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Differential and correlated expressions of p16/p21/p27/p38
in mammary gland tumors of aged dogs
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The inhibitory effect of neutering on mammary gland tumor development in dogs has been well described. However, we observed that the
effect of neutering on tumor malignancy may be altered by aging. Therefore, we characterized mammary tumors in aged dogs by analyzing
the expression of cellular senescence markers. Expressions of p16, p38, p21, and p27 antibodies, which are senescence-associated markers,
were assessed in canine mammary tumors of aged dogs via immunohistochemical analysis. In addition, correlations between those expressions
were analyzed. Expression of p16 was negatively associated with strong nuclear p27 expression. Expression of p38 was observed in most
of the mammary tumors examined, and negative p38 expression was related to positive p21 expression. Moreover, p21 expression was
associated with p27 expression; negative p21 expression was associated with negative p27 expression, while positive p21 expression was
associated with positive p27 expression. The results confirm that the p21- and p27-encoding genes have similar expression patterns in the
mammary tumors of aged dogs. In the present study, we characterized the expression of cellular senescence markers in these tumors and

elucidated the relationships among their expression patterns.
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Introduction

In both humans and dogs, mammary cancer is a heterogeneous
disease whose pathogenicity is influenced by numerous factors
such as hormonal influences, environmental factors, age, and
hereditary predisposition [3,5]. In our previous study, we described
age-related differences in canine malignant mammary gland
tumors [12]. Malignant mammary gland tumors of aged dogs
exhibited considerable differences in receptor expression
pattern of estrogen receptor (ER), progesterone receptor (PR),
and human epidermal growth factor receptor-2 (HER-2) and
histological type. Accordingly, we focused on the effect of
aging on the development of these tumors.

Menopause, which is an important factor to consider in
studies of breast cancer in humans, is characterized by the
cessation of ovarian sex hormone production; therefore, breast
cancers that occur after the menopausal period are not considered
to be influenced by typical cyclic hormonal factors. An
important difference between humans and dogs is that there is
no menopausal period in the latter. However, from the standpoint
of cessation of ovarian hormone secretion, neutering in dogs

may be considered comparable to menopause in human females;
accordingly, mammary tumors in older, neutered dogs may be
comparable to postmenopausal human breast tumors. The
characterization of canine mammary tumors according to
neuter status may be useful for studying the effects of ovarian
sex hormones on the development of mammary gland tumors in
aged dogs. Therefore, in this study, we aimed to characterize the
pathophysiology of canine mammary tumors by ovarian
hormone production status.

Cellular senescence has roles in tumor suppression and aging
[2,7,15]. Therefore, we aimed to study the effects of cellular
senescence in aging and tumorigenesis. Expressions of specific
cellular senescence markers were evaluated in mammary
tumors of aged dogs, and the relationships among those expressions
were analyzed.

Materials and Methods

Sample selection
All samples used in the assessment of canine mammary
tumors were obtained from the Department of Veterinary

Received 24 Apr. 2017, Revised 6 Jul. 2017, Accepted 14 Jul. 2017

*Corresponding author: Tel: +82-2-450-4153; Fax: +82-2-455-8124; E-mail: jsur@konkuk.ac.kr

"The first two authors contributed equally to this work.

pISSN 1229-845X
elSSN 1976-555X

Journal of Veterinary Science - (©) 2017 The Korean Society of Veterinary Science. All Rights Reserved.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



480 Hyun-Woo Kim et al.

Pathology, Konkuk University Animal Teaching Hospital,
Seoul, Korea. Primary selection was limited to canine mammary
gland tumors diagnosed in 2013, and 188 samples were
selected. Samples were classified by age (< 11 and = 11 years),
tumor malignancy, and neuter status. For immunohistochemical
analysis, the aged group (= 11 years, 91 samples) was assessed.
Samples excluded after initial screening were not replaced;
consequently, 79 samples underwent immunohistochemical
analysis.

Immunohistochemistry

Four-micrometer-thick sections of formalin-fixed paraffin-
embedded tissues were fixed on slides and deparaffinized with
xylene, followed by serial rehydration using graded ethanol.
Slides were washed three times with phosphate buffered saline
(PBS). A 3% hydrogen peroxide solution diluted with PBS was
used to block endogenous peroxidase activity. Subsequently,
antigen retrieval was performed via the microwave retrieval or
enzyme retrieval methods, according to the primary antibody
used.

Microwave retrieval (750 W, 60 Hz, 15 min) in pH 9.0
Tris-EDTA buffer was performed for anti-ER (ER88; Biogenex,
USA), PR (PR10A9; Immunotech SAS, France), HER-2/neu
(CB1L; Biogenex), and p16-INK4 (p16-INK4; Abbiotec, USA)
staining, whereas pH 6.0 citric acid buffer was used for anti-p21
(C-19; Santa Cruz Biotechnology, USA), p27 (SPM348; Santa
Cruz Biotechnology), and MAPK14/p38 (LS-C212; LifeSpan
Biosciences, USA) staining of samples. After washing with
PBS, slides were covered with 5% normal goat serum for 30
min for anti-ER and anti-p38 staining to block nonspecific
binding. Primary antibody staining was performed. Samples
were incubated at room temperature for 3 h for anti-ER (1:60)
and HER-2/neu (1:100), for 2 h at room temperature for anti-p21
(1:500) and p27 (1:200), and overnight at 4°C for anti-pl6
(1:300) and p38 (1:300) antibody staining.

Washing in PBS was followed by two-step immunolabeling
with secondary antibody-HRP conjugation for 40 min.
Visualization was achieved by using DAB+ chromogen (Dako
REAL EnVision kit; DAKO, Denmark). Finally, slides were
washed with distilled water and counterstained with Gill’s
hematoxylin, and coverslips were applied.

Tumor classification

Tumors positive for hormone receptor expression are
luminal-type tumors. Tumors with positive expression for ER
or PR and negative expression for HER-2 were classified as
luminal A type. Tumors with positive expression for ER or PR
and positive expression for HER-2 were classified as luminal B
type. Tumors that were hormone receptor-negative but HER-2
receptor expression-positive were classified as HER-2-
overexpressing type, and tumors negative for the expression of
all three receptors were classified as triple-negative.
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Immunohistochemical analysis

Nuclear ER and PR expressions were considered positive if
they were expressed at levels higher than 10% in tumor cells
[10]. Evaluation of HER-2 expression was based on the Hercep
test, and a complete plasma membrane expression greater than
10% was considered positive [13]. Expression of pl6 was
considered positive if strong nuclear and cytoplasmic expressions
were observed. In the case of p38, only nuclear expression was
observed; accordingly, strong nuclear p38 expression was
evaluated as positive. Expression of p21 was evaluated as
positive when strong nuclear and cytoplasmic expressions were
observed. In the case of p27, strong nuclear and cytoplasmic
expressions indicated positive expression. However, cases with
only strong nuclear expression of p27 were observed; such
cases were separately evaluated.

Statistical analysis

The Statistical Package for Social Science 17.0 software
(SPSS, USA) was used for statistical analysis. Analysis of
frequency, Pearson’s chi-squared test, and Fisher’s exact test
were applied, and p values of less than 0.05 (p < 0.05) were
considered to indicate statistical significance.

Results

Tumor classification by age, neuter status, and tumor
malignancy

A total of 188 canine mammary gland tumor samples were
analyzed in this study. Ninety-seven of the sampled dogs
(51.6%) were aged < 11 years and 91 dogs (48.4%) were = 11
years. Seventy-six of the sampled dogs (40.4%) were neutered
and 112 dogs (59.6%) were intact. Forty-one tumor samples
(45.1%) were benign and 50 tumor samples (54.9%) were
diagnosed as malignant.

Tumor characteristics according to age

In the tumor group aged less than 11 years, the proportion of
benign tumors was 50.5% (n=49), and that of malignant tumors
was 49.5% (n = 48). However, in the group aged 11 years or
over, benign tumors (45.1%, n=41) were relatively less common
than malignant tumors (54.9%, n = 50).

Tumor occurrence in the two age groups was correlated with
neuter status (p < 0.05). In the tumor group aged less than 11
years, tumor development was more common in intact females
(69.1%, n = 67) than in neutered females (30.9%, n = 30).
However, in the group aged 11 years or over, the tumor
occurrence proportions were similar in the intact (49.5%, n =
45) and neutered (50.5%, n = 46) females.

Characteristics of tumor according to neuter status
In the intact group, the number of dogs with benign tumors
(56/112, 50%) was the same as that of those with malignant



tumors (56/112, 50%). However, in the neutered group, the
number of dogs with benign tumors (34/76, 44.7%) was smaller
than that of dogs with malignant tumors (42/76, 55.3%).

When only samples from dogs aged less than 11 years were
considered, 33 dogs in the intact group had benign tumors
(49.3%), while 34 were found to have malignant tumors (50.7%).
Among the neutered dogs in the group aged less than 11 years,
16 had benign tumors (53.3%) and 14 had malignant tumors
(46.7%) (panel A in Fig. 1).

Further analysis of dogs aged 11 years and over revealed that
23 intact dogs possessed benign tumors (51.1%) and 22 intact
dogs had malignant tumors (48.9%), whereas 39.1% (18/46) of
neutered dogs in this age group had benign tumors and 54.9%
(28/46) had malignant tumors (panel B in Fig. 1).

Immunohistochemical analysis
Sample selection: Seventy-nine well-preserved samples were
selected from 91 aged dogs (> 11 years of age) for
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Fig. 1. Correlation between tumor malignancy and neuter status,
classified by age group: < 11 years (A) and = 11 years (B).
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immunohistochemical analysis. Thirty-four (43.0%) of those
samples were benign and 45 (57.0%) were malignant. Moreover,
38 (48.1%) of those samples were from neutered dogs and 41
(5.19%) were from intact dogs.

Immunohistochemical results and molecular phenotypes:
Immunohistochemical staining revealed that, among the 79
samples from aged dogs, 27.8% were ER-positive (n =22; panel
Ain Fig. 2), 62.0% were PR-positive (n =49; panel B in Fig. 2),
and 78.5% were HER-2-positive (n = 62; panel C in Fig. 2)
tumors. Molecular classification of the 79 tumors indicated that
the luminal B type was the most prevalent at 53.2% (n = 42),
followed by the HER-2-overexpressing (25.3%, n= 20) type
and the luminal A (11.4%, n=9) type; the triple-negative type
was the least common (10.1%, n = 8). According to neuter
status, the number of dogs with ER-negative tumors was high in

Fig. 2. Immunohistochemical results. Positive expression of (A)
estrogen receptor, (B) progesterone receptor, (C) human epidermal
growth factor receptor-2, (D) p16, (E) p38, (F) p21, (G) p27, and
(H) p27 (nuclei only) as evidenced by staining of canine mammary
gland tumors. Peroxidase/DAB stain and Gill’s hematoxylin
counterstain. Scale bars = 90 pm.
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both the intact group (30/41, 73.2%) and the neutered group
(27/38, 71.1%) (Table 1).

Fifty-five (69.6%) samples were positive and 24 (30.4%)
were negative for p16 staining (panel D in Fig. 2). Most tumors
were p38-positive; 71 samples (89.9%) were p38-positive and 8
(10.1%) were p38-negative (panel E in Fig. 2). Thirty-six
samples (45.6%) showed positive expression of p21, whereas
43 (54.4%) had negative expression of p21 (panel F in Fig. 2).
Forty-two samples (53.2%) were p27-positive and 37 (46.8%)
were p27-negative (panel G in Fig. 2). Further, when only
nuclear expression was examined, 21 samples (26.6%) were
found to be p27-positive, while 58 (73.4%) were p27-negative
(panel H in Fig. 2).

Correlations between immunohistochemical results: In
neutered dogs, expression rates of p16 were higher in positive
expression samples (78.9%, 30/38) than in negative expression
samples (61.0%, 25/41). Moreover, p16 expression rates were
higher in neutered females than in intact females. The number
of dogs with p16-expressing tumors was higher in the neutered
group (30/38, 78.9%) than in the intact group (25/41, 61.0%).
Further, the expression of p16 was associated with strong nucleus
expression of p27 (p < 0.05) (Table 2). When p16 expression
was positive, nuclear p27 expression was predominantly
negative (80%, 44/55).

Expression of p38 was only associated with p21 expression (p <

Table 1. Expression of estrogen receptor by neuter status

Neuter Estrogen Estrogen Total
status receptor (—)  receptor (+)
Intact 30 11 41
73.2% 26.8% 100%
Neutered 27 11 38
71.1% 28.9% 100%
Total 57 22 79
72.2% 27.8% 100%

0.05) (Table 3). Most of the tumors were p38-positive (89.9%,
71/79). Among the p38-positive tumors, there was no significant
difference in expression of p21. However, most p38-negative
tumors were also negative for p21 expression (87.5%, 7/8).

Expression of p21 exhibited a degree of dependence on tumor
malignancy. p2l-positive expression was observed more
frequently in benign tumors (55.9%, 19/34) than in malignant
tumors with most malignant tumors being p21-negative (62.2%,
28/45). Further, p21 expression was closely associated with p27
expression (p < 0.05) (Table 4). Tumors with p21-negative
expression also exhibited p27-negative expression (69.8%,
30/43), whereas p21-positive tumors also tended to be p27-positive
tumors (80.6%, 29/36).

Expression of p27 was also observed to exhibit dependence
on tumor malignancy. Benign tumors were associated with
p27-positive expression (61.8%, 21/34), while malignant tumors
were more commonly p27-negative (53.3%, 24/45). As noted in
the preceding paragraph, p27 expression was associated with
p21 expression (p < 0.05). In addition, strong nuclear expression
of p27 was shown to be negatively associated with pl6
expression (p < 0.05).

Table 3. Correlation between p38 expression and p21
expression

p21 p21

expression expression  Total p
value
(=) (+)
p38 expression (—) 7 1 8 0.050
87.5% 12.5% 100%
p38 expression (+) 36 35 71
50.7% 49.3% 100%
Total 43 36 79
54.4% 45.6% 100%

Table 2. Correlation between p16 expression and p27
expression in nuclei

Table 4. Correlation between p21 expression and p27
expression

p27 p27 p27 p27
expression  expression Total P expression expression  Total P
value value
(=) (+) (=) (+)
p16 expression (—) 14 10 24 0.045 p21 expression (—) 30 13 43 0
58.3% 41.7% 100% 69.8% 30.2% 100%
p16 expression (+) 44 11 55 p21 expression (+) 7 29 36
80.0% 20.0% 100% 19.4% 80.6% 100%
Total 58 21 79 Total 37 42 79
73.4% 26.6% 100% 46.8% 53.2% 100%
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Discussion

Senescence is an endogenous barrier to malignant
transformation. Cellular senescence-associated factors act as
cell cycle regulators and tumor suppressors; therefore, their
functional inactivation may lead to neoplastic transformation
[7]. Senescence in tumors may be closely related with tumor
malignancy or outcome [7]. Accordingly, cellular senescence
has a critical role in the pathology of cancer [21] and aging
[18,27]. Therefore, in the present work, we aimed to
characterize the effect of aging on tumorigenesis by analyzing
cellular senescence marker expression.

We investigated the characteristics of mammary tumors
according to age and neuter status. Mammary cancer in neutered
dogs may be comparable with postmenopausal breast cancer as,
during the postmenopausal period, the mammary gland does
not undergo cyclic hormonal influences; therefore, neutered
dogs may be considered a model for human postmenopausal
breast cancer. Humans typically undergo completion of menopause
at the age of 60; accordingly, a 60-year-old human female may
be compared with an 11-year-old dog [22]. On this basis, we
grouped dogs as being older or younger than 11 years of age and
investigated the characteristics of tumors according to cellular
senescence marker expression and neuter status. We analyzed
188 mammary tumors by age group and neuter status and
detected a relationship between age and tumor malignancy. The
development of malignant canine mammary tumors was more
frequent in dogs over 11 years old than in younger dogs. Therefore,
our results support previous results showing that malignant
mammary tumors are more prevalent in older dogs [12].

Analysis according to neuter status additionally revealed that
mammary gland tumors were more common in intact dogs than
in neutered dogs. However, in intact dogs, the relative proportions
of benign and malignant tumors were the same, while in
neutered dogs, malignant tumors were more frequent. Detailed
analyses according to age revealed that, in dogs less than 11
years of age, the incidence of mammary tumors was not affected
by neuter status. However, in the = 11 years age group, the
incidence of malignant mammary tumors was higher in
neutered dogs than in intact dogs. In short, although the
incidence of mammary tumors was relatively low in neutered
dogs under 11 years of age, there was no significant difference
between intact and neutered dogs over 11 years of age. The
deprivation of ovarian sex hormones by ovariohysterectomy
(OHE) effectively prevents the development of mammary
tumors; this effect was noticeable in dogs under 11 years of age
in the present study. However, the preventative effect of
neutering on mammary tumors was attenuated in dogs older
than 11 years. Therefore, we speculate that the higher incidence
of mammary gland tumors in the latter may be attributed to
factors other than ovarian sex hormones. In the present study,
we attempted to identify such factors via immunohistochemical
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staining of cellular senescence markers in dogs older than 11
years.

Expression of p16 is considered a biomarker of aging [6,17].
As a cyclin-dependent kinase inhibitor, p16 prevents cell cycle
progression and induces growth arrest or apoptosis [24].
Further, p16 is a well-known tumor suppressor [9,16], and p16
mutations are one of the most frequent genetic abnormalities in
human tumors [23]. In the present study, we found that not all
tumor cells expressed p16; moreover, p16 expression was likely
to be negative in the intact group and positive in the neutered
group. Further, tumor malignancy was higher in neutered dogs
over 11 years old. Although we were unable to identify an
association between p16 expression and tumor malignancy, the
results of this study may be comparable to those in human
studies showing that p16 expression is associated with high
malignancy [1], high tumor grade, and estrogen deficiency [20].

In other studies, the loss of p16 and decreased levels of p27
have been reported to be of prognostic significance [4,8,26,29].
Although we did not evaluate expression levels in this study and
were therefore unable to determine associations with tumor
prognosis, we did observe a relationship between the expressions
of p16 and p27 with p16 expression negatively associated with
strong nuclear expression of p27 (p < 0.05). Nuclear expression
of p27 was observed to be relatively low in mammary gland
tumors of dogs over 11 years of age; moreover, positive
expression of pl6 was associated with negative p27 nuclear
expression.

Both p21 and p27 also act as cyclin-dependent kinase inhibitors
and have important roles as regulators of the cell cycle. These
cell-cycle proteins are important in establishing senescence. In
the present study, analysis of mammary tumors of dogs over the
age of 11 years showed that negative expression of p21 was
more frequent than positive p21 expression, and positive
expression of p27 was slightly more than negative p27 expression.
However, the differences were not statistically significant.

The expression patterns of p21 and p27 showed similar
relationships with tumor malignancy. Most benign tumors
exhibited positive p21 and p27 expression, whereas malignant
tumors tended to show negative p21 and p27 expression.
Additionally, close associations between p21 expression and
p27 expression were detected (p < 0.05). Tumors with negative
expression for p21 also showed negative expression for p27;
similarly, p21-positive tumors were also p27-positive. In this
study, the expressions of p21 and p27 were associated with
tumor malignancy, which is contrary to results in studies of
human tumors. In a previous study of human malignant tumors,
p21 and p27 exhibited opposite expression patterns [18].
However, in studies of canine tumors, malignant tumors with
metastatic potential were associated with negative expression
of p21 and p27 [14]; those results are similar to the results of the
present study.

Expression of p38, a member of the mitogen-activated
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protein kinase family that is activated by environmental stress
and inflammatory cytokines [19], is reported to be associated
with the onset of senescence [11,28]. Among the mammary
gland tumors from dogs over 11 years of age, most showed
positive p38 expression. However, no significant relationship
between p38 expression and tumor malignancy or neuter status
was detected. Among the senescence markers assessed in this
study, only the expression of p21 was directly associated with
that of p38. When the expression of p38 was negative, negative
p21 expression was also observed.

The inhibitory effect of neutering on mammary gland tumors
in dogs has been previously reported. However, we observed
that aging increases the incidence of malignant mammary
tumors in neutered dogs. Further, it has been previously shown
that the proportion of malignant mammary tumors is higher in
older dogs [12]. In this study, we found that neutered dogs
account for the larger proportion of cases of malignant
mammary gland tumors among older dogs.

The timing of performing OHE is reported to affect the
development and prognosis of mammary gland tumors [25],
implying that the presence of, or exposure to, ovarian sex
hormones has an important role in the development of
mammary tumors. In Korea, OHE in dogs is commonly
performed after several heat cycles. The effect of OHE timing
on the present results requires further investigation.

Our analysis of hormone receptor expression in mammary
tumors of aged dogs revealed no correlation between neutering
and ER receptor expression, and no direct significant association
between neuter status and molecular phenotypes was detected.
While tumor ER expression does not represent estrogen levels
in the blood, it does imply that tumor development and growth
is affected by estrogen. In tumors of dogs older than 11 years,
the expression of ER receptors was decreased regardless of
neutering status, and the incidence of malignant mammary
tumors was higher in neutered dogs than in intact dogs. These
results indicate that the inhibitory effect of neutering on
mammary tumors decreases with aging. The results also
suggest that, as observed in older human females, factors other
than ovarian sex hormones have a major role in the development
of mammary tumors in aged dogs.

In this study, we investigated the expression patterns of
senescence-associated markers in dogs older than 11 years and
identified correlations among the markers’ expression patterns.
The data were analyzed in the context of results reported in
previous studies of humans and dogs. Further studies are
needed to determine whether the differences observed are
characteristic of only the mammary gland tumors of aged dogs,
or whether they may also be observed in dogs below the age of
11 years.
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