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Squamous cell carcinomas were induced by UVB in
the hairless mouse HRO hr/hr. Twelve mice were
irradiated three times a week at a dose of 0.19 J/cm?.
The average latency period for the appearance of the
first tumour is 16 weeks and by the 21st week, tu-
mour incidence is 100%. Further observation of these
tumours shows that their growth is independent of
irradiation dose and that the tumours continue to
appear even after cessation of irradiation. Histolog-
ical and cytological examination of these tumours
show them to have characteristics of malignancy.
Transplantation in athymic mice suggests that UVB
provokes immune deficiencies in hairless mice similar
to those seen in conditioned nude mice. Key words:
Ultraviolet radiation; Photocarcinogenesis; HRO hair-
less mice; Athymic mice.
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It has been known for many years that the UV
component radiation in natural light is the important
agent in skin ageing and cutaneous tumours. Epide-
miological studies suggest that more than 90% of
squamous cell carcinomas are the result of over-
exposure to sunlight, and most particularly to UV
(1). Experimental findings in mice have shown that
UVB radiation (280-320 nm) is more carcinogenic
than UVA (320400 nm) (2,3) and UVC (254-280
nm) (4). Other epidemiological and experimental
studies have shown that the carcinogenic risk is pro-
portional to the cumulative UV dose throughout a
lifetime (5,6). A number of other experiments (2,7)
have been carried out on mice and two rather similar
theories have been proposed by Blum (5) and de
Gruijl et al. (8), according to which the time of
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tumour appearance consists of a dose-dependent ini-
tiation time and a dose-independent promotion
time.

Several studies by Kripke (9) have shown that in
the mouse, most UV-induced cutaneous tumours are
highly antigenic. Indeed, 75% of these tumours are
rejected after transplantation into normal syngenic
mice. On the other hand, pre-treatment of syngenic
host mice by UV invariably induces a state of toler-
ance to these photo-induced tumours. UV treatment
even induces the generation of suppressive T lym-
phocytes (ST) which are responsible for the suppres-
sion of photo-induced tumour rejection (10, 11). Re-
cently, Romerdahl & Kripke (12) have shown that
ST lymphocytes facilitate the growth of these tu-
mours by specifically blocking the generation of Th
anti-tumour ‘helper’ T Iymphocytes. These alter-
ations in the immune system defences by UVB affect
not only the rejection of transplanted photo-induced
tumours, but also contribute significantly in the pro-
duction of primary tumours.

In the present study, we induced cutaneous tu-
mours by UVB irradiation of hairless mice. The
post-irradiation evolution of tumours was studied.
These UVB-induced tumours were then trans-
planted into syngenic and athymic mice after hist-
ological evaluation.

MATERIALS AND METHODS

Animals

The mice used in this photo-carinogenetic study were fe-
male hairless type HRO (hr/hr) obtained from the breeding
centre (CNRS, Orléans, France). The animals were 7-8
weeks old at the beginning of the experiment. They were
housed in plastic cages and had free access to food and
acidified water (pH = 3). There were 12 mice in the treated
group and 7 in the control group. For the transplantation
studies we used female hairless and athymic mice (type
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Fig. 1. Tumour yield (total number of tumours/number of
surviving mice) vs. time. 12 mice were irradiated 3 times/
weel fpr 26 weeks, receiving 0.57 J/em?® per week. Mini-
mally dectable tumours =1 mm diam.

Swiss/nu obtained from IFFA CREDO France). They were
kept isolated in a room with limited access, housed in
sterile cages and given estrone in their drinking water
(1 pg/ml water).

Light source

The light source consisted of a UV apparatus (Biotronic)
composed of two sets of three 40 W fluorescent tubes (one
set of UVA: Vilbert-Lourmat T-40L, spectrum distribu-
tion: 320400 nm, max = 365 nm and one set of UVB:
Vilbert-Lourmat T-40 M, spectrum distribution: 280-320
nm, max =312 nm), having an energy of 6mW/cm’. The
apparatus is controlled by a microprocessor and is precision
programmed in minutes or Joules. The irradiation dose is
monitored on the back of the animals by two captors specif-
ic for UVA or UVB (Radiometer RX. Vilbert-Lourmat,
France). This apparatus permits the irradiation of several
mice simultaneously and uniformly and the temperature at
the animal’s level did not exceed 30°C.

Irradiation procedure

During irradiation, the mice were fixed by the tail with
adhesive tape at 25 cm from the fluorescent tubes. they
were irradiated three times a week by UVB (280-320 nm)
whose spectrum has a maximum absorption at 312 nm.
Each exposure delivered 0.19 J/em® corresponding to 0.63
minimal erythema dose (MED) for 1 min and 50 s. The
mice were treated for 26 weeks and they were sacrificed
when the tumours reached a diameter greater than or equal
to 2 cm. The total duration of the experiment was 42
weeks.

Tumour development time

The animals were weighed and observed weekly for chang-
es in skin appearance and tumour presence. The median
latent period (750 = number of weeks irradiated to the

time when at least half of the mice have at least one tumour
=1 mm in diameter) was determined.

Transplantation technique

The tumour tissue was dissected from the mouse and cut
down the centre with a scalpel. The necrotic areas were
trimmed away. The solid, grossly viable tumour was cut
into 2 to 4 mm® fragments and transplanted sub-cutane-
ously onto the back of syngenic or athymic mice, and the
incision was closed with absorbable suture.

Tumour histology

The mice were killed and the tumour tissue was fixed for
routine staining HPS for light microscope examination.
Other specimens were fixed in 2% glutaraldehyde for elec-
tron microscope examination.

Tumour cytology

The imprint of the tumour was fixed in a solution of metha-
nol and acetone (v/v) and stained with PAP (13).

RESULTS

Tumour inducement by UVB

Tumour incidence. None of the control mice devel-
oped tumours throughout the entire experimenta-
tion period. The 12 irradiated mice all developed
cutaneous tumours. The first tumour was found by
morphological examination at the 12th week of irra-
diation. 50% of the mice (750) developed at least
one tumour = 1 mm after an average latency time of
16 weeks of irradiation. By the 21st week, all of the
mice were affected. The mean number of tumours
per surviving mouse increased as a function of time,
at the 26th week reaching 10.2 + 3 (Fig. 1).
Morphological examination. The first morpholog-
ical modifications were apparent after the second
irradiation exposure and consisted of erythema, de-
hydration and desquamation of the skin. These first
signs disappeared during the second week of irradia-
tion. The continued irradiation caused a thickening
of the skin and cutaneous tumours then began to
appear from the 12th week of irradiation. These
tumours were in the form of nodules which can only
be discerned by eye when then have reached a diam-
eter 2 1 mm. They were formed on the parts of the
mouse which were exposed to UVB (head and
back). The tumours subsequently evolved and
changed morphology. Two aspects can be distin-
guished: salient nodes whose dimension varies from
I mm to 2 cm. They did not show ulceration ini-
tially. these nodes had a hard consistency and often a
cornified excrescence on the surface and were rarely
infiltrating. The second aspect corresponds to infil-
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Fig. 2. Photo-induced squamous cell carcinoma invading
the dermis and presenting cellular atypias and horn pearls.
HPS, x132.

trating and confluent lesions which can attain a con-
siderable volume and they frequently presented a
central, hollowing ulceration and invasive infiltra-
tion. In pathology. all of these tumours are classed
morphologically as squamous cell carcinomas and
show varying degrees of differentiation.
Histopathological and ultrastructural  examin-
ations. The skin of the control hairless HRO is char-
acterized by: a thin epidermis 1 to 3 cells deep, a
non-differentiated basal cellular layer aborted hair
follicles, intra-dermic cysts derived from hyperker-
atosis of aborted hair follicles and a thick stratum
corneum. The electron microscope shows differen-
tiation characteristic of keratinocytes. In mice ex-
posed to UVB, a histological evolution can be de-
tected in the skin after irradiation. The first mod-
ifications after irradiation occurred as an epidermal
hyperplasia with hyperacanthosis and hyperkerato-
sis. The second modification, which results from the
continued exposure to UVB, is the formation of
keratinizing tumours (Fig. 2). They present a picture
of anarchic and irregular epidermal proliferation
with cells in varying degrees of maturity. Keratiniza-
tion occurs either on the surface or within the prolif-
eration area of the tumour in the form of horn
pearls. these tumours infiltrate the underlying der-
mis, to varying degrees, and are either squamous cell
carcinomas in various degrees of differentiation.
Electron microscopy shows that these tumour have
the following characteristics (Fig. 3): the nuclei are
abnormal and composed essentially of heterochro-
matin, there are several nucleoli or one voluminous
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cell carcinoma: irregularity of nuclear contours with mul-
tiplication of nucleoli. Tonofilaments grouped into bundles
(arrow), x4000.

nucleolus, the tonofilaments are grouped into bun-
dles, the mitrochrondria have dense inclusions,
there are numerous demosomes, and the dermal
conjunctiva is composed of disorganized bundles of
collagen with variable fibril diameters and decreased
amounts of elastin.

Cytologic examination. The tumour imprints
(Fig. 4) were made immediately after excision (Pa-
panicolaou staining) (13) and had the following cyt-
ological characteristics: presence of many necrotic
cell, fibrous cells strongly keratinized, nucleated cor-
neocytes, varying degrees of hyperkeratosis, well
differentiated haloperinuclear space, condensed,
clumped chromatin, several nucleoli per nucleus and

& o)

Fig. 4. Imprints of photo-induced squamous cell carcinoma
showing cells of varying shapes and nuclear polymorphism.
Papanicolaou stain, x264.
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abnormal nuclei, often two to a cell. This set of
characteristics is indicative of the malignancy of
these photo-induced squamous cell carcinomas.

Evolution of photo-induced tumours after cessation
of irradiation

The daily examination of the mice during the weeks
following cessation of irradiation showed that the
tumours continued to appear. Indeed after cessation
of irradiation the number of tumours per survivor
rose from 10.2+3 to 18.2+4 at the 27th week
(Fig. 1), but after this it was difficult to have an
exact count due to tumour confluence. The pre-
existing tumours continued to grow and some at-
tained a considerable volume though none of the
tumours exceeded 8 mm in diameter at cessation of
irradiation.

Transplantation of photo-induced tumours

The previously described tumours were transplanted
into two types of hosts: In syngenic mice, photo-
induced tumours were grafted sub-cutaneously into
4 non-irradiated and 4 irradiated syngenic mice. In
the first case, a single graft ‘took’ and the tumour
cells were cultured in vitro to obtain a murine cell
line. In the latter, all the graft took. In athymic mice,
samples from the same tumours were grafted into 4
nude mice with and without estrone in the drinking
water. In the first case (2 mice), all the grafts took.
The average latency time was 5 days and the average
time for the tumour to double in volume was 6 days.
In the latter, no graft took. After successful grafting,
the tumour tissue was regrafted into different ath-
ymic hosts for 12 successive passages. Each passage
took an average of 15 days. The experimental model
obtained from a photo-induced murine tumour as
thus well established and all of the histopathological
characteristics of the primitive tumour were main-
tained.

DISCUSSION

The hairless HRO mouse as a model for photocarci-
nogenesis was chosen because in this albino strain
the epidermis is thin, thus permitting the UV to
reach the basal layer. The results of this study ob-
tained by irradiating a group of 12 mice with a frac-
tionated dose of UVB at about 0.6 J/em® per week
show that this model gives a 100% irradiation re-
sponse. Moreover, the average time for the appear-
ance of the first tumour is 16 weeks, which is 1-4

3%

weeks less than in previous studies (14-16), while
our tumour incidence curve does not differ signif-
icantly from these authors. Thus the HRO mouse
model for photocarcinogenetic tumour induction ap-
pears to be well suited to this type of study as op-
posed to the other hairless strains.

Macroscopic  examination during this study
showed that the skin underwent a series of trans-
formations under chronic irradiation, beginning with
erythema and desquamation. After the 12th week of
treatment, tumours begin to appear in the thickened
skin. Histological examination of tumours <2 mm
showed epidermal hyperplasia while the others were
classified as squamous cell carcinomas in different
stages of maturation. This is in contrast to previous
studies (14, 17) using various mouse strains in which
most UV-induced tumours were histologically fibro-
sarcomas. At the dermal level, electron microscope
studies revealed anomalies in the collagen and elas-
tic fibres. Other studies carried out on mice (18)
showed that UVB provokes elastic fibre anomalies
at the dermo-epidermal junction. This group of al-
terations in the skin of hairless mice proviked by UV
is also seen in pathological cases of human skin
(19,20).

The follow-up observations of mice after cessation
of irradiation clearly showed that tumour growth is
not dependent on further irradiation and that these
photo-induced tumours continue to appear after
treatment has ended. This suggests that UVB energy
of 14.82 J/cm”® delivered over 26 weeks is sufficient to
induce irreversible phenomena which lead to carci-
nogenesis in this type of mouse. These results con-
firm the hypotheses that the induction of tumours
requires that a sufficient amount of energy be deliv-
ered over a sufficient period of time (5) and that
tumour growth is independent of irradiation (8).

Kripke's work has shown that photo-induced tu-
mours are highly antigenic (9). Indeed, most of these
tumours are rejected after transplantation into syn-
genic mice. On the other hand, pretreatment with
UV induces a systematic and durable tolerance to
these tumours. The generation of T lymphocyte sup-
pressors (TS) is the basis of this tolerance mecha-
nism (10,11). Previous work by Thorn (21) has
shown that the generation of TS does not diminish
the primary response of cytotoxic T lymphocytes
(CTL). but lowers the formation of memory CTL.
Recently, Romerdahl & Kripke (12) found that TS
induced by UV blocks the in vivo generation of
anti-tumour T*helper’ cells (Th). This question of
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UV-provoked tolerance specific to photo-induced
tumours in syngenic mice led us to test whether this
type of tumour is always transplantable in athymic
mice, given that this model has no mature T lympho-
cytes.

The results of our photo-induced tumour trans-
plantation experiments on normal and irradiated
syngenic mice are identical to those obtained by
Kripke (9). For transplantation in athymic mice, two
results were obtained: all grafts were rejected in the
non-treated mice, while in mice treated with es-
trone, none of the grafts were rejected in Swiss/nu
temales for the same tumour type. The latter treat-
ment was designed to lower the natural killer cell
level (in press) which was extremely high in the
athymic mouse. These results are comparable to
those obtained by Kripke (9) and they suggest the
hypothesis that UVB irradiation of the hairless
HRO mice leads to immune deficiencies similar to
those obtained in athymic mice treated with estrone.
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