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Neuronal cadherin (N-cadherin) belongs to the super-
family of cell adhesion molecules (CAM), which also 
includes epithelial E-cadherin, placental P-cadherin, 
and vascular endothelial VE-cadherin (3, 5, 10). These 
are single-chain transmembrane glycoproteins whose 
function is calcium-dependent (17). Together with the 
β-catenin molecule, this protein plays an important role 
in the formation of intercellular connections, which 
maintain tissue integrity (3, 6). Moreover, it partici-
pates in the differentiation, proliferation, migration, 
and apoptosis of cells (10). Often, there is a disruption 
of intercellular communication between tumour cells, 
which leads to a weakening of intercellular adhesion 
and an increased possibility of tumour cells metasta-
sising (8). Survivin, on the other hand, belongs to the 
inhibitors of apoptosis protein (IAP) family and takes 
part in the control of the cell cycle (9). An increased 
expression of survivin is noted in dysplastic lesions and 
cells of almost all tumour types. The expression level 
of this protein correlates with the degree of malignancy 
of the tumour: the stronger the expression, the more 
malignant the tumour. Physiologically, survivin is 

expressed during embryonic development. The protein 
is also present in trace concentrations in normal cells 
of adults, in tissues with a high proliferation potential, 
which are subject to continuous renewal (such as cells 
of the placenta, thyme cells, CD34+ hematopoietic stem 
cells, or epithelial cells of the large intestine) (6, 12).

Osteosarcoma is a malignant mesenchymal tumour 
derived from bone, which usually occurs in dogs aged 
2-15 years. It is frequently diagnosed in long bones of 
giant and large breed dogs (2, 4, 5, 14, 15, 20). It leads 
to bone damage visible on X-ray and causes severe pain 
at the lesion site. The tumour infiltrates the surround-
ing soft tissue and often metastasizes to the regional 
lymph nodes and lungs (11, 16, 20).

The D-17 cell line, created by Nelson-Rees in 1969, 
is an experimental model of spontaneous osteosarcoma 
in the dog. This line is used in numerous research 
centers to conduct studies on the mechanisms of bone 
carcinogenesis in companion animals.

The aim of the study was to demonstrate and evalu-
ate the expression of N-cadherin and survivin in spon-
taneous osteosarcoma tumours in dogs compared to the 
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Summary

The aim of the study was to demonstrate and evaluate the expression of N-cadherin and survivin in 
spontaneous osteosarcoma tumours in dogs compared to the expression of these proteins in an established 
(D-17) cell line of canine osteosarcoma. Osteosarcoma samples were taken from the limbs of 15 dogs and 
fixed in 7% buffered formalin. An adherent canine osteosarcoma cell line (D-17) was also used for the study. 
The cytoplasmic expression of N-cadherin and survivin was shown in spontaneous osteosarcoma, whereas 
the cytoplasmic and nuclear expression of N-cadherin and survivin was observed in cells derived from the 
D-17 cell line. The results indicate that the higher the cytoplasmic expression of N-cadherin, the higher the 
expression of survivin. By analyzing the strength of intercellular adhesion, which is based on the type and 
strength of N-cadherin expression, as well as the degree of apoptosis inhibition, one may conclude that these 
markers may be used as supplementary to routine tests to evaluate the degree of the tumour’s malignancy 
and the patient’s prognosis.
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expression of these proteins in an established (D-17) 
cell line of canine osteosarcoma.

Material and methods
Spontaneous tumours. Osteosarcoma samples, which 

constituted the diagnostic material of the Department of 
Pathology of the Wroclaw University of Environmental 
and Life Sciences, were taken from the limbs of 15 dogs. 
They were fixed in 7% buffered formalin for 2 days and then 
decalcified in a mixture of hydrochloric and formic acid. 
Subsequently, they were embedded in paraffin blocks and 
cut into 4 µm thick sections. The slides were stained with 
hematoxylin and eosin and evaluated histopathologically 
according to the WHO Classification of Tumors.

Immunohistochemistry was carried out on 4 µm thick 
paraffin blocks. They were placed on silanized glass slides 
(DAKO, Denmark), deparaffinized in xylene, and passed 
through a  series of decreasing alcohol concentrations to 
water. The antigens of tissues fixed in formalin and cells 
fixed in an acetone and methanol solution were retrieved 
with the EnVision™ FLEX Target Retrieval Solution pH 
6.0 (DAKO, Denmark) by heating in a water bath at 96°C 
for 20 minutes.

Endogenous peroxidase was blocked with a  3% solu-
tion of EnVision™ FLEX Peroxidase-BlockingReagent for 
5 minutes. Next, primary Monoclonal Mouse Anti-Human 
N-Cadherin – clone 6G11(DAKO, Denmark) and Mono-
clonal Mouse Anti-Human Survivin – clone 12C4 (DAKO, 
Denmark) antibodies, both diluted to a 1: 50 ratio, were 
applied. They were incubated at room temperature for 30 
minutes.

The sections were then washed 20 times in EnVision™ 
FLEX WashBuffer, overlaid with an EnVision™ FLEX/
HR SM802 visual system, and incubated at room tem-
perature for 30 minutes. A 3,3-diaminobenzidine tetrahy-
drochloride (DAB) EnVision™ FLEX DAB+ Chromogen 
DAKO solution elicited the immunochemical reaction. 
The sections were washed in distilled water, counter-
stained with hematoxylin, and dehydrated by being passed 
through a series of alcohol concentrations. The sample 
was made translucent with xylene and sealed.

Cell culture. An adherent canine osteosarcoma cell line 
(D-17), derived from the American Type Culture Collec-
tion-ATCC (Rockville, MD, USA), was used to assess 
the expression of the selected markers. The canine osteo-
sarcoma line was grown in the RPMI-1640 (IITD PAN, 
Wrocław) culture medium with an addition of 10% bovine 
serum (Sigma, USA), 4 nM of L-glutamine (Sigma, United 
Kingdom), 100 U/ml of penicillin, and 100 µg/ml of strep-
tomycin (Sigma, Germany). Next, an (0.25%) EDTA and 
(0.02%) trypsin solution was added to the cell culture to 
detach it from the culture bottle. The cells of the osteosar-
coma cell line were concentrated to 2 × 105 cells/800 µl of 
the culture medium (RMPI-1640). The canine osteosarcoma 
tumour cells, at a concentration of 2 × 104/40 µl of the cul-
ture medium, were placed on 10-well hydrophobic slides 
(Thermo Scientific, USA). The cells were incubated on the 
slides for 24 hours. Subsequently, the culture medium was 
removed, and the cells were rinsed in PBS (IITD Academy 
of Sciences, Wrocław). The sections were dried, and a cold 

solution of acetone and methanol at a 1 : 1 ratio was applied 
in order to fix the cells on the slide and to permeabilize 
the cell membrane (they were incubated for 15 mins). The 
samples underwent immunohistochemical staining with the 
same antibodies and according to the same regimen as the 
samples derived from spontaneous tumours.

Positive and negative controls were obtained for each 
cell marker. Positive controls for individual markers were 
selected from samples obtained from a pathology labora-
tory, and their positivity was confirmed by comparison with 
other samples. In the negative control, primary antibodies 
were omitted.

Photos of the tested sections, both those derived from 
spontaneous tumours and those from cell cultures, were 
subjected to computer-assisted image analysis by a com-
puter coupled with an Olympus BX53 (Olympus, Japan) 
optical microscope. A morphometric analysis was carried 
out by means of the cell^A software (Olympus Soft Imag-
ing Solution GmbH, Germany).

The expression of N-cadherin and survivin was evaluated 
using the modified semiquantitative IRS scale according to 
Remmele (1, 19). The method takes into account both the 
proportion of positively stained cells and the intensity of the 
reaction color, and its final result represents both parameters, 
with values ranging from 0 to 12 points. Protein expres-
sion for each slide was assessed by counting a mean value 
from 5 high power fields (no reaction = 0 points (–); weak 
reaction = 1-2 points (+), moderate reaction = 3-5 points 
(++), intense reaction = 6-12 points (+++)). Additionally, 
the percentage of cells showing membrane and cytoplasmic 
expression was calculated.

Statistical analysis was carried out using the StatisticaPL 
software (StatSoft, Poland). The Mann-Whitney U analysis, 
Wilcoxon test, and Spearman’s correlation analysis were 
performed, and significance was set at p < 0.05.

Results and discussion
The expression of N-cadherin in spontaneous canine 

osteosarcoma was given four points in 66.5% of cases 
and three points in 33.5% of cases. The cytoplasmic 
expression of survivin was given three points in 66.5% 
of osteosarcoma cases, two points in 13.5% of cases, 
and one point in 20% of cases (Fig. 1).

In the osteosarcoma cell line, the expression of 
N-cadherin was given twelve points and the nuclear 
expression of survivin was given five points (Fig. 1). 
There was a clear shift in the expression of N-cadherin 
from the cell membrane to the cytoplasm and nucleus, 
on average, in 86.7% of the spontaneous tumours and 
in all the cells of the established D-17 line (Fig. 1).

The statistical analysis revealed that there was 
a higher expression of the two proteins in the cell 
line compared to the spontaneous tumours (p < 0.01; 
Fig. 2) and a greater expression of survivin than that 
of N-cadherin in all sections (p < 0.001; Fig.  2). 
Furthermore, a strong positive correlation was found 
between N-cadherin and survivin (p < 0.05; r = 0.89) 
in all sections.
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Much attention has been paid to understanding the 
biology of osteosarcoma, because of its incidence 
in the canine and human skeletal systems as well as 
its aggressive nature. The cell markers used in this 
study are applied to evaluate the adhesion, prolifera-
tion, and apoptosis of various types of tumours (7, 
12). Therefore, determining the expression level of 
these proteins is helpful in assessing the patient’s 
prognosis (19).

Cells from the D-17 line showed a stronger cyto- 
plasmic expression of N-cadherin compared to 
cells of spontaneous osteosarcoma. In spontaneous 
tumours, there was also a membrane expression of 
N-cadherin, although to a lesser extent.

The higher expression of both N-cadherin and 
survivin in the cell line compared to cells from 
spontaneous tumours may have been caused by the 
fact that these cells were derived from an established 
(immortal) line. In such a line, cells are proliferated 
under optimal culture conditions, which leads to their 
having constant protein expression levels.

On the other hand, the development and prolifera-
tion of cells from spontaneous tumours are influenced 
by many factors. In addition, the lack of intercellular 
junctions in the D-17 cell line may explain the differ-
ence in the expression of N-cadherin compared to cells 
from spontaneous tumours, where these junctions were 
present to a varying degree.

It is clear that there was a  higher expression of 
N-cadherin than that of survivin in both the cells from 
the established osteosarcoma line and those from the 
spontaneous tumours. Similar results were obtained by 
Iurlaro et al. (6), who used E-cadherin and survivin in 
their research on ovarian cancer in women. Since both 
E-cadherin and N-cadherin belong to the superfamily 
of proteins responsible for intercellular adhesion, this 
may explain the analogy in their expression. A simi-
lar tendency can be found in the expression of these 
proteins in the cells of the D-17 osteosarcoma cell 
line, where the difference in the expression levels of 
N-cadherin and survivin is more visible than in the case 
of spontaneous tumours (6). Iurlaro et al. (6) carried 

Fig. 1. The expression of the analyzed proteins in the spontaneous tumours and the established D-17 osteosarcoma cell line. 
A – membrane and cytoplasmic expression of N-cadherin in the spontaneous tumours, B – strong cytoplasmic expression of 
N-cadherin in the D-17 cell line, C – cytoplasmic expression of survivin in cells from the spontaneous tumours, D – nuclear 
expression of survivin in the D-17 cell line
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out their study on normal human cell lines (primary 
pancreatic cell and keratinocyte cultures) and neo-
plastic cells (five different lines of pancreatic tumours 
and two lines of neoplastic keratinocytes) and showed 
a similar correlation between the expression levels of 
the markers (6).

The strong positive correlation between the expres-
sion of survivin and cytoplasmic N-cadherin may be 
explained by the simultaneous increase in the immu-
noexpression of both these proteins, which may, in 
turn, be associated with malignancy (18). The results 
obtained may be associated with the effect cadherins 
have on the synthesis of survivin in canine osteosar-
coma, in both spontaneous tumours and in the cell line. 
This was confirmed by Iurlaro et al. (6) in ovarian and 
pancreatic cancer in humans.

In summary, these results indicate that the higher 
the cytoplasmic expression of N-cadherin, the higher 
the expression of survivin. This relationship is specific 
not only to neoplasms in humans, but also in animals, 

as shown by the results of this study. By analyzing the 
strength of intercellular adhesion, which is based on 
the type and strength of N-cadherin expression, as well 
as the degree of apoptosis inhibition, one can conclude 
that these markers may be used as supplementary to 
routine tests to evaluate the degree of the tumour’s 
malignancy and the patient’s prognosis.
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