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Abstract

Bone is one of the most preferential target
organs of breast cancer metastasis. Several
animal models were developed for further
clarifying the bone metastasis pathway in breast
cancer patients. Direct inject cancer cells into
bone marrow cavity is an easier technique and
also produces similar results to the radiographic
photo from the patients with bone metastasis.

In the present study, we established a
simpler and a more accurate local injection nude

1

mice model as compared to the ones described
previously. Four to five weeks after
bone-seeking type MDA-231 breast cancer cells
(MDA-231/Bone) were transplanted, tumors
grew up from the tibiae and obviously osteolytic
lesions were shown on the radiographic photo.
Different from parent MDA-231 cells,
cloned bone-seeking type MDA-231 showed the
ability to promote the osteoclast formation from
stromal cells free hematopoietic cells (osteoclast
precursors). Further studies would be valuable in
clarifying the interaction between bone-seeking
MDA-231 cells and osteoclast precursors.
Keywords: bone cancer, breast cancer, murine
model, osteoclast, bone metastasis

Introduction

Ninety percent breast cancer patients dying with
osteolytic bone metastasis (Walther, 1948). The
mechanism of breast cancer cell metastases to
bone remains unclear. Several animal models
were developed for further clarifying the bone
metastasis pathway in breast cancer patients.

Left heart ventricular inoculation technique
of cancer cells into nude mice was a generally
used model (Sasaki et al., 1995; Yoneda et al.,
1997; Yoneda et al., 2000; Winding et al., 2000;
Mancino et al., 2001; Peyruchaud et al., 2001;
Pecheur et al., 2002). However, heart ventricular
inoculation is usually technique-demanding and
cannot easily make sure if the cancer cell is
successfully injected into systematic circulation.

Direct inject cancer cell into bone marrow
cavity is a more easily technique to perform and
also produced similar results to the radiographic
photo from the patients with bone metastasis
(Price, 1996). In addition, local transplantation
of cancer cell will help to investigate the direct



reaction between cancer cell and the possible
metastasis site. Previously, several models of
cancer cell transplantation into bone marrow
cavity have been set up. However, complicated
operation skill of Ingall’s model (1964) and
growth plate related damage caused by drilling
needle (Berlin et al., 1993) made the experiment
difficult. In the present study, we modified the
injection needle, prevented the growth plate
damages and successfully established an easier
model for further related study.

Materials snd Methods

In vivo study .

Animals: Female BALB/c-nuw/nu mice (3 weeks
olds) were purchased from National Laboratory

Animal Breeding and Research Center of Taiwan.

Transplantation of cancer cells was processed as
the animals were 4-5 weeks old.

Cell culture: Human breast cancer cell line
MDA-231/Parent purchased from American
Type Culture Collection (Manassas, VA) and
bone-seeking type MDA-231 cells (MDA-231/
Bone) cloned by our laboratory was used for
present study. Cancer cell lines were cultured in
Dulbecco’s modified Eagle’s Minimal Essential
Medium (DMEM: Invitrogen, Carlsbad,
California) containing 10% fetal bovine serum
(FBS, Invitrogeri, Carlsbad, California) and 1%
penicillin-streptomycin  solution  (Invitrogen,
Carlsbad, California) in an incubator with
humidified atmosphere of 5% CO; in air. At
confluence, breast cancer cells were fed with
fresh culture medium 24 h before intratibial
injection. Cancer cells were harvested with
trypsine-EDTA (Invitrogen, Carlsbad,
California), and suspended in PBS. Before
intratibial injection, the cancer cells were kept
under 4°C.

Intratibial Injection of MDA-231/Parent and
clone of MDA-231/Bone Cells in Nude Mice:
Before intratibial injection of breast cancer cell,
animals were deeply anesthetized using
trichloroacetaldehyde monohydrate (0.4mg/g
body weight) (KANTO Chemical Co., INC.,
Tokyo, Japan). Intratibial cancer cells were
injected using a 30 guaze needle with a
polyethylene tubing (Recorder No. 427401,
Becton Dickinson) fit around the needle (Fig 1).
This designation 1s used for making sure the
depth (1.5mm) of needle into the proximal tibia

and for preventing the cell suspension spilling
from the injection site. A 0.3ml cell suspension
contained 1x10” cells was slowly injected into

the tibial marrow cavity of 4-5 weeks old mice.
s

Figure 1 Needle with a polyethylene tubing fit around it

After 4-5 weeks intratibial injection of
MDA-231, a visible spherical tumor grew up
from the proximal tibia. In the present study, we
harvested this bone-seeking tumor, wash it in
DMEM, cut it to smaller pieces and directly
cultured the tissue piece in the DMEM. The
tumor cells will migrate from the tissue to the
plastic 175cm’? flask. We maintained this
bone-seeking tumor cell MDA-231/Bone in
culture for six passages for further intratibial
transplantation and coculture experiments.
Radiographs: TIor making sure of bone
osteolysis, radiographs were taken by a soft
X-ray generating unit (Young-kid Enterprise Co.,
Ltd., Taipei, TAIWAN). At the end of the
experiment, animals were anesthetized deeply as
before, laid down 1n a prone position on a Korda
Scientific Imaging film (13x18 cm;), and X-ray
exposure was perform at a 45kVp for 5 seconds.
H-E stain: In the end of the experiment, animals
were anesthetized deeply and resected the
hindlimbs immediately. For further histological
analysis, the hindlimbs were fixed using 4%
paraformadehyde in PBS for more than 72 h,
decalcified in a 14% EDTA solution for 14 days,
dehydrated in increasing concentration ethanol
and embedded in paraffin. The serial histological
sections were cut longitudinally and stained with
Mayer's hematoxylin-eosin solution.

In vitro study

Hematopoietic cells as osteoclast precursors:
Primary bone marrow cells were collected from
an S.D. rat of 45-60 days old. Bone marrow cells
were washed out from the bone marrow cavity of



tibiae and femurs. After a 24-hour incubation,
nonadherent hematopoietic cells were collected
and used as osteoclast precursors.

Coculture of cancer cell and hematopoetic
cells: In the present study, three doses of
MDA-231/Parent and MDA-231/Bone (2X10°,
1%10%, 5%10* cells each) were cultured in
24-well  plates with  hematopoetic  cell
(1x10%well). Cultures were maintained for 9
days in DMEM supplemented with 10% FBS
and 1% penicillin-streptomycin solution. After 9
days culture, cells were fixed and stained with
TRAP (Sigma Diagnostics Inc., Louis, MO,
USA). TRAP-positive and multi-nuclei (over 3
nuclei) were counted as osteoclast.

Results

After 4-5 weeks transplantation  of
bone-seeking breast cancer cells (MDA-231/
Bone) into tibia of nude mice, 8§ of 10 tibiae
showed solid tumors from the bone marrow
cavity and an osteolytic lesion was shown as
compared to the tibiae of control group (Fig 2).

We harvested the tumor tissues and cultured it
(MDA-231/Bone) for further in vitro study.
Coculture of hematopoietic cells with three cell
doses of MDA-231/Bone showed a dose
dependent formation of osteoclast number (Fig
3A) but not with MDA-231/Parent (Fig 3B).
Figure 4 showed the typical osteoclast formation
from MDA-231/Bone cells and hematopoietic
cells coculture. In addition, MDA-231/Bone
cells also showed a different morphology as
compared to A-2 aregwt’cells (Fig 5).

Figure 2: MDA-231/Bone cells transplanted into
bone marrow cavity and an solid tumor was grew
up after 4-5 weeks
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Figure 3: Three doses of MDA-231/Bone (A)
and MDA-231/Parent (B) cocultured with
hematopoetic cell (1¥10%well) (key: a, 1¥10*>
2*%10°; b, 5*10*>1*10% 2*10°, p< 0.001)
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i?igure 4:‘Ost;)clas‘t formation from coculture of
MDA-231/Bone with hematopoetic cell (Key:
OC, osteoclast; BC, breast cancer cell)

Disscussion

In the present study, we successfully
established a model using local transplantation
of cancer cell. Although, this model could not
mimic the metastatsis of cancer cell as well as
the model of heart ventricular inoculation, this
model provides us an another way to investigate
the directly interaction between cancer cell and
the possible metastasis site.



Figurc 5. Different morphology between (A)
MDA-231/Bone and (B) MDA-231/Parent

During the process of injection, cancer cell
suspension easily spills out from the injection
site. In addition, the way of intratibial injection
under growth plate cannot easily make sure the
depth of needle.site. Therefore, it is not unusual
that the needle is over input into the tibia and the
orthotopic injection site 1s missed. We modified
the needle with an polyethylene tubing fit around
it, which is helpful in making sure the 1.5 mm
depth of needle input and successfully prevented
the defects described previously. As compared to
the model of Ingall (1964), we did not need a
complicated technique but just a simple injection
skill. Injection under the growth plate made our
model avoiding damage to the tibial growth plate
as Berlin's method might happen (1993).

In the coculture experiment, the cloned
bone-seeking tumor cell MDA-231/Bone seemed
to directly interact with hematopoietic cell and
promoted the formation of osteoclast with a dose
response. However, MDA-231/Parent cell did
not promote the generation of osteoclast as
coculture with hematopoietic cell. As previous
study (Mancino et al., 2001) has referred, human
breast cancer line MDA-231 might stimulate the
osteoclast formation through upregulating the
receptor activator of the NF-xB ligand (RANKL)

of stromal cell. However, the bone-seeking
MDA-231/bone could directly promote the
stromal cell free  hematopoietic  cells
differentiating to osteoclasts. Further studies
should be processed to clarified the mechanism
of MDA-231/Bone cell in promoting the
osteoclast formation.

In conclusion, local transplantation
technique of cancer cells, which was established
in present study was easily to perform and would
be helpful for further studies in investigating the
interaction between the cancer cells and their
high frequency metastasis site.
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Abstract

New diagnostic and therapeutic techniques have improved much the survival of
patients with breast cancers. The increase of 5-year survival rate is accompanied by the
increased frequency the late bone metastasis. The meatstatic bone lesions of breast cancer
are highly vasculaized. Furthermore, the tumor growth is closely related to the
neoangiogenesis. Therefore the relationship between the angiogenesis factor and these
tumors merits further investigation. In this study we used immunohistochemistry with
monoclonal antibodies against bFGF, PDGF and VEGF to evaluate the expression of
bFGF, PDGF or VEGF in 24 human metastatic bone tissues specimens from breast cancer.
In addition, another 15 deep-frozen bone metastatic tissues from breast cancer were
obtained for Western blot analysis of the expression of bFGF, PDGF or VEGF. The
results of immunohistochemical study showed the localization of the bFGF (75%), PDGF
(83%) and VEGF (67%) in the metastatic bone tumors tissues. Moderate to intense
staining of endothelial and perivascular muscle cells were also shown in tumor tissue
specimen for bFGF, PDGF and VEGF expression. The bFGF, PDGF and VEGEF staining
in tumor cells was positively related to the microvessel densities. The Western blot
analysis also showed the expression of bFGF (60%), VEGF (60%) and PDGF (73%)in
tumor tissues. This study may help us to understand the basic biological behavior of the
metastatic bone lesions from breast cancers. Further research is warranted to determine

the its utility in the clinical practice, including the evaluation of treatment response.

Keywords:  bFGF, PDGF, VEGF, Breast cancer, Angiogenesis factor,

Immunohistochemistry, Western blot



Introduction

The advent of various diagnostic and therapeutic techniques has improved much
the survival of patients with breast cancers. However, the longer survival times may be
accompanied by the increase of late bone metastasis. Among these metastatic bone
tumors include osteolytic bone lesions that compromise the normal strength and cause
pathological fractures. The previous study demonstrated that the tumor growth is
closely related to the neoangiogenesis [1-12]. Besides, the meatstatic bone lesions of
breast cancer are usually- highly vascular. Thus the relationship between the
angiogenesis factor and these tumors merits further investigation.

Tumor cells may synthesize some kinds of angiogenesis factors to regulate the
neoangiogenesis [9-13]. On the other hand, the endothelial cells can also produce some
cytokines to stimulate the growth of the tumor cells. Such an investigation will shed a
highlight on the biological behaviors of the metastatic breast cancers. It may help us to
understand the response to therapy and its prognosis.

The previous studies showed that tumor cells could synthesize some kinds of
angiogenesis factors to regulate the neoangiogenesis. On the other hand, the endothelial
cells can also produce some cytokines to stimulate the growth of the tumor cells [9-22].
The common angiogenesis factors include basic fibroblast growth factor (bFGF),

platelet-derived growth factor (PDGF) > and vascular endothelial growth factor (VEGF)

[9-22]. These factors may stimulate the proliferation of endothelial cells and the
formation of new vessles. Thus, we investigate the expression of angiogenesis growth
factor, including bFGF, PDGF and VEGF in the metastatic bone lesions [9-13].

The antibodies to bFGF, PDGF or VEGF permit an easy and simple
immunohistochemical procedure or Western blotting analysis for rapid determination of
bFGF, PDGF or VEGF in tumor tissue specimens. This report details the
immunolocalization of bFGF, PDGF or VEGF in 24 human metastatic bone tissues from
breast cancers using monoclonal antibodies against bFGF, PDGF or VEGF. In addition,
we investigated the expression of bFGF, PDGF or VEGF by Western blotting method in

15 frozen tumor specimens.

Materials and Methods



Twenty-four human metastatic bone tissues specimens from breast cancer were
obtained for Immunohistochemistry of the expression of bFGF, PDGF or VEGF. These
specimens were previously demineralized fixed in 10% formalin and embedded in
paraffin wax. Another 15 deep-frozen bone metastatic tissues from breast cancer were

obtained for Western blot analysis of the expression of bFGF, PDGF or VEGF.

Immunohistochemistry

Sections were deparaffinized in xylene and dehydrated in graded ethanol. For
antigen retrieval, slides were bathed in 0.1% Protease (Sigma, St. Louis, Missouri) / PBS
(pH 7.4) for 15 minutes at 37°C and then washed in PBS (pH 7.4). Sections were
treated with 3% H,0, for 30 minutes at room temperature to block endogenous
peroxidase activity. Slides were incubated with the bFGF, PDGF or VEGF antibody (1
png/ml, Santa Cruz Biotech, USA) for one hour at room temperature in a humidity
chamber. Antibody to bFGF, PDGF or VEGF is a monoclonal antibody found to
specifically react against bFGF, PDGF or VEGF. The specificity of antibody was
demonstrated by Western immunoblotting, immunoprecipitation and
immunohisotchemistry techniques. After primary antibody incubation, slides were
washed with PBS and then incubated with Link antibody (Dako Ltd, High Wycombe, UK)
for 15 min at room temperature in a humidity chamber. Then, sections were incubated
with streptavidin-biotin complex (Dako Ltd, High Wycombe, UK) for 15 min at room
temperature in a humidity chamber. Finally, 3-3'-diaminobenzidine tetrahydrochloride
(Sigma Chemical Co., St. Louis, MO) solution (containing 0.024% H,0; and 0.067%
DAB in PBS, pH 7.4) was applied. Slides were counterstained with Harris' hematoxylin,
dehydrated in graded ethanol, and coverslipped for final histologic analysis. For negative
control, certain specimens were incubated with isotype-matched mouse IgG (1 pg/ml) for
two hours at room temperature in place of primary antibody. All sections and controls
were evaluated by three independent observers to confirm the presence of bFGF, PDGF
and VEGF. The correlation between the expression of bFGF, PDGF and VEGF was
then made with the microvessel density of tumor tissues. Chi-square test and Fisher

exact test were used to evaluate the statistical significance which was determined to have

ap<0.05.



Western blot analysis

A 30-50 pg sample protein of tissue lysate was applied to electrophoresis on an 8%
SDS-polyacrylamide gels for detecting the expression of bFGF, PDGF or VEGF. The
samples were then electro blotted onto nitrocellulose papers. After blocking, the blots
were incubatedi th anti- bFGF, PDGF or VEGF antibodies (Transduction Laboratories,
USA) in PBS/Tween 20 for 1h followed by two washes in PBS/Tween 20. Then the blots
were incubated with horseradish peroxidase-conjugated goat anti-mouse IgG (Cappel,
USA) for 30 min. The expression of antibody-reactive bands of bFGF, PDGF and VEGF
were shown using an enhanced chemilumineécehce kit (Amersham, UK). All positive

controls were obtained from Transduction Laboratories (USA). Moreover, o-tubulin

served as control for sample loading and integrity.

Results
Immunohistochemical study showed the localization of the bFGF, PDGF and VEGF

in human metastatic breast cancer tissues with monoclonal antibodies against bFGF,
PDGF and VEGF. Strong brown staining for bFGF, PDGF or VEGF was demonstrated in
the cytoplasm of tumor cells (Fig. 1A, B & C). Human metastatic bone tissues from
breast cancer specimens treated with mouse IgG in place of the primary antibody
demonstrated no staining (Fig. 1D). Strong brown staining was demonstrable in the
cytoplasm of tumor cells indicating the presence of various angiogenesis factors. The
results demonstrated that 18 of 24 specimens (75%) having the presence of bFGF in
tumor cells, for VEGF, 16 of 24 (67%); and PDGF, 20 of 24 (83%) (Fig 1). Moderate to
intense staining of endothelial and perivascﬁlar muscle cells were also shown in tumor
tissue specimen for bFGF, PDGF and VEGF expression was found. The bFGF, PDGF
and VEGF staining in tumor cells was positively related to the microvessel densities.

In addition, the Western blot analysis also showed the expression of bFGF, PDGF
and VEGF proteins in human metastatic breast cancer tissues (Fig. 2A). Among them 9

of 15 (60%) showed the presence of bFGF in tumor tissues, for VEGF, 9 of
15 (60%); and for PDGF, 11 of 15 (73%) (Fig 2B).



Discussion

This study demonstrated the immunolocalization of bFGF, PDGF and VEGF in
tumor cells in the specimens of 24 patients with metastatic bone lesions from breast
cancers. These angiogenesis growth factors were shown in both the tumor cells, as well
as in the endothelial cells and perivascular muscle cells. The expression of bFGF, PDGF
and VEGF in the tumor cells was associated with significantly microvessel densities.
Furthermore, the expression of bFGF, PDGF and VEGF has been shown using the
Western blotting technique. These results demonstrated that the metastatic vascular bone
lesions expressed a high content of angiogenesis factors.

The advent of various diagnostic and therapeutic techniques has improved much
the survival of patients with breast cancers. The 5-year survival rates increase is
accompanied by the increase the late bone metastasis. Among these metastatic bone
tumors include osteolytic bone lesions that compromise the normal strength and cause
pathological fractures eventually. In addition, the metastatic lesions may be
accompanied by other medical complications, including hypercalcemia, tumor emboli,
etc. A proper control of osteolytic metastatic lesions may slow down the progression
and extent of bone destruction, and help the control of underlying disease course [4-8].
Since tumor growth is closely related to the neoangiogenesis and meatstatic bone
lesion of breast cancer are highly vascular, the relationship between the-angiogenesis
factor and these tumors merits further investigation.

The process of tumor metastatic cascade includes the proliferation of tumor cells,
transmigration of tumor cells into circulation, adhesion of tumor cells to the
endothelium, transmigration to the perivascular tissues, proliferation of tumor cells in a
new site and form a new lesion [4-8]. These processes are accompanied by enzymatic
digestion of the matrix as well as neoangiogenesis [9-11]. The neoangiogenesis needs
an effect of enzyme to the basement membrane of small venule, followed by
chemotaxis of endothelial cell and causing proliferation of these cells, budding of new
vessels and forming a new vessel.

The neoangiogenesis can occur in a physiological way, such as development and
growth, wound healing, regeneration of tissue or organ. On the other hand,

neoangiogenesis may also occur in a pathological way, including tumor growth,



metastasis, arthritis, retinopathy, etc.[12-18]. Theoretically, the growth of tumor or
metastasis is closely related to the neoangiogenesis. The newly formed vessels provide
the essential nutrient and oxygen, transport the metabolic wastes, and may provide a
inlet of tumor cells into circulation because of the defect of vessl wall structure
[9-18].

The previous studies showed that tumor cells could synthesize some kinds of
angiogenesis factors to regulate the neoangiogenesis. On the other hand, the
endothelial cells can also produce some cytokines to stimulate the growth of the tumor
cells [9-22]. The common angiogenesis factors include basic fibroblast growth factor

(bFGF), platelet-derived growth factor (PDGF) > and vascular endothelial growth factor

(VEGF) [9-22]. These factors may stimulate the proliferation of endothelial cells and
the formation of new vessles. Thus, we investigate the expression of these angiogenesis
growth factor in the metastatic bone lesions, including the surgical specimens.

VEGHF, also known as vascular permeability factor (VPF), is a specific growth
factors of endothelial cells [1,9-14, 19-22]. VEGF is a dmier glycoprotein. Its structure is
similar to the PDGF. Various transcriptions may cause the different subtypes of VEGF,
and containd 121, 165, 189, or 206 amino acids [14,19,20]. VEGF is closely to the
growth of vessel endothelial cells. VEGF has been shown to present in the adult tissues or
cultured cells with a complicated physiological fuction [14,22]. Since the metastatic
tumor is usually highly vascular, the VEGF may play an important role in the regulation
of tumor growth and metastasis. In the current study, we have demonstrated a high
percentage (60-67%) of VEGF in the tumor tissues. Therefore, the clinical implication of
VEGEF in the control of metastasis merits a further investigation.

Fibroblast growth factor (FGF) is a family of growth factors, including at least 7
peptides containg 150-250 amino acids. bFGF, extracted from placenta, contains 157
amino acids and its MW is 17.5kDa [17,18,24,25]. The previous researches demonstrated
bFGF is present in the endothelial cells, macrophages, osteoblasts, and prostate cancer
cells {26,27]. The previous reports have shown its role of regulating neoangiogenesis in
the adrenal glands, retina, kidney, and ovary, etc. Therefore, bFGF may be related to the

reproduction, growth, development, tumor growth and metastasis, and retinopathy

[9-18,25,28].



Platelet-derived growth factor (PDGF) is a thermally stable molecule, consisting
od dimmer glycoprotein and having a MW of 30kDa. PDGF has been shown to be
present in the platelets, macrophages, certain tumor cells including osteosarcoma and
soft tissue sarcomas [25, 29-32]. PDGF has been shown to regulate the activation or
secretion of proteolytic enzymes in cancer cells and may mediate the invasive and
metastatic behavior of these cells [3]. The high content of PDGF in the blood clot may
be related to the neoangiogenesis. Furthermore, PDGEF is related to the normal growth,
development, wound healing, atheroscelrosis, chronic inflammatory disease and tumor
growth [2,25,30,31]. The PDGF may stimulate the proliferation of tumor cells and may
also stimulate the process of neoangiogenesis.

In this study, monoclonal antibodies against bFGF, PDGF and VEGF were used to
detect these proteins in 24 tumor specimens taken before administration of chemotherapy.
The samples were chosen to provide the maximum percentage of viable cells, allowing an
accurate assessment of the tumor's bFGF, PDGF and VEGF-producing capability. The
results were graded according to the percentage of cells in the tissue that stained positive
for bFGF, PDGF and VEGEF. Further study about the chemotherapy on the expression of
the angiogenesis factors may provide a possible tool for the evaluation of the effect of
chemotherapy.

In conclusion, bFGF, PDGF and VEGF expression was demonstrated in the
metastatic bone tumor tissues from breast cancer. The presenceof this protein prepared
from paraffin specimen was associated with a higher content of microvessels. Such an
investigation will shed a highlight on the biological behaviors, response to therapy and its
prognosis of metastatic breast cancers.However, a sample size precluded any conclusion
regarding ultimate prognosis thus requiring the need for a further large scale

investigation.
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Figure Legends:

Fig. 1 Immunohistochemical localization of the bFGF, PDGF and VEGF in human
metastatic breast cancer tissues. Strong brown staining for bFGF, PDGF, VEGF was
demonstrated in the cytoplasm of tumor cells (A, B & C). The negative controls were not
stained (D).

Fig. 2 Western blot analysis of bFGF, PDGF and VEGF proteins in hm an metastatic
breast cancer tissues. These proteins were separated by SDS-PAGE and analyzed by

immunoblotting techniques as described in Materials and Methods..
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