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The concentrations of heat shock protein 70 (Hsp70) and nitric oxide ions
(NO), measured as nitrite, were determined in canine mammary tumours and non-
tumorous mammary gland tissues. The concentrations of Hsp70 and NO were
significantly higher in both benign and malignant tumours than in non-tumorous
mammary tissues. Hsp70 concentration decreased with the increase in the grade
of histological malignancy. A strong positive correlation was found between the
concentrations of Hsp70 and NO in the benign tumours as well as in grade I and
grade II malignant tumours. The results indicate that the process of neoplastic
transformation in the canine mammary gland is related to a significant increase in
Hsp70 and NO concentration in tumour tissues, and an interdependence between
Hsp70 and nitrite ion production can be observed.
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It has been demonstrated that heat shock protein 70 (Hsp70) can effec-
tively inhibit the apoptosis of tumour cells and promote cancer development
(Zorzi and Bonvini, 2011). A high level of Hsp70 expression in human breast
cancer has been reported to be correlated with increased proliferation and poor
differentiation of tumour cells, lymph node metastases, increased resistance of
tumours to chemotherapy, and shortened survival time (Murphy, 2013).

Various studies have shown that nitric oxide (NO) plays an important role
in numerous pathological processes including cancer (Xu et al., 2002; Choudhari
et al., 2013). The precise function of NO in tumour biology remains unclear, and
several studies have demonstrated that NO may have dual, pro- and anti-tumour,
effects on cancer (Choudhari et al., 2013).
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Tumours of the canine mammary gland exhibit many similarities to breast
cancer in women (Kumaraguruparan et al., 2006; Antuofermo et al., 2007). Al-
though many studies have demonstrated that Hsp70 and NO play an important
role in the development and progression of human breast cancer (Choudhari et
al., 2013; Murphy, 2013), the role of these indices in the aetiology, pathogenesis
and clinical course of canine mammary tumours is not known.

The aim of this study was to evaluate Hsp70 and NO concentrations in
non-tumorous and neoplastic mammary tissues in female dogs with a view to
their potential role in the aetiology, pathogenesis and clinical course of mam-
mary gland tumours.

Materials and methods

The study was carried out on 34 mammary gland tumours and 10 samples
of non-tumorous mammary gland tissue obtained from 34 female dogs that un-
derwent regional mastectomy because of spontaneously occurring mammary tu-
mours. Samples of normal mammary gland tissue collected from non-tumorous
glands were removed together with tumours according to a regional mastectomy
procedure. All tumours were 3 to 5 cm in diameter. In order to determine the
concentrations of Hsp70 and NO, fragments (approximately 1.5 cm x 1.5 cm x
0.5 cm in size) of the tumour and non-tumorous mammary gland tissues were
collected immediately after mastectomy, then frozen at —70 °C and stored until
the analysis. The remaining parts of tumour tissues were used for standard histo-
logical examination. Tumours were classified according to the World Health Or-
ganisation (WHO) criteria for canine mammary neoplasms (Misdorp et al.,
1999). Malignant epithelial neoplasms were graded according to the Nottingham
method for human breast tumours, adopted for canine mammary tumours (Elston
and Ellis, 1998).

Homogenates of mammary tumours and non-tumorous mammary tissues
were prepared according to the procedure described by Schmitt et al. (2002), as
modified by Salokhe et al. (2006). The concentrations of Hsp70 and NO ions
were determined in the homogenates.

The concentration of Hsp70 in the tumours was determined using ELISA
kit assays according to the manufacturer’s (Cusabio Biotech Co., USA) instruc-
tions. The reaction was read with an ELISA reader (680 Bio-Rad, Germany) at
450 nm.

The concentration of NO ions was determined in terms of nitrite ion, as
the nitric oxide produced is rapidly converted to nitrite ion (Chui et al., 2004) us-
ing Griess reagent (Sigma-Aldrich, Germany). Absorbance was read with a spec-
trophotometer (Bio-Rad, SmartSpec™ PLUS, Germany) at 538 nm.

Statistical analysis was performed using the computer program STATISTICA
version 10.0. One-way analysis of variance (ANOVA) with Tukey’s HSD test was
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used to determine significant differences in the concentrations of Hsp70 and NO
between the groups of tissues studied. The correlations between Hsp70 and NO
concentration were presented using Pearson’s correlation coefficient. Differences
at P < 0.05 were considered statistically significant.

Results

Out of the 34 mammary gland tumours studied, 10 were benign (6 adeno-
mas, 2 intraductal papillomas, 2 benign mixed tumours) and 24 were malignant
(1 carcinoma in situ, 7 complex carcinomas, 10 simple tubulopapillary carcino-
mas, 2 simple solid carcinomas, 2 anaplastic carcinomas, and 2 spindle-cell car-
cinomas).

The mean concentration of Hsp70 was significantly higher both in benign
and malignant tumours than in non-tumorous mammary gland tissues (Fig. 1A).
The highest concentration of Hsp70 was found in malignant tumours. However,
no significant difference in the concentration of this protein was found between
benign and malignant tumours.

In the group of malignant tumours, the concentration of Hsp70 gradually
decreased from grade I tumours to grade III tumours, but a significant difference
was found only between these two groups of tumours (Table 1).

Table 1

Mean concentrations of Hsp70 and NO in canine mammary tumours of various grades of histologi-
cal malignancy

Tumour erade Number of Concentration of Hsp70 Concentration of NO
g tumours (ng/mL) (mM/L)
1 9 0.69+0.2 1.5+0.6
II 9 0.64+0.3 2.1+0.7
I 6 0.47 £0.15* 1.2+0.3

“significant differences (P < 0.05) in comparison to grade I tumours

The mean concentration of NO ions was significantly higher both in be-
nign and malignant tumours than in normal mammary gland tissues (Fig. 1B).
No significant difference in the concentration of NO ions was found between be-
nign and malignant tumours. In the group of malignant tumours the lowest con-
centration of nitrite ions was demonstrated in tumours of the highest grade of
malignancy; however, the differences were not statistically significant.

Assessment of the correlation between the concentrations of Hsp70 pro-
teins and NO ions in the tissues examined, using Pearson’s linear correlation co-
efficient, demonstrated a very strong positive correlation between these two pa-
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rameters in benign tumours. In the group of malignant epithelial tumours, the
correlation between Hsp70 and NO concentration was strong in grade I and grade
II tumours, whereas in grade III tumours the correlation was weak (Table 2).
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Fig. 1. Mean concentrations of Hsp 70 (A) and NO (B) in non-tumorous mammary gland tissues
and mammary gland tumours. *Significant difference (P < 0.05) in comparison to non-tumorous
mammary gland tissues

Table 2

Pearson’s correlation coefficients () between the concentrations of Hsp70 and NO in
non-tumorous mammary gland tissue and mammary gland tumours

Hsp 70 vs. NO
Examined tissue

r P
Normal tissue 0.30 <0.05
Benign tumours 0.96 <0.05
Grade I tumours 0.67 <0.05
Grade II tumours 0.56 <0.05
Grade III tumours 0.27 <0.05

Discussion

The results of this study show that the levels of Hsp70 and NO are signifi-
cantly higher in both benign and malignant canine mammary tumours than in
non-tumorous tissues of the canine mammary gland. Moreover, the highest con-
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centration of these parameters was observed in malignant tumours. There are
some reports that the level of Hsp70 expression is significantly elevated in ca-
nine mammary tumours (Kumaraguruparan et al., 2006; Romanucci et al., 2006;
Badowska-Kozakiewicz and Malicka, 2012); however, there is no information
on the concentration of Hsp70 in canine mammary tumours and non-tumorous
mammary gland tissues. This fact makes it impossible to compare our results
with those reported by other authors.

In this study we found that the concentration of Hsp70 was high in grade I
and grade II tumours and slightly decreased in grade III tumours. Our results
support the findings of Badowska-Kozakiewicz and Malicka (2012) who reported
that the expression of Hsp70 was the lowest in grade III canine mammary carci-
nomas.

The present study has shown that both in benign and malignant canine
mammary tumours, irrespective of the grade of histological malignancy, the con-
centration of NO was nearly fourfold higher than in non-tumorous mammary
gland tissues. Our findings are consistent with the results of the studies per-
formed by Askar et al. (2009) and Tascene et al. (2011), who demonstrated a
significantly higher level of NO in the serum of female dogs with malignant
mammary gland tumours as compared to healthy dogs.

In this study we demonstrated the absence of significant differences in the
level of NO between benign and malignant tumours, as well as between tumours
representing different grades of histological malignancy. This may suggest that
every process of neoplastic transformation in the canine mammary gland induces
NO production by macrophages and tumour cells, and that the level of this NO
production is independent of the histological type and aggressiveness of the tu-
mour. Moreover, the results suggest that the increased level of NO in neoplastic
tissues promotes canine mammary tumour development. In this study we demon-
strated a positive correlation between the concentrations of Hsp70 and NO in the
tissues examined, especially in benign tumours and grade I and grade II malig-
nant tumours, which may indicate an interdependence of Hsp70 and nitrite ion
production in canine mammary gland tumours. This is consistent with the find-
ings of a recent study by Song et al. (2013) who showed that apoptotic cells
overexpressing Hsp70 induced a marked NO production in macrophages. This
suggests that Hsp70 plays an important role both in the up-regulation of NO pro-
duction and in the host’s anti-tumour immunity.

In conclusion, the present study has demonstrated that the process of neo-
plastic transformation in the canine mammary gland is associated with a signifi-
cant increase in Hsp70 and NO concentrations in tumour tissues, and an interde-
pendence between Hsp70 and nitrite ion production is observed. These findings
suggest that Hsp70 and NO play an important role in the development and pro-
gression of canine mammary gland tumours; however, further studies are needed
to confirm this.
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