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Role of body condition score and adiponectin expression in the
progression of canine mammary carcinomas
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Obesity has been identified as a risk factor for developing breast cancer in post-
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Email: matteo tesi@vet.unipi.it between body condition score (BCS) and the prognosis of canine mammary carci-

nomas (CMCs) and the relationships between adiponectin expression and tumour
behaviour. Seventy-three bitches with tubular, tubulopapillary, solid or complex car-
cinomas were included in the present study. For each dog, evaluation of BCS was
conducted using a nine-point BCS system and the study population was divided into
normal weight (4-5/9 points; n = 42), overweight (6-7/9 points; n = 19) and obese
(8-9/9 points; n = 12). Type of diet (commercial, homemade or mixed) was recorded.
After surgical excision, histological type, tumour size and nodal status were assessed
and adiponectin expression was determined and quantified by immunohistochemis-
try and morphometric analysis. CMC histotype was not correlated with BCS, while
a positive correlation between BCS and histological grade (p < .01) was observed.
Overweight and obese bitches combined showed a shorter cancer-specific survival
than normal weighted bitches (p < .01). Bitches fed with a homemade diet had a
higher BCS than dogs fed with a commercial one, although no relationship was ob-
served between diet and cancer-specific survival. Thirty-six CMCs scored positive
for adiponectin expression (49%), but no correlation was found between the hor-
mone expression and either CMC characteristics or prognosis. In conclusion, a higher
BCS seems to be related with a higher prevalence of more aggressive CMCs and

negatively affects the survival time in bitches with these mammary tumours.
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1 | INTRODUCTION

Obesity is defined as an abnormal and excessive accumulation of ad-
ipose tissue in the body (German, 2006) and is also a well-recognized
risk factor for the development of post-menopausal breast cancer
in women. In particular, body mass index (BMI), distribution of body
fat and time periods of weight gain are closely associated with tu-
mour incidence (Cleary, Grossmann, & Ray, 2010; Han et al., 2006).
Obesity is also associated with a poor prognosis of human breast
cancer, namely higher rates of recurrence and mortality in pre- and
post-menopausal women. (Abrahamson et al., 2006; Berclaz et al.,
2004; Carmichael, 2006).

Overweight became a significant health issue in both human
and veterinary practice (German, 2006; James, Leach, Kalamara, &
Shayeghi, 2001). The incidence of obesity is dramatically increasing
in dogs and current estimates suggest that almost two-thirds of dogs
are obese (Crane, 1991; Lund, Armstrong, Kirk, Kolar, & Klausner,
1999; McGreevy et al., 2005). Findings concerning the association
between obesity and the onset of canine mammary tumours (CMTs)
are contradictory. Although the relationship between obesity and
canine mammary neoplasms is not clearly known, it is speculated
that overweight causes increased secretion of aromatase enzyme,
insulin and IGF-1 protein, influencing the carcinogenesis process
(Cleary et al., 2010).

Among the various adipokines and inflammatory mediators in-
volved in breast tumour development, adiponectin has been the
subject of several studies in humans (Grossmann et al., 2010; Jardé
et al.,, 2008; Kelesidis, Kelesidis, & Mantzoros, 2006), rodents
(Denzel et al., 2009) and dogs (Lim et al., 2015a). Adiponectin is an
adipose tissue-secreted protein, negatively correlated with BMI,
which has shown a strong apoptotic and anti-proliferative activ-
ity in human breast cancer cell lines (Dieudonne et al., 2006). A
decreased plasma adiponectin level and its decreased expression
in mammary tumours are significantly associated with a higher in-
cidence of breast cancer and a worse prognosis (Mantzoros et al.,
2004).

The aims of this study were to investigate the relationships be-
tween body condition score (BCS), diet, and adiponectin expression
with tumour size, the histological types and grades of CMCs and
lymphatic invasion, and to assess their prognostic value in terms of

cancer-specific survival.

2 | MATERIALS AND METHODS
2.1 | Animals and procedures

This study was performed at the Veterinary Teaching Hospital of
the University of Pisa, between January 2010 and February 2016.
One hundred and fifty-seven bitches referred for mammary gland
nodules at the physical examination were evaluated. Of these,
73 bitches bearing malignant tumours and that, at the time of di-

agnosis, did not show any co-morbidities that could significantly

influence cancer-specific survival at 24 months after mastectomy,
were included in the study. For each dog, an accurate physical ex-
amination was conducted and a complete anamnesis was recorded,
including the type of habitual diet over the past 2 years. Weight as-
sessment was conducted using a nine-point BCS evaluation system
and the study population was divided into three groups based on
the BCS: normal weight (BCS 4-5/9 points), overweight (BCS 6-7/9
points) and obese (BCS 8-9/9 points) (Laflamme, 1997). Staging was
performed by abdominal ultrasound and a complete radiographic sur-
vey of the thorax (left lateral, right lateral and ventrodorsal views). A
complete blood count, a biochemical analysis and a coagulation test
(prothrombin time and partial thromboplastin time) were performed
to verify the presence of co-morbidities and to evaluate patient suit-
ability for mammary surgery. Normal mammary gland tissues were
collected during routine necropsies with the owners’ consent from
four bitches who died due to causes unrelated with mammary tu-
mours. This study was approved by the Ethical Committee (OBA) of
the University of Pisa.

2.2 | Tissue processing and histopathology

Representative samples of tumour and lymph node tissues col-
lected after mastectomy and normal canine mammary tissues,
were fixed in 10% neutral buffered formalin, routinely processed
and embedded in paraffin and sectioned at 4 um for histopatho-
logical examination. Hematoxylin and eosin (HE) stained sections
were used to classify mammary tumours according to the clas-
sification proposed by Goldschmidt, Pena, Rasotto, and Zappulli
(2011) by two experienced pathologists (AP and FM) who were
blind to clinical data. Three/four sections per nodules were inves-
tigated to determine the histotype and grade of mammary tumours
sampled. When dogs were presented with multiple tumours, the
tumour with the most aggressive clinical and histopathologi-
cal features (larger size, infiltrative growth and undifferentiated
histology) was selected as reference lesion (Sorenmo, Worley, &
Goldschmidt, 2011). Tumour grading was performed according the
Elton Ellis criteria (Elton & Ellis, 2002). Mitotic index (number of
mitoses/400x magnification), presence of lymphatic invasion and

necrosis were also recorded for each tumour.

2.3 | Immunohistochemistry and
morphometrical evaluation

Adiponectin expression was investigated by immunohistochem-
istry. Four-um thick sections were dewaxed in xylene, hydrated
throughout a graded series of ethanol and rehydrated in deion-
ised water. Antigen retrieval was performed with citrate buffer
pH 6.0 in a microwave oven for 5 min at 750 W and 13 min at 35°C
and cooled at room temperature. After rinsing in 0.05% Tween
TRIS-Buffered Saline solution (TBST) at pH 7.6, endogenous

peroxidase activity was exhausted by incubation of the sections
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with Peroxidase blocking solution (Dako, Glostrup, Denmark) for
10 min at room temperature and then two TBST washes were
performed. Non-specific reactions were blocked by incubating
each section with two drops of Ultra V-block (Thermo Scientific),
for 5 min and a mouse monoclonal anti-adiponectin primary an-
tibody (19F1, Abcam Inc; diluted 1:100) was incubated for 1 hr
in a moist chamber. After two washes with TBST, this phase was
followed by incubation with a biotinylated goat polyvalent IgG
secondary antibody (Thermo Scientific; diluted 1:200) for 10 min.
After washing with TBST, streptavidin-peroxidase complex
(Thermo Scientific) was incubated for 30 min. Peroxidase activity
was revealed by incubation for 10 min in 3,3'-diaminobenzidine
tetrahydrochloride (ImmPACT DAB Peroxidase Substrate Kit,
Vector Labs Inc.) and blocked with deionized water. Finally, sec-
tions were counterstained with Mayer's haematoxylin, dried and
covered with cover slips.

Negative controls were performed by replacing the primary an-
tibody with species matched unrelated monoclonal antibodies and
canine adipose tissue was used as internal positive control in each
experiment.

For the morphometrical evaluation, five images, representative
of adjacent and non-overlapping fields, were acquired from each
neoplastic lesion, using a semi-automated image analysis system
(LAS 4.10, Leica). Counts and intensity of adiponectin stained cells
were assessed at 400x magnification and the percentage of positive
neoplastic cells recorded. As previously proposed (Lim et al., 2015a),
tumour samples with no or weak cytoplasmic staining of <10% tu-
mour cells were classified as negative, while those with weak to
strong cytoplasmic staining of >10% tumour cells were classified as

positive.

2.4 | Cancer-specific survival study

A telephone survey was conducted to assess the cancer-specific
survival at 24 months after mastectomy. Owners were contacted
to provide information on the health status of their animals (every
6 months) for the study period. The definitive diagnosis of the cause
of death was made at post-mortem examination by a single experi-
enced pathologist who was not aware of the patients' clinical data
(AP).

2.5 | Statistical analysis

Statistical analysis was performed using the statistical package
SPSS Advanced Statistic 21 (SPSS Inc, Chicago). Chi-squared
test to assess the correlation between the various parameters.
Statistical significance was based on a 5% (.05) significance level.
Cancer-specific survival analysis was performed using the Kaplan-
Meier method and the Tarone-Ware test was used to investigate
the relationship between different parameters and cancer-specific

survival. Bitches that died for causes not related to the neoplastic
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mammary disease were excluded from the investigation about the

overall survival.

3 | RESULTS

The mean age of examined bitches was 9.7 + 2.5 years (range:
4-16 years), 59% (43/73) of which were purebred and 41% (30/73)
mix-breed. The most represented breeds were Miniature Poodle
(n = 9), English Setter, Yorkshire Terrier (n = 5), Beagle, German
Shepherd (n = 4), Dachshund, Jack Russell Terrier (n = 3). Following,
with two cases for each breed, we found English Cocker Spaniel,
Maltese, Miniature Pinscher, Brittany Spaniel and Pointer. Sixty-
nine dogs were intact females and only four bitches were spayed
at the time of mammary gland tumour diagnosis. Fifty-seven/
seventy-three (79%) of bitches presented multiple mammary tu-
mours and the median number of nodules per dog was 2. Lymph
nodes invasion, histopathologically confirmed, was detected in
18/73 bitches, while no subject showed the presence of distant
metastases.

Forty-two bitches had normal BCS (57.5%), while bitches con-
sidered overweight and obese were 19 (26%) and 12 (16.5%), re-
spectively. For normal weight, overweight and obese groups, the
mean age at diagnosis was 9.7 £ 2.7 years, 10.2 + 1.9 years and
9.4 + 2.8 years, respectively. The control group (normal mammary
gland tissues) was composed of a bitch with a normal BCS, two over-
weight bitches and an obese bitch (mean age was 9.8 + 2.2 years).
Lymph node metastases were observed in 8/42 (19%) bitches with
normal BCS, while in subjects considered overweight and obese the
presence of lymph node invasion was detected in 10/31 animals
(32.2%; p > .05).

Concerning the diet, 21 (29%) animals ate commercial food, 23
(31%) followed a homemade diet and the remaining 29 (40%) dogs
followed a mixed diet (predominantly commercial food with a home-
made food supplementation).

The histologic types found were simple tubular CMCs (n = 24,
33%), tubulopapillary CMCs (n = 13, 18%), simple solid CMCs (n = 9,
12%) and complex CMCs (n = 27, 37%). Tumoural lesions were clas-
sified as grade | (n = 58, 79%), grade Il (n = 11, 15%) and grade Il
(n =4, 6%).

Adiponectin expression was characterized by the presence of
a cytoplasm brown staining of different intensity. No cytoplas-
mic staining of adiponectin was recognized in normal epithelial
cells in normal mammary gland tissue (Figure 1a), while scattered
adiponectin-positive cells were observed in lobular hyperplasia
detected in mammary tissue adjacent to malignant mammary tu-
mours (Figure 1b). Of the CMCs examined, 36/73 (49%) scored
positive (Figure 1c-d), while 37 (51%) were negative. In adiponec-
tin-positive complex CMCs, some myoepithelial cells scored pos-
itive (Figure 1d).

Adiponectin expression did not significantly correlate with the
tumour size, histotype, grade of CMCs or the presence of lymphatic

invasion.
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In our study, dogs that were still alive at 24 months after the

surgical intervention were 44 (60%), 25 (34%) were dead from mam-
mary cancer and 4 (6%) were dead from other causes. None of the
patients was lost to follow-up.

When bitches were classified by BCS, no differences in rela-
tive frequencies of the histological type of the carcinomas were
observed. However, in grade | CMCs 38/58 (65.5%) bitches had
a normal BCS, while there was a significantly higher proportion
of histological grade Il and Ill when BCS was 26 (11/15 73.3%;
p < .01). Mean cancer-specific survival was longer in dogs with
normal BCS (690 days; 95% Cl 651-729 days) compared with mean
cancer-specific survival of overweight and obese bitches com-
bined (546 days; 95% Cl 460-633 days) (Figure 2; p < .01).
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FIGURE 1 Canine mammary tissues.
Immunohistochemical staining of
adiponectin (Horseradish peroxidase

and haematoxylin counterstain; Bar

=50 um). (a) Adiponectin-negative
labelling in normal mammary tissue. (b)
Weak immunostaining in dysplatic cells
in a lobular hyperplasia adjacent to a
malignant mammary neoplasm. (c) Strong
staining in more than 75% of neoplastic
cells in an adiponectin-positive tubular
simple carcinoma. (d) Strong staining in
most neoplastic cells and in myoepithelial
cells in an adiponectin-positive complex
mammary carcinoma

Bitches fed with a homemade diet had a higher BCS than
dogs fed with a commercial one (p < .05), although no relation-
ship was observed between diet and cancer-specific survival
(Figure 3).

Finally, the expression of adiponectin in the cytoplasm of epithe-
lial cells did not significantly correlate with the BCS and cancer-spe-
cific survival.

4 | DISCUSSION

Some studies observed a higher prevalence of CMT and a worse
prognosis in overweight and obese dogs (Alenza, Rutteman, Pena,

Body condition
score

—I1 Normal weight

i1 Overweight and Obese
~+-1,00- censored
~+-2,00- censored

FIGURE 2 Cancer-specific survival
curves (a) for the group of 73 bitches
bearing mammary carcinomas subdivided
depending on BCS (normal: blue line,
overweight and obese: green line; p < .01)
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FIGURE 3 Cancer-specific survival

curve (a) for the group of 73 bitches 1,07
bearing mammary carcinomas subdivided

depending on the type of diet (homemade

diet: blue line, commercial diet: green line

and mixed diet: yellow line; p > .05) 0,87
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Beynen, & Cuesta, 1998; Lim et al., 2015b) while others did not reveal
any particular association (Marconato et al., 2009; Sonnenschein,
Glickman, Goldschmidt, & McKee, 1991).

In this study, we did not observe any relationship between BCS
and histotypes, while grade Il and Ill CMCs were detected more
often in overweight and obese bitches. This finding was in agreement
with that of Lim et al. (2015b), who observed a higher proportion of
grade Ill tumours in the overweight and obese groups. In our study,
overweight and obese dogs had a lower cancer-specific survival
at 24 months after mastectomy than normal weight dogs. Shofer,
Sonnenschein, Goldschmidt, Laster, and Glickman (1989) observed
that dogs considered lean 1 year prior to diagnosis had a poorer sur-
vival compared with normal weight or overweight dogs (Shofer et al.,
1989). The above-mentioned results contrast with those reported
by Philibert et al. (2003) who did not observe any difference in long-
term survival after mastectomy with respect to BMI: 10 months
in obese dogs (BMI > 1) versus 14 months in normal weight dogs
(BMI < 1) (Philibert et al., 2003). In human medicine, large cohort
survival studies are numerous and reveal how obese patients have a
significantly lower cancer-specific survival and a positive association
with breast cancer recurrence and death (Bastarrachea, Hortobagyi,
Smith, Kau, & Buzdar, 1994; Kroenke, Chen, Rosner, & Holmes, 2005;
Loi et al., 2005; Senie, 1994; Whiteman et al., 2005). Concerning ca-
nine species, the contrasting results reported in literature may be re-
lated to differences in sample population, therefore, further studies
are required to reveal if the relationship between BMI and survival
time is comparable to that observed in women.

The biological antagonist of leptin, adiponectin, displays
pro-apoptotic activity in various breast cancer cell lines (Dieudonne
et al.,, 2006) and, in vivo studies, acts as inhibitor of angiogenesis
(Brakenhielm et al., 2004).

I 1 I 1
200 400 600 800

Days post-surgery

By immunohistochemistry, 49% of CMCs were positive for adi-
ponectin, similarly to the results observed in a previous study: Lim
et al. (2015a) found that 36/70 (51%) of CMTs examined scored pos-
itive for adiponectin expression.

In the study of Lim et al. (2015a), overweight or obese fe-
male dogs had a lower proportion of adiponectin-positive MCs.
Furthermore, a positive adiponectin expression was associated
with a lower proportion of grade Ill tumours and a decreased
lymphatic invasion (Lim et al., 2015a). In contrast to the pre-
vious study, we could not describe the relationships between
adiponectin expression with any of the parameters evaluated (tu-
mour size, histological type, histological grade, linfatic invasion,
BCS and cancer-specific survival). Adiponectin is known to be
negatively related to BCS (Dieudonne et al., 2006) and positively
related to prognosis (Mantzoros et al., 2004). Namely, the lower
the BCS and the better the prognosis, the greater the tendency
of this protein expression in tumours, which was evidenced in the
study, since most bitches were of normal weight, had less aggres-
sive carcinoma and were alive after 24 months of follow-up (60%).
In our study, bitches fed with homemade diet had a significantly
higher BCS than dogs fed with a commercial one, suggesting how
important is the type of diet in the occurrence of obesity. In most
cases, homemade diets were not based on the indications of a
nutritionist and contained high levels of carbohydrate and satu-
rated fatty acids. Conversely, commercial diets were often quality
products, perfectly balanced and did not exceed the nutritional
requirements of the dog (Mao, Xia, Chen, & Yu, 2013). According
to Alenza et al. (1998), a homemade diet significantly increases the
incidence of CMTs, especially if characterized by a high intake of
red meat (in particular beef and pork) and low intake of chicken.

Although homemade diet was significantly related to overweight
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and obesity, no association was observed between diet and can-
cer-specific survival in the present study.

In conclusion, in bitches higher BCS at the time of CMC diagno-
sis was correlated to a higher histological grade and a shorter can-
cer-specific survival, suggesting its useful role as prognostic factor.
Adiponectin expression does not appear to be related to CMC char-
acteristics or BCS. Further studies are needed to determine if ad-
iponectin expression and diet may have a prognostic value in the

canine mammary gland carcinoma.
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