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Summary. To test and optimize photodynamic therapy of early cancers in the
upper aero-digestive tract and oesophagus, we sought an appropriate animal
model, which was found in the 7,12-dimethylbenz[a]anthracene-induced
early squamous cell carinoma in the Golden Syrian hamster. This chemically
induced neoplasm is shown, by histology and immunohistochemistry, to pass
through similar stages of early cancer development as its human counterpart.
Its time sequence is highly reproducible, leading to a well differentiated
carcinoma in situ and microinvasive carcinoma in the hamster cheek pouch
over a period of 10 weeks.
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Clinical trials have demonstrated that photodynamic
therapy (PDT) (Kessel 1990; Henderson & Dougherty
1992; Van den Bergh 1994) is emerging as a possible
alternative for treating early squamous cell carcinoma
(SCC) in the upper aero-digestive tract, tracheo-
bronchial tree, and oesophagus (Braichotte et al. 1995;
Savary et al. 1994; Furuse et al. 1993; Monnier et al.
1990; 1991; 1992). In these trials it has become apparent
that PDT with new photosensitizers admits significant
improvement. This is because several parameters are
involved, e.g. the drug dose, the light dose and rate, the
time interval between dye administration and light appli-

cation, and the wavelength of the laser light. Clearly,
an appropriate animal model, if it can be found, will
be essential in such a multiparameter optimization pro-
cedure. In the present paper we compare the well known
7,12-dimethylbenz[a]anthracene (DMBA)-induced carci-
nogenesis in the cheek pouch of the Golden Syrian
hamster with the time sequence of premalignant and
malignant histological and immunohistochemical
changes which are observed in human squamous cell
carcinogenesis in the upper aero- digestive tract and
oesophagus. The results of most preclinical studies in
PDT are more difficult to extrapolate to the clinical
context for several reasons: (1) most tumour models
are subcutaneously transplanted or implanted fast grow-
ing tumours. PDT is then often carried out when these
tumours are bulky and well vascularized (Fingar et al.
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1993; Ris et al. 1993; Whelpton et al. 1995). As an
example, a 1-cm3 sarcoma in a 30-g mouse, cannot
easily be compared with a
1-mm3 superficial SCC of the oesophagus, which may be
or may not be vascularized at all, in a 70-kg human being.
Furthermore, the latter sarcoma will generally grow quite
slowly. (2) As most of the current second-generation
photosensitizers are associated with lipoproteins in the
blood during part of the transport after i.v. injection, the
composition of the plasma lipoproteins should mimic the
human case as closely as possible. This is much more
the case in the Syrian hamster than in a mouse. (3) The
histology, in most implanted or subcutaneously trans-
planted tumours, does not resemble that of the neoplasm
of interest here. Hence, the Syrian hamster with DMBA-
induced early squamous cell carcinoma in the cheek
pouch, which shows a histology close to that of the
human early squamous cell carcinoma in the upper
aero-digestive tract, has a small mass relative to the
total body weight of about 100 g, and is poorly vascu-
larized in its earliest stages, appears a reasonable choice
for this study.

This model was first described by Salley (1954).
Although the hamster’s cheek pouch is histologically
quite similar to, but thinner than, the mucosa of the
human upper digestive tract, the hamster carcinogenesis
appears to go through the same stages as in humans. As
seen in Figure 1, the normal cheek pouch of the hamster
is composed of three or four cell layers of squamous
epithelium with keratinization of the upper layer; the
lamina propria contains connective tissue, small blood
vessels and nerves; the deeper layers are made of a well
vascularized muscular layer, fatty and glandular tissue

surrounding the dermis and epidermis of the cutaneous
side of the cheek.

As we shall see below, the carcinomas usually evolve
in a multiple-step manner with dysplastic changes pre-
ceding in situ and microinvasive carcinomas. After 4
weeks of DMBA application, one observes an epithelial
hyperplasia which progressively changes to mild,
moderate or severe dysplasia after 8 weeks. Exception-
ally, the dysplastic changes occur without being pre-
ceded by the epithelial hyperplasia during the tumour
development, as is also seen in some instances in
humans.

Materials and methods

Four groups of five pathogen-free male Golden Syrian
hamsters weighing 80–100 g, 5–6 weeks old, were used.
The animals were given food and drinking water ad
libitum during this period. Using cotton swabs, a 0.5%
solution of 7,12-dimethylbenz[a]anthracene (DMBA,
Sigma) in mineral oil was applied topically 3 times
weekly to the inferior frontal mucosal surface of the left
buccal pouch. The right buccal pouch, which was not
painted with DMBA, served as the control. The animals
were checked regularly to document the development of
neoplastic changes in the left cheek pouch mucosa
and skin during 12 weeks. DMBA was chosen as the
chemical carcinogen (Morris 1961; David et al. 1987;
Slaga & Gimenez-Conti 1992) because it has been found
that it could play the same aetiologic role in hamster SC
carcinogenesis as do alcohol and tobacco in human oral
and oesophageal SC carcinogenesis (Graham et al.
1990; Mufti et al. 1991; 1993; Shin et al. 1993). Other
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Figure 1. Healthy cheek pouch mucosa
of the Syrian hamster. E, Epithelium;
LM, lamina propria; SM, striated muscle.
HE. �70.



parameters, e.g. the tumour/full body volume ratio,
low density lipoproteins (LPL) levels and vasculature
also simulate the clinical context better than any other
animal model.

Animals were killed by CO2 inhalation at 6, 8, 10 and
12 weeks from the first DMBA application. The whole
cheek pouch was resected and fixed in 5% buffered
formalin (pH 7.0), paraffin embedded, sectioned in
5-�m thick slices which were stained with eosin and
haematoxylin and analysed by conventional optical
microscopy. Histopathologic findings were compared
with premalignant and malignant changes in human
carcinogenesis of the upper digestive tract. Immuno-
histochemical techniques were used to detect altera-
tions of different keratin types in the carcinogenesis of
the hamster cheek pouch and compared to the keratin
patterns observed in the human carcinogenesis of the
upper digestive tract and oesophagus (Hurlimann &
Gardiol 1989; Gimenez-Conti 1990; Shuler et al. 1987;
Tatemoto et al. 1987; Murase et al. 1986). Samples of
the hamster buccal pouch mucosae were formalin fixed,
paraffin embedded, and sectioned in 5-�m thick slices
which were stained using standard immunoperoxidase
techniques. Three different undigested antikeratin anti-
bodies (MAB Lu5 (Hoffmann-La Roche Co, Basel),
highly specific for stratified epithelia; MAB 35�H11
(Enzo Biochemicals, New York) obtained after immuni-
zation with cytoskeleton from human hepatoma specific
for simple epithelia; and MAB 35�E12 (Enzo Biochemi-
cals, New York) obtained after immunization with stratum
corium, which is specific for stratified epithelia), diluted
1 : 500, were used to detect antigenic determinants of

configuration present on acid and basic non-specific
keratin.

Results

Histopathology

Between 6 and 9 weeks from the first DMBA application,
different degrees of epithelial dysplasia were observed
(Figure 2) and evolved to carcinoma in situ and micro-
invasive carcinoma after 10 weeks. Figure 3 shows
the microscopic aspect of the early squamous cell carci-
noma (SCC) in the hamster’s cheek pouch after 10
weeks of DMBA application. In Figure 4 we can see
invasive squamous cell carcinoma which appear 12
weeks after the first DMBA application. In some cases
at this point in time we also meet papillary tumours in the
cutaneous side of the cheek. The histopathologic
changes observed during 12 weeks of DMBA-induced
carcinogenesis are shown in the Table 1.

The mucosal changes induced by DMBA application
in the left cheek pouch were always compared with the
right cheek pouch which served as control. In the latter,
up to 10 weeks of DMBA application did not induce any
histopathologic changes. After 10 weeks, some micro-
foci of mild to moderate dysplasia are seen in the inferior
part of the untreated right cheek pouch. This finding
suggests that after a prolonged period of time, chemical
carcinogens mixed in saliva induce malignant changes
more diffusely in the oral cavity. The histopathologic
changes occurring during this induced chemical

DMBA-induced carcinoma in hamster: model of carcinoma in the upper aero-digestive tract 9

# 1996 Blackwell Science Ltd, International Journal of Experimental Pathology, 77, 7–14

Figure 2. Transepithelial high-grade
dysplasia of the hamster’s cheek pouch,
observed after 8 weeks of DMBA
application. HE. �70.
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Figure 3. Well differentiated
microinvasive SCC of the hamster
cheek pouch, after 10 weeks of DMBA
application. HE. �35.

Figure 4. Invasive SCC of the hamster
cheek pouch, which appear after 12
weeks of DMBA application. HE. �35.

DMBA application Macroscopic
(weeks) observations Microscopic observations

6 leukoplakia hyperkeratosis and mild dysplasia
8 erythro-leukoplakia hyperkeratosis, mild to severe

dysplasia and carcinoma in situ
10 erythro-leukoplakia hyper and dys-keratosis, intermediate

and transepithelial high-grade
dysplasia. Ca in situ and microinvasive
carcinoma

12 erythro-leukoplakia hyper and dys-keratosis with multiple
and papillary Ca invasive SCC, papillary carcinoma and,

in some cases, papillary Ca in the
cutaneous part of the pouch

Table 1. The histopathologic changes
observed during 12 weeks of DMBA-
induced carcinogenesis



carcinogenesis were highly reproducible in different
groups of animals.

Macroscopically and microscopically they are very
close to the human forms of dysplasia, in situ and
microinvasive squamous cell carcinomas in the upper
digestive tract and oesophagus (Figure 5a and b).

Immunohistologic correlation between human and
hamster keratin patterns

In the human oesophagus, two types of high-grade
dysplasias are described (Hurlimann & Gardiol 1989);
first, a transepithelial dysplasia, positive for Lu5 and
35�E12 antikeratin antibodies and specific for stratified
epithelia. This form is associated with well differentiated

carcinomas and is negative for the 35�H11 antikeratin
antibody, which is specific for simple epithelia and asso-
ciated with poorly differentiated or undifferentiated
carcinomas. Human forms of oral and oesophageal
squamous cell carcinomas are often associated with
this type of transepithelial high-grade dysplasia.
Second, a pagetoid dysplasia which is positive for
35�H11 and negative for 35�E12 antikeratin antibody,
which is always associated with poorly differentiated or
undifferentiated carcinomas. Sometimes intermediate
types of high-grade dysplasia show characteristics of
both types of dysplasia and carcinoma. In the hamster
cheek pouch carcinogenesis we have seen intermedi-
ate and transepithelial high-grade dysplasias. During
tumour development, more than 50% of the epithelial
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Figure 5. Histological comparison in
a, the hamster’s and b, human
oesophageal early SCC. HE. �70.



cells in the basal and suprabasal layers became positive
for 35�E12 (Figure 6) and Lu5. After 12 weeks, squamous
cell carcinomas are positive for keratin in the stratified
epithelia. At the beginning of DMBA-induced carcino-
genesis all epithelial layers are negative for 35�H11
antikeratin antibodies specific for simple epithelia. In
other words this keratin pattern is very similar to the
keratin pattern of human oral and oesophageal early
squamous cell carcinogenesis.

Discussion

If we compare the early squamous cell carcinoma (SCC)
in the hamster cheek pouch to transplanted tumours in
most of the usual rodent animal models (Fingar et al.
1993; Reddi et al. 1987; Ris et al. 1993; Spirov et al.
1992; Whelpton et al. 1995), the following differences are
seen (Table 2).

Early SCC in the Syrian hamster model is a superficial
tumour, induced by topical application of chemical carci-
nogen over a 10-week period. After this time interval, we
obtain in this model a well differentiated microinvasive
squamous cell carcinoma, which is poorly vascularized
and shows poor inflammatory reactions, without tumour
necrosis. The tumour weight is negligible as compared to
the full body weight.

On the other hand, the tumours in the more commonly

used rodent animal models are transplanted or implanted
fast growing, bulky invasive tumours. Often these are
histologically well or poorly differentiated sarcomas,
adenocarcinomas or mesotheliomas. They are highly
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Figure 6. Early SCC of the hamster cheek pouch 10 weeks after DMBA application. Positive immunostaining with antikeratin
antibody 35�E12, specific for stratified epithelia and well differentiated SCC. HE. �80.

Table 2. Comparison between hamster ‘early’ SCC and other
rodent animal models

Hamster ‘early’ SCC Other rodent animal models

Chemically-induced during
10 weeks by topical
application of 0.5% oily
DMBA

Transplanted or implanted
tumours (cell culture, grafts)
growing rapidly during 2–3
weeks

Until 10 weeks controlled
tumour growth (slow)

From the beginning, poorly
controlled tumour growth
(fast)

Superficial carcinomas
(histologically: squamous
cell)

Bulky invasive tumours
(histologically: sarcoma,
adenocarcinoma,
mesothelioma or carcinoma)

Poor vascularization High vascularization

Mild inflammation Severe inflammation

No necrosis Often central necrosis

Negligible tumour weight as
compared to full body weight

Up to about 1 g tumour
weight (i.e. a few per cent of
the full body weight)



vascularized, and show an important inflammatory reac-
tion, often with central necrosis. Tumour weight can be
as high a proportion as 1/10 of the body weight of the
animal.

The advantages of the hamster model are summarized
as follows:

Histopathologically and immunohistochemically,
DMBA-induced ‘early’ squamous cell carcinomas of
the hamster cheek pouch are very similar to the human
SCC of the upper-aero digestive tract.

The sequence from dysplastic changes to ‘early’
carcinoma is highly reproducible.

Tumours are well differentiated and keratin patterns
are closely comparable to the keratin expression of
human oropharyngo-oesophageal ‘early’ SC carcino-
genesis.

Development of microinvasive carcinomas takes
place over a short period of time (10 weeks).

The large surface (about 12 cm2), of the hamster
cheek pouch permits precise follow-up of malignant
changes, easy observation and manipulation.

Conclusion

After 6–9 weeks from the first DMBA application, differ-
ent degrees of epithelial dysplasia were observed and
evolved to carcinoma in situ and microinvasive carci-
noma after 10 weeks. Hyper and dys-keratosis are
present at all stages of tumour development. The
sequence of dysplastic changes to early carcinoma
was reproducible in all groups of animals during the
time dependent, chemically induced carcinogenesis.

It should be noted that we are particularly interested in
‘early’ stage cancers (in situ and microinvasive carcino-
mas) which appear 10 weeks after the first DMBA
application, because they are potentially amenable to
successful photodynamic therapy. As we have demon-
strated above, the Syrian hamster’s SCC model closely
simulates the case of clinical interest to us. Hence we
plan to use it to evaluate new photosensitizers and to
optimize treatment modalities in photodynamic therapy
of ‘early’ squamous cell carcinomas in the upper diges-
tive tract.
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