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and testing new pathway-specific cancer therapeutics. These
results are also the basis for further characterization of canine
mammary carcinomas.

The aim of the next study was to identify the genes responsible
for the high growth rate and anti-apoptotic potential in canine
mammary cancer cells [26]. The comparison of 2 cell lines:
simple carcinoma (CMT-U27) and spindle cell tumour (CMT-
U309), revealed that the growth rate was significantly higher
in the CMT-U27 cell line, manifested with 2-fold shorter cell
cycle (53.4 h) and higher G2ZM/G1+S ratio than in CMT-U309
cell line. The anti-apoptotic potential was also significantly
higher in the CMT-U27 cell line, manifested with a higher
expression of Bcl-2 (the main anti- apoptotic protein), as well as
lower spontaneous and camptothecin-induced apoptosis [27].
Comparison of transcriptomes revealed 29 genesinvolved in cell

proliferation, adhesion and apoptosis, the expression of which
was significantly different in the examined cell lines. Among
the overexpressed genes in CMT-U27, 14 genes were associated
with the regulation of cell proliferation, 3 genes involved in
cell adhesion, and 2 genes associated with apoptosis. In the
case of CMT-U309 cells, a higher expression was observed in
genes engaged mainly in adhesion and signaling pathways of
growth factors (9 genes).

Our results raise an intriguing possibility: that high growth
rate and high anti-apoptotic potential in simple mammary
carcinoma CMT-U27 cells is associated with enhanced
expression of genes involved in the Ca?* signaling pathway
and the growth hormone cellular pathway, as previously
indicated in breast cancer cells. On the other hand, the low-
proliferative and pro-apoptotic phenotype of spindle cell

Figure 1

Involvement of GHR and calmodulins in cellular pathways of mammary cancer cells with a high proliferative and anti-apoptotic potential. It has been shown

interactions between growth hormone receptor (GHR) and calcium intracellular receptors — calmodulins 1, 2 and 3 (CALM1, CALM2, CALM3), other calmodulin family
proteins, different calcium transporters and kinases (PRKCA - protein kinase C a, MAPK - mitogen activated protein kinase). This pathway interacts with hormones
(GH - growth hormone, insulin, thyroid hormones, estrogen, progeresteone), cytokines (IL-13, TNF-a) and transcription factors (NF-kB, JUN, FOS, SP1).

Arrows with symbol (+) - indicate the stimulation process, arrows with symbol (-) - indicate the inhibition process.

Additional symbols: HBEGF: heparin-binding EGF-like growth factor; MARCKS: myristoylated alanine-rich protein kinase C substrate; RYR1: ryanodine receptor 1; UNC13B:
unc-13 homolog B; ARPP-21: cyclic AMP-regulated phosphoprotein; IQCB1: IQ motif containing B1; KRIT1: ankyrin repeat containing.

The scheme of the network was elaborated using Pathway Architect software (Stratagene, An Agilent Technologies Company, USA).
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tumour CMT-U309 cells is more dependent on TGFf1 and
neuroregulin 1 pathways and adhesion-related molecules:
integrin Bl and tetraspanin6. To confirm the microarray
results, Western blot analysis was performed, which showed
a significantly higher level of calmodulin [1-3] proteins in
rapidly proliferative simple carcinoma CMT-U27 cells in
comparison with spindle-cell tumour CMT-U309 cell line
(unpublished). The possible interactions between the GH
signaling pathway and calmodulins in highly proliferative
canine simple carcinoma cells are shown on Fig. 1. The links
in their pathways should be considered as a putative targets
in cancer therapy.

Cell lines historically served as the primary experimental
model system for exploration of tumour cell biology and
pharmacology; however, their ability to accurately reflect
the phenotype and genotype of the parental histology remains
questionable, given the prevalence of documented cell line-
specific cytogenetic changes. This is the reason for our next
study [27] to compare genes expression in canine mammary
tumour tissue to cell lines derived from those tumours using
c¢DNA microarrays. Mammary tumours of 2 different origins
were used: epithelial — adenocarcinoma and mesenchymal-
chondrosarcoma and their primary cell lines isolated in our
laboratory. It was found that cell culture gene expression
profiles closely resembled those of their corresponding in vivo
tumour. In adenocarcinoma and chondrosarcoma, only 6.0%
and 2.7% of genes, respectively, showed significant expression
difference. The most significant differences between tumour
tissue and cellular transcriptome concerned genes involved
in protein metabolism and modification, signal transduction
and nucleotide, nucleoside and nucleic acid metabolism.
These findings are similar to previously described studies
performed on different types of tissue and cell lines where
the differences between genes expression were not significant.
Jessen et al. [28] and Perkins et al. [29] described that the
similarity of liver genes expression in cell culture and tissue
was 80% and 88%, respectively. Ertel et al. [30] showed a
similarity in the expression of the genes in cancer tissue and
derived cell culture. These studies with tumour tissue and the
tumour cell lines of their origin confirmed that cell cultures
can reflect in vivo tissue and can be used for investigation
in vitro genomic alteration in cancers. Analyzing the list of
up/down-regulated genes in cell culture, in comparison to
adenocarcinoma tissue, we found genes involved in the same
cellular pathways, e.g. Wnt and p53. These findings are related
to the previously described studies, showing that Wnt genes
are over-expressed in canine mammary adenocarcinoma
cell line and in canine mammary gland tumours [25]. Apart
from Wnt and p53 pathways, we found genes involved in
Alzheimer disease, which is a quite typical pathway observed
in human breast cancer. Alzheimer’s disease signaling in the
human breast cancer gene set was identified among the top
5 pathways.

Rao et al. [31] investigated the altered gene expressions
in progestin-induced canine mammary hyperplasia (CMH)
and in spontaneous canine mammary tumours (CMC).
Gene expression profiles of CMH and CMC were compared
to canine mammary tissue from healthy control dogs. This
study identified altered expression of genes involved in
important biological processes, such as tumour development
and progression. Gene expression profile of canine mammary
hyperplasia was dominated by altered expression of genes
involved in cell proliferation and cell adhesion/motility, which
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are the main biological process required for the cell homeostasis.
Deregulation of these processes may lead to cancer. Among 13
differentially expressed genes related with cell proliferation,
all up-regulated genes were stimulators of cell proliferation
or inhibitors of apoptosis, and the down-regulated genes were
growth inhibitors or positive regulators. Pathway analysis of
the canine mammary cancer profile identified a significant
number of genes involved in integrin signaling, followed by
genes involved in inflammation-mediated by chemokine and
cytokines, and Wnt signaling. These results are comparable
to the earlier observation in canine mammary cell lines, and
in human breast cancer and cell line pathway profiles. CMH
gene expression profiles indicate a strong progestin-induced
cell proliferation. Alterations in the expression pattern of
transcription factors, genes involved in maintaining DNA
integrity and cell motility, may also indicate early stages of
malignant transformation. It is important to state that benign
hyperplasia is an important risk factor for breast cancer. The
CMC gene expression profile indicated a more pronounced
expression of genes involved in malignant transformation
(cytoskeletal components/ECM/cell motility), in addition to
amplified expression of many proliferation stimulating genes.
The gene expression data of CMH shows the tumourigenic
effects of progestins in canine mammary gland upon prolonged
exposure.

CONCLUSIONS

Studying the biological role of genes is the main goal of
functional genomics. In medicine, this type of knowledge is
the basis for an understanding of mammalian diseases. Related
advances in technology, such as DNA microarrays, allow
genome large-scale analysis of gene expression in an organism.
Cancer expression studies have examined a relatively small
number of clinical samples because microarray technology
is a relatively new method, and there has not been sufficient
time to reproduce many findings in this innovative field.
Apart from its influence on the basic research field, microarray
technology is an important factor for initiating the expansion
of the biotechnological and pharmaceutical industries, with
the promise of improving cancer diagnostics and treatment.
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