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Attempt of the periodontal tissue regeneration by the combination of periodontal
ligament cell spheroid and vascularization factor
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With the spheroid, a lot of cells cohered and became in a three-dimensional
state. We isolated periodontal ligament cells from a human (hPDLMSCs) withdrawal tooth and we put
the human umbilical vein endothelial cells (HUVECs) together and made Co-cultured spheroids.
We confirmed onset of gene of the stemness markers from this co-cultured spheroids from hPDLMSCs
and HUVECs. We showed the high expression of bone related genes. Periodontal tissue defects were
prepared in the maxillary first molars of rats. The furcation defects were created by removing the
alveolar bone, periodontal ligament, and root cementum. Co-cultured spheroids were transplanted
into the defects. Treatment with co-cultured spheroids
enhanced alveolar bone, periodontal ligament and new cementum formation after transplantation.



QoL

central necrosis

VEGF (Vascular Endothelial
Growth Factor)

3
VEGF
3 hPDL
hPDLMSC 10% FBS Biosera, Nuaillé, France 100
U/mL 100 p g/mL Wako o -MEM 37 5%
€O, 4 5 hPDLMSC
HUVEC  American Type Culture Collection Manassas, VA, USA
2 EGM-2  Lonza, Basel, Swizerland 37 5% CO,
3
4.0x 10° hPDLMSC ~ HUVEC 1:1 1:
2 2:1
2,000 cells/well 35 mm BD Falcon o -MEM EGM-2
2 mL 3 37 5% CO,
3 hPDLMSC HUVEC BX50;
Olympus, Tokyo, Japan
PCR
RNeasy Mini Kit Qiagen, Hilden, Germany hPDLMSC : HUVEC
=1:1 1:2 2:1 hPDLMSC hPDLMSC, HUVEC RNA

cDNA StepOnePlus™ Real-time PCR System Applied Biosystems,
Carlsbad, CA, USA FAST SYBR® Green Master Mix Applied Biosystems
PCR cDNA GAPDH



4.0x 103 hPDLMSC 2 hPDLMSC 2,000 cells/spheroid 2
hPDLMSC - HUWEC =1 :1 1 :2 2 :1 2,000 cells/spheroid

48 well Iwaki
L- / mesenchymal
cell growth supplement f3 - hMSC Osteogenic Differntiation Meduim
OIM; Lonza 7 10 13 17 21 4%
Wako 1%
Wako Image J National Institutes of Health; Bethesda, MD, USA
44 Sprague-Dawley SD 7 ; CLEA Japan, Tokyo, Japan 3
0.15 mg/kg  Wako 2 mg/kg Dormicum® Astellas
Pharma Tokyo Japan 2.5 mg/kg Vetorphale®, Meiji Seika
Pharma, Tokyo, Japan
- 1.3 mm; 1.0 mm
D) sham; n=3 ;
) “ Corning; One Riverfront Plaza Corning, NY, USA n=3 ; (3)
hPDLMSC 4.0x 10° “n=5 ;@ HUVEC 4.0x 10°
® n=5 ; (5) hPDLMSC 2.0x 10%; 2,000 cells/spheroid
“ n=6 ; (6) hPDLMSC : HUVEC =1 : 1 2.0x 10°%; 2,000
cells/spheroid “ n=6 ; () hPDLMSC - HUVEC =1 : 2
2.0x 10%; 2,000 cells/spheroid * n=6 ; (8)
hPDLMSC : HUVEC =2 : 1 2.0x 10%; 2,000 cells/spheroid “ n=6
8 ®
7-0 Mani, Tochigi, Japan
3 X CT
4 8 3 g CT Cosmoscan
GX; Rigaku Co., Tokyo, Japan TRI/3D-BON Ratoc System Engineering, Tokyo, Japan
BV/TV CT 1
2
= a/ a+b x100
BV/TV
3 pu CT 4% Wako 3
Morse®s solution 4 gum
H&E
Image J
0.1% G Wako
Wako Wako 5% Wako
G Wako
+ 3
Student®s t-test Bonferroni p < 0.05
hPDLMSC
hPDLMSC : HUVEC=1:1 1:2 2:1
HUVEC
hPDLMSC : HUWVEC =1 : 1 1 :2 2 :1
hPDLMSC 102.2pym 105.9pum 116.2pum 134.9 um

0CT4 NANOG



RT-PCR hPDLMSC : HUVEC =1 :

2 0CT4  NANOG hPDLMSC ~ HUVEC hPDLMSC
OIM
hPDLMSC hPDLMSC
OIM 13
hPDIMSC : HUWEC =1 : 2 2 : 1 hPDLMSC
17 hPDLMSC
OIM
RT-PCR mRNA 7
hPDIMSC : HUVEC =1 :1 1 : 2 hPDLMSC
ALP  mRNA hPDLMSC RUNX2  mRNA
14 hPDLMSC : HUVEC =1 : 2 hPDLMSC
10 hPDLMSC : HUVEC =1 : 2
2:1 hPDLMSC COL1I  mRNA hPDLMSC
BSP 14 hPDLMSC : HUVEC =
1:2 hPDLMSC
1
4 8 hPDLMSC : HUWVEC =1 :1 1 :2 2 :
1 hPDLMSC sham
hPDLMSC sham hPDLMSC : HUVEC =1 : 1 1 :
2 2:1 hPDLMSC
BV/TV hPDLMSC : HUVEC = 1 :
11:2 2:1 hPDLMSC sham
8 hPDIMSC : HUVEC =1 : 1 2 1
hPDLMSC
hPDLMSC sham ® HUVEC
4 8 sham ¢
hPDLMSC : HWEC =1 :1 1:2 2:1 hPDLMSC
hPDLMSC, HUVEC 8
hPDLMSC : HUWWEC =1 -1 1 :2 2 :1 hPDLMSC
sham hPDLMSC
hPDLMSC
hPDLMSC : HUVEC =1 : 1 2 : 1
hPDLMSC H&E
hPDLMSC - HUVEC =1 :1 1:2 2 :1 hPDLMSC

hPDLMSC : HUVEC =1 : 1 1:2 2:
1 hPDLMSC

hPDLMSC

hPDLMSC
hPDLMSC
hPDLMSC - HUVEC =1 :1 1 :2 2 :1 hPDLMSC
hPDLMSC, HUVEC VEGF RT-PCR VEGF



hPDLMSC - HUVEC =1 -1 2 : 1 hPDLMSC

VEGF

Murakami S. Periodontal tissue regeneration by signaling molecule(s): what role
does basic fibroblast growth factor (FGF-2) have in periodontal therapy? Periodontol
2000. 56, 188-208 (2011).

Van Dyke T. E. et al. Proresolving nanomedicines activate bone regeneration in
periodontitis. J Dent Res. 94, 148-156 (2015).

Kitamura M. et al. Randomized Placebo-Controlled and Controlled Non-Inferiority
Phase 11l Trials Comparing Trafermin, a Recombinant Human Fibroblast Growth Factor 2,
and Enamel Matrix Derivative in Periodontal Regeneration in Intrabony Defects. J Bone
Miner Res. 31, 806-814 (2016).



1 1 0 1

Kotaro Sano, Michihiko Usui, Yuki Moritani, Kohji Nakazawa, Tomoya Hanatani, Hisataka Kondo,
Mitsushiro Nakatomi, Satoru Onizuka, Takanori lwata, Tsuyoshi Sato, Akifumi Togari, Wataru
Ariyoshi, Tatsuji Nishihara, Keisuke Nakashima

2020

Regenerative Therapy

59-71

DOl
10.1016/j .reth.2019.12.008

2017

(Usui Michihiko)

(10453630) (27102)




