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Serum evaluation of leptin, IL-6, IGF-1 and estrogen in obese bitches with
early stages of mammary carcinoma
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ABSTRACT

The aim of this study was to relate the serum concentration IL-6, IGF-1, leptin and estrogen in non-castrated
bitches with or without overweight and early stage mammary carcinomas. Forty-three bitches were divided into
four groups, two groups without mammary carcinomas with and without overweight, and two groups with
mammary carcinomas with and without overweight. Overweight bitches, with or without mammary
carcinomas, were statistically different from bitches by ideal weight, in relation to ECC, IMCC and body fat
percentages (P< 0.0001). There was a positive correlation between ECC and IMCC (P< 0.0001), ECC and %
GC (P<0.0001), and IMCC and % GC (P< 0.0001). A positive correlation was found between serum leptin and
IL-6 (P=0.0451) and leptin and IGF-1 (P= 0.05). A positive correlation (P= 0.0053) between ECC and leptin
was found in the analysis of body evaluation methods and serum concentrations, and a negative correlation
between ECC and IL-6 (P= 0.0435). Among the fat percentage and the leptin concentration, there was a
positive correlation (P= 0.0016), as found between the IMCC and leptin (P= 0, 0209). In this study, no
association was observed between excessive weight and the presence of early stage mammary carcinomas.
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RESUMO

Este estudo teve por objetivo relacionar a concentracgéo sérica de I1L-6, IGF-1, leptina e estrdgeno, em cadelas
nao castradas com ou sem excesso de peso, e carcinomas mamarios em estagio inicial. Quarenta e trés cadelas
foram divididas em quatro grupos, sendo dois de cadelas sem carcinomas mamarios, com e sem excesso de
peso, e dois de cadelas com carcinomas mamarios, com e sem excesso de peso. Cadelas com excesso de peso,
com ou sem carcinomas mamarios, foram estatisticamente diferentes de cadelas em peso ideal, em relacéo as
avaliagbes corporais de ECC, IMCC e percentual de gordura corpérea (P<0,0001). Foi observada uma
correlagdo positiva entre ECC e IMCC (P<0,0001), ECC e %GC (P<0,0001), e IMCC e %GC (P<0,0001). As
analises de estrogeno, leptina, IL-6 e IGF-1 ndo apresentaram diferengas estatisticas entre os grupos.
Demonstrou-se correlagéo positiva entre as concentrac@es séricas de leptina e I1L-6 (P=0,0451) e leptina e
IGF-1 (P=0,05). Encontrou-se correlacdo positiva entre ECC e leptina (P=0,0053) e negativa entre ECC e IL-
6 (P=0,0435). Entre o percentual de gordura e leptina encontrou-se correlagdo positiva (P=0,0016), assim
como entre IMCC e leptina (P=0,0209). Neste estudo, ndo se observou associacdo entre excesso de peso e a
presenca de carcinomas mamarios em estadio inicial.
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INTRODUCTION malignant, and around 98% are identified as

carcinomas (Nunes et al., 2014). They are more

Mammary tumors are the most frequent prevalent in middle-aged to older bitches, those

neoplasia in bitches (Merlo, 2008; Cassali et al., not castrated or castrated later in life and there is

2014). Approximately 84% are diagnosed as not a breed predisposition (Sorenmo et al,
2013).
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Obesity is characterized as excessive storage of
corporal fat, which is capable of compromising
organism homeostasis (Burkholder and Toll,
2000). It is considered a chronic and
multifactorial disease, encompassing genetic,
biochemical and nutritional aspects (German et
al., 2009). Its increase has been observed, both in
humans and canines, with the latter incidence
varying between 22% to 40% (McGreevy et al.,
2005; Lund et al., 2006).

Other than its energetic reserve function, adipose
tissue is also an endocrine organ that controls the
amount of food consumed (Burkholder and Toll,
2000). Obesity is responsible for altering the
release of various substances produced by
adipocytes, such as leptin, adiponectin, tumor
necrosis factor (TNF), interleukin 6 (IL-6),
chemokines, hemostatic and hemodynamic
factors, as well as neurotrophins (German et al.,
2010).

Obesity is considered an independent risk factor
for the development of mammary tumors in
bitches (Perez Alenza et al., 1998). Previous
works correlated obesity with the development of
tumors on colon, thyroid, urinary system,
endometrium, esophagus and mammary gland in
humans (Pergola, Silvestris., 2013; Howe et al.,
2013). Cleary et al.

(2010) described the relation between obesity
and mammary cancer in murine models.
However, there is a lack of studies that associate
excessive weight and breast cancer in animals.
The objective of this study is to evaluate the
relation between obesity, pro-inflammatory
cytokines, and serum levels of estrogen in initial
staged canine mammary carcinomas.

[73 )

MATERIALS AND METHODS

The present study evaluated bitches seen at the
Veterinary Hospital from the Federal University
of Minas Gerais (UFMG) and originated from
the shelter “Centro de Instrucdo e Adaptacao da
Aeronautica (CIAAR)” to compose the control
group. The use of animals and procedures for
this prospective study was approved by the
Ethics Committee on the Use of Animals
(protocol 110/2015). In total, forty-three bitches
were evaluated, divided in four groups: ten
bitches in ideal weight (control), ten obese
(without mammary neoplasia), thirteen obese
bitches and ten with ideal weight, both of those
with malignant mammary neoplasia.

Bitches diagnosed with infectious or endocrine
comorbidities, or edema and ascites were
excluded from the study, to avoid any influence
in seric concentrations or corporal evaluation,
respectively. Only non-castrated bitches were
used to guarantee the most accurate evaluation of
seric estrogen.

The staging was accomplished according with a
modified version of the TNM original system
established by WHO. This version considers the
size of the primary tumor (T1: 0-3cm, T2: 3-
5cm, T3:> 5¢cm), involvement of regional lymph
nodes (NO: non-metastatic, N1: metastatic) and
presence of distant metastases (MO: absence,
M1: presence). Through this system, it was
possible to categorize the animals in five stages,
as shown in Table 1 (Owen, 1980, Sorenmo et
al., 2013). Furthermore, the animals were
classified between initial clinical stage (I-111) and
advanced (IV-V). All animals present in this
study were classified as initial stage.

Table 1. Mean values, standard deviation and “p” concentration of leptin, IL-6, IGF-1 and estrogen in
each group
Grupo 1 Grupo 2 Grupo 3 Grupo 4 p
M DP M DP M DP M DP
Leptina
(ng/mL) 9.5301 7.695  8.8883 8.61 10.0861  6.312 6.48 515 0.73
IL-6 (pg/mL) 09059 0.622 1.01007 0.36 0.6001 0.485 0.648 0.48 0.242
IGF-1 (ng/mL) 274.096 127.72 203.0201 113.79 267.934 1393 263.017 193.6 0.447
E2 (pg/mL) 832557 246.02 644.789 254.77 604526 203.2 683.65 3134 0.12

Three different evaluations of corporal condition
were done. The corporal score was obtained by
the Body Condition Scoring System. This system
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varies between 1 and 9, being escore 01,
cachectic, and score 09, animal morbidly obese
(Laflamme, 1997). The canine body mass index,
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an adaptation of the human body mass index,
was calculated from the weight (kg)/ (height in
meters)?, being the height measure from the
atlanto-occipital joint to the ground, right behind
the hind limbs. Due to the great variation on size
in dogs, two correction factors were proposed:
in large or giant breed dogs decreases 20% of the
value, and in miniature breeds, meaning less than
10 kilograms, increases the value in 10%. The
animals were divided in: underweight (>11.7kg),
ideal weight (between 11.8 and 15kg),
overweight between 15 and 18.6kg and obese
over 18.7kg (Muller and Schossler, 2008). The
percentage of corporal fat (%CF) was calculated
from the relation between the pelvic
circumference and the length of the right hind
limb - from the calcaneus tuberosity until the
middle of the patellar ligament (CP and CR
respectively) using the formula %CF = -
1,7(CRcm) + 0,93(CPcm) + 5. The bitches were
classified in: caiquetic (<5), thin (5 to 15), ideal
weight (16 to 25), overweight (26 to 35) and
morbidly obese (>35) (Burkholder and Toll,
2000).

The surgical excision of mammary neoplasias in
the bitches from this study were performed at
Veterinary Hospital, UFMG. The collected
neoplasms were sent to the laboratory of
compared pathology, at Instituto de Ciéncias
Bioldgicas UFMG, for histopathologic diagnosis.
The tumors were fixed in neutral buffered
formalin (10%) and prepared for inclusion in
paraffin. Histological sections of 4pum were
obtained and stained with Hematoxylin-Eosin.
The determination of the histological type of the
tumor was performed according the classification
proposed by the Consensus for the Diagnosis,
Prognosis and Treatment of Canine Mammary
Tumors (Cassali et al., 2014).

To perform the serum test, 3mL samples of
blood from each animal were collect, by venous
puncture, in anticoagulant tubes (VacuTainer®).
The samples were centrifuged for five minutes at
3000RPM to separate the serum and the cells
concentrated. Once centrifuged, the serum was
aliquoted and stored in criotubes inside a freezer
-80°C.

Enzyme-Linked Immunosorbent Assay (ELISA)
was used to perform the seric evaluation of
estrogen, leptin, IGF-1 and IL-6, being the first
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two evaluated by competitive ELISA, and the
last two sandwich ELISA. The samples were
processed in duplicate, and in each run a positive
control serum, a negative control and a white
serum were added.

The data was analyzed using the Student T-test,
and two way ANOVA followed by the post-test
de Dums, as appropriated. The correlations were
evaluated by the Spearman or Pearson test. The
statistical analyses were performed by the
program GraphPad Prism (GraphPad Software,
San Diego, CA) 5.0 version. Values were only
considered significant when P< 0.05.

RESULTS

Forty-three bitches were evaluated, where
38.64% didn’t have defined breed and 61.36%
were purebred with Labrador 10% and Poodle
10% the most common breeds. Of these, 40.92%
were considered large-breeds, 22.72% medium-
and 36.36% small-breed. Obese and ideal weight
bitches presented mean age of 7.47+2.83 and
7.7+3.09, respectively. The most frequent
histopathologic ~ diagnosis ~ of  mammary
neoplasias was the mixed tumor carcinoma 70%,
followed by the papillary carcinoma 12.04%,
tubular carcinoma 4.34%, apocrine carcinoma
4.34% and adenoma with in situ carcinomatous
areas of solid pattern 4.34%.

The evaluation of ECC, IMCC and percentage of
body fat demonstrated differences between the
groups studied (P< 0.0001), where the obese
bitches, with or without mammary carcinomas,
presented significant statistical differences from
the ideal weight bitches (Figure 1).

A strong positive correlation between ECC and
IMCC (r= 0.8686; P< 0.0001), ECC and %CF
(r= 0.8808; P< 0.0001), IMCC and %CF (r=
0.7449; P< 0.0001) was observed (Figure 2).

The estrogen, leptin, IL-6 and IGF-1 analysis did
not reveal significant statistical difference
between the studied groups (Table 1). A positive
correlation was demonstrated between the seric
concentration of leptin and IL-6 (r= 0.3072; P=
0.0451) and between leptin and IGF-1 (r=
0.2998; P=0.05) (Table 2).
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Figure 1. Canine Corporal Score, Canine body mass index and % of Corporal fat from control bitches
without Ca, obese without Ca, obese with Ca and ideal weight with Ca. (Ca: mammary carcinoma).
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Figure 2. Positive correlation between ECC, IMCC, %CF.

Table 2. Positive correlation between seric concentration of leptin, IL-6, IGF-1 and Estrogen (E2)

Leptina IL-6 IGF-1 Estrégeno
Leptina 1 r=0.3072P=0.0451*  r=0.2998P=0.0508* r=0.055P=0.7678
IL-6 r=0.3072P=0.0451* 1 r=-0.014P=0.2960 r=0.3276P=0.0888
IGF-1 r=0.2998P=0.0508* r=-0.014P=0.2960 1 r=-0.1P=0.5339
E2 r=0.055P=0.7678 r=0.3276P=0.0888 r=-0.1P=0.5339 1

When analyzing the corporal evaluation methods
and the seric concentrations, a positive
correlation was found (r= 0.4493; P= 0.0053)
between ECC and leptin, and between ECC and

DISCUSSION

The mean age for overweight bitches was
7.4+2.89 vyears-of-age, evidencing that older
animal are more predisposed to weight gain. At
older age, there is descent in lean body mass,
which also causes a decrease on basal
metabolism, daily energy requirement and
voluntary activity (Diez & Nguyen, 2006).

However, there are variables capable of
influencing weight gain and increase in fat
storage, such as diet, exercise and, including,
owner profile and environment.
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IL-6 was observed a negative correlation (r= -
0.3591; P= 0.0435). A positive correlation was
found between fat percentage and leptin
concentration (r=0.3785; P=0.0209).

The mean age for bitches with mammary
carcinoma is 9.0+1.95 years-of-age and
10.1+2.33 on obese and ideal weight groups,
respectively, confirming the mean age, between
6 and 12 years, for the increase of mammary
neoplasias, especially malignant ones (Cassali et
al., 2014). Obese bitches developed mammary
carcinomas earlier than the ideal body condition
group, demonstrating a possible influence of
being overweight in the development in
mammary neoplasias. Perez Alenza et al. (1998)
described that obese bitches, since youth or until
one year before the tumor diagnosis, can increase
the risk of breast cancer.

Arg. Bras. Med. Vet. Zootec., v.71, n.1, p.143-150, 2019
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Obesity is the most common current nutritional
variation in small animals Being overweight is
the nutritional variation most common in small
animals nowadays (McGreevy et al., 2005). Diez
& Nguyen (2006) reported a prevalence of at
least 20% overweight dogs in industrialized
countries and in big cities. As in humans
(Romacho et al., 2014), obesity is associated
with a range of diseases and physiological
changes in companion animals, especially in
dogs (Zoran, 2010). The association with
mammary neoplasias has being studied due to
the importance of both diseases and their
possible combination.

Obesity is one of the most subjective clinic-
pathologic conditions to be diagnosed, and
diagnosis is performed mainly through physical
examination. The correct body composition
assessment, using objective measurements,
allows identification of risk stages, quantification
of excess body weight and definition of an ideal
weight (Burkholder and Toll, 2000; Muller et al.,
2008). The results found in this work
demonstrated the importance of associating
different diagnostic methods for overweight and
obesity. They are complementary, and more than
one measure helps to correctly diagnose the
animal’s body condition. The ECC, established
by Laflamme (1997), is the most subjective,
albeit simplest and fastest, and it is possible to
perform it during the clinical examination. The
IMCC and the morphometric measures cannot be
considered complexes and, to determine fat
percentage, it is necessary to use the values
found in a mathematical formula (Burkholder
and Toll, 2000; Muller and Schossler 2008).
Associated, these three methods are capable of
determining, with precision, the animal body
condition.

The exact mechanism by which obesity
influences cancer development and prognosis
remains unknown, although factors secreted by
adipocytes, including aromatase, leptin (Guo et
al., 2012), adiponectin, IGF-1 (Dolka et al.,
2011) and inflammatory cytokines (IL-6, TNF-
a), were described as important Lim et al.,
2015).

Obesity is described as a disease capable of
influencing the mammary cancer development,
progression and  prognostic in  women
postmenopausal (Pergola and Silvestris, 2013;
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Howe et al., 2013) as in bitches (Perez-Alenza et
al., 1998; Dolka et al., 2011; Lim et al., 2015).
The absence of statistical difference in the serum
concentrations of leptin, IL-6, IGF-1 and
estrogen between the analyzed groups may be
due the population of this study being composed
of bitches diagnosed with mammary carcinoma
at initial stage. The inflammation, in some
tissues, can, commonly, increase the chances of
cancer. Cytokines and chemokines are
components capable of promoting angiogenesis,
metastasis, immune system evasion and response
to chemotherapy agents (Germano et al., 2008).
Some authors described that cytokines
influenced by obesity were responsible for
increasing cancer risk (Pérez Alenza et al., 1998;
German et al., 2010; Cleary et al., 2010). They
also have shown that these inflammatory factors
contribute to tumor progression and higher
mortality rate due the tumor (Simpson and
Brown, 2013). Higher concentrations of
inflammatory factors have been associated to
worse prognosis factors, such as advanced stage
(Martins et al., 2016). One example would be the
high IL-6 concentration, due the caused
oxidative stress, leading to the tumor progression
and promotion (Madeddu et al., 2015).

The absence of significant differences between
the IGF-1 concentrations contradicts the findings
of Greer et al. (2011), who observed higher
concentration in overweight bitches. According
to Nam et al. (1997) and Goodwin et al. (2002)
the higher IGF-1 serum concentration is
associated with insulin increase.

Queiroga et al. (2010) described that overweight
or obese animals with mammary neoplasia
presented higher serum concentration of IGF-1
when compared with bitches without neoplasias.
However, the same results were not found in this
study, possibly because IGF-1 is involved in
angiogenesis  stimulation and, mainly,
progression of neoplasia (Chong et al., 2007).
Previous studies demonstrated that mice
deficient in IGF-1 were not only smaller, but also
lived longer and presented a considerable
reduction on diseases related to aging as
cataracts, atherosclerosis and cancer (Menezes
Oliveira et al., 2006; Shechter et al., 2007).

The lack of statistical relevance in serum
concentration of IL-6 among the different groups
can be explained by the fact that the increase in
these concentrations is more related to mammary
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neoplasias of high grade and advanced staging
(Balaban et al., 2015; Martins, 2016). This result
might be due to the serum concentration of IL-6
being influenced by several factors such as age,
where older animals can undergo chronic
inflammatory processes without evident clinical
signs, altering their cytokines pattern.

The positive correlation between ECC and leptin
reiterates the leptin importance as a marker of
adiposity in dogs (Ishioka et al., 2006; Kil et al.,
2010), being possible its utilization on the
clinical routine to obesity diagnosis. The
negative correlation between ECC and IL-6 is
contrary to the association between overweight
and inflammation, mainly subacute, described in
previous studies (Garofalo and Swanson, 2006;
Kim et al., 2009; German et al., 2010; Ghosh
and Ashcraf, 2013; Gilbert and Slingerland,
2013; Ramos-Nino, 2013; Vansaun, 2013;
Bastien et al., 2016; Martins et al., 2016). One
hypothesis is there is a threshold for the increase
of this interleukin, once the IL-6 concentration
was discreetly higher in overweight bitches
comparing to obese, with no statistical relevance.

The correlations observed between serum
concentrations of leptin and IL-6, such as
between leptin and IGF-1, without difference
between bitches with or without mammary
neoplasia, demonstrated the low degree chronic
inflammation that overweight or obese animals
commonly develop (German et al., 2010; Van de
Velde et al., 2012; Bastien et al., 2016). Leptin
and IL-6 are related to carcinogenic activities,
involved in tumoral initiation and progression
(Garofalo and Surmacz, 2006; Ghosh and
Ashcraft, 2013; Gilbert and Slingerland, 2013;
Vansaun, 2013; Bastien et al., 2016; Martins et
al., 2016), being expected to find higher levels of
these cytokines in bitches with mammary
neoplasias.

Estrogen is a sexual hormone, associated with
the central accumulation of adipocytes. In
menopausal women, the adipose tissue is an
important source of estrogen and it is considered
the principal motor for the cell development in
mammary tumors (Brown, 2014). Considering
the role, already well defined, of estrogen in
canine mammary carcinogenesis (Schneider et
al., 1969; Silva et al., 2004; Bocardo, 2008) an
increase in estrogen serum concentration in
overweight bitches with mammary neoplasia was
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expected, however, it was not demonstrated. This
difference, possibly, was not found because the
bitches used in this study had different phases in
the estrous cycle.

CONCLUSION

Increased fat percentage and overweight were
directly related to serum leptin levels. There was
no difference in concentrations of IL-6, IGF-1
and estrogen in bitches with overweight with or
without mammary carcinoma at initial stage.
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