ dyspla.~a 

sec 4 J 2 

Total 12 12 5 35 

and confmood by sequcnci11g. Using this sematiV<: lechnique, 
we detennined rhat overall there were J8 out of 27 lesions 
( 67%) with the codon 61 mutation (Table III). For oral sro, 
a majority of tlie lesions contained the codon 61 point 
mutations of the H-n15 gene. A sbiking ob!lCrvation was that 
when multlpJe tmnoxs arose in the lllllll¢ ariimal treated with 
D~ A. the.re~ heterogeneity in the detect.ion of the 
A 

1 
-+ T mutation in these ltll!lOns. For example, in Figure 3 

animal 118 had 3 buccal tumoD but only one {118-2) had 
clear evidence of the H-nis mutation. This M1ggests that 
tumor progression is occurring asynchronously leading to 

tumol'II of different $tagefi of development. 

Disnlssion 

We compared the potential for induction of SCC in the oral 
cavity by DMBA/fPA and 4NQO carcinogens. DMBA/I'PA­
induced papillomas eventually developed into malignancy on 
the buccal mucoi.a but not the tongue. By contnist, 4NQO 
treatment readily produced dyspla~ic lesions and secs, but 
consistently failed to gener.i.l'.r! similar lcsio~ on I.he buccal 
mucosa. The reasons for this differential susceptibility to e.'!Ch 
carcinogen may be complex. However, recent woi:k by von 
Pressentin et al (29) suggests that the mutagenic me may 
differ in different regions of the oral C'dvity. Thus, it has been 
reported in Ille Z mice that 4NQ0 causes high. n1tes o{ 
mutagenws. in the tongue but is les.ii effi::Q:ivc; in other or-.il 
tissues. The re&'!On for th~ may be due to the fact thll.t 4NQO 
oould be activated by red\1£tases present in hight,"!' amounts ill 
the tongue (34, 35). This probably rontribu[cs to the lack: of 
carcinoma formation in the buccal site. These result:. 
therefore do not explain why carcinomas were produced by 
DMBA only at buCC".U rnucosal sites. 

There is exte~ive literature showing that DMBNfPA 
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Figure I. DMHA-intl,11:d .~CC (,f buccaJ mucolll in SfSNCAR Mill¥. A, ~ wt./klifferr:nliitrltftl SCC, ff cl E .li01llin& .r 10(); 8, the sa,nc s-,«{1rtm Ii.$ in 

[fBU11!. A, .l 150. C, :rpi,',d~ rarciJlllfflll of ltuccol mucom: H & E .ttilin,111(. x ltld 
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rf8Urc 1. .fN(.XJ-htJut:t:(/ SC:C ~/ the IVnAUC- A, l'<!rrucif,,rm h~ttw11 wilh dy,'lplt1;<iu, Nm" P(l.~al lilld parobaml cdl ~rm and ~din/;; ff 
~ E. ~ x ZSIJ. B. papillary-~ l'tltannrrlfl. ,....,ing /n.1mi,;,1 ilflo .ffl/lmlK-n;,;a. and .<h/.t((l/ nw.~r. H d ft sltliJtin&, x 100. C. Ille sume q,ecilTmt 
«.f in Fig,,,,¥ '28, x lS<l 
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T!ible lII. fl'll:id,:m:e of C<Jdnn 61 muralion of c-J-lt1,.l'tlf JFRll in. oral k.,ion/ 
fwm. DMBA/1'PA· llr 4NQ{)-irealrd. miu.. • 

Oroup 2 

Group I 

Gruup2 

Gmup3 

Group4 

laion~ 
No. or mice (91>) 

3/6 (.50) 

11/12(92) 

I0/12(8J) 

3/$ (60) 

0/6(0) 

Mutlltion (CAA➔ CTA) 
frequency m wmon 

No. of lesions 

'l13(67) 

6/11(55) 

lS/10(80) 

'}J3 (b7) 

00(0) 

1 
All 10.5ionl tlial developed (inch11ling piipilloma, papiUQJlla will! 
c:J,sph!,ia, and SCC). · 

1 See Table l for a description ol C-llch expc,rimt:ntal group. 

efficiently induces skh1 sqdamous cell carcinoma (36) and 
other Sl.lldiQs have dncumenteu the use of DMBA to initiate 
sec ou the tong,.ie and buecal mucosa in the hlltllster (25, 
37). The related carcitlogen, polycyclic aromatic hydrocarbon 
benzo{ajpyrene, induce., carcinoma of the tongue in rnice 
when delivered in food (38). ln a recent study, von Presscntin 
repottcd on DMBA applied by oral swabbing of mouse 
mucosa (29). Wlule th.is study did not eumioc the formation 
of oral carcinoma, it was found that DMBA produoed a 
significant incidence. of mutation frequencie.~ in the tongue. 
However, the frequency was approximately 18-fol(I lt?M than 
4NQ0. The efficiency of carcin~ induction in the'bamst.er 
pmu:h model by DMBA ii; reli!~d to the ~pocket' in which the 
carcinogen Is applied (14). These obse:lvations suggest that it 
ii. posmole to target specific areas of the mouse oral cavity 
using different Clltcinogens. 

A search of the liteniture indicates dmt DMBA bas not 
previously been used successfutly in mouse oral 
carcinogenesis except in 118iivaiy glands (39). The reason for 
this may be related to spc,;:ies and strain ditfereooes., since 
DMBA is oil-llOlublc and the saliva is thought ·to be 
protective. It may relate to resistance of the oral OO'ity to 
initiation by DMBA 'll1wi mou.cie strain selccrion will be 
important to esuiblish a model of murine ruaJ caldnogenesis 
using DMBA/J'PA. The SENCAR mM:C we used in tbis study 
wetc developed by se.lec:twe breeding fQT ltigh su.,ccp11"bility to 
skin carcinogenesis by initiation with DMBA and promotion 
with TP A, and they have been used widely and succe1;,wlly in 
$kin carcinogenesis studb (35, 37). Thus, from the results of 
our srudy, it seems SENCAR mice m suitable animals for 
studying oral carcinogenesis. 

Several carcinogens produce mutations at multiple codons 
of the H-m.v gene. DMBA has been shown to produce an A-► 
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lsolatt genomic DtfA. from Oral Lesions 

~ D&DNA 

! . 
lllulantallele~~ PCR (IIASA) 

l 2% Agarorie Gel 

,._,,179bp 

128 bp (mutant) 

l 
Sequenc::ing to conllrm 

F'igure l. Med,cd a ~ie result, of At-1Sd ~.far w 
ddilctior, uf c-lltM'/15 A ...,. T muklJ.iml. ?iMnor.r Mft ad.Jtd from tmJ 
and crwilitl/l of SENc.M mice rreated with DMBA-Tl"A (Table I, Group J) 
and is/JUIJ£tl ze,i/Jl1lk DNA 1WJ1 ~d 'for Mil.t4 a:t ddaiJed in rhll f 
Mtlt,em,/s t1114 H:lhadt /Ndio/1. Ladder: 50 6- po;; molecular wdghl . ~ 
DNA lmJder. Ollf/TOl: DNA illlolat4d from _, m.ra:osa of SF.HCA~ 
rlkJiu,,; Anim_, 118 anti 119 lta4 mullipk bu,:cal UlmOn thl# wm 
~ iUlllpd !'flMr£rU antmld 29 hiJd ti si,v:Jc k.aon. 1'ht: prr.11enu. 
DJ dre A··• T /ttUlaliQn. ln codon 61 of tht: H-mt ff!M i¥ <Nide.lll by the . i 
~ ofdit 128 bfUlt pair:RUdOni amp/ifreatkm Jragm,,nr ( 128 bp) /Ml : ] 
~ ftl5t bdoMi r1re ~ t1ie m bale pa;rtrmplifkalwn ,m hpJ 
of H-nrs. In Qnimt,l 118, ~ iun;,,-~ postm,e a,,d ~ ~ ~ fr,( 
lhe mutt1lion wlwmt in unimal 119 both k:ri<N l<'M!' po:itiv,1 fr,r die 
mwrtiun. . 

T mutation In codon ·61 of the H-ras geue in mouse skin and 
ham:.1er buccaJ mucosa (11, 34, 40). It has been observed that 
codon 61 H-1115 tnutations ooourred in approximately 90% of 
murine skin pa.pillomas and carcinomas (11, 41 ), while othen 
have shown that approximately 60% of the hamster check 
pouch carcinomas have a mutation in cudon 61 or the H-~ 
gene (34). The frequency of DMBNf.PA-induced mutations 
in our study W3S similar. A 4NQO-induced rar mutations in 
mouse oral cavity lesion.'t has been reported by only one other 
group.(J.3). They found about 50% of the carcinoma.-; bad G··+ 
A mutations at codon 12 of the H-ra., gene, but J!O codon 61 
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mutations. ru our study, we found A➔ T mutations at codon 
61 in 67% of the carcinomas instead: The reason for this 
codon diffcrem:c may lie in the different mouse strains being 
uM!d in these studies: CBA mice v.~ SENCAR mice. 

ln summary, 111e report that in the SENCAR mouse, both 
DMBA/l'PA and 4NQO treatment induco; a high iocidence 
of premalignant and malignant lesions in the or.u mucosa. 
Importantly, each carcinogen is sitc•specific for induction of 
these carcinoma~. with DMBA!fPA g.c.ncrating bua::al SO: 
whereas 4NQO targets tongue t11UC08a. The OMBA protocol 
in mice with specific genetic. or transgenic backgrounds offers 
a powecful tool for contributing factors involved in tumor 
initiation and progrea,ion of oral cancer. 
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