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I Abstract

Purpose: The purpose of this study was to review the outcomes of a series of studies on tissue regeneration conducted in multiple
institutions including the Department of Periodontology, College of Dentistry, Yonsei University.

Materials and Methods: Studies were performed divided into the following three subjects; 1) Development of three-dimensional
nano-hydroxyapatite (n-HA) scaffold for facilitating drug release and cell adhesion. 2) Synergistic effects of bone marrow-derived
mesenchymal stem cells (BMMSC) application simultaneously with platelet-rich plasma (PRP) on HA scaffolds. 8) The efficacy of silk
scaffolds coated with n-HA. Also, all results were analyzed by subjects.

Results: Hollow hydroxyapatite spherical granules were found to be a useful tool for the drug release and avidin-biotin binding system
for cell attachment. Also, BMMSC simultaneously with PRP applied in an animal bone defect model was seen to be more synergistic
than in the control group. But, the efficacy of periodontal ligament cells and dental pulp cells with silk scaffolds could not be confirmed
in the initial phase of bone healing.

Conclusion: The ideal combination of three elements of tissue engineering—scaffolds, cells and signaling molecules could be
substantiated due to further investigations with the potentials and limitations of the suggested list of studies.
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Fig. 1. Scanning electron microscopy images of hollow hydroxyapatite spherical granules before immersing in simulated
body fluid, (A) Spherical shape was obtained by drop slurry into liquid nitrogen, (B) Hollow space of granule was the site of
alginate bead used as a template, (C) Image shows that the radial—shaped pore channels were obtained, Reproduced from
the article of Hong et al, (Micro Nano Lett 2012; 7: 634—636)" with permission of The Institution of Engineering and

Technology.
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Fig. 2. Three—wall intrabony defect in a dog, (A) Twelve weeks after the extraction of the four premolars and first molars of
the mandible, a three—wall intrabony defect (4x4x4 mm size) was formed at the mesial side of the driling hole prepared for
implant fixture, (B) After four dental implants were placed on each side of the mandible, graft materials were filled at the bone
defect area, Reproduced from the article of Yun et al, (J Biomed Mater Res B Appl Biomater. 2014; 102: 1021—1030)%° with

permission of Wiley,
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Fig. 3. The defects in each animal were assigned into four groups—empty control, silk scaffold (SS), dental pulp cells
seeded on SS (DPSS), periodontal ligament cells seeded on SS (PDLSS). The silk scaffold was made at 8 mm in diameter in
order to fit into the defects (unpublished data),
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Fig. 4. One—wall intrabony defect in a dog. (A) One—wall defects were surgically created (depth X mesiodistal width, 4X?2
mm size). (B) Nano—hydroxyapatite—coated scaffolds were transplanted into the bone defect, Reproduced from the article of
Yang et al, (J Periodontal Implant Sci, 2012; 43: 315—322)%" with permission of Korean Academy of Periodontology.
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Fig. 5. Characterisation after sintering. (A) X—Ray diffraction (XRD) patterns of raw material and experimental groups, Five
major peaks in the range from 20 to 40 were indicated with reference to JCPDS 74—0566, (B) XRD patterns of experimental
groups after 7 days of immersion in simulated body fluid (SBF), Ten major peaks in the range from 10 to 80 were indicated
with reference to JCPDS 74—0566, There were no more peaks of the newly grown crystal on XRD patters after immersion in
SBF. (C) There were no residue peaks on spectra of experimental groups after sintering in fourier transform infrared
spectroscopy (FTIR) spectra, (D) FTIR spectra of raw materials and experimental groups after 7 days of immersion in SBF.
There were peaks of v3 and v2 vibrational mode carbonate ions on spectra of all experimental groups after immersion in
SBF, HAp: hydroxyapatite, H1=0.50, H2=0.33, H3=0.25 powder/liquid ratio, g/ml. Reproduced from the article of Hong et al,
(Micro Nano Lett. 2012; 7: 634—636)" with permission of The Institution of Engineering and Technology.
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Fig. 6. Scanning electron microscopy images of inner wall of groups, (A) H1, (B) H2, (C) H3 after immersing in simulated
body fluid for 3 days, Growth rate of apatite layer on the inner surface increased as decreasing powder/liquid ratio (bottom
lefts are magnified images). Reproduced from the article of Hong et al, (Micro Nano Lett. 2012; 7: 634—636)" with permission

of The Institution of Engineering and Technology:,
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Fig. 7. Water soluble tetrazolium salt (WST—1) values,
Each value reflects a ratio of attached living cells,
*Significant difference between the static and avidin biotin
binding system (ABBS) groups, p<0.05. TSignificant
difference between the agitating and ABBS groups,
p<0.05. Reproduced from the article of Jang et al. (J
Periodontal Implant Sci, 2011, 41: 73—78)® with permission
of Korean Academy of Periodontology.
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Fig. 8. Scanning electron micrographs of periodontal ligament fibroblasts attached to nano—hydroxyapatite scaffold, No
meaningful difference was observed among the seeding methods, (A) Static cell seeding. (B) Agitating cell seeding. (C, D)
Avidin biotin binding system cell seeding (X 2,000). Reproduced from the article of Jang et al. (J Periodontal Implant Sci, 2011;
41: 73—78)8 with permission of Korean Academy of Periodontology.
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graphs of calvarial defect sites that
were treated with hydroxyapatite (HA)
loaded with bone marrow—derived
mesenchymal stem cell (BMMSC) or
platelet—rich plasma (PRP) for 8
weeks, (A) HS group: HA loaded with
BMMSC alone, (B) HP group: HA
loaded with PRP alone, (C) HSP
group: HA loaded with BMMSC and
PRP. HSP group was shown to have
the highest levels of osteogenesis,
lamellar bone generation, and bone
maturity, In the HS group, HA was
observed to remain in the center of
defects. A1, B1, Cl: H&E, X125; A2,
B2, C2: H&E, X400, Asterisks: HA,
NB: new bone, full arrowheads:
defect margin, OC (arrow): osteocyte,
hollow arrowheads: cemental line,
Reproduced from the article of Yun et
al. (Tissue Eng Regen Med, 2012; 9:
73—78)° with permission of Wiley,
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Attachment and Evaluation of Tissue Regeneration
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Fig. 10. Histomorphometric measurement of new bone
area, Percentage of new bone area was generally
increased in a time—dependent manner in all groups, HSP
group showed a significant difference from the other
groups at 8 weeks, HS: hydroxyapatite (HA) loaded with
bone marrow—derived mesenchymal stem cell (BMMSC),
HP: HA loaded with platelet—rich plasma (PRP), HSP: HA
loaded with BMMSC and PRP. *Statistically significant
difference compared to the 2—week healing period at the
same group, p<0.05, TStatistically significant difference
compared to the other groups at the same healing period,
p<0.05, Reproduced from the article of Yun et al, (Tissue
Eng Regen Med, 2012; 9: 73—78)° with permission of
Wiley,
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Fig. 11. Representative photomicro—
graphs of peri—implant defect sites
that were treated with porous
hydroxyapatite (HA) loaded with bone
marrow—derived mesenchymal stem
cell (BI\/II\/ISC) or platelet—rich plasma
(PRP) for 12 weeks, (A) HA group:
HA alone_ (B) HS group: HA loaded
with BMMSC alone, (C) HP group: HA
loaded with PRP alone. (D) HSP
group: HA loaded with BMMSC and
PRP. More improved osteogenesis
and osseointegration was observed
in HP and HSP groups than in the
other groups, Asterisks: HA, NB: new
bone, arrows: osteocyte, full arrow—
heads: osteoblastic cell lining, hollow
arrowheads: reversal line, A1, B1, C1,
D1: H&E, X12.5; A2, B2, CZ, D2:
H&E, X40; A3, B3, C3, D3: H&E,
X200, Reproduced from the article
of Yun et al, (J Biomed Mater Res B
Appl Biomater, 2014; 102: 1021—1030)°
with permission of Wiley,
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Fig. 12, Scanning electron microscopy images of silk scaffold, (A) and (B) shows the cross section and longitudinal section
of the silk scaffold respectively prior to the cell culture, Porous, interconnected structure can be observed (X100). (C) and
(D) show the cross section and longitudinal section of the silk scaffold respectively, following the cell culture (X400), Arrows
represent spreading of the cells with secreted extracellular matrix on the silk fibroin, Reproduced from the article of Yang et
al. (J Periodontal Implant Sci. 2013; 43: 315-322)2' with permission of Korean Academy of Periodontology.
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Fig. 13. Representative photomicro—
graphs from control (A) and expe—
rimental (B~D) sites. Low—magni—
fication views of the experimental site
in the 8—week control group (A), the
8—week silk scaffold (SS) group (B),
the 8—week periodontal ligament cel
(PDLSS) group (C), and the 8—week
dental pulp cell (DPSS) group (D)
(H&E, X40). High—magnification
views of the framed areas in a~h
(H&E, X100). Control group (A, a, b),
SS group (B, ¢, d), PDLSS group (C,
e, f), and DPSS group (D, g, h).
Reproduced from the article of Yang
et al, (J Periodontal Implant Sci, 2013;
43: 315—322)?" with permission of
Korean Academy of Periodontology.
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