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Abstract

Bone is one of the most common sites of metastasis in patients with advanced breast cancer; however, the mechanisms of
bone metastasis remain to be fully elucidated. Animal models are essential research tools for investigating the mechanisms
of diseases and drug actions. To date, there have only been a few reports in which C57BL/6 mice were used for the study
of bone metastases of breast cancer. In the current study, we found that intracardiac inoculation of C57BL/6 mouse-derived
parental EQ771 breast cancer cells (EQ771/Pa) frequently lead to bone metastases in C57BL/6 mice within 2 weeks. The bone-
metastatic clone of E0771 (E0771/Bone) established by sequential in vivo selection demonstrated a higher bone-metastatic
potential. Although there were no apparent differences in cell morphology or proliferation in monolayer cultures, E0771/
Bone showed increased tumorsphere formation in suspension cultures and tumor formation in the orthotopic mammary fat
pad in C57BL/6 mice compared with EO771/Pa. Furthermore, EO771/Bone expressed breast cancer stem-like cell surface
markers CD247/CD44*. These findings suggest that EO771/Bone possesses cancer stem-like properties. Quantitative PCR
analysis revealed that mRNA expression of parathyroid hormone-related protein (PTHrP), the most common mediator of
osteolytic bone metastases of breast cancer, was significantly upregulated in E0771/Bone. Thus, cancer stem-like properties
and elevated PTHrP expression likely contribute to the enhanced metastatic potential of EO771/Bone. We believe that this
new mouse model is a useful tool for in vivo studies of bone metastases of breast cancer, especially for those using geneti-
cally engineered mice with a C57BL/6 background.
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Introduction

Breast cancer is the most common cancer and the lead-
ing cause of cancer death among women in Japan and the
United States [1, 2]. Bone is one of the most frequent sites
of metastasis in patients with advanced breast cancer [3].
Bone metastases cause skeletal-related events, including
bone pain, pathological fractures, spinal compression, and
hypercalcemia. Consequently, bone metastases are major
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causes of increased morbidity and eventual mortality in
breast cancer patients [3]. However, the mechanisms of bone
metastases have yet to be fully elucidated.

Animal models are essential research tools for investigat-
ing the mechanisms of diseases and drug actions. C57BL/6
is the most commonly used mouse strain for the generation
of transgenic and knockout mice [4]. To employ these mice
for cancer study, syngeneic C57BL/6-derived cell lines, such
as B16 melanoma and Lewis lung carcinoma cell lines, have
been utilized [5, 6]. However, there have only been a few
reports in which C57BL/6 mice were used for the study of
bone metastases of breast cancer [7, 8].

EO0771 is a cell line of medullary breast carcinoma that
is derived from a spontaneous mammary tumor that arose
in a wild-type C57BL/6 mouse [9]. Although it has been
demonstrated that E0771 cells are tumorigenic in C57BL/6
mice and metastasize to the lungs spontaneously and also by
intravenous inoculation [10, 11], the bone-metastatic ability
of EO771 cells remains to be determined.
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In the current study, we found that intracardiac injection
of parental E0771 cells leads to bone metastases in C57BL/6
mice. Furthermore, we established a highly bone-metastatic
clone of EQ771 cells by repeated sequential in vivo selec-
tion [12, 13], and successfully developed a C57BL/6 mouse
model of bone metastases of breast cancer.

Materials and methods
Cell cultures

The mouse breast cancer cell lines E0771 (CHs Biosystems,
Buffalo, NY) and 4T1 (a generous gift from Dr. Fred R.
Miller, Michigan Cancer Foundation, Detroit, MI) [14] and
the human breast cancer cell line MCF-7 (American Type
Culture Collection, Rockville, MD) were cultured in Dul-
becco’s modified Eagle’s medium (Sigma-Aldrich, St. Louis,
MO) supplemented with 10% fetal bovine serum (Mediat-
ech, Manassas, VA) and 100 pg/ml kanamycin sulfate (Meiji
Seika Pharma, Tokyo, Japan), and were maintained in a
humidified atmosphere of 5% CO, in air at 37 °C.

Cell proliferation in monolayer cultures

The cells (1000 cells/well) were plated in growth medium
in 96-well plates and cultured for 24, 48, and 72 h. Cell
proliferation was determined using Cell Counting Kit-8
(Dojindo Laboratories, Kumamoto, Japan), in which
WST-8 (2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-
5-(2,4-disulfophenyl)-2H-tetrazolium) is used as a substrate,
according to the manufacturer’s protocol. The absorbance
was measured using a microplate reader (Bio-Rad Labora-
tories, Hercules, CA) at a wavelength of 450 nm. Each assay
was conducted in quadruplicate.

Tumorsphere formation

Tumorsphere formation was assessed as previously
described [15]. After cultivation for 6 days, the number of
tumorspheres with a diameter of >200 pm was counted by
light microscopy. Data are expressed as the number of tum-
orspheres/well. Each assay was performed in quadruplicate.

Reverse transcriptase-polymerase chain reaction
(RT-PCR)

RT-PCR was performed as previously described [16].
Primer sequences were as follows: mouse estrogen recep-
tor a (ERa; product size 221 bp), GCCAAGGAGACTCGC
TACTG/TTCATCATGCCCACTTCGTA; mouse proges-
terone receptor (PgR; product size 159 bp), GATTCAGAA
GCCAGCCAGAG/GTTATGCTGCCCTTCCATTG; mouse
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v-erb-b2 erythroblastic leukemia viral oncogene homolog
2 (Erbb2; product size 162 bp), GACTGTGTGGGAGCT
GATGA/TCGGAGTCAATCATCCAACA; mouse parathy-
roid hormone-related protein (PTHrP; product size 206 bp),
CAGCCGAAATCAGAGCTACC/CTCCTGTTCTCTGCG
TTTCC; mouse glyceraldehyde-3-phosphate dehydrogenase
(GAPDH; product size 338 bp), TTGAAGGGTGGAGCC
AAACG/ACACATTGGGGGTAGGAACACG; human
GAPDH (product size 415 bp), CATGGAGAAGGCTGG
GGCTC/CACTGACACGTTGGCAGTGG. The primers for
ERa, PgR, and Erbb2 can also amplify human genes, and
the product sizes are exactly the same as those of mice. The
absence of contamination of DNA was verified by PCR on
non-reverse-transcribed RNAs. The sizes of the fragments
were confirmed by reference to a 100-bp DNA ladder.

Real-time RT-PCR

In some experiments, cells were treated with transforming
growth factor-p1 (TGFp, 5 ng/ml, Peprotech, Rocky Hill,
NJ) for 24 h. Real-time RT-PCR was performed using a One
Step SYBR PrimeScript PLUS RT-PCR Kit (Takara Bio,
Shiga, Japan) with a StepOnePlus Real-Time PCR system
(Applied Biosystems, Foster City, CA). Primer sequences
were as follows: mouse ERa, CAACTGGGCAAAGAGAGT
GC/CCAGACGAGACCAATCATCA; mouse PTHrP, GGT
TCAGCAGTGGAGTGTCC/CAGACACAGCGCGTTTGA,;
mouse B-cell-specific Moloney murine leukemia virus inte-
gration site 1 (BMI1), CAAAACCAGACCACTCCTGAA/
TCTTCTTCTCTTCATCTCATTTTTGA; mouse aldehyde
dehydrogenase 1 family, member A1 (ALDH1A1), GCC
ATCACTGTGTCATCTGC/CATCTTGAATCCACCGAA
GG; mouse p-actin, CTAAGGCCAACCGTGAAAAG/
ACCAGAGGCATACAGGGACA. Melting curve analysis
was performed to determine the melting temperatures of the
amplified products and exclude undesired primer dimers.
Quantification was normalized using mouse fB-actin as a
reference gene. Expression levels of the specific genes were
indicated as fold-changes compared with controls. Each
assay was performed in triplicate.

Flow cytometric analysis

Fluorescence-labeled monoclonal antibodies, fluorescein
isothiocyanate (FITC)-anti-CD24, phycoerythrin (PE)-anti-
CD44, PE-anti-CD49f, and isotype-matched IgG controls
were purchased from eBioscience (San Diego, CA). PE-anti-
epithelial cell adhesion molecule (EpCAM) antibody was
purchased from Miltenyi Biotec (Bergisch Gladbach, Ger-
many). Flow cytometric analysis was performed using a flow
cytometer (Cytomics FC500; Beckman Coulter, Fullerton,
CA). Data were analyzed using FlowJo software (Tree Star,
Ashland, OR).
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Animal experiments

Intracardiac and intramammary injections of tumor cells into
C57BL/6 mice (female, 8-week-old, Japan SLC, Shizuoka,
Japan) were conducted as previously described [15, 16]. The
number of mice used in each experiment is described in the
figure legends. Body weight (BW) change was calculated by
the following equation: % BW change=(BW on the speci-
fied day — BW on day 0)/BW on day 0x 100. Mammary
tumor volume was estimated by the following equation:
Tumor volume (mm?) = (Iength) x (width)?x0.5. All ani-
mal experiments were approved by the Animal Management
Committee of Matsumoto Dental University.

Establishment of a highly bone-metastatic clone

A bone-metastatic clone of EQ771 cells was established as
previously described [13]. Two weeks after the intracardiac
inoculation of parental EO771 cells, mice were killed and
the cells in the bone marrow cavity were flushed out and
cultured in growth medium. After 1-2 weeks of culture,
obtained cancer cells were reinoculated into the left cardiac
ventricle of 8-week-old, female, C57BL/6 mice. This pro-
cedure was repeated 15 times and a highly bone-metastatic
clone was obtained.

Radiographic analysis of bone metastases

Development of bone metastases was monitored by X-ray
radiography. Mice were anesthetized with pentobarbital
(0.05 mg/g body weight; Kyoritsu Seiyaku, Tokyo, Japan),
arranged in a prone position on single-wrapped films (Care-
stream Kodak BioMax XAR Film, Sigma-Aldrich), and
exposed to a 20 kV X-ray at 3 mA for 8 s using a soft X-ray
inverter system (SRO-iM50; Sofron, Tokyo, Japan).

Micro-computed tomography (uCT) analysis

The undecalcified femurs were subjected to pCT analysis
using micro focus X-ray computed tomography (ScanXmate-
A080; Comscantecno, Yokohama, Japan). Three-dimen-
sional (3D) digital images were reconstructed using TRI/3D-
BON software (Ratoc System Engineering, Tokyo, Japan).

Histologic and histomorphometric analysis

Paraffin sections were prepared by conventional meth-
ods and were stained with hematoxylin and eosin (H-E).
Tartrate-resistant acid phosphatase (TRAP) staining was
also performed as previously described [16]. Using H-E-
stained sections, the presence or absence of metastases in
2 femurs and 2 tibias was evaluated under a microscope.
Data are expressed as the number of bones with metastases/

mouse. The metastases in adrenal glands, ovaries, and brains
were also similarly evaluated. Histomorphometric analysis
was conducted on the tumor burden in bones as previously
described [15, 16]. Data are expressed as the tumor area
(mmz).

Measurement of serum calcium levels

Blood was collected from mice by cardiac puncture at the
time of sacrifice. Serum calcium levels were measured using
a kit (Calcium E test Wako, Wako Pure Chemical Industries,
Osaka, Japan) according to the manufacturer’s protocol.

Statistical analysis

Data are expressed as the mean + SEM. Significance was
analyzed by the Student’s ¢ test or Welch’s ¢ test (Mini Stat-
Mate; ATMS, Tokyo, Japan). One-way ANOVA followed
by the Tukey test was used when more than two groups
were compared. P values of <0.05 were considered to be
significant.

Results

Establishment of a highly bone-metastatic clone
of E0771 mouse breast cancer cells

We firstly evaluated the bone-metastatic ability of paren-
tal EO771 cells (E0771/Pa) and the bone-metastatic clone
(E0771/Bone), which was established by 15-times-repeated
in vivo sequential selection. Histological examination
revealed that 20 of 23 (87%) and 19 of 19 (100%) mice intra-
cardially inoculated, respectively, with E0771/Pa and E0771/
Bone developed at least one metastatic lesion in femurs or
tibias in C57BL/6 mice (data not shown). Of note, EQ771/
Bone developed significantly larger metastases with higher
frequency than EO771/Pa (Fig. 1a, b). Both cells induced an
essentially similar histological type of bone metastasis. The
metastases were mainly osteolytic, which were recognized as
radiolucent lesions on X-ray images (Fig. 1¢). The majority
of trabecular bones were destroyed and cortical bones were
also penetrated in some parts (Fig. 1a, d). Many TRAP-pos-
itive multinucleated osteoclasts and mononucleated osteo-
clast precursor cells were seen on residual bone surfaces and
in tumor nests (Fig. 1e). However, some trabecular bones
remained undestroyed in the metastatic lesions (Fig. 1a, d).

The intracardiac inoculation of EQ771/Pa cells also
caused macroscopically detectable metastases in the adre-
nal glands and the ovaries in most mice (Fig. 2a, b). The
frequency of the metastases was not decreased and even
increased when inoculated with E0771/Bone (Fig. 2a, b).
Moreover, brain metastases were found in 4 of 11 (36%)
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Fig. 1 Bone-metastatic potential of EQ771/Pa (Pa) and E0771/Bone
(Bone) in C57BL/6 mice. a Representative histologic views of metas-
tases in the femurs at 2 weeks after intracardiac injection (H-E stain-
ing; T tumor; BM bone marrow; scale bar = 500 pm). The metastatic
lesions are encircled with the dotted line. b Histologic and histomor-
phometric analysis of tumor burden of E0771/Pa and E0771/Bone
in bone. Data are expressed as the number of bones with metasta-
ses (left) and the tumor area (mm?, right) (n=23 for E0771/Pa and

mice inoculated with EQ771/Pa and 9 of 9 (100%) mice inoc-
ulated with EO771/Bone (Fig. 2¢). No metastases were found
in other organs by macroscopic examination. Tumor-bearing
mice showed a time-dependent loss of body weight, which
was more severe in EQ771/Bone-inoculated mice (Fig. 2d),
and started to die around 2 weeks after cell inoculation. No
mice presented hypercalcemia at 2 weeks after intracardiac
injection (data not shown).

Phenotypic differences between E0771/Pa
and E0771/Bone

We then compared phenotypic differences between E0771/
Pa and EQ771/Bone in vitro. Both cells showed a similar
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n=19 for EO771/Bone, combination of three separate experiments).
*p<0.01; **p<0.001. ¢ Representative X-ray image of bone metas-
tases of EQ771/Bone (arrows, radiolucent lesions). d Representative
3D pCT image of bone metastases of EO771/Bone. Some parts of
the cortical bone were penetrated by the tumor expansion (arrows).
e Representative histologic views of bone metastases of EO771/Bone
stained with TRAP (T tumor; scale bar = 100 pm)

spindle-like shape in monolayer cultures; however, EO771/
Bone exhibited a relatively more uniform morphology
(Fig. 3a). Cell proliferation in monolayer cultures was
similar between EQ771/Pa and E0771/Bone (Fig. 3b).
Conventional RT-PCR analysis demonstrated that EO771/
Pa was positive for ERa and Erbb2 (also known as HER2),
but negative for PgR (Fig. 3¢). EO771/Pa also expressed
PTHrP mRNA. In E0771/Bone, the expression of PgR
and Erbb2 was similar to EQ771/Pa, while the expression
of ERa was decreased and that of PTHrP was increased
(Fig. 3c), which was confirmed by quantitative real-time
PCR (Fig. 3d). The expression of PTHrP in EO771/Bone
was enhanced by TGFf, a growth factor abundantly stored
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Fig.2 Metastases of EO771/Pa (Pa) and EO771/Bone (Bone) to non-
bone organs. a Representative macroscopic view of metastases in
the adrenal glands (asterisk) and the ovaries (Ov) at 2 weeks after
intracardiac injection (Kid kidney; scale bar = 5 mm). b Quantita-
tive analysis of metastases in the adrenal glands and the ovaries. Data
are expressed as the number of adrenal glands (left) or ovaries (right)
with metastases (n=23 for EO771/Pa and n=19 for E0771/Bone,
combination of three separate experiments). *p <0.05; NS not sig-

in bone matrix, although the induction in EQ771/Pa was
not statistically significant (Fig. 3d).

Cancer stem-like properties of E0771/Bone

To clarify the mechanism of the enhanced metastatic
capacity of EQ771/Bone, the cancer stem-like properties
were investigated. Suspension culture experiments showed
that EO771/Bone formed significantly more tumorspheres
than EQ0771/Pa (Fig. 4a). Furthermore, tumor growth in
the orthotopic mammary fat pad was also facilitated to a
greater extent in mice injected with E0771/Bone than in
those injected with EQ771/Pa (Fig. 4b). Then, we finally
compared the expression of breast cancer stem-like markers.
Flow cytometric analysis revealed that both EO771/Pa and
E0771/Bone were CD24-negative and CD44-positive [17];
however, the expression was relatively more homogeneous
and CD44 expression was slightly increased in EO771/Bone
compared with EQ771/Pa (Fig. 4c). The expression of CD49f

b
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nificant. ¢ Representative macroscopic (left, arrow) and histological
(right) view of metastases in the brain at 2 weeks after intracardiac
injection of E0771/Bone (T tumor; scale bars = 5 mm in left panel
and 1 mm in right panel). d BW changes in tumor-inoculated mice.
Data are expressed as % BW change [n=11 for control (non-tumor-
bearing mice) and E0771/Pa and n=9 for EO771/Bone]. *p<0.001
vs. control; *p <0.01 vs. E0771/Pa; $p<0.05 vs. EO771/Pa

[18] was also somewhat higher in EO771/Bone, whereas
EpCAM [17] was negative in E0771/Pa and E0771/Bone
(Fig. 4c). Real-time PCR analysis showed that the mRNA
expression of BMI1 [19] was similar and that of ALDHI1A1
[20] was at undetectable level in both cells (data not shown).

Discussion

In the current study, we established a novel C57BL/6 mouse
model of bone metastases of breast cancer, which is one
of the most common cancers to metastasize to bone [3].
To date, there have only been a few reports on the study
of bone metastasis of breast cancer using C57BL/6 mice,
because of limited available syngeneic cell lines. These
studies employed cell lines, Py8119 [7] and PyMT-BO1
[8], obtained from spontaneously arising tumors in mouse
mammary tumor virus promoter-driven Polyoma middle
T-antigen (MMTYV-PyMT) transgenic C57BL/6 mice. Both
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Fig.3 Characterization of EQ771/Pa (Pa) and E0771/Bone (Bone or
Bo) in vitro. a Representative phase-contrast microscopy images in
monolayer cultures (scale bar = 100 pm). b Cell proliferation in mon-
olayer cultures determined by WST-8-based assay. Data are expressed
as the absorbance at 450 nm. NS not significant. ¢ mRNA expression
of ERa, PgR, Erbb2, and PTHrP determined by conventional RT-
PCR (30 cycles for ERa, PgR, Erbb2, and PTHrP, and 23 cycles for

Py8119 and PyMT-BOI cells were shown to metastasize to
bone after intracardiac inoculation; however, the incidence
of bone metastases was low [7] or unclear [8]. On the other
hand, the present study showed that most mice inoculated
with EO771/Pa and EO771/Bone developed bone metastases
(87 and 100%, respectively) within 2 weeks. Models using
C57BL/6 mice have some advantages over models using
other animals. Most importantly, C57BL/6 is the strain of
mouse that is most frequently used for generating genetically
engineered mice [4]. These mice enable us to investigate the
influences of host environments on the development of bone
metastases of breast cancer. Furthermore, since C57BL/6
mice are immunocompetent, these models can also be used
to study the roles of the immune system in bone metastases
of breast cancer.

The in vivo selection method employed in this study is
a well-recognized and widely used method for isolating
highly metastatic subpopulations from the parental popula-
tions [12]. Using this procedure, we previously established a
highly bone-metastatic clone of MDA-MB-231 human breast
cancer cells (MDA-231BO) [13]. Intracardiac inoculation of
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GAPDH). The primers for ERa, PgR, and Erbb2 amplify both mouse
and human genes and the product sizes are the same. MCF-7 (7)
and 4T1 (4) cells were used as positive controls. d Relative mRNA
expression of ERa and PTHrP as determined by quantitative real-
time RT-PCR. The treatment with TGFf (5 ng/ml) was conducted
for 24 h. Data are expressed as fold-changes compared to EO771/Pa.
*p <0.001; NS not significant

parental MDA-MB-231 cells developed metastases not only
in bone, but also in non-bone organs, such as adrenal glands,
ovaries, and the brain. In contrast, MDA-231BO exclusively
metastasized to bone with larger lesions than the parental
cells, suggesting that the in vivo selection enriched a bone-
seeking population. However, in the present study, EO771/
Bone acquired an enhanced metastatic potential to bone
without losing that to adrenal glands, ovaries, and brain.
These results suggest that, at least in this particular case, the
in vivo selection yielded a more aggressive population, but
not a bone-seeking population, likely through the enrichment
of a population with cancer stem-like phenotypes.

The metastases of EO771/Pa and E0O771/Bone induced
mainly osteolytic changes in bone. However, when metas-
tases were relatively small, bone destruction was not evi-
dent and the lesions partially exhibited the intertrabecular
type [21] rather than the osteolytic type of bone metastases
(Fig. 1a, E0771/Pa). Even when the lesions became large
enough to destroy cortical bones, some trabecular bones still
remained undestroyed (Fig. 1a, EO771/Bone). Accordingly,
the lesions were somewhat difficult to distinguish on X-ray



Journal of Bone and Mineral Metabolism (2019) 37:235-242 241
a b
50 No. of spheres Tumor volume (x1000 mm3) Tumor weight (g)
| *
% —-Pa %
40 ] 51 —@—Bone
4
30
3
20 %%
2
10 1 %%
0 0 » : - )
Pa Bone 0 1 2 3 4 (w) Pa Bone
C
3401 Q2 Q2 Q2
10" J0002% 0.00% 0294% 0114%
Lu 102*
o L
(8.) 10‘ E i ID‘ E
g o “
) 10° 4 a o 10° 4 10 o
] i
2 Q4 l Q3 Q4 Q3 Q4 Q3
100 0%' . . . 001;2% 0018‘!7 : _— 000:.‘% UUD‘?«: . — — OU?%
1OD 10‘ 102 103 10 101 10: 70] 10“ 10‘ 102 103
Isotype IgG-FITC CD24-FITC
100 T IgG 1004 1004 g 100 4
80 Pa 80 80 80
x —
g 60 Bone 60 60 60
—
o 40 40 40 40
S
20 204 204 204
0 . - e 0 : - e 0 .1'"‘; ? — 0 > - —
Iﬂn 10' \ﬂz 4&3 HJD \ﬂ‘ \OZ 4{3 mu H]' IDZ 4&3 1(10 ID' Ill2 Qg
CD24-FITC CD44-PE CDA49f-PE EpCAM-PE

Fig.4 Cancer stem-like properties of E0771/Bone. a Tumorsphere
formation of E0771/Pa (Pa) and EO771/Bone (Bone) in suspension
cultures. Representative microscopic images are shown on the left
(scale bar = 200 pm). Quantitative data are expressed as the number
of tumorspheres/well. *p<0.01. b Tumor growth in the orthotopic
mammary fat pad of C57BL/6 mice. Data are expressed as the tumor

pictures (Fig. 1c) compared with pure osteolytic lesions
caused by cancer cells such as MDA-MB-231 human breast
cancer cells [22] and A375 human melanoma cells [23].
To determine the mechanisms of the enhanced meta-
static potential of EQ771/Bone, the phenotypical differences
between EQ771/Pa and EO771/Bone were examined in vitro
and in vivo. Although cell morphology and proliferation in
monolayer cultures showed no apparent differences, EO771/

volume (mm?, left) and the tumor weight at the time of sacrifice at
4 weeks after cell inoculation (g, right) (n=21/group, combination of
three separate experiments). **p <0.001. ¢ Flow cytometric analysis
of the expression of CD24, CD44, CD49f, and EpCAM. As controls,
E0771/Pa was stained with isotype-matched IgGs

Bone exhibited increased tumorsphere formation in suspen-
sion cultures and tumor formation in the orthotopic mam-
mary fat pad in C57BL/6 mice. Furthermore, E0771/Bone
homogeneously expressed CD24/CD44%, widely recog-
nized markers of cancer stem-like cells of breast cancer [17],
and CD44 expression was increased compared with E0771/
Pa. These findings suggest that EO771/Bone possesses can-
cer stem-like properties. It has been well-described that
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osteoclastic bone destruction plays a key role in the devel-
opment of bone metastases [24]. PTHrP produced by cancer
cells is one of the most common mediators of osteolytic
bone metastases of breast cancer [25]. Quantitative RT-PCR
analysis revealed that mRNA expression of PTHrP in E0771/
Bone was higher than in E0771/Pa. Moreover, TGFp, which
is a growth factor abundantly stored in bone matrix and has
been shown to increase the expression and production of
PTHrP [26], significantly enhanced PTHrP expression only
in EO771/Bone. The result suggests that E0771/Bone pro-
duces PTHrP more efficiently than EQ771/Pa, especially in
the bone microenvironment. Taken together, cancer stem-
like properties and elevated PTHrP expression likely con-
tribute to the enhanced metastatic potential of EQ771/Bone.

In conclusion, we developed a novel C57BL/6 mouse
model of bone metastases using the C57BL/6-derived breast
cancer cell line E0771. We believe that our mouse model is
a useful tool for in vivo studies of bone metastases of breast
cancer, especially for those using genetically engineered
mice with a C57BL/6 background.
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