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Development of adhesive resins with the function to promote tissue regeneration by r
elease of FGF-2
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Aiming at achievement of adhesive resins with the function to promote tissue regen
eration, novel hydrogel as a carrier of protein was fabricated by copolymerization of HEMA and a cross-lin
king monomer. The experimental poly-HEMA-based hydrogel particle was effective for loading and long-term r
elease of proteins. The analysis of release kinetics and in vitro cell culture studies demonstrated that F
GF-2-releasing particle was successfully developed by loading FGF-2 to the experimental poly-HEMA-based hy
drogel particle. In addition, 4-META/MMA-based adhesive resins were found to be possibly combined with the
FGF-2-releasing hydrogel particle, and the benefits of combination of these two components were suggested.

FGF-2



5 50%

4-META/MMA
Fibroblast growth factor-2 (FGF-2)

FGF-2
polyHEMA
FGF-2
in vitro

4-META/MMA
FGF-2

1)

HEMA 100% HEMA
90% TMPT 10%
4

)

Bovine serum
albumin BSA, 6 7 kDa
BSA
37
BSA
BSA

CLSM

(3) FGF-2
FGF-2
FGF-2 4
Fiblast

FGF-2

MC3T3-E1
MTT assay Alkaline phosphatase

FGF-2
550 pm
FGF-2
FGF-2
37 FGF-2
(4)
FGF-2 o -MEM
37
MC3T3-E1
MTT assay
FGF-2
(5) FGF-2
FGF-2
4-META MMA HEMA
FGF-2 MC3T3-E1
MTT assay Alkaline phosphatase

(6) 4-META/MMA

Super Bond
4-META/MMA
37
37
24
MC3T3-E1 SEM
MTT assay
(7) 4-META/MMA
4-META/MMA



4-META/MMA

(8) HEMA
Metaseal Soft
HEMA

()
HEMA 100%

HEMA
90%/TMPT 10%

4 HEMA/TMPT

48

2

BSA
550 pm 21 BSA

BSA CLSM BSA

(3) FGF-2
FGF-2

4 FGF-2
MC3T3-E1

Fiblast

Fiblast FGF-2

BSA
21 FGF-2

4)

FGF-2
MC3T3-E1

14
FGF-2

%) FGF-2

4-META MMA HEMA

FGF-2
®)
4-META/MMA
37
2.5
4-MET MMA
2.2 pg/mL 9.8 ng/mL
4-META/MMA
FGF-2
4-META/MMA
MC3T3-E1
FGF-2
(7) 4-META/MMA
10%
4-META/MMA
(8) HEMA
HEMA
FGF-2
FGF-2
polyHEMA
4-META/MMA

(1) Imazato S, Ma S, Chen JH, Xu HH.
Therapeutic polymers for dental adhesives:
loading resins with bio-active components.



Dent Mater , 30, 1, 97-104, 2014.
doi: 10.1016/j.dental.2013.06.003.

(2) Ma S, Imazato S, Takahashi Y, Kiba W,
Takeda K, Izutani N, Kitagawa H, Chen
JH. Mechanism of detoxification of the
cationic antibacterial monomer
12-methacryloyloxydodecylpyridinium
bromide (MDPB) by N-acetyl cysteine.
Dent Mater , 29, 12, 1219-27, 2013.
doi: 10.1016/j.dental.2013.09.008.

(3) Ma S, Imazato S, Chen JH, Mayanagi G,
Takahashi N, Ishimoto T, Nakano T.
Effects of a coating resin containing S-PRG
filler to prevent demineralization of root
surfaces. Dent Mater J , 31, 6,
909-15, 2012. doi: 10.4012/dmj.2012-061.

(4) Imazato S. Dental restorative materials
in the new era: A shift to restoratives with
“bio-protective” & “bio-promoting” effects. J
Osaka Univ Dent Soc , 56, 2, 113-8,
2012.

(5) Ma S, Izutani N, Imazato S, Chen JH,
Kiba W, Yoshikawa R, Takeda K, Kitagawa
H, Ebisu S. Assessment of bactericidal
effects of quaternary ammonium-based
antibacterial monomers in combination
with colloidal platinum nanoparticles.
Dent Mater J , 31, 1, 150-6, 2012.
doi: 10.4012/dmj.2011-180.

(6) Kusdemir M, Gunal S, Ozer F, Imazato
S, Izutani N, Ebisu S, Blatz MB.
Evaluation of cytotoxic effects of six
self-etching adhesives with direct and
indirect contact tests. Dent Mater J ,
30, 6, 799-805, 2011.

doi: 10.4012/dm;j.2011-046.

(1) Takeda K, Imazato S, Kiba W, Ebisu S.
Development of 4-META/MMA-based
adhesive resin with FGF-2 releasing
property - Influences of resin monomers on
functions of FGF-2. The International
Dental Materials Congress 2011, Seoul,
Korea, May 29, 2011.

2
Bio-mimetic
Bio-protective & Bio-promoting
112 2011 6
30

(3) Takeda K, Imazato S, Kiba W, et al.
Development of resin adhesive with FGF-2

releasing property. Start-up Symposium
for Innovative Materials Research. Suita,
Japan, July 3, 2011.

(4)
Bio-mimetic
Bio-promoting

Bio-protective,

2011
8 28
(5)
— 33
2011 11 22
) "Bio-active”
4 2012 1
21
(7 ~  FGF-=2
polyHEMA
in vitro
59
2012 4 14
® -
polyHEMA 59
2012
4 14

(9) Imazato S. Restorative materials and
technique for future: From Biomimetic to
Bio-protective & Bio-promoting. Japan
China Dental Conference 2012. Chengdu,
China, April 28, 2012.

(10) Imazato S. Restorative materials and
technique for the future: From

“biomimetic” to “bio-protective &
bio-promoting”. Young Scientists in
Dentistry 10th Symposium. Leipzig,

Germany, October 8, 2012.

(11) Kitagawa H, Imazato S, Hayashi M.
Development of rechargeable CPC-loaded
hydrogel particles for long-term delivery of
antimicrobials. The First Japan-Thailand-
Korea Joint Symposium on Translational

Research in Oral Sciences. Bangkok,
Thailand, November 16, 2012.
(12)

Poly
HEMA/TMPT
cetylpyridinium chloride 61
2013 4 14



(13) Imazato S. Cutting edge technology to
provide adhesive materials with
bio-protective/bio-promoting function. 5th
International Congress on Adhesive
Dentistry. Philadelphia, USA, June 14,
2013.

(14) Imazato S. Challenges to achieve
bio-active adhesives. Joint Symposium for
Japanese Society for Adhesive Dentistry
and University of Minnesota, St. Paul,
USA, June 17, 2013.

(15) Kiba W, Miki S, Imazato S. Effects of
ions released from S-PRG filler on
osteoblast-like cells. 2nd Meeting of the
IADR-Asia Pacific Region, Bangkok,
Thailand, Aug 21, 2013.

(16) 25
2013 9 6

(17) Imazato S. Therapeutic polymers:
Loading resins with bioactive compounds.
ADM Annual Meeting 2013, Vancouver,
Canada, Oct 12, 2013.

(18
Bio-mimetic
Bio-protective & Bio-promoting
76
2013 12 16

(19) _
FGF-2
in vitro
63
2014 4 12
(1

2011-192025
23 9 2

http://web.dent.osaka-u.ac. jp/~techno/W
elcome.html

@
IMAZATO SATOSHI
@)
KIBA WAKAKO
®)
NAKANO TAKAYOSHI



