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(Bl f(Purpose)]

Efficient bone regeneration using recombinant human bone morphogenetic protein-2 (BMP-2) is needed so as to reduce side
effects caused by high-dose BMP-2 use. Synthetic copolymer polylactic-acid polyethylene glycol (PLA-PEG) is known as a good
carrier for BMP-2. Osteoconductive properties of nano-sized hydroxyapatite (nHAp) is reporfed to be superior to conventional
hydroxyapatite. The composite material of PLA-PEG (for sustained release} and osteogenic nHAP can contribute to efficient bone
regeneration by BMP-2. In the literature ne study is reporied with PLA-PEG/ BMP-2 / nHAp. So the purpose of this study is to
produce a novel biocomposite of PLA-PEG/nHAp/BMP-2 and {0 investigate the effectiveness of a novel composite material of
PLA-PEG and nHAp as a carrier for BMP-2.

(A EEd & ONIC Al (Methods/Resuls) )
T7Hi[Methods]

The release kinetics of BMP-2 from the composites was investigated by ELISA. Thirty-six males Sprague-Dawley rats underwent
posterolateral spinal fusion on L4-5 transverse processes with 3 different doses of BMP-2 (Opg [control], 3pg [low dose], 10ug
fhigh dose]). Weekly ©CT and manual palpation - histology {by Haematoxylin & Eosin (H&E) and Safranin O (SO)] at 8 weeks

postoperatively were used to assess spinal fusion,

i [Resuits)

ELISA demonstrated the sustained release of BMP-2 from the composite until day 21, pCT and manual palpation results
demonstrated a solid fusion in 91.6% (£1/12) of specimens in both the low- and high-dose groups. No mice in the control group
attained bony fusion (0%, 0/9). nHAp was resorbed between 2 and 4 weeks postoperatively and regenerated fusion mass at 8
weeks postoperatively consisted of only newly formed bone. Histological evaluation with H&E and SO staining was coherent with
pCT results. The pCT evaluation of the newly formed bone mass of low- and high-dose BMP-2 groups demonstrated the newly
formed fusion mass was larger in size (BV and TV) in the high-dose BMP-2 group, however the low-dose BMP-2 group formed

more solid fusion mass with a higher BV/TV value.

(# ¥S(Conclusion))

The novel nHAp/PLA-PEG composite enabled efficient bone regeneration with low-dose BMP-2, The sustained release of BMP-2
by PLA-PEG and the ostcogenic and biodegradable scaffold of nHAp might coniribute to efficient bone regeneration. This novel
composite material has potential in clinical applications{spinal fusion, large bone defect and non-union) by enabling efficient bone
formation by BMP-2.
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As far as it is known this is the first study in the literature by nano-hydroxyapatite/PLA-PEG and BMP-2 in bone regeneration.
Although BMP-2 is one of the widely used growth factors in both bone regeneration studics and clinics, the supraphysiological
doses are reported to be corrclated as side effects such as tumour formation, ectopic beone formation, soft tissue edema,
inflammation, inappropriate adipogenesis and so on. Thus it is a must to decrease the required amount of BMP-2 for bone
regeneration.

First of all this novel composite of PLA-PEG/nHAp/BMP-2 is shown to provide the sustained release of BMP-2 for 3 weeks in
vitro and the release was shown to be still in continue in the end of 21 days.

Ags the first aim of the study afler achieving the sustained release from the composite with a proper polymer:nanohydroxyapatite
ratio, the bone formation capacity of the composites were tested on rat posterolateral spinal fusion model, in vivo. For this 36 male
SD rats were undergone the fusion operation. The composites including the same amount of BMP-2 were placed on L4-L5
transverse processes on both sides and animals were sacrificed at 8 weeks. The BMP-2 study groups were 0 ug BMP-2 (negative
control), 3 pg BMP-2 (low dose) and 10 pg BMP-2 (his dose/ positive control). Weekly pCT data, pCT evaluation for bone
volume (BV) - tissue volume (TV) - BV/TV, manual palpation (for mechanical testing) and histology with hematoxylin & eosin
and safranin O staining were done for evaluation.

The uCT data at operation day confirmed the distribution of nHAp through the composites as opacity in uCT data. The bone
formation was slarted to be seen around the transplanied composites at 2 weeks in low- and high-dose BMP-2 study groups. At 4
weeks the spinal fusion ( defined as bony bridging between L4 -L5 transverse processes on both sides) was observed in low- and
high- dose BMP-2 groups however there were a slight or no bone formation in negative control group. At 8 weeks spinal fusion in
I1 of 12 animals for both low- and high- dose BMP-2 groups with a 91.6% fusion rate was achieved while there was no fusion
body observed in negative control group. There observed an increased bone volume with lower opacity in high-dose BMP-2 group
compared to low-dose BMP-2 group. Manual palpation, which was done in a blinded manner, confirmed the pCT data with a
fusion rate of 91.6% both for low- and high- dose BMP-2 groups. pCT evaluation for BV and TV confirmed the increased bone
volume of the high dose BMP-2 group however the BV/TV ratio showed the newly formed fusion mass in low dose BMP-2 was
denser and stiffer compared to high dose BMP-2. S50 and H&E staining confirmed the osscous bridging between L4-L5 transverse
processes for low- and hig- dose BMP-2 groups. Histology results showed the increased bone volume in high dose BMP-2 group
was because of the fatly bone marrow formation. In none of the low- and high- dose BMP-2 groups there observed any remnants
of nHAp while in some of the samples of negative control group there were some slight remnants of nHAp.

These data showed that the novel composite of PLA-PEGMmHAp can provide the sustained release of BMP-2 at least for 21 days.
nHAp is shown to increase the surface area because of its small size which is lower than 100nm is reported to enhance cell and
protein adhesion and mechanical properties concomitantly. Thus in this study with the the sustained release of BMP-2 the
composites and as well as with the presence of nHAp it is achieved to decrease the required amount of BMP-2 for spinal fusion
from 10pg to 3pg with a more stiffer and denser fusion body formation in all pCT data, pCT evaluation and histology compared
to fatty bone marrow filled 10 ug BMP-2 results. nHAp was shown to be replaced o new bone ultimately even in the low dose
BMP-2 group was shown to be proved with no remnant observation in both low- and high- dose BMP-2 groups.

As a clinical significance of this study, we think that the efficient bone formation capability of this novel composite of PLA-PEG/
nHAp and BMP-2 makes it a polential candidate in clinics for spinal fusion, large bone defects and non-union.
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