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Insulin like growth factor-1 (IGF-1) is a polypeptide 
hormone that is synthetized in a number of tissues, but 
predominantly in the liver under the influence of growth 
hormone (GH). IGF-1 mediates many of the anabolic 
effects of GH in different tissues such as bones, muscle, 
kidney, spleen, heart or mammary gland (22).

It is well known that GH/IGF-1 axis plays a funda-
mental role in the development of the human breast (22) 
and canine mammary gland (14), but is also involved 
in various neoplastic processes (17, 24) including 
breast cancer (1, 10). IGF-1 is a potent mitogenic and 
anti-apoptotic agent (30), which is also involved in 
angiogenesis stimulation (2, 20). Moreover, some stud-
ies suggest IGF-1 has a role in cell-cell adhesion and 
cell migration (28). It is thought that these features can 
promote the development and progression of neoplasms 
(1, 10). In humans the role of IGF-1 in tumorigenesis 
has been investigated intensively. Some of these stud-
ies have demonstrated that an elevated serum IGF-1 

concentration was associated with an increased risk of 
breast cancer and other cancers in humans (9). Several 
authors have reported increased serum IGF-1 concentra-
tions in breast cancer patients compared with healthy 
control (2, 15). The positive correlation has been found 
between a high serum level of IGF-1 and advanced 
stage of breast cancer (2). Numerous in vitro and in vivo 
studies have shown that inhibition of IGF-1 signalling 
decreases tumour growth and metastasis (8).

In the last years serum IGF-1 levels have also been 
studied in various aspects in dogs (3, 18, 29). The 
implication of the GH/IGF-1 axis in canine mammary 
tumours has been recently demonstrated (7, 18, 19). 
However, studies concerning the serum IGF-1 levels in 
dogs with mammary tumours are scarce (19).

Canine mammary tumours are the most common 
neoplasms in intact female dogs and approximately half 
of these tumours are malignant (26). It is accepted that 
canine mammary tumours share many epidemiologic, 
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clinical, morphologic and prognostic features with hu-
man breast cancer and therefore represent a comparative 
model to understand the underlying molecular mecha-
nisms of carcinogenesis in both species (16). Although 
many studies have indicated the role of IGF-1in the 
pathogenesis and progression of breast cancer, only 
a few studies have been concerned with this subject in 
female dogs with mammary tumours.

The aim of this study was the investigation of the 
circulating concentration of IGF-1in female dogs with 
spontaneous mammary tumours.

Material and methods
Animals and design of study. The study was performed 

in accordance with animal protection regulations (Animal 
Experimentation Act dated 15 January 2015).

The study was performed on 44 female dogs of various 
breeds and mixed-breed, patients of the Department of Ani-
mal Reproduction, Faculty of Veterinary Medicine in Lublin. 
The experimental group consisted of 34 bitches aged 6-10 
years, weighting 15 to 23 kg, selected from the group of fe-
male dogs undergoing surgery due to spontaneously occur-
ring mammary gland tumours. The control group included 
10 clinically healthy female dogs aged 4-8 years, weighting 
14 to 21 kg, undergoing sterilization at the owner’s request. 
The animals had a body condition score (BCS) of 3 in all 
cases. The BCS was evaluated in accordance with a 5-point 
scale (11). All female dogs with mammary tumours qualified 
for the study were diagnosed with a primary, single, tumour, 
3.5 cm to 8.5 cm in size, without signs of metastases in re-
gional lymph nodes. All animals received a similar diet, con-
sisting of commercial dog food for adult animals and water 
was given ad libitum. Only female dogs in anoestrus, con-
firmed by history data and vaginal cytology, were included 
to the study. No drug, including progestins, was administered 
during last six months before study.

Before surgery, all animals were thoroughly clinically ex-
amined, and routine haematological and biochemical blood 
determinations, as well as, urine determinations, were per-
formed. Moreover, in the experimented group, three-view 
thoracic radiographs and abdominal ultrasound examinations 
were performed. In the experimental animals, there were 
no other diseases detected except for tumours in mammary 
glands. Thoracic radiographs and ultrasound examinations 
excluded distant metastases. The animals of the control group 
were clinically healthy.

The surgical resection of mammary tumours was per-
formed according to standard practice, with the aim of re-
moving the tumour with complete margins. The sections of 
removed mammary tumours were fixed in 10% neutral buff-
ered formalin for 24 h, embedded in paraffin blocks and sliced 
into 4 µm sections. The microscopic preparations, stained 
with haematoxylin and eosin, were evaluated histologically 
according to the WHO classification of tumours and mam-
mary gland dysplasia (12). Malignant epithelial neoplasms 
were graded according to the Nottingham method for human 
breast tumours, adapted for canine mammary tumours (4). 
Tubule formation, nuclear pleomorphism and mitotic index 
were scored on a scale of 1-3 (slight, moderate or marked 
degree) and grades were based on the total score: grade 1 
(well differentiated) – 3-5 points; grade 2 (moderately dif-

ferentiated) – 6-7 points; and grade 3 (poorly differentiated) 
– 8-9 points.

Based on the histological findings, female dogs were di-
vided into two experimental groups: dogs with malignant 
mammary tumours (n = 24) and dogs with benign mammary 
tumours (n = 10). Nine millilitres of blood from all female 
dogs were collected from the cephalic vein into Vacuette 
tubes immediately before surgery. The serum obtained after 
centrifugation was immediately frozen to –76°C and kept 
deeply frozen until used for the determination of IGF-1.

Laboratory analysis. The concentration of IGF-1 in the 
serum samples was analyzed using a specific canine ELISA 
assay (Cloud-Clone Corp., Houston, USA) according to the 
manufacturer’s instruction. The detection range was 6.25- 
-400 ng/mL. The intra-assay coefficient of variation was 
< 10% and the inter-assay coefficient of variation was < 12%.

Statistical analysis. Statistical analysis was performed 
using the computer program Statistica version 10.0 (Statsoft, 
USA). The one-way ANOVA test with the HSD Tukey’s test 
were used to determine significant differences in the concen-
trations of IGF-1 between the study groups. The correlations 
between IGF-1 concentrations and histological grade of 
mammary carcinomas were presented using Pearson’s cor-
relation coefficient. Differences at P < 0.05 were considered 
statistically significant.

Results and discussion
Among 34 mammary gland tumours, 10 were benign 

(6 complex adenomas and 4 benign mixed tumours) 
and 24 malignant (2 in situ carcinoma, 9 complex car-
cinomas, 8 tubulopapillary carcinomas, 2 anaplastic 
carcinomas, 2 solid carcinomas, 1 osteosarcoma).

The mean serum concentration of IGF-1 was signifi-
cantly higher (P < 0.05) in female dogs with both benign 
and malignant tumours compared to the control group. 
Although the concentration of IGF-1 was markedly 
higher in dogs with malignant tumours than in dogs 
with benign tumours a significant difference was not 
found (Tab. 1).

Tab. 1. Mean ± SD concentration of IGF-1 in blood plasma of 
the female dogs with malignant and benign mammary tumours

Groups Number of 
animals

IGF-1 concentration 
(ng/ml)

Dogs with malignant tumour 24 173.35 ± 120.45a

Dogs with benign tumour 10 130.58 ± 59.0a

Control 10 117.45 ± 71.0b

Explanations: a, b – different superscripts indicate statistically 
significant differences at P < 0.05

Tab. 2. Mean ± SD concentration of IGF-1 in blood plasma of 
the female dogs with various histological grades of malignant 
epithelial mammary tumours

Histological grade Number of animals IGF-1 concentration (ng/ml)

G1  8 132.85 ± 65.64a

G2 10 156.21 ± 120.0b

G3  5 317.74 ± 119.25c

Explanations: a, b, c – different superscripts indicate statistically 
significant differences at P < 0.05
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In female dogs with mammary carcinomas, 
the concentration of IGF-1 gradually increased 
from 132.85 ± 65.64 ng/mL in dogs with grade 
1 tumours to 317.74 ± 119.25 ng/mL in those 
with grade 3 tumours. Significant differences 
(P < 0.05) were found among female dogs with 
various histological grade tumours (Tab. 2).

The correlation analysis showed a strong 
correlation (r = 0.50) between serum IGF-1 
concentration and histological grade of tu-
mours (Fig. 1).

Studies on IGF-1 levels in the serum of 
female dogs with mammary tumours are very 
limited. Our findings are consistent with the 
previous study by Queiroga et al. (19). These 
authors have also found significantly higher se-
rum IGF-1 concentrations in female dogs with 
malignant mammary tumours than in healthy 
controls; however, malignant mammary tu-
mours cannot be distinguished from benign 
mammary lesions by serum IGF-1 concentra-
tion. Recently, Strage et al. (27) have reported higher 
mean concentrations of IGF-1 in serum of female dogs 
with mammary masses than in healthy ones. In human 
medicine many authors (2, 15) have also found sig-
nificantly higher levels of serum IGF-1 in women with 
breast cancer compared to healthy controls. Moreover, 
numerous studies have demonstrated a relationship be-
tween increased circulating levels of IGF-1 and breast 
cancer risk in women (9). These findings indicate that 
circulating IGF-1 plays an important role in mammary 
gland tumorigenesis both in women and female dogs.

IGF-1 is one of the most potent mitogens for normal 
mammary epithelial cells and breast cancer cells (10, 
30) and mediates in survival and transformation, key 
factors affecting tumour development (1, 10). There is 
evidence indicating that IGF-1 is a potent inhibitor of 
apoptosis, including that induced by cytotoxic chemo-
therapeutic agents (30), and regulates the expression of 
numerous genes implicated in breast tumorigenesis (1). 
Studies have demonstrated that IGF-1 stimulates angio-
genesis via up-regulation of VEGF and COX-2 (20), 
and plays a role in cell-cell adhesion and cell migration, 
promoting invasion and metastasis (24, 28). In addition, 
there is interaction between steroid hormones (estrogen 
and progesterone) and the GH/IGF-1 axis in mammary 
gland development and breast cancer progression (10).

In canine mammary carcinoma, tissue IGF-1 has been 
positively correlated with tumour malignancy, as well 
as with tissue levels of progesterone and 17β-estradiol 
(18). The highest levels of IGF-1 have been observed 
in the most aggressive types of tumours. Significantly 
higher serum IGF-1 concentrations have been shown 
in the dogs with malignant tumours with recurrences 
and metastases compared to those with non-recurring 
and non-metastasizing tumours (19). These findings 
correspond with the results of our study. We observed 
the highest mean serum IGF-1 concentration in female 

dogs with histological grade 3 mammary carcinomas. 
This suggests that high circulating IGF-1 level in female 
dogs with mammary carcinoma may promote a more 
aggressive transformed phenotype of tumour cells with 
increased cell spreading.

Some studies in women with breast cancer (6) and in 
female dogs with mammary malignant tumours (7, 19) 
indicate the potential prognostic value of serum IGF-1 
levels. Queiroga et al. (19) have found a relationship 
between high serum and intratumoral IGF-1 concentra-
tions and a worse prognosis. This agrees with the im-
munohistochemical study by Jaiilardon et al. (7) which 
has shown that IGF-1 receptor (IGF-1R) overexpression 
is associated with shorter overall survival and shorter 
disease-free times in female dogs with mammary car-
cinoma. However, more studies are needed to confirm 
these findings.

The liver is the primary source of circulating IGF-1  
but there are multiple tissues, including mammary 
gland, where IGF-1 synthesis does occur (22, 25). 
Moreover, IGF-1 may be produced by the neoplastic 
cells and acts on a tumour as an autocrine growth fac-
tor (19, 23). The higher concentrations of IGF-1 in the 
serum of female dogs with mammary tumours, observed 
in our and other studies, may indicate that development 
of neoplasm in the mammary gland stimulates local or/
and systemic IGF-1 secretion. It is postulated that some 
amounts of IGF-1 produced locally by the tumour cells 
might enter the circulation and lead to increasing the 
serum concentration (19).

The actions of IGF-1 are mediated primarily by the 
IGF-1R (28). According to the study by Jaillardon et 
al. (7) IGF-1R over expression is common in canine 
invasive mammary carcinoma and related to a poor 
clinical outcome, particularly in the triple negative 
subtype (defined by the lock of estrogen receptor (ER) 
and progesterone receptor (PR), and epidermal growth 

Fig. 1. Correlation between IGF-1 concentration and the histological 
grade (G1-3) of mammary tumours
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factor receptor type 2 (HER2) over expression). This 
opens the way for a search for new therapeutic methods, 
including anti-IGF-1R therapies in female dogs with 
malignant mammary tumours. Currently, in human 
medicine studies are being conducted on using anti- 
-IGF-1R inhibitors for therapies of breast cancer (8).

Circulating IGF-1 is regulated by GH. It is known 
that both normal mammary glands of female dogs and 
mammary tumours produce GH (5). Circulating GH 
and IGF-1 concentrations increase in response to en-
dogenous progesterone and synthetic progestins (13). 
There is also evidence to suggest that estradiol increases 
an expression of IGF-1 mRNA in normal mammary 
tissue (21). To exclude the impact of steroid hormones 
on serum IGF-1 concentrations in our study we have 
included only female dogs in anestrus.

In conclusion, the results of our study have demon-
strated significantly higher concentrations of IGF-1 in 
the serum of female dogs with mammary tumours than 
in healthy controls and a positive correlation between 
serum IGF-1 and the histological grade of malignant 
tumours. These findings suggest that IGF-1 plays an 
important role in the pathogenesis of canine mammary 
tumours. Moreover, high circulating IGF-1 levels may 
reflect tumour cell differentiation into a more aggressive 
phenotype. Further studies are needed in order to better 
explain the importance of circulating levels of IGF-1 
in disease risk and progression as well as to determine 
its prognostic value.
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