
Abstract. Background/Aim: Local tumor injection models
require complicated procedures. The purpose was to
establish a simple local bone metastasis model using normal
mice, and to study the usefulness of the model with
bisphosphonates (BP). Materials and Methods: This study
used a versatile C57BL/6 mouse model and E0771 cells.
Tumor cells were injected into the right femur. Mice were
divided into groups depending on the concentration of cells
injected and the use of BP or not. The degree of bone
destruction between the different conditions was compared
using micro-computed tomography (μCT). Results: Bone
destruction was confirmed in four mice in the high-
concentration group at 3 weeks, and in all other mice at 4
and 6 weeks. At 6 weeks post-injection, bone destruction was
significantly suppressed in the BP group (p<0.05).
Conclusion: We created a breast cancer mouse model of
local bone metastasis. Zoledronate showed the same
usefulness as in previous models. It may be an effective
model for evaluating treatments for bone metastasis. 

In 2018, 18 million cancer patients and 9.6 million cancer
deaths were reported globally (1). In addition, more than 20
million new cancer cases are expected in 2025, mainly in
developing countries (2). In Japan, 370,000 patients died of
cancer in 2019 (3). The 5-year survival rate of cancer
patients is increasing because of new drugs – mainly,
molecular targeted drugs and immune checkpoint inhibitors –
and advances in treatment, such as improved surgical
techniques (4). Bone metastasis is a common complication

of advanced cancer. The increase in the survival rate of
patients with carcinoma suggests the possibility of an
increase in the number of patients with bone metastasis.
Breast cancer is the most common cancer among women and
the leading cause of cancer-related deaths among women in
Japan and the United States (5, 6). Bone is one of the most
common metastatic sites in advanced breast cancer, and bone
metastasis is clinically problematic because it causes a
variety of adverse bone-related events.

The mechanisms underlying bone metastasis are not fully
elucidated. Animal models are essential for investigating the
disease mechanisms and drug effects. However, in rodents and
small animals, both the spontaneous occurrence of cancer (7)
and cases of metastasis are rare (8). Therefore, it is important
to create bone metastasis models; most of which are
established by transvenous administration, thus, mimicking the
hematogenous metastasis (9). Using this method, however, it
is difficult to localize bone metastases. There have been
reports of inducing bone metastases only in the target bone by
injecting tumor cells directly into the medullary cavity (10).
This method, however, has not been widely used owing to its
complicated handling in terms of infection.

In this study, we attempted to create a distant metastasis
model of the mouse breast cancer cell line E0771 (11-12) in
the femur using a versatile C57BL/6 mouse model. We
verified the usefulness of this model using bone resorption
inhibitors, have been shown to be useful in a mouse model
of systemic administration (13). Our second aim was to
assess whether we could confirm the efficacy of the bone
resorption inhibitor, making this model useful for drug
therapy in bone metastases.

Materials and Methods
Cell culture. E0771 (CH3 Biosystems LLC, NY) cells were cultured
in Dulbecco’s modified Eagle’s medium (Sigma-Aldrich, St. Louis,
MO, USA) supplemented with 10% fetal bovine serum (Mediatech,
Manassas, VA, USA) and 100 μg/ml kanamycin sulfate (Meiji Seika
Pharma, Tokyo, Japan). These were maintained in a humidified
atmosphere of 5% CO2 in air and 37˚C (14). The cells were verified
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to be mycoplasma-free before mouse injections using a PCR-based
method (ICLAS Monitoring Center, Kawasaki, Japan).

The cells were diluted in phosphate-buffered saline (PBS) so that
the final number of cells was either 1.0×104/10μl or 1.0×105/10μl.
The survival rate of the tumor cells was evaluated using the trypan
blue dye exclusion method with a hemocytometer (Kayagaki,
Tokyo, Japan) under an optical microscope (Olympus BH-210,
Tokyo, Japan ×400).

Animal experiments. Four-week-old female C57BL/6 mice (Charles
River Laboratory Inc., Kanagawa, Japan) were housed in a specific
pathogen-free environment. The mice were anesthetized, and
E0771 cells were administered topically. In detail, a combination
anesthetic was prepared with 0.3 mg/kg of medetomidine, 4.0
mg/kg of midazolam, and 5.0 mg/kg of butorphanol and
administered via subcutaneous injection to obtain a good depth of
anesthesia. We made a median incision in the knee of each mouse,
and the patella was flipped laterally to expose the femoral condyle.
We created a bone socket in the femur using a 26G needle.
Different concentrations of E0771 cells (1.0×104/10μl &
1.0×105/10μl) were suspended in 10 μl of PBS injected using a
Hamilton syringe (Figure 1). The mice were divided into two
groups: i) a high concentration group injected with 1.0×105/10 μl
tumor cells (n=4) and ii) a low concentration group injected with
1.0×104/10 μl tumor cells (n=4). The mice were kept for 6 weeks
before being sacrificed. The development of bone metastases was
monitored by micro-computed tomography (μCT) analysis using
micro-focus X-ray computed tomography CosmoScan GX II
(Rigaku Corporation, Tokyo, Japan). Three-dimensional digital
images were reconstructed using the bone analysis software
(Rigaku Corporation, Tokyo, Japan). The mice were monitored at
3, 4, and 6 weeks post-injection, and the degree of bone destruction
was calculated. To calculate the rate of bone destruction using μCT,
we first measured the length of the femur from the femoral head
to the femoral condyle in the sagittal section. The axial section was
used to identify the location where cortical bone destruction was
partially observed, and the sagittal section was used to confirm the
length of bone destruction. The following calculation method was
used: femur length with the appearance of bone destruction/femur
length ×100. The appearance of metastasis was confirmed by μCT
after sacrifice. 

In the next experiment, the mice injected with the high
concentration of E0771 cells were randomly divided into two
groups: i) control group (n=10) and ii) bisphosphonate (BP) group
(n=10). The BP group received zoledronic acid (ZOL) at 100 μg/kg
subcutaneously 2 weeks after the administration of E0771 cells, and
they were sacrificed after 6 weeks of captivity. A dose of 100 μg/kg
ZOL was equivalent to a 4 mg infusion used for the treatment of
bone metastasis in humans (15). 

Two groups were monitored at 3, 4, and 6 weeks post-injection,
and the bone destruction rates were calculated. The appearance of
metastasis was confirmed by μCT after sacrifice. The right thigh
and tumor were removed as a single mass, and tumor volume and
weight were measured. Calipers were used to obtain volume
measurements.

The protocols for the animal experiments described in this paper
were previously approved by the Animal Research Committee, Akita
University School of Medicine, and all subsequent animal experiments
adhered to the “Guidelines for Animal Experimentation” of the
University.

Statistical analysis. Data are expressed as the mean±standard
deviation, and comparisons between two groups were analyzed by
Student's t-test (R Development Core Team (2013) in R language and
environment for statistical computing (R Foundation for Statistical
Computing, Vienna, Austria). Significance was set at p<0.05.

Results

MicroCT at 3 weeks after tumor cell injection showed that
cortical bone destruction was not observed in any of the mice
in the low concentration group. However, cortical bone
destruction was observed in all mice in the high concentration
group. In addition, μCT at 4 and 6 weeks revealed visible
bone destruction in all the mice from both groups (Table I).
At 6 weeks post-injection, no distant metastasis was observed
in either group and no deaths occurred before sacrifice. No
complications, such as infections, were observed.

After injection with 1.0×105 tumor cells/10 μl, destruction
of the cortical bone by the tumor was confirmed in all mice
in the control and BP groups at 3 weeks. The 4-week bone
destruction rate was not significantly different between the
two groups, however, at 6 weeks the bone destruction rate
was significantly higher in the BP group compared to the
control (p=0.04). The weight and volume of the right
femoral tumor collected at the time of sacrifice were
measured, and no significant differences in tumor weight or
volume were observed between the two groups (Table II). 

Discussion

Interventional studies for the treatment of regional metastatic
bone lesions are still underreported. One of the main reasons
for this is the lack of established local bone metastasis
models. There have been many reports of intracardiac and
intravascular administration approaches (16-18), and
therapeutic intervention studies in systemic administration
models have been conducted using bone resorption inhibitors
(19). However, the systemic administration model has
several disadvantages. First, the cancer progresses
systemically; the animal itself is in a situation where it must
be sacrificed before therapeutic intervention. Second, the
method is not reproducible because bone metastases cannot
be locally created. Therefore, it is difficult to evaluate local
bone metastases in systemic administration, although it is
possible to study the effect on the whole body. One model
in which tumor cells are directly administered into the
medullary cavity has been reported as a method to induce
local bone metastases (10), however, there are only a few
reports on this method. Most of these reports were using
immunodeficient mouse models, such as knockout and nude
mice. The C57BL/6 mouse is one of the most widely used
mice globally and is very versatile (20). Previously, Hiraga
et al. reported that the breast cancer cell line E0771 was
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administered to C57BL/6 mice to establish a systemic bone
metastasis model (14). Accordingly, we demonstrated that a
local bone metastasis model can be generated by local
administration of E0771 cells to the femurs of C57BL/6
mice. In addition, we used a previous report on the minimum
concentration of tumor cells required for local bone
metastasis models as a guide for selecting the concentration
of tumor cells to be injected (10). By examining two groups
with different tumor cell concentrations, we found that the
high concentration group (1.0×105 cells/10 μl) was more
reproducible as a bone metastasis model and more suitable
for therapeutic intervention studies. 

Our model has three main advantages. First, we can deliver
exact quantities of tumor cells with controlled quality to a
target site. The number of tumor cells reaching the local
femoral bone marrow cavity can be strictly measured after
excluding dead cells. Eliminating differences in the number of
tumor cells injected into mice reduces the bias in judging the
effectiveness of therapeutic interventions. Second, the
technique is simple and reproducible, and the tumors appear
consistently. This method of approaching the femur through
the mid-knee incision by dislocating the patella outward can
be employed in a few sessions, making it a stable technique.
For the injection and bone hole methods, we determined that
the Hamilton syringe approach is suitable based on a previous
report (21). Finally, and most importantly, tumor appearance
could be confirmed by μCT at a relatively early stage, i.e., 3
weeks after cell inoculation. In addition, it is possible to
continue raising the animals without complications, such as
infection, for 3 weeks after the initial intervention. The 3-week
period after confirmation of tumor appearance makes it easier
to confirm the effect of the intervening drugs on the
appearance of local bone metastatic lesions. 

ZOL is a standard therapeutic agent for bone metastases and
has been proposed to have direct or indirect antitumor effects
in vivo (13). Furthermore, when administered as adjuvant
therapy added on the standard therapy, ZOL has been shown

to reduce bone metastasis in breast cancer patients with a high
risk of bone metastases (22). The effect of ZOL on bone
lesions has been widely reported (23-24), but its effect on the
local tumor itself has been questioned in some areas (19, 25).
In this study, we used a new bone metastasis model to
investigate the effects of ZOL on tumor lesions and bone
metastatic lesions. Because ZOL is effective to administer as
early as possible after tumor cell inoculation (19), we
administered ZOL only 2 weeks post-injection. Consequently,
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Table I. Comparison of tumor appearance between high and low
concentration groups.

                                                                       High                      Low 
                                                                concentration         concentration
                                                                   group (%)              group (%)

Number                                                             4                             4
Tumor appearance after injection                                                    
3 weeks                                                        4 (100)                     0 (0)
4 weeks                                                        4 (100)                   4 (100)
6 weeks                                                        4 (100)                   4 (100)

Table II. Comparison of tumor appearance between two groups due to
differences in bisphosphonate use.

                                                     Control      Bisphosphonate    p-Value
                                                       group                 group

Bone destruction rate                                                                           
4 weeks after injection (%)        12.9±6.7            11.6±8.8            0.725
6 weeks after injection (%)        26.6±9.9           16.5±11.5           0.040
Tumor weight (g)                         6.1±1.5              7.0±2.1             0.300
Tumor volume (mm3)              2982±1736        2899±1383          0.900

Values are expressed as frequencies and proportions of patients or
means±standard deviations with ranges. 

Figure 1. Tumor cell injection method. A midline incision was made in the mouse knee (a) followed by lateral dislocation of the patella to expose
the femoral condyle (b). The bone was punctured with a 26G needle and the tumor cells were injected using a Hamilton syringe (c).



bone destruction 6 weeks after tumor cell implantation was
significantly suppressed in the ZOL group, suggesting that
early administration of ZOL may inhibit local bone metastatic
lesions in our model. This means that the new model is non-
inferior to the systemic model in terms of determining the
efficacy of zoledronic acid and suggests that it could be useful
for determining the efficacy of drug therapy. There was no
significant difference in tumor weight or volume in the right
thigh. The direct effect of ZOL on tumors could not be
identified in this study and remains to be determined, even
though ZOL may inhibit tumor-induced bone destruction by
suppressing osteoclasts (13, 25). 

One limitation of this study is that the mechanism of
metastasis is not physiological. As it is obviously difficult to
consistently generate tumors at fixed sites and be able to
study the therapeutic effects of drugs on bone metastases, a
local bone metastasis model is also necessary. Taken
together, the animal model established in this study could be
considered very useful in this regard.

In conclusion, we succeeded in creating a local bone
metastasis model using E0771 breast cancer cells in
C57BL/6 mice, which could be easily raised. This model
may become one of the most effective models for evaluating
new therapies for local bone metastasis in the future. 
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