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ABSTRACT-II■-- bead and neck squm.om d 
~nogellais (SCC) is a eu-on malipatlcy tJud •P­
P~ to be related to co11tinnous exposare to pnWive 
cardlloge111 or proDIGtm SKII IS toltactu ud akollol. To 
uderstud die mecbni,ms of llle defflopllllllll el llead 
nd •eek OIIIUI' and to test the efficlellcy of new tkn• 
peatic approadu:s, the dluactematlon of a uin1al 
model system i$ necessary. Tile daeek-poudl eart".hlo-­
gtDll!llis lbOdel in S-,rian 1oldeu la.alllSlel1 is pronbly the 
best knmra aaimal s)'ttem Bat ia OlOSt doselJ eompanWe 
witll the dtftl.opmmt of premaliput and alldignnt te­
slons in hamu oral CIQCOI', FwOu!rnlore, it is one of die 
most trdkbaraeterized animal system models for sec. 
Om first appl'OIICII lo u•dent.uding tile cdllllar 1111d mo­
lecallr dta.rips that oteor in tlle llaaa81:ff elteek..poacll 
careinogeaesis process was lo f:Olllpart tldl model to the 
mouse-skin systen:I. in whiefl a naµnber of eritkal eTeRfs 

~;.·. ha-,e hem 'ffllll chan(blriled. Wt euWllaed tile &eqllelldal 
· a,ression of hy,erplasia, mk:nuocleaW celll. ONidline f ~ deearbox,we adlvity, pobadue lffels, ~ 
':. I uti•ilY, epldenn1I growth ftdor re«ptot Inds, e!lpres­
,, · slon of several k.eraCias, -y-tlotanyl traa1pep1itlase, tad 
~:. 11adcoltr orpllizer .,.... We -.est tllal tllae lllal'ken 
t.\ ea11 be med to aadentlQNJ llll!duUlisJ9s or etreillOpllUls 
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ud, in ad.titio•, en SCl'ft IS alternative 11hotter eqd 
points in studies of cbemoprevention. We al9o present 
preUmiaarJ .molemlat stnda la the. aperimental oral 
model. We obtained a partial ~ of au 2 et tile 
Ba-raa :ene and detected. au A182➔T ttaanenion la 
codon 61 in b8111S1tr clleek-po1ldl sec indnttd. by 7 ,12-
dimetll:,lbem(ll)aathraeeae. IJ Natt Cuter 1ml Moagr 
13:55-a, 1"2] 

i. The cheek-pouch carci001enesis of the Syrian golden 
[: hamster is probably the animal system process most com-
i~. parable with the development of pre111alignancy and ma­
r, Ugnancy in human oral cancer . .Furthermore, it is one or 
[.. the most characl.erized models for sqomnou.s cell carcino­
k mas (SCC), This was first developed by Salley (1), who 
~- produced an experimental oral sec in the cheek pouch of 
':U: the hamster. Later, Morris (2) mmdardized the procedures t. so that the experimental lesions could be uniformly repro-
~ duced.. In the last 20 years, Shldar and coworkers have 
!.'. extensively studied the hamster cheek,pouch model and 
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ba:ve performed a variety of chemoprevention experiments 
in this system. 

The major adflffl~ of the system as pointed out by 
Shklar et al (J) are the similarlt:j between the hamster 
bucca.l pouch mucosa and the keratinizing human oral 
mucosa fm terms of histoloMY, histochemistry, and 
ultrastructure), the absence of spontaneowi carcinomas, 
rbe development of precancerous dysplastic lesions coni­
para.ble to human oral leµkoplekia, and lhe susceptibility 
of the tumor system to systemic innuenCC$, such as vita­
mins. hormones, and various drugs. 

The carcinogenesis studies in the hamster eheet pouch 
art usually pe.rf onncd either by using multiple applie&:~ 
tions of 7,12-dimethylbenz(a)anthracene (OMBA} (usually 
0,S"le in mineral oil, three times weekly) or, occasionally, 
by using other carcinogens (3.4). The 0.51'9 dose of 
DMBA ind.uc«l a hype.rplastic respome in the pouch epi­
thelium after only a few applications. followed by the 
appean111ce of a variety of dysplasd.c lesions resembling 
human premaligoant lesions after 6 to 8 weeks of treat­
ment, Benign and maligna.Dt tumors (papillonw and 
SCC) started to develop after 10 weeb of treatment (.5). 

However, stagea of carcinopeais (mitiaiion, prom.o­
tion, and prolfCSSion) ba1.1e not been well defined in this 
system. To study the intimate ce1lular and molecular 
mechaoisms involved in the genw of oral tumors, a 
two-stage carcinogenesis animal model seerns nece5Sa1'Y in 
order to compare 'With the human oral cancer. The basic 
understanding of the pathogenesis of this tmnor in the 
hamilter cheek pouch is imp0rtant for the development of 
new strategies of cbcmopreveotion as well as for the study 
of chemopreventive agents and their posn'ble inechan.isms 
of action. 

TWO-STAGE CAllCINOGENESIS PROTOCOL 

Tissueplasminogen activator (CPA) and benzoyl perox­
ide (Bd"o) and other skin-tumor promoters produce well­
defined, short-term effects OQ mow;e skin~ induding 6U$­
tained hyperplasia. and proliferation. These ilbott-term. re­
sponses seem to be necessary C\lents in the promotion 
process and are considered to be indicators of potential 
skin-tumor promotional activity of a compound (6-9). 
Although the pborbol ester ii the most potent of the 
mouse...skin tumor promoters, it has been demonstrated 
thQl this compound has a very weak activity when applied 
in the hamster skin or cheek pouch {10,JJ). Furthermore, 
the lack of response of the cheek. pouch to TP A has been 
conf'umed in our laboratory (JZ). 

ss 



SCAGA AND OlMENE.Z.:CONTl 

BzPo is a free radical-genera.tin.a com]'.IOund that bas 
been demonstrated by Odukoya and Sbklar to enhance the 
fotwation of tumors in the hamster cheek pouch when 
applied in combination with multiple treatment of DMBA 
(JJ). We analyzed a number of short-term markers of 
tumor promotion (keratins. bypet"p1asia.. and nucleolar or­
ganizer regions (NORS]} in the hamster cheek pouch 
treated three times a week for 2 weeks with 40 mg of 
BiPo. Unlike in the mouse-skin model, BiPo was a more 
effective inducet of short-term markers of tum.or promo­
tion than was TPA (12). 

CHEMOPREVENTION STIJDJES 

Chemoprevention hiu; been studied in the hamste!' cheek 
pouch using a variety of natural and phanllaco.logical 
agents. Many of tbese studies have fOQJSed on the use of 
vitamin A, vitamin E (alpha-t.ocopherol), and derivatives. 
Probably the most studied chemopreventive agent in the 
hamster cheek pouch has been vitamin E. Sh.ldar showed 
that vita.min .E significantly decreased tumor formation 
after 14 to 16 weeks of DMBA treatment, there 1'\lere fewer 
tumors, and the tumors were !iil18Uer in size in the animals 
that received 10 mg or vitamin E twice weekly (14-16). 
Even inore interesting were the experinteuts by Trickl~ 
and Shklar (17) uslng a lower dose of DMBA. Using 0. t 1/i 
of DMBA instead of 0.S'le. they found that tumor forma­
tion was completely inhibited by vjtamin It 

The same group also studied the effect of vitamin .E in 
established lesions of hamster cheek pouch (18). Hamsters 
that had been treated with DMBA for 13 weeks and devel­
oped sec were then treated twice weekly for 4 weeb with 
250 µg of vitamin. B. In this study vitrunin E was injected 
directly into the. tum.or-bearing pouch, and the treated 
h.amsters were found to. have a significant reduction in 
t1unor mast. Microscopic examination showed that tu­
mors were smaU and presented areas of degeneration with 
picnosis and infiammatory inftllratlon._ Similar degem:ra­
tive changes were also observed in Jeukor,lakia. 

The meehaniS'ltl of the chemopn:ventive or the therapeu­
tic action of vitamin E was 11ot clCflrly established in these 
studies, but a study by Schwartz et al (19) showed that 
vitamin E prevented the depletion of Langerhans' cella 
caused by DMBA, suggesting an immunomodulaling 
mechanism 10 explain. at least. the chemopreventive ac-­
-tion of this compound. 

Vitamin A a.ad derivatives have also been extensively 
used in the hamster cheek-poucll model. A cbemo­
preventive action of 13-ds-retinoic acid (10 mg given 
orally, twjce weekly) was obaet\'ed 1n animals treated with 
the standard DMBA protocol. Under this condition, the 
vitamin A derivative delayed tumorigenesis and reduced 
the size and number of SCC (211). Alteration in the distri· 
but.ion of Langerhans' cells in the epithelium and an alter­
ation of tb.e phYtohemagglutinin bJ.astogenesis was also 
observed, suuesting that the ehemopreventive action of 
13-cfs-retinoic acid may also be mediated by the illldlnne 
system (21,22). 

One of the nat\lral forms of vitamin A. bet.a-carotene. 
was also used in this system, In tb.e9e experiments, in 
addition t0 the standard complete carcinogenesis protocol, 
a tw1HJ1age protocol using DMBA as the initiator and 
BtPo as the promoter was employed, Beta-auotene was 
shown to inhibit carcinogenesis in both protocols. In the 
two-stage protocol, beta-carotene appean!d to act st both 
the initiatioJJ and pro.motion stages of ca.rcinogenesi$ (21). 
Beta-carotene was also found to reduce the we and nwn­
bcr or 1--glu:tamyl lrantpeptidalile (OOT)-positive foci in 
DMBA-treated hll!llStefS (24). Later, Schwartz and Shklar 
(25) suggested that tbe effect of beta-carotene may not be 
mediated by the metabolic con\ter5ion of this product to 
retinoid, the biologically active form of vitamin A. In thi1 
study, they used canthaltanthin, which is a carotenoid that 
is not converted b\tO vitamin A. In the bam11ter cheek 
pouch, amtbaxantb.i:n was a potent antitumor agent. al~ 
though not -.s potent as beta-carotene. 

Cbemoprevention by natural extracts was also investi.~ 
gated in this system. The extract of Spintlina-DunalieDa 
algae was shown to be a potent tumor inhibitor when given 
either alone (26) Ot in combination with beta-carotene. 
These compounds were also eftecme in prodod.ng regres­
sion of established twnors in the hamster cheek pouch (21)1 

Onion extra.et. adminiim~red oridly in the drinking wa­
ter, was also an effmi\le inhibitor of DMBA tomor­
.ige.nesis. This CltraCt reduced cell proliferation in a cell 
line derived from a DMBA-indoced SCC (28,29'). 

Many other compounds have also been investigated as 
chemopreveotive agents in the hamster cheek pouch. In­
hibitors of prosraglaodin synthesis sucll as aspirin, 
iodrunethaci.n, and ibuprofen (30,31) have been shown to 
exert a significant antitum.orlgenic effect when given daily 
by mouth concomitant with the cheek-pouch DMDA top­
ical treatment, The effect of two protease .inhibitors, 
Bowman-Birk inhibitor (BBi) and soybean trypsin inhibi­
tor (SBTI). was also examined in this chemically induced 
oral carcinogenesis model (32). The sofbean extrad: con­
taining the protease inhibitor BBi suppressed DMBA­
indw;ed carcinogenesis, whereas SBTI did not. lnununo­
enhll\Cing agents such a.a bacillus Calmet.te-Ouerin (BOO) 
and Jevainisole wete found to inhibit the development of 
hamster buccal pouch tulhor (3.3-Jj). The delay in 
carcinogenesis was observed clinically and h.i.stologiadly, 
Phenanth~ (Pbe) a11d. to a lesser c:l.elflle, 1,4-dimethyl­
nar,htalene (DMeN) were found to retard the de9e10pmeot 
of carcinomas when applied topicaDy in the DMBA· 
treated hamst.l!J' cheek po\JCh (36). 

GGT MID 1'.EllA11N STUDIES 

AltbQugh the mecbanism(s) by which chemical carclno­
gens induce cancer in this system are not clearly defined, 
there have been some biochemical and molecular st1ldies 
descnoed. Probably the beat--stu.died event bas been the 
induction of GOT. an enzyme that is not nonnally ex­
pressed in the hamster cheek pouch. Solt and Shklat (!J7. 
311) showed that individual positive OGT cells or doublet 
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cells are detected bistochanically as early as 3 days after 
the first DMBA treatment. After 3 weeks of treatment, 
f:bey were able to detect GOT-positive intraepitbetial cell 
foci (plaques) that appeared to be of clonal origin. OOT 
activity has also been demonstrated histochemkally in 
areas of dysplasia. papillomu. and wdl-diff erentiated 
SCC- Odajima et al (39) ha'\'e speculated from tbcte results 
that probably the early GOT-stained cell populations are 
pnmecrplastic in nature. 

The expression of different l:eratms bas also been ex­
plored in this model. A proflle of several keratins during 
experimentally induced carcino~nesis in ham.tter cheek­
pouch mucosa 'IIJaS studied by immunohist.ochemical tech­
niques (40.41). the antibodies Wlied in these experimeon 
were capable of identifying sevei-al groups Qf' kerldin&, but 
they were unable to recognize individual memhen of ibis 
family of proteins. 

We have explored the expression of kerat.ioa using 
immunostainin& with rnonosped.fic antibodies and also by 
using a technique that allowed immunoblotting analysis of 
tissues embedded in paraffm (42). Mooosped.fic antJ"bod­
ies against murine keratius were developed. by Roop et al 
(43,4.f) using synthetic peptides con-aponding to the DNA 
seqnence of the l'nonconserved repon of la!ratin cDNA. 
These antibodies recognize single members of the teratbi 
family and can be used to investigate the presence or 
absence of specific keratins in histological S1!Ctions. We 
have used antibodies against three keratins: R14. whieh i$ 
norm.atty associated with proliferating cell$ (basal layer); 
Kl• which is nonnally expresd in differentiated cells of 
the epidenuis; lltld Kl3, which is expressed in differenti~ 
ated cells of mucosa. The pattern of keratins for the 
hamster cheek pouch was consistent with that of the oral 
muc:osa (4.5). 

Kl4 was restricted to the basal layer• KU to the 
supraballal layer, and there was no dcmoostra.ble iminun~ 
oreactivity with KI by either immunobistocbemistry or 
immunoblotting. However. Kl was expressed by the 
cheek-pouch epithelium in a time-dependent fashion in 
DMBA--treated hamsters. Concomitant with DMBA­
induced hyperplasia. there were some topographlad alter­
ations in the distribution of Kl 4. In tbis case. K.14 was no 
longer re&tricted lo the basal layer but was also exprcued 
in differe11tiated cells. The same pattem was also observed 
in dysplastic lesions and in squamous cell carcinoma. Furp 
the.rmore, expression of the KU differentiation-associated 
keratin was preserved in this hyperplastic epithelium dur~ 
ing all tbe stqes of carcinogenesis, including either 
aoaplastk or differentiated areas. 

Alteration in t~ pattern of keratin expnssion appeared 
to be a common feature in the development of sec io 
different sy$1.eJllS (44-50). These .iterations probably re-­
fleet abnormal differentiation patterns and a.re ei:ceUent 
tools with which to monitor the process of earcin0gene$is. 

ONCOGENES AND SUPPRESSOR GINES 

The level of expression of soveraI cellular proto­
oncogenes wa.s examined at diffemn stages of DMBA-

EP11HELIAL CANCERS OF Tli.E AERODIGESTtVB TB.ACT 

induced tumor develop:nent iQ thls model (SJ). Thia study 
deJn()D$U'ated overex:pression of c-Ha~ras gene at a very 
early stage of tumor devclopmtmt. Conversely, apression 
of c-erbB was detected. after 8 to 10 weeks of DMBA 
treatment and ~ with the procression of the dts­
ease. Expression of c-myc and c--sis detected in control 
tissues remained unaffected, while c-fos gene activity 
could not be deteoted at any stage of tumor development. 
It has been susgested that the increased expression of the 
ras geaie can be correlated with the initial transfonna.tion 
activity of the bmnster cheek-pouch epithelial cells. 
whereas activation of the c-eTbB gene can be correlated 
with the extensive proliferative and roaUgnant pbenotypc 
of these eells in the intact animal. 

Recent studies have indic:at2d that the c.-erbB protO­

oncogene and the transforming growth factor (TGF-cY) 
may be involved in the mechanism of chemical carcino• 
senesu in thi$ s,stem. The c-abB gene that ii the celulal' 
gene for the epidermal growth factor (EOF) receptor has 
been found to be overexpressed in DMBA-treated pouch 
epithelium and in cheek-pouch tumor, (.52,.51). Furthor­
mOie, this gene appear$ to be am.pliried in cell Hoes de­
rived frDUl SCC (.54). TOF~ but not BOP, was also 
spressed in the pooch twnors, suggesting a pmisible 
autocriDe stimulation :inechanism invoMng TGF-it and 
the BOP receptor. 

The same authors have demonsuated that c-Ki-ras 
mRNA can be detected in DMBA-irufuced tumors, 
wbcn:as no detectable c-Ki-ras mRNA can be found in the 
normal cheek pouch. The c-Ki-m proto-oncogcne bas 
been found to be proliferation dependent., and Wong et al 
tuggest that this proto-oncogene .is quiescent in the normal 
cheek pollch, although lts expression is associated with 
malignant transformation (55). 

Previous experiments in other s~ showed that 
OMBA-f.nduced twnon presemed a specific mauation in 
the codon 61 of the Ha-ms gene (,So.S7) • .Recently, our 
laboratory has investigated whether a similar mutation 
occurs in the hamster cheek•pouch sec induced by 
DMBA comph:te careinoger&e:$1S. 

1'be normal sequence of a fragmeut of genomic;: ONA 
encompassing codon 61 of the ff11-ras gene was IUllplilietl 
by the polymerase chain reaction (PCR) using primers 
deaigned for a highly conserved region of the mouse Ha~ 
ras--1 gene. The sequence of the amplified fragment was 
determined by direct sequencing technique and exhl"bited 
83.3'11 and 87 .s.-. homology with die corresponding hu­
man and mouse sequences, respectively. Homology at thi: 
amino acid levd was identical fot the three speci('.S. Paraf­
fin sections of 11 squanious cell cardnomas of the cheek 
pouch were used to detect mutated Ha..ras alleles. DNA 
sequencing of the tmnors &bowed that 10 of 11 tom.ors 
presented, and A_. T transversion in the second position 
of codon 61 resulting in ammo acid change from glycine 
to leucine ()6). 

Moroc:o et al (S~ have po.$tulated the exmence of three 
suppressor functions in this model, vthich strongly sug­
sests thal inactivation of suppressor genes may be in­
volved during the process of carcln~s. These resulta 
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raise the possibility of a cooperation between an activated 
ras gene and inactivation of a suppres,or gene for the 
progression tQ malignancy. as was also recently proposed 
for 1he mouse-skin carcinogenesis mode) (60.6/). 

OTHER STUDIES 

A number of biological markers wu studied at diffemrt 
stages of tmnor development in this model in order to 
define intermediate end points for assessing the effCCQ of 
chemopreventive or therapeutic agents (62). EOF receptor 
bad been shown to be expressed i.11 the .ha01stcr normal 
cheek-pouch epitbclium bill was moderately preeent in the 
hypcrplastic epithelium and strongly expressed in both 
dysplasia and SCC, wbcrcas tramglutaminase I. 
p0lyamine levels, omithine decarboxylase aotivity, and 
micronucJeated cells were increued during all the stages of 
carcinogenesis. 

Changes of NORs in the bam.ster cbeek-pouclt chemical 
carcinogenesis bad been demonmated using a silvet 
colloid technique (63). Thu technique provides infOJ"D'la~ 
tion on the nuck!oJar .-;tivity of th.e cell (rDNA trQscrip­
tion) and ha$ been consideled as a potentifu marker of 
malignancy (64-66). The mnnber and dcgru: or aahitJ of 
NOR.s were determined in DMBA-eiq,osed epitheli:nm and 
the re8Ullina tumors. The perceatage of an types of NORs 
presenting high-activity nucleoli increased during DMBA 
treatment. reaching the highest "8.lues in the sec. 

CONCLUSIONS 

Induction of tumors in the hamater cheek pouch ii a 
well.characterized model of chenlical carcinopnem that 
has been extensively used in studies of chemopnwmtioll 
and chemointerventlon. In the last few years. several ~ 
lop::al .llllrkers have been characterized. in this model. 
Tbese markers can be used to umlerstand mechanisms of 
carcinogenesis and, In addition, can ·serve as alternative 
.shorter endpoints in studies of' ch~. In the 
next few years; the hamster cheek..pouda carc1nogenesis 
model is likely to provide new clues into the intimate 
mechanism of cancer development. Some molecular stud­
ies have already been perfonn«I. in this system with prom­
ising resulb, and it ii expect.ed that In the near future, with 
the use of new tedmolou. it will be pollible to define 
precisely the molec\llar e'lents related to me different 
stages of tum.ot development. Th.is infonnation will be 
instrumental in understanding human ow· cancer and in 
developing suategiea for cancer pteYeDtion and treaunem. 
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