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Potential of extracellular vesicles in wound healing
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1. Introduction

Extracellular vesicles (EVs), particularly exosomes (30-150
nm), have emerged as critical mediators of intercellular
communication, playing significant roles in various physiological
and pathological processes. (! These nanoscale vesicles, enriched
with bioactive molecules like miRNA, DNA, and proteins,
significantly influence cellular behaviors such as proliferation,
migration, and angiogenesis. () Chronic wounds, such as diabetic
ulcers, represent a major clinical challenge characterized by
impaired healing, persistent inflammation, and poor angiogenesis.
® In this study, we focused on exosomes derived from human
embryonic kidney 293T (HEK293T) cells and human adipose-
derived stem cells (hADSCs) and their effects on NIH3T3
fibroblasts through the ERK1/2 signaling pathway.
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Fig. 1 Mechanism of extracellular vesicles in wound healing.
2. Materials and methods

Exosomes were isolated from conditioned media of HEK293T
and hADSC cultures using ultrafiltration and Total Exosome
Isolation™ reagent, with characterization by TEM (Tecnai G2
Spirit), NanoSight (NS300, Malvern Instruments) for size and
concentration, and western blotting for markers CD63, CD81, and
CD9. NIH3T3 fibroblasts were treated with 20 pg/mL of exosomes

in scratch assays, with migration analyzed using Imagel]. ERK1/2 -

pathway activation was assessed by western blot detecting
phosphorylated ERK1/2, visualized using the Bio-Rad ChemiDoc
MP system.

3. Results and discussion

HEK293T-derived exosomes exhibited a particle concentration
of 3.1x10" particles/mL and a mean size of 178 + 4 nm, compared
to 2.3x10? particles/mL and 153 = 5 nm for hADSC exosomes, as
confirmed by NanoSight analysis. Western blot analysis indicated

stronger expression of CD63; CD81, and CD9 in HEK293T-
derived exosomes, correlating with their higher bioactive molecule
content. In scratch assays, HEK293T exosomes increased the
migration index of NIH3T3 fibroblasts to 63.2+4.3%, while
hADSC exosomes achieved 48.9+2.7%. This enhanced migration
was further supported by western blot data showing significant
phosphorylation of ERK1/2 following exosome treatment. The
critical role of the ERK1/2 pathway in mediating these effects was
confirmed by the addition of MEK1/2 inhibitor PD98059, which
reduced the migration index to 9.6+3.2% for HEK293T exosomes
and 2.6+0.2% for hADSC exosomes. These findings highlight the
superior efficacy of HEK293T-derived exosomes in activating the
ERK /2 pathway, which plays a pivotal role in fibroblast migration,
cytoskeletal dynamics, and extracellular matrix remodeling. Such
characteristics underscore the therapeutic potential of exosomes as
next-generation agents for promoting wound healing, particularly
for chronic wounds like diabetic ulcers, by targeting cellular
pathways more effectively than conventional therapies.
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Fig. 2 The scratch assay of NTH3T3 fibroblasts.
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Interaction Analysis of Water Molecules with Silk Fibroin-Based Materials for
Cardiovascular Device Coating
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Development of Silk Fibroin/Silk-Elastin® Composite Materials for Vascular Graft Applications
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Fig. 1 Histology of rat abdominal
aorta implantation after 4 weeks
(Gradient, EVG staining)
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Mechanical Safety and Long-term Degradation Behavior
of Magnesium Alloy Headless Compression Screw
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Fig.1 Appearance of Magnesium alloy HC screws (FAsorbMg®)
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Table 1 Screw spéciﬁcations and mechanical test conditions
Materials  |Screw specifications Test conditions

Cannulated screw with|<Torsional breaking>
FAsorbMg®|full thread, 0.D.2.8-3.2({ ¢/min
mm, L.D. 1.0 mm, L10 mm

Cannulated serew  with|<Driving torque>

LAVl thread, 0.D.25-2.8{{ rimin, Loading 10N
y mm, [.D. 1.0 mm, L10 mm
PLLA Solid screw with head <Pushout>
0.D.30 mm, L12mm 10 mm/min
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Underwater tough adhesives to reduce the risk of anastomotic leakage in gastrointestinal surgery
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1. H&

HILE R AFEEES I L 0BT 584 ATmitsse
HEWAHIZLY ﬁﬁfﬁéné B BROEHHE L L THET
EVRBHEETELL I BRHEIN TS, HEARLIT,
WOMTRE, A#HEFR., BENERR 2 LIcL vz
INDB RAEN M FEIEIRTEIESN TR, 0720,
RO & LA TEDRAERLME D1 A<F Y
TAORENEFEINTND, ThETHR4IT, =707
FR LU (aCD) &EFE (Cl10) BARY Y I EFFH
de€ 7 F (Cl10-ApGlt) (Z L AEERI w—LRY=FL
Y a— L REEAl (4S-PEG) 25D in situ MEHRHEE
AlZzFE% L AKERECOBEZ MG T2 & IR O M H
EFAREICT A2 EFM G LED, ‘

EHFFETIE, oCD & FEEHT X /LEEA ApGlin 12X 5
B3R U ~— (aCD/Alkyl-ApGltn) & 4S-PEG 726 72 5 #H ik
BEAZHE L (Fig.1). Bohic S L okBEICET S
i - IR AR, B TREE 6 X 8T & RAGHABEEAEEAE(— —
VNTERE L7,

A!kyi group °’<—>=o
N/ 2 J
. > ¢N"° O
H,N ﬁ\-!lﬁ» o X 1
o O-H¢
| nooc acb o{j): °
aCD/Alkyl-ApGltn 4S-PEG

erture _JL/ Anm'mbc
Colon l: *——Adheswe

Fig. 1 Application of aCD/Alkyl-ApGltn adhesive for prevention
of anastomotic leakage of the gastrointestinal tract.

2. E

Alkyl-ApGlin (X % T B3k 7 F 2 (Org-ApGltn) (CEEh
HUVVUVERECPHEHTAXFALTATE FERE &
Schiff I L Lz, 2-¥aV R I vicivBr+so &
THEMLED, Alkyl-ApGlin & olD ZiEE(KICERYT 5 =
& T aCD/Alkyl-ApGlin ik Z# M L, 4S-PEG /A & insitu
BFETH I L Tog Fo A VESH sl L, B - I
BIL T4 ATRIZRE LT A d H L~y o) CEEEEE
HAeEK (D-PBS) ICEHEL, BEMBOEELRAETS -
& TEHE L7z, BB L, & Uk A B L - D-PBS
BEMEOINET I AF ¥ —TF 74P —IC X VI L
To MBI o T —F o r—o L P B LU T 2 KT A
VT ASTM F2392-04 SIS TE - =M ERBRIC L 0 5E L 7=,

LRR-BE

BKEMHRE L BKEEAZORR S Alkyl-ApGltn & 4R
L7z, Alkyl-ApGlin #Ef D5, «CD 2FRNT B2 LI X
D Lic, Zhit. ApGltn (CEAL=FEHT LI LE
2 aCD IZ L > TaEFEXN, FRET LI AERB OBIKIERE
HEIERAPHAEIR A ZLICERT A LEZ BRI, TAFIL
H#E 14,3 A 2 43 mol%? Alkyl-ApGlin (aCD/43C14-ApGlin)
FROWIZESAELYICE VT, D-PBS OB 2
ahi- (Fig. 2a), D-PBS |Zid{E% @ aCD/M43C14-ApGln
ERELHO5| EEEIZEERTO 10 (L LB KRB ERE
L2 Lo KB UEEZRLE (Fig 2b), £7=.
aCD/43C14-ApGlin #EEFITE (LB OMERE L, Org-ApGlin
LHBLTHEICE <. D-PBS ~DEEIC LV fiEMEE A
R 1T BEEFTLILEBHLMNIR -7, aCD/M43C14-
ApGltn BEFITE(LH OKBRE TOMFEME & @bz, 5
FIELH D aCD 25 D-PBS P~EE L. FEEHT7 LXK
HoBKEHEBERIC L 5 B CHRE (DEZEERE) 23E
IR L IERT S EEL BN,

PLEOER LY, aCD/M43C14-ApGlin HE AL, WLEY -
EE~ERTH 2 L TIFBRICE L 3B HIESOKRSICEE

LU L, b3 2 - oMeTF20RERPERTE S
LEZBRD,
a) Org-ApGiltn b) =
Swell g
e E
=
in water e
i
<
aCD/43C14-ApGltn
Shrink
N
in water

5 mm

Fig. 2 Physico-chemical properties of aCD/43C14-ApGlin
hydrogel adhesive before/after immersion in D-PBS. a)
Swelling/shrinking behavior of Org and aCD/43C14-ApGlin
hydrogel adhesives after immersion in D-PBS for 24 hrs. b)
Enhanced mechanical strength of aCD/43C14-ApGltn hydrogel
adhesive after immersion in D-PBS for 24 hrs.

5. BEIM

(1) Komatsu, H.; Watanabe, S.; Ito, S.; Nagasaka, K.; Nishiguchi,
A.; Taguchi, T., “Improved Swelling Property of Tissue
Adhesive Hydrogels Based on a-Cyclodextrin/Decyl Group-
Modified Alaska Pollock Gelatin Inclusion Complexes™,
Macromol. Biosci., 23, 2300097 (2023).
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1. &

= A o s A AT I o HIERE AL 2 S D ERKI/AIE
BLXUOKBROLEYESE,LOMEBHBIEERZHE L
THEA SN, BIERKE THER STy aEEESAIC Y
TITI7UL—bR, TATE RFR, 7107V R ENRZE
o a0, Zh &R S & A EBEMMEO W LI FRE
BHD.BELAIEIINETRAS MO FFHFKES T (ApGltn)
WHESHT X AVEEZEA Lz Alkyl-ApGlin &R =F L
7)) a— L ROEEHR (4S-PEG) ZRETAZ EIZL 0 ¥
kg AHEEERZRE LT EEELHAEICLS
BAMABEERICL WV EAIBEMEERESRE - AR DM
O ZERTLIIEEZALMILTHANA, —FonE
ThHERE* BT ATAIALESZEA LETAFLL
ApGltn IZHT25AEE ATV ARV, ZTOZHARFET
%, RFEE S8 ® 3FEE (stC8/asC8/syC8-ApGlin) 5 &k URE
# 10 @ 288 (stC10 /syCl10-ApGltn) DB /437 A%
A A ApGltn &R L. 4S-PEG #42EH & T 5854
DIEREEFEER L UOEEREC DO TERHE L -,

2. ZB

SMORELAHTHEM Octyl £, 4370 2-Ethylhexyl ¥
L U3 2-Propylpentyl 2, 10 Bl RFEEH 9 2 EE Decyl
%, Syl 2-butylhexyl ZEZE A L7 7 /¥ L1k ApGltn +,
KL E ) —VBEEER T ApGltn OF 2/ ¥E2T L5k
FERIGEH Ty 7HEEL LzE, -3 AT ick
ABEMT I /bick VAL (Figl), Bohi=7r%x
AL ApGlin % 2 15w/iv% T 7 BRIE B IC AR L L 4S-PEG
DY UEEREIEEF T ALY VI L VRET A D LT
FEH & U7z, 7233, 48-PEG 1 Org-ApGltn D7 I / ¥ &
IZH LT 40%& LTRAR Lz, F A OFRME, IEEDIE
73 ASTM F2392-04 Moo s —HF v br— vy, 7
Z FfafEIs et A MEMERBR Z 1T 7, & 602, M=
REBLUZ y hOETEARREZITY 2 L0k 0 AFE
AR X OERSFEIC W T B EEE L 7=,

COOH COOH

Schiff base

reaction H,N N~ g

H
Reductive
HOOC amination ~ HOOC

HN NHy, R

Org-ApGltn

ey s

stC8 asC8 stC10 syClO

Alkyl-ApGltn

= «,~COOH

0 2
N
o "\ }J +"‘zN
\ 0/ Mlxmg
o T HOOC
4S-PEG Alkyl-ApGltn Hydrogel

Fig.1 Modification of ApGltn with alkyl groups. Crosslmkmg
reaction of ApGltn with 4S-PEG.

3. RLEE

&« h o« B ASRO stC8/asC8-ApGltn, [EE A D syCs-
ApGlin 3 X UME - 38 A 2D stC10/5yC10-ApGlin 2 &/ L.
TNBS X W ZFNFNOBKEEALRLIRE L, BoHN
FEARIEZ ZETF o OEEMEIT 455tC8 @ F B 45
br(as)C8 @ 6 {ZLL L@ MEM %7 L7z (Fig2), $5EE L &1k
FERICEOMBEEEAR LR Lnd HE cot%ﬂmiz%ﬁ
AlLDIRAEFRBEORRE LD Z ENTE I, £k,
—F =Ty iﬁ-émraﬁﬁmﬁmﬁﬁxiﬁk‘#ﬁ
IZDWTHRAE & 25, TMEMEEIL stC8/asC8 MW T i
ETh, BT F U IEEORED 4S-PEG IBEORE L & LI
VEE AR (9mol%) D E EHFKRKEARY, BAROHEN, +
bbb T T U EROFEEOBNICEE - TEMRESET
THHEAPHERE IR, S5, FEREOEAZ T, stC8
i@tamsxxwgcs@ﬁﬁﬁﬁﬂ%meﬁE%ﬁ%
ZEMBHALNRENRY | asC8 & syC8 DMICE B e EILRERT
Ehhofo, ThTESE LY bSO TN a T —F %0
BRI EBEDOHEARMEAEERPE EEA LT —F
G EOREBRENREL Lol LITERAT A EE
Zbhd, £, v ARREGEHEFRE (L929) A=/l
EMRREER L& 222 TV A THRAEESR
80%% Ll Y, E-MRAFESRICEERER AT
MREEE W EHBTE L RISE TS 6T v FET
AR LA EENSRREOFEIC W THLEET 2,

COOH
| 11.4 mPa I
HOOC:;

Org-ApGltn
COOH

H,N uwvv

HOOC
stCS-ApGltn

asC8-ApGltn

Fig.2 Chemical structures and their solution viscosities of Org-
ApGltn and stC8/brC8 ApGltns.

5. BEIR

(1) Y Mizuno, R Mizuta, M Hashizume, et al. Enhanced sealing
strength of a hydrophobically-modified Alaska pollock gelatin-
based sealant, Biomater. Sci., Vol. 5, pp. 982-989 (2017).

(2) R Mizuta, T Taguchi. Enhanced Sealing by Hydrophobic
Modification of Alaska Pollock-Derived Gelatin-Based
Surgical Sealants for the Treatment of Pulmonary Air Leaks,
Macromol. Biosci., Vol. 17, No. 1600349 (2017).
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1. 8

A, BHRTEILE S A DR EGE & U TR T
JERBERTESD) 2E< AW B TWA DY, TOiigizHm 2
FOEIHERBRTHAZENREEL - TWA sl h
% Tz, ESD Ofifi & HEMH ~DIGAZ B L, 7 v &
HAH T ¥ T F 1 (C10-sa-ApGlin) 2 AV V7= KiF-(C10-sa-MPs)
ZFA% L7-, Cl0-sa-MPs X, BERETIZBWTHIETE
FIBEREICESE L KRB REEICLEATWAS Z LA L,
Lot S5, FHIANEEANSYZEFF /(C10-
am-ApGltn) % F U 72 R F-(C10-am-MPs) % B%E L, C10sa-MPs
OEEBEEZHERF oo ke L MikEEELA LEES
Z LRI L-®, —F . Cl0-am-MPs OZRIEEEE & AKfnis
B, #EMER LU MEEOBRIZIA L MIZ o T,

% Z TR T, Cl0-am-ApGltn # HWTEBEEEDR
RARTEFRML, b - BEEREAFEM Lz, 26z, 55
AR T OAFE S & s L - CFFii L7,

2. KR

C10-am-ApGltn i, ApGltn & AT 0 A2 A AT
TRIEEEHZ LI VAR LT, 1§67 Cl0-am-ApGlin
{3, FTHIR, '"H-NMR, 3L 18 24,6- bk = baX¥ o Z LR
CEET R U A TKFN(TNBS) & V- Bk B A S2 R E
WX VI L7, hiTid. HRIEMH ApGln F/=ix Cl0-am-
ApGltn 7n 6, K/i=¥ / —/LREEEERWi=a7E1r~L—
Ta ki kb, Org- MPs F LU Cl0-am-MPs #3R& L 7=,
B OBEREIERE 0, 1, 3, S &35 Z L CREEE
ZEIE L7, DA, ENFH OGN TR SN Og-
MPs 3 £ T Cl10-am-MPs DBEFR%E Org-0, 1, 3, ShEB LV
C10-0. 1, 3. 5h & L7

T, BRERRORL IR T 2 ERAEKICREL

KPTOamA KA % AR CRE L, -

R ENMSEERICSASHEETHEMNIIT I, 7
TAF =T+ 7AWV —%2 AT, 7 ¥ FHETEBERR
W% B4 FOBEEMEAHE L, S50, BEEENILE
MEEIC &5 2 AEEAH LRI A, 77 Mi% FHvi-im
ﬁ FE R & MR- RSO LA P—2BIE L, E

cL R LR FOMBEEE T 5720, RFICBES
*tt?‘: b R B S AE Caco-2 DAETFREZRIE LT,

v S )
N el i
'\Nm“". 8 HOOC :': (c.l
HOOC e . i ey gl
ApGitn  Decanoicanhydride ey o ApGitn €10-am-MPs

Themlal crosslinking tlme(h)

P

Scheme.1 Synthesis and preparation process of C10- -am-
MPs.

3. BRLEE

AT H EEL ApGltn ORISIZE Y, Cl0-am-ApGltn 723
[WE 82%TH LN, FINIR BLU 'H-NMR A7 kA
5, ApGltn 274 /A LVEREAS TS Z L SFERE
iz, TNBS (2 & B EiAKEE AT 45 mol% Th -7z, Fig.
1(a)ld, BIEFEEIT4 O Org-MPs 35 L O C10-MPs OETFFEM
BEBIEERETL NS, TH/ AV EEAOEE )b
OTEERG ORI ARG S, BRI C10-MPs D7 2% Org-
MPS &bk L TR0/ S WHAMAED bR, —F, B
B O B R+ % AT AR T 30 SRAFi S E21%
DT A VIBEFEMESHSC LI VEETDHLE 00, 1h B
LTRCI0-0, 1hiT & bICEBEEEKIZEM L7z, Org-3, 5h
FHAEEEEKICEETSE, KIMLTEELE, —F4, Clo-
3.5hERMEEE L, BELTans KELVEEET S
FHRHER SN, ZTNOOFEEN G, C10-MPs OEEEEE %
RESDZ LI EHREATCOa0S FEALERZ
HIHTE D Z EBRENT, )

TEBHETREBICE T AR TFOEERELZEE L Z
AT L EGE A P EEREIC Y B R A T SR S
AT, ZHiE, EMEE L7- Cl0-MPs 23fEk o in s
TTHRFEREZERET D Z & T ARESOMERICEE .
EAMREEREZTEICLEZEICERTS EEZ 615,

—7. Fig. 1(b)i%. 7% 7 = BN % Fv 7= KF o mi%
BERBOBREAZ T L TWA, F I/ EEA LEWBIC LA
MR ORESENED SR, Zhid, ki1 & mEREO
BKMEFAMERIC X 5 8E & R T ok Fnic X A mEkpk v o
BEE VI 20ERICLA bDEEZ LN,

BFEVER LA FAVERE L-8#T Caco-2
EREELEE A, RIFIZIREE LTV 2 Control B & HER
LTWTNOBETLEFERIAELETRD LR o1,

LLEDER LY, C10-3, 5h ARSIk F& LT
HHTHLHZEBHELMNE ST,

Incubation time (min)

(@) Mmall:mssllnkh\g time (h) (B)
1.0 15 2.0 2.5 3.0 4.0 5.0

No material { ) O m

Org-| MPs Arista™ C“...

“E 5 “Ps ) ﬁ‘og g
C10-MPs

Q e

Fig.1 (a) SEM images of dlfferent MPs. (b) Images of
porcine whole blood mixed with different MPs after
washing with PBS at different time points.

4. BEIW

(1) A. Nishiguchi, Y. Kurihara, T. Taguchi, Underwater-adhesive
microparticle dressing composed of hydrophobically-modified
Alaska pollock gelatin for gastrointestinal tract wound healing,
Acta Biomaterialia, Vol. 99, pp. 387-396 (2019).

(2) S. Ito, K. Nagasaka, H. Komatsu, et al., Improved hydration
property of tissuc adhesive/hemostatic microparticle based on
hydrophobically-modified Alaska pollock gelatin, Biomaterials
Advances, Vol. 159, pp. 213834 (2024).
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o/ —KBESNS SESFUERLE
ERAEEF 0NN - BREHE

EHEE", MDKY TS
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SHEKRE OKEHXER
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ZRGRET TER éa"b'(b\éi‘ﬁ“%ﬁ’“:t%%ﬂh’riﬁﬂk L
THAMEE < (BB 22 A KN T b E R ATRE R E R B A Al
3. RERFE O ME V& OMmEORER & Al

FABHRCIE M 7 & OFI R GEE LTHIfFE ATV D, — 7,

BEEMTHIA T, EFREICEE LV KFIZBNT
A EE - SRS OF . R EE T ABRER L
TEY HTFa—LErEoz o RIB EEHE =61
ZEBHmbENTWS, INETHAIX, AV Y v ¥ THhEE
FF L (ApGltn) I AT a— L A EA L ERFESA %
BAZE L. Eh st s AR AR TES Z L
oMz LTEREY, 20—FT, 7=/ —AMEKEEEITF
DILFERIEIZ L > TERHE S Id 2K PEEEREL
FTAZEBRBALMNT R TVAN, 7 =/ —EKEEEDL

RIS L D AR M K OVERE BT 5%

BT BT 2o TR,
FITERWFETIL . Ex D7 = ) — I HKEEEZ 156 L
ApGltn ZEFE L. T 6% W= EREHESA OMEEEm
FT o fRERET D,

2. E&

fEaeD7 =) —NYEKEBREEMA S YV X THEETF
> (nly-ApGltn (n= 0, 1,2,3)) 1%, BIMT I /LG %2H
WTARL L7 (Fig. 1), 8 64172 nHy-ApGltn FD 7 = /7 —/b
Mk BAEE A ZR(Z TNBS 3£l L W EH L, FT-TR R T 'H-NMR
17 L AHEEEm 51T - 7=, nHy—-ApGltn (n= 0, 1,2, 3) B&A
1T, B5h- nHy-ApGltn LERFEFEREZEOH AR =F L
V7Y a— L REEHK| (4S-PEG) & in situ JRETAHZET
R L7, FARL L 7-flx OBFFE(LY (F)izonT, F
NERORGEEERCT | IR E L o K 2 51 L /-, TEE
EEL, WIS — o — ST ¥ KERE A,
ASTM F2392-04 [ZHEHL U 7= 5L TRFE L7z, AP LRICH
3 mm OXREHAEEL., 2WREV U I TESERER
fi LTREMHEENR, EERERBETo, F0#&,
HBA A2~ ¥V oAV HE) THREL, BEA-
RENRALGR S m DR Rl A T o 7, 72, T v PO
EBJZ FIz nHy-ApGltn S FIECE AL, 3,7, 14,28, 64
A& GERZERE L . %%%J@{t%ﬁi(ﬁ%ﬂﬁ% HE i
B4 5 2 & TG &M L7,

COOH COOH
Schiff's base reachon P
HN"\_NH, + °=p NH
H Reductive amination HOOC
ApGitn  nHy-benzaldehyde nHy-ApGltn
(org) (n=0,123) (n=0,1,23)

+®: s@ aQou -z@ou -zQ

3Hy OH

Fig.1 Synthems of phenohc hydroxyl groups-modlﬁed Alaska
pollock gelatins (nHy-ApGltin (n=0, 1, 2, 3)).
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EEEE mREAxA Y BOgEE "’

=14

3. RER BB

nHy-ApGltn (n= 0, 1, 2, 3) D& R T 90%HI#4 O B L E
# 7 L7z, nHy-ApGltn BEEF|OBAEEIL, REAM ApGltn
mgAwHM§%ﬂ;D%ﬁFLK@Em%®m3¢ﬁ¢
R F L ERAROBKEE A XS EEEO KR HER
i, nly-ApGltn EEFEHIDFIEME £ a5 & | m&g
%435 nly-ApGltn (n= 1, 2, ) EEEFI D8I EIG 1L, Org-
ApGltn 35 L TF OHy-ApGltn #2FAI LV M E L, KEFEEE
REIZEE S 230 7 S8R o _EASEERR S,

HHEFEIC R+ 5 nHy-ApGltn BEHHIOMHEMRE X, Org-
ApGltn K9 HKx< F']J:L,f_ (Fig.2(a)). =5z, gk
W27 & KERREZ V2184, & FJE (120-130 mmHg) %88 %
AHMMERELETH &znﬁﬁ Enkileol, ¥, 7/ —
MK EE R OFEESEAROBE W L o TERE S E{L
TAIENRENT-, 7=/ —AEKEEEOMEES LUEA
FEHETO LIS o T EFREORIERFRETHD Z
EMHLDE T, THEREMEES O HE SaBEg o,
a7z ) —MEKRBESEN SN nHy-ApGltn |3,
Org-ApGltn L Lh# L CHMESEIGEVWAR LR, 45
PEG ZE4EAIIC L AR L O 7 I FEEAHREICmEZ, 7=/
—AMKEBENR LS THAERASHEBREEEE ML
EEZLND,

Z v FETFIZHA L7z nHy-ApGltn EEEAIL, B2 AW
RPN TR ICSERETL, 2 AR TERICH®BT S =
LA LT (Fig. 2 (b)), (EffiEHIEDOTEE CTEEN
SIEEEIGEVRELOND Z L LERES N,

EELRET CREREBESEE ERMEEA L,
Ho, #h b3S REOHBATETH D Z L b, e
OEFENREICSDERGARRESEFEINS,
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Fig.2 Performance of phenolic hydroxyl group modified Alaska
pollock gelatins (nHy-ApGltn (n= 0, 1, 2, 3)). (a) Burst strength
of nHy-ApGltn adhesives against collagen casing (degree of
substitution: 24-32 mol%, n = 3-4, "P < 0.05, "P<0.01). (b)
Images of Org-ApGltn and nHy-ApGltn (n = 0,3) adhesives
implanted subcutaneously in rats and obtained by staining with
hematoxylin and eosin (HE). A: adhesive; T: tissue.

4. BEIOR
(1) K. Nagasaka, S. Watanabe, T. Taguchi, et al., Colloids Surf. B:
Biointerfaces, Vol.220, No.112946 (2022).
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The influence of matrix on magnetothermal property and anticancer effect of Fe3O4
nanoparticles

Man WANG'!*2, Rui SUN"" "2, Huajian CHEN"!, Xiaohan LIU""-*2, Toru YOSHITOMI"!, Naoki
KAWAZOE"! and Guoping CHEN"" 2

*INatio.nal Institute for Materials Science, 1-1 Namiki, Tsukuba,

In recent years, magnetic hyperthermia (MH) has emerged as
a promising approach for cancer therapy. MH uses magnetic
nanoparticles (MNPs) to convert magnetic energy into thermal
energy under an alternating magnetic field (AMF) to increase local
temperature for ablation of cancer cells. The magnetic-thermal
conversion efficiency of MNPs is not only decided by the intrinsic
properties of MNPs (shape, size, dispersion, composition, etc.), but
also affected by the microenvironmental matrix surrounding the
MNPs (). Hydrogels and porous scaffolds have been used to

~ deliver MNPs for MH, while it is unclear how hydrogels and
porous scaffolds affect the magnetic-thermal conversion efficiency
of MNPs. In this study, the influence of hydrogels and porous
scaffolds on magnetic-thermal conversion efficiency of MNPs was
investigated (Fig. 1).

Fes0s NPs were synthesized via solvothermal method and
characterized by TEM. The magnetic heating effect of free FeiO4
NPs, agarose/FesO4 hydrogels. The same concentration of FesO4
NPs was used in different microenvironments (phosphate buffer
saline (PBS), agarose hydrogels and gelatin porous scaffolds) to
compare the influence of different matrices on magnetic thermal
effects. Different concentration of FesO4 NPs in the same matrix
was used to study the FesOs4 NPs concentration dependence of
magnetic-thermal conversion. The anticancer effect was
investigated in vitro by incubating breast cancer cells with free
Fe3O4 NPs, agarose/Fe304 hydrogels and gelatin/Fe3O4 porous
scaffolds under AMF irradiation. The synthesized FesO4 NPs were
visualized by TEM and the images (Fig. 2A and 2B) showed that
the MNPs had a flower-like shape with an average size of 30.8 +
5.7 nm. As shown in Figure 2C, with citrate ion modification, the
MNPs were well-dispersed in aqueous solution. The hydrodynamic
size of Fe;04 NPs was 108.5 + 28.5 nm (Fig. 2D). The free FesO4
NPs in PBS exhibited the best magnetic thermal property, while
embedding in agarose hydrogels or gelatin porous scaffolds
decreased the temperature change during AMF irradiation (Fig.
3A). The free FesOs NPs showed the highest anticancer effect
under AMF irradiation, followed with FesO4 NPs embedded in
agarose hydrogels and then Fe3O4 NPs embedded in gelatin porous
scaffolds (Fig. 3B). The results suggested that the
microenvironmental matrices could affect the magnetic-thermal
performance of FesOs NPs and appropriate matrices should be
designed to maximize the therapeutic effect of Fes0s4 NPs for
blomedlcal applications @,

Agarose/Fe, 0, Gelatin'Fe,0; ™

Free garose/Fe, 0, /
1 Fe,0, NPs y S ;

hydrogel porous scaffold

©

Live breast
cancer cell

- Dead breast
™ cancer cell

’

F1g 1. Graphic abstract of the anticancer effect of Fe;04 NPs
embedded in different matrices.

*ZUniverSity of Tsukuba, 1-1-1 Tennodai, Tsukuba,

Differential intensity
- i ® 4

wooms s [
Diameter (nm)

Fig. 2. TEM images of citrate modified Fe;0s NPs at (A) low and
(B) high magnification. (C) Gross appearance of citrate modified
FesO4 NPs in aqueous solution. (D) The hydrodynamic size
distribution of citrate modified Fe3sO4 NPs.

Temperature change (°C) >

/Fe,0, gelatin 0 \“‘%-
Fe;0,

0 mg/mL 3 mg/mL 10 mg/mL 20 mg/mL

Free
Fe;0y

Agarose

Fe;0, B Y
Gelatin

Fe;04

Fig. 3. (A) The temperature increments of free FesOs4 NPs,
agarose/Fe304 hydrogels and gelatin/Fe3O4 porous scaffolds with
different amounts of NPs after AMF irradiation. (B) The live/dead
staining of cells coculture with free FesOs NPs, agarose/ FesO4
hydrogels and gelatin/Fe;Os porous scaffolds with different
amounts of NPs (0, 5, 10 and 20 mg/mL) after AMF irradiation.

(1) H. Gavilan, SK Avugadda, 4 Femandez-Cabada, et al.
Magnetic nanoparticles and clusters for magnetic hyperthermia:
optimizing their heat performance and developing combinatorial
therapies to tackle cancer. Chem. Soc. Rev. 50, 11614-11667
(2021). '

(2) M Wang, R Sun, HJ Chen, et al. Influence of hydrogel and

porous scaffold on the magnetic thermal property and anticancer
effect of Fe3O4 nanoparticles, Microstructures. 3, 2023042 (2023).
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Design of Pohsphatidylserine-inspired Polymers for Anti-inflammatory Treatments
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1. #8
TR, TR AMREBETI2REEEDR FIRED
) BEHENRTWAY, REEELHETD - L THERE

FRBR/RLND D AT aA FO L 5 2BHERA 20,

FHOTMBEEREZFHE L LTS TWa, 7R K
— VA DREEED AN R LD —2 L LT
TV REOREMBRIAMBEEZTEICESL L
phosphatidylserine (PS) &BEIEHNL A VU VIEHZRMT 5 - &
B BN o TV AHO0), BEfFEE TiL PS ##{i L 7= poly
(2-methacryloyloxyethyl phosphorylserine) (eMPS 77 ) =—) @
BRI LTRBY . v 77—YRUS 70y ) 7l
IBITAMBEDRZRELTVAEG, Ll, HIKEDE
WHET D MPS £/ v —HEOREBII >N THLMIR-T
Wiy, 2 CABIE T, PS #ifitE /v — 07 L x4
ERERR AP PSEMARY ~—2 8L, MaFEEEY
PLATEZN R EFEMm L 7= (Fig. 1).

R
sosssns? g‘

Phasprabdylserim

"“ﬁ\ [l

Inflammatory maciophage  Anti-inflammatory macrophage

-— PS inspired polymers

‘:l:-w & j Effect

Fig. 1 Desxgn of PS-lnsplred polymers
for anti-inflammatory treatments.

2. KRG
HAITHEEZ L IR AR T I 44 FEEICL Y 2-
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FHAWCPS #lE ) ~—&EH L7720, £7=, HEMA Of%
Y IZ 2-hydroxypropyl methacrylate (HPMA), 2-hydroxybutyl
methacrylate (HBMA)Z W5 Z & T&F 3 @EO T L1
HEDRRD PSHEME /= — %GR LT, HEVWT, A[#AY
CNAREEBEESICLY & PSERER ) v — 2 ES
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W alamarBlue™(Z & 5 MR TS K OB RS & RER
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)R —DERPTREINTG, Ei, FARES v b ST
T A= DR TFEBITHERLY EF ) ~—0ES IR
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fli% ¥ Z 72 7=, Poly (eMPS), poly (bMPS)TiZ PS #EE 10
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TBFEERRER I, Th XV RESETMS PS BE
SmM ELTFTB -7z, FIEESRFTM TIE U KL Tl
B L7z RAW 264.7 cells ICERY =— (2 ba—n; )
PRARTENR) ZMNZ., SIEMY A b A THD IL-6 EER
% ELISAIC X D HIE L7 (Fig.2) . 2> bo—a &L,
TRTOR) v —BEH TOFEENHERTERD-, &
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REELAMCBET 2 AR R S iz, ARFEIC L 0 7oL
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Fig. 2 Mouse IL-6 production by RAW 264.7 cells
treated with PS-inspired polymers. (n = 3)

4. BEIM

(1) A. L. McCubbrey, S. A. McManus, J. D. McClendon, et al.
Polyamine import and accumulation causes immunomodulation in
macrophages engulfing apoptotic cells, Cell Reports, Vol. 38, No.
8, 110222 (2022) '

(2) R. E. Voll, M. H. E. A. Roth, C. S. J. R. Kalden,
Immunosuppressive effects of apoptotic cells, Nature, Vol. 390, pp.
350-351 (1997)

(3) M. Cvetanovic and D. S. Ucker, Innate Immune Discrimination
of Apoptotic Cells: Repression of Proinflammatory Macrophage
Transcription Is Coupled Directly to Specific Recognition, J
Immunol, Vol. 172, No. 2, pp. 880-889 (2004)

(4) Y. Nakagawa, J. Lee, Y. Liu, et al. Microglial
Immunoregulation by Apoptotic Cellular Membrane Mimetic
Polymeric Particles, ACS Macro Lett., Vol. 11, No. 2, pp. 270-275
(2022)

(5) Y. Nakagawa, A. Saitou, T. Aoyagi, et al. Apoptotic Cell
Membrane-Inspired Polymer for Immunosuppression, ACS Macro
Lett., Vol. 6, No. 9, pp. 1020-1024 (2017)
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Design of tissue adhesive microparticles based on benzoyl group modified Alaska pollock gelatin
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1. #E .
‘ MR EE L EIC T AR M D
[CRAE L, it OLTF RS EERE LB TEW 2 & 035
B TWa, ITETITEERERREEOAREE S LT, b
FKEOMBEIZFDEST HESE & F A L CRBREST S e iR
BEATAR EFIEN I EFE T EE 2 wRIC R R 2 &
BEHLWEWIRERSH D, T, (ERECHiFEEICHE
HL TN OERRLEFILES 2 LHICBET3EES
SERNTRET B DI A AR R & el £ 7= 5
EREEFN TV, AT NETICEBAOT L3 L EAE
ALIEAr buF Tk €5 F 2 (ApGltn) 7 5 3H8 L
TeBk L ¥ 5 ¥ Z F B F(CI0-MPs)A3, A7 L —IEZEA[HE
Thy . BERRIIBVWTER-ERESEE2E LI %
WELT20Q, KEFFETE, BN EEOERER
PBARITHY  BHRIC BV BEETESA FLFER
(PEM) & SRR T2 EAbT2 2 L #BME LT,
VA VE(Bz)E A L7z ApGlin  (Bz-ApGltn) &/ L7,
B o/ Bz-ApGlin & fV=hiF (Bz-MPs) D&l Lot
LT DT VTR L7 (Fig. 1),
NH,

Fig. 1 Synthesis process for benzoyl group-modified Alaska pollock gelatin
(Bz-ApGltn) to prepare Bz-MPs.

2. EB

ApGlin HIgHD 7 X 7 H & Benzoic Anhydride O sREE7
NBEFC L0 AFEE O Bz 8 AED Bz-ApGltn & L,
2,4,6- bV = b F L 2 LR CENTNBS)EIC LV Bz &
ANBEERFERE L, Bz-MPs i, &K/ =% ) —VIREGEE+ A
V7= Bz-ApGlin D 3 7 A—3r 3 B L D FREL L B
5 4 TR OFFE] CEEIE(150°C) 29T - 7=, 3R L 7= Bz-MPs
1TE T EETEMEESEM)Z AW TR EE L M RO RIE.
AR ARIEIC L SREOBKMEOFEM, LU D-PBS F
TOARMZBEOREFN R BER % M L=, %\ T Bz-MPs &
D-PBS TARFITDHZ & Tanmof RFLERE L, ML
BARFAEL LA Pl E2To72, a0 FALOME
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39. 49, 63, 92 mol% TH Y . Zh 5@ Bz-ApGlin I = FE T
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—HB T, 92mol%® Bz-MPs % [\ T{ELT O 7 ai
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IR LIc Z EWmE Sihiz, —H T, F/URENSEEESh
T ENBRAGBERE] A 3h, Sh @ Bz-MPs ¢ 5 %, 3h @ Bz-MPs | 5h
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Fig. 2 Colloidal gel formation of Org-/Bz-MPs after hydration in D-PBS for
60 min. Scale bar: 5 um.

(1) A Nishiguchi, Y Kurihara, T Taguchi, Underwater-adhesive
microparticle dressing composed of hydrophobically-modified
Alaska pollock gelatin for gastrointestinal tract wound healing,
Acta Biomater, Vol. 99, 387-396 (2019).

(2) S Ito, K Nagaska, H Komatsu, D Palai, et al. Improved
hydration property of tissue adhesive/hemostatic microparticle
based on hydrophobically-modified Alaska pollock gelatin,
Biomater Adv, Vol. 159, 21384 (2024).
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Composite scaffolds with synergistic effects of stepwise photothermal therapy and chemotherapy
for breast cancer treatment
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[Introduction]
effect of
photothermal therapy (PTT) and chemotherapy

In recent years, the synergistic
has been recognized as an effective strategy for
cancer treatment. Controlling PTT temperature
and drug delivery is desirable for minimizing the
unexpected damage to normal cells. In this study,
a smart platform of composite scaffolds with drug
loaded liposome was developed. The composite
scaffolds could attain strong synergistic effect of
PTT and chemotherapy at early stage of treatment
and a mild hyperthermia effect for chemotherapy
in the late stage (Figure 1). '

[Methods]

Firstly, gold nanorods (AuNRs) with 70 nm in
length were synthesized based on a seed-growth
method. BP nanosheets (BPNSs) were exfoliated
by liquid phase exfoliation method. Doxorubicin-
encapsulated thermosensitive liposomes (Dox-

lipo) were prepared by thin-film hydration method.

Secondly, Composite scaffolds of AuNRs, BPNSs,
gelatin (Gel) and polyglutamic acid (PGA) were
prepared after mixing and freeze-drying. Finally,
Dox encapsulated thermosensitive liposomes
were incorporated into composite scaffolds by
amidation reaction.

[Results] :

~ The morphologies and absorbances of AuNRs and

BPNSs were characterized and confirmed by TEM
and  UV-visible spectrophotometer.  Four
composite scaffolds (Au/Gel/PGA,
BP/Au/Gel/PGA, Dox-lipo/Au/Gel/PGA  and
Dox-lipo/BP/Au/Gel/PGA
prepared. SEM observation showed  that all

scaffolds) we-re

scaffolds had similar porous structures. After 10
min of irradiation with the 1.6 W/cm? NIR laser,
the temperatures of the Au/Gel/PGA,
BP/Au/Gel/PGA, Dox-lipo/Au/Gel/PGA  and
Dox-lipo/BP/Au/Gel/PGA composite scaffolds
reached 47.6, 58.6, 47.0 and 58.4 °C, respectively.
Dox release from composite scaffolds was
accelerated during laser irradiation but slowed
down when the laser was turned off. In vitro cell
culture and in vivo animal experiments
demonstrated that the composite scaffolds could
kill breast cancer cells by the synergistic effect of
PTT and chemotherapy in the early stage and a
chemotherapy effect in the late stage. Furthermore,
the 6omposite scaffolds could support the
proliferation of hMSCs for guiding new tissue

‘regeneration.

AR by g 2 R ,--:-.—..:.‘..1.,‘..?__‘
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Figure 1 Illustration of composite scaffolds immobilized with Dox-liposome for stepwise photothermal and
; ; chemotherapy.
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Synthesis of Zine Oxide Nanoparticles for Bioengineering
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Development of hornet silk films to regenerate the multilayered structure of skin tissue
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R L., ZOMEREDEWIT Lo —LEES LIEFS
LT, coiled-coil HEDFEIZL LT, 74 L LFRED
HSEFRBRETHY EELH 80 ELFESnMER L,
L L2®B b, 7 4 A EToOMBES ClIMiafErE R
ERER L. T/ YA PR W T A AL BT LT —F
FEIEHAHESEMIRRIE coiled-coil B S7 LA ETOR
HE WAL U (Fig 1b, o),

LEEEXEOFEFEIMBNT, HS 7 4 L AT
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D — R RBNER SN, & 512, coiled-coil #HEF o
HS NMagq B CiZ. 1E B EERIC M 25T - 7= Fakhs
RERN, %’bﬁkﬂ Li-REARBORESM R L, DLX
b, HS iIZEBHEEEEOBELZHE T2, F0
IFFEOHIEEE L C EEREBOZBHEEDHEEET
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Fig. 1 (a) Schematlc diagram of Hornet Silk (HS) film fabrication. Cell proliferation of (a) human keratinocyte and
(b) human dermal fibroblast by MTS assay (*: p < 0.05, **: p <0.01).
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Evaluation of cell capturing by alkylated polyvinyl alcohol and application study
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MERHETAEEOEAEBRTHIENAETH DL, DL H7
MM Z IR A EEEITIZ N == g AT, i
RO T ~OX LR AISHERSEFEINS,
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Wiz, Mg oMELELZELEZR Y ZAF LT 1oy
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2.24 mol% ¥ TN —F IR AR L TWS Z L2
AN, GOac MEAEN 449 mol% DV > 7 L TlLiEiE
LM sl Lizds, ZoHEE L LT —FEEO GOac @
EATHE AR EEET A RAEEAGRICER M4, F
AL E AT HIaE & 7S Lo B AER D
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2ERI
1) K. Kato, et. al, BioTechniques, 35,1014-1021 (2003).
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Fig. 1 Schematic diagram of this study.
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High-throughput simultaneous multi-elemental analysis in single cells
using cell sorter and time-of-flight mass spectrometer
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1. RL®iz

U, AIESCHEERS BICB W THE—MRMNILEO ST
MER SN TWD, BE, HETHESITICEArshTn
LHERFET 7 A ER4HTE (Inductively Coupled Plasma
Mass Spectrometer, ICP-MS) (3, 0.1 pg/mL L~V DiBEREE
SHTAFIRETH B, LL, B e m OE—MIaOEREX
1 pL RELFHITDE WD, HEROER TIIRIETE R
W I THL2DIN—T T, HlEEiiEEymR TS
A= IZHHHEAL T, fln—cE Sh 5 BMETHE L2 o

THOOE—HAEAL AT LEZRAELTERY, LL,

LIBMIZBASE Uiz oA 7 A Cl, MR oo B AYHmRR 72
TTR,ITRTOMBREMBEZEERWERHEL 77 Avf
ZIEVREA L TWa7, Milagtro 2 r—7 » by 0.5
HEAD LR o Tn, BMWRIL—T y FEERT B DI,
ARG 28R L CEAT B HENH D, T 2 TAHR
T, B Y —F —F AW E—MRREA S R T A HERE
H7 7 A HRATRIE N E #5475 (ICP Time-of-Flight Mass
Spectrometer: ICP-TOF-MS) ##5& L@ #MRE Lz, &
BEFHERE LW X 3 ICHREASE A EIRIZHIE L
T, H—fflP LRSI EIT o7

2. ERFEE

e e FFEEEH RO Hela filaz v, BT
R AEEZ L WBEICHAB L -EMERET b U 7 Ak
BiEEER Lz, /Y —#—t Allied Flow ## ¢ FENIX
# vy, ICP-TOF-MS X TOFWERK #8® icpTOF R % fu»
7o H—AMPITESITY AT L0MER% Fig. 1 1277,
flEREhI v Y —F—ICABREN TV D L—F—T, i&iF
PO O A S - T, KE S EHBITA, EORBRICEL
TiREICENE 5 2 THHET 5, EROMRITREL, BEE
PDEMENZRRARICE > T, B2 EEWNICSEUTE L
Hhd, ZOMREIZLYD, &S LW T 28R
ICP-TOF-MS {2 A L7z, MlaF iz o 0EREFORR
BOEDDIEH | ms THHT=, BIBICEA SN
DODHEBEENERLLAEVE D, BAMHES 1,000 Hz LLTFIC
HIRRS HHIE 21T - 7=,

3. BRLEE

ICP-TOF-MS &AW THbhi-E—Mar»rsnERES
% Fig 2 \oR ¥, ROz E554E, Milzxke L, 7
FRUSEEERO A ORE & BRI E S LRETER

Fi 4,000 [E & Lz, ZDFFER, Na, Mg, K, Ca, Fe, Cu,

Zn IZ2WTHE, EBEREZZELTH, BEOLIZH~ST
MRREEOFREWVERBEEZTR L, 20 Lhb, BE
Lz AT A0, BE—HlcE £ ElaTnRmeMeETs
DHIERTE A REMERRE T,

Cell sorter [ ] Droplets containing a single cell are injected.

Defiection plates : Laser scattering determines cell
-1500 V~+1500 V Cells are selected.

Introducing droplets

e — contain target cells

desolvation |||
system

to TOF-MS

Fig. 1 Schematic of singlé cell elemental analysis system
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Fig. 2 Results of single cell elemental analysis using ICP-TOF-MS
with cell sorter
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1) Kaori Shigeta, Akitoshi Okino, Norbert Jacubowski, et al., J.
Anal. At. Spectrom., Vol. 28, No. 5, pp. 637-645 (2013).
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Size Tuning of Mesoporous Silica Adjuvant for One-Shot Vaccination with Long-Term Anti-
Tumor Effect
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1. Background

Cancer immunotherapy is an important complementary therapy
to conventional cancer treatments. It is a promising therapy that
can control metastasis and recurrence by activating immune cells
to recognize and destroy cancer cells. However, frequent
administration of cancer immunotherapy drugs over several
months to several years is needed to induce efficient and long-term
anti-cancer immunity. Such frequent administration of drugs over
a long period of time causes problems such as a large physical,
psychological, and economic burden on cancer patients.

On the other hand, adjuvants are essential for activating anti-
cancer immunity. However, conventional immune adjuvants such
as aluminum salts mainly induce humoral immunity, which is
effective against infectious diseases; but do not induce cellular
immunity, which is essential for cancer immunotherapy. Therefore,
we  synthesized and comprehensively evaluated dozens of
inorganic particles with different components, particle sizes,
shapes, and porous structures, and clarified the relationship
between the composition/structure and anti-cancer immune
activity. As a result, we identified mesoporous silica, which has the
potential to be a versatile adjuvant for cancer immunotherapy
(Wang et al. Angew Chem Int Ed 2016; Small 2016; Patent No.
JP5999639; Patent No. JP6868862; Nature Communications 2020).
Furthermore, we found that small adjuvants on the order of
hundreds of nanometers promoted efficient anti-cancer immunity
in a short period of time, while large adjuvants on the order of tens
of micrometers promoted immune stimulation for a long period of
time, elucidating that adjuvants exhibit size-dependent anti-tumor
immune responses (Wang et al. ACS Nano 2019, Figure 1).

o,

2
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arescence intensi
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Figure 1. Adjuvant size-dependent antitumor immune response
(ACS Nano, 2019, 13, 7705-7715, with some modifications)

2. Results

Based on the above findings, a gradient design strategy
combining nanometer-sized mesoporous silica particles with
micrometer-sized mesoporous silica particles enabled the
realization of efficient and long-term anti-cancer immunity with a
single injection (Fig. 2). The combination of nanometer-sized
mesoporous silica particles with micrometer-sized mesoporous
silica particles suppressed tumor growth and increased CD4" T
cells, CD8" T cells, CD86" cells, effector memory CD8* T cells,
and tumor-specific CD8" T cells 4 months after a single
immunization (Figs. 2 and 3).
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Figure 2. A single injection induces efficient and long-lasting
anti-cancer immunity (Pharmaceutics 2024, 16, 516, with some
modifications)
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Figure 3. Mechanism of induction of efficient and long-lasting
anti-cancer immunity by a single injection (Pharmaceutics 2024,
16, 516, with some modifications)

3. BEXM

@ Xiupeng Wang, et al. Rod-scale design strategies for immune-
targeted delivery system toward cancer immunotherapy. ACS
Nano. 2019; 13: 7705-7715

@ Xiupeng Wang, et al. Size tuning of mesoporous silica adjuvant
for one-shot vaccination with long-term anti-tumor effect.
Pharmaceutics, 2024, 8, 516
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Carbon Nanotube (SWCNT) Near-Infrared Fluorescent Probes
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1. &8
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5M, Z @ o-SWCN OFpEF R ARIZTEA L, EEC/SA A
TY7aY—ETOHAEFHEERE LT, o-SWCNT %
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Anti-inflammatory Nanoparticles as Potential Treatment for Aortic Dissection
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1. Introduction

The aorta is the largest
artery that supplies
blood and nutrients to
the body. Aortic
dissection (AD) is
characterized by the
disruption of the aortic
wall, which could be
fatal as it might lead to
rupture (Figure 1). Moreover, inflammation has been implicated in
AD development, wherein immune cells such as macrophages are
key players. Generally, they are categorized into pro-inflammatory
M1 and anti-inflammatory M2 macrophages. However, current
treatments are still limited to surgery and anti-hypertensive agents.

Figure 1. Healthy and AD aorta

This research aims to develop a targeted polymeric particle that
can suppress inflammation in the aorta through the modulation of
the macrophage phenotype.

Previously, it has been shown that phosphatidyl serine-inspired
polymeric particles (PSPs) can induce anti-inflammatory effects
in-vitro using cell lines, and delivered in-vivo through local brain
injection®?). In this work, PSPs were further validated using
peritoneal macrophages isolated from wild-type (WT) mice.

Indeed, the cellular uptake of PSPs has been confirmed. To induce
the M1 and M2 macrophages, LPS and IL-4 were used,
respectively. After LPS stimulation, western blot data shows that
the NF-kB signaling, which is an important transcription factor in
regulating inflammation, has been activated. In the presence of
PSPs, NF-kB signaling has been reduced (Figure 1). Consequently,
pro-inflammatory genes such as 1/6, Il1b, and Thfa showed
upregulation in the presence of LPS alone but downregulated in
the presence of PSPs. To validate it at the protein level, the
supernatant from macrophages treated with various groups
(Control, LPS only, LPS + PSPs, IL4) was then collected after 24
hours of incubation. IL-6 shows significant downregulation
(Figure 2), and TNF-a tended to downregulate (data not shown).
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Figure 2. Representative data for the anti-inflammatory effect of
PSPs in LPS-stimulated macrophages. The left panel shows the
concentration of IL-6 from the supernatant of treated groups.
CTRL corresponds to the non-treated sample and serves as the
control. The right panel shows the scheme for the current findings.

On the other hand, we have developed a new AD mouse model
carrying a pathological variant in the Fibrillin-1 (Fbn23+P'G234D)
which has been derived from a Japanese male patient suffering
from AD®). In this model, we have observed the accumulation of
M1 macrophages, which might promote inflammation and
contribute to the disease progression. Moreover, upregulation of
vascular adhesion molecule-1 (VCAM-1) and matrix
metalloproteinases (MMPs) have also been observed.

To deliver the PSPs in the aorta, rapid clearance and off-target
effects must be prevented. Thus, PSPs will be modified using click
chemistry to conjugate targeting moiety. Specifically, antibodies
against VCAM-1 will be added and MMPs will be used as a

.stimulus for controlled release (Figure 3).

In addition, optimization of polymeric structure will be performed
in-vitro and validated in-vivo using the FbnlG?3/PG3340 AT) mouse
model. In-vivo validation will include biodistribution studies,
survival curve analysis, and monitoring of inflammation markers.

Parameters to measure .

« Characteristic peaks
« Molecular Weight |
= Particle Size and Charge | AT,

-

-
P

Binding Affinity
MMP-responsiveness
Cellular Uptake
Inflammation Markers

Figure 3. Experimental Design
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Effects of Viscosity on adipogenic and osteogenic differentiation of mesenchymal
stem cells during 2D culture
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Accumulatively, cellular behaviours triggered by biochemical
cues have been widely explored and the focus of research is
" gradually shifting to biophysical cues. Compared to physical
parameters such as stiffness, substrate morphology and
viscoelasticity, the influence of viscosity on cellular behaviors is
relatively unexplored and overlooked. Thus, in this study, the
influence of viscosity on the adipogenic and osteogenic
differentiation of human mesenchymal stem cells (hnMSCs) was
investigated by adjusting the viscosity of the culture medium.
Furthermore, -~ the  potential  mechanotransduction-related
mechanism of viscosity-inducing cell behaviors was also
investigated.

To modulate the medium viscosity, adipogenic and osteogenic
induction media containing 1% polyethene glycol (PEG) 35,000
(low molecular weight), 1% PEG 8,000,000 (high molecular
weight), and 1% of their mixture at a weight ratio of 1:3 were
employed as low-viscosity (L-V), high-viscosity (H-V), and
middle-viscosity (M-V) groups, respectively. The induction
medium without PEG supplementation was served as the normal-
viscosity group (N-V). hMSCs seeded on appropriate well plates
were exposed to the above-mentioned viscous induction media
(Fig. 1). Cells were cultured for 21 d, and the medium was
refreshed every 3 d. Cell morphology, viability and proliferation
were checked during the culture period. For adipogenic
differentiation, FABP4 and Oil Red O staining were performed on
3 d and 14 d, respectively. Adipogenic-related genes (CEBPA,
FASN, FABP4 and LPL) were analyzed on 21 d. For osteogenic
differentiation, OPN, ALP and Alizarin Red staining were
performed on 3 d, 7 d, and 21 d, respectively. Osteogenic-related
genes (ALPL, BMP2, RUNX2 and SPP1) were also analyzed on
21 d. To explore how viscosity affects cell mechanotransduction
during differentiation, we analyzed YAP and p-catenin both by
immunofluorescence staining and western blotting(!).

High viscosity facilitated osteogenic while inhibiting
adipogenic differentiation. During adipogenic differentiation, the
effect of viscosity on cell proliferation was negligible. However,
during osteogenic differentiation, high viscosity decreased cell
proliferation. The different effects of viscosity could be explained
by the activation of mechanotransduction regulators of YAP and f-
catenin. High viscosity could promote YAP and B-catenin nuclear
translocation during osteogenic differentiation, which was
responsible for the increased osteogenesis. High viscosity
inhibited adipogenesis through promoting YAP nuclear
translocation (Fig. 2 and Fig. 3). This study could broaden the
understanding of how viscosity can affect stem cell differentiation
during 2D culture, which is valuable for tissue engineering.
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Fig. 1 Experimental illustration of how viscosity affects

adipogenic and osteogenic differentiation in 2D culture.
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Fig. 2 Influence of viscosity on cell adipogenic and osteogenic
differentiation during 2D culture. Oil Red O staining/Alizarin Red
staining of hMSCs after culturing for 14 d/21 d in adipogenic and
osteogenic induction media (A), scale bar = 500 pm. Absorbance
at 540 nm of the Oil Red O dye extracted from the stained cells (B),
n = 3. Gene expression (n = 4) of CEBPA (C) and FASN (D) of
hMSCs cultured in adipogenic induction medium of different
viscosity for 21 d. Absorbance at 405 nm of the Alizarin Red
extracted from the stained cells (E). Gene expression of ALPL (F)
and RUNX2 (G) of hMSCs cultured in osteogenic induction
medium of different viscosity for 21 d. WB analysis of YAP and B-
catenin of cells after being cultured in adipogenic induction
medium for 3 d (H). Western blotting analysis of YAP and -
catenin of cells after being cultured in osteogenic induction
medium for 3 d (I). Data represent mean + SD. Significant
difference: *p < 0.05, **p < 0.01, ***p < 0.001.
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Fig. 3 Models of how viscosity modulates adipogenesis and
osteogenesis through B-catenin and YAP pathways.

(1) Chengyu Lu, Tianjiao Zeng, Man Wang, et al. Influence of
viscosity on adipogenic and osteogenic differentiation of
mesenchymal stem cells during 2D culture, Biomaterials
Science, Vol. 12, pp. 5598-5609 (2024). ’
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1. IXC®Iz

11 BAEERSHROTETH
BAEERSHGIINETORSG FERHR D0 AESE
mEWo T H VT 4 LR ERSE S RIET ST

WRHDEH. T oAy FAT 4 H=— ZOFE R~ H )
BESTVD, BNOFAERSHSOFEE 2040 4T 1
JkMEREZ 5 & S, HMEE - BIETIREOBERNERIC
H#EATVE )

1.2 BAERSHR O
HRYRCEEERA CHBERE CRELEDREETH

DEWMENTRY, MEMNBATHSR, MEEckiTs -

FATHIFR TITREFRFORE Lk H 2\ T HiE & IEg 0
RHERREIA TS W), BAERSME IFE« 2 ASE T
OB 2 AW F BN H 208, iR SR E A T
Wighy, Eio, WEERICE & HREBPE RISV THE D E
CEERhTWRWY, Z0k, BAERSERLS OECEELE
Bha K OFEMCRAE T AR 2 5 EELEI BN T
BB bLEEZNB,

2. BEY

ERMBOEIFICHER SN OfRc 2R EROBENEEOR

e, EEMBIOBHEREORES BMICER T o7,
3. Fgs - &R
3.1 Wi ERAWEERBESLOBRS
AS0C D BIRIE TV — W TR A -70°CLL T (A
PATTHERMO) & -100°CLA T (B, ADDCOLD) O E&H|4 &
S MR EEOBENOA L 5 UE FOBES L2 HE
Uiz, #8, A & B OZERH HITREIL 1 BT -108°C Iz
BEL, A LBETW, £7-, 24 BEREIBICITEENR Y
W EFL, 60°C IZELTWoZ Lnh, MR ERER
HEETHhD Z L 2SR SN (Fig. 1),

Fig. 1E#

32 ERREICHEA SN ERORSESHE
BEHEEL VR 7 AP —E S L OEEIE R & T

LEBOWERE % %77 /o P— o SRgEss
il IDER-PRO] # AW THRIERITo 7, £7=. BIETEREL
TIMEET — 5 %30 — A~y 5 LEE (PSD) #HVT
I EIREN D LB 54T - 7= (Fig 2), fH5H. HEECETREBIC L
STHWEIRBMNREAL S - LR TET,

4. B8

3.1 Tld, EFEZRE & LICENBETEARD bR,
O Uc BAERS M OMER IS o S’z
HEEEZ DAEENRE SR,

32 T, HEICL > TRERBIVSERZS%, MlACk-
TEF LT ORBEIFET 2 HE WA EHRT M0
BRI L > THEREOEE R ERMEL R WRERD S,
5.8bvic

AR EANEPEEIC L > THOEEN R D -0, Mk
BECIREINEEDS>TL 252005, 5EOHETED
NlemBE S Lo, HEICHETE i - REEROBR
ZH#ET,
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REREERERE- L < ITRBER L B L iconT-, &
EHFEEEE, 31 4), pp.292-297 (1970)

[B] EF B, FESKTEOEMOR Y MAIZONT 24)88
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[4](Kita11ata et al., Critical Functionality Effects from Storage
Temperature on Human Induced Pluripotent Stem Cell-Derived
Retinal Pigment Epithelium Cell Suspensions. Scientific Reports
(2019).

[5] Nikolaev et al., The sensitivity of human mesenchymal stem
cells to vibration and cold storage conditions representative of cold
transportation. J. R. Soc. Interface (2012).
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Cell delivery using porous injectable hydrogels toward muscle tissue regeneration

ZI F', HOEE?

MRAEREWHS, BOREKE™

Hana YASUE'!?, Tetsushi TAGUCHI?, Taka-Aki ASOH"?, Akihiro NISHIGUCHI >3

M RRIER A T B AR HE 631,
AR 1-1,

e - HHEEE BT - A AHMBEBIEEY 2 — D
0 RREH AR ARSI E TEHER, BHEHE 631
I Faculty of Advanced Engineering, Tokyo University of Science, 6-3-1 Niijuku, Katsushika-ku,

*2Research Center for

Macromolecules and Biomaterials, National Institute for Material Science (NIMS), 1-1 Namiki, Tsukuba, “>Graduate
School of Advanced Engineering, Tokyo University of Science, 6-3-1 Niijuku, Katsushika-ku

1. B8

BRHHEBIIIRALRBEREN HEbo TV 50, EE
D% (volumetric muscle loss, VML) X 2 L B
HEXEEETHS. VML OFRREL LT, BEOMEE B4
TAHZETHELFAREZELESTIRBEETHIFLE
BBEEZEDTWS,. ZhE T, BEL-HEEOE
EDSitEs R T 7o —FRpiEah Ty, T 1.
PV BTN, ROEFRERLEIEDT YR
V=% U7+ LTHHATHS. LOLENRL, DA
YOI TATFNMEA ot ZORTERE LTV
Wizdh, FAMEFEDaI 2= —a VBBENTH
V, BHEBEREESNS I LBBETH--. ZhE
T~ 1%, -8 (liquid-liquid phase separation,
LLPS) #iERT52 ¢ TvA 7 udvy T —Fy FU—
% (microcapillary network, uCN) RiZLHb LA P =
ZETNTFLEREL Y, YWHASTeMlaziL
THEA ML aIa=sr—a T AL TEVEESSE
LIBREMERER LTSN, —FT, 2Ty
BTN NLGEBEEICEHTHOFREEEZF LTS
D VML IZxt T S la £ 5 E20REHRII 2L TIEAL Y
Lo TN, )

T ITAMETHE, Z2HA Y=g FTNFERHN
TRIBEZEMA (mesenchymal stem cell, MSC) @5 U »3U
—%{TH>Z & T, VML IZE T 5T AE+RETDEZ &
FHM LT D (Figurel) . $Fi2, ¥AO~< b v 7 AfgE
LHBEEDROBMFRICER L, BEMROEMC 5 51k,
Bl v/ IrAadoswEdEmT s 8T, HHRBEELE
PRETHISIVERRETS.

F-igurel. Muscle tissue regeneration using injectable gels
engineered by LLPS.

2. B

v-thiobutyrolactone & €7 F > (G) b FF—i1{k G
(thiolated gelatin, GTH) # &L, GTH & divinylsulfone
BHE= VALK AL G (GVS) 2EEK L. $7z, KR
WA YT R— b EEFETDULAFEY IV 5 (2-

ureido-4[1H]- pyrimidinone, UPy) & G 5 GUPy #& R L
o, INHLOEIFUFBEREIMECRETY VEBEBREE
Ak (PBS) (MRS, pHEREBELZE, 37CTRET
%5 Z & T non-porous % /L (GTH+GVS), uCN # v
(GTH+GVS+GUPy) & {ERI L, # /0 LLPS #iE 4 hE 5
L—W—EEREME (CLSM) k- THELE

Fh, ThZhoS it~y AAXMEZGMRE
(mesenchymal stem cell, MSC) #WNE L, 2 AMEZEEED
MIAEREE CLSMIZX - THELE. 35612, Thoo#F
A OFREERETEM & LT, MR ER, ELISA I &AM
BEHESTFLOER, v 7 A CC12 HIBEERBEIT-
. Fiz, I—Fv U AOFIEENHZ 2X5X2mm’® DK &
ETUBRT AL TVMLEFLEZ/ERL, MSC#AEL
AL EEREALEE, TREOHAEES CLSM IZ X 0 ET
7=,

3. RRLEE

KT Ak G #HNVWTHAD CLSM HZEE{To7- &
=%, uCN ZFAZHB VT LLPS ENFR S, PBSH T
ZHANTHIEEMR L. T, FREFhLOF LI MSC
FRNEOLTHEET S L, non-porous 7 /LOFE L HEEL T,
UCN iz W TR L BENm E L. &bz
FNOFRMEMEZEEESDZ & TLLPS BELHIEL,
K7 A XL MSC Qi O BG4 5T LR, &
THAZXDBE 8 um D& F, MROESLLBBIRELEE
Shiz. ZOEENL, FLOEREFFTTRL, RT7H
A ABMREEFRETHIEFELTEETHD Z L5
SHUTE,

R RERTMIC B\ T, pCN #bid MSC @8R, o
EHEV ST NVOELABRETD ZENRENS. £,
Frbizww A C2C12 MilaEERE L, MinEME25FML -
LA WCNFVIZBWTHEERMBREERA N2 &
b, ZIREIRA A MEED O OMERIEEO 2 DR
FLTOHREET 2 ZERALN RSk,

BT, VML EF/ICHTH MSC O AESFBEMNS
MREBREOEA LR LT, u)ON F i W THilaE s
ERMLETHILEBFREINTZ. ZhHOFENMS, pCN 7
wmw@®$%¢%ﬁtéﬁér)hjh%&)f&LT
VML GERICARTH DL Z EBmleahi.

4. BEIM

(1) A. Nishiguchi, et al., Injectable microcapillary network
hydrogels engineered by liquid-liquid phase separation for stem
cell transplantation, Biomateirials, Vol. 305, pp. 122451 (2024).
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Design of Nanofiber Meshes with Senolytic Drugs for Selective Removal of Senescent Cells
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1. #¥E

EbAlE & T B DR A S E L SR TS
%, ZOE{LMAOKRET, BMESIEEITRERSL
CENR L bT EohdZBHBEHCLDICEETSH
B, TITHHENTWRORE/ VT4 v 73ThH5, &
A VT 4w 7 BTSRRI 2 FE T 55
THH(Fig 1), LOULEAFKER F &2 LIEGEA, (R4EHS
BN W o = FARER A B D BT IR TIEET 7= R A

BHE LT BERIZBELIET /774 "Ry v 2R L,

BEICESERMNT s FEEREL TE RO,

AHETIHE S VT 4 v 7 BEEN TR RFFRH
iZhvRETE 3 X 5, 2-(3,4-dihydroxyphenyl)-3,7-
dihydroxy-4H-1-benzopyran-4-one (Fisetin)%
Poly(g-caprolactone) (PCLYHIZIERIZ L » THH €5
FITTARN— Ay BRELE,

_ Cellular senescence
-

Normal cells — Senescent cells
m m o Senolytic drugs__ _ gt RSk e
- g”;’ S ’ o 7.‘ '7'

Eo et

Fig. 1 Selective removal of senescent cells using senolytic drugs.

2. EBTE

RS 5 E(LBIZEZR M (Mesenchymal Stem Cells; MSC)

EHEMET D0, BAEERYIELEREZBENCIT R,
Passage 5 (P5)7)5 Passage 12 (P12)Z N F#LIC% LT SA-3 -
gal TEILDEEZFRE L, MRk, BlbLizMias LT
VW2 RS E T Fisetin 285 L. MTTassay (2L 9 %
DOhE (Fisetin T HIC LV FEI N HMAEOTRE) OFE
R L7,

PCL (80k Mn) & Fisetin % Acetone |ZIAfE L, EERE K%
BAWTT7 7 A" —%{ER L7z, £/, EEETHEHME (SEM)
6 7 7 A 5"—F % Image] THIE L7, fERIL7=-7 7
C A N—% PBS HICIRIE L., SEHERICE T D EEAAE
EEREL L7z, IO PBS % UV-vis THIE L. BERICE
SWTHINENETF—Z &2 L 2, 7 7 4 A— DY H 2
B % 5EAM L 7=,

B LR E LTV 74 3 — 2
HL, MTTassay lIZE D ZFDOHE (77 A4 —FEIZLDHE
HINAMMEOELE) OEVWERERELE,

3 BRRUSE

MSC OfCEHT S &, HHCE TR D22 rU R 5 H
EREL D2 LR SN, SA-B-Gal eIz LY, P9
5B P12 O MSC &R THD Z LR I, MTT:
Assay DOFERMGH ., BMEICH LTE 0 HEMICHRTE R
BEIN,

SEM B ORHTIC L 0, HRAHERSY 100~300 nm FREOH
—REREFOE VT 4 v 7 ENEROT 7 A4 A=D1
HRHER S (Fig 2), £7-¥EWHHRABRICE LTIk,
Fisetin FHMfER & iz, T/, BEP D Fisetin DEIE D
W53 & EARHEENEL 725 Z & 2 FERR L= (Fig. 3),
ST A=AV HREERREZIT R
TiE, FBCAEESEREE L Y LA FEEIE < A A EM
MRZI, Flo, 77 AU EFLE-EOREIZL->TYH
MRAEFEERETL L= L 2R LT,

. « PCL:Fisetin=15:1
l » PCL:Fisetin=10:1

Cumulative release [ %
coB8ELEBIRE

Fig. 3 Fisetin release profiles
from nanofibers.

o 7.~
Fig. 2 SEM image of Fisetin
loaded nanofibers.

4. R

A TIEE/ VT 4 v 2 ERNGREIS S Ty AR =Ry
VaZERL, FOWHEE MSC AW THR L, Aunk
¥/ UF 4w 73 (Fisetin) 7% MSC (23 TE{L %38
R ETEZ L 2R LT, SBITERLEZT 7 4 23—
Aovi2iZFoOw ) VT 4 v 73 (Fisetin) 2L, #%
PERENR 7 7 A S—REFHC L VRSN AT 7 A 3= A
Yalk, FhEERRREERE LTHESHTEN S,

5. BEIR :

[1] E. Niiyama, K. Uto, C. Lee, et al. Hyperthermia Nanofiber
Platform Synergized by Sustained Release of Paclitaxel to Improve
Antitumor Efficiency, Advanced Healthcare Materials, Vol. 8,
No.13, pp. 15-23 (2019).

[2] S. Miyamura, T. Iwahashi, J. Sayanagi et al. A Nanofiber sheet
Incorporating Vitamin B12 Promotes Nerve Regeneration in a Rat
Neurorrhaphy Model, Plastic and Reconstructive, Vol. 7, No. 12,
pp. 25-38 (2019).
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Antibacterial properties and endothelial protection of Adipose-Derived
Mesenchymal Stem Cell Conditioned Medium
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1. Introduction

Surgical site infection (SSI) is a serious complication following
cardiac surgery, significantly increasing morbidity and mortality
rates among patients(1). While prophylactic antibiotic therapy is
commonly used to reduce the risk of post-operative infections(2),
it often comes with adverse side effects, including
nephrotoxicity(3). This limitation underscores the need for
alternative approaches, particularly for medically vulnerable
populations. Previous clinical studies have demonstrated the
efficacy of omentum grafts in cardiothoracic surgery for inhibiting
SSI development(4). The omentum is a tissue reported to contain
regenerative markers, growth factors, and stem cells. As well to
express levels of anti-inflammatory cytokines and antimicrobial
peptides (AMPs), (5,6)which have shown broad-spectrum efficacy
and reduced susceptibility to bacterial resistance (7). This makes it
promising candidate for tissue protection and preventing
postoperative infections. Nevertheless, there is limited research
regarding the antibacterial effect of mesenchymal stem cells
(MSCs) derived from adipose tissue. Furthermore, the capacity of
adipose tissue-derived MSCs to offer protection to other cells
derived-tissues when exposed to bacteria is an underexplored
research area. Therefore, this study aimed to investigate the
antimicrobial properties of MSCs sccreted from three lineages of
adipose tissue and their impact on the survival and functionality of
human aortic endothelial cells. Our findings revealed that
conditioned medium derived from subcutaneous and omental
isolated MSCs significantly inhibited the growth of S. aureus and
E. coli. Furthermore, it effectively protected endothelial cells,
preserving their morphology and tubular formation capacity
following bacterial exposure. These results suggest significant
therapeutic potential in using conditioned media from adipose-
derived MSCs to prevent infections and preserve endothelial
function under pathological conditions. This approach could
potentially optimize infection control protocols and improve
clinical outcomes in cardiac surgeries.
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6. Proposed method

Bacterial reduction was assessed by co-incubating E. coli and S.
aureus with conditioned medium, followed by CFU quantification
on agar plates. Endothelial cells were co-incubated with
conditioned medium and bacteria, and apoptosis/viability was
evaluated using Annexin V/PI assays via flow cytometry. Data
were statistically analyzed to determine the impact of the
conditioned medium on bacterial reduction and cell survival.
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