el

X 17 cells/ml) were mixed with
PM and thrombin/calcium chioride.
The contents assumed a gel-like
form to produce an insoluble gel.

Histologic and
histomorphometric analyses

Each implant site was excised with
a 2-mm-diameter trephine bur after
8 weeks of implantation. Specimans
were fixed in 10% formalin, decal-
cified, and stained with hematox-
ylin-eosin, At 2 and 4 weeks after
implant placement, 20 mg of oxy-
tetracycline hydrochloride/kg  and
5 mg calcein/kg were administered
intravenously (Wako Pure Chemical
Industries). The dogs were sacri-
ficed 8 weeks later. Nondecalcified
{ground) sections were processed
according to the method of Don-
ath and Breuner?® Sections with a
thickness of approximately 10 pm
were stained with toluidine blue.
Histologic and histormorphometric
analyses were conducted using a
BIOZERC fHuorescent microscope
{BZ-8000, Keyence).

The bone-to-implant contact
{BIC) was calculated as the total
length of bone contact divided by

Fig 2 PM is an injectable scaffold and
shaws good plasticity. Bar = 5 mm.

the total length of the implant sur-
face and multiplied by 100 to ob-
tain a percentage.

Statistical analysis

Group means and standard de-
viations were calculated for each
experimental area. The data were
compared using the Tukey-Kramer
test following one-way analysis of
variance between the control, PM,

PM/dMSCs, and PM/dMSCs/PRP
groups. A Pvalue of < .05 indicated
significance.

Results

PM is a gel with improved tissue re-
tention {Fig 2), and it can be injected
into bone defects. Macroscopic find-
ings showed that bone regeneration
formed in the control, PM, and PM/
dMSCs groups was incomplete. In
the histologic observations, the con-
trol {Fig 3a) and PM (Fig 3b) groups
showed cavities invaded by fibrous
tissue, PM/AMSCs sites showed new
partial bone formation (Fig 3¢}, and
PM/dMSCs/PRP sites showed ma-
ture bone {Fig 3d}. Therefore, when

dental implants were inserted into
these areas, the exposure of the den-
tal implant thread in the control {Fig
4aj, PM {Fig 4b}, and PM/dMSCs {Fig
4c) groups was observed, but ex-
posure of the dental implant thread
was only minimally observed in the
PM/AMSCs/PRP group (Fig 4d). It
was labeled green by tetracycline
at 2 weeks and blue by calcein at 4
weeks after dental implant insertion,
as fluorescent markers of new bone
formation (Fig 5). The regenerated
bone volume was greater in PM/
dMSCs and PM/AIMSCs/PRP  sites
than in control and PM sites. In addi-
tion, regenerated bone showed the
highest level of maturity around den-
tal implants in PM/dMSCs/PRP sites.

BIC was 3057% = 2.50%
(control), 40.77% = 12.85% (PM),
50.35% = 8.02% (PM/dMSCs),
and 55.64% = 4.97% (PM/dMSCs/
PRP} 8 weeks after implant place-
ment {Table 1) The BIC of the PM/
dMSCs/PRP group showed a sig-
nificant increase in the implant
surface compared with the control
(P < .01) and PM {P < .05} groups.
The BIC of the PM/dMSCs group
showed a significant increase in the
implant surface compared with the
control {P < .05, Table 1).
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Fig 3 Macroscopic abservations of the (a)
cantred, () PM, () PMAIMSCs, and (dy PMY
JIMSCs/PRP groups after 8 weeks of mate-
rial implaptation, The inner box shows the
histologic evaluation thematoxylin-eosin,
original magnification X 100,
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Fig4 Macroscopic observations 8 weeks
after those in Fig 3, after implant insertion.
{a) Controf, b} PM, () PMAIMSECs, and ()
PMAIMSCa/PRP,
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Fig5 Photographs of histolagic sections, as seen on light microscopy, 8 weeks after implant placement. {a to ¢ In the control group, the buccal
and lingual walls were not sufficiently regenerated for dental implants. (d to f) in the PM group, slight bone regenerstion in the lingual wall was
observed. (g to i} However, shightly more could be seer in the PM/dMSCs group. {j to ) On the other hand, the amount of regenerated bone was
greatest in the PMAIMSTs/PRE group {a. d, g. and magnification X 12.5; b, e, h, and k, magnification X 200; ¢. i, and], magnification X200).
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Discussion

Tissue engineering for bone regen-
eration has been shown to be an at-
tractive alternative to autogenous or
synthetic bone substitutes. Recently,
tissue engineering approaches have
been attempted, and scaffolding
has been discussed extensively2t®
Scaffolds are requested to have the
ability to induce bone formation at
nonbony sites, provide a scaffold
for new bone formation, be safe for
the host, and harmonize with the
fiming of tissue repair. But the abil-
ity of bone regeneration in various
scaffolds would not have been suffi-
cient.'7332% I this study, a new bone
biomaterial composite, PuraMatrix,
which forms a unique gel that is ab-
sorbable and nanofibered for tissue
engineering, was investigated.?®
This study confirmed the com-
patibility of dMSCs and PM. PM is
a synthetic peptide consisting of
a lé-amino acid sequence (Ac-
RADARADARADARADA-CONH,).

The RAD (arginine-alanine-asparate)

Results of BIC {mean + SD}Y

Graft materials

5.64% + 4.

*P o U1, %P < 05,

BIC = bone-to-implant contact; SO = standard deviation; PM = PuraMatrix; dMSCs = dog
mesenchymal stem cells; PRP = platelet-rich plasma

Data were com;&ared using the Tukeg-i(ramer test following one-way snalysis of variance between

control, P, PMAIMSCs, and PM/AdM

repeats in the peptide are similar
to the ubiguitous integrin receptor
binding site RGD {arginine-glycine-
asparate] sequence, which was
identified as the main structural mo-
tif of ECM.? It has been reported
that PM may be able to mimic the
structure and biologic function of
ECM, both in terms of the chemi-
cal composition and physical struc-
ture. In these reports, it might
be inferred that cells survived and
maintained favorable conditions in
PM.54 In fact, the PM/dMSCs group
showed new areas of bone forma-
tion compared with the PM and
control groups on histologic ohser-
vation (see Figs 3 and 4). Hamada
et al® reported that MSCs survive
in PM hydrogel and that 3D osteo-
genic differentiation can occur. PM
alone might not be able to stimu-
late sufficient bone formation for
dental implants, but a PM scaffold
with dMSCs might encourage MSC
adhesion, proliferation, and differ-
entiation, and thus induce effective
bone formation.

s/PRP groups.

On histomorphometric evalu-
ation, the PM/dMSCs and PM/
dMSCs/FRP groups were signifi-
cantly different from the control
(defect only). In this study, the BICs
of the PM/dMSCs and PM/dMSCs/
PRP groups were 50.35% * 8.02%
and 55.64% = 4.97%, respectively
(Table 1). In a previous study, the
BIC of autogenous particulate can-
cellous bone and marrow [PCBM}
was 49.9% = 8.2%.2 These resulis
indicate that bone regenerated
with PM/dMSCs was as satisfac-
tory as that with PCBM. The new
technology developed, injectable
tissue-engineered bone,'®’  was
based on tissue engineering con-
cepts.” Therefore, using MSCs
and PM, bone formation could be
incduced with artificial 3D scaffolds.
To achieve greater bone formation
around dental implants, it might
be advisable to use PRP contain-
ing some growth factors as signal
molecules.
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Conclusion

The results suggest that tissue-
engineered bone can integrate well
around dental implants. PM is a 3D
structure that may have the poten-
tial to be a scaffold applicable in
bone tissue engineering. In the fu-

ture, the authors would like to dini-

cally apply bone regeneration for
dental implants using tissue engi-
neering technology.
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ORIGINAL ARTICLE

Human Deciduous Teeth Dental Pulp Cells
With Basic Fibroblast Growth Factor Enhance
Wound Healing of Skin Defect

Yudai Nishino, DDS,* Katsumi Ebisawa, MDD, PhD,*{ Yoichi Yamada, DDS, PhD,
Kazuto Okabe, DDS, PhD,* Yuzuru Kamei, MD, PhD,} and Minoru Ueda, DDS, PhD*

Abstract: In this research, we examined the effect on wound
healing applying basic fibroblast growth factor (b-FGF) that is ap-
proved for clinical use to enhance wound healing and human de-
ciduous teeth dental pulp cells (hDPCs) in clinics, but that have
been attracting attention as a novel stem cell source in recent years.
Human deciduous teeth were harvested from healthy volunteers,
and hDPCs were isolated. We used a nude mouse full-thickness
skin defect model and evaluated wound healing by macroscopic
view and histologic and histomorphometric analysis. The mice were
randomly divided into 4 groups: phosphate-buffered saline—treated
group (control group), b-FGF-treated group (b-FGF group), hDPC-
treated group (hDPC group), and hDPC and b-FGF-treated group
(hDPC/b-FGF group). Basic fibroblast growth factor and hDPC
groups accelerated wound healing compared with the control group.
There was no statistically significant difference in wound healing
observed between the hDPC and b-FGF groups. The hDPC/b-FGF
group demonstrated ‘accelerated wound healing compared with
other groups. At day 14, PKH26-positive cells were surrounded by
human type I collagen in hDPC and hDPC/b-FGF groups in immu-
nohistologic evaluation. Significantly increased collagen fibril areas
in wound tissues were observed in b-FGE, hDPC, and hDPC/b-FGF
groups as compared with the control group at days 7 and 14. Our
results showed that the hDPC/b-FGF group significantly promotes
wound healing compared with other groups. This study implies that
deciduous teeth that are currently considered as medical spare parts
might offer a unique stem cell resource for potential of new cell
therapies for wound healing in combination with b-FGF.
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ound healing is a complex phenomenon that involves sequen-

tial phases that overlap in time and space, interact, and affect
each other dynamically both at the gene and protein levels. It is
difficult to control wound healing after tumor excision, cleft lip,
and trauma in the craniofacial area. In case of intractable ulcers,
keloids, and hypertrophlc scars, wound healing is extremely stressful
on patients.” A lot of treatment methods have been examined; how-
ever, there is no one established, acceptable method. A new treatment
modality needs to be established.

Regenerative medicine is a promising tool in a new clinical
platform for a whole spectrum of intractable diseases. Various stem
cells have been reported, especially mesenchymal stem cells (MSCs)
isolated from various tissues including bone marrow, adipose tissue,
skin, umbilical cord, and placenta, and used in clinical applications
in skin regeneratlon s They promote wound healing and may re-
duce scars.® There are several lines of evidence that reported that
MSCs have been applied to accelerate wound healing through differ-
entiation and paracrine effects.® Mesenchymal stem cells, referred
to as stromal progenitor cells, are self-renewing and expandable
stem cells. However, bone marrow aspiration is an invasive proce-
dure for the donor. In addition, the number, proliferation, and differ-
entiation potential of MSCs decline with increasing age.®

Dental pulp appears to be an alternate and more readily
available source of stem cells in the craniofacial area. Stem cells
from the deciduous teeth dental pulp have been identified as a novel
population of stem cells that have the capacny of self-renewal and
multilineage differentiation similar to MSCs.>'® They have also
been reported to have the potential for use in cell-based therapy for
systemic disease, such as neurologic disease and cardiac disease,
and to ameliorate ischemic disease.'’™* To date, there is no report
of them having been used in wound healing.

Basic fibroblast growth factor (b-FGF) was approved for clin-
ical use in Japan in 2001 and has been used clinically in recent years.
Fibroblast growth factors have been shown to have profound effects
on various cell types, influencing their proliferation, differentia-
tion, and other functions.'**¢ Basic fibroblast growth factor is one
of the fibroblast growth factor families of single-chain polypeptides
(14 + 18 kd) that regulates the development and maintenance of the
cellular derivatives of mesoderm and neuroectoderm. Of all known
growth factors, b-FGF probably has the broadest range of target
cells, mcludmg essentially all of the diverse cells involved in wound
healing.!” Basic fibroblast growth factor is noted for its noninvasive
approach.
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hDPCs With b-FGF Enhance Wound Healing
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FIGURE 1. Scheme of experimental protocol.

In this research, we examined the effect of applying b-FGF
on wound healing, which has already been used in clinical appli-
cations, and human deciduous teeth dental pulp cells (hDPCs).
These results may provide us with new information of cell thera-
pies for wound healing in conjunction with b-FGF.

MATERIALS AND METHODS

Animals

Seven-week-old KSN/SIc nude mice, obtained from the Chubu
Kagaku Shizai Corporation (Nagoya, Japan), were used. The animal
experiments were performed in accordance with the Guidelines for
Animal Experimentation of Nagoya University School of Medicine.

Cell Culture of hDPCs

The experimental protocol is summarized (Fig. 1). Human
deciduous teeth dental pulp cells were obtained from clinically
healthy extracted deciduous teeth from 7- to 8-year-old children. The
ethics committee of Nagoya University approved our experimental
protocols. Human deciduous teeth dental pulp cells were isolated
and cultured as previously described.>'° Briefly, the pulp was gently
removed and digested in a solution of 3 mg/mL collagenase type 1
and 4 mg/mL dispase for 1 hour at 37°C. Cells were cultured in
conditioned medium consisting of low-glucose Dulbecco’s modified
Eagle medium with growth supplements (50 mL of fetal bovine
serum, 10 mL of 200-mmol/L L-glutamine, and 0.5 mL of penicillin-
streptomycin mixture containing 25 U of penicillin and 25 kg of
streptomycin [Lonza, Inc, Walkersville, MD]) at 37°C in a humidi-
fied atmosphere containing 95% air and 5% CO,. The medium was
changed every 3 days. When the cells were confluent, they were pas-
saged. Cells up to 5 passages were used in this experiment.

Basic Fibroblast Growth Factor

Recombinant human b-FGF (Kaken Pharmaceutical Co, Ltd,
Tokyo, Japan) was dissolved in phosphate-buffered saline (PBS)
before use. The concentration of b-FGF (100 pg/mL) was according
to the manufacturer’s instructions.

Wound Healing Model

The excisional wound splint model was used as described
previously.18 Mice were individually anesthetized, and two 8-mm
full-thickness skin defects were created on the dorsal surface each
side of the midline. A doughnut-shaped silastic splint was placed
so that the wound was centered within the splint. A fast-bonding

© 2011 Mutaz B. Habal, MD

adhesive (Krazy Glue, Columbus, OH) was used to fix the splint
to the skin, followed by interrupted 4-0 silk sutures to stabilize its
position.

Cell Transplantation

The cultured hDPCs were detached from culture dishes by
enzymatic treatment with 0.05% trypsin/EDTA. Human deciduous
teeth dental pulp cells labeled with PKH26 (Sigma-Aldrich, St
Louis, MO) were then prepared. The animals were randomly divided
into 4 groups: 100 L of PBS was applied to the wound bed (control
group), 100 pL of 100 pg/mL b-FGF solution was applied in the b-
FGF group, 5 x 10° cells of hDPCs suspended with 100 pL of PBS
was applied in the hDPC group, and 5 x 10° cells of hDPCs sus-
pended with 100 pL of 100 pg/mL b-FGF solution was applied in
the hDPC/b-FGF group. Tegaderm (3M, London, Ontario, Canada)
was placed over the wounds. The animals were housed individually.

FIGURE 2. Macroscopic observations of the wounds at

days 7 and 14 after the procedure. Left panel (A, C, E, G) shows
day 7; right panel (B, D, F, H) shows day 14. A and B show
results from the control group; C and D show results from
the b-FGF group; E and F show results from the hDPC group;
and G and H show results from the hDPC/b-FGF group,
respectively. Bars = 3 mm.
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FIGURE 3. Wound area was measured by using Scion
Image. The percentage of wound area was calculated as
follows: area of actual wound / area of original wound x 100.
Analysis of variance, hDPC/b-FGF group versus control
group, *P < 0.05.

Wound Healing Analysis

Digital photographs were taken at days 0, 3, 5, 7, 10, and
14 to evaluate wound area, which was measured using an image-
analyzing software.'® Wound area was calculated as a percent area
of the original wound as follows: area of actual wound / area of orig-
inal wound x 100.

Histological and Histomorphometric Analysis

Mice were killed at days 7 and 14 after cell transplantation.
Skin samples including the wound and 4 mm of the surrounding skin
were collected using ‘a scalpel and scissors, fixed in 4% parafor-
maldehyde and embedded in OCT compound (Tissue-Tek; Miles
Inc, Elkhart, IN). Immunofluorescent staining was used to confirm
the presence of human type I collagen generated by the injected cells
(Rockland Immunochemicals Inc, Gilbertsville, PA). Immunofiuo-
rescent staining followed standard methodology. The slides were
mounted in the mounting medium with DAPI (Vector Laboratories
Inc, Burlingame, CA). And the next slide was stained with hema-
toxylin and eosin. In addition, histomorphometric analysis used azan
staining, following standard methodology. Collagenous fiber area
was measured using an image-analyzing software.'® Collagenous
fiber area was calculated as a percent area of dyed light blue. The
percentage of collagenous fiber area was calculated as follows: area
of dyed light blue / area of all tissue x 100.

Statistical Analysis

Statistical differences among the defect area and collagenous
fiber area in each group were evaluated by the Tukey-Kramer test
after 1-way analysis of variance. P < 0.05 was considered to be
statistically significant.

RESULTS

hDPCs/b-FGF Enhance Wound Healing
by Macroscopic Findings

Each skin sample was harvested at days 7 and 14. At day 7,
all samples were filled with the effusion, and the surface was still
raw under macroscopic observation (Fig. 2). On the other hand, at
day 14, the wound of hDPC/b-FGF group was almost completely
closed in contrast to other groups, and the epithelium appeared
thicker (Fig. 2). Digital image analysis showed that the percentage
of wound area was 85.38% £ 2.46%, 35.82% * 3.32% (control
group); 74.16% = 2.78%, 19.30% = 3.40% (b-FGF group);
69.13% * 3.96%, 17.83% * 4.06% (hDPC group); and 48.72% =+
3.22%, 6.50% = 2.61% (hDPC/b-FGF group) at days 7 and 14,
respectively. Both b-FGF group and hDPC group demonstrated ac-
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celerated wound healing compared with the control group (Fig. 3).
The enhancement appeared at day 5 after implantation and became
more evident after day 7. Differences in the mean wound area were
statistically significant at all time points after day 7 (P < 0.05; Fig. 3).
There was no statistically significant difference in wound area ob-
served between hDPC and b-FGF-treated groups at all time points
(P < 0.05; Fig. 3). The hDPC/b-FGF-treated group appeared to ac-
celerate wound healing compared with the control group (Fig. 3).
There was statistically significant difference in wound area observed
between the hDPC/b-FGF and control groups at all time points
(P < 0.05; Fig. 3). The hDPC/b-FGF—treated group accelerated
wound healing compared with the b-FGF and hDPC groups (Fig. 3).
The enhancement appeared at day 3 after implantation and became
more evident after day 5. Differences in the mean wound area were
statistically significant at all time points after day 5 (P < 0.05; Fig. 3).

Histological Observations

Day 14 after cell transplantation, basophilic nuclei were scat-
tered throughout the tissue, in which great numbers of collagen fib-
ril bundles could be found in the hDPC/b-FGF group by histologic
observation (Fig. 4). PKH26 is a lipophilic dye that stains the mem-
brane of viable cells and is distributed among cells when mitosis
occurs. It is reported that the fluorescence of PKH26 is not trans-
ferred to other cells, but rather to daughter cells with no cellular tox-
icity. Most of the injected cells labeled with PKH26 were located as
a single mass in the subcutaneous tissue in hDPC and hDPC/b-FGF
groups (Fig. 4).

FIGURE 4. Histologic evaluation at day 14 after the
procedure. Left and middle panels show hematoxylin and
eosin staining, and right panel shows human type collagen
staining. Control group is A, B, C; b-FGF group is D, E, F;
hDPC group is G, H, I; and hDPC/b-FGF group is |, K, L,
respectively. Bar =3 mm (A, D, G, J); 25 pm

(B, CEFHIKL.
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hDPCs With b-FGF Enhance Wound Healing

FIGURE 5. Azan staining of the wounds at day 14 after the
procedure. Left panel (A, C, E, G) shows day 7, and right panel
(B, D, F, H) shows day 14. A and B show results from the
control group; C and D show results from the b-FGF group;
E and F show results from the hDPC group; G and H

show results from the hDPC/b-FGF group, respectively.

Bars = 200 pm.

Detection of Human Type | Collagen
Produced by Transplanted hDPC
and hDPC/b-FGF Groups

Immunohistologic evaluation using anti-human type I colla-
gen antibody was performed to confirm the presence of type I col-
lagen derived from injected hDPC group in mice skin. At day 14,
PKH26-positive cells were surrounded by human type I collagen in
hDPC and hDPC/b-FGF groups (Fig. 4). These results showed that
the hDPC group produced human type I collagen, and bundles of
new collagen fibrils were derived from the injected cells.

Histomorphometric Analysis

Wound sections were collected at days 7 and 14 after cell
transplantation for azan staining. Images were taken with a con-
ventional microscope with bright field light. At day 7, there ap-
peared to be fewer inflammatory cells in the hDPC/b-FGF group
compared with the other groups. All groups were missing epider-
mis, and the control group was covered with a large amount of
clots (Fig. 5). At day 14, many collagen fibrils were observed in
the hDPC/b-FGF group compared with the other groups. Collagen
fibrils were observed in the hDPC and b-FGF groups compared with
the control group (Fig. 5). In addition, epidermis in the hDPC/b-FGF
group appeared to be thicker. Reepithelialization was advanced, and

© 2011 Mutaz B. Habal, MD
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the thickening of the epidermis was observed in the hDPC/b-FGF
group. The percentages of collagen fibril area at days 7 and 14 were
22.4%+2.57%,28.4% + 1.74% (control group); 33.4% +2.8%,39% +
3.03% (b-FGF group); 35.0% + 4.15%, 40.0% + 3.03% (hDPC group),
and 47.6% = 3.44%, 52.2% * 2.99% (hDPC/b-FGF group), respec-
tively (Fig. 6). Significantly increased collagen fibril area in wounded
tissue was observed in b-FGF, hDPC, and hDPC/b-FGF groups as
compared with the control group at days 7 and 14 (P < 0.05; Fig. 6).
Moreover, the hDPC/b-FGF group showed significantly higher col-
lagen fibril area compared with the b-FGF and hDPC groups (P <0.05;
Fig. 6). There was no statistically significant difference between the
b-FGF and hDPC groups (P < 0.05; Fig. 6).

DISCUSSION

In this study, we demonstrate for the first time that hDPCs
accelerated wound healing, similar to b-FGF, and that they enhanced
wound healing more efficiently in the presence of b-FGF. Our im-
munohistologic staining showed that hDPCs produced human type I
collagen, as previously reported, and hDPC/b-FGF group displayed
greater production compared with hDPC group. These results meant
that b-FGF accelerated human type I collagen production made by
hDPCs, the first report of its kind. And our azan staining results dem-
onstrated that collagen fibril production, which meant human collagen
made by hDPCs and mice collagen, was consistent to human type I
collagen. These results demonstrated that hDPCs enhanced wound
healing via increasing collagen production.

There are some kinds of wound healing models. The most
simple skin defect model is skin punch-out, but the rodent skin
defect is easy to contract and shrink. To eliminate this bias, we used
an excisional wound splinting model, resulting in uniform wound
closure due to minimization of variations such as skin contraction
and wound dressings through granulation and reepithelialization,
as reported prekusly Therefore, our results are reasonable as a
first step to evaluate the wound healing effect of hDPCs. But, rodent
and human skin wound healing is considerably different. Researches
reported human skin xenografted onto SCID mouse as a chimeric
model, which maintains much of its original human skin function.”®
We will use this chimeric model to advance to the next step in our
future research.

Of all growth factors, b-FGF is one of the most fascinating
in regenerative medicine. Experimental studies have demonstrated

~ that b-FGF administration to the skin wound accelerates angiogene-

sis, granulatxon and epithelialization, resulting in accelerated wound
healing.!’ Clinical studies with the use of recombinant b-FGF have
shown that it is highly effective and safe for skin ulcers and decubitus
ulcer.?! And b-FGF is also well known as one of the most common

0 day?
dayl4

Cotlagenous fibre aser(%)
w
<

control bFGF hDPC hDPC/a-FGF

FIGURE 6. The percentage of collagenous fiber area (%)
in the control group, b-FGF group, hDPC group, and
hDPC/b-FGF group at days 7 and 14 after the procedure.
Bar = SD. *P < 0.05.
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reagents to maintain the self-renewal and efficient proliferative capa-
bilities of stem cells.?* Therefore, we evaluated hDPCs for wound
healing with or without b-FGF, and our results showed that b-FGF
enhanced human type I collagen production by hDPCs. Our co-
workers reported that b-FGF stimulated hDPC proliferation.”> The
fact that hDPC/b-FGF group enhanced collagen production resulted
from increasing collagen production per cell and/or hDPC prolifera-
tion. Further mechanisms need to be studied for hDPCs with b-FGF
in wound healing process.

Stem cells play an important role in regenerative medicine. We
can isolate them from born marrow, fat tissue, meniscus, and so on.
Dental pulp is a fascinating stem cell source, not only in craniofacial
area but also in the whole human body. Compared with other tissue,
dental pulp has great advantages; it is “medical waste”—everyone
has some dental pulp; there is no need for an invasive, painful pro-
cedure; and hDPC has a stem cell population, so it has the capacity
to be induced to osteoblasts, chondrocyte, adipocyte, and so on, and
express several growth factors such as transforming growth factors
2 and B3 and connective tissue growth factor, nerve growth factor,
bone morphogenetic protein 1, and interleukin 1B. It may be suitable
for a wide range of human diseases.’®*® This study demonstrated that
hDPCs accelerated wound healing, so it can be an effective, unique
stem cell resource for potential of new cell therapies for intractable
ulcer such as radiation ulcer, leg ulcer, and decubitus ulcer.

In conclusion, our results showed that hDPCs accelerated
wound healing, similar to b-FGF, and they enhanced wound healing
more efficiently in the presence of b-FGF. We believe that a better
understanding through these investigations will help us understand
skin regeneration and the wound healing process and lead us toward
developing novel cell therapies for skin defects in the future.
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An Experimental Study of Bone Healing
Around the Titanium Screw Implants in

Ovariectomized Rats: Enhancement of
Bone Healing by Bone Marrow Stromal
Cells Transplantation

Yasuhiro Okamoto, DDS,* Hideo Tateishi, DDS,* Kazuhiko Kinoshita, DDS, PhD,T Shuhei Tsuchiya, DDS, PhD,t
Hideharu Hibi, DDS, PhD,§ and Minoru Ueda, DDS, PhD)||

ental implants are widely per-
D formed as a treatment to restore

masticatory functions and ap-
pearance in patients with partial or com-
plete teeth loss.! Japan is an aging
society in which 22.8% of the popula-
tion is older than 65 years with some
sort of health problem. Considering that
the number of diseased patients receiv-
ing dental implants will certainly in-
crease in coming years, it is important to
pay attention to systemic diseases of
such patients when selecting treat-
ments.2 There are various risk factors
when treating such kind of diseased pa-
tients. In particular, osteoporosis is a dis-
ease, which can indirectly increase risk
in the implant treatment. Osteoporosis is
a systemic skeletal disease caused by a
postmenopausal decrease of estrogen se-
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Purpose: This study is to evalu-
ate the bone quality of surrounding
areas of implants with bone marrow
stromal cells (BMSCs) transplanta-
tion to rat femur, which have be-
come osteoporosis-induced models.

Materials and Methods: The
Sprague-Dawley rats were divided
into 3 groups: the first group where
their ovaries were removed (OVX
group), the second group where a
sham surgery was given (SHAM
group), and the third group where
BMSCs were transplanted to an OVX
group (OVX-BMSCs group). In the
OVX-BMSCs group, 1 X 10° BMSCs
were transplanted into femur with im-
plant. Each value of the bone to im-
plant contact and the bone area of

each cortical bone and cancellous
bone was obtained. Bone density of
the width of 500 um from the implants
was measured.

Results: Each ratio of bone to im-
plant contact, bone area, and bone
density in the OVX-BMSCs group was
significantly higher than those of OVX
group as to the cancellous bone.

Conclusion: The BMSCs trans-
plantation therapy improved local
bone healing in the cancellous bone
surrounding implants and also signif-
icantly improved bone binding with
implants. (Implant Dent 2011;20:
236-245)

Key Words: osteoporosis, bone mar-
row stromal cells, titanium implants,
cell transplantation, osseointegration

cretion and is characterized by fragile
bones with decreased microstructures
and low quality of bones, which are
prone to fractures.® Estrogen plays a cru-
cial role in bone turnover. Estrogen
deficiency affects osteoblasts and oste-
oclasts, causing reduction of bone
mass.*® Furthermore, it has been re-
ported that interleukin 1, interleukin 6,
tumor necrosis factor-c, and other cyto-
kines, directly or indirectly cause osteo-
porosis after menopause. Production of
these cytokines is regulated by estro-
gen.%” Tt is estimated that ~30% of
women 10 to 15 years after menopause

-110 -

have osteoporosis,® and some reports
state that there is a significant correla-
tion between oral bones and skeletal
bones in osteoporosis.”!® There are also
some reports in which animal models
were used to study the effects of estro-
gen deficiency on bone structures
around dental implants.!’'2" According
to these reports, bone to implant contact
(BIC) with newly formed bones, bone
area (BA), and bone density (BD) were
reduced, especially in cancellous bones.
Therefore, osteoporosis should be re-
garded as one of the most significant
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factors that can reduce osseointegration
of the dental implants.

Meanwhile, various treatments
have been introduced to improve os-
seointegration between osteoporotic
bones and implants.’>'* According to
the guideline for osteoporosis treatment,
the following drugs have been covered
by social insurance in Japan since Sep-
tember 2002: calcium, estrogen, ana-
bolic androgenic steroid, calcitonin,
activated vitamin D3, ipriflavone, vita-
min K2, and bisphosphonate products.'®
However, most of these drugs, which
are currently available for osteoporosis
treatment, inhibit bone resorption and
slow down bone metabolism, resulting
in bone mass reduction. Therefore, from
a clinical point of view, a method which
can produce fewer adverse reactions and
high osteogenicity and thereby improve
osseointegration of implants in osteopo-
rosis patients is eagerly awaited.

The use of bone marrow stromal
cells (BMSCs) is thought to improve
local bone quality. It has been reported
that bone regeneration may occur on
transplantation of BMSCs that have
been separated, cultured, and induced
to differentiate into osteoblasts.!6-22
BMSCs can differentiate into various
cells; they can be induced to differen-
tiate into osteocytes, cardiac myo-
cytes, chondrocytes, tendon cells, and
adipocytes. % Bone regeneration using
BMSCs is relatively safe in elderly pa-

tients because it is relatively noninva-
sive; cells can easily be obtained by
bone marrow puncture under local
anesthesia. Transplantation of BMSCs-
derived osteoblasts is currently per-
formed in cases of orthopedic surgery or
dental implant. Therefore, we hypothe-
sized that the use of BMSCs may im-
prove osseointegration with dental
implants. However, as far as we know,
no studies have been performed on the
detailed effects of local BMSC trans-
plantation around an implant in an ani-
mal osteoporosis model. In this study,
we investigated through histological
measurements whether BMSCs can
stimulate bone healing around titanium
implants in rat osteoporosis models.

MATERIALS AND METHODS
Animals

Thirty-eight female Sprague-
Dawley rats (NihonCrea, Tokyo, Japan)
aged 84 days (body weight, 220-230 g)
were used in this study. The animals
were placed in plastic cages, and food
and water were supplied ad libitum.
This study was approved by Nagoya
University School of Medicine Institu-
tional Review Board for Animal Exper-
iments and conducted with a protocol
following the Nagoya University Ani-
mal Experiment Guidelines.

Experiment Design
Thirty-eight Sprague-Dawley rats
were randomly allocated to the follow-

§ dmplanty Toral length:3me. Diometors2a% s Fitchi g s
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Fig. 1. Experiment design.

ing 3 groups: ovariectomized group
(OVX, n = 12), SHAM-operated
group (SHAM, n = 12), and OVX-
BMSCs transplanted group (OVX-
BMSCs, n = 12). Dental implants
were embedded with transplantation
of BMSCs into femurs 84 days after
OVX or SHAM operations (Fig. 1).

Ovariectomization of Rat

At the beginning of the study, OVX
or SHAM operations were performed
bilaterally in 36 rats. First, rats were
given intraperitoneal anesthesia with
pentobarbital sodium (40 mg/kg) (Som-
nopentnil, Kyoritsu Seiyaku, Tokyo, Ja-
pan). In OVX rats (n = 24), ovaries
were exposed from the dorsal side and
removed completely. In SHAM rats,
ovaries were lifted but placed back in
the original positions in SHAM rats
(n = 12). Two rats from each group
were killed at 84 days after the opera-
tion, and onset of ovariectomization-
induced osteoporosis was evaluated
with histopathological samples from the
distal end of the femur and the uterine
horn. The samples were fixed with 10%
buffered formalin. Then, the femur was
decalcified with Kalkitox (Wako,
Osaka, Japan), trimmed, and embedded
in paraffin. Five micrometer sections
obtained from the uterine horn and the
femur were stained with hematoxylin
and eosin stain to be examined under an
optical microscope. In this study, Micro
CT (Scan Xmate-A090S, Comscant-
ecno, Kanagawa, Japan) was used with
a voltage of 31 kV and current of 100
A to observe distal femur bone mass
change in ovariectomized and sham-
operated rats at 84 days. The thickness
of the femur cross-section was 18.03
pum, and the data were reconstructed
from 400 images.

Celi Culture

BMSCs were obtained from the
medullary cavity of femurs of female
Sprague-Dawley rats aged 168 days.
The proximal and distal ends of femurs
were removed under general anesthesia,
and 10 mL of bone marrow was ob-
tained. This was then subcultured in 3
passages at 37°C and 5% CO, in Dul-
becco’s Modified Eagle Medium
(DMEM) (Wako) medium to which

T ———————eeessesensnnn. | 0% fetal bovine serum and penicillin
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Table 1. Sequence of Primer Pains for Reverse-Transcription Polymerase Chain Reactions

ALP, alkaline phosphatase; ON, osteonectin; OP, osteopontin; OCN, osteocalcin; BSP, bone sialoprotein; Col-l, collagen type 1

1000 U/mL and streptomycin 0.1
mg/mL had been added. The medium
was changed every 3 days. Then, the
cells were cultured for 14 days with
osteoinduction medium (OI), to which
50 uM ascorbic acid (Wako), 10 mM
B-glycerophosphate (Wako), and 50 nM
dexamethasone (Dex) (Wako) had been
added. The cells were detached with
0.05% trypsin-EDTA (Wako) solution
and transplanted into bones when they
reached 80% confluency.

Reverse-Transcriptase-Polymerase
Chain Reaction

¢DNA were synthesized from 1 ug
total RNA in a 20 uL reaction continu-
ing 10X reaction buffer, 5 mM dNTP
mixture, 1 U/ul RNase inhibitor, 0.25
U/uL reverse transcriptase (Superscript
111, Invitrogen), and 0.125 pL random
primers (Invitrogen). For polymerase
chain reaction (PCR), amplification was
performed in a PCR Thermal Cycler SP
(Takara, Otsu, Japan) for 25 to 35 cycles
according to the following reaction pro-
file: 95°C for 30 seconds, 45-60°C for
30 seconds, and 72°C for 30 seconds.
Rat glyceraldehydes-3-phosphate dehy-
drogenase primers were used as internal
standards. Synthesized cDNA served as
a template for subsegment PCR ampli-
fication with specific primers as listed in
Table 1.

Cell Transplantation and
Implant Operation

A 10-mm incision was made on
the skin over the distal femur under
general anesthesia, and the bone was
exposed. Then, bicortical implant
floor was created 7 mm from the distal
end of the bone, using a dental bar (1
mm in diameter, 1 mm in depth) at a
rotation speed of 1500 rpm or less. In
OVX-BMSCs group, 1 X 10" cell of
BMSCs was injected through an im-

plant fossa. A sterilized screw tita-
pium implant of 5 mm total length, 2
mm thread diameter, and 1 mm pitch
(ATSM F 67, Grade 2, Nishijima
Medical Co., Aichi, Japan) was com-
pletely embedded in the cortical bone.
Then, the soft tissues were returned to
their normal positions and sutured.

Histological Analysis

The rats were killed at 28 and 56
days after implantation, and the fe-
murs were removed. The samples
were fixed with 60% ethanol for 24
hours. Non-decalcified sections were
dehydrated with elevated ethanol line
(60%-100%), and resonated in glycol
methacrylate (Technovit 7200, Hereus
Kulzer, GmbH, Wehreim, Germany).
Then, polished samples (80 wm) were
prepared and stained with 1% tolu-
idine blue. The BIC and the ratio of
the BA inside the thread were obtained
bilaterally. Furthermore, BD, which is
defined as the ratio of calcified matrix
within 500 pwm from the implant sur-
face to the side, was measured with
image analysis software (Image-Pro,
Media Cybernetics Inc., MD). The
measurements were made in the corti-
cal bone and cancellous bone. BD was
measured in the cancellous bone only.

Statistical Analyses

Statistical analyses were made us-
ing IBM SPSS Statistics Server ver-
sion 18 (SPSS Inc., IL). All rat data
were collected, and then the mean =
SD was obtained. Then, the Shapiro-
Wilk test for normality was performed
on all parameters, and the differences
between the groups were evaluated
with Tukey’s multiple comparison test
(a = 0.05). The differences in BIC,
BA, and BD over time at 28 and 56
days after the implantation between

the corresponding groups were com-
pared using ¢ test. To judge statistical
significance, significance was estab-
lished at values <5% (P < 0.05).

RESULTS
Ovariectomization of Rat

A natural increase in body weight
was observed in all animals during this
study. The weights of SHAM rats
were 255.26 = 8.22 g and 276.30 *
10.96 g at operation and implantation,
respectively. On the other hand, OVX
rats were 257.45 = 9.26 g and
331.15 * 10.82 g at operation and
implantation, respectively. The in-
crease in body weight was more con-
stant in OVX rats than in SHAM rats.

From These Above Date, the Rats
Which Removed Uterine Were
Induced Osteoporosis

Remarkable osteoporotic change
was observed in the distal femur edge in
OVX group at 84 days after ovariecto-
mization. The bone mass was varied,
irregular, and discontinuous in the can-
cellous bones. Pronounced atrophy was
observed in the uterine horns after ovari-
ectomization with small fossa and lack
of gland tissues. In contrast, femurs in
the SHAM group were highly dense and
regularly distributed in terms of bone
mass. In Micro-CT images, degradation
of microstructures and reduction of bone
mass in the cancellous bones was more
marked in the OVX group than in the
SHAM group. Dense and regular bone
tissues were observed in the cancellous
bones in the SHAM group (Fig. 2).

Gene Expression Pattern of
Cultured BMSCs

Rat bone marrow was harvested
and cultured with DMEM with 10%
fetal bovine serum and penicillin-
streptomycin. The BMSCs had a
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Fig. 2. Comparisons of histological andMicro-CT images of distal ~bones and uterine
horns at 84 days after operation in SHAM group and ovariectomized groups. A, Uterine horn
of SHAM rats. B, Distal femur bone of SHAM rats. C, Micro-CT images of SHAM rats. D,
Uterine horn of OVX rats. E, Distal femur bone of OVXrats. F, Micro-CT images of OVXrats (A,
B, D, and E: hematoxylin and eosin stain X4; Bar = 500 um; C and F: Bar = 2000 um). Aand
D, Pronounced atrophy was observed inthe uterine horns after ovariectomization with small
fossa and lack of gland tissues. B and E, Remarkable osteoporotic change was observed in
the distal femur edge in OVX group. The bone mass was varied, irregular, and discontinuous
in the cancellous bones. In contrast; femurs in the SHAM group were highly dense and
regularly distributed in terms of bone mass. € and F, In Micro-CT images, degradation of micro
structures and reduction of bone mass in the cancellous bones was more marked in the OVX
group than in the SHAM group. Dense and regular bone tissues were observed in the cancel-
lous bones in the SHAM group.

]}

A oI oI

Fig. 3. A, The morphology of BMSCs by phase-contrast microscopy. BMSCs were either spindle
or polygonal in shape. B, The gene expression pattemn of BMSCs treated with or without Ol. BSP,
OCN, ON, ALP, and OPN expression in BMSCs treated with Dex were higher than non-treated
BMSCs. The expression of Col-l resembled between the BMSCs treated with and without Ol.

]}

treated with OL The expression levels
of glyceraldehydes-3-phosphate dehy-
drogenase and Col-I were consistent

mixed morphology including spindle-
shaped and polygonal-shaped cells
(Fig. 3). We surveyed gene expression

patterns in cultured BMSCs treated
with or without. A series of genes are
known to be involved in morphogen-
esis of bone (Table 1). The gene ex-
pression of BSP, OCN, ON, ALP, and
OPN in BMSCs treated with OI was
higher comparing with BMSCs non-

across samples (Fig. 2, B). From these
results, the cultured BMSCs treated
with OI have an osteogenic potential.

Histological Analysis

In the cancellous BA, the newly
bone formation surrounding the im-

plant was observed among all experi-
mental groups (Fig. 4, A-C). The
newly formed bone was attached on
the surface of the implant. There were
no significant differences of bone
structure ‘in histologically (Fig. 4,
D-F). The amount of newly formed
bone in OVX group was less than
SHAM and OVX-BMSCs groups.

At 28 days after implantation, in
the cortical BA, most of the implant
surface was in direct contact with
newly generated bones, and the thread
was widely filled with bone tissues in
all groups. No remarkable difference
was observed among the groups.

In SHAM group, formation of
new bones was observed inside the
thread, and the newly generated bones
presented a web-like structure on the
implant surface. The amount of bone
inside the thread was slightly greater
in SHAM group than in OVX group.
On the other hand, in contrast, bones
inside the thread were thin and scarce
in OVX' group and had little contact
with the implant surface. Osteogenesis
was observed slightly more in OVX-
BMSCs group than in OVX group.
The osteogenetic area was remarkably
smaller in OVX group than in SHAM
group outside the thread. In addition,
osteogenesis was observed at a higher
rate in OVX-BMSCs group than in
OVX group outside the thread (Fig. 4).

At 56 days after implantation, in
the cortical BA, the area on the im-
plant surface in contact with newly
generated bones was greater than that
observed at 28 days, and the amount
of bone tissue inside the thread had
increased in all groups. No remarkable
difference was observed between the
groups.

In the cancellous BA, the amount
of bone in contact with the implant
surface increased in all groups com-
paring with after 28 implantation (Fig.
4, G-I). In some part of newly formed
bone, trabecular-like and web-like
bone structure was observed in all 3
groups (Fig. 4, I-L).

There was no remarkable differ-
ence between SHAM group and OVX-
BMSCs group in amount of new bone
formation. A greater amount of new
bone was observed in all groups inside
the thread compared with that ob-

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

-113 -



240

BoNE HEALING AROUND THE TITANIUM SCREW IMPLANTS IN OVARIECTOMIZED RATS ¢ OKAMOTO ET AL

Fig. 4. Histological evaluations of distal femur bone at 28 days after implantation. A and D, SHAM;
B and E, OVX; C and F, OVX-BMSCs (toluidine blue stain, A-C x1.25, Bar = 11 mm; D-F X10,
Bar = 200 um). In the cortical BA, most of the implant surface was in direct contact with newly
generated bones, and the thread was widely filled with bone tissues in all groups. No remarkable
difference was observed among the groups. Osteogenesis was observed slightly more in OVX-
BMSCs group than in OVX group. The osteogenetic area was remarkably smaller in OVX group
than in SHAM group outside the thread. In addition, osteogenesis was observed at a higher rate in
OVX-BMSCs group than in OVX group outside the thread. Histological evaluations of distal femur
bone at 56 days after implantation. G and J, SHAM, Hand K, OVX; 1 and L; OVX-BMSCs (toluidine
blue stain, G-I X1.25, Bar = 11 mm; J-L X 10, Bar = 200 um). In the cortical BA, the area on the
implant surface in contact with newly generated bones was greater than that observed at 28 days,
and the amount of bone tissue inside the thread had increased in all groups. In the cancellous bone
area, the amount of bone in contact with the implant surface increased in all groups. There was no
remarkable difference between SHAM group and OVX-BMSCs group. In OVX-BMSCs group,
trabecular structures were observed, presenting web-like structures.

served at 28 days. The new bone for-
mation of OVX group was less than
that of SHAM and OVX-BMSCs
groups. Taken together, BMSCs injec-
tion with implantation was effective in
new bone formation.

Measurement of BIC, BA, and BD

BIC. In cortical bones, no significant
differences were observed among the 3
groups at 28 days after implantation. At
56 days, the BIC values had increased in
all groups (P < 0.01). In cancellous
bones, no significant differences were

observed between SHAM group and
OVX-BMSCs group at 28 days after
implantation, and the values were lower
in OVX group than in SHAM group or
OVX-BMSCs group (P < 0.01). At 56
days, the values had increased in all
groups (P < 0.05) and were remarkably
lower in OVX group than in SHAM
group or OVX-BMSCs group (P <
0.01) (Fig. 5).

BA. In cortical bones, no significant
differences were observed between the
groups at 28 days after implantation
(P < 0.05). At 56 days, the values had

increased in all groups, but no signif-
icant differences were observed
between the groups (P > 0.05). In
cancellous bones, the value was re-
markably lower in OVX group than in
SHAM group or OVX-BMSCs group
at 28 days after implantation (P <
0.01). At 56 days, values had in-
creased in all groups, but there was no
significant difference between SHAM
group and OVX-BMSCs group (P <
0.05) (Fig. 5).

BD. The value in OVX group was low
compared with the other groups (P <
0.01) at 28 days after implantation.
However, the value was significantly
higher in OVX-BMSCs group than in
OVX group (P < 0.01).

At 56 days, the values had in-
creased in all groups (P < 0.05). The
value was slightly higher in OVX-
BMSCs group than in OVX group
(P < 0.05) (Fig. 5).

DIscusSION

This study was conducted in rats
with OVX-induced osteoporosis. This
osteoporosis model is often used in stud-
ies of postmenopausal osteoporosis pa-
tients receiving implant treatment.!>! In
the histological assessments of the distal
end of femurs and uterine horns that
received implantation, atrophy of gland
tissues and reduction of bone mass were
observed; these findings indicated that
osteoporosis had been induced. Moreover,
significant decreases were observed in
BIC and BA for cancellous bones and in
BD for cancellous bone at both 28 and 56
days after implantation in OVX group
compared with SHAM group.

It has been shown in many studies
that osteoporosis adversely affects os-
seointegration of implants in animal
models.'>"'* These reports indicated that
osteoporosis reduces the contact be-
tween the implants and newly generated
bones and the BA and density; we ob-
tained similar results in this study.

Moreover, it was found that BMSCs
isolated from the rat femurs express
genes involved in osteogenesis. The
scant number of BMSCs obtained by
bone marrow puncture can be increased
using a cell culturing technique.
Although BMSCs are a group of
irregular-sized cells, which include
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Fig. 5. A-D, Bone to implant contact (BIC) in distal femur at 28 days after implantation. In
cancellous bones, the value in OVX group was lower than SHAM group or OVX-BMSCs group
(P < 0.01). BIC in distal femur at 56 days after implantation. The values had increased in all
groups. In cancellous bones, remarkably lower in OVX group than in SHAM group or OVX-
BMSCs group (P < 0.01). E~H, Bone area (BA) in distal femur at 28 days after implantation. In
cancellous bones, the value in OVX group was lower than SHAM group or OVX-BMSCs group
(P < 0.01). Bone area (BA) at 56 days after implantation. The values had increased in all
groups. The values in OVX-BMSCs group was remarkable higher than OVX group (P < 0.01).
There was no significant difference between SHAM group and OVX group. 1 and J, Bone
density (BD) in distal femur at 28 days after implantation. The value in OVX group was low
compared to the other groups (P < 0.01). However, the value was significantly higher in
OVX-BMSCs group than in OVX group (P < 0.01). BD at 56 days after implantation. The values
had increased in all groups. In the cancellous bones, the value was higher in OVX-BMSCs

group than in OVX group (P < 0.05).

many osteoprecursor cells such as mes-
enchymal stem cells, it has been
reported that they can completely differ-
entiate into mature osteoblasts with gene
expressions characterized by mRNA of
BSP, OCN, ON, ALP, and OPN. We
also showed that rat BMSCs could dif-
ferentiate into mature osteoblasts treated
with osteogenic-induction medium con-
taining dexamethasone, 3-Glycelo, AA,
and gene expression of BMSCs in-
creased bone-related gene intensely.
These BMSCs have the potential to im-
prove the bone quality in OVX rat.
One of the crucial objectives of
this study is to assess whether bone
quality around implants improves with
transplantation of BMSCs. The trans-
plantation of BMSCs was performed
only locally around the implants. The
amount of cells was determined as 1 X
10°/mL based on a study conducted by
Uejima et al.'” The values of BIC and
BA obtained at 28 days after implan-

tation was markedly more improved in
OVX-BMSCs group than in OVX
group at 56 days after implantation.
Moreover, improvement in bone mass
was also observed in BD outside the
implant thread. This indicates that
bone quality was improved not only
over the small area of the implant sur-
face but also throughout the large area
to which the cells were injected.
Wang er al'® reported that autolo-
gous BMSC-induced osteoblasts affect
bone quality in rabbit distal femurs ex-
amined 8 weeks after ovariectomization.
In addition, it has been reported in other
studies that bone quality can be im-
proved by BMSCs*® and that the effects
of BMSC transplantation can last for
>24 weeks,!” suggesting that trans-
planted cells, which remain localized for
a long period of time, can possibly con-
tribute to improvement of bone quality.
Concomitant use of BMSCs bone
regeneration therapy and a functional

drug therapy may produce better long-
term prognosis for dental implantation
in an area of decreased bone quality.
In this study, investigations were
made only locally. Further studies are
necessary, because there are still many
unknown issues, such as the effects of
cell treatment using regenerated bones
derived from BMSCs on long-term lo- -
cal metabolism or bone resorption.

CONCLUSION

The findings of this study suggest
that local use of BMSCs in dental im-
plant treatment in osteoporosis pa-
tients is possible. However, further
studies are required on the effects of
local cellular dynamics and systemic
metabolism on BMSCs.
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Eine experimentelle Studie zur Knochenheilung rund um
Titan-Schraub-Implantate herum bei Ratten mit Ovariekto-
mie: Verbesserung der Knochenheilung durch Transplan-
tierung von Knochenmark-Stromazellen

ZUSAMMENFASSUNG: Zielsetzung: Diese Studie zielte
darauf ab, die Knochengewebsqualitit der die Implantate umge-
benden Bereiche bei Knochenmark-Stromazellentransplantation
(BMSCs) im Oberschenkelknochen von Ratten zu untersuchen, bei
denen kiinstlich Osteoporose erzeugt wurde. C. Materialien und
Methoden: Die SD-Ratten wurden in drei Gruppen aufgeteilt: der

ersten Gruppe wurden die Eiersticke entfernt (OVX-Gruppe), bei
der zweiten Gruppe wurde eine - Scheinoperation vorgenommen
(SHAM-Gruppe) und bei der dritten Gruppe wurden einer OVX-
Gruppe Knochenmark-Stromazellen transplantiert (OVX-BMSCs-
Gruppe). Bei der OVX-BMSCs-Gruppe wurden 1 X 10° BMSCs
mit einem Implantat in den Oberschenkelknochen transplantiert. Es
wurde jeder Kontaktwert zwischen Knochen und Implantat (BIC)
sowie zwischen dem Knochenbereich (BA) jedes Kortikalknochens
und Spongiosa-Knochen festgehalten. Die Knochendichte (BD) in
einer Breite von 500 wm von den Implantaten wurde gemessen.
Ergebnisse: Jedes Verhiltnis von BIC, BA und BD zum
Spongiosa-Knochen in der OVX-BMSCs-Gruppe war bedeutend
hoher als die der OVX-Gruppe. Schlussfolgerung: Die Transplan-
tationstherapie mit Knochenmark-Stromazellen verbesserte die
lokale Knochenheilung im das Implantat umgebenden Spongiosa-
Knochen und brachte zusiitzlich eine mafigebliche Verbesserung
der Knochenbindung an die Implantate.
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Un estudio experimental de curacion del hueso alrededor de
implantes de titanio con rosca en ratas con ovarios extir-
pados: Mejoras en la curacion del hueso a través del tras-
plante de células estromales de la médula osea

ABSTRACTO: Propésito: Este estudio se realiza para
evaluar la calidad del hueso en las zonas que rodean a los
implantes con el trasplante de células estromales de la médula
dsea (BMSC por sus siglas en inglés) al fémur de ratas en las
que se inducido la osteoporosis. Materiales y métodos: Las
ratas SD fueron divididas en 3 grupos: A las del primer
grupo, se les extirparon los ovarios (grupo OVX), al segundo
grupo se le realiz6 una operacién FALSA (grupo SHAM) y
en el tercer grupo se trasplantaron células BMSC a un grupo
OVX (grupo OVX-BMSC). En el grupo OVX-BMSC, se
trasplantaron 1 X 10" ° BMSC al fémur con el implante. Se
obtuvieron los valores del contacto entre los huesos e implan-
tes (BIC) y el 4rea del hueso (BA) de cada hueso esponjoso
y cortical. Se midié6 la densidad del hueso (BD) en un espesor
de 500 wm desde los implantes. Resultados: Cada cociente
de BIC, BA y BD en el grupo OVX-BMSC fue significati-
vamente mds alto qlie los del grupo OVX en el hueso espon-
joso. Conclusion: La terapia con trasplante de células BMSC
mejord la curacién local del hueso en el hueso esponjoso que
rodea a los implantes y también mejoré significativamente la
fusién del hueso con los implantes.

PALABRAS CLAVES: Osteoporosis, células estromales de
la médula ésea, implantes de titanio, trasplante de células,
oseointegracién
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Estudo experimental de cura dssea em torno de implantes
com parafuso de titinio em ratos ovariectomizados: Au-
mento da cura ossea mediante transplantacdo de células
estromais da medula ossea

RESUMO: Objetivo: Este estudo visa avaliar a qualidade do
osso de dreas circundantes de implantes com transplantacio
de células estromais da medula ssea (BMSCs) para o fémur
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do rato, as quais se tornaram modelos induzidos de osteopo-
rose. Materiais e Métodos: Os ratos SD foram divididos em
3 grupos: o primeiro grupo, onde seus ovdrios foram removi-
dos (grupo OVX), o segundo grupo, onde foi realizada uma
cirurgia sham (grupo SHAM), e o terceiro grupo, onde BM-
SCs foram transplantados a um grupo OVX (grupo OVX-
BMSCs). No grupo OVX-BMSCs, 1 X 10* > BMSCs foram
transplantados para fémur com implante. Cada valor do con-
tato entre ossos ¢ implantes (BIC) e a 4rea do osso (BA) de
cada osso cortical e 0sso esponjoso, foi obtido. A densidade
do osso (BD) da largura de 500 pwm dos implantes foi medida.
Resultados: Cada razio de BIC, BA e BD no grupo OVX-
BMSC:s foi significativamente mais alta do que as do grupo
OVX quanto ao osso esponjoso. Conclusd@o: A terapia de
transplantacdo de BMSCs melhorou a cura dssea local no
0ss0 esponjoso que circunda os implantes e também mel-
horou significativamente a ligacdo do 0sso com os implantes.

PALAVRAS-CHAVE: osteoporose, células estromais da
medula 6ssea, implantes de titdnio, transplantacdo celular,
osseointegracio

ABTOPBI: Yasuhiro Okamoto, JOKTOP XUPYPIru4ecKOn
cromartonoruy, Hideo Tateishi, TOKTOp Xupyprudeckoit

CTOMAaTOJIOTHH, Kazuhiko Kinoshita, HOKTOp
XMPYPTHUECKOM CTOMATOJIOTHH, ROKTOp (unocodumu,

Shuhei Tsuchiya, NOKTOp XHUPYPru4ecKou
cromaronoruu, Roktop c¢unococun, Hideharu Hibi,
TMOKTOp  XMPYPrMYeCKOH CTOMAaTONOrHH, HOKTOP

dunocodpun, Minoru Ueda, JOKTOp XUPYpruUecKoO
CTOMATOJIOTHH, OKTOp huinocopun

Blccnepu.uenmanbuoe uccnedosanue 3axycuenenun
Kocmu 860Kpy2 mumanoeblxy 6UHMOBLIX umnianmamos
y KpblLC nocae osapus3Kkmomuu; akmueayus

3AHCUBNECHUA Kocmu nocpe()cmeom mpancnaanmayuu
CMPOMANBHBIX KAEMOK KOCIRHO20 M0324

PE3IOME. Ileav uccaedosanusn. llens  pnasHOrO
HCCIENOBAHUSL — OLEHHTb KAuyeCTBO KOCTH OOJacTH,
OKpyXaroljel  HMIUIaHTaThl, TIpM  TPaHCIUIAHTALMH -
CTPOMAJILHBIX  KJIETOK KoctHoro wmosra (CKKM) B
OCHOPEHHYIO KOCTh KPBIC, KOTOPbIE NPEACTABISIIOT OO0
MOJieTb C HHIYLUPOBAHHEIM OCTEONOpo3oM. Mamepuaabt u
memoodbt. Kpoice! mummy SD ObUN pa3iesieHbl Ha 3 MPyIbL:
B NIEPBYIO IPYIIY BOLLTH KPbICKL, Y KOTOPhIX ObUIH YaJIeHbI
siyarKY (rpymma OVX), Bo BTOpoii rpymnne ObL1a TpoBefeHa
cuMynsms onepamyu (rpymma SHAM), a Tpersto rpymmy
COCTaBHMNIM KpbIChl U3 Ipymmbl OVX, KOTOpeM Obna
nposefieHa TpascmanTauyst CKKM (rpynnma OVX-CKKM).
B rpynne OVX-CKKM B OenpeHHy0 KOCTh C UMIUIAHTATOM
ObUIO TpaHCIIaHTUpOBaHO 1X105 knetok. bBein monmyuen
KOHTaKT MeXy KOCThro ¥ uMimianraramu (BIC) u xocTHo#
001acThro (BA) KaKfoil KOPTHKAIBHOU KOCTH U I'yOuaToi
KocTU. brlna usMepeHa mIoTHOCTh KocTH (BD) B mpepenax
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500 mxM or wMmianratoB. Pesyabmambi  Kaxnoe
cootHoienre BIC, BA u BD B rpymme OVX-CKKM 65110
3HAYMTENLHO BBIINIE, YeM COOTBETCTBYIOLIUE 3HAYCHUS JIJist
rpyms1 OVX it ryGuaToit KocTu. Beieoo. TpancrnanTamst
CKKM ynyumunia MeCTHOE 3aKHUBJIEHME KOCTH B Ty04aToi
€€ 9acTH, OKpPY:Karolliell IMIIJIAaHTaTh], @ TAKXKE 3HAUUTEIBHO
YCHJIMNIA CBSA3b KOCTH C MMILIAHTATAMHY.

K/IIOYEBBIE CJ/IOBA: ocreonopos, CTpOMalibHbIC
KJIETKH KOCTHOIO MO3ra, THUTAHOBBIE HMIIAHTATEL,
TpaHCIUIAHTAIUs KIETOK, OCTEOMHTErPaLus

YAZARLAR: Yasuhiro Okamoto, DDS, Hideo Tateishi, DDS,
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Hideharu Hibi, DDS, PhD, Minoru Ueda, DDS, PhD

Ovaryektomi  gecirmis  sicanlarda  titanyum  vida

implantlanin etrafindaki kemik iyilesmesinin deneysel bir
calismasi: Kemik iyilesmesinin kemik iligi stromal hiicre
nakli ile geligtirilmesi

OZET: Amag: Bu ¢ahsmanin amaci, osteoporoz gelistirilen
model haline getirilen sigan femur kemiginde kemik iligi
stromal hiicrelerinin  (KISH) nakledildigi implantlarin
etrafindaki alanlarda kemik kalitesini degerlendirmekti.
Gerec ve Yontem: SD sicanlari 3 gruba aynldi: birinci grup,
yumurtaliklar1 alinan si¢anlardan olugtu (OVX grubu), ikinci
gruptaki siganlara sahte bir ameliyat uygulandi ve tgiinci
gruptaki sicanlara hem KISH, hem de ovaryektomi uygulandi
(OVX-KiSH). OVX-KIiSH grubunda femura implant ile bir-
likte 1 X 10*5 KISH nakli uygulandi. Kemikler ile implantlar
arasindaki temas noktalarinmn (KIT) degeri, her bir kortikal
kemigin kemik alam1 (KA) ve gozenekli kemik alam elde
edildi. Implantlarda 500 wm genisliginde kemik yogunlugu
(KY) 6lciildii. Bulgular: OVX-KISH grubunda KIT, KA ve
KY oranlan gozenekli kemik ile karsilastinldifinda OVX
grubuna nazaran anlamli derecede yiiksek bulundu. Sonug¢:
KISH nakil tedavisi, implantlarin etrafindaki gozenekli
kemikte yerel kemik iyilesmesini arttirdi ve implantlarin
kemige baglanmasim anlaml derecede geligtirdi.

ANAHTAR KELIMELER: osteoporoz, kemik iligi stromal
hiicreleri, titanyum implantlar, hiicre nakli, osseoentegrasyon
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