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Abstract

The expression of p53 protein was investigated in eight formalin-fixed, paraffin-embedded
conjunctival squamous cell carcinomas of five horses and one cow, dog and cat each by an
immunohistochemical procedure in order to evaluate protein overexpression. Anti-human
p53 protein mouse monoclonal antibodies known to be cross-reactive with p53 protein of
the animal species examined were used. Positive p53 nuclear immunostaining was detected
in five equine, one bovine and one feline cases. Conversely, no p53 immunostaining was
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found in the only canine case examined. These results demonstrate a frequent p53

overexpression in conjunctival squamous cell carcinoma that could be related to UV-

induced mutations of the p53 tumor suppressor gene.
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INTRODUCTION

Conjunctival squamous cell carcinoma is probably the most
important primary ocular neoplasm of domestic animals. It
arises from the conjunctival epithelium of the limbus, third
eyelid or eyelid and it may develop through pretumoral
dysplastic lesions, to in situ carcinoma and, ultimately, to
invasive carcinoma. It is most commonly seen in bovine and
equine species but it has also been reported in the cat and,
less frequently, in the dog.'

In cattle, the role of genetic and viral factors has been
suggested.” However, there is strong evidence that in both
cows and cats the prevalence of squamous cell carcinoma is
related to sunlight overexposure.' In humans, squamous cell
carcinoma of the conjunctiva is a rare tumor with a
multifactorial etiology, but exposure to solar UV radiation
is considered a major cause of its development.’

In recent years, many studies suggested that mutations of
the p53 tumor suppressor gene are involved in the develop-
ment of human sunlight-related skin cancers, namely
squamous cell carcinoma and basal cell carcinoma, and of
UVB-induced squamous cell carcinomas of mouse.* Wild-
type p53 protein acts as a transcription factor regulating the
cell cycle. In response to DNA damage, p53 protein levels
temporarily increase resulting in either a delay in progress
through the cell cycle to permit repair processes’ or the
induction of apoptosis.® Thus, p53 monitors the integrity and
stability of the genome and minimizes the mutations which
arise from exposure to DNA-damaging agents. However, the
p53 gene itself can be altered; the consequence is a loss of its
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regulatory properties which allow cells with DNA damage to
replicate with possible selection of malignant clones. Typi-
cally, in human cancer, one allele of p53 is rearranged or
deleted such that there is no expression of protein and the
remaining allele sustains a missense mutation. This results in
expression of a mutant p53 protein in the absence of any wild-
type p53. Moreover, in some cases in which the wild-type
allele is maintained, mutant p53 protein appears to act in a
dominant negative fashion entering into oligomeric com-
plexes with wild-type p53 and blocking its ability to function.”
In addition to molecular-genetic events, p53 function can also
be lost by interaction with several cellular or viral proteins.”
These protein interactions can either stabilize wild-type p53
protein or accelerate its degradation, resulting in loss of p53
function and uncontrolled cell growth. Wild-type p53 has a
short half-life and normal cellular levels are too low to be
immunohistochemically detected.® Missense mutations, the
most frequent p53 abnormality, often increase the half-life
and nuclear concentration of the protein, allowing its
immunohistochemical detection.” Overexpression of the
protein is therefore considered an indicator of mutation
although the existence of other molecular alterations, that can
also account for increased stability of p53 in the absence of
mutations, suggests a more careful evaluation.'?

Mutations of the p53 gene have been recently detected in
domestic animals.''™'* Moreover, aberrant expression of p53
protein has been described in squamous cell carcinomas of
cattle, horses, cats and dogs.m_18

This study was undertaken to assess, immunohistochemi-
cally, the expression of p53 protein in some conjunctival
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squamous cell carcinomas of various domestic animal species
with the aim of investigating the role of p53 dysfunction in
the development of conjunctival squamous cell carcinoma.

MATERIALS AND METHODS

A total of eight conjunctival squamous cell carcinomas (five
equine, one bovine, one canine and one feline cases) were
available for examination. The specimens were fixed in 10%
buffered formalin and embedded in paraffin wax. Four pm
sections were routinely stained with hematoxylin and eosin
and evaluated by light microscopy to confirm the diagnosis.
Serial sections were dewaxed in a graded xylol/alcohol series,
rehydrated in distilled water and placed in a plastic jar filled
with a 6-M urea solution. The jars were irradiated in a
household microwave oven (Candy M1000 X; Candy S.r.l,
Monza, Italy) twice for 5 min each at 75% power and were
allowed to cool for a minimum of 15 min.'"” Then the
sections were processed for indirect immunohistochemistry
with a standard avidin-biotin technique (ABC Vectastain
Elite kit; Vector Laboratories, Burlingame CA, USA).
Briefly, the sections were washed twice in distilled water
and in Tris buffer saline (TBS), incubated at room
temperature with 1:75 normal horse serum, for 20 min,
then incubated overnight at 4 °C with the primary antibodies
listed in Table 1. One or more different primary antibodies
were used according to the data about species cross-
reactivity reported in Table 1. Following the incubation
with primary antibodies, the slides were rinsed in TBS and
incubated for 30 min with a biotinylated antibody 1:200
(Vector Laboratories, Burlingame, CA) and then with
avidin-biotin peroxidase compex (ABC Elite, Vector La-
boratories). Aminoethylcarbazole (AEC, Sigma Chemical
Co, St. Louis, MO, USA) was used as chromogen and
Mayer’s hematoxylin as counterstain. As a positive control of
the immunolabeling, a human breast carcinoma known to
overexpress p53 was used while normal tissues (conjunctival
epithelium or eyelid skin) adjoining the neoplastic tissues
were utilized as a negative control. Moreover, primary
antibodies validation was performed in preliminary tests in
which normal tissues of each species (horse, cattle, dog and
cat) from various sites and organs (skin, intestine, spleen,
lymph nodes, liver, kidney and heart) were immunohisto-
chemically examined to verify the absence of unspecific
reactions of the anti-p53 antibodies.

Table 1 List of the antibodies used

The degree of the immunostaining was graded as follows:
(+) < 10%nuclei staining intensely; (++) 10-50% nuclei
staining intensely; (+++) > 50% nuclei staining intensely.

RESULTS

Expression of p53 protein was detected in almost all the
neoplastic cells of positive control while it was absent in the
normal tissues of the samples examined. Table 2 summarizes
the results of the immunohistochemical assay of the eight
conjunctival squamous cell carcinomas examined for p53
staining. Nuclear p53 immunolabeling was found in
neoplastic cells of five equine, one bovine and one feline
cases. No immunostaining was observed in neoplastic cells of
the canine sample. Expression of p53 protein was not
detected in normal tssues. In cases tested with different
primary antibodies, a constant weaker reactivity of PAb 240
in comparison with DO1 and DO12 antibodies was found.
In positive cases, the proportion of positive nuclei was
estimated from 35% to 90%.

In moderately differentiated squamous cell carcinomas
reactivity involved most of the tumor cells’ nuclei (Fig. 1),
while in well-differentiated carcinomas positive staining was
mainly restricted to proliferating basal-like cells at the
periphery of the tumoral nests (Fig. 2). In one of the equine
cases, strong and extensive immunoreactivity also reached
basal and suprabasal cells of a tract of dysplastic epithelium
and completely disappeared, with a clear boundary, only in
the adjoining normal epithelium (Fig. 3a,b).

Table 2 Results of the immunohistochemical analysis for p53 protein

Degree of immunostaining

Case Species PAb 240 DO1 DO12
1 Horse + 4+ + 4+ + 4+
2 Horse ++ ++ + 4+
3 Horse + 4+ + 4+ + 4+
4 Horse + 4+ + 4+ + 4+
5 Horse + o+ + + 4+ + o+ +
6 Cattle 44+ 4+ n.d.
7 Cat o+ + 4+ n.d.
8 Dog - n.d. n.d.

() negative; (+) < 10% nuclei staining; (+ +) 10-50% nuclei staining
(+ + +) > 50% nuclei staining; n.d. analysis not performed.

Primary antibody Ig subclass Binding site (aa) * Specie cross-reactivity ¥ Dilution Source

DO 1 IgG2a 20-25 Cat, horse, bovine!”"'®2° 1:2000 Oncogene Sci.
DO 12 IgG1 256-270 Horse? "2 1:200 Lane D.P.
PAb 240 IgGl1 213-217 Dog, cat, horse, bovine'® 1:400 Oncogene Sci.
Normal mouse serum = = = 1:1000 Dakopatts

*Epitope localization is referred to the amino acid sequence of human p53.
tData about species cross-reactivity are reported from previously published studies

SqulCIlCCS.ZO’2 !

16-18.20 ¢ obtained by comparison of published p53 protein
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Figure 1. Conjunctival squamous cell carcinoma of a cat displaying
extensive immunostaining of neoplastic cell nuclei. ABC-peroxidase
method, PAb 240 antibody, Mayer’s hematoxylin counterstain, x 460.

Figure 2. Overexpression of p53 protein is noted in nuclei of peripheral
tumor cells of a conjunctival squamous cell carcinoma of a horse. ABC-
peroxidase complex method, DO1 antibody, Mayer’s hematoxylin
counterstain, x 180.

DISCUSSION

The present data show that abnormal p53 accumulation is
frequently present in conjunctival squamous cell carcinomas
of domestic animals and suggest that p53 protein dysfunc-
tion could be involved in carcinogenesis of ocular squamous
cell carcinoma. This is in accordance with the results
previously reported by Teifke and Lohr,'® describing
aberrant p53 expression in squamous cell carcinomas of
cattle, horses, cats and dogs and showing a high rate of p53
positive cases in equine and bovine tumors with ocular
location. Similarly, a high rate of p53-positive cases has been
recently reported in human pterygia and limbal tumors”*~%°
and it has been suggested that the finding of increased
nuclear p53 in the limbal cells of all pterygia, limbal tumors
and most pingueculae indicates the probable existence of p53
mutations which could be caused by UV radiation. However,
the precise implication of p53 in the genesis of conjunctival
dysplastic and neoplastic lesions both in domestic animals
and in humans has yet to be elucidated.
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Figure 3. (a) Immunohistochemical staining for p53 protein in a
conjunctival squamous cell carcinoma of a horse. Strong and extensive
p53 nuclear immunoreactivity is seen in the basal and suprabasal cells of
a tract of dysplastic epithelium, x 180. (b) Extensive immunolabeling is
present in neoplastic cells of the adjoining # situ squamous cell
carcinoma. ABC-peroxidase complex method, DO1 antibody, Mayer’s
hematoxylin counterstain, x 220.

It is generally assumed that the immunohistochemical
demonstration of p53, particularly by PAb 240 and DO12
antibodies, indicates the presence of a mutant protein.
However, PAb 240 and DO12 can be considered specific for
mutant p53 protein only under testing conditions which are
not denaturing,”"*® and cases of p53 protein accumulation
with no evidence of genetic alteration have been described in
a wide range of malignant tumors.'® Several other mechan-
isms may account for p53 overexpression which may result
either from a stabilization of the protein via interaction with
viral and cellular oncoproteins or an alteration of the p53
degradative pathway.?” In many studies on p353 expression in
neoplastic diseases, more than 10% or 20% positive cells has
been regarded as the cut-off for p53 positivity indicating the
presence of mutation.”®>° On the other hand, p53 protein
expression in a small fraction of neoplastic cells is probably
poorly related with the accumulaton of a mutant p53
protein.’'*? In our cases the high rate of p53 expression in
tumor cells is therefore suggestive of p53 mutation.

At present, little is known regarding p53 mutation in
squamous cell carcinomas of domestic animals. Pazzi et al.*
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described p53 point mutations in two of eight cutaneous or
mucocutaneous squamous cell carcinomas of horses. In both
cases (one of the eyelid and the other located in the vulva)
point mutations were C-to-T transitions, a type of mutation
considered a typical ‘signature’ of the UV radiation-
induced mutations.”

Conjunctival squamous cell carcinoma, particularly in
cattle, can develop through multiple stages including
metaplasia, followed by dysplasia, carcinoma in situ and
invasive carcinoma.”” In one of the equine samples contain-
ing also normal and dysplastic conjunctiva, positive nuclei
were confined to the basal and suprabasal cells within low-
grade dysplastic epithelium, increased in the well-differen-
tiated neoplastic areas and involved all the tumor cells in the
more undifferentiated areas. Such a finding suggests that p53
protein overexpression could be an early event in the
progression from dysplasia to squamous cell carcinoma.
Evidence of p53 mutation and overexpression in the early
stage of carcinogenesis has been also found in human
cutaneous squamous cell carcinomas.’**

In conclusion, further studies on a larger number of
samples are necessary to evaluate the prevalence of p53
overexpression in conjunctival squamous cell carcinomas of
domestic animals. Moreover, detailed molecular analysis
of p53 should be performed to evaluate the presence of
p53 mutatons with a typical UV-induction pattern in
these cases.
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