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Oral Mucosal Carcinogenesis in SENCAR Mice
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Absiract. Anbnal models of oral carcinogenesis have been
developed but most use the hamster buccal pouch or mt oral
mucosa. With completion of human and mwine penome
Sequencing. the development of a mouse model of oral
carcinogenesis may prove useful for future genomic studies of
oral carcinogemesis. To achieve this objective, 30 SENCAR mice
were indtigted by brush application of pelatal, buccal and tongue
mucosa with 200 nmol 7 12-dimethylbenz}ajanthracene
(DMBA) using 3 treotment regimens, and promoted hy brush
application with 5 nmol 12-O-tetradecanoylphorbol- 13 -acetate
(TPA] for a total of 28 weeks. Altenatively, 5 mice were treated
with 0 5% denitrogquinoline-1 -oxide (ANQQ) alone by brush
application for 28 weeks. There were another 6 control mice
treated with vehicle alone. The rumor samples were analyzed for
the presence of H-ras codon 61 gene mutations using a rutant-
allele-specific amplification-polymerase chain reaction (MASA-
PCR) technigue. The results showed that among the group of 24
mice initiated with DMBA for 2 or 6 weeks, a range of
- papilliferous lesions were seen on the buccal mucosa comprising
papillomas, papillomas with dysplasia and 7 squamous cell
carcinomas (SCC). tn those 6 mice inifiated with 1 week of
DMBA, only papillomas developed. In the 5 mice ireated with
NQO, one developed papillomas with dysplasia and two had
SCCs in the tongue mucosa but not the Buccal mucosa. Both
carcinogens induced codon 61 mutation of the H-ras gene at a
high frequency. The results indicated that DMBATPA and
4NQO in SENCAR mice reliobly produced preneoplastic and
malignant oral cavity lesions, which resemble the multistages for
humen oral carcinagenesis, and targeted to site-specific zones of
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the oral mucoss, namely the buccal mucosa and tongue.
respectively. These results show that SENCAR mice can be used
as g unique model of oral carcinogenesis with the potential for
detailed molecular studies of neoplastic progression to SCC.

Oral cancer is the sixth most common ¢ancer worldwide and
s the most frequent form of head and neck cancer. It remains
4 serions public health problem, with more than 300,000 new
cases annually worldwide (1). Over 90% of thess cancers are
squamous cell carcinomas (SCC). However, the molecular
mechanisms Jeading to the deveopment of oral $CC are
poorly uaderstood, and more studies are needed to define
which specific gepes are altered during oral tumor
progrcssion

It is widely accepted that epithelial tumorigenesis involves
a mltistep process of genetic alterations. Based on their
studies on colon tumors, Vogelstein and others have
advanced the idea that certain tumors form as a consequence
of sequential genetic changes (2, 3). There is now cvidence
that the development of SCC also occurs as a multisiep -
process. A’ sumber of molecular alterations have been
identified in the devclopment of oval cancer (4). Many of
these occur in known oncogenes and tumor suppressor gencs
resulting m dysregulated cell prolifcration and apoptosis, and
tissue invasion (4).

In both human and murine squamons carcinogenesis, ras
gene is a frequent larget of murtation (5,6). Indeed, in human
head and neck cancers, H-as mutations are detected in
approximately 10% of carcinomas in Western countries (7).
Moreover, H-ras mutations at codons 12 and 61 occur in 35%
of oropharyngeal SCC in India (3-10). In animal models,
DMBA-induced SCC of the skin and oral cavity are
frequently assoctated with H-ree mutations (11, 12); 4NQO-
induced oral cavity lesions in mice also fequently contain H-
ray mutations (13). Activation of the ms oncogene occurs
during the early stages of skin carcinogenesis induced by the
carcmogen DMBA  and  the promoter 12-O-tetrade-
canoylphorbol-13-ucctate (TPA) (14,15). Continous expo-
sure of squamous cells to DMBA and TPA induce H-rus
mutations on chromosome 7 in more than W% of mice (11).

Past studics have shown that carcinogenesis plays a critical
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role in the malignant transformation of oral epithelial cel‘ls
(16-18). To fucilitate the study of oral SCC carcinogencsis,
several animal models have been developed during the last
two decades. Among the best studied are the 7,12-
dimethylbenz{a)anthracenc (DMBA)-induccd hamster cheek
pouch model (14,19-21) and the 4-nitroguinolone-N-1-oxide
(4NQO) rut oral moded (22-24).

However, it has not been previously reported that DMBA
could induce oral tnmors in mice. Moreover, the availability
of murinc models with differing genetic or transgenic
backgrounds using DMBA would permit detailed analysis of
factors related to scnsitivity of tumor progression wsing this
carcinogen. In addition, a mouse madel of oral carcmogencsis
is desirable because the mouse genome has been sequenced
offcring the potential to detect and analyze sequence genetic
alterations during cancer development.

SENCAR (SENGitive to CARcinogenesis) mice are widely
used in skin carcinogenesis studies because of their enhanced
suscepribility when mitiated with DMBA and promoted with
the photbol cster TPA (25). Recent studies also showed that
mammary cancer and lymphoma can be induced by
intragastric use of DMBA in SENCAR wice (26). However, it
has not previously been wsed to study oral carcinogenesis,

Therefore, the purposc of the current study was te establish .

an zlternative sensitive and reproducible animal model for
oral carcinogencsis using SENCAR mice for the elucidation
of mulecular cvents leading to oral cancer. Our results show
that DMBA/TPA and dNQO are effective oral carcinogens
and induce SCC in buccal mucosa und tongue, respectively, in
the SENCAR mouse.

Materigls and Methods

Anitals. Seven-weck-old fomak SENCAR mice were obtained from the
Natiemal Cancer Institute (Bethesds, MD, USA) and acclimatized for at
least one week in the UCSF Animal Care Facility before use. The mice
were fed Lab. diet #5008 (PMI Nulrition International, [ne., St Louis,
MO, USA) and water ad libitum. The mice were kepl on corn cob
bedding and piaced on a 12-hour light/duvk cycle.

Chemicals. ANQO, DMBA and RNasc A were purchascd from Sigma
(5L Louis, MO, USA). TPA was purchased from Alexis Biochemicals,
(San Dicgo, CA, USA). AmpliTaq DNA polymerase was purchased
from Perkin-Elmer, Applicd Biosystiems, Foater City, CA, USAL

Dusing. Micc were rundomly placed into ong of the five groups (Table I).
Group 1 was initiafed with 200 amol DMBA in 50 ! acetone thret times
weekly for T week and promoted with 5 gmol TPA in 50 1 acetone three
times weekly for 27 weeks (n=6). Group 2 was initisted with 200 amol
DMBA in 50 w} acevme throe times weekly for 2 weeks and promoted
with 5 nmol TPA in 50 pl ucetone three times weeckly for 26 wecks
(n=12), Group 3 was injtinted with 200 nmol DMBA in 50 uf sectone
threc times weekly for 6 weeks and promoted with 5 nmol TPA in 50
scclong lhree imes weekly for 22 weeks (1=12). Group 4 was treated
with 50 pl acetonc of 4NQOQ (05% whiv) threc times weekly fur 28 weeks
{0=5)- Group 5 was given applicutiuns of valy the acelone vehicle threc
rimes per week for one week followed by TPA ag abowe for 27 weeks
{n=6) L serve a5 a control, DMBA, TPA und 4NQO wore dissolved in
ucctone and applicd w the palaral mocosa, huceal mucosa and 1ongue of
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the mice using 2 No. 3 sable paint brush. Previously, ﬂli&_ method had
been shown o deliver refatively constant, amounts of carcinogen to the
mucoss (27,28), The wotal dose of each carcinogen way based on the
delivery of 50 pl of solution, The oral painting peotocel used in the
present studies & similar to previous models where DMBA was wsed o
initiate carcinomas in the hamster cheek pouch model (28), or where
4NQO was used to induce carciromas in ral oml mucosa ().
Furthermore, a similar protocol was used in the JacZ mouse where
mutagenesis was shown o be induced by treatment with DMBA or
4NQO in aral cavity tisucs (29). However, (he precisc amount of
carcioogen applied in our study cap only be csumated because small
amounts may have remained on the brush and some may have beep
subsequently swallowed. However, a sigoificant dose of deug appears to
have been delivercd since there was a consistently high incidence of
carcinoma in these mice.

Histology. Aflter 28 wecks of treatment, the mice were killed by cervical
dislocation I8 hours afler the last dose. Specimens taken from the
tongue, buccal mucosa and hard palate were fixed im 10% neutr
buffered- formalin for 18-24 hours. Normal adjacent tirsueg were wsed
for histological comparison. Specimens were then processed and
cmbedded 0 puraffin Frve-pm sections were cut and stmined with
hematoxylia and eosip. Step sections were cvaluatod for all lesions by an
experienced pathologist (J.R). Criteria requireg for the diagnosis of
dysplasia  Inchuded disordered  cpithelinl  maturation, nudear
enlargement and hyperchromasia, and incrcased nucless to cytophasm
ratio. The disgnosks of carcinoma was based upop loss of basement
membranc and clear evidence of atypico) cpithelium within submucose.

DNA isolation. DNA isolation from paraffin-embedded rissue scctions
was performed us proviously described (30), with modification,
Unstained sectiuns were deparaffinized twice with xylene, rinsed twice
with 95% ethanol, briefly stained with eosin, :md air-dricd. Specific
histological fields of interest (2., region of dysplysia, papilloma or
$CC) were selected after examination by an oral pathologist (J.R)
and microdwssected under the Hght microecope, using an 18GI1/2
needie. Procured tissues were immediately resuspended in 10 pf buffer
(Trie-HCI, pH 8.0, 0.1 mol/L EDTA, pH 8.0, 3% Tween 2), und 0,1
mg/ml protcingse K) and incubated overnight. DNA was thes
extracted from tissucs with phenol/chloroform and precipitased with
ethano!

MASA axsay. The mutant-allcle-specific amplification (MASA) assdy for
detection of Heus mutations was qurried out (Figore 3) vsing the
method described by Takeds ez al. (31) and Shiraishi et al. (32) Dilfercnt
sots of pedymerase chain reaction (PCR) primers were used (0 amplify
the Exon 2 of the ras gene. Cydling conditions of MASA cousisted of an
initial denaturation at 99°C for 14 minutcs, 40 cycles of M*C for 20
seconds, $7°C for 15 seconds, 72°C for 30 seconds, und a final extensian
a1 72°C for 5 minutes. AmpiiTag DNA polymerase (Perkin-Eimer) was
uscd to cffect 2 ‘hot start’ PCR to prevent noa-gpedific annealing of
primers daring set-up, Aficr MASA-PCR was completed, samples with
pasitive results for the Hves codon 61 mutation were sequenced to
confirin the A-+T wansition. Al specimens were analyzed at keast twice
to confirm the results.

Results

Four different treatment protocols were evaluated for
induction of oral carcinomas, using DMBA/TPA or 4NQQ as
the carcinogen (Table I). After a total of 28 weeks of
treatment, papilfomas, papillomas with dysplasia, and SCCs
were found in the different groups of mice (Table TI). The
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Yable ). Experimental design used in the study.

Group Initiation Promotim No.of mioi
Group | DMPA » 1 week TPA v 27 weeks 6
Group2  DMBA -» 2wocks TPA -» 26 wecks 12
Grovp3  DMBA > 6 wecks TPA — 22 weeks 12
Grospd  4NQO * 28 weeks 5
Group5  Acetone > | week TPA -~ 27 weeks 6

—-———

results for DMBA/TPA are similar to those of previous
sudics of skin carcinogenesis in SENCAR mice. The
incidence of papillomas was 18 out of 35 animals (509}, while
the incidenge of $SCCs was 9 out of 35 animals (26%).
Interestingly, more than one distinet tumor could frequently
be observed in the oral cavity of DMBA-TPA-treated mice,
suggesting that multiple simultaneous tumor induction was
occurring,

Microscopic cxamipation of specimens from different
groups identified abnurmal changes ranging from papillomas
to invasive SCC in both buccal mucosa and tongue (Figures 1
and Z). In group 1, only papillornas were found on the buccal
mucosa m 50% of the mice. However, in groups Z and 3,
papillomas with dysplasia and SCCs were evident in buccal
mucosa. This may indicatc that 1 week of initiation with
DMBA is not sufficicnt to coavert a papilloma to SCC.
Multiplc tumors in the same oral cavity were a frequent event
and usually these were of different sizes. In group 4, both
papillomas and SCCs were detected in the tongue, but not in
the hard palate or buccal mucosa (Table II). Chronic
inflammatory cell infiliration varied from stight in dysplasia to
intense jn carcinomas. Morphologically, the changes that
developed in tcsponse to these carcinogens suggested a
progression from dysplasia to SCC, similar to neoplastic
transformation seen in many human oral cancers. Typically,
the entire spectrum of histplogical changes consistent with
transformation could be observed in the region of invasive
SCC (Figure 1). Of the SCC lesions i the DMBA/TPA-
treated mice, two showed progression to spindic cell
carcinoma. Mice i control group 5, treated with vehicle
alone, had histologically normal-appearing buccal, palatc and
tongue mucosa al 28 weeks.

We next studied the incidence of the codon 61 mutution of
the Hvas gene in oral carcinogenesis induced by DMBA or
4NQO, since this alcration is common in DMBA-induced
hamster check pouch cancers (13) and mouse skin lesions
(11). We isolated genomic DNA from each tumor specimen
and amplified codon 61 mutations in the ¢-Hua-ms gencs
by MASA-PCR, using primers specific for exon 2 (Figurc 3).
The amplification products were then cxamined using MASA

Lable TN Histlogical findings in DMBATPA- and 4NQO-induced

carcinomas.
Group! Growp2 Groupd Groupd4 Graup3
Histology DMBA DMBA DMBA  4NQO Control Total
lwesk Zweeks  Gweeks

Nochange 3 1 2 2 5 14
Papilloma 3 5 1 - - 9
Papilioms - 2 6 l ~ 9
w/ dysplasia

scc - 4 3 2 - 9
Total ] 12 12 5 35

and confinmed by sequencing. Using this sensitive techwigue,
we determined that overall there were 18 out of 27 lesions
(67%) with the codon 61 mutation (Table 111). For oral SCCs,
a majority of the lesions contained the codon 61 point
mutations of the H-as gene. A siriking observation was that
when multiple tumors arose in the same animal treated with
DMPBA/TPA, there was heterogeneity in the detection of the
A% 5 T mutation in these lesions. For exaumple, in Figure 3
animal 118 had 3 buccal tumors but only one (118-2) had
clear cvidence of the H-as mutation. This supgests that
tumor progression is occurring asynchronously leading to
tumors of diffcrent stages of development.

Discussion

We compared the potential for mduction of SCC in the oral
cavity by DMBA/TPA and 4NQO carcinogens, OMBA/TPA-
induced papiliomas eventually developed intc malignancy on
the buccal mucosa but not the tongue. By coufrast, 4NQO
treatment readily produced dysplastic lesions and SCCs, but
consisiently failed to generate similar lesions on the buccal
mucosa. The reasons for this differcntial susceptibility to each
carcinogen may be complex. However, recent work by von
Pressentin ef al (29) supgests that the mutagenic rate may
differ in different regions of the oral eavity. Thus, it has been
reported in lac Z mice that 4NQO causes high vates of
mutagenesis in the tongue but is less effective in other oral
tissucs. The reason for this may be due to the fact that 4NQO
could be activatcd by reductases prescat in higher amounts in
the tongue (34, 35). This probably countributes to the lack of
carcinoma formation in the buecal sitc. These results
thercforc do not explain why carcinomas were produced by
DMBA only at buccal mucosal sitcs.

There is extensive literature showing that DMBA/TTA
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H & E staining, x 200.

Figure ), DMBA-induted SCC of buccal mucosa in SENCAR Mice. A, invasive well-differantiated SCC, H & E staining x 100; B, the same specimen us in

figure A, x 250. G, spindle carcinnmu of buceal mevosa

m———
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s 2 a
- A

Figure 2 INQO-nduced SCC of the omgue. A, verucifirm hyperkeratasis with dvsplesia, Noie basal and parabasal cell hyperchromatin and crowding; H
& £ staiming, x 250. B. papilary-vereuciform corcinoms, showing invasion into submrmicasu and skeleral mascle; H & E siaining x 100. C. the same specinen
s in Figure 2B, 2 250
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Tuble YL Jncidmce of codon 61 muation of ¢ -Ha-res gene in oral lmm.r'
froit DMBA/TPA- ar INQO-treated mice.

Group ? Lesion incilonce Mutation (CAA~ CTA)
No. of mice (%) frequency m lumors
Na. of lesions

Group | 36 (50) 273 (67)

Group 2 11712(52) 6/11(35)

Group 3 012(83) §10(E0)

Group 4 Y3 (60) 43 (67)

Group 5 0/6 {0) 00(0)

PANL lesions that developed (inclmding papilioma, _papiiloma  with
dywlahm, aod SCC).
2 See Table Tinra discription of cuch experimental proup,

efficiently induces skin squamous ccll carcinoma (36) and
other studics have documented the use of DMBA to iniliate
SCC on the tongue and buccal mucosa in the hamster (25,
37). The rclated carcimogen, polycyclic aromatic hydrocarbon
benzofajpyrene, induces carcinoma of the tongue in mice
when delivered in food (38). In a recent study, von Pressentin
reported on DMBA applied hy otal swabbing of mouse
mucosa (29). While this study did not examiac the formation
of oral carcinoma, it was found that DMBA produced a
significant incidence of mutation frequencies in the tongue.
However, the frequency was approximately 18-fold less than
4NQO. The efficiency of carcinoma mduction in the hamster
pouch model by DMBA is related to the “pocket” in which the
carcmogen is applied (14). Thesc observations suggest that it
is possible to target specific areas of the mouse oral cavity
using different carcinogens.

A search of the literature indicates that DMBA has mot
previously been wused successfully in  mouse oral
carcinogenesis except in salivary glands (39). The reason for
this may be related to species and strain differences, since
DMBA is oil-soluble and the saliva is thought t0 be
protective. It may relate to resistunce of the oral cavity to
initiation by DMBA. Thus mouse strain selcetion will be
important to establish a model of murine oral carcinogenesis
using DMBA/TPA. The SENCAR mice we used in this study
were developed by selective breeding for igh suscoptibility to
skin carcinogepesis by initiation with DMBA and promotion
with TPA, and they have been used widefy and successfully in
gkin carcinogenesis studies (35, 37). Thus, from the results of
our study, it scems SENCAR mice are suitable animals for
studying oral carcinogenesis,

Several carcinogens produce mutations at multiple codons
of the H-ras genc. DMBA has been shown to produce an A~
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isolate genomic DNA trom Oral Lesions
TIRCK wom

Mutant allole specific ampiification PCR (MASA)
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Figure 3 MMWW&W results of MASA analysis for the
detection of c-Ha-ms A ™ ~ T musation. Fumors were exzised from tee
ora) cavities of SENCAR mice meated with DMBA-TFA (Tabie £, Group 3)
and isolated genomic DNA was processed for MASA a5 detadled in the
Maicriols and Methods section. Laddzr.'iﬂbaupmrmdmdarwaghl
DNA ladkler; Controk: DNA isolated from noymal mucosa of SENCAR
mouse; Amimats 118 ond 119 had multiple buccad tumors that were
individeally analyzed whereas animal 29 had « single fesion. The presence
of the A+ T mutation in codon 61 of the H-rus genc ix evident by the
deicction of the 12K base pair mutart amplification fragmenr (128 bp) that
migraics just below the wiki-typy, the 179 base pair amplification (179 bp)
of H-ras. In animal 118, ane aumor was positive ard two were negative for
lhemmnuan mmmmlnﬂbothlamwmpomwﬁrme
ritinn.

T mutation in codon 61 of the H-ras gene in mouse skin and
hamster buccal mucosa (11, 34, 40). Tt has been observed that
codon 61 H-ras mutations occurred ia approximatcly 90% of
murine skin papillomas and carcinomas (11, 41), while others
have shown that approximately 6% of the bamster check
pauch carcinomas have a mutation i codon 61 of the Heras
gen¢ (34). The frequency of DMBA/TPA-induced mutstions
i our study was similar. A ANQO-induced ras mutations in
mouse oral cavity lesions has been reported by only one other
goup-(13). They found about 50% of the carcinomas rad G-+
A mutations ar codon 12 of the H-ras genc, but no codon 61
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mutations. In vur study, we found A~ T mutations at codon
61 in 67% of the carcinomas instead: The reason for this
codon difference may lie in the different mouse straing being
used in thesc studies: CBA mice vs. SENCAR mice.

In summary, we report that in the SENCAR mouse, both
DMBA/TPA and 4NQO treatment induces a high incidence
of premalignant and malignant lesions in the oral mucosa.
Tmportantly, each carcinogen i site-specific for induction of
these carcinomas, with DMBA/TPA gencrating buccal SCC
whereas 4NQO targets tongue mucosa. The DMBA protocol
in mice with specific genetic or transgenic backgrounds offers
a powerful tool for contributing factors involved ip twumor
initiation and progression of oral cancer.
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