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The purpose of this study was to delineate the process of bone invasion by oral carcinoma. An
experimental model of oral carcinoma invading jawbone was established by transplanting
mouse NR-S1 tumor or human-cultured NB-1 tumor to the tooth extraction socket. In the
early stage after tumor transplantation, the tumor grew in the extraction socket and
subsequently filled the socket and extended outward to the neighboring regions. Bone
resorption and collagen production status, as well as HSP47 expression, were investigated in
the process of the tumor invasion. Osteoclasts appeared increasingly on the surface of the
corresponding bone during the early stage and then decreased in number as bone resorption
with tumor invasion progressed. Enlarged osseous lacunae, as well as Haversian and
Volkmann’s canals, were present in the bone near the tumor, and tumor cells were also detected
in the enlarged osseous spaces. Expression of HSP47 was positive for the carcinoma cells
infiltrating into the bone tissue, but not for the counterparts in the mass. In summary, cells
may invade bone through the osteolytic spaces and necessitate ECM around them for their
nutritional supply to proliferate.
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Introduction

Gingival carcinoma often causes destruction of the
jawbone (1-4). An understanding of the patterns and
routes of carcinoma invasion into jaw- bone is essential
in determining and deciding the appropriate surgical
margin of jaw resection.

Generally, bone resorption is considered to be me-
diated by osteoclasts. Recently the possibility of osteoly-
sis by factors derived from the osteocytes or the tumor
itself has also been suggested (5, 6). In addition, many
recent reports have described enlargement of lacunae with
proliferation of the tumor in the area of the bone adja-
cent to the tumor (7). It has also been suggested that this
enlargement of osseous lacunae is closely related to the
death of osteocytes (5, 8, 9) and is caused by osteolysis
due to the death of osteocytes (8, 9). However, whether
bone is resorbed not only by osteoclasts but also by other
factors remains controversial (10-14).

Previous study has indicated that as the tumor in-
vades the bone, a layer of collagen is formed between the
tumor and the surface of the bone, and that collagen fi-
bers are also presented in resorption pits and around tu-
mor cells which have invaded the bone (7). The interac-
tion of tumor cells with the ECM (extracellular matrix)
plays a central role in the multistep process of tumor in-
vasion (15). Recent studies have shown that the tumor
cells synthesize collagen, which is the main component
of the ECM (16, 17).

The purpose of this study was to use a mouse model
of oral carcinoma in order to observe the process of bone
invasion, and to determine whether collagen synthesis is
the nutritional mediator for the tumor invading the bone.

Material and Methods
Animals and materials
All animal experiments were carried out in accor-
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dance with the guidelines for animal experimentation of
the Laboratory Animal Center for Biomedical Reseach,
Nagasaki University School of Medicine.

I. NR-S1 model

Animals: Five-week-old male C3H/He mice (body
weight 17-20g, n = 30, Charles River, Japan) were used.
To minimize tissue injury due to tooth extraction, the mice
were fed powdered food containing B-aminopropionitrile
(B-APN, Sigma Chemical Co. U.S.A.) at a concentration
0f 0.4% for 5 days (18). The mice were then anesthetized
with sodium pentobarbital (0.05mg/g), and the left max-
illary incisor was extracted with the use of an exploratory
needle and a mosquito forceps. Gauze and pressure were
applied to the wound to promote hemostasis.

Tumors: Transplantable NR-S1 tumor, which was
derived from the buccal mucosa of a C3H mouse (19,
20)(National Institute of Radiological Sciences, Chiba,
Japan) was used. The pathological features showed well-
differentiated squamous cell carcinoma. The NR-S1 tu-
mor was serially passaged in the subcutaneous region of
the mouse femur.

Tumor transplantation into the extraction socket

Twenty days after tumor transplantation, the sub-
cutaneously proliferated NR-S1 tumor mass was har-
vested, washed with sterilized physiological saline solu-
tion, and minced into a piece measuring about 1mm?. One
piece of this tumor was transplanted into the extraction
socket of the left maxillary incisor of each animal.

I1. NB-1 model

Animals: Four-week-old BALB/cANcrj female nude
(nu/nu) mice(body weight 17-20g, n = 7, Charles River,
Japan) were used.The mice were housed three per cage
and kept under specific-pathogen-free conditions, and they
were used for the experiments when they were five weeks
old.

Tumors: Cultured tumor cell line NB-1 was estab-
lished in the Second Department of Oral and Maxillofa-
cial Surgery, Nagasaki University, from a 70-year-old
Japanese male patient with squamous cell carcinoma of
the left buccal mucosa (unpublished).

To establish a transplantable tumor from this in
vitro cell line, tumor cells were subcutaneously injected
into the femoral region of nude mice using a 27G needle
(20 mice, 1x107 cells per mouse). Thirty days after tumor
transplantation, the subcutaneously proliferated NB-1
tumor mass was harvested and transplanted into the
extraction sockets of nude mice, same as for the NR-S1
tumor.

Tissue preparation
I. NR-S1 model

The mice were euthanized with an overdose of pen-
tobarbital sodium at 1, 2, 3,5, 7,9, 11, 13, and 15 days
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after tumor transplantation.

A group of three mice receiving no tumor trans-
plant served as the control. The head and neck were har-
vested and fixed in 10% neutral buffered formalin for 24
hours. Subsequently, the maxilla, including the extrac-
tion socket, was cut with a diamond band saw (EXACT,
Germany) into frontal sections (n = 3, each) measuring 3
to 5 mm in thickness. The sections were decalcified with
10% EDTA-2Na solution (WAKO, Japan) at 4°C for 10
days. The specimens were embedded in paraffin and sliced
into continuous 4-um-thick sections according to routine
procedures.

IT. NB-1 model
The results of the preliminary experiments indi-

cated that NB-1 tumor transplanted into the extraction
sockets grew more slowly compared with NR-S1 tumor.
The mice were euthanized at 30 days after tumor trans-
plantation. Others procedures were performed as de-
scribed for the NR-S1model.

TRAP staining

TRAP staining was performed as described by
Barka et al. (21). A mixture of N, N-dimethylformamide
(WAKO, Japan) and 1.2 mM naphthol AS-MX phosphate
(Sigma Co., St. Louis, MO, USA) was used as the sub-
strate. To prepare the reaction solution, pararosanilin
(WAKO, Japan) and concentrated hydrochloric acid were
added to 0.1 M sodium acetate buffer (pH 5.0) solution.
Sodium nitrite solution 4% was added, the mixture was
allowed to stand at room temperature for 1 to 2 minutes,
and it was then added to the substrate. The pH was ad-
justed to 5.0 with 1 NNaOH, and L-dihydrosuccinic acid
was added. The mixture was allowed to react at 37°C for
90 min. The number of TRAP-positive cells per 1 mm of
bone surface adjacent to the tumor was counted under a
light microscope at a magnification of 400 times with the
use of a squared eyepiece graticule (Nikon, Tokyo, Japan).

Immunohistochemical staining

In Vivo experiment: Paraffin sections were
dewaxed in xylene and rehydrated in a graded ethanol
series. The slides were incubated with 0.3% hydrogen
peroxide in methanol for 30min to quench endogenous
peroxidase activity and treated with 0.1% trypsin solu-
tion (Sigma Co., St. Louis, MO, USA) in 0.05M Tris buffer,
pH7.6 at room temperature for 10 min.

After five washes in cold phosphate buffered sa-
line (PBS, pH7.2) for 10 minutes each, non-specific bind-
ing was blocked by 1.5% skimmed milk in PBS including
normal blocking serum. The sections were allowed to react
with the primary antibodies and were incubated for 24h
at 4°C.

The antibodies and dilutions used are shown in
Table 1. As a negative control, the primary antibodies
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Antibody Type Dilution(NR-S1/NB-1) Source

HSP47 monoclonal  1:1000/ 1:2000 Biotechnologies Corp, Canada
Collagen Type 1 polyclonal 1:100/1:250 LSL Co. LTD, Japan

Collagen Type I polyclonal 1:200/1:800 Santa Cruz Biotechnology, USA
VEGF polycional 1:350/1:200 Santa Cruz Biotechnology, USA

were replaced by PBS. After washing with PBS, the sec-
tions were incubated for 30min each in diluted biotinated
secondary antibody and avidin-biotin complex reagent
(Vectastain, Vector, Burlingame, CA, USA). They were
then washed again in PBS and finally the slides were
incubated in a substrate solution consisting of 0.05%
diaminobenzidine tetrahydrochloride (DAB) and 0.05%
hydrogen peroxide in 0.05M Tris-buffer solution (pH 7.6).
Counterstaining was done with Mayer’s hematoxylin for
30 seconds. A portion of the continuous sections was
stained with 1% methylgreen and hematoxylin and eosin.

In Vitro experiment: NB-1 cells were cultured
on the chamber slides. The cells were fixed by absolute
ethanol and processed for immunohistochemical stain-
ing the same as in the in vivo experiment.

Western blotting

Expression of HSP47 (Heat shock protein 47) in
NB-1 tumor cells were determined by Western blotting.
Culture cells were solubilized in lysis buffer. Protein
samples (10ug) were applied to 10% SDS-PAGE and blot-
ted onto nitrocellulose membrane (Bio Trace NT Blotting
Membrane, Gelman Science, Japan). After blocking non-
specific binding with 3% skimmed milk in TBS-T (pH7.4,
containing 1% Tween20) for 30min at room temperature,
the blotted membranes were incubated with mouse anti-
HSP47 antibody (StressGen Biotechnologies Corp,
Canada. 30000:1) overnight at 4°C, followed by incuba-
tion with peroxidase conjugated anti-mouse IgG for 1 hour
at room temperature. The membranes were treated with
ECL Western blotting detection reagents (Amersham, Ar-
lington Heights, IL, USA) and exposed to ECL film.

TUNEL staining

Apoptotic cells were examined in situ by means of
the terminal deoxynucleotidyl transferase (TdT)-mediated
dUTP-biotin nick-end labeling (TUNEL) method (22),
with the Oncor Apoptosis Detection Kit peroxidase
(Apoptag-Plus Oncor, Gaithersburg, MD, USA) according

to the manufacturer’s protocol. On sections used as nega-
tive controls for the specificity of labeling, distilled water
was substituted for the TdT enzyme.

Results
I. NR-S1 model
Day 1 after tumor transplantation
The tooth extraction socket was filled with blood
coagula. The transplanted tumor piece was observed to
be surrounded by blood coagula with inflammatory cell
infiltration in the extraction socket. The tumor cells var-
ied in size and were polygonal in feature, and their nu-
clei were elliptical, relatively large, and densely stained
by hematoxylin. Some cells were revealed to be mitotic.
Degenerative or necrotic cells were also demonstrated.
The extraction socket showed well-defined boundaries
with a smooth inner surface of the bone.
Day 2 after tumor transplantation
The tumor tissue grew in the extraction socket and
showed marked alveolar formation. Many tumor cells
showed mitosis. Around the margin of tumor tissue, infil-
tration of inflammatory cells, such as lymphocytes and
mast cells, were more notable than after transplantation
day 1. The presence of osteoblasts on the surface of alveo-
lar bone was demonstrated away from the location of the
tumor.
Day 3 after tumor transplantation
The tumor tissue massively proliferated further,
filling the extraction socket and showing central necrosis
(Fig. 1). Also, tumor cells infiltrated into periodontal liga-
ment remnants and, further, into alveolar bone.The sur-
face of bone in areas adjacent to the tumor tissue showed
sporadic resorption pits containing osteoclasts (Fig. 2).
The Haversian canals and osseous lacunae of alveolar
bone showed mild enlargement in areas adjacent to the
tumor tissue.
Days 5 to 7 after tumor transplantation
Tumor tissue filling the extraction socket extended
to the neighboring regions. The tumor tissue and the al-
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Fig. 4: Tumor extending to the nasal cavity with bone destruction.
Osteoclasts are present on the medial surface of the bone
(arrow head). Day 9 after NR-S1 tumor transplantation.
(HE stain, x50) (B: alveolar bone, T: tumor cells, NC: nasal

cavity)

A Bone Invasion Model

Fig. 1: Tumor tissue can be seen adjacent to the periodontal
ligament remnant and bone surface. At the bottom of
the extraction socket, inflammatory cells are present. Day
3 after NR-S1 tumor transplantation. (HE stain, x10)
(P: periodontal ligament remnant, B: alveolar bone, T:
tumor cells, NC: nasal cavity)

Fig. 2: High-power view of Fig. 1. The tumor is invading into

the periodontal ligament and bone (arrow head). Day 3
after NR-S1 tumor transplantation. (HE stain, x25) (P:
periodontal ligament remnant, B: alveolar bone, T: tumor
cells)

Fig.3: A large number of enlarged osseous lacunae.

Enlargement of osseous lacunae and Haversian and
Volkmann’s canals was observed, combined with
resultant large resorption spaces (arrow head).Day 7
after NR-S1 tumor transplantation. (HE stain, x80) (B:
alveolar bone, T: tumor cells)

veolar bone were separated by relatively thick fibrous
connective tissues, where marked lymphocyte-dominant
inflammatory cell infiltration was observed.

Fibrous tissues were observed around the tumor,
which varied from massive tissue to single cells. Also,
proliferation of blood vessels was observed in the connec-
tive tissues around the tumor. In the alveolar bone adja-
cent to the tumor tissue, resorption pits with osteoclasts
on the surface of bone and vermicular bone resorption
became more notable and extended further than before.
Enlargement of osseous lacunae and Haversian and
Volkmann’s canals were present, combined with result-
ant large resorption spaces (Fig. 3).

Days 9 to 11 after tumor transplantation

The tumor extended towards the nasal cavity (Fig.
4), proliferating as cords or lumps and destroying the re-
maining alveolar bone (Fig. 5-A). Tumor cells infiltrating
into the enlarged osseoue spaces were demonstrated.
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Fig. 5A: Alveolar bone surrounded by tumor.
Enlarged lacunae are seen in the
bone. Some tumor cells are locating
in the enlarged lacunae. Day 13
after NR-S1 tumor transplantation.
(HE stain, x80)(B: alveolar bone, T:
tumor cells, % : enlarged lacunae,
% %: tumor cells locating in the
enlarged lacunae)

Fig. 5B: TRAP-positive osteoclasts (arrow Fig. 5C:
head) on the surface of the bone.Day

13 after NR-S1 tumor transplantation.

(TRAP stain, x80) (B: alveolar bone,

T: tumor cells)

HSP47-positive tumor cells within
the bone (arrow). Day 13 after
NR-S1 tumor transplantation.
(HSP47 stain, x80)(B: alveolar
bone, T: tumor cells)
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Fig. 7: Tumor tissue invading bone in a
vermicular pattern at its invasive

Number of TRAP-positive cells

Days after tumor transplantaion

Tumor size

front. Osteoclasts were not observed.
Day 11 after NR-S1 tumor
transplantation. (HE stain, x80) (B:
alveolar bone, T: tumor cells)

There was also evidence of tumor invasion into the mus-
culature. TRAP-positive cells were seen in some areas
along the bone surface adjacent to the tumor mass (Fig.
5-B). Contrary to the tumor cells in the mass, the tumor
cells occupying the enlarged bone spaces were revealed
to be HSP47-positive (Figs. 5-C, 6-A). Positive staining
for HSP47 was also found in fibroblasts in the tumor in-

Fig. 8: The number of TRAP-positive cells per 1 mm of bone surface adjacent to the
proliferating NR-S1 tumor.

terstices and in the fibroblasts around the tumor mass
(Fig. 6-A). A type III collagen-positive area was observed
around the tumor (Fig. 6-B). On the other hand, osteo-
blastic new bone formation was also observed sporadi-
cally on the outer surface of the extraction socket.
Days 13 to 15 after tumor transplantation
The alveolar bone was almost destroyed by the tu-

NI | -El ectronic Library Service



Japanese Society for Oral Pathol ogy

66 Takahashi et al. A Bone Invasion Model

Tumors cells locating in the enlarged lacunae (arrow
Fig. 6A: Tumor cells (arrow head) infiltrating into the bone and head). Day 30 after NB-1 tumor transplantation. (HE
fibroblasts (arrow) adjacent to the tumor mass are stain, x160) (B: alveolar bone, T: tumor cells)

HSP47- positive. Day 11 after NR-S1 tumor transplantation.
(HSP47 stain, x100) (B: alveolar bone, T: tumor cells)

Wi lm (e Slcdids  Fig. 10B: HSP47-positive tumor cells (arrow head). HSP47-

Fig. 6B: Collagen type -I1I positive images are seen around positive osteoblasts (arrow). Day 30 after NB-1 tumor

thetumor (arrow head). Day 11 after NR-S1 tumor transplantation. (HSP47 stain, x160) (B: alveolar bone,
transplantation. (Collagen type III stain, x100) (B: T: tumor cells)

alveolar bone, T: tumor cells)
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Tumor cells invading into markedly-enlarged Haversian 2% b N g T Wl e WS
and Volkmann’s canals and microalveoli (arrow head).  Fig. 11: VEGF-positive NR-S1 tumor cells.2 Day 9 after NR-S1
Day 30 after NB-1 tumor transplantation. (HE stain, tumor transplantation. (VEGF stain, x80) (T: tumor v
x80) (B: alveolar bone, T: tumor cells) cells)
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Fig. 12: TUNEL-positive osteocytes in the area approach by the
tumor (arrow head), and empty osseous lacunae. Day 7
after NR-S1 tumor transplantation. (TUNEL stain,
%x160) (B: alveolar bone, T: tumor cells)
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mor. Vermicular pattern of bone invasion at the tumor
front was demonstrated, where no osteoclast was present
(Fig. 7). Nearly almost all of the tumor cells occupying
the osteolytic bone spaces were HSP47-positive.
TRAP-positive cells

The number of TRAP-positive cells (osteoclasts)
counted in the time course is shown in Figure 8. The
number of osteoclasts increased together with the tumor
growth, reached a peak at 11 days, and then decreased.

II. NB-1 model
In Vitro study of NB-1 cells

NB-1 cells were immunohistochemically positive for
HSP47, and HSP47 protein was confirmed in these cells
by Western blotting analysis.

Day 30 after tumor transplantation

Seven animals showed metastasis to the cervical
lymph nodes.

Tumor filled the extraction socket and proceeded
to the outside of the alveolar bone and to the nasal cavity.
Vigorous mitotic activity was indicated and few necrotic
areas were noted. Varied quantities of fibrous connective
tissues were shown between the bone resorption surface
and invading tumor mass. Osteoclasts were present on
the surface of the alveolar bone and formed resorption
pits. Marked enlargement of osseous lacunae and Hav-
ersian and Volkmann’s canals was observed in the region
adjacent to the tumor.

It was evident that the tumor cells invaded these
osseous spaces and formed microalveoli in some areas
(Fig. 9). Also, the formation of new bone was observed,
with a large number of osteoblasts on the bone surface.
Tumor infiltration into this newly formed bone was also
demonstrated. Positive staining for HSP47 was found in
fibroblasts in the tumor interstices and in the connective
tissue around the tumor mass. HSP47- positive cells were
detected in almost all of the tumor cells infiltrating into
the bone. (Figs. 10-A, 10-B). No HSP47-positive tumor
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cell was detected in the tumor mass locating away from
the bone. HSP47 -positive image was also present in os-
teoblasts (Fig. 10-B). Type III collagen-positive findings
were observed around the tumor mass, as seen in the NR-
S1 model. Type I collagen-positive findings were not de-
tected in the tumor interstices, as observed in the NR-S1
model.
VEGF expression in NR-S1 and NB-1 tumor

VEGF (Vascular endothelial growth factor) -posi-
tive cells were demonstrated both in NR-S1 and NB-1
tumors. (Fig. 11)

TUNEL-positive osteocytes

In the NR-S1 model, some TUNEL-positive osteo-
cytes were observed in the alveolar bone both on the non-
extracted and extracted site at 1 to 3 days after tumor
transplantation. From 5 days after tumor transplanta-
tion, TUNEL-positive osteocytes and empty osseous la-
cunae were increasingly revealed in the area approached
by the tumor (Fig. 12).

In the NB-1 model, TUNEL-positive osteocytes and
empty osseous lacunae were demonstrated similarly to
NR-S1 model at 30 days after tumor transplantation.

Discussion

Oral squamous cell carcinomas are highly-invasive
lesions that destroy adjacent tissues and invade bone.
Carcinogens or transplantable tumors have been used in
experimental bone invasion models of oral carcinoma (7,
19, 23-25). Carcinogens such as 9,10-dimethyl 1,2-ben-
zanthracene (DMBA) and 4-nitroquinoline N-oxide (4-
NQO) are often used to experimentally induce carcinoma
(7,25). However, they all have shortcomings, such as com-
plex preparation procedures, and such carcinogens require
a long duration for establishment of an animal model,
making it difficult to obtain a standardized model. Many
studies on tumor invasion using a transplantable tumor,
such as mouse NR-S1 tumor (19), VX2 tumor (23), and
VX7 tumor (24), have been reported. To make an experi-
mental model for gingival carcinoma invading bone tis-
sue, a piece of tumor was transplanted directly into the
extraction socket in the present study. No model of a tu-
mor transplanted into an extraction socket has previously
been reported.

Our study showed that the number of osteoclasts
increased during the early stage after tumor transplan-
tation. However the number of osteoclasts showed a ten-
dency to decrease in accordance with the tumor progres-
sion. Enlarged osseous lacunae, as well as Haversian and
Volkmann’s canals, were present in the bone approached
by the tumor, and were combined with resultant larger
osseous spaces. Tumor cells invaded and proliferated in
these spaces and infiltrated destructively into the inte-
rior of bone.With the progress of tumor growth, osteo-
clast was not observed in some areas where the tumor
was invading the bone. These findings are consistent with
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the report by Galasko et al. (26) in which osteoclasts ag-
gregated on the bone approached by the tumor but sub-
sequently disappeared once the tumor had grown suffi-
ciently large to envelop the bone, while bone destruction
continued (the two principal mechanisms) (7, 26, 27).

It is widely accepted that osteolysis associated with
malignant tumors is mediated by osteoclasts, which seem
to be activated by cytokines secreted directly by tumor
cells or indirectly through osteoblasts (11, 28-31). Re-
cently, it has been reported that procathepsin L, which is
well known to be a lysosomal cystein proteinase and MMP
(matrix metalloproteinase) secreted from OSCC (oral
squamous cell carcinoma), may be activated at the front
of bone invasion, degrading the bone matrix (6, 32). How-
ever, whether bone is directly resorbed by tumors remains
a matter of debate (10, 26, 27). Osteocytes are communi-
cated via gap junctions, which are thought to ensure an
adequate supply of molecules and ions (33). Galasko et
al. (26) have reported that tumor proliferation may be
responsible for thrombosis of the vessels and ischemia in
the bone tissues. Recently, Hamaya et al. (9) reported that
as a result of malnutrition of osteocytes, irreversible is-
chemia and hypoxia occur in osteocytes, triggering the
death of osteocytes. Based on these reports, it is sugges-
tive that the apoptotic osteocytes revealed in the present
study are resulted from an impaired supply of nutrition
via gap junctions. Usui et al. (8) also noted that necrotic
osteocytes were observed under conditions of ischemia,
that the release of lysosomal enzymes resulting from ne-
crosis may destroy the surrounding bone matrix, and that
subsequently the lacunae are enlarged (osteolysis) (8).
Regarding necrosis of osteocytes, Hirsch et al. (34) pro-
posed “secondary necrosis”, in which apoptotic cells un-
dergo necrosis if they are not quickly phagocytosed. Many
empty and enlarged osseous lacunae observed in our
present study are likely to be resulted from this osteolytic
process.

The process of tumor invasion involves adherence
of tumor cells to the ECM, degradation of matrix compo-
nents, and movement of the cell body (15). Thus the sur-
rounding ECM, collagen in particular, plays an impor-
tant role in the tumor invasion. Regarding ECM sur-
rounding the tumor, some reports have described hyper-
plasia of collagen, especially types I and III (35). Type I
collagen is located in tumor interstices and bone tissue
(35). In our experiment, collagen type IIl-positive regions
were noted around the tumor cells, while collagen type I
was mostly seen in the bone tissue and skin, and was
rarely seen in tumor interstices. This difference may be
because the expression of collagen varies depending on
the differences in the behavior of tumors (36).

The expression of HSP47 is closely-related to that
of collagen, which is the main component of ECM (37,
38). Recently it has been reported that the expression of
HSP47 in the tumor is an important marker for tumor
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malignancy and invasion potential (37-39). In our results,
all the tumor cells in vitro showed expression of HSP47.
In contrast, the tumor tissue subcutaneously implanted
was expressed to be HSP47-negative (data not shown).
Regarding the tumor implanted into the sockets, how-
ever, the expression of HSP47 was positive for the tumor
cells infiltrating into the bone tissue, but not for the coun-
terparts forming the tumor mass.

On the other hand, VEGF expression (40) was found
in the tumor cells, both in the bone and tumor mass.
Therefore, it may be conceivable that the tumor cells nec-
essarily induce collagen production which mediates nu-
trition for their survival in the bone tissue, progressively
composing the massive structure with interstices and
vasculature.

In summary, carcinoma cells may invade the bone
through the osteolytic spaces and necessitate ECM around
them for nutritional supply to proliferate.
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