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KL-01 How Entrepreneurial Collaborations between Universities in Japan and the US are Accelerating
International Innovation and Economic Development
Dennis Abremski
Executive Director of UC San Diego’s Institute for the Global Entrepreneur (IGE)
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| BEB(AE£ER) |
* PR R E N RRE
—fERE (O3E) 1| Oral Presentation 1 (10:40~11:30)

R INLE BE (W - MR

01-01 Cell compatibility and nanoparticle formation of coiled-coil silk from hornets

ODerya Aytemiz!, Yusuke Kambe!, Tsunenori Kameda!
1 Silk Materials Research Unit, Institute of Agrobiological Science, NARO

01-02* Formation of nuclei during annealing impeded the supersaturation in the dissolution process of

celecoxib glass
QJ. Song!, K. Kawakami'?

1 Research Center for Functional Materials, National Institute for Materials Science (NIMS), 2 Graduate School
of Pure and Applied Sciences, University of Tsukuba

01-03* MR CEMEI TR D7z DRAEMERHRMER NI 747042 7 4 NV LDFRFE
OlAER 1, A2 KRS, ALK, hiEET!
LU TRFEARFGE LA iy LAHK, 2 HARERIEE LIRS, 3 HARBERAAEER SR

01-04* Surface modulation of extracellular vesicles with peptide-conjugated lipids for improvement of

intracellular delivery
OHUANG Tianwei!, Yuya Sato!, Masayuki Sano?, Makoto Miyagishi®, Hiroaki Tateno?, Renu
Wadhwa'5, Kazunori Kawasaki®, Takeyuki Uchida®, Ung-il Chung!, and Yuji Teramura?"8
1 Department of Bioengineering, School of Engineering, The University of Tokyo, 2 Cellular and Molecular
Biotechnology Research Institute (CMB), National Institute of Advanced Industrial Science and Technology
(AIST), 3 Biomedical Research Institute, National Institute of Advanced Industrial Science and Technology (AIST),
4 AIST-INDIA DAILAB, National Institute of Advanced Industrial Science and Technology (AIST), 5 School of
Integrative & Global Majors (SIGMA), Tsukuba Life Science Innovation, University of Tsukuba, 6 Material Science
RG, Research Institute of Electrochemical Energy, Department of Energy and Environment, National Institute of
Advanced Industrial Science and Technology (AIST), 7 Department of Immunology, Genetics and Pathology (IGP),
Uppsala University, 8 Master/Doctoral Program in Life Science Innovation (T-LSI), University of Tsukuba

01-05* In Vitro Gastric Simulation Evaluation of Hornet Silk as a Potential Alternative Food Source
OMuganda, J.1, Mao, X.}, Tian, Y.3, Zhang, B.1, Kobayashi, I. 12, Kameda, T.!*
1 Department of Life Science Innovation, University of Tsukuba, 2 Food Research Institute, NARO, 3 National
Institute of Agrobiological Sciences, NARO

—i%EE (O7&) 2 | Oral Presentation 2 (15:00~15:50)

JER SPAS DL (B3 - ASERERAHR AT

02-06* HFEDELKRBZRYIFL Y Ya—LEY v h—t LEEEERTF FEERI LI 70704
DESE MEHES — F~DIGH
OFRMESZ 1, FRRIFIR Y, Hsigoe !
1 B R TR KPR LA Ay LA B

02-07* Tumor microenvironment regulation-enhanced photo-immunotherapy
OXueping Yu'?, Xiupeng Wang?, Atsushi Yamazaki'
1 Graduate School of Creative Science and Engineering, Waseda University, Japan, 2 National Institute of Advanced
Industrial Science and Technology, Japan

12



02-08* Regulation of bifurcated cytokine induction by CpG oligodeoxynucleotides/cationic liposome ratio
in immune cells
OLe, N. B. T. 12, Yamazaki, T.!
1 Graduate School of Hokkaido University, 2 Research Center for Functional Materials, National Institute for
Materials Science (NIMS)
02-09* Bifunctional Scaffolds for Magnetic Hyperthermia of Breast Cancer Cells and Regeneration of
Adipose Tissue
ORui, Sun'?, Toru Yoshitomi!, Naoki, Kawazoe!?, Guoping Chen!?
1 Research Center for Functional Materials, NIMS, Japan, 2 Sch. of Pure and Applied Science, Univ. of
Tsukuba,]Japan
02-10 F—H=v 7% by —8E Inkbox®DEEDEF TOIGH
ORREHER 1, BRI L, RYREEF 12, B S !
1SR EEL R R BEHRIER S, 2 S0 A 7 4 At v 2 —RbE EHRA R
—fEE (O7%) 3 | Oral Presentation 3 (16:00~17:00)
FER LI & (FEERmie & WIeRT)
03-11 BFXy FX—Y HAL DETHMEWR : BRIKEESFTIC L 2 R BB ES IS ERFEFROBE
OFIRFFR 1, FHRAR 2, AR 3, IHERE 4, AEEEH, PIHER 2, s o,
s 5, (LRI 3
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4 ZHR) F vy 7T 4 ERatt

TR AASRHERRINE~NY FLZROY Ly ar R Y 2 —0EHIBERRIC L 222
B2 i

OFFOfEsh |, =EW) Y, IHEE 2N, IEHEKER 23, RS 1, #ALEF L, b4, IIKEE!?
1 FUFE KR 2 R R BT AVEL, 2 BN R R N EE BT A TG, 3 A v 7 v v 7 4 TR &t

VIRBHREELEFGF2 U VBALY Y AEEIA—T 4 v T4y 7 5y MY 2 BBEBRIG
RSN Y, KRR 2, AR L, IARIERR Y, OB Ifgse 1, REPSEE 1 MIVEREE L, NIRRT 3,
ik 2, RSk 2, ILIRIEE !

1 JUR KR ERE R BETEIVEL, 2 BEERE TR A TTTAT N E T2 iFgeiR M, 3 8RR A 2RI R
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| CEHBGRIAT) |

* R EMHEEENTRER
— i EE (RX%&—) | Poster Presentation (13:30~14:30)

P-01*

P-02*

P-03*

P-04*

P-05

P-06*

P-07*

P-08*

P-09

P-10

P-11

AT AL FEEF  13:30~14:00 - 1BFF  14:00~14:30
AR FMEOBBEN L ZRIREICT 28K E T T F R F ORI
OfFEEMER 12, RIANE 12, PHIOI)L 2, HOEE 12
LR R e BHWE, 2 PV'E - PORITTEs

EEBARAY — 7~ b 0KRET & IMEERZEASH B2 0 FTf
O/MROK Y 12, JEEEAR 2, RINAITE 12, JHERHEEL 12, PALIRA)A 2, HOHEE 12
LSRR BE BORYI'H, 2 WM BRREMEA T FE sl

RBRY SRR LEDIZODHT A—LVEBBAR LT F  EEFIORK
ORIINE 12, HIEEAR 2 PIEHEE 12, THORL 2, KIFEIEHL S, HOPK 12
LB R T - BERYERATTIERE, 2 VIR EHTIErERS, 3 SO BRRER: - BEAE

WATEARE B8 L AT 74 b — > RMA0BER
ORI 12, TR 129
1 VIS EEREERRE L, 2 SR BeRCEYE, 3 B AR CE T

A%y —FGF-2— U v BEANY T LEEBDOREE L in vitro 4 E M FTE
O 1, A, EENME 2, BEEA 1, IHIRIER 3, Ohisos !
1 EESERARH A T LA R LA SE R, 2 BESERTARR A TERT S A A X 7 4 A ABTSEERM, 3 TR EBESE
BRI

Chitosan based antimicrobial coating fabrication strategy for Ti6Al4V based orthopedic implants
OBhardwaj, Aman.!?, Yamamoto, Akiko.!, Pandey, Lalit Mohan.?
1 Research Center for Functional Biomaterials, National Institute for Materials Science, 2 Department of
Biosciences & Bioengineering, Indian Institute of Technology, Guwahati

YA bAHA YR b= LD E B LFRIE-RY ~—E&A&%K (APC) D1EH
OFMWIRE 12, ARAIEH 12, Ahamed Nabil!, AT 127
LYE - AR EHEE BRAEVETRIIIEILR, 2 SRR e SORM BRI AN ERE, 3 BB RE R St
TEWHFER

Composite scaffolds of gold nanoparticles and doxorubicin-loaded thermo-sensitive liposomes for
cancer therapy

(OHuajian Chen'?, Rui Sun'?, Jing Zheng'?, Toru Yoshitomi!, Naoki Kawazoe!, Guoping Chen'-?
1 National Institute for Materials Science, 2 Graduate School of Pure and Applied Sciences, University of Tsukuba

HEBFEICH L, RAINFRENICEYZRETE2RY— b/ 774 NN=2 X7 L3, HEENGH
REEZWBEICT S
OZHGnE 1, MALLE 25, BREERE ¢, BRM > TR ¢, BHIesE 23
1 HURCRE NI A RIA AT, 2 JUBORY: - IEPEERR - BUBRIEERL, 3 LB FHRAREE - B T-#ani e v 2
—, 4 EZHTFERR SRR NIV E PRI TR

Parallel guanine-quadruplex structure improves the immunostimulatory effects of phosphodiester-
based CpG oligodeoxynucleotides
OPathak, S.!, Yamazaki, T.12

1 Graduate School of Life Science, Hokkaido University, Sapporo, Japan, 2 Research Center for Functional
Materials, National Institute for Materials Science, Tsukuba, Japan

MO ILFE—XILEEZAES-) Vv BALY Y LAEARFORE
OffmaE W |, hRTEA !, RRRET!
1 PEEHAMT AR - 7 2 MEHFZEERM
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p-21*

P-22

P-23

EIREMEF —LICL BEMNBEFERF Qolo DRAFE~Y NEY F— a3 VEIEROREN B~
OWEARGNR Y, MIRFSHE 2, LR 3, 4 R 3, RE@RA 4 PHEER L, SRR °
IR RFEAER R ) 7= 3 VIEY, 2R ZELEER Y 4 Y= 7 XEF, 3 Qolo &1,
4B ==L —F T a7 b, 5REREY AT LERSR

ARBRICH T 2 AR B EDBREIABE L FRICET 2 XERAE
OBRILE |, Ik 1 2, mikilT 3, RiEmm
LR - BEHERGR, 2 250 R - TAEER, 3 BUBOCE NIRRT - SRAERIRER, 4 A IR LR R AL -
PR 5

AR B YA T LS/ RFIC K BIEEME L 8 B OERNIBE
OB !, oMY !, RRIET 2, KERET !
1 EEREBAIRR A WIENT - &/ MEHITIEHRF, 2 SRR A TSI - BT LSBT 58

EYx v ) THFEZBIE L PMPCHEAREEICL % UK Y — AREEE
OFAESR M4, PR T 2 A2, FhHE
LZH THERFERFGE - HUAIER], 2 2 LHERE - o A7 LHTHE, 3 RIRRFRERE - THEDIER, 4 7
LA AT - Ml T LW

BROKRSER ORBILEOETE & FHE T 5 7= H OMEE TR 2 7 L DFEF
OGHAK 1, JI| LESE 12
LE - ARIFZEHRS - ERREH Y 7 b~ & — 20— 7, 2 BUE KA RN - BORE R e R

BEINEY Diels-Alder BUERMMHBIE S R 7 L DEREH
Oty 12, BREERE ', T 122
L btk - BAENE, 2 STHOKEE - BORYIE. 3 HRIARE - it

mY VMERRERIELEY VYRES/ 77 A NN— Xy 1 DR
Omtarfr 12, ik KI5 12, HERFE 2
1 VIR MRS RENE, 2 SRR BB e

Design of functionalized poly(acrylic acid)-ethylene glycol fiber meshes via centrifugal spinning to

remove excess water from kidney failure patients
OI-Hsuan Yang!?, Makoto Sasaki!®, Mitsuhiro Ebaral?
1 Research Center for Functional Materials, National Institute for Materials Science (NIMS), Japan, 2 Department
of Biomedical Engineering, National Taiwan University, Taiwan, 3 Graduate School of Pure and Applied Sciences,
University of Tsukuba, Japan

MARREDBRICEYRERRLE T/ 774 /N—X v 2 DREIS
Offe 2 KI5 12, HIFEFRETE 12
LWE - PRI ERER - BRREMIAPRIDITE LA, 2 SO E R DT - B E R AT T i

EEAART7 04 FEELEDRESL
OfRIELEAR 12, FHEIC 2, 2 EF K !
1 HE R TR, 2 ENTIFSERRIE Y - MR SeiRs

ARRKECORMZBIE LB ARy b OERRET
OFMEN T, REHT 2 NBEERE !, GHER S, BER?
1 EESEBAIAR O WIIERT fRHEEE oA e imi, 2 SR A EFR, 3 AR RY: B LAk

SREBT RO Bis L - SR NERM O

O il !
1 PESEBANAR A WIERT fRHEEE TS AR

15



P-24*

p-25*

P-26

p-27*

P-28*

P-29*

P-30*

P-31

P-32*

P-33*

P-34

BREBICH T2 FREROREEY Vv R EHORERRZ TS 270 OBBFEEETILORK
OHJIFHA Y, FERIEfR !, BTHERS 2, /NSRS, Ak !
LIRS REA T 4 THIPEE, 2 R HVERPOB IR, 3 BRIRA A € v & — WRER

1B D= D5 < DHBEWMS 2T L
OFAR#E 12, RHFEZ 13
1 BRI ZERFEE NEE R ATIITAT Ay TAaiik Mo 7 LA, 2 FUERYF R 524 74 7 X
—>va v e 7o L, 3 PIEKERY B 7 e — VB

YEHARBEEEW L=V AL RRERARY ~ —RFOBHH
Oty 1, WEF-EE L, AITE L a2, BipE 3

Synergistic effects of cell morphology and extracellular viscosity on differentiation of human

mesenchymal stem cells
QOJing Zheng!'?, Yongtao Wang'?, Naoki Kawazoe!, and Guoping Chen'?
1 Research Center for Functional Materials, National Institute for Materials Science, 2 Department of Materials
Science and Engineering, Graduate School of Pure and Applied Sciences, University of T'sukuba

B b iPS MO — R X — hE DO BEO/ES & BEEEE DIREE
OFMIFFEA 12 VeEihsk >4, FRIg 1, SFAMIE 3, ILIRRER] 2, AEH RIS, AR
L BERSTIT « fRREIE, 2 RAREIOK - AREEE T, 3 FERRTT - MM T, 4 BEntREE - T45%, 5 BHUKEE - [E¥%

High-Throughput Drug Screening using 3D Tumor Model containing Induced Cancer-Associated

Fibroblasts for Pancreatic Ductal Adenocarcinoma Treatment
(OXiaoyu Song!?, Yasuyuki Kida'-?
1 Stem Cell Biotechnology Research Group, National Institute of Advanced Industrial Science & Technology
(AIST), Center 5-41, Tsukuba, Ibaraki, Japan, 2 School of Integrative & Global Majors (SIGMA), Tsukuba Life
Science Innovation, University of Tsukuba, Japan

3D Tumor Model with Perfusable Blood Vessels
ORinki Singh'2, Nobuhito Mori?, Ryo Tsumura®, Yoshikatsu Koga®, Yasuyuki S. Kida?*

1 School of Comprehensive Human Science, Life science innovation, University of Tsukuba, 2 Cellular and
Molecular Biotechnology Research Institute, National Institute of Advanced Industrial Science and Technology
(AIST), 3 Exploratory Oncology Research and Clinical Trial Center, National Cancer Center, 4 School of
Integrative and Global Majors, University of Tsukuba

- B A RS & ARAT 9 5 7o & DR EM R R DR F
OZt&farE !, BIlith =1, FRARHEE 2 KHFEZ 2
L ESZFFERA Sk AP SE B AT FEAT e LEaisk Ml 7 LWk, 2 FURRFEREE T 4 74 7 ~—
Ta VLT u s T b, 3 FUERFERFGL S v — S A BEH

KXAPEHPICE T ZMITEE CBTUSE
ORKE !, fZEHIR !, Mok !, HENE!
1 ESZWHERSEE NEESERNR A TITERT - ARIERA v 2 7 27 > 2 YHIEERM

REERBIRST BN (TAVI) JRERIEOMTEIRE & RN - BEHRFICE T 2RRAR
ORfEhyr |, MTHFE 2, fiAsE— 3, AIfEd s, NMEFHE 1, FaRE 2 G 2,
R
1 FRERFRFBE NERARIAAITEE 7 v v 7 4 TERE, 2 FURKAIEERER AR, 3 SRR E A ER R
L - ERERIFZC2E, 4 PERERLARR AT SERT

7 2RO YBEBBED FEBVLIHR R U RER 0B 3

OfTHF& !, B 12, FRE >, JHIE ¢, MAALE ®
L BLREE, 2 SURCKHHRELG £, 3 BEA KB EE, 4 BRAKBEE, 5 FUCKIEE ¥R

16



BEHR




KL-02

EFERDHYAELSEDRE
—ERBRERFOIIBT—

A% B
— A RZABFERBBERXESE FEER

R DO EREEIR Y513, 2021 457C 4576 {2 USD (K9 50 JKH) OFELTH Y | 51% & CAGRE%
BETORENRAENTWD, —FH, ENTSHIEHN 4 IKMNOHE (R OK 8%fEE) <
HY . mw%&ffm&ﬁ%ﬁffwé%@w ERITix, BF DREICRWTHE 2 (7]
EVDbNTEER, BHEOT —XZ TiE, KE, R4, FEIZKRWTE AL L R>TEY
HRTTHICHO DEE L, LR TT2HEACHD EFDE D252, ZNE ERER
OGS FRHNC LI RE, SR ORENHFINL200R, WO HIRREROHHETHY U
A7 LAYV HHRRY R & D R B b EEFEEEDTRE N O F vy —~ S 523
TFAREL OEE~NLEER S TWEMEE XD Z ERHKED,

—RIZ, BARICBITAA /) RXR—varmav AT AL, SEKREDICHER S £ e
L CWeBmERAT & Vbivd SRR D8 & F CHRESMELRNEL L —H L T
FEhiT o) VoA NOHA L X TR, KEZR ETiTbivTE = XL 5 2%k
BT DR F v — LR OFER L O CTOIEFR A48 LT, FMIcaHIcE
EERESHEDLINVDDLRN Ty —Ta v AT ANRELEEFTo TV 2WnEEZ LN, [E
WO THRKRTH D, TOLOIRTT, AT LEDLIRAF—LTA /) X—
U ENRESE, EELLTREL T D), [AX— T v 7 ~OBE|] 2EROED
—OIZHBT, KEICBTSREALFAL TV EWVWIBRIRLTWS L LB A
NEETHD,

AENX, b D DD TH D DX DB D OFEFEEICONTH MG L TAZY, T
bbb, Al HEIOISHZ2 SIZB T B L EEMENE E > WAL ERET — X FERIZ SN
TThod, 2022 4 5 AIZHERIRE SN728 2 RS AGIE IV T T - R
BHROIERIZHTZD ., TTANRN—~DfEEZ LoD, RELFZOIME - BHREIZLY
FaiER S, K0 ROERES - SIS E IR TS ZERERDO A Y v M
BRDHZ 0, ANERT2Z L&A E LT — XY BEOEFELEED LI REXTHDL | &
DIEARR IR F AR INTND, S 51T, TERERIIEBIEOSWERTIZH L3, E
FORBIZHEEGTLHZENARBARERERHESERTLH D] LDOEKRIIHRS-#Eim b
HATEY, [—RIETHDEANEREGELE LR S L CEREROFIERHOSH Y & E %
TV ZEFRFUTGELSOH D] LORMHERINTWD, ZD &5 e TRasEs L
TT— X FEMZHHET 2 & OBLE D, SH%OBIIZONTE X THRIZW,

18



mrraE 1 (ERityoal)

19



IL-01

Cutting the Gordian Knot: PEZEFNT TR < W « 1BEDBE

RERBAIT + MOy TEAAIRTEERPY, 2 EERRAE « LI BANAIZEE M, ° THEREE - RFESERE
JEGHR B, THERT: - BB ELRSWTRL, SR IERIRY: - EERE 7 =L R
SALDRC, TTHERT: - SRS, P IR - Bl O (R - Sesmis AR
Ot FE > HFEHESS, KBES S, tERE >° IHAEE " FREBT
ZJIMEZ T, RS, IRIRARR

b N OFT 9 2« BRI, RHEELRRE S FET D, WFENEZ S0 D2 IZEMIE, Bk
BRETAI . BIRTA BT A CROHMERIEISED 22O EEHZT O, Thilid, RO
J'& LY SLE OB, IBROBEYINELCRIENR 2T 2 72O DM NA AT R TH D, —T7, @
WA KT A RHRY AN B 7 2 R BRSO AN O IS S W TEL LT %,
HHETCIIINOOEREZBE X RN XX a—T OB EFICH T T, =L =7 & .
Bl EAMEE - AR O A PEEAT TRV IR AR T - TR DR Z G 5,

FWEHIDRELE L LT, U o SRR AR BEE U 72 RS2 2 303 L. MRIRICHER D $LA T
X7z, ZORBITHT DRISITBIFERNC Lo TR | Bk, ., BRI ET 2EEEZY)
BRI 2 2HERHIBWTEY, OB ORI, NS LoNEID D O RIS O AT
I ~IR < SR DIEBE 2R LT D 2 & T, FEE B OMUEN TR O M LIS LB 7
ZEThD, W, UNERY U REORBIFAVIEAEL CTH AN LT DRIGERLEZOIE, Vv
REIDN D ORI DFERICHES, B3 L CHIECTAEFHM AR TE 2 bRk Toxfil T
LIEGE AR T 5] RERCThH T,

TS EEL SERANEERIC L 0 NS 72 ) o Hi B AU LT T O T IR R AT A
EERZLC, A AT AR AR 2R Ls, U o E OMRR IR, IRISRLRRN
ICHIET AL, KnaSl{gtThbsh, ZNHID, FEHTERTLHLOD, KiZ
W EAL0970 Y 1300-1600nm 7RI CRRBF U Tt L. ARG NICAETET 5D U S Hi & Hf
HT 22XV 74 —%2E B LT, SWVDWERHFICIZ, 1300-1600nm i Bt % B T X
% 35 LB HEERERLGE L TN L, RN RIS A A —2 0 70 AT % FEBL 2 i & B8R
BN otz, o, TEK - EFHBICE. A FTA B ORI EME-S TE ZEMANZ <
FEFEL ., U U SRR AL BRI C B L 7= N SEME AR E L CHAT D RS ThoTo, %+
LCHEZEOWINT LY, EFRIeA A —D 0 7 THEBIEEZBRRE L, Vo HlORZEINTE 5
ZEEPALMNITELERETH D, IO FREMZ I 6\ LIZERFZEIX,. TRO Bk
T, TEBEOH DU U HOME) 28252006, Ba AT B L TWaHaRA
R E (Total Tumor Load) | ZIRETHRH=— XD LBHMIC LIS,

JREETIT 2 U V"B EIE, BED HEbITuaewy, Ziud, Te SOFROEICH S
HLDIERN ] L ENDTEDTHD, Bx O T, bmm L FOKREZ SOV U oREioEIIE, Tl
M7 e—7lLOMREEFEY IITONDIEETARMEIEIZRD Z L 2B LTS, Lrb Tk
HTOY Vo SHRRIEI ClE, U o "EIUANDORSNEEICEENTLE DO T, U 2 Eifiiko
EBH AL Z D DI, FO%OEY) TR T SAOFIEUI R Z1EDRKIZ /> T\ D Z & B kiR
LTW5, Zib X 0Faid, REZHNT, EEREINEZIRY A b Z & TH- R (b E2 X T 5 |
LHEE TE = LEZ TS,

20



1L-02
ERBEREEORSMTMICET 2B TR BBEORR LA

ESZAPIEBI S IR NEEE BN S HIERT St EFEER G B &7 —
O Ef, f2H F—, AE ®RE, T #0

L. 1ZU®IZ

PE AR S IR SR I TTR IR » I D720 NANICEB SR 2 ek S ¥ 5, IR0 A —h 1%, HWIHAGR
T2 fERe T 4720, EHEBEROLEMELZFHMIT 2 Z 2 RkOb b, BBEA—
71 DFEERL Th 5B ERZWEEED L < 1T, BAREZEHM JIS T 0601-2-37 (1= A & k2 bk
8 OVE = & fite O JEffE 2 2 e OEEARMEREIC B 2 (E BBk FH ) (IC# & 25Hl 2 R b 5,

FOEDIIE, ERESEESF M IEC 62359 (Ultrasonics — Field characterization -
Test methods for the determination of thermal and mechanical indices related to medical
diagnostic ultrasonic fields) |ZHIE STV D ZEMFHIFFIEOBEHNAMLETHDH, ZNHD
PRI, s O RBAET OB ERESEZHET 52 LIck 0 Eon s,

PEERATRAIIZEAT SHEERERE T 2 — I IE, T EME— O EFF-EEEREE & LT,
PEX. EPH, HETHELEND DO DHNEDEEMEZHET D 72OIFEE L T\ 5, NMIJ 28
WTH &L, ERHBERZIET S bo3 L) LB ENRGFEEREORRS, e, S AEH
STW5, b2

2. NMLJ OB T EAm

[EC 62359 |ZHIE S5 EMAEE RO EMEFMIEE L2 BT 5700, EHEE LR D3
T DBEWR SIS OMEN NT — (AL W) &FE AL Pa) OJENLETH D, FxlZohnbd
OWEICET 2 EIEEEZFRE L TV D,

B AN —I1L, HHEEZEET BT HOENER Y- o= LX—Thv, EfR
BEREBSRNORAETHIBEEROM N ZRT, BER AT —FETIL, ZoHHEICHWS
72O O IEUEB T IR IRE) D Z T — &2 ET 5, B 0.5 Mz 7>5 20 MHz, @& <
T—1 mW 25 100 W F TG LT\ 5,

HEE, BERICEZVAECAIEENDDIENEE TH S, WEIITHEER ZEEZEEICE
T s KPTHBENR~A 7R Thi A Rakrazflng, BENSTTEEETE, 20
BHIZE T DA Rk o f&KE (AL V/Pa) 8 IET 5, J8E 100 kHz 7>5 60 MHz £ T
EHEHAR LTV D,

oz 1ZBAFE L= B S LI HE D A TV D, FEOFEIERE L ORI 2 AL
KGR T D T2 O OE PRI > VIS L R EFES IR EEN 2R L R IEFZEHE O 1S0/1EC
17025 (FUBRFT M O EREBI DBENICBE T % — R BERFIH) ~OmE S HRERSEICH H LT,
FIoA—DRORFEEEE L, 1R, ZWrHATOM R 5= A S K 02 2 E 3 2
Al EHHEY— A2 EmL T\ 5,

D E, &E. |, NEL E, BN, EERIE FrEEER ST 2 — (WML 12T 5 EE .
HEE AR EO BT L AtfE, A AREEREYS  AHEEIFVF7ESE R Vol. 2014, No. 5, pp.
1-8 (2014)

2) Hh, BEEEFHIOEENEZ 2 25 &R, E5ER (B HFREEFSBETRRE) |
US2020-57, Vol 120, No. US-355. pp. 1-2 (2021)

3) J. Haller, C. Koch, R. P. B. Costa-Felix, P. K. Dubey, G. Durando, M. Yoshioka, Final
report on key comparison CCAUV.U-K3.1, Metrologia, Vol. 53, Num. 1A, p. 09002 (2016)

4) S. Rajagopal, C. R. Fury, B. Zeqiri, M. Brandt, V. Wilkens, C. Koch, Y. Matsuda, M.
Yoshioka, Y. Ping, Z. Yan, B. Wenping, E. G. Oliveira, Report on BIPM/CIPM Key
Comparison CCAUV.U-K4: Absolute Calibration of Medical Hydrophones in the Frequency
Range 0.5 MHz to 20 MHz — Final Report —, Vol. 53, No. 1A, p. 09004 (2016)

21



[ EEEE2 (FURAEYYaY)




ETEH#HEYAS RO L

WEA . EFEBEROBRICBWTYH, THTITIH, AX— 7 v 7Rl BERehE
WCEDFEENLEV OB L TETEY, 7T IT~OHEREE->TWD, 1T
BCENLAFSERH AN B AR ERAFZE B kM (AMED) %512 L 0 | AFZERCR 2 AL,
DT 572D DOIGIE LIFEO SRR K OFEfF A, RO B DOEREN A —T A 7 X
— g UEHEE L, LRFEESCHMTBERICHE OO T EHINEH SN TETnd, L
UG, ETEEEICE D 2 3R, BARE O 5 2SR RERES CAMRHT 212
BEoTWRNWZ ELHEETH D,

AKEyvarTik, 7H7I7 DL EFREHEOFEREEZHEEL TV D 4508
ROFIHEE > TWelZ & FMADOIFEFEN 217 5 L c, ETEEROH D H0M
SRS | PEFEEEIC OV T, SR ONERIGEBB LN ORIV T 4 AT v a VB
N THEmEIT D0

11.-03 A M BRI S S ERM BRI

FO#ME
PR K OCISER REF TN Z B S 48(T-CReDO)

B KT, B UAFE S AL & U CIE RS SR T B SOl E R I fHA T
BO ., AARERMIICEAFETE (AMED) [Vt S R L U i S S 3 ) ~ OB
B, PEEFOMEEICH LT, %A N T T4 URIEDERKRBISEE, =— X —
Ry F o T8 xR X EIEE A2 FEhE L TV ET,

ARFEFRTIE, AR T TF YA VBEBICESOWE=— R oW A, B
S OEERERAEERZRBEROT-OOT 7171 —3 37 a7 5 5 [Research Studio] Z Hl»
R T 5,

1L.-04 ENBOEMREDIBEVDRYCNTI—IDRZ51E

RIZES
(—#)2KIEFT A=A/ R— a3 HEAERRRE (TGI)

ARSI ICRH 5548  (AMED) ZFtH ¥ TR THH A/ RX— g UHEERE (ki
WS ESTACHEESZE) | OBINEZ T, BARRRFEEEXR & & bic, EREERFE SR o
VAT LD EHED TETVET,

ZOHT, EOBHOHEMELOMWEEINE Yy hT—27 2R 251, AHEMNRENDY &Rk
RO DIEEN A ED TEX F Lz, BRI, THEROFEMFE, MmUY OHEMZE, =
T NRGTORMZE, R OEME, MEBROFMZ, fiE - — A UG EREI OB,
WRIE « ~—o T 4 7 OFME, BREEFEORNTEVoTHMFED S 6, EOMBICE
DEMENNL - L2 b0 A N filEcE LS N CIHA L, BEEET 570 CMAIC

23



WHTE ko IcLE LR,

AS1%1%. ORLEREMFOSBH AL TV 28, @t I F— 0% A B RS IC
HEMFICIEREWE 2 8, OIS O 2 2 TH DB OHME & AR 7RI
DY EHFfo TV EZNENOREIZORIT TCWEETF AL ICT52 L, 2 EICEY
MMATHEET,

1L.-05 B NATERE A—RRETEOSEIEHEDOBN

PrrEen
E s AARR 22—

ENLAS AMFGEE o Z —HURRE Tl 2017 4F1C NEXT [EREMSERERRE v % — B ST,
EARBGBECAMER., BE=—X%kE L7 e Yo7 MM, /K8 - FL—
= TET T LD proof of concept BUfS, S HIZiH, FFE - frr - FEEA G E L
To PR RS AR PR RS HEME 2 F2h L C X 72, 2019 42 0 0 AMED W AR P B 2Rm 45 L o RS {2 3
WCEIR S, BRBGBR O, =—X - v —X~ v F U 7Kl o, <rF v
—XEST VML T L=y TEE D LEEEZED T D, 2022 4F 5 AITIEREN
(R PR AR B S HEE BR P 25 B S 4, 7v Y BRI AR, PRS- BRI
AL~ 72X OVBIBICIE ) LIz 23, R — 4 — M7 e Y e 7 NERE L
AR SR A F i DR & Tr o 7o, SBEOE THEEICKIT D 2 E TOR Y MO
M, A% oJEMER EICon TR SETWEEL,

I1L.-06 ERBBOTYFUT  EREXBORYES
=] Z==A =]
NI Mo
pN TR T

RERERRAT L
EELETIA—FLHP

KBS TEEATIL, 2003 05K T XD BRI IE Y7 v b7+ — L F¥E
[RARERR S A7 LFEEL T +—F & (MDF) ) ZBAfEL TWET, REOME, KF.
R - WFFTASEASE 2 kIR IC \v/%/ﬁw%@%@$¥Mi% IR E T & LY
A— N2 L, BRSBTS DA R T 28 « b — RO FEEHEHRE L T
WET,

BRI, K7, PR - PR N[ 40 R EDBERFEBRISG = — X -« > — X% 1 %
WX LCTHE - v v T U 72T EL#EE~ v T THEDIT), 20 HBOBEMAMIC
LHAER] 500 A B 2 DA~ DRIIGRR, EREEEE D - ﬁ@%%%ﬁﬁ#én—f—
RN, RS A — A — - BB L TR &2 52 0 AT ERR S OB /e &L BE
%&%Kﬁbti%%%ﬁbfwi# INHLOXEER T, ZHETITIZ 65 ODRUENSF

HbERI-LUE L,

2021 AE\ZIE, B ARERAFZEBA 3 HAE (AMED) FEitdi [ETE#E M ) X— g U HEtEE
%(%@@%mﬁﬁjmﬁﬁﬁ%J@&m%xﬁ UTREAR I PESEfRy T B VG [ PR A e E 2 X
Bxry bU—7 ) LRI, BT D ERERRR T 2 2 AT A OREEIZED FLA
TVWET,

24



[ B3 (MY Y3Y)




IL-07

HEFRHECEBN-ERT /A AAI/NNIILM-IOLEEDORAR

T
W - HTE TR

A7 v b NLOfigar 72 & o g N ERER T A AT AT > L AHH(SUS316L), F ¥
e = IUTiND G4, 2730 -7 1 A(Co-Cr)y&& /s EOEBMEIN VLN TS, FF
IZ MP35N &4, L605 A472 & D a )L h-7 b AEEBITBTE, JEIRA O/ v — o hrsRE
ATV NOEEMEE o T0D, ZNHOEEITDL &b EMZEAMEE LTHRESH
T2 b DN, MENEMEMEICHENLTWD D, AT FoMELE LTERA STV S,
LovL, ABRAL LTSI E SN G E 72 ETIIRERERER Y K LT 5 &Ik
HIR N5 & W I HEDNH H[1],

F 4 1% Co-Cr-Mo-Ni 412D\ T, Aoy & PR TR D BIRIC OV TRl B
(2 HCP i & RN RIRCART 258 TIHBEGFDO 2L b7 0 A{E&DOR A 7L
W9 Fmz ERDHEAZHE LM LK D2, 2HHDOAEITRE RN TH L E =T 701
BREEEME N TV RN TV DA, L605 ISR THIMEII TAEIC HEN TV D, BIEA &0
HENMTTERLEF 2 —7 1250 T, L—F—INTIC LW {ER L= 2T MTHOWT,
RN ZRME L A, BERULTFFASA Oz 5882 T 0 N0 b EWLE
NERTEPHLNR T,

AEBERNDEAT L FOMERIE, v —7 a7 7 A VLR FEEIC/2 D | IMIE 72 & X
DHWIAEHDOAT  MZbil L TnD EEZXBND e E, IR RDERT A 28L&
LTHETH D,

Fatigue Life (Ae/2=0.01), N; (cycles)
0 1000 2000 3000 4000 S000 6000 7000 8000 9000
Co-20Cr-10Mo-20Ni I FCC->HCP

Co-20Cr-10Mo-23Ni I
FCCHCP

Co-20Cr-10Mo-26Ni I L
& Twinning

Co-20Cr-10Mo-29Ni I
Co-20Cr-10Mo-32Ni I
MP35N, Co-20Cr-10Mo-35Ni ) o
316L-SS (cold-rolled) [N Twinning
316L-SS (solution-treated) NG
L-605, Co-20Cr-15W-15NI N  FCC-»HCP & Twinning

X 1 Co-20%Cr-10%Mo-(20~35)Ni &4:(CCMN &4:) & A7 > L Z4(316L), MP35N, L605
B OIEY A 7 VIR 57 A O ik .Co-20Cr-10Mo-26Ni 5413 L605 @ 1.6 {%. MP35N D
2.6 [EDIEWY A 7 NG Ffn A T,

ZE 3R

[1] D. O. Halwani, P. G. Anderson, B. C. Brott, A. S. Anayiotos, J. E. Lemons: J Biomed. Mater. Res.
B Appl Biomater 100 (2012)292.

[2] FFRFEH 6999934 75, MTE., HAFZR, LAE— WHE - MEWIZEERE, “27 > MG
BB LUORT b,

26



IL-08

MNARREE RS T / HFOMFERE

ME LH
EIMRAEZADE -HHRREE Sint HETHRILR

%?ﬁ%&w&%i%%ﬁ%é MY THED RN E ZTKTIHED, LeRT TT AREA
el SNDH, OGS L TarmlZ AMEZHETKkL 2 L3 LY. 22T, TH
%ﬁ%ﬁ?%ﬁﬁf%@<ﬁwlk%m%ﬁ?k INEIRT T AR B BITIZITITERY JE
J oAU, T HIHEERRISHE D 7200 TS O A 2 s RAYIZHES 2 & 23T & 2 REMEIZ AT
<. BEA~OEEE MFERE &7 7 A4 230 O R E 3R 100nm LD /hSWnZ &R
BELV. 220, ZORE S THERFEICLL2ETHATLES>OT, THREOD
IOEDDREBAN=ALTHDH AT Vv AR E R TEHCMACEED K 5 72 mu e A )
RRANDT7 T A 78 ORMEHEAR & 70 5. ARG T, ZORBVRIEOHLZ BIELED b T
WD RE RFEBNR 2 FpOsRENE T Ko7 OBIFEDBUR | 2 L, TOREEERT S,

IRER LT EARRNITNEINC K > TSI A JEIR S & D182 DT, T/ hifnb oD
FEVIREZTIUTKREVIZE LW, T2 7 & IS 5 & 8 IR RS O ki <08 i $oa
FF DT TEGITERTE D, 72720, AL BICHRETRE A O, EFEoMMkE T
MBS TLES. 22T, KVEMARRNSEETHORRBREZ 5] & T -0l kil
ST HRENE T/ KL OG- BOEBIR OWFFEBRFE DN < KO BTN D 1 — e NER A&
RFOR R T D56, TS ORIE & A o TERY RS & 2 ] 2 G2
TEE, BRAEZHRAETELZERMONTWS. LnLRR s, BEXME, EO
Baz T S RMIREICEIR T, BHITHAIEML, 1 AR T OZEB) 24 zéﬁ

tetth: 7= KL - OB PREE S & KRR ORI G IE LR L, Th b a2 ToT /KT T
*;%ﬁéﬁéim&m%%iﬁé LITEG TIE V. 207, RE SR> 127
/KL DERR & Z DR EFHTC SV TR DL B R T2 e D ST 5 2 —J7,
37/:W%ﬁ&&®@Q%L%ﬁ0f/ﬁ¥®ﬂ%%@fﬁ ERICEZE DT KL
RIS A A HE T D R E TN E TOMMAE BRI ERICESL T e —F bk
HZtE), TOODIENINIE SR D05 3. 41, BRI E AT
ZEIRIRTLDONEDEEDY A7 ERXXT 4y b L IBRLOPNREE ) ME~DE
KRYEREDSHMEC 22 o TS HIE, 2 9 L7oiigrt 7/ R 7-#0k 0 7 o Z i 08 F2BRIC IR B
EOBR THENMEZ RTHND T F A4 X ORI RKRE 2 BB 2 R E2605%.
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Commun. 2020, 11, 453.
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layered double hydroxide, Inorg. Chem. 2021, 60, 16008-16015.
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Cell compatibility and nanoparticle formation of coiled-coil silk from
hornets

*Derya Aytemiz, 'Yusuke Kambe, !Tsuneri Kameda
ISilk Materials Research Unit, Institute of Agrobiological Science, NARO

To avoid the side effects of cancer chemotherapeutics, the application of a drug delivery system (DDS) has
recently been expanded to develop carriers for anti-tumor agents to control their distribution.! Silk, a natural
polymer, is one of the candidates in this field. Although silk is protein-based material, it is characterized by
its exceptional mechanical properties with the simplicity of preparation methods compared to other protein-
based natural polymers used for DDS, such as collagen, gelatin, and albumin. Unfortunately, collagen and
gelatin can dissociate during isolation and purification as both are derived from animals. Also, both material
needs to be cross-linked or modified for stability. Although, albumin from human serum is already
commercially in use as a nanocarrier for the chemotherapeutic drug Pacxitel. However, it is expensive to
prepare and purification from human serum is difficult. The simplicity of the preparation method for silk
makes the active-targeting delivery achievable upon blending or conjugation of various targeting ligands such
as peptides, antibodies, aptamers, etc. to the drug-loaded silk material. Silks from Bombyx mori and spiders
are the most evaluated types for this purpose. Both silks have high toughness derived from their high B-sheet
contents resulting from their highly repetitive primary structure. However, this feature of high B-sheet
contents mostly causes inflammatory effects with a low degradation rate in vivo for drug delivery
applications.? In that case, the nanoparticles prepared from those silks can be rejected or removed from the
body by lymphatic drainage. On the contrary, the silk produced by hornets contains relatively large amounts
of a-helix secondary structure*, and thus, given its low B-sheet content, hornet silk could be a potential carrier
for chemotherapeutic agents for DDS. However, hornet silk still has many unclear points in terms of cell

(A) (B) compatibility and cytotoxic effects. In this study,

588 . ; after clarifying these unclear points in the aqueous
solution state, we aim to prepare nanoparticles
from hornet silk solution (HSS) with low B-sheet
content.

To clarify the cell compatibility CCK-8 assay was
performed with murine fibroblast cells (NIH/3T3).
Also, a cell cytotoxicity detection kit of lactate
dehydrogenase (LDH) assay was used to
determine of cytotoxic effect of HSS on NIH/3T3
A 1 cells with high control of Triton-X and low control
Figure 1. TEM image observation of AHS sample (A) and EHS of PBS. The CCK-8 assay result showed a slightly
sample (B) higher cell viability ratio than the PBS for the
concentration 10 and 100 mg/ml sample of HSS three days after incubation with NIH/3T3 cells. The low
cytotoxic effect of LDH release was observed at all concentrations of HSS with the same or lower amount as
the PBS. After the clarification of low cytotoxicity, the organic solvent precipitation method was used to
prepare HS nanoparticles. Briefly, 0.6 wt% HSS added to pure acetone dropwise by maintaining over 75%
(v/v) of acetone and this sample was named AHS. The same protocol was used with ethanol as an organic
solvent; this sample was named EHS. The particle formation of AHS and EHS was evaluated by transmission
electron microscopy (TEM) and particle size histogram with a distribution curve calculated by Imagel
software. The structure of nanoparticles was evaluated by Fourier transform infrared spectroscopy (FTIR)
after freeze-drying. The zeta potential of AHS and EHS in distilled water was evaluated by ZetaSizerUltra
(Malvern). TEM pictures showed higher diameter frequency for AHS than EHS. (Figure 1). In addition, the
diameter frequency and intensity curve tend to be at a higher area. From FTIR evaluation, the amide I band
showed board and indistinct peak suggested a-helix structural confirmation for AHS samples. In contrast, the
amide I band of EHS samples showed a clear characteristic peak for B-sheet confirmation. In addition,
negatively charged zeta potential was observed for both samples with stable characteristics.

200 _nm 3 50 nm-
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Formation of nuclei during annealing impeded the supersaturation in the

dissolution process of celecoxib glass
I* J Song, I? K. Kawakami.
!Research Center for Functional Materials, National Institute for Materials Science (NIMS), ° Graduate
School of Pure and Applied Sciences, University of Tsukuba

Aqueous solubility is a critical index that represents the absorption of orally administered drugs of active
pharmaceutical ingredients (API). Physical state of the drug, namely, the crystalline or the amorphous
state, deeply influence the solubility of API. Despite the amorphization provides greater adsorption
effect in comparison to the crystalline drug, the nuclei formation during storage was thought to develop
into crystalline hence restricts its dissolution advantage. However, the influence of ageing related nuclei
formation to the API dissolution process was not fully understood. Excitingly, we previously confirm
that the nuclei of amorphous celecoxib (CEL) could form but without developing into crystal under
freezing temperature ['l. On the basis of this finding, the dissolution performance of amorphous CEL
annealed at room temperature (RT) and freezing temperature (FT, -20°C) (Figure), respectively, was
investigated. The results showed that the supersaturation state of RT-annealed CEL lasted longer than
that of FT-annealed CEL. We own the reason to the fast conversion rate of amorphous to crystalline state
of FT-annealed CEL due to the existence of nuclei. Additionally, a new crystal form of CEL was
discovered associated with this study.
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Figure Schematic of the dissolution process of annealed celecoxib glass.

Reference:
[1] Kawakami, K. Thermochimica Acta 2019, 671: 43-47.

36



01-03

MBLEHEIFTHHD-O DI T EBIREEEM R
VD T74704 0T 4 ILLDFRFE

PHORR TRFR e T A TR * AR E R R Dot 8 44
P AARERR G BR G N A
OWARES ' A2 KRV, KEAK, hiso!

(5

Wit% O #ME) (postoperative atrial fibrillation: POAF) I D& T BV T E CRIET D
AOHETH Y . BE, PIREBIRETH DT A4 ¥ 1 (AMD) O RGEIRER R A5 Lo iz
BLENE B TWD, LvL, Zo®EFETIE, IFESIC AMD BNERT 5 Z & TEEZ DR
SAEWER Zl & Z T8N nH 5, £ 2T, BWEH OIS Z B, DIRICIf 2528 T R/
AT 72 38R S e e s vy 7 4 7T aA v (SF) B 7 4 WV ADRREITO 2L & LT,

SF I ZAMRE A ESREEZH/ L TR Y JUAEWESS Y VR BEOMEFT 2 WE OIGMEZ [
EFTHI LR ERETDHIENARETHD, FLAMIETIE, SF IZRYV =F L7 U a—b
(PEG) %2446 L=, PEG %, HFENAL OB PR O A 2 MH TX 5 9 212, D TEOENIZE
% ERAN R OFHEIRSRE DN IIFF S D, BLEX D AFZEEIS & LT, RO 8D 3D PEG
%Z SF\ZZUE LM EHSPD) 2 EfL 5 2 & & L, AFEETIT AMD EHRBRICOWTHET 5,

[EBRNA]

4y 200, 600, 1000 @ PEG(Sigma Aldrich) i Kz =R F b+ 25 2 & THIERY =
FLo 7Y a—n 7)Y —7 L (PEG-DE)% SF OF o o Uik MRS 52 & Ty
FRDORL % 3FED PEG #224% L7~ SF(SPD200. SPD600, SPD1000, ¥#Fix#h £ PEG
Doy &E T2, SPD ORI, #ik 'H NMR #|E(JEOL RESONANCE #hiZ & v
1To7-. F7=. AMD % 70 W% =T X / —/LiZ 15 mg/mL & 725 X 52 L. SF KB &%
SPD KIEREIRE LT T L TCHREBF0mm OKR Y AF Lol vy — 1%y A L, 25 CTHL
PXEA5Z L TCAMD HE; 7 4 VA& B2, ZDT7 4NV LE T5N%TH ) — VKRR EBR S
TKICRE? R 7 4 VB ZERL L 7=, AMD g EER Tl 5 (W% 7 LV a— A KR E =X ) —)v
2R9:1 L7205 K OITIRA LI /AKEIKIZ AMD #5E: 7 4 v A& AL, FREICEIT 5 AMD Ok
HEZ L EFHC CIE@IER K 1242 nm) L, AR Lz,

[FER K OB L

SF L4 SPD /KIFE DO 'TH NMR HIEZ1T-7-& Z A, SPD KFKRIZHB W T PEG A F L
VEHBROE—I7BLION SF kv — 7 AR L, B LT, SBICKIGRE LTeT e v Uik
HEBRABRE — 7 ORES Y 7 ML D E—27(6.76. 6.98 ppm)H3idd b, SF 4 FHoF
1 3 ISR ER L A2 A U T2 PEG OZEE UG O TN R S iz,

Fig. 1 (21X SF &4 SPD 7 4 /L AITEIT 58 72 30 1 D500
AMD OJigti=ROH#HER %7~ L7=, SPD600, SPD1000 ¢ 25 et

PR ~ SPD1000

I% SF. SPD200 & Lkifz LT 24 KEEILINICE K O AMD €20 pee=

A S 7z, Zhuck L, SF. SPD200 13 15 HElich %15
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Surface modulation of extracellular vesicles with peptide-conjugated lipids
for improvement of intracellular delivery

*HUANG Tianwei, 'Yuya Sato, 2Masayuki Sano, *Makoto Miyagishi, 2Hiroaki Tateno, > Renu Wadhwa,
®Kazunori Kawasaki, ‘Takeyuki Uchida, 'Ung-il Chung, and >7-8Yuji Teramura.

!Department of Bioengineering, School of Engineering, The University of Tokyo, *Cellular and Molecular
Biotechnology Research Institute (CMB), National Institute of Advanced Industrial Science and Technology
(AIST), *Biomedical Research Insitute, National Institute of Advanced Industrial Science and Technology
(AIST), *AIST-INDIA DAILAB, National Institute of Advanced Industrial Science & Technology (AIST),
3School of Integrative & Global Majors (SIGMA), Tsukuba Life Science Innovation, University of Tsukuba,
Material Science RG, Research Institute of Electrochemical Energy, Department of Energy and
Environment, National Institute of Advanced Industrial Science and Technology (AIST), "Department of
Immunology, Genetics and Pathology (IGP), Uppsala University, *Master's/Doctoral Program in Life
Science Innovation (T-LSI), University of Tsukuba

Introduction: Exosomes are a subtype of extracellular vesicles secreted by cells containing DNA,
microRNA (miRNA), and proteins [1]. Exosomes are expected to be valuable as a means of
delivering drugs or functional miRNAs in treatment of diseases [2]. Hindering this potential, the
delivery of exosomes is passive and has a short clearance time, even though exosomes have intrinsic
delivery functions and minimal reactions to the innate immune system [3]. In addition, intracellular
delivery is passive, and therefore the therapeutic effect is limited. It will be beneficial to promote
the intracellular delivery of exosomes for use as drug carriers. Cell-penetrating peptides (CPPs) are
short peptide families that facilitate cellular intake of molecules and vesicles. The modification of
cells, and liposomes with CPP-conjugated-lipids, CPPs conjugated with poly(ethylene glycol)-
conjugated phospholipids (PEG-lipid), that induce adhesion by CPPs, can be useful for cell-based
assays and harvesting liposomes in our previous reports [4, 5]. In this study, we aimed to modulate
the exosome surface using Tat peptide (YGRKKRRQRRR)-PEG-lipids to improve intracellular
delivery to cells.

Results and discussion: We isolated and characterized exosomes from the medium of HEK 293T
cell cultures. Isolated exosomes were measured using NanoSight to measure size, particle number,
and TEM for morphology analysis. Representing exosomes surface marker CD63, CD81, CD9, and
HSP70 were detected by Western blotting. Maleimide-PEG-lipid was synthesized as previously
reported [5]. Tat peptides were conjugated with PEG-lipids with different spacer molecular weights
(5kDa, 20kDa, 40kDa) and lipid types (DMPE: C14, DPPE: C16) by thiol-maleimide reaction. Then
Tat-PEG-lipids were incorporated into exosomes using fluorescein isothiocyanate labeling to
optimize the number of Tat-PEG-lipids immobilized on the exosome surface. The number of
incorporated Tat peptides increased with increased feed concentration for both Tat-PEG-DMPE and
Tat-PEG-DPPE and also showed a higher number of incorporated Tat peptides for Tat-PEG-DMPE
when we compared SkDa PEG and 40kDa PEG chain. Tat-PEG-DPPE was decided to be used for
exosome modification because PEG-DMPE rapidly detached from the cellular surface. The
exosomes modified with Tat-PEG-lipids were incubated with human umbilical vein endothelial
cells (HUVECs) and HEK 293T cells to study the interaction. Tat-PEG(5k)-DPPE incorporated on
the exosome surface were highly detected inside HUVECs by flow cytometry. Fluorescence was
negligible in HUVECs for control groups. In addition, surface modulated exosome with EGFP
expressed plasmid encapsulation could be delivered to HEK 293T and expressed EGFP. Thus, Tat-
PEG-lipids can be modified on the exosome surface, improving the intracellular delivery of
exosomes with functional molecules. We anticipate that this material will be useful for specific
exosome delivery for disease treatment.

References: [1] Zhang et al., International journal of nanomedicine, 2020:15 6917-6934. [2] Hu, Gw. et al.

Stem Cell Res Ther 6, 10 (2015). [3] A. Clayton et al., EurJ Immunol 33 (2003) 522-531. [4] Y. Sato et al.,
Langmuir 2021, 37, 9711-9723. [5] M. Noiri et al., ACS App! Bio Mater 4 (2021) 4598-4606
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In Vitro Gastric Simulation Evaluation of Hornet Silk as a Potential
Alternative Food Source

*Muganda, J., 'Mao, X., *Tian, Y., 'Zhang, B., ?Kobayashi, 1., *Kameda, T.
!Department of Life Science Innovation, University of Tsukuba, *Food Research Institute, NARO, *National
Institute of Agrobiological Sciences, NARO.

[Introduction]

With the current unprecedented proportions of global food crisis, there has been a shift to exploit alternative
food sources in an effort to meet the food demand of the ever growing human population. In actual realization
of this, the Food and Agriculture Organization of the United Nations (FAO) has been in the frontline
popularizing insect-eating as an alternative protein source. Crickets and locusts are well known insects that
have attracted attention as food. Similarly, the pupae of silkworms and wasps (Hornets) have long been used
as food. Progressive research has shown silk, the thread spun by silkworms, as a potential valuable protein
source owing to their attractive properties and relative amino acid composition. However, silkworm silk,
such as of Bombyx mori, suffers a drawback of being a high-quality food protein source due to its relatively
low essential amino acid content constituting of only about 7.92%. In contrast, Hornet silk has a relatively
higher composition of essential amino acid constituting about 19.1%, making it an attractive alternative food
source. Therefore, to evaluate Hornet silk food source potential, there is need to evaluate its digestibility in
the stomach. Here, comparison is made between Hornet silk and tofu. Tofu is a widely ingested high nutrient-
dense food made by condensing soy milk into a semi-solid or liquid state.

[Experiment]

Hornet silk digestibility evaluation was conducted through in vitro gastric simulation studies by the use of a
human gastric digestion simulator. The Gastric Digestion Simulator (GDS) is designed for direct observation
and quantitative analysis of the food digestion process in the human stomach. In this study, Hornet silk was
prepared into silk gels of varying concentrations. 60g of 5Smm chopped pieces of the Hornet silk gel were
prepared to imitate the chewing process. For pre-digestion, to recreate food digestion in the mouth, the
chopped slices were transferred into a beaker containing 30mL of artificial saliva composed of salivary
amylase 2.0g/L, NaCl 0.117g/L, KC1 0.149g/L, and NaHCOs3 2.1g/L. The resulting mixture was well mixed
and allowed to stand for 2 minutes. Pre-digestion of tofu also followed the same manner. The predigested
Hornet silk and tofu were then separately transferred into the GDS and 200mL of a solution mixture
containing pepsin 2.0g/L (derived from pigs), NaCl 8.775g/L, and HCI (to adjust the pH environment to 1.3)
added. The digestibility behavior and the subsequent physical analysis (penetration stability test) of Hornet
silk gel and tofu were analyzed and comparisons made.

[Results and Discussion]

It was observed that Hornet silk gel digestibility behavior was influenced by the silk concentration. The force
required for the needle to penetrate Imm into the Hornet silk gel during penetration stability studies increased
with increase in gel concentration. Surprisingly, even though Hornet silk gel appeared harder than tofu, silk
digestability was higher than tofu. After digestion in GDS followed by fraction evaluation studies in sieves
of varying pore sizes i.e ranging from 2.0mm to 0.025mm, Hornet silk gel was found to have the highest
digestability of 89% relative to 52% tofu digestability at similar concentration and digestion time, indicating
Hornet silk great utilization potention as a potential protein food source. The findings from this study
elucidates the great potential for the utilization of Hornet silk as an alternative protein food source owing to
its faster digestibility rate, reported non-toxicity, and relatively higher essential amino acid composition
which can be exploited in an effort to curb the global hunger issue. Additionally, the digestibility findings of
Hornet silk can also be utilized as a reference in the design and administration of Hornet silk drug delivery
system via the oral route.

[References]

1. T. Kameda et al., Biomacromolecules (2010), 11, 1009 — 1081.
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[Introduction]

Cancer is still one of the deadliest diseases. According to the data from global cancer in 2020, there are
around 19 million new cases of cancer and 10 million deaths from cancer. And it is reported that among the
deaths from cancers, around 90% were caused by tumor metastasis (Lambert, Pattabiraman et al. 2017) and
only 1/5 patients who were diagnosed with metastatic cancers can survive for more than 5 years (Time 2011).
Therefore, the anticancer effect of different therapies is still not good enough in curing cancer. For example,
phototherapy, a strategy that applies the near-infrared light (NIR) wavelength (650nm-1350nm) to induce
damage to tumor tissues, has drawn much attention due to its minimal invasiveness with good selectivity and
nondrug resistance. Whereas its anticancer effect is still limited by different factors, including the easy
degradation of photo agents after laser irradiation, the complex tumor microenvironment, and the
immunosuppressive status in tumor tissues. Interestingly, Mn-based nanomaterials have been reported to
potentially regulate tumor microenvironments through catalyzing H>O; to produce O», inducing Fenton-like
reaction to generate hydroxyl radicals, and depleting glutathione (GSH, one of the main reducing agents of
antioxidative systems) (Zeng and Zhang et al., 2020; Ma and Nishina et al., 2021; Ou and Tian et al., 2021;
Gong and Yang et al., 2020), as well as activating immune systems through activating cGAS-STING pathway
(Lv and Chen et al., 2020; Song and Liu et al., 2021). Therefore, Mn-based nanomaterials may be promising
for solving the limitations faced by phototherapy. Here, we synthesized Mn-doped mesoporous silica
nanoparticles (Mn-MSN) to load the photo agent of IR 780, which were further coated with Mn to protect
the IR 780 from degradation after laser irradiation and formed the system of IR 780@Mn-MSN@Mn. The
photothermal and photodynamic capability and the regulation functions to the tumor microenvironment were
carefully investigated. The in vivo anticancer effect of inhibiting tumor growth and tumor metastasis was
evaluated using a bilateral animal model.

[Results]

Firstly, IR 780@Mn-MSN@Mn showed more stable temperature-increasing trends after 4 cycles of laser
irradiation and higher production of singlet oxygen, which suggested that IR 780@Mn-MSN@Mn protected
the degradation of IR 780 after laser irradiation and improved photothermal and photodynamic capability
compared with IR 780. Secondly, IR 780@Mn-MSN@Mn showed obvious regulation functions to the tumor
microenvironment, including oxygenation, generation of reactive oxygen species (ROS), and depletion of
GSH, which suggested that IR 780@Mn-MSN@Mn could improve the ROS level generated by
photodynamic therapy through increasing O» level and decreasing the ROS consumption by GSH.
Additionally, the chemodynamic therapy due to the Mn-induced ROS generation through a Fenton-like
reaction could further enhance the effect of phototherapy. Thirdly, Mn-MSN showed potential in vitro
immune activation capacity, which induced cytokine secretion from macrophage-like cells incubated with
Mn-MSN. Finally, the in vivo anticancer effect induced by IR 780@Mn-MSN@Mn was evaluated using a
bilateral animal model. Compared with the combination of IR 780 and laser irradiation, the combination of
IR 780@Mn-MSN@Mn and laser irradiation showed a better inhibitory effect on both primary tumors
received treatments and distant untreated tumors and induced higher cytokine secretion from splenocytes.

In conclusion, IR 780@Mn-MSN@Mn showed the potential to solve the problems faced by phototherapy
through protecting IR 780 from degradation, regulating the tumor microenvironment, and activating immune
responses, which synergistically contributed to the enhanced in vivo anticancer effect on inhibiting the
growth of primary tumors and distant untreated tumors. The system of IR 780@Mn-MSN@Mn may provide
a potential strategy for enhancing photo-immunotherapy in inhibiting tumor growth and tumor metastasis.

41



02-08
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[Objective] The flexible bifurcation of cytokine induction is beneficial in immunotherapy. Inflammatory
cytokines such as interleukin (IL)-6, IL-12, and interferon (IFN)-a play important roles in immune response.
The secretion of these factors from immune cells is required simultaneously for adjuvants in vaccines and
for the treatments of various diseases including cancer. Here we show the ratio of guanine-quadruplex (G4)
structure-based CpG oligodeoxynucleotides (ODNs)-G4 CpG ODN to cationic liposome-1,2-dioleoyl-3-
trimethylammonium propane (DOTAP) drives the bifurcation of cytokine induction. In this study, we aim to
clarify mechanism governing the regulation of IL-6 and IFN-a by G4 CpG ODN/DOTAP in immune cells.

[Method] DOTAP and G4 CpG ODNSs contain two immunostimulatory CpG motifs-GD2 were bound
electrostatically with various charge ratio ( ratio of number of positive charges originating from cationic lipid
and number of negative charges from DNA’s phosphates) by adjusting the amount of DOTAP. The
characterization of GD2-DOTAP complexes including size, surface charge, topology, and stability was
examined. The immunostimulatory properties of GD2/DOTAP complexes were evaluated in human
peripheral blood mononuclear cells (hPBMCs). Intracellular behaviors of the complexes were investigated
in cell lines as models ST
=5

[ Results and discussion]  Amount of

DOTAP affects the characterization of

' ' - High N/P

complexes. Increase in charge ratio resulted a2
o . . . Fak
in increase in the size and serum stability of
. L Early endosome
liposome/DNA complex. Surface charge was i

. . Soa
decreased due to increased negative-charge e l
density at the surface of the complexes. In l TLR9
immune cell, the bifurcation of cytokine NFKB (> €30 IRF7 i yﬁy& .
induction IL-6 and IFN-o was only observed BT R |_|

IL-6 « L. IFN-a IL-6, IFN-u

at low charge ratio complex. Specifically, we
confirmed the trend of IL-6 and IFN-o were mainly induced by B cells and plasmacytoid dendritic cells
(pDCs), respectively, in hPBMC. Increasing of complex size and different surface charges at each charge
ratio significantly changed cellular uptake efficiency and localization of complex in cells. These
intracellular behaviors of complex correlated to the bifurcation of cytokine induction in immune cells.

[ Conclusion] A rational design of G4-CpG ODN/DOTAP complex is promising in delivering and
controlling G4 ODN activity.
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[Introduction]

Breast cancer is the most common cause of cancer-related death in women worldwide. There remains a
challenge in completely eradicating breast cancer cells and reconstructing the tumor-initiated breast defect
after surgical intervention. In recent years, Fe;04 NPs have been widely developed as heat mediators for
magnetic hyperthermia to achieve ablation of breast cancer cells. In this study, we designed alternating
magnetic field (AMF)-responsive bifunctional composite scaffolds of gelatin and Fe;O, NPs for magnetic
hyperthermia of breast cancer cells and regeneration of adipose tissue (Figure 1).1!

, a i Zm,  AMF " f”

0% e CeHsO- P ° ° v -

° (Citric Acid) ° £ b =4 e\(

® ® ° o ° ° i . Breast cancer 34 o p

Ice microparticles cells
Fe;0O,NPs Fe;0,-citrate NPs fAsporogen ) Magnetic hyperthermia
| j FA-Gel/FeNP ’
RN composite scaffold
HOOC—)» latcs X P
(]f? (Folic Acid) i
4 NH, |::> hMSCs = Differentiation
Gelatin FA-Gelatin  _| A 5

Adipose tissue regeneration

Figure 1. Scheme of the preparation of the FA-Gel/FeNP composite scaffolds and evaluation of their
functions for magnetic hyperthermia treatment and tissue regeneration.

[Experiments]

Fes04 NPs were synthesized from Fe (1) and Fe (111) precursors in DEG/NMDEA mixture polyol solvent
(2:1, v/iv) and modified with citrate. Gelatin was conjugated with folic acid (FA) to obtain FA-gelatin. The
citrate-modified FesO, NPs were hybridized with the FA-gelatin solution to fabricate the composite
scaffolds by using ice microparticles as porogen material. The pore structures of composite scaffolds were
investigated by SEM. Their ability to capture FA receptor-expressing breast cancer cells was evaluated in
vitro. Their magnetic thermal property and anticancer efficacy under AMF were studied both in vitro and in
vivo. In addition, the composite scaffolds were used for in vitro 3D culture of human bone-marrow derived
mesenchymal stem cells (hMSCs) to explore their capacity to guide the adipogenic differentiation of
hMSCs.

[Results and Discussion]

The bifunctional composite scaffolds had well-interconnected spherical pores that allowed cell migration
and infiltration. Due to the presence of folic acid, composite scaffolds could capture FA receptor-expressing
breast cancer cells. Composite scaffolds possessed a high magnetic-thermal conversion property and could
ablate breast cancer cells under AMF irradiation during in vitro cell culture and in vivo animal experiments.
In addition, culture of hMSCs in the composite scaffolds showed that the composite scaffolds not only
supported the adhesion and proliferation of hMSCs, but also promoted lipid droplet formation and
up-regulated the expression of adipogenesis-related genes (FASN, FABP4, CEBPA and LPL) when AMF
was off. Overall, the results demonstrated that composite scaffolds possessed both the magnetic thermal
effect for ablating breast cancer cells and the promoted effect for adipogenic differentiation of hMSCs.

[Reference]

1. R. Sun, et al., Composite scaffolds of gelatin and Fe;O, nanoparticles for magnetic hyperthermia-based
breast cancer treatment and adipose tissue regeneration. Adv. Healthcare Mater., 2022.
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VHUR KR E R ERCREIEAN R 2 [ENIHFSEBR 38 1 A PE S FT R A ZE AT
SATa T 4 TS
Ot =F#' EZwoi' TEHEEXRES>? R
AP Aun4a® L EE !

[(ER] R~ 2o A Mg) Aaid, AEiEATE, SRFFA OBV TR, A0 ik K&
WERELZHE L TR  KIREEAE A 7T FOJFEMEIE LT ST\ 5, — 5T,
Mg AT AERN TONRIBRE CKRETANKET D EVWHIREE AT D, A, FERHF RIS
SNz Mg Bt~y RL2arF Ly g 27 ) a—0 R Z2IT > 120 THET 5,

[(RE9] Mg 6@ > 7T v S DER~OZELMMT 5 2 &

[J71£] 12 @ED B ARAAEROBKEEEEMIC Mg 848 A 27 ) 2— (£ 2. 6mmx10mm &) A3 A

L. it 3,6,9 HBZICHMEZERIN L. (% n=3), L TFOFMEITV, RRFHZELZ A LTz,

O EEBFRORHE XA, pCTIZR Y, A7 U o —[EHORRF I 258 2822 LT,

©@  HREEARHE  RERE i I A L 72 B IR O N, I 3 o 2 Bk, 9 o 3 ki
WL FEBURFFEBEARZER L A v 7 —Yeta O CRRMMEE FICEIZE L. A2 Y 2—D%)
RFREEE . A7 VU 22— RO KIEREE, PG L DEEBI T AX ¥y BT ¢ FHlOEEEIC
DWTEMFM L2, (0—5 8D 7 L— RHTF BEAREVEREE) 217-o7,)

[FER]

O JHEBREREHE BRI H D b 0D, 3 BEETIIAZ U a—FICHAF vy ET 4 L& X
SN DB RO T, BRI L, A7 U o— &g E R 5 5 A K
L7ze A2V 2—0ON1E 3,6 M TIL — IR SIAD ., 9 IS TOMEKETRAZ Y =
— @D 2—5 BIREN I NI, A7 VU 2 —2K T8N EITT 2R TlEe <, AWV
WRAITE 22 SR T - 72,

@  MREEROREME 5 39 HONEIC, A7 U 2 — O fEREE 1.5+0.7,/3.0£1.0, A7V =2
— JE B DOJAERAE 0,70, JEFEE & DOEFE 0.550.7,/2.3+0.6, HAFX ¥ EF ¢ 3.5+0.7,/1.0
+0.0, ‘HHlEOEE 0,0 Th-oTz,

[BE2] BE SN AKEN AEIit: 3 TR S =03, itk 6 1, 9 L ET 512 TH
KBNS 5Tz, TAF v BT AL TIXERRAERICAELCTEY, 9T, o &7
@YD, A7V 2 —PNEEE AR L ERE LEE L T DFTRSCAZ U o — 03N fif S U8 BHE FR A%
NEBSNDFT AR SN, SBERICB W T, REMEMIR SO RIZR <, £,
FROMBEREN LER2 N L L) Mg AeRA 7 ) o —FL8M FOBRAITERWEEZ T,
WA TIE, ~ T AT LEERA LT T FOFEANICE S TV D EFALERINTEY, 2
NFE CTOIERINMEEIEA > 7T > F° PLLA oW A 7T > b EITRNEEN DR 5 E 4
V74 L LT, A%OBRBENEFEIND,

[#556] Mg AERA 7 U o — IR a7 Ml O - BIEREEEZA L TR Y . ARHF5E
FERTEHLEME LOBERITBENEEZ LN, v~ 7RV T AEEMA T T MI, ZETO
FEINVEG R A 7T > hRo-PLLA BLOWRINMEA > 7T > b 1SRN ZEEh O B2 5k A 7
T hELT, SBOBEBENIFEIND,
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YIERKRBELI=FGF-2 Y VEBAIL O LEREI—Ta4 T
42T MIxtd % EHEBRIE

VBOKEBEF BERGRITVANEL, * BESERENITH QBT R T e,
RIS R R

TR L KK P MRS L AR OB AR [ BFSEEA-
PIREE 1 ONIR AR e °L AT AC Y OMRRER 2 Ll IS !

Y- HW] Fx i3FMEA 77 0 MO DOD LA ZIRBIE L7120, BIEKEEZ AT
% MRKE SR GEIN 7 (FGF-2) LB &M 24925 Y VB> A (CP) ZILpbick v F
B UORBIZA—T 4 T T HHINERE LHESIRA Y U 2 —(ZERISH Lz, F72, L2
Da—F 4 7%y FEE L CHEEIC FGF-2 @ in vitro MM Z MR CX 2 FiE4HE
LTz (yFGF-2-CP a2—7 4 ), FcH&PE CTE UL | a2 R MM RE A2 BT S5 08,
W L 5 FGF-2 OZEMECTHIfF T 2 Rz R CE RV ATREtERN S 5, £ Z Ty FGF-2-CP =
—T 4 UTNHKT DT v N TOEEREMSSERF T2 2B E Lz,

[ 5i4] % 5mm 0§ 3. 5mm JE X Imm D7 /3% A h/N—7R— LR & /2 FGF-2-CP XX CP % =
— ¢ %, 25kGy Ty BRI LT (y FGF-2-CP #E. v CP BE) EMt. L7, Wistar 7 v k
(e, 8 WS, SHE12UC) OIEZEBITEL 5mm OFILEFK L, N—F— LR Z o ZHA L
7o BN dw BITHIKEEA (HE Yett) Z/ER L CERERHAI & MRk rIR I 247 > 72,
[FER] B EN—FR— R Z o OREOH AT EIL, v CPREZ b LTy FGF-2-CP #£ D%
DML o7 (p€0.05), N—R—/VR Y URENTEEE LEEROFIE S, v CP FRIZH L
Ty FGF-2-CP #£DIZ 9 3@ - 7 (p<0. 05),

[Z£2] AT Cldy BIAE % S in vitro T FEGF-2 OMIfRBasHIEYE A2 i Cx A 2 L %
R L7225, in vivo COBRBIEEER Z R TEX 2080 AR Th o7, AUFZE T, v
BRI L7- FGF-2-CP 2 —7 4 > 7/ CT v OB ZRETE 5 Z LR Iz,
[#&5m] FGF-2-CP = —7 ¢ > 7% v B % b B IEEER 2 H 3 %,
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P-01
NEFHHOREH L ETRECT BBKIEE S E5F U HMF OB

VB KRBT SR, W - MR oA
offtfl MEEL 2, RO Fnw 2, dE0 BRAZ HO A2

[#S] elE L. ABRFREICAEE & Ol NEET LA ED—oThH D, MElE
DIERIT 0% EB LD ESNTEY, BAESCHILIEIZ SRR DV AT BH D, ZOfikiEs
X, BUEROOHGES 27 7 U U EBOIESICREE T2 2 L TRIET A2 E 5O TEY .,
EEPIET D720, BIEHES & BIMEE - ies & 2 C OB TRAER S s, ZhE
TIT, WK, = MR A R ZROBAER LA Z BN Y 7 & U CERT 56038
INTWAHD, KHPZEM, BB, 1 R, WA ILRED T T A= A LA O A X
HENTH D, 2 TAMZETIE, A RHERE LT T 28Kk Z 78 7 F ki +0 B Sk
BB Z2TEH LIl aE I Bl W TS5 1,

[EBR] BiAILE T F o THDT UL Y T8 T F 2 (Cl10-ApGltn)ix, ¥ 7T F o % 2-¥'a Y
RIVIFETCT ATV EeSEL 2 LICL AL 2 BB Cl0-ApGltn & vy, =
T NR— g VYA R L OBE I L o TBik(b ¥ T8 T F kL 1(C10-MPs) Z R84 L
77o #5472 C10-MPs % 7 % B HEBSHRMEE TR S, BT 2 2 v 4 R L OBEREASTM
F2258-05 (ZHEHL) 2 /R FFRICIIE 35 Z & Tex vivo CORAMIEREZFHI L7z, X512, 22 A
RNV OKRPREN, MEREEEDOTHMI 21T 72, £72. 7 v MEB-EREXERETT VE AN
72 C10-MPs D& 1E53h & g A 2 7\ ZhE - CTREm L 7=,

[ & &22] ERLL 7= C10-MPs (£ 2.6+ 1.1 um
DRI TR EF L, AT L—T 34 2% Hn
TRE~DAT LR TH 1. 8 [
A RHERR B AT L= C10-MPs 1%, Kfnd 52 &
DL VR FRIDENC G L2 A K |
FNEIEK Uiz, ik EICER LTZaas K7
VR AEFRROK T 2 AMEES S E 2 A,
C10-MPs =11 K7V & B AR
R T D2 L TREL CHMICES LT D
TR ST, A E AR (e

% C10-MPs ® v A RA/VEL, KRR & & \
H IO FERHAR & OBEETREE DB L, 30 &

Untreated

Adhesion score

DNICBEEMEZ RIS b ZERHALNE
STz, ZHUE, AKFIRFRE O RIC L » TR T 5
anA R7VREOKFEIZ X > THFRRE S O
BOKYEAE AAE R ORI S AT 7o o 72 L HE
s23nbd, 7v NEB-EEXBEEEET VICK
4EIIZ BT, C1O0-MPs @R, oA R4
IR EZRET D & &b T L
THEBET D 2 & T, RAERE L L#R L CEREL

Fig. 1 Prevention of postoperative adhesion by C10-
MPs colloidal gel using the cecum-abdominal wall
defect model of rat. ***p < 0.001, a significant
difference between untreated and C10-MPs group.
Details of adhesion score: 0. No adhesion, 1. Mild
adhesions, 2. Localized moderate adhesions, 3.
Moderate and wide adhesions, 4. Severe adhesions,
impossible to separate. Black arrows: Adhesion sites.

5 & OWAEEABITIHIT D Z LR L N E 25 72(Fig. 1), UL EOFERENS, C10-MPs (373

A AMBEDAT L —IESE,

H e/ LI KD RERTIVIER, ERNIZB T 2WERI Y 7 O

plZ FERE LIz 7o, fiiealit & LTAHTHL Z LW bnE ol

(25 3Cik]

1. S.Ito, K. Nagasaka, A. Nishiguchi, T. Taguchi, Acta Biomater., 2022, 149, 139-149.
2. S. Ito, A. Nishiguchi, F. Sasaki, H. Maeda, M. Kabayama, A. Ido, T. Taguchi, Mater. Sci. Eng. C, 2021,

123, 11199.
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BERNAEAS—Z 2 b ORGT & NEERSHRE D 1 H

VLR ORBE HCEEWME, CWRTERS PERETEADEMIT ZEIL
O/PMROE Y V2 JEAR S RYGINE 2, OHRHER V2 P ORL 2, mafs e

(Ex]

Jibd RS 47 HH 45 O BHEE T 6 ORERREASHI L, ST X 2 8. WA D OBERIRHBE LD 7=
WCHEERIDER ST s, BEFOEEANL —EOMBEIEMASEL A3 203, PSR IS Al
b3S 5720, BHENEOTLHEIZORN D, D7, MEREZAHE T2 2 Lichmzx., &
HABREIZB W T OB LA L WRHEZ Ffo oA AN RD LT D, ZivE THA I
Al N 2T WKL T T (ApGInIZFE A4 OBfKEEZEAN LBk (b T BT T R =F L
V7Y a— L REUERI(4S-PEG) M HIEAL S AV A ANEHHEEE A A BRSE L. A L7 BRI D3 2311
IR CoEEMEZ M &R 5 Z L 2B ST LTE[1], —F Tl W BUKSE A SR T BT,
BKEER O B ORI X A2 EERE DR T ABIE SN Z LW oM LTV A[2],

T ZTARMZETIE, a-v 7 T %A MU v (a-CD) Oy FalBEREICE B L. ApGltn (27 /L4
% N L7= C10-ApGltn (2 a-CD Z ¥R L7 a# 4R U <~ —(a-CD/C10-ApGltn) % FH % L, 4S-PEG
EMBEDED T LITL D 2 i REAEA LRGN LT, 155415 a-CD/C10-ApGlin #E DXL
P AR L) ORI ZSLER TR 3 K OSHERB AN LS DU TR L 72,

[=8&] \ ~ Previous work!:2
C10-ApGltn |E ApGltn IZFEN D U ¥ AT ApGItn Adhesive

B =V E UGS Schiff il & Li-fh, 2-b'o  4SPES \ Doy orewp insaline
UURTACK VBT D L TAMLT, Clo- e
ApGltn & o-CD ZAEEHRIZANE L7223 GEET S Modification ratio: Low P igh s

High swellin
Z & T a-CD/C10-ApGltn ZFH# L, 4S-PEG & in  This work ’ ’
situ 2675 Z & CHAEAI AR LTz, BaEAlo aCD i [ T A
BAMZSLERIT, 7 4 A 27 RICTERR LT B AL - =1 ( )
WE AR B L TiHEL 2, &S Do N
7z N WTE?@TE x= 7 ‘—/7 Ve /7“ v 7% iy U\7 o Modification ratio: High W Ir_c::;)wosc:v;tl(ierrlagctlon
JMAE R Z VT ASTM F2392-04 HIASIZHEVVEEA Fig.1 Inhibition of swelling of cured a-CD/C10-
L7, ApGltn adhesive in water environment.

(R - BE]
C10-ApGltn R D¥EFEIL, 0-CD /T Y A EDFN NS E S Z Sk 0D Li-, 2,
Ap-Gltn [T A U727 2 VED a-CD IZ K o TafE S v, 7 SV EM OBUKMEA BAER 23 EE S
722 LICERT D B2 bz, —HABRREKPICEIE O a-CD/C10-ApGlin #2755 AL 1X.
Org-ApGltn 35 X OBEFFDIRIE #2757 & bl U THEICIRWIAEZ (LR 2 R~ Lz, £, o-
CD/C10-ApGltn #25 A, Org-ApGltn B3 L V7 «
7V R A & B LT TS R O T R R Ora-AnGit aCb/ Commercial
%7 L7, a-CD/C10-ApGltn $23 #I| OO AGAA Fr 1k FG-APSBIN 1 Cc10-ApGltn |  adhesive
ERWEEETRIE X, APRAEKTIZEB VT a-CD  |Adhesive

P S, T UL OB ERIC L 5 ol &
HEALEL (EAEIGA) MBS hi- 2 L IC
BET2 L Z2 b, 46.8+17.2 92.9+17.4 | 108.8+32.5

R : B : mmHg mmHg mmHg
S EDFERLY | o-CD/CI0-ApGlin HAHIL, Fig.2 Sealing of dura matter using Org-ApGltn a-

Hw’ﬁfg%g ST s AR L LTAHTH D &5 CD/C10-ApGltn and commercial adhesives.
Z. ]

(Z& XK
[1] Mizuno, Y.; Mizuta, R.; Hashizume, M.; Taguchi, T. Biomater Sci, 2017, 5, 982.
[2] Mizuta, R.; Ito, T.; Taguchi, T. Colloids Surf B, 2016, 146, 212.
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RBRM S EIMBRRNEELEDI=HD
ATIA—IIWEBAZSESF UEBFIDRSE

VRO - SO BT R SERE . WL RS, IR - IR
ORBRIT 12, PEMEAR?, DN Y2, OB, KEHI°, WO L2

[B/] SR EEE AN R IEE 2 & O Z2 KRS Lo A W) &35 0> B O g OIwALEh IE % B 1)
& U THFERED R CHEH S TW AP, Wi b S T & AR E O mSLIZERER H 0 |
WE & i 2 T EERNLEN TN D, 2D K ) REEKOFRE A R 5 720 ST Tl
KEREMEEZ BT HAT VY UXTHIKET F 2 (ApGLtn) IZT L F AL L AT UL AE AL
ToBRKAL ApGltn Z &R L, ZvaE W 7285 A o Rt U TN T 8235 58 & AR IRBUR
BT ZEEHLMNILTND, P LN LR S, KBRS D EWE D035 #fk IS L CTIEE
@éﬁ%@%%@mk%ﬂﬁi@ﬁﬂﬂzﬁfﬁoto —F ., L= VEIIKFIZB N THEEA 72
WXL TEWEERELZ RL, TOX =037 a—LVETHLZ ERHEINTND, 2
%:f“zliﬁ%‘ﬁf“c‘;n ApGltn W T a—VEEEAN LT a— VIREAY T T F 2 (Cat—
ApGltn) Z& Rk L1z, £7- .5 647 Cat-ApGltn B LI OR Y =F L o 7' U 22— )L RLEHEFH (4S-PEG)
MHRED 2 15 %@%ﬂ%&%ﬁ R L, MRS TR L OERBRAMEICOWCEME L7z, °
[71£] Cat-ApGltn (X, iEILH T 2 2 AKIEIC L W &Rk L7z (Fig. 1), 7 32— /LHDE AT TNBS
iz i@%ﬁb\mlR&UMNm X0 Ta -V EOBANEHER LT, #5411 Cat-ApGltn
L AS-PEG % in situ RG24 2 & TS U7, WM IEIT, 7 % RENRZ V7 i R
R (ASTM F2392-04) 12 & - TR L7z, AEAEFPE K OV fRMEIX. T v b O TICHEEH
@M%%ﬁlb\*E%@%K@@ﬁbfﬁ??é:&fﬁﬁbto

[%%k %%—%] Cat—ApGltn 1L 9T 90%LL LD COOH COoH
IERTHMEN, FET I EEkETHERL | om @ o S s b ‘LL‘
723 AL 5~35 mol% T o7z, FT-IR DOFEHE oo °”%mmmm”z
i@ 3285 cm! 1T T 2 LD B — 7 ORI ApGHN  Tenzaidenyae cat-ApGitn

D HAL, H-NMR OFER LD 6.8-7.0 ppm 2 Fig. 1. Synthesis of Cat-ApGltn.
ﬁTSWJVﬁ@ﬁ;RJB‘ﬁEE%@E 7 DR B —~ 250
2 EMmb, ApGltn OT R EaopFa—L D
HOBARHERTE T, —F, 72 KBRicHEs  E 200 | X 2.3 X 3 9
5 MR B Tld, EAR 8 mol%d Cat- E - > <—
ApGltn (8Cat-ApGltn) 23 #I N e K o fiit Eag g £ 190
(174. 8 mnllg) % 1% L7z, = DIEIZRIERD % T ¥ g 100
7 F > (Org-ApGltn) #EAEAISCTHIRD 7 4 7 U > %

5. 9L ETHY, IEF e NOYHNHEE 5
HLFE (127. 0 moHlg)* &ML THEHE W IfEE @ 0

L 7po7= (Fig. 2), 8Cat-ApGltn #25EANIL, HA 8Cat Fibrin
LTc 7 a— VN FRAN T B L OMEF22 Fig. 2 Burst strength of Org-ApGltn, Cat-
BEER L2 Lickh, EVWitERE AL  ApGltn and Fibrin adhesives for sealing a
rmEEZOLND, —J. 7y MEFICH AL porcine aorta.

8Cat—ApGltn HEAE AT, WERRIELZFHEIET H 2 L 72< 56 ALINIZERITHMF S 1u, mWERE
otk & BRI E G T 5 Z LN BN 5T,

VL EDORER IV | BrizlZ5xit Lz Cat—ApGltn #248 AN RERIC K32 mv g s & ARt
ORI Z LD KENMRFIMTOWIEHBIA & L CHIHTE 2 AIREMED R S 47z,

(&% k]

R. Mizuta, et al, Macromol Biosci, 2017, 17, 1600349.

H. G. Silverman, et al, Mar Biotechnol, 2007, 9, 661-681.
K. Nagasaka, et al, Colloids Surf. B, 2022, 220, 112946.
B. Zhou, et al, Lancet, 2017, 389, 37-55.

r“.w.m.*‘
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P-04
MAREABREZBELEAI7ZR F—XMBROBRSE

YO BEAERERENE | - BURCRB eSO E * - R RPpe et T °
ORAIESG 12 « fEF Fg 123

<HESEMERIENTIEE I THRBDIELR

@i 50 %U\J:Kﬂ— D [H\ ‘II%%IJ foﬁ%ﬁg}iﬁ; %ﬁélﬁﬁﬂ i Chr—on'c g:?cll(inasculardisease
_91« Z {éfﬁ{ﬁ@ Ffﬁ%’f\% 75)\:%\3:;%.(\ &) % i ﬁﬁz\ 7 Zf‘f }\ inflammation - Nonalcoholic fatty liver disease
— o ALY S S T AV F A 8 y (T
TD, TA =3 AR, @A EICAE = wa. B
1£% % Phosphatidylserine (PS)ZFHEICFEH A Z o> :‘:'.lz: =

8 bt " l

L. ey PS 25l d 25 2 & TRIEMED

Tx ) BAT M B)DLRRIENED T = ) 4 W e m
/l) 70 <M2 @) G:E.R'ﬂ: [/\ ﬁ%ﬁ“‘j‘/f }‘ 73 /]) ‘/75§7§51 Inflammatory MZ_G
HEns®, YRR T PS #REICHT S » it iy

K F DOVERIZ ) L, RIEVEY A A o
W2 s Lz B, Las L, PS idfasEimia
WSk A EEAHE LD KIED TR A IEEN Fig. 1 Conceptual image of anti-
T2 WA ND D, Z 2 CRIES TIIAHEO inflammatory therapy using pH-responsive
BOBSN D BEAME SRR I = LIy EE L, 4 anti-inflammatory polymer.

pH ZAb 2RI U 7=k~ O R EHIE 25 2 72, &R

WSS CIIXRIEE T pHIK FITIEE U, RIEZ I rTeE 228l e o O F 2 B 5+ (Fig. 1),
<ZEBRFE>SHATIIZE L D butyl methacrylate (BMA) . 2-hydroxyethyl methacrylate (HEMA)
N 2-methacryloyloxyethyl phosphorylserine (MPS) ®FLE A A poly (BMA—co-HEMA—co-MPS) &
polyethylene glycol monomethyl ether (mPEG)-benzaldehyde Z&f%L7- B8, fW\WT, v 7
HIEFEA DOIERIZ LV poly [BMA-co-HEMA-co- (MPS—g-mPEG) ] Z &k L.  #EHTiE TH C2 ARk
¥ (PEG-PS particles) Z{E#L L7~ . dynamic light scattering (DLS)IZ XV pH 2k DAl %
1To7-, BT enzyme—linked immuno—sorbent assay (ELISA)IZ X - T macrophage (RAW-Blue™
cells) BT DHRIENEDMKFEEIT > T2,

<HERFZOEZE>'H nuclear magnetic resonance

('HNMR) & gel permeation chromatography (GPC)(Z PH 7.4 v » Y or
L BN 5 . poly[BMA-co-HEMA-co- (MPS—g-mPEG) ] b RN Y)
DERDIHER S 372, HEV T, macrophage & 5 PEG- N v D

N “ o ” 1 00
PS particles OHL VY ALK & dLE 5 L —F—grpy  T9h ©

FETBIER LT-AE R, PEG-PS particles |d PEG RAEff
@ PS particles & FREE L T, HXY AL ZHH| LTV
AHZ L amER L=, Z U PEG-PS particles M IZ
FELTWD PEGIZE > TPS L7 & —IC & 558k
ZEGEEL7-720 L& 2 b, PHEEREE T Tl
JAlZ X2 BERZEEFEETH D Z ERRB I T,

F7o. DLS IC X DMNT 5 pH OIRTFIZ L W hifk e
Zeta potential OZALHERR 4L, pH (L% ~ U T

T
B a
o o
o o
.
—_—

Mouse IL-6 (pg/mL)
w
o
o

*k

ek dekk

|

]

o

(=)
—

—-
o
o

— L LEREMEDHIEAEETHLEZZA BN 0 - : : ——
7,,:0 %%E%Wﬂﬂ“(&i pH 7.4 PBS il{%{f&é“&f:*ﬁ%& Control pH7.4 pH6.5 pH 6.0 Positive

HEE LT, ph6. 5 ) L BREIA NI S R T | .
L AEEMRREE N ER S Fig. 2). —h Fig. 2 IL—6 production le?vels by
I pH6. 5 BRBE T C 3w 7 HE AN BN S macrophage AV Blue‘TM cells treated with PEG—
PG LT PS 20 L= L5 2 s, —ig DS particles (n =3, %k p < 0.01
0 RBIEOR TIZSHEAEBEE T ChiJUEmRa s and #p < 0.001 against control)
HT% = X AR R, & D %R AR R A

IR FEBLT 2 AEHBMELE LTHIfFT&E 5,

<BEER>[1] D. Furman, et al., Nat. Med., 2019, 25, 1822-1832. [2] R. E. Voll, et
al., Nature, 1997, 390, 350-351. [3] Y. Nakagawa, et al., ACS Biomater. Sci. Eng., 2019,
5(11), 5705-5713. [4] Y. Nakagawa, et al., ACS Macro Lett., 2022, 11, 270-275. [5] B.
Frey and U. S. Gaipl, Semin. Immunopathol., 2011, 33, 497-516. [6] W. Park, et al., J.
Nanomater., 2016, 2016, Article ID 3739723.
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ANINY U—FGF2— ) VEEDIL OO LEERDORIEE
in vitro £ ¥);E T (@

FERCHEITHE O DR TEITRENEEE TAERF IR, 2 PESEBENTR AVBITERR /S A A 7 4 30 LIRZEHBPY
BRI P AR HIV A
O |, Tk, EEREE, AL, LSS, (R

[#2] BEEN T, BHBRESCHEBEAECL2BEEHA 770 O L HBHETH
Do ARSI 5 720010 o B TR 2 (2 RAE IR R R 72 (FOF-2) X
BEEMERATT 2 ) VBAL YT A () DIEICRY, A>T T Y MREC2—F 4 275
Bt (FOF-2—Cp a—F 4 > 7)) ZBA% L7, FCF-2—Cp 2 —F 4 > 7 O % MiE L= 55 5. &)
W7 S THIMEZ R LT2 b OO, BRRICH~ & RERT 2 L CAEMIEEO R ERRBE L RoT,
ABFFETIL FOP-2 TR A HIE T2 2 L 3 I TV D ~/RY & FGF-2—Cp 2 —7 « » ZIZRE
L.~ A K DA BRI~ DB SV TRGE L 72,

[92BR] FGF-2 (4 pg/ml) BIOMES T~V > (0, 0.04, 0.4, 4 1U/ml) Z R0 7= CaP i
AR (a—7 4 VY 7WIR) 123 mol%Af v bV 7LRERIEST YN a=T &5k (3Y-TZ2P; &
229 mm, JEX2 mmEFIL2.4 mmXIE 21 mmXJEX 2.4 mm) % 37 CT 24 BfEE L, ~%Y
v —FGF-2—Cp 2 —7 ¢ > 7 &AT 57z, 3Y-TZP £ BT S N EE T DORHEZ T 5729,
SHEMIERE L USTHE ML SEM-EDX T, e A& s 1X XRD T17o 72, FEAEIL 10 mM 7 =
VEET N YU U AR TR LT %, BEAEFR O Ca, P &L ICP T, FGF-2 &IV A ¥ 7 ay
FC, ~RNY UEEFH XafEES Y hEAWCTER L, BAED in vitro TOEWTEMFALD
728 WFRIE 2 FAVN T, NTH3T3 MR = 7= 1% HUVEC #fR T OAMRuEE s 2Ef . HUVEC {IfA T & 1ee
FEEAT, MG63 e T FGF-2 58N B /(LB EE R T ORBFHE 217> 72, Flea—T 427
W CO~XY D FGF-2 BEM DB EZRGET 72D, 37 CT6 £7213 24 Frfiitc D = —
T4 v TR OFELF FGF-2 8% ELISA CHIE L7,

[#5 53 L B22] 3Y-TZP £ LIRS NT-EEBIX, a2—T 4 VIR FPF O~ Y o OFIZE
5T, Ca ZETeirno—722@ L 500 nm LA FORIF>H80 . HFEhE CaP THhHZ L %
O LTz, BERBOEMET D Ca, PEEZTEELI-ZLEZA, a—T 4V ITRKFO~RY
TEEWEANCAE D Ca, P EOBMEAINA LNIZ b DD, AEREITR o1, —F, FGF-2, ~/3
U ATEME T TR SV, 2 —T7 4 U 7R O~ PRI, ARISEM LT,
kv 3Y-TZP #FE ETH~/RY o —FGF-2—CaP HEBOEKICHKII L, a—TF ¢ v 7R
D~ ANTHEBEH O FGF-2 B2 HINEE 5 Z L 2L NN LT, RICHEETE OEMRIR % v
T, EWIEHRHE 21T o728 2 A, a—T7 4 Y TIRRF O~/ R EE Y, HiaEFETS
PERERE AR DI, FCF-2 338 O - (U BIEEH R DO FEBIAB N B ST, oo —T o
VIR OERIF G2 B2 ERE LT 2 A, a—T 4 VT IRP O~/ UREHINZAES T
FAF FGF-2 ENXNAEICHEM L, UEX DAY Nia—TF ¢ V7 IRIRB L O EE T FGF-2
DLEMZED D AREMENRH Y .~/ o —FGF-2—CaP A8 DAEMIEMED FIcH 5T 52 &
RSN LT,

[£% k] M. Yasunaga, et al., "The enhancing effects of heparin on the biological activity of FGF-2 in
heparin—FGF-2—calcium phosphate composite layers", Acta Biomaterialia (2022) Aug;148:345-354.
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Chitosan based antimicrobial coating strategy for Ti6Al4V based

orthopedic implants
12*Bhardwaj, Aman., ! Yamamoto, Akiko., 2Pandey, Lalit Mohan.
!Research Center for Functional Biomaterials, National Institute for Materials Science,
’Department of Biosciences & Bioengineering, Indian Institute of Technology, Guwahati

Sedentary lifestyle and growing old population have increased bone related ailments in the
modern era. Moreover, unhealthy lifestyle has compromised human immunity, leading to the
increased chances of the microbial infections. These pathogens might also reach out the
implantation site and initiate the colonization cascade, leading to the biofilm formation in the
extreme case. For the infection eradication, high antibiotic dosage is administered with implant
replacement being the last resort. Implant replacement strategy is also susceptible to the loop
holes, as some pathogens might escape the eradication and reinitiate the colonization on the
newly implanted material. Research in this direction involves imparting the antimicrobial
features to the implant surface, thus eliminating the need of external administration of the
antibiotics [1,2].

Keeping this objective in mind, our work targets the fabrication of the chitosan nanoparticles
on the surface of the Ti6Al4V model implant. Chitosan is antimicrobial in nature due to the
polycationic nature and offer the ease of tunability as the drug loading vehicle or conjugation
framework for the various functional moieties on the surface. Chitosan also exhibit
mucoadhesive nature, biocompatibility, and easy synthesis. The aim of our research is to impart
the antimicrobial feature to the Ti6Al4V surface via silane mediated coupling of the antibiotic
encapsulated chitosan nanoparticles (NPs) to prevent the pathogen colonization of the surface.

Ionotropic gelation method was used for the stabilization and synthesis of the chitosan NPs
(HMW & LMW) using sodium tripolyphosphate as the polyanion. Dynamic equilibrium state
of the fabricated NPs was addressed using glutaraldehyde as crosslinker to permanently retain
the NPs in the reaction conditions as confirmed by the intrinsic fluorescence of the Schiff base
formed. Mild synthesis conditions were optimized using sodium acetate (0.05M) and acetic
acid (final conc. 0.02M) to carry out the NPs fabrication under the stable pH 5. We achieved
two types of NPs for each chitosan precursor based on the parameters tunability. Chitosan NPs
formation efficiency of ~35% was achieved by optimizing the downstream processing.
Successful crosslinking was confirmed by the FTIR analysis. Size and shape of the formed NPs
was confirmed by the DLS measurement and FESEM analysis as ca.200 and ca.300 nm for
LMW and HMW chitosan, respectively. Ampicillin was used as the model antibiotic and
investigated for the immobilization capability of the fabricated NPs. Ampicillin was
successfully encapsulated inside the NPs with the loading efticiency of 77.4% (LMW NPs) and
69.90% (HMW NPs) as optimized by tuning the loading parameters.

Our strategy provides a benign approach to address the microbial susceptibility of the
implant surfaces along with tunable drug release kinetics strategy.

Reference:

[1] Bhardwaj, A. and Pandey, L.M., 2022. Design of antibiofilm surfaces by immobilization of biogenic silver
nanoparticles on amine self-assembled monolayers. Materials Letters, 311, p.131574.

[2] Bhardwaj, A. and Pandey, L.M., 2022. Biomaterials: Types and Applications. In Nanoscale Engineering
of Biomaterials: Properties and Applications (pp. 89-114). Springer, Singapore.
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YA bHA R M—LOIMFZBE LT
FHRA-KR) T —EEK (APC) DR

VOVE - MORHIR RS BRREMERSRHIFTEILAR, 2 SRR SR B R AT SR
CHURBERL R R ol TRt seR)
O KJE V2 A Wi ° Ahamed Nabil', f£Ji FE7ZZ " °

1. ¥5

'7 /]) /I/X EEZQ% é: ﬁé 5 ﬁﬁEE"j fcﬁ f%'\'l‘i @lﬂ’fﬁiﬁ Antibody drug Phosphatidylserine
SEBRE (ARDS) D EZRFURIE YA b A A > Dl o :'E’T"F'° .ﬁ
RIZLPEERIE (A M HA VA —2) I2kD | ®eg /Lm'

LOEEZLNTNAY, BIEOHREL L 7

TR A REHURE K 2 1= 2 N2 =
DITOI T D NEIER O & FRR L — Antisody Polymer Coni
73‘;;&&;5;@11,\50 jgﬁ%i«ccj\ {:E{ZISWT (APC)
[EFANATOITND T A b — 2 Al D Fig. 1 Design of Antibody-Polymer
REEARNAICIER L, T8 b— 2 AR Conjugate (APC) for ARDS treatment

fit N U <= — (2-methacryloyloxyethyl
phosphorylserine; MPS) #BRA% L. MG ENELZE -2 W REBERN T2 8HE L Cx =B, Kuf
FECIIRIEMEY A A Tk 29 FPRICE R L, ftik e MPS & OEFEREZIH 72, Fuik
-R VU ~—fEK (Antibody-Polymer Conjugate; APC) DB % B9 (Fig. 1), BrITARMZE T,
IgG (24 % MPS DERfIEIZ SOV THRE T 5,
2. FEE

RAFET I XA MEIZEY . 2-hydroxyethyl methacrylate (HEMA) & MPS OIEAHATH 5
poly (HEMA-co- (£-Bu0/Boc) MPS) Z &t L 7=, Bl L2 Y <~ — OREERATHE R/ 5 PS DA
ZEHI L7212, PS OIRELZ BLR#ET 5 Z & T poly (HEMA-coMPS) A L7z, S 512, AL
7= poly (HEMA-co-MPS) & Hilk% 71 » 7"V v 7 ST K o T APC DAL 3 7z,
3 MR - B

'H-nuclear = magnetic el o d — —
resonance (H-NMR) 1= L % W I PuIY(HEMA-cu-(t-lﬂ‘uOIBcc)al\’llP: : ’ @ }

G U SR R O .y I

VAN _:u__“'_ L A N

OfR# K (£-Bu0/Boc) (2 H N e
5'%’9,4%) Ecb‘ﬁ (1. 1 ppm) 75§ '?O\J:P:'t’ J; Poly(HEMA-co-MPS)

R SHL. poly (BMA-co ). J e
(+-Bu0/Boc) MPS) 4 ik % p I ) Y A
MR LT, & IR " olvmer

. -
% 1.1 ppmAFEOE—2 Fig. 2 'H-NMR spectra of polymers.

DIER L2 & T, MREDRHI bR L7z (Fig. 2), S HIZ, PCIZ X D0 TR DEAK
SIS DT RBIEIML T NA VAN I N L DH T I DERSH D PS EICEENDH—
w7 X DR S, poly (HEMA-co-MPS) DB R Z TS LT, B v 7' U » 7 ROS & -V TZ ik &
DOFEEH, KU T2 VLT I NEXIKEE (SDS-PAGE) 12 X 50y T BT 2Tz, 5%, ~7
77— AWz in vitroBRE D . RY v — L HE-HRIER U ~ —EHEIROFUIRIENEREAR
R IABRZEBH T RD, BT, R =D FER) U —OFBREDNRT A =2 2%
LD LI XD PIRIEEE 2 LA T D,

4, ZEICHER

[1] M. Mahmudpour, et. al., Cytokine, 2020, 133, 155151, [2] Y. Nakagawa, et al., ACS Macro

Lett., 2017, 6, 9, 1020-1024, [3] Y. Nakagawa, et al., Polymer, 2018, 134, 85-93
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Composite scaffolds of gold nanoparticles and doxorubicin-loaded thermo-
sensitive liposomes for cancer therapy

12*Huajian Chen, '*Rui Sun, '2Jing Zheng, 'Toru Yoshitomi, 'Naoki Kawazoe, !*Guoping Chen.
"'National Institute for Materials Science,  Graduate School of Pure and Applied Sciences, University of
Tsukuba.

[Introduction]

Breast cancer is one of the major lethal diseases. Surgery is usually used for breast cancer
treatment. However, residual breast cancer cells and large defects are the main limitations for
surgical resection. Therefore, synergistic therapy has been developed as an effective strategy
for breast cancer therapy, especially the combination of photothermal therapy (PTT) and
chemotherapy. In this study, composite scaffolds were prepared by hybridizing doxorubicin-
encapsulated thermosensitive liposomes and gold nanorods into porous scaffolds of gelatin and
polyglutamic acid (Dox-lipo/AuNR/Gel/PGA). The composite scaffolds had a synergistic effect
of photothermal therapy and chemotherapy. In addition, the composite scaffolds could support
the proliferation of stem cells after treatment.

[Experiments]

Firstly, gold nanorods with 70 nm in length were synthesized based on a seed-growth method.
Secondly, the doxorubicin-encapsulated thermosensitive liposomes were prepared by thin-film
hydration method. Composite scaffolds of gold nanorods, folic acid-functionalized gelatin and
PGA were prepared by using ice particulates to control the pore structures. Finally, the
thermosensitive liposomes were incorporated into the composite scaffolds by the reaction
between amino groups on the liposomes and carboxyl groups on the pore surfaces of the
scaffolds.

[Results and discussion]

TEM was used to confirm the size and shape of gold nanorods. DLS analysis showed that the
sizes of liposomes were well controlled around 200 nm after encapsulation of doxorubicin. Zeta
potential showed a reverse surface charge of different liposomes surface after modifying the
amino groups. The SEM images showed the composite scaffolds had spherical large micropores
with good interconnectivity. The photothermal conversion curves showed the photothermal-
induced temperature change of the composite scaffolds could be controlled by irradiation time
and laser intensity. The incorporation of liposomes had no effect on photothermal conversion
of the composite scaffolds. The release profile of doxorubicin from the composite scaffolds was
investigated with or without a periodic near-infrared laser irradiation. The results showed that
the cumulative release of doxorubicin after the first cycle of laser irradiation was 6 times higher
than that without laser irradiation, and the value was 8 times higher after 7 cycles of laser
irradiation. In vitro cell culture and in vivo animal experiments demonstrated the anti-cancer
effect of the composite scaffolds. Furthermore, after complete drug release, the composite
scaffolds maintained the high viability of human bone marrow-derived mesenchymal stem cells
and promoted cell proliferation. Therefore, the photothermal composite scaffold not only
produced synergistic PTT and doxorubicin therapeutic anticancer effects to efficiently kill
breast cancer cells in the early stage of treatment but also served as a supporting scaffold to
guide new tissue regeneration and recover tissue function in the late stage of treatment.
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HIERBFREICH L. BTN ERNICENERET HIAI— T/ 074
N=D AT LIF, HERMNGHAREZEAREIST S

PR N AR, 2 SRS - [RAERR - ORE R, KK F M E R -
BTt X — * [ENIOTTER S IR N B AR JE A
O# Hin 'L AR fLE>°, BREERE ‘. B 400 AR R IR gt

e BAY] EMAR R E (GBM) (XM O T b M E N E < . b AEEFRIZ 10%
UTFTHD, TOEHIE, SABIICEIRRTE 28803 HIFR S v, BEEHAE 2 58 H AL LI
BAF T 570, BRLLTVWOR—KRTHDH, iz, B LIEBIFMICKTT D AR I58E
DSHENT. SFUTUNRVY GBM ORTARICIE, JRSHZ2 G b, JE PHIE § AR 2R U722 < O S
1o % JEIR S DR N OB R IBEN L ETH D, — 7. < ORI CREZEE L T
WAZLDRHBENAERN g v I XX D—DTH 5 Hsp90 (Heat shock protein 90) I,
ST RIS LY . BAMBROALE, MBIZBE ST 5721 The < BB, BUEA
R E~OEFIEEZFHE L, WEZORITEROEBERICOLEET 52 ERMmb TIN5,
F 72 Hsp90 13 GBM DIEMEFEIZ B 5. LTk v | Hsp90 BLEAIZOFH 325 2 & T, GBMIZxf79 %
T BRI R 2 AR 3 2 AlREME DTS SN TV D, AR TIE, R, busal. o
TEERIFED ZHOF R 2 1o CTRIFF ) DIBIEAIZALEE S5 Z & C, FEX VT 4 THDLIL
5 AW R B KBRS HE LA RRIC L 0 . GBM DIREN RO & HREOWD & E
BRI 28 RIERIEORZEZ B E Uiz, MEHE HIE] A0ERE< . A4 AT 4 VA
WA SR AT NV ThHLIRI AT m T 72 (PCL) THEA CTHL7TEY mI K
(TMZ) 3 X OV FAERISE T & 5 Hsp90 PHEFH (17AAG) A5 A L 7= PCL-nanofiber mesh Z 1Bk L
7zo PCL-nanofiber mesh (PCL-NFM) |d, & DL L CEYZ RIRNICIE D kil 2 2 L2348
HINTEY., 5L X LFIERPRECE 5, [FEER] EHTIEE H T nanofiber
mesh 7> B OIEAH &2 MR Lo/ R, B BRR L ICHHESHEM L, 30 HEF R T 40%2 2]
L/, b b GBM Hizk TI8G a4 HV Y, 17AAG 38 KON TMZ BEMUALER T J 4 FE e Zh 5 2 5~
T-AE B IC50 1T FNF 376.4 M B LTUN659.7 uM 72 o 7=, F7-. WFEAIGEHIC L 22
ZhHIX. Combination Index (CI)230.599 & 720 | FHFEMWTHDH Z L LGN E -T2, D
T, 17AAG F7213 ™MZ & X 2O L7258 OB R OV T TG R, 1B K O
AFERIZIDFNFNL1271.67 £721% 1.5471. 82 @ sensitizer enhancement ratio (SER)
o LTe, BefRlZ, PCL-NFMIZ & 2 #2572, 1TAAG E 721X MZ 25 F S8 7
17AAG-NFM 35 12 T TMZ-NFM ClEAY 107 15%FR B OE R AN B LAV S o 7203, F1
T X BEPFHTHZ & T, 50%E TR SR I N, 61, WHEEAET D
L7AAG/TMZ-NFM \Z £ 0 | BAAIE A -NFMAZ B~ FHIEAY 72 2h e e v Gla A= A738 655%) . &
OB X AR E OPFH TS BT Iz CIRAETFR 15%), U] 2o 0ERN L, &
W ET ) 7 7 A4 3—2A v 22 (PCL-NEM) OFEFHIZ X 0 | BLSAH], 0 TEEREE, TR
RO LA E IR, & b GBM H 2 T98G MR % L CoR /1 Ze fpR dEEzh 3L & BAE 72 i
BB R EZ 72612 L AR LT,
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Parallel-type guanine-quadruplex structure improves the
immunostimulatory effects of
phosphodiester-based CpG oligodeoxynucleotides

1.2%Pathak,S., *Yamazaki, T.
!Graduate School of Life Science, Hokkaido University, Sapporo, Japan, *Research Center for Functional
Materials, National Institute for Materials Science, Tsukuba, Japan

Key words: CpG oligodeoxynucleotides, Guanine-quadruplex, interleukin-6, Serum stability,
parallel topology

Synthetic short oligodeoxynucleotides (ODNs) with cytosine-phosphate-guanine (CpG)
motifs induce immunostimulatory response via toll-like receptor 9 cascade. Hence, CpG ODNs
are promising candidate molecules for oligonucleotide-based therapeutics to eradicate diseases
like cancer, allergies and being used as adjuvants for vaccine development. However, non-
modified ODNs are susceptible to nuclease degradation making them unstable inside cellular
environment and fall short during clinical applications. In this study, we have developed new
CpG ODNSs forming a parallel-type guanine-quadruplex (G4) structure. With the presence of
oligo-guanine in the sequence ODNs fold into a specific non-canonical secondary structure,
G4. We predicted that parallel-type G4-CpG ODNSs shows superior stability and cellular uptake
compared to antiparallel- and hybrid-type G4 due to its small molecular capacity.

First, we designed parallel type G4-
CpG ODNs based on previously
reported parallel structures.
Synthesized parallel-type G4-CpG
ODNs have shown significantly higher
stability when exposed to serum
nuclease than linear CpG ODNSs.
Parallel-type G4-CpG ODNSs have also
triggered secretion of interleukin-6 in
RAW 264 cells, which results to
activation of the immune system. This
advancement makes their path closer
to be used as adjuvants for the
development of vaccines in future.

Fig. 1: Activation of immune response by parallel G4 CpG
ODNes.
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(5] IFEE STV L 50HE, TEIGHIRE, iPS MIfR%E 2 AW - ila R IA I BV T
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X TENBEAT D120, KNERE S La2f G %2 vl T 25 X CT & &k - Miar~
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—ZNERAE LTHREMIRE SN D, EF, BEE OB ERUICHKD) LIz 7 V& F 4 AEHTE/
R4 7 B F-(AuNO) 1L, @V BRI ENE & B PR E 2 R d 2 LD, BRHIZRRIFIC
K DR~ EZBIG SN DIV E IR SN D, AUNC ICK DMl T v X 7 E2FEBRT L7
213, 280 AuNC Z 0 BoiREE CRMMIENIZE A L, MlaZ2iZ5%T 2 LR H 555, AuNC O
AIRRAESRAE I 20 IS A2V, & 2 CRRIH LI, ARBIRE - AR Z O R L, il
~OBMGEFEAAXY VT L LTEBERFOY VRV T A (CaP) K112 AuNC ZHEF - A
{352 LT, MR AuNC 15 « b7 v X VR AHRRIZ/IR D E & X T2, AMFFETIX. AuNC %
fHEE - HAL L7z CaP kit (&Y VIV T DEERIT © Au-CaP bi 1) Z/ERLL., T
AE & MLk RE A R4 5 Z & 2 By & L7z,

[3E8r]  HLILERNC LV Au-CaP R OfERL A2 R 7=, BARRIZIZ £ 3, 6 FlE oo R SR
& AUNC (7858 2nm) 2o A REE[1]ZEA L, KISHK (Ca: 5.1 mM, P: 2.6 mM, Au: 0.6 mM)
B L7, ZONEE 37°CT 60 yRlEE L%, driidam oo - e L, Reta5
Too HGEREIE LT, AUNC 220 A RIRKZ G £ 7220 UG 2 AW T CaP ki &2 1537-, bz
B ORI, HLAR, Kk, ¥—# () BB I OEEHE 42, L EFIEMeE (TEM) #8152,
TRVX A HO X #or ks (EDX) . BiYERGELE (DLS) . SEAvkEEEGELIE (BLS) . H#tsy
NI K0 R L7z, HIIREERREE L. S o E E AUNC A2 ZF TN~ U A~o a7 7 —
UREAIIE (RAW264.7) (2 24 FEEZEE L7-th. Ml 2 SO BRMEE CRIZ T 5 Z LI X D EME L 7=,

[ E%E4] TEMBIEOEE, Bon=ilkHIiv v 7T ) A — MY A ORI 1% @ E
WZHEFL72ERIR T 2R CH Y (K(a)) . EDX HTICEWT Ca, P, O, Au 25T 2 EAVRIHL
7oo LLEORER, AUNC RN O BSOS HERL S L7z CaP ki1~ (®(b) & DL#ZIZ L Y. CaP
~ FVU w7 A2 AUNC 23HEF A ST Au-CaP R AR LT & % 2 b iz, /K To DLS-
ELS I E DOk 5. Au-CaP R 713 IR 748 251 nm., £ BAI-16.6 mV DT ki t-Th -7~
—J7 . CaP Ki -1 { BAT 1.5 mV DLk 7T - 7= Chz : ;”fﬁﬂww

FREHARA]), REITNVATF A NIV REREADE
£z (-38.1mV) %7/~3 AuNC 23, Au-CaP ki {-IZHED (&
Lz bz, AR O BLEERICHFE LB OND, B

WIS ORI, Au-CaP B 113, AuNC HIKD 140 {5 % Eﬁpac, At
DHOEIRE (570 nm, &ILHE 1 FAHIY) ZRLIZ, B, L30T 0 TEM & (EAR: IikR)
CaP ~ RV w7 AH AUNC DT T 7 L& & HIR L. @ (a) Au-CaP %1, (b) CaP #1F

AOVE A i) L7z EHEE S5, MRS bBEMET B OFE R, AuNC BRI Z ATdifk T %
2o T2 DITXF L, Au-CaP K- I3HIIE 2 BRI P E T & . @O laERREEZ A L 0D Z &R
Dotz

DLk, dEpRiEIc L 0 2500 AuNC % 5B E ICHEE - 81k L7 Au-CaP ki DERLCRRZh L,
AR X 28 EHE & ke O\ B A fERE LT,

(2% 3ik]
[1] T. Inose et al., Col. Surf. B, 2021, 23, 111732. [2] M. Nakamura et al., Col. Surf- B, 2018, 162, 135.
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I, WFZEE IR THRATIIE 2 L 25 B 1 21ER Lz, BRINEIL. ABRBEEOEEORFEELIRN
DR TEE 11 EHA & HhR, BEEREO N LTI TESHEE ., SEEREOSETE 4 H
H. fiBh& M OBIETHEIE S HE, TREFME S - A i, R EIEOHEO TR 71H
H., BFEERECHEROKY 2L 8 HH, RFEREDSNOIENE 6 HE, AFEIEDOH
BHEICKT 2%F0 T HA 4 4HE, R FEIURDEE T EOUGED T2 DAL %2 B HFLR, &
P RE, BB, PSS & Uiz, 7 — 2 IR, &I EREA B L, BIURERFIICA
NTHH o7, IEBIIE, 202246 H 13 H~7 A 27 H Th o 7=, W 7iEIE. SPSS 2 W T,
HE Z L ICHMEH 21T o7z, AHEERIE, BRRHNICERNENED L2V 9 HEEEL
LT, MEEEEESOKREZE TS (R04-010), ARETIL. HEO—HWE2HRET S,
[FE5] BINER 42.5% (0=119) THY, KE3FERE, A2EIEEIT. 5% (n=116) ZHrHrxt
Grl Uiz, FEHi#AT 96.5%., B#MT 3.5% Ch oz, EMECEFEICRNOEREEZ T 5 TR
LTWN5#30.0% CTho7c, TRLTWDHEDH L, BEEDFIEZ L TW\5 27. 0%, BEICH
P95 35. 0% MNE 0o T, BEFEEUROHMICR 722 ENRH DL, 9.0% ThH -T2, B-o7z
TEHH X, KM LIS WIZIROBHERE 72. 0% & B TH 7=, BRI, BE & LHEN
WZH7 B A DO EEOHERC, Hol-b0%E 1 SOIICZE & BT, BH#EMIZ L > CTERED
BERIFENRE UK, Bl EOKGDLENEEORFChH o7z, BREDIMNIEFENGEH
HHREHETVDEHEIL. 0% ThHoT, HFHTWDHIHERIZ., BAKS3. 0%, "E4f 57. 0%, FHIE - e~ D
BESI AT. 0% CThH -7z, BLROBFEEEE HIEICHT 258 BT, B 92. 0%, s
HBETHD81.1%E o7 h, MR T ETIL/RN 55.0% CTh - 72, HHEFEIRTIE, BFE
FOHE O EREPE-CRER M, EAZENTRWE D WD~ = 2 7 b7 ERNRE I LTz,
[B52] F#EFICLH2BFERERNOTIEDOERE L LT, ERICAEFERERNOMIET S L
TLRELTWDLHEIEFD2, BUROFETHD ELE L TWRNWZ ERH LN E o7, L
L. PAETIEHL0, TRELTWDLIEBHFIEL, BEORRSOEL, HET - HEORES 72 &
RS DY, BREEAOFEr TICHEFICHEE RS CAFERERNOEELZ L2
ERH LN o7, BREFBINERNOERELZ BEOF TICEMNERT 572012, RFERE
R Z EMEICIT ) 2 E R, ZOELNTHERNLEEOHKEZ /LI ND L IR AT A
2T D2 EN, KDIWFE#EF TR TED 2 LIzoRhRn b EEZLND,

[F5m] AFEIERNOME FIEICK LT, FEDTIIFICHER ITA TV A ERERH LN E
Tpotz, Fio, BEEIUEIROEE G IENIEMERITRTETH 20 ORGEEZITV, BE ORE
BT 2F5# 77 2 L0 B<UETE D RN RE I,
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AN DBEY) VBNV I LS/ FFIZSED
BEMEZ VR0 BOEIRAIFLER

BRI B BFAEIT - T BPEVIRIEIONT, * BT A TR - Tk SR TR 20
Okt i, A RMEKT | SEM B KRR T

(=]

A hA 2, iR, BERR DX R EIT S EEREE XX DA AEEN & U TRHTER
DEIffF SN TWD, X7 BOL I TEM CTREMRICEL DT, ZnEhERLH\REL, IHE
ERELEEEHNOWMAICEETE 2HERMLEL SN TWDS, Bxld, ZhET, 4K
PIZEND U VBV T AOTF R 2R &3 2 3K E I RIC D A TE 2[1], EDH
T, AEMERTL2EA DT THL~RY B Y BN T LT RAICHERT S & Rk
DY — 2 BN OMERMENIE R L (REBRADY—Z BN D), KPoBENSETHZ &2 R
HLTWDR], Fexix, Vb y o ht JRAICHEES A~ VN, RiFOni#E L L
TET T, BEMAEERCIVEREEY X7 EOMEFAIE L THERET D EE T, *
Z T, ARMFETIE, HEEH D WVITBIEX B~ VAR LY VBRIV T A
JRiFHER L.~ UK S R E OB ERSOR A BNEIC G 2 D BB R R LT,

[£5]

WHMEZ 7B LTy A e BERY Y TF—A, BEX L AXVBEELTT AT IV E
AW THREEIT 72, £, LT U A4y (4J0mM), U UiEA 42 20mM), ~/%U > (1.25
mg/mL), %% /378 (0.5mg/mL) ZE SR A TR Lic, Z OIS 25°C, 150 rpm T 24
REfEIR & 5 %, AT 2 vErs - BN L TRl 2157, F7z, ik dE LTARY 2RI 3710
U2 SOSIED S b RIS 21572, B bl oms - Mk - oL, EEE e
(SEM) 122, = /L X — /3 # X #5761 (EDX) | $RAM AT 4361 (UV) | Bt HkELYE (DLS) |
ERIKENEEELE (ELS) 72 EIC K VR, £, &2 v v golREh%E GREHclEEshx
BRI R ORI U= 2 R 7 B8 X100 (%)) HEH LT,

[ 3R & 552

SEM #1%%, EDX 7041, UV JIEDFER, ~/ U VISR B LT, 2 v "0
EANNY VEIHEELEAREED Y VAN T T SR TThoTe, DT 2RI AD
Y—4EMEAL (21mV), KIZEL oL CEERIT£E 100~200 nm), — 5, ~/3U i
IO RS DAL =30 1 BERICINICIER LT, M X 28 (v h e b e B L

U VT 1) DRI SIS~ . o
U AR 0 KIEICE L L7 (1),  FRL TN Y LAEE - RO ) SR L

 TA SIS X7 E DO HEERh R
AR A AT 2 A 5 oy /BB B4 LS B

B L BENICHERAL, Vo maLy Y AREE | Y SRR
AF BT ~OHEHE AR L 2 Z 2 5 YhZuhc 76% 22%
Nz, =T B2 o RIE(TVT V) U F— A 67% 1%
DOFREFNRIL, KIS~ D A~ AN FILT I 229 95%,

KO RBIETF LR (1),
PULEED, ZomyBe~nXY UL VBB T AT R IZBWT, ~X T v
TN & X7 OB RO m Bl b NTRL O3 8Em BICFH 535 2 L RS2 [3].
Thebbh, ~NUHRERY VBN T NS R, Y LR e SRR T E D
kL LCHEREMFS NS,

(&3] [1] AR, REBE T, £7 I v 7 X, 2020, 55, 189. [2] M. Nakamura et al., Coll.
Surf. B, 2018, 162, 135. [3] M. Nakamura et al., Int. J. Mol. Sci., 2022, 23, 11530.

[BfEE] AF7EIL, a—k—a3 XX ha U—mF%EME, JSPS B2 (JP19H02635, JP22H05148)
DRk 2= CHEE S i,
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EYx v ) THREZBEE L= PMPCHEAIEEIZE DR Y —LREES

VEMTTIEAT AR - BRI LAY © AT DT,
SKBERFRFE - TAERFIER, S FEEIRIT A BIIERT - LS 7 T2 BRI,
OAIESR | 4, FRAHT 2, TR 22, SRR

(=]
VAR Y — AHIas & 6 CHE 2 F5o U VIRE/Maikch v | fMilaiEes v & LTHW LT
Wb, 72, mRNA RFEHK|EZ T NALTE L0+ ) TIN5, Ll Y
R —ANIHERIZEVIBFEIND 72D, KN LHESCNIBRESINTLEY, 2 TR =T
Lo 27U a—)L (PEG) fEAIEEICL Y., VARY —LAOREEEMT S Z & T, HERND DR
DR ENTWS oo oA LV ACkTE2mRNA Y 7 F 1026 ZOHEMTIER STV 5,
L7 L., PEGEfifi U 7R Y — MIAERNICE G35 &, #iER3IE LS, HLPEG HuR» EA
o, 0=, 20 HURICEE Sz PEG ERf ) AR Y — 23 FisEEME T L, 757 4
T X USRI REEZ S &R T2 E RS I TV D, ARBFJETIX. PEG OB LT,
RYQ-AX 7V aA)vtFroF LRk AR Y La ) 2 (MPC))(PMPC)E FV T, S S % [Al#E T
XD VRV —LAREEMFIOGHKE BOEGBRIZ LD VR Y —LRE~DOHEANEZ BIF LT,
[ Fik]

2 KONV M INVEEZHT AIEE ) HaC\/\/\/\/\/\/\/YO CHy CHSBrn= 10,20,50,100
DIRFBE T N VES (ATRP) BAAA] | T e,
ZAM L, RBC MPC # A St MPC 7T T S
DEAEN 10, 20, 50, 100 @ PMPC J5E Fig. 1 Chemical structure of PMPC-lipid o
DA EIT- 1= (Fig.l), &Rk L7z PMPC
fEEZ 7 NigiEr v~ N7 7 40— (GPC), xR EE ('H-.NMR) ZHWTH &, &1
BOMOREZEIT -T2, Fio, A IBAMRE (CMCO)., 2 B/LORIEL, PDI L OFEEENMOHE
Z1T->7-, D%, 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC) & =2 L X7 m—/L (E/LLb
/1) OURY—LZHEBFKFECI VR LZ, 20U KRY —A51C PMPC JEE 2 ML,
37C T30 DRSS 2 Z LT, VAR Y —24 L PMPC IEE O HAER Zf##r L7, PMPC IEE D
DT ENEAEIZH 2 DB L ACK O 3TCITBIT % PMPC IRE D&tz EMt 2 2 Bz -
TYVERIZEVRGE L, 72, ZEEFHMEE (TEM) 12Xk 5 U R Y —L0fl%2, ki, PDI
K OFEENMORTIZLY VKR Y —LREIZEBIT D PMPC [FE OEM OMEREZ1T - 1=, = DT,
PMPC &8V AR Y — L & # X7 L O EA/EM % SDS-PAGE L% L X7 BRERIEIZ L Y 4
Mritz, £72. PLPEG HiiK & DMHAEMEHICHONWT T a—H A b A F U —Z W T LT,

[ & 552

GPC & 'H-NMR #lEE LD, EAE 10, 20, 50, 100 O
PMPC JIF'E DA A R T & 7=, £72 . PMPC IFE X CMC
AL, WEEETH D Z LR ENT-, PMPC EEITE
BEN/NZWVIEE Y RY —AREITEASHOT W &
23y o7z (Fig.2), PMPC &8V AR Y — AORi#E, PDI &
OFHEBNMNHPIEN S, PMPC IRE TEMidHZ L2k,

=

——MPC10

| ——MPC50
///4—. ——MPC100
e

into liposome (mol%)

OR N WERUON®OOO

Incorporated ratio of PMPC-lipid

A OHNINZLE O RBEDIE K, O L EA, K Ehr ° (PMPC-lpic] (me/m) 1
DOmV IS 2 &R LT, £/, TEMBIZIZL D, Fig. 2 PMPC-lipid incorporated

ERD U AR Y — A0BlE S L, PMPC Effi U 7R Y — Al
VARY —LOBBIZEWRY ~—BREE I, I
HIZEV, VARY—LAFKEIZ PMPC IFEOEMN /R STz, 14 BRI X 2 ZEMETITIE, 4C
WICBWTEETH Y, 37CITB VT PMPC IBEIX U R Y — 20 bR AICHEE L., 14 B#%I1213 20%
DOWBENHER SNT=08, BV ELZ e %2R LTz, £7-. PMPC &ffi V) &R Y — 41X PMPC IEE D
DFREIZEST, 2R EOWEZIEI L, $T PEG HURIZITFEE S NN Z B30 ho T,

ratio into liposomes

Reference: Haruna Suzuki, et al., Sci Technol Adv Mater, Vol.23, No.1, 845-857(2022)

65



P-16

RORSEFNOMRILBBEZTMET =00
FIEE B EETE S R T LD

"W

- MPEHIRGERERE - BRI Y 7 b~ 2 =T =T PRIERTER T - BERWE BT IERE
O X" )L BEN?
[#=1]

/J‘HE*EH% X, FEIZ Mucin EMEEN D SHHENGRLD 7L TH D,
IR SROVAN
5, EIEOREEEM A in vitro TRHMETE 2 Z ENEEN DM,
WM DR PR ZE N R E <, ZDOHZR ZBYHIIER S TlE7n,

S BRGNP D R REE DB

TR R 2 ATV, RS

AR T/MBRERRIE, A
35 DU I\ T b JEHRRRE & 72 0 45

EERO AR BN TH
WAL SRV 2 RS AR L

IONTHIZHE LN TV DM R A2 B T 55l 27 L OHESE
WL ZZ BND, AWETIE, # ARG SN Y O REIE

A S AT B AR LA

o O—RE b =T LA A O T2 SRR OB TR LT,

[ 2B 5 1E]
oy FHEM & U CTAEKRESR AT TR Y

(727 ULlE) (Carbopol) Z#USMIL. i
PR L2, SHICLyF o BEDERRE
3 E I U TR 4 4455 U 72 Franz JEHCE
V(K1) Z R BT A O A
Pl L7z, RT oZEiERE (P,,) 1E. &
OREAWVTEHE L,

Papp = (dQ/dt)/(CoXA)

Z 2 C. dQ/dr (3R A @R D EE [
g/sl. COZEDORMIRIE [ng/mL], A
(IBEDOEERE (cm?) ZRL T D,
[ BRI & B5
21%. Carbopol/Mucin # /LD L Fm L —
FeEZ g, AF U EIRINT 5 & 70O pH
PME T4 A2, Carbopol D¥LHEM: 2SR 2
o717, AR TlX. Franz JE#cE VTS
% 35—\ D 72 DI, K DKW
TFODMHFE L=, 1% Carbopol & 2%.A
FUnbIn D 7V ERR LT,
B 3 12&E T ALE W O RS it 1 3T &
ToleftiRe ="y, (LEMOS TR LD
ERREE AR F Lo Bl S, — ik
HILZFEHE S 40T 2 468 D RF A R8T
HZENTET,

Pharmaceutical solutions

Sampling (suspensions)

2

Biosimilar mucus

Hank’s buffer

Circulating water
at37° C

Stirrer

1. Franz L/ OREAX

1000
~ — 100 -=-1% Carbopol G'
e —=-1% Carbopol, 1% Mucin G'
3 § 10 -=-1% Carbopol,2% Mucin G'
3 3
] ®-1% Carbopol G"
=3 ~s-1% Carbopol 1% Mucin G"
o 1 ) -e-1% Carbopol,2% Mucin G"
g
28 o

0.01 1 100
Shear Strain [%]

2.NaOH K & #® # H v T
Mucin/Carbopol 47 /L %L MER 1,

{Lecithin/Cholesterol/ Tween80} [%]

oL 7=

2 {o/0/0} {0.1/0.2/0.1) {0.2/0.4/0.2} {0.3/0.6/0.3)
w 10
s
T
E I I
g .

2

0

mC W FITC-albumin ~ ®Indomethacin  ®m Dexamethasone

3. %%TJVft/E[\%@ Pipp
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JRERE Diels-Alder 2 EW G L X T LD ERET

HOREGNS « BERE, 2SRRI - BOMIEL, 2 SR - Sl T
IR LiE 2, PR BB FEE Fe7e 120

[F65] 9. DADIREOBIRE & U T iRiE S IREVRIE O OFBED IR STV D 23,
Z DOFARN 2 34T 5 72D O 22 MHI N EREN B H[1,2], T DOEBDOI-0 ., AL CTIZIEE
{KTE’J&@JE’J EEFEA 2RI % Diels-Alder iz VW5 Z & T, byl & 1RO BRI HIE

WD MHATE[Bl, 2D AT A TIL, Diels-Alder Kt & A LTTJV—@U% ZHLH AR DN E
AT %, ZHICHLTEEEZX D5 Z &I / L
L0, WIS TdH D retro Diels-Alder 5 ! @ p m
AT 0 SR SN AR W 4V O@
STnD (1), ABFETE, Loxm (NN
GRS E IR EE HIEL. % g
BVR T & DRENET /B IZBUKYE Diels- / /Xg
Alder BRI KR Y ~—% Layer-by-  / '

Layer(LbL) 1 CHEMIZ 2 —F 4 v 7 (. 1){mfhf4/¢f$ Diels-Alder % 'Jﬁ%mm/‘/i?ﬁ.bi\

L?’t@’l‘i‘}'/*ﬁ%@ﬁ”%% Eéﬁ&j‘éo B K> THRA D S EY I 2 il RETH 5.

[ 525% ] p-Styrene sulfonic acid sodium salt (NaSS) & Diels-Alder SUSHEE T & % Furfuryl methacrylate
FMA)ZEFKTT V=T P HNVEA L. T =4 MR Y ~—"TH % Poly(NaSS-co-FMA) % &k L
7o WIT, LbL EIZ K DA 2 KB IREY -~ A 7 =T 2k (QCM) THGEEL 72, ARl
RYU T4 ThHD Polyallyl amine & 78U T4 T2 Poly(NaSS-co-FMA) % Z 1 Z VA X
7R Y~ —I/KIEIE(5.0 mg/mL, NaCl 150 mM, MiliQ 7K)Zxt L C, &M 22— b S 72 /K RS
F%& 5 SyRIE S MiliQ K THEE LD b, TV =T < HlR S TR IRE) - D JE i E D
A K AT v 7 TRE LT, £lo, FERICEEM: T 2 R FRKimIC LbL L THEBEEZ R LT,
Poly(NaSS-co-FMA)(10.0 mg/0.2 mmol){Zxf L T Maleimide-PEG>-NHS ester(13.0 mg/30.5 mmol) %
7K(5 mL)*+ T Diels-Alder i %41 L TS A S, 'H NMR (2 X 5 T Diels-Alder St OHET % %
RFAIZHIE L7z, E72. retro Diels-Alder SOt 2 £5-1EE (45~90°C) THERFAY(10 20 fE 1 IRFRDICBIZE L
7o

[ L Z22] LbL BT L 0 §FEMICRME T 2 ki r#imic @ 4
HLTRY~v—%a—7 473572, Diels-Alder iz o
WARRRBREEZ G, NOT =A KV ~—ThHd =
Poly(NaSS-co-FMA)% &% L 7=, 'HNMR &I k- TaH ™

E 300

SNT=AR Y = —OMBIE, furan DR K 19%F ETW e, ¢

g
@ 200

QCM % H\ 7= Poly(NaSS-co-FMA)/PAH DRI OMFE

o

\ ;
', Dynamic covalent bonds conjugate Drug release
‘\ anti-cancer drugs with polymer

noparticles

1/2\3/4\3/ 617/ 8
e o
¢ ©

Tl AT v 7 & ORI T O R P OB B3R S

N2 &RV, RAEICHET D Z &I Ko THEERTER L ) Nomeerefeyers
T2 EDERR ST, S 51T, LbL YEIZ X o CTHEMET /R -

RN HZ O T 5 2 &I L7z (12 2a), (2K LT Toytogges |o o
BB 2 IS5 2 LT K0 BT BT O RN N A e R e
U7z, MO furan 2342 Diels-Alder &% I L Bl L0 e ewe L
7= Linker DEASRIL, FUGDHEITIZ L - THHRICRNLD ° N

0 20 40 60 80

3.70 ppm (endo 1K) & 3.38 ppm (exo R)DFE/FMEDHIIN L Time (0

BH U7, WO N U H— & 72 5 retro Diels-Alder i (X 2)(a)Poly(NaSS-co-FMA)/PAH
1% 80°C L - THERR S 41, 90°C TOMIGITRIB L2 10 45 PET /K ORMES L O L (L
EETSET LIE(RI 2b), AT%ITSHRERICISS Lttty (0) rewo Diels-Alder SISO IR
IR 2 5, ORISR,

References
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=S UMmiEREZBIE LT
RGBT/ T7AIN—HA v 1 DEFAF

MRS REE, * S KBRS
Omfrfr 2, frRfE 2, EFEFEZE 2

[(EE]

%xz:éac J: D E L é % U ‘/[ﬁlfjﬁ @ Fabrication of Nanofibers
Xt LT, ﬁﬁ&i[ﬁlfﬁ@*ﬁ% y o Pog — _—
W& Al 2 T T NIRTERR 3T o o AogS R oo,
TWb, L L. MigdEHTEE LE Excess P cop;r‘O*Normal conc.
mﬁ#ﬁﬁ @f%j(# 5 N QOL 0)1&1: A Adsorption
HARTRFEORELE ->TND, @ Characterization)

@ Blood circulation test:

Eﬂ{&@%ﬁ%%@ 2 %IJ £ yﬁﬂ;ﬁé% inflow of unfiltered blood
AL TV D05, REDAREA
WMELRY | BHTY RN
WAET D Z LA K D KBRS 23

LT TND, T OfFRT

Wl LT, B IEONTAS e ML Fig.1 Design of nanofiber meshes for the removal of excess

(PiEE AR L. EEITS ) 7 PO.4* from hyperphosphatemia patients.

A=Ay a(NMEFEAT 2 2 L TY U EERET 2 HIEICER LizFig), NM iz kb,
U UWAEHN T 7 A N—HICEEL S, WHPE 2 2 ENTE D, ABZETIE. BIER
HIL LTS, U BAERE L TORNBEWRIRT o F o LIRIRAIN Y T LD 2 DD
WA 2 L7, NM OFH4IZ13 poly (ethylene-co-vinyl alcohol) (EVOH) 2 H L 7=, NM % /E#
% NM O U R RED R, NM OREERAT & WAE A 1 = X LITOWTRELTC,

[3=5]
¥Rk O EVOH % Wi & 7= 1,1,1333- (@) (b)

hexafluoroisopropanol (HFIP) A% (5 wt%) % 2 ¥
VINVHEBE L, TNTENITIREET v H DV
[REE IV T N 0.9, 4.9, 9.1, 16.7, 33, 50 wt%
DIEETHB S, ZOWKREHWER R
(25 kV,23G,15 ecm,l ml/h)&17 9 Z & T, WEHE
HDONM OIERIZR AT, /ERLL7-NM % 0.1,
ImM DV UEEKERICIZIE L, 37°C TIRE 9 &

= Before adsorption
m After adsorption

50

Sample weght [%)]
w
o

EVOH-La EVOH-La EVOH-Ca

Bk, LESOV URREZRET S 2 LT, o B
NM DU >R AEPERE 2 514l L 72, Fig. 2 (a) SEM-EDX images of P-meshes before and
[#ER L E2Z] after adsorption test. (scale bar: 20um), (b) P-mesh

before and after water immersion test according to

FLLes = N ~ 2 e < = =
NM DREET 5 o L RBRTIIV Y T DD KRS, TGA(n=1).

A EIX, EVOH E(ZHx LT 50, 33wt% & 72 o7,

HKIZ, NM DY UEEMRELFHME LT 2 A, RIET VZ B/ 7 7 A4 =B K0 molaE M
BEZ R’k L7, SEM-EDX OWEAERIZ LD NM 2RV UERE S LT\ 5 Z & &R L 7= (Fig.2(a)).
U UERIEFE X, BT O B L 205 3 FREIZICE VT, 1.0mM 205 0.5 +£0.28(n=2) mM % Tl
D U7z, E£72. TG-DTA X ICP FM A HrIE DREFRIC KV | BRAERERAT% TS SR
WZIRALHE L T2 WD R S 4U7=(Fig.2(b)).

Z D NM B 40g FREEHNIE, ABMICE T 1 BICKER Y VERRERTH S 400mg % FRrZE
THZENTE D, ZNDHLDOFRERNL, NM IFBUTOMKENT O 7 VI T L ke U CTHIRE K
Th, FERMIZITYFARETHIE L TV D, FEHEOARE MR LIEEICH WD 7 4 NV H —~
JGH LI EB 2T D,

[23%&3CBR] [1] K. Namekawa, et al., Biomaterials Science 2014, 2, 674-679.
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Design of functionalized poly(acrylic acid)-ethylene glycol fiber meshes via
centrifugal spinning to remove excess water from kidney failure patients

I2]-Hsuan Yang*, '*Makoto Sasaki, '*Mitsuhiro Ebara
!Research Center for Functional Materials, National Institute for Materials Science (NIMS), Japan
’Department of Biomedical Engineering, National Taiwan University, Taiwan
'Graduate School of Pure and Applied Sciences, University of Tsukuba, Japan

Kidney failure is when the kidneys have stopped working so that the body is no longer able to
remove enough waste and excess fluid from the body, resulting in an accumulation of waste
and excess water in the body with serious health consequences [1]. Nowadays, a variety of
polymers, activated carbon, zeolite, and metal-organic frameworks have been studied for
dialysis against chronic kidney disease. Although these materials have the potential to remove
urine toxins and remove excess water, there are still a lot of improvements to be made [2]. In
this study, poly(acrylic acid)-ethylene glycol (PAA-EG) fiber meshes made by the homemade
centrifugal spinning system for mass production were designed for the efficient removal of
excess water from kidney failure patients. The developed PAA-EG fiber meshes were
partially neutralized by alkali treatment from their carboxylic acid form to sodium carboxylate
form for better water absorption efficiency. Rotating speed, nozzle diameter, crosslinker
concentration, and degree of neutralization will be studied compared with PAA-EG films.
Results showed that the liquid can be quickly absorbed into the polymer and the network
structure with no cytotoxicity and high hemocompatibility. Importantly, due to the different
absorption rates, the prepared fiber meshes will selectively absorb the water and not affect
other large molecular substances in the blood, thereby achieving higher compatibility with the
human body.

Liquid jet Nozzle
Fibers Spinneret Collector

o Excess water
A, Potassium ion
. Sodium ion
q Serum protein
@ Red blood cells
Leukocyte

PAA-EG fiber meshes W Platelet

Water absorption in PAA-EG fiber meshes

[1] M. Faria, M.N. de Pinho, Challenges of reducing protein-bound uremic toxin levels in chronic kidney disease
and end stage renal disease, Translational Research 229 (2021) 115-134.

[2] S.H. Baek, K.-H. Oh, S. Kim, D.K. Kim, K.-W. Joo, Y.K. Oh, B.G. Han, J.H. Chang, W. Chung, Y.S. Kim,
Control of fluid balance guided by body composition monitoring in patients on peritoneal dialysis (COMPASS):
study protocol for a randomized controlled trial, Trials 15(1) (2014) 1-7.
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MARFBZEDRICEYRBRERIGELG T/ 774 /N\—A v 1DEIE

VWVE - MOEHIREREAR « BRREMEADEIMITIEILAL, P HM R - BB E R e
Ofex A {512 i FR
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DEMIIHHETH 5, Fig. 1 Concept of wearable blood purification device and urea

N (e 37N j‘ D AIEE removal by layered nanofibers composed of urease immobilized
TV =7 7 7 /VviligidbiEi& > EVOH/Chitosan nanofibers and EVOH/Adsorbent nanofibers.
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[FEREBR] ERWRIBICIVIERLZBIRT ) 7 74 3—0 EE (EVOH/Chitosan) & T
(EVOH/Adsorbent) @ SEM jf4 % Z 1141 Fig. 2 (a), b)IZ~d, EBHLL DT ) 7 7 A 3— 4 K)—
IHEEEAE LTRY., IR 7 7 A N—DIERR R S T,
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<
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7 & BRERRE 7 BT M Bt O AL Fig. 2 (a) SEM image of EVOH/Chitosan nanofibers.
W Th LT, ALtk (b) SEM image of EVOH/Adsorbent nanofibers.
Aol SV DA 24TV, ™ (c) Change of urea concentration and amount of ammonium in

Urea Ammonium

=7 S M B~ e decomposition test using layered nanofibers (n = 3).

HET,
[ 3X#R] [1] K. Namekawa et al., Biomater. Sci., 2014, 2, 5, 674-679 [2] M. Sasaki, Y. Liu, and M.
Ebara, Fibers, 2021, 9, 37, 1-11 [3] M. D'Apolito et al., Atherosclerosis, 2015, 239, 2, 393-400
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[ Hik]

AL TIE, T LIz —~A b 774 3— OKEE(LER{LT VI =7 2 AIOOH #H%)
ZERYATF NI NEAXAFY L (CHsSIOs) THE L COIREEZ R L€/ U AAIZILK
WCHIHDIN T2 6E L, @EKED~A /a2 VEER L, FRlLz~A 7 nvoicas—>
VEIE L UCITEDREICHE Ui o T — 7 iR A i L, 37°C. 5% CO, T 30~
45 53MA v F 2= b T HZ L THIMEESE, BRHKDOD A>T 7 2L T L— ML, CO A
Fa_X—F—NTERTDHZETHART = A REEH Uiz, A2 T, SLIRDS AR (MDA-
MB-231) &b P FESEMNAMIE (HeLa) ZHWTA T = oA NOVERUEE 2 7-1 L 7=,

[FE5 - B2

ERLL7=NA A7 = A FICBIT SRR EITR K 10%5TH-7- (4 1), MDA-MB-231 2D\ T
1%, A7 xzvuA ROMIRES| JMEFEOIMES MR TE 5, £-, ER% 3 H HLEN OB AM
JANMAZ za A RBHH L, A7 oA NAATHIET 2R MER TE . DA DERBEIEL

BFTtETwna Bz o5,
(a) (b)
o ‘ _ MDA-MB-231 Hela
o E 25 25
E . .
< 5 ) r
=B . 3 2 . 2
=3 i 215 15
o [
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Fig.1 Fast fabricated cancer spheroids. (a) Phase-contrast images depicting two types of cancer spheroid.
Scale bar, 500 um. (b) Change in the spheroid diameter (mean + SD, n = 4, MDA-MB-231; n = 6, HeLa).

[#5]

AWFIECTlE, BEAMETE ) U ARIZARICEUEIIN T2 L7z = v 7 L— 25 2 & T,
DADERCES A BB LT EEL 2~5 mm DA 7 =4 REFIRAE 10% CHERLATREZ R F1E DB
I LTz 5% X o XL~V THRAUAR T =0 A ROBIREDFEM A ST 5 2 & T,
A DFRIELCHER, FEBOEENAET L E L TIRETE S LS5,

[=Cifk]
(D) ESLBATee o 2 =B AEmRY— e 2 TRARE (N DBEERGEH
(2) Hayase, G. and Yoshino, D., “CNC-Milled Superhydrophobic Macroporous Monoliths for 3D Cell
Culture”, ACS Applied Bio Materials, Vol. 3, No. 8 (2020), pp. 4747-4750.
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[FiE]
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IIME 2 T2 6D O ) FHEE A ) DAL STV B, BEZATEHEE L. RGB-D I A IS LT
TIAEGE S L ER A L, i U7 3TROTERSALE & BB R PRORTEHE A S U
KELEO4SOEOF KBRS, MERFE. =527, [HIER) O E L HEE T 5, Bl
TR, V=T AT 7 Faxz—4 Wit BIEASARD ORI TEY, e
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Fig. 112, HEHEOMERNZRT, BEEZH CIIERNIZBWTHEELZRET 57D DM
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WZ XD EHREMAETRT, MEITL L, SRBERTENENARETH- T,

[ SEAAAR~ D ]

FERARE A~ M 2RI 5 72, i L= AE e ex vivo sHliz T o 72, FERK T
TE L7 SR 2 5 A TR U, BB ST HR A L 72 BAVEE X OFEMEDY 20°C 5 40 CICEIET D
M CIREORS E & BB THGLIE T — &7 2 BS L ¢, BRI 5 W E 217 - 72,

Fig. 3 (. BIFIRAE O BRI 2 bIs k3 5 H il B 02 (ka7 a > b LIZRERTH
%o FFRRPNER DGR 721 E ERIC K> THEE LR A IZHINT 25T PEA 5N TS, T Ok
TFEEAMRIZI T 5 AL 1.8 m/s/CEHEE Siz, ERMERRICBIT 5 1CHT- 0 OFEELIE 1~2
m/s THHZ ERMBNTED, ZOMRIZEILS —E LT,
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BAFE L7 B EEIXFEMMRICbEA TE . mEr O RBEREERIEN AR ThoTo, 4
%%, =T VEMW A N2 in vivo Rl A2 FEhE L7,

(iRl AWFsEo— i, Bemtse g alidha (19H04494) (& X D4 2510 7=,

[ k]

1) N. Nitta, et al. Jpn J Appl Phys. 2022;61: SG1023.
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~ VHELEIEMEI TH Y . MIRNESEIZ XD EBORELZITROT V., EDD, Fv v
TFNE RN T T ) — IR B D 24T O 7o OIZiE, AR RFEFHFEED & 5
JETCT~v U AT MEBLHEIRRLETH D, AT, mECIRET 2 28713
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RS,

L7223 -> T, PRESS (X, Ml@NOIEWEEFHD 7~ U HELEE @ TR+ 25 2 &R T
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b MUA TN T A )L AR L OVSARS-CoV-2 % e BRI 7R
T5Ha2,6 BEMT a A REEEL LAY v —hi DA K
Al HEBHIZBICEMSEL 2L TUANAR L OEEH ML
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A, HEAFEL L Te—& I B, 7 oA Y X7 F RN, PIMA
R ~DRHMEY DI R BN E 2T D70 DR ) =F L7 a
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L AR T UK TAYER) A TR (SE) {0 (T OSOLTBER
D SEEPRIEE 270 nm ORI — MR @RI 2 iR LT, K2 D4
BB 7 D JERBRMES L 0 | H & ORI 3K CRHSEE I B L
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(& Cik] 1) Yamauchi, et al., Colloids Surf, 4,580(2019) 123754 &7 A hZ& M L2kt
Yamauchi, et al., Colloids Surf, A, 604(2020) 125299, *§kE 2021-105030
2) Ogata, et al., ACS Appl. Bio Mater.,2(2019)1255-1261
3) IR 2022-072253
[RtRE] ABFZEIZ, AMED (& UAFZEEISHOHEE 7 0 77T o) B RS, & Fn 3 4R, & Fn 4
HRE (JP211m0203010, JP22ym0126803) DOXIEAZ T T-H D THh 5,
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Synergistic effects of cell morphology and extracellular viscosity on

differentiation of human mesenchymal stem cells
2% Jing Zheng, 1*Yongtao Wang, 'Naoki Kawazoe, and > 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

[Introduction]

Natural tissues exhibit viscoelasticity properties which has led to the strong interests on studying the
influence of matrix elasticity(stiffness) on cells. Recently, some researchers have reported viscosity also
affects cell functions. However, it is difficult to exclude the effect of cell morphology when exploring the
effect of viscosity on cells using conventional culture methods. In this study, micropatterned surfaces were
used to control the cell morphology of human mesenchymal stem cells (hMSCs) and the effect of
extracellular viscosity on osteogenic and adipogenic differentiations of hMSCs with controlled morphology
was investigated.

[Experimental]

Tissue culture polystyrene (TCPS) discs were coated with photoreactive poly(vinyl alcohol)(PVA) to prepare
micropatterned surfaces by UV treatment under a photomask. Micropatterns on the prepared surfaces used
to control cell morphology were circles of different size (30, 40, 60 and 80 um diameter) and 60 pm diameter
circle of different aspect ratio (1:1, 2:1, 4:1 and 8:1). The hMSCs cultured on the micropatterned surfaces
were treated by osteogenic or adipogenic induction media with different viscosites. The viscosity of the media
was adjusted by adding high-molecular weight polyethylene glycol (PEG) and low-molecular weight PEG
with different weight ratios but keeping the total polymer concentration all the same as 1 wt%. To examine
the osteogenic differentiation, alkaline phosphatase (ALP) staining and alizarin red S staining were
performed after 2 weeks and 3 weeks culture respectively. Oil red O (ORO) staining was performed to check
the adipogenic differentiation after the cells were cultured for 2 weeks.

[Results and Discussion]

The cell morphology of hMSCs cultured on the micropatterned surface was well controlled. After the cells
were treated by osteogenic induction media with different viscosity for 2 weeks, the persentage of ALP-
positive cells was counted. For large cells (circles with diameter of 40, 60, and 80 um), the percentage of
ALP-positive cells increased with increasing viscosity. Small cells (30um) showed the same level of ALP
activity in different viscosity. When hMSCs were cultured on the 60 um circle and ellipse micropatterns with
a fixed size but different aspect ratio, the cells with the highest aspect ratio (8:1) showed enhanced ALP
activity in high viscosity. After 3 weeks culture, the alizarin red S staining of calcium deposition showed a
result consistent with that of ALP staining. When the cells were cultured in adipogenic induction media with
different viscosity, ORO staining of the oil lipid was performed after 2 weeks culture. The percentage of
ORO-positive cells with shapes of circles of 60 and 80 pm decreased with increasing viscosity. While the
cells of 30 and 40 pm showed no obvious difference of the percentage of ORO-positive cells in different
viscosity. The highly elongated cells (aspect ratio of 8:1, same area of 60 pm circle) showed decreased ORO-
positive cells in higher viscosity. These results indicated that viscosity of culture medium could affect
osteogenic and adipogenic differentiation of large hMSCs more significantly than small hMSCs. High
viscosity could promote osteogenic differentiation while inhibit adipogenic differentiation. The effect of high
viscosity was enhanced by high aspect ratio. Cell morphology and extracellular viscosity showed synergistic
effects on osteogenic and adipogenic differentiation of hMSCs.

77



P-28

E & iPS HIREEBRDER—R A —H RO EEDHEIL &
EEEAE DR

OF MR b2, Feifhik >, RBg . SR °, IHRER] 2, AELWR°, HINAEK T
1. PERRHF - fREREEE, 2. BARHK - AIREEE T, 3. FERMF - Ml 1. 4. BRCKEE - 5%, 5. &
KRBT - 5%

*Contact information: #&)II/AF (kumi-morikawa@aist.go.jp)

DR DHIEI L, IRFEEICIFE T D=2 XA —F AR L T\ D, 2D, ~2—
A A —H M OBRE R 21X, RIREREENRZ: EOER 2 A EkERIET S, Lol & b
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High-Throughput Drug Screening using 3D Tumor Model containing
Induced Cancer-Associated Fibroblasts for Pancreatic Ductal
Adenocarcinoma Treatment

1. 2%Xjaoyu Song, I Yasuyuki S. Kida
I'Stem Cell Biotechnology Research Group, National Institute of Advanced Industrial Science & Technology
(AIST), Center 5-41, Tsukuba, Ibaraki, Japan
2 School of Integrative & Global Majors (SIGMA), Tsukuba Life Science Innovation, University of Tsukuba,
Japan

Pancreatic ductal adenocarcinoma (PDAC) is a refractory solid cancer presenting as an
advanced malignancy. To optimize the treatment of PDAC, high-throughput 3D models that
screen thousands of drug candidates are urgently needed. However, commonly used 3D models
lack the reproduction of tumor microenvironment, including cellular heterogeneity and its
reciprocal signaling. To solve it, we are targeting cancer-associated fibroblasts (CAFs), which
serve as the key component of the PDAC tumor environment and contribute to tumor
proliferation, cellular heterogeneity, reciprocal signaling, as well as drug resistance. In our
previous study, heterogeneous CAFs were established in vitro and in vivo by co-culturing
adipose-derived Mesenchyme Stem Cells (MSCs) and PDAC cells. Following this strategy, in
this study, to further reproduce the high density and stiffness of PDAC, we are using the
fibroblast-populated collagen lattice model to establish a stromal-rich microenvironment. We
demonstrated a clinical-like PDAC morphology in this 3D model by H&E staining. To
understand the detailed molecularity, immunostaining and ELISA will be performed. At the
later stage of this study, we expect this 3D tumor model could be applied for rapid and large-
scale drug screening, which may shorten the process of clinicalization and time to market.
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3D Tumor Model with Perfusable Blood Vessels
L2*Rinki Singh, 2Nobuhito Mori, 3Ryo Tsumura, 3Yoshikatsu Koga, 2#Yasuyuki S. Kida.

1. School of Comprehensive Human Science, Life science innovation, University of Tsukuba

2. Cellular and Molecular Biotechnology Research Institute, National Institute of Advanced
Industrial Science and Technology (AIST)

3. Exploratory Oncology Research and Clinical Trial Center, National Cancer Center

4. School of Integrative and Global Majors, University of Tsukuba

The tumor microenvironment primarily consists of cancer cells, cancer-associated fibroblast,
extracellular matrix, and the tumor blood vessels, which is additionally infiltrated by immune cell
and other cells. The cell survival, proliferation, and drug resistance of cancer are influenced by
the tumor microenvironment. To better understand and develop new therapeutic approaches, in
vitro models of the tumor microenvironment are being actively developed. However, no model
system for simulating the human tumor microenvironment has yet been developed, that has the
same characteristics as the tumor microenvironment which has blood-flowing tumor vessels,
high-density cancer cells, and a rigid extracellular matrix. This is a major impediment in cancer
research and anticancer drug testing. In this study, we constructed a three-dimensional cancer
tissue consisting of cancer cells, vascular endothelial cells, and collagen gel, utilizing a perfusion
device with a stable tissue-holding mechanism. The cells and collagen were densified by the
phenomenon of contraction brought on by cell self-assembly and the creation of capillaries was
aided by perfusing the main vessels built in the tissue's center with a culture medium using the
needle removal technique. This tissue construction method successfully formed perfusable main
vessels and capillary networks in all four cancer cell lines. Additionally, after administering the
anticancer medicine doxorubicin to the tissues, the reduction in the number of cancer cells in the
tissues could be assessed with the help of imaging. Furthermore, CD8-positive T cells were
perfused into the tissues, and their infiltration into the tissues was successfully evaluated by
immunostaining and other histological methods. These results imply that this device can be used
for numerous cancer cell types. Additionally, expected to evaluate the efficacy and development
of anticancer drugs and precision medicines. In the future, we aim to evaluate antibody drugs and
T-cell-based therapies.
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