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Abstract

In this study, cholesterin was implanted in the subcutaneous tissue in mice to induce the formation
of cholesterol granuloma. Histological examination was carried out to determine the type and
source of cells. The tissue surrounding the embedded cholesterin was examined histologically
within the period of 6 months. Cell differentiation in cholesterol granulomas was investigated using
ddY mice and GFP bone marrow transplanted mice. Cholesterin was embedded in mice subcu-
taneously and histopathological examination was carried out in a period of 6 months. Results
showed that at 2 weeks, cholesterin was replaced partly by granulation tissues. The majority of
cells in the granulation tissues were macrophages and foreign body giant cells and the center
consists of small amount of fibroblasts, collagen fibers and capillaries. At 3 months, more granu-
lation tissue was observed compared to 2 weeks. Similar cells were observed, however, there
were more fibroblasts, collagen bundles and capillaries present compared to 2 weeks. At 6
months, the cholesterin was mostly substituted by fibrous tissues consisting mainly of fibroblasts
and collagen fibers with some macrophages and foreign body giant cells. Specifically, the outer part
of the tissue consists of fibroblasts, collagen bundles and capillaries and the inner portion is filled
with collagen bundles. Immunohistochemistry revealed that macrophages and foreign body giant
cells were positive to GFP and CDé68 although the fibroblasts and capillaries in the outer portion of
cholesterol granulomas were GFP negative. Some spindle shape fibroblasts were also GFP positive.
Immunofluorescent double staining revealed that cells lining the blood vessels were both positive
to GFP and CD31 indicating that those were endothelial cells and were actually derived from the
transplanted bone marrow cells. The results suggest that macrophages, foreign body giant cells as
well as fibroblasts and capillary endothelial cells are bone marrow derived mesenchymal cells.

Key words: Cholesterol granuloma, Green fluorescent protein (GFP), Cell differentiation, Immunohistochem-
istry

Introduction

Granulation tissue formation is a part of sec-
ondary wound healing and tissue repair in vivo.
Many studies have shown the formation of foreign
body granulomas in vivo. For instance, charcoal (1),
silicone (2, 3) and other foreign matter (4-6) induced
the formation of foreign body granulomas. Choles-
terol granuloma is a term given to foreign body gran-
uloma present in various lesions caused by choles-

terin (3, 7). The most common cells found in choles-
terol granulomas are macrophages and foreign body
giant cells (FBGC). However, the source of these cells
as well as other cellular components such as fibro-
blasts and capillary endothelial cells has not been
elucidated. Cholesterin is generally produced in the
body. Therefore, cholesterol granuloma was experi-
mentally induced and the tissue reaction was studied
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histopathologically with emphasis on cell migration
and differentiation.

Materials and Methods

Laboratory animals

The animals used in this experiment were
7-week ddY mice purchased from Japan SLC, Inc.
(Hamamatsu, Japan), 7-week old, female, C57BL/6
recipient (CAG-EGFP), and 7-week old, female
C57BL/6Tg (CAG-EGFP) GFP transgenic mice
(Shimizu Laboratory Supplies, Kyoto, Japan). Bone
marrow derived cells (BMDCs) were harvested by
sacrificing GFP transgenic mice under ether anesthe-
sia. Briefly, femurs were excised followed by soft tis-
sue removal and harvest of BMDCs. The cells were
washed with RPMI 1640 and then the medium was
replaced with HBBS. After X-ray irradiation of recip-
ient mice with 10 Gray, the cells (1x107) were imjected
in 7-week old female cognates from the tail vein. The
engrafted mice were used 4 weeks after transplanta-
tion (8, 9). The mice were housed in metal cage lined
with beddings (Paper clean: Peparlet Co., Ltd, Ha-
mamatsu, Japan) in an air-conditioned controlled en-
vironment at 24+1 °C. During breeding, the animals
had free access to water and food (Picolab Rodent Diet
20: SLC Japan Inc.).

The mice were placed under Isoflurane inhala-
tion anesthesia and 10 mg of cholesterin was im-
planted subcutaneously by making an incision on the
back of the mouse and then closed with sutures. After
2 weeks, 3 weeks, 3 months and 6 months, the em-
bedded tissue was removed en bloc and fixed in 10 %
neutral buffered formalin. The examined animals are
shown in Table 1.

Table 1. Periods and Number of Experimental Animals (ddY and
GFP)

ddY  Experimental Total

Periods 2 weeks 3 weeks 3 months 6 months
Number 3 3 3 3 12

GFP  Experimental
Periods 2 weeks 3 weeks 3 months 6 months
Number 1 1 1 1 4

Histopathological examination

The fixed samples were dehydrated in series of

alcohol, embedded in paraffin and sectioned into Spm.

Then after, specimens were stained with hematoxylin
and eosin and examined under a microscope.
Immunohistochemistry

After deparaffinization, specimens were im-
mersed in citric acid buffer solution with pH 6.0 (LSI

Medience Co., Tokyo, Japan) and placed in autoclave
at 121°C for 10 min. Blocking was carried out using
serum-free protein block (Dako Japan Co., Ltd, Tokyo,
Japan) at room temperature for 30 min. Slides were
incubated with primary antibodies; anti-CD68 for
detection of macrophages (1:100; ab125047, Abcam,
Cambridge, UK), anti-CD31 for detection of endothe-
lial cells (1:100; ab28364, Abcam, Cambridge, UK),
anti-GFP ChIP Grade (1:2000; ab290, Abcam, Cam-
bridge, UK) at 4°C overnight. This was followed by
secondary antibody using anti-rabbit Ig for 30 min.
Finally the slides were washed with PBS and devel-
oped with DAB.

Immunofluorescent double staining

After deparaffinization, slides were pre-treated
in citrate buffer in microwave for 1 min and blocked
with 10 % donkey normal serum for 30 min at room
temperature. Primary antibodies anti-GFP, anti-CD31,
anti-CD68 were each diluted at 1:100 with Can Get
Signal (Toyobo Co., Ltd, Osaka, Japan) and allowed to
react overnight at 4 °C.

For secondary antibody, Alexa Fluor 568 Labeled
Donkey ant-goat Ig G antibodies (Life Technologies,
Palo Alto, CA, USA) and Alexa Fluor 488 Labeled
Donkey anti-rat IgG Antibodies (Life Technologies,
Palo Alto, CA, USA) and Can Get Signal (Toyobo Co.,
Ltd, Osaka, Japan) were diluted at 1:200 and allowed
to react for 60 min at room temperature. Then after,
the nuclei were stained with 1 mg/ml of DAPI for 3
min. Slides were then washed with TBS and mounted
using Fluorescent Mounting Medium (Dako Japan
Co., Ltd, Tokyo, Japan).

The study conformed to the experimental
guidelines in animal experiment of Matsumoto Dental
University approved by the Animal Laboratory Ex-
amination Committees of the University (Approval
number # 233-13).

Results

Histopathological evaluation (Fig. 1)

There was no difference between ddY mice and
GFP bone marrow transplanted mice histopathologi-
cally. At 2 weeks, the growing mass of granulation
tissues surrounded the irregularly shaped cholesterin
spaces (Fig. 1-a). The cholesterin spaces were actually
the areas previously occupied by cholesterin crystals
dissolved during tissue preparation. The growth of
granulation tissue replaced some of the mass of cho-
lesterin crystals. The granulation tissue primarily
consists of macrophages and FBGCs. Within the
granulation tissues, large and small blood vessels
were observed. FBGCs have large vacuolated cyto-
plasm. Few fibroblasts and collagen bundles were
observed in between macrophages and FBGCs. Some
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capillaries were also seen especially in the outer por-
tion of granulation tissues where cell proliferation
was evident. However, cell proliferation was not ob-
served in the center of granulation tissue where large
cholesterin spaces were still present. Moreover, nu-
clear staining of macrophages and FBGCs in contact
with large vessels near residual cholesterin was ex-
tremely poor. The outer layer of granulation tissue has
relatively thick fibrous tissue formation. There was
proliferation of fibroblasts producing collagen fibers
as well as capillaries.

At 3 weeks, the granulation tissues became big-
ger replacing more of the embedded cholesterin
crystals. This resulted to a smaller irregular space in
the center (Fig. 1-b). Cell morphology was not ap-
parent due to the loss of nucleus in macrophages and
FBGCs. The partition between the cell proliferation
and remaining cholesterin spaces was still apparent.
Many small and large blood vessels were spotted at
the periphery of the granulation tissue. Moreover,
capillaries were seen in between fibroblasts and col-
lagen fiber in relatively thin peripheral layer of fi-
brous tissue.

3
Figure 1. Histopathological views of ddY mice. The growing mass of granula-
tion tissues proliferate the irregularly shaped cholesterin crystals (a). The
granulation tissues become bigger replacing more of the embedded cholesterin
crystals (b). The granulation tissue had grown and replaced the small dividing
mass of cholesterin crystals (c). The outer layer compose of fibroblasts, collagen
bundles and capillaries but mostly collagen bundles (d). a: 2 weeks; b: 3 weeks; c:
3 months, d: 6months; scale bars: a, b=100um, ¢, d=50pm.

At 3 months, the granulation tissue replaced
clumps of embedded cholesterin crystals. Granulation
tissue had grown and replaced the small dividing
mass of cholesterin crystals. Macrophages and FBGCs
surround the cholesterin spaces. Hyperplasia of fi-
broblasts, collagen bundles and capillaries separating
the cholesterin spaces were noted (Fig. 1-c). The outer
layer was also filled with fibroblasts, collagen bundles
and capillaries.

At 6 months, granulation tissue has replaced the
entire cholesterin crystals mainly composed of fibro-
blasts and collagen bundles. The periphery was re-
placed with finely organized fibrous tissues. Fibro-
blasts and collagen bundles also penetrated the center
of the granulation tissues. The outer layer was com-
posed of fibroblasts, collagen bundles and capillaries
but mostly collagen bundles (Fig. 1-d).

Immunohistochemistry (Fig. 2)

At 2 weeks, the granulation tissue was filled with
GFP-positive cells. Macrophages and FBGCs in the
granulation tissue were positive to CD68 (Fig. 2-a).
However, some of the fibroblasts in the granulation
tissues were GFP negative. Relatively thick fibrous
tissue was present in the outer layer of the granulation
tissues. The granulation tissue was formed within the
spaces left by cholesterin crystals. Most CD31 positive
cells were localized at the periphery of the granulation
tissues but also few cells in the center were positive to
CD31 (Fig. 2-b, arrows).

At 6 months, a large amount of fibrous tissue
separated the macrophages and FBGCs (Fig. 2-c). Fi-
broblasts and capillaries distributed in the collagen
bundles were mostly GFP negative. The fibroblasts,
collagen fibers and capillaries in the outer layer did
not express GFP. However, fibroblasts having spindle
shaped nuclei were GFP positive (Fig. 2-c, arrows).
Capillaries that were present in the granulation tissue
were positive to CD31 in the central portion of then
granulation tissues (Fig. 2-d, arrows).
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Figure 2. Immunohistochemical results showing a: CDé8-positive-

macrophages and FBGCs (3 weeks, scale bar=50pm); b: CD3 1 -positive capillary
endothelial cells (arrows) (2 weeks, scale bar=100 pm); c: GFP-positive fibro-
blasts (arrows) (6 months, scale bar=50pum); d: CD31-positive capillary endo-
thelial cells (arrows) (6 months, scale bar=50um).
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Immunofluorescent double staining (Figs. 3, 4)

Immunofluorescent double staining revealed
that macrophages and FBGCs were both GFP (green)
and CD68 (red) positive (red) (Fig. 3-a, b). Double
staining confirmed that both green and red fluores-
cence was observed on relatively large and irregular
macrophages and FBGCs (Fig. 3-c). However, the
spindle shape cells were only positive to GFP.

Immunofluorescent double staining with GFP
(green) and CD31 (red) showed GFP expression in the
cytoplasm of endothelial cells in distinct blood vessels
(Fig. 4-a), and also in the cross-linked-macrophages
and FBGCs. Double staining with CD31 and DAPI
(blue) showed red fluorescence on vascular endothe-
lial cells indicating CD31 expression. Nuclei were
stained blue for DAPI (Fig. 4-b).

C —_1d -

Figure 3. Double staining revealed that macrophages and FBGCs were both
GFP (green: a) and CDé68 (red: b) positive (orange: c). a: GFP; CDé68; c:
GFP+CDé68; d: DAPI; 6months, scale bars=50um.

Figure 4. Double staining with GFP (green: a) and CD31 (red: b with DAPI)
showed GFP expression in the cytoplasm of endothelial cells in distinct blood
vessels (a, arrow). Double staining with CD31 and DAPI (blue) showed red
fluorescence on vascular endothelial cells indicating CD31 expression. Nuclei
were stained blue for DAPI (d). a: GFP; b: CD31+DAPI; c: GFP+CD31; d: DAPI;
6months, scale bars=50um.

A number of GFP-positive cells were spindle or
polygonal in shape and some were lining the lumen of
the blood vessels. CD31 expression was observed as
red fluorescence in endothelial cells lining the blood
vessel. Double staining showed that vascular endo-
thelial cells were both positive to GFP and CD31 (Fig.
4-c).

Discussion

Macrophages and FBGCs mainly gather in reac-
tion to a large external matter producing the so-called
foreign body granuloma. Clinical reports showed that
charcoal (1) and silicone (2, 3) are some of the foreign
materials that can induce foreign body granuloma
formation. Previous studies showed the formation of
granulation tissue induced by dermal filler (5), sub-
cutaneous injection of acetate in the treatment of
prostate cancer (10) and bone wax (11). Moreover,
Nakahori et al reported a case of lung cancer from
silicone granuloma (3). Kim JS et al (7) and Lsaacson B
(12) described the formation of granulation tissue in-
duced by cholesterin. Cholesterol granuloma is a
granulation tissue growth on cholesterin crystals.
Macrophages mainly proliferate in the granuloma and
then coalesce to form multinucleated giant cells hav-
ing similar characteristics with FBGCs.

In this study, cholesterin was implanted in the
subcutaneous tissue in mice to induce the formation
of cholesterol granuloma. Histological examination
was carried out to determine the type and source of
cells. Biological evaluation of several materials have
been made. This process conformed to ISO standards
(13). The tissue surrounding the embedded choles-
terin was examined histologically within the period of
6 months.

The examination model is effective in the ex-
amination for determine the origin of the component
cells due to the histopathological results. The bone
marrow transplantation mouse model was used since
it was assumed that the cells would originate from the
bone marrow (14-16). Clinical application on the plu-
ripotency of BMDCs had already begun. In fact cell
transplantation in the treatment of myocardial and
cerebral infarctions has been started with the objective
that the cells would differentiate into what they are
expected. In the oral region, trials concerning bone
regeneration using cultured mesenchymal stem cells
from human bone marrow have been conducted. This
was for the purpose of regeneration of the jaw with
thickness and strength required for oral implant
placement. Bone marrow mesenchymal cells of pa-
tients were cultured, harvested and then grafted for
the purpose that the cells would differentiate into
osteoblasts for bone formation. However, studies on
regenerative medicine using BMDCs have only been
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reported in the reconstruction of a very limited area in
bone tissue. It is expected that other areas would be
explored in the future. Therefore, studies on the mi-
gration and cell differentiation of BMDCs for oral
tissue regeneration would contribute to the ad-
vancement in regenerative medicine. Using GFP
transgenic mice, cells that constitute the tissue would
express GFP if the transplanted BMDCs differentiate
into any cell. Hence, tracking of differentiated cells is
possible.

Tsujigiwa et al.’s study on pluripotent BMDCs
revealed the migration and differentiation of mesen-
chymal cells into odontogenic and periodontal tissue
cells (17). Transplanted GFP-positive BMDCs mi-
grated to the oral region in a short period of time as
early as a month after implantation. The same re-
search group showed GFP positive cells in mice per-
iodontal tissue, dendritic cells, Langerhans cells, os-
teoclasts etc. However, there is no clear data of dif-
ferentiation into vascular endothelial cells (18, 19).

The present results showed that some
GFP-positive cells that also expressed CD31 are either
BMDCs or vascular endothelial cells and their differ-
entiation was evident. This experiment showed that
macrophages and FBGCs were derived from trans-
planted bone marrow mesenchymal cells shown by
their GFP expression. Remarkably, GFP positive cells
also expressed CD31 indicating that they are endo-
thelial cells. Several studies mentioned that bone
marrow derived cells migrate to the site of injury and
can differentiate into vascular endothelial cells how-
ever this has not been clearly shown (14-16, 20, 21).
Another interesting idea is the chronic inflammation
and angiogenesis mostly observed in tumors. The
continuous angiogenesis seems not only due to local
endothelial cell proliferation but also from the
movement of mesenchymal cells from the bone mar-
row (22-24). The formation of granulation tissue over
a long period of time was due to the presence of cho-
lesterin. Co-expression of GFP and CD31 was ob-
served in vascular endothelial cells. Fibroblasts and
endothelial cells in the granulation tissue expressed
GFP suggesting that the cells were derived from the
bone marrow. This was further supported by double
immunofluorescent staining showing co-expression
of GFP and CD31 in vascular endothelial cells seen in
distinct blood vessels. In summary, the study pre-
sented that macrophages and FBGCs as well as some
of the fibroblasts and capillary endothelial cells were
bone marrow derived mesenchymal cells.
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