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WFEEE R OBEE (FE3L) : To clarify the significance of epithelial-mesenchymal transition(EMT) in the
malignant transformation of canine mammary gland tumors(cMGTs), serial experiments were intended.
EMT related factors were examined on tissue specimens collected by the surgical resection from clinical
cases of spontaneous cMGTs. Immunohistochemical analysis revealed that the protein expression
pattern indicating EMT was observed only in the adenocarcinoma cases, but not in the adenoma cases.
For further in vitro studies, we obtained two clonal cell lines derived from the same cMGT patient,
which show the different malignancy in the culture condition and the transplanted mouse model. Highly
malignant clonal cell line, CHMp5b, was found to have the mesencymal characteristics with high
expressions of vimentin and N-cadherin, whereas low malignant cell line, CHMp13a, showed the
epithelial characteristics with high expressions of E-cadherin and P-catenin. In the trans-well assay,
CHMp5Sb showed significantly higher motility and invasive potential than CHMpl3a. These results
suggested the relationship between the EMT status and the malignancy of cMGT cells. By the stimulus
of TGF-B on these cell lines, vimentin expression was induced and this expression was paralleled with
the phosphorylation of Smad2. In the experiment using XCELLigence system, changes of expressions of
EMT related proteins were correlated with motility and invasive potential of these cells dynamically.
From the results of these experiments, EMT might relate to the malignant transformation of cMGT
dynamically and Smad2 cascades might be a crucial factor in converting the EMT status. We continue
the further study on the significance of EMT in canine MGT malignancy with the controlled experiment
by RNAi method, and confirm these findings obtained from these studies in the clinical cMGT cases.
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ABSTRACT

We produced 23 cloned cell lines from parental
CHMp, which was previously established from a
canine mammary adenocarcinoma patient in our
laboratory. Two representative cloned cell lines,
namely, CHMp-5b and -13a, were selected and
characterized for cellular morphology, growth
potential and expression of some tumour-related

proteins. Subsequently, we transplanted the 2
tumour cell lines orthotopically into female nude
mice to examine their tumorigenicity and
metastatic potential. Interestingly, despite sharing
the same origin, only CHMp-5b cells
metastasized to the lung. Our results indicate that
a comparison between these 2 cell lines at the
molecular level will help us understand
mechanisms of tumour progression, especially in
the context of distant metastases originating from
canine mammary gland tumours.

INTRODUCTION

Canine mammary gland tumour (CMGT) is the
most common neoplasia in female dogs,
accounting for approximately 50% of all tumours
(Brodey et al., 1983; Moe, 2001; MacEwen and
Withrow, 1996). Histologically, about 50-60% of
CMGTs are considered malignant (Brodey et al.,
1983; Moe, 2001; MacEwen and Withrow, 1996).
In malignant mammary tumours, tumour invasion
to the surrounding tissues and pulmonary
metastases are the most significant prognostic
outcomes (Hahn et al., 1992; Kurzman and
Gilbertson, 1986; Shofer et al., 1989). Mammary
cancers in dogs and breast cancers in women are
known to share many clinicopathological features
(Martin et al., 1984). Therefore, canine mammary
gland tumours are considered to be an
appropriate and valid model for human breast
cancer (MacEwen, 1990).

In this study, we obtained several clones from a
CMGT cell line. Newly established cloned cell
lines were investigated to determine their
characteristics, including morphology, growth
potential and protein expression. In addition, 2
representative cloned cell lines were transplanted
into immunodeficient mice to analyse their
metastatic potential.

MATERIALS AND METHODS

Cell culture

Canine mammary carcinoma cell line CHMp,
which was previously established from the
primary mass of an inflammatory CMGT patient
and characterized in our laboratory, was used in
this study (Uyama et al., 2006). Cultured CHMp
cells were maintained in RPMI 1640 medium
supplemented with 10% foetal bovine serum,
5mg/L gentamicin sulphate and 6mg/L fungizone,
and incubated at 37°C in a humidified
atmosphere of 5% CO..

Cloning

Cell lines were cloned from the parental cell line
CHMDp using a limiting-dilution method. Briefly,
a diluted cell suspension was dispensed into
96-well microplates at a concentration of




Icell/well. The microplates were examined using
a microscope immediately after dispensing cells
and during culture periodically. Wells suspected
of containing more than 2 cells or multiple
colonies were not cultured further. This
limiting-dilution procedure was repeated twice
for reliability.

Doubling times

Cells obtained by the limiting-dilution method
were plated in Petri dishes (Sumitomo Bakelite,
Tokyo, Japan) at a concentration of 1 x 10*
cells/em” and cultured in RPMI 1640 medium
supplemented with 10% FBS. The number of
viable cells was determined every 24 hours using
trypan-blue staining, and the doubling time was
calculated in the logarithmic growth phase.
Antibodies

Primary antibodies used for western blotting
were obtained from the following sources:
oestrogen receptor (ER), progesterone receptor
(PgR) (LAB VISION, Fremont, CA, USA),
E-cadherin, B-catenin (BD  Transduction
Laboratories, Lexington, KY, USA), cytokeratin
18, and vimentin (CHEMICON, Temecula, CA,
USA). Dilutions of each antibody used in western
blotting were as follows: 1:500 for ER, PgR,
B-catenin, and cytokeratin 18, 1:1000 for
E-cadherin and vimentin.

Western blotting

Sub-confluent cultured cells were lysed in
radioimmuno-precipitation-assay (RIPA) buffer
(10 mM Tris-HC1, 1% NP40, 0.1% sodium
deoxycholate, 0.1% SDS, 0.15 M NaCl, 1 mM
EDTA, 10 pg/ml aprotinin, 0.1 mM sodium
molybdate, 2 mM sodium orthovanadate, 1 mM
phenylmethansulphonyl fluoride, 10 mM sodium
fluoride, 25 mM sodium B-glycerophosphate, 10
mM sodium pyrophosphoric acid, and 1 mM
EGTA). Protein concentrations were measured
using the bicinchoninic acid (BCA) protein-assay
reagent (Pierce, Rockford, IL, USA). Cell lysates
were boiled for 5 minutes in 2x SDS sample
buffer and 10ug total protein was resolved by
SDS-PAGE. Lysates of other species known to
stain positively with each primary antibody were
used as positive control (data not shown). After
electrophoresis, separated proteins were blotted
onto  polyviniylidene  difluoride  (PVDF)
membranes (Bio-rad, Hercules, CA, USA). Blots
were then incubated for 16 hours at 4°C with
PBS-T buffer containing 5% non-fat milk. The
blots were incubated with appropriate primary
antibodies for 2 hours at room temperature and
subsequently  incubated with  horseradish-
peroxidase-conjugated antibodies against mouse
Ig (Amersham Bioscience, Piscataway, NJ, USA)
for 1 hour at room temperature with slight

shaking. Membranes were developed using the
Enhanced Chemiluminescence Plus detection kit
(GE Healthcare, Piscataway, NJ, USA).

Mice

Six- to seven-week-old female, KSN-slc mice
(Japan SLC, Inc., Tokyo, Japan) were used as
model hosts for the production of experimental
pulmonary metastasis by CMGT. Mice were
maintained in specific pathogen-free conditions:
24 + 1°C, 40-70% humidity, and a 12-hr light-
and -dark cycle. Two or 3 mice were placed in
one cage (Clea Japan Inc., Tokyo, Japan), and the
cages were set in a laminar-flow-rack housing
system (ICM Inc., Ibaragi, Japan). Animals were
fed sterilized food (Clea Japan Inc., Tokyo,
Japan) and water ad libitum.
Generation _ of  experimental
metastasis model

Animal experiments were performed according
to the principles outlined in the Guide for Animal
Care and Use of the Committee of the Graduate
School of Agricultural and Life Sciences,
University of Tokyo. Each of the 2 cloned cell
lines was suspended in saline at a dose of 1 x 107
cells/200pul and inoculated subcutaneously into
the right mammary fat pad of immunodeficient
mice using a 2l-gauge needle. After the
transplantation, the size of each tumour mass was
measured using callipers once a week after
inoculating tumour cells (measurement began 2
weeks after inoculation). Tumour volume (V)
was calculated according to the following
formula:

V=ax b’ x 1/2 (mm’)

where a and b are the tumour length and width
(in mm), respectively. Mice were sacrificed when
they showed clinical signs such as dyspnoea and
weakness or when the predefined experimental
time of 13 weeks passed. Mice were sacrificed
and autopsied to detect metastatic lesions in the
lungs or other organs. Masses formed at the
transplanted site and metastatic masses formed in
the lungs were collected for further investigation.
Statistical analysis

Comparison of the rate of metastasis among the
xenografted mice transplanted with the 2
different cell lines was made by Fisher’s exact
test. A probability of less than 5% (P < 0.05) was
considered significant in all analyses.

pulmonary-

RESULTS

Establishment of cloned cell lines

Twenty-three clones were successfully obtained
by cloning of the CHMp cell line. Two clones,
CHMp-5b and -13a, were selected as
representatives of the variety among the 23 cell
lines based on the expression of some proteins,



morphology, and doubling times.
Light-microscopy findings

Morphological features of CHMp-5b cells were
unique and most of the cells were apparently
spindle-shaped. In contrast, CHMp-13a had a
large proportion of small round cells (Fig. 1).

Figure 1.
Phase contrast micrographs of cloned cell lines;
CHMp-5b (A), (B) and CHMp-13a (C), (D).

Doubling time
The doubling times of CHMp-5b and CHMp-13a

were calculated to be 14.4 and 18.5 hours,
respectively.

Western blotting

The 2 cell lines, CHMp-5b and -13a, showed
different protein-expression patterns. Expression
of E-cadherin was undetectable in CHMp-5b,
whereas CHMp-13a  expressed E-cadherin.
Expression levels of B-catenin, vimentin, ER, and
PgR were higher in CHMp-5b than in -13a. Only
cytokeratin 18 showed higher expression in
CHMp-13a than in -5b (Fig. 2).

Figure 2.
Western blotting analysis for 6 oncological
factors of 2 CMGT cloned cell lines.

CMGT cell xenografts in immunodeficient mice

Six nude mice were used for each cloned cell line.
Most of the mice were sacrificed when they
showed clinical signs such as dyspnoea and
weakness and some were sacrificed when the
predefined experimental time of 13 weeks passed.
In all mice, tumour growth was detected at the
transplanted site and masses were histologically
confirmed to be carcinomas (Fig. 3).

Figure 3.

Pathological findings of masses developed at the
transplanted site; CHMp-5b (A), (B) and
CHMp-13a (C), (D).

Ulceration of primary masses was observed in
some mice. Necrosis and fluid accumulation was
observed within the tumour masses in some mice.
Calculation of the tumour volumes is shown in
Fig. 4. The tumour volume increased
significantly (P < 0.0001) in CHMp-5b-
transplanted mice compared to that in CHMp-
13a-transplanted mice.

Figure 4.

Changes in calculated tumour volume of mice
xenografts. Significant differences were detected
between 2 cell lines (P = 0.0037).

Between the 2 transplanted cell lines, only
CHMp-5b cells metastasized to the lung (4 out of
6 mice) but there was not a single metastatic
lesion in any mouse transplanted with CHMp-13a.
Macroscopic lung findings are shown in Fig. 5.



Figure 5.

Gross findings of lungs excised from
CMGT-xenografted mice. Small foci were
observed on the surface of the lung in CHMp-5b
mice (A). There was no metastatic lesion in the
lung of CHMp-13a mice (B).

Small superficial pulmonary foci were observed
in all mice with pulmonary metastases.
Pathological findings of the pulmonary
metastatic lesions are also shown in Fig. 6.

Figure 6.

Pathological findings of lungs excised from
CMGT-xenografted mice; CHMp-5b (A), (B) and
CHMp-13a (C), (D). Metastatic lesions were only
observed in CHMp-5b mice.

The body weight of mice were 30.42 + 2.69 g for
CHMp-5b group and 24.02 + 249 g for
CHMp-13a group. The weight of the primary
mass in the CMGT-xenografted mice was 7.33 +
2.07 g for CHMp-5b group and 1.14 £ 0.51 g for
CHMp-13a (data are expressed as mean + SD).

DISCUSSION

In this study, 23 cloned cell lines were
successfully established from the parental cell
line CHMp. Of these, we selected 2
representative cell lines based on their
characteristics including morphology, growth
potential, and expression of some tumour-related
proteins. CHMp-5b and CHMp-13a differed in
morphology and growth potential indicating that
each cell line likely has distinct functions.

The 2 cloned cell lines showed different protein-
expression patterns in this study. Cytokeratin, a

characteristic ~ protein of epithelial cells
(Henderson et al., 1981), and vimentin, the
protein  of  intermediate  filaments  of
mesenchymal cells (Hellman and Lindgren,
1989), were detected in both cell lines at different
levels. Cytokeratin expression is considered to
reflect the epithelial origin of mammary gland
tumours. Vimentin expression in invasive breast
carcinomas is generally hypothesized to be due to
epithelial-mesenchymal transition or
myoepithelial histogenesis, and it has been
reported that vimentin expression is associated
with ~ high  tumour invasiveness  and
chemoresistance (Korsching et al., 2005).
Expression patterns of these markers, lower
cytokeratin and higher vimentin expression levels
may be associated with malignancy of CHMp-5b
cell lines.

Cellular adhesion molecules are important for
maintaining tissue structure and cellular polarity
and can limit cell movement and proliferation.
E-cadherin  associates with a group of
intercellular proteins called catenins. B-Catenin
serves as a bridge between E-cadherin and
B-catenin, which connects with the microfilament
cytoskeleton. Disruption of normal cell-cell
adhesion by alternation of cadherin/catenin
molecules may contribute to enhanced potential
of tumour cell migration and proliferation,
leading to invasion and metastasis (Conacci-
Sorrell et al., 2002; Okegawa et al., 2002;
Wijnhoven et al., 2000). It is reported that loss of
E-cadherin causes cell migration or metastasis in
various cancers, including breast cancers
(Charpin et al., 1999; Yoshida et al., 2001). In
humans, a relationship between the nuclear
localization of dephosphorylated -catenin and
the tumorigenesis has also been reported in
cancers (Hugh et al., 1999). In the present study,
E-cadherin expression was detected only in
CHMp-13a, while B-catenin was detected in both
cell lines. The CHMp-5b cell line was suggested
to have oncogenic properties because of loss of
E-cadherin. However, B-catenin localization and
phosphorylation state should be investigated to
clarify its role in these cell lines.

In humans, ER and PgR are the 2 most widely
used predictive factors of breast cancers. Both the
ER and PgR are ligand-dependent transcriptional
factors belonging to the family of nuclear
hormone receptors (Olefsky, 2001). It has been
reported recently that there are 2 major, distinct
pathways responsible for generating low- and
high-grade invasive carcinomas. While the
former consistently show ER and PgR positivity,
the latter are usually ER-/PgR-negative (Simpson
et al., 2005). In this study, 2 cloned cell lines



showed both ER and PgR expression but at
different levels. The relationship between
expressions of these proteins and malignancy in
transplanted nude mice is unclear.

In this study, we measured the expression of
several important factors in the newly established
cloned CMGT cell lines. Because the difference
in the expression patterns of these proteins was
consistent, results of this study may elucidate
some of the characteristics of these cell lines. The
2 cloned cell lines may be useful tools for in vitro
and in vivo tumour analysis.

Several steps and many factors playing intricate
roles are thought to be involved during the
development of distant metastases (Woodhouse et
al., 1997). To understand molecular mechanisms
of metastasis, experimental animal models are
quite valuable for recapitulating conditions as in
patients with cancers (Fidler, 1986; Fu et al.,
1993). In this study, we developed an
experimental animal model of pulmonary
metastasis using CMGT cloned cell lines.
Interestingly, only CHMp-5b cells metastasized
to the lung of transplanted mice. Therefore, the
CHMp-5b cells were thought to have more
malignant characteristics than CHMp-13a cells in
vivo. In conclusion, we presented 2 cell lines that
were generated from the same, single parental
cell line but showed different metastatic
potentials. These cell lines will be important
research models in the field of veterinary
oncology while further studies unraveling other
differences between these 2 cell lines are
warranted.
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