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Guidelines for Oral Presentations at TBME 2022

The oral presentation session will be held online using the video conference system Zoom (*). Please
ensure that you have installed the latest version of Zoom application software on PC.

*"Zoom" and the "Zoom logo" are trademarks or registered trademarks of Zoom Video
Communications, Inc.

Guideline for presenters

1. The Zoom link will be informed by email one week before the forum. The Zoom link information
is also available on the Forum homepage.

2. The oral presentation sessions are allocated as shown in the following table. Please enter the
meeting zoom at least 10 minutes before the session start time.

Session Meeting room Session time Presentation and Q&A time

General Oral 8 min for presentation and
. . A 16 : 20-17 : 20 .

Presentation Session 2 min for Q&A

Young Researcher Oral 6 min for presentation and
. . B 10 : 40-11 : 40 )

Presentation Session 1 2 min for Q&A

Young Researcher Oral 6 min for presentation and
. . B 15 : 10-16 : 06 )

Presentation Session 2 2 min for Q&A

Young Researcher Oral 6 min for presentation and
. . B 16 : 06-17 : 02 )

Presentation Session 3 2 min for Q&A

Young Researcher Oral 6 min for presentation and
. . C 10 : 40-11 : 40 .

Presentation Session 4 2 min for Q&A

Young Researcher Oral 6 min for presentation and
. . C 15 : 10-16 : 06 )

Presentation Session 5 2 min for Q&A

Young Researcher Oral 6 min for presentation and
. . C 16 : 06-17 : 02 )

Presentation Session 6 2 min for Q&A

3. After entering the Zoom meeting, please change your display name as follows: “Presentation
number: Presenter's name”
(For example O-C-13, Taro Butsuzai).

4.  When it’s your turn, show your presentation slides using “Share Screen” function of Zoom, turn on
the microphone and camera on your PC and then make your presentation. Please be punctual and
carefully follow the time allocation.
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Guidelines for Poster Presentations at TBME 2022

The poster presentation session will be held online via the breakout rooms feature of Zoom (*1, 2).
Please ensure that you have installed the latest version of Zoom application software on PC.

*1 "Zoom" and the "Zoom logo" are trademarks or registered trademarks of Zoom Video

Communications, Inc.

*2 Breakout rooms are sessions that are split off from the main Zoom meeting. They allow the
participants to meet in smaller groups, and are completely isolated in terms of audio and video from

the main session.

Guideline for presenters

1. The poster presentation session will be held in Meeting Room D from 14:10 to 15:10 (JST). The
Zoom link will be informed by email one week before the forum. The Zoom link information is

also available on the Forum homepage.
2. After entering Meeting Room D, click “Breakout Rooms" at the bottom of the Zoom screen. If the

"breakout rooms" menu does not appear, the Zoom client software is not installed on PC or needs

to be updated.

3. When the "Breakout Room" window appears, click on the "Join" button next to your

presentation number to enter the poster room assigned for your poster presentation, and then
please change your display name as follows:
“Presentation number: Presenter's name”
(For example, P-D-01: Taro Butsuzai)

-

k& Breakout Rooms - In Progress

E-D-01_—wPEklaits

ED-02_ ASFSAThBRA S
E-D-03 ety hi o
E-D-04_ 2 0—)UL- 1 JA—2a A EREE
E-D-05_CELLINKER =&

E-D-06 RRESH VIV IR

P-D-01

P-D-02

P-D-03

P-D-04

P-D-05

P-D-06

P-D-07

P-D-08

Broadcast Message to All Close All Rooms

Join

Join

Join

Join

Join

Join

Jain

Jain

Jain

Join

Join

Join

Join

Join

*

20



. After entering the poster number room, click "Share Screen" to display your poster file.

5. The poster presentation session will be held during 14:10-15:10 (JST). The odd number posters
will be presented at the core time 14:10-14:40 and the even number posters at the core time 14.:40-
15:10. There will be no chairperson for the poster session. When it’s time for your
presentation, share your presentation file in presenter mode and have a discussion with attendees.

6. After you finish your presentation and discussion, please stop the sharing screen and press
"Leave Room" at the bottom right of the screen and select "Leave Meeting".

Guideline for attendees

1. After entering Meeting Room D, click “Breakout Rooms" at the bottom of the Zoom screen. If
the "breakout rooms" menu does not appear, the Zoom client software is not installed on PC or
needs to be updated.

2. When the "Breakout Room" window appears, click on the "Join" button at the right side of the
"exhibition and poster presentation No." to enter the poster room where you want to visit. After
entering the room, turn on the microphone on your PC and then discuss with the presenter.

k Breakout Rooms - In Progress >
- E-D-01_—wEBA s Join
v ED-02”F AT LB EE Join
» E-D-03 BAlev o hir o Join
v E-D-04_ 2 O—JUL- A IR—Sa e R Join
+ E-D-05_CELLINKEE R &34 Join
- ED-06_ BRRAESHVITIE Join
~ P-D-01 Join
~ P-D-02 Join
~ P-D-03 Jain
- P-D-04 Join
- P-D-05 Join
~ P-D-06 Join
+ P-D-07 Join
+ P-D-08 Join

Broadcast Message to All

3. If you want to move to another poster, click the "Leave Room" button at the bottom right of the
screen and click the "Join" button at the right side of the "exhibition and poster presentation No." to
enter next room. Or click the "Leave Room" button at the bottom right of the screen, click "Leave
Breakout Room" to return to the screen and then click the "Join" button at the right side of the
"exhibition and poster presentation No." to enter next room.

4. Please click "Leave Meeting" to exit the poster room when you want to leave poster presentation
room.
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SALT—TI

9:00

A% 15(Online)

B£15(0Online)

C%15(Online)

D% 15(0Online)

10:00

11:00

12:00

13:00

14:00

15:00

9:30~9:40 FRERE ., KERY

9:40~10:40
FrAIEE
(305 x 24)

10:40~11:10
BEEEEY A
(EXBEMRAEMRT Y aY)

11:10~11:40
BEF#R
(M- HBEEE Y aY)

10:40~11:40
EHEFOBEFEREY AV
(85> /1 x T45)

10:40~11:40
EFOEfEREY a4
(85> /1 X T45)

11:40~12:10
BRR=—XBNtviar
(T-CReDO)

13:10~14:10
tE-AKROBEILET—ar
(5~10%/4t)

16:00

17:00

18:00

19:00

14:10~15:10
HRRRI—FR/
¥ FRET

15:20~15:50
AfFEEEY a8
(R¥- BREXRTRAHRME
tyiay)

15:50~16:20
AF#EEy a4
(FRAZOILERKEF R TR
(T-CReDO) tzviav)

15:10~16:06
EHEFOEFEREY a2
(8% /4 x 145)

15:10~16:06
EHEFAERREYIILE
(853 /14 x T44)

16:20~17:20
— g OEERK
(1053 /44 % 644)

16:06~17:02
HEFAERREYIAV3
(853 /14 x 144)

16:06~17:02
EFOBEREREYIIVE
(85 /# x TH#)

17:20 ~17:30 BiS £

17:30~19:00
TUSABERR
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Timetable (JST)

9:00

Room A (Online)

Room B (Online)

Room C (Online)

Room D (Online)

10:00

11:00

12:00

13:00

14:.00

15:00

9:30-9:40 Opening Remarks/VIP greeting

9:40-10:40
Plenary Lecture
(30minx2)

10:40-11:10
Invited Lecture Session 1
(AIST Session)

11:10-11:40
Invited Lecture Session 2
(NIMS Session)

10:40-11:40
Young Researcher Oral
Presentation Session 1
(8 minx7)

10:40-11:40
Young Researcher Oral
Presentation Session 4
(8 minx7)

11:40-12:10
Clinical Needs Introduction Session
(T-CReDO)

13:10-14:10
Corporate PR Session
(5~10min X 6)

16:00

17:.00

18:00

19:00

14:10-15:10
Poster Presentation Session/
Exhibition Session

15:20-15:50
Invited Lecture Session 3
(NARO Session)

15:50-16:20
Invited Lecture Session 4
(T-CReDO Session)

15:10-16:06
Young Researcher Oral
Presentation Session 2
(8 minx7)

15:10-16:06
Young Researcher Oral
Presentation Session 5
(8 minx7)

16:20-17:20
General Oral Presentation
Session (10 min X 6)

16:06-17:02
Young Researcher Oral
Presentation Session 3
(8 minx7)

16:06-17:02
Young Researcher Oral
Presentation Session 6
(8 minx7)

17:20 -17:30 Closing Remarks

17:30-19:00
Online gathering party
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07>/, /Program

A £1%(Meeting Room A)

9:30~9:40(JST)
HSEKRE B EY (o< IXETHEE T +—F 42022 KEK)
Opening Remarks Guoplng Chen (Chair of TBME 2022)

RE®RY Eh 5% (WHE - MErTE B S
Greetings of NIMS Execut|ve Vice President Hanagata Nobutaka (Executive Vice
President, NIMS)

9:40~10:40(ST)

Sl A E W

Plenary Lecture Session

JER « BROERE (W - BPEMITZERE BEREMEADEMITTE LK)
Chair: Guoping Chen (Research Center for Functional Materials, NIMS)

PL-01 <X T?D COVID-19 KHZWIEBHFE « FHMIZ 31T B BEFEEE ORI & B 7e A
J Re— g AT TR I DWW T

OA JAE
PR ERERR BRRES RYE AR

PL-02 ~ZVUTHIEEE TEEES / X—Ta v AT R THEZ L e LN~
U 7 IR OIRER - HE5E Sy 1 5o
E LR GYEMFIERT - FAEEE - 5 3 =
OZ%H

10:40~11:10(ST)

AfgAET Y3y 1 (BRI SmRAtzYYaY)
Invited Lecture Session 1 (AIST Session)

JER « B0 JETT (EESEBANMEWIZERT  fEREE T2t EEM)
Chair: Kiyoyuki Chinzei (Health and Medical Research Institute, AIST)

IL-01 ETEECLA 2= =YL AT ¢ VT 78 ADFEY
O &
PEER IR A MIZERT EEEE TR 9T (R AR « W EAINIFZE 7 )

IL-02  WHACFWHR ZE AR ~ b ANSUR ; #fEH5HEE T
O&fE
HlHY— 2 raRT 0 7 AR S
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11:10~11:40(ST)
AfFEErYY3Y 2(WE MR REEL Y3 )

Invited Lecture Session 2 (NIMS Session)

R
Chair:

IL-03

IL-04

IL-05

11:4

BE - (E - MEHRIERERs BREEIERT BT 7EHLR)
Guoping Chen (Research Center for Functional Materials, NIMS)

B s G D < HTEARRE - AR ER iy OB %E
OF4#B H—HL, IR R
W - MR FERSAS BREEER BT FEL A

Mtk T v E=0 DIEEFT LR Y HF A 2RI Ulcd ik~ — % > 7 Al OB %S
OFE M. /e 720 JF sl 20 R #(E]°, mm {5300, B %4 SRl
RIS B EE

VIOVE - BAEHITZERERE BRRENMEADEIITIEILAN, 2 HUOCT LRI ER, P HERE: T
TERRAMEE, PR AL - FRRIR - oy ssh R

i & OFE O PRI A 7 AR SRR #235 PHEs - O Al H

O BRA ', DHE HEE 20 ek SO, ABifHE 590, HEl Hez . P =
M. BR EHEY

VIR - PP ERERE BERENMERTEMITIEHLRL, 2 SRR B E R AT
e BRI RZERTRE HLRRE - BTG E NS

0~12:10(JST)

ERAR—_—XfBNtvi3ay
Clinical Needs Introduction Session

R

Chair:

B O s (BT IR = AT 72 PR A )

Hiroshi Noguchi (Tsukuba Clinical Research and Development Organization (T-

CReDO))

CN-01:
CN-02:

CN-03:
CN-04:
CN-05:
CN-06:
CN-07:

CN-08

CN-09:

JEET % BE O—BPEA LD TR L THET 272D DT /3 A X

e B 2 B ERICAES ICAND/E BRIy R YA R T+ 65l £ THEd
ZHEIS

R LOd SRl S LT WEBUR AR T 7Y OB %

KRR A ek 3 2 AR BTN LE M AR 1268 F 3 2 &5 o b 1 28 oD B %%

R T RIB L 25T 2 iR SN 8E

RERESE T ENG TR O 7 7 T
NABNVE=Z ) VAT DOBET T — b OB

DA A CRFIFEOACHEAGO#HET Sy FTIHRTE LT A A

A b= IBENOMENCEE TE LA b=~ A (HERk - 727 EY Y —)
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CN-10: HERR VL — %2 HORESIUT KT 5730 2

CN-11: JZJ& ~ T 7V KHSATRE/R ¥ 7 A

CN-12: [UEUIBIEBIREDTEEER COLE (Fa—7HhiT) #HET D

CN-13: BRI & o THIE T, ERUEFEITTBIEN LT VRESRNERE (BB o
e fit

CN-14: AW O BHFENETUE 2 Z BRI 57 /31 2

CN-15: KBUEICKT 2> ¥ & FFlitEO T v > MERRDE=4 1) 7T /34 A

CN-16: @i (RRICRBRIPEE ) o ARHEAE HE

13:10~14:10(JST)

PEOEITLET—3Y

Corporate PR Session

JER : MO EE (WE - MBI BERETERT R SR L)
Chair: Tetsushi Taguchi (Research Center for Functional Materials, NIMS)

PR-01: A &th=v &

PR-02: XU ¥ v 2T MRS

PR-03: fAEtY A BT ® T

PR-04: —#xttRIEA DL IT T B — 3L « A ) R_R—3 g U HEHERE
PR-05: CELLINK FE44t

PR-06: A=tV 7 F

15:20~15:50(JST)

BfFEET YYD 3(BR BmERKIHamMFEsiEtyIaY)
Invited Lecture Session 3 (NARO Session)

JER - M5 A (R - dnpEEHIe S UT7EHs A RER AT SEET )
Chair: Yusuke Kambe (Institute of Agrobiological Sciences, NARO)

IL-06 EHEEICBIT DI LT A F~T U T IV

O v

B3 B PEERITR SRS AR RE R I IF TR Y
IL-07 EEMEIE L TCOY VT 70T 0 A

OHred BEL ', & ok ' eek @’
VREARRFRFBE Sl b A, RSt TF v — U =T &
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15:50~16:20

BEEtyYav 4

GURARF OLIIERIREFMERFAKE ty3a)

Invited Lecture Session 4 (T-CReDO Session)

JER /D B E (FURRT O  IERRIRIE ST FEBH FE A

Chair: Tomoyoshi Koyanagi (Tsukuba Clinical Research and Development Organization (T-
CReDO))

IL-08

“O NN BARYD B [E TEE DL RS

L A
TV —=F R aryPiy bk

16:20~17:20 (JST)

—fRIIBEFER Y 3 v

General Oral Presentation Session

JER : B EHE (WE - MEHTIEEER BEREVEA BT FEILA)
Chair: Tetsushi Taguchi (Research Center for Functional Materials, NIMS)
FERNFH] © — M AEASEREFH] 10 7> (R 8 70, BREILE 2 7))

Presentation time: 10 min (8 min for presentation and 2 min for Q & A)

0-A-01

0-A-02

0-A-03

0-A-04

0-A-05

NAF<T VT NRBERRA LIV VY 7 0 7 aA »r ORIEMEIZEET 5058

O W5t ', A #F ' AR BEEE . KB BT hi TET

RO TR RERG LI AR THIK, 2 AAERKY: ERENEL Bk
SR IR LR

DT ) AT 47 2T 7= Bi() /Eu(Ill) EHKEET /X2 A b/ fkEdb O fEfL
Ol 72, A R, 4B B2
BUR T¥ERY: WEPL TR - #MEHR

AR IR ZE I 2 5 52 % B 00 FPA - L TR e

OW'F B /NP 322, FAR WO, Mok NET-7, BEfh R R I
AT QUSRI BEREPE TR NM, 2 BRI B,
RAREET S A T

Mammary tumor organoid culture in alginate for drug screening
'Hongxu Lu, 'Guocheng Fang, *David Gallego-Ortega
'Institute for Biomedical Materials and Devices; “School of Biomedical Engineering,

University of Technology Sydney.

Engineering Carbene Crosslinked Dendrimer Bioadhesives for Future Clinic

'Himansu Sekhar Nanda, *Terry W J Steele
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0-A-06

'Biomedical Engineering and Technology Lab, Mechanical Engineering Discipline, PDPM-
Indian Institute of Information Technology, Design and Manufacturing;

2 School of Materials Science and Engineering, Nanyang Technological University.

ECM scaffolds mimicking extracellular matrices of endochondral ossification for the
regulation of mesenchymal stem cell differentiation

2Yazhou Chen, "*Kyubae Lee, 'Naoki Kawazoe, *Yingnan Yang, '*Guoping Chen
'"Research Center for Functional Materials, National Institute for Materials Science;
’Department of Materials Science and Engineering, Graduate School of Pure and Applied
Sciences, University of Tsukuba; 3Graduate School of Life and Environmental Science,

University of Tsukuba.

17:20~17:30(UST)
Ei&i%# (Closing Remarks)

17:30~19:00(ST)
5183 <=(0Online gathering party)

B £1%(Meeting Room B)

10:40~11:40 (JST)

EFOERKREYIIV

Young Researcher Oral Presentation Session 1

JER - IR FER (WE - MPEHRIEEAE BRREEAT BT SR L)
Chair: Mitsuhiro Ebara (Research Center for Functional Materials, NIMS)
FERINFH] « 5 F A BRI 8 70 (B 6 70, HEILE 257)

Presentation time: 8 min (6 min for presentation and 2 min for Q & A)

0-B-01

0-B-02

0-B-03

BITVERIEHKER T /S 2 A MRLA-ZWAE LTZfig Z o "7 B O 7 v T A — LT
ORE HEE ', O A2 Ex AR B2 w5170, A 3290 °0 i 51!
VBRRTE B, IR A, O RREORSE B

Ti-HAp/TiO, /™A 7 U R F 2 R OREREME AT
Ol Kifg, &5 b
IR REGE AL L2 5o

BEVET X/ BRIRILEANT v R AEEOMPIARIT L D VAR Y — L DOZE(L &
Jel BSGA D fg

Offgs #hifk, deil HECEk, =35 %], JRE Z0ek

RBORFSERZFZ RSB TAE5eR)
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O-B-04 HURYNEN T —T MIISHFTREZRPUETE A AT 2 HEREW T ¥ A ) /R4
BREFO BR%E
O)#IT FW. R BEE, L
ITEERFRFPE EWHE T2 7R

O-B-05 27—/ 7 47V NO—ESIEMTOBRRE & 737 A4 M
S OMEE S8 OMEgR . mm EES, A !
VR B ABE T, 2JSPS #:RIAFFEE DC. K L&Y T

O-B-06 # - & / KitDr T F ik X OEEBRMEIC KT 2 0E
Ol A, & M, i Ex
RBFSLRZFR AP B RMTER AR 2K

0-B-07 i’*”ﬁ‘ﬁ%ﬁﬁ%‘ﬁﬂf YRTF REANEATF K7 Ty bay ROER
Ot sz 2, FHif #d >0 EW —Ht 2
LTI BRTZEAS, 2 BRI AR S o & —
P AR B

15:10~16:06 (JST)

EFOERKREYIID 2

Young Researcher Oral Presentation Session 2

JER I B BAE (WE - MOEHRICHAE BEREIEAT BT SE L)

Chair: Kohsaku Kawakami (Research Center for Functional Materials, NIMS)
FERMFMH - A FHEEREREFM 8 77 (FEX 64 FEINE 2 57)

Presentation time: 8 min (6 min for presentation and 2 min for Q & A)

O-B-08 aifia2<BE L LIAKBET N2 A T v T A ET 82388 L EHAOIEM: &

Z OB M
Ok k!, Kig HEF! Al #FE" | &5 %12 K| bk 12
FHE 5712

'R RIER R ELAERESER, CBHARSE BIIARS: AEamiRE~ T U 7V EERA

VAT 4T a— |k

Ol thith !, Sk #i
VHURREER SR TR ek, 2 PEERINR G MFIERT MRy 1 L FeiE

O-B-10 7= UBEH N NA R T/8% A M ki BAEORIRL - 5 2E 0 R 2% Rk
DA
O BiIE". A sS4 JIik K2 2EA !
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0-B-11

0-B-12

0-B-13

0-B-14

' RIBANR ARG TEERERE, 2L T2 M2 Et W TR

BIHEEE & PN & A O FroMlign A A EMIKEET NF A N ZHEET I v
2DV & 2 DOFFH

OMu w3, EW 5", ¥ il BE B2 Big =&,

ZiERE s

TIE R TR BE BELPRGER, PIART N AV Y —REBRA VAT 4T 2 —
N P INER TGRSR, CINART Emilie~T U 7 VEEA VAT 4T
2 —h

iPS FfR O it 3% A FH D 72 8 OBk YR EY 2 b L A DR
Oft A, ', BEHMCE ', BTE !, g &= 2
"l BRI RS BIIERL SR, CAHERE S T A 7 AT MRS

FE TGRSR AR I AT T2 ~R ) BRIV T ¢ T a A UM ORI
O BT, i oo

WRE LR KRR A LFPim

BEg~ v AR e /BT BRI 35 1T D BR BRI 05 IR D FE BRLAEAT

OFRFT Heth | F S8 | i B2
KB SERT: BREERAFTER R 2R

16:06~17:02 (JUST)
E=FOsEREFLYYIT 3

Young Researcher Oral Presentation Session 3

JER T RS (CE - MPRHTIERERS BRRETERT BT ZELR)
Chair:KoichiroUto(ResearchCenterforFunctionalMaterials, NIMS)
FEFRIFH « AT NEARE RN 8 70 (FEK 6 0. BHEELE 2 57)

Presentation time: 8 min (6 min for presentation and 2 min for Q & A)

0O-B-15

0-B-16

PUCD3 ik Z48E: L7z U U ER = H Lo 7 DM/ INER D A A 00 R4

OFH ' Il R kB B2 8 ool B REA G kJF EEA
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BARIEZ Z BT F LRI =F L7 ) a— /L RAUERID B 70 2 B RS A O
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0-B-17

0O-B-18

0-B-19

0-B-20

0-B-21
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WFFERT
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B & b RO O FFA

Ol GHik S, e B2 2Es !

'REABANBF 7 RFRF e LPgeR. 2WE - MEHITSeHAE oo B RBa S - 1§
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Meeting Room C(C &1%)

10 : 40-

11 : 40 (JST)

Young Researcher Oral Presentation Session 4
EFOEFEKREYIIV 4
Chair: Xia Li (Research Center for Functional Materials, NIMS)

R

B (WHE - MR TERssE PREETER EHIFFEHLAR)

Presentation time: 8 min (6 min for presentation and 2 min for Q & A)

FEFERH
O-C-01

0-C-02

0-C-03

0-C-04

0-C-05

DT R RN 8 o (K 6 4y, HEEISE 247)
Versatile mitogenic and differentiation-inducible biomaterials attained by immobilization of
adhesive growth factors
Xueli Ren, “Seiichi Tada, !*Yoshihiro Ito
'Nano Medical Engineering Laboratory, RIKEN, “Emergent Bioengineering Materials
Research Team, RIKEN

Cell-Surface Engineering with Functional Peptides to Enhance Cell Interaction for Stroke
Therapy

Tsha Goel, 'Makoto Noiri, *Yuka Yamauchi, 2Koichi Kato 3"‘Yuji Teramura

'Department of Bioengineering, The University of Tokyo; “Department of Biomaterials,
Hiroshima University, Hiroshima; ’National Institute of Advanced Industrial Science and
Technology (AIST), Tsukuba; “Department of Immunology, Genetics and Pathology (IGP),
Uppsala University.

e-Poly-L-Lysine / Guanine-Quadruplexes CpG Oligodeoxynucleotide Complexes for
Vaccine Adjuvant Applications

"Dandan Zhao, !Anh Thi Tram Tu, 'Chiaki Yoshikawa, *Tomohiko Yamazaki
'Research Center for Functional Materials, National Institute for Materials Science,

Tsukuba; *Graduate School of Life Science, Hokkaido University.

Apoptotic cell-inspired nanoparicle for anti-inflammation therapy

"Liu Yihua, “** Ebara Mitsuhiro

'Research Center for Functional Materials, National Institute for Materials Science (NIMS);
*Graduate School of Pure and Applied Sciences, University of Tsukuba; *Graduate School

of Advanced Engineering, Tokyo University of Science.

Hybrid Bicelles for Transdermal Drug Delivery Application

'Kon Son, *Yoshiro Ito, *Motoki Ueda

'RIKEN Center for Emergent Matter Science (CEMS); *RIKEN Cluster for Pioneering
Research (CPR).
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O-C-06 Exploring the Potential Utility of Azido-Incorporated Silk Fibroin as a Drug Carrier
Material
L2Tian Y., 'Tsuboi H., *Teramoto H.

'Institute of Agrobiological Sciences/NARO, *T-LSI/Univ. of Tsukuba.

0O-C-07 Enhanced biomechanical performance of additively manufactured Ti-6Al-4V bone plates
'Saurabh Kumar Gupta, 1Nagur Shahidsha, 'Sumit Bahl, 'Dhaval Kedaria, 2Sarat
Singamneni, *Prasad K.D.V. Yarlagadda, 'Satyam Suwas, 'Kaushik Chatterjee
'Department of Materials Engineering, Indian Institute of Science, Bangalore; *Department
of Mechanical Engineering, Auckland University of Technology, Auckland; *School of
Chemistry, Physics and Mechanical Engineering, Science and Engineering Faculty,

Queensland University of Technology, Brisbane.

15 :10-16 : 06 (JST)

Young Researcher Oral Presentation Session 5

EFOSEFEREYIIVE

Chair: Toru Yoshitomi (Research Center for Functional Materials, NIMS)

JER - HE O (WHE - APEHMIT SRR BRREMEA I FELAL)

Presentation time: 8 min (6 min for presentation and 2 min for Q & A)

FERINFH] « 5 F A BRI 8 73 (B 6 70, HEILE 2757)

O-C-08 Reprogramming of Human Amniotic Fluid Stem Cells into Universal Induced Pluripotent
Stem Cells
"Yun-Ting Lin, 'Jhe-Yu Hsu, '*Akon Higuchi
'Department of Chemical and Materials Engineering, National Central University,

; 2Riken Cluster for Pioneering Research, RIKEN.

0-C-09 Morphological response of cells to geometrical confinement and mechanical stimuli
Kun Fangl’z, Stefan Muller®*, Motoki Ueda'**, Takashi Ushida?, Toshiyuki TIkoma?,
Yoshihiro Ito'**
'Nano Medical Engineering Laboratory, RIKEN Cluster for Pioneering Research; *Graduate
School of Material Science and Engineering, Tokyo Institute of Technology; *Graduate
School of Medicine, The University of Tokyo, Tokyo; * Emergent Bioengineering Materials
Research Team, RIKEN Center for Emergent Matter Science.

0-C-10 GVHD treatment using MSCs cultured on ECM-coating surface
'H.-T. Lee, '*A. Higuchi
'Department of Chemical and Materials Engineering, National Central University, Taoyuan;

2Riken Cluster for Pioneering Research, RIKEN, Wako, Saitama.
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0-C-11

0-C-12

0-C-13

0-C-14

Design and Fabrication of Osteoconductive Hybrid Scaffolds for Bone Augmentation
through Fuse Filament Fabrication

"Mohammad Aftab Alam Ansari, >Prashant Kumar Jain, 'Himansu Sekhar Nanda
'Biomedical Engineering and Technology Lab, Mechanical engineering discipline, PDPM
Indian Institute of Information Technology, Design & Manufacturing Jabalpur; > FFF
Laboratory, Mechanical engineering discipline, PDPM Indian Institute of Information

Technology, Design & Manufacturing Jabalpur.

Culture and Differentiation of Human Pluripotent Stem Cells into Mesenchymal Stem cells
on Oligopeptide-grafted Hydrogels

!Chang Yu-Tang, 'Wang Chun-Ko, '“Akon Higuchi

'Department of Chemical and Materials Engineering, National Central University; > Riken

Cluster for Pioneering Research, RIKEN.

Black Phosphorus-Gelatin Composite Scaffolds for Photothermal therapy and Adipose
Tissue Regeneration

L2 inawati, Sutrisno, 1’ZHuajialn, Chen, 'Toru Yoshitomi, 'Kawazoe, Naoki, 1’2Gu0ping,
Chen

'Research Center for Functional Materials, National Institute for Materials Science;
’Department of Materials Science and Engineering, Graduate School of Pure and Applied

Sciences, University of Tsukuba.

Comparative analysis of degradation behavior of synthetic porous scaffolds using computer
methods of biomedical engineering

'Rishi Kumara, Mohd. Zahid Ansari, 'Himansu Sekhar Nanda

'Biomedical Engineering and Technology Lab, Mechanical engineering discipline, PDPM
Indian Institute of Information Technology, Design & Manufacturing;

MEMS and Microfluidics Lab, Mechanical Engineering Discipline, PDPM Indian Institute

of Information Technology, Design & Manufacturing.

16 : 06-17 : 02 (JST)

Young Researcher Oral Presentation Session 6
EFOERKREYIIV 6

Chair: Akihiro Nishiguchi (Research Center for Functional Materials, NIMS)
JER - van HRIN (WE - PPRMITTERERS BEREMERSBIITTEHL D)
Presentation time: 8 min (6 min for presentation and 2 min for Q & A)
FERINFH] « 5 F AR 8 73 (B 6 70, HEILE 2757)

O- C-15 Preparation of composite scaffolds of folic acid-functionalized gold nanoparticles and

gelatin for targeting photothermal therapy

37



0-C-16

0-C-17

0-C-18

0-C-19

0-C-20

0-C-21

"?Huyajian Chen, 'Xiuhui Wang, 'Naoki Kawazoe, '“Guoping Chen
'Tissue Regeneration Materials Group, Research Center for Functional Materials, National
Institute for Materials Science; > Department of Materials Science and Engineering,

Graduate School of Pure and Applied Sciences, University of Tsukuba.

Manganese-based Tumor Microenvironment-Responsive Radiotherapy
2 Xuping Yu, 2Xiupeng Wang, 'Atsushi Yamazaki
'Graduate School of Creative Science and Engineering, Waseda University; *National

Institute of Advanced Industrial Science and Technology.

Determining the Trigger of Breast Cancer Inactivation State on the Fluidic Substrate: Bulk

vs Near-surface Mobility?

1Najmina, M., "**Ebara, M., *Uto, K.

'Graduate School of Science and Technology, University of Tsukuba; “Research Center for

Functional Materials, National Institute for Materials Science; *Graduate School of Science

and Industrial Technology, Tokyo University of Science.

Integration of Modular *D Tissue-in-a-Cube with Fluidic Devices for a BBB-on-a-Chip
Model

Tsabel Koh, *Toshiki Kurosawa, *Daiki Sako, 'Waki Sekine, 2Yoshiyuki Kubo, *Yoshiharu
Deguchi, '*Masaya Hagiwara

!Cluster for Pioneering Research, RIKEN; “Faculty of Pharma Sciences, Teikyo University;

30Osaka Prefecture University.

Peristalsis-mimicking culture of human colon tumor organoids on a microfluidic chip
2Guocheng Fang, 'Hongxu Lu, '*Dayong Jin

Institute for Biomedical Materials and Devices, School of Mathematical and Physical
Sciences, University of Technology Sydney; “School of Electrical and Electronics
Engineering, Nanyang Technological University; *UTS-SUSTech Joint Research Centre for
Biomedical Materials and Devices, Department of Biomedical Engineering, Southern

University of Science and Technology.

Silver based Nanocomplexes as Multipurpose Nanomedicine for Antibacterial and
Anticancer Therapeutics

Shagufta Haque, Bonda Ramarao, Sudip Mukherjee, Chitta Ranjan Patra
Department of Applied Biology, CSIR-Indian Institute of Chemical Technology.

Stent Deformation Analysis of Magnesium and its Alloys using Finite Element Method
2Vicky Subhash Telang, Puneet Tandon, 'Himansu Sekhar Nanda
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'Biomedical Engineering and Technology Lab, Mechanical Engineering Discipline, PDPM
Indian Institute of Information Technology, Design and Manufacturing; deLOGIC Lab,
Mechanical Engineering Discipline, PDPM Indian Institute of Information Technology,

Design and Manufacturing.

Meeting Room D(D £i1%)

14:10~15:10(ST)
TERT/IRRAY—FKREZYVIIY

Exhibition and Poster Presentation Session

FEBRJAL (Exhibition List) (RAIE)

E-D-01: A\ &th=v &

E-D-02: = ¥ v AT sEAEH

E-D-03: kAt A o787

E-D-04: —fEAEHIEASLIE T 0 — 3L o A ) _—T g U HEERERE
E-D-05: CELLINK #kzi224t

E-D-06: #Rlztty 7 &7

RRAY—FFEKIJZX (Poster Presentation List)
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P-D-04

P-D-05

P-D-06

P-D-07

P-D-08

P-D-09

P-D-10

P-D-11

ffiffk RIBEH DO — 1 U T B RREICT Ak L Z T T F v — N DOBAR
Offif #5212, KB B2 B2 . /o A2 Ho #E 2
VLI KA K2R B E R AR, 2 - MPEMIFTERERE RS REMEAT BT ZE L A

HHUEREEE R 2 78T F 37 40 7 U o K0 @i Eaag i & [R5 o A B
P % 7~ L7z, Alaska pollock gelatin sealant shows higher bonding strength and equal
biocompatibility for the resected nerve compared to the fibrin sealant.
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P-D-12

P-D-13

P-D-14

P-D-15

P-D-16

P-D-17

P-D-18

P-D-19

P-D-20

EREFEOBPEMEDORELZBI LIERET ) 774 3—A v 2 DiXE
O%’rﬁ AIPR PRI S 1
VIV - MPEMIFTERERE FSREMEATBMIFZEILAL, 2 BN KPR B B AL RS
B, S HAHER KRR Joilk T2 e R

M RFOREZHfE LU LT —BEET /) 7 7 A4 N—DBI3E

Ofex AR {5 | YihuaLin' | #R 57 '

YOI - MOBHIT A FEREMEATEIIFZCILT, 2B KRR SO R T
B AR R TR Jeit TR se R

A Simplified In vitro Blood Vessel Disease Model for Investigation of Angiogenic Effect of
MSCs with CAD and PAD
O3 Wil ', B =ik’
VIR R R MR R ER AR mE R PR R
BB
JTAs FERO 7R RE S Bl 22 HER LIZ BN IE R 7 = v A RREER OREE
O, 15 120 L Ak FT 2 e ke '?
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Characteristics of Hydroxyapatite Microparticles Bound with Virus Capture Polymer
Yuhan Liu, Yasuhiro Nakagawa, Toshiyuki Ikoma
Department of Materials Science and Engineering’ Tokyo Institute of Technology.

Temperature-Dependent Structure Transition of Sarcosine-Based Bola-Type Amphiphilic
Polypeptide

23Mohamed S. Elafify, Nermeen A. Elkasabgy, *Sinar Sayed, '*Yoshihiro Ito, '“*Motoki
Ueda

'RIKEN Cluster for Pioneering Research (CPR); *Department of Pharmaceutics and

Industrial Pharmacy, Faculty of Pharmacy, Cairo University; *Department of Pharmaceutics
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P-D-21

P-D-22

P-D-23

P-D-24

P-D-25

P-D-26

and Pharmaceutical Technology, Faculty of Pharmacy, Menoufia University; “RIKEN
Center for Emergent Matter Science (CEMS).

Micropattern-controlled chirality of focal adhesions regulates the cytoskeletal arrangement
and gene transfection of mesenchymal stem cells

2Yongtao Wang, *Yingjun Yang, 'Toru Yoshitomi, 'Naoki Kawazoe, *Guoping Chen
"Research Center for Functional Materials/National Institute for Materials Science;

*Department of Materials Science and Engineering/University of Tsukuba.

Collagen scaffolds with interconnected pore structures for cartilage tissue engineering
“2¥an Xie, 'Naoki Kawazoe, Yoshitomi Toru, 1’ZGuoping Chen
'Research Center for Functional Materials, National Institute for Materials Science;

*Graduate School of Pure and Applied Sciences, University of Tsukuba.

Nanoparticle Mediated Delivery of Crispr/Cas9 for Macrophage Polarization
Prem Singh Anant, Chinmaya Mahapatra
Department of Biotechnology, National Institute of Technology Raipur.

Structurally-discovered KLF4 variants accelerate and stabilize reprogramming to
pluripotency

L2Borisova, E., 2Nishimura, K., 'An, Y., *Takami, M., '*Li, J., 1Song, D., 'Matsuo-
Takasaki, M., 1Luijkx, D., *Aizawa, **S., Kuno, A., ° Sugihara, E., °Sato, T., ®Yumoto, F.,
"Terada, T., *Hisatake, K., 1Hayashi, Y.

'iPS cell advanced characterization and development team/RIKEN; “Laboratory of Gene
Regulation, Faculty of Medicine/University of Tsukuba; *Department of Anatomy and
Embryology, Faculty of Medicine/University of Tsukuba; *School of Integrative and Global
Majors/University of Tsukuba; *Research and Development Center for Precision
Medicine/University of Tsukuba; *The Institute of Materials Structure Science, High Energy
Accelerator Research Organization in Tsukuba; "Department of Biotechnology, Graduate

School of Agricultural and Life Sciences/The University of Tokyo.

Mechanomics Biomarker for Cancer Cells Unidentifiable through Morphology and Elastic
Modulus

IZhang, H., 2Wang, H., *Kano, J, 3Nakagawa, T., 3Noguchi, M.

'Research Center for Advanced Material Characterization/National Institute for Materials
Science; “Research Center for Functional Materials/ National Institute for Materials

Science, *Department of Diagnostic Pathology/University of Tsukuba.

Exploring the effect of viscosity on osteogenic differentiation of mesenchymal stem cells on

micropatterned surfaces
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P-D-27

P-D-28

P-D-29

P-D-30

P-D-31

P-D-32

P-D-33

"2Jing Zheng, '*YongtaoWang, 'Naoki Kawazoe, *Guoping Chen

'Tissue Regeneration Materials Group, Research Center for Functional Materials, National
Institute for Materials Science, Tsukuba; 2Department of Materials Science and
Engineering, Graduate School of Pure and Applied Sciences, University of Tsukuba,
Tsukuba.

Green and sustainable photocatalytic disinfection by highly reusable immobilized TiO,-
based composite

“2Liu, N, 'Yu, D.F., *Yang, Y.N.

'Department of Biomedical Engineering, Chengde Medical University; “Graduate School of

Life and Environmental Sciences, University of Tsukuba.

Light stimulation strategy for promoting bio-hydrogen production in a hybrid-Fe bioreactor
Liu Zhiyuan, Zhu Yunxin, Yang Yingnan

Graduate School of Life and Environmental Science, University of Tsukuba.

Enhanced bio-methane production via illuminated iron modified OLMZ fixed bioreactor
during ammonium-rich anaerobic digestion
Sun Mingyuan, Liu Zhiyuan, Zhu Yunxin, Chen Yujia, Yang Yingnan

Graduate School of Life and Environmental Science, University of Tsukuba.

Effective photocatalytic inactivation of novel Ag/Ag,O/BiPO4+/Bi,WO¢ composites for
Escherichia coli: Mechanism and Applicability
Ming Jie, Sun Xiang, Yang Yingnan

Graduate School of Life and Environmental Science, University of Tsukuba.

Growing of Bi;WOs Crystal with Assistance of Graphene Oxide for Strongly Enhanced
Visible-light Photocatalytic Water Disinfection
Ma Qiansu, Ming Jie, Liu Zhiyuan, Yang Yingnan

Graduate School of Life and Environmental Science, University of Tsukuba.

Light-induced biomethane conversion from ammonium-rich feedstock Optimization and
applicability
Zhu Yunxin, Liu Zhiyuan, Yang Yingnan

Graduate School of Life and Environmental Science, University of Tsukuba.

Development of a solar-controllable reactor for high-efficiency photocatalytic wastewater
treatment under real sunlight
C. Zhang, Y. Yang

Graduate School of Life and Environmental Science, University of Tsukuba.
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P-D-34

P-D-35

P-D-36

Effect of oxygen vacancy and its quantity on H» evolution by using
P/Ag/Ag,0/AgzPO4/TiO, under solar light
Sun Xiang, Ming Jie, Yang Yingnan

Graduate School of Life and Environmental Science, University of Tsukuba.

Fabrication of Ag/Ag,O/BiPO4/Bi,WOe/g-C3N4 Z-scheme photocatalyst
Zhang Hongjian, Sun Xiang, Ming Jie, Yang Yingnan

Graduate School of Life and Environmental Science, University of Tsukuba.

Impact of Homogeneous Operation on Biomethane Production in Illuminated Anaerobic
Reactor
Chen Yujia, Yang Yingnan

University of Tsukuba, Degree Programs in Life and Earth Sciences.
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Figure 1. Schematic illustration of microparticle wound dressing of hydrophobically-modified gelatin.
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[1] A. Nishiguchi, F. Sasaki, H. Maeda, M. Kabayama, A. Ido, T. Taguchi, Small, 15, 1901566 (2019).
[2] S. Ito, A. Nishiguchi, F. Sasaki, H. Maeda, M. Kabayama, A. Ido, T. Taguchi, Mater. Sci. Eng. C, 123,
111993 (2021).
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1) Hirakata E, et al., J Biomed Mater Kes Part B Appl Biomater, 2016;104:1474-82.
2) Yamamoto K, et al., Biomaterials, 2007;28:1838-46.

3) Otaka A, et al., Tissue Eng Part C Methods, 2014;20:671-80.
4) Tamura T, et al., Nat Biotech, 2000;18:81-4.

5) Kambe Y, et al., Biomaterials, 2010;31:7503-11.

6) Kambe Y, et al., J Biomed Mater Res Part A, 2016;104:80-91.
7) Teramoto H, et al., ACS Synth Biol, 2018;7:801-6.

8) Teramoto H, et al., Molecules, 2020;25:4106.

9) Miyazaki T, et al., Sci Rep, 2017;7:41165.

10) Kambe Y, et al., Acta Biomater, 2014;10:3590-8.

11) Yoshioka T, et al., Nat Commun, 2019;10:14609.
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6504, 2018.
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Fig. 1 (i); Cell death rate of (a); control (b); Bil—-HAp (c); Bis—-HAp (d); Bi10-HAp (e);
FAO. 2-Bi10-HAp (f); FAO. 4-Bil0-HAp after 5 Gy of gamma ray irradiation were assessed in
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[1] PRy TERES, P& NEF. (2010). mURFHIRNTESHC 1T 2 R EEH 2 o A iR Bl o
SEREFHAE HTA - R - T T UFEEMOFROLK. AARFHEFEREE, 30(3), 61-69.
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Mammary tumor organoid culture in alginate for drug screening

"*Hongxu Lu, 'Guocheng Fang, ’David Gallego-Ortega
!Institute for Biomedical Materials and Devices, *School of Biomedical Engineering,
University of Technology Sydney, 15 Broadway Ultimo, New South Wales 2007 Australia

Corresponding author: hongxu.lu@uts.edu.au

Mammary tumor organoids have become a promising in vitro model for drug screening and
personalized medicine. However, the dependency on the basement membrane extract (BME)
as the growth matrices limits their comprehensive application. In this work, mouse mammary
tumor organoids were established by encapsulating tumor pieces in non-adhesive alginate.
High-throughput generation of organoids in alginate microbeads was achieved utilizing
microfluidic droplet technology. Tumor pieces within the alginate microbeads developed both
luminal- and solid-like structures and displayed a high similarity to the original fresh tumor in
cellular phenotypes and lineages. The mechanical forces of the luminal organoids in the alginate
capsules were analyzed with the theory of the thick-wall pressure vessel (TWPV) model. The
luminal pressure of the organoids increased with the lumen growth and could reach 2kPa after
two weeks’ culture. Finally, the mammary tumor organoids were treated with Doxorubicin and
latrunculin A to evaluate their application as a drug screening platform. It was found that the
drug response is related to the luminal size and pressures of organoids. This high-throughput
culture for mammary tumor organoids may present a promising tool for preclinical drug target

validation and personalized medicine.

Figure 1. Mammary tumor organoids culture heavily relies
on basement membrane extract hydrogels. Herein, non-
adhesive alginate is found to be a good candidate for the
culture of mouse mammary tumor organoids. Alginate
microbeads generated by microfluidic droplet technique
enhance the organoid’s yield and are further used for luminal
mechanics and high-throughput drug screening.
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Engineering Carbene Crosslinked Dendrimer Bioadhesives for Future
Clinic
Himansu Sekhar Nanda' * and Terry W J Steele?

'Biomedical Engineering and Technology Lab, Mechanical Engineering Discipline, PDPM-
Indian Institute of Information Technology, Design and Manufacturing Jabalpur 482005, MP,
India
2School of Materials Science and Engineering, Nanyang Technological University, 50
Nanyang Ave, Singapore 639798 Singapore

*Presenting author: himansu@jiitdmj.ac.in

Abstract

Biomedical engineering has attracted a wide range of materials for their potential application
in regenerative therapies, drug delivery, tissue engineering and so on. Among those, functional
polymers, approved from Food and Drug Administration (FDA) are of specific interest for the
design, development, and manufacturing of medical grade glues called bioadhesives or tissue
adhesives. Clinical grade bioadhesives offers a new route in addressing the unmet surgical
challenges in tissue healing and sealing. The recent development, pre-clinical applications and
the potential clinical challenges of novel UV and electroactive bioadhesive formulations
prepared by grafting carbene precursors (Bromo-diazirine) on to the backbone of 5 generation
(G5) Polyamidoamine (PAMAM) and poly caprolactone triol (PCLT) will be discussed (Figure
1). The emerging carbene crosslinked bioadhesives offers new route in solving several medical
issues such as the prevention of thrombosis from tissue fixation and/or the relief of discomfort
and/pain during and/or after surgery. Preferably, the bioadhesive formulation comprises a
hygroscopic additive, an antithrombotic agent, and/or an anesthetic agent.

A B

Figure 1. Schematic showing the synthesis and carbene crosslinking of diazirine grafted
PAMAM bioadhesive (A) and diazirine grafted PCLT bioadhesive (B)
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ECM scaffolds mimicking extracellular matrices of endochondral

ossification for the regulation of mesenchymal stem cell differentiation

*Yazhou Chenl’z, Kyubae Leel’z, Naoki Kawazoel, Yingnan Yang3 , Guoping Chen!>2

'Research Center for Functional Materials, National Institute for Materials Science, 1-1 Namiki, Tsukuba,
Ibaraki, 305-0044, Japan

2 Department of Materials Science and Engineering, Graduate School of Pure and Applied Sciences,
University of Tsukuba, 1-1-1 Tennodai, Tsukuba, Ibaraki, 305-8577, Japan

3 Graduate School of Life and Environmental Science, University of Tsukuba, 1-1-1, Tennodai, Tsukuba,
Ibaraki 305-8572, Japan

Endochondral ossification (ECO) is an important process of bone tissue development. During
ECO, extracellular matrices (ECMs) are essential factors to control cell functions and induce
bone regeneration. However, the exact role of ECO ECMs on stem cell differentiation remains
elusive. In this study, ECM scaffolds were prepared to mimic the ECO-related ECM
microenvironments and their effects on stem cell differentiation were compared (Scheme 1).
Four types of ECM scaffolds mimicking the ECMs of stem cells (SC), chondrogenic (CH),
hypertrophic (HY) and osteogenic (OS) stages were prepared by controlling differentiation of
human bone marrow-derived mesenchymal stem cells (MSCs) at different stages. Composition
of the ECM scaffolds was dependent on the differentiation stage of MSCs. They showed
different influence on osteogenic differentiation of MSCs. HY ECM scaffold had the most
promotive effect on osteogenic differentiation of MSCs. CH ECM and OS ECM scaffolds
showed moderate effect, while SC ECM scaffold had the lowest effect on osteogenic
differentiation of MSCs. Their effects on chondrogenic or adipogenic differentiation were not
significantly different. The results suggested that the engineered HY ECM scaffold had superior
effect for osteogenic differentiation of MSCs.

Scheme 1. ECM scaffolds mimicking the ECO-related ECM microenvironments and their
effects on stem cell differentiation
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(51 k]
[1] Z. Zhuang, M. Aizawa, J Mater Sci: Mater Med., 24, 1211-1216 (2013).
[2] M. Aizawa, A. E. Porter, S. M. Best and W. Bonfield, Biomaterials, 26, 3427-3433 (2005).
[3] Z. Zhuang, H. Yoshimura, M. Aizawa, Mater. Sci. Engineer. C., 33, 2534-2540 (2013).
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10 23RS L. MB KR O BAF D EEN GRHE L2, S B, ER~DREIZET 2 950
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VRX Y vy FIRAX—EHH L 2 A,/ —~</L HAp (nHAp) . Ti-HAp, Ti-HAp/Ti0., ¥
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[3CHik]
1. M. Wakamura et al., Langmuir, 19, 3428-3431(2003)
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Scheme 1. Ilustration of the preparation of

uniaxially-oriented Col fibril array film in this study.

Fig. 1. (a, b) SEM images and (c, d) orientation
angle distributions of the Col fibrils for (a, ¢) PI-Rub-
Col and (b, d) PI-Col.

90°

0o
Polarization direction /f rubbing direction Polarization direction L rubbing direction

ffffffffff |} == =
& Rub,
003 : ; ; : . . —
(a) (b) .
8 ol Amidel Voo o
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5 Ve=ptAmide 11 Ve (C=0)
2 ] 11 Vc=0 pAmide 1l
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Fig. 2. Polarized FT-IR spectra of the (a) PI-Rub-

Col and (b) PI-Col films (0 °: polarization direction //
rubbing direction, 90 °: polarization direction L

rubbing direction).
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iR-EF/HNFOTSFUBESIVFEMMBICHT DIRE

RBUFSERFRZRE BSSRATTER AR R
O A, FRIH, FIEZ

[F51]

T R F EIFELL 100nm LU ORI 7- & BRI NTEY . RFETHW S e /KL
1 (AuNP) L$RT /7RI 7 (AgNP) XJRIERIE 7T A€ OJFBIC L 2 Al SER s %
Ff 5 AuNP 1R, AgNP I DA Z R & L CYe-CEEHc R s b,
Flo, MM AR EAODFIHLZIMRENTHD T I MEITChHD, 77T
IXEMWI DO ERCEDO FHEAREHE T, 7 X /g cystein ] @ disulfide (-S-S-) 56 %
%2 G F, TP AL PR EREZ A T 5, FBMHE L EES T T 2 O (KF)
DI, AgNP & AUNP PET DRk 2B - IE LT, 77 FVERAE LEER
F ki O EAER &N LT, HAMEE L CoMBaE: R ot o ik~ e
FIHAREMZ L FE B E T 5,

[5£5%]

FEBMEHE Wool fiber) ITHMEBEAI TR FEEH LIzbDE W, &7 T F K (KF)
IZLARMIZBRAZE L7122 % ke o FiE TRl L 72, £/ 7 F % 8 M guanidine,
1.66 M 2-mercaptoethanol /KIA#R T 80°C. 18 HRfHIH L. 18 &7 MHh IR £ ik
BN U CREE SEMEBIROLIE r 7 F g RaF vz, 2z
JEAE, WL C, B T T R (KF) 215372,

i (D.W.) 20mL, =F LT I 4 RS 2Na (EDTA) 1.21mg, 0. 1M /KE&{LT
NU D AKIAIR 736 1L OIREWZ 98CIZIE L, Z U2 0. IM fEERER/KIAIE 52 1L
ZNNZ 15 43 LT Ag\P 2 5 e 2 i L7, #tik (D.W.)  10mL, 7>
fe) N U o LKIEIR 536 u L OIRETR%E 80°CITHE L, 1% (w/v) M b &ER/KIEIE 750
pwL 2z 20 438 L T AuNP % & $ ol 2 il L 7=,

W72 7% pH SR OKAREL ., 35 X OWIKPIZ AgNP 35 KON AuNP % 5% L 721801 .
KF B L OEBMMEAIZIE L T, AgNP, AuNP OWLEMEDE WA TR T-, 2% ORI
M7RBIER L B EEE Z1T o7, o EFHIC CHER & KF ORI AT |
NERIE LTz,

[FE5 & B2

AgNP DWRFFIZEI LT, KF B L UEEBHEICITEHAOF NI E A CHER I T,
F 72 KF 121X AgNP (ZFFA @ 430nm AT DO WRIRK & R TE 7enolc 2 &b AghP
FNFHORFIZBNT Y, KF BROEBBMEIT T L THRE LIS WO TRV
& & Z T2, AuNP (IZBA L T, KF B8 LT OEBMHEIT RSO TIHIR S RAICEA L,
F 72 KF 1213 AuNP (ZHFA D 525nm £ OWIAR K S BRRICHER TE 72 2 &6, AuNP
Z KF BLOERBHEICIR IS WA SEIENARETHD EERT-, 5%, ok
HH B DI EITV, T R W KF OFEERAORREMEICBAIL TEVEEL
SHRHTZAT D TNETZNEEZZ TN D,

[ &35 3CHik])
H.  Mori, M. Hara, Materials Science and Engineering C, 91, 19-25.
https://doi. org/10. 1016/ j. msec. 2018. 05. 021

85


https://doi.org/10.1016/j.msec.2018.05.021

O-B-07

TFURBREERIRTFFEZRAVNVARTFEFIZy A Y FOER

VEYEAREZEAT BRFRITZEASER, 2 EULEAZERT RIEMIVER AAISEE v X — P IR IR
Ofaa szt ° Ohif zds b e b\ —# -2

[F51]

BRI BOYWARRINTAEEIL, TOZ L H Y MR RE L BERICBER L TV D, XX EDE
WHEEIL, EHOKFREE . MBHOBKMY: « BEEMEAEERZR EOERARRICL > TREI
Lo ZNHOIMFR/EEE D ELHT L LT, AV v I AT F ReHW -\ EE 2
THEAENRREIN TS, T2, FxiIBloT7 7a—FL LT, BktEobEAT v Yy 7 %
FFOmBUEED 7 v v 7 R Y XTF R R 55 THEAGKREZRE L TWD, b OIS~
TF R, BAKESNV IV Ty VORI EEZDZET, W=V A X ef o3 EF )/
EER (R, F ) Fa—T, F I/ — R el BEMATLIENTES, I, &L
FERXDONY) v I AEHRTHIHFEIBESL L, 2 DO F o FAh~—D~ v 7 ABTAT LA
ATy T ARSI, STFEREROIBREZ oS LI EREZT, 2ok, ~U v 7
AXRTF RiL, D FEEGEOEERIEICIEFICAEH TH L, R TIE, EEEROBIR LRI
FT 252 L2 HAE LT, 3RO 1T FRIRTF R L 3BUKMEE OB E 23 578 5 T 780 i gk
RYXTF REFHICER LT, 2O FEASEPIZEBIT 555 FRFNZ OV TR L7,

[£5]

TFROMWFHEANEAR Y RTFF F(1-SL12) &, 2 O 1 FRMHHENER Y X7 F F(I-SL12 & I-
SdL12, ZNENBIKMERTT RELOEE HFRniEes) z2, wEEc LY G Lz (Fig. 1), 1
H NMR 35 &X OV MALDT-ToF-MS I L o> TE 4+ DGR A #Esd LT, Fev T, PRtk (CD) #l
EILE Ty ) — )V TOBKMESNTF RO _RIEEZRE LT, RUXTF ROTZ ) —)L
WK ZPREE 0.5 mg/mL L7250 X2 ICHikdicA Y= a L, 90°CT 1 BEMEG 22 LT
DGR BIR E 5T, B E - PEMEE (TEM) 35 & OVF [ 1 B EE (ARM) 2 -\ T 14E
BRI REBIE 21T o 1=,

[FE5 L B2

CD HIE DFEF, WTNOXRTF Fhoa~U v 7 AEEEZ TR L TWD 2 ERbhoTz, T-SL12 H
RTIE, FKRPTAY DU R AEEICH ML L7, ZofESIE, 1-SL12 38 LV 1-SdL12 23
FAKF TR T 2F ) Fa—7 L3280 BUKEHOREDEWIZ L > TXTF RO %
HECTE D Z ENRB I, £72.T-SL12 & T-SL12

DEE VRS, 1-SL12 L[FBEDF ) Fa—T%

B L7=—JC. T-SL12 & I-SdL12 D% /LiEA

I, Bk ey FEEEEZEZ LT, Z0H ORERIT,

T-SL12 & I-SdL12 D TAT LA a7 Ly 7 AN

TERL S, 3 FRAIN AL LT Z L 2R LT 5,

AFM JIE DFERN G | HERIRBICB T2y RO®E S

X6 mEETHY, ~V v 7 AT F RPHERKZ
FERLTWDZERHALNERoTz, 2D LD 72T/

2y R T-SL12 & I-SdL12 DAY 1:1~1:3 DT

BEINT, ZNENDOF 7 8y RIZOWT TEM i

MOMEERE LR, Wi 2~13 mfEETH

D, REBIR N2 holz, 2O D, F

J vt ROWEHFEIZ T-SL12 & 1-SdL12 D AT LA =

VTV AZEIKN 2 OWATEHEE L > TWVD

ZENRRENT, Fig.1 chemical structure and schematic

illustration of synthesized polypeptides.
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O-B-08

aMEEZ<EHLEKBET7/IN2, r253S YU RET
EE L-HEMEOENEE ZOMERIRE

VTR R RS - BE 2RO IER
2V A - @q/qu% Antgie~ 7 U T VERRA AT 4T 2 — b
Ofnk k', KEERSE ', AREE | SRS ARARL XM fHE 52

(=]

KEET /3% A4 MHAp)IE, EEFOFEELREER S THY, NLEOFERFEE LTINS,
AR OT RE A4 MIRFEEGLTEY, BlxIE, EREFOT7 2 A Mia xS @EHL
TR R IEE A FT 5, Fexld, ZNETIZa mEZ<HEH LIZHAp €7 2 v 7 A(a-HAp) %
BISL DL, HAp OfEShIE & B IO B EARE & OBIRMEZHE L C&72 2, —FH T, BWIE
9 kgl & HAp @ftaaﬁ&@%%‘ﬁbiggﬁ“é%&%@i\ I, £ 2T AT, a-
HAp LT~ 7 ZADOFHE OB « /b S - ila 25538 L, HAp O &k i 23 k& i ia o
TG & 2 OMEWIEIZ 5 % 2 8% A L0 THRET 5,

[525x]

BEHR I LTZN-T, TREA N7 7 A X—(AR)IZK L TT /R A N7 0% 30 mass% DA F
LTI L CRAMEEZ B L, TOMENOIERLI-E T I v 7 X% “a-HAp BT I v 7 A”
L7z, £/, 3t e LT HAp-100 R LFEY N G/ER L7 HAp 7 X v 7 2% “i-HAp
v I Iv s RE L, ~ U AEREMEMIIE, 9-11 #Ho CSTBL / 6NCrSle 7> 5 BB % £ HL
L. TSR 2T W E M~ bR L7z, £ D% . a-HAp B L OVi-HAp £ 7 X v 7 X I,
1.0x10% cells DORTAEMMIEAZFERE L, 1 BLO2 BEIEIICEIL L=, B L723%HIx LT, Wﬂ
MR Dot~ — 1 —TH DA BEMVERRYE 7 + 2 7 7 % —B(TRAP)Yta 2T /2 o7, F£7-.
MR 21772 > 728 BHI % LT, 4',6-diamidino-2-phenylindol(DAPI)$5 & OY Rhodamine pha1101d1n 78
D CHEEZ B L UOSIRRE R ok L Tt ta 24770 o7, S HIC, EEFME LT, M7 +
177&~tmmw%$ﬁ%ﬂmbto%ﬁ& EDOfEHT & LT, R BAMEEAFM)Z W Tk

Ty I A RITER S NTRINE B L, TOES 2 ME LT,

[E2R & #22]

TRAP Yeta AT/ o 7oA R, W OERBIZE W TH TRAP BEtEOMa S R Sz, 72,
2 EMEEEEIT o 73T R LT, mEREORERND, Wit T Iy 7 A RIZ) 7RO
BHERT DL LT-RaA R S -, S512, EHL0REHIR W TYH ACP JEMEAHER
ﬂkoLﬁﬁofﬂﬂ%p%i@ﬂﬂp??‘/ﬁxﬁuﬁ HIRE DIFED RS S AT,

T U= T KRER O BE RS L0l sbRE LR BRI Z AFM CTBIE L, 0ok
B BB RS E% OB ORI S RYFEEI L T, BIRIIZIE, a-HAp E7 I v 7 AT
1L, 154 nm 7205 934 nm ~, i-HAp ©7 I v 7 A TIX 182 nm 205 41.5 nm ~HEAIL TUh/z,
BT, a-HAp £ 7 I v 7 X RITHEE MRS B L 72N IE 306.1 nm T&H Y, i-HAp OH D
(1551 nm) X VD> 7, a-HAp & i-HAp EF I v 7 AD Ca¥' A AU IsHE# 2 45 & | a-
HAp ¥ v 7 ZADFHNLE N %L D Ca¥ A AL 2IEHT 25 2720, a-HAp BT 2 v 7 AD TN i-
HAp E7 I v 7 2K 04, EMIIZRIN ST W ERRESND, LER-T, Z0O3HAR
X i-HAp BEX W a-HAp T I v 7 AD Ca¥ A 4> OIFHZEEIOENCRINT S EE 2615,

FRROFER LY HAp ORFVEIH T2/, A~T U 7L OMEEGHES S LTERATHD &
Exzbbd,

[ 51 3crik])
1) Z. Zhuang et al., Acta Biomater., 9, 6732-6740 (2013).
2) EEGED, BEAET I v 7 AHE 2017 £ F£2 (3G21),2017 43 A 19 H.
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0-B-09

MEREEEZLA L) R —LANORBRE &R EHH
VHURORSEROEE « TERIFGERL, 2 RERBLATRAISERT « MIFY T LR
ofiif fhikk!, M HiA>

[ 5]

T VY — AT MaEO—fETH Y, HlEEEAEEROBER L U TiRIAWAEMBLIZIZE
o TV, T, MEERHHIIIMSC)N T 5Ty Y — AR E AL~ RE R D 2h
ERHY, IBE~OIGHANITESNTWD. L LERDS, =7 Y Y —AEREDEMN~ESZ
ERREETH Y, FFRIEBBMA~MEANET 22 EOSHABEMRRD N, £ THAIL,
RNY)F L7 ) a—iEGIEEPEG IRE)FERIC L2 REBEMZFHA L=y VY — LD
EZ B L. ABIETIE, =7 VY —LADET/WNMaKE LTY R Y —2%HWT, PEG IRE
HERD PEG $HE & 7 U VBHE N YU R Y — AOREEA L OIS IZ 5 2 B RE L, W
Sy BELZIE U 72 ARG AR 2 BRI fR T L 72

[5r]

TUIVEHE N R D 3FEORE (XU A M1 /(C14), 7L A /(C16), AT T 1A JL(C18))
%, ¥£7-, PEG $#K S5kDa & 40kDa @ PEG fFE%Z AR L7-. ZiLZi, PEG5kC14, PEG5KC16,
PEGSkC18, & %\ %, PEG40kC14, PEG40k C16, PEG40kC18 & #5353 5. F 7= PEG JEE DK
BEREM: & LT, BEmEME7F Ko 2 O A4 Y 227F N(Tat: YGRKKRRQRRRGGGGC,
Tat-Col:YGRKKRRQRRRGGGGPPGVVGEQGEQGPPGGGC)% PEG JEE ~fE& S 7= doe =% L
72V R —AFKMEIZPEG IEEZEA L, U7 AFEN EICHERE L. dOLBEMEB LRI L 5 E/BO
FENT /N DHEIRE ZFHAIL, VAR Y — ARG ROFMEIT 2>/, EffiL7Z ) R Y — 0%, 8
TEILHIEDLS)IZ L DRt & Rifi B OWMERHMli 21772 > 7. F£7-, Tat-Col-PEG JEEZEA LT
URY —L%, BT AR EICHEREL Qs IE2%, a7 7 —BRIECTUEL, X7F N
MAEGWTHZ LT, URY —LDMEE 282 LT~

[FER & B2

Tat-PEG 5 & % \ M Tat-Col-PEG IEE Z U R Y — L LIRE LT2IRik 2 1 T A b ~FEFE L,
FEAR T OH IR & 5 7-(Fig. 1). PEG $8F S5kDa @ & &, Tat X7'F RIZ K DI A~D VKRV
— ARENRKELBOOENT-. 72, IBEOT VIIVEEITE W EWEENEMT 5 Z & 2300
- 72 (PEG5kC14 > PEG5kC16 > PEG5kC18 in Fig.1). & 512, DLS HIENSIEE O 7 V840V
72Dl 5NT, VARY —AREEMIZIEEMAICS T N5 Z B 00hoTc. BF A MED Tat
RT7F R PEG REEAEIKF LT, TIZARM~D VR Y —LWEDFZR It D EE
b, £, a5 —RBEIZ LY, WE LY R Y —LOliE 2R AL 2 A, Hb B
DY RY —LDORAEN RS (Fig. 2). BAEDFRIZL, BEOT VEHENE Tat-Col-PEG fi§
BHCIYNRRTH- 720, IBEOWEMEN 27 7 T —BORISEICEEL TS Z BRI
7.

14 100
m Tat N=3
12 OTat-Col — Mean £ SD
- N=3 = 80 can =
5 e
S,10 - Mean * SD >
= — 2
£ 5 60 f
g E
g 6 15}
g s, & 40
54 * 3
[} Ans. 7]
2 iﬁ e
0 0

. ey . Without peptide
PEG5kC14 PEG5kC16 PEGS5kC18 PEG40kC14 PEG40kC16 PEG40kC18 g
’ ’ ’ ’ (PEGSKC16) PEG5kC14 PEG5kC16 PEG5kC18

FFp<0.001, **:p<0.01, *: p<0.05, n.s. : not significant

Fig. 1 Fluorescence intensity of liposome adsorbed on  Fig. 2 Fluorescence intensity of liposome adsorbed on
substrate. substrate before and after collagenase treatment.

[&%3CHR] Y. Sato et al., Langmuir, 37, 9711-9723(2021)
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HIVBEEFNA ROXS 7N 4 b/ RIFFHEOR|SH &
5 3 R B S 41 ) ST

VRIEBANRIARERZBE TAWTERE 20T &F E AR E T4R
OF B Ak st JI# K2, s BiE!

[ &

]

bl

fRassE M OB IC B W T, MMM & EREOMN ZHEATH S, ~NA FaFo T84
A b (HA) (B ICENLTH 2 b 0D, BIEL 72BRoERMEOMRSHETH - 7. A
22 Cld, HA F/ W RZMIlERSEEM e LT3 e 2HME L, 2 viE (Cit) oA
BFLL—+ A3 v HA DALY T LA F v EF L — MERL TR TR & Rl %
vy, B Cit/HA F 7 Wi rlE BB, o /i & BRI St o B2 £E L 7.

)

[ £ 8]

Cit/HA JE D F#1% Cit % Kk ~EE X &,
KoHPO, # iR X &, CaCL /KR ZH ~ L 7=,
Z ok, Cit OFRIMEZHIHE L 72, 40 °CThnsh
WL, &EO0nBE - e, BERLHEE
1w, KB ZFSLL 72, 2 2T, KO8k
BETwIND 6wt%e L, UV, OZONE 4L
LA 7 ZAERE~2 Y2 —1+ (1000
rpm) L7:%%, 65°CTHZkEL 7z, R X Cit
o&EFE (0.00, 0.34, 0.63, 0.94 mmol -+ (gof
particles)!) DJEIC X b XCit/HA (X=0, 1, 2,
3) & L7, FFAMiE Y o R R A B AR K
(PBS) HCoORENM & ¥ — 2 EBMAHEE, %
SRRTH e EERE (UV-Vis), 22320 HlE,
KO, BRI D BRI X W T o 7=,

[ R & E K]

PBS cokEamiER (K 1 (a-d) ) 2
b, Cit BLf7icfE - TR (Ave) L ZH)
RE (Cv.) PMET L, ¥—XEMOHEIER~S
(H 1(e)) »5, CitEefric X v R m &
BT Y, BRI X 0 R e
InEEZLNT. UV-Vis OHITERHE (X
2) 76, Cit/HA EEo#EmE# i, Cit &h =i
o TR L, ~—XfHEIFE T L 7=, kit
] D SRR E RN R L BRI F 7 & O HEF I
L0, KB ~R S BL, BEAERIC 5
EEZ b, BRWHENEORE (K 3)
b, Cit&FICL Y b ok bic X - T
BCHIRAE 2325 L CELRImAE 23 K L, K7 7Rl
DI L=, 2hid, CitaFRDOH
IR o TR 2SRRI Be A L 7265 5 &
KLz, £z, HEERY 251 v (TCPS)
Zavie—ne L CHFMESEELZIT- 2
fHH, 3Cit/HA <Tix TCPS & He~-Cififuies
EEROBEEIEAIRE o7z, UEXDY,
Cit/HA R0 80 % F W CRn&EH 7 7 7 4 1L
MEHA R AR CcE, CtaFBICX VK
D F 7 HEE % HIE L, B S o B R % [
kcxanReExr R L 7.

Fig. 1. The particle size distributions of (a) 0Cit/HA,
(b) 1Cit/HA, (c) 2Cit/HA and (d) 3Cit/HA, and (e)
their zeta potential values.

Fig. 2. (a) Transmittance and haze value changes of
the Cit/HA films with the coordinated amount of Cit,
and the photographs of (b) 0Cit/HA and (c) 3Cit/HA.

Fig. 3. (a—d) N, (e) adsorption and (o) desorption
isotherms and (e-h) BJH pore size distributions of
(a, e) OCit/HA, (b, f) 1Cit/HA, (c, g) 2Cit/HA and
(d, h) 3Cit/HA.
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BREREMERE ZHERDHEBA T UEMHKET /24
ZHEELI I VI RAOERE ZOFE
ARSI LR, AR S A ) Y — REBA VAT 4 T2 |
TRIA R EERL, BIRKSE e~ ) T ERA Y AT 72—
ORI i, kM B0, 0 RO > R B>, JMh H2ik 2, i o

(=]

KHLER 70%DLFVEKEET "4 A + (HAp) BT 2 v 7 AIBFHEELF-Z L nMiEsnT
W5 [1], L22L7Aa s, HAp ITHEMEZ -2, iRz < BEY L U CiitRYE %2
fif 2 7o N TEREM OBRES I WD, FxixdnETICRY) =—FTv=—FT V7 b |k
\Z HAp AR S BTk, ¥ L— b A AT 54/ b= U U (IP6) % HAp FREIZEKEE
fiiL, =D IP6 OF L — MEGZN L THEMEA 4 O—D2ThHh LA A 2EELTEH L
EHELTWD [2], AFED BRI, BFERE & PR & 2 0ROl e B iiEM OAIRLTH
%o HARMIZIX, HAp ZUEET I v 7 A (RILZE 70%) OREIZHIEMER L OB ERIEER
R oHghA A4 & IP6 Z AW THEE LT, SHIZ, BNt T I v 7 ZOM B ZH
RAH L LB, PLEME, MREER X invive ERICEDEENKISZTHE LT,

[£5]

TIREA R T 7 ANR—DAERBEY HAp 25T 2 v 7 AO/ERIZ, BEH [1] (¥ U TIT
Rolz, ST HAp LB T I v 7 2%, 1000mg-cm™ @ IP6 IARICIRIE L, & HICHRE
725 0, 50, 100, 300, 500 mmol-dm= DIEALHEFATSIRIZIRIE L CHigh A 4 &/ HAp ZHLEE T
v 7 AEERLUTZ, B, VU7 DIE S ZnX) ERFE L. By aND X ITHAL ISR O
BRI L T 5, MBHEREREG & LT, X REPHEIC X 2 MHEORE, EARE T IMSHEIC
K DRSS, FHEAEE T T A RN INEIC L 28R O E &R L OHighA 4 > OEH
RER AT/ o 7=, PUAEVETHEE., 7T 2B EOSEG T RUEKE (Saureus) 38 X7 T ApalEE
DRGHE (E. coli)y ZRAWTBHIEFEIC X v 3 Lz, £7-. ER L 7-dih1 4 Eff HAp Z4L
Bt Ty 2A0MHEE AW THAER C5TBL6 ~ 7 A GE 25 56 B SRR S S7 kR MC3T3-
El Z#5:#% L, MfREMa 2 555 Lz, & olc, fighA 4 &Ml HAp 2B ET7 I v 7 ADF
REEB I OEFEELZHNL 7D, MOKREBLOHRICENLZ 12 BEFEA L%, Mk
FHIRHMI 21T 72 > 72,

[Fh 5 L B

VERL U 7= dfign A A4 & HAp BT I v 7 AT HAp H—MTH Y . #HEhA 4> OFEE
BOLRIMEEDRFF SN TV DT MEGR SN, Fio, HEhA A2 OMFFRIT, ELHEERTARK
DOIRFEITEA L THM L, HEFENRZVIZ EHh A 4 O EITZZ < K 6 R THEHITIRE
7T b—=IZE LTm, PEMEREClE. Saureus BEL N Ecoli DWTHNOEFIZEBWTY ., PrEtk
DIBENHGRENTZ, TNHORERIL. WH LA Ao RNEOEB 220 Thsr L%
2 BHD, MR I, Zn(0) 3B XY Zn(300) 1% Control (ZPCHLd™ 2 MMM HEHE 2 75 L7278,
Zn(500) OMAIEIT Control & bbiE L CTHE L < Lz, ZORERN S, Zn(0) LT Zn(300) (%
ZAAVENRE < Zn(500) (FAMRHN THIEESEZ R T AR R SN, £2, KIREEAIZL S
BAREME 2 P D AR AR 2> H 1X, MEFO P L OWE THAEE BIEEICER STV D
REDBIZINT, S5, IKHRWEAIC X 2858 E T M FRRHE Clk, SALNET
D AEE O HER STz,

INHDOZENG, WA AU EHEM LT HAp 2B E® T 2 v 7 A, MilaEtta RS
VLAt KOS WE TR A3 28l et N g & L CHifFTE 5,

[ 51 3Cik]
[1] Y. Yamada, T. Inui, Y. Kinoshita, Y. Shigemitsu, M. Honda, K. Nakano, H. Matsunari, M.
Nagaya, H. Nagashima and M. Aizawa, J. Asia. Ceram. Soc., 7, 101-108 (2019).
[2] H. Kakinuma, K. Ishii, H. Ishihama, M. Honda, Y. Toyama, M. Matsumoto and M. Aizawa,
J.Biomed. Mater. Res., 103A, 57-64 (2015).
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O-B-12

iPS MR DMFEEEFIR D= HDEERI R b LADEE

A RRFRERE - ASERERRRL, A EBRY - T TA 7 L RT AR
OPFBEAH: |, FFHOT |, B e 2

(=]

ORI TZOMERIZ L b7, FAERBEOERZAIEL TR, MimTiGLE Lo
iPSHIRROFI AN SN TWAD, 2O & 5 22l TELE ZiHA W = — X8R 5 72012, #l
farsse H LN EURICE L TV D, o2, S LzMpen TR 2 A<l sE 5729
Wi, B L TV DRI ZEE L CRIAT2 Z L b EERRRE S L TEXOND, Y

A IAMER R DB A 2 o T W E S b TR Y, HEMEEECH#HXIC L > TEL D TH
WEOIRED ) 23, ERAREELLRVEDLIAMNLAD1IDE LTEITLNS, 220D K 5 R TELDEE
WCHNEIC B R 5 2 DAREMED B D [Tz A R VA [ZHOWTHET 5 Z LI EARFIRKTH
%o LU, BEMEIEESCEES TECLIREIA h LAY iPS fliaic £ 5 BT N0 ToO
A J) = X LR T EIZ B9 0561 7,

el nE o, IR REGR T - FHIEINZ VT, BEBECTAECIIREA LA
23 iPS MR 52 BB DWW THFFE L C & 72, Y% 2 CARMISE TIE, Bk OREN A N L RAILE
H L. k28 U7= 3280 A2% iPS MRS 5 2 D B 2 (A2, Sk Ye B8 % O S r0 5T
M FEEZ AN TEACEE L-, &5, MIEEE 55N D ERIERE AV, TS %
o Z &, IREBIOA DR N ATEED & D D ZRGE L 72,

[ 525r]

iPS i Z 5 H MIHEAHESHE L=tk Wi E) (8 &ofh) B 21770 o7, HEas I I s
U 7= M & B8 TIRFIC S L7 a8 % fa - RNA-seq & IV, HEENAY iPS MR B IZ 5 %
DRBIZOWCRMI L 7= (K 1),

[FER - &%)

PRENAS 1PS MHIA DOEFERE, HEEHE/ & DRk 2 70 VBT B Z RIFT Z LB oz, Fi2,
RS DRSNS, IRENO B Z IERAIRHT 52 Z & L AEETH D Z E NN I LT,

ZOFERD | IRENE iPS MO SEK T A5 & 23720, Ek RO Mg~ DO IRE) & HilE 7
LZENEETHLZ ENbNroT, o, REDSHIIIC KT T HELZ R T 25HMER T, 5%
DR O L A 2 S % 5 AR EMIC /A5 LARE L TRV, [E T TR Y T iRE o
—Hlizi b EEZ TN,

1 s R B SR D A
(25 3CiK]

1) Dodson BP, Levine AD. Challenges in the translation and commercialization of cell
therapies. BMC Biotechnol. 2015;15:70

2) Vining KH, Mooney DJ. Mechanical forces direct stem cell behaviour in development
and regeneration. Nat Rev Mol Cell Biol. 2017;18(12):728-742

3) Kanie K, Sakai T, Imai Y, et al. Effect of mechanical vibration stress in cell
culture on human induced pluripotent stem cells. Regen Ther. 2019;12:27-35.
2019;12:27-35. Published 2019 Jun 6.
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RIEEBBEFEICEITI=ANY MBHIILY T4 T0A UIHORIE

VHORR TREFERFRE « Afy TR RL
O’ #HfEf' PE wHre!

[#=]

FUGERCNKBNZ L0 A U T2 < JRFIPHIC R SR TEREOIREIZEB W T, RO o 4 FURi%
D BRI % O UALRRETAE 2 35583 5 HI T, BBHEHM MER STV 5, IR OFIHIERE ©
DWENDRERT (GF) 13X, fHfkHTE 2 O 2 OB L B0 4245 O R REFH & 128 <
7o, KRBT ABREIZ GF 2R~ @ RICHEET 5 2 LId, IR I O EHE T AR D%
EEEICERATH D, ZIETIZ, GF WA LR B 2 7 U CRMGHER ~ LR S H AR
~EET DR NZ L MESNTWA DD, AENICEIT D GF OLERDIRES, WEM 5
DOEERSNIRETH 5, Lo T, AEKROIBHEIEFE THW SN D GF 2 LI+ 5 2 & T,
HELRRET A B P T o T2 o TR R 2 MRk RE o h) I 8) < AEHEM DBRS % B LT-,

& ZCARMIZETIL, GF OfEELEAL, S B~ DRSS IEHE I ) < (L2 D~/ % |
AR A, TEREIN TR BN R RO Tl E LTHEESND VT 7 0 7 A v (Silk
Fibroin : SF) ~ & {&fifi L 7= #4E(L SF A B2 ERL L 7=, ~ /R T o Bt SE & LT < A
INTEL., AGEEIZRT 5 IEMCEYM 2 RIERSICRT 2 EENBREIND, Lo T, £
B DAY o EGTFBED/NSNARY e EZNEIUEM LT-MEEERL L . MR e e L
TORMEZ A M, g9 2 2 & ¢, MEMEEIZ IS < BRIz mo 72k 7 A2 157,

[ 526%]

Ry EBN R 5 2 D~V > (Hep-High, Hep-Low) (2%} L. ZEGAIOHEALY 7 X1
(CY) ZENENRUGSE, FEB L VIER L2 SF KRR ZMZ TESICGEED Z LT
~/NY A& SF (HSFu, HSFL) KISK &2 1572, RIS OWE &% SF: CY : ~/X1J > =20:20:
2.3, 4, 5LTHZ LT, KN MBS EEBBEMICEIL S W, S DIT, KKK & AL
B CHETEAR DR, S A ML T T 4L LZ/ERI L SF ORB LA L LT
37 °CHEAHIEE 100 %D iR ERMETA X 2 _X— F L2 b O &SI AV =, BrEREE & L
THEROKREEfRAE . EKER, BIFPRERIERE 2 . RSB PEREE & L C e b IR PN B2 R e
(HUVEC). bt MEMEZEML (NHDF) O Kk QMG ER 2 i L7,

(g Sy =
~X Y &R SF A EHE, HSFu, HSFL & 128
JKVE « EIUKBEDS SFICHERTHEREICHM Lz, 74
Jb I F T O BUAKPEITAE i B2 S U 7 HE Mg ) & o=
L. HSFu, HSFL W94 fifnszas 12w 518 (60
~70 ° ) &R LU7= (Fig.l), 7=, BhFkEsMER]E
ML, EAKITEE D BB RS DL T 2VR S
oo SBIT, ~RY VT EDOENZ L > THE
KT OBMRMENELR D Z ERRBI NI,
HUVEC £ X O'NHDF O#:75, Mz 8)3 SF & b
RTCHEBICRES N, BEREMPIES 221EL
HSFL TIX HSFy £ VW L BHFICEE TH - 7=,
RETII M LT~ D518 LERiED
7S, RRE(L SE AR OMPE - RIS EA~RIE Fig. 1. Water contact angle of SF, heparin
WEOENZOW TR 2 HET 5, , ,
modified SF film (against SF * : p<0.05).

[F58E]
AHFF2 1T 5. IST WFZem B BB 7 1 7 5 & (A-STEP) FEZA R (AK&TH) (FRREER =
JPMITR214A) . HARE T RFZIZEBT B3GRV FE [H5RFERE 7 0 7 Z L) 1280 Fhi LT,
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1< ) A MIEERMAL /AR MAE (C & 1T £ B En X (A D FIR AT

KBOSLRT: BEFSR0T5ER MR ERK
OFFT Heth, Zx 2Bl B Ex

(=1

VZEMEICHRE O MR T AR (ONS) DIEH 7RI ZITHEE T, IHRP O~ EiT~ Y
ANRFFD ONS FEEERE 25| &L 23, MNIEN EFHE ¥ > 7 H o —FHHRE NI i gh
ZUaET 5 ZIP R v AR—Z— (Zrt-, Irt-like protein, SLC39A 77 I U —) 2dH 5,
ZD—2Th D ZIP8 1L, N—F 0V R ERTIE, MAKIIE, 7 v — W% L OfE
DHIHITERY, £z ZIPS R CIERMMEMBREE S/ MU BEARREE LT H 2%, CONS A
FCOEBERBEEIDHER S D03, BEREITRI O3 3%\, AT TrE~ 7 Ak fia/
AIBRAIAE (NSPC) 128D ZIP b T v AR —F —DEE 2D 72012, s LRiEICE T 5
14 FEEED Zip @5 OFRBUEM O Z TS 5 & & b, MMEFEERICH BICRBLNRED
T5 Zip8% RNA THRIZ LT/ v 7 X Uiz & & O3 BE O LI DV THENT L7,

[=5%]

IR 14 A H O ICR~ 7 ADJR{FIN X 0 438 L 7= NSPC % . DMEM/F-12 554112 B-27 Supplement,

20 ng/mL EGF, 20 ng/mL bFGF, 20 ng/mL heparin Z#sHN L 7= NSPC #§EHEE A2 W T ==
—T AT = TIETHH LT, £72, NSPC OSEFEEICIT Y MR LI 4 & T2 DUEM/F-12 B30
MWz, BRIl D total RNA i, WS L7z v a2 b LI, E&®AY RT-PCR &%
FINT Zip @I F00 b~ —H —Tbh D Glap & Tubb3 DFIXIFEH B AT~

F7o. RNA FHEREZIB IR OBRIIEL, BIFa— 7 1 v o BITNSPC 2 K% B TRk
FEL ., [R5 EREERE U2 EEBRICH W, SR OBRIZ, NSPC B Hm & HLAEME 2 By
FoREHIITASH L, NSPC % 24 WREIR(TEGE L7=1%12, Lipofectamine RNAi MAX Z 7=V AR~
=7 ¥ a ARIZT, Zip8 siRNA Z2 AN LTz, B\ 48 Wik, EH8H) RT-PCR 12T Zips FH
M O R A MR, Gfap & Tubb3 D mRNA FEEL & & ~7=,

[FER & B2

B5#8 L72 NSPC T, Zip @IaFDH T Zip8 12 Db IC R\ N E LK TFT5 2
LIRS T,

RNA F¥C K D Zip8 S B F28R Tld, xFHEHE & Fhiik L T Zip8 DFEBLE DK 60%4M1H = 41
el EDHER STz, Fo. Zip8 i LM Tk, BEIREE TS LISl kR IR X
BT Te b DO, MBHEOHNM & T 5L, TA et A h~v—AT—L LTHW
72 Gfap DFBEIIN O fF, —a—nr~—h—& L THWE Tubb3 DFBLEITH 5. 5 5% 7R
L7,

Zip8 siRNA %38 N U7 MW T Grap & Tubb3 DFRBEN LH LW 22 &b, Zips
DIEBLH NSPC DRGCFFEDHEFFICEE CTH L Z LN ST,
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I CO3 R ZIBEL 1= Y) VEE=HIL O ) LNk D E Y F RIETE

VRTA KRBT TR, WA EL T,
SRR K K B B I
SRR MR 7 ) T VERA 2T (7 b
OFHIBET- |, FPUIIORE |, ACREER | B Al BRMUREA 2, AR, IR S 2

[#5]

TEODIARETIE, BIEROD R NGERENRTEE SNTW5, X ClcEs
WS FA IR L0 U VBRI LT AUNERE AR L, 2 AU I T AR Al A PR S
T B iEE Y AT L (DDS) IZHED L, B LWV FRERIEZIRE L T D[], 2, KEET
REA N HAP) BT 2 v 7 ATHRIERIER 2 R S, T0v T 2 v 7 AR E TN A
B LT & A SN 2 hRANTEMAL TE 5 Z & AL LTV 5 [2], ABFFE T,
Z D HAp £V b AEERBINEDEWY R =H L7 I (TCP) i NERICHT CD3 Hiik 20 S 4,
FnaXxy VT T8 DS ZHENTAHIEEZHELTWS, AL, £9 in vitroRIZ
BWTHL D3 HUAEZHEFSE/ZTCP 7 2 v 7 AOREMIEIREZHA LN TH L L BT,
FERETHRN A~ T AT W K0 HT CD3 HURHEER TCP U NER D HUREE h 3R %2 5~ 7= D THis
T 5,

(7))

TCP FUNERITBERR [1] & [FARICE E W EFZ B IEIC LD A LT, o7k 50
MPa CT—HiNERHE L7z B, 1050°CT 5 KEfEBesk LT TCP €7 I v 7 X2 /E L7, 556
Ni=tF 3 v 7 2% 5 ppm OFHL CD3 HFLAREHRIZ 24 h, 4°C TiRiE LT, #1 CD3 HrikHE: TCP &
T v AEHT, FEREOSMETHIEEERARY AF L o7 L— MIHHL D3 Fiik Az i &
B, INHERETAHAZET TICP 53 v 7 20 HAMEELTE L-, HE%. £ Lic
C57BL/6N v 7 AHURMEAIf 286 L7, 58 1 B, 7 —0 A M A —F —ZH\TEMN
(s e fifE (CDB9 B PhEfiR) oFI G 2B Lz, F/z, ~ v AREAMEME B16-F10) ZHWT
HRA~T AR L, ZUCH CD3 PRz ks L7z TCP ka2 A > v =27 v a v L, BF
EOHIMIC O EEY A XEEEEARET D & &I, RPN Z1T 72572,

[#5 5 & &2

55372 TCP i/ NERD XRD /X% — 1%, TCP L 782 A4 FDOIBAFTHY . & HIZFT-1IR A
7 RVORIE T, PO, JEIZIRIE T 2 WINNFED BT, s EORE R XL v | T D3
PR ZHESE Y7 iE, RUVAFLOTFL—FRBIOTCP®T 2 v 7 A0t CD69
BPER B DB A A3 A B LT, BRI, TCP BT 2 v 7 ADFRE WL R 2 R LT-, 2D
e, TCP LIEIRIER & A B e D 2 & T, G LT B0 o £ s # 0
L. SEIERI DK E LCTTCP RAHTH D Z ENnhoT-, £7-. in vivo FEBROFER
MH, UNERER G LT~ T A, UNRZRE L TR~ R L i LT, @R A X
DR PHER I NIz, LEDZ Lt SERIEFRI O E LTTCP AEHTH Y, F 7= TCP
MNERITPUIES VR 2R L, TCP IENAREIRIEICA e A A~T7 UV 7 v e LTHiIfFcx
Do

[51H3CHR]
[1] M. Emoto et al., Cancer Sci., 101, 984-990 (2010).
[2] S. Kagami et al., J. Soc. Inorg. Mater. Jpn., 26, 74-81 (2019).
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BKIEZSESFUOERVIFLUT ) I—ILREBHIN -G L5HBRA
BIEERI DR

R TSN e ﬂ?ﬁnﬂ WP g Bk, ENIOPIERHSEIE N W - MRHIFZERRAS 1R
REMEAEHIT TE LIRS A A BERE 70 BF
O 7. & EH tbﬁfﬁ%{“\ FEATHE T ' BEARAENS L CEIERIN T AR SE
KIS L RATIE ' AR SRS MR, ke

Ol

[#5]

R 28 A EFARNIZ B W CTRIRITBEE O @S WA IHE CTh 5, KUIMTHIETE O — DI Mk S # D
R H Y . AFTIX Fibrin sealant (FS) 3LH STV B3, BEE MRV, W
%ﬁ'f%éfi EOREN D D, AT x X, ESIHFERTIEN W'E - B FeE & JLFE C,

I A Ay Y 70)'1279’*/(ApG1tn Alaska Pollock Gelatin) & 4 ZYIHI/R Y —=F 1
7 U a— /WG AT RO ZEERIN DR SN A FH Y —F > NAI(Z 8 F ) 2 B3
L7, 7%, 72 AZET, #7875 (ApGltn sealant: AS) & FS D&M OHEE
Nzt Uiz, £72. £EKZ v N2 HWT, 1@ oM 725 L7z,

[528r]

R © 7 2 FHIC 10mm KO AR %2 Bk, &3 —F > F&mEE L, Sw
B DO SGENIEZRE L7-(=5), 7 Z MO MEREIZE S Imm © 30X 30mm O F
o —7 0 haEEL, MEEESEy—7 2 MO EREISEBE CE < 2 b ik KEiE
Z W& L7=(n=5),

DEFESR - ERT X 2 2HMEE TSRS L, W 10mm O R 2 Bk, &2 —T v
MD'J%“%??& IR ATV, ’i/ﬁﬂjﬂfﬁﬂ#@ LIENEZHIE LT (n=4),
BPEFEER 7 v M A SRR T IS L, 2062 5mm ORI KIE & Bk, %> —T > b &AW
FZLMM L7, —EHMEERE 1, 7, 14, 28, 56, 84 H)ICFFBEM L 2FH L 72 (n=4)

[FE5 LB

T I F2BR Ot FEVEREAR Tk AS £ 102.9+15.6 cmH20, FS # 28.37+5.1 cmH20 T&H -
72(P<0.01), BHEHmfEIT AS £ 1893+292 mm2 $ L FS B 1302+213 mm2 THhH-o7-
(p=0.016), AMEFERTIL AS # 68.8+18.0 cmH20, FS #¥ 43.3+7.1 cmH20 Th 7=
(p=0.043), MEMER CIZIBETRNHIENTE TR, —F v MEZICHEET DT ILE
DIipinote, XT7BTF U032 » A THAMBRIZESR S vz, il OD*E%MH@%&@ AS #¥,
FS HECHBEZITRO RN T=,

i 5%5%/ IXEWWEEEEBIEEZ A L TR Y, BEMOM~OMEEINE FS FEEAE
IO oTo, FTETFAIERSNDOEEN DI EEIROEW—F R L
<. Euu RIS APHRETX 5,
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FEBIEY— FOREZBME LI-MEESERFIEDREZHNA

YRR - RFPBEABERI AR, 240 R « KRBT LA gest, B ARt JErn
"HEBRT  RPEGETRZER, CHAEERT: T TA T AT LSRR
Offbrm  —E! AT ' b BRSOk T W RS AR RE
T REAKC. R ARELY, g el e

(=]

D BHALRR COME X, AR TRINRICASRERRED — & L TR END, —ElENE
END E, TEAREZGI SR, BFRNLEL 2o BT R 2B 5720 F
oV A7 REED, ZDD, INEREEZISZ ENHETH D,

ﬁ%ﬁ%%t%&@10&Lf@ﬁﬁﬂ@ﬁ%ﬁéﬁ%héoL#L\ﬁﬁﬁméhfwéﬁ
EHHIEY— P EFEHA L CHIEBEIIRSICHEE NN V) FEMEOBREARD 5T\ 5,

bﬁm%ﬁéﬁﬁﬁ\iﬁmﬂﬁ iof@ﬁﬁ%%ﬂ%bfﬁh¢&ﬂ%ﬂ%%b NalvpR:
P~T7 4 7V URERB L, e @ e U CRMEEMIa N HEE L CHIFR BB S b 2 & Tk
Ed, 20D, Fex OBFETIREER LY — N OREIZ T AR E R 225 T D%
AL, BE LD RMEEZ RSE TS5 tEkare X e LTWAS, T2 T, AHFFET
FTF FE2ERA L, B 2 MIROBERMEZH ST 5 2 & T, AR SRR 59
LFmEtE BIE L Uiz,

AWFZETlE, Fix OMEIRIICH LTITH 2 & &, 2 FEOMREE V5 720, e 3L+
6%%7yﬂ4ﬂﬁﬁ%wfﬁ§E%Kﬁ5%Eﬁ%éoOib\ﬁﬁﬁmﬁéﬁ%Tyt4%
1T 9 7o DITITHE \THIE S AL 72 B CR ORI THEETh 5, il TlE, SE5RME, E5RE M.
IR it 2% ﬁf@@%m@%%wt%ﬁm PRS2 HEME A RGE T 2 ME L HD Y, £ T
%ﬁimT/k TR A R T oEi s o S AR ISR L7 7 > A SROREEL, WG ARAT
\Z XD EEFMEZ AT L CTIT o7z, TORER, BB E T2 EMIICAERICHERET 2 £ mz G
T%tt L INEHRET S,

[5£5%]

ARFGETIX, OIREEISAFAET DGR & | 8 OEIR & 72 2 EF b b R ERAMELE R o H
fodEE 2 BRI HIET 2 R E 2 b OomENIES— OB ABIESE Lz, X7F NOMAED
N RERRAET D Z & THIBEEIRME DT X OB RE O 21T > 1=, TR BFEBROLEND
7o, vl NyiEREAE W EZBR O RECHEED i LT D (K1),

[ L B2

WAL LS — b EOMMEESE T v A OFER LY AT RRMEE L L 0 b BB O BUKE

DB Z TR T W N gnoTz, £12. X7F FOMAEOEFHIORE R, RGOS
REEZFRNCT 2MAEDERENH D Z EXNHBA Lz, 612, aRy MyiEfs VT,
fufE A @ IRE 2 5 95 7 v v A SRR LTz,

X1 AR
[ &35 3CHik]
1) Diamond MP., et al: Gynecol Surg, 9(3):237-245(2012).

2) M Niepel., et al.: Cell Systems, 9, 35-48 (2019).
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HBNFEREZBRB LI AFLYIIL—RENA FAXSTIREA

T/ HFORIHE & EFERI

D FHE

U R B B2 R PR B TR Ze R, 2 W' - APEHIFZeRERE e B A BEBR S « 15 H T
3 JSPS #E5IFZE B DC
OIHE gk L3, e B2 2En Hifd!

[# 5]

SERRIT R, e & e R A 2 b R
T3 —HIHBE ('0y) 1T X o CHllEEE 25| 2 i
L Mg S ¢ 2RIECH D, AFL VT
L— (MB) 13E 7 ~—IREETEFIC 10, ZEK
T 508, BEERARDIZCEITR &I X 01 ikHE
DEALIT X 0 'O A FRAEDME T 3~ 22 B - 7=,
ZzZT, Al v RECLKECHFLEI LS
7dic, MREARIOEHICEHL TE 7k, KR
e TlE 'O EAREICEINL 2 MB 73 T 2 s L 72
A FuFxFeT7 %24+ (HA) K (HM) ZE|
#L, MB 0T OFEREZ G- E%2 L. HM KL
T EZRY AT 7R AMBE~TRE % BE L T
10, 1T X 250 % 7 L 72 (Scheme 1),

[ £ 8]

HM [3fA A& P/Ca ALY 0.6-4.0 12725 XD
IR A (CaCly H0), 8 B (KoHPO4, H2O.
MB) ZNZ % JiE | mL/min T~ 4 7 0 jitigN
CTERTRS - KGE €72, 20%, KIGHR
ZIRI C (H,0) ~Jid 2 mL/min G & L CTRIEK
R 27, KICEDBUR % 40 °CTINEEER L 7=
BITPEF L. 80°CTHAIE L 72, kM 12 XHM (1
AH D P/Ca E L X=0.6, 0.8, 1.0, 1.3, 2.0, 4.0)
& L7z, aHiffi i, FT-IR & SEBUKHTIRINA <= 7 + L
KX DTV, AT PGB Y ZBAED 7 4
YT AVIICEVITo T, WA SN2 MB 51D
X, HM ZHEMIC/AfRE X2, MB 0 FICHkT %
WNH D 2> DR EMR 2 FR LB L 72, HEr
I/ MB 37 DE/ ~—&IZ, MB {HffE L X
~7 PASHECHR R E ) = — Ko OEIG L ORED
6 %llﬁ L f:o
[# R & EF K]

FT-IR A2 F 2> b, fliA P/Ca E V23
s 2icoh T, HM KD P-OH %t & KEEE D
SHEFMET L, MB OEY 4 F(P-O % Ca®)
DEBHLTWD &Pl E Nz, IEEUETIRIL R ~
27 bv% MB £/ ¥— (Monomer), H#lD % 4 <
— (H-dimer). H BUDOEEEM (H-aggr). KT, JH
DEEMR (J-aggr) 1T HEL 72 (Fig. 1 (a)). < D
BB EIE IR AR R D P/ICa TN DB RICHE
> CHEREEMR (H-dimer & H-aggr) 2330 L .
Monomer 1XJHA 3 2 HAAE & L7 (Fig. 1 (b-
g))o T NZ LD MB 7 1 DIHFF &8 % € L 72455,
20HM 2 KoHff % R L7z, HffRL E/ <
— K EIGOE»LWE LT MB £/ ~—531D

BERo/i-E A, 2.0HM DK TH - 7= (Fig. 1 (h)). T iit, P/Ca ENLLOBEIMIC X D |

Starting solution

Flow reactor with Y type junction

Adsorption of MB* molecule

®| jow Pica high (@~ o ®
H NN =2 molar %
o %9 % O

:.. Interaction between MB* monomer and HA

HM
nanoparticle
Singlet
& oxygen
NS—=J] generation

Photodynamic
therapy

Laser light
irradiation
(635 nm)

Cancer cell Cell death

Scheme 1. Illustration of the outlines of the
synthetic HM particles and photodynamic
therapy of this study.

i L
/I!F s. V!l\ /,!f s \N'N\ 5 T/
Monomer J-aggr
. | | I,
/N S. 0] N\ TN S. N\
N. N,
P .
Ny 5 N Ny 'S N
| | | N |
H-dimer H-aggr
— Monomer —— H-dimer = Raw spectra
Re-synthesized
H-aggr — J-aggr - spectra
(b) 0.6HM (c) 0.8HM (d) 1.0HM
2.02eV 201ev 2.0 eV
%LA'S 2 25 3 15 2 25 15 2 25
(e) 1.3HM (f) 2.0HM (g) 4.0HM
2.24 eV 2.08 eV 2.16 eV
1.5@ 15 2 25 15 2 25
N Energy / eV
Sg 08
=25+ ]
ggego
ST g 1] 4
n o 1S
&J 2 m=3
8 E ~ -
g o
Initial P/Ca molar ratio
Fig. 1. (a) Possible MB molecular interactive
states on the HM particles. (b—g) Peak

deconvolution results using Gaussian fitting of
the UV-Vis diffuse reflectance absorption
spectra of XHM particles based on (a), and (h)
their resultant adsorbed amount of MB
monomer with the initial P/Ca molar ratio.

U VIR

A% v & MB OHAERBESEML, REICKE L7ZREA 4 v oic Xk ) MBWES A b A
L, MB OWEBRERNTHY, £/ <—IRETCOWEDEMICR T E 25, KFERTIIL,
IREEIEHICRE 5 HM KL 7D 10y ZEAREE D FEAMAS 3R & Hc A MIIE~D R E L {3 5,
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U7 T 7IVIMREA LY AT A DOEBIC AT T
wwORRIEIC K D EW KT 4 v & —ERL

HCRCER R RS EHE T -2 Wb B A REE - BB R
ofFH #fifE 7 - g WAZ - R R

(=]
BAT O MAGENTIZE 2 I Uiz BEY - mFIK O « iz L 5REL2 TREE LTV D T
W, —EH7D 120 L HbOBTEPLETH D, TDTDTA T T4 2 R~Hl Sz KERRCE
FETOFERIZREETH D D, £ Z TRIFFERETIE, WAERY ~—D7 7 A /8—< F v 7 A
BIRD T ANE—FBMOBRREEIToTCNDD), ZDT 4 NH—L, T7A 3=~ I v 7 ZAEEN
KONRy F IR TR WK FTREZ2 72D, /N2 D = 7 T VIMIENT > AT L DBASE~D1E % B <
PR LCHIRE S D, LvL, 7 4 /v &2 —BM OAEEM DO B0, Mgl g7z &gk
TREPFEND D, = 2 CERFETIE, Bz 7 7 A 3—~ FU v 7 Z{ERE L L CEOs5% (CS)
FEICHEB Lz, ZOETE LT, AVDLHRREEZSRH L7 7 A4 S—2E83 25 5ETH
Do ARAFFETIX CS IEZHWTEWAMERY ~—DR Y 727 VLR (PAA) O DT7 7 A /83—
FU w7 ZAEAERLL, ZOWKMEER LMK ~DRE LT 5 2 LT, VT T 7 IVIMiRE
by AT LAOEBIZET =A% BT,

[3E82] PAA KN O X v A N7 4 NV AEER LT, S0 0727 4V A% BE L7212, NaOH
& NaCl IR OIREWINC | BERRIE L, W52 & T, RUT 7 U R Y 74 (PSA) 7 4
N ERHR LT, BoNT=7 4 VAOEEZRET 5 2 & T, 72 Z8E 5k OV Na LB S
e E L, fimfl L7254 C PAA KIS Z BV L 72 8 B Dok L PSA 7 7 A 73— % {ERL
L, MiEHFTOT7 7 A4 N—DHENEEL Y OWKELBENSEE Uz, FEBICmR 2 Lz
& X OB ERME, EEE FIMEE (SEM) Eif% CO ML O X5 OB B RN L 7,

[FEH L EER] 7 4 L L% HOTZZEE SRR L O Na

SUFR S ClE, EG JEEEDY 16 wt% T 1 M NaOH @ & 40.0
TR ROBMEEZ R Uiz, ZOFRMETT 7 A /73— 300 |
< Y w7 REERILT-, CSIETHEZPSA 771 .
N—2EL 4~15um TH Y, kot Tchsr=1L 7 2

e A =>7 (ES) EOHARH & 7=V K 500 %
D 16.8 g/ O E CTHEEIC/ER T2 Z LIk L
720 MK CTHHE L T2 A O RED 7 7 A4 /N—DH
NEEM -0 O /KE% Fig. 1 (TR 7, CSIETH
727 4 v — 1% 1 K T 36.5+3.4g-H,0/g-fiber

(n=3) WK$%5 7, ES IETHET 4 V¥ —IT
20.0+1.6g-H,O/g-fiber (n=3) T&H V¥, Mk TDOHIK
MIZ 16 CSIETER-LEY 7 A N—~ ) v 7
ATH ETDHZENRPALNI -T2, RIZ, 7 4L
H— IR S8, MROWImEEZHE LZE 2
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Versatile mitogenic and differentiation-inducible biomaterials attained by

immobilization of adhesive growth factors
"*Xueli Ren., *Seiichi Tada., !? Yoshihiro Ito
'Nano Medical Engineering Laboratory, RIKEN
’Emergent Bioengineering Materials Research Team, RIKEN
[Introduction]

Biomaterials have been utilized to augment body functions or replace damaged tissues for past several
thousand years. Various biomaterials, including organic and inorganic matters, have been developed for
artificial organs or tissue engineering, such as metal and ceramics for artificial bones, artificial joints,
and dental implants; plastic for intraocular lenses, artificial blood vessels, and dialysis modules, etc. In
general, artificial materials have no biological functions, which become the limitations and obstacles to
the translation from basic research to clinical utilization.

Growth factors, a group of proteins

that stimulate the growth of specific
tissues, play an important role in
promoting cellular differentiation and
cell division. Recent studies have
revealed that the immobilization of
growth  factor protein  confers Figure 1. .Illus?ratiqn of a(.lhesive growth factors on the substrate to
biological functions to biomaterials, &¢nerate bioactive biomaterials.
Still, the immobilization methods for biomacromolecules on biomaterials, especially inorganic surfaces,
with maintained bioactivity are yet limited. Therefore, 3, 4-dihydroxyphenylalanine (DOPA), which is
a noncanonical amino acid found in mussel foot proteins (Mfps) and plays an important role in the
binding of marine mussels to solid surfaces by providing a wide range of interactions, was attempted to
be incorporated into the macromolecule for the adhesiveness.

In this study, adhesive growth factors, epidermal growth factor (EGF) and insulin-like growth factor
(IGF), were intended to be developed (Figure 1). The adhesive growth factors were expected to form a
nanolayer on materials surfaces and impart mitogenic and differentiating activities to biomaterials.
[Experiments]

To generate adhesive growth factors, the DOPA moieties were incorporated into EGF and IGF via the
solid-phase peptide synthesis method. Then, binding affinity of adhesive growth factors toward
biomaterials were evaluated. The adhesive EGF and IGF were immobilized on some types of
biomaterials: titanium (Ti), hydroxyapatite (H), and polystyrene (PS). Also, the biological activities of
modified biomaterials were evaluated through cell proliferation and differentiation assays.
Furthermore, the signal transduction induced by the growth factor attached biomaterial was investigated
by studying the intracellular distribution of the phosphorylated receptors.

[Results and Discussion]

The synthesized growth factor derivatives showed a high binding affinity to a range of material
surfaces (Figure 2) and promoted cell growth more efficiently than soluble growth factors. Adhesive
growth factors modified biomaterials induced proliferation or osteoblast differentiation to a greater
degree than bare materials with additional soluble growth factors. The results indicated that such
enhanced biological activities are caused by the prolonged activation through the cell signal transduction
occurred at the biomaterials surface (Figure 3). The adhesive growth factors provide new functional
biomaterials and elevate the development of medical devices.
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Figure 2. Binding analysis of adhesive growth factors (EGF-  Figure 3. Distribution of phosphorylated EGFRs in

DOPA and IGF-DOPA) to material surfaces via quartz crystal ~ A431 cells observed using a confocal microscope.
microbalance-dissipation.
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Cell-Surface Engineering with Functional Peptides to Enhance Cell
Interaction for Stroke Therapy

"Isha Goel, ' Makoto Noiri, *Yuka Yamauchi, *Koichi Kato 3'4Yuji Teramura
! Department of Bioengineering, The University of Tokyo, Japan; *Department of Biomaterials, Hiroshima
University, Hiroshima, Japan; *National Institute of Advanced Industrial Science and Technology (AIST),
Tsukuba, Japan, *Department of Immunology, Genetics and Pathology (IGP), Uppsala University, Sweden

Introduction

An ischemic stroke occurs when a blood vessel becomes blocked and deprives the downstream cells of
nutrients thereby causing cell necrosis and impairing the brain function due to hypoxia caused cell death.
It can lead to different effects such as chronic disability or dementia. Current treatments are available
only within a certain period of the onset of stroke and the necrotic cells are irretrievable. In this study
we synthesized a molecule complimentary to stroke cytokines for efficient recruitment of neural stem
cells near the infarct area for a protective and therapeutic effect. The molecule consists of an E-selectin
binding peptide (ES-bp) conjugated to poly(ethylene glycol), and phospholipid. iPSC derived neural
progenitor cells (NPCs) were modified with these conjugates and their properties were characterized
and their interaction with E-selectin was examined. These cells can serve as a candidate for cell therapy
for stroke.

Experiments

iPSCs were differentiated into NPCs in a suspension culture of high glucose, serum-free media and the
supplements including antibiotic, B27, EGF, bFGF, heparin, and retinoic acid. The cells were sub-
cultured every 6 days, 4 times to obtain neural progenitor cells from fourth generation neurospheres.
Maleimide-PEG-lipid (PEG: 5 kDa and 40 kDa) was conjugated with E-selectin binding peptide (Esbp
[DITWDQLWDLMKGGGC] and FITC-Esbp) (Fig. 1). A scrambled peptide was used as a control of
Esbp. We examined the binding property of Esbp-PEG-lipid to E-selectin using QCM-D (quartz crystal
microbalance) apparatus which measures the binding of substrates by shift in frequency. Then, the neural
progenitor cells were modified with Esbp-PEG-lipid by incubating for 30 min at room temperature,
followed by washing with PBS. We used FITC-Esbp-PEG-lipid to examine the cell modification using
confocal microscopy and flow cytometry and calculated the incorporated number of Esbp-conjugates.
Cell viability and gene expression were studied at 5 days after the modification. Finally, we performed
the binding assay of modified cells onto E-selectin-immobilized surface.

Results and Discussion

Binding study by QCM-D showed that recombinant E-selectin specifically interacted with Esbp-PEG-
lipids, immobilized on the sensor chip surface. When cells were modified with the FITC-conjugate, we
could detect strong fluorescence from FITC-Esbp on the cellular surface of iPSC-derived neural
progenitor cells, indicating that the cells were successfully modified with Esbp-PEG-lipid. The number
of incorporated peptides into the cell surface depended on the concentration of Esbp-PEG-lipid and
reached approximately 2.2 x 10* and 8 x 10" in case of Esbp-PEG(40 kDa and 5k)-lipid respectively,
which is much higher than the number of membrane proteins. We observed the formation of smaller
neurospheres at day 5 with no change in viability. All the cells were collected, and gPCR was performed
for expression of typical neural differentiation markers, f-tubulin III and nestin with respect to the
housekeeping gene GAPDH, which indicated no significant difference in expression level. Then, when
the cells modified with Esbp were incubated onto E-selectin substrate surface, the treated cells showed
the binding onto the substrate, indicating the specific interaction between modified cells and
immobilized E-selectin. These results indicated that our modification has no cytotoxicity and helps the
cells localize in E-selectin rich area.
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e-Poly-L-Lysine / Guanine-Quadruplexes CpG Oligodeoxynucleotide

Complexes for Vaccine Adjuvant Applications
“'Dandan Zhao, 'Anh Thi Tram Tu, 'Chiaki Yoshikawa, '*Tomohiko Yamazaki
! Research Center for Functional Materials, National Institute for Materials Science, 1-2-1, Sengen,
Tsukuba 305-0047, Japan, ° Graduate School of Life Science, Hokkaido University, Kita 10, Nishi 8,
Kita-ku, Sapporo 060-0808, Japan

[Introduction]

Oligodeoxynucleotides (ODNs) which contain unmethylated cytosine-phosphate-guanosine (CpG) motif
have attracted great attention in recent years.! This CpG ODN can be recognized by toll-like receptor 9
(TLRY9) and activate innate and adaptive immune responses. Therefore, CpG ODNs have a great potential to
be used as a vaccine adjuvant.> However, several barriers greatly limit the use of naked CpG ODN:Ss clinically,
such as easy degradation by nucleases, inefficient cellular uptake. To increase the enzymatic stability of CpG
ODN, we reported a structured CpG ODN named Guanine-quadruplex CpG ODN (G4 CpG ODN).>3
However, the hydrophilicity and negative charge of G4 CpG ODN:ss still severely affected the efficiency of
cellular uptake. In this study, we used &-Poly-L-Lysine as a G4 CpG ODNs delivery system to enhances the
cellular uptake property of G4 CpG ODN. The negative charge G4 CpG ODNs condensed by positive charge
€-PLL to form a nanoscale polyplex.

[Experiments]

Various e-PLL-G4 CpG ODN polyplexes with different N/P ratios were formed. Dynamic light scattering
(DLS), zeta potential, and scanning electron microscopy (SEM) were used to characterize the size, charge,
and morphology of the polyplexes. The serum stability of these polyplexes was estimated by polyacrylamide
gel electrophoresis. Flow cytometry and confocal fluorescence imaging were used to evaluate the efficiency
of cellular uptake. Finally, we use mouse macrophage-like cells (RAW264) to evaluate the cytokine induction
level of all the polyplexes.

[Results and Discussion]

Figure a) Zeta potential and hydrodynamic size of e-PLL-G4 CpG ODN at different N/P ratios. b) Serum
stability of free G4 CpG ODN, or e-PLL-G4 CpG complexes with various N/P ratio in 50% fetal bovine serum
media after incubated for Oh, and 4h. ¢) Confocal microscopy image of cellular uptake of e-PLL G4 CpG ODN
polyplexes in RAW 264 cells.

e-PLL-G4 CpG ODN complexes were prepared by mixing polymer solution with equal volumed G4 CpG
ODN solution. As shown in Figurel a), the average size of complexes decreased with increasing the N/P
ratio. At a low N/P ratio (N/P=1), the average polyplex size was about 300 nm, and it was decreased to 160
nm at a high N/P ratio (N/P=20). e-PLL-G4 CpG ODN complexes at N/P=1 exhibited a highly negative
charge (-36 mv), upon increasing the N/P ratio to 2, the polyplexes showed a positive charge around 5 mv.
Serum stability was measured by polyacrylamide gel electrophoresis (PAGE). Figurel b) suggests that the
stability of G4 CpG ODN was increased after condensed by e-PLL. Confocal microscope result (Figurel c))
indicated the formation of e-PLL-G4 CpG ODN complex could increase cellular uptake of G4 CpG ODN.
Strikingly, e-PLL-G4 CpG ODN polyplexes induced extremely high cytokine express levels by using a small
amount of CpG ODN. Moreover, the cytokine induction level could be easily tuned by changing the N/P
ratios between positive charge e-PLL and negative charge G4 CpG ODN.Research on the use of e-PLL-G4
CpG ODN complexes in vivo is underway.

[Reference]

(1) Hanagata, N. Int. J. Nanomedicine 2017, 12, 515-531. (2) Yu, W.;et al. ACS Appl. Mater. Interfaces
2020, 12, 17167-17176. (3) Hoshi, K. et al. Nucleic Acid Ther. 2019, 29, 224-229. (4) Tu, A. T. T.; et al.
Biomacromolecules 2020, 21, 3644-3657. (5) Safitri, F. A. et al. Biomolecules 2021, 11, 1617
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Apoptotic cell-inspired nanoparicle for anti-inflammation therapy

'*Lju Yihua, >3 Ebara Mitsuhiro
!Research Center for Functional Materials, National Institute for Materials Science (NIMS), Japan,
’Graduate School of Pure and Applied Sciences, University of Tsukuba, Japan, >Graduate School of
Advanced Engineering, Tokyo University of Science, Japan. Tel: +81-29-851-3354 (8764), E-mail:
EBARA.Mitsuhiro@nims.go.jp

[Introduction]
The outbreak of novel coronavirus is around the
world. The lungs are inflamed by the assault from novel
coronavirus. The severe inflammations from pneumonia
can also widespread lead to organ damage. The chronic
inflammatory is the common denominator for a lot of
diseases. Although some anti-inflammatory drugs have
been developed and successful in therapy, their
limitations cannot be neglected. The benefit is good in
early disease but not in late disease, the challenges for
tissue damage still exist. Moreover, the adverse effects
relate to host defense maybe occur due to more potent
anti-inflammatory therapy. On the other hand, apoptotic
cell is reported as a trigger for anti-inflammation effects. ) ) )
However, the application of cell therapy is restricted by ~ Fig 1. The strategy of this study is to

the inconvenient availability on the market, risk of reject ~ 1nduce M2 microglia polarization to
reaction and high cost. exert an anti-inflammatory property via

The purpose of this study is to develop apoptotic ~2Poptotic cell-mimetic MPS.

cell-mimetic nanomaterials by methacryloyloxyethyl

phosphorylserine (MPS) polymer for inflammatory

therapy (Fig. 1). The strategy is inspired from anti-inflammatory M2 phenotype, due to researchers
found inflammatory M1 phenotype macrophage could turn to an M2 phenotype in response to cytokine
interleukin 4 (IL4) and exerted an anti-inflammatory function.

[Experiments]

Poly  (butyl methacrylate  (BMA)-co-2-
hydroxyethyl methacrylate (HEMA)-co-MPS) was
synthesized through post-polymerization reaction .
MPS nanoparticles were obtained via self-assembly
mechanism.

[Results and Discussion]

MPS nanoparticles regulated microglia was
evaluated through in vitro expression of peroxisome Fig.2  Inflammatory  cytokine  IL6
proliferator-activated receptor gamma (PPAR-y) and  production.
interleukin 6 (IL6).

After incubating MPS nanoparticles with M1 phenotype microglia for 24 h, the expression of anti-
inflammatory signal PPAR-y on microglia showed significantly higher than untreated MO and M1 group.
The inflammatory signal IL6 of MPS nanoparticles treated group significantly decreased (Fig. 2), that
is, MPS promoted inflammatory M1 phenotype to anti-inflammation M2 phenotype. Therefore, the
apoptotic cell-mimetic MPS nanoparticle is a good candidate for anti-inflammation therapy.

[Reference]
[17Y. Nakagawa et al., ACS Biomater. Sci. Eng. 2019; 5(11): 5705-5713.
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Hybrid Bicelles for Transdermal Drug Delivery Application

*Kon Son, ?Yoshiro Ito, *Motoki Ueda
'RIKEN Center for Emergent Matter Science (CEMS)
’RIKEN Cluster for Pioneering Research (CPR)

Introduction

Mixture prepared from a combination of lipids having longer and shorter alkyl chains has been reported to
assemble into phase-separated disk-shaped assemblies, referred to as bicelles. Unique shape of bicelles arise
from mismatch in the critical packing parameter of the two lipids which have differing hydrophobic chain
lengths. Furthermore, bicelle’s shape is ideal for transdermal drug delivery applications since their diameter
between 15-50 nm and thickness of 4—6 nm allow for delivery through the stratum corneum and into the
epidermis ['l. Unfortunately, bicelles composed purely from lipids are known to suffer from dilution where,
bicelles essentially transform into vesicles [2J, making them unsuitable for effective delivery to the epidermis.
Here, we demonstrate a method to overcome this issue by incorporating peptide amphiphiles which has a
well-defined hydrophobic a-helix [l as a secondary structure in the bicelle composition (Scheme 1).

Experiments

Glycolic acid-poly(Sar),-b-(L-Leu-Aib)s, GSL16, a hydrophilic polysarcosine attached to 16-mer
hydrophobic helical block composed of leucine and aminoisobutyric acid was synthesized and stored in
ethanol as a stock solution. The amphiphilic polypeptide solution was injected into a dispersion of 1,2-
Dimyristoyl-sn-glycero-3-phosphorylcholine (DMPC) or 1,2-dipalmitoyl-sn-glycero-3-phosphocholine
(DPPC) liposomes and stirred at room temperature. Next, this mixture was heated at 90 °C and assemblies
were observed under TEM and AFM to confirm morphology and transient transformation. The samples were
also tested for their membrane fluidity in comparison to bare liposomes.

Results and Discussion

When GSL16 was injected to a dispersion of DMPC or DPPC liposomes, TEM observation revealed that
introduction of GSL16 disintegrated the liposome into fragments believed to be composed of lipid and
peptide components.

Upon application of heat shock, uniform bicelles of approximately 50 nm were prepared from DMPC
liposomes and those measuring 100 nm were prepared from DPPC liposomes. Various ratio combination of
mixtures was prepared to observe the bicelle assembly phenomena and it was determined that the highly
ordered nature of GSL16 kept the dimensions of bicelles in similar sizes, suggesting that hybrid bicelles can
are assembled with peptide amphiphile playing a key role restricting assembly morphology. Analysis of these
hybrid bicelles under AFM demonstrated their thickness to be approximately 4 nm and SAXS measurements
provided clear indication of their disk morphology.

Scheme 1. Transformation of Liposomes into Bicelles.

References

1) L. Barbosa-Barros, G. Rodriguez, O.Lopez, Small 8, 6, 807-818 (2012)
2) J. L. Rigaud, D. Levy, Methods Enzymol. 372, 65 (2003)

3) M. Ueda, S. Seo, Y. Ito, ACS Nano, 13, 305-312 (2019)
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Exploring the Potential Utility of Azido-Incorporated Silk Fibroin as a
Drug Carrier Material

L2%Tjan Y., 'Tsuboi H., *Teramoto H.
Institute of Agrobiological Sciences/NARO, *T-LSI/Univ. of Tsukuba

[Introduction]

Silk fibroin, the major protein component of silk fiber produced by the domesticated silkworm Bombyx
mori, has been extensively studied for its biomedical applications because of its non-cytotoxicity, low
antigenicity, biodegradability, and worldwide established industrial basis for mass production. Silk-based
materials modified with bioactive compounds would have enhanced potential as innovative biomaterials for
drug delivery and tissue engineering applications.

Genetic code expansion (GCE) is an emerging biotechnology tool to realize the incorporation of synthetic
amino acids into protein biosynthesis (Annu. Rev. Microbiol. 2017, DOI: 10.1146/annurev-micro-090816-
093247). GCE has recently been applied to B. mori, which has enabled the production of silk fibroin
incorporated with an azido-bearing synthetic amino acid, 4-azidophenylalanine (4CS Synth. Biol. 2018, DOI:
10.1021/acssynbio.7b00437). The azido-incorporated silk fibroin could be a versatile platform to produce
silk-based functional biomaterials because azido can be selectively modified with any functional molecules
such as pharmaceuticals by click chemistry reaction.

In this study, potential utility of the azido-incorporated silk fibroin as a drug carrier material for drug
delivery applications was investigated.

[Experiments]

Fluorescent dyes such as AFDye488 and Cy5 were used as drug models. These dyes were immobilized
on the film of the azido-incorporated silk fibroin by click chemistry reaction through a UV-cleavable
bifunctional linker (Fig. 1A). UV-triggered release of the dyes under the physiological condition (PBS, 37°C)
was tested by irradiating the film with 365 nm UV light to cleave the linker.

[Results and Discussion]

Fluorescent dyes were selectively immobilized on the azido-incorporated silk fibroin film by click
chemistry reaction, and the immobilized dyes were successfully released from the film in PBS at 37°C
triggered by 365 nm UV irradiation (Fig. 1B). The rate of the release can be controlled by UV irradiation
time. These results demonstrate the potential utility of the azido-incorporated silk fibroin as a drug carrier
material.

Figure 1. (A) Structure of the UV-cleavable bifunctional linker used for the immobilization of drug models
onto the azido-incorporated silk fibroin film. (B) UV-triggered release of a drug model, AFDye488, from
the azido-incorporated silk fibroin film. The lower right half of the film was masked with thick paper.
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Enhanced biomechanical performance of additively manufactured Ti-6Al-

4V bone plates

*Saurabh Kumar Gupta, 'Nagur Shahidsha, 'Sumit Bahl, 'Dhaval Kedaria, >Sarat Singamneni, *Prasad
K.D.V. Yarlagadda, 'Satyam Suwas, 'Kaushik Chatterjee
!Department of Materials Engineering, Indian Institute of Science, Bangalore, India
’Department of Mechanical Engineering, Auckland University of Technology, Auckland, New Zealand
3School of Chemistry, Physics and Mechanical Engineering, Science and Engineering Faculty, Queensland
University of Technology, Brisbane, Australia

Selective laser melting (SLM) of Ti-6Al1-4V powder was utilized for fabrication of near-net-shape bone plates.

SLM produced parts have martensitic microstructure which resulted in poor ductility, thereby limiting the
application for components. Cyclic heat-treatment based on repeated heating and cooling below but close to
B-transus was applied to bone plates after fabrication. This heat-treatment resulted into transformation of the
martensitic microstructure into bimodal microstructure. 3-point bend test and tensile test performed on heat-
treated plates have shown large improvement in ductility and the results were comparable to the plate that
was manufactured from wrought alloy. Corrosion behavior of plates was assessed in simulated body fluid
and results show that the corrosion resistance in as-manufactured, heat-treated and wrought plate samples
were similar. Cytocompatibility in vitro was assessed using MC3T3-E1 for and results show that heat treated
plate samples as cytocompatible as the additively manufactured and wrought plates. These findings
demonstrate that biomechanical performance of additively manufactured bone plates can be enhanced by
performing heat treatment and comparable to the plate manufactured from the wrought alloy. These results
have important implications for the fabrication of patient-specific metallic orthopedic devices using SLM

without compromising their biomechanical performance by subjecting them to a tailored heat treatment.
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Reprogramming of Human Amniotic Fluid Stem Cells into Universal
Induced Pluripotent Stem Cells
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[Introduction]

Stem cells are an attractive source of cells for cell therapy. Pluripotent stem cells (PSCs), such as embryonic
stem cells (ESCs) and induced pluripotent stem cells (iPSCs), have the potential to differentiate into any of
the cell types derived from the three germ layers. However, the disadvantage of human PSC (hPSCs) therapy
is that large numbers of different types of hPSCs with specific human leukocyte antigen (HLA) class I and
class II types should be prepared and banked for patient therapy. Recently, human PSCs (hPSCs) similar to
hESCs were obtained from adult somatic cells by inducing "forced" expression of certain pluripotency-
related genes, which is called as iPSCs. However, it takes time to generate mature human iPSCs (hiPSCs),
and hiPSCs require testing to verify that there is no gene abnormality and no contamination with viruses or
other pathogens, which leads to a high cost of hiPSC therapy. To reduce the high cost of preparation for
hESCs and hiPSCs that match the HLA types of specific patients, it is necessary to develop hPSCs that do
not or less express HLA class Ia (HLA-A, -B, and -C) and class II (universal or hypoimmunogenic hPSCs)
even after differentiation into specific lineages of cells. Here we report generation method of universal
hiPSCs from multiple sources of human amniotic fluids without gene editing.

[Experiments]

Human amniotic fluid derived from multi donors were mixed and incubated for 2 days at room temperature.
Subsequently, the mixed amniotic fluid was seeded into cell culture (TCPS) dishes to isolate human amniotic
fluid stem cells (hAFSCs). hAFSCs were cultivated in hAFSCs medium containing Sendai virus
reprogramming vectors (CytoTune™ 2.0) at the proper multiplicity of infection (MOI), which was counted
as day 0. The medium was replaced with fresh hAFSCs medium every day from day 1 to day 6. Transfected
cells were passaged on Matrigel-coated TCPS on day 7. The medium was changed into complete Essential
8™ medium on day 8 and the universal hiPSCs colonies gradually emerged on the dished in 3 to 4 weeks.

[Results and Discussion]

Universal hiPSCs were generated without gene editing, which were reprogrammed from fetal stem cells
(hAFSCs) with mixing 2-5 allogenic donors but not with single donor. We evaluated HLA class Ia and class
IT of our hiPSCs and their differentiated cells into embryoid bodies, cardiomyocytes, and mesenchymal stem
cells. We further evaluated immunogenic response of transient universal hiPSCs with allogenic mononuclear
cells from survival rate and cytokine production, which were generated by the cells due to immunogenic
reactions. We analyzed the expression of HLA class Ia on hAFSCs-mix 4 (derived from hAFSCs from 4
donors) and universal hiPSCs-mix 4 using flow cytometry. Universal hiPSCs showed the lower expression
of HLA class I than hAFSCs at passage 10. We further evaluated immunogenic response of universal hiPSCs
and MSCs derived from universal hiPSCs with allogenic mononuclear cells from survival rate and cytokine
production. Our universal hiPSCs during passages 10-25 did not have immunogenic reaction from allogenic
mononuclear cells. Universal hiPSCs were successfully developed by reprogramming hAFSCs derived from
multi-donors. The mixing processing was the key factor to generate low HLA class I and II. Our universal
hiPSCs, which developed without gene editing, which can be used in stem cell therapy theoretically.

[References]

[1] Sung, T.C., Higuchi, A. et al., Transient characteristics of universal cells on human-induced pluripotent
stem cells and their differentiated cells derived from fetal stem cells with mixed donor sources. Cell Prolif
2021;54(3): €12995.
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[Introduction]

It is known that the biochemical and mechanical signals from the extracellular environment influences the
cell functions. However, how the combination affects the response of cells is still poorly understood.
Microfabrication is one of the efficient methods to customize the chemical and physical properties of cell
culture substrates. Herein, the morphological change of cells on various gelatin micropatterns under cyclic
tensile strain was investigated.

Scheme 1. Illustration of mechanical triggers on cells with substrate confinement

[Experiments]

The phenylazide-modified porcine gelatin (AA-gelatin) was synthesized by NHS/EDC chemistry, followed
by dialysis and freeze-drying, and the product was characterized by the ultraviolet (UV) spectrometer. The
obtained AA-gelatin was immobilized to the surface of polydimethylsiloxane (PDMS) by irradiation of UV
light at 365 nm with specific photomasks. The strip-shaped micropattern with 10 and 2 pm of width was
prepared and confirmed by an optical microscope. Cell culture of rat renal interstitial fibroblast (NRK-49F)
and mouse calvaria-derived pre-osteoblast (MC3T3-E1) was conducted on the photo-immobilized samples.
The whole AA-gelatin coating without micropattern was set as a control in the study. Cyclic tensile strain
(15%, 2 Hz) was applied to the cultured cells for different periods. After mechanical stimulation,
immunostaining of cytoskeleton and nucleus was performed, and fluorescent microscopy images were
obtained. Morphological features, such as cell area, cell length, circularity, and roundness were analyzed by
Fiji Software.

[Results and Discussion]

The conjugation of phenylazido groups to the polymer chain of gelatin was confirmed by the UV absorbance
at 268 nm. Clear gelatin micropatterns were fabricated on the surface of PDMS with a thickness around 70
nm. Cell alignment was achieved on the gelatin micropattern for both MC3T3-E1 and NRK-49F cells,
resulting in a significant reduction of cell area, circularity, and roundness compared to cells growing on the
non-micropattern coating sample. When 15% of cyclic tensile strain was applied as a mechanical stimulus,
the adhesion area of NRK-49F cells on the non-micropattern surface decreased while the length increased,
which was due to the re-orientation perpendicularly against force to maintain membrane integrity. NRK-49F
cells on micropatterns with 10 um-width shrank after 20 h of stretching. Accordingly, the circularity and
roundness increased due to the morphological transition. While the cells on micropattern with 2 um-width
were elongated after 20 h of stretching. MC3TC-E1 cells on non-micropattern surfaces also went through a
similar re-orientation as NRK-49F and further polarization with an increase of cell length, responding to the
mechanical strain. Different from NRK-49F cells, mechanical strain strongly inhibited cell adherence and
protrusion of MC3T3-E1 on either 10 pum- or 2 pm-micropatterns. The adhesion area and length of MC3T3-
E1 cells significantly decreased only after 4 hours of stretching with a significant increase in circularity of
the cells.

113



0-C-10

GVHD treatment using MSCs cultured on ECM-coating surface
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[Introduction]

Graft versus host disease (GVHD) is a condition that will occur after an allogeneic transplant. Mesenchymal
stem cells (MSC) have been increasingly examined for the treatment of immune-related diseases due to their
immunosuppressive properties. In this project, we aimed to establish the evaluation of GVHD effect on the
injection of various kind of human MSCs (hMSCs). We evaluated (1) which hMSCs are effective to suppress
GVHD. We used several types of hMSCs such as human amniotic fluid stem cells (hAFSCs), adipose-
derived stem cells (hADSCs) and human pluripotent stem cells (hiPSCs, HPS0077)-derived MSCs in this
study. We also investigated (2) which cell culture environment (biomaterials) support GVHD treatment by
hMSCs.

[Experiments]
A. MSC differentiation into osteoblasts

Human amniotic fluid stem cells (hAFSCs), adipose-derived stem cells (hADSCs) or hiPSC-derived MSCs
were seeded on 12 well tissue culture polystyrene (TCPS) or extracellular matrix (ECM)-coated dishes at a
density of 6 x 103 cells/cm?. After the cells grew up to 75% - 80% confluence, the cell culture medium was
replaced into osteogenic induction medium. Then, the differentiated (Osteoblast) cells were characterized
using Alizarin Red S staining and von Kossa staining.

B. Mononuclear treatment

Mononuclear cells were isolated from blood using the Ficoll-Paque solution and centrifugation. Peripheral
blood mononuclear cells (PBMCs) consist of lymphocytes (T cells, B cells, Natural Killer cells), and
monocytes. These mononuclear cells were utilized to evaluate the immunogenic reaction by co-culture with
targeted cells (MSCs or MSCs + osteoblasts).

[Results and Discussion]

In this study, hADSCs and hAFSCs were treated with allogenic mononuclear cells and then performed the live
and dead staining of hADSC and hAFSC after allogenic mononuclear cell treatment. It is found that both
hADSC and hAFSC had the ability to suppress the inflammation reaction by allogenic mononuclear cells.
Because the dead cell percentage of hAFSCs was less than hADSCs (Figure 1), hAFSC revealed to be more
suitable for the immunosuppression from allogenic mononuclear cells. We further evaluated the effect of
ECM (extracellular matrix) proteins (laminin-521, laminin-511, recombinant vitronectin, fibronectin,
collagen type | and Matrigel) on the decrease of dead cells of osteoblasts on ECM protein-coated dishes by
treatment of allogenic mononuclear cells, where several kinds of MSCs were cocultured with the osteoblasts. In
the future, these immunosuppressive effects of MSC might have the possibility to apply in other immune-
related diseases.

Fig. 1. Live (green) and dead (red) staining of hADSC (left) and hAFSC (right) after allogenic
mononuclear cell treatment.
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1. Introduction

Selection of biomaterials is very crucial while designing the scaffolds for bone tissue engineering (TE), as it
requires both strength as well as bone regeneration properties. In this work poly lactic acid (PLA) has been
used as polymer matrix phase while anhydrous calcium sulphate (CaS) as osteoconductive ceramic phase.
Combining the advantage of both polymer and ceramic with 3D printing manufacturing techniques is a decent
approach in developing bone TE scaffolds.

2. Experiments

Initially the PLA and anhydrous CaS powder was dried at 80°C, to avoid any hydrolysis and oxidative
degradation. The PLA-CaS composite was prepared by solvent casting method. PLA pellets was dissolved
in dichloromethane organic solvent for 6h. CaS powder (40% ,20%,10% and 0% named as A, B, C and
pristine PLA respectively) was added batch wise into the PLA solution, and stirred followed by sonication
for 30 minutes for homogeneous mixing. The paste was left overnight for drying under desiccator and then
shredded into pellet form for filament extrusion. These pellets were extruded through a single screw filament
extruder at a constant temperature of 140°C (Figure 1-a). CAD model of scaffold was designed in
SolidWorks 2018 (SolidWorks Corporation, USA) with square and hexagonal pore geometry having
dimension of @15 % 5.12 mm and 600um air gap. Fused Filament Fabrication (FFF) 3D printing was used to
fabricate PLA-CaS based hybrid scaffolds (Figure 1-¢). The suitability of the developed filament for FFF
process was validated though melt flow index (MFI) behavior. The fabricated scaffolds were characterized
for mechanical strength, surface roughness, geometrical accuracy and hydrophilicity.

3. Results and Discussion

The MFI of PLA filament reduced from 7.22g/10 minute to 3.57g/10 min for 10% CaS and then increased to
5.75g/10 min for 40% CaS loaded filament (Figure 1-b). The compressive strength of 40% loaded ceramic
scaffold was 36 MPa with young’s modulus of 65 MPa (Figure 1-d). The surface roughness of these scaffolds
increased from 0.078 pm to 2.179 um at 40% CaS content (Figure 1-e). The average weight of hexagonal
scaffolds was 16% higher than those of square shaped pore scaffolds (Figure 1-f). The porosity was found
to be 50-60% with a well interconnected pores. The addition of CaS enhances the wettability of scaffolds,
with improved contact angle of 69 degrees from 78 degrees in case of pristine PLA scaffolds.

(2) (b) (c) Prstne A B c

@ (¢ ®

Figure 1(a) Extruded filament (40%,0%, 20%,10%) (b) MFI behavior of filaments (c) 3D printed hybrid scaffolds with varying
pore geometry (d) combined stress-strain graph of all scaffolds (e) surface roughness of all the scaffolds (f) weight distribution
of square and hexagonal pore geometry of all groups
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Introduction

Human pluripotent stem cells (hPSCs) including human embryonic stem cells (hESCs) and
human induced pluripotent stem cells (hiPSCs) have the ability to differentiate into the cells
derived from three germ layers, such as endoderm, ectoderm and mesoderm. The pluripotency
maintenance and adequate differentiation of hPSCs into specific lineage of the cells can be
regulated by cell culture biomaterials, because hPSCs are regulated by physical and biological
cues of the cell culture biomaterials. We have developed oligopeptide-grafted hydrogels having
specific elasticity for hPSC culture and differentiation into mesenchymal stem cells.

Experimental

Polyvinylalcohol-co-itaconic acid (PVA-IA) hydrogels were prepared on the dishes and
grafted with several designs of oligopeptides that derived from vitronectin and laminin having
elasticities of 25.3kPa and 30.4 kPa storage moduli by controlling the crosslinking time.!
Human ESCs (H9) and iPSCs (HPS0077) were cultured on the hydrogels and the morphology
and the expansion fold were evaluated for over ten passages. Furthermore, we differentiated
hESCs into Mesenchymal Stem Cells (MSCs) using a conventional protocol and characterized
hPSC-derived MSCs using flow cytometry (MSCs surface marker expression of CD44, CD73,
CD90 and CD105) and differentiation ability into osteoblasts.

Results and Discussion

Human ESCs can proliferate well on different oligopeptides-grafted hydrogels having 25.3
kPa elasticity (24h crosslinking time) for more than 10 passages, whereas hESCs cannot
proliferate for more than 5 passages on the hydrogels having 30.4 kPa elasticity (48h
crosslinking time). The expansion fold of hESCs and hiPSCs on oligopeptide-grafted hydrogels
having elasticity =25.3 kPa and 30.4 kPa at each passage were investigated. The hydrogels
grafted with oligopeptides of KLB2CK, LB2CKKK and KKLB2CK were found to be
preferable for hPSC proliferation when the elasticity of the hydrogel was 25.3 kPa. Positive
amino acid of lysin (K) insertion on the oligopeptide is found to be critical for optimal
proliferation of hESCs and hiPSCs on the oligopeptide-grafted hydrogels, which contributed to
enhance zeta potential of the hydrogels.

Human PSCs were differentiated into MSCs on hydrogels grafted with (a) laminin derived
oligopeptide (LB2CK, KLB2CK, LB2CKK, LB2CKKK and (b) vitronectin derived
oligopeptide VN2CK. Human ESC-derived MSCs on LB2CK-grafted hydrogels showed the
best morphology, excellent doubling time, and high MSCs surface marker expression.

Human PSCs can proliferate and differentiate well on oligopeptide-grafted hydrogels,
which are the promising xeno-free cell culture biomaterials. We hope that the hydrogels
developed in this study can be used in clinical therapy in the future.

References
[1] Higuchi A., et al., Sci Rep 2015;5:18136.
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[Introduction]

Surgical intervention has been a gold standard for breast tumor therapy; however, tumor recurrence and breast
defect become the major obstacle for its biomedical application. Photothermal therapy provides new avenue
for tumor ablation, but most of the photothermal agents are non-degradable. Black phosphorus (BP) has
attracted increasing attention due to its photothermal conversion efficiency, good biocompatibility and
biodegradability. Due to easy diffusion of free nanoparticles, immobilization of nanoparticles into porous
scaffolds has become an attractive way to achieve cancer cell ablation and promotion of adipose tissue
regeneration. In this study, bifunctional porous scaffolds of black phosphorus (BP) and gelatin with the
controlled pore structures were prepared for breast cancer treatment as well as adipose tissue regeneration.
The composite scaffolds not only protected BP from oxidation, but it also possessed a high photothermal
conversion effect against breast cancer cells and promote adipose tissue regeneration.

[Experiments]

The BP nanosheets (BPNSs)-gelatin porous scaffolds were obtained by freeze-drying the mixture of BPNSs,
gelatin solution and ice particulates. Briefly, BP were exfoliated and characterized by visible-near infrared
absorption spectroscopy. Ice particulates were prepared by spraying ultrapure water into liquid nitrogen and
then mixed with gelatin solution containing different concentrations of BPNSs. The constructs were frozen,
freeze-dried and cross-linked to obtain BPNSs-gelatin composite porous scaffolds. The composite scaffolds
were seeded with breast tumor cells (MDA-MB231-Luc) and cell ablation was performed under near-infrared
(NIR) laser irradiation (805 nm) in vitro and in vivo. Furthermore, to evaluate the effect of the scaffolds on
adipogenic differentiation of human bone marrow-derived mesenchymal stem cells (hMSCs), hMSCs were
cultured in the BPNSs-gelatin porous scaffolds with the adipogenic medium. After 1-week culture, the cell-
scaffold constructs were implanted for 2 weeks and their effect on adipocyte cells were investigated in vitro
and in vivo.

[Results and Discussion]

The BPNSs had an irregular shape with an average lateral size of about 349 + 129 nm. The visible-near
infrared absorption spectrum showed that the BPNSs had a strong absorption peak in the NIR region, which
is beneficial for photothermal therapy. Scanning electron microscopy (SEM) observation of the composite
scaffolds showed that the BP-gelatin composite scaffolds had spherical pores with good interconnectivity.
The BP-gelatin scaffolds had a high photothermal ablation efficiency of MDA-MB231-Luc in vitro and in
vivo. Furthermore, in vitro and in vivo results revealed that BP-gelatin scaffolds could up-regulate the
formation of lipid vacuoles and adipogenic-related gene expression for promoting adipogenic differentiation
of hMSCs. Considering the anticancer and adipose tissue regeneration effect of this composite scaffolds, the
scaffolds may offer the facile strategy that combines tumor inhibition and support adipose tissue regeneration
in clinical application.
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1. Introduction

Scaffolds serves as a porous degradable supporting structure that assists in tissue regeneration. A
porous scaffold is used to provide extra cellular matrix (ECM) of the native tissue to support cell-
material interaction for a new tissue formation. During tissue regeneration process, a scaffold degrades
with time and the new tissue replaces the degraded structure with its own ECM. The rate of
degradation should match with rate of new tissue regeneration. The degradation studies are usually
evaluated using the existing experimental approach, which is tedious and time consuming. In order to
eliminate the limitations, we used computational method are used to evaluate the degradation
behavior of porous scaffolds in simulated in vivo conditions.

2. Material and Methods

Three different FDA approved synthetic polymeric porous scaffolds were used such as PLA, PLGA
and PLLA. The model proposed in this work was developed in SOLIDWORKS 2019 and was
simulated in ANSYS 2020. The modeled scaffolds were discretized using tetrahedron mesh given in
ANSYS. The model was drawn in fluent module and the required material properties of each domain
were provided. The same procedure was repeated for all the materials to find their degradation rate.
The simulation was repeated till adequate erosion rate of the respective materials was achieved.

3. Results and discussions

In order to validate the model, simulation results were compared with the empirical degradation
experiments of scaffold in bone tissue. Thus the result obtained has substantially affirmed the
homogeneous degradation of proposed model and the method developed is believed to pave the way for
predicting the degradation of porous scaffolds made from new materials such as hybrid structures.

Table 1. Input parameters along with output and erosion rates

Figure 1. Porous scaffolds design (a) Meshing of scaffold
design with cylindrical encapsulation (b) DPM Erosion pattern
and velocity flow pattern of material
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[Introduction]

Recently, photothermal therapy has been developed as a promising cancer therapeutic strategy, which
depends on hyperthermia generated by photothermal agents absorbing near infrared (NIR) light to ablate
tumor cells. Until now, various photothermal conversion agents, especially gold nanoparticles (AuNPs), have
been explored. However, poor targeting specificity on tumor cells and easy diffusion of free nanoparticles
from tumor site still restrict their wide application. To address these issues, composite scaffolds by
immobilizing AuNPs into 3D porous scaffolds was developed to realize repeated and local photothermal
therapy in our previous work. In this study, folic acid (FA), as a targeting ligand of tumor cells, was
introduced into AuNPs-gelatin porous scaffolds to enhance tumor cells capture ability. FA-functional
scaffolds were prepared by embedding FA-gelatin-coated AuNPs into FA-gelatin matrices and using ice
particulates as porogen. Moreover, tumor cell capture and photothermal ablation ability of composite
scaffolds were investigated.

[Experiments]

Firstly, the FA-gelatin conjugate was synthesized based on reaction between folic acid (FA) and gelatin.
Secondly, Gold nanoparticles (AuNPs) with different shapes (nanorod, nanostar) and different sizes (around
40.0 nm, 70.0 nm and 110.0 nm) were synthesized by a seed growth method. One-pot method was used for
the synthesis of Au nanorods with a longitudinal length of 110 nm. Finally, ice particulates porogen method
was used to prepare FA-functionalized composite porous scaffolds embedded with FA-gelatin-coated AuNPs
with different shapes and sizes.

[Results and Discussion]

The UV-Vis spectra

indicated the FA-gelatin

conjugate was synthesized

and their conjugate rate was

calculated and optimized.

The TEM images showed the

morphology and size of

synthesized AuNPs. The

UV-VIS spectra of AuNPs

showed AuNR possessed

two LSPR peaks and AuNS

had an abroad LSPR peak,

which might be useful for

photothermal therapy. The

SEM images showed the

composite scaffolds had

spherical large micropores with good interconnectivity. Photothermal-induced temperature change of
composite scaffolds was correlated with the shape and size of AuNPs (Figure 1). The FA introduced in
composite scaffolds showed high tumor cell capture ability compared with control groups. The photothermal
ablation efficiency of tumor cells were dependent on the photothermal performance of the composite
scaffolds. The results indicated FA-functionalized AuNRs 70-gelatin composite scaffolds had a good tumor
cell capture and photothermal ablation ability. For the in vivo experiments, temperature monitor during laser
irradiated implantation site of mice showed that the temperature of implanted scaffolds without AuNPs was
kept almost unchanged. On the contrast, the temperature of composite scaffolds embedded with AuNPs was
increased significantly. Besides, whole body bioluminescence imaging showed the in vivo tumor cell ablation
effect.
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Manganese-based Tumor Microenvironment-Responsive Radiotherapy

2xXuping YU, *Xiupeng WANG, ' Atsushi YAMAZAKI.
!Graduate School of Creative Science and Engineering, Waseda University, Japan, *National Institute of
Advanced Industrial Science and Technology, Japan.

[Introduction]

Nowadays, many different therapeutic strategies for cancer treatments have been developed. But the clinical
used treatments are still surgery, chemotherapy and radiotherapy (RT). Due to the composite tumor
microenvironment (TME) featured, the efficacy of clinically used radiotherapy is still limited. Recently,
strategies of taking advantage of TME features showed good outcomes on cancer cell killing efficiency.
Manganese (Mn), one of the trace elements that plays an important role in many in vivo processes, was also
applied to cancer treatments and presented many good outcomes. Mn-based nanomaterials can improve
intracellular O, level (Zeng and Zhang et al., 2020) and highly cytotoxic hydroxyl radical content utilizing
the H>O; and Glutathione (GSH) abundant in TME (Ma and Nishina et al., 2021; Ou and Tian et al., 2021;
Gong and Yang et al., 2020), as well as activate the immune system (Lv and Chen et al., 2020; Song and Liu
et al., 2021). Therefore, it is considered that Mn-based nanomaterials may be a kind of prominent
radiosensitizers. In our studies, Mn-based nanoparticles (SiO2-Mn NPs) to enhance the efficiency of RT was
synthesized.

[Experiments]

Si0,-Mn NPs was synthesized by hydrothermal method. The reactive oxygen species (ROS) generation and
oxygenation ability of synthesized SiO>-Mn NPs was studied through the reaction with H>O,. ROS
generation ability was indicated by the concentration of Methylene Blue (MB) degradation. The oxygenation
ability can be evaluated by the produced bubbles content. The radio-sensitization of SiO>- Mn NPs was
confirmed by co-culturing cancer cells with SiO,-Mn NPs combination with radiation by X-ray. Cell viability
was analyzed through a standard Cell Counting Kit assay.

[Results and Discussion]

Fig.1(a) shows the MB degradation after reacted with SiO>-Mn NPs/GSH in H>O; solution. The absorption
peak at 660nm of UV-VIS absorbance spectra of MB decreased with reaction time increase. After reaction
for 2h, the absorption peak of MB was almost disappeared, suggesting that a high level of ROS was produced

through the reaction between SiO>-Mn NPs/GSH in H>O; solution, by which MB was almost totally degraded.

Besides, as showed in Fig.1(b), plenty of air bubbles can be observed in H>O» solution containing SiO»-Mn
NPs, indicating that O, was generated through reaction between SiO,-Mn NPs/GSH and H>O,. Fig.1(c)
shows the cell viability of Lewis lung carcinoma (LLC) cells co-cultured with SiO,-Mn NPs followed by X-
ray radiation. Compared with cells treated with X-ray radiation alone or SiO>-Mn NPs, cells treated with both
Si0,-Mn NPs and X-ray radiation presented lower cell viability, suggesting that the efficiency of RT was
significantly increased. So, it is confirmed that the synthesized SiO,-Mn NPs may be a kind of potential
radiosensitizer to improve radiotherapy efficacy.

Fig.1(a) Absorbance spectra of MB in H,O» solution containing SiO>-Mn NPs; (b) Oxygenation ability of
SiO>-Mn NPs; (c) Cell killing efficacy of SiO2-Mn NPs combined with radiation by X-ray
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[Introduction]

In the previous study, the fluidity of the material was shown to drive the senescence of the breast cancer cells.
However, whether senescence is a general response of cell that cultivated on fluidic material is yet unclear.
On the other hand, the normal breast cells are known to be less sensitive to the stiffness change of the
underlying substrate in comparison to the breast cancer. While, breast cancer is a disease where stress
relaxation is more dominant than elastic moduli. In this study, the effect of fluidity on the senescence fate of
breast cancer and normal cells is furtherly investigated by using the different level of fluidic material.
Moreover, this study was performed to confirm which one between the bulk and surface dissipative properties
of the fluidic substrates acts the main triggers in the inactivation of breast cancer cells and breast normal cells.

[Experiments]

Poly(caprolactone-co-D,L-Lactide) or P(CL-co-DLLA), a hydrophobic polymer in its molten state which
behaves as a viscous liquid (G”>G’), was used as the fluidic material. It was synthesized by ring-opening
polymerization of e-caprolactone (m) and D,L-Lactide (n) monomer by using the pentaerythritol initiator
with (m/n) ratio of 60/40. A viscous substrate as a fluidic material was then prepared by spin-coating
technique. MCF-7 cells were seeded in low, moderate, and high fluidic substrate for 1-5 days and the glass
substrate was used as control. All substrates were coated with fibronectin prior to cell culture. The
morphology observation, metabolic assay, proliferation assay, and senescence staining were conducted at day
1,3, and 5.

[Results and Discussion]

After the initial seeding of breast cancer cells and breast normal cells, cell instantaneously aggregated
depending on the fluidity level of the fluidic substrates. The transformation from the compact spheroid-like
aggregated state to the wetting- aggregated state on low and moderate fluidic substrate was observed over
time, whilst aggregated form was maintained by cells on high fluidic substrate. The transformation of
aggregate to the wetting aggregated form may be induced by cell-sensing ability of the viscous deformation
(e.g., creep) of substrate that finally reach its equilibrium. In term of metabolic activity, cells on three types
of fluidic substrates showed lower metabolic activity compared to the glass substrate. However, the cells on
the low fluidic substrate show lower metabolic activity compared to cells on high fluidic substrate due to
their morphology that may cause nutrition from medium more difficult to penetrate into it. In order to confirm
the senescence state, SA-B-Gal staining was carried out and cells on all fluidic substrates express distinct SA-
B-Gal marker in comparison to cells grown on glass substrate due to stress induced by material fluidity. This
result implies that low metabolic activity of cells cultured on viscous substrate can be correlated with
senescence induction. Although the breast normal cells also formed the cellular aggregates on the fluidic
substrates, that aggregation was only observed on the moderate fluidic substrates. This raises the speculation
that the near-surface mobility of the fluidic substrates plays more significant role in determining the cell
behavior compared to the bulk mobility of the substrates. Meanwhile in the case of breast cancer cells, cells
did not show any significant morphological nor adhesion difference on three fluidic substrates. Eventually,
the cells underwent the inactivated state starting from day 3 of cell culture when cell aggregates partly
submerged to the substrates with certain depending on the molecular weight of the polymer. The low,
moderate, and high fluidic substrates possess the significant difference of bulk mobility based on the rheology
measurement, while possessing insignificant surface mobility difference as characterized by fluorescence
recovery after photobleaching method (FRAP) and nanoindentation. This suggests that breast cancer cells
may feel the near-surface mobility of substrate and formed matured cell aggregates which then started to take
the bulk mobility difference of fluidic substrate into account after partly submerging that reflected the
different level of the senescence marker expression.
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[Introduction]

In vitro models of the blood-brain barrier (BBB) that prevents most drugs from entering the brain can
greatly increase the efficiency of drug development for neurological diseases. However, Transwell BBB
models that are currently the most used lack the 3D culture environment and physiological stresses that
endothelial cells experience in vivo. On the other hand, fluidic 3D organ-on-a-chip models can mimic
these in vivo conditions but are not easy to set up by those unfamiliar with the technology.

Here, we present a concept to facilitate the simple merging of 3D culture with fluidic devices. We had
previously developed a cube culture device (Tissue-in-a-Cube) comprising a polycarbonate frame, rigid
agarose walls, and an inner extracellular matrix (ECM) hydrogel in which the samples are cultured. The
easy handling ability of samples with a pair of tweezers enable 3D tissues to be cultured to maturation
in regular well plates first, before being transferred easily to a fluidic deice at the appropriate timing to
perform experiments requiring flow to generate shear stress.

[Experiments]

To demonstrate this concept, we developed a BBB-on-a-Chip system. A BBB-in-a-Cube model was
first made by co-culturing primary astrocytes and pericytes in Matrigel in the cube device, with iPSC-
derived brain microvascular endothelial cells (BMECs) seeded on the top surface of the Matrigel. After
reaching maturation, the BBB was then transferred to a fluidic device, and sealed with a convenient
clamp holder, before being connected to a peristaltic pump to generate shear stress on the top BMEC
layer. Evaluation of the BBB was performed by PCR and immunostaining of tight junction (TJ) and
transporters, trans-endothelial electrical resistance (TEER) measurements, and permeability tests.

[Results and Discussion]

We confirmed that our BBB-in-a-Cube model showed mRNA expressions of major TJ and transporter
proteins, and we obtained high TEER values from Days 3-7 of culture, in contrast to Transwell models
that typically see decreasing TEER from Day 2. Although we found no significant differences in TEER
values with and without shear stress, we observed some differences in some transporter expressions,
indicating that shear stress may induce phenotypic and functional changes in the cells.

By using the Tissue-in-a-Cube to culture samples in regular well-plates before selecting only good
samples to be incorporated into fluidic devices, the difficulties of culturing cells in 3D in fluidic devices
can be greatly reduced. Furthermore, because of the modularity of the samples in the cube, there is the

flexibility to customize the fluidic
device to suit the needs of the
experiment. As an example, a device
could be designed to contain a BBB
module with a brain module
(represented by neural stem cell,
NSC spheroid) to simulate the native
tissue-tissue interactions to evaluate
the effects of BBB-permeable drugs
on the brain (Fig. 1). Thus, this
concept can also serve as a platform
to develop other organ-on-a-chip
technologies in the future.

Figure 1. Application as BBB/Brain-on-a-Chip
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Peristalsis in the digestive tract is crucial to maintain physiological functions. It remains challenging to mimic
the peristaltic microenvironment in gastrointestinal organoid culture. Here, we present a method to model the
peristalsis for human colon tumor organoids on a microfluidic chip. The chip contains hundreds of lateral
microwells and a surrounding pressure channel. Human colon tumor organoids growing in the microwell
were cyclically contracted by pressure channel, mimicking the in vivo mechano-stimulus by intestinal
muscles. The chip allows the control of peristalsis amplitude and rhythm and the high throughput culture of
organoids simultaneously. By applying 8% amplitude with 8 ~ 10 times min~!, we observed the enhanced
expression of Lgr5 and Ki67. Moreover, ellipticine-loaded polymeric micelles showed reduced uptake in the
organoids under peristalsis and resulted in compromised anti-tumor efficacy. The results indicate the
importance of mechanical stimuli mimicking the physiological environment when using in vitro models to
evaluate nanoparticles. This work provides a method for attaining more reliable and representative organoids

models in nanomedicine.
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Silver based Nanocomplexes as Multipurpose Nanomedicine for
Antibacterial and Anticancer Therapeutics
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Introduction: The silver nanocomplexes are globally utilized for various biomedical applications.

Experiments: In the present experimental work, Prussian blue (PB) and silver salts (silver nitrate) are
integrated in the presence of PVP [poly(N-vinyl-2-pyrrolidone)] to producing stable silver
hexacyanoferrate nanoparticles (silver Prussian blue analogue: Ags[Fe(CN)g] abridged as SPBANPs)! 2. It
is an inventive nanoparticle formulated with a purpose for an efficient as well as safer approach of
treatment strategy (2-in-1) for both bacterial infections and cancer. The characterization of the
biocompatible and stable nanoparticles is performed using several analytical techniques. The nanoparticles
on appliance over cancer cells (MCF-7, A549, B16F10 and SK-OV-3) in vitro displayed estimable
inhibition property. Moreover, when the only nanoparticles without any drug are injected in the aggressive
murine melanoma model: BI6F10 (C57BL6/J mouse) intraperitonially it resulted in relative inhibition of
tumor growth as compared to control. Further, the SPBANPs demonstrated efficient antibacterial activity in
many Gram-positive and Gram-negative bacteria.

Apart from that, we have also reported silver-based nitroprusside nanoparticles (SNPNPs) that
display admirable antibacterial activity in both Gram-positive and Gram-negative bacteria observed by
several in vitro assays®. The nanoparticles are thoroughly characterized by various analytical tools. The
stability study of the nanoparticles exhibited their consistency for a longer period of time. The in vitro
antibacterial assays including colony forming, zone of inhibition, SOD and catalase activity staining
showed significant antibacterial activity in different strains (E.coli, B.subtilis, K.pneumonia and
Paeruginosa) of Gram-positive and Gram-negative bacteria.

Results: The beauty of both the nanoparticles is that they it itself functions for drug delivery, as
antibacterial as well as anticancer agent. Hence, the results clearly suggest that the nanoparticles hold the
potential to act as excellent anticancer as well as antibacterial agents along with serving for wound healing
and anticancer activities in the future period.

References:

1) Mukherjee et al., Silver Prussian Blue Analogue Nanoparticles: Rationally Designed Advanced
Nanomedicine for Multifunctional Biomedical Applications.ACS Biomater. Sci. Eng. 2020, 6, 1,
690-704.

2) Mukherjee et al., Biocompatible polymer coated silver Prussian blue nanoparticles. (SPB-NPs:
Ag[Fe(CN)6]. US Patent Number: 10,231,996(Granted on March 19-2019).

3) Rao et al. "Ag2 [Fe (CN) 5NO] nanoparticles exhibit antibacterial activity and wound healing
properties." ACS Biomater. Sci. Eng. 4.9 (2018): 3434-3449.
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Abstract
Stent implantation is the most widely used method for the treatment of coronary disorders. Atherosclerosis
is a coronary disorder in which arteries get narrowed causing occlusion of blood vessels. It is treated using
percutaneous transluminal angioplasty. In this process, a stent is placed inside the blood vessels at the
blockage site. Stent implanted is expanded by using a balloon inflation system. The fully expanded stent
holds the narrowed blood vessel wide open to ensure the blood flow even after the balloon is deflated and
removed. The performance of the stent is predicted based on various parameters such as self-life, mechanical
properties and biocompatibility. Magnesium and its alloys have shown excellent biocompatibility. Therefore,
a stent property can be improved by considering the design and material used. It is also a bioabsorbable
material. Hence, it can reduce the process of reoperation, if there is a stent failure. Stent design plays a key
role in this procedure, as errors in the design may lead to severe damage to the host artery. During expansion,
non-uniform deformation is the most common defect observed in stent implantation procedure. Non-uniform
deformation defect occurs, where ends expand more than the middle section of the stent, commonly referred
as deboning, whereas the reduction in the length of the stent after inflation is known as foreshortening. These
defects can damage the artery and it could also create difficulty in stent positioning.
In this study, we analyzed the deformation of the stent implanted in coronary artery inside the heart through
finite element method (FEM). The non-uniform deformation of stent during an expansion is simulated using
COMSOL Multiphysics numerical simulation tool. This study also presents the analysis of deformation
defects such as dog boning and foreshortening along with recoil after deflation of balloon. The balloon was
inflated by applying pressure in the radial outward direction to exert the load on inner walls of the stent. The
stress development in the stent is compared for pure magnesium, WE43 and AZ31 alloy. The Palmaz-Schatz
and Lozenge stent model was used and expanded from its initial diameter of 0.74 mm to 2 mm. Based on the
finite element analysis, among three materials pure magnesium corresponding to effective plastic strain shows
minimum Von-mises stress equals to 30 MPa (Table 1). From the investigation performed, it was well understood
that pure magnesium is suitable for the treatment of coronary disorders due to its better mechanical strength to
withstand the high-pressure blood vessel.

Figure 1. Stent model with full expansion (a) Effective Plastic Strain after stent deformation for Pure Mg,
(b) Von-Mises stress (MPa) for Pure Mg.

Table 1. Finite element simulation result comparison of Mg and its alloys.

. Von-mises | Effective Plastic Non-Uniform Deformation
Material MP Strai
stress [MPa] rain Dogboning Foreshortening
Pure Mg 30 0.28 0.48 -0.34
WE43 44 0.35 0.5 -0.18
AZ31 380 0.37 0.6 -0.08
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V— NBRGRTHZEBHLMNE o T,

U EDOFRER KD 5Ok a My — M, s, ARt KO 2 Mg
TORBEZ R T E D TR RIZ S T2,

[5%3#]

1) Y. Mizuno, R. Mizuta, M. Hashizume, T. Taguchi, Biomater. Sci., 2017, 5, 982-989.
2) A. Nishiguchi, Y. Kurihara, T. Taguchi, Acta Biomater., 2019, 99, 387-396.
3) H. Ichimaru, Y. Mizuno, X. Chen, A. Nishiguchi, T. Taguchi, Biomater. Sci., 2021, 9, 861-873.

4) H. Ichimaru and T. Taguchi, Int. J. Biol. Macromol., 2021, 172, 580-588.

fabricated by electrospinning. (a) Photo image, (b)
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HREREBER 2 SESIF ORI T EVBVREEERELRF

DEFHRMMEZRLE.

Alaska pollock gelatin sealant shows higher bonding strength and equal biocompatibility for the resected

nerve compared to the fibrin sealant.

BN - BT
BRI - AR — Y EHR A 4 —

Hm HE L A R OORK B R AL R, e Rt

(=]

PRI LT ¢ 77U HEN A O TR EEE TR IE 2 R 2D, T E TIcE s s
NTWD. TR, 0¥ THROARESAR] (¥ 78T ) BRI, 7% OmE % fAnwi=3%E
BRC, (kD7 47U A& Bl LT, @ OERBIRE 3 K OVERBIRIEZ R 2 L e S
= Al MR E T LA HWT, ¥ T8 T F U OMETRE B X O OMEERIEIC OV T, fiE
KOEEBIOT 0 7 ) K| & g RE L7z,

[328r]

BRI DOFERIRE & W ERBR & T v b O E R A AW T ERBR 21T - 7. TRIERBR T
TFEMRZ U L, LT O 4RHCHB T 288 (WG BT ToRICHR BRI Z ] E L. (©
WMo+ 78T T, Ofh, @ 7ETTF Y, @7 47V v, %8 n=20). HRERER TII, Wister 7
v NOAEMREZ YR L, SREEER & RO 4 BEOLE 21T - 7. 8 WIZIS 1T D ik osEfse i DO W
NRAOREAM, 2.4.6.8 I T O TENT,8 I T ORI E A EH & IIZ X 2 HREEI1E (FHEn=10) &, Mg
& - B BEMBEIC X 2R O F RN 21T o 72 (B8E n=3).

[l 5R L B2

Z2IT7RBITFUREE, 747 U B R UL IR BT R EE S |2 > 72 (0.22 N ovs 0.06 N,
p<0.001). =} TH T BT F R, AE+X 7 BT F B (137 N) ORGHE (127 N) & thigd
% & A BB E DMK 5 72 (p<0.001). BEREFEAMFS L ORAM FHIFHEICI W T, ¥ 7 BT F
B, BAHBLOT7 47V VBEEREOBgRAFHRORIEER L. ¥ 787 F 0%, 1€
kDT 47V AL LT, K0 ESWEERE L, FEOAKRBMMEEZ RS2 LRSS N,
St T 47V N E DS THRICHO O D ATREMER RSN, —H, T BT F L OHT
I, TEROREAITITBER KIXT, SBROIOLRIUEDPNLELEZ X L.
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AADBHIRAED=-ODZRERME ) VBN T =9 LT/ FIFOFER

VHOR TR - WEEL T 20T - MR
OfREE ', PINFRE " Al !

[F51]

DADIRRDO—>TH 5 EIREI TR 2 L L L WRRENEOIGR TH D5, BETHE
RISHREN IR SN TWD, RBFETIE, 5 Gy LA TN O E TIHMRESRZ AR L, 23 AR % S8
SHL T R OEREBRE L, ZTNETIS, BbN7 =7 4 (HF0) 1T, EDEWEEE
WX VB EDOBE CIEMERRZE 2 AR L, DAMREZERSED Z ERHESn DY, L
U HFO 1EZAA A E D A F AU < L FENICERE L T2 m T 2 EDBBREINTW 5D,
T, EEEAYEICENTZ Y VB EAMIZER L, Ca(IDRRNa 2 EFHTH ) VT =0 L)
IR ERL L AR TR R RS X 2 I D SEIRR 7 K 2R L7z, F7o, RiTEEIC
ZODT X NG5 RGD HEMT H I E CHRARRRM AR ESESZ EEHE LT,

[£5%]

U U7 =0 MEEWIL., WAL (POL) s DL T/REND, (LZEEFHHEIZ. Cao sHE, (POy) 5 <2
NaHf, (PO, s T D, ZDOHMAIT/R D L O IZHFRIE LIRS - KIGS 72, (NHy) HPO, KIEHK F 72 1%
NazHPO, /KIEHZIZ HECL, & CaCly, & DIRBIRIRZ I A2, =RiE T 2 FEE#HEE L, 180°C T 24 HREIAKEL
B ZAT - 7=, sEHG X, BB % Ca-HT, #%#& % Na-HT & L7z, £72. HFO, F / Ri+1% HECL, KIE
T2\ KOH ¥iE &3 T L, pH12 \ZFHE U Tt & 7, Mol S8 7R 113, A TE 1 BAEE (SEM)
MR XAREFTHIE (XRD), 7 — U =ZBHURN I EEEE (FT-IR) Z W Tt L7z, sUBHRE
W (100 pg/mL) Z 23 AMIRE (A549) (ZhNx CRifasssE (1, 2. 3 A) 47\, MU 71— (TB)
THAMBEA R (n=3) Uiz, RiFZ23IN L T W s IREE 2 Y - U CAEFEREZE T LT,
S HIZEUBHERENE (100 pg/mL) % ABA9 IZIRIML T, 1 HZIZ vy ## (5Gy) ZF&H L. TB THiflad
R ER Y (n=4) Lz, VHY FEMHT, Na-HT 2 -7/ 70t N) R hFT T
V. a g, RGD A EnfEIHE CEM L, 2SAMN~DELY A& B SIS CHIZ LT,
[#E5 L B2
XRD /8% — /36 Ca-HT & Na-HT (20 20 B & 25-35 BE|CHRAZR BT MR Sz, Zhix
NASTCON B U Ll N7 =17 I D[RIHTRE DA FE L 38 I2EEL LTz FT-1R 2 Wi Ak iEd
RTINS U RO B — 7 MR iz, £72. HF0, D XRD & FT-IR OFEEMN G, Hf
Bl R DREIEIC T 2 [AITRR & IR & — 27 A3FERR S 72, SEM 4 Trk, &slEHIREER Ok - CTh
0 EBWRIARIZENFI 100 nm RiEORIATH D Z & N0 7=, Tukey—Kramer 3% CHUINE
PEDFE RN L2 & 2 AL 1, 2 B Tl Ca—HT & Na-HT I HFO0 (2% L CHE R 2T )-
723, 3 HL TlE, Ca-HT & Na-HT (F HfO, (Zxf L CHE (P<0.05) IZ@EVMEEZ /R L7z (Fig. 1),
— 05,y BRERERE D HFO,, Ca—HT, Na-HT OHIIEIEIERIL 40%FEE T, AEZEIFIR SN2 o 7= (Fig.
2), RGD ZAEfifi L7~ Na-HT IZHIEAN~EV IAENTND Z RSN, ZOZ EnbERL
72U VBT =0 N R, HEO, & RIS O WHUEE R L AR S E A 2 LT D |
RIEEH U IR - IERR A E O 2 E AR Sz, T ORI, (ERLEZY Vg7 =
LT ) RIS A2 L D DETE T R & LCOIHZ B ZHFT 20 TH D,

Fig. 1 Cell viability on day 3 at Fig. 2 Cell mortality at 100 mg/mL
sample 100 mg/mL sample after gamma irradiation (5 Gy)
1) Chen, M. H. et. al., Acta Biomater. 37, 165-173 (2016).
2) Brik, Y. et. al., MICROP M M. 43, 103-112 (2001).
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HEBBEANTIT-ER Au- Ag T/ MFORRE & RISEEDTE

VHOR TR - WE B T2 bR
OfH HER' P FE' A Rz

[F51]

NEEWERE 2 AT 27 /R IR ER RO & BT 5 & B2 584 LT UKL MR B8 %
D2 ENARETH Y T R DOEEINLOH DO IRETERNL  Z A 2 > 7 EHIET 5 2 & T
D ARERIEZAT 5 L CORZERIHIR 2 BT 2 rTREMEZ A LT\ b, JEEVE 2 RIS F]
THBUCITAERD IR W (750~1200 nm) (2@ WIRIEHREZ © o) R+ 3RD 5N D720,
& Sk D E W IERINN R &2 DB Au-Ag T ki T OF%EHE ARSI STV D Bl R
U 2RI, Au/Ag PRI K 2 I RERIANCWR IS &« SEEVE MR D i b 3 FTRE T 5, ARFE
Tl ARk L7222 Au-Ag T/ K1 OTEREBLEE & BEHONAGR 7L (DDA) (2 X DT B AR D)
IR DB R O E AR T, S BT SR FORENR DT oIcv ) b S
L7, L—V—HEHT K o CTRBE =R 2 51l L 7=,

[5£5%]

BIE Au-Ag F R F-i1E. FTED Au/Ag E/VEL CTHREE U 7= b4 lk & B8R 2 MK ISR iR L 7=
KWK, T AV BERML GETT 52 & TR LZ, #3R8EHE, BERMHAERE
BEISE (FE-SEM) CERANATHI A YR (UV-vis) . BIFEEGELIIESSE (DLS) & AWV ToMr Lz,
F72. DDA IZ XV EEEE X T2 Au-Ag T /R ONEWIMEZ F-l LIEREZ RFE LT-, S 5IC
VERL U727 2 Wi+ D E{LAI & LT polyvinylpyrrolidone Z¥HIZHN A, w0 BEIC L 0 k&
BAE LT, =& 7 —)b MK OIRETRIR 2 BN 2 CTH L S, tetraethyl orthosilicate
ZIMNZ T30 45MHEE L, SHICT =T KEZMH T - #HE (L) LTV IgEEIT V., =
DB T o7, B Z 5. 0mg / mL L7225 Ko lCm X ) — Ty EE, 77600 mW, 75 750
nm O L —H—% B UV SR ORI % L7z,

[FE 3R & 552

Au/Ag b7z 22/0, 21/1, 20/2, 18/4, 15/7 TR L 7-3lBHAR D /MBL 2 Fig. 11T F, UV-vis
DR R RN S RWINEE % ©oabBHE 20/2 TYERL L 72K+ T 680 nm Th -7, Fig. 2
|2 FE-SEM 1= & % —IKEF & DDA TOMHTIZHW ZIRITCET /L, WONT UV-vis 1T K DML &
DDA (2 £ A WRIZh= A 79, DDA IZ L 0 e KIRIR RS —83 2 L O ICHE LR, 7 A~ b
2.2 DA% 20 KL ORI 2R BVW—EZER LT,

F7-20/2 TYERL U 7230BHC S U DB 24T o TofE 5. S R B 13 660 nm 7> 5 700 nm ~ &
7 bLT, L=V —% 5 45WREdT B L 69.9°C ETHENEH L, BE FENS, HHLE
HEIEHH I 4. 33% T o T2, T OMEIZIFASM TR Lca T/ EROME (3.88%) LW K& <,
BIE Au-Ag T R EEVERIEIZE I TE 5 Z EVRIB I LT,

Fig.1 Appearance of colors of Au-Ag Fig.2 Morphology and light absorption;
nanoparticles at Au/Ag ratio; (a) FE-SEM, (b) DDA,
(a) 22/0, (b) 21/1, (c) 20/2, (d) 18/4, (e) 15/7 (c) Absorbance and absorption efficiency
235 3k

[1] Hemmer, E. et al., Nanoscale Horizons 1, 168-184 (2016).
[2] Bi, C. et al., Chem. Mater. 30,2709-2718 (2018).
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Diels—Alder & IZ &k % REREHEYREFIEAR) < —DERE

VESLAFGERR R IE NE - MPEIITTEREAE  PRREMEADEMITZEILAT, 2 B R PR F e S A7
WEFERE, 3 PR [EAERGR - BRRE - BRI (B e e v 2 —)
CHORER R PR TR el TP 5ER)

O Gifg 2, Chen Lili', A FLE S, N B2 120 fE ez 124

(=]

DAARIROMEHRC L 0 5 4EALFR

B B LTS, — G TES

W9 25 & AFRITBICR T

%o Ko TYHFIEE TILFFMED

DS AT KRET 2 BB R B & B 1

L. IRBVEE ARk 2 A

bEDHHAEEICER LR

BT N 22 BR%s L C& 202

AT TIEL DT S ADIERT L 1 REERVE TSI S 2T DA A—,

LT, BY < —|TIREE S EB

HEEEGEZN L THNARZEAN LTV AT AEBLZ LB, 2OV AT NIt/ ki % 41
FFLTHRY ., RIS OIMNIISE U TRET 5, 15D DAV IR A I AR A 1 3o =
. FIRARD I SN DA TH D, AFER TR, REKRFNRBNLAREE 2T 5
Diels-Alder S & 2 3R Bl o 2 7 L DA pE L OFHIIZ >V T35,

[F£5r]

I$HIZ diene % 5> poly(furfuryl methacrylate)
(PFMA)% &% L7z, ¥IZ, PFMA & dienophile
% £F > N-(3-aleimidopropionyloxy)-succinimide
(Linker) & ¥ 7 o g A # > H T diene &
dienophile ® DA JLE% It L THiA S E T
PFMA-Linker Z &% L, 'THNMR HIEIZ L > T
DA G DOHEITEZ R L7, F£72 PFMA-
Linker % 1,1,2,2-tetrachloroethane-d, VAR (2 1A iR
S, IEVE(25, 37, 45, 90 °C) T 'THNMR &
#1795 2T & T, DA RUSERRIRFII(S sy 1 I
M)ICBE LT, RBEICHBAKTH D
gemcitabine (GEM)% PFMA-Linker & 5 jts a5 N . .
2 C 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP)H, 2 WELTHAT LT DA LG OHET.
AT 24 B RS &8, PFMA-L-GEM D4R % "HNMR #IE & FTIR THEE L7,

(5 & 552

IEE D furan FEIZ %92 DA [ia% 1 L7z Linker O ARKIL, SUSOEITIC X » THHIZEND
3.70 ppm (endo &) & 3.38 ppm (exo A)DFIMEDHIIN L Y FH L7z, 25 °C. 120 R OSET
Linker 3 AE(DA SUSEITE)IE K 61.5 % TH -7z, [FERIZHESEORLD 226 DA FUHOE#ELT
FEREHLEEZA, K217 T X 912 90°C T 30 4 D FUGERE T Linker 258 U ~ —{lI847> 5
FERITHEE L 72 2 & ABLR STz, F 7o W BB CUIRIRBENNER A 72 KW i DS iR S v 7z,
AR EERBRIZ B W TIIEA DB LR T 5720, TOM SN L-GEM Z & iy EEAERE &
N E STV AR T & D MIAPaCa-2 [IZIRINL7= & 2 A, Wi HaER S B0 & 255 & 7
S 7B, A%IIAKF COEMBHEZTHET 2720, RNV ~—ZHAMEEFFT-ET2 v AT L EEET
Al

References
[1] E. Niiyama et al., Polymers, 10, 1018, 2018. [2] L. Chen et al., Int J Mol Sci, 22, 2542, 2021.
[3] N. Fujisawa et al., Sci Technol Adv Mater, 22(1), 522, 2021.
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IoTEET/NM A%EHBELT-
EREFEN R LIRECER ) v —DRF

VHELRRBESCHE T - P BB RRREE - ° SRR
OHAFFID 12« ZgHuBE ' - TR V20« FH R — 1 2

[#5] ZnE T, BERERORRGLER Y ~—
W77 7 Fax—2 L L THRAMMIBEHERE N
T&EERW, T ToT Bl & OREIZ XK - THEHE)
T5T7 7 Faxz—FORBITIEENEE > T
%o AMFETIE, BRARICLHEBMER (V=
—/VEN) THEE) 5 EXBRERIREEEAR Y ~—
BTYA T H LT, KA SEVMERIE AT RE
EWRAT 7 F ax—ZORRBEICHEY T (Fig.
D, BEfFOBLEREAIRGLEAR Y ~—I%, i
TR BIE T HRRE DR ZEA L LDER ST
BT, KEJEHRAE FCOBE & 5E Lé%ﬁiﬁ Fig. 1 Schematic illustration of
fEL7N &Y, 22T, j(%}?é%{¢TT%ﬁb\}?%#jﬁ electrically-triggered shape—memory
[EE - [E R Z A T 2 ERBEEN R G AR U polymeric devices.
~—ODOEHEBREL, )7 VA YERIKRGESR

U = — | ZH A AT ERERE RS R Y ~— A 7 U v ROVERLE L OMEREM: S 217 - 7=,

[71]) BRBAITH D 1, 4-butanediol # HAVNT ¢ —caprolactone (CL) #BiBRES L 7=,
acryloyl chloride & DRIGIZE VARV v —RKIGICE =V EEZEA LT PCL v/ BE /)~ —%H
L9, WiZ, R A—EICK VIR )V UA Y EER LIS, &L —>OEZ W, )
F ) OA X EMBANTETIREIEB R Y ~— A7V REERI LT, ERL72 A 7V v iR
IR ZEEREEFHDSONC L BVORHEZFEHn L7, £70, iR LRSS 720, BEILER
FIAMZ T 5 FE B REL B R R I DWW T B ARFT LT,

[FE5 - B8] BonR) ) VA P ERRTERY) ~—L DA TV v RMEIOBXILEMEE
P L7 (Fig. 2), ™A 7 U » FEPEHZ 300% OT A% 52, ZOEBIREEZ —FIIRE LT
BE L7z, OFTHREEMANAT Yy FMEHT 1.7 VO
BIEEZEIINT 5 &, BEE(L SN2 OT AR S Lo
TERA~ERY, ZOIKEIERIL 00WRE Ch o7z, Z
DOIREE/IE A 3 FR LT 72 & 2 A, mWEIR
EE/FEBENHE L MR SN D 2 & DR S,

7, S VA Y OEHREEOEWIC LT, RIRE(L

WZxXFT DA 7y RMELOIBUHIE 217 - T2 fE 5, 61
FIUAYOREa Y =T 5 LT, 300%HiE
REDORAETEIRIEIZ B T 2 IPUED EF7 2 ME| /e CTH

HTEEWALNE LT, LEDORER I Y, REFSFMHT

THifdk 0 IR LI E E /8118 AT HE 70 5 SR ED R 2 R R iR

RN = —OVERUZ ) LT, — IS KUBRENV R R GO R

AU ~—3, BIRFEEEAS & i L CRiMtE A2 F/ T 57

O, AR E O JFERIE A TEITEA, 672 L ORGHE ] o
ORI b IETHS LV S HREA T 5, & Fis 2 Photosraphs of repetitive
7o, BERMEIZ LY, BEEBIEEEMSETHZ 08T : .
X ALEDSA 27 CRMERT 5 = & R ieid  yions of  ASITECL hybrid
T-RERHAT 7 Fax—42 L LCTHIFTE 5,

[=#&3CEk] (1) K. Wang, et al., Front. Chem. Sci. FEng., 2017, 11(2), 143-153. (2) C.
Kim, et al., Compos. Sci. Technol., 2017,152, 173. (3) F. Zhang, et al., ACS Appl. Mater.
Interfaces, 2018, 10, 35526-3553. (4) M. Ebara, et al., Adv. Mater., 2012, 24, 273-278.
(5) Y. Sun, et al., chem mater., 2002, 14, 4736-4745.
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12 FXRVILFRBREREDT-6HD “Grafting from” EIZK D
B UG E—AT— bR Y —EERDBE

VLR B, MRS RENE, SN IR L R T
OFEFRHLE 2, fEx A5 "2 Ahmed Nabil *. fRESIESL S, FERAEE 2!

[(F=]

—fRIZZ T BT E S
HEMIT A HIEE LT, &9
TEH YTV TSI o
THiHB &ZE 5 “Grafting to”
&, 2o EEEARG
RIZL, £IhbE/ ~v—%
BEET 5 “Grafting from” ¥
O _FEENFET D, FEIZ

“Grafting from” 1L TIEXSUGSM O HlEF X ONEBER L HEEMNT SN RE CTH 5720, WEFIH
DIV LasL “Grafting from” ¥ETIX., —EXPEOD in situ TOARB L OKRNAIRETH D
T2 OHEMH 72 AL RN r S5, BIFE, FFAREDIREE E LT MARS (Molecular Absorbent
Recirculating System) 3{EH Z 4D TWNDH, ZOWRFEIETIL, TAT I 2@EikE LTHWD
LT, TATIUEAWE THLEHE (L REIAREE 1S 2 Y) OREERITH Y, A%
T, 7T I VCREISEES D TEZEATHZ LT, 77 I OfERBINAAEETH 5
L& 21, I T, “Grafting from” {E&E I L TH V80 H —IREINE MmO FEAEREERLL
BRI D iR I L OBEME IC X B @72 1S oA HE59,

[5£5x]

Bovine serum albumin (BSA) ZEF/AHX L 7BFL U fHEMA L. “Grafting from” #EZE LT
RIS A MR )+ T 5 poly N-isopropylacrylamide) (PNIPAAm) %3 A L, BSA-PNIPAAm #4&{A
DE RS OREFT B L BRI R OFN 21T > 7o,

Fig. 1 Schematic diagram of this study.
(IS can be adsorbed on albumin-PNIPAAm and recovered.)

[t R & 42 - 100
AR L7z BSA-CTA Z EABMR L L, NIPMn 28 S 4
& L BSA-PNIPAAm Z Rk L 7o, #1912, CTAHEARZ

FE L. £/~ —ERORMERH 21T o7, #ERS ¢ *
RNHE )~ —HEEZ DL T HTREREREL 5 40
BOLB A B S B R AR L, icE v B
—HREZEE L, CTAEARORHNZITo72, FUE 2

i R 6 BSA-CTA Z BT DERDON-t Fr o X 0
7 /L (NHS) ~CTA DIRMEEE 2 5 Z & T, BYLzh®

IR A JUF LT E{ﬁ%\@ﬁ;%b\ & %ﬁ?ﬁ?@;b\ 5 Fig. 2 Effects of monomer ratio
ASNDHRY ~—OARBIRHEHAR D 2 & AR S to CTA on BSA recovery ratio.
iz, T2, 26 Ot % £ human serum albumin

(HSA) -PNIPAAm &R 2L L | IS DU S RERTAf 4T 100
oz, fERE UCTRIEH HSA L RO R AERRZ R L,
IS EREA LT NT I Z2EGLEIZ LV IS 2 2
EMARETHDLZ L ER LT, Z2OFEFTNANT IV
DI ST EAR T /I BEITHEIL FTRE R T2 D | B &
IR F O HERE L L L THIfF S D,

400 800 1600
Monomer ratio per CTA (mol/mol)

80

60

BSA recovery ratio (%)

i
40 l

20
(&% k] 0 i
2 5 10
1) I. CObO, et 3]., Nat. Mater. 2015, 14, 143-159. Amount of CTA added per BSA (mol/mol)
2) F. Saliba, Crit Care. 2006, 10, 1, 118. Fig. 3 Effects of CTA ratio to BSA on
BSA recovery ratio.
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BHS ) ;F—<DBEEZEME LT
BE/IEPEREHFAAI—FF/ T7AN—A v aDER

VR RFER S e BERE R AT ERE. 2 E - APEMIT SRS BRRETEA BT ZE LA
PR EFPERR BRE O
OXRIL e 12 kiR Gifg 2 A LIS s KR 12

[#E]

JRFEPERIEIS D L& 25%% S LMY
F—~IE, FINTTOTEMHNE L < | FFHEER

EWVER CTh 20, BIEDIRE ik L LT, FIilF
X0 FTREZRIR Y G A R L 72tk . BURIA
AL OO AN — R TH 208, B
IRIRTIEIIRTIZAFE L TR, 2 2O
T B ) A —~DIREEZ AN E LT/

FT THLS AF O R HIR AN v R 72 iR BVRTE /b
FREHAS— T /) 774 = Ay ad

BA%E2% Hig4 (Fig.1), Z DA v ¥ =aid, FME»

5 DA TS (AMF) D FIINC K - CThtt: - 2 ki

T (MNPs)2NFEEL L | O S LT U8 A D Jie i

PEESN DA TH D, SEOERTIX

T T ANRN=RA 2 lTHRAH L MNPs% ) .

Z B IR S BB AFIO RS L S ) Fig.1 Schematic of drug release mechanism from
T 7 A N— R T a DIRBEEEE) A RE LT, implantable PCL nanofiber mesh.

[528%]

77 A N—%ERT HRY ~—THD poly(e-caprolactone)(PCL) , HEMEZ Y A —~ DIRIEIZH
WHBILTW DA AH Temozolomide(TMZ), MNPs Z A S H72AR Y ~—iEikN 6., ERFRIE
(25kV, 1.0mL/h, 25-gauge)lc > T/ 77 A N—RA v a2l LTz, ZO®%IER LT/ 77
A N— A v 2 AMF HUINZfE 9 FEEEEI, Nl Lz TMZ O i 288 2 384l L 72,
[RER & B

WARBECEIVER LT 77 A

N—= Ay vadD 7574 N—FI1F
680+300(nm) T & - 7= (Fig.2(a))y Z D7 7
ARN—RA vy 2|l TMZ ZNE SH,
R EB o7, ZOME, 77 A —
%&TMzWEEﬁ@NHC%mTMZWm

FEEL, T/ 77 A=Ay 2O
*Jrnx.abk{ﬁi:@’ﬁﬂ: RV, TMZ &%
HfE3 2 Z L ITpP LTe, #elF T, MNPs  Fig.2 (a) SEM image of TMZ loaded PCL nanofiber.
DOIRENGDLIZT ) 774X v =
AUERLL. AMF EVINESOREES) & fliE _
L7-(Fig2(b)). = DiEH. MNPs pyalfkps  contents in an AME.
BN 2i2o0T ) 77 A=A v 22 OFEREITIEN L7z, MNPs GAH &) 30wt%D & &7
I 77 AN= Ay v 2 OIREEIL 42°CE T EF L, IREVRIE42°C~45°C)il Lo B VR R LT, Z
B X0 HELEY N EZRIEFRERART ) 77 A N—R v v ald, BT A—<ifED
D OB/ OF FH rTRE 2R A B L THifs T & 2,

E==BEN

1. M. Westphal et al., Neuro-Oncology., 5(2), (2003) 79-88.
2. E. Niiyama et al., Adv. Healthcare Mater, 1900102, (2019).

(b) Heating profiles of the nanofiber mesh with different MNPs
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BErReEFDLREEREDOREEZBIELT:
WiEF /) T7A4/N—* v 1DEE

VENAAFSEBHIEIE N W - BPBMITICHERS (NIMS) - BEREMEA BHIFJERLA
2B RFRFRE - BEWEA A TERE | BB R PR TR - S LSRR
OmfE "k 12, FR o 123

(=1

EAFE R E T I ARAN DK GOERE D

NRTUANRENDIRRED = L 259, EfE

BidmE ., BIROMEEREIC Lo Tl iR
EIX—EIRk =T 5, BB Re)

WZE BN RS T 5 & RNOEMED

U UBBIZER LSS, ) ARED

AL @ UE] Z8ESE 5, BET

VUWAEKTHDIRIET 5 o AWTEN
IRIGIES T TWDH A, HHTZ ¥ Fig. 1 Schematic image of phosphoric acid removal by
VINIEETAHZ LT, khEREE A 24 % EVOH/Adsorbent nanofiber.

ARENH D, ZHOfFERTFIEE LT, Nanofiber mesh (NM) FHIZ U VW EKEEGH S8 5 HIEIC
HHLE (Fig. 1), YAFE=ETiX, NM Z2 W 72 - O SR R\ EIK OBREICHKT) L TR Y
Mo U RERE MHPICER - BET 52T, MP~OFHEEBE, 7% L WLHED Y
A7 HWRT D ENTE L EHFSND, AR T, BUERAIEE LTSN, U ok
BHHL L TOMNBENREET 2 v L RIETINV T LD 2 DOWEARZEA LT poly
(ethylene-co-vinyl alcohol) (EVOH)NM A /E#4% . NM D U W AEREIZ DU CRiAl L 72,

[£5]

EVOH % 5wt% )£ T, 1,1,1,3,3,3-hexafluoroisopropanol (HFIP)\Z VA fi# S IREE T o & o« [RFR
N7 09, 49, 9.1, 16.7. 33, 50 wt%DIEE THBESEZ, Z OB E AVERS RS
kV,23G,15em,l m/h) %475 Z & T, WAEHEAH D N OIFR A7z, (FR L7 NM % 0.1, ImM
DY UEEKEIRIZIRIE L, 37°C THRE 9 SE%, LBADOY VBEEZIET S Z LT, NM
DV RN AEVERE & R L 72,

[ R & 552
ERARIEIC XL O IER LT REE T v ¥
VRN T NER M &, EAAE
T-EEMSE (SEM) (2 kv #lE L 7= (Fig.
2a), TOBORKEAREIT, ThEh
50, 33 wt%E o7,

I AR L TEWEAIEZH NM O Y VR
WS PERE R R L= 2 A, RIET &
SR NM B ED SV EEREL R L 72
(Fig. 2(b)) . KlET > % > 50 wt% e A NM
ZHAWT, UV URERDZHERLIZE Z
AV VEBBREIXBENER OB L L 725 3
BRIV T 1.0mM 205 0.5 mM ([T %
TRERD DR INT-, £/, TG-DTA JIEMFIC LY . WA BRATH# CUAEAD AR IR
AV L CW R WERER I T,

PLEDS, fERILZ NMIZY V2GS FRETH 5 Z L MR SN, 5%, BHBREE
WAOISAZ B L, WA LOEMEICEE T2 X 0 AR s Ml 217 5,

Fig. 2 (a) SEM images of (La)2(COs)s incorporated EVOH
nanofibers. (b) Phosphoric acid concentrations after 3
hours adsorption.

[Z% k] [1] K. Namekawa, et al., Biomaterials Science, 2, 674-679 (2014)
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MHREDHREZBE LV LT —EEEIS/ 774/ —DFFE

VWV - MORHITEREAS « BRREVEATBIITIERLRL, PSRRI - BB E R AT IERE
SHURERRL R R - Joie TR et
Offx A {5 ", Yihua Liu', f£Jf Fe7 »*°

[#=1]
TP AR 2D FRIRHETh 5 MBI, —
[ DIGHRITHI 120L DR EDKZLBEL T D20,
A 27 T U0 S8 IR L VTR 0 St 703 IR e &
785, & ZCABEE L, MIRENTIC D58
TR E LT, KEOKEZHERETICm
BEW) & BRERIREIR T ) 7 7 A N— DRI AT T
T2, ZhenF ) 77 A N—1TREICEIDE
FEM ML OBRET L8, BEEHO—DTHD
AL, WAEDBNELRME TH S, LIci>TA
WHIETIE. WRBENKGHEST DB N0 LT
—PEBEILT 5 & T, MFRE RS -
E%I?,%jfj;é ;Zg;_g%ﬂ%%g;;@%;ﬂgé Fig. 1 Schematic image of urea removal from
7 5 ‘[& ERFL L “C“E j—; e %I/f P %‘E < ghronic_ kidney disease patient’s blood by urease
FHDONMEL T = T O % kT2 immobilized nanofibers.
S 77 AN =D E HiE LT (Fig. 1),
[525r]

Poly(ethylene-co-vinyl alcohol) (EVOH) & % > bRk AT /2 7 7 A N—% | EHRRIEICL Y
ERL L T2, ZVEZ AT AT e REEEAE LTHW, fERLETF ) 774 3= L7 —EMT
EFRBEHSEL & T, VLT —BOlEEIEIT- T,

(RS & B2

BAMRIEIC LY ER L 72 EVOH/

Yo ) T e AN—% EENEFBEME
(SEM) (Z kv @iz L7z (Fig. 2(a)~(c).
F R REN 0.4 wt%lZB WO TIEIE S
2T T 7 AN—DIGRRE RS LTS,
N IR ORI & T B — R IE D B
IZBLAL, 1.6 Wt%IZBWTTH /) 7 7 A N—(%
RS- Tz, ZhUE, & R ko
BORAEESCT X RO EEMICEY, RV
~—#HOEHEVBIE Sz Z & MFEK
ThirEEZBND,

FRL= T ) 77 A N—lZo LT —E%
BE L, IRFBSIENERE AR L7 & 2 A,
T 77 A NR—NDOF MR LISy
figtkRe b m B35 2 LR S L7z (Fig
i(\c& ;) J;@@ g <k£ 175 1/ ;F i;ﬁz_ 7; %g ;Eiéc Fig. 2 SEM images of EVOH/Chitosan nanofibers at each

S S _ 4F b chitosan concentration: (a) 0.4, (b) 1.0, (¢) 1.6 wt%. (d)
el e ﬁ)iuﬂéfh éi’ F7e, /E‘?éﬂéﬁﬁk & Urea concentration changes with time by urease
HT% 8 BREOYATA hOT o E=TH ° Y
e L immobilized EVOH/Chitosan nanofibers (n = 3). (e)

ARSI EZ A, VU ATV T D Ammonia adsorption capacity of zeolites with different
40 [ZBW ek E7r o7 (Fig. 2(e) . ZH MMMMMm%bMEﬂy
X, YUV TAIFHICEVELST A MR
HOWMENZEL L, 7T or'=7 & O/MICEH
T 7 TNIT = VAN EE G272 ThH EEZ LD,
b, FRUICT ) 77 A R—TRBEZDRERETH L Z L BRI NI, S%ITENR
B IR & T2 TR 21T\ BERE A RIRR~DICHZ BHIE T,
(&% 3R]
[1] K. Namekawa, et al., Biomater. Sci., 2014, 2, 593
[2] M. Sasaki, et al., Fibers, 2021, 9, 37
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A Simplified In vitro Blood Vessel Disease Model for Investigation of
Angiogenic Effect of MSCs with CAD and PAD

VR R RTRE AEMBREER IR AR Y B R TR AR R
O3 W', g =ik’

[325x]

T FE R O 43 B ClIkk 2 7RI RIES R S L TER YD | FrICTRBR SRR, MEREICRT 5
BFIEICB L TEIRIR W T T 5, £ DO THE & 2250 {LRE & £5 > L Re Mk e il i
(PSOX°t MHZERIMIIMSC) & W IBRIEN IR S TR Y . BEICIERDIREIE & O kg
BITON TS, ERWTIUIEAL THIERRDOARTOENWM L, ZE LI EHAEITLED
TR, ZAUTMAE AR 2 56 T & 2SN OB R EEN 2N 2 ERFE E ShTn b,
LE LT MAEBRAEIC L DHAEREFEBLT H7-0121F, [MSC AT 2 MEFERDOSZERNME 2
EHMSNDA D= AL EMATHZENEETHD, Lo Laens, WiERNEFARE RS
MSC &5+ 27200 TEFAERKRIEETT V] ITHEIN TR,

AWFFE CIHEERZRIE B OIER TR ON DL L2 E DR L YA NI A V3D ZEALIZE R
L. DRETOMERERMRIETT V) 2ET 52 L2l b, FRTHA A OFTHNKL
MO AT & M BRI B 535 VEGF &L OV IGF, Z L C haparin DEBN L b5 2 &b,
FEEIR BN & (CAD) K OKAYBIIRAE A (PAD) D@ 1L LTI D 3 DRFEZER L7z, Zih
K- ORI IER B & A RICHB) L TV D MG I TnaWEBL D ZICER LE D in
vitro &7 L CTERERIT I & 2 IR R IR B ARG (HUVEC) 2 2612, ERE3 SR FARZ S/
7o 5& LIRS CAD/PAD E7 V& W CIAETEREE ) i ~To & 2 A, MAEMEORESEICH BT
DHER S NI, ZAUL in vitrolZBIT 2 X0 BRRWIEHFBRET L E LTHTHY . IMEDFH
EEBRLIEMEE L0 000 0T K REETE 2 RE A =4 5,
[1]Yusuke Higashi et al., IGF-1 and Cardiovascular Disease, Growth Hormone & IGF Research,
Volume 45, April 2019, 6-16
[2]Yohei Shibata et al., Balance between angiogenic and anti-angiogenic isoforms of
VEGF-A is associated with the complexity and severity of coronary artery disease, Clinica
Chimica Acta, Volume 478, March 2018, 114-119.
[3] L Wallentin, Low molecular weight heparin in unstable coronary artery disease, Expert
Opin Investig Drugs, 2000 Mar;9(3) :581-92.

[R5 & B 2]
CAD @ in vitro FELE T /L CHUVEC DILEREERESPMET 5

CAD ZZ it L 72 2&f4 T C HUVEC & K52 L. IEYER AR 21T 5 2 & THila~D X A —
ERENDEALE I D 2 & 2Tz, FER. IEH 72 HUVEC & bbs| CAD ALERf% D HUVEC Tidifi
FEHMOEY FICAEREBN RO, MEMOMENZESTT, BRI EMOR I A
BN oMl 2 < B biv, MIEOEXEEET) &t~ B Y v 7 R L OEEFERENMK T LT
WD ENRBINT,

T /2)CAD §58E7 /L, ) (A) IEH 72 HUVEC, (B)CAD 4LEEF% D HUVEC % FV 7= i &/ ik iEZE (L.,
MM ALRE DMK T L2 @A BRI TFoR,
CAD 4384 ¢ HUVEC I3FREMIC K > CHIE TE, MSC HOMREFH R b @A TE %

CAD ZLEEZ 4T > 7= HUVEC IR ERKAE I DR T %2 RAET=08, TR AR RS O TH 555
IRIREIEBR I T B AERE D ORGENEE L < 72 5, fiE > C CAD 4LHEF% O HUVEC % FHV - RE
EEREZITV, ZOEEZ T, %, 1E% HUVEC <2 CAD JLFRLRRED & D & H N C[HI{E £ &
1T O TITIEFIRE & FRREOMEMEKENZ RED 2 2R Lz, ZHUL invitroT
I8 FAEFRE O BRI L 7 IE B & 2 2R e MliiE 2 3Rk T2 5 Z L 2 RIBT 5,
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FHREMNGHEREZEREL-BIEBER 7 04 MEERDEE

'HURRFRSBE 7 n— s OVEBRE, P EERITR A HIERT MRS LA IEE Y
off MR 1F AL AL NHES R OMNERC, &k HeE

(%51
EHMBHTIZ W T, BiaBRIC X 0 it S0 R e A MRS D, L,

22T K DB OFENCMEABLRE N, BERBROREDRBE IR LEN TS, £
ZC. iPS MflaE 0SSt ORIV, b MEFEMIAIZ XK D in vitro FHGHIIR Y > &A1)
TFER INTWD, fEk, BRGRGFEMEORERIZEB W T, RY AF L U EORBIEM BN G 72
HEM ETCOHBERERDHNONTE L, ZIRDBEEREERTHL —FH., BEREITE
MEKRNERE SRR D720, BEMEORGRRIERES IR SN TLE O Z &N ERINT
X7, £ T, AT EHNREMICEE SN F MR TR IR ET 504 Ka 7 VEEA
NEFEANA Ra SV B L. TN EMIOREERG L L THWEA T = v A FEEE R 25
L 7= (Figure 1), ARE558 % Tl Mla~DZEk72
RGORME, A M VA L fiia~o
175 e NN ek i DEAN i DR
HOTUHE & W o 7RI RS R S, fEkE# C
il TVl AR RE O 1) 23 FLIA
EFNDH, AFEETIL, BINLFENA RaF VR
ETo, & M AHSRERMEAIIE HepG2 725
IRHAT = A FEEEROHEE, AREHERIZK
LR A RE~ DB DWW THE T D, Figure 1. Cell spheroid culture system using floating

(28] hydrogel membrane as cell culture scaffold.

Poly (acrylic acid)(PAAC)AIR & R U AT L L/ (PS)EM EMIZ A B a— MM K TR/ D PAAc
PR E U, BEE 2 Ak S 72, Hydroxypropyl cellulose(HPC) & FAfi 284G Al . HaSO4 2 & 10
W A A — /" —a— MMk, 85°C TMENT 2 2 L12XK V| 4% HPC J8 2 TRk S 72, 44U% HPC J&
\Z poly [(methyl methacrylate)-co-(7-(4-trifluoromethyl) coumarin methacrylamide)|(PCMM)A{R & A4—
N—=a—= LT Ry hZ = OEIMEZRE R, 70%T 5 7 —/L &KE O TREED PCMM
&\ PAAc 25 72 DM NERE & Vel bR £ Uiz, TERR L728528 2 5512 HepG2 Mild 2 fFFE L. Alfa#S
MEMER LTz, K2 BforeE%., Eiro /L o— g &K OHRBEAREZRE L, Mizo
PRI 23 L7z, S HI2, & N OB CRIL SN 5 EYAREHIEEE cytochrome P450(CYP)IZ B
3% mRNA % 8i& % RT-PCR |2 X 0 IE L7z

[ 5 & 552

70%T X ) —)b LK TOWEH . PAAc D = — hEIE TOZZ84E HPC A3 PS £ 7 & gk L 7= —
77, PAAc D3BRZE S AT SHIR CIIEM I E E S v, W CH SERICTRET 5 ik 7oA a7 VR
DI S iz, F72. coumarin DY " BALKIGIZ L D . PCMM 23 K b3 —RICEEKGE ., 2806
ERALIZ DA HepG2 AT H Z L DR S 4L, BNLZENA Fa SV ETORAT 2 a4 FEHE
BRI, 2, 74 M~ AT DONRE =V BEFTHZ LICED, EEOKE S KO
THepG2 A7 =v A REMEICHHELICE 5 Z LAVRS T, B LR/ EH L7 v a—
ZIY BRI D IEEPE AR B DH(L/G)EA 7 = b A FE:#E & BEEE O T2 )T, FEEmR -
L0 LR LD ME o T2, Ko T EERE LI TR LT, M~ BRR a1
N L, RN L VIERICIThNT-Z EDRBEINT-, £, A7 xu A RS- BER
FTOMFIZEBNT, FiERE EOF )N CYPIA2 IZBIF 5 mRNA &R M L L7, S50, HER:
BELHEL T, A7 v A FEERIZBWT, BEREOM EAMRIN, UEXD, HEInT
AREFE R, HepG2 MR O IFFF A 72 RE R BUCH 5925 Z L AR S 7z

BIRE AW R R (A (B) © 19H02578, ReRIMFZE B5EHhE  21J13119) DBk A=), i S
NEEHLOTHDH
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VEIS—45 L L ERIE LT
T AR RIS O IR R o B SR MM D BRAT

HETUIN T SE RS R B E BRBREE T AP FE Rt
OfizE et ', A HA ' KR PR

[#=1

VR AR AR R0 7 ERRRC I T D A E ISFET MR TH D, R R
WIS CTEDOE 2, Wil rl RE 72 DU & HE5E nT RE Zn g5 & Clisda L, Wik & L CoH7
5P E OEFEMEOMERHIE < . IEH RSE TITEE MG 27597723, FREH RIS I3HEH
BINCHHA L, AT =T URORIEWT A NI A &2l SwE DEEEZFHETH, — T, 18
PEIRIERF CIIIEFHA & 72 o TR I AW I IE L L, 8 E OB LS bR D RIEL 5] &
29, TOLOEEHMEOEE Z fil#§ 2O ITHOR T LR, WEEMHHIZITE-
T, ARBFE, AR R CHGAR 2R3 R e 2 IR E ~ L it d 5 TV A= 5
— T U INVEERR AR L, T OBBOMNT 21T O 2 LT, RN ORI ) & IUHER ~ 0
IR O NS T 2 Z 2 AL LT,

[£5r]

IR =" Y 15 HEOWE (Fo—M CEEmHMiRICET) o aZ 7y —8usic
K DEELL, FBS AR CHEZR LEEAL L L2 b D& W, F72EBRTIEaT 10% FBS 245
Te DMEM &2 o, VRIS — 2 0 Fid VBRI a 5 — 7 v b3R8 G 3 5 2 & CTERLL 7=, T8
FHAAROTE ., AAREEGE, MO RE, Mlaf MR, EiEiineE e % o /X 78 (SM-MHC,
calponin) D Gutt |2 TR L 7=,

[#E 5 L =22

=T KU IR SERE U MIEAAAE T O U7 i sl U, TEIB i iR B & o R
ENHER LT, ZOFEGMRE VB —F 70 ETERT 5 L Mo, BEEED
KR, SM-MHC & Calponin MOFEBLZMEFR TE 7, T HIEE TIUER gl R T R8T h
D, WHRIaZ =77 ETE#ETHZ LT, FEiMlaOBENEER L2 L3 br5s,

WIZ, ZOE#EZRZ AT, FEHGHRNTED XL 9 723 7 F MRERE OIEME(L2E L Tn
B0, SFEY 7 F V- ORAERZ O TR T2, & ORE R, MiaEFELE CEE /2% H 45 MAPK
DOIEFEIZ L » TUHEEIZE N L 0 BET H 2 & M mCA 77> 7 VICE T 72 PI3K OFLEIC
X o TR E ~DEBAESIND Z ENRAWE SN, S5, A=V U 2iFNT5
LT, MERIEE N RE L, PR, WARla T L ECRRMaE TS 2 &
T, MAPK O R, PISK DIEMEALN A T, ZHUT & o CTHB IO DR~ & fimfa LT
HIEWOMNoT, EBIZ, 2O LTV T TN ET A=A N T X IT=A NCTREST L LT,
K VBFEICIRRSE ) D Z ERPA LN 7o Tz,

ZITC, I M a g = ECHE LRI, NG T A=A T X I=A N
ERS®5Z T, FRHMIROENED X SIZELT 20 %Mt Uiz, FIgfMiax 1 5=
T—=7 TN ETE LV OREREDIR T, Ml EEZRTZENmbR TS, 1 faF—
TNV EIIZTI=AN T IR NERIMLUTEETHZ & T, MlBOMENHFEIND
L EMRTE L, TO—H T, MR RN 2 R BORBLUIMR X ehots, £
T, EBIC VR a T =S A KRS 270, 1 a T —57 70 E TR LT FEiEfh
M VRl 2T — 7 U RRINL, ZOBEEZRT-, TORE, —EBoMMELH#ERETLZ L
NTEF—T, & 57 AHMEEMHE R, £ PR RS 2 o N EORBIIMRE T
2o T,

PLE X0 | SRR O UER G B R AR 2 13 MAPK, PK3K 03 7 F MR ER IR O34 U T
WHZ L, IR IV AT =5 U VR ZERIC K 0 | i iR R R 2 X7 T D3R
NHEEINTWNDZENRHALNE 20T,
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JEHIE TR 2 1AL LA A /KSR AR HE D 1R
VRLIERTE - AEMETRANE, PR - AEAaERETR
OfFE H' x| mz # #&5°

[%%]

WA, SUHZR N ANV BRI Lo = % L T — B S AR S 4, =R/ ¥ — 255
4ﬂm<7) VIRKBZ RN —DOFEENGE -S> TWD, FOMRBIED — DI T AHEVEFETEY &
AW HRRMHETHIEIC K DA AKRFBOEFETH D, T OHIFITLZMTREARD/NS < BIER
BETHY, FEEMUB LR ) - XX =506 05, L., (EROBSMER
BRI DOIEMENFI < . AKFBAEEEMENZ &, Fz, ZEMSCERREMRINEW E Wo Tz
RIS BT, JATIIZEE LT, MBFFEEIL CPE LETEMSNT-EA T4 MElAdbEz
Fe NA 7V RAAL AT 7 X2 —%B% L, ZOMREITMED S D & e~k EIEENRITHK LI
f L7, —7. FU<HEIEE TH D A X UREEACB W T, SBITIZE TIE A Z VU 3BEC B 1T
% iR T CO MBI I AED DIEME L S L, A ¥ VB % ER -7, £ T,
IKFRBEDOMEREE S I LS 12D, ) T 7 X — R e E 5252 L TV
T2 —NOWMEMOIEEN Z X 0 IERL S KBAEERZ M ETX 5 L OEE N T, ek
FTOEAERTH D078 (NR) ZHANEORE SOREL L THWE, Nplidt T EE L g
Keff] & U 7 7 2 —DEENBEIE T2 2 LA TE | Bf71310* pmol - day ™t - L1 Ch 5, TS
DAL FEBET IS T D miR RS N C OB 22 I ING 1. 16-1. 86 D& THNICME X, 1.25
ODH#%&/@EEibwi%mb\ EgynoTz, Ll IREEHN LT K EHENEE R IR
BREE T COKFBRBE IS T D BRI 722 ST k3 D IRHERD R F DA LN E i, & A=
A LIRTERFE STV,

AWFFETIE Fe ATV w KA AV T 7 Z—IZHRREE T CRIRIZDLGE 522 2 LT
ioT RFBAERDIEE R, B, TOA D=L EH LML, fFRITE D &2

IR A NDOKRFZ RN —EFEVAT LAOBEL B E LT,

%%ﬁ&kbfi TR & L CMBIBTEZ 90°C T 50 ZyBMILER L, BEFER % 15%ICR%E L=, ¥)
H pH (% 5.5, Z/L=a— % 10g/L. #&EEBIANK 200ml /L, 7 > F =" LA 4> 200mg/L, U Ul
KFEAV 7L 16mg/L #IE L L THW=, HiE B5C) KEEHE L, NA AU T 7 X —|ZNR0,
1.25, 3.75% 10* ymol - day™! - L"* O FRGT S CAKERBEFBR ATV, KB, FPERE &R,
FHVT T Z—NRAE D ATP 2 HIE LT,

(A5 5 & B2

VT 7B —OKFIEEE, KBAERREITCHREEIN & I B0 | BERMAIZE S, Ng3.75
DYVT 7 H—=N12MEH mbvk?e?ﬂla‘—?b\ﬁ%hto Fo. KV T I A= T Va—R1g Hi=H D
KFAEPERE, ATP OWERE R LFE CEAN RO, 2O ENBEEEY . Bk >TU 7
7 B —NOAEYOFEMEEN E L2 ERnbhotz,
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Do VEFERSMEEEE - X DR

VIR - AEWEIRR R PRI R - AR CHIR R - MRS
OKHr PFgER', Sharma Aditya®, #5 255°

YL B

T, AR TEENEITTL TV D, TOFEKOFRIIC L 2 KEE(L A EER S, 15
GeKAEE DO MLBEMENE E > TV D, FiizZediili & LT, Jefbiit A 72 ALBE S LE B RO 22l T2 &
THDHIEDER SN TS, EERARRCAEIE, 1EKICEE USRI E RS2 2 & Ty
WAt h2FiH ., BB %2 SRR TE 5, LavL., A% DK & Mo (& 4 Bl X R =
A B0 D EICEMBEOE LN RKREV, Z DXL HRIEENS . e 2 kR 2 22 eI B e k9
2 HARBHZTE DAFFEHME A TN D FERD AR E LA & U Tk siE (110 v ik 2]
DETHND, &6 6 &M A R TR RICEENT 5, L L, SO SRR~
N+ THRSE T LTLE S 12, AL BRI EZ RO FEAICHEENE->TWD, Zh
OOMERZUET HT-OICYMREECIXA CEEEE TSV Y a v REmy PR Z R L8
To 72 YR E S AN 2 BIR Lz, v U a3 sttt e A LB, i cEtEna <,
MARMECIEENFR E W O RS 2 FFD, £72, T AE—X3L4L - Zili TR L ERLTW D
7o, AWGEO AR A L LTI, BoEEEEZRF >V Y a v REma - EHT L 0ok
ISR R 2 B LS FHARICEE T2 E WO A ETIZRWEIRTH v | ek JefiltE &1k
k& OHIZET 28 72 STV,

AW TIE, vV a CEEREAER R ©— X2 ERL L Z O & ek DR FER e B e T L
T HIEEILAEE & VT vk DT R B — X O SEfEIEE & fi A D i 2170,
FENER 224 EAM - AR B ORI E E SE AR T A A HE LT,

[£5r]

el x P25, IFHAIXER 2am FREDOH T A —X &2 Lz, U a rEEEICBW TR, F
FAE—RICV Y A UHEEREBRY, TO NS P25 550 THEESES L TRYE LT, &
BEILAEE & NV T IRICBW ORI ZNEN A % 7 —/L, PVA & L., IWEIT P25 &4 DRI E
HIAE—=R\Za—T 47 L, £NZE500°C, 180°CT 2 BrfEEERE L CRIEL 7=, BEL =B
— X% 10em DA T AF 2 —7|ZFeH L @i s =TT o 72, BEAK DT 7 VWE % RhB (2 ppm,
50 ml) ., SefiliRe 54 126 T 161 mg, WA 150 ml / 4y . I Z KB (550 W/m?) & L T4
fiREk R & e A GRER 21T - 7= BUE L7 B — XK EMEATIZ SEM & ARM (2 X 5 T RE®1ZE.
Bl L X o TR L 7=,

[ 3R & 552

RhB 7R SEBR OFE R, U a U EERIEIT, 30 23T 90 YDA /R L, IWBILEEE Y VT
JE LB L, TNEN 1.6 1%, 2500 LD B W IRERANG S AT, g M AR 0O 5
10 A 7 MAERH% S VU 2 U EEEITHR 90 %O IRk 2 #i R L= DIkt L, o EE(L 515 TIX
IEENMET Lz, ZOBEBEE LT, U 3 U REIDEABR 03 DA E 1, TREIZEE I
TWeZ &, F, YU a v REOo MEHIBKIETH D Z L DIREI OB L ST, el
FRHNELEEL WO EEEZOND, Z0ZE L0, VU o EEENR L ENmAMT L
BhERE b WML EELTIETH D EEZBRD,

[ZE k]
[11 A.Bouarioura, J. Environ. Chem. Eng., 5 (2017), 1565-1574.
[2] H.K. Melvin Ng, Colloids Surf. A Physicochem. Eng. Asp., 578 (2019).
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Characteristics of Hydroxyapatite Microparticles Bound with Virus

Capture Polymer
*Yuhan LIU, 'Yasuhiro Nakagawa, 'Toshiyuki Ikoma.
!Department of Materials Science and Engineering, Tokyo Institute of Technology

[Introduction]

Virus infections are a significant health challenge worldwide. Traditional antiviral therapies, such as
vaccines and chemotherapy, have some limitations due to possible side effects and drug resistance.
Therefore, alternative antiviral therapies should be considered. In this study, a novel antiviral compound
which could be used to purify blood was fabricated. Hydroxyapatite (HAp), a biocompatible inorganic
material, was chosen as substrate for the antiviral compound. In order to impart antiviral property to
HAp, copolymers containing benzoxaborole as a virus capture and ethylene glycol methacrylate
phosphate (phosmer) as a bond to HAp were polymerized, and modified on the surface of HAp.
[Experiments]

HAp suspension was prepared by a wet method and then HAp microparticles were fabricated by a
spray dry method. The morphology of the HAp microparticles was observed with a scanning electron
microscopy (SEM). Crystalline phase and crystallinity of HAp were characterized by X-ray powder
diffraction (XRD; CuKa). Virus capture polymer (benzoboroxole) was prepared with a reversible
addition—fragmentation chain transfer polymerization method; 5-methacrylamido-1,2-benzoxaborole
(MAAmMBO), 2-acrylamido-2-methylpropane sulfonic acid (AMPS), 4,4"-azobis (4-cyanovaleric acid)
(ACVA) and 4-cyano-4-[(dodecylsulfanylthiocarbonyl)sulfanyl]pentanoic acid were dissolved into
dimethylformamide (DMF) under a nitrogen atmosphere and polymerized at 70°C for 24 h (Poly(M-
A)). Following this, poly (M-A), phosmer and ACVA were dissolved into DMF and water (1:1) solution
under a nitrogen atmosphere and also polymerized at 70°C for 24 h (Poly(P-M-A)). Polymers were
characterized with a nuclear magnetic resonance spectroscopy (NMR). Adsorption tests of Poly(P-M-
A) in pure water on HAp were carried out; 30 mg of the HAp microparticles was dispersed into 3.0 ml
of Poly(P-M-A) solution with different concentrations (0.5, 1, 2, 5, 10 mg/ml) and then stirred for 1 h.
After centrifugation and washing with pure water, the sediment was analyzed with a Fourier-transform
infrared spectroscopy (FT-IR).

[Results and Discussion]

The spray-dried HAp microparticles had a spherical morphology (D = 4.9 um). The X-ray pattern exactly
matched with the characteristic peaks of pure HAp without any other phases. It indicated the successful
synthesis of HAp microparticles. Figure 1 shows the structure of virus capture polymer. From the NMR
spectrum of Poly(P-M-A), the peak (Bn) from MAAmMBO was observed at 6=7.2-7.8 ppm, the peak (-CHo-
O) from Phosmer was at 8=3.9-4.2 ppm, the peak (-CH»-) from AMPS was at 6=3.0-3.4 ppm. From integral
area of these peaks, the molar ratio was determined (MAAmMBO: AMPS: Phosmer = 9:67:24 (mol%)). Figure
2 shows FT-IR spectra of HAp adsorbed with Poly(P-M-A) at different concentrations. Peaks of C=0 and C-
O vibrations derived from the polymer were detected at 1730 cm™! and 1235 cm™, and the intensity of these
peaks was increased with the initial concentrations of Poly(P-M-A). However, there was no wavelength shift
after adsorption, indicating that there was no interaction between the C=0/C-O groups and the HAp surfaces.
The interfacial interaction of HAp and polymer is due to the high affinity of organic phosphates of phosmer
on the HAp surfaces via electrostatic bonding.

Figure 1. The structure of virus capture polymer Figure 2. FT-IR spectra of polymer adsorbed HAp

146



P-D-20

Temperature-Dependent Structure Transition of Sarcosine-Based Bola-
Type Amphiphilic Polypeptide

123 % Mohamed S. Elafify, > Nermeen A. Elkasabgy, 2 Sinar Sayed, '* Yoshihiro Ito, 1* Motoki Ueda
IRIKEN Cluster for Pioneering Research (CPR)
’Department of Pharmaceutics and Industrial Pharmacy, Faculty of Pharmacy, Cairo University
3Department of Pharmaceutics and Pharmaceutical Technology, Faculty of Pharmacy, Menoufia University
‘RIKEN Center for Emergent Matter Science (CEMS)

P Seiivan e OO pove HA0Y
"& Ve, —> Over 70°C
g Sgass

S;;L1sS 5 in ethanol @ %

Vesicle Tube

S13L1zs in saline

[Introduction]

In the nanomedicine field, from a platform perspective, the fabrication of materials with intense anti-
biofouling features will pave the way to augment their clinical translation. In early studies, PEG was deemed
to be biologically inert, and PEGylation has been considered the most effective strategy. However, recently
drawbacks associated with anti-PEG antibodies (Abs) generation were reported, in form of immunogenicity
and accelerated blood clearance phenomena. In this regard, there is a pivotal need for alternatives. Water-
soluble, non-ionic, non-proteinogenic, human natural amino acid material known as Sarcosine was emerged
as promising stealth material, having an expected limited protein interaction and non-immunogenic /n-vivo
behavior. It has been reported that the high dense coating of polysarcosine (PSar) on materials prevents the
anti-PSar Abs. On the other hand, the high-dense polymer brush of some polypeptoids is known to have a
temperature-responsive LCST-like transition from solution state to aggregation state. In this present work,
we aimed to investigate the molecular self-assembly behavior and the temperature-responsivity of sarcosine-
based bola-type amphiphilic polypeptide S,L12S, for further implementation in biomedical applications.

[Experiments]

Initially, we synthesized PSary-(I-Leu-Aib)s-PSar, by incorporating two PSar arms as hydrophilic segments
to leucine-based a-helical hydrophobic block via ring-opening polymerization of sarcosine N-
carboxyanhydride (SarNCA). Then, the nano-assembly was prepared by the ethanol injection method. The
assembly behavior in saline at different temperatures was elucidated by transition electron microscope (TEM)
observation and dynamic light scattering (DLS) measurements. In addition, the membrane fluidity of the
constructed assembly was examined using 1-(4-trimethylammoniumphenyl)-6-phenyl-1,3,5-hexatriene p-
toluene sulfonate (TMA-DPH), an outer membrane-localized fluorescence probe.

[Results and Discussion]

Si3L12S13 synthesis was confirmed by 1H NMR spectroscopy and matrix-assisted laser desorption time-of-
flight mass spectrometry (MALDI-TOF MS). The TEM results revealed the formation of a
thermodynamically unstable large vesicular structure in saline, which was transformed into a small tube over
time while stored at low temperature. These findings were confirmed by the molecular assembly size change
obtained by DLS. Moreover, it was observed that the TMA-DPH polarization significantly changed over
70 °C, indicating a more rigid outer interfacial surface at higher heating temperatures. This phenomenon
could be demonstrated by, sarcosine entanglement displayed via sarcosine dehydration with heating that
affects the leucine hydrophobic interaction during the assembly.
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[Introduction]

Chirality is a general phenomenon in nature. Cell chirality is important for the left-right asymmetric
development of organisms, and breaking chirality may result in mortality or diseases. Molecular chirality
and structures have been designed to regulate cell chirality and functions. Chiral surface structures can
affect protein adsorption, which has been considered one of the prominent causes of the effect of chirality
on cell functions. Although cells can sense chiral structures and demonstrate differential behaviors on chiral
surfaces through adsorbed proteins, it is not clear how the adsorbed proteins on chiral surface structures
affect the cytoskeleton and therefore regulate gene trans fection.

[Experiments ]

A photo-reactive derivative of poly(vinyl alcohol) (PVA) was synthesized by introducing azidophenyl
group of 4-azidobenzoic acid into PVA (Figure 1). The photo-reactive PVA solution was casted onto
1.5x1.5 cm’ tissue culture polystyrene plates and then dried overnight in the dark. The photo-reactive
PVA-coated polystyrene plates were covered with a pre-designed photomask containing micropatterns of
different adhesion area, chirality and swirling angle and exposed to UV light to generate different
micropatterns. hMSCs were cultured on the micropatterned surfaces. Cationic liposome/GFP-plasmid DNA
complexes were added in the culture medium for transfection into the hMSCs. Transfection efficiency was
compared by using the fluorescent images. BrdU staining, uptake of nanoparticles and actin staining were
conducted to investigate nuclear activity, cell-nanoparticle interaction and cytoskeleton structure.

Figure 1 Flowchart for preparation of micropattems and gene trans fection of lipoplexes into h(MSCs.

[Results and Discussion]

Formation of polystyrene micropatterns of different adhesion area, chirality and swirling angle that were
surrounded with PVA areas was confirmed by observation with optical microscopy and atomic force
microscopy. Micropatterns were coated with fibronectin to enhance cell adhesion. The chiral micropatterns
induced the formation of chiral focal adhesions and chiral cytoskeletal structures. Gene transfection
efficiency was enhanced with increasing adhesion area, while hMSCs on left-handed and right-handed
swirling micropatterns showed the same level of gene transfection. When the swirling angle was changed
from 0°, 30°, and 60° to 90°, the gene transfection efficiency at a swirling angle of 60° was the lowest.
BrdU staining and uptake of cationic nanoparticles showed that cell nuclear activity and uptake capacity of
nanoparticles could be affected by cell adhesion area and swirling angle, while had little change with the
chirality. Staining of actin filaments showed that thick and well-organized actin filament stress fibers could
generate high cell stiffness. Therefore, the influence of cell chirality on gene transfection was strongly
associated with cellular uptake capacity, DNA synthesis and cytoskeletal mechanics.
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[Introduction]

Articular cartilage is avascular, aneural and alymphatic tissue with limited natural healing capability.
Damaged articular cartilage leads to joint pain, immobility and breakdown, which greatly affect the daily life
of patients. Autologous chondrocyte-based cartilage tissue engineering has been developed as a promising
treatment option for cartilage regeneration and restoring joint function. A three-dimensional (3D) scaffold
provides necessary support for autogenous chondrocytes attachment and proliferation, which defines the
ultimate shape of engineered cartilage. Cartilage tissue engineering requires homogeneous cell distribution
throughout the scaffolds to guarantee regeneration of functional cartilage tissue. To achieve homogeneous
cell distribution throughout the scaffolds, interconnected pore structures of scaffolds are required for cell
penetration and immigration. In this study, collagen scaffolds with interconnected structures were prepared
using sacrificial templates.

[Experiments]

Poly(D, L-lactide-co-glycolide) (PLGA) templates were prepared by solvent casting/particulate leaching. Six
types of PLGA templates were prepared by using different sizes of NaCl particles and PLGA/NaCl ratios.
The obtained PLGA sponges were soaked in collagen type I solution under a reduced pressure, freeze-dried,
and then cross-linked to obtain PLGA-collagen composite sponges. PLGA templates were selectively
removed by immersion in ammonia solution. After removal of PLGA templates, collagen sponges were
prepared. The collagen sponges prepared with sacrificial PLGA templates were referred as T-collagen
sponges. Control collagen sponges were prepared by the same method without using PLGA templates and
referred as C-collagen sponges.

[Results and Discussion]

SEM observation showed that the T-collagen sponges had highly porous structures with well interconnected
pores throughout the scaffolds. Removal of the sacrificial PLGA templates left their negative replicas, which
contributed to the interconnected pore structures in T-collagen sponges. Chondrocytes were seeded in the
collagen scaffolds and cultured in vitro for 6 weeks. SEM observation and nuclear staining indicated that the
cells distributed more homogeneously in the T-collagen sponges than in the C-collagen sponges (Fig.1). The
T-collagen sponges facilitated cell proliferation, expression of cartilaginous genes and sulfated
glycosaminoglycan (sGAG) production more significantly than the C-collagen sponges. The results
suggested that the T-collagen sponges may be a useful scaffold for cartilage tissue engineering.

Fig. 1 (a) Nuclear staining of chondrocytes cultured in the scaffolds for 1 day. Cell nuclei were stained blue. Scale bar: 500 pm.
(b) SEM images of the cross-sections of the cell/scaffold constructs after 1 day of culture. Scale bar: 200 um. The inserts show
the magnified SEM images. Scale bar: 50 pm.
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Abstract:
Macrophages are cells responsible for providing innate immunity and are found in almost
every tissue. The TRMs (tissue resident macrophages) originate from fetal liver and yolk cells
during development from the hematopoietic stem cells. Their major role is in antigen
presentation and phagocytosis. Macrophage genetic programming is a critical topic in current
molecular and cellular drug delivery. Controllable macrophage activation towards desired
phenotypes in vitro and in vivo studies will give viable therapies for a variety of proliferative
and inflammatory illnesses. Macrophages are regarded to be important in the regulation and
control of tissue and organ homeostasis, atherosclerosis, cancer and, various autoimmune
disorders. Based on the microenvironment the macrophages are present in, they are classified
into two types MI1/M2 paradigm which are pro-inflammatory and anti-inflammatory
respectively. If there is not any external signal, they maintain their MO state that is naive state.
M1 is characterized by expression of CD80, CD86, TLR-2 and, TLR-4; M2 is characterized
by the expression CD206 and CD163. In proliferative disorders, the induced M1 polarization
of macrophages promotes inflammation and cell death, whereas, in inflammatory diseases, the
induced increase in M2 macrophage content promotes angiogenesis, regeneration and,
extracellular matrix remodeling. The importance of macrophages in cell therapy as an agent
or a target cannot be overstated. Macrophages benefit greatly from genome editing since it
allows researchers to better understand their roles, metabolic characteristics, migratory
capacity, and intercellular connections. Genome editing induces stable change, allowing for
the long-term effects of total or partial gene suppression to be assessed. CRISPR/Cas9
complexes, which are made of Cas9 nuclease, which creates a double-stranded break in DNA,
and guide RNA (gRNA), whose sequence dictates the position of break, are perhaps the best
technique to achieve a particular knockout. The benefit of this strategy is the great specificity
of the guiding combined with the high efficiency of alteration. In macrophages, a
CRISPR/Cas9-mediated knockout of the NLRP3 gene drastically decreased the quantity of
activated caspase-1 and generally interfered in vivo inflammasome formation.

The delivery of CRISPR/ Cas9 nanoparticle-based delivery strategies have piqued the
interest of researchers due to their enormous potential for combination treatments, ease of
large-scale manufacture, large insertion size, and efficient in vivo application.

Keywords: CRISPR/ Cas9, Nanoparticle, Delivery, Macrophage Polarization
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[Introduction]

Non-genetically modified somatic cells can only be inefficiently and stochastically reprogrammed to
pluripotency by exogenous expression of reprogramming factors. Low competence of natural reprogramming
factors may prevent the majority of cells to successfully and synchronously reprogram. Here we screened
DNA-interacting amino acid residues in the zinc-finger domain of KLF4 for enhanced reprogramming
efficiency using alanine-substitution scanning methods. Identified KLF4 L507A mutant accelerated and
stabilized reprogramming to pluripotency in both mouse and human somatic cells.

[Experiments]

To examine the role of KLF4 DNA-interacting residues in iPSC reprogramming, we generated iPSCs from
MEF (mouse embryonic fibroblasts), which carry Nanog-GFP (Nanog-promoter-driven green fluorescent
protein) transgene, using KLF4 ZnF alanine substitution mutants (19 mutants generated by substituting wild-
type residue with alanine via site-directed mutagenesis). Nanog-GFP-positive colonies were observed and
counted by a fluorescent microscope. On days 15 and 25 after transduction, more GFP-positive iPSC colonies
were found in L507A mutant conditions than WT conditions. Next, we generated human iPSCs with these
vectors from human fibroblasts using SeVdp vector system. The results suggested that SeVdp vector carrying
L507A mutant stably produced more homogenous high-quality human iPSC clones without residual SeVdp
vectors or the aberrantly high expression of differentiation-defective markers. Next, we screened all natural
amino acid residue variants at L507 position in MEF iPSC reprogramming to determine how each amino
acid residue affected iPSC generation efficiency. The results indicated that KLLF4 variants at L507 position
with smaller amino acid residues acquired higher reprogramming activity. Then, we examined the molecular
mechanisms of the enhancing effect of KLF4 L507A on iPSC reprogramming by accessing protein
expression levels and/or stability. For this, we evaluated (WT and L507A mutant): the protein half-life by
cycloheximide chase assay and the protein thermal stability by cellular thermal shift assay. Results showed
similar expression levels and protein stability of KLF4 L507A mutant to WT protein. To dissect pathways
related to enhanced reprogramming by KLF4 L507A, we compared iPSCs generation between OSKM or
OSKJL507A]M with six putative pro-reprogramming factors. The results suggested that the effect of L5S07A
in reprogramming was epistatic to GLIS1 and KIf5, further suggesting possibility of partially shared common
mechanisms between L507A with GLIS1 and KIf5. Next, we examined the KLF4 L507A genome-wide DNA
binding pattern by ChIP- Seq and global gene expression pattern by RNA-Seq during reprogramming. The
results suggested that the KLF4 L507A might show distinct patterns of DNA binding from WT protein during
reprogramming and specifically enhance mesenchymal-to-epithelial transition. We also performed MD
simulation analysis that predicted the L507A mutant to acquire a unique conformation of protein-DNA
complex with additional DNA interaction.

[Results and Discussion]

We demonstrated the first generation of KLF4 ZnF variants with enhanced reprogramming activity and
showed that one amino acid modulation in a reprogramming factor can markedly improve natural
transcription factor function further providing cost-effective advantages in future scientific and medical
applications. Our study provides new insights on molecular mechanisms of transcription factor DNA-binding
with possible implications in protein bioengineering technology to design artificial transcription factors.
Figure. KLF4 ZnF domain
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[Introduction]

Cellular mechanical properties are potential cancer biomarkers used for objective cytology to replace
current subjective method relying on cytomorphology. However, heterogeneity among intra/inter cellular
mechanics and the interplay between cytoskeletal prestress and elastic modulus obscured the difference
detectable between malignant and benign cells.

[Experiments]

In this work, we collected high density nanoscale prestress and elastic modulus data from a single cell
by AFM indentation to generate a cellular mechanome. Such high dimensional mechanome data was used to
train a malignancy classifier through machine learning. The classifier was tested on 340 single cells of various
origins, malignancy, and degrees of similarity in morphology and elastic modulus. (Figure 1)

Figure 1. An AFM tip sensing the tensional force in the cytoskeletal tensegrity for cell malignancy diagnosis.

[Results and Discussion]

The classifier showed instrument-independent robustness and classification accuracy of 89% with AUC-
ROC value of 93%. Signal-to-noise ratio 8 times that of human cytologist-based morphological method was
also demonstrated, in differentiating precancerous hyperplasia cells from normal cells derived from the same
lung cancer patient. (Figure 2)

Figure 2. a. malignancy classification accuracy obtained by classifiers trained with mechanome data,
topography data and averaged Hertz modulus data. Threshold: 50%; b. ROC of classifiers trained with
different mechanical data types. AUC was labelled.; c. Black round points show ROC-AUCs of mechanome
biomarker with intentionally erroneous input of AFM tip radius. Red square points show h-modulus values.
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[Introduction]

Recent studies have discovered that along with other mechanical cues of the cellular microenvironment,
viscosity also has an influence on stem cell fate. However, how cells sense the viscosity of microenvironment
remains elusive. Here, we explored the effect of viscosity of culture medium on osteogenic differentiation of
human bone marrow-derived mesenchymal stem cells (hMSCs). By culturing hMSCs on micropatterned
surfaces, the cell morphology was precisely controlled to compare how cell morphology and viscosity
synergistically affect osteogenic differentiation.

[Experiments]

Micropatterns having circles of different size (30, 40, 60 and 80 um diameter) and 60 um diameter circle of
different aspect ratio (1:1, 2:1, 4:1 and 8:1) were prepare on tissue culture polystyrene (TCPS) discs using
photoreactive poly(vinyl alcohol)(PVA). The hMSCs were cultured on the micropatterns in viscous
osteogenic induction media. The viscosity of the media was adjusted by adding 1wt% of PEG of different
molecular weight. Actin filament was stained after hMSCs were cultured for 24 hours. After culture for 2
weeks, alkaline phosphatase (ALP) staining was performed to examine osteogenic differentiation.

[Results and Discussion]

On the micropatterned TCPS

surface, the morphologies of

hMSCs were well controlled

by the micropattern structure

with the shape of circles and

ellipses (Fig. a and b). After 2

weeks culture in the induction

media with different

viscosity, the ratio of ALP

positive cells was counted.

For large cells (40, 60, and 80

um), ALP-positive cells

increased with increase of

viscosity. Small cells (30um)

showed the same level of ALP activity in different viscosity. When hMSCs were cultured on the 60 pum circle
and ellipse micropatterns with a fixed size but changing aspect ratio, the number of ALP-positive cells
increased with viscosity. High viscosity further enhanced the promotive effect. The results indicated that
viscosity of culture media could affect osteogenic differentiation of hMSCs with large spreading area, but
not hMSCs with small spreading area. Aspect ratio could further enhance the promotive effect of viscosity.
Medium viscosity and cell morphology showed synergistical effects on promotion of osteogenic
differentiation of hMSCs.
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[Introduction]

Photocatalytic disinfection technology has attracted a great attention in order to process microbial
contamination due to its superior oxidation ability, low cost, nontoxicity and stability. Until now, although
there are countless studies about applying photocatalysis in environment, the commercialization of
photocatalytic reactors has not been widespread yet. The main constraint of applying photocatalytic
disinfection in large-scale industry is the tedious post-separation of photocatalyst powder after disinfection.
To avoid this shortcoming, fixing catalyst particles in a solid matrix has become a promising option. Until
now, various studies have been reported about immobilizing catalysts in or on different solid matrix, such
as glass, cement, paints, cellulose, and clay. Nevertheless, most of these methods are limited to specific
types of substrates, require complex processes, hazardous chemicals and instruments, or suffer from
industrial adaptability and scalability. As such, for the practical application of photocatalysis technology,
there is an urgent need to develop a facile catalyst immobilization method suitable for large-scale
preparation and application. Alternatively, binders like silicone glue could be a promising candidate for
coating the catalyst particles on plates. Silicone glue as an excellent adhesive possesses many useful
characteristics: thermal stability (-100 to 250°C); UV, water, and ozone resistance and cured at room
temperature. It has been applied in many fields, including electrical, electronic, household, office machines,
airplane, medicine, and dentistry. While, to date, there are few studies available for applying it in the
photocatalyst field. According to the previous report in our lab, a novel visible-light driven TiO,-based
heterogenous photocatalyst (P/Ag/Ag,0/AgsP0O4/TiO, denoted as PAgT) has been successfully developed
and exhibited remarkable ability for organic substances degradation, E. coli inactivation and water splitting.
Hence, in this study, a silicone glue-immobilized photocatalytic system based on this novel visible-light-
driven PAgT composite was developed for the continuous-cycle water sterilization.

[Experiments]

PAgT photocatalyst was successfully prepared by hydrothermal method. A commercially available silicone glue
was selected as a binder to immobilize the photocatalysts in a clear plastic Petri dish (SHARP CHEMICAL IND.
CO.LTD., Japan). E. coli was used as model bacteria with an initial concentration around 103 cfu/mL. In order to

test the stability of the glue immobilized photocatalyst, the inactivation was conducted in five consecutive cycles.

Moreover, SEM and XRD were used to observe the morphology and crystal structure of the prepared glue
immobilized samples.

[Results and Discussion]

In this research, a highly reusable silicone glue-immobilized PAgT was successfully developed in this study with
efficient antibacterial activity under visible light irradiation. The results showed that silicone glue as a binder
was able to provide a very strong intact between the solid matrix and catalyst particles thus making the
immobilized PAgT possessed excellent reusability during the cycling test. More strikingly, it was found that the
enhanced antibacterial performance of immobilized PAgT system was due to a synergistic effect of disinfection
mechanism combining the improved photocatalysis on the introduction of heterojunction structure, and the
mechanical stress driven from the composite sharp edge morphology. Therefore, taking into account its facile
preparation, good stability, free of post-separation, and high efficiency, the present newly developed silicone
glue-immobilized PAZT could be a promising candidate for sustainable practical application in a wide range,
such as real water sterilization, anti-biological fouling, air purification, and food preservation.
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[Introduction]

Population growth in recent decades has caused many environmental problems, such as the emission of
greenhouse gases and energy depletion. Therefore, the demand for clean energy has increased. Hydrogen is
a kind of clean energy that has high energy content, and the only combustion product is water. Recently, dark
fermentation process has been widely discussed because of its simple bioreactor and easy operation. However,
this process still has some limitations (e.g., the low hydrogen productivity and low stability), resisting its
further application. To solve these problems, our lab has developed a hybrid-Fe bioreactor that effectively
stabilized the fermentation process and promoted the hydrogen production efficiency during long-term
operation. Furthermore, light stimulation strategy under effective photon number (Nr) conditions was found
to be effective increasing microbial activity and could promote the methane fermentation performance. Hence,
whether the light stimulation strategy could further promote the hydrogen fermentation process in developed
hybrid-Fe bioreactor is worth of study. Thus, the objective of this research is to investigate the promotion
efficiency of light stimulation strategy on hydrogen fermentation using Nr as monitoring factor.

[Experiments]

To investigate the optimal Nr condition for efficient H, production, batch experiment was set up in hybrid-
Fe bioreactors under intermittent illumination with varied Nr condition. To further understand the light
stimulation effect on H, fermentation process, VFAs (Volatile Fatty Acids), ATP and NADH (Nicotinamide
adenine dinucleotide) were investigated which were crucial factors that reflecting the metabolic pathway and
microbial activity. Microbial community analysis was conducted to understand the variety of microbial
community structure and the functional microbes for affecting hydrogen fermentation performance. Long-
term operation was further set-up for investigating the effectiveness of light stimulation strategy with optimal
Nr condition of 3.75x10* umol-day"-L"!. VFAs, ATP, NADH for understanding the metabolic pathway and
microbial activity during the operation were investigated. Sludge conductance was further analyzed to reflect
the electron transfer efficiency.

[Results and Discussion]

Light stimulation using Nr as controlling factor were effective for promoting H, fermentation in the
developed hybrid-Fe bioreactor. The optimal Ng condition for H, fermentation was 3.75x10% umol-day!-L"!
(L3.75) and contributed to 1.4 folds H> yield compared to the dark condition. Furthermore, proposed Nr
condition effectively promoted the acetic pathway with higher H, production. The ATP value suggested that
the optimal Nr condition could effectively increase the microbial activity and further promote the acetic
pathway. The lowest NADH concentration under the optimal Nk condition proved that the NADH-dependent
pathway was promoted and resulted higher H, production. Thermoanaerobacterium, Fervidobacterium and
OPB95 were proved to be the dominant species under genus level in the L3.75 group. These species could
promote the efficient Ho-producing pathway that further improve the H» production efficiency. Moreover,
long-term operation carried out under the optimal N condition of 3.75x10* pmol-day!-L"! showed higher
H, production efficiency compared with dark condition. The increased microbial activity and sludge
conductance strongly proved that the light stimulation strategy under the optimal Nr condition showed
superior H» productivity and had great potential for long-term application=
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[Introduction]

Anaerobic digestion (AD) is considered to be a promising strategy to treat livestock waste and
produce biogas for satisfying the energy demands. However, high concentration of ammonium
could limit the process efficiency. To mitigate the inhibition, our laboratory has developed an
effective bioreactor by incorporating the chlorinated polyethylene (CPE) fixed oyster shell and
lignite modified zeolite (OLMZ) with light stimulation strategy. Trace mental, as micro-
nutrients, is necessary for metabolic activity and stability of the digestion process. Among trace
mentals, Fe is a key element in constructing majority of the enzymes and co-factors, plays an
important role in methanogenic process. Previous results showed that Fe in the OLMZ material
was used up after fermentation, suggesting appropriate supplementation of Fe is necessary for
the further promotion of system efficiency. Therefore, the objective of this research is to modify
the OLMZ with Fe (Fe-OLMZ) and construct highly efficient illuminated bioprocess for
enhancing methane production under ammonium-rich condition.

[Experiments]

Firstly, the modification of OLMZ was performed with Fe. The ammonium nitrogen sorption
capability of synthesized Fe-OLMZ was evaluated via kinetic and isotherm models based on
the adsorption experiments. Then, batch fermentative experiment using Fe-OLMZ was
conducted in developed bioreactor under favorable intermittent illumination (Fe-OLMZ-I) with
ammonium-rich substrate (NH4"-N=4000 mg/L). The digestion performance and microbial
activity was analyzed to investigate the effectiveness of Fe-OLMZ for enhancing the methane
bioconversion efficiency.

[Results and Discussion]

Fe-OLMZ illustrated advanced ammonium adsorption capacity compared to OLMZ,
suggesting that Fe-OLMZ might be a favorable adsorbent for ammonia uptake. As for the
digestion performance, the Fe-OLMZ fixed bioreactor under illumination (Fe-OLMZ-I)
resulted in the highest methane yield (272 mL/g-DOC removal), contributing to 132%
increment compared to the bioreactor with original OLMZ in darkness (OLMZ-D).
Correspondingly, Fe supplementation in Fe-OLMZ-I showed increased ATP and coenzyme Fa2o,
implying the effective activation of microbes and methanogenic productivity with suitable
micro-nutrient supplementation incorporate with light stimulation. Moreover, the conductance
of sludge in Fe-OLMZ-I bioreactor was 38% higher than in OLMZ-D bioreactor, reflecting a
strengthened electron transfer between the anaerobes. Therefore, the Fe-OLMZ fixed bioreactor
coupled with intermittent light stimulation shows great potential in practical application for
bioconversion of ammonium-rich livestock waste.
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Effective photocatalytic inactivation of novel Ag/Ag>O/BiPO4/Bi2WOs
composites for Escherichia coli: Mechanism and Applicability

*MING JIE, SUN XIANG, Yang Yingnan
Graduate School of Life and Environmental Science, University of Tsukuba

[Introduction]

Biohazards (such as bacteria, protozoa, fungi, viruses and prions) in drinking water are the
leading cause of various waterborne diseases, which result in infectious diseases and even
massive death. Traditional water disinfection methods including ozonation, ultraviolet radiation
and chlorination have been reported to be effective for water disinfection, but limited by
insufficient performance and toxic by-products. Therefore, efficient and environmental-friendly
disinfection technology for waterborne bacteria is necessary. Nowadays, photocatalytic
disinfection technology has attracted tremendous attention for its nontoxicity and great potential
to utilize solar energy. In the previous study, a solar-light-driven Ag/Ag>0/BiPO4/Bi2WOs
photocatalyst with excellent performance for organic degradation, was firstly synthesized in
our lab. However, there is limited information about its application for water disinfection.
Hence, the main purpose of this study is to investigate the disinfection efficiency, bactericidal
process and mechanism as well as the adaptability to environment of Ag/Ag>0O/BiP0O4/Bi2WOs
under simulated solar light irradiation, in the hope of providing more useful information for its
further practical application.

[Experiments]

Gram-negative Escherichia coli (E. coli) was chosen as model bacteria for disinfection
experiments. The photocatalytic disinfection experiment was conducted under simulated solar
light (370 nm~780 nm) with 50 mW/cm? light intensity. The bactericidal process was
investigated based on enzyme activities (Catalase (CAT) and superoxide dismutase (SOD)),
intracellular component leakage (K', proteins and nucleic acid) and scanning electron
microscopy (SEM) images of E. coli cells. The contributions of different active species involved
in the disinfection process were determined by scavenger experiments. In order to assess the
practicability, effect of environmental factors (light intensity, pH, temperature and humic acid),
and stability of Ag/Ag>0/BiPO4/Bi12WOs photocatalyst were investigated.

[Results and Discussion]

The Ag/Ag20O/BiP04/Bi2WOs exhibited remarkable bactericidal activity, and could completely
inactivate 2.5x10” cfu/mL of E. coli within 20 min with the optimal catalyst loading of 0.5 g/L.
To avoid the oxidative attack by -O2"and h™, E. coli increased the activities of CAT and SOD at
the early stage. With the accumulation of oxidative damage, the activities of antioxidant
enzymes decreased. After their activities were overwhelmed, the cell membrane was damaged
progressively, which caused the leakage of intracellular components (K, proteins and nucleic
acid), and then resulted in the final collapse of bacterial cells. In addition, the novel composites
exhibited high adaptability in a wide range of environmental factors (light intensity, pH,
temperature and humic acid), and showed high safety and excellent stability, indicating great
potential for water disinfection. Our work indicated a great potential of composite
Ag/Ag,0/BiP0O4/Bi2WOs for water disinfection process.
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Growing of Bi2WOQs Crystal with Assistance of Graphene Oxide for

Strongly Enhanced Visible-light Photocatalytic Water Disinfection
* MA QIANSU, ! MING JIE, ! LIU ZHIYUAN, 'Yang Yingnan
! Graduate School of Life and Environmental Science, University of Tsukuba

[Introduction]

Recently, waterborne diseases have caused plenty of troubles to human. Many drinking water sources are
not only contaminated by various hazardous chemicals, but also polluted by many pathogenic
microorganisms. Among all the pathogenic microorganisms, Escherichia coli (E. coli) and Enterococcus
have been commonly found in food products and drinking water, which are very harmful to human. Chemical
disinfection, especially chlorination, is the most popular sanitization technique for water purification.
However, evidence continue to grow that chlorine residue can produce significant amounts of harmful
disinfection by-products, posing a serious risk to public health. Photocatalysis has attracted considerable
attention for water and wastewater disinfection in recent years, mainly due to its favorable efficiency,
relatively low toxicity, and potential capability of using solar energy directly Bi,WOs photocatalyst has been
a promising alternative for wastewater treatment due to its narrow bandgap, low cost, and visible-light-driven
property. Nevertheless, the high recombination rate of the generated electron-hole pairs limited the efficiency
of the Bi,WOs photocatalyst. To solve this problem, Ag, Ag,O, and AgzPO4 has been doped with Bi;WOg to
fabricate a novel heterogeneous photocatalyst with high photocatalytic performance. To further enhance the
photocatalytic efficiency of Bi;WOs, graphene oxide (GO) is used to synthesize Bi,WOgs based composite
photocatalyst. GO has been widely used as a light absorber and electron acceptor, which can reinforce light
harvesting and electron—hole separation. Besides, the unique 2D structure of GO will promote the transfer of
photo-generated charge carriers, which improves the photocatalytic activity. Ag/Ag>O/AgzPO4/Bi;WOg was
synthesized by a two-step hydrothermal method, Bi,WOs was formed in the first hydrothermal process, Ag,
Ag>0, and Agz;PO4 were doped on Bi;WOg in the second hydrothermal process. It is hypothesized that GO
adding in different hydrothermal process will affect the crystal formation of Ag/Ag,O/AgizPO4/BiaWOse.
Herein, GO adding in 1% and 2" hydrothermal process of Ag/Ag,0/AgsPO4/Bi,WOs were synthesized
separately to optimize its photocatalytic disinfection performance.

[Experiments]

GO was purchased from TCI Ltd. Co. Bi2WOg based photocatalyst was prepared by a two-step hydrothermal
method from the previous study. For the preparation of GO-Bi,WOg based photocatalyst, GO was added in
both the two hydrothermal process respectively and marked as GO1 and GO2 to obtain the best condition.
Characterization test (UV-Vis, PL, Raman spectra, FT-IR) and photocatalytic activity experiments were
conducted to find the most optimal condition of GO modifying Bi;WOs based photocatalyst. Photocatalytic
disinfection activity was determined by photoinactivation of 107 cfu/mL E. coli and Enterococcus.

[Results and Discussion]

It indicated that GO2-Ag/Ag,0/Ag:PO4/BiWOs photocatalyst possessed highest visible light absorption,
lowest generated electron-hole recombination rate, highest photocurrent density. Besides, clear chemical
bond of GO can be observed from FT-IR and Raman spectra. Characteristic peaks in XRD patterns showed
that GO-Bi,WOg were synthesized successfully. From the result of the release of Ag+ ions, it indicates that
the quick inactivation of E. coli should result from photocatalytic performance instead of the released Ag. In
summary, GO modified Bi,WOQOs-based photocatalyst in the second hydrothermal process was successfully
fabricated and exhibits high photocatalytic inactivation activity, and it shows promise for practical application
in wastewater treatment.
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Light-induced biomethane conversion from ammonium-rich feedstock:
Optimization and applicability

*ZHU YUNXIN, LIU ZHIYUAN, Yang Yingnan
Graduate School of Life and Environmental Science, University of Tsukuba

[Introduction]

Anaerobic digestion (AD) of ammonium-rich waste into biomethane has become attractive strategy for
pollution control and bioenergy conversion. However, excess ammonia generated during the process often
acts as a strong inhibitor for anaerobes, and thus repressed the bioconversion efficiency. Previous studies
have reported that light-stimulation was an effective strategy in overcoming ammonia inhibition, while little
attention focuses on optimizing the light condition to further enhance the digestion performance for scale-up
application. On the other hand, solar, as a promising light source, could be an eco-friendly alternative for
future commercialization of developed system. In this research, the objective was first to optimize a novel
light-assisted bioprocess for promoting methane conversion from ammonium-rich feedstock. To provide
scaling-up guidance with solar light application in the future, this study further revealed the practical
effectiveness of proposed bioprocess and the light-activation mechanism.

[Experiments]

To identify the optimal light condition, 13 runs fermentation experiments were carried out under different
light conditions with ammonium-rich substrate (NH4"-N concentration = 2500 mg/L) based on response
surface methodology (RSM). The possible light-stimulating mechanism was revealed in view of key
coenzyme activities, electron transfer capacity and sludge properties. Moreover, to confirm the practical
effectiveness of proposed condition, batch experiments were conducted with different ammonium levels
(2500-8000 mg NH4"-N/L) and light sources (simulated solar light and incandescent light). Finally, a 2

months semi-continuous experiment was carried out to verify the long-term effectiveness of proposed process.

[Results and Discussion]

The optimized light condition (225 W/m? with 63 min/day) contributed to doubled methane yield compared
to the dark group. The effectively boosted digestion performance under optimized light condition regardless
of ammonia levels demonstrated the robust effectiveness of proposed light-assisted process for waste
treatment. A comparable performance under both simulated solar light (UV cut) illumination elucidated its
practical feasibility with sunlight illumination in the future. Moreover, the proposed condition led to a well-
performed bioprocess with enriched methanogenic microbiome during the 2 months operation, suggesting
its sustainability for long-term efficacy. Mechanistic insight into enhancement revealed that the proposed
light condition could effectively improve the microbial activity, promote the methanogenic pathway and
favorable sludge properties (hydrophobicity and electroactivity). Therefore, it is promising to construct an
innovative illuminated process for sustainable waste-to-energy conversion during practical application.

159



P-D-33

Development of a solar-controllable reactor for high-efficiency

photocatalytic wastewater treatment under real sunlight
*C. Zhang, Y. Yang
Graduate School of Life and Environmental Science, University of Tsukuba

[Introduction]

Solar-energy-enabled photocatalysis is promising for wastewater treatment. However, due to
the solar motion and variable weathers, providing optimized light and temperature under actual
weather remains a technical difficulty. So far, some researchers have attempted to provide
photocatalysis with sunlight by using photoreactors such as Inclined Plate Collector (IPC).
However, since IPC is fixedly installed, it can only passively receive sunlight to provide the
variable and non-optimized light and temperature, which limits the photocatalytic activity.
Therefore, the solar energy controllable photoreactor is needed to optimize the light and
temperature. Linear Fresnel (LF) is traditionally applied in the solar thermal engineering. Its
structure mainly includes segmented mirrors and light receivers, and the number and operation
of mirrors determine the solar energy amount collected in LF. If LF has suitable mirror number
and could be flexibly controlled, it is possible to effectively optimize the light and temperature
under real sunlight. Therefore, the objective of this study is development of a Linear Fresnel
Photoreactor (LFP) to effectively control solar energy for high-efficiency photocatalytic
wastewater treatment and study on its practical application prospects.

[Experiments]

First, since light irradiance and temperature are two key factors affecting photocatalytic activity,
the optimal light irradiance and temperature were identified. Then, since the mirror number and
mirror operation determine the light irradiance and temperature provided by LFP, the mirror
number and its control system were designed. Subsequently, LFP and IPC (as control) were
manufactured. The photocatalytic wastewater treatment capacity of LFP and IPC was evaluated
by the degradation experiment of various organic pollutants (Rhodamine B (Rh B), Amoxicillin
(AMX) and Escherichia coli (E. coli)) under actual weathers. The global applicability of LFP
was evaluated based on data from the Japan Meteorological Agency. The economy feasibility
of LFP was evaluated by comparing it with IPC and several typical traditional wastewater
treatment plants (Activated Return Sludge Plant (ARSP), Waste Stabilization Pond (WSP),
Integrated Anaerobic-Aerobic Plant (IA-AP)).

[Results and Discussion]|

The designed LFP could achieve effective adjustment of sunlight through programmatically
controlling mirrors according to solar motion and weathers. On sunny condition, LFP could
always maintain the optimized light and temperature, and on overcast condition it could provide
the light irradiance and temperature as favorable as possible. In the comparative experiments
between LFP and IPC, the Rh B degradation efficiencies in LFP were 2.19 folds, 1.5 folds and
2.28 folds higher than control under the temporarily overcast, totally to slightly overcast and
sunny conditions, respectively. In addition, the efficiencies of AMX degradation and the E. coli
disinfection in LFP were also 2 folds and 1.37 folds higher than control in sunny conditions,
respectively. Moreover, the whole-year estimation indicated that LFP could achieve much more
superior light and temperature for high-efficiency wastewater treatment than IPC. The
economic evaluation also proved that LFP has lower initial investment and operating costs than
traditional wastewater treatment plants (ARSTP, WSP and IA-ATP). Based on above results,
LFP showed great potential for realizing high efficiency photocatalytic wastewater treatment
under real sunlight for practical applications in the future.
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Effect of oxygen vacancy and its quantity on H, evolution by using
P/Ag/Ag,0/Ag;PO,/TiO; under solar light

*SUN XIANG, MING JIE, Yang Yingnan,
' Graduate School of Life and Environmental Science, University of Tsukuba

[Introduction]

Solar light driven P/Ag/Ag,0/Ag;PO4/TiO, (PAgT) photocatalyst developed in our lab has been
determined as an efficient material in water splitting process. In another aspect, defect engineering
such as oxygen vacancy (OVs) is a promising strategy to improve the activity of photocatalyst under
solar light irradiation. Hence, the construction of OVs onto PAgT composite has great potential to
further improve its H, evolution efficiency under solar light irradiation. However, it has been reported
that the amount of OVs has a huge influence on the photocatalytic behavior, OVs with proper amount
is beneficial to promote photocatalytic performance, while excessive OVs would give a negative effort
on the photocatalytic activity as it would be the recombination center for charge pairs. Therefore, it is
necessary to determine the optimal amount of OVs in PAET to successfully promote its H, evolution
rate. Therefore, the objective of this study is to construct optimum amount of OVs onto PAgT
photocatalyst and evaluate its H, generation rate under solar light irradiation.

[Experiments]

The OVs modified PAgT composite photocatalyst was synthesized by two steps. Firstly, the pure
PAgT sample was fabricated through hydrothermal method with molar ratio of Ti to Ag was 10:1.
Then, various quantities of OVs were introduced into PAgT via a facile photoreduction method. The
as-prepared samples were designated as OVs-PAgT-X, where X was the dosage of PAgT during the
photoreduction process (X= 16, 12, 8, 6, and 4 g/L.). The obtained samples were characterized by XRD,
Raman, FT-IR, XPS, UV-vis and PL. The activities of OVs-PAgT-X were evaluated by the H,
evolution experiment using deionized water containing 5 vol% methanol as hole-scavenger under
simulated solar light irradiation. Then, the stability of OVs-PAgT-8 sample was further studied by
cyclic H, evolution experiments.

[Results and Discussion]

The existence of OVs in modified PAgT samples was confirmed by XRD, Raman, FT-IR and XPS in
detail. In particular, a similar shift attributed to the formation of OVs could be clearly observed in
XRD, Raman and FT-IR spectra of OVs-PAgT sample compared with original PAgT sample.
Moreover, the appeared Ti’" peaks in Ti 2p XPS high-resolution spectra of OVs-PAgT samples could
further determine the successful introduction of OVs. Meanwhile, the above data revealed the OVs
were mainly took place in the TiO, component rather than Ag,O and Ag;PO,4. This phenomenon might
be caused by following three possible reasons: (1) the energy required for constructing OVs onto Ag,O
and Ag;PQO, is higher than that of TiO,; (2) the photo-generated electrons prefer to accumulate in
conduction band of TiO,, leading to formation of Ti*" and OVs; (3) the high percentage of TiO, in
PAgT composite photocatalyst due to higher Ti molar ratio. Additionally, the amounts of OVs in each
sample were calculated based on the XPS data, and the results shown that the amounts of OVs
increased from 3.48% to 10.01% with decreasing the dosage of PAgT during the photoreduciton
process. UV-vis and PL results indicated the formed OVs could successfully enhance the light
absorption ability and suppress the e-h’" pair recombination of modified samples. Specially,
OVs-PAgT-8 with the optimum amount of OVs (6.01%) exhibited the strongest light absorption
capability and rapidest e-h" separation rate, leading to 1.67 folds H, evolution rate (783 pmol-h™-g™)
compared with original PAgT. Besides, OVs-PAgT-8 could also maintain excellent H, yield during 10
recycles, indicating its good stability and great potential for practical application. Our work will
provide new insight into designing of efficient defect-engineered composite photocatalyst for the
related solar-to-hydrogen (H,) conversion processes.
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Fabrication of Ag/Ag>O/BiPQ4/Bi2WQs/g-C3N4 Z-scheme photocatalyst

*ZHANG HONGIJIAN, SUN XIANG, MING JIE, Yang Yingnan
Graduate School of Life and Environmental Science, University of Tsukuba

[Introduction]

Recently, photocatalytic technology has attracted wide attention for its simple operation and high
efficiency to deal with pollution. During photocatalytic reaction, e-h" pairs are generated when photocatalyst
is illuminated by a light energy greater than its band gap. Once excited, the e” will jump into the conduction
band, leaving the h* in the valence band, which could further generate various reactive oxygen species by a
variety of redox reactions, contributing to pollutant degradation in wastewater. Among the various
photocatalysts, Bi,WOs as a visible-light-driven photocatalyst, has been researched extensively due to its
high efficiency of solar utilization. However, fast recombination of the photogenerated e-h™ pairs limit its
practical application. In our lab, BixWOs was firstly modified with Ag, Ag,O, and BiPO4 to form a
heterojunction Ag/Ag>O/BiPO4/Bi,WOs photocatalyst (Ag-BWO), which exhibited enhanced charge carrier
separation and outstanding organic degradation performance. On the other hand, compared with the
traditional heterojunction, Z-scheme heterostructure photocatalyst has attracted increased attention because
of its superior redox ability resulted by the unique electron flow. Graphitic carbon nitride (g-C3N4), as a new
type of metal-free polymer photocatalyst, has aroused great concern due to its high thermal/chemical stability
and high specific surface area. In addition, g-C3N4 possesses matched band structure with Ag-BWO to form
new type Z-scheme photocatalyst. Furthermore, the different mass ratio of g-C3Ns4 to Ag-BWO could
influence its photocatalytic activity by affecting the generation of active species. Therefore, the objective of
this research is to successfully synthesize Ag/Ag,O/BiPO4/Bi;WOe/g-C3N4 (Ag-BWO/g-C3N4) Z-scheme
photocatalyst and investigate its photocatalytic efficiency for organic pollution with different mass ratio.

[Experiments]

Firstly, g-C3N4 was prepared by calcination of urea powder at 550°C for 4 hours. Secondly, Ag-BWO/g-
C3N4 composite was synthesized by a two-step hydrothermal method. The composites with theoretical mass
ratios of 10:1, 25:1 and 50:1 were prepared by adjusting the adding amounts of Ag-BWO and g-CsNy in the
precursor solutions, and denoted as ABC10), ABC(25) and ABCs0), respectively. Then the prepared composites
were characterized by SEM, EDS, XRD, XPS and FTIR. Finally, the organic dye degradation experiments
(Dyes: Rhodamine B, Methylene blue and Methylene orange) were conducted under the simulated solar light
(60 mW/cm?) with wavelength of 370~780 nm. In addition, the enhanced photocatalytic activity was clarified
by UV-vis, PL, EIS, photocurrent density and scavenger experiments.

[Results and Discussion]

The Ag-BWO/g-C3N4 composite was successfully synthesized with homogeneous element distribution,
high purity and strong chemical interaction between Ag-BWO and g-C3Ny4, which was confirmed by EDS,
XRD, XPS and FTIR. A clear morphology of Ag-BWO/g-C3N4 composite was observed by SEM with Ag-
BWO nanosheets grown on chiffon-like ripples and wrinkles nanosheets of g-C3N4. Compared to Ag-BWO,
g-C3N4, ABC(0) and ABCs0), ABCp2s) exhibited the highest photocatalytic efficiency for dye degradation
including Rhodamine B, Methylene blue and Methylene orange. The admirable activity of ABCs) was
primarily attributed to the enhanced light adsorption in visible light region, excellent charge separation and
transfer ability, resulting from the close contact of ultrathin nanosheets and the formation of Z-scheme
heterojunctions, which was discovered from UV-vis, PL, photocurrent density and EIS results. In addition,
the scavenger experiments demonstrated that photogenerated - OH, h* and - O, played significant roles in
organic degradation following the order of ‘O, > h™ >OH. Moreover, the Z-scheme heterojunction was

proved by combing the scavenger results with band potential of different components in the Ag-BWO/g-
C3N4 composite.
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Impact of Homogeneous Operation on Biomethane Production in
Illuminated Anaerobic Reactor

*CHEN YUIIA, Yang Yingnan
Unpversity of Tsukuba, Degree Programs in Life and Earth Sciences

[Introduction]

Anaerobic digestion (AD) is a widely applied wastewater treatment to decompose organic waste and produce
renewable energy for the sustainable development. However, one of the main challenges of AD process is
ammonia inhibition during the digestion of ammonium-rich waste. In previous study, the illuminated bio-
zeolite fixed-bed system has been developed as an effective ammonia alleviating practice. In order to ensure
the effective and stable performance of the developed system, homogenous light-stimulation is prerequisite.
Considering the practical application in the future, stirring strategy is a promising homogeneous method, and
the stirring condition required to be controlled carefully. Until now, there is no study focused on developing
an efficient and homogeneous illuminated bioreactor via optimal stirring operation under high ammonia
concentration. Therefore, the objective of this research is to investigate the effect of stirring strategy on

illuminated bio-zeolite fixed-bed reactor for effective light-stimulation and promoted biomethane conversion.

[Experiments]

Firstly, the effect of constant and intermittent stirring on the illuminated bioprocess during daily illumination
(90 min/day) was compared with no mixing condition under ammonium-rich condition (3000 NH4"-N mg/L).
Secondly, the optimal condition of intermittent stirring was investigated by varying the stirring time (stirring
for 1,3,5,7 min per 15 min interval). Finally, the possible mechanism of enhanced methane production from
homogeneous-illuminated system with optimal stirring condition was elucidated by ATP value, coenzyme
F420 concentration and sludge conductivity result.

[Results and Discussion]

Suitable stirring strategy could function as an effective homogeneous operation for illuminated anaerobic
digestion process. Compared with constant stirring, the intermittent stirring could be a more suitable strategy
for developed illuminated system. With optimal stirring condition (stirring for 3 min per 15 min interval),
1.34-fold of methane yield was obtained compared with no mixing group. Meanwhile, the improved
microbial activity, enzyme activity and sludge conductivity suggested the importance of uniform light
stimulation for developing an efficient homogeneous-illuminated reactor. This study demonstrates the
effectiveness of illumination incorporated with mixing strategy for an efficient AD system for practical
application in the future.
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