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Abstract
Background: The antibody Ki-67 is a reliable and easy tool to accurately assess the growth fraction of neoplasms in
humans and animals, and it has been used to predict the clinical outcome. Therefore, the aim of the present study
was to investigate the immunohistochemical expression pattern of Ki-67 in normal and neoplastic perianal glands
of dogs to evaluate the possible use of this proliferation marker as an ancillary method of perianal tumor diagnosis.
We studied 42 cases of perianal gland neoplasms including adenomas (n = 15), epitheliomas (n = 15), and
carcinomas (n = 12). As controls, 13 tissue samples from normal perianal glands were used. A Ki-67 index was
established by a computer-assisted image analysis and compared with manual counting.
Results: Out of the 42 cases of perianal gland neoplasms, 34 were from males and eight from females. Recurrence
was reported in 14 cases, being higher (8/12) in carcinomas. Immunostaining for Ki-67 revealed that the carcinomas
showed a higher proliferation rate (9.87%) compared to groups of epitheliomas (2.66%) and adenomas (0.36%). For
adenomas and epitheliomas of the perianal glands the computer-assisted counting and the manual counting gave
similar results; however, only the computer-assisted image analysis was efficient to predict the perianal gland
carcinoma recurrence.
Conclusion: Since there were significant differences in the number of Ki-67-positive nuclei, this marker proved to
be effective in helping the classification of perianal gland neoplasms and to refine the diagnosis criteria, especially
in those samples with high variation in morphology/area. Also, higher Ki-67 index is related to recurrence in cases
of perianal gland carcinomas. Further, the computer-assisted image analysis proved to be a fast and reliable
method to assess the Ki-67 index in perianal gland neoplasms.
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Background
Perianal glands, also known as circumanal glands (by their
location) and hepatoid glands (by their histological similarity with hepatocytes), are modified sebaceous glands
present primarily in perianal skin [1].
Tumors of perianal glands are common in intact and
aged male dogs. They occur occasionally in females and
rarely in neutered males [2,3]. The causes of these neoplasms are unknown; however, gonadal hormones appear
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to interfere with perianal gland cell proliferation [1,3]. The
possible influence of testosterone in perianal gland neoplasms is indicated by the high prevalence of benign
tumor regression (up to 95%) after male neutering [1-4].
Adenoma is a common lesion in dogs and, besides
hyperplasia, accounts for 8-10% of all canine skin tumors
[4]. Adenomas generally retain the lobular architecture,
presenting well-differentiated hepatoid cells and a single
peripheral layer of basaloid reserve cells [1]. Some adenomas contain focal areas of pleomorphism that may
suggest malignant transformation [5].
Several authors have grouped perianal gland epitheliomas with perianal gland adenomas [4,6], but the World
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Health Organization classified adenomas and epitheliomas
in different categories [7]. Walder and Gross [8] classified
the epitheliomas as low-grade perianal gland carcinomas.
Distinction between adenomas and epitheliomas is easy
when the basaloid reserve cells are organized in sheets,
islands or trabeculae, together with moderate-low to
moderate-high mitosis index, without atypia [1].
Perianal gland carcinomas are uncommon canine malignant neoplasms and occur almost exclusively in a perianal
location. Well-differentiated carcinomas are clinically indistinguishable from adenomas. They are characterized by
nodular formation. On the other hand, poorly differentiated carcinomas are poorly circumscribed and usually
ulcerated [1]. The cells in well-differentiated carcinomas
maintain the hepatoid morphology, forming solid islands
and tightly packed trabaculae with a scarcity of collagen.
The maturation patterns from reserve cells to hepatoid
cells are disorganized and reserve cells are increased in
number [1]. The distinction between perianal adenoma
and carcinoma is often difficult: both may have poorly
preserved lobulation and intermingling of germinal cells
with mature hepatoid cells [3].
The Ki-67 antigen is expressed in G1, S, G2, and M
phases of the cell cycle, but not in G0, and thus Ki-67
distinguishes between proliferating and quiescent cells
[9]. Ki-67 expression is usually estimated as percentage
of immunostained cells, with nuclear staining being
the most common criterion for proliferative index [10].
Ki-67 is tightly controlled and regulated, implying a
fundamental role in cell proliferation [11]. Further, the
primary antibody anti-human Ki-67 (clone MIB-1) has
been extensively used in studies to determine the prognosis of several types of canine neoplasms [12-14].
Although the morphological pattern of perianal gland
neoplasms, when observed using hematoxylin and eosin
stain (HE), is supposed to allow an accurate diagnosis,
occasionally, the occurrence of focal pleomorphism in
adenomas and epitheliomas can suggest malignant transformation, and result in recurrence. Therefore, the aim
of this study was to investigate the immunohistochemical pattern of Ki-67 staining in normal and neoplastic
canine perianal glands in order to evaluate the possible
use of this proliferation marker as an ancillary method
to determine perianal tumor diagnosis and prognosis.
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veterinary pathology (VETPAT – Campinas – São PauloBrazil). The owners were contacted and asked to answer a
questionnaire regarding identification of the animals,
evolution of the case, and recurrence. The specimens were
re-evaluated by two pathologists. All specimens were removed during surgery, fixed in 10% neutral buffer formalin, embedded in paraffin, and consecutive sections were
used for histology (HE) and immunohistochemistry.
The diagnosis of perianal gland neoplasia was recognized on HE-stained tissue sections following the criteria
established by the World Health Organization (WHO) for
glandular tumors of domestic animals [7]. The tumors
examined included perianal gland adenomas (n = 15), epitheliomas (n = 15), and carcinomas (n = 12). All specimens
were obtained from dogs having the neoplasm removed
for the first time, i.e., no recurrent tumor was included.
Normal perianal glands were obtained from dogs that were
euthanized or died from other conditions (n = 13).
Immunohistochemistry

5-μm thick sections were mounted on poly-L-lysinecoated slides, dewaxed, and rehydrated. Antigen retrieval
was performed with citrate buffer (pH 6.0) in a microwave oven for 30 min. Endogenous peroxidase activity
was blocked by incubating the sections in 2% (v/v)
hydrogen peroxide (30 vol) diluted in 50% (v/v) methanol for 30 min. Subsequently, non-specific binding was
blocked with 3% (w/v) non-fat dried milk in phosphatebuffered saline (PBS) pH 7.2 for 30 min. Sections were
then incubated with the monoclonal mouse anti-human
Ki-67 antibody (clone MIB-1, M7240, Dako), diluted
1:100 for 18–22 h at 4°C in a humidified chamber. The
sections were subsequently washed in PBS and incubated
with a biotinylated secondary antibody followed by the
streptavidin-horseradish-peroxidase complex, in accordance with the manufacturer’s instructions (LSAB + Kit,
K0690, Dako). The reaction was developed using 3,3'diaminobenzidine (K3468, Dako). The slides were then
counterstained with Harris’s hematoxylin, dehydrated,
cleared, and mounted with coverslips. Negative controls
were obtained by omitting the primary antibody. Positive
controls included adjacent normal skin (basal cells) in
each slide.
Computer-assisted image analysis

Methods
Ethics

This study was approved by the Institutional Ethics and
Animal Welfare Committee (Comissão de Ética no Uso de
Animais - CEUA, UNESP, process number 02214-2011).
Tissue samples

Forty-two canine perianal gland neoplasms were retrieved
from the archives of a private practice laboratory of

To determine the Ki-67 index, the whole slides were
examined in low-power magnification (×100) to detect the
areas with evident staining (“hot spots”), and pictures were
taken in three representative high-power microscope
fields (×400), in a total area of 271,518.1 μm2, randomly
chosen across regions with the highest amount of Ki67-positive cells (as illustrated in Figure 1A and Figure 2B,
D, F), avoiding areas of inflammation, necrosis, and tissue
artifacts [12-14]. The choice of the “hot spots” [15] was
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based on the assumption that the areas with a high
proliferation index potentially predict a more aggressive
biological behavior of the neoplasm. The counting of
immunostained nuclei was performed colorimetrically,
quantifying the percentage of the immunostained nuclear
area in relation to the total nuclear area (Figure 1), based
on the guidelines described by Melo and Machado [16],
using the software Image-Pro Plus 6.1 (Media Cybernetics).
Ki-67 scoring was also performed by manual counting by
two pathologists, in the same areas as the computerassisted analysis, in order to compare these two methods.
All the analyses were performed blind, without knowledge
of the experimental groups.
Statistical methods

The differences among groups were determined by the
Kruskal-Wallis test followed by Dunn’s multiple comparison
test. For recurrence analyses, the Mann Whitney test was
used. A value of P < 0.05 was considered statistically significant. Data are expressed as the median (minimummaximum). A ROC (receiver operating characteristic) curve
was used to determine the cut-off value for recurrence in
perianal gland carcinomas, using the Ki-67 index obtained
from the computer-assisted image analysis. All statistical
analyses were performed using Prism 6 software (GraphPad).

Results
Of the 42 neoplasms, 34 were from males and eight
from females. Most of them were not neutered/spayed.
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The age ranged from 3–15 years and the evolution
varied between 4 and 36 months (Table 1). Individual
data from each animal may be found in Additional file 1:
Table S1.
The adenomas were characterized by the presence of
epithelial cells with abundant and eosinophilic cytoplasm, low pleomorphism, and basal cells with small
and hyperchromatic nuclei. The cells were organized in
islands separated by well-vascularized connective tissue
(Figure 2A).
The epitheliomas were organized in lobules made up
of epithelial cells with abundant and eosinophilic cytoplasm and low pleomorphism. The presence of basaloid
cells with large nucleus, loose chromatin, evident nucleolus,
and occasional mitosis was noted. Cell islands separated by
connective tissue were also present (Figure 2C). In some
samples, focal areas of squamous metaplasia were noted,
and also areas with high-grade anaplasia, suggesting malignant transition.
In carcinomas, the noticed proliferation pattern was
cribriform. The cells presented a large and clear nucleus,
loose chromatin, evident nucleolus, cytoplasm with poorly
defined borders, and frequent mitosis (Figure 2E).
In canine normal skin sections used as controls, Ki-67
was observed only in the stratum basale. By means of
computer-assisted image analysis, the normal perianal
glands showed a Ki-67 index of 0.00% (0.00-0.07); the only
positive cells were detected among basaloid reserve cells.
The Ki-67 index from adenomas corresponded to 0.36%

Figure 1 Graphical representation of the method used to evaluate the Ki-67 index, quantified using the Image-Pro Plus 6.1 software.
(A) Photomicrograph of the selected microscope field exhibiting Ki-67-positive nuclei in a carcinoma hot spot. (B) Selection of the
immunostained nuclei (in red). (C) Selection of the unstained nuclei (in yellow). (D) Measurement of the ratio of the immunostained nuclear area
(in red) and the entire nuclear area, expressed as the percentage of the immunostained area. This method allows the rapid inclusion of all nuclei
in the measurement and enables areas with tissue artifacts to be discounted. Scale bar = 50 μm.
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Figure 2 Histopathological and immunohistochemical aspects of canine perianal gland neoplasms. A-B: Perianal gland adenoma. Note
the polyhedral cells grouped in nests and surrounded by a small amount of fibrous connective tissue (A) and the presence of rare Ki-67-positive
nuclei (B) (arrowhead). C-D: Perianal gland epithelioma. Observe cells organized in nests with a thick basal layer (C) and with marked mitotic
activity, evidenced by the Ki-67-positive staining (D) (arrowhead). E-F: Perianal gland carcinoma. Note the proliferation of polymorphic polyhedral
cells organized in a solid pattern, with moderate anisokaryosis and anisocytosis (E), diffuse Ki-67-positive nuclear staining (arrowhead), and the
presence of mitosis (*) (F). A, C, E: Hematoxylin and Eosin. B, D, F: Streptavidin-biotin peroxidase complex. Scale bar = 50 μm.

(0.00-1.43), related to only a few scattered cells (Figure 2B).
Epitheliomas showed positive staining mostly in basaloid
cells with a Ki-67 index of 2.66% (0.54-7.10); in some cases
the stained cells presented a rosette pattern (Figure 2D).
Finally, carcinomas presented the highest Ki-67 index,
9.87% (3.09-24.82), and the stained cells were diffusely distributed throughout the tissue (Figure 2F). A significant
difference was observed in the Ki-67 indexes among
adenomas, epitheliomas and carcinomas (P < 0.0001),

but not between the adenomas and the normal glands
(Figure 3).
The Ki-67 index obtained from the manual counting was
also compared among the neoplasms (Additional file 1:
Figure S1): the Ki-67 index of carcinomas was 23.17%
(10.00-39.67), with no difference compared to epitheliomas, which showed a Ki-67 index of 9.67% (3.00-21.67).
Carcinomas and epitheliomas differed from adenomas,
with a Ki-67 index of 1.67% (0.00-5.00) and from the

Table 1 Data from dogs included in the experimental groups
Group

Total of
cases

Gender

Age range

Spaying
Female

Follow-up*
(months)

Recurrence
(n° of cases)

Male

Female

(years)

Male

Adenoma

15

11

4

5 - 13

0

3

8 - 24

3

Epithelioma

15

14

1

8 - 15

2

0

6 - 36

3

Carcinoma

12

9

3

3 - 12

0

1

4 - 24

8

Control

13

7

6

3-12

0

0

-

-

* time elapsed from the detection of the perianal nodule by the owner to the surgery (nodulectomy).
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Figure 3 Scatter plot showing the Ki-67 index assessed by
computer-assisted image analysis (percentage of
immunostained nuclear area in relation to the total nuclear
area), in different types of canine perianal gland neoplasms:
adenoma (n = 15), epithelioma (n = 15), and carcinoma (n = 12),
and in control dogs (n = 13). Horizontal lines indicate the median
and the interquartile range. abc Groups with no common superscript
letter differ significantly by Dunn’s multiple comparison
test (P < 0.05).

normal perianal glands, with an index of 0.00% (0.00-0.33)
(P < 0.0001). Figure 4 shows the paired Ki-67 indexes for
each tumor sample, obtained from both computer-assisted
and manual counting, where it is possible to observe that,
in spite of different numerical values, the methods gave
more consistent results in adenomas than in carcinomas.
In addition, the manual counting performed by two observers strongly agreed with each other but despite rather
similar results, the data resulting from the computerassisted image analysis were more homogeneous and
obtained in a reliable and less time-consuming manner,
compared to the data resulting from the manual counting.
Further, eight out of 12 dogs with carcinoma presented
a historical report of recurrence after the surgical therapy.
Using computer-assisted image analysis, a significantly
(P = 0.0081) larger number of Ki-67 positive nuclei were
detected, when comparing with those without recurrence
(Figure 5). Despite using a small population, by means of
a ROC curve, it was possible to establish the cut-off value
of 9.305 (area under the curve = 0.969; P = 0.0108) to separate the perianal gland carcinomas that recurred from
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Figure 5 Comparisons between the computer-assisted
counting and the manual counting to establish the Ki-67 index
in perianal gland carcinomas, taking into account the
recurrence of the neoplasm. The lines connect the values of each
method in the same dog. The cut-off value (9.305) was obtained
from a ROC-curve based on the data from the computer-assisted
counting (area under the curve = 0.969; P = 0.0108).

those without report of recurrence. Also, three out of
15 post-surgical recurrences were referenced for cases
diagnosed as epitheliomas and three out of 15 for adenomas (Additional file 1: Table S1). In those cases, neither
computer-assisted nor manual counting was effective to distinguish the dogs with or without evidence of recurrence.

Discussion
Proliferation is a key feature of tumor progression and
Ki-67 staining is a convenient method for assessing cell
proliferation, applicable in most laboratories for humans
[15,17] and animals [12-14]. The results presented here
show that Ki-67 detection reflects the proliferation index
of each type of perianal gland tumor. The Ki-67 index
decreased from malignant towards benign lesions, with
carcinomas presenting the highest Ki-67 index, which
was useful to help the classification of the neoplasms, at
least in less-differentiated samples. These findings are in
agreement with previous studies using AgNOR (argyrophilic proteins related to nucleolar organizer regions) [18].

Figure 4 Comparisons between the computer-assisted counting and the manual counting to establish the Ki-67 index in perianal
gland adenomas, epitheliomas, and carcinomas. The lines connect the values of each method in the same dog.
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Similar to Ki-67, AgNOR is related to the proliferative activity of neoplasms and it may be associated with aggressive biological behavior – however, although the number
of AgNORs increases in malignancy, the ability of this
marker to define malignancy is still controversial [19].
In the routine diagnosis of perianal gland tumors, the
use of HE staining generally allows an accurate diagnosis
and the correct classification of adenomas, epitheliomas
and carcinomas. However, in epitheliomas, areas with
elevated anaplasia were frequently observed, suggesting
transition to high-grade carcinomas. The use of proliferation markers, such as Ki-67, may help to confirm these
differences and refine diagnostic criteria, particularly for
well-differentiated perianal gland carcinomas [1].
Data relative to gender, age range, evolution time, and
recurrence are in conformity with the available literature about perianal glands neoplasms in dogs [1]. Recurrence was related in eight out of 12 dogs with perianal
gland carcinomas, in three dogs with epitheliomas, and
three with adenomas. This disagreement among diagnosis and tumor behavior was previously described by
Berrocal et al. [20], who observed recurrence in six out
of 23 cases designated as “moderately or poorly differentiated” perianal gland adenomas, which included
epitheliomas as well as low-grade carcinomas. Moreover,
the recurrence in adenomas and epitheliomas may also
have occurred due to neoplastic tissue remaining even
after the surgical excision of the tumor. Regarding carcinomas, the samples with the highest Ki-67 indexes
were taken from dogs that presented tumor recurrence,
allowing us to suggest that the Ki-67 index, assessed by
computer-assisted image analysis, may be used as a predictor of risk of recurrence, as also observed in other
neoplasms [21-23].
Currently, there is a widely accepted use of Ki-67 to
evaluate cell proliferation in cancer, but there is no
standard protocol. One important factor that could bias
the determination of the Ki-67 index is the subjective
determination of the Ki-67 immunostained area. In the
recent recommendations from the International Ki-67
in Breast Cancer Working Group [24], the authors
stated that the Ki-67 evaluation method can be based
on three patterns of Ki-67 immunostaining: homogeneous, hot spots, and a gradient of increasing staining
toward the tumor edge; however, the most commonly
used method to calculate the Ki-67 index is based on
the hot spots, which also includes studies of prognostic
value [12-14,22]. The recommendations from the same
group [24] classified as ‘unknown’ which Ki-67 scoring
method, manual (visual) or computer-assisted (automated),
is superior. Despite being different types of neoplasms,
based on the results presented herein, we provide evidence
that the computer-assisted method is superior, at least in
canine perianal gland tumors.
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Conclusions
Finally, this study established that the immunohistochemical detection of Ki-67 may help the morphological classification of more complex canine perianal gland neoplasms
and it is helpful to better predict the risk of recurrence.
The computer-assisted image analysis was demonstrated
to be more accurate and a less time-consuming technique
to evaluate the Ki-67 index, especially by facilitating the
analysis where there is cell overlap or accumulation, when
compared to manual counting. These results strongly suggest that a higher proliferation index is related to the
aggressiveness of neoplastic cells and these differences
must be taken into account to achieve a diagnosis and to
establish the best therapeutic protocol.
Additional file
Additional file 1: Table S1. Individual data from each dog included in
the experimental groups. Figure S1. Scatter plot showing the Ki-67 index
assessed by manual counting, in different types of canine perianal gland
neoplasms: adenoma (n = 15), epithelioma (n = 15), and carcinoma (n = 12),
and in control dogs (n = 13). Horizontal lines indicate the median and the
interquartile range. abc Groups with no common superscript letter differ
significantly by Dunn’s multiple comparison test (P < 0.05).
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