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Abstract. In light of the high incidence of mammary cancer in dogs and completion of the canine genome se-
quencing, the new possibilities of gene profiling by using DNA microarrays give hope to veterinary oncology.
The cell lines isolated from mammary tumors are a valuable tool in developing and testing new pathway-specific
cancer therapeutics. Differential cytometric analysis of 6 canine mammary cancer cell lines was performed. We
divided cell lines into 3 groups based on their phenotype: 2 lines with high proliferative potential, 2 lines with
high antiapoptotic potential, and 2 lines with high metastatic potential. DNA microarray analysis revealed com-
mon genes for cell lines of each group. We found that genes encoding the receptors for growth hormone and
ghrelin are related to high proliferation rate, while ABR (active BCR-related) and TMD1 (TM2 domain containing
1) genes are related to a high antiapoptotic potential of the cancer cells. Metastatic properties of mammary cancer
cells seem to be associated with elevated expression of PGP (P glycoprotein), SEMA3B (semaphorin 3B), and

STIM1 (stromal interaction molecule 1).
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Introduction

DNA microarrays are a powerful modern tool for
exploring the biological processes of cells. They
are used in large-scale studies of gene expression,
called “transcriptional profiling”. This method can
be used to find specific gene groups that are ex-
pressed differentially in examined tissues when
compared to a control sample. The hope of func-
tional genomics is to find new cancer markers,
markers of clinical outcome, targets for anticancer
therapy, and to explore cancer biology deeper
(Krol et al. 2009a; Krol et al. 2009Db).
Transcriptomics may be useful for improving

classification of cancer into subgroups, which is
not possible when using other methods (Macoska
et al. 2002; Ramaswamy et al. 2002).

With the completion of the canine genome se-
quencing, a powerful research resource has been
made available (Lindblad-Toh et al. 2005). In light
of the high incidence of mammary cancer in dogs,
the cell lines isolated from mammary tumors are a
valuable tool in developing and testing new path-
way-specific cancer therapeutics. The relevance
of using cell lines as a model for canine mammary
cancer experiments is supported by results of our
previous studies (Pawtowski et al. 2009), showing
that gene expression in cell lines isolated from pri-

Received: June 8, 2009. Revised: October 20, 2009. Accepted: December 16, 2009.
Correspondence: T. Motyl, Department of Physiological Sciences, Faculty of Veterinary Medicine, Warsaw University of Life
Sciences (SGGW), Nowoursynowska 159, 02-776 Warsaw, Poland; e-mail: tomasz_motyl@sggw.pl



170

mary tumors can reflect the transcriptome of the
tissue of their origin. There is limited information
in the literature on gene profiling in canine mam-
mary cancer (Rao et al. 2008; Krol et al. 2009c¢, d;
Pawlowski et al. 2009; Rao et al. 2009).

The aim of this study was to find genes and cel-
lular pathways responsible for high proliferative
and antiapoptotic potential, as well as cancer cell
migration from primary tumor (especially to the
lungs). Six canine mammary cancer cell lines
(3 adenocarcinomas with various phenotypes, 1
carcinoma, 1 anaplastic cancer, and 1 spindle-cell
tumor) were subjects of differential cytometric
analysis. Adenocarcinomas constituted half of all
the examined cell lines because, biologically, this
kind of cancer has almost a 50% chance of devel-
oping into a malignant mammary gland tumor
(Misdorp 2002). Less frequent are carcinomas
(16%), anaplastic cancers (4%), or spindle-cell tu-
mors (Sobczak-Filipiak et al. 2005; Madej and
Rotkiewicz 2006).

Our analysis of cell lines with flow and scan-
ning cytometry showed significant differences in
their phenotype. Based on the cytometric evalua-
tion and medical history, these cell lines were di-
vided into 3 specific groups with different
phenotypes. (The cell lines were not divided mor-
phologically.) The study was focused on finding
the common up-regulated genes for cell lines of
each group. These genes may be involved in spe-
cific biological processes (linked to the pheno-
type), but are not linked with cell type.

Materials and methods

Media, reagents, glassware, and plastics

Phosphate buffer saline, pH 7.4 (PBS), penicil-
lin-streptomycin, fungizone, and fetal bovine se-
rum (FBS) were obtained from Gibco BRL
(Gaithersburg, MD, USA), while acridine orange
and DAPI were obtained from Invitrogen (USA).
Monoclonal antibodies against Bcl-2 were sup-
plied by Dako Cytomation (Danemark). RPMI
1640 medium, 7 amino-actinomycin D (7AAD),
camptothecin (CPT), vinblastine, ribonuclease A,
and all the other reagents were obtained from
Sigma Aldrich (St. Louis, MO, USA), whereas the
Ki-67 detection kit was obtained from Becton
Dickinson (USA).

Sterile conical flasks, 4- and 8-chamber culture
slides (Lab-Tek), 6-chamber culture plates, sterile
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cell scrapers, and sterile disposable pipettes were
purchased from Nunc Inc. (Naperville, IL, USA).

Cell lines and cell culture

Three cell lines used in this study were isolated by
authors from various mammary adenocarcinomas
(PL-20, CMT-W1, CMT-W2), while one cell line
was isolated from canine mammary anaplastic
cancer (P114) and kindly provided by Dr Gerard
Rutteman from Utrecht University in the Nether-
lands. Two canine cancer cell lines were isolated
and kindly provided by Dr Eva Hellmen from
Uppsala University (Sweden): mammary carci-
noma (CMT-U27) and spindle-cell mammary tu-
mor (CMT-U309). The origin of cell lines
CMT-U27, CMT-U309 and P114 was confirmed
previously and these cell lines have been de-
scribed by other authors (Hellmen et al. 1992,
2000; Rao et al. 2008; Spee et al. 2006) and our re-
search team (Krol et al. 2009¢, Kroél et al. 2010).
The origin of cell lines CMT-W1, CMT-W2 and
PL-20 was confirmed by immunohistochemical
methods at our Faculty (unpubl. data). The cell
lines isolated from tumor samples and paraffin tu-
mor tissue samples were stained with
hematoxylin-eosin and antibodies against Ki-67,
cytokeratin, vimentin, muscle actin, S100, and p63
proteins. The standard procedure of staining was
performed according to the manufacturer’s recom-
mendations. The pathological and immun-
ohistochemical examinations were performed by a
veterinary pathologist, basing on the WHO and
Misdorp (2002) classification.

Cells were cultured in optimum conditions: a
medium (RPMI-1640) enriched with 10% (v/v)
heat-inactivated FBS, penicillin-streptomycin
(50 iU mL ™), and fungizone (2.5 mg mL™), in an
atmosphere of 5% CO, and 95% humidified air at
37°C, and routinely subcultured every second day.
The methods of canine mammary cancer cells
culturing were described previously (Krél et al.
2009c¢, Krol et al. 2010).

Induction of apoptosis and immunofluorescent
staining for cytometry

The test of cell culture exposure to camptothecin
(CPT) was applied to examine cell susceptibility
to apoptosis. CPT is an inhibitor of DNA
topoisomerase I and is used as an anticancer drug.
This method and CPT doses were described in our
previous studies (Krol et al. 2009¢, Krol et al.
2010).
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Exponentially growing cells were seeded on
Lab-Tek 4-chamber culture slides and cultured for
24 h. For apoptosis induction, the medium was
then removed and replaced with a medium con-
taining 0.3 pg mL™" CPT for 1, 6,9, and 12 h (cells
cultured in 10% FBS medium without CPT were
used as a control; 4 replicates were performed).

Cells were fixed in 0.25% formaldehyde for
15 min, washed twice with PBS, suspended in
ice-cold 70% methanol, and maintained at 4°C for
30 min. Finally, the methanol was aspirated and
samples were stored at —80°C until staining. For
antiapoptotic potential measurement, cells were
washed twice with PBS and incubated in the dark
for 30 min with FITC-conjugated anti-Bcl-2 anti-
bodies diluted 1:100 with PBS. The Bcl-2 protein
is commonly known as the main antiapoptotic fac-
tor, and its over-expression in cancer cells ensures
resistance to chemotherapy. The Bcl-2 content
was compared in all examined cancer cell lines,
using FITC-conjugated anti-Bcl-2 antibody and
counting mean Bcl-2-related fluorescence in a
Scan”R screening station. After incubation the
cells were washed twice with PBS and then incu-
bated with a 5 pg mL"' solution of
7-aminoactinomycin D (7AAD) in PBS contain-
ing 2% FCS, 0.1% sodium azide, and 0.3%
saponin for 10 min in the dark, to counterstain the
DNA. Coverslips were mounted on microscope
slides in ICN mounting medium (ICN
Biomedicals Inc, Aurora, OH, USA).

Cytometry

The slides were examined using an Olympus
Scan”R screening station (Olympus Optical Co.,
Hamburg, Germany), the modular micro-
scope-based imaging platform designed for fully
automated image acquisition and data analysis of
biological samples and analysis software (Olym-
pus Scan”R software for screening applications).
The number of apoptotic cells and the number of
cells in each phase of the cell cycle were examined
based on the cytograms. Simultaneous visualiza-
tion of each cell ensured the proper classification
(DNA content and morphology). Scan”R analysis
was also performed to measure Bcl-2-related fluo-
rescence. Digital images were processed using
Adobe Photoshop software.

The  results were  analyzed  using
Microsoft Excel 2003 software (Microsoft Cor-
poration, Redmond, WA, USA) and Prism version
3.00 software (GraphPad Software, San Diego,
CA, USA).

DNA ploidy analysis

The DNA ploidy analysis has been described in
detail by Darzynkiewicz et al. (1994). The canine
mammary tumor cells were stained with DAPI.
Canine lymphocytes were used as an external
DNA standard and run in parallel with the sample.
10 cell nuclei were analyzed in each sample with
a FACSC Vantage flow cytometer (Becton
Dickinson Sunnyvale, CA). The DNA index (DI)
is a value given to express the amount of DNA
content relative to normal and is calculated by the
following formula:

DI = mean or modal channel no. of DNA
aneuploid GoG; peak / mean or modal channel no.
of DNA diploid GoG, peak

A DNA diploid population (Gy/G,) is given a
DI of 1.00 £10% by definition. Amounts of DNA
greater than 2z are termed “DNA hyperdiploid” or
“hyperploid”.

Growth rate

Exponentially growing cells were seeded on
6-chamber culture plates and cultured for 24 h. To
prolong the mitotic phase of the cell cycle, the me-
dium was removed and replaced with a medium
containing 0.05 ug mL™" of vinblastine (Sigma,
USA). Cells were incubated for 1,2, 3,4, and 5 h
(with 4 replicates). After removal with
trypsin-EDTA, the cells were incubated with
ribonuclease A (Sigma, USA), and DNA was
stained with acridine orange (Invitrogen, USA).
The mitotic index (MI) was estimated with FACS
Vantage (Becton Dickinson Sunnyvale, CA) flow
cytometer (Darzynkiewicz et al., 1994). Coeffi-
cient of variation was <5%. The graph was ob-
tained by plotting the logarithm of the mitotic
index (1 + mitotic index) versus time of cell incu-
bation in vinblastine. Doubling time (7,) was cal-
culated by the following formula:

T,=1og, a, where a is the graph variable: y = ax
+b.

Ki-67 detection

Cell lines CMT-W1 and CMT-W2 are
vinblastine-resistant because of P-glycoprotein
(PGP) over-expression (this was also detected in
the microarray experiment, see the following para-
graphs). The assessment of 7, by using the meth-
ods described in the previous paragraph was
impossible. To decrease the PGP function and sen-
sitize the cells to vinblastine action, the commonly
known inhibitors were used: verapamil and
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cyclosporine A. Cyclosporine A caused no effect
on PGP inhibition, but 2.5 pmol verapamil was
added 2 h before vinblastine, and was sufficient to
inhibit PGP function in cell line CMT-W2. This
allowed us to assess the 7, of CMT-W2, but
CMT-W1 remained vinblastine-resistant. Never-
theless, to assess the proliferative potential of this
cell line, another method was used. The expres-
sion of nuclear antigen Ki-67 was measured.
Ki-67 is an antigen expressed only by cells that are
active in the cell cycle (in each phase except Gy).
After fixation in alcohol, cells were incubated with
antibodies against Ki-67 and controlled isotype
immunoglobulins. Nuclei were stained with
propidium iodide (PI) (Sigma) according to the
manufacturer’s protocol. The cells were examined
in FACS Calibur (Becton Dickinson). Coefficient
of variation was <5%.

RNA isolation and validation

P114, CMT-U27, PL-20, CMT-W1, CMT-W2
and CMT-U309 cells were cultured until 90%
confluence. The medium was next removed and
replaced with PBS. Cells were scraped and the to-
tal RNA from the cell suspension samples was iso-
lated using a Total RNA kit (A& A Biotechnology,
Poland) according to the manufacturer’s protocol.
Isolated RNA samples were dissolved in
RNase-free water. The quantity of isolated RNA
was measured using NanoDrop (NanoDrop Tech-
nologies, USA). The samples with adequate
amounts of RNA were treated with DNasel to
eliminate DNA contamination. The samples were
subsequently purified using RNeasy MiniElute
Cleanup Kit (QIAgen, Germany). Finally RNA
samples were analyzed on a BioAnalyzer
(Agilent, USA) to measure final RNA quality and
integrity. Equal amounts of RNA isolated from all
examined cell lines were pooled and used as an ex-
periment control. The RNA pool is widely used as
a control in microarray experiments (Sterrenburg
etal, 2002). The obvious theoretical advantages of
such designs have been established previously
(Kendziorski 2003, 2005; Allison et al. 2002). By
using RNA pooling, collected from all of the ex-
perimental samples, it is possible to identify cor-
rect spots for further analysis (Eisen et al. 1998;
Veer et al. 2002). This method also provides an av-
erage control for all examined samples.

Probe labeling and hybridization

For each microarray slide, total RNA (10 pg) of
each cell line was reverse-transcribed using Su-
perScript Plus Direct cDNA Labeling System
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(Invitrogen, USA) according to the manufac-
turer’s protocol. Single-strand cDNA were stained
with Alexa 647 and Alexa 555 (Invitrogen). The
efficiency of dye incorporation was measured us-
ing NanoDrop (NanoDrop Technologies, USA).
For each slide, the RNA of cells from a different
passage was used.

Before hybridization, dog-specific oligo-
nucleotide microarray slides Canis familiaris
V1.0.1 AROS (Operon, USA) with 25 383 probes
were prepared according to the manufacturer’s
protocol. The hybridization mixture contained hy-
bridization buffer (Agilent, USA) and the same
amount of stained nucleic acids as that in the ex-
amined cell line and pool, which served as a con-
trol. Two replicates were performed (dye-swap).
Hybridization was performed using automatic hy-
bridization station HybArrayl2 (PerkinElmer,
USA).

Hybridization signal detection, quantification,
and analysis

Acquisition and analysis of hybridization intensi-
ties were performed using microarray scanner
ScanArray HT and ScanExpress software
(PerkinElmer, USA). Different types of values
were obtained for quantification of the dot inten-
sity. Due to experimental variations in specific ac-
tivity of oligo-nucleotide target preparations or
exposure time that might alter the signal intensity,
hybridization data were automatically normalized
(LOWESS method) (Oshlack et al. 2007) by
ScanExpress software. The average ratio of
3 slides was calculated.

Real-time PCR

Primers (Table 1) were designed using PRIMER3
software (free on-line access). The HPRT gene
was used as the non-regulated reference gene for
normalization of target gene expression (Brinkhof
et al. 2006; Etschmann et al. 2006). Quantitative
real-time PCR (qRT-PCR) was performed using
fluorogenic SYBR Green and the Sequence Detec-
tion System Fast 7500 (Applied Biosystems). Data
analysis was carried out using the 7500 Fast Sys-
tem SDS Software Version 1.4.0.25 (Applied
Biosystems). Relative transcript abundance of a
gene is expressed as ACt values (ACt = Creference
- Cttarget). Relative changes in transcript are ex-
pressed as AACt values (AACt = ACtPO" — ACt™*
amined liney T £5]d change in expression of the
target gene was estimated as 2AACH  Eotimated
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Table 1. Primers used in this study.

Target gene Forward primer Reverse primer Optimum annealing
temp. (°C) time (s)

HPRT AGCTTGCTGGTGAAAAGGAC TTATAGTCAAGGGCATATCC 59 5

GSK3A CTCGTCCATTGATGTGTGGTCAG TACCCAGCACCTTGATGATCTCC 59 5

RPS6KB1 GCACAGCAAATCCTCAGACACCT GTTCGGCTGTCGTATTGGAAGTG 59 5

CDC14A  CTCGACTGTTTGCAGGGAATCAGA  CTGGAACAATCCAGTTGAAGTCA 59 5

ABR TCAAGTTCACCAGCAGGGAGTTC ACGATGTAGGGCACCTTGGATCT 59 5

fold change for each gene was compared with the
same estimation from the microarray analysis.

Statistical analysis

Results were statistically analyzed using the
ANOVA and Tukey multiple range tests and Stu-
dent #-test with Prism 3.00 software (GraphPad
Software, USA) and Microsoft Excel (USA). Dif-
ferences were regarded as significant at P< 0.05.

The microarray data was analyzed with SAM
software (Statistical Analysis of Microarrays;
Stanford University, USA). The list of genes sig-
nificantly differing in expression was generated
with a false discovery rate (FDR) of <5%, which is
sufficient for a reliable microarray analysis
(Tuscher et al. 2001; Rao et al. 2008; Rao et al.
2009). To perform further analysis, we chose
genes in which expression changed at least
1.3-fold in each of 3 examined slides, and we iden-
tified the gene function by using the NCBI data-
base, PANTHER pathway analysis software
(Misher et al. 2005) and Architect Pathway soft-
ware (Stratagene, USA).

Table 2. Cell cycle length (i.e. doubling time T7)
and mean numbers of cells in phases G1, S, G2M
and of apoptotic cells (A) in cell lines P114,
CMT-U27, CMT-W2, CMT-U309, PL-20 and
CMT-W1

Cellline Cell cycle =~ Mean number of cells (%)
length (h)

Gl S G2M A

P114 269 648 9.9 16.0 9.4

CMT-U27 547 640 150 200 1.0

CMT-W2 88.5 593 7.0  26.0 6.0

CMT-U309 103.8  61.0 17.0  16.0 6.0

PL-20 158.0  84.0 4.9 7.9 32

CMT-W1 no 529 142 273 5.7

data

Results

Analysis of ploidy, cell cycle, and apoptosis

Examination of ploidy (Figure 1) revealed that
2 cell lines were diploid (CMT-U27 and
CMT-U309), one cell line was tetraploid (4#;
CMT-W2), whereas the other cell lines were
aneuploids: PL-20 was 3n, P114 was 6n, and
CMT-W1 was 7.5n. Cytometric analysis revealed
significant differences in proliferation rate and
apoptosis between examined cell lines (Table 2).
Proliferative potential was the highest in P114
(T;=26.9 h). Cell line CMT-U27 also had a very
high proliferative potential (7, = 54.7 h), whereas
PL-20 had the longest cell cycle (7, = 158 h). It
was impossible to assess the 7, of cell line
CMT-WI1 because these cells were vinblastine-
resistant (because of PGP over-expression) and in-
sensitive to verapamil and cyclosporine A. Cell
line CMT-W2 was also vinblastine-resistant, but
the action of PGP was inhibited by verapamil. The
Ki-67 antigen expression was examined as a pa-
rameter of cell proliferation, to assess the percent-
age of cells remaining active in the cell cycle. This
study showed that 94.2% (£0.4%) of CMT-W1
cells were active in the cell cycle, whereas in cell
line CMT-W2 only 83.9% (£3.9%) of cells
showed the Ki-67 expression. These values are
representative for 3 independent experiments
(Figure 2). Cell line CMT-W1 had 10% higher
proliferative potential than CMT-W2.

The cell cycle evaluation (Table 2) showed that
in all examined cell lines the highest number of
cells remained in the G, phase. The cells were ex-
amined at 80% confluence to prevent the contact
growth inhibition. The number of cells undergoing
spontaneous apoptosis differed between the exam-
ined cell lines (Table 2). In cell line CMT-U27
(with a high proliferative potential), only 1% of
cells undergo spontaneous apoptosis, whereas in
cell line P114 (with short 7;) as much as 9.4% of
cells are apoptotic.
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Expression of Bcl-2 and susceptibility to
CPT-induced apoptosis

The Bcl-2 histograms clearly show higher
Bcl-2-related fluorescence in both cell lines with
lower spontaneous apoptosis (Figure 3, Table 2),
(140 UAL. in CMT-U27 and 106 U.fl. in PL-20).
The mean fluorescence intensity of Bcl-2 in P114
with the highest number of cells undergoing spon-
taneous apoptosis was only 50 U fl.

CPT induced a progressive, significant in-
crease in apoptotic cell number in each cell line,

a) o CMT-U27
i Bcl-2 Mean
b Fluorescence: 140
g
1000 2000 3000 4000
Mean Intensiy Alexa 488
D) PL-20
b Bcl-2 Mean
Tang Fluorescence: 106
1500.0,
1400.0,
1300.0,
1200.0,
o 11000,
5 10000
o 900.0,
800.0,
700.0,
B00.0,
S00.0,
400.0,
300.0,
200.0,
100.0,
0.0
i} 50.0 100.0 i 2000 200
Mean Intensity Alexs 483
c) CMT-W1

%y Bcl-2 Mean
{ Fluorescence: 96
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especially in P114 with the lowest Bcl-2 expres-
sion. In this cell line the number of apoptotic cells
after 12 h of incubation with CPT increased to
29.8% (Figure 4). The lowest response to CPT was
observed in CMT-U27 cells with the highest Bcl-2
expression. This experiment was repeated 4 times
with the same effect. The number of apoptotic
cells in line CMT-U309 increased until the 6th
hour of culture exposure to CPT, and significantly
decreased thereafter (Figure 4). We assume that
this effect was artificial and resulted from

d) s CMT-U309
it Bcl-2 Mean
Fluorescence: 90
2000,
180.0,
160.0,
P 1400
& o
1000,
B0.0,
600,
400,
200,
0o, b g, s A
0o 1000 2000 3000 4000 5500
Mean Intensity Alexa 488
€ CMT-W2
g Bcl-2 Mean
as Fluorescence: 85
T 550, 1m0 1550 00 200 3 -
H P114
Bcl-2 Mean

Fluorescence: 50|

Figure 3. Comparison of histograms of cell lines CMT-U27 (a), PL-20 (b), CMT-W1 (c¢), CMT-U309 (d), CMT-W2 (e),
and P114 (f), labeled with FITC-conjugated anti-Bcl-2 antibody, representative of 4 independent experiments.
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Table 3. List of common genes for each phenotype group. Gene name and symbol, biological and molecular
process and pathway of gene involvement are listed according to the Panther Database classification
(www.pantherdb.org). The analyzed genes were significantly up-regulated at the level of FDR < 5% (SAM

software, Stanford University, USA), with fold change >1.3

Phenotype Gene name and symbol Molecular function Biological process Pathway
1 2 3 4 5
High proliferative po- ~ GHR, growth hormone  receptor cell surface receptor growth hormone signal-
tential: lines P114, receptor mediated signal ing
CMT-U27 transduction,

GHSR, growth hormone
secretagogue receptor

CDCI14A, CDC14 cell
division cycle 14
homolog A

GSK3A, glycogen
synthase kinase 3 alpha

G-protein coupled re-
ceptor

protein phosphatase

non-receptor
serine/threonine protein
kinase

intracellular signaling,
developmental process

G-protein mediated sig-
naling

protein phosphorylation,
cell cycle control, mito-
sis

other polysaccharide
metabolism; glycogen
metabolism; protein
phosphorylation, other
receptor-mediated sig-
naling pathway, other
intracellular signalin
cascade,
embryogenesis; segment
specification,
neurogenesis,
mesoderm development,
mitosis, cell prolifera-
tion and differentiation

growth hormone signal-
ing
no data

Ras pathway, PDF sig-
naling path-
way,G-protein pathway,
Wnat signal. path-
way,|GF/Insulin path-
way, angiogenesis,
interleukin pathway,
cadherin and PI3 kinase
pathway

High anti-apoptotic po-
tential.:lines
CMT-U27,PL-20

ABR, active
BCR-related

CAPN9, calpain 9

TMDI1, TM2 domain
containing 1

GRM4, glutamate re-
ceptor, metabotropic 4

guanyl-nucleotide ex-
change factor

cysteine protease
another function protein

G-protein coupled re-
ceptor

other intracellular sig-
naling cascade

proteolysis

neuronal activities; in-
duction of apoptosis
G-protein mediated sig-
naling; neuronal activi-
ties

FGF signaling pathway,
angiogenesis

Huntington disease
(calpain)
no data

metabotropic glutamate
receptor group III path-
way

High metastatic poten-
tial:lines
CMT-W1,CMT-W2

C19o0rf6, chromosome
19 open reading frame 6

DLST,
dihydrolipoamine
S-succinyl transferase
HAL, histidine ammo-
nia-lyase

KIF21A, kinesin family
member 21A

PGP, ATP-binding cas-
sette, subfamily B
(MDR/TAP), member
1A

PHACTRA4, phosphatase
and actin regulator 4

SCYL3,SCY1-like 3

SEMAZ3B, sema do-
main, secreted
(semaphorin) 3B

SEPT3, septin 3

structural protein

acyltransferase

unclassified

microtubule binding
motor protein

cysteine protease

phosphatase modulator
unclassified
signaling molecule;

membrane-bound sig-
naling

cytoskeletal protein,
small GTPase

unclassified

unclassified

unclassified

intracellular protein
traffic, protein targeting
and co-localization, cell
structure

proteolysis;
ligand-mediated signal-
ing

neuronal activities; cell
structure

cell motility

receptor protein tyrosine
kinase signaling path-
way; other receptor me-
diated signaling
pathway, neurogenesis,
tumor suppressor

cytokinesis

no data

no data

no data

no data

no data

no data

no data

no data

no data
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1 2

3

SMYDI, SET and
Mync domain contain-
ing 1

STIM1, stromal inter-
action molecule 1

TMEM149,
transmembrane protein
149

WIBG, within bgen
homolog

YEATS2, YEATS do-
main containing 2

unclassified

unclassified

unclassified

transcription cofactor

transcription factor;
chromatin/chromatin-bi
nding protein

4 5
mRNA transcription reg- no data
ulation, cell proliferation
and differentiation
unclassified no data
unclassified no data
unclassified no data
mRNA transcription no data

detachent of apoptotic cells and wash-out from the
slides in the course of staining procedure. This ex-
periment was repeated 10 times and apoptotic
cells detachment was seen on every slide.

The performed cytometric analysis was suffi-
cient to divide the cell lines into 2 groups based on
their phenotypic features:

1. Short cell cycle was specific for P114 and
CMT-U27, which were qualified as cell lines with
high proliferative potential.

2. Based on the results of Bcl-2-related fluores-
cence measurement and number of apoptotic cells,
CMT-U27 and PL-20 were classified as cell lines
with high antiapoptotic potential.

Additionally, another (third) phenotype group
was discriminated:

3. Medical history of dogs from which cell
lines CMT-W1 and CMT-W2 were isolated was
sufficient to qualify these cell lines to the group
with ability to metastasize to the lungs (primary
tumors from which the cells were isolated gave
metastases to the lungs). Other cell lines did not
give metastases to the lungs.

Cell line CMT-U309 was not assigned to any
of the groups. This cell line has medium
proliferative and antiapoptotic potential, and lacks
medical history regarding its metastases.

L
wn
1

number of cells [¥]

Apoptosis

hours after CPT

EBCMT-U27
W PL-20
OCMT-W1

B CMT-U309
B CMT+wW2

BP114

Figure 4. Numbers of apoptotic cells (%) in cell lines CMT-U27, PL-20, CMT-W1, CMT-U309, CMT-W2 and P114
before and 1, 6, 9, and 12 h after camptothecin (CPT) administration (0.3 pg mL'l). Results are means = SD (N = 4).
Significant (P< 0.05) differences between means at the same time of exposure to CPT are marked with asterisks



178

Transcriptomic “portraits” of canine mammary
cancer cell lines

This study showed 117 significantly up-regulated
genes (FDR < 5%) in cell line CMT-U309; 102 in
CMT-W2; 89 in P114; 73 in CMT-W1; 63 in
CMT-U27; and 54 in PL-20.

Further analysis of up-regulated genes among
the groups (Table 3) showed 4 common genes for
both cell lines with high proliferative potential
(P114 and CMT-U27): GHR (growth hormone re-
ceptor), GHSR (growth hormone secretagogue re-
ceptor), CDC14A (cell division cycle 14 homolog
A), and GSK34 (glycogen synthase kinase 3 al-
pha). Both cell lines with high antiapoptotic poten-
tial (CMT-U27 and PL-20) also showed
4 common up-regulated genes (Table 3): ABR (ac-
tive BCR-related), CAPNY (calpain 9), TMDI
(TM2 domain containing 1), and GRM4 (gluta-
mate receptor metabotropic 4). The analysis
showed 14 common genes for both cell lines with
the ability to metastasize to the lungs (CMT-W1
and CMT-W2): ATP-binding cassette subfamily
B (PGP), semaphorin 3B (SEMA3B), stromal in-
teraction molecule 1 (STIMI), chromosome 19
open reading frame 6 (Cl90rf6), dihydro-
lipoamine  S-succinyl transferase  (DLST),
histidine ammonia-lyase (HAL), kinesin family
member 21A (KIF21A4), phosphatase and actin
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regulator 4 (PHACTR4), SCYl-like 3 (SCYL3),
septin 3 (SEPT3), SET and Mync domain contain-
ing 1 (SMYDI), transmembrane protein 149
(TMEM149), within bgen homolog (WIBG), and
YEATS domain containing 2 (YEATS?2).

No one common gene for all 3 adeno-
carcinomas was found, whereas 14 common genes
were found for pairs of adenocarcinomas that be-
long to the same phenotype group (CMT-W1 and
CMT-W2). This indicates that among the
up-regulated genes the phenotype-specific genes
were found, but not genes that are cell-type linked.

For the purpose of microarray data validation,
we have randomly selected 4 genes for qRT-PCR
analysis (Figure 5): ABR (active BCR — related),
RPS6KBI (ribosomal protein S6 kinase, 70 kDa,
polypeptide 1), CDCI4A (cell division cycle 14
homolog A), GSK34 (glycogen synthase kinase 3
alpha). Real-time qRT-PCR results showed simi-
lar trends in gene expression changes as those ob-
served in our microarray experiments.

Discussion

So far only several papers describing transcriptio-
nal studies in canine mammary gland tumors have
been published (Rao et al. 2008; Krol et al. 2009a,

GRT-PCR mMICROARRAYS

-

@

a} BCR expression b) RPSEKB1 expre ssion
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Figure 5. Confirmation of microarray results by qRT-PCR. The fold change detected with qRT-PCR was calculated
based on the HPRT control gene expression and compared to the expression of all examined cell lines (pooled
transcripts). The fold change was significantly different (P < 0.05)
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b, ¢; Krol et al. 2010; Pawlowski et al. 2009; Rao
et al. 2009).

In this study, 3 adenocarcinomas (simple carci-
noma, anaplastic cancer, and spindle-cell tumor)
were examined and strong differences in their phe-
notype were noted. Only 2 of them were diploids,
while the other 4 cancers were hyperploids (Fig-
ure 1), which is typical for the canine mammary
tumors. In the examination performed by
Rutteman et al. (1988), 61.8% of malignant and
17.4% of non-malignant canine mammary tumors
were aneuploids. This indicates that ploidy in
mammary tumors in dogs differs from that in hu-
man breast cancer, where most of the tumors are
diploid. There were also differences in the exam-
ined cell lines when assessing cell cycle length,
number of cells in the cell cycle, as well as
antiapoptotic potential, i.e. number of apoptotic
cells after incubation with CPT and Bcl-2-related
fluorescence (Figures 3 and 4).

In this study, the transcriptomic profile of each
of the 6 cell lines was compared to the pool of all
examined cell lines. Gene pools are commonly
used as a reference in similar studies (Sterrenburg
et al. 2003). In the case of microarray experiments
with canine mammary cancer, obtaining an alter-
native sufficient control other than gene pools is
virtually impossible. In dogs, to use the healthy
mammary tissue as a control is not a good refer-
ence. Dogs have an estrous cycle distinct from
other mammals. The hormonal status of each
phase of the estrus cycle in the mammary gland of
the bitch is very complex (Rao et al. 2008). As a
result of the common treatment with progestins
and anti-inflammatory steroids (e.g. dexametha-
sone), the estrus can be followed by a prolonged
luteal phase coinciding with high (pregnancy-like)
concentrations of progesterone (without subse-
quent lactation) or the estrus can be “silent” (with
no signs). Moreover, mammary cancer due to hor-
monal activity in the mammary gland is a problem
even if the ovaries were removed a few years be-
fore. These are the reasons why there is no evi-
dently healthy tissue without strong hormonal
influence. Thus, the “healthy” tissue is not a good
and authoritative control.

In our previous study (Krol et al. 2009¢c) we
compared gene expression of cell lines CMT-U27
and CMT-U309. We concluded that high
proliferative and antiapoptotic potential is related
to the up-regulation of growth hormone receptor
and calmodulins. Higher expression of
calmodulins in CMT-U27 than in CMT-U309 was
also confirmed at the level of proteins. The current
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study confirms our previous results (Krol et al.
2009c), showing the growth hormone involve-
ment in a high growth rate of canine mammary
cancer cell lines. Analysis of up-regulated genes
showed 4 common genes for both cell lines with
high proliferative potential: P114 and CMT-U27
(Table 3). These include GHR (growth hormone
receptor), GHSR (growth hormone secretagogue
receptor), GSK34 (glycogen synthase kinase 3 al-
pha), and CDCI4A4 (cell division cycle 14
homolog A). Higher levels of growth hormone and
insulin-like growth factor (IGF-1) in plasma and
tissues are risk factors of breast cancer and mam-
mary cancer in mice (Wagner et al. 2006). The ef-
fect of growth hormone on the cancer cell
proliferation rate is commonly known
(Gebre-Medhin et al. 2001). In both cell lines with
the shortest cell cycles, an up-regulation of an-
other gene involved in somatotropic axis was
found: GHSR. Ghrelin is an internal ligand of
growth hormone secretagogue receptor (GHSR),
increasing growth hormone secretion (Jeffrey et
al. 2005). Ghrelin has been described as a carcino-
genic factor in breast cancer by stimulating cell
proliferation in autocrine or paracrine mechanism.
In 2005, Jeffrey et al. published the first report de-
scribing differences in the expression of GHSR
between normal breast tissue and tumor. The
mechanism underlying ghrelin-induced prolifera-
tion in breast cancer is unknown, although it is
likely to act by stimulating the mitogen-activated
protein kinase pathway. Experimental injection of
high doses of ghrelin to patients with hor-
mone-dependent cancers increased tumor prolifer-
ation (Chopin et al. 2005). Our own studies
showed the involvement of ghrelin in canine
mammary adenocarcinoma metastasis to the lungs
(Krdl et al. 2010).

Another up-regulated gene in cell lines P114
and CMT-U27 is GSK3A4. Ougolkov et al. (2006)
described a kind of paradox observed in cancer
cells. When focusing on the cellular pathways of
growth hormone and ghrelin, it is clear that they
inhibit GSK3B (its inhibition promotes GSK34 ac-
tivation) and vice versa. However, in neoplastic
cells the parallel over-expression of somatotropic
axis-related genes and GSK3 genes is observed,
which increases cancer cell proliferation. It is pos-
sible that the lack of inhibitory effect of growth
hormone and ghrelin on GSK3 (and vice versa) in
cancer cells is related to a compensative increase
in GSK34 expression. This suggests also the exis-
tence of a mediating molecule between GSK3 and
these pathways, like JUN transcription factor,
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which stimulates growth hormone secretion
(growth hormone also stimulates JUN). This ob-
servation needs further investigation, as the role of
GSK3 and cellular interactions in cancer still re-
mains unknown. Another important action of
GSK3 is the activation of oncogenic molecule
NF-kappaB. It has been shown that inhibition of
GSK3 leads to a decrease in NF-kappaB function
(Ougolkov et al. 2006). GSK3 through
NF-kappaB increases tumor proliferation and
seems to be a mutagenic factor. Some authors sug-
gest that GSK3 may become a new target for can-
cer therapy (Ougolkov et al. 2006).

The next common gene for both cell lines with
short 7, (Table 2) is CDC14A4, which controls the
cell cycle and mainly acts in anaphases
(D’Amours et al. 2004). The CDC14A protein
controls microtubule activation and fiber stabili-
zation. It leads to cell cycle completion.

Analysis of up-regulated genes in both cell
lines with high antiapoptotic potential: CMT-U27
and PL-20 (Figures 3 and 4) showed 4 common
genes (Table 3): ABR (active BCR-related), TMD1
(TM2 domain containing 1), GRM4 (glutamate re-
ceptor metabotropic 4), and CAPNY (calpain 9).

Among the listed genes, the most important
antiapoptotic factor seems to be the ABR (active
BCR — related) gene, which interacts (through
TP53, AR, MDM2, and STATI) with the very im-
portant and commonly known gene in breast
cancer: BRCA-1. ABR inhibits DNA repair, thus
increasing the possibility of mutation and promot-
ing oncogenesis. It also inhibits the cell cycle. The
main function of this gene is inhibition of
apoptosis. This function was previously described
in leukemias (Keeshan et al. 2001). It increases
Bcl-2 and Bcel-xL expression, which are responsi-
ble for antiapoptotic effect. Cell lines CMT-U27
and PL-20 showed the highest Bcl-2 expression
(Figures 3 and 4).

ABR and TMDI (another common
up-regulated gene for both CMT-U27 and PL-20)
are involved in drug-resistance of tumor cells.
TMDI encodes the TM domain, a part of
ATP-binding cassettes. We assume that
co-expression of both listed genes is related to
CPT resistance of cell lines CMT-U27 and PL-20
(Figure 4). The number of apoptotic cells after 6 h
of CPT incubation in CMT-U27 and PL-20 was
comparable with the number of spontaneous
apoptotic cells in other cancer lines. It is probable
that the long time of CPT exposure (Brinkhof et al.
2006) (9 and 12 h) had broken drug-resistance in
these cell lines, or Bcl-2 protein beside apoptosis

M. Krdél et al.

may be involved in some pathways of cellular re-
sistance to chemotherapy.

There is currently no information in the litera-
ture on the involvement of the other 2 common
up-regulated genes in the antiapoptotic process.
CAPNY9 is a calcium-related enzyme and its
up-regulation confirms our previous study de-
scribing the role of calcium (calmodulins) in
antiapoptotic potential (Krol et al. 2009¢).

The possibility that tumor cells migrate from a
primary locus to the distal tissues and organs is the
main dilemma in oncology. Metastasis is a very
complicated process. Thus describing the gene ex-
pression profile of metastatic cancer cells is ex-
tremely challenging. Analysis of up-regulated
genes showed 14 common genes for both cell lines
with ability to metastasize to the lungs (CMT-W1
and CMT-W2), (Table 3): PGP (ATP-binding
cassette subfamily B), SEMA3B (semaphorin 3B),
STIM1 (stromal interaction molecule 1), C19orf6
(chromosome 19 open reading frame 6), DLST
(dihydrolipoamine S-succinyl transferase), HAL
(histidine ammonia-lyase), KIF21A (kinesin fam-
ily member 21A), PHACTR4 (phosphatase and
actin regulator 4), SCYL3 (SCY1 like-3), SEPT3
(septin 3), SMYDI (SET and Mync domain con-
taining 1), TMEM149 (transmembrane protein
149), WIBG (within bgen homolog), and YEATS?2
(YEATS domain containing 2).

There is no clear indication of how PGP func-
tions in the metastatic process. PGP up-regulation
in both metastatic cell lines confirms our
cytometric experience with vinblastine-resistance
of cell lines CMT-W1 and CMT-W2. Among the
14 up-regulated genes in CMT-W1 and CMT-W2,
two widely known genes involved in metastatic
process were found: SEMA3B and STIMI.
SEMA3B is a very important factor that inhibits
cell proliferation but increases cell migration and
cancer dissemination. SEMA3B acts through
MAPK kinase, inducing p21 protein, which inhib-
its tumor growth. It also activates IL8, which
strongly stimulates the metastatic process (Rolny
et al. 2008). Although SEMA3B inhibits tumor
growth, the prognosis in patients with its
over-expression is poor because of the high possi-
bility of distal metastases. Over-expression of cell
lines SEMA3B in MDA-MB435 and A549 leads to
skin tumor metastases (Rolny et al. 2008), but in-
travenous injection of SEMA3B to mice did not
make any effect. It shows that SEMA3B action is
mainly involved in tumor cell migration from pri-
mary tumor (Christensen et al. 2005). It also plays
an important role in changing the tumor’s
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microenvironment (Donnenberg et al. 2005). The
attraction of blood-circulating macrophages to the
tumor (tumor-associated macrophages) is a very
important process in angiogenesis and cancer de-
velopment. SEMA3B induces IL8 — a chemokine
responsible for macrophage migration to the can-
cer locus (Donnenberg et al. 2005). Macrophages
play an important role in tumor development by
angiogenesis promotion and lead to extracellular
matrix remodeling and degradation, which in-
crease tumor cell migration. Clinical studies show
that if there is a higher amount of tumor-associated
macrophages in tumor tissue, then the prognosis is
poor.

The role of STIMI in tumor metastasis to the
lungs was described by Suyama et al. (20006).
STIM] increases cell migration and metastasis to
distal organs. More specifically, it inhibits mela-
noma proliferation and increases its metastatic po-
tential.

Our results show that both SEMA3B and
STIM]1 can initiate the process of metastasis, but
SEMA 3B plays the most important role. Cell popu-
lation in the primary tumor is biologically
heterogenic, which is an effect of mutations,
changes in gene expression, and genetic instability
in proliferating cells. During cancer progress the
cells become invasive and show a high metastatic
potential (Christensen et al. 2005).

High -\
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Conclusions

On the basis of the cellular pathways and the cur-
rent literature, we conclude that:

1. The high proliferative potential of canine
mammary cancer cells is related to up-regulation
of 4 genes (Figure 6), encoding:

a) growth hormone receptor (GHR) and growth
hormone secretagogue receptor (GHSR), both in-
volved in the somatotropic axis;

b) a kinase that shows oncogenic action
through activation of NF-kappaB (GSK34);

c) a cytokine that regulates the cell cycle
(CDC144).

2. High antiapoptotic potential of canine
mammary cancer cells is related to higher expres-
sion of 4 genes (Figure 6): ABR (active BCR-re-
lated), TMD1 (TM2 domain containing 1), CAPN9
(calpain 9), and GRM4 (glutamate receptor
metabotropic 4) .

3. The ability of cancer cells to metastasize (es-
pecially to the lungs) may be related with
up-regulation of 14 genes, but few of them are im-
portant: PGP (P glycoprotein), SEMA3B
(semaphorin 3B, which changes the tumor
microenvironment and produces chemokines), as
well as STIMI (stroma interaction molecule 1,
which increases cell migration and tumor progres-
sion in distal organs).

praliferative

potential
BRCA Pa.
1ix‘mnmz /
High TP53
antiapoptotic
potential AR

Figure 6. Involvement of up-regulated genes in cell proliferation and resistance to apoptosis. Green circle = nucleus;

brown perimeter = cell membrane. AKT = protein kinase B; AR = androgen receptor; ABR = active BCR — related;

BRCAL = breast cancer gene 1; GH = growth hormone, GHR = growth hormone receptor; GHSR = growth hormone

secretagouge receptor; GHRL = ghrelin; GSK3A/B = glycogen synthase kinase 3 A/B; INS = insulin; MDM2 = mouse
double minute 2; NFkB = nuclear factor kappa B; TP53 = tumor protein p53.
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