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ABSTRACT
Actinic keratosis is a common disease in humans, which also affects dogs. Lesions occur in chronically sun exposed
areas, such as flank, ventral and lateral abdomen. It has been reported that actinic keratosis is a pre-neoplastic disease
which may evolve into squamous cell carcinoma (SCC), which is one of the most frequent malignant neoplasm in dogs.
The aim of this research was to investigate the relationship between COX-2 and cell proliferation on the outcome of
dogs with actinic keratosis and cutaneous squamous cell carcinoma. This study included 10 skin sections of actinic
keratosis (G1) and 10 cutaneous SCC (G2). Data including age, breed, gender and histopathological findings were
documented. Paraffin-embedded tissues were retrieved for COX-2 and Ki-67 staining. American Pit Bull Terrier dogs
were the most affected ones in both G1 and G2, the mean age was 4.3 (±0.8) years and 5.6 (±1.7) years, respectively.
Mean score of COX-2 immunostaining in G1 and G2 was 8.16 (±3.51) and 8.56 (±1.03), respectively. Mean percentage
of immunopositive cells for Ki-67 in G1 and G2 was 15.77 (±8.81) and 17.71 (±12.21), respectively. There was no association between COX-2 expression and Ki-67, recurrence, survival and metastasis rate (p > 0.05). These findings
highlight the role of COX-2 and Ki-67 in carcinogenesis, but do not confirm the relationship between COX-2 expression and increased cell proliferation in dogs. COX-2 may play a role in carcinogenesis, but this pathway is not responsible for cellular proliferation in actinic keratosis and cutaneous SCC in dogs. Both markers were not useful tools to
differentiate the outcome of affected dogs.
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1. Introduction
Actinic keratosis is a well documented disease in humans,
which also affects dogs and cats [1-3]. Lesions occur in
chronically sun exposed areas and mainly in short-coated,
white haired skin, such as flank, ventral and lateral abdomen [4]. Actinic keratosis is a pre-neoplastic disease
which may evolve into SCC [1,2,5,6]. However, it has
been reported that actinic keratosis consists on in situ
SCC and that there is no biological difference between
both, but that in fact, they represent different stage of the
same disease [1,7,8]. Moreover, it has been reported that
there is no clinical distinction between actinic keratosis
and SCC [9]. SCC is one of the most frequent malignant
neoplasm in dogs, representing the second most common
cutaneous neoplasm in this specie. The etiology is not
Copyright © 2012 SciRes.

well stabilished in dogs, but UV damage is an important
factor [10,11].
Prostaglandins are believed to play a role in the development and progression of some types of cancer [12].
First step in prostaglandins synthesis originated from
arachidonic acid is regulated by prostaglandin enzyme
G/H sintetase, also called cyclooxygenase (COX) [10].
COX-1 modulates physiologic responses such as regulation of renal and vascular homeostasis [13]. COX-2 is
usually absent in majority of normal tissues, but can be
induced in response to tumor promoters, carcinogens,
citocines and growth factors. Upregulation of COX-2
expression has been demonstrated in several neoplasms
in dogs, as well as its role in carcinogenesis [14]. COX-2
expression was investigated in 40 samples of SCC in
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dogs, in which it was strongly expressed in neoplastic
keratinocytes [10]. Moreover, COX-2 has been prominent in actinic keratosis, SCC and Bowen’s disease in
humans. It is believed that COX-2 expression due to
prolonged sun exposure is followed by increased keratinocytes proliferation. These datas suggest that COX-2
expression is necessary for keratinocytes proliferation
and survival after UV radiation [7].
Immunohistochemical analysis of Ki-67 expression
has been widely used to evaluate proliferation index and
it is a useful tool as a prognostic factor in canine mammary tumors, melanoma and cutaneous mast cell tumor
[15-18]. Likewise, downregulation of Ki-67 expression
in dogs with mast cell tumor has been related to a higher
survival time [19]. Moreover, earlier studies support that
staining pattern of Ki-67 in actinic keratosis may separate this entity from others, such as in situ SCC and invasive SCC [20].
The aim of this study was to investigate the association
between COX-2 and cellular proliferation on outcome of
dogs with actinic keratosis and cutaneous SCC, based on
recurrence, metastasis and survival rate. Ki-67 and
COX-2 immunorreactivity may aid in better understanding the progression from pre-neoplastic disease (actinic
keratosis) to malignant neoplasm (SCC), as well as concerning the correlation beetwen high levels of COX-2
and increased cellular proliferation.

2. Material and Methods
Ten skin samples of actinic keratosis and ten skin samples of cutaneous SCC were included in the study. All
dogs were attempted at Oncology Service at the Veterinary Teaching of Sao Paulo State University from July
2007 to February 2009 and were included on the basis of
the following inclusion criteria: 1) confirmed diagnosis
of actinic keratosis or cutaneous SCC; 2) adequate formalin-fixed paraffin embedded material available for
histological grade and immunohistochemical staining; 3)
dog owners written informed consent. Data including age,
breed, gender, recurrence, metastasis and survival rate
were obtained. Follow-up information was obtained
through rechecks and phone calls, every 2 months. Owners were argued about recurrence, concurrent diseases
and death.
Diagnosis of actinic keratosis was performed according to Gross et al. (2005). Histological grade of SCC was
defined using criteria such as anaplasia (anisocytosis,
pleomorphism, anisokaryosis), loss of normal polarity,
anarchic growth, atypical mitotic figures and local or
vascular invasion. All cases were confirmed as actinic
keratosis and SCC by examination of hematoxylin-eosin
(HE) sections.
Three-micrometer sections of formalin-fixed paraffinembedded tissue were cut, deparaffinized in xylene, reCopyright © 2012 SciRes.
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hydrated in graded ethanol, and rinsed in distilled water.
Immunohistochemical staining was performed using EnVision kit (K4061; EnVision Dual Link System, Peroxidase, DakoCytomation). Antigen retrieval was acessed
by three cycles of 5 minutes each in 10Mm citrate buffer,
pH 6.0 in microwave oven. Endogenous peroxidase was
quenched by incubating the slides in hydrogen peroxide
and methanol (19:1) for 20 minutes. Anti-COX-2 (COX
anti-COX-2, monoclonal, clone CX-294, code M3617,
DakoCytomation) and anti-Ki-67 (Ki anti-Ki-67, monoclonal, clone MIB-1, code M7240, DakoCytomation)
were applied and incubated overnight at 4˚C. Positive
control for COX-2 and Ki-67 consisted on kidney and
lymph node sections from a clinically healthy dog, respectively. Negative controls were incubated with mouse
immunoglobulin (Universal Negative Control—Mouse
Primary Antibodies, N1698, DakoCytomation). The reaction was revealed using diaminobenzidine (K3466;
Liquid Dab Large Volume Substrate Chromogen System3,3’diaminobenzidine, DakoCytomation) as the chromogen. Sections were counterstained with Mayer’s hematoxylin stain and mounted. Only epidermis was considered while evaluating COX-2 expression. The percentage of COX-2 positive cells was graded as: <5% →
0, 5% - 25 % → 1, 26% - 50% → 2, 51% - 75% → 3 and
75% → 4, and the intensity of COX-2 immunoreactivity was graded as: weak → 1, moderated → 2 and strong
→ 3. Each COX-2 score represented the product from
percentage of positive tumor cells and intensity, as previously described on the literature [14]. A mean value
was obtained from 5 counter fields. Ki-67 immunoreactivity was performed on cells (at least 100 cells) containing positive nuclei, at a magnification of 40x objective.
At the end, those results were then converted into percentage.
The Fisher’s exact and Tukey’s tests were used to
compare the frequency of COX-2 and Ki-67 expression
in normal and affected skin. Pearson’s correlation was
performed to describe association between COX-2 and
Ki-67 expression. The results underwent Statistical Analysis System (SAS, 9.0. version, SAS Institute, Cary, NC,
USA).

3. Results
American Pit Bull Terrier dogs were the main breed
(5/10) affected by actinic keratosis, followed by Boxer
(2/10), Argentine Dogo (1/10), Great Dane (1/10) and
Bull Terrier (1/10). American Pit Bull Terrier dogs were
also the most common (6/10) ones diagnosed as cutaneous SCC, followed by Argentine Dogo (2/10), Boxer
(1/10) and Brazilian Terrier (1/10). Mean age of affected
dogs by actinic keratosis and cutaneous SCC was 4.3
(±0.8) years and 5.6 (±1.7) years, respectively. There
OJVM
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were 7 females and 3 males with actinic keratosis and 6
females and 4 males with cutaneous SCC. All dogs were
short-coated and white-haired skin.
Actinic keratosis sections exhibited epidermal changes
such as hyperplasia, parakeratosis, orthokeratosis, loss of
keratinocytes polarity, moderated cellular pleomorfism
and layers disarrangement. Fibroblast proliferation and
collagen degeneration were observed in the dermis. Degenerated elastotic fibers revealed solar elastosis. Elastic
fibers were disorganized and degenerated. Inflammatory
infiltrates was mainly mononuclear. Hair follicles showed
infundibular dilatation due to hyperkeratosis. Some cases
also exhibited bacterial colonies with neutrophils proliferation.
There were eight well differentiated SCC and two
acantholytic SCC. Well differentiated SCC showed epidermal changes such as hyperplasia, hyperkeratosis,
parakeratosis, acanthosis and neoplastic keratinocyte proliferation spread over the dermis. Neoplastic cells exhib-
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ited increased size, moderated nuclear atypia, varying
from oval to elongate. Corneal pearls were present in
some sections. Perineural invasion was observed in one
well differentiated SCC. Lymph vessel invasion by neoplastic cells had been identified in one acantholytic SCC.
COX-2 expression showed a diffuse cytoplasmic pattern in keratinocytes, being evident around nuclear membrane. Actinic keratosis samples showed intense staining,
over all hyperplastic epidermis. The mean score value
was 8.16 (±3.51). Values above group average were considered “high” and below it, “low”. All cutaneous SCC
samples showed a high percentage of positive cells, as
well as strong COX-2 expression in neoplastic keratinocytes. Mean score value was 8.56 (±1.03). There was no
COX-2 expression in normal skin, neither in negative
control. Positive control slide exhibited strong COX-2
expression. There was no difference in COX-2 expression between actinic keratosis and cutaneous SCC (p 
0.05) (Tables 1 and 2).

Table 1. Characteristics of specimens from dogs with actinic keratosis.
Dog

Breed

Gender

Age (years)

COX-2 score

Ki-67 (%)

1

American Pit Bull

Female

4

12

7.4

2

American Pit Bull

Female

5

8

19.54

3

American Pit Bull

Female

3

8

12.86

4

Great Dane

Female

4

8

21.92

5

Boxer

Male

6

8

18.18

6

American Pit Bull

Female

4

10.4

23.88

7

Argentine Dogo

Male

4

4

9.01

8

American Pit Bull

Female

4

10.4

31.84

9

Boxer

Male

4

0.8

3.14

10

Bull Terrier

Female

5

12

9.93

Table 2. Characteristics of specimens from dogs with cutaneous SCC.
Dog

Breed

Gender

Age (years)

COX-2 score

Ki-67 (%)

1

Brazilian Terrier

Female

5

9.2

13.06

2

Argentine Dogo

Female

5

8.4

12.91

3

American Pit Bull

Female

4

11.2

24.09

4

American Pit Bull

Female

4

8

18.71

5

American Pit Bull

Female

4

8

12.41

6

American Pit Bull

Female

6

8.4

19.86

7

Boxer

Male

6

8.8

48.86

8

American Pit Bull

Male

10

7.6

13.58

9

American Pit Bull

Male

6

8

6.45

10

Argentine Dogo

Male

6

8

7.2

Copyright © 2012 SciRes.
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Ki-67 immunostaining was characterized as a nuclear
and brownish staining. Actinic keratosis samples exhibited positive cells, especially in keratinocytes on basal
and squamous cell layers. In cutaneous SCC samples,
neoplastic keratinocytes were immunostaining. Fibroblasts, inflammatory cells, epithelial cells of hair follicles
and basal cells of sebaceous glands showed immunoreactivity. There was no difference in Ki-67 expression between actinic keratosis and cutaneous SCC (p  0.05).
Mean percentage of positive cells in normal skin, actinic
keratosis and cutaneous SCC samples were 0.4; 15.77
(±8.81) and 17.71 (±12.21). Values above group average
were considered “high” and below it, “low”. There was
no Ki-67 staining in negative control slide. There was no
correlation between COX-2 and Ki-67 expression in both
groups (r = 0.32; p  0.05).
One dog presented progression of actinic keratosis into
cutaneous SCC, despite the treatment with cryotherapy.
Interestingly, this sample showed high Ki-67 expression
and low COX-2 expression. Nine dogs showed recurrence of actinic keratosis and seven dogs also presented
recurrence of cutaneous SCC. One dog presented one
nodule in the cerebrum identified by magnetic resonance,
maybe a metastasis of cutaneous SCC. This sample exhibited low Ki-67 and COX-2 expression. One sample
showed perineural invasion by neoplastic cells. This
specimen showed the highest percentage of positive cells
for Ki-67 of the whole group, corresponding to 48.86%.
Survival time after diagnosis was evaluated. All dogs
had survival time between 24 to 33 months. One dog
with cutaneous SCC has died, due to a chronic hepatitis
of unknown etiology, since the owner did not allowed
necropsy. On immunohistochemical analysis this sample
presented the highest mean score for COX-2 expression,
corresponding to 11.2 and 24.09% of positive cells for
Ki-67.

4. Discussion
This study is the first to document the expression of
COX-2 and Ki-67 in actinic keratosis in dogs, with special interest also on SCC. Mean COX-2 immunostaining
score in G1 and G2 was 8.16 (±3.51) and 8.56 (±1.03),
respectively. Mean percentage of immunopositive cells
for Ki-67 in G1 and G2 was 15.77 (±8.81) and 17.71
(±12.21), respectively. Immunohistochemical analysis
showed that there was no difference between COX-2
expression in actinic keratosis and cutaneous SCC. Immunostaining cellular location was similar to others
studies, which have shown diffuse immunostaining, being stronger around the nuclear membrane [10]. There
was intense expression of COX-2 in actinic keratosis
samples, in all hyperplastic epidermis. It is believed that
the expression has been induced by excessive and prolonged sun exposure, in agreement to prior findings,
Copyright © 2012 SciRes.
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which had shown COX-2 overexpression in keratinocytes in vitro exposed to UV light [13]. COX-2 expression impairs epidermal differentiation. The main reasons
are the enzyme expression itself, followed by prostaglandins synthesis, which results in epidermal hyperplasia, causing an increased number of cells and hyperkeratosis [21]. COX-2 expression in cutaneous SCC samples was similar to previous studies reported, in which
authors observed strong staining in neoplastic keratinocytes in 40 samples of SCC in dogs [10].
Earlier studies demonstrated that COX-2 is induced in
SCC [10]. This information provided an interesting
model to investigate the role and association of COX-2
expression with other proteins in solar dermatitis. Our
results confirm that COX-2 plays a role in development
of skin tumors caused by sun exposure, as it has been
proposed [22]. It is believed that COX-2 promotes tumor
development through angiogenesis. There is an important
relationship between COX-2 and mast cells in peritumoral inflammatory infiltrate, which express vascular
endothelial growth factor (VEGF) [23]. Besides, the high
expression of COX-2 may induce keratinocytes resistance to apoptotic mechanisms. It has been speculated
that the mechanisms for which inhibition of apoptosis
occur includes the presence of a protein, called nucleobindine, or the intracellular modulation of acid arachidonic [24].
Cellular location and distribution pattern of Ki-67 expression was also in agreement with a report in dogs with
melanoma [17]. While keratynocites differentiation occurs towards the corneal layer, these cells have a tendency of losing their nuclei, which justifies the presence
of a great number of positive cells on basal and squamous layers. The histologic boundary between actinic
keratosis, in situ SCC and invasive SCC is not clear in
many cases. Many studies investigate molecules that
could be useful in diagnosis. Ki-67 is the most useful one
described in human medicine [20]. However, there are no
studies in veterinary literature concerning this immunohistochemical differentiation.
COX-2 expression after solar prolonged exhibition
was followed by elevation in keratinocytes proliferation
[7]. In the present study, there was no correlation between COX-2 expression and cellular proliferation (r =
0.32). Cellular proliferation induced by COX-2 was considered a result of an impaired epidermal differentiation
and did not stimulate proliferation index, which was
demonstrated by the downregulation of keratin-10, involucrin and loricrin in suprabasal cells [21]. This is a
hypothesis for the absence of correlation between these
two markers observed in the present study, but it requires
further investigations to be confirmed. Moreover, the
lack of association between inflammation and cellular
proliferation provides additional evidence that COX-2
OJVM
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may be a byproduct of carcinogenesis, not its cause.
Therefore, both markers should not be used as prognosis
tools in dogs affected by actinic keratosis and SCC. Besides, COX-2 expression observed in actinic keratosis
and cutaneous SCC specimens supports UV light participation on pathogenesis of both diseases. Finally, results revealed that actinic keratosis has a behavior similar
to cutaneous SCC, which suggests that it is not pre-neoplastic disease, but indeed, the initial phase of the SCC.
One dog presented progression of actinic keratosis into
cutaneous SCC, despite the treatment with cryotherapy.
Interestingly, this sample showed high Ki-67 expression
and low COX-2 expression, which does not support possible association between inflammation and cellular proliferation reported by the literature [7].
American Pit Bull Terrier dogs were the most affected
ones by either actinic keratosis or SCC. This information
agrees with previous published studies, which also
showed high incidence of actinic keratosis in this dog
breed [25]. It is stated that American Pit Bull Terrier
dogs have predilection to develop cutaneous SCC [4].
Authors believe the high incidence of actinic keratosis in
this breed may be due to this population increasing in last
years and also due to the prolonged sun exposure reported by all owners.
Mean age of dogs with actinic keratosis and cutaneous
SCC was 4.3 (±0.8) and 5.6 (±1.7) years, respectively. It
disagrees from other authors, who stated that the disease
occurs mainly in older dogs [4]. These data indicate that
this population has been exposed to risk factors earlier,
especially UV light, leading to the development of the
disease in young age.
Histopathological findings in actinic keratosis were
similar to the ones described in veterinary literature [4].
Solar elastosis observed on these samples highlights that
solar injury plays a role in the etiology of the diseases.
Cutaneous SCC samples (8/10) also showed solar elastosis. The absence of this finding in two samples supports
the possibility of another etiologic factor, such as papillomavirus, which has been identified in 9/42 samples of
canine SCC [26]. It has been reported that acantholytic
SCC is an uncommon histological grade and that well
differentiated SCC is the most common one in dogs [4].
Our results agree with this information, based on the low
frequency of acantholytic SCC.
The incidence of perineural invasion was evaluated
and it was observed in only one sample. In this case,
clinical evolution was breaf (4 months) and the lesion
was located in the escrotum. In a previous study, 69% of
the human patients who presented perineural invasion
developed local lymph node metastasis [27]. Another
case had lymph vessel invasion by neoplastic cell. Nevertheless, this female did not present lymph nodes metastasis, which disagrees with the predictive value estabCopyright © 2012 SciRes.
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lished by other authors, who showed a positive relationship between invasion of lymphatic vessels and metastasis in breast cancer in women [28].
The main histological finding that differentiates actinic
keratosis from cutaneous SCC is the basal membrane
invasion by neoplastic cells. However, some authors believe this identification may be difficult in samples in
which the basal membrane is not easily delimited, for
reasons such as broken section, presence of intense inflammatory infiltrate and small samples [20]. These authors identified different patterns of Ki-67 protein staining in samples of actinic keratosis and cutaneous SCC of
human patients, which can be used to differentiate these
two diseases when histopathological evaluation is not
enough. This data disagrees with this information. The
immunoistochemical pattern in actinic keratosis and cutaneous SCC were similar and the percentage of marked
cells did not vary in accordance with the histopathologycal diagnosis.
The presence of histopathological changes, associated
with clinical presentation and immunoistochemical characteristics show strong similarities between actinic keratosis and cutaneous SCC, which allow us to suggest that
both correspond to the same disease, but in different
phases, as it already been reported [1,8]. The reluctance
in changing the terminology of the actinic keratosis is
mainly due to the psychological impact that the word
“carcinoma” can cause in owners of dogs [4].
Skin diseases caused by prolonged sun exposure have
been widely studied in human medicine [8,20,29-32].
However, it is important to emphasize that it does not
occur in veterinary medicine, despite of the high incidence of these diseases [3,10,25,33]. This study described epidemiological, histopathological and immunohistochemical data in actinic keratosis and cutaneous
SCC in dogs. Our results provide new evidence regarding
the association between Ki-67 expression and its association with actinic keratosis. Ki-67 expression has no diagnostic or prognostic value in dogs with actinic keratosis. In contrast with our results, it has been observed that
the pattern of Ki-67 staining can be used to support differentiation of actinic keratosis, in situ SCC, and squamous cell carcinoma [20]. We believe that COX-2 may
play a role in carcinogenesis, but this pathway is not responsible for cellular proliferation in actinic keratosis
and cutaneous SCC in dogs.
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