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Scaoffold Architecture

Micropore Scaffold

Microfiber Scaffold | | Nanofiber Scaffold

Cell Binding

Stevens, M. M. et al. Science 2005, 310, 1135.
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midsas IPN(Interpenetrating Polymer Network)
definition

An Interpenetrating Polymer Network (IPN) is defined by IUPAC as “A polymer comprising two or more networks which

are at least partially interlaced on a molecular scale but not covalently bonded to each other and cannot be separated unless
chemical bonds are broken.

The reason for the development of these structures is to combine the favorable properties of each constituent polymer
within a new overall hydrogel network and to modulate the mechanical and biological properties of each constituent.
Generally, the resulting hydrogel system possesses enhanced properties due to the synergistic effects.

Physically cross-linking;
< RADA peptide hydrogel

—differentiation, condrogenesis

Chemically cross-linking;
Chitosan-PEG nhydrogel

—mechanical strength
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RADA peptide (Pura Matrix)

WV in the presence of salt (e.g. in PBS)

WV self-assembly (B-sheet structure)
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Nagai, Y. et al., J. Control. Release 2006, 115, 18.

> Self-assembling peptide

> Fiber network structure (scaffold)
. J .

(\)R Carboxymethyl Chitosan
CH, Mw = 100,000
o) DS 0.61, DAC 63.3%
OH (@]
R:-H, or -CH;COOH
NHR' n R :-H, or COCH,

&z,ol(o\f/\o Tn\/owgo\b

Poly(ethylene glycol) (PEG)
Mn = 2,000
NHS substitution > 99%

» Biocompatible gel
» Improvement of mechanical strength
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Condition

Wavelength: 300-205 nm
Bandwidth: 0.5 nm

Scan rate: 200 nm/min

3 times scan for average
Path length: 0.1 mm
Temperature: 20° C

IPNOCD ANY MLAIE

5 | T T T
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0r e
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Wavelength/ nm
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Chitosan/PEG Z' )P TCEZEIARYF

S Ishikawa, H Otsuka*ef al.; CHEM MATER, 2020, 32(6), 2353 — 2364.



i 2t BA =

New Technology Presentation Meetings!

Condition

Sample: 300 uL

Stress: 1.0-3000 Pa
Sensor: PP20

Mode: CS

Frequency: 1 Hz

Shear amplitude: ~0.5 N
Temperature: 20° C
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S Ishikawa, H Otsuka*et al.; CHEM MATER, 2020, 32(6), 2353 — 2364.
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Gel composition: atelocollagen 0.5 wt%
CH/PEG/RADA16 N
2.0/1.0/0.25 wt% g I PN 0)*&?%%2 : '%HBEIE. 2
Gel volume: 50 uL
Medium: DMEM
Cell: chondrocyte (P1)

Cell density: 1.0x107 cells/mL
Incubation: 37°C, 5% CO,

O JUDYZ)JUN(GAG)ELES O #HRFIE F TOIPN-CD ZRI B
2 250 I I I I I I
g' GAG concentration in medium
5
8 atelocollagen
g 200 HE CH/PEG ol
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3 5 |
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S 150 g
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S a — chondrocyte
€ 100 O-15 ¢ __ CH/PEG/RADA16
S .
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% -20 _ CD(CH/PEG/RAD16)
(chondrocyte)
.GZJ 50 _25 1 1 1
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g Wavelength/ nm
S
O O
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Days of culture
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Gel composition: atelocollagen 1.0 wt%
Chitosan/PEG/RADA16

2 0/1.0/0.25 Wt% O Effect of cell density(cells/mL) on GAG production
Cell: human auricular chondrocyte (P1)
Cell density: 10°, 107, 108 cells/mL atelocollagen
Scaffold: PLLA scaffold (KRI), porosity >95% 106 107 108

Nude mouse: Balb/c nu/nu (6 wks, o)

Incubation time: 8 weeks
Characterization: gross pathology,
toluidine blue staining, GAG

IPN (Chitosan/PEG/RADA16)

pre-transplant | post-transplant 108 107 108
| '?“'&‘:';-;' ¢
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300 . !
pre-transplant | post-transplant
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106 107 108
: 1
S Ishikawa, H Otsuka*ez al.; CHEM MATER, 2020, 32(6), 2353 — 2364. Cell density/ cells mL
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¢ﬁﬁ¥'ﬁ£1‘%ﬁ“®€iﬁﬁ (PEG-PLA-PEG)

. Y : S Ishikawa, H Otsuka*et al.; ACS BIOMATER SCI
PLA; degradable unit ENG, 2019, 5(11), 5759 — 5769.

Growth Factor
(IGF-1)

Proteoglycan,
Collagen

3D-cell culture

and
gel degradation
CH/PEG-PLA-PEG/RADA16 Tissue Host ECM structure
Injectable gel regeneration (Produced by cultured cell)
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Weight loss = (Wdo-Wd)/Wd Gel volume : 300 uL
Ws : weight of swollen gel Temp. : 20 °C
Wdo : Initial weight of dry gel
Wd : weight of dry gel
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S Ishikawa, H Otsuka*ef al.; Materials Today Advances 9 (2021) 100131
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O4~5>) (’0 BE4ES sGAG = DMMB assay (570 nm), COL = Hydroxyproline assay (570 nm)
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S Ishikawa, H Otsuka*ef al.; Materials Today Advances 9 (2021) 100131

13



RS R

O BEFRINETE (RT-PCR)

B FIEER. BRUKEITITUVV/ D REE(CTHEMMN/EMRNA RIRES
(GAPDH TH#&L U1z, Day0 OO REEHIRE & OMEXIME) % 514l

HFEX ST
ImEDEE (BIERERE)
‘o ACAN 6o COL2A1
s |OCells . I
‘% 40 |E CPR '%
5 & CPLR =
> 30t >
1)) 1))
= =
S 20} &
2 2
@ 10¢ ©
¢ | [ 8 & 2
" N N
Day 0 Da:-,r 20 Day 4I'J Day 0 l.'.'I!azqer 20 Day dﬂ

ACAN -+ - + CPLR >CPR
COL2A1+ - + CPLR >CPR

PRAEER B TE
(HERE FI4R) HFERBNADZEIRE
- COL1A1 ., CoL2A1/COL1A1

w
—

-
—

Relative gene expression
o
[#)]

Relative gene expression
oo
o

Day 0 Day20 Day40 Day 0 Day20 Day40
(n=3, *p < 0.05 (Student’s t-test))

COL1A1 - - + CPLR <CPR

DEREIPN )L P TOIHEFERBHENDDE

S Ishikawa, H Otsuka*ef al.; Materials Today Advances 9 (2021) 100131
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2. S Ishikawa, H Otsuka*et al.; CHEM MATER,
2020, 32(6), 2353 — 2364.

3. S Ishikawa, H Otsuka*et al.; J. Appl. Polym. Sci.
2019, 137, 48893.
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