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ABSTRACT

Mammary tumours are among the most common tumours in dogs and are of interest due to their
similarities to human breast tumours. Insulin-like growth factors (IGFs) are considered important in
cell growth and development. The aim of this study was to investigate the immunohistochemical
expression of IGF-I and IGF-II in benign and malignant canine mammary tumours. In this study, 10
benign and 10 malignant mammary tumours from the archives of the Department of Pathology were
used, and five normal breast tissues were used as controls. It was observed that the expression of IGF-I
and IGF-II was low to absent in benign tumours and increased in malignant tumours. The expression of
IGF-II was higher than that of IGF-I. This study showed that IGF-I and IGF-II can be used as criteria
for malignancy in canine mammary tumours. The results also indicate that IGF-I and IGF-II may be
used as early diagnostic markers, and their inhibition may be used for the treatment of canine and
human mammary tumours in the future.
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INTRODUCTION

Mammary tumours are the second most common skin tumours among dogs, and their
incidence rate is 27.1% (Cohen et al., 1974; Johnston et al., 2001). It is known that steroid
hormones such as progesterone and oestrogen play a role in the pathogenesis of mammary
tumours (Queiroga et al., 2005; Illera et al., 2006). It has been reported that growth hormone
(GH) and thus insulin-like growth factor (IGF) also contribute to tumour development when
exogenous progestin is administered for contraceptive purposes (Concannon et al., 1980;
Selman et al., 1994; Mol et al., 1995, 1996, 1997; Johnston et al., 2001).

IGFs play roles in many physiological and pathological processes throughout life. For
example, growth, metabolism, longevity, and diseases such as cancer, obesity, eating disor-
ders, and neurodegenerative diseases are affected by the IGF pathway. Therefore, IGF signals
are critical and must be regulated carefully for effective targeting of the system in under-
standing the underlying mechanisms, not only in increments but also in the timing and cell-/
tissue-specific regulation of the IGF system components. However, some aspects are still not
well understood. The IGF system is very complex with multiple elements at play. The IGF
system is conventionally derived from three ligands (IGF-I, IGF-II, and insulin); their
receptors – IGF-I receptor (IGF-IR), mannose 6-phosphate/IGF-II receptor (M6P/IGF-IIR),
insulin receptor (IR), and hybrid IR (IGF-IR) – comprise at least six IGF-binding proteins
(IGFBP1–6), acid labile subunit (ALS), and binding protein proteases. The IGF system clearly
plays a role in regulating tumour growth and developing resistance to drug treatment
(Mancarella and Scotlandi, 2018).
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The IGF system, known as growth and differentiation
factor, released by GH stimulation, exists in two forms: IGF-
I and IGF-II (Engstr€om et al., 1998; Samani et al., 2007;
Bergman et al., 2013). IGF-I is a basic peptide structure
synthesised in the liver after birth, while IGF-II is a neutral
peptide structure synthesised from various somatic tissues in
the early embryonic and fetal periods (Engstr€om et al.,
1998). Dogs express GH mRNA and receptor in normal and
cancerous breast tissue. Due to the mitogenic effect of IGF-I,
it plays a role in both growth and mammary tumour for-
mation (Concannon et al., 1980; Van Garderen et al., 1999;
Queiroga et al., 2005, 2008, 2010). In transgenic mice with
increased IGF-I synthesis, IGF-I causes ductal hypertrophy
in the mammary glands and prevents breast involution after
lactation (Kleinberg, 1998). Although there are studies on
plasma GH and IGF-I concentrations and expression in
breast tissue in canine mammary tumours, the role of IGF-II
has not been fully elucidated yet.

The aim of this study was to determine whether IGF-I
and IGF-II were expressed in different benign and malignant
mammary tumours by immunohistochemistry, and to
investigate whether there was a correlation between the
expression rate and malignancy criteria. Numerous reports
suggest a significant relationship between IGF and tumour
malignancy in humans and experimental animals. There are
also some publications about the release of IGF-II in canine
malignant tumours. The results of this study show that IGF-
I and IGF-II may be used to evaluate benign and malignant
tumours, and due to the close relationship between
increased expression and malignancy, their inhibition may
be used for treatment approaches in the future.

MATERIALS AND METHODS

In this study, a total of 20 canine mammary tumours (10
malignant and 10 benign) and 5 normal breast tissues
collected from the paraffin-embedded block archive of the
Department of Pathology were used. All samples were
selected from formalin-fixed and routinely processed cases
that had presented for routine diagnosis. For histopathology
and immunohistochemistry, paraffin blocks were cut to a
thickness of approximately 5 mm with a Leica RM2155
rotary microtome (Leica Microsystems, Wetzlar, Germany).
All slides were stained routinely with haematoxylin and
eosin (HE). After this evaluation, sections were stained
immunohistochemically in order to demonstrate IGF-I and
IGF-II expression. Commercial kits were used for immu-
nohistochemical examination of IGF-I [IGF-I (W18):
sc-74116, Santa Cruz Biotechnology, Inc. Heidelberg, Ger-
many, 1/100 dilution] and IGF-II [Anti-IGF2 antibody
(ab170304), Abcam, Cambridge, UK, 1/100 dilution], using
a routine streptavidin–biotin peroxidase technique, accord-
ing to the manufacturer’s instructions. The Mouse and
Rabbit Specific HRP/DAB Detection Kit–Micropolymer
(ab236466) was used as the secondary antibody. The pri-
mary antibody was omitted in negative controls. All the
slides were analysed for immunopositivity.

To evaluate the severity of the immunohistochemical
reaction of tumour cells with markers, semiquantitative
analysis was performed using a grading score ranging from
(�) to (þþþ) as follows: (�) 5 negative, (þ) 5 focal weak
staining, (þþ) 5 diffuse weak staining, (þþþ) 5 diffuse
strong staining. For evaluation, 10 different areas were
examined under 403 objective magnification in each sec-
tion. Morphometric analyses and microphotography were
performed using the Database Manual Cell Sens Life Science
Imaging Software System (Olympus Co., Tokyo, Japan).

Statistical analysis

Statistical analysis was carried out in SPSS (Statistical
Package for Social Sciences) 15.0 software (SPSS Inc., Chi-
cago, Ill, USA). Results are expressed as mean ± SD. In the
statistical evaluations, a one-way analysis of variance test
was used to evaluate any differences between the immuno-
histochemical scores of malignant and benign tumours and
normal control mammary gland. Duncan’s multiple com-
parison method was used. P values <0.05 were accepted as
statistically significant.

RESULTS

Severe hyperaemia in vessels was the most common histo-
pathological finding in all mammary tumours. Haemor-
rhagic foci were noted in some malignant tumours. The
typical glandular structure with irregular shapes was pre-
served in benign tumours, but excessive proliferation,
necrosis, and loss of the glandular appearance were
frequently observed in malignant tumours.

In mammary adenomas, a tissue architecture similar to
normal mammary gland structure was noted. There was
prominent fibrous tissue between the mammary glands.
Mitosis and pleomorphism were not observed (Fig. 1).
Ductal adenoma characterised by slight papillary growth
limited to the ducts was diagnosed in a dog. Cartilage and
osseous metaplasia was common in benign mixed tumours,
but no necrosis, anaplasia, or mitosis was observed.

In malignant mammary tumours, epithelial cell struc-
tures varied from cubic to flat, and cystic structures,
papillary extensions, and atypical cells were seen in the
mass. The number of mitotic figures varied from case to
case and was usually high. In addition, slight connective
tissue proliferation was detected in many malignant tu-
mours. Excessive necrotic areas were generally observed.
Inflammatory cell infiltrates, mostly in neutrophil leuko-
cytes and, in some cases, mononuclear cells were found
around the necrotic areas. In malignant mixed tumours,
cartilage and osseous metaplasia with pleomorphic cells
was commonly observed.

The criteria for malignancy were evaluated according to
mitotic activity, anaplastic, pleomorphic cells, and changes
in general histological structures. The presence of meta-
static masses was the most important criterion for malig-
nancy. The results of histopathological diagnosis are shown
in Table 1.
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The relationships between IGF-I and IGF-II expression
and tumour malignancy, which were the basis of our study,
were evaluated by immunohistochemical methods. These
markers were widely expressed in malignant tumours, but
their expression was low to absent in benign tumours.
Different reactions in terms of IGF-I and IGF-II expression
were noted in different areas of the same tumour mass. There
was an increase in IGF-I and IGF-II expression, especially in
areas where malignancy was more prominent. It was observed
that both epithelial cells and mesenchymal cells had positive
reactions for IGF-I and IGF-II in mammary tumours, and
these reactions coincided with malignancy. The activity was
higher in metastatic tumours. It was also noted that the cells
with the most intense mitotic activity in the tumour mass
were also those that expressed the most IGF-I and IGF-II.
IGF-I was found to have increased expression in benign and
malignant tumours. Expression was found in both mammary
gland cells and myoepithelial cells (Fig. 2). Negative or very
slight IGF-II expression was observed in benign tumours, and
severe expression was noted in malignant tumours (Fig. 3).
IGF-II was expressed markedly in tumour cells compared
with IGF-I. The results of statistical analysis of the immu-
nohistochemical scores are shown in Table 2.

DISCUSSION

Breast cancers have been considered among the most
important causes of death in both humans and animals in

Fig. 1. Histopathological appearance of the tumours. (A) Mammary adenoma, typical irregularly shaped glandular appearance; (B) Benign
mixed tumour, excessive cartilage metaplasia (arrow head) and mammary glands with slight proliferation (arrow); (C) Mammary

adenocarcinoma with excessive proliferation (arrows) and loss of the glandular lumen; (D) Malignant mixed tumour, excessive proliferation
in mammary glands, loss of tissue architecture (arrow), and cartilage metaplasia (arrowhead). Haematoxylin and eosin (HE). Bars 5 50 mm

Table 1. IGF-I and IGF-II expression scores of the mammary tissue
and benign and malignant mammary tumours with pathological

classification

No. Tissue or diagnosis of the tumours IGF-I
IGF-
II

1 Normal mammary tissue � �
2 Normal mammary tissue � �
3 Normal mammary tissue � �
4 Normal mammary tissue � �
5 Normal mammary tissue � �
6 Benign mixed tumour þ þ
7 Benign mix tumour þ þ
8 Benign mixed tumour þ þ
9 Benign mixed tumour þ þ
10 Benign mixed tumour þ þ
11 Mammary adenoma þ þ
12 Mammary adenoma þ þ
13 Mammary adenoma þ þ
14 Mammary adenoma þ þ
15 Mammary adenoma þ þ
16 Mammary adenocarcinoma þþ þþ
17 Mammary adenocarcinoma þþþ þþþ
18 Mammary adenocarcinoma þþ þþþ
19 Mammary adenocarcinoma þþþ þþþ
20 Mammary adenocarcinoma þþ þþ
21 Malignant mixed tumour þþ þþþ
22 Malignant mixed tumour þþþ þþ
23 Malignant mixed tumour þþþ þþ
24 Malignant mixed tumour þþ þþþ
25 Malignant mixed tumour þþ þþþ
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recent years. For this reason, studies on the detection or
treatment choice of biomarkers that can be used in the
diagnosis and treatment of cancer are at the forefront of
the prognosis. For the detection of these biomarkers, new
techniques to measure both tissue and plasma levels are

being developed (Baker, 2000; Pepe et al., 2001; Dia-
mandis and Yousef, 2002). The aim of this study was to
determine the effect of IGF-I and IGF-II expression on the
benign or malignant behaviour of canine mammary tu-
mours.

Fig. 3. IGF-II expression in the tumours. (A) Slight expression (arrow) in a mammary adenoma; (B) Moderate expression (arrows) in a
benign mixed tumour; (C) Marked expression (arrows) in a mammary adenocarcinoma; (D) Increased expression (arrows) in a malignant

mixed tumour. Streptavidin–biotin peroxidase method. Bars 5 50 mm

Fig. 2. IGF-I expression in the tumours. (A) Very slight expression in a mammary adenoma; (B) Slight expression (arrows) in a benign
mixed tumour; (C) Marked expression (arrows) in a mammary adenocarcinoma; (D) Increased expression (arrows) in a malignant mixed

tumour. Streptavidin–biotin peroxidase method. Bars 5 50 mm
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Although the expression of GH and IGF-I proteins in the
mammary tissue of humans is known, the number of studies
investigating IGF-I and IGF-II expression in canine mammary
tumours is limited (Klopfleisch et al., 2010; Queiroga et al.,
2010). IGF-I mediates the metabolic effects of GH. The IGF-I
level increases after adolescence and decreases after this
period, while the highest IGF-II level occurs in the fetal period.
In adulthood, IGF-II has been shown to be expressed in the
liver and brain tissue and has an important role in cell pro-
liferation, growth, and differentiation (Engstr€om et al., 1998;
Bergman et al., 2013). IGF-I is released from the stromal part
of the mammary gland, while IGF-II is synthesised from both
stromal and epithelial cells (Mol et al., 1999). In the present
study, intense IGF-II expression was also observed in the
mammary gland epithelium and myoepithelial tissues in dogs.

Generally, studies on human breast tumours are per-
formed in either mouse models or cell cultures. However,
due to the close relationship between human and canine
mammary tumours, researchers have started to use canine
mammary tumours as an alternative in the study of human
breast cancers in recent years. Hawai et al. (2013) as well as
Sultan and Ganaie (2018) showed that a number of factors
can be adapted to human and canine tumours. These
include homologous genome sequencing, genetic differ-
ences, spontaneous tumour development, coexistence, and
many other factors. Similarly, Queiroga et al. (2011), Mol
(2013) and Carvalho et al. (2016) have shown many simi-
larities, such as the same markers used in numerous
immunohistochemical analyses and the presence of inflam-
matory reactions with the same role in the tumour micro-
environment. These comparisons between human and
canine mammary tumours have been increasing in recent
years (Nerurkar et al., 1989; Sorenmo et al., 2009; Cassali,
2013). Therefore, studies on canine breast tumours are also
applicable to human tumours. The results of this study also
showed that IGF-I and IGF-II expression may be important
in the malignancy of human mammary tumours.

This study was carried out on 10 malignant and 10
benign canine mammary tumours and 5 normal mammary
tissues in our department archives. For this purpose, tumour
masses were first re-evaluated, and possible misdiagnoses
were eliminated. Then, sections immunohistochemically
stained with IGF-I and IGF-II were investigated to

determine whether there was a relationship between malig-
nancy and IGF-I and IGF-II release. Even though the
number of tumours used in our research was low, it is still
one of the important studies on this subject.

The incidence of malignant mammary tumours in dogs
varies between 41% and 53% (Misdorp et al., 1999; Lana
et al., 2007). In a study of 4,755 Beagle dogs, the incidence
was lower than 34% (Benjamin et al., 1999). Researchers
reported that advanced circuit tumour operations were
higher in non-mated and elderly females. In our archive of
study material, the incidence of malignant tumours was
found to be high and consistent with the classical findings
(Misdorp et al., 1999; Misdorp, 2002).

The results obtained in our study show that IGF-I and
IGF-II expression in canine mammary tumours is signifi-
cantly different between benign and malignant tumours and
that IGF-I and IGF-II expression increases significantly with
malignancy. Since the study was conducted retrospectively,
it was not possible to determine whether there was a rela-
tionship between IGF-I and IGF-II expression and survival
time. However, it is suggested that increased expression of
IGF-I and IGF-II in malignant tumours may be related to
decreased survival in dogs. More detailed studies on this
topic are needed to shed light on the subject. In addition, the
plasma levels of IGF-I and IGF-II should be determined and
correlated with tissue levels in future studies.

The data obtained in this study suggest that IGF-I and
IGF-II may be useful in the evaluation of mammary tumour
malignancy and that the inhibition of IGF-I and IGF-II may
be used in the treatment of canine or human mammary
cancers in the future.
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