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Abstract

In this study plasma concentrations of IL-1o and IL-8 in 29 female dogs with malignant mam-
mary gland tumours (19 without metastasis and 10 with metastasis) and in 10 healthy control
animals were determined. Concentrations of IL-1a and IL-8 were analysed using a specific canine
ELISA assay. Mean plasma concentrations of IL-1a and IL-8 were significantly higher (p<0.05)
in female dogs with both non-metastatic and metastatic malignant tumours compared to the
healthy animals. The concentrations of both tested cytokines were significantly increased (p<0.05)
in the dogs with metastasis. In female dogs with mammary carcinomas, the plasma concentration
of IL-la was significantly higher (p<0.05) in the animals with grade 3 tumours compared
to the dogs with grade 1 tumours. The concentration of IL-8 was significantly higher (p<0.05)
in the dogs with grade 3 tumours compared to that found in the animals with grade 1 and grade 2
tumours. A moderate correlation (r=0.433) was found between IL-1a and IL-8 concentrations
in the female dogs. These findings suggest that increased malignancy and invasiveness of canine
mammary tumours is associated with an increased production of IL-1a and IL-8 in the tumour
microenvironment, which, in turn, leads to an increase in their circulating levels. This may indi-
cate that circulating levels of the cytokines investigated could be considered as diagnostic and
prognostic markers in canine malignant mammary tumours. However, further studies in this
fields are needed.
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Introduction

It is well known that tumour development and pro-
gression can be controlled by the immune system and
that cytokines play an important role in this process
(Fernandes et al. 2015, Irac et al. 2019). Various cyto-
kines can both limit growth of the tumour by the activa-
tion of immune effector mechanisms and promote
tumour development, and progression through their
effect on apoptosis, angiogenesis, cell adhesion and
transformation (Salvatore et al. 2017, Irac et al. 2019).
It is believed that an increased production of various
cytokines in the tumour microenvironment increases
their circulating levels and might be utilized as a useful
marker for the diagnosis and prognosis of tumours
as well as for monitoring of the course of neoplasm
(Andaluz et al. 2016, Li et al 2017). The circulating
levels of various cytokines, including IL-1 and IL-8,
have been extensively studied in humans with breast
cancer and other neoplastic diseases (Benoy et al. 2004,
Chavey et al. 2007, Derin et al. 2007, Lyon et al. 2008,
Li et al. 2017). In contrast, very few such studies have
been performed in female dogs with mammary gland
tumours.

Interleukin-1 (IL-1) represents a group of 17-20
kilodalton cytokines, the main representatives of which
are proinflammatory cytokines IL-la and IL-1B
(Fasoulakis et al. 2018). IL-1a is produced by many cell
types, but endothelial and epithelial cells are the main
source of this cytokine under both physiological and
pathological conditions (Chiu et al. 2021). In tumour
microenvironment IL-1a can be produced by tumour
cells themselves, infiltrating immune cells and tumour
associated fibroblasts (Malik et al. 2018). The results
of studies in humans suggested that IL-1a exerts pro-
and anti-tumour action in different cancers (Chiu et al.
2021). A significantly increased expression of IL-1a has
been found in some human cancers with distant metas-
tasis as compared to those without metastasis (Baker
etal. 2019). A circulating level of this cytokine has been
significantly increased in the breast cancer patients
(Lyon et al. 2008). The in vitro studies and the studies
on animal models suggest that IL-1a is involved in
invasion and metastatic growth of breast cancer (Kumar
et al. 2003, Holen et al. 2016, Kuan and Ziegler 2018).

Interleukin-8 (IL-8) is 8 kilodalton cytokine pro-
duced by macrophages and endothelial cells (Fasoulakis
et al. 2018). IL-8 is a potent chemoattractant and activa-
tor of neutrophils and lymphocytes, and it is a key
factor in tumour angiogenesis (Fasoulakis et al. 2018).
IL-8 can be produced in the microenvironment
of a tumour by tumour cells and by inflammatory cells
(Raman et al. 2007, Fasoulakis et al. 2018). IL-8
expression in various human tumours, including breast

cancer, as well as serum concentration of IL-8
in patients with these tumours are significantly
increased (Benoy et al. 2004, Chavey et al. 2007,
Derin et al. 2007, Lyon et al. 2008, Li et al. 2017).
The increased expression and higher serum levels
of IL-8 indicate more invasive growth of breast cancer
(Todorivi¢-Rakovi¢ and Milovanovi¢ 2013). Patients
with a high serum IL-8 concentration had relatively
lower survival rate than those with a low serum IL-8
concentration (Chen et al. 2012). It has been also shown
that the addition of IL-8 to breast cancer cell lines pro-
motes the invasion and chemotaxis of cancer stem cells
(Ginestier et al. 2010).

Malignant tumours account for over half of mam-
mary gland tumours, the most common neoplasms
in intact female dogs (Sleeckx et al. 2011, Salas et al.
2015). They often are responsible for reducing doglives
and quality of life due to metastases to distant organs,
mainly to the lungs (Sleeckx et al. 2011, Salas et al.
2015). It is accepted that canine mammary gland
tumours share many similarities with breast cancer
in women (Abdelmegeed and Mohammed 2018).
Although, many studies have demonstrated that IL-1
and IL-8 play an important role in the development and
progression of human breast cancer and their circula-
ting levels are changed in breast cancer patients,
the literature on serum/plasma concentrations of these
cytokines in female dogs with mammary gland tumours
is scarce. Thus, the purpose of this study was to assesses
the plasma levels of IL-10 and IL-8 in female dogs with
metastatic and non-metastatic malignant mammary
gland tumours.

Materials and Methods

The study was performed in accordance with ani-
mal protection regulations (Animal Experimentation
Act dated 15" January 2015).

Animals and design of the study

Thirty nine intact purebred or mixed-breed female
dogs were used in this study including 29 dogs with
malignant mammary gland (age ranging from 6 to 13
years) and 10 healthy animals, with no history of neo-
plastic disease, controls (aged 3-8 years). The dogs
were patients of the Department of Animal Reproduc-
tion, Faculty of Veterinary Medicine in Lublin.
The animals with malignant mammary gland tumours
were selected from the group of female dogs provided
by owners for treatment due to spontaneously occurring
mammary gland tumours. The control group undergo-
ing sterilization at the owner’s request. All the owners
gave informed consent to include their pets in the study.
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We included female dogs with only one mammary
gland lesion recognized as malignant tumour regardless
of the tumour size or location, with no clinical signs
of inflammatory mammary carcinoma and ulceration.
To rule out other diseases, all the animals with mam-
mary tumours were clinically examined thoroughly and
routine haematological and biochemical blood determi-
nations as well as urine determinations were performed.
Moreover, in these dogs, three-view thoracic radio-
graphs and abdominal ultrasound examinations were
performed. The mammary tumours were examined
carefully and measured. Regional lymph nodes were
palpated. The aspirated samples for cytology examina-
tion using fine needle aspiration biopsy technique were
performed in cases of lymphadenopathy.

In the dogs with non-metastatic tumours, the surgi-
cal resection of mammary tumours was performed
according to standard practice, with an aim to remove
the tumour with complete margins. Representative
tissue pieces (from 3 to 6 depending on the size of the
tumour) were collected from excised tumours and sub-
jected to routine histological examination. In the dogs
with metastatic tumours, the core needle biopsy was
used to obtain tumour samples for histological exami-
nation. The diagnosis was confirmed by the examina-
tion of tumour samples collected after the animal had
died or been euthanized.

The sections of mammary tumours were fixed
in 10% neutral buffered formalin for 24 h, embedded
in paraffin blocks and sliced into 4 pum sections.
The microscopic preparations, stained with haematoxy-
lin and eosin, were evaluated histologically according
to the Goldschmidt et al. (2011) classification. Malig-
nant epithelial neoplasms were graded according to the
Nottingham method for human breast tumours (Elston
and Ellis 1998), adopted for canine mammary tumours
(Pena et al. 2013).

The animals of the control group were clinically
examined thoroughly and routine haematological and
biochemical blood determinations, and urine determi-
nations as well as abdominal ultrasound examinations
were performed. All the animals in this group have had
no history of mammary tumours or other neoplasms,
and were clinically healthy. None of the dogs used for
the study had use any drugs within 30 days prior to the
sample collection.

Blood samples collection

Blood samples were taken as part of a routine healthy
examination. Nine millilitres of blood from all the female
dogs were collected from the cephalic vein into Vacuette
tubes. The plasma obtained after centri-fugation was im-
mediately frozen to -76°C and kept deeply frozen until
used for the determination of IL-1a and IL-8.

Laboratory analysis

The plasma concentrations of IL-1a and IL-8 were
analysed using a specific canine ELISA assay (Cloud-
Clone Corp., Houston, USA) according to the manufac-
turer's instructions. The absorbance was measured
using a microtiter plate reader (ELx8000, BioTek
Instruments, USA) at 450 nm. The detection limit
of IL-1a was less than 3.4 pg/mL. Intra- and inter-assay
coefficients of variation were below 10 and 12%,
respectively. The detection limit of IL-8 was less than
0.057 ng/mL. Intra-assay coefficients of variation was
below 10% and inter-assay coefficients of variation was
below 12%.

Statistical analysis

Statistical analysis was performed using the com-
puter program STATISTICA version 10.0 (Statsoft,
USA). The results were analysed for normal distribu-
tion using the Shapiro-Wilk test. The Kruskal-Wallis
test followed by Mann-Whitney test with the Bonfer-
roni correction was applied to determine significant
differences in the concentrations of IL-la and IL-8
between the study groups. The one-way ANOVA test
with the HSD Tukey's test were used to determine
significant differences in the concentrations of these
cytokines between the groups of dogs with various
histological grade (grade 1-3) malignant epithelial
mammary tumours. The correlations between IL-la
and IL-8 concentrations in the dogs with malignant
mammary tumours and the healthy dogs were presented
using the Spearman’s rank correlation coefficient.
Differences at p<0.05 were considered statistically
significant.

Results

Clinical and histological characteristics
of mammary gland tumours

The histopathological evaluation showed that
in female dogs tubulopapillary carcinoma and complex
carcinoma were the predominant types - 10 and 8,
respectively. Fife animals had solid carcinomas.
Two tumours were diagnosed as in situ carcinomas, two
as anaplastic carcinomas, and two as carcinosarcomas.
Ten tumours metastasized (3 solid carcinomas, 4 tubulo-
-papillary carcinomas, 2 anaplastic carcinomas, 2 carci-
nosarcomas). Seven tumors metastasized to the lungs
and 3 tumours metastasized to regional lymph nodes
and lungs. Among 27 malignant epithelial mammary
gland tumours (carcinomas), 11 were grade 1 (G1)
tumours, 11 grade 2 (G2) tumours and 5 grade 3 (G3)
tumours. In the group of metastatic tumours histolo-
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Fig.1. Box plot showing plasma concentrations of IL-1o (pg/mL) in female dogs with various histological grade (G1-G3) malignant
epithelial mammary gland tumours (carcinomas). “°— the same litters mean statistically significant differences at p<0.05.

Table 1. The mean plasma concentrations of IL-1a and IL-8 in female dogs with malignant non-metastatic and metastatic mammary

gland tumours, and in the healthy animals.

Group Number of dogs (;Ié/_ril(f) (nlg/fﬂ)
Non-metastatic 29 52.10 +44.92° 0.55+0.42°
Metastatic 10 105.37 £46.92¢ 1.42 +£0.98°
Control 10 9.41 +4.51¢ 0.08 £0.03°

&b the same litters mean statistically significant differences at p<0.05.

gical grade 2 was found in 3 tumours and grade 3 in 5
tumours. Twelve tumours were 5 cm or less in size
and 17 tumours had a size larger than 5 cm. All meta-
static tumours had a size larger than 5 cm (from 6.5 cm
to 13 cm).

Plasma IL-1a concentration

The mean plasma concentration of IL-1a was sig-
nificantly higher (p<0.05) in the female dogs with
malignant tumours compared to the control group.
In the dogs with metastatic tumours, the concentration
of IL-1a was significantly higher (p<0.05) than in the
dogs with non-metastatic tumours (Table 1). In the dogs
with malignant epithelial tumours (carcinomas), the
mean plasma concentration of IL-1a was significantly
higher (p<0.05) in the animals with grade 3 tumours
compared to the dogs with grade 1 tumours (Fig. 1).
There were no significant differences in the concentra-

tion of IL-1a between the dogs with grade 1 and grade
2 tumours, and between those with grade 2 and grade 3
tumours.

Plasma IL-8 concentration

Similarly as in the case of IL-1a, the mean concen-
tration of IL-8 was significantly higher (p<0.05) in the
dogs with malignant mammary tumours compared
to the healthy dogs. The concentration of IL-8 was
increased significantly (p<0.05) in the dogs with
tumours that metastasized compared to those with
tumours that did not metastasize (Table 1). In the female
dogs with grade 3 carcinomas, the concentration of IL.-8
was significantly higher (p<0.05) compared to the ani-
mals with grade 1 and grade 2 tumours (Fig. 2). There
was no significant difference in IL-8 concentration
between the grade 1 and grade 2 tumours.
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Fig. 2. Box plot showing plasma concentrations of IL-8 (ng/mL) in female dogs with various histological grade (G1-G3) malignant epi-
thelial mammary gland tumours (carcinomas). “°— the same litters mean statistically significant differences at p<0.05.

Scatterplot: IL-1a vs. I1-8, Correlation coefficient: r=0.43315
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Fig. 3. Correlation between plasma concentrations of IL-1a and IL-8 in female dogs with malignant mammary tumours and the

healthy female animals.

Correlation between plasma IL-1a and IL-8

concentrations

The correlation analysis showed a moderate cor-
relation (r=0.433) between IL-1a and IL-8 plasma con-
centrations in the female dogs (Fig. 3).

Discussion

In this study, the plasma IL-a and IL-8 concentra-
tions in the female dogs with metastatic and non-meta-
static malignant mammary tumours were determined.
In addition, the relationship between concentrations
of these cytokines and histological grade was exa-
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mined. The results obtained indicate that the concentra-
tions of both tested cytokines were higher in the dogs
with malignant mammary tumours than in the healthy
animals. Moreover, the concentrations of both cytokines
were increased in the dogs with metastatic tumours
compared to these with non-metastatic tumours.

To the authors knowledge so far only two studies
have looked at the circulating level of IL-1 in female
dogs with mammary tumours. According to the study
by De Andres et al. (2013) the serum concentration
of IL-1a was increased in female dogs with mammary
tumours compared to the healthy animals. The concen-
tration of this cytokine was also significantly higher
in the dogs with more malignant inflammatory mam-
mary carcinomas compared to the animals with non-
-inflammatory mammary carcinomas. Similarly,
Machado et al. (2015) have found a higher serum level
of IL-1 in the dogs with mammary carcinoma compared
to the healthy controls. The immunohistochemical
study has demonstrated a higher expression of IL-1
in metastatic canine mammary carcinomas compared
to non-metastatic mammary carcinomas and benign
mammary tumours (Kim et al. 2010). These findings
support the results of our study.

A few studies have shown higher circulating levels
of IL-8 in female dogs with malignant mammary gland
tumours compared to healthy animals and those with
benign tumours (Gelaleti et al. 2012, De Andres et al.
2013, Estrela-Lima et al. 2013, Baba et al. 2019).
According to the study by Gelaleti et al. (2012) a sig-
nificantly higher IL-8 serum concentration is revealed
in dogs with metastatic mammary tumours than the
animals with non-metastatic mammary tumours. Simi-
larly, a higher serum level of IL-8 has been found
in women with metastatic breast cancer compared
to the women with non-metastatic cancer (Benoy
et al. 2004, Derin et al. 2007). In contrast, Monkong
et al. (2020) have not found a significant difference
between serum IL-8 levels in the dogs with non-meta-
static tumours and those with metastatic tumours.
However, in this study the group with metastatic
tumours consisted of only 3 animals. In turn, Estrela-
-Lima et al. (2013) have observed lower plasma levels
of IL-8 in dogs with metastasis than in the animals
without metastasis.

An increased plasma levels of IL-la and IL-8
in the dogs with metastatic tumours, found in the
present research and in other studies, may indicate that
in the microenvironment of metastatic tumors greater
amount of these cytokines are produced than in non-
-metastatic tumours. It is known that both tested
cytokines can be produced in the microenvironment
of tumour by the tumour cells, tumour-infiltrating
immune cells as well as stromal cells (Raman et al.

2007, Fasoulakis et al. 2018, Malik and Kanneganti
2018). Studies involved animal model of breast cancer
and breast cancer cell lines have shown that the meta-
static breast cancer cells produce higher levels of 1L-8
compared to the non-metastatic cells (Todorovié¢-
-Rakovi¢ and Milovanovi¢ 2013). Another explanation
could be a size of the metastatic tumours. All metastatic
tumours found in the present study were over 5 cm
in size. The large tumours comprised many tumour cells
and inflammatory cells, which can result in the high
plasma/serum cytokine levels (Raman et al. 2007).
Monkong et al. (2020) have reported an increase in the
serum IL-8 concentration with increasing canine mam-
mary tumour size. Similarly, Gelaleti et al. (2012)
as well as Haas et al. (2015) have found a relationship
between the serum IL-8 concentration and the tumour
size.

Our findings showed that IL-10 and IL-8 concentra-
tions increased in the dogs with grade 3 mammary car-
cinomas compared to the animals with grade 1 and
grade 2 carcinomas. This may suggest that the increased
level of these cytokines is responsible for transforming
tumour cells into a more malignant phenotype. Another
explanation could be the greater production of the
cytokines in more malignant tumours. In contrast,
Machado et al. (2015) have found no significant diffe-
rence in the serum IL-1 concentration between low-
grade and high-grade canine mammary tumours.
In turn, the study by Haas et al. (2015) has shown that
the serum IL-8 concentration in dogs with neoplastic
disease decreases with raising malignancy (but diffe-
rences were not statistically significant). Studies in hu-
mans have shown that the increased serum IL-8 con-
centration was associated with higher malignancy
of various cancers, including breast cancer (Yokoe et al.
1996, Benoy et al. 2004). Another study has shown that
the high expression of IL-1a in breast cancer biopsies
was associated with more malignant phenotypic behav-
iour (Singer et al. 2006).

It is believed that IL-la signaling in the tumour
tissue and its microenvironment can promote tumour
progression in a variety of ways. As an important
pro-inflammatory cytokine, IL-la induces potent
inflammatory responses at tumour sites that leads
to an increased invasiveness of the malignant cells
(Tjomsland et al. 2011). Tumour-derived IL-1 o, acting
on infiltrating myeloid cells, induced the expression
of a critical tumour survival factor, the cytokine TSLP
(Thymic Stromal Lymphopoietin). TSLP promotes
the survival of the tumour cells through induction
of the expression of the anti-apoptotic molecule Bcl-2
(Kuan and Ziegler 2018). Moreover, IL-1a increases
tumour cell proliferation and promote angiogenesis
(Salven et al. 2002, Chiu et al. 2021). On the other
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hand, some studies have shown anti-tumorigenic role
of IL-1o. (Maund et al. 2011, Maund et al. 2013).

IL-8 may promote tumour growth and survival
through its mitogenic and angiogenic properties (Benoy
et al. 2004, Yoan et al. 2005, Todorovi¢-Rakovi¢ and
Milovanovi¢ 2013). It has been shown a stimulating
effect of IL-8 on the expression of the vascular endo-
thelial growth factor (VEGF) in endothelial cells,
and the production of matrix metalloproteinase MMP-2
and MMP-9 by tumour cells (Li et al. 2005). The secre-
ted IL-8 stimulates the expression of the adhesion
molecule fibronectin in human breast carcinoma cells
and the induction of motile phenotype of these cells
(Mohamed 2012). It has been also found that cyclooxy-
genase-2 increases the invasiveness of breast cancer
through IL-8 activation (Simeone et al. 2007).

In conclusion, the results of our study demonstrate
that plasma IL-1a and IL-8 concentrations are increased
significantly in the dogs with malignant mammary
tumours and they are significantly higher in cases
of metastatic tumours than in non-metastatic tumours.
Moreover, high concentrations of these cytokines are
associated with the high tumour grade. These findings
may also indicate that an increased malignancy and
invasiveness of canine mammary tumours is associated
with an increased production of these cytokines in the
tumour microenvironment, which, in turn, leads to an
increase in their circulating levels. This suggests that
circulating levels of IL-1a and IL-8 could be considered
as diagnostic and prognostic markers in canine malig-
nant mammary tumours. However, further studies
in this fields are needed.

References

Abdelmegeed SM, Mohammed S (2018) Canine mammary
tumors as a model for human disease. Oncol Lett
15: 8195-8205.

Andaluz A, Yeste M, Rodriguez-Gil JE, Rigau T, Garcia F,
Rivera del Alamo MM ( 2016) Pro-inflammatory cyto-
kines: Useful markers for the diagnosis of canine mam-
mary tumours? Vet J 210: 92-94.

Baba OK, Sood NK, Gupta K (2019) Clinical evaluation
of glycoproteins and inflammatory cytokines in the serum
of dogs affected with canine mammary cancer. Proc Natl
Acad Sci India Sect B Biol Sci 89: 1465-1469.

Baker KJ, Houston A, Brint E (2019) IL-1 family members
in cancer; two sides to every story. Front Immunol
10: 1197.

Benoy IH, Salgado R, Van Dam P, Geboers K, Van Marck E,
Scharpe S, Vermeulen PB, Dirix LY (2004) Increased
serum interleukin-8 in patients with early and metastatic
breast cancer correlates with early dissemination and
survival. Clin Cancer Res 10: 7157-7162.

Chavey C, Bibeau F, Gourgou-Bourgade S, Burlinchon S,
Boissiere F, Laune D, Roques S, Lazennec G (2007)

Oestrogen receptor negative breast cancers exhibit high
cytokine content. Breast Cancer Res 9: R15.

Chen Y, Shi M, Yu GZ, Qin XR, Jin G, Chen P, Zhu MH
(2012) Interleukin-8, a promising predictor for prog-
nosis of pancreatic cancer. World J Gastroenterol
18: 1123-1129.

Chiu JW, Hanafi ZB, Chew LC, Mei Y, Liu H (2021) IL-1a
processing, signaling and its role in cancer progression.
Cells 10: 92.

De Andres PJ, Illera JC, Caceres S, Diez L, Perez-
-Alenza MD, Pena L (2013) Increased levels of inter-
leukins 8 and 10 as findings of canine inflammatory mam-
mary cancer. Vet Immunol Immunopathol 152: 245-251.

Derin D, Soydinc HO, Guney N, Tas F, Camlica H,
Duranyildiz D, Yasasever V, Topuz E (2007) Serum
IL-8 and IL-12 levels in breast cancer. Med Oncol
24: 163-168.

Elston CW, Ellis 10O (1998) Assessment of histological grade.
In: Systemic Pathology. Churchill Livingstone, London,
pp 356-384.

Estrela-Lima A, Araujo MS, Soares RP, Ribeiro LG,
Damasceno KA, Costa AT, Teixeira-Carvalho A,
Martins-Filho OA, Cassali GD (2016) Plasma biomarkers
profile of female dogs with mammary carcinoma and
its association with clinical and pathological features.
Vet Comp Oncol 14: 88-100.

Fasoulakis Z, Kolios G, Papamanolis V, Kontomanolis EN
(2018) Interleukins associated with breast cancer. Cureus
10: e3549.

Fernandes JV, Cobucci RN, Jatoba CA, Fernandes TA, de
Azevedo JW, de Araujo JM (2015) The role of the media-
tors of inflammation in cancer development. Pathol Oncol
Res 21: 527-534.

Gelaleti GB, Jardim BV, Leonel C, Moschetta MG,
Zuccari DA (2012) Interleukin-8 as a prognostic serum
marker in canine mammary gland neoplasias. Vet Immu-
nol Immunopathol 146: 106-112.

Ginestier C, Liu S, Diebel ME, Korkaya H, Luo M, Brown M,
Wicinski J, Cabaud O, Charafe-Jauffret E, Birnbaum D,
Guan JL, Dontu G, Wicha MS (2010) CXCR1 blockade
selectively targets human breast cancer stem cells in vitro
and in xenografts. J Clin Invest 120: 485-497.

Goldschmidt M, Pena L, Rasotto R, Zappulli V (2011) Classi-
fication and grading of canine mammary tumors. Vet
Pathol 48: 117-131.

Haas M, Kaup FJ, Neumann S (2015) Evaluation of serum
interleukin-8 (CXCLS8) concentrations in tumor bearing
dogs. Am J Anim Vet Sci 10: 202-211.

Holen I, Lefley DV, Francis SE, Rennicks S, Bradbury S,
Coleman RE, Ottewell P (2016) IL-1 drives breast
cancer growth and bone metastasis in vivo. Oncotarget
7:75571-75584.

Irac SE, Oksa A, Jackson K, Herndon A, Allavena R,
Palmieri C (2019) Cytokine expression in canine lym-
phoma, osteosarcoma, mammary gland tumour and mela-
noma: comparative aspects. Vet Sci 6: 37.

Kim JH, Yu CH, Yhee JY, Im KS, Sur JH (2010) Lymphocyte
infiltration, expression of interleukin (IL)-1, IL-6 and
expression of mutated breast cancer susceptibility gene-1
correlate with malignancy of canine mammary tumours.
J Comp Pathol 142: 177-186.

Kuan EL, Ziegler SF (2018) A tumor-myeloid cell axis,



IS

www.czasopisma.pan.pl w www.journals.pan.pl

POLSKA AKADEMIA NAUK

324

M. Szczubial et al.

mediated via the cytokines IL-la and TSLP, promotes
the progression of breast cancer. Nat Immunol
19: 366-374.

Kumar S, Kishimoto H, Chua HL, Badve S, Miller KD,
Bigsby RM, Nakshatri H (2003) Interleukin-1a promotes
tumour growth and cachexia in MCF-7 xenograft model
of breast cancer. Am J Pathol 163: 2531-2541.

Li A, Varney ML, Valasek J, Godfrey M, Dave BJ, Singh RK
(2005) Autocrine role of interleukin-8 in induction
of endothelial cell proliferation, survival, migration
and MMP-2 production and angiogenesis. Angiogenesis
8:63-71.

Li L, Chen L, Zhang W, Liao Y, Chen J, Shi Y, Luo S (2017)
Serum cytokine profile in patients with breast cancer.
Cytokine 89: 173-178.

Lyon DE, McCain NL, Walter J, Schubert C (2008) Cytokine
comparisons between women with breast cancer and
women with a negative breast biopsy. Nurs Res 57: 51-58.

Machado VS, Crivellenti LZ, Bottari NB, Tonin AA,
Pelinson LP, Borin-Crivellenti S, Santana AE, Torbitz VD,
Moresco RN, Duarte T, Duarte MM, Schetinger MR,
Morsch VM, Jaques JA, Tinucci-Costa M, Da Silva AS
(2015) Oxidative stress and inflammatory response bio-
markers in dogs with mammary carcinoma. Pathol Res
Pract 211: 677-681.

Malik A, Kanneganti TD (2018) Function and regulation
of IL-1a in inflammatory diseases and cancer. Immunol
Rev 281: 124-137.

Maund SL, Barclay WW, Hover LD, Axanova LS, Sui G,
Hipp JD, Fleet JC, Thorburn A, Cramer SD (2011)
Interleukin-1o. mediates the antiproliferative effects
of 1,25-dihydroxyvitamin D3 in prostate progenitor/stem
cells. Cancer Res 71: 5276-5286.

Maund SL, Shi L, Cramer SD (2013) A role for interleukin-1
alpha in the 1,25 dihydroxyvitamin D3 response in mam-
mary epithelial cells. PLoS One 8: e81367.

Mohamed MM (2012) Monocytes conditioned media
stimulate fibronectin expression and spreading of inflam-
matory breast cancer cells in three-dimensional culture:
A mechanism mediated by IL-8 signaling pathway.
Cell Commun Signal 10: 3.

Monkong N, Thitiyanaporn C, Niyatiwatchanchai N, Jaroen-
song T (2020) Investigation of serum interleukin-8 level
and clinicopathological parameters in canine mammary
gland tumors. Vet Integr Sci 18: 173-182.

Pena L, De Andres PJ, Clemente M, Cuesta P, Perez-Alenza
MD (2013) Prognostic value of histological grading
in noninflammatory canine mammary carcinomas in

a prospective study with two-year follow-up: relationship
with clinical and histological characteristics. Vet Pathol
50: 94-105.

Raman D, Baugher PJ, Thu YM, Richmond A (2007) Role
of chemokines in tumor growth. Cancer Lett 256: 137-165.

Salas Y, Marquez A, Diaz D, Romero L (2015) Epidemiolo-
gical study of mammary tumors in female dogs diagnosed
during the period 2002-2012. A growing animal health
problem. PLoS One 10: e0127381.

Salvatore V, Teti G, Focaroli S, Mazzotti MC, Mazzotti A,
Falconi M (2017) The tumor microenvironment promotes
cancer progression and cell migration. Oncotarget
8: 9608-9616.

Salven P, Hattori K, Heissig B, Rafii S (2002) Interleukin-1
alpha promotes angiogenesis in vivo via VEGFR-2 path-
way by inducing inflammatory cell VEGF synthesis and
secretion. FASEB J 16: 1471-1473.

Simeone AM, Nieves-Alicea R, McMurtry VC, Colella S,
Krahe R, Tari AM (2007) Cyclooxygenase-2 uses the pro-
tein kinase C/interleukin-8/urokinase-type plasminogen
activator pathway to increase the invasiveness of breast
cancer cells. Int J Oncol 30: 785-792.

Singer CF, Hudelist G, Gschwantler-Kaulich D, Fink-
-Retter A, Mueller R, Walter I, Czerwenka K, Kubista E
(2006) Interleukin-1 alpha protein secretion in breast
cancer is associated with poor differentiation and
estrogen receptor alpha negativity. Int J Gynecol Cancer
16 (Suppl 2): 556-559.

Sleeckx N, de Rooster H, Veldhuis Kroeze EJ, Van Ginneken C,
Van Brantegem L (2011) Canine mammary tumours,
an overview. Reprod Domest Anim 46: 1112-1131.

Tjomsland V, Spangeus A, Vilild J, Sandstrom P, Borch K,
Druid H, Falkmer S, Falkmer U, Messmer D, Larsson M
(2011) Interleukin la sustains the expression of inflam-
matory factors in human pancreatic cancer microenviron-
ment by targeting cancer-associated fibroblasts. Neopla-
sia 13: 664-675.

Todorovi¢-Rakovi¢ N, Milovanovi¢ J (2013) Interleukin-8
in breast cancer progression. J Interferon Cytokine Res
33:563-570.

Yokoe T, lino Y, Takei H, Horiguchi J, Koibuchi Y,
Maemura M, Ohwada S, Morishita Y (1997) Changes
of cytokines and thyroid function in patients with recur-
rent breast cancer. Anticancer Res 17: 695-699.

Yuan A, Chen JJ, Yao PL, Yang PC (2005) The role of inter-
leukin-8 in cancer cells and microenvironment interac-
tion. Front Biosci 10: 853-865.



