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Reconstruction of Periodontal Environment with BMP-6 and Thermossensitive Hydrogel
Enhances Mouse Periodontal Regeneration from iPS.

Mong-Lien Wang"*’, Ke-Hung Chien’, Wen-Liang Lo™*, Shih-Hwa Chiou™*

'School of Medicine, “Institute of Clinical Medicine, *Institue of Pharmacology, National Yang-
Ming University, Taipei 112, Taiwan; ‘Division of Oral and Maxillofacial Surgery, Department
of Stomatology, ‘Departrment of Medical Research, Taipei Veterans General Hospital, Taipei 112,
Taiwan

Abstract

Pertodontal diseases that cause significant destruction of alveolar bone, periodontal ligament
(PDL) and cementum may lead to progressive oral dysfunction. Periodontal tissue regeneration
is the ultimate goal for periodontal disease treatment to reconstruct the structure and functions.
However, due to the lack of proper microenvironment for transplanted cells, the regenerative
efficiency was low. Here we applied an injectable and thermosensitive carboxymethyl-hexanoyl
chitosan nanogel (CHC) to enhance stem cell delivery and engraftment. We combined CHC with
BMP-6 (bone morphogenetic protein-6) and iPSCs to apply on rat periodontal defect, and found
synergistic effects of IPSCs and BMP-6 on periodontal tissue regeneration with notable increase
on bone and cementum formation. New connective tissue was observed in groups containing CHC
but not without CHC. However, new PDL development was only found in group containing iPSCs,
BMP-6 and CHC (PSC-BMP-6-CHC). The 3D bio-scaffold composed by iPSC-BMP-6-CHC
predominantly constructed the architecture of periodontal tissues within one week, and the mRNA
levels of POSTN, OPN and CAP were significantly upregulated. An in vivo study revealed that
CHC-encapsulated iPSCs with BMP-6 promoted mineralization as well as the formation of new
connective tissue and PDL., Therefore, we suggest that CHC-encapsulated iPSCs with BMP-6
provides a new strategy to enhance periodontal regeneration,

Keywords: BMP-6, hydrogel, inducible pluripotent stem cell, periodontal disease, periodontal
ligament, mineralization.
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Reconstruction of Periodontal Environment with BMP-6 and Thermossensitive
Hydrogel Enhances Mouse Periodontal Regeneration from iPS.

Mong-Lien Wang'- 23, Ke-Hung Chien’, Wen-Liang Lo> 4, Shih-Hwa Chiou? 3

1Schaol of Medicine, *Institute of Clinical Medicine, *Institute of Phanmacology, National Yang-Ming University, Tuipei 112, Taiwan; ‘Division of Ol and Maxillofacial Surgery, Department of
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Periodontal  discases that cause significant  destruction of  alveolar  bone,
periodontal ligament (PDL) and cementum may lead o progressive oral
dysiunction. Perodomal tissue cegensrmion is the e goal for periodontml
ddisease treatment to reconstruct the stnucture and functions. However, due to e
fack of proper microenviranment for transplanted cells, the regenerative efficiency
was low. Here we applied an injectable and thermosensitive carbonymethy i-
heranoy| chitosan nanogel (CHC) 1o entiance stem cell delivery and engraflment.
We combined CHC with BMP-6 (bone murphogenetic protein-6) and iPSCs 1o
apply on rt periodontal defeet, and found synensistic efficts of iPSCs and BMP-6
on periodontal tissue repeneration with ptable increase on bone and cementum
Formation. New conacetive tissue was vbservad in groups containing CHC but not
without CHC. However, new PDL development wus only found in
comaining iPSCs. BMP-0 and CHU (IPSC-BMP-6-CHC). The 3D blo-scatfold
composed by IFSC-DMP-6-CHC predominantly consteucted the architesture of
peredontal tissues within ope week, and e mRNA fevels of POSIN. OPN and
CAP were significantly upregulated. An i vive study revealed that CHC-
encapsulated (PSCs with BMP-0 promoted minerlization as well as the fomation
of new connective tissue and PDL. Therefore, we suggest that CHC-cacapsulaled

SDep of Medical R

h. Taipei

Preparation of BMP-6-releasing hydrogel and its
osteogenesis effects in maxillary-molar defect animal
models

4

iPSCs with BMP-6 provides a new strategy to enhance periodontal regeneration.

Keywonls: BMP-6, hydrogel, inducible pluripotent stem cell, periodontal dissase.
petiodontal ligament, mineraliztion.

OBJECTIVE

To develop a bivengineered mterial that combines reeonstuated pericdomal
microenvironment and iPS cells to enhance the efficacy of cell therapy in the
treatment of periodontal diseases.

RESULTS
Osteogenic and peri I differentiation from iPSC—
identifying BMPo
. <

The EB colonics exhibited the typical round shape solony morpholozy with small, tightly
packed cells (Fig. 1A) RI-PCR also showed that IPSUs expressed yarons stemness genes.
such as Uk, SoxZ, KIF. Napog and DFPAS ihig 18). We then evaluated the plinipotency
of iPSCs by measuring 13 formation and diree germ fayer diffeeentistion, Staining of
speviiic markers showed positive signals for stage-specific cmbryonke antbzens| (SSEA-1),
atkaline phosphate (ALPL, smooh muscle actin {S) mgsgaderm), neuronal marker (Mapl)
and Nestin (extodenm) in iBSCs (Fie 10 We modified prioe finmulas to induce IPSCs imo
wsteogenic and periodontal differentiation i 2 more elficient way (Fig. D). the espression
13 of POSTM and OPN were ngnificantly up-regulated after T-dms ireatment with
induction medium. compared with non-induction IPSC (Control) (Flg. 1EL literature-based
Ingenaity Pattway Analysis (1PA) found that BMP-6 was closshy linked 1o sesoral markers
and effcstons inyolved in bone fontation (Fiz 1) Then, we spplicd ARS waining to
cutnpare the Jilferen eosenlc ability of B'SCs after adding threz differem media. With the
1% (wivy condpyridinium chloride (CPC) in 10 mM & phosphate for |5 minutes ot
oI LTI, & AKS staining was ofvened in ihe | ag/ml BNP-6 goup,
which Rad best mineralization sbility among the wroups. lulloned by the 0.1 nw/ml BMP-
osteugenic medinnonly wnd contl groups (g 1G)

With tlic adh antaze of thermasensitive propeties, we then examined whether the hydrogel
cotbd be an effective carier of BMP-6 for sustaining BMP-6 function in periodontal defecs.
We first prepared a hydrogel nanoscale iydroget containing BME-6 by incorporating BMP-o
peptides into hydroiels (Fig. 2A-8). The BMP-&-incorporated themiaseasitive hydrogel was
dien applicd 1w porioduntal defiects in rats. Une of the major advantages of ihe by dogpd wa
that it could remai gel fomi at 47C and transtonn meo Hquid 31 37°C (F1z. 383), 1o evaluate the
atotasicity of the lx\dn-—ci we conducted a crystal violet assay and lactate dely deogenase
(EDI) aseay in PSCs The results of hoth the crystal violet and 1 1L assnvs showed wo
significant ifferences hetween the control (MEST media only} and experimental gaups
iy dregel extraction) iFig. 301 which suggesed that the by dooee Dod Fithe ey toponity owand
the IPSCs. Nowt. we evaluated the asteogenic ability of BMP-6 in perisdontal defiocts, We chase
10 nz/ml a8 an optimal BMP-6 concentration 0 be inco d inta hydne in viwo
experiments. Afler b weeks of treatent, nstensenesis identifiad by v-riys was significantly
Righer m rats trared with 10 agml hydrosel BMPS than in ets treated only with hydrogel
(Fig. 3%\ in cenesis within periodontal defects were conducted 1o
determine the peroentage of bone volume, trabecutar thickiess and irbecutar mumber, and 1
were all significantly differont between the iy drogeVBMP-6 and hydrozebonly groups (F
IF). Taken together, these findings showed that BMP-f-coajupated fry drogel prosented greaier
efficiency for promoting ostessenesis than by drosel alome

Preparation of BMP-6-releasing iPSC-containing
hydrogel as an osteogenic scaffold in an animal model
of maxillary-molar defects.
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Beoauve hyvdrogel can stably deliver BMP-6 while significant osteozenic events were found
within treated perodontal defects (Fig 21, we investigated whether iPSCs could patentiate the
induction sbitity of BMP-6. We creatad BMP-o-releasing iPSC-vontaining by drogel and then

exvaluated the oiitity of BMP-5-hydrozel as a vehicle for iPST deliv Ve assessed the fate of
!mh cultivated 1 BMP-e-hydrosel in which the iPSCs were tagged with green Huorescent
peotein (GFP) for monitoring. The GEP-labelad iPSCs exhibited a stighily shrunken morpholtay
fdiameter = 1 mm) in the BMP-b-ydrogel compared 10 iPSCs cultivated in conventional culture
wedia{Fig. 3A, 301 Cultivation of iPSCs within the BMP-6-hadrogel did not affect the Kinetics
ol BNP-6 rebeane (Fig. 3B The reene Rincties of BMP-6 Gom the BMP-a-l drogel vcated
with different concentrations of HAMI6 were evaluated by mensuring the cumulaiive
percentages of released NP6 ot differcnt tine points within seven days. The BMP-6-hydroge!
compléy was capable of steady secretivn of BMP-5 i the culture media in a dose-dependent
wannet (Fig. 38). A BMP-6 concontration of 10 ng/ml was selected as the optimal concentration
i hydnaget for additional in vitro and in vise expareats. During the cullivation period within
the BMP-5-hydrogel troamient, the GEP siznal from GFP-tabeled iPSCs gradually ingreascd,
which indicated the growth of iPSCs in this eivironment (Fig. 3F). An MIT oy also
continmed the visbiliny oF iPSUs (Fiz. 3C). Quantitative RT-PCR revealed that several steniiess
genes, inchnding Octd, Son2, Nanvg and M-I, were stably expressed and wemained unchanged
g IVP-6-hydroge! trcatmens within af least 3 days (Fig. 4F), Turthermore, signilicantly vp-
regulated POSTN wd OPN gene expressions were noted in iPSC-OMP-dhydmgel eells
cumpared ta gither IPSC-BNIP-&, #7SCs oaly or the control group {Fi 3G). Collectively, BMP
-hydrogel was capable of a sustained BAMP-6 reléasc that rendered this hydrogel an aptimal
vefikle for PSC4 to maintain thir bistozy and regular growth.

Micro-CT (u-CT) analysis on animal model with
maxillary-molar defects to evaluate the osteogenesis
effects of BMP-6-releasing iPSC-contain

hydrozel was mived with iPSCs and 10 ngiml BMP-A for pme«p:.-ratm

periodomtal defocts. The 300 resnacnimed snd sectinned images were colledted by micra T ot 6
weeks postoperition o imestizate the osteogenic inductivity under different experimental
setlings, such as rP‘iL«ll\!i‘Mmlm,\'L BMP-6-hydmozel. hyiogel only and the vontral zroup
iFiz ABL From the sectiom views, more detailed infonnaion abowt mew bone fonmation was
pewided (Fiz 481 and significanthy more regenerated bom tissues were identitied in the 1PSC-
BMP-s-hvdogelreated group (Fiz 4C). In qualitative measuraments after 6 weels. post-
ir oaly the IS0 bined BMIP-6 group and hydrogel (iPSC-BMP-o-hydrogel)
showed siznificantie proster boae vohune refraction refative o other groups (Fig. 401 W
cespect 1o trshecular numbers. the PSC-BMP-frliy drogel group provided significantly higher
trabecular nurvibers (Fig D). and shniler results nere nhsﬂu-l for trabecular thickness.

CONCLUSIO

Tahen togeiber, the findings n
this study reveaded that the
PSCs:BMP-6 sroup  could
Tt minimization
commpared to e AMP-5 sroup.
The iPSCHIBMPS  oup
demomstated  mow  bonc
formation by wing micoLT
frsging. Histomorphofogioat
rsolts demonstrazed the aew
periodntal fissse formarion,
Thoreiore, we susgest Hot
'5Cs combinad with BMPS
e provide 3 new sy for
penodnatal regenenation.
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